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oi néi dau

Cudn sach nay duoc viét theo ding churong trinh méi ciia cac 16p ndm thir hat Todn va Vit i (MP va
MP*), Vat }i va Khoa hoc chuyén nganh (PSI va PSI*), Vat li va Khoa hoc cang nghé (PT va PT*),

Cudn sich trinh bay toan b gido trink Héa hoc cia chuong trinh MP, MP*, PT va PT*, Hoc sinh cac 16p
PSI va PST* st thay trong d6 gido trinh ctia 16p minh vé& Héa dai cuong va Héa vo co. Ho duoe got ¥ tham
khao céc sach clia nam thi nhat Héa hoc I va Hoa hec II v@ gigo trinh Héa hir co trong chuong trinh

nam thi hai cta minh, chuong trinh nay duge bac gdm ddy di trong churong trinh nim thi nhat ciia PCSI
chon hoc PC.

Tat cd cic chuong déu duge xay dyng theo ciing mot bs cuc : Bai giang trinh bay r6 rang nhimg diém
khic nhau ca chuong trinh. Nhiéu thi du va ap dung cho phép mot sy ti€p can cu thé va hdp din cac
khai niém dugc néi tdi. Cac két qua cin ghi nhé duge 1am ndi bat vt duoc nhic lai & cudi chuwong trong
muc nhan deé Diéu can ghi nh¢ (C.Q.F.R). Céc bai tap nhiéu va bién déi phong phu, dem lai su danh gia
timg bude va ngay cang di sau vé kién thiee va ning lyc. Ludn c6 irich cac bai thi thit, duge x&p vao hai dé
muc dé kiém tra viéc hidu bai giang va tinh vimg chic ciia cic kién thic thu nhan duoc. Tat ca cdc bai
déu duoc chira chi tiét & cudi sdch.

Mot trinh bay diy do cac chuong trinh cla ba bac hoe, mot bang cdce the oxi héa - khit tieu chudn va
mot bang tra ciu & cudi cudn sach.

Sau chuong danh cho Nhigt dong hoce va ba cho Cac vat liéu béng kim loai.

Bén chuong dau ciia Nhiét dong hec phat trién cdc ting dung ciia hai Nguyén If ciia Nhiét dong hoce vao
phan tmg hoa hoc & hé kin dan t6i nghién ctu vé cdn bdng héa hee. Bing nhiéu thi duy, cic khai nigm vé
hoa thé, vé entanpi tr do, cic dai lugng cia phin tng, 41 luc héa hoc, hing s& cin bing va bign thién dugc
dan dan dua vao vh ing dung.

Chuong 5 trinh bay céc cin biing 18ng - hoi, chi ¢6 trong chuong trinh cac 16p MP va MP*, con chuong 6
la vé cdc can bing cin - 16ng thude chuong trinh chi dinh cho cac 16p PT va PT*. Nhiéu ap dung thuc
hanh cla cdc can bang ndy dugce trinh bay trong phén bai gidng hoac, ¢6 dip, trong cac bai tap.

Viéc nghién ciru Céce vat ligu kim loai 1a dip d€ 4p dung cac khdi nieém da thdy trong phin thit nhit vio
viée xiy dung va st dung cdc gian do Ellingham. Cdc gian do thé — pH va cac duong cong cuong do —
thé cho phép ti€p can vé mit dinh tugng cic phan ting dign hoa difn ra trong pin hay binh dién phan. Céc
chuong 7, 8 va 9 trinh bay cac nguyén tdc didu ché kim logi (nuomg, phuong phdp nhigt luyen, phuong
phdp thiy luyén...) va cac hién nirong dn mon.

Viér sach nay, ching 16i mong mudn dem lai cho hoc sinh cdc l6p MP, MP*, PSI, PSI*, PT va PT* mot tdc
phdm sie dung dé dang, sdng 16 va hdp ddn, khién ho chudn bi thanh cong cdc ky thi tuyén. Chiing 16i sé rdt vui
mimg néu dat duor cde muc tidu néy.

Chiing t0i xin cam on nhimg phé binh thich déng cda Didier CAUCHY, Odile DURUPTHY, Christine
FOURES, Maguli GIACINO, Claude MESNIL va Thérgse ZOBIRI,

Chuing 151 sdn long ti€p thu cic goi ¥, nhan xét va phe binh cla céc ban déng nghiép va sinh vién va xin
cam on trudc.

CAC TAC GIA



-&QOHJO“\V‘I-E‘WM*A

ic luc

Loi néi dau

Muc luc

Entanpi ty do va héa the

Cac dai lugng phan Gng va céc dai luong tao thanb
Su tiéh trién ciia mot he va can bang hoa hoc
Bi€n d& v can bang hdéa hoc

Cac can béng 16ng — hoi (MP - MP*)

Cac can bang rin — long (P1 - PT*)

Cic gian doé Ellingham

Céc gian d6 th€ — pH

Cac dudmg dong — th€ vi hién tugng an mon

Chita cdc bai 1ap

Phy luc: MOt s6 the tiéu chuin oxi héa — khir ¢ 25°C

Chuong trinh

32

53

74

00



ENTANPI
TU DO
VA HOA THE

MG dau

O nam thit nhét, viéc tmg dung Nguyén Ii thit nhét
cua Nhiét dong hoc vao cac hé héa - li, noi xdy ra
cac phan itmg hoa hoc, dd cho phép ta xdc dinh nhiét
lugng cia cac phan ing, ning lugng cua céc lién
két, nhigt dp cia ngon liza...

O ném thit hai, viéc dng dung hai nguyén Ii ciia
Nhiét dpng hoc sé cho phép ta du kién duge hudng
tién trién ciia mot hé, dic trung ciia mit trang thai
cdn bing héa hoc, xde dinh thanh phan, su chuyén
dich cita né...

Trong chuong trinh thit nhét nay, sau khi nhéc lgi
mot vai dinh nghia co ban d@ xem xét & ndm thit
nhdt, chiing t6i s& dinh nghia va khdo sat fi mi
entanpi it do G, hoa thé. Theo ding chuong trinh,
“sé khdng phat trién thém gi vé entanpi tu do ngodi
nhing diéu cho phép tinh dugc béng cac hiing sb
cdn bing tt cac dai lugng chudn di duge dua vao
cdc béng va du dodn duge céc chuyén dich cén
bing”. Trén tinh than db, chiing t6i sé gidi han viéc
nghién citu vao cac hon hgp cé tinh chét Ii tuéng.

Muc T I E U

B On lai thudt ngit vé nhiét dong hoc va
cac thudt ngi chuyén mon vé nghién citu
cac h§ hoa - i,

W Biét dugc dinh nghia cia entanpi ty do G.
B Bit biéu dién chc bién ddi cd ban cia
cacham U, Hva G.

W Biét biu thicc hda thé cla mot cdu ur
dang khi, 1éng hofic rin cia hdn hgp [i
twdng ; va ciia mdt chit tan trong dung dich
loding 11 wdng.

W Biét lign két entanpi tv do G cha hé véi
héa thé ca cac ciu 1.

H \éu BIET cAN c6 TRUGC

W Cic thong sb diic trimg ciia mdt he hoa -
Ii (xem : nim thit nhat).

B Phit bigu cic nguyén Ii Nhidt déng hoc
(xem : Vit li nim thit nhit).

W Dinh nghia va tinh chit cha cac him ndi
ndng U, entanpi H va entropi S (xem : Vir
If néim thit nhds).

B Pinh nghia cac trang thai chudn va céc
trang thai chuin quy chidu (xem : Nam rthit
nhdt).

M Nhi¢t dung mol & thé tich khong déi hodic
ap suét khéng ddi (xem : Netm thit nhér).

B Cic ham nhidu bién s8 (xem : Nam thit
nhét).



1 Mét sé diéu nhic lai

1.1. H&, méi truong bén ngoai

Mot hé 2 1a mot tap hop vét thé trong khoéng khong gian dugc gidi han
b&i mot bé mit déng (). Cai gi khong thuoc vé h¢ d6 12 moi truong
bén ngoai. Tap hgp h¢ véi moi truomg bén ngoai tao thanh thé gici (re
liéu 1.

Khi khong c6 sy trao d6i nao vé chdt va ning lugng gitra hé va moi
truomg bén ngoai thi h¢ la ¢6 1ap. H¢ la kin khi va chi khi nhimg trao déi
vé nang lugng 1a ¢6 thé dugce, va 1a ma khi ma bé mit (%) ti€p nhan duge
cac trao d8i vé chat va vé nang luong (rie lidu 2).

ban chat cia cdc trao doi

banchit | . oi truong bén ngoai cdc thi du

cua hé

niing lwong chat

Thé gi6i : mot dmpun gén
co lap khong khong kin cach nhigt, dang c6
phan tng este héa

binh phén ting kin c6 1dp
ong héi lIvu
t€ bao song ;
binh chung cat

kin c6 khong

ma& co co

1.2. Pai lugng cuong tinh, dai luong quang tinh
Mot dai lugng quang tinh, lién quan dén mot hé, 1a mot dai lwong
ti 1& voi lwong vat chat chera trong hé do.

V& todn hoc, d6 1a mot ham déng nhdt bdc mér cia lugng vat chit ciia céc

ciu tir trong hé.

Khoi lugng m. thé tich V, dién tich g, entanpi H ... 1a nhimg dai lugng

quang tinh.

Mot dai lwong cwong tinh la mét dai lwong doc lap voi luong vat
chat duoc xem xét. N6 duoce xdc dinh ¢ timg diém cia hé.

Ap sudt p, nhiét 4o T, pH, khoi lugng riéng p, ndng do c... 1a nhang dai

lugng cudng tinh.

Mot dai lugng cudng tinh la déng nhat khi gia tri ciia n6 doc lap voi

diém duoc xét.

1.3. Pha

Pha Ia mot mién trong d6 moi dai lugng cudng tinh déu 12 nhimg ham
lién tuc clia céc toa do khong gian.

Hg chi gdm mot pha goi 1a hé¢ mét pha ; h¢ nhiéu pha gém nhiéu pha.

Bé mit
déng (%)

moi trudong
bén ngoai

Tw lieu 1. H¢, méi truong bén
ngoai, thé gioi.

« Twliéu 2. Cdc thi du vé hé.

(*) Mot dai luong cuong tinh
c6 thé duoc coi la ti s6 ciia hai
dai luong quang tinh cua cing
mot hé. Thi du, khoi luong
riéng la ti s6 cia khéi luong
va thé tich, dién thé la ti s6
ciia ndng liwong voi dién tich...




Mot hon hgp khi tao thanh mét pha dong nhét (*) Mot hdn hqp cta hai
chit 16ng tao thanh mot pha duy nhét néu cac chét 16ng trdn lan duge va
thanh hai pha trong trudng hgp ngugc lai (1« ligu 3).

Khi tit ca cac dal lugng cudng tinh dic trung clia mot pha déu dong nhit,
pha la dong nhit ; trong mrdng hgp ngugc lai, pha la khong dong nhit
(zut liéu 4). Mot he di thé duge ciu thanh bdi nhidu pha.

1.4. Cau td, cau tir héa - li

Ngudi ta goi 1 cAu tif mot thyc thé duge bidu thj bing mot cong thitc hoa
hoc : d6 c6 thé 1a mot nguyén tir, mdt ion, mdt phan tir, mdt ciu tric tinh
thé: 0, 0,, 05, 0>, Hg, Fe, H,0 va MgO la nhimg cAu ti.

Mot cau tir héa - 1 Ta mot cAu tir da dinh rd trang thai vat li hay pha trong
d6 c6 ciu it : O, (¢ -16ng) va Oy (k - khi) 1a hai céu tir hda- Ii khac nhau.

Chit $: Thong thudng thudt ngit chu t& dugc ding thay cho thudt ngit ciu
tit hoa - 1i khi khong cé nghi ngo vé trang thai ciia dbi tugng dugc xét. Pé
la diéu chiing 16i sé lam trong phan tiép cia sach nay.

1.5. Cac théng s0 trang théi ; ham trang thai

W Cic thong sb trang thai 1a cac dai h.l‘(jng quang tinh hodc ctrong tinh,
doc 1ap, ma khi biét duge chiing 1a du dé xac dinh trang thal vi md cua hé.
Cac dai lugng trang thai khong duge chon 1am thong sb trang thai tao
thanh cac ham trang thai : ching dugc suy ra tir céc thong sb trang thai
bing cac phuong trinh trang thai.

Thidu :

Mot h¢ hinh thanh bdi n mol khi gia dinh 12 Ii twdng & nhiét 46 T va
chiém mot thé tich V. Cac dai lugng n, V va T 1a cac thong s trang thai
cla he nay. Khi d6 ap suft p 1a mdt ham trang thai ; nd dugc xac dinh
bing phuong trinh trang thaip =n. R. T/ V.

B Cic thong sb thudng dugc chia thanh hai loai :
* cac thong sb gén vdi nhimg dieu kién ma ngudsi thyc nghiém chon loc ; goi
Ia cac thdng sb ap dit, ching diic trung cho méi trudng bén ngoai ;
e céc thong s6 nhan mot gia tri dic thd phy thudc vao gia trj cla cac
thong s trudc : duge goi 1a cac thong sb dng ddi, chiing xac dinh trang
thai cua hg.

Vi phan ciia ham trang théi Y 1a hoan chinh va dugc biéu dién biing :

dy = Z(ar] . dzy =) Yy

t th; i

(1.1)

Surkign dY Ia mdt vi phan hoan chinh dugc thé hién biing hé thitc Schwartz :

%y _ o 12)
Oz;0z; Ozl
oY .
hoic : L = 93:‘—— 13)
oz; % j
Thoi

Thwj

(*) M@t cot khi hay chét long
cdu thanh mét pha dong nhét
vi du ap sudt ciia né thay doi
theo db cao, su bién thién nay
thuong la nhé so véi ap sudt
chung ; vi thé ta bé qua va
pha cé thé dugc coi la dong
nhét.

Tu ligu 3. Mot hon hop nuéc va
xiclohexan la hé¢ hai pha : khéi
lugng riéng, ching han, thé hién
su gidn doan & bé mt phdn
cach.

a) b)

-3

Tu li¢u 4. Pha dbng nhét va pha
khong dong nhét.

Nho mét giot muc vao coc (a) :
hé nhan dugc la mét pha khong
df"mg nhét (nf‘ing dé cua muc
khéng nhu nhau & moi diém). Lic
dung dich va dé yén (b) : dung
dich thu dugc la mét pha dong
nhét.



1.6. Cac chuyén héa clia mét hé
1.6.1. Cac dinh nghia

M5t hé chiu mét sy chuyén hda khi nd chuyén tir trang thai 1 sang trang
thai 2.

Chuyen hdala:

. dang ap, néu no duge thyc hign dudi ap suft khéng thay dai ;
. dang nhiét, neu nd duge thyc hién & nhigt dd khong thay doi ;
. dang tich, néu nd duge thyce hién véi thé tich khéng thay ddi ;

« doan nhit, néu n6 khong di kém voi mot syt trao ddi nhiét gilta hé va
bén ngoii.

1.6.2. Cac tinh chét
Khi mét h¢ chuyén tir trang thai 1 sang trang thai 2, bién thién
Y; - Y cia ham trang thai Y khong phy thujc vao duing di cia
chuyén héa ; né chi phu thude véo cac trang thai 1 va 2 (e ligu 5) :
Y- =¥(. Ly 24, w)—¥(.. Ty s Ly s )

Céc dai lgng chuyén tai, nhu 12 cong W hojic nhiét Q, khéng phai 1z cac
ham trang thii : cac gia trj cla chiing phu thude khéng nhimg vao cic
trang thai 1 vd 2, ma cdn vao tinh chét cda sit chuyén héa dugc xem xét.
Céc vi phan ciia chiing, dugc ghi bing §W va 8Q, 1a khong hoan chinh.

1.7. Hé can bang

u Mot hé 1a edn bang néu no khong phai 13 trung tdm cia bt ki mét bién
d6i nao(*). H2 & cin bing gom :

« cin bing nhiét, nhi¢t do ciia hé nhw nhau & tit ci moi didm ;

« cin biing c6 hoc, &p suit cda hé 12 ddng nhét 3 moi diém ;

¢ céin bang héa hoc, thanh phan héa hoc clia mbi pha cia hé déu ddng
nhit ;

* ciin bing dign, dién thé clia he 12 ddng nhét.

Vi vily dé xac dinh 4p sudt, nhiét do, dien thé va thanh phin héa hoc cla
cac pha clia m{t h¢ thi hé nay phai d trang thai cén biing.

B Mot chuyén héa gan nhy tinh 1 mot chuyég héa gia dinh duge hop
thanh bdi mdt day lién tyc cdc trang thii cin bing ; sy chuyén hda nay,
theo dinh nghia la v cung cham.

u Mot chuyen hoa thuén nghlch 12 mot chuyén héa gin nhu’ tinh sao

cho, néu dugce thyc hién theo chigu nghich, thi h§ s& quay & vé trang théi
cin bing nhut trong chidu thudn.

B Mot chuyén héa bit thun nghich 13 chuyén héa khang thuan nghich.
Moi bién ddi [hlIC déu la bit thuan nghich ; bién adi thuin nghich 1a
mét mé hinh ; vé thyc chit, né 1 gia dinh.

W Néu, bing cach lam thay ddi mét s6 téc ddng, ngudi ta thye hign mol
chuyén héa 1am cho mdt hé di tr trang thai 1 sang trang thai 2, va néu,
dio ngugc chidu cla cic thc ddng nay, ngudi ta c¢d thé thuc hign chuyen

d6i nguge lai tir trang théi 2 sang trang thii 1 thi chuyén hoa cb thé dio
ngudge duge.
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Tu lidu 5. Nji ndng ld mot ham
trang thai:
AU(a) = AU(b)

1=2 12
nhung, tong quat 1a:
Q,=2Q, vaW_=W,

(*) Trong trudng hdp ndy,
ngudi ta thudng noi la hé cdn
béng bén trong, vi khéng loai
trit hé nay di dgng trong mét
khuon khd nao do. Trong phan
trink bdy tiép, thudt ngit can
bing s& dugc ding véi nghia
Id cdn bang bén trong, trit khi
¢o cée chi dinh trii lai.




5

Thi du : O nhiét d6 thip, nito dioxit NO4 mau ndu, dime hoa thanh dinitg
tetraoxit N,O4 khOng mau; nguge lai, & nhigt d6 cao, N,O4 phin li
thanh NO, . Thudng thudng, ngudi ta bigu dign dac tinh c6 the dao nguge
ciia mét phin (g hda hoc bing mot mili tén kép > ; thi dy -

2NO, 2N,0,
Do 46, didu quan trong 1a khong duge nham Ian mot bién ddi c6 thé dao
ngugc duge (renversable) v8i mdt bien d6i thudn nghich (réversible). Dic

tinh thit nhét c6 the tdn tai, cdn dic tinh thit nhi chi Ia mot mé hinh gidi han
cba mdt chuy&n hda thyc xac minh cac dign kign cha tinh thuin nghich,

1.8. Céc trang thai chuin cia mét cau tr

1.8.1. Céc trang thai chudn cla mot ciu tur
Ciéc trang thai chuin cda mét cdu ti¢ héa - Ii, 1a nhimg trang thai
dic thu duge lya chon theo quy wde. Di trang thai vit i cita ciu ti
1a nhu thé nao thi cac trang thai chuin twong ding vii mot 4p suit
dugc goi 1 chudn, ki hi¢u 1 p® véi p° =1,0bar = 1,0.10° Pa.

B & mdi nhiét 4§, c6 mdt trang thai chuin dic tha trang {ng ; vi vy cén

phai dinh 3 nhit 48 d€ xac dinh mét trang thai chuin.

B Trang thai chudn, & nhiét 46 T cha mot chit khi nguyén chit hoic trong

mdt hdn hop 1a trang thai cla khi 1i tudng lién hop, & cing nhiét do T va

dudi ap sudt p°.

W Trang thai chun, & nhidt 0 7, ciia mot cdu t rin hoiic 1ong, nguyén

chét hogc trong mot hén hgp 12 trang thai cha ciu tF ndy nguyén chit &

cling mdt trang thai vat i ma n tén tai trong hdn hop, & ciing nhiét 46 T

va dudi 4p sudt p©.

Khai ni¢m trang thai chuan ctia mét cdu tir, & nhigt d¢ T, khong bit bude

trang thai vat If cda cdu tir 14 bén nhét § nhiét dd nay ; vi vay, 3 25°C, o

thé x4c dinh trang thai chuin cla nudc & thé hai, nuc & thé long hodc

mréc & thé rén.

1.8.2. Cac trang thai chudn quy chiéu clia mét nguyén t&
Trang thii chuiin quy chiéu ciia mdt nguyén 6 & nhiét 4o T 1a trang
thai chuin ciia don chit & trang thai vat li bén nhit, tai nhiét do dé.

Nhit vay, § 25°C dudi ap suét 1,0 bar, trang thai chudn quy chiéu cla

nguyén t6 brom 1a brom 16ng ; & 100° C dudi ap suit 1,0 bar 1a brom hoi

(80, (Br,) =588°C).

Vi cac nguyén t ma don cl}ét cd nhigt 49 s6i thap hon 25°C dudi ap sudt

1,0 bar thi trang thai quy chiéu, theo guy udc, d0 véi nhiét d6 nao, (4 :

» khi Ii wéng luBng nguyén tt dbi véi céc nguyén 6 hidro, nitd, oxi,

flo, clo ;

» khi Ii tudng don nguyén tir d8i véi cae khi hiém.

» Luyén tap : Bai tap 1.
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2 Entropi S

Entropi 1a mét ham trang thai duge dra vao nam thir nhit & gido trinh Vil
li. khi trinh bay Nguyén 1i thir hai ciia Nhiét dong hoc. Ta hay nhéc lai
dinh nghia va lam rd mot vai tinh cht cGa ham nay.

2.1. Binh nghia
Cé thé gan cho moi he Z'mdt ham trang thii quing tinh S. goi 14 entropi.
® Trong mot chuyén héa hiru han ciia h¢ 2 ur trang thét 1 sang trang thai
2, thi bién thién cniropi cha h¢, 48,,, =5, ~ §;. ¢6 thé duye viét la
(dng cia hai s& hang :

A8y 5y = (A4S ,5), +(45),5); =(S, =8)), +(5,-S), (14
wrong daé :
* {AS),2), =(5; —5), bifu thi bign thizn entropi do si trao ddi nhict
hodc chil véi bén ngoai.
® (45152); =(S3 =5)); dién dat sy phét sinh cntropi & bén trong hé.
(A4S 52), va (AS|,5); déu phy thudc vio hé va vio ban chit ciia bién
déi.
B D3§i vai mot bién ddi nguyen & (*)

s =385, +45; (1.5)

2.2. Cac tinh chat
2.2,1. Khdng bao toan entropi

Entropi dugc phit sinh trong long mét hé bao gi¢r cing 13 dwong
hoic biing khéng. Nhu vay :

* d8i voi mot chuyén hoa nguyént6: §S; >0
* doi vdi mot chuyén hoa htw han : (S, -§,), 20

Vige tao lap entropi trong long cha hé¢ 1a do cic hign twong bat thuan
nghich di kém v6i swrchuyén hoa.
Trong mot chuyén héa thuan nghich, uic 13 gia dinh, hé luon ludn can

bing, khi do: oS, =0 vi (S3-5;); =0.
Trai lai v&i moL chuyén héa thye, tic 1a khong thuan nghich, entropi luén
ludn duong, khi dé : OS; >0 va (S, -8;); >0,

2.2.2. Quan hé gida luong nhiét trao déi va entropi

C6 mot he kin chiu mot chuyén héa nguyén 18 don nhidt (**) & nhigt do
T, trong qua trinh 46 mdt lrgng nhiét 8Q, trao ddi véi bén ngoai. Entropi
trzo déi di kem chuyén héa nay [a

a8, = (1.6)
¢ T

Trong truong hop mot hé €6 quan hg vai & ngudn nhigt, thi phai tinh t3ng
cua moi s0 hang a5 .
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(*} Cdc bién d8i nguyén to
cing ¢ thé duoe viér :
3,8 va 5,8
Khido :
dS =95,8 +38,8

(**) Chuyén héa don nhiér :
chuvén hia ma trong qud trinh
da hé trao doi nhiét chi vai mor
nguon nhiét o nhiét do T




Qv

2.3. Bién thién entropi d&i véi mét hé kin

2.3.1. Trudng hop mdt chuyén héa thuan nghich
Dai v6i mot chuyn héa thuan nghich (gid dinh), 85; =0;

. . . 0O
khido: dS =48, = 5?‘“ :% [t.n : thudn nghich) (L.7)

trong d6 o0, , 1a luong nhigt trao d6i v&i moi trudng bén ngoi trong
qué trinh ctta chuyén héa (huan nghich nay.,
B B)5i v&i mot chuyén héa hivu han (hudn nghich giita cic trang thai 1 va 2:

2 2 50
a5,y =8, -S))= [ 85, = [ = .8)
Hon nita, khi bi¢n ddi ding nhiat :
1 2. Oiil—2
AS]—>?. :?‘fon :LT—)_ (1.9)

Trong trudmg hop nay, dac bi¢t la trudmg hop cic phan tng thay déi trang
thdi hodic thay d6i pha cda mot chat nguyén chét dudi ap suat khong déi, ma
ta gid dinh 12 dd cham d¢ duge coi nhir 12 cic bign d8i thuan nghich.

S ) _ chay ddi trang thai
ASthay d6i trang thai =

(1.10)

Tthay ddi trang thai

Thi du : V&i mdt mo! nude nguyén chat & 100°C dudi ap sudt mot bar
Onoi (H20) = A HS (Hy0) = 40,65 kJ.mol™!

tir 34 :

Ao HS,(HR0)  40,65.10°
Thoi(H20) 3731
Nhimg h¢ thic da biét & niam thi nhét va nhdc lai & ne figu 6 cho phép tinh

duge A5, trong mot so trudng hgp don gian.

i SO (H,0) = =109,0 J.K™.mol™!

2.3.2. Trudng hop chuyén héa khéng thuan nghich

Dadi v&i moi chuyén hoéa nguyén t& :
ds = 85, + 35

(1.11)

D6 v&i mot bién d8i don nhict hiru han :
Sy —S§) > % (1.12)

Ciéc he thirc (1,11) va (1.12) a0 thinh cac bat ddng thire Clausius,
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B Ngi ndng U nhur la -
AU 2 =@ + Wiy
va dU = 80 + W
W Entanpi H diepe xde dinh
bing:
H=U+pV
vad  dH =dU +pdV + Vdp
B Lupng nhigt 3@ do mor hé
trac d6i voi bén ngodi, trong
mdr bién doi co ban :
o ddi ver bién @i ddng tich :
S0y =dU =n. Cy . dT
o d6i voi bién d6i ddng ap :
5Q, =dH =n. Cp.dT

Tw liéu 6. Noi ndng, entanpi va
cdc lupng nhigr co ban.



So sanh cac hé thitc (1.9) va (1.12), déu ducc thiet 1ap & nhict 46 7
_%_ > i
T T
Déi vii mot chuyén hoa don nhiét giifa hai trang théi da cho § nhiét
dé T, lugng nhiét trac ddi 13 t6i da khi chuyén héa Ia thuin nghich :
an > ka (1.13)

2.4. Bién thién entropi ddi véi mot hé ¢b lap
Khi hé 1 ¢b 1ap : 6Q = 0, sy bién ddi 1a dogn nhiét. Entropi trao 461 bang
khong :
55, =0 va dS=45;

Khi chuyén hoa 1a thun nghich 65; =0, nhu vay ds = 0, entropi cua hg
khong 461, ta ndi 1a nd bao toan.

M{t chuyén héa doan nhiét thudn nghich la déng entropi.
Néu chuyén hoa 12 khong thuan nghich, 85; >0 va dS > 0 : entropi cla
hé ting 1&n.

Entropi ciia mdt h¢ ¢b 13p chi cé thé ting trong mdt chuyén héa

thyc, tifc 13 khong thuin nghich. '
Entropi 1a mot ham trang théi, bién thién clia nd trong qua trinh chuyén
hoéa chi phu thude vao cac trang thai diu va cudi : vi vly, d€ tinh bién
thién entropi cia mot hé trong qua trinh chuyén héda khong thuan nghich,
chi ciin trdng tugng ra mdt chudi cac bién d6i thuan nghich cho phép dua
hé di tir cling mdt trang thai dau dén cling mot trang thai cudi.

2.5. Nguyén ly tha ba cda Nhiét dong hoc
Nhiét dong hoc théng k& chi ra ring sy ting entropi cia mot he thé
hién sy ting d5 bdn loan cta he (ne liéu 7).
Entropi cha mgt chét nguyén chét ting khi nhiét 9 tang & ap suat khong
d6i. Gbc cha entropi duge lay d OK(*), nhw trinh bay & Nguyén li Nernst
hay 12 Nguyén Ii thi ba ciia Nhigt dong hoc.

Entropi cia tit ca cac chéit nguyén chit két tinh hoan thi¢n 13 bing

khong & nhigt 49 0K :

limy o (S ganemé T =9

Nhu vay, nguyén 1y thit ba ctia Nhiét dong hoc cho phép xac dinh entropi
clia chat nguyén chat & moi nhiét 43 : khi d6 ngudi ta goi 1a entropi tuygt
doi (1 liéu 8).
Ngudc lai, p?m nhd rﬁng khong thé xac dinh dudc entanpi hay noi ning
clia mot chit nguy@n chat mdt cach tuygt d6i ; chi xac dinh dugc cac bién
thién entanpi hay cac bién thién ndi nang.

» Luyén tap : Baitap 3 va 9.

(*) OK : khong 9 tuydt d6i [ngudi dich].
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m’:; :]i"ﬁ S?JK .mot™)
1, (tinh the) 116,1

Iy (lang) 150,9

o (khi) 260,6

Tu lidu 7. Entropi chudn tuyét

dbi caa idt phu thupc vdo trang
théi vt 1i 0 298K.

54

_.’ﬁ--

o T,

L e ——

-

T

Tu lidu 8. Entropi uyét dbi ciia

mdt chét nguyén chiit tity theo

nhigt 36 : cac duong gian doan

niong dng vdi cdc thay doi vé

trang thai v li.




3 Entanpi tu do hay la ham Gibbs G

3.1. Dinh nghia
Entanpi t do G hay ham Gibbs, 12 mét him trang thai, méot dang
nang lugng, duge dinh nghia bﬁng :
G=H-T.5 (1.149)

G, cing nhu H va §, 12 dai luong quéng tinh va vi phan cia nd 1a hoin
chinh.

3.2. Biéu thuc vi phan ; cac hé qua

Xét mot bién d6i nguyén 8, thuén nghich clia mét hé kin, khong
c¢6 phan ing hoa - Ii trong qua trinh bién d5i, cdng duy nhét dugc sit
dung 1 cong cla 4p lyc. Trong cac didu kién do :

W = - p.dV

dS=5Se+5S,-:6'SB=¥ tiic [a 6Q = T. dS

tlr 46 : dU=3W +3Q=T.dS -p.dV (1.15)
Léy vi phan cla G, titc 1a dG, cho bién d6i nay :

dG=dH - d(T. 5)
tifc 1a : dG = dU + d(p.V) - d(T. S)

V&i hd trg cia (1.15)
dG=T.dS-p. dV+p . dV+ V. dp-T.dS-5.4T
tic 1a ; dG=-S.dT+ V. dp {1.16)

Bi€u thitc ndy da dugoc thiét 1ap khi xét mot bién d6i thuan nghich. Nhung
vi G 12 mét him trang thai, bidu thic (1.16) con ap dung dugc cho moi
bién d6i khong thuin nghich xudt phét 1t cing mot trang thai diu va din
dén ciing mot trang thai cudi nhy trong bién d6i thuan nghich. Ciing nhu
vay d6i v6i bidu thirc (1.15).

Vi dG 1a mét vi phan hoan chinh, tir hé thic (1.16), dan dén hai bidu thitc
sau ddy 13 rit quan trong :

[d—GJ =V (1.17) (%] =-85 (1.18)
6p )y or J,
Vi hg thie duge nghign citu , entanpi wt do G ta ham cia cac bién s6 p
vaT:
=% . ap+ (éﬁ) . dT (1.19)
& )y or J,
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Ngudi ta cing xac dinh ning
lugng ty do, hay I3 ham
Helmbolsz, thiong duge viét la
F, béng hé thitc :

F=U-T.8




3.3. Hé thure Gibbs - Helmholtz
Theodjnhnghia: G=H-T.5,ttcA: =G+ T.S;

)
aj,

H=G- T[aG]
or

hoic, theo hé thire (1.18) :

HE 1.20)

Chia mdi s6 hang cho T2 va nhin duge :
i__[ac __(a(cn"))
T2 oT ar J,
ta dugc hé thide Gibbs - Helmholtz :
[6(G/T)J __H
4

1.21

ar T2 (121)
Hé thitc nay cho phép, thi du nhy tinh entanpi H(T) clia mot hé khi biét
entanpi ty do G(T) (xem chuong 2), ciing nhu s& cho phép thiét 1ap he
thitc Van't Hoff & chuong 3.

3.4. Céc diéu kién tién trién ctia mot hé
Béy gio, ta hay xem xét mot bién d6i nguyén t, thuin nghich hoac
khéng, ding ap va dang nhiét, cia mét h¢ kin ; ta chi xem xét trucng

hop trong d6 céng co the dugc trao d4i v&i bén ngoai 1 cong cia ap lyc.
Trong nhifag digu kign nay :

OW = — p.dV
dG = dH - A(T.$) = dU + d(p. V) - (T.5)
Vi bién d6i ddng nhigt (d7 = 0) va ding ap (dp = 0) nén :
dGr , =6Q -T.dS (1.22)
He thite (1.11) khi d6 cho phép viét :
80 <T.dS (1.23)
Két hgp cic hé thitc (1.22) va (1.23) dan t6i :
dGr , <0 (1.24)

B Entanpi ty do ctia mét he chi trao d8i voi bén ngoai vé nhiét va cong do
ap Iyc, chi ¢6 thé gidm trong bién ddi khong thuan nghich, déng ap va
ding nhigt. Do d6 :

Diéu kién tién trién ty nhién (*) ciia mt h 1a :
4.G7 , <0
® Khi dGr , =0, tic 1a he tién trién ding ap, ding nhigt va thuan

(1.25)

nghich, 46 khong phai 1a trudng hgp clia bién ddi thyc, nghia 13 he khong
tién trién nita, lic 46 hé dat cédn b'ﬁng‘ Viy .
Piu kién cin biing ctia mdt hé la:
dGr,p =0

Khi cin bing, G la cyc tidu.

(1.26)
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(*) Chang 16i thich ding thuat
ngid tr nhién hor Ia ty phat
Thuc vay, i phdt cé thé lam ta
tuong ring su bién héa la idp
titc, trong khi né cé thé vé
cling chdm : sy oxi héa nudc
( E°(05/H,0) = 1,23V ) bi ion
pemanganar ;
(E°(MnO7/Mn*)=1,51V)

ld t nhién, tuy v@y khong phai
la dé quan sat duge, vi nb rét
chgm o nhigt o thuong.




av

4 Héa thé

4.1. Pinh nghia

Ta xéth¢ mot pha tao bdi cac cdutk B, B,,..., B;... B, & nhiet do Tva
dp sudl p. Luong cic ciu Wk B, By, ... B; , .. B, Ia ny,nqg,.. 0y, ..
7, . Entanpi ty do 1a mot ham trang théi ; véi he niy, 46 13 ham cia T, p,

My, By, B3 Hp oo By s taco:

G(T, p, R,y , 0 Byl RBy)

Vi phin cfia ham nay 1 :

dG:[z—G] . d?'+[a—C’J .dp+2{a—6} dn; (1.27)
T P dp T on; Py,

Theo dinh nghia, héa theé g; cia cau tiv B; trong mét hén hop la
dao ham riéng cia G theo luyng chit B; ; moi thong sg khic déu

u-(5]
&
oni ), 1

#; 1a mOt dai lugng cumg tinh ; thong thudng duge bidu thi bing

bi phong tda :

(1.28)

Wi

J.mot! hay bing kl.mol™'.
Bing cich sir dung cdc bé thice (1.17), (1.18) va (1.28), bidu thirc (1.27)
duge vidt lai
dG =-S.dT + V.dp + 3 y; .dn, (1.29)
i

Biéu thie (1.29) chia thém mdt s0 hang so voi bidu thirc (1.16) ; sd hang phu
them nay, Z #; . dn; , thé hign sy bién ddi nguyén 3 ciia ham G theo s bicn

i
adi thanh phin cta he. Sy bign déi niy co thé Ia két qua cia sy chuyén chit
hodc sir t0n i clia mot phin tmg hda hoe rong 1ong he.
Cic bicu thire vi phéan clia cac ham H va U duge nhile & e lidu 9, d6i véi
mot bién ddi nguyén &, trong qud trinh d6 cong duy nhdt duge xét dén 1a
cong clia 4p lyc, cie bidu thic nay cang bidn ddi khi ma thanh phén cti
hé thay déi :

%
dU=T.ﬂ—p.dV+Z(£J dn;
Ofy SV i
vi dH =T.dS+Vdp + Z(M J dn
i M Srp‘njti

Hai h¢ thae nay con cho phép xic dinh héa the cha ciu tir B;

U JH
W= ™ Vi W= Fv
oHy S,V,n),-m- i S.pag,,
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2-HH -2

Gid sir mo1 hé chiu mot chuyén
hda nguyén 3, thuin nghich,
trong qud trinh d6 cong duy
nhat duge xét dén 1 cong ciia
cdc ap lye. V6 he nay

dU =80 + 8W
Vi: Q0 =T.d5va
SW=-p. av

trdé: dU=T. dS - p. dV
Va: dH = dU + d(p.V)
t:d6: dH = 7. dS + V.dp

Tw ligu 9. Cde bidu thie vi phin
cia Uva H,



Tat ¢d cde dinh nghia niy déu twong duong. Ditu quan trong 1 cin chy §
ring cdc bicn s bi phong tda wong khi dao ham cta G, U hodc H khong
phii 12 nhu nhau. Bidu thie thu duye tr G duge dung nhidu hon cd trong
hda hoe | thye € 1, nhi¢u phin dng hoa hoe dién ra & nhigl do va dp sufl
khong ddi,

4.2, Cac dai lugng mol riéng phan
4.2.1. Thé tich mol riéng phén

() 20°C va dwi dp suit Tbar, thd tich mol cda metanol nguyén chat
CH3OH, ki hicu la V..V, =405cm>. mol™".

Xet mdt hén hop nude - metanol chia 800 mol mude va 200 mol metanol ;
nhu vay phin mo! (**) metanol bing 0, 20. (F 20°C va dudi dp sudt 1bar,
thém vao mdt mol metanol va e 1én. Phin mol metanol thue (8 kKhong thay
ddi (xpeopr = 20171001 =0,20)  nguye T, ta nhgn iy thé tich cba hdn
hop ting 1én 37, 7cm’” . Phin tang thé tich do 1 mol metanol thém vio nay
201 L2 thé tich mol rieng phin cia metanol trong hdn hop dang xét :

V, (McOH . Xpe0p1=0.2) = 37, 7em’ .mol ™!

Neéu ta lam lai thi nghi¢m voi mdt hén hop chire 600 mol mrde v 400 mol

metanol 1 11 Xy = 0,40, thé tich ting 1en [x 39¢m” . Nhu vy, thé tich

mol riéng phin khong phii {1 mot dai luyng chi gin vé&i bin chit cba chat.
O nhiét d6 va dp sudl di cho, thé tich mol riéng phan ctia mot ciu
tir 16ng, trong mot hon hgp, phy thujc vao thanh phan cia hin
hop dure xem xét.

W ‘Trong hai thi nghigm trén ;

AV (hén hop)

An (MeOil}

néu bdy gid, ta xem xét mot thi nghi¢m trong dé thé tich ¢ta hén hop ting

la dV, khi & dp suat va nhiét do khong doi thém vio mot lugng dn
metanel, tia s8 ¢o

V, (McOIT) =

dav
dn{MeOI1D
H¢ thirc niy chi ra ring, diy gid tri cGa xpeop 12 the ndo, thé tich mol cla
metanol ¢é thé duge xde dinh bing :

V,, (MeOH) =

Y

Vi (MeOH) = | o
o (MEOH) [E‘vn{Me()H)

]T-P'”Hgo

Thé tich mol cda mdt chil khong phai 1a nhy nhau, khi né 12 nguyén chat
hay trong mot hon hop, 1a do nhimg twong 1ic phin o trong cdc trudmg
hop dy khic nhau.

Hon hop Ii tudng 1a mot hén hep trong do, theo gid dinh , cic tung tac
phan t& ¢o thé bd qua. Trong mot hdn hep 1 (wdng, thé tich mol rieng phin

V, cla mot ¢du tr 12 bing thé tdch mol V,,, ¢lia chiit nguytn chit.

Trong mot hon hop i tuéng : v, =V

H me
Chi ¥ - Thé tich mol caa mdt cdu 1 khong chf phy thudc vao phdn mol
cia né, ma con vao ban chdt cia cde cdu 1 khdc cd mdt trong hdn hop.
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(*) Theo quy woc, ddu * khi
trindt hay I d€ ohi ra rang dai
fugng cd quan ¢ vai mdt chdi
aguyén chdt. Tuy nhién trong
thie tién, ddu sao nay chi
duge dong khi cé 1hé ¢o su
shdm ldn. Ki higu m dang d¢
chi dul tugmg mol

{*%) Phtn mol ciiee mén cdu 1
By trong hé mor pha bdng
thuomg 56 caa sd mol ciaan cdu
i nay voi sd mol 16ng cing
ctia pha diegre Xét

fn

X; ==

i
S
i

Ngwdi ta cting dinh nghia phdn
khét huomg caa B; © no bing
thuong s cie khdi tumg B,
VOT KIGT lupmg (odn bo cia pha

?ﬂ{'

Wi =t
Z i
;

.95‘



o

4.2.2. Khai quat hoa
Vii moi dai lugng quang tinh Y, dai lmyng mol riéng phin d6i vai
clu tw B; cia h, ki higu 1a ¥,,; , bing dao ham ciia Y ddi véi
cdc bi€nsiip, T, va n; (j = i) khong ddi :

3 4
Yni= (;]
THAN R,

* 1, 1a dai luong cuomg tinh phy thudce vao nhi¢t do, dp sudt vi thinh
phiin ¢da he.
= Thong thudmg dai lugng mol rieng phin ¥, ; khic véi dai luyng mol rigng

(1.30)

. - ¥ . . - N i3 s £l
phin cba chit nguyen chit ¥, ;. Khi mi hai dai lupng nay bing nhan véi thé
tich V, n0i ndng U/ va entanpi A thi, hén hop duye oi la li tm}ng(x].

4.2.3. Quan hé gitra Y va ¥,
Xét mot he 1ap b & ciu tr va #; 13 50 mol ca cfu & B;. Gia sir
YCL, py oo sy om0y Ta mdt dai hagng quing tinh ciia hé. Vdi e nay

oY(T.p. ..njnj.) (1.31)

.
Ly

mi =
Topn g

Bay gior ta xét mdt he tao thanh & cing nhi¢t do viv ciing dp sudt clia N ciu
L, vie 2a; (v&i A 1a sO thye, dueng) 1 tugng cfia cdu (i B; , ¥ bay giv1a
ham cha 7, p v An; Y 12 quing tinh, nén

Y{T.p.,..iu,,;uaj-....) = /'L,Y{’.-"._[J.,..Hi-.nj,..,) (1.32)
Y; cing dwge xie dinh bing :
aver,p, Ang Ang, )
Ym‘:' = [ Y r J (1-33)
el ny T.pin,,

Lady duc ham hai v€ ¢la bicu thie (1.32) theo %, moi thing sd khic
khong dai.
* Ly duo ham vé trii cho ;

{(“\Y(I'.p,.,,,/lnl.-,..,)] _Z[SY(T,{J,,..XRE,,,,)) [6/1?1;]
o4 Lopne oan; g s 04 Iy

:Z[GY{’['{},Z”!,)] ; (1.34)
; dAn; Topin,,
Vi hd try chu he thie (1.33), tacod
((JY(;’,p;...)..!lf',..,)) _ Z?I;,Ym‘,- (1.35)
aa T.pn, f
Prao him cda v& phii duye viet
[(,?()V.Y[\F,qp,.‘.nj‘,.,))] - Y(T,p.“.n;-,.‘.) (1.36)
e f.pn
Cic bidu thue (1.35) vi (1.36) bflng nhau, tir 46 ¢ hé thic ;
Yt p,..nj,.) :Zn,u}’m.,- (1.37)

i
HE thite nay duge bict dén trong Todn hoe nhw 12 ddng nhat thic Euler
cho cac hiim ddng dung bic 1,

» Luyén tap : Bai tap 4, 11 va 16.
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(%) Chi c¢6 cdc hdn hep If
tuomg ¢ & frong chuong trinh;
trong phdn 1iép, ching ta cang
sévancho V, Uva H :
*
Yii = Yaui

nhung ta khong guén rdng do
I mar md hinh chi dem {ui cdc
kér qua vea ¥ khi ma cde
twwong 1de phidn t gida cde cedu
ny chet hdn hop 1 véu,

Nguwoc lal, ngay ca rong mét
hén hop If weomg ©

SHI iSIH v G.HI # GJH




4.3. Quan hé giira entanpi tu do va héa thé

So sdnh cdc h thie (1.28) va (1.30), ta nhan thiy hoa thé tuong ing voi
entanpi tr do mol riéng phén (*)

H i~ Gm o
Ap dung ddng nhit thirc Fuler (1.37) cho entanpi ty do din dén ding thic :

G=) n,.u (1.38)
i
4.4. Hé thure Gibbs - Duhem
Ldy vi phan hidu thirc (1.38) :
dG = Zn,— Ay + Zuf‘dnf- (1.39)
H !
Nhic lai he thirc (1.29)
dG = =S4T+ V.dp+ Y pydn;
i
bong nhét hda hai biéu thic nay cla dG, ta ¢6 :
Y on, dy, =-S 4T +V dp (1.40)

I
He thirc nay, dugce bidt dudi (@n 1a 18 thiic Gibbs — Duhem, gidn luge hoa
khi chuyén héa 1a ding 4p va ding nhiet.
Ddi voi mot chuyén hoa nguyen td co ban ding dp va ding nhiét :

D n dp, =0 (1.41)
i
Poi vai mot he hai bién modt pha -
ay.diy +na.dys =0
hodc chia cho ny + A4 ¢
Il.dﬂl +X2.d‘112 =0 (1.42)

O T va P khang ddi, hoa thé cia cac cin tir khac nhau ciia mot hin hop
1a khong doc lap. Biéu thic (1.42) cho phép tinh 41 Khibiét g5 (x9).

4.5. Bién ddi ctia hda thé theo nhiét do va ap suat
4.5.1. Anh hudng cua nhiét d6

) | )
aT Py a;‘( a”‘- T,P,”ﬁg;' ani T P T,P,n

P i

af

%), )
a7 P, on .00

Theo hé thae (1.18) ¢ [3_0) =-5
24

trdo :
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(*) V6i hd tro cia hé  thiic
(1.30), co the& xdc dinh ndi
ndng mol riéng phdn va
entanpi mol riéng phdn .

' ol
Ui = (TJ
n, T,P,nj“

oH
va H, ;= (*}—]
i IT

voi: U= n;.Up;
’

va: H=) ni.H,;
i

IR

Chi ¥ la cde dai lupng nay
khidc vai cde dal luong xdc
dinh hoa thé xudi phdt tw ndi
ndng Uva entanpi H ;

(auj
By = —-—
a”;’ ’ S:V:”j-tr

N oH
v =T
i ani S.pi
Y S

Cdc bién sd ngung ddi voi cdc
dao ham Idy ra khiéng phai la
nhu nhau.

Uy, Hyi va Sy, lalién ket
G=H-TS

[&] _
O Jt

[_H] 1 bJ
on Tpn; O Tpny

e la
Hi=Hp; =TS

1 do :

Hil}




i

Theo he thirc (1.30), bidu thire cudi ndy xac dinh entropi mol riéng phén

clia cdu i B; :
as .
[_(5_] =S i
i T.pn

o
rds : (%_) __s (1.43)
aT ey
D31 v6i mot chdt nguyan chdt [{:_#J = —S;, (1.44)
ar
p

Tu ligu 10 cho thily ro &nh hudng clia nhigt do d6i voi hoa (b8 cita mot
chiit : 4nh hudng nay quan trong bit ké pha duye xem xét la gi.

4.5.2. Anh huéng cla ap suat

[m] _ i[LGJ _ ,6‘_[3_6}
ap Tmn; ap on, T, - di, | dp T.n
R

‘ TPt
Theo h¢ thic (1.17) - Gl _y
op T
a'p : T,n,-,nj- an‘; T,p‘nﬁ,-

Theo hé thize (1.30), bidu thire cudi ndy x4c dinh thé tich mol rieng phin

cla cdu 1t B;:
or
[ B = Vm,i
4 n]. T,p,n

JE
i do : (aﬁj =V, ; (1.45)
9[) YT ’
Eair ) J
Doi véi mdt chit nguyén chat (5_"_] =V, (1.46)
ap T "

Anh hudng ciia dp sudt I¢n hoa the cha mot cau tir 13 quan trong doi voi
cdc chit khi : dnh hudng nay thimg duge bd qua A1 véi cic chit rin va
cdc chdt 1ong, vi thé tich mo! ¢lia ching bao gitr cung rit nhd (ne lidu 11).
4.5.3. Héa thé clia mét chat nguyén chat
V&i mot chilt nguyen chil, hoa the chi i him chia nhigt do va dp sudl, tic
1a p(p, T). Biéu thiac vi phan du(p, T) duoc vist 13

5 3
du=| 2] ar+| 2L 4
or » ap 7

dua vio cdc bidu thie (1.44) va (1.46)
dp=—S,.dT +V,.dp

(1.47)

4.6. Biéu thiic cGia héa thé déi véi khi li tuéng
4.6.1. Héa thé& cua khi Ii tudng

Doi v&i mdt chit nguyén chat : (O_f”] =V,
ap .

21

7

nic

Tuw ligvw 16. Dang bién d6i cia
hda theé cag mdr chd@t nguyén
chdt theo nhigt df duoi dp sudy
khong doi.

¥
o, | trang thai Vi
chat atli
¥4 (.. mol™1)
hot 24,8
CO, | 14ng 40,0.10 3
rén 28,0.107°
huni 24,8
H,O | 1idng 18,0.107°
rin 19.6.107%

Tw ligu 11. Cdc thé tich mol cua
mot s& chdt nguvén chdt & 298K
dudi dp sudt 1 bar. Cac thé tich
mol riéng phdn thutmg gdn giéng
thé tich mol riéng phdn cua cac
chdl nguyén chdi: d6i véi cdc
chdt khi, thé tich dupe chi ra I
thé tich cua khi dugce gia thiél la
it tuomg (voi CO . V,ﬁ {thyc) =

22,3 L mol™! ).



Phurong (rinh trang thii cic khi cho v,; = RT/p. Bifu thirc hoa th & nhiét
do T thu duge bing cdch 1ay tich phan h¢ thire
du(T,p)= V" dp=RT. &
P
gitra ap suiit p cha khi va dp sudt so sanh p° = 1,0 bar & nhiél do khong
asi T+ ;

v

wT,p) - (T, p7) = J.ho du@ py= | Vad p= R;-"-jp *
I P

»op

tire 1 ; WL, p) = (T, p°y+RT. In £,

1}“
Khi k¢ hi¢u »°(7) 1a hoa thé chuin cta khi lf tudng nguyén chit (**),
nghia 14 dudi &p suiit p® = 1,0 bar vt & nhigt 4o T, w(T, p) duge viet 1 :
(T, py=pu"(f) + R’;!".ln—‘”—0 (1.48)

11 86 khong ¢ thanguyen 2 goi 12 hogf dé a coa khi li udng duge xem xEt
[

P
WT, p)=pu"(T)+RT.Ina

(1.49)

4.6.2. Hoa thé clia mét khi li tudng trong mat hén hop
Hoa the ,(T, p;) cla mot cdu wr khi B;, trong mdt hon hyp cdce khi li
ludng & nhigt do T dusi &p sudt 10dn phin p, duge vict la

w4, (T pi)= (1) + RT.In L“’ (1.50)
P

trong d6 p; | dp sudt rieng phin cta khi B; trong hon hop va g’ (T} 14

héda thé chudn & nhige do T.

: i
Khi ki hi¢u ¢; = P

-, hoat dp cBa khi B; rong hon hop, bicu thire (1.50)
L=
P
duwoe viet 1ai
(T, pi)=pu () +RT.na; (1.5

Trong mot hdn hop cde khi li wdng @ p; = x;.p, rong 46 x; i phin mol
chia cau tir B; trong hdn hop khi. Bidu thue (1.50) cang ¢6 thé vict
£

Q

P
plT,pi) = 14 (T, p) + RTIn;

(P p) =Ty + RIAn-—+ RT ny;

e 1

(1.52)
w; (T, p) 1a phin hoa thd cha ciu tir B; nguyen chil dudi dp sudl p &
nhi¢t do T,

14p dung 1

Mt binh doan nhiét duge tdch thanh hai ngdn
bdng nhau ; ngdn thie nhdr chita 2,0 mol hidro
{sau ddy ki hicu la 1) dusi dp sudt 3,0 bar ¢

25°C va ngdn thir hai 3,0 mol agon (sau ddy  phdn ing.

22

(*) chit fo rddy chi hi€u thi dp
sudi bién thién d& phdn hidt
voi bifn xd va cdn cha fich
phin la p.

(**) Trong modr 50 cdeh phdt
bidu, how thé chudn cua mei
don chdt & trang Hidl guy
chiéu theo quy uoc 1a bdng
kivdng & 298K Quy wdc nay
{dn 16n hoa thé vai entanpi tu
do ta diéu et sic khdng nén ;
chiing tdi s& ey lgi diém nay &
doun 5330 cu chong 2,

ki higu ta 2) duwoi 4,5 bur & 25°C, hai khi
nay duoc gia dinh Ia I teomg. Newdi 1y nhde
vdch ngdn © hai khi trgn ldn vae nhau khing




1}y Nhigt dé cudi la bao nhiéu 7 Lrdo ;

2) Voi ham trang thai X, ta goi higu 56" dui 1 ”n
day I dai lweng hon hep ; Ay G = m R In +ny RT.In[ ==
7
Aén hp X =X kni tron ~ Xirwie khi ron CHE P Jowss

Xicdinh 4, 7, 4,6, 4., 5. K&t luan.
A ; o RTn| L | ey kT P2
1) Hai khi duve coi 13 ¢de khi 1i wdmg, ban ddu & o i p i

cing nhigt do vi khong ddi, do do 6, =25"C.

e 12 ;
Ntanpi ot cac khi 1 Iy A (P dendi 5 et
2? e nt mp,l i.l:ld L,Iln(. k]:u If g chi Ehu thuo:T A,,G = n, RT.In L RT.In (73 ‘
viw nhigt 4o va nhi¢t do nity khong doi, entunpi (pydddu ° (py)ddu
ctia hon hop bing khong : 4, . hop 1 =0 Thé tich cudi gdp doi thé tich ctia mdi ngin :
» D bicu dat 4, hop O » chiing ta bidu dién : (py)cudi=(pdau 2 va (p,)eudi= (g, yddul 2
- .3 - ir 6 - =~ =8 &
G = Glru:"rc khi wom ¥é Grnﬁ? = Gau khi trém tr do : Ath (g + g )-RT.In2 8, 59kS
0 dz‘ng cic he thire (1.38) va (1.50) : Do dinh nghia © 4,5 = S, — S
daie = Higggy P Mgy . o
dut L i T L Theo hé thire (1.18) :
L _ 1 oG R GG,
e i (’d(fu =8 . * ¢ RT. In[ ] Scmﬁ = ._[ F:.um ] Vil ‘Sd&u - _[ ndau ]
Pt din ar » T »
G —
. [,uq +RFln[Pq] ] Wwdd:  A4,5= [—M]
= o n ar
Pl ddu I
(;r‘m?i' S Hens Y Mo . a‘dhhc
AppS = —— " —
, o
S - - ] . _
Wela G o=m| af + R '“{ p(,J We 1At Ay S=(m +n2)RIN2=288 JK!
ciidi

Ay, S duong, viv bién ddi nghién ctu 12 khong
1. [Pa + RT. ln[ L J thudn nghich (& diy ( 4, 5) = (AS); ) vi he co
cfedid

L&}

J)
Theodinhnghia: 4, G=G_ -G

udi T ddn

lip. Ngodi ra ta con nhan thiy .
AIJI:H = ‘jhh (o + T""lhh §=0

» Luyén tap : Bai tap 5.

4.7. Biéu thuc hoa thé ctia mot chat ran
hodac mét chat 16ng nguyén chat

Tuomg ty vai cde khi, ta se vicl cho moi chit nguyeén chit ngumg y :
wWT,pr= () +RT. Ina (1.53)
khi ki hicu £ (T) li hia thé chuin clia chit ngung tu nguyen chit dui ap
sudl p = 1,0 bur & nhict 40 T, va a, hoat do cba nd & nhigt d§ nity dudi ap
sudl p. Ta danh gid 58 hang R1.Ina 5 véi moi chit nguyén chil (xem 1.46);

[(ﬂi] = V;; (T, p}
op -

tae 12 : WL, Y= 49Ty J’ Vi g (1.54)
Bdng nhal cic hé thiie (1.53) v (1.54), G ¢c6;

RT.Inu = j:“ Vor s (1.55)
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Véi m{t pha ngung ty, thé tich mol bi€n ddi it theo ap sudt, tir d6:
. * P *
RI‘lname.IpodﬁzVm(p—po) (1.56)

Ta tinh RT.Ina cho nude thé 1ong & 25°C véi:
Vi = 18cm mol™ =18.10 8 m3 mot™! va p=1lbar=1 1.10° Pa
RTIng =V, (p-p°)=18107°.10.10° = 18 J.mol™!
S6 hang nay thuomg duoe bd qua.
K&t qua chung 1a:
Vi mét chdt nguyeén chat ngumg tu, hoa thé ¢ nhigt do T, dudi dp
sudt p, thuomg ¢ thé déng nhat véi hoa the chudn & cing phiét do:
: P
ACTp) = 4T+ RT dna = u (T [/ Vi (T, f).d o x 100) (157)

Hoat d6 a cta mdt chat nguyén chat c6 trong pha ciia né luon luon
bing 1,0.

4.8. Biéu thuc héa thé cia mét cau tir trong
moét hon hop ran hoac 16ng li tudng

Dai véi cac chit rdn va cdc chat 1dng, mot hda hop 1 tudng so voi hdn
hop thye gidng nhy khi )i twdng so voi khi thige: d6 1h mdt mo hinh nrong
img vdi trudmg hep gidi han. Binh nghia hén hop 1i tudng xudt phit o sy
luong ty nity (xem 1.52),

Mot hon hop la li tuéng néu véi mei cau tiy B;, héa thé g (T ,p), dusi
ap suit p, & nhigt do T 'lien hé vai phan mol x; va hoa thé cia ciu tir B;
nguyén chat ,u: (T, p) duwyc 1ay trong cang diéu kién béi he thic
p; @ p)=p; T,p)+RT .Inx, (1.58)
Xac dinh gig tri cGa w; (T, p) ; theo he thnfc (1.46):

ou, "
[ —;‘u I J = Vm,f
“P T,

P
do 46: # T, p)=uf (@) + jpo Vi Ao

- ol o p Y
V§i mit chdt ldng hoje mt ¢hit rin, J‘ . V;:.i d 4 thudng 13 rit nhd so
o

voi ].l?(T) ; vi vay chung ta cfing ¢6 thé chdp nhin:

Hi (T.p)= i (T)
Vay 12 ta s¢ giwr lai bidu thare thuong dung:
@i (T, p)=p (T)+ RT.Inx; 1.59)
Néu coi @ = x; 1a hoat d clia cdu tir B;, bifu thic (1.58) vidt lai :
4T, p) = 1 (T)+ RT.Ing (1.60)

Mot 56 hdn hop tong xir sy theo cdch gin nhy ki tudng; dic bigt 12 trudmg
hop khi tuong (4¢ gitta cde phan tr yéu hodic ¢o tinh chét rat gin nhau (cac
hdn hep benzen - toluen, hexan - heptan...).

24
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4.9. Biéu thuric hoa thé cia mét cdu t chat tan
cua mét dung dich loang li tudng
Ta thira nhén ring mdt dung dich lodng 1 li tudng, néu tuong tac gika
cdc chit tan khic nhau cd thé bo qua.
Nhu voi cic h¢ dd nghien ciu, ta bicu thi héa € cha chil tan B, bing
mt hé thire ¢ dang;
w1, py=ul(TY+ RT . Ing

Cdc gid tri nhin bdi b€ chudn £ (T) vi hoat do a; phy thudc vio cic
bign s8 duge s dung dé mo th dung dich; ta chi quan tim dén ndng 3o
mol ¢; cha cdu tlr B, .

Vdi mot chat tan trong mdt dung dich lodng li tudng, khi sit dung

nong dd mol ¢; nhirla bién s6 nghién ciu ¢

® hoat d6 a; dwyc viét: g; = G ovgi ¢; dugc bi€u thi bing mol.77!

0
C

va ¢, = 1,0mol.I™!;

* hia thé chudn cua chat tan 13 héa thé cda chit tan nay khi né xi

s nhw dung dich vo cung lodng va ¢; =¢® = 1,0 mol. L™},

Chiic chiin mot dung dich so sinh nhu thé 13 gid dinh.
bé nhic lai didu kién kép ndy, hda the chudn cha chdt tan B, doi khi

dugc ghi 13 g (T) (e ligu 12). Trong nhumg didu kién nay :

HATp) = 1 (1) + RT 2L
c
Chu ¥ : Khi cde hé nghién cdu khdng o6 tinh chdt If teonmg, cde bidu thic
cua hoat d¢ «a;, vt do dé cde héa thé se phic 1ap hon ; didu dupe minh
hoa qua pH caa dung dich (e liéu 13),

(1.61)

4,10. Can bang cta mét chat nguyén chat
gitra hai pha
Ta xét mol b kin tuo hanh bdi n mol mdt chil tinh khigt B, nim cin
hing gita pha o va f
Blay= B( /)
Vi phan ciia entanpi tw do dG 14 (xem 1.29);
dG =—SAT + V.dp + ple)dn(a) + (). dn( B)
Ta xét mQt bién doi nguyén (6, & nhiét 4o va dp sudt khong déi, trong qud
trinh d6 #n(er) bidn dGi mot luyng 14 dne) va n(B)1a dn(f)
4G = u(a).dn(a) + p(B).dn( ) (1.62)
Mait khic, hi 1a Kin:
dn=dn(S) +dn(c) =0
Vi thé bidu thue (1.58) 1a
dG = —pla)dn( ) + u(F)dn(f) = [p(f) - pla)].dn(B)
() nhi¢t 40 va dp sudt khong ddi, ticu chudin ticn trién cha he 1 (xem 1.25)
dGT.p <0
» dG = 0, néu bién d6i thuin nghich, nghia 14 h¢ & rang thai can bing.
Diéu niy ¢6 nghia Ia voi moi eid tri cla dn(f) :
H(py = Hlal

25

i chud titth chat ciia
s (had et
trang than chuén dung dich tromg e

(p° =10 bar.) o tinh chit
cila mot dung dich
\ vi cuny lodng
© (D)
¥ {,C, 0
chit tan i v\
T nhigt do
xem xE

thong s6 duge sirdung a8 mod ta
dung dich ¢6 gig i 1.0 mol. L7
ddi vai dung dich so sanh.
Tw lieu 12. ¥ nghiu cia cdch viét
Ui on(T) @63 voi mot chdt wan vo
cung lodng trong mot dung dich Ii
uong.

: H
;0% p
¥ e (H0 K% | do
{mol. 1. %) duye
o107 4.00 4.01
101073 3.00 3.02
101077 2,00 204
50.107° 1,30 1.37
0.10 1,00 1.13
1.0 .00 0.17

Tuwlieu 13. pH cua cde dung dich
monoaxit manh ¢ cdc nong do
khac nhau, Vor mot dung dich nudc
pha loang - pH caa dung dich la

pH~ — log (H;0T|/c®) voi

¢ =10 mol. I"V. Ngupc lgi, voi
mat dung dich axit dic, gid i do
dwpe khac vor gid rf tinh khi ap
dung céng thie nay. Pé pH caa mot
dung dich phy thude vao hoat dg
cia cdc ion H3OF trong dung dich:

pH = =log a(H,0™)

+
= —log {?’(['130+)-&?"—]]
J

Voi cde dung dich ddc, hé¢ s
hoa: d¢ y(H,07%)khéng bdng
don vi, nhung tién 10t 1 khi néng
dd tién 101 O, nic la khi cde dung
dich axit duge pha lodng.



K&t qui ndy duge Sng quit 13

Diéu kién can biing cia mot chilt nguyén chat ¢o mit trong nhimg
pha khic nhau 13 sy cin biing ctia héa the trong cic pha do :

Hay=pu(p) = ..

dGy p < 0, n€u bign doi 14 ty nhitn: h e d6 ndm ngodi ¢an bing. Thi
M- ploy<y khi do
(1) -t} dni By <0 dAn dén dn(f) > O @ ciu tir B chuyén mol cich

du gid dinh ring, M <upo). e 1

t nhién torpha o sang pha 3 cho 161 khi hai hoa the biing nhaw hodc didu

ki¢n cdn bing bi¢n mdt hoan toan néu ngurge Tai,

Newoe lai, néu p(f) > gy, cilu Wr B chuyén mot cich ty nhién tr
pha i sang pha o cho téi khi hai hoa (he biing nhau hoge diéu kién cén
hing bi¢n mat hoian wan néu nguye ki, Cic ket qud nay 1 WOng quit (fr

fién 14

Khi mot chat nguyén chit ¢6 thé tén tai ¢ nhidu pha, né chuyén

mot cich ty nhién téi pha ¢d hoa the thap nhat.

ﬂ’p dung ©

(Y 298K cde hda the chudn ctia cachon graphit

va  cha cachon kimo ocwomg khdc nhaa
1Dy~ Gy = 28500 met L
e dch mol  chie cachon  graphit i

_— 3 - - .
Vo, Gy =5321cm " mol Y va cia cuchon kim
ciromg fa V, (D)= 338cm” ol

1) O dang thic hinh nao thi cachon bén ¢ 25° C?
2) Phai sdce ddng mgt ap sudt 167 thidu I bao
alicu ién mot mdu & dang bén nhdt, dé bién no
sang dang khae ¢ 25°C 2
Nguti ta gick dinh cde the iich mol I khidng thay
ddi vei dp sudt.
1) Dang thu hinh bén 14 dang ¢ hoa the thap
nhit {xem §4.10), & diy 1a graphit.
2) Apsufit i thidu d¢ tic dong tumg tmg voi dp
sudt p, cin d¢ dat due can biing gita hai dang
& 257C. 'Ta vidl dy cho timg dang khic nhau
(xem 1.47):

du{Gy=-§ {G).dT + V(G dp

M

() = =8, (ID)dT + V,,,(D).dp

e 12 & nhigt 4o khong déi -

& WL mol-)

(1.63)

Mg - iy = 580 ], mol-1

Sa +

Twligu 14, O 25°C, duoi dp sudt
1.0 bar, hae hudnh 1@ phiong S,
co hdd thé thap hon hou thé ciia
fne fieonht dom 1 8 i nhivdy Sq
la dang dn dinh trong whime diéu
kign nav.

du(iy= v

L Gdp vadu)y = V(D). dp

i

Teir timg v& cla hai d¢ling thae nay voi nhau va
lay tich phin

F.ﬂ - p‘.? £ r
J' ’ d(y((;)—,u(l))}:j SV G =V, (D)
14 r

e 1 (G- 1)) - (G~ 1 (DY)

o
= (VJH(G} - Vm(DJ)-(p(; - .U“)
O cin biing : (,u(G}— ,u(.-')}){, =0, urdé:
o UG p(D)
V’H(G) - Vm(”)

2850
(5,21-3,38).107°

Pe=7

wds s p,=1,0.10% +

& 1,56.10" Pu=15.6  khar

Trong thye (&, chinh 13 bing cich nén graphit
gita 50 v 100 kbar & 20007 C, khi ¢é mit cla
sit, crom, hay niken lam chift xde tic nguoi ta da
sdn xudt duge kim cuong ohin wo & quy mo
cong nghigp.

» Luyén tap : Bai tap 6, 7, 8, 10, 12 va 13.
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pIEY CAN GHI NHO

m ENTROPI

Viii moi hé Z, ¢o thé gan mot ham trang thai goi la entropi, ki hi¢u la S, doi voi mot chuyén
hoa nguyén ta :

dS= 465, +d5;
trong dé, voi mot he kin, 08, = 50/T biéu dién bién thién eniropi do két qua cua sy traoe dii
nhiét vii bén ngoai va 35; thé hign sy sinh ra cia entropi. 8S; 1a turng doi vai mot chuyén
hoa thye, do d6 1a khong thuin nghich va biing khong doi vai mot chuyén hoa thuiin nghich.
Entropi clia tat ¢ cdc chat tinh khiét két tinh hoan chinh la biing khing & nhigt do O K.

m ENTANPI TU DO

Entanpi tu do, hay la ham Gibbs G, duye xdc dinh bdi G = H - T.8; di la mdt ham trang
thai va vi phan ciia no 1a hoan chinh.

i vri mot hé thanh phan cd dinh:

dG =V.dp - S.dT

)
op Jr or j,

M = -H (Hg thiie Gibbs - Helmholtz)
or J, T?

+ Trong chuyén héa déing dp va ding nhigét, entanpi ti do ctia mot hé chi trao doi véi bén

ngoai nhigt va cong do ap lue chi ¢é thé giam hodic gl nguyén khong ddi néu chuyén haa la

thugn nghich.

dGr , <V twong ung viii tién trién ty nhién cia hé;

dG p = 0 1a diéu kién can biing ¢ha he; tién trién ngimg khi G a cye ticu,

m HOA THE

+ Hoa the cia mot ciu i B; duye xde dioh i

| &
Ot )T, pon

* Dl vai mot hé: G(T, p. 1y i e B yon) = Zn,—.y,- (T,p. x; }

i

vi dG =V.dp - S.dT + Z L dn;

i

. ol
[%J = Viui Vit (?‘?—] ==5
ap T.n; b
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* He thie Gibbs - Duhem & nhiét d) va dp suit khong A6i ;

* Vi mt chat nguyén chit:

Dondu; =0
i

dp=Vopdp—Sp,dT

* Can biing cda mot chit nguyén chat :

- Khi m{t chit nguyén chit nim can biing trong nhiéu pha (2, 8,7,...) , thi moi héa thé déu

biing nhau:

p) = u(B) = py) =...

- Khi mot chat nguyén chat ¢6 thé ton tai dwdi nhidu pha, né sé duye chuyén mot cich ty
nhién t¢i pha c6 héa the thap nhit ¢ nhiét A6 va dp suat khang déi.

* Bifu thic cia hoa thé:

Bidu thikc chung:

/

#; =p' @)+ RT Ing,

f

héa thé chudn tic 1a 1,0 bar, Tva  hoat dd hoa hoe cha cav tir

hda thé

trong cdc diéu kién riéng theo

trang thai vat li ciia cau ti

Cdc biéu thiic riéng theo bdn chdt cvia hé :

5, trong hé dutyc xem xét

cau tir

bi€u thirc héa the

trang thii chuin
quy chiu

khi li twing nguyén chit

(T, p)=,u"(T)+RT.1nLO
J4

khi Ji tuimg nguyen chat

p’ =10baré T

cau ty khi B; trong mot
hon hop céc khi li twéng

w8, pi) =4 (D) + RTIn 2L
p

khi li tuéng nguyén chat
P’ =10bar¢ T

chiat rin hoidic 1éng nguyén
chat

#(T,p)=pu°(T)+ RTIna
T, p) = 1D+ [, Vi
2

tie 1 : W(T, p) = u*(T)

chat ngung ty nguyén chat
p’ =10bar¢T

ciu tir B; cia mot hon hgp

rin hoiic long Ii twing

(T, p) = uf (T) + RT.Inx,

chat nguyén chat
p° =1,0 bar ¢ T trong trang
thai vat li ciia hdn hgp

chit tan B, loang trong
dung dich li tuwémg

c.
Hi(T,p) = e oo(T) + RTIn—"
i

ciutr B; ; p° =1,0 bar ¢ T,
B; xif siy nhur trimg
dung dich v6 cing loang va
¢; =¢® = 1,0mol. 7" Trang

thai chuin nay la gia dinh
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G

Bai TAP

AP DUNG TRUC TIEP BAI GIANG

“1 Céc hé mot pha hodc nhidu pha

1) DO tan cia butan-l-ol rong mde & 25°C 12 9,1 ml
wong 100 ml. 9 25°C, khsi hwng rieng cita
butan-1-ol 12 0,810g. cm 3.
Ta co thu dwye modt he mot pha khong, néu & 25°¢c

hod tan trong 100 ml nurye:

a) 0,20 mot butan-1-01? b} 6,72 butan-1-01?

2) bo tan cla natri clorua trong 100 ml nudc L
35,70z & 25°C va 39,128 & 100°C. Ta cé thu dugc
mt he¢ déng nhat khong néu ta hoa tan 1,60 mol natri

clorua rin trong 250 ml nude:

a) & 25°C?

b) & 100°C?

9 Phan mol va phan khéi lugng

Caoi khong khi 1 duge tao bdi oxi vi nite, hdy xic dinh
ti ¢ mol va khdi lugng ¢ha hai khi nity trong khong khi
& 0°C dusi 101,3kPa. 0 0°C, dusi 101,3kPa, khi
luong riéng ciia khong khi bing 1,29_2,1_1 .

3 Cac entropi chudn

1) Tinh entropi mol chudn clia metanol long & 45°C.
2} Tinh entropi mol chudn ¢ metanol khi & 100°C.
S& ligu: Voi metanol long, & 298K:

S°=127,00K Lmol™, =816 1K mal
00 =65°C; AH® =38,0 kl.mol ™.

Vi metanol khi: C; = 45,21 K" mor!.
k

44 Thé tich mol riéng phén

Khi them mot mol nude vao mot thé tich 16m cda hén
hgp nude-metanol ¢6 ti 1§ mol metanol x, =040,
thé tich ting 1a 17,35 ml; khi cho thém mot mol
metanol vao cang hén hop, the tich ting 1a 39,0 ml:
1) Tinh th¢ tich hén hop thu duye bing cach tron
128¢ metanol vail08g nude.

2) Xic dinh bign thién thé tich do sy tron Hn :

S ligu : khot lupng riéng: plnudc) = I,Og.cm_3.

p(metanol) =0,7%g.cm -

5 Hén hop khi

Mot binh doan nhi¢t duge chia thanh bai ngdn biing
nhau, Ngidn thet nhit chia 5 mol nite (danh s6 1) dudi
ap sudt 2,5 bar & 25°C vi ngin thit hai chira 6 mol
agon (dénh sG 2), dudi ap sudt 3,0 bar & 257C, hai
khi nay duge gia dinh 13 li twdng. Khi nhic ngan 12n:
hai khi tron 1n v&i nhau nhung khong phin tmg.

1) Nhi¢t do cudi 1a bao nhiéu?

2) Tinh héa thé tnede vit sau khi tron [in d6i voi mdi khi.
3) Vi ham trang thai X, ta ¢of dai lugng trn 14n 1a
hidu s8: Ay X=Xo, i non —Xuwie ki nen-

Hay xic dinh ‘411“‘ Ath . AhhS . K&t luan,

& Héa th& chudn va nhiét do

1) Nhdc lai he théc dnh hudng cha nhiét do déi véi
héa the cha mot chit.

2) Bidu thi (u°(T)- 1" (298)) cli etanol 10ng theo
nhiét do T, thira nhén riing nhiél dung cfa etanol 10ng
13 doc lip vai nhigt do.

3) Ap dung bing s& ddi véi 6 = 50°C.

Cdc sd' ligu, VEi etanol long :

$°(298K) = 1611.K ™ mol™,C9 = 111K mor ™,

[/ Héathéva ap suat

1) Nhidc lai h¢ thite vé dnh hudng cia ap suft d6i vii
hoa thé cia mot chat,

2) Biéu thi u(298,p)- £°(298) cla xiclohexan 16ng
& 298K theo 4p suit p, thira nhén 13 the tich mol cia
xiclohexan 16ng khong phy thude vae ép sudlt.

3) Ung dung biing s& cho p = 50,0 bar. K&t lujn.

SO figu: voi xiclohexan 16ng & 298K: khoi luong
riegng (gid dinh 1 khong phu thudc vio 4p suat)
p= 0,655g.c111"3.

8 cac dang thd hinh cuta lvu huynh

L huynh tdn tai & trang thai rin dudi cac dang thu hinh
a v B nhigl do chuyén pha 13 95,5°C duti mot bar.
Trong cdc dicu kién nhi¢t do vi ap sudt do, hitu s0
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entropi ol S¢S ) = $(8,) = 7.87).K ™ mol™! v higu g
e dch mol ViS4 =V S(j):{),&m'w"lnml_l: hai hi¢u s¢
nay s& duve gia dinh I khong phy thude vaio 7.

1) Tinh bicu thire cta dp theo p v T clia chil nguyén
chilt.

2) Xic dinh dang thi hinh én dinh & 25°C .

3) Tinh 0 ting cla nhidt dd chuyén pha khi dp suil
ling L{ bar,

VAN DUNG VON KIEN THOC

@ » Entropi chuan clia benzen khi

La) Nhic lai biu thie vi phan dH cho mot bidn déi
cer bin thuan nghijch, trong qua trinh d6 cong 1a cda
lye 3p suit.

b) ‘I d6 suy ra cho mot mol khi I wdng, bidu thic
ds theo cde bicn sa pva T,

2) Tinh entropi chudn ctia benzen khi ¢ 25°C, bd
qua cde bicn thign eda entropi di kem vai cie thay
ddi ¢l dp sudl cha cic pha ngung tu v coi benzen
nhu mot khi i nrdmg,

Sa'ligu ; Vi benzen B :

T, (BY = 278.5K ; A, H"(B) = 98651 .m0l ™! ;
SY(B) (k) = 128,74 1. K™ 'mol™! &278,5K ;
C,BYH = 13381 K Lomot ™1,

A H(B) = 33,86 k). mol™), duti p(hit)(B) = 0,127
bar & 298K,

1O Hén hop li twdng cha céc chatldng
Mot hdn hop toluen v benzen ¢6 thé duye coi 1a li
timg. Ta xem xét dung dich thu duyce khi trgn 234¢
benzen va [84g loluen & 25°C. Ta bd gua luyng
hidrocachon ndm can bing vai chilt 1ong dudi dang
hoi va thira nhin 12 nhigt do gitr khong dai.

1) Bidu din héa (thé cia benzen va cla toluen
nguyén chit va trong hdn hop dui 1,0 bar,

2} V6i mot ham trang thii X, goi 13 dai huong tron
fdn 1a hidu s5 4X = X,

sall khi trdn — X trunde khi tron -

Xic dinh 4,,G, 4,5 vi A, H khi hdn hop clia
hidrocacbon nay & 257 C dudi ap sudt 1,0 bar. K&t luin,

“1 “1* Biéu ché rugu vodka
Co ¥, = L00/ rugu ngd ¢oe 12 hdn hop nude va

etanol ham lugng 96% clanol, Mudn pha rugu vodka
¢ ham luyng etanol 13 56% khoi lugny.
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1) Tinh thé tich V ¢a nude ¢in thém vio,

2) Xac dinh thé tich V* ¢ia vodka thu duwe,

S& ligu : thé tich mol riéng phdn cta mese : trong
rigu ngd cdc ;14,6 0, trong vodka 1 17,11 m/.

Thé tich mol rieng phin ciia etanol © trong nrow nga
coc 1 58,01ml ; trong vodka : 56,58ml.

12+ can biing 16ng - hoi clia nude

1) Vi€t cdc bidu ture ctia hoa the cha nude thé hoi v
nude (hE 16ng & nhigt do T vi ap sudt g,

2} Xic dinh dp sudt cua hoi nude tai can bing vai
e & 257C

a) bd qua dnh hudng cda dp sudl doi vii hoa the
cha nwic ;

b) khong bd qua dnh hudng de.

Salidu ;

O 25°C, LHO0 - 12HhO) () = -8,57 kl.mot 7L

“1 3 can bang 16ng - hoi clia brom

0 25°C brom & ¢in bing hai pha I6ng vi hoi.

1) Xdac dinh 4p sufit ¢Ga khi & ¢én bing ;

a) bd qua dnl lusdng ¢da dp sudl [én hoa thE cia brom
éng ;

bj khong bd qua dnh hudng do,

2) Xiic dinh nhi¢t do s01 clia brom dudi dp sudt Tbar
a) su dung cdc entanpi v cac entropi mol cda brom
long va cfa brom khi va gid dinh riing AH,?I (k=)

vit ASY

Hl

{k — 7) khong phy thude vao nhiél do.

b} st dyng cic bicu thire hoa the ctia brom 1ong vit
brom khi theo nhi¢t d6, khong lam phép tinh gin
dung. K&t ludn.

Gid dinh ring hoi nhw mot khi 1 tdng,

Sa'lidu:

G 25°C: 4°(Bry, D) — 1°(Bra k) =~ 2986 I.mol ™}
Y, (B, £) = 52,4em’ ol L 80, 1) =

152,37 K Lot ™! ; S8k} = 245,31, K L mol ™!
Co(Br, 1) =71,63. K mal ™!

Co(Bry.k) =378 K hmol ™!,

14 -, Hé thuc Clapeyron
Ta xét mdt chit B & ¢an bing hai pha o v 3. Gid sir
Vi S,, S, V, viV, b cdc entropi va cic thé

tich mol ctia B trong céc pha tuong ing.



1) Voi chat nguyén chit, cho bidu thie cha du theo p
vitheo T,

2) O can bing, he thire nio licn he w(w) va p(p) dudi
dp sudt p va & onhiet do 77

3) Ap dit moL bicn thién d7 ¢ha nhiet do T he tién tidn
sung mot trang (hii can biing mdi, ciing 1 hai pha, ap
sudt cha can bing e do 1a p + dp. Trong qua trinh bién
ddi nay, hoa th thay ddi tir (e vi dudf3).

a) HE thae nao lign he dp(og va du(p) ?

b) Tir d6 rit ra bidu thic cla dpAdT theo S, Sy
vV, v Vﬁ.

4y Ta quan tim dén sy s0i ola nuye va ki higu
A, H(T) L entanpi bay hoi clia nuge & nhigt do 7, .
a) Vict lai bidu thae dpAdT voi sy hd ug coa
A HO(T) v T,

er
1. mol ™}

136 qua thé tich mol cha nude vai hoi v coi hoi nude nhy
SGANRIET i1 |4 o e p
mOUKhi 1 tudmg, thict 1ap bide i cta 7, theo p .

V&I nunde, 4, ,H(T) = (59800 - 52. T
A

Fur

¢} 'Tr do suy ra nhi¢t do soi cia nde & do cao 2500m
nei e6 dp suidt 0,75 bar,

15 Su phan b clia mét chat tan gilfa
hai dung moi

O nhi¢t do T ta xét mt chit tan A trong dung dich

hai chit 1dng khong tron 1dn, dwre ki hiéu bdi cic chi

$O ¢ v b. Ta thira nhan [ chit tan A tao hanh véi

timg dung moi ndy mot dung dich loang Ii tdng.

1) ‘Thi€t Iap hé thike licn he cie hoa the cda chil tan &

trong mdi dung dich, khi tdp hop la & cin bing.

2) Viét ¢ie bidu thie hoa the clia chilt tan niy theo ndng

do cia C(A), hede CLA), rong timg dung dich .

3) Hay chi ra rang khi do C(A), /IC(A), =k, & day k

Ia mot hing s& chi phy thude vio nhiét do.

4) Phenol A = CgHsOH ¢6 thé hoa tan mot phin trong

mnye () vi trong benzen (b, nude v benzen khong tron

Jan. Ta e phenol trong mdt hdn hop nuie - benzen v

xic dinh ndng 49 ¢l phenol rong mdi dung dich, mot

thi nghugm da cho cic k&t qui sau : C(A), = 0,0705

mol. 171 vy C(A), =0,1013 mol. L
a) Xdc dinh £,
b) T do suy ra pg . (A)e ~ 2o (A & 298K,
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16 xac dinh dai lugng mol rigng phan :
phuong phap tiép tuyén
Cho mot he chga k cde cdu tir khic nhau vi gid s@ n;
Ja 0 mol clia cu tir B; wrong he. Ta hiy xem xét mot
dai luong quéing tinh X ham ciia T, p va »;, va dic
trumg cua hé nay,
1) Nhic lai dinh nghia dai lugng mol riéng phin X, ;.
2) Trinh bay dX theo T, p v ;.
3) Tim lai he thie X = Z Ny X, clrdo suy raring
i
& T va p khong di, dX = D" X,,,;.ddn;
i
4) Voi mot mol cta hdn hep, npwdi ta dinh nghia
Ximol bing he thie @ X, = XK(ZIHJ : bidu dién
i
Xppol heo X, va phlin mol g ol ciu ol 5,
5) Biy gidr ta xét mot hdn hop hai thanh phin ¢ ciu
W By va B, . Bidu dién dX,,, /dzg chitheo X va
X o - Chimg minh rang, khi v¢ ¢dc GEp lwyén rén
do thi X = f(27), ta ¢6 hé im dwe X, v
Xin.2 vai bALKI gid tri nio coa 3.
6) Bang dwii diy cho khéi lugag ricng cla cdc hén
hop axit nitric - nude chira MmOt khot lugng m- axit
nitric trong 100g dung dich.

kh&i hwong
23 |1,00

1,15
)

1,200 | 1,

e
A

1,30 |1,35

riéng (g.cm

m{ HNO3 ) tinh
hiing ¢ trong 0
100g dung dich

25,48[32,94 40,58 48,42 | 56,59

khai luyng
. _a | 1,40 | 1,45 147 1,49 ] 1,50 (1,51
riéng {g.cm )

m( HNQ3 ) tinh
biing ¢ trong
160z dung dich

66,97 179,43 85,50(93,49|96,73| 100

a) Tir cde gid trj ndy, ve do thi Vo = £{z(HNO3)) |
b) Tir d6 suy ra cic thé tich mol riéng phin cla nunse
vi ¢l axit nitric doi vdi Z(HNO3) = 0,30

¢) Xdc dinh bing dd thi, réi bing phép tinh sy gidm
thé tich AV, quan sit duye vii Z(HNO3) = 0,30.



Mycec 1t1e8u

B Biét dinh nghia cic dai lgng chinh ciia
phan dng ding trong Hoa hoc.,

W Bitt xic dinh anh hudng cia nhigt do
dén cac dai lugng do.

B Biét dinh nghia va tinh todn cic dai
lugng tao thanh.

HEu BIET cAN ¢6 TRUGC

B Sy tién trifn cha mot phan (g (xem ndm
thit nhdr).

M Biéu thic vi phan cha entanpi vi cia
entanpi ty do (xem chuong 1.

W Trang théi chudin va trang thai chudn quy
chiéu (xem ndm thit nhit vd chuong 1.

W Dinh nghia vk tinh chét cta dai lugng
quang tinh va dai lugng mol riéng phin
(xem chuong I).

® Dinh nghia va tinh chit clia entropi va
héa the (xem ndm thit nhéar va chuong 1).

W Céc phép tinh entanpi cia phan g Xuét
phat tir ning lugng 1ién két (xem ndm thit
nhir).

M Nhit ciia phan (ng & tl}é tich khéng ddi
hofic & ap suat khong ddi (xem ndm thit
nhar).

W Ning lugng mang ludi cda tinh thé ion ;
nhiét dd cuc dai dat duge bdi mot hé trong
phan img hoda hoc (xem nidm thit nhés).

CAC DAI LUONG
PHAN UNG VA
CAC BAI LUONG
TAO THANH

MG dau

Viéc nghién citu dinh luong cdc phan img hoa hoc
doi hdi phai biét cac théng sé diic trung ciia hé phén
img. Trong cac thong sé d6, entanpi ciia phén itng
Ay, H va entanpi ot do ciia phdn ing A, G ding
vai tré cbt yéu.

Sau khi dd nhéic lai mot s6 khdi nigm da biét & nam
thit nhit, chiing 16i s& phat trién mot cach dic biét
hon trong chuong nay, cac dai lugng chii yéu trong
viéc nghién citu sy tién trién cia mpt hé sé duge ban
dén & chuong 3.
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1 Cac dai lugng phan ting

1.1. D6 tién trién va luogng vat chat
Ta xét moOt hé kin md trong d6 didn ra mot phin tng hdéa hoc theo phuong
trich ¢4n bing :
Z‘V!'Bj = O

Gid str »;() 12 80 mol cla ciu t¢ B; ¢ thoi diém ¢ (1) duge bidu dién
theo do tién trién biing hé thiic :

1 (0= (O) +v; (£ - £(0))
hodc ld chon, §¢=0,(0)=0;

m{y=m{0)+v; . £(1) (I1.1)
Tir ddy suy ra bidu thice vi phén :
dn(t) =v, dE(1) (IL2)

£ ¢6 thir nguyén cha lugng vit chit, tinh bing mol.

1.2. Binh nghia mét dai luong phan ung
Gia s& co mdt dai lugng quing tinh X ¢fia mdt h¢ héa hoe dang phdn ing.
Phuong trinh cin bang Zv;B; =0 da cho. PO ti€n trién cha phin vng
tuong img voi trang thai ctia he co thé duge xac dinh, X 14 mdt him cic
thong s6 vatli 7 va p cla do tién trién &,

Theo dinh nghia, dai luong phan ding & 7, p va £ 1a dao ham riéng

ctia X dai vidi &, khi T va p giir nguyén. No duyc ki higu la A X :

4, X(T,p,E) =(MJ a3
8& T.p

binh nghia cic dai lugng phin dmg m xudt hién 4O tién tridn £ ; vi do
tidn trién phy thude vio dang thie ¢ha phuong trinh ¢an bing, dai lugng
phin timg chi ¢ nghia néu no gin véi mdt phuong trinh ¢an bing.

Tir dinh nghia cia n6, 4,,X ¢6 thir nguyén clia X chia cho thi nguyeén

cha lugng vit chat (mol).
1.3. Dai luong phan ung
va cac dai lugng mol riéng phan

Gid st X (p, T, n;) la mot dai luong quing tinh dic trung clia mdt hi
duge xdc dinh & muc 1.1 ; theo h¢ e (1.30) dinh nghia modt dai lwong
mol riéng phiin ;

dxz(a—xJ ﬁ+[5§} Ap+ D X, .dn
(qT Py @P T‘ n, i .

A

Tire 12, k&t hop vai he thie (112)

aX 15). ¢4
dX =| — AT +] — dp+ vi. X, |.d
&) F) pREME
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Dai lugng phan img ApuX = [z_);] lic d6 ddng nhit véi Z vi X o
T.p {

tlf d6 suy ra két qua tdng quét cho moi dai lugng quang tinh X :

ApuX(Typﬂf} (aXJ
T,p

oz J1.4)

Z vi'Xm,i (r, Pv‘::j

1.4. Dai luong chuin cla phan ung

Khi cac cau t0 & trang thai chuin, dai lugng phan ng Apy X la dai
lvigng chudn ciia phan img A X°(T)

0
APHX"(T){aX J =D i Xpi (T)
9 Jr,p '

i
X5 ;(T) 1a dai ltgng mol chuin ciia chu tif B;.

(1L.5)

APHX" chi 13 ham cia nhigt 40 ; cac cdu t cha hé déu d trong trang thai
chuén cﬁaych{mg (xem chuong 1, $§1.8) (*), Apuxo khoéng phu thude vao
do tién trién, trai vdi Ap X

1.5. Pai lugng phan ung va bién thién cua dai
lugng gilra hai trang thai
Cho X, mdt dai lLrong quang tinh dic trung cua mt h¢ hoa hoe dang Ehan
{tng: XTahamcha 7, p va & Ta xét mot bién di [am cho hé chuyén tir
trang thai 1 sang trang thai 2 ; trong qui trinh bién d6i nay, X thay ddi
mit gid tri AX 14
AXy 57 = Xz = Xy = X(13, p2,52) = X(T1. p1561)

M Bién thién nly ciing ¢ thé duge tinh ApuX , néu sy bién &6 duge
thyc hign & T va p khong ddi. Trong cic digu kign d6

X
My =Xy=Xi = [[ [2—5] = [ apx@az aro
T.p

W Néu chi duy nhét 4, X 12 doc lap doi véi & :

AX =Xy = Xy = 4, X(§2 = §1) , 8 T va p khong déi. (L7

Sau day ta sé thay ring hé thie (11.7) ap dung déi vdi entanpi, nhung
khong ap dung dbi véi entanpi tf do ciing khéng dbi vdi entropi.

] NgIIGC la1 vt cac dai lugng chudn cia phan tng, khdng phy thufc vao
do tién trién

AXx° = X3 - X{' = 8p, X° (&2 - &) (IL8)
» AX(T)=Ap, X°(T).
AX # A,,X va A4XO = 4,,X°
Vi viy khéng du'(;!c 13n 16n hai ky hiéu A va 4 pu
¢ Ky hiéu A xac dinh m{t bién thién giita hai trang thai cia hé ;
. Ky higu 4,, biéu thi todn ti (i)
a§ T,P

Trong trudng hgp duy nhét ma (& ~-&=1

Trong moi trudng hgp khac :

13 dao ham riéng d6i véi &

khi 7 va p gii nguyén.
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(*) s} trang thai chudn cia
chiing, cac chdt phan fing va
cdac san pham la tinh khiét va
tich bigt, mdi chér dugc 4y &
trong trang thai vdr i quy
chiu & nhigt d6 T dubi Gp

suét po = },Obar.
X4
X(&) A X(Ey) = (-af (é,)]
a8 T
AXy12
X&) T
& 6 & [;

P

Tu ligu 1. Pai lugng phan ing
Ap, X la dp nghiéng cia tiép

tuyén véi duong cong X(& &

§=83.

Bién thién cia dai lugng gida hai

trang thai :
AX150 = X(E)— X&) -

) 5‘£.



2 Entanpi chuin cda phan ting

Nhic lai mt vai dinh nghia va két qua da biét & n¥m thit nhét.

2.1, Cac dinh nghia

W GiastHla entanpi cha médt hé kin daqg co Phﬁn {mg héa hoc theo mot
phuong trinh cén bang da cho, va £ 1a 8 tién trién ciia phan ing tuong g,
V6i méi cdu i : n; =n, ; +v;£&. Entanpi a mot dai lwgng quang tinh, H
duge viét 1a :

H=Yn H,, = D (g i + v E)H
{ i

trong d6, H,,; 1a entanpi mol riéng phin ciia ciu tir .
Ap dung hé thie (IL.3), entanpi cha phin ing 4,,H Ia dac ham rieng
clia H theo &, khi T va p giit nguyén.
oH
A H(T,p,&) = (——)
9 I1,p

N6 chi biéu dién theo cac entanpi mol rieng phin H,,; clia céc chu tir

(IL9)

cua hg (xem IL4)

ApaH(T, P:-f) = Z vi'Hm,i (II.IO)

i
B Entanpi phan ihg chudn ca hé APHHO ddc tnmg cho mdt he trong dé
moi céu i déu & trang thai chudn.

o oH°
Ap H(T) = [ o Lp = Z"'f-ng,:' (T)

(IL11)

Entanpi phan g chudn cda he AP“HO chi phu thudc vae phuong trinh

can bing vi vao nhiét 0. Thong thuding nd dugc bidu thi bing kJ.mol™! .
® Di véi cac khi, dugc coi nhu céc khi li twdng, entanpi chi phy thude
vao nhiét o, tr 46 suy ra 4, H(T) = APMHO(T).

Thi nghidm chi ra riing hé thitc nay ciing duge ap dung kha tdt déi véi pha
ngung ty 2 Ay, H(T)=4,,H°(T).

Khi d6 A5 H(T) khong phy thude vao &, bién thisn entanpi cia hg giifa
hai trang thai 1 va 2. AH, (T, 12 mjt ham tuyén tinh ciia A,,H(T).
Ap dung hé thitc (IL.7), tacd : |

AH) 3 = Hy — Hy = A5 H(T).(&y - &) ~ A HO(T) A&y - &) AL12)
Cac phuong phap khac dé tinh A, H(T) da duge wrinh bay & nim thiy

nhit ; ching s& duge xem lai trong céc bai tip.
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W Dii voi mot phan ing phétw
nhigt :
4, H(T) <0
dbi v6i mpt phan g thu nhiér:
A H(T)> 0
W Mot phén iing phat nhigt la
mot phin dng trong dé cac
sdn phim tao thanh bidy thi
cac lién két giita céc nguyén tif
manh hon hode nhiéu hon cic

chét phén ing. J

HJL

T = const

.

0 &l ¢
Tw tigu 2. O nhiét dp va dp sudt
khéng dsi, entanpi cua hé la mot

ham tuyén tinh ciu dé tién trién -
H(T, p, & = H)+ 4, H (D&
Vi ch =0,



14’p dyng 1

Cho phuomg trinh phan ting cdn bing & 25°C:
Ho (k) + Cly (k) — 2HCIK)

1) Xdc dinh entanpi chudn A, H° cua phan

DIt
ung nay, xudt phdt wr cdc ndng luong lién két.
2) Cho 3mol hidro phan tmg véi Smol clo,
Xdc dinh bign thién cua enmtanpi di kem voi
phan dmg nay khi gia dinh g xay ra hoan roan.
S¢" liéw : Cac ndng luwomg lién két (bdng
KI.mol™ ) 3 298K : Cl- Cl; 243 ; H-H :
436 ; H-(C1: 432,

1) Khi biél ning lugng lien két, ¢ thé thue
hién chu trinh ;

A}‘HHU
Hy (k) + Cla(k) t > 2HCHK)
Dyy Dy 2Dy_q
HEK) +  2CIK)

Tirdo : 4,,4° = Dy_y + Dai—c) - 2Dy
=436+ 243 - 2.432

Ap, H® (298K) = ~185 kJ.mol™!

2) Phin tmg I3 hoan todn, do tién trién cuc dai

bing vai luymg cda chdt phan tmg thidu, & day

12 hidro, tir d6 : £, = 3mol. Bién thién entunpi

tie 14 :

di kém phin tng lic do bing :

AH =& Ay, H® =3.(-185) = —555kl).

» Luyén tap : Baitap 1,2 va 5.

2.2. Anh hudng cha nhiét doé
2.2.1. Pinh luat Kirchoff
D€ nghién ciru Anh hudng cla nhigt do, ta 14y dao ham ciia hg thic (IL11) :

Z "";'-H:::.:‘(T)]

Q d
dAp "

i -y ,,_.‘__4(__1
df ar : dT
- : o dH::J i (T) = . 2
[heo dinh nghia, : bing nhiét dung mel chuin, & ap sudt khong

e
doi: Cp (1) 2t do :
da, H®

% = Z,: Vi -C;.m A7)

Theo he thixe (E1.5), Z v;.Co (1) 12 nhict dung chudn clia phan ing

APHC?, (TY dugc tinh (i cac gid tri cha nhigt dung mol chudn tra trong
bing va tir phuong trinh can bang cda phin tmg nghién ¢l ;
4,,Cp(T)= Z v; Cop i (1)

ir &6 dua dén dinh luat Kirchoft :
DPao ham theo nhiét 3o cha entanpi chuin cia phan ing biing nhiét

(IL.13)

dung chuin cia phan ing dwi 4p suit khong ddi A, Co(T) :

(d.dpuH“

(IL.14)
daT

] = A'pucg (T)
»
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2.2.2. Tinh 4, H"(T;) xuélt phattr A,,H°(T;)

D¢ tinh entanpi chuén cfia mot phin img & nhidt do 75, khi biét duge
entanpi chudn cda phin tmg nity & nhigt 40 7;, chi ¢dn 18y tich phin cla
hé¢ thire vi phén :

A4, H(T)= 4,,Co(I.dT

e

WOt Ay HO(Ty) = Ay HO (Ty) + L‘] 4,,CT)dT  (L15)

fq’p dung ©

Xdc dinh entanpi phan tmg ¢ 1000°C cho o la Ay, CH(T) = 3,11 - 13,52.107.T tinh
phan umg o0 phuong trinft cdn bing -

Cogral) + CO, (k) = 2C0Ok)
bit rdng ddi voi phan dng ndy . Theo h¢ thic (I115) :

-1 1273
Ay HO(298K) = 172,47 kJ.mol AP (1273K) = A, HOORBK) + j'% A, CoT)dT
84 ligu : Cdc gid tri cia cde Cpy, tinh bing

bing J.K ‘mol™".

| tie 121 A, H° (1273K)
JK™, mol™! -

COWK) 29,31 +3.07.107° T 71352107 ""?‘J e

=172,47 + [3,11[7]2% ety o8

C (graf); 11,29 + 10,87.1073 . 7; 2
CO,(K) : 44,22 +8,79.107° T, rdo: Ay, H® (1273) = 163,67 kJ.mol™*
Ta tinh :

Bin thién entanpi chudn cda phin tmg v6i

0 o
Apucp (r)= Z";‘-Cp._m.i(T) nhigt do thuomg 1a nhé néu AT vi ACP khong

_ 2Cn (CO)— C (CO) - Co (©) qui 16n {trong thi du niy né vio cd 5%:).

» Luyén tap : Bai tap 3 va 4.

3 Entropi chuan cua phan ting

(*) Trong mot s& truong hop,
chdi rn duge xét thay doi cdu

3.1. Entropi mol chuan {ric & nhiét dg Ty, ; viéc tinh

Entropt mol chudn 13 entropi mol ¢ha chit & trang thai chudn. Nguyen Ii 0 1 o L

fdc dé phdi tinh to7 sue
thir ba cta Nhigt dong hoc (xem §2.5 chusong 1) diit dinh @8 12 entropi cha n F ’
tinh thé 1f tudng bing khong & 7 = 0K, ¢6 thé xac dinh entropi mol céa | chuyén cia dang thit hinh {a)
chdt nguyén chit ¢ moi nhigt do. sang dang tha hinh () :

Nhwr vay, doi vai chit nguyén ¢hit (*)

Sm(T) =0+ C“(rr) 0.7

ch

: Lh o, AT AgpH'
dar Amh‘ I s ar AHO S}$,=(J+J'O c‘;,(a).- Lot

e o ffT
C
.[ CO (k) dx (ﬁ)
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Dung cda d6 thi S*(T) da cho & 1ai ligu 8, olla chuong 1. Dudi dp sudt
khong (6i, entropi clia chilt nguyen chdt tang khi nhiét 4o tang, la do sy
hon loan cda he ng.

3.2. Binh nghia entropi chudn cta phan ing

W X¢t phan tmg hoa hoe trong mot hé kin theo mot phuung trinh ¢an bing
da cho. Entropi cua phan img ApuS 1a dao ham rieng phin cha entropi S
cia hé 41 voi 2 khi 7'va p pitr nguyén

o8
4 us(Ta NS e v
p ps6 [ o7 ]T',p

N6 duye bifu difn theo céc entropi mol ricng phan S, ¢ (*) ciia cic clu
tir trong he (xem 1L4):

ApST.p.8) = D VieSi k(T2 P20
&

(I11.16)

(1L.17)

W Entropi phan tng chudn cda b, 4p,S © dac trung cho mot h¢ trong 46
moi ciiu tir ddu & rong trang thai chudn :

s as”
B,,8°(T) :( . ) = > v Smi(D) (11.18)
o0& Tp K
e Entropi phin tmg chudn cla hg, dpy 5V, chi phu (huge vao phueng trinh

- can bing vi vio nhigt 49, Thuong duuc bidu dién bing 1K mol ™.

e Cic gid tri cda Sy, x duoc cho trong bang d6i voi gid tri 7y ¢l nhigt
80, vige tinh 4, S°(T) 1 true GEp khi pigt phuong trinh - ¢in bang.
Vige tinh APHS" (T) & mot nhigt do Khic cin phai bi¢t entropi chudn cla
phan tmg thay ddi ubur the nao v nhi¢t do.

3.3. Anh hudng cua nhiét do

D& nghicn cttu inh hudng cda nhigt do, ta 13y dao ham ca he thiee (11.18)

dr AT p AT
Hoijc : M _ C;.m,k
dr T
St (1) Comr _ ApCp(@)
tie do V-.——‘———: Vi -k _ Tpuph
1§ Zj\: k a7 % k ————T T
da,,s’ A, Co(T
te L ; [__P‘i_] :_pg_p__)_ (IL19)
dT  Jp T

PE tinh entropi chuin clia mot phin dmg & nhit g0 T, khi bict entropi
chudin & nhigt 4o 7y, chi can L3y tich phin he thise vi phin

[&] 0} dT
d{4,,S T = AP“CP(T)‘_;F

. 7 a7
(i 1 s Ay S° () = Ay, S (T1)+ Li BTN (11.20)
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(%) PE tranh moi nhdm lin v
si sdng tao entropi cia hé,
duoe ki higu la S; ¢ chuong
ddu, ching 16i xét & day cdu
By c6 entropi Sp, v khong

phdai la cdu e B;.

B Ddu higu Ay, ST) 1hé hien

sy bién dbi cia do hién logn cha
hé trong qud trinf phan dng hoa
hoc :

o Néu Amv(kp(), AI,,,S"(T') >0

o Néu A, vk) <0, dpy $9(Ty<0

o Néu A,y =0, 4,87 =90.

m Vg A

oV (K) I=1 thueng hay

; 4SM =100 dén
2001 K™ mol ™!

nhdn thdy
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Alp dung 3

Ta xét phin tng ¢6 phuong trinh - ¢an bing : o o 7 o ar
H, (K)+1/204 (k) — H,0(£) ApuS (T2 = Bp, (1) + L..l ApuCp(T).-T—
Xic dinh entropi chufn cla phin (mg nay ° . ,
a) & 25°C ; ’ P 2 vl ; ApuCo(T)= 2 v Cp i (T
b) & 80°C. k
So'tigu ¢ 25°C (tinh blng J.K™ mol™" ) tie [ : Ay, Co(T) = 75,3 - 27,3 - 0,5x30
02(k) Hylo | H,00 ~(33+0,5x4,2).107°T
entropi 3 -, 1 -1
mol 205.0 130.6 60.9 =33 - 5,4 10 .1 {JK .mo] )
chudn S:L Vil
nhi¢t dung 30.0 271 ) ) 153 dT
mol chudn - - 753 A S° (33K = 4,8 (298K) + J‘ A, OO .-
o +42.10 7T | +33.10°.T 208 1
a) Theo he thae (IL18) e 1t A, $°(353K) = -163,2 + 33.[InT 1353

B ST =D Vi S (1)
k

54107 T Bar

ure 13 voi phiin (mg duge nghign e trdoé : APHS“(353K) =-157,% J K "mol™!.

APHSG(Z%K) =09,9-130,6-0,5x 2050

=-163,2 LK Lmal™. nhiét do.
b) Theo hi thike (IL20) ;

Qua vi dy nay ta thiy 4,,S° it phy thuge vao

4 Entanpi tu do cta phan uing

4.1. Binh nghia

B MOt phidn tmg hoa hoe thue hign trong mdt he kin theo phuong trinh -
c¢hn bing. Entanpi tr do cia phin dng Apy G 13 dao ham rigng entanpi by
do (5 cta hé theo £ khi T va p ghr nguyén.

4, G(T, p,cf):(wJ (a1.21)
T.p

73
N6 duge bigu dién theo cae entanpi tu do mol rigng phin G, ; theo dinh
nghia, s& tring vdi hoa the g cla ¢ ciu tir trong hé (xem I1.4) :

A, G(T, &)= v, 4 (T, p, E) (i1.22)
Entanpi ty do cia phin img phy thul(f)c- vito Z (e fign 3).

B Entanpi te do chudn cla mdt phin ing cda hé, ApuGo, dic tung cho
mot he trong d6 moi cdu W déu & wrang thii chudn

o
ApuGO(T) = [ oG ] = z Vi ')uia (7) (1£.23)
65 T.p i

Entanpi tu do chuén cia he, APHGO ¢hi phy thude vao phuong trink - cin
bing va nhigt do. N6 thudmg duye bidu thi bing KJmol L
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_AP,,(:@,):{ z;&:ll}

T.p

At = [Z; {6;}]

T.p

]
]
+
|

AJMG{:.‘;}:: %‘g(;ﬂ)mi i
3 % 5 ¢
Tw lien 3. Entanpi ne do cua
phanung A,,G, dé nghiéng caa

HEp tuyén voi duong cong G{&)
phu thudc vao dg tién trién chaa
phlian vimg.



4.2. Anh hudng cua nhiét do
D& nghitn ctru inh hudng cla nhigt o, ta 14y dao him cla he thie (11.23)

\ d v 1 (T
[dﬂpuGt ] _ [Zr s ] _ Zv_ [d.u?(T)]
_ TP ar
2y i p.n‘-

aT a7 .

G e
oA

a7
o dA,,G*(T) ‘
tir 4o [—p_d"T—L = _z;': v Spi(T) == A8 (T)
LI aPE
e 1 [M] = —4,,5"(T) (I1.24)
ar  J,

4.3. Cac phép tinh 4,,6°

Tity theo céc 8 ligu ¢6 duoe, nhiéu phuong phap c6 thé duve st dung daé
xdc dinh 4,,G°(T)

4.3.1. Khi biét 4, H®(T) va 4,,5°(T)

‘Tai ligu cho cée biéu thire cla 4, H(T) va APMS“ (1), & moi nhigt do,
hodc cho cdc gid tr bing s6 cho phép xdc dinh chung. Theo dinh nghia
(xem 1.14) : G°=H"-T.5"

0 - (8] el
1ir d6 ; (OG ] :[O’? 1 ~T{CS J
s T.p 0& rp & Tp

tic 13, vdi sy hé tro clia cic he thae (11.11), (1L18), va (I1.23)
A, G (T)y=A4,,H°(T) - T.4,,8°(T) (I1.25)

4.3.2. Khi bigt 4,,H°(T) vVa 4,,G°(T,)

Tai lidu cho biéu thic A, H°(T) & moi nhit 46, va 4,,G°(T,) & nhict
do T,, hodc cho céc gid tri biing s8 cho phép xdc dinh ching. Ta lay dao
ham theo £ khi p va T gitr nguyen, hé thire Gibbs - Helmholtz {Xxem I.21):

[i[a((;"(rw\ =(a(—H°(T)IT2)]

- i[a(GO(T)fT)} ___I_[GHO(T)]
oT BE or), %

£
=

Khi sit dyng cdc he thire (1111} v (1L.23), bidu thitc ndy duge vigk lai:

pr

[%(A F,,,G"(;&")nr'))lp = —%.A puH(T) (IL26)
() ap suft khong déi, tich phan h¢ e nay dén den
A4,,G°(T1) _ 4,,G°(1,) _ Irl A, H(T) P
n T, 1, T2
tir 46 ©6 bidu thic cta 4 ,,G*(T) & moi nhigt dd.

(IL27)
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4.3.3. Khi biét 4,,5(T) va 4,,G(T,)

Tai ligu cho bicu thic cia A4, 5(T), & moi nhigt dg, va A GO (T,), &
nhi¢t do 75, hode cho cic gid trf bing 6 cho phép xdc dinh chung,

d4,,G°(T)

Trong rudmg hop niy ta dung hg thire (IN.24) : T = —AWSO(T)

Liy tich phan ¢6 ;
o - i T] [}

4,,G°(Ty) = 4,,G (To)—IT Ay, S°(T).dT (11.28)
’ (1]
Cho phdn tng theo phuong trinh - can bing : b} Bay givr ta tinh A, G® (1000K) : ~

Hok)+ 1/2045(k) — H,0(k) &

B V§i sy hd try cia he tiie (I1.25)

i . p— - . _'1
A;}L{H (2‘)8A ) =— 241,8 KT el ™ APHGO (1000}{) - AJ{;RHU (]UU()K)

Xdc dinf entanpi e do chudn caa phan tng nay:

_ A
a) & 298K ; b} o 1000K, bdng cdch dang ba 1000, 4,5 (l(,){)UK)
phitong phap da irinh bay ¢ trén. tie 1, voi s hd wy cia cde bidu thire thict Hp & rén:
Soligu ;¢ 25°C inh béng IK Lmol™!) ; 45, GY {1000K) = - 238,6 — 10,8. 1071000
0,(k) [H, (0| H,000 | —1000.(17,1 - 10,8.In 1000). 1073

entropi mol chuén ), 205.0 | 130.6| 1887 trds: AP“GO (1000K) = - 191,9 k].m(:l-l

nhi¢t dung mol chudn €, | 31.2 | 283 33.1 B Vi sy hd org cia b thie (18.27) ¢6
Vi phin tmg niy ; A,,G°(1000K)
Oy o = [P !
A;mH (M= ApuH (298K + J?_% Afm C;J(T )47 1000 {APHGO(Zgg) JIO(I} A;m HT) dT]
] T w0 ey, AT = A - " gy 2
1,,5(T) = A,}{,.s"(Z‘)SK)+J.,%Apu‘33“ = 208 28 T

Chi€u theo cic ¢ lidu, Amc; (T) Khong phu
thudc vao 7 1000.

A, Co(ry =108.1070 1K L mor™!

1000
_ 2286 | 2386 - 1000
Wwdo: 4, H(T) =-241,8 - 1081073 (T~ 208y = 1000. (W{T}m +10,8.10 [lnrlm]

-7 1000 3o
__3,6+J- 238,64 10,5.10 ".dT}

298 208 T2

] B [1] — _3 -—
Weld: a,,4°(1) =-~238,6-108.107°.7 tre Bt 4,,G(1000K) =-191,9 kJ.mol™!
(tinh bing kJ.mo1™!) B Vi sirhé trg cia he thie (11.28), 1a ¢6 ¢
VA 4,,8°(T) =444 108, 1.1% A, G (1000K)
H e .—l -1 _ a0 _ Laoo a1} g
(inh bang J X~ mol™ ") =4,,G"(298) —[298 A, 8Ty .di

e 12 A,,8°(T) = (17,1 - 10,8.In7) . 1073

1000 . 3 ..
=-228,6~L( (17,1- 10,8, 7). 1075 dT
(tinh bing kIK 'mol™"). 298

a) O 298K : =-228,6- 17,1107 |T 0

4G (298K) = 4, H (298K) - 298. 4, 5° (298K) +10,8.107 [T.InT - ]
= - 241.8 + 298.44,4.107> tic 12 4, GO (1000K) = -191,9 kJ.mol ! .

trcla: 4,,G° (298K) = - 228,6 kJ.mol ! .

» Luyén tap : Baitap 8, 9, 10 va 14.
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5 Cac dai lugng tao thanh chuin

5.1. Phan ung tao thanh chuan

Phén iing tao thanh chuin cia mat hgp chit hoa hoc 6 nhigt d§ T va
6 trang théi vat Ii d3 cho la phan img ma trong qui trinh d6 mdt mol
chit ndy, & trang thai chuén, dudgc tae thanh tit cac don chét tuwong
dng véi cdc nguyén té ciu thanh né, mdi don chit ddu ¢ trang thai
chuin quy chiéu ciia né & nhiét d§ T.

Cac thi du
B Phuong trinh - cin bing cha phan (ng tao thanh chudn cla cacbon
dioxit Ja:
C(graf) + Os(k) - CO, (k)
Nguge lai, phuong trinh - cin bang :
CO(k} +1/205(k) - CO;5 (k)

khong phai 12 phuong trinh - ¢én bing ciia phan (ng tao thanh chudn cla
cacbon dioxit.

B Phuong trinh - can bing clia phan fmg tao thanh chuin cla sit (1)
hidroxit 14 :
Fe(kt) + Hy (k}+ Oy (k) = Fe(OH) (kt)
ma khong phai la:  Fel* + 20H; — Fe(OH), (ki)
Dif ligu vé nhiét do T 13 quan trong khi ma trang théi chuin quy chiéu cla
céc nguyén td ciu thanh phy thude vio 7.
Thidu: .
Nhom nong chay & 660°C va sdi & 2467°C ; nhu vay phan img tao
thanh chudn ciia nhdm oxit Aly Oy phu thude vao nhiét 4§ xem xét :
¢ vii §<660°C - 2AKr) +3/20;3(k) = Al;O3(r)
* Vi 660°C<E<2467°C © 2AI0) +3/20,(k) - AL Os(r)

«vai 6 22467°C 2A1(k) + 3/204 (k) = Al,O5(r)

= —~ . ~ 2
5.2. Binh nghia dai lugng tao thanh chuan
Pai lugng tao thanh chuin 4,,X° cia mjt chit B 13 dai lugng ciia
phan img tao thanh chuin cia chit dé & nhigt do xem xét :
céic don chit tudng iing o o
. £ £ . X' (M=4,Xp(T
voi cac nguyén to chu thanh B ApX (1) = AgXp(T)

ciia B § trang thai chuén quy chién
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Nhu vay ta xac dinh :
» entanpi tao thanh chudn cia B : 4, H(T) ;

« entropi tao thanh chuin clia B : A,S3(T) ;
» entanpi ty do tao thanh chudn ctia B : 4,,G3(T).

Pai lugng tao thanh chuiin clia mdt don chit & trang théi chuin
quy chiéu I bing khéng & mei nhigt dj.
Nhu vay: A, X°(0,(k) =0; 4,X°(Clh(g)) = 0; 4,X°(Clgraf) =0,

nhung A, X°(C(kim cuong)) = 0, trong d6 X thé hién H, G hoic S.

5.3. Xac dinh cac dai lugng tao thanh chuin
5.3.1. Entanpi tao thanh chuin
Cac entanpi 130 thanh chudn 4, H® duge suy ra tit phép do nhiét phan
g, hoic 1a mt ¢ach tryc tiép, khi phan itng tao thanh chuén c¢o thé thuc
hién duce, hodic 12 mot cach gian tiép, khi khong thé thuc hign dige (xem
§5.4.). Cic béng sb liéu nhiét dong hoc thudng cung cip A, H°(T) cla
mot chit vii entanpi mol chuén Hg (T} . Ta hay minh hoa sy khac nhau
nay bﬁng thi du mdt don chit.
* Ta xét trrdng hop khi oxi :
O moi nhiét 40, entanpi chuén tao thanh clia n6 la bing khong :
4,H° (02 (R)(T) =0

* Biy gid ta xét entanpi mol cda Oy(k) & hai nhiét 49, T} va T5. Gia skt
C5{03(k),T) la nhiét dung mol chuén dudi 4p suit khong ddi cda oxi;
lac d6 :

T

Hy (0200.72) - Hp (020011 ) = [7 €5 (02(0.T) dT %0

1

It nhét & mdt trong hai nhiét 46 nay Hp, {O2(k),T') phai khac khong.

5.3.2. Entropi tao thanh chuén

Entropi mol chudn dugc biét mot cach tuyet ddi (xem §3.1); entropi tao
thanh chuén dugc suy ra tir d mdt cach trye tiép :

BgS°(M)=) Vi Sp(T) (11.29)
k

5.3.3. Entanpi tu do tao thanh chuén
Chiing duge tinh 1 A4,H(T) v A,S°(T), vii sy hd trg cia he thic :
Ay Go(T) = 4,H(T)-T.4,5°(T) (11.30)

Ta & thiy, & chuong 3 1a chiing ciing cdn c6 thé xac dinh tif phép do hiing
s6 can bing clia phan tng tao thanh chudn.
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Chi ¥ : Trong mgr s6 bang s& ligu nhigr dong hoc, & 298K, A,G°(B)

duge ghi 1o ;°(B) hode Gy (B), va Ay H®(B) In H2 (B - didu nay
diea dfn 161 Vil theo quy woc rdng doi voi mot don chd@t ¢ trang thdi
chudn quy chiéu 0 298K, G (By= u®(By=0 va H*(B)=0.

Mot ki higu niue the phai bi loai bo di rdng mor s& dé thi tuyén vin sie
dung (di nhién la sai) ; thuc ra, néu B 1 mot don chét & trang thdi chudn
quy chitu thi :

* AH(B), ching han, bing khing ¢ moi nhiét do, trong khi H, (B)
phu thudc vao T (xem §5.3.1)

* he tic G (B)=Hy (BY-T.Sp(B) la khdng pha hop, SS(B) chi
bing khéng & OK.

5.4. bai lugng phan uing va dai luong tao thanh
5.4.1. Entanpi cda phan ing xuat phat tr entanpi tac thanh
Ta x¢t phin tmg khir sit (IT1) oxit Fe,O4 thanh sdt (I1) oxit FeQ, bing
cacbon monooxit CO ; phurong trinh ¢an biing dugce vidt

1) Fe30y (kt) + CO(k) &2 3FcOkt) + CO» (k) A Y

Vi€t cc phuong trinh - ¢in bing cda cic phiin tng tao thanh chudn cla cic
chil phin img va cic sin phdm tham gia phin img (1) & 298K

Q@) 3Fe(ki) + 204 (k) 2 Fes04 (k)
AyH®(Fe304) =-1118 8 kJ.mol ™
3) Clerat) + 1/20, (k) = CO(k)
A, H° (CO)=-110,5 kJ.mol !
@) Fe(kt) + 1720 (k) 2 TeO(kt)
A H® (FeO) = -272,1 Kl.mol ™!
(5) C(prat) + 0 (k) & CO, (k)

Ay H® (COs) =-393,5 kI.mol~]
D¢ dang xdc minh riing phuong trinh - ¢én bing (1) ¢6 thé tim duge tir cic
phuong trinh - cin biing (2), (3), (4) va (5):
=34+ -2)-3)
Entanpi 12 mét ham quang tinh :

Apquo = 3-Ap;rH:l] + AprrH_%) - Aprng - A,tm""“]riiij
tire I :
4, HY =3.4,H"(FeO) + A, H(CO») - 4,H° (Fe304) - 4,,H(CO)
tir do : A HY =19,5k).mol ™

Két qui thu duoc & day 1 tdng quit ;

Entanpi chuin cia moi phin uing bing tdng s¢ cac entanpi tao
thanh chuin ciia mdi cau tir nhan véi hé so ti lugng twong ung :

ApHO(T) = YV, A HYT) (I1.31)
i
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Cdn nhé ring, theo quy uoc :
v; >0 dét voi mit san phdm ;

v; <0 ddi vai mét chdt phan

tng.




5.4.2. Khai quat hoa
Entanpi ty do chudn cta phiin ing ¢6 thé duge xdc dinh (ir entanpi ty do
ta0 thanh chuin ; nhu viy :

4o G (1) = Z Vi Ay G (T (11.32)
i
Do v6i entropi, nguoi ta v ticn dung cdc entropi tuyét ddi cha cic chit
phin img va cic sin phdm (xer: 11.29)

ApuS™(T) =D vy SP(T)
k
» Luyén tap : Baitap 6, 7, 11, 12, 13 va 15.

5.5. Dai lugng tao thanh ctia cac ion
trong dung dich nudc

Xudlt phét tr cic don chdl, rong dung dich nude tuon ludn tzo thinh ddng
théxi ¢ cation vi anion, ntur

Hy (k) + Cly (k) — 2% 5oH )+ 20~ () 4

e X"

Dai vii phdn ing nay :
A X = 2.2, X° (HY () + 24, X° (CI () - 4, X° (Hy ()4, X° (Cly ()
Vi & mei nhigt 4o, 4,X° (Ha(k)) = 4,X°{Cla(k)) =0, ta co :
A X =24, x°(H* ) + 2.4, x° (I~ ()
Bing thi nghigm, ta chi xdc dinh duye A X °. Dé xic dinh dai lugng tao
thanh ¢ha bl ki ion niw, ¢in phai dn dinh theo quy wic cic dai Ing tao
thanh ¢ia mdt ion iy chon. Cée quy wde lign quan dénion H¥ (n)
Theo quy wye, & moi nhiét dé :
A (B m) =0 ; 4,6° (5" ) =0
s (H+(n)) =0;Cy (H"'(n)) =)
Cic dai kegmp khic duge tinh 14n 1an.

Ay dung 5

C6 hat phan vng theo phueong trinhi — cAnbling : ;i - o 11+ 0. O (s (K)) =
) ij) +Cl;’(k] —>[211+(f) +2C1 (n) oAt @)= 0+ g H (Hy () =0
(2) 2Na(kt) +Cl; (k) — 2Na* () + 2C1™ (1)
U 298K ¢6: 4
A HY = =320l 5 4, HE =814, 8l =-167,1 k).mol
Tir d6 suy ra entanpi tgo thanh chudn cdc ion  ApH3 =244 H® (Na*(m)+ 2.4,#° (17 (m)

clorua va natri, 0 O [

. . . . p —2. alkt))-A, H s ik

Entanpi chudn cfia cic phén 1tmg duge tinh qua 24" (Nakn) - 4y H® (Cly (k)

entanpi tao thanh chuin cia cdc chit phin tng  Vi: 4, #° (Nak)) =0 v 4,H® (Cla(k)) =0
vi cde sin phidm ; ur d6 co ddng thie sau Do d6 -

Ap HY = 24,1 (17 () + 24, 5° (C17 ()

Ve A, H(Cly(k)=0
dod6: 4H(Cl" () =1/2.4,, H}

A H° (Na*(n)) = 1124, HS = 4zH° {01 (my)
—A,H® (Hy(K)} - 4,H° (Cly k) =-240,3 kJ.mot ' .
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DIEY CAN GHI NHO

M Theo dinh nghia, dai lwgng phan dng & T, p va £ 1 dao ham riéng cia X dbi véi £khi T va
p gilf nguyén. Né duge ki higu 12 4,, X :

0X(T, p,¢)
ot = EE2)

Tu dinh nghia, 4, X c6 thif nguyén cia X duge chia cho th& nguyén cia higng chét (mol).
W Khi cic ciu tif § trang thai chuin thi dai lugng phan iing 4,,X 1 dai ligng phan iing
chuén A4,,X°(T) :

Ay X°(T) = [ X ] = Zv,.,xg,,i (I
o5 rp i

trong d6 Xy, ;(7) 12 dai lugng mol chudn ciia ciu t¥ B;.
A4p, X © chi la ham cda nhiét dd, tit ca cdc cdu t& cia hé déu & trang thai chuin cda ching.
Ay, X° khong phy thuge vio df tién trién, nguge lai véi 4,,X .

M Péi véi phan dng theo phuong trinh can bing ZV,-B,- = 0, ngudi ta dinh nghia :

]

« Entanpi phan ung chuin :

4]
% Jrp 5

« Entropi phan ting chuén :

a8 o

Néu 4,,V(k)>0, 4,,S°(T)>0 ; néu A, V(k)<0, A,S°(T)<0 va néu 4,V(k)=0,
A5, S (T)=0.
« Nhiét dung phan ung chuén :
ApCp(T) = vp.Cp oo i (T)
i

« Entanpi tu do cGa phan vng :

1]
45, G°(T) = [a:—é] = Z v .Gy i (T) = z vi-4tf (T)
T.p i i

vdi Apy G (T) = Ap, HY(T) - T.4,,.5°(T)
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B BINH LUAT KIRCHOFF
Pao ham theo nhiét do cda entanpi phan ing chuan biing nhiét dung phan tng chuin duvi
4p suat khong déi, 4,,C,(T):

da, H"(T)
'pu _ 0
(T }-AP"CP @

B Ciing nhy vay, entanpi ty do phin Gng chuin A‘MGn (T), va entropi phan ung chuin
ApuS“ (T) phu thugc vao nhiét do :

[Mp,‘so(r)] 460 (dﬁpuc" (T)}
ar ), T ar J,

= _Apu S“(T)

B DINH LUAT GIBBS - HELMHOLTZ
0 1 0
P

® PHAN UNG TAO THANH CHUAN

Phan ung tao thanh chudn cia mdt chat hoa hoe, & nhiét do T va & trang thai vat li da cho,
la phan ung ma trong qua trinh dé mot mol ciia chit 3y ¢ trang thai chuin duye tao thanh
tir cidc don chit tuwng iing viri cac nguyén td ciu thanh nd, mdi don chit nay ¢ trang thai
chuiin quy chiéu cla no onhiet 6 T.

H Dai luyng tao thanh chuﬁn‘AaX" ciia mot chat B 1a dai luyng cba phan ting tao thanh
chuin cia chit dy ¢ nhiét dd duyc xem xet

cdc dom chit tuong iing véi

cac nguyén td ciu thanh cia B | ———>» B AP,,X" (T =4, Xp(T)

& trang thai chudn quy chicu

W Entanpi phan ng chuiin va entanpi ty do chuan cia phan ving dwye xac dinh t entanpi
chudn va entanpi tu do tao thanh chudn, do d6 entropi chudn cia phan dng duyc tinh tir
entropi tuyét doi :

A HO(T) =D i Ay HP(T) 5 4y G (1) = Y Vi Ay Gi(T) va 4y, 8°(T) = > vi-Se (D
i i i

B Theo quy wic, ¢ moi nhigt dg :

4,1 (0 @) =0 5 4,6°(H @) =0 5 ST, =05 C (nem)=0
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Bai TAP

Trong cdc bai 1Gp dudi ddy, ¢6 mdr 58 bai 1dp nhdm
muc dich én lgi cdc khdi niém da hee o ndm thit nhdt
va cdn thiét cho vige hidu gido trinh ndm thit hai,

Hing s6'khi If twong R = 8,314 K L.mol ™.
AP DUNG TRUC TIEP BA! GIANG

1 Entanpi clla sy tao thanh va ning
lugng lién két

Ngay nay axit axetic chll yéu duge didu ch@ bing cich

cachony! hoa metanol theo phuong trinh - ¢in bing ;
CH,;OH(k)+ CO(k)zz CH;COCOH(k)

1) Vidt cic cong thie rién khai ca metanol va clia

axil axetic.

2) Xac dinh, ¢ 298K, cdc cotanpi tao thanh chudn cda

metanol vi el axit axctic & thé khi.

3) Tir d6 suy ru endanpi phan mg chuin, & 298K, cla

sir cacbonyl hoa metanol.

Sa tidu o 298K :

* Cdc ndng lupng lien két (Kl.mol™ ) ;

H-H:436.,C-C:345;C-H:415;0=0:498;

C-0:356;,0-H:463,C=0:743.

« Entanpi thdng hoa chudn caa cacbon ;717 Kol ™! ;

* Entanpi 1ao thanh chudn cua cachon monooxit

-111 Kmol ™.

0 Sy chay cua glixin

Glixin,  hay axit  Z-aminoaxetic, c¢Ong  thic
H;N - CH, -~ COOH , 12 mdt a-aminoaxit & thé riln &
nhiét d¢ thudng.

1} X4ac dinh ndng lugng lién két C = O trong glixin &
298K.

2) ‘Tinh entanpi chudn khi dot chdy glixin rin & 298K,
bict ring no chi tao thinh nuée, cacbon dioxit vi nito,
Lit ¢ ¢ thé khi,

3) Npwi ta thyre hién sy dot chay bang cdich cho 150g
glixin phin tng vii 4mol oxi.

Tinh bi€n thién ¢da entanpi cda hé trong qud trinh dot
chdy & 298K

S& ligu & 298K :

* Ndng luong lidn kél (kJ.mol_] ):
H-H:436;C-C:435;C-H:415;0=0:498;
C-0:35%;0-H:463 . N=N:945;N-H:390;
C-N :305
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= Entanpi thdng hoa chudn (kJ.mol_l) :
cta cachon ! 717 ; cta glixin @ 170.
» Entanpi tgo thanh chudn (klmoi"l e
CO4(k) : =394 ; glixin (kt) - =504
(Theo E.H.S.IM. 1987)

3 Nhiét do coa ngon ldra doan nhiét

Xac dinh nhugt do 61 da v& 11 thuy€l cta sy chiy diing
ap cGa cacbon monooxit trong bu trutmg hgp sau

a} Vdi lugng hop thae cda oxi ;

b) V&i cic chdt phin ung duge 14y v6i Tuong mol
trong img |

¢) Vi lwgng hop thie cia khong khi

Nguii ta gid dinh sy chdy d nhanh d8 ¢6 hé duge
coi 14 doan nhigt. Khong khi duge hop thinh bdi mot
thé tich O, va bon th tch Niy.

S ligu ¢ 298K :

Entanpi tao thanh chufn (kJ.moi™") :

CO,(ky - —393,51 ; COk) : - 110,53

Nhiét dung chudn ( LK Vol 1y

CO,:4422 +8,79.107 T; N,: 28 58 +3,77.107> .T;

0, :29,96+4,18.107°.T: CO : 29,31 +3,07.107°.T.
(Theo Central M., 1984)

4 sy chay ctia mét hén hop

Ta x¢t mot hdn hop propan C3Hg va butan CyHyg .
Ti trong cda hén hop & trang thai khi 461 véi khong
khilad=1,623 ;& 25°C va dusi ap sudt 1,0 bar,

1} Xic dinh ;

a) thanh phén thé tich clia hon hop ;

b) thé tich khong khi cin thigt dé dat chdy hoan todn
mdt thé tich V ¢da hén hep. '

2) Tinh ;

a) ning suft 14a nhiét cla hén hgp & 25°C dudi dp
sudt 1,0 bar, tinh biing kl.m™ ;

b} nhidt do I thuyGt cda ngon fra khi dot khi véi
lugng khong khi hop thie, Thim nhin ring chi cé
90% nhiét tha ra do sy chdy duye dung d¢ dot nong
céc sin phdm ¢la sy chdy,



S& lieu & 298K
s Entanpi chudn cua sy chdy (klrml_l), nudc thu
Suoc 1d hot ©
propan ; — 2030 ; butan ; -2640.
* Nhigt dung chudn ( 1K T mot™ )
CO,: 4422 +8,79.107 T N, 128,58 +3,77.107° T,
H,O(k) : 30,54 +10,29.107 T.
o Kh6i luong riéng caa khéng khi ¢ 25°C va dudi dp
sudt 1,0 bar ;p= 1,293 kg, m,

(Theo Cenirale M érranger, 1983).

5 Nidng lugng mang lugi

1) Thiét 13p mot chu trinh nhiét dong (chu trinh Born
- Fajans - Haber), thé hién sy tao thanh ciia oxit
M, O, tr kim loai M vi oxi, va tr d6 suy ra nang
lrong mang luGi cia MA.O). .

2) Dung h¢ thire thu duige tinh nang lwong mang ludi
cha Na,O,MpO vh Al,O5.

86 ligw & 25°C

« Entanpit tao thanh chudn ( kJ.rml_l) :
Na,sO:-4159; MgO : - 601,6; Al,O5 : - 1676,0.
*» Ndng lwong ion héa chudn (klmol'l) :
Na-—>Na*+e” :492; Mg —>Mg>" +2e” : 2188 ;
Al—> AP + 327 ;5139

* Entanpi thing hoa chudn (kJ.mol_l) :

Na:107,5; Mg 147,1 ; Al : 330,

« Niing liegmg lién két (klLmol™') ; O : 498,

+ Niang luong nhin hai dign tF : (kJ.mol_l) :
0O+2 — 0¥ :710.

O Téng hop metanol

Mectanol duge diéu ¢ché trong cdng nghigp v sy o
mit cha mdt chal xic tic theo phin vng :

CO(k)+ 2H, (k) « CH30H(k)
1) Xdc dinh entanpi chudn, entropi chuin va entanpi
twr do chuéin cha phin img 18ng hop ndy & 298K.
2) Gi4 dinh 13 entanpi chudn va cntropi chudn khong
phuy thudce nhidt do, xic dinh entanpi tg do chuin cfia
phin dng ndy & 650K.

4-HH -7

3) Biéu dién APMHO(T) v 4,,5°(T) cho phan tng nay.
Tinh cdc gia tri cia ching & 650K, roi tinh gié tri cla

Apuco (650K).

K&t luan.
86 ligu ¢ 298K :

Entanpi tao thanh chudn ( KJ.moi ™! ). entropi chudn tuvét
a6t (JK ™' mot™1y va nhigs dung chudn (1K™ mol™) -

CcO H, CH;OH(K)
AH® | -1105 0 -201,2
§° 197,7 130,7 238,0
Cp 28,6 27,8 | 84+0,125T

7 Su oxi hda amoniac

1) Viét cic phuong trinh - cin bing clia phin tmg oxi
hoa amoniac bing oxi, céc h¢ s0 hgp thie 1a nguyén
vi bé nhit :

a) thinh nito monooxit vi munde Choi) ;

b} thanh niter va mrede (hoi).

2) Tinh entanpi va entropi chudn cho timg phin dng &
298K.

3) Gia dinh 1a cédc dai lugng ndy khdng phy thuge vao
phigt o, bidu di&n entanpi ty do chudn cha hai phan
tmg niy theo haim cha 7.

Biét ring phan tmg thuin lgi nhit vé phuong dién
nhi¢t dong la phdn img c6 entanpi ty do chudn thip
nhf1, xdc dinh & 800°C phén img thuin loi nhit.

S& liéu o 298K :

Entanpi tao thanh chudn KI.mol™) va entropi

chudn tuvét doi (K Lmol™y

N2 ()2 NO HzO(k) NH3
A H! 0 0 90 -242 -46a
50 192 205 211 189 193,

8 1o entanpi tu do tdi entanpi va entropi
(¥ c4c nhiet 36 T kKhdc nhau, agudi ta thu duge cic gid
tri twong (mg cla cc entanpi ty do chudn 4,,G” lien
quan véi cdc phan img diéu che dong (I} va (IT) oxit
(ApH® v 4,87 duoe coi 12 khong phy thude T) :
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(1) 4Cu(k) + O (k) = 2Cu, Ok

(2)  2Cu(kt)+ O, (k) = 2Cul(ki)

1) Xdc dinh 4, Hi' vi ApSP el hai phin ing ndy;
suy ra cac bidu thie A, G (7).

2) Coi phén tmg (3) 1a phin vng di hop tr CuQ va Cu
thanh Cu,0 ' xdc dinh 4,,G3(T) cha phin tmg nay.
3) Cho phan img (4) @ 2Cu;0+ 0, = 4Cu0

X4c dinh 4, G4 (T) cho phin dng nay.

Sa'tiéu :
300 800
- 300 \ - 230

—
45, G3 (Jmol™") \ 260 170
(Theo ES.T.P., 1987)

Q  Ha thifc Gibbs - Helmholtz
Cho phén tng Boudouard
C(kt) + CO, (k) = 2CO(K)
A G° (298K) = 1202 kJ.mol ™
By H® (298K) =172,5 Kl.nol ™! .
1) ‘Thiét Iap bidu thie Gibbs - Helmholtz. v& A HO(T)
Vi A, GAT).
2) Tir 46 suy ra A,,G° (400K), gid dinh 13 Ap H®

p”
giwkhong d6i 6 khodng nhigt dd xem xét.

T(K)
Ay, Gy (&J.moi™ 1)

10 T8ng hop nudc
't8ng hop mrde trong pha khi ;
2H, +0Oy = 21‘[20

Entanpi tr do chudn cha phin img nay duoc cho
(bng J.mol™ ) hdi he thic :
Ay G (1) =— 495000+ 7.80.TInT + 307 +0010.77.
1) Biéu dién entanpi chufn Ay H° (T, entropi chuin
APHS?(T) va nhiét dung chudn APRC‘;{T) clia phin
tmg tng hop nay.
2) Tinh Ay H® (1500K), ApST (1500K), dpi
(1500K) v 4,,G° (1500K).

(Theo EN.SLETA, 1987)

Cp

1“1 T da véi téi véi sdng
D4 voi chi yéu tao bdi canxi cacbonat CaCOs ; khi
dat tao thanh canxi oxit hay 1a voi song theo phuong
trinh can bing :

CaCO4(kt) == CaO(k) + COz

1) Xdc dinh entanpi chudn Ap H® | entropi chuén
AF,H.S"J va entanpi o do chuin 4 puGo cla phin g
& 298K.

2) Vit bidu thie cha cie dai luong ApH(TY,
Apus"(T) vi ApuG"’(T) theo nhigt do.

3) Goi phiét do nghich dido 1a 7, ma ¢ 4o
A, G7 (T =0 Xie dinh nhi¢t 0 nghich dio cha
phén (mg nay.

Sd figu 0 298K ¢

Entanpi 1ao thanh chudn AHHU(kJmol_] ), entropi
chudn tuvét doi S“(]‘K_l.mol_‘) va nhigt dung
chudn C';(].K_1 mol ™t .

VAN DUNG KIEN TH(C DA HOC

“1 O+ Thay déi trang thai clia thiofen
1) Bign minh cho su kién trong cic bang dg kién
A H(Hy)=0 va 4,G°(Hy)=0.

2) Tinh entanpi chudn A4, H © ya entanpi ty do chudn

A‘,,,(G0 cha phin dmg khi cho bde hoi mdt mol
thiofen C4H4S & 298K.
3) Tinh 4p suit hoi bao hou cha thiolen long & 298K
bing cach sir dung cac biéu thire héa the cia thiofen
16ng va khi.
4) Tinh entropi wygt dci cna iofen khi ¢ 298K.
53 Vigc logi bd thioten trong diu mo duge thye hign
bing cich hidro hiva theo phin img :

C4H4S(k) + 4H2 {k] = C4H1()(k) + HzS{k)

Xac dinh A4,,H°, ApG° VA Ap, ST & 298K cho
phan (mg nay.

S& ligu o 298K :

Enianpi tao thanh chudn A”HO(k_l.mol'1 J, eniropi
chudn wyét doi 87 { 1K Lmol™!) va entanpi te do
tao thanh chudn Ay G ( Kmol ™)
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4,H | g0 4,G° ]
thiofen (k) 117 - 123
thiofen (1) 80 180 120
butan (k) 310 ~-14
hidra (k) 0

hidro sunfua (k)

(Theo EST.P., 1995.)

1 3** Su sdi cla metanol

1) Xiac dinh cdc entanpi tr do tao thanh chuin
metanol khi va 1ong, dusi dp sudt 1bar, & 64,7°C . Tir
dd suy ra vai tro cta nhigt dd nay doi vai metanol,

2) Thigt lap cic he thie bidu didn hiam sO theo nhigt do
cla entropi tao (hanh chugn A, 87(k) v 4,5°(1), va

entanpt tr do two tanh chuin 4, G (%) va 4,G
ctia metanol khi vii metanol Long.

3) Gid thi€t ring metanol khi xi su nhu mot khi 1§
tudng va héa thd ez metanol 16ng khong phy thuge
vio &p sudt, hay xac dinh bidy thic cla logarit Nepe
cda ap sudt hoi bdo hoa cha metanol theo nhigt do.
Xic minh bidu thire thu duoe véi 6 = 64,7"C va xic
dinh nhi¢t do soi ¢lia metanol dudi ap sudt 0,050 bar.
Sd'lidu ¢ 208K -

Entanpi tgo thanh chudn A HY (KJmol™Y ), entropi
7l 17 1

chudn tuyét doi 80 (1K mol™ ), entanpi e do 1go
thanhy chudn 4,G°(kJ.mol™' ) v nhiét dung chudn

C;,’(J,K_].nmlhl),

[ 4,H" _'—ZGO o | ¢ —
metanol (1} | - 23834 | - 166,07 { 126,6 | 81,5
metanol (k) | -200,07 -161,72 123741 439

H, (k) 0 0 1304 28,8
C{graf) 0 0 5,68 857
i 0, (k) 0 | 0 20481 293

144+ 86ng phén héa E-buten-2 thanh
Z-buten-2

Ta x¢ét & 298K v dusi dp sudt toan phin 1,0 bar,
ddng phan hoa ciia B-buten-2 thanh Z.-buten-2.

1} Xdc dinh entanpi ty do chusn clia phin ing nay.

2} Dau tien xét mot he 20m mdt mol E-buten-2. Véi
do tién trién £ cGa phin ung, hay bicu dién ap sudl
rieng phin clia E-buten-2 va Z-buten-2, va viat biéu
thire entanpi ty do G etda hé theo ham ciia cac héa thé
chuin £°(Z) vi 4°(E) cla cdc ciu ti va do tién
rién £,

3 Biéu dién entanpi e do ctta phin (mg A5G theo

A5G VA Z. Xdc dinh gid tri cia Skhi 4,,G=0.

4) Bicu dién dang cda haim Y = G — #°(F) theo ham
cla £. Xic dinh cic gid tri ciia ham Y vi 4,,G ddi
VOii=0vat=1,

S&'licu 298K ;

E-buten-2 Z-buten-Z"

A4y H® (298K) (klmol ™" )| 10,05 — 5,69

S(298K) (LK mol™1y| 2962 300,5

1 5** Luyén kim urani

Urani thu duye tir urani trioxit UO; theo mot chudi cac
phan img véi cic phuomg trinh - can hiing san diy:

(1) UOz(kt)+ Hy (k) = U5 (kt) + H2O(k)

() UOs (ki) + 4HF(k) == ULy (kt) + 2HA O(k)

(3) UK k)+2Ca=U+ 2Cak; (k1)

Thira nhan ring cntanpi va entropi ¢da phin (mg
Ay HY v 4,7 12 khong déi rong khodng nhigt
dd khong ¢6 si chuyén pha.

Ta goi 1a nhi¢t do nghjch dao ddi véi mdt phin img 1a

ahigt 4o ma i d5: 4, G(T)=0

1) Tinh 4, G°(T) cho hai phan dng ddu : tir do suy
ra cdc nhit do nghich dio cia chung.

2) VGi phin g thir ba, thiet 1dp cic h¢ thire
4p, GI (T} trong ba khodng nhict do sau -

) 0°C<0<839°C ; b) 839°C <0 < 1132°C ;

©) 1132°C <6 <1300°C ; dé xem xét sy néng chay
cla canxi vi urani.

K)X; chuong 3, ta s¢ thdy mot phin img xiy ra cing
dé dang khi cntanpi (g do chudn caa phin tng cang
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am. Hay chi ra cho timg phan vmg (1), (2) hoiic (3) &
khoang nhigt dd ndo 1a thich hop a8 cho phin g

xdy ra d& dang.
S& ligu & 298K ¢

Entanpi tao thanh chudn AgH® (ki.mol™Y), entropi
chudn tuygt ddi S“(J.K'l.mol_l) :

U0, | H; |UO, [H,0| HF UF4l Ca |V Canl
A 1264 0 |1130-242|-269 —1854~ o |0 |-1218
© og.611306]77.8 188.8{173.5 151,1\41,6 50,3| 68.9

o V6i cani - 6, = 839°C v By HC ~9,2kl.mol ™.

o Vi urani ; 0y, =1132°C va
A H® =12,k mol
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SU TIEN TRIEN
CUA MOT HE
VA CAN BANG
HOA HOC

%
Mo?‘aavl Muc T 1 E U

Khi xét mot hé bao gdm nhibu cbu tithéa - Ii | hai cauhdi. ™ Biet dugc dinh nghia 4i Iyc hoa hoc

dutge dit ra : cia mdt heva biét cach lién két dai lugng

A ~ , l:\ a - ) ; rd ~ ” a 6‘ h’ i h [ i d. k\B' Al

o He nay cb tién trién khéng, va néu cb, thi theo hitdng nay V, ! Sl'r,p al sinn entropt di kem mo
phan ifng hda hoc.

nao ?

» Trang thai cin bing nhu thé nao, nghia la thanh phan
mot pha tai cn bing ra sao ? ‘

O niim thit nhés, hé thitc Guldberg va Waage va biéu thitc

B Biét dugc tiéu chudn tién trién clia mot
hé nhd 4i lyc hba hee of hay cla entanpi ty
do clia phan ing 4,,G .

Nemnst cho phép ta tré Ii céc cau hdi nay dbi vai dung B Biet duge dinh “gh?a hang 56, Cﬁ“~b5“8
dich nutirc. nhiét ¢dng K°, va biét cach bigu dién nd

Viéc ap dung nguyén li thit hai cia nhi¢t dong hoc sé cho theo tinh chat cua h¢ nghién cttu.

phep ta xac dinh moi hé cac didu kién tién trién hodc can
biing, trang thai can bing tuong ing trong truong hop
riéng trong db su tién trién khong xdy ra nita.

Phit hop v6i chuong trinh, chiing ti s gii han viéc H\Eu BIET cAN c6 TRUGC
nghién citu vao cac hé kin co chuyén hba hba hoc :

» Hg dugc tao thanh ti cac pha déng thé ma ap sudt va
nhiét dp la déng nhit ;

M Biét cich bidu dién va s& dung hé thitc
Van't Hoff.

B Cic dinh nghia clla entanpi tyf do G va
clia entanpi ty do cia phan (ng 4,,G ;
 H cin bitng visi mdi trudmg bén ngodii & ap subt B, va Do ¢ i phan dG e chuong 14.2)

; n M Cic biéu thitc hoa thé cha cdu nr khi,
Onhigrdp T, . 18ng hofc rin trong hdn hgp Ii tedng (xem
Trong chuong ndy, chiing ta sé nghién citu chi yéu la cac - chuong 1).

hé mot phén img hoa hpc. Viée phan tich chi tét cac hé B Hg thitc Gibbs - Helmoltz (xem chuong 1
trong db cac phan itng x@y ra dong thihi hogic ké tiép va va 2).
céc bai tap logi ndy chit yéu sé duge xét & chutong 4. B Hg thirc Guldberg va Waage.
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1.1. Ai luc héa hoc ctia hé mot phan ting héa hoc
1.1.1. Binh nghia

Ta x&t mot he kin rong do didn ra mdt phin img houa hoe duy nhit theo
phuong trinh - ¢an bing :
D> viBi=0

i
Vi phin cha eatanpi tr do G duoc vidt (xen 1.29)
dG=V.dp-S.dT+ > pydn,

13
tire 13 khi sir dung bién s6 do 1ién trién ;

dG = V<dp - S,(IT + Z \,r;[uidg (ll[.l)

i
Theo dinh nghia :

Ai lye hoa hoe () ciia hé trong d6 x4y ra mot phan tng héa hoc
theo phuong trinh - can biing ZVIB‘- =0, khi dj ti€n trién cua
i

phan ung bing £1a :
G(T
(T, p, &) = —[MJ = —Z vi (T, p,&) (111.2)
T.p

oF -
K& hop cic ht thire (11.21) va (11L2), ta duge ;

A (T, p, ) = =8,,G(T, p,&) (111.3)
va dG =V.dp - S.dT - . .d% {11L.4a)
hoic - dG=V.dp - SdT + APuG Az (111.4b)

Ai lue héa hoc chudn 2% (T) 1a gii tri cia 4i hre khi moi cdu ti cic
chat phin timg va cic sdn phim, déu & trang thai chuin (%)
AO(T) = =8, GO (1) == vy (1) (I11.5)
i

ST, p, & va A7 (T) duye bidu dién bing Jmol ™!,

1.1.2. Hé thirc gitra ai luc va entropi phat sinh ni tai

Liy vi phin hé thue (1.15) xdc dinh entanpi ty do G ¢la h¢ trong d6 dién
ra mot bién ddi héa - 1i (phin tng héa hoc, thay déi pha) thuin nghich
hodc khong :

dG=dH-T.S)=dH - TdS - 54T

Hoic : dH=d(U+p.V)=dU+pdV + V.dp
vii dU = &) + SW + W' (*%)
e la dG =X+ oW+ W' +pdV + V.dp - T.dS - S5dT

Trong trudng hop cong chi 1a cla céc lye 4p sult, SW' = 0.

Ngoai ra, ta gid thict ring sy trao dBi nhigt vi cong gita h voi bén ngoat
13 thudn nghich, hé vi méi trudmg khi dé 1a cin bang nhigt (T = T,)vi
can bang cohee (p= p,).
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(*) Al fue hoa hoc o v di lue

hida hec chudn .° cua mot
hé chi co thé xac dinh duoc khi
phuong trinht — cdn bing cay
phan img chinh xdc.

(**) oW la cdng cua luc dp
yudt ; OW' la cdng cha tdt ca
cde fuc khdce.
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Nguyén nhén ¢é thé duy nhét dé hé tién trién khéng thuin nghich 13 bién
d5i hoa - 1i. Trong chc didu kign d6 :
W = —p,dV = -pdV

~

va ds:(ss,-+5se=asf+5?g

e la: 6Q=T.d5-T.JS;

trong 46 &S; biéu thi entropi phat sinh cla hg trong qua trinh chuyén héa
khdng thuin nghich.

Biéu thitc tdng quat ciia dG khi 46 dugc viét lai :

dG =T.dS —T.3S; — p. dV +V.dp - T.dS —S.dT

tic 1a : dG = V. dp - $.dT - T.65; (I1L6)
Khi ddng nhét cac bi€u thitc (I114) va (IIL6) ta cb :
~ApyG.4E = AAE =T 58, (1IL7)

1.2. Didu kién tién trién va can bing

W Digu Kién tién trién

Theo nguyén li thif hai clia Nhiét dong hoc, néu he can bing thi tién trién
14 khong thu@n nghich trong qué trinh phan img hoa - 1i. Sy sinh entropi
phai 1a duong (xem chutong 1 §2.2) ; vdi mot bién d8i co ban :

85; >0
He thite (IIL7) chi ra ring didu kign tién trién cia he [2 ty nhign (*):

A dE>0 (I11.8a)
hay la : ApuG.dr;' <0 {I11.8b)

Chiu tién trién duge xac dinh bdi ddu ciia d& (**), do db cling duge xéc
dinh boi ddu ciia .« hay cha 4,,G .
Mt hé ma ai lirc héa hoc dudng, c6 khuynh hudng tién trién theo
chiéu 1am tiing d¢ tién trién (& > 0), nghia la theo chiéu thudn
1.
Nguge lai, néu 4 lvc hoa hoc dm, hé ¢6 khuynh huéng tién trién
theo chiéu nghich <2
Tir 46 két ludn :
« Néu . > 0, thi d > 0 : tién trién tif nhién theo chitgu — 1.
« Néu . <0, thi d& < 0 ; tién trién tif nhién theo chidu «>—.
B Diéu kién ciin biing
Mot hé con tién tri€n chimg n2o ma tidu chuin &.d& > 0 con duge théa
man. N6 s& ngimg tién trién :
* Néu o triét tiéu : he lic d6 & can bing vat Ii va cn bing hda hoc ;
» Néu ¢& dat t8i mot trong cic cin cha nd ; chit phin {mg thiéu da hoan
todin bi tién thu, hé § can bing vit 1i, nhung khéng can bing héa hoc.
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(*) Nhu ching 15i di chi ra
thudt ngit "wr nhién" Id wu vigt
hon 14 thudt ngit "ty phat",
thuong  duge trong
trudng hop nay, nhim khong
lam cho ta tudng ring su tién
trién  nay nhdr thiét phai
nhanh do d6 ma cé thé quan
sat duge ngay lap tic.

ding

{(**} Theo dinh nghia :
dn;
dé =—+
4 ”

i
Néu phén img tién trién theo
chidu — >, n; ting dbi véi
san pham, d¢& khi d6 duong.
Nguoc lai, néu phan ing tién
trién theo chiéu (2—, n;
tdng dbi véi chit phan ing ; vi
V; lic d6 dm, d& am.
Tir d6 cé biéu d6 tdng két :

ac chi ggjiuﬁl: chc
g ng. o3 i

di <0




Khi mdt h¢, noi dang xdy ra mot phan tmg hoa hoc, & trang thai
can bang héa hoc, thi ai lyc héa hoc cia né doi vei phan dng nay
bﬁng khong, hodc entanpi tir do cta phin ting hoa hoc biing Khang.
O can bing :

A=0  (UL92)  hay:  A4,G=0 (111.9b)

Tu lidu 1 tOm it cdc k&t qui trén,

¢de shn phim vi cic chat
phin imyg. mdi chit & trang
thai chudn, & T (p = p° = L0 bar) :

G% - Zni,ﬁ‘uin

i

cic sin phim va cic chét
- o, P P, - A 3 an ime o onlin & T vip:
cic chdt phin img. mdi chat ¢ | 0 phdn img con tron Lin vap
trang (hii chufin ciané o T _ G = ZJT,-IQ-#J(T1‘}?,§3}
i
(p=p°=1bar): —

heérdptignmén & & pva T
G = &) (T &)

Gy = Zﬂf.l o

céc chdt phin (ng duoe P M " i
wonldn & T'vap (¢ =0): : ¢ cin bing ¢ T. p:
Gy= % nu(T.pé) £ ; X ey
n 114,00 PGy . T G= Zni(ge),pj(_f.p.ge)
i | ' :
&=0 & 5§ & ¢
e G(T}
- - Loty .
A Gct](_]mnll] =3a8 0
m
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. (3G .
Apu(’(:vM) = oF = "J’{(EM)
=AY

ol
A Gldy) = [ ) = -y}
T.r A Gy} > 0 hay (&) <0

Apu(‘;(‘fN) <0 lldy *d(bN) >0

. y . 2
ti€n trién ur nhien; «——

tién trién wr nhicn: —

oG
wGlEe) = ( ] =—d(Z,)
4 5 )y,

A4pGle, ) =0 hay (£, ) =0
cin hing hoa hoc

Twligw 1. Cdc diéu kién tién trién te nhién va cdn blng cia mot he la noi xay ra mit phan gng hda hec ; a) ¥
nghia caa G (£) 7 b) sue tién trién cua he tity thude vao G(&) (vach lién), vao APuG(ﬁ) (duomg lién) hay

vao & (5) (dwong chdm chdm).
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1.3. Truong hop hé xay ra nhiéu phan img

dong thoi
Gid st trong he xdy ra nhidu phin tmg ddng théi theo cdc phuong trinh -
¢an bing zVi,j .Bj = 0 v&i sy tham gia cda cac cdu tir (*) gidhg nhau
hodc kbic nhau, chi s i chi cdu tir va chi 3 j chi phin tng duong xét.
D01 véi mbi phin img naty, ¢o thé dinh nghia mot do tién rién & Iz
Viy cic diéu kien tién trién va cin bing cla he 1 gi ?
Céc ding thie (II1.4) va (ITL5) trd thanh ;

dG = V.dp - 8.7 - > 4.d¢; (111.10z)
j
VAL dG = V.dp - 54T + zapu G, d¢; (IIL10b)

trong 46 (T, p.&) = ~A,,G(T,p.&) :—Zv,-__j,pf(f,p,é) 1a di Iyc hoa

hoc cla hé doi vdi phin img j (**).
Pong nhat cac he thire (I11.6) va (111103, ta c6 :

Doty dE; ==Y A4,,G;dE; =T8S, (I11.11)
j j
Diéu kién tién trién cia hi khi do 14 ;
> dE; >0 (II1.12a)
j
hay I : D A4p G dE <0 (ITL.12b)

J
Biéu kign cin bing duyce cho bdi 85;= 0, vh bt k€ cdc gid tri cla cic
d;'j 13 nhu the nao ; theo h thie (1111}, didu d6 tmong duong voi -

> ddg; = ZA G dg; =0
Bidu nay ¢hi duge xéac Jtlnmh, voi dé; bdt ki, néu di vdi tit ¢ clic phan imy :
AT P10 ) =BG T, pEj ) = =3 v igi(T,p.&j o) = 0
Mot hé, noi xdy ra nhiéu phan ung, sé & trrang thdi can bing néu i
lue hoa hoe cia hé 36 861 vri timg phan ung 13 bing khong.
Y : = =ApyGj == Vi o phy =0 (111.13)
i

Chii y -

Ap dung cho cdn bdng gina cdc pha (cdc pha rdn, 16ng, hoi...) caa chdl

nguyén chdt, hé thic (11L.13) cho phép tim lai dugce hé thire (L63) :
MT,p)= (T py=..= g, (T, p)=... = up (T, p}

thé hign su bdng nhau ctia cdc hoa thé cia chdt nguyén chdt duoc xét

trong tomg pha & cdn bdng.

» Luyén tap : Bai tap 1.
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(*) Nhu vdy, chdng han khi ta
irdn amoniac NHs vd oxi c6

the tao thanh :

* hode la nite v nude, theo !
4NH3 + 30,5 = 2N, + 6H,0
s hodc la nito moneoxit va
nide, theo ©

4NH; + 505 = 4NO + 6H,0

(**) Nhoe da cff v &6muc 1, &
ddy nhdt thigt phai xde dinh di
fuc hoa hoc caa hé d6i voi mét
phdn vng hda hoc ma ta da
xde dinh ro phuong trinh —
cdn bdng ; vay lad mét hé nhidu
phan tng héa hoc co nhiéu di
luc héa hoc,

Héa thé caa mdi cdu 1 phu
thuge vao tdt ca cde phan g
héa hoc.




2 Can bang héa hoc

2.1. Biéu thirc cia ai luc héa hoc
Ta xét h¢ mot phin mg héa hoc theo phuong trinh - cin bing
Z v;.B; =0 theo dinh nghia, 4i lye hda hoe -+ (T, p, ) ¢la h¢ doi v
phiin tmg ndy bing (xem 11L2) '

AT, p, ==Y v (T, p,E) = =-4,,G(T, p,&)
O chuomg 1, ta ¢4 chimg m;nh 12 héa the ¢Ga moi ¢du 1 duge bidu dién
bing h¢ thir

i =up +RT. Ing;

rong do g; la hoat ) cla cdu i B;.
Hg thie (III.2) 10 do duge vict lai

= -4, 0= Zv - RT,Zv,-.!na,»
i

tic 13 ; ol = —ApG==> v —RT. In[l—[ a' ] (111.14)
i i
Tu lam ro cdc s6 hang trong hiéu thic nay :
. —z vi. 44y xdc dinh & lye hoa hoe chuin (xem I1L5) 5 d6 1a dai lugng
nguoe dau cda entanpi tr do chudn ¢la phin ing APHGO dnhigtdo T

~ 2Vt (T) =l (1) = -4,,G°(T)
i

. l—[ af‘ dwye goi 1a ti s0 caa phan dng hay i tich s6 ctia cde hoat do;
i

né thudmg dugye Ki hicu b Q hodc 1a T1L

PPhuong trinh (11514} trd thanh :

A (T, p, &) = /°(T)- RT.nQ(T, p,&) (11.15a)
hay 1a 0 4,,G(T, p.&) = 4,,G°(T) + RT.InXT, p.&) (111.15b)
Vi : QT p 9= [](aT.p.O)" (IL.16)

2.2. Hang s& can bang K°(T)
{ ¢in biing, héa the vi entanpi iy do ¢lia phan img L1 bing khong :

AT p &)= d%(T) ~RT.InQy, =0 (11L.17a)
A G(T, p,&p) = A, GO(T) + RT.InQyy, =0 (11L17b)

Theo dinh nghia, Q. , gid tri cta ti s6 cla phdn ing can bing & nhigt do
T, ka hiing 53 cin biing nhigt dong K°(T) & nhiét do d6 (*) ;

Q.5 (T)=K*(T)

(1IL18)
va RT.anU(T):—APuGU(T)==d°(T) (111,19)
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(*) K°(T) duge goi & hing
s6 can biing nhiét dong hay
hing sd can bdng chuan
hodc don gian ld hiing s@ can
bing.




Hda thit chudn ;Jf’ ctia ciu i B; chi phu thuge viio nhiét do ; i lue hda hoc [

. o . _ , o gia tri cia .
chudn /" vitentanpi tu do chuin chia phin tng A,,G7 cung vy. Cho nén: () <0 0 7>0
Hiéng st can bing K°(T) chi phy thude vao nhiét di gid tri clia S0l 0 |<o
K*(T) = A MKD) _ 4G (D) KT) (I11.20) 4,,G"(T)
Theo dinh nghia (tu ligu 2), grc;;’r(;;)ua <1 1 | =1
Nguvi ta goi nhiét dd nghich dio 7; 1a nhigt do ma K°(T;)=1 ; dé la
nhiét 35 ma tai do : Tu ligu 2. Cdc gid tri tuong d6i
. o , e
_ApuGu(Ti) = (T} =0 cia A, G(T)y  hay o cia

ATy vacna KU(T).

ﬂ’p dung 1

Tinht hing _.\'6’ whigt dong o 2981(\«?&(1 cdn bing ApuHo (298K) = 2 x (_241.8) - dx (_92.3)

Deacon vor phuong irinh — cén bdng : y
4HCIYK) + O4(k) = 2H>0(k) + 2C1, (k) =144 kJ.mof

Salidu ¢ 298K ; vil

Caccamtr O Oxtk) [0 | Chogny | 4nes” (Q98K) =2x 2230+2x 1887~ 205 -4 x 1863

=_—128,8 FX 7 mol ™!

rdo: Ay, G (298K) =-76,0 kl.mol™

ApH bl ™| 923 | 0 |-2418| 0

SYOK e | 1868 | 2050 | 1887 | 223.0

N {—4,,G" /RT)
Vi phin tmg nity v KO(298K) =o' 77
A G (98K = Ay, HO (298K) - 298.4,,,5% (298K ) = (760107 A8 A28
UE e Lo ; K“(298K)=2,11.10"

2.3. Anh huéng cua nhiét dé déi véi Ko(T)
Vige dp dyung h¢ thie Gibbs - Helmboltz (1.21) cho cdc dai lwgng chuidn
¢a phin tng cho phép ta viet (xem 11.26)
[ a4 puGO(T}fT] A, HO(T)
ar p T2
Vi sy trg giap cla hé tde
ApGUT)=~RT mK(T) (IIL.21)
biéu thire (11.26) duoc vidt lai
(ﬁ(—R, In K“’(T))] AR HOT)
' ar P T2
dén (i hé thie ding ap ciia Van't Hotf :
[8(ln K® (T))] _ 4, H(T)
P

o _17 (II1.22)

H¢ thiie nay thé hién bign thién cia K voi nhigt do tiy thee bdn chit
cla philn ing duye xét
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Khi nhigt d¢ ting, hing sb cin bling nhiét déng K°(T) :
* tiing d6i véi mét phan ing thu nhigt (4pH® >0)
» gidm déi véi m§t phan dng phat nhiét (A5 H® < 0).
Tich phén ciia hé thifec (1T1.22) cho :
T, A HOT
InK°(Ty)-InK°(T}) = ‘[rzﬂ-—(_).d
1 RT?

Khi khoang nhigt dd [TI;TZ] 12 rit nho, entanpi chudn ciia phan ing

T (II1.23)

A H® €6 thé duge coi Ia khong di ; phuong trinh (TI1.23) khi 46 don

gian hoa thanh :

4, H® 4T
InK°(Ty) -InK%(T) =24 [*52
(T2) () =—F j,sz
Ap H®
titc 1a ; mK°(T3)-InK° () =- 2% 1.1 (1IL24)
R I, T

He thifc sau cling nay rat c6 ich ;

* d€ tinh K°(T,) khi biét K°(T}) vi entanpi chudn cia phan fing, dudgc
gid dinh 1a khong ddi 6 khodng [7};7]

* @€ x4c dinh entanpi chuén cfia phan {mg 4, H © duge gia dinh B khong
ddi 8 khoang [T;;T] , khi biét K°(T) & céc nhiét 46 khac nhau (s ligu 3).

ﬂlp dung ©

FRLY.¢
p=po= 1,0 bar

O L.
1
T

46 dée

—AHe

R

Tu ligu 3. Xac dinh 4,,H®
cdc gia tri caa K°(T) da biét &
cac nhigt dg khac nhau.

Pb thi InK®=fUIT) la mot
dudng thing c¢6 a6 déc
-4, HIR.

Vi can bing N0 =22N0,, K° (320K)=0,674.  tir dé: K° (300K) = 0,162
O khoéng [300K ; 320K), entanpi chudn cia  Phan fimg la thu nhidt, K°(T) ting véi nhigt do.

phan ing nay cé thé dugc coi la khong 46i :
Ap,H® =570 kKL.mol ™.

2) Entropi chuan ciia phan g duge gid dinh 1
khong d6i, nén cé thé duge tinh 3 nhidt do nay

1) Xac dink K° (300K). hay nhigt d$ kia cha khoang nhigt do :
2) Tit d6 suy ra entropi chudn ciia phdn im H? -A G%T, H°

. . .,p . . Ap 2. g AWS‘O:A‘W 4G ( ‘):AP“ +RInK°(T})
nay, entropi dugc gia dinh ld khéng d6i ¢ T 7

khodng [300K ; 320K].

1) Entanpi chufn clia phan (g duoc nghién ctiu, ob
thé duoc coi [ khong i & khoang [300K ; 320K},  ciing vay :
tich phan clia hé thitc ding 4p Van't Hoff cho -

H°(1 1] IS’ ==

4
InK°(Ty)-InK°(T)= -2

R \T 1
tic la :
570 11
1n K°(300K) = In K°(320 ————.[_——]
(00K) (320K) 8,314 \300 320

tor do : a

A H®

8% =175J. K L.mol !

+ RInK°(T3) = 175K mol™!

Chit § : Viéc tinh ApuSo ngay ca néu khéng
duge véu cdu, la m@t minh chimg tét cho tink
chinh xéc cha viéc tinh K°(T3).




2.4. Tinh chat cta hé va céc biéu thirc cGa K°
T céc hé thite (ITL.16) va (IIL.18) cb thé biéu dién K°(T)theo hoat dd
clia cic clu tl¥ & can bing :

Ky =T](a)L (T11.25)

I
Hg thitc nay 1a hé thite Guldberg va Waage, «con duge goi 1a dinh lugt
tac dung khoi lugng, mic dit khdng cd mot khdi lugng va cling chiang cd
mdt tic dung nao xay ra. Ta hdy quan sat K°(7) duge biéu dién nhu thé
nio theo ban chét cia ha.

2.4.1. Cac hé mét pha khi

B Biéu thic theo Ap suéit riéng phén

Gia sir céc khi 1a 1i tudng, hoat 49 ¢; cda khi B; ¢ thé bitu thi theo ap
sudt riéng phin p; (xem chuong 1, §4.5.2) :

Pi

0

?
Khi ki higu p;, 14 ap suat ridng phan clia cdu t B; 4 can bang, hé thic
Guldberg va Waage viét 12 : (*)

a; =

i
0 _ Pi,cb .
K%(T)= H (_po } (I11.26)
i
Thi du ; Vi can bing Deacon theo phudng trinh
4HCI(k) + Oy (k) = 2H,0(k) + 2Cl5 (k) (4)

2 2 o
KS(T) = K , (1) = ZH2er-2(Ch2 )y p

. ,  pHCDY, . p(0)
N Biéu thitc theo s6 mol vit chit

Thudsng 1a thii vi khi biéu dién cic ap sufit rigng phin theo s6 mol :

n; o .
pt-:;t,p,\fdln:z;:i Vap=2pi
i i

AV

Khido: K = [T (ni,8)" ( L. } ! (I11.27)
i np

bing cach viét : AV =3y

V@i phan tng (A) :

2 2 -1
AV =1 va K3 () = 22 2Cl)oy ( P ]
n(HCl),, . n(O2)p n.p°

Cic khi duge gid dinh 12 Ii wdng, p, = ,,t._":_T ; 6 46 c6 mot bidu thic

khaccia K°(T) :

K%T) = H (”i,cb )vi [ RTO

ALV
’ (I11.28)
V.p

-1
Vi phin img (A) 1 k9 (1) = #H20es 1(Chy)ey [ RT ]

, ] R(HCDS, n(02)ey | V.p° o
$& mol clia mét chit duge bi€u difn mot cach dé dang theo 40 tién trién £,
chc he thitc (I11.27) va (I11.28) cho phép lién két & véi X°(T).
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(*) Biéu thitc cia K°(T) theo
dp suéit riéng phan thudng
dugc ki hiéu la Kp(T), hay

don gidn I KP (T).




B Bi¢u thike theo phan sd mol

Khi ghi v, = 22, bidu thire (111.27) duye vidt Jai ;

7
A,V
i P

R J
KO(T) = Kx_[f_’oJ CKhi kihicu g = [ (x,0)"
g i

(ITL.29)
tic 1a

BPai visi phiin dng (A)

2 S -1
X 3 7 X
K§(Ty= ‘(“{”;b ey [—p]
".(I I(-'UC'b'I(OZ )(_,b P

Chu ¥ K, khdng phai 1 hing 56 cdn bing, thiee s né phy thuge vio Tva p.
2.4.2. Cac hé khi vai sir céd mat clia cac pha ngung tu nguyén chéat
O muc 4.7 cha chwong 1 La di chimg minh ring mot chit ngumg (y nguyen
chat duy nhit rong pha ctia n6, ¢o hoat do bing 1 ; nhu vy hoat dg ndy
khong xudl hign trong bidu thie K (T (¥).
Thi du . "Trong 10 cao, cacbon monooxit khir sat (I1) oxit theo phin img ¢6
phuong trinh - can bing
FeO(ky) + CO(K) = Fe(kt) + CO5 (K)

Vi cin bing nay :
alFe) . alCOa )y,
e(FeO),., .a(CO),.,
2.4.3. H8n hgp ngung tu li tudng
Trong mot hon hop ngung ty i tudng, hoa I duge vict 1 (xem L.59)

i =k + RT Inx;
x; 1a phin mol ¢da cdu tr B; rong hén hop.

PCOLY g
P(CO)C.‘)

K=

S la KOy =

Biéu thie clia K°(T) duye suy ra li ;
K° (T)= H (x;',d, )l',.
i
2.4.4, Dung dich nuoc todng li tuéng
Heat @0 cha dung moi nmde bing 15 hoat dd cla ¢ic chit tan trong dung
dich loang bing ti s8 ¢;/¢¥ voi @ =1,0mol.i™! (cem chuong 1 §4.8).
Trong cde diéu kign dé :

(1IL3%)

K“(T)zl'[{c‘*;”] (11.31)
i ¢

Cdc thi du :

B Sy phan li mot axit yéu trong nuwie

CH,CO0H H1,0 = CHLCO0™ +11,0*
[c1c007 ], (15307 ],
[CHzcooM] ,

Tua o ; K°(T) =

= KA
B Sy tao thianh mdt phie chil ;

o™ + SCN™ = [FeSON)™
[[FecsenyP ], e

Taco: gory = =
(e 1 [sen ),

5
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(*) Khi mor he ding dén mét
chdt ngung tu nguvén chdl, gia
st chdr dé co mult, hoat d¢
ctie N6 Hic dé bdng | va nd cé
thE ¢o can hdng, hode gia sir
lie chdt bidn md@l hoan rodn
trong qud trinh phan dng thi
khdng thé co can bdng héa
hoco nid.

Khi e la hé mot pha ki,
khdng mot cdu e nao hodn
toan bién mdl, chdi phan ing
bi thidu 6 thé co mot dp sudt
riéng phdn rdi nrho, niumg
khong bao gier bing khong ;
nguoc ki, néu hé chia ede
chdl ngung 1 nguvén chdl,
moe trong cde chdt dé oo thé
hoan toan bidn mai.




2.4.5. Cac hé nhiéu pha

Ta chi 16 céch viét X°(T) trong trudmg hop cdc h¢ nhicu pha qua mot s6
thi dy : X
B Can bang giia bac cromat va caic ion cromat va bac

Ag,CrO (k1) = 2Ag+ +CrO7”

2 el
e dlnsi) aloot) [aFloor]
«{AgaCrOy ), &3
B Can biing gia iot trong dung dich loang va hoi iot (%)
I {(n) = [5(k)

a(lz(k))pb _ p(li (k))(“b 'CU

a(lz(n))cb [Ig(n)]cb P
B Can biing di li cia khi ¢lo trong nuvc
Cly (k) + 2H,0 = HCIO + CI™ +H;0"

Taco:

Taco: K(T=

Ta ¢h

KO (T = a(HCI0),;, . a(C17 ). alH;07),,  [HCIO), [Cl7 1 dH;07 1. p°

(*) Ap sudt ctia khi & cdn bing
voi chdt tong va chdt rdn
thuedmg duwpe gol I dp sudt cia
hot hao hoa.

a{Cla(k)) p(Cly(k) . 03

Ay dung 3

Xét phan li photphe pentaclorug PClg theo

K2(T) lam ro ddc trumg cta

hé khi ma h¢ o cdn bdng, 1a sé
bo gua tir day ddu hidu ch dé
chi ring cdc hout d¢ cna céc
chdt dupe xem xét la edc hoat
dé ¢ trang thai cdn blng,
da ¢ bidu thiic :

k=[]«
i

phutong trinh — cdn bdng -
PCls(k) = PCly(k)+ Cly (k)

O 190°C, K" = 0,240 d6i véi can bing
nay. O 190°C, mot luong  phopho
pentactorua nguyén chdt duge dut vao mot
budng kin c6 ap sudr P duoc gia khéng d6i
va bdng 1,00 bar. Xdc dinh dp sudt riéng
phdn cia timg khi ¢ can bing.
Thoat diu, h¢ bidu thi ba dn s8 @ p(PClg),
p(PCl3) MPCly). Tuy nhién, vi
pentaclorua nguyen chil dupe dua viw cho
nén & moi e va dide bict 1 & ¢in biing, luyng
vii do dO dp sudl néng phian ciu photpho
triclorua PCly viveta clo Cly La bing nhau
p(PCl3) = p(Cl»)
Viy 13 he chi con hai dn s& ; chi ¢in ¢6 hai
phuong trinh doc lap d€ xdc dinh trang thii
¢fa b¢ ¢ cin biing. Hai phuong trinh do iy ;

Vil

* Bidu thae ¢da ap suit toan phin p

p= p(PCls)+ p(PCL3) + p(PCls)
p=p(PCls)+2.p(PCl3)

» Biéu thitc ciia hiing s0 ¢an bing K°(T) :

p(PClL3).p(Cly) _ p(PCly)°

ne 1a ;

K°(T)= _
p(PCIs).p°  p(PCls).p°
ticla:  K9T)= p(PCly)”
(p—2.p0Cl3)).p°
rdo:  p(PCl3)? +2.K°(T). p(PCL).p°

_K° (T)‘P.po =0
vii p = p° = 1,00 bar vi K'(T)=0,240, ta
tim duge ;
p(PCl3) = p(PCl,) = (Lb306 bar

va p(PCl5) = 0,388 bar.

» Luyén tap : Baitap 5,6 va7.
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2.5. Quan hé gilra cac hang sé can bing
2.5.1, Nghién ctu mét thi du

Xét mdt hé gom nhigu phan tng hda hoc ma cac phl.rcing trinh cén bing 12
phy thude tuyen tinh. Thi dy, ta quan tm t8i cc cin bing san day cb thé
dudc xac 1ap ddng thisi khi didu ché héa hgp CO+H, :

C+H20:CO+H2 K] )
CO+Hy0=2CO,; +H, K3 (2)
C+2H,0=C0, +2H, K9 (3)

 kp =PRI o MO0 p(H)) L,y PQO).pH, )
PH,0).p° P(H;0).p(CO) PH,0)% p°
Céc phuong trinh - cin biing ciia ba phan iing nay lign két lai ;
@) =1)+@®2)
Song song, ta nhan thdy [a K§ = ¥ X3
Ta tim duoc h¢ thitc nay tit chc bidu thitc cia 4,,GP . Entanpi oy do 12
mét dai lugng Khuéch db :
4,,G3 = APHGI“ + dp, Gy
Hay 14, theo hé thirc (1I1.19) :
4,,G =-RT.InK?

tir d6 : ~RT.InK$ =-RT.InK? — RT.InKS
thc la RT.InK3 = RT.In(K{ KS)
cudi cling : K3 =K K3

2.5.2. Khai quat héa
Cho cin bling (3) mh phudng trinh - cin bing Iy sy két hop ciia cac
phuong trinh - can biing ciia cac can bing (1) va (2) :
@ =gx{+rx(2)
nhu viy 1a : Apu(}'g =q.4p, G + r.APuGg
va: —RT.InK§ =-RT(q.nK{ +r.InK$) = -RT.In(K{ ) .(K5)")
tifc 12 : KY = (k)3 (TIL32)

2.6. Mo ta trang thai can bing ctia mét hé
Ngoai 49 tién trign & dwge xic dinh bdi £y = 2D cae gai

vI
lwgng khac ¢o thd duge ding dé md ta s\ tién trién clia mdt he, dic trung
trang thai can bing. Ta hay 1am rd dinh nghia cha ching.

2.6.1. D6 chuyén hoa: 1

Theo dinh nghia, 46 chuyén hoa bing ti sé ca lwgng chét phan (g thiéu

d tham gia phan (g v&i lugng ban dau ciia chit nay.
_ m(0) - ()

IIL3
7 ®) (I11.33)
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=

b tidn triée va do chuyén hoa lien he véi nhau ;
_ ik (I11.34)
n;(0)
D) chuyén hoa Ja mot dai luong khong thirnguyén, ¢6 the bidh thien gita 0 va 1.
Thi dy : D61 voi phin tmg ¢lda ameniac v6i oxi theo (*)
CANH; (k) + 30, (k) = 2N (k) + 6Hy0(k)  Ap, vik) = +1

lugng :

duge dva vao (t=0) ny My 0 0 (0 =2ny

(Lhiéu N-“'{)

theo hiun 1 myll=1y  ay [1 - ir] l-"o-f E”U'T n () =ng [2+-1z]
4 2 2 4

theo ham £ By —48 ny = 3.8 2E 6.5

CREY . p (1) =2ny +& = n,(0) + Ay (k)&

2.6.2. Hé s6 phanli o

Khi mot trong céc ¢hdt phin tmg B; phan li, ¢6 € sir dung h¢ s phan i
h¢ $0 nay bing thuong G clia luong cfia chit phdn img B; phin 1i & mot
thovi diém 43 cho vai luong ban diu ciia né

_ Jwmg cia B; phan i | #;(0) — 1y (1) (ITLAS)
lwomg ban ddu cua B; ~  1(0)
Khi chit phin ymg bi phan li chinh 1a chit (hiéu thi ;o= 1.
Thi du :
Vai sy phin li ciia nito oxit thanh nite monooxit theo ;
1 1
NO, (k) = NO(K) + =05 (k) Apv (k) = =
lugmg :
diye dura vio (1= Ay 0 0 iy ()= Ny
theo ham el u : ng(l-a)  ny.o 21‘”0 o #1,(1) :”0[1“‘%5‘]

Chil ¥ : ny (1) =ng [1 +—§a] = nig (1 + Ay v(k).a)

2.6.3. Hiéu su8t li thuy&t ¢ cén bing

Hi¢u sudl I thuy€t & can bing ciia mot phin img 13 6 6 p cha san phim
thu duge & cin bing, v6i Jugng cia sdn phim sé dwye tinh thinh ndu nhur
chit phdn vng thigu duye ticu thy hoin toin.

2.6.4. Ti khéi cGa hén hop khi

Ti khoi cia mot hén hop khi doi vei khong khi 12 ti s6 cida khoi luyng
m (7, p) cia mdt thé tich V cwa khi 86 voi khai luyng
Mhang khi (T, p) chda cing mot thé tich khong khi ¢ cang diéu kien
nhiét do va dp svat.

B Neu cic didu kién dugce sir dung i cde didu kifn tieu chudn vé nhiét
a8 va dp sud, wee 12 0°C vd laim (latm = 101,325 kPa), khi d6
Vil = 224141V Pryong kg = 1,293 g7 5 ird6 (%) :

\ -1
”1khi}ng khi = pkhﬁng khi 'VlTl{le 1,293 .t 22,414 = 29,0 g. mol .
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"5.HH -2

(%) Apv (k) = Z_vf(k).

{*) Myhong kni fhie duge dind
nghia, c6 thé dwye coi nhw la
khot feong mol trung bink cha
khong khi: Myhony khi -




T1 khdi so voi khong khi khi d6 13
* 46t vi mot chit nguyen chit ¢6 khdi lugng mol M (gmol 1) :

M
T 29,0
* 461 voi mot hdn hop céc khi 1i tudng c6 khdi lugng moi trung binh M(k) :
— D" (k). M; (k)
d - M&) T V(I —
29,0 D mi (k)
;

B Trong vi¢e nghién ctu sur phan li ca mit khi, hé s8 phan bi thudmg ¢6
thé duye xdc dinh tir phép do i khdi ; khi do ¢6 thé tinh duge hiing s6 cin
biing v entanpi ty do chufin cia phin tng & nhidt 4o duge xem xét.

fq’p dung 4

Ta thyc hign ¢ 100°C, dudi dp sudt khong di M{NOBI)

L0 bar, sy phin li nitrosyl bromuag NOBr(k) e do: = 29,0.(1+a/2)
thanh nite monooxit NO(k) va brom Bn (k).

Chdt nitrosyl bromua ban ddu la nguyén chdt; 0y @ = Q(M _1)
cdn bdng, H khéi caa hdn hop so voi khdng khi 29,04
lad=311

tre la: o =0437
1) Trong cdc didu ki¢gn d6, xdc dinh hé s& phdn
i @ cia NOBr & cdn bdng.

2) T d6 suy ra gid iri caa hdng s6 K caa can
bdng nay va entanpi tw do chudn cta phan ing ¢

2) T4t ¢d cac cdu tir 1a khi, hing s6 K° ¢6 thé
dugye bidu thi theo dp sudt ;

100°C . <0 = P(NO). p(Bry)*/?
1) Phin ung theo phuomg trinh - cin bing ; p(NOBr).p°!/?
NOBr(k) = NO(k) + %Brz(k) Apuv(K) =%
luong - Khi biéu difn cdc dp sudl ricng phin ur lugmg
* dwavao 0 0 n(0) =y chia chét v dp suft chung p, K° duyce viet lai :

{t=0

: Jﬂz(NO).s':(Br;l)l’r;l [)112
n(NOBr).n1"? p””z}

a_3l2.pli2

20—yl +al V2 pol2

1 o
% Ayl -o) mpa Eno.a n,(l)='*o(l+5J K

Ti khoi d ctia hén hgp due vict :
> M ' wcla: KO =

—_ i
4= 29,03,
i

Tinhra: K° =0,329
(1 -0) MONOBY) +1, e MNO)+ (9. /) M(By) — va: A, G® =—RT.InK° =3,45k]J.mol

pu
29,0051+ 2/ 2)

» Luyén tap : Bai tap 2, 3va 4.
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DIEYU CAN GHI NHO

m Al LUC HOA HOC
Ai lye héa hoe & (£) eva hg, mot phan img héa hoc theo phuwng trinh — can biing
Z v;:B; =0, khi d@ ti€n trién ca phining £ 1a :

o6

Ai lye héa hoe chudn ° 14 gis tri clia i lye khi moi cau tir gdm cac chat phan ung va cdc
san pham & trang thai chuan :

A (T) =~ A5, G*(T) == vy (T)

i

"4 (T.v P é) = "’[MJ = _Z: Vi -Hj (T! P!é)
I,p

Gia sir ¢ nhiét d¢ T, he co i lye o ddi viii mot phian dng theo phuong trinh — can biing

Zvl-Bi ={ ; .« lién hé vui entropi phit sinh §8; coa hé, khi do ti€n trién cia phin ing d&
i
ting, béi hé thac :
A dE = -4,,G.d& =T.55,

m SU TIEN TRIEN CUA HE
Diéu kién tién trién trr nhién ciia mot hé duye vidt La :

A AL >0 hay 4,,6G.d5<0
« néu .« > 0, khi do d& > 0 : tién trién ty nhién theo chiéu 1,
» n€u & <0, khi do d& < 0 : tien trién ty nhién theo chiéu 2.
B CAN BANG HOA HOC

* Khi mot hé mot phan ing héa hoc, & trang thai cin biing, ai lue hda hoc cia né dai vii
phin ing nay bing khong hoic entanpi ty do ciia phan ing héa hoc bing khéng :
oA =0 hay 45, G =1

* Mot hé nhiéu phan ung, ¢ trang thai can biing, néu di lyc héa hoc ctda hé dé Adi vai timg
phan img biing khang

Vi : oty = A G == v, gt =0
I

* (¥ can biing, hoat d¢ cia cic chat phan dng va cdc san phim dwyc lien hé biing hé thic
Guldberg va Waage :
Ko =TT (ai)"
i
trong dé K°(T) 1a hiing s6 can bing nhigt dong chi phy thude vao nhigt 46 :
KO(T) = g4 (DRTy _ (4,6 (DI RT)
hay : RT.anU(T}=—AP“GU(T) =.4°(T)
* Ta goi nhiét di nghich dio 14 nhiét 40 7, ma K* (T;)=1 ; dé la nhiét 30 ma & d6 :
_ApuGo (T; ) = '-»40 (T; 1=9

67



Ep
M CAC BIEU THUC CUA K°(T)

¢ (Cdc hé khi li twéng

4]

P

K"(T)=I'[[‘U"'—z"}i

P

* Bi€u thic theo cdc Ap suit rigng [ =P ] :

* Biéu thiic theo s6 mol ciia chat :

o Vi P AP" o RT W
K (T)=H(n:,cb)‘-[—7;J hay K°(T) = H (ic0) ( J
np

i v.p’

Vo ; P"“_"Psn-znrap zpup:— va‘dpuv Zv

« Biéu thic theo cac phan mol
_ Ap¥ n;
K°(T)= H(x,-,cb )v' (—P;,-J , VO x; =4
i P &
® Hon hop ngung ty li tuéng (a; = x;, phiin mol)

KM=T]e2
i

1]

® Dung dich nuwic loang 1i tuvng [a,— =—C-I—J
c

KO(Ty=T] [_"*‘s:b J
P c
¢ Cidc h¢ nhiéu pha

Hiing s6 can biing khi dé duyc viét bing cach dinh ro hoat do ciia timg cau tir tham dir vao
can bing.

® HE THUC GITA CAC HANG SO CAN BANG

€6 can bing (3) ma phuong trinh - can bing 1a sy két hep cia cic phuwong trinh - can biing
cua cac can bing (1) va (2) : B =qxQ)+rx(2)

do dé : K3 = (Kf)q -(Kg )r
m ANH HUGNG CUA NHIET PO
Heé thic ding ap Van't Hoff xdc dinh r6 K°(T) bién thién nhu thé nae theo nhiét dd :

{a(lu K“(T)}J _ BpHT)
ar P RT?
Khi nhi¢t ) ting, hiing s§ can bing nhiét dong K°(T) ting d6i voi phan ing thu nhigt, va
giam ddi vai phan dmg phit nhiét.
Tich phan hé thic Van't Hoff cho :

A, H (T
In K“(Tz)—an"{T]}=j' ’P“—().dr
n  Rr?

Khi entanpi chutin ciia phan ing 4,,H" <6 thé duvc coi 12 khong ddi :

4,,H® .r. A, H"
nK®(Ty) - In KO(T,) = 2 I“’T pu? (L _L
R o Tz R Tz T].
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Bai TAP

AP DUNG TRUC TIEP BAI GIANG

‘1 Téng hop chia nuéc

Ta xét cin biing tdng hgp nuéc :

2H, (k) + 05 (k) 22 2H,0(k)
Ai lyc héa hoc chudn cin b?mg (tinh theo J.mol ™! }:
Z°(T) = 495000 — 7,8.7.InT — 33,0.T - 0,01. 72
1) Xac dinh #°(T) va K%(T) d6i vai T} = 1500K
va T =3000K. Binh ludn cac két qua thu dugc.
2) Mot hén hop chita n; mol hidro, 7, mol oxi va
#3 mol nuSc & nhiét 4o T, dudi ap sut p=1,0Dbar.
az Tinh i lyc hda hoc clha h¢ ndy ddi véi phan g
10ng hgp nude trong ba trrdng hop sav :
a) ny=ny =n3 =13 mol, d T = 1500K ;
By ny=ny = 0,05 mol va ny =090 mol, T =
1500K ;
Y} ny = 2/30 mol, ny = 1/30 mol va n3 = 0,90 mol, §
T =3000K.
b) Tir d6 suy ra chiéu tién trién ciia mdi hdn hop.

(Theo ENS.LET.A, 1987)

O Tikhéi ciia mét hén hop nito oxit
Cb can bing theo phudng trinh - can biing :
2NO, 2 N,O4

Buge thyc hién § 25°C, can bing nay duge nghien
citu dudi &p sudt 1,0 bar, tir NyO4 nguyén chét. &
cdn biing, ti khdi so v6i khong khi clia hdn hop 1a d =
2,47 (Ekhéng khi = 29,0g.mol_] ).
1) Tinh hé s8 phan li & cha N,Oy .
2) Biéu thi hiing s6 c4n bling theo a, ciia ap sudt toan
phin p va ciia 4p suit quy chidu p° ; tinh hing s6
nay & 25°C.

(Theo Concours communs Polytechnigue, 1993)

3 Hé s8 phan li dng tich

C6 cén bing theo phudng trinh :
CHy4(k) &2 C(kt) + 2Hy (k)

G 500°C, hing sé nhigt dong cha cén bang
K°(500°C) = 0,41. Entanpi chudn ciia phan ime,
gia dinh la khong ddi d khoang [500°C ; 800°C] 1a
Ay, H® =75 Kl.mol ™",

1) Tinh hiing s6 clia can bing & 850°C.

2) Trong m{t binh chin khéng, thé tich V = 50,01,
duge duy tri 3 850°C cho vao mot mol metan.

a) Tinh 49 phan li o cda metan & cin bing.

b) Tir d6 suy ra 4p suft toan phin va 6 khéi déi vai
khong khi cGa pha khi.

&} B chuyén héa ding ap

Ta x8t can bing sau diy & pha khi :

PCl5(k) &2 PCl3(k) + Cly (k)
1) Xac dinh hiing s6 K° ciia can bing nay & SO0K,
sau d6 & 800K.
2) Tinh do chuyén héa cilia phan émg & can bing khi
ta cho vio mt lugng ny PCls & S00K, ap suit giit
khéng d6i va bing 1,0 bar.
3) B) chuyén hoa & cin bling la bao nhidu, néu ap
sudit duge dwa tdi 10,0 bar & 500K ?
S& ligu (cdc dai lugng chudn dugc gia dinh 1a khong
phu thude vao nhigr dg) :

cdc cau tir PCls(k) | PCly(k) | Cly(k)
A HO(klmol ') | -3749 | -287,0 0
S°(IK Lmol™) | 3645 | 3117 | 2230

(Theo Special T, 1995)

5 Téng hop metanol

Ta nghién ciu cin bing tng hgp metanol theo
phudng trinh :
CO(k) + 2Hy (k) =2 CH30H(k)

1) Tinh A4,,H® (298K) va 45, G® (298K) cho can
béing nay.

2) Tir 6 suy ra A4,,5° (298K) ; ¢6 thé dur kién duge
dau khong ?
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ndy khong phuy thuge vio nhi¢t d, hay tinh nhig¢t Jo
khi hing s0 can bing K° =8,0.107°

4) Ta nghién ¢hu cin bing trén & nhiét do tai do
K°=8010""; trong mdt binh phdn tmg, cho vae 3
inol cachon moncoxit via 5 mol hidro. Ap suflt cha hé
phdi 1a bao nhigu d& cho do chuyén hoa cta cachon
moaooxit 14 80% ?

5) Thye hién & ¢ang nhi¢t do, cho vio binh phin ing

3) Gia dinh ring A3 voi phin img

¢6 thé tich khong d&i V = 5,0dm”, 2 mol hidro vi a
mot cachon monooxit. Lugng metanol & ¢in bing 13 x.
a) Chimg minh riing x ting khi @ tang.

b) Xic dinh ¢ khi x = (0,90,

S¢ tigu ¢ 298K (tinh bing k.l.mol“l) :

che ciu ti CO (k) CH;OH(k)
A H? ~-110,3 -201,2
A, G° ~137.3 ~161,9

(Theo ES.T.P., 1993)

O cac hep chat cda luu huynh
Can biing theo phuong uink :
250, (k) + 01 (k) &2 2803 (k)

duge nghién ciu trong hai binh phin img, dudi 4p
sufit duye git khong ddi 1,0 bar.
Cic ¢an bing duye thue hién ur ¢ic ¢hdt phin ing
S05 vd Oy, theo cic ti & hop thie. Goi p 12 dO
chuyén hoa clia SO, tre 1a d s cla lwng SO; &
¢an bang vii luong 8O» ban diu.
Binh tht nhit & 550°C, p = 0,80 v binh thi nhi &
420°C, p=0,97.
1) Phin ing phat nhigt hay thu nhigt ?
2) "I'inh ¢4c hiing 56 ¢in biing & 550°C vi 420°C; tr
d6 suy ra entanpi chudn A, H® vi gid dinh entropi
chudn A4,,5° clia phan img la khong d6i & khodng
[420°C ; 550°C]).

(Thee Concours communy Polytechnigue, 19935.)

7 Luyén kim crom

Trong cong nghigp, crom c6 thé duge diéu ché bing
cich khir crom (III} oxit bing hidro theo phuong
trinh - ¢in biing :
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Cr03(k0) + 3H; (k) 2 2Cr(kt) + 3H,O(k)

Luc cin bing, dudi 4p sudt cha hidro khong di va

bing 1,0 bar, nguti ta do cdc gid tri suu diy cla ap

sufll hoi nuede bign 86 theo nhiét do
6(°C) 1002

104.p(H20) {bar) 6,20 | 8,80 | 29,5 | 256

Cic entanpi chuin ¢Ga phan tmg v cda sy tao thanh

dwye gii dinh 1a khong ddi wrong  khoidng

[900°C ; 1500°C].

1. a) Xac dinh entanpi chuin cla phin tng bing dé

thi.

b) Tir @6 suy ra entanpi (go thinh chuin cba crom

(I11) oxit, bi€l entanpi tao hanh chudn cda nuie ;

A HC (H000)) = 2418 Klmol ™

2) Trong mdt binh thé tich V = 10,0/, lic ddu Ja chan

khong, cho vio 0,10 mol hidro va 50,107 mol

Cr 03 . Binh duge dua 161 932°C.

a) Tinh dp sudt rigng phin cda hidro va ¢lia hoi nwie

& cin biing,

b) Xic dinh luong crom tao thanh .

3) Nhi¢t do tdi thicu ¢da h¢ phii bao nhieu d€ quan

932 | 966 1138|1427

3,66

sat dugye sy khir hoin toan 5,0. 107 mol CryO5 thanh
crom kim loai, v&i sircd mit caa 0,10 mol hidro 7

Vdn dung von kién thic

8 * Do bén cta phan t nuée

Ta xét phi’srf mg phan li mrde theo :
2HAO(k) &2 2Hy +05

1) Xac dinh cdc biéu thir APNGO =f{T)va

InK°(T) = g(T} di vGi phin img nay.

2) Tinh 4,,G” va K” & T = 2000K.

3) Thigt 1ap hé thic gidu K(T) vii o, hé 56 phin li clia

nude, Tir dé suy ra o & 2000K, dudi dp sudt 4 1,0 bar.

S8 licdu ¢ 298K cho A H® va §° .

cdc cau tiy H, (k) Oa (k) H,O(k)
A (H® (kJmol ™) 0 0 _241,8
S*(LK Limal™)| 1305 204,8 188,5
Co(l.K  mol™)| 28,6 + 36,1 + 30,1 +
1,2.107° 710.8.107° T{11,3.107° 71
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Q Téng hop propanon
Metan phan (mg vdi xeten CH,CO tao thanh
propanon theo phén ting :

CH,4 (k) + CHyCO(k) =2 CH3;COCH;(K)
1. a) Tinh A4, H° (298K), 4,G° (298K) va
ApuSO (298K).
b) Tir @6 suy ra cac gia tri cfia hing s6 X° va cla
entropi uyét ddi ciia propanon & 298K.
2) Xac dinh nhiét 46 77 khi K = 20, khi thira nhan 1a
entanpi chun ciia phén tng 4, H° khong phy thude
vao nhiét dd.
3) Ta thyc hign cin bang trén & nhigt do Ty .
a) Tinh hidu suft chuyén hoa xeten & cin bing khi
cic chit phan iing ¢6 cic ti 18 hyp thitc dudi ap suft
chung [4 1,0 bar.
b) Phai tién hanh dudi ap suft chung nao d& thu duge
higu suit phan (ng 12 98% khi cic chét phin (ng
dugc 14y theo & 18 hop thitc ?

S lidu & 298K

caccdutir | CHa(k) | CH,CO(k) |CH3COCH;3(k)
AgH®(kJ.mol 1)| -74.83 | 61,03 -216,5
AgG®(kJ.mol™1)| -50,81 | -61,86 ~152,7
S°(JK lmol™)| 1862 | 2473 -

(Theo E.S.T.P., 1994.)

“1 O * Téng hop amoniac

Mét hop kin dige duy tri & nhiét 4 khong ddi 400K,
vad dugc chia thanh hai ngin cb thé tich bing
V =1,0f; mdt ngin chita nitd dudi ap sufit 1,0 bar,
ngin kia chita hidro dudi ap suft 3,0 bar. Gia s& ¢6
cén bing theo phwong trinh

N2 + 3H2 =2 2NH3
1) Tinh entanpi chuén va entropi chudn clia phan ting
nay, gia dinh 13 chiing khoéng phy thuge vao nhiét 4,
fr d6 suy ra entanpi ty do chudn clia phan @mg nay va
hing s6 can bing & 400K.
2) Khi hgp hai ngin lai, can bing dugc thiét lap; xéc
dinh trong trudng hgp nay :
a) 4% tién trién cia phan ng ;
b) 46 chuyén hba ciia phan éng ;

71

¢) cc Ap sufit riéng phén cha céc cdu tif khéc nhau.

3) Tinh céc bién thign cia entanpi ty do, entropi va
entanpi gan lién véi sy chuyén hoa xay ra khi hop hai
ngin hép lai.

§6 ligu & 298K :
cde ciin ti H, (k) N,(k) | NHs(k)
AgH (kJ.mol ') 0 0 - 46,1
$°(JK L mol™) | 1306 191,5 192,3

(Theo Centrale P’, 1993)

11~ Sy phan li cha amoniac

Hoa thé chufn ciia can bing phan li ciia amoniac theo
phudng trinh - can biing : 2NH; 22 3H; + N,
A(T) = -87,0.10° +
59,4.T. logT + 31,6.T (tinh bing J.mol™") ‘

1) Xac dinhk cic biéu thitc cia entanpi ty do chuin
ApuGo(T), entanpi chuin APHHO(T) vi entropi

phy thudc vao nhiét do :

chugn .f_*lp,“,S0 (T') d6i vdi phan (mg nay. Xac dinh ddu
cia A, S°(T).

2) Tinh nhiét do nghich dao cda cin bling nay.

3) Tinh i lyc héa hoc chuin ciia he #° (473K) va
hing s6 cin biing K° (473K).

4, a) Xac dinh ai lyc hda hoc cua hai he ¢6 cac thanh
phin sau ddy & 473K dudi ap sudt chung 10 bar :

o) n(Hyj =2,0mol ; n{N,)=2,01mol;

n{NH3) = 1,0 mol ; :

By n(Hy) = 0,030 mol ; n(N,) = 0,010 mol ;
n(NH,) = 0,96 mol.

b) Tir 46 suy ra chidu tién trién ctia mbi he. .

¢) V@i hé B}, xéc dinh thanh phén clia hé 6 ¢in bing.
5) Ta xét syf phan li cia m$t lwgng ny mol amoniac &
473K, dudi ap suit chung p. Coi « la he s6 phan li
cua .NH3 .

a) Thiét 13p he thitc a = f{p) ; v& dd thj tidng img.

b) V&i ap suat nao ta co o = 0,50 ?

19 + syphan li cia déng (II) bromua

Cho cin bing phan 1 clia ddng (II) bromua theo
phuong trinh - cdn bing -
2CuBr, (ki) € 2CuBr(kt) + Bry(k)



O Ty = 450K, p.p(Bry) =6,71.107% bur,
O Ty = 550K, p.(Bry) =6,71.10"" bar.

1} Xéc minh ring phan ung nghign ctu I3 mot phin
tmy oxi hda - khi.,

2) Xac dinh entanpi tu do chuin A4,,G° clia phin
ingnayd 7y vad 7.

3) T d6 suy ra entanpi chudn A, H® vi entropi

chudn 4,,5° cha phan tng nay, gid dinh Ia ching
khong ddi & khoang [450K ; 550K].

4} Trong mdt binh ban ddu 1 chin khong c6 (hé tich
V = 10,0 ¥4 duy i & S50K, ta cho vic 0,50 mol
déng (I1) bromua.

a) Xdc dinh thanh phin cta he ¢ cin bing.

b) Phii cho binh (hé tich tdi thiu 12 bao nhigu 4 cho
(at ¢a dong (1) bromua phan li hoin toan ?

§) M@t binh ¢6 thé tich V = 10,04, ludn luon giwr &
550K, chia 0,500 mol déng (1) bromua va 0,100 mol
brom. Hg ¢6 tién trién khong ?

13 Su chay clia cacbon monooxit

Ta xét sy chiy doan nhiét cia mdt mol cachon

monooxit véi mot hwong khong khi vira da (thanh

phin mol : 20% oxi va 80% nito) theo :

CO+ 11202 (T:?COE

1) Tinh nhi¢t do 161 da Ty (nhi¢t 49 ngon Nra) ma h¢

¢6 thé dat 161, coi phin tmg i hoan toln vi nhanh.

2) Trong thye t& phan vmg khong phdi 1a hodn toin,

Vi phép tinh gdn diing thir nhét, ta thira nhin I3 hing

s& ¢an bang cla phin ymg chay 1 :

KTy =cxpla+bT 1) =exp(~10,4+34040.77 1
(1)

Xdc dinh mét gid tri phai chiing hon vé nhigt dd cia

ngon I 7y, Phin (mp xiy ra dudi 4p sudt chung

khong d6i p = 1,0 bar véi lugng khong khi dg. Ta goi

¢ 14 higu sudt chuyén hoa CO thanh CO, .

a) Héy xdc minh nhanh biéu thitc cia K(T) ;

b) Bidu difn hiing s¢ can bing K° theo dp sudt rigng

phin, sau d6 theo o va p.

¢) Tir hi thac (1), hay fim bidu thae cia Ty theo o

(ki hi@ula £ ) va tinh gia tri ¢0a n6 doi vii o = 0,80.

5y
d) Thye hign tinh todn cin bing nhiét, tim mot bidu

thirc khic cita 7y theo o (ki higu Ia f5 ) va tinh gid

tri ¢Ga nd kht o = 0,80,

e) Gid trj dang ¢ha Tp la gid ri ma cde ham f; va

/> 12 bang nhau, hay xdc dinh i tri niy.

S&'ligu & 298K :

cie ciu tir 0s(k) | Na(k) | CO (k) |CO5 (k)

A" (KLmol™)| 0 0 | -110,5]-393,5

Cy(LK ™ mol™) | 294 | 201 | 20,1 | 37,1
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(Theo Mines d'Ales, 1993)

T14%* can bang Deacon

Cin bang Deacon theo phuong trinh - ¢in bing
05(k) + 4HCI(k) 222 2H,0(k) + 2Cl5 (k)

voi A H® (298K)=-114 Klmol ™!,

Nghy nay duge dung dé sin xual clo, hidro clorua 12

m{t s4n phim phy cta nhidu téng hop biu co.

1) Xic dinh entanpi tao thanh chuin ctia HCI.

2) Xdc dinh lugng nhi¢t st dung & 298K d2 thu duge

1,0 kg clo.

3} Tinh entanpi chuin cha phin img & 700K ; tir d6

suy ra ting ¢é thé coi nhur ¢o dinh trong khodng

[298K ; TOOK].

4) Thira nhan rang entanpi chudn 4, H” va entropi
chudn A4,,5” ctia phan tng li khong d6i & khodng
[298K ; TUOK].

a) Tinh 4,,,G” vi 4,5 & 298K,
b) Chimg minh ring hing s¢ cin bing nay phu thudce
vio T theo hé (hic ;

InK°(T) = :;i >

@ va b [a cic hing s ma ta & tinh.

5) Ngudi ta thue hién can biing 2,2 mol oxi vi
2,5 mol hidro clorua, duye dua vio binh phin ung &
nhi¢t d¢ 7} va duy tri dudi dp sudt 1,0bar. F cin
bing, binh phan tmg chim oxi nhi¢u gap hai 14n hidro
clorua.

a} Tinh lugng clo thu duece.

b) Tird6 suy ra gid tri K°, roi gid trj cla 7.



Sv

6) Bay gid dudi 4p sudt bién thien va nhiét do Ty sao
cho hiing sé cin bing K° 1 biing 10,0.

3 trang tha1 d4u, binh phan tmg chira hidroclorna va
oxi. Mubn thu duge higu suit chuyén héa © ciia HCI
bang 80%.

a) & can bing, h thiic lién hé cac ap sufit riéng phin
cda clo vdi hidroctorua 1a nhu thé nao ?

b} Chitng minh rang céc lya chen d6i véi K°® vat da
ap dat gia tri 4p sudt rieng phiin cha oxi ; xac dinh gia
tri nay.

S6 lidw & 298K :

cac chu tit 0O,(k) | Cla(k) |HCI (k) | H,O(k)
AgHO(KImol ™'y | O 0 - 242
ALGe(KImat ™y | O 0 95 | 229
CpUK  mol™y | 29 34 29 34

(Theo ES.T.P., 1992)
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B Biét dinh nghia va xac dinh bién do
cua hé.

B Biét cac dinh luat chuyén dich céan b:ng
héa hoc va quan trong hon Ja anh hudng
clia nhigt 49, ap sudt va vigc dua vao mot
cdu ti¥ hoat déng hay khéng hoat dong.

W Biét cich phan tich m{t h2 mdt hay
nhitu pha, c6 thé 13 trung tdm cla cic can
bang hoa hoc, ndi tidp hojic ddng thii.

H\éu BiET cAN co TRUGC
® Dinh nghia mot chu i hoa - i (xem
chuong 1.

W Cac dinh nghia cla ai lye hda hoe &
hing 56 cin bing K° va ti s& phan img Q
(xem chuong 3).

W Cic biéu thitc cha K°(T) wly theo tinh
chit cta hg (xem chuong 3).

W Cic didu kién tién trién cia mdt hé khi
biét 4i lwc héa hoc cla phan ng (xem
chuong 3).

BIENDO
VA CAN BANG
HOA HOC

A P
MG dau
0 chuong 3 ta di thay mot hé mét can bing héa hoc
cé thé dugc dic trung béi nhidu thong sb cugng tinh
khéc nhau : nhiét 39, Gp suat chung, ap sudt riéng
phan, phin mol... Céc thong sé nay thuong khong
djc 1gp. Bién dp cho phép ta xdc dinh chinkh xdc sb
cdc thong sb co thé giit ddc lap véi nhau nhim xéc
dinh mét cach don ing trang thai cia hé.
Viéc biét bién dp ciia hé cho phép ta hiéu ban chér
cita cdc yéu tb ma trang thai can bing phu thude. Vi
vay, sé la diéu Ii thit néu du kién dinh tinh, rdi dinh
lugng, dnh hudng ciia sy thay doi mét trong cic yéu
16 ndy ; do la vai 1ré ciia cac dinh lugt chuyén dich
cédn b&ng.
Tiy theo ban chdt céc chit phan ing cé mat, nhiéu
triedng hop o thé xdy ra :
« hé khong tién trién;
« h¢ tién trién cho 16i khi thiét lap mot can bing
héa hoc ;
« hé tién trién véi tu cach la trung tdm ciia nhiéu cén
biing héa hoe, cé thé 1a déng thdi hodc nbi tiép, cho
16i mét trang thai cudi can xdc dinh,
Viéc sit dung bién dp va Gi luc hba hoc sé cho phép
ta gidi quyét cac vén dé nhu viy.
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1 Bién dd cia mot hé

1.1. Céc yéu 16 can bang
Theo dinh nghia :

Moi thong sé cuing tinh cia mot hé hoa - li & can bing ma bién

thién cia né dan t¢i thay déi trang thai can bing cfia hé 13 mot yéu

t& can biing,
Sur thay ddi nay ¢6 (€ Ia sy chuyén dich hoidc sy phd vo cin bing.
Neudi tu thuong phin bigt hai loai y&u td cin bing :
« hai théng s¢ vt If - dp suit p va nhigt do 7 (*) ;
« cdc (hOng $6 o 14 thanh phin cac pha khac nhau ciia h¢, nhar phin
mol hay dp sudt riéng phan doi vai cic he khi.
Trong moL so hé, ap suit khong phii 11 mot y&u 8 cdn bang (**) ; do 1a
trudmg hop tat ¢d cie clu W cha hé déu ngimg tu hodc mot sO he khi. Ta
hay lam ro truomg hop cudi niy.
B Ching han, ta xét ¢in bing theo phuong trinh - ¢in biing :

PCis(k) = PCl3(K)+Cla (k)
VO Apv(k) =D v (k) =+1.
i
Hiing s nhigl dong K°(T) ¢6 thé duge bidu thi qua phin mol v dp sudt
chung p @
X(PC}'_),)X(CIE) r

KOTy="r300 ) £
@) x(PCQls) o

V&i mot nhigt do ¢o dinh, nghia 1a gid tri K®(T) xac dinh thanh phin cha -

hé, duge cho bdi cde phian mol, phu thudc vao dp sudt chung : 4p sudt
chung & day la mdt y&u 18 can biing.
B Ngwuye fai, doi vai ¢in bf‘mg phin li ¢ta hidro iodua :

2HI(K) &2 1k} + Ha (k)
Ap,v(k) = 0 dp sudt khong can dy vao bifu thie ¢lia hiing 0 can bing :
x(I5).x(Hy)

x(HI)?
thanh phin ctu h¢ & nhiél do di cho, khi dé khong phy thudc vao dp sudt
chung.
Cic k&t qua nay co thé duge khai quét hda nhu sau

Kl'}(T) —

D6i véi mit can bing theo phuwng trinh - can biing > v;B; =0, dp
f
sudt chung chi }a m{t y€u t6 can biing néu 4,,v(k) = 0.

1.2. Binh nghia bién do cGa hé & can bang

Trong cac thong sO cuong tinh khac nhau ¢ thé dung d€ xdce dinh
mot trang thdi cin biing ciia hé da cho, ¢6 bao nhiéu thong si ¢6
thé duge dp dat béi ngudi lam thie nghiém ?
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(*) Trong mot s6 hé, cdn phai
X€t cde thong 0 vat If khdce
nfue tix triedmg B, frong trudmg
E, ... Cdc théng sé ndy sau
ddty se dupc gia dinh Iy khong
dat va vi vdy sé khong dupe
quan idm dén.

{**) Nl chiang 16i dd ching
minh & $2.1.. nhiér dé khing
phai lo m@t yéu 1 cdn bdng
khi mé phan vng & v nhiét

(,:'.PMH0 =0) ching han

trudmg hop phan ung este hoa.




Ngugc lai, dé mé ta mdt trang théi cin biing ciia hé, c6 bao nhiu
thong 56 can phai chon ?
Viéc xéc dinh bién 46 clia h¢ & can bling s& tra 18 hai cau hdi nay.
Bién 45 v clia h¢ & can biing héa hoc 13 s6 cic théng sb cuing tinh
dgc 1ap thich hop gii¥ cb dinh dé x4c dinh mdt trang thai can biing
cia hé,
D61 vOi mot he vi bién do v, khi ngudi Iam thi nghiém di cé dinh v
théng s6 cudng tinh doc 1ap thi tht ci cic thong sb cudng tinh khac cb
nhiing gia tri xic dinh ; cac gia trj nay cb thé dwgc tinh toan khi sit dung :
« h¢ thitc Guldberg va Waage ;
« dinh nghia phan mol bit budc Zx,- =1 trong mdi pha ;
]
« biéu thitc clia ap suft chung theo cac ap suft rizng phin z p; = p 4bi
i
v&i phakhi... ;
« dang thifc cla cac hba thé ciia mot clu tir cé mit trong nthiéu pha.
Vigc tinh bién 5 clia mét hé c6 thé thie hién bling cach :
« phén tich hé mét cach hé théng khi kiém tra s cac thdng s& cuting
tinh cho phép mé ta n6 va théng k& cac hé thie lién hg cac thong sb khac
nhau nay ;
« ap dung dinh li Gibbs, con dudc goi 1a quy idc pha.

1.3. Tinh bién d6 ctia mét hé & can bing
Gia sif mdt hé duge md ta biing # thong s cuong tinh (p, T, p;, x;..)} va
gid sit & 1a s6 cac hé thifc ddc 1ap lign hé cic thong sé khac nhau ndy thi
bién d6 ciia hé 1a :
v=F-R
Ta hay hoc cach xac djnh v.
1.3.1. Béng viéc phan tich hé mét cach hé théng
Ta minh hoa phudng phap nay bing mot s5 thi dy.
W Cho cin bing :
2C0,(k) = 2C0(k)+ Oy (k)
durge thye hién tir nhitng lugng ban du nao dé cla ci ba ciu tir.
Cac 4p suét rigng phan p(CO, ), p(CO) va p( 0, ), 4p sudt chung p va
nhigt 46 13 nhitng théng sb cudng tinh: # =35,
Cac thong sb nay lién hé biing hai hé thitc (# = 2) :
P(02).p(COY*
p(COy ) p°
Nhu vy, bién 4 ca he 1a : v = 5 ~ 2 = 3, Chi cin cb dinh chfng han
p.T va p(COy) thi trang thi can biing tuong img s& hoan toin duge xéc
dinh (*).

p=p{CO) +p(CO ) +p(0y) va K(T)=
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Céc phan mol x (CQ, ), x(CO)
va x(O,) cing cb thé duge
ding dé mé 14 céc hé nay : sb
cdc thong sb cuong tinh khi 36
s& la 8, nhung s6 cac hé thic
gida cac thong sb khiic nhau
cing sé ting lén 3 wi
p; = X;.p dbi vdi ca ba khi.




® Biy gid, cho cén bing :

2C05(k) 2 2C0OKk) + O, (k)
duge thye hign xuét phat tiy sy phin li cacbon dioxit nguyén chit da dia
vao binh ph?an ing.
Hg ciing van ¢6 thé duge md ta bﬁng 5 thong sb cuong tinh, nhng cb mdt
hé thitc b sung : 8 moi thdi diém cac ap suft rigng phan cia cacbon
monoxit va oxi ti 1¢ hgp thitc theo cin bing :

p(CO)=2p(0,).
Trong cic diéu kién nay, # = 3, tr d6 v = 5 - 3 = 2; ¢é dinh T va p chiing
han 13 40 d& mot trang thai cin b?ing duge xac dinh hoan toan.
1.3.2 Ap dung dinh Ii Gibbs
1.3.2.1. Chuing minh dinh Ii (*)
Cho mét hg kin dugc tao thanh bdi # ciu tir cé mit trong ¢ pha khac

nhau. H¢ nay s& hoan toin dugc xac dinh khi biét @ thong 56 vit i (ap
sudt, nhidt do.. ) (**) va thanh phan (x&c dinh tlf phin sé mol X; )} cda

ting pha ¢. Ch{ ¥ riing, trong mdi pha fo’ =1, 56 thong s6 cudng tinh

H
& can xac dinh 12 :

P=za+(n-1.¢ (Iv.1)
Trong hé dirgc nghién ctru, mdi mdt chu tir B; c6 thé c6 mit trong ¢ pha;
& cin bang, thé ciia cdu (it nay la nhu nhau trong tat ¢ cac pha :
uf -—,u;a = .=yf’ ie[1; n]

tirc 14 ¢d n. (¢ — 1) hé thijc.
Thém nifa, chc chu tir khac nhau tham gia vao chc can bing hoa hoc. Gia
sl 1 14 s6 cdc can biing hoa hoc dic Iap (***); khi 86 cic bidu thitc cla
cac hing s K? 1ap thanh » hg thirc doc 13p gii¥a cac thong s6 cha he. Sau
c{mg, phég tinh hgp thitc clia mét s6 phan émg hojic mot s didu kidn ban
ddu ¢6 thé dura vao céac hg thic riéng giita cac thong sé cudng tinh khc
nhau. Gia sit ¢ la s& hé thitc bd sung & can biing giita cdc bién s6 cuing
tinh cha céc ciu tit trong ciing mgt pha.
88 cac hé thitc ddc 1ap the hign can bang cia hé khi d6 1a

=n(p—-1+r+q (Iv.2)
Bién do cia hé suy ra tir cdc he thite (IV.1) va (IV.2) :
v=F-RA=a+(n-Do-np-D+r+¢q)
tic la : VEn-r-gq+a—o¢
tir 46 dinh I Gibbs, ciing dugc goi 1a guy tdc pha :
Bién df v ctia mot he duge cho béi hé thifc :
v=n-r—q+a-—¢ Iv.3)

trong dé :

« n 126 cdu ti¥ cia hé;

e rla sé can bing hod hec ddc lap,

o q la sb hé thie bd sung & cin bang giita cde bién sb cudng 49 cia
chc chu t trong cung mét pha;

. alasoyeutovatlimong thuGng nhat,abangz ap suatvanhletdo,
» @la s pha, (***¥)
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{*) Chitng minh nay khong cén
phéi biét.

(**) Thong thudng a béng 2
{ap sudt va nhidr d6) néu ap
sudt hogc nhiét dp khéng phai
l& nhan 16 can bang hodc cé
cc nhan 16 var i khic (B,
g ..) tdc djng, chinh vi [€ d5,
sau ddy chiing 161 5é ki hiéu a
la 56 cac nhén tb vt li cén xét
khi ndi vé cac thong sé vat I
thic su la cac nhan 16 can
bing, va khdng phai 1a 2 nhu
thitdng co trong cong thitc.

(***) N can bang la dic lap
néu khéng mét can bing nao
trong cdc phuong trinh - cin
bing 1o kér qud phéi hop cac
phutong trinh cin bling cia hai
hogc nhiéu hon (N ~ 1) can
bing khac. Thi du :

C+0, 22C0O, (1)

C+CO, 2 2C0 (2)
va: 2C+0, 22C0 (3)
la khéng djc lap, thuc vay :

(3)=(1)+(2)

(*¥***) Mdt hé khi chi tao
thanh mét pha duy nhét.

o Moi chér ngung tu {rin hodc
Iéng} nguyén chét lam thanh
mét pha duy nhdr,

« Dbi véi mot hén hop cac
chét rdn hodc cac chbt long,
nén xem xét khé nding tron lin
clia ching d¢ xéc dinh sé pha
cd mdt.




Pai lwgng ¢ = n — r xac dinh s§ cAu tir dde Kap (*) chia he va tiép do 1a
logi he (ru ligu 1)

Chit § : Nbu mét cdu tix viing mgt & mor rrong cic pha, thi sé phin mol
cdn xdc dinh giam di mét don vi, Ciing nhu vy dbi véi sé céc hé thitc;
bién dp khéng thay doi.

1.3.2.2. Cac thi du ap dung
n Téng hgp amoniac
Ta xét cin biing theo phudng trinh :
N, (k) + 3H, = 2NH;(k)

trong hai trutng hgp san :
« Trudng hop thit nhit . Can bing dat dugc tr nhitng Igng ban dau bat ki
cda mdi cdu ti,
Trong digu kiftnnay: n=3;r=1;g=0:a=2;0=1
va v=3-1-0+2-1=3
Trang thai can biing duge xac dinh hoin toan bing vigc ¢d dinh, ching
han Ap suft toan phin, nhigt do va ap suft cla amoniac. N6 ciing duge
xac dinh diy dd biing cich ¢b dinh ba 4p sudt rigng phin; khi d6 thyc ¢ :
— 4p suft toan phan p, tng ap sult rigng phan p; dudc ap G4t
- h?ang s6 can b:'“mg K° duge biét lic a‘iy, vi nd chi phy thude vao nhiét
d6, nén nhiét d¢f duge ap dac.
o Truong hop thit hai . Can b‘z'mg dat duge tir hidro va nitd thee lwgng hop
thitc, hay tir amoniac dugc dua duy nhit vio binh phan mg.
Trong cé hai trudng hgp nay, hidro va nito ludn ludn cb 4 1§ hgp thikc.
Khong thé ap djit ridng ré ap sudt ridng phan cda hai khi nay; bét k& cac
gia tri cda cac théng sé khac nhu thé nao : p(Hy ) = 3p( N, ).
Ap dung dinh 1i Gibbs, g = Iva v =3 - 1 = 2 ; hai théng sb cudng tinh
doc lap (thi dy p va T) ¢ o€ xéc dinh mot trang thai can bang.
W Sy phén hny cda canxi cachonat
Ta xét ¢an bing theo phuong trinh :

CaCO;(kt) = CaO(k) + CO,(k) .
Tir canxi cacbonat nguyén chit, lugng mol cacbon dioxit va canxi oxit 1a
bang nhau, diéu d6 khong kéo theo mjt h§ thiic bd sung nio giita cac
thong s6 cudng tinh & can bing, vi hai san phdm nay khong cing trong
mdt pha; viy g = 0.
Trong cac diéu kién nay : n=3:r=1;9g=0a=2;¢=3
va: v=3-1-0+2-3=1,
Chi mét thong s6 cuding tinh ciing d0 d€ xac dinh rang thai can bang, thi
du T khi d6 p(CO5) = K°(T). p® duge biét, cling nhu p = p(CO»).
1.3.2.3. Su thay déi trang thai cda chat nguyén chat
Dinh Ii Gibbs cdn ap dung d& mo ta chit nguyén chit; véin=1,r=g=0,
a =2, bién d& v biéu thi hé thirc :

v=3-0 (IV.4)
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(*) Dé xdc dinh su thay dbi
caa mit hé nha Dink [i Gibbs,
mét s6 ngudi quan tam khong
phai 16i cdc chu 1 cia hé ma
téi chc cdu ik hod-li cta né
(xem chuong 1 § 1.4).

Vay viéc nghién cita sé hé thite
thn tai gida chc théng 56
cudng 46 phai quan tim khéng
chi céc can bang hoda hoc, ma
ed cde can béng gifta cac pha.
Su tidp can niy dén 16i cing
m@t gid tri v; thuc vy, moi khi
n ting mot don vi, r ciing ting
mdt don vi.

S6 cic ciu loai hé
tw dbc lap ¢
1 béac mt
2 béc hai
3 béc ba
4 bac bon

Tu liéu 1. Céc loai hé.




I

«Néug=1,v=2:chit nguyén chit & trong mdt pha duy nhét va trang
lhéi’cﬁa no dugc xac dinh bdipvaT. .

» Néu ¢ = 2, v = 1; chit nguyén chét & can bing trong hai pha hodc p,
hodic T ¢d thé dugce lya chon, thong s& khac khi d6 dugc 4 ap dic.

« Néu ¢ =3, v =0: h¢ 1a bt bién. Trang thai ndy chi c6 thé duge xac
dinh v m{t cdp gia tri (p, T & di€m ba T, diém nay chi phy thude vio
chit nguyén chit duge xét (thi dy, Tp =273, 16K va Pp =6,0.107> bar
ddi vi nuéce).

Céc két qua nay tim dige trong bidu dd Clapeyron clia mét chit nguyén
chét (tu lidu 2).

1.4. Lya chon cac théng s cudng tinh
Mot khi da xéc dinh bién d8 clia mot he & can biing, ta c6 thé chon bit Ki
mét thong s6 cudng tinh nao dé xac djnh mot trang thai can bing khong?
Ta minh hog vin d& ndy vdi can bliing khit vustit FeQ (wustite) bing
cachen monooxit:

- FeO(1t) + COk) &2 Fe(tt) + CO, (k)
Vi cin bing nay, Ap,v(g)=0 :ép sudt khong phai 1a yéu td cén bing

vaia=1.
Trongcécdiéukiénnéy‘n—4'r:l'q—O'azl;(p=3
va v=4-1-0+1-3=1,

Nhu vay cé dinh chi mét thong sb cuung tinh 12 df &€ xac dinh mot trang
thai can biing cua h¢. Nghia 1a dé biér dugc hofic ¢6 thé xac dinh dirge tat
ca cAc thong sb cudng tinh khac dic tneng cho hé.
Ching ta kiém tra lai diéu nay biing cach cd dinh Iin Iugt nhiét 48, phin
mol clia m{t trong céc khi hay mot trong cic 4p suft riéng phén :
W Néu T duge cb dinh, K°(T) duge biét nhd he thirc :

KO(T) - ed"(T)fRT

x(COz) 1-x(CO) _ p(CO,)
x(CO)  x(CO)  p(CO)
Nhu vily co thé xac dinh x (CO), x(CO,) vh i 56 cda cac ap sudt riéng

Thém nifa : K%T) =

phan, nhung khong thé xac dinh dugc 1dng p.
W Néu x (CO) (hay x(CO3)) dugc cb dinh, ta c6 the suy ra K° va T,
cling nhu (i 8 cac 4p suét riéng phin ; khong phai bao gids cling xéc dinh
duge ap sudt tdng p.
B Néu p(CO) (hay p(CO,) ) cb dinh, ta khong thé tir d6 suy ra mot thong
s0 cudng tinh nao khic. Ngudgc lai, néu cho thém ap sudt toan phin lac d6
tt ¢ cac théng s cudng tinh khac ¢ thé duge xac dinh.
Trong ba trudng hgp dude xét, cin phai biét ap suét toan phén - nd khong
phai ta yéu t& can bing - d& c6 thé xac dinh moi thong s& & can bling ; két
qua nay tong quét 14 :
Néu mét théng sb vit li cudng tinh (p, T, ...) khong phai 1a yéu 4
cin bing, né van phai duge cf dinh dé ¢6 thé xac dinh hoan toan
trang thai cta hé & can biing,
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P4

Tu lidu 2. Gian d5 Clapeyron
ctia mit chér nguyén chét, sé cac
pha va bién dp.



1.5. Lgi ich cGa viéc tinh bién dé

Trong rit nhidu bai toan v& cac can bing hoa hoc céc phép tinh bién 6
duge yéu cu sau 46 duge khai thac. Thyc vy, khi biét bién o ciia mot
hé & can bing héa hoc hoje co kha ndng nhu viy, ngudi ta cd the :
» xic dinh, khdng cin moét phép tinh ndo khac, ting mot sy thay ddi cla
mdt trong céc thong sb cuding tinh ¢6 lam nhifu hé hay khong ;
* xac dinh xem céc digu kién ddu duge dua ra co tuong (ng v&i mdt trang
thi can bing hodc s& cho phép dat t6i mét trang thai nhu thé hay khong ;
« x4c dinh xem céc ¢in bing cb thé Ia ddng thoi hay nbi tiép.
Vi thé x4c dinh bién 45 phai 13 déi tugng duge dic bigt quan tim. Cudi
clng, ta lam rd nhu sau :
D¢ xac dinh bién do ctia mt hé & cin biing, cin phai :
» dém s6 cu ti& hoa hoc n cia hé ;
* nhin dang cdc cén bing héa hoc khac nhau duge si¥ dung va xac
dinh s6 céin biing héa hoc dc 18p r ;
« xac dinh cic thong s6 vat Ii, cé thé khéng phai 13 céc yéu té can
bing (biing cich quan sat chii yéu la Apyvik)) vatirdésuyraa;
» xdc dinh s6 pha ¢ ctia hé ;
« phan tich cac diéu kién thyc hign trang thai can biing va két luén
vé sy ton tai ciia g h¢ thirc riéng giita cac thong s6 cuwdng tinh cia
cAc chu t¥ cling mdt pha & céin biing ;
¢ ap dung dinh li Gibbs ;
o chiimg minh riing két qua thu dugc 13 phii hgp véi két qua do
phuong phap trye tiép dem lai ;
* gidi thich gia tri tim dugc bing cach cho mdt thi du vé cac théng
s6 cudmg tinh cin ¢ dinh, khéng quén cho théng sé cuing dé
(hogic cac thong s6 cudng tinh) khéng phai 13 yéu t§ can béng.

» Luyén tap : Baitap 1 va 2.

2 Su chuyén dich can bing

Khi biét bién 4 cha mot hé can b:&ng, thi didu quan trong la biét céin b?mg
tién trign theo chidu ndo khi thay d6i mdt trong cc thong & cudng tinh.
Nhy ta da thiy & chuong 3, viée sir dung 4i luc héa hoc 7, entanpi ty do
ctia phén ing 4,,G hay ti s6 phan img Q cho phép tra 13i cdu hdi.

Ta quan tam dén mit dinh tinh cha cac chuyén dich can bdng va chi xét
cac he mi & 46 chi mot trong chc théng s cudng tinh hodic quang tinh
thay déi.

Viéc xdc dinh trang thai cudi ca hé sau nhidu loan duge thye hién Y hé
thitc Guldberg vd Waage va cic phuong trinh can bing vat chit (xem
chuang 3).
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2.1, Sy chuyén dich va pha vé& can bing

2.1.1. Khai quat
Trong mit hé can bing hoa hoc, viéc thay d6i mot théng s6 cudng tinh
hay quéng tinh thudng lam cho hé chuyén djch sang mét trang thai can
bing méi. Trang thai cén bing cudi ¢6 thé thu dvge do :
« Sy chuyén dich cén bing déu, néu né tuong (g v3i cing hé hoa - [1.
» Phd v3 can bang, nfu no khong tuong dng vdi cling hé hoa - i (xudt
hign hay bién mat mot pha hay mét ciu ti) (*)
M Vi hé bit bién (v=0), tit ca cic thong s6 1a ¢§ dinh va phu thudc mot
cach ty nhién; moi thay d8i clia mot trong ching giy ra sy pha v8 can
bing (tu liéu 3).
B Trong mot hé ddn bién (v = 1), can b:’:’mg dugc xac dijnh b?ing cach ¢b
dinh mot thong s6 ma moi théng s6 khic phy thude vao nd. Sy thay ddi
mdt théng sb khi giit nguyén tit ca cac thong s6 khac tdt yéu s& pay ra
pha v3 cin bing (ru lidu 4).
W Trong mdt he nhi bién (v= 2), cin phai c6 dinh hai théng s @& cho tit
c céc thong s6 khac c6 thé duge xac dinh vay 11 cb thé, trong khi lam
thay d3i mot thong s6 cudng tinh, cac thong sé khac duge giit nguyén, guan
sit mot si chuyén dich cla cin biing. T d6 c6 két lugn sau :
Mot sy chuyén dich céin biing chi ¢6 thé quan sét dugc khi Jam thay
ddi mt thang sé cudng tinh (cic théng s6 khac dude giff nguyén)
néu bién d§ ciia hg i thiu biing 2.
2.1.2. Phuong phdp nghién ctiu su chuyén dich can bing
C6 mdt he can bing & trang thai 1. O thii diém 1, mot trong cac théng s6
cudng tinh (7, p, x;, ...) hodc quang tinh (n;, V, ...) chiu mot bién déi
nguyén t& nhanh.
D& nghién citu hiéu qua cla sy nhidu loan nay, ta thira nhan ring co thé
xét hai trang thai k& tiép clia hé nay :
* Mo trang thai 2, trong d6 chi ¢ théng s8 bj thay ddi 1a khac vai gid tri
ma nd di ¢d § trang thai 1, cdn thanh phin clia hg thi giit nguyén khong
a4ai;
» Mot trang thii 3, niong dng v4i trang thai can b%’mg mdi, sau tién trién
it nhién cha hd.

Tu ligu 5 tOm tit phuong phap nghién ci :

(*) Trang thdai cubi bao gid
ciing 1a trang thai cdn bing
nhiét dong, nic la tuong ing
véi entanpi 1y do cuc tiéu & T
va p khdng ddi, nhung khdng
phéi nhdt thiét vdi mot trang

théi can bing hoa hoc.

trang thaiil —— > trang thdi2 —— trang thai 3
canbing sy nhifuloando mdt ngoai tién tridn trang thai
sy bién d3i nguyén  céin biing nhidn cGia h@ cin biing mdi

té clia chi mat
thong sb cla hd

Tu ligu 5. Nghién ciu su chuyén dich can bing bdi su nhidu loan
nguyén 1.
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Tu ligu 3. G didmba T (v = 0),
cé ba pha rdn, léng va hoi cing
ton tai. Sy wing nhigt d¢ ding ap
lam bién mér céc pha rin va
16ng : cé su phé vt cén bing.

» P(Coz)

(@)
CaCO,+ CO,

T
Tu litu 4. Can bing phin hup
canxi cacbonat :

CaCO; (kt) 22 CaO(kt) + CO, (k)
la don bién.

Su tdng nhigt a6 ding ap (a) gay
ra sy bidn mbr hodn toan cia
CaCO5; ngugc lai sy tang ding
nhiét cia ap sudt (b) lam CaO
bién mér.



2.2. Anh hudng clia nhiét dd
N6 dugce nghién cu nhd he thiic déng 4p Van't Hoff (xem IIL22) :
dnK°(T)) _ ApH"(T)

dT RT?
Thye & ¢6 thé dy doan tir he thiic :
A, H°(T)
d(nK°(Ty) = P"‘—zm dT dVv.5)
RT

ddu cha dao ham cta ham InK°(T) va do d6 chidu chuyén dich cin bing
trong mot bién thién ding ap cha nhist do.
Nhur vay :

W DJi v6i mOt phan img thu nhigt (4, H° >0), sy ting nhigt do
(dT > 0) gy ra sy tiing K°(T), d(InK°(T)) >0, va cin bing s¢ chuyén
dich v& bén phai (chiéu 1).

B DGi v6i mot phan ing phat nhiet (4,,H° <0), sy tang ohiet 4o (4T
> 0) gay ra sy gidm ¢ia K°(T), d(InK°(T)) <0, va can bing chuyén
dich vé& bén trai (chidu 2).

Nhong két qua ndy din d8n phat bi€u khai quat sau (o ligu 6)

Mpoi sy ting nhiét ¢ déu lam chuyén dich cin bing theo chién
phan img tha nhiét,

Chit 9 : D6i voi mot phan dmg dogn nhigs, Ap,H® =0, nhiét 4 khong

dT>0 ; AR H'>0
— chidu 1 —»

T ligu 6. Anh huong cua sw tdng
rhigt A9 lén can bdng héa hec
d6i voi mir phan tng thu nhigt,
s giam nhige dp chde chdn sink

ra tdc ddng ngupc lai,
phai la mor yéu 16 cdn bing (do 1o trudmg hop ciw sy este hod, chdng han).
Y 4
Téng hop amoniac theo : 2) K°(550K) x4c dinh duge bing cich 1y tich
N +3H;  2NHj phan he thix -

-1 o )

ApyH® = -92,42kI.mol ™" v K° (500K) = 0,205. - A HOT
pu ( d(In K°(T)) = L-ZE—) AT

1) Lam ro higu qua caa mdt vigc ning nhigr 36 RT

ddng ap adi voi cdn blng nay.
2) Kiém tra lgi k& qua bdng cach xac dinh
K°(550K), Ay H® duge gia dinh 12 khong doi

Vi 4, H® duge gih dinh 12 khong ddi & kholng
[500K; 550K] nén :

A 1O 550
InK° (550K) = n K°(500K) - 24— L
trang khoang [S00K; 550K]. - R Tl
1) Sy tdng hop amoniac 1a phat nhigt : nhw viy sy o L
nang nhiet d¢ ding 4p 1am can bing chuyén dich Wd0: K (550K)=2.72.10
theo chitu 2, chidu phan li cha amoniac. Ta thiy 1o Ih K°(550K) th#p hon K°(500K).
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2.3. Ti s6 phan ung Q va tién trién cta hé
C6 mdt hg ¢an bliing hod hoc theo phuong trinh > viB =0, 0 chuong 3 ta

da thi€t 1ap dGi v6i phan tng nay di luc hod h[oc + clia hé bing (xem
HL15ava II116)

o= % —RT. 1nQ v6i @ = [(a;)"
i

Thay .+ biing RT.In K, biéu thitc (111.15a) duge viet 1y :

= RT.InK° ~RT.lnQ

KO

sau cling cé o= RT. lna- (IV.6)
Hg thuc (IV.6) cho phép nghién ciu 4nh hudng cha céc nhidu loan ding
nhigt clia h¢ nhy 1a sy thay ddi 4p sudt toin phin hojc dua vio mot cdu ti
hoat dong hay khong hoat dong,
Viring, néu T la ¢6 dinh, K° 13 ¢d dinh; diu cfia .« vi do d6 chidu ticn
trién cta h¢ duge xdc dinh d& dang khi bit gid tri cha Q so v6i gid tri cla
K° (uelitu 7).
N&u sau nhiéu loan ding nhiét ciia mot thong s6 cudmg tinh ;
e 0=K", & =0:he & cin bing;
e Q<K”, & >0 :ticn wrién e nhién cha he sao cho £d& > 0, tic I
d& > 0, do d6 cin bing chuyén dich vé bén phai (chidu 1);
e 0K, . < 0:ticn trién i nhién cia h¢ 1 .o d&> 0, the 1d dé < 0,
do d6 can biing chuyén dich vé bén trii (chidu 2).
Trong thyc t&, sau mdt nhiéu loan ding nhi¢t nguyén (& ctia mot he luic
déu & cin bing, chi cin dit Q trong mdi quan he v&i X°, nghien ciu diu

clia dQ hay clia EQQ- (Q bao gitr cting 12 duong) & nhigt Ao khong déi
d« = —RT. % {Iv.7)

2.4. Anh huong cua ap suat
Ta x¢t ¢ nhigt do T vi dudi dp sudt toan phin p, mdt he kin ¢6 mdt can
bing hod hoc theo phuong trinh > v, B; =0 vi chim mdt pha khi.

i
Ti 58 phin ing Q cla cin bing nay c6 thé vist :

X ¥
Q=[T@)" =TTta)*. TT @4}~ av.8)
i k.c J» Khi
(k. ¢ : cbil ngumg tu)
trong d6 [] (@)™ biéu thi i s§ cha phin vng lién quan d&n cdc chit
ke
ngung i vd [ (aj)vf ti s& lin quan dén cdc chdt khi.
. khi

Gié dinh céc khi 13 1i twdng, hoat do cla khi Bj duge viel ba aj = xj.%

¥

v bicu thire (IV.8) trd thinh :
Ap (ki)
Q = H(ak )\"k . H U:j)v-'l {i] (IV.9)

ke . ki »°
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Q chitul = chidu2 Q

LA
L

Ko(T)

y

Iy
T

Tw liéu 7. S tién trién ctia hé
sau mpt nhi¢u loan ddng nhigt
my theo gid tri cna Q.



VoL Ap, (k)= v;(k),

i
D2 bigt chiéu tién trién cla can bing trong mot bicn thieén 4p sut ding nhigt,
chi ¢in tinh vi phin logarit ¢lia bidu thie (IV.9), B6 qua Anh hudng cia 4p sust
1en hoat ddng clia cac phu ngung ty va coi nhu chi ¢6 4p sudt thay déi, ta c6 :

dQ dp
=== A, vik).X IV.10)
o M p

(*) Dinh udr nay 1o mot thi du
vé ludt chang muyc didu 1181 :
sau suw thay ddi caa mgt thong
s, hé tién trién sao cho bién
thién cia théng s6 nay la nho
nhdt (chang muc nhdt). Ta se
thiy, & cde doun 2.5 va 2.6,
cde thi du khde vé umg dung
dinh ludt chimyg muc nay.

Khi ting 4p suat, dp > 0; se cO két qua1a
* Néu 4, v(k)>0, dQ Ia duong. Didu nay din d&n Q > K° : sy chuyén
dich sang trang thai ¢in bing mdi bing cdch phin ing theo chidu 2 ; ta
néi 1 cin bing chuyén dich vé bén trii (chiéu 2).
o Néu 4,,v(k) <0, dQ 12 4m. Do d6 Q < K° va can bing chuyén dich v&
bén phii (chidu 1). Avik)=0 | dp>0
v Néu 4,,wk)=0, d0 1a bing khong, nén Q=K. Hé khong bj nhidu T chitu?
logn bdi bign thién cia dp sudt : dp sudt khi &y khong phai 13 yéu t5 cla
cdn bang (xem §1.1).
Trong trudmg hop thong thudmg, sy chuyén dich ¢iia he duge mo ta bing
dinh luat Le Chatelier (*) (11 tiéu 8) .
Moi sw ting dp sudt ding nhiét 1am hé tién trién theo chiéu lam
giam hrgng chit khi.

fq’p dung ©

Ddi véi can bdng 16ng hop lwa huvynh trioxit Chu ¥ 1a Tugng chat khi cia he & cin bing 1A
theo : 2807 (k) + Op =2 2503(k) n, =1,(3- p), hing s& can bing duge viél
hicu sudt chuyén hod cia 8O+ khi cde chdr P p(SO3)2.p° ) Pz-(3—,0lp0
phan dng 1Ay theo i 1¢ hop thic la p = 0,80 p(SOz)z.p(Oz) ( —,0}3.,0

o dp sudi I 550°C. .. .
dudt dp sudi toan p Id?} ]’Ob?ré' S,SU € B Nhigt do duyc gitt khong d6i, K© khong ddi.
1) Lam ro tdc dong cia su tdng ddng nhiét ciia R e 2 P

e e c Khi ki hitu p; 14 hi¢u suit chuyén hod cla
ap sudy doi vai tong hop luw huynh trioxit. ) . o
2) Kigm tra li két qua bdng cdch xac dink iilp SO2 w0 dp sull 1,0 bar va py1a higu sudt

Tw lieu 8. Anh hwong cua su
ting dp sudi ding ahigt tén mot
cdn bdng hod hoc, mét sy giam
dp sudt chdc chdn sinh ra mot
tde dng nguec lat.

» Luyeén tap : Bai tap 4.

chuvén hod caa SO ¢ 550°C, duedi dp sudt
4,0 bat.

DV6i can bing ndy, Ay, v(k)=2~1-2=-1:
su ting dp sudt tao thuan lgi cho vige tdng hop
lvu huynh triexit (chuyén dich cla can bing
theo chidu 1).

1
) 250,(K)+ 02 (k) =250 (k)

lrgmg ban ddw @ 2n,, n,

{mol)

lirgng & can hiing :

(mol) 2n,(1-p) n,(I1-p) 2n,p

chuyén hos dudi 4p sudt 4,0 bar, ta ¢ :
pi3-py) _ plG3-pp
(-ps)4  (1-pil

e 14 : pyq =0,87.

Hi¢u suit chuydn héa SO+ (ang, diéu do thé

hién ro rang sy tién trién theo chidu 1 ¢da cin

bang.
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2.5. Anh huéng clia su dua vao mét cau tir tro

Chu tif trd 12 cdu tit khéng thc dong vao phuong trinh can bing ciia phan
Ung duge xét.

2.5.1. O nhiét d6 va thé tich khéng d3i, dwa mét khi tro vao
hé khi li tudng.

Pi v&i mot cin bE‘mg chi gdm cac khi duge xem 12 khi If twdng, ti 58 phan

ing cé thé dugc vidt (xem I11.28) :

@=[Te@) =[Jm) [
ik i

Them mét khi tro & lam thay di lugng tSng cdng chia n chit khi ; vi &
th tich va nhigt 4 khong ddi, Q 1a doc 14p vési n. Khi them mdt khi tro,
Q va ai lyc hoé hoc .« khong d6i : hé khong bi rdi loan.
O nhigt 49 va thé tich khong ddi, thém mét khi trd vio mét hé kin
li twéng & can bing khong giy ra mét chuyén dich ndo cda cén
bang,

Apu vik}
J (IV.IT)

RT
v.p°

2.5.2. @ nhiét d6 va 4p suft khong ddi, thém mét khi tro
vao hé khi li tudng.

Vi mot can bing chi gém céc khi duge xem 1 khi 1i trdng, ti sé phan

ing c6 thé duge viét (xem I1.27) :

Apvik)
Q=[t@) =]]m)" . [—P S J (1v.12)
Lk i n.p
Lay dao ham hé thifc logarit nay trong dé chi c6 n thay d6i
do dn
-— = vik).— 1v.13
0 puv(k) n ( )

Kbi n ting, dn > 0; dén t6i két qui (te lidu 9)
o néu 4,,v(k)=0; dQ = 0, do d6 Q=K° va cin biing khong chuyén
dich;
o néu Ap,w(k)>0; dQ <0, do dd Q< K° va can bing chuyén dich vé
bén phai (chi¢u 1);
e néu Apv(k) <0, dQ > 0, do d6 Q> K va cin biing chuyén dich v&
bén trii (chidu 2).
Vigc thém khi tr¢ vio mdt h¢ khi li twdng, & 4p suat va nhiét db
khéng ddi, gay ra sy chuyén djch can biing theo chidu ting lugng
cdc chét khi.
2.5.3. Trudng hop cac hé khiac
W Céc két qua thu duge & trén duge ap dung khi them mét khi tro, & nhidt
@0 va ap sudt hay thé tich khong déi trong trudng hgp cha mét hg nhisu
pha chifa mét pha khi.
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Apuv(k) >0 :dn>0
— chiéu 1 —

3
4

Tuw ligu 9. Ankh hudng khi thém
khi tro dang nhigt va ding ap
vdo hé khi Ii tudng,.



® § nhiét dd khong d8i, vigc them mot chét rin hay mdt chét long
nguyén chét vdi khdi hrgng nhd, nghia th khong gay ra bién thién ap suit
ciing khong gy ra thay d6i thé tich clia h s& khong c6 tac ddng 1én cén
bﬁng duge xét.

B D4i véi mot he & pha 16ng, ti s6 phan img cb thé duge viét khi dung
djch loang va i tudng (xem IIL31)

c )v‘ T1em)"

i
= (IV.14)
c’

v(hoa tan)

o-11[&)' -
i (C".V)AP"
trong 46 4,,V(hoa tan) 12 tong s6 cac hg s6 hgp thitc ca chét hoa tan.
e Thém m{t dung mdi trd chi cb tic déng pha lodng hé, nghia 12 13m
ting thé tich clia hé. D& bit anh hudng ciia chit thém nay, ta iy dao him
hé thitc logarit (YV.14) liic &y chi c6 V thay d6i :
0 _ A, Vihi v V.15
E-— o ( oatan).v (IV.15)
Khi V ting, dV > 0; din t8i két qua :

snéu 4,,v=0,dQ=0,tirdé Q =K’ vacin bing khong thay d3i;
* néu Apv>0,dQ <0, tir 86 Q< K? va cln bing chuyén dich v& phia
phai {chidu 1).
o néu Ay <0,dQ>0,urdd Q> K° va can bliing chuyén dich v& phia
trai (chigu 2).
Sy pha loding m{t h¢ 16ng & cin bing lam chuyén dich cin bing
theo chiéu ting lwgng cic chét hoa tan.
Nhu vy, viéc pha lodng tao thudn lgi cho sy phin li axit ax@tic :
CH3COOH +H,0 = CH3C00™ +H30" Apyv(hda tan) = +1
« Tir hé thitc (IV.14), d& dang nhan thiy ring :
Viéc thém mot lugng nhé mdt chit hoa tan tre khong cé Anh huéng
d6i vdi mdt dung dich lodng va Ii tudng,

2.6. Anh huéng ctia viée dua vao mét cau t
hoat déng
Ciu tif hoat dong 1a cAu tif tac dong dén phuong trinh cdn bing cla phan
iing dugc xét,
2.6.1. Thém mét cdu t hoat ddng rin hodc 16ng
nguyén chét.
Mot céu tir rin hojic 16ng nguyén chét c6 hoat do bing mdt, bit k& lugng
xem xét la thé nao; vi vy ti s phin ing Q va 4i Iyc hoa . cha he khong
thay d3i khi them mdt cu tif nhu thé; ndu hé & can bling; nd van & nguyén
nhu vay.
& nhiét d va Ap sudt hay thé tich khéng ddi, viéc thém mét cu tit
hoat déng rin hodc léng vao hé can bing sé khéng c¢6 mét anh
huéng nao ddi véi trang thai cin béng.
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2.6.2. O nhiét d6 va thé tich khong déi, thém mét khi

hoat déng vao hé khi li tuéng.
3 thai digm t, mét lwgng dn; clia khi B; 1a chit phan mg hay san phim
clia phan (g, duge dwa vao hé & nhigt 49 va thé tich khong d6i. Ngay 1ap
titc lugng 7; clha khi B; va lugng tdng cong n cla chét khi tang 1en.
D& biét dnh huéng cha chit them nay déi véi can biing chi cin liy dao
ham logarit cia biéu thitc (IV.II) trong d6 chi cd n; thay d6i :

d N
€@©_, du (IV.16)
Qo n;
Khi ma lugng n; ting (dn;> 0), dau ciia dQ chi phuy thudc vao diu cla
v;, titc la vho tinh chit cla B;;
Néu B; la mot chdt phan dng, v; 1a am, lic d6 dQ < 0, thanh ra
Q < K° va cin bing chuy&n dich vé bén phai (chitu 1) : hé tién trién theo
chiéu tidu thy chét phin tmg duge dua vao;
Néu B; Ta mdt san phidm, v; duong, lic 46 dQ > 0, do d6 @ > K® va can
bing chuyén dich v& bén trai (chiéu 2) : he tién trién theo chidu tieu thy
san pham dugc cho vio,
G nhigt d va thé tich khong adi, vige thém mat khi hoat déng vio
hé khi li tuéng & can bing giy ra sif chuyén dich ciia can bling theo
chiéu ti¢u thy chét thém vao.
26.3. 0 nhiét dé va ap suét khéng dai, thém mdt khi hoat
déng vao hé khi li tudng
Nhigt 40 va ap suét 1a khong d6i, thi nén sit dung h@ thife (IV.12) 8 biét
anh hudng cha vige them khi hoat dgng B;. Khi d6 lugng khi B; 1a (n;)
va luong tong # clia cac khi. Liy dao ham bidu thitc logarit (IV.12) trong
46 n; va n thay 46i (*) :
d dn; dn
9°_, 9 (o). =
Q n; n

Khi lugng #; ting (dn; >0), diu cla d@ phy thude vao din cia v; vatl

(IV.17)

1& hop thite ciia phan @ng, nghia 13 phy thudc gia tri va diu cha Apyv(k).
W Néu 4,,v(k) =0, hg thic (IV.17) chi con Ia bidu thitc (IV.16) :

Thém mét khi hoat dong, & dp suit va nhiét d¢ khéng doi, vio hé
khi li twéng & can biing cha phan ing duge xét khong c6 bién thién

vé lugng cita chit khi (4,,v(k)=0), th hi¢n bliing sy tidu thy khi -

dugce dua vao du thiva,
B Néu 4,,v(k) =0, h¢ thitc (IV.17) khong ty gidn luge hda vi dfu clia

dQ phuy thudc vao trang thai cha cin bing dau elia he ngay trude lic nhitu
loan va diic bitt 14 vio phin mol x; cla cAu tlr them vio.
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(*) Noi chung, dn; =dn; tuy
nhién, néu thém oxi, vigc nay
thudng thuc hién bing céach
dua khong khi vao (1/5 Oy va
4/5 Ny ). Trong céc diéu kién
nay :

dn = 5dn (Oy)

Cac két qua duge thiét lap o
ddy con duge ap dung khi &
nhiét dj va ap subt hay thé tich
khong doi, thém mot khi hoat
déng trong wuong hop hé
nhiéu pha cé chita mét pha khi.




Nhu viy, trong trudmg hop drie = by -

dg dn; [ v
n —I(j B APHVJ

Qg n i
d dn; . A, v '
tie 12 99 _Thlpt | i (IV.18)
Q n.x; ApuV

D¢ bi€t anh hudng cia vige thém khi B; trong trromg hop ndy, cin phéi
bi€t v;,4p,v v x; ; nhu vay la khong cé dap s@ chung : sy chuyén
dich cta hé c6 hé 1a B; bi titu thuy hodc, trdi lai, duge sinh ra.

‘Ta hay minh hoa k&t qud ndy trong truong hop t8ng hop amoniac.

Ap dung 3

Xdc dinh anht huong khi thém hidro hay nite hay  Chi ¢6 a(Ny) va n bicn thién, v6i dn(N,) = dn
amoniac ¢ dp sudt va nhigt d9 khéng doi déi vl vy dn > 0

s tong hop amonidac : 40 da(Np) dn_ -2dn(Np) (1 N N
N (k) + 3H (k) 22 2NH5(k) 4, (k) =~2 0w T T e L 2)J

P
Vi phin tmg ndy, ti s0 phin ing Q dwoc viEt 1A Dgy cin d@ phu thude vio diu ciia bidu thic
: trong ngodc don, do dé phu thude vio gid tri cda

-2 s LR whiEn Taan -
n(NHg]z ( p } X{N» ) trude khi nhicu loan :

n(Hz)B.(Nz) n.p’
W Thém amoniac
Chi cé6 na(NH3)vda »n bi€n thien, v6i
dn(NHz)=dn vidn>0:

dQ _, dn(NH3) ,dn

Q0 7 aNHy) n bing chuy&a dich vé bén trdi, theo chitu 2, chidu
) tao ra nito ;

s néu _x(N3)<% ,d0 < 0 tirdd O <K? : cin

bang chuyén dich vé bén phai, theo chiéu 1,
chidu tieu thy nito ;

. 1 )
e ndy ,‘E(Ng)>5, d@ > 0 urdé @>K7 : ¢an

d@ 1a duong, tr d6 @ > K ; cin bing chuyén :
dich v& bén trai theo chidu 2, chifu tidu thy *®néu -f(N3)=-£s dQ =0, tr g6 O0=K° : he
amoniac.

B Thém hidro

Chi ¢6 n(Hay) vh n bicn thién, véi da{H;) =dn
vade>0:

duong nhu khong bi nhifu loan khi thém mot
hugng cuc nhd nito ; trong thye (&, su o loan lic
d6 1a & bac hai va chuyén dich cla he voi

1
) n -3 3 X(No)>—.
da=_3_w+zg=_dﬂﬂ_z)_[__xmz)] 2 h
¢ n(H3) n nx(Hy) \2 Chie ¥ : C6 thé chiing minh rdng, trong moi

Vi x(Hy)y<1, s0 lugng trong ngodc don W trudng hop, su nhiéu loan duoc thue hién theo

}1( B.!

duong nén d@ la am ; khi 46 Q <K” vi cin  chiéu ma phin s6 mol x; = ) giam, diéu

bing chuyén dich vé bén phii, theo chidu 1, .
chié%.l tiéuylhu hiﬁro P ma, why chiing ta viea thdy, khing nhdt thiét

B Thenm nito twong dng voi sy giam caa lugng n ( B; ).

» Luyén tip: Baitip 3,5va6

88

7]



3 Nghién ctru mot vai hé

Ta ket thic vige nghién ¢t cdc can bling hoa hoe bing vige gidi mot vai
bii (@p kinh dién minh hoa cdc khai ni¢gm duge nghién ciiu & chuong nay.

3.1. Su thiét 1ap va pha vo can bang
O 073K, cdn bdng téng hop canxt cacbonat theo ©

Cal(kt) + CO5(k) = CaCO3{kt) 1)
¢6 hdng 56" K7 (1073K) = 2,50
O 073K, 1a ddt trong bink c6 thé tich khong d6i V = 10,04, mot lupng
iy, = 0,20 mol canxi oxit va dua ddn vae mot lugng n cachon dioxit. Ve
do thj p(CO5) = f(n),
B H¢ duge nghién eiu khi & ¢in bling, o6 bién do ;

vEnt+a-qg-r-g@

voin= 3 {CaCO3,CaQ vd CO4),a=2p, T, r =1 ;g =0 (mbicu tirla
duy nhit trong pha ciia né) viv ¢ = 3 (hai rin v mit khi), técla v =1,
Bing vigc cf dinh mot thong s6, & day 14 nhigt do 7 = 1073K, trang thai
can biing duge xdc dinh hodn todn va it cd cic thong s3 cudmg tinh khic
déu ¢6 thé tinh duye, nhit la p(CO) o,

5]

DCOs Y, = P_U = 0,40 bar
B Lic dau, p{(CO,) =0, h¢ & ngoai can bling.
Ai lyc hoa hoc cia he dBi vai phin @ng (1), bing : (xem IV.6) :
L8]
A= RT. 05 = g 202
¢ PCO2 ),
Ia dm va h¢ ¢6 the s¢ tién trién theo chidu phan hity canxi cachonat. Vi
sy vidng miit coa CaCO4, khong phin émg nie ¢6 thé xdy ra vi cacbon
dioxit tich w lai, 4p suat cla né tang.
M Dén khi o = 0, nghia la p(COa) = p(COy ), , ©6 cin bing va xudl
hign CaCO4, gid sir vai 1#{(CO>) =1;, mi :
L PCODY 0,40.10°.10,0.107
! RT 8311073
thi s¢ ¢O mdt c¢in bing, v p{CO;) ¢ gitk kKhong d6i chimg nao vin con

= 0,045 mol

canxi oxit; sy phd va can bing s& xay ra voi n(COs)=ny, mi
My = + 4, = 0,245 mol

"W Lic d6 ¢o thé thigt 1gp cdc phuong trinh khic nhau p(CO4) = f(n) va

dd thi tuong tng (fir lidu 10)

RT
svii Osn<n, p(COy)=n

=892 n bar;
s v <n<ny, p(COr)= p(COy)y, = 0,40 bar.

sviyi n=hy p(COg):(n—nn).% =892(n—n,) bar

» Luyén tap : Bai tap 9.
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3.2. Cac can bang ndi tiép

Su khit manhetit Fe30, béing hidro duge thuc hién theo hai giai doan :

(1) Fe304(ke) + Hy == 3FeO(kt) + Hy0 K{ =10

(2) FeO(kt) + Hy = Fe(kt) + H,O K8 =0,5

O 950K, ngudi ta djit trong mot bink cé thé tich khéng 46, mpt lugng
n, =1.0.10"2 mol manhetit vit thém dén dén luong n hidro vao.

Ve dathiy = M:f(n).
P

W Céc bidu thitc cGa hai hing s6 nay 12 ddng nhit :
KO = p(H,0) va K3 = p(H,0)
p(Hy) p(Hy)
V& mit gid tri : Kf # K, hai can bing khong thé dién ra ddng thdi, vi
thé chiing tat yéu phai la néi tiép. Kéu qua nay 12 tong quat :
Hai cfin biing mi céc hiing sé c6 cing mét bi€u thic, nhung cac gid
tri vé sb khic nhau, phai 13 néi tiép.
W Cin bang (1) sif dung hdn hgp diu Feq0,4 +H, dugc thiét 1ap dhu tién.
Ai lyc hda hoc clia hg ddi v6i phan tng nay bing (xem IV.6) :
kY KT
=RT.In—=RT.In
* Q p(H,0}
p(Hy)
Khi dua hidro vao, .4 duong ; can bang thiét lap ngay lap tic va khi vén
cdn manhetit :

poPH) __ pEHy) 1
P p()+pHy0) | pHIO)
p(Ha)
(e 1a y=— =05
1+ KY

Vigc dua hidro vao & thé tich va nhigt ¢ khong d8i 1am chuyén dich can
bing (1) vé& bén phai, theo chidu tidu thu H, ; tir 46 c6 cin bing :

Fe;04 + H, = JFeO (kty + HpO

Lugngduavao | g, 1072 ny 0 0
{mol )
lugng & cubi 0 m-10102 301072  1,0.1072

¢an biing (mol)
& cudi can bing :
o = PH20) _ n(Hy0) _ 1,0.1072 }
p(Hy)  n(Hy)  p-1,01072

L0

trdé: ny =2,0.1072 mol vi n(Hy) =n(Ha0) =n, =1,0.1072 mot.
Can bling (1) ap diity = 0,5 di véi 0 < n < 2,0.1072 mol.

® Khi phin (g thit nhit k&t thiic, 4i lye héa hoc cha he déi véi phan fng
(2) bang :
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K5 K5
=RT.In=2=RT.In——% — =RT. =—RT.
by n o n A0, RT. In {0,5) = — RT. In2

p(Ha )y

«#h Am : phan tmg (2) vi viy khong xay ra ngay khi phan (ng thit nhét
ngimg. NG chi c6 thé xiy ra néu % (rd thanh duong hodic bing khéng
(st 20), tite 1a khi ;
pPH0); _ n(Hy0)p _
pHz);  n(Hz)
Vi a(HyO) =n(H,O)= 1,0.102mol, sy khir khdi dong voi
n(Hapr =20. 1072 mol, nghiala v8i ny =ny + n(Hy )y =3,0. 1072 mol.

K8 =0,5

Véi 2,0.1072 < 7<3,0.1072, khong co phan ting, ma chi ¢6 sy tang chia
n(Hy) :tirdo:
,_PHy) __ n(Hy)
P n(Hy)+n(H,0)
vii:  n(H,0) = n(H,0), =1,0.1072 va n(Hy) =n—1,0.1072
1,0.102

W Viec dua hidro vao, & thé tich vi ghiét 46 khong ddi, véin > n, lam
chuyen dich can bing (2) v& bén phai, theo chidu tiéu thy cha Hy ching
nao con sit (1) oxit FeO :

FeO (kt) + H, = Fekt) + H;0

trdéd: y=1-

luongduavao 30107 p, 101072 0 1,0.107
{mol) Lo

lwngdoubicin 0 ny-40.1072  30.1072  40.107
bang (mol)

3 cudi can bing :
o - PELOY _ n(Hy0); 401072
p(Hy)3  n(Hy)3  py—4,01072
Do d6: ny =12.1072 mol vi n(Hy)3 =8,0.107% mol
e V& 3,0.1072 <n<12.1072, cin biing (2) dugc thyk hign :

0

ye pHy) _ pHp) !
p  plt)+pH0) |, p(H0)
p(Hy)
e la: y= ! =2/3
1+ K5

e Véi n>121072 , khdng cdn c6 th€ c6 phan (g nita va c6 sy tich tu
H, , khi db -
_pHy) _ n(Hy)
P n(Hy) + n(HyO)
v3i:  n(HyO)y = n(Hp0)3 = 4,0.1072 va n(Hy)y = n—4,0.1072

~4,01072

¥

twrdd: y=1
Tu li¢u 11 trinh bay cac két qua thu duge.
» Luyén tap : Bal tdp 12.
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3.3. C4c ¢an bang déng thoi
Cho hai can béng theo céc phitong trinh :
(1) 3MnSO, (kt) = Mn3O4(kt)+ 2804(k) + SO, (k) K¥ =3,5.1073
(2) 2803(k) = 280, (k) + 05(k) K§ =270
O 1300K trong mét binh phén ing lic ddu lo chan khong co thé tich
V = 10,01 chiza 0,10 mol mangan sunfar MnSQy . Xac dinh céc ap sudt
riéng phén, ap sudt roan phin va thanh phin cia hé & can béng.
W Ai lyc héa hoc cila hg déi véi phan tng (1) 1a:
Q o 03
= RT.n XL _ gr.10— K 7
Q p(803)%.p(S07)

KO - P(S03)% P(SO2)ep

po3

Lic dau, «4 dudng, phin img (1) dién ra va can biing (1) c6 thé thiét 1ap
néu mangan sunfat th du thita.
M Ai lyc héa hoc cla hé dbi véi phan tng (2) I -

0 [v] 2 o
b :RT.lnﬁ—_-RT_lnﬁﬂz)ﬁ)_‘P
p(8O2).p(0)

vGi - KS = P(S02)%-P(O2)eh
P(SO3)%-p°
Ngay khi m$t lugng Iua huynh tricxit SO, xudt hign, «% 1a duong ; cin
biing (2) ¢6 thé ciling dugc thiét 1ap ngay tir lic dhu. Vay cac can bing (1)
va (2) 1a dbng thdi,
B Gia sit & va & 1a do tién trién clia hai phan (ng & can bling ; ta bifu
dién lugng cha ting cév tf ciia he & can bing khi lnu § ring :
Khi hai cin bing ta dbng thdi, cic thang s6 cudng tinh cfia hé (p, 7,
Pis X, ..) l& chung cia hai hé dé.
3IMnSO4(kt) &  Mn3O4(kt) + 2505k} +  SO,(k)

vi&i

(Iv.19)

(IV.20)

ng — 38 & 26 -25 & +28
2803(K) 2 250k} +  Oy(K)
25 -25 &1 +24 &

Tong lugng clia cic chit khi 1a n= 3 +&,.
Cac ap suét rigng phin bidu dién theo &, & vap:
p(803)cp JXe=&) p; p(SO7)e = s+ 2%

31 +6 ] 31+8
Khi phén tich tf s0 cla ba biéu thic nay, ta c6 :

281 -2 = A1+ 262) - 65y
1A P(SO3)ep = 2p(SO7)cp — 65(07) ety (Iv.21)
W Nhu vy ¢ mdt he thic riéng & cn bing giira cac cu tlf clia pha khi.
Bay gid ta tinh bién dd (xem IV.3) v6i :
n=5;a=2;r=2;9=1;9=3

ta s& co : v=5-2-1+2-3=1.
Chi can biét nhiét 8 (tir d6 suy ra duge K va K9) [a dii 8 x4c dinh
hoan toan hg, nhu chiing ta sip xéc minh,

P pO2)p = 2 p
2 T3 v g
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W Ta xdc dinh cic dp sudt rieng phin nhd cdc h thice (1V.19), (IV.20) va

S(AV.21) :
SO, Y, .p(0s)e
ko kg =2 Z)L"of( 2)cb (1V.22)
p
2.
" - P(SO3)%.26S02 et
p03
. 2 p(SO9)
=[22802)¢h - 6p(02)ep ] .p—wg%;ﬂ (IV.23)
s

Vige gidi h¢ cde phuong trinh (1V,22) vi (IV.23) din ¢

PSO2) e = 0,738 bar ;. p(Oa)e, = 0,235 bar : p(SO3), = 0,069 bar.

m Ap sufit toan phin, 18ng lwyng chdt khi va cic do tién trién & vk &
dugc rat ra to do ;. p = p(SO3).p, + p(SO2 )y + P(O2) e, = 1,042 bar.

n= p_V =9,64.1 0_2 mol
RT

£ =nx 292 25171672 molva £, =7 _;5'3 =2,49.107 mol
Ji 3
Nhu vay thanh phin ctia hdn hop & cén bing 12 :
chu t MHSO4 Mn4O4 S03 802 02
lwyng ny — 361 $1 A =82 | S1+2H | &
#; (mmol) 253 249 6,4 68,3 21,7

Mangan sunfal ro ring dd duge dua vio mot cach du thira,

» Luyén tap : Bai tap 8 va 10.

PIEYU CAN GHI NHO

m BIEN D0

Moi thong s6 cuong tinh ca mot hé héa - 1i & can biing, ma sy bign d6i cda né kéo theo sy

bi€n ddi ciia trang thai can biing cia hé déu 1a y&u td ciia can bing.

Bi€n do v chia mot hé ¢ cin biing hoa hoc 13 s6 céic thong s§ cugng tinh déc lap cin dé xdc

dinh trang thai can bing cda he. Né dwye cho béi dinh li Gibbs hay quy tidc pha.
V=R-r—-g+a—g

trong {6 :

» ;1 ]a s cdc cau tik haa hoe clda hé,

# r la s0 cic ¢in béng héa hoc doc lap ;

* ¢ 13 s cdc hé thie bd sung ¢ cin biing gitia cic thong sé cudmg tinh cla cic ciu tik thude cing

mit pha ;

* 1 14 $0 cdc y&u td vat li (a thuing biing 2 : dp sudt va nhigt do)

¢ @l s0 pha.

Dai hryng ¢ = 2 ~r xdc dinh s6 cac ciu tir ddc 1ap cia he,
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N SU CHUYEN DICH CAN BANG

Khi ki higu Q 1a ti s6 phan dng, véi Q= ] [¢a:)"" , 4 htc héa hoc cia he d6i véi phan dng
4
dugc viét :

g

o =RTIn%
g

hé thifc cho phép nghién citu dnh hufng ciia cac nhiéu loan ding nhiét cia hé. Néu sau
nhitng nhidu loan ding nhigt ciia mot théng sé cudng tinh ;

e =K’ , & =0:hé§can bing;
¢ Q<K’, .o >0:sychuyén dich f& nhién cha phan dng v& bén phai (chigu 1) :

* 0>K° , & <0: sy chuyén dich fi nhién ciia phan tng vé bén trai (chitu 2).

* Anh hudng clia nhiét dd véi can biing
Moi sif ting nhi¢t d 1am chuyén dich céin béing theo chiéu phan ing Ia thu nhiét,

 Anh hudng cla 4p suat déi véi can bing

Moi sif ting déng nhiét ciia 4p suét lim hé tién trién theo chitu giam lugng chit khi.

e Anh hudng ciia viéc thém mét c&u ti tro d5i v6i can biing

Thém mét khi trd vao h¢ cén biing chita mot pha khi :

* & nhiét 43 va thé tich khong d8i, khong giy ra mét chuyén dich cin biing nio ;

o & 4p suét va nhiét do khéng ddi, gay ra chuyén dich cin biing theo chidu ting lugng chit
khi.

e Anh hudng ctia viéc thém mét céu tir hoat déng d3i v&i can bang

Vige thém mét khi hoat dong vao mdt hé & ciin biing chita mét pha khi :

* & nhiét 4 va thé tich khéng d3i gy nén su chuyén dich can bing theo chitu ma & dé chét
phan g dude dua vao b tiéu thy ;

* ¢ nhigt do va ap sufit khéng ddi, sy chuyén dich cda hé phu thudc vio ti sé hep thite cla
phan ing va vio tinh chit (chit phan img hay sin phim) cda ciu ti¥ cho thém va vao trang
thii cGa hé trudc nhiéu loan ; trong mdi trudng hgp cin phai khio sat déu caa d. hofic
cua dQ.

® Cac can bang héa hoc néi ti€p hay déng théi

Hai céin bing héa hoc mi céc hiing sé cé ciing mét bidu thic, nhung gia tri vé s khic nhau
LA nhifng cin bing néi tiép.

Khi hai cin biing héa hoc 13 dong thoi, cic thong sb cubng tinh ciia hé (p, T, Pis X, la
chung cho ¢a hai ¢éin bing.
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Ba TAP

Ap dung trc tidp bdi gidng

“1 Bién d& clia he

X4c dinh bién d6 clia cac h¢ & cin bing sau day :

1) H¢ 1: CH4(K) + O4(K) 222 COy (k) + 2Ho (k)

2) Hé 2 : C(kt) + COy(k) &2 2CO(k)

3) HE 3 : CgHg(1)+3Cly (k) 22 CgHgClg(kt)

Daéi vdi titng hé, hiy khio sat ba trudng hgp a), b) va
¢) dudi ddy va gidi thich cac gia tri fim duge, binh
phan img lic dau chifa :

a) tht ca cac chu tY theo cc t1 12 bit ki nao 46 ;

b) chi cac chit phan (g vi theo cac i 18 bt ki ndo d6 ;
¢) chi cic chét phan g va theo céc ti 18 hyp thitc.

9 Phan huy clia nuéc
s} nhi§t 49 cao, hoi nudc phin huy thanh hidro va oxi
theo phan (mg (1) :

2H,0(k) 22 2Hy (k) + O3 (k)
1) Xéc dinh bién 5 clia h¢ :
a) khi moi cdu ti¥ c6 mit lic dau trong binh phan img
theo céc ti 12 bét ki ndo d6 ;
b) khi chi dua nudc vao binh phén ing.
2) Trong thye t&, viéc phén tich hdn hgp & cin bing
chitng 16 riing cb céc gbe hydroxyl *OH, Ia két qua
cla mdt phan ng thi hai :

2HO(k) 2 Ha(k)+2'CH(k) (2)
a) Chimg minh ring khi d6 ton tai mot hé thitc don
gian gitta p(H,), p(" OH) vd p(O,) khi chi c6 nude
duge dua vao binh phan img,
b) Tir d6 suy ra, bién 46 chia hg, bao gdm cac cin
bang (1) va (2).

1)

3 sy phan hiy thiy ngan (Il) oxit
Thay ngén (II) oxit HgO, phan hdy thanh thiy ngin
va oxi theo :

2HgO(kt) 22 2Hg(k) + O, (k)
Mot khéi lugng m thiy ngan (1) oxit dugc dua v”a‘,o
mdt binh chira chan khong c6 thé tich khéng d6i
V = 1,004, sau d6 duge dua ten 500°C.
O ¢an bing, ap suit 1oan phin biing p = 3,90 bar.
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1) X4c dinh bién d6 clia hg.

2) Chitng minh riing cén biing chi dugc xac 1ap néu m
it nhét phai bing v&i mot giA tri m, ma ta sé tinh.

3) Mot he chita HgO(kt) , Hg (k) va O4(k) & cén
bing. Xac dinh tién trién cfia he niy sau khi dwa them
vio can biing & nhigt 4§ va thé tich khong d8i -

a) thuy ngén (II) oxit ;

b) oxi ;

c) thily ngan 18ng du thita (& cin bing, hg chita thiy
ngén long va thdy ngéin khi).

4) Tinh bién 4% ciia he trong trudng hgp 3.¢).

44 sy chuyén dich can bing (1)

1) Ta 6 thé 1am chuyén dich cac cin bing sau day
ma khong pha v& cdn bing (cac t 1& ban ddu ca cic
chu tf 12 bit ki) ?

a) C (kt) + CO,(k) 2 2CO (k)
b) ZnCO4 (kD) 22 ZnO(kt) + CO5 (k)
) Bry (1) + Hy (k) & 2HBr(k)

2) Tir d6 suy ra anh hudng cla sy ting ap suft ding
nhiét di vdi cac cin bing nay.

5 chuyén dich can bing ()

Cac cén bi“mg (A), (B), (C), (D) va (E) sau day duge
thic hign bing cich cho vao timg binh phan tmg chi
céc chit phan img theo cac ty 18 hgp thire :

(A) CO(k)+ 2H,{k) =2 CH3;0H(1)

Ap,HE <0
(B)  2CO,(k) &2 Ox(k) +2CO(K)

A,,H° >0
{C) Fe304(kt) + Ha(k) &2 3FeO(kt) + HyO(k)

A H® >0
(D) 2CaCyp(kt) + 307 (k} &2 2CaO(kt) + 4CO(k)

Ap H® <0
(E) 2N705(kt) 22 4NO; (k) + Oy (k)

4p,H® >0

1) Tinh bién dd cda timg hé & can bing.”
2) X4c dinh Anh hudng, d6i véi cac cin bing nay
a) cha sy ting ddng ap cha nhiét do ;



b) clia su ting ddng nhigt cda dp suit ;
¢) ¢hu vige cho vio mot cdu wr khi tro ;
a} & nhiét 49 va thé tich khong déi ;

B) & nhiét 4 va dp sudt khong déi.

O Su chuyén dich can bang (ll)

Trong ba hg, trang thii cin bing thu duyc trong timg
binh phin ng bing viéc cho vio chi cic chil phin
tng theo cic (i 18 bat ki ;

HE1: CHy(k)+ Or(k) &2 COy (k) + 2H5 (k)

H¢ 2. COp(k)+ 3Hp(k) =2 CH30H(k) + H2O(k}

HE 3. CHy(k)+ CO4(k) 22 2CO(K) + 2HA (k)

1} Tinh bi€n do cta timg he & cin bing.

2) Xic dinh dnh hudng doi vii cdc can biing d6 :

a} cla sy ting ap sudt ddng nhigt;

b} cla viéc dua vao, & nhict do va dp suit khdng doi,
mdt ¢ t tror & thé khi.

¢) clia vige dua vao, rong mdi mot h¢ niy, hoic
hidro, hodc cacbon dioxit :

o) & nhi¢t 3o vi thé tich khong ddi ;

B) & nhi¢t dd vi dp suit khong d6i.

7 Su phan huy cua photpho pentaclorua
Xét ¢an biing sau
PCls (k) 22 PCl3(k) + Cly (k)
1) Xic dinh bi¢n d0 cta he & cin biing :
a) rong trudmg hop téng quat ;
b) rong trudmg hop chi dua PCls vio binh phin ung.
2) (Gid dinh 14 h¢ kin, hay chi ra dnh hudng :
a) cdu sy ting ap sudt ding nhist;
b) cda sy tang nhigt do ding 4dp;
¢) cha surdua vio diing nhigt vi ddng ap ciia
a) Cly hay PCly ; B) PCls ;y) mdt khi tro,
3) Xic dinh hing 8 can bing & 500K.
4) Duyi ap sudt khong ddi p = 3,0 bar va & S00K, tron
0,1 mol Cly, 0,4 mol PCly v 0,15 mol PCls.
a) He tin trién theo chifu nio ?
b) Xéc dinh thanh phin ¢a h¢ & cin bing.
SE li¢u duge gia dinh la doc 1dp Aot voi nhiét do :

cilu tir Cly(k) | PCl3(k) | PCls(k)
ApH® Gdomol™y | 0 | 2870 | 3749
§¢ K mo™ly [ 2230 3117 | 3645

{Theo Special T, 1995.)
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8 Tir thach cao dén lvu huynh dioxit
Nhigt phan thach cao, CaSOy4, sir dyng hai can
bing sau :

(1) CaSO4(kt) 22 CaO(kt) + SO5(k)
K (1400K) = 7,0.107°
2)  SO3(k) 2SO0, (k) + %03 (k)

K5 (1400K) = 20,0
1) Xic dinh bin d0 ctu hé thu duye chi tir CaSOy .
Gidi thich k€t qui thu duyc.
2) Xdc dinh cic ap suit rieng phin & cin biing khi chi
¢0 CaSO4 duye dua vao binh chia ban ddu la chian
khéng va duge dua 1én dén 1400K.
3) Trong thye 1€, nguoi ta them silic dioxit Si0; vao
canxi sunfat ; cin bing (1) khi d6 bi thay thé bdi can
hing (3) :
(3) CaSO4(kt) + Si07 (kt) &2 CaSiO3(kt) + SOz (k)

K5 (1400K) = 1,0

a) Xdc dinh hing $0 ¢an bling (4) :
@ CaO(kt) + Si0 (kt) 2 CaSiO5(kt)
b) Tinh dp sudt ricng phin cda luu huynh dioxit trong
cdc didu kign nay ; két ludn vé& Lot ich khi them SiO, .

Q Su loai nudc ctla magie hidroxit
1) Magie hidroxit bi phin hily thinh magie oxit (rin}
vi hoi nuée,
Vi€t phuong trinh - cin bing ¢a sy loai nwye. Tinh
bi€n do v ¢la h¢ & cdn bing ; pidi thich gia ti tim
durye.
2) Trong mt binh chir, lic ddu Ia chan khong, ¢
thé tich khong d6i V = 10,0 dni”, mot khéi luomg m =
50,0 g magie oxit duyye dua vao vi ning nhiét do lén
dén 8 = 150°C.
Nguroi ta dura vao rit chim mot hrgng 2 mol hoi nudce,
(& 150°C, 4p sufit can biing cha sy loai nudc cda
magie hidroxit s py, = 1,01 bar vi dp suflt cha hoi
nude bao hoa 1a pry, = 5,06 bar.
a) Thi¢t Iap cic bidu thie khic nhau cla ap suft p cha
nuie theo lugng nudce dua vio, the Ta p = fin) .
b) Ve dd thip = f{n) chon € [0;4].
¢) Xac dinh bién dd cla hé déi véi umyg ving xuft
hién khi nghién ctu p = fin) .

(Theo EN.S.LM., 1988)



&Y

Van_dung von kién thic

10 Su phén hly chi cacbonat
XEt mot hé trong do ludn luon dn 1ai hai can bing
sau !

PbCO3 (k1) 22 PbO(kt) + CO4 (k) (1)

C(kt} +COs (k)= 2C0(k) 2)
1) Tinh cdc hing 56 K} va K9 ciia ciéic cin bing nay
& 700K,
2) Tinh cdc dp sudt riegng phdn va 4p sudl toan phin
can biing,
3) Trong trutng hop chung, tinh bi€n Ao cGa ha vi
gidi thich gid tri tim duge.
4) Lam 16 dnh hudmg d8i véi cic can bling (1) vi (2)
¢t cdc nhidu lean sau
a) Them Cikr) ;
a) & T v Vkhong d6i ; B) sau d6 & T va p khong déi.
b) Thém CO (k)
o) & T va Vkhong ddi : B) sau d6 & T via p khong
dai.
c) Them CO, (k) :
a) & Tva Vkhong ddi : B) sau 46 & T va p khong ddi.
Cdc 56 lidu duoe gia dinh I de 1dp voi nhidgt dp:

cantiv  |C (k| CO (k) |CO, k)| PO (kt) PhCO4 (ki
AH? i
0 {-11041-3031{ -2151 | - 6Y8.5
(k.mal™ 1
0
) » 57 11973 | 2134 68.6 130.8
LK el ™)

(Theo ES.EM., 1995.)

* .. s

117 pidu ch& hidro
Sy chuy&n héa metan bdi hoi nude tuong img vdi can
biing :

CHy (k) + HyO(k) 2 COky + 3Ha (k) (1)
Vo1 A, GO(T) = (227.10° - 253,9T) Lmol™!
1. a) Khi thyc hién ¢an bing niy & nhiét do cao hay
thap thi nang dwgc hidu suit tao hidro 7
b) Trong cong nghiép, phin tng nay duyc thye hién
duti dp suat 30 bar ; vay diéu nay ¢6 phai i

7HH -2

o) dé ning cao hidu sut diéu ché hidro ?
B) a¢ han ch& kich thwde clia cdc thiét bi ?
2) Can bing ndy duge thuc hi¢n dudi 4p suit toan
phin p = 30,0 bar vd v6i hdon hop diu 1
np(H20) ng(CH4 ) = 4,0.
Xac dinh nhigt do 7} m vdi n6 ti 18 chuyén hoa o
¢la metan 13 0,80,
3) Trén thye €, can bing (1) luon udn di kem cin
bing (2) :
CO(k) + HyO(k) 22 CO; (k) + Hy (k) (2)
voi hing s¢ K3 = 0,95 & nhiet 4 7Ty tim (hdy & cau
hoi 2.
a) Ki hiéu ng 12 lugng metan cho vdo va ng.8
ligng cacbon dioxit & cin bing, thict 1ap cdc biu
thic K7 v K5 thay ddi theo p, &’ va B doi véi mot
hén hop ddu gidng véi hon hep & cau hoi 2.
b) bigt ring & can bing n(CO)=n(CO,), xéc dinh
2id tri thyc cda hiéu suat chuyén hoa va nhigt do sir
dung cho cic phan tng nay.

(Theo EN.S. Lyon, 1987)

12* sy khir sit oxit

G 800°C, khlr manhetit Fe404 bao ham hai can
bing :
(1) Fe30,(kt) + Hy 22 3leO(kt) +H,0

T(8007C) = 3,22
(2) FeO(kt) + Hy 22 lic(kt) +H, O

K5(800°C) =0,63.

Trong m{t binh phan tmg c6 thé tich khong ddi
V =400/, ta cho 4 mol 1c;04 va mdt lugng n mol
hidro.
1) Xdc dinh gi4 tri (51 thiéu mi » phii ¢6 dé cho
a) can bang (1) duge thict 1ap ;
b) t0dn bd manhetit bj khit thanh sit ([1) oxit;
¢) ¢an bing (2) dugc thict 1ap ;
d) binh phin ing chita hén hop ding mol cta Fe va
FeO.
2} X4c dinh dp sufit chung trong truong hop 1.d).

(Theo ES.T.P., 19900



13 * Téng hop luu huynh trioxit

Ta xét sy tong hop luu huynh trioxit & pha khi tir luu
huynh dioxit va oxi. Luu huynh dioxit 13 k&t qué cda
sy d0t chy trude luu huynh trong mot lugng du
khong khi sao cho hén hop duge dua vao binh phin
img tdng hop SO5 ¢6 thanh phin mol sau : 10% 05,
10% SO, va 80% N, . Ki hig¢u ng 12 luong luu huynh
dioxit cho vao binh phin (mg.

L.a) Biéu dién lugng tmg chdl ¢6 midt & can bing
theo ng va &, 40 tién trién cha phin dng.

b) Tir d6 suy ra higu sudt chuyén hoa T cda SO, theo
ng va k.

2.a) Chimg minh ring ¢ bon hé thie doc 1ap gita
nhi¢t 40 7, dp sudt toan phén p va cdc phin mol
x(0»), X(Na Y, x(SOa) v x(803).

b) Tinh bién dp trong cic didu kign niay va chimg
minh rang hi¢u sudtl tOng hop bi dp dit boi sy lya
chonp va T.

3) Sy téng hop SO; thye hign & nhigt dd 7y = 815K
va dudi dp sudt 1,0 bar. Viéc phan tich mét lit hén
hop kbi & can bing trong cic didu kign nay cho thiy
rang n6 chaa 0,238 mo! lyu huynh dioxit.

a) Xdc dinh do tén trién cida phin ting t6ng hop, hiéu
sudt chuyén hoa cha SO, .

b) Tinh hing 0 cin bing K (815K).

4) Anh hudng ciia nhiét do ddi v6i can bing 1ng hop
SO3 nhu thé nio ?

5.a) Ap sudt inh hudmg nhu the nao dGi véi ¢an bing
tong hop SO5 ?

b) (F 740K, K° (740K)=1.4.10* ; & nhietdo nay, néu
mudn thu dugc hiéu sudt chuyén héa SO, 13 90% tir
mdL hdn hop ddu chia 0,05 mol O3, 0,05 mol SO, va
0,4 mol N> thi cdn phai thye hién & 4p suft nio 7

¢) X4c dinh hi¢u sudt chuyén héa & 740K dudi 1 bar.
Kiém tra syr twong déng gitra cac két qui thu duge,

6) Tu can bing $.b) gid sir c6 sy xam nhip cla khong
khi gdm 0,010 mol O, va 0,040 mol N, ; hay dy
kién tdc dong cGa sy nhiéu loan nay doi voi sy cdn
biing duyc nghién ciu.

SO ligu duge gia dinh déc Igp voi nhigr do :

A, HO(SO4) =297 Klmol ™! ;

A H(SO3) =~3953 kl.mol ™.

(Theo Concours communs Polytechnigue, TA,, 1995))
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1 4* * Su phan hly canxi cacbonat

C6 can bing :

CaCOs(kt) =2 CaO(kt) + CO5 (k) (1)
1) Tinh céc dyi lugng chudn cda phin ing & 298K :
AnHY (298K), APHSI) (298K) va AP,JG? (298K).
2) Thiét 1ap biéu thire theo nhiét 3o cla cic dai lugng

B HY(T) o A, 57(T) va

chudn c¢Ga phin mg :
A G (T).
3) Xac dinh bién do cha cin bing (1) ; 2idi thich két
qud.
4) Tinh dp sudt ca cacbon dioxit & 1100K.
5} Tinh nhigt dd nghich d4o cia cin bing nay.
6) Trong mot binh lic dau ia chan khong vai th& tich
khong ddi V = 10,0dm?, nguwi ta dua vao n mol
CaCO3. Nhigt do dwpe giv khong ddi va
biing 1100K.
a) Xac dinh thanh phin ctia he & trang théi cusi va
tinh 4i lyc hda hoe -4 cla no khi 2 = 0,010 mol.
K&t luan.
b) Xic dinh thanh phin c¢la h¢ & trang thai cudt, va
tinh 4i lye héa hoc %5 cla no khi 1 = 0,10 mol.
K&t lugn,
c) Khi dat tranp thdi can bing cia 6.b), thém vido
n'= 0,10 mol cacbon dioxit. Xdc dinh ai luc hda hoc
cla h¢ <4 ngay sau khi thém ; ta c6 thé suy ra tir do
didu gi ? Tinh &i lyc héa hoc .« cla trang thii cudi.
d) Cong cang cau hdi nhu & 6.¢} ndu ta thém vho,
khong phdi cacbon dioxit ma 14 0,10 mol canxi oxit,
7) Mot lugng canxi cacbonat 8,10 mol Lae diu & nhigt
d¢ khong ddi 1100K, duye dua vo mot binh chia ¢6
thé tich V bién d6i. Ve duomg bidu dién
p(COY = f(V).
8) Ldy §ai cac didu kién ciia thi nghigm (33 cho & 6)
nhung thém vao 0,2mol cachon graphit ; ¢in bing thi
hai due thift 1ap ddng théi

Cikt) + CO4 (k) e 2CO(k) (2)
O cin bing, ba chit rdn hien dien va 4p sudt toin
phin bing p = 2,25 bar.
a) Tir d6 suy ra hiing s6 K3 ciia can biing (2).
b} Tinh lugng 01 thidu ca canxi cacbonat ¢dn cho
viio dé cho hai cin bing cung t6n tai duye.



St fidu & 298K

cat tir COsk) | CaO (k) | CaCOs(kt)
AHY Rlmol™™y | -3940 | 6340 | -1207,0
SYLK Lol 1 214.0 40,0 90,0
ChOK Lmal )y | 460 48,0 Lo |

(Thee ENSLETA, 1994)

15** can biing déng thei

Cho ¢in bing & pha khi :

CO +Hs0 & €O, + Hy (1)
1.a) Hiing s3 cin bling cdu phin tng nay gidm 0,32%
khi nhigt d9 ting 1K hit ddu tir TI00K, Tir 36 Suy ra
entanpi chudn ¢da phin dug ndy & 1100K.
b) So sdnh k&t qué vira rdi vai ket qui thu duge r cice
g1 tri cho & rong bang cde s& ligu nhidt dong hoc

4,H°(CO) =-1104 K.mol ™! ;

A HO(CO,) =-393,1 Klmol ™!

A HO(H,0) = - 2418 Kl.mol ™!,
2) O 1500K vit duGi ap suft 1,0 bar, hidu suit phan
hily cla nude dang hei thanh hidro vid oxi bing
2,21.107%. Trong cimg diéu kign nhi¢t 40 va dp sudt,
hi¢u sudt phin i cua cachon dioxit thinh cacbon
monooxit va oxi 11 4,8. 10~ Tir do suy ra hing so
K} clu cin bing (1) & 1500K.
3) Tinh bi¢n 49 cda hé & ¢in bing, hén hop diu chira ¢
mot CO va b mol H-QO . Gidi thich két qui.
4) Ta thyc hign phin tng xudt phat tr mdt hén hop
ddu chira cacbon monooxit va hoi. Mutn nghién ¢t
dnh hudng cla cde ti 12 ddu @ ta dit r, G s8 phdn mol
cla H,O v CO & cén bing :

r = x(HA0)/ x(CO)
a) Tim he thic licn he x(CO,), rva K7 & can bing.
b) Tinh gid tr} r khi phdn mol cia cic sin phim 1a
cue dai. Xéc dinh cic ti 18 ddu efia cdc chat phan img
dua vao trong cing didu kign dé dat hi¢u sudt tot nhit
& cin blng.
5) Xét phan img chuyén héa metan bing hoi mrde &
900K, dudi dp sudt todn phin p xudt phit tir hdn hop
ddu chira 4,0 mol nwde va 1,0 mol metan. He 12 trung
tam cha hai ¢an bang :
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CHy; +H,02CO+3H, K5 (900K) = 1,30

CO+H,02C0, +Hy, K3 (900K) =2,20

Xic dinh dp sudt chung p & cin bing dé cho

1(CO») = 0,50 mol, tr d6 suy ra thanh phin ¢fia hé.
(Theo EN.S. Géologie, 1994)

1 6 ** Cac amoniacat

Amonia¢ tgo vii bac clorua hai amoniacat vdi cong
thire (2AgCL3NH3) vie (AgCL3NH;). Hai san
phim ndy phin 1i theo cde ¢in bing di thé thu nhigt
sau diy ;

(H

2(AgCL 3NH (k1) &2 (2AgC1,3NH; ¥ kt) + 3NH;3 (k)
(2) (2AgCL3NH3)(kt) 22 2AeClkt) + 3NH;3(k)

1) Tinh bién d9 ciuw mot he chi gdm mdt rong cac
cin bing nay. K& lugn,

2) Xdc dinh dnh hudng doi véi mot h¢ nhu vay khi
a) cO s ting ap sudl d:‘ing nhidt cla amoniac ;

b) ¢6 sy tang nhiét 4o ding dp.

3) Cho céc bidu thire cia p(NH3) theo T (tinh bing
K) d6i véi mdi can bing.

3
5.18.10°
(1) In p(Nf}{i‘} _1g,5- 218107
2
.
10°
) m&N?Q _15,6-2OL107
P
a) Ve cdc dudng bidu dién lnwgﬁ = f[%] ,rong -
P

khoing [250,0K ; 333,3K].

b) Lam 10 ¥ nghia cla cac vang khic nhau thrye gigi
han bdi cde dudmg bidu didn nay.

) Thi€t 1ap bidu thic A4,,G7 = f(T) cho timg
cdn bing.

d) Xic dinh cho timg can bing cic gid i A, H va
Ay, S7 duge gid dinh la khong d6i & khodng
[250,0K ; 333,3K].

4) Mot mol buc clorwa duge dra vio mot binh ¢6 (hé
tich khong thay d6i bing 0,100 m” tnrse d6 1a chin
khong, r6i thém tir tr n mol amoniac. Binh dugc duy
i ¢ T=273K.

Ve vi gidi thich d& thi p(NH3)= f(n) d6i vdi
n e [0, 6].



Muyc 11

B Biét cich doc va giai thich cac dd th
bac hai 1éng - hoi, ding ap hoic déng
nhiét, trong cac trudng hgp cd khi ning
tron 1an toan phin hay khong & trang thai
long.

E U

®  Biét cach khai thac vé mat dinh luong
chc dd thi nay.
B CbH khi niing s dung cic dd thi nay dé
gidi thich sy chung cit phan doan va 18i
cudn hoi nde.

H \Eu BIET cAN cO TRUGC

B DPinh nghia phin mol va phin khéi
lfgng chia mdt ciu tir trong hdn hop ; hé thic
giita ap suat riéng phin va phin mol déi véi
hén hop khi i tudng (xem chuong 1).
W Bién d0 cia he (xem chuong 4),

B Giin d6 Clapeyron ciia chit nguyén
chit (xem chuong 4).

CAC CAN BANG
LONG - HOT
(MP - MP*)

Trong phong thi nghiém, nha hoa hoc thuong dugc
yéu cdu tich riéng céc chu tit ciia mot hdn hgp, chibt
mdt chét tu nhién ra khéi mot nude sic hay lam sach
mot sdn phdm vita 1éng hop. Khi d6 c6 thé thuc hién
vigc cht phan doan ; cbt 16i cubn hoi nuéc, cbt nudc
hay bdt tinh phin dogn.

Tét céc ky thudt nay vin dung su chuyén dich cén
bang léng — hoi hodc rin — Iéng.

Chuong nay danh cho viéc nghién ciu cac dic
trung ciia cac cén bdng long ~ hoi trong trudng
hop hén hap bdc hai va sau do6 la ép dung chiing
vao mot vai phitong phdp chiér hodc lam sach.
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1 Khai quat

1.1. Can bang 16ng hoi d6i véi mét chat
nguyén chat
Doi véi cac thay doi trang thdi cta chit nguyén chit, bign do duge tinh
bdi hé thie (IV.4) : rin
v=3-¢

Khi chit nguyén chit & trong mjt pha duy nhdl (@ = 1), h§ 12 nhi bign
(v =2); nhiét ¢ vi dp sudt cd thé duye cd dinh ddc 1ap v6i nhau.
Ngugc lai, khi hai pha ndm cdn bing, ¢ =2 va v = 1 : hé trd thanh don
bitn ; khi d6 ap suft va nhiet do khong ddc 1ap (ree ligu I).

Cic ciin biing thay d6i trang thai cia chat nguyén chét 1a

don bién
Nhur viy, dp sudl s0i ¢fia chdt nguyén chdt chi phu thudc vao nhigt 40 ;
dudmg cong bdc hoi ding dp 7 = f{1) oba modt chilt nguyén chit bidu thi
bdi dudmg ndm ngang (1 fidu 2).
Ap sudt can bing 1dng - hoi & mot nhigt dd da cho dugce 201 14 dp suiat
hoi bae hoa hay con g0i 1a dp sudt hoi ; thudmg duge ky higu 13 p* (7).

1.2. M6 ta hé bac hai 16ng - hoi
Ta xét mt he¢ bic hai, tre 1a durye tgo thanh bdi hai cdu tir B vA By, ny,
Aa, m{ly, mall), np(hy va np(k) chicdc lugng tuong tmg cfia mdi ciu
tI trong h¢, trong pha ldng va trong pha hoi, n chi dng lugng cha chit
trong h¢. Khi do cé cdc hé thire (fie fiéu 33 ;

n=n+na ;=) +n(h); m =)+ mh)
+  Cic phin mol cha cic ciu tr 12 x(I) va 1 (/) trong pha léng, va

(1) v x2(h) rong pha hoi (*).

_ ny () ) ris ()
qh)y=-—--=~—-—— V.1: Xr()y=——=— (V.1b
i) m{h) +n(h) (V.1a) X2 (1) ny(h)+ nplh) ( )

mib 7 ()
HqhHs—r"r 2 b =— V.2
() 0+ (V.2a) o ({) )+ 1y ) (V.2b)

« Thanh phan toan b cda hé hai pha I thanh phin cta he d8i voi
umg cau tr ; nd duge ki higu Ia x; cho By vA Xy cho By :
m

i
y=— (V.3a) Xy = 2
Fp + 2 n+ g

(V.3b)

voi; xp+xp =1 ) +x0=1vd x((h)+x{h)=1.
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Tw ligu 1. Gian 49 p = RT),
thuomg  goi  la  “bituw A8
Clapeyron” caa chdt nguyén chdl,

JPT

P = const

¥

Tw liéu 2. Su dun nong ddng dp
ctia mdt chdt nguyén chdr. Ching
nao chdt long va hoi cang tén
tai, ¢6 su cdn bdng gita cdc pha
(v =1)vanhigt dj khong doi.

Pha hoi
ny (), n () pLopa
.1, X (), X, ()
X+ Xy
Pha 16ng
m (D, (D, (0. X, (D)

Twlign 3. Xdc dinh 1 nghién cim

(*) Bdng cdch xét khéi luong
cua cdc cdu nr v khong phai
s6 mol cua ching, ngudi ta
dinh nghia phdn khoi luong
w; ;7 thi du, phdn khoi luong
cua By trong pha long :

my (f)

M= D ()




Nhur vy, mot b bat ki duge tao thanh tir hai ciu W By va By, c6 hé
dupe dic trung hogc bang phin mol x; cia B, hodc bing phin mol x;
cta B» (i lidu 4). Sau do céc bién 86 s¢ duge xdc dinh doi véi cdu tr By
: tir 46 suy ra cic bicn s doi voi ciu tir By

e 7 vd pr chi cdc dp sudt ricng phin coa By v By trong pha hot va p

la dp sudt chung :

P=pn+m :
wrdé: pL=xlhp (V.4a)
Vil Py =1a(h).p (V.4b)

o Cic dp sudt hoi cia B, vd B tinh khiét dugc ki hicu 1a p; va py va

. - ~ L] r “ * . *
cacnhi¢t ddp soicoachingla 77 va T .

1.3. Bién d6 cua hé 10ong - hoi
Theo dinh 1i Gibbs, bidu thiic chung ¢iia bién do duye vidt véi cac ki hicu
da xdc dinh & chuong 4 (xem IV.3)
) VEA-r—g+a-—¢
Ap dung vio mdt hé bic hai e 1a 2 — 7 = 2, v khong ¢6 hé thire riéng
nio (g = ), bicu thic ndy din tdi
Vv=E24+a-¢
Trong trudmg hop chung cd dp sudl v nhigt do déu 1a cdc yéu td ¢hia can
bing ;trdda =2 va:
ved-@ (V.5)

Vigz1,vs3:khi By va By chilap think mdt pha duy nhit, viec md ta
hé ¢an bing cin tdi bu thong 6 cuong tinh, thi du 4p sudl p, nhigt do T viy
phdn mol c¢ha mdi trong ¢ic ¢fiu . Chi ¢6 cach biéu dién trong khong
giun mG1 cho phép mo td diy di mdt he nha the (o ligu 5).
bé ¢o duye cic gidn 48 d& nghién ¢, vE hodc gidl thich, ngudi ta xét cic
hé rong dé hoic dap sudl toan phin p, hodc nhiét 80 7 dwyc gitr nguyen.
Khi dy ¢6 thé va :
» cdc gian 46 ddng ap ; ching hun T = 4 (x2(4)) hay T = k(x» (1)) ;
« c4c gian 46 dédng nhiét : ching han p = f(x3())) hay p = g(x2 (D).
Trong cic diéu ki¢n d6, ¢ = 1 vi hg thire (IV.3) trd thanh

v=3-¢ (V.6)
Vivz0;0<3; vt mdt hg bic hai ¢d bu trudmg hop co thé duoc
xem xét
= =1 hékhido child hoi hodc 1dng v v =2
» @=2;hekhiddli:
— hoidic hai chil 1dng khong wdn fin va khong ¢6 hoi, vav=1
- hodc mot pha hoi & cin bang voi mdt pha 10ng va v =1 ; hic dy chi ¢in
¢0 dinh mdt trong ba thong s6, mdt rong cdc phin mol x»({), hodc
X7{h), hodc ap sudt (hojc nhiét 40 tuy truwomg hop) 13 ¢6 hé xdce dinh
duge hui thong 86 kia.
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YA(Y=ThoacY =p) LY
Ylxa(€)) = Y (£))

R I N
X11 o o

x104(€)

Tu ligu 4. Bict ¥ = f(x,(1)}, dé
dang suy ra ;Y = f(x()). Trén
so dé, xmyl) = 055
xiy(f) = 045

con

{*) Bdng cdach sir dung hé thirc
my =n My, dé dang lién hé
phén mol x; va cdc phdn khoi
lwong w;; ta thiét tdp

= 1”2 .“-’] .
1 [ME—AM])W1+M|
M;.x
Hr'.! [ f_j- P
i (Ml—Mz)_tl-i-Mz
P
L 3
M
'
0 '
T
VA
X2

Tw lieu 5. Khi bién d bdng 3,
chdng han p, Tv@ xp c0 thé bién
thidn doc ldp voi nhau ; cdc diém
bicu dién cdc trang thdi cdn
b(ing mgt pha cia hé bdc hai
duge phdn bd trong mot phdn
cia khdng gian ; chi cd su bidu
dién khong gian mot cho phép
md G hé mot cdch ddy da.



* ¢ =23:h¢ 12 mdt pha hoi can bling véi hai pha ong viv = (),

Theo dung chuong trinh, vige nghiéa ciu se gici han trong hai truomg
hop sau :

+ Cidc chit 1dng tron 13n duge & moi i 1g ;

» Cic chit 1dng hoin toan khong tron 1an duoe,

2 Gian d6 cda hé bac hai véi su trén
lan hoan toan & trang thai Ié6ng ——

2.1. Truéng hop hén hop Iéng li tuéng

2.1.1. Binh luat Raoult
Ta hiy nhic It dinh nghta trinh bay & chuong 1 (xem 1,58) :
Héon hop long I tuing 1a hén hep cdc cau th, ma hoa the duyc
viét 1a :
T, p)= 4 (T, p)+ RT .ln x; (1)
Cic phat trién 1i thuyet ngodi chwomng trinh, cho phép chimng minh ring
dinh nghia nay lwong duong visi dinh nghia ma Raoult dua ra :
Ap suat riéng phin cia cin i B;, trong pha hoi, ndm ¢ can biing
vai hén hop Iong 1f tuing ti 1€ vii phin mol X () cda cdu ti da
trong pha léng :
pi =x().p} (v.7)
p: 1a dp suat hoi bio hoa cha ¢4y t B; ¢ nhigt dp T duye xét,
He thire (V.7) 1a dinh tuat Raoult : trong mdt hén hgp 16ng 1i (udng, tit
¢l cdc cdu tir ddu win theo dinh luit Raoult.
2.1.2. Phuong trinh déng nhist déi voi mét hén hop Iéng
litudng
B MGi ciu 4 tuan theo dinh ludt Raoult ; tie 13 & nhidt do 7
F4! :xl(!)‘pl vit 2 :Xz(i').pz
Ap sudt toan phén I3 P=p1+p

WeR P =0 (g + 5 (0py = (- xy().p} + 2y ()7
1 do : P=p1 Hp3 —p1)xy () (V.8a)

va P=p2+(py - p3).xy () (V.8b)

Ap suit toan phin ciia pha hoi nim can bing véi mot hén hyp
long li twing 12 mét ham tuyén tinh cta phin mol cia mot ciw tiy
Iéng naw dé.
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T bidu thi nhigr dp fuyér dot
(bdng K}

O chi riéng nhiét a6 bidu dién
bing dé bach phan Celsius
(°C)




B Trong mdt pha hdi, theo dinh ludt Dalton (xem V.4b) :

py =xy(h}p
Han nira, theo dinh ludt Raoult ;
Py = x2(0).p3
*
i d6 - xy(h)=£2
: 2 () = 22 oy (D) (V.9)
F

Pua hg thitc nay vao bidu thitc (V.8a), sau khi viét lai ta c6 :

* *

= PP

P= ¥ # *

p2+(pL - pa)xy(h)
Ap suit toan phén cia pha hoi nim cén bing véi hdn hop léng ki
tuéng 13 mt ham don bién ciia phan mol cda mét ciu t& khi
bat ki (*)

(v.10)

2.1.3. Pudng déng nhiét d&i véi hén hop bac hai & pha long

Ii tudéng
Gian do ding nhiét ciia hdn hgp bic hai & pha long 1 tudng co hai dudng
bicu dién (tu liéu 6) :
+ doan thﬁngp =f(x2(f)) tudng ng vdi hé thic (V.8) ;
« doan hypebon p = g(x;(h)) twong {ng v5i hé thic (V.10).
Céc dutng biéu din nity xéc dinh ba mién clia mit phing p(x,) :
s viip > f(xg(i)) , chi cd pha long tdn tai (o=1,v=2);
« v8ip < g(xy(h),chicophahoitdntai (p=1;v=2);
« Vi g(x(h)) < p < f{x3(D), cac pha 1dng vi hoi 3 can bling (p = 2 ;
v =1): mdt mién dugc xac dinh nhw vay tao thanh m{t mdi.
2.1.4. Doc glan dd
Ta xét § nhiét d6 T khéng 481, mdt he ma cac cdu t& 12 holn toan trdn Jan
3 pha léng. Gia s& My 12 diém bifu thj clia he nay trén gidn dd (w
ligu 7). G My, hé 12 16ng hoin toan.
Ta thyc hien mot gidn nd ding nhigt ; h¢ 12 kin, thanh phin ton b gii¥
khéng d8i v diém biéu didn ctia hg chuyén dich trén dudng thing dimg
qua M. :
Khi ap sudt do ngudi thao tac ap dit dat i Pmy s mot bot hoi dau tién
xudt hign : chit 1dng bit diu sbi. Khi 40 bién o clia h¢ chuyén tir v = 2
sang v = 1, vi thanh phin xap, (D 1a ¢b dinh ; din & ap sudt PM, €6
mot gid tri xac dinh ; 6 12 dp sudr bér ddu s6i di vai hdn hop duge xét, &
nhigt 49 T.
Thanh phan ctia pha hai bién dién biing diém M"| c6 hodnh 46 X2, (B
cling la ap da.
Butng cong p = f{x(D)) cho thiy 4p sut bit din s6i dbi vdi tht ca hdn
hgp 10ng ; vi thé dudng nay duoe goi 13 duimg cong sbi.
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(*) Béng cach hodn vi cac chi
s6 1 va 2 trong céc hé thitc
(V.9) va (V.10) dé dang thu
dugc cdc biéu thic theo cic
phén mol cia chu 1 By.

T = const

1ong ¢=1;V=2 .

P2
fm@ '
. :

P14y
g(xz “) e=1;v= 2
0 hoi t *
x | 0

Tu ligu 6. Biéu db ding nhiét
trong trudng hgp hon hgp long li
tudng

N

g



Kl ngudi thao tdc laim gidm 4p sudlt, diém biu dién cla he Gép tyc v
duimg thing dimg 2, 0 cdc pha tong va hoi cing ton tai. O M~ , ap
suiit la ¢G dinh, thanh phin cGa cic pha & can bing bi ap it ; né duoe doc
¢ ¢hd piao nhau cia dudng ding 4p P=py, VOI cac dudmg cong
p=f{xnd) vd p=g(nin), ncla Xopg, (D) v xg00 (1)
Khi di¢m bicu difn cla he dat t5i M5, & dp suit P, » ot cudi cling ciia
chit 16ng thanh phin X1, (D) bicn mat va he wé lai 12 nhi bign. Ap suat
Py, 1aap sudy s6i k&t thiic doi voi hdn hop duge xét & nhigt do 7.
Su: sOi ding nhiét cia mot hén hop dwye thue hién & ap suat bién
doi, trii nguyce véi swsoi clia mot chat nguyén chat.
O M4, h¢ 1 khi hodn 10an ; pha hoi lde do ¢6 cing thanh phin véi pha
1éng ban ddu.
Khi nén ding nhigt mot hoén hep duge bidu difn b&i didm My, he di
nguge trd lai cic didm My, M, M) vd My,

O My, xudt hign giot ddu tién cha chat 1dng ; Pu, L dp sudt bt ddu hoa (*) Khi By dé buy hoihon B -
fong. Duomg cong p = g(xa(7) cho ta ap suit bit ddu héa 1éng chotitcd | o 5 mar ahiét do da cho, dp

cic hdn hop ;5 vi hé né duge goi 1 dutng cong suwng, sudt hoi bao hoa cda By 12
2.1.5. V& dudng dang ap ddi véi hn hop 16ng Ii tudng cao hon dp sudt hoi bdo hoa
Cic phuong trinh ding dp 7 = h(xa(1)) vd T = k(x2 (1)) thu duge khi vigt | cda By

diu ding thire gitu céc the hda hoe ela cic cfu t By va B, trong pha P> py

hoi va pha I6ng, & nhigt do 7 va ap suit p.

Cic dubmg T =h(xa(f) v T =k(x»(h)) xic dinh ba mién trong mjt
phing T(x») (nrlicu 8 (*)) :

» VGi T > k(x ()}, chi ¢é pha hoi 0n i (p =1 ;v=2); .
o vOoi T < A(x2(1}), chicophatong dn wi{p=1;v=2); T <T)

o dugi mot dp sudi da cho,
nhi¢t d¢ séi cia By thdp hon
nhi¢t do soi cua By :

» V(¥ !1(.7(2 U)) <T < k(_r?_(h)), cdc pha 1dng va hoi & ¢dn bing (p = 2 ;
v =1): mién duge x4c dinh nhy vy tao thanh mot mui.

Uh A Ta 4
£ =consi

T = const

0 Lo Y i
X 1 S o< 0 % 1 8
3’\ sl =
Twli¢u 8. Bidu dé ding dp trong truomg hop hén
Twligu 7. Cdch doc mét gian 40 bdc hai ddng nhiét, hop long If teong.
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2.1.6. Cach doc gian dé

Ta xét & ap sudl p khong d61, mot he mi cdc civ tir hoan toan tron 1in
duge & pha 1ong. Cho My la diém biéu difn cla h¢ ndy trong gidn do (e
titu 9a). 9 Mg, he 1a tong hoan toan. Ta thue hign vi¢e dun nong ding
ap : he la kin, thanh phin todn bd gitr khong déi ; didm bidu dién cia he
di chuyén trén duomg thing dimg di qua My

Khi nhi¢t dd dp @it boi ngudi thao i, dat 61 gid i TM bot hoi diu
tién xudt hién : chit 1ong bilt dau soi.

Bign ¢§ cGa he 1dc 8y chuyén tir v = 2 sang v = 1, vi thanh phin
X2, {H= Xy, i ¢d dinh : diin i nhigt do Typ, ©6 mdt gid tri xdc
dinh ; 6 Ya nhiétr d bdr ddu 561 dSi voi hdn hop duge xét & dp sudt p.
Thanh phdn cta pha hoi duge bidu dién bdi diém Ml cO hoanh do
g () cang L dp dit.

Putmg cong T = A{x(1)) cho ta nhi¢t do bt ddu s6i A6 véi (it ¢ hon
hop 5 n6 duye goi la duimg cong soi,
Khi ngutri thao tic ting nhiét d9, didm bidu dién cha hc tiép luc vé dutmg
thiing dimg Xop, cdc pha 1ong va hoi ciing tdn tai. O Mn, nhi¢t do la o
dinh, thinh phin ¢dc pha & ¢an bing bj ap dit ching duge doc & chd giao
nhau cla duong ding abigl 7 =Ty, véi cic dudmg cong T = h(x (/) va
T=k{xn), we 2 xy, (1) VA Xopg ()
Khi di¢m bidu dién cha hé dul 161 M3, & nhigt 4o Ty, » gi0L cudi cng
cta chit 16ng ¢ thanh phin Yopp, (D) bitn mat vt h¢ trd Tai 12 nhi bicn.
Tyg, Va nhidr d¢ 561 két thite 61 voi hén hop duye xét & ap sudt p.
Sur soi diing ap ciia mot hdn hop dove thye hien & nhiét d6 bién
dai, trai nguge vai su soi ding dp cba chat nguyén chat.
O My, h¢ 13 khi hodn todn ; pha hoi khi d6é ¢6 cung thanh phidn véi pha
16ng ban dau.
Khi 1am ngugi ding ap mdt hén hop duge bidu dign bdi diém My, he di
ngue trdy lai cde diédm My, M,, Ml vl My .
O M+, xudt hign giot diu tién cta chit 10ng : Ty, a nhiét d6 bdr ddu
héa iong. Buimg cong T = k{xa (1)) cho ta nhi¢t d0 bilt ddu héa 1dng doi
vii toan b hén hop, duye goi 1a duing cong suvng.

a) Ta AT b Tk
P =cousl
T
Tor N . Ty
Tag,d -4 NM
TMl - - TM| ------------------------------
b £2 -
X 1 o r
Tuliéu9.a) f)oc gian d{ﬁ bdc hai ddng ap ; b) Puomg cong lam agudi caa mgt hén hop bdc hai.
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2.1.7. Cac duong cong lam ngudi

Dé nghién cu thyc nghi¢m sy tién trién ctia mot hon hop bic hai, s¢ 1a
hiru ich khi ta xem xét cac duong cong phdn tich nhiét, hay con dugc goi
la céc duong cong lam ngudi (i liéu 9b).

Cic dudng cong nay cho ta sy thay ddi ctia nhig¢t do T theo thdi gian 1 khi
lam ngudi hén hgp nho mot thiét bi ddm béo sy thodt nhiét vdi toc do
khong ddi.

T M4 dén Mz, hdn hop khi, ¢6 thanh phdn khong ddi, duge 1am ngudi
mot cich déu din.

(b M3, xudt hien giot chat 16ng ddu tien ma sy tao thanh n6 1a phit nhiét ;
viéc lam ngudi khi d6 chdm hon va duong cong 1am ngudi thé hién sy thay
dGi do doc. O My, bot khi cudi cung ngung tu, réi tir M, dén M, chit
16ng c6 thanh phin khong déi duoc lam ngudi mot cich déu din.

O M, moi bién dGi phat nhig¢t ngimg lai : viéc 1am ngudi tré nén nhanh
hon, gy nén mot sy thay ddi do doc méi chia dudng cong 1am ngudi.

2.2. Cac luong vat chat ¢ can bang ;

dinh li cac momen hoa hoc
Cic lugng chit 16ng va hoi & can bing ¢6 thé duge xdc dinh, tir mot gian
a6 déng 4p hay mot gidn dd ding nhigt.
Ta xét mot h¢ gdm n; mol cha By va 1y mol cha B, trdn ldn & pha 16ng
(twe liéu 10ava 10b) :
« n(l) va n(h), lugng cta pha 16ng va hoi & can bing ;
e m(l) va ny(h), lugng ctia B, trong mdi pha ;
e X3, Xp(l) va xp(h), phdn mol cia B, trong hé, trong pha 1dng va trong
pha khi.
H¢ & can biang gdm chat 1ong va hoi :

n=n(l)+ n(h)
Lugng clia B, trong hai pha dugc bi€u dién theo n(l), n(h) va theo thanh
phén chung cta h¢ :
My (1) = xo(D).n(l) 5 ny(h) = xp (h).n(h)

va m =xr.n = xr.(n(l)+ n(h))
tac 1a : ny = xy.0(l)+ x5.n(h) (V.11)

Hon nira, cdc lugng ndy cing bidu dién theo n(l), n(h) va thanh phin cla
mdi mtpha: np =ny(l)+ny(h)

tic 1a : = xa(l).n(l) + xo (h).n(h) (V.12)
Nho cic hé thae (V.11) va (V.12), ta co :

Xo.1(0) + Xo.n(h) = X2 (1).n(l) + X2 (h).n(h)
tie 12 : (X2 = x2(D).n(l) = (x3(h) = X3 ) m(h)
dugc viét lai 1a : NM.n(l) = MQ.n(h) (V.13)
haydonlays ek _ MG (5 ()-x;) (V.14)

n(h) NM ~ (x; -x3(D)
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a) P = const

Xy
X2

Cac hén hop benzen — toluen,
heptan—octan, 2—metoxyetan—1-ol
(HOCH, —CH, - OCH3y )-2-
-etoxyetan—1-ol

(HOCH2 Ea CHE —OCQHS) co
tinh chdt gdn nhw la Ii tuong.

n(h)

x(h) 1 xp(h)
b)
TA
p = const
hoi
M
5
0 x)(€) 7]

Tu li¢u 10. Hdn hop dugc nghién
criu ;

a) mé ta hé ;

b) thanh phdn caa hé.



Biéu thitc (V.13) goi 12 didu kién can bing clia mot vat rin chuyén dong
quanh mdt tryc va chju hai lyc, 1a ndi dung dinh Ii cdc momen héa hoc
(tw lieu 11 va 12).
Nh& vao biéu thitc (V.14), ta ¢ :

nth) _nl) nh)+n(l) n

NM MQ NM+MQ NQ

MQ

n(h) = % .n (V.15a) n(l) = N_Q .n (V.15b)

Hé thitc nay doc lap d6i v6i ban chit déng nhigt hoic ding ap cla gian
6. Pugc chimg minh trong trudng hgp mot hé duge mo ta theo céc phan
mol, he thiic nay cdn c6 thé dugc xac 1ap khi thanh phin ciia hé duge cho
bing phan khdi lugng ; cac phuong trinh khi d0 tré thanh (fu liéu 13) :

N'M’. m(l) = M°Q’. m(h) (V.16)
titc 12 - mi) _M'Q"_wy(h)-w, (V.17a)
mh)y N'M' wy—wy(l)
B N'M' B M'Q.
m(h) = No " (V.17b) m(l) = No " (V.17¢)

Dinh Ii cac momen hoa hoc dugc ap dung cho cac hdn hgp thyc ciing nhur
cho cac hén hgp li twdng vi ring sy thiét 1ap n6 khéng can dén cac didu
kién ctia tinh Ii tudng ctia hdn hgp.

TA T4

p = const

3
=

N ———

’

]
.
.
[
'
'
'

long

p = const

m(k)

x(€) X2 xy(h) % *2M, x

Tu lieu 11. Dinh li cac momen
héa hoc dbi véi mjt hé dugc mé
ta qua cac phan mol. Médun
cua cac vectd dugc veé theo ti 1é
vdi lugng hoi va lugng long :
NM . n(l) = MQ . n(h)
va:
n(f) _ MQ _ xz(h)-x2
n(h) NM  xp—xy(l)

hoanh dj xy, . Thidu, & My :
M0,

ny, (1)
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Tu ligu 12. Tu ligu vé cach nhé dé ap
dung tht dinh li céc momen : & M, tét
ca la hoi ; chiéu dai ciia doan N, M, la
ti ¢ vai lugng hoi. Ciing nhu vay déi véi
tét ca cac doan & bén tréi cia duong
thdng cé hoanh dp x, M, O Ms, tét ca
la Idng; chiéu dai ciia dogn M3Q5 ti I¢
vai lugng long. Ciing nhu thé dbi véi tat
ca cdc dogn & bén phai ciia duong thing

wy(h)

Tu liéu 13. Dinh li cdc momen
héa hoc dbi véi mét hé dugc
mé ta tk khbi lugng riéng
phén; cac moédun cia céc
vectod dugc vé theo ti 1é khébi
lugng ciia hai va chét long :

N'M'.m(l) =M'Q'. m(h)
va:

ml) M'Q" wy(h)—wy

mh) N'M' wy—ws(l)




ﬂ’p dung 1

Hon hgp bdc hai toluen — benzen cé thé duoc coi
nhue 1o Ii tuong. Bifu d6 ding ép ctia né, dudi
p = 1,0bar, dugc cho & 1 ligu 14. Ta xét hén hop (3 tue lidu 14 -

MQ

n(h):%-g.n va m(!}:—N—.n

thu dugc khi tron 4,0mol benzen véi 6,0 mol roluen.  NM = 8mm, MQ =3,5mm va NO = 11,5mm.

1) Xéc dinh nhigr dg bat dau soi cia hén hop nay.
2) Tinh cac lugng chdt 1dng va hoi & cén béng &
100°C. 3
3) Tinh lugng toluen ldng c6 mir trong hé &

Tirdé : n(h)=“8

=10 = 7,0 mol
5

L]

va: n(l):—Bix 10 = 3,0 mol
11,5

¥

100°C. 3) Budng déing nhiét 3 100°C cht dudng cong soi
1) Hg ¢6 phin mol benzen xp = 04 ; trén bidu  xp(1) ~0,22, fc 1a xy({) ~0,78 ; nhv vy lugng

dd, nhidt 49 bit diu sdi doc duge & trén dudng toluen trong pha l6ng bing :
cong s0i & My, tic la 6y, = 94°C. np Uy =xp(D.n(l) =0,78 x 3.0

. tie la
2) Ta ap dung dijnh 1i cAc momen héa hoc, d6i vii ¢l

@ =100°C, nhd cac hé thifc (V.15a) va (V.15b) ;

nr(l) =23 mol

» Luyén tép : Bai tap 2 va 3.

2.3. Cac gian do bac hai cta cac hén hop thuc
2.3.1. Nghién cttu thuc nghi@m céac cén bing 16ng - hoi
DE v& cc bi€u d6 bac hai can biét thanh phin clia hai pha & can bing, ap
suét toan phan (d5t véi cic giin dd diing nhigt) hay nhigt 4 (d6i vi cac
gidn 40 ding ap) clia hé & cin bing.
Thanh phin cia hai pha, thi du x5(f) vd xy(h) duge xdc dinh b:’mg cic
ki thudt phan tich ¢8 dién cac hdn hgp quang phé hip thu, cic phép
chuén d6 khac nhau...).
Vi cac gian 40 ¢dng nhidt, chi cin do ap suft chung p cia hg nhd mot ap
k€, cc 4p sudt rigng phén duge suy ra tr d6 mot cich d& dang, khi bidt
thanh phin clia pha hoi : .

pr=x3(h).p va py=p-py
Vi cic gian d0 déing ap, chi can xéc dinh nhidt do bit diu s6i va nhiét do
501 két thic : € lam vigc ndy, ta nghién citu cac dudng cong lam ngudi
hay dun néng va xac dinh nhigt 4 cia diém thay ddi 4o déc (ru lidu 15).
Vige nghign citu thye nghigm cac hdn hgp thue Iam xuét hién hai dang
gian dd :
« cac gian dd chi cé mot mii ;

« céc gian d0 hai mii twong tng vdi cac hdn hop goi 1a hdn hop ding phi.
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120 G(OC) 1 13

110
}\ML)
100 M

RS

80

63

700 02 04 06 08 xp
Tu lidu 14. Gidn d6 déng ép cia
hén hop benzen ~ toluen dudi ap
sudt chung 1,0 bar {xg : phan

mol cua benzen).
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Tu ligu 15. V& mdt gidn d3 bac hai dfing dp ctia hé stiren — etylbenzen nhét cac duong cong dun néng.
D : bdr dau s6i ; F : két thitc 561,

2.3.2. Cac gian dé mét mai

Céc hdn hop gdm céc chit ¢6 clu tric gin nhau v do d6 c6 tinh chit gan
nhau,nhu cac hdn hgp metanol — nudc, oxi — nito hay rudc — amoniac, it
céch bigt vai tinh chét Ii tudng ; cac hdn hgp nay cho cic gidn b ding ap
va ding nhiét chi cé mét mii (tu lidu 16).

Viéc nghién clu ching rat gidng voi viéc nghién citu da tién hanh & trén

d6i vari mdt hdn hgp 1 widng.

a) Pa AP b)) Ti ¥
T = const ) p = const Ay
P (h) A
(AN B Y T 4
A S Y
*
Py T e e
fh) 4]

‘0 I L.I.'z ‘0 __xl o
x]-‘ ] " Xl‘ 0 h ’r

Tu lidu 16. Céc gidn dd bac hai déng nhiér (a) va ddng dp (b) ; céc thi du vé dudng cong lam ngupi (c).

2.3.3. Cac bi€u d8 nhiéu myii : Hién tuong ding phi

Khi céc chu tir ciia hdn hgp bac hai o cac chu tric khac bigt dang k&,
dung dich thé hién tinh chit khac o rét véi tinh i twdng.
Chc dudng cong soi va suong (ding ap va déng nhigt) c6 thé thé hign mot
euc tri chung, duge goi la diém déng phi, ki higu 12 Az ; hdn hgp tuong
{ng cla thanh phin nay a mot hén hgp déng phi. Do 1a rudng hop cla

hén hop nudc - axit nitric hay clorofom — axeton (1u liéu 17 va 18).

Thi nghiém chitng minh ring, khi gian dd dang ap thé hign mot cye dai
thi gian dd déng nhigt thé hién mdt cyc tigu va nguge lai.
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a) 4 p{mm Hg) AP by 4 8°C) a
0=20°C hm’A- P=L10bar
50 - 50 120 1 o uimg 120
lomg L 474 cong
40 . - 40 110 110
durimg
30 1 cong L 10 100 4 L 100
20 - 20 90 '. [ 90
e i - $2.2
10 - 10 80 - | L RO
Ly - -0 70+ i f L 70
‘ | long,
HO ‘ hur 0o o ! 8 o
- T ! T ol - T T T hl
0 1¥ENO, 0 1 THNO,
b H 2
a) 4 p {mm Hg) g=35°Cc }* b) A G(°C} A 8(°C)
750 A
L A, L Isiug_"_
, fuemg
600 ' . -
530 : - 53
450 E
; SuonE™N- 140 k£
300 :
150 ':
xclow[om 1 :' hod 0 X 0
b 1] ' ' ! ! 1 .t‘:m;on " ] i xa.v;’tun

Khi lam s0i ding dp modt hdn hop ding phi (U tidng Hi Lap : 561 khéng
thay d6i), chit [dng va hoi ¢6 thanh phin ding nhu nhau (*) ; bién do c¢la
he khi do la bing khong @ nhi¢t dd va thanh phin c¢ia h giv khong ddi.
Cang vy, khi lam soi ding nhigt mot hén hop ding phi, x4, (1) = x4, ()
va ap sudt toan phin gitw khong ddi.

Biéu quan wong 13 khong dugce Y¥in 16n mot hdn hop ddng phi véi mot
chit nguyén chat.

Thye (&, cic toa do cha didm ding phi phu thude vao dp sudt toan phin p
a%i véi mot gidn dé ding dp va vao nhigt 4o T A6t v&i mot gidn 36 ding
nhigt (#a Higu 79). Vi vy, c6 (hé mot hdn hop 1a ddng phi dudi mot 4p
suat nao d6 (hay & mot nhigt do nio do) va co thé khéng con 1a nhur vay
nora dirdi mot dp suat khic thay & mot nhiét 3o khac).

Vige doc mt gidn dd lien quan i mot hén hop bic hai ding phi duge
trinh by trong ¢dp dung 2.

ﬂ’p dung 2

Gidan d6 bdc hai ddng dp etanol - benzen thé
hién mot cuc tiéu ding phi — ddng ap dudi ap
sudt 1,0 bur (L ligu 204)

1) Xdc dinh cdc toa d¢ cta Az duoi dp sudl
p=10bar,
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Tw ligu 17. Cde gian dé ddng
nhidt (a) va déng dp (b) déi vai
ion hop nudc — axit nirric

T lieu 18. Cde gian dé déing
nhiét (a) va ddng dp (b) ot vai
hon hop clorofont — axeion

(*) Ké&r qua nav, duoc biét
dici tén dinh i Gibbsy -
Konovalov, ¢é thé duge chiing
mindt xudt phdr tw hé thic
Gibbs - Duhem (L41).

Kot lwomg riéng p 0¢°C)

pl}ﬁn thc(; t:tanu! (mm Hy)

ciia hh dang phi
0.953 760 | 78.15
04873 198 | 47,63
0,995 93 33.35

Tw ligv 19. Cdc tinh chdr cha
hén hop ddng phi nuge — etanol

2) Ve cdc duimg cong lam ngudi d6i vai cde hin
hop hoi ¢6 thanh phdn 0,20, x4, va 0,90 bdng

viéc xdc dinh cdce nhidt dd thay dot do ddc.
1) Fuw liéu 204, ta doc :

X4, 20,54 Vi B4, = 67,5°C



a) 4 8(°C) 4 6(°C) b) 4 8(°C)
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Twli¢u 20. a) Gidn d6 bdc hai etanol — benzen (Xg = Xpepzen ) 5 b) Ciic duong lam ngugi.

2) » Voi xg =020, sy hod {ong bit ddu & e V& xp=0,90, sy hod lng bit ddu &
@ = 74°C va k&t thic & § = 70°C. 0 =77°C vakétthic & 8= 72°C.

. Vi xp=x4,, sy s0i chi x3y ra & Dang cla cic dudng cong lam ngudi duoe suy ra

B4 = 67,5°C. tir e 21d ui nidy (4 fidu 20b).

2.4. Ap dung cac gian dé vao viéc chung cat

phan doan
2.4.1. Churng cit nguyén té
Tachira nguyén tde chu visc nay nhér vao fir lifu 2]
M9t chat 1dng thanh phin XM, duge dun néng. OO M; xudt hién bot hoi
diu tién thinh phin Tapr, (1) hoi gidu ciu 1T dC bay hoi hom so véi chit
16ng & cin bang (& diy 1a B, ).
Lam ngung tu hoi ndy s& duge mot chil long ¢6 thinh phin
Yop, ) =Xopr (B), VO xopp (0> Xapp,  hai cu (i chua hoin toin
dwye tich khdi nhau, nhung phin ngung t bidu thi biing M, giiw cdu tr
dé bay hoi hon chit 16ng ban diu,
2.4.2, Chung cét phan doan
Bo [ vige thye hign mot loat cic chung cit co bin trong mot thigt bi duge
201 1a cot cilt,
Nguyen tic dugce cho & fur ligu 22 mot chit 16ng ¢6 thanh phén x, M,
duye dua tivi nhig¢t do Tysy 5 hoi thu duge khi bt ddu $oi ¢d thanh phin
Xopg (1) duge ngumg W trd lai & nhigt do bang hogic thip hon T, -
Khi duge dun ndng, phin ngung tu ndy lai s& s6i vi khi bit ddu s6i no
sinh ra hoi ¢é thinh phin fopp, () Vv
Hot sinh ra cang ngay cang gitu cdu ¢ &8 bay hoi hon, tic 1a B, .
Trong cong nghiép, nguyen tic ndy duyge van dung tén e, trong cic cdi

cdt nhidu tdng, con rong phong thi nghigm thi dung cde ¢6t cdt vigro hav
cgt nhoi.
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Tw licu 21. Nguyén tdc chung cdi
don gidn . hot 1ao thanh gidu cdu
e dé bay hoi hon chdt long
ban ddu.



W Cot cat nhiéu ting

So dd nguyen tac cta mot ot nhur the dwge cho & far fidu 23,
Mt gradien nhigt d9 duwgce thye hign or thip 1én cao
(Tiprict bi bt hoi = T thap ) 5 1higt 4 & mdi ting diu wong tng voi mot
trong ¢ic duimg ding nhi¢t cda gidn do & ur figu 22.
Hoi bay 1en s€ suc vio trong chit 1ong vi s& duye 1am gidu ¢iu 1 dé bay
ot hon, ¢ diy ta By, trong khi chil 10ng tgo thianh do sy ngumg ty & mic
N chiy mdt phin xudng mic N — 1, va duge 1am gidu chit 16ng kém bay
hoi hom, & diy la B, NEu s8 dia la da lom, B» nguyén chit duge thu hdi
& dinh cot thip @ ¢du tor d& bay hoi hon ( By ) 1a phin con lai & trong thiét
bi bdc hoi.
Vige ¢it phan doan hén hop bac hai thudmg nhiim muc dich tich ra hoic
lam sach mot trong hai cdu tir, cdu 1 1a phin cat.
S0 dia li thuy€t tai thiédu ma mot thap phai c6 dé thuce hién viéc
tdach hoan toan hai cdu ti B va By bing s0 cac doan niim ngang
xuit hi¢n trén gidn do bac hai dé di tir My toi ddu mit cda maui.
Trong cong nghigp cde et ¢it thuomg duye dung dé tich cie ciu tlr cua
nhimg hoén hop phic lap (chung ¢4t ddu mo); dé lum viée ny, cac van
chit duye phin bd déu didn theo do cao ctia ¢t cho phép tach rigng tmg
phin doan (%).

(*} Khi chung cdl ddu mo, méi phin doan twong ting voi mot hén hop
hidrocacbon c6 nhiér dé 61 gdn nhau.

M Cic cot cat trong phong thi nghigm

Cic ¢ft nay thue sy khong ¢6 cde dia, nhumg duge trang bi hodce cde mdi

nhon (¢t Vigreux), hodc mot 16p nhdi bing thity tinh {iu igu 24). Hoi lén

chim trong ¢t vi ngung ty W phin khi tiép xb¢ voi thanh cot; ciu i

d& bay hoi hom, & day 1a By giau lén din din, NEu ¢dt @i dai, B> dat dén

tinh khiét & dinh ctia ¢t MOt cOt ¢it duge ding ¢ phong thi nghiém :

= 3¢ thu sin phdm B tr hdn hop phin dmg sau khi tdng hop;

= 3¢ lam sach chit # bi lam bdn bdi nhimg v&( cha mot tap chit ¢ kém
bay hoi hon 8 phueng phip ndy thudmg duoc goi 1 sy tinh cat.

2.4.3. Chung cat phan doan va su dang phi

Mot k&t cdu tuong tr vl kGt cdu trinh by & tw 7igu 22 cho phép biél duye
k&t quii khi chung cit mdt hdn hop bac hai trong trudmg hop gidn db ¢o
mdl didm dang phi (e lidu 25 va 26).

Trong moi truomg hop vige tach hai cdu tr 1a khong (hé duge. Thyc (&,
néu, & mot ddu ¢dt cil, ta thu duge mdt trong cde ciu 1t cta hdn hyp, hi
& dilu kia s@ thu duye hén hop ding phi.

»Luyéntép : Baitdp 1,4,5va6.
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Tw ligu 22 Sy bdc hd v ngung
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Tw ligu 23. So dd nguyén ti caa
mdt cdt cdt nhidu ting (dia) :
a) céi ; b) chi tict cua mot dia.
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Tu ligu 24. Cac cét cét trong

phong thi nghiém :

p = const

Xwn

0 X247

By

xmo

B,
Tu ligu 25. Chung cat ding ap
hén hgp bdc hai cé ddng phi &
nhigt dp cuc dai : phan cét chia
hodic chét long By nguyén chét

a) véi cdc miii nhon (cpt (truong hgp hén hgp dau My, véi

Vigreux);

b) véi 1dp nhdi thuy tinh (cac
hon bi, cac vt xodn,v.v...)

XINy > X247 )i phan con lai la hén
hgp déing phi.

1 x

0 X

B, ' B,
Tu ligu 26. Chung cét diing ap hon hgp
bdc hai cé déng phi & nhiét dp cuc tiéu :
phan cét dugc la hén hgp déng phi di
hén hgp chung la gi, trong khi phan con
lai chita hodic chdt long By (truong hgp
h5n hqp d&u MO vai sz() <X2Az k
hodc chét long B, nguyén chét (truong
hpph(?‘m h@(ﬁu Ny, vai X2N, > X947 1%

Cac gian d6 bac hai hoan toan
khéng tron lan & trang thai Iong

Trong trudng hgp cac cau tir ctia hdn hgp rét khac nhau, khi mot trong cac
cau tir phan cyc manh, ciu ti kia khong phén cyc, cac chit 10ng thu’dng

tao thanh hai pha riéng bigt :

kha niing trén lin cia ching lic iy la

bang khong. D6 1a trudng hgp cédc hg¢ nudc - benzen hay nudc -
tetraclorometan chﬁng han.

3.1. Nghién cttu gian dé dang ap
Tu ligu 27 trinh bay gian dd ding 4p clia hg nudc - tetraclorometan.
Dudng cong sudng c6 mdt diém gay duge goi 1a diém di ding phi, ki

hiéu la H.
a) b)
1 ba
6(°C) 4 prioer a(°C) 4
H Mg My
lm_ [ hUl E '
H v
......... -.i- PR —————— F,
804 : 77
. dudng cong: sOi H —v+(-JCL¢(() ________
My tH | T
60- ; :
M I
o 1| HOO+CCLO | o
0 0.5 . 1 xeq, 0

p=1bar

v + CCly(€)
v+ HyO(€) + CCly(€)

€, :H,0; £,:CCly

>

Tu liéu 27. a) Gian d6 bac hai ddng ép dbi véi hé nudc - tetraclorometan ; b) Cac duong cong lam ngudi
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Ta nghien ctu sy lam ngudi cic hdn hop duge bidu dién bdi cic didm
MU,M(I) vil MU

WG My, he hoan toin & trang thai hoi vt v = 2. O My, xuflt hien giot
ddu tién cGa chdt long ¢6 thanh phin tren dudng cong soi ; giot nay a
nuvé nguyén chat (rir fifu 28).

Tir M} d8n My (i lidu 274), nude tinh khi€t ngung tw niim can bling véi
pha hoi, bign dj hic do bing 1. HE 14 hai pha, thinh phén cGa pha hoi khi
d6 dwye xde dinh vd mo 1 W M> dén A, dudng cong suong clia nudc.
Khi dat & gia ui xgy, duomg suong nay
khi do ciing ngung .

() H, hai pha ldng va mot pha hot ndm cin bing, v bigén d9 biing khong; h¢
khi dé 13 hoin toin xde dinh, dic bigt It cic toa do clu H, tae 1 Xy vafg.
Khi 1L ¢} hot d2 ngung w, bi¢n do lai ting 1én voi v =1 va nhiet dd co thé lai
gidm nira. Butmg Lim ngudi 8 = 1) tOm tit cic k&t qua khae nhau (o fiéu

gip dudng cia tetracloremetan

27b) : n¢ bao ham mdt dogn nim ngang ddi voi & =8y = 68°C.

W Sir i ngudi cha hoi M(} duye nghien ciu nhur 12 [am ngudi hoi Mg ;
diéu khic duy nhdt Ia sy xudt hign & M() cla tetraclorometan 16ng ma
khong phdi 1a nudce (e fiéu 27b).

W Sy lam ngudi cha hoi Mﬂ din dén sy ngung W dong thod, & H, cha hai

chat 16ng nim cén bang vdi hot @ nhigt do vin khong ddi va biing 68°C.
Pudng lam ngudi 12 mdt dudmg nim ngang, nhimg khong 6 thay ddi nao
cta 0 ddc ngodi cie diém piy & 68°C (e ligu 27b).

D1 v moi he¢ bac hai, nhidt d s6i cha modt hdn hep cdc chit 1ong khong
trn 13n bao gity ctng thip hom cic nhiét do soi cha cdc chit nguyén chit
& ching mdt ap suldt (e Zigu 29). Tinh chit nay dwye si dung trong mot ki
thuit tdch cdc chit 1ong , duge goi 13 16i cudn hoi nuve,

3.2. Su 16i cudn hoi nudce
3.2.1. Mé ta phuong phap
Thong thutmg do fa viée tich mdt hop chil hitu cor B d€ bay hoi nby mot
dung moi A (thudmg 1a nuve), khong wdn 1dn véi nod & trang thdi 1ong.
B ¢6 mit rong mdt hdn hop phin ing, thong thudmg thu duge tir qud (rinh
tong hop da sir dung céc thude thir vo co khde nhau dang ion vi duoe dua
vio du thira. Chiing ta s¢ thira nhan ring, trong cdc diéu kién dd, chi coé A
vi B i d& bay hoi. Ta hay Jam 16 sy vin hanh nay khi dung moi A 12
nude. Mot ngudn nhigt cung hdn hop soi & nhiét do Ty ; hot xudt hi¢n luc
ay c6 thanh phin xg . Khi ngung ty, hoi cho mot hén hop nude vi B mi
sau do ¢o thé tich duye khi dé ling, nuoe va B khong wdn Lin duye &
trang thai 1éng va co khdi hwong tidng khac nhau.
3.2.2. Cac luong chat tach ra duogc

Trong sw soi cia hai chat long khang tron lan, dp suat hei 1a tong

ap sudt hoi bao hod cda ting chat long nguyén chat ¢ nhigt do soi

Ty cia hén hyp di ding phi :

4 *
FH)=F (Ty)+ P (Ty)
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chc dirbmg s0i

- }ct’la cic hén hop trinh bay
= = mt ding phi
clu cée hdn hop cac chat

16ng khong trén 14n duge

A4 48

1x
ica,

T lieu 28. HE doc ding mit
gian dé bdc hal ciw cde chdr
long khong tron ldn duoc, co thé
coi gian dé nay 1a két qud hinh
thivc cia sw bién dang ddin ddn
cia gian dé vé cdc chdt long ron
idn duwge voi mgr diém ddng phi.
Thanh phdn caa chdi long ndm
cdn bdng voi hoi, diém bidu didn
bang di¢m N, dupc doc & Q (hay
o R} trong truomg hop cde chdi
tong tron ldn dupe co ddng phi,
va & § a8t voi cdc chdt long
khang trgn ldn dige.

hgp chat nhiét do soi
O
nuwoe 100
anilin 184
hén hop 98,5 -
oy - anilin
xlclohexanon 156
hén hgp nue - a7
xiclohexanon

Tw liéu 29, Cdc nhigt dé sdi,
dudi dp sudr 1,0 bar, cua cdc hé
di ddng phi va ciaa cde chdt
nguyén chdt tuomg ung,



Doi v6i hoi nude duge gid dinh 12 1i tudng
p=xig(h).p=p va P2 =X (h).p=p;
Thira nhén 1a tdt ci hoi nude c6 thanh phin xy tao thanh duge ngung ty,
luong céc chit 1ong ny(/) va ny(/) thu duge sau ngung ty bing :
m(D=ny(h) va (1) =nygy(h)

Cic lugng nay phu thude vao p? va p; :

m@) _mp(W _xig(h) _py

np(l) mypg(h) x50 p;

(V.18)

Vigc bi€t dp sudt hoi bao hoa ctia hai chat 16ng khong tron 14n cho phép
ng

dy dodn higu sudt tach, thi dy bing ti s6
Anude

Loi cudn hoi nudc, con duge goi 1a sw chung cdt bdng nudc, duge ding

trong Hod hoc htu co khi ma chit c¢in tich ¢6 nhict do soi cao.

4 lam lanh

4 Twliéu 30. Mdu thiét bi duoc st
ngudn hoi dung dé cdt 16i cudn hoi nudc.
nudc -

dng dich chira Bet H,0
chit B dé /
10i cudn
hén hgp
1am lanh

Ap dyng 3

Nuoc va benzandehit C¢gHsCHO khong tron  Ki hi¢u nutdc bing chi s0 e va benzandehit

ldn duoc ¢ trang thdi long. bing chi s6 b. Theo h¢ thuc (IV.18) :
Dudi dp sudt toan phdn 1,0 bar, mot hén hop _E;_ _ne() _my/M,

nudéc va benzandehit s6i ¢ 98°C; ¢ nhiét do
nay, p:m =0,926bar va

o () my M)

N ) "M,
Pbenzandehit = 0,074bar . trdo: me = p; M(. e
Xdc dinh khoi lugng 16i thiéu nucc cdn thiét dé b
bi b enzandehi liéu ki ,926.18
161 cudn 50,02 benzandehirt trong cdc diéu kién el . my = 0 50,0 =106,3 .
nay. 0,074.106

» Luyéntap : Baitap 7,8 va 9.
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DIEU CAN GHI NHO

m BIEN PO
Vi mot hé béc hai, bién do vbiing v= 4 - p; tuy nhién, d¢ cé cic gian dd dé dang cho viee
nghién ciiu, vé hodic giai thich, ta coi cdc hé tién trién mot cach dﬁng ap hoic d'fmg nhigt.
Trong cic diév kién do, v=13- ¢
m SU SOI CUA HON HOP BAC HAI
« Khi B, dé bay hoi hon By, dp suit hei bao hoa cia B, cao hon dp suat hei bao hoa
cia By (pz > py ) & mot nhiét 4o da cho, va ohigt dp soi cia By thip hon nhiét do s6i cia
By (Tz* < Tf) ¢ mot dp suat da cho.
«  Sws6i ding nhigt ciia mot hén hop duve thye hign & 4p suat bign déi; su sii ding ap
cia mot hén hop duge thye hign & nhiét do bign ddi.
m LUQNG VAT CHAT HOAC KHO! LUGNG & CAN BANG
Cic s6 mol n(l) va n(h), hay ciac khoi lwemg m(l) va m(h) cta chat ling va hei ¢ can bing
duvye xic dinh tir cic gidn @6 bic hai bing cich st dung dinh li cic momen hoa hoe

» Vi cac sa mol n(l} va nth) (twligu 1) :

= 5T —
7= cons NM . n(l) = MQ . n(h), tixc la all) _ MO _%2 (h)—xy
wh) NM  x3—x3()
hoi NM )
b todo: vn(h)=——.n; nll)= ﬂ.n , Vi n=n{lj + n(h),
A NO NQ
\ M\ = Vi cac khai lugng m(1) va m(h) (e lidu 2) -
aé) § f» N'M n(l) = M'Q".m(k), tic 1 T _ M@ _wy(h)-w,
E ) mh) N'M'  wy—wy()
ong . ' tr do : mih) = o om(l) = M Q . voi = () + mih).
; ; : - NrQl Nth
x3(£) x  xz(h) x - 3 i
e » HON HOP DANG PHI
ieul. )
’ Khi cic dwimg cong soi va suong c6 mot cye tri chung Az, héin hop
’ tuoyng ung véi thanh phan nay lam thanh mot iidn hop ddng phi. Khi
T4 p = consl A gian 44 ddng 4p ¢6 mot cue dai, bidw ddé ddng nhiet co mot cue tidu,
x| dumg ) va nguuw lai.
! cong hoi

Trong sw soi ding 4Ap ciia hdn hop ding phi, chat long va hoi
¢6 cong mot thanh phan. Bi€n do cia hé khi do bing khong ;
nhiét d¢ va thanh phan clia hé gi® khong déi.

Cing vay, trong sy soi diing nhiét ciia hén hop ding phi,

suong

X4, (h) = x4, (1) vaap sudt toan phan gi khong doi.

H i &
oL " m SU CHUNG CAT PHAN DOAN
- : L L, S0 dia i thuyét t6i thiéu ma mot cot chumg cat cin ¢6 dé thyc
w26 wa w2V 2 hién sir téch hoan toan hai cAu tir bing si cic doan ndm ngang
Turli¢u 2. xuit hi¢n trong biéu do hai thanh phan di tir diém biéu dién

cta hon hep dau d€n dau miit ciia mui.
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Ba TAP

Ap dung tryc tiép bdi gidng

“1 Gian dé dang ap 2 - metylpropan - 1 - ol
va propan - 2 - ol.

Gian do ding ap cGa hdn hgp bic hai tao thanh bdi

propan-2-0l  CiHgOd (ki higu 14 2)

2-metylpropan-1-ol C4H;nO (ki hi¢u li 1) duye cho

& tr lidu dudi day; thinh phin duge bifu dién bing

phin mol.

1) Xdc dinh cic nhigl 49 $0i ¢ha hai rugu ndy; x4c

dinh dudmg cong s0i vl dudng cong suomng;

2) Ta dun dusi 1,0 bar, hdn hgp A chia 1,5 mol propan

2-ol v 3,5 mol 2-metylpropan-1-ol. X4¢ dinh ;

a) nhiét do bt diu s6i va thanh phin cda bt hoi diu

0én dugce tao thanh;

b) nhigt do k&1 thic s6i, va thinh phdn cla giot chit

10ng cudi cing bi€n mat,

) 58 mol hai via 10ng & cin bing & 100°C va thinh

phin cla mbi pha.

3) Xic dinh nhiét do & do bit ddu soi vd thinh phin

cla bot diu tién cia hoi hinh thanh khi ma mét hdn

bop 6 thanh phin theo khoi Iwong, wo (1) = 0,40

dugre dun nong.

vi  clha

4) Ta thye hién sy chung ¢dt phin dogn mdt hdn hop B
v khot hrong bing nhan cba hai rupu ndy. Xice dinh :
a) phin mol cla propan - 2 - ol trong hén hop, va
nhiét do bit ddu s0i ;

b) s0 dia 1 thuyél i thidu ¢ot ¢t phdi c6.

A e([}c]
- Pl= 1. § bar
NS
i
M
L0 \‘\
N N
ONWEEAN
\\
90 ™
NN
AN
2y
£s
80 )
$ 0 0,2 0.4 0.6 (L& 10

9 Gian dé dang ap cla nudc va amoniac

Gian do bac hai ding dp cla mn¥e va amoniac duge
cho & 1 ligu dwsi day; thinh phin duye bicu dién
bing phin khéi lwong.

1) Xic dinh thanh phin theo phin khai lugng vii phin
mol cia mét dung dich nude bio hod amoniac & cin
bing v&i hoi ¢da n6 & 20°C, 161 & 60°C ; tir d6 suy
ra luyng 18i da khi amoniac ¢d thé hod tan & hai nhiét
dd Irén, trong mot thé tich V = 1,0/ nudc

(¢ (H0) = 1,0g.cm_3) .

2) C6 mot hon hop lic ddu & rang thii 16ng chia 50g
nwie va 1530g amoniac. Xac dinh @

a) nhiét G¢ xudt hi¢n bot khi ddu tién khi dun ndng
hén hop ndy va thanh phin cua no;

b} khdi hugng va thanh phdn cba timg pha nim cin
bing & 40°C;

¢} nhiet do ma & do k&t thae sy boc hei, vi thinh
phin clia bot khi cudi ciing,

ACO
100
| et
p =110 bar L]
30 -]

60 // //

404 //
A / /
0 /,/
2 < ‘
T Wh,0
0 0.5 1.0

3 Hén hop déng &p oxi - nito

Bang sau diy cho céc thanh phin, tinh bing riéng
phin mol cta cic pha 16ng va hoi cia h¢ oxi - nito &
cin bi‘mg, & nhiét do T dwdi dp sudt 1,0 bar.

T(K) |77,378.0

XOZ U!) 0

79,0 (800|820 84,0 86,0|880;901

0,022(0,068|0,120|0,236|0,3680,522|0,696] 1,00

¥pa {0} | O |0,081]0,216|0,334(0,52210,662|0,778|0,885) 1,00

1) V& gidn do ddng 4p 10ng - hoi cho he nay; chi ra (Co
201 cho mdi duong biéu dién vit bicn 4o cta hé trong
mdi mién duge gici han béi hai dudmg cong niy.
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2) Khong khi ¢6 thé dwyc coi 1a mdt hdén hop cla
1/5 mol O3 va 4/5 mol N» . Xic dinh nhi¢t dd s6i va
thanh phan cla hoi ndm can bdng vdi chit 1ong &
nhi¢t dd ndy.

3) Tinh hnyng va thanh phin cda timg pha & ¢in biing
khi 10,0 mol khong khi 1éng duge dua 18n t¢i 80 K,

4} « Gian d6 ding nhiét axeton - clorofom
Bang dwoi ddy cho cde dp suft rigng phin cia axeton
( Paxe ) VA clorotom ( p.;) nim & can bing 35°C voi
dung dich c¢la ching, doi vdi cdc thanh phin khic
nhau dwuyc bidu dién bang phin mol,

Xetall) 0o 10207040 [ 060 [ 080 ] 1.00

pa{mmHg) | 0 | 35 [ 82 [ 142 | 219 | 293
Paxe (mmHg) | 347 270 | 185 | 102 | 37 | 0

1) Cic nhiét d@ soi cla hai chidt nguyen chit nay, dudi
ap sudt 1,0 bar, 1a 61,2°C va 56,2°C; hay gan nhigt
do soi cho timg chit vii bign minh ¢ho Tya chon clia ban.
2) V& dd thi sy phy thude 4p sudt chung p ctia hé vdo
X (D tir 46 suy ra dp sudt bit diu soi & 35°C cla
mot hdn hop ¢6 phin mol clorofom bing 0,15,

3) V6i timg ciip dp sudt did cho, xac dinh thanh phin
cda pha khi ure ld x4 (M), 161 v& p= f(x (). Chi
ro dic didm cta gidn dd bac hai vé duye.

4) Hay cho bi&t ¢6 thé tich mot hdn hop axeton va
clorofom bing chung cdt ding dp hay khong.

5 aian a8 déng ap cla cacbon sunfua va
etyl metanoat

Ricu db ding dp cdu hdn hop bic hai cachon sunfua

(ki hidu 13 1) va etyl meianoat (k¥ higu 12 2) duge cho

& ne ligu sau ddy; thinh phin duge bidu dién bing

phin mol.

1) Chi ra cdu t& ndo trong cac ciu 1 ndy ¢6 ap sudt

hoi bao hod cao hon,

2) Chi ro cic 1oa 40 cla didfm Az va cdc tinh chidt mi

hén hop ¢6 thanh phin x5 4, thé hign.

3) V¢ cac dutmg cong 1am ngudi cia cic hdn hgp khi

¢§ thanh  phin X =0; X () =020,

Xp(h)= X124, X2(1)=0,70 vd x,(h)=10, vhchira

cic nhiét do déng cha y.

4} Chi ra cic thanh phin cta phdn cat va ciin con fai

khi chung cat mot hén hop, ¢6 thinh phin ban diu 12 :

a) v (1) =0,10; b) () =0,70.

A (KT
nE LObar
i
30
L /
/]
\\‘\\‘ ,/
\“"\'--:::-_A 244
40
X2
0 0.2 0.4 0.6 0.8 1,0

O Gian dé déng ap nudc - axit nitric

Gidn @8 bac hai ding ap clia nude vi uxit nitric duge
cho & tu lidu dudi day; thanh phin duye bidu thi bing
phan khéi luong

A G(OC)
140
pl= 1.4 bar
130
@ :

110 // // @ N Y,
100 \

90

80

WHNO3

7()0 0.5 10

1} Goi ten : & diém A; dﬁfmg cong (1), va dudmg cong
(2). Xic dinh toa dd cla A; tinh phin mol cla axit
nitric & diém nay.
2) Phan tich mdt miu hdn hop thu duge trong diéu
¢h¢ cong nghi¢p axit nitric cho :
« t8ng lugng cha nudc va axit nitric # = 4,00 mot;
+ luong axit nitric 7180, = 0,30mol.
Xac dinh nhi¢t dd ma & dd hdn hgp bt diu soi,
3) Miu phan tich & trén duge dua lén & = 110°C;
tinh khai lugng va thanh phin ¢ia fimg pha lic cin
biing.

(Theo EXN.S.1LM,, 1988)
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7/ Gian dé dang ap toluen - nudc

Gidn 40 bac hai ddng 4p toluen (CyHg) - nude duge
cho & ne ligu dudi day; thanh phén duiye bidu thi bling
phin mol cia nwdc.

1) Ta goi diém H 14 gi? Xdc dinh toa A0 ciia no biing
phin mol vi phin kbhai lugng.

2) Ve cic dudng cong 1am ngudi ddi voi cic hdn hop
hoi  ¢6  cic  thanh  phin  x,6.(h)=0,20;
Xwe ) = X ¥l X6 (A) = 0,60, vi xdc dinh cac
nhigt do thay ddi dd doc vi cac chift phin tir & can bing.
3) Ta lam ngudi, i 90°C, mot luong 7 = 10,0 mol
ciie mt hon hep hoi nude v toluen ¢6 thinh phin
ddu x5 (B) =0,70, tinh lwgng va thanh phin clia
timg pha ¢ can bing.

4 8(°C)
1o

1.0

¢ 0,5

Van dung vin kién thirc

8 sy 16i cush hoi nuée

Nudgc vd brombenzen CsHsBr hodn toan khong tron
lin dugye & trang thdi 16ng. Céc &p sufl hoi bao hoa
cua nude v cta brombenzen thay d6i theo nhigt do
duge cho & bang sau :

B(°c) !30}40 |50 |60 | 708090100

*

pnm’m 32 B g2
(mm Hg)

1491233 | 355|525 | 760

*
PCHsBr | g | 10| 17 | 28 | 44 | 66 | 98 | 141
(mmHg)

1) Ve cic 8 Wi proe = £0) VA e e = 8(0)

2) Ta x¢t mot he rong d6 hai chil l1dng & cin biing
v hoi & nhigt ¢ & va dwsi ap sudt p. Ve co gidi
thich do thi p = A(6).

3} Suy ra tir cic d6 thi nay, nhi¢t do soi clla mot hén
hop nuoe - brombenzen, dudi dp suil 760 mmHg va
thanh phdn cba pha hoi 1Ge s6i.

4) Thira nhin 14 tit ¢i hei thu dugce khi 100 cudn koi
nude di ngung ty, hay xic dinh khdi luong nude va
brombenzen thu dwge tlr mdt khoi lugng m = 100,0¢
hot nudge.

9 * L&i cudn anilin theo hoi nuée

Ho6n hop nuie - anilin CgH7N thé hign mot diém di
déng phi & 98,5°C, 4p sudt rieng phin cla nude &
nhi¢t d@ nay 1a 717 mmHg vi ap sudlt ricng phdn cta
anitin 12 43 munHg, Duwdi dp sudt 760 mmHg, nuwsc
$01 & 1007C v anilin s6i & 184°C.

1) Xic dinh phin khoi fuwong cta anilin trong hoi
cia hén hop di ding phi. Ve giin dd bic hai ding
ap 0= flwgge ) dudi 760 munHg, cta hdn hop
ninge - anilin.

2) Chi ra bin chét cita ¢hdt 16ng xudt hign khi Fam ngudi
diing ap cha hém hop hoi awde - anilin co phin mol

a) Xypilin = 0,05 5 b) Xanilin = (L03,

3) Nho mOt dung cu tuong tr nhur trinh bay trong gido
trinh & tu ligu 30, ta mudn tich anilin tr mot hén hop
ma 06 1a chit dé bay hoi duy nhit. X4c dinh khoi
lwyng nude cin thigt dé€ tich duge mol khdi lmgng
m = 1,00 kg anilin,

10O * Gian d6 ding nhigt

Ta xét hé metanol (CH30H ) - tetraclometan (CCly)
¢ 20°C. Vige phan tich ¢dc pha khi vii [6ng doi véi
cdc thinh phin ban diu khic nhau din dén bang sau

1
xc,od@ | 1 109 | 08|07 (06| 05

xcH,on | 1 | 065|055 051|049 | 0,48

p (bar) |0,126|0,1780,200(0,207|0,210|0,211

xcH,oul) | 04 | 03 | 02 | O 0

047 | 046 | 045 | 0,43 0

XeH,0H ()

p (bar) 0,211 ] 0,210 | 0,209 | 0,204 | 0,119

1) Chi ra cdc 4p sudt hoi bao hoa clia metanol v cia
tetraclometan & 20°C .
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2) Ve cac do thi p = flxegon) va
P = glxcuon)). T d6 suy ra wa do cha diém
ddng phi.

3} Ta xét mOt lwgng 7 = 5 mol cla mot hén hop 1ong

tetraclometan vii metanol  ¢6 hinh
Yop,onth) =035

phin

a} Xic dinh dp sudt bit ddu soi, dp sudt k&t thiic $6i
va thanh phin cla gigt cudi cung.

b) Xic dinh lugng v thinh phin ¢da timng pha & cin
bing dudi ap suit p = 0,200 bar.

4) Ta xét mdt hon hgp 16ng thu duye khi rdén mot
khoi luomg my = 220g tetraclometan véi mot khoi
iwmng niy = 100g metanol.

Xic dinh khai lugng vi thianh phin ¢ha timg pha &
cén bing dudi dp sudt p = 0,190 bar.

‘1“1 * Binh luat Raoult vé sur séi

Ta xét mot hén hop gdm mot dung mdi X va mot chit
tan B ; dung mdi xit sy nhy mot cdu U cda mot hdn
hop 1i twdng, trong khi dé chal tan 1a chét khong bay

hoi ( pg = 0).
1) Nhic lai bifu thic bién thién hoéa thé chudn cha
chdt nguyén chiit £, u5(7T) theo nhigt do. Ve dd thi
us(T) = f(T).

2) Nhikc lai bidu thie clia héa the cia ciu tir £ & pha
1ong theo phian mol x;-({) ; tir 46 suy ra ring nhigét do
s0i T, clia dung dich, dudi dp suit 1,0 bar, 12 cao hon
nhi¢t do so6i 7, ciia chat nguyén chal & cang mot ap
sudt.
3) O nhigt do soi T\ cia hén hgp, 2 nim cin bing
dudi hai pha tét Lip hé thic ;

46" (T)

T

= Rlnxs ()

Khi dp dung hé thirc Gibbs - Helmholtz s& din dén

AH (T dRInx, ()
2 B ’

T a1y
Khi thira nhin rang entanpi soi chudn S 13 doc Lap vei
nhi¢t do, thiét 1ap hé ture cia dinh luat Raocult vé sir
01

m_r_MZM,P .l }

R T\ T, J
4) Nhi¢t do sdi ciia benzen CgHg, dwdi dp suit
1,0 bar, ting tr 80,1°C dén §2,4°C khi cho them
13,76 cia chat B vio mdt khoi twomg m = 100,0 g
benzen.

Xdc dinh gid tri gdn ding cta khéi luong mol B,

S& tiéu : AH® (benzen, 353,1K) = 31,0 kJ. mol 1
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Muc TI1I EU

m Biét cach doc va gidi thich cac gian d0 bac
hai rén - ldng ding ap trong cac wrudng hgp
trdn 1an hoan toan & trang thai long, va tron
lin hoan toan hoic khdng & trang thai rén.

W Biét cach khai thac v& mat dinh lugng cac
gian dd nhu thé,

B Biét khai nidm v& cac hop chéat xac dinh.

H v BIET cAN c6 TRUGC

B Pinh nghia ph’:in mol vi phin khéi lugng
cia mot chu tr trong hdn hop (xem
chuong 1),

W Bién d0 cla hé (xem chuong 4).

B Gian dd clapeyron cha chit nguyén chit
{xem chuong 4).

Cac ¢in hang
ran - long
(PT - PTY)

MG dau

Céc két céu kim logi, ton va cdc chi tiét ldp rap,
dugc sut dung trong 6 10, hang khong va dién gia
dung, thuong dugc lam bing cdc hop kim cia hai
hay nhiéu kim logi. Céc tinh chét nhigt va co cia
cdc hgp kim nay phu thudc véo thanh phén cia
chitng. Viéc cho thém natri clorua réin vao nudc da
tén nhé ha thép ré rét nhiét d6 néng chéy cha no, tit
db dén tdi viéc dung cac hon hgp lam lanh nudc da -
mudi va rdi mubdi cic con duong dé lam tan bang.
Nhém oxit Al,O3 néng chdy & 2050°C, nén sy dign
phdn céng nghiép & nhiét 36 nay la khong thuc 16 ;
viéc thém criolit Na3yAlFg cho phép thu dugc mot
hén hgp néng chidy & 960° C, khi d6 cé thé dién
phén dé diéu ché nhom.

Nghién citu cac dic trung cua cdc cén bc‘i‘ng rén -
Idng trong truong hop cdc hin hop bic hai sé cho
phép ta gidi thich hodic minh chimg cdc quan sat
khac nhau nay.
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1 Khai quat

I.1. Can bang ran - 16ng d&i véi chat nguyén chat
D3i v6i nhiing thay ddi trang thai ciia chét nguyén chét, bién d¢ duge cho
bdi h¢ thirc (IV.4) :

v=3-¢
Khi chét nguyén chét chi & mot pha, ¢ = 1 : liic d6 hg Ia nhj bién (v = 2);
nhiét d va ap sudt c6 thé co dinh doc 1ap véi nhau.
Trai lai, khi hai pha & can bing, ¢ =2 va v = 1 : h¢ trd thanh don bién : ap
sudt va nhiét d khi d6 khong con Ia doc 1ap nita (1« ligu I).

Ciéc can bing thay déi trang thai ciia chit nguyén chit Ia don bién,
Nhu viy, nhigt do nong chay ciia chat nguyén chét chi phy thude vao ap
suit ; dudng cong néng chay ding ap, T = fi1), duge goi la duong cong
phan tich nhigt, khi 46 déi v6i chit nguyén chit [a mot dudng nim ngang
(tu liéu 2a va 2b).

Anh hudng cia ap suat d6i vai nhiét do ndng chay 1a rét nhd : dudng biéu
dién can béing 16ng - rin hiu nhy 1a thing dimg (tu liéu 1).

a) b)

AT ) AT

p = const p = const

sif chdm dong

Y

.2. M& ta mét hé bac hai rin - 16ng
Ta xé mot h¢ bac hai ta0 thanh bdi hai cdu t¥ B, va By (tu ligu 3).
n1, ng, my (1), ny(r), my (1) va ny (1), 1a nhimg lugng twong g ciia mdi
cau tif trong hg, trong pha rén va trong pha 16ng (B; va B, & day dugc
gia dinh 12 hoan toan tron Ian & trang thai rdn va § trang thai 16ng) va cudi
cung, n la Iugng cla tat ca cac chit cia he.
Khi ay ta co cac hé thitc :

n=n+ny ; np=n(r)+n(l) ; ny =ny(r)+ny(l)
™ Thanh phan toan b ciia mot hg hai pha [a thanh phén clia hg déi vai
mbi céu tif ; duge bidu thi bing phin mol ki hi¢u 12 x; cho By va x, cho
B, :

|

(VL 1a) xy =—12

X1 =
] ny +ny n+n

(VL.1b)
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P=1;v=2

>

T

Tu ligu 1. Gian d6 p = fiT) con
goi la gian dd Clapeyron ctia chét
nguyén chit. Pudng biéu dién can
béng long - rdn gan nhu la thing
dimg : nhiét dp néng chay cia mjt
chét rén Phu thujc it vao ap sudt,
vi thé tich mol ciia céc pha léng va
rdn rét gan nhau.

Tu ligu 2.2) Sy dun néng déng

ap mt chét nguyén chér. Khi chés
rén va chét long cing ton tai, c6
can bing giita cac pha (v = 1) va
nhiét dj giit khéng déi.
b) Khi lam ngugi mét chér long,
thuong sinh ra su cham déong ; su
chagm déng nay thuong quan sat
dugc khi su lam ngupi dugc thuc
hién khéng c6 mam két tinh hay la
tranh dugc nhitng va dap, ngudc
lai, khéng ton tai sy cham hoba rin.

ﬂ-[,.ﬂ'z

Xy, Xg

Tu ligu 3. Xac dinh hé¢ dugc
nghién citu : hai chét long mot
bén va hai chét rin bén kia, &
day dugc gia dinh la hoan todn
trén lan dugc.



B Cic phin mol ciia cic chu tir duwge ki higu la x1(r} vd x5 (r) trong pha

ran, vk x; () va xy({) trong pha 18ng :

() m(r)+nair) (VI.2a) *2(r) n{r)+ny(r) (V1. 2b)
(D) A0
H=er—— V1.3 H=——=—— (VL 3b
MO= e YR 2= Bemn VP

VOl xp+x3 =15 x((r)+ x9(r)=1vh )+ xp(l)=1
Nhu vay, mdt hg bét ki, duge tao thanh ur hai chu t& B, va By, c6 thé
duge dic tring hojc bing phin mol x1 cia By hoic bing phin mol X3
ciia By (ru ligu 4). Tir day vé sau, cac bién s6 dugc xét dugce xac dinh theo
céu tir B , céc bién s d8i vai chu tir B duge suy tir d6 ra.

W D4i véi cac pha ngung t, thudng viéc cn céc cdu uf 1a tién 1gi. Do d6
d& dic trung h¢ nghign ciu, ngudi ta thudng dung céc phin khéi lugng
cia ching. Khi d6, ta x4c dinh cac phin khéi lugng w; ; thi du phin khéi
lugng cia B, trong pha 1ong (*) : '
my(D)

n=_m)
w2 (D m (D +my (1)

(V14)

1.3. Bién dé cuta hé ran - 1éng
Theo dinh 1i Gibbs, bigu thitc chung cha bién ¢ dugc viét, vdi cac ki hidu
dude xé4c dirh 0 chiong 4 (xem IV.3)
v=n-r—g+a-g¢
D4i véi mot h¢ bic hai ma By va B, khong phan img véi nhau, n —r = 2;
va khong ¢6 bit ki mot quan hé dic bigt ndo {(g=0),taco:
v=2+a-¢
Trong trudng hgp can bing rén - 1ong, ta c6 thé coi ap suét khong phai 1a
yéu td cin bing ; trong cac didu kién dé, a = 1 (**) va :
v=3-¢ (VL5)
Viv 20,9 <3 v he bic hai ; ba truting hgp ¢b thé duge xem xét :
B ¢ =1 va v =2 Hé chi bao hiaim mdt pha, 16ng hodc rin ;
B =2 vav=1. Hé liic 46 dugc tao thanh :
« hojic 1a tir hai pha 6ng va khodng cb pharin ;
» hofic 1a tif hai pha réin va khong ¢6 pha long ;
* holic 13 tr mft pha 1éng cin bing vdi mdt pha rin.
W@ ¢ =3 vd v = 0. HZ dugc tao thanh tir mot pha 1dng cin bing vdi hai
pha rén.
Theo ding v8i chudng trinh, viéc nghién clu s& gidi han & cac gian dd
déng 4p T = f{ x5 (D) hay T = g( x5 (r)) trong hai trudng hgp sau
» tron 1in hoan toin & trang thii 16ng vi & trang thai rin ;
e tron 1in hoan toan & trang thai 16ng vi khéng tron ldn J trang
thai rdn.
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S

AT b

Tl =T (xl(!'))/

i) '
Tu lidu 4. Biét T = fixy(1)), dé
dang suy ra T = fi x| (1)). Trén so
ds, xym(l) = 055 1w db
X1 (1) = 0,45,

(*) Bing viéc ding hé thic
m; =n;. M;, dé dang lien két
cic phan mol x; va cac phin

khbi lugng w; ;s nhuvdy tacd:

¥ MZ‘WI
1 =
(M2 - M] ).W} + M]
. M] .xl
va wy =

(Ml - M’Z)'xi + M2

(**) Mdr khac, chuong trinh
yéu cdu han ché viéc nghién

citu vao cac biéu db ding ap.




1.4. Vé thuc nghiém cac gian dé ran - 16ng

Vigc ve thyc nghi@m cic gidn d6 bac hai rin - 16ng duge thyc hign xuit
phat tir cac duong cong phdn tich nhigt, hay n6i dung hon, cac duong
cong lam ngugi.

Cac dudng nay cho thdy sy thay ddi clia nhigt do T theo thoi gian ¢ khi
1am ngudi céc hdn hgp (*) nhor mot thigt bi dhm bho sy thoat nhiét véi tdc
d0 khong déi (1 liéu 5).

Khi ta Iam ngudi déu déu mot pha long, hdn hop chia By va B,, nhigt do bién
d6i hdu nhu tuyén tinh theo thoi gian, rdi mot (hodic hai) pha rin xudt hien.
Sy héa rdn 12 mot bién ddi phat nhigét, sy 1am ngudi tré nén chim hon va
dudng cong 1am ngudi ¢6 mot diém thay déi do doc.

Khi hdn hgp da hoa rin hoan toan, moi bién ddi phét nhigt da bién mit va
s J]am ngudi tré nén nhanh hon, lic d6 giy ra mot sy thay d6i mdi clia do
ddc tren dudng cong lam ngudi.

Nhu ching ta sg thdy, sy hoa rdn mot hén hop 16ng ¢6 thé bidu thi nhidu
giai doan, ding nhigt hojic khong, tir d6 ¢6 cac dang duong 1am ngudi
khac nhau (11 liéu 6).

Ban chdt va thanh phin cla cic pha c6 mit duge xac dinh bing cich sir
dyng cac ki thuat c8 dién v& phan tich cac hén hop (phuong phap quang
phd hdp thy, cac phép chudn do khac nhau, kinh hién vi, phan tich cdu
tric tinh thé bing tia X, v.v..).

2 Cac gian dé bac hai trdn 1an hoan
toan ¢ trang thai Idng va & trang
thai ran

Khi hai kim loai M} va M, c6 cung mdt cfu trac tinh thé va ban kinh
kim loai gin nhau, ngudi ta nhan thdy c6 thé thay thé, trong mang tinh thé
cha My, tat ci cic nguyén tr M; bing cic nguyén tr M, va nguoc lai
(e lieu 7).

Trong trudng hop nay, M;va M, c6 thé tron 1an hoan todn & trang théi

rin. Chung tao thanh mot dung dich riin thay thé bdt ké thanh phin ctia
hén hop 12 thé ndo (**).

Tuy theo tinh chdt clia cac cdu tir cia hdn hgp, ngudi ta quan sat dupe cac
gian dd chi c6 mt muai va cic gian dd hinh thanh hai mai.

cfiu tric tinh thé cia ban chét va ban kinh (tinh biing pm)
M, va M, cia M, cia M,
1ap phuong tam dién niken (125) ddng (128)
1ap phuong tim dig¢n bac (144) vang (144)
13p phuong tam dién niken (125) paladi (138)
1ap phuong tam khéi rubidi (254) xesi (273)

Tw liéu 7. Cdu tric va bdn kinh kim loai ciia mot sd kim loai tao thanh
cdc dung dich rdn thay thé.
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(*) Trong thuc nghiém nguoi
ta trén hai chdt rdn da duwoc
nghién thanh bgt, dun néng
chay va khudy dé thu dwoc mot
hé ddng thé, rdi nghién cteu su
lam ngugi né. Vo mét cdn
bdng rdn — long, chi c6 dwomg
lam ngudi la nghién ctu duoc
Vi viéc dun néng dong déu mot
chdt rdn 1a kho thuc hién.

(**) Trong mot s6 truong hop
cO thé thay th€ mt phdn cac
nguyén tie cua M; bdng cdc
nguyén tit cua M, va nguoc
lai ; tinh trén ldn dwoc lic d6
chi la mot phdn vi My va M,
chi tao thanh dung dich rdn c6
thanh phdn han ché.

Chi su tron ldn toan phdn va
khong tron ldn la thupc chuong
trinh hoc.

may ghi

.day do nhigt
1 hén hop trong lam
ngudi dng ap

Tw ligu 5. Thiét bi diang dé ve
cac dwomg cong lam ngudi.

AT

o thay déi
do déc

(@ (b)

L
L

Tw lieu 6. Thi du vé cac duomg
cong lam ngudi : a) sw héa rdn
ddng nhiét ; b) sw héa rdn khong
ddng nhiét ; ¢) sw héa rdn hai
giai dogn.



2.1. Gian d6 ran - 16ng chi c6 mot mui

2.1.1. Thi du vé cach vé gian do

Vigc nghién ctu cdc dudng cong 1am ngudi ding dp ciia cdc hdn hop ddng -
niken cho phép vé gidn dd béc hai rin - 10ng theo hé nay (1w ligu 8).

Gidn d6 nay gdm hai duong biéu dién T = f(x, (1)) va T = g(x(r)) phan
dinh ba mién trong mit 7(x,) :

» VOi T > f(x5(1)), chi ¢6 pha 16ng tdn tai (p=1 va v = 2);

» vOi T < g(x5(r)), chi ¢6 pha rin tdn tai (p=1vav=2);

» VOi g(xp(r)) <T < f(x,(1)), céc pha rin v 16ng ndm cén bing vdi nhau
(p=2vav=1); mdt mién dugc xic dinh nhu vay tao thainh mdt muii.
Duong cong & trén tuong img voi T = f(x (/) 1a duong long (liquidus);
dudng cong & dudi, dd thi T = g(x,(r)) dugc goi 1a duwong riin (solidus);

(*) Phép chup anh hién vi la
két qua viéc quan sdt hé rdn
nho vao mot kinh hién vi
quang hoc, dién tré hay vao
hiéu ting tunen... D6 la mor ki
thudt rdt hay duogc dung trong
nganh hoc luyén kim dé phan
tich ddc trung dong thé hodc
di thé caa hé rdn.

A
8) AT b) AT(K) p=10bar <)
P=1:v =12
0
aé uyén chit
2 To=173K] e dice
_ T,
Ty @
D, in ic dung dich r4
i cic dung dich rdn
Fy duoed poe=liy =2 ddng va niken
Ti=1353K H rdn
1 0 X Xj 1 ;2
Cu Ni
B B2

@‘J niken nguyén chdl

Tuligu 8. Cac duong cong lam ngugi ddng dp (a), biéu dé bdc hai ddng dp (b) va cdac mat cdt chup kinh hién
Vi (*) caa cac mdu da lam ngudi (c) doi voi h¢ dong — niken (D va F : Bdt ddu va két thiic su hod rdn).

2.1.2. Cach doc gian dé

Ta xét & dp sudt p khong ddi mot hén hop ddng - niken; Gid sit My, 1a
diém biu dién cha h¢ nay trong gian dd T(xp); niken 1a cfu tir 2 (1w
lieu9). O Mg hé 1a 16ng hoan toan.

Lam Ianh tir tr h6n hop nay; vi h¢ 1a kin, thanh phin toan b gitr khong ddi;
diém bicu dién clia h¢ chuyén dich trén dudng thing dimg di qua M, .
Khi nhi¢t d0 dat 10i gid tri Ty, , mot tinh thé ddu tién xudt hign : chat 16ng
bt ddu hod rin.

Bi€n do cia h¢ ic d6 chuyén tir v= 2 sang v= 1. Vi thanh phén xm, ()
12 ¢0 dinh, din t6i viéc nhigt do Ty, ©6 mot gid tri xéc dinh; d6 1a nhiét dj
bdt ddu hod rdn ddi véi hon hop dugc xem xét & dp sudt p.

Thanh phén clia pha rin, duge biéu dién béi diém M";c6 hoanh do
M (r) cung la dp dit.
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AT p = const AT
16ng
,M 0 %\b“%
Tyg omeeao
Tog fann il
Ty

e :f.-;: :
i G
sl b
= G gt i 1 x3
c LT3 ‘g' ‘5— (Ni)
é'-: B R

Twliéu 9. Gian dé bdc hai déng
- niken : sw lam ngudi mot hén
hop long va thanh phdn cia cdc
pha.




Khi nguoi thao tic 1am gidm nhiét do, diém biéu dién ctia hé ti€p tuc di
chuyén theo duong thing dimg XM, » ¢dc pha 18ng va rin cung tdn tai. O
M5, nhigt do 12 ¢o dinh, thanh phin cla cic pha & can bing 12 dugc ap
dat; n6 duge doc & chd giao nhau cla dudong ding nhiet T = TM2 vdi cic
dudng cong T = f(x(1)) va T = g(xp(r)), thc 1a xppp, (1) va xppp, (r);
két qud nay dugc cic nha luyén kim bi€t dén dudi cdi en dinh Ii duong
ndm ngang
Trong hén hop hai pha, thanh phin cia ciac pha 16ng va rin & can
biing 1in luyt duye cho béi cic hoanh do clia cic diém giao nhau ciia
duvng diing nhigt niim ngang véi cac duvmg cong long va rin.
Khi diém biéu dién ctia h¢ dat t6i M5, & nhi¢t do Ty, » giot cudi cung
cha chit 10ng cua thanh phin x, M (D) bién mat va hé trd lai 12 nhi bién.
Ty, 1a nhi¢t do ket thic hod rin d6i v6i hdn hop duge xét & ap sudt p.
Sw hod ridn ddng 4p mot hdn hop dugce thyc hién & nhigt do bién ddi, trdi
v6i sy hod rdn ctia mot chit nguyén chit. O My , h¢ 12 rin hoan toan; pha
rin lac &y cung c6 thanh phdn v6i pha 16ng ban déu. (*)
«  Duwong long 1a tap hop nhiét dp bit dau hod rin cia cic hon
hop 16ng khi lam ngudi ching; dé cang la nhiét do két thic nong
chay cia cac hén hop rin tuong ing.
«  DPuwing rdn 1a tap hop nhiét do két thic hod rin cia cic hén
hop long khi lam ngudi; dé cing la nhiét do bit diu néng chay cia
cac hén hop rin tuong ing.
Céc hodn hop thi€e - bitmut, gecmani - silic, bac - vang cho ta cac gian do
mot mui.

2.2.Gian dé ran - 16ng hai mui

Vigc nghién ctu cic hdn hop hai thanh phin rubidi - xesi, natri clorua -
kali clorua, naphtalen - naphtylamin lam xudt hién cdc gidn d6 trong d6
duong 10ng va duong rin ¢6 mot cyc tri chung, thudong 1a cyc tiéu. Gidn
d6 khi d6 c6 hai mui.

Khi n6ng chdy hay hod rin ding 4p mot hén hgp c6 thanh phin clia diém
cuc tri, chat 16ng va chit rdn gir nguyén thanh phin trong toan b qua
trinh chuy@n pha (**); bi€n do ctia h¢ khi 4y bing khong : nhigt do ciia hg
it khong dai.

Tuy la thay ddi trang thdi & nhi¢t do khong ddi va chi bao gdm tinh thé
ddng nhdt (1w liéu 10), h¢ c6 thanh phin cyc tri khong phéi 12 mot chat
nguyén chét. D6 1a mot hdn hgp, nhu sé dugc chi ra ching han bing mot
nghién ctru hod hoc.

Vigc doc mot gidn d6 nhu th€ dugc trinh bay & dp dung 1.
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(*) C6 thé nghién ciiu nho vao
mdt biéu d6 dun noéng hén hop
rdn ; tuy nhién, s dun nong
dbng thé mot chdt rdn la rdt
khé, mét van hanh nhu vay
khd thuc hié¢n dugc. TM3 se la

nhi¢t do nong chay bdt ddu va
Ty, la nhi¢t @9 nong chay két

thic.

(**) Két qua nay dugc biét
dudi cdi tén dinh Iy Gibbs -
Konovalov cé thé dugc chimg
minh tx hé thiuc Gibbs -

Duhem (xem I.41)

B, nguyén chat

dung dich rin cta
B, va B, c¢6 thanh
phén cue tri

B, nguyén chit

Tw ligu 10. Cdc mdr cdt chup vi
anh : a) cua chdt rdn B ; b) cua
dung dich rdn c6 thanh phdn cuc
tri; ¢) cua chdt rdn Bs.



ﬂlp dung 1

Gidn dé bdc hai ding dp cua hé liti clorua —
neairi clorua duge cho & e tiéu 11a,

1} Xdc dinh ban chdr cdc pha oo mdt trong mdi
mitn A, B, Cva D,

2} Xdc dinh cdc tog d¢ cia cuc tidu M'y.

3} Ve cdc duomg cong lam ngudi déi véi cde hdn
hop long 6 thanh phin %y = x(NaC) =0,20
Xpg, vl 0,70 va chi ro cdc nhigt do thay 301 do

déc.

1} H¢ duge hop thianh ;

« OA:trmothén hop dong thé natri clorua va
liti clorua nong chiy.

« OD:thmdt dung dich ridn natri clorua va liti
clorua.

2y O ne ligu 1a, ta doc duge Yoy, = 0,39 va
OM'| = 540°C .

3) « VG % =0,20, sy hod rin bit ddu véi
¢ =600°C va két thic véi 8 = 550°C.

« Vi X5 =xopp ., At ¢l sy hod rin duge thye
hign & G4, = 540°C.

« V& x=0,70, sy hod rin bit diu voi

8 =750°C va két thic v6i 8 = 650°C.
Dang cia cic dudng lam ngudi & = f(2) dwe

« OB v & C:tirmot dung dich rdn nim cin
bang voi mot dung dich 16ng, vi ¢i hai déu tao
thanh bdi kali ¢lorua v liti clorua.

suy ra tir cdc 2id trf ndy (fwe lidu 11b).

4 6(°C) A 4 8(°C)

500 A

0
Lic1 0.5

£ (min)

Twlieu 11 a) Gian dé bdc hai liti clorua — natri clorua; b) cde duomg 1am ngudi 0 = [(1).

2.3. Xéac dinh thanh phan cén béng : dinh li cac
momen

Ciéc lugng chat 10ng va chit rdn lac ¢in bing ¢d thé duge xac dinh tir mot

hi€u dd bdc hai ding ap.

Ta xét mdt h¢ gdm 1y mol By v 1y mol B, ron 1An duge hodn todn &

pha 16ng vi & pha ran. Gid st (fir £idu 12a v 12b)

» afr) via(l), 1a s6 mol cla céc pha rin vi 10ng e can biing;

o (v ms (), L s0 mol cda By trong méi pha;

¢ X3, X2(r) v xa(!) la cdc phdn mo) cia By trong he, & pha rin va &

pha l6ng .
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a} T
\ b} 1 p = const
w{t) (0 dn ~. léng
WBag  x0) v
X1 X2 © '.\ long
wr s N M
Tan x,() \ v IQ
rén
¢ £3(1) X3 xal€) ;;3

Hg ¢in bing dwye hop thanh tr chift rin vi chit 1dng
n=n{r)+ nfl)
Céc s0 mol ctia By & hai pha duge biéu dién theo afr), a{l) v thinh phin
chung cia hg :
M(r)=xp(r.ar): m (D =xa(Dal) va ny = X0 =Xy.(5{r) + n(l))
(VL6)

Mit khic, cdc s6 mol cing duge biéu dién thco afr), a(i) v thinh phin
cla timg pha ;

toc l1a iy = Xp.n(r) + Xo.n(h)

iy =t (r)+m )

te 1a = Xa{r).a(r)+ x (D) (VLT7)
Nh¢ vio cdc hé thire (VL6) va (VL7), ta co

Xo Ur) + X0} = X (r).nlry + X2 (D).n(l)
te 12 (X2 - (M) = (1 (D - %3 ) (D)
duoc viet 1ai 1a ; NM.n(r) = MO.n(l) (VL8)
hay con Ia : nr) Mg _ (5 (- x) (VLY)

nl)y NM  (xy—x3(n)
Biéu thirc (VI.8) nhic lai didu ki¢n cin biing ctia mot vat rin chuyén dong
quanh mt truc va chiu tic dong cha hai lyc, 14 dinh li cic momen hoa
hoc (fie lidn 13 va 14).

Nho bidu thic (VLY), ta ¢6

al) )y al)+nlr) n

NM MO NM+MQ NQ

ML (VL.10b)
NQ

tlr do n(f-)=%.n (VL10a) n(r) =

bugc chimg minh trong truomg hop mét hé duge mo ta theo phin mol; he
thitc ndy cang con duye thigt 14p khi thanh phin ca hé duge bidu dién
b&i phin khai lugng : cdc phuong trinh khi d6 tré thanh (ne liéu 15)

NM m(r)=M'Q"m(l) (VL11)
hayconla: PO MO (D)-wy) (VL12a)
ml) N'M' (wy-—wy(r))
m(l) = fv :Q" m (VL12b) m(r) =%l-§-:-.m (VL12c)
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« Twlign 12 : Hén hop dugc
nghién ciiu :

a) md ta hé;

b) thanh phdn cia hé.

T4

P = const

Tw ligu 13. Pink f cdc momen
hod hoc ddi vai mot hé diepe mo
1a theo phdn mol; cdc modun cia
cde vectey dwpe ve # I8 voi cdc
lugng chdt long va chdt rdn ;

NM.n(r) = MO.n(I)

A _MQ _ nl)-x
Al NM x—xa(r)




TA AT
p = const

i
i
m(s) 1

' m(£) T3

0 : - o| rn . Py B
XM, X2 wals) wy walf) Wy

Tuw ligu 14. Phuong tién ghi nho d€ dp Tw ligu 15. Dinh Ui cdc

dung 16t dinh li momen. . momen hod hoc déi véi mot
O My, tat ca la long : dj dai doan hé dugc mé ta theo phdn khéi

NoM ti 1¢ voi lugng chdt long; cang  lypng; modun cua cdc veclo
nhie v@y doi voi tdt ca doan ¢ bén trdi  duoc ve ti 1¢ véi khoi luong
duong thdng c6 hoanh dé XM, - chdt long va chdt rdn :

O M3, thi tdt ca la rdn : dp dai cia dogn . ~ N'M'.m(r) = M'Q"m(l)
M3Q5 ti 12 v6i lupng chdt rdn ; cang nhe V4 -

vdy déi voi tdt ca dogn & bén phai cua m(r) _ Mo — wa ()~ w)
hoanh dp Xy, , chdng han & M, : m(l) N'M' wy—wy(r)

nm,(r)  MyQ»

~ ﬂ’p dung 2

Tu liu 16 cho biéu dé hai thanh phdn ddng 8,43

dp cua h¢ gecmani — silic theo phdnmol cua .. 28,1 .
silic xg; = Xp. Ta xét h¢ thu duwgc khi trén ldn bl 8,43 N 14,52 700
8,43 silic voi 14,52¢ gecmani. 28,1 72,6
1) Tinh thanh phdn chung ciia hé nay. trdo: xg; =0,60 va x5, =0,40.
2) Hon hop nay duoc dua 16i 1200°C ; xdc  2) O tr lidu 16, ding nhiét 0 = 1200 °C cit duomg
dinh thanh phdn cia hai pha ¢ can bdng. 16ng & xp(1)=0,32 va dudng rin & xp(r) =0,67.
3) Xdc dinh luong va khéi luong cua tang 8,43 14,52
phadcdn bdﬂg 3) n(r)+n(l}= 2_8,_1+m= 0,501’1’101
1) Theo dinh nghta cia phin mol : Bing cich 4p dung h¢ thic (VI.10), c6 thé xic
ms; dinh n(l) va n(r) :
ne: Mo _
b i s M sy=n 201
Asi +NGe  MSi | MGe (21 -1 (D)
Mg Mg, -
‘ =0,50x 2872990 _ 4 100 ol
0,67-0,32

trdo : n(r) = n —n(l) = 0,400 mol .
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Lac 86 ¢o thé xac dinh thinh phdn mol cia hai

pha:

A &(°C) 4
» Trong pha 16ng : 1600 - 1600
ng (1) = xq;(D.n{f) = 0,032 mol 1500 A - 1500
. long 1414
Vil : tigo (D = n{l) — ng; (1) = 0,068 mol 1400 ~ - 1400
Khoi lugng cia pha 16ng khi do 13 1300 - - 1300
m(l) = ng; (D.Mg +ng, (D.Mg, ~584 2. 1200 4+ L 1200
« Trong pharin 1100 - dung dich [ g
1 (r) = x5 (r).n{r) = 0,268 mol 1000 - g rin 000
Vi G (") = n(r) —ng{r)=0,132 mol 9383 . L R
Khoi lwgng cia pha rin khi do li 0 03I 05060 0.67 I X2 (SH

mr) = ng (r).My; + i (NMg, =17,11¢

» Luyén tdp : Baitap 2, 3va 9.

Tu liéu 16, Biéu d6 hai thanh phdn

geemani — sific theo phdn s¢ mol cua silic.

Céc gian dd bac hai véi su trén 1an
hoan toan & trang thai 1dng va
khong trén 1an & trang thai ran

Khi cdc cdu tlr B vi By khong cling mdt ciu tric tinh thé hay bin kinh

ciia ching rit khic nhau, thi ching thudng khong (hofc rit it) ron 1in

duge & trang thii rin,

Chéng han nhu trémg hop h bitmut - cadimi, gecmani - ddng, canxi -
magic hay magie - kem (fur figu 17).

Trong khuon kho chuong trinh han ché ¢ hén hgp cde chilt rin knong tron

tan, nguivi ta phan bigt hai logi gian do

+ cdc gidn dd khong thé hign cac hop chit xdc dinh (hojc trung gian) (*) ;

« cac gidn dé W€ hién it nhit mdt hgp chét xdc dinh (hojc trung gian),

ciu trie tinh thé

tinh chat va tia (bing pm)

M, M, My M,
khdi mit thoi h.c. bitmut {170) cadimi (157)
ki€u kim cuong . c.te. | gecmani (137) | déng (128)
Iip phuong am dign [c.f.c] | he. canxi (197) magic {160)
lip phuong [h.c] h.c magie {160) kem(139)

Tw lieu 17, Cdc ddc trung cia cde cdp kim logi ( My va M, ) khéng tron

ldn ¢ rang thai rdn.
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(*) Nhu ta 52 thdy & muc 3.2,
hop chdt xdc dinh la mot chdt
rdn tao thanh boi phan g
hoa hoc gitea hai odu 15 cia hé
dugc nghién ciu,




3.1. Cac gian dé dang ap cla cac hén hop béc hai
khéng cho hgp chat xac dinh

3.1.1. Thi du biéu dé

Xudt phat tir cac duomng bidu dién 1am nguoi dugc ghi lai doi véi cac hdn
hop cadimi v bitmut ¢6 cdc thanh phéin khic nhau, c6 thé vé bidu ¢d hai
thanh phén duge trinh bay & ar ligu 18a.

Putng cong & trén 1a dwing 1ong va dudng dudi 13 dudomg rin. Puong
1ong gép dudmg rin & diém goc E, goi 1 diém eutecti (sir tiéng Hy Lap .
két tinh 161 ) - hodn hop c6 thanh phén cia di€m E duge goi 13 hdn hop
cutecti,

3.1.2. Doc gian dé
Ta nghién ctu sy thm ngudi hon hop 16ng bidu thi bdi cac diém Mg,
M '0 va M"() .
B (3 Mg, ha hodn wan & trang thdi 16ng va v = 2. G My, xudt hien mot
tinh th¢ diu tien ma nguwi ta doc thianh phin ciia né rén dudmg rédn : tinh
th€ ndy 12 cadimi tinh khigt (1 lidu 19).
T My dén M3 (ne ligu 18a), chi 6 cadimi héa rin & cin bing véi pha Iong,
bi€n 49 lic d6 biing 1. He 14 hai pha, thanh phin ¢iia pha 1éng dugc x4c dinh ;
tr My d¢n E 1a dudmg 10ng clia cadimi (*). Khi dat t6i gid tri xz , duomg ldng
nay gap dudmg 1ong thude vé bitmut, chit cling dong dic lai.
() E, hai pha rén v mot pha 16ng & can bing va bi€n do bing khong ; hg
khi d6 1a hoan toan xac dinh, dic bigt 1a cdc 10a do cha E, tirc 12 ip Vi
Tr . Sy ket thuc héa rin thye hien & nhigt do v thanh phén khong 36i.
Khi h¢ da hoan toan héa rin, bign do 1en t6i v = 1 va nhidt do cla he khi
d6 ¢6 hai pha rin, cadimi nguyén chit va bitmut nguyén chit cé thé lai
gidm xudng nira. Pudmg cong 1am nguoi T = f{1) thé hign cic k&t qué
khac nhau (rr ligu 18b) : n6 bao gdm mot doan ndm ngang v6i T= Ty =
418K turong img vdi c¢in bing

hdn hop ddng thé cadimi va bitmut 16ng = bitmut (r) + cadimi ()

TA 1\7‘

(a), (b) : hén hop vt cye tri,

(c} : hdn hop vdi emecti,

Twli¢u 19. D¢ doc diing mit gidn
dé bdc hai chna cdc chdl rin
khéng tron ldn, 1a c6 thé coi bidu
dé nay la k&t qua hinh thic cia
sw bién dang ddn ddn caa mot
gidn do caa cde chdt rdn tron ldn
c6 cuc tifu. Thanh phdn caa chdt
rdn ndm cdn bdng voi pha long
duwoe bidu thi boi diém N duec doc
& ( (hay & R) trong trudmg hop
cde chdt rdn dwge tron voi cuc
tiéu, vo ¢ S d6i voi cac chdr rdn
khong tron ldn voi diém eutecti.

(%) Duong long cha cadimi ia
duong bidu dién T = f(x;) ¢
d6é  xudr hién cadimi rdn
nguyén chdt khi lam ngudi hon
hop bitmut — cadimi.

a) AT ATEK) w AT
My lomg ,MB . My Mg
600 ~ :
My is43 My
so0d i v ML~ ¥ . . B,
G [+ Cd(r) { + Bi(r)
L4k 1+ Cd{r)
! duimg rin; Bi(r) T (E} + Bi{r)
400 My E Fagk |7 Iveam \ TN _
Cd (r}1+ Bi(r) + Bi(r) + Bi(r)
. . Cd(r) Cil{x) Bi(r)
wi{Cd) | o e - + Bi(r) +Bi(r) + Cid(r)
o 0,45 1y (B) :

Twliéu 18. a} Gidn 4 bdc hai ddng dp ddi voi hé cadimi — bitmut. b) Cdc duong cong lam ngudi.
Trong khi diém biéu dién cia toan b h¢ (Mp) chay trén dogn MMs, diém biéu dién thanh phdn cna pha

1ong ( No ) ve duong cong MiE.
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B Sy lam ngudi chdt 1éng M"y dugc nghién ctu nhur sy 1am ngudi chét
10ng M ; diém khéc biet duy nhit 12 sy xudt hién & M'| cua bitmut ma
khong phii cta cadimi (te lidu 18a).
W Sy 1am nguoi chdt 16ng M, din t6i sy k&t tinh ddng thdi & E ciia hai
chit rin ndm can bling véi chit 16ng ; bign do lic d6 1a khong va nhiét do
gitr khong ddi va bing 418K. Puomg cong 1am ngudi thé hien mot doan
nim ngang nhung khong c6 sy thay déi do doc, ngoai trir cic diém gay &
418K (1w ligu 18b). Tuy nhién, chdt rin eutecti khong phai 12 mot chat
nguyén chdt, d6 1a mot hén hop cla céc tinh thé cadimi va cdc tinh thé
bitmut ma wg; = 0,45,
Bat ké h¢ bac hai dugce xem xét la thé nao, nhiét do nong chay cia
mot hon hop cic chat rin khong tron lan bao gi¢ ciing thap hon
nhiét dj nong chay cia cdc chit nguyén chat ¢ cung 4p suit.

3.1.3. Nghién ciru bang kinh hién vi

Trong luy¢n kim nguoi ta rit hay sir dung kinh hién vi dé nhan dang hoic
xdc minh béan chét cla cic hg rin thu duge. DE hidu ro céc thay di trang
thai di kem theo vig¢c lam ngudi mdt hdn hop 16ng, ngudi ta thudng so do
héa cdc ket qué thu dugc tir nhimg quan sét bing kinh hién vi. Tu ligu 20
trinh bay céc két qué thu dugce khi 1am ngudi cdc hdn hgp duge biéu thi
trén gidn dd bdi cac diém My, M'g va M"y. D& don giin hoa, ta thira
nhan 1a moi pha rin bao gi¢ cing dic hon pha léng & can biing, cdc
tinh thé ling xudng ddy Ong nghigm trong tién trinh hinh thanh cia
ching. Mit cdt img v6i hdn hop eutecti 1am ndi bat sy hién dién cda céc
tinh thé bitmut va tinh thé cadimi.

3.1.4. Binh li cac momen

binh Ii cdc momen héa hoc dp dung vao viece xédc dinh (fw lidu 21) céc
khoi lugng hay s6 mol chit rin va chét 1dng & can bing ddi véi moi he
ma diém bifu dién cta né khong thudc duomg ding nhiét cha diém
eutecti. Thyc (€, trén dudng ding nhi¢t ndy, twong tmg vi két thic clia sy
héa rin ctia hn hop, khdi lugng clia méi pha bién ddi theo thoi gian.

» Luyén tap : Bai tap 4, 8 va 12.

3.2. Gian dé cac hén hop bac hai véi
cac hop chat xac dinh
3.2.1. Su tdn tai cla cac hop chat xac dinh
Ta xét hai cdu tir, ki hi¢u A va B dé vi€t cho gon, c6 thé phin tmg dé cho
hop chét rin trung gian A, B, theo phin tmg h6a hoc ¢6 phuong trinh
- cdn bang :
mA +nB = A, B, (r)

Hop chat rin trung gian A, B, , con duyc goi la hop chdt xdc dinh,

la mgt chat nguyén chit chi ton tai ¢ trang thai rin.
86 cac cdu tir clia he ting 1én mot don vi, nhung vi A, B va A, B, tao
thanh mot can bing hoéa hoc (r = 1 trong h¢ thic IV.3), bién dod cla he
Iudn ludn dugce cho bdi hé thire (VL.5) :

v=3-¢
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hdn hop eutecti

¥ g
Cd nguyén chét

o
nguyén chit
b. &) Cic mat cdt A4’

B) Céc mat cit BB'

Cd nguyén

hén hop
chit eutecti chit

Bi nguyén

Tw ligu 20. Nghién ctu sw lam
ngudi cdc hén hop dugc biéu thi
o e ligu 18 boi cdc diém My,
M'og va M" trong gid thuyét la
moi pha rdn déu ddc hon pha
long ¢ can bdng,

a) Cdc ong nghi¢m thu duwgc khi
két thiic su rdn héa (T < Ty ).

b) Cdc so dé cdc mdr cdr khao
sdt bdang kinh hién vi :

@) Cdc mdt cdt & phia trén cia 6ng
nghigm (ba mdt ¢dt nay gidng hét
nhau, vi ching tuong tng voi su
héa rdn caa hén hop eutecti).

p) Cdac mdt cdt ¢ phia dudi cia
ong nghiém.

T h AT

long (1)

B\(s) + By(s)

Tu ligu 21. Ung dung dinh Ii cdc
mémen doéi voi cdc biéu db hai
thanh phdn trinh bay mét diém
eutecti.

OM :m(l). NM = my (r).MQ

OM': my(r)NM'= my (r).M'Q’



do d6 c6 thd phan tich gidn do bac hai clia he A — B tao thanh hop chit
xac dinh A, B, , bing cach coi nd 12 két qua cta sy dit ké nhau hai gidn
dd bac hai ciia cheh¢ A - A, B va A, B, -B.

C6 nhidu he cho céc gidn d6 bic hai véi hop chdt xac dinh, ching ban nhw
trudmg hop :

= cdc A€ kim logi nhu : magic - kém, nhom - liti, xeri - nhdm,
canxi — magie, ...

+ chc hZ hiu co nhu @ phenol (CgHsOH) - anilin (CgHsNH»), axit
fomic (HCOOH) - fomamit (HCONH, ), ...

« CAc hidrat vd co nhu . amoniac - nudc, axit nitric - mndc,
axit sunfuric - nuwge, doéng sunfat - mxée, canxi clorua - e, ..

3.2.2. Cac thi du vé gian dd

Dang ctia gidn d6 phu thudc vao tinh chat cha hop chil xdc dinh & lic
néng chiy ; néu khi néng chiy ma chit idng dugc tao thanh va hop chit
xdc dinh ¢6 cing mdt thanh phin déi voi A vi B thi sw nong chay duye
£0i li tuwong déng, con truomg hop nguoc lai, sw nong chay la khong
tuong ding.

Chi ¢6 cac hén hop bac hai cho cic hop chit xic dinh néng chiay khong
twong déng 12 thudc chuong trinh hoc, Chiing ta nghién cim gidn d6 cla
mdt rong cic wnrdng hop dé : gidn dd cla hé magie - kém.

Tie fi¢u 22 trinh bdy gidn d¢ bac hai ¢da h¢ magic - kém theo phin mol
¢ia kem,

B Phan tich giin db

Hop chit xéc dioh, ki hiéuw 13 C, chim mot luwyng keém gdp doi lugng
magie ; cong thic cda né 12 MgZns .

Ta xdc dinh cdc mién khic nhau tao nén gidn dé nay bing cach nghién
ctu cic dudmg cong 1am ngudi cta cic hé duye ddnh s6 tir 1 dén 9, duge
bidu thi béi cac diém tr My dén Mg.

s} b)
A TiK) TiKI & 4T

923 .
863 . e .:_A.A.A__.A_.. P M

693 f b N

B33 oo r e iy
613 '

(*} Trong truong hop ndng
chay khéng tuong ddng, hop
chdt xdc dinh A,B,, 1w phdn
hity, & nhigt df khéng d61, cho
ra m@t pha long va mét chdt
rdn ; cd hai déu c6 mot thanh
phdn khdc voi thanh phdn cia
AB,..

Tmg 0,30 0,666 092 XZa

Twligu 22. a) Gian do ddng dp caa hé magie — kem ; b) Cdc duomg cong lam ngudi.
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Céc h¢ 1 va 9 tuong ung véi cac chat nguyén chit, cic hg 3 va 7 1a céic
hén hop eutecti, va h¢ 5 ¢6 thanh phin cia hop chdt xdc dinh, d6 ciing 12
mot chat nguyén chét : tdt ca cdc he nay c6 sy hoa rdn ding nhigt. Duong
cong 1am ngudi cda ching c6 hai diém thay ddi do doc 1a cac ddu mut cla
doan nim ngang.

Khi 1am ngudi cdc he 2, 4, 6 va 8, xuit hién mot chit rin diu tién, theo
thir ty 12 magie, hop chit xdc dinh MgZn, , hop chit xdc dinh MgZn, va
kém mot cdch trong ung.

Vi sy hoa rin phét nhigt, nén cic duomg cong 1am ngudi thé hi¢n sy thay
ddi o doc khi c6 sy xuit hién cdc tinh thé diu tién.

Khi nhigt d0 dat t6i nhigt do clia céc ding nhigt Tg, hay Tg, , xudt hign mot
chdt rin thi hai, tuong tng 1a MgZn, , Mg, Zn va MgZn, ; sy hoa rin két
thac & nhigt do khong ddi va dudmg cong 1am ngudi 1a mot doan niim ngang.
Khi h¢ da hoan toan ridn, nhiét do lai gidm nira.

Lic d6 c6 thé hoan tt gidn d6 bing cdch chi ro cdc cdu tir c6 mit trong
timg mién (1 lidu 23).

M Nghién ciu bing kinh hién vi

Nhu chang ta da 1am trude day (xem §3.1.3), ta hay trinh bay cic mit cit
khdo sat dudi kinh hién vi thudc vé& cdc he tir 1 dén 9 dugce nghién ciu &
trén trong gid thuy@t 12 moi pha rin déu dic hon pha 16ng ndm cin bing,
cac tinh thé ling xudng diy ong nghiém trong tién trinh tao thanh cla
chung (rur liéu 24).

Kém, magie va hop chit xic dinh MgZn, la ba chdt nguyén chit : cic
tinh thé ctia chung 12 khic nhau.

M] M3 MS

Mg(r) hén hop eutecti  MgZn(r)  hdn hop eutecti Zn(r)
nguyén clia Mg(r) va nguyén clia Zn(r) va nguyén
chat clia MgZn,(r) chit clla MgZn (1) chat

Twliéu 24. Cac mdt cdt quan sdt dudi kinh hién vi cia cac chdt rdn thu duwoc
khi lam ngudi cde hé magie — kem 1, 3,5, 7va 9. Cdc h¢ 1, 5 va 9 twong ting
VoI cdc chdt nguyén chdt, cac hé 3 va 7 tuong ting voi cdac hon hop.

3.2.3. Luong vat chat hay khéi lugng luc can bang

Vi céc gidn dd bac hai c6 hgp chit xédc dinh, thanh phén cta pha 16ng
duge doc & trén duong 16ng va thanh phén cla pha (hay cta céc pha) rin
dugc doc trén duong rin.

binh 1i momen hod hoc dugc dp dung trong mot gian do ding 4p biéu
dién theo thanh phén khai lwgng dé xéc dinh khdi lugng chdt rdn va chat
16ng & cin bing doi véi moi h¢ ma diém bidu dién clia n6 khong thudc
cdc dudmg ddng nhiét cha cdc diém eutecti.

Vige str dung mot gidn dd theo phin mol thi phic tap hon vi sy ¢6 mat
ctia mOt hgp chdt xac dinh lam cho viéc viét dinh li momen phuc tap hon.

» Luyén tap : Baitap 1,5, 6,7, 10 va 11.
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AT léng + +Z;g|(12 3
| 30! Mgzn, @) | [MgZn, @
g ¥ 16ng + long
C ;
duong
16ng
dudmg rén =
2
E
! Zn(r)
+
Mg(r) + MgZn,(r) MgZn,(r)

0 1
XZn

Tu ligu 23. Nhdn dang cdc mién
khdc nhau cua gian dé bdc hai
ddng dp magie — kem.



4 Mot s6 ap dung

4.1, Két tinh phan doan

Ta xét mot hén hop bic hai md gidn do cia né chi ¢é6 modt mui. Gia siy
My 12 diém biéu difn cia hén hop ban diu (fu figu 25) hodn toan 16ng.
Ta 1am ngudi hdn hep nay. O M, xudt hign cic tinh th& ddu ticn ma
thanh phdn ctia ching duoc doc & M| . Cac tinh thé nay gidu ciu ti kho
nong chiy hon chit 16ng, nghia la c6 nhigt d0 néng chiy cao hon, & day
12 By. Cac tinh thé niy thu nhén v ndu chdy, vi chit 1dng thu duge nhu
vy duge Tam nguoi. Cic tinh thé thanh phin xps xudt hien & nhigt do
Ty, . Cac tinh thé ndy con giau B, hon nita, Cdc thao tdc ndy duge lap
lai nhiéu 14n s& cho phép thu duge ciu tir B, nguyen chat.

Vige ldy déu dan cac tinh thé tao thanh ra s& lam cho ¢chdt 1dng giau cfu tirhon
d& néng chy hon, & day 1a By . & cudi cac thao tae my, hai cdu tir s duyce tich
néu gidn d6 co mot cye tri, mdt didm eutecti hay mét hop chit xac dinh,
Trong thye t€, ki thudt nay duge dung nhiéu hon dé lam sach mot ciu o
bi bin béi cdc tap chdt. Chinh bing cdch ndy ma ta thu dugc ddng, bac,
nhom, silic va gecmani ¢é d9 tinh khigtl cao. Phuong phip duge goi 12
ndng chay vang (fu ligu 26) duge sir dung d€ 1am sach silic dung cho ki
thudt dién tir.

4.2. Két tinh lai

Ta x¢t hon hop bac hai B — S cho mot gidn dé ¢ mot didm eutecti E. Gid
s Mg 1a diém bidu dién clia hén hop ddu (e lidu 27); & My hé 13 hodn
toan 1éng.

Lam ngudi hén hop niy. & M| xudt hién céc tinh thé dAu tien ma thanh phin
chia nd dunc doc & M'y . Cic tinh hé ndy 14 clla cdu t B nguyén chit; biing
vige lam ngudi (i M3 (v6i Ty, > T ), 1a thu duge cu tir B nguyén chl.
Trong thye t&, ki thujt ndy duge st dung dé lam sach mot chit hiu co.
Gid sir mGt ¢du tir B, bi bin bdi mot tap chét B'. Ta chon mot dung mai S
trong dd B trdn 1an duoe ¢ trang thai 1dng vi khong (hodc rat it} tron 1in &
trang thai rdn, gidn d6 bic hai B — § ¢6 mot diém eutecti.

Hai trudomg hop c6 thé x4y ra 4di véi B':

« hodc B'tan rit tOt trong dung mdi S v & lai d6 rong khi B két tinh ;

+ hodc B’ khong tron 1dn duge & 141 cd cac pha trong dung mdi S. Hon
hop B - B' dwge dua vio dung moi S néng, hé dugce lge ndng, va thu 14y
nude 1oc chira § va B; khi duge lam ngudi chidm nude 1gc nay sé cho cic
tinh thé B nguyén chat.

C6 thé quan sat diéu nay & i ligw 27, bing cich ap dung dinh li cic
momen, khéi lugng B thu duge 38 cang lom khi luong dung moi st dung
cang it.

4.3. Ha th&p diém néng chay

O muc 3.1.2., ta nhan thdy ring, v6i bt ki hn hop bac hai nao, nhist 4o
néng chdy cda mdt hdn hop cdc chdt rin khong tron 1n cho mot gidn 46
v6i mdt diém cutecti khong ¢6 hop chat xéc dinh, bao gid cing thip hon
nhigt d§ nong chiy cla cic chit nguyén chdl & cung ap sudt.
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Tw lieu 25,Ciic su rdn hiod va nong
chay lién 1iép trong mot su k&t tinh
phan doan : chdt rdn gicu lén & By
{quang M'y, M5, M'5..)va chdl
long gidw lén ¢ By {(quang M),
N, Ny, N3, .)

thanh ]
silic a8
lam sach

ché
ldy ra

& chm
umg

"wiing nau
chay”

—
clhigu chuyén dich clia 16

phén da
dhegre 1Am
sach

Tw liéu 26. Lan: sach silic bang
nong chay ving © mdt o cam ing
gdy ra sy nong chay cuc bg cua
thanh silic; pha long giau chdt bin
hon pha rdn trong truong hop ma
chdt bdn dé néng chay hom silic.
Lo chuyén dich tix tir kéo theo vang
ndn chay ¢o chia chdt bdn. Pdu
mal phia (rén cua thanh silic b
thai & cudi chu trinh.



L

1 x§
Tuw ligu 27, Su k8% tinh lai caa mt hén hop bde hat khi gian dé c6 diém
eutecti; cdc tinh thé wgo thanh & My 1o cia B nguyén chdl. Gidn dd nay chi

ra rdng lugng chdt rdn B thu dugc cang nhiéu khi nhigt dg cudi cang thdp
(nhung vdn phai cao hon Ty ) va huomg dung méi six dung cang it :

> my, MM, b nDy, MaM'3’
Vi ro Dy, = m Dy, - ng(rag, > np(riy,
) o N3 . nB(r)N3 _ N3N'3 ;

n3(l)N3 NiN's
vi n3(Dy, <Dy, - np(rin, > np(Ny,
» Cac phin trich cha céc giin dd bic hai clia cic hé : nude - natri clorua (fir
Hiéu 28) hay mudc - glicol (hay etan - 1, 2 - diol) (fi ligu 29) bign minh cho :
— vigc ding hg thur nhit dé d& dang 1o ra modt hdn hop lam lanh hay @8
lam mdt vang bing trén ¢dc con dumg ;
— viéc dung hé thit hai 1am chdt luu chong dong trong cdc bd tin nhigt ¢ha
xe ¢, ching han,
« Vi¢c thém criolit NajAlFg vao nhom oxit Al;O3 khi luygén nhom,
hay chdt tro dung trong luyén sit, d& ha nhigt dd nong chay cla cac hén
hop, duge gidi thich nhe vio cdc gidn dd nhu vay.
Khia canh dinh lugng cda sy gidm nhi¢t dd quan sit duge trong trwdmg
hgp céc dung dich 1i twdng 1a doi tuong cha bai 1dp 13.
48(°C) 4 8(°C)

. HB(?‘)MZ - MQM"Z. & M - nB(r)M3 _M3M"3_

weliml\
16ng of O 92 03 04
0 »
RS [
Hy(£) "
+
long -20 4
~216 -
iE -3
0 023 wnq

Tw Hgu 28. Tdch mot phdn  Twlieu 29. Tdch mt phdn gidn dé
gian do bdc hai mede — natri bdc hai meoe — glicol (hay etan — 1,2 —
clorua. diol : CH,OH-CH,0H ).

» Luyén tap : Bai tap 13.
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DIEU CAN GHI NHO

= BIEN PO

Véi hé bac hai céu thanh béi By va Bz khéng phan lmg véi phau, v =2 + @ - ¢ ; trong
trugng hgp cén bang ran - 16ng, ap suét khéng phai 13 yéu tb can bing vi ¥ =3 — Q.

N GIAN DO BAC HAI RAN - LONG

s Puong long ta tap hgp nhiét 4§ bit dau héa rin ciia cdc han hgp 1ong khi lam ngudi; d6
cing Ia tip hdp nhigt 46 két thic nong chéy ciia cic hon hop rén tudng ung.

«  Puong rin 1 tap hop nhigt dj két thiic sy héa rﬁn ciia cic hén hgp 16ng khi 1am ngudi ;
dd ciing 12 noi nhiét 46 néng chay ciha cac hin hgp rén tuong ing,

Trong mét hén hgp hai pha, cac thanh phan clia cic pha I6ng va rén & can bang duge cho
mét cach tuong ¥ng bdi cic hoanh do ciia cdc diém giao nhau cia dufng dﬁng nhiét nim
ngang vdi cac dudng long va duimg rin,

® LUONG VAT CHAT HAY KHOI LUQONG LUC CAN BANG

Céc s mol n(l) va n(r) hay khéi lugng m(l) va m(r) clia chit rin va chit long & can bing
durge xic dinh tif cdc gian as béc hai khi sit dung dinh li mémen hoa hoc. Vi cac sb mol n(l)

va n(r) (xem tu ligu 1):
NM.n(r) = MQ.n(l) , tic ta ™0 _ M@ _ (1 (D)~ x3)
n(ly NM (x3 — x3(r))
Doi véi cic khdi lugng m(l) va m(r) (xem fut ligu 2) :

N'M'm(r)= M'Q (D), titcla M0 _M'Q"_ (3D -wp),
md) N'M' (wz ~—wy(r))

N'M' . M'Q'

; tido n(h) :m.n va n(r):ﬂg.n
NG NQ

trdo m(l)=———.m va m(r)= m
N'Q' NlQ.
T4 P = const long « Tuligu 1 TaT% P = const AT

\N M

A\, |\ |

n(f) 1 m(r) '

rin : ' Tuligu2 » 0 riin E : ' m(€) {3

x5(1) 2 xA0) 2o W) wy WO s

I_I-IéN HQP EUTECTI; HQP CHAT XI-'\C PINH
o Hin hgp eutecti 1a mét hén hgp cia hai ciu ti, trén lan ¢ trang thai 16ng va khong trén

Yan & trang théi rén theo nhifng ti ¢ ma sy thay déi pha cta né duge thye hign & nhiét 45
khong dol, khi do hé 1a ba pha.

« Trong mét s§ trudng hgp, hai ciu ti A va B, khéng trén 1an duge ¢ trang thai rin, c6 thé
phan itng dé cho mdt hgp chit ¢o cdng thitc A,,B,.A, B, dugc goi 1a hap chét xéc dinh va

XU sy nhu mjt chit nguyén chit; dic biét la sy néng chay dang ip cua nd thye hign & nhiét
d9 khong adi.
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B TAP

Ap dung truc 1i€p gido trinh

1 céc dinh nghia

Binh nghia mdt cach don gidn ;
a) don chit; b) hop chit ; ¢} chdt nguyén chit ;
d) hn hop ; e} hop chdt x4c dinh ; £) hén hop eutecti.

9 Gian d8 bac hai dbng - niken

Gian dé bac hai ding 4p rin - 1dng cla hg ddng -
niken duge cho & or ligw dw6i day, thinh phin duge
bidu thi bing phin khdi lugng w.

1} Xac dinh nhi2t 43 néng chiy clia hai kim loai nay.
2) Chi ra hai dudbng cong, ba mién ma ching xac dinh
va bién do cha he timg mién,

3) Mot hdn hop 16ng ddng va niken bit diu hoa rin &
1200°C. Tird6 suy ra :

a} thanh phin ca hdn hop va thanh phin clia tinh thé
diu tién xuét hign;

b) thanh phin cha giot cudi cung bign di.

4) Mot hén hop 1ong ddng vi niken ¢6 phin mol cia
déng 1a xc, (1) =0,40. Xac dinh :

a) thainh phin ciia hdn hgp theo thinh phin khdi
lugng;

b) nhigt 4o bit d4u ho rén cha hdn hep;

c) thanh phin theo phin khdi luwgng cha gipt cudi
cung bién mit vi nhiét do hos rin k&t thic,

4 8°C) p=1[0 bar

1300

00 =7
00 A/

@
1200 A
yeaiE
YN

1000 >
0 0,20 0,40 0,60 0,30 1,00

—

1100 e

33 Gian d8 bac hai thigc - bitmut

Gian d6 bac hai ding ap rdn - 16ng cla he thige -
bitmut dwyc cho & i ligu dudi diy, thanh phin duge
bidu thi bdng phin mol x.

1) Mot hdn hop 10ng thi€c - bitmut, ki higu | 1, cb
phin mol bitmut xg;(}) =0,30. Xac dinh :

a) nhigt d9 bit diu héa rdn va nhigt 4o két thic hoa
tin ;

b) thanh phin cla tinh thé d4u tien xudt hign ;

¢) thanh phén ciia giot cudi cling bién mdt.

2) Mot hn hgp 16ng thi€c - bitmut, ki hiéu 1a 2, c6
phén khdi lugng thi€c wg, () = 0,45. Xic dinh:

a) thanh phén cta hdn hgp theo phan s6 mol ;

b) nhiét 33 bt ddu vi k&t thic sy hoa rdn cla hén
hgp ;

¢) thanh phan theo mol clia gigt cudi cing bign di.

3) Ve dang clia cic dudng cong Iam ngudi ddi voi cac
hén hop 1 va1 2,

80056, PFopr I |1
L~ |
500 —
7
I /
400 //
/ I //
300 A > -
_
JL I
200
o
100 BI
0 0,5 1.0

£} Gian d8 béc hai chi - antimon

Mot cach gan ding, ta ¢6 thé coi chi vi antimon
khong trdn 13n & trang théi rin; gidn dd bac hai ding
4p rin - 10ng don gian hod ¢ha he chi - antimon duyc
cho & tr ligu dudi day, thanh phin dugc bidu thi bling
phin khdi lugng w.
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YA m
2 [
 NEA
I]\\/
E IV H'&h
no

0 05 1.0

1) Goi 8n didm E va xac dinh cic toa 40 clia né:
nhic lai cac dic tinh ctia hdn hop c6 thanh phin wE .
2) X4c dinh bAn chit cia cac pha ¢6 mit trong cic
mién I, IT, ITT v IV,

3) Ve dang cha cac dudng cong 1am ngudi clia cac hg
bidu thi bdi cac didm tir M; dén Ms va x4c dinh ro
cic nhigt 0 thay déi do doc va ban chét ciia chc pha
cO miit trong timg giai doan clia qué trinh,

4) Ta diéu ch& hdn hop chia 12,0g antimon va 8,0g
chi; hdn hop nay duge nfu chiy, ddng thé hoa rdi 1am
ngudi din din. Xac dinh :

a) phin khdi luong wg;, cha hén hop nay;

b) nhigt 49 bt d4u ho4 rén cha hén hop;

c¢) khéi lugng va thianh phdn cha cic pha nim can
bing & 400°C .

5) Ta cho them ding nhigt antimon vio mot khoi
m = 60,0g hdn hop, duge bidu thi bdi didm M, :

a) Xic dinh thanh phin ctia chdt 16ng khi xudt hign
tinh thé diu tién;

b) Xac dinh khdi lwong antimon phai thdm vio dé
quan sat dugc sy két tinh bét diu.

5 Gian dé bac hai canxi - magie

Gian d8 bac hai ding 4p rdn - 16ng don giin hoa cha
h¢ canxi - magie duge cho & ar ligu sau day, thanh
phén dugce bidu thi bing phin khdi lugng w :

1) Xac dinh toa 40 cia didm C ; or 46 suy ra cong
thire cha hop chit xac dinh tuwong émg véi cac he so
nhd nhft ¢6 thé co6 duye. Tinh bign 46 & C.

2) Xac dinh ban chit cia cic pha c6 mit trong cc
mién khac nhau.

3) Ve cac dudmg bidu dién sy Am ngudi cha chc he
dugc bidu thi bdi cac didm tr M dén M, va xac
dinh cac nhiét 40 thay dbi do ddc.

4) Mot khdi hong m = 100g clia mdt hén hp long
canxi vi magie c6 thanh phin khéi lugng g =0,70
dugc Tam ngudi tir tir. X4c dinh tinh chdl, khdi hamg
va thanh phén ciia cic pha c6 miit :

a)& 600°C; b) & 400°C.

A8(°CH P+ 1,0]bar
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O Gian dé bac hai axit fomic - fomamit

Gian dd bac hai ding &p rdn - long clia he axit
JomicHCOOH - fomamitHCONH, dwgc cho & tr
li¢u sau day, thanh phin dugce biéu dién bing phin
khdi lugng w.

1) Xac dinh toa d9 cta diém C ; tr 46 suy ra cdng
thitc clia hop chit xdc dinh trong {mg voi cic he 56
nhd nhit c6 thé co dupe.

2) Xac dinh ban chit cac tinh thd diu tién tao thanh
khi lam ngudt cic hdn hop long axit fomic vi
fomamit v6i phin khdi lugng cha fomamit bing 0,20;
0,40 va 0,85,

3) Mot khéi keomg m = 20,0g cha mot hdn hep ng
axit fomic v fomamit, v6 phin khdi lugng bing 0,65,
dupc Iam ngudi tir tir. Xic dinh bin chét, khdi lugng va
thanh phén clia cac pha ¢6 mit :

a) & -10°C; b d -25°C.
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4) Fomamit dugc didu ché tr axit fomic ¢6 chira axit
nay nhu mit tap chdt ; fomamit khong nguyén chat
két thae nong chiy & —50°C.

Tir A6 suy ra ti I¢ phin rdm khdi lugng axit fomic.

7 * Gian d6 b&c hai amoniac - nudc

Gidn d6 bac hai ding 4p rin - 16ng cila he amoniac
NHz - nuc H»O dunye cho & tu ligu dwyi ddy, thanh
phin dugc bidu thi bing phan s& mol x,

46(°C) 8(°C 4
DiG
0 p=10bar
] X
- 50 -
) vV VI
L TR
- 100 -
4 m Vi
J o
- 150 T 1 T T T T T T s
0 _ 0,5 1

1) Xac dinh cong thre clda cac hop chit ki higu 1a
H;0, nNH3 va duye xdc dinh vi tri bii He va Hp.
2) Chi 10 ban chdt clia cdc pha ¢6 mit trong cic ving
1rl dén X.

3) Tinh bién d¢ va gidi thich gi4 tri tim duye & cic
diém D, E, Fva G.

4) Mot khai lugng m = 1kg cha dung dich nude va
amoniac ¢6 phin mol clia nude bing 0,80 va duge dua
vao trong budng kin duye gir & nhist 4o —196°C .

a) V& duong cong iam ngudi wong tmg bing cich
x4c dinh cac nhiét do thay déi ¢ doc.

b} Xdc dinh ban chit vi kKhoi luong clia timg chit rin
cé mit & ~196°C..

Vin dung von kién thic

8 ~ Gian dé naphtalen-a-naphtol

Gifin d6 bac hai ddng 4p rdn - 16ng ¢ia hg naphtalen
(ki hig¢u 13 N)-a-haphiol (ki hi¢u 13 A) c6 mot diém
eutecti & nhi¢t do 61°C.

1) Lap gidn dd nay v&i sy trg giap cia cic s6 ligu
dugc cho & dudi, thanh phin cho bing phin mol x,

2) Chi ra cc pha ¢6 mit & timg mién cla bidu do.

3) Mot hon hop chim 40,0g o-naphtol va 10,0g
naphtalen dwye 1am nguoi tiy 100°C.

a) Xac dinh nhigt do bdt ddu k&t tinh cda hén hop
nay.

b) V& dang ciia dudmg cong 1am ngudi ciia hdn hop
niy.

¢) Tinh khai lugng clia timg pha, ciing nir khoi lugng
¢6 th€ ¢6 cha naphtalen va cdia c-naphiol trong timg
pha :

"+ khi ma hdn hop duye Tam ngudi 1 75°C ;

+  khi ma hén hep duyce lam ngudi 13 50°C.

Xy 0,0010,25 | 0,50 10,60 | 0,75 1,00
nhiét 6 bat diu
két tinh (°C)

9 | 86 | 68 | 61 | 71 | 8O

56 ligu : M (onaphtol) = 144g.mol ! ;
M(naphtalen) = 1282.mol -1

@ - Gién dé bac - vang

Gidn d6 bac hai thanh phin ding ap rin - 16ng cia he
vang - bac dugce cho & wr lidu suu diy, thaoh phin
dugc bidu thi bing phin khifi hrgng w,

1) Vang va bac déu két tinh theo hg [ip phuong tim
dién. Khoi heong rigng ¢da bac Ia 10,5g.cm =3 vacia
vang 14 19,3g.cm =, Xic dinh cdc ban kinh kim logi
cBa vang v clia bac ; k& ludn vé ban chit cia hé bac
hai vang - bac.
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2) Ta xét mat khoi luong m = 50,0g cha hén hop
dugye bidu thi béi diém A ;
a) Xdc dinh nhigt 49 bdt diu héa rin ciia hdn hep nay.
b) Hén hop nay duyge Tam ngudi & 1010 °C ; xac dinh
khi lugng va thanh phdn ¢fia cic pha 16ng va rin &
can bing.
3) Mot hop kim vang - bac bit diu néng chay &
1050°C ; xac dinh thanh phin cia n6 :
a) theo phin khoi hwyng ;
b) theo phdn mol.
¢) xac¢ dinh khoi luong riéng khi thira nhan 12 gia tri
cla canh a' ca mang hgp kim duge cho béi dink ludt
Vegard :

a'= Xau-dau t Xag GAp

10 * Gian dé bac hai axit nitric - nude
Gidn dd bac hai ddng ap rin - 18ng clia he axit nitric -
mnic dwye cho & ur ligu dui ddy, thanh phin dugc
bidu dién biing phin khdi lugng w,

1) Xde dinh cong thice ¢ia cic hidrat ki hiéu 13
HNOs, nHA 0.

2) Chi ra bdn chat cha cdc pha ¢6 mit trong cdc mién
ddnh s8 tx [ gén X,

3) Lam ngudi mat lit dung dich mnye ¢6 ndng do axit
nitric bing 8,44 mol./™! vi khai luwyng rigng bing
1,266 g.cm _3.

a} MO 14 cac hign tuong quan sdt thily trong qua trinh
lam ngudi.

b} Ve dudng cong lam ngudi cita hdn hop ndy va chi
ra cic nhig¢t do thay ddi do doc va cic cdu tir & can
bang thay déi theo nhiét do.

¢) Xdc dinh khdi lugng va thanh phin cha timg pha &
can bing & -35°C va ¢ -80°C.

11+ Hop kim dong - magie

Gian d6 bac hai ding ap rin - 16ng don gidn héa clia
h¢ dong - magic cho & tu ligu dudi diy, thanh phin
duoe bidu dién bing phin khdi luong w,

A
1084

100¢ |
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1) Xdc dinh toa 9 cia cic didm C va D ; tir d6 suy ra
cae cong thuc cha cie hop chit xdc dinh tuong dmg
biét ring cdc hé s ¢d thé Ja bé nhat.

2) Chi ra bdn chdl cac pha ¢6 mit trong céc mién tir [
dén X.

3) Ta nghién ctu sy lam ngudi cic hg duye bidu thi
bdi cic diém tr M; dén M7 bing viéc phan tich ham
luong cla céc 6ng nghiém chira cic hdn hop nay va
bing ¢ich khio sdt dwdi kinh hién vi cdc mit ¢it, Ta
thira nhdn 12 moi pha rin 12 dic hon chat 1dng & cin
bing. Biéu dién cho mdi dng nghidm nay hai mit cit,
mot cia phin diy éng nghiém, mot cta phin & trén
tai =450°C.

4) Ta mudn ¢d mdt hén hop dong - magie vin i la
chit rdn to6i 700°C : chi ra i 1& phin tram 1Gi da
magie ma hoén hop ¢6 thé chira,

1 O~ Hop kim cadimi - chi

Céc duong cong lim ngudi hdn hep cadimi - ¢hi cé
cdc diém thay ddi do doc véi cac dudmg niin ngang
kha di & céc nhigt do 8,(°C) va 0,(°C) sau day,
thanh phin cGa cic he duye cho véi phin khéi luong
chi wpy, va dp sudl duge duy tri bing 1,0bar :

wpp, | 0.0 | 0,10 | 0,20 | 0,30 | 0,40 | 0,50
8;(°C) | 321 | 302 | 292 | 285 | 280 | 277
6,("C)| 321 | 250 | 250 | 250 | 250 | 250

wepp | 0,60 | 0,70 | 0,80 | 090 | 1,0
6,(°Cy| 272 | 267 | 255 | 272 | 327
8,(°Cy| 250 | 250 | 250 | 250 | 327

1) Ve gidn dd bac hai ding dp cadimi - ¢hi khi thira
nhén l1a hai kim logi ndy khong tron 1an & trang thii
rin.

2} X4c dinh toa do cia didm eutecti.

3) Ta lam ngudi mdt khdi lugng m = 1,00 kg cila mot
hén hep l1ong cadimi - chi ddng mol d&i véi méi kim
loai,

a) Tinh thianh phin cGa hén hop diu bing phin khai
luwomng.

h) Xic dinh nhiét Ao bt ddu héu rdn va dnh chit cia
chit rin xuit hién diu tien.

¢) Xdc dinh khéi luong ciia kim foai ¢6 thé k&t tinh
ma kim loai kia chira k&t tinh,

4) Ta cho thém dﬁng nhidt, cadimi vio mot khai
lwong m = 100,0g cda mdt hén hop duge bidu thi
bing didm M c6 ta do wp, = 0,40 va = 295°C.
a) Xic dinh thanh phdn chit 16ng khi xual hién tinh
thé diu tien.

b) Xic dinh khoi luong cadimi cdn phii cho thém nira
dé quan st dugce sy bit du k&t tinh.

“1 3 ** Binh luat Raoult vé s héa rén

Ta xét mdt hén hop duge hop thanh béi dung mot X
v chil tun B. Dung méi hoat ding nhur mat cdu ok
clia moOt hdn hop 1i tudng ; chit tan vi dung moi 13
khong thé tron 1dn & trang thdi rin.
1) Nhiic lai bifu thic cia bién thien hoa thé chudn
clia chit nguyén chat 2, g#°(2%7), thay ddi theo
nhi¢t 4o, V& dang clia do thi ¢ (EZ)(T) = 7T) ddi véi
mdt chit nguyén chit,
2) Nhic lai biéu thdc hou (he ¢da cau 1 £ ¢ pha long
thay d6i theo nhi¢t do va phiin mol x ({}(2) ; tir d6 suy
ra ring nhiét 4o bdt ddu rin héa T', cda dung dich
dugi ap sudt 1,0 bar, 12 thip hon ohigt dd bit ddu hoa
rin 7, cla chit nguyen chdt ' & cing mt 4p sudt,
3) Khi bdt diu sy héa rin cla hdén hop ¢ nhiet do
T',, L ndm cén bing dudi hai pha, thi& lp he thic :
o 1
W: Rnxgtl)
-
Ap dung hé thic Gibbs - Helmholiz v ching minh
rang :

A HY(Ty) _dRInxs ()
' 2 B
T, d7
Thira nhén 12 trong khi entanpi chuin nong chdy cia
Z khong phu thude vao nhiét do, thiét iap he thic sau
day, mOt wong cac dang ¢ta dinh luit Raocult vé sy
nong chiy :
_ S HYT (1 1
_ R \r, T
4) Axit axelic CH3COOH nguyén chit k&t tinh &
16,6 °C ; entanpi chudn nong chiy 1a
A H® =11,7k].moi ™},
Axitaxetic vauré (NHs ), CO lakhong tron ldn duye
& trang thii rin, Trong 90,0g axit axetic ¢o 1in 9g ure,
xd¢ dinh nhigt 4o bit ddu hoa ridn ¢ia hén hgp nay.
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Mvuc 11 8u

B Bi¢t nhan ra cic phan vng oxi héa - khir
theo duimyg kho.

B Bi€t thidt 1ap, tir cic sT lién nhitt dong,
phuong trinh Ellingham md 6 hi¢u (mg nhiét
theo dudng khd cla mot ciip oxi hoa - khix
oxit / don chit.

B Ding phuong winh nay dé xdc dinh
ngudng in mon mdt kim loai b oxi.

B Biét sit dyng gian dd Ellingham dé so sanh
giira cic cip oxit héa - khir cha oxit don chat
véi nhau va tr 36 suy ra cdc diéu kién khir
mt oxit bing mot don chit (kim logai, phi
kim) hay m{t oxit khac theo dikrag kho,

B Biét xay dyng va gidi thich gian dd
Ellingham ddi véi cic clorua, cic sunfua...

M Xac dinh céc di¢u kign nhiét ddng va dong
hoc khi sit dung cac chat khir cong nghigp
¢hil yéu

H\Eu BIET cAN c6 TRUGC

B Cic khii niégm chit oxi hoa va chat kha
{xem ndm thik nhdi).
B Cic dai lwgng chudn ciia phan tmg:

ApH® 4550, ApuCp, ApG° (xem

chieong 2),

B Entanpi tr do (xem chieong 1) va di Ilpe hoa
hoc cda mdt phin dng (xem chieong 3).

B Sy chuy&n dich ¢an biing (xem chiong 4).

~

CAC GIAN DO
ELLINGHAM

2 A
MG dau
Cdc kim loai, trie cdc kim logi quy (Cu, Ag, Au, Pt, Pd,
Ir, He, ...), rdz it gdp trong e nhién o trang thai don
chdt (kim loal ty nhién). Cde qudng cia ching ki nhitng
dang hop chat bi oxi hoa (cdc oxit, cdc halogenua,
cachonat, photphat, sunfua, sunfat, nitrat...).
Mat s6 nguyén 16 héa hoc con xudt hien cd dwedi cdc
dang anion : nhém trong boxit, silic trong cdc silicat
ching han.
Viéc diéu ché cdc kim logi la kha phic tap d6i voi cde
phuong phdp cong nghiép hién tai, phai dung nhiéu giai
doan, thuomg la t0n kém vi tiéu thu nhiéu ning luong.
Voi cdc cacbonat va cdc sunfua, giai doan ddu tién la
thu cdc oxit tieong vmg, bdng cdch nung cdc cachonat ¢
nhiét o khong cao ldm d€ giai phdng cacbon dioxit
(hay nung cdc sunfua trong khong khi dé€ gidi phdng luu
fruynh dioxit).
Viéc luyén kim loai thuomg dupe thuc hién bing cach khie
oxit, do d6 ¢dn phdi hiéu ré can bing tao thanh céc oxit
khéc nhau nhdm xdc ldp cdc diéu kién nhiét dong chi
Phii cac phan tng o thé xdy ra voi cdc chdt khir khdc
nhau ; mdt khdc qud trinh an mon cdce kim loai do sie oxi
héa trong khdng khi cting lién quan dén vdn dé nay. Cic
khia canh dpng hoc ctia cdc phan tng, di la quan trong &
nhiét dj khong cao ldm ; noi chung khong duoc tinh dén.
Cdc hé qua se dugc xem xét trén quan diém cong
nghiép, cdc chdt ki thong dung la C, cacbon monooxit
CO va hidro H,.
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1 Cac phan ung oxi héa - khtr theo
duong kho

£.1. Oxi va cac oxit

1.1.1. Oxi

Trong vé cha Trdi DAL, oxi L nguyen (0 chi€m phin nhiéu nhit (46,4% vé
khoi lugng), vuot xa silic (27,79%) v nhom (8,1%) ; nguyén t§ oxi ¢
trong Cd¢ oxXit rin va nude. NG con o mit dudi dang exi ty do trén mit
&l (1 figu 1) viv ozon trong quyén binh luu chim 23% khéi hryng khong
khi ; oxi duge tao thinh chi y&u do tic dong cla dnh sdng mat trdvi 1en hoi
nude biln ra tir cie ni 1a bay tr sy quang hop cGa cay cdi.

L& chdl phin tmg co ban trong coHng nghi¢p, oxi thudng sir dung 1a oxi
ciia khong Khi khi sy ¢ mit cia nite khong giy cin ré. Trong tnrdmg
hop ngue lai, oxi chil y&u dwe didu ¢hé & trang thii 1dng, bing ciach
chumg it phan doan khong khi. Sdn luong cia Phap (3,1 trieu (dn nim
1992) twong duong véi khodng 3% san luong the gidi. Trong cong nghigp
héa hoc, oxi chil yéu duge sir dung trong cong nghiép luyén gang thép
(60 m? oxi ticu thy cho mot tdn thép sin phdm) va trong (Sng hop hiu cor
(metanol, etanal...) hay vO co (céc oxit, chdt nd...) ; né etng duge dung
lam chit gdy chiy (hin bing don xi, ¢dc én Ll vi try, linh vyc y ).
1.1.2. Céac oxit

Oxit c6 cong thie chung 1 M O, [a k€t qui sy k&t hop oxi véi mdt nguyén
(0 khdc : chi co cic khi hiém (He, Ne, Ar) Ia khong cho cic hgp chit. Rl
nhid¢u kim logi (kim loai kidém, kim loai kiém thé, Al, Cr, Mn, Fe...) vi cic
phut kim (B, 8, P, C, 51) chdy trong oxi. Cac phiuz img héa hoc xay ra thudmg
phat nhigt, dwye goi Ix cie phan tng chdy , gin chit ¢he véi didu kien dong
hoe ; tiry trudmg hop md phin tng ¢6 thé cham (Al ngudi, Fe nung) hay
nhanh (xudt hizn mdt ngen 1), Hoi khi ching rat manh lige, vi thudng I iy
phit nhu inkmg hop cie kim loat kiém (cic dim chiy natrd, ndi dm &nh cha
nhimg ngudi van hanh cic nhi miy di¢n nguyén . Cac kim loai quy {cot
11 clia Bing tudn hoan), cic halogen (¢dt 17) v nite (trir sy tao thanh clia ¢ic
oxit NO, rong tng quyén khi cuo) chi phan img gidn tiep.

Do tinh dm dién rdl manh cda nguyén 16 oxi (x(0Q) = 3,5), cac hop chit
¢G oxi duge dic trung biing sy ¢6 mit it nhdt 1a v& hinh thirxe ciia ion oxi
0% (s.0 = —I1), chi trix florua OF; (s.0 = + II) hay ciéc peroxit nhu
H40s, v cic superoxit nhu KOs , ¢d ¢dc nhdm O%" v 05 .

Ngoai ra, dic tinh axit hay baze ¢da mdt oxit M, 0, trong dung dich
nude phuy thude nhiéu vao '

« hi¢u $0 cda do am dién 4, = A0) - xM) gitta oxi va nguyén (& M
duoc x¢t @ oxit 1on ¢6 dic tinh bazo ndu 4, 160, oxit cong héa tri ¢6 tinh
axitnéu 4, lanho;

« muc ox1 hda (¥) coa M rong oxit M0, (s.0.(M) = 22) ;s ting
: X

cuong tinh axit khi 5.0, ting, do d6 cin xic dinh ding gia tri cha s0 oxi hoa
xudl phdt ngay tir tén goi clia oxit duye xét ({1 fidu 2).

10-HH -2 145

khi cong | thé tich (hiing
thoe | 62) ((*) tinh
theo ppmy)
niter N» 78,00
OXi Os 20,95
agon Ar 0,93
cacbon | CO, 0,03
dioxit
neon Ne 18 (%)
heli Fe 52 (%)
metan | CHy 1,1 (%)
kripton | Kr 1,1 (%)
hidro H, 0,50 (*)
nito N»O 0,27 (%)
hemioxil
cacbon | CO 0,19 (*)
INOneoXxit
Xenon Xe 0,08 (%)
0z.of 0Oy 0,01 (*)

Tw ligu 1. Thanh phdn trung
binh cua khdng khi kho trén mdt
adi (1 ppm bdng 107 %), Luong
hot nude trung binh 16 0,53% doi
khi tén 101 5% ¢ cde bo bién xich

dao khi ¢6 gid.

(¥} Cric khdi niém mic oxi hda
v s8 oxi héa la hoan todn

tieong diong.




x/y s.0. tién to thi du tén thung dung tén chinh thuc
0,5 +i hemi Cl,0 clo hemioxit clo ([} oxit

1,0 +iI meno NiQ) niken monooxit niken (I0) oxit
1,5 + I sclqui Cra Oy CIOIN setquioxit crom (§11) oxit
2,0 +iV di MnO, mangan dioxit mangan (IV} oxit
2.5 +V - Vo0 divanadi pentuoxit vanadi (V) oxit
3.0 +VI tri 504 luu huynh trioxit luu huynh (V1) oxit
3,5 +V1i - Res 04 direni heptaoxit reni (V1) oxit
4,0 | +VIl tetra Os0y Osimi letracxit osimi (VI oxit

Twligu 2. Tén goi cua cde oxit MO, trong Hou hoc vo co.

Cha ¥ * Mdr vai oxit duec ddc trung boi sw c6 mdt dong thoi cia citng mot
nguyén 1 & hai muc oxi hoa khdc nhau. D6 1 trudmg hop cia manhetit

2+

FeyQy trong do sdt co cde 56 oxi hoa +11 va +1L (mdt ion Fe=7 va hai

ion Fe3+ 3

1.2. Cac phan ung va cac cép oxi hoa - khtr

Ca rdt nhidu phan tmg héa hoe din dén sy tao thanh oxit M, 0, do su

chdy clia chit B trong khi oxi (*). Theo tinh chit cda B, cic phin tmg nay

phidn thanh ba loai ;

« B lamockim logt, mangan chﬁng hyn (5.0, (Mn) =0) ;
ZMn (k1) + O» (k) = 2MnO k) {(s.0. = +II) (4)
4Mn (x0) + 304 (k) = 2 Mn, 05 (kt) (s.0.=+l1)  (B)
Mn (kt) + Os (k) = MnO» (ki) (s.0. = +l1V} (C)
4Mn (k1) + 705 (k) = 2 Mn,O7(kt) (s.0. =+VII) (D)

« B 13 mdt phi kim, photpho ching han (5.0.(P) = 0) :
Py (kt) + 3 0 (k) = P40g (k1) (so.=+1)  (E)
Py (k1) + 5 0 (k) = POy (k1) (s0.=+V)  (F)

« 12 mot oxit thip M -0, , mic oxi hoa s'.0.(M) = 2-‘— < s.0.{M):
: X

(s"0. = +111) 2Mn>03 (k1) + 4 05 (k) = 2Mny05 (kt) (5.0. = + VII) (G)
(5.0, = +[I1) PyOg (k) +2 05 (k) = P4O;p (k) {s.0.=+V)  (H)
Trong tat cd cac phdn tmg tir (A) dén (&), nguyén 1 oxi, dal i rang 1hii
oxi héa o1 thiéu —I1, nhin hai electron v nhur vay 1i bj khi. Cic electron
chi ¢ thé [Ty tir chit B, nghia 13 phai ¢o sy oxi héa chit ndy, khi dd 6
OXi hoa s.0. ¢ha mdl trong cic nguyén 16 cdu thanh B ting (Mn hay P
trong cic thi du trén).
Tueng g voi cic phan tmg oxi hoa - khir trong dung dich nude da xét &
nam thir nhit ;

aOx(aq) +ne” = bKh {aq) (o)
chit B (*¥) lac d6 12 dang khir cGa ciip oxi ha - khir ma oxit M0, Ta
dang oxi hoa lign hop.
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(*) Cdc phuemg irinh — cdn
bdng dwoc Viet theo khuvén
cdo cua UL CPA vai cde hé
s¢ hop thiee v; nguvén nho
nAdt ¢ the dugc.

(**) Trong 10t ca phdn tiép
theo cite chuwang nay, s khéng
cd sy khde biét nQo giga ddic
tinh lién k&t héa hoe cia chdt
B{cd s.0 = 0)Id kim lodi va
phi kim.

Ap dung thudt ngir don chdt
nhu nhau cho ki loai v phi
kim.




Trong cic diCu ki¢n d6, sy k&t hop cha mot dang oxi hoa, chat oxi hoa
Ox; (Ox; =M 0p), vi véi mil dang khi, chét khie Kh;
(Khy =M MO0 duge e hign bii mdt h¢ thie 16ng quat :

(' Ox; = H'Khy + n0- k) (B
trong d6 hat thanh phin lien hop cla ¢dp oxi héa - khir dwoe licn k&t qua
trung gian [ oxi (*). Tay thee bian chil cha B, cap Ox; /Kh; sé dupe Ki
hicu ld M O /M hay M O /MO,

Ki¢u phin img (J3) s¢ duge md rong khi thay oxi bing mot pha khic, khi
hode ran (vemr §3.3). mang 2n 12 phan ing oxi héa - khir theo duing
kha.
Bay la sy khii quat hoa A6 voi cie phin mg riin - khi (nhu cic hi du tir
(A} dén (H)) & rén, cang nhu cic phin img 16ng - khi hode khi - khi (xem
§2.2.1), cua khai nici cap oxi héa - ki md ol 161 nay ¢hi gidi han trong
pham vi dung dich nude, Moj khii ni¢m phit wién vé cic phin tme oxi
héa - khirtrong dung dich mrde déu co thé md rong cho phan tug oxi hoa -
Khtr theo dudmg kho,
Sukien mot chat, ching han mangan rong cde phin tmg 1ir (A) dén (1),
¢ he ¢ nhidu mie oxi hoa bén, doi hoi phii xic dinh ¢ic didu kicn 16n
tai cta ching,
Vige nghicn ciu cin bang hoa hoc (vem chomg 3 va 4) da day ching ta
rang cic ¢an bing phu thude viea vao lwong cic chit phan ing, vi die bigt
1 lrong ox1, vira vio cde hivm nhi¢t dong chi phdi can hing duge xem xeét.
Vige so sauh true GEp tr mdt he niy sung mdt hé khic, cde didu kién tao
thanh cda nhime oxit khde nhau tir cde don chilt wong tmg doi héi phai
chon mot trong cice thong sov str dung [am quy chicu,
Tir o
Theo quy wic, phuong trinh - ¢an biing cGa phin ung diéu ché mot
oxit ed cong thue M0, tir mit don chat M (hay tir mat oxit thip
M -0, ) durye thi€t 1ap vii mot mol oxi :
X
}F
Quy wie nay dua dén sy xudt hi¢n cic h¢ sd hop thie khodng phii [ sg
nguyen trong cic phuong trinh - cin biing.

2
2M+ 0 (K= = M0, (1
y T

Do vy cic phuong trinh - can bing tir (4) dén () duye viet 1ai ;

2Mn (k) + O> (k) = 2MnO (kt} {A’)
i Mn (kt) + O (k) = %ano_; (k) (B')
Mn (k1) + O (k) = MnO» (ki) (C")
% Mn (kL) + 02 (k)= %1\1[1307 (kt) (D)
l Py (ki) + O3 (k) = %1‘»406 (k1) ()
] l .

E 114 (kty + ()2 (]\.} = EP{;O}(} (kl) (I‘ J
2V203(ky + 05 (k) =4 VO (kt) (G')
;11)4()6 (ki) + 02 (k)= %134010 (kt) ('
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(*} Theo dinft nghi & ném thue
nhdi, phan ing () bao ham
thuee 1€ hai edp oxi hda — khir !
s cldp M.O/M trong dd co
hidn thicn AS.Q cua s oxi
hoa caa don chit M ;

v cdp Oy /MOy 0 bién thién
AS.Q ctia s6 oxi hae ciia oxi.
Ta se nghitn cuu riéng cdp
MO /M.




2 Xay dung céc gian dé Ellingham

2.1. Phép gan ding Ellingham

Trong myc nay, ta xé riéng trudng hgp trong doé dang khi B 1a mdt don
chat (kim loai hodc phi kim), hay mdt oxit 3 mic oxi hoa thap.

Cac dai lugng nhigt dong chuén, dic tumg sy tao thanh cla oxit M, 0,
theo cén bing :

25 M+ 0,0 = 2M,0, (1)
y y

1ién hé vGi nhau theo hé thitc (IL25) :
Apy G (T) = A HY (T) ~ T4, SP(T)
vii Ao HY (T)= Y v AHY(T)
i

Vi A ST (T) =2 v S0 (T)

3

theo dinh nghia (xem 11.31 va I1.18) rong 40 4,H2(T) va 8§ (T) wong
{tng 12 entanpi tao thanh chudn vi entropi tuyét déi chudn clia moi
chéit B; (chit phan (mg hoic san phim) vdi cac he s§ hgp thic v;, trong
can bang duge xem xét.

Céc bang 50 ligu nhigt djng cho & mdt nhiét 49 xac dinh T° (thong thudng
7°=298,15K) gia trj cla entanpi tac thanh chuin AH® vA clia entropi
wyét dbi chudn S°. Vi phan dug (1), vi 4,H°(T°), theo dinh nghia, 12
khong ddi véi mot don chat & rang thai chudn quy chiéu, d6 1 truding hyp
ctla oxi, khi dé ta co:

2 x
A HY (T) = ;A,;H;, o —2;4;H?4 (VIL1la)
™~y

2
A SP(T) = ;sf;‘, 0. ~2>Sp - 2, (VIL1b)

™~y ¥y
Néu M 1a mot don chat & trang thai chuin quy chiu A,H$y =0 thi bigu
thitc (VIL1a) khi d6 rit lai con chi mot sé hang gi-in vdi su tao thanh oxit.
Gia tri cia cac dai lugng nay, d nhiét do 7, thudng duge tinh nhds céc hg
thic Kirchoff {xem IL.15 va I1.20) :
] 4] 4] d 4] 1 '
A HY (T) = Ay HY(TO) + .[r" A €O (T.4T
T A,,CH
A SP(T) = 4,,SP(T°) + LO %”‘(T').dr'
trong 6 nhigt dung chudn cia phan (g, ApuC‘gl(T), c6 dang phuong
trinh (IL13) 1a :
2 x
A (TY=2¢0 _aX 0 .0 )
puCp1(T) prMIOy 2 prM C‘po2 (VIL2)
Vi ngay ¢ vdi nhiing khoang cich 16n v& nhigt 46 gitta 7° va T
T T O e
A CoUT)
J 40 Co1T). AT < 8, HY (T0) v [PEE— oT < 4, 80T
T° T°
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Cho nén mot giad thuyét don gian hoa duge goi I phép gin ding
Ellingham, ma ni dung 12 bd qua s6 hang tich phan clia 4,,,C5)(T), va
dugc thé hign trong thyc & b:’mg :

A HY (T) = Ap HY (T°) (VIL3a)

A5y ST (T) = A, ST (TY) (VIL3b)

Phép gin ding Ellingham din dén vigc viét lai entanpi ty do cia phan
mg dudi dang :

ApuGF (T) = Apy HY (T%) - T4, ST (T°) (VILA)
Phép gin ding nay chi co gia tri néu khdng mot céu of nao chiu sy

chuyén pha (*}, vi syt bién d6i nay bao gid ciing kém theo mét bién thign
clia entanpi va cta entropi.

Trén toan khoang nhigt 4 ma & d6 khong c6 mdt sy chuyén pha nio xay
ra, ApuGlo(T) = o + B.7 12 mdt ham tuyén tinh cda nhigt 4o tuyét dbi vdi
dd doc B va nguge diu voi bién thign entropi chudn clia phan ing tao
thanh oxit. Ngugc lai, khi ¢6 chuyén pha ciia M (hay ciia M 0y), 4,8
bi thay ddi (ciing thé d6i v&i 4, HY), ditu nay kéo theo sy thay ddi do
dée clia A, GY(T).
Déi véi mdt ciip oxi hoa - khir M xOy ! M , tip hgp cia cic doan tao
nén db thi 4,,G°(T) la gian db Ellingham cia né. A5, G°(T)
durge biéu thi biing kJ.mol ~! oxi, theo dinh nghia diém quy chiéu
mot mol oxi.

» Luyén tap : BT 1.

2.2. V& biéu d&
2.2.1, D4du cla dod ddc
3 diy 1a xét wong phép gin ding Ellingham dudng cong
ApuGlo(T):f(T) md ta sy Fao thanh oxit MxOy tr kim loai M, b?mg
cach giGi han trong mét khodng nhigt 46 ma & 46 khong cb thay ddi trang
théi vat 1 ndo cla cac chit.
Tily theo gia tri cla Av(k), 13 dai Iugng dic trung cho sy bién d6i sé mol
chit khi trong qua trinh phan {mg (1), ba trudng hop Hn lugt phii duge
khao sat 1a :
B Truéng hgp Avik)> 0
b6 1a trudng hgp oxi hda silic thanh silic monooxit hay sir oxi héa dinito
oxit thanh nitd monooxit :
2Si (1) + O (k) = 25i0 (k) Ak =+1 (@)
2ZN-O k) + Oy (k) =4NO (k) Avk)=+1 (b)
Céc phudng trinh cén bing thé hign sy ting s6 mol chét khi trong quéa
trinh phan img. Sy hén loan ting, do 46 entropi cla phan (mg 1 duang.
DJ doc B cita mbi dudng thing Ellingham (a) va (b) tuong (g 12 &m (tw
lidu 3).
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(%) Biéu db Clapeyron chia chi
nguyén chiit B mé 1 céc bién ddi vt
Ii theo ham ap sudit p va nhidt dp T,
Néu p° = I barva T=298K, B &
trang thii rin, dubi anh hittng cia
s ting nhigt 49, né chuyén sang
trube hét 13 trang thai long (néng
chay & nhi¢t @6 T,.(B}) sau a6
dén trang thai hoi & nhigt dp Ty, (B),
réit hibm thy su thiing hoa.

Trong mgt sé trudng hop, sy nong
chdy dén trube khi chuyén sang
trang thisi rén, & nhigt d T.h(B) <
Toc (B), vOi sy thay doi dang tha
hinh sang mpt dang khac (thi du :
che chy e graphit va kim cuong
cua cachon, cdc mang iGp phitong 1
va F ciia séit).

Tht cb cée phén fing nay I thu nhiét
va khi T wing, entanpi va entropi cia
phan émg 1a diong, ki hiéu ldn lugr
o AKX (T),  4X°(Ty),

AnX(Ty) va A4 X°(Ty) véi

XO = HO hay SO_
} . 5,67 (.ma™)
200 + "
\_‘\_, 1.1
0-1 ----------------- 'd‘
e T ("-)

_zw_ ——'—:-—-_.___-_-___--‘_--
- 400 4

30 450 50 71K
Tu ligu 3. Anh hudng ciia su bién
thién Av (k) cia s6 mol khi dbi vii
entanpi ti do tac thanh caa mbt
oxit M0, trong phép gan ding
Ellingham. Khing co mét sy thay
doi pha néo xay ra, trong khodng
rhigt dp duge xét, dbi voi hai sb
hang cta cée cdp duge bibu dién &
diy.Cac duomg dic trung lan lugt
cho céc cdp Ox; /Kh; : (a) SiO/S1;
(b} NO/N,O; (¢) V,05/V; (d)
HgOMHg (e) ClO,/CL0; (f)
$O3/5;(g) NO/N,.




B Truvwng hop Av (k) < @
D6 1a truomg hop thatmg xdy ra nhiéu nhat, vi né xult hién
o khi M vi M, O, & phangimg tu (rin hay 1dng) :

4

; Vii+ Oak) = %Vg()_s(r) Av(k)y= -1 (c)

IHe (h+ Oy (k) = 2HgO (1) Av (k) =1 (d)
+  khingodi O, concd mol 5O clu ik la khi

1
%CIEO (k)+ 03 {k}= %CIOQ(]{) Avik) = —'; {e)

Ba phuong trinh - ¢iin biing nay (hé hi¢n sy giim so mol khi trong qua trinh
phin dmg. L.in nay, do hdn loan gidm khi phdn tmg tién tricn, & T va p
khong ddi ; do do entropi ctia phin tmg 1 dm. Do dée B cha mdi duomg
thing Lllingham (¢), (d), (¢) womg tmg i duwng.
W Trwyng hop Av(k) =0
Cac thi dy dic rung cha truomg hop ndy weong tmg vai sy oxi hod luu
huynh thinh luu huynh dioxit, hay niwy thianh nite monooxit
Stkt) + Qa2 (k}y=SOs (k) Avik)y=10 (f}
Na(k)+Oa(k)=2NO(k) Av(k)=0 &)
$6 mol khi gitr khong dos trong qud trinh phin ing: bidn thién entropi ¢a
phin ung lac d6 rit nhd (nd ¢6 hé 1i duong hodc am ), d¢n mire 4o déc
clia cic duomg thing Ellingham (f) v (g) gin nhu biing khong.
2.2.2. Anh hudng cua su thay dai trang thai vat li
Cédc lap ludn & ndim trong gid thuygt (phd bién nhit) trong do M 12 mot
dom chit (kim loai bodc khong), co nhigt dp ndng chiy 7,,.(M) thip hon
nhiét do nong chiay T, (M, 0,) cla oxit M O, (u lidu 4). Gid su
A Hy va A HY o lin lugt 13 entanpi nong chiy chudn ctia dom cht
(6 Te (M) ) vt ol 0XiU (3 T (M, Oy) ).
2.2.2.1, Su thay ddi trang thai cia don chat
Thi dy xét truirng hop ndng chiy; Vige mo td hién tuong doi héi phdi tinh
cdc dyd lugng nhidt domg s phuong trinh (VIL3) trude va sau T, (M) .
o V6i T < T, (M), phuong trinh - ¢in bing (1) duoe viét ;

2 M)+ 00k = ZMOL) Avik) = -1 (A)
y ¥ :

Cic bidu thirc (VIL.3) khi d6 | :
A Y (T = A HA(T®) Vi Ap 8)'(T) = Ap, S4(T°)
« O T, (M), xiy ra synong chiy cla don chit :
M(r) = M(f) (B)
Hai pha ¢ ¢in bing, hoa the clia chung biing nhiu ( zps () = gar (1)), Két
qud la APHGE =(. Khi d6 céc bidu thire nhi¢t dong wrong tmg vivi phan
ung ndy li

Ap Hp = Ay Hyy Vi 4,,Sp = SueHis
Frill P 'L Tm. ( M}

»  V6i T'>T,.(M), phuong trinh - ¢an bing (1) by gid tuong img voi

can bing : 2£M(.’.)+02(k):EM’rO\.(r) Av=-1 (C)
¥ ¥ ’
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T T'(K)
M) + M, 0.(&)

T (M 0y)
Mik) + MO, (1) '
i T (M)

M)+ MO, (/)

Tpe (M30y)
M() + MOy (1) |
T (M)

M(r) + MO, (1)

Tw lieu 4. Cdc trang thal vat i
ciia cde pha M va MO, Trdrwe

cdo they ddi trang thdi dupe gia o
ddy la thong dung nhdt, nlumg
cde trinh e khdce cang fa c6 thé
€d.



T
P

Cac biéu thite (VIL3) khi db duge viét :
Ap V(D) = Ap HET (M) VA 4,,57(T) = 4, SE(T, (M)

Ap dyng Nguyén 1i thit nhét cta nhigt dong hoc vao sy chuyen hoa ((),
bo qua anh hudng cha nhigt do d6i véi entanpi tao thanh cha mdt pha da
cho (gia thuyét Ellingham); theo chu trinh dugc trinh bay d 1 ligu 5, ta cd

hé thifc ; (€)= (A)-25(B)

Y
nghia 1a :
X ARCHM

BpuSC (Tne (M) = Ay SHT®) - zy o)

<ApSE(T%)  (VILSa)

Ap HE (T (M) = A uHﬁ(T°)~2—AmH34 < A, HA(T®) (VIL5b)
P P y 2

Tu lidgu 5, Chu trinh nhiér déng
T> T, M) : 22M) + 0,00 -9 2mo § (1) cita su oxi hoa don chbt M thanh
Y y oxit M,O, trudc va sau khi
. (B)
Tpe (M) : M) — M) néng chay,
T<T, (M) : 2XM(r)  + 0y(k) —A, -Z-MXO),(r)
y y

Tinh lién tyc cha dudng bigu didn Ellingham & diém thay déi trang thai &
TuelM) (di€m F xem w litu 6) thye ¢ 13 duge dam bio
ApuG(C)'(Tm(M)) = Apqu’: (Tnc(M))
Hg thic (VILSa) lam xuat hi¢n mt sy gidm entropi cita phan ting
Ellingham APHS{), tam cho ¢ déc cla dudng Apqu’(T}zf(T) ting
khi don chit néng chay :sy s6i & nhiét d6 7y(M) ciing vay (diém bidu
dién khi d6 s& duge ki higu 12 E).
Tir 36, mot cach khai quét hon .
Khi tang nhiét d§, don chit M thay déi trang thai viit Ii (sif chuyén
thi hinh 7, sy néng chiy F, s¢ séi E), dudng cong EHingham
ApGP(T) = f(T) cia clip oxi hoa - khir M,0,/M th¢ hign mot
diém gay véi syf ting ciia 45 dbc.
2.2.2.2. Thay déi trang thai cha oxit
Ciing vay, vigc md ta hién wgng ddi hoi phai tinh cac dai lugng nhigt dong
khac nhau cha phuong trinh (VIL3) medc va sau Tpe(M,0)) ciaoxit : PN
. Vi T (M)<T' <T,, (M 0,). phuong trinh - can bling (1) Ja : T o T

1 L

22 M([)+ Os(k)= M Oy(r)  Avk) =~ (C)
Céc bidu thlIC {VIL3) 14 cac bleu thire cita phan dng (C) ¢b trudc.
e T (M0}, xay ra sy ndng chay ciia oxit (ﬂMxoy (r)= Hu,0, )
M,0,(r)= M,0,() (D}
Vi 4,,Gp =0, nén két qua Ia : '

T ligu 6. Tién trién cia duong
A,,CH;’J o, cong Ellingham A4,,G{(T) khi
- 0 - .
ApuHD =4,.H, M,0, va ApySp = —TM (M,0,) ¢ st nong chay cia don chat,
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* V61 T">T,.(M,0,) phuong trinh - cin bing (1) bay giv ta

27 M) + 0y (k) = %Mxo}.(z) Mky=-1 (B) v
Tir dé suy ;a cdc biéu thue m;fri cla (VIL3);

Ay HY (T) = Ay HET (Mo 00)) VA Ay STUT) = Ay SR (T (M, 0,)

S bién ddi (E) duge mo th nhey modt chu trinh duge trinh bay & fr lidu 7 ;
() =(C)+ (D)

Nguyén Ii thi nhat cia nhigt ddng hoc trong 2id thuyét Ellingham din toi:

A H()
, 2P M0,
A SE (T (ML 0,)) = A5, SE(T, (M) + ——(-—) Ap,S¢
m, x y

(VI1.6a)

2
L(Tnc(M Ol’)) - HE'(?;M.(MD + ;A’"’H;!x()v > ApuHE'

(VIL6b)
T'> T, (M,0,) : 2§M(£)+Oz(k) B, iMxo,,(f)

T (M0, : M0, (1%\) —2 5 m.0,0)
T'<Te(M,0,) - 2§M(!)+02(k) (—C)->%M_r0y )

Vi trong s ndng chdy cha don chit ¢6 sy licn tye cla duomg Ellméham &
didm thay ddi trang thdi (diém 1, xem fwe ligy 8). Nguoe lai, sy gia ting cia

ApuSl thé hién, uen bidu dd, béi sy gidm da dde cia dudmg Cllingham

p” (T) J(T) khi oxit néng chay ; s¢ hohn toln twong wrddi voi sy soi
cga oxil & nhi¢t 6o T, (_MA.O_\. ¥, diém bidu dién khi d6 dugc ki higu 13 e,
Tir do, mét cich khii qual hon :

Khi ting nhigt 4o, oxit M,0, thay déi trang thai vat If (su chuyén

dang thu hinh t, sy ndng chay f, sw soi e}, dmimg Ellingham Apu Gf {T)

=Jf(T) cta ciip oxi hoa - khir MO, /M ¢6 mot diém giy vii s giam

cha do doc.

Chi ¥ Néu o dp sudt quy chiéu p° = 1 bar, nhiét dp séi T, (M) cta mot
dom chdl thong thuomg dugc biét ro, thi d6i vor nhiét 46 soi T(M,0,)
cda mot oxit khong hoan toan nhue vidy. Thiec 1€ cdc oxit rdt hay e phan
hay & trang thdi ong, voi sue giai phong oxi, truge khi dat 101 si s6i.

Tir ligu 9 trinh bay, nhu 1a thi du gidn 46 A4, G (T)= f(T) cha cdc cip
B,03/B, MgO/Mg va PbO/Pb. Bifu thic phin tich cic doan thing
tao nén ba dudmg cong st duoc thidt 13p & cic bai tdp 3 va 7, biing viec
dung cdc phuong trinh t8ng quat dd néu & trén va cac gid tri s8 1Ay tir cde
bang s& lidu nhi¢t dong.
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Tuw ligu 8. Tién trién ctia duomg

cong Ellingham A, Gl (T} khi

FL0d
oxit néng chay.

« Tu ligu 7. Chu trinh nhiét
ding caa sy oxi hoa don chdt M
thanh oxit M, 0, (rudc va sau

khi nong chay.

F'y ApuG (k] mul )

1000 2008 3000
o L L F =
: T{K)
L f Y E 4

- 300

- 600 -

- GO0

-’

Tw ligu 9. Cdc duong cong
Ellingham cua cde odp ©

(@) B2Oxy /B, (b)) MpO /Mg, (¢)
PoQ/Pb. Viée ddt tén cho cdc
diem gay cta cdc duong
Ellingham ddp ing hai ¥ nghia
gy woc

— cdc chat hoa cho don chdt M,
cde chay thuomg cho oxit lién hop
MOy

— cdc cha tuong tng voi su bét
ddu thoy déi pha @1 va t cho su
chuyén tha hinh, F va t cho su
nong chay, £ va e cho sy s6i (con
cé cd S va s cho s thdng hoa).



ﬂ’p dung 1

Thier ldp gian do cong FEllingham caa cdp
Zn0)/7n o giga 300 va 2200K, nhiét dg ma 10i do
kem oxit ZnQy phin huy trong khéng khi.
Sd'lidu
e Fntanpi igo thanh chudn (kJ.mol_lJ ;
A” HO (02) = U v A”'HO (Zﬂ) = U ,
A4, H? (7n0) = 3483,
e Entropi chudn tuvét doi (J.K_"mol_]} :
S$%(045)=205,0; S°(Zn)=41,6,5°(Zn0) =43,6.
o Nhigt do thay d6i trang thdgi (K)
Ty (Zn): 693 T.(Zny=1180.
e Entanpi thay ddi trang thai {kJ.mol_IJ :
A, H (Zn)=6,7; AH(7n)=114,8
V1 su phin huy cia oxit ZnO trede khi nong chay,
nén chi cdc thay dor trang thai vl Ii quan sat duxre,
do la su nong chiy I va s s06i E coa kém (ne
ligul0).
Cic can bang cin xét khi d6 ¢
s VoI T <T, (Zn) :

270{r) + O»{k) = 27n0(r)
o0 T=T,.(Zn) :

Zn(ry =Zn(l)

e V& T, .(Zn)<T <T(7n):

2Zn(1) + Oa (k) = 2Zn0(r)
s O T=T,(Zn):

7n{ly=Zn(k)

* Vi T, (Zn) <« T < Ty, (Zn0) :

2ZZn(k) + 05 (k) =27n0(r) 4

ApGR(T)  (A)
4,,GR(T)  (B)
Ap GET)  (C)
45 GH(T)

(D)

Gg(T) (E)

Juali
o -1
448 G tkFmol )
p'll
500 10O 1500 2000 7K
U L i L 1 >
~ 300
- 400 -
— 600

Twlién 19 : Duimg cong Ellingham cia cdp Zn0f7n,

1) V6i T <T,.(Zn), phuong (rinh Ellingham theo
kidu :

A Ga(T) = Ap HA(T) ~T.Ap, S{(T)
Vi A HY(T) = 24, H350 = —696,6 kI.mol ™!
VA Ap SAT) = 28700 — 255, - SSE

=-201,0 1K Lmol™
e 1 :
Ap G (T) = -696,6 + 0.201T (kLmol™!) (1)

)0 T =T,.(Zn), Ay, GR(T,e(70)) =0, khi d6

ApHY = Ay HY = 6,7k mol !

8]
X A, Sh :ﬂi‘é‘l:9,67!'].1(_1‘m@l_1
vi pu-f T (7
Cic pha Zn(r}, Zn(l), ZnO(r) va O, (k) khi do &
cén bing :
(C)=(A) -2(B)
tr dé .
Apqu(T) = Apk H?& ry- ZAm"Hf'Jﬂn
= -710,0kI.mo1 ™!
Apusg (I)= Apusﬁ (T)- ZApuSz%
= -220,31K L mol !
V& T (Zn) <T < T (7n),
Ellingham ¢é dang :
Ay, GE(T) = -710,0+0,220 (kI.mol™}) (2)
3O T=T,(ZLn}, ApGH(T(Zn)}=0,trd6 -

Ap HB(T) = AHS, =114,8k].mol !

phuong  trinh

AHY _ ~
v i Sg == 2 _97,31.K ™" mol™!
T.(Zn)

Céc pha Zn(l), Io’,n(k.\j, ZnO(r) c¢an bing v oxi
(E)=(C} —2D),

W6 Ap, HZ(T) = Ay HO(T) - 24,H,
= ~939,6k].mol !
ApuSE‘ ()= Apu‘sg'(r) - 2ﬁl):)rt"sf[]J
= —414,97.K " .mol ™!
Voi Ti(Zn) < T < Ty (Zn0), dudng cong
Ellingham ¢ phuong trinh ¢
Ay, GE(T) =-939,6 + 0,415.T (kImol ™) (3)

» Luyéntip: BT 2va3
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2.3. Céc viing 8n dinh clia cac dang ctia mét cap

Trong h¢ ba pha : M(r hay 1), MO, (rhay 1) va O, (k) cling ¢6 mit, bién

d9 duge rit ra ur h thife (IV.3) trong ndng hop chung 1 :
vE=n-—r-g+a-p=3-1-0+2-3=1,

Do d6 1dn tai mot hé thirc don dng P = f{T) md ta can béing lizn két cac

cdu 1 nay vii nhau. Néu can bing nay dugc xac dinh bang phuong trinh -
can bang (1), chigu 1 tuong tng vii su tao thanh oxit:

2
Z—M(r hoic £)+02(k)(___"T+—MxOy(r hodc 1) 1)
¥ ¥y

& nhiet d% 7, ai lyc hod hoc .4 clia he duge cho bdi phudng trinh
(IIL15), s dung c4c hoat 4§ ays cha don chit, ap,0, cla oxit V2 ag,
ctla oxi:
2
o am.0, v
A(TY=-28,,G0 — RT.In—=2L (VIL?)
Qygraiv A0,
ViMva MO, 12 hai pha ngung ty nguyén chit (rin hoic 16ng) va vi oxi
duge coi la khi 1i twdng, cho nén :
4 (T)= -2y, Gl = RT.InQy =~4,,GY + RT.InFyy_ / p°

Khi xac dinh theo Ry,  , 4p sudt clia oxi 8 can bing .4 (T) =0, ta c6 :

0 Foy
Ap“G] (TY=RT. In——o— (VILS)
P
Ai It hoa hoc clia mot hg ma trong dé M bj oxi hoa thianh M0,
va sif dung oxi va cac pha ngung tu, chi phy thudc vio ap suit cia
khi nay :

P
o (T) = RT.In—Iéll—* RT.In—22

(VIL9)
OZcbl

Tuy theo gia trj &p sudt oxi, c6 3 trudng hgp cin xét :

*Véi Fo, =FRp,,, - tic1a Oy = KT, két qui 1a w4(T) =

Ba pha déu c6 mjt; he J trang théi can bing. Pi€m bidu didn cha hé & tén
dudng thing can bing. O nhist do 7, d6 1 diém Sy (tu ligu 11).

* Vi Ry, > Poz.:b, v AT)>0.

He c6 xu hudng tién trién s nhién theo chidu tao thanh oxit {chidu 1). Néu &
nhigt do T, 4p sudit clia oxi cao hon ap suit & can bling, 14t ci kim loai d&u bi
oxi hoa. Khéng gian phia rén dudng cin bing 1a ving 6n dinh ciia oxit
M0y, (thi dy : diém S, , xem tu ligu 11).

*VGi Bo, <Py, . H(T)<0.

Hg cd xu huing tién trién ty nhién theo chidu khir oxit (chléu 2). Néu 0
nhigt 6 T, 4p suét cia oxi duy tri & mifc thip hon 3 ap suft & can bang, tit
ca oxit bj khit. B& mit ¢ phia dudi dudng can bing 1a viing dn dinh cla
don chét M (thi dy : difm Sy, xemnut lidu 11).
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-1
34,6 (kl.mol )
. y=RT.InPolp° 7 TK)
[~ .
[}
MO :
+ 7 +5;
0, :s M
+
=LM 0 A l 0,
%M »O1 rS;

Tu ligu 11. Céc mién 8n dinh ciia
don chat M va ciia oxit M0, g
cae mng dp la cac dai lugng
A4,,G°(T) va RT.n Po,1p°.
Tink dong nhit cia céc dai lugng

nay dugc thiét lgp & hé thite
(VILS).



L do, kEt luan

Gidn d6 Ellingham bi€u thi ¢chd cia cic diém ma ¢ d6, tuy theo
nhi¢t do 7, chit khir Kh; la ¢ can bing véi dang oxi hoa Ox; cia
nd kKhi ¢6 mét oxi. Chat khir Kh; 1a bén & phia duvi duing biéu

dién nay, chat oxi hodt Ox; & phia trén.

ﬂlp dung 2

Mdr bind chiia 6 the rich V thay d6t, thoar ddu
chita 1,00 mol bae va 0,40 mol oxi. Binh duge gii
& phiér dg khdng ddi T = 500K, voi nhié d¢ nay
buc va bae (1) oxir fa chdt rdn.

1) Xac dinh dp sudt cdn bdng Ry, itrong tmg vol
s oxi hod bac bdng oxi.

2) Thiét Idp quy ludt hidn thién dp sudt P ciaa hé
kivi bindt giam thé ich iy gid tri tac ddu Vg =10,01
cho wi gid v cudi V.o = 1,00,

S0 Héu

A H (Kol ™y AeyO = =311

SOCOK morly s Ag =426 5 AgaO = 1213 ;

Q5 =205.0.

1) Phiin tmg ¢fin xé1 ¢6 phuong trinh - ¢in bing :
4Ap(r)+ Oh(k)=2A2.0(r)

Entanpi ty do cda phin dng khi do 1a

A GO (T) = Ap, H(T) = T.4,,5°(T)
VO Bp HOT)= 24,1, = ~62,2k].mol ™!

0y _AQw
A, S (T)= 2SA

) o
o h 4'5A1-' a S()q

20
= 132,81 K" mol ™!

‘Theo phueng trinh (VILS), sir oxi hod el bac xdy
ra & T= 500K, v

l)()z > })()Ed} = 1”0‘ : L

~62,2+0,1328.3
Loxp 22 DR800 o

314,107,500

2) » Oxi duoc coi 1a khi li tudng, dp suit diu P
cta hé duye cho bod
. .314.5
Pd = Ry, E = (),4&“1@
- W 10,107
=1,66.10° Pa = 1,66bar

Vi Py <Ry, , » l6c ddukhong 6 syroxi héa.

o Vilumg ny oxi gite khong déi khi chua xdy ra sy
oxi hod, dp sudt ting do nh hudng cha su nén (i
fiéw 12), V& 0 {vGi V tinh bing Iit)

RT 16,6
PZ”J.T: >0

bar

[l

1

1

L

i 1 1

' ' VoV
. L A -

V.V, v, v

i
Twliew 12. Tién trién cia ap sudt ¢ rrong binh.
» Suoxi hod bat ddukhi P=FHy, , .

16,6

Tuong vmg vai V) = =6,05!

D2t
» Bién do c(a hi bing 1; vi nhiét do 14 ¢o dinh nén
ip sudt gidt nguyen (P =R, ) trong qud trinh oxi
hod.
¢ Sy oxi hod chim dit khi (8t ¢ci bac da duge oxi
hod, didu niy [ bién mat An= 0,25 mol O, . Viy
chi con 1y = 0,15 mol.
‘Thé tich clia binh lae d6 fa

V2 = o = 2, 274

Fo,g

e Cudi cung , binh chira 0,50 mol bac oxit v 0.15
mol oxi, T do:

RT 6,24
= ? b‘

&

P=n.

(v&i V tinh bling Lit).
Ap suidt cudi dut 1, V, = 1/ khid6 la:
P, =6,24bar
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3 Ung dung cac gian dé Ellingham

Tw li¢u 13 trinh bly cac gian dd Ellingham déi vdi sy oxi hoa bing oxi
clia cac chét khi Kh; khéc nhau thanh dang oxi ho lién hgp Ox; tudng

ling (*).

Cac dd thi biéu dién y=RT.In Po,/p° ciing duge dit chdng [én cic dd
thi 4,,G(T)= f(T) dic timg cia Py, = ROy, - Vite sit dung chiing s&
duge phét trién v& sau (i lidu 14).

Ngoai viéc xéc dinh cac viing 6n dinh cia kim loai M va oxit M0, di
dugc n6i § muce 2.3., ngudi ta con ¢d thé nghién citu sy &n mdn kim logi M

bdi oxi (xem § 3.1.) cling nhu kha niing khir mét oxit clia mot don chit
(xem §3.2.).

Ta han ché nghign citu niy & trudng hop ma O, la khi duy nhit; trudng
hop M (hode M,0, ) & thé khi s& dugc d& cap trong cic nhan xét.

3.1. An mén kim loai bing oxi

Gia sit kim loai M ¢ khé niing bi chuyén hoa dudi tac dong clia oxi thanh
oxit M,0, theo phan (g (1). Sy oxi hod duge diic tung ching han bdi
ApGP(T) . '

Khi M va M0, 1a rin hojic 1dng, bién @9 v cha hé & can bing I v =3 -
1~0+2-3=1, nghia la sy lya chon nhigt dd T ap d#t mdt cach ur nhién
ap sudt chung P. Hoan toan wong ty dbi vai £, ek ctia oxi, chét khi duy
nhit cé mit trong hg, ap suiit eda nd dirge cho bdi :

0 o ApuCT (M)

LR T (VIL10)

Y& st ¢6 mit cua oxi, 8 nhlet do T, kim loai M bj oxi hoa (hay 14 bj 4n
mon) thanh oxit M, Oy néu ap suit rieng phan fp, cao hon hode bing ap

P=h,,

s0at céin bang POM, (T).

Liic dé ap suét Ro,,, dudge goi 13 ap saat An mon § nhigt A6 T.
Su dt chdng cac dd thi y=RT.In Po, ! p°, duge xéc dinh ddi vdi cac gia
tri khdc nhau clia ap suft oxi, 1én cac dd thi APHGIO(T) dan 14i cac ban
tinh ap s0at - nhigt 6. fch 161 cha chiing & chd viéc so sanh céc vi tri
trong d6i v6i hai ki€u dd thi nay cho phép :
* xac dinh nhiét o 4n mdn gidi han Ty (2 liéu 14) cia mdt kim loai
chiu mdt &p suét da cho ciia oxi : kim loai bj &n mon chimg nao ma dudng
bi€u difn y=RT.In Po, /p° & phia trén dudng bidu difn 4,,G°(T). Vi
dudng bieu dién nay thong thudng téng theo nhigt 49 T nén nhiét 4o gidi
han 77 ting theo ap suit.
e danh gia Ap sudt An mon Ry, (atligulS) : & nhiét d6 da cho, ap sudt
&n mon clia nhimg kim foai khac nhau phy thude vao gia trj entanpi ty do
cUa sy oxi hoi ApuG?(T) . Ap suit nity gidm khi APHG?(T) gidm,
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(*) Biéu thic (VIL1b) mo 1
entropi cia phan ing diéu ché
oxit M, Oy nt don chat M, c6
thé dugc viét lai : A,,SP(T)
2 x
sY 2—50,1,,} -5
[ y MO, 0,
Khi M va M0,

ngung tu, entropi tuyét dbi cia
ching nhd va :

la cac pha

2 x
59 2—5,?,,]«5"
[y M0, y 0,
Kér qua la ApuS{)(T)z—ng.

diéu nay gidi thich r&ng & nhiét dp
khong cao lim, cde doan cia
dudng thing Ellingham dic tnng
cac cfip Ox;/Kh; khic nhau la
song song mot cach rd rét khi hai
chét dong ding M va M0, la
chét rin hogc cht long.

napuc;“(n &J.mol ),
y=RT.In Pg /p*

Tu ligu 14. Ank hudng cia Gp subt
oxi Fg, doi vai cac nhigt dp givi
han ctia sy dn mon. Cac &p suds

Fo, ting theo chiéu B < P <
P3 ;dodé M TL] < TLZ < TL3

4 2,6 D &Lmol™)
y= RT.In Po’f’;_

Tu tigu 15. Ap suéit an mon dbi vai
cdc kim loai khic nhau & nhiét 44
T dd cho. Ap sudt o,

ting theo chidw B < P, < Py,

cia oxi



| hay i trang thai N p20
nong chay F f | i i
sbi E e ENUUNET EDS IS SR
thing hoa s s
_ chuyén hoa T t '
Ii i~ § | S . [ bt L.:,.i,;,. NSRRI i i (211 538 Khct
P T IR SO o [ O DO L O PP Y T YRR N P [ TPl SR b
10t jpsojoorped g l#&i o 11038 i ljone | to10-s

Tu ligu 13. Gian d6 Ellingham biéu dién entanpi tu do chudn ciia mt sé phén img oxi hoa béing oxi.
Cac nhigt dp thay dbi trang thai dugc chi ra bing mét chit ma § nghia dugc cho trong bang ¢ bén trong
hinh vé .

Ap sudt dn mon P, = ciia chét khit Kh; , & nhiét dé T, duge doc truc tiép trén ban tinh tuong img, béng cach
Olcb !

ngoai suy duong thing nbi diém biéu dién A p“Go (T) trén duong Ellingham cia cdp Ox;/Kh; véi gbc toa dp.
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Ké&t lujn ;
Phan ting dn mon kim loai bevi oxi la 't nhién" :
¢ Khi & nhi¢t 3o T da cho, ip suat riéng Fo, caohon dp suit dn

B, G (T)

RT
e Khi dp suat riéng Fo, da cho, nhigt d6 ciia h¢ thap hon nhiét @6
ApuGi](TL)

RTp
Nhu da chi ra & fi fi¢u ! 6, dp sudl in mon thuomg rit nhd. Vi vay phin Iin
cac kim logi bi an mon trong khong khi. Chi ¢o cic kim logi quy (vang,
platin) Iy o6 cic dp suldt an mon di 1dn dé winh duoce sy oxi hod te nhién.
Tat cd cde kim loai khde déu phai dwre bdo ve. Sy bie v§ nay thuong
duge tige hign bing cach phil 1en kim Togi mt W bio ve khong thim
thiu @ men, son, veeni, mang ¢hdt déo.., Lép bdo v nity doi khi duge lam
b&i chinh lop oxit (alumin Al; O, minium PbyOy ).

mon Py, (T). vii: fo, ,(Tr=p" . exp

an mon gigi han T, voi ; PO; =p”.exp

» Luyén tap : BT 4, 5 va 6.

3.2. Su két hop cac cap oxi hoa - khit

3.2.1, Phan loai cac cap oxi hoa - kh(r

O nhi¢t do 7 da cho, cic tinh chit tuomg doi cia hai dung trong cap oxi
hoa - Khtr MO /M (01 @l v sy co mit eda oxi

25 M o 1)+ O (k) = 2 M,0,(r hode 1) (1)
¥ oo

chi phu thude vao hing s¢ ¢an biing K'(T) cGa phin tmg. Khi M va

M 0, &arang thii ngamg ty (riin hode 1ong), hiing s6 K['(T) duge vidt

li:
o A, GV (T)

gl 1

P pe 2O

Ro.,, RT

K/(T) = (VIL11)
Nhu vay, hiing s0 K(T) cing ldn khi entanpi ty do cla phin tmg tuong

tmg cang am, nghia [ di¢r bicu dién eda he, voi cic wa 40 (T:4,,01') .
& trong phin dudi ¢da gidn dé Ellingham (nie fi¢u13).
Ap sudt an mom Ry, twomg ing cha don chil [ rit nho; ket qud la cic
don chit rit d¢ bi oxi hod (chidu 1). Trong cde didu kien d6, don chft M
14 mot chat kink manh: né ¢6 kha ning hip thy 0, rdt 1oL
Nguwoe fai, mot chiit oxi hod manh ¢6 1hé teong tmg vivi mot Hy,,, cao va
modL K nhod, Vige kit oxi khi d6 dé (chidu 2), do do rit Khé oxi hod don
¢hil. Nhur vy ¢ the phin lowi iy truomg hop (e fidul 7)
e theo sy tdng cuomg 4o ¢ chit oxi hod vdi sy ting cla Fy, , hay clia
b

A

8,67

¢ theo surting cuong do cha chat khiy, (¢ hign sy ting cia KV,
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kin? oxit ¥, an [uon P:”m mon
loai {har) {har)

298K ! 1300K
Al M:(Jq 4. l()—lgﬁ 2 ]0._34
Ca | Cal) |3 397212 ||y~

Ca | CuO [4707% | 1073

Fe FeO | 4 1078

n_}
Be | Fe:Op | 4 (07% 21071
Mg | MgO || 19720 |2 19737
Mn | MnO 5 19718 |g 1907

He | 120 310722 | 2 108
Au | AusO5 1 pls 4 9010
Ph | PhO | g 102 21077
Si | Si0a |5 197151 1p 128

111 TiOy 1y 719651072

Zo 3 700 {2197 2 g 1077

Tuwr ligw 16, Cdc dp sudt dn mon
i thaven ciau mor vad kin loai M
théng dung & trang thdi oxit
MO,
Sw phan huy oxit xdy ra frong
khing khi khi ;

Finmon > 0,21 bar

1
A | A A
Cog
- 1 1 i
= __l____l__....l.:.L
= [l ] )=
— | i (B
— [l 1 -
= i f =
# 1 ! = iy
e = | ' e =
k=i o e ! ' ' =
O I 1 ] " -
- o = [ = b=
e ~N = = TR =
= |T E oy o — 5tz
b - =1 L —
. — B - L B R '-5 e
E|E 5 =vioeoco =
L) - Fln ] - 1~ ¥ - -
= 2 - = Sor e o
et = Y T el o R P
< |5 = A =
% | = =S~ S B
ZE = R = =
= = - ! [
CH - - P
- P~ ' ye
R - = L i =] 31
= ! ! 57}
= ! ! =3
- I I | r—
"'-_« | I b —
- i | P
s | | !
v ! ' v

Tw lieu 17. Anh huong cia cde
ihdng sd khde nhau tén cuomg do
fwong dot cae cde chdr kinr va
cde chdt oxi hod.



3.2.2. Khtr oxit bdng don chat

Sw khir mot cdu tir hod hoc A trong mg vai sy gidm so oxi hod clia mot

trong cdc nguyén (0 k£ bang sy thu cic electron, Céc electron nay khong

tOn tai & trang thai ty do, ching nhit thiét phai dén wr mot cdu tir B khic

ma muc oxi hod cla mot trong cic nguyén (6 E' ting. Do do B chiu mot

swroxi hoa dong thoi.

Sukhtroxit M'y Oy ¢6 thé thye hign véi nhimg chit khir rit khic nhau, cic

don chit (kim logi hogdc phi kim) hay cic hop chit (oxit, clorua...). Su khir

nay s¢ duge phin tich trong truomg hop chit khir Ia mot don chat M" khic,

cdc thi dy khic ¢6 thé hoic duye néi (61 sau, hojic dua vio cc bai tap.

Nhu viy ¢6 su canh tranh gitra cac cip M, Oy IM' va M",» Oy IM":
2

2'—.M'+ 02(k)==M", O, A, GINT) (1a)
y y '

_ 2 _ :
25 M+ 0y () == M" 1+ O" Ay GP(T) (1b)
. : .

Ngodi cdc yéu (0 khic, gidi phap nhi¢t dong cho van dé phy thude vao
trang thai vat Ii cta cac cdu tr khong phdi 1a oxi.
3.2.2.1. Cic cau tir déu ¢ trang thii ngung tu
Khi bon ciu i (cic don chit M' va M" va cic oxit M' O, va
M"» Oy ) déu & trang thii rin hodc 16ng, h¢ gdm bon pha nay s khong
phu thum vao dp sudt. Bién do cta h¢, trong trudmg hop thong thuong,
phu thudc vao so cic quan h¢ hod hoc :

v=4-r-0+1-4=1-r
B Néu bon pha cing t6n tai ddng thoi, ching lién hé véi nhau bdng can

bing :
XM e 2"M"x--0yu{r)+2-x—:M'(r)
2y y
4,,G3(T) ()
Vai : 45y Gy (T) = Ay G (T) - A, G (T)
hay la : ly (T) = A5, G (T) = Apy Gi(T)

He khi d6 1a vo bién. Ai lyc .+ (T) cha n6 khong ¢6 so hang logarit, vi
tat ci cac pha ngung ty ¢6 hoat do bing don vi.

T d6 . (T)= sy (T) =-A4,,G5 . Diéu kign can bing v = 0, dugc thé
hi¢n boi 4 (T)=0, dp dat nhi¢t dO cta h¢ ; d6 1a nhiét do nghich dao
T; ma cic duong cong Ellingham ctia hai ¢ip giao nhau (i liéu 18).

A AwG* (D (Jamol™)

e
&
e
L)

B Vi moi nhiét do khic, .« (T) = 0. H¢ ¢6 xu hudng tién trién ty nhién
cho t6i khi chit phin vmg thicu bién mat hoan toan :

* theo chitu 1, néu A (T) >0, tic la 4,,GP(T) > 4,,GP(T) .

pu
Khi d6, M" s¢ khir M, Oy, nhu viy cho phép didu ch€ don chit M'.
Trong thi du dugc chon (1 li¢u 18), phdi ¢c6 T> T;. Tw ligu 18. Cdc mién on dinh
: . » . 1 dc . oxi A ()
» theo chitu 2, néu -4 (T) <0, vy v6i T< T; (1w liéu 18). FRGIC - 0XH M e
Ml?l‘:“ O“"

Khi d6 M’ s¢ khir M",» Oy~ d€ tao thanh don chit M".
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Vigc so sanh céc ving &n dinh ciia céc phin t& duge st dung rdng rai
trong cac phan ing oxi hoa - khif trong dung dich, cling dude ap dung vao
cdc phan (ng oxi hda - khir theo dudng kho. Vige @it hai cip oxi hoa -
khi¥ 1&n mgt thang thang dimg cho phép du kién sy tién trién cia phan ting
lién két ching vdi nhau va tir 46 suy ra mdt don chit cd kha nang khir mot
oxit hay khéng.
Nhu vay, & mdt nhiét d§ da cho 7, don chiit M’ va oxit My Oy- phan
{mg v&i nhau mdt cach ty nhién, theo chidu 1 cha phudng trinh (2), néu
che ving 8n dinh cha chiing tach r&i nhau (fu Jidu 19a). Nguge lai ching
s& khéng phan (g voi nhau khi cac viing phtt 1&n nhau (& ligu 19b), phan
dng (2) 1a thudn 1¢i theo chitu 2 tao thinh cic chat ban dau. Nhy vay,
nhigt dong hoc clia phin fing phy thudc vao gid tri cla cic hang sb can
bing K va K.
Két luan nay 1a khai quat cho mei loai phan iing oxi hda - khif theo duding
khd ;
Trong gian do Ellingham mdt chit khir s¢ khi dang oxi héa cla
cic cap oxi hoa - khif nam trén né ¢ nhiét d 7 duge xét.
Nhir vy, vigc so sanh cac duding cong B,04/B vh MgO/Mg (i ligu 9)
chi ra ring magie khir bo oxit i khi nhigt d6 7 = 2500K, con bo khir
magie & cac nhiét dd cao hdn (xem thi du 7).
Diic bigt 3 nhigt o thap, cic yéu t5 dong hoc thudng gidi han sy tién hoa
dugc dif doan bdi nghién cinu nhi¢t ddng. Chang han vanadi oxit Vo045 c0
thé duge dua tdi 525K khong bién ddi gi trong mdt thuyén nung (hay
chén nung) niken mic dii gia trj &m cda entanpi tyr do ¢a phan ing :
V305 (1) + Ni(r) = NiO(®) + V204 (1), 4,,Go5 =~117kJ.mol ™.

Mot két qua nhu vily minh hoa cho sy t(fm tai coa mdt hhqg rao thé 53 giita
cac trang théi dau vi cudi, do phai ciu tric lai cac kiéu tinh the khac
nhau trong cin bang ma sy vugt qua ddi hdi phai cung cp thém ning
lugng hoat hda cao.
3.2.2.2. Sy ¢b mijt ciia mt cAu ti & pha khi
Khi (it nhét) mdt céu t B, trong 4 chu tlt trén 12 6 pha khi, hé duge hop
thanh bai hai ciip oxi hda - khir v8i Av(k) # O sé& phy thudc vao ap suat
chung P.
Céc thdng sb cudng tinh ¢6 kha ning tic dong dén hé khi o Ia 4p suft
chung P, nhiét 8§ T va ap svat riéng phan Py cua B. Bién df bang :
v=4-1r-0+2-4=2-1

chi cin biét mot (péu ¢O phan Ung hoa hoc) hojc hai (trong trudng hgp
ngudc lai) thdng sd nay 1a di.
Thi dy, trong trudng hdp ciac cap oxi hda - khit NiO/Ni va CO,/C, cac
cén bing oxi hoa - khir chi phéi hg 1a :
e V3 T« 1700K : ZNi(r) + Oy (k) = 2NiO(r) _

A GP(T) = =479 +0,189T (kJ.mol ™' )

1
o Vi T < 2500K : € + 0y (k) = €Oz (k)
A GS(T) =-393 -0,0037 (klmol ') (2)

160

a) A ApyGa T
M0y M
LN
M"x"O,”
K- 1
M Fi
b} 4 ApuGPAT
Ml
X5
MO, M
K5
M L

Tu ligu 19. Khé ndng dé khit oxit
M’y Oy bang don char M’ theo

cdc mién ton tgi
roi nhau hay khé

cua ching la tach
ng :

a) kha nédng manh ;

b) kha ndng yéu



W Sy cling tn tai ctia bdn cu tir doi hdi phai théa man quan hé :

2NiO(r) + C(k) = CO, (k) + 2Ni(r) k=P 3

0

véi : ApyG3(T) = 4, G3(T) - Ay, G (T) g

Hg c6 can bang (3) 1a don bién va dugc mo t bing he thitc K§ =fT), &
Igc A(T) clia nd ¢ sd hang logarit clia bidu thitc (VIL7). Diéu kién can
bing 4(T) =0 dan dén :

Pco,

’

Apqu, (T)=-RT.InK§ = —RT.In—2 0
thanh ra sy lya chon T s& ap dit gia trj cla Feo,ch» vado do claca By, ;
hodc ngugc lai.

Gia tri K3 =1, din t6i 4,,G§ = 0, twong img vdi ding thic giita
4pyGT(T) va A4,,G3(T). N6 xdy ra & nhigt o nghich dao 7; = 448K,
khi cac dudng Ellingham cit nhau (s liéu 20).

W Hg sé tién trién theo chiéu 1, va C s& khit hoan toan NiO thanh niken
néu A(T)» 0, tic [a 4,G3(T) <0 (va K§ > 1), nhuvay T > T;.

B Ngugc lai v3i trudng hgp trén, trong do6 su khir oxit c6 xay ra hay
khong tity theo nhigt d cao hon hay thap hon 7;, sy khit oxit NiO lai xay
ra trude khi dat nhigt 46 nghich dao 448K. Diéu n‘ay xay ra khi c6 mit cia
mot pha khi, Iam cho gia trj cia K3 c6 thé khac 1.

Trong thyc tin ta ¢6 thé coi sy khir xdy ra ngay khi K cao hon 1072

n 1a hoan toan khi K§ > 10°. Trong thi du dang xét, didu ndy tuong iing
vGi cac nhigt 4§ Ty, ~ 373K va T, ~ 560K. Trong viing trung gian, hai
oxit & can bing v&i hai don chét, ap suét cia pha khi (CO,) bién d6i tir
1072 dén 107 bar.

3.2.3. Hiéu ung dém cua oxi

Trong tét ca cac phan g oxi héa - khif theo dudng kho s dung cac oxit

thi oxi, phan tir lién hgp vai mot trong hai cidp canh tranh nhau, ludn ludn
c6 mit, nhung thong thudng 12 rat bé trong hé.

D& lam thi du ta s& xem xét sy khir & nhlf;l do thap (T < 600K) mot lugng
du 16n niken oxit NiO, bing cacbon va bing kém. Trong nhimg diéu kién
nay, cac cip oxi héa - khir twong img 1a : NiO/Ni vdi CO, /C va NiO/Ni
v6i ZnO/Zn :
2Ni(r) + O5 (k) = 2NiO(r) APqu’(T) = —479 + 0,189T (kJ.mol ! ) (D)
C(r) + Oy (k) = CO; (k) ApuG‘z’(T) =-393 - 0,0037 (kJ.mol ~!) (2)
27n(r) + 04 (k) = 2Zn0O(r) APHGE(T) =-696 + 0,201T (kJ.mol 1! ) (4)
Hai phuong trinh chi phdi sy khir NiO khi d6 1 :
2NiO(r) + C(r) = 2Ni(r) + CO, (k)
8, G3(T) =+86-0,192T (ki.mol ~') (3)
2NiO(r) + 2Zn(r) = 2Ni(r) + 2ZnO(r)
A,,GS(T) =-217+0,012T (kl.mol ') (5)
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A,,G () kI.mol )
0 T 700 7(K)
0 - | . .l >
] Lt S 1= 1

' Rk 7
- K3 > 10
1 o
o COp
- 400 // [l
K3 << 10
A,G'\=-479+0,189 T
A,G°)= - 393-00037

- 300

Tu ligu 20. Cac mién én dinh cia
cac oxit NiO va CO, . Trong mién
té6 mau, cdn bfing (3) khéng hoan
toan chuyén dich

(K° e[1072;10°)).



B Phan (ng (5) = (4) - (1) chi lign quan dén cic pha ngung ty, tir d6

ls(T) = ~A,,GS(T) . Chimg ta s& rit ra tr d6 can bing & nhigt dp
T=500K. O nhigt d3 ny, 4,GS(T) =-211kmol ™" nén 4 >0.

Bén chit rin khong thé cung ton tai, phan ting (4) [a hoan toan. Phan ing

két thic khi chét phan Ung thiéu d3 b1 tiéu thy hoan toan. V&i sy cé mit
cua lLr(Jng du niken oxit, tit ca kém c6 mit déu bj oxi hda thanh ZnO.

Hé cubi nhu viy dugc 1ap bdi NiQ(r) va Ni(r), cac pha 0 can bc’mg vdi oxi
theo phan fmg (1) vd bdi ZnO(r). V&i gid i 4,,GP(500) =
— 385kJ.mol !, ap sudt cla O 1a ap sufit 4n mon niken & nhidt do nhy.
Gia tri cla nd, rit ra tr phuong trinh (VIL10) I :
—41
POZCb = Pwn Nis00 = 6,710 bar.
B Phin (ng (3) = (2) - (1) phy thude vao ap sudt riéng phan coa CO,,vi

KO _ PCO?
3 0
4 p ~
ap suat cdn bang Fro,

. uhigt 49 T= 500K, 4,,G3 bing ~10ki.mol™', din dén

= 11,1 bar.

le siy ¢& mit cia cacbon va niken oxu st khir oxn nay chua xay ra. Cin

bang (1) duge gilt vi NiO va Ni cling tdn tai, 4p suft oxi ciia he giéng nhut
trudng hop trén -

Fo,, = Panii 500 = 6.7.107 " bar

Néu lugng d4u ciia cacbon khong di @& Fro, dat duge gia trj cin biing thi
06 dugc tigu thy hoan toan. Néu lugng dau nay dii, ba chit rin NiO, Ni va C
cling tén tai & cdn bing vdi mdt pha khi trong 6 cac ap sudt rigng cia O, va
CO; I chc ap sufit cin biing Po,cpy V2 Pop,cp 5 ba he thitc (1), (2) va (3)
dugc thda mian ddng thai. Két qua niy ¢b thé duge khai quat hoa :

Trong qua trinh kKhi oxit Ox; bang chit khit Kh- , 4p suét cia oxi

1a ap sudt &n mon Fo,cp cua Khy.

fqlp dyng 3

Céc dai lugng mol chudn (entanpi tgo thinh

AH®, entropi tuyét dbi S°) ciia nhom, silic va
cdc oxit caa ching dwoc chi ra dudi day, vai nhiét
dd so sanh T = 298K,

hop chét |03 YALD! Al2O; ()| Si(r) [ Si0, (1)
1]
BBl 1o Lo | —1676 | o {-o107
(kJ.mol ")
SO
0|284 X 188 | 41,
| (J_K-l.m]-1}2050 28 50,9 8.8 5

D)Véi T < I400K, thiét lgp chc phuong trinh
A, GT (T) va Ap,G3(T) ciia su oxi héa nhom va
silic, quy vé su két hgp vai mét mol oxi.

2) Tinh gié tri biing s6 entanpi ty do A,,G3 cia

phan ing, 6 T = 1000K :
$i0, + %Al - %A1203 +Si @)

Va nhu vay, sé chiing minh rc\ing\ khong nén ndu

chay nhim trong mit chén nung bang silic.

3) Danh gié gia tri 56 cia ap sudit oxi 16i thiéu can

thiét & T = 1400K d€ bdt dau xay ra su oxi héa :

a) cika nhdom nguyén chér ;

b) ciua hop kim Fe - Al ¢ hoat d6 cia nhom

béing 1072

S5 ligu :

A, H(AD) = 10,8 (k. mol_1 i The(AD = 932K ;
7, (81)= 1410K.

(Theo Ecole Centrale, P', 1984.)
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1) Phuvng phip tinh todn trinh bay & dp dung 1 e 1a, vai T = 1000K :

din dén cdc phuong trinh sau (Ap”(}0 titth bing
kJmol ™y
W 457 v edp AlbOz/ Al

wic Ia: K5 =cexp—
e T e 1300932 -

4 2 .
; Allry + 02 (k)= ;Alg()g {r (la)

- cla b khi do la
ApuCGra(T) == 1117 + 0,2089T

o T €932 1400 :

4
S A+ Oy (k) = %mgo;(r) (1b)

oG (T)

Ap(T) = =20, Gip(T) = RT In

4,65 (1000) = - 179,0 kJ.mol .

=2,2.107

Suriin mon silic x4y ra hoan toan,
3) Sy oxi hda nhom duge mo Q béi (Lh). Ai lue

2/3
[“!\1._«.03 }

[“Al ]4H RION

Apu(}i’b () =-1132 +0,2244T = ""‘1!’!46;}7 + RT. [i I +1n f(_);J
& 407 vai cap Si0h /Si ' 3 I
T e | 300 ; 1400] : O cin bing © (T =0,
Sifr) + OGa (k)= Si0- (1) (2) Vil :

APHG}_’(T) =-Y190,7 + 0,1823T
2) (3 T= 1000K , nhovn B chit 10ng nén :

- 2 . ¥l I T ) .
SiOA (1) +i/\1((5) = Z Al O5(r) + Sitr) (3) a} Vil Al nguyén chilt & 1400K .
3 3 dar = | dAn1oi : Py e = 3,110~ bar

Vi(3)=(1h)-(2),co:
Apr;(;?(T} = f-lprtG?b(T) - ’jpu

= 221,10 + 00421 T (kJmol 1)

Byep = p"-cxp{

G‘g’(T] Iy} Vi hop kim & 1400K -
an) =1072 din 1512 Py op =1,410 2 bar

C1H32+0,2244T 4 1
-—may

83141077 3

» Luyéntap: BT 4,5 6va7.

3.2.4. Su ton tai ddng thoi nhiéu oxit clta cling mdt nguyén 6
3.2.4.1. Tinh bén c¢ia cacbon va cic oxit ctia né

Cic phin @ng oxi hoa ela cacbon 18 ra dic higt don gidn, vi khong xdy ra
mdt thay doi niao (ve trang thii hay v& clu (rac cia cic hop chat), v xdy
ra & mdt khodng nhi¢t do rong.

Graphit, dang chuin cia cacbon, 13 chiit rin, con oxi cliing cic oxit cia
cachon 1 khi.

Quy v& mot mol 05, hai phian g oxi hoa cda graphit duge viet

Cr) + O3 (k) = CO5 (k) A, GX(T) =393 - 0.0037 (kl.mol "1y (1)

Dt

2Cr) + Os (k) = 2C0(k) APHGS(T} =-221- (),1T"‘)]’“(k].mul_I ¥ (2)
Phi hop v cae k€ luan cda muc 2.2.1, him Ay, G (T) thye 1€ 1a khong
phu thude vio nhigt 3o ( vy (k) = 0}, trong khi him AP“GE'(T) gldm khi
nhi¢t do ting ( Avy (k) = 1) ; e bifu thire bing s6 ¢fa ching s¢ duge
Widt 1ap & hai tdp 1
Cae duomg 1 va 2 bicu thi ¢dc ham ndy, cil nhau & 980K (fu lidu 21).
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Tw ligu 21. Gian dé Ellingham
cud cachon va cde oxit caa nd.



B C6 mQt phin tmg thit ba lien két céc ciu tir thé khi véi nhau
2CO(K) + O, (k) = 2CO, (k) 4,,G3(T)  (3)

V6i dvy (k) =-1, 4,,53(T) <0 vaham 4, G3(T) ting khi T ting.

Vi phin tmg (3) 12 mot sy t8 hop tuy€n tinh cla hai phin img khic:
.dp”fo(T) = 240.-¢(4"'iJ (T)- ApuGg(T)

nén cd dudng cong 3 cung di qua diém giao nhau cta cdc duong 1 va 2 (1w

liéu 21). Nhi¢t A0 7; ~ 980K 1a nhi¢t do dic thu cia h¢ : & nhigt d nay,

bon cau tir O, C, CO va CO, & can bing .

Vi T > T;, sy oxi hda cacbon dua dén tao thanh monooxit CO trong cic

diéu kign duge mo i bdi dudng 2, va khong tao thanh dioxit CO, kém

bén hon vé mit nhiét dong : ApuG‘Q’(TJ < APHG{’ (T) (tu ligu 22a). Sy pha

vO ¢in bing (2) & nhigt dd T da cho, kéo theo sy bién mit toan bd cacbon
dudng 1, ma voi né 1€ ra cin bing (1) phii dugc thiét 1ap, khong ton tai
trong thyc t&€. Chi ¢6 sy oxi héa ctia CO thanh CO, ma dudng 3 mo 4 la
¢6 thé quan sat dugc.

Su khir CO, dugc tién hanh mt cich doi xing & hai giai doan, diu tién
la sy tao thanh CO rdi dén tao thanh C.

® V6i T < T;, sy oxi hoa cacbon trye tiép tao thanh dioxit CO, , ldn ndy bén
hon vé mit nhi¢t dong : 4,67 (T) < 4,,G3 (T) so v6i monooxit CO (tr
ligu 22b). Dudmg 2 thyc € khong ¢6 ¥ nghia vat li. Nguoce lai, sy khir CO,
thanh CO (dudmg 3) hay thanh C (duong cong 1) din dén sy tao thanh
graphit. Nhu vay CO la khong bén ; & T'< 980K, n6 ty phan hoa (1w liéu 22b).

Mién ton tai ctia mi mot trong ba phin tir duyc gi¢i han biing céc doan thing
dic trung cta cdc phan tmg oxi hoa - khir ¢6 y nghia vat Ii (1w liéu 23).

® Mot phdn img dic thu lién k&t ba ciu i chira cacbon : d6 12 phéan ing
Boudouard, ki hi¢u 1a (B) :

1 -
CO5 (k) +C(r)<T_>2CO(k) APHGE(T) =172 -0,176 (kJ.mol 1 ) (B)
dugc suy ra tir cic phin tmg oxi hoa cacbon : (B) = (2) - (1). Can biing
Boudouard ¢6 bién dov=3 -1 -0+ 2 — 2 =2 nén h¢ hoan toian dugc
xdc dinh bing vi¢c ¢0 dinh hai thong so, ching han P va T. Céc 4p sudt
riéng, Feo va Fep, dugc suy ra tir do, nhi¢t do 7; 1a nhi¢t do nghich
ddo ciia can bing nay ; thyc &€ & T;, 4,,G7(T;)=4,,G5(T;), nén
A, Gp(T;)=0.
Can bang Boudouard c¢6 thé dugc biéu dién theo phdn mol cla cacbon
Feo .

monooxit, xcg = P

Poo? Yco? P

Kp(T)= = .
Peo,.p° (1=%*co) p°

Vi Kp chi phy thudc vao nhi¢t do, nén cic ham xco=f(T) & P ¢o dinh,
va cdc ham xcg = g(P) & T ¢o dinh. V& phuong dign cong nghi¢p, c6 thé
bidu dién sy ti€n hoa cta ching theo ham clia :

e Nhi¢t d0 7 : cic gidn d6 ding dp dugc thiét 1ap véi mot 4p sudt P da cho
(tw liéu 24a).
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a)4

> T (K}

b)4

Tw liéu 22. Biéu dé Ellingham ciia
cacbon va cde oxit ciia né voi chi
ddn cdc mién tinh bén cia CO :
a)voi T > T;

byveiT< T;.

A G'(T) (kJmol )

A T
od 20 0 UD Tm
' 7
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Tw liéu 23. Cdc mién én dinh cuia
cacbon va cdc oxit.

a)
1
0,9
0.8
0,7
0.6
0,5
0.4
0.3
02
0.1

Tw liéu 24. a) Mol riéng phdn CO
trong cdn bdng Boudouard theo
biéu thi ddng dp.



° Ap sudt P : céc gidn dd ding nhigt duoc vé véi mot nhig¢t dd T da cho
(tue ligu 24b),
Céc dd thi xco = f(T) vd xco = f(P) chi ra ring sy tao thanh cacbon
- monooxit CO la thufn lgi & nhi¢t d cao va 4p sudt thip, theo cic dinh
ludt Van't Hoff va Le Chatelier 1a phu hgp v6i tinh chdt thu nhiét va sy
ting entropi cta can bing (B) (4py Hp va Avg(k) déula duong). MGi d6
thi chia mdt bang thanh hai mién :
e Mien I : cacbon monooxit du thira so véi trang thdi cin bing nén phin
img (B) bi chuyén dich theo chidu 2 ; CO nhu vy la khong bén & mién
nay va tu phan hoa.
® Mién II : cacbon monooxit & day Ia thiu so v6i trang thdi can bing. He
CO - CO, la bén & mién nay khi khong c6 cacbon, néu khong thi phan
tmg Boudouard theo chiéu 1 dim bao sy trd lai can bing.
Trong thyc ti€n, sy phan héa CO 1a mot phdn ung rdt cham ; cachon
monooxit ¢6 kha ning gii bén co thé tdn tai voi lugng ding ké & moi
nhi¢t do ; tir d6 n6 dugc sir dung trong cong nghig¢p luyén kim trong 1o
cao (T € [1600 ; 2000K]) va céc rii ro giy ngat vi sy ¢6 mat cia no &
xung quanh (doc tinh rét cao cia CO Ia do kha ning phin tmg héa hoc rit
16m chia né do tinh bazo Lewis gay ra).
3.2.4.2. Tinh bén cia sit va cac oxit sit
Khi ¢6 oxi, st tao thanh ba oxit : vustit FeO, manhetit Fe30,4 va hematit
Fe;03. Gidn dd Ellingham ddy di cta sit va cdc oxit sdt sir dung sdu cip
Ox; /Kh; khéc nhau : FeO/Fe (1), Fe304/Fe (2), Fe;O3/Fe (3),
Fe304 /Fe0 (4) , Fey03/FeO (5) va Fey03/Fe304 (6).
Céc db thi 4,,G;’(T) (i = 1... 6), ma céc biéu thic twong tng s& dugc 1ap
& bai 1ap 9, da dugce ve (& ne ligu 25a). Céc duong 1, 2 va 4 cit nhau &
cung diém /. O nhigt do 7; ~ 843K, ba pha rin Fe, FeO va Fe304, c6
can bing timg doi v6i oxi, ndm trong can bing :
Fe304 (r) + Fe(r) = 4FeO(r) A,G7(T) (D
Can bing (7) 1a bdt bi€n, diém giao nhau (hay diém ba) I 12 mot diém c6
dinh cta hé.
Phuong phip duge trién khai & muc 3.2.4.1. cho phép xéic dinh mién 6n
dinh ctia sdt va cdc oxit sdt khi xem xét vi tri twong ddi cha cic dudng oxi
hoa - khir khéc nhau (fw liéu 56) :
® O bat ki nhigt do ndo, sy khir hematit Fe,03 bao gidy cang cho
manhetit Fe3O4 trude tién (gidng nhu da néi & muc 3.2.4.1., céc duomg
cong 3 va 5§ bao gdm gitra dudng 6 va (dng hop clia duomg 1 va 2 khong
twong Umg véi thye (€). San phim khir manhetit sau d6 tiy theo nhiét do
ma khic di.
B V6 T> T;, sukhir Fe3O4 lac ddu cho vustit FeO (dudng cong 4), sau d6 Ia
st kim loai (dudong cong 1). Neuye lai, sy oxi hoa sit thanh sit (I11) tién hanh
qua ba giai doan : tao thanh FeO, sau d6 Fe30y4 , va cudi cing 1a Fe,03.
B V6i T <T;, oxit Fe3Oy4 bi khir tryc tiép thanh sdt (duong 2). Oxit FeO
khong bén & thidp hon 7; : phan hoa thanh Fez04 va Fe.

» Luyén tap : BT 9.
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Tw lieu 24.b) Phdn mol CO
trong cdn bdng Boudouard theo
biéu thi ddng nhiét

A G (kJmol )

a) I
300 700
04 - i

o 7

300 700
] i

b) A G'(T) (kJ.mol”)

— 400 -

— 500

Tw liéu 25. Biéu dé Ellingham
clia st va cde oxit sdt :

a) cdc duong oxi héa ;

b) cdc mién 6n dinh.



3.3. Khai quat héa mé hinh Ellingham

Nguy#n tic xdy dung cac gian d Ellingham ciia cac oxit ¢6 thé khai quat
héa cho moi h¢ két hgp mot dang khi, thong thuding ahdt 12 mot don chit,
véi mdt trong cac dang oxi hda (hidrua, halogenua, sunfua, nitrua,
cacbua, borua...).

3.3.1. Gian d6 Ellingham cla céac halogenua

Gian d6 Ellingham ctia céc phéan g oxi héa biing halogen dvge
quy vé mdt mol X5 :

2 M+ X0 =2 mx, (3)
R n

& trudng hgp ca biét nay, n tring véi s6 oxi hoa cia don chét
trong halogenua.
Néu nhu, vé nguyén tAc phan ing (3) ¢o thé xiy ra dbi véi tht ca chc
halogen thi, trong thye t&, chi nhitng phan @ng vdi clo 1a dem lai Igi ich
nhu trong trudng hgp céc oxit : cae florua chi dwge ding trong trudng hop
urani, cac bromua va iodua dé dang chuyén hoa thanh cac clorua do tac
dong cta clo.
Gian 45 Ellingham ciia cac clorua dugc cho 3 i figu 26. Sy ¢6 mit cia
nhiéu di€m gly trén gian 4o da lam ndi bat khuynh hudng d& soi (chc
di€m ¢) va ca dé thiang hoa (cac difm s) ciia céc clorua so véi cac oxit.

4,6°T) (dmol”)
A

y=RT.In Poytp® | Py (bar) Tu ligu 26. Gign d6 Ellingham
500 1 000 1 500 - 2 000 4
i ' L i 1 ' . r_ - |

| I !
. | § 4 ]

cuda cac clorua.

b jo7 0

» 1w

- o7

thay d3i trang thai | kim loai | clorua gy
- ndng chiy F r i
581 E &
thing hoa 5 5
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Nhidu clorua tdn tai & trang thdi khi, bon ¢du Ui clia phdn tmg ki clorua
bing dom chat déu rdt hidm khi cing & trang thii ngung .

Nhur viy phin tmg tua nhu phiin tmg duge x6t & muc 3.2.2.2. 461 vdi cdc
OXit,

Giong nhu d6i véi cde oxit (ar ligu 13), 4p sudt dn mon boi clo Foy, &
mdt didm ndo do cha bidu ¢6 duge doc (rye G€p wén ban tinh tromg tng
(e fidu 26} bing cich kéo dai doan thing noi didm nity vdi géc 10a do.

» Luyén tap : BT 10.

3.3.2. Gian dd Ellingham cuaa cdc sunfua
Gidn do Ellingham ngu ¥ ring hai thanh vién ¢da ¢ip oxi hoa - khir theo
dudmg kho phii duge 1ién k&t qua trung gian 12 mot chat khi.
Gidn dd Ellingham ¢ta lina huynh ¢hi ¢6 § nghia & phia trén nhict dd soi
coano (L = 718K) mi trang thai chudn 13 phan tir luu huynh S5 .
Cic gian do Ellingham lién quan dén cac phan ing oxi héa biing
luu huynh 8§, va quy vé mot mol lvu huynh 8 :
X . 2 N o
25 M+S3(k) =S M,S, 45,64 @)
¥ b4

Ngwge vai che clorua, cde sunfua khé néng chily, nhigt do néng chdy cia
ching thudng 1a trén 1000K (trir CS> va HbS ), Trix cic suntua kidm thd
rit bén (e tigu 27), cic gid tri clia APHGH it quan trong d0i v6i cdc sunfua
khic : ching nhd hon nhitu so véi cic gid tri ApuGi) cla cde oxit tuong
umg. Vi thé, sy khir sunjua la uong dai dé. Ciic phan img & day 1a gita cic
ciu tr déu & trang thii ngung w (xem §3.2.1.1,), va x4y ta hodn toln,
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4 Ung dung céng nghiép

4.1. Luyén kim
4.1.1. Phuong phap luan

Vige digu ché mdt kim loai, nguyén 8 ¢6 dp am dién nhd hoic trung
binh, duge thye hign bing cach khit mdt trong cac din xuit cha nb trong
d6 kim loai & mitc oxi hba duong :

M™ 4 =M
Tity tiing trudng hgp, cac electron dugc cung cip hoic theo phuong phap
héa hoc bing cach chuyén it mét hgp chit khic, hoiic theo phudng phép
dién hoa.
Loai phuong phap thif nhit lién quan chit yéu dén cac kim loai cé d6 am
dign trung binh (céc kim logi thudc khéi d va p). Viée khit oxi héa xay ra
theo dudng kho. Vi nhimg 1i do thwe tién, cic phin émg thidng xay ra &
nhigt A0 cao ; kim loai thudng thu duge d trang thai 16ng, d6i khi & trang
théi khi, 1y d6 ma danh tir sy khif nhigt duge ding cho loai ché bién nay.
Loai phuong phap thir hai dic bigt lién quan dén céc kim loai ¢6 tinh
dwong dién manh (c4c kim loai thude khéi s va Al), khé khif (xem chuong
9). Nang lugng duge cung cdp bdi dong dién, 1 d6 cb tn goi su k¥
dién héa.
4.1.2.Chon chéat khtr céng nghiép

Miic du gizn ¢ Ellingham dem lai nhigu chi din quy v& viéc lia chon cac
didu kigén nhiét dong t6t nhit, nd ciing chi t& mét ph%‘in trong viéc xac dinh
qua trinh céng nghé can thuc hién trong vide khir kim loai.

Cong nghiép ciling con tinh dén :

¢ Cic khia canh vé déng hoc thuin tién cho khi ning sinh Igi cha cac
thiét bi bing cach cai thign nhip o sin xuit (cac phan émg rin - khi, holic
néu thiéu thi rén - 16ng bao gids ciing nhanh hon cac phan {ng rén - rin).

« Cic khia canh héa hoe d& dé phan tich cac pha c6 mjt ;

« Cic khia canh v¢ kinh té nhim gidm chi phi sin xuft ciing nhu dau o
(thiét bi) vi vin hanh (tidu thy cic chit phan Gng). Sy dung hoa giira tit
¢ cac thdng s6 nay nim trong viée s dung cac chit khir gi ré, thc dong
& nhiét dd d thip d¢€ han ché cac hao ton dién ning, nhung di cao dé cho
phdn ing dugc nhanh. Chinh vi Ii do d6 ma c4c chét khit cong nghiép
thong dung chii yéu la cacbon C, cacbon oxit CO va hidro Hj. Chiing
déu cho sin phdm oxi hoa thé khi (CO, CO, hay H,0) do d6 ma dé
tach loai.

Hai chét khif trén co s3 cacbon (C va CO) 18, nhung lai c6 nguy co din
dén sy tao thanh cacbua kim logi, nhét 12 & nhigt d cao. Hidro khong
sinh ra phéan tng phy {c4c hidrua) nhung lat dit tién : vi vay, viéc dung nd
chi han ché trong viéc ché bién céc kim loai d& cho cac cacbua,
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i

Ba chit khir cong nghiép tuomg img vdi cic cip oxi hoa khtt CO/C,
€0, /CO v H30/H> . Gidn dd do bén cia cacbon va cic oxit cachon
(tu lidu 23) chi ru riing hidro s& phii canh tranh v&i cacbon monooxil &
nhi¢t dd thap, vi voi cacbon & nhi¢t do cao. Sy thay ¢6i ban chat cha chit
khir chira cacbon thue hign & nhigt do 7| = 9B0K (e Higee 28), tir d6

Ve phuong dién nhiét dong hoe, chat khir cong nghiép tat nhat 1a

ciac cacbon monooxit vii T < 980K, cacbon vai T > 980K,
Vé phuong dign dong hoe, viin dé phic tap hon, vi s chim chap cia
phin img phin hoéa cda can bing Boudouvard cho phép surco mit cha CO
& trén 980K nhiu.
Su cynh tranh gitra cde ciip oxi hda - khir CO, /CO va H2O /H, (hé hién
bdi can bang mang (¢n can biing chuyén hda CO

COk) + H-O (k) = COs (k) + Ha(k)

¢d die trumg 1a nhi¢t 4o chuyén héa gén 1,1, 107K (tu fidu 28)

Cacbon moncoxit 14 chat khir t6t hon hidro cho téi 110K, Qui
nhi¢t di nay thi ngnye lai,

» Luyén tap : BT 11.

4.2. Thi du vé ché bién kim loai
4.2.1. Khtr cac oxit

4.2.1.1. Phan loai oxit

Theo gid tri entanpi W do cla phin dng 4,,G7(T), & nhi¢t do T° =
298K, cua cdc cip Ox;/Kh; dang xét (r tigu 13), cdc oxit Ox; khic
nhau chia thinh bén loai :

B Cic oxit logi (a) ninr cita 4,GP(7°) = —80K.mol ', (v phan i chi
bing su ndng nhi¢t do.

B Cic oxit loai (b), wii Apu
loin & giai doan don chal béi CO va Ho ;5 sy khir x4y ra & thap hon 1000K.

G(T) e [-80 : - 4007 kJ.mol ', bi khit hoan

CO noi chung 1a chit khir duge dung nhidu hon ci.

B Ciic oxit logi (¢), voi 4,,,GP(T7) [ -400;-800] klmal 1 s kho khirbing

i
CO va Hs, dfin 101 cac phin ang thuong L @mg phin. Negay ¢ khi nhi¢t dg
vt qui TO00K, viée dung CO viin due uu tién, H, thudmg danh cho viée
¢hd tao cde kim logi &8 o cachua,

W Cie oxit e loai (d), voi 4,,G7(T7) < -800 kI.mol ™!, khong khit
duge bang CO va M. Bidu ¢hd kim Joai theo phuong phap kho bing
nhi¢t luong cao cdn dén cde chdt khir ¢ tinh duong dién cao. Uu tén
danh che cic chit khir tie dong & trang thidi 10ng heic khi, nhu cdc kim
lowi kiém the hay nhom.

Céc oxit loai (a) va (h) tromg tmg véi cdc kim loai it kha ndng phin img
(cde kim loai quy) va vdi do oxi héa cao cia ¢ic nguyén td chuyén tidp.
Céc oxit loai (¢) va (d) Ja oxit cha cic chit khir kim logi vi vy rit hoat
dong. Chang duge ghép thinh nhom theo chil khir duye dang (i ligu 29),
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Tw liéu 28, So sdnh cde chdt ke
cong nehiép.

Duong cong cho theo ham nhiét
d¢, tinh chdt cua chdt kiny cong
nghiép 16t nhdt vé phuong dién
cdc diéu kign nhiét dong.

oxit dé khiy

BaO
Ca0

CI"203

C{)304

];CQO_),

MnO»
Sr()
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T lieu 29. Cdc chdt kiur cong
aghidp cia mdt vai oxit

St khit bdng nhom, canxi va magie
duge goi twong tng I nhiét nhom,
nliét canxi va nhiét magie.



4.2.1.2. S khit biing nhigt luyén
Sur chuy€n sung pha heri clia cde san phdm thudn tién cho vige didu ché
ching, mot s& kim loai ¢o tinh khit manh duge didu ch& trong cong
nghiép & rang thai hei. Ching han truvmg hop ciia magic vh canxi theo
cic phan img -
Si(ry + 2MgO(r} = 2Mg(k) + SiOa (1}
2AL) + 6Ca () = 3Catk) + CuzAlaOg ()
Cd hai b¢ nay, dfu don bicn, phu thude vie 4p sudt cia kim loai tao
thanh. Trong thye tién, vige dicu che cong nghicp duge 1am dudi dp suil
o= bar, ¢ nhi¢t do 1430K doi vai magie, 1470K doi vai canxi, pha khi
hinah thiinh duge rot ra din déan.
Phuomg phip nhi¢t luyén con duwye dung trong nhimg cong viéc khong
phii 12 didu ch. Ching han nhdom, chilt khir rat 161, duye dimg 38 khiy cic
oxit kim logi mi nhdém khong te hgp kim (thi dy crom hodc st :
phuvng phap nhigt nhdm doi khi duge sir dung d€ hin cic duimg ray lai
v nhau :
M20O3(1r) + 2AN0 = AlLOs(n) + 2M(ny (M =Cr, Iie)

4.2.1.3. Sy khur trong 10 cao

Theo gidn d6 1inh bén cia cac oxit sdt (fw fige 25b), hematit Fes O3 [
oxit toai (b), manhetit FeyOy v vustit FeO thude load (c). Nl vy 1cie
oxit st ¢6 thé bi khir biing CO vt Hy .

Tap hep cic phin ing khir ede oxit sdt duge trinh by trong mol gian 46,
mang 1&n gidn dd Chaudron cla cie oxit sit, né [ sy &t chdng 18n nhau
duemg oxi how CO (hay Hsy ) 1én cic duong Ellingham cia ¢de oxit sit.,

Khi @6 h¢ duge bidu dién hoje theo phin mol ¥y ¢ha chilt khix (fer lidu

P‘ “
CO (hay At

30y, hodc theo t 50
o, Lo

)3

Di v chit kinr ndo, sy kha hematit trong manhetit cang 13 hoan toin,
cie giai doan khd khic la can bing. Hai h¢é ¢d mot diém ba & nhigt do
843K, 141 dd e, FeO vt 3Oy 12 ¢ cin bing,

Nhi¢t o 1100K die trung cho sy nghich ddo cta cin bing chuyén héa
CO bdi H-0O, 1 nhiét do 15 han ddi voi cie gidn dd Chaudron, vi cic
dudmg cong ddng ding giao nhau & day. Hidro (2 chil khir t5t hon CO &
trén 1100K duge thé hign bdi vy, < ¥ rén cic nhinh ¢ta ¢in bing,

Vige sir dung gidn ¢ Chaudron cho phép gidi thich sy diéu ¢hé sit rong
16 cao. Trong thye (€, 10 cao luyén ra gang 1a hgp kim st v cacbon, dung
nguyen trang hodc duece tinh luyén dé sin xudt sit va chi yéu 1a thép. Cic
quing duyc dung khang phii chi chira cic oxil sdt, ma con chia khodng
sCt hay silic va cic oxit mangan, silic, canxi, photpho ctng nhu mat so
sunfua theo cie (1§ khic nhau tay theo ngudn poc cha quing. Cic tap
¢hit duye Khir hode duoe loai bo bing cich xir i thich hop khong néi di
¢ day.
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Cong nghé¢ 10 cao nim ngoai chuong trinh, chi ¢6 nguyén tic van hanh
cua nd dugce trinh bay & diay. Chi han ch& & su khir oxit sit vi sy tao thanh
gang, co 8¢ cia vige che tao thép sau nay. D€ don gidn hoa, ta gid dinh
quing dua vao chi chaa sat (1) oxit Fe,03.

Quing Fe,03, than coc C va chit tr dung (san phim duge dua vao dé
thdi tap chdt di kem theo quing) duge cho vao migng 10 (e lidu 31a).
Khong khi nong (700/1000°C ) duge dua vao qua cic tuye ddm bdo than
cOc chdy sinh ra chd yéu la cacbon monooxit & mic cic day. Trong long
10 cao khi d6 dién ra cdc phin img khir cic oxit cho phép thu duge sat &
muc bung (0. Sdt cung phin img véi cacbon monooxit dé cho xementit
FesC, ciu tr chinh cba gang. Gang 10ng, dugc loai bd cic tap chit con ty
tap trong xi lo bét dac hon, duge thu hdi & ddy ndi 10. Trong qud trinh
chuyén dong 1én, khi ngheo din cacbon monooxit va gidu cacbon dioxit
1én ; dwgce thu hoi trén duomg ra va duoc stir dung trong cic thiét bi trao
ddi nhigt dé dot nong so bo khong khi dua vao 10 cao.

°) cOc quing + chit trg dung b) 6°C

(CO, CO,y,N;, Hy, HyO) khi

néng "l - - - - - - 200 ]

600 °C | | xcpthye
3 F8203 + CO ——= 2 Fe;04 + CO,
Fe;04 +C0 — 3Fe0 +CO; __ . re0. §----- | bongid] - s o ;
FeO + CO — Fe-+ CO, %o Ii thuyét
. ----{bungld ] 1200°C - néu cin
3 Fe + 2CO — Fe;C + CO, céc day bing

khong khi ndng (700/1000 °C) ——

Xi —

tuye 1500 °C | -
ddy ndi 10| y0 T 0'3 > +C0

gang
Twli¢u 31. Lo cao : a) so dé nguyén tdc ; b) s tién trién cia cdc can bang khit.

Cic gidn do 11 thuy€t cta Boudouard va Chaudron da dugc ve (1w lidu
31b) song song véi so dd 10 cao d€ thiy ro sy thay doi chia nhigt do trong

h¢. Thanh phin 1i thuy&t ctia hdn hop khi thu duge voi gid dinh vé s xen chat khir Cl‘“’”"[ Cf{“ khir
ke clia cic 16p quing véi cic 16p than coc. Tuy nhién, sy chim chap ca CsCl
cic phan tmg dua dén mot ti 1¢ phin traim thye (duwong chim gach) cacbon canxi Rh_(“.l
monooxit cao hon mot cdch ro rét so voi du kién cha nhiét dong hoc. UL,
4.2.2. Khir hal Nbllse
\rhalogenua hidro SiHCl5, SiCly

Ciap HCI/H, st dung chat khir thé khi duy nhdt dugce x&p rat cao trong TaCls
2idn dd Ellingham cha cdc clorua (fee li¢u 26). Hidro 1a mot chat khir kém, BeCls
né chi khir duge mot vai clorua (i li¢u 32). HICl,
Cic phan mg tién hanh theo phuong phdp nhigt luyén. Chidng han cdc B TiCly
kim loai & cOt 4 (M = Ti, Zr, Hf) thu dugc bing phuong phip nhi¢t magie o UE,
do tic dong cta magie ddi voi clorua MCly & thé khi. Sau do phai tich 7:Cl

= : z 2 ] ] “ 2 4 sy = 4
rieng ré hai sdn phim cta phdn tng 12 clorua MgCl, va kim loai M. — TiCl,
Florua duy nhit dugc st dung 1a UFE, . Sy khir bing magie hay canxi thyc
hi¢n & 900K vai sy tao thanh urani kim loai va florua ME, . Tu lieu 32. Cdc chdt khir cong
» Luyén tap : BT 12. nghiép ciua mdt s6 clorua.
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4.2.3. Xt li cac sunfua
Luu huynh 12 chit ddng ding trén oxi, nén ta cé thé trong che sy gidng ro
rgt gia ¢ic giin do Ellingham ciia ¢dc oxit v cta cdc sunfua. Nhumg
khong hé ¢6 didu niy vi hai li do
» theo vi tri ¢ha cip H,S/Hs (aur lidu 27), hidro, nhu trong trninmg hep
cic clorua, 15 mot chat khir t6i ddi vor cde sunfua kim loai ;
« ngwyc lai voi oxit cho hai vdn phim oxi héa thé khi, cachon chi din i
sy tao thinh mgt hep chit duy nhdt 1a CSs, chiit ndy dé phan huy dé giai
phong luu huynh.
Céc phin ing nhi@l luyén rd rang Ia khi di nhung véi s6 lugng han ché, Chi
duyc lam sach bing cich logi bac sunfua Ag,S, bitnut sunfus BisSy vi
antimon sunfua Sh203 v mot kim loai duong di¢n hon, nhw sit

M Sy(r) + yFe(r) —— yIeS(r) + xM(r) (M = Ag, Bi, Sb)
Phuwong phap chil yéu xtr 1i cic quing sunfua (quing ZnS, chancosit
Cus8, chu sa HgS, galen PhS, molipdenit MoS- ) 1a thiéw chiing ngoai
khong khi. Thi thudt nay cho phép loai luu huynh ludn ludn bi coi 1
chit ddc cha kim logi, bing cdch oxi hoa luu huynh thanh luu huynh
dioxit {nguycn li¢u cho cong nghidp axit sunfuric, nhung ciing Ji tic nhin
& nhiém nghigm trong). Con nguyeén 18 kim loai thi thy trudmg hop hoidc
thanh kim logi, hodc bi€n thanh oxit {véi muac oxi hda ¢6 thé khic vai
muc oxi héa trong sunfuu), Nhu vy, ¢o .
B Sy khir & khoidng 600/700K, trong truomg hop thity ngin va chi

HgS(n) + 05 (k) ——> SO, (k) + Heik)”

PhS(r) + 0> (k) —— S05 (k) + Ph{r)
B Chuyén thanh oxit d6i véi kém, molipden vi dong :
27n8(r) + 304 (k) —— 280, (k) + 2Zn0O(k)
IM0S, (1) + 705 (k) ——> 450, (K) + 2MoDs (r)
2CUaS(r) + 305 (k) —— 28505 {k) + 2Cu,0(1)

Sau do ¢éc oxit tao thinh duge Khir & piai doan sau.

B Sy khir bing cacbon, trong truvmg hop cde kim loai duong dién hon
(M =Mo, Zn) ;

n(ry + Clr) —— CO) + Znlk)

MoQs(r} + 3C(r) —— 3COk) + Mo(r)
Trong thye &, sy khir nay 13 d& dang trong truomg hop kém {kim loai,
duge didu ¢hé ¢ trang thai khi va thu héi bing cdch ngunyg ty). Nhung 1a
kh¢ trong trudmg hop molipden, vi sdn phim cda phéin tmg 13 chit rdn khé
tich khoi cde chdt phiin (mg ciing 12 tén.
B Khir bing ion surlua ciia ddng (1) sunfua trong trudmg hop dédng :
2Cu10(r) + CusS{r) = SO»¢k) + 6Cu (1) .

Nhu vay khong cdn thidu toan b quing.

» Luyen tap : BT 13.
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DIEU CAN GHI NHO

® PHAN UNG OXI HOA - KHU THEO BUONG KHO

« Phan Ung oxi héa - khir theo dudng khd :

Mot phan ing oxi hda - khi¥ tuong dng véi sy kit hop ctia mét dang oxi héa, chét oxi héa Ox
(chang han chét oxi hba MO y) vdi mét dang khit, chét khit Kh (thi du don chit M), cac

pha thudng 13 ngimg tu, duge lién két bdi tic ddng cua mét chit khi (oxi ching han).
» Phan ung tao thanh oxit :

D¢ 1ap céc gian db Ellingham, phan img tao thinh mét oxit theo cong thitc M.O, tit don
chit M dugc viét theo quy udc cho mdt mol oxi O, :

2XM+ 0,00 = 2 M0, QL
y y

» Phan ung tao thanh halogenua :
Pé lap cic gian db Ellingham, phin iing tao thanh mét halogenua theo céng thitc MX,, tir
don chit M dugc viét theo quy udc, cho mot mol halogen X; :

204 xy00=2 mx, )
n n

trong dé r triing vdi s6 oxi héa cla nguyén tb trong halogen.

» Phan ung tao thanh sunfua :

D& lap céc gian dd Ellingham, phan iing tao thanh sunfua theo cong thic M S y tirdé
chit M dugc viét theo quy wdc, cho mjt mol hvu huynh S, thé khi :

25 M+ 5,00 =2M,s, 3)
y y

m CAC GIAN PO ELLINGHAM
- Phép gan ding Ellingham :

Po la gia thuyet cd hién hfc khi khdng co su thay doi pha nao, rang entanpl chuén va
entmpl chuin ciia phan dng khdng phy thudce nhiét d§. Entanpi tu do ctia phan itng khi dé
dugce viét dudi dang :

Ap Gl (T) = Bpy HY(T) - T4, ST (T°)
+ Puomg Ellingham :
D6 13 syt biéu dién bing db thi him A,,G(T) =f(T) ; né thé hién trang thai can bing giita
oxi, don chit M vi mdt trong cic oxit MO, . Duing la tuyén tinh khi khéng cé thay doi

trang thai vit li nao, ¢ mét diém gdy véi sy ting d$ déc Khi c6 thay d6i trang thai ctia don
chat M, véi sy giam dg déc khi cd thay déi trang thai cia oxit M, Oy.

« Ai lyc héa hoc :
Ai Iyc héa hoc f cha mt hg, trong d6 M bi oxi héa thanh MO y béi oxi, chi phy thuge dp
suit oxi ciia hé khi M va M,0, la rin hoic 16ng :

0 P,
4 (T)=RT. X RT.In 02
Q Po,ch
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» Tinh chat clia dudng Ellingham :
Do la nei cic diém tai do oxit M 0O, theo ham T,  can biing vei dang khir M ctia no. Chit

khir M bén & phia dudi dung nay, con chit oxi hoa MO, thibén ¢ phia trén.

m UNG DUNG CUA GIAN PO ELLINGHAM
« Su an mon khé cac don chat :

D la suroxi hoa don chit nay thanh mot trong cac oxit cia né duii tac dong cta mat tic
nhan khi nhu oxi,

. Diéu kién &n mon :
Don chat bi an mon tu nhién béi oxi khi i lue cia phian dng (1) 1a duwng, T L
- khi ¢ nhiét d6 7 da cho, dp suit riéng Fo, cao hon dp suit dn man By, (T) voi :
ApaGi’ (T)

R.T
- khi, & ap suat riéng P()2 da cho, nhi¢t do ctia hé thap hon nhigt d6 téi han an mon Ty,
vivi

Po b (T)= p°.exp

ApuGIU (T
R.Ty,

Oxit tu phan hiy mdt cach tr nhién trong khong khi ngay khi dp suat @n mon cao hon dp
suit riéng cia oxi trong khong khi (thong thuing la Py o, > 0,21bar)

. So sanh céc cap oxi hda - khar
Cic cdp oxi hoa khie M, 0,/ M ¢6 thé duge phan loai :

Py, = p°.exp

- theo cuing dd chat oxi hda vii su ting Fo,cb hay 4,, G";

- theo civvng do chit khik.

. Khir oxit bang don chat :

b la két qua su canh tranh giga cic ciip M.‘.Oy /M va M;.'()}u fM v
2 2

Mo, 2 =200, 425 M

y ’ y ¥ ’ y

- phan ing 13 hoian toan n€u mei cau tir & trang thai ngung ty.

- phan ung 1a han ché néu it nhat ¢6 mot trong cic ciu tir & trang thai khi.

Trong giin dé Ellingham, ¢ mot nhigt do T da cho, moi chét khir sé khit chit oxi hoa cha
moi ¢ip oxi hoa - khix & trén ng,

. Hidu iing dém cula oxi :

Trong qua trinh khir oxit Ox; bing chat Kh,, d4p suit cda oxi li 4p sudt dn mon Fo,cp cla
Kh, .

« Céc chat khir cong nghiép :

Do Ia nhing nguyén ligu, duye vu tign néu gia ré, co kha ning 1a0 nén téc dp khirnhanh déng
thei gidm téi mie thiap nhat tiéu thy nhiét ning. Vé phuong dién nhiét dong, chat khir cong
nghiép tot hom ci la cacbon monooxit & 7 < 980K va 1a cachon & 7' > Y80K. Vé phuong dién
ding hoe, CO a tic nhan duye wu tién & dudi 1100K, hidro duye vu tién khi ¢ trén nhiét do

niy.

Dai viri cie hop chat kho Khir hen, phai dung cic chat khir manh hon (Al Mg, Na...), nhung
dit tién hon,
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Ba TAP

Ap dung truc ti€p gido trinh

“1 Higu lyc cia mé hinh Ellingham

Cac dai lugng mol chudn (entanpi tao thanh 4, H®,
entropi tuyét ¢di S°, nhigt dung) ciia cacbon v cic
oxit cha nd, duge xac dinh & nhigt ¢ T° = 298K
dugc chi ra dudi day :

hop chét 0, k) | Cm | COK) | CO, (k)
-1 _ -
AguH® (kJ.mol ") 0 0 110,51 -393.5
S*(J.K '.mol™!) | 2050 | 67 | 1976 | 2137
CIUK Lmol™!) | 346 | 85 | 291 | 371

1) Mot md pinh nhiét djng don g_ién yéa duge coi 1a
thoa man néu cac gia trj ma nd dan dén khéng chénh
1éch qué 5% so véi cac gia tri tinh duge trong trudng
hdp tong quat. . , .
a} Khong ding phép gan ding, 18p cac bigu thifc tong
quét cho A, GX(T) dbi véi hai phan img :
2C(1) + 04 (k) = 2CO(k) 1)
C{r) + Oz (k) = COz (k) 2
b) Xac minh sy tuong hdp, 18i nhiét 4 1500K, cia
md hinh Ellingham vdi cac bidu thitc APHG? {T) dugc
1ap 0 trén dbi v6i hai phan Gng.
2) Tinh gi4 tri APHGI-O & T = 1000K dbi véi Eﬁ’ng phan
dng (1) va (2). Xac minh xem chdng cd thé duge coi
la phan {mg hoan toan hay khdng 4 nhiét d nay.
3) Chi rd & mién nhi¢t dd nao thi oxit CO, trdi hon
trong pha khi.

© sy khir magie oxit

Magie oxit va cacbon oxit 14 cac oxit rét bén v& nhidt, e}

nhigt 49 wén 900K, tac dong tryc tiép cila oxi J#&n ddn

chit viin dung cac entanpi chuin cila cac phan ing sau :
2C(r) + O (k) = 2CO(k)

Ay HY =- 2210k mol ' (1)
T < 1393K : 2Mg(l) + 05 (k) = 2MgO(r)

Ap,HS = -1225KLmol ™! (2)
T> 1393K : 2Mg(k) + O, (k) = 2MgO(r)

A HS =-1485KL.mol ' (3)
1) G 1100K, cac hiing s5 can bing cla cac phan (mg
(1) va (2) bling K =8.10%° va k5 =4.10°".

a) Tinh 4,,G] va A,,G3 & 1000K. Tir d6 suy ra
ApyST va 45,55 & nhigt do nay.

b) Bidu dién bing 4,,GI(T) va 4,,G3(T), cic
diéu kign Ellingham dugc ap dung cho T > 900K,

2) Lap bidu thirc 4, G5(T).

3) Xac dinh mién nhigt do trong d6 cachon khir
magie.

3 Hién tugng thia hinh cua oxit

Chi (IT) oxit t6n tai J trang théi rin, dudi hai dang thi
hinh khac nhaw : o ¢6 mau d6 va 8 mau vang. Cac
tinh chét nhigt dong chil yéu cla cic chi oxit va chi
dugc tap hgp dudi ddy (T tinh bing K, A,H® bing
kl.mol ', 5° bing LK~ .mol 7! ),

cau | 4, Hoy | 5o |Ta-p | deHa- | Toc | 4 HO| Th | 4,H°
W
Pb
® 0 648 | — - 600 | 4,77 (2023 178
P
(l:.? 2190 | 66,5 | 162 1,67 (1159 11,7 |1745] 213

1) V& gian d6 Edlingham ciia cip PbO/Pb.
2) Xac dinh nhiét 39 phan hay chi (II) oxit trong
khong khi. (irong khong khi pg, = 0.21bar).

4 Poc gian d6 Ellingham

Gian db dudi day tap hop cac dd thi Ellingham clia cac
cip AlbO3/Al ; CO/C ; CaO/Ca ; CuO/Cu ;
MgO/Mg ; NiO/Ni ; Vo057V ; ZnO/Zn.

4 4,G'(T} (kLmol )

500 1000
0y-4t '

—

ISPO Q)

P L

— 400 o 4
5

- 800 //_"’,/
7
3

1) Viét cac phudng trinh tao thanh cac oxit nay. Tir
d6 suy ra dd thj biéu dién ciip CO/C.

2) Pong oxit oxi hda tat ca cac don chét dang xét.
Ciing nhu vy, canxi Khi¥ tét ¢a cac oxit, Chi ra do thi
diic trung cda timg cip Ca0/Ca va CuO/Cu.
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3) ) bét ki nhiet dd nio, vanudi cong khir kém oxit
nhung khong khir magie oxit. Sy khir kém oxit bing
niken va su khir magic oxit bing nhom chi xiy ra &
nhigt dd cuo.

a) Hoan ¢hinh vige nhin dién cdce dd thy.

b) Trong cac didu kign Lllingham, ap eic phuomg trinh
cin bing d6i voi swkhirZnO bing vanadi va niken,

5 Ap suat oxi & can bang

Ap sudt oxi & ¢an biing véi pha (hodc cdc pha) co
trong mit h¢ oxi héa - khir oxit kim loai theo dudrmg
kho duge xdc dinh & moi didm cha gidn dd Ellingham
nhiét d¢ - entanpi 4 do cha phiin tmg.

1) Lap biéu thitc By o = fI6)} trong ho so sdnh duge
dwa ra & hai 1dp 4.

2) Xide dink dp sudt an mon ¢0a dong va vanadi ¢ 0 =
1500°C dya vao fr ligu ctia bai 1dp 4.

3) Danh gid mién nhigt 4o ti do dp sudt oxi
R, =10""bar dit d¢ oxi héa: a) niken ; b) kam:
¢) magie.

O An mén kém

Cdc bigu thire biing sd mo & entanpi ty do ¢ia sy oxi
héa kém thanh kem oxit da duye 1ap & dp dung 1.
‘Trong 1dt ¢d cdc bai tdp, hoat d0 ¢y, cba kém dugc
lay biing 1.

1) Xac dinh ap suit in mon kem & T = 500, 1000 va
I SO00K.

2) Tinh nhi¢t dd t61 han ¢da kSm dudi dp sudt cha oxi
Fp, = 1bar, v chi ra ring k&t qud nay tuomg hop véi su

phan hily ca zinxit ZnO da dwye chi ra & dp dung 1.

"/ Biéu ché borua

Cac bang sd lidu nhigt dong hoc cho cde dai lugng mol
chudn (entanpi ¢da sy tao thanh, entropi ty¢t déi) cha
bo, magie vi cic oxit ciia chuing & nhiét do 298K.

2} Magie borua Mg33; thu duge do tac dong trye
GEp eda hai don chii trong pha hoi, mot don chit thu
dugc ur sy khir oxi cla nd b don chit kin. Xdc dinh
cée difu kién didu che borua ndy bing cach chi ra
oxit cdn khr.

8 biéu ché titan oxit
Cic dai lugng mol chudn (entanpi wo thanh 4, H°,

entropi tuy&t doi SV ) clia titan va cic oxit ¢Ga nd xic
dinh & nhig1 dd 79 = 1300K, duge chi ra dudi day.

C‘i‘::;l Aﬂ HE.’:")S s;ﬁﬁ T“,: Am:!qo ?i’ A]\‘HO
kol LK el ! “c k] mal Lpte kT.muol !
O (k) 0 2050 55 - a0 -
Bir) ¢ 5.9 2313 159 [2800{ 3138
Mair) 0 327 923 0.2 1303 1318
BaOy, (1) -1273 54.0 723 221 |2320| 230.1
MpQ(r)f -601.5 7.0 3075 7.7 - -

1) Trong cic dicu kién Ellingham, Ip cic phuong
trinh cho cdc entanpi ty do cia se oxi hoa APHGO (T}
dang khir clia cac cip B»03/B vd MgO/Mg ; vE cic
dd thi tuomg tng.

T 0y | T [ Ti0s | Th0s [ Tio< | Tion
hU } it 2 BT LAt i) I
PPl ol w | ol ol ol .
Al 0 0 |-2072|-1521 | 2459 | .889.5
(I{J.mul_l ) [
" -1
TR o050 | 3006 | 2000 788 1293 ] 503
mol'l)

1) Vige dicu che titan (111} oxit tdi qua phin g &
trang thai rin gifm titan kim loai va titan oxit T .
Sau khi ron kT theo cic i 18 hop thae, cie chit phin
tig duge dit rong khong khi rong mdt dng hin kin
& 300K dudi ap sudt pidm dén 1,510 Pa. Su tong
hop duge thye hign sau dé & ahigt do 1300K. Chimg
minh rang viée diéu ch¢ oxit Ti,0y [a khi di v mat
nhi¢t ddng hoe trong cic diéu kien da cho.
2) Vung cic dp sudt clia oxi (wong img vE&i s 1on tai cla
Tin O3 bi chi phdi b cic phueng trinh sau ;
2TisO5(r) + Oa (k) = 4Ti503(r) (1)
6'I‘i20-3(r) + Oz(k) = 4Tiz04(r) {2)
a) Xét sy tpo thanh cic oxit TizOs5 v TiyOs, trong
clng cic diéu kign nhu doi voi Tis Oy, K&t luan.
b) Bing cich so sinh dp sudl ban diu cha oxi Ay 4
vO1 dp sudt cla oxi & ¢an bing #y ., , chimg minh
rang oxit Tiz05 ¢ thé bén khi ¢d mil oxil TiO3.
(Theo EN.S. S1—Cloud, 1982)

Q Gian a6 Ellingham cla sat
Cic entanpi ty do chudn ctia phin ing A4, G (T) mo
td sy didu ch& cic oxit sit khac nhau, (i sdt vii mot
mot oxi, due bidu thi nh cic hé thie sau
vustit FeO : 4,,Gf = - 518700 + 125,17 (J.mol 7))
munhetit Teg(y
ApGY = -545100 + 156,47 (J.mol ")

hematit Fe;0;y :

A, GS(T) = 540600 + 170,37 (J.mol 1y,
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1) Lap cic ht thic 4,G(T), 4,G5(T) va
ApuGe (T) o1 voi sy oxi hda FeO thanh FeyOy4 va
FeaO3 va oxi hoa TeyOy4 thinh Fes Oy,

2) Dya vao cie duong 4,,,G7(T) xde dinh cdc mién
én dinh ctia mdi mot oxit sit.

10 Su clo héa st

Theo cde bang s¢ li¢u nhiét ding, cic entanpt wr do
chudn tao thinh cic hidro clorua va sit (1) ¢lorua 14n
et 13 -103.2 va -1956 kimol™! ¢ nhiet do
8= 800"C. Mot hén hep khi hidro va hidre clorua
¢d phin mol xpycq = 0,75 di qua mt dng biing sdt, &
nhigt 4o 8= 800" C va dusi 4p sudt Lbar. Sdt va sit
(11) clorua ¢ dp sudl hoi thye (12 bing khong &
nhigt d4¢& niy, Xdc dinh xem sy dn mon st co duge du
ki€n trong cdc diéu kién nay khong.

“1 1 * Chuyén héa cacbon monooxit

Khdi nigm v& giin d6 Ellingham ¢o6 thé khdi quit héa
cho moi ¢ip oxi héa - kha Ox; /Kh; st dung cic
dang lién hop voi nhau theo dudng kho bing mot
luymg xdc dinh oxi. .

1) Trong loai giln dé dang xét & diy, sy tao thash nuoc
va ¢dc oxit cachon duge bidu difn bing cic he thic
uyén tinh C = A + B.T duyc ¢hi tiét hoa dudi day :

cipl  COIC €0, /C CO,/CO | HyO/Hs
A | -110500 -196750 283000 -246200
B -89.4 .13 +86.4 +55.0

a) Chi ro bin chit va cdac don vi twong tng cia A, B

va C doi v&i timg cdp dd cho.

b} Viet cian bing hoa hoc tuong ung véi wmg cip

trong ban ¢ip dd duye chi ra, bidt riing cotanpi mol

20 thianh ¢iia nuse 11 -246,2 kI.mol .

2} Xdc dinh trong mién nhigt do ndo sy oxi hoa

cacbon bing hoi nude din 61 sy tao thinh menooxit,

sau 6 14 dioxit ¢da cacbon.

3) Xic dinh bin chdt cac san phdm (hu duye khi hoi

nude duge phun 1én rén cachon ¢ nhiét 49 1200K, Chi

10 Sy tien trién cha hé khi dat t6i nhigt do xung quanh.

4) Can bing chuyén hoa cha cacbon monooxit :
CO+ HyO = Hy + CO»

dong mét vai rd rdt lom trong viée chon cac chit khiy

cOng nghiép. Xéc dinh linh vue st dung cda timg chit

khir.

19 Pang clorua

Sw oxi héa déng bing clo din 16i su tao thanh eic
dong (I) va (ID) clorua. Cac dai luwong mol tidu chudn
trong tmg duge cho & dudi :

hop chat Cly (k) | Cutr) | CuCl(r) | CuCly (r)
AgH" (kJ.mol 1) 0 U -137.2 | 2201
§* (LK "ol 7ly| 2230 | 331 86,2 | 108,1

1) V&i gid thuyét Cllingham khdi quat hda, vict cic
phuong trinh can biing lién hop timg hai chit mét Cu,
CuCl vi CuCly véi nhau. Tinh bign do ¢la mdi he.
K&1 luan.
2) Vi ba phin img trén, lap bidu thie (7, Py, ) di
Ize hoa hoe theo hdm cha nhigt do vi dp sudl clo,
3) Ve cic duomg cong ."(T) trong tmg trong khodng
{257C;400°C] . Xéc dinh ¢ nghia vat li ¢l cic mién
khic nhau vit cic dudmg thang ¢ta bin ve.
4) Tinh ap sudt cha clo théa midn § ¢l ¢in bing oxi héa
- khir CuCl/Cu v CuCls /CuCl & 25 va 400°C. Tir d6
suy ra, trong mdi cudng hop, k& qui cha su oxi hoa
déng biing moL dong khi clo & ap sudt p° = 1bar.
5) O nhict do 6 =80"C, dwsi 4p sudt khong ddi
3.107% bar, clo duyc din trong dutmg ong biing
dong. Chi ra ligu ¢6 sy dn mon kim loai khong va xac
dinh sin phim tao thinh néu khing dinh 1a ¢o.

(Theo ELN.S.I Nord, 1988, et Air, 1991))

1 3 Sunfua kim loai

Quing ZnS thuomg c¢6 1An cadimi suntua CdS,
chuncopyrit CuleS; (ma & diy ta coi 14 Cu§, FeS),
chu sa HgS, v galen PbS 14 cdc quing chinh twong
tmg clia kém, ddng, thity ngan va chi. Cic sunfua niy
thuomg duge khai thic ddng thdi wr cung mt via
qudng sét - silic. Viéc diéu ¢h@ cic don chdt & day
duge @@ cap mdt ciach ro rang dya trén cdc gidn do
Ellingham ginh bay & nelidu 13 va 27.

1} Chimg minh ring khi dot néng dom gidn trong khi
quyén khong oxi cing di dé khir mot phin hay tdan
phin hai trong céc suntua. Chi ra don chit duy nhit
cé thé thu duyc.

2) Sit o thd ding lam chit khir chon loc doi v ciac
sunfua nay.

a) Xdc dinh mién nhiét do cin on trong 451 véi mi
suntua.

b) Xic dinh ban chit cic kim loai ¢6 thé thu duvce
bing phuong phip ndy (cic kho khin vé tich cic pha
thu durye khong xét dén),
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3) Phueng phdp cong nghiép dung cich thigu cic
sunfua nay wong khong khi & khoing 600 - 900K.
a) Vigt cic phwong trinh — cfn biing clia cic phin
tmg dudi dang tdng quat

t’IlMxSy +b102 ZCIMQOH +d1303 (1)
Xéc dinh trang thai oxi hoa clla sdt wong cédc didu
kign ndy.
b) Sy thigu duyc md th bing phuong trinh (1) doi khi
di kém mdit phin ving tlur ¢ip :

(Ingsy +b2M30n 262M+d2502 (2)

Ching minh ring phin g (2) niy la cd thé trong
truong hop déng, nhung khong (hé wong wrudmg bop chi.

. 805 | Cu |CupS|CuyO| Ph | PbS { PHO
| hat -
"p < o | O lm | D]
Hl‘l
Bu L |297| o | 80163 5 |-120].217
(kJ.mol )
Sll
248 0 33 | 121 93 | 73 | 91 69
{(JK! . mol™!)

Van dung vdn kién thic

14 piéu ché ziriconi
Ziriconi, nguyén li¢u duye dang 1am vd nhién héu hat
nhin, thu duge trong cong nghiép bing qua trinh
Kroll ma giai doan chil y&u 1a khir ziriconi tetraclorua
& 800°C trong agon, & 4p suat p =1 bar

ZrCla(k) + 2 Ma() = 2MgCls (B} + Zx(r)
Cic pha ngung tu khong udn n duge.
Cic dai lugng mol cla chung (cdc entanpi tao thanh
chufn A,H° va clia sy thay ddi trang thai A, H®)
cting nhu cdc nhigt do thay ddi trang thdi 8,4, {thing
hoa doi vot ZrCl, , nong chily ddi véi cdce chit khic)
duge cho dudi day,

hop chat Zr(my | ZrCly (r)| M) | MgCl, ()
AgH (kImol ™1y | 0 981 0 641
AgH® (kJamal ™1y 20 106 9 43

8.,(°C) 1860 | 331 650 708

1) Chi ra ring dé thi APMGO = f{T) 1a mdt doan
thing, mién 13 mot 83 didu kien duge thda man.
Chi 10 cac thay d6i do dic v goc cia dudmg thing

Apu G (T) 5331°C.

2) Tinh 4,,H°, saudo 4,,G” & 800°C, bit riing &

gita 708 va 1000°C  4,,5° = -1371.K " .mol 7.

e

3) Bidu din 4i lyc (T} theo dp sudt rieng cha
ZeCly .

4} Trong cdc diéu kign cong nghiép, ap sudt rieng clia
ZrCly duge duy trd bing 0,1bar.

a) Chi ra ring sy khir luc dé 12ty nhién,

b) Xic dinh xem phin tng ¢6 hoin 103n trong ¢ic
ditu ki¢n cong nghiép hay khong.

15 Su khir kém oxit
O wén nhigt 4o soi cGa kem ( Ty (h) = 1180K dudi p
= Tbar), cdc cip oxi hoa - khit H,O/H» vi Zn0O/Zn
duge md td bing céc phuong trinh ;

2Ha (k) + 04 (k) = 2H, O(k)

AG® = 492 + 0,117 (k1.mol *1y (1)
27n(k) + O (k) = 2Zn0 (1)
4GS =-940 + 0,4157 (kJ.mol ™! ) (2)

1) Tinh 4p sufit riéng ca kém & cin bing voi kém
oxXit khi mét lupng du kém oxit dugc nung néng &
nhigt do T= 1200K,
2) Su khir keém oxit bang hidro md 4 bing pharong
trinh can bing :

ZnO(r) + Hp (k) = Zn(k) + HAO (k) X3 (3)
a) Tinh nhi¢t 30 nghich ddo cia cin bing nay va xic
dinh pham vi nhiét do ma k&m oxit ¢6 thé bj khi.
b) Xac dinh nhigt dd 7 ma tai do phili tién hanh d&
hing s6 K5 bing 15.
3) Mot ludng hidro duge théi lén trén kém oxit trong
mit 1o dupe duy tri thudng xuyén & nhigt do T va
dudi 4p sudt chung p = lbar. Xdc dinh 4p sudt riéng
clia céc ciu tir khi khac nhau khi ¢an bling (3) dugc
thyre hién,
4) Mot budng kin, ¢6 thé tich V = 10,04, dugc dit
vio 1o & nhigt 3¢ 7" Budng chira 2 mol hidro va mot
lugng du kém oxit.
a) Tinh dp sudt chung cta budng kin khi cin bing (3)
dwye thue hign.
b) Xdc dinh khéi hugng kém oxil 01 thifu phai dua
vao dé thoéa man can bing,

(Thee £ES.T.P., 1991.)
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16 +caccan bang Boudouard va
Chaudron
Mt binh ¢6 hé tich V = 10 ban ddu chia x mol

vustit FeO vit ¥ mol cacbon monoexit CO. Binh dugc
dua t6i T= 950K,

Lugng x va y 1a cie s6 mol dé cho can biang Chaudron

vil Boudouard ¢6 hé thiét 1ip dong théi;
FeO+CO=rte+ CO» K;=1,13 (1)
2CO = CO» +C Ky =200 (2

1) Tinh hryng CO va CO, ¢6 mit trong binh & can

bing.

2) Xac dinh cic diéu kign ¢dn ddi vdi v vi v dé cho

hai ¢in biang duyc thict lip déng thoi,

1 e Su khir hematit

(Y nhi¢t do 6 =800°C, cachon monooxit khir cic
oxit sat theo cée phuong winh - can bing sau :
3Fes03(r) + COK) = CO»(K) + 2Fe304 (1)
phdn (mg hodn toin 1

T304 (1) + COUk) = CO5 (k) + 3Fe0(r)

Ky =400 (2
FeQ (r) + COk) = CO5 (k} + Fe(r)

Ky =080 {3)
Ba mol hematit T'e,O3z chia trong mdt binh duge
dura (6 nhigt o 8 =800 C, tr tir cho vio trong 46 x
mol CO. Khi ¢in bing di dat duve, Iugng tuomg tmg

cla mono vi dioxit cha cacbon 14 #; vi ny. Ve

vl ).
)

18 ~ps thi Chaudron

Mot rong cde bidu dd Chaudron dic trung cho sy
ti€n trién cla vang Sn dinh cla cdc oxil sit khi ¢6
mjt cdp H-O/H,. Cic gid iri cha t s0
v F(H»)

© P(H,O0)+ P(H,y)
quan s$dt thiy & nhigt 4o 7 = 1000K Iin Iuot 13 0 ;
0,333 va {1,667,

1) Tinh lugng 161 tidu n,y;, (bing mol) hidro cin

tuong ing véi cdc cin bing

thiét d¢ khir hoan toan mot mol hemalit Fe,O4 trong
hé& md, & nhi¢t dé 1000K.

2) Bay gidy sy khir xdy ra ding 4p vi diing nhigt (7 =
1000K) trong mot binh phan tng kin, gid dinh 1
hodn tean chin khong trude khi dua hidro vao,

a) Tinh luong hidro cdn thigt dé khir hoan toin mot
mel hematit.

b) Thict 13p dinh ludt bicn thien cla v theo ny, hidro
duye dua vao doi voi he duye xdc dih nhur vay.

¢) T do suy ra luong hidro cin thict dé v = 0,167;
0,5; 0,75,

19 Su khir mangan dioxit
Mol s0 cée phin vng cong nghi¢p cin dén hidro clorua.
Cac dui luyng mol chudn {entanpi tao thach A, H°

’

entropi tuyet d6i $° ) s& cin dén sau nay 1a

how chit O, | I,0 ¢l [HCH Mn | MnO |MnCl,
end
w CERCRICIAA A R
A“Hn

-1 G |-24187 0 ]-923] O |-522.1|-481.3
{kJ.mol )
S“[J.K'l. }

0 2050 | 188.7 22301868 32.0( 53,1 | 118.2
mol )

1) Tinh entanpi ty do chuin theo nhigt do ¢Ga phin
ung theo phuong trinh :

Ma(r) + Cly (k) = MnCl5 (1)
2) Mt gidn dd mi hoanh dp biéu thi nhiét do T va cac
tung @5 bi€u thj luong ¥ = RTIn Py, /p° cho phép xde
dinh ba ving

¥ < Apu

G°(T) , y=4,G°(T) va
¥ > 45, G°(T) . Xac dinh ban chdt cdc he clo - mangan
¢ thé 10n tai & mGi ving.
3) Co thé didu ché dugce clo khi khir mdL oxit bhing
hidro clorua, ‘Trong trudmg hop mangan (IV) oxit
MnQ; , hai phin tmg sau ddy canh tranh ahau :
MnQO, (r+2HCIk)

=MnCly (r}+ HyO(k) + 1/ 20, (k) (D
MnOs5 (r} + 4HCl(k)

= MnCl5 (1) + 2H5 0(K) + Cl» (k) C @)

a) Xdc dinh cic entanpi tw do chuin 4,,G(7) va
A G5 (T) ciia hai phin tmg va bidu didn ching bing
46 thi vei 400 < T < 1000K.

b) Xic dinh bién 46 cla cac can bing ndy.
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¢} Thio lujn vé mil dinh lugng (Qy theo nhiit do, khi
ning dicu ch€ clo khi chita MnO» va hidro clorua
trong binh phin img.

90 * Lam sach titan (lil) oxit

Oxit TioO3 thuong myi fuon ludn chira tap chét oxit
Ti305 (xem bai tdp 8). Vide lam sach no thong qua
sy kbir rigng oxit Ti3OQ5 bing chat khir cla cip
MyOy/M  lam  trung gian giim cic  cip
Tiz0g /110y va Tip 03/ TigO5 & nhi¢t do da cho.
O nhigt do 1300K, cip MnO/Mn dudmg nhar thda mén
diéu kién mdy. Van dé€ 12 x4c dinh thd thudt tign
hanh ; Vige gidi quyCt né cin dén cac két qui di thigt
lap & bai tdp 8, cde s ligu dudi day b8 sung cho céc
sO ligu clia trudng hop ndy :

vom engt | AL ] Si [ Ma] Ma [ALO, [ si0, | MO
et oo o] | e | ©
BuH" (J. 11 0] 0 |280,7| -1676 |-910,7| -385,2
mol_l}
O -1
ST UK 139.5|18,8(32.0(173.6| 509 | 41.3 56,7
mol 1)

1) Thi thuét duge ding lic ddu 13 dua oxit trrong
mai Ti; O3 18n 61 nhigt 4 1300K, ¢6 mil cda
mangan (7, (Mn) = 1517K) trong mét Gng biing silic

han kin & 300K dudi 4p suat khong khi 1,5.107% pa.

a) Chua xét dén kha ning tdch c¢ic sin phim tac
thanh, chimg minh ring sy khir oxit Ti3Os thinh
Ti2O3 6 thé thye hién dugye vé mat nhigt dong trong
cdc didu kign tién hanh nhu thé,
b} Dodn trude cic hju qui khi mangan tiép xic voi
thanh 6ng silic.
2) Thi thujt thee hai dy kién khi biing mangan & thé
khi, & cin bing vdi chat rin (wong tmg & nhigt do da
cho.
D& lam diéu nity, mangan vt oxit thuong mai Tis O
déu duye @it trong cic thuyén Al,Os trude khi dum
vio trong Ong, ngoai ra it ¢ cac didu kien khdc déu
eilf nguyén.
a) Bing cach can biing gitta cdc hda the cita Mn(r) va
Mn(k), xdc dinh dp sudt Ay, cha mangan thé khi &
1300K.
b) Chéng minh ring sy khir oxit TizOs5 Iuon luon co
thé thyc hién dugce voi cdc didu kién ndy ¢ silic lin
nhom déu khong bi dn mon.

(Theo EN.S. Si—Cloud, 1982)
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CAC GIAN DO
THE - PH

MS dau

Cac kiéu trao d6i khéc nhau cb thé x4y ra trong
dung dich nudc da dugce trinh bay & ndm thit nhét.
Viéc sit dung cac gian db ving trdi ( hay ving wu
thé), trong d6, 11 I phan trim cila céc phan tit khéc
nhau dugc biéu dién theo cdc bién sé nhu pH hay
PL, cho phép lam sang 16 viéc mé 1d cdc hé ma trong
dé néi chung ciing ton tai nhiéu phan ung.

Nhung cac kiéu trao d@bi khéc nhau khong phai la
dpc lap véi nhau, do dé sé rét hitu ich néu cé thé
bi¢u hign cac tuong tdc giita hai hién tugng bing
céc gidn do trong dé sit dung hai bién s6 cudng hoa.
Cac gidn do thé -pH bidu hién céc teong tac gita
hai phdn img trao doi quan trong nhét : cac trao ddi
electron dugc kiém sodt bi thé E, va céc trao d6i
proton dugc diéu khién béi pH. Céc gidn dd nay cho
phép thyc hién nhiéu dy kién : su phan hba céc phén
1, tinh bén cia céc dung dich nudc... Chung la cong
cy ¢o thé thich img cho viéc mé 1d céac tuong tac
khac ; nhit vay, cac gian d6 E - pL thé hién céc
tuong tac giita cac phan img oxi hba - khit va sy trao
d5i phén ti L, nhitng phan tit cé thé tham dy vao cée
phan img két tia va tao phitc
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W Biét cich xdy dung céc gidn db thé - pH.
W Biét cich si dung cic gidn dd o€ giai
thich m{t s6 phan itng thyc hién trong thiy
luy&n kim,

H\Eu BIET cAN co TRUGC

W Chc can bing héa hoc trong dung dich
nirGe ; cic viing trdi (vu thé) ; cic midn tén
tai (xem ndm thit nhir).

W Hg thuc Nernst ; anh hudng clia cac phan
tmg axit - bazo, két tia va tao phitc d&i véi
thé oxi hda - khir cha mol cip (xem ndm
thit nhép).

B Cic khai niém vé céc ngudn dién hoa
hoc {(xem ndim thir nha‘r).



1 Khai quat

1.1. €éng thue Nernst
Ta xét mot ¢ip oxi hoa - khir tuong ing voi mot nia phan ing clectron
aOx +ne” +mH;, = fKh+gH,0

Thé oxi héa - khir cta cip phy thudce vao bin chit ¢l né, nhumg con phy
thude cdc didu kién nhiét do, ap sudt va ndng do ; cong thirc Nernst x4c
dinh sy phy thudce niy :

73 m
E=£E" +£ In (con) '((IH:)

-t ) py

T (ag) {a0)
Nhic lai ¥ nghia clia cdc s6 hang trong codng thite nivy :
e LY (h& chudin cla ciip ¢ nhigt do 7;
o R 13 hiing s6 khi li réng : R = 8, 314.7.K 7 mol ™' ;
e F hing 58 Taraday @ £ = .4 . ¢ = 96485 C.mol -
* Aoy hoat dO cla dang Ox § agy, hoat dd cda dang Kb ; a”K hoat do
cila proton sonvat hoa (& day bing don vi, vi nude 14 dung moi).
Tuw tigu 1 nhic cac quy wée xdc dinh hoat do cia mot ciu ur way theo bin
chdt hodc trang thii vat i cha no.
Vige str dung logarit thip phan cho cic phép tinh dé dang (nhw viée dung
ben va dexiben trong dign hoc hay vigée xdc dinh pH), ta st dung hi thae .
In(10) = 2,303 @€ dit cong thic Nernst dudi dang :

({ i )Q‘ "
o 2303.RT fox ‘(“H;)
+ log : g
nf (akn)
Theo dinh nghia, pH ¢lu dung dich nude duge viét [a
pH = —l()g(aH+)
Dai vii céip oxi héa - khit tuong 'mg vii nia phan dng electron
aOx +ne” + mH}, = fKh + gH,0
Cong thic Nernst ¢6 thé duye biéu dién hdi :
2,303.RT m 2,303.RT . (apx)”
-2 — pH+ —— . log 7
F n g (al{h) \
Necu nhu # nhat thigt phii 1a duong thi m ¢¢ thé 13 duong, im hay bing
khong tity theo HJ vé phia Ox (m > 0), phia Kh (m < 0) hay 13 khong

tham dy (m = (). Nhar viy do doc cha dudmg thing £ = fipH) ¥4 dm (m >
0), duong (m < 0) hay 13 bing khong (m = 0) (*)

Thong thuomg, cac hign tugng duge nghién ciu & 25°C, tic 12 298,5K ;

E=FE

E=E°

(VIILY)

thira s8 %.ln{l@) khi dé 1a:

8,314 % 298,15

RT
T In{10) = An(10) = 6,05916V

Noi chung ta s¢ dung gid tri gin ding 0,059V hay thim chi dung 0,06V
néu chi ¢in mdl con s6 ¢é nghia,
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Trang thai | hoat 46 | Cha y
vitli cia |cda cdu iy
ciu ti B a (1)
i rong
chit tan & c* dung
ndng 4o CrB} C°= dich
1. mol (! | loang
khi dugi dp J2:3 kbi gid
sufl ricéng pY dinh Ii
Py p° = lbar | li tuing
dung ndi ]
< " khong
gl
chdl ngung hop kim

Tw liéu 1. Bidu thiic hoat d6 cua

mat edu 1.

(¥} Trong mat s6 bai wodn, chi
hoi d¢ déc caa cde doan E =
fipH) ; kiif do chi ¢dn sie dung
hé thic (VIIL1),




Pl
Ju

1.2. Su tr6i hay su ton tai ?

B Khai niém viang trdi da duge ding & nam Unt nhit ; nd lién quan ¢hi
y&u d6i vdi cdc chit hoa toan : chat A 1a troi hon chat B néu [A] > [B].
NEu A va B 1 cac chit tan tham dy vdo mot cip (axit - bazo, oxi hda -
khir hay phic chat), chit da s& va chét thidu s0 luon ludn cing dn tai
trong dung dich,

Thidy - e Cu* + ANHy & [Cu(NH3), ]

Trong dung dich, cic ion phite tetraamin dong (I1) ludn ludn cing tdn tai
vdhi ciic fon dang ([1) vi cde phan 10 amoniac :

» NH; + H»O &—— NHi + OH~
Trong dung dich, cic phin tr amoniac bao gid clng clng tdn tai v&i ion
amoni.
B Khi mt trong cic chit 1am thanh mdt pha ngung tu nguyen chit (16ng
hodce rin), ndéng do cta nd khong ¢on ¥ nghia nio nita, Thém air, su cd
mit cla nd lai la ¢ didu kién : phin tf twong dmg ¢O mit hay khong, Nhu
viy khong phai bao gid cang 6 sy ciing (on tai cla hai phin tie. Vi (h€, ta
phili xdc dinh vang ton tai cla phin Wrnguny w.
Thi du : Ba%t + 2103 &= Ba(103), (r)

, . o Db s reve e a e
N&u két tla bari iodat ¢6 mit, cac jon Ba~" va 103 cing tdn tai vdi nd,
Nguoc lai, ¢ac ion ¢6 thé ¢6 mit rong dung dich mi khong tao thanh két
tia duce.

1.3. Gian do thé - pH

(¥ nhiét do da cho, mot 2idn dd thé - pH, xét dén cac phin t&r khac nhau ddu
¢6 cing mol nguydn 13 ; cic phin tr nay ¢6 hé hoa tan, khi hoic tinh (hé.
Ching tuomg tmg vii cie trang thai oxi hoa khic nhau ¢iia nguyén (8 duge
x&t v nhur vy ¢6 thé lién quan vl nhau bdi cic phin tmg oxi hoa - khir. Néu
cdn, ta cang xét ca cac phin img axil - bazo, k&1 a v tao phic chit lién két
¢ic chit ndy véi nhau.

Mot gian db thé -pH cho phép xic dinh trong mit phing (pH, E)

cdc vong tri cia cic dang hoa tan khac nhau va cdc vang tén tai

cla cac pha ngung ty ¢o thé ¢6 tuong ding vai cic trang thai oxi

hda khiac nhau cda nguyen to duye xét,
Theo cong thate Nernst

. [£4
_ 2,383'.R,T M oH+ 2,303‘.123" log {aox )ﬁ
P nf (akn)

Viéc bigt pH v the cia cip ¢6 dinh dwye U s6 cic hoat 4o nhung khong
¢6 dinh duye cac hoat do. Vi vay cén thiét 1ap mdt s8 quy wdc a8 va cic
gian dd.
Ta lam 1o cdc diém ndy bing ¢ich xdy dyng gidn d6 thé -pH cla sit,
nghia 12 xdc dinh cdc phuong trinh cla cic ranh gidi gita cdc ving ri va
¢ic vung tOn tai clia cdc phin 1 chira nguyén 13 it

E=E°

Trong phin tiép theo ta s¢ ding cdc ki hid¢u quy ude sau
h=[H30%] vi @ =[OH"].

Ngodi ra, trir khi ¢é chi din ngue lui, nhigt do s& bing 25°C, tai d6 thira
6 ¢la cOng thie Nernst ¢6 gid tri 0,059V.
» Luyén tap : BT 1,2 va 5.
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2 Gian do thé& -pH cua sit

2.1. Gidi thiéu bai toan

W Cic dang duge xét trong truomg hop ndy i : Fe(r); Fe™* ; Fe™t |
Fe(OH)s (r) ; Fe(OH)3 (r). Cic oxit sdt sé chi dwye x¢t khi nghién ciu sy
an mon (xem chuong 9).

W Cic 80 ligu cin thigl dé ve so dd 13 cde thd oxi hou - khir tigu chudn vi
ca¢ tich 8 tan cla cic hidroxit.

(Y 298K :

It

Fe™ 1w

o FeMt /P E) =077V vh K,y = lo

val pK,, =380

[F02+J‘(02
Co3
W Tng ndng do Wi da cla nguyén (J sit rong dung dich, ki higu 12 C,

e Fe™t /Te (D) : £S5 = -044V vl Ko = voi pKs = 15,1

(ndng dd v& a6 thi hay ndng do lam vice, duge chon biing 0,100 mol./ -
et 1+ [Fe*] < €, =0,100 mol./™!

2.2. Khi khong c6 két tha
2.2.1. Nghién citu cap sat (lll) / sat (ll)
B Nim phuong trinh electron ca cip niy vi cong thire Nemst tromg tng Ta ;
- 3
S 3+ e o R . . Fe
Fe¥* wem =Fe* va Iy =0+ U,[)SO.!ogLf,)—]-
[Fe™]
i
B 17rén tanh gidi phian cdch cdc ving rdi chia cde ion Fer' v re’*,
néng do clia chang 13 biing nhau
[T | = Fe™ =G /2 ;khido Ey =E} =0,77V
W Cong thite Nernst va he thie |Fe?* |+ [Fe3* = C, cho pheép bidu

dién timg ndng 4o theo cde thé E va £} -

: C . ) C
S L S vi [ ] &
—~(E-E}) HE-E)
HE-E)
V6i £y = 0,95V ching han, thin s3 10 997~ 10’ Ngay khi rdi khoi A EY)
duing thing ranh gidi giia cdc phén tir Fe*™ va Fe*, néng do coa 1,00 [Fe] = Cra
mdt trong cic phin tirnay nhanh chéng tré nén khong dang ké so vai Feb = Fed e
phan tir kia, 0,77 P (Fe®)= [Fel]= -
Nhar the : [Fest] = (Fed)
. -~ - o 2, - N - .5 N
e Voi £>E], tathiy ring : [Fe™ ]~ C, vl (Fe?t~0. {Fe) = Cira
o VG E < E], a hdly ring : [Fe?" 1= C, va [Fe?]=0.
Bicu d6 duye thily & phin trén cda gidn dd & nr fidu 2. o .
¢ pH
2.2.2. Nghién cuu cap sat (11} / sat (0)
B Nir phuong trinh clectron ciia cip nay i : Twlieu 2. Cdc vang 1ol cia cdc
Feot + 26 = Fe(r) ion Fe* va Fe't,
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3 298K, cong thitc Nernst tuong ing Ja :

2+
0,059 log [Fe*]

(.‘0

W Gid urj tdi da ciia [Fe?¥] 1a C, ; ngay véi gia tri nay, E, thdp hon E
nhidu. Vi vy c6 quygn bd qua ndng do clia [Fe3*] tnrée [Fe?*] d& tim

ranh gidi giifa viing cla st (II) va viing cla sat kim loai. Khi d6, phuong
trinh cua ranh gidi nay 14 :

Ey=ES+

0,09 | G

c
* V8 E> E,, sit kim loai khong thé cling tdn taj v6i céc ion st (I1) ma
néng 4o [Fez"'] (rén thue té 13 b:ng C,.

Ey =044+ = -0,47V

e Vi E < E,. st kim loai vi ion sdt (IT) ¢6 thé ciing tdn tai, nhung néng
4o [Fe’t] bao ¢ids ciing thip han C, vi nhanh chdng trd nén khong dang
k& ngay sau khi ta rdfi xa duting ranh gidi.

Chc két luan nay duge uinh bay & phiin diu cda gian dd & 1 lidu 3.

2.3. Tinh dén cac hidroxit sit
2.3.1. Gigi han két tha

Mai gidi han két tda duge xac dinh bang cach gia dinh ion du'Uc xét 1a dai
dién duy nhét cia nguyén to sit trong dung dich ; ndng d6 cla né do dd

bling C, = 0,100 mol.t ™}’

W Gidi han k& t0a cha sit (I1) hidroxit twdng {mg v6i sy nghigm ding
ddng thdi cla hai hé thitc

IEe™)=C, va K, =

Gié tri gi6i han ciia @, tifc 12 @), vA gid trj gidi han clia pH;, pH bét diu
két tha st (III) hidroxit, duge suy ra tir d6 :

N _ { Ks[ .CO

N
3 25°C, pKg =38.0 va pK, = 14,0.
V&i C, =0,100 mol./~', pOH, = 12,33 va pH; =1,67.

B Gidi han két tia chia sdt (IT) hidroxit wong fng vai sy nghigm ding
dong théi hai hé thire :
[Fe?* |.o?

[Fe2*]=c, Vi =

Gié tri gidi han clia o, e 12 @, vh gi4 tri cia pH,, pH bt dau ké1 tia
hidroxit sdt (II), tir d6 suy ra :

1/3

Ko =

wy _ Ko ol
¢? ¢
3 25°C, pKg> = 15,1 va pK, = 14.0.
Vé&i G, = 0,100 mol. ! , pOH, =7,05 vd pH3 = 6,95 (*)
Ta tap hop cac két qua trén trong mot bang (1« lidu 4).

Che két lugn & myc 2.2., chi ¢6 higu lyc 8 pH thip hon 1,67 déi véi cip
(IIV/II) va & pH [hdp hon 6,95 di voi cip (1),

va pHj = pK, —pOH;
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& F(V)
[Fe) = &
[
0,77 |—————{Fe?) = {ReP}= -
] [Fe*) = €,
1] » pH
v {Fe*lmy
-047 [Ped| = €, et Felcr)
Fe( et jFel*] < G,

Tu ligu 3. Cdc vang rdi hodc
ton tal cua cde ion Fc2+, Felt

vd sdt kim loqi.

(*) Trong gian d6 E = fipH)
cdc dudng ranh gidi gida
Fe** va Fe(OH); vd gida
va Fe(OH};

cheong thing song song véi

Fe*t la cac

truc thé ; nhu vy ranh gidGi la

dudng thing dimg.

p 1,67 6,95
.0
111 | pe2t | Fe(OH); | Fe(OH),
U |Fe2*| pe?* |Fe(OH),
0 Fe Fe Fe

Tu ligu 4. Ban chdt ciia cac phan
it bién d6i theo pH cia dung
dich.



2.3.2. Nghign ciiu cap sat (l)/sat (1)
B Véi pH) < pH < pH,, sdt (I1I) hidroxit 13 k&t tha duy nhat ¢6 thé tdn

tai. Trong dung dich bio hoa, ndng do Fe’* duoc ¢ dinh, bédi tich 8 tun
cla hidroxit Fe(OH)5 -

[FB:'H—J - K!l .113
K2
Hon nwra, néng do Fe’* gidm rit nhanh khi pH tang tx pH;. Ta nhin
thiy 1a :
et )= C, —{Fe’ = C,
T d6 suy ra bidu thire £ cla £ .

3 0
E' = Ef +0,059.10g K [.fi_] .
Kj ¢’ G

Vi €, = 0,100 mol. /! ; E'| =1,066 - 0,177 pH (V)
K.

Chit ¥ : Lugmg EY + 0,059 log;‘i biéu thi gia tri caa edp Fe(ID/Fe(1l) o
K.

i+
PH = O, khi coi hidroxit Te(OH)y nhue dai dien cua st (11D va vei nong dp
Fe* bdng Tmol. I+ 46 1 thé tiéu chudn cia cdp Fe(OH), /et
E°(Fe(OH)3/Fe?t) = 1,01V,
W V6i pH = pH, sil (111) va (T1) hidroxit ¢6 thé tdn tai.

Trong dung dich bio hou, nong dd Fe3t va ket durre ¢f dinh bdi tich
$6 tan cila cdc hidroxit Fe(OH)3 va Fe(OH), :

3 2
K.t - Kook
[Fe3+] _ KA Vi [Pcz+]: 527
K3 2 K2.c°
Tir 46 suy ra bidu tinic £ cla Ej :
K
E" = E} +0,059.log—23! [i}

o
52 e

o
wie 1 ; E"| =0,246 - 0,059 pH (V)

K
Chi v : Lugng E} + 0,059. log— -‘}( bidu thi gia i thé caa cdp
§2: e
Fe(IID/Fe(Il) & pH = 0 khi coi cdac hidroxit nhu cdce dai dién cia méi
trang thai oxi hoa ; 46 la th€ cia cfdp Fe(OH)s (r)/ Fe(OH), (1) ;
E” (Fe(OH)3/Fe(OH), } = 0,246V.
2.3.3. Nghién ciru cidp sat (ll)/sat (0)
VdipH = pHa, sdt (11) hidroxit ¢6 mit trong dung dich biio hoa, nonyg 4o
Fe?* duge o dinh bdi tich s6 tan cia Fe(OH), :
2
[F62+:| - K\zzho
Kic
Tir d6 suy ra bidu thie £’y cla E, :
0,059 K, [ h ]2
2

1E'y = ES + Jog =

K2 ) a
o C
WeTa: E'y =~ 0,060 - 0,059 pH (V)
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Chi § 2 Ligng ES +

0,059 Koo 0 .
5 .iug'—,? bidu thi git 1ri thé cia odp Fe(ll} /Fe(O)
K2

[
opH = 0khi coi hidroxit la dai dién coa Fe(l) : E° (Fe{OH),/Te) = -0,060 V.
T fiu 5 tap hop LAt cd cée kEt qui duye xdc dinh.

2.4. Vé gian dé tiém can

Vige ve gidan do cin dén sy ndi cdc doun khdc nhau ; vige nay khong
thanh vin dé trir diém tmg véi sy cung tn tai Fe2t . Fett va Fe(OH)y

B Runh gidi gira Fe™* va Fe{(OH)3, nghia 1 gid tri ¢ha pHy, da dugce
thict 1ap véi gid dinh e )= C, , phép gén gang c¢hi duoc xdc nhan néu
E da16n hon £, Phép gin dung ndy khong chip nhin duge & ranh gidi
gita Fe?* vii Fe?® wong tng vei quy ute [Fe?t]=Fe? 1= C, /2.
budng thing ding hoanh 40 pH, nlwu vay la dudmg tigm cin cla duong
cong ranh gidi giGa Fe* v T'e(OH)5 khi £ ting.

W Cing vily, ranh gici gitta Fe>" va Fe(OH)3 duoc (hist ip véi gia dinh
[Fe*}= C; , phép gin dung chi duye xéc nhan néu E d thip hon E} . Phép
2an ding nay 13 khong chinh xac & ranh gici git Fe’* va Fe* lumg ing
Vi quy wic [l—'c2+] = [Fo*t )= C, /2 ;dudmg cong ¢O phuong trinh :

3 0
E'y = EY +(],()59.Ing_K—“:.[—ILJ o
k:\e”) G

L3 dudng ti¢m cén cia dutmy cong - ranh gidi gita Fez*' vd Fe(OH)3 khi
E gidm,

Hinh ding ca gidn dd & gin diém giao nhau cla ba dudmg ranh gidi pitk
Fe**, Fe™ vit Fe(OH)3 duoe bidu din & 1 lidu 6.

Dé lam bai (hi du ta tinh khodng cdch gitra cdc pH khi xudt hign k&t tla
sat (I11) hidroxit:

o Trén dutng ti¢m cén, sw xudt hign k&t (0a sdt (101) hidroxit chi xdy ra

doi vii pHy la:
CLRG® ( 1 f K G
i c® Kag ¢°
pH = pHy = 1,67

» Trén ranh pioi gitra Te2* va Fe¥* , suxuit hién két t4a sdt (111) hidroxit
xdyra véipH la;
[ ? ]3 el
Jhay | — | =—. —
CO 2 K.ﬂ_ CO

Fee? € K2
Coéi - 7 h3
pH'| =pH; +{tog2)/3=pH; +0,1.
Khodng cich gitra hai gid tri 12 khong ddng k&.
Nhin xét1 chung 1a @ rong thye & ngud ta chidp nhin gidn ¢o tiém cin ; d6
lia didu chang a sé [am tr nuy tré di md khong c¢in phai néi ro mdi dip.
Gian do diy di duge rinh bay & e lidu 7.
Chii ¥ - Cdch lam thay gian dé chinh xdc bdng gian @6 uém cQn ta rdt
phd bign ddi voi cde bién s6 logarit ; d6 la viéc diege thiee hién trong Bign
dong hoc khi thay gian do Bode Gap = flogew/w,) bdng gidn dé tigm
cdn dimg.

Ka=

e 1a

K, =

e la
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A E(Vy
Fel} Fe{GH).an)

Fe*

0,77 4 &y

0,471

- 1.0

pH

Fal+ FetH}. (1)
NN
6,95

T
1,67

T ™
Fe{QH)y(r 14
Fe?+ E, | b0l E}
I — Se{ (T
Fein 2 A0

Tw lieu 5. Gian d6 E -pH cha

sdt

¢ 25°C voi Cy= 0,100

mol. L. Cac ranh gigi gitea cdc
phdn i khde nhau chifa nguvén

1 selr,
& E(Vy
E
0,77 L \
B
NG
Vi
pH; ! pH;
g N .

o

pH

Tuw lieu 6. Gign dd E —pH ¢ gdn
ché giao nhau cia ba duong
ranh gioi giga Te™t, Fe** va
Fe(OH);.



2.5. Anh hudng clia néng dé téng ¢dng

Gidn do 1i¢m cin trinh biy & nr lidu 7 da duge xay dung theo cic quy udc
SUU;
B Quy uie vé nong d9 téng cong
\ [Fe** J+ (Fe™ 1=,
B Quy uuc ve cic ranh gici
® piira Foo* va ket (doan 1) :
a2t et 5 R A4

[Fe® " ]=Fe {=C, /2 va E) = E]

= pitm Fe v Fc2+ (doan 2) :

5(
[Ee2H)=C, vi By = £ +9i(§)—2.lngc—(‘;
[
o gitra Bt va Fe(OH)3 (doun 3) :

I17c3+J=C; vi pHy =pK, —— pK‘l + log [

n|:3

)
g

£ N3 o
[Fe2F1=C, va E') = E? +u,()59.ﬁ;—‘lﬁj ;—
I

Kc Cﬂ

e2iifl Fe™ va Fe{OH)» (doan 4) :

% |0

[Fe’*1=C, va pH, =pK, - (pKQ +log[

o gim Feot va Fe(OH)z {doan 5) :

e 2ida Fe(OH)» vir Fe(OH)y (doan 6)
£ = B} +0,059. logﬂ-—.(—%J

5 .
 gitta Fe va Fe(OH), (doan 7) : e M

~2
' 0,059 K, h
A > , e [
by = £3 +——2 Jog 5 ( “J

Ko ¢
b E(V) b 1Y) st | (L HD A gl L
f 20 smssssrmerns 1 (3,101 mo0f 1AL
FE"’ i
1
i i 1.23
1,0 i 10
L]
0.77 = . Fe(OHa(s) 077 =
NS
\\\ Fal+
o2 . .
o Fe2+ N o Fe{OH)in)
5 4 E T ~E
047 — Fe(OH);(‘s) T ner — L% [FeOH)yn
] — Q56— -
hm‘“ 2 B \\
- Feir)
- 1.0+ Fe(er) pH - 1,04
k H ™ T T T T -
0 147 695 14 0 167267 695 8545 pH

Tuw lieu 8. Anh huong cia ndng d 16ng cong déi vai
hinh dang cua gian d6 E-pH ::ua sdr . ne ligu trinh bay

G =0mol. I cdc gian d6 voi C, = 0,Imol 1™ va 0,immol. i”}. Chi
c6 cde ranh gioi duge ddnh 56 10 phu thudc vao G,

Tw liew 7. Gian dé F-pH cua sdt & 25°C, vei
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2.6. SuU dung gian doé
Vige sirdung gidn d6 thé -pH dya tréa cde ticu chudn can bing sau:
H¢ ¢ can bing khi tat ¢a edc cip oxi hoa - khit 6 mit déu cé thé
nhw nhau. Vi vay, hai cdu tiy cia cice cip oxi héa - Khir Khiac nhau
chi ¢6 thé cung tén tai néu ¢o cdc gia tri pH ma & dé thé oxi héa -
khit clia chiing ¢ cong mdt gia tri, nghia 14 cdc vong trdi hoiic tén
tai cda chiing ¢6 mijt phan chung,
Hai phin tir khong ¢o vang chung khong thé cing tdn tai v ¢ khuynh
huing phan img véi nhau 48 ¢in biing cac thé oxi hoa - khir clia ching :
chat oxi hda 1a ¢hidt ma ving (1rd1 hode tOn tai) cla né & phia trén cla
gidn do ; chit khir 12 ¢hilt mi viing cla né & phia dudi clia gidn do,
W Trén gidn d6 thu duge, mdi phin t duge xEL ¢6 mot ving Hn tai hojic
ving i so voi cde chdl bén canh : vi vdy, khong mot chit nio cd xu
hixing di li (phan hda).
B Vi bat ki pH nao, ciac mire 00 va mue 11 déu khong c6 ranh gidi chung
© it kim Jogi khong thé cing (On 1ai véi ion sit (11) hay hidroxit tuong
tmg. NCu 4p dit chung cung ¢6 mit thi chung s¢ phin ung theo mdt phan
tng di bien rrung gian din wi sdt (10, Véi pH < 1,67, phuong trinh - can
bing duye vict
et + Fe = 3™
B Cic phin tr dwye xét nim ngay trong dung dich nudc hay G€p xde vidi
mot dung dich ; do do se 12 diéu thd vi khi khidlo sit cac phin img ¢6 thé
¢é clia cdc phin t& ndy voi nude. PE 1am viée nly, trude hél ta by 1ap
gidn d6 £ - pH ¢la nwic.

3 Gian dé thé -pH cla nudc

Nhdc nhi

& Djli ia phan vng oxi hoa —
khnr tromg dd chedt oxi hda va
chdt khir la cang mat chdt duy
rhdl.

& Phin dng trung gian 10
phan ung oxi hdg — khik trong
do chdt oxi hou va chdt kha
duge tgo thanh hod cing mét
chdt duy nhdt,

3.1. Chon céac phén t& va nong dé téng cong

R Trong phin tr nwye, s& oxi hoa tuong tmyg ciia cde nguyén 3 hidro va
oxi 1 +I v —II. Nhir viy, nude ¢6 (hé :

» hodc ddng vai 1rd ciia chdt oxi héa va chiu phin dmg khir trong dé s6
oxi héa cda nguyén (& hidro gidm (s¢ oxi hoa cGa nguytn to oxi khong
thé eifim ni) : thong thudmg, ta thu duge nguyén t6 hidro & mitc ¢, nghia
1% dom ¢hdt hidro Hi

« hodc dong vai trd chit khir va chiu phin tmg oxi hoa trong do s0 oxi
héa cha nguyen t& oxi ting {38 oxi hoa ¢da hidro khong thé ting nir)
thong thuong ta thu duye nguyén 18 oxi ¢ miac 0, nghia Ld don chit oxi
> . Npuyén 13 oxi ciing ¢6 thé xufit hign & mure -1, nhw rong nude oxi
1a HaOa.

B Tir day vé sau, ta chi xét ¢dc chit : H-O ; Hy : O5. Trong ba chit
duoc xé, chi co chit ddu tién 1a trong dung dich, nhumg ta dung moi ; vi
vy hoat dd chu né bing don vi. Hai ¢hit kia 13 Khi. P& 1ap gidn dd, ta coi
p(H») v p(O,) déu biing dp sudt ty chon i 12 Ap suit vé bidu dd P .

[}

Cdc hoat 4O ¢ha hai chit nay do d6 s bing P/ p°.
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3.2. Nudc la chat oxi héa : cap H,0/H,

Tinh oxi héa ctia nudc gin vdi sy c6 mit cla nguyén t8 hidro véi s& oxi
héa bing +1. Tuong ty dGi v6i cdc ion H30™ va OH™ trong dung dich,
vi chiing nim trong cin bing axit - bazo véi cic phan tir nude. Tinh oxi
hoa cta nudc do d6 duge thé hign theo cung mot cdch bdi ba cip
H30" /H,, H,O/H, va OH™ /H,. Tuy nhién, nén wu tien ding cap
H30™ /H,, vi hai li do sau :

+ Thé tiéu chudn cta cdc ciip oxi hoa - khir khic nhau duge xdc dinh &
pH = 0 va céch viét cic ntra phdn tng electron bao gio cing ¢ cdc ion
H30™ tham gia.

+ Vigc xay dyng gidn dd E - pH dodi hoi biéu dién (h€ theo pH, diéu d6
thudn ti¢n khi cdc cip duge xét st dung cic ion H30™ hon Ia cdc phan tir
nudc hay céc ion hidroxit OH™ .

Ta viét phuong trinh clia nira phan tng electron cia cip H30™ /Hy va
cOng thirc Nernst twong tng :

, th€ tiéu chuin cia cip

2 0
2H30" +2e” =H, +2H,0 v E=E° +w.log[h— P ]
Nh¢ ring, theo quy udc El.;_,o*sz

H30%/H, la biing khong ¢ moi nhiét do.
O 298K, va theo quy wdc dp suit PH, =Pr

B 0,059 F
JO'H, = -0,059.pH - —i_'l“g_o V)

O phia trén dudng thing cla phuong trinh —0,059pH, 4p sudt cia hidro
trén nudc 1a thip hon £, ; & dudi duomg thing nay, 4p sudt cao hon F .
3.3. Nudc Ia chat khit : cap 0,/H,0

Ta vi€t phuong trinh nira phin tmg electron ctia cdp O, /H,0O va cong
thie Nernst tuong ung :
0, +4H30" +4e” = 6H,0

4
‘ L 0,05 [( hY po,
V& Eo,m,0 = Eg 0+ =5 log| | = | -—

¢ P
O 298K, va véi quy udc dp sudt Fo, =F:

Ey

0,059 P,
EOzf'HzO =1,23-0,059.pH + L log _i_ (V)

p
o " . 0,059 . P
O phia trén dudmg thing phuong trinh (1,23 - 0,059.pH + . Jog—%),

dp sudt cta oxi trén nudc cao hon F, ; & phia dudi ctia dudong thing nay,
ap sudt nay thdp hon B .
3.4. Vé gian do va két luan

Ve trén cung mot gidn dd hai duong thing trén. Ching chia gidn do thanh
ba vung (tw ligu 9).
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B Puomg thing v&i phuong trinh [—D,OSQpH—@.log%
P
bén trén cha vang khir nude dusi ap sudt hidro pyy, bing B .

] 13 ranh gidi

« Thye (€, & bén dudi dwing thing nay, pyp, 1 cao hon F va hidro
thoit ra mdt cich ty do trong kKhong khi trong khi sir khit nude tiép tue,
theo ;

2H30+ + 26 —— Hz + 2['[20

Sy khirnay di kem vai sy ting pH clia moi trudmg phin tng vi né tigu thy
ion hidro ¢a dung dich,

Chu ¥, n¢u mdi trudmg phin ng cé pH trung tinh hay bazo, phin tng ndy
duoc thé hign 161 hon bdi nia phuong trinh sir dyng cac phén tir da 6 ;
2H;0 + 2¢ —> Hy + 20H™
«  Trdi lai, d6i v6i mdt pH da cho, néu th€ E dp dit 1en dung dich cao
hom EHSOWIE , 4p sudt clia hidro Ho ¢6 khuynh handng thip hon B . Nhu
viy, s hodt hidro khong thé x3y ra va khong xdy ra sy khit nudc.
< F
0,09 | _1,_] s

pO

B Dudng thdng véi phuong trinh [1,23—0,059‘pH+

ranh gici bén dundi clia viang oxi hoa nudc.
«  Thyc 1€, v6i mot pH da cho, néu thé £ dp dit 12a dung dich thap hoa
E(,H,0 > 4p sudl cla oxi Oy ¢6 xu hudng thip hom F . Sy thodt oxi vi
vy khong thé xdy ra vi sy oxi hoa nude khong xay ra.
« Trai Iai, ¢ phia trén duwong thang nay, Py c¢6 khuynh hudng cao
hon £ va oxi thodt ra mét eiach ty do rong khong khi trong khi sw oxi
héa cua nue tiep tuc theo

6H20 g 02 + 4H30+ + de
Suw oxi héa nay di kém véi sy gidm pH cla moi trudng phin tmg vi no
cung cdp cic ion hidroxoni H;0" .
Cha ¢ 1a nu mdi trudmg phin tmg ¢6 pH bazo, phan tmg s¢ duge thé hién
(61 hon bing nira phuong trinh st dung céc phin tr da 53 ;

40H" —— 2H-20 + Oy + 4¢™ .
W Gitra hai dwong thiing trén, nudc khong thé bj khir thanh hidro cang
khong (hé bi oxi héa thanh oxi : ving ndy (pH ; E) 13 ving én dinh cia
ne.
Cha ¥ ring bé rong cla ving ndy khong phy thudc pH vi hai duong thing
xd¢ dinh ranh gidi 13 song song.
Ngugce lai, bé rong nay phu thude cdc dp suit duge chon o vo ; & 25°C
va véi B biing p*, d6i voi timg khi, bé rong clia viing én dinh cla nude
121,23V,
Thi nghigm ndy chi ra ring b rdng quan sit duye trong thye €, & nhidt do
nay cao hom 2V, Li do a & ngudn goc dong hoc. Vi, phin tng oxi hoa nudc
rit chim & nhift do thuimg vi phai ¢6 dign thé cao hon hin (161 0,5V) dién
the - gidp ranh A& phin tmg x4y ra nhanh.
Cuang vy, ¢ nhi¢t do thuomg, phin tmg khit mede hay ¢ac ion hidroxoni
c6 thé cham vi thudmg phdi ¢6 mot dién the thidp hon hin (dudi 0,25V)
di¢n the - giap ranh dé phin @y xdy ra nhanh (1 lidu 10),
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3.5. Tro lai gian dé cua sat

Tren cung mot so do, La dat chdng 1én nhau cdc gidn dd thé -pH ¢fia sit vi
clla nudc vi néu bat cic két luin o6 thé nit ra tir dé.

3.5.1. Hoat ddng cla st kim loai trong dung dich nudc

Vi bal ki pH nao, mién 10n tai cha sdt kim loai va mién Sa dinh ciia nude
cang tdch roi nhau, Nhu the, sdt kim loai khong thé 16n tai mot cach dn
dinh khi ticp xde vdi dung dich nude.

No1 mot cich chinh xic hon, cde dung dich nute oxi hoa sit thanh
trang thai sat (11) cho hidro thoiit ra :

» Cic dung dich axit ¢& anion khong ¢6 tinh oxi hoa (axit clohidric, axit

sunturic loding v ngudi, axit axetic} 0xi hda kim low theo phin tng ¢in bing:

Fe+ 2H;0" —— 1™ + Hy +2H,0
Neu axit du phin dng hoan 10an ; kim logi bién mit vit thu duge dung
dich ion sat (11).
* Nudc oxi hda Kim loai, nhung vi khodng cich gitra cdc dudmg cong nhd,
phin tmg khong dinh lugng ; hon nita 06 cho chi y&u sit (11) hidroxit theo
phidn tmg cén bing :

FC+2H30 — FC(OH]2 + Ha

Thi nghigm chi ra ring sy dn mon thuong vin ti€p dién, nhung khi do
thee mdt phin tmg khic. Hién tuyng nay s¢ duge phan tich & chweong 9,
khi nghién ctu sy in mon.
3.5.2. DY bén ctia dung dich nudce cla sat (1i) hodc (111
Vi bat ki pH niso, ranh gidi phan chia cdc ving trdi hay ving ton tai ciia
sat (1D viv cta sdt (1) déu & bén trong vung 6n dinh ¢la nudc.
Hon nir, e ligu 11 chi ra ring k& ludn ndy vin dung voi moi ndng do
duye chon.
. .l . . . . . a 2 a [
Ciac ion Fe™* hay Fed* hay cic hidroxit iemg ing khong the khir mi cing
khong thé oxi héa nuie : dung dich munve ctia sit (1) va sit (I11) Ia bén.

3.5.3. Vai tro cua su théng khi
Trir khi @3 dwge diéu ch& trong khi tro rdi duge trr trong 1o nuat kin, cic
dung dich sir dung vin hode da timyg tiép xuc vdi khong khi. Khong khi 1a
mot bé chira oxi vi dp sudt ¢ia n6 khong déi va gdn bing p®/5. Ta tinh
the oxi hoa - kb ctia ciip 05/ H40 . (Y 298K trong cic didu kien nay ;
[
Eo.m.0 = 1,23 — 0.059.pH + 0,015 . log £ — = 1,22 - 0,050.pH (V)

& = 5[)(‘1
Anh hudng ciia dp suit rigng phin cla oxi 1 nho ; do d6 c6 thé dung cic
£idn dd trén d€ nghién ciu sy lam thong khi cic dung dich.
Céc pidn d6 cha wrli¢u 11 chi ra ring, voi pH bat ki, cic vimg trdt hay tOn
tai cha sdt (11) va cGa oxi 1a tach rdi nhau : sdt (1) khong thé dn tai bén
khi ti€p xdc vivi khong khi.
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Mot cach chinh xdc hon, cac dung dich nwic ciia sit (ID bi oxi hoa
thanh sat (1ED) bei oxi ;
* Trong cic dung dich axit, dién ra phin (ug ¢in bing :
0y +4H;0™ + 4kt — 5 6H,0 + 4™

Phin tmg niy gioi han bdi ¢ do hoa tan va khu€ch tan cia oxi trong
dung dich sit (II). Nhe vay (8¢ do clia phin tmg s¢ ting ro rét khi syc
khong khi. Néu axit khong du ¢6 thé xuat hién k&1 tha hidroxit sit (111).
* ‘Irong cic dung dich baze, dién ra phin img can bing :

O3 + 2H50 + 4Fe(OH); —— 4Fe(OH),
Phin tmg ndy nhanh ; Né la nguy@n nhan lam xuft hi¢n miu gi sit cia ket
(Ga xanh sdt (I} hidroxit khi dé (i&p xtic v6i khong khi.

ﬂlp dung -1

Tu xét dung dich séit (1) sunfat 0,50mol. 11, pH cia Nhuvay For,o gitrnguyén vi bang 1,22V,
né duge duy it bdng O nhe axit sunfuric dw. Suc  Pidu kién cin bing khi ¢6 1a

khong khi vao dung dich. [F::3'+ |
Xdc dink thanh phdn cia hé & can blng. 077+ 0,059 . log eIy = 1,22V
< ch

B Phuong trinh — ciin bing cia phan tng 1a

- . d‘\3+ —_
Og +4H307 + dFe?t ——56H,0 + bt tire 1 log e _ 122-0,77 7,63
z L0y N
e, 0,059

O cin bing, th chu cic cip ¢d mit 11 bing nhau ;

. i+
-, ES V- T TN Fe-
. 0,/H,0 EI'L:' fTe” hay : { [ L»,+_]J = 10?’63 = 4,72, 10? .
B The oxi hoa - khir ca cip 05 /H-0 theo cong Fe™ 1,
thie Nernst, tinh theo von, & 298K : W Phin tng 1a dinh luong, cho nén :

3+ a2+ -1
0,05 _ ro, [Fe ™ |y, = [Fe”" 13 = 0,50 mol.{

Jdo o I T N
g P° [Ft32+]cb andng do Fe™* & can biing, tirti s suy ra:

Eo,n,o = 1,23-0,059 . pH +

Trong cée diu Ki¢n cha bii 104n : [Fe* |y, =1,2.107% mols™!.
po, =p°15=C" vapH=0=C"

» Luyén tap : BT 13 va 14,

4 Xay dung gian dé thé -pH

Trong myc ndy, ta ndu ra cdc quy ude dong dé xay dung mot gidn do thé -
pH, cich thire phii theo d€ nhanh chong dat k&t qué v, sau hél, che thong
tin c6 thé rat ra,

4.1. Cac quy udc

Cic quy ude duye gidi thigu s& duee minh hoa qua ¢dc thi dy cla cdc
nguyén td crom Cr va ¢lo Cl.
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W Ta xac dinh céc phan tit can tinh dn trong viéc xdy dyng gian db cla
nguyén t6 dirge nghién citu ¢
Thidu :» Cx(D) ; CrF 5 CrOF ; Cr03™ : Cr(OH); () ;

» Clo(k); CI" ; HCIO ; ClO™
B Ta coi t3ng cla céc nf‘)n’g d0 nguyén tir cla nguyén tb duge nghién citu
trong dung dich ia hing sd (khi khong c6 céc chat ran). Gia sit C, 1a gid
tri cia ndng dp vé biéu do (hay nong dp lam viéc).
Thidu : e [CrPt]+[CrO3 1+ 2[Cr04 ) <C,

o [CI"]+[HCIO]+[CIO7]) < C,
Muyc dich cfia gian dd 1a ¥am cho thy 1 cac viing khac nhau trong d6 chi

¢6 mot chit 13 chi thé, phai 13p cac phwong trinh ciia cac dudng ranh gidi
phén tach cac viing nay.

B D&i vBi mpt chr ran va mér chit réin, ranh gi6i clia viing ton tai ciia chit
khéng tan phai lam sao cho ndng 89 nguyén i clia nguyén tb bang véi C, .
Thi du :

« Ranh gidi giita Cr va Cr™* phai sao cho [Cr?*]=C, ;

« Ranh gidi gita Cr>* va Cr(OH); phii sao cho [Cr3*]=C, ;

+ Ranh gidi giira CrZO%_ va Cr(OH})3 phai sao cho 2.[Cr20%_]= G

W DEi v8i mir chét tan va mot chbt khi, ranh gidi mién ton tai cia chit
khong tan phai sao cho ndng 49 nguyén ti cla nguyén (4 12 bing C;, ap
sufit clia chit khi biing ap sut ¢6 dinh theo quy udc, goi 12 dp sudt vé bidu
d5 ; thudng chon 1,00 bar, nghia 14 Ap sudt tiéu chudn p° .

Thi dy :

Ranh gidi gitta CI~ va Cly (k) phai sao cho [Cl7 1=, va p(Cly)=F.

W DGi v6i chdr tan, hai quy wGc d6i v6i ranh gidi clia cdc ving trdi
thudng dl‘mg nhat 1a :

Quy wic s6 1 : Ranh gi6i phai sao cho cic ndng 4 nguyén ti cha nguyén
th dugc xét 3 dd bang nhau.

Thidu:

» Ranh giéi gita Cr>* vh CrO3~ phii sao cho [CrO 1=[Cr1=C, /2 ;
* Ranh gii gitta Cr3* va CrO3™ phai sao cho [Cr3+] =2[Cb0% |= -G /2
Quy udcsé 2 : Ranh gidi phai sao cho cac ndng dd phdan ti hay nbng d6
ion clia nguyén té dugc xét & d6 bing nhau.

Thidu:

» Ranh giéi gita Cr** va CrO3~ phii Bam sao [CrO] 1=[Cr**1=C,/2;
« Ranh giéi giita Cr°" v Crp03~ phai lam sao [Cr> 1=[Cr0371=C, /3.
Hai quy uéc nay chi dan 16i céc két qua khéc nhav néu s& nguyén tir clia
nguyén td dugc xét trong hai chét 1a khéng biing nhau.

4.2. Cac budc tién hanh

B $ip xép theo s6 oxi hoa ting din cda phan tit cin tinh dén khi xay dung
gian dd clia nguyén t6 dugce nghign ciu ; tiY d6 suy ra cic cap khac nhau
€ nghién citu & pH = 0 ; viét cho titng cip nita phucng trinh electron , sau
a6 cong thitc Nernst tudng tmg.
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B Xac dinh gia tri pH gldl han cac viing ton tai hay vung trdi dbi voi mbi
mitc oxi héa. DE 1am didu nay, ta sir dyng cac hang s cin bang fwong
img: K, ddi vdi cic can bling axit - bazd, K, ddi v8i cac cin bing hoa

tan va cac hang sd tao thanh B, d6i v cac can bing tao phitc.
B Sau 46, dua vho cong thitc Nernst va cc quy udc da chon thiét lap cac
bién thién vé thé cla nhimg cip khac nhau theo pH.

B VE cic dudng thing tuong ng dé c6 duge gian do tiém can dan dan
theo sy thiet 1dp phuong trinh cha ching.

W Sau d6 kiém tra xem mdi méc oxi hda c6 mot vung ton tai hay vung
trdi khong. V3i cac trang thai oxi héa trung gian, cin xac nhin rang mdi
mifc 12 trdi dong thdi so v8i mic cao hon v mire thip han.

Gia st ¥ 12 modt phin 1 thude v hai cdp oxi hoa - khir va dong vai trd
chét oxi héa 3 ciip nly (ciip ¥/X) va vai trd chét khi & cip kia {cip Z/Y) :

Y 1a chét oxi héa - khir ludng tinh. Néu t3n tai mot khoang pH ma
Ey;x cao hon Ez;y, thi cic viing ton tai hay troi cha Y 12 tach bigt

nhau, va ¥ khong bao gid 13 trdi trong khoang nay : ¥ ur phan hoa dé cho
X va Z. Khi d6 phai nghién ctu lai trong khoang cla pH tuong img bing
chch xét cip oxi hba - khir mdi Z/X,
Viée nghién ciru nay ddi héi phai biét thé tidu chuin cha cip méi Z/X ma
ta phai tinh ra 1 thé tigu chudn cla cac cip 2/Y va Y/X. Ta xét ba ciip :
Y+nme — X Ey; Z+nge” > Y ES ;Z+ (m+m) — X ES.
Dung cac entanpi tif do chudn lién hgp vdi céc nita phan tng electron, co
thé xac 13p (xem §4.3) dugc :

n Ef +ny.E3 —— (m +ny).ES (VIIL2)
W Sau ciing, chi rd trén biéu dd da higu chinh céc phin tir trdi & cac ving
khac nhau. Nén chi 13 trong chi thich cla gian do gia trj C, dugc dung.
Thudng ngudsi ta hay dit gidn dd cia nudc chdng 1én gian db da ap duge.

» Luyén tap : Bai tdp 9 va 12.

4.3. Xac dinh thé tiéu chuin
4.3.1. The oxi héa - khir va entanpi ty do dién héa

Gia st c6 hai ¢dp oxi hoa - khir (1) vd (2) ma cac nlta phuong trinh
electron 1a :

Ox +nme” =Kh ey

Ox +nze” = Khy (2)
Khong xét doan chiéu tién trién cda he, ta co thé\viél cén bing cﬁaophém
img oxi hoa - khir do sy ¢6 mit hai cip nay, bing cich tao ra 16 hgp
ny. (1= ny.(2) :

ngOX] + anhz = nth] + n]OXQ
Chiéu tién trién fu nhién cia hé dugc suy ra tir cac gia trj cla E va Ey:
Chét ox1 hoéa cia cap cod thé cao hdn, oxi hoa chét Khi¥ ciia ciip co

thé thap hon cho t6i khi thé cia hai cip bang nhau hofc mdt trong
cic chit di vao pha ngung tu.

Nhur vy, phan img dign ra theo chigu ndi trén chimg nao £ 16n hon E,.
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Gid sir 4,,G" 14 entanpi chudn c8a phin tmg nay, cé thé duge vict dwsi
dang hiéu 50 cla cic entanpi ty do lién hop véi cic nlra phin img
elechonm, doi khi duye goi 1a entanpi tyr do chudn dign héa vi duoc ki hidu
la 4,,G, ; ki higu ~ nhic ring qud winh duyc xét 1a mdt qué trinh dign
hoa hoe, nghia 13 ¢6 tic ding ¢la cic electron :

A5G = 1y.4,,GF — .4

A0
Dt gell] G

MGi APHG’,-“ ¢6 thé lign e vai cdc the dién hod lwong tng ;. NInr vay
ApuGP = {1 (Khy) - f1°(0%,) - . 10 (7)

Khong nhit thigt phii xic dinh thé dién hoa tiéu chuin cda cdc electron ,
vi céc electron nay khong con xuit hi¢n trong can bing nita, Ta ¢6 thé
chimg minh k&l qui sau :

Gia sir ¢6 mot cdp oxi hoa - khir Ox; /Khy, st dung »; electron

trong qui trioh nia phin ing khir theo :
OX] + Ay ¢ = I(l'l]l

Entanpi ti do chuin ciia niu phan ing khit ciia né Apuéf lién hé

vdi thé titu chuin ¢ia no béi -

Ay Gy =—ny .F.E}

(VIIL3)

Cluimg minh b thie (VIIL3)
B Lip mol may phit di¢n hoa bing chch két hop hai nira
pin, mot nikz tromg (g vioi edp (1) va nda kia twong ing
vl cdp (2). Gid st £ > E,.
» Cye duong 1a dién cye (1) vi sie dién dong & bling
hi¢u s8 £, - E;.
* Phin img xdy ra rong miy phit khi h¢ vin hinh & nhigt
dd khong déi va dudi 4p sudt khone adi 1h

Oy + i Kha = n;Khy + i Oxs
Ta nghién ctru s Lién trign cda h¢ & nhigt do khong 431 vi
dudi 4p sudl khong ddi, va thye hién mot cin biing trac
doi nang luong dién dong cia h¢ véi moi truemg hén
ngodi trong khodng thivi gian dt (fie leu 12)

SWH=u i dr=u. dg
dq 1a dign uch nguyén & truyén di khi dp (i trién ca
phan ing 14 d% ; phin dng sit dung #).7> electron, di¢n
tich quy wde dg khi dé Iy
dy = ny.# FdE

Thém nfra, d¢ bién déi nguyén 18 cla entanpt tr do ciia hd,
dGy , chi d0 tién rién cha phin img vi 7va p Facd dinh :

4Gy, = 4,,(.AE

& Thire hién mot p rap theo phuong phip do thé (e lidu

13) cho phép vin hianh hé wong miy phit hay may the, trong

cac didu kien gln vai tinh thuin nghich nhi¢t dong ; khi do :
u=—¢ vd dGy , = dW*

Tir &6 din (61 he thie gita cae dai lugng dign cia pin va

cie daid lugng cua phin dng ;

.:'.p”(,-' =-F . £ F

8| (514 s1F hai miva pin thye hign cic didu kién chpﬁn ; khi

de, hé Wite wrén chuyén sang cde dai luong chuin
APUGO =" F

Hay ! 4,,6° = 104,67 - n.4,,G3 va & = - %

do do : n:_,‘:lpuéf’ -n.4

D
Ddéng nhithoa: 4, G = —n FLEY vl A
= ‘o1 1 1

“(3}5‘ =—m.a; FUUED - ER)
] 3
PHGZ = —‘ﬂ.z.F.Ez

—

e [

h¢ digén hoa

Twli¢u V2. Cdc trao d0i ndng hemy dién déng ; theo
Guy wde, cong dién dong la: dW+=u. i d

miy plit véi sie dign dong E

(E>%)
© ®

dién thé ké

Q @

h¢ dien hou

Tw li¢u 13, Ldp rdp theo phiong phap do thé va tinh
thugn nghich. Giasie M, 1avitri ciia dién thé k& 1riét tiéu
dong dién tromg hé awor nghién ctin. Kt di chuvén nhe
rhang M ue bén trai cia M, sang bén phai ciia n6, hé
dién héd hoc chuvén trvai tro may phdt sang vai tro mady
thu o gdn M, suchuvén hoa hdu niue la thudgn nghich,
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4.3.2. Ap dung vao viéc tinh th& chuan

4.3.2.1. Tinh E° tir th€ chudn cla cic ciip khie

Bict the chudn cfia cée cap (1) : MnO3 /MnO, (1) va (2) : MaO3 / Mn?™ ta

(inh the chudn cha ¢ip (3) : MnO,(r)/ Mn2*

Ta vidt cac niea phuomg trinh clectron cla cie cip

(1) MO} +4H" +3c” = MnO, + 2H,0 E{ =+1,69V

(2) MnQj +8H" + 5¢” = Mn®" +4H,0 ES =+1,51V

(3) MnO, +4H* +2¢™ = Mn?* + 2H,0 ES

Theo cic phuong trinh, (a ¢6 thé coi la; (2) = (1) + (3).

Cac entanpt 1y do chuidn cda cdc nira phdn tmg electron théa man hé thie :
Ap G5 = 45, G + 4,68

St dung hé¢ thie (VIIL3), sau khi gidn luye —F ta thu duge

5.E9 - 3.EP
2

SES =3P+ 2L ticla: BY = =124V

Kic¢u tinh todn nay thutmg gap khi xay dyng gian dd £ -pH.

4.3.2.2. Tinh £° tir csc hiing sd can biing khic

Bigt thé ticu chufin cda cdp Ag*/Ag va tich s6 tan K, cGa bac clorua
AgCl, tinh the ticu chudn clu ciip AgClAg.

Nra phuong trinh electron cta cip AgCl/Ag 1A :

(3) ApCl+ ¢ =Ag+ CI7

¢ thé duye coi 1a su k& hop ¢a hai qud rinh

(1) AgCl= Agt +CI- vi (2) Agt +e” = Ap
Tir d6 it ra (3)=(1) +(2)

Cic entanpt ty do (*) chuin dwge lien két bdi :

0 I\ 0
Apu Gy = 45,01 + Ay, G

e 1a ; —ny FES = (-RT.K,) +{-ny F.LY)

iy B8 R 2,3RT.10e K,
ny iy b

tir do - EY =

e 13, & 298K 1 E® = (AgCVAg) = E° (AgT/Ag) - 0,059. pK, (AgCl)

Chii ¥,

Phuong phapr nay co the dupc thay thé bang phirong phdp da duoc si dung
trong chiromg Ray cho 161 ddy va du rén tinh lidn tue ciia hE ; ne thuomg
cho phép xdc minh két qua thu duoc bdng tinh lién e,

»Luyéntap: BT 6va 7.
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(*) Su dung cac 2

LGP

cde Ay, G cang cho phép
tinh cdc hdng $6 cdn bdng
1 hgp cde plong trinh cdn

hding (xem bai 1Gp 5, 7, 8
v 10).




5 St dung cac gian doé thé -pH

5.1. ich loi ctia cac gian do E -pH
Cong thic Nernst ¢6 thé duge 1ap tir cic the héa hoc, va cdc thé oxi hoa -
khir cho phép dy kién cic phén vmg tw nhién, nghia 1a dién bién phu hop
voi Nguyen li th hai ctia Nhigt dong hoc (cdc phan ung c6 kha ndng vé
nhiét dong).
Ciéc gian do th€ -pH cho thdy céc phéin ung fir nhién gitra cac phan tir cla
hé nho vao tidu chuin sau :
Khi mét hé ¢ can béng, tit ca cac cip oxi hoa - khir c6 miit c6 cung
mot thé, Do do, hai chat thude vé cdc cip oxi hoa - khir khiac nhau
chi ¢6 thé cung ton tai néu ton tai cdc gia tri pH ma tai do thé oxi
hoéa - khir cia chiing c6 cung mot gia tri, nghia la néu cac vung troi
hoic vang ton tai cia chiing ¢6 mot phan chung.
Ta lam ro mot vai thi du vé vigc sir dung cic gian dd nay.

5.2. Cac thi du vé viéc str dung gian doé E -pH

5.2.1 St dung gian dé clia mdt nguyén td duy nhat

Gian d6 nay cho phép dinh gid do bén ndi tai cha cic phin tr khic nhau
twong mg vGi nguyén to

e Néu mdi phin t&r duge nghién ctu ¢c6 mdt vang troi hay ton tai so voi
céc phan tir ldng giéng, thi khong mot phin tir nao trong ching c¢6 khuynh
hudng ty phin héa.

e Hai chit ¢ ranh gi¢i chung khong thé cung tdn tai va huéng t6i phin
ung v&i nhau (1w ligu 14).

5.2.2. Su chdng lén nhau cla nhiéu gian dé

Khi chdng 1én nhau nhiéu gidn dd hodc phin cta gidn dd twong vmg véi
cdc nguyén t0 khédc nhau, ¢6 thé xdc dinh duge cdc phdn tir khong thé
cung (dn tai trong dung dich va do d6 dy kién cdc phan tmg ¢6 thé dién ra
tai d6 ; hai chdt khong ¢6 mién chung khong thé cung ton tai va c6 xu
hudng phin tmg vé&i nhau.

B Do bén cla dung dich nuvce cla cic phan tir

Khi dit chdng gidn dd cia mot nguyén t0 lén gidn dd clia nudc, ta ¢6 thé
xdc dinh xem phin tr ndo ¢6 thé phin tmg vdi nudc, hodc 1a oxi héa né
(thudmg tao thanh oxi), hodc 1a khir n6 (thudomg tao thanh hidro).

B D) bén cia dung dich nugc thoang khi

Néu dung dich tiép xdc voi khong khi, mot s6 chét c6 thé bi oxi hoa bdi
oxi ; khi d6 phdi tinh dén dp sufit cta oxi, hiu nhu khong déi va

bing p°/5.

198

Mﬂo:( 'l')

Tw ligu 14. Cdc vang trdi cua
cdc ion MnOj va Mn** tdch
roi nhau : hai chdt nay khong thé
cang ton tai va dung dich la
trung 1dm cua phdn ung tao
thanh MnO, .



5.3. Gigi han sir dung gian dé E - pH

C6 thé 1a cdc phin ung dy kién tir cdc gidn dd E - pH khong quan sat
dugc, vi trong céic diéu ki¢n thi nghig¢m, to¢ do phdn ung cla ching 1a rét
nhd. Thyc vy, thi nghi¢m chi ra ring su phong toa dong hoc rat thuomg
gdp trong cdc hién tugng oxi hda - khir.

Thi du : Céc dung dich nudc cta kali pemanganat hay dung dich nudc ctia
kali hay amoni peroxodisunfat 1a gid bén & nhi¢t d§ thudmg, vi phin tng
tw nhién oxi hoa nudce thanh oxi 1a rit cham.

Cang c6 thé quan séit duge céc phan ung khic néu chung st dyng cdc chit
khong dugc xét dén trong vige 1ap gidn dd. D6 1a truong hep khi dung
dich chira céc chat c¢6 khd ning tao thanh phuc chit hojc két ta.

Thi du : Khi ¢6 mit cic ion xianua CN™, céc tinh chit oxi hoa - khir cha
cip sdt (IT)/sdt (IT) bi thay ddi manh mé do phan ting tao phic din dén
cic ion [Fe(CN)g >~ va [Fe(CN)g]*™ ; nhu vay, sit (I11) trd nén khong
c6 khi ning oxi hoa cdc ion iodua, trong khi phin tmg 1a dinh lugng khi
khong c6 mit ion xianua (fu lidu 15).

Ta minh hoa diéu niy bing céc thi du vé kém va dong.

» Luyén tap : BT 10, 11 va 15.

6 Gian do thé -pH cua kém

Chuong trinh cua cdc lop MP" ,MP,PT" va PT chi ra rdng "d6i véi
cdc gian dé E - pH cua kem va cua déng, chi doi hdi viéc doc cdc
gidn do. Tuy nhién viéc xdy dung ching la mdt bai tdp dp dung tuyét
VoI,

6.1. Dat van dé
B Xic dinh cdc chit duge nghién ciu va trang thdi oxi héa cla ching :
7n(r) ; Zn2* 5 Zn(OH),(r) ; [Zn(OH) >~

Theo tuwr liéu 16. khong c6 chit oxi hoa - khir luong tinh va do d6 khong
¢O khd ndng phén hoa.
M Ta chon ndng do C, :
[Zn?*]+[[Zn(OH)4 7] < C;-=0,010mol./ ™"
W SO ligu & 298K :
e pK, =17,0 d0i v6i Zn(OH),; Zn(OH), =Zn>* +20H";

[Zn** w2
K="=
o

e log B4 =15,5 dGi v6i [Zn(OH)4 1>~ ; Zn?* +40H™ =[Zn(OH), 1>~ ;
_[[Zn(OH)4 P 1.c**
Pa=

[Zn2+l.w4
o Zn*/Zn:E{ =-0,76V
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Tuw liéu 15. a) Cdc vung trfi cia
cdc ion Fe** va T la tdch roi
nhau ; hai chdt khéng thé ciang
10n tai va dung dich la trung tdm
cua phan img :
2Fe*t +217 ——2Fe* +1,

b) Su tao phitc cia cdc ion sdt ha
thdp thé cua cdp Fe(Ill)/ Fe(II) ;
cdc ion [Fe(CN)g>™ va 1™ ¢6
mot vang trgi chung ; vay ching
c6 thé cang ton tai.

S6 oxi Phin tir
hoa
ion tetrahidroxo zincat (II

. [Zn(OH), 1>
kem (II) hidroxit

Zn(OH)(r)
ion kem (IT) Zn>*

U kim loai Zn (t)

Tuw liéu 16. Cdc phdn tix khdc nhau
chita nguyén 16" kem.



6.2. Cac gidi han két tua

B Sy tao thinh cic ion phire véi cdc ion hidroxit Ia ngudn géc dic tnmg
tuong tich cia kém hidroxit. Ta xdc dinh hing s cGa phin img hoa tan
hidroxit trong moi truomg bazo

Zn(OH)y(r) + 20H" = [Zn(OH), >~

~ 20 0 .
v6i : k= M0OM T 1 p 10713
w”
B Bitu di&n ndng do ciia cic chil trong dung dich bio hoa kém hidroxit
theo pH :
K - [Z2F 0™ ~ [21]2+].K3 o
s Co_’; B !-12
2t 2
tir do - U] K B jpu-2pi
v Kc2 602
. o ZnOH) 16"
an
Zn{OH 2- 2 __o'.Z :
wao: LZMOMITT_ o K.K2. S = 1071525
c° 02 P

B Cic gid tri gi¢i han cla pH duong hop voi sy t0n Lai cia k& 10 kém
hidroxit thda min cc he thir :

. 2 _

(0% |+ YZn(OH) 577 = ¢, ; HAMOTDE ]y gonti-205
[

[’/,nj+]

Cl.)

Tue 13, voi C, = 0,010mol.i !
1pi2pH IUZPH—E()._‘? < 1{]—2

_1pt1-2p,

Ta ¢ thé gidi phuong trinh tring phuvng tinh & 2, nhung t ciing c6 (hé

nhin thiy [& thong thudmg hai $0 hang niy ¢ pié tri rit khac nhau - ZIF*-|ZJ1(()H)3(_r')|[?n((')][)4]2

o Gid sir [Zn2t ] >> [[Zn(OH)4 71 ; phuong trinh trd thanh ; 6,5 13,75 Fﬁl
1ol 1=2pH 1072 , dung dich ¢ pHy =6,5. Tw lieu 17, Cdc dang khdc nhau
® 2id sir [’z',n2+ | <<1[“Zn{OH}, ]2"I  phuony trinh trd thinh ; caa kem (ll) theo pll ddi voi

12PH-295 _ €, = 0,010mol/ ™!

1077, dung dich c6 pHy =13,75
Tir liew 17 trinh by cic k&l qui nghién ctu.

6.3. Nghién cuu cap kém (li)/kém (0)

B Giga pH = 0 vi pH = 6,5, dang troi cta kom (1) 12 ion kem Zn2* ;
vi¢l nia phuong trinh electron cia cap kém (1) /kem (0) & pH = 0 va
¢Ong tnre Nernst tuomg imy

0,059  [Zn**]
s

25 - . - -
0T +2¢ =Zn vh B =Ef + log

0
Trén ranh giGi gitra vang cia kem (1) vai vang cla kém kim loai,
[’/.’,112+]:C, s voi G = 0,10mols T, phuong trinh ciia dudmg ranh gidi i ;

59 C
0,05 Jog%:—o,szv.

¢

E; =-0,76+
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W Vi pH; > pH 2 pH), k&m (IT) hidroxit ¢ mjt ; trong dung dich bao
hda, ndng do ciia ZnZ* dirge ¢b dinh bdi tich s6 tan clia Zn(OH); :

(Zn*") _Ks K _ | ji1-2pm

° Kg 2

Tir d6 suy ra bicu thitc cha £, titc 12 E') -

2
Eole +M_log%,( _fa]
ZniZn 2 Ke »\CD
3 298K : E'] =-0,43 - 0,059.pH(V)

Chit § : Lugng Ef +w.log Ks
2 K2

c

A pH = 0 khi coi hidroxit Ia dai dién cia Zn (1)
E®(Zn(OH)y/Zn) = -0,43V
W Vi pH 2 pH,, hidroxit kEm (1) khdng c6 mit nita ; dang troi cda kém

biéu thi giéi tri thé cia cdp Zn{I) Zn(0)

(1) 1a ion tetrahidroxozincat [Zn{OH),4 ]2' . Trén ranh gi&i giita cac ving
cia kém H va kém kim loai va & phia trén n6 :

(1Zn(OH)4 1* =,
Quan hé giira cac ndng do [['Zn(OH)4]2_] va [Zn2+] dugc suy ra tr fy:

4 4
1 h _ 1 h
R e S—

BaKe \c PaKe \c

Tir d6 suy ra biéu thitc cla £y, titc 1a £"

4
E{=E° b ¥ O’Osg.log l 3 2
Zn“"iZn 2 )54‘[(: & o

{Zn?*)=

C
V& ¢, =0,010moli™! : E"| = +0,38- 0,118.pH(V)
0,059 log 1
2+ .
n**/Zn 2 Ba K3
Zn(Il)/Zn & pH = O khi coi ion phitc la dai dién cia Zn (11) :
E°([Zn(OH)4 1™ /Zn) = +0,43V

Chit 3 : Lugng E; biéu thi gia tri thé cia ciip

6.4. V& gian dé va két luan
Gian d6 thu duge duge trinh biy & 1w figw 18 v&i gidn dd cia nude. Vi
bét ki pH no, viing tdn tai cla k&m kim logi va viing &n dinh ctia nudc 12
tach rdi nhau (2 fién 18). Nhu viy k&m kim loai khdng thé cing thn tai
mot cach bén khi tiép xiic véi mdi trdng nude : chinh xac hon, céc dung
dich nuéc oxi hoa kém thanh trang thai kém (II) cho thoat ra hidro ;
B Cac dung dich axit ¢d anion khong ¢6 tinh oxi hda (axit clohidric, axit
sunfuric lodng va ngudi, axit axctic) oxi hda kim loai theo phan (mg cin
bing :

Zn+2H30" - Zn** +H, + 2H,0
Néu axit du, phan ing 12 hoan toan : kim loai bién mit va ta thu duge mot
dung dich ion k&m (II).
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E(V)
1,23+
1,0

0 65 13,75

B Cic dung dich c0 ctia cic bazo cung oxi hoa kim loai va cho dung dich
céc ion zincat (I1) theo phin tmg can bing :

Zn+20H™ +2H,0 — [Zn(OH),]*” +H,
Thi nghi¢m chi ra ring phan tmg phét nhi¢t manh va c¢6 thé dé dang soi trao
néu nhi¢t do ctia hdn hop phin tng khong duyce kiém sodt.
Gian d6 E = fipH) ctia kém s& dugc st dung & muc 8 dé gidi thich mot vai
giai doan ctia phuong phédp thiy luyén kém .

7 Gian doé thé -pH cua déng

7.1. Chon cac phan tir va néng dé téng
B Ta xdc dinh cac phin tr dugce nghién ciu va trang thdi oxi héa cia
ching : Cu(r) ; Cu® Cu,Of(r) ; Cu?t ;' Cu(OH)s (r) (twe liéu 19).
Cu (I) 1a chdt oxi hoa - khir luong tinh va vi thé c6 kha ning di li.
Chu y : Bdng (I) hidroxit Cu(OH) khong tdn tai trong dung dich, vi n6 tw
loai nucc mot cdch tu phdt dé cho oxit tuwong ting bén hon theo phuong
trinh — can bdng :
2Cu(OH) = Cuy, O + H,O

B Chon ndng do C,

[Cu* ]+ [Cu®* 1< C, =0,010mol.l ™"
B SO liéu & 298K :
e pKy =30,0,d0i véi Cu,O+H,0=2Cu™ +20H™ véi

[Cu* ]2 .w2
Kj=—-—;
: C04
o pKy =20,0,d5i véi Cu(OH), = Cu®** +20H™, voi
244 2
K, =G4 17
S 003

e Cu*/Cu : E{ =+0,52V va Cu**/Cu® : ES =+0,16V.
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{ Tu
cua
CI = U,

lieu 18. Gian do E - pH
kem ¢ 25°C  véi
010moL.l™}, sw chong lén

biéu dé cua nudc.

Sa oxi Phin tir
hoa
dong (II) hidroxit
1 Cu(OH), ()
ion ddng (1) Co’k
ddng (1) oxit Cu,O(r)
1 ion ddéng (1) Cu*
0 doéng kim loai Cu (r)

Tw ligu 19. Cdc phdn e khdc
nhau chita nguyén td dong.




7.2. Gidi han két tua
Mbi gici han k&t tha duge xée dinh bing cdch gid dinh 13 ion dugc xét 12
dii dién duy nhdt cha nguyén 16 ddng trong dung dich ; nhu viy ndng do
cita n6 bing €, = 0,010mol.i L.
B Gii han kEt tha ciia ddng (1) oxit tuong tmg swnghiém ding déng thoi
hai hé thic ;
|Cut I?’ w?
[Cut]=C, v Ky = ——m
i Co4
(id ui gidi han cla o, tre 14 @, vh gid i gi¢l han cda pH; tae la pH
bt ddu két tda dong (1) oxit duge suy ra tir dé ;
0
”2.2— vd pH,=pK, — pOH|
1

W
CT = (Ksl)
Vi € =0,010mol/™", pOH, =13,0 va pH; =1,0

M GiGi hgn két tda cla ddng (I1) hidroxit wrong mg v6i sy nghiém dung
d6ng thoi hai he thie

_ [Cu2+].wz

A2+ N
[Cu™")=C va Kyp = o

Gid tri i han cta o, we 14 @-, va gid tri gidi han cia pHy tiace 13 pH
bt ddu k&t tha ddng (11) hidroxit duge suy ra tir dé :
(125) _ KSQ.CO

Cn CI

V6i €, =0,010mol7™" | pOH, =9,0 v pH, = 5,0
Ta tap hop cic k&t qud rén vio mdt bang (1 fidu 20).

7.3. Nghién ctu cép déng (1) / déng (0)

B Gita pH = 0 vi pH = 1, dang (rdi clta ddng (1) 1a jon ddng Cu™; ta vidt
ntta phuong trinh clectron cia cdp dong (I)/ ddng (0 & pH =0 vi cong
thirc Nernst tuomg (mg
+.
Cut +e” =Cu va Ey=Ef + 0,059.1-::@&0J
¢
Trén ranh giGi gita vung cia ddng (I) v vang cha dong kim loai,
[Cu™}=C, ; phuong trinh cfia dudng ranh gidi véi G = 0,010moLI™! 1a:

C
E; = +0,52+0,059. log—é = +),40V
C

B Véi pH 2z pH, dong (1) oxit ¢6 mit ; trong dung dich bao hoa, ndng do
Cu™ duoc ¢d dinh bdi tich s¢ tan cia Cu-O :
S
[Cu™]_ V& B y1-pH
¢” K. ¢°
Bidu thie ciia £ tde 13 £} suy tr dé ra :
' K, h
E =£° +0,059.l0g Y [ 2
Cu*iCu K ©
Tac 1 : E'y =+0,46—0,059.pH(V)

[
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I icy? | cu?t |Cu(OH),

1 CU+ CUQO CUzO

¢ Cu Cu Cu

Tu lieu 20. Ban chdt cde phdn 1
iy theo pH caa dung dich.



7.4. Nghién curu cap dong (l1)/déng (1)
W Nira phuong trinh electron ciia ¢ip nay vicong thic Nernst tuong (ng 1a ;
[Cu™]
[Cu™]
8 Trén runh gidi phan chia ¢dc vang oroi cha cic jon Cu™ vi Cu* nong
do cla chang bing nhau [Cu:2+ 1=i{Cu*)= G /2, viy
Iy =5 =0,16V ,
B V6i pHy < pH< pHy . chi ddng (1) oxit ¢6 thé @n tai ; trong dung dich

Cu™ +¢7 = Cu® va ky = B +0,059.1og

bdo hoa, ndng 4o Cu™ duye o dinh bdi tich s3 tan K,; :
iCu'] _JKa &

o - ey
Hon nim, ndng 3o Cu™ gidm rdt nhanh khi pH ting tir pH; . Viy ta coi
:Cu®¥]=C —ICu* =G, .
Bidu thic cia s tic 2 By suy ra L do -

s

, K‘ RIS o S K. C Ko

by = EX +0,05F).I()g—L,ILU_ e . ES +0,059.Jopg —¢ =t
JKG & h Vs 0

G 298K, voi €, =0,010mols : E'y =0,10 +0,059.pH
mO pH> < pH, dong (1) oxit va dong (It) hidroxit cling tdn tai : trong

=107t

dung dich biio hoa, ndng do Cu™ va Cu* duwge ¢o dinh bdi cdc tich sd
tan K vi K e

it
(Cu®) _ Ko -ty ICu™*]_ Ky [ﬁj

o
C() K @ ¢ &) C() KG

CQ

Bicu thie ctia £5 e (3 £y suy tirdo ;

E = ES + 0,059, log—s2__ [ f J
Ky K,

E; =0,69 - 0,059.pH(V)

7.5. Vé gian do va két luan

Gidn do thu duwoe dwe trinh bay & fie ligu 21,

Céc duimg cong bicu dién £) va £5 thee pH cit nhau & pH = 3 5 gii i
chung cda ching khi do 1a : + 0,28V,

Vi pH < 3, ving trdi chia dong (1) so vdi dong () vi viing ol cda ddng
(1) so vt d()ll}__ (Il) tach ri nhau : trong viing niy cia pH, khong tdn tai
M1 gid tri ndo eda the cho phép déng (D) 1a phin Wr irdi. Ddng (1) néu lie
ddu ¢6 milt s¢ xdy ra phin img di i theo can bing :

2Cu (1) = Cu (1D + Cu(D)
Vi vly, & ving niy cia pH c¢in nghién ciu lai he vi chi xét ddng (0) va
dong (11).

7.6. Nghién curu cap dong (11) /déng (0)
B Nir phuomg trinh electron el cip ndy vh cong (hire Nernst tuong (mg F

0,059 [Cu™|
5 Jdog

Cut 420 = Cullt) va FEy=F£5+ -
¢t
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A EV)

0,40

0,164

Tu liéu 21. Gian dé E -pH tam thoi caa déng vei T liéu 22. Gian do
C, =0,010mol.l™Y. Chi cdc phdn tr bén dupc mang

C, =0,010mol.r"".

E - pH cua déng (voi

sang. Ta chi ¥ la ion Cu™ khong co mdt trén gian dé
nhung dong (1) lai dugc biéu thi bing chdt rdn CuyO;
su ddt chéng lén biéu dé  cua nudoc.

W Phii xdc dinh £, the ticu chudn cta cip Cu®*/Cu khi bict cdc thé
titu chuén cla cic cip Cu'/Cu va Cu*t/Cut. Dung cong thic
(VIIL. 2) ta dugc ;
:O =)
-0 _ _cu*ict Cu*/Cu
Cu®*/Cu 2
= E$ =0,34V

O 298K : 2

Cu™/Cu
B Gira pH = 0 va 3, phin tr duy nhdt twong tng véi ddng (11) 1a ion ddng
Cu”* ; trén ranh gi6i gitra ving ctia ddng (I1) va ddng kim loai, [Cu2+ ]=G.

Phuong trinh cta ranh giGi nay, voi C, = 0,010mol.I™!, 1a :

E; = +(),34+¥.10g‘% =+0,28V

¢
Vige stra lai gidn dO dan o1 o ligu 22, trén gidn d6 nay vang 6n dinh
nhi¢t dong cua nudce cang duge chira .

7.7. Giai thich

7.7.1. Do bén ndi tai cac phan tu clia nguyén té déng

Vi bat ki pH nao, dong (0) va dong (I1) ¢c6 mot vang trdi hay vung (6n
tai . Nguoc lai, dong (1) chi biu thi bdi "Oxit ddng hoa tri mot" Cu,O
(rwliéu 23 ).

7.7.2. B bén céc phén tir clia déng trong dung dich nudc

V@i bat ki pH nao vang ton tai cha dong kim loai va ving 8n dinh cda
nudc ¢6 mot phin chung : ddng kim loai ¢6 thé tdn tai mdt cich bén khi
ti¢p xuic voi dung dich nude. Ngay cé cic dung dich axit (v6i diéu kign
anion khong ¢6 tinh oxi hoa — axit clohidric, axit sunfuric lodng vi ngudi,
axit axetic) cing khong thé oxi hoa kim loai dé thodt ra hidro : dong 1a
mot kim loai quy.
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gach cla
déng (1)
oxit

i \ nudc Fehling vai
. vai giot andehit

Tw liéu 23. Nudc Fehling la mot
dung dich bazo chia ion ding
(11) tgo phiic véi ion tactrat cé
mau xanh. Pun néng hén hop vai
ml cua nudc nay voi vai giot
andehit lam xudt hi¢n két tia mau
do gach cua dong (1) oxit Cu,O.



Chi ¥ : Ngwoe Ial, axit nitric ¢0 kha ndng oxi hoa kim logi déng ; chat
oxt héa tdc dung khi @6 khong phai Id ion hidro ma Ia ion nitrat
( E°(NO3/NO) = 0,96V). Ta thu duoc (nite monooxit) NO thodt ra khi
1i€p xidc voi oxi cia khéng khi, khi nav bién ngay thanh (nite oxit) NO,
(mau ndu). Chinh phan tmg niry dupc thue hién trong thudt khdc bang
dung dich nuoc cudmg thay.
7.7.3. DG bén cac phan ti clia déng trong dung dich

nudc thoang khi
Néu dung dich 1i€p xiic véi khong khi, ddng kim logi ¢6 thé bi oxi hoa
bdi oxi cia khong khi ; _
B (¥ moi tndmg axit, sir oxi hoa kim loai lam cho dung dich ¢6 mau xanh
bdi sur ta0 thanh cdc ion Cu”" theo phaning cla phwong trinh - cin bing:

1/205 +2H;07 +Cu — 3H,0+Cu®*

m J moi fridmig trung tinh hodc bazo, sir oxi héa kim loai dién ra theo
phuong trinh :  1/205 +H20+Cu - Cu(OH)y

» Luyén tap : BT 16 va 17.

8 Ung dung vao thay luyén kim

Luyén kim truse hét 13 ki thudt diGu ché cic kim loai tir cdc quing cGa
chung. Do tinh chit oxi héa cha khi quyén trdi d&t, cdc quing thuomg chira
cic nguyén (8 kimloai & tryng thii oxi hoa : phiin 1én quing 13 cac oxit, cic
sunfua, che clorua hay cacbonat. Vé mit héa hoc, viée ¢he bién cic kim
loai nhu vy 12 sy khiy, nhur didu ta d3 thiy & chuong 7. Cic quing noi
chung la céc hop chit phire hop, viée thukim loai thudmg doi hdi nhidu giai
doan ; cdc giai doan dién ra & pha nude 1a phuong phép thay luyén kim. Ta
trink bay phuong phip nay trong truong hop cla kém, phuong phap didu
ch& dim bio 90% san luyng cla thé gidi vé kim loai nay.

Phuong phip thily luyén kim dién ra qua bon giai doan lién tiép gém

* hod tan bing axit, g¢i 12 sy ngam chiét ;

¢ két tia cdc ion sat (I11) hodc sat A0 ;

« lam sach bing cich ding kém kim loai dé khit cic kim loai tap chat
(cementation}.

» dién phan d& 14y kim loai rit sach.

8.1. Su ngam chiét

Dinh nghia : Ta goi s ngam chiét 13 sy phan hiy quing bing mot dung
dich nudc, thong thwrdmg 12 axit hodc kidm.

Sy ngam chict dugc thye hign trén nhidu quing : ddng, kém, urani, nhom.
Céc quang kém sunfua (quing k&m) khi thidu dot s& tao ra kem oxit ZnQ
hon hgp vai cdc oxit kim loai khie £ cde kim loai quy va bin quing. Hon
hop nung thiéu nay duge xr i bing dung dich axit sunfuric (180 dén
190 g. 11, wic 12 vao khodng 2mol~!). Swhoa tan dugc thyc hien & 55
deén 65°C, nhi¢t legng do sy hoa tan cic oxit dem lai.

Kem oxit chuyén sang dung dich theo phin tmg :
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Zn0+ 2H;0% - 70" +3H,0
Cac oxit kim logi khdc ¢6 trong hdn hop nung thidu cting chuyén vio dung
dich trir chi oxit cho chi sunfat rdt it tan (pK = 7,8) . Cac kim loai quy nhw
vang vi bac cing nhu bin quing noi chung khong (an. Sy hda tan ZnO vi
cac oxit khic tiéu thy axit va nhw vy pH tang,

8.2. Tach loai ion st (1ll)

Trong qué trinh ngém chit, moi trudmg trd nén oxi hdéa do phin khong khi
dua vao hodc do dua thém mangan oxit hay kali pemanganat vao. Cach
lam nay ¢ vai tro chi yZu la oxi héa ion Fe* thudmg ¢d mit thanh ion
Te* (xem § 3.5.3). Mot trong cdc khd khin ¢t phuong phép (hiy luyén
kem, d6i voi cie quing gidu sdt vin Khai thic dugc hién nay, 1a & su tach
loai ion sdt (111). Do pH ting, sit (111) hidroxit Fe(OH)3 két tha ngay khi
pH cao hon 2 (xem §2.3). St (I1]) hidroxit ¢6 thé duye tach khoi dung
dich bing cich ling gan. Nhumg néu mudn thu héi 61 da ion Zn** cita
dung dich trong cong nghi¢p thi ¢dn loc va rira k&t ta. Tuy nhién sdt (111)
hidroxit 1ai rat kho loc, n&u khong noi 1a khong thé loc duge theo phuong
phip cong nghiép. HE gidi quyct kho khin nay, nhidu quy trinh duge su
dung cho phép thu duge kEt tha phie tap hon nhung dé loc : dung dich thu
duyc chia it hon lg.i_l nguyen 18 sit. KEt tha duoge loc chira cic tap chit
khac nhur chi sunfat. Sy khir bing kém v2 sy dién phan sé dugc nghign
¢t trong chuonag sau, sau khi nghign ciu dong hoc cic phin ing dién hdéa
hoc.

» Luyén tap : BT 16.

DIEYU CAN GHI NHO

N Cho ciip oxi héa - khir Ox; /Khy ding r electron trong mia phan iing khir theo :
aOx, +ne” +mH} = fKhy +gH,0
+ Cang thire Nernst taong ting li :

o
2,03RT m . ZLIBRT = (agy)

E=F°-
F " P nF )ﬁ

(al(h

¢ Entanpi tw do chuiin ca nia phan ing khir 4 o Gy , lien h¢ vivi the tiéu chudn cia né béi:
Ay Gf = —ny F.E}

m CAC GIAN B0 THE - PH

+ Dinh nghia

Gian d6 thé - pH cho phép xac dinh trén mit phing (pH, E), cdc vung troi cia cdc dang tan

khac nhan va cdc viing ton tai ciia cac pha ngumg tu ¢ the ¢d turng ing vt cic trang théi
oxi hoa khac nhau cia nguyén t§ duye xét.

¢ Cac budc xay dung gian dé
® Xic dinh cac phin tir duwpe xét 3é lap gian dd cia nguyén td nghién .
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» Phan loai cic phan tir theo s6 oxi hoa ting ; tir d6 suy ra cic cap khic nhau cin nghién

ciiv ¢ pH = 0 va viét nia phuong trinh electron, sau da ap dung cing thue Nernst tuong
ting cho timg cip.

® Vi timg muc oxi hda, xic dinh cdc gid tri pH gigi han cic vong ton tai hodc vung trai ; dé
lam vigc nay, ding cic hing 0 can bang twong ung : K, cho cdc can biing axit - bazo ;
K cho cic can biing hoa tan, va cac hiing 56 tao thanh 8, cho céc can biing tao phuic.
* Sau d6, dya vao cong thic Nernst va cic quy ude di chon, lip cic bign thién thé cia cic
ciip khac nhau theo pH.
® V& cic dwirng thing tuwng ing khi 1ap phuong trinh ¢da chiing,
* Kiém tra xem mdi muc oxi héa c6 mgt ving tin tai hay ving trdi khong. Vdi cic trang
thai oxi héa trung gian, cin xdc minh riing méi muc 13 trgi ddng thei so vai muc cao hon va
muc thip hon,
Mot chat oxi hoa - khir luing tinh Y 14 mot chit thuge vé hai cip oxi héa - khir va dong vai
tro la chat oxi héa trong cap nay (cip ¥/X), va chat khir trong ciip kia (cip Z/Y). Néu tin tai
mdt khoing pH sao cho Ey;y cao hon Ez;y, cde viing ton tai hoidc vang troi ciia ¥ tich
roi nhau, ¥ ty di li cho cac chit X va Z. Khi dé phai nghién ciu khoang pH tuong ting cia
cip oxi hoa - khir mai Z/X.
Thé tiéu chuin cia ciip Z/X c6 thé dye tinh tir cac thé tiéu chudn ciia cic cip Z/Y va Y/X :

Y+me —— XE{ ; Z+me” —Y Ef 3 Z+y+mde —— X EY ;

m Bl +ny B} =(ny +1y).E3

* Sau cing, chi ra cde chat troi ¢ cac viing Khic nhau trén gidn d6 da chinh lai. Thwing ta dit
gidn d6 cia nuc chong 1én gidn dé da 1ap ; bao gi cing phai chi ra gid tri C, duyc ding,
. Su dung gian dé £- pH
Khi he & can bing, tat ci cic cip oxi hoa - Khiy 6 miit c6 cung mot thé : vi vay, hai chat
thude cac ciip oxi héa - khir khidce nhau nhwr vay chi ¢6 thé cing tdn tai n€u tén tai mot gia
tri pH tai d6 thé oxi héa - khir cda hai chit c6 cung gis tri, nghia Ia n€u cic vang troi va
ving ton tai cia chiing ¢6 mot phdn chung. Cac gian db thé -pH cha thay ro cic phsn ung
fie nfién gita cac chat cia mot he,
. D6 bén cla dung dich nudce cla cac phan t
Choéng gidn dé cia mot nguyén to len bién dd twong 1ing véi nuve, ta co thé xdc dinh xem
mot s6 phin tir duye xét nao do cé thé phan img véi mmve khong, hofic oxi héa nuve
{thuwrng thanh oxi), hodic khik nuvée (thwyng thanh hidro).
¢ D6 bén cla dung dich nudc thoang khi
Néu dung dich ti€p xtic vii khong khi, mgt s6 chat co thé bi oxi héa bii oxi ; khi d6 phai
tinh dén dp suat cda oxi, gan nhw khing déi va bing p® /5.

m GIAN PG CUA CAC KIM LOAI THONG DUNG

Cic gidn do nay néu bat cic tinh chat sau

» Cidc dung dich nuve oxi hoa sit va kém dén trang thai sit (II) va kém (II) cho thost Khi
hidro. Dong khéng bi tic dong bii nuve va cic dung dich axit ¢6 anion khong oxi hoa ;
dfmg 1a mot kim loai guy.

oKhi cé miit oxi, siit , kém va ddng cé thé bi oxi héa,

¢ Kém hidroxit la chat lwong tinh.
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Bai TAP

Cdc 56 ligu cdn dé giai cdc bai 1dp (khéi luong mol
aguven 1, cdc thé tiéu chudn} thm & trong cdc bang
coa phy e

. s _ . .T
N6i chung, nhiét d6 10 25°C va ta se idy - RT.ln(lO)

= (LO6V hay 0,039V 1y muge d¢ chink xde véu cdu.

Ap dung truc tiép bdi gidng

1 sa dung cac sd oxi hda

1) Céan bing cac phuong trinh sau biing cich ding cac
s0 oxi hoa, phin tich cdc phin tng trong tng : phin
tmyg nio 14 oxi hoa - kKhi ?

a) CusO+CusS 5 Cu+S05; b) Ag™ +17 — Agl
¢) 2NH3+ 03 5> NO+H,0 ; d) CO; +C - CO
) Fe™™ 417 5P 4 Iy}

f} NH; + H,0 -> NH} + OH ™.

2) Dua vao ¢ic s0 oxi hoa, xdc dinh $6 electron sit
dung trong cic nira phdn g cla cdc cdp sau, rdi viét
cic nir phuong trinh

a) NO3 /NH; ; b) PhO, /Ph?* ;

¢) SOF/H,S 1 d) 05/H,05.

3) Viét cong thire Nernst trong tmg vii cde cap khic
nhau & cau hdi (2).

9 Coéng thirc Nernst

Tinh the cla mdt dién cye so voi dién cyc hidro ticu
chudn

a) buc, rong dung dich bac nitrat 0,10 mol. = ;

b) sit, trong dung dich mudi Mohr 0,25 mol. [ ;

¢) dong, trong dung dich ddng (11) sunfat 1,0 mmol, ! ;
d) platin, trong dung dich chir 0,10 mol, 171 siic (1D
sunfat vt 0,20 mol. /™! st (111} sunfat ;

¢) platin mya, tong dung dich kali clorua &
0,50mol. {71, dui dp suit clo 1a 2,5bar.

Mudi Mohr ¢ cong thie : (NH4)> Fe(S§04),.6H,0 .

14-HH -2

3 Tinh céc hing s8 can bing oxi héa -
khir tor £°

Tinh cic hing s6 clia phan ing oxi hda - khir sau ; k&t

lujn :

a) kim loai bac v axit nitric ;

b) kim loai bgc vi ion dong (11) ;

c) kim foai dong vi axit clohidric ;

d) ion ddng (I1) va ion sit (3} ;

¢) ion pemanganat va kim loai sit.

Chit y : Trong mdi trudmg hop, viet phuong trinh ¢o

cde he 0 hop thie nguyan don gidn nhit.

£ sy djli tir E°

1} Nghién ciu sy di §i ¢6 thé cta dung dich cobun (11)
clorua 0,10 mot. /7!, pH = 0. Tinh thanh phén & can
hilng.

2) Nghign ctu sy di li ¢c6 hé cha dung dich natri
clorat Na* + ClO3 0,10 mol. /™! Tinh thanh phan
& ¢an biang véi gid dinh 13 mot lugng du axit sunfuric
gitr cho pH khong ddi va biing 0.

S ligu :

E(Co**/Co) = -0,20V; E°(Co™/Co™) = + 1,80V,
E”(CI0Z/C107 ) = +1,19V; E°(CI07/HCIO) = 1,43V,

5 cac vung trdi va vlng ton tai

1) Crom ([1[) hidroxit Cr{OH) 1i juomg tinh va it
tan; chal nay tham gia vio hai cin biing :

Cr(OH)3(r) = Cr’* + 30K v6i pK, = 30,0 ;
Cr(OH)3(r)+ OH™ =[Cr(OH),|™ voi pK = 04,
Ving 16n tyi cta Cr(OH)3 {r) 13 vang nao trong dung
dich crom (11F) nitrat 0,10 mol, /7

Vang trdi clia ion crom (1) Cr®* la ving nao?
Viang  troi tetrahidroxo (101}
[Cr(OH)4] 7

clla  ion cromit

2) Bifu dién néng do cta ion crom (111) Cr** theo
pH trong dung dich trén,
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O Tinh E° tw cac E° khac

1} Xdc dinh the tiéu chudn cda cap Feot fFe.

2) Xic dinh thé ticu chudn cGa cip NO3 /NO,

3) Xic dinh thé 1iéu chudin cda cip CIO7 HCIQ.

S6 ligw . E°(FeM ety = 0,77V

O(Fe™t/Fe) = - 0,44V 3 £°(HNO,/NO) = + 0,98V
EY(NO3/HNO;) = +0,94V ;

EN(CI03/CI03 ) = +1,19V; EY(CIO3/HCIO) = 1, 43V.

H O 4 o
7 Tinh E° tr 4,,G
P . N .2
Xic dinh thé ligu chudn cha cip Fe* /Fc?t
. N . cat - N 2
mei trudmg xaanua biét rdng Fed* v Fe** déu Lao
thanh ¢dc hop chit hexuxianua véi cic hiing 56 tao

thanh tdng quit B¢ twomg dng 1a 10° v 1024 -

trong

1) bing cdch st dyng hi thirc gitra the ticu chudn va
entanpi urdo ;
2} biing cich sir dung tinh lién tyc cfia thé,

8 Thé tisu chuan bidu kién E°* = fpH)

1) Xét cip Mg2+fMg (r) : (r) chi ra riing do 1a cdu wr
& trang thdl rin.

G 298K, E° (Mg®*/Mg) = -237V. pK, cla
Mg(OH)» 12 11,0.

a) Xdc dinh the tidu chudn cu cip Mg(OH), Me(r).

b) Tir d6 suy ra bidu thic £°°, the chudn bidu kién,
cla cip Mg(1D/Mg(0) theo ham cia pH. Vé duong
bidu dién twong mg.

2) Xét clip S/H5S ma the chuin & 298K biing 00,14V,

Céc hing s axit cla HpS twong tmg véi pK,; va
PK42 ldn luot bing 7,0 va 13,8,

a) Xic dinh khodng pH tuwomg tmg véi cac vimg i
cla cde dang khic nhau ¢da hru huinh (-11).

b) Vit cong thire Nernst cho ¢iip S/ HaS v tir d6 suy
ra cic the ticu chudn cha cip S/HS™ va $/8%7 . Tir
do suy ra bifu thire thé tidu chudn hicu kién cha cip
S(O)S(-II) thco ham cna pH. VE dudng bidu didn
treng img.

D kign : The tiéu chudn bidu kien caa mor cdp I thé
caa odp d6 khi 14t c& hoat df cia cdc tharh phén
bang don vi, trie ndng do ciia ion Hy0" |

QD Lap gian dé £ = fpH) cla nguyén td xeri
Lip gidn 86 £ = fipH) cha nguyén 18 xeri doi voi
ndng do ve bing 10mmol. /!

Sa ligu : EX(Ce™iCe) = 2,33V

EO(Ce™1Ce™) = 1,74V 5 Ce(OH)3(r) : pKy =21;
Ce(OH)y (1) pK» = 50.

10 Poc gian dé E = fipH) cla nguyén t5
thly ngan

Tu ligu cho sau day trinh bay gidn db £ = fipH) cla
nguyén (& thity ngin & 25°C. N6 duge ve v cdc
quy e sau

« ndng d¢ Ong cong cic nguyén tlr thity ngan hoa
tan, C; biing 10mmol. /! khi khong co pha rin :

- ranh gidi gitra cic phin I tan twomg fmg véi sy
bing nhau cla cdc ndng d6 nguvén nr clia cic dang
chira thay ngén ;

»  chi x¢t bon phdn 1 sau ; thdy ngan kim loai Hg
(Iéng ngayén chat), thiy ngan (1) oxit HgO (rin
nguyén chil), ion thiy ngan (11} Hg2+ (trong dung
dich) va ion thity npan (I) Hg3™ (trong dung dich) ;

» 13y (RT/F).In10 = 0,06V,

1) Xéc dinh tmg vung dugye ki higu tir A dén D, va
xic dinh do 1A ving 8n dinh hay vang rdi cta phin
tr dusye xét.

Sau ddy, moi phdn tir s¢ duoc chi ra trong bdi bing
chir ctig vang twong ing.

2) Xdc dinh cde the chudn cta £ va £y cda cdc cip
HedDy/Hg(1) va Hp(11yHg(O), dua vio gidin dé.

3) Viél phuong trinh ¢in bing cla phin img 4 — D
va xdc dinh tich 0 tan (wong tmg.

4} Do dde cha ¢ic doan 4 v 5 12 bao nhidéu ? Xic
minh sy phit hgp va6i gidn do.

5} Cin bing phuomg tinh oxi héa - khir: 8 = C + D.
Dua vio gidn d6, tinh hang s6 cin bing K cda
phuong trinh,

6) Bicu dién cdc duong thing A v A’ pidi han viing
on  dinh  cla  nuwie v quy e
plHy )= p(05)= P,

a) Kim loai thdy ngin c6 bi tic dyng bdi mot axit
mynh khong ¢6 tinh exi héa ahu axit sunfuric loang
hay khong ?

b} C6 tdn tai mdt phin tr co thé oxi hda nuge khong?

cdc
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¢) Céc phan tr ¢6 kha nang bj oxi héa bdi oxi cia
khéng khi 13 nhitng phan tir nio 7 Viét cic phan img
oxi hoa cd thé 3 pH = 5.

& E(V)

1.0
0.9+
0,3
073 —
0,77
0,6

9,54

0.4
0,34

11 poc gian dd6 £ = fpH) clia nguyén t& clo

T licu dudi day trinh bay gidn dd E = fipH) clia nguyén
td clo & 25°C . N6 duge vé theo cic quy ubc sau :

« ndng d5 (dng cic nguyén ti clo trong pha nudc
C; bﬁng 0,10 mol. L :

» ranh gidi giita cAc chit tan tuong (g v8i sy can
bang ning dj nguyén it cua cac dang chiraclo ;

» chi xét bdn phin W sau : clo Cl, trong dung
dich, axit hipocloro HCIO, ion hipoclorit ClO™ va
ion clorua CI™ ;

e lay (RT/F).In10 = 0,06V,

1 E£i¥)

1) Xac dinh timg viing duge xac dinh vi tri 6f A dén D ;
x4c dinh s oxi hoa ciia nguyén (5 clo trong titmg ving.
Sau ddy, mbi phin ut sé duge chi ra trong bai bing
chil cita ving riong ing.

2) Dya vho gidn 86, xac dinh cac thé tidu chuan £
v ES cilia cic cip A/B va B/C. Tir do6 suy ra thé tigu
chudn cia cip A/C.

3) Viét phuong tinh ¢an bing cha phan ing A — D
va xac dinh hing s can bing tuong dng.

4) Do dbc cha cac doan 1, 3 vi 4 13 bao nhigu ? Xac
minh sy phil hop véi gidn db.

5) Can bang phuong trinh oxi héa - khir: B = A + C.
Dyta vao cac thé tidu chudn, tinh hiing s6 can bing K.
6) Nudc Javel 1a mdt hén hop duge gia dinh Ta déng
mol cla natri clorua va natri hipoclorit.

a) Vi C, = 0,10 mol.I”! thi pH 12 bao nhidu ? Thé
oxi hda - khit cia he 12 bao nhidu ?

b) R4t khdng nén axit hoa dung dich : xac minh nhfn
xét nay bing viéc md ta didu gi xay ra khi cho thém
mdt lugng du axit manh.

¢) Khi cho thém nudc Javel vio mét dung dich sit
(II) sunfat vira mdi didu ché, ta quan sat lhéy sur xudt
hign clia mdt két tlia mau nau. Gidi thich quan sat nay
bing cach dit chdng 1én nhau cac gian dd E - pH cla
cac nguyén t6 sit va clo. Viét phuong trinh - cin
bing clia phan (g,

192 Lap gian dd E = fpH) cha nguyén 13 iot

Ta quan tam dén tinh khir ctia ion 1~ trong dung dich
nude, & 25°C cho cac gia tri thé tiéu chudn cha céc
cip: /17 : Ef =0,62V; 103 /1, : ES = 1,20V.
1.a) Viét cac phan fing electron tuong (mg vai hai cip
nay. Biéu difn thé tizu chudn bicu kién £ cia ting
cdp theo ham ciia pH.

Dura 1&n ciing mot gian dd bién thien E°° = fpH)
cua mdi ¢ip.

b) Chitmg minh ring tiy theo gia tri pH cia dung
dich, sy oxi hoa céc ion I” ¢6 thé dan 5 hodc I
hodc 103.

Hoan chinh gian ¢ E°* = ApH) trong viing pH ma
Ity oxit hba trre tiép thanh 1073 .

2) f’ip dung :

Im moll™, 1mmol 103 va Immol xut,

Ta cho vao trong 'mdt lit nudc

a) Tinh gia tri thé can bing cha dung dich.

b) Ta axit hoa dan dan hén hgp trén cho 15i khi thu
duge pH cudi bing 2.

Phin g oxi hoa - khi¥ nao xay ra ? Biéu dién va tinh
hiing s§ can bing tuong lng.
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Nong d6 cin bing ciia cdc chat 103, Iy va 7 labao
nhiéu ?
Tir d6 suy ra gia tri the can hing ca dung dich.

1 3 Tinh bén cla nudc

1) Ve gidn d6 £ = fipH) cho cdc cip oxi hoa - khir
¢fa nudc trong truomg hep G = 0,1 mol. /™! va F =
1,0 bar.

¢ Cic thé oxi hoa - khir tiéu chudn ;

H3O"/Hy 1 E® =0,00V; Oy /H,0 : E° =1,23V;
03/H;0: E° = 1,50V ; Hy0, /HA0 © £° =1,78V.
» Cian bing : Hy0, =HO3 +H™, pK, =11,63.

2) Gidn 46 duge chia thanh cic vung khic nhau : chi
rd ¥ nghia ctia mdi vong, dic bigt ving 6n dinh clia
nude.

Chi ra trong nhimg didu kién ndo cia pH hoiic cia thé
c6 thé oxi hoa hoidc khi nunge,

3) Cho céc the oxi hda - khir ticu chudn cha céc cip sau:
NiO; /NizQq : £ =144V ; B /F™ 1 EY =287V,
Na"/Na: E® =-2,71V.

M0 td sy bién hda clta cdc cip oxi hda - khir khi ¢6
midt nudce.,

14 Tinh bén caa dung dich nudc clia
hipoclorit

1) Thé oxi hoa - khi¥ (tinh bing V) cfia hé oxi hoa -

khit C1O™ /C1™ duyce cho bdi biéu thac

. 1CI0 ]
bCIO Il = 1,67 - O,UﬁpH + 0,061()g E‘l‘:‘i—*

a) Viét cin bing oxi hoa - khir ong tmg v6i hé nay.
DPua 12n gidn dd £ = fipH} cic cin bing oxi hoa - khir
khic nhau cla nixye dudng cong bidu dién cdc bign
thien £ (CIO™ /CI7).
'Thdo ludn tinh bén c¢la anion hipoclorit CIO™ trong
dung dich mric.
b) Tinh hing s& cin biing cGa phin ing :

ClIO™ —(Cl™ +1/20,.
K&t ludn £i co thd it ra tir d6 ?
2) Thye t€, trir khi ¢6 mit céc chil xde the { MnO,,
NiO5 , CoO5 ) hay dudi tic ddng cha dnh sdng, nude
phén tng rdt chim véi hipoclorit,

a) Truge het chi ra nhimg oxit nao cla coban phin
ing voi nudce (vii cde dung dich mi 7 < pH < 14).

b) Dy ki€n sy bign hoa cla dung dich hipoclorit khi
cé mil coban oxit CoQ. Chi ra vai 1d xic tic ca
CoOs.

S&'ligu : E° (Co01/C0,03) = 1,48V ;

EY (C0y02/C0304) = 1,02V,

E° (Co304 /Co0) =0,78V;

E° (COOE fCOgOg) = 1,48V,

15 + boc cac gian d6 E = fipH) va s
dung

bé nghién cifu mot & tinh chat ¢l vanadi vi ¢dc din
xudt clla no, ta dung bicu dé don gidn dudi day, duoc
ve & moi ruomg axit : thé £ = fipH) cla vanadi, V(1)
lien hop véi cide phin W tan trong nudc v, v
VO3 va VO* (méi phin i ¢6 ndong do 0,1
mol. /! ) v vai cde hidroxit rin cda ching duge lin
lugt danh ddu 1a (1), (ID), (1I1) va (1V),

AP | vOi/ | vOTTs | v | v | Outk)
VOt i v Viny | /1LO
E* (‘r] 1,00 0.36 -0.25 - 118 + 1,23

1) Vi#t cong thie cha cdc hidvoxit (I, (IT), (II11) va
(1V). Hoan chinh (vad xd¢ minh) eidn dd cho sin,
bang cach bi¢u thi mdi chil trong vang i cia né.
Tinh cdc tung d¢ ¢fu cac diém A, B, C vi G ; x4c
nhén trén @6 thi. Chimg minh ring cic duomg thing
BE, CF, GI vi HJ la song song.

=02

- 04

_o‘s...
_]bﬂ_

-1.2-
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2) Ta nhin thdy hidroxit twong tmg vei ion c6 6 oxi
héa cao nhdt ¢6 mau dd pach,
a) Tinh (ich s6 tan K, cta nd, ctng nhir cda ba
hidroxit khic.
b OpH=201 nang din din the cla dung dich ion
V>*. Tir thé biing buo nhiéu s xudt hien kat tiia do
gach ?
3) Cac oxit vanadi (V,0,), twong tmg v cic
hidroxit {I), (11}, (III) va (IV), thyc ¢ chiém cic ving
cla cdc hidroxit nay. Viét cie cong thic (V-0,) ciia
bon oxit : {I'), (11, (11T va (1V"). Oxit nao 12 bén nhat
khi ¢6 it cia nuve ?
4) Theo gidn d6 F -pH, vanadi ¢ phai 13 mot kim
loai "quy” khong 7 Gidi thich thé nao hién tugng hiu
nhu khong ¢ phin Gng cia vanadi ¢i doi véi aude
13n 46 vai axit clohidric loang ?
5) Hidroxit trong tng véi ion V=F phin ing tryc
tidp vé&i nude. Visao ? theo phin img nio 7 Ta ¢6 tim
dugc hidroxit ndy trong ty nhién khong 7

(Theo Centrate M, 1995),

VAN DUNG VON KIEN THIEC

* %k . o o
1 6 E = fpH) cua nguyén td nito

Trude tén, ta dat nhi¢m vy vé& gidn dd the -pH don
gidn hoa cba nito trong dung dich nudc, gidi han & ba
¢hdt : axit nitric HNOj, axit nitro HNO» va nitor
menooxit NO, ciing nhu cdc anion NO3 va NOj .
Gidn do nay sau d6 sé duge dung dé nghién e mot
vai phdn tmg hoa heoc. The ticu chudn & pH = 0 cia
lai ¢dp oxi hoa - kKhir nhar sau :

NO3 /HNO; : E” = +0,94V ;

HNO, /NO : E° = +0,99V.

Dai v6t axit nitro pK, =3,3.

Gidn do the -pH cGa h¢ trude tien duye ve theo quan
diém H thuyét ; ranh gi¢i phan cach hai mién troi doi
VGi céc chit trong dung dich twong vmg voi nong do
mot mol trén lit va doi voi cdc chit khi tuwong tmg vdi
ap sudt 1,00 bar. Gidn d6 1i thuydt ndy dige v vdi
-2<pH<12.

1) Trxye hét nghién ciu midn ¢6 pH < 3,3,

a) Bign minh vi¢c chon mit ¢it nay.

b) Viét cdc bian phuong trinh oxi héa - khit ca hai
clp néu trén. Tir do suy ra chit troi trong mién nay.

¢) Vil cic phuong uinh Nernst lién két hai eap duoc
xét. Dua ra céc phuong trinh ¢la cic duong thing Dy
va Dy tuong Umg va toa do cha giao diém A cia
ching.
d) V¢ gidn d6 thé -pH, hoanh do lcm img v6i mot
don vi pH vi tung d 1ecm ¢ho 0,1V,
€) Xdc 1§p cic mién trgi cha cdc chit, C6 thé suy ra
diéu gi v& do bén nhitt dong clia Mot trong cic chit
nay ?
2) Nghién ctiu twong tz mién ¢é pH > 3,3 vi hodn it
pidn dd.
3) Tir gidn d8 A4y d0, néu ro ranh gidi phin cich chc
mién trdi chia cac chit bén vé nhiét dong.
4. a) Vi cic dung dich c6 trong phong (hi nghigm,
mién niio cla pH ¢6 thé dat toi trén thyc t€ ?
b) Dy kién k&t qua {(hodc cic k81 qui) tic dong cla
axit nitric véi dong bigt ring the tidu chudn cla cip
Cu>* /Cu bing 0,34V,
¢) Thi nghi¢m khic : liy dung dich natri nitrit
NaNO; 1M, axit héa ddn din bing axit sunfuric dic.
Quan sat duye 2i ?

{Theo Polvtechnique M’ 1990,)

17 E= fipH) cua hidrazin ; ing dung vao
mot pin

1) Myc oxi hda cla nito trong phin tf amoniac va

trong phén tf hidrazin NaHy 12 bao nhigu ? Tir do

suy ra tinh ¢hit oxi hda - khi¥ ¢a hai chit nay.

2) Hidrazin ta mdt chit dibazo tan rong nudc ; ta

nghi¢n cttu céc tinh chit cla dung dich nuwde clia né &

298K.

a) Tl cdc 56 ligu da cho, chi ra cdc ving troi cta cac

phin tir khdc nhau thee ham cha pH,

b} Vit cdc phan img oxi héa thanh nito trong cic

ving rdi khic nhau.

¢) Tir d6 suy ra biéu thic the fiéu chudn bifu kién

£ tuong (mg, trong méi mién, theo ham cla pH.

(Nhic lai ring cc gid i £ duye xic dinh véi

P(Na) = lbar vi ndng do cha phin (I trdi trong (img

vung pH bling 1 mot. /1),

d) Dya trén cdc két qui trude, ve gidn ¢6 £ = fipH)

cla hidrazin va x4¢ dinh cdc phén 1 da 6 trong timg

vung ciia gidn dd,
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e) V& (thém dudng thing 77 = fipH) twong img vai he
tiéu chudn bidu kign ctia su oxi héa nude,

3) ‘Trong mot 86 pin nhign licu ngudi ta dimg hidrazin
{am nhién Héu v oxi [am chidt oxi hoa nhién lidy
chdt dién i 1a kali hidroxit (KOH) dic, cdc dicn cyc
khong bi an mon bing bach kim.

a} Cic tinh chit oxi hoa - khir cia nhién li¢u v cia
chil gay chiy 1a gi ?

b} Chi ro mach din dién cha pin nhién ligu ndy. Vi
sa0 ding kali hidroxit Lium chat dién 11 ? Ta ¢ 1hé dua
vio bidu dé vé & ciu hoi trude.

¢) Vi€t philn tmg & ciac dign cye va phiin ung toin bo
cla pin. T d6 suy ra ste dign dong chudn cda pin,
nh¢ ring trong moi truong Kali hidroxit die, cing
nhu APHGO chta phin tmg toin b cla pin.

d) Xdc dinh hi¢u qud cla pin nhign licu ndy, biét
ring, theo dinh nghia, tinh higu qui & 12 G $0 cda
entanpi tr do chu philn tmg wén entanpi cia phin img
toan bd (entanpi co thé coi 1a entanpi chuin).

e) Neuwdi (a mudn ché tuo mdt pin loai nhy vdi ning
lugmg 15kWh

'The tich 16 thi€u ¢ hidrazin éng & 298K phai dung
} bao nhi¢u d& dyt dwye ning huong nay ?

Cung ciu hoi do doi vai oxi, bict ring khi nay dinre
liu rir & 298K dwndi dp sudt 150bar, T4 thiva nhin 13
oxi hoal dong nhw mot khi 1§ twdng.

S&'fiéu & 298K :

o Cdc khéi long rieng - HAO() - p= 1,00 g.om™ ;
NaHg(h) - p=1,01 g.cm™.

o Cide tinh chdt axit — baze cha Rdrazin rong dung
dich NoHEY/NRHY @ pkp, = 03

N,HZ /NyHy : pKy = 7.9,

nuaoe

o Cdc thé tiéu chudn © Np/NsHY @+ EV = - 0,20V

(mgoai suy § pH=0) . 05/H,0  EY = 1,23V vit
pH = 0.
(Thee E.S. EM, 1993)

18 * Gian d6 E°" = ApSCN) clia cac he
thdy ngan

Nhic lai ring (hiy ngdn 1o thanh mdt pha ong
nguyén chit, nén khong tron 1in duge voi moi dung
dich nudc,

Ta x&t rong bii todn nay ba mic oxt hda cha nguyén

to thay ngan

« 53 oxi héa O @ He(ly thay ngdn long khong tron 1in

duye voi nuoe ;

« 50 0xi héa 1 dang nam trong jon thuy ngaa (1)

Hgd*

o 80 0xi hda I1 : dang nam (rong ion thly ngan (I1)

Hg2+.

1) Ton thay ngan (II) Hg2+ tao v ion thioxianal

SCN™ hai phic chit tan duge [H(SCN).] va
2— & . ) k) .

[Hg(SCN)4]' . Cho ¢ic hing s tao thanh 3 cda cic

phitc chit SCN™

Hg?* + 2SCN™ — [Ha(SCN), ] B, =105
Hg®* + 4SCN™ = [HaSCNp |7 py = 107

a) Goi én ¢Ga cdc phie chit nay.

b) Xic dinh cic ving rdi coa ba dang ndi wén rén

mot true chia dd theo pSCN.

¢) Cho vie mot binh bése 50ml dung dich nute cla

thity ngan {11y nitrat 0,05 mol. 17} 1di cho SOml dung

dich mrye ¢ha kali thioxianat 1 mol. /7!, Hai mudi

nay tan trong nuwde va phin li hoan toan thanh cic

ion. Tinh nong do cta cic phan vk khic nhau & cin

biing trong binh.

2} Ton thioxianat SCN™ 130 thimh vdi ion thuy ngan

{I) Hg%+ hop chit Hg~(SCN)» 14 mot mudi it tan,

voi tich s0 tan K = 10717, €6 mot dung dich nunie

thay ngan (1) nitrat ndéng do 1 mol (mudi tae va boan

todn phin li reng mwede), e cho thiém kali thioxianat

rin, thé tich khong thay déi.

a) Ttr 1‘i6ng dd nao cha ion thioxianal G quan sit duge

su k@l tda ciu thay ngin (1) thioxianat ?

b) Xac dinh trén trye chia do pSCN ving On dinh cla

k&l qui nby.

3) Cho gidn dd £Y = fipSCN) cha cic h¢ (hiy ngin
.

[Hg(SCN)Q] vil [Hg(SCN)AY]" {a cde phin G tan ;

Hg»(SCN)s 12 chdl ran va Hg ¢ pha long nguyin

diung dén cic phin tr suu

chit.
Cic phuong trinh cha cic dutmg thing gidi han cdc
vang ri el cde phin 1 tan duye duge tinh ¢ nong

do 1,0 mol./™" ciia ching.
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a) Chi ra sy (wong g gifra cdc chit khic nhau noi
trén va cic chor A vl F,
b) Viét cic nira phuong trinh oxi héa - khir cha cdc
clp twong tmg véi timg duomg dianh s0 tir 1 dcén 7 ;5 (i
do suy ra d doc cha cic dudng nay va xéc minh sy
tuong hop vdi gidn do.
4. a} Viét phuong trinh can bing ctu phin vmg phin
hoa thdy ngan (1) thioxiznat khi ¢ du nhiéu ion
thioxianat,
b) Xic dinh hing s6 can bing K cla phin tng niy
don gidn bing cich doc bidu dd.
¢) 0 25°C ngudi ta cho 10mmol thiy ngan (D)
thioxianat rin Hg, (SCN)» vio 100ml nusce.
o) Phit hoa tan lugng 81 thiu kali thioxianat rin 12
bao nhigu @& quan sit duge sy hoa tan hoan toan cla
thuy ngan (I} thioxianat ?
BY Khi dé the cua 1 dién cye platin nhing rong dung
dich & ¢an bing 12 bao nhiéu ?
Sé'liéu :
e Tu diit pSCN = - log ([SCN™|/¢%) ;
¢ (RT/F).In10 = 0,06V, & 25°C

F=9650kC. mol L.
o Hed* My KO = +0,80V ;

He? /Hes* + £V =091V,

100§ EV)

0,757

0,25 4

(Theo ENSLETA., 1994.)
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Muc TIEU

B Biit cich quy udc vé cic dudng dong -

thé.
B Biét sif dung cac dudng a6 d€ giai thich
su ditu ché kém bﬁng dién phan.

B Biét hién tugng in mon va cac phuong
phap bao v§,

H \Eu BIET GAN c6 TRUGC

B Khai niém 16¢ d6 phan tng ; cic yéu 1d
dong hoc (xem ndim thit nhér).

B Hg thic Nernst ; cic gian do thé -pH
(xem nédm thi nhit va chuong 8).

B Sy dién phan cac dung dich nufe (xem
nam thir nhér).

CAC DUONG
DONG - THE VA
HIEN TUONG
AN MON

2 A
MS dau
Nhu dd chi ra trong chuong triéc, viéc sit dung cac thé
oxi héa - khit va cac gién @6 E -pH va E -pL. tuong img
VvOi phuong dién nhiét dong (i luc +) cia hién tuong
oxi hoa - khit. Cac dy doan rit ra tu d6 con phai digc
déanh gié vé phuong dién ding hoc ; trong phén ing
oxi hoa - khit, su kiém soat ddng hoc 14 rét thuong gdp
va khéng thé thiéu su hidu bidt théu dao cac yéu tb
quyét dinh tbe dp trao @éi cac electron.
Céc trao dbi nay dién ra trong tét cé céc phan ing
oxi héa - khit 1 nhién, va cd trong cdc phdn itng
cudng bitc duge thuc hién trong qua trinh dién phén.
Trong cac phan ting tu nhién thi cac phdn ing dn
mon va su kiém sodt nhiét dong va dong hoc cua
chitng c6 tém quan trong lon vé thuc tién va kinh 1é.
Thuc v@y, ngudi ta tinh moi ndm su dn mon udt pha
hoai khoang 150 triéu tdn sdt thép, tirc 1a khodng 1
phan nam san lugng thé gidi ! Cac hdu gué kinh té
thdt 1a tai hai : thém vio chi phi thay thé cac b
phan bi dn mon g phi ton do ngimg hoat dpng dé
thay thé hodc siza chita ching. Viéc bdo vé sét thép,
va réng hon la moi kim logi ¢ thé bi dn mon, vi vy
la mot muc tiéu wu tién.
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1 Pong hoc cac phan wing dién hoa

I.I. T6c dd phan ung va cudng do

1.1.1. Phan ung dién hoa

Nira phuong trinh v& qua trinh khir dign diic trung ctia mot ¢iip oxi hoa &

khir thuong tuong ung v6i phin tmg gid dinh, vi céc electron khong ton
tai & trang thdi ty do trong dung dich ; nguoc lai, n6 mo t mot qud trinh
thyc dugc 20i 1a phan timg dién héa , vi sy trao ddi electron dién ra trén bé
mit cia mot chat din di¢n rdn c6 thé nhan hodc cho electron (1 liéu 1).

B swr khir
a0xy +nje” ————— SKhy
siroxi hoa

Skn 12 t6c do phdn vmg thudn chidu, va $_; 12 tdc d phan img ngugc
chiu ; cac toc do nay duge cho bdi :

[ 1 dn(()x)) ( 1 dn(Kh)]
Skn =| ———=| =|+=.
oo dt Jkp Boodt gy

va: 9_1230}(:@1@1(0;{)] :(_l_dn(m)]
' o dt Jox B s

Goi £ 1a do tién trién cta phan dmg chung va 9 1a toc do tuong tmg :
ds

d; =(Skn - S0x)

v 1a duong n€u phin tmg chung 1a sy khir ; 12 4m néu phin tng 1a sy oxi
ho6a toan phén.

9:

1.1.2. Tinh cudng dd dai sé

Quy uvce : Cuong do dai s6 1 cia dong dién di qua bé mat tiép xuc
di¢n cuce - dung dich dwoc tinh la dwong theo chiéu dién cuc —
dung dich.
e NEu dién cyc dong vai trd 1a anot, nghia 12 n6 12 trung tam cla sy oxi
hoa, cdc electron do chit Khy gidi phong duge thu vé dién cyc ; dién tich
dg 1a am di qua bé mat tiép xic theo chiéu dung dich — dién cuc va
cudmg do tuong mg v6i sy chuyén dong dién tich ndy 1a duong (e lidu 2).
+ N&u dign cyc dong vai trd 12 catot, nghia 12 né 14 trung tim clia su
khtr, céc electron di tir dign cyc t6i dung dich Ox; ; dién tich dg di qua bé
mit ti€p xic theo chiéu dién cuc — dung dich 1a am va cudng do tuong
tmg v&i sy chuyén dign tich nay 1a am.
1.1.3. Cuong dd va téc do cua phan ung dién hoa
Trong thoi gian dr néu do tién trién ctia phin tmg dién héa 12 dE thi lugng
electron s dung la n;.d§ ; tuwong Umg voi dign tich dai sO 1a
dg =ny.dE.Np.(=e) ; sir dung hing s0 Faraday F = Nj.e, tic 12 :

dq= ~n1.F. (1§

21F

Tw liéu 1. Thi du vé phan ting
dién hoa : su khir Oxy dién ra
trén bé mdt cua chdt ddn dién.

- e

a) b.»{)

Tw liéu 2. Quy wéc dai s6 vé
cuong do dong :

a) muc vimo ;

b) mikc nguyén nk.

Cuong do 1 di qua dién cuc duoc
tinh la duong khi dong dién tré
lai dung dich. Phan ting dién héa
khi do dién ra ¢ dién cuc la sw
oxi héa: dién cuc la mot anot.

Anot la trung tdm cua sw oxi
héa.

Catot la trung tdm cia sw khit.




bign tich dai s6 nay vé mit hinh thic di qua b& madt tiép xuc dién cyc -
dung dich theo chiéu di¢n cyc - dung dich (vi can bang da dugc viét cho
phin img khi) :
E
1 =%=—m.}‘7.~d—“i =—n.F.9=+n.F(9%x - %)
di de
Cuong do dong di qua dién cuc ti 1&¢ voi toc do cia cac qua trinh
dién hoa dién ra ¢ do. Cuing do dong duyc tinh la duong khi no di
vao dung dich :
« I la dwong néu dién cuc la anot, nghia la néu no la trung tam cua
sw oxi hoa ;
« Iladm néu dién cuc la catot, nghia la né€u no la trung tam cia sy
khit :

I=+ n..F. (Jox —%n) = lox +Ixn (IX.1)

1.2. Co ché cua cac phan ung dién hoa

Moi truomg phén tng 1a di thé, phdn tmg xdy ra & gin bé mit tiép xuic
dién cuc - dung dich va nhu vy str dung cdc qua trinh sau (1w liéu 3) :

« chilt phin ung tiép xtc vadi dién cuc ;

« cdc chuyén hoa tip trung trong mot vang dugc 2oi 1a Iop kép va co
thé bao ham nhiéu giai doan : cic phin img hoa hoc nhu sy chuyén proton
hay phdi i, cic phin img bé mit (sw hip phy, sy tao thanh cic tinh thé,
sur idi hip), va chic chin 1a sy chuyén electron dic trung cia cdc phin
umg oxi héa - khir.

CAc san

Tw liéu 3. Cdc giai doan khdc nhau xay ra trong qud trinh phan iing dién
héa .

Tde do chung ctia phin tmg dién hoa phu thude vao tap hop cic giai doan
niy, song song hodc ndi ti€p. Hai trong cdc giai doan nay la bude di bt
budc ctia h¢ phin tmg : do 1a cdc chat phin ung dén gan di¢n cyc va sy
trao ddi electron. Trong thyc (&, ching thuong la cic giai doan gidi han vé
dong hoc ctia phin tmg chung.

1.3. Cac yéu té dong hoc

Céc yéu 1o dong hoc ctia mot phin img dién hoa ctng chinh 1a cic yéu 1o
dong hoc clia cdc phan img di thé thong thudomg : ndng do cta chit tan ¢;,
nhi¢t do 7, bin chit cta dién cuc, dién tich S cta bé mat tiép xuc dign cyc -
dung dich va trang thdi cia b& mat tiép xuc.
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Mot yé€u t0 nira xdy ra doi vdi cdc phin tmg dién hoa : dign thé cla dién
cuc hay dung hon Ia hi¢u so di¢n thé gitra di¢n cyc va dung dich. Khi thay
dGi thé nay, ta ¢ thé tic dong [en t6c do cha cic qua trinh dién héa dién
ra & di¢n cyc va chinh xdc hon, 1én (8¢ do chuyén electron.

B Nhu viy, cudmg do / cta dong dign phu thugc vao cic y&u td dong hoc
¢6 trude. Thong thuong, ta co thé dit I dudi dang :

I=Kk(T,V,S).f(c;)

Cac duong cong bién thién cua I theo ham caa V, ¢ T, S va ¢; giw

nguyén, duyc goi la cac duing bi€u dién cuvng do dong - thé cia

cap doi voi dién cuc duyce xét :
W Sy, vd S0y 12 cdc dai lugng khuéch do. Ma thuong 12 thuin ti¢n d@
xédc dinh toc dO cta phin tmg gia ting ; voi phin tmg di thé ta st dung ¢
d¢ bé mdt thu duge bing céich chia to¢ dd etia phdn ung véi dign tich S
ctia b¢é mit tiép giap dién ra phan img. Chia hai v€ cta hé thice (IX.1) cho
S lam xudt hig¢n mdr dj cua dong j va cic toc dd bé miat 9, va Jox
Vi

J=+mn.F. (‘9'('13( _‘9'K]1) = Jox * JKh (IX.3)

Nhdn xét : Trong phdn tiép, ching téi se sit dung, tiy tung truomg hop,
cdc duong biéu dién I(V) hay cdc duong cong J(V). D€ mé ta cdc hi¢n
twong trén chi mot dién cuc, cdc duong j(V) la thudn tién, vi nhu vdy ta bo
qua dién tich dién cuc ; nguoc lai, viéc nghién ciu cdc thiét bi bao gio
cling cd hai dién cuc lai phai dugce tién hanh dua vao cdc duong biéu dién
I(V) dé thé hién su bao toan cua dién tich.

1.4. Ghi cac duong cong cuong dg - thé

B Lip rap

Trudc tién, cha ¥ hai diéu :

e dong dién chi ¢6 thé di qua lau b&n mot di¢n cyuc néu di¢n cyc nay dugc
lidp réip cho phép su ra ctia cic electron ;

e chi cdc higu s ctia the gitra cdc dién cyc 12 ¢6 thé do dugce. Vi vy ¢in
lip rdp thda man nhimg bo budc nay (fw liéu 4) ; do la sy 1dp rap c6 ba
dién cuyc :

- bign cuc duge nghién ctu, 20i 1a dién cuc lam vige (E.T) ¢6 thé k€ tiép
lam catot hay lam anot, thy theo dién dp dugc dung.

- Bi¢n cyc thir hai bing kim loai tro, 0i 1a phan di¢n cuc (C.E) ; gitr vai
trd cho phép chuyén dong dign. Ta khong quan tam dén cdc phan img
dién ra & day.

- bi¢n cuc thi ba 1a mot dién cuc quy chiéu (Ey), thi du di¢n cuc
calomen ; dé gitr vai trd so sénh th&, phdi c6 mot dong dign cudng do
khong dang k& di qua no.

Mot mdy phit G cho phép 4p dit mot thé higu (Vg — Veg.) lien tue va

On dinh, gitra hai dién cuc C.E. va E.T.
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* Néu (Ve — Ve ) 1a duong, dong dién I di vao dung dich qua E.T.,
né dong vai trd anot va di ra qua C.E., déng vai rd catot. E.T. khi d6 14
trung tam cla sy oxi hda

AKh) —— aOx; +nje”
« Néu (VET —VeE.) 12 am, dong dién di vao dung dich qua C.E. va di
ra qua E.T. déng vai trd catot ; E.T. khi d6 13 trung tdm ca sy khit :

aOxy +me” —— PKh,
Dong dién bi tiéu hao gua dién trd R va ta do urcmg do I bang mot
miliampe ké mA. M6t milivon ké cho phép do dign thé Uy, giita dign
cyc lam viée va dign cue quy chiéu :

Uy = (YE_T. Vss) )

Dung dich dién phan dugc duy trl dong thé, do khudy co hoc va thém nita,
thdsi luong thi nghlem cing nhu cudng d6 cua dong dign bao gid (.ung dil

nhd d€ ndng 4o cla médi chét trong dung dich dugc coi 1a khdng déi va
biéing gia tri ban dau cta nd. Sau cung, nhigt dé cua hé duge gilt nguyén.

DSi vdi mbi gis iri cla (Ve ~ Ve ), ngudi ta ghi cuding do 13 I va thé
B Uy .
W Khai thac
Trong mei trudng hop :
+ Uyy = (VE 1 — Vg ), bt k& gbc duge chon dé do dién thé 1a gi,
trong phan tiép ta chon géc 13 thé cﬁ\a dign cyc hidro ticu chu’é‘;n EHS*.
Ve, dude do so véi EHS trong phian tiép sé duge goi la thé dien cue
va ki hiéu 12 V hay Vggg.
» Cutng db dong dign di qua dién cyc quy chigu Iy thyc t& 12 bing
khong do (rd khang rat 16n ctia von ké ; hiu nhu toan bd dong dién di vao
E.T. Trong céc diéu kién d6, theo dinh nghla th¢ ma dign cue quy chiéu
so vii E.S.H. Ia thé oxi héa - khif cha nd E«
E biéu thi thé can bing cha ciip oxi hba - khir skt dung rong digén cuc
quy chiéu , c6 thé tinh durge bing hé thiic Nernst ; vay :
V=Uypy +Eg

- Néu (Vg1 ~Vep ) bing khong, dign cie ty trigt liéu va @ trang (hai
cén bing di¢n. Dong dién toan phin I di qua khi d6 bing khong va the so
vii E.S.H. la dic trung cta trang thai cdn bing ciia nd. Khi d6 V 14 thé
oxi héa khit cua elip Eqy jkn, theo dink nghia :

(V)I=0 = (UVm);zg + Esx = EOx]th]
Epy,/Kn, 12 thé can bang cla cap Ox;/Kh; duge cho bdi cong thic
Nernst.
- Néu (Vg1 — Ve ) khong bing khong, dong dién 7 qua E.T. thudng
khong bing khong v V khong cdn bing vdi thé can bing clia cip
Ox; /Kh;.
Tir bang cac gia tri thuc nghiém vé cuding d6 dong / va dién thé Uy » 12
ch the v& [ = V) vdi quy uGc vé diu xdc dinh 3 muc 1.1, nghia {3 vé
duting cong dong - thé cla cip Ox, /Khy trén dign cuc duge xét, trong
chc didu kign nhiét d6 va ndng o da chon,
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1.5. Cac hé nhanh va hé cham
Ta goi hé dign hoa la mot tap hop gém mot clip oxi héa - Khir va
mot dién cure ma khi ti€p xiic vdi né sé di€n ra phan ing dién hoa.
1.5.1. Cac loai hé dién héa
Theo dang céc dudmg cong dong - thé, ta ¢ thé phan biet hai kidu h¢ (cap
oxi hoa - khir - dién cye) :
B Cic hé nhanh
Neay khi (V - Foy /ky, ) khc khong, cuong do 7 di qua E.T. I ding ké : [a
duomg néu (V ~ Lox ikn, ) duong, Ta dm néu trong trutmg hop ngwoe lai (i
figu Sa). CO mot domg dién dang k& di qua dién cyc ngay ¢i khi hé clia nd
24n thé ¢in bing Loy /Kn, - Pitu nay & hign d nhanh cia sy trao doi

electron cla cip trén dign cyce , Wrdo cac hi nity duge goi 1a nhanh,
B Cac hé cham
Céc trao déi etectron cla ¢ip trén dicn cue 11 cham. Khi (V - Egg k)
ngimg bing khong, cic trao ddi trd ndn nhanh hon mot chuit, nhung dong
dign van khong phat hi¢n duge ; biing céich Ling |V - E(}lehl ta tang (o¢
do trao ddi va két thue biing viee thu duge mdt dong dién ¢o thé do duye,
Nhur viy 12 ¢ mt vang clia (V — Egeig, ) tai 86 cudmg 3o | qua ET gén
nhu bing khong (#u fiéu Sh).
Tinh chat cham hay nhanh 13 dic trung cda mot he dién hda - cip oxi
hoa - khir va dién cux - vi cung mdt cip oxi hoa - khit ¢6 thé ¢o céc
hoat dong khac nhau trén céc dién cue khic nhau. Tuy nhjén, khi
phan ing dién hda di kém véi cac thay ddi quan trong vé cau tric,
cdp oxi hoa - khiy thuong la chim, da dién cuc st dung L the nao.
Thidu:
e V&i mot cip H3;0" /H,, cdc trao ddi electron trén dign cye platin
nhanh gip 2 triéu tin trén dign cye thiy ngan !
e V&i bat ki di¢n cye sir dyng nao, cip O /H-O déu la cham,
Nhan xét . Chi cde he nhanh moi c6 1hé cdn bdng (nghia 10 dong dign
bdng khong) dupe xde dinh ro rang ; vi vdy cde dign cuc quy chitu bao

gidr cang la cdc he nhanh nhu cdp H3O+ {Hy trén di¢n cuc platin.

1.5.2. Qua thé
Dinh nghia - Lugng (V - Egy kp, ) duoe goi 12 qud the doi véi he dang
xEt (rwr Hidu 6) 1 no phu thude vao cudng do dong dién di qua dién cuc,
Theo dau clia (V — Egy gy, )» ta phin bigt hai truong hop :
e Néu E.'1 dong vai tro anot, nd [ trung tim ¢Ga sy oxi hod :
BKh) = aOx + nje”

Luong (V ~ Egy ykn, ) duong duge goi ta qua the andt 7, .
o Ncu E.T. dong vai trd catdt, no {3 trung tim cla sy khi

aOx) + e — SKhy
Luyng (V- ]-':Ox]fl(h, } am, Qugc goi 14 qui the catdt 7.
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a) ki

Kh, Ox,
Eox rkn, v
Kb, ol Ox,
b) ¢
Khy=f» 0%,

T ligu 5. Cdc hé nhanh va cdce
hé chdm :

ay voi hé nhanh, dé dée cda
ditmg cong I = iV} gdn digm c6
hoanh 9 Vo gxy, 0 rdtlon;
b) voi hé chiam, d6 déc chaa
dieomg cong I = (V) gdn diém co
hoanh do By skn, gn nhu
béng khong.

F ¥4

77 IR

Epx Red,

}.....-
=}

Tw li¢u 6. HE thu duoc cuong
dé Iy, phdi dua dién cuc 100
thé Vi sao  cho

VM = EOx,!Khl + .F?(I'M).

nUy) 1 qud thé cua cutmg dj
Iye. Theo quy woc, qud the anot,
n, duong, con qud thé catot, 1.
dm.



Nhdn xét : Tinh chét cira qua thé, khi I tién 16i khéng, cho phép phan biét cic
hé chdm va nhanh. Vai hé nhanh 1 triét tiéu khi 1 rrter tiéu ; nguoc lai, vai he
chdm 1, va 1. ¢6 thé khong biing khéng ngay ci néu nhut I bing khéng.

Do6i khi ta goi 1a qué thé wrong chan khéng 1y, cac gia tri cyc tri cla
(V- EOXU'Khl ) cho phép thu duge mot cudng dd co thé do duge (fu liéu
7). Cac gid tri ctia 7, do d6 phy thude vao cudng 4o cua dong dién ¢b thé
ghi nhén dugc, nghia 1a phy thudc vao thiét bi do ludng duge chon.

1.6. Poan ndm ngang khuéch tan

Né&u qua thé ap dit 1&n dién cyc trd nén quan trong thi qua trinh chuyén
dign tich trd nén nhanh va khéng con 13 giai doan quyét dinh vé dong hoc.
Lic d6 qua trinh chuyén chit (*) wd thanh gidi han Ve dong hoc ndi
chung. Vi téc do cha qua trinh nay hdu nhu phu thude vao thé cla dién
cye ; ciing nhu viy dét vai téc dd 10an phan va do do, cudng dd cha dong
di qua dign citc ciing khong phy thude vao thé clia né. Pudng cong dong -
thé khi d6 c6 mdt doan nim ngang (tu li¢u 8a) ma tung 4O U 1& vdi néng
do cila cac chit phan fing.

Néu chit phan ng dudc xét 13 dung méi, ndng do 13 cao dén mic sy
chuy&n chét khdéng bao gid 1rd thanh qué trinh gidi han ; dwdng cong
dong - thé khong cd doan nim ngang (7 ligu 8b). Clng nhit vy abi vai
chét phan Gng 1a vat lidu lam dign cuc trong s oxi hda (1 ligu 8c).

o
L—'-1 EOxanhl L4
e 1

Tuw ligu 7. Su t6n tai ciia qud thé
lon trong chan khong phian biét
cdc hé cham vdi cac hé nhanh ;
qua thé andt trong chan khéng
Nea (@ duong, trong khi qua thé
catot trong chin khong 7,. fa

~

am.

(*) Su chuyén chét duge dam béo bdi ba qua trinh M Sy dbi wy
khac nhau :

B Sy dién di : sw chuyén vi trf ciia cde ion dudi tac
déng cia dién truong tao ra bdi gradien thé trong
chét dién phan.

B Sy khuéch tan

tuat Fick.

. s di chuyén ciia céc phan tit hodc
cde ion dudi tic ddng ciia gradien khbi lugng riéng
hodic su khuéy tron cd hoc.

© sy di chuyén cia cée phan ur
hodc cdc ion dudi tdc déng cha gradien nong do
(hay hoa thé ). Su khubch tan bi chi phbi bdi dinh

» Luyén tép : BT 1,2 va 4.

a) <)

AIWA)

A
1 Feh{ i
ot — i >
; (V] 2
4 * 2 Yesu
._Fcz}ZFE ‘% H;0*

- 1001

Tu ligu 8. Cac doan nam ngang trén dudng cong dong - thé :

a) Cip Fe >t /Fe?t trén dign cuc platin : nong do 10mmot./ !
0,5mol. 1"

b) Pién cuc platin va dung dich HySO, & 1mol. i}
¢) Cap Ag™ / Ag trén dign cuc bac : néng d6 2,5 mmol.d '

Ag Agt ]
H, H0 ]

; dung dich dugc axit héa bing HySO4

F QY]

: Su oxi hoa nutdc khong lam xudt hién doan nim ngang.

Doan niim ngang khubch tan xudt hign dbi véi su khit céc ion Ag® nhung khong xudt hién dbi voi su oxi héa

kim loai dién cuc, vi su chuyén chit khdng xay ra dbi véi chat nay.
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Cac thi du vé viéc st dung dudng
cong dong thé

2.1. Khai quat

Cac dutmg cong dong - the ¢6 thé duge sir dung cho cde phin gng oxi hoa
- khir ding kim logi. Chiing cho phép gidi thich cdc tinh hudng trong do
cde du dodn ohi¢t dong O ra 13 khong dd. Nhung, nhu moi phan img oxi
hoa - khir sir dung hai ¢dp oxi hoa - khir, ¢dn phii tink dén céc duomg
cong dong - the cta hai hg dign héa. Sy khong 16n tai eda cic electron tu
do trong dung dich dp di h¢ thi

[, =~

212 C] *
Cho hai cip oxi hoa - khit, mot cap ki higu 1a (1) chiu sy khir, cip
kia ki hi¢u (2), chiu sw oxi hoa.
Téce d6 trao doi electron ghta hai cip oxi héa - khir nay duye thay
ri tir cae duwng cong I = f(V) nhé diéu kién thé hién tinh chit bio 3

toan dién tich ; L, =-1, Cu Cu*

Tw li¢u 9, & wang sau, trinh bay cic trudmg hop khic nhau ¢o (¢ X3y ra
khi 6 mdt mét ehdt oxi hoa Ox) vd mdt chil khir Kb,

Cac duong cong nay mo td trang thii tie (hoi cla b ; chiing thay doi theo
su tign trién coa he.

<¥

2.2, Tac dong cua mat cation kim loai d6i voi f

mot kim loai : sy xemen hda (cementation)
Trong phuong phdp thay luygén kim, vige khir mot cation kim loai bing At Ar
mdt kim logi goi by sy xemen hda. Xemen hoa 13 mot trong cdc phuong b)
phap dign héa ¢d xuu nhil duge st dung trong luyén kim, N6 duge dung
dé thu hdi cic kim logi quy, nhu thu hdi ddng, trong cdc dung dich ngam
chi€t quing ngheo, hay lam sach ¢ic dung dich trude khi di¢n phan.
Thidu:

Cu Cu

{!P

Tu xét téc dong ctia mdt dung dich bac nitrat d6i vdi kim togi dong. O /
298K, thé titu chudn ca cdc cdp lien quan 13 ;
As%ﬁs*

F° (AgtiAR) = + 0,80V vii EX(Cu™t/Cu) = + 0,34V
Hiing s& cin bing K cia phin tmg ; o L
. Tw liéu 10. Téc df caa phan tng
Cu+ 2Ag" —— Cu "+2Ag twr nhién -
. . ] Cu+ 2Ag% - Cu™+2A¢.
AgtAr | Cuicu) 0,92 dupc néu bit boi cuomg do 1. Toe
BRE S8 RN yhela KO =405, ; . § a0 toc
0,059 0,039 d¢ nay giam theo thoi giun vi
nong do ion bac giam,
a) Bdt ddu phan img ;
b) Sau mot lic. -

la: logK® = (

Nhur viy phiin ung 13 dinh fuong ; hon nda, lai khd nhanh, nhu duge chita
bl cac dudmg cong { = fiV} (e Hidu 100,
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b)
F ¥4

v
<) 4
'Y A
Kh, Ox, Kh, Ox,
=0 - /
e, =0 £ E v E, £ v
Kh, oz, K Ox,

Tuwlieu 9. Ey va B trinh bay thé oxi héa - khit ciia hai cdp 6 trang théi dau ciia hé.
Trong cdc trudng hop a), b) va ©), thit tu ctia £y va Ey ( Ey > Ey ) néu bit tinh chdr ty nhién ciia su oxi héa
chdt khit Khy cia chét oxi héa Ox. Gid tri I chi ra réng phan ing la nhanh d6i véi a), chim dbi véi b) va vé

cing cham dbi vai ©). Ngitge lai, trong truong hop d), phan dng ndy khéng phai la vy nhién va I chi co thé
bc%ug khéng.
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15-HH -2

2.3. Tac déng cua cac axit 1én kim loai
® Tac dong cia axit clohidric Ién chi kim loai
E°(Pb**/Pb) =-0,13V.
(298K, hiing s6 cin bing K°cla phan (ng :
Pb+ 2H;30" —— Pb%* +H, (k) +2H,0

Thé tiéu chuan ciia cip chi (II) /chi 13 -

la nhu sau :

2| E® - E°
HiO'H, Pb™Pb) 0,26
0,059 0,059
Khi thita nhén Ia khi H, thoét ra dudi ap suat khi quyén, gan bing p°, chi

logK° = tr do K° »2,5.10%.

can ndng do can bing cla H30" phai trén 1072 mol. /™!
ion chi (I) Pb** vugt qua 1mol. [~
Imol. I~

dé cho ndng do
!, Nhu vay, dung dich axit clohidric
I ¢6 kha nang oxi hoa chi kim loai.

Vi thi nghiém khong xac chirng : khong cO su thoat khi nao co thé nhin

thiy & bé mit kim loai (fw liéu 11a) va tinh hinh van nhu véy sau khi dun
nong hdn h0p phan g ; vi vay sy kim ham dong hoc 1 rat quan trong.

Ngude lai, néu ta cham mét sgi platin 1én miéng chi nhing trong axit (rue
liéu 11b), ta thdy sy thoat khi hidro trén platin, trong khi bé mit tAm chi
thay ddi vé bén ngoai.

Cac thi nghiém nay chi ra ring sy kim ham dong hoc dan mon chi bdi cac
ion H30" 1a do qué thé catot clia cip H30* /H,O trén bé mit ciia chi

(tu ligu 12a). Qua thé nay phu thude vao kim loai ma trén d6 dién ra sy

thoat khi, n6 khong dang ké trén platin (1 liéu 12b), dicu nay cho phép su
tin cong chi kim loai.

W Tac dong cua ion H30" trén kém kim loai
Du ring hiing s can bing K° ciia phan img :
Zn + 2H30" —— Zn** + Hy(k) + 2H,0
& 298K 1a ¢3 10%, sy thodt khi hidro quan sat dugc rit thay ddi (ne ligu
13) ; manh m& v6i mot kim loai khong nguyén chit, rit yéu v6i kém

nguyén chit va hau nhu bing khong v6i kém hdn héng (hgp kim kém -
thiy ngan).

» Luyén tap : BT 5va 13.

Al
Zn
-0,90 0,0
= — — =
- - -076 |, Vesu(V)
Ve -
Hy+—4 H0' Hy o4 10t
/ l'
trén Zn tén Zn rat trén Zn khong
hén héng nguyén chit nguyén chit

Tu lidu 13. Qua thé catot ciia cép H30" /H, la nhé trén bé mat kem khong
nguyén chat, lon trén kém nguyén chét, rét lon trén kém hén héng héa.
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dung dich axit N

(s day
clohidric platin

a)

hidro

thanh
chi

Tu liu 11. a) Chi khéng bi dn
mon bdi axit clohidric, di dam
ddc.

b) Tam chi néi véi day platin, chi
bi dn mon va ta thdy su thoat khi
hidro trén platin. .

a)
Al
Pb Pb**
-05 0,0
' Vesi(V)
H. H;0"
trénPb
b)
'yl

_?.5

H, H;0"
trén P

Tu ligu 12. a) Su bao vay déng
hoc dbi véi su tén cong chi bai
cac ion H30" la do qua thé
catét cia cap H3O" /H, trén bé
mdt chi.

b) Qua thé nay phu thupc vao
kim logi ma trén dé6 dién ra su
thodt khi, né la khong dang ké
trén platin, dieu d6 cho phép su
an mon chi.



x

3 Nhé&c lai vé dién phan

3.1. Khai quat
B Mot binh dién phin 1a mot h¢ gdm hai dién cyc nhing trong cung mot
dung dich din di¢n hay trong hai dung dich tiép xtc vé di¢n nho mot
vich x0p mdt mdy phat cho phép ap dit chiéu cta dong dién va an dinh
hodc cuomg do gita cic dién cuc hodc cuong do cha dong di qua hé.
bign cyc ndi voi cye duong ctia binh 12 anot, cho phép dong di¢n di vao
dung dich ; di¢n cyc c6 dong dién di ra la catot, ndi voi cyc am ctia ngudn
(tuw liéu 14),
B Sy truyén cua dong di¢n trong mach duge dim bdo bdi sy di chuyén
ctia cdc ion trong dung dich va sy diqchuyé‘n cla cidc electron trong cic
dién cyuc va cic ddy din bén ngoai. O bé mit tiép gidp di¢n cyc / dung
dich sinh ra sy thay ddi cdc vat mang dién tich. Tuong tmg vdi céc thay
ddi nay 1 sy trao dGi electron gitta ion va di¢n cyc, nghia 13 cac phan
ung dién hoa dinh xi¢ ¢ bé miit dién cuc.
B Dudi anh hudng cta ngudn dién 1a bd phan dp dit chiéu cia dong dign,
va theo mot cich thice ndo do duge xem nhu mot ¢di bom electron :
« sy oxi héa xdy ra & anot : Anot thu electron tir cdc chat tiép xic voino ;
« sy khirxiy ra & catot : Catot cung ¢ip electron cho cic chit tiép xtc véi no.
Tinh trung hoa dig¢n cta dung dich chi dugc duy tri néu lugng electron
trao ddi ¢ anot va & catot bing nhau & moi thdi diém.,
W C6 mot di¢n thé nguong U, ma & dudi mic nay sy dign phan khong
xdy ra.
Khi xdy ra sy di¢n phian, U ¢ thyc € 1a mot ham tuy@n tinh cta I (7 lidu
15), tic 1a :

Upc =r.1+¢
& day r va €' 1a hai hing s0 duong dic trung cho sy van hanh cua binh
dig¢n phan (r 1a dién tré trong cta binh di¢n phan va €' 1a suc dién dong
nghich doi).
B Di¢n phan 1a mot phin tmg khéng tu nhién vi n6 khong thda min ticu
chudn tién trién 1w nhién cia mot hé hoa hoc : .. dZ = 0. Thyc (&, binh
dién phan 1a mot he dién héa hoc phic hgp va tinh khong cin bing chi
phdi sy tién trién ctia n6. O T va p khong ddi, khong phai dG < 0 (xem
1.24) , ma 1a dG < 8W*, trong d6 SW* chi cong khi thé tich trao ddi gitra
hé¢ v&i moi trudomg bén ngodi (xem phdn déng khung sau ddy) ; SW* & day
la cong dign dong ma h¢ dién hoa hoce trao ddi voi ben ngoai.
W Sy di¢n phin 1a mot chudn héa thu nhi¢t : n6 chi xdy ra nhd nang lugng
cung cip bdi ngudn. Cong sudt dign dong ticu thu cta binh di¢n phin
20m hai s0 hang : mot 1a €I twong tmg véi cong sudt cin thi€t cho sy
chuyén hoa hoa hoc ; sd hang kia, . 1’ twong tmg vGi cong sudt nhigt tda
ra trong qua trinh chuyén hoa.
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andt A catot C

Tu ligu 14. Binh di¢n phdn gém
hai dién cuc nhing trong dung
dich ddn dién.

B
-~

5'1 Um

Tuw lieu 15. Tinh chdt dién thé -
cuong do cua mgt binh dién phdn



PHAN BO SUNG

Mot hé nhi¢t ddng kin thyae hien mit bien hou ding ip ( p, = consl) va ding nhi¢t (T, = const) git hai

trang thii can biing ahigt vt cuor
[[-"I =pp 11 = TJ:

trang thai (1) <V}
ILUI? S Gy

pr=pn: =T,

tién hda p trang thii (2) {V;

Uz: $: Gy

Gid sir Wiy v Q40,1 cong win phin va luong nhigt toan phin trao di gitra h¢ v mdi ruomg ben

.. - . o L - r . s - P - o~ Iy ¥
ngodl trong qua tink ién tricn ndy. W, duge tich thanh cdng thé tich (hay 12 ede lyc dp sudt) va Wi,
La cong phi thé tich ; voi mot bign d6i ddng 4p, cong 1hé tich duge bidu dién bing

P '(VE - vi )
Tadp dung hai nguyén 1 nhi¢t dong hoc vad he kin dung xét
< nguyen li thi nhat : Us —U =W+

it hai . )y
o nguyén 1t hai S -8 2 a2

n
T, (5 =520 4
TS =Szt -U =W,

T (Byritra
Vi (o)

con vidt 1
St dung sy kicn (1) va (2) 13 cde trang thii ¢in biing nhiét va co hoe

()
B

Wiy 2 Uy =~ Uy + puVa = Vi3 =TSy - S))

Wilp 2Us = Uy +(po.Vs = pL V) — (T8, —T1.5)) 1 1irdo Wiy > (Hy T35, ) — (H; ~T,.5)

tire 1 - Gy -Gy < Wi,

Trong qua trinh tién trién ding 4p va ding nhiét cia mot hé kin gitia hai trang thii can biing
nhiét va co hoc, bién thign entanpi tu do 1a thap hon hodc bing cong phi thé tich trao ddi véi bén
ngoai, néu bi€n doi la thuan nghich ; tic 13 vivi mat chuyén hoa nguyeén i

dGr , <SW

(IX.5)

B binh ludl Faraday (*) cho phép thigt lp cic can bing mol, Khai lugng
vit ning lnyng 361 vai sy dicn phan

BDinh ludt Faraday : Dién tich di qua m{t binh dién phan ti 1& vii

khdi lwyng ciia chat thu duve & cic dién cue (4).
3.2. Du doén cac phan ung dién héa hoc
Ta x& sy dién phan theo ¢an biing :
o (Junot : OKhy —— 7 Ox; + ne” XAy
o J catot aOxy +ne” —— FKh X1y
o Cin bilng : 1y 000Xy + iy SKhy ——>ny SKhy + 7.7 Ox4
Trong didu ki¢n nao phin ing dién hoa niy ¢6 1h¢ didn ra trong binh digén
phin ?
Ta dp dung vao mot binh dién phin hi thde (IX.5) :

dG'{'_P = du"’* .

Ta xéL cin bing dién phin

13 .0 0x| + 1 .0Khy ——ny SKIy + 1.y 0%,
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(*y Michacl Faraday (1791 -
1867), con mot ngudi thy rén,
dau tien la thy hoc vide ding
sdch trude K ey thandy tro
ciie Davy ¢ phong thi nghiém
ciid Hoc vign Hoang gia Ludn
Pdn nam 1815, LA mdt nha thiee
nghignt tai ndng, dng dad wdch
diege benzen (1825), héa long
clo, kivdn phd hién fuong cdm
fing dign (183 1) va ldp ra cdc
dinh ludt vé dién phan (1833).
{*%) Dinft ludgt Furaday cho phép
tinh wong cwe dai ciu cde san
phdm tae thanh ¢ cdc dién cwe ;
fieomg thue & thi duoe 10 nho
hom., Nguoi ta dinft nelita "ndng
sudt dong dign” hay ndng sudt
Faraday p|: cia binht dién phan
bdng 17 56 gitu cuimg do ihec sie
diing vao viec thu cde san phdm
Vi ciedng do todn phin,




W ./ 1a 4i lyc hoa hoc clia h¢ déi véi phan ting nay ; vy :
dGr p =—A.d¢ = 4,,G.dE
Ta lam xuét hién cac entanpi ty do ctia cac phan {mg dién héa hoc :
‘ﬂpuG =Ny 'ApuGI —H]Apucz
Theo hé thitc (VIIL3) :
ApuGy = —ny . F.E; va 4,,Gy = -ny.F.E,
Nhu vay, v6in = nj.ny -
ApuG = ny.(-ny.F.E))—ny.(-ny.F.E;)
dG 7 ,=n.F.(Ep - E;).d&

W Bicu dién §W*, cong dién dong trao doi bdi binh dién phan trong thdsi
gian dz :

= nF.(Ey - E})
tor do :

SW* = Upc.1.dt= Upc. dg
trong d6 dg 1adién tich di qua binh dign phéan trong thoi gian dr ; dién tich
nay da gdy ra mot bién thién d& cta do tién trién phan {ng sao cho :
dg =n.F.d§ (tu liéu 16), tr do :
W' =Upc. n. F. d&

M Tiéu chuén tién trién cla he do d6 duge dit dudi dang :

nF.(Ey —Ey)dé <Upc.nFdé
Két luan : sy dién phan chi c6 thé xay ranéu Uy e > E,-E.

Nhu vy ching ta da tim duge sy ton tai cia dién thé ngudng ddi véi sy
dién phén (ru liéu 17) :

DE c6 dugc sy dién phan, higu s6 dién thé U,. ap dit giita céc
dién cuc phai cao han hay hang di¢n thé ngudng sao cho phan ing
dién héa hoc c6 thé xay ra vé miit nhiét dong hoc ddi véi tung dién
cuc :

e V4 phai cao hon thé can bang ciia cdp ma chét khit bi oxi héa &
anét.

e V¢ phéi thap hon thé can bing ciia cip ma chét oxi hoa bi khit ¢

catot.
Ngay ca trong mdt dung dich nudc chi chira mot loai cation va mot loai
anion, nhiéu phan tmg dién hoa hoc c6 thé dudge tr tinh trén trng dign cuyce :

« G andt, ba phan {ng oxi hoa co thé xay ra : sy oxi hoa céc ion chita
trong dung dich, sy oxi héa cac phan tr nudc va sy oxi hoa vat lieu lam
dién cuc.

« O catdt, hai phén ttng khif c6 thé xay ra : sy khir cac cation chira trong
dung dich va sy khir cac phan tif nude. Khi Uy ting tr s6 khong, sy
dign phan bit dau khi gia trj Uye di dé xiy ra dong thoi :

« sy oxihoa dé dang nhat & andt : V4 phai cao hon thé can bing cia
cap ma chit khir dé bi oxi hoa nhit, nghia la ciip ¢6 thé oxi héa - khir
thap han ;

o sukhirdé nhit & catdt : Vi phai thip hon thé can biing ciia cip ma
chit oxi héa 1a dé khit nhit, nghia Ia ciip ¢ thé oxi hoa - khit cao hon.
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trang thai trong thdi gian ¢

SW* =Upc.dg
e =%

l,

trang thai trong thdi gian ¢ + dt

Tu liéu 16. Su di qua binh dién
phan cua dién tich dq gay ra :

- chuyén héa ning lugng
Uac.dq t6i binh di¢n phan ;

- tién trién d& ciia phan itng dién
phan.

thé oxi hoa khir dign thé
A A
Eox,/Kh, Va
Unc
Eox,/xh, Ve

Tu ligu 17. Dién thé nguing
Uac dbi vdi su dién phan.



Cic dy ki€én nay chi dya trén quan didm nhigt dong, ¢o thé bi bac bd bing
thi nghigm néu de Ao cta cie phin dng cunh ranh qud khic nhau, PO ta
truong hop thung thay khi ¢d sy thedt khi & cac dién cue, Khi do ta thiy
qud th 1am tang dign € ap Git 1én cic dien cuc dé quan sat duge surdién
phin. Nhu the, sy 6n tai cla qud the gidi thich ring cdc du kign nhigt
ding doi khi s khong da.

» Luyén tap : Bai tap 16 va 17.

3.3. Sur dung cac duong cong dong - thé

Cée dudmg cong démg - (e cho phép néu bt cde yéu 16 dong hoc v nhigt
ddng hoc xdy ra wong qua trinh di¢n phin. Ci¢ y&u to niy, mal mat can
dy vao ¢ thre gidu dign the Upe vd cuimg d9 1, mit khic vio sy lya
chon ¢ic phin tng dién ra & cic dién cuc,

3.3.1. Quan hé giira dién 4p U,¢ va cuong do |

Ta 13y lai (i dy ¢da myc trude, nghia 1a sy dign phan theo cin bing :

o ¥ catot ; aOx| +ne” —— FKhy X1y

e danot oKhy —— y0x; +nye” X1,

e cin bing n3.00xy + 01.0Khy —— n, Kby +nyy0x,
Gid s bict trong cic didu kien bun ddu cu thi nghigm, cdc dudmg cong
dong - the cou hai cip Ox;/Khy v Ox;/Khs tren cdc dign cue duge
ding (qu ficn 18}
B Tu chd y ren so d6 13 dién (hé nguong cba su dicn phin thye (€ cao
hom £y — £ vi qui the chian khong ¢
(Uac) g =(Ex +mpa) = (£ +m0,)
Moa Y& Moo 1h qud the cin thiet 38 bt ddu sy dign phan ; ching cang
quan trong hon vi cie ciip dang x61 13 chiim,
8/ Trong qui trinh di¢n phin, ding hi¢u 86 dien (G U4 ndo duoe dp dit
gitra ¢ae dién cye, cuomg 30 qua hai dign cye 1a nhue nhau vé gia tri wydt
doi, tae 1 vé gid i dai so vid £, >0 v [, <0
[y =~
H¢ thie wen cho phép xic dinh trén d6 thi higu s dign e Uy chn dp
dil de thu due dong dién c6 cuong do [ = £,
Nhu viy, urén thye (€, ta xde dinh khong phii ta the dign phin U4, mi
[a philn f1da hoe, nghia 1a phin nhict dong (/> — £() va phin dong hoc
(r;u - J"}C) cud dign the nay. Thue viy, ¢ot dung dich gitra cde dign cuc co
dign (réd R vie voi sy ¢0 mat cta dong vidi cuomg do |, tdn tai trong long
dung dich mot higu so dign the R.1 cong thém vio gid tri doc due trén do
thi. Sau clng ;
UA(‘(I) = (13'2 - ]‘:] )+ (."_}” —I?(.)(“-f' R!

nhictdong  dongloe  thudn tro
Chiy O day noi vé cde duomg cong dong — thé khong phai la cde dutimyg
cong mdl do dong — the. Thyee ra, sw déu ddn cia mde do dong dign ohi
g demg VOU sue déu dan ciid cueomg d néu dign tich cia hai dién ciee
bdng nhau, dicu nay khong phdi la truomg hop 16ng qud.

3.3.2. Chon cac phan rng dién hda hoc
Ta ¢ chi ra, qua mot thi dy ciac dudmg cong dong - (W& cho phép gidi thich
nhir the n2o cic tinh hudng khic nhau quan sdt dge wrong thire nghi¢in.
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Tw litw 18 Cdc duong cong
dong ~ 1hé ddi voi cde cdp
Ox;/Khy va Oxs/Khy chi
hidu ditn cde phin che ede
diutmg cong dong ~ ME teomg
tng vl cide phdan tng dign hoa
hoc duoc nghién cou © sy khr
Ox| va yu oxi hda Khs. Cdc
dudme cong ndy cho thav ro mdi
quan hé gidu dong di¢n plide va
phdn sut thé khing phai do dién
frevetta Uy



ﬂ’p dung 1

1) Duya vao cac sé liéu & ut lidu 19, hay du kién céc
phan dng ma ta sé quan sar dudc & cac dién cuc khi
dién phén dung dich thiée (11) clorua da duge axit
héa bdng axit clohidric.

2) Thi nghi¢m chi ra ring, khi ting dién thé Uac
0, su dién phan dung dich thiée (1) clorua giita
cdc dién cyc graphit lam thodt khi clo & andt va thiée
kim loai & catét . Dua vio cic do thi & tu liéu 20 hay
gidi thich cdc két qua nay.

1) Dy kién céc phan dng & dién cue

Ta xét mot dung dich thiée (1) clorua dudgc axit hoa
bai axit clohidric. Dung dich chira cac phan o nude,
cic ion thife (I1) Sn?*, cac ion hidro H30" va cac
ion clorua C1™. Bén phén i ¢6 mit trong dung dich
thudc vé& bdn cap oxi héa - khit ma cac thé tidu chuan
cO O liéu 19 :

E(V}

1
1
1
i
[
t
.

H;0* [00] H,
su®* [70.17) sa

Tu ligu 19, Thé cia céc cdip €6 thé tham gia vio qud
trinh dign phdn dung dich thiéc (1) clorua. Thit It
chia cc thé tuong ing véi mér dung dich cé thanh
[Sn¥*] & 0,1moli™!
H30%] = tmolt ™" ; [a17] 1,2 mold™!. Sy thodr
khi 6 thé xdy ra trong khdng khi, cic thé duge tinh
dbi voi ap sudt chudn. Cac chét in dam 16 céc chét ¢é
mdt ban ddu trong dung dich.

phfm ban déu nhu sau :

M Hai sy oxi héa c6 thé xay ra : sy oxi hoa ion clorua
thanh clo Cl, va phan tif msde thanh oxi theo hai nira
phugng trinh :

_
3H,0——2H;0" +2¢ +502 Ex+1,23V.

207 —— Cly (k) + 2e” E=~1,36V.

Ch‘i vé phuong dign nhigt dong, sy oxi hda d& thirc hién

nhat 1a sy oxi hoa cc phin wf nude thanh oxi.

B Hai sy khir ¢6 the xay ra & catdt, sy khit ion hidro

thanh hidro va cae ion Sn>* thanh thiée kim loai theo |
2H;0" +2¢” —»H, +2H,0  E=0,00V

vd  Sn** +2¢” ——Sn E~-017V

Chi vé phuong dign nhigt dong hoc, sy khir d& thye

hig¢n nhat 12 su khir (,{1:, ion hidro thanh hidro.

M Nhir vy, ta co the du kién cac phan (mg sé phai

x4y ra khi sy dién phan bit dau :

e Jandt: 3H,0——>2H50" +2e” + %02
* G cafi : 2H;30+ 2e” —>H, + 2H,0
» cin bing : HyO——H, +%Oz

Nhu vdy cin bing 13 c4n bing cia sy dién phan mudc.
Vige sif dung chc tiéu chudn nhigt ddng hoc thuin thy
khong cho phép giai thich cac hién ttgng guan sat dudc.

2) St dung cac durgng cong dong - thé

Dang cac dudng cong dong - thé clia ciac hg nghién
ctu duge trinh bay & 1w ligu 20. Cip O, /H,0 1arit
chdm trén graphit ; qué thé anét ciia nd di d& ba 1Ap
khoang cich giita cic thé cha cac cip 0,/H,0 va
Cl,/Cl”. Ciing viy, qua thé catdt 16n ciha cip
H;0" /H, bl lép khoang cach giita thé cna cic cip
H30% /H, va Sn**/Sn. Trén thi du ndy, ta thiy
ting vai trd clia qua thé c6 thé 1a quyét dinh. Khong
nhiing qué the cd the ]hrn sai lech cac dy kien dinh
lugng v€ dién the 101 thidu can thiét dé dién phan, ma
¢on ¢b thé lam sai l&ch ¢ic du kién dinh tinh v& bin
chit cha cac phén Gng trén dign cyc. Céc phén ing
andt va catdt 12 dudi sy diéu khién ding hoce ; cac
phan iing quan st dugc khong phai 1a cac phan ing
d¢ nhat vé mit nhiét déng, ma 13 nhimg phan (mg
nhanh nhit,

Chit § : Néu ta tiép tuc ting Uac, likc do 1a sé quan sar
duge, & catdt cd su khit déng thai cac ion H3O+ va
Sn%* va g anét s oxi hba dong thoi H50 va C1".
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Hat)

-0,17 23

cr

Ly

//' 0.0 1o 1,36
H2‘7L H],O+
S?G7L Satt

Tw lieu 20, Cdc duong cong IV} d6t vii cdc hé duge sir dung khi dién phan dung dich clohidric cia thide

(1) clorua,

* Trén graphit, no. détvei cdp H30" /H, vato co - 300mV, con e dOT VT cdp Sn**/Sn 2 khong dang k&,
* Trén graphit, ng, d0ivei cap Oa /H2O vao co + 600mV, con ny, déi voi cip Cl, /ClU e nho.

» Luyéntidp : BT 6, 7vag.
b
3.4. bién phan dung dich axit sunfuric va kém
sunfat

3.4.1. Dy ki&n céc phan ung & dién cuc

X¢ét dung dich kem (11) suntat 2 mou_l bi axit hda bk I,Srnol,,f_i ; pH
cOa dung dich gdn bing 0, vk chir chil yéu cdc phan (i nude, cic ion
hidro H3O™, hidrosunfat HSOZ va kem (I1) Zn" . Tién hanh dien phin
gitta mot catot keém nguyén chit va mot anot tro, ching han platin. Bon
phin tir ¢6 mit tong dung dich thude vé nam cdp oxi héa - khir ¢6 tha
tidu chudn ¢o ghi & ne fign 21,

B Hai siroxi hoa ¢6 hé xfv ra & anot @ sy oxi hou hidro sunfat HSOy thimh

¢lc 1on persunfat S, Oﬁ_ . var¢de phin wrnuge theo cie nia phuong trinh
3 -~ .
AH,O0——2H07 +2¢7 + E02 L? =+1,23V.

2HSOF +2H;0——55,08™ + 2H;0% + 2¢~ EY = +2,08V.
Chi v& mil nhi¢t dong, suroxi hou d& thye hién nhét 1 oxi hoa nwde thianh
OXI.

B Ba su khr ¢ the xdy ra & catot : sy khir ¢ic ion hidro thanh hidro, cac
ton kem thanh kem kim logi, va céc jon hidro sunfat HSOZ thanh luu
huynh dioxit theo :

2H30" +2¢” ——H; +2H,0 E° = 0,00V

HSOy + 3H;0" + 2¢” ——80, + 5H,0 E® =+ 0,17V

707 +2¢7 ——7n B =-0,76V
Chi vé phuong dién nhi¢t dong, sy khir 38 thye hién nhit 13 khir cac jon
hidrosuntat HSOy thanh fuu huynh dioxit SO5 .
B Nhir vy, chiriéng v& mt nhi¢t dong cic phan img d€ thyue hien nhit ia:

1

o danot : 3Hy0~——2H:0" + 2¢ +50,

e & catot - HSOZ +3H;0 4267 — 80, +5H,0
3 : 2 2
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E(V} E(V)

5,0§" H50;

0, {1.23| B;0

s0i{ 161750
H30" m Hy

Zn®* Zn

Tw ligu 21, Cdc thé tiéu chudn
cta cde cdp cd thé tham gia
frong qud trinh dién phin dung
dich kem (1) trong axit sunfuric.
Ceic chet chur didm la cde chdi co
mdit ban ddu trong dung dich.




3.4.2. St dung cac dudng dong - thé
Dang céc dudng cong dong - thé cla cac hg nghién citu duge trinh bay &
- figu 22, Ta chh ¥ réng dudng cong tuong Ung vai s khir HSOy thanh
SO khéng ¢b & day. Vi, v6i bat ki pH n2o cta dung dich va bét ki dién
cye nao duge st dung, sy khit dign hoa luu huynh (VI) thanh luu huynh
(IV), nghia la

HSO; ~———S0; ; SO§” ——HSO3 hay SO
khong bao gi0 quan sat thay phan rng niy bi lam cham lai vi mdt qua
thé rét 16n (eu fiéu 23) thé hign 1dm quan trong clia cic thay d6i cdu tric
wong lmg
Khi ta giam V¢, sy khir dung méi (hay cac chét oxi héa khic) {uén ludn
xay ra trude sy Khir lwu huynh (VI).

4!
JP!
/i
H0 ,dz ’ &7 .
- _ : ’ . y -1,2 049
0‘9:.) ~0,76 g P _ phan Gng k'h(:)ng quan :’“"f(v)
e , GO0 123 21 Ves H{V') s3t thay Exso;ree,
Zpiaf za2 :
S50, L T H *
Hy > Hy0* G2+ HS0; or :'-‘o

Tu ligu 22. Cac dudng cong dong - thé dbi véi cac
hé duge sit dung trong qua trinh dién phan dung
dich sunfuric cia kém (1), )
Trén Zn nguyén chdr, ny. déi vdi cdip H;0"/H, Ngay cé VOl catdt thily ngan trén d6 qua thé catvr cia
ia g mite - 0,9V ; su kit cac ion HyOF & mite -1,2V, su khit dién héa cic
e 001 Vi cap Oy /H,0 1a 8 miic 0,62V, con

Tu ligu 23. Trong dung dich nudc, cac ion HSO,
khéng hoat dong dién hoa dbi véi s khir.

ion HSOy khing quan sdt thdy ; qué thé carét ciia su
LI~ 2— - s _ ,

oa 401 vGi cip S08" /HSOG 1a yeu. khit cac ion HSOy4 — SO, ciing thap hon -1,37V!

® J andt

Mic dit ciip O, /HO bao gilf cling 1a chiim, qua thé andt ciia nd khong di

d€ bu 1ap khoang cach giita thé cfia cac cip 0, /H,0 va Szoé‘ /HSO4 .

m JJ catét ]

¢ Khong mdt qua thé & chin khdng nao can trd sy khir cac ion k&m (ID)

bt dau ngay khi Vo nim dusi -0.76V.

» Surthodt khi Hs 12 rit chdm trén bé mit kém nguyén chit hoic chi.

3.4.3. Két luan
W Néu ta chdp nhan mot mt d dong nhd, can bing ctia dien phan sé 1a -

«  Gandt: 3Hy0——2H;0" +2¢ +%02

. dcadt: Znt +2e — >7n

G andt, déng hoc chi can thigp a€ lam hmg dién thé nguding clia st oxi hoa,
nhirng nd khong lam thay ddi ban chét clia chdt phdn u'ng chiu su oxi hoa nay,
Ngudc Iai, chét phan {tng catdt la dudi su dicu khién dong hoc : phan ing
quan sat duge diu tién khong phai la phén ung d& nhat vé mat nhigt dong
(titc 12 phan (g clia chit oxi héa manh nhit) ma a phan {ing nhanh nhit.
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B Néu ta st dung mdt mat do dong 16n hon, mdt phan tng phu s& xuft
hig¢n & mdi dién cue :

. dandt: 2HSO7 +2H,0— 8,08 + 2H;0" +2¢~
« dcatot:  2H;0" +2e” ——H, +2H,0
r
Ngudi ta thuc hién sy dién phan midr dung dich 1) Néu thira nhin todn b6 dién tich di qua binh
kém (11) sunfat duge axit héa bing axit sunfuric. dién phan dugc si¥ dung dé khir ion kém & catdt
1) Cuong dp dugc giit khing ddi va bing 3,5A. theo :
Khii lugng kém i da c6 thé thu duege sau 50 phiy Zn2t e - —7n
la bao nhiéu ? 1At

2) Trong thitc 1é, khéi luong kém thu duoe thip Vay mzy = _Z?'MZD =3,55¢
hon gia tritinh 3 1), Vilido gi ?

3) Nguoi ta dinh nghia "higu suit dong dién” hay
"hi¢u sudr Faraday” PE cua bink dién phan ia 1

2) Khéi luong kém thyc thu Ia thip hon gi4 tri tinh
& 1) vi mdt phan dign tich tiéu thy cho phan (mg

phu
56 cha cudng do dung vao viéc thu kim logi trén 2H,0" +2¢” ——H, + 2H,0
cuong do rodnlphdn. _ ) ; (m )
Tinh "higu suat dong dién" cha binh dién phan néu k)] OF = fzn _ \T20Jtge 0,90,
khoi liegng kém thue thu la 3.20g. e {mzn)g aa

4 biéu ché& kém trong céng nghiép

Tu ligu 24 nhic lai cac giai doan diu cha phép luyén k&m da trinh bay &

chitong 8.
khéng khi H,80, : khong khi bdt Zn
ZnS ¢ Zn0 Zn** ¢ Zn*
+ — + — Cu?*; co** _._._ +
tap chét i oxit kim loai l Cd®*; Mp** l Mn**
SO, PBSO, : Fe(OH), Cu: Co: Cd
Tu ligu 24. Céc giai doan chink caa viéc luyén kém : su ngam chiér va sy xemen héa.
. > - . . 2+ O
4.1. Lam sach bang su xemen héa kimlogi) 1M1 1 Eypesm
. , {mold ") v
Sau khi ngém chiét, ngoai ion Zn?* . dung dich chira mdt s6 cae cation Mn 0.09 _(} 1)7
kim logi. Tu figu 25 chi ra thanh phi“m\trung binh ciia dung dich. Vigc tach 7n 23 - 0.76
bo phan 18n ching duge thue hign bing sy xemen héa, (ic 1a khir bang Cd 0.005 -0 A0
mot lugng 10n bot kém. Vige diing k&m cho phép ranh dua vao cic ion la. Co 1074 -0,29
Cac jon Mn®* va Zn?" khong bi khi, s& & lai rong dung dich nhung Ni 10 -0.25
céc ion khac s¢ bi khir theo phan Ung : Cu 0,008 +0,34

Tu ligu 25, Thanh phan trung
binh cua dung dich thu duoc sau
vdi M = Cu, Cd, Ni hay Co. khi ngam chiét axit va irung hoa.

In+ MP® — S7n?t M
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Cac ion Cu®* va Cd?* rat d& khir ; vige khit kho hon ddi véi Ni‘t va
Co?* I cic chét di héi o5 cac chit hoat héa va nhies d6 tr 75 dén 95°C |
Tu tiéu 26 chira rE"mg phirong dién (?ﬁng hoc cha cic hign twgng 1a dé giai
thich nhi cac dudng cong dong - hé ciia cic ciip khéc nhau.

&t

4.2. Cac diéu kién dién phan céng nghiép

4.2.1. Tinh can thiét cGa su xemen hoa

Ta lam d tinh can thiét clia viéc lam sach hﬁng cach xemen héa dugc
trinh bay & muc 4.1 ; gid sit dung dich can dién phan chita céc tap chit
nay. Theo zu liéu 27 sy khir catdt clia da sd cac tap chét nay Ia d& hon sy
khir céc ion Zn?*. Nhy vy, vigc két qué cator s¢ thu dude kem khong
nguyén chat, didu nay khong Igi vé hai mit :

+  mt mit, can phai c6 mdt phuong phap b sung d& 1am sach kim loai:
- miit khac n6 1am gidm qua thé catdt cla cip H,O" /Hj .

Mot phan dang ké clia dong dién dién phén s& bi titu thy cho phan ing
phy, 13m gidm hig¢u suit theo ddng dién ciia qua trinh.

r'Y)

Mn

4.2.2. Bién phan céng nghiép

Sau khi xemen hoa, n(\'ﬁmg dd cta cac ion Cu2+, Cd2+. Ni%* va Co?t
trong dung dich thudng thip hon 10 mol.L . Dung dich Zn®* nhy
vay la dd duge 1am sach cac ion c6 kha ning két tha clng véi kim loai Zn
khi dién phan.

B Vigc dién phan duge thyc hign wong cic thiing biang xi ming phi
policlorua vinyl, 1ir 30 dén 40°C. Céac andt bing chi, khong bi tin cong
trong mdi trudng sunfat ; che catdt bing nhém. Dung dich ban déu chita
khoang 2,5mol. ™" ion Zn>* va2 mol/ ™! axit sunfuric Hy80,.

234

4 Tuligu 26. Cac dudng dong -
thé chi ra ring tbt cé céc hién
tiugng quan sat dudc la pha hop
véi cdc du kién nhiét déng ; cic
duong nay con cho phép gidi
thich cac tbe d¢ khéc nhau cia
phan ing quan sat duge. Puong
cong khit céc ion Ni** gidng
nhi ducng cong khir cdc ion
Co®*.

4 Tuliéu 27. Cac dudng cong
dong - thé dbi vai su khit catét
cdc ion khac rhau cé mdt trudc
khi xemen hoa.



B Di¢n thé Upc nam gitra 3,2 va 3,7V d6i véi mat do dong dién tir 400
dén 700 A.m 2. Cic phdn tmg sau day xay ra :

e & anot : 3H,O——2H30" +2e” +%03

Zn>* +2¢” —7n
V&i mit dd dong nhu the, dign thé nay dugce phan chia thanh :
Uac)=(Ey —Ep+(ng —ne))+  RI
nhi¢t dong dong hoc thuin tré
tae 1a : 3,50 = (1,23 - (-0,76)) + (0,60 - (-0,15)) + 0,75 (tinh biing V)
B Hic¢u sudt dong di¢n dat xdp xi 0,9 va ticu thy ning lugng tir 3,0 dén 3,5
MWh trén 1 tdn Zn sin pham.

e ¢ catot :

K&t tha Zn kim loai trén catot thuomg duge bée di bon muoi tim tidng
mot 1an bing cich cao (hay béc).
Vige san xudt theo thung dién phan c6 thé dat t6i 3t /ngdy véi méi thung

. - .- - ,) - -
Ién t6i 86 catot dign tich 1,6 m~ (mdt don). Kém thu dugc rit sach
(99,995%) chira khong dén SOppm tap chdt, chii y&€u 1a chi (tir anot).
Khong cin phii tinh ché tiép.
Dung dich sau khi da bi ngheo kigt (khodng 2/3) cic ion Zn“" va tdi sinh axit
& anot duye quay vong vé ngam chiél trung tinh va axit.

|

Chii Y : Cdc ion Mn=" con lai trong dung dich sé e oxi hdéa thanh
MnO, trén anot chi.

» Luyén tap : BT 8 va 10.

5 Su an mon uot

Swan mon la tap hop nhimg hién tuyng ma tir d6 mot kim loai hay
mot hop kim bi oxi héa duwi anh hugng cia cic chat phan ing thé
khi hay trong dung dich.

Sw dn mon dwoce goi 1a khé khi cdc tdac nhan oxi hoa khong ¢ trong
dung dich; goi la wot trong truong hop nguyce lai. :

Sy an mon kho da duge trinh bay & chuong 7.

5.1. Cac nhan té6 an mon udét

B Thi nghiém minh hoa

Bon cdi dinh bing thép , duge tdy sach md bing clorometan, dit mdi céi
trong mot ong nghig¢m (tu licu 28). Rdi cho vio :

e Ong thir nhdt, mot vai tinh thé canxi clorua khan ¢6 tinh hap thy hoi
nuaoc |

. (Ajng thir hai, nudge duge dun soi trong vai phat dé loai khong khi ra khoi
nudc, va cho vazolin tao thanh mot 16p & bé mat nude (khi ngudi di, 16p
vazolin nay lam thanh mot cdi ndt ngan moi sy Uép xuc gita dung dich
va khong khi) ;
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cac nut

Cao su

: = vazolin
’ nudc soi
cic tinh thé CaCl,
cic nit
1 bic
nudce co
mudi

nude cit

Tuw lieu 28. Lam ro cdc nhdn 16
khdc nhau cta su dn mon udt.



) Ci)ng thit ba, nudc cit cho ngap nira cai dinh :

* Ong thtt w, nudc c6 mubi vai lugng nhur thé.

Ta nit chit hal dng dAu, hai ng kia niit nhe hon. Su an mon cham vi thé
ta d¢ yén cic éng it nhit trong 24h, trude khi quan sat.

Ta lhay ring cii dinh Lrong ong thit nhat dudng nhu khong bi &n mon ;
ngugc lai, cac vét nau gi thdy & cac ong kia. Lugng gl tao thanh ting dan
e ong thit nhi sang Sng thir ba va tir bng thit ba sang dng thit tu.

B Két ludn

Sy cé mit cung lic cia oxi va nude 13 m{t nhan t6 thuin ldl cho sy
an mon ; cling nhit vy déi voi sy 6 mat cda cic ion, do rang chiing
khéng tham gia vao cén bang cua cic phan img,

Viy ma khong khi trai d4t bao gid ciing chirta mot it hoi nudc ; ngung ty
trén cac chi tiét kim loai, hoi nay tao thanh mét mang nudc mang che chét
khac nhau c6 trong khong khi(OQ,, COs,...) . Thé 12 moi nhan (8 &n mon
udt da duge hgp lai.

Trong phin tiép, ta s& xem xét cac loai dn mon udt khac nhau sau dé cac

dieu kién nhiét dong va ddng hoc cho phcp bao v¢ kim loai khéi su 4n
maén udt, dic bidgt 1 sit va cac hgp kim sit.

5.2. Sy an mén déng déu

Ta goi 1a sy dn mdn dong déu khi tat ¢ be mit cla kim loai tiép xic véi
dung dich bi tin cong theo cting mdt cach. Theo cac didu kién pH, kim
10ai ¢6 thé hodic chuyén vio dung dich dudi dang cac cation, hodc pha
mdt 16p oxit hay hidroxit.

Kha néng nhigt dong cua sy an mon kim loai theo ham cia pH ditoe thiy
rd & gian do thé - pH : vi sy An mon Ta mdt hign tugng giai ra trong thoi
gian nén nong d% cac kim logi sinh ra thudng 1a nho : do d6 céc gian dd
duge vé vai nong do lam viée bang lggmold™ L

Ngoai ra, thi nghiém chi ra réng cac chit rén tao thanh thdng thudng nhat
la cic oxit chit khong phai cac hidroxit, vi néu cac hidroxit tao thanh
nhanh hon thi ching lai terclng kém bén hon cac oxit wong Lrng Ching
han, trong trudng hyp cla sét, oxit Fe,05 xudt hién thay cho st hidroxit

Fe{OH); . Nguoc lai, oxit sit (IT) FeO khéng bén & nhidt do thudng (xem
chuong 7) va do & khong duge tinh dén.

Ap dyng 3

Ve gidn do ciia sét thich hap véi vige nghién ciu sy e Cc 56 lidu can thiét dé vé & 298K 1a cac thé oxi hoa -

dn mon. khit 1iéu chudn va hdng s6 K| cia cdn bing :

;Czaf ;.Jhl;m}iu (?M{;C xgt d(‘e;t & gidn do nay la : Fe(r) ; Fe3 4 9H,0 = Fe,04(r) + 6H3O+
SR Feo Fe™ B 0,77V ; FeX*/Fe(r):ED = 0,44V ;

o Quy udc vé néng dé tong -

6
(Fe?* [+[Fe™*] = C, =10 %mols™. K h

Zm, van pKl 2—1,44.
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A. Nghién cuu cap siat (II1) / sit (11)

Gidi han k&t tha Fe,O5(r) tuong tng véi sy thoa
man dong thoi hai he thire :

: n®

[F83+J= G, va K| = m

V6i C, =1,0umol.l™!, pH, =1,76~ 1,8.

® V6i pH < pHj, nira phuong trinh electron cia cip
nay voi cong thiae Nernst twong dng 12

Fedt + e~ — Fe2t va
<34+
Ey = E{ +0,059.10g 1]
[Fe™"]

e Trén ranh gidi phan chia cdc vung trdi cla céic ion

Fe?* va Fe** néng do ciia ching 1a bing nhau :
[Fe**)=[Fe**1=C 2 ;vay : E = E) =0,77V.

e V6i pH > pHy, ndng do Fe** duge ¢6 dinh bdi

hing so K :

L2
1.0

0,775

-0,62

- 1,04

0.0 1,8

14 pH

Thém nira, ndng do ion Fe*t gidm rit nhanh khi pH
ting tir pH;.

Tacoila :
[Fe** 1=C, -[Fe** ]2 C,
Bidu thirc cta £y, tirc 1a E; suy ra tird6 Ia :
3
' 0 1 h "
Ey = Ey +0,059.10g -—(—] P
VK1 (¢®) G
V6i G =1,0umol.l™": E; = (1,080,177 pH)V

B. Nghién cuu cip sit (I1)/ sat (0)
Nira phuong trinh electron ctia ciip nay va cong thic
Nernst tuong tmg la :

Fe2t + 2¢e” — Fe(r)

N
0,05 o
va E =Eg + .0 9.log [Feo ]
¢
Vi Ct-—-l,{meol.F]:
C
E,=E) +¥.mg% =- 0,62V

C

C - Nghién ctu cap sit (IH)/ sat(0)
E] = E2 doi vdi pH =9,6= I')Hz

VéipH = pH, , phdi xem xét cip :
Fe,05(r) + 6H;0" + 6e”
=2Fe +9H,0
Puong thing tuong tmg ¢6 thé duyc ve lien tuc ;
do doc cia no 1a - 0,059,
Phuong trinh ddy dua cta doan nay Ia :
Ey =(-0,05-0,059.pH)V

Biéu d6 dugc ve & ne lidu 29.

4 Tw liéu 29. Biéu dd thé - pH cho vigc nghién
ctu sy an mon sit (G, =1, [},umul.i_l)
Biéu do nay néu bdrt sw ton tai cia ba mién :
mién trir ; an mon ; thu dong.
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Cdc két ludn : Trén gidn dd thu dwoc & e lidu 29, mdi mot phin tr dugc
xét ¢6 mdt vung tdn tai hodc vung trdi so voi cdc ving gin nd, nhung
cc ion Fe?* ¢6 Khuynh huéng ty phin héa trong moi truong bazo. Gidn
dd E-pH ctia nudce chi ra ring ngay ci doi véi ndng do dé ve ndy, sit kim
loai cang khong thé cung tdn tai vdi pha nudc.
Nhung, thi nghi¢m chi ra ring sdt kim loai duong nhu 6n dinh trong ving
ton tai cia Fe,)O5(r). Thyc ra kim loai da chiu mot sy an mon dong déu
va phd mot I6p Fe,O3(r) hdu nhu khong thé trong thdy ; 16p niy bam
chat va khong thim nudc, ngan moi tiép xac gira kim loai va dung dich,
diu nay ngan cim sy tiép tyc in mon sdu hon : ta néi 12 sit bi thu dong
héa béi lop oxit Fe;O5.
Hign tugng nay 12 tuwong ddi (Sng quat :
Ta thuong co thé xac dinh trén gian do E- pH cia mot nguyén to
kim loai ¢6 ba vung :
e Vang mién trir : la ving ma moi sy in mon kim loai khong thé
xay ra vé mat nhiét dong vi kim loai bén trong ving nay ;
e Vung dn mon : la vang su in mon kim loai c¢6 thé xay ra vé mat
nhiét dong va dan tvi cac chat tan duyce hay thaim nuvce, diéu nay
cho phép ti€p tuc sw oxi hoa kim loai ;
e Vung thu djng : la vang ma sy in mon kim loai c6 thé xay ra vé
mat nhiét dong, nhung ¢ dé oxit tao thanh mot l¢p khong tham
nuve lam cho viéc an mon ti€p tuc la vo cung cham.

» Luyén tap : BT 11 va 14.

5.3. Su an mon khéng déng déu

Khi ma hén hgp phin vmg khong con la hoan toan ddng nhit thi xudt hién
sy dn mon khong dong déu vi sy an mon nay hoat dong theo nhimg cach
khdc nhau trong cic vung khic nhau cta hé.

5.3.1. Pac trung dién hoa cua su &n mon khéng dong déu
B Thi nghiém

Ta diéu ch& mot dung dich nudc chira khoidng 25;;.!_1 natri clorua (nudc
g.l7! kali (1)
([Fe(CN)g ]3_ +3K™). Ton [Fe(CN)g ]3_ va ion FeX* tao ra két tha
xanh, mau xanh Turnbull cia Fe;[Fe(CN)g],. Sau cung cho thém vai

bién nhin tao) va 1 hexaxianoferat

ml dung dich phenolphtalein va 1{}g.!_l aga d€ 1am cho hén hgp bét 1ong.
bun néng hén hop nay.

Trén mot tim thép da lam sach md va cao sach gi trude, ta nhd mot giot o
dung dich trén. Mt khic & ddy mot cdi coc ta dé mot cdi dinh da tdy mo va
d6 ngap dung dich. Khao sat két qué sau khoing 20 phat (1 ligu 30).

B Giai thich cac thi nghiém

Hai thi nghi¢m da trinh bay chi ra ring sy dn mon sit di kem véi sy tao thanh
cicion Fe?* va OH™ & cic chd khic nhau. Cac ion st (I1) di nhién duye
hinh thanh do sy oxi hoa siit theo nira phuong trinh :

. = 24+
Fe = 2e +Fe”
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Nude mudi
+ Phenolphtalein

+ Kq‘ Fe(CN)ﬁ ]

a)
Nude ¢6 mudi
+ phenolphtalein

+ [Fe(CN)s I, 3K*

tdm thép da cao gi

két tia xanh nhudm mau

b) héng

dinh thép

«két tia xanh nhudm mau
héng

Tw liéu 30 : Mot két tua xanh chi
ra su lao thanh cdc ion 1;82-4-'
nghia la sw oxi hoa sdt, con su
nhugm mau héng néu ro cdc ion
OH™ duoc tao thanh.,

a) Thi nghiém, dugc goi la giot
Evans, chi ra rdng cdc ion Fe?*
va OH™ tqo thanh trong cdc
ving khdc nhau theo thir tw ¢
gita va ¢ quanh giot.

b) Sw oxi héa sdt xay ra ¢ ddu va
¢ dinh nhon cua dinh trong khi
cdc ion hidroxit OH™ xudt hién
O phdn gina.



Céc ion hidroxit ¢6 thé hofic dén tir sy khir nidc theo (1), hodc tir sy khir
ox1 hoa tan theo (2)

(1 2H,0+2¢” - 20H™ +H,
(2) %Oz +H;0+2¢™ — 20H

Phan iing thif hai s& trdi hon khi ltgng oxi di.

Cic electron sit dyng di chuyén tir viing oxi hba st tdi ving khit oxi sau
dan vio bén trong miéng kim loai (¢ lidu 31) trong khi sy di chuyén cla
cac ion dan ti sy déng kin mach dién.

Sy ¢6 mit ban ddu cia cac ion Na* va CI” trong dung dich tiép xic
vGi kim loai lam cho dung dich dén dién manh hon, déy nhanh sy dn mon
kim loai .

Hai thi nghi@m nhur vy chi ra ring sy oxi héa sit va su k¥ oxi xay ra
dong thi, nhung trong cic ving khac nhau.

Hign twgng nay gidng nhy hién igng ddc trung cla cic may phat dién
héa : cic phan iing dién hda oxi hda va khir di€n ra & cac vj tri khic nhau,
cac dién tich Lruyén di dusi dang electron trong cac dign cyc vh diy dan,
va dudi dang cac ion trong cac dung dich va ciu ndi.

Do d6 ngudi ta goi cd ciu chiu trach nhiém vé sy &n mon irong trudng
hop nhu vdy 1a mdt vi pin.

Su @n mon sd dung cic vi pin duge goi 1 si dn mon dign héa vi
trai véi phan ing héa hoc, né xdy ra ma khéng cé su chuyén trite
tiép electron cha chit khit sang chét oxi hoa.

» Vung tuong dng vdi cfc duong cda vi pin 1a catét, 13 ving ma tai
d6 dién ra sy khi.

¢ Vung tudng iing véi cyc dm cua vi pin 1a anét, 13 viing ma tai dé
dién ra sif oxi héa.

5.4. Cac yéu to tao thuan loi cho sy &in mon khang déng déu
B Giai thich cac thi nghi¢gm

* Trong trudng hgp cai dinh, cic ving andt, ndi ma kim loai b oxi hoa, {a
diu va mii dinh. So vdi phan cdn lai clia dinh, hai viing nay di phai chiu
céc @mg lgc co hoc bo sung do su rén ngudi, lam cho ching cang nhay
¢am hon vdi sy dn mon.

* Trong trudng hop giot dung dich, andt & gifta giot, catdt ¢ ving ngoai
bién. Tam kim loai 12 ddng nhit trén tht ca bé mjt ciia giot. Nhu vy céi
phan bigt viing andt va ving catdt khong nim & trong kim loai ma & trong
dung dich tiép xic v8i nd ; ving ngoai vi cua giot tao cho khong khi mét
bé& mat tiép xiic 16n hon 1a ving trung tdm cla giot. V1 v@y oxi hoa tan &
diy dé dang hon.

Chinh gradien ndng d6 ciia oxi x4c dinh tinh chit dién hoa & cac vung khac
nhau cla giot : viing catdt 1a ving tai d6 nong dd oxi hoa tan Ja manh
nhit, viing anét 1a ving tai d6 ndng d nay 1a nhé nhat. Phan (g x&y ra
theo huging Tam bién mat sy khac bigt nay (n lidu 32).
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Tu liu 31 : Cac phan itng dién héa () va su tuén
hoan ciia cac phan tit mang dién tich (—) trong qu
trinh an mon cai dinh.

Tu liéu 32 : Cac phan iing dién héa (—) va héa hoc (—») trong thi nghiém vé giot Evans. S« tao thanh mét vanh han
gi giita viing anét va catét dugc thuc hién theo hai giai doan : cac ion Fe?* va OH™ di chuyén theo chiéu ngugc
nhau, gadp nhau trong ving trung gian dé cho két tia sdt (1) hidroxit Fe(OH),. Sdt (II) hidroxit, sau d6 nhanh

chéng bi oxi hba béi oxi hoa tan, thanh sdt (11) hidroxit Fe(OH)sz, mau gi.

® Tdng quat héa

Tét c& moi nguyén nhan do tinh khong ddng nhét clia h¢ ddu can dy :

e sy tiép xiic giira hai kim loai khac nhau hay 1a gradien ciia thanh phan
trong trudng hgp hgp kim ;

» gradien ndng dd ctia dung dich, nhét 1a ham lugng oxi hoa tan ;

e gradien nhiét do ;

e bé mit tuong ddi ciia andt va catdt. Mot catdt 16n lien két vai mot anot
nhod din dén mdt mit d§ ctia ddng dign anét rat cao va nhu vay din dén sy
dn mdn diém, nhu cac 16 kim cham chéng han.

6 Cac phuong phap bao vé

6.1. Trd lai hién tugng thu déng héa

Mot sb kim loai, vdi sy ¢6 mit ciia mdt chit oxi hda, c6 thé hinh thanh &
bé mat mot mang oxit min, bam chéc va lién tyc. Cac kim loai d6 hiu nhu
trd ngay ca trong cac mdi trudng cd tinh chiat in mon manh nhu moi
trudng bién. D6 1a trudng hop cia crom, nhom, titan... Trong thyc té
chiing duge sir dung hodic nguyén chit, hoic dudi dang céc hgp kim. Tinh
chét nay dugc van dung dé bao vé thép (i liéu 33).

Thép thudng ding 1a hgp kim sit va cacbon chita tir 0,15% dén 0,85% (vé
khéi lugng) cacbon ; syt ¢ mit clia cacbon cai thién céc tinh chit cd hoc
clia sit ma khong giam dugc tinh d& bj dn mon.

Ngudgc lai, néu ta cho thém crom vao sit, hgp kim thu dugc chéng dn mon
tdt hon nhiéu. Khi ti 1& phén trim khéi lugng crom vugt qua khoang 12%,
ta thu dugc thép khéng gi.

Thong thuong, cac thép khong gi ngoai crom con chita cac kim loai nhu
niken hay molipden ; crom va niken dit, cho nén thép khong gi chi danh
cho cac st dung dic bigt. Nhu vy, 85% lugng thép dugc sit dung 12 thép
thudng can phai duge bao vé khoi sy an mon.
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4 j(pA.cm™?)
10 H-0 0,
Feo Fe?* 1 &
/ Vi V2 wv)

Tu liéu 33. Lam ré su thu dong
héa cua thép nho vao duong
cong dong - thé. Mot dién cuc
béng thép ¢6 17% crom nhiing
vao axit sunfuric H,SOy

Smol.I"\. Pinh ciia duong cong
tuong ing vai sy tao thanh mang
oxit, sau do j giam dot ngdt va
trd nén rdt yéu khi mang da hinh
thanh. Hgp kim bi thu déng héa
@ bén trén thé Vy. Vaithé V, ,
xudt hién su thodt khi oxi la dic
trung cua su oxi héa nuéc.



6.2. Xurli bé mat

Vi sy éin mdn gdy ra bdi sy tiép xac cta kim loai véi khong khi hodc véi mot
dung dich nén nguoi ta tranh sy tiép xac nay bang céch phi 1én bé mit kim
loai mOt 16p khong thdm. C6 nhidu cach xir 1 bio vé theo kidu nay :

* Phit m0t 16p khong phai kim loai : men, son, vecni, mang chat déo,...

* Phi mot 16p kim loai khac chGng 4n mon t6t hon. Viéc phi ndy 6 thé
thyc hign hodc bing dién phan (ma crom, ma niken, ma bac, ma kem... )
hodc nhing trong kim loai niu chdy (suma).

* Tao thanh mot 16p bé mit bdo vé dya vao mot phin ung hoa hoc: Khi
nhing mot miéng thép vao mot dung dich nong chira (ion photphat hay
axit photphoric H3POy4, s& lam xudt hign mot 16p sdt photphat khong
thim. Thi thuat nay 1a phuong phip photphat héa Parker, dugc dung
trong cong nghigp 0 to dé bdo vé cic thung xe.

Chi y : Trong truong hop nhom, mét l6p bé mdt oxit duoc tao thanh mor
cdch tw phdt. Tuy nhién, dé tdng cuong sw bdo vé nhom, nguot ta tang
cuong lop oxit bdng cdach anot hoa, nghia la, trong qud trinh dién phan
trong dd chi 1iét bdng nhom gik vai tro anot. Nhém anot héa ngay cang
dugc dang nhiéu trong xdy dung

» Luyén tap : BT 12 va 15.

6.3. Cac khuyét tat diém cua 16p phi

C6 khi 16p bdo v¢ ¢6 mot vai khuyet tt diém, hodc vi 16p phii khong thé
bam dinh chic vao sit, hodic vi mot va dap da gy ra sy phd hily cuc bo ciia
16p nay. Nhu viy sit lai ti€p xic v6i moi trudng c6 tinh an mon. Tuy viy,
sur an mon khong phai 1a chic chin

* Khi 16p pht Ia phi kim, n6 khong thé tham gia vao cdc phin tmg dien
hoa. O nhimg chd ma 16p phi nay bién mdt, sdt bi tin cong vi khong dugc
bio veé.

* Khi 16p pht la kim logi, mt vi pin hinh thanh trong ving ma tai d6 sit
da bi phoi trin ra. Néu kim logi cia 16p phii ¢6 tinh khit kém hon sit
(truomg hop niken, crom, thiéc...) thi sdt dong vai trd anot va chiu sy in
mon nhanh hon (1 liéu 34a). Nguoc lai, néu kim logi cta 16p phii ¢6 tinh
khir manh hon sit (truong hop kem), sit dong vai trd catot va khong bi
an mon (1w liéu 34b).

Két lugn : Néu lop phi bao vé duge lam béi mot kim loai ¢é tinh
khir manh hon sit, sit duge bdo vé, ngay ca néu nhu l6p nay
khong phai la hoan toan khong tham. Su bao vé duyc dam bao
chimg nao ma lép phi chua bi pha hoai hoan toan. Trong moi
truong hep khidc, cdc khuyét tat cia I6p phi bao vé la nhimg
trung tim in mon sit.
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Tw lieu 34. Cdc phan ing dién
hoa xung quanh mot khuyét 1dt
cua lop kim loai bao vé.

a) Khi sdt kém bén (tinh khir cao
hon) so véi kim loai bao vé, thi
kim loai nay, véi si ¢6 mdt cia
mot  khuyét 1dt cua lop bao vé,
tro thanh phu trg cho sw dn mon.
b) Khi sdt bén hon (tinh khir kém
hon) kim loai bao vé, kim loai
nay” bi hi sinh" dé bao vé sdi.




6.4. Su dung kém vao viéc bao vé thép

Gin 40% san lwong kém cta Phap dung dé chong sy dn mon.

6.4.1. Phu 16p kém

Du kem (E°(Zn**/Zn)=-0,76V) ¢6 tinh khir manh hon sit

(E° (Fl:2+ /Fe)=-0,44V), kém vin chdong lai sy dn mon ctia khong khi
tot hon sit, vi n6 ty che phd bing mot 16p kém hidrocacbonat, dinh bam
chidc va khong tham, che cho kim loai khong bj tdn cong siu. Thém nira,
nhu da n6i trong muc 6.3, sy c6 mit cua cic vét nut & 16p kém khong lam
mit khi nang bdo v¢ thép, hon nita vi cdc sdn phim oxi hoa kém thudomg
lam cho cdc vét mit duoc bit lai.

Vige phi 16p kém c6 thé ti€n hanh theo nhiu cich trong d6 hai cdch
chinh 1a mq va trdng kém bdng dién :

B Ma (galvanisation)

Ma 1a phu 1én thép mdt 16p kém bing cach nhang thép vao kém ndu chiy.
Phuong phip nay, dugc sir dung tir gitra thé ki XIX, dya trén sy khic nhau
gita nhigt d0 néng chdy ciua kem (0, =419°C) va cha sit
(Ope =1535°C). Trudc khi nhiing, miéng thép da dugc tdy mo, tdy gi,
nung nong so bo,...

Nhigt do clia bé ma kem gin 450°C - dii d€ hai kim loai khugch tdn vio
nhau tao thanh nhiéu 16p hop kim.

® Tring kém biing dién

Theo phuong phéip nay, ngay cang dugc st dung nhiéu hon, sy phi kém
dugc thye hign bing dign phén, vt cin tring kém dong vai tro catot. BE
dién phan 12 mot dung dich dic kém (II), thuong dudi dang phac chdt
[ZnCl, ]2_ hay [Zn(OH)4 _]2* va anot 1a kém nguyén chit. Ham lugng
kém (II) ctia bé ma dwgc duy tri khong ddi biing sw hoa tan cta anot. D&
thu dugc 16p ma bam dinh chit va két tinh tot ngudi ta tién hanh véi mat
do dong dién ¢ muc vai trim ampe (rén 1112. Do diy cia 16p ma thuong,
dattr 5 dén 10 pm.

6.4.2. Bao vé bang anot hi sinh

Trong mot vi pin, sdt bi an mon ¢ noi nao ma né déng vai trd cung cap cac
eclectron cin thiét cho sy khir cdc tic nhian dn mon, nhu 13 oxi. D& bdo vé
no, nguoi ta tao ra mot mach dién trong d6 st déng vai trd catot ; khi do sit
nhdn mot dong electron, lam cho oxi bi khir khi ti€p xdc v6i n6 ma chinh
sdt lai khong bi an mon. D& lam vigc nay, chi cdn noi sdt voi mot kim loai
¢6 tinh khir manh hon dé€ kim loai nay chiu sy oxi hoa thay cho sit. Kim
loai nay 1a mot anot ty dn mon dan dédn : d6 1a mot anot hi sinh.

Nhu viy, cic vO thép cha tau thiy hay cic ong din ngdm dugc bao v¢
bing céc di¢n cyc bing keém b tri thich hop (1 ligu 35).

Chi Y : C6 thé thuc hi¢n sw bao vé sdt bdng cdch ddt né vao mot mach
trong d6 chiéu cua dong dién duwgc dp ddt boi mgt mdy phdt ¢ ngoai, cuc
dm cia mdy dugc ndi vao sdt. Nhung phwong phdp nay kém mém déo hon
vi¢c dang cdc anot hi sinh nhiéu.
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miéng _[ __ day nai F/W_f"

“anot bing kém

thép

Tw liegu 35. Bao vé mit thiung
trong long ddt bdng anot hi sinh,

Anot bdng kem phai ddt trén mét
via cdt xép cho phép logi bo cdc

ion Zl'l2+



DIEU CAN GHI NHO

B Cuing d$ di qua dién cue ti 1§ vii toc d§ cac qua trinh dign héa hoc dién ra tai dé. Néu
tinh cutmg d§ vae dung dich 1 duwong thi 7 1a dwong néu di¢én cyc la trung tam cilia sy oxi
héa ; 712 4m néu no 1a trung tam cua sy khiy,

Cuing d¢ I cua dong dién phy thude vao cai yéu td dong hgc sau : n;ﬁng dé chét tan ;.

nhiét 4§ T, ban chit cia dién cue, dién tich S cia bé mat ticp giap dién cuc - dung dich va
thé V ciia dién cye. Thudng ta co thé dit I dudi dang :

I=k(T,V.8).f(e;)
Cac dudng cong biéu dién cic bién thién cia 7 theo ham coa V & T va ¢; khéng dai, dvge
g9i 12 dudng dong - thé cia cip Ox/Kh déi vdi dién cuc dudge xét.
B Néu dign cuc dugc tach riéng, nd sé ¢ trang thai cin hang, dong dién toan phan I qua
digén cyc khi do bang khéng va thé so véi H.S. E 1a dic trung cia trang thaij ¢in bang

V khi d6, theo dinh nghia, la thé oxi hoa - khit cia cdp Eox, /K,

(M)1=0 = Epx,/Kn,
Néu dong dién I khac khong, V khong con biing thé can biing cda cip Ox;/Khy.

Theo dang diring cong dong- thé, ta cé thé phan bigt hai loai hé dién héa (cap oxi hba - khit va
dién euc) :

» Cac hé nhanh : Ngay khi V khic EOXI_{Khl , cutng d¢ I di qua dién cie 1a quan trong
(dwong néu (V — EQx,/Kn,)) 1a duong , am trong truding hgp trii lai).
e Cac hé chdm : Co mit khoang cia (V -- onlm,l ) ma cuong dd / héu nhu biing khéng. Dé
thu dugc cudng 6 I, , phai dura dién cyc tdi thé Vs sao cho
Var = Eox Kn, + 71U )

Trong dd 77(I ) 13 qud thé ddi véi cudng db 1.
Theo quy wde, qua thé andt n1a 1a duong, trong khi qua thé catét M, la am.
M Vigc sit dyng cac duding cong dong - thé dé giai thich mét phan dng oxi héa - khi¥ cin phai
xét cac dudng cong dong - thé cha hai he, thé cia hai cip oxi héa - khit, mot ki hi¢u (1) chiu sy
khi, he kia ki higu (2) chiu syf oxi héa. Téc 46 trao déi electron giita hai cip oxi héa - khif hign
rd ti cc dutmg cong / = £ (V) nhd vao diéu kién thé hign tinh cht bao toan dién tich :

Iy, =~1g
m DIEN PHAN
+ May dién phan Ia mt h¢ gom mot may phat dién va hai dién cye nhing trong mjt
dung dich dan di¢n. Dudi anh huéng cia may phét, ap d3t chida cha dong dién, s¢ oxi hoa
xay ra ¢ andt va sy khit § cat6t. Dién phin 1a mét phan ding khdng i nhién va thu nhiét : né
chi xay ra nhd ning lugng do may phat cung cip.
+ Binh luét Faraday : Dign tich di qua mdt may dién phan i ¢ véi Iwgng chit tao thanh &
cac dién cuc.
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¢ Dé c6 sy dién phan, cn phai cé mt higu s8 dién thé U AC ¢€ao hon hay biing dién thé
ngudng sao cho phan ting dién héa c6 thé xay ra vé mat nhiét dong & mai dién cite,

* V4 phai cao hon thé cin bing cda ciip 6 thé oxi héa - khir thip nhit cé m3t ¢ andt.

* V- phai thap hon thé can bing cha cip ¢ thé oxi héa - khif cao nhit cé mit & catdt.

g anét, ba phan ing oxi héa c6 thé xay ra : sif oxi héa ciia chét hda tan, su oxi hoa cic phin
ti mitGe va sy oxi héa vit ligu lam dién cye. & catot , hai phan img khi cé thé dién ra : sy

Khit cac chat hoa tan va sy khi¥ cic phan ti nude. Cac dudng cong dong- thé cho phep thay
rd cic yéu tb ddng hoc va nhiét dong tic dong mht mit vio hé thic gida dién thé U AC Va

cudng do I va mit khac dén sy lra chon cac phan img sinh ra @ cic di¢n cyc

Ugc) = (E2-Ey) + (-0 XD+ RI
nhiét djng djng hoc thuan tro
+ Can bang dién phén dung djch axit ciia kém sunfat I :
* - a— 1
» § anédt : 3H30 - 2H30% 42 + 702
¢ § catdt : Zn**+2e” — Zn

Phén img catdt 1a dudi sy dicu khién dong hoc. & andt, dong hoc chi tac dong dé lam ting dién

thé ngudng cda sy oxi héa, nhung khéng lam thay dai ban chit cta chét phan ing chju sy oxi
hoa nay.

m SU AN MON

Sy &in mon I3 té hgp cac hién tugng ma qua dé mot kim loai hay mét hgp kim bi oxi héa
dudi anh hudng cba cdc chét phin vng thé khi hay trong dung dich. Sy &in mon dugc goi la
kho khi cac tic nhan oxi héa khéng & trong dung dich, 14 wéf trong trudng hdp nguge lai.
Trén gian dé E - pH cia m{t nguyén t4 kim loai, ta c6 thé xac dinh ba viing : viing mién i
tai d6 moi sy tén cdng 1én kim logi 14 khéng thr.: xay ra vé mit nhigt dong ; vung dn mon la
vung ma sy tin céng kim loai ¢6 thé xay ra vé mit nhig¢t ddng ; vung thu djng la viing ma
sy tin cdng kim logi 13 cb thé xay ra vé mit nhiét djng, nhung mét 16p oxit khong thim
nudc lam cho sy tdn cong nay la v6 cung chiam.

Sy iin mon xay ra qua cac vi pin dugc goi I3 sy in mon dign héa hec, Vi tréi véi phan ing
héa hoc, phan \ing dién héa xay ra khong cé su chuyén truc tibp cac electron cia chit khi
sang chét oxi héa. Tét ci cde nguyén nhén cia tinh khong dong nhit cia hé tac djng dé
lam thun 1gi cho sy &n mon : sy Uep xic giita hai kim loai khac nhau hodc gradien thanh
phén trong trudng hgp hgp kim ; gradlen thanh phan dung dich, nhét 13 ham lugng oxi hoa
tan ; gradien nhiét 4 ; dién tich twong ddi ctia andt va catét.

W Cic phuong phip bao vé chéng &n mon :

¢ Sy thu déng héa : D6 Ia sy bio vé mét sb kim loai hoic hgp kim biing s tac thanh mét
ming oxit min, bam dinh chéc va lién tuc {trudng hgp crom Cr, nhém Al, titan Ti va cac thép
khong gi). :

+ Vidc xar li b& mét : Ngin chiin sif tiép xic véi mai truGng in mon bing cich phﬁ 1én bé
mit kim loai mot 16p khéng thim (ldp phu phi kim ; phu mdt 1dp kim loai khic chong su dn

mén tét hon), Viéc phu kém co thé thuc hién hodc bang céch ma kém dign, hodc bing cich
mg (ching trong bé kém nong chay).

+ Andt hi sinh : Kim loai M cin bao v& ditge ndi véi mat kim loai ¢6 tinh khi hon va chiu
sy oxi héa thay cho né. Kim loai nay 1 mét anét Af sinh.
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Bai1ar
Trae phi c6 ghi chu ro rang 1rdi lai : T = 298K va
RT

23— =0,06V
F

Cac gid tri cdn thiét c6 thé Idv & bang s ligu trong
phu luc 1, khi khong dugc cung cdp.

Ap dung truc tiép bdi gidng

1 Budng cong / = f (V) d6i v&i cap
Cu?*/Cu
1} Tur ligu dudi ddy cho duomg cong I = f{V) doi v6i
mot dign cyc dong 1iEp xdc vai dung dich ddng sunfat
CuS0, 0,1m01.£_1 . Xéc dinh cdc phin img dién héa
sir dyng,
2) Binh luan vi tri ciic dudmg cong dGi vai 7 = 0. Vai
130, dién thé cta mébt dién cuc khic vai dien th& ¢in
bing. Xdc dinh qud thé anot 7, vi qua thé catot 7, .
3) Néu ta tang dién thé, ta thdy xudt hien mot doan
ndm ngang trén mot trong cidc nhanh, B sung mot
cich dinh tinh gidn dd va gidi thich ngudn gdc cia
dogn nim ngang nay.

4 I(a)

0 Budng cong / = f{V) d6i voi mat dién
cuc kém

Tu litu dudi diy cung cdp cic dudmg cong I = f{V)

ddi v6i mdt dién cye keém Giép xuc vai dung dich keém

sunfat ZnS0, 0,1 mol.I™!, sau d6 voi dung dich

natri sunfat ciing ndng d¢. pH cda ching gén 5,

1) Viét va phan logi tdt ¢d cdc phin ing catot va anot

c6 thé dy tinh trong cée didu kign thi nghi¢gm néun

trén. VGi cde ¢ép lién quan dén phin tir ¢6 ndag 4o

chua biét, diing cic th€ tieu chuin biéu kién.

2) Chi o va gidi thich phan tng twong tmg véi céc
phan khic nhau clia hai dugmg cong.

3) Néu ta tang dien thé, ta thay xudt hi¢n mot doan
ndm ngang & trén mdt trong cdc nhinh, BS sung vé
mdt dinh tinh gidn d va gidi thich ngudn gdc cha
doan ndm ngang ndy.

Nhdc lgi : Trong dung dich nutc, cdc ion HSO; va

SO%‘ khong tham gia vao sy khit.

I(ua)

5
_[‘() / 0,2

T ¥ T -
Vesu(V)

a) ZnSO,
b) Na, S0,

-5

3 Budng cong / = f{V) dbi véi dién cuc chi

Tue {igu dudi day trinh bay dang clia mot dudmg cong
dong - thé duge ghi véi mot dign cyc chi nhir 13 dign
cue lam viée va dung dich axit sunfuric 1mol.} -1
{pH = 0} ia chit dién i,
1} Vi€l va phan logi tit ¢i cdc phin tmg twong ng
v(4i cdc phin khdc nhau cia dudmg cong.
2) Chi o va co gidi thich cdc phan img (uong (mg voi
cdc phin khic nhau cia dudng cong.
3) Tir d6 suy ra rang viéc ¢d thé dung dién cye chi
lam anot khong bi 4n mon, 1a do sy thy dong hoa clia
kim loai mi ta s¢ chi ro bdn chit.
4) Xéc dinh qué th€ clia oxi va cha hidro trén chi kim
loai. Cdc dai lugng nay ¢6 phii 1d khong déi ?
Nhdc lai © HSOZ va SO%" khong tham gia vao sy
khir.

T(na)

su thoat khi

su thodt

khi g
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$6 liéu (thé oxi hoa - khit tiéu chudn) :
2H30% +2e” =H, + 2H,0 : E® = 0,00V ;

1 -
202 +2H30% +2¢” =3H,0 : £V =+1,23V;

Pb2* +2e” =Pb B =-0,13V;
PbO, + 4H30" +4e” =Pb+6H,0: EY = +0,63V.

4 cac phan ung canh tranh va céac
dudng cong / = (V)

Thuc té c6 nhidu phan (ng dién hda canh tranh nhau
trén cliing mot dién cyc. Tw ligu dudi ddy trinh bay
dang cua cac dutng cong jfV) duge ghi vGi mot dién
cyc bang platin 1am vige va chit dién 1i 14 : a) dung
dich axit sunfuric 1 mol. 1 ; b) dung dich axit
clohidric 1 mot™!.

1) Vit cac phan (tng andt duge thyc hién trong cac
didu kign thi nghidm trén,

2) Xac dinh gia trf qua thé cia oxi va ca ¢lo rén platin
kim loai. Cac dai lugng nay c6 phai 1a khong ddi ?

3) B& sung day d duding cong j(V) ddi vdi dung dich
axit clohidric khi V bién thién 161 2V.

$i(A.dm™
504
1
w1 s 20 Vess (V)
136

B + sy xemen héa déng béi st

1) Nhic lai dinh nghia phan dng xemen hoa. Viét
phudng trinh cin bing ciia phan (ng xemen hoa dong
bai sit. Tinh hing 8 cén bing & 25°C.

2) Xac dinh khdi lugng 1i thuyét cha sit phai tidu thy
trén kg déng‘

3) Trén thyc t&, cac dung dich x{¥ 1i theo phuong phap
xemen héa Ii cac dung dich loing cia sunfat ddng ( 10
217! d3ng) c6 pH ghn bling 3. Bidu di#n dinh tinh cac
dirting cong dong - thé khi 1% rdi 99% ddng da bi khi,
h¢ dugc gia dinh Ya nhanh.

4) Khéi lugng sit phai tiéu thy thue 1€ vao khoing
gilta 1,2 va 2,6 kg sit trén kg ddng. SU dung céc gian
dd 1hé -pH cfia st v clia dong trong dung dich da
cho & chutong 8 @€ phat biu cic phan (g phu. Visc
lam thoang khi dung dich ¢6 phai 12 mét yéu t6 thudn
Igsi khong ?

6 Su dién phan vdi andt tan duoc

Ta xét m{t may dién phan ma hai dign cuc bing dong
nhing trong dung dich ddng (II) sunfat Imoli ™ o
pH gan bing 5.

1) Nhitng phan ¢ng dign hoa ndo ¢o thé xay ra & cac
dién cuc ?

2) Sk dung dudng cong I = f(V) déi vdi dien cue
dong & bai wdp | va che dudng cong di trinh bay
trong giao trinh, nghién clru dfng hoc cita cac phan
img trén.

3) Dién the t3i thi¢u phai diing 12 bao nhiéu d& quan
sit duge sy dién phan 7 Nong do ion dbng (II) trong
dung dich bién thién nhu thé nao ?

7/ Suthu déng héa kim loai nhém

Khi tiép xiic véi khong khi, nhdém kim loai bi bao pht
mt cach ty phat mdt 16p nhdom {111 oxit bao v& cho
né khdi bi in mon 1iép tuc. DE cai thiga sy bao vé do,
ngudi ta ting cudng 18p oxit niy bing cach dién
phéan.

1) Cdng thitc ciia nhém (IT0) oxit 1a nhu thé nao 7 Tiy
d6 suy ra phuong trinh phan fmg dign héa dé thu oxit.
2) DE thyc hign cong vige, ngudi ta nhiing vio dung
dich axit sunfuric dic tim nhom va mot dién cyc
khéng bi in mon, rdi ap dat mdt hidu dién thé db dé
duy ti mdt do dong 1 1A.dm ™2, Do day cha 1dp
nhdm exit thu dirge 1a bao nhigu sau 10" dién phan 7
3) Ta doc trong sach: “V&i mat 46 dong dién 1a 150
A.m _2, 18p oxit dat t3i 10um trong 3¢ . Két qua
ndy co phi hgp v8i nghién ciu 1i thuyét trén khong ?
Néu khong thi c6 thé giai thich nhu thé nao ?

Sé lLigw : Khoi lugng riéng cia nhém (1) oxir Ia

3,16g.cm -3,

8 Lam sach ddng bang anét tan duoc

D?)ng thu duge tir gquing chita nhiéu tap chét : sdt, chi,
antimon, bac, niken, vang, ... thco cic ti | thay déi
thy thco ngudn gbe clia quing. P& hifu nguyén 1f cia
sy dign tink luyén, ta xét andt 1a mdt tim ddng chita
cac tap chit niken va bac, va catdt 1a mdt thm df’ing
nguyén chat. Thiing di¢n phén chira dung dich ddng
(IT) sunfat 0,6 mol.I ™! va axit sunfuric 2,0 mol./ ™!
1.a) Nhitng phan (g dién héa nio cb thé xay ra § cac
dién aire ?

b) Ve mét cach gin diing cac dudng cong / = f{V) d6i
v3i cac phan (ing dign hoa caa a).
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2) Mo ta cac hién tugng quan sat dwge khi ting
(V4 —Ve) w0 V. Dign thé 6i thi€u phai ap dit d
bao nhiéu d&€ quan sit duge sy dign phin ? Néng ¢
ion ddng (I1) trong dung dich bién thign nhy thé nao ?
3) Céc nguyén 5 niken va bac thay ddi nhu thé nao
trong qué trinh dign phan ? Chi ra rdng, néu hidu dién
th¢ 4p dit thap hon mot gia tri ndo do, ta cd thé thie
hién duge sy lam sach déng. Ddng da lam sach duge
thu héi & dau ?

4) V&i mat do dong dign 1a 210A. m ™2, qua thé andt
va catdt theo thit wr 1a 6,05V va - 0,10V Khi do sut thé
3 céc cyc binh dign phan 13 0,10V. Biét higu suit
Faraday 14 0,95, x4c dinh ning lugng cin thiét dé tinh
luyén 1kg ddng.

@ biéu ché ion dicromat Cr,0%"

Cac ion dicromat co thé duge didu ché biing cach
di¢n phén dung dich crom (III) sunfat va axit sunfuric
d gitta cac dién cyc khéng dn mon.

1) Chi ra chiéu di chuyén ciia cac phin (i mang di¢n
tich khac nhau trong dung dich.

2) Ton dicromat thu dwge d dién cuc ndo trong qua
trinh dign phin ? Viét phuong tinh clia phan tng
dién hda twong (mg. Co6 phai d6 1a phan (ng duy nhit
c6 thé dy tinh & dign cye nay ?

3) Diing cic ké1 qua cla cac ciu hdi rudc, chi ra ring
viéc sif dung cac dung dich dic va khuéy dung dich
dién phan a nhét thiét d€ dat hiéu sudt 16t ddi véi ion
dicromat,

4) Cac phan ting dién hda ndo cb thé x3y ra & dign
cyc kia ? Trong thyc t&, 1a thiy ¢4 su thoat khi : chi ra
phan tng tugng {mg.

5) Giai thich toan bd cac qua trinh bing cach trinh
bay dinh tinh cac duong cong /(V) cha cac ciip khac
nhau duge st dung,

86 ligu - E°(Cr>T/Cr) =- 0,74V

10 céc didu kien san xuat ddng bang
dién phan

Dung dich ddng sunfat CuSO, va axit sunfuric, thu
duge do sy ngam chiét quiing, sau khi 1am sach, dirge
dién phin vdi andt chi va catdt dong.

1) Tw fign 1 trinh bay dudng cong dong - thé thu duge
v3i dign circ ddng 1a dién cuc 1m viéc, dung dich
mol axit sunfuric 1 chit dign li (dudng a) vi duing
cong thu dugc v8i cing dién cyc vi dung dich mol
ddng sunfat (dudng b). Chi ra cac phan dng dién hoa
duge si dung.

2) Tu ligu 2 trinh by duding cong dong - thé thu dugc
trong qua trinh dién phan dung dich ddng sunfat 1
mol./ ! va axit sunfuric (pH = 0) véi catdt dong va
andt chi thy déng hda. Binh luan vin tit hinh vé nay
va diing n6 d€ dy kién céc két qua dién phan.

3) Xac dinh gid 1 i thuyét cla (V4 —Vc),, . Véi
mit dd dong dign 12 130A. m 2, qua thé andt va catdt
lan lrge 12 0,60V va - 0,05V trong khi sir sut thé do
dién trd chc cye cha binh dién phan 13 0,90V. Biét
ring higu suit Faraday la gin bing 0,85, xic dinh
ndng lugng can thiét d€ két tha 1kg dong.

Tu ligu 1. Al

6.5 Visy (V)

Twligu2, 4/(A.dm)

-+

Vin dung cdc kién thic da hoc

1“1 + Gian d6 E - pH clia nhom

Ta chi xét cac phin it AI** ; AIO3 ; Al,04.3H,0
(hidragilit)ﬂ va Al kim loai.

1) Viét bigu thifc cha o tan bidu kién s, cfia nhom
(III), trong dung dichabﬁo Iht‘)a oxit nhém hidrat,
duge xac dinh nhu la tong 86 chc ndng dd cha tat ca
cac phan 1 tan theo ham ciia ndng d6 ciia ion H{O™" .
V& duding cong log(sar/c®) = fApH).

2) Cho mot dung dich axit (pH = 1) ca ion AI**
ndng 4o €, = lpmoli ™!, Ta tang pH cua dung dich
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nity bing cach them dung dich xit dic (bd qua sy pha
lodng). Trong khodng nio cta pH ta sé thiy duge su
¢6 mit cia Al,O04.3H,0 ?

3) Vict phuong trinh c@a nira phin tng oxi hda nhom
theo ham ca pH dung dich vd cho cic bidu thic
tuong tng cla thé cin bing.

4) Str dung cic két qui trnde, 1ap gidn dd thé - pH cia
nhom ddi voi cic phén ti tan c6 ndng do 1}.1[1101.{_1
{ti 12 xich = lem ¢ho 0,2V va 1 cm cho 1 don vi pH).
5) 'Thira nhin 13 hidragilit tao thinh mot mang blo vé
khong thim va bdm chic, xdc minh riing nhom, v& mit
nhi¢t ddng, chi ¢6 thd bi tdn cong (khi khong c6 tac
nhéan tao phirc) bdi cdc dung dich nude co dh do axit
hoje kiém. Vit phuong trinh cta cic phin tmg twong
tmg. Xdc dinh trén gidn dd cdc ving thy dong, ving
mién {rir va vang an mon.

S6'tigu & 25°C e AIP* /Al : E° =167V

Tich sd'ion ciaa nuoc ; pKe = 14,0.

o Cdce tich sdtan

Voi cdn bdng :

—;:(A1303.3Hf_>0) +H,0 = AI*Y +30H™
3
AP | LOH™
K =£——~%—]— va pKy =36,3.

Vdi cdn bdng :
1 _
5(Al203.3H,0) + HyO = AIO; + H;0%

. L4107 | [H:0*]
A o2

vh pKy = 14,6
{Theo Chimie Centre, 1989.)

19 + Anot héa nhém

Anot hoa nhom 1a mdt thao tac dya vio qud trinh dign
phan d¢ thay 16p nhoém oxit bao phit nhom mot cich
tu nhi¢n bling 16p nhom oxit ddy gap khodng 300 14n
{(do do chong 1ai sy mai mon 6t hon), d& nhudm miu
{rat ¢6 loi cho xdy dung, trang tri, v.v...)

1} Nguyén li anot hoa

Cho nwic di ¢o tinh din dign bliing cich them mot
mudi tro viao mdt thing dién phan, sau d6 dit hai
dién cue khong bi dn mon va ndi cdc cye vio mot
ngudn dign mot chidu, Ta thay c6 sy thodt khi & méi
dién ¢yc.

a) Nhimg sin phim ndo thu duge do sy dign phan &
anot va & catot ?

b) Bay git, néu ta thay anot khong bi in mon bing mot
anot nhom, ta khong con thiy sy thoiat khi & anot, ma 1a

sy hinh thanh mot ldp nhom oxit khan {Al,O5 7). Sau
khi déng mach dién, cuomg do dong di¢n gidm nhanh va
tri¢t tiéu sau khodnh khdc. C6 th gihi thich mot cach
dom gihn hi¢én wong nay nhw thé ndo ?

¢) Vigc anot hoa thuomg duge (ién hinh nhidu hon ci
trong moi rwdng axit sunfuric. Khi dé xudl hién cic
hign tugng ddi khang nao ? Ta co thé dat duge nhimg
k&t qué nao ty theo cic diéu kién dién phin ?

2) Cau trdc cba lop nhom oxit: nhugm miu va sy
béi

Lép nhodm oxit Al, O thu duge trong moi trudmg axit
sunfuric ¢0 cdu tric x3p (vem we lidu a dudi ddy).

Sur tdn tai cha ¢ic 16 1a 6 loi vi nd cho phép nhudm
mau l&p nhom oxil von ty nhign rong sudt va kKhong
mau do qua modng (10 dén 20um).

DE lam viéc ndy, chi cdn lam ling dong cac chit mau
vao ddy cic 16 rdi bit kin migng 16 d& dam blo su 6n
dinh 3t cha ¢ hé (xem we lidu b duoi dav).

R AL l l

R A f?”/’

SR

x chit duoe
nhudm min

Trink bay bing so dé l6p nhom oxit duoc tao thanh do s
anot héa (a) va nguyén If ciia sie nhudm man (b).

a) Bigt ring ¢o khodng 8. 10" 16.m™2 va cac 16 ¢o
thé duge coi mot cach tho so nhw cic xilanh ¢6 dudmg
kinh 12nm, tinh d xop P cia phin ngodi bé day ¢
cla 16p nhom oxit sau Khi anot héa (P = (hé tich ma
c¢dc 16 chi€m / hé tich toan b cha lop ).

b} Céch xir Ii nio, don gifin va it t6n kém ¢6 thé nghi
ra d€ thyue hién vide bit ¢ic 167

Mot x & i nhar vy ¢0 ddi hoi nhidu thoi gian va ¢6 cho
phép thu duge sy bit timg phin hay todn b cic 187

e Cdc khoi luong riéng (ke. 111_3) :

niém oxit khan (Al,Ozy) & 3,7. 10°

bomit (Al,03y.H,0) © 3,01‘103 ;
o Cdc tinh chdt khdc cha nhém oxit
St hidrat hoa theo ;
Al Ozy +H,0O —)A]*)O;}’ H,O
Trong cdc dié‘u kién nay, 16c dé chuyén hoa theo bé
dayla 5 L
{Theo Chimie Centre, 1989,)

—100"C

07 m min
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1 3 Phan \tng clia magie

1) Mot 14 magie da tdy of duge nhing vio nwde da
loai khong khi. Chi ra ring he ¢6 thé 1a trung tam cda
mdt phan (mg. Tinh hing s& cin bing bing cdch tinh
d¢n cic phin tir chinh trong céc didu kien nay.

2.a) Trong thye (€, khong mot phin img nio c6 thé
nhin thiy.

b) Lip lai thao tic bing céch thay nwde bing dung
dich axit sunfuric 0,1 mol./ !
thodt khi yéu.

¢) Ta cho 14 magic cham v6i 14 st vi thdy sy thoat
khi manh 1rén 14 sét.

Giii thich logt cac quan sit nay bing cach bidu dién
cd¢ duomg cong dong - the cla cac hi khic nhau. Chi
10 sy chuyén déng ciia cde phén tr mang dign tich
trong thi nghi¢m (c).

3) Tir d6 suy ra sy dmg dung clia magic vao viée diu
trant chéng in mon.

¢ la quan sit thily sy

14 + Gian a6 E - pH don gian héa caa
niken

Giin dd F - pH cGa niken s dupe ve véi

G = 1,0umol ™! khi xét cic phin tirsau

e chit rin : niken Ni ; cdc oxit NiO,, NizOy4 ;

hidroxit Ni(OH), ;

o cicion tan : Ni”"; HNiO; .

A. Vé giin db

1.a) Xic dinh khodng pH 6n tai hidroxit Ni(OH), .

b) Xiac dinh the dign cyc niken nhing wong dung

dich ion Ni-* 1.0 mol.? !

¢} Tinh the ticu chudn cta cip Ni{OH), /Ni. Cho

phuong trinh cda dudmg thing phan cich cic mién

ctia Ni(OH), va Ni.

d) Tinh the tiéu chuin clia cip HNiO; /Ni, Cho

phuong trinh cta dudmg thing phan cdch cdc mién

cia HNiO, va Ni.

2) S dung cdc k&t qud trude, ve gidn 6 E - pH cla

niken :

»  Tasthanché:

- ¢ mién pH > - 1 v pH < 15 (1cm wén don vi pH) ;

-OmitnE>- 09V vaL <+ 1,9V (lem trén 0,1V).

«  Khong nhdlt thiét phai inh céc the tieu chudn clia

14t cd cic cap ¢ thé gip, nhumg ta s& m 1o ;

a) (at ¢d cdc ok phuong trinh oxi héa - khir va cic do

doc clia cac duomg thing trong img ;

b) céc toa dd (pH, E) ciia tit ca cac diém "ba". Ta so
chi gitr cdc phin bén va s¢ chi ra phin « 1ol trong
timg mién.

3) Dua [én gidn & cac dudmg thing tuong tmg voi
C4c cdp oxi hoa - khir ey nudc.

B - Strdung gian dd
1.a) Ta cho niken vio mot dung dich uxit (pH = 1),
biéu gt xay ra ?
b) Ta cho niken vao mot dung dich bazo (pH = 13).
bidu gi xay ru ?
¢} Theo Pourbaix v Zoubov, niken 13 mot kim loai
"hot quy". Nehi gi vé v kién nay ?
2) Nguii fa di quan sit mot dién cuc niken duye gitr &
th¢ £(V}) vaa nhing trong mot dung dich ¢6 pH da cho ;
a) N& bi 4n mon néu ;
F=+02VvapH=3;
E=+04VvapH=6
b) N6 khong bi dn mon néu
E=-06VvipH=6;
E=-02VvipH=10;
E=+04VvipH=12;
E=+10VvapH=8&.
Gili thich cac k&t qua ndy, Xdc dinh rén gidn d6 cac
vimg thu dong, ving mién trir va ving in mon.
S¢ liéu va nhdn xér & 25°C -
o Cdc thao tde dugc fién hanh dudi dp sudt 1.0 bar.
o Thé tiéy chudn coa cdc cdp oxi héa - khur :
NiZt/Ni B® = - 0,25v; NiO, /NiZ*: £9= +1.59v
NizO, /Ni** - EY = 41,98V,
e Ni(OH), rdn c6 the tuw hoa 1an theo :
Ni(OH), = Ni** +20H™ voi pK,; =15.8;
Ni(OH), = HNiQ; + H" , vai pK» = 18,2

(Theo EXN.S.1 Chimie, 1989.)

15 *Sl.’r dung hidrazin

1} Cho cic cong thirc Lewis clia cdc phin tr amontac
(NH4) va hidrazin ( NoHy ). Mtc oxi héa clia nito Ia
bao nhiéu rong c¢dc phan 1 ady ? Tir do6 mit ra cic
tinh chit oxi héa - khir clia hai chdt niy.

2) Hidrazin 13 md1 dibazo 10ng hoa tan duge trong
nudce.

a) Chi ra cic ving rdi cla cac phin Ui khic nhau
theo ham cha pH.

b) Vi€l cic phin ung oxi héa thanh nito trong cic
ving trdi khde nhau, T 46 suy ra trong timg ving,
bicu thirc cla the tiéu chufn bifu kign E* trong g,
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theo ham cia pH (cic gid tri cda £* dwoe lap vii
PINs) = Thar va ndng 49 cia chit roi trong mdi

ving pH bing 1 moki 1),

¢} Dua viao cde ket qua rude, vE gidn dd £* = f(pH)
ctia hidrazin vi xdc dinh ¢de chit chinh trong mdi
ving ¢a 2idn do. Thém vao duomg thing £* = fpH)
trong ing véi the bicu kidn el s oxi héa nude,
3) Trong nwdc cta he (hdng ndi hod, mot trong nhimg
nguyén nhin chinh cha sy an mon cac dng din va bé
chira bang thép l s o milt ¢lia oxi hoa tan rong nude.
Mot rong cic phueng thide duge ding Ta cho hém mit
it hidrazin vio nuye ndi hot tnrve khi dong L.
a) Gidi thich hicu Iue ¢ia phuong phip nay va bién
minh cho nd.
b) B} tan ¢a oxi trong nude theo dinh luit Henry ¢
P(O~) =k.x(Os}, rong A6 P(O-) 11 dp sudt rieng cla
oxi, ¢(O~) [ phin mol ¢ba nd vi k b mdt hing s
bl 4,34.10% bar & 298K, Xic dinh khdi lume how
tan trong 100 it mese & 257C va dé & nhigt do nay
trong khéng khi véi ap sudlt khi quyén,
) Suy ra thé tich bidrazin 1dng (8 thiéu cin hidt 48
xU 1 o6 higu quil 100/ oude truve Khi dua vao ndi hoi.
Sé'lién & 298K ;
o Cdc khdi huong riéng ¢ 298K
HyO(l) < p=100g em™ ;NaHa (i p=1,01g cm ™,
o Cdc tinh chdt axit — baze caa hidrazin trong moi
fruomyg nuoc .
NLHZY /NLHE ¢ pKy = 0.3
N,H3 /N,H; ; pK,y =79
o Cdc the tiéu chudn : No/NoHE - EY = 2020V
{ngoui suy opH = ()

{Theo .5 EM. Orléans, 1993)

16 * pidu ché flo

Flo duyc san xudt bing cich dign phiin hidro tlorua
khan cong véi kaki tlorua (thanh phin cGa chit dién li
16ng nay gan vdi 2HF.KF). Nhi¢t di niim gita §0°C
dén 100°C . Anot cachon vi catot thép chuyén dung,
1) Vidl cac nim phuong trinh oxi hda - khir & anot vi
catot, sau do vict phan g tdng cong cha sy phan

gidi HI. Bidu dién entanpi tu do 4,,G clia phin ing

phin gifi mOt mol HF theo cdc hoa the ¢da cde phin
wr thum gia vio qué trinh,

2} Khi thodt ra & mdi ngan clia mdy dién phan ngodi
cic khi duge tao thinh khi dién phan (1o hay hidro
lay ngin} con chida hoi HE ¢an bing véi chit dicn bi.

a) Vit didu ki¢n ¢in bing 16ng - hoi doi vdi HE.
b) Tir d6 suy ra bicu i 4,,G theo him ¢l nhigt 4o

T, che ap sudt riéng pyy, , pp, . pyp cla cie khi co

mit, cang nhu et 4, G (HIY), entanpi tr do chudn ca
sy tao thianh HEF thé ki tir cde nguyén (6 theo
1 1
—H, +=15 =HI".
2 7 2 -
3) Bi¢t ring
A G (HF)y =-270,90 —6,49. 1(}_3.(3"- 300
tinh bing kJ.mol ™' voi 300 < T < 600K, va ap sudl
cia hoi HIY & c¢in bing v chit dign i 14
PHF =4,410%Pa & 85°C, tinh ¢ phan hiy nhi¢t
dong & nhidt do nay cOa HFE, ki hi¢u li Fags (HEF). Ta
thira nhin 14 trong mdi ngin, cic khi thodl ra dwdi ap
suft chung p bliing 1,013, 107 P,
4) Vi sa0 phai cho tham kali florua vio chit dign 1i ?
5} Giai thich vi sao vige diéu ché flo bing dien phan
dung dich awde cta kali 1lorua Lyt khong 1thé dure.
S&tiéu ;& dung dich nucc
EV(Fy(K)/F™ ) =+ 287V,
{Theo Polytechnigue M, 1989}

17 *bidu ch& mangan kim loai

bidu ché mangan kim loai bing di¢an phan dung dich
mangan (I1) sunfat axit hoa béi amoni sunlat pH gin
hing 3.

1.a) Nhimg phin dng di¢n hoa nao ¢o thé xdy ra &
cac dicn cue ? _

b) Chi v& mit nhi#t dong thi nhimg phin img nio 1
dé nhdt ? Phai dp dit dién thé 16t hifu 12 bao nhigu
dé quan sat duge sy dign phin twong tmg ?

2) Dya viao cic qud the, gidi thich khi ning thu duge
mangan & catol. Xdc dinh gid tri 1 thuvét cda
(V4 -Ve),_,, d0i vdi phan dng nay.

3) Véi mit 4o dong dicn SCOA, 111_2, qui (h¢ anot v
catot theo thir o L3 0,90V vi - 0,20V, wong khi dé sut
th¢ do dign trd ¢ cde cye cta binh dign phan i
1,25V, Xic dinh dién (hé van hanh ¢da binh dién
phin.

4.a) Sy dign phin xdy ra véi cudmg do 35,0kA, Nhi
may lam viee 24h trén 24h, Khai luong (80 da kim
loai thi duee méi ngdy 12 bao nhicu ?

b) Trén thye (€, khoi lugng kim loai thu duge chi 1
530kg. Gidi thich nhan xét niay va xic dinh hig¢u sudt
Faraday cila sy dign phin. Trinh biy dung dudmg
cong (V) twomg ung,

¢) Xdc dinh niing hugng ciin d¢ k&t tha Tkg mangan.
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18 + Acqui cadimi - niken
Ngutri ta d¢ xudt viee nghién ciu v& mit nhiét dong hoe
str vin hinh cha mdt dcqui niken - cadimi duge coi nhu
mt pin dign hoa thudn nghich.
1) Xétmot dung dich 10mmolt " ien Cd¥*
a} 'Tinh pH k&t tda hidroxit CA(OH)» tirdung dich nay.
b) Bi€u dién th |, theo ham cta pH cla cip
CAUN/CA).
©) 'Trén mdt gidn do, hicu didn cic bicn thien Ey = fipH)
(U 1¢ xich Tem uén 1 dom vi pH v 10cm orén von),
2} Xét mdt dung dich 1()mmul.1_1 jon Ni*t.
a) Tinh pH k&t tha hidroxit Ni¢OH)> tirdung dich nay.
b) Bi¢u dién theo ham cda pH, the 1> tuong tng voi
cic ¢ip NipO3/Nitt hay NisO3/Ni(OH), .
¢) Trén gidn 40 trwve. bi€u dién cic bién (hién
Ly = fipH).
Mot de quy niken - cadimi gdm mot dién cye cadimi
{digén cyc 1). Dung dich kali hidroxit dac va mt dién
cuc kim loai tro, phi két tda Ni,O3 (dién cue 2).
3.a) Bién cye nao 1 dign cye duong eda dequy ? Vidt
cic phin img cta cic dién cye vi phiin tng toan phin
xiiy ra khi dcquy hoat dong 7
b) Chi ra ring sac dién dong khong phu thuge vio
nong do chit dign Li v tinh gid tri cia né & 25°C.
¢) Trén ctng gidn do dong - (h, dil cic dudmg cong
tuong g véi hai dign cue. So sdnh dién (he viin
hanh vi sire dign dong. Binh luin.
4.a) Lam 1h¢ ndo d€ nap lai modt acquy nhu thé ?
Nhimg phin img nio xdy ra ? Dang cic dudmg cong
1(V) so sinh sge dién dong vi higu 56 dién the cin
1hict d& thu duye cuong do 1
b) Bidt ring dcquy duge dong kin, ¢ 100 tai mdt gici
han dig¢n the khi nap 1ai khong 7 Vi sao ?
So liéu .
o Thé tidu chudn ctia cdce cdp oxi héa - ki £0 (Vy:
NiZ*/Ni - 025 1 Ni;O3/Ni* © + 1,74
Cd>*/Cd +- 0405 05 /HL0 < + 1,23,
e Cde tich sd tan : CAOH), + Kq = 10714
Ni(OH), : Ko = 1071,

{Then Chimie Nord, 1989.)

19 ~ Ti€p cén thyc nghiém su dn mon sét

Yéu ciu 12 Taim so d6 cic thae tic duge chi ra va trd
10 ngan gon vi chinh xde cic ciu hii

Dung dung dich A 1a mot dung dich ¢é 3% (khoi
lugng) natri clorua NaCl  thém mdt it kali
hexaxianoferat (1) K3Fe(CN)g vi vhi giot dung
dich phenolphtalein.
1) Trong cBc chia dung dich A cho thém hai que -
que sit 1 vi que déng 2 duge ndi vio mdt von k& ¢o
di¢n trf trong 16m. Ta nhén thity ;
& ¢ 00 tal mol higu the vao khodng 210mV ; que 2
14 cue duong cha pin ;
» xudt hi¢n c¢ic bot nhd v miu hdng & vang xung
quanh que 2 ; xudt hién miu xanh & vang xung quanh
que 1.
Tir cac surkién nay suy ra cde phuong winh - cin bing
cla cde phan (mg xdy ra trén ¢ic que kim Togi. Que
nao s¢ ¢o thé bicn mit ? Do sy oxi héa hay do sy
khir? Sy dan mon s¢ nhanh hon néu hai que duge ndi
hay tich roi 7 N&u dung dich chia hay khong chira
natri clorua ?
2} Cd hai coc tich bigt 1 vie 2, ¢i hai déu chira dung dich
A, Ta ndi cic dung dich biing mol clu mudi (gidy loc
tim dung dich natri clorua chz'“;ng han).
Nhiing mét que sat vao mbi ¢oc @ hai que dwge ndi
vio mdt von k€ ¢o dign trd trong 1om, Trong binh 1,
ta cho suc oxi s : ta nhan thdy lic 4y xudt hign mot
thé hi¢u (khodng 1540mV), cuc duong Ta que nhing
vio ede 1. NCGu ta ngimg suc khi oxi, the hi¢u gidm va
triét iéu kha nhanh,
Viét ¢ic phuong trinh - cin bing clia cic phidn ing
xidy ra trén (img que trong cic ¢de 1 vit 2 nhimg mau
n3o ¢o thé xudt hi¢én trong cic cde 1 va 2 7 Phit bidu
ménh dé, ¢d v¢ nhu nghich 1f, md @ hién wyng xdy ra
trén méi que.
3.a) Ta nhiing mot tim sdt vao dung dich din dién A.
Cho suc vao dung dich, & vang xung quanh diu mat
cla tam sat, mot ludng oxi 5. Sy hign mau (hodc
nhimg sy hién mau) nao ¢6 thé quan sat duge ? Phin
ndo cla tim sit s¢ bi oxi héa ?
b) Trén mot tim st di danh thit nhin, tw nhd mot
giet 16n (dwdmg kinh 2em) dung dich.
Ta thdy, sau vai phat, ¢o sy hién mau. Mo td giot
dung dich va sy hi¢n mau.
4) ML tam sit (thi du v6 (Au thay) 6 mdt phdn chim
trong nuwyc bién.
Sy an mon kim logi s& xiy ra & ¢hd ndo cia vo tiu ?
Mot 58 bo phin kim loai bing ddng thau (md 1a coi 1
déng) duge pin trén vo L.
Cic migng kim loai nay ¢6 thé ¢6 4nh hudng gi d6i
Vi sy dn mon vo Lau ? Didu pi s xdy ra néu nguoi ta
han cic khdi kém [én v tau ?

(Theo ENIT.RTS. Strashourg, 1959.)

251



C_HUA CAC BAI TAP

111, ) V02mol) = nM/p=183 ml : b di
thé (hai pha)
b) V6,72 g)=mip =83l : h§ ddng thé.
2) mNaCl) = mM/V = 37,44 g trong 100 ml
e :
a) 625°C (hédithé:
b) & 100°C : hé dong the.
1.2. o Bing lp ludn trén thé tich mol = 22,41
= Vrml .
= mlkhong khi) = xg, MOy )+ xy, M(Ny)
=p.V,, =25,8%
XO1 +XN3 =1trdo xf[: =U,776 va XN2 =0,224
I () B Mo,
m(Cp)+niNy)  nfkhkhi)
WK, =l—w01
wrc [a wg, =0,248 v wy =0,752
33 dr
13.1) S3I8K)= §°(298K)+_[C°
298 T

. W

S°(318K) =127.0+ smlnﬁ
293
=13239K Lol 7L
2) S(37K) =
T‘ 373
S° (298K) + J‘q’,,£+£{i+ C°Pth
298 T 1 T, T

138

$°(373K) = 127,0 + 81,6, In——
298

L3010 2ol
38 3%
S°(373K) = 254,27K Vool !
14.1) ny =n(CH;OH) =4 mol ;
0y = ni{rurc} =6 mol
% =x(CHyOH) =0,4 tir do
VanV,+n.V,  V=260,1 ml

2] V =n. m]+['}2 2 —nI%ﬁ-nzﬁ

V' =270,0m AV=-9,9m .

1.5.1) Hai khi duge gia dinh I3 |7 tudng ban dau
& cimg mét nhigt dd, va & nguysn nhr the.

2 m=pf RT L

P
Trwde khi trdn p{ Ny ) = 2,5bar; p{Ar) = 3,0bar.

Sau khi trn, (hé tich dinh cho méi khi da ting
gAp d3i: p( Ny )= 1,25 bar; p(Ar) = 1,5 bar.
3) Ay H=0, vi che khi duge gid dinh I3 1i
twomg v T khéng ddi (véi mt khi 1f womg, H
chi phu thude vio T).

Ay G =054 by — (2020 )

(P(N2))sau
G=RT.| n{Ny).ln—=80
A [“ D N s
A i A
{PLA e
tirc [ A, G= —R.T(n(N2)+n(Ar)).ln2

4,G=- 189
G
AMS:-(%} ~ RNy )+ n(An).In2
P

4, S=6341K" .
16.1) (94 10Ty =—Spi

2 u*(T) = (Ty)+ f] S (THaT

dT"
S3,(T) = S2,(298K) + 14 C3 — ~

T
S(D= 161+lllln£é =474+ 11InT

A= 3*(T)— " (298K)

= 471,401 T - 1T T Tk

3) Voi T=338K Ay = —4,14kmol
L7.1) (Ot /p¥rn = Viys

%) Ap=pu(298,p)— 1°(298) =

= [ Vo= V(o —p°)

—b
BOIT 0168

M
3) Au=—2ppo)=

~0,628k].mal " I3 nho.
18.1) du =V, dp—S T
2) VA S(B) =2 S{w);

&pt, ~Hg)

S ) -85

trdo : d(uy — pg)=—ASg AT
NeudT <0, dpl —uf) <00 955°C,

=4y nhur vy 66 < 955°C,
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Hy —pg <0, S, ladmng ben.
3) dpg -4y =

= (Vg =V )dp - (S5 =8, )dT .
(7 cin blng méi, s5 = 4, tirdo

V,
AT=£"

Ap tic la: AT = 0,1K {V tinh
Sﬁ
bing m® vi P tmh bing Pa).
1.9. LaydH = dU + dip.V} = 3Q + V.dp
=TdS + V.dp.
b) V& mdt khi li ibmg, dH = C,dT trdo:
ds=C, E—X.dp
PToT
2) Viée tinh duge (e hidn tir cic giai doan
thuin nghich san :

CH  CIl(h  CeHylD
MSK Sty IBSK o 28K
1,0 bar 10 har 14 bar
" CeHs (D CeHy(k) Cell (k)
— owsk T K > 298K
pibh) pbh} 1.0 bar
s°(cﬁnﬁ‘f.293K)=s°((;5H(,.|a.2?&5K)
L' (B)
+ J (B)
T ms(‘pl
Lo
N AHBpy) i R@
208 02 P
9863
s J208K) = 128,74 + ——
(GHs ) ! 278,35
3
.13, alnﬁ BB ¢ 1422
278,5 208 0,127

5°(C4Hs L 298K) = 269,70 mol ™t KT
L10.1) u4(B)=p"(B) ; (M =p°(T) ; x
=06 xp =04,

4#(B) =z °(B}+RThx 5 va

4T =" (N +RThhx .

2) A, G=RT(ngInxg+n7.Inxp)

ApG =298 x 8,314 x (3x1n0,6 + 2xInd 4}
=- 8,34k

A=A, G/3T) =R (ng.Inxg +np bnxp)
AgS =280 1K
AgH= A, G+TAS=0



S

A3S>0, vi hé L3 cd lap va sir chuyén héa 1

khéng thuén nghich.

A;H=0, vi trong mét dung dich 1i twdmg,

Hy=H,.

L11.1) Vy=>380Ln, +14,61n, = 1000mL

006= oM
46.n; +18n,

n. =1.788mol.

ir do n, =16,788 mol va

_ 46.n,

46y +18n, + V.

tir d6 V = 574,6 mil.

2) The tich V' oo Vodka thu duge [+

V.t :
],

T

0,56

V= nn,V,Inla + [na +

V' = 16, 788x 56,58+
574,6%1
18

[1,788+ ]xl?,ll =1526,6ml.

AV =- 47,9 ml : sir co ngdt trong qué trinh hén
hop.
112.0) HyOh): 2(T,py= g (T)+R T £

B O(): (Tp) = 4 (D + [ Vi

2) &) ) Vg khong ding k€, wong khi m

ko A= (D)
p° RT

bar hay la 23,6 mmHg.

tic o p=3,15.107

B) 2 (T)+Vulp' —p%) = 18 +R.Tlng—o .

(D= (M) =RTln L=~ v, p* [p—o— 1]
P p
Béing cich gidi db thi cfia :
-8570=8314 x 298 L
p

—18.10“&105("—“—1]
p

din dén p*=3,14.107 bar hay 12 23,5 mmH,
Anh hwéng eta ip sudt ddi vi héa thé clia chat
léng 1a nho.

Li3. La) uf(M=p(D+RTin" 1 d6 -
: P

£
p =eRT =0,30har.

b) 45} (D +Vlp” =p°) = gD +R TinE- i
P

6 p’=0,30bar .
2.8) 4°(Br,)=H (By, 1)~ TS, (By I}
‘UO(BTI,k)=H;.|l’Bl‘2,k)—T,S$n(Bl'2,k)

tic |a AYQ(k—> 1) = Y3(Br 1}— Y2(Br k) véi
Y =y HhaySS.
0 298K, A (298%k— 1)
= AHS (k— 1) - 298482 (k— 1)
0 T80 (LXk—> 1)
= AHY (k— 1) - T, AS (k— )
O T, A" (THk—> =0 tir ds :
T IORESY
AST (k1)
e T, =330,IK trds g, =57,1°C

au? O e ar
b) [.ﬁl] =-§;,; tirdo

3 (D)= 4§ ()= 1. S5 T

o
Ed
(Ty=-255,6+716InT.

SLUTI=8 (Ty)+ ;}a G

Vi Bay(l). 5y 5, 0

Hpy (D= i o (T)+327,2T
-11L6T.InT+24052

Vi 13&:2(10,5;&2 (o{To)=30,0+37,8InT .

Ay (D = K 4 (T)+7.8T
-37,8T.InT+61850

O T=T,, 4" (TXk—>1)=0 tirds :
“3194T, +338 T, InT, + 40784 =0

1ir do, bing gidi 6o thi : T, =330,7K

wch : 6 =57,7°C

1141y dg=V,.dp~S,,.dT.

) po(pTy=pplpT)

3a) g, (p+dp. T+dD) =g (p+dp, T+dT)
trdo : du, =dug

b) ¥, dp—Sq dT=Vy.dp~Sg T,
b So=Se

i V-V,

4n) 2 SID
T -%)

b) Vk—~Vl :Vk N Vk =& R
P

o dp AHYT)
trdo: —=
ir dé R.Thz

T,
Ticla:

. 11 T

Ip°y=T1927| — —— |-6,254In—1
iy o) (3?3 T,,] n
¢) V& p’ =0,75bar: T, =365K; 6, =92°C
1.15.1) 2(A), = p(A), & cinbing,

) #(A), = 4o (A (TH+RTIRC(A),
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HAY = po (A (T +RTIC(A)Y,
3) RTInC(AY, /T(A),

= 1A (D)= 120 (AW (T)
rda: LAY, /C(A), =t /RT
4.8) k=0,696.

b) gl Ao T =42 (AN (1)

==R.Tlnk =898].mol !
1.16. 1) 2} va 3) xem giao trinh §4.22 v4 §4.2.3,
Zl‘li, ; —
S =YK
1
3) erl 221.Xm_1 +21-Xm.2
=2.1‘Xm’] +(1—21).Xm'2
e la

KXo =Xm2+8 (X1~ Xma) 3
Xt

"a#xm =Xn2)

Phucmg trinh cla Lep luyen & M, vdi toa do
Z la:

Yizg) = (X1 (Mg} = X2 Mgz + Xy ,(Mp)
XMyl =Y(z) =1} va XMy =Y(z, =0)

X
4} anl :Y‘—nl=

\?
6.a) v=1 v

ol = :

ol n
2(HNOy )= "ENs)
n

n=n{nude)+n(TNO;)
H(ENO, ) = m(HNO;) _ 1o~ m(HNG;)
M{ENO;) M(H;0)
tir d6 ¢ bing sau :
Vol | 18,0 {19,13(19,62(20,28)21.17} 22,48
2(HNOy) 0 {0:089(0,123(0,163]0,212{ 0,274
Voo L | 24,65 28,69|31,45|36,36)38,83| 41,72
2(HNOy} |0,36710,525|0,628|0,804 0,894 1,00
b) Bing cich vé 5 thi V,; = £(z(HNO,)) 1i
dudmg tiép luyén véi 2(HNO;)=0,30, ta dgc
thy : Vu(TL0),_q 35 = 16,50 ,
Vn(HNG, )z=0,3 =38mL

; i)

4 Vg (mlt

T

) \r’_iH:OIi
i < [HNOy)
n T T Ll T T L] 1 T L3 'I -
0 03 I
¢) VE mit d6 thi : AV, ==-23n
Theo tinh toan :

AV, = 2 HNO; )V, (HNO; ) - V. (1N, )
+Z{(H, OV, (1L,0) -V, (H,0)



tie s AV, =
(16,5

B3 = (38 - 41T + 0,7 =
SRy =-22ml

H H

0
| |//

1.1 H-C-0-11 H-C-~C

| [
H H 0-1

2) (1) +2H, +1/205 — CH; —OTiky
AP (CILOHK) = A TP (C)+ 2Dy, 4 +
112Dg_0=3Dc_y—De_o —Do_y
= —226k Lol !
20(1)+2H, + 0, — CH,COOH)
A (CH, Q00T kY = 2.0, HO(C) 4 2Dy
+Do 0-3D¢ ;p —De_c—Deso
—D¢ p—Dy_y = ~348k.mol ™!
3 &pul-f’ = Ay U (CHLCO0HK))
- Ay TP(CILOH(KY - A TP (OO
A’ =—12K ol !
2.2.1) 20(r)+5/2H, +0, +1/2N;
— IN-CH; - COOTr)
AH (elyxin(k)) = 244 HYC)+ 5/ 2Dy
+Doog +1/2Dyen —2Dy Doy -
De¢=2D¢ y=Deo-Deo—Do o
—Ay H*(glyxin(kt))
tirdé: De_g = M3kl
2. G H0;N(kt)+9/40,
— 200, + 5/ 2H,0(k)+ 172N,
Ao (elyxind )y = 2.4, H°(CO, )
+3/ lﬂuII”(HzO( kN — A, H(glyxinfkt))
AP0 =Dy +1/2Dg_0 ~2Do_g
= ~241K].mo! !
trdé: A g, H(glyxin(ki)) = —886k].mol "
3) n,(glixin}= m/M=2.0mnl , d6 13 oxi thidu :
&= i =1,78mol va

4,8
AR =£ 4 H' =—1575K).
23, (0+1/20, - (0,
Trong moi tinwmg hop
AT (298K ) + [ COT)IT = 0

hi sau chiy

A H* (298K} = —282, 98KJ.mol !

WG . =00, =H,2+879107 T

Tirdo:

879107
2

(13 —208" ) 44,221, -298)
28298107 =0 vi T, =4.600K

=59,24+10,881071  tir do -
0881070 5 . o "
——(%- 298‘) +59.2(1, ~298)
~28298.10% = 0 v T, =3776K
9 =C0)+2CNy)

'suzhey
=101,38+16,33107°T
wrdo:
16331077

2
—28298.10° = 0 va - T, =2566K
24. La) M 1a khdi heong mol trung binh cla
hon hop vi My 12 khéi lupng cia the tich ¥,
khang khi. M=dM,, rcli:

(T8 —298%)+10138.(T, - 298)

M= AN g = ,o.d.E =52gmol"!
P

M=x, M, +{1-%, ) My tir do x, =043 -
X, =057,

b) Cylly +50; —> 300, +4H,0
CyHyq+13/205 — 400, + SH,0

V{0, ) ={5x 0,43+ 6,5 0,57,V = 5,855V

2.a) .'?'=—(np,#_\chH“[pr}-i»nh._f\chlf’(bm))

e q
[rong Im”.n, =x,

.ﬁ=17, 36mol va
RT

1y =23,0mol 5 @ = 95960k

b) Ta xét lmol cha hin hop :

AT = - 2378k mol ™!

Sau s chay @ 3,57mol €O, 5 4,57mol H,0 v
234mol N, .

0y =3,57.C,{C0;) +4,57.C(Hy0)

Pesu vy ohiee

+234.CN,) = 966,2+0, 1671
0944 B + 1 CTHIT = 0tir dé: T, =2120K

s s chivy
25.1)
: —AH (MO, ]
M + %02 (k) P il T MO,
A 1 (M) = Do—o By (MO}

XM&)'F)O(% B +v E XMZY v +Y02_

Fy = -Ag M0, 1+ X A (M)
+§D0:0 +X[EI +)'Em

) Vin Nag0 ix=2y=1 E, =25Mkimol ',
VaiMgO:x=1:y=1; E, = 3896k mol " .
Vél AlDy 1x=2;y=3; By = I5491Khmol

254

g

261) 0 T =298K:A I = Svp.A 1D
i

=-90,7"k.],|1101_1 .

Apd’ = X% 87 =22 LIK tmol T

1

ApG = AT -T"4,8% =24 $kJmol .
2 AL (630K) = AT P(298K)
—~650.4,,8"(298K)

A G (650K) = 53,0k ol ™|

T
3) A KD =A,H(298) + | A, CHTHT
208

ApCUD=-7S8+0125TCK "ol
rdé s Ay IP(Ty=-7366- 7581071
+6,25.10 ST

A (650K) = ~96, 5k ol !

PO T LI
AnS(T) =4 puSU (298) + e 2 Cp T

=173,5-758InT+0,125T
ALS (650K) = 236,21 X
Ap G (650K) =
—650A,,5° (650K)
A, G (650K) = 57,0k.tmol ™!

Cac gia tri tim dugc & chc cAu hdi 2 va 3 ddi véi
A, (° (630K} 1 rit gan nhau. (Cach nhan 7%).

27.1.a) 4NH;+50, — 4NO+61L,0

b} 4NH; +30; — 2N, +6150

2 ApHy =) 13 H =-908K.mol " -

0 1,
\mSﬂ =3 v 5 =1811K Lol

Lol ™!

A, H(650K)

AglR =—12681K Uil 7!
AL Sp=130K!
3) A () =—908-0,18LT :
AU =—1268-0,131.T.

0 103K, A,GS =—1102mol ™" va

amol

A Gy = ~1409K Lol .
b 12 phin (mg thuan loi v& mit nhigt ddng.
Ty ARG - T, A GR)
(Ib Ta.]
A SQ:AWG?(T;)_‘AWG?(T]J)
e (h,-T)
voi T, =300K va T, =800K
(rdd : Ap HY =—342klmod™
ARlh = 314kl ™!

28.1) ALH =




AwSt ==HO0IK Lol ™
ApSS=—1800K md !

MG = ~M2+0,140.1 (k] ot ™)
Ay G =—314+0,180T(K.mol 7).

2) QO+ G0 (3 3= ”

- A G0 - 8,G8

tirdé: A,65= ~& 2 P
=—14-0,020.T(k Lmol )

(A =2x Q- (D tadd

ApGa = 2ALGS - ARGY

tie s A, G =286+ 0,20 T(k .ot ™)

28.1} Xem giao trinh § 4.3.2. he thire (11.26)
; Al ; a

) G/ ALH

dr T
tiz dé, bing tich phén :

A GO(T[]} T o dT
P"—_IT”\ =

& p khong di,

AL G =T. A
eagty 1[ T A

A,G (400K) =

= 400x| 2202y s L

298 400 28
A G (400K) =102, 3k) ol !
Ta xac minh k&t qua bing cich diing hé thir -
A G (400K) = A, H(400)~ 400.4,, S" (40K
vhldy A, H(400K) = A, P (298K) v
AnS(H00K) = A 8" (208K)
_ AR O98K)— A, G°(298K)

298

A G (TYT
2.10.1) {(( mﬁT(T) ] -

P

AN
1!

+

trds Ay H = -T? ——-—Om COT
eT
p

A " A H" I
A,S:—a(}’flC)],AC=a(p" .

3 I oT
F P

(irdd A, H(1} = 495000 ~7,8.T—0,01.T”
ApS(T)=-408-78mT 0,021 ,
Ao =-78-002T
2) A HP(1500K) = 529, 2Kl
ApS°(IS00K) =~ 127,81 K ool ™
C3(1500K) = ~37,87 K~ ool ",
A G (1500K) = 337, 5KLno]

2IL1) AL (98K) =¥ v A I
i

=179k mol T,
AL S (98K = TV.8) =160 K Ll

i

AWGL‘{Z‘)SK) = APHH*’ (298K)— 298.,-\mS°(298K)

= P30K] ol

) A,C=-1TIK!
ApTP(T) = A, H(208K)+ e A Co(T)d]
=184~0,017T(K Lol ™1y .

ol ™!

ApSUT)=A, $°(298K)+ Egsawcp(T')ﬂTT—
=261 - 17 T K mol )

ARG (M =A H(D-TALS(T)
=134—o_.273.T+0,017,1,|n1(kl.rmr‘)

3) ARG (D=0, v T=T,=1165K

212.1) H, ta mét don chét & trang thai chuin
quy chicu cGa nd (xem gido tnnh § 5.2).

2) AP = A PR - A HE (1) =37kl
AG® = A G (K)—4,6°(1) =34 ot !

3) pkfun=;s£(m)+mln$;

4 (thy= i (th)
J can bang : g (th) = g4 (th) ;
poexp(zy — 1p)/RT)
=p”.expl—Ay GY/RT)
p'(th) =0, 30bar
4) S (=S (th} + A, $° (th)
AH —AG
e
$2(th) =294 K~ ol ™!
5) AR H' =265k .ol ;
A QG =—169kEmol ™. 1irdo ;

2 E Al
A= i\pu”(] —AWG
ApS® =B
213.1) C(k)+%02 +2H, - CH,CH

(i dé p'(thy =

=8 (th)+

=-32JK Lol ™!

D vio cac hé thire (11.18), (1120} va (11.25), c6

AT (MeOIT64,7° () = ~238, 3 1K, mol ™!

ASMOIES, 7 Cy=—242,23 K~ ol ™

A, G (MeOIL64,7°Cy = —156, 52K mof

AR (MOH64,7° C) = =202, 43Kl 72
ASHMOH:64,70) = —136, 11K Lol ™!

Ay GYMeOTT64,7° C) = —156, 48K mol
Vi phin img : MeGH(1) = MeOH(k)

255

A G{64,7C%) = A, GUMOH64,7°C)
~ AL Gl OVROH 64, 7C7)

CA L CTIEL TN ()
! .-.'\WG 647G =0
nhigt dé 61 cia metanol.

2) D vae cac he thirc (31.20) va (11.28), ¢d:
- véi chat long :

ASHT) = ~246+ 0,681 T(I K" mol 1)

e 2 G=647"C 1a

A1) =-238,47.30° +2468.T
08T T(Lmol ™

« vl chil khi

ASI(IY=18,9-36,92InT{]K "ol ™)

A,GHT)=—189,910° - 158 T

+36,92T InT( . mol ™)
3) 05 MeOH(l)= MeOIL(K)
» O canbing: p(k)~ (1) =0
Tird6: ge(k)— (1) = 28 — gof +RTln 2 =0
p
hode: gy — = 4,5y — 4,6/

il in| 2 |- AT - AGK
B RT

v 2940
Tl ;| 2 =222 4 T +aa6l
p’ T

« Vi §=6.7C, tie AT =3377K, p =p°
e Khi p* = 0,050 bar, T ~ 2754K, tic la
6=24°C

2141

8,67 = 4,0 -T.AS =3,08K.oul .
2 p(EY(1-&)p°ip(Z)=&p°
G= g4 =(1-& L u(E)+£ 1(2)
G=(1~£).u*(E)+(1-&€)RTIn(1-£)
+E4°(2)+ERTnE .
Tids: G=p"(E}+£4,6°
+RT[(1-€)I{1-¢) +& ¢ |

G 5
3 4"6_[55]1-,,, =4,G +R.T|nl_é= .

4,6
—¢ RT

tirdod:

&

T ok
Ep=0.224mel .

9 Y=6-p(E)=£ 4G
+RT[(1-€){1-&)+E g |

VE E=0,Y=0.v6 E= 1Y =4,0°
Khi £ —0,4,G— 0

Kbi € = 1,4, G+,

. Ea
Khi 4,6=0,=
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2.15. 1) D vio cac h thirc (I131), (11.29) va
(IL.30), ¢d:

AyG} =—108.10° 374 T(Lmol )

4G =-132.10° + 243, 1. T.mol )

4, G bao gidr ciing 1a 4m, khing ton1ai T, .
VS (2), A,G3=0 voi T =S43K.

D) 0°C<@<8W'C

Uy (0)+2Cafr) &2 U+ 2Caly (1) (3)

4,18 = TV 4, Hf = -5T6K) amol !

4,8 =YV, 8 =—4621K Lol

4,G =~576.10° +46,2 (Lol ™)

b) 830°C <@ <1132°C
UR, () +2Ca{l) 2 Ulr) + 2CaRy (1)
Cal) 22 Call) (4)
(3)=0) 2.4
Tirds :
A HE = AT - 24, H; = - 594KLmol ™!

&)

oy o= 324 K ol ! tin héa ——>
By o =280l tiénhoa ——>
7} of = -96K.mol | tién héa €—>—
32.1) 2NO, 2 N0,

]

1

ing.m ngil-ez)

_ M(N,0Oy)
Mkh_kh{‘(l'i'a)
o= MONS0,)
Mkt .d
HK°= P(N204)-2P° : (1—65)-(1;-06)
p(NG, ¥ (2.0

P ]
22 T2 o2
da® P

331 InK(830° Cr=1nK(500°C)

Ry =hy {1+a2)

St do

1=10,284

Tirdo : K (850°C) = 15,57.
2) a) CHy(K) 2 Gn+2H, (k)

b ng.(l-a) 2 np.an =ng {1+o)
__pHy _ daty
p{CHyp°  (I-a)l+a)p’
_4a® RT
(l-2) vp°
2 o
A% X
irds: 2 KV g3 =074
(I-a) RT

b) p= (l+a).%= 3,25bar

A=A, -2A,85 =482 4, H'(Ca)

T,(Ca)
=62 71K Lol ™!
4,G% =-554.107 + 62, 7.T().mol )
¢) 1132°C<8 < 1300°C
URy{r)+2Ca(l) &2 Uy +2CaB () (3')
Ciing theo cach nay, khi xét Uiri = (1)
A G = -58210° +54.17( J.rm]_l)
3) (1). 12 d& & moi nhidt do, nhit 12 & nhidt 46
cao; (2) 1a thuan loi & nhiét 46 thp; (3) Ia thuan
lori & nhigt d5 thip.
3.1 1) 0 1500K, a7° =337K.mol”!
K° =5.64.10"
G 3000K, .#° =119kLmol ™! ; K®=116.
Phan (mg thuin ki & nhiét 43 thip, nh viy nd
[ phat nhiét.
2) a) vii b) Theo hé thire (I1.15.1) +
AT =.4*T)-RTIaQ.
2 a
Véi Q=—("H§O) o AT
(nH;)" (nG;) P

o IR
T W€ k)
34 1) A4, G0 = A I -T.AS

4.0
K'—e RT

0 500K, A,,G°(500K) =2,8KkL.mol !
K°(500)=0,510
G 800K, 4,,G°(800K) = —48,26k]mol ™" :
K°(800) =1,42.10°
2 Py 2P+,
ny{l-z} ng.¥  MgT
2 a 142
Tipfp °
K’ = ( z)tl‘rdér= K
I-t p’/p+K°
& 500K, dwii 1,0 bar, T =0,58
3) & 00K, dudi 10,0 bar, = 0,22
35.1) 4 =3V, AH =-90,7K.mol ™!
i

4,6 = T %467 =-24,6KI.mol !
1

256

o A -A4,C
D4, =P

==22181.K" mol™!
4,8 <0, ANV(k)<0,
3) -RTIK’ = 4, H’ -T.4,,8"; 1 dé:

HO
T—Lzﬁ)ﬁl{

4,8 -RinK°

4 0o(+21L (k) = GLOHK)

moo3 5 D o8
e 3iE 528 & =822

o S3-2¢) [

_(3-5].(5—2.5)3{1: T

,
p:po{ £(8-2£) J
(3-&)(5-2¢Y X°
Tirdfrp = 358 har, vén & =2,4mol
CO(k) +21T, (k) =2 CH, 0TI (k)
ngfa—x) 2-2x x
n= (3.+2r'2.x}

5 a)

_ xla+l —2x)% p*

(a~x)(2~2x) p*

o 2
el Koe—— 2t [PV
4a-xl-x°% | RT

Liy vi phén logarit :

KU

E_ da  dx | 2k -0
x (a—x)l(a—le(l—xj
dx 1 2
ode: —= .
Tirdo - (a~x)£+ I . >
X (a—-x) (1-x)

Viox< inf[],a].% >0, x ling vir a.

MY
by x=0%vin a=x+i. B ,
g | 2{1-x)RT

tirc a = 41,6 mol,
3.6.1) p ting khi T gidm, phan (ng nhur vay la
phit nhigt.

250, + 0, 72280,

Doy 2 [ 0
ngdl-p) 1-p lpn=3-p
w_P3-p) P

(1-p)

G 550°C, KP =176 O 420°CKS =7,07.10°
R, {5 /K5

A = i =218, 7K].mol ™
T-T)

HO
4,5 =20 R = 22, 71K Vol !

i



o}
37 K”:(MJ va
p(H;)

InK°(T)= A”‘ +C

conse
Ve mK*( D=1 (m);

¢b: AP =~ 430k mol ™

B) 411 (Cy05 ) =3.4,H(T,0) - A H

=—1155kLmol !
2) Cp05(r) +3H, (k) £22Cr(2) +3H,0(k)

n, 50107 0] 0 0
0107t 01-3¢ 2 g

1 (khi) = 0.1 mol

%) 38 gl
01-3&
3E=36610" mol p=”'§'T

Jtirdé

=1, Obar
s : p{Hy0)=3.66.10"" b

vi p(H, ) ~1,0bar

DY n(Cr)=2¢=2,4410 Ymol .

k) n(Cr)cb = I_.lJ.IO'gmol,n(![30)dJ
=15.10 *mol.n(H, ), =9,85.10 7 mol.
Tirdd: K*=336.10 5.

Dua vao dd thi clia 1) a). T =
B2 1%45°C

381) A,C,=331-19,4 °T.
A (T) = B (295K)-+ (4, Co T
A, H° (T)=474,6.10" +33,1T
971073200l 1y,

4,8°(T) = 4,8° (298K} + j;[}gawcp%
4,5 (T)=-94,0+33 InT
—194107TIK el ™Yy .

4G = A -T 4,8 tircla:
4,G°(T)=4746.10" +127,L.T
~33LT.InT +9,7.10 TX(Lmol ™))

1620K e la

G{T 3
va ]nK(T):_AF’“ ( )=“57‘U&10
RT T
=—1529+4,016T - 170071,
2) G 2000K, 4,G° =264 4KTmol ™ va
K*=124.10""
3 ALOE22H, +0,
2l-a) 2a a n=2+a
K°= a’ p

(—al2+a) p°

17-HH -2

113
1]
Tuds: o :[2.1("“’—] el o x63107

p

39.1) @) A H =-80,64K.mol !
4,,G° = 40,03k rool !
o A4 0

T

&

RT —104.107.

;g
T\ Sldmpl\ ing

=—136,3).K Lol !

K" =e
5}",, = 4,8 -
=297,21K " mol 7.
I Q
2 —=¢J__-—R_.1n§1; tirdo T,
T L Al K
o{l-x) (1-x) X
K = A2-x) p_
I—x)‘ P
bip= 125 bar
3.16.1) Ay B =-92,20K "ol ™!
A8 =—1987IK Lol '
Ay G (400K) = ~12, 7K. mol ™!
2) Ng +3H2 ﬁ?ﬁﬂ'h
n, n 3n D n,=4n
=2n{2-a)

= 500K

n, =2-%

liredd:x=0,78

K* =456

g {1-e)3n(l - ) 2nex m,

a) Trong Ne hon hop, ngay tnese khi phan img :

T
b= 4nR —2,0bar
v

Vay : p(N; )y, =0.5{-a)
p(Hy )y, =154 —a) ; p(NFh)g =

K= tirdb o= 0715,
0,5x (L5 (1-a)
b} Dé tién trién £ =na

PotMNy). ¥
RT

hay n= =3,010" mol

Tirdd: &=215.10"mol

) piNy)=0,143bar ; p{H,}=0,428bar -
p(NHy) =0, 71 Sbar.

3) s 4G=Gy -G,

Gy=Xr;p-t4p

- n.[‘uoml 340, +3‘R.'l‘ln.3}

Gep =20 o4 o,

:n.[(l—a).,,uN1 +3(1—a},,uH2 +2a.,uNH3]
=n.uNyy +3npy, +na.4,G
Hay 4,G=0 tird

257

Gy =npy +3'n"“H‘m
Gy ‘“[ﬂ x, +RTIIZ® 20’)
+3.4°1, +3R Tln I~ a}}
2
Tirdo : AG:Gd!_Gd:‘i-ﬂ,R.T.I_nu;a)
=-778]
» AH=£.4, 1 =-19827.
_AH-AG o
T
31.1) 4, G =—4° =870.10°

~59.4.T.log; T—31,6T¢) mal™H)
2 HauG°1D)
Coar

Jtrdo

AL =-T
A, =87,010° +258T(.mol )

34,,6%
A S = B 7
L m

=594log, T +57.41K  mol ™"y
2) 4,G°(T)=0, véi T=T, =460K .
3) A (4T3K) = 3100Tmol !
K°(473K)=22.

4.2) 473K = .° (473K) - 473.R.InQ, véi

2
_n(N)n(Th)*
n(NTL,»n?
o) Q=6 .« =—13,25KJ.m0| 1

BrQ=29310 5ol =44, 15K.mal L.
b) Vi ot <Oe— ; véi B.Jfbﬂ——l—)
c) 2NH3 ﬁ 3]-{2 + NI
cb(0,96-2&)  (0.03+35) (0.01+&)

o =1+25
(0,01+£)" 27

(0.96-2&Y (1+2.£)
lirdé : &=0,147 va n{NH )=0,666mol ;

n(H;)=0.47lmol : n(N, }=0,157mol .

3127y 2CuBy — 2CuBr + By
Tt T+ 1
+I -1+ 0

Nauyén th dong bj khir, nguyén t brom bj oxi
hoa.
p(By)

) p’
U 450K, A,Gf =18, 72k Lol 1.
0 550K, 4,,G5 =1,82kl.mol .
40 T 4G |

(T, ~T)

K°= A0=22

)K= va A],uG0 -RT.InK}.

» AWH"



=94, 77 .mol ! ;

o Anli - 4G

S =E——
e (-T)

4) a) O can bing, p{By)=6,7010" "har, tirdo:

B),.V

n(Brz):E{_.E_)__

RT
n{ CuBr)=0,294rmol ; n{ CuRr, ) =0, 206mel.

b)Néu tat i CuBlyy bién mit, n{Br, ) =0.250mol
_ n(Br2 ).RT
p(Bry Jeb

Q

8) A= R,T.ln—K--‘,
Q

=1691 K" mol !

=0, 147mel

=17,0L.

Q=p(Bg) n{Brz)—--O 45Thar

oA = 1,76k ol
o >0,—> tién trifn 1y nhidn duy nhal cb thé
dhyoc : vi e khéng chu CuBry , hé khing tién
trién,

o T 4
313.1) MG, + s Cpyyy g T =0
A, Hy, = ~283,0kT.mol !
Coauatiy =Cp(002)+2C,(Ny), tir d6
T, =167K
2) 1) K°(T)=exp(—A4, 0" (THRT)

= c:q:{ Amb" AWHD J

RT
tirc la: AS® =~ —R6,5TK Lol !

AH® = —283,0k)mol
)
W + 120, 200 +Nyyy
t=0 1 0,5 0 +2 35
ta (~a) 05(1-ar) @ 2[3,5_2)
2
12
12
KO (DZ)( ) T-a p‘.'l
(P(Oz))”z (l a)yl
0 b b
<) InK (T]=a+—,lud0 Ty =———.
T, —~a+IlaK*
ll}d{l)i T(t :fl(a)
Yo o =0,80K°=22,27va Ty = 2520K.

d) Khi tao thanh c¢ mol 0, , nhit a.ApuH"
tuomg g lam nong o mel 00, , (1-x) mol
€0, 0,5(1-a)mol Oy va2mol N, :
a4, +{ 2C,(Np)+a (€O +(1 -}
C,(00)+0,5(1-a)Gy(0y) (T, =Ty} =0

23,0100
m-67a
¢ =0,80,T, =~ 2640K

¢) Gidi d6 thi chi raring f| va £, cft nhau ddi

véi T, =2530K vaw =077,

3.14.1)

AFP(HD = (2.AH(H,0)- 4, F°)/ 4

=-92 5kF.nol !
2) g=1 ——"l,\gxpuu“

B)AWH('(?OOK) AWH')(ZE)SKHI AP“deT

=—1176K mol !,
titc 13 méit bién thizn khodng 3%.
) 8) 4,6 =T V. 4G =768 ol !

HD D
St 4G A"“ =124, 81K ol L.

il T, =208+ =h{a)

=802,8k)

48" =
b) K° = _411 A 4,15"
RT R
tirdd: a= _AP“ =1,37.10°
R

gﬂ
va h—dm—s—ISU

R
5) a)

Oy(k)+ 4HA(K) =2 ZH0(k) +200(Kk)

N (22— £)(2,5-4¢) 2¢ 28
(22-&)=2(25-4¢)

Tirds : £=0,4 mol vi n(Cly)=0,8mol

4 o
QLSS ol 1R
{232_5')(2!5 _4§) P

Vil = = 890K
—b+IK

8 O,(k) + 4HA(K) 2 2H, X k+20, (k)
I Iy ny 0 i}
ngm—02n, 02ny  O4n, Odn,
) ['.(Gg) 04112

pHC) 0.2,
b) Nnat thiét : p{H,0)=p{ Q)
vi pC0,)=2p(HQ)
Tirds: K°= p(110)" o)’ i

p{0y)p(HQ1)* P(Oz)

41.M)v=4-1-0+2-1=4
b) 2p(€0;)=p(H; ). g=1.trddv=3,

¢) 2p(COy)=p(H,) va p(CH;)=p(0y),
q=2vavy=2
2a),byvaciv=3-1-0+2-2=2
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Do bin chét clia b, che tmg sufit 4p 4l trong b)

va ¢) khong lim thay d5i v, khéng <0 he thikc

riéng niw xudt hign [ nay.

Ya,byvachv=3-1-0+2-1=3,

Cung nhimg nhan xét nhu & 2).

W Dii véi timg he 1, 2 v 3 86 cac thing s6

duve An dinh a8 xac dink mot trang thii cin

biing duroc cho béi bién dé.

421 a)v=3-1-0+2-1=3

Ba (héng s6 cudmg tinh Tx cin che s xic dinh

trang (hii cua hé.

b) p(Hy}=2.p0,)}, tiedég= 1 vav="2

2 a) p(Hy)=2p(0)+172p(° 01D, tic la g =

1.

byv=4-2-1+2-1=2

Biél ching han hai ap suat riéng Ix dd o€ xic

dinh hoan toin hi.

43.1) p(He)=2p(0,) tirddg=1
v=3-1-1+2-2=1

Bift mél théing s6 cwmg tinh ching han T, tt

¢ che thong s6 cudmg tinh khac ¢é the xéc dinh

e

2) Cé cén bing néup =

thira.

3,9 bar, nghia 1a HeO la

of i) = By _ 3,9.10°x1,00.107°

RT 8,314x 773
=6,07.10"* mol ;
n, (Hg0) = 2/3 n(khi) = 4.05.10 " mol;
m,{HeO) =g HrO) MITIg0) =8, 76
3) a} Néu n(lig0) ting, khong <0 titn trién vi
alHg) = 1.

Aol ]

néu 6{0,) ting, QK tién widn <——

b) Q

o) Lic ndy, ¢ can bing chuyén d&i pha
Hg[l)ﬁl{g(h) thém Hg(l} véi a(Hgil)) = 1
khdng lam nhitu loan he.
4) Hp(1) v Hg(k) chi lam thinh mét cau tir v=3-
1-0+2-3=1 ‘(cé ha pha‘HgO(kI); Hgfl) va pha
khi). Khi c6 dinh T chang han, ta dil ra p(Hg},
{0, } khi d6 suy ra tir K(T} .
44.1) Lacd the dwoenéuv2 2 (zem§ 2.1.1)
Wv=3-1-0+2-2=2:c¢hthi. .
byv=3-1-0+2-3=1; khongthe.
Ov=3-1-0+2-2=2cothi.
Da) 4,v >0, néu p~, tign trien (2—
b) pha v can bing ZnO(r) bién mat.
¢} Agv >0, néu p +, titn trién (2—
45 1) (A v=3-1-1+2-2=1

Ay v fkhi) =-3
(Byv=3-1-142-1=2 4 (khi) = +]
(Chv=4-1-0+1-3=1 4,v (khi) =0



Dyv=d-1-0+2-3=2 A,v (khi} = +]
Byv=3-1-1+2-2=1 Ayv(khi) =+5
yuh by vic)

363
thie s

SiE & .
B~ (A | (BY | () | D1 (E}

dung

AT>0 [ v

khiny
Ap>0 [ | & o P PR § ST

o gl

Anyr |khong |khong khing [khdng [khing

=0 |cogl il capl|cogl|edgl

A khéng| L
—

=0 chpl

46.1) 1v=4-1-1+2-1=3
va(khi}=+1

2y=4-1-142-1=3 Ay (khiy=-2
Ivado - 142-1=3 Ayv(khi) =+2
2)a), b vac) oy

o Hé thire
sirdung
.10
V.13

Surxfo trin

Ap =
Anp"l‘ > G

-4ﬂ(Hz}v;r =0 ™16

IEEEE
SEEREE
REGRE

AWCO, Jyp >0 V.16

n((qu n(Ha p
n(C1, )00, ) n

{22 )

ByHEL: @

on(Hz}’.

Q_, i) d__dn
Q nH) n
'—:IQ(—}>0:Q>KG<-£—
o n(Cy) -~

dQ dn(C0,) dn  dn

P L 11—

Q nC0,) 10 n (1=x0.)

dQ 0,2
—>00>K ¢«
QM

n-&,

n(CH Ob).n( HaOJ p

n(COq i,y T

_ -2dn [g s )
n.XH“ ’ 2 H;

He2

- ll(Hz)
Q_1n
Q n

%<U;Q<K°—l>

Ldn(H,)
ntl,)

. 1(CC,)
WQ_dn dn(COy)  —2dn (l_ j
Q n n{CO,) _n‘xm;‘ 2 0.

dQ o 1
,— <0<k
\ Q<_Q< ——

-Néu e, <172

- Néy xc, > 112 EQ>0Q>K°

- Neu xop, =172, thém O, Khi d6 din 16

X, > 112 v 2

2

i 0u AN 7.
W(CH)(CO,) 0§
o n{Hy) -

@:'ldn(llg)_@= 2dn (
Q n{H,) n

@«Q

. I—KH2 )
n,x“}

>0Q>K

B(CO,) 7 : Q™ Q<K —s
41D v=3-1-042-1=3
Bv=3-1-142-1=2

p(Cy ) =p(P05).

D) A (khi)=+ Lnfupr,

b) AT = 4, H° (PO ) 4 H°(PC5)
= 87,9k ol ™!

NuT», 1y

g Q= XCafPqy) p

n{PClsn P

o) Néu n(Cly) ~ hay néy n(PQy) -,
d @) &  d

QWA a {1-xq,)

dQ b, 2
— =00 K e—
o =

K.

B) Néw n(PUs) Q™ , Q<K
Y Néun #: Q. Q<K—I->

3 A4S =10,0K mil™!
4,G°(500K) = 2,8K).om0 !

-4, G IR.T

K*=¢ =0,51

o
4) u) Theo (IV.6): o = RTIH%

n((L)nPCly p

Q= Ly
ﬂfP(Jg).Tl po
Q= 01x0,4 ﬂ -1
0,15x 0,65 L0

Vi o =366 el < vy «—
B Fllg(k=PCly(ki+ Qy(k)
O0+x  04-x 015-x n=063-x
- 3(0,4-x).(0.15-%)
(0.1+x).(0,65-x)
tir dé x = 0,09
n(Cl ) =0,06ml ;
n{ P15 ) =0.19mol .

=051,

n(PCh) =0,3lmot ;
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48.1) p(S0y)=2p(0y) viyq=I,
v=35-2-1+2-3=1.

B?mg cach ¢b dinh mét théng s, h& hoan toin
duoe xac dinh.

2) p(S04)=p° K =7,0.10 S bar.

p(O;):lx‘Z.p(SOﬂ:[MJ .

2
=710 bar ;
p(50,)=3.4.10
BHay(dr=(1-(1);
b) p{(S03)=10bar

KSp(s0,) Y
p(502)=2{#] = 9,28bar .

Thém S§i0Q; tao thuén loi che s phan hiy
CaS0) .

4.9.1) Mg(0H), 22 MgO+H,0(k)
\':3-l~0+21—3:1, .

Chi mit théng s6 cutng tinh di &€ xbe dinh hé.
2) Cén bing cla su khir nude Nf[,g(OH)2 die
156°C,

.

KS =K$/K! =143.10%,

thigt  Hp & suat
p{ 5,0} =L0lbar.

Can bing THO(k) 2 H,OD)
p(H,0)=506 bar, & 150°C.
Hai cin bing ndy khong dong thii .

#) Can bing thirnht déi héi p(H,0)=101har
PHOLY

RT

dusi  ap

thitt lip déi véi

T la: ]'l(] I-zOJ =029m0] = m

e Vii n<ny,
RT
p=p(H,0) :T.n=3,5211[lw) .

Phanimg MpO+1L,02 Mg(OI-I)2 tidu thu:

m
n(H,0)= MYEO)
chim dit véi ny =) +n{ Mg0) = 1. 5300l
o Véi nygnsny , p=p(IL0)=10lbar
* p(H;0) ting 6i mire p=p(H;0)=5,06bar
p(H,0).¥

RT

n{ MO} =

=1,24mol

tie la: n(H,0)= =1 #4mol,

nghia li
n=nz =n'( Hy,0)+n{Mg0}=2,68ml.
Vi ny <n<n,,

p=p{15,0)=(n- n(MgO))

p=352.n-436
» Véi nzny, p=p(Hy0) =5,07bar .

b) vac)

Jtirc la



4 # (bar)
5 L P=3ir=|
. -q;\, :
- ’:\4‘ H
®
=1 H
|/ #=1i=]
: Pxliv=1
U -
o ™ I 7 my  a

4101 K° _ (40 RT)

vii 4,6 =AH -T.4,8

8 700K, 4G} =—15,59kimol ™, K? = 14,44
4,05 = —9.45Kmol " 5 KS =2,04.107

2) p{COy }=K7 p° =14, Mbar;

POO)={K{ K p°=5,43.10 2bar |

Py =14,5bar .

Hv=5-2-0+2-4=1.

Chi mét thong 55 cudmg tinh di ¢ xac dinh b2,

4} a) a(C) = 1,0 vigc thém nd khong ob tic dung

trong hai tnimg hep o va P,

b} Phy gia CO.

o) O T v V khéng d6i, (2) chuyén dich «<—

{1) ciing vay.

B) OT vap khong doi -

& ldn(CO)_E_ dn
Qz n((])) n
dQ,

Fe 0,Qy > K3 (2) chuyén dich «=—, (1)
2

ciing PR

c} Phu gia CO,

o) 0T va V khéng d8i, (2) chuyén dich — ,

(1) chuyén dich PRI .

By O T vap khang d8i, (1) chuyén dich «<2—.
2

Q =if:(~)-)—fL néu n(CO,)x, Q™

n{COy ).n p°

viy Qy <K3 | (2 chuyén dich —> .
4.11. 1) a) Phan img 13 thu nhigt, thuan loi &
nhigt df cao.
by A,V (khi) = +2, phin img [a thudin 1ot & ap
suat thip; cau trd 161 Py nhu vy ding.
2) CH,(k)+H,00k) 72 COK)+3TT ()

ny  dmy 0 0

ndl-a) ng{d-a) npe 3Inga
n=ng(5+2a);

2
4
@ Na [ P ] .

a5
A,G°(T)=-RTIK , tr d5 T = 1107K.

3a) o+

.

HOK 2 Oy ki + Hyik)
nfd-al 0

n”phuemp xinh 3.1‘[0& '

Thir nhal

neansing 1, {a'~ Bln, (4-a-4) 1.8 o, 3a~f)
Ngbai ta, n(CIh):no,(—a'); n=5+2a";

X - (a’—ﬁ).(S.a'+ﬁ)3 [LT
(1-a').(4-a— g){5+2a) \p°
Koo ,-3.(3a'+ﬂ}
g F)
GOy
b) n{CO)=n(C(0,), Tirds: a’'=24 . viy
18 .
(4_313) =0,93
trdd F=0386; o=0,772 va K[ =247.
tirdd: T = 1091K. )
4.12. I) u) Cén bang (1) thigt lip ngay sau khi
cho vao H, (1{{ 20] Jtelavéin= ob .

=0,9.

0...
3=

h)  Fes0y +1l —>3ReC+H,0

nbitdin 4 0 0 0
oy  4-&n-& g ¢

Kf -5 : cudi swkhir, £ = 4mol
n-&

tirdd o= 5,24 mel
¢) khi (2) bét dau, n{H,0)= 4,0l
n{H’AO) G
va ——=L—=H7 viiyn=1035mol
n—n(HIO)

d FO +H,—Fe HO0
MOI2-E(n-g—a)E 44£
Trong 48 n la leong H, duoe cho vio ngay tr
dau.
TieO va Fe ding phin t gam. £' = 6,0mol.
Tirdd: 0 =0,63 tir 13 n = 25,87mol.
n-10

2) p=[n{l-]2)+n(1120)}$

§.314x 1073

40107
4.13. 1) a)

22587% (e 13 p= 57,7 har.

250, + 0, 2 2504
trang théibandiu N, 0 n(Ny)=8n,

o

cinblng  n,—2&n,~& 2& n(Ny)=8n
by r= (80:) X
n(S0;) n,
2 a)
* x(07}4+x{S0; )+ (804 ) +x{ Ny ) =1 (@)
. x(02)=n°_§ _Bo2s 8
1] n n
Tidd: x(0;)=a(S0;)+1/2x(805) (B}
.\ _8n,
.x(hl)z ::
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nc—lfzno

va x(SOz ) =

n n n

Tiela: x(SO,)= x(:'l)—x(so;g},

tirds: x(N,)=8[%{50;)+x(S0;)]

» K= ﬂ i
x(30,¥ x(0;) P
b) C& siu bign s& cwimg tinh ( x; , P, T) vi bén

{8)

hé thic djc lap (ct, B, v, 83 ), tir d6 v = 2: chi
cin o dinh ching han p va T a2 suy tir do ra
x(50
% va rog 2508}
K(Nz)
3w Tach: n=I10n, &

vi my = (SO, )+2.& , tirdd
. PV
n=1{0n(30 |+195=—
(50,)+ 198 =4
f PV l
T la : &=| = —10n(5 —
lhoe [Rfl' ( 02)} 19

Bign Judn ddi vii mdt Lit hon hop khi :

& =6,5210" mal
=3
el 2 o,
ng; n(502)+7_g"

tie 13 $4,6%.
—-—-~4‘§2'(10;“”"§} pary
{no—-2&) (my~&) P

4 4,1 =(410(50)- 4 (50;))2
= —196,6K).mol "

A0 <0, neuT” 2.

b) K=

5)a) A, V< nfup” 5.
b) Céc ti I8 I3 chc th [& i dyoc nghién cit vii

g =0,05mol va & =~ 22,2510 ol

D viio higu thic ctia K° . ta tim duoe
p=1{3,10 bar.

¢) Bing gidi thic K° =f{&) viip= 1,0 bar, ta
thiy £=241.10 !, tixc la:
T=964%, T, nfup .

6 Q= n(SOS]E‘n E
n(80,)"a(0,) P
RQ_dn_@(0) e :
Q% 5O, dn=3dn(0y);
o, 8Q  dn
Tirdé g:nx(oz)(ix(()z)—l].
x(@):@:&—‘_i:ﬂ,?ﬁ.m‘l;
aQ

—QT<0 L O < K, tirdd tién tridn —]—-)

R



4.14. 1) A H} (298K} =179, 0i0mol
A {298K) = 1641 K Lol ™
4,67 (298K ) = 130, 1k.mol ™.
2) AWCE:—ITJ.K_‘.MJI_I :
A (D= 4 (298)+ 4,07
AR (1T} =1841-17.007 T(Limol ) ;

. T dl
AS1(T)= Ap,,Sf(ElJS)ﬂZ[gSAWCP?
A0,87 (T) =260,9—17InTUK nol ™'y ;

(

4,6 (T)= A, (T)-T.4,5 (T}

)
{T)=1841-2779.001

4,,Gr{
+17.007 T 1T .
3v=3-1-042-3=1.

Chi mjt théing 56 cuimg tinh dd d8 xéc dinh hé.
oo ---AWG"!R.T a
# p(CO;)=K{ p" =¢ b =0,36bhar .
5) 4,G°(T)=0, véi T=T,~1165K.
o
6 a) o :R.’[‘In% —k 110D

§CO,)
RT

=9,110 bar

Vi o = llﬁﬂ,tml_l

Hg chi 6 (€ tién tridh theo chidu 1, nhung irong

trudmg hop nay, CaCO; khéng di: khong cé cin

biing, tao thank n=1,0.10"ml CO, va C20.

b) Néu cén bing thist 1ap,
plC0,} ¥V

“( G, )cb = %"—

Vil n( (7:1(.‘03) =0,10mol | ¢6 the thu duoe

3,410 ool 0, ; céin bing thiét lip ; .4 =0,

tirdé n(CO,)=n(Ca0) =3,94.10" ol

vi nCaC0;) =6,06.107 ol .

=3.04.10  mol.

c) Ngay sau khi thém

n{CO:) =13.94107 ol |

p(C0y)=1.27bar vi oy =~11 5.0l "
hg tin trién theo chity «2— .

Nhr viy bién mit 39410 *mol Ca0 va
390107 ol 0y, chi con 0,lmo} chit nay
vi cin bing khong 1hé dat dwoe, khi db
p{C0; )=091bar vi .af =8, 5kLmol ™.

d) «Ca0) = [, thém Ca0 khdng ¢b tc dung véi
hg, 4 =0.

7YKhi CaCO; ¢3 hoa tan hoin toén :

n(€0, }=0,10nw]

RT
vh \lew—:ﬁ,niclm}
p(€02)
New V<V, p{COy ) =0,3%bar ,
. n{CO,)RT 914

New V>V, Oy = ="

1 p(C0y) v v
v6i V tinh biing dor .
8) a) Hai cén bing ¢ duwc thidt 13p :

p{C0;)=Ki "

Tirc 1a: p((}Oz):O,?wﬁhar
Vi p(C0) = 1,89bar ; K$ =9,92
b G0, 2 G0+ (0,

n—x X (x—y)

0, +C =220

x-y}02-y) 2y
n(Cal0y ) =n—x=n—{x~-y)-y

o

Tircli: n{CaC0y) =n-n{00,) “(2 )
Dua vao ¢he ip suft : n(00,)=3,9210" mol

va n{CO) = 0,206mol.

DZ cho hai ¢in bing <6 the xdy ra, cin phai

n{ CO)
>

1 CaC03) > 0 tirc fi 0> n(C0, )+

tordd: o> 0,142 mol.
4,15.1) a} Duza vio dinh luit Van't Hoff ;

AP =R T d|n¥(~1u AK
ar AT K

ti la A, H =-32,2K .l ™!

B) ApH’ = ¥ VLA =409k ol !

2 H0 2L+ 1120, 2)

nil-a) na+nafl n=nil+all)

147 12
K=o |2
(—aifl+aiy 2 | p°
i 112
o P 0 R Tan ]
st | K§=23210
V2 (pJ ’

0, 2=200+1/20, ()

(;3"2 172
Gidng viy, K3 z-—[lJ = 744107

V2 4
(0=(2)-(3), trdd Ky =K3/K3~0312
3) p(Q0), =p(H,) , wrdd q =1 ; p khing phai
Fa yéu tG cin biing ( 4,V = 0).
V= 4 1-1+1-1=2
Chi ciin 4n dinh h:u thong $b clng vm ap Suit,

d¢ cho moi thong 50 cwmg tinh ¢b thi duoe Xac
dinh.

4) a} x(H,)=x(CO,)
T=x(Hy }+x(CO)+ x(H 01+ {C00;)
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1=2%(COy) +x(COM(I+1)
Tirds: x(coy=22X01)
I4r
Tk
g _ MH)X(C0y) _ x(COp (1+0)”
HH0x(Q0)  r(1-2x(C0,)°
b) Ta mubn x(Q0; )y tirc [& dx(CO,}=0 bay;
_2K(COy) 2dr dr 4d(COy)
X(CO;) 141 x (1~2~x((:02))
trdd:r=1
5 CH + Oz= CO + 34
(=& =& =5 HE 538 +&)
0 +L0=00, + I
(G —&A-8 -6 & (34 +&)
0, =5+24 5 & =0,50ml,

" _
vii Ky =—S208146)
(G &a1d=4-&)

tathiy £ =072

Vi

Ko (G-0)05+5) {1
(1-ED@A=-& -E)s+28) \p'

n{CH, }=0,28mol ; n(11,0}=2, 7m0l ©

n(C0)=0.22mol ; n(H, )=2,66mol .

p =318 bar

4.16.1. Cé can hing (1),

va3-1-042-3=1
Chi mt théng s5 cuimg, Linh dd d¢ xac dinh he,
2.0) Néu p(NH;) ~, tién wién *— ; pha v

cin h:'ing,

b A H(1)>0, ofu T ~, tidn héa —> ;
phi vir ciin bing.

3) a)

Aln

%

b} Vigc nhin dang cac ving duxe thie hién khi
1a chit § thiy, khi p(NH;} . cc cin bing
chuyen dich theo chidu £
piNHs)

Ll

p
4,07 =129.2.10° - 4614 T Lol 1),

Ay, (i3 =112,5.10° — 389, 1. TL.mol ).

&) 4,6 =R TIK] =—3R Tn



H4, 61Ty
A PP=-T? T~
) 4, =

" ey
AP“b = dT

lirdd: A, HY =129,2.10°Lmol™!
A =614 Kl
va A, H3=112510"mol ! ;
A, 83389, K ol
4) 0 273K, p (NHz) 5 = 0,620ar ;
P(NHs)3 o, = 0,40bar
Chc phan (mg cb thé xiy ra li:
2A¢C1 + INIL ==(2AeCI3NH, )(ki)  (a)
{2A2CL,INH3) + INH; 22 (2AC, 3NH X k) (b)
Cic wn hﬁ{lg ndy khéng dfmg thoi, cin b:&ng
thir nhét thit ip véi p(NHy) = 0,40 bar, tirc 1a :

_ENiL)Y
RT
phan (mg {a} tiéu the ny = 1.5 mol NHy | né

tiy =1,76mol ;

két thie véi n= Iy =0+
tire 14 0y =3,26mol .
Cin  bing it nhi
pNTE)=0,62 bar, tirc 1a
PNH,).V
Nz = -
’ R.T

thigl  lap  véi

=2.73mol

viy n = ng=ma+np=4,23ml 06 kil thic
vil n=ng=ny4+ny=>5"Thmol
1T 6 ¢ o thi :

P(NH3)

1 ny Iy ng

511 0y =108°CH, =8°C,

| dwimg swemg @ 22 dimmg sdi

21 a) %y =0.300, =97 Cry(h}=0.55
b) 0=103"C,x, ()= 0,13

O O 100°Cxy (1) =0.22, %, () = 0,45

va x; =0,30 5

nlzm—.n tircla mp =326mal ;
x3(h} —%5(1}

n, =L Mmel

» Trong pha long @ ny (3=0,72mnl -
(1) =2,54mol
* Trong pha biei gy, =0.78mol ;

nl[h} = 0961“.}1 .

My 5 (1) _
(M —M, o (D + M,
tirdé: 0, =93"C vi x(h)=0,71
4) 2} oyl =a3(1)=05,

B do %, (1)=0,55 va 8, =90,5°C

1) 'I'éi thidy 1a nim dia.

3 =

52.1) @, = ng.M, __18p
n. M.+, M, [Bp+17
vir] p:-n—e Lp= ll&)c vi X, = £
n, 18.(1- e} 1+p
B(°C) |0 D0, 1)) pe {x D [%,(D)
20 0,63 | 035 { 1,750,637 ] 0,363
6l 0.84 | 0,16 {4,961 0,832 {0,168
_Re _ 1000, _1000 RT
g et BBp P
8°C) ng (mol} Y, (L)
) 31,74 773
60 11,2 310

D a) @, =023 8,=-25C; w, (=001

b) § 40°C, w,(h)=0,07: e, (D =0,75 .

m = @, —,th)
@ (1) —e,.(h)

§) #=73C; w,(h)=025

5.3.1) Dutmg trén : suemg ; dudng dudi ; 85

Beénnay vibén kiamii: gp=1vav=2 Ubén

frongmili :p=2vav=1.

3} 6,=789K; xp, (N)=0,06 ; xy ()=0%.

Hx(0;3=020; xg, (h)=0,12 1 %0, {)=0.334,
KO} =xg, ()

M o o, (b

v oy, =6,20mol

5.4.1) p* {ackt) > p*(chl) : axeton dé bay hoi

hom clorofom, tir d0 &,(ackt)=52,6°C va

&, (chl)=612"C.

2) Véi =(chl.) = 0,15, p, =310mmllg .

plchl)
P

n=33g ;my, =147

n=3,74mol

3) %y (h)=

, b &6 ¢ bang sau :

x| 0820|040 | 060|080 | 1.00

pichl)immHg)| 0| 35 | 82 | 142 | 219 | 293

pimm Hg} |347| 305 | 267 | 244 | 256 | 293

g | 0 [01150307]0382)03855) 1.0

Ton i hin hop ding phi A v %, =0,60

4) Gitn 5 ding nhidt the hitn mt o G, gian
9 ding p 5 e hign mit ac dai.

Bling sir chung cal, (2 s& cd the thu bdi duoe mot
phin cét chia clorofom nguyén chit néu thinh
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phin dau cia hén hop x (chl) 1 cao hom x4, va

ctia axeton néu x(chl.) 3 thip hom x .

5.5. 1) Trén d6 (hi ding ap, O >0, . cachon

sunfua la ciu tir d& bay hoi nhit, vi thé py >p; .

2) 1., =040 BAZ)=40"C : xem gigo trink

§2313

3 x(h=0: mdt doan ndm ngang duy nhét

v @=46"C ;

(h=020: hai difm thay ddi 45 déc

#=422°C va 0=413"C;

% (h) =%2(Az) : mit doan néim ngang duy nhat

voi §=40°C ;

(=070 hai didm thay 48 & dée

G=475C va 0=44°C;

%, (h) =10 mét doan nim ngang duy nhit vii

0=5°C-

Vil dang oia che di thi, xem gido (rinh tr

lieu 20, o ‘

4} u) %,(1)=10,10 : phin cit : hon hop ding phi-
¢iin : cacbon sunfua.

%(1)=0,70:  phin cit : hn hop ding phi ;
L ciin : elyl metanoat.

5.6.1) A - diem ding phi

1 - duimg siomg 5 2 dudmg, 861

Wino, (A =066 va B(A)=122°C

Xino, (A)

MiLo ¥ivo,

= RO‘?ﬁ
(My0 = Mo, ) Wivo, +Muno,

2} KIH\-OE = 0'075.

wrdo:

Mimvo, X1vo,
WHNG, =
T Mg, ~My,o) Xm0, + Mo
tirc a wipyo, =0.22 vi 6, = 105°C.
30 110°C © wyp, () =007 :
“rm03(1)=0‘35 N
Wipo, ~ Wi, (h)
Iy =———"——""——1
Winvg, ()= %o, (0)
m= 0’3'ME MNG. +3‘ 7N1H¢O = 35, 55
nrdd my =458 va my, =397z
Trong phahoi s mypy, (h)=2,8¢ ;
mg, o(h) =36.9g ;
Trong phalong : g, (h)=160g
my o(hi =238
57, 1)H: diém di ding phi: xemgido tninh §3.
*uase(HI=0,43 5 O =8°C ;



o

Mo Fnu
(Mpgie = My )X +M,
2) V& dang chc 45 thi, xem gido trinh & o 27,
BV x =020, thay dSi db déc voi

=013

Whe =

#=915"C vi doan nim ngang voi @ =84°C.
Vin €>975°C : hén hop nwée vi toluen hoi
(=1}
Véi 84°C<@<97,5C : cin bing hoi (nuwdc +
toluen) va toluen long (¢ = 2).
Vi @=84"C : ¢in hang hoi (mee + toluen)
vi toluen long va nwde (1) v nude (D) +
toluen (1} (@ =3).
Vi &< 84°C: mnde (1 + toluen (1) (p = 2,
B V& x,0 = x(TT) mdt doan nim ngang duy
nhit vii 6 =84°C.
Véi 6= 84"C : nude {h) vi toluen (h) (¢ = ().
Vi 0=f4°C : h =2 nuc () + toluen (1)
{p=3).
Vi & <84°C: mude (1) va toluen (1) (¢ = 20,
B VG x =060
g=91"C.
Véi 8> 91°C : nuie th) vatoluen (h) (g = 1),
V& #4°C<@<9°C :h =2 nwde () fip=2).
Voi @=8"C : b = mdc (1) + toluen (1)
{p=73)
Vi §<84°C: nude (1) v toluen (1) (p = 2).
NG HC, Xpeeh)=0,58 1 Ry (D=10
n = Xi,0 ~ Xpath) .

X0 —%g,0h)

tic iy =2,86mol va oy =7,14mol .

: thay ddi 45 dic voi

Trong pha long, ¢4 2.86 mol nuéc ; trong pha
hen, ¢6 3,0 mol toluen va 4,14 mol mrde,
5.8. 2) Hai chat long 1a khéng trén lan duoe,
moi chiit s6i dudi chinh &p sudt cla hoi biao hoa
cita n6 o nhidt di dang &, (rdd :

p0)=p (e, B) +p (CeHBr,0)
3) Khi p=760mmllg ; &, =95C;
p (mex) = 635mmbg
v p*(CoHsBr)= [25matlg
p‘nu'x

p

%y (1) = X, 1,5 (H)C) =0, 165.

pelH) _ 0,(X1D) _ me /M,
o) me(BHE)  my (/M

Xe(b) = Xy (HXb) =

=0,835

tie |5 m(l) =P°“'—Me.mb(l)
B M,

my=m () +my,(l) or d0 my{l) =632 ¢ va
m{1} =368 ¢.

$9. 1) X =X =2 20943 véi di
P

dang phi
Mx,
W, =Wy (H)s————E% 0762
T MM M,
w,(H)=0,238
[ R . A
Ragy (78 hoi +

Dyaym x =005,
My
(M, —Me)x, +M, i
tirc 12 diém M teén d6 thi. Sy ngumg W clia hdn
hop nay thoat tign cho nuée thé 1ong.
b) x, =0,30, th d6 w, =0,69, tirc [a didm N
trén d6 thi ; xudt bign dhu tizn 1 anilin long.
3 B Tl mOM,

po M) Myme(h

(e ta: () =EeMe
Pa:

trdd: m{l} = 3,23 ke,

5.10. 1) V&i x(CH;0M)=1,0 :

p=p (CHyOH)=0,126bar

Véi x(CILOHY=0 : p=p (CQ,)=0,119%ar

2) Vi mdi gia tr p twong (mg hai gid i cia

x(CH;0H) ; cho cla cac x(CH,0H) {h) xic

dinh dudng suong ; cho cia %(CHyOH) ([) xac

dinh dubng s8i, He bicu hign mét difm ding phi

¢ cire dai ddng nhigt v& Xc,on(A)=048 va

p(A) = 0,211 bar,

3) a) Pl =0,210bar ; pls), =0,185bar

xan,on(D=004 véi giot cudi cling cila chit

tirdd w, =

0,21,

m, (1)

long bitn mat.

b) D p = 0,200 bar ;

Xon,onD =007 200, (H=093 ;
xau,on(h) =041 x¢q, (h)=0,59;

A X

n =———n=088mol va ny =4,12mol.
X
4 xCHOH=—2 O 65 v
o(CH,OH) +n(CCY,)
n=4,55 mol.
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Dudi p=0.190 bar :

XmaoH(h)=0,59 va XCEIAOH“)=U’85

m =220 01 75mol vk n, =2,80mol .
K,

Trong pha long : gy on(h="14%mol, tir dé

mey,onfl) = 48g,

meq, (1j=40g | tire l4 mmy =88g.

neg, (D=0.26mol, 1y dé
Trong pha hoi : ney,onth) = 1,64mol, tir d6
e on(h) = 5% . neq, (= L16mol, tr d6
ey, () =179 ; tire [3 my =~ 232g .

5.11. 1) 5”%:—5]11(2) ; d6 (hi xem fr
Iién 10, chuomg 1.

2) pr{Txgy) = 3 (T +R Tlnx £ (1)

g (Tx )< pzp (1)

tin 45 thi, p = fT) : duong bidu ditn
Ao (TE) & dubi duimg bigu dien g3,(T),
cbn che dubmg bidu ditn 443, (T) tring nhay, tir
46 T>T,. '

3G Topup(Tap()= s (T).

Vi p (B)=0, p{Z)=1,0bar

Tirdd: gy (L) = 45u(T);

oin : g (TH+RT Inxg =g (T)
Tirdd : RT, %z ()= 243 (T~ 21(To)
Tircta: RT,nxs (h=AG"(T)},

0.
ASG (Ts}

con: Rhnxz(l)=

5
Theo hé thire Gibbs-Helmholtz :

Ay, GO
6[ il ] o
T __Apu]'l

aT T
. Rinx () AHYT)
{T T,

8
Téch cac bitn 5. coi A H® la khong ddi, lam
tich phan git ,(x-{1)=1) va
Txs(h<l),

o6 Inxg ()=

R (T, T

ASHO(TS){ 1 1)
4) Inx,: ()= —0,0683 , 1rdd x(1)=6,60.107°

HB(I)

ngh+05() mpMy +my My

xgih=



lirdo My =_“‘B'T12'(' )
s*pd

6.1.8) Don chit : chitt duye tao thanh béi mét

nguyén té.

b) Flop chit : chit duye (ao thanh béi it nhit hai

nguyen .

¢) Chit nguyén chit ; chitt dupe tao thinh béi

chi mit cau 1 hoa hoc.

d) Hén hop : bt duve tao (hanh bi it nhit hai

céu tir héa hoc.

<} Hop chat xéc dinh : hop chit chi ton tai &

rang thai rin va hoat dong khi dé nhw mt chat

nguyén chal.

f) Hoin hop cutect! - hdn hop cla hai ciu i, trén

lan duge & trang that 1ong vi khéng 1won [3n &

trang thai rfin, dure ly theo chc (3 12 sao cho sy

chuyén pha cdia hén hop tién hinh & nhié1 da

khng 461,

6.2.1) ¥oi w(Ni) = 1,0, 8, (Ni)=1450"C

vin w(Ni) =0, 8,,(Cu)~1080°C

2) 1. dudmg liquidus ; 2 duémg solidus

[:dung dich Kng cta CuviNi:gp=1,v=2

I1 : hai hin hop cfia Cu va ciia Ni, mit rin va

mitlong: p=2,v=1,

111 : dung dich rdn cha CuvaNi 1@ =1,v=2

Ba) wyh=020 ;5 we,(1)=0,80,

Tinh the dau tign wy (=042 .

b) Giot cudi cling bién mit wy {1y=0,06 .

S l52g.m0l"1 .

May Xcy
(Mey —Mpg ) xp, + My
Tirdé : wy(h=0358
b} £4=1350°C véi tinh thé dau titn xuét hign.
¢ wyD=037 va &, =1280°C véi sy hoa
rin ciia giol cudi cimg,
6.3.1)u) Gy =40°C : 0, =B5°C
b wy;(r)=0,67 d6i véi tinh the dau tign duoc
lao thanh. ) ) )
¢) wi (=007 d6i v giot cudi cling héa rin.

4) a) Wy, ()=

~042

Mg wg,
{Mg; — Mg, Jws, +M,
(i do : xg(1)=041 .
b) 6, =455°C ; 0, =310°C

¢) xgi{1)~0,12 déi vin giot cudi ciing héa rén.

2 a) xg ()= ~059,

3) Véi hai dumg lam ngudi : hai didm thay i
dd dbe & chenhidt 5 da chira & 1) a) va & 2) b).
V& dang clia cic dd thi, xem giao trinh, trligu 6b.
6.4.1) E : diém ding phi: wg,(F)=012 ;
&{E)=250°C , xem gio trinh § 3.1.

2} 1< chit 1ng (Sb, Pb) : 11 : chit long (Sb, Pb)
vaPbran ; 111 : chat 1ong (Sb, Pb) va Sb rén ;
1V : Sb v Pb ran va khéng (hé tron Ian.

3) M, : doan nim ngang duy nhét § 327°C;
Po (=2 Pi{p).

Mj : doan nam ngang duy nhit & 250°C ;

Iz 2 Pbi{r}+Sh(r}

Mj : doan nim ngang duy nhat & 631 °C;
Sb{1) =2 Str)

M, : thay déi d5 dde & 300 °C, doan nm
ngang ¢ 230°C.

Véi 250° <@ <300°C , 12 PD)

Véi 8=250°C , 1 22 Phin)+Shin)

M, thay ddi cia d§ déc & 485°C, doan nim
ngang & 250°C.

Vi 250°C<H<485°C, 12 Shir)

Véi 0=250°C , lg 2 Po{r)+Shir) .

Ve dang chc do thi, xem gido trinh fer ficu 18b.

4 8) wishy=" _g
m

b) Gy =530°C

Q0 400°C, wep(1)=033 va wy(n=10;
_ W) = w(Sb)
|\ = -
wep(E) — wydl)

m, =8lg
T'rong pha rin, ¢6 8,1g antimoan ; irong pha

Iong, cb 3,9g antimoan va 0,8g chi.
5) a) Digm giao cha diwmg ding nhiét qua
My va duomg liquidus  wg, (1) =065, tie I

diém M4 .

=119 Vi

m {5b) v
. m {Sb)+ m{Ph) ‘
O M,.miSb)=m{Pb) =30,0z .

ot e WPy
Tudd: m'(Sb)= 1—w) =557

b) wigy(1)=

Mope = 25,78

6.5.1) Wy (0)=0,55 va G~ TH°C:
Mp,ow

Xg{C)= S M 0,67

(M Moy Wyt + Mygg
X (O =033 | tirdd cd cong thie Mg, Ca

WO =3-1-1+1-2=0 . C }a khéng déi.
21 h‘lz)n hop long clia canxi va magie

11 chat long va Cafr) : 17=2 Cair)

1 CaEr) va {(r}

IV : chat long va C(r) - 122 (1)

V: chdt léng va Cir): 12 Q)

Vl: C(r)‘vh Ma(r)

VIL: chit 1ong vi Me(ry: 12 Mgl

3 M, :thay d8i 08 dbe & 650°C, sau d doan
rém ngang & 470°C.

M, : dogn nim ngang & 470 °C.

My : thay ddi d6 déc & 665°C, sau d6 doan
nim ngang & 470°C.
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M, : doan nim ngang & 730°C.
M : thay déi 6 dic & 680°C, sau dé doan
nam ngang & 525°C.
M, : doan nim ngang & 525 °C.
My : thay d8i d§ dde & 590°C, sau dé doan
n:'"i\m ngang ¢ 525V,
Ve dang clia cic db thi, xem gido toinh, & ida
22,
4)2) G 600°C, wy{1)=0,78
WA Wyg(C)=0,55
_ w(Mg}-wy, ()
- wMg(l)—wMg(c)
Trong pha rin, chi ¢6 MgCa, Dty Cate)

=63 vi mo=35g

=0,395mol chita 1582 canxi héa hop véi
19,2z magie.

Pha Iong hep thinh béi 14,2g canxi va 50,8g

magie (ta lai (hay nhir viy wy,(1)=0,78 ).

b) G 400°C, b 1a in hodn todn ; canxi A

hoén toan trong C(r).

n{ Ca)= 0,748 wol, trdé me(r)=n{Ca)M(C)
tie 13 me(1)=66,4g va mMg(r):B,ﬁg

6.6.1) WOy, 0,49 ; OO »1°C
Wy, =0,5, tir 46 hop chit xac dinh C :

HCOOIL THCONTT, .

2) w(1)=0,20 - cactinh (hé clia axit fomic ;
wi,{1)=0,40 : cic linh the hop chit xac dinh;
wi, (1) =0,85 : cic tioh the fomamit,

B oa) § -10°C, v owy (=071 v
w, {t)=0.49 ; ¢ tinh the clia C va chit long,

W{fu)—Wrn[C)

B Weo () =W (©)°

vam(r) = 5,5g

Chét tin 13 hop chit xéc dinh C nguyén chal ;

chit 16ng 1a mdt hén hop cha 10,3g formamid va

4.2 axit fomic {cac khdi luemg durge tinh nho

vao my vi wi (D)

b) 0 -25°C, céc linh (he ciia C vA cac tinh (hé

fomamil :

my m= 14, 5g

wilo)—w, (C}

mifo)= ——mu—ﬁ’—,,mz 6,22

wlb(fuj = vyl G
va m(C) ~ 13,8
Ta ciing ¢6 the viet : o{C)=ngeae(C)

HCOOH)

L.M{C}
M(HCOOH)
va mifo) =m-m{C)
4) Trén gidn 80, véi &=-3°C, w(fo)=0,93
tir: 14 7% I tap chat.

Tirdé: m{C)=

CQ'-



6.7.1) 0 C, x(H,0)=0,33 ; x(NHy)=0,67
tirdo : He:[Hy0,2NH; |

0D, x(H,0)=x(NH;)=0,50 , tir do :
Hp:[H,0,NH; ]

2)I: I(H,Ova NH3) ;11: NHs(r)+1 ;

II: He(r)+NHs(r) ; IV: He(r)+1;

V: He(r)+1; VI: He(r)+Hp(r);

VII: Hp(r)+1; VIIT: Hp(r)+1;

IX: Hp(r)+H,0(r) ; X: HO(r)+1.

3) vp=3-1-141+2=0 , khing bt bién
vg =3-1-0+1-3=0 , khdng bit bién
vgp=2-0-0+1-2=1,khicddinh T, p khing
phai [a yéu t6 can bing, tat ci duoc xac dinh ;
Vg=1-0-0+1-2=0 , p duc cé dinh, T duve
ap dit, G tuong {mg voi mét chit nguyén chat.

4) a) Thay ddi do déc & 0 ~ —54°C | sau db
doan nim ngang & —125°C (xem giéo trinh, tr
ligu 18 di€m M°® hoic My).

b) m=n,.M, +n,M,. Tirdé n, = —

ﬁ.Ma +M,
e

ticla: n, =44,9%4mol va n, =11,24mol .

G —196°C, hé gom nue & the ran va Hy rin,

amoniac nim hoan toan trong Hy tirdé :

n(Hp)=ny(NH;)

va m(Hp)=n,(NH;).M(Hp)

ticla: my (r)=393,4g va my,o(r) = 606,62

68.1) va2)

1\8("(‘} A
w- -
b long
90"____\_\ ....................... o
A Y
“
long
U Bt N i
f:’::l“]_ }} ,’/
[EN
70 - Y zllﬁng .
: 7 +
\ 7 Nin
6 ~ L
P NID+AD
| THsEE 5iN)
50 T T TR >
(] 03 |
A0(°C)
[ T
90 {
=t
1
wd szum
- 1
o |t N
-
6 -
Aln+Nin
50 et
0 thai gian

Wy _oom

3 N == =
)8 3 n(N)+n(A) 0,356

»

0,4 ~88°C
b) xem do thi.

00 75°C, xy()~042 ;
xy()=x(N)
xn(1)-0
€0 25,6 long tie 12 10,8 g N long va 14,8 g A long.
0 50°C, h¢ I hoan toan rén va hop thanh 10g

N (r) va 40g A (rin).

my (r)= nM(A)~ 24,4g Arin,

69.1) p=—0 vi Z=4vi il
NA&I 4

€0 1y, =144pmva 1y, =144pm .

Hai kim loai ¢ ciing ban kinh va két tinh trong

cling hé, tir d6 ¢o kha ning tao thanh dung dich

rin thay thé.

2)a) Gy =1018°C

b) 0 1010°C, wy, (=045 ; wy, (r)=0,59.
_ Wau(r)—w(Au)

Wi (1) =Wy (1)
Trong phalong: my,(1)=14,4g , my,(1)=17,6¢
Trong pha rin : my, (r)=10,6g imy (r)~74g

3) a) w(Au)=0,89, tirdow(Ag)=0,11

m=~32g va m ~18g

MAg.wAu
(Mag =My )Way + My,
x (Ag) =0,37.
O Viny, =1y, , a'=ay, =a, ~408pm.

o MHAD My +3(A) Myy)

N‘,\.aa

b) x(Au) = ~(,63

~16,1gcm™

m(H,0)
6.10.1) WH0)=—— -2 ___

) ME2O) m(H,0)+m(HNO;)
18.n

18.n+63

5 A= —O)

18.(1-w(H,0))
w(H0)=0222, n=1: [HNO;,H,0]:H,.
w(H,0)=0,461, n=3:[HNO3,3H,0]:H, .
2)1:long (I); I1: HNOs(r)+1 ;
III: HNOs(r)+Hy(r) IV: Hy(r)+1 ;
Vi Hy(r)+1 5 VI Hy(o)+Hy(r),
VII: Hy(r)+1 5 VII: Hy(r)+1 5
IX: Hy(r)+H,0(r) ; X: HO(r)+1 .
3)a) w%O:m

m

_ 1266-8,44x 63

, tirdd: wH,0)=0,58.
1266 o: WE0)
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O =26°C, cd su xudt hign cac tinh thé du tién
cia Hy, sau dd & —44°C c6 swhinh thanh cac
tinh the ctia H, va céc tinh th nue,

b) Véi @>-26°C, dung dich long.

Véi -26°C20>—-44°C, su tao thanh cia
Hy(r).

Véi 0=—44°C, | 2 Hy(r)+H,0(r)

Véi @ <—44°C, Hy(r)+H,O(r) .

Ve dang ciia dd thi, xem gifo trinh, fir ligu 22.
00 35°C, Wi, o()=0,64

Vi wyg o(Hy) =0,46

_ WH0) - wy o(Hy
vi m, =422g.

Chit rén chi hop thanh bii hop chit Xac dinh H, .
Chit long gom 540g nudc vi 304g HNO; .

m) m = 844g

G —80°C, h¢ Ia rén hoin toan, tht ci axit nitric
dtrong H .
tirdo m(H,)=ny(HNO;),M(H, ) = 987g
va m(H,0)=279g
6.11.1) = Wy (O =0,17; &¢ =820°C
My Wi
Mo, —~Myg ) Wygg +Mygg
tire la st(C)zU,M 1 Xau(O) =0,66
tirdo co MgCu, o C.
B wy,(D)=0,43 ; G =570°C ;
ng(D]z[],ﬁﬁ 3 Xeu(D) = 0,34
tirdd cd MgyCu o D.
2)1:Chitlong1;11: Qu(r)+1; 1L = -
Cu(r)+MgCuy (r); IV vaV: MgCuy(r)+1 ;
VI: MeCuy(r)+ Mg, Cu(r) ; VII + VIIL
Mg, Cu(r)+1 5 IX : Mgy Cu(r)+ Mg(r) ;
X: Mg(r)+1.
3)

Xp(O)= (

mit cit cao

@ &
2@

nil lhﬁp .

My M,

mit cht cao
mit cht thip
My Mg 1'47



4) Hop kim phai & trong 111, do d5 ti 12 phin
tram khoi luomg magie phai la dud 17%
6.12.1}

A 80 A
. 18g tdng
1 H
L N AR
- [ H H
1 ™ - by
T loug - !
m Cdiry PNy
Mo
250
0 Bivr) + Cdiny £ .~
T T L} + T L} T T T Ll
! 0.5 w (Fh)

2) wpp(B)=0,85 ; E)=250"C .
Yya) (P =x(C)=0.5

i dé: WPh)= Mp X4
{ Moy =My ) xpy + My
tire la - wiPh) = 0,65 va w{Cd) = 0,35.

b) @4 =270°C : xudt hi¢n cadiimi.
¢) Cd chi ket tinh tir N dén N' v O(N)
nhung B(N') > (E) :
Wi (E) = win (M)
- wyy (B -0 '
4) a) wph(!) =wp, (M) =0,15
b) Lic dau, m (Pb) = 40g ; m (Cd) = 60g.
M, wpb(:w)=——~“3@——;
m{Py+ ' (Cd}
PLH(1= sy (M)
Wi (M)
_ Di phai cho thém 167g cadimi nir.
dyr(T]
dar

= (KE),

m=233g

tirdd m' (Cd) = =22

B.30) 20— 8 () ;¢ (hj xem fur figw

m
10, chamg 1.

2) ax (Txp(lp= ;fg:l {(T)+RTInx o (1)

p, T2y ()< py. (7).

Trén d5 thi, p= {7} : duemg hié}l dicn
Aty (Lxe (1) & bén dudi dwmg bidu dién
a5 (T), trong Khi cac dwdmg higu ditn
iz (T) th trang nhau, Wdo Ty < T, .

DO Ty tin (U U= gy (')

Z va B 1a khéng trén lAn duoe & trang thid tin :
pep (T = s (T}

Viy: g (TR Ty bnxp (9= 423, (T'p)

13 (T)

.
fr < Rin xp (1= 221

! th
; 0 e
(e Ja: Rin xg (=~ 220 T)
_ Ta
Theo b thire Gibbs - Helrholtz

A_GYT
6{ PuT } AmHo

(jT == 12
. SR () ATP(T))
dTllh Trzrh

Tach cac bicn 56, véi vige cof a A, H(T"y)
12 khéng ddi, [3m tich phin Ty(xs(li=1) v
Tylxe<l):

e ()= - St ) (__L]
> R Ty Ta
| I Rlnxs(l)

R D T

x5 (=01 vi Ty, =284,0K

tircla &=1L0°C tirdd 6 swgiam 56°C.
7.1.1 ay Cic dol hryng cia phan mg
A X{1h., (X=HS5C, I” =29¢K)

A X (T") =2 Xpo(T")- 2XHT) - X, (T°)
ApXHT*)=Xgp, (T°)-X(T°)~ X0 (D
1| cap oxi AP“H? ApuS? (T") 4,“(:;)_
hoa -
Khit | (TY ). | GKT HTHO.K!
mol ' ) mol™ ) | ol )
1| COiIC -221.0 1783 4.6
2| COyfC| 3933 30 -0
® Md hinh Ellingham :

A Gle(T)= AR (1°)-T.ALS(17)
e Trong trwdmg hop chung, sau tich phan

{11.25) v (11.30), & «\pqu”

Bl = 10122, C5, | - T

khéng ddi :

[AWSS(T“)—AW%{1+|nT)—Apuq_i.T.1nT]

thela: Ag, G (T)=a b —¢.T.InT
i Ay h; [
k1. mat ! ] (U-K_l-md_l) (U-K_l-mﬂrl)
1| -330 0,1346 (.0066
2] -391.7 -0,0432 - 01,0060

b) Dung sai clia céc kit qud :

{a Gy A G‘;e}m
A_GY

phig
- - * |a
I AP“G:‘ (1500} A, Gy, {L500) titths I
hop
1 -4973 - 48492 L6 oo
2 - 2611 -398,0 524| khdng

2) A, (1000)= 403,260 ™
ety K9 =1.2102
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Ay G ,(1000) = =307 IKLonol ™",

=110 ;

Cac Ph‘:f" (mg |5 hodn 1040 , nhung sir tao thinh
CO Ia ral thudn Ien.

3) 0, binnfu AL,GHTSALGHD , tic la
véi T<60K trong tnmmg hop chung vl
T< 981K trong md hinh Ellinghamn (xem #7
fea2ly

7210 8) ApG) =-RTIK] :

. A H~AG
Awsi=%

tie i K3

AN Ay G = —400, 2k mol

ApSt =179, 20K Lol

25,03 = =987, 9kl mol "

A Sy = =237 10K mol ™

b} ARG(TI==-22,0~01792T ;
AnG3(T)=—1222+0.2370.1

HGT= ]393K Z\dg () = 2Mg (k) (4
vol (4) =(2) -

Tirdé : Awlrﬁ=.ﬁUkJ.lml'1

A HY

R 186,60 K
T

Vit ApSt =St - A4,88

din 161 A G =~ 12254+ 0,423 T(K ool ™)

3) Su khir Mg béi C ndu :

ARG (CO/T) < A, G MO/ My),

Tire 1a véi T >1665K. Tao thinh Mg the khi.

ApSa= ol ™!

7.3.1) Xemime dung 12 2% +0, =2Pb0
Apal® (KLmoi™)
S B N
T{K}
30 "
ez f

Vi T € [300; 600K] : cip or — PHO(KLY/ k)
Al =284y —'1‘,[ o —25% s"oz]
= —438,0+02016.T

Vo Te[600:762K] : cip o - PbOKL)/Pbil)

AR =2, 04 — 22, +T.Mfr7°H?’°
F
= —447,5+0,2175.T
- Vi Te[762:1159K] : cip ﬁ—mkx)wl)

.-'\WGE‘ =A GB +2.A tho - ].
ﬂ



=—d444.24+0131.T

- Vi Te[ 1159:0M5K] : cip POO(I)/ P}

2"'\nc:l'ltlg'hﬂ
f

Apqu) = Apu(}‘(’; -2A, Hppo =T

=—420.8+0,1929.T
< Véi Te[145:2023K] - cip PhO(k)/P])

" o 2.A,Hp
ApGR = AR Gh + 28, Hyg —T._—_”lﬂ

=52-0,0512.T
Vi T > 2023K : cip PhO(K) / Phik)
A, Hp

ApOE =4, G =270, +T. x
E

= =330,840,148T
2) ApGi(T = A RGHT+ R TInQ
= 45, G7(T)~R Thapo, /p°
Phin iy coa PbO  wong khong khi
(po, =0.20bar ynéu AL G, >0
Theo 46 thi : duy nhit néu A, Gf = A, G
AN —3508+0,1248T
~8.314.10 *In0,21T> 0, néu T » 2550K
7.4.13 Cac phiwmg trinh cia sy tao think loat :
22M40, =2MXO}.
¥ y
Avgi=—1voi 1&t ci, tr véi COC
{ Avigi =1 duoe bicu didn b duimg 4.
2) CaD/Ca (chit khi tt hon) : dubmg § ; Cu0
(chal oxi hda 6t hen)/Cu: dutmg |.
3wy 2NN 03 Zn0/Zn: 3 WOV,

6: ALOs/Al 1 70 MpO/Mg.
2
b) 2'1’n0+-‘-l_—\"—>§\"205 +2/n ve°C
3
2700+ 2Ni > 2NiO+27n
dbi véi 021900°C
7.5.1) Vi cfip oxi hda - kit Ox; /Kh; :

oo e B
ApuGi = ;\pu(JiD +R.Tin PO_
Tido: P 0 ApGl
[ = A
O, =P P T

) Vi 0=150C va .-_\P,Gf =)
va Aw(‘r_g 2 —460k] ol ™!

T do: Pan, = Po,cb) =1bar ,
pzmh = Puzch.s =3 lO_Hbar

3 Thém

==0,1984T vio d thi chia bai 13p 4. Su oxi

duﬁ'ng ¥= R.Tl.ﬂpoid_] fpo

hoa kim loal M khi y & bin trén duimg
AGIMO, /M)

Tir db : sy oxi hoa Ni d6i voi T < 1150K, Zn
vin T 1450K va Mg véi T<2250K , khong
K& dén cic thay 41 trang (hai. Chc két qud 13
rang hon ¢6 (he th duye tir air fidw 13.
7.6.1) Theo (VIL1D), sw oxi héanéu :
Apu(i'f('l")

RT
+OT = 500K, Znfr) bi oxi hoa theo phuong
irinh - cin bing (A)

Po, 2Po,n =P -EXp

AL Gy

RT
—fe T
6963+ 02001 _ o oy
RT
- 0T = 1000K, Zn(l) bi oxi héa (heo phuong
trinh <in bing (C),

Tirdd : pyusm=p-exp

= p.exp

"-\puGE‘
RT
=2.5.10 % tar

Tir do: Pamton = po.c)cp

o —T10,0+0,220T
S
RT
- OT = 1500K , Zn(k} bi oxi héa theo phuong
trinh - ¢én bing (F)
AR
RT

Turdé: pyyso =p".cxp

o =605 T
plemp——

2) ® Theo dinh nghia :

ApGy(T)=RT; Inpg, /p’

Véi po, =lbar, phii ¢0 ~939,6+0,415T;, =0
i ld T =2265K .

=9.010" 2ba

4l

. ALG
- OT=2235K, p =p°exp EI‘E =0,52bar,

gia tr] cao hon PO, khangidi = U 21bar .

« Theo (VILY), {(2235)<0; tién trith chitu
2.1 d6 <0 sir khir oxit va syr gidi phong 0, .
7.7.1) a) S oxi hda magie : 2Mg+0; =2MgO
» Va1 Te[300:923K] : clip MpOtktyMg(kt)

ApGh =274 TRyg —T.[zsli130 -2}, -5, ]

=—1203+02164.T
Vi '1'e{923;]393[{) : ciip MeO(ktyMg(1)

2.4, HE
ApGh=AnG3 ~2.4, Hy +TI%M3
F
=—122140,2363T

» Vi T e [1393:3075K] : cip MgO(ktyMg(k)

1A
ApGe = A Gl ~ 28 Hiy +T. 7Y

=—1485+0,4256.T
-V T > 3075K : cip MeO{/Me(k)
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. 24 HY

ApGh = Ay, G+ 24, Hypq ~ T -2 M0
i

— —1470+0,4206T

g 2
b) Sy oxi héa ho : %B+O.l =505
+ Vi Te[300:723K] : ciip B,O;(kt)/Bike)

2
oo y 1k
SpCh =S Al o

4 2w
*T'[E‘S?S:Oa —g.bB —Sp, ]
=—848,7+0,1763T
P Voi Te[7232313K] : clip B;05(1)/B(kt)

- 2
ApuGg’ = Apu(-'?\' +Ti"-/-"anT'_+:_o_,_ -

T _2_ ‘ ‘dncH(T)L‘ a,
3T
Vo T e [2313; 2520K] : elip B,G3(1/R(1)

. 'Ii_\ B[

o . 4 R 7 nt B

AWGC- = quGB' —— Ayl +————
3 Te

=-833.9+0,1565.T

=-855,1+0,1657.T
+ Vol Te[25202800K] « cap B;O5(k)/B(D)

. 2
A Gy =B, G- AHy o

2

T4,

T = 0L T 0 48T
i

« Véi T>2800K : ciip B,04(K)/B(k)

4 2
T

APJGE = AIJIGOD' —‘—../_\hIIB +T.=
3 T

=—1120+02542T

A8 G (1 molh

0 1608 2400
! i |

)

_Eﬂ -

2) Phiin (g (8ng hop :
IMe(k)+2B(k) = MeaBy (1)

Phii 1 T>Ty dé c6 hai don chit thE khi. Bo
khi d5 13 chét kKhir 15t hon magie, tF db cb
phuong trinh - cén bing ola sir khir e tién -
zm,quzma;n%mk)

5 ; 2
~+§B203(_k)+2.\/lg(k)
B thira trong (2) d€ cho (1) ¢6 the thure hign dugc.
7.8.1) Phurong trinh - cin hang ;



Ti+m02 =2T1203 (A)
Phan img doc lap clia ap sudt, cd bién d :
vi=n-r—q+a-@=3-1-0+1-@=320

Néu T la 6 dinh, @ <2 : (A) khong phii 1
can bang

ApGa =Ap G = AR HA(T)

~TARSA(T®) =-373,5+0,0239.T

0 T°=1300K, ApGy =-342,4kl.wl
phan tmg ty nhién chizu 1

2) a) 3Ti+5Ti0, = 2Ti,O5 (B)

ApGp =ApGh = A Hy(T°)

~TARSR(T®) =303,5-0,0647.T

0 T°=1300K , A,Gp =219, 4Kl.mol " ;
TigO5 khong tao thanh.

+ Ti+5Ti0, =2Ti305 (C)

AnGe =4 G0 = A HY(T")

~T.ARSe(T®) =-470,5+0,0235.T

0 T°=1300K, A ,Gc=-440,0k.mol". Cé
suriao thanh TisOs.

b) 6Tiy0; +0, =4Ti505 (2)

A3 = A HY(TO)~T.ALS3(T°)
==710,0+0,1606T

AnG)
RT

Tirdo: Po,cb2 = cxp[
=7,210 M bar & T° =1300K .
Ap sudt thue cla oxi duye cho bai dinh luat
Dalton trong gia thuyet ve cac khi I dmg :
T
Po, c =X0, P =X0, Pa-m
Ty

0_4x1300

=021%1,5.10* x——=1,4.10bar
300

A4(1300)=R TinP2 >0, Chitu 1
Po,cb

doi véi phan tmg (2) va TizOs 1a két qu clia su

Tir do :

oxi héa riéng phan ciia Tiy0; .

7.9.1) Céc phan tmg oxi hoa sit :

2e+0,=2R0 (1) ARGi(T);
3

“Fe+0, = %Fe304 D ALGM;
4 2

gFe+02 =§Ft:203 (3) ARGi(T).

+ Cac phan {mg oxi hoa cac oxit sit
6Fe0+0, =2Fe;0, (4) ARGY(T)
A Gi(D =44 ,G5(T)-3.A,G(T)

= —624300 +250,3.T

4Fe0+0, =2Fe)0; (5) AR GS(T)

ApGs(T) =~584400+260,7.T

4Fe504 +0, =6Fe,05 (6) A R GY(T)
ApGg(T) =-504600+281,5.T

2) Xem § 3.3.4.2 va tr ligu 25.

Toa d6 ciia difm ba T = 843,5K ;

ApG® ==413200).mol

7.10. Fe(kt) +2HCI(k) = Hy (k) + FeCly (kt) (1)
Biéu thitc ciia etanpi tir do :

o
ApGy =Zvi,[,u1-0 +R.Tlnxi.p—}
i p

le

0
=A,G} +R.Tln{ .P—] =3,57K.mol !
P

*na?
A Gy >0 ;5 khong ¢o sutin cdng clia sit.
7011a) C=A,G) vi A;=ALHY tinh
bing Jmol ™' ;

B; =—AL,S? tinh bing JK".mol™!

b) So sinh AR H(H,0/Hy) véi AGH'(H,0)
chi ra ring cic phin (mg Ellingham & day la

nhu vo, =——% JTirdo:

C+%02 =C0 (1) AWGID =-110500—89,4.T
1.1 1

=C4+=0, ==C0 2
8= 2049 % @
A G} =—196750-1,5T

1
C0+-0, =00, (3)

&P,Gg =-283000+86,4.T

H, +%o2 =H0 (4) A,Gy=-246200+55T

PO XY

hoa cacbon thinh CO néu
AWG‘I’ <AwG§ Jticlaval T>T; =981K

2) C+H,0=H, +C0 (5)
AWGE =Awa—AwGﬁ

Su  oxi

1 1
—C+H,0=H, +-CO. (6)
2 ) 25

ApG3 =G} A, G
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+ Sy khir H,0 thanh CO néu A, G <0 (tic

la T>T, =M0K ) vanéu T>T;.

Tirds T > 981K.

» Swkhir Hy0 thanh C0, néu A, Gg <0 (tirc

la T>T;=875K) va nfu T<T,. Tir d6

Te [875:981K[

3)3T=1200K: C+H,0—->CO+H,

Bﬁng swrt6i (T = 300K) , lam ben CO gia ben.

Chit nay sau do chuyén héa (cac phin img

cham) lhe{::

- trong buong kin : CO+H, — H,0+C

- trong khong khi : OO+%02->002

4) CO+H,0=H, +(0, )

ApGY = A6 - A,G

Phin img tién trién theo chitu 1 véi

ApGY <0, ticlavéi T<Ty=1172K

Tir d6 : CO la chat khir tot hon H, déi véi

T<'Ty, khéng tot bang déi véi T> T,

7.12.1) 2Cu(kt)+Cl, =2CuCl(kt) (1)
Cu(kt)+Cly =CuCy (k) (2)
2CuCI(kt) +Cly = 2CuCly (k) (3)

Trong ba trudn