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HOA PAI CUONG

Chapter 6: NHIET DPONG HOA HOC
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Nhiét dong lwc hdéa hoc

6.1 Boi twong nghién ciru cia NBLH
6.2 Cac kha niém co ban

6.2 Nguyén ly 1 cuanhiét dong hoc
6.4 Binh [uat Hess

6.5 Nguyén ly thir 2 cia NBLH va chiéu qua
trinn HH

6.6 Bai tap
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6.1 Poi twong nghién ctru cia NBLH

Poi tvgng nghién clru cla nhiét dong lwe hoc va
nhiét dong lwc hoc hoa hoc la:

* Nhiét dong luc hoc la khoa hoc nghién ctru cac
guy luat vé s bién hdatlr dang nang lvong nay
sang dang nang lvong khéc vathiét [ap cac dinh
luat clia sy bién doi d6. Co s¥ ciianhiét dong luc
hoc lala 2 nguyén ly nhiét dong lwc hoc

* Nhiét dong luvc hoc hoa hoc la khoa hoc nghién
clru cac quy luat vé s bién doi qualai gitra hda
nang va cac dang nang lvong khéc trong cac qua
trinh hoa hoc.
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x0 2 Khai niém co ban st dung trong nhiét dong
lwvc hoc va nhiét hoa hoc

f

hay nhém vat thé dugc nghién clru va

6.2.1. HEé (nhiét dong): la mot vat thé %
tach biét voi mai trvong xung quanh

Hodc phat biéu cach khac: Hé la tap hop
cac vat thé xac dinh trong khoéng gian
nao dé va phan con lai xung quanh goi la
mOi truong
1. Hé co lap: 1ahé khong trao doi chat vaE
vol moi trvong bén ngoal
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! 2. Hé kin (hé dong)

Surroundings

Chat g Chat | Chat

Nhiét (20

4 w
£ Jagad E
£ H¢ kin 2
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S

] Surroundings
(a) (b)

He kin la he chz co the trao fioi E voi MT ngoaii.
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! 3. Hé doan nhiét

He fioan nhiet la he khong trao fioi chat va nhiet
nhong co the trao fioi cong voi MT ngoai.
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4. Hé dong thé va hé di thé, pha, hé can bang

Hé dong thé lahé cé cac tinh chat Iy hoa hoc gidng
nhau & moi diém clia hé nghiala khoéng cé sy phan chia
hé thanh nhitrng phan cé tinh chat hoaly khac nhau

Hé di thé lahé cé bé mat phan chiathanh nhirng phan
cé tinh chat hoaly khéac nhau

Phalaphan dong thé clia hé, cd thanh phan, ciu tao va
tinh chat nhat dinh. Hé dong thé 1ahé 1 pha, hé di thé |a
hé nhiéu pha

Hé can bang 1a hé cd nhiét do, dp suit, thanh phan giéng
nhau & moi diém clia hé va khoéng thay doi theo thoi gian
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6.2.2 Trang thai cua hé va thong so (tham s0)

trang thal, ham trang thai

e Trang thai ciahé latoan bd céc tinh chat ly, hoa cia hé.

e Thong b trang thai: Trang tha cia hé duvoc xéc dinh
bang céc thong SO (tham s8) nhiét dong |& nhiét dod T, ap
suat P, thé tich V, nong do C...

*Phuwong trinh trang thai mo ta twong quan gitra cac
thdng sb trang thai

*C0 2 loai thdng sb trang thai
+ Thong sb cwong d6: Khoéng phu thudc vao lugng chat
nhuv nhiét do, ti khoéi, ap suat...
+ Thong s6 khuyéch do (dung dd): la nhirng théng sd
phu thudc vao luvong chat khoi lvong, s6 mol, thé tich...
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« Trangthai can bang: lalatrang tha twong wng voi hé
can bang ( Khi cac thong sb trang tha giong nhau ¢ moi
diém vakhobng doi theo thoi gian)

« Ham trang thai: dai lvgng nhiét dong dugc goi laham
trang tha néu bién thién cua dai lwvgng do chi phu thudc
vatrang thai dau vatrang tha cudi cuahé, khong phu
thudc vao cach tién hanh
NOi cach khac Ham trang thai ladai lvgng nhiét dong
co giatri chi phu thudc vao cac thong sb trang thai cua
hé ma khdng phu thudc vao cach bién déi cua hé, hay
noi cach khac khéng phu thudc vao con dutong di cua hé.

(Nhiét a0 T, ap suat P, Thé tich V, NOi nang U, entanpi
H, entropi S, thé dang 8p G...lanhirng ham trang thai)
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6.2.3 Quatrinh

Quatrinh lasy bién doi xdy ra o trong hé gan lién voi
s thay d6i it nhat 1 thong SO trang tha

Quatrinh xay rad ap suat khong doi (P= hang s0) goi la
guatrinh dang ap, & thé tich khong doi goi laquatrinh
d?]ng tich va & nhiét dé khéng ddi goi la quatrinh dang
nhiét..

Qua trinh thuan nghich: laquatrinh bién doi tlr trang
thai nay quatrang thai khac ( tv 1 2) dwgc gol Iathuan
nghich néu nhu co thé bién déi theo chiéu nguoc lai ( tir
2 - 1) di quading moi trang thal trung gian nhw chiéu
thuan sao cho khi hé tré vé trang thai ban dau thi khong
con ton tai mot bién déi ndo trong chinh hé cling nhuw
moi trvong

Qua trinh khong thuan nghich laquatrinh ma sau do
Qe vamoéi tredng khong thé quay trd lai trang thé ban
au

Slide 11 of 48 General Chemistry: HUI© 2006




6.2.4 Nang lwvgng

» Nang lvong ladai lwvgng dé do thudc tinh van dong clia
vat chat. N6 lathudc do kha nang van dong cliia vat chat.
« Pbi voi hé co hoc thi nang lvong duoc dac trvng cho
kha nang sinh cong cua hé
Cong co hoc = lwvc x quang duvong di
 Nhiét vacodng laha ha hinh thirc trao doi clia hé véi
moOi trvong
+ Dang truyén nhiét ladang truyén nang luongvo
hudng, khong co trat tw, dwgc thure hién qua sy chuyén
dong hon loan
+ Dang truyén cdng la dang truyén nang lvong co huéng,
duogc truyén tir hé thue hién cong sang hé nhan cong
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Cac dang nang l60ng

J

) | yj

.

Hé thﬁng Heat Hé thﬁng Heat

V= hang s8, AU=Q,

P=hang 0, AU=Q, + P AV
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 Cong la thdoc fo sé chuyen fiong co trat td, co h6dng
cua cac tieu phan trong hel. He nhan cong: A < 0. He
sinh cong: A > 0.

* A= Pngoeui(vz — Vl)
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Cac dang nang lugng

Pong nang: dang E ddc treng cho vat chuyén
dong E;=(mv?)/2

Thé nang: IaE ciahé cd do vi tri ciand trong
trvong lyc E= mgh

Pién nang: |a E chuyén dong clia cac tieéu phan
tich dién

Nhiét nang: nang lvgng co lién quan dén sy
chuyén dong hon loan clia cac tiéu phan

Hoa nang lanang lwong gan lién voi sy bién doi
chat
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Nang lvong toan phan ciamot hé gbm

» POng nang cuatoan bb hé

« Thé nang do vi tri cua hé trong trwong lwc ngoai

Tong dong nang vathé nang goi laco nang

* NOI nang U lanang lvong du trir bén trong hé
gom dong nang clia cac phan ti, lwc hit day clia
cac tiéu phan mang dién, nang luvong clia cac lién
két hoa hoc, nang lvong hat nhan

 Nhvvay E (he¢) =E;+E +U
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6.3 Nguyen ly 1 cua nhiét dong lwc hoc.
e Pinh luat bao toan nang lvong

6.3.1 Nguyen ly Nang lvgng khong tw nhién sinh ra hay tu
bién mat ma né chi c6 thé chuyén tir dang nay sang dang
khac theo ti |€ twong dwong nghiém ngat

Vi dui: Hé kin

Hap thu mot nang lvong = Q

MOt cong A lwc bén ngoal tac dung vao hé.
Trang tha hé: 1 sang trang thai 2

i
khi
NOi nang cuahé tv U, sang U, CTD
Q

AU = Q+A

Trong fno: AU = U, — U, la bien thien noi nang cua he.
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6.3.2 Cac fai 160ng nhiet fiong: Noi nang, entanpi
* va nhiet dung

1. Noi nang U va nhiet dang tich
Vi du
TocV, =V, = A=0 Dono: Qv=AU,
Vay s tang hay gidm ndi nang clia hé diing bang nhiét
lvong hé thu vao hay tdéara
AE=Eg. 1~E

initial

Surroundings
|
‘ Energy out of system
to surroundings: — sign
. Energy into systen
. from surroundings: + sign
System :
. -
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2. Entanpi va Nhiet fiang ap

*
2.5 atm
Reaction N
V=28
E 1 _-H““'x
TOC Ppyoai = Pini =P trong fo Ay =P(V,-V,) vaiQp = AU +A

Dofio Qp=(U,-U)+P(V,-V)=(,+PV,)-(U, +PV)
NatH=(U+PV)= Q,=H,-H, HayQ, =AH
Trong fo: H la entanpi , ham trang thai.
AH = >AHgp - ZAHL
Vay: L606ng nhiet thu vao (hay toa ra) fiung bang s6 tang (hay giam)

entanpi cua he
Slide 19 of 48 General Chemistry: HUI© 2006



Entanpi cua phan ng

1. Entanpi ty & v&i hé s hop thirc pt
CH,(g) + 20,(g) —» CO,(g) + 2H,0(Q) AH =-802 kJ
2CH ,(g) + 40,(g) > 2CO,(g) + 4H,0(g) AH =-1604 kJ

2. Khi doi chiéu phan &ng thi dau clia entanpi doi AH:
CO,(g) + 2H,0(g) —» CH,(g) + 20,(Q) AH = +802 kJ

3. Entanpi phu thudc trang thai
CH,(g) +20,(g) > CO,(g) +2H,0(g) AH =-802kJ
CH,(g) + 20,(g) 2> CO,(g) +2H,0() AH =-890kJ
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= Quan he gitta Q, va Q,, cua chat khi

Do H=U + PV
AH = (AU + PAV) ma PV =nRT nen PAV = AnRT
Noi voi gt flang tich Qv = AU
Noi voi gt iangap Qp = AH
Vay Qp = Qy + AnRT
Trong No: An = 2. Ngp - 2. Neg

Trong quatrinh chat khi ta co:
AH = AU + AnRT
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Qui 60c dau

*

Qui 6dcC: Toa nhigt Thu nhiét
Q < O Hea toua Reactants

nhieﬂt, AH <0 (negative)
Products
Q>0 : Hethu = z
El Products :i
- f 551 =
nh | eﬂt £ E AH >0 (positive)
- i

A < 0 : He nhan - /

cong, A>0: He

sinh cong
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3. Nhiét dung va nhiet dung mol

a. Nhiet dung: la nhiet 166ng can thiet fie nang
mot 166ng chat nao o len 1 fo

b. Nhiét dung riéng : lanhiét 166ng can thiét dé
nang 1g chat 1én 1 d6

c. Nhiét dung mol: Nhiét lwvgng can thiét dé nang
nhiét dd cia 1l mol chat [én 1Ao makhong c6 su
bién doi vé trang théa
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Nhiet dung

+ Truong hop dang p: C tré thanh C,

+ Trudng hop dang tich: C tre thanh C,
+V6i hé khong co chat khi C = C,
+ Heé khi ly tvong (Imol): C=C, +R
+ Noi voi he co 1mol va n mol thi nhiet dung rieng trung
binh la:
c.. Q _Q
T,-T, AT
NCAT =Q
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4. Khi ly twéng vanguyén ly 1

Pang tich: cong Av=0; nhiet Q,=AU,=nC, (T,-T,)
pang ap Cong Ap = -P(V2-V1) = - nR(T2-Th)
nhiet Q,= AH, = nC(T,-T,)

pang nhiét:

Cong Ar do the tich khi ly t6ding tz le nghoch vbi ap
suat nen
Ar=- NRTIn (V2/V1)= nRTIn (P1/P2)

Nhiet Vi noi nang phu thuoc vao nhiet fio nen
AU=0=> Q= -A= nRTIn(V2/V1) = nRTIn (P/P)
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Do nhiét dung
P= hang sd
- AH =Qp
Qhé = 'th

- MGi trrong xung quanh la nwéc va trong nhiét lvong
ké
Qhé =" (qnu’c’rc + qnhiét lvong ké)

Bd qua Q nhiét lvong ké
Qhé = - Qnu’éc
Chémhé AT =- Crwec Mhusc ATnu’c’)rc
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NH,NO4(r) = NH,*(aq) + NO;(ag)
AT, s = 18.4°C — 23.0°C = -4.6°C

mmc = 60.0g
Cusc = 4.184J/g°C

m.z, = 3.889
qmau 'qnuo’c

qmau - CnU’O’CrrlﬂU’O’C A-I_I’]LI’O’C
O, = -(4.1843/g°C)(60.0g+ 3.88g)(-4.6°C)
G, = 12293

Tinh AH bang kJ/mol
so mol NH4NOs = 3.889/80.032g/mol = 0.04848moal

AH = g mau/moles
AH = 1229J/0.04848mol
AH = 25.4 kJ/mol
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15.5g hop kim dugc nung
nong t¢i 98.9° C vatha
vao trong 25.0 g nuoc |
trong nhiét lugng Ke. '7
Nhiét do tang tir 22.5° C _#:j%
dén 25.7°C.

» Tinh nhiét dung riéng
cliamau hop kim

Cho (H,O (I) C=4.18 Jg1 °C1)
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6.3.3 Hiéu (rng nhiét ctia cac qua trinh hoa hoc
(Nhiet hoa hoi)

1. Hieu 6ng nhiet phan 0ng: Nhiét lvgng toa ra hay thu vao
cllamdt phan (rng hdéa hoc fie: lam thay fioi noi nang hay entanpi
cua he.

+Neu nhiet dung fie bien fioi noi nang goi la hieu dng nhiet fiang
tich con fie bien fnoi entanpi goi la hieu dng nhiet fang ap

Surroundings Surroundings

Entropy

Entropy

(a) (b)
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]
+ Noi vdi nhoéing qua trinh xay ra trong chat ran va
long thi AV thay foi khong fiang ke khi fio AH = AU
+ VOi chat khi thi AH =AU + AnRT
+ O P khong fioi. Hieu 6ng nhiet cua phan 6ng 6 mot
nhiet fio xac fonh bang tong entanpi cua san pham tro
fi tong entanpi cua chat nau

AH = > AHsp - > AHci
Hieu 6ng nhiet cua phan dng A6oc tinh bang kj/mol
hoac kcal/mol
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/\~-——

Bat dau = K&t thic

Hiéu (rng nhiét cia mdt phan ng hda hoc phu thudc vao
trang thai clla cac chat phan rng dau vatrang tha clia cac san
pham cudi ma khoéng phu thudc vao céc giai doan trung gian

+ Phoong trinh hoa hoc co ghi them nhiet 166ng toa ra
hay thu vao va trang thai cua cac chat goi la phoong
trinh nhiet hoa hoic

Co + O2pw— CO2u. AH= -395,50kJ
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2. Hieu 6ng nhiet tieu chuan

» Naii 166ng nay fi6dc tinh fioi voi 1mol chat va éng voi
nieu kien chuan cua chat: la tat ca cac chat tham gia
vao phan dng phai 0 trang thai ben, 6 ap suat chuan
101,325 kPa (1atm)

 Hieu 6ng nhiet nay goi la hieu 6ng nhiet chuan va ky

hieu AH%es hoac AH? neu khong chu y fien nhiet fio
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3. Nhiét tao thanh , nhiet phan huy va nhiet fiot chay

a. Nhiet tao thanh (sinh nhiet) cua mot hop chat la hieu
ong nhiet cua phan dng tao thanh 1 mol chat fo t6 cac
fon chat dng vai trang thai t0 do ben vdng nhat trong
nhong fieu kien nha cho ve ap suat va nhiet o
Vidu: C (r) than chi + O, (k) — CO,(k)

AHY; (CO,,k) = - 393,51 kJ/mol (AH9)
Nhiet tao thanh chuan cua fién chat bang 0: AHO,,, = 0.
b. Nhiet phan huy cua mot hop chat la hieu 0ng nhiet cua
phan ong phan huy 1 mol chat o thanh cac idn chat.
Vidu: H,O(l) - H, (k) + 1/20, (k)

AH®,, (H,0,1) = + 285,84 kJ/mol
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Nonh luat Lavoisier-Laplace

[ Hg() + 3 O04(2) ]

4 Products/reactants

Nhiet taio thanh

A H=-90.83 k) va phan huy cua
mot hop chat bang
nhau ve tro so
nhong trai dau

A H=+90.83 Kkl

Enthalpy, H

HgO(s)

Reactant/product

-
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c. Nhiet fiot chay (thieu nhiet)

- Nhiet not chay la hieu dng nhiet cua phan dng fiot
chay 1 mol chat bang oxy fie tao thanh san pham chay
0 ap suat khong fioi.
Vidu:CHaw + 2020 = CO2m + H20 @

AHCfc (CHa4x) = - 212,7 kcal/mol
-Neu nhiet fioit chay fiddc qui ve fieu kien tieu chuan
fAdoic goi la nhiet fiot chay tieu chuan, ky hieu AH%c 20
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6.4 Nonh luat Hess va nhoing hel qua fil Hess

6.4.1 Noi dung Neu co nhieu cach fie: chuyen cac
chat ban flau nhd nhau thanh nhéing san pham
cuoi cung nhé nhau thi hieu 6ng nhiet tong coing
theo cach nao cung giong nhau

Hay noi cach khac Hiéu rng nhiét cia mot
phan rng hda hoc cht phu thudc vao ban chat va
trang thai ciia c&c chat phan (rng dau vaclia cac
san pham cubi ma khéng phu thudc vao céch
thdc hien phan ong
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Vidu 1:
C (thanchin + Oy = CO, iy, AH =-393,509 kJ

C @hanchin) + Y2 O, = CO (kni), AH,; =-110,525 kJ
CO iy + %2 O, iy = CO, iy,  AH, = - 282,984 kJ
o AH = AH, + AH,
*Vidu 2
CH,(k) + 20,(k) —» CO,(k) + 2H,0(k) AH =-802 kJ
2H,0(k) — 2H,0(l) AH =-88 kJ
CH,(g) + 20,(g) — CO,(g) + 2H,O(l) AH =-890 kJ
o AH = AH, + AH,
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ntanpi |la ham trang tha va
hong phu thudc vao quatrinh
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e 6.4.2 Mot so he qua

e He qua 1: Hieu dng nhiet cua mot phan 6ng bang
tong nhiet tao thanh (sinh nhiét) cua cac san pham
tré tong nhiet tao thanh cua cac tac chat

. AHY,. = ZAHOtt (sp) — ZAHOtt(tc)
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Vidu 1: Xac dinh nhiét phan (rng cho phan trng sau:

ANH,(K) + 50,(k) > 4NO(k) + 6H,0(K)

Sr dung hé phan (rng sau

No(k) + O,Kk) > 2NO(k) AH =180.6 kJ

No(k) + 3H,(k) 2> 2NH4(k) AH = -91.8 kJ

2H,(k) + O,(k) > 2H,0(k) AH =-483.7 kJ

Goi y: Baphan trng trén phai duoc to hop toan hoc
dé thu duoc phan ('ng mong muén.
VaAH .....
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Gidi: 4NH40) + 50,9 => 4NO(g) + 6H,0(g)

Sdi duing caic phain ding:

N,(g) + O,g) > 2NO(g) AH1 = 180.6 kJ
N,(g) + 3H,(g) = 2NH4(g) AH2= -91.8 kJ
2H,(g) + O,(g -> 2H,0(g) AH3 =-483.7 kJ

NH;: Dao ngwocvax 24NH; > 2N, + 6H, AH = +183.6kJ
O,: =0

NO: x2 2N, + 20, > 4NO AH = 3612 kJ
H,O0 x3  6H, + 30, > 6H,0 AH =-1451.1kJ
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ANH,(g) + 50,(0) = 4NO(g) + 6H,0(g)

NH;:Dao nguwoc va x2 4NH39/?l<2 + 9}(2 AH = +183.6 kJ
O,:

NO: x2 ;N’z + 20, > 4NO AH =361.2kJ
H0: x3  BA,+ 30, > 6H,0  AH=-14511KkJ

L oai bd phan tir theo hé sb va lay tong

ANH, T50, > 4NO *16H,0 AH=-906.3kJ

A4

Phan (rng toa nhiét hay thu nhiét
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Vidu2 CaCOs (r) - CaO(r) + CO2(k)
AH%s =7  Biet:
AHO% -1206,9 - 635,6 -393,5 (kJ)

AHO%9s = - 635,6 -393,5 + 1206,9 = +177,8 kJ
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» Heiqua 2: Hieu 6ng nhiet cua mot phan 6ng bang tong
nhiét fiot chay cua cac tac chat tr6 tong nhiet fiot chay cua
cac san pham

o AH%;s = SAHY%ic (tc) — SAHORc(sp)

Vidul: CH3COOH (I) + C2HsOH (I) — CH3sCOOC2Hs (I)+ H20 (1)
AH%c -871,69 -1366,91 - 2284,05 0
e AHY =-871,69-1366,91 + 2284,05 = + 45,45 kJ
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Vidu 2 Xacdinh nhiét phan irng cho phan (rng sau:
CH,(k) + Hy(k) = C,Hgk), AH?
S dung hé phan &ng:
C,HyKk) + 30,(k) = 2CO,(Kk) + 2H,0() AH,=-1401kJ

H,(k) + 1/20,(k) = H,O() AH, = -286 kJ
C,He(K) + 7/20,(k) > 2CO,K) + 3H,0() AH,=-1550kJ

AH = AH, + AH, - AH,=-1401 - 286 + 1550 = - 137kJ

Ans:. C,H,(g) +H,(g) > C,H40) AH =-137 kJ
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C,Hyk) + H,(k)+7/20, —— C,Hg(k) + 7/20,

N Va

2CO,(k) + 3H,0()

AH= (AH, + AH,) - AH,
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He qua 3: Hieu dng nhiet cua mot phan ong
bang tong nang 166ing lien ket co trong cac chat
ban fiau tré tong nang 166ing lien ket co trong
cac san pham.
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CH, + H, 2 C,Hg: AH=?
Cho E - =595.7 kj/mal
E.4=418.4kj/mal
E,,.,=432.0 kj/mol
Ecc =343.4kj/mol

AH CoHg
CH, +H, ——
EC-C
\ 4 -6 EC-H

v
Ecec 4Ech Eus

AH=Ec_c +4Ecy + By —Ec.c- 6Ec
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6.4.3 Mot vai dng dung cua nonh luat Hess

1.Tim hieu dng nhiet cua phan 6ng:
Vi du: Xac ionh hieu dng nhiet cua qua trinh.
C (than chi—ran) — C (kimcéobng—-ran) AH=?
Biet: C(than chi —ran) + O, (khi) —» CO, (khi)
AH, =-393,51kJ
C(kim c6ong —ran) + O, (khi) »> CO, (khi)
A H, =-395,41kJ

C (ran) AH, ,
than chi CO, (khi)
AH AH,
C (ran)
Kim coong
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C (ran) AH,
than chi

CO, (khi)

AH AH,
C (ran)
Kim coong

Theo fonh luat Hess AH= AH1- AH2=1,9 k]
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2 Xac nonh nang 160ng lien ket hoa hoc

Vi du: Xac inonh E t/binh cua cac Ik O — H trong pto
noOLC.

Biet E |, .,_, =435,9 kJ, Eo-o =498,7 kJ, khi 0t 2
mol H, toa ra 483,68 kJ.

Ta co po:

2H, (k) + O, (khi) - 2H,0 (I) AH°298 = - 483,68kJ
Theo he qua 3: AH%,,, = ZE (tc) — Z Ex (Sp)

- 483,68 = 2 x 435,9 + 498,7 — 4EIK(O — H)
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3.Tim nhiet tao thanh mot chat

* Vi du xac fionh nhiet tao thanh axetylen

o 2C(grafity) + Hax) = CoHaw; AHO 298= ?

Biet: Crafity) + O2k — CO2x; AHO 20s= -393,5 kJ
e How+ O2 — H0 ; AH? 293=-285.8 kJ
e CoHa+ 5/202) = CO209 + H20q)

° AHO 20s= -1299 4k]
o AHO 2=(-2 x 393,5 -285,8)-(-1299,4) = +226,6kJ
« Ket qua nhiet tao thanh cua axetylen bang

o AHO% (axetylen, khi) = + 226,6 kJ
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6.5 Nguyen ly thd 2 cua nhiet fiong hoc va

chiéu tw dién bién cia mot qua trinh hoa hoc
6.5.1 Nguyén ly thr hai nhiét dong lwc hoc:
 Nhiét khong thé tv ddng truyén tlr vat lanh sang vat
nong hon
« Khéng c6 quatrinh trong d6 nhiét lay tir mot vat dwoc
chuyén thanh cong ma khéng co sy dén bu

Tuw dién bién

" Khéng tu dién bién |
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1.

6.5.2 Entropi va tinh chat cua no
Khai niem
Entropi (S) la mot Aai 166ng nhiet fiong dé khao sat sy trao doi
nhiét cla hé voi mai truvong trong quatrinh he chuyén tir trang

tha nhiét do cao T, sang nhiet fioi thap T,
+ Neu qua trinh trao fioil nhiet thuan nghich
AS=Q /T
+ Neu qua trinh trao fioi nhiet bat thuan nghich.
AS > Q btn/T
Tom lai AS>Q/T  (j/mol, cal/mol)
Trong NO
Q. va Q. la nhiet 166ng trao fioi trong qua trinh thuan nghich
va bat thuan nghoch

T: lanhiét fio tuyét A6 tai ARG xay ra sw trao fdi nhiét
AS = S,-S,
S,,S,: entropi ciahé ¢ cac trang thai nhiét do T, vaT,
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2. Tinh chat cua entropi

+ Entropi Sladai lugng dac trng cho mirc do hon don
ctia phan tir trong hé can xét
S=kI/nW =R/N InW
Trong fio W xac suat nhiét dong
k, hang s0 Boltzma k,=1,3860066.103
+ Cung nho cac tinh chat khac cua heinho T,P, H, U,
...entropi la mot Aai 100ng xac fionh trang thai cua he
» +S/la fai 160ng dung fo (khuyech o) gia tro cua no
phu thuoc vao khoi 160ng
 + S larham trang thai, bien thien cua no chz phul thuoc
vao trang thai fau va cuoi, khong phu thuoc vao cac
glai noan trung gian
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Tinh chat cua Entropi

* + Ve ban chat entropi (S) la thooc fio tinh hon loan cua
he, tinh hon loan cua cac tieu phan trong he cang cao
thi entropi cua he cang cao.

* Do o
e < Hel cang phdc tap thi entropi cang I6n
Vidu AS’ cua O=160,95|/mo
AS cua O, = 205,03 j/mo

AS° cua O; = 238,82 j/mo
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Tinh chat cua Entropi

= Noi vOi cung mot chat thi S tang khi chuyen téi ran

sang long va sang chat khi
ASndoc ha = 41,31 j/mol
ASndoe long = 63,31j/mol
ASChdi ndbde = 185,6 j/mol
< Nhiet fiol cang tang thi
 entropi cang cao
< Ap suat tang thi entropi
cua he giam
Vay AS phu thuoc vao
T,P,V
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Tinh chat cua Entropi

: Tinh hon loan _
Entropi > Entropi
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3. Entropy va st chuyén ph

veeo| [0
- : 2 ] | s :
S (khi) > S(long)> S (ran) | | s s | e
hoi ";:1::‘" 'Lilil]u‘:d : Gas
Qe ;s)
X S° (J/Kemol)
"ws 5 o T ,
R oob T3 H,0(khi) 188.8
h‘ia.-bj % Db“ B 'Q .
@ s ¥ ¢ —ZO(Io’ng) 69.9
ba Nuw&c H,0 (rdn)  47.9
AS=QIT
— )
Ha0 () > HO(K) o d_ 40,700/mol_ , 1097 Ke Mo
AH = g = +40,700 J/mol T 373.1K
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4.Bien thien entropi cua mot so QT thuan nghoch

« DGi voi quatrinh dang &p

AS, = n CInT,/T, ( C, lakhéng déi)
 D3i v6i quatrinh dang tich

AS, =n C,InT,/T, ( C, lakhbng dbi)
 DJi v6i quatrinh dang nhiet

AS = QT
* Néu C, vaC, phu thudc vao nhiét do Iuc do phai tinh sy
phu thudc C vao nhiét do

e Vidu; Tinh AS cua 1 mol nwéc khi dun néng tir 273K
dén 373K, C, = 75,5 kj/mal
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6.5.3 Nguyen ly 3 cua nhiet fiong hoc-

'Entropi tuyet fioi va entropi tieu chuan

 Nguyen ly: O nhiét do khong tuyét déi (0K) moi don
chat cling nhv hop chat & dang tinh thé hoan hdo déu cé
entropl bang 0 (S, =0) hay goi dinh luat Nernst

« Entropi tuyét déi: Entropi dwoc xéac dinh 6 nhiet fio nao
o tren cb so fi td nhiet fo 0 tuyet Aol

o AS=S;-5, T0 viec tinh AS ta tinh A00C St

« Entropi tieu chuan: la gia tro entropi tuyet fioi cua chat
0 diéu kién tiéu chuan: nhiet fio 25°C (298,15K), ap
suat 1atm val Ky hieu S%,q, . Noi voi chat khi fio la khi
ly to0ng , con dung doch la dd co nong fio 1 mol/lit
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6.5.4 Bién thién S cua phan irng hoa

AS =3 S (sdnpham) - X S (chat tham gia)

AS° =3 S° (sdnpham) - X S° (chéat tham gia)

Viduy; 2 Hy(k) + O,(k) > 2 H,0O(long)
AP =23 (H,0) - [2S(H,) + S (O,)]

ASP =2 mol (69.9 JKemol) - [2 mol (130.7 JKemol) + 1

mol (205.3 JKemol)]
ASP® =-326.9 JK
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6.5.5 Bieu thoc thong nhat cua 2 nguyen ly

Theonguyenly 1: Q= AU+ A
< Theo nguyen ly 2 cho qua trinh hang nhiet :

AS>Q/T hay Q < T.AS
< Ket hdp 2 bieu thoc tren

T.AS > AU+ A
+ Noi voi qua trinh thuan nghich TAS = AU + Aqy,
+ Noi voi qua trinh khong thuan nghaich
TAS > AU + Ay
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6.5.6 Thé nhiet fiong va chiéu hwéng dién bién clia cac

qguatrinh hoa hoc

1. Khai niem ve the nhiet iong fiang tich, hang ap

 a) Quan he cua entanpi va entropi

+ AH phan anh khuynh hééng tap hdp cua cac tieu phan

+ AS phan anh khuynh hoong ngodic lai, lam cho he phan
tan fiel co s6 phan bo hon loan

+ Khuynh héong taip hop lam cho entanpi giam (AH <0)
con khuynh hédng phan tan lan tang entropi (AS>0)
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b.The nhiet hong va phoong trinh co ban cua nhiet nong hoic

b,) The fang tich

TdO nguyen ly | va 1l ta co mot hai 160ng mOoi

+ Neu qua trinh xay ra 6 T va V khong fioi ta co

F=U-TS
F goi la the: hang nhiet iang tich (goi tat la the: hang
tich) hoac ham nang 166ng t6 do Helmholtz (goi tat la
ham Helmholtz)

+ Noi voi he kin, trong fiieu kien fiang nhiet fiang tich,
qua trinh td dien bien kem theo sO giam the fang tich
(AF <0) cho fiein khi thel fiaing tich fiat gia trd ctic tieu
(AF=0, F ;)
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b,) The hang ap

+ Neu qua trinh xay ra 6 T va P khong fioi.
G=H-TS (1)
« G goi la the dang nhiét dang &p (goi tat la
» the fang ap) hay ham nang luvgng tw do
Gibbs ( goi tat la ham Gip)
+ Noi voi fiieu kien fiang nhiet fiang ap To (1) ta co
AG = G,-G= (Hy-Hy)- T(S,-S) =AH - TAS
hay AG=AH-TAS (2
Phoong trinh (2) goil la phddng trinh ¢ bain cua nhiet
fioing hoia hoic

J. willard Gibbs
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b,) The fiang ap tieu chuan

The fiang ap tieu chuan la the fiang ap fio 6 diéu kién
tiéu chuan
Ky hieu AGPyqq hay AG®
L66ing chalt fiung 1 mol, Alp suat 1 atm, Caic chat 0
daing ben voing
N6n vi fio kd/mol

Thel fiang ap taio thanh tieu chuan cuia mot chai la
fiol biein fioli thel fiang aip cuia phain 6ing taio thanh 1mol
chalt ol t6 caic idn chat ding traing thail tdi do bein 6
1 atm va 6/ 25°C. Kyi hielu AGPygg ¢
Noii vdii fidn chait AG®,qg, fitidic qui 86ic baing 0
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2. Noi bien fioi the fiang ap va chiéu hwéng dién bién clia
cac quatrinh hoa hoc
a.Nieu kien dien ra cua cac qua trinh hoa hoc

Td nguyen ly I va Il ng6oi ta chong minh AG0C rang
A’<-AG (A’lacong co ich trong fiieu kien fiang nhiet, fiang ap).
Cong co ich cOc nai khi qua trinh thuan nghoch A, = - AG

Vivay foi voi quatrinh dang &p, dang nhiét
AG > 0 = Quatrinh khong tw xay ra.

AG < 0= Quatrinh tr xay ra.

AG = 0 = hé dat trang théai can bang.
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b. Bien thien the fiang ap AG va chieu dien ra cac
qua trinh hoa hoc

AG = AH — TAS

AH AS | -TAS AG = AH - TAS

i - + + tatca T

- + - -TatcaT

- T cao
+ T thap

+ T cao
- Tthap

[ I
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c. Bién thién thé dang ép tieu chuan AG° trong

nhan rng hda hoc

* Nang lvong ty do tao thanh
— bon chat AG,°=0 kJ/mol

— D0i voi hgp chat AG,° = AH.° - TAS,°

Vi du Bro(I) = Bry(k)
AH° = 30.91 kJ/mol, AS°® = 93.2 JYmol.K

AG® = 30.91 kJ/mol - (298K)(93.2 J/mol.K) = 3.13 k¥mol
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Bién thién thé dang &p trong phan rng hda hoc

Phan trng hda hoc

AG®,, = 2 AG®, (sp) - 2 AG®, (cfi)
C,H,(k) + H,0(l) — C,H.OH(])

e Tinh AG®, cho céac giatri sau
AG°(C,H;OH(l)) = -175 kI mol
AG°+(C,H,(g)) = 68 kImoal
AG°4(H,0 (1)) = -237 kd/mol
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Sy phu thuoc GvaAGvao T vaP

e Phuthudcvao T
- AG,IT,- AG,/T,= AH (UT,-1T,)
- Vi du;
P6i vbi quatrinh chay 16ng cianuwdc da AH =6007 j/mol
& 273,15 K thi AG%=0tinh AG® ¢ T=272.15 K
Suv phu thubc vao 4p suat:
G,= G+ nRTInP
AG,=A G° +nRTInP
Vi du: CaCO;—— Ca0 + CO, AG,qg° = 129kj/mol
Tinh AG khi nhiét do khong doi P = 2 atm
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6.5.8 Bai lwvgng mol riéng phan va hdathé

 Bai lvong mol riéng phan
V=nV_+nV,
Theé tich mol riéng phan cila mot cau tir labién
thién thé tich ctia hon hop khi cho thém 1 mol
cau tlr d6 vao hon hop trong diéu kién céc thong
s0 khéac (T, P thanh phan cuia cau tir khac) khdng
doi

Hoba thé;

U= G. : goi lahda thé
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HOA THE

» Hoathé clia mot hop chat i trong hon hop labién
thién entanpi tw do clia hon hop khi thém 1 mol
chat i vao hon hop trong diéu kién céc thong s
khéac khac khong doéi (T, P vathanh phan mol con
lai)

U= u° + RTInP
Cau tr th(r |
= pi® + RTINR,
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BAI TAP CHUONG 6
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