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Atomic Structure




CAU TAO NGUYEN TU

HAT NHAN
Nucleus (protons + neutrons)

vO PIEN TU

Volume around nucleus
occupied by orbiting electrons
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NHAAN XEUT

> S6 electron bang sé proton.

> Khéi lurong nguyén tur tap trung 6 hat
nhan .

» R(nguyén tu) = 10° R(nhéan).



Z va A la hai dac trung co ban cua
nguyén tu

7z - Dién tich hat nhan = sé proton
Bac nguyén tor Z
* A — s0 khéi luong nguyén tur
A =s0 proton+ sé neutron



UNG DUNG

Hoan thanh so liéu trong bang dudi day

Nguyénta | A Z N N/Z
Ca 40 20 20 1
I 127 53 74 1 40

Tl 204 81 123 1,52




NGUYEAN TOA HOAU HOIC

* Puoc tao thanh tur cac nguyén tur cé ciing Z.
* Ky hiéu
X - nguyén té héa hoc

A- s6 khoi ?X
Z — dién tich hat nhan



PONG VI

Co cuing so6 proton (cuing 1 ng td hda hoc)
Khac sé khoi hay sé no tron .

Vi du - Cac dong vi cua Hydro (Z = 1)
Hydro hay Hydro nhe ( 99,98%) 11—1
“H
Poteri (0,016 %) 3 H
Triti (0,001%)



UNG DUNG
Tinh nguyén tu khoi trung binh ctia Argon

Ar(0,34%) ; Ar(0,06%) ;  Ar (99,6%)

_36.0,34 +38.0,06 +40.99,6
100

M = 39,87




Mol (hé SI)

1 mol chat chira 6,022.10% tiéu phan cau
tric cua chat (nguyén tu, phan ta, ion,
electron....).

Vi du
2 mol ion H* chda: 2. 6,022.10% ion H*
4 mol electron chira: 4. 6,022.10% electron.
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PHO BUC XA PIEN TU

Cellular AM Radio 60 Hz

Approximate frequencies, Hz phones (AC current)

10 102 1020 10 10 10 102 100 | 108 106 10*  10%] 100
| | | | | | | | | | | I |
I
. Extra low
Y rays Radio frequency (ELF)
X rays l\gjgg' FM Radio A
y V = C
Ultra- | 1pfrared TV
violet |
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1016 107 10712 107 10 o6 10* 102 10* 102 10%
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QUANG PHO LIEN TUC




QUANG PHO NGUYEN TU - QUANG PHO VACH

~_ Hy H, H, H,

Ne
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THUYET CAU TAO NGUYEN TU

dThuyét cau tao nguyén to
cua Thomson.(1898)

dMau hanh tinh Rutherford. (1911)

dMau nguyén ti theo Bohr. (1913)
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J. J. Thomson — Atomic Model
MO HINH NGUYEN TU

Nguyén tu' la mét qua cadu bao gém cac phan
tu tich dién duong va cac dién tu phan tan
dong déu trong toan khoi cau.
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Rutherford’s Model
(1911)

(a) The observations

(3)

" Lead shield _
| . Microscope
—__ \
= =
Radium (2)
4
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NHAN XET

» UU PIEM
Chirng minh duoc sur tén tai cta hat nhan
nguyén tur chiém phan 16n khéi luvong nguyén tur

> NHUQC PIEM

- Khéng giai thich duoc tinh bén cta nguyén tur

-Khéng gidi thich duoc quang phé ctda nguyén tir 1a
quang pho vach
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- Thg BohrvModeI
MAU NGUYEN TU THEO BOHR

(1913)
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BA TIEN PE CUA _-eELﬁt;f?;; / . T
BOHR N \ A

’:’ mvr=nh/2” N n= 2}1 311 dyp= 5
“*Khi quay trén quy dao bén electron
khéng btrc xa (khéng mat nang luong).

“*Nidng luong chi duoc phat ra hay hap
thu khi electron chuyén tur quy dao bén
nay sang quy dao bén khéc.

AE=|E, - E,|=hv
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UU PIEM cUA THUYET BORH

v' Ap dung dang cho hé nguyén tu cé lelectron
v Tinh ban kinh quy dao,nang luong, téc do cua
electron trén quy dao bén.

v' Xac minh tinh luong ti héa ndng luong cua
electron  E_=-13,672/n?[eV]

4
E:hV:hgz_anTe 72 0= ——
-

434 nm 486 nm 657 nm
Violet Blue-green Red

v Giai thich duoc
quang phd vach ct
ng tu .

20




Cac murc nang luong va quang phé vach
cua nguyén tu Hydro

1l 1

E=hv =(-13.6eV|
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Quang phé phét xa cua nguyén tar Hydro

ay Lyman — mién tU ngoai.

n=1c
n =2 day Balmer - mién kha kién
didy phd quan trong cua Hydro.

n, = 3 day Paschen — mién hong ngoai.

n,=4 day Brackett - mién hdng ngoai xa.
n,=5 day Pfund - mién héng ngoai xa.
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GIAI THIiCH THANH CONG
PHUONG TRINH Rydberg
1 1

4
E:hv:hE:—anTe 72 0= ——
A h ' n,




IA =109710m* (1/221h2);n =3456

Ky Hiéu Ha Hf Hy HO
n, 2 2 2 2
n, 3 4 5 6
A (A) | 6563,1 | 4861,3 | 4340,5 | 4101,7
mau Po cham tim
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UNG DUNG

Tinh ndng luong [ev] & bon mutc ndng luong dau
tién cua nguyén tu H

1/ C6 bao nhiéu vach pho xuat hién trong quang pho phat xa
clia H do su di chuyén dién tir gitta bon mUc nay? 6

2/Ung vdi budc chuyén nao cla dién tlr sé cho vach phé co
tan s6 cao nhat? 4.1

3/Ung v3i budc chuy&n nao cla dién tl sé cho vach phé co
tan sO thap nhat? 4.3
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NHUOC PIEM CUA THUYET BORH

Khéng giai thich dugc dd bdi ctia quang pha.
Tinh todn lai s&r dung dl co hoc cé dién.
Xem electron chuyén déng trén mat phang.

Khéng xac dinh duorc vi tri cta electron khi di
chuyén tir quy dao nay sang quy dao khéc.

Khong giai thich duoc su luong tir héa nang
luong.

Ap dung cho ng tu phtrc tap chi cho két qua dinh
tinh.
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CAu TRUC LGP VO ELECTRON
THEO CO HOC LUGQNG TU

1 Baluan di€ém cao ban cla co hoc lugng tur.

' Trang thai cla electron trong nguyén t&r Hydro.
d Trang thai cla electron trong nguyén t ph tap.
1 Cau hinh electron clia nguyén tu.
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BA LUAN PIEM CO BAN
Luén diém 1
Tinh lwvong nguyén (hat va séng) cua cac hat vi mé.

* Heé thirc L. de Broglie (1924):
h - hang sé Plank = 6,625.10  [erg.s]
m - khéi lurong cta hat vi mé h
v - téc dé cua hatvimé ) —
A - budc séng myv
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Nhieu xa electron cia Davisson va Germer
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X Ludn diém 2
NGUYEN LY BAT PINH HEISENBERG




Ludn diém 3
Phuong trinh song Schrodinger
o’y o°W 9°W 8mrm
+ + +
ox°> o9y’ 0z’ h’
~. mé ta chuyé&n déng cua hat vi mé trong truéng

thé ndng 0 trang thai diing (trang thai cua hé
khong thay déi theo théi gian).

(E-V]W =0
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* E =thé nang (V) + dong ning
E (x,y,2) nang luong toan phan cua hat vi md
* V(x,y,z) thé ndng cua hat vi mé tai (x,y,2).
U W(x,y,z ) ham séng md ta trang thai cua hat vi mé
~. mé ta chuyé&n déng trong khéng gian

L]
W (x,y,z) - mat do xac suat c6 mat cua hat vi mé
tai diém cé toa do (x, y, z) , c6 dau duong .

W (x,y,2).dV -xac suat c6 mat cua hat vi mé trong
phan tu thé tich dV véi tam diém cé toa do x,y,
va dV= dx.dy.dz



-DIEU KIEN CHUAN HOA CUA HAM SONG.
Yi(x,y,z)dv

all space

> Ydon tri, lién tuc va hiru han

> Yva E la nghiém cua phuong trinh

>Phuong trinh song Schrédinger Chl gidi duoc
chinh xac cho truong hop nguyén tu Hydro va
ion c6 mot electron . DOI vOi cdc nguyén tur
nhiéu dién tu phai giai gan dung.
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TRANG THAI ELECTRON TRONG NGUYEN TU H

Y 9°W 9°W 8/mrm
+ + +
ox> 9y’ 0z° h?
W - ham orbital nguyén tu
W(r,0,0) =R().P(¢$).0(0) = R(r).Y(0,9 )
R(r) — ham ban kinh Y(0,0)
— ham goc
A a 0 0< 2 O0<0O0<sTn
X AV Y2 +72 = 2
V =-e?/ 4ne 1
X =r.5InO.cos ¢
y =r.sIin6.sin ¢
Z =r.cosf

(E-V)W=0
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KET QUA
l'IJn,f,mf (r’ e’ (I)) — Rn,f(r)‘Yf,mﬁ (e? (I))

E =-13,6/n [eV] (ng tur Hydro )

E =-13,6Z/n [eV] (lon dang Hydro)

n=1,2,..0; £=0,1,2,..(n-1); m =-¢...,0,.,%0



Khai niém dam may electron.

Pbam may electron la vung khéng gian
quanh hat nhan trong dé xac suat c6 mat

cua electron lon hon 90% .(ORBITAL
NGUYEN TU)
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Y nghia so luong tu chinh n

n=123,...,

> X aiic fionh trang thdi ndng luong cla
electron

» Xauc nonh kich thuréc trung binh cda ddm

may electron 72 72
E=-—— 7>=-21810" 2] =-136"-¢V
8¢,n"h n n

- __agyn-’ 1 I1(1 +1) O

—+- =
Z % 2 n- O
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Céc electron co cung gia tri n sé thuoc
mot 16p luong tu (16p electron)

3

4

S

M

N

O
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Y nghia so luong tu orbital ¢

£=0,1,.(n - 1)» moi gia tri cua n cé n gia tri ¢

» Cac electron c6 cung gia tri n va £ tao thanh mot
phén 16p electron (phén 16p luong tu)

£ 0 1 2 3
Phan Iép electron | s p d f

- Ky hiéu phan I6p: 1s, 2s, 2p, 3s, 3p, 3d...

39



» Xac dinh tén va hinh dang cua AO

{=0 - orbital S, Y( 0, ) =1/2 Jm —hinh qua cau.
¢ =1 - orbital p, dang hai qua cau tiép xic nhau
¢ =2 _ orbital d, dang bon qua cau

£ =3 - orbital f
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Y nghia so luong ti tir m

m,=-10, ...0,...+ 0
CU moi gia tri cua £ c6 (2L + 1) gia tri cua m,.

»Xac dinh su dinh hudng khac nhau cua AO
trong khong gian dudi tac dung cua tu
truong ngoai.
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(a)

y —

(c)

477r2(/1r2

e

(d)
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p, orbital py orbital p, orbital
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dxy orbital

m=z%2

do

. orbital

dxZ orbital

\mO

=

Zz orbltal

d 0rb1ta1

—
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Aeyz2 32

4573 3502

4fk'3—3.‘{'}f2
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Y nghia s luong tu tur spin m

v Xac dinh trang thai chuy&n ddng riéng cta
electron, tirc la su tu quay quanh truc cua

g'ECtI‘Oh.
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N { m,
H_/
Lép e
\_ %
e
Phan I6p e
N
—
AO
N

Y

e
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NHAN XET

> B0 ba soé luong tir (n, {,mt) xac dinh ham
orbital nguyén tu AO
%n, £, m,= ham orbital

> Ta ap hop bo bén sé6 luong tu (n,?, mt¢, ms)
maoi xac d‘mh day du trang thai cua
electron trong nguyén tr (chuyén déng
spin va chuyén déng orbital)

Wn, {, m, m_= ham séng toan phan
= ham orbital-spin
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Trang thai nang luong cua electron trong
nguyén tu nhiéu electron.

> Trang thai cla electron cling dugc xac dinh bang 4
s6 lugng turn, £, m, m_ .

»Hinh dang AO ciing tuong tu nhu hinh dang cua
nguyén t& Hydro.

> Xuat hién hiéu itng chan va hiéu ing xam nhap.

»Trang thai nang lugng cua electron phu thudc vao
ca nvaeé.
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Hiéu Ung chan

 C4c electron c6 sé luong tur nva €
cang nho cé tiac dung chan cang
manh va bi chan cang yéu. Nguoc
lai cac electron c6 sé6 luong t& n va
€ cang 16n cé tac dung chan cang
yéu va bi chan cang manh.

51



> Cac electron o 16p bén trong cO tac dung chan
manh cac IO’p bén ngoai. Cac electron co sé
Iuang tur € glong nhau thi neu n cang tang se
co tac dung chan cang yeu nhung bi chan
cang nhiéu. Tac dung chan cua lép ngoai voi
16p trong khéng dang ké.

> Céc electron c6 n giébng nhau thi electron nao
c6 € cang Ion tac dung chan sé cang yéu va
bi chan cang nhiéu.
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> Trong cuing mét I6p chan nhau khéng manh so
vOi khi khac I16p.

> Trong cuing mét phan 16p, cac electron chan
nhau cang yéu hon.

> Theo chiéu ns, np , nd, nf tdc dung chan yéu
dan, nhung bi chan tang Ién. Vi vay khi tang
dién tich hat nhan (2), thi dién tich hat nhan
hiéu dung tang manh déi voi electron s, va tang
yéu hon lan luot déi voi electron p, d, f.
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» Mot phan I6p da bao hoa hoan toan
electron hay ban bao hoa thi co tac
dung chan rat manh déi voi 16p bén
ngoai.

> Hai electron thudc ctiing mot 6 luong
tlr chan nhau rat yéu nhung lai day
nhau manh
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HIEU UNG XAM NHAP

> Hiéu trng xadm nhap lam ting do bén
lién két giira electron voi hat nhan nén
lam giam nang luong cua electron.

» Hiéu irng xam nhap cang manh khi cac
sO luong tr n va € cua electron cang
nho.
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CAC QUY LUAT PHAN BO ELECTRON
VAO NGUYEN TU NHIEU ELECTRON
d Nguyén ly vitng bén

Quy tac Klechcowski
d Nguyén ly ngoai tru Pauli
d Quy tac Hund
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Nguyén ly viing bén

Trong nguyén tir dién tu duoc phan
bé vao céac orbital nguyén tur sao cho
téng ndng luong cda nguyén tur 1a
thap nhat.
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Quy tac Klechcowski

v Pién e vao céc phan I16p cé (n + €) tdng dan.

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

1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d
1 2334455566677 77 838
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Energy —»

Hydrogen atom

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

Energy —»

A typical multielectron atom

4p
A
e
3s
s
2s
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Quy tac Klechcowski

Quy tac Klechcowski la mét quy tac gan
dung mang tinh khai quat nghiém dtng
trong nhiéu truong hop, nhung ciing c6
nhirng trudong hop quy tac nay khéng
nghiém dung.
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Nguyén ly ngoai tru Pauli

Trong pham vi mét nguyén tu khéng
thé cé6 hai electron ma trang thdi cta
ching duoc dac trung béi cung 4 sé

luong tir.

—. Mét AO Chi c6 thé chira téi da 2 electron

c6 spin nguoc dau.

ON\%

m=+1/2 N
m=-1/2 ¥
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Trong mot phan 16p (n, €) ta co:
>(2€ + 1) sé6 orbital

>S6 dién tu téi da = 2(2¢ + 1).
*phén lop s - ¢6 téi da 2 dién tur
‘phén lop p - co toi da 6 dién tu

*phén Iop d - c6 téi da 10 dién tr
‘phédn 6p f - c6 téi da 14 dién tr

62



« Trong mét I16p luong tu n, ta co:

» n phan lop (0,1,2...,(n-1))
> sO orbital trong mét 16p 1a n?
> s6 electron t6i da trong mét 16p la 2n?.

Lép: K;L; M} N] O, Pl Q
Sé electron: 2, 8, 18, 32, 50, 72, 98

toi da
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QUY TAC HUND

Trong mét phan 16p voi ciing nhiéu AO
c6 muc nang luong nhw nhau, cac
electron c6 khuynh huéng phan bé déu
vao cac 6 luong tir sao cho téng spin cua
chung la cuc dai (téng sé electron déc
than la téi da)

64
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