CHUONG 1

CAU TAO NGUYEN TU

Atomic Structure




CAU TAO NGUYEN TU

HAT NHAN
Nucleus (protons + neutrons)

. VO DIEN TU
Yolume around nucleus
occupied by orbiting electrons

A — 50 khoi = s0 proton+ s0 neutron A X(
Z — dién tich hat nhan = s6 proton 7

2 Thomson - Brodic Coke



CAU TRUC LOP VO ELECTRON
THEO CO HOC LUVONG TU

Q Ba luan diém co ban cta co hoc lwong tir.
[ Trang thai cua electron trong nguyén tw Hydro.
A Trang thai cua electron trong nguyén tw ph tap.

3 Cau hinh electron ctia nguyén tiv.



BA LUAN DIEM CO BAN

Luan diém 1
Tinh lwo'ng nguyén (hat va séng) cua cac hat vi moé

* Heé thure L. de Broglie (1924).

h - hang sé Plank = 6,625.10'?7 [erg.s]
m — khéi lwong cuda hat vi mé h

v - téc d6 cua hatvimé ) —
A - bwoc song my




Nhiéu xa electron ciia Davisson va Germer




Ludn diém 2

NGUYEN LY BAT DINH HEISENBERG




Luéan diém 3
Phwong trinh song Schrodinger
2 2 2 2
g T+5 Ej+a Ej+8ﬂ2m(E—V)\P:O
Ox oy 0z h
— mo ta chuyén dong cua hat vi mé trong truwong
thé nang &trgng thai dweng (trang thai cua hé
khong thay doi theo tho'i gian).




E (x,y,z) nang lwong toan phan caa hat vi md
E = thée niang (V) + ddéng nang

V(x,y,z) thé nang cua hat vi mé tai (x,y,z).
Y(x,y,z ) ham séng mo ta trang thai cua hat vi mé

— mé ta chuyén déng trong khdng gian
P2 (x,y,z) — mat do xac suat cé6 mat cia hat vi mé
tai diem co6 toa do (x, y, z) , c6 dau dwong .
¥P2(x,y,2).dV —xac suat c6 mét cia hat vi mé trong
phan tw the tich dV véi tam diem c6 toa dé x,y,z
va dV= dx.dy.dz



PIEU KIEN CHUAN HOA CUA HAM SONG

J‘ Wz(x,y,z).dV

all space

» ¥dorn tri, lién tuc va hiru han
» ¥Yva E la nghiém cua phwong trinh

»Phwong trinh séng Schrédinger chi giai duoc
chinh xac cho trwwong hop nquyén tw Hydro va
ion c6 mot electron . Bo6i véi cdac nquyén to
nhiéu dién tw phai giai gan dung.




TRANG THAI ELECTRON TRONG NGUYEN TU H

f"fﬂd_-
ﬂ¢'.‘l

0" 82\P 82‘11 87zm

8x2 oy 8 ? h’
¥ - ham orbital nguyén tw
Y (r,0,0)=R(r).®(¢p).0(0) = R(r).Y(0,p )

(E-V)¥=0

R(r) — ham ban kinh
Y(6,) — ham goéc
0<op< 21 0<0<m
X2 + y2 .|.ZZ — r2

V =-e?/ 4ng,r

X = r.8IN6.CcOoS ¢

Yy = r.sin0.sin ¢

Z = r.cosf
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KET QUA

Voom, (,0,0) =R, (1).Y,  (0,0)

E =-13,6/n? [eV] (ng twr Hydro )
E =-13,6Z?/n* [eV] (ion dang Hydro)

n=1,2,..0 €£=01,2,.(n1); m,=-¢{..0,,+¢

Orbital nguyén tir dworc xac dinh boi tap
hop ba so lwong tur.
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Khai niem dam may electron.

Pam may electron la vung khong gian quanh hat
nhan trong dé xac suat cé6 mat cua electron I&n
hon 90% .(ORBITAL NGUYEN TU)
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Y nghia so lwong tir chinh n

n=1,2,3,4,5,6,7 ...,
»Xdc dinh trang thdi nang lwong cua electron
»Xdc dinh kich thwoc trung binh cia dam may

electron

ZZ

E =-13 .6 =—eV

n

— _ aOZn2 {1 N ;_[1_ l(ln+21)”
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Cac electron c6 cung gia tri n sé thuéc
moét 1op lwvong twe (I6)p electron)

Lope | K L M N O P




Y nghia so lwong tir orbital {

{=0,1,..(n-1)> moigiatriciancoé ngiatri!

» Cac electron co6 cung gia tri n va € tao thanh mot
phan Iop electron (phan I6p Iwvong tiy)
4 0O 1 2 3 4 5

PHANLOPELECTRON s p d f g h

— Ky hiéu phan I&p: 1s, 2s, 2p, 3s, 3p, 3d...
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»Xac dinh tén va hinh dang cua AO

?=0— orbital s, Y(0, ¢) = 1/2Y¥7 —hinh qua cu.
{ =1 > orbital p , dang hai qua cau tiep xic nhau.
{ =2 — orbital d , dang bon qua cau.

t =3 — orbital f.
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Y nghia so6 lwong tor tir m,

C moi gia tri cia { cé (2¢ + 1) gia tri cia m,.

»Xac dinh sw dinh hwé&ng khac nhau cua AO
trong khong gian dwéi tac dung cua tw

trro'ng ngoai.
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{=1-5my=0,=1 — 3 orbital p

Z Z
vz plane

y

p_ orbital

m,= 0
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2 3—>me :1,::2,: 3,0—>7orbitalf

Ay 72 32
4332 4f5yz e
* * 4 fﬁ 733712
4fx3—3:c:y2 F !




Y nghia s6 lwong tir tir spin m,

»Xac dinh trang thai chuyén dong riéng cta
electron, tirc la sw tw quay quanh truc cua
electron.

v'Gia tri m_=% ", (rng v&i hai chiéu quay
thuan va nghich véi chiéu quay cua kim

dong ho.
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n t m, m

H_/ S
Lop electron
N J
e
Phan Iép e
" _
~
AO
\_ /
~

Trang thai day du cua electron ( chuyén dong AO va spin)

23



NHAN XET

> Bé ba so6 lwong t (n, {,m,) xdc dinh ham
orbital nguyén tr AO

¥h, £, m,= ham orbital

> Tap hop bg bon so lwong ter (n,f, m,, m,)
ma&i xac dinh day du trang thai cua electron
trong nguyén tw (chuyén déng spin va
chuyén doéng orbital)

¥, t, m, m_ = ham séng toan phan
= ham orbital-spin
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Trang thai nang lwo'ng cua electron trong
nguyén tw nhiéeu electron.

>T|"ang thé’i cua electron ciing dwoc xac dinh
bang 4 s6 lwong twr n, €, m;, m, .

»Hinh dang AO ciing twong tw nhw hinh dang
cua nguyén tr Hydro.

>Xuat hién hiéu &rng chan va hiéu rng xam nhap.

»Trang thai nang lwong cua electron phu thuoc
vao ca n va &.
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Energy —»

Hydrogen atom

...(4p, 4d, 4f)

Energy —»

A typical multielectron atom
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HIEU UNG CHAN

> Cdc electron c6 sé Iwong tir n va € cang nhé cé
tac dung chan cang manh va bi chan cang yéu.

> Trong cung mét I6p, theo chiéu: ns, np , nd, nf..
tac dung chan yéeu dan nhwng bi chan tang lén.

> Hai elegtro[r thuéc cung mét 6 lwong tie chan
nhau rat yéu nhwng lai day nhau manh.
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HIEU NG XAM NHAP

> Hiéu trng xam nhap lam tang dé bén lién
két gitra electron voi hat nhan nén lam
giam nang lwong cua electron.

» Hieu trvng xam nhap cang manh khi cac
sO lwong twr n va € cua electron cang
nho.
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CAC QUY LUAT PHAN BO ELECTRON
VAO NGUYEN TU NHIEU ELECTRON
d Nguyén ly virng bén

Quy tac Klechcowski
d Nguyeén ly ngoai trwe Pauli
d Quy tac Hund
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Nguyén ly virng bén

Trong nguyén tw dién tw dwoc phan
bé vao cdc orbital nguyén tir sao cho
téng nang Iwong cua nguyén tir la
thap nhat.
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Quy tac Klechcowski

v' Dién e vao cdc phéan 16p cé (n + €) tang dan.

v' Khi (n + €) bang nhau thi dién e vao phan mirc c6
n tang dan.

1s 2s 2p 3s 3p 4s 3d 4p 5s 4d S5p 6s 4f 5d 6p 7s 5f 6d
12 3 3 445 5 5666 77 7 7 838
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Quy tac Klechcowski

Quy tac Klechcowski la mét quy tac gan
dunqg mang tinh khai quat nghiém dung
trong nhiéu trivo'ng hop, nhwng ciing cé
nhirng trirdng hop quy tac nay khéng
nghiém dung.
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Nguyeén ly ngoai trir Pauli

Trong pham vi mét nguyén twe khéng
thé c6 hai electron ma trang thdi cua
chung dwoc dic trweng béi cung 4 so
lwong tur.

— MGt AO Chi c6 thé chira toi da 2 electron
cO spin nguwoc dau.

m.= +1/2 A
M me=12 v
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Trong mot phan Iop (n, €) ta co:
>(2€ + 1) so orbital

> S0 dién tur toi da = 2(2€ + 1).
*phén I6p s - c6 toi da 2 dién tir
‘phan lop p - co toi da 6 dién tw

*phén I6p d - c6 toi da 10 dién tir
‘phan lop f - co tdi da 14 dién tw
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« Trong moét Iép lwong twr n, ta co:

» n phan Iép (0,1,2...,(n-1))
> sO orbital trong mét 16p 1a n?
> s0 electron téi da trong mét I6p la 2n?.

Lép : KL, M N O P, Q
Sé electron: 2, 8, 18, 32, 50, 72, 98
toi da
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QUY TAC HUND

Trong mét phén Iép véi cung nhiéu AO
co murc nang lwong nhw nhau, cac
electron c6 khuynh hwéng phan bo déu
vao cdc 6 lwong tir sao cho téng spin clda
chiung Ia cwe dai (tébng sé electron ddc
than Ia téi da)
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