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NOI DUNG

1. Nguyén tlr va quang pho nguyén ti

2. So lvgc vé cac thuyét ciu tao nguyén tir co
dién

3. Thuyét cau tao nguyén ttr hién dai theo co
lvong tw

4. Nguyén tir nhiéu electron va cau hinh eectron
cla nguyeén tur
5. Bai tap
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‘1 2.1 Nguyén tr va quang phé nguyén tir

2.1.1 Nguyén tr va cac hat electron, proton, neutron
«Khai niém ctia nguoi Hy lap vé nguyén tir
— Vao nam 440 BC, Leucippus phét biéu dau tién vé kha niém nguyén
ttr va dwoc Democritus (460-371 BC) phét trién
« Céc diém can chi y clia thuyét nguyén ti.
— Tat ca céc vat chat duoc tao bdi nguyén ttr, ma quanhd dé coé thé
nhin thay. Nhitng nguyén t&r nay khéng thé phan chiathanh nhirng phan
nho hon.
— Gilra cac nguyén tir [a khoang trong.
— Nguyén ti ran tuyét doi.
— Cac nguyén tir dong nhat va khong c6 cau tric bén trong.

— Cac nguyén tir khac nhau & kich thwéc, hinh dang va khdi lvgng.
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Quan niém truéc day vé cau tao nguyén tur

-John Dalton (1766-1844) N&m 1803 6ng chorang :
—Tat ca céc vat chat duoc tao tir hat rat nho goi languyén tir 4@
—Tat ca céc nguyén tlr cila nguyén td xac dinh co6 cung tinh chat hoa

hoc dugc quy dinh bdi nguyén td dé
—Céc nguyén ttr c6 thé thay doéi con
duong ma ching két hop nhung
khong thé duoc tao rahodc pha

v@ trong phan trng hda hoc.

—Nguyén tir |a hé trung hoa dién
gom 2 thanh phan: hat nhan va

l6p vé e chuyén ddng xung quanh
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Quan diém hién nay vé cau tao nguyén ttr

Nguyén tir dwgc cau tao tlr cac tiéu phan nhd la e, proton, neutron

Hat E),ién Khoi lvgng
' tich (amu) (KQ)
+ 1
Proton (p) 1,6726.10-%/
Electron - ~O:
(e) 9,1095.103
Neutron 0 1
(n) 1,6750.10-7

g = 1,602.101° Culong
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Cau tao nguyén tw

Electron

cloud
{ D | Nucleus
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Cau tao nguyén tw

Nhuw vay: trong mot nguyén ti
+ Khoi lvgng hat nhan = khdi lwvgng nguyén tir va
A= SOkh6i=N+Z

+ Z = SO dién tich duwong, dién tich hat nhan, 1a sb proton trong
hat nhan

+ V@i moi nguyén td: sd proton la cd dinh (Z) va sd neutron (N)
c6 thé thay doi

+ Trong nguyén tir trung hoa sb eectron = sb proton
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Cau tao nguyén ttr

S6 khoi— A

S6 nguyen tr— 7 X(—KI hieu nguyén tw
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Cau tao nguyén ttr cac dong vi cuaH

Protium—one proton
(@) and no neutrons;
mass number = 1
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Deuterium—one proton

(@) and one neutron (@);

mass number = 2

General Chemistry:

Tritium—one proton
(@) and two neutrons (@);
mass number = 3
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Céach xac dinh khoi lvong nguyén tir

Ngto | KIoong | Ham |Ngto | KI6ong | Ham
ngto |60Nng ngto |60Ng
58 | 67,76% | ,.Cu | 63 |69,09%
60 26,16% 65 30,91%
. 61 2,42% =
N | 3 16 | 99,75%
’ 30 17 | 0,039%
18 0,211%
Khoi Ioﬁwng nguyein M = MX; +MpX; + MgXs+ ...+ M, X,
t0 trung binh X) +X; + X5+ .+ X,
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P06 bén hat nhan

D0 bén hat nhén: Trong hat nhan ngtlr sinh ra cac
lwe ddy va céac lwe hat gitra p- p, n-n, p-n. Néu luc
day lon hon lwc hat hat nhan s2 khong bén va phan
rava nguoc lai. Hat nhan c6 bén hay khéng dwa vao:

Ty sO n/p bién doi tir 1 - 1,524.

Hat nhan nguyén ttr co chira 2, 8, 20, 50, 82 hay
126 proton hodc notron thuo’ng b2n.

Hat nhan nguyén ttr co proton hay notron lacac
s6 chan thuong bén hon hat nhan nguyén ttr co
proton hay notron lacéc 0 8.

Ké tir Poloni (Z = 84) tré di cac ‘nguyén to deu co
tinh phdng xa, cac nguyén td6 méi, nguyén td diéu
ché nhan tao thwo’ng kém bén.
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Nang lugng lién két hat nhan valuc

twong tac gilra cac nguyén tu
» Lanang lwvong tiéu ton dé phavd hat nhan thanh proton
va neutron.
 Luc twong tac gilra cac nguyén tu

Lwc huat

/ bam may
/ electron
# +

Q@ _)'-.‘\

- Hat nhan
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Sy phong xa: M6t nguyén to dugc goi la phong xa khi hat nhéan
clland ti phan rd vanguyén té nay thay doi thanh nguyén té khéc.

Vi du: 239,Pu — 235,U + 4,He (hat anpha)
2H + LLi - 24,He +,In+E

AHA
_.-""
L LA

N

SHE QJ

alpha particle
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Pg 1025

Bombing of Nagasaki,
August 9, 1945.

Courtesy U.S. Departmentinfol2ebense.




1.1.2 Khéai niém vé quang pho nguyén tr

» Quang pho nguyén tir H

— Khi phéng dién lién tuc vao trong hydro dudi ap suat thap thi
thu dwoc quang phd vach don gian.

— Quang pho vach hydro cé ba ving gdm 5 day:

+ VUng quang phd nhin thay c6 ddy Balmer (J.Balmer 1825-
1891, nguoi Thuy Si).

+\VUng hong ngoai : c0 3 day Paschen, Brackett, Pfund

+\VUng tr ngoai xa: Day Lyman

— Déy Banlmer:c6 4 vach nhin thay dwoc. Cang xavach H o, vé
phia co budc sdng ngan khoang cach gitra 2 vach ké nhau cang
bé dan nén nhirng vach & cudi day nam sit nhau kho tréng thay
varat nhiéu vach & vung tlr ngoai gan .
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Quang pho hydro

« S§s0ng v, bwdc sdng A sl _ (11

tan sO v vanang lvgng E cla » < ne® N’ >
céc vach quang pho H duoc L oC oo (E i>
xac dinh theo cac cong thirc sau: z <n02 n*

Trong do E=hv

« R- Hang O Rydberg co giatri bang 109678. cnrl

* h- hang sd Planck, co giatri bang 6,626076.1034]).s
* Ny, N- nhitng s nguyén duong c¢o giatri khac nhau
+Doi voi ddy Lymann,=1, n>2

+ Doi voi ddy Balmer ny =2, n>3

+D0oi voi day Paschenng,=3,n>4

+ D0oi voi day Brackittny=4 ;n=5
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Pho nguywén tir Hydro

©The McGraw-Hill Companies. Permission required for reproduction or display
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Gas discharge tube
contains hydrogen

Atomic Line Spectrum of ExXcited H Htoms
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6.3 Absorption & Emission Spectra

Detecting screen

Gas discharge tube

\
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N
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Pho hap phu va phat xa

Lamp

Fig 6-10

Slide 22 of 48

Detecting

SCTECn

Prism

—— Gas-filled tube

General Chemistry: HUI© 2006



2.2 Céc thuyét cau tao nguyén tr co dién

2.2.1 Thuyét cau nguyén tlr cla Electron
Thompson (1903).

e Theo Thompson nguyén tir la mdt quéa
cau bao gom cac dién tich dwong phéan
bd dong déu trong toan thé tich nguyén
tlr va céac eectron co kich thwdc khéng
dang ké chuyén dong gitra dién tich
dwong do.

« Thuyét khdng giai thich duoc tai sao
cac dién tich am vadwong trong cung
thé tich nguyén tr lai khéng hit nhau
dé trung hoa
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1.2.2 Thuyét Rutherford

+ Rutherford lanhavat ly vakién tric
nguyén t&r ndi ti€éng ngudi Anh

(E.Rutherford 1871-1937 giai Nobel vé i

hoahoc 1908) daduaramau hanhtinh |
nguyén tir dau tién: “Electron quay chung |

guanh hat nhan nguyén tl¢r gibng nhu .

hanh tinh quay xung quanh mat troi™

+ Nhuwng theo quan diém dong lwc hoc
electron latiéu phan mang dién khi quay
nhat dinh s£ phat ranang lugng dudi dang
blrc xa, lam cho né mat dan nang lvong,
S8 roi vao hat nhan vanhu vay nguyén tu
khong thé ton tai.
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1.2.3 Thuyét Borh-Sommerfeld

* Thuyét Bohr

— "Electron quay chung quanh hat nhan nguyén tlr giéng nhu
hanh tinh quay xung quanh mat troi".

— Nhung theo quan diém dong luc hoc electron latiéu phan
mang dién khi quay nhat dinh s& phét ranang lvong dudi dang
blrc xa, lam cho né mat dan nang lvgng va sé roi vao hat nhan
vanguyén tlr khéng thé ton tai.

— PE khac phuc bé tac nay , Borh da

s dung quan niém nang lwvong anh sang
bi lvong tir hda clia Planck dé xay dung
thuyét véi 3 dinh dé saw:
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Ba dinh dé cuia Bohr:
*
 Electron chi quay xung
quanh hat nhan trén mot
sO quy dao nhat dinh, (rng
vOoi mot nang lugng xac

dinh (quy dao dirng) m,
» Khi quay trén quy dao | pr F/\
dirng electron khéng mat | +e (@l '

nang lvong. \
* Nguyén ttr phat ra hay hap | |

thu nang lwvong khi electron
nhay tu quy dao dirng nay
sang quy dao duwng khéc.

E=|E4-E | = hv
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K&t qua ctiathuyét Bohr

*  Tinh dwoc ban kinh quy dao bén, toc do, nang lwvong
clia e khi chuyén dong trén cac quy dao bén dé
- M6 mendong lugngciae m,vr=nh/2n (n=1,2,3,...) (1)

- Khi quay trén guy dao dirng, e trong nguyén tir chiu hai lwc tac
dung lalwc hat hat nhan FvaluclytamF ( F=F)

+ Lwc hat hat nhan 2,

F =

drer’
+ Luc ly tam: P
o V-
.
Do dd taco . Ze )
my- =
dre,r
Tw (1) va(2) taco
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Két qua cuathuyét Bohr

e Xac dinh duoctéc dd -

chuyén dong e va v=l g_ezh A =t
- , , ~ " T™m

ban kinh cac quy dao ben "
(n: 1,2,3) 80h2

 Khi thay thé giatri vao biéu M=~ = 0,53A°
thire d6i voi H voi n=1, Z=1 Tm
ta co: S -

+ Tl bidu thtec tinh ban kinhta  '2991 12 ban kinh Bohr (tht nhat)

thay:

i1, 1r;=1%2:22:3%
NEéu co n=1, cor, = 0,53A° la ban kinh quy dao K
Néun=2tacor,=4r,labankinhquy daoL...
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Két qua cuathuyét Bohr

Giatri r, = 0,53A° laban kinh quy
dao lop K thuong dugc dung nhu
don vi @6 dai trong hguyén tu.

(;}ﬂ”

n=2tacor, = 4r, ban kinh quy dao L
n =3 taco ry = 9r; ban kinh quy dao M 4a,

n=4tacor, = 16r, ban kinh quy dao N

Néu dat r, = a, taco md hinh : i l

b
rp = noag w = ] 28 ..

@ 2003 Thomson - Brooks Cole

r, = N°r,= n4a,
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Két gua ctiathuyét Bohr

Xac dinh duvoc nang lvgng E cia e gom: ddng nang
mv2/2 vathé nang — ( Ze¥ 4mne,r). Do do cb biéu thic (3)

tinh E: 2 _
oo mv? -7 e 3)
2 ATUEN
Thay r vav vao biéu thtrc tinh E (3) ta co:
- me'z?2 _ 1 ot meZ

1
Y R (4ng)he
Khi thay vao tinh E ciaH tirc n=1taco E,=-13,6 eV
Da6i v6i e chuyén dong trén quy dao thir n thi giatri E,
& E =-(136/m?) eV
O dayn: 1,2, 3...dwoc goi SO lwong tir chinh
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Nhuw vay:

Nang Iwgng electron E trong nguyén t bi lvgng tir hoa (trng
phan nhd)

E c6 giatri am diéu nay c6 nghtanang lvong electron bén trong
nguyen tt nho hon nang lvong electron ¢ vo cire. Nang lwong
electron ¢ vO crc dugc quy woc bang khéng. Electron khi thu
nang lvgng 8 nhay tir quy dao gan nhan raxahon

S6 lwong tir n co giatri nhd thi E nhd nghita la electron cang gan
nhan nang lugng cang thap, n co giatri Ion thi E co giatri [6n ..
Binh thuong 1 electron trong nguyén t hydro ¢ murc nang
lvgng thap nhat tng vai n= 1 (1op K). Nguoi tandi nguyén t

hydro & trang thai co ban. Khi n cang Ion giatri am clianang
lvgng cang bé di khi d6 electron ¢ trang thai bi kich thich

Khi n= o0 , E =0 electron tach khoi lyvc hdt hat nhan, tic
nguyén tu hydro bi ion hoa
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Két qua cuathuyét Bohr

n L (eV)
Cae , L * 0.00
* Glal thich duwoc ban chat vat 3 -Hgg
Y clia quang phd nguyén tirva T R
tinh toan dwgc vi tri cua cac EAeRE
~ AN SET1es
vach quang pho H trong vung L
N ~ 9 -3.40
nhin thay B Balmer

series

-Vach quang ph6 xuét hién do

s phat nang lvong khi electron
nhay tr quy dao bén xa nhan vé Lyman
guy dao bén gan nhan hon SEHES

] Y1YY -13.6

@ 2003 Thomson - Brooks Cole
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Cac cong thac tinhr,v , E...

_ 2 h?
r=n
A mez
1 2meZ
V= °
n h
e-_ 1 2 12 me*Z?
n? h?
2 me* , 1 1
V=73 ( 2
h ng n
Vi 2°me’ ( 1 1
Ch? nCZ) n
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- Cac cong thirc nay dugc tinh tur

biéu thirc hv = E = |Ed - Ec]
theo hé don vi CGS

Giatri r, Bohr nhan dwvoc phu
hop vl giatri thwe nghiém
E=-13.6 eV chinhlanang
lvong lién két cla €lectron ¢
trang théi co ban va bang nang
lvgng ion hdéal cua hidro
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— Patinh duwoc gia tri bwéc song cua day Balmer co giatri phu

hop thuie nghiém
+ Day Balmer n, =2
* N=3 A= 656.2 nm (dd)
° n=4 A=486.1 nm (lam)
° Nn=5 A= 430.1 nm (cham)
* N=6 A=410.1 nm (tim)

+Day Lyman n =1
+ Day Paschen: n=3
+ Day Brackett: n=4
+ Day Pfund: n=5
« O day n, lagiatri thip (quy dao phiatrong)
nlagiatri @ [¢p cao hon (quy dao phia ngoai)
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Tom lai: Thanh cong cuathuyét Bohr

 Giai thich mdt sd ddc trvng clia pho H:

— Tinh toan céc giatri A,v...cuaday Bamer vacéc
day pho khac

— Tinh toan giatri R, phu hgp voi thic nghiém
— Pura ramot so biéu thirc vé ban kinh nguyén ti
— Tinh dwgc mire nang lvong ciia nguyén tir H

« Co6 thé mé rong véi nhitng nguyén tir giong H
(Nguyén tir 1 electron)
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Nhuoc diém cliathuyét Bohr

S nghién ctru ty mi bang céc thiét bi quang pho

hién dai cho thdy rang quang pho cla nguyén tu
hydro c6 sb vach nhiéu hon s vach tién doan

theo thuyét Bohr. Méy quang pho hién dai cho
thdy méi vach H, tach lam 2 vach.

» Khi dat nguyén tir trong dién trvong hay tu
treong sO vach quang pho con tang nhiéu hon
ntra (hiéu (rng Ziman). Thuyét Bo khong thé giai
thich dwoc cac hién twong vira néu.

* DOI v&i nguyén tir nhiéu e, khi tinh toan sai voi
thuc nghiém khalon
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Thuyét mau nguyén tlr Sommerfeld

Sommerfeld da phét trién thuyét Bohr bang céch dua
thém nhirng quy dao enlip vaduwa vao cac s0 lugng tlr
n,I,m nham giai thich c6 két qua hiéu trng Ziman. Mau
nay con tinh duoc:

Ban kinh quy dao bén clia electron (e)

Nang lvong e trong nguyén tur

T6c dd chuyén dong e trén quy dao bén

Giai thich dwoc hién twong quang phd nguyén ttr hydro
Nhung cling chwa gidi thich théadang quang pho cla
nguyén tr co nhiéu e
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Rutherford- Bohr -

Bohr- Sommerfeld
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Light (photons 1 AAI)
hotors) S " . %@-@%%ﬂ@

/l
frequency light Higz/&2 M%Ziz

Meter t . e
eter to intensity light

measure current

I, = ! e | o, 1 [— f
,_;-E |~ Critical frequency ”;'E ! ";"E : . _
5% i e i 55 i High-intensity light
= 8 . o8 ! anm !
H | 5z | £z | _—
- | <o ! =g t | Low-intensity light
== | == [ g8 |
E.Fﬁ. i E.Pﬁ. i 5.5 i

Frequency of light incident on photocell —= Frequency of light incident on photocell—= Frequency of light incident on photocell —=

quency q p quency q p quency q p
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2.3. Thuyét cau tao nguyén tir hién dal

theo co hoc lvgng tw
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2.3.1 So lwgce vé thuyét lvong tlr Plank

MOt vat ran duoc dot nong 8 phét ra birc xa, pho thu dwoc goi 1a
phd blrc xa
Thuyét Plank: M6t dao dong tr dao dong véi tan so v chi co thé
blrc xa hay hap thu nang lvong tirng don vi gian doan, tirng luvong
nho mot, nguyén ven, hay goi lvong tlr nang luvong €
Hay cach khac: nang lvong clia anh sang khéng co tinh lién tuc
ma bao gom tirng lvgng riéng biét nhd nhat goi la lvong tir (con
goi la photon) c6 nang lvong ty 1€ v&i tan sO clia birc xa:

e=hv
e lanang luong 1 photon, v 1atan s birc xa, h lahang s6 Planck
bang 6,625.10%’erg.sec. Nhu vay nang lvong photon bién doi theo
tan sO birc xa valaboi so cuah.
Thuyét lvgng tir Planck con goi la thuyét lvgng tir anh sang
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2.3.2 Tinh chat nhi nguyén cua cac hat vi mo

* Tinh chat hat ciia anh sang

— Theo thuyét lvgng tir vé anh sang: Ban chat hat cla
anh sang thé hién & hiéu 'ng quang dién; E=hv (1)

— Nam 1903 Einstein tim ra hé thirc E= mc? (2)

— T (1) va(2), tacd m =hv/c? tirc |a anh sang cling co
mot khéi lvong do do cd tinh hat.

— Trén co s& hiéu rng quang dién: hv = E= Ej+ mv?/2
E, nang lvgng can thiét tach dién tr khoi bé mat kim
loai (cong bt dién tir), mv4/2 laddng nang.
E,=hv, v,ngudng quang dién
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Tinh chat nhi nguyén clua cac hat vi mo

e Tinh chat song
clla anh sang

- Thé hién qua
hién tvgng nhiéu
Xa va giao thoa.

- Khi @anh sang truyén di
khéng gian vGi van toc c,
budc sdng A, tan sO v thi

C=AV
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7
o Tw hé thirc: ¢ = Av; phurong trinh Planck E= hv

vabiéu thirc Einstain E = mc?

Tacd - A=h/mc

Phurong trinh nay ndi 1én tinh nhi nguyén cua anh
sang
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Gia thuyét De Broglie (1924)

Suv chuyén ddng clla moi hat vat chat c6 khoéi lwvgng m va van
toc v déu lién két véi mdt song cd bude song A duoc xac dinh
theo hé thirc A = h/mv
Vé sau cac nha khoa hoc da chirng minh duoc: Cac €, proton..
cling nhu cac vat vi mo khac déu cd tinh song hat va doi voi
chiing hé thirc sau day phai théa man

A =h/mv
Hé thu’c; trén goi la hé thirc De Broglie va cac song dugc xac dinh
theo biéu thirc trén goi la sdbng De Broglie
V& nguyén tac, hé thirc De Broglie nghiém ding vaéi tat ca céc hat
vat chat, tuy nhién doi voi cac hé vi mé do khoi lvong ciand 1on
hon nhiéu so v&i hang s Planck, nén budc song A qua nho, vi vay
tinh chat song tré nén vo nghia.
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Tinh chat nhi nguyén cua hat vi mo

Tieu phan Khoi l166ng | Tocfio | No daisong

(kg) (ms™) (pm)

e khi (300K) 9.10 31 1.105 7000

e ngtd hidro 9.10 -3¢ 2,2.10° 33

e ngtd Xe (n=1) 9.10 3! 1.108 7

Ngto He khi (300K) 9.10 27 1000 90

Ngto Xe khi (300K) 9.10 % 250 10

Trai banh bay nhanh 0,1 20 3.10 %2

Trai banh bay cham 0,1 0,1 7.10 %0
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2.3.3 Nguyén ly bat dinh cua Heisenberg

« Nam 1927, Heisenberg d4 chirng minh rang déi voi céc
hat vi md nhu €lectron, photon, proton ...tich sd gilra
db bat dinh vé tbc dd v vado bat dinh vé vi tri x thoa
man biéu thirc sau:

h Av: do bat dinh vé toc do
AVv.Ax > —— o
27zm| Ax: do bat dinh vé vi tri

Khdng thé xac dinh chinh xac dong

W. Heisenber e e e s R
1901-1976 S thoi vl tri va toc do cua hat vi mo
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« D0Gi voi electron m=9,1.1028g, chuyén dong véi véi dd chinh xéc
toc dd Av = 108cm thi dd bat dinh vé vi tri nhd nhat Ax £ |&

Ax> h 6,625.10 7

0
= =16.10°cm=16A
271mAv  2.314.91.10%.10° - -

* B0 sa s6 xac dinh vi tri laqualdn so voi kich thudc ban than
nguyén tir (r =~ 1A% .Tom lai néu xac dinh chinh xac vi tri hat vi
mo thi khoéng thé xac dinh chinh xéac toc dd cliané vanguoc lai.
Do do kha niém quy dao nhv Bohr va Sommerfeld khong con
dung nita. Thay vao dé nguoi tachi ndi xac suat tim thay el ectron
(hay cac hat vi mo khéac) tai mot vi tri nao do trong khong gian tai
mot thoi diém nao do.
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2.3.4 Khai niém vé dam may electron

 Theo co hoc lvgng ttr, chuyén dong electron quanh hat
nhan nguyén tr tao nén vung khdng gian ma né cé thé
c6d mat & thdi diém bat ky, voi xac suat cd mat cling khac
nhau. Vung khong gian do dugc hinh dung nhiy mot
dam may electron. Vi tri nao electron thwong xuat hién
thi dam may day dac, ttrc lamat do electron ty € véi xac
suat c6 mat clia €l ectron

e Hinh dang ddm may electron dwoc biéu dién bdi bé mat
gi¢i han vung khéng gian ma xac suat cé mat cua
electron du Ion.

« Nguoi taquy véc dam may electron vung gan hat nhan
chiém khoang 90% x&c suat co6 mat electron
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Kha niém vé co hoc lvong tir

« Ngoai tinh chat hat, cac vat chat vi mé con tinh chat
song. Do d6 khong thé &p dung cac quy luat cliaco hoc
co dién cho céc hat vi mo.

e CHLT langanh co hoc méi &p dung cho céc vat thé vi
mO, n6 phan anh duoc tinh chat clia cac hat vi mo laban
chat song, dac biét latinh lwvong tr da phét hién truéc
do. Vi vay nd méi co tén laco hoc lvong tw

 CHLT langanh co hoc ly thuyét, dugc xay dwng trén
mot hé tién dé co so. Tl cac tién dé co si nay, cac két
luan khac duwoc suy rabang con duong toan hoc. Khai
niém co s vaquan trong nhat [a ham sbng va phuong
trinh Schrodinger
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2.3.5 Phuwong trinh song Schrodinger (1926)

Co s cuia CHLT la phwong trinh song Schrodinger, nd dwgc coi lanhirng dinh
luat vé chuyén dong clia cac hat vi mo twong tw nhw cac dinh luat Newton trong

co hoc co dién.

PT song Schrodinger md ta chuyén dong clia cac hat vi md trong treo'ng thé nang
U clia hé khong thay doi theo thoi gian (hé & trang thai dirng). Dang co ban clia
HY=E-Y

phuwong trinh song Schrodinger

Trong dé H latoan t&r Hamilton

h2

o
87°m

A+U

o . N . . N AN 2
Tw do PT co thé viét chi tiét hon la AW+87Z ME-UW=0

A latoan tir Laplace

. Vay phuong trinh Schrodinger c6 dang

h2

h2
2 2 2
A= 82+82+82
ox* oy° oz

87°m

_|_
ox>  oy* oz°
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Phuwong trinh Schrodinger

B h* (0% 82y/ 0%y

87°m| ox? 8y2 "o
Trong do m lakhdi lvgng, U lathé nang cia hé dang xét, h
la hang sd Planck, v |a ham song ( ham trang théi)

- V& nguyeén tac, moi thong tin vé hé vi mo ¢ thé thu duoc
tr ham song v mo ta trang thai cua hé

2

- P0oi v6i nguyén tir H u=_5
'
Khi dé pt Schrodinger c6 dang
Ay + 87[ (E+—)gy 0
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Phwong trinh Schrodinger

ey (poxi) laham sdng mo ta trang tha hat trong toa dé
X,y,z. Hat c6 khoi lwong m, ham sdng c6 thé 1a ham thuc
hay ham phtrc.

* y c6 thé am hodc dwong, nhung [y (X,y,z)|?dxdydz c6 gia
tri dwong, n6 cho biét xac suat tim thay hat trong thé tich
dv = dxdydz.

o Vi x&c sudt tim thay hat trong toan bd khong gian bang 1
nen: . 2

ﬂ\p(x,y, z) dxdydz =1

Po6 ladiéu kién chuan hoa ctia ham séng
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Phuwong trinh Schrodinger(1926)

e Muc tiéu: Giai phwong trinh Schrodinger dé tim raham y,
xéc dinh trang tha ctia hat vi mo théa man pt trén

« MO0i W (rng v6i mét ORBITAL — viing khong gian
tim thay e ectron.

» ¥ khong mo ta chinh xac vi tri cua electron,.

e W2 cho biét x&c suét tim thay electron tai mot vi tri
tirong rng.

e Xéc dinh E cuacéc orbita
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Gial phuong trinh Schrodinger

« DEé don gian hdaviéc giai
PT Schrodinger, nguoi ta
chuyén tu toa d0 Descartes
sang hé toa dd cau (hé toa
do cuwc)

« Nhu vay taco thé bién ham
v thanh:
+ \%Iédang ham tich cua 3

am, trong d6 moi ham la Y o
ham mot bién
v (r,6,9) =R(r).0(8).0(¢)
+ hoac v la dang ham tich o
clia 2 ham: ham bén kinh X = TSIng s
N ) y =rsingsn
va ham goc 2 =rcosy T
v (r,0,0) =R().Y(0,¢) X2 + y?+ 272 =12

Slide 55 of 48 General Chemistry: HUI© 2006



2.3.6 Phan ban kinh (xuyén tam) cua ham song

 Phan ban kinh R(r) cia ham sdng hay con goi ham
Xuyén tam ctiaham séng. Khi giai cho thay R(r) phu
thudc 2 tham s6 nval. O day nlasd lugng tir chinh, con
| dwoc goi SO lwgng tr phu, nénky hiéu R, (r).

« HamR ,,(r) khdong co y nghiavat ly, nhiwng ham
4n2reR2,(r) (goi la ham mat do xac suat xuyén tam) cho
biét xac suat co6 mat ctia e trong moét [&p cau cd chiéu
day dr vabang mét don vi khoang cach doi véi hat nhan

Taco thé biéu dien do thi s phu thuéc phan ban kinh R(r)
clia ham sdng va ham mat do xac suat xuyén tam vao
khoang cach r nhu sau :
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ac duwong cong ham xuyen tam va ham phan
ol PaN irJ V4 A .

4 TrPRA(r) 4 TTrPRA(r) 4 TTr?R2(r)
A A\ AVAVA
r r
n=1, 1=0 n=2,1=0 n=3, 1=0
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2.3.7 Phan goc ctia ham song

Phan goc Y (0,¢) cuia ham song la ham riéng cuatoan tte
momen dong lvong orbital, do chinh laham cau phu
thubc vao sb lugng tir phu | vaso lvgng ti tir m nén ky

hiéu Y, m(0,0)

Vi du’o’c X8y dwng trén toadd curc (cau) nén nhirng dié iém
nat cua cac doan thang khi biéu dién tir géc toa do trén
toa dd cau tao nén bé mat bao boc nhat dinh vatao nén
hinh dang hinh hoc clia ham song (orbital)

Trén céc thé tich cila AO c6 ghi dau clia ham song (+)
noac (-)

_y thuyét phuwong trinh vi phan da chirng minh dwoc
R(r) vaY(0,¢) co cac nghiem don tri, gioi n0i valién
tuc
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Hinh dang va dau cla cac or bital

*

1s atomic orbital 2s atomic orbital 2s atomic orbital
node not shown node shown

UV v v T NS I A NS T R Y AN\ U



<

vz plane

p, orbital
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‘ dxj, orbital

. \‘/
R

X X

Z

)
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MOt sO ham sdng clia €l ectron trong ng tur

3
= Zr B
aO

: _Lr 1 = _ 3 . _
n=2, 1=0 RZ,O :1|:Z:|2[2_ere 22, n=1, I=1 Yl,l_ - \/%smé)e"’

8| a, a,
=2, 1= Ry = L 2 Z e 3
| *t 24|a, | a, n=1,1=-1 Yy 4 = \o=sin6e ™
n=1, =0 Yl,O: iCOS@ 47[8 h2
V4 Trong fio a,= —
m.e

Slide 64 of 48 General Chemistry: HUI© 2006



*  238Y nghia4 0 lugng ti

1. So 160ng to chinh n. Dung fie xac fionh E cua e, n nhan cac
gia tro nguyen dodng 1, 2, 3 ..., n cang l6n thi E e cang cao, kich
thodc orbital ngtd (kich thooc cua cac iam may e) cang lon.

n 1 2 3 4 | ... ,
LOp K L M N | ... ‘
Chuky | 1 | 2 | 3 | 4 | ...
4
E.= - ™ z2-.218108 Z ;- . 13.6 Z2 eV

2IW2
8&gN h N2 n2

Vay cac electron co cung mot gia tro n tao thanh nhéng AO co
kich th00c gan bang nhau trong nguyen t0, ching néoc goi la 16p

orbital, hay 16p 166ng to.
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2. So 160ng t6 phu | nhan cac gia tro nguyen doong t6 0 + (n-1)
nghoa la n gia tro

Néun=1thilcdlgiatrilal=0
Néun=2coé2giatrilal=0val
Néu n =3 thi cd 3 giatricual =0, 1, 2

= S0 lugng tir | dung fie xac fionh hinh dang va ten orbital ngto.
V0i nhdng ngtd nhieu e, E cua e con phu thuoc vao gia tro |.
NhdOng e col cung gia tro | 1ap nen mot phan 16p va co E nho
nhau

Néul =0:cd AO sdang cau

Néu | = 1: C6 AO p dang qua ta doi (2 qua cau bién dang tiép
xuc nhau)

Néu | = 2: c6 AOd c6 dang 4 qua cau bién dang tiép xuc nhau
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*

3. SO luvgng tw tr m,

So 100Nng to td m, fac trong cho so fionh hodng cac orbital
ngtd trong td troong va quyet fonh so lvong orbital col trong
mot phan l6p,

m, nhan cac gia tro to —I + + | ke ca gia tro 0

ttre la (ng v&i mot phan mic nang lvong cé (21 +1) kiéu dinh
huong trong khong gian

Sv dinh hudng khac nhau trong khéng gian cua cac dam may e
xay ralado twong tac cuatu truéng e vatuw truong ngoai tac
dung 1én nguyén ttr. Vi vay s0 lvgng tir m, duoc goi lasd luvong
tr tr
Nhu vy ham v dugc xac dinh bdi 3 théng sd n, |, m, (ttec la
Vo1 m ) duoc goi laorbital nguyén t

Slide 67 of 48 General Chemistry: HUI© 2006



Y. nghoa cac so 160ng to

*

Trong nhéng ngtd nhieu e, E cua e 6 cung mot 10p khong phai
hoan toan giong nhau ma co khac nhau chut it va phu thuoc vao so
|60Nng to |.

| 0 1 2 3 | ..

Phan I6p S P d f | ...

A \ Y A Y

O mot gia tro xac filnh cua so 166ng t6 chinh n thi cac electron s
co nang 160ng nho nhat, sau o fnen cac electron p, d, va f, hinh
dang cua chung cung khac nhau.
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» 2 TU mo6i quan hé gittal vam, tatinh dwgc ochital trong
moi phan I6p lvong tr ( phan mirc nang lvgng)

e Vidu:

e + 1=0:m; colgiatrom,=0t0c lalorbitans

e +1=1:m,co3giatrolam,=-1,0,+1tdc la 3 orbitan
P- Px, Py VA P,

e +l=2:mcobgiatrolam,=-2,-1,0, +1, +2t0c la 5
orbitand: d,,, d,,, d,,, d,, va dxz_y2 va co hinh dang

Xy’ yz?
khac nhau ( xem & hinh sau):

* Luu y: khi m=0latwong tng voi ochital p, psz, con
cac AO khéc khong nén gan cho giatri = m, cu thé nao
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Y nghta cac so 16dng to

*

Orbitals | Lobes
. per per
Sublevel Orbital Shapes Sublevel | Orbital
Z
.1'_1'
&)
s B 1 1
W,
Z Z 2
¥ y 1%
P X X ¥ 3 2
Px Py Pz
s z z z Z
I
y ¥ ¥ Y y
/ / ( ( )/ *
d X x — X — — X _ 5 4
/ /
dyy | ay, (> /8 dy2_y2 | d,2
f Seven complex shapes 7 8
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4. SO luwgng t tw spin m,

= So 160ng to spin electron m, fiac trong cho so t0 quay cua e xung
quanh truc cua minh theo chieu thuan hay chieu nghoch voi chieu
quay kim nong ho va nhan mot trong hai gia tro to/ +1/2 + -1/2

H”IS:-E-

&
2 S
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Tom lai

*

Bon so 160ng to n, I, m; , m, Xac fionh hoan toan trang thai cua
electron trong nguyen t0.

n| | | Orbital m, m, So orbital ngtd. | e toi
na

110 1s 0 +1/2 , -1/2 2
210 2s 0 +1/2 , -1/2 2
1 2p -1,0, +1 6
3|0 3s 0 2
1 3p -1,0, +1 +1/2 , -1/2 6

2 3d -2,-1,0, +1, +2 10
410| 4s 0 2
1 4p -1,0, +1 6

2 4d -2,-1,0,+1,+2 | +1/2,-1/2 10

3 Af -3,-2,-1,0, +1, +2, 14

+3
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2.4 Nguyén tir nhiéu electron

va cau hinh electron ctia nguyén tur

2.4.1 Trang thai nang lvgong e clia cac nguyén tu
nhiéu e

* Trang tha e cling dugc xéc dinh bdi 4 sO lugng tir
n, |, mvam,

« Khac véi nguyén tr 1 e, trong nguyén ttr nhiéu e
nang lvong clia ching khdng chi phu thudc vao sb
lugng tir n maca |, vi ngoai tdong tac gida hat
nhan vOiI e con co toong tac gida cac e voi nhau,
t0ong tac nay tao nen hai hieu 6ng o la hieu
6ng xam nhap va hieu dng chan
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Hiéu rng chan
+ Do\céc l6p e bén trong lam giam lwc hat cua hat nhan voi e lop
ngoai.
+ Céc ebén ngoai bi hat bai dientichZ* <Z
+S=2Z-2Z* lahang sb chan (rat ratlr quy tac thwec nghiém)
Qui luat
+ Céc e & |6p trong chan manh doi v6i eldp ngoal, con cac e lop
ngoa chan khéng dang ké dbéi voi e & 1&p trong
+ Cac etrong cung 1 [6p (cung giatri n) chan yéu hon khéc 16p va
cung 1 phéan |&p chan cang yéu hon
+ Téc dung chan trong 1 16p: ns> np> nd> nf
vado bi chan nf> nd> np > ns
+ Phan 16p e bdo hoa hoac ban b&o hoa ¢ phiatrong co tac dung
chan manh cac e l6¢p ngoai, cac etrong 1 AO chan nhau rat yéu
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Hiéu 'ng xamnhap: Céc e ldp bén ngoai cd thé xam nhap
* Vao vung gan hat nhan.

+ Néu e cang xam nhap manh thi luvc hit cang manh, E
cang thap

+ Kha nang xam nhép cta e giam dan theo chiéu tang clia
nval. ns>np>nd>nf

Nang lvong
+Cungtrisd n,Etang theotrisdo|: E <E,< Ey <E;

+Khi Z nho, cung tri O n, s¥ chénh [éch cac phan mirc ns
vanp..tang dan theo dién tich hat nhan nguyén tir

+15<25<2Pp<35<3p<4s<3d<4p<5s<4d < 5p<6S
4f 0l < 6p < 7/s< of &a isg"y: D HUI® 2006



2.4.2 Sy sap xép e trong nguyén tr va cau hinh e

1. Nguyén ly ngoai trir Pauli:
Trong nguyén t&r khong thé cé hai e c6 cling 4 s6 lvgng ter

— MOoi AO duoc déc trung bai 3 s6 lvgng tir n,l, m nhat
dinh, chira toi da 2 e c6 spin khac nhau

—  Tur do cd thé rut ra két luan:
+ trong moi phan 1op cd (21+ 1)AO, chira tdi da
2( 2l1+1) electron
+ trong moi |&p c6 N2 AO nén cd toi da 2n? electron
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2. Nguyén ly virng bén: Trang thai bén virng nhat ctia e
trong nguyén tir la trang thai rng voi nang lwgng nho
nhat

« Nhu vay e phai chiém tlr cac AO cd nang luvong thap
méi dén cac AO c6 nang lvong cao

3. Quy tac Hund:

Trong truong hop & phan |6p lugng tir ¢ nhiéu AO ¢cd
nang lvong nhv nhau thi: Trang thai bén ciia nguyén
tr (ng Vi s sap xép e nhw thé nao dé trong mot phan
mlrc nang lvong co gia tri tuyét doi cliatong spin la
cuc dai

« = 50 edodc than trong mdt phan [&p la cuc dai
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4 Quy tac K leshkovski

ﬁ(hi fnien tich hat nhan tang, cac e se chiem cac moc E co tong so

(n + 1) I16n dan.

= Noi vdi cac phan 16p co (n + I) bang nhau thi e se chiem vao cac
phan 10p co tro so n nho trédc roi tdi phan 10p co n 16N sau.

Chu ky 1 1s

Chu ky 2 2S 2p
Chu ky 3
Chu ky 4
Chu ky 5
Chu ky 6

Chu ky 7
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Quy tac Kleshkowski voi nhdng ngto: thuoc phan nhom phu

*.

> N
> N
> N
> N
> N
> N
> N
> N

nom 1.
nom 2:
nom 3:
nom 4:
nom 5:
nom 6:
nom 7:
nom 8:
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ns? (n-1)c
ns? (n-1)d

ns? (n-1)d
ns? (n-1)d
ns? (n-1)d
ns? (n-1)c
ns? (n-1)c

ns? (n-1)d

10

Hay

6,7,8

General Chemistry:

>N
>N
>N
>N
>N
>N
>N
>N

nom 1.:
nom 2:
nom 3:
nom 4:
nom 5:
nom 6:
nom 7:

nom 8:

nst (n-1)c
ns? (n-1)c
ns? (n-1)d
ns? (n-1)d
ns? (n-1)d
nst (n-1)c
ns? (n-1)d

ns? (n-1)d

10

10

6,7,8
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Ca

Sc

Ti

V

Cr™

Mn

Fe

Co

Ni

Cu*
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[Ar]4s?

[Ar]3d4s®
[Ar]3d?4s®
[Ar]3d34s?
[Ar]3d>4s!
[Ar]3d°4s?
[Ar]3d®4s?
[Ar]3d’4s®
[Ar]3d®4s?

[Ar]3d¥%s?

F
5

ATETR
AN
IR
PN
NATETR
RN
RINRINA

General Chemistry:

N

N
N

N

)r.

N

N

N
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