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7/a: Nguyén tu Hydro

7.1 Phé nguyén tlr Hydro

7.2 Phuong trinh Schrodinger cho Hydro

7.3 Nang lugng electron

7.4 Ham song electron

7.5 Mat do xac suat electron

7.6 Hinh dang dam may electron

/7.7 Spin electron

ongThanCong.com
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7/a: Nguyén tu Hydro

7.2 Phuong trinh Schrodinger cho Hydro
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N 7 2 Phuaong trinh Schrodinger

-

e Thé nang cua electron chuyén g
fa) A 4 8
dong quanh nhan: 4 Y
/ \
2 I

: x }

U=— \ & /

4re,r RN g

« Ham song dung cua electron
thoa phwong trinh
Schrodinger:

2
A(I)+2—m E+—S |®=0
h° Are,r
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7/a: Nguyén tu Hydro

7.4 Ham song electron
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7.4 Ham song electron (1)

e Ham song trong toa do cau co dang:

(I)nfm (r’9’ (9) — Rnf (r)Yfm (91' @)

e M0Oi ham séng hay trang thdi dwoc xac dinh béi
mot bo ba so lwong tw (n, [, m).

n=1,2,3..
[=0,1,2,..,.n—-1
m=0,t1,%2,..,x/

[: s6 lwong tir quy dao

m: so lwong tik tir
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S

<> 7.4 Ham song electron (1)

1 Cau truc nguyeén tur
> Tong sb electron chuyén déng quanh hat nhan: Z
Pién tich clia dién tr : - e
Pién tich tdng cdng cua dién tur: -Ze
bién tich cua hat nhan la : +Ze
O diéu kién thudng, nguyén tir trung hoa vé dién.

Nguyén tur Hydro.
1 Chuyén dong cua electron trong H
> Nguyeén tir Hydro chi co 1 electron.
> Chon hat nhan lam goc toa do.
> Thé nang tuong tac giltra hat nhan va electron

(Iuc hit Coulomb) A

4?1'5(]'3"

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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7.4 Ham song electron (1)

» Phuang trinh Schrodinger cho hat dién t cé dang.

: 2m 7Ze?
vz’b{? r —+_ —F E + "L"i’ Tf = {_]
/(") h? Ameor | (r)
» Chuyén hé toa dd de Cartesian sang hé toa do cau.
x = rsinfcosp
y = rsinfsin

z =rcosf

» Toan tu nabla trong hé toa do cau:

r : 92
V2 — = o (?‘Qi) 5 = ¢ (Siﬂ HE) + : .

r2dr \  Or r2sin @ 0f Kol r2 in? A Ow?
2 Iato
l 6‘1!)(?3 91 {P) ,,-2 31!)(?”1 91 (}9) L 1 @’gb('r, 91 (;.'J) sin ﬁaqp(‘ra 91 {P)
re or or r2 sin 0 00 o6

1 8%Y(r,0,p) o 2m. [E L Ze?
Amegr

]%b(?‘aé’,w) =0
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7.4 Ham song electron (1)

» Sur dung phuong phap phan ly bién s6.
P(r,0,0) = R(r) - Y (6, p)
» Suyra
1 d /[ sdi(r) 2me Ze?
—_— _— —— | B
R(z) dr (T dr ) " h2r2 [ o 4mreqr

— : o sin @
Y (0,p)sinf 08 )

5‘1’(9,@)] . 1 0%Y (8, p)
00 Y(0,p)sin?8 92

» Phuong trinh c6 nghiém don tri, giGi noi va lién tuc khi A xac dinh.
1 d [ ,dR(») 2m Ze?
2 ONGY |5, s
R(z) dr (T dr ) i e [ o ATeqr

1 %Y (0, ¢)

_
50 ]+Y(9, A

| 0 [sin 96}"(9, ©)

Y (8, p)sinf 00
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7.4 Ham song electron (1)

Nghiém cua phuong trinh vi phan co dang.

"abnfm(r: 63 90) i Rnf(r) ; }/f,m(aa ‘F")
S6 lugng tir chinh : 7 =1,2,3,---
SO lugng trorbital : £=0,1,2,3,--- ,n—1
S6 lugng tir tr e L b et L 0
Hang s6 A=£40+1)
» Trong do

Yim(0, 0) = \/ i ™ Py (cost)

e=xM1)"khim>0; e=1khim<0
Pa thic Legendre
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>

Trong do a, la ban kinh Bohr

4?1'69.&2
ag —

mee?

» Nang luong cua electron:

1 m.Ze* 1. Zht

Eﬂ. =— — —
n? 2(4meg)2h? n? 2mea’
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7.4 Ham song electron (1)

» Nang luong cua electron trong nguyén tir Hydro : Z=1
| mee* Rh

n? 2(4meg)2h? T

E,=—

Hang s6 Rydberg

mee?

m e S

= 3,27 x 10*°s71

> Két luan:
Nang luong cia electron trong nguyén tir H va trong cac Ion dong dang voi
no la gian doan va chi phu thudc vao s6 nguyén n.
n=1-lopK;:on=2-lopL; n=3->l6pM .
Nang lugng Ion hoa (nang lugng dé but dién tir ra khoi nguyén tr) 1a nang
luong dé dua electron chuyén tir trang thai E, |én E,=0:

mee?

g2 = 2185 107'°J = 13, 5eV
0

E=0-E =

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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= 7.3 Ning lugng electron (2)

e Khi electron chuyén tir mirc nang lwong cao vé
mot mirc thap hon, nguyén tr phat mot photon
co nang luvong:

4
gZE:En E = mze2 1 1
A >t 8gh

e va budc song:

1 me* (1 1 1 1
Emryer v ameel Bl Ry
A 8gih’c\ n] n, n, n,

ongThanCong.com
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o= 7.1 Ph§ nguyén ti Hydro (1)

e Cong thurc Rydberg:

1 1 4
=R ———5
nl n2

e n,=1,2,3,..

e R1a hangsé Rydberg

Scan;t;)d at tl:m American
Institute of Physics

Johannes Rydberg
(1854-1919)
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‘faf?s Mat do xac suat electron (1)

e Xac suat tim thay e™ trong mét thé tich dV:

[Rm(r)\z \lﬁmf(é',co)ﬂdV

e Xac suat tim thay e~ trong mot vo cau co bé day

:

R, (r )\2 r%jr Mat do xac sudt
e Xac suat tim thay e~ trong moét géc khoi dQ:

Mat do xac suat

theo khoang cach

2 Mat do xac suat

U}Grn(‘g‘@ﬂ ) theo goc khoi
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-

7.1 Pho nguyén ta Hydro (2)

n Quydao Bankinhqd r,=n’r, r,=53.10"m Ban kinh Borh

6 P r. =6°r, S tim
5 @) r. =5%r Y cham ‘ Pfundt
5*-—' ™7
4 N r, = 4°r, f lam Brack
3 M r,=3°r @ do || lpaschen
_2 |= r9 = 22 I‘n vvv1 Balmer
1 K I :12 Iy wwlLvman
hc
— —IE—E;
A

Vd. 5,6,10,11,13, 1.1 7, 19, 24, 28, 32,33, 35, 39. . smeema

ieudientucntt
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Electron co thé:

bi kich thich dén mic NL cao l

“hon E1->2->3,...

4

giai phong NL dé tré vé muc
thap hon E...->3,->2->1

NL dugc xd bdi (n,l,m,j) => Qui ludt chuy&n murc NL:

i

1. Chi xét dén n (s6 lugng tu chinh): An=0

l

2. Chi xét dén ca n va | (sO lugng ti quy dao):An=#0 Al =41

3. Néu dat 2. vao tu trudong
ngoai (ko tinh spin) thi phai
c6 thém qui tat chon lua cho
m (sO lugng tu tu): Am=0+1

4. NEu G 2. co tinh thém spin
(ko co6 tu truong ngoai) thi
phai c6 thém qui tat chon lua
cho j (s6 Ilugng tu toan
phan). AL=0.£1
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7.4 Ham song electron (2)

e O mdi trang thai xac dinh béi mot bd ba sb
lwong tw (n, [, m), electron co:

e nang lwong E :—13,6i2(eV)
n

e momen dOng lwong L= h\/l(l +1)

e momen d6ng doi véi mot truc z L =hm

Z
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e O trang thai c6 [ = 2
momen dong la:

L=nJ2x3=1J6

e Hinh chiéu momen dbéng
trén truc z:

L, =mh
m=-2,—1,0,1,2

e L chi c6 thé c6 mot so
huwdong xac dinh - sw
[trong ttr hoa khong gian.

e Vd. 40,42,44 50

Vong tron
ban kinh L
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L IL| = \/6A
L, = 2h o%h
%
L=*%| 7
L.=0| 0
L = —h —h

—2h

I, =—2 F——=
[ e-s

Trong khong gian vecto L nam trén moét mat ndén va
quay quanh truc z.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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e« Dé bdo toan momen dong, electron chi c6 thé
dich chuyén gitra cac trang thai co:

Al =%x1
[=3 [=2 [=1 [=0
n=4
[=2 [=1
n=3
n=2 =
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, 4*, N ? - - YA
w2  Nguyen tu kim loail kiem

-
-

Nguyén tur kim loai kiém
1 Nang lugng cua electron hoa tri trong nguyén tur kim loai kiém.
> Kim loai kiém : Li, Na, K, Rb, Cs... ¢ cau truc Ic’ip dién tr ngoai ctlng giong vai
nguyén tir H — chi cd mot electron & vong ngoai cung.
> Dién tr ngoai cung dudc goi la dién tir hoa tri.
> Phan con lai goi 1a 16i nguyén tur (hat nhan va cac dién t khac). H
> Tuong tac giira dién t hoa tri va phan I6i nguyén t rat yéu.
Tinh chat hoa hoc, quang hoc clia cac nguyén tir kim loai
kiém V€ cd ban giong vdi nguyén tir H.
> Nang lugng cla electron hoa tri trong kim loai kiEm gom
Nang lugng lién két gilra electron hoa tri va hat nhan
(gibng vdi nang lugng cua electron hoa tri cia nguyén tlr H).
Nang lugng lién két gilra electron hoa tri va cac electron
khac trong nguyén tur. 1

B -
T A 2(4m0 )22
Phan b chinh phu thudc vao s6 lugng tir orbital £ .

CuuDuongThanCong.co https://fb.com/tailieudientucntt
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my A

Nguyén tu kim loai kiém

o g »
2 ¢ -
R > L

> Bang gid tri phan bé chinh.

Z Nguyen to A 4, Ag Ar

3 Li 0,412 0,041 0,002 0,000
11 Na 1,373 0,883 0,010 0,001
19 K 2,230 1,776 1,146 0,007
37 Rb 3,195 2,711 1,233 0,012
55 Cs 4,131 3,649 2,448 0,022

> Ky hiéu cac mdc néng lugng: nX.
t=0=X=9 (&Nl =>X="P (=02 X7

n / Trang thai M(c nang LSp
lugng
0 1s 15 K
P 0 2s 285 L
1 2p 2P
3 0 3s 35 M
1 3p 3P
2 3d 3D

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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my A

Nguyén tu kim loai kiém

M0i I8p K, L, M, ... dudc chia thanh cac Idp con S, P, D...
Mbi I8p con cé 2(2¢ + 1) electron.

n=1:co motIdp con S, s electron toi da la 2 tuang U’'ng va&i £ = 0
n=2:cohaildpconSvaP

L3p con S tuong i'ng véi £ = 0 cd 2 electron.

Ldp con P tuong U'ng vGi £ = 1 ¢ 2(2+1) = 6 electron
n=3:c03I16pconS, PvaD.

Lép con S tuong U'ng vai ¢ = 0 co 2 electron.

L3p con P tuong t'ng véi £ = 1 cd 2(2+1) = 6 electron

L&p con D tuong Ung vai £ = 2 co 2(4+1) = 10 electron
n=4:c64l6pconS,P,DvaF

L3p con S tuong ’ng véi £ = 0 co 2 electron.

L3p con P tuong (ng vdéi £ = 1 cd 2(2+1) = 6 electron

L3p con D tudng Ung véi £ = 2 cb 2(4+1) = 10 electron

L3p con F tuong ing vai £ = 3 ¢d 2(6+1) = 14 electron

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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my A

“>. Nguyen tu kim loai kiem
B ——————
1 Quang phd clia cac nguyén tir kim loai kiém.
> Viéc chuyén mic nang lugng phai tudn theo quy tic chon loc:
AN ]
> V@i ¢ =0 tudng i'ng vdi mic nadng lugng 2S: chi cdé cac muc nP

(V8in=2,3.4,...) mbi cd thé chuyén vé mrc 2S.

> V6i ¢ =1 Cac muc cd thé chuyén vé mdc 2P 4F
la nS va nD. 4P
» D&y chinh: c6 cac vach tuan theo cdng thic 45 3
PGivdiLi v =25 —nP, 3D e
ol v e (d)
bGivéiNa v =35 — nP

> Day phu II: cd cac vach tuan theo cong thiic 35
PéivéiLi v =2P —nS

DoivGi Na v = AP —nS 2P VAV VAV
> Day phu I: co cac vach tuan theo cong thutc e =
v =2P —nD bl el

> Day cd ban: co cac vach tuan theo céng thic 2.5
v=3D — nF

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Y ..

== 7.4 Ham song electron (5)

n=4;1=3; F
n=1, 2, 3, 4,..x. Rh
En,l = — > n=4;1=2; D
1=0,1,23,..n-L. (n+4) 11
\L \L \L \L n=4; 1=0; S
AI _ il n=3; 1=2; D —
S P D F _2 1=4{p Co ban: 3D --- nF
n=3;1=0; S
n=2;1=1; P Phu I: 2P --- nD
Phu ll: 2P --- nS
n=2;1=0; S
n=1:1=0; S Chinh: 2S --- nP

n=4

=0

LT
IR
IR

hfimbcomiafpdea® 2 .1 01 2 3

Vd.72
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my A

Nguyén tu kim loai kiém

1 Moment dong lugng (moment orbital).
Electron chuyén déng khdng cé quy dao
Vector moment dong lugng cua electron I, khong cé hudng xac dinh.

Gia tri cila moment dong lugng cua electron lai la mot dai lugng xac dinh va
no nhan cac gia tri gian doan:

L a0l 2

Hinh chi€u theo phuong z cla vector moment dong lugng cua electron ciing
bi lugng tir hoa
L =Sk g = sl D L]

1 Moment tu.
> Electron chuy&n déng quanh hat nhan sé tao thanh dong dién, dong dién nay
c6 moment tu:
= t =
fi=—5—L
.

https://fb.com/tailieudientucntt
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. 4*_ N ? - - = A
w2 Nguyen tu kim loai kiem

-
-

> Hinh chiéu theo phuadng z cia moment tur:

e 7 eh
e - = = —m
o 2M, 2m., e
P —923 9
Maneton Bohr: 4B = — 10 <2 ACNY

(&
Hinh chiéu moment tu’ cda electron chuyén déng quan hat nhan 1én mot
phuong bét ky luén bang sé nguyén Ién cda mét dai luong khdng doér
maneton Bohr, nghia la no bi luong tu’ hoa.
1 Hiéu ’'ng Zeeman
> Khi nguyén tir phat sang dat trong tur trudng, vach quang phé bi tach tanh
nhiéu vach nam sat nhau.
> Su tach vach phé tuan theo quy tac loc lua :
N =) B
> Moi mdt vach phd bi tach thanh 3 vach, vach & gitra trung véi vach cii (vach
khi khéng cd tu trudng).

alalem ] A L/
https://fb.com/tailieudientucntt
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7.4 Ham song electron (5)

- 4: L
|=>m=0,+£1,+2,..., £l -m AE =muw. B n=4; 1=3; F
= — ) == = =) 00 == Lo :>,le— ILlB = — ll’lB'
Am = O; il :10—22 Am2 n=4;1=2; D
He T E=E+mu,B
5 He n=4.1=1:. P
m=
_ . E,-E Am n=4;1=0; S
m=1 f'= 2 1 + HBB
m=0 h h
m=-1 n=3;1=2; D Co ban: 3D --- nF
m=-2
n=3; 1=1; P
= _ .
m=0 n=2;1=1; P n=3;1=0; S w Phu I: 2P --- nD
m=-1 Phu II: 2P --- nS
n=2; 1=0; S
n=1:1=0; S Chinh: 2S --- nP

Vd.43

n=4

=0

LT
IR
AN

hfimbcomiafpdea® 2 .1 01 2 3
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my A

= Nguyen tu kim loai kiem
1 Khai niém Spin:
> Trén thuc t&, cac vach phd khong phai la cac vach dgn ma né dugc hgp thanh
bdi nhiéu vach nhé. Cac vach pho nay goi la vach pho kép.
Vi du: vach phé mau vang ctia Na gém 2 vach c6 budc séng 5890 A4° va

5896 A°.
> Thuc nghiém chirng té rang: moment tir I6n gap 2 [an so vdi ly thuyét:
. e - .
g s
Me 2m.

> Moment tU lién quan dén su’ chuyén ddng quay cla cac hat mang dién:
Chi st dung su’ chuy&n ddng clia electron quanh hat nhan khdng thé giai
thich dugc hién tugng nay.
Ngudi ta gia thiét rang, electron cé thém phan chuyén ddng tu quay quanh
mot truc riéng cua nod.

Thanh phan dong gop vao moment tu' sé co thém thanh phan moment
spin, moment spin dong vai tro nhu moment dong lugng riéng.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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my A

Nguyén tu kim loai kiém

o g »
2 ¢ -
R > L

Hinh chi€u cia moment spin:

. h 1
S :i§:m3ﬁ; mszi§

m_: SO lugng tur hinh chiéu spin.
Spin la m@t khai niém thuan tay lugng tur, khdng co khai niém spin trong co
hoc c6 dién. Gia tri cia moment spin:

1
S = /s A; s
s: SO lugng tur spin.

Hinh chi€u cia moment tu riéng cua spin trén truc z:

eh

Hy = FpB = Fo—
2m

Vector moment tu:
— 6 =
fs = —S
M

Gia tri nay hoan toan phu hdp vdi thuc nghiém

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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. 4*_ N ? - - = A
w2 Nguyen tu kim loai kiem

s
« Trang thai va ndng lugng cua electron trong nguyén tu:
> Moment toan phan cla electron:

— —

J=L+ S
> Gia tri cla moment toan phan
J = /301
> S0 lugng t&r moment toan phan :
| SO\ —
=65

Trang thai clia electron trong nguyén tir dugc xac dinh bdi 4 s6 lugng tu:
. L om. m,
» Cac tudng tac:
Tuong tac gitra moment tu quy dao va moment tu riéng
Tuong tac gilra cac moment tUr riéng clia cac electron trong nguyén tir.

Khi tinh dén spin, cé thém phan néng Iugng bd sung phu thudc vao hudng
cua spin.

Nang lugng toan phan cua electron trong nguyén tir phu thudc vao 3 s6
Defaleliaie o 0

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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my A

Nguyén tu kim loai kiém

- e »
- -
- - .

> MOi mirc ndng lugng trudc day bi tadch thanh hai mdc tucng (ng V4

1
2

. ' .
Cau truc nang lugng nay goi la cau truc té vi, khoang cach gilra hai murc
nang lugng nay khong IGn [am.
> Ky hiéu cac méic néng lugng clia electron: 1 * X
SO lugng tur chinh: n=1,2,3,---
Chi s6 2 thé hién cdu tao bdi kép clia mirc ndng lugng.
Cactrang thai X=S,P, D, ... tuonging vsi ¢ =0,1,2,---
SO lugng t&r moment toan phan
1
e

> Ky hiéu cho trang thai cta electron hoa tri: nz;

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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my A

Nguyén tu kim loai kiém

- -
-, -
- - >

> Bang cac trang thai va cac mirc ndng lugng cua electron hoa tri trong nguyén
tir H va kim loai kiém.

. / . Trang thai cua electron MU(rc ndng lugng
J héa tri (v6i hé s6 -h)
1 0 +1/2 1siq/0 12519
0 =il 2 2541/2 2S5
Z 1 { 1/2 21 /2 2 E
3/2 2p3/2 2 2P3/2
0 1D 2541/2 22841/
1 1/2 P1/2 3 2Py
3 3/2 3D3/2 3 2P3/2
, 3/ 3d3/2 3 *D3/y
5/2 3ds5 /2 3 “Ds/s

https://fb.com/tailieudientucntt
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¥ Nguyen tu kim loai kiem
. C4u tao bdi ctia vach pho:
> Tuong tu dobi vai s6 quy tac chon loc doi vdi so lugng tir quy dao, khi electron
chuyén murc ciing phai tuan theo quy tac chon loc ddi vdi s6 lugng tir ;.

A =10 41
> Vi du: Xét chuyén mirc ciia ddy chinh (A4 = —1):v = 2S S
A4j=0, ta cé . e g
741 = 81/2—3 P1/2 3P ':\
. . . s B
Aj=-1, ta co: 1 /2
vy = 2 281/2 9 2P3/2 28 v A2 9 281/2
» Xetvach: v =2P — 3D 5
. , e S DL
Aj=-1,taco 2D
vy = 2 2191/2 - 2D?,/z . 32D
Aj=0, ta co: \ 3/2
2 2
ih =2 L8 =) B
Aj=1, ta co: 2P '
L’2:22P3/2—32D5/2 N

9P
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7.4 Ham song electron (5)

n=4;1=3; F
L:h»\ll(l'f‘l) LZ :mh :|»J _h J J+1) n=4;1=2; D
S=n \/ S(S +1) Sz - msh 1 n=4:1=1: P
s=1/2 ms='_|'1/2 jz‘l iE‘ A_]ZO, +1 n=4:;1=0: S
3D5/2 / n=3; 1=2; D Co ban: 3D --- nF
3Dz12 n=3;1=1; P
2F’3,2 n=2; 1=1; P n=3;1=0; S w Phu I: 2P --- nD
Phu ll: 2P --- nS
2F>1/2 n=2; 1=0; S

n=1;1=0; S

Chinh: 2S --- nP

Vd: 51, 52. 54. 70, 62:63:=69-

n=4

=0
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Nguyén tu kim loai kiém

- e »
- -
- - .

. Nguyeén Iy loai trir Pauli:
O mdi trang théi lugng tr xac dinh bi 4 s6 lugng tr 1, ¢, m, my
chi co thé co toi da mot electron.

> TU cdng thirc tinh s& cac trang thai lugng tir cUa electron (tng véi moi gia tri »
n—1

Z(% + DI n?
¢=0
N&u tinh dén s6 lugng tr spin, moi mot gia tri l, co hai gid tri ms = £1/2
tirc la co 2r? trang thai lugng tr. Tuc la véi moi gia tri » co toi da 2»?
electron.
» Cac Idp electron quanh hat nhan:
n =1 tuong ung vai I6p K, cd toi da 2 electron.
n =2 tudng Ung vdi Idp L, co t6i da 8 electron.
n =3 tudng U'ng vai I6p M, co t6i da 18 electron.
n = 4 tuong ung vdi I6p N, cd toi da 32 electron.
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w2 Nguyen tu kim loai kiem

Khai niem veé hée thong tuan hoan Mendeleev
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LGp
LSp con

Nguyén to

—
0p
ND
0p)

2P 3S 3P 3D

H
He
Li
Be
B
&
\
@)
F
Ne
Na
Mg
Al
Si
P
S
Cl
Ar
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