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1. CHUONG 1: CO SO HOA LUQNG TU
1.1. Gi6i thiéu chung

Vat li hoc ¢b dién la phén vat li khong ké dén thuyét tuong ddi cua Einstein
va thuyét luong tir caa Planck, nd duwa trén hai hé thong li thuyét co ban 1a co
hoc cua Newton va thuyét dién tir cua Maxwell.

Vit 1 hoc ¢6 dién cho két qua phu hop voi thuc nghiém ddi véi cac hién
tugng vat 1i ma ngudi ta da biét dén cudi thé ki XIX, né 1a hé thong 1i thuyét
hoan chinh va chat ché trong pham vi tng dung cua no.

Pau thé ki XX, c6 nhiing hién twong vat 1i khong thé giai thich dugc bang
cac li thuyét cua vat i hoc ¢6 dién nhu: hiéu tng quang dién, hiéu Gng compton,
quang phd nguyén ttr, tinh bén cua nguyén tir, birc xa cua vat den. . .

Co hoc lwong tir (quantum mechanics) ra doi dé nghién ctru vi hat, xay
dung trén co s& céc tinh chit va dic diém chuyén dong cua vi hat. Co hoc luong
tir 1a 1i thuyét cta nhitng hé nguyén tir va hat nhéan, chung c6 kich thudc ¢& 107
dén 10"°m. Nhitng hat c¢6 kich thudc nhu vay dugc goi 1a nhitng hat vi mo.

Hod lwong tir (quantum chemistry) 1 viéc ap dung co hoc luong tir dé giai
quyét cac bai toan hoc hoc. Hod hoc lugng tir ¢3 anh huong sau rong dén tat ca
cac linh vuc cta hoa hoc. Cac nha hoa 1y di ap dung hoa luong tir dé tinh toan
cac thong s6 nhiét dong hoc (nhiét dung, entropy) cta chat khi, giai thich cac
tinh chat cua phan tir nhu: do dai lién két, gbc lién két, momen ludng cuc, sai
khac ning luong giita cac dang dong phan, x4c dinh cac trang thai chuyén tiép
(transition states).

Ngay nay, c6 rat nhiéu phian mém tinh toan trén co sé lugng tir. Cac phan
mém nay duoc sir dung rong ri, khong danh riéng cho cic nha hoa lugng tir.

1.2. M6 hinh nguyén tir Rutherford
Khi electron chuyén dong xung quanh hat nhan trén mot quy dao ban kinh

1, s€ ¢O can bang gitra suc hut tinh dién va lyc ly tdm

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Piec



my’ _(Ze)e , V2 Ze’
r P2 mr

2
Dong nang cua electron dugc tinh: 7 = %mvz = ie
N

2
Lyc hut tinh dién giita hat nhan va dién tir dugc tinh: F=25
T

Goi A 13 cong can thiét dé di chuyén electron tir khoang cach r dén vo tan,

ta co

00 0

T Ze? ,7 1 ,| 1
A:J-r—zdr:Ze j—zdrzZe

r r

r

Nguoc lai, khi electron chuyén dong tur o dén khoang cach r ddi véi hat
nhan, electron s¢ thuc hién dugc mdt cong A, nang luong giam di mot lugng
dung bang nhu thé. Goi U, 14 thé ning cia electron ¢ vo cung, U, 1a thé ning cua
electron ¢ quy dao c6 ban kinh r.

Ze’

r

U =U,-A=U, -

Quy u6c U, = 0thi thé ning cua electron trén quy dao véi ban kinh r sé la:

3 Ze’

r

U =

r

5 ) A Ze*  Ze® Ze®
Nang lugng toan phan:  E, =7 +U, =—-"—=—
2r r 2r

Electron giam ban kinh mot cach lién tuc, electron s€ roi vao hat nhan!
1.3. Ham song, phuong trinh song Schrodinger
Co hoc lugng tir thira nhan (tién dé 1): Mdi trang thai ciia hé vat 1y vi mo
dugc dat trung béng mot ham xé&c dinh phu thudc vao toa do va thoi gian W(r,t)
dugc goi 1a ham séng hay ham trang thai. Moi thong tin vé hé lugng tir chi c6
thé thu duoc tir ham song ¥(r,t) mo ta trang thai cua hé.
Phuong trinh séng Schrodinger c6 dang:

87°
h2

v+ E_ Uy =0 (1)

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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(Toan tur Laplace)

Y 1a ham song mo ta trang thai dung. Ham song 1a mot ham toa do khong
gian Y(x,y,z); m: khoi luong hé; E: nang lugng toan phﬁn, U=U(x,y,z): noi
nang.

Giai phuong trinh Schrodinger tim dugc ham song ¥ (ham riéng) ddc trung
cho trang thai dirng va gia tri nang lugng E (tri riéng) tuong tng.

Xéc suat tim thay vi hat trong phan thé tich dV chung quanh mot diém nao
doé trong khong gian:

do=[¥[dV=P¥*dv (2)

Va mat do x4c suét: do _ |‘P|2
dv
Néu lay tich phan trong toan bo khong gian, thi xac suat nay sé& bang 1

j|\11|2dv=1 (3)

Pay la diéu kién chuin hoa ctia ham song, ham séng thoa man diéu kién
nay duoc goi 1a ham dinh chudn hay ham chudn hod.
Ham séng P can thoa man céac diéu kién sau:
¥ 1a ham gidi noi vi sac xuat khong phai 1a vo tan
-V 1a don tri
- lién tuc vi mat d¢ sac xuat 1a lién tuc
1.3.1. Ham séng toan phan, d6i xirng, phan doi xing
Trang thai ciia hé duoc md ta bang ham song ¢ trang thai dimg W(q,q),
phu thudc toa do cua hai vi hat 1 va k. Khi hai hat 1 va k ddi chd cho nhau ham
song tuong ung la ¥(q;,qx) va ‘Y (qw.q)-
Theo nguyén 1y khong thé phan biét cic vi hat thi trang thai ctia hé trudc va
sau khi d6i cho 1a khong thay ddi, tic 1a sac xuat twong tmg s& khong thay doi.

Y2 (q,.9,)=Y"(q,.9,) 4)

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Pirc



¥(q,,9,)="Y¥(4;.9,) (5)
¥(4,,9,)=-¥(4:.49,) (6)
Ham song (6) khong d6i dau khi cac hat ddi chd, goi 1a ham song toan
phan doi xirg. Ham song (7) 1a ham song toan phdn phdn doi xitng. Néu c6 N
vi hat, ham song toan phan 13 ¥(q1,q2,qs, - . ..qn), 8& c6 N! 1an d6i chd.

1.3.2. Nguyén Iy chdng chit cac trang thai

Néu hé lugng tir c6 thé & nhitng trang thai mo6 ta bdi nhiitng ham song Wy,
¥,, P . . . thi nd ciing co thé & trang thai biéu dién boi mot ham song ¥ viét &
dang t6 hop tuyén tinh ctia cac ham song trén
Y=CV¥ +C,%¥,+..+C¥,
1.4. Toan tir trong co hoc lugng tir

1.4.1. Cac dinh nghia vé toan tir

Toan tir 1a mot ky hiéu tac dong toan hoc tong quat L. Khi thuc hién 1én
mot ham s6 u(x;,x,, . . .,X,) €0 cac bién s6 Xy, Xa,. . . , X, thi s€ thu dugc mot ham

song maéi v(Xy,Xa, . . .,X,) cling phu thude x;,x,, . . ..X,.

Lu(X1,Xa,. . »Xn) = V(X1,X2, . . Xyp)

Vidu: L _9 . u(x)=x"+a
ox

L= i()c2 +a)=2x=u(x)
ox

*Toan tir tuyén tinh: L goi 1a tuyén tinh néu thoa man diéu kién
ﬁ(Clul + CzU2+. Lt Cnun) = Clﬁul + Czillz +...= C1V1 + C2V2 +...
U, W, . . . 1a cac ham bat ky

Cy, Cy, . .. 1a cac hé 50
Toan tir loai nay : phép nhan, vi phan cap 1, 2, . ..

*Tong cac toan tir: Tong cac todn tir A, Bla mot toan tir Csao cho

két qua tac dung ctia nd 1én mot ham tuy y bang tong cac két qua tac dung cac
cac toan tir 1én ham do.

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc



C=A+B néu Cu=Au+Bu

#Tich cac toan ti: tich hai toan tir A, B 1a toan tir C hodc C' sao cho

Cu= A(ﬁu)
C'u = B(Au)
*Toan tir tuyén tinh ty lién hop
L goi 12 toan tir tuyén tinh lién hop néu thoa man
quﬁ.uzdx = J‘uz.fjufdx

u; 12 lién hop phitc cuia u;, L' 1a lién hop phirc cia L .

Vidu: L=i— thi L'=-i—

Vidu: L=X, Lu=Xu=xu

*Toan tor dong luong

Ky hi€u p,p=-iav
Vi n=- ; V _0,0.,2 (toéan tir Nabla)
2z ox Oy Oz

Toan tir dong luong c6 cac thanh phan

2 8 2
po——in": po——inl p——inl
P o’ P > L oz

*Toan tir dong nang

Céc hat vi mo, dong nang xac dinh bdi

2
mv

1 2 2 2
T= =—I(p, +p, +
S "o PPyt

Két hop cong thirc trén ta c6

1 0° o 0o n’

-— +—+
2m(6x2 oy® oz’ 2m

*Toan tir thé nang i =u(x,y,z)

Y =V =

(7

Bai giang Co s6 Ly thuyét Hod hoc

TS. Lé Minh Puc



*Toan tir ning luong toan phan

Ning luong toan phan bang tong dong ning va thé ning

2
H=T+U=- h2 Vv2+U, H latoan t&¢ Hamilton
8.7°.m
. ) 87°m
Taco: VY+——(E-U)¥Y=0
h
HY =E¥ Phuong trinh Schrédinger

1.4.2. Biéu dién mot dai lwong vat Iy

Thira nhén céc tién dé

Tién dé 2: Ung vGi mot dai luong co hoc L ¢6 mot toan tir lién hop L tac
dung 1én ham song . Khi d6 giita cac toan tir ciing c6 nhitng hé thirc gibng nhu
cac hé thuc gitra cac dai lugng co dién.

Tién dé 3: Tap hop nhiing tri riéng cua toan tir £ 1a dong nhat véi tap hop
tat ca nhirng gié tri kha di cua dai luong co hoc L.

Tién dé 4: O mot trang thai cua hé luong tir dic trung bang ham song ¥
thi gia tri trung binh L cta mot dai lwong co hoc L (toa d, dong luong . . .)
duoc xac dinh:

L= j ¥ L Wdx
Theo tinh chétlign hop: L =[PL*W*dx  (8)
L*=[W*Lwdx  (9)

Va do do L=L*

Vay mot dai lugng vat 1y duoc biéu dién bang mot toan tir tuyén tinh ty
lién hop thi d6 1a mot dai lugng thyec.

1.4.3. Phwong trinh toan tir tong quat

Mudn xac dinh duoc dai lugng vat 1y nao d6 cua hé vi hat, thay L béng
toan tur tuong rng vao phuong trinh:

LV =LY

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc



Vi du: tim E, thayl bang toan tir Hamilton. Phuong trinh thuong la
phuong trinh vi phan tuyén tinh thuin nhat ¢ nhiéu nghiém. Ham ¥ phai thoa
mién cac diéu kién: gid1 ndi, don tr1 va lién tuc dugc goi la cac ham riéng cta

toan tr L . Gia tri L twong ing v4i moi ham riéng goi 1a tri riéng.

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc



2. CHUONG 2: CAU TRUC ELECTRON NGUYEN TU
2.1. Nguyén tir H va ion giong H
2.1.1. Phuong trinh Schrodinger
Goi M la khoi lugng cua hat nhan nguyén tu; Z. 1a dién tich, Z 1a sb thir tu
trong nguyén td trong bang hé thong tudn hoan, m 1a khéi luong cua electron cd
dién tich l1a —¢.

Ze’
r

Tuong tac hat nhan-electron: U, =—

M >>m, nén xem hat nhan ding yén, electron chuyén dong. Phuong trinh
Schrodinger tong quét

2 2
87 m(E+Ze =0

VY +—
h r

U(r) chi phu thudc khoang cach hat nhan-electron. Biéu dién ¢ toa do
(r,0,0) thay cho toa do cau.

2 2 2
10y, 1 0 (Gnplhy, L 0T 8rmp, 2 yp_g
r Or or r-sin@ 06 060" r-sin” 0 0¥ h r

Y phu thudcr, 0, ¢ : W¥(r,0,p) = R(r).0(0).0(p)

2.1.2. Orbital nguyén tir (AO)

Ham séng ¥, (r.0,0) =R (r).Y, (6,9) md ta chuyén dong ctia mdt electron
trong truong luc hat nhan nguyén tr dugc goi la orbital nguyén tor (Atomic
orbital-AO). Ham song dic trung bang tap hop 3 so luong tir n, 1, m.

-Mot gia tri ctia n thi ¢6 n® ham song ( n> AO), img véi mirc nang luong

13,6
E, =——+(eV)
n

-Mot gia tri cta I ¢6 21+1 gid tri cua m, ng vdi 21+1 ham song
-Trang thai c6 nhiéu ham séng tng véi mot mirc nang luong goi 14 trang

thai suy bién. S6 ham song goi 12 d6 suy bién.

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc



Bang 1.1: Cac ham song cua nguyén tdt H (véin=1, 2, 3)

Cic s0 lugng ur Ham séng Phin gdc
_ Phan bdn kinh R, ¢ (r)
n 14 m W £ w(r9.0) Y ¢ w(0.9) = 0O ¢ ,(0).D,(0)
I 0 0 Wion = W, 2e” |
JVan
(2-ne"? 1
2 0 0 Wagn = Wi, 242 m
B Bz
2 1 0 Waro = Wap, mtt)h()—ﬁ.T
2 1 1 Wan = Wap L r.e”? V3 sinOcosg = ﬁl
2J6 Jan dn T
2 I Loy =y, ﬁ-sm(}sm{p- ﬂi
Jan 4n 1
2y i —1
300 1 0 y=ws ads B sre20e
v
——‘6 cosl = -‘—h—i
3 | 0 Wi = Wiy, 4n B \/E r
ﬁ sinllcosp = —\-{3 X
3 1 1 Wi = Wapy % J;[ in0cosgp = J_n . r
(6r — e
81“6 V3 sinOsing = V3 Ee
3 I I Wi = Wapy JE L \/E r
ﬁ !; "]{_2 - r:’
3 ) - L
3 2 0 Wi = Wiy,? 16T (eow ) Ve \/I(‘ﬂ IIE
3 ) l -—6—- sinOcoslcosp = J_ Xz
Wi = Wi n \[4?1: r?
3 2 1 J; sinOcosOsing = Jl > 2
p oy = . > I !
Wiy = Way, = #411 rZ
4 2,-r3
fr—- re - \/‘l—f_—} xz >
3 2 2 Wana= Wiy 8130 15 sin0cos2¢ = ——.——2-X-—
V16w \/[_67[ r
3 2 2 Wiz = Wagyy J JI_S A \/li Xy
sin“0sin2¢p = ———— -y
16m \,"rl_()n r

2.1.3. Spin va nang lwgng electron

Giai phuong trinh Schrodinger xuat hién 3 s6 lwong tir n, 1 va m. Tuy nhién

tap hop nay chuwa thé mé ta ddy du trang thai cua dién ttr trong nguyén ti.

Bai giang Co s6 Ly thuyét Hod hoc

TS. Lé Minh Duc
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Pé giai thich cAu tao kép ctia vach quang phd, nim 1925 Uhlenbeck va
Goudsmit dua ra gia thuyét vé spin va dua thém vao s luong tir spin dé mé ta
trang thai cta dién tr. Theo ho, ngoai momnen dong luong duge xac dinh bang
s6 luong tir 1, dién ttr con c6 momen ddng luong riéng hay momen spin.

Niam 1928, Dirac (Anh) dua vao thuyét twong déi ciia Einstein, tuong ddi
hoa co hoc luong tir va giai thich su tdn tai cla spin. Mt vai két qua duoc thé
hién:

+Momen spin dugc xac dinh: M, = /s(s+1).z v&1 s=1/2

Hinh chiéu M(z) ctia M 1én phuong Z cia trudong luc ngoai

M, =mg h vOi mg =£1/2 = *s
+Momen ddng luong toan phan M;,: xac dinh bo1 s6 luong tir ndi j
M, =+i(G+Dr v6i j=ls

J=1 £ 1/2: momen dong lugng orbital va spin la song song nhau

j=1— 1/2: momen dong luong ngugc chiéu nhau

Su ¢6 mat cua spin nén moi murc nang luong E,; dugc tach thanh 2 phan

muc nam ké nhau

E,j
*
| 1l
Enl Enj
+Momen tu orbital
ho=—M, = ch JA+1) =BJI+1)
2m 2.m,
eh
B :manheton Bohr B =
2.m,
+Momen tur spin Ll u, = LMS

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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Ning luong cia electron khong tinh dén spin

2.7r2.me.e4
. £ . 2.7 m et 2
Khi tinh dén spin £, =-=" "< 11 % b3
Y n’.h n| . 1 4n
_+_7
2
2
= 27e = Lhé sO cau truc tinh vi
h.c 137

E,; phu thudc s6 lwong tir ndi j, j. Khi e chuyén dong tir mirc n’ dén n:

E.' E.
v=—t——2=T, -T,
he he

Véi quy tic Al =+1;4j = 0,+1

Ty (Toyp): s6 hang quang phd

Khi ¢6 chuyén dong tu quay quanh truc cua electron (dic trung bang sd
lugng tir spin mg khac %), ham song toan phan s& dugc bicéu dién bang mot tap
hop 4 $6 luong tr: m, n, 1 va m, - phu thudc vao toa do khong gian (r, @, 0) va
toa do spin o

Frimms (1, @, 0, 0) = ¥u(q)
Do 2 electron chuyén dong doc 1ap nén c6 thé tach lam 2 ham
Frimms (1, 0, 9, 0) = ¥(r, 6, ©).xms(0)

Yms(0) khong phai 1a mot ham todn hoc. Nhu vay véi mdt ham toa do

khong gian W, |, s€ c¢6 hai orbital toan phﬁn WYoimizvaWYaoim-1
2.2. Nguyén tir nhiéu electron

2.2.1. M6 hinh hé cac electron dgc 1ap

Thira nhdn: Mbi electron chuyén dong doc 1ap véi cac electron khac trong
mot truong trung binh c6 ddi ximg cau (truong xuyén tam) dugc tao ra boi hat

nhan va cac electron khac.

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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Vi n electron doc lap, ham song mo ta 1a ¥(7,7,7...7,) thod man phuong

trinh Schrodinger Y = E¥

P h? , —, 0 0* & e~
T=)>» — V:,Vi= + + s U=u(r,r,,r,...,r,
Z,-: 87°m, ' ox! oyl oz} (77, )

Electron chuyén dong doc 1ap nén
u=u(n,n,n,..,r,) =Y 0)Y,7").Y,(7)
Aef 40, 4. +1,
E=E +FE,+..E,
MBoi electron i chuyén dong tuong Gmg voi phuong trinh Schrédinger

HY,(7)=EY,(F)

n h?
H, =——5—V* +u,(7)
87°m,

Ham ¥(#,7,,..7,) khong phai la AO, chua phan anh spin
Y(q1.955--9,)="Y,(q).¥Y, (g,).. Y, (g,)

2.2.2. Ham séng toan phin
Ham song toan phﬁn cua hé 2 electron ¥,(q;), WY.2(q2)

¥, (¢,9,)="Y,(q).¥,(q,)
Khi d6i chd 2 electron

¥, (9:,9)="Y,(q,).Y, (q,)
Theo nguyén 1y chong chét trang thai

Y(q,,q9,)=CY¥, +C,¥,, =C¥Ya,(q,)Ya,(q,)+C,¥Ya,(q,).Ya,(q,)
Hé dang xét 1a cac hat fermi, nén ham song toan phan mé ta trang thai cia
hé phai 1a ham phan d6i xtng.
(@) =75 [¥0,0).¥a,(0,) - ¥a,0) ¥,(a)]

Khi 2 electron ddi chd

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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Y(q,,9,)= %[Tal (9,)Ya,(q,)—Ya,(q,)Ya,(q, )]

Y(q,,9,)=-Y(q,.9))
Hodc duoc biéu dién dang dinh thuc

\P 1 LPa 2
‘I’(ql,qz)=% . (d)) (q,)

2 \Paz (ql) \Paz (q2)

Néu ¢6 n electron doc 1ap, dinh thtrc cép nséla

1 Y, () Y,(@4). Y,(@q). Y,(q,)
\P(qli‘qZ""qn):ﬁ\PaZ(ql) V.o (q,).. Yo(q).. Y.(q,)

Y, (q) Y.(q). ¥Y,(@q). Y,(q,)

Dinh luat Slater:

-Pam bao ham song toan phan 1 phan d6i xtimg
-Phan anh nguyén 1y Pauli dang tong quat: Trong mdt nguyén tir, khong
thé c6 hai (hay nhiéu) electron ma trang thai ctia chiing dic trung bang cliing mot

tap hop 4 s6 1, 1, m, m giéng nhau.

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Pirc
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2.2.3. Nguyén tic nghién ciru hé nhiéu electron

H=T+U, +U,
2 z z 2
=V U, =2

2
87 °m, ‘5 =1 1

v

2 2
e e
Uee=2 — =E—

i |1 =7 | 7y

y
Cac phuong phap giai gan dung phuong trinh Schrodinger

Phwong phdp nhiéu loan (Pertubation method)
-Gan dang cap 0: bd qua tuong tac cia electron véi nhau.
-Gan ding cap 1: cac ham song thu duoc tir gin dang cap 0 str dung dé tinh

nang lugng tuong tac trung binh gitra cac electron.

U, =[¥*0,%dV =[]¥[U.dv=| ti—2|\1’|2dv
ij

Vi du: véi He (z=2), thé ning cta hé

2% 2e° €°
+

U=-=¢_ C
n F o
s A 4 A 2 2 2 2
Giai gan dung cap 0: U =-=- -2
h r
Véi electron thir nhat
2 2
HI\PIZEI\PI 5 le_ h2 vlz_ze
87 m, g
2 2
2 o 2
A, =EY, ; L
87 m, 7,

Ning luong toan phan cta hé gan ding cp 0: E, = E, + E,, twong tng ham
song ¥ (r,r,) =Y, (%)Y, (%).

Néu giai ham gin dung cép 1, ning lugng toan phan cia hé E=E,+ U,
ham séng van gilt nguyén nhu gan dung cép 0.

Phwong phap truwong tw hop (self-consistent field)

No6i dung cua phuong phap

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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-Ham riéng cta hé n electron bang tich cac ham riéng cua timg electron.
Y =Y(,5,75,...1,) =Y )Y, %)Y, 7)
-Ham riéng va nang lugng cua electron dugc xac dinh trong trudng tao ra
b1 hat nhan va electron con lai.
Ze® e’

+Z— electron i

T itj i)

Thé nang cua electron i dugc xac dinh U,(7,7,) =-

khong ¢ trong truong xuyén tam.

Pé electron i & trong trudng xuyén tim:
-Trung binh hoa thé nang U,

— e’ e’ 2

Up=2—= ZI_‘\PJ (; )‘ dv

wj Vg it T
- Ze® e’ 2
U7) ===+ —|¥,¢)) av  (10)
T i Ty

Nhu vy chi con phu thudc khoang cach tir electron i dén hat nhan. Céc

electron j cé thé & trang thai khac p, d, . . .chua thé dbi xung cau, trung binh

hod U, (#)theo gboc
1
U(r) = [U,(,)dQ (11)
4r
U(r,)1a thé ning cua truong doi xtng cau (xuyén tdm) - tong hop trudng
hat nhan va truong céc electron trung binh hod theo vi tri ciia cac electron va

theo goc.

Toan tir Hamilton cua electron 1 sé€ 1a:

2

I:Ii :f; +Ui(ri)=_ h2
8°m,

VI +U()

Phuong trinh Schrodinger mé ta chuyén dong cta electron i
I:Ii\Pi =EY, (12)

Vi 1a truong xuyén tim nén ¥, (r,) c6 thé tich ra

Y, (r,)) =R, ()0, (0).D, (p)=R,(1).Y, (0,9)

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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Y, (6,) gibng nhu phan goc ctia cac AO trong nguyén tir H va cac ion
giéng H.

Pé xac dinh cac AO cua electron i trong nguyén tir nhiéu e, ta chi can xac
dinh phan ban kinh R, (r,)- ddc trung twong tac giita electron i v&i cac electron
khéc.

Xéc dinh Y, (r,):

-Chon ham song riéng cia electron trong nguyén tir H 1a ham ban dau thay
vao 14, 15 tim duogc thé nang U(r)).

-Thay U(r;) vao 16 tim dugc ham riéng ¥,(r,) cua electron i.

Ham Y, () tim duoc s€ khac véi ham ban dau, s& cho két qua gén ding tbt
hon. Qua trinh nay 1ap di 1ap lai cho dén khi ham riéng cta electron i tim dugc &
1an cudi trung voi ham riéng cua né duoc xac dinh ngay & lan trude do.

Phuong phap ndy dugc Hartree xdy dung nam 1925, Fock cai tién nim

1930 va duoc goi 1a phuong phap trudong tu hop Hartree Fock.

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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3. CHUONG 3: CAU TAO PHAN TU - LIEN KET HOA HQC
3.1. Khao sat lién két CHT trén co sé lwong tir

Hoda hoc xay dung trén co s& hod lugng tir duge goi 1a Hod lugng tu. Co
hai phwong phap hoa hoc luong tir diung dé khao sat lién két cong hoa tri 13
phuong phap VB (Valence Bond) va phuong phap MO (molecular orbital).

Muc dich cua hai phuong phéap: xac dinh gia tri ndng luong va cdc ham
song tuong ung cua phan tir tr cdc ham song mot electron nguyén tir qua viéc
gidi phuong trinh Schrodinger cho hé phan tu.

3.1.1. Han ché ciia cac thuyét co dién vé lién két hoa hoc va ciu tao
phan tir

-Céc thuyét cd dién khong giai thich cac truong hop vi pham quy tic bat tir

Vi du: trong NO, N c6 7 electron; trong BN B c6 6 electron; PFs P ¢6 10
electron.

-Hoa hoc cd dién gip khé khin trong viée viét cong thirc cdu tao cta nhiéu
hop chat khac nhau, dic biét 1a ddi v6i cac hop chat c6 lién két n.

-Khong thé giai thich dugc trudng hop cic hop chét thira, thiéu electron.
Thiéu electron trong B,Hg. Thura electron trong XeF,.

-Dbi véi lién két ion, thuyét cd dién chi giai thich duoc ngudn gbe cua luc
hat. Thuc chat ton tai khoang cach khong ddi gitra cac ion do, chimg td c6 su
can bang gitra luc hit va luc day.

-Thuyét co dién khong giai thich dugc nhiéu tinh chat cta kim loai.

-Thuyét c6 dién khong giai thich tuong tac gitta cac phan tir khong cuc dic
biét 1a cac nguyén tu khi tro.

-Thuyét c6 dién phan biét 4 loai lién két nhung thuc té, lién két hoa hoc
trong hau hét cac chat déu 1 sy t6 hop hodc 1 dang trung gian giita cdc mo hinh

gi61 han.

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Piec
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-Cac thuyét co dién khong giai thich dugc cac van dé co ban cua lién két
nhu: ban chat cua lién két cong hoa tri, tinh ) nguyén, bao hoa hoa tri, tinh dinh
hudng cac hoa tri cia nhiéu nguyén t6 hod hoc.

-Khéng giai thich duoc tai sao c6 nhitng phan tir ma lién két duoc tao thanh
bang mot s6 16 electron.

3.1.2. Khao sat lién két hoa hoc va cAu tao phin tir trén co sé Hoa
lwgng tir

Phén tir 1a mot hé phire tap vi chita nhiéu electron nén viéc giai chinh xac
phuong trinh Schrédinger 14 khong thé. Phuong trinh chi dugc giai bang phuong
phap gan ding.

Gan diing Born-Oppenheimer: D6i véi phan tir, khdi luong hat nhan 16n
hon nhiéu so v&i khdi lwong cia electron nén chi khao sat sy chuyén dong cua
hat nhan va electron mot cach doc 1ap nhau. Electron chuyén dong trong truong
luc cua hat nhan ding im, cach hat nhan mét khoang R. Nang luong E va toan
tir H khong chi phu thudc vao electron ma con vi tri cuia hat nhan.

Céc phép tinh gan dung toan hoc: phép nhiéu loan, phuong phap bién phan.

3.2. Phuwong phap lién két hoa tri

3.2.1. Giai phuwong trinh Schrodinger

3.2.1.1. Phwong trinh

Heitler va London (nim 1927) ap dung phwong phap co hoc luong tir gin
dung — phwong phéap nhiéu loan vao trudng hop lién két cong hoa tri cua

Phuong trinh Schrédinger cho hé nhiéu electron

AY = EY
2 hz 2 2
Iy 2 H:_87r2m (Vi+V)+U
2 2 2
V= 0 ~+ 0 —+ 0 -
ox;, 0Oy, 0Oz,
v2 0 0* 0

= +——+
? ox; Oy, 0z

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Pirc
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Thé ndng cua h¢ gom cac tuong tac tinh di¢n sau

2
e A , s~ \ A
u,, =—— - thé nang hut gitra electron 1 va nhan a
M
2
e }( e L4 e~ hY ol
u,, =—— - thé nang hut gitra electron 2 va nhan b
Tap
2
e A , s~ \ A
u,, =—— - thé nang hut gitra electron 2 va nhan a
r

a

2

u, =-<— - thé nang hut electron 1 va nhan b
Ty

2

e A v A o~ \
Uy =~ - thé nadng day gitra electron 1 va 2
12

2

u, = % - thé ning day giita hai nhdn a va b

U:U”+U':_e2(L+L+L+L_L_l)
Na T Ty 1 n, R

Véi U° thé nang hat giita electron va hat nhan trong hai nguyén tir hydrd;
U’ 14 thé nang tuong tac gitta hai nguyén tir H.
o (o* o o o9 9 o ,, 11 1 1 1 1
-— st St Sttt | (—+—+—+—
8r°m,\ ox; Oy, 0Oz, Ox, Oy, Oz,

Na T "p Tha T

3.2.1.2. Giai phwong trinh
-Gan dung cép 0:
Chi dén U° va bo qua U’. Thé ning cta hé
U® =uy, +uy, = _eZ(L_,_L)

Nae "

Ning luong toan phan cua hé ¢ trang thai co ban (n=1)

Xac suét tim thay electron dong thoi ca hai electron trong 2 truong hat nhan
1a su kién xdy ra dong thoi. Goi ¥, 1a ham song cua hé thi:

v, @2) =¥, v,

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Pirc
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¥, (12) =¥, (.9, (2)

Khi hai electron d6i chd cho nhau:

2

¥, D] =, @ 1,0

Do do: v, 2)=V¥, (2.2,
Ham séng mo ta bang to hop tuyén tinh cia ¥, va ¥, :
¥ =¥(1,2)=CY¥,(1,2)+C,¥,2]1) =C¥, ()Y, (2)+ C,¥,(2).¥, (1)
Piéu kién dé E dat cyc tiéu: C, = +C,
Khi C,=C, =N,
¥ =N(¥,+¥,)=N,[¥,0Y,02)+¥,02).%q0)] - ham doi xirng
Khi C,=-C, =N,
¥ =N (¥, -¥,)=N,[¥,1O¥,02)-V,02).%,q0)] - ham phan doi xirng

Tom lai bai toan phan tir H, gan ding cp 0:

H°E = E°%¥
R h?
o 2 2 o
H = (V2+V)+U

Nhan hai vé cta phuong trinh Schrédinger trong gan dung cap 0 véi ¥ roi
lay tich phan:
[wre®dv=E° [W*dv

L j\PFI“\Pdv

E= I‘I’zdv

-Gan ding cp 1
Trong gan dung cap 1, co tinh dén twong tac giita hai nguyén tir H.
OY = EY

2
H:—#(Vf +V;)+UO +U'

e

A

H=H"+H'

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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) J“I’F]‘I’dv _ I‘P(FIO + H")Ydv ) j\w{rO\Pdv j\}fﬂ'\ydv o J"I’]—A["Pdv

£ [w2av [wear v " [weav [w2av
E c6 hai gia tri tuong ting véi hai ham ¥, va ¥,
E =g+ 511
I+S
E —p'+ KA

! 1-§
K= eZH L SO S 5 ¥ (1).%.(2)dv - tich phan Coulomb
L, L, L, R

A=¢] [—i R +l}\1’a (1).%, (2)W, (2)¥, (1).dv - tich phan trao doi
L, L, L, R
S =W, )., ().dv = [¥,(2)¥,(2).dv - tich phan xen phu
Murc @0 xen phu phu thudc vao khoang cach R gitra hai hat nhan va ti 1€ véi
tich ¥,.%,. Khi R =, ning luong cia hé bang téng ning lugng cia hai nguyén
tor H doc 1ap. Khi R=0, hai hat nhan a va b trung nhau.
S= I\I’a Y, dv = J"dev = J. 2dv =1- diéu kién chuan hod ham song.

E(R) A

Su phu thudc cia E vao R
Puong cong (2), hai nguyén tir H ddy nhau, twong ung véi ham séng d6i

xtng. Puong (3) ung véi hai nguyén tir hat nhau manh nhat, tao lién két phan

tur.

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Pirc
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3.2.2. Ban chit lién két cong hoa tri
Ham song khi xét dén spin. Haim song toan phan
Y(1,2) =¥Y(1,2).x(1,2)

Gibéng nhu ham toa d6 khong gian, ham spin ciing c6 tinh d6i xtng va phan

d6i xtmg
2, (L2 =20 5 x,(L2)=—x,2]0)

Theo nguyén 1y Pauli, ham song toan phan phai 1a ham d6i xtng
¥(1,2)=-F(2]).

Néu binh phuong hai vé ciia ¥, va ¥, :

W2 =NV +2¥,9Y,+V¥,)
W2 = N2(W2-2W, W, + V)

Trong truong hop lién két, xac suat tim thdy electron & ving giita hai hat
nhan tang 1€n mot luong 2¥,.¥, so véi ¥; +¥;, tang dién tich cua dam may
electron, hai hat nhan hut lai v&i nhau, tang lién két.

Vi ham ¥, , mat do electron s€ giam di mot luong 2¥,.¥, so voi V] + ¥, .
Do d6 hai hat nhan dé\y nhau, lién két khong dugc tao thanh.

Vay, ban chdt cua lién két cong hoa tri la twong tdc tinh dién giita hai hat
mang dién tich (hat nhdn va electron).

3.3. Phuong phap orbital phan tir (MO)

Nhitng han ché ctia phuong phap lién két hoa tri hay phuong phap cip
electron:

-Trong mot s6 truong hop, lién két co thé tao boi 1 electron.

-Trong mot $b phan ti: NO, NO,, ClO,, O, . . . hodc cac géc tu do van con
chira cac electron tu do.

Phuong phap orbital phan t&r do Mulliken, Hund, Hecbe va Lenard-Jones
(My) xay dung nam 1927.

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Pirc
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3.3.1. Phwong phap t6 hop tuyén tinh cac AO (Linear Combination of
Atomic Orbital - LCAO)

Tuong tu AO, MO (molecular orbital) dugc dinh nghia 1a ham séng toa do
khéng gian mot electron mo ta trang thai chuyén dong cta timg electron trong
truong lyc cta nhiéu hat nhan nguyén tir trong phan tu.

Tb hop tuyén tinh cac AO:

Y=CV¥ +CV¥Y,+..+C,VY, (13)
¥,,¥,,...,'¥, 1a cdc AO da biét. Cy, Cs,...,C, 12 céc hé s6 can x4c dinh.
MJi orbital phan tir c6 ning lugng
E:jwﬁwm
[weav

Thay vao biéu thuc trén, E s& 1a mot ham cua cac bién sb C. Nang luong

ctia MO ¢ trang thai co ban phai 1a cuc tiéu

oF =0; oE =0;....;—aE =0
oC, oC, oC,

Pé don gian, xét truong hop n=2, tirc MO 1a t6 hop cua hai ham séng AO
¥ =CVY, +C,Y,

OE  OE

=0; -0
oc,  ac,

3 J‘(Cllyl +C,Y, )[:I(CllPl +C,Y, )dv
[law, +c,%, ) av

C! [ W, A dv+C,C, [W, AV, dv + C,C, [ W, W dv + C; [ W, ¥, dv
E =
C} [Widv+2C,C, [ W, W,dv+C] [W]dv

Hy, = [ W HY\dv
Hy, = [¥,H¥,dv=[W,A%dv=H, (H 1 toan tu lién hop)
H,, = [, HY,dv

Sy =¥ Wdv =W dv

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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S, = [ ¥ ¥,dv =S
Sy = [, ¥ dv =¥ dv

Thay vao trén ta co:

E = C12H11 + 2C/‘ICZHIZ + C§H22
Clzsll + 2(:1(:2812 + C;SZZ

E(C?S,, +2C,C,S,, + C2S,, )= CIH,, +2C,C,H,, + C:H,,

L4y dao ham theo C, vdi didu kién g—E _0
1

Ta co:(H,, - ES,,)C, +(H,, —ES,,)C, =0

E=0

2

Hoan toan tuong tu 1ay dao ham theo C, véi diéu kién

Ta co: (H,, - ES,,)C, +(H,, - ES,,)C, =0
Ta c6 h¢ phuong trinh dé xac dinh C, va C,
{(H11 ~ES,,)C, +(H,, —ES,,)C, =0
(H,, —ES, )C, +(H,, —ES,,)C, =0
Nghiém tam thudng C,;=C,=0 (trivial solution). Néu dinh thtrc khac 0, theo
quy tic Cramer, nghiém C;=C,=0 (c6 mdt cot bang 0). Pé nghiém khong tam
thuong, dinh thirc bang 0.

H11 _Esn le _ESIZ _
H21 _Eslezz _Eszz

Giai phuong trinh nay ta c6 dugc gia tri cua E.

Trong trudng hop tong quat khi MO duge t6 hop tir n orbital

(Hll _Esll)cl +(H12 _ES12 )Cz +"'+(H1n _ESln )Cn =0
(H21 _Esz1)C1 +(H22 - ES,, )Cz +"‘+(H2n - ES,, )Cn =

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Pirc
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(Hll _ESII)+(H12 _ES12)+"'+(H1)1 _ESln)
(HZI _ESZI)+(H22 _ESzz)+~-~+(H2n _ESZn) _

3.3.2. Phwong phiap MO cho hai nguyén tir giong nhau
3.3.2.1. Bai toan H;

Trong hé nay, electron c6 thé cé céc vi tri

e
/\. ./X
orl
1 R 2

a b c

-electron gﬁn hat nhan 1, chiu anh hudng cua hat nhan 1(hinh a, r;<r;)
-clectron gﬁn hat nhén 2, chiu anh hudng cua hat nhan 2 (hinh b, r,>15).
-electron chiu anh hudng dong thoi cta hai hat nhan 1 va 2 (hinh c).
Theo nguyén 1y chong chit trang théi
¥ =CVY +C,Y,
Muc dich cua bai toan:
-Tim C,, C, thoa diéu kién cuc tiéu nang luong E, tur do6 biét dugc V.
-Tinh gié tr1 nang luong E cua MO (ham song V)
Trong trudong hop, hai nguyén ti giéng nhau, H;,=H,,, H;,=H,;, cac tich
phén xen phu S
Sy =[¥rdv=1 ) Sy = [Wdv=1
Do do:
(H,,—E)C, +(H,, —ES)C, =0
{(le ~ES)C, +(H,,—E)C, =0
‘ H,-E H,-ES o
H,-ES H, -E

g (Hu _E)2 _(le _ES)2 =0

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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Nang lugng cua MO la

H,, = ¥, A% dv la tich phan Coulomb
H, = J' ¥ A¥,dv tich phan cong hudng (tich phan trao d6i)
S = I\Pl W¥,dv tich phan xen phu

*Gia su electron chiu anh huong cta hat nhan 1

Toan tir H biéu dién ning lugng cia electron trong truong hat nhan sé tro

thanh toan tir biéu dién ning ning lugng cua electron trong nguyén tir H.

o h? Vz—i
" 87°m, 7
Y. H,¥,dv

H, [ A =E, (R—>w)

*V61 tich phan S
Thay W bang cic biéu thoc ham séng cia H ¢ trang thai Is

¥, = Le’”;‘I’2 ~ L o Saukhi lay tich phan, ta duoc

Jr Jr

2
S=e‘R(l+R+RT)

Trang thai thyc cua H; Gng véi gid tri ciia S trong khodng 0< S <1
*Voi tich phan Hy,
Muliken tim dugc mdi lién hé sau
Hy, = kE, [W,¥,dv = kE, S
Khi R — o thi S=0,tacd: H, =0

Tom lai: khi R — oo thi

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Pirc
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H,=E, g +H

$=0 E=tu= 12_HH=EH
1£S5

Hy, =0

Trang thai ning lugng ctia H; bang ning lugng cta electron trong H goi 1a
trang thai khong lién két.
Khi 0< R <S>0, tinh toan cho biét ,, <0;H,, <0 nén

H, +H
E =E, :111+—S‘2<EH

Nghia 12 ning luong ctia H; thap hon ning luong trong H. E; 1a ning
lugng cta electron & trang thai lién két. H; ton tai bén hon.

. H, -H ., \ <
Ngugc lai, E,=E, =111—512>EH lic ndy ndng lugng electron trong

H; 16n hon nang lugng electron trong H. Trang thai nay goi la trang thai phan
lién két.

*Qrbital phén tir trang thai lién két va phan lién két

Tuong ung voi Ei va E,i s€ ¢ hai orbital phan tir lién két va phan lién két.

Tur phuong trinh trén ta cé

¢ H,-ES
Cz Hn_E
Thay E bang Ey:
H. — H,+H, S
C " 1+8 _H,S-H,
C

2 H — H11+H12 HnS_le
11
1+S
Vay ¢, =C, =N, goilahé s6 chuén hoa cua ham song lién két Whien ki
W, =N, (¥, +¥,)
Tur diéu kién chuan hoa ham song

[widv=nNg[(¥1+ w2) dv=N? U‘I’fdv +2[ W, W, dv+ \dev]: 1=N2(2+25)

Suy ra

1 1
N, = oY = (Y 4+
20+ 8) ok 1/2(1+S)( )

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Pirc
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Khi thay E bang B, thi ¢, =-C, =N,

1
‘Pplk = Nplk(\Pl —‘{’2)2—(‘1’1 _‘Pz)

J21-5)

O trang thai lién két: mat do electron ¢ ving gitta hai hat nhéan tang lén, hai
hat nhan hit manh 1am giam ning luong electron trén orbital phan tir ¥ lién két
so voi trén orbital nguyén tir trong H, do d6 lién két duoc hinh thanh.

Nguoc lai, ham song phan lién két, mat do electron giita hai nhan giam,
ning luong electron trén orbital phan tr phan lién két cao hon trong nguyén tir
H, do d6 lién két khong dugc hinh thanh.

3.3.2.2. Piéu kién dé cac AO t6 hop tao thanh MO

-Nang lugng ctia cac AO phai gan bang nhau.

-Céc ham séng AO phai xen phu manh

-Cac AO c6 cung mot tinh chit d6i xtmg voi dudng ndi cac hat nhan

nguyén tir - truc lién két.

(D &GO (<0

N

A .> 0 Yoy, >0 Wy, >0
(+)(+) (+)(+) (+)(+)
W, >0
(+)(+)
+
(TR 0 Wy >0
(-)(-) (-)(-)
/ \J ) -"I'\I Y
+ N~ S~ NN
- I‘._’/ .\\
Ay

(+)(-)

Wy, <0 \ <0
(+)(I-J' (ip;l;.p)

W, < 0
(-)(+)
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AO Xen pht cic AO MO

- trir xen phu 0 Q o.(o},)
3 guXenpnt
, e (@
+ Wa -Ws
A B
A B A B cong xen phu o.(o,)
Wa WYy (Wa +Wg)
A B

trir xen phu @@ o,(o},)
(Wa -Wr) :
A B

A B
AO Xen phu cic AO MO
trir xen pht @ n(n,,)
+ (Wa -Wn) A@@ ®_ B
A B cong xen phil @ 7, (T0,,)

(Wa +p) A® °B

3.3.3. Phuong phap MO cho hai nguyén tir khac nhau
Ning luong cta cac AO cung loai ctia hai nguyén t6 khac nhau s& khac
nhau. Nguyén t6 nao c6 do am dién 16n hon thi AO s& c6 ning lugng thap hon.
Ham séng duoc biéu dién
Y, =N,(¥Y,+A¥;)
Vo =N (Y, —AY,)

P

A 13 hé s6 khac 1, nd dic trung cho do phan cuc cua lién két cong hoa tri

Bai giang Co s6 Ly thuyét Hod hoc TS. Lé Minh Pirc
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So dd ning luong cac MO cuia phan tir AB (yB>yA)
E

o
A =0
\
‘: - L “
:! T[: ﬂ:[’ \‘
! \
1 | |,‘_{ i_\n
1t AN
i "1
11
\y
M 4
AO 2p.. W, \
AN 5 AO 2p,
] 7 = ” [
1 \ b !
‘. ;
\

Xeét mot sO vi du dién hinh

3.3.4. Phwong phap MO phan tir c6 nhiéu nguyén tir
-Phan tir BeH,

_( U_: )= Caa - Cyf ll’].\“ +

Ish )

Wi(o) =cya+ ey, +Wyy, )

W_(03) = Cpe el Wy,

=Wy, )

Wo(,) = e e (W,

Wiy, )
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Zpxf, 2pxp, 2pxFy

Su 16 hop cdc AO: 2p,, 2p, clia Be
VGi 2p,, 2p, ciia hai nguyén tr F sé
duoc 2 MO = (m,, m, - hinh 3.43), 2
MO n" (wy,, - hinh 3.44) va 2 MO =
khong lién két (hinh 3.45).

W(m;)= CtWapzp. ~C12(Wapsp, +Wapspy, )

iy S T
4 oy )_CS\J"EP.\&. ‘Cﬁ{lulpxi.d - WEP‘H‘ )
G\
kP;(Gx} = C?"“Jp_\nc 'c‘\‘(”‘ﬁp\].ll = ““3;:\].,., )

JI:HLK

I
q’(KrKLKJ ) ‘/_(wzw“ = Lp)pz.‘.h )

2
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3.3.5. Phuwong phap Hiickel
3.3.5.1. Bai toan
Trong phuong phéap Hiickel cho rang:

-Tich phén trao d6i ddi voi ham soéng khong phu thudc hai nguyén tir ké

nhau sé& bang 0.

-Tich phan véi hai nguyén tir C ké nhau thi tich phan Coulomb s& nhu nhau

va tich phan trao d6i ciing nhu nhau.

-Tét ca cac tich phan xen phtl déu bang 0.

3.3.5.2. Mat d9 electron =, bc lién két va chi s hoa tri tw do

*Mat do electron m 1a dai luong dac trung cho su c6 mat cua electron ©

khong dinh cu ¢ nguyén tir khdo sat. Pai luong nay céd gia tri cang 16n thi

nguyén tir tich dién 4m cang nhiéu.
Mat dod electron © duoc tinh:

Xéc suat gip electron trén MO n: vi=>C¥

¥, la ham song phan tir duoc t6 hop tir cac orbital nguyén tir ¥ . Cj: 1a hé

sO cua ham song nguyén tir ¥,

Bai giang Co s6 Ly thuyét Hod hoc

TS. Lé Minh Puc



34

Khi electron ¢ trén MO ¥, thi C; chinh la ph?ln mat do dién tich electron ©
tai nguyén tir r. Néu lay tong mat do dién tich do theo tat ca cac orbital j chira nj
electron m thi s€ duoc téng mat do di¢én tich electron m (con goi 1a mat do
electron m) tai nguyén tir r 1a q,.

q,=2.n,C,
J

*Béc lién két

Bac lién két 7 1a ky hi¢u P, dac trung cho mat dg dién tich electron cua lién
két va dugc xac dinh bang biéu thuc:

B, = Z”jcjr C
7

Trong d6 Cj; va Cj 1a cac hé sb ctia cac AO thudc 2 nguyén tir r va s ké
nhau tao nén MO lién két j (tirc tao nén lién két m); n; la sO electron trén MO lién
ket do.

*Chi s6 hoa trj tu do

Chi s6 dugc tinh theo cong thirc

F = Nmax - Nr
Nr = ZPIS

F 1a chi sb hoa tri tu do cuia nguyén tir, N 1a gia tri cuc dai bac cua lién

két T ma nguyén tir cacbon c6 thé tham gia tao thanh. N, 1a tong cac bac lién két

7 ma nguyén tr r tham gia tao thanh.

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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4. CHUONG 4: POI XUNG
4.1. Khai niém

Su phan bd hinh hoc cta hat nhan nguyén tir dugc dac trung béng do dai
lién két, goc lién két trong phan tir. Mdi phan tir ¢6 cau trac hinh hoc déi xing
nhat dinh. Nhimng chat c6 cing tinh chat dbi xtng thudng cé nhitng so do cac sd
hang gidng nhau vé dinh tinh.

Cac muc ning luong ctia nguyén tr hay phan tir dugc tinh toan day du va
chinh x4c bang ddi xtng cua phén tir. Vi viy, xem xét d6i xtmg, chung ta ¢ thé
no6i duge gi ddy mot cach dinh tinh. Chua tinh toan dinh lwong nhung ching ta
c6 thé biét duoc c6 bao nhiéu trang thai ning luong va cac tuong tac gitta chung.
Tuy nhién, chi xem xét d6i xtng, chiing ta khong thé biét duoc didu gi thuc su
dang dién ra. P6i xtmng, vé nguyén tic, cho ta biét hai trang thai ctia hé khéac
nhau vé ning lugng. Poi xtmg c6 thé cho ta biét dai hap thu nao day trong phd
dién tr hay dao dong ctia phan tu.

4.2. Cac phép d6i xirng co ban

4.2.1. Phép quay quanh truc véi goc quay 27t/n

Quay phan tr mdt goc bang 27/n chung quanh truc dwa cac hat nhan
nguyén tir vé vi tri twong duong véi vi tri ban dau. Phép quay nay goi 13 phép
quay C,, truc quay tuong tng duoc goi 1a truc ddi xtng bac n (ky hiéu 1a C,,).

Phép quay dugc thuc hién hai, ba,. . . lan duoc viét dudi dang

cccC, =C

Trong phén tir c6 nhiéu truc quay doi xting, Truc quay cé bac n 16n nhat
duogc goi 1a truc d6i xtmg chinh.

Phép bién d6i dong nhat E: tat ca cac hat nhan nguyén tir tré vé lai dang vi

tri ban dau (c6 thé noi: phép ddi xtmg khong lam gi ca !).

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Pirc
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Phan ti phang tam giac Phan tir ti dién Phan ti bat dién
(BF3, NO3...) 1C,, 3C; (CHg, NH3...) 4C4, 3C, (SFg, [Fe(CN)g)*)
3C,, 4C,, 6C,
C, C,
1 [}
g N
__-l-—-—.-(;—— Coo -- L _Q_ Co __'-._—+__.'Q'C¢ﬂ
1
Phan 1 thang.
(HCI, CO...) (Hz, Cly...) (CO,, CS,...)
1Cea 1Ces, ©C; 1Ceq, =C>

4.2.2. Phép phan chiéu qua mit phing

Sy phan chiéu cua tit ca cac nguyén tir qua mot mit phang di qua phén tir
duogc goi 1a phép phan chiéu, ky hiéu 1a . Mit phang nay 1a mat phiang ddi xtng
0. C6 cac mit phang d6i xtmg: mit phang d6i xtmg thing goéc o,, ndm ngang oy,

va 64 chia d61 géc tao boi hai truc C,.

Bai giang Co s6 Ly thuyét Hod hoc TS. Lé Minh Pirc
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Tam giac phﬁng

_ _ Ti dién Bat dién
(BF3, NOj. ...} (CHg, NH;. ) (SFs, [Fe(CNg]* ")
1a,, 3a, 6oy 3y, , Ba,
“v G\' v : H ﬂu
i N D
i C:
C;
Phan ti thdng :
(HCI, CO,...) (CO;, CS3,..) HaC = C = CH, (allen)
oo O, 1oy, e 0, Ty :

4.2.3. Phép phan chiéu quay S,

Sy t6 hop phép quay C, quanh mdt truc di qua phan tir va phép phan chiéu
cac nguyén tir tai mot mat phang vudng goc voi truc trén. Ky hiéu 1a S,,.
Ky hi¢u: S, =C,o,

Ca.Se
y
"
‘\
[ T
.
trans - CHCI = CHCI SFg, [Fe(CN)gl*
18 =i 4S;

4.2.4. Phép chuyén dio i

Su phan chiéu tat ca cac nguyén tr qua mot diém goi 13 tim ddi ximg. Ky
hiéu S, =C,0, =i

Bai giang Co s6 Ly thuyét Hod hoc TS. Lé Minh Pirc
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5. CHUONG 5: MO PHONG CAU TRUC PHAN TU
5.1. Gi6i thiéu phin mém Gaussian 98
Phan mén Gaussian sir dung dé du doan nhiéu tinh chat cta phan tr, phan
ung nhu:
-Nang lugng va cau tric phén tir
-Ning luong va cdu tric cla cac trang thai chuyén tiép
-T4n s6 dao dong
-Phén tich phé Raman va Hong ngoai IR
-Tinh chat nhiét ho4 hoc
-Ning luong lién két va phan tng
-Co ché phan tmng
-Orbital phan tu
-Momen ludng cuc
Phan mém sir dung dé md phong phan tir & thé khi hay thé 16ng, trang thai
¢ ban hodc kich thich. Gaussian 98 1a mdt cong cu manh nghién ctru nhiéu linh
vuc cia hod hoc nhu hi¢u ing cua cac nhém thé, co ché phan Ung, xay dung bé
mit thé ning, ning luong kich thich.
5.2. Nhap Iénh va chay chwong trinh
Lénh duoc nhap vao bang cac ky tu md ASCIL Cau tric co ban cta 1énh

gom céc phan sau:

Bai giang Co so Ly thuyét Hod hoc TS. Lé Minh Durc
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-Vi tri va tén cua file nhép (scratch file)
-Phuong phap tinh
-Tiéu dé cua bai tinh

-Toa @6 cua cac nguyén tir (Z-matrix)

Vi du:

%chk=water

#HF/6-31G(d) Freq, opt Route section

Water energy Title section

0 1 Molecule specification
O -0.464 0.177 0.0 (in Cartesian coordinates)

H -0.464 1.137 0.0
H 0441 -0.143 0.0

5.3. Phén tich két qua

[Ty [rp——

Bai giang Co s6 Ly thuyét Hod hoc TS. Lé Minh Puc
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