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2.1.Thanh phan cau tao nguyén td

<&

L)

* Vatchat =73 Phanturatnho - Nguyén tu
* Nguyén ta = Hat nhan (Proton + Notron) + Dién tu

L)

<&

L)

L)

% Tich dién (+) (0) (-)
Tén Ky hiéu Khoi lugng nghi pién tich
Kg U C
Electron e 9.109x10 5.486x10 -1.602x10
Proton P 1.673x10 1.0073 +1.602x10
Notron 1.675x10 1.0078 0

Sub atomic parti

Protons + charge

Neutrons




2.2.Pho nguyén tl

:Quang phé : 3 loai

. — N

Black body Prism Continuous Spectrum

woe—> " —>

Prism Emission Spectrum

%_}

Black body

> — N N

Cool gas Prism Absorption Spectrum
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2.2.Pho nguyén tl

:Phé cac nguyén td

SO

MERCILEY

LITHILIM,

_ pre——

Wavelength
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2.2.Pho nguyén t

*Phé hydro : 3 viing

Gas
discharge
tube '
containing
hydrogen

434.1 nm
410.1 nm | 486.1 nm 656.3 nm
ol S PR T S e
400 450 500 550 600 650 700 750 nm

*Viing nhin thay : Balmer : 4 vach
*Vung t& ngoai : Lyman
*Viing héng ngoai : Paschen, Brackett & Pfund
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Nguyén tir cta Dalton Nguyén tir cla
Thompson

ke o g el [ o

Nguyén ttr cua Bohr Nguyén ter

ngay nay ..
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2.2. M6 hinh Thomson

“* Thuyet cau nguyén tu cua
Thompson 1903.

* Theo Thompson

Nguyén t0 1a mét qlia cau bao gom
cac dién tich duong phan bo dong
deu trong toan thé tich & cac
electron co kich thudc khéng dang
ké dao dong xung quanh dien tich
ducng

* Nhuoc diem :

Thuyet khong glal thich dudc tai

sao cac dién tjch am va duong

trong cung ‘thé tich_nguyén tu la|

(l;hong hat nhau dé trung hoa vé
ien

(4

L)

L)

L)



2.3. Mo hinh Rutherfor (1871-1937)

1911, Rutherford da dua ra mau hanh
tinh nguyén tu dau tién:

“Electron quay chung quanh hat
nhan nguyén tu’ giong nhu’ hanh tinh
quay xung quanh mat troi”.

Nhugc diém:

Mau nguyén ti nay la khéng giai thich
dudc finh bén cua nguyén td.
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2.4. Mo hinh Borh - 1913

»Thuyét luong tu Planck

“ Nang lugng buc xa do cac chat phat ra hay hap thu la khéng
lién tuc, ma gian doan, nghia la thanh nhiing phan riéng biét
goi la luong tu (photon) :

E =hv

E-nang lugng cua 1 photon
h= 6.63x10 J.s hang s6 Planck
v (nuy)-tan so buc xa, s

C c = 3.108 ms

V=—
A A -do dai song,m

11



/
0’0

»Ba dinh dé cla Bohr

Electron chuyén dong trén nhiing quy dao tron,
dong tdm, ¢ ban kinh xac dinh (quy dao dung)

Khi quay trén quy dao dung electron khéng hap
thu hoac giai phong nang lugng , nghia la c6
muc nang lugng xac dinh.

Khi electron nhay tu quy dao dung nay sang quy
dao dung khac xay ra su hap thu hay giai phéng
nang lugng.

12




2.4. Mo hinh Borh - 1913

=Ly thuyét Bohr vé nguyén t hydro

< Tinh ban kinh quy dao bén & toc do c.dong cla electron
*  Momen dong luong AT
m, V-k.Iugng & t.d6 cua electron

mur = ”;T (1) r-ban kinh quy dao | ‘2 LY
n=1,2,3,...h-hdng s6 Planck Q\ /

| Ll:rc té-c dl:lng Zez — \\\\\ /// §
Ll:l’c hut cﬁa hat nhan : R,
47T£Or - mUZ Zez (2)
n mU2 - = 5
Luc ly tam - r ATIE 1
r —

13



2.4. Mo hinh Borh - 1913

=| y thuyét Bohr vé nguyén tu hydro
< Tinh ban kinh quy dao bén & toc do c.dong cla electron
= Toc dd chuyén ddng cla electron

ze’ ze’ 1

—> mU’r = —>p = X 3
(2) g 4TtE, 47E, mur )
h 2mze’ 1 ’
=n— —> U= X- —> U= 4
Theo (1) mbr=n 27T 4meh n 2€ hn ()
= Ban kinh quy dao
(1) —r = an1 > 2
27;“1 U —>r=n h 283]11’1 > 1= £Oh : n (5)
Thay (4) vao mau 27 e’z Tme” z

sO 14



2.4. Mo hinh Borh - 1913

=Ly thuyét Bohr vé nguyén t hydro

< Tinh ban kinh quy dao bén & toc do c.dong cla electron
= Ban kinh quy dao

- eh® 7
Bat a, = ° 5 1 —a4)2
Tine _ 885.10™x(6,63.10™)

a, = 2
3,14%9,109.10™ x(1.602.10™)

£ =885.10™2C*J 'm"

h=6,63.10"Js a =52910"m
m=9109.10""kg .

- _ 5)
e=1.602.10"°C _ r=a,- (

Khin=1 I =529.10"m=0,53.10""m Ban kinh Bohr

Khin=2 T, =4a,
15



2.4. Mo hinh Borh - 1913

=Ly thuyét Bohr vé nguyén t hydro

“* Tinh nang luong ctla electron

A . mu’
* DPong nang
. 2 > E_mU2+—zez > Thay (4) & (5)
T = = d
= Thé n3 - ze’ 2  Aner y
€ hang 4TIE I
m_ e'z’ ze*  1P’mz _ me' 7z’
= - E=- x = 6
. 2 x4£jh2n2 ATIE, xeohznz > 8¢’h* n’ (6)
* Tinh nang luong
m=9,109.10""kg e=1,602.10""C £,=8,85.10"C*J 'm"
h=6,63.10""Js z=1 n=123..

31 9¢ -19 |4 2
oo 9109.10 (L602.10™)" 1 = 21810 L

- 2 2 2 1
8x(8,85.10™)" x(6,63.10*)° n n'" | —>E=-136 eV
leV =1,602.107°J

16



2.4. Mo hinh Borh - 1913

=Ly thuyét Bohr vé nguyén t hydro

“* Tinh nang luong cla electron

Khin =1
Khin=2
Khin =3
Khin=4
Khin=5

1

E=-136—eV
n
—> =-13,6 eV
—_— E=-34eV
—> E=-15eV
—> E=-0,85eV
e E=-0,54eV

mn

oo

5 —0.54
—-0.85
i 1L
Paschen
series
2 vy —3.40
Balmer
series
L]m}an
series

: X “ ~13.6
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2.4. Mo hinh Borh - 1913

=Ly thuyét Bohr vé nguyén t hydro
< Giai thich pho vach nguyén tir hydro

- Trang thai co ban : n =1 & Nang lugng E, = min
Trang thai kich thich: n =2, 3, 4... & Nang luong E_ > E,
Khi nhay ve trang thai ca ban —>Néng lugng phat xa tao

tia sang tan so 11
AE E E 5 o 5 —2_—2 hV
E; h n E; h n; 88 h h, n

n=3
V=me4 %—iE n=2 /
~ ~ 21.3 2 2
 Tanso 8e,h M, n; n=1 * N\ >
. AE = hv
+Ze

| O

A=
*  Budc song v

18



=y thuyét Bolzr vé nguyen tu hy

SO séng

Hang so Rydberg R, =

VR&

1

Budc séng

V____
A ¢C

— 88 ‘h°c _n;

=1096,78.10*m™

h’c

o

1 H-1096,78.10°HL - %E
n; [ n, [

m,

v =1096,78.10* ﬁi - 2i H= 8225850m™

=1
v

1
8225850

=1,215.10"m =121,5nm

19




2.4. Mo hinh Borh - 1913

-Day Balmer (viing nhin thay)
V= 109679,43@% - 31 H= 15233,25cm™

— 1 — -5 —1 — — N 2
= 523325 6,565.10°cm™ =656,5nm > Maiu dd
_ 1 1 B
V= 109679,43@2—2 - ? H= 20564,89cm
A= i = 1 =48637°cm =486nm —> Maulam
v 20564,39
_ 1 1 B
V= 109679,43@2—2 - 5—2 H= 23032,68cm
1 . .
= =4341.10°cm™ =434nm —> Maucham
23032,68
V= 109679,43@21—2 - 6—12 H= 24373,2cm™
1 _ _ <.
=~ =4102.10°cm™" =410nm —> Mautim
24373,2

20



-Vung hoéng ngoai

21

=Ly thuyét Bohr vé nguyén t hydro

—3.40

it

Bahﬁer

Series

Lyman
series

—13.6




» Nhuoc diém cla mau nguyén t Borh

Khéng mé ta dudc nguyén t& nhiéu electron

Viéc khao sat electron trong nguyén ti nhu phan tu
gian doan vai vi tri & toc do xac dinh nghiém ngat
Ket qua tinh tean khong phu hop vOi két

qua thuc nghiém

22



h Borh - 1913
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2.5. Mo hinh AO

2.5.1.Cac luan diém cua co hoc lugng tu
2.5.2.Y nghia cda cac so luong tu

2.5.3. Cau hinh electron trong nguyén tu

24



2.5.1.Luan diém cla co hoc luong t

“*Tinh chat séng-hat ctia cac hat vi mé
=Tinh chat song-hat cia anh sang
*Tinh chat séng

Anh sang truyén di
khobng gian voi van
toc ¢, budc song A

-y
i ‘
-~ \"_
B
Amplitude SN
\.' .
S
N n i
tan so V. :
'/
./"
/‘_:. !
T odes

Khi do:
C=AXV -V =

C
— @

25



*Tinh chat hat

-Ban chat hat clia anh sang -
thé hién 6 hiéu ung quang dién:
. . hV
E=hv (2) ——>m=?
-Nam 1903 Einstein tim ra hé thuc:
E =mc’ (3) -
*Tinh chat séng-hat y b
(1,(2,038 mc

Anh sang la mot hat (photon) co khoi luong m &
khi chuyén dong vdi toc do C se tao ra song A

26



2.5.1.Luan diém cla co hoc lugng t0

=Heé thuc De Broglie
1924, Louis De Broglie dua ra gia thuyét:

Hat vi mé cé khOi luong

m & khi chuyén ddng vOi 1 = h
toc d0 V sé tao ra séng - mV
truyén di voi bubc séng A

‘Hatvimd :ml1én  —sA ratnhd — > Khong c6 t/c séng

*Hat vi mo (electron) : m rat nhd —>A16n  —> C6 t/c song

27



Khéng thé xdc
dinh chinh xdc
dOng thoi vi tri

& tOc CzQ cua Ax: dO bat dinh vé vi tri
hat vi mo

Av,: d0 bat dinh vé tOc
do

W. Heisenberg
1901-1976

*Né€u V, chinh xdc—> AV, = 0 —

Ax > oo : x hoan toan bat dinh

28



2.5.1.Luan diém cla co hoc luong t&

“*Nguyén ly bat dinh cta Heisenberg

h 6,63.107*
2rinAv - 2%x314%9,1.107° %1

Ax 2 =0,17.10"m

TOng quadt :khi biét chinh xdc téc dd chuyén dOng clia hat vi
mo thi chi c6 thé tim du'gc xdc sudt cé6 mat cla né d cho ndo
do trong khong gian

29



2.5.1.Luan diém cta co hoc luong t

“*Phuong trinh Schrodinger

» Ham song

-Trang thai chuyén dong clia electron xunh quanh hat nhan
nguyén t’ (~diém M) & thdi diém t dic trung bang ham séng
‘/J(Xayazyt)

- Ham y c6 gié tri duong & am - w'>0 O
W' - xac sudt tim thdy electron tai mot diém
trong khong gian (mat do xac suat)

- Wldv -x&c suat tim thay electron trong yéu t6
thé tich dV ( ) dV =4rmr’dr

30



“*Phuong trinh Schrodinger

= Ham song

-Mién khéng gian gan hat nhan
nguyén td, trong d6 xac suat cé
mat electron khoang 90% goi la
may dién tu

-Moi ham w(x,y,z,t)

la mot orbital nguyén tu
(AO)

31




“*Phuong trinh Schrodinger

= Phuong trinh séng Schrodinger mé ta chuyen dong cua
electron xung quanh hat nhan (trong truong the nang U) tai
thoi diém xdc dinh t (hé o trang thai dung).

BT By =y |
Tmpex 3y’ i Viét gon:
A=62+62+62 la toan t( Laplace B
ox- 0oy 0z HW = EW
H=- h’ A+U 1a to4n tUr Hamilton
8m'm

h : hing so Plank  m-khOi lugng hatU: thé ning
E : ndng luong toan phan X, y, z : toa do cua hat
32



2.5.1.Luan diém cta co hoc luong A A

“*Phuong trinh Schrodinger

Giai phuong trinh Schrodinger dé tim ra ham g va nang
lugng E - xac dinh trang thai cua hat vi mé.

Muc tiéu:
P, Y, WP, P, Y
E, E, E, E, .. E

» M6i W Uing v6i m6t ORBITAL — viing khéng gian tim th&y electron.
» WY khong mé ta chinh xac vi tri cUa electron.

2

o W cho hi&t vie cudt fim thav electran 33 mdt vi trf v4e dinh



2.5.1.Luan diém cla ca hoc lugng tl

“*Phuong trinh Schrodinger

Ham séng W phu thuQc vao 3 s luong tl, dac trung cho
cau tric nguyén tUr

E86 luong tU chinh: n]

@m Q@ [So lugng 0 phu: | j

1 L ]

MOi hamséng ¥  la mOt orbital nguyén tuf

34



a. S0 lugng tu chinh (n)
=n chi so Ip electron

n 1 2 3 4 |
LGp K L M N | ...
Chu ky 1 2 3 4 | .

=X4c dinh ndng luong cUa electron
m- khoi luong cUa electron, kg

4 2

_—me’ z e- dién tich cUa electron, C
8’

z- sO proton trong hat nhan
£ -hang sO dién moi cla chan khong

35



2.5.2.Y nghia clia cac so lugng td

a. SO lugng tU chinh (n)
=X4c dinh nang lugng cUa electron

E=-2.18%x107" fl—z(J) =-13,6 E-fn;(eV) leV =1,602%x107°J
Trang thai kich thich: khéng bén —— Gidi phong ning luong

AE=E*—En=hv=h% n*>n

2 2
E= 13,6527—2—*2@eV)
[h n

=Nguyeén tUf nhi€u electron

n-chi mUc nang lugng trung binh cUa cac electron trong cing mOt
1Gp

36



b. SO lugng tU phu (1)
=]-chi phdn 16p
[1=0,1,2,3,4,...,(n—1) tdcla co n phan 16p

1 0 1 2 3 4 | ... n-1
Phaan S p d f g | ...
l6up

=]-cho biét phdn mUrc ndng lUOng cUa cdc electron

Nang luong cla electron tdng dan : ns —> np —> nd —> nf

37



2.5.2.Y nghia clia cac so lugng td

b. SO lugng tU phu (/)
=]-xdc dinh momen dbng luong M cua eletron
M = oxr
w=mV B
(w -tOc dd quay
r  -bankinh nguyén tir s
V  -tOc dO chuyén dOng cla ng.t(r
m -khoOi lugng electron -
M -vudng géc v6i mat phdng chlta WXT

38



2.5.2.Y nghia clia cac so lugng td

b. SO lugng tU phu (/)
=]-xdc dinh momen dbng luong M cua eletron
Gia tri ca momen dOng luong M = [€(€+1) %T
I- xac dinh hinh dang dam may electron
Orbital S : dang hinh cau
Orbital P : 2 qua cau ti€p xtic nhau ¢ hat nhan nguyén t

Orbital d : dang hoa mai 4 canh

39



25 atomic orbital 25 atomic orbital
1z atomic orbital node not shown node shown

40



p, orbital Py orbital

41

p.orbital

xy plane
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e y orbital

-y
4 ; ),

dxz—vz orhital d_ > orbital

dxz orbital d},z orbital

43



Orbital Shapes

Orbitals
per
Subleve

Lobes

per
Orbital

Z
y
z
a4
— b
dXZ

Seven complex shapes




2.5.2.Y nghia clia cac so lugng td

b. SO lugng tU phu (1)

n=1 co1 orbital s.

n=2 co 22 = 4 orbital = 1s + 3p

Cac dién t0' co cung mot gia tri I thi tao thanh mét phan 18p nang
lugng.

45



2.5.2.Y nghia clia cac so lugng td

c. SO lugng td to (m)

SO lugng tU tU m, ddc trung cho su dinh hudng cac orbital ngtlr
trong tU truOng va quyét dinh sO orbital c6 trong mOt phan 16p.

=Céac orbital trong mOt phan 1Gp

m =% kEc3 gid trl 0 - (2 [ +1) orbital

46



c. SO lugng td to (m)

=Hinh chiéu cla momen dOng luong

NI
N

SO luong tU tUr xdc dinh
hinh chiéu cia momen
dbng luong trén mot
phuong z cUa tU' truOng Hinh chi€ momen d0ng luOng
ngodi ,
Mz cuUa cac electron P (£ = 1)

47



d. S6 lugng tU tu spin (m )

*Chuy€n d0ng quay quanh truc
_, Chuyén d0ng spin
*Momen dOng lugng spin
M, = [s(s+1) - -
27T
s =15 : sO luong tU spin
=Hinh chi€u momen dOng 1ugng spin
h

MSZ = mS -~
2TT

m = +1/2: “e” tu quay xung quanh truc
cUa minh theo chi€u kim dong ho

m_= -1/2: “e” ty quay xung quanh truc
cUa minh theo chiéu ngugc kim dﬁr}lg ho

m




2.5.2.Y nghia clia cac so lugng td

d. S6 lugng t& spin (M )

m_ = +1/2 khi quay cung
chiéu v6i tU truOng ngoai

m_ = -1/2 khi quay nguQc
chi€u v4i tU truOg ngoai



Toum tat

1 | Orbita ml ms Soé orbital ng/tol | e toai
I Na
0 1s 0 +1/2, 2
-1/2
0| 2s 0 +1/2, 2
1| 2p ‘1,0, +1 -1/2 6
0 3s 0 2
1 3p -1, 0, +1 +1/2, 6
2 3d -2,-1,0, +1, +2 -1/2 10
0 4s 0 2
1 ap -1, 0, +1 6
2| 4d | -2,-1,0,+1,+2 | +1/2, 10
3 4f -3,-2,-1, 0, +1, -1/2
14
+2, +3 -



2.5. 3.Cau hinh electron nguyén t

“*Hiéu (ng chan va xam nhap

=P0Oi v6i nguyén tl chi c6 mOt dién tr thi chi c6 mOt luc tuong tac
gi(fa hat nhan mang di€n tich duong va dién tU mang dién tich
am.

=V&i nhitng nguyén tU ¢6 nhiéu dlen t(r thi mOi dién tCr trong nguyen
tU chiu tdc dung dong thdi cla hat nhan nguyén t( va cla cac

dién tU con lai. ]
* Su tuong tac day gilra cac dién t lam giam luc hit giCta hat nhan

v@i dién tU. —Luc tdc dung cUa hat nhan 1én elec tron giam di:
DPién tich hi€udung : Z*=Z7-0
o -Hiéu Ung chan.
* Céc dién tU bén ngoai ciing c6 thé xam nhap vao mUc ning luong
bén trong gan hat nhan. Hién tuong nay goi 1a hiéu Ung xam

~hAan o1
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Nguyén 1y bén ving

Trong mOt nguyén tU cac electron chi€m c( 1an 1ugt cac
orbital c6 nang luong tU thap dén cao

54




Quy taéc 1
(Klechkovski)

Nang lugng cac dién t& phu thuOc vao tOng gid tri cla (n + 1).
Gié tri (n + 1) cang 16n thi nang luong dién tU cang cao.

Céac dién t& dugc x€p vao 16p vO nguyén tU theo th( tU ting dan
cUa mUc ndng luong (n + 1).
Ne€u gia tri (n + 1) bang nhau thi x€p theo th( tU ting dan cla n.

55




f 4P

] 3

o )
-

| E*P | 3P

SRR s
5d

| 5f 2P

L | 2S

~aiil

R e -
1s < 28 <2p <35<3p <'4s <3d <4p <55 <4d <5p < 6s <“4f =5d < 6p <7s < 5f = 6d < 7p
4P
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2.5. 3.Cau hinh electron nguyén ti

“*Qui tac sap x€p cac dién t trong nguy i
Vidu : nguyén t0 Ti (Z= 22 )

Cau hinh :

57



2.5. 3.Cau hinh electron nguyén ti

Trong nguyén tU khong thé€ c6 hai dién t( c6 bon sO lugng t0 n, 1,

ml, ms giOng nhau.

Quy taéc 2 (nguyén ly ngoai trt caa Pauli)

MUuc SO SO lugng tU t0' m SO orbital | SO dién tU xép Ky hiéu dién t
nang lugng tuong dugc toi da theo cac phan 13p
lugng n ] Ung
1 0 0 1 2 1s
2 0 0 1 2 25
1 1,0, +1 3 6 2p
3 0 0 1 2 3s
1 1,0 41 3 6 3p
2 -2,-1,0,+1,+2 5 10 3d
4 0 0 1 2 4s2
1 1,0 41 3 6 4p
2 -2,-1,0 ,+1,+2 5 10 4d
3 -3-2,-1, 0 ,+1,+2,+3 7 14 4f

)]
oo




2.5. 3.Cau hinh electron nguyén ti

Quy taéc 3: quy tac HUND

Trong mOt phan 16p dién tUr thi cac dién t& duoc sap x€p trén
cac orbital thé nao cho sO cac dién t'r dOc than v&i sO lugng tUr
mS cung dau 1a 16n nhat.

cwez=6: [y N [1[1
NeE=7: 1y [ LT
oz=8)y [y 14 [UT[1

59
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