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Chuwong 1

Co s0 cua co hoc lwgng tir rut gon

1.1  Li thuyét tom hroc

Li thuyét co hoc lugng tir (CHLT) xuat hién vao nira ddu ctia thé ki XX da lam thay do6i
co ban quan niém vé thé gidi vi md va co tac dong khong nho dén nhiéu nganh khoa hoc ki
thuat hién dai, trong d6 c6 hoa hoc.

CHLT dugc xay dung béng mot hé cac tién dé dua trén mot loat cac cdng cu toan, trong
sO d6 toan tir giit mot vi tri quan trong.

1.1.1 Dinh nghia toan tir
Mot phép tinh nao do can thuc hién 1én mot ham nay dé cho mot ham khac duoc goi la
toan tir. Goi A 14 toan tir tac dung 1én ham f(x) cho ham g(x) ta viét: Afix) = g(x)
Trong sb cac thudc tinh ciia toan tir thi tich cia hai toan tir 1a quan trong nhét:
[AB]=0,tacla AB=BA; A va B giao hoan voi nhau.
[AB]#0,tecla AB = BA; A va B khong giao hoan v&i nhau.
1.1.2 Toan tir tuyén tinh
Toan tir A 13 tuyén tinh néu chung thoa min cac diéu kién:
A(ch)=cAf
A(fl + fz) = Afl + Afz
hOéC A(C1f1 + szz) =C Af] + CzAfz

1.1.3 Phwong trinh ham riéng va tri riéng

Phuong trinh dang: Af= af goi la phuong trinh ham riéng, tri riéng.
& day:  f1a ham riéng cia toan tir A.
a la tri riéng.
— Néu 1'1'ng véi mdi tri riéng ta c6 mdt ham riéng xac dinh thi phé tri riéng thu dugc
khong bi suy bién.
Ay = aify



— Néu ton tai mot diy cac ham riéng khac nhau cing ng voi mot tri riéng a thi ta noi
pho tri riéng thu dugc bi suy bien.

Aﬂ = af1
Afz = af2
Af, = af,

1.1.4 Hé ham truc chuin
Hé ham tryc giao va chuin hoa két hop véi nhau va duoc biéu dién dudi dang hé ham
truc chun:
<fi ‘fj> = f £ fidr = §;; (denta Kronecker)

Okhii=j hé truc giao
U l1khii=j hé chudn hoa

1.1.5 Hé ham day di

Hé ham fi(x), f(x) ... fi(n) duoc goi 1a hé ham day du néu mot ham bat ki y(x) co thé
khai trién thanh chudi tuyén tinh ctia cdc ham trén, nghia la:
n
y(x) = cifi(x) + e2fy(x) + ... + cufa(n) = > (%)
i=1
¢i - hé sb khai trién;

f; - hé ham co sé.
1.1.6 Toan tix Hermite

Toan tir A duoc goi 1a toan tir Hermite hay toan tir lién hop néu ching thoa mén diéu
kién:
(efis) = (el
hay f g*Afdr= f A*g*fdr
Toan tir tuyén tinh Hermite ¢6 2 thudc tinh quan trong la:
— T4t ca cac trj riéng cua toan tir Hermite déu 1a nhiing sd thuc.
— Nhitng ham riéng cua toan tir Hermite tuong Uing véi nhitng tri riéng khac nhau 1ap

thanh mét hé ham tryc giao

(i5) = [ tyde=o0



1.1.7 H@ tién dé

— Tién dé 1. Ham song
Mabi trang thai cua mot h¢ lugng tir déu duogc dic trung déy du bﬁng mot ham xac dinh
y(q,t), ndi chung la ham phtrc. Ham y(q,t) goi 1a ham song hay ham trang thai cta h¢.
Tir ham y(q,t) ta nhdn thiy:
e Ham song noi chung 1a ham phire, don tri, hiru han, li€n tuc, kha vi
 Moi thong tin can thiét vé hé déu suy ra tir ham nay.
. | \u(q,t)2 | = | (VAT | chi mat d6 xéc suit ciia hé vi hat tai toa do q va thoi diém t. Vay
xac suat tim thay hat la:
do=|y(q.t)[*dr;
dt = dv = dxdydz
e Diéu kién chuan hoa ctia ham y(q,t):
f |\u|2 dt=1
00
e Ham song y(q,t) thoa man nguyén li chong chét trang thai, hay ham nay lap thanh mot
to hop tuyén tinh:

n
Y= C1f1 + C2f2 + 03f3 + ...+ Cnfn = Zcifi
i=1
— Tién dé 2. Toan tir

Trong co hoc lugng tu, ng voi mdi dai luwong vat 1i 1a mot toan tir tuyén tinh Hermite.

Liét ké mdt s toan tir quan trong thwong hay sir dung

bai lvgng Toan t& twong rng

Toa dox,y, z X=x§=yz=z

R J . J . 0
=—ih—; =—ih—; =—ih—

x ox ay ' P B2

Doéng lwong thanh phan py, p=—ih i+ 9 +i] =_ihv

Dys P ox Oy 0z
A2 _ 22

P = px* Py* Pz p=-nv

02 2 H? .
v? 5 8 5+ — Toan tir Laplace
0x dy 0z

A

Mx =_ih (yf)z _Zf)y)
Momen ddng lvong thanh
phan My, My, M,

Momen dong lwong M M, =-in (xpy ~YPx)
12 _ 12 12 12
M" = Mg + My + M

M, =-ih (zpy —xD,)

A

Thé nang U(x, v, z) U=u




2 2
DéngnéngT=p— T=—h—v2
2m 2m
. H2
Nang lugng E=T + U H=-—Vv*+U
2m

Toan tir spin thanh phan va spin binh phuong:

Szﬁo 1'S:§0 fi'é:§1o
* 9211 0”7 21 o0)> " 20 -1
. . n . 32 (1 0
SP=F+2+2 ="

x y z 4 (0 1

— Tién dé 3. Phuong trinh Schrirdinger
Trong co hoc luong tir, su bién dbi trang thai cia hé vi mo theo toa do duoc xac dinh

bdi phuong trinh:
Hy(q) = Ew(q)
y(q)- ham song chi phu thudc toa do goi la ham song ¢ trang thai dung.
Phuong trinh Schrirdinger 1a phwong trinh vi phan tuyén tinh thudn nhat nén cac nghiém
doc lap fi, f,... cling lap thanh mot nghiém chung dudi dang to hop tuyén tinh:

V= C1f1 + szz +..+ Cnfn

Néu y da chuan ho4 thi:

o4 Jeal 4 ot leal2= 30 al? =1
i=1
— Tién dé 4. Tri riéng va tri trung binh
Nhirng gia tri do luong mot dai lugng vat 1i A chi ¢ thé 1a pho cac tri riéng a, clia toan
tr tuyén tinh Hermite A tuong Ung theo phuong trinh tri riéng ¢ thoi diém t.

A\I/n = anYn
Néu ham w, khong trung v6i bat ky ham riéng nao thi dai lugng vat i A vAn c6 thé

nhan mét trong nhitng gia tri a;, a,, a3, ... , a,. Trong truong hop nay, dai luong A khong xac

dinh, no chi c6 thé xac dinh bé’mg tri trung binh a theo hé thuc:
a=(a >::<wn Avy) [ vohyyde
(vn| wn) f RTA L

1.1.8 Diéu kién dé hai dai hrong vat li ¢ gia tri dong thoi xdc dinh ¢ cing mot
trang thai
Diéu kién can va du dé hai dai lugng vat 1i co gia tri xac dinh dong thoi & cing mot

trang thai l1a nhirng toan tur cua chung phai giao hoan.
Nguyén li bat dinh Heisenberg 1a mét vi du vé dong luong lién hop chinh tic vé4i toa do

khong dong thoi xac dinh.



z2p, — P,z =1h
Mot s6 hé thirc giao hoan thudng gip:
[M,, My]=inM,
[M,, M,]=inM,
[M,, M, ]=inM,

Mot s6 biéu thirc giao hoan tir hay str dung:
[A,B]=AB-BA=0
B

[A,B+

1.1.9 M@t s6 biéu thirc cin ghi nhé

e Dinh luat Planck vé sy lugng tir hoa ning lwong dong photon.
E.=nhv; voin=1,2,3...
e Hicu Ung quang dién:

hv = hv, + L mv?
2

trong do: v - tAn s6 anh sang toi;
V, - tan s6 ngudng quang dién.
¢ Hi¢u ung Compton:
Me=h—ho= 2 (1 —cos) =22 sin? &,
mc mc 2
trong do: Lo - budc song tdi ban dau;
A - budc song khuéch tan;
A - 39 ting budc song A ciia photon khuéch tan.



e H¢ thirc de Broglie véi ludng tinh song - hat ctia photon:
7\4 = L

mc

Khi mé rong cho bét ki hé vi hat nao:

mv p

¢ Néu electron chuyén dong trong mot dién truong voi hi¢u dién thé 12 U von thi:

h
r=_ B
(2mqU)!2
vO1: m - khéi luong hat;
q - dién tich hat;
h=6,62.10"* J.s 1a hing s6 Planck.
e Hé thirc bat dinh Heisenberg:
AXApx > 1
hay: AxAvy 2 n
m
voi: p=d o 1,05.10 J.s 1a hing s6 Planck rut gon;

2n
Ax - d6 bét dinh vé toa do theo phuong x;
Apy - d0 bét dinh vé dong luong theo phuong x;
Avy - d0 bat dinh vé van tdc theo phuong x.

e Sy ap dung CHLT vao mdt s6 hé luong tir cu thé s& dugc dé cap 0 cac chuong tiép
theo.

1.2  Bai tap ap dung

1.  Thuyc hién cac phép tinh sau day:

dx>
N 3 A 7&
c) A(xy ) , A= iy
d) Ale™), A= _ind
’ dx
Tri 15
. 2
) A2x)= 9 (25)= L(2)=0



2. Hoi cac toan tir cho dudi day co phai la toan tir tuyén tinh hay khong?
a) Af(x)=\f(x) ma f(x)=cf(x)+cofy(x)
b) Af(x) =x%f(x) ma  f(x)=cyfy (x)+cofy (x)
¢) Af(x)= [f(x)]Q ma  f(x)=cfy (x)+cofp (x)
Trd loi
8) Af(x) = ({forfy (x) + cafy () ) = Jerfy (x) + ooy (x)

= A khong phai 1a toan tir tuyén tinh.
b) Af(x)= x> (crfy (x)+ cofy (x)) = x2eify (x) + x%eofy (x)

=x? (clf1 (x)+ cofy (x))
= A 1a toan tir tuyén tinh.
¢) Af(x) = (cfy (x)+ cofy (%))
= (G E (x) + ¢35 (x) + 2106y (x)1 (x))
= ¢ fF (%) +coff (x)
= A 1a khong phai 14 toan tir tuyén tinh.

n
3.  Chung minh rang e** la ham riéng cta toan tir

el Tri riéng trong trudng hop nay
X

la bao nhiéu?

Tra loi

A o
Ta thuc hién phép dao ham do6i vai ham e** sé co két qua sau:

dx

n

Vay e™ la ham riéng cua todn tr — va tririéng 1a o”.

dx

4. Cho f(x)= ¢'** 12 ham riéng clia toan tir p, . Hay tim trj riéng bang bao nhiéu?



Tra loi

Thuc hién phép p.f(x) ta co: fihdi(eikx) = —i%kne'®* = kne**

X

Tririéng 1a k#.

5. Cho ton tir A — di, B = x2 v f(x). Hy chimg minh:
X

a) A%(x)=[Af(x)]

A A

b) Aﬁf(x) = BAf(x)

Tri loi
A A4 d[d d*f
a) Azf(x):A[Af(x)}:& i ]:§

2 2 2

A 2 |d df d=f

At = ey :[&] -4

b) AEf(X)Z%(XZ)f=2xf<X)+X2d—i
BM(X):X2%(f):X2%

Nhu thé: ABf (x)= BAf (x) hay A & B khong giao hoan v6i nhau.

6.  Hay xac dinh ham g(x) thu duoc khi cho toan tir U tac dung 1én ham f(x) trong cac

truong hop dudi day:

a) A=%; flx)= e X
b o= f=e
u — & ) X) = e
¢) @ =1 (toan tir nghich dao); fix) =x* - 3x + 5

=i
=¢, (toan tir quay quanh truc z mot goc bang 90°);

Tra loi
Theo dinh nghia vé toan tir ta co: af(x) = g(x)
a) Néu 0 =xvaflx)= e taviét: x.e % = g(x)

b) Néu & = s f(x) = ¢ thi toan tur g(x) co dang:

(e )=—2xe X = g(x)

Fla &le

fx, y, z)

¢) Khi 4 = 1 13 toan tir nghich dao thi c6 nghia cac truc toa do dugc chuyén tr X sang —

X; y sang —y. Vay:
1(x*=3x+5)=x"+3x+5=g(x)
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d) Toan ttr ¢, quay quanh truc z theo mot goc bang 90°, co nghia la x > y; y > — x va
z — z. Nhu vay:
o fix,y, 2) =—yx - yz — xz = g(x).
7. Chotoantx x =xva 0 = %, hay xac dinh ham s6ng moi thu dugc khi thyc hién

phép nhan toan tur cho cac truong hop sau:

a) x0; b) Ux
Biét ham f(x) = e .
Trd loi

Chung ta thue hién phép nhan hai toan tir v&i nhau theo tinh chét ciia chung s& dan dén
ham s6 moi. Qua vay.
d 2

Q) & afx) =x% (0] =x = ()
=x(—2x e )=-2x" e = g(x)
b) aifix) = %x[f(x)] - %(x o)

= Xi(efx2 )+ — iX
dx dx

= e X 4 e X
— (1 -2x) e = g(x)

2
2

7 2 A
8.  Biét fix) = e ¥ '2 1a ham riéng cua toan tir h = |x d2] Hay xac dinh tri riéng
dx

khi thuc hién phép hf(x).
Trd loi

2 2
xz—d— (e ¥'2)=x%e -
dXz

hf(x) = 2 d \de ’

. 2
Thuyc hién phép lay dao ham d—Z ta co:
dx

=X

2
2.e—x 12 i (*X

2 2 2
e X2y =2 N2 i(x.e‘x 2y
dx dx

2 2 2
:XZ.e—x /2 + e X /2 —xxe ¥ /2

2 2 2
hay: _ X2.efx /2 + e X /2 _XZ‘efx /2

2
= o X /2.

A 2 2
Nhu vay: he /2 =+1.e%'2

RO rang tri riéng thu duogc la +1.
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9.  Hiy chirng minh céc toan tir dudi day 1a toan tir tuyén tinh:

d da®
Y ? w

d d 2
b) [dx +dy] d Vv

Trd loi
Theo dinh nghia ctia toan tir tuyén tinh ta c6:
dfy

d df;
a) —(cifitch)=c =L +c,—2
)dx(ll 2 ) g O,

Viy i I3 todn tir tuyén tinh.

d d df; df: df; df
b) [——+—|(cifi T b)=ci—L + =2 + ¢+ +cp—2
) [dx dy](ll o) il i e

d d £
Vay |[—+—| la toan ti tuyén tinh.
by [dx dy] y

d

dx

d[d
I R £
}1 Czdx{dx }2

Thyc hién cac phép dao ham ta thu dugc két qua thod man diéu kién tuyén tinh. Vay

a" d |d
fi + ¢ fh) = —
C) o (cifi + cofy) ] {dx

} (C1f1 + C2f2)

da
dx

d

~da [d
—Cl{ E

dx |dx

n
toan t&r -9 14 todn tir tuyén tinh.
an

2 2 2
d) Vi= d—2 + 4y d—2 la toan tir Laplace.
d<>  dy? dz
Thyc hién phép tinh V(cif; + cof>) ta co:
2 2
4 4
dx> dy2

d2
+ P (C]fl + szz)
VA

a2 a2 d?
hay 2 (cifi T eofy) + dTrZ (cifi +eof) + d?(clfl +eofy)

az,  d%f,
Cl 72 + (32 72
dy dy

+ -

C— s +eg—2
dX2

S T
a2 i

2 2
o df]

Két qua thu duoc thoa man dinh nghia vé toan tir tuyén tinh. Vay toan tir Laplace 1a
toan tir tuyén tinh.
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10. Cho toan tir A = — i% (i= V-1). Hay ching minh toan tr A 1a Hermite. Biét x
nam trong (- oo , + o).
Trd loi
NewA =il mid'=il

“00
Theo dinh nghia vé€ toan tir Hermite ta co: f g Afdr

ap dung cho truong hop A =— i%
ta viét: —ii’og*ﬁdx:—i?og*df
b b b
Theo phép tich phén ting phan f vdu = wl - f udv} ta co:

“+o0
—i f g df =— igf]

+o0 100 %
+ i f fdg
. L
Khi x = + oo, cac ham fva g déu tién t6i 0. Do vay biéu thirc — igf = 0.

Cudi cung ta viet:

T P T S JU
fg Afdx—lffdg —lffdxdx—ff[ldxg

0 Ak %
dx = f fA gdx
-0
So sanh két qua thu dugc voi biéu thirc ban dau, toan tir A= — i% la toan tir Hermite.

11. Cho toan tir A 13 Hermite. Néu nhan toan tir A voi mot sd thuc ¢ thi cA ¢6 phai la
toan tir Hermite hay khong ?
Tra loi

Tir dinh nghia vé toan tir Hermite ta co:
f g Afdx = f fA"g dx

Nhan 2 vé cua biéu thirc ndy véi ¢ 1a s6 thuc (c =c¢') s& ¢6:
cf g*A fdx = c*f fA*g*dx hay
[ cA)fdx= [f(c"A)g'dx
f g Bfdx= f f(B'g")dx

Biéu thuc cudi cung thu dugc chird B = cA 1a Hermite.
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12. Cho A va B 14 hai toan tir Hermite. Hiy chirng minh tong A + B ciing 1a Hermite?
Trd loi
Theo dau bai va tir tinh chat ciia toan tir ta co thé viét:
f g (A+B) fdx = f g Afdx + f g B fdx
= f fA"g dx + f f B g Bdx
= f f(A"+ B g dx
So sanh biéu thic cudi cung véi biéu thirc dau tién rd rang tong (A + B) ciing
la Hermite.
13. Biét A va B Ia nhitng toan tir Hermite, ching minh tich A B ciing 13 Hermite néu
A va B giao hoan véi nhau.
Trd loi
Tir gia thiét ban dau ta viét: f g*A Bfdx = f g*A(Bf)dx
Mit khac do A 1a toan tir Hermite nén :
[ & ABhHdx= [ (BHA g dx
va cling do B 13 toan tir Hermite nén:
f (BHA"g"dx = f fB (A g )dx
Chung ta lai biét AB=BA nén:
f fB'(A"g")dx = f fA"B g dx
Két qua nay chi rd tich A B 1a toan tir Hermite.
14. Hay ching minh nhiing ham sau day ham nao 1a ham riéng cua toan tir %

a) e ¢) k €) o’

b) coskx d kx

Trong tung truong hop trén hay chi rd cac tri riéng twong ung.
Trd loi

Phuong trinh hiam riéng, tri riéng c¢6 dang: Ay =ay

ap dung cho timg truong hop ta co cac két qua sau:

a) % (€™) = ike™. Nhu thé ham ¢’ 12 ham riéng cia toan tir % va tri riéng tuong Gng
la ik.
b) %(cos kx) = — ksinkx. & truong hgp nay ham coskx khong phai 1a ham riéng ctua

toan tu i
dx
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d

c) . (k)=0. k khong phai 1a ham riéng.
d) i (kx) = k. kx khong phai 1a ham riéng.

d , _ax? —ax? yra.  —ax® .~ N 21N LA A , . d
e) &(e X )y =—2axe ™ . Ham e ¥ ciling khong phai la ham riéng cua toan tir ™

boi vi 2ax khong phai 1a hing sd.
15. Xac dinh gia tri trung binh cia dong lwong tuyén tinh hinh chiéu py dugc mé ta
bang cac ham song sau day:
a) e ; b) coskx ; c) e &
Tra loi
Toan tir dong lwong tuyén tinh theo phwong x c6 dang:

. d
Py =—1h—
Px 1

Gi4 trj trung binh cua pyx duoc xac dinh bing biéu thuc:

< p >:f\l’*f)x\|fdx

f v ydx
A L
f v ydx f v ydx

ap dung cho tung truong hop:

a) yy=e"— 3—‘)‘(’ = ike™ = iky

),
Yy

b) wyx=coskx——> %‘l = — ksinkx ;

v, = coskx

[ v Rax= [ coskx(ksinkx)dx
. dx e

=k f coskxsinkxdx = 0

Vay ( pe ) =0.

C) Yx= SN %’ — Daxe
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Il
%8
CDI
)
el
Do
T
N
o
>
ml
o
“
Do
~
o
b

—00

9 2

=-2a f xe 28X dx
—00

=0

vz )
16. Cho ham song f, (x)= [—] sin—x v&i 0 <x <a mo ta chuyén dong cua electron
a

a

trong giéng thé mot chidu. Hiy chirng minh hé thirc: <E2> - <E>2 =0.

Tra loi
Khi electron chuyén dong trong giéng thé mot chiéu thi u(x)=0, todn tir nang lugng c6
X 2 32
dang: H= LA .
2m dx2

Ning lugng trung binh (E) dugc tinh theo biéu thtc sau:

a

(E)= ff;: (x)Hf, (x)dx. Thay fy(x) vao ta co:

0
a 1/2 2 2 1/2
<E>:f z ) nnx —h——d [Z] sin—nnxdx
o \a a | 2mdx2|la a
2 1? nn . nux
=——— n— ——sin——dx
a 2m a dx? a
2m . nnx d nnx
=———— | sin———cos——dx
a2m a 0 a dx a

a
2 12 nn(-nn . nNUX . Nnx
= | — fsm—sm—dx
a a a




2 a a
n? (nn 2
=—|—| =|| | dx+ | cos d
mal a { { a
2 2
a° (nm|” 1 a . 2nm
=—|— X+——sm——xXx
mala) 2 nm a |
2
h? 1
— = Z[a+0-0)]
mala) 2
_ 2 (onfa_ a1

Dbi véi truong hop <E2> ta ciing tinh twong ty:

(E?) = Zf;; (x )2, (x)
ﬁ 2

d2
B 2m

dx?

1/2
. nnx
sin——

.

a
2 nt . nnx d* . nnx
=——— | sin———sin——dx

a 4m? 0 a dx a

® o
2N

a a

Thuc hién phép dao ham 4 lan ta co:

2 nt r . 2 2 .
<E2>:— h ~ sjp A7X d2 d2 L DX g
a4m 0 a |dx“|dx a
2 1t (nn nnx d? nnx
=] n—— ——sin—-—dx
a4m2l a a dx2 a

1/2
[z] sin——dx

2 nt 2
:_h_zﬂ [—] fs1 224k
a4m?l a a a
4 4. a
_zh—z b —f[1+COS2% dx
a4m?l a 0 a
_2 n* ﬂ4a_ h* n*r? 4 h*
a4m?la) 2 167* 4mZat 64mZa*
2
2
Viy (E?) = |n’ -
8ma

16
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So sanh v6i két qua tinh duge cho (E), ta co: <E2>—<E>2 =0. D6 1a diéu can chung
minh,

17. Cho ham séng mo ta trang thai cua mot vi hat cé dang:
v = (cosy)e™™ + (siny)e ™
& day y 1a tham s6. Hay:
a) Cho biét tri riéng ciia toan tir px va biéu thirc ham riéng mo ta toan trang thai cia hé
khao sat

b) Viét dang ham song y trén day néu xac suit tim thay vi hat dat duoc 90% tng vdi px
= +k 4. Biét ¢** 1a ham riéng cua toan tir p. .

Trd loi
Theo dau bai: y(cosy)e™™ + (siny)e ™
. ..o d
Py =—17 e

ap dung phuong trinh ham riéng tri ri€éng ta c6:
a)ﬁgm=—dhgﬁémrl4hm€”=kh®h)
+ k7 1a tririéng cua p,.
ﬁxw2=—ihé§®”“)=—dhc—kk&“=—kh®mﬁ
—kn la tri riéng cua p, .

Theo tién d& 1 cua co hoc luong tir thi:
v = (cosy)e™ + (sing)e "

ikx — ikx

=cCie T e

hay
cling la ham ri€éng mo ta trang thai ciia hé vi hat.
b) bé viét dang ham song cu thé, ta lai biét xac suit tim théy vi hat la:

pi=c¢ = 0052X = 0,90 — cosy = 0,95

pa=c& = sin®y = 0,10 —> siny = + 0,32
Vay y = 0,95¢™ £ 0,32 ¢ &
18. Biét toan tir tqyén tiph A 1'1:ng voi tri 'riéng duy nhét a c6 k ham riéng fi, f, ... fi, hiy
chung minh rang bat cir to hop tuyén tinh nao cua cac ham riéng ndi trén ciing 1a
ham riéng cud toan tir A Uing vdi tri riéng a.
Trd loi
Dé tién lgi cho cach giai ta xét truong hop ham riéng suy bién bac 2.
Theo gia thiét ban dau ta co:
Afy=afy (1)
Af=af )

Ta nhén lan lwot phuong trinh (1) v6i ¢; va (2) véi ¢,
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ci Afy = cjaf
c, Afy = crafy
ciAf + ¢, Afh = ciaf; + craby
Vi A 1 toan tir tuyén tinh nén ta viét:
A(cifi + cofy) = a (cify + c2by) 3)
t6 hop (cifi + c2fs) & phuong trinh (3) 12 ham riéng cua toan tu tuyén tinh A Gng véi tri riéng
a duy nhat.

Tir két qua thu duoc cta bai toan ndy ta suy rong cho cac truong hop khong cé suy bién,
nghia la ung voi cac ham f, f... co céc tri ri€éng a;, a,... khac nhau. Trong truong hop nay ta
nhan thay:

A(eify + eof) = aieify + axeofs 4)

Do a; # a, nén t6 hop ¢if; + cofs khong 1a ham riéng cia toan tir A.

19. Hiy ching minh céc tri riéng ctia toan tir Hermite déu 1a nhitng s6 thuc.
Trd loi

Xuat phat tir phuong trinh tri riéng ta viét:

Afi=af )

Lay lién hop phirc hai vé ciia phuong trinh (1) sé& la:

Af; = af (2)

Nhan (1) vé6i f va 14y tich phan ta dwoc:

[ £ Afidx=a; [ £ fidx 3)

Mot céach tuong ty nhan (2) véi f;:

[ A" dx=a; [ £ fidx (4)

Do A 14 toan tir Hermite nén tir (3) va (4) dan dén:

a [ £ fdx=1a; [ £ fdx
hay aj = a;. Do 1a diéu can ching minh.
Bai toan nay ciing c6 thé biéu dién dudi dang tich vé hudng.
Af=afi—> ( G1AG ) =( g laf )={ 516 ) @)

Af=ai > ( AE 16 )=( a1 )=aj( £16) @

So sanh ham (1°) va (2’) 10 rang a; = a;.

20. Nhirng ham riéng ciia mot toan tir Hermite A tng véi nhitng tri riéng khac nhau s&
1ap thanh mot hé ham tryc giao. Hay chirng minh diéu nay.

Tra loi
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Goi fj va fi 1a hai ham riéng bat ki cia toan tr A tng voi hai tri riéng aj va ax khac nhau
(aj # ay) ta phai chung minh f fjf; dx = 0. Qua vay, theo gia thiét ta co:

Af=af (1)
nhén (1) vi f; va lay tich phan ta co:
[ i Afidx=a [ ffidx 2)

V6i ham riéng fi cua toan tr A, phuong trinh tri riéng c6 dang:
Afi=ac fi  hay lién hop c6 dang:
A'fy =apfy (3)
nhan (3) voi f; va ldy tich phan ta c6:
[ A fedx = ay [ £ fidx (4)
Trir (3) voi (4) ta ¢ biéu thic sau:
f fir Afidx— f fiA"f dx = (aj — a;;)f £ fidx (5)
Do A 1a Hermite nén vé trai cia (5) bang 0
(aj—ai;)f fi fidx = 0; (aj— a) # 0
nén f ff: fidx = 0. Diéu nay c6 nghia ham riéng f; va f; truc giao véi nhau.
(Doc gia c6 thé biéu dién bai toan nay dudi dang tich vé hudng).
21. Cho ham f = cosax.cosby.coscz, hdy:
a) Chirng minh ham da cho 14 ham riéng cia toan tir Laplace V7.
b) Tim tri riéng twong tng vo1 ham riéng f.
Trd loi
2 2 2
a) Toan tir Laplace c6 dang V*= I S
d<?  dy? dz
Ta thuc hién phép tinh ciia phuong trinh tri riéng:
Af=af

Thyc vay: V*f=kf hay

S
— +—5 +—5 |cosax.cosby.coscz =
dx* dy® dz
& a2 &
2 (cosax.cosby.coscz) + — (cosax.cosby.coscz) + 7 (cosax.cosby.coscz)
dy z

Ta thuc hién phép lay dao ham bac 2 theo x, y va z s& dan t6i két qua.
2
& (cosax.cosby.coscz) = — az(cosax.cosby.coscz) =_a’f
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2
d—2 (cosax.cosby.coscz) = — bz(cosax.cosby.coscz) = b’f

dy

2
% (cosax.cosby.coscz) = — c¢*(cosax.cosby.coscz) = — ¢*f

Cuoi cung ta c6 biéu thirc:

Biéu thirc cudi cing da chi rd ham f chinh 13 ham riéng cta toan tir Laplace.
b) Ciing tir biéu thure thu duoc gia tri —(a® + b> + ¢?) 14 tri riéng cua toan tir Laplace trong
hé toa d6 Descartes.

22. Hay chung minh ham f; = singx va f,= cosgx la tryc giao trong khoang xac dinh 0
<x<a.
Tra loi
Theo didu kién truc giao f fifdt=0.
Xét cho hai ham f va f; ta co:

a

a a
- T TC
f flfzdx=f sin— X.cos —xdx
a
0 0

a
1 LT T
=—f 2sin = X.cos— xdx
2 0 a a

Do 2 sind.cosO = sin20 nén ta viét:
a

1 f SiﬂZEXdXZl —iJcosEX
2 a 2 2n a |
0
=-21-1=0
T

Vay fi va f; la hai ham truc giao véi nhau.

23. Cho toan tir A va B a tuyén tinh va Hermite. Hay chirng minh rang khi 2 toan tur
nay giao hoan véi nhau thi chung c6 cung ham riéng f.

Trd loi
Dang tong quat ctia phuong trinh ham riéng va tri riéng la:
Af=af (1)
Nhan trai hai vé cua (1) v6i B ta co:
BAf=Baf=aBf )
Do A va B giao hoan véi nhau nén ta c6 hé thirc:
ABf=BAf=A(Bf)= Abf=DbAf (3)

Tir (2) va (3) dan téi
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A(Bf)=a(Bf) 4
Phuong trinh (4) ching t6 Bf 1 ham riéng cua toan tir A.
Tadit Bf=f s&co: Af=af %)

Nhu vay fva f déu 1a ham riéng clia toan tir A (g voi tri riéng a.
Mit khac ta lai biét: f = hing sé *f nén Bf = hing s6 *f= bf. Vay f la ham riéng cua
toan tir A ciing 13 ham riéng cua toan tir B. D6 1a didu can ching minh.
24. Toan tir dong lrgng thanh phan theo phuong x c6 dang py=—1nh % Tu gia tri nay
hdy tim ham riéng W, va cho biét ¥ nghia ctia nd.
Trd loi
Pé xac dinh ham riéng yp; ta 4p dung phuong trinh tri riéng:
Px U=px ¥
¢ day y 1a ham riéng va py 1a tri riéng cua p, . Thay gia tri p, ta co:
.ody dy _ 1
—1h— =pxy hay —+ = —py
& pwhay- o= Py
Lay tich phan biéu thuc s& din dén két qua:
dy _ 1
/ v b [ dx
Iny = %pxx + InA

nY = %pxx hay

A
i

Lo . n =P, x
Cuodi cung hamriéng Y, =A.e”

X

Day chinh 1a ham riéng clia toan tir p, va né ton tai véi moi gid tri thuc cia p,. Cac gia
tri px lap thanh mot phé lién tuc va c6 thé co nhiing gia tri li€n tuc bat ki.

25. Cho biét toan tir mdémen dong luwgng hinh chiéu theo phuong z 1a M, =—i# d . Hay
¢
xac dinh ham riéng cta toan tir nay va cho biét cac gia tri kha di (tri riéng) ciia toan
tir M, .
Trd loi
Giai bai todn nay ta ciing st dung phuong trinh tri riéng: MZ o = Mzo.

0 day ¢ 1a ham riéng va My la tri riéng cua toan tr MZ . Phuong trinh trén ¢6 dang:

“in %8 — My (1)
de

Mat khac, ta dat Mz = m# véi gia tri m chua biét:
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—in % —mne  hay —i%® = mg.
do do

Ao o A X do _ .
Lay tich phan s€ co: — =im | d 2
y tich p J 7 =im [ do 2)
In ¢ = ime + InA hodc
ln% =im¢p hay o=A.e™" 3)

¢ chinh 1 ham riéng clia toan tir M, . Ham riéng ¢ phai 1a don tri nén ¢(¢) = 421 + ¢).
Tur déy ta viét:

A. e =AM = A M0 gimn (4)

hay M= | ®))
Str dung hé thuc Euler 9= cos@ + isin ¢ cho truong hop trén ta co:

™" = cos2mm + isin2mm = 1 (6)

Vé phai ctia (6) 1a s6 thuc nén vé trai ciing phai thyc, nhu thé sé hang isin27 phai triét
tiéu, nghia la:
sin2mm = 0 = sinkn
2nm = kn
k=0, + 1, + 2... nguyén s& dan dén
k 1 3

m= B =0,+ Q’i 1, + §,J_r2...nguyén hay ban nguyén @)
Mait khac tir (6) ta lai co:
cos2mm = 1 = cos2kn
27m = 2kn
k=0,+1,+2 .. nguyén s& din dén
m=k=0,%1,+2,+3 .. nguyén ®)

Két hop diéu kién (7) va (8) thi m bat budc phai 1a sé nguyén. Nhu vay khi M, = m# thi
m chi c6 thé nhan cac gia tri gian doan.
M,=0n,+ 1h, = 27, = 34... nghia la M, 14p thanh phé tri ri€ng gian doan. Noi cach
khac M, da dugc lugng tur hoa.
26. 26. Cho ham y duoc khai trién duéi dang to hop tuyén tinh (theo nguyén li chong
, n
chat trang thai). y=cfi+cfh+cefz+ ..+ cnfn=Z cifi. Hay ching minh & trang
i=1
thai ham song y mo ta hé luong tir co tong binh phuong modun hé sb khai trién
bang don vi, biét rang cac ham song déu chuan hoa.
Trd loi
Theo dau baitaco: =y cifi (1)
i
Ham lién hop phirc la:y' =" ¢ £
J

(2)
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Do cac ham song dd chudn hoa nén:
f yy dx =3 > cic; I f]-*fidx
i
ZZ Z c;ci&]:l
i
0 khii=j
03 = C.
1khii=]j
Vay > |ci|?= 1. D6 1a didu cin chirng minh.

27. Xuat phat tir phuong trinh chinh tic ciia co hoc luong tu: i % = Hy voi y(q.t),
hay:
a) Thiét 1ap phuong trinh Schrirdinger & trang thai dimng vai ¢(q).
b) Cho biét y nghia ctia ham ¢(q) trong phuong trinh vira xéc lp & cau (a).
Trd loi
a) Phuong trinh Schrirdinger phu thudc thoi gian c6 dang:
.. 0y _»
h—=H 1
1h—-=Hy (1
Ham (q,t) co thé phan tich thanh hai thira s6: mot thira s§ chi phu thudc vao toa do
¢(q) va mot chi phu thudc vao thoi gian f{t):

Y(g,H)=0(H) )
Thay (2) vao (I)taco:  ih % [o(@f()] = H[o(@)D)]

Do H khong tac dung 1én f(t) nén ta co:

ind(a) 2 = g
1 df(t) _ Hoq) 3)

f(t) dt ¢(a)

Vi hai vé ctia phuwong trinh (3) phu thudc vao 2 bién s6 q va t khac nhau nén ching chi
c¢6 thé nghiém ding khi ca 2 vé bang mot hang sb. Ta goi hang s6 d6 1a E. Liic nay phuong
trinh (3) duoc tach thanh hai phuong trinh va mdi phuong trinh chi phy thudcvao mot bién sé.
Tu (3) ta co:

f(t) dt
Af®) __igg @)
f(t) h
va Hola) _ E hay
o(q)

Ho(q) = Ed(q) )
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Phuong trinh (5) chinh la phuong trinh Schridinger ¢ trang thai dirng v6i ham ¢(q). Do
chinh 1a phuong trinh ham riéng, tri riéng rat hay gip trong cac bai toan ctia hod lugng tir.
b) Pé tim y nghia ciia ham ¢(q), trudc hét ta giai phuong trinh (4) dé xac dinh ham f{t).

Qua vay: f% =—%Efdt

Inf(t) = —% Et + Inc

gy
Inf(t)=Ilne b +Inc
g
flty=c.e 7

, g g
Ham day du c6 dang: w(q,t) = d(q)c.e * =d(q)e * (6)
Ta khong can xét hé sb ¢ vi ham song trong co hoc lugng tur dugc xac dinh dén mot
hang s6 tuy ¥.
. "
v (gt =¢ (q)e” (7
¥ nghia ctia ham séng dugc biéu dién thong qua hé thuc:
[y @t = Tyl
s A % —iEt % iEt * 2
Qua vay: ly 'l =d@em o @er =d@d’(@=lo@]>

Nhu vay ¢ trang thai dung, mat do xac sult c6 mit cta vi hat tai mot vi tri nao do trong
khong gian khong phu thude vao thoi gian va c6 gia tri bang | d(q) 2.

28. Cho ham song y = ¢**cosA + ¢ sinB, A va B 1a c4c hing s6, hdy xac dinh gié tri
d6ng ning trung binh cta vi hat dugc mé ta bang ham song da cho.

Trd loi
Toan tir dong nang c6 dang sau:
a2 2 12
S d—2 (theo phuong x)

2m 2m dx
ap dung gia tri trung binh cia mot dai lugng co hoc ta viét:
W*TW dr
EPPALL
f v ydr
Thay gia tri ham song y da cho ta c6 biéu thuc:
« n% d?
[

dt

2m dxz

(eikx cosA +e K¥gin B)

f\v*wdr

(T

Khai trién tir s6 ta duoc:



2 . .
—;—f v [(K)%el cos A + (~ik)?e ¥ sin B|de
m

() =

f\v*\udr

2 X .
—;—f v (12k2e ™ cos A + i%kZe ¥ gin B)dt
m

f\v*wdr
n* * 12y ik ikx _:
—z—f v (=k*)(e™* cosA + e " sinB)dr
— m
f\v*\vdf
212 , .
hzk f v (e cos A + e ¥ sin B)dr
_ m
f\v*\vdr
"2k «
. om f U \udr_h2k2
f\v*\vdr 2m
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29. Dua vao giao hoan tir AB-BA hay xac dinh céac gia tri thu dugc cia toan tu A va

B cho cac trudng hop sau day:

a) A=—; B =x
dx

b A=L. B=¢
dx

o A=L(x+ip); B=-(x-ip)
V2 2

Voi: x =xva p, =—1h—

Tra loi

a) Theo thong 1€, mudn xac dinh cac gia tri cu thé AB — BA ta lan luot thay cac biéu

thirc toan tir d cho va tién hanh cac phép bién ddi twong tmg.
_d df(x)

AB &[Xf(x)]Zx - +f(x)
BA =3 L fx) = xE®
dx dx
AB-BA=|Yx xd|fx)=fx) ha
o Vdx Y

dx dx f(x)
AR d .2 _d 2 _ 2df(x)
b) AB " x°1(x) = xf(x) =x N

+ 2xf(x)
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2 df()

BA = §2%f(x)=){2%f(x)=x N

AB-BA =9 &fx- 5;2%1“(;;) = 2xf(x)

dx
- [(fxﬁ —58% fx) = 2xf(x)
— gz g2 d) oy

dx dx

c) Pbé x4ac dinh gia tri cua giao hoan tr voi gia tri da cho, ching ta phai thuc hién mot
loat cac bién doi sau:

a1 1 1.
AB=—"(x t1p,)—(x —1p. )= =(x +1p X —17
Jé( px)ﬁ( Px) 2( P )( bx)
Lowg  w e
=§[XZ+X(—IPX)+IPXX—IP§]
=§[X2+X(*1px)+1px><+p§]
BA= 2 (% —ip) £ (X +ip) = | (X ~ip(x +ibo)
V2 V2 2

N NS N R 2 a
[X2+lex—leX—le]
[§2+§(1ﬁ)x_1px§+f))2(]

‘a AR oA LA 0 g A A2y A2 Ao,
Thuc hién phép A B — B A ta c6 thé khir cac s6 hang x° va ps. Vay:
AB-BA ZE[X(—le)-i-lex—xle+1pxx]

; g(—i)[—inddx]ﬂ[—ihd‘ix}—fd[—ihi]ﬂ[—mdix]

= Dlpcand i2p 0 gz 9 g2 dx
2 dx dx dx dx

= % [xhi{+hxh£{+h] = %.2.}‘1 =7

Két qua cubicungtacé: AB-BA=n

30. Hay chirng minh cac hé truc giao hoa sau day roi rut ra cac két luan can thiét.

a) [M,, M,]=inM,;

b) [§%, S,]=0.
Trd loi

a) Dé chirng minh biéu thirc nay ta a4p dung quy tic giao hoan tir. Trong trudng hop nay
ta co:
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A _ 0 0 . 0
M, M, ——lh[yazz](—171)[Z8XX6
2
_iz hZ yg_ i
ox 07>
A A . 0 0 . 0 0
M, M, =—in|zS —xZ|(—in)|yZL-22
y Fx [Zax Xaz]( )[yaz Zay]
2
=212 X8 —yxa—2
0z

[M,, M,]= M, M, — M, M,
) 0%

oo

2 2
=i'n?

=—i*n? xé—y2
dy ~Ox

=in(-in)

—i?r?|x

) 0%

——yx
Oy 07>

0 ol .. ¢
X@y_yax] =1h M,

Nhu viy toan tir momen dong lwgng thanh phan khong giao hoan timg d6i mot, nghia 1a

chung khong ddng thoi xac dinh.
b) Theo dinh nghia §* = §2 + 8 + S hay

. 2 2 2 a2 2
I ol (U S (| e !
41 O 4 1 0 4 10
= . &2 & 71— &2 4 & &2
Mit khac: [S*, S,]=S"S;, — S, S
"9 A 21 0
S2SX—31 A0 1) _
4 0 1/2{1 O

Vay [$2,5,1=0

Két qua ndy ching t6 toan tir binh phuong mémen dong lugng spin tong giao hoan véi
toan tir momen dong lugng spin thanh phan theo mot phuong xac dinh. Diéu d6 chi rd 2 dai

lwong nay ddng thoi xac dinh.

Trong co hoc lugng tir, cic giao hoan tir gitt mot vai trd rat quan trong gdp phan giai
cac bai toan hoa lugng tir 1ién quan. D€ lam di€u nay nguoi ta thudng ap dung céc giao hodn

ttr bicu dién dudi dang moc Lie [ ].
Vidu [)A(la )A(]]:(), [f)lﬂ f)J]ZO
0khii=]j

[%,0;] =188 5 & {1 Khii=]
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Ki hiéu i, jung voi 1, 2, 3 thay cho x, y, z.
Quy udc dau theo hoan vi vong:
— Thuén theo kim ddng hd 123=231=312=1
— Nghich theo kim dong ho 321=213=132=-1
31. 31. Hiy ching minh cac hé thirc giao hoan sau ddy va rit ra biéu thic chung cho
cac truong hop: a) [ M, %] =i% &g
b) [My, po] =17 pg
c) [Mla Mz] =1ih Ms
Tra loi
a) Chung ta biét toan tir momen dong lwong hinh chiéu thanh phan theo céc truc c6 biéu
thirc:

My = %5 Py — %3 by
Thay biéu thirc nay vao [ M, %] ta co:
[M;,%5] = [%o b3 — %3 D2s %] hay
= [%9 D3, %9 ] — [R3 Dy, %]
Str dung dang moc Lie:
[AB,C]=A[B,C]+[A,C]B taco:
= Xo[P3, %] + [Ro, %o D3 — RX3[ Do> %o ] —[X3,%2] D2
=0+0—-%3—12—0
Theo quy udc vé dau ta co: [M;,%,] =i%%g.
Tir biéu thirc nay ta rit ra: [NI,%,] = i% %5.
[My, %3] =i %,.
[ My, % ] =i% %,.
b) Chirng minh h¢ thirc [ My, p,] ta ciing sir dung cdc moc Lie thong thudng.
[Mprz] = [Xy D3 — X3 Po, o] = [R3 D3, Po] — [X3 Dy, P2l
= Xo[Dg, o] + [Xg, Do D3 — X3[ Do, Do ] — [R3, D212
=0+iap; —0-0
Vay: [M1af)2] =1h pg
[My,ps] =% By
[ My, ;] = i% by
c) [MpMz]:[fizf)s‘f(?,f&a %3 P1-% D3]
ap dung dang [A,B — €] ta c6:
= [ D3 — X3 P, X3 D1 ] — [ X B3 — X3 Dy, Xy P3]
Str dung dang [A — B, ] s& co:



=[X9 D3, X3 Dy ] — [X3 D2, %3 b1 ] — [X9 D3, %1 D3]+ [X3 Pa, %y D3]
ap dung dang [A B, C] s& co:
=%o[D3,%3 Py ] + [Xg, %3 Dy [ D3 — X3[ Do, %5 Dy ] — [X3,%3 Dy [ Do
— Xg[bs, %) D3] —[Rg. %) P3]D3 + X3[Dg, %) Dg] +[X3,%; D3]by
Str dung dang [A,B C] ta co:
= %o {[ D3, %3101 T X3[ D3, P11} + {[%e, %3101 + X3[ %9 D1 ]} D3
— X3{[ P2, %3]Dy + X3[ Do, D11} — {[ X3, %3101 + X3[X3 D1 ]} Do
— %o {[ D3, %1 1D3 + %[ B3, D3]} — {[Ro. %1 1Ds + Xy [ %9, D3]} D3
+ %3 {[ P2, % 1P + %1 [P, D3]} + {[ X3, %1 1Dg + %1 [X3, D3]} By
Trong cac moc Lie chico [ps, k3] =—1h va [%3,pg] =17
Vay: [M17M2]: Ro(= 1) Dy + X171 Py hay
=—1ih%yP; +1h %) Dy
=1h % Py — 11 X9 Py
= ih(%y Py — &g By) = 7 My
Mot cach tuong tu ta c6 cac hé thuec:
[M;,M,] = i7 Mg
[My,My] =in M,
[My, M;] =in M,
32. Ching minh [ M2, M, ]=0
Cho biét M2 =M? + M3 + M2; M; co thé 1a M, M.
Trd loi
Ta xét cu thé truong hop M, 1a M,
[, M, 1= [N + M3 + M3, ] hay
=[M; My + My M, + My M, M |
ap dung cac moc Lie thong thuong dang [ A B,C] s& ¢6:
=[N My, M, ]+ [ My My, My | + [ My My, M, ]
= M [My, M ]+ [N My M + Mp[ My, M ] + [ My, My ] M,
+ N[ My, N ] + [N, MG ] M
Str dung két qua dd chimg minh & bai 1.30 va 1.31 s& dan t6i két qua:
[ N2, N, =i My My —in M5 M, +in Mg M, +in My M,
Vay [ M2, M ] = 0 hay viét dudi dang tong quat: [ M2, M ] = 0.

33. Chung minh cac hé thirc giao hoan sau:

29
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a) [J;,dy]1=1inds
b) [J2,3,1=0
V6i g2 =32 +J3+32;J=M+S
Trd loi
a) [Jy,dy] =[M;+ S;,J,]. Sir dung dang [A + B,C] s& co:
=[M;,Jy] +[S;,d;] hay
=[M;, My + S, ] +[S, M, + S, ].
Tir dang [A,B + ¢] ta ciing co:
=[MI,MZ]+[M1,é2]+[él,1\7[2]+[é1,é2]
=inMy +0+0+inS,
=in(M; + S3)=ind,
Vay: [d,,dy]=ind,
[Jy,d5]=ind;
[J3,d1]1=1ihJ,
b) Ciing bang cach sir dung cac dang moc Lie quen thudc ta tién hanh khao sat hé thirc:
[, 0,] =[3F + 35 + 33.9,]
=[9%. 9,1+ [93.9,1 +[J5.9,] hay
= [Jy 31,91 ] + [Jg dg, dy 1+ [d5 I3, 4]
Dua vao dang [AB,C]ta viét:
=J [J 0y 1+ [0 1d; + I [dg, 0y 1+ [Jg,d1 15 + J5[J5, J1]+[J5,d,1d5
Sir dung két qua thu dugc & bai 1.25 ta co:
=0+0—inJy 3 —in J4§ Jy +in J Iy +in Jy Iy
Vay: [9%.9;]
[3%,d5]
[32533]:

0
0
0
34. Hay ching minh rang mémen dong luong thanh phan hinh chiéu trén truc z va

mdémen dong lwong binh phuong téng déu giao hoan véi toan tir Hamilton viét cho
nguyén t hidro. Tt két qua thu dugc hay cho biét y nghia.

Trd loi
T 1i thuyét ctia co hoc luong tir ta biét toan tir momen dong hinh chiéu c6 dang: M, =

—1ih di’ nhung bai toan hidro duoc thuc hién trong toa do cau nén:
VA
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. o d
=—1h—
Mit khéc, toan tir Hamilton viét cho nguyén tir hidro:

. AN
H=———V"+U
2m

Ta loai bd U = U vi khong c6 bién sb ¢. Toan tir Laplace V2 trong toa do cau co phan
bién s6 theo r va theo 0, @. Trong trudng hop nay ta chi chi y dén phan c6 chua bién sb o,
nghia la:
L&
sin®0 8(;)2

V=2 + L 2 [sineaJ -
sin® 00 09

Thuc hién phép giao hoén tir gitra toan tir M, va H nhu sau:

[M,,H]f= M, Hf — H M, f. Qua vay:

. 2 2
do | 2m|sin”0 d¢
_t o1 &
2m Jo sinzeacp2
2m sin?0 9¢°
A 22 2
aff -2 L .8[—1 a]f
2m sin“0 8(p2 ¢

2m sin%0 9¢°

So sanh két qua thu dugc ta co:
M,H-HM, =0
Vay M, giao hoan véi H.
Pé chirng minh toan tir M2 giao hoan voi H ta thuc hién cac budc nhu sau:
M = M2 + M2 + M2
Khi M)Z( hoac Mg va Mg giao hoan vdi H thi co nghia M2 cling giao hoan voi H.
Quavdy:  [MZ,H]=[M, M, H] = M,[M,,H] + [M,, H]M,
Ching ta vira ching minh duogc giita M, va H la giao hoan v&i nhau nén M2 va H
cling giao hoan véi nhau. Thyc vay:
M, [ ML, H] + [M, H]NL = M, [0] + [0]M, =0
Bang cach tuong ty ta ciing co:

‘2 111 —
[M2,H] =0
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va [M2,H]=0

Piéu nay dan dén: [M2, H]=0.

Nhu thé toan tir binh phuong tong moémen dong lwong va toan tir Hamilton viét cho
nguyén tir H & toa do cau giao hoan voi nhau. Khi M, M2, H giao hoa v&i nhau, c¢6 nghia 1a
gia tri momen tong binh phuong va momen hinh chiéu dong lwgng ciing nhu gia tri ning
lugng s€ dong thoi xac dinh. Di€u nay s€ dugc van dung khi khao sat nguyén tir hidro trong
truong xuyén tam.

35. Cho ham song ¢, (9)=e™® va ¢_, —e ™" déu 1a ham riéng cla toan tir

A:d—z, & diy m 1a sé thyc. Dya vao phuong trinh ham riéng va tri riéng:

¢

d? o : A U
d¢(2(p) = —m2¢((p) hay chirg minh t6 hop tuyén tinh cac ham ri€ng da cho ciing 1a
¢

\ ‘A 5 . 5 A B s A Lo 1 2
ham riéng cua toan tir A va tri riéng c6 gia tri la — m".

Trd loi
s dP(e)
Theo dau bai: a0’ =-m“¢(o),

Ta lap t6 hop tuyén tinh 0(@) =c10m (¢) +co0_ 1 (¢)
Khi A tac dung 1én (o) ta co:

®o(e) _ d?
=——=(c10y +cod_
d(P2 d(p2 ( 1¥m 2 m)
— d? ime —ime
= Q(Cle +coe )
Thuyc hién phép 1ay dao ham bac 2 theo ¢ ta co:
= i?m%c,e™? 4 iZmZc e MO

= —m? (cleim(p + CQefim(p)
=-m*9(9)
Vay t6 hop tuyén tinh ctia 2 ham riéng ¢, (¢) va ¢_, () cling 1a ham riéng cula toan tir
A va—m®1a trj riéng cua toan tir ndy.
36. Cho cac ham riéng mé ta chuyén dong ctia vi hat theo vong tron voi ban kinh a c6
dang:
Vi (6) = (27) e
ddaym=0;+1;+2 ... Goc 0 bién dbi 0 <6 < 2. Hiy ching minh cac ham riéng nay
1ap thanh mot hé truc chuén.

Tra loi
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Hai ham nay 14 truc chuén khi:

2n .
X B |0 khim=n
{\Vm (e)wm (9) =08mn = {1 khim=n

Qua vay khi thay ham v, (6) ta co:

2 2r o 1/2 12 Lo
* _ x ime| L —inegpn _ - im6 —in®
f\ym (0)wy, (6) f Zn] e [275] e '"?do 2nfe e ™do
0 0 0
1 2n ( )6
_ 1 i(m—n)6 40
ZR{e

ap dung dinh Iy Euler: e'® = cos +ising, ta co:

2n 2n

f\y;‘n (0)y, (0)= %f[cos(m —1n)0 +isin(m —n)6ld6
n

0 0

1 21 i 2n
= Z—R{cos(m —n)0do + Z—n{sm(m —n)do

Theo dau bai 0 <0 < 27 nén:

— Khi m # n hai dang tich phan d&u bang 0:
2n

2
fcos(m—n)edez sin(m—n)o T_0-0=0
0 (m—n) 0
2n I
va {sin(m—n)edez—(m_n)cos(m—n)ﬁo =1-1=0
— Khi m = n thi tong hai tich phan bang 1:
2n 2n
1 1 1
0 0
i 2n i 2n
va 2—nfs1n0d6 :2—nf0d9:0
0 0
Vay két qua cubi ciing c6 thé biéu dién nhu sau:
2n . 2m .
1 i . 0 khim=n
ﬂgcos(m —n)0do —I—%‘{sm(m —n)do = {1 him =11
2n .
2 0 khim=n
hay tong quat hon: * (0 0)=8,, =
y tong qu {\vm()\vm() mn {1 b m — o

Do 1a dicu can chirng minh.

37. Cho toan tir dong nang T, va dong luong p, ddi v6i hé vi hat chuyén dong trong
giéng thé 1 chiéu. Hoi 2 dai lwong T, va p, c6 dong thoi xac dinh hay khong?
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Trd loi
Mubn xem hai dai luong co hoc c6 dong thoi xac dinh hay khong ta phai xem hai toan

A

tur twong Ung ¢ giao hoan hay khong? Tir luan clr nay ta xét |T,,p,

D6i v6i vi hat chuyén dong trong giéng thé 1 chiéu thi:
w42

R .. d .
== =—1— va
* 2m gx? Px ' dx v (x)
N n2 d? | .. d in® a2 (d
Txpxw(x): S S— [1h—W __2[_\V
2m dx dx 2m dx* | dx
_in? dy
. p L od) A% a2 ind d (a2
prx\V(X) = [_lh_] Tl 9 = — —\g
dx)| 2m dx 2m dx | dx
_in’ dy
2m Jx°

Nhu vady:  Topoyy — pyTewy =0
hay [Tx,f)x} —0,nghiala T, va p, giao hoan véi nhau, nén T, va p, dong thdi xac dinh.
38. Hay xac dinh do bt dinh vé dong luong va tdc do cho mot electron khi no chuyén

dong trong mot viing khong gian theo mot chidu xac dinh (gia sir theo chidu x cia
toa do) voi do rong bang cd duong kinh ctia nguyén tir ~ 1 A,

Trd loi
Theo hé thire bit dinh Heisenberg:
AX.Apx = h
h o _ 1,055.10 % Js 24 g
Apxy= — = 2" "= =1,055.10 " kg.m.s
Ax 1.10 1%m

Ta lai biét: Ap,= me.Avy. Tl d6 suy ra:
Ap, _ 1,055.10 **kg.ms !
m, 9,1.10 31kg

Avy = =11,6.10°m.s"!

Tur két qua thu dugc 16 rang tdc do cua electron 1a xac dinh dugc, trai lai gia tri dong
luong lai bat dinh. Nhu thé 2 dai lvgng nay khong dong thoi xac dinh.
39. Hay tinh budc song lién két de Broglie cho cac truong hop sau:
a) Mot vat co khdi lwong 1,0 g chuyén dong véi toe do 1,0 cm.s .

b) Dbi véi vat thé ciing c6 khéi lugng nhu thé, nhung chuyén dong véi téc do 1000
km.s .

¢) & nhiét do phong, mot nguyén tir He chuyén dong vé6i van toe 1000 m.s'. Cho He =
4,003.
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Tra loi
ap dung h¢ thuc de Broglie:

A= h ta s€ thu dugc cac gia tri A nhu sau:
mv

—-34
a) 7\‘: 6,6210 J.S :6,6.10729111
1,0.10%kg.1,0.10 2ms~!

—34
b) 2\ = 6,62.10"""J.s =6,6.10%°m
1,0.10%kg.1,0.10° ms ™

6,62.10 %% Js

= =0,997.10""m~1A
4,003.1,660 27kg.1,0.10°ms ™!

¢)

Céc két qua cta A thu dugc da chi & d6i véi truong hop a, b bude song 1a qua nhé nén
h¢ thuc de Broglie khong c6 y nghia, con doi voi truong hgp c) thi gid A cd kich thude
nguyén tir nén bicu thirc nay cé y nghia.

40. Dua vao nguyén li bat dinh cua Heisenberg hiy cho biét do bién thién ning luong
AE va thoi gian At thude mot h¢ ugng tir co d@)ng thoi xac dinh khong ?
Trd loi
Hé Heisenberg Ax.Ap, ># da chi ra rang bién thién cuia dong luong Apx va toa do Ax
khong dong thoi xac dinh. Dé khao sat 2 dai lugng AE va At ta xuat phat tir:
2

2
E=1mV2= (mv)” _ P~ hay
2 2m 2m

dE=£dp=Vdp do p=mv.
m

Mat khac ta lai biét:
dx A dx
= _—d dE = —dpx hay dEdt = dxdpx.
v it 0 vay it px hay Xdp

Sy bién thién cta E va t c6 thé dugc biéu dién bang:
AEAt = AxApx. Nhu vay AEAt > h.
Biéu thuc cué‘i cung da chi ro do bién thién cua nang luong va thoi gian thuoc mot hé
luong tir 1a khong dong thoi xac dinh.

41. Biét ngudng quang dién ddi véi kim loai vonfram (W) c6 budc song L, = 2300 A.
Hay xac dinh budc sépg ‘X theo A ctia énh sang toi dap vao bé mat kim }oai W dé
lam bat electron ra, biét rang anh sang chi€u vao kim loai c6 ning lugng toi da bang
1,5eV.

Cho h=6,62.107* J.s; c=3.10° m.s™'
Trd loi
ap dung hé thuc ddi voi hiéu tng quang dién ta co:
1

T=E=h(vv0)=hc[1—
A2

hoac 1_
A
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& day E=15eV=1,5.16.10"7
Ao=2300 A=23.10"m
Thay céc gia tri twong tmg vao biéu thirc trén ta co:

-19
1 _ 1,5.1,6.10 19 N 1 hay

A 6,62.10°4J5.3.105ms™ ! 23.10 %m
(0,1208.107 + 0,43.10) m '
=0,5508.10" m'=550,8.10* m"!

A= 1 m=18155.10"m=1815,5.10""m
550,8.10%

Vay: A =18155A.

42. Nguoi ta biét ning lwong cin dé ion hoa mot nguyén tir 1a 3,44.10°'® J. Sy hép thy
photon ¢ budc song A chua biét da lam ion hoa nguyén tir va bat ra mot electron
v6i tde d6 1,03.10°m.s ™. Hay xac dinh budc séng A cua buc xa tia toi.

Trd loi
Theo biéu thirc xac dinh duge d6i véi hidu ung quang dién c6 dang:

2
E=hv=hvo+%

I = hv, chinh Ia ning lugng ion hoa lam but eletron ra khoi nguyén tir. Nhu vay ta viét:

1mV2=hv—I=E—I hay
2 A
5 = he
I—‘-lmv2
2

Thay céac gia tri twong ng ta co:
5 = 6,62.10 %*J.s . 3.10%m.s!
3,44.10*18J+% 9,1.10 3 kg(1,08.10%)2m2s 2

=5,06.10m=7506.10""m
Vay: A =506 A

43. Hay tinh nang lugng (theo J) cho mdt photon va ning lugng (theo kJ/mol) cho mdt
photon burc xa trng véi budc song.

a) 600 nm (do); d) 200 nm (tim);
b) 550 nm (vang); e) 1,5 A (tia X);
¢) 400 nm (xanh); f) 1 cm (vi song).
Trd loi
he

Theo hé thic Planck ta c6: E =hv = "

N AhC

va E (cho 1 mol) = NxE =



he=6,62.10** 7.5 .3.10° m.s ' = 1,986.10 > J.m
Nahe = 6,02.10%° mol'.1,986.10%° J.m = 0,1196 J. mmol !
_ 1,986.10 2% J.m |

Vay: E ;
ay X
-1
A

Céc gia tri E va E (mol) thu dugc ¢ bang sau:
N2 A (m) E (J) E (kJ.mol™)
a 600.107° 3,31.107"° 199,0
b 550.107° 3,61.107"° 218,0
c 400.107° 4,97.107"° 299,0
d 200.107° 9,93.107"° 598,0
e 1,5.107"° 1,32.107" 7,98.10°
f 1.1072 1,99.102% 0,012

37

44. Mot dén natri phat ra anh sang vang (mg v6i bude song bang 550 nm. Hoi liéu co

bao nhiéu photon s& phat ra trong mot gidy néu cong suat ciia dén lan lugt bang:

a) 1,0 W;
b) 100 W.

Tra loi

thi:

Ta biét ring cong suat chinh 1a ning lwong trong mot don vi thoi gian. Theo don vi SI

2 —2
w-kems - _J ¢

S S

Theo Planck: E=hv
S6 photon N phat ra trong mot gidy sé Ia:

p = N.hv.
-1

TrdoNsilas N=P =Pr_ Js m _

Két qua

a) Voi

b) Véi

hv he Jsms~!

thu duoc sau khi thay sé vao s& la:

p-A = 5,035.10%.p.,
6,62.107%4.3.108

p=10W=1Js"; A=550nm=550.10"m
N =5,035.10**.1.550.10°=2,77.10"% s
p=100W=100Js"; A =550.10"m

N =5,035.10**.10%.550.10°=2,77.10* s '
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Két qua thu duoc chi rd tng véi cong suit bong dén 1 W phat ra anh sang c6 bude song
bang 550 nm thi s& c6 s6 photon phat ra 14 2,77.10"® hat trong 1 gidy. Ddi v6i cong suét 1a 100
W thi sb hat 1a 2,77.10% trong 1 gidy.

45. Nguoi ta do dugc bude song khuéeh tan A’ = 0,22 A theo hudng lam thanh mot goc
45° v6i phuong cta chum tia X ddp vao nguyén tir thi nghiém. Hoi bude séng A
theo A ctia chum tia X trong trudng hop niy bang bao nhiéu ?

Trd loi
Theo dau bai thi d6 1a thi nghiém minh hoa cho hiéu img Compton.
Vi hiéu tng Compton nguoi ta di chimg minh dugc biéu thirc nhu sau:

W= (1= cosh) =2 sin? 2
mc mc 2

A/ 1a budc song khuéch tan
hv/ A la budc song cua chum tia X

chiéu téi.
hv

Vay biéu thirc trén c6 thé viét:

A= — 2 ogin?®
me 2

Véi N=022A=02210"m;
0 =45°
h _ 6,62.10 ' J.s

=2,425.10 % m
me  91.10 °'kg . 3.108ms™!

Thay céc gia tri bang sd vao biéu thirc trén ta co:
%=022.10""m—-2.2,425.10"" m sinz%

=0,216.10"" m
Vay: A=0,216 A.
46. Cho biét mot eletron chuyén dong trong mot truong voi hi€u dién thé U = 1.000
Von. Hay xac dinh budc song lién két de Broglie A (A) 1a bao nhiéu ?
Tra loi
Khi electron chuyén dong trong dién trudng ta c thé biéu dién duéi dang biéu thirc sau:
E=qU

va T=E=%mv2



hay % mv’=q.U
hoac v _24U0

m
Song lién két de Broglie 1a:
a=B-_ b
mv  (2mqU)"/2

& day: qU=1,6.10"7.1000 J.
Thay s vao biéu thirc ta duoc:

5 = 6,62.10 % J.s

(2.9,1.10 %'kg . 1,6.1071°.10% )2
=3,88.10"" ' m=0,388.10 ""m
Viay: A =0388 A.

39
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1.3 Baitap chwa cé loi gidi

47. Thyc hién phép tinh Af =g véi cac gia tri cia toan tr A va ham f(x) cho & bang

duéi day:
N° A fx) | N° A f(x)
1
a \/7 x* c f dx X—2x+3
0
3 2 2 2
b d_ + X3 e—ax d d_2 + d_2 d_2 X3y224
dx® dx?  dy? dz

Huéng dan: Thyc hién phép tinh Af(x) = g(x) s& din dén két qua.

48. Hiy cho biét toan tir A 1a tuyén tinh hay khong, khi thuc hién cac phép tinh sau

a) Af(x)=[f(x)f,

b) Af(x)=f"(x), £*(x) 1a ham lién hop phirc ctia f(x)
¢) Af(x)=0, Nhan ham f(x) v6i 0

d) Af(x)=[f(x)] ", Phép nghich ddo cta ham f(x)

e) Af(x)=£(0), Ham f(x) khi x=0

f) Af(x)=Inf(x)
Hudng dan: Thuc hién phép tinh theo dinh nghia ctia toan tir tuyén tinh:
Aleyfy (x) + eofy (x)] = ¢ Afy (x) + cgAfy (x)
PS. a); b); d); O): A khong phai 14 toan tir tuyén tinh;

c);e): A latoan tu tuyén tinh.

49. Hiy tim c4c tri riéng khi toan tir A tac dung 1én ham riéng f(x) cho dudi day:

~ ~

N° A f(x) N° A f(x)
d? d? d
— ——+2—+3 | =
a dx2 COsSmX C dx2 dX e
b i ot d i 28
at dy X
bS. a) - ; ¢) of+2a+3

b) o . d 6
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51.

b)

52.

53.

54.
a)
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Ham sb f(x) = 7.e** dwoc coi 2 ham riéng cia toan tir o = % Hay tim tri riéng
trong truong hop nay.
bS. -3

Hay thuc hién phép giao hoan tur voi ham f(x) cho cac truong hop sau:

h A g o A d
[h,A]f bidth=x-L . A=x-2
dx? dx
N ;A 2 .

(hA1f  bidth=x- 4, B-x+d
dx? dx

bs. a) 2A

b) 2B

r A 2 r
Cho biét toan tir h = x* — % hay chung minh ham so f(x) = ¢/2 13 ham riéng
ctia toan tir h di cho va cho biét tri riéng twong ng bang bao nhiéu.
bS. f(x) 1a ham riéng

+ 1 1a tri riéng
Hay ching minh ham y(x) = 8.¢™ 1a ham riéng cua toan tir % . Cho biét trj riéng thu
dugc bang bao nhiéu?
bS. y(x) 12 ham riéng
Tri riéng la 4
Hay chirng minh cac hé thic giao hoan sau day:
[Ny, Py] = i7 By

b) [S.8,]1=inS;

Tir cac két qua thu duoc hiy cho biét nhin xét.

5S.

Khao sat tinh chit song cho 2 loai vat thé vai cac thong sb sau day:

a) Tinh d6 dai budc song theo m cho mdt proton v6i khdi lwong bang 1,67.10* g, khi
chuyén dong co6 dong ning bang 1000 eV.

b) Ciing cau hoi ndy ap dung cho mdt chiéc xe tai niang 1 tdn chuyén dong véi toc do
100 km/gio.

Tur cac gia tri A tim duoc hay rit ra cac két luan can thiét.

56.

PS. a) A (proton) =9,1.10"° m c6 y nghia
b) A (xe)=2,38.10"" m khong c6 y nghia

. 2
Hay cho bict nhitng ham cho dudi day thi ham nao la ham ri€ng cta toan tu ;)(2 ?

e b) coskx; ¢) k
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d) kx; e) e
bS. a); b); ¢) va d) la ham riéng
e) khong phai 1a ham riéng.
57. T‘inh gi4 tri trung binh cta dong ning cho mot vi hat khi chuyén dong duge mé ta
bang mot ham song y c6 dang:
v = (COSX)Cikx —ikx

Véi y 1a tham sd.

+ (siny)e

2,2
ps. (T )=EL
2m
58. Nguoi ta dung dén He chiéu mdt chum birc xa tir ngoai voi bude song A=58,4 nm 1én
mot mau kripton thi thidy chum electron bat ra khoi kripton va chuyén dong véi toc
d6 v=1,59.10° m.s"'. Hay x4c dinh thé ion ho4 cua kripton.
Cho h=6,62.10"*J.s;m=9,1.10>" kg

PS. 1=22510"%=14,0eV

59. Pé 121rr} but electron ra khoi bé mat kim loai xes’i (Cs) nguoi ta phai tiéu ton mff)t
cong bang 2,64 eV. Hay xé‘c dinh dong nang va toc d¢ cua electron bat ra khi chiéu
sang vao Cs c6 budc song lan luot la:

a) 700 nm
b) 300 nm
PS. a) electron khong bi bat ra.
b) T=3,19.10"7
v=2837 kms'

60. a) Hay xac dinh do bat dinh nho nhét vé toc do ciia mot qua bong c6 khodi lwrgng
bang 500 gam, biét ring n6é & mdt vi tri nao do6 trong khong gian c6 mdt khoang 1a 1
pm trén mot dung cu dé choi bong.

b) Mot vién dan ¢ khéi lwong 1a 5 gam dugc bén di voi toe do vao khoang 35.000.001
va 35.000.000 m.s . Hay x4c dinh d¢ bat dinh nho nhét vé vi tri ciia vién dan nay.
PS. a) Av,=0,55.10 > m.s™'
b) Agx=0,5.10%" m

61. Hiy chirng minh ring néu b 1a tri riéng cta toan tir B thi b" ciing 1 tri riéng cua

toan tir B.

X

; 2 A L
62. Cho toantu X =x; toan tu G = % va ham so f(x) = e * . Hay thuc hién phép giao
hoan tir [%,1]. Tir két qua thu dugc cho biét nhan xét.

Huwéng dén. Thuc hién phép % 0 va G k.



43



Chuong 2. Ap dung co hoc lwgng tir vao
cau truc nguyén tr
Ldam Ngoc Thiém

Lé Kim Long

Giao trinh nhdp mon hoa luong tu

NXB Dai hoc quéc gia Ha Noi 2006.

Tir khod: Céu tao nguyén tir, co hoc luong tir.

Tai liéu trong Thu vién dién tw DH Khoa hoc Ty nhién co thé dugc sir dung cho muc
dich hoc tdp va nghién cuu ca nhan. Nghiéem cam moi hinh thirc sao chep, in an phuc

vu cac muc dich khdc néu khong dwoc sy chdp thudn cua nha xuat ban va tac gia.

Muc luc
Chuwong 2 Ap dung co hoc lwong tir vao ciu tao nguyén tir 2
2.1 LA thUYSt tOM IHOC ... 2
2.1.1 Electron chuyén dong trong gidng thé ...........o.cooovviveiimieeeeeeeeeeeeeee e 2
2.1.2 Bai toan nguyén tir hidro trong trurdng XUyen tAm .........ccccevereeieneeeeriene e 3

2.2 BAT AP AP QUNG .ottt sttt nbeenbeenbeenes 10



Chwong 2
Ap dung co hoc lirgng tir vao ciu tao nguyén tir

2.1 Li thuyét tom lwoc
K& tir khi sy 4p dung thanh cong co hoc Iugng tir dé khao sat cau tao nguyén tir trong hoa
hoc da khang dinh tinh diing dan caa Ii thuyét luong ti. Trong chuong nay ching ta dé cap toi

mot sé hé luong tir hod hoc quan trong co lién quan dén ciu trac nguyén tu (HE quay tir cing
nhic va dao dong tir diéu hoa dugc chuyén xudng chuong khai quat vé phd phan ti).

2.1.1 Electron chuyén dong trong giéng thé

1. Chuyén dong ciia electron trong giéng thé mot chiéu
Phuong trinh Schridinger trong trudng hop nay cu dang:

Giai phuong trinh vi phan ta c6:

\ . 12 . om
— Ham song yy(x) = \/; smni X u

Il
(@)

o
&
Xy

2 h?
mLz’

— Naéng luong E, =
n=1,2,3... sb luong tir chinh;

h- hang s6 Planck;

m- khdi lugng electron;

d2\|/ 2m _
o vl

Phuong trdnh Schrurdinger trong truong hop nay cu dang:

Giai phuong trinh vi phan ta co:



— Ham song yy(x) =\/E sinn% X

h2
— Ning luong E,=n’ ;
s s 8ml?

n=1,2,3... s6 luong tr chinh;
h- hing sb Planck;
m- khdi lugng electron;
L- chiéu rong giéng thé.

2. Chuyén ddng ciia electron trong giéng thé 3 chiéu

— Ham song: Ynnn, x,y,2)= Wn, (x) Wn, (y) Wn, (2)

x) = 2z sinny —- x
\an L X L

X X

Vo ()= |2 sinn, "y
ny Ly YLy

(z) = 2 sinn, —z
\Vnz 1 Z 1L

Z Z

2| .2 2 2
_NﬁngluqngE=EnX+Eny+EnZ:§7m Ir;x +LTy+ETZ
nX

n, n,

2.1.2 Bai toan nguyén tir hidro trong trudng xuyén tam

Moi tuong quan gitia toa d§ Descartes va toa d cau
A

1.

z

z =rcoso
X = rsinf.cose

y = 1sinf.sing

=X+ y+ 2 0

\

dt = r*drsin0d0de

\Ix



2. Phuong trinh Schrirdinger ¢ trang thai ding
Hy(r, 6, 9) =Ey(r, 6, 9)

v(r, 6, 0) = R(1)Y(6, 9)

. 2
vOi: s g [v§+12/\ +U
m r

trong do: v2=1 9 [0

rz or or
1 0 (. .0 1 9*
A=—— sme—] + -
sin® 90 06 sin?0 0¢2

Sau khi thay cac gia tri twong tung va thuc hién mot sb phép bién doi ta thu duoc 2
phuong trinh:

— Phuong trinh goc: M2Y (0, @) =172 Y (0, ¢)
_ Phuong trinh bén kinh: -3 [12 ‘ji_R] +P 2% (E-UR =R
r r i

O day toan tir momen dong luong c6 dang:

AT
¢

Céac h¢ thic giao hoan tu:
[M,,M?] = 0;[M,,H] = 0; [M?,H]=0

Gidi phuong trinh goc va ban kinh ta thu dugce cac nghi¢ém sau:

) ~ m7Z2e ) 72
a) Nang luong: Ey=- ol k™= —13,6¥ [eV]
b) Ham séng: Ynem, ©6,0) = Ro, (@) . Yyn (6,9



ham AO ham BAnkinh  ham goc

n 1,2,3,..n ) lugng tr chinh
¢:0,1,2,3,..n—1 sO lugng tir phu
m,;: 0,+1,+2,...+/ sO luong tur tir
1 =

k=

9.10° Jc‘zn 13 hé s6 ti 18 trong twong tac tinh dién.

4me,

Céc gia tri cia ham R(x), ham Y (0, ¢) duoc ghi thanh bang tai phan phu luc.
¢) Ham toan phan

\Pn,é,mﬂ,ms (I', 6, o0, G) = \Vn,[,m,L (I‘,e, (P) . X(G)

ham toan phan ham AO ham spin

mg= i% S6 lugng tir spin

d) Cac gia tri momen dong lugng

— Mo&men dong luong: M = JU+1n
— Mé6men dong lugng hinh chiéu: M,=m,h
— Momen dong lugng spin: M= s(s+1)n

— M6men dong lugng toan phan: Mip= I+ 1)
v6i: J =0 + s goi la s6 lugng tir noi.

e) Pho phat xa nguyén tir ctia hidro

:(/:RH D)

1
A ny n

1 1]; Ry- hing s6 Rydberg

C
3. Mait do xac suét tim thr?iy vi hat theorva 0, ¢
a) Theo li thuyét xac sut

Xéc suat co mat cua electron dugc xac dinh bang biéu thuc:

dp=|\|/|2dt voi j]\yzdr=1



Trong thuc té tinh toan nguoi ta thuong xac dinh mat d6 xac suat c6 mit cua electron & mot
diém M nao d6 trong khong gian, tai thoi di€m t, trong mot don vi theé tich dt va dugc tach riéng
thanh 2 phan doc lap.

b) Mat d6 xac suit theo ban kinh

D =L = [R [P

Xac sudt theo r 1a: dp(r) = R'Rr’dr

Vi diéu kién chudn hoa: f R'Re’dr =1
0

Ciing nhu R(r), mat d6 xac suét D(r) chi phu thudc vao n va ¢.
¢) Mat do xac suét theo goc

Pay 1a sy phan bd mat do xac suét trong truong xuyén tim theo mot hudng cho trude
duoc xac dinh boi goc 0, .

dp(0, ) = Y'Ysin0dode = Y'YdQ

dp(6,0) _ vtV 2
PP =DO.¢)= Y'Y |y |

0=t o=2n
véididukién chuinhoa | [ Y'Ysinodede 1.
60 ¢=0

Ham Yg,m[ (0, @) chi phu thudc vao cac sb luong tir ¢ va m, doc lap v6i sd luong tir
chinh n.
d) Ham toan phan - ham spin - obitan (ASO)

Khi chi ¥ dén sy hiéu chinh khéi lugng m cua hé vi mo theo thuyét tuong d6i cua
Einstein trong qua trinh giai phuong trinh Schrudinger, ta thay xuat hién so lugng tu spin véi

gia tri ms=i%.

Nhu vay ham spin-obitan la:

kg n,/,m,,mg (I‘, 9, o0, G) = Rn, ‘ (X) . Y{,m, (9, (P) . Xms (G)
: <> <> <>
Ham toan phan ham ban kinh ham goc ham spin
Ham spin-obitan ham AO



4.  ap dung i thuyét luong tir cho hé nguyén tir nhiéu electron

V& nguyén tic, ciing tuong ty nhu trudng hop dbi v6i h¢ mot electron, nhung phuc tap veé
mat toan hoc nén nguoi ta phai st dung phuong phap gan dang.

Dbi v6i nguyén tir nhiéu electron, ngudi ta gia thiét 1a mdi electron chuyén dong doc lap
v&i céc electron trong mdt trudng trung binh doi xing cau tao bdi hat nhan nguyén tir va cac
electron con lai. D6 1a truong tu hgp (SCF - Self Consistent Field).

ﬂw=Ew
. 2N, Noge2 NN oo .
voi H = o Y Vi =Y = + > > = khibo qua twong tac day giita cic electron thi
m i A iy
toan tir Hamilton c6 dang:
2 N N 2
A h 2 Ze 1 Yr .

1 1

h; 14 toan tir Hamilton cho ting electron doc lap. Giai bai toan nay dan t6i gia tri ning
lugng cua h¢ la:

E=E{+E;+E;s... Ex
Ham song chung mo ta trang thai cho toan lop vo la:
Y =Vy1yays... YN

Theo nguyén li bat dinh Heisenberg nguoi ta khong thé v& quy dao ting electron trong
h¢. Ve nguyén tac chung ta khong the phan biét dugc cac hat trong h¢.

Ham song toan phan cia hé lwong tir phai 1a ham phan dbi xting. Biéu dién diéu nay tét
nhat la dudi dang dinh thac Slater.

el (&) Pp, (€)W, (En)

Y&, G am=ﬁ Pp| (1) ¥p, (&) ¥p, (EW)

¥ (G1) Wp (&2)--... ¥y (EN)
En- toa do khai quat bao gdm ca toa do khong gian va spin;

_ 1 _hé sé chuan hoa ciia ham song.
VN!

Vidu hé co6 2 electron thi ham W(&y, &;) la:



v()a() w(1)p()

1
P(E1,82)= V2 |y (2)a(2) v(2)B(2)

1
hay N [a(DB(2) — a2)BD)Iw(Dy(2)
vé1 ham spin o ng voi mg= +% va  khi my= 7% ; ¥ 1a ham obitan.

5. Céau hinh electron. S6 hang nguyén tur

Thiét 14p cdu hinh electron ctia nguyén tir nhidu electron theo cac nguyén li sau: (nguyén
li Pauli, nguyén li viing bén, quy tdc Hund) da dugc trinh bay ¢ phan cau tao chat dai cuong.

S6 hang nguyén tur. D6i v6i nguyén tir nhiéu electron xudt hién nhiéu tuong tac phuc tap,
nhu twong tac day giita cac electron. Russell - Saunders d 1ap thanh so dd lip ghép nham xac
dinh cac trang thai kha di dé giai thich cac vach pho phat xa.

— Mb6men dong luong obitan tong cua nguyén tir hay ion.
L=Y7%
i
7 - momen dong lugng obitan cua electron i:
ANy
L=Y15; > L-1;) -2

L 0 1 2 3 4 5 6 7 8

Trang S F [ K q K I K L
thai

— MoOmen spin tong ciia nguyén tir hay ion:
= Z §1
i
§;- mOmen dong lugng spin cua electron i:

S| =JSsh

s=N.N_;. N 5
2 2 2



— Hinh chi€u cua mémen dong lugng obitan tong trén truc z.

L,=Mh véiML= Y m,,

i
M. - s0 lugng tir tong clia toan nguyén tir;
my, - s0 lwong tir tir ctia electron i
M,=L; L-1; L-2...
— Momen d6ng lwong spin tong hinh chiéu theo mét phwong:
S,=M;h Vol Ms= ) mg.
Ms - sb luong tir spin tong cua toan nguyén tir;
mg, - s0 lugng tir spin cua electron i.
Ms=S; S—-1; S-2...
— Momen toan phan J cua toan nguyén tir:
J=L+S8
BNy
J - S6 lugng tir ndi ctia nguyén tir hay ion.
Hinh chiéu ctia J trén tryc z duoc xac dinh bang hé thirc:
Jz=Mh

v6i M; gid tri s§ lwong tir ndi nhan 2J + 1 gid trj tir —J dén +J.

S6 hang nguyén tir X 1a nhom nhiing trang thai c6 cing L va S va dugc ki hiéu:

ZS+1X
J

(2S+1)- @6 boi spin cuia nguyén tu;

J= | L-S | khi cu hinh electron nhé hon hoic béng mot nira sb electron thudc cdu hinh
electron ctia nguyén tir khao curu. Nguoc lai, khi J = | L+S | néu cAu hinh electron 16n hon

mot nira so electron c6 mat cua AO dang xét.
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2.2 Bai tap ap dung

2.1. Cho ham séng vy, (x)= Bsin > md ta chuyén dong electron trong giéng thé 1 chiéu
a

voi chiéu rong la a. Hay tim h¢ s6 B cia ham song nay.
Tra loi

ap dung diéu kién chuan hoa ham song ta co:
a a nx
f\u;‘l (X)yp (x)dx = B*stin2 Max=1
a
0 0

a

Ble l—cos% x—B21 fdx—}cos2nnxdx =
2 a 2 a
0 0 0
a
ZBZEX—LsinznTCX =B?=-xa= = B= 2
2 2nn a a
a 0

2.2. Biét 1 vi hat chuyén dong trong giéng thé 1 chiéu v6i chiéu rong 14 a. Hiy tinh xéac
suat tim thay vi hat d6 trong khoang tur 0 dén a/2.

Tra loi

XA4c suit co mit cua vi hat trong khoang x = 0 + a dugc xac dinh theo hé thuc:

a al2 2a/2 —
Plo<x<Z|= *(x)y(x)dx =2 [ sin? 2 %qx =
o<x< J v wgas=2 [ o2
/12 al2 al2
2 1° 2nnx 1 2nmnx
=—X—= 1—cos dx = — dx— | cos dx|=
a 2f[ a a f f a
0 0 0
al/2
al2
1 1 . 2nnx 1 a . 2nnx 1lla ] 1
=—|X————sin =—|X———sin—— =—|——0|==
a nmn a a 2nm a Jp al2 2
a 0

2.3. Electron chuyén dong trong giéng thé 1 chiéu duoc mod ta bang ham
Yy (x)= \/g sin"o~ (a- chiu rong cua giéng). Hay tim gi4 tri trung binh cua vj tri (x) d6i voi
a a

electron.

Tra loi

10
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a
hay (x)= 2fsmﬂxsi de——fxsm —d
a

xsin20x cos2ax

2
Str dung tich phan: f xsin? axdx = XI -

4a 802

< > 2|x? Xsin(Znnx/a) cos(2nnx/a) 2|x2 : a
X)=—|—— — = —|— _ —
al 4 4nm/a 8><(nn/a)2 al 4 o 2

Két qua nay chi rd thyc té ta khong quan sat thiy electron ¢ thanh giéng (x = 0 va a) ma

no tap trung ¢ doan gilra (x = éa).

2.4. Tinh gia trj trung binh ciia dong lugng (p,) cua electron chuyén dong trong giéng

thé 1 chiéu (a- d¢ rong cla giéng thé). Cho v, (x)= \E sinlx .
a

a
Tra 1oi
Gia tri trung binh cua pyx dugc xac dinh b?mg hé thirc:

(0= [ (<)o ()i

0

Thay gia tri v, (x) vao ta co:

:

1/2

. nn’x[ d} 2
sin——| —1A—
a dxJ{a

(px) =

OSN

nnx nw
= —1h— fsm—co —><—d
a

nnx nnx
—1h— x—fs n—co —dx

11
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__ih2nnl 1n2nnxix
a 2 a
0
.. nmn 1 2nnx}a
=—1h B —
a® 2nm/a a )0
= ihicos Znrx & =0
2a a |0

2.5. Hay tinh gia tri trung binh binh phuong cua dong lugng px cho electron chuyén dong
trong giéng thé 1 chiéu.

Tra loi

(p2)= f v (xR (x)dx hay

a 2 1/2
<p)2<>:f[g] nnx| .o d° d [_ nmx| oo
a a dx2 a
0
a 2
2 gfsi nrx d nmx|
ay a dx a
on?n?n? 9 NTTX
—d
= a2
on?n?h? 1 [ ]d
= X
]
_ nZn%n? [ _a . 2o :
ad nn a )|
2ﬁ2h2
a2

2.6. Cho ham thr y = x(a — x) dé mo ta su chuyén dong cua vi hat trong giéng thé mot
chiéu voi do rong giéng 1a a.

a) Hiy ching minh rang ham thir y thoa méin diéu kién bién ciia bai toan.

_ b) ap dung phuong phap bién phan, xac dinh ning luong E & trang thai co ban Gng voi
diéu ki¢n bién.

2

¢) So sanh két qua thu dugc & cau b) véi két qua khi dung ham thyc 13 E = vdin=

8ma
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Tra 101
a) Ham thu v = x(a-x)
& diéu kién bién:
x=0— y(0) = 0@a-0)=0
x=a— y(a) = a(a—a)=0
Nhu vay ham thtr y dd thoa mén diéu kién bién cta bai toan.
b) Theo nguyén Ii bién phan ta cé:

d2

h2
“om e x(a—x)dx

o f\v*ﬁ\vdr ) {x(ax)
f W*Wdr jx(a —x)x(a —x)dx

0

Ta lan luot khai trién biéu thic nay.

a
Tir sb: [x@-x
0

» &

om x(a — x)dx

hz ¥ d2
=—— —-X)—(a—x)xd
bf x(a —Xx) 5 (a —x)xdx

r 2 Y 2
Lay dao ham % (ax —x%) =-2 roi thay vao biéu thirc trén ta co:

a

—;il j(ax —x*)(=2)dx = +h—; f (ax — x%)dx
0

0
a2
mi| 2 3
0
T R
6m 241°m

a 5
Mausé: [ (ax—x*Ydx = { @+ x* — 2ax)dx = Z—O 2)

13
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h’a® 30  5h

24®m a° 4°ma’

Két hop (1) va (2) dindén E = (3)

¢) So sanh gitra viéc dung ham tht véi gia tri:

5h? h?
E= va ham thuc co E(t) = , ta co:
4°ma® ) ® 8ma>
E—E{) 10—r2
.100 = .100 = 1,32%
E(t) 2 ’

Nhu vay sai s6 thu duoc khoang 1,3%.

2.7. Ching minh gia tri trung binh cua dong luong thanh phan p, bang khong khi electron
chuyén dong trong giéng thé mot chiéu voi 0 < x <a.

Cho: f)x=—ihi ;W(x) = \/Zsinnnx
dx a

a
Tra loi
ap dung biéu thirc cho gia tri trung binh ta cé:

py) = j v PxWxdx vi ham y(x) da chudn hod. Thyc hién phép khai trién sé& co:

a
. j\/? n_d \/? b
(pg) =—in | ,[=sinn=x— | ,[=sinn —x
o va a dx|Va a

——h@ 1j2s1nn x.cosn = xdx

a a
a? 0

dx

a

=—in n—g jsin2 T xdx hay

a” a
. on’n? 2nm
—1% 5 |Tcos—x
a a g
2 2
—in o1 =0
23

D6 1a diéu ching ta can ching minh.

2.8. a) Hiy viét phuong trinh Schrirdinger ddy dii ¢ dang khai trién cho truong hop
electron chuyén dong tu do trong giéng thé mot chiéu véi chiéu dai giéng 1a a.

14
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b) Tinh gié tri trung binh cia momen dong lugng hinh chiéu binh phuong P2 tmg voin =

Tra loi

a) Ta biét phuong trinh Schrirdinger ¢ trang thai dimg c6 dang:
Viy + 22(E - Uy =0
h

Khi electron chuyén dong tu do trong giéng thé thi U = 0.

dy | 2m

Vay: o

Giai phuong trinh nay (xem gido trinh Co s& hoa lugng tr), ta tim dugc:

yn(x) = \/z sin 2 x
a a

b) Khi n=1— yi(x) = \/zsinnx.
a a
R 2
Mitkhic:  p =—in-3 va p2=—n2 L
dx dx?

Theo tién dé 2 co hoc luong tu ta co:

(v?) =12 j\m(x) 3 Va0

h2j\/7$1nnx[\/251n£x
a dx2 a

2
=—£ W jsm Xd—
a ¢ a dx2

dx

dx

. T
sS1n —X
a

a
2.2
_ 2mh jsinzfxdx

a 0 a

ap dung dang jsinzx = gf isin 2x , ta co:

15
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22h?

aS

x 1. o2mx| . 2h? a . °h?
———sin—— = ==
2 4 a 0 a3 2 a2

2.9. Hiy cho biét (mg vdi nhitng gia tri ndo khi electron chuyén dong trong giéng thé

mot chiu v6i d6 dai 1a a ¢ trang thai n =3 s& dat dugc gia tri mat do xac suat cyc dai va cuc
tiéu.

Cho yu(x) = \/; s1n;x

Tra loi

ung voin=3 —> y3(x) = \/gsm?’nx
a

a

Mat do xac suat c6 mat cua electron trong giéng la:

d; 31t
D(x) = P& |\V3(X)|2 = —sm ]
dx a a
~ sin’ SnxJ
a
Lo o .. o dD(X) _ o A
Muon tim gia tri D(x) max va min ta phai thuc hién: —=2 = 0. Vay:
X
/
b)) _ sin? 3nx] = —2s1nﬁx cos%x
dx a a a a
= %siﬂﬁx ~ sin 6nx] =0
a a a
, . bn_ . S/ ~_n'a
Taxét: sin—x=0=sinn’t——> —X =N’ —> X=

a a 6

V6i n < 6 doddn nhin cac gia tri 0, 1, 2,... 6.

+ Véi n’ 0 2 4 6
x( 0 a 2a a
min) 3 3
+ n’ 1 3 5

16
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Vi

x(max) a a
6 2 6

VI . N S \ . 61 r LA AL X Ly s A
Thay cac gia tri cua x cuc dai va cuc ti€éu vao ham sin— x c6 the bi€u dién bang gian do
a

sau:

2
2.10.Tinh @6 suy bién Ung v6i muc nang luong la 17h 5 cho electron chuyén déng

8mL

trong giéng thé 3 chiéu.
Tra loi

17h2
8ml2

, £ h?
Theo li thuyét E = S (n2 + ng +n?)=

Suy ra: n2 + n?, +nZ =17

Trong truong hop nay, muon xac dinh d6 suy bién ta phai thir cac kha nang c6 thé ¢o sao
cho téng binh phuong cua 3 s lugng tir dao dong theo 3 chiéu cuia giéng thé ludn ludn bang
17. Céc kha nang kha di la:

Ny ny nz
2 2 3
2 3 2
3 2 2

Ta thay rd rang E bi suy bién bac 3. Tir két qua nay (3 cip ny, ny, n, déu cho cung gia tri
E).

~2.11.Cho phan tir N, chuyén dong gisi han trong hinh hop véi thé tich 1a 1,00 m’. Gia
thiet & T = 300 K phan ti dat dugc gia tri nang luong 1a 3/2 kT.

a) Hay cho biét gia tri n = (n2 + n?, + ng)l/ ? bang bao nhiéu trong trudng hop nay?

b) Tinh gia tri AE gilta 2 murc ndng lugng ung véinvan+ 1.

17
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¢) Xac dinh budc song lién két de Broglie (theo m) ?

Tir két qua thu duoc ¢ thé rit ra nhan xét gi vé chuyén dong tinh tién cho N, khi ap dung
li thuyét co dién.

Cho k=1,381.10%JK" ; N=14.
Tra 1o1

a) Theo li thuyét c6 dién ning luong tinh tién duoc biéu dién bang biéu thuc E = ng.

£ nZh?
Mait khac, theo li thuyét lugng ti thi E = 5"
8ml:
2 2 2\1.2
. . h 23,2
Theo diu bai ta viét: E = Sk = Sy 77 _ n'h (1)
2 Sml 2 Sml?
E= 3.1,381.10’23 JK'. 300K = 6,214.10%"J
2
Tr (1) taco: n = 8’}‘1’2L E @)
Mit khéc, talaibiét L= 1,00m* —> L? = 1,00 m’
2 —27 2
8111;_4 _ 82816610 kg L00m _ ¢ 5304l
h (6,62.10724)2J2 &
Thay gia tri tinh duogc vao (2) ta s€ nhan dugc gia tri n:
n’ =8,536.10" J'. 6,214.10 %' J = 5,304.10*
n = 72810"
2 2
b) AE = Epi—Fn = (nt1)P—2_ _p2 B
Sml? Sml?
2
- _h 5 (n*+1+2n-n
8ml:
2
= @nt) 3)
8ml:

Thay gia tri n da tim dugc vao (3) tacd: AE = 1,71.10_31 J

¢) Mubn xac dinh A lién két theo hé thirc de Broglie ta phai biét v chuyén dong ctia phan
tir N». Di€u nay co6 thé rit ra tu:;

18
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Eo=tmv?=3kr — v = Xl —517ms!
2 2 m
Vay budc song lién két de Broglie 1a:
—34
2 = ‘h _ 6,62.10 **dJ.s _ 2’75‘10—11 m

mv  281,66.10 2 kg.517Tm.s "

Nhu vay, véi gia tri A tinh dugc ta nodi rang chuyén dong tinh tién cta phan tir N, c6 thé
biéu dién dugc bang li thuyet co dién.

2.12. Hay xac dinh luong phan trim bién d6i bao nhiéu dbi véi moét mirc ning luwong cho
truge cua vi hat chuyén dong trong giéng thé 3 chi€éu néu moi canh cua hop thé gidm 10%.

Tra loi
Cong thirc tinh ning luwgng vi hat trong hop thé 3 chidu co dang:

h2

B =(nf +nj +nj) s

. . 2
Ta dit phan cac dai lugng khong d6i la: (n? + n3 + n%)él— =K
m

. ..o .. - K
thigid triEséla: E = =

Dé xac dinh luong phan trim bién d6i ciia nang luong khi mdi canh ciia hdp thé giam
10%, nghia la:

K K
2 2
AE 0917 TP _ 1| _ o3
E K 0,81
L2

Nhu viy mirc ning lugng bién doi 1a 23%.

2.13.Hay xac dinh xac suét tim t}lﬁy electron & giita 0,49 L va 0,51 L chuyén dong trong
hdp thé mdt chiéu véi do rong cta giéng 1a L cho cac truong hop sau:

ayn=1; b)n=2.

Gia thiét ham song mo ta electron dbi véi truong hop nay duoc xem 13 hing sé trong
khoang 0,49 L + 0,51 L.

Tra loi

a) Xac sudt tim thay electron trong giéng thé dugc biéu dién bang:

19



0,51L
P = f y2dx = w2 Ax viham la const.
0,49L

1/2
Talai biét: vy = |= sinn * x
L L

Véin =1 s& dan tdi:

2 2 .om 2 .2
1

Vi o gilta nén x = %L
Vay x4c suat tim thiy electron trong giéng thé s& 1a:

P = y2Ax = %(0,51 —0,49)L = %.0,0ZL = 0,04
b) V6i n=2tas€ co:

29 _ 2 .2~m
= Zsin"2—=X
\5 L L

2£.1L]
L2

2 sin’m = 0,0
L

Vay P =yAx =0

2.14.Hay xac dinh sy bién thién nang lugng AE theo J, kJ mol ™!, eV va
cac murc nang lugng ting voi:

a) n.=2; n=1

b) n.=6; n=>5

Cho 1 electron chuyén dong trong giéng thé mot chiéu co chiéu rong 1a 1,0 nm.
Tra loi

2
Ning lugng duoc tinh theo E = n’ h .
8ml 7

20
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(6,62.102%)2

Vay:E = =6,02.10°J.
8.9,1.10721.(1,0.1079)?
, P 2 2. — NA
Cac hé s0 chuyén d6i: E (kJ/mol) = ?E J)
1

leV=1610"J 1cm'=1,986.107]
Tu cac sd liéu nay ta dé dang tinh dugc AE theo cac don vi J, kl/mol, eV, cm .

h2

= 3.6,02.10%J
Sml2

a) AE2ﬁ1 :Ez—El 2(4— 1)

Viay két qua thu duoc 1a:
AE>; =1,806.10"°1=108,72 kJ.mol ' = 1,13 eV = 9093,6 cm

h2
8ml 2

b) AEg,s=E¢—Es=(36—25) =11.6,02.102°J

Ciing bang cach tinh va chuyén doi don vi twong tu ta co két qua sau:
AEg,s= 6,62.107"°J = 398,5kl.mol' =4,14 eV = 33,333 cm™'
Nhu vay ta co nhan xét mirc ning luong tach trong giéng thé tang ty 1é thuan véi n.

2.15.Hay tim gi4 tri dong niang thip nhat cho mot electron chuyén dong trong giéng thé 3
chiéu tuong ung vai kich thudc sau:

0,1.10 Pem; 1,5.10 Pem; 2.10 em.
Tra loi
ap dung biéu thirc tinh ning luong cho electron chuyén dong trong giéng thé 3 chiéu:

hZ
 8m

2
ny 0y n;
SO )
b® ¢

E

a

Vi a=0110%cm= 01.10m
b=1510"%cm = 1510"m
c=2010"cm = 2,010"m

& trang thai co ban (g v&i ning luong thap nhat):

ny=ny=n,= 1. Vay:

21
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2
E =D

8m

1,11
CZ

2t . Thay s0 vao ta co:

E = 6,067.10° ]

2.16.Mot qua cau bang thép niang 10 g chuyén dong doc theo san nha c6 d6 rong 1a 10 cm
voi toe d6 1a 3,3 cm.s . Hiy tinh s6 luong tir n ing véi ning lugng tinh tién khi qua ciu
chuyén dong.

Tra loi

Ta coi qua cau chuyén dong trong mot hop thé voi do rong a =10 cm = 0,1 m. Pong ning
clia qua cau la: E = %mvz. Gi4 tri nay khi qua cau chuyén dong dugc xem nhu electron trong
giéng thé 1a:

h2 2.2 2

. Tir 2 biéu thire nay ta rat ra gia tri n la: n* = 4111#
h

E =n’

3 . Thay céc gia tri
8ma

tuong ung ¢ hé Sl ta duogc:
n=0,995.10" ~ 1.10”.

2.17.Gia thiét mot hop thé mot chidu véi do rong a = 10 nm c¢6 mdt vi hat chuyén dong
duoc mo ta bang ham song:

_ 12 .= o
y = ,-sin—-x V& n=1
a a

Hay xac dinh x4c suat tim thay vi hat cho cac truong hop sau day:
a) Gitra x = 4,95 nm va 5,05 nm;
b) Gilta x = 1,95 nm va 2,05 nm;

¢) Gitra x = 9,90 nm va 10,00 nm;

d) & chinh gitia a; =
a X

e) x & 1/3a.

Tra loi

Xac suét P la:

d d
P(c,d) = f yrdx = zf sinzgxdx
C C

22
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9 d
== = |1—cos—x|dx
J 3o
C
d
_1 a . 2=n
= Z||x——sin—"—x
a 27 a
_d-c . 2n . 2n ]
= _——_ — — |sin—d-sin—¢
a 2n a a
0,10 1
a) P(4,95;5,05) = 220 L[, 2r.505 o 27495
10 21 10

= 0,010 2i(— 0,03141 —0,03141)
TC

~ 0,02
b) P(1,95:2,05) = % _2i sin?2,05—sin%1,95
TC
~ 0,007

Mot cach tuong tu ta cling thu dugc gia tri P:
¢) P(9,90; 10) = 6,56.10°°
d) P(5,00; 10) = 0,5

1 2
—a;—al| =
3 3

1 (. 2n . 2n 1
— — |sin—.—a—sln—.—a

e)P =1
3 2n a 3 a 3

Sau khi bién d6i va khai trién ta thu duoc: P=0,61.

2.18.Cho electron chuyén dong trong giéng thé mot chiéu véi do dai a=1,0 nm.
Hay tinh niang lwong cac muc theo J; kJ.mol; eV va cm ' cho céc trudong hop sau:

a) n.=2; n=1
n=6
b) n.=6; n=5 J, e
Cho1eV=16.10"7J; 1cm'=1,986.10%]
Tra 1o n=2
l n=1,
» h? 0 X a X

ap dung cong thiic chung E =n

8ma®

Dé dé dang ta tinh phan ¢ dinh:

23
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h? (6,62.10 %4 Js)?

= =6,02.107°7J
8maZ  8.9,1.10 *'ke.(1,0.10 2m)?

h2

8ma

a) AE()=E,—E; = (4-1)—— = 3.6,02.10%] = 18,06.10°]

AE (kJ/mol) = AE(J).107.6,02.10 > = 108,36 kJ.mol"

—20
AE (eV) = AE(J) _ 18,06.10

=1,125¢eV
1,6.1071 1,6.1071
—20
AE (ent™) = AE(J) - 18,06.10 = 9063 o’
1,986.10~ 1,986.10~
b _ _ h? h? 20
) AE = E¢—Es = (36-25)—— = 11.—— =11.6,02.10 7 J
8ma’ 8ma

Ciing béng cach tuong ty nhu cau a c6 cac gia tri AE: 6,6.10"°J; ~ 400 kJ.mol'; 4,1 eV;
33.000 cm .

2.19.Tinh gia tri nang luong cho nguyén tir hidro ¢ trang thai co ban theo don vi SI va
theo eV. Cho m.=9,1.107" kg; h=6,62.10"*Is.

Tra loi

Biéu thic tinh ning lwong cho nguyén tir hidro thu dugc tir viéc giai phwong trinh
Schrudinger c6 dang:

B g
onn?
4
O trang thai cobann=1 > E = —me2 'S
2h

Trong cac phép tinh hé sb tuong tac tinh dién k dugc tinh nhu sau:

PR D 1

4me,  4.3,14.8,854.10 22N Im 2

N.m?

C2

= 8,99.10°

~ 910 N.m.m

C2

24
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J.m
=910 22
CZ

Thay cac gia tri tuong tng vao biéu thic tinh ning lurgng sé& co:

—31 —19\4 4 2 .2
_ 9110 kg.(1,6.101)%¢ (9.10° J2 m

E
2.(1,055.10%4)2.J2 &2 ¢t

=-2,179.10 ¥ kg.m*.s > =-21,79.10 "° J.

' D(”')iv V61 nguyén tr nguoi ta thuong st dung don vi phi SI ¢ dang electronvolt (eV) voi hé
s6 chuyén dbila 1 eV =1,6.10""J. Vay két qua trén s la:

-21,79.10"7:1,6.10"° 1=-13,61 eV.

Thong thudng ngudi ta chdp nhan gia tri ndy ddi véi nguyén tir hidro ¢ trang thai co ban
la:

Ei, = B =-13,6¢eV

2.20.Gia su 2 electron dugc tach xa nhau trong chan khong mot khoang cach la 3,0 A.
Hay xac dinh thé nang tuong tac tinh dién theo don vi SI.

Tra loi
X e2 , .
Thé nang U = — k. Khoang cach giita 2 electron la:
r

r=30A = 3,010""m.

_ (1610 %% o dm

Dodd U
3,0.10 'm 2

U= 7,691

2.21.Nguoi ta biét hai ham séng md ta trang thai electron trong nguyén tir hidro ¢ trang
thai kich thich chua chuan hoa c6 dang sau:

a)y= [2_r

(0]

e—r/a0

—r/2a,

b) v =rsinf.cospe
Hay chuan hoa hai ham séng nay.
Tra loi

ap dung diéu kién chuan hoa: j yydt =1
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a) jN[z—” e 112 .N[z—]C e /%% 2drsinfd0de
a'O a0
2
N [la—2E 4 e /2% Pdrsingdode = 1
ao ao
T 2
4 f e odr 4 [ oge 4 L 2 f rte /% jsinede Jao =1
%0 0 0
o '
Str dung dang tich phan: j X"e ™dx = —— ta co:
5 an+1

20 4 3 1 4
3 4 2 5

1) Pef1) Af1

aO a'0 a'O

N®.32ma? = 1. Tir d6 suy ra hé s6 chudn hoa la:

22n =1

1

«/32.n.a§

j\uzdﬂ: = szrzsinze.cosch e MRdr = 1

N =

N? 7r4e_r/ %o dr.}sing’ edezfcos2 odo| = 1
0
Str dung dang tich phan j sin’0do = f% cosO(sin®0 + 2)
j cos’pde = g + %sin 2¢ s& dan dén két qua:
= N°. 414} gn =N*321ad = 1

Heé sb chuan hod trong truong hop nay sé la:

1

\32.ma’

N =

2.22.Hay khao sat mat do xac sudt cao nhat ddi voi obitan 2p ciia nguyén tir hidro.

26
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_ 1 _5/2. —r/a
ChoR(r) =—=a re o,
® 26 °

Tra 1oi
Mat d6 xac suat & khoang cach r d6i vdi hat nhan duoc biéu dién bang hé thuc:
dp,

r T E = |R|2r2

bPéi véi truong hop AO-2p, mat do xac suét cuc dai duge xac dinh nhu sau:

2
1 _
D, = |R2p|2r2 _ [ 05/2e r/2ao] 2

—a
26

1 _
— I'4. e r/a,
24a

0

Khir =0 va oo thiD; triét tiéu.

Muon biét D(max) ta phai thuc hién: drr =0.
. dD, 1 3 R 8,
Qua vay: L= 4 ——|. e =0
dr 2443 2,

bé thoa man di€u kién nay khi r = 4a, s€ c6 D, dat gia tri cuc dai, nghia la mat d¢ xac suat

cao nhat dat duge khi r = 4a,.

2.23.Ta biét rang khi electron chuyén dong thi hinh chiéu mémen goc (obitan hay spin)

theo mdt phuong z s€ tao chop non.

a) Dya vio mé hinh vecto hay tim biéu thirc tong quat dé tinh goc 0 tao thanh theo ¢ va

b) Tim goc O bang bao nhiéu cho truong hop spin a.
¢) Ching minh goc 0 dat gia tri cuc tiéu khi £ — oo
Tra 1oi

a) Hinh chiéu cia mémen goc theo so d6 vecto duoc biéu dién theo hinh bén. R rang

theo hinh hoc ta cé: A,

cosh = —
[0(r +1)]M2 m, ;

~V a2
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Tu do 0 = arccosi/2
[+ D)1

b) Bbi véi truong hop electron o ¢6 mg = % hay s = % Diéu nay ciing c6 nghia 1a mémen

hinh chiéu obitan trén phuong z s& dan téi:
m, > mg; / —> s.

Nhu vay goc 0 tao thanh c6 thé xac dinh dugc 1a:

1
0 = arccos 21/2 =arccos% — 0 = 54%44
[3

4

¢) Mubn dé goc 0 dat min thi m, = /. Luc nay ta c6 thé viét:

lim 6,,;, = lim arccos
l—00 l—00

11 +1)Y2

. 0

= llm arccos— = arccosl = 0
{— 00 4

Nhu thé goc Omin khim, = .

2.24.Cho ham goc Ys3 = f% sin’0e’® hily chimg minh ham nay 14 chuan hoa.
I

Tra 1oi

Mubn chirng minh ham Y d4 cho 13 chuin hoa nghia 1a biéu thirc:

jY§3Y33dT =1

& day Ya3 = /% sin’@e "%, Thay cac gia tri ham Y33 v Yay vao biéu thirc trén ta co:

T 21
f [ 22 sinoe ¥, |35 sin'0e? sin0d0de = 1
00 64n 64mn

T 2n
35 - 60
— 0sinBdO | do =1 h
i { sin’Osin { [0) ay

28
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35 on [ (sin®0)’sin0d0 = 1
647 0

Tadit: sin’0 =1—cos’0 va sinfdO = d(cos0).

Nhu vay biéu thuc trén duge viét lai 1a:
a5 -+
2 :[ (1 - cos’0)’d(cos®) = 1;
Vi cos® = x, biéu thirc nay c6 dang:
a5 +1
- { (1-x)dx=1;
Khai trién (1 — x%)* ta thu duoc:

+1
35 2 4 6
— 1 -3x"+3x"—x")d
32{( X"+ 3x - x))dx

35 32

Két qua cudi cung s& la: 5375z — |- Viy ham Yy da cho 1a ham chuan hoa.

29

2.25.Ngudi ta biét ham oo dbi voi ion giéng hidro, hiy chirmg minh né 1a ham riéng cua

toan tir Hamilton H va tinh tri riéng twong tng.

Cho: Ry = 2[Z
a

Tra loi

Hém\vlooleo.Yoo hay

Zr

” 3/2 _ 1 ’ 3/2 1
:27 . ao.iz - _

32 _4r 1 52
J e ;Yo = —; H=-"V*+U.
2m

29
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3 *
Yioo= 4 .e " (au)
T
"1 > 1] Ze?
Toants H=—V?4+U=—|V2 4+ A|- =
2m 2m r2 r

Do ham g9 chi phu thudc vio r nén dang cud toan tar H 1a:

- 1 Z
H=——V2-Z(au)
2
nén ﬂ\p = [—lvf _z i Le lr
2 r T
Mit khéc ta lai biét:
Vi o= L 8[r2 nén
r? |or
. 3
fly = 118[r20] 2| |7
21'2 or or r T
_ f RERLTER _ZF.e-Zr
n or2 | Or r\n
- 2 i[Zre o _gp2e || 2 z e
T |9p2 r\m

[ a2 2 2
T r 2 r
2 3
__Zi E‘e—Zr
2 T

* Thung thuomg nguoi ta bidu dién cée dai liong lurong t béng don vi nguyon i (au - Atomic units)

vl quy uéc nhw sau:
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Nhu vay cudi cung ta c6 bi€u thiic:

. . 3 2 3
H\VIOO = H Zi .e—Zr :_Z Zi ‘e—Zr
V i 2 i

, 3 R 2
Keét qua nay da chi ro ham w0 = 2% ¢ 13 ham riéng cua todn tu H va f% la tri
T

riéng cua toan tir nay.

2.26.Dua trén khai niém mat do xac suét (D) tim théy vi hat, hdy khao sat su bién thién
D dbi v6i AO-2p, bang cach xay dyng dudng cong D = f{r) ung véi cac gia tri goc 6 cho
trude la 0°, 30°, 45° va 60°.

75/21. —r/2a

Cho AO-2p, = .e ° cosO

a

1
4fon °
Tra loi
Theo li thuyét vé khai niém mat do xac suat D ta co:

D=vyy = |y~

Thay céac gia tri ham AO-2p, vao ta dugc:

1 2
= \4 5 ag5/ Zre %0 0050
T
— 1 —-5.2 71‘/8.0 29 h
= g T cos ay
1 2
r
= —a;? [—] e cos0
32r a,
< 1 4 r _ ,
bat A = 3o 20 3 o =X, tacod
D = Aix’¢ *cos’® hay
% = x°e “cos’®

<R ’ A <\ \ 9~ \ A \ 5 r ’ e r ’ . o
Bi€u thic cudi cung nay chi ro % la mot ham cua — Ung véi géc 6 xac dinh hodc ta
0

r

a

viét: D_y

o
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Ta lap bang sau:

0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0

0 0,152 | 0,368 | 0,502 | 0,541 | 0,513 | 0,448 | 0370 | 0,293 | 0,225 | 0,168
30 0,114 | 0,276 | 0,377 | 0,406 | 0,385 | 0,336 | 0,277 | 0,220 | 0,169 | 0,126
45 0,076 | 0,184 | 0,251 | 0,271 | 0,257 | 0,224 | 0,185 | 0,147 | 0,112 | 0,084
60 0,038 | 0,092 |0,126 | 0,135 | 0,128 | 0,112 | 0,012 | 0,073 | 0,056 | 0,042

Véi nhitng gia tri r/a, tng véi cac goc O cho trude chiing ta dé dang xay dung duoc dudng
cong phu thude gitta mat do xac suat D va r/a,;

D{?\.
0,5
0.4
0,3
0,2
0,1

0

> 1/a)
1 2 3 4 5

2.27. ¢ trang thai co ban, ham song 1s cuia nguyén tu hidro c6 dang:

1/2

Véia, = 0,53 A (ban kinh Bohr thtr nhit). Hay:

a) Tinh xac sudt tim thy electron trong pham vi qua cau co r,= 0,01 A
bao quanh hat nhan.
b) X4c dinh x4c suat bing bao nhiéu néu ban kinh qua cau dat dugc r=a,.

Tra loi

Xac suat tim thiy electron trong pham vi qua cdu bao quanh hat nhan nguyén ti hidro
duoc viet dudi dang:

|\u1s|2d1: véidr = %nro
[yl 2de = —

4
3

o —2r/a,

a

o

Thay céc gia trit, = 0,01 A vaa,=0,53 A ta co:
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lyie] 2de = g[om] o2/,

3
a) Khir = 0 thi xdc sudt P s& la: % 8‘5);] e 07053 8 951076~ 9.10°

’

. C o ao o 4(0,01F 9 6
b) Khi r= a, thi xac suat P s¢€ la: 3[0’53] e = 1,21.10

Nhu thé xac suét tim th'?iy electron dat duoc cao hon khir = a,.

—r/3a,
0

9 -
3a,

0

\ _ 4 52
2.28.Cho ham R3, = ——=a r
® 9106 °

a) Hiy xac dinh mat d6 xac suét theo r.
b) Biéu dién két qua thu duoc trén db thi.
Tra 1oi

a) dp: = |R2|r2 dr

d; 4 2 _ K —
r
Dr = Dy | R2 | r2 = [] a, 5 I'4 Y/ — e, 21‘/330

(4 21 2 _—2r/3a,
D= [ ] 5 g 0072

r =() dé xac dinh mat do xac suét tim théy electron theo ban kinh r va tién

hanh mot sb phép bién dbi s& dan téi biéu thirc:

db. _ [4]2 5 2°(6a, — 1)’ e, 7% [6ay(6a, — 1) — 3agr — (62, — 1)]=0
dr  |27/6) 2728
z2 1
bat | —— = A ta co:
) [27f 27a
dD

" A2 (62,— 1) €5 2"/3% (¥ — 15a,r + 36a2) =0

R rang tir biéu thirc nay D triét tiéu khir = 0, oo va 6a,.

D; dat duoc gia tri cuc dai khi:
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1 — 158, + 3622 =0
Giai phuong trinh bac 2 nay s€ c6 2 nghiém:
r, =3a, va r, = 12a,.

b) Cac gia tri thu dugc ¢ cau a) ¢o thé minh hoa trén dd thi nhu sau:

DA

r

ag  aag 640 - 123
2.29.Cho ham i trong d6 ham ban kinh Ryo = N.e /% chura chun ho4, con ham géc
Yoo da chuan hoa. Hay xac dinh thira s6 chuan hoa doi vdi ham Ry.
Tra 1oi
Ham s c6 dang tong quét la:
Wis=Wi0 = Ri0.Yoo

Dé tim thira s6 chuan hoa ctia ham R ta 4p dung biéu thurc:
j yydr = 1

bé tién cho céac phép tinh, thudng nguoi ta ki hiéu 1/a, = 6. Vay biéu thirc trén c6 thé viét
dudi dang tong quat la:

o—3

b3 2t
RZ,rdr. Y, Y,m [sin6d6 [de = 1
0 0

Do ham goc da chuan hod nén ta chi can xét ham R,,,. Nhu vay biéu thirc c6 thé viét:

o0 o0
fR%Srzdr = sz e 28 2qr = |
0 0

o0
Nzagf e 5o = 1
0
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o
hay = Nzagfcz e 2%ds =1
0
~
Tich phan nay thudc dang f x'e “dx = —— néntacod
0
! 1
23 2 N3 Lo
(22) 4z

3 3/2
Tir d6 suy ra: N* = 4% hay N = Z[E]
a; 0

Vi thira sO chuan hoa N tim duoc ta ¢6 thé viét ham ban kinh R;s da chuan hoa nhu sau:

3/2
- 2[i

e’
aO

2.30.Cho ham song s va o, ddi voi nguyén tir hidro 1a:

-3/2 _—rla
.a," ".e 0

1 _3/2 r| —r/2a
= .a J2——]e °
Vs aWom ° a,

Hay chirng minh rang hai him nay truc giao v&i nhau.
Tra loi

ap dung diéu kién truc giao j \|!*\|!d‘t =0

hay Visyar’drsinfdode = 0

o~

/

Nhu vay dé xét tinh truc giao ta chi chil y dén cac biéu thirc c6 bién sb theo r, 0 va @; cac

o*‘\_)gﬁ

dai lvong khac dugc xem la hﬁng s0.

.e "% drsinfdede = 0

oo W 2t r/a [ r
e . |2——
P

(0]

27‘ I'2e3r/2a"dr—at7 e 3 2oy f sin6de. 7d(p =0
0 0 0 0
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= ! x .
St dung dang tich phan f x'e *dx = 1111+1 ta dé dang thu dugc két qua:
0 a
22 1 8 Do -o.
3 %o 3
2a, 2a,
—4—3— 4 3 4 + 0.
3 3
2a, 2a,

Két qua nay da ching to 2 ham s va yas 14 truc giao véi nhau.

2.31.D0i voi céac ion giong hidro nguoi ta da xac dinh dugc ham song:
3/2
e—Zr/ a,

a) Hay xac dinh gia tri trung binh 1 (r 1a khoang cach tir electron dén hat nhan) cho AO-
r
Is.

b) Tu gia tri 1 thu duogc hiy tinh gia tri trung binh cho thé ning cua electron.
r

Tra loi
Gia tri trung binh 1 duoc xéc dinh theo biéu thirc:
r
1 0o T2t 1 5
2 = s—= Wl drsin0d0d
< r> {{{er\yzr rsin [0)

& ddy ham y, d3 duoc chuin hoa:

<1 >_ z31OO —2Zr/a0d T =
il ;fre rfsmede.fd(p
o 0 0 0

Céc tich phan & day déu thudc dang co ban (xem bai 2.25) nén d& dang ta thu duoc két
qua sau:
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b) Thé nang trung binh ctia hé dugc xac dinh theo biéu thirc:

N/
u =——. Qua vay:
T
_ Zez_ 72e?
a=-= =_
B a,
/

2.32.Dwa vao tién dé& cua co hoc luong tir hiy xdc dinh khoang cach trung binh tir
electron dén hat nhan ing véi trang thai c6 mic nang lugng thap nhat trong nguyén tir hidro
va cho nhan xét.

Cho y = 1 /e : a,=0,53 A.

mia

o

Tra loi

Khoang cach trung binh dugc biéu dién bang hé thuc:
< T > = j v P ydr

< r >:L/L1/2

3
nay,

1/2
¢~ /% r[i] e "% 1 2drsin0dodo
3
na;

_ i 71‘3 e—2r/ao dr j‘ sin0do. 7 d(P
0 0 0

3
i,

Str dung céc tich phan (xem bai s6 2.25) ta co:

w

1 3!
3 4"
0

2]

vay ( r ) = 0,795A.

22n="a, = =.0,53 A.

)
Do | wo

Tia,

o

Véi két qua thu duoc niy ta nhan thay mdi phép do c6 thé cho mot két qua riéng nén ham
song mo ta trang thai electron khong phai 1a ham riéng cta toan tir .

2.33.Cho ham séng 1, dbi v6i nguyén tir hidro 1a g = —— e *'%
na,
Vi a,- ban kinh Bohr.
a) Tinh x4c suat tim thiy electron trong ving bién d6i cua r tir 0 - 2a,.
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b) Hiy cho biét xac suat nay & ngoai khoang 2a, 1a bao nhiéu ? Biét dt = 4nr’dr.

Tra loi
_ 2 2 dr = & 1 2r/a, 2
a) P _fW1sT_f—3€ 4mrdr
0 0 ma,
%,
P _ % f e—2r/a0 Zd
ag

Thyc hién phép lay tich phan ting phan judv = uv - fvdu va mot s6 dang tich phan

khéc nhu j ™ dx = ¢™/a s& dan dén két qua sau:

3 3
P = _4 2age_4 +a§e_4 +a—°e_4 _ 2o
al 4
4
_ 1
=—43e 1+ 2| =0,7624
4 4

b) & ngoai khoang 2a, c6 nghia 1a xac suat tim thiy electron bang xac suit toan khong gian
1,00 — x4c suat trong vung tir 0 — 2a,. Vay:

P =1,0-0,7624 = 0,2376
2.34.a) Tinh gia tri thé ning trung binh ddi véi nguyén tir hidro & trang thai co ban.

b) Chirng minh rang dong ning trung binh ctia electron d6i v6i hidro & AO-1s bang ning
lugng tong cua chung ¢ trang thai nay nhung nguoc dau.

Cho y 5= % e /8 , dt = 4nr’dr

nag

Tra loi
a) Thé ning trung binh duoc xac dinh theo hé thuc:
< U > = lesﬁ\VlsdT

0

Thay gia tri ham y vao biéu thirc nay ta co:

< U > = Oj‘ ! e /% —ik Le_r/a‘)47'cr2dr
0 Tfag ! \/%
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2 o)
4me _
= ——k fre 2r/% gy

3
ma,

o
. !
Lay tich phan nay theo dang f Xe™dx = — tacod
an+1
0
4me? ! 46292 e’
R
nag 9 P 4a a4
aO

b) Tur két qua thu duge cho bai toan nguyén tir hidro, ning luong c6 dang:
me4 2

onZn?

E:_

2
Mt khéc ta lai biét ban kinh Bohr a, i 2, = ——
me” k
2

e

2
2n”a,

k.

Thay gia tri nay vao Etaco: E =—

O trang thai co ban n =1 thi gia tri E s€ la:

e2

E = —gk (1)

Gia tri dong ning c6 thé rit ra tir biéu thirc:
E=T+U— T=E-U hoic

2

T=_2 %_
2a,

2

e
=—k 2
o )

2
e
N
a0

_ So sanh (1) va (2) ta nhan thdy gi4 tri T va E 1a nhu nhau nhung nguoc dau. Do 1a diéu
can chirng minh.

2.35.Cho ham goc ctiia nguyén tir H ¢6 cac gia tri sau:

1/2 .
8_J sinOcosBe™® .

1/2 .
Y1—1=[—] sinfe '?; Yy = .

87

Hay ching minh ham Y,_; 1a chuan hoa va 2 ham géc Yi_; va Ya; 1a truc giao voi nhau.

Tra loi
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T 21
Piéu kién chun hod 1a: [ [Y{ Y, dr=1
00

Trong truong hop véi ham Y va Y*l_l ta co:

n 21 n 21 1/2

1/2
f f YY) di— f f sinf.e 10 [S—iJ sin6.e sin 6dode

T

m 2n
= %fsinesin2 GdO{d(p :S—iXZn{SinesinZ 06d6

T

= %f(l — cos? 6) sin 6d6

6=0 =1 .
bat x = cos0 = 5 F dx = —sin6d6
0=2n x=-1

n 21

J i ldrz_f(l ()= __f(1 X)x:gjl(l_xz)dx

D6 1a diéu can ching minh.
Trong truong hop véi ham Y. va Yo

n 21
Diéu kién tryc giao la: f f Y5, Y; 1dt=0
00

T 21

ffYZIYl 1dT—[;i

45 1/2 n 2n
3 —2i
=|— sin® 6cos0do | e “*?d
6411} { f ¢

5 f sin0.cos0.e ¥ sin0.e ¥ sin 0d0de
T

1/2 1/2 © 2n
[3}
00

2n 2n
Ta nhan thay tich phan f e 2Pdp = f (cos2¢0—isin2¢)de ¢ day co tich phin cos2e va
0 0
sin2¢p (0 + 2m) la blen d6i theo chu ky vong nén s& triét tiéu. Vay biéu thirc trén s& bang
khong. D6 1a diéu can ching minh.
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3/2
oe °'2cosh

2.36.Cho ham song cia ion hydro L [Z

Va10 = —(—3 o

3/2
V200 = L |Z (2 —c)e"’/2 voi 6 = E Hay chirng minh:
321 a, a,

20

a) Ham yy;,1a chudn hod;

b) Ham vy, truc giao vo1 ham yy .
Tra 101

a)

2
zr

0o T 21 1 , 3/2 7 -
* 2a 2 .
Va10We10dt = ﬁ[—] —e ““0 cosB| r*drsin6dode

500 1 21 _Er
f r’e % cos? Or’drsin 0d0de
0

0

_ 1
32n

Z

a,

o~—38

5
1

" 32n

Z

L2

_4y 0m 2n
rte % drfcos2esin6d6fd(p
0 0

o“~—3

o
!
, — n.
ap dung [ x"e dx=—-
: an+1
0

Pbat cosb =x = dx=--sin0dO

1

* d -
f\|/210‘|’210 T 3%[

2]5 4

A

_ 1
321

a,

Ham vy, 1a chuan hoa.

0o T 2m 1 7 3/2 7y _Zr
b) | wo0wai0dt = —] [2——]9 % I
/ I el P,

41
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1 7 3/2 7 _
— e 22 cos0|r2drsin 0d0dex
N32n(a,

Zr 21

2——]e Odrjsmecos@d@qu)

0 0

4 oo
3

r

J32n [ ] ‘{
Zr

Z4oo T b

3
— 2— "l %dr | 2sin6cosOdd | d
ano‘r[ ao]e rf sin 6 cos f(p

4 Zr

o0 ZI‘ T
frg [2 — —]e ° drfsin 20d0
0 a

o 0

T
Ta nhan thay f sin20d6 = —2cos 9|g = 0. Nhu thé ca biéu thic trén s& triét tiéu. Do la
0
di€u can ching minh.

1/2
2.37.Cho ham séng Y;, = [4—} cos®, hdy cho biét ham nay c6 chuan hoa hay khong?
T

Tra loi
Mudn biét ham Yo c6 chuan hoa hay khong ta thuc hién phép tinh sau:
27

fY10Y10dT—ff

2n
3 oo 3 oo
= 47Tfcos esmedefd(p— 4chcos 0sin0dO x 27

3 1/2
cosO J cos0sin 6dOdo
4n

327t
_9 204
= 2fcos 0sin0do

bat cosb =x = dx=-sin0dO 0=0 — x=1

0=2n > x=1
-1 1 3
* 3 3 3 x
leOYlOdT:_§{deX:§£X2dX:§X? _11 =1

Nhu vay ham Y 1a chuan hoa.
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2.38.Hay chirng minh rang ham song ddi voi AO-2p, ¢ gia tri cuc dai doc theo truc z.
3/2
1 Z] Zr ~7ri%

42n a

° cos0.

Blét \|I2pz =

aO (0]

Tra loi

d\VZpZ

Diéu kién dé AO-2p, dat gia tri cuc dai khi =0.

Thyc hién dieu kién nay ta co:

3/2

dygy, 1 V/ Zr —7r/2a, , .
—z = — =e ° (—sinB) = 0.
de 42n |a, a, ( )
d
hay % =—Asinf=0

Mudn thoa mén diéu kién cta bai toan thi 0 chi c6 thé nhan gia tri 8 = 0 hodc 6 = 7. Diéu
nay chung té gia tri cyc dai cua ham 2p, bién d6i doc theo truc z.

2.39.Hiy chirmg minh ring t6 hop tuyén tinh nhitng ham riéng khac nhau ung vdi cling
mdt tri riéng thi té hop nay cling s& 1a ham riéng cua toan tir H va tri riéng 1a suy bién.

Tra loi
Bai toan ham riéng c6 dang tong quat 1a:
Ay =ay

Phuong trinh Schrirdinger & trang thai dirng ciing thudc dang nay. Néu ta goi y, 1a ham
riéng, E, 1a tri riéng cua toan tir Hamilton H thi phuong trinh 1a:

Ay, = Eay, (1
Mot cach tuong tu: Hyp=Epys 2)
Nhan ca 2 vé cua (1) véi ¢, va cta (2) voi ¢y, s€ ¢o:
cally, = c.Eaya 3)
co Hyb= coEnyt “
Cong (3) va (4) khi E,= E,=k ta co:

H (CaWat CoWb) = k(Ca Wa+ CoWb) ®)
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Phuong trinh (5) chimg t6 cay, + cowp 13 to hop tuyén tinh cac ham riéng khac nhau cua
toan tir H, k 1a tri riéng cia H. Diu nay ciing c6 nghia E, = E, 1a nghiém ctia phuong trinh Hy
= Ewy va tri riéng bi suy bién 2 lan.

Trudng hop E, # Ep # k thi phuong trinh (5) khong ton tai hay:

I:I(Ca\lfa Tooyp) # K(CaWat coyn)

T4 hop tuyén tinh ¢y, + copp s& khong phai 1a ham riéng cta toan tir H.

Vay chi ¢o t6 hop tuyén tinh ¢y, + coyy thoa min phuong trinh (5) méi 1a ham riéng cua
toan tor H va tri riéng E bi suy bién 2 lan.

Tir két qua ching minh nay ta nhan thay: Vn,rm, = Ra Yg,mé/ dem &p dung cho truong
hop cu thé sau:

wo11= Ror. Y
W21.1=Ro1. Y14

Hai ham 211 va y,1; chi khac nhau ¢ s6 lwong ttr m,. Vay khi xét ham v ta chi can chu y

dén ham Y nén t6 hop tuyén tinh hai ham obitan chung ta chi can lap t6 hop tuyén tinh 2 ham
gbéc Y tuong ting.

2.40.Dya trén khai niém mat do xac sudt theo goc hdy khao sat hinh dang cac AO-s va
AO-p roi rut ra két ludn can thiét.

Tra loi
Theo li thuyét, mat do xac suit theo goc duoc biéu dién bing hé thic:

DO, ¢)=YY=|Y|?
V4

Ta lan luot xét D cho’céc AO-s vi AO-p.

e AO-1s (/ =0, m,= 0) ham Yoo =

2/n

¢ day phan phy thudc goc cua Y khong phu thudc vao goc 0 va ¢. Nhu thé mat do xac
suat s€ 1a:
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1 \ A N A \ \ \ A A J \
D(0,p) = |Y00 |2= W la mét hang s6 va hoan toan khong phu thudc goc 6 va .
T
Diéu nay c6 nghia 1a xac suit tim thiy electron déu c6 dbi xtng cau voi ban kinh r = %
T
Thong thudng ngudi ta biéu dién hinh dang AO-s 1a mot dudng tron.

e Ta chuyén sang xét AO-p. Vi du AO-2p, (£ =1, m,= 0).

p.=Yi0= ﬁcose =1 [3cos0

2/n Jan

Néu chon 1 jam don vi thi p, c6 dang: p,= \/3cosO

Jan

Nhu vay su bién thién cua pz phu thude vao goc 6. & day ta chon diém 0 lam géc toa do
sao cho no trung voi hat nhan nguyén tir roi tir d6 biéu dien ham nay bang nhitng doan thang
ung voi nhitng goc 0 xac dinh.

Ttr hinh trén ta nhan thay:
—Khi 0 =0° cosd = 1 ta co doan OA=+/3 nam trén truc Oz (g voi gia trj 1on nht.

— Khi 6 = 90°, cosd = 0, doan AO tién t6i géc toa d§ O, nghia 1a mat phéng xOy vuong
gbc vai truc Oz lam thanh mdt mat nut ciia ham p,.

—Khi 0 =45° cos0 = \/25 ta c6 doan OB: OB = % V2
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Nhu vy diém B nam trén nira duong tron dudng kinh OA = J3. Néu ta quay nira duong
tron quanh truc z s& ¢6 hinh cau duong kinh OA tiép xtic v6i mat phang xOy tai diém goc O
{mg véi sy bién thién goc 0 tir 0° = 90°.

Ta tiép tuc thyc hién cac phép bién 601 tuong ty, nghia la goc 6 chuyén tir 90° dén 180° s&
thu dwoc mit cau thir 2 giéng hét hinh cau thir nht nhung nam dudi mat phang xOy voi diu
am.

) Nhu vay, khj ta biéu dién ham p- trong toa do cuc s€ thu’ duoc hai mit cAu tiép xuc nhau tai
goc toa do O. Dicu nay c6 nghia 1a hinh dang AO-p 1a hinh s0 8.

Khi binh phuong ham p? ta s& nhan dugc mot hinh sb 8 tron xoay quanh truc z (gidng qua
ta tay). Nhitng diém nam trén vanh s6 8 biéu thi mat dd xac suit c6 mat cua electron quanh hat

nhan, chéng han doan OM lam vi du.

2.41.Can cir vao cac dinh 1i vé sy to hop tuyén tinh cac ham goc, hiy xac dinh ham AO-
3dyy.

Cho ham Yas2= =2 sin®0.e'2.
32n

Tra loi

1
Yicy = —=(Y2o— Yo
dxy i\/5( 22— Y22)

1 15 20(e2i0 _ o2
Y ix sm 0(e®—e
d }’ 1\/— ( )
1 15 ipy2 —ipy2
sm e’) — (e
" 0™ — ()]

-1 F Sin’ [(7+ %) (¢ — &™)
41 Vdrn

, A g e pe
St dung hé thure Euler: cosp = — va
. el? e 0
sinp = ————— ta co:
21
1o 4 10| 0 _ 1o
Yay = /1—5 sin?Q || ¢ e _e
4r 2 21

= \/E sin”0 cos sing hay
4n
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-1 /15 sin’0 2cose sing
2 \4rn

- 115 sin”0 sin2¢
2 \4n

Béng cach tuong tu ta co thé xac dinh duoc cac ham obitan dyz, dux, d,2, dx2-42
2.42.Hay chiing minh t6 hop tuyén tinh Y,, — Y,., chinh 1 ham AO-d,,.
Tra lo1

Ta biét rang ham AO-d,y c6 dang la:

1 |15 . 2, ..
— [— sin’0 sin2 1
5 47Esm sin2¢ (D)

Miat khéc, ta biét rang khi giai bai toan doi voi nguyén tir H ta phai chuyén ham (r, 6, ¢) tir
toa d¢ Descartes sang y(r, 6, ¢) ¢ toa d6 cau. Quan h¢ giira 2 toa d6 do la:

Z =rcos0
X = 18in0 cosp
y = r1sinf sing
Nhu vay, mdt cach dé dang ta co cac hé thirc twong tng la:

Xy =r’sin’0 cose sing
r2 .2 .
= 5 sin“0 sin2¢@

sin’0 sin2¢p = 2—? 2)
r

Thay (2) vao (1) va dat \/}?5 =1, ta co:
T

r2.2xy _

Yo—-Y= 5
2r

Xy

D6 chinh 1a AO-d,,

Mot cach twong tu ta ciing c6 thé thuc hién cac phép to hop tuyén tinh cac ham goc Y
thanh cac AO-d tuong ng.

2.43.Cho ham obitan nguyén tir d,2_,2
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d22 = \/E Sin’0 cos2¢
4n

Hay biéu dién hinh dang cua AO nay trén h¢ truc toa do Descartes.

Tra loi

d2.,2 nam trong mat phang xy. Didu ndy c6 nghia 6 = 90° hay sinf = 1. Nhu vay d2.,2
= /E cos2

167 ¢

Mudn xét sy bién thién cia AO-d22 ta chi can xét sy bién thién ciia goc ¢ trong mit
phang xy. Noi cach khac di2_,2 = f{p). Dé lam diéu nay ta lap bang sau:

¢ 0 4 9 1 1 2 2 3 3
5 0 35 80 25 70 15 60
c 1 0 - 0 + 0 - 0 +
0s2¢p 1 1 1 1

Theo céc sO liéu clia bang trén ta co thé biéu dién hinh dang AO-d,2,2 trén toa do
Descartes nhu sau:

Két qua da chi 16 doc theo truc x 1a dau (+), con doc theo truc yla dau ).

Mot coch twong tw ta
cling ct thé biéu dién céc AO-d
v&i hénh dang hoa thi 4 conh
voi céc conh Gng véi phan

<y

dwong v  6m twong Wng.

2.44.Tir cac sb hang da biét: °D, 'G, °S hay xac dinh cac trang thai (mg véi muc ning
luong c6 thé co6 trong phan tu.

Tra loi
S6 hang: °D. Diéu nay co nghia la:

Do boi:2S+1=2 —> S=_

S6 hang véi ki hiéu D ¢6 nghia 1a L = 2.
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Tir gid tri L va S ta c6 thé c¢6 2 gia tri cua J:

J=lL+s]=]2+2L]=2
2' 2

J=|L-s|=]2-1]=2
2 2

Nhu vay, s6 hang *D c6 thé img véi trang thai:
Dyjp VA Dy
Mot cach hoan toan tuong tu ta c6 thé viét:
'G: 28+1=1—> S=0vaG —> L=4
J=lL+sl=lL-s| =14 + 0] =4

Diéu nay c6 nghia 'G tng véi trang thai 'Gy.

6S: 2S+1=6 —> s:g va L=0

vay J=|L+s|= |0ig

Do vy, s hang °S tmg v6i trang thai °Ssp.

2.45.a) Xac lap nhitng gia tri spin c6 thé d6i vdi hé c6 2 electron.

b) Khi c6 mit electron thr 3 dugc dua vao hé trén thi gia tri spin s€ 1a bao nhiéu ?
Tra loi

a) Hé c6 2 electron s& ton tai hai kha ning:

Khaning1: T | é—% —> S1=0
Kha nang 2: T T hoac 4 ¢ ‘%-‘r%‘—) Si=1

Do bdi sé la: 2S +1
Néu S;=0 — 2.0+1=1 ung vdi trang thai singlet
Néu Si=1 —> 2.1+1=3 1ng vdi trang thai triplet

b) Khi thém electron tht 3 vao hé 2 electron ¢ trén thi:
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Vi Sl=1+é(T)_> SZ:%

1 1
Si=1-= (4 Sy==
! 5 (V)= Sa=o

Luc do céc trang thai co the co s€ la:

S, = % —> 2.% + 1 =4 1ing vdi quadratet

szzé — 2.% +1=2 s&c6 doublet

2.46.Gia tri s6 hang cta Cr dugc xac dinh bang phuong phap pho phat xa 1a ’Ss. Hiy cho
biét cau hinh electron dung ctia Cr & trang thai co ban 1a nhu thé nao ?

Tra loi

Theo quy tic ta co thé viét cau hinh electron cua Cr (Z = 24) nhu sau:

a) 1s%2s72p®3s?3p®4s?3d* hay ~ ‘ 1 | ‘T ‘ 7 ‘T |T ‘ ‘

T £ TR IO N
¢) 1s%2s%2p®3s?3p®4s"3d® hay ~ PSP PN PN

b) 1s*2s%2p®3s?3p°4s'3d® hay ~

Trong 3 phuong an a, b, c ta c6 thé khé'ing dinh dua vao s hang 'S5 thu duge tir thuc
nghi¢m nhu sau:

Rorang  2S+1=7 — s:g=3

Mit khéc s:g  yN=32=6

Nhu vdy trong cdu hinh electron cua Cr phai cd 6 electron doc than. Dbi chiéu voi 3
phuong an thi chi c6 phuong an b 1a phu hop. Do d6 cau hinh ding cta Cr la:

1s” 28% 2p° 3s* 3p° 4s' 3d°

2.47.Hiy cho biét ¢6 bao nhiéu kha ning c6 thé dung dé mo ta sy phan bd 4 electron trén
obitan p (p*). mg voi mdi kha nang hay tinh gia tri M va Ms.

Tra lo1

Céu hinh electron cta p' Gmg v6i £ = 1 ¢6 4 electron duoc phan bd trong 3 6 luong tur
theo cac kha nang dugc liét ké trong bang sau:
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m,
N¢ ML= Zm, Ms=Zmg

1
1 0 2 0
2 0 1 1
3 ) 1 0
4 0 1 0
5 ) 1 -1
6 T 0 1
7 ) 0 0
8 0 0 0
9 2 0 0
10 |} 0 -1
11 0 -1 1
12 0 -1 0
13 J -1 0
14 \2 -1 -1
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15 0 0 -2 0
\ \

2.48.Dua vao khai niém lién két Russell-Saunders hay lién két L-S va cin ctr vao cu
hinh electron cta nguyén ttr Fe (Z = 26). Hay xdc dinh s6 hang co ban cho cac truong hop
sau:

a) Fe; b) Fe*'; c) Fe’™.
Tra loi
a) Cau hinh electron cia Fe ¢ trang thai co ban la:
1s? 252 2p° 3s* 3p° 4s” 3d°

Tir cdu hinh nay ta nhan thay s electron trén cac phan 16p da hoan toan bdo hoa trir phan
16p 3d.

NV O B B M. =3m,=2 hay
m,: 2 1 0 -1 =2 L=2
2
e , .2 , _N_4_
Gia tri S duoc tinh theo biéu thirc: S = 5 5" 2

V6iL =2 ta suy ra s6 hang 1a D.

Do boi 28 +1=2.2+1=5, nghia 1a°D.

Do c4u hinh electron ciia phan 16p d° 1a qua nira nén:
I=|L+s|=1]2+2] =4 Vay sb hang co ban cia Fe 1a: °Dy
b) DBbi v6i ion Fe*”, cau hinh electron 1a:  1s” 25> 2p° 3s” 3p° 3d°

Ta nhan théy 2 electron trén phén 16p 4s mat di nén phan 16p 3d® van giir nguyén. Trong
truong hop ndy s hang co ban ciia Fe*' ciing tuong tu nhu Fe, nghia 14 *Ds.

¢) béi vai Fe®’, ciu hinh electron 1a  1s* 2s° 2p° 3s? 3p° 3d°

Béng cach lap luan tuong tu nhu trén ta co:

L[] Mp=3Zm,=0—> L=0

m: 2 1 0 -1 -2 S=2. 2S+1=6
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Vay sé hang co ban cua Fe’" 1a: °Ss)

2.49.a) Hay xac dinh gia tri nang luong E va dang ham song y cho nguyén tir héli (He) ¢
trang thai co ban voi gia thiét nang lugng day giira 2 electron bi bd qua.

b) So sanh két qua nang lugng tinh duoc véi két qua thyc nghiém E =-2,904E,
(Ex- don vi Hartree) va cho nhén xét.

2
a,= " L _ 0534
2k

me

82 —18
1 By=— k=4,3598.10"]

aO
Tra 1oi
Bai toan He duoc tién hanh giai nhu sau: .
12

y (1)- ham séng mo td e thi 1 el e
¥ (2)- ham séng md ta e thir 2 n 2

v =w(Hw(2) (1

Ze
Thé ning cua hé la:
2 2 2
u=_Z e e (o
n B Iy

Toantir H c6 dang:

. 2 2 2 2

f=-""(v?yv) + S 3)

2m n Iy TIjg
Phuong trinh Schrirdinger viét cho nguyén tir He la:
2 762 72 o2
o VAT (@) = E w(D)y(2) )
m n B I

Trong cac bai toan vé nguyén tir & thuén tién ngudi ta thudng chuyén don vi SI thanh
don vi nguyén tir (au) duoc quy udc nhu sau:

déu bang don vi.

h \
h=—; m,e,a vak=
2n

4me,
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Nhu vy phuong trinh (4) dugc viét lai 1a:

R

]\V(l)\lf@) Ey(Dy(2) )

Trong phép gan ding Born-Oppenheimer (gan ding bac 0) nguoi ta bo qua thé ning
tuong tac giira cac electron vdi nhau do d6 phuong trinh (5) dugc rut gon lai 1a:

—aV%+Va—L§+é-wﬂhﬂﬁ=EwﬂhM3 (6)

Chia ca 2 vé cta (6) cho y(1)w(2) ta co:

gt
y(1) |2

Ly y(2)=E (7)

1 J ()_(2)[V2+

Phuong trinh (7) dugc tach lam 2 phuong trinh riéng biét:

[V1+ ]\V(l) Eny(1) (7a)

[ Vz+ y(2) =Exy(2) (7b)

M&i phuong trinh nay dugc xem 1a mot phuong trinh Schrirdinger viét cho ion gidng
hidro nén cac nghiém cia chung déu c6 dang da bict (viet theo don vi nguyén tir).

3 1/2 3 1/2

e—Zrl ’ W(z): “ e*ZI‘z .

b

(=%

3
v =y(hy(@)= 2 e (8)

2
E=E+E=-2 9)

n
O trang thai coban (n=1) gia tri E s¢€ la:

E=-7"=27"Ey (10)
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0 day Ey cua nguyén tir hidro tinh theo Hartree s€ 1a:

1

b) Véi nguyén tir He, gid tri Eye= 2.22(—% Ey) = —4E;

Néu so sanh véi gia tri Eyy = —2,904E,, thi AE = —1,096E;,. Két qua nay dan dén sai sb

qua 16n. Diéu nay co thé giai thich bang su bo qua thé ning tuong tac day 1 trong qua
h2

trinh tinh toan. Két qua nay s& tot hon nhiéu (sai s khoang 5,3%) dugc thuc hién bang

phuong phap bién phan cé tinh dén sy nhiéu loan do thé ning day gy ra.

2.50.Trong hoa hoc lwong tir, ning lwong dugc biéu dién theo don vi nguyén tir (au) duge
goi 1a Hartree bang hé thuc E, = rnh_(;:zlkz‘ Hay chuyén 1 Ej thanh cac don vi khac: theo J;
kJ/mol; cm ™' va eV.

Tra loi

— T biéu thirc Ej, = mh—ka ching ta thay cac gia tri tuong (g theo don vi SI s& dan

dén két qua don vi theo J.

T T T,

1E, =
C2

(1,052.10*34J.s)2

—4,365.107184
— Theo don vi kJ/mol

1E, =4,365.10 183 %1073 x6,02.10%2
— 2627,67 kJ.mol !

c A s —]
— Theo don vi s song cm

Xudt phit tir bidu thic ¥ = 2 ta bién ddi nhu sau: v =+ =2V _ B
A A he ch
Thay céc gia tri tuong Ung ta co:
—18
B 4,365.10 7J =219,78851 m !

ch 3.10°m.s 1 x6,62.10 %4 Js

hay 1 E4y=2,197.10°cm’
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— Theo don vi eV

Ching ta c6 thé d& dang chuyén tir don vi J thanh eV theo hé sé chuyén ddi 1 eV =
1,6.107°1.

leV

Qua viy: 1E, =4,365.10 18J|——
h 1,6.10°19J

]:27,23 ev.
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C- Bai tap chua co o1 giai

2.51.Tu thyc nghiém nguoi ta da ghi duge cac vach pho thudc ddy Lyman tmg véi sb
song tuong ung. lon giong hidro Li*" 1a: 740747; 877924; 925933 cm .

a) Tim gié tri hing s R cho ion Li*'.
b) Xac dinh ) song cho 2 vach du tién thudc day Balmer.
¢) Tim nang lugng ion hoa (eV) cho Li*".
ps. a) R =987663 cm’
b) Vgy =137175cm’’
V43 =185187 cm’!
c) Ei=1224,7eV

2.52.Khao sat ham ban kinh chua chuin hoa ¢ trang thai co ban dudi dang: Rj =

N.e "2 dbi véi nguyén tir hidro.

Hay xac dinh thira s6 chuén hoa N va viét ham Ry da dugc chuan hoa.

2
bS. N=—75;
a073/ 2
172
R10 =2 [ . eir/a‘)
a0
2.53.Hiy chudn hod cac ham song sau day:
Y= sin%x v&i khoang bién thién 0 <x <L
y=e 1/ trong khong gian 3 chiéu.
v =x.e /%% trong khong gian 3 chiéu.
Cho biét: X = rsind cose;
dt = r*drsin6d0de
Khoang cach bién thién cuar, 0 va ¢ la:
0<r<ow 0<06<m 0< o <2n
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Dang tich phan j X'e “dx =
0

n!
an+1

bS. a) Heé s6 chuan hoa N :\/E

1

b) HE s0 chuan hoa N =
e

1

\/32mad

2.54.Chung ta biét rang ham béan kinh R(r) ciia AO-2s ddi v&i nguyén tir hidro c6 dang:

1 1/2 379
Ros= [2] a,

c¢) Hé so chuan hoa N =

1T
2a,

—r/2a,

(0]

Hay khao sat su bién thién ctia mat do xac suét tim thﬁy electron theo ban kinh r va cho
bi€t gia tri cuc dai cia mat do xac suat tai r. Cac két qua thu duoc hay biéu dien trén do thi.

bS. r=03 +v5)a,
2.55.Cho ham song AO-2py va 2py d6i véi ion gidng hidro c6 dang tong quat sau:

Yop, = f{r)sind cose
Vap, = f(r)sind sinp

dt = r*drsinfd0de

Hay chimg minh hai ham vy, va gy, thoa mén diéu kién truc giao.

2.56.Hay ching minh rang dbi voi cac phan 16p di bdo hoa (vo dong) nhu ns”, np®, nd'’,
nf'* luén ludn tng véi sé hang 'S,.

2.57.Trong phd phét xa ctia nguyén tir hidro t6n tai nhiéu day phd khac nhau nhu Lyman,
Balmer, Paschen,... Hay tim mot cong thirc tong quat d€ xac dinh budc song dac trung cho
budc chuyén gitra 2 mirc nang lugng ke ti€p nhau.

_ n® (n+ 1)2
Ry(@n+1)

DS.

2.58.Cho ham ban kinh cta nguyén tu hidro c6 dang nhu sau:
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5/3

T efr/2a0

1 1
Ro= |
" ol6 [ao

Hay xac dinh xem ¢ diéu kién nio thi xac suat tim thiy electron c6 gia tri 16n nhat (khong
phai ban kinh).

PS. Tai diém doc theo 1 truc co gia tri béng +1,06 A

2.59.a) Hay chirng minh rang ham AO-py va AO-py khong phai 1a ham riéng cua toan tir
.

b) Céc t6 hop tuyén tinh p, + ip, va px— ipy c6 phai 1a ham riéng ciia toan tir My khong ?
Cho:px= f(r)sinB cos

py = f(r)sinO sing

MZ = —lh i
do

Huoéng déan: Thuc hién theo phuong trinh Af=af Su dung dinh li Euler:
Cosp = 1 (€' + e ) va sing =i,(ei‘p— e 9
2 21
2.60.Hay tinh khoang cach trung binh tir hat nhan dén electron c6 mit trén AO-2s va AO-

2p cua nguyén ti hidro.

ChO st — % (ao)_3/2 [1 _2;] efl‘/Zao
0

—5/2 —
Rzp 0) I.e r/2a,

26
dt = r’dr v&i khoang cach xac dinh [0, o]
Huéng din: Thyc hién theo biéu thirc tinh khoang cach trung binh:

< a >=jw*A\|/dt

—bx n!

St dung dang tich phan j x"e ™ = —
0

bsS. < r >2p=5ao; < r >23=6a0
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Chuong 3. Ap dung co hoc luong tir vao
cau tao phan ti

Ldam Ngoc Thiém
Le Kim Long

Giao trinh nhdp mon hoa luong tu

NXB Dai hoc quéc gia Ha Noi 2006.

Tir khod: Phén tir, cau tao phan tir, MO, HMO, VB.

Tai liéu trong Thu vién dién tw DH Khoa hoc Ty nhién co thé duoc sw dung cho muc
dich hoc tdp va nghién ciru cd nhan. Nghiém cam moi hinh thire sao chép, in dn phuc

vu cac muc dich khdc néu khong dwoc sy chdp thudn cua nha xuat ban va tac gia.

Muc luc

Chwong 3 AP DUNG CO HQC LUQNG TU VAO CAU TAO PHAN TU 2

3.1 LA thUYEt M THQC cvvrvoveveeeceeeeee e se s 2

3,11 KhAT QUAL CHUNG ..ottt ettt s ee e b et e eseenaeeseeneas 2

3.1.2  Phuong phap lién két hod tri (VB - Valence Bond).............coccoveeveeiveeeeseeseeeesesrsens 3

3.1.3 Phuong phap obitan phan tir (MO-Molecular Orbital) .........cccccoveecieviinieieiiieieeeeenen, 5

3.1.4 Phuong phap HMO (Hyckel’s Molecular Orbital) ...........cceeeeeveeriierieniinieienesieieee e 6

315 SO GO MO (T0).eeoeeeeeeeeeeee e 7

3.2 BALTAP AP QUINZ c.ooiioiieieieciieie ettt ettt ettt et ettt esae st nb e te e st eaesreeseenbe st eneeaesneennens 8

3.3 Bai tAP ChUua €O 10T ZIAL.ccvieieiieiiieiieieeieecee ettt ettt ae et eeste et essaeesbeenteesseessaensnesens 71



Chuong 3

AP DUNG CO HQC LUQNG TU VAO CAU TAO
PHAN TU

3.1 Li thuyét tém lwoc

3.1.1 Khai quat chung
bén nay nguoi ta quan niém phan ti nhu la mét hé gém mot sb gio1 han cac hat nhan
nguyén tir va cac electron dugc phan bo theo mot quy luédt xac dinh trong khéng gian tao
thanh mot cau tric bén viing.
Vé nguyén tic, khi khao sat phan tir ta phai giai phuong trinh song:
Hy =Ey

dé xac dinh ham song y mo ta cac trang thai cua phan tir va cac tri riéng nang luong E
tuong ng.

Do phén tir 1a hé phirc tap nén bai toan phai giai bang phuong phap gan dung.

Toan tr Hamilton c6 dang:

A

I:I:Te+'i1n+ﬂee+t]en+ﬁnn

Do hat nhan ning hon electron hang van lan nén dong nang cua hat nhan 'i‘n co thé bo
qua va tuong tac ddy giira cac hat nhan U, 1a hiang s6. Vay thuc té:

I:I:Te+Uen+Ijee

2
T, = I Z V2 - Bong nang cua electron.

- Thé ning tuong tac giita hat nhan va electron.

N N
Uge = Z Z —— - Thé nang tuong tac gitra cac electron v4i nhau



Gan ding Born-Oppenheimer chi tinh dén T, va flen

A A

f
H=T + U,

Gan ding Hartree-Fock. Do bd qua fJen da dan dén két qua qua xa voi thuc té nén Hartree

da trung binh hoa thanh phan U, v6i ham séng & dang:
n
WZQM
Dé phu hop voi nguyén li Pauli, ham song phai 1 phan d6i xting nén Fock da viét ham
song dudi dang dinh thirc Slater:
W =N yioi |
Dbi v6i phan tir, Roothaan dd chon ham song dudi dang t6 hop tuyén tinh MO- LCAO
(Molecular Orbital - Linear Combination of Atomic Orbitals).

n
Y= Zcid)i
1

Pé xac dinh ham so6ng y va nang lugng E cho hé phan tir ngudi ta thuong sir dung
phuong phap bién phan:

E— fwﬁwdr
]ﬁwwdr

3.1.2 Phwong phap lién két hoa tri (VB - Valence Bond)

O phuong phap nay nguoi ta thira nhan trong phan tir, cac electron ton tai riéng 1é va
phén bo trén cac AO. Lién két hinh thanh phai do mot cdp electron tham gia.

Minh hoa cho phuong phép VB la bai toan hidro va giai theo phuong phap bién phan dan
tdi ket qua.
Nang luong ctia phan tir H, la:

CtA

E+ =2Ex+ 5
14+S

Ham séng trong phan tir dugc xac dinh la:

1

v = S [1s(D1542) £ Ts:2)1se(D)]

¢ day ta ki hiéu: Vis, = 18wy, = Isy



Ep- ndng lugng ctiia nguyén t& H ¢ dang c6 1ap va & trang thai co ban.

C= j j Isa(1)155(2) H 1so(D)1sp(2)dtid2 - Tich phan Culong
A= j j Isa(1)155(2) H 155(2)1s6(1)dt1d - Tich phan trao dbi
S= jlsa(l)lsb(z)dr1 - j1sa(2)1sb(1)dr2 - Tich phan xen phu

Trong phuong phap VB ngudi ta ciing chu y dén trang thai lién két cong hoa tri va ion.
Vi vay:

vy, = C1Wnt T C2Wion
Thuyét lai hod. Pauling di dua ra khai niém lai hod trong thuyét VB.

Céc obitan lai hoa 1a nhitng to hop tuyén tinh cac AO va md ta trang thai dic biét cia
nguyén tir.

Lai hoa sp: 1AO-s + 1AO-p,=2A0-sp
\ 1
2A0-sp la: di= =(s+p,
p 1 &( p2)

dz%(s—pz)

Lai hod sp*: 1AO-s + 2A0-p = 3A0-sp”
3A0-sp” la: t1= = (s+ V2 py
p =5 ( Px)
L= %(\/é S—pxTt \/§py)
1

t3= %(\/é S —Px— \/gpy)
Lai hod sp*: 1AO-s + 3A0-p = 4A0-sp’
4AO-sp3 la: te;= % (s+pxtpytp)

1
ter = 5 (8 + px—Ppy—p2)

1
te;= Q(s—pﬁpy—pz)



1
tey = i(s_px_py'FPZ)
s = i; Px= ,/é c0s0 coso;
Varn 47

py= \/?cose singQ ; p.= Fcos@
4n 4n

3.1.3 Phuwong phap obitan phin tir (MO-Molecular Orbital)

Thuyét MO thira nhéan la cac electron dugc phan b trén cac MO chung toan phan tir.
Nhitng MO nay dugc xac dinh tur sy to hgp tuyen tinh cua cac AO (MO-LCAO).

Ion phéan tir hidro H; duogc liy lam vi du dé dién giai cho phuong phap nay.

Ap dung phuong phéap bién phan va cac nguyén li, quy tic thong dung cta co hoc luong
tr cho truong hop nay chiing ta c6 cac nghiém sau:

Néng lugng ctia h¢:  E.= —
Ham song tuong rng:

1
=—(Isaxlspy); o,B <0
\ES \/5( b) p

o= J. Is,H 1s,dt = J.lsbﬁ 1spdt - Tich phan Cul6éng
B= Ilsaﬁ Ispdt = Ilsbﬁ Is,dt - Tich phén trao doi.
S= jlsalsbdr - Tich phan xen phii véi 0 < S < 1

Tir cac gia tri E va y thu dugc, ngudi ta tién hanh x4y dung cac gian d6 MO bao gdm:
MO lién két ung v6i E.va y.
MO phan lién két tng v6i E_va y_
Trong truong hop cu thé, ngudi ta to hop cac ham sdéng mo ta cac electron hoa tri tham

gia tao lién két va xac dinh phan trim (trong sd) cua timg obitan tham gia lién két thong qua
hé sb ci.



3.1.4 Phuwong phap HMO (Hyckel’s Molecular Orbital)

Pay 1a phuong phap MO 4ap dung cho cac dang hop chit lién hop 7. Nghia 1a khi xac
dinh ndng lugng va ham sdng cho h¢ phén tir nay nguoi ta chi xét dén cac electron T tham gia
tao thanh lién ket.

Dbi v6i hé lién hop © mach thang véi n electron m:

yi=c101+ cahsz+ c3hzt+ ... + cudy

Ap dung phuong phap bién phan va cac quy tic riéng do Hyckel dé xudng din toi dinh
thuc:

X 1 0
X
0 X
D, = 1
0 0 0 0 0 1 X
Voi E=0a—xp

Giai dinh thire thé ki D, chung ta s& xac dinh dugc gid tri ning lugng E; va ham song ;
cua hé.

. Trong truong hop mach thang (polien) ta co thé 4p dung cong thirc ha bac dinh thirc D,
bang biéu thurc:

Dy=xDp1— Do

Ciing c6 thé sir dung biéu thirc do Coulson dwa ra dé xac dinh:

Ei=a+ 2Bcos(mj
n+1l
Cir = i Sin (mj
n+1 n+1
trong do: i- 1a obitan thur i;
n- 1a sb lwgng nguyén tir cacbon trong phén tir;
r- 1a nguyén tir cacbon thir r.

DBdi vi hé lién hop © mach vong, vi du vong benzen, dinh thuc thé ki sé c6 dang:

x 1 0 0 0 1
1 x 0 0 0
6 o0 1 x 1 0 0
0 0 x 1 0
o o o 1 x 1



Giai dinh thuc D, tim x va suy ra gia tri E;; két hop voi di€u kién chuan hoa cia ham
song dé xac dinh cac gia tri ci; cho ham song ;.

Dbi v6i hé lién hop © cho hop chat di vong thi cach tién hanh cho bai toan nay cling
tuong ty nhu truong hgp mach thang va mach vong. O dy ta phai chu y dén sy anh hudng
cua dito X. Vidu:

X + 8 0 0 1
1 X + &, 1 0 0
0 X 1 0
0 X 1
1 0 X + &y

8x- gia s6 anh huong cua di to X;

8. - gia sO gay ra dbi véi cacbon khi ¢ mit cua X.

Giai dinh thire nay dé xac dinh E; va y; cia hé.
3.1.5 So d0 MO (x)

Tur cac gia tri E; va y; thu duge cua phuong phap HMO nguoi ta xay du'ng duogc cac so dd
MO (n) nhim tim hiéu co ché phan rmg va cac van dé lién quan dén ciu tric cia hop chat
khdo ctru thong qua cac thong so sau:

n
Mat do electron: G=3 Vick
i=1
Bac lién két: Z ViCirCis
i=1



3.2

Chi sé hoa tritw do:  F,=4,732 - N,
vi- nhan céac cac giatri0, 1, 2;

1 - obitan thir i;

r - nguyén tu cacbon thir ;

s - nguyén tir cacbon thu s ;

N;- bac lién két co thé co quanh nguyén tir cacbon thir r.
Bai tap ap dung
3.1. Khao sat cac biéu thirc toan cho cac AO lai hoa

a) Hay cho biét nguyén tic xdy dung cac AO lai hoa.

b) Hiy minh hoa nguyén tic cach xac dinh cac hé sb to hop a;, b;,... dbi véi kiéu lai hoa
sp”.

Trd loi

a) Nguyén tic xay dung cac AO lai hoa la:

— C6 bao nhiéu AO tham gia lai hod thi c6 bay nhiéu AO hinh thanh lai hoa. Vi du kiéu
lai hoa sp3 c6 1AO-s va 3AO-p tham gia s€ dan dén 4AO lai hoa: 1AO-s + 3A0-p = 4AO—sp3 .
Vé mit nang lugng ta c6 thé hinh dung theo so do sau:

A
Px Py Py

— Cac ham lai hoa thu duoc dya trén phuong phap t6 hop tuyén tinh cac AO tham gia lai
hoa.

i =a; ¢1tb; g2t cia.......
Nhu kiéu lai hoa sp’ s& c6 4 ham lai hod

cu thé: yi=ais +bipx + cipy + dip,



Y2 = a8 + bapx + copy + dap,
V3= a3s + bypy + c3py + dsp,
W4 = a48 + bypx + capy + dap,

b) Truong hop d6i voi kiéu lai hoa sp” 1a do 1AO-s t6 hop vdi 2 AO-p tao ra 2A0-sp”.
Cu thé la:

yi=ais +bipx + cipy

Y2 = a8 + bapx + Capy

W3 =a3s + bypx + c3py
~ Dé xéc dinh dugc 9 hé s6 t6 hop aj, by, ¢; doi hdi phai 6 du 9 phuong trinh lién hé cac hg
sO can tim. Dya vao cac ham AO s, p 1a truc chuan ta dé dang xdy dung dugc 9 phuong trinh

tuong duong nhu sau:

Do cac ham s va py, py, p, da chuan ho4 nén ta c¢6 3 phuong trinh:

a% + b]. + Cl =1 (1)
a% + b2 + 02 =1 (2)
a% + b3 + C3 =1 (3)

Mat khac, do cac AO tham gia lai hod ¢6 tinh tryc giao, vi vy ta s€ c6 cac cdp ham sau:

a1ag + b1b2 + CiCgo = 0 (4)

|
o
—
(@]
SN—

ajag + b1b3 + CiC3 =

agag + b2b3 + C9Cg = 0 (6)
Ngoai ra do lai hod sp” 14 lai hoa tam giic nén chiing ta thuc hién mot sb phép dbi ximg
thich hgp dé chuyén AO lai ho4 niy thanh AO lai hoa khac. Vi du phép phan chiéu o(xz) thi
ham s, thanh y; nghia la:

c(xz)[azs +bgpy + Cpr:| = (ags +bgpy + Cgpy) (M

Trong phép phan chiéu o(xz), tur hinh v€ ta nhén thiy AO-s co dbi xtmg ciu, AO-px
huéng theo truc x khong ddi du, con py s€ co chiéu nguoc lai. Nhu thé

c(xz)[azs +bopy + c2pyJ = (ags +bgopy — C2py) 8
Khi so sanh két qua & (7) véi (8) s& dan toi:

a=a; b3=Dby; C3=—C )
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Vi 9 phuong trinh vira xéac 1ap duoc, vé nguyén tic, ching ta giai chung va thu duoc 9
h¢ so t6 hop.

3.2. Dya vao hinh hoc phan tu hdy xac dinh nhanh cac h¢ s6 to hop AO lai hoa va dau
cua chiing cho céc truong hop sau:

a) Kiéu lai hoa sp;
b) Kiéu lai hoa sp”.
Trd loi

a) Lai hoa sp 1a do su t6 hop tuyén tinh sau:

yi=a;s + bipx
Y= as + bapy
sz
[~ K+
SRS — Ty
V1 V2

S+ D,

Hai ham lai hoa y; va y, thu duge cung hudng doc theo truc z nhung ngugc chiéu nhau.
Trong kiéu lai hoa sp nay chi cd AO-s va AO-p, tham gia lai hoa nén dwong nhién mdi AO lai
hoa s& dong gop 1/2 tinh chat s va 1/2 tinh chit p, c6 nghia 13 a,” = a,” va b;” = by>. Nhu thé vé
tri s6 tuyét doi cac hé sé déu cung bang 1/+/2 .

Vi két qua nay ta co thé viét cac ham lai hoa nhu sau:
1
=—(s+p
V1 NG ( z )
Do v ¢6 hudng ngugc lai nén ham lai hoa y; c6 dang:
= —|(S— p
V1 \/5 ( z )
Nguoi ta ciing c6 thé biéu dién 2 ham lai hoa nay duéi dang ma tran sau:
1

1

7\
s s
N~
Il
ol -

b) Déi véi kiu lai hod sp®, vé nguyén tic ta c6 3 ham lai hod sau:
Wi =ais + bipx + cipy

W2 = a8 + bapx + Copy

10
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V3= a3s + bspx + capy

O kiéu lai hod sp® s& c6 1/3 tinh chit s va 2/3 tinh chét p. Ta xét cy thé timg ham lai hoa
(xem hinh v€ ¢ bai 3.1).

Dbi v6i ham lai hod y, hudng theo truc x nén phan dong gop cho cac hé sb chi co tinh chat
s va tinh chat py, nhu thé mot cach truc giac ta co:

2

1
=—=s+,|~
V1 \/g
(Phan dong gop cua py € bang khong vi ham nay khong hudng theo truc x).

Déi véi hai ham lai hod con lai y, va s cac phan dong gop ciia AO-s va AO-py va AO-py
nhu sau:

AO-s dong gop 1a 1/3 cho mdi ham lai hoa.

AO-p dong gop chi con lai 1/3 chia déu cho 2 ham y; va y, nén tri sd tuyét ddi sé 1a %
va déu mang dau “~ vi ching déu nam duéi truc x. Do AO-py khong tham gia déng gop cho
ham y; nén phan déng gdép cua ching chia déu cho 2 ham w; va y; 1a 1/2, nghia la tri s6 tuyéet
d6ila 1/4/2. O day hé s6 nay mang dau “—” ddi v6i ham s vi chung huéng ngugc chidu voi
truc y. Vay ham y;, va ys c6 dang:

1 1 1

Vo =£S—%px +Epy
11 1

V3 —ﬁs—%px _Epy

Theo thong 1€ ta viét két qua thu dugc dudi dang ma tran sau:

B N
v 33 s
wolo| L1
2 3 J6 V2 || *
Vs 1 py
NCREEN NG

3.3. Hiy ching minh cac ham lai hoa thudc dang sp” 1 tryc giao ting d6i mot.

\V1=T (Zpy

V2 f f2py f
W3_T —\/—Zpy \/—px

Cho

11
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Cac AO-2s, 2py, 2py déu 1a nhitng ham tryc chuan.
Trd loi

Xét 2 hai ham y; va y:

fwiwedr=0 (Diéu kién truc giao)

Thay gia tri y; va y, dd cho vao biéu thirc nay s& co:

jwi‘\hdr = I(%Zs* + gZp;](%Zs —%Zpy +%2pxjdt
= % j 25" 2sdt + g j 2s2pydt— % j 2py 2s*dt— éjzp;zpy
+ % I 25" 2p, dt + % I Zp; 2p,dt
Do cac ham 2s, 2py, 2py da tryc giao nén ta co thé viét:
J‘\VT\I/sz = lj2s* 2sdt - 1‘[2p; 2pydt
3 3
Céc ham AO ciing da chuan hoa, vi vdy cac dang tich phan nay déu bang don vi. Nén:
foivade=1 1 2o
Diéu nay ching t6 y; va y, 14 2 ham tryc giao v6i nhau.
Ciing bang cach tinh tuong ty chung ta ciing d& dang chimg minh dugc:
[wivgdr=0 va [yhysdr=0

C6 thé néi rang 3 ham lai hod i, y, va 3 thude dang sp” 1a truc giao timg doi mot.

3.4. Nguoi ta biét 2 ham lai hoa y; va y, mo ta trang thai lai hoa ctia nguyén tir oxi trong
phan tor H,O c¢6 dang:

yi=0,45.2s +0,71.2p, + 0,55.2px
o= 0,45.2s — 0,71.2py + 0,55.2py

Hay ching minh 2 ham nay tryc giao voi nhau, biét rang cac AO-2s, 2p, 2py déu l1a
nhitng ham truc chuan.

Tra loi

Ap dung diéu kién tryc giao ta co:

12
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[wivsdi=0
Thay gia tri y; va y, dd cho vao biéu thirc nay s& cé:
[wivede=| (0,45 25" +0,71 2p}, +0,55 2p§;)(0, 45.25-0,71.2p, +0,55.2px)d‘r
Khai trién tich phan s& dan dén biéu thirc sau:

[Wivsdr = [(0,45)*25" 2sdv + [(0,71)(0,45) 2py 2sde + [ (0,55) (0, 45) 2p} 25
+[(0,71)(0,45) 2p 2sde ~ [ (0,71)2p5 2p, dr + [ (0,71)(0,55) 2p; 2p,de

~ [(0.55)(0.71)2p} 2p, dr + [ (0.55)* 2p; 2p,de

Theo ddu bai cac AO-2s, 2p,, 2p, déu 1a nhitng ham tryc chuan, do d6 biéu thirc c6 thé
rut lai & dang sau:

[Wiwade =0,55%[2p52p.dt—(0,71) [2p} 2p,dr+(0,45)° [25*2sdr
Biéu thirc cudi cung sé la:
% 2 2 2
[wivgdr =0,55%t—(0,71)" +(0,45)" =0

Két qua nay ching to ham y; va y, 1 tryc giao v6i nhau.

3.5. Hay ching minh rang cac ham lai hoa y; va y, mé ta cho nguyén tir oxi trong phan
tu H,O hudng theo céc truc dé 1am thanh mdt goc lién két 1a 104,5°.

yi=0,45.2s + 0,71.2p, + 0,55.2p,
yo=0,45.2s - 0,71.2p, + 0,55.2p«
Trd loi
Chung ta biét raing AO-2s c6 dang hinh cau, con 2 AO-2py va 2p, ¢ phan déng gop trong
2 ham lai hod y; va y, dugc hudng theo 2 truc y va x. Didu ndy co thé duoc biéu dién bang
hinh v& sau day:

-0,71 0,71

y

Tir hinh v& ndy ching ta nhan thdy ham y; va y, duoc biéu dién nhu nhitng vecto mg
v6i cac hé sd dong gop cuia 2py va 2py. Goc 0 dé dang duoc x4c dinh bang hé thirc:

13
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tg0= 2L _ 1 99
.55

hay 0 =52,24° va 20 = 104,5°
3.6. Dua vao cac li thuyét luong tir vé lién két hay:
a) M6 ta lién két OH don thuan 13 ion duéi dang ham song.

b) Trinh bay lién két trén c6 mot phan ion va mot phan cong hoa tri dudi dang t6 hop
ham song

Trd loi
a) Gia sir lién két OH 1 ion, ta c6 thé mo ta nhu sau:

O-H" thi Yion (0) = wap, (1) wap, (2)
O—H thi Wion (H) = w14(1) v14(2)
Ham séng biéu dién lién két OH hoan toan mang dic tinh ion c6 dang:
Wion= C1Wap, (1) wap, (2) +c2w15(1) wi4(2)
c1, - hé sb biéu dién sy dong gop cia AO-2p, va Is vao qué trinh hinh thanh lién két.

b) Khi lién két O—H vira mang tinh ion vira mang tinh cong hoa tri thi ham song duoc viét
dudi dang:

Y = AWy T BWion

Ta lai biét, ning luong lién két E tmg véi y bao gior ciing thip hon Enui hay Eion khi tach
riéng biét. Lic ndy Wi va Yien € 1a:

Whui= ¢ y1g(1) Vop, (@) * ch w16(2) vop, (D
Vien = C1vop, (1) wop, (2) +c2yy5(1) vi5(2)
A, B 13 hé s biéu hién sy dong gop phan trim cua timg dang lién két.
3.7. Tir kiéu lai hoa sp® hiy chirng minh hai ham lai ho4 te, va te, 14 tryc giao v&i nhau.
cho: te;=s+px+py T p-
t€2=S—px— Pyt p:

Cac AO-s, 2ps, 2py, 2p, 1 chuan hoa.

14
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Tra loi

Theo diéu kién truc giao Iw*\pdr = 0 ap dung cho bai toan nay ta co:

jteltezdr = I(S + pxt Pyt Pp)(S — px—py T pJdt
Sau khi khai trién ta c6 thé viét:
Ispxdt = Jpxpydr = Ipzsdr ... =0 vi cac ham nay tryc giao véi nhau, con cac tich
phéan:
J‘Szdrf‘[pidrf-“pgdr-#jpzdr:17171+ 1=0
Két qua nay da ching to hai ham te; va te, 14 tryc giao v6i nhau.

3.8. Dua vao li thuyét VB hdy viét phan khong gian ciia ham song biéu dién lién két
cong hoa tri dugc hinh thanh trong phén tir N,. Biét rang ¢ N, ¢ 2 lién két 7t va 1 lién két o.

Tra loi

Céu hinh electron cta N la: 1s*2s*2p’ hay

M i3 B SR R A
2s 2px  2py  2p.
Ki hiéu: YUNyp A = Vap A = 2pxA

WN,p,B = V2p B =2p:B v.v...

Chang ta hinh dung sy hinh thanh lién két trong N, nhu sau:

Ta chon truc z ndi 2 hat nhan nito hudng théng vao nhau dé tao ra lién két o.

o ==0 OO
A

B

(N F NN
\/ZPMZB\J >

15
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Ham song y; mo ta phan khong gian sy hinh thanh lién két o trong phan tir N, la:
Y= \|/2pZA(1) \|/2pZB(2) + \|/2pZA(2) \|/2pZB(1)
Hai AO-2p, va 2p, cua nito hudng theo tryc x va y va thang goc véi truc z. Hai AO-2py

va 2p, clia nguyén tir nito A va B khi tién lai gan nhau trong qua trinh hinh thanh lién két s&
xen phu de¢ tao ra lién két m.

Ham song y, va y3 md ta phan khong gian cho lién két 7 hinh thanh s la:
V2= Wap AB) Wap B(4) T wap A(4) wap, B(3)
V3= Yap A(G) Wap B(6) T wap A(6) wap B(5)

Téng hop lai ham y chung (phan khong gian) mé ta sy hinh thanh lién két trong phan tir
N sé la:

Y = Viyays

3.9. Hiy xac dinh nhitng hé s cua ham song & trang thai co ban cho phéan tir LiH theo
phuong phap VB dudi dang:

v =cid; + 2

O day ¢, ham song duoc xac 1ap do su xen phu giita AO 2s (Li) va 1s (H), ¢, ham song
mb ta sy xen phu giita AO 2p (Li) va Is (H). Hai ham ¢; va ¢, déu chwa chuan hoa.

Cho biét: H;; =—9,48; Hy=-10,19;  Hp=-2,12

S =1,19; Sy =1,29; S12=0,26
Céc dai luong nay déu biéu dién ¢ hé don vi nguyén ti.
Trd loi

Ta hinh dung qua trinh hinh than lién két ¢ trong phan tir LiH nhu sau:

16
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G Gy
1s(H) 2S(Li) 1s(H) 2P, (L)
Theo dau bai: v =cih;+ 2t (D
Ap dung nguyén li bién phan:
W H\V dr
I ()
Iww&

Thay y ¢ (1) vao (2) ta co:

I (c101 +Codp)H (c101 +codp)dr
[ €161 +catp)? de

Sau khi khai trién va ki hiéu cac dang tich phan tuong tmg (xem gido trinh co s6 hoa hoc
luong tir) ta thu duoc hé phuong trinh tuyén tinh thuin nhat.

(Hi1 —ESip)er + (Hiz — ES12)ca=0 ®

(Hi2 —ESi2)ci + (Hox — ESp)er=v

H¢ phuong trinh nay c6 nghiém véi ¢; # ¢, # 0 khi:

Hyj; -E;; Hig-Ep
Hig-Ej9 Hgg—Egg

=0

Thay s6 liéu tuong tng va giai dinh thirc ta s& thu dugc hai gia tri:
E,=-7,882; E,=-7,863.
Dé xéac dinh ¢, va ¢, & (1) ta thay gi tri E; vao hé phuong trinh (3) s& c6:

¢ _ Hip-ESp
Co H;; -ES)

= 2,40.
T d6 suy ra ¢1=2,40 va ¢,=1,00
Do ham ¢; va ¢, chua chuan hoa nén ta phai xac dinh thira s6 chuin hoa N.

\V:N (C] (|)1+Cz (I)z):N (2,40 (I)1+1,00 (I)z) (4)

Ap dung diéu kién chuan hoa ta co:
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j yidt =N j 2,400 + 1,000,)%dt] = 1

= N[2,42 j ¢>dt+ 1,0 j 2 dt + 4,8j¢1¢2dr] -1
= N’[2,4°S11+ 1,08+ 4,8S12] = 1
Thay cac gia tri Sy1, Sy» va Syptaco N =0,326
Vay ham song y c6 dang:
v =0,782¢; + 0,326¢,
~ 3.10.Cho biét gié tri tich phan xen phii gita AO-1s (H) véi AO-2s (C) dé tao thanh lién
ket o (C-H) 1a 0,57. Gia tri nay la 0,46 gitra AO-1s (H) véi AO-2p, (C). Hay xéc dinh gia tri
tich phan xen phu gitta AO-1s (H) voi cac AO lai hoa cua cacbon cho cac truong hgp sau:
a) AO-1s (H) véi AO-sp (C) doc theo truc z.
b) AO-1s (H) véi AO—sp2 (C) doc theo truc z.
¢) AO-1s (H) voi AO-sp® (C) doc theo tryc z.
Trd loi
Theo Ii thuyét, tich phan xen phu duoc biéu dién bang biéu thirc:
Sij:I\Vi\lfde
Ap dung cho cac truong hop ciia bai toan ta co:

1
a) Yop=di1= E(S+p2);

yis=1s

J-\usp.\ylsdz= Idl.ls dz= J-% (stp,) 1sdz

1 1 1 1
—s.1sdz+ | —=p,.1sdz= —=.0,57 + —=.0,46
-[\/2 j\/ép J2 J2

1
Vay:S1= — (0,57 +0,46) = 0,73
ay: S &( )
1 .
b) Vep? —tl_ﬁ(s’*'\@pz),

18
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yis=1s
1
,[\Vspz Yisdz= Itl.ls dz= J.E (s + V2py)ls dz

Khai trién va thay cac gia tri tuong (mg tich phan nay ta s& co:

S,= % (0,57 + 2.0,46) = 0,70
) Vo =ter= 2 (s VBpL);
yis=1s

stpg Wisdz= Itel.ls dz= J.%(s + J3p,)lsdz
Mot cach tuong tu ta co:
Sy= %(0,57 + 13.0,46) = 0,68

Nhu vay cac gia tri tich phan xen phii thu duge s& giam dan theo chiéu:

»
»

Si S, S;
0,73 0,70 0,68

3.11.Khao sat sy hinh thanh lai hod trong phén tir thing hang axetylen theo so dd sau:

AZ
H D, | D, C H
B ——— e S S —— s
s y
5

Cho biét cac AO nao ctia cacbon da tham gia tao thanh cac ham lai hoa.
Tim céc hé s6 khi td hop cac AO-lai hoa véi gia thiét mot trong cac hé s6 d6 1a a.
Céac AO khong tham gia lai hoa s& tao thanh lién két gi ?

Tir két qua thu dwoc cho phan tir C;H, ¢6 thé mé rong cho phan tir BeH, thang hang

dugc khong ? Néu duogce thi hé s6 cua cac ham lai hod 13 bao nhiéu ?

Tra loi
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a) Theo so do di cho & dau bai, ta d& dang nhan thay rang cac AO-2p, va 2p, khong tham

gia vao qua trinh lai hod theo huéng Oy (huéng D). Mot cach dinh tinh ta ¢ thé hinh dung
nhu sau:

C* chua la1 hoa C da lai hoa

AO-2py, 2p, chua bj lai hod 2, 2p] 2pyi\\

2A0-sp lai hoa thing T

Nhu vay ta co thé lap dugc cac ham:

P1= a8 +cipy cac ham lai hoa
P2= as + Capy cac ham lai hoa
®3=2p;

©4= 2px

b) Bé x4c dinh cac hé sb trong cac ham lai hod ¢; va @, ching ta tién hanh nhu sau:
¢p1=a;s +cipy
(2= a8 + Copy

Ta dit a;=a. theo dau bai, & day a < 1.

Nhu chiing ta da biét Y a? = hay
a% taj; =
hoic o + ag =
Turdotacd: ay=+1-o? voi a,>0 (1)

Su truc giao cta @) va @, cho ta bicu thirc:
ajaptcic=0

O day a; va a; ludn ludn duong, con ¢; va ¢, dau sé bién doi phu thude vao chiéu ciia AO.

Nhu so @ di cho vé6i @; (huéng D;) AO-2p, dong gop phan duong, nghia 1a ¢, > 0, tréi lai
theo hudng D5 ctia @2, ham AO-2p c6 phan dong gdp am, nghia 1a ¢, < 0.

20



Tt di€u kién chuan hoa.
aTq ay

CcI= 1—&2

a3+ c3=1 hay

o+ c‘{f=1

dd1 véi ham @,

)

1 —o’+ ¢ =1 d6i v6i ham o,

Cr=—0a 3)
Tir két qua tinh ta co:
Pr=os + Ji-o? by P3= Pz 4)
@2=1-0” s — apy P4=Px
Két qua nay c6 thé dugc biéu dién duéi dang:
S Px Py Pz
¢ o 0 1_o2 0
¢2 102 0 —o 0
03 0 0 0 1
04 0 1 0 0

¢) Cac AO khong tham gia lai hoa 2p, va 2p, s& tham gia dé tao ra 2 lién két .

Dbi voi phan tir thing hang BeH, ciing s& ¢6 hai ham lai hoa:

D,

Be

P1=astcp

21
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®2= a8 — ¢op (do co6 hudng nguoc lai)
3.12.Biét nguyén tir C trong phan tir etylen c¢6 lai hod sp” hay:

a) Thiét 1ap cac ham lai ho4 ctia cacbon trong nhom ciu tao phang
_H
:C\
H

biét ring hudng cua cac ham lai hoa Dy, Dy, Ds nam trong mit phang xOy. D; va D, d6i
xung qua mat phang yoz.

Cho a=o; goc HCH = 118°.

b) Khao sat cac ham lai hoa ¢; va s bién thién theo goc ¢ tir 0 + 360°.

Bing d6 thi v& hinh dang cac ham lai hoa ¢; va @3 cho cac AO:

2px= +/3sind cosd
2py= /3 sin0 sind
Trd loi

Theo dau bai ta lap so dd téng quat hudng cia cac ham lai hoa:

a) Theo so d0 nay cac lién két déu ndm trong mat phéng x0y; AO-2p, khong tham gia
vao qua trinh lai hoa. Nhu vay chi c6 3AO-s, px, py tham gia dé tao thanh 3 ham lai hoa:

@1=a;s +bipgt+ cipy
¢2= a8 + bopx+ copy
@3 =azs + bspxt+ c3py

Ham ¢, va ¢, la twong duong vi tmg vai lién két C—H. Néu ta ldy ham ¢, 1a ddi xtng
voi @1 qua mdt yoz s€ cd ham @,, nghia 1a ¢ = @,.
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Do AO-2s la d6i xirng cau nén chung ludn ludn khong thay doi.
Theo hudng x, ham 2p, khi thuc hién phép ddi xing qua mit yOz thi 2p, — —2py
Theo hudéng y, ham 2p, khong thay d6i dau. Vay ta viét:
@1=ais tbipxt cipy
@1’ =a;s — bipxt+ cipy
Do ¢’ = ¢, nén kéo theo:
aj=ay; by=-by; C2=Cl )
Mit khéc ta lai biét:  a? + a2 + af =
Véia, = o ta s& dé dang rat ra:
ag=am=o va a3=@ ()

Xét theo hudng D; thi nhan thiy Ds s& thing goc véi 2px, o nghia 2p, khong tham gia
vao qua trinh tao lap ham os.

b;=0 3)
Chung ta lai biét: b? + b2 + b2 =1
ma b2 = —b1

1

Nén b +b5=1— b1=sz=ﬁ (4)
Cubi cung ta phai xac dinh c;. Tir diéu kién chuan ho4, d6i vi ham @3 ta co:
ag + bg +c3 =
Thay gia tri a3 & (2) va bs (3) bao biéu thirc nay s& dan dén
1-20°+0+c3 =
c3= a2
Do Ds hudng theo 2py nén gia tri:
c3=+ou2 (5)

Ap dung diéu kién truc giao ctia ham ¢, va @3 ta co:
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ajas + b1b3 + CiC3— 0

hay av1-202 + L.O+a\/§.0120
V2
2
o1=- 1‘50‘ =, (6)

Vo1 cac hé so xac dinh duoc ta c6 cac ham lai hoa sau:

1-202

(P1:0€S+ipx— —Pp
J2 2 7

1 1-202
(PZZOLS_EPX_ Tapy 7

3= V1-20% .5 + a2y

Thong s6 a c6 thé xac dinh tu cac dit kién da cho ¢ dau bai. Qua vay, theo so do ta co:

(D D ) b1b2 +C102
cos(D;,Dy) =
\/b%+c%\/b§+c§
1 1-202
hay = 2
1 1-202
4+
2 2
, 5 (1,2
Sau khi bién doi ta co: cos118°=f1 g — a’=0,32 Viay a =0,56.
—a

b) Mudn khao sat ham lai hod @; va @3 ta phai chuyén cic ham nay vé dang bién sé ¢. Tur
hé thire (7) ta viét ham ;.

1-202

(P1:0€S+ipx— —Pp
J2 2 7

Dbi voi ham @5 ta viét: ©3=V1-202 s + a2p,

Thay cac gia tri s, py va oo vao sé€ dan to:

3= V1-2a® + /2 V/35in0 sing
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Mot cach hoan toan tuong tu, voi o = 0,56; 6 = 90°, sau khi thuc hién bién ddi ta thu
duoc ham @;:

©3=0,61 + 1,37sinp  (8)

Khi ¢ bién doi s& dan dén sy bién thién ciia ham @s. Ta lap bang dé biéu dién su bién thién

do.
Goc ¢ (°) -90 —60 -30 0 30 60 90
¢3laihoa | -0,77 | -057 | -0,08 | 0,6 1,28 | 1,77 | 1,97
(P% 0,59 0,32 0,006 | 036 |164 | 3,13 | 3,86

Tir céc s6 lidu din ra tir bang trén ta c6 thé biéu dién hinh dang obitan lai hoa @3 dudi day
Khi mudn tim hieéu mat d6 xac xuat ta chi viéc binh phuong ham lai hoa tuong ung. Lic
nay ta thu dugc hinh dang d6i xirng qua hudng Ds.

+
—~J0 _
i
‘\\¢=30°
Hinh dang ham @3 (AO-lai hod) h
Thay cic gié tri px, pyva s vao s& dan dén:
1 : 1-20% = . o .
=o + — V3sinb - 3sinf
pr=a 7 J3sin0 cosd 5 J35sind sing

Do cac ham lai hoa chi nim trong mit phing xOy nén goc 6 = 90°, sind = 1 va o = 0,56.
Ham ¢; s€ c6 dang:

@1=0,56 + 1,22cosd — 0,73sin6 )

R rang ¢; bién thién theo goc ¢. Ta lap bang bién thién sau:

Goc ¢ (°) | @slai hoa 2 G6c ¢ (°) | @zlaihoa 2

P3 P3
0 1,78 3,16 210 -0,13 0,02
30 1,25 1,56 240 0,58 0,34
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60 0,54 0,29 270 1,29 1,68
90 -0,17 0,03 300 1.8 3,25
120 —-0,68 0,46 329 1,982 3,93
150 -0,85 0,72 330 1,98 3,92
180 —-0,66 0,43

Vi cac gia tri & bang nay ta c6 thé biéu dién hinh dang ham lai ho ¢, nhu sau:

Hinh dang cia @; (AO lai hod)

3.13. Ap dung phép t6 hop tuyén tinh, hiy xay dung cac AO lai hoa kiéu sp giira AO-2s
va AO-2p,.

Trd loi
Ta ki hi¢u ham AO-2s 1a ¢ps=2s

AO-2p, la <|>2pZ =2p,

Theo phép t6 hop tuyén tinh thong thuong gitta AO-2s va AO-2p, (doc theo truc z) ta
viét:

\ A d] = 3128 + blzpz
Y2 = dz = 3225 + b22pz

O day d, va d, xuét phat tir tiéng Anh: diagonal. Cac hé sb aj, ay, by, by 1a cac hing s6 can
xac dinh. Mat khac, do céac obitan lai hoa la tuong duong nhau nén:
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3%233 a; =ag

(1
b? =b3 by = by

Ching ta ap dung diéu kién chuan ho4 s& co:

J.‘V% dr = J.(a12s + b12pz)2dr

=aj J2Ssz + b I2pz2dt + 2a1b1.[2s.2pzdr =1
Vi cac ham 2s va 2p, da chuén ho4 nén ta co:
a% + b% =1

Mot cach hoan toan tuong ty ddi voi ham o, ta ciing thu duoc:
a% + b% =1

Str dung diéu kién truc giao ta nhan duoc:

lewzdr = J(a12s + b12p,)(a2s + by2p,)dt

— a1 j 25%dt + bibs j 2p2dt + aibs j 25.2p,dt + bias j 2p,5dt =0

=aja,+bb,=0 (2)
o | ~ 1% e 1
Giai (1) va (2) s€ dan téi: aj=bj=a=-by,= %
. .2 1 1
Vay MO lai hoa kiéu sp s€ co dang: di=—= (2s+2p, d=—= (2s -
ay p ang =5 ( p2) =5 (

2p,)

3.14. Cho phan tir BeH, ¢6 ciu triic thang hang.

a) Hay biéu dién sy hinh thanh lién két 6 mot cach dinh tinh theo phuong phap MO véi
gia thiét cac AO cua Be chua bi lai hoa.

b) X4y dung cac ham MO mb ta sy hinh thanh lién két trong phan tir ndy.
¢) Hay xac dinh cac hé sb ¢; cia ham song tham gia phan dong gdp vao qua trinh hinh
thanh 2 lién két o voi gia thiét mat do dién tich cua dam may electron dugc phan bo nhu sau:
os voi Be: 30% 2H: 70 % o, voi Be: 20 %
2H: 80 %

Tra loi
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Be:1s°2s> —> Be : ~ 2s 2p,

1 T
H.,: T Hy : T

a) Su hinh thanh lién két o trong BeH, nhu sau:

@ ()@ — D
SSeSRURSES &S =5y

Is, 2p, Isp o

b) Su to hop cac AO-2s va AO-2p, cua Be voi cac AO = 1s cua H theo phuong phap
MO-LCAO s€ dan dén cac ham MO tuong ung sau:

y(os) =c12s + cy(1s, + 1sp)
y(oy) = c32p,+ ca(lsy,— 1sp)

¢) Mudn xac dinh hé s ¢; ciia ham song y ta ap dung diéu kién chuan hoa Iwzdr = 1 biét

rang cac ham 1s, 2s, 2p, da chuan hoa. Cu thé nhu sau:
2 2
J\y (o5)dt = .[[C12S +co(Is,+ 1sp)]*dt = ¢ I(2s) dt+ 5 I(lsa) dr
2 2 2 =

+ ¢ .[(lsb) dr + 2c2-[lsalsbd1: + 2clczj2slsadr + 2c1czj2slsbdt 1.
Do 1s,, 1sp va 2s dd chuin hoa nén biéu thirc trén cd dang:

jwz(cs)dr = +2c =
Theo déu bai =030 —> ¢;=0,548

2¢5 =0,70 —> ¢2,=0,592
Vay y(os) = 0,548(2s) + 0,592(1s,+ 1sp)

M0t cach tuong tu ta cling xac dinh dugc ¢; va ¢4 cho ham y(o,) la:
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[wen=c +2¢ =1

2 =020 —— c3=0,447

2¢2=080 —— c;=0,632
y(o,) =0,447(2p,) + 0,632(1s, — sp)

3.15.Biét ham MO lién két mo ta trang thai electron trong ion phén tir hidro H, mot cach
gan ding (b6 qua cac hé sb ¢;), la:

Y= ¢1s A + ¢1sB
a) Tim mat dd xac suét cua electron tai nguyén tr hidro A va B.
b) Ciing cau hoi nay cho truong hop tai khoang cach ¢ gitta A va B.

¢) So sanh 2 két qua tim duoc & a) va b)

Cho 1sp= Isg= e % 1ap=0,74 A; a,= 0,53 A.

na,

Trd loi
Mat d6 xac sudt tim thay electron dugc biéu dién bang hé thirc:
D=y |2

Vay theo dau bai ta co:

D= [, + g I = 03+ b+ 20, by

1/2 2 12 - P 1/2 12 _(a+1p)
_ [1J i | 4 [1] o +2[1] [1J A
Tca(?)’ nag’ nag nag
_ZrA _2& TA+1p
— 1 e @ 4+ 1 e 421 o %
na’ na’ na’

a) Mat do xac sudt tim thiy electron tai A (ra = 0) va tai B (rg = 0,74 A). Thay cac sb liéu
tuong rng ta co:

20,74 —(0+40,74)
Dy =-L 1+(3 053 43¢ 053 ):1.1,556

3
Ta, o
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Da =3,327

b) Lap luan mot cach tuong tu voira=rg= 0,37 A ta co:

2037 (2.037) 0,74
Ds =13Q 8% 4o A 12 %o > =i3.0,990
na;,

nag
Dg =2,116
¢) So sanh 2 két qua tinh ta co:
Dy - 32T _ 1572 ~ 16
D 2116

3.16.Dya vao li thuyét cau tao va phuong phap MO, hiy giai thich cac két qua quan sat
duoc sau day:

a) Do dai lién két trong phan tir Li, 14 2,67 A so véi 3,08 A trong phan tir Na.
b) Ning Iuong phan li lién két ciia N, 1a 7,38 eV so v6i 6,35 eV trong Ni.

b) Ning luong phan 1i lién két ciia O 13 5,08 eV so vdi 6,48 eV trong 05 .

¢) Ning luong phan li lién két cia N va O5 gan nhu nhau.

Trd loi

a) Li:1s*2s

Na: 1s? 2¢ 2p° 3s

Xay dung gian d6 MO cho Li, va Na, (xem gi4o trinh c4u tao chat dai cuong).

Tir gian d6 MO ta c6 thé tinh dugc sb lién két N la:

N(Lb) = %(270)=1

N (Nay) = %(270)=1

Tuy s6 lién két trong phan tir nay nhu nhau, song d6 dai lién két ctia Na, 16n hon do dai
lién két Li, 1a vi lién két trong Na, duoc hinh thanh do sy xen phi cia 2A0-3s ¢6 ban kinh
nguyén tir Na lén hon ban kinh nguyén tur Li do 2A0-2s tao ra.

b) Mot cach lap luan twong ty tir gian d6 MO ta co:
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Nyi~ololnt, o —> N(N2)=%(6—0)=3,0

Nf i~ ol o My o —> N(Np) = %(5—0)=2,5
Theo li thuyét, ning lugng lién két N < N, vi s6 lién két & N3 nho hon & N,.
* 4 *2 1
c) 02:~(5§GS2G§ sy Txy —>N(N2):§(6*2)=2,0

05 i~ of 0 6] My My —> N(05)=2(6-1)=25

Lap luan nhu truong hop b) ta ciing thiy ning lugng lién két O, < 05 .

d) Két qua xéac dinh s lién két theo gian d6 MO cho 2 ion phén tir N§ va O 1a nhu nhau,
song so lién két thyc nghiém gitra 2 ion phén tir nay khac nhau chut it.

05:6,48eV; N :6,35eV
C6 su khac nhau nay la do dién tich hi¢u dung Z 60" 1énhon 6 N
Zi, =8~ b=4,90
Zi =7-) b=425
3.17.Tur phuong phap MO ap dung cho phan tor H, ngudi ta da xac dinh dugc ham lién

két va phan lién két c6 dang:

L
Y+ = {2(14_-8)} (92 = ¢B)

Hay biéu dién bang db thi sy phu thudc ctia . vao su bién thién khoang cach (bao gom
ca trong vung lan ngoai vung hat nhan) doc theo truc lién két ctia phan ti Hy.

Cho: Riu= 1,06 A; a,= 0,53 A.

mag

27 _ R
S= [1+R+1{Rj ]e 2o
a, 3la,

Tra loi

) /2 _TA ) /2 _IB
= = A, . = = 2,
(|)A— ¢15A = [3] .e N (I)B (I)ISB [3] .e

R

~
ALY

\
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Hzi

ISA ISB

£- khoang cach bién d6i doc theo truc lién két.

1
2(1+S)

1/2
Theo dau bai: .= { } (ba = OB) (1)

0a, Op- ham da chuin hoa.

Dé khao sat su bién thién ciia . vao khoang cach ¢ ta lan luot tinh cac hé sb & (1).

1/2
Trudc tién ta tinh hé sb: N.= 1
2(1+£S)

Gia tri tich phan xen pht S dugc xac dinh theo hé thirc:

97 _106

s=[1+106+1(106”e 53 =0,586
53 3\ 53

Pé dé biéu dién ta lay R = 1,06 A = 106 pm; a,= 0,53 A =53 pm

Vay h¢ so chuan hoa la:

1 1/2 1 1/2
N, = { } =0,561; N_= { } =1,099
2(1£S) 21-9)

Mit khac, thay ¢ va ¢ vao (1) ta co:

_IA _IB

1/2
Wi:Ni(d)Ai (I)B):Ni(lS] . e ao ie aO

nay

Chu ¥: ra va rg déu bit dau tinh 14y tir diém gbe. Vi vay:

) V2 | - (R
Ye=Nef—| .| €
na;,

a

te

(0]
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hay 7Wi 73 :Ni e

1
1

L

A,

te

(-R

a

(o]

2

Tir biéu thie (2) ta nhan thay v6i 1 gia tri ctia £ ta s& co 1 gia tri twong tng

Két qua tinh dugc lap thanh bang sau:

-80

—60

-40

-20

20

40

1/2
1 0,096

0,14

0,20

0,30

0,44

0,66

0,49

0,42

1/2
1 0,144
nag

0,21

0,31

0,45

0,65

0,95

0,54

0,20

¢ (pm) 60

80

100

120

140

160

200

1/2
1 0,42

0,47

0,33

0,23

0,11

1/2
1 -0,11

-0,43

-0,81

-0,73

-0,50

-0,34

-0,16

1/2
Sj

W

I
100

200

¢ (pm)

33
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Do thi biéu dién sw phu thudc vy vao khoang cich ¢

3.18.Két qua giai bai toan H, theo phuong phap MO cho biét:

Yi= Lﬂlis)}m(% + ¢8)

Hay biéu dién mat dd xac sudt c6 mdt cua electron bién thién theo khoang cach ¢ doc truc
lién két H-H.

Céc s6 liéu nhu bai 3.17.

Tra loi

V= {mlisj/z(% s

) /2 _Ta ) 2 _IB
Vdi d)A: ¢ISA = [3] .e ao ; q)B: q)].SB = [] .e a0
TC

TA s

V2| -4 -5 1/2
Wi:{ 1 } e %o t+e %o || 1
21+S) nad

(0]

Mat d6 xac suit tim thﬁy electron duoc xac dinh bi'mg biéu thire:

2

A s
1 a a 1

Di:|+|2: e "o te "°
VU sy ra’

A 'B ?
=N§i e o +e 2o
7na§

ra va 1 dugc tinh tir diém xuit phat 1a r; hé s6 N2 % (trong d6 N tinh dugc nhu ¢ bai

mag

s6 3.17) bang cach thay cac s liéu tuong img nhu sau:

N2 L =0,561% L =6,73.107 pm’

Tia, Tia,

(0] (0]
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Tir phuong trinh nay ta c¢6 2 phuong trinh bién dién sy phu thudc D. va D_vao ¢ nhu sau:

2
(-R

Ag

4

+e

D..10" pm’=6,73| €

A,

2
/-R

a

4

a

—e

D_.10" pm’=25,84| e

o

o

Nhu vay, cir mdi gia trj cta ¢ ta thu dugc mot gia tri cia Ds hodc D_tuong tng. Két qua

duoc ghi & bang sau:

¢, pm -100 |-80 |-60 |40 |[-20 |O 20 40

D..107/pm=> [0,20 [0,40 090 |192 [4,09 |8,72 [5,27 |3,88
D_10"/pm> |0,44 |094 [2,01 [427 [9,11 [194 [6,17 |085

60 80 100 120 140 | 160 | 180 |200

7,42 5,10 2,39 | 1,12 0,53 |0,25
2,50 | 1,17 10,55

£, pm

D..107/pm"> |3,73 |4,71
D_10"/pm> [0,25 [4,02 |14,41 [11,34 |5,32

D.107pm3

0 |
-100 0 100 200
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Do thi biéu dién s phu thudc D: vao khoang cach ¢

3.19.Xét phan tr LiH. Hay viét ham song v biéu dién sy hinh thanh lién két’ trong phan
tir nay voi gia thiét co 60% la lién két cong hoa tri va 40% la lién két ion; lién két dugc hinh
thanh trong truong hop nay la do su xen phu gitta AO-2s cta Li va AO-1s ctua H.

Trd loi

Céu hinh electron cta Li va H 1a:

H: 1s; Li: 1s*2s

(0) « —

Is 2s lién két cong hod tri o
Gia str trong phan tir chi ¢6 lién két cong hoa tri thi ham song yiq; s& duge biéu dién 1a:

Vi =C1yu(DyLi2) + coyn(2)yei(l)

Do nguyén tir H c6 d§ &m dién 16n hon Li nén electron bi 161 kéo vé phia hidro, vi vay
kha nang hinh thanh lién két ion lic nay 1a do 2 electron da chuyén veé phia nguyén tu H, vay
ham song o, s€ 1a:

WVion = CWH(I)WH(Z)
Néu ca 2 kha ning xay ra dong thoi thi ham séng chung s& 1a:

Y = C3Y hait CaWion

Theo dau bai ¢ =0,60 — ¢3=0,77
2 =040 —> c4=10,63

Véy Y= 0,77\|f h.tri + 0,63\Ifion

3.20.2) Cho ham MO vy = ¢s(A) + Adps(B). Hiy chuin hoa ham nay theo tham sé A va
tich phan xen phu S.

b) Trong phép té hop tuyén tinh cac AO ngudi ta thu duoc cac MO lién két va phan lién
ket ¢ps(A) £ ¢ps(B). Hay chirng minh cac MO nay truc giao voi nhau.

Tra loi
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a) Ham y di cho 14 chua chuén hoa, ta phai chuan hoa chung nhu sau:
[wdr = [N[os(A) + hps(B)Pdr =1

hay =N[[ @ (A)dt +2°[ @(B)dz + 22 [os(A)ps(B)dr] = 1

G day tich phan j ds(A)ds(B)dt = S.

Vay Iwzdr = N1 +22+248] = 1.

Tir day ta dé dang thu dugc thira s6 chudn hoa N.

( j

b) Theo dau bai, sau khi tién hanh phép t6 hop tuyén tinh 2 AO 1a ¢s(A) va ¢s (B) ta thu
dugc ham MO lién két ¢s(A) + ¢s(B) va MO phan lién két ¢s(A) — ¢s(B). D¢ chimg minh 2
MO thu duoc truc giao ta &p dung bi€u thirc:

[10s(A) + ds(B)Is(A) — ps(B)]dx =0
Day la dang biéu thirc quen thudc (a + b)(a — b) nén ta co:

[@@dr - [e3B)dr=0

Vi ¢s(A) va ¢ps(B) déu 1a ham chuan hoanén 1 —1=0
Do 1a diéu can ching minh.

3.21.Dya vao phuong phap MO hiy xac dinh ning luong E. tng v6i MO lién két va E_
mg v61 MO phan lién két d61 v6i ion phén tir hidro. Gia sir ham AO ¢s(A) va ¢s(B) mo ta sy
chuyén dong ctia electron hoan toan doc lap quanh tung hat nhan A va B.

Tra loi
Takihi€u:  ¢s(A) = da

0s(B) = s .

Tur di€u kién chuén hod ham song ta viét:
's

J‘wzdr=1

Oday w=N@atds) (1)
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Nhu vy ta c6 thé biéu dién dang tich phan trén la:
N [[(6a + ¢5)dt = N[ (63 + 64 + 20a0m)dr = 1

Tir d6 ta dé dang thu duoc thira s6 chuan hoa

1 1/2
NT (2(&8)} @

Voi S= j’ dadpdr

Dé xéac dinh nang luong E ta phai giai phuong trinh tri riéng duéi dang:

X 2 2 2 2
A =-v2 k& k& kS (3)
2m A g R
hay
R, o2 o2 o2
Hy =——V"N(¢a+ ¢B) —k—N(da+ ¢p) — —N(da+ ¢) + k—N(dpa + ¢B)
2m A bg) R
2 2 2 2 2 2
NE VK ks kb kst K N+ bm)] (4)
Z2m rA 2m g B rA R

Do electron dugc gia thiét 1a chuyén dong doc 1ap trong trudng cta ting hat nhan A va B
nén bai toan dugc quy vé dang bai toan dang nguyén tu H.

Vay

2 2 (5)
flv%Afkid)A: Enda
2m Ty

h2 2 62 _
——Vpa—k—¢p= Enon
2m I3
Biéu thurc (4) duoc viét lai la:
~ 62 82 62
Hy =N[Eupa+ Eudpp—k—dp—k —da+ k—(da+ d5)]  (6)
N g R

Ap dung phuong phap bién phan ta co:

E:j wHy de (7)
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Thay (6) vao (7) ta co:

E= EHIWN(¢A+ op)dt + ké ij(¢A+ on)dt — kezNJ‘W[(I)A+¢BJdT
R s

2
=En I yydt + k= IWdr —ke’N? I (dat ¢) (‘1"*+‘1’Bj dr
R I‘B I‘A

_ e? 2312 1 1 1 1
=Eu+ kS —ke'N j[¢A—¢A+ dp— OB+ ha— dp+ dg—daldT (8)
g TA A B

Do tinh ddi xung cac thé nang duoc ki hi¢u nhu sau:

—ke? a1 dadt = —ke? [ a1 dpdr = u;
g I 9)

ke J’ da—- dpdt = —ke2j¢Bi dadt = uy
A Iy
Biéu thirc (8) duoc viét la:
82 2
E :EH+ kﬁ -N (2111+ 2112)

2
hay E=Ey+k& - 1

Cubi cung ta thu duoc ning lugng E. ing voi ham w = N(¢a + ¢p) 13 ning luong cia MO
lién két.

2
E.=Ey+ k& - Wt 10
" H R 1+S (10)

Mot cach hoan toan tuong tu ta ciing thu dugc nang lugng cia MO phan lién két E_{mg véi
ham y =N(¢a— ¢s)

2 _
E,ZEH+ke§ +w (11)
3.22.Cho ning luong MO lién két:
BByt kS - U2
NIRRT oS

va nang lugng MO phan lién két:
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Uy —ug

2
E =Eg+kS +
R 1-S

Hay chirng minh rang tong ning luong MO lién két va MO phan lién két luon luon 16n
hon 2 1an nang lugng khi electron chuyén dong ddc ldp quanh ting hat nhan A va B trong ion
phén tir hidro H ¢ moi khoang cach giira 2 hat nhan.

Tra loi

Theo dau bai ta phai chirmg minh biéu thuc sau:

E:+E_>2Ey
Quavay: E.+E. =E +k£—w+E +ki_w
e R TETE R T s T R T 1SS
= 2B+ 2k§ | (ug +uy)A=8) +(ug —ug)(1+S) =2EH+2k£ _ 2u; —28uy
R (1+S)(1-S) R 1

2

hay E.+E  =2Ey+2kE + 26%-w)
R 1-s2

" , I3 2 2
Tur bi€u thirc cudi cung thu dugce ta nhan thay nang luong day k% gitta 2 hat nhan A va B

lu6n luén duong nén mudn cho E. + E_> 2Ey thi dau caa biéu thirc 2(81128—2111) s& quyét dinh.
1-
Taxét A= 2% W),
1-S

eKhiS=0 s&dantsi Su,=0va A < 0
e KhiS=1 s€cédu,=u vadailuong A=0
e Khi S =0,5 (¢ khoang cach trung gian) thi | Sup | <uy valuc d6 A <0.

Nhu vdy, trong moi trudng hop tong cac dai lugng & vé phai cua biéu thirc trén ludn ludn
nho hon tong E. + E_ hay

E.+E.>2E;  hay
E >2Ey-E.

Diéu nay c6 ‘nghia la ndng luong MO phan lién két cang phan lién két hon so véi ning
luong MO lién két.
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3.23.Gia st chiing ta c6 mot dau do véi thé tich 1 pm® rat nhdy véi electron dit vao trong
ion phan tu hidro H; ¢ trang thai co ban. Hay tinh xac sudt c6 mit cia electron ma dau do
nay c6 thé ghi nhan duoc khi:

a) O hat nhan hidro A va B tung vi MO lién két.
b) O hat nhan hidro A va B tmg v&i MO phan lién két.
Cho biét tich phan xen phu S = 0,586;
Rap= 106 pm; a,= 53 pm;
1/2 1/2
mmw[ﬂ}a%m %mr[@]émo
Ta, ma,

Tra loi

P

<
<

R

a) Theo phuong phap MO, nguoi ta da xac dinh dugc ham MO cho Hj la:

- 1 1/2
V=l ihg| @e

Véi cac s6 lidu da cho ta d@ dang tinh dugc thira s6 chuén hoa N :

1 1/2
N.- > N,=0,561; N_= 1,099
21+8)

¢ - khoang cach bién d6i doc theo tryc lién két gitra AB.

Tai hat nhan A ta cho /=0, luc d6 ham . s€ 1a:

=9,3129.10*

41



42

Vay xac suét c6 mat cua electron & vj tri nay la:
|y, |2dv=28,67.107
Tai B, nghia 1a # = 106 pm. Do tinh d6i xtng ciia Hj nén:
|y [2dv = |y |2dv =8,67.107
b) Tai A va B (mg v&i MO phan lién két.

Theo két qua giai bai toan cho Hj, ham v la:

~
|
_=

o

Thay cac gia tri tuong tng véi £ = 0, tai A ta c6:
|y [2dv=1,93.10"°
Vay xdc suat co mit electron trong trudng hop nay 1a :

| y* |2dv=1,93.10"

3.24.Biét ham lai hoa sp® nim trong mit phing xy tao vdi truc x mot goc ¢ 1a 120° co

dang:
1/2
1 1 3
= @ [S‘\E x *dapy]

Hay viét dang tuong minh cua ham nay khi ta sir dung cac ham AO-s, px, py thudc dang
ham cuta hidro (mdt cach gan dung ta chi xét phan ham goéc). Chung minh gia tri cuc dai cua
AO-sp” & hudng di chi ra.

Tra loi

Theo phu luc ta c6 cac gia tri ham goéc tuong Gng la:

Yop, = \/i sinb coso ;
Y _ 3 . e .
2p, = |5 SN0 sing
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Thay cac gia tri nay vao ham lai hoa sp” ta co:

- Ssnoose s B2 simoiin
[\/;{ _\Fsmemsw\ffsmesm(p}

= Eln {1 - \/gsin 0(cos @ — V3 sin (p)}

Ham lai hod t; nim trong mét phing xy nén goc 6 = 90° hay sind = 1. Vay AO-sp” tudng

t 4, T4 -V 111

Mubn xét gia tri cuc dai cua AO-sp” theo hudng goc ¢ tao thanh véi truc x mot goc bang

120° 1a thuc hién phep a4 _y, Qua vay:

di(COS(p — /3sin@) = (—sing — V3 cosp) =0 hay
P

sing = —+/3 cose
tgp =3 —— @=120°
D6 1a diéu can ching minh.

3.25.Str dung mo hinh electron 7 chuyén dong tu do trong mach lién hop c6 cong thirc
chung la:

H,C=CH—(CH=CH),~ CH},

a) Viét cong thirc tinh AE nang lugng va bude song A cua phé hép thu xdy ra khi 1
electron chuyén tr micn=3 lénn=4 voik = 1.

b) Ciing cau hoi nhu trén véi k = 2.
Cho khoéng cach trung binh giita 2 nguyén tir cacbon trong mach 1a 1,40 A.
Trd loi

Theo li thuyét dai lugng AE s& la:
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2 2 2
AE=F,—E;=4_ 1 _32 0 _5h (1)
8ma? 8ma? 8ma?
2
Mat khac: hv = hcl =7 h 3
A 8ma

_ 8ma’c

suy ra: A
Y 7h

()
a) k=1, mach lién hop c6 5 nguyén tu cacbon do do:
a=(N+1)/=6/=6.14A
Thay cac gia tri tuong trng vao (2) ta co:
A =332 nm
b) k =2, mdt cach tuong tu ta ciing xac dinh dugc budc song 1a:
A =459 nm

3.26.Cho phan tur butadien véi 4 electron © ¢ trang thai co ban. Dua vao phuong phap
Hyckel hay:

a) Viét dinh thic thé ki cho phan tir khao sat.

b) Xéc dinh nang lugng electron m va biéu dién ching trén gian do.

¢) Viét cac ham MO tuong tng va biéu dién ching bang db thi.

d) Lap so dd MO (r).

Trd loi

a) Phan tir butadien c6 cong thic tong quéat nhu sau:
CH,=CH-CH=CH,

Céc nguyén tir cacbon trong phan tir nay thudc dang lai hoa sp’. Ta c6 thé hinh dung céc
lién két m bang so do sau:
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C—— C—— C—— C

Tur khung phan tu:
O @ 60 @

ta co: Y= Cld)l + Cz¢2+ C3(I)3 + C4¢4 (1)

Ap dung cach tinh bién phan két hop voi cac quy tic Hyckel ta dé dang viét duoc hé
phuong trinh tuyén tinh va dinh thirc cho phan tu butadien.

XC1t+ ¢ = 0
citXxcrt+cC3 = 0 (2)
ctxestes = 0
Cc3+ XCq = 0
x 1 0 0
. - 1 1 0
mezaE; D = x 3)
B 01 x 1
0 0 1 x

b) Khai trién dinh thirc (3) s& dan dén phuong trinh:
X'-3x+1=0 (4

Gidi phuong trinh trung phuong (4) sé dua lai 4 nghiém:

X1 :—1,618
Xy = 0,618
’ (5)
x5 = 0,618
Xy = 1,618

Thay cac gia tri x vao biéu thuc tinh ning luong E = a — xP ta s& thu duoc 4 mirc ning

luong electron .
E4
E, =a+1,618p — g
E, = o +0,618B © ' E,
E; =0.—0,618B -
E, =a-1,618p v !

Do o, B < 0 nén cac mirc ning lugng electron  dugc biéu dién & gian do trén.
¢) Muodn xac dinh cac ham , ta phai tim céc hé so c; trong bicu thirc (1).

Dbi voi x; =-1,618 dugc thay vao hé phuong trinh (2) s€ la:
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c; =1,618¢
citc3 =1,618c; (7
cotes =1,618c;
¢z =1,618cq
RO rang tur (7) ta rat ra:
Cr=C3VvVaci=Cy
Két hop véi diéu kién chuan hoa cac ham song ta viét:
Frcd+ci+cZ =1 (8)
Tir (7) va (8) ta d& dang tim dwoc hé sb c;:
Cl=C4= 033717} )
c=¢3=0,6016
Vay khi x; =-1,618 ta c6 ham MO tuong tng la:
y1=0,3717¢; + 0,6016¢p2 + 0,6016¢3 + 0,3717 ¢4
Mot cach hoan toan tuong ty itng voi cac nghi€ém x;, X3 va X4 ta s€ thu dugc s, y3 va ya.
Vay 4 MO la:
v1=0,3717¢; + 0,6016¢, + 0,601603 } 0,3717¢4
y2=0,6016¢;+ 0,3717¢02 — 0,3717d3 ;0,6016(1)4

W= 0,6016¢1 — 0,3717¢, — 0,3717d5 + 0,6016¢ (10)

W= 0,3717¢; — 0,6016¢; + 0,6016¢:1 0,3717¢4

Tir cac gia tri MO thu dwoc & biéu thirc (10) ta c6 thé biéu dién ching bang do thi sy
phan bo electron nhu sau:

Vi Vi

46 1 2 3 4 , L2 3 4
) 5

A yaN N\
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Dua vao do thi ta nhan thiy sy phan bd electron & 4 nguyén tir cacbon trong phan tur
butadien da chi ra rang ing v6i cac ham 3 va yy 1a cac MO phan lién két.

Do phén tir butadien 13 mach lién két thing nén ngudi ta con ¢ thé ap dung cac cong

thirc tong quat dé xac dinh nang luong Ei(m) va cac hé s ¢; trong cac ham MO y; mdt cach
tryc ti€p va nhanh chong.

Ei=a+ 2[3(:05(11T j ; Cir = Z sin(rm j
n+1

Vidy déi voi E; = o+ 2Bcosg =o+ 1,618

¢l =cy = \/g sinl‘;‘)'n = 0,632.0,588 = 0,3717

Cy=cCpp = \/g sinl‘z'n = 0,632.0,951 =0,6015

C3=Cp3 = \E sin 1‘2’“ = 0,632.0,951 = 0,6015
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Cs=crq= ﬁ sin 1‘;"“ = 0,632.0,588 = 0,3717
d) Ap dung cac ‘Piéu thirc xac dinh mét dd electron 7 (q;), bac lién két w (prs) va chi sb
hoa tri tu do (F;) ta dé dang lap duogc so do MO(r) sau day:
Ttr cac sd liéu thu duge & biéu thirc (10) ta c6 thé:
e Xac dinh q;:
Q=2c +2c3, =2(0,3717)*+2(0,6016)* = 1
Mot cach tuong tu ta cling tim dugc qz, qs, qa.
=Q=qgp=qs=1
o Gia tri prs()
p12=2ciici2+ 2¢21622 = 2.0,3717.0,6016 + 2.0,6016.0,3717 = 0,894
Dé tim cac bac lién két pas va ps4 ta ciing tién hanh phép tinh twong tu. Két qua s& la:
p23=0,447 va pi2=p=0,894
e Chi sb hoa trj tu do F;. Chi s§ nay dugc tinh theo biéu thuc:
Fr = Nimax — N; hay F,=4,732 -N,
N; 14 toan bd bac lién két © va o (p(o) = 1). Vay
Fi=F4=4,732—- (3.1 +0,894) = 0,838
F,=F;=4.732—- (3.1 +0,894 +0,447) = 0,391

Véi cac gia tri qy, prs va F, tinh duoc ta ¢6 thé 1ap so dd MO(r) cho phan tir butadien nhu
sau:

1,00 1500 1,00 1500
G100 iz 0,447 ? 0,894 T‘
l 0-391 0-391

0838 0,838

3.27.Ap dung phuong phap gan diing MO cua Hyckel hiy tim gi4 trj bac lién két cuc dai
cta cacbon trung tdm (cacbon s6 1) thudc phan tir trimetylenmetan (CH,);C® theo so d6 danh
sO sau, biét rang phan tir ndy ¢ trang thai co ban c6 4 ern.

G

G

\C1
/

Cq
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Tra loi

4e 1t duge giai toa déu trén toan khung phan tir trimetylen metan theo so do:

Ap dung phuong phap MO-LCAO ta c6:

VY = ci191 + cado t+ c3h3 + Cads (1)
d1, P2, 03, G4~ ham AO md ta 4 electron w trong phan tur.
C1, €2, C3, C4- cac hé sd can phai tim.

Theo phuong phép bién phan ta viét:

E= )

Thay v & (1) vao (2) roi khai trién va ki hi€u cac tich phan twong tng theo cac quy tac
Hickel ta s thu dugc hé phuong trinh tuyen tinh thuan nhat sau:

XCi+Crt ezt ¢y = 0
¢+ XCo = 0
3
Ci + XC3 = 0
Ci + XC4 = 0
Véi x=2"F
p
Giai hé phuong trinh ndy bang cach cho D = 0.
x 1 1 1
1 1 0
D= * =0 —> X(x*-3)=0 (4)
1 0 x O
1 0 0 x

Giai phuong trinh (4) s€ thu duoc cac gia tri E sau:

x =3 —> E =a+\38
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®)

Gian do ning luong dugc biéu dién theo hinh bén.

Mudn xac dinh cic hé s ¢; cia ham séng MO w ta lan luot thay cac nghiém x; vao
phuong trinh (3).

\

E
Eq4

——E; +E2
SRTRE

Vidu: x; =—+/3 dugc thay vao (3) ta co:

\/§C1+CQ+C3+C4 = 0
C1—\/§C2 = 0 (6)
C]*\/§03 = 0
¢t — +3ca = 0

Tu(6)taritra: ¢ = ¢c3 = C4
Theo di€u kién chuan hoa:
2 +c2 +c§ +ci =1

Két hop ca hai phuong trinh cudi ciing nay ta s& thu duoc:

1 \
Cit=—= Va Cr=C3=Cs—=

1
N 76
Vay ham y, ung v6i x; = —+/3 c6 dang
WI= =it = (ot b+ ) )
BN T

Ta xét nghi¢m x, = 0. Khi thay x, vao phuong trinh (3) ta co:

cotce3t ey = 0
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C1 = 0
Ci1 = 0
C1 = 0

Nghia la h¢ phuong trinh:
crtce3tcey = 0 } (8)
C1 = 0

O déy ta co thé chon cac cip td hop doc 1ap tuyén tinh bat ki. Vi du cip cs = 0 s& din dén
¢z = —c3. St dung dicu kién chuan hoa.

c%+c%+c§+c‘21 =1

hay 2 +c2 =1

2c3 =1

¢ =0y =

2 = T =

V2

\ 1
va W2=E(¢2—¢3) ©

Lap luan mot cach hoan toan tuong tu cho trudng hop x3 = 0 va x4 = +/3 ta ciing thu duoc
cac ham MO tuong Ung:

_1
\113—5(4)3 da) 10)

w=%¢l—%(¢z+¢a+¢o

DPé xac dinh Ny tai vi tri cacbon sd 1 cua phan tir khao sat ta phai tinh bac lién két «
cho p12, p13 va pia. Theo dau bai thi phan tir trimetylen metan c6 4 electron &t & trang thai co
ban va theo gian d6 ning luong thu dugc ta cd i, i va 3 véi 2 electron 7 trén y; va 1
electron 7 trén y, va 3. Vay béc lién két  sé la:

p12 =2ci1C12+ €21C22 + C31C32

Thay céc gia tri bang so vao ta co:

1
p12:£
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Mot cach hoan toan tuong tu ta cling nhan dugc bac lién két 7 cua

1
P13 =pP1a=p1r2 = ﬁ

Theo quy udc ciia phwong phap HMO thi mdi bac lién két o bang don vi. Do d6 Npy tai
vi tri sO 1 trong phan tir trimetylen metan s¢€ la:

(&N
Nmax 3 12(0) +3 12(7[) \\\\
p p S .
1 p
ha =343 =3+1,732
g \/g C4
Nmax =4,732

3.28.Ap dung phuong phap MO-Hj¥ckel cho phéan tir metylenxyclopropen véi 4 electron
T & trang thai co ban theo so dd bén.

(O cH,
HC——=CH
3) @ B

a) Viét dinh thirc thé ki rdi suy ra hé phuong trinh tuyén tinh ing véi x = 5

b) Bicu dién cac mirc ning luong electron © trén gian do ning luong. Tinh ning luong
tong cong cac electron © cua phan ti nay.

c) Lap so d6 (glan d6) MO (n) cho phan tir khao sat thong qua cac gia tri tinh cho méat do
electron 7, bac lién két 7t va chi s6 hoa tri tu do.

Biét:E = a+2,170B; yi= 0,2820;+0,6120;+ 0,523(ds + bs)
Ex=a+0311B3; w,=-0,815¢;— 0,254, + 0,368(d3 + ¢4)
E;=a—f; y3= 0,707(ds — ¢3)

Es=0a—-1,481B; w4=-0,506¢;+ 0,749¢>— 0,302(d3 + ¢4)

Tra loi

a) Dinh thirc thé ki va hé phuong trinh tuyén tinh c6 dang:

x 1 00 XC; +  Cg =0

1 x 11 ¢+ + + =0
1 XCg Cs3 Cyq

01 x 1 cg + xXc3g + ¢4 =0

01 1 x cg + c¢3 + x¢g =0

b) Theo cac s0 li€u cua dau bai voi a, B < 0 ta cé gian d6 nang luong sau day:
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Es = a— 1,481 .
Es =a-

E; = a+0,311B

E, = a+2,170B8

53

Theo gian d6 nang luong ta dé dang tinh duoc ning lugng tong cong cac electron © nhu

Sau:

E. = 2E;+2E; =2(o.+2,170B) + 2(c + 0,311p)

E. = 4o +4,962p.

¢) Muén lap so dd (gian do) MO (r) ta phai tinh cac dai lugng q;, Py, Fr.

o q =2(c3 +c3y) = 2[0,282) + (—0,815)°] = 1,487
Mot cach tuong tu ta co:
Q@ = 0,879; q3 = q4 = 0,817

o Py = 2(cpicint cacpn) = 0,742

Py; = Poy = 0,452;
P3s = 0,818
e F, =4732-(3+0,742) = 0,99
0-817
F, = 0,084; 0usgZCH ——> 0-461
1,487 0’87% 5
Fy = F4 = 0,461 g c=2I2- 077 g
2C@ ©) \
Vay so d6 MO (n) la: l l 0-452 CH — > 0:461
0-817

0-99 0,084

3.29.Dwra vao li thuyét HMO hiy:

a) Viét dinh thirc thé ki cho phan tir benzen va xac dinh cic muc ning luong electron

twong ung biéu dién cac gia tri nay trén gian do ning lugng.

b) Tinh ning lugng tong cong electron © cho phan tir benzen, cation va anion benzen.

Cho biét 3 hop chét trén thi hop chéat nao bén virng nhét.

Tra loi
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Theo HMO ta c6 dinh thirc:

x 1 00 01
1 x 1 0 00
1
D _\0 x 0.0 0 _ 0
001 x 10
0 001 x1
1 00 0 1 x
_o-E
X_
p
Mo dinh thic nay ta co:
X —6x*+9x*—4=0
hay X -6X*+9X-4 =0

Chia da thuc nay cho (X — 1) hay (X — 4) ta co:
X-1’(X-4)=0

Giai phuong trinh ndy ta thu dugc X = +1 suy bién 2 1dn va X = +2. Vay cdc muc ning
luong electron m la:

X =2 —> Ei = a+2pB
X, =—1 —> Ex =a+p
x3 =-1 —> Es = o+
x4 =+1 —> Es = a—-
X5 =+1 —> Es =a-p
Xe =12 —> E¢ = a—2p
Gian do ning luong tuong tng la:
E'A A A
E§ — Eq — E§| —
E}, E. E4Es| — — E, E4 —

— — 4
BE 4 A4 mE| A M EE A
] IR R -

Cation benzen Benzen Anion benzen
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b) Ning luong tong cong electron ©t cho timg hop chit dugc tinh nhu sau:

E. = 2B +2E,+2E;= 2(c + 2B) + 2(0. + B).2 = 6o+ 8B
E. = 2E +2E, + B, = 50+7B
E' = 2B/ +2E) + 2B} + B = 7a.+ 7B

Theo li thuyét HMO ta biét o, p < 0 va lo| < | B | nén trong sO cac gia tri nang lugng
tinh dugc thi Eﬁ <E;< Fﬁ/T Nhu thé anion benzen 1a bén nhat.

3.30.Xét phan to mach vong xiclopropenyl véi 3 electron m ¢ trang thai co ban. Dung
phuong phap Hyckel gan ding cho cac electron 7 hiy tim cac gia tri ning luong E; () va cac
ham MO tuong Uung.

Tra loi

Phan tr xiclopropenyl dugc biéu dién nhu sau:

ODcH

/ RN
/ hay AN
G N
’

HCE======="CH
Ham song MO mo ta trang thai 3 electron Qtrong phal@l mach vong nay la:

v = cidr+ cado+ cads (1)

Theo phuong phap HMO, sau khi tién hanh mot sé phép bién doi thong thudng, ta co hé
phuong trinh:

XC1+ C2t+ ¢3 = 0
ci+txct+ ¢ = 0 (2)
cit ctxe3 = 0
Tir (2) ta c6 dinh thirc thé ki:
x 1 1
D=1 x 1 =20 3)
1 1 x
Giai dinh thirc nay ta dugc 3 nghiém sau: E4}
X] =-2;X = x3 =1 +E2—E3
Vay nang luong E; (m) cho céc electron r la: _H_ B,
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X3 = 1 E3:(X—B
Xy = 1 EZZ(X.—B
X1 =2 E1 :(X+2B

Mudn tim ham MO v & (1) ta lan lugt thay cac gia tri x vao hé phuong trinh (2).

Gia trix=-2taco:

2¢c1+ ¢+ ¢z = 0 (a)
ci—2c+ ¢3 = 0 (b)
cit c—2¢; = 0 (©)
(a) — (b) dan dén -3¢c;1t3c; =0 —> CI = C
(a) — (c) dan dén 3ci+3c3=0 — ¢ =c;
Nhu vay: Ci = C = C3 4
Diéu kién chuan hoa: ¢? +c2+cj = (5)
Phéi hop (4) va (5) s& co c1=cr=c3 =%. Vay ham MO v sé la:

m=%®ﬁ®+® (6)

Vi x, = 1 dugc thay thé vao biéu thirc (2) s& dan dén:
citcte; =0 @)
Mit khac, tir diéu kién chudn hoa ta viét:
c%+c%+c§ =1 (®)]

Do céc MO ; va s 1a suy bién va thoa man diéu kién ¢ (7) va (5) nén ta c6 thé chon 1
trong 3 h¢ so ¢, chang hanc, =0 — c¢; =—c;. Nhu vay:

2 3

Fred=cE=1— ¢ = vacy=-—

=

1
V2
Cubi ciing ham MO v, c6 dang:

W:£®r%) ®)
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Ham MO w3 dugc xac dinh tur diéu kién truc giao voi MO ;. Qua vay:

Ci 1 +¢2(0) + ¢3 L =0 — c1=c(=¢)
() reorel

Tu (7) ta co: citcate;=0
hay 2ci+c, =0 —> cp=-2c;=2c
Do do: Y3 = ¢ —2chr+ cds

Ap dung diéu kién chuan hoa cho truong hop nay ta co:

2 2, 2 1
c’t4c’+c'=1 —> c=—+
J6
Cubi cting ham MO thu duoc s& ¢ dang:
1 2 1
= — o1+ =t — 9
Vi = o) T b2 NG b3 ©)

3.31.Cho phan tir bixyclobutadien v6i 4 electron 7 & trang thai co ban va dugc biéu dién

theo so dd sau:

a) Ap dung phuong phap HMO hiy viét dinh thirc thé ky cho phén tir nay.

b) Tim cac muc nang luong cho cac electron 7 va xac dinh nang lugng © tong cdng cua
toan phan tu.

¢) Tinh nang lugng giai toa (ndng lugng cong huong) cia phan tir khao sat.
Trd loi

Theo phuong phap HMO ta dé dang viét dinh thirc thé ky véi 4 electron 7 sau khi danh

déu thir tu trén timg nguyén tir cacbon ciia phan tir. 1

x1 11

1 1 0 2
= D= x =0 4

11 x 1

10 1 x
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Voix= 2=E
p
Dé xac dinh cac muc ning luong electron 7 ta phai mg dinh thirc D va tim cac gia tri x.
Qua vay, tu D ta viét:

x 1 0 |1 1 0 |1 x O |1 x 1
D=x|1 x 1|-]1 x 1|+1 1 1/-]1 1 x|=0
01 x{ 1 1 x[ 1 0 x (1 01

Tur cac dinh thirc bac 3 nay ta dé dang thu dugc phuong trinh:
x'—5x%+4x=0 hay x(x— D’ +x-4)=0
Gidi phuong trinh nay ta thu dugc 4 nghiém sau:

x1=-2,562; x,=0,000; x3=1,000; x4=1,562

Thay 4 nghi¢m x vira tim dugc ching ta c6 4 muc nang lugng electron © tuong ung la:

E
Vay ning lugng E; (1) cho céc electron 7 1a: 0 B
4
X1 :—2,562 E1 = (X+2,562B E
3
Xy = 0,000 E, = a Tl E
2
x5 = 1,000 s = a—p
E
} 1
xe = 1,562 E; = a—1,562B

4 electron 7 cua bixyclobutadien chiém giir 2 mirc ning luong E; va E; & trang thai co ban.
Vay nang luong tong cong cua electron clia phan tr s¢€ la:

E. = 2B +2E, =2(c+2,562B) + 20 = 4o, + 5,124B

¢) Chung ta biét rang ning lugng giai toa hay nang luong cong huong, c6 khi con goi 1a
ning lugng bén hoa. Trong phan tir bixyclobutadien c6 thé xem bao gém 2 phén tir etylen
riéng biét (dinh cu riéng r&) voi 2 electron m cho mdi phan tir. VAy ning lugng cua hé
electron 1 nay sé la:

2x2(atp)=4a+4p
Do a, P <0 nén ning luong E, cua phén tir bixyclobutadien khi gidi toa s& thdp hon so
v&i nang lugng 4 electron n dugce c6 1dp ¢ 2 phan tur etylen 1a 4o + 4p. Hi€u nang lugng trén

s& 1a nang lwong bén hoa cuia phan tr khao sat:

AE = (4. + 5,124PB) — (4o, + 4B) = 1,124p
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3.32.Ap dung phuong phap MO hiy khao sat su hinh thanh lién két trong phan tir LiH
v6i gia thiét lién két o dugc tao ra bai sy xen phu gitta AO-2s (Li) va 1s (H).

a) Hiy viét sy to hop ciia cac ham song dé hinh thanh lién két o va cho biét trong 2 hé s6
c; vacy cua AO ¢5 (H) va dos (Li) thi hé s6 nao 16n hon. Phan tir LiH c6 bi phan cuc khong ?

Cho nang lugng cac AO tuong ung theo eV la:
Li: —67,32 (1s); 5,39 (2s)
H: —13,6 (1s)
b) Viét dinh thirc thé ki cho phan tir LiH. Tinh nang lugng E cta cic MO hinh thanh véi
gia thi€t tich phén xen phu S dugce bo qua. Bi€u dien cac mirc nang lugng MO thu duge trén
gian do.

Cho Hy» = Hy, = j 025 (Li) H s (H)dt = 4,0 eV.

¢) Xéc dinh cac hé sb ¢; ciia ham song va viét tuong minh dang MO lién két va MO phan
lién két.

d) Tur két qua thu dugc & trén hiy cho biét sy phan bd electron cua lién két giita 2 nguyén
tlr trong cac truong hop sau:

Cho phan tir gia thiét dé tinh 1i thuyét.

Cho trudng hop lién két hinh thanh khong phén cuc.

Cho truong hop lién két hoan toan 14 ion.

e) Tinh & (%) cho LiH, biét /1 = 1,6 A.
ID=3,3.10"Cm; pwm=5.88D

Trd loi

a) Lién két o duoc hinh thanh trong phan tir LiH 1a do sy xen phu AO-1s (H) v6i AO-2s

(Li).
[

Céc ham AO tuong tmg 1a ¢1s(H) = 1s va ¢oy(Li) = 2s. Su t& hop hai ham AO nay la:

Yy = C]¢1S(H) + Cz¢25(Li)
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Theo céc s6 lidu vé ning luong dd cho ¢ dau bai ta nhan thdy E(H) =—13,6 eV nhé hon
Eos (Li) = —5,39 nén electron s& kéo vé phia obitan 1s ciia H vi vy ¢; > ¢,. V&i lap luan nay
phan tr LiH s& bi phan cuc va c¢6 gia tri momen lugng cuc p nao d6. Picu nay s& dugc kiém
dinh qua phan dinh luong & ciu e).

b) Dé xac dinh nang lugng MO hinh thanh lién két o ta ap dung phuong phap bién phan
s€ dan dén h¢ phuong trinh:

(Hi1 =S11E)e; +(Hyp =85E)cy =0 1
(Hg1 —Sg1E)cy +(Hyg —Sg9E)cy =0
Hy; -SpiE Hyg -Sp3E

=0
Hy; =Sg1 B Hgy —Sgok

va

(3 dﬁy H11 = J.lSHI:I 1SHdT N H22 = stLiI:IzSLid’C

H12 = H21 jlsH I:IQ.SLidT

Gia thiét S11 =82 =1 va Si; = Sy; = 0 dinh thuc sé 1a:

Hll -E H12

=0
Hy;  Hyy-E

Thay cac gia tri bang s6 cho & dau bai ta ¢6:

‘—IS,G—E -4,0 ‘:
4,0  -5,39-E
hay E’+ 18,99E + 57,30 = 0 3)
Gidi phuong trinh (3) ta co:
E, =-1523¢eV
Es*= -3,76 eV

Két qua nay dugc biéu dién trén gian d6 MO sau :

EAeV AO(Li) MO(LiH) AO(H)

O k
(&)
2 R
4 e \
* o \
6 \\ \\\
8 k
\ ‘\\
10 \ N

12 pE=
14
16 | _H_/

60



mit cia electron quanh ting nguyén tir s& ti 16 thuan véi hé sb c

Gian d6 MO(o) ciia LiH
¢) Mubn xéac dinh hé s6 ¢; ciia cac MO tuong (mg:
Y = c191s(H) + cadag(Li)

Ta thay céc gia tri E lan luot vao hé phuong trinh (1) dudi dang:

(—13,6 - E)Cl —4,002 =0
40 B “4)
—4,UC (—5,39—E)C2— 0
Véi E, =—15,23 thay vao (4) s& dan téi:
1,6301 — 402 = 0 (5)

—4c; +9,84¢c, =0

Tir (5) ta lap quan hé ¢; = 2,45¢,. Mit khac ta ap dung diéu kién chuan hoa sé& co:

c% + c% =
Tu day suy ra: ¢; = 0,93 vac, =0,37. Vay
Yo = 0,93¢15(H) + 0,37d25(L1)
Mot cach hoan toan tuong tu voi E = —3,76 ta cling co6:

Wo* = 0,37¢1(H) — 0,93¢4(Li)

61

d) Ching ta biét rang trén mdi AO-s cia H va Li déu cé 1 electron; 2 electron ny s&

MO(o) thi sdc xuat tim thay electron quanh H va Li la:

? =(0,93)* = 0,864
=(0,37)*=0,136
Khi c6 2 electron trén mdi MO thi:
Véi H: 0,864 x 2 = 1,73 ¢

Li 0,136 x 2 =0.27¢

chuyén xudng muc ning lugng thip dé tao ra MO lién két. Mat khac, ta ciing biét sac xuit c6
cua MO. Nhu vay, ¢
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Gia str lién két o trong phan tor LiH khong phan cuc thi 2 electron dugc phan bd déu cho
ting nguyén tur 1a 1 electron.

Néu lién két o c6 tinh jon thun tuy thi lién két o trong trudng hop nay phan cuc va co
gia tri momen ludng cyec.

e) Xac dinh phan tram lién két ion o (%) ta 4p dung cong thirc:

8 (%) = Hm 100
Mg

Tir dau bai ta tinh py, = q. 7
hay me=1,6.10"C.1,610 "m = 2,56.10* C.m

5,88.3,3.10°°C.m

Va (%) =
Y %) 2,56.102Cm

.100="75,79 = 76%

Theo két qua tinh bang phuong phap MO thi & H ¢6 1,73 e, nghia 1a du 0,73 e (dm); con
Lic6 0,27 e, nghia la du 0,73 e (duong).

Ta c6 thé biéu dién su phan bo electron d6 nhu sau:

0,73 + 0,73 -
s ,/\’
Li———H

Két qua tinh 8(%) 1a 76%, nghia 1a sy phan b gitra Li 13 0,76. Su khac biét giita 2 cach
tinh khong 16n va kha phu hop.

3.33.Trén co s¢ cua phuong phap MO-Hyckel hay xac dinh gia tri nang lugng electron n-
E,va ham séng y tuong rng d6i véi phan tir focmandehit, bi€t rang phan tir nay c¢6 2 electron
7 O trang thai co ban.

Cho ac=a +0,2[3; ago=a+0,78; PBco=11P

Tra loi

Sy hinh thanh lién két trong phan tir focmandehit c6 thé duge biéu dién dinh tinh nhu
sau:

H H

\/

Electron 7t duge md ta bang cac AO 1a ¢¢ va o MO () ciia phan tir 1a:

Y = codo+ ccdc
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Theo phuong phap MO-Hgckel ta ¢6 thé thiét 1ap hé phan tir tuyén tinh thuin nhét cho 2
electron 1 cua focmandehit 1a:

(0o — E)co *+ Beocc =0
Bcoco + (oc — E)ec =0
hay (a+0,78—E)co+ 1,1Bcc =0
1,1Bco+ (a0 + 0,2)cc =0
Voi x = OLEE ta viét lai phuong trinh nay dudi dang:
(x+0,7)co + LLIcc =0 1)
ILlco+(x+0,2)cc =0
H¢ phuong trinh (1) c¢6 dinh thuc D la:
x+0,7 11 ‘ _
1,1 x+0,2
hay x*+0,9x—1,07 = 0 ()
EA
Giai phuong trinh (2) ta thu dugc 2 nghiém: .
x; =—1,58 tuong Ging voi E; = o + 1,583 i
x2 =+0,68 tuong (g v6i Ex= o — 0,686 B

E, la ning lugng ciia MO lién két
E; 14 ning lugng ctia MO phan lién két

Trong phén tir focmandehit ¢6 1 1ién két © duoc hinh thinh & nhém C=0 nén trén gian d6
MO(n) ta chi biéu dién sy hinh thanh lién két nay. Gian d6 MO(r) 1a:

C C=0 O

1
g
=]
fo)
o2¢]

=z

1
Q
+
L
[\
?

Lt
\ T / 2p
4 0+1,58 B \_H_:
Y
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Sw hinh thanh MO(r) ciia nhom C=0

Tim cac MO ung véi nang luong E; va E, tirc 14 xac dinh cac hé s6 co va cc ciia ham
song y. Thuc vay:

Voi x; =-1,58 duoc thay vao hé phuong trinh (1) ta co:
(-1,58 +0,7)co+ 1,1cc =0
I,1co+ (1,58 + 0,2)cc =0
hay -0,88¢co+ 1,1cc =0
I,Ico+1,38¢cc =0

0,88
1,1

Cc — Co— 0,800

két hop vdi di€u kién chuan hoa:

c% +c% =1
s€ suy ra (0,8co)*+ g =1
1,64¢3 =1
hay Co= \/T =0,781
1,64
va cc=0,8¢co=0,624.
Vay v =0,78p0+ 0,620c Gng voi E;

Mot cach hoan toan tuong tu khi thay x, = 0,68 vao hé phuong trinh (1) ta cling tim duogc
ham v, 1a:

Y2 = 0,623¢0 - O,782(I)C
3.34.Xét phan tir khi tro XeF, thugc dang ciu triic thang 3 tdm. Sy hinh thanh lién két
trong phan tu nay la do su xen phu ciia AO-5p (Xe) va AO-2p (F). Gia st ham MO 3 tdm
trong phan tir XeF, c6 dang:

WV = C1d1 + CxePxe T C202

a) Ap dung phuong phap HMO m¢ rong cho cac electron ¢ hdy xac dinh gia tri nang
luong tuong Ung véi gia thiet:
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OF = Oxe = A
b) Cho thé ion ho sau:

Ixe=12,13eV; [g=17,42¢eV

Ti Sé)' OXe _ IXe
ap Iy

Hay xac dinh ning lugng lién két trong truong hop nay.
Trd loi

Trudce tién ta hinh dung lién ké‘g dugc hinh thanh trong phén tir XeF, la do su xen phu
gitta AO-5p (Xe) va AO-2p (F) c6 thé dugc biéu dién nhu sau:

¢ 0]

F

@

Trong trudng hop nay véi cu frac thang 3 tam ham MO duogc viét dudi dang:

Xe F

v = ci1¢1(F) + cxedxe T 202 (F)
hay don gian Y = cip1t CxePxe T C2p2 (1)

Theo phuong phép bién phan ing dung cho HMO ta ¢6 dinh thuc:

art+ E Bxer— ESxer Brr— ESgr
D =Brxe — ESkxe oxe—E Brxe — ESkxe (2
Brr — ESgr Bxer— ESxer or —E
édéy OfF = O0xe = @ Bxer =PBrxe = B ;5 PBrr=0

Ser = 0 Sxer = Srxe=S=0

Nhu vay dinh thic (2) ¢6 dang:

hoéc a—E B
D = B a—E B
0 B o—E
vOl X = , ta co
x 1 0
D= 1 {x 1 =0 3)
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hay D =x-2x= 0.

Gidi phuong trinh nay ta cé:

X =2 —> E, = o+ 2P

X2=0 —> E, = a

x3=+V2 —> E3=oa-2B

Tir cac gia tri E; ta d& dang xac dinh ning luong toan phan:

Eyp = 2E;+ 2E; =2(a + V2 B) + 20 = 4o + 242

66

_H_
_H_

b) Bé hoan thién két qua tinh thu duoc trong khuon khé phuong phap HMO véi gia thiét

Oxe _ Ixe _ 1213
o IF 17,42

ban dau

Ta suy ra: axe = 0,6960r = 10,6960

Thay gia tri ax vao dinh thac trén ta co:

o E B 0
D = oxe — E/ B hay
0 B oa—FE
o—FE B 0
B 0,690 —E B
0 B o—E/

Giai dinh thuce (5) ta thu dugc:

(o — EN[(0,6960. — E)(a. — E') — 2p*] =

a-E=0— E =«

(0,696 —E) (o —E)—2p* =0
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E”? — 1,6960E + (0,6960> — 2p%) =0 (8)

Giai phuong trinh bac 2 (8) ta thu dugc cac nghiém sau:

2
E =0,8480 % B |2+ 0’055‘* 9)

92 2 r r r 2
G biéu thic (9) ta chua biét ti s6 % nén khi cho o = B thi s6 hang duoi cin 222 << 2
B

c6 thé bo qua dugc. Vay gia tri ning lugng E' sé 1a:

E =0848a + 2B (10)
Két hop (7) va (10) ta c6 két qua ning lwong la: y
E/
E, = 0,848 o+ 2P ’
—H— E)
E, = 11
9 a (11) ! E,

E, = 0,848 o — 2P
Ning lwong toan phan nhin duogc s& 1a:
E, = 2E; +2E; = 2(0,848a.+ v2) + 20 = 3,70 + 242
3.35.Thuc nghiém cho biét giita phan tir etylen va ion Cu” tao thanh phrc 7.
1. Hay biéu dién sy hinh thanh phic 7 giita phan tir etylen va ion Cu”.

2. Ap dung phu’ong phap HMO hay xac dinh gla tr1 nang luong clia cac electron 7 va biéu dién

ching trén glan do 161 suy ra niang luong tong. Biét rang phtrc 7 tao thanh 1a do 3 electron 7 cua
cacbon va Cu" tham gia.

Cho:acy, =a+ hp Vo1 h=-0,8
Becu=kPB voi k=0,234
Tra loi

1. Phirc © duoc hinh thanh giira phan tir etylen CH,=CH, do 2 electron 7 ctia ndi doi cia
nguyén tir cacbon va 1 electron ©t khi AO-3d ciia ion Cu’ bi kich thich. Qua trinh hinh thanh
phtrc 7 trong trudng hop nay co thé duoc bicu dién theo so dd sau:
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2. Theo so dd nay ta d& dang 4p dung phwong phap HMO:

v =cidrt e+ csds

Ap dung phuong phap bién phan va cac quy tic Hyckel thong thuong sé& din dén dinh
thure:

oc|—E Beu-c Beuc
D = Bed-c a—E B 0 (1)
Bcuc B a-E
O day o, 1a tich phan Culong cta Cu véi gia tri:
ocy = o +hf

Bcu-c & PBcu-c = kP 1a tich phan cong huong giy nén do su tuong tac giita cacbon va

Cu. Thay cac gia tri nay vao dinh thirc (1) va ki hi¢u x = OLEE ta s€ thu duoc dinh thirc moi:

x+h k k
D=|k x 1| =0 )
k 1 x
1 k 1 k
(x+h)> |-k 4k =0
1 x k x k1

(x+h)(x*— 1) —k(kx — k) + k(k—kx) =0

Sau khi bién doi ta thu dugc phuong trinh:

(x—D[x*+x(h+1)+h-2k’]=0 3)
Tt phuong trinh (3) ta thu duoc cac nghiém sau:
x-1)=0 — x=1 (4)

x>+ (h+ Dx+ (h—2k») =0
Thay cac gia tri h=-0,8 va k = 0,234 ta co:

x>+ 0,2x — 0,9095 = 0 (5)
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Giai phuong trinh bac 2 (5) ta dugc cac nghi€m:

x=0,859 va x=-1,060 (6)
Nhu vay cac murc nang lugng electron = la:
x; =—1,0600 —> E; = a + 1,068

x2 = 0,859 — > E,= a—0,8598 | (7)

X3 = 1,00 —> E3;=

Ning luong tong céac electron 7t s& la:

ETC =2E1+E2

E. =2(c+ 1,06B)+ o —0,8598

E. =3a+1,261B
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3.36.Lap so d6 MO () cho phirc 7 duoc hinh thanh giita phdi tir etylen va ion Cu'vdi cac

sO liéu sau:

N2 E; Vi

1 o+ 1,0643 0,192¢1 + 0,692¢2 + 0,692¢3
2 o —0,864p 0,985¢1 — 0,123¢2 — 0,123¢3
3 oa—B 0,990¢1 — 0,115¢2 — 0,115¢s

Tra loi

Dé lap so dd MO (n) cho phirc 7t (xem bai giai 3.35) ta phai tinh 1an luot cac gid tri sau:

E;
—+— E;
4

o Mat d6 electron m:

E4 ® HxCg

>CH,(Q

Qi =2c} +c3; = 2.0,192)*+ 0,985 = 1,04

Q=2c% + & = 2.(0,692)*+ (-0,123)* = 0,98 = g3

e Bic lién két:
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P12 =2¢11C12+ €212 = 2.0,192.0,692 + 0,985.(-0,123) = 0,14
P12 = P13
P23 = 2¢12€13+ €2223 = 2.0,692.0,692 + (—0,123)(—0,123) = 0,96
e Chi sb hoa trj tu do:
F, = V3 —(0,14+0,14) = 1,45
F, = F3 = /3 — (0,14 + 0,96) = 0,63

Tir céc két qua thu duggta co thé lap sQ (9186 MO(m) cho phtrc © khdo sat nhu sau:
I S

145 . . 5
3.37.St dung md hinh vi hat chuyén dong tu do trong giéng thé mdt chi€u cho h¢ lién
hop mach ho cua phan tir octatetraen. Hay

a) Tinh ning lugng tong cong cho hé lién hop 7 néi trén theo kJ.mol !

~ b) Xac dinh s6 song (cm™) cua phé hap thu khi 1 electron © chuyén tir MO bi chiém cao
nhat (HOMO) [én MO trong chua bi chiém thap nhat (LUMO).

Biét d6 dai trung binh cta lién két C-C1a 1,4 A; m, =9,1.10°" kg;

h=6,62.10>*].s.

Tra loi

; 2
a) Chiing ta bit Ey = n>

o cho giéng thé mdt chi€u; a 1a chiéu rong giéng the. o1 voi
ma

mach lién hop octatetraen c6 8 nguyén tir cacbon, do dai giéng thé a = (N+1)/c_c; N 1a sb

lwong cacbon trong mach. 8 electron 7t dwoc phan bd trén 4 MO tir n=1 + 4. Vay Ey s& la:

Er=2(Ei+Ey+ Es+ Ey)

Es —4+— LUMO

Es| “EL4 pomo
E; _H_
E2 _H_
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(6,62.104).6,02.102%.107

E,=2(1242%+3%+4>
( ) 8.91.107°1,(9.1,4.10710)2

E. = 1,37.10° kl.mol"'
b) MO bi chiém cao nhét (mg véi n = 4; MO chua bi chiém thap nhit ing véin=>5

Khi electron chuyén tir E4 — Es, nghia 1 tir HOMO 1én LUMO ta cé:

2 2
AE=Es—E= 2 =3 1 -9 I
A 8ma 8ma
Trong truong hop nay sb song sé 1a:
1. v = A =9 h thay s6 vao ta co:
A he 8mca®
34
v = 26,6210 ~ 17183 cm’!

8.9,1.10°1.8.10%(12,6.10719)2

Bai tap chwa co loi giai
3.38.Hay viét ham khong gian (phan toa d6) md ta su hinh thanh lién két cong ho4 tri

theo phuong phap VB dugc tao boi gitra AO-1s cua nguyén tir hidro va AO-2p, cia nguyén tir
oXi.

3.39. Ap dung phuong phap VB hay viét ham khong gian biéu dién sy hinh thanh lién két
O-H trong phan ttr H,O cho 2 trudng hop sau day:

a) Khi nguyén tir oxi chua bi lai hoa.

b) Khi nguyén tir oxi da ¢ trang thai lai hoa.

3.40.Cho biét ham v thudc kiéu lai hoa sp” c6 dang y = s+\/xé§p. O day ham s va p déu da

chuan hoa, hay chimg minh rang ham v ciing chuan hoa.

3.41.Phan t{r metan c6 cu trac t dién déu. Lién n
két cong hoa tri trong phan tir nay dugc hinh thanh 1a (1-1D
do sy xen phu giita cac AO-lai hod sp> ciia nguyén tir i
cacbon véi cac AO-1s cua nguyén tir H. Hay viét cac ‘
ham song lai hoa twong ng cho 4 lién két cong hoa tri E

(111
o cua CHy.

. z (1-1-1)
Huong din:

11-1)
V& tir dién déu va tim hudng cua cac AO-sp’ vé 4 y

71



72

dinh cua tr dién.
3.42. Ap dung phuong phap HMO hay:
a) Lap dinh thuc thé ki cho gbc alkyl.
b) Xac dinh cdc muc ning lugng electron 7 va biéu dién chiing trén gian do.

¢) Tinh niang lugng tong electron m cho gdc alkyl, cation va anion ciia gbc nay. So sanh
cac két qua thu dugc va cho bi€t nhan xét.

Biét o, B <0 va gdoc alkyl & trang thdi co ban c6 3 electron .
PS.b)E =a++2B ; Ex=a; Es=o— 2P
¢) Anion goc alkyl bén viing nhat.

3.43.Trén co sé cua phuong phap gan ding Hyckel hiy:

a) Xac dinh nang luong cac electron 7 cho phan tir gbc allyl va xiclopropenyl.

b) Tinh nang lugng ’t(;)ng cong cac electron n cho cation gbc allyl va cation géc
xiclopropenyl. Dua vao két qua tinh hay cho biét trong 2 cation khdo sat thi cation nao bén
virng hon.

Biét o, B <0 va hoan toan nhu nhau
PS.a) Allyl: E,=a+ v2B; Ex=a; Es=a— 2B
Xiclopropenyl: Ef= o + 2; E, = Eé =a—f
b) Cation xiclopropenyl bén virng hon.

3.44.Can cir vao li thuyét HMO hiy xac dinh xem nhiing hop chét nao dudi day tmg véi
nang lugng electron w thap nhat.

a) Phan tu trung hoa, cation, anion butadien-1,3.

b) Phan tu trung hoa, cation, anion xiclobutadien.

Biét:E, =o + 1,62p ; E, =o+2p
E; =a+0,623 ; E, = a

E; =a—-0,62p ; E; =a

Es =a—-1,62B ; E, =o-2B
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Cho C4Hs Cho C4H,
a, B < 0 la nhu nhau d6i v6i C4Hg va C4Hy
PS. a) Phan tir C4Hg 6 E,; = 4o + 4,48 thap nhat
b) Anion (C4Hy) : E. = 50, + 4f thap nhét

3.45.Cho phan tir lién hop 7 c6 cong thirc cdu tao va duoc danh sb tha ty sau day:

1 2
CH,=—CH
3 4
C=CH
6 5 2
CH,=—CH

a) Ap dung phuong phap gan dung MO Hyckel hay viét dinh thirc thé ki. Tlr cac gia tri x;
thu duoc hiy xac dinh ning luong E; va biéu dién ching trén gian dd ning luong.

b) Xay dung so d6 MO(r). Biét cic sb lidu sau:

X1 Y1 Y2 V3 Ya Vs Ve
-1,932 0,230 —-0,500 0,444 0,444 —-0,500 0,230
-1,000 0,444 —-0,500 0,230 -0,230 0,500 —-0,444
-0,518 0,628 0,000 -0,325 -0,325 0,000 0,628

0,518 0,325 0,000 -0,628 0,628 0,000 -0,325

1,000 0,444 0,500 0,230 -0,230 -0,500 —-0,444

1,932 0,230 0,500 0,444 0,444 0,500 0,230

bsS.

a) E;=a+1,9328 @ 000 O

CHZﬁCH\\ 5408
Ey=a+p O ome @
@ - 2

0908\ = l i

E3=a+0,518B CH, 0:916
~ 051 ’

Es=a—-0,518B 0,824 0,416
Es=a— B
E¢ =0 —1,932p

3.46. Electron 7 cua phan tir etylen hap thu mot budc song A = 1625 A khi chuyén tir
2 r 2 r

5 dén muc nang lugng E, =4 h 5" Tinh d¢ dai lién két C—C trong
8ma 8ma

muc nang luong E, =

phan tir nay theo A.
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Chom=9,1.10""kg; h=6,62.10""Is; c=3.10"m.s'
Huwéng diin:

Xem electron 7 trong phan tir CH,=CH, 1a mot giéng thé 1 chiéu doc theo lién két C—C
v6i d6 rong a = (N + 1)/; N- sb nguyén tir cacbon.

bS. lec=1,28A
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Lé Kim Long

Giao trinh nhdp mon hoa luong tu

NXB Dai hoc quéc gia Ha Noi 2006.
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Chuong 4

UNG DUNG LI THUYET NHOM TRONG CAU
TAO CHAT

4.1  Li thuyét tom lwoc

Li thuyét nhoém vé dbi xtng phan tir gitr mot vi tri quan trong déc biét 601 vGi hoa hoc
lugng tu. Vi vay nam chic khai niém vé dbi xtng s& gitp chung ta hiéu sau sic hon vé ban
chat ciu tao phan tu.

4.1.1 Khai ni¢ém vé doi xirng

Mot vat thé hodc mot phan tir goi 1a d6i xtng néu sau khi ta thuc hién mot sé phép bién
d61 nao do, ta lai dugc vat thé hay phan ti d6 khong khac vé mat vat li so voi chung & trang
thai ban dau.

Co6 thé ndi ung voi mot ciu trac hinh hoc xé4c dinh, phan tir cé tinh dbi xung xac dinh.
4.1.2 Cac yéu td ddi xirng va cac phép ddi xirng phin tir

Do phan tir 1a mét hé hitu han nén chung ton tai hai phép dbi xtrng co ban la:

a) Phép quay hé thong mot goc xac dinh chung quanh truc dbi xting.

b) Phép phan chiéu qua mot mét phing xac dinh.

Ung vai 2 phép ddi xtng niy ngudi ta co cac yéu td dbi xtmg twong tmg sau:

+ Truc dbi xtng va phép quay C,. D6 1a phép quay chung quanh mét truc véi goc bang

+ Mt dbi xtrng va phép phan chiéu .

Khi phan chiéu cac nguyén tir di qua mot mat phang phéan tir ta c6 phép phan chiéu o.
Bing phép phan chiéu ndy cac hat nhan nguyén tir trong phan tr déu dwa vé nhitng vi tri
tuong duong dan dén mot mat ddi ximg o véi 3 trudng hop.

* op- mat doi xung thang goc vai truc doi xing chinh.

* oy- mat doi xung chira truc doi xting chinh.



* o¢- mit d6i ximg di qua dudng chéo.

+ Quay quanh mét truc rdi phan chiéu qua mot mdt phang thang goc véi truc S,. Phép
quay C, quanh mét truc di qua phan tu voi goc 2n phan chiéu cic nguyén tir qua mot mat

n

phang thang goc vai truc dan téi phép phan chiéu quay S,

+ Tam dbi xtrmg va phép dao chuyén I.

Phép dbi ximg nay sau khi thyc hién s& khong c6 mot sy thay doi nao. Noi chung bat ki
mdt phan tir nao cling déu c6 doi xiing don vi (d61 xing hoan nguyén I).

4.1.3 Khai niém vé nhém

a) Dinh nghia

Nguoi ta ‘coi mdt nhom la tap hop G cac phﬁn tor A, B, C... ki hiéu la G [A, B, C...] va
tuén theo 4 di€u kién (luat hop thanh) sau:

* Tich AB ctia 2 phin tir A, B bat ki € G ciing 14 phan tir € G, nghia 1a phép nhan c6 tinh
chét kin.

* Phép nhan trong nhém c6 tinh két hop:

(AB)C=ABC)vé6imgi A,B,C e G
* Trong nhdm c¢6 mdt phan tir duy nhat 1a phan tir don vi, ki hiéu 1a E sao cho:
AE=EA=AVAeG

* Moi phﬁn td A thudoc G c6 mot phﬁn tir nghich dao, ki hiéu la A cling thuoc G sao
cho:

AA'=ATA=E
b) Nhém diém doi xieng

Tap hop cac phép ddi xtng voi phan tir thoa man 4 diéu kién ciia nhom va co it nhat mot
diem khong d6i s€ 1ap thanh nhom diém doi xung.

C6 nhiéu loai nhém diém d6i xtng khac nhu sau:
Céac nhém Cy, Sn, Can, Cay, Dn, Dan, Oh... (xem céc bang dic biéu & phan phu luc).
4.1.4 Biéu dién nhém

(O phéan nay céc kién thirc vé ma trén va dinh thic s& dugc ap dung)

Béang nhan nhom:



X"
[\e)

F
A\

G\/,(xz)

\
\
\
\
\
\
\
| S

Phﬁn twr HzO

Thong thuong ngudi ta biéu dién cac phép dbi ximg trong nhom diém bang cic ma tran
unita.

Vi du nhoém C,y dbi véi phan tir H>O.

Cac ma tran bi€u dién cac phép do6i xung E, Cs, oy, 6, thuc hién 1€n mot diem co toa do
X, y s€ la:

()G e )= 20
()5 e o G) = 2)E)
(J=05) e (=0 S0

Nhu vy v6i 4 phép doi xing E, Cy, oy, o, ing v&i mot bo gdm 4 ma tran:

o) 0 26 )

1am thanh mot biéu dién (ki hiéu 1a I') ctia nhém Cay.

TU nhitng phép dan giai ¢ trén ta ¢6 thé ndi: Biéu dien nhom la mot bd cac ma trén cung
cap bicu dieén cac phép doi xtirng ciia nhom, thdéa man bang nhan nhoém:

Vidu: ¢,.0,=C, [_1 OJ (1 Oj=(_1 Oj
0 1 0 -1 0 -1

Bang nhan nhém C,,



Coy E C Gy 6(}
E E C, ov av
C, C E G(, ov
ov ov G(} E C
| S| | e E

4.1.5 Biéu dién kha quy (KQ) va biéu dién bt kha quy (BKQ)

a) Biéu dién kha quy (viét tat-KQ, ki hiéu la: I)

Day 1a biéu dién ma tit ca cic ma trin A cta no c6 thé dua vé dang chéo hay gia chéo,
trc 1a tong truc ti€p ctia 2 hay nhi€u ma tran c¢6 cap nho hon nhd mdt phép bién déi dong
dang.

XAX ! = A/ A
0 AL

A- ma tran bt ki ctia biéu dién I;
A’- ma tran déng dang voi ma trén A;
AL AL, Ag ... ma tran c?ip nho hon A.

Nhu vay biéu dién T 1a kha quy néu c6 thé quy duoc thanh mot tong truc tiép nhiéu biéu
dién c6 so chiéu nhé hon

I'= F1+F2+F3...
b) Biéu dién bdt kha quy (ki hi¢u Ij)

Day 1a mot biéu dién khong thé quy dwoc thanh biu dién ¢6 s chiéu nhé hon nho mot
phép bién d6i dong dang.

¢) Ddc biéu cua biéu dién

Mot biéu dién KQ ta co thé chéo héa cac ma tran dé quy thanh mot tong truc tiép cac
biéu dien BKQ.

I'= Zail“i



a; 1a s6 1an biéu dién BKQ c6 mit trong biéu dién KQ.

Pic biéu cua biéu dién ddi voi phép ddi xting R, ki hiéu 1a x(R), tirc 1 vét ciia ma tran
bicu dien phép R.

Dé tinh hé s6 a; ta ap dung biéu thic sau:
1
ai = gthX(R)Xi(R):

trong do:
g- bac ctia nhom diém d6i xing;
hg- bac cua 16p (s6 nguyén t6 co trong mot 16p);
%(R)- dic biéu ctia bicu dién KQ;

%i(R)- dic biéu cua biéu dién BKQ ddi v6i phép ddi ximg R.

4.2 Bai tap ap dung

4.1. Ap dung phuong phap d6i xirg hay xac dinh cac biéu thirc toan hoc twong tng cho
c4c obitan lai hoa dbi v6i phan tir CH, (dang lai hoa sp’).

Coc AO-Rihoo trong
phéin t CHy

Tra loi

DPbi voi phan tit CHy, 1AO-s va 3A0-2p cta cacbon to hop vdi nhau dé tao ra 4A0-
sp’. Nhu vay, mdi AO-sp’ c6 % tinh chit AO-s va % tinh chit AO-p hay i tinh chat cia mdi
AO (px,pYJpZ)'

Tir diéu dan luan trén day da chi ra rang t6 hop cac hé s6 ¢; ¢o gia tri tuyét doi la:



Dé dé hinh dung diu cia cac ham lai hoa ¢y, 2, d3 va ¢4 ta biéu dién phan tir CH, trén
hinh 13p phuong abed v&i véi hé toa d6 x, y, z va & mdi dinh ctia tir dién hudng ciia cic truc s&
laza (1,1, 1); b (-1,-1, 1); ¢ (1, -1, -1); d (-1, +1, —=1). Cac hé s6 cua cac AO-py, py, Pz S€ €O
dau “+” hay “—” la tuy thudc vao cac diéma, b, c, d.

T lap luan nay ta d& dang viét dugc cac ham lai hoa:

b= b= G(L LD = (Pt pytpo)
b2 = o = O-1.-1, 1) = (s=px=py+P)
b = de = §(L—L=1) = (s Px—Py—p)

B = ba = O +1,-1)= (5= put py=po)

hodc dudi dang ma tran:

o1 101 1 1 s
2 2 2 2

b 1.1 1 1p,
= 2 2 2 2

b 101 1 1|p,
2 2 2 2

b4 R U R I
2 2 2 2

4.2. O trang thai co ban, nguoi ta d biét phan tir metan c6 ciu tric tor dién déu (dang
ABy) va cacbon thudc dang lai hoa sp’. Trén co sé cac ham obitan lai hod da biét hay:

a) Biéu dién cac obitan d6i xtrng hoa bang hinh v& va bang biéu thirc toan hoc.
b) X4y dung gian db ning lugng MO cho phan tir CH,.
Trd loi

a) O bai s6 4.1 ta da tim duoc cac ham lai hoa cho phan tir CHy 1a:



ba 1 1 1
2 2 2 2
bp r 1 1 1 | |Px
=12 2 2 2
b 1 1 1 1lp
2 2 2 2
bq 1 1 1 1
2 2 2 2 Py

bay la ma tran unita, nghich ddo cua ma tran nay la ma tran chuyén vi, vi vay cac obitan
doi xting hoa c6 thé viét nhu sau:

zs 1L L 1) (s,
2 2 2 2
2y 1 _1 I _1 sy
= 2 2 2 2
Xy i 1 _1 L] ]sc
2 2 2 2
Y, 1 I 1L 1 {sq
2 2 2 2
hay:
1
ZS:*(Sa'i'Sb"_
2
Co)
+
Isa+ Isp+ 1sc+ 1sq
Z
v
L d y

1 (
Yk = = (Sa—Sp+ Sc —Sq) / =
? &

Ox

I1Sa+ 1sc— 1sp— 184

-8

®
(@]

o

ot
o
+
+0
o



1
2y = 2 (Sa—Sb—Sct S4)

Oy

1sa+ 1sqg— 1sp — 1sc

1
2= §(Sa+ Sb— Sc — Sd)

Gy

1sa+ 1sp— 1s. — 1sq4

b) Tiép theo, su t6 hop AO-2s ctia C véi to hop ddi xirng hoa Y s& cho mot MO lién két
o, va 1 MO phan lién két o,

* / /
Os=cCi2s+tCXs ; o4 = ¢ 2s — c, PIN

Mot cach hoan toan tuwong tu su t6 hop AO-2p,, 2py va 2p, cua C voi t6 hop ddi xtng hoa
2y, 2y va X, ta sé€ co:

- . ) /
Ox = C32px+ Ca2x Oy = C32px — Cy2x

*
Oy=Cs2pytCeZy ; oy = 2Py — g2y
=c2p,tesS, 3 o, = ¢h2p,— g T
O; = C74p, T Cg2z G, C74Pz — Cg iz

Két qua nay dwoc biéu dién bang gian dd ning lvgng MO nhu sau:

Cac obitan Céc obitan Céc obitan
nguyén tir C phan tir CHy nguyén to H
& * k
Ox Gy Oy
— = — ="
/ \
/I \\
’I I’_ . _\\ \
/! II GS \ \\
S A
/ J '\ Y
/ 1 A
1 1 A
/I II \\\\
’ 1 AN} 9
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Gian d6 ning lwgng cac MO ciia CH,

~ 4.3. Duya vao phép d6i xtng hiy viét cac biéu thirc dai sb tuong tmg cho cac obitan lai hoa
d6i véi phirc bat dién [Ti(H20)e]’ thudc dang lai hoa d’sp’.

Tra loi

Tir kién thirc c4u tao chit dai cuong ta biét ring phirc [Ti(H,0)s]’"co cdu triic bat dién.
Ton Ti¥*co 6 AO la: 3 dx2_y2 »3d 2, 4s va 4px, 4py, 4p, tham gia xen phu voi cac AO-phoi tur dé
tao ra lién két .

Theo hinh v& nay ta thir xem cic AO hod tri d, s va p cta Ti*" s& td hop nhu thé nao va
cac hé s6 dong gop bang bao nhi€u trong qua trinh hinh thanh phuc chat.

1

OH, )
| OH,
5 /
%
-H,0— 4—Ti— 2 — OH,—>
H,O % 7y
1
S 6
H,0 |
X OH,

Trudce tién, cac ham lai hoa hudng theo truc z dugc ki hiéu 1a ¢(5) = ¢(+2z) va ¢(6) = d¢(—=z).

R3 rang trong truong hop nay AO-3d ., 4s va 4p, duge chon c6 phan dong gop voi d. 1a %

= é Vs I é va voip 1a % (dhu tuy thuc vao cac thuy cia AO). Nhu vay ta co thé viét:

10



Tiép theo ta xét cac obitan lai hoa d*sp® hudng doc theo truc 4p,; cac ham lai hoa duoc ki

¢(5) = o(+2) =

$(6) = ¢(-2) = % d+ s

1 1 1
—ds + —=s+ —=p,
BT &2
1

1
\/g _Epz

11

hidu 12 ¢(1) = ¢(+x) va d(3) = d(—x). O ddy phin déng gop cia AO-s 1a % va AO-py 1a %

Phan dong gop ctia cac AO-d ¢ phan phire tap hon chut it. P6i voi cac AO- d . da dong gop

cho AO lai hod ¢(5) va ¢(6) 1 %x2 - g Phin con lai 1a % duoc chia déu cho ca 4 AO-lai

hoa ¢(1), #(2), ¢(3) va ¢p(4) nén mdi ham lai hoa chi nhan duoc 1—12 phan dong gop cua de.

AO- dxz_yz huéng doc theo truc x va y nén phan dong gop la i (d4u phu thudc vao thuy cia

AO). Nhu vay ta co:

Cac AO-lai ho4 nay ciing c6 thé dugc biéu dién dudi dang ma tran dai s6 sau:

0(1) = 00 = s~ de o d %px
00) = 6% = s~ o+ oda
02 = 40y) = s = = de oy
04 = 63 = s~ = =g da -y
05) = 6(7) = s+ d s
06) = 6(7) = s+ d — o

11
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L1 1 N s
#=) 6 iz 2 2
4 1t I _1 4 d,z
Ve iz 2 2
1 1 1 1 d
- - _= 0 — 0 22
o) _ |6 Jizo 2 J2 Y
L1 1 0o - L o b
o(=y) J6 Jiz 2 V2 X
1 1 1
CO N N v~y - L I v S I
1 1 1
— — 0 0 0 -—
¢(-z) NG J3 J2 )6,

4.4. Khao sat phan tir phirc [Ti(H,0)s]> nguoi ta biét né co céu truc bat dién, ion Ti*'co
cac lai hoa dang d*sp. Cin clr vao cac ham lai hoa da xac dinh & bai sé 4.3 hay:

a) Biéu dién cac obitan d6i xtirng hoa bang hinh v& va bang biéu thirc toan hoc.
b) Tir két qua thu duoc & cau a) thiét 1ap gian &6 MO cho phan tir phirc néi trén.
Trd loi

Str dung cac ham lai hoa da xac dinh duoc ¢ bai s6 4.3

R U G R
00 |\ iz oz R
R U G L
L I IV N T RN
1 1 1 1 d
— - _= 0 — 0 2_y2
L I NN TR N ’
R e PSS
M|\ Tz 2 72 b
1 1 1
ORI v A L
1 1 1
— — 0 0 0 -—&—
W) 5 B % e

ta nhan thiy day la ma trin vudng va 1a ma tran unita. Khi nghich dao ma tran nay s& cho
ta ma tran chuyen vi twong tng. Vay ta cd céac obitan doi xiing hod sau:

12
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z, 11 1 1 1 1w
N N N R
Zp I D O B e O
J12 J12 J12 N NN
1 1 1 1 o(y)
Rl i S S S
1 1
> —_ - 0 0 0 0 o(-y)
x = 2
1 1
) 0 0 —_— - — 0 0
y ) ()
1 1
22 O O 0 0 ﬁ E G(—Z)

O day o(x), o(-x)... la cac AO cuia phdi tir HoO chiém gii tai cac dinh cta bat dién theo
chiéu cua truc toa d6 da quy dinh.

Ta c6 thé rut ra tir ma tran nghich déo thanh cac obitan ddi xémg hoa nhu sau:
1
2 = % [o(x) + o(—x) + o(y) + o(-y) + o(2) + o6(-2)]

22 = % [-o(x) - 6(x) — o(y) —o(-y) + 20(2) + 20(-2)]

Yy =500 o(x) = o(y) = ()]
%, = 5000~ o]

>, = 50 o)

y

%, = o002

Pé dé dang nhan biét su hinh thanh lién két phdi tir trong phtrc khao sat ta tién hanh to
hop giita AO cuia ion nguyén tir trung tim Ti" va AO-ddi xtng hod thong qua hinh vé nhu
sau:
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os hayy (Ajp)

o, hayy’ (A

ze_yz
Co2 By = Gx2_y2 hay \Y (Eg)
¢ DICRE = 022,},2 =y’ (Ey
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Ox
C7Px + C8 Dx = oy hayy (Tw)
c/7px - C/g 2 oy = \jl* (Tw)
ZA
z

Copy +

Cé)px -

Z
y
X
o,
C11pz + C122, = o, hayy (Tw)

C/11 Pz - C/12 2

* *
6, = VY (Tlu)
ket dugc ki hiéu 1a ny, ny va n,.

Cac AO-dyy, dy, va d, cta ion trung tam T’ khong tham gia to hop véi cac AO phdi tir
ctia H,O (chung chi ¢6 thé hinh thanh lién két ) nén cac AO-d nay goi 1a cac MO khong lién

Cac ki hiéu y(Aig), W(Ey)... 1a chi biéu dién bat kha quy (BDBKQ) thudc nhém Oy,

b) Tir nhitng phan tich, biéu dién bang hinh v& va cac biéu thirc toan hoc trén ddy cho qua
AO (TP

trinh td hop gitta AO cua ion trung tam tao phirc vo1 cac obitan dbi xtrng ho4, chung ta c6 thé
thiét 1ap gian do nang luong cac MO cho phirc [Ti(H,0)s]* nhu sau:

MO

AO (H,0)

15
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Gian d6 MO caa phirc [Ti(H,0)¢]*
4.5. Duya vao tinh d6i xtrng ctia phén tir benzen, hiy sir dung phuwong phap HMO dé:

a) Tinh cac mirc ndng lugng electron « trong phéan tir.

1

b) Xac dinh cac ham séng MO(n) tuong ung. 6/\ 2
X

Tra loi 5 \ / 3

Ao LA , A < A A oY e 4
Phén tr benzen cé cau trac nhu mét luc lang d€u nén ¢6 tinh d61 xtrng cao.

Goi Sy va S, la tinh d6i ximg;
A va Ay 1a tinh phan d6i xting theo céc truc twong ng

Theo hinh v& bén ta nhan thay:

Poivoi Sx:ci=ca Cr=2C3 Cs5 = Cq
Agxici=——C4 Cr =—C3 Cs =—Cg )]
Sy:ci Cr =Cq C3=Cs C4
Ayci=——c1=0 cr=—c¢¢ C3 = —Cs cs=—c4=0

Theo phuong phap HMO dbi véi phan tir benzen ¢ 6 electron m giai toa déu trén toan
khung, ta viét:

Y =cidr + ca2+ c3d3 + cadat cshs+ co s

Ap dung phuong phap bién phan dan dén hé phuong trinh:

XC1t Covevineiniinnns Ce — 0
Cl T XCot C3uvvennnnnnnn =0
e 2T XC3F Chunnrnnnn, =0 2)

16
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....... Cc3 + XCqt Cs.nnnnnnn =0
.......... c4 t XC5+Cgeene. = 0
Cloeereenennn Cs5+ XCe...... =0

Dé tim nghiém cta phuong trinh ta c¢6 dinh thirc bac 6.

x 1 0001
1 x1 00O
01 x 100 ~ 0 3)
0 01 x1O0
0 001 x1
1 00 0 1 x

Viéc giai dinh thirc bac cao, vé nguyén tic, c6 thé giai duoc nhung gip nhiéu kho khin
va mat nhiéu thoi gian. Khac phuc di€u nay nguodi ta thuong s dung tinh d61 xung cia phan
tir d€ giam bac dinh thue.

Dbi voi phan tir benzen ta xét cac to hop dbi xting sau:

*Tohop S, Sytacd: ¢ =cq; C3=C3=0Cs5=Cq 4)

Tur (4) khi thay vao (2) s€ co:

xcp+ 2¢o =0 (5)
cit(x+ ey =0

Tu (5) ta co: x 2 =x?+x-2=0 (6)

1 x+1
Giai (6) ta thu dugc: x=-2vax=1
Voi x;=-2 > E;= a+2p @)
Dé tim ham v ta thay x = —2 vao (5) s& dan dén:

-2¢c1+2c, =0 > c¢c1=0 ®)
Nhu vay két hop (4) va (8) ta c6:
CI=C=C3=C4=Cs5=Cg 9)

Cubi cting ham v 1a:

V1= 2 (G o b bt bt b0) (10)
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Véi xs=1 — Es=o — B (11)

Thé x = 1 vao phuong trinh (5) s& co:
C+26=0 —> cz=—%cl (12)

Két hop (4) va (12) ta s& co:

Str dung diéu kién chuan hoa:

Ercdrci+cZ+cErcd = (14)
Cubi cing ta co: ¢, = L

J12

Vay ham song la:

Y =Co(2¢1 — P2 — G3+ 204 — ds — de)
hay W= Qb= bt 20 bs =00 (15)
* To hop Sy A,
Tu (1) ta rat ra: Cr=—C6 =—Cs5 = C3 (16)

Thé gia tri ¢ & (16) va (2) s& cho ta biéu thirc:

xcot+t ey =0 (17)
hay x+1 =0 » x=-1
Voi x3=—1taco: E;=a+f
Tu(I)taco: ¢y =cq; C2=C3; C5=C¢ (18)

Cr)=Cs VA C3=2Cs
Trong truong hop nay (Sx Ay) c3 = c4 = 0. Vay ta viét:
2rcdrcdrcd ek =

hay 20% +2C3 =

4c%=1

18
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¢ == (19)

Do vay y3 = é(d)z + ¢3 — ¢s— de) (20)

Béng cach hoan toan twong tu ta lan lugt xét cac to hop

Ac Ay Ax ¢ =—C3; €1 =—C4; C6 = —Cs
Ay ci=—4=0; C2 = —Cg; €3 = —Cs
Két hop laitaco: c; =-c3 =cs=-—cq (21)

Thay cac gia tri ¢ (21) vao (2) ta s€ co:
xcy; =—c3 =0 hay
x-1=0 —> x =1
Vo6i x4=1tacoEs=a—f

Str dung diéu kién chuan ho4 ta dé dang tim duogc:
1
Va= 3 (42— 3+ ¢s — o) (22)

A Syt Ax: cp=—C3; €1 =—C4; C6 = —Cs
Sy: ca=ce; c3=Cs
Két hop laitacd: cy=-—c4; ca=—C3=—Cs5=Cg (23)
Thay cac gia tri ¢ (23) vao (2) ta s€ co:
XCi + 2¢» =0 (24)
cit(x—1)c; =0

X 2
1 x-1

‘:x2—x—2=0

Giai (25) ta dugc: x=2vax=-1

Bing cach tuong ty ta ciing tim dugc:

Eo=a— 28 w6=%(¢1—¢2+¢3—¢4+¢5—¢6) (26)
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Ex=a+ \I/2:%(Z¢1+¢2—¢3—2¢4—¢5+¢6) (27)

4.6. Dua vao li thuyét nhom hiy xac dinh cac gid tri ning lwong va ham song ddi voi
phan tir butadien & trang thai co ban.

Tra loi

Phén tir butadien thudc nhoém diém d6i xtimg Cyy nhung dé don gian phép tinh va dua vao
tinh doi xrng cao cua phan ttr, ta co thé dung nhom diém C,.

Khung phan tir butadien duoc biéu dién nhu sau:

O———O0—O0—0
1 2 3 4
Bang didc biéu ciia nhom:
C2 € C2
Ta, A 1 1
Is,B 1 -1

Ta lan luot tac dung cac phép ddi xing 1én ham obitan nguyén tir

o1 1 0 0 O 01 01
s da _|/0 1 0 0 da _ da
3 0 0 1 0 ||¢3 o3
() 0 0 0 1 by by
x(e) =4
oy 0O 0 0 1 01 by
ez o 0 10 [[es|_|es
%1 0g 0 1 0 0 b3 b
by 10 0 O by b1
x(c2) =0
Téng quét, ta co thé 1ap thanh bang sau day:
v oy
01 01 4
2 o2 o3
$3 03 o2

20
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da da 1

1(R) 4 0

Dua Yéq céng thire d.’:l’ cho, chung ta co thé xac "dinh duoc thanh ph?m cta biéu dién kha
quy hay so lan biéu dién bat kha quy tham gia vao bieéu dién kha quy.

ap = %(4.1.1 +0.1.1)=2
ap = %(4.1.1 +0.(-1).1)=2

Nhu vay, biéu dién kha quy gdm céc biéu dién bat kha quy.

AR = 2xat 2B

Dé xac dinh cac obitan dbi xtng voi mbi mot biéu dién bat kha quy, ching ta ciing st
dung cong thirc tong quat:

Ta: 2000a®) + & diaca) = b1 + s = %«w $s) = D,

£02 7A(E) + Epaxalc) = ba+ s = % (2 b3) = D,
[p: ed1ys(e) + cadryn(c2) = ¢1+ da(-=1)
= 1 — s = %(¢1—¢4)=q>3
eGays(e) T &y doxm(Cc2) = P2+ G3(—1)

:¢2*¢3:%(¢2*¢3):®4

Nhu véy, ta dd tim duoc 4 obitan trung gian d6i xing. N6 14 t6 hop tuyén tinh ciia cic
obitan nguyén tir nhu sau:

®, = %(¢1+¢4)
®, = %(de)

®; = %(m—m)
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Oy = %(4)2 - 3)

Lap va giai dinh thirc cho timg biéu dién bat kha quy.

Ta biét duoc cac ham song ddi xtng trung gian rat d& dang xac dinh dugc cac nguyén to
cua ma tran tuong ung D (I'y) & D (I'p).

Trong truong hop bai toan ctia chiing ta dinh thitc dinh tim s€ c6 dang:
Hi; Hip Hi; His
Hyi Hx  Has Hu

Hi;  Hs Hsz Hzy

H4y1 Ha Hys Hag
o day:

Hi = [0fidde = [+ g Hoi+ da)de

Lfonttonde+ L [orfgude + L fouttonde + L [ =o

Hi, =Hy = %J(d)l + ¢4) H(¢2 + 3)dt

%J-d)lﬁd)zdr " %Id)lﬂd)gdr + %j¢4ﬂ¢2dr + %J'duﬂd)gdr -B

Ciing bang cach twong tu cac gia tri khac s& la:
Hiz=H; = 0
Hi4=Hqy =0
Hp=a+p Hs; = a
Hy;=Hpz=0  Hys=Hgp =P
Hys=Hsu= 0 Hy= a-B
Thay cac gia tri tim dugc vao dinh thirc ¢ trén ta co:
a B 0 O x 1 0 0

B atp0 O 1 x+10 0 =0

22



0 0 o B O o0 1 1
0 0 B aoa-pP 0 0 1 x-1
Voix = =
X 1 ‘ x 1 ‘ =0
1 x+1 1 x-1

hay x*+x—1=0
X-x-1=0

Giai hé phuong trinh nay s& dan t6i két qua sau:

_ —1++5 {xl =-1,618

X =
b2 2 x5 = 0,618
Xos — 145 x3 =1618
: 2 x4 =—0,618

Tiép theo ching ta phai tim cdc ham song obitan phan tir va ning lugng cua hé do.

bé tim di€u nay, trudc ti€n phai tim cac hé s cua cac td hop tuyén tinh.

Qua vay, cac hé so co thé tinh dugc nho cac bo sung dai s6 cua dinh thire phai xét.

Cr = (_1)r+l A

YA

A~ bo sung dai so.

Trong trudng hop ddi véi butadien, cac bd sung dai s6 1a:

x+1 O 0
A = 0 x 1 =x-2x-1
0 1 x-1
1 0 O
A, = 0 x 1 =x-x-1
01 x-1
1 x+1 0
A3 = 0 0 1 = 0
0 1 x-1

23
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1 x+1 O
Ay = 0 0 x =0
0o 0 1

Theo két qua thi chi c6 A; va A, 1a ton tai nhitng gia trj can xét.

a)

Ar A% Cr
r (x1 =-1,618)
1 Ay=-2 4 ¢ =0,525
2 Az =-3,238 10,5 c2 =0,851

JIAZ =145 = 3,807

1 1

Wi e o= L 05250+ 09+ 0851062+ 63
= 0,37201+ 0,602+ 0,602 + 0,372
¥ = oD+ Dy = %.0,851(4)1 —u)+ %.0,525@)2 — )
— 0,6024,+ 0,372>— 0,372 — 0,602
b)
A A% Cr
R (x2 = -1,618)
1 A =-2 4 c1 =0,851
2 A =-1,235 1,525 c; =-0,525

A2 = 5525 = 2,350

1 1
Wi = a®it e = 0851041+ 9+ o (0.525) 0+ )
= 0,6020; — 0,37202 — 0,37243 + 0,60204
1 1
Y4 = D3+ c1dy = E .0,525(¢1 — ¢4) + E .(*0,851)((1)2 — ¢3)

= 0,3720; — 0,602¢ + 0,602¢; — 0,372¢s

24
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Két qua thu duoc 4 ham obitan phan tir:
vi = 0,372¢; + 0,602¢2 + 0,602¢5 + 0,372¢4

w2 = 0,602 + 0,372¢, — 0,372d3 — 0,602,

ws = 0,602¢; — 0,372¢2 — 0,372¢s + 0,602¢4

ws = 037241 — 0,602¢, + 0,602¢; — 0,372¢s

Pé tinh ning luong cua hé ta co thé st dung biéu thirc sau:
ooy
Ei =>co + 22> CirCisPrs
r=1

Dbi voi butadien: o, = o ; By =p ; m=4. Vay:
Ei = (& +cy+ oy + cy)a+2(ciicint cicis+ ciscia)p
= 0+ 2(0,224 + 0,362+ 0,224)B = o+ 1,620B
Er = (B + By + By + cBy)ou + 2(ca1con + 22023 + €2324)B

= o+ 2(0,224 — 0,138 + 0,224)B = o + 0,620B

Es = (cfi + ¢k + 3 + cdy)o+ 2(caicn+ cancs+ cascaa)p = o — 0,620B
Ey = (& + ¢y + &3 + 3o+ 2(carCan+ Cancaz + Cazcag)p = o — 1,620B
Két qua la: E, = a+1,620B
E, = o+ 0,6208
E; = a—0,6208

Es = o — 1,620B

Ciing li ludn tuong tu cac két qua thu dugc dbi voi cach tinh phuong phap MO-LCAO
cua Hyckel , chung ta cling thu dugc ning lugng toan phan cua h¢ la:

W = 2(E,+Ey) = 4o+ 4,488

Phan tir butadien dd duoc tudng minh theo li thuyét nhom. Cai lgi cua viée ap dung li
thuyet nhom la nho tinh doi xtirng ma ta c6 thé ha bac cua dinh thuec.

4.7. Cho phan tir naphtalen ¢ trang thai co ban v6i 10 electron n, hdy sir dung phuong
phap 1i thuyét nhom dé khao sat phan tu nay va:

25



a) Biéu dién cac phép d6i xting don gian nhit.

b) Xac dinh niang lugng E; va ham soéng tuong ung ;.

Tra loi

26

Véi phan tu nay néu ta chi dé y dén truc dbi xirmg bac 2 thi n6 thuéc nhom dbi ximg Ds.
Khi dé ¥ dén cac truc di xing va mat doi xing khéc thi bai toan tré nén phic tap hon. Trong
truong hop cua chung ta, sy don gian hoa tinh d6i xtng ciing khong anh huong nhiéu lim dén
két qua tinh. Trudc tién ta danh s6 thir tu cho phén tir khao sat va viét bang dic biéu:

D2

E

c3

c3

8 1 T

1

1

1

—1

1

—1

N QRN QUL RN

1

1

9
7 2 I,
I3
6 3
10 I
~_ 5, 4 s A

b1 1

d10
o 0 0
b2 0 0
o | O3 0O O
d1o 0 0

26
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b
b3

d10

& s
bo g
b3 |= |47
do g
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— Phép ddi xirng quanh truc c

A
AL
8 1 1 8
7 2 y S
LK =
6 3 3
10 6
10
Sal 4 4 5
o 0 00 0OOO 0 1 0 0 o1 g
b [ /O O 0 0O 0 0 1 0 0 O g b7
Sles /[0 00 0 0O 1 0 0 0 O b3 |=| de

do) LO 0 0 0 0 0 0 0 0 1 Jlog) ld1o

— Phép ddi xirg quanh truc ey

8 1
5 4
2
6 10 3 7 5 2
5 4 3 1

)(0 0 0 1 0 0 0 0 0 O d; Oy
G [0 0O 1 0 0 0 0 0 0 O g g
Slgs |=[0 1 0 0 0 0 0 0 0 0 03 |=| by

do) O 0 0 0 0 0 0 0 1 0 J{do) Lo
Sau khi da viét duoc cac phép tac dung cua dbi xing, ta ¢ thé 1ap thanh 1 bang tong
quat:

By & & &
1 1 s e a
2 2 e 7 s
s s 7 e 2
s s e s 1
¢s ¢s 1 s ds
e e b2 s 7
7 7 s 2 e
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e e a 1 s

o o 10 o 10

10 10 o 10 o
1(R) 10 0 2 0

Ap dung cong thire:  aj= lZ)(,(R))(J-(R)
g
Ta c6 thé tinh duge sb 1an biéu dién bat kha quy tham gia vao biéu dién kha quy nhu sau:

a, = %(10.1+o.1+2.1 +0.1) = 3

ap. = i(1o.1 +0.1+2.(-1) +0.(-1)) = 2

2

ap, = i(1o.1+o.(—1)+2.1 +0.-1)) = 3

3
ar, = i(10.1 +0.(-1)+2.(-1)+0.1) = 2

_ Nhu thé ddi v6i phan tir naphtalen chung ta da tim dwoc biéu dién kha quy gdm céc biéu
dieén bat kha quy nhu sau:

x(R) = 3xr, +2xr, +3ur, 24,

Pé xac dinh cac ham obitan d6i ximg véi mdi mot biéu didn bat kha quy chiing ta ap
dung cong thirc sau:

® = 2x(R)Rjh
T = B, (B)+ Sixr, (8) + & duur, () + Sdiur, (c3)
D = 1+ s+ dst g
Sau khi dd chuan hod ham song ta co:

Wi = L1+ b5 st §0) 2 (62 b3+ ot §7) L (4o p10)

Bing cach tuong ty, ta ciing tinh duoc y,, s ... (xem bang tong hop)

Nhu véy, do tinh dbi xirng cao cuia phan tir naphtalen, ngudi ta c6 thé ha tir dinh thire bac
10 xudng hai dinh thirc bac 3 va hai dinh thirc bac 2 sau day:
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X 1 \/5 X 1 «/5
X 1 X 1
1 x+1 0 1|; 1 1 ; 1 x-1 0 |; 1 1‘
X + X —
\/5 0 x+1 \/§ 0 x—1

Nhu vay, viéc giai cac dinh thirc bac thép nay dé dang hon nhiéu so véi dinh thie bac 10.
Céc két qua thu dugc ctia E; va y; duge ghi & bang tong hop sau:

Bing tong hop céc gia tri E; va y; cho phén tir naphtalen

E Vi
Eq =0+2,30288 w1 = 0,3006(r+du+ds+ps) + 0,2307(do+dat+de+d7) + 0,4616 (do+dhro)
Ez =0+1,618 w2 = 0,2629(¢1+a*s+s) + 0,4253 (¢2+h3+de+(r)

Es =a+1,3028p s = 0,3996(p1—ha—ds+dg) + 0,1735 (do—tds—de+d7) + 0,347 (do—ro)
E4 =atp ya = 0,4082(¢o+ st e t+¢7) — 0,4082 (gt 10)

Es =a+0,618 B Y5 = 0,4253(p1—¢a+ds—ds) + 0,2629 (do+ds—de—d7)

Ee =a-0,618 B e = 0,4253(¢1+u—hs—0s) — 0,2629 (¢o+ds—he—07)

E; =0—B 7 = 0,4082(¢z—hs—s+d7) — 0,4082 (do—10)

Es =0—1,30288 e = 0,3996(¢1+u+ds+s) — 0,1735 (g2 +da+de+dr)

Eo =0—1,618 B o = 0,2629(¢1—a+ds—0s) — 0,4253 (do—a+de—07)

E10=a—2,3028p W10 = 0,3006(1—a—ds+ds) — 0,230(¢o—a—de+d7) — 0,4616 (do—ro)

Tir cac bai tp dd néu & trén, chung ta nhan thiy rang nhd tinh d6i ximg cao cua phan tu
ma nguoi ta ¢6 thé don gian hoa bai toan theo phwong phap MO. Ngay nay, trong viéc nghién
ctru phuc chat, nguoi ta cling st dung tinh doi xing d€ xac dinh cac gia tri tuong ung.

4.8. Cho phan tir metylenxyclopropen (mg v6i nhoém déi ximg Cs.

a) Tim cac ma tran tuong tng khi thuc hi€n cac phép doi xung ctia cac nhom di€m Ién
cac AO.

b) Xéc dinh s6 1an biéu dién kha quy tham gia vao biéu dién bat kha quy.
Trd loi

Phén tir metylenxyclopropen dugc biéu dién nhu sau:

3 4

a) Khi thyc hién cac phép d6i xtng tuong Gmg ta duoc:
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;1 1 0 0 0)(d 01
oz _ 0 1 0 0fléx] _ |0
03 0 0 1 O0)¢3 03
b4 0 0 0 1)(dy4 b4
b1 1 0 0 0)(¢ 01
al®2] 2|0 1 0 0o _ |06
%1 o3 0 0 0 1}93 b4
by 0 0 1 0){dyg 03
Khi két qua nay co thé duoc biéu dién trong bang sau day:
gy Sy

o1 1 1

2 o2 o2

o3 0% [

a a s

x(R) 4 2

b) Dé thiét 1ap sb lan biéu dién kha quy tham gia vao cac biéu dién bat kha quy ta dp dung
cong thuc:

aj = éij(RmR)

Trong trudng hop ddi véi phén tir khao ciru ta xéc dinh gia tri aj 1an Iugt nhu sau:

aa

% (4.1+2.1) = 3

ap %(4.1—2.1) =1

~ Nhu vay, dbi v6i phan tir metylenxyclopropen biéu dién kha quy bao gdm cac biéu dién
bat kha quy la:

x(R) =3x(A) + x(B)
4.9. Cho so d6 khung phan tir axepentylen c6 nhom diém dbi ximg 1a Cs,. Hay:
a) Thuc hién cac phép doi xung cua nhoém diém 1én cac AO dé xac dinh dic sb biéu dién.

b) Phan tich céc biéu dién kha quy thanh cac biéu dién bat kha quy. D, E
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Tra loi

a) D6i v6i phan tir khao sat ta nhan thdy chiing thudc nhom dbi xirmg Dsp,, nhung dé don
gian ta chi xét phan tir axetylen tmg véi nhém diém doi xtirng Cs,.

D E
€
C F
A4 1 1 1
B G

Ao 1 1 -1

]
A U Th .

Tir bang ddc biéu ta nhan thdy tmg v&i nhém Cs, c6 2 phép c; 1a: ¢3 va ¢ va 3 phép o..

/! /1

Céac mat dbi xirng duoc xac dinh bang cac duong 1J, CJ va FJ tng v6i o'; o’ va o
Sau khi thyc hién cac phép d6i xing ta dé dang nhan dugc cac két qua dugc ghi trong
bang dudi day:

S T I A N
a da o b OH e b8
¢8 s ¢e oH e o oa
dc e oF ] oF dc ]
) o do oA ¢e e on
e e H 8 oo da b
or oF o dc dc o oF
b b oA oo ¢8 o e
oH o ¢8 e ba b o
o o e oF o oF dc
Y LY Y Y Y b oy

7 (R) 10 1 1 2 2 2

b) Phep phan tich cac biéu thirc kha quy, tirc la tim s6 1an biéu dién kha quy tham gia vao
cac bicu dién bat kha quy ciing duoc tién hanh nhu thong 1é binh thudng.

an = é(10+1+1+2+2+2) =3

an, = %(10+1+1—2—2—2) -1
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a, = é[2.1o+(_1.1)+(—1.1)+o.2+0.2+0.2] =3

Két qua nay dan dén biéu dién kha quy gém cac biéu dién bat kha quy cho phan tir khao
sat thuoc nhom diém Csy la:

x(R) = 3x(A1) + x(A2) + 3x(e)

4.10.Phan tt bixyclohexatrien dugc ki hi€u theo so dd sau:

C
o O O S -—

E D

a) Hay tim cac murc nang lugng © twong g & trang thai co ban.

b) Xac dinh cac ham séng y ng voi cac muc nang luong biét rang phan tir nay cé 6
electron 1t va thudc nhom diem Cy,.

Tra loi

Theo dau bai, trudc tién ta tim a; 1a s lan biéu dién kha quy tham gia vao biéu dién bét
kha quy d6i v&i nhom C,,.

bac di€m cta nhom C,, dugc minh hoa theo bang sau:

Caz € C2 (o /
v v o,

Ay 1 1 1 1
B2 17 1] 1
Az 1 17 -1 -1
B+ 11 1 —1

Dé dé hinh dung ta phac hoa cac phép dbi xtng thudc nhom diém nay:

Oy /;C
__—0

B
A—|---m--a--3
k10 fog iy s G
hin vpo hirth v¢ ta dé dang nhén thgy vdi cac phép’doi xiing c,| hodc phan chi€u qua cac

m?f Gy Va g (,/Juqc ghi & bdng sau: 5
I 1

F E D F

€ C2 Ecv G/

/ //

ba | AT 0 | dc | oF
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s b | ¢ | ¢8 o

dc doc | ¢F | ¢ do

do oo | da | ¢F oc

e de | ¢ | ¢e ¢

dF OF | oc | ¢p oa

+yR)| 6| 0] 2] 0

Tt bang nay va bang ddc bicu ta cling c6 the xac dinh dugc cac dac so aj nhu sau:

a, :i(6.1+1.0+1.2+1.0)=2

ay, = i(6.1—1.0—1.2+1.0)=1
1

ap, = ;(6.1-10+12-10) =2

ap, = i(6.1 _1.0-12+1.0)=1

_ Nhu vay, d6i v6i phan tir bixyclohexatrien ta nhan thay biéu dién kha quy s& bao gom céc
bi€u dién bat kha quy sau day:

X(R) = 2y (A1) + x(B2) + x(A2) + 2x(B1)
Két qua nay sé& gitip ching ta thiét lap dinh thirc ctia phéan tir. Qua vay: ddi véi T(A)):
A A A ~/
Epa(x(AD) + Ea9a(D)x(A1) + Oy da(D)x(A1) + Oy da(l)x(A1)

da(l) + o) + (D) A+ dr(D)

Ham d6i xtng trung gian sé& la:

@, =§(¢A+¢c+¢p+¢F>

2op(DX(A1) + & dn(1)1(AD) + Gy ds(DX(A) + 6 dn(1)x(A1)
ds(D)  +  de()  +  os(D) o de(D)
®2:%(¢B+¢E)

Ciing bang cach twong tu ta 1an lugt tim dugc cac ham trung gian ddi xtmg sau:
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' (By): D; = %((I)A —¢c —¢p + dr)

Tr (Az) : Dy

5 (a=dc+ 4o — o)

I'(Bi): D5 = %(¢A+¢C_¢D_¢F)
s = (45 ov)
J2

Tir cac ham d6i xing trung gian @,.... D ta tién hanh lap cac nguyén té cta ma tran. Vi
du:

Hi = [@H®Odr= 2 [(0at 0+ do+ 00H@a+ et do+ pr)de
Sau khi khai trién va ki hiéu ta dugc:
H = i (Haa+ 2Hac+ 2Hap+ 2HAr+ Hee + 2Hep + 2Hep+ Hpp + 2Hp+ Hir)

= Lo+ 4p)=a+p

Hy, = jq)lH(Dzd’C = %(HAA"' Hag+ Heg + Heg + Hps + Hpe + Hes + Hig)

L

202

48 = V2P

sz = Iq)qu)sz = %(HBB + 2HBE+ HEE) =+ B

Ta lan luot tim duoc His Hyg... Hgs dé thay vao ma tran

Hii Hp Hiz Hi His His

o1 Hop Hy Hyx Hys  Hoi

Hei He Hes Hes Hes Hes
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o V2P
Jp B otP
ot
o-p =(
o-p V2P
\/EB o-p
Pbatx = %, dinh thuc trén c6 dang:
x+1 V2
V2 x+1
x+1
x—1
x—1 V2
V2 x—1

) Két qua nay chi rd dinh thire cap 6 dugc ha xudng thanh 2 dinh thae cap 2 va 2 dinh thirc
cap 1. Thay vi gidi dinh thirc cap 6 ta chi can giai 4 dinh thirc cap thap hon. Qua vay:

x+1 x/§

\/5 x+1

D (Iy)= =x*+2x+1=0

Vo x=—-1%42
Muon xac dinh cac ham song y cua hé ta phai tim cac h¢ so ¢, nhd cac bo sung dai so:

A;

JTA?

ci= (_1)i+l

o day A= x+1; Ay =—2
Ap dung cach tinh thong thuong (xem bai 4.6) ta dé dang lap thanh bang sau:

Aj cho truong hop
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i x=-2414 A2 c;

1 ~1,414 o 0,707

2 -1414 2 0,707
Ja =2

Aj cho truong hop

i x=+0,414 A2 ¢

1 1,414 9 0,707

2 -1,414 2 -0,707
V4 =2

Nhu thé y; = 0,707(®;+ d,) = 0,707 B(q»A +oc +op +¢F)+%(¢B +¢E)}
= 0,354(¢a+ dc+ dp+ ¢r) + 0,500(ds+ dr)
W = 0,707(®; — ®) = 0,707 B(ch +dc +dp + OF) +%(¢B +¢E)}
= 0,354(¢a+ dc+ ¢+ dr) —0,500(¢5 + dr)

T(B2): dall)+ dn(=1) + de(=1) + dr(1)
D3 = %(¢A—¢c—¢n+¢ﬂ

D(rg,) = Ix+1] =0
x=-—1

y2 = 0,500(¢pa — dc — ¢p + Or)
[(A): ®y= %(¢A—¢c+ 0 — OF)
D(Ty,)=Ix-1/=0

x=1

ys = 0,500 (dpa-dc-dptdr)

36
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I'(B)): ds= %(¢A+ dc— dp— Or)

o= %(¢B—¢E)

x—1 x/§
\/5 x—1

D(I'p,) = = x-2x-1=0

Gidgirataco: x=1++2

Thiét 1ap cac phan phu dai s6 va giai tuong tu nhu d6i voi truong hop D (Iy, ) ta cing

thu duogc cac ham:
y3 = 0,354(¢pa+ dc— dp — ¢r) + 0,500(ps — dr)

Ve = 0,354(¢pa~+ dc— ¢p— ¢r) — 0,500(ds — dr)

Ta c6 thé tom tit cac két qua tinh trong bang sau:

Cj

Vi

1 0,354 0,500 0,354 0,354 0,500 0,354 | 2,414

2 0,500 0,0 | -0,500 | -0,500 0,0 0,500 | —1,000

3 0,354 0,500 0,354 | 0,354 | -0,500 | -0,354 | -0,414

4 0,354 | —0,500 0,354 0,354 | 0,500 0,354 | +0,414

5 0,500 0,0 | -0,500 0,500 0,0 | -0,500 | +1,000

6 0,354 | —0,500 0,354 | 0,354 0,500 | -0,354 | +2,414

4.3  Bai tap chua co6 1oi gidi
4.11.Xay dung bang nhan nhém cho cac nhom diém sau day:
a) Nhom C, (c6 phép dbi ximg &, ¢,)

b) Nhém C; (c6 phép dbi xing &, c3, ¢2)

bS. a) € C2
& € C2
C2 ‘ C2 | €
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4.12.Cho biét nhitng ion sau day thuoc nhoém diém nao ?

b)

€ C3 Cg

€ € C3 C%
C3 C3 € €
i | & e e

a) Ton ClO3, SO2~ 6 cau tric thap tam giac.

b) Ton SOZ~, POS™ c6 cau truc tir dién déu.

c) Ton SiF3~ c6 cau triic bat dién déu.

bS. a) C;y;

b) Tg;

C) On.

38

4.13.Biéu dién bang hinh v& va chi rd cac phép va yéu to dbi xtng cho cac phan tir sau
day. Tu két qua thu dugc ciing cho biét cac nhom diem tuong ing.

H,0, NH3, HB3, C,H,, C,Ha, C¢Hg va CgH , (ca 2 cau dang thuyén va ghé)

DS. Ddc gia ty v€ phan tir va tim cac yeu td doi xting.

Ha NHs BH3 CzoH2 C2H4 CeHs CeH12 CeH12
(6]
D.ghé D.thuyén
Cz | Ca Dan D.h Dan Den Daqg Cay
A\

4.14.Cho phan tir NH; hay thuc hién cac phép bién d6i dong dang d6i véi phan tir ¢, dbi
v6i phan tir cs/v cling nhu dbi voi phan tu o(f .

4.15.Xét phan tir phing frans-dicloetilen

a) Hay xac dinh cac yéu to doi xung.

b) Hay xéac dinh cac phép doi xing kha di.

38

bsS.

a)cyon I

b) {€, ¢z, on, 1}

Huwéng din: v& hinh va thyuc hién cac phép bién doi.
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4.16.Hay phan tich cac biéu dién sau day thanh tong truc tiép cac biéu dién bat kha quy
(bdbkq).

L 4 0 =2 - Péi véi nhim Cy,
Iy 3 1 1 1 } (xem bang dac biéu & phu luc)
bSs. 't = 2A,+B+B;
I, = A+B;+B;

4.17.Trong li thuyét nhém, nhom Oy, 14 tich tryc tiép ctia nhom O va nhom C;, biét nhom
O c6 céc phan tu sau:

g 8c3 6cy 6¢4 3¢y (= )

Tir goi y nay hiy cho biét cac phan tir cia nhom Oy,

PS. & 8c; 6 3¢y (= ;2) I 6Ss 88630 664
4.18.Dua vao i thuyét nhom cho cac obitan lai hoa
a) Xac dinh cac obitan lai hoa tam giac sp”.
b) Biéu dién cac AO lai hoa dudi dang ma tréan.
bS.

a) V& hinh va tim phan dong gop cta cac AO-s, p vao viéc hinh thanh AO lai hoa.

1 2
h B \s 0 1|3
1 1 1
b = 2 L
) 2 F T EIP
1 1 1
%)\ 5 T )\

4.19. a) Hay xac dinh cic obitan d6i xting hoa cho phén tir BF; (xem hinh). Gia str mdi
nguyén tir tham gia mot obitan ki hiéu 1a o.

b) Viét cac biéu thirc toan hoc cho ciac MO lién két va phan lién két dbi voi phan tir
khao sat. AX

1 1 1 1

NEDRIN- AN A

2 Lo 1
1— 2 O3
3 J6 J6 / \
2

PS. a) 2=

%VV
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1 1
Zy: — 02 — 503

2
*
b) o5 = ci12s+ X . = 25— chXs
= + e f = chpo— >
Ox C3Px T C42x Ox CgPx — C4lx
Gy = Cspy+ Ce. o, =clpy— kY
y 5Py T Coliy y — C5Py — Cely

) 4‘.20.Be°1ng phuong phap HMO hay xac dinh cac mirc nang luong d6i v6i phan tir stirol,
bict rang phan tu nay thuéc nhdm doi xung D».

Huéng din
Danh s6 tht ty cac nguyén tir cacbon trong phan tir stirol, dung li thuyét nhom dé xac

dinh cac ham d6i xtng hod va ha bac dinh thirc cap 6 xudng 2 dinh thirc cap 3. Cac mirc ning
luong xéac dinh duogc la:

Ei = a+2,12B E, = a+ 1,483
E; = a+ 0,308 Es = a—-0,308
Es = o — 1,488 E¢ = a—2,128

40



Chuong 5. Khai quat vé pho phan tir

Ldam Ngoc Thiém

Lé Kim Long

Giao trinh nhdp mon hoa luong tu

NXB Dai hoc quéc gia Ha Noi 2006.
Tr 5-39.

Tir khod: Phé phan ti.

Tai liu trong Thu vién dién tir DH Khoa hoc Tuw nhién co thé duoc sir dung cho muc

dich hoc tdp va nghién cuu ca nhdan. Nghiém cam moi hinh thirc sao chép, in an phuc

vu cdc muc dich khac néu khong dwoc sw chap thudn cua nha xudt ban va tac gia.

Muc luc
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Chuwong 5

KHAI QUAT VE PHO PHAN TU

5.1 Li thuyét tém lugc

5.1.1 Khai niém chung

5.1.1.1 a) Truong dién tir

Theo thuyét dién tir thi mdi bién thién cua dién truong lam xuét hién mot tir truong. Hai
truong nay ludn thang gbc véi nhau va lam thanh truong dién tur.

5.1.1.2  b) Nhiing dai lugng dic trung

Quang duong ma song dién tu chuyén doi duge trong mot chu ki T goi 1a budc song A.
Ching duogc lién hé véi tan s6 v va so song v bang biéu thirc sau:

ZA

AMNINAZTT
/

H

<y

X

oer- ¢ ol
\% A%
c- toc do anh sang trong chan khong.
5.1.1.3 ¢ Dii phé
Nguoi ta phan ving phd thanh cac dai phd sau:
Nhiéu xa tia X | Phd electron Phé dao dong quay | Phd quay
Tia X UV.chéan khoéng U VIS |IRgan | IR IRxa | visong




1A 100A 200nm 400nm 800nm  5mu 25mp 1mm  1cm

5.1.2 Cac dang phd phén tir

a) Khi btic xa dién tir twong tac véi cic phan tir vat chat s& gay nén sy chuyén electron tir
muc nang lugng ndy sang muc nang luong khac.

he
AE = E.—E; = hv = — = hev
A
Ea
A% J n
5
3
2
5
3
1
5
3
0 2
5
3
2
1
5
e ———
0 1
E.- mtrc nang lugng cao; Cédc mirc nang lwong electron, quay,

, dao dong cua phon tir 2 nguydn tor
E(- muc nang lugng thap.

b) Néu electron chuyén tir E, 1én E. ta c6 phd hap thy, con nguoc lai ta lai dugc phd phat
Xa.

E = E¢,+ Eqt Eaa
E.,- nang luong electron;
Eq- ndng lugng quay;
E4¢- nang luong dao dong.
5.1.3 Pho quay ciia phan tir 2 nguyén tir

a) Tur bai toan quay tir cirng nhic chung ta c6 thé xac dinh ning luong quay Eq la:



h2

E,=E; JJ+1)
! 8n°l
V61 mOmen quén tinh:
I= urg
va khéi lugng rat gon: p = —102
my + my

h- hang s Planck;
to- khoang céach gitta 2 nguyén tu ;
m;, m- khdi lugng cua 2 nguyén ti;
J-86 lugng tir quay.
b) S6 song v trong phd quay duogc xac dinh bang hé thic:
Vis =2BJ+ 1)

h N A
5" hang so quay.
8”1

v6i B =

5.1.4 Pho dao ddng ciia phén tir 2 nguyén tir
a) Két qua giai bai toan dao dong tir diéu hoa da dan dén nang lwong dao dong nhu sau:

Eg = E, = hv(v+1)
2

trong do: v= 1k

2n\n
k: hing sb luc
p: khéi lugng rat gon

vi 0,1,2,..86 luong tur dao dong

Khi v =0 dan dén ning luong diém khong E,

1
E, = 5hv0

b) Trong phd quay sb song v duoc xac dinh bang hé thirc:



— Vo o1x A A A
® = — latan s dao dong
C

5.1.5 Pho quay - dao dong ciia phén tir hai nguyén tir
a) Nang lugng cta dang phd nay la:
E = Eq+ Eaw = E;+Ey
Mot cach gan ding ta viét:
E =BhcJ(J+ 1) + hv(v+;J
b) S6 song duogc xac dinh boi hé thic:

G=BIJ+1)+ (v+;j &

e Pho quay, phd dao dong déu phai tuan theo quy tic chon lya:
Al = t1va Av = =£1
e Cac dao dong riéng ctia phan ti lai chia thanh hai dang chinh:
+ Dao dong hoa tri v;
+ Dao dong bién dang 8.

Céc dang dao dong ndy tng véi truong hop ddi ximg vs, 8s va bat dbi xing Vas, 8.

5.1.6 Pho electron ciia phén tir 2 nguyén tir



EJ

*
& c
E
TC) *JL% T::JLTE

/]\

) D8]0
G

Phd electron thuong xudt hién khi electron dich chuyén giira 2 trang thai (mirc nang
luong) electron. Dang phd nay chiém Vung phé tu ngoal (UV) va trong thdy (VIS). Su chuyén
electron giira cac trang thai duogc biéu dién trén gian do.

5.1.7 Phé cong hudng tir hat nhan

Khi proton (hat nhan) c¢6 s6 lugng tir I ban nguyén (ching han 1H c6 1=1/2) dugc dit
vao mot tur truong khong d61 H thi ¢ sy twong tac gitra momen tir hat nhan py va cudng do tir
truong dan dén nang lugng:

E = —}/LNH = —gNBNmIH
trong d6: g - ti & tir hdi chuyén spin hat nhan hay 1a yéu t5 g hat nhan;

Bx- hing s6 manhéton hat nhan.
S6 lugng tir tir spin hat nhan cia proton ¢ 2 gia tri i%

a) Hi€u nang lugng gitra 2 muc la:
AE = gNBNH =hv

b) Tan s6 la: v = %
¢) Bo chuyén dich hoa hoc:

8y = ~=—TMS 10° (ppm)

o
trong do: Ox - d0 chuyén dich cia proton x;
Vx - tan sO cua proton X;

vius - tan s6 cia chat chuan TMS (tetrametyl silan);



V, - tan s cua may do.



5.2 Bai tap ap dung

5.1. Hay xac dinh hi¢u nang luong AE Grng vdi mot buc xa co s6 song v =1,00 cm . Sy
hap thu blrc xa nay s€ tuong tng voi dang chuyén dong (budc chuyén) nao trong day pho
khao sat.

Trd loi

Theo vat 1y quang phd, sb song 1a sy nghich dao cua bude song. Vay:

- _ 1
V—i

Mat khac, AE=hv = % = hcv

Tir biéu thire ndy ta d& dang tinh AE theo J:
AE =6,62.102* J.s x 3.108 m.s ' x 1,00 cm™' x 100 cmm ' =1,99.10% J

Chung ta lai biét tir cac sb liéu thuc nghiém, nguoi ta da lap thanh bang dé chi 16 méi
quan hé gilta nang lugng va cac dang budc chuyén tuong ing thude cac vung pho:

Vung Vi séng IR xa IR UV-vis
v (Hz) 10° = 10" 10" = 10" 10" = 10" 10" = 10"®
A (m) 3.10"+3107°% | 3.10°%:3.10°| 3.107°:6,9.107 | 6,9.107+2.107°
v 0,033+ 3,3 3,3+ 330 330 1150050000
_ —21 _
AE 6,6.10%°:6,6.102 » 6,6. 121 6,6.10 T2,9.1(1)9 29.1071°-.107®
+6,6.10
Buéc chuvén Quay dbi v6i phan Quay dbi véi Dao déng clia Buwéc chuyén
Y ttr nhiéu nguyén t phan tlr nhd cac lién két electron

Vi két qua thu duge 1,99.10% J s& tmg voi bude chuyén quay cia phan ti.

5.2. Véi gia thiét phan tur hai nguyén tir dugce xem la mau quay tir cirng nhic, hiy dung
phuong phép lugng ti d€ xac dinh nang lugng quay trong truong hop nay.

Tra loi

Ta coi chuyén dong quay cua 2 nguyén tu ung voi khdi luong m; va my trong phén tir &
khoang cach r c6 thé quy vé bai toan chuyén dong quay ctia mot hat duy nhét 1y lam trong
tam (ng voi khdi lwgng rit gon p (xem hinh vé):




D61 véi mo hinh quay tir cing nhac véi khoang cach r luon luén c6 dinh, r = const va the
nang U = 0.

Dé don gian qua trinh giai ta gia thiét truc quay ¢ dinh trong mit phang xOy, nghia 1a 0

= 90°. Piéu niy c6 nghia la ham séng (0, @) s& chuyén vé ham chi phu thudc vao (@) ma
thoi. Trong trudng hop nay phuong trinh Schrirdinger ¢6 dang:

2
Vi + h—;‘(E—Uw =0 (1)

U = 0: _ Immy

m; + 1My

Bai toan phai giai trong toa do cau, nén toan tir Laplace c6 dang:

2
Vi= lz 9 (rZaJ + 5 I o (sinﬁaj + % 12 Kl
e or or r“sind o0 r? sin%0 dp?

Theo gia thiét n6i trén voi r = const; 0 = 90° nén toan tir V> ¢6 dang:

1 &
vi= = 2 2
e @
Vay phuong trinh (1) sé c6 dang 1a:
2 2
v, 2 gy =0 ()
do h
O day ur* =1 goi 1a mémen quan tinh.
2y | 21 B
— + = Ey =0 (4)
do h
Dit % E=m (5)
h

voi m = \J(J+1)
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Phuong trinh (4) 1a dang ctia phuong trinh vi phan quen thuéc nhung ham (@) chi phu
thudc vao goc ¢. Vay ta co thé viét (4) dudi dang:

2

L0 s nlp =0 (6)
de

im@

Phuong trinh nay c6 nghiém ¢(¢p) = C.e

Tir day ta cin ctr vao diéu kién chudn hoa dé xac dinh ham ¢ va thira sb C, song theo diu
bai la xac dinh nang lugng quay thuan tuy.

Thuyc vay, tir biéu thire (5) ta dé dang suy ra gid tri ning lwong quay E:
2
2LE=J0+1) hayE = Z3u+1)
h 21

Cudi cung ta c6 the viét:

h2

E =
821

JJ+1) (7)
O day, J goi la ) luong tir quay nhér} 0, 1, 2,... Theo (7) tng v6i mot gia tri cia J ta c6 mot
gia tri E tuong tng. Nhu vy, c6 thé ndi rang nang lugng da bi lugng tir hoa.

5.3. Bang thuc nghiém nguoi ta da xac dinh duoc vach phd ¢ viing hong ngoai xa véi sb
song 13 16,94 cm ' cho phéan tir HBr. Cén clr vao sd liéu nay hiy:

a) Xac dinh mémen quan tinh cia phan tu.
b) Tim khoang cach gitia hai hat nhan.
Cho H=1,008; Br=79,92.

Trd loi

a) Phan tir HBr c6 thé xem 13 phan tir 2 nguyén tlr tuong Gmg voi mau quay tir cing. Theo
co hoc lugng tir, nang luong quay E, duoc xac dinh bang h¢ thuc:

h2

E:
a 82l

I+ 1)

Theo quy tic chon Iya AJ = 0 hay + 1 ddi véi cac murc quay s& dan dén hiéu giira 2 mirc
nang luong la:

AE =hB[JJ+1)-J(J'+1)] =2hBJ

trong do: B = Lz 14 hang s6 quay.
81”1
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Mat khacAE = hv do do ta co:
v = 2BJ hay vC = 2BJ
Thay cac gia tri bang sb vao khiJ=1va J =0 ta co:

—34
[ - 2x6,62.10 kg’

8x(3,14)* x1694x3.10°

I = 330.10" kg.m’
b) Bé tim khoang cach r ta s dung biéu thirc:
I = urz

Trude tién ta tinh khdi lwong rat gon p bang:

m- Mk
u _ymy
m1+m2
Vay:
I — mymp, 1‘2
mH+mBr
hay:
¢ _ I(mH +mBr)
mH.mBr
Thay sb vao ta co:
. - 3,30.10747.6,02.1023 (1,008 + 79,92)
1,008.79,92.107°
r =141.10"m = 14A

5.4. Hiy xac dinh tan §6 chuyén tiép dugc phép trong phd quay khi electron bi kich thich
tor mirc nang lugng quay thap 1én murc nang lugng quay cao.

Tra loi

Khi electron bj kich thich tir mtrc ning lwgng thip 1én cao s& la:

AE = E.—E; = hv (1)
Chung ta biét ning luong quay Eq la: 53 X Eq;
Ji Eqy

11
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hz
Eq=JJ+1)—
=IO DL
Ta ki hiéu mutc quay thap J, tmg v6i Eq; mirc quay cao 1a J, véi Eqy.
n? n?
AEq: :Eq2 —qu :JZ(J2+ 1)5 _Jl(J1+ 1)5

Theo quy tic chon loc, AT =1 hay J, = J; + 1 thi phd méi xuét hién, vay:

n? n? n?
AE, =i+ D +2)— - JiJi+1D)— =+ 1) — 2
o= i+ D )21 1(Jy )21 (1 )I (2)

So sanh (1) va (2) ta co:

_ > B h
hv = 0+ — v = G+ D) 3)
I 471

\ A _ by — h

Te(B@)neu J; =0 thi v, = L. 5

4741

=1 thiove =22

V|
Ji=2 thive =32
47°1

5.5. Trén co s¢ cua co hoc lugng tu hdy xac dinh nang lrong dao dong cho truong hop
phan tr 2 nguyén tir voi gia thiét rang dao dong cta hai hat nhan do6i vdi trong tam phan tir 1a
nhiing dao dong dieu hoa tuyén tinh.

Tra loi

Theo co hoc luong tir, mudn xac dinh ning lugng cia dao dong tir diu hoa ta phai giai
phuong trinh Schrirdinger. Nghia la:
Py, 2mp gy =0 1
) h72( - Uy (1)

O day thé nang thu dugc khi hat 'chuyén dong trong trudng luc doc theo phuong x ching
han thi n6 bi tac dung mot lyc véi thé nang:

k o mo? )

trong d6: k = mo” 14 hing sé Iyc hay hé s6 dan hi;

m- khdi lugng cua hat;
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x- li ¢ dao dong;
o = 27y tan sb goc.
Phuong trinh (1) s€ c6 dang:

dy , 2m

Tt (E—%mmZXZJ\V:O 3)

Dé giai phuong trinh (3) ta phai dat cac bién s6 phu va tim cach dua n6 vé dang phuong
trinh Hermite quen thudc dé xac dinh ham y va nang lugng E.

2mE

pat o= = (4)
h
== (5)
d2
Lz T By =0 (6)
Dua thém biénsé &= /B x (7)
Lay dao ham & theo x ta co:
a4
S -
hay
d dd _ d _
L =25 == /B =0 8
x e wV (8)
d2 d2
L =4 9
pCi B ©)

Thay (8) va (9) vao (6) s€ co:
sz;” +(a—BE)y = 0 hay (10)

dz“’+(&_ 2) =0 11
2 B Y (1D

Ham v phai lién tuc, don tri, hitu han v&i moi gia tri cia &. Khi & kha 16n thi ti s6 % co

thé bo qua, lac d6 phuong trinh (11) ¢6 dang:

13
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S -gy =0 (12)

Phuong trinh vi phan (12) c6 nghiém la:

Yy o= eiéz/Z (13)

+£2/2

Khi & — oo thi y ting vo han, nghiém e s& khong thoa man diéu kién cua ham .

Vay ham y chi c6 thé 1a:
y= e (14)
Do d6 nghi€ém dung cua phuong trinh (11) s& la:

v = H()et"? (15)

2
Mubn xéac dinh ham H (&) ta dat Z = % . Vay:

v = H(e” (16)

Dé dua phuong trinh (11) vé dang phuong trinh Hermite quen thudc ta iy dao ham ' &
(16) r6i thay cac gia tri thu duoc y vao biéu thirc (11) s& co:

H'+2eH + (%—1)H =0 (17)

Pat [%—1} = v (18)

Ta co: H'+2¢6H'+2vH = 0 (19)
Day chinh 14 phuong trinh Hermite can tim.

Néu ta st dung da thirc Hermite bac n thi s& tim duwoc ham song. O ddy theo dau bai can
xéac dinh nang lugng dao dong diéu hoa E. Qua vay khi thay cac gia tri a & (4) va B ¢ (5) vao
hé thuc (18) s€ dan toi:

E = hv(v+%) (20)

Nhu vay, tng v6i mdi gia tri ctia v: 0, 1, 2,... ta s& co mot gid tri ning lwong duoc phép 1a
% , g, g ... lan hv. Nghia la gia tri ning lugng dao dong tir diéu hoa tuyén tinh lap thanh mot
phé gian doan. Ta c6 thé biéu dién cac muc ning lugng thu duge trén hinh duéi day:

14
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Tir hinh biéu dién cac muc ning lugng dicu
A A/\
hoa ta nhan thay khi v = 0 thi E = =hv. Pay chinh

o 2 R Y -
la nang luong diem khong va ciing la két qua thu
duoc khac véi cach tinh theo 1i thuyét c6 dién. o /__*_

Su tOn tai cla nang lugng diém khong cé nghia
la dao dong cua cac hat vi mo khong bao gio dung
lai ngay ca ¢ nhiét do khong d6 tuyét doi.

5.6. Cho mot vi hat voi khéi lugng m =
2,33.102° kg dao dong didu hoa quanh vi tri can
bang. Hay tinh gia tri ning luong diém khong cho
vi hat nay. Biét hang s6 lyuc k = 155 N.m™'

Tra loi

Ning lwong cia dao dong tir didu hoa la:

E =(v+%jhv; Vo1 v =—,—
Khiv=0 — 5B~ 1hv = Ln ( thE
2 2 m
-1
Eo= L.1,055.10 s 08 NM 430102y
2 2,33.10726 kg

5.7. Hay xac dinh budc song A (nm) cua photon can dé kich thich su cl}uyén dich cua
electron gilta 2 mirc ndng lugng lién ké trong mot dao dong tir di€u hoa. Biét rang khoi lugng
ctia hat proton bang khéi lugng ciia proton. Cho m, = 1,672. 10*"kg; k = 855 Nm .

Trd loi

Higu gitra 2 muc nang luong la:

1 1
AE (h¢) = Evs1—E, = (v+1+—j nv— (v+—j AVv= hv = hJE
2 2 m

. k
vi v= ,|—
m

AE (photon) = hv = h—.

Do vay

15
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Tt @6 suy ra

Thay cac gia tri tuong rng ta co:

1,672.10 %" kg

A =23,143.10° ms™ :
855 Nm™

= 2,63.10°m= 2630.10° m = 2630 nm

5.8. a) Hay tim cong thic tong quat dé xac dinh do dai lién két cho phan tir hai nguyén

ttr. Biét rang trong phd quay cia phan tir nay budc chuyén giira hai vach phé lién tiép tuan
2

81

b) Ap dung két qua da xac 1ap & cdu a) hiy xac dinh do dai lién két ddi v6i phan tir HCL

theo quy tic chon lya AJ = £1; ning luong quay la Eq= Jd+1).

Cho: 2B=2070 cm '; H=1; Cl = 35,46
Trd loi

a) Ta da biét ning luong quay:

h2
Eq= —5-JJ+1 1
q 8TE2 ( ) ( )
Mit khac theo thuyét Planck:
Eq= hv =hcv 2)
So sanh (1) va (2) ta co:
h? h
hev = —-JJ+1) —> ¥ =
Vet Y sl
hay
v =BIJ+1) €)
h
= 4
8r’lc ¥

Goi 1a hing sb quay c6 don vi la cm .
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Chung ta ciing biét rang khi tiéu phan chuyén giira hai mic ning lugng lién tiép ludn
ludn tuan theo quy tac chon lya:

Al = 1
Khi AJ =+1 ung v6i su hap thu E
Al =-1 ung voi sy buc xa E

Gia sir bude chuyén giita 2 mirc nang luong quay lién tiép ung véiJ va J + 1 ta s& co Ay,
5+1 duoi dang:

Vo — vy = [BA+1)J+2)-BJJ+1)]
hay
AV =2BJ+ 1) (5
Tu (5) néu gan cho J mot gia trita s€ c6 1 gia tri cua Av. Vidu:

J ‘ 0 1 2 3 4

2B 4B 6B 8B 10
B

AV

+1

Nhu vay gitra 2 mirc ning luong déu co dai lugng 2B. Tur (4) ta ¢ gia tri mémen quan
tinh I.

__h _ 0
8B |
hay
2 — h
8r°1Be
vay
h
r= 25 (6)

O day p 1a khdi luong rit gon.
b) Ap dung cho phan tir HCI ta d& dang tinh dugc do dai lién két caa HCL
Theo d4u bai 2B = 2070 cm™'

B = 1035cm!' = 10,35.10° m .
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myg.mg  _ 1,0.35,46

= 0,973 u
my +mgy 1,0+35,46

= 0973 u.1,667.10 % kg = 1,62.107%" kg

Thay céc gia tri twong tmg vao biéu thuc (6) ta s& thu duoc gia tri do dai lién két cua
phén to HCL

_ 6,62.10 %*kg.m?s%s
8.3,142.1,62.10 27kg.10,35.102.m 1.3.108. m.s !

r=1288.10""m = 1,29 A.

5.9. Hay tinh khdi lugng rit gon va moémen quén tinh dbi véi phan tir D*°CIL. Cho biét d6
dai lién ket D—C11a 0,1275 nm.

Trd loi
Chiing ta biét khéi lugng rut gon dugc tinh theo biéu thirc sau:

M _ mD.mCl
[mp +mq ]
hay

U= 2.1073 kg.mol_1.35.10_3 kg.mol_1
(2+35).10 2 kg.mol1.6,023.10** mol ™

= 3,141.10 %" kg

Con gia tri mémen quan tinh ciing duoc xac dinh theo biéu thirc sau:
I=np r
Thay gi4 tri khdi lwgng riit gon va khoang cach gitra nguyén tir D va Cl ta thu dugc:
[ = 3,141.10%" kg.(0,1275.10° m)*= 5,146.10 """ kg.m’

5.10.Cho tan sb dao dong co s cua phan tir HCI ¢6 gia tri la 8,67. 108 s, hay tinh tan sb

dao dong co so ddi voi phan tir DCI véi gia thiét hang sb luc trong ca hai truong hop duoc
xem la nhu nhau.

Tra loi

Trong pho dao dong, hang s luc dugc tinh theo cong thirc:

v = —

1k
2n | U

Ap dung cong thirc nay cho phan tir HCI va DCI s& cé:

18



Dbi v6i phan tir DC1tan b v, la:

vy = —  |— 1
Y (1)
Dbi v6i phan tir HC1 tan sb v, la:
1 k
Vo = ()
2n \ Ko

Chia (1) cho (2) s& dén t6i biéu thirc:

vi(DCD) _ py(HC)
vZ(HCI) u (DCL

3)

19

Theo du bai vo(HCI) = 8,67.10" s™' nén ta c6 thé d& dang xac dinh dugc tan sb co s¢

cua DCI:

V=

“)

Ha
M1
Mat khac, ta cling co thé xac dinh dugc khdi luong rat gon p; va e nhu sau:

_ 2.10%kg.mol 1.35.10 2 kg.mol !

= = 3,141.10 7k
24 35).10 8 kg.mol .6,02.10% mol . 8

1.1073 kg.mol_1 .35.1072 kg.mol_1

= =1,627.107"k
? (1+35).10 2kg.mol 1.6,02.10** mol 8

Thay cac gié tri iy va pa vao biéu thirc (4) s& co:

-27
Vo= (8,67.100s P LO2TI0 ke 55,69 10757
3,141.10 27 kg

hay
vi = 622.10% ¢!

5.11.D6i v6i phén tir hai nguyén tir, ham Morse c6 dang:
2
— 7a(r7re)
vy = p |

Hay chirmg minh rang:

a) Ham Morse V(r.) =0 va V() = D..
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b) Hang sb o trong ham Morse 1a:

Tra loi

a) Ttr biéu thire ctia ham Morse:
_ _U'(r_re) >
Vi - puf1e )

Chung ta lﬁp luot thay cac gia tri r tuong tng khi r = r. (khoang cach giita 2 hat nhan &
trang thai can bang) thi ham V(r.) s€ la:

—a(r,—r,) P
V(re) = De[l_e . e)} = De[l _60]2: De[l_ 1]2: 0

Khi r =0 thi ham V(o0) sé la:

1

(x(oo—r) 2 2
‘ } = De{l‘—ea(oo_re)} = D1 -0 = D.

V(w) = De[l_e_

b) Vi ham Morse ta ¢ thé khai trién duéi dang:

V(r) = D.

2

2

PO L SR G, ]
1! 2!

Khi céc sb hang bac cao trong biéu thirc trén bi loai bé ta co thé viét:
V(r) = Deol’(r - 1)’ (1)

Mit khéc, dbi voi phd dao dong, tan sb c6 thé xac dinh thong qua hing s6 luc k theo cong
thare co dién la:

1 [k
\/ = — —_
2n '\ p
hay
k = 4’V )
va V(r) duoc biéu dién bang biéu thirc:
V() = %kxz

20
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Véi x 1a 6 dich chuyén khoi trang thai cAn bang va x = (r —r.). Nhu vay:

V(r) = % 4n*v? p(r — 1)’

hay = 2VI(r — 1)’ (3)
So séanh phuong trinh (1) va (3), ta c6:
Deocz(r - re)2 = 2V? wr — re)2
Do’ = 2n°v? 1)

9 9 1/2
a = v{ T “} (4)
De

D6 1a diéu ching ta cn ching minh.

5.12.Ap dung mé hinh electron 7t chuyén dong tu do trong giéng the mot chiéu (doc theo
mach cacbon lién hgp) cho phan tir lién hop hexatrien hay xéac dinh sd song v theo cm™' khi
¢6 su chuyén doi 1 electron w tir mirc nang lugng bi chiém cao nhat 1én mirc ning lugng trong
chwa bi chiém thap nhét; biét rang do dai lién két trung binh C—C trong mach 14 1,4 A.

Choh=6,62.10*Js;¢c=3.10ms .
Trd loi

Mo hinh electron © chuyén dong tu do trong giéng thé mot chidu co thé hinh dung nhu
sau:

’—CHZ:CH:CH=CH:CH:CH2—|
B N )

Theo li thuyét, chiéu dai cta giéng thé 1a:
= (N+ Dlcc
Dbi voi phan tir haxatrien:
L=(6+1).1,4=714A=98A
Dé xéac dinh sd song v trong phd hap thu cua phan tir ndy ta ap dung cong thirc:

AE = B¢ —pey 5 5 = 2B
A he
Trudc tién ta phai xdc dinh muc ning luong trong hé khao sat. Ching ta lai biét ning

luong dbi voi giéng thé mot chiéu duoc xac dinh theo hé thirc:
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E =n’ h?
8mL2

Do hé ¢6 6 electron © nén nd s€ chi€ém 3 mirc nang luong vdi 2 electron trén tirng mirc.
Vay nang luong voi n, =3 van, =4 s¢ la:

AE - 42 B g B 5 b7
8mI.2 8mL2 8mL2

Thay cac gia tri twong trng vao hé thurc nay ta co:

—-34\2
AE =7 (6’6§i10 ) 1042
8.9,1.10731.(9,8.10°10)

= 4387107

Tir gia tri AE tim duoc ta d& dang xac dinh sé song v khi electron m chuyén tir mirc ning
luong bi chiém cao nhat (E3) 1én mirc nang lugng trong chua bi chiém thap nhat (E4) la:

A
G = AE E
he

Thay cac gia tri tuong Grng vao

biéu thirc trén ta thu dugc v: E4 IAE
E; 4—
G = 4,387.10719 By
6,62.10734.3.10°% Bt
v = 2209282,45m"
¥ = 22092,82 cm’’

5.13. Tt mot phé thuc nghiém nguoi ta thu dugc do dai trung binh gitta hai vach hép thu

quay lién tiép 13 3,8626 cm . Cin ctr vao gi4 tri nay hiy xac dinh gi tri mémen quan tinh va
d6 dai lién két cua phan tu CO.

Tra loi

Chiing ta biét rang hang s6 quay B c¢6 mdi lién hé véi tin s6 quay bang biéu thuc:

v=2BJ+1)

Vo6i J=0 —> v =2B. Tu d6 suyra:

Mit khéc, ta lai biét twong quan gitta B va mdmen quén tinh I theo biéu thirc:
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8rlc 8°Be

Thay cac gia tri tuong trng vao ta co:

—34
[ = 66210 = 1,45.10% kg.m?

8(3,14)%.1,913.3.10™

23

Mubn tinh d6 dai lién két cua phéan tir CO, trude tién ta tinh khdi lwong rat gon ctia phan

tr nay.

hay

12.10°2.1,6.107°
28.107°.6,02.10%

Heo = = 1,139.10 *° kg

Ap dung biéu thuc 1 = pr’ hay

r=1,12810"m = 1,128 A

5.14.Nguoi ta ghi duge v ciia dai hap thu hong ngoai ddi v6i khi HCI 1a 2885 cm™'. Hay

tinh hing s Iuc cho lién két trong phan tir HCL.
Cho biét H = 1,008; C1 = 35,45.
Trd loi
Ning lugng hap thu photon a:
e =hv = hcv
£ =6,62.10°* I.s (2885 cm '.3.10"m.s ") = 5,731.10%J
Khéi Iugng rat gon ciia HCI la:

—3 —3
oy = 1008.107.35,45.10 L kgimol ) e 1027 g

36,458.10° 6,02.10 mol!

Mat khac, ta lai biét:
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As=£l—{
2\ p

O day, qua trinh hip thy & trang thai co ban ung véi bude chuyén tir v=01én v = 1.
Vay:

2r \p
hay
_
hz

Thay cac gia tri bang s ta c6:

_ (573110 %)%.1,628.10 %
(1,05.107%4y

k = 485N.m '

5.15.Hay cho bjét t sO giita spin proton & mirc ning luong thip so v6i mirc ning lrgng
cao la bao nhiéu, biét rang & 25°C cuong d6 cua tir truong ngoaila 2 T.

Cho gy = 5,585; Py =5,051.10%" 1.T"; k = 1,3806.10 = J.K "

Trd loi

bé tinh duoc ti s gitta spin ing v&i mic nang lwong thap so voi cao, trudc ti€n, ta phai
tim hi¢u gilta 2 mic nang luong AE.

AE = gn.p nHo
Thay céc sb vao ta co:
AE = 5,585.5,051.1077.2 = 5,642.10°°J
Mat khac, sy phan bd Boltzmann duge tinh theo hé thuc:
N, “AE
X~ o7l
trong do: Ni: sb spin ing v&i ning lugng cao;
N,: 86 spin ing v6i nang lugng thap;
k: hing sb Boltzmann;

T: nhiét do6 tuyét doi.
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Biéu thirc trén c¢6 thé viét cho pht hop véi ti s6 dau bai mudn hoi s& la:
N, _ [AE}
N, KT

Thay cac s0 li€u tuwong trng vao bi€u thurc nay ta rut ra ti s6 can tim:

N, [ 5,642.1026J
—9 = exp

= 1,000014
Ny 1,3806.10 23 J K 1.298K

5.16.Ngudi ta ghi phd NMR ciia hop chét este metyl focmat trén may 60 MHz va thu
dugc pho do nhu sau:

Cin ctr vao phd dd nay, hay tinh d6 chuyén dich hoa hoc & cho 2 pic a va b theo thang
ppm.

500 400 300 200 100 0 Hz
b
I
H—C—0—CHj;
a b
a TMS

ot
~
ot
ofF

§
Tra loi

Duva vao phé dd & trén ta dé dang tinh duoc do chuyén dich hoa hoc cho pic a va b nhu
sau:

Dbi vai pic a, ta ding thude do duoc vi tri img v6i 180 Hz, rdi tir d6 suy ra do chuyén
dich ho4 hoc la:

480 Hz
2 {60 MHz

jxlO6 =8,0 ppm

Ciing bang cach twong ty ta ciing tinh dugc do chuyén dich hoa hoc cho pic b la:

[ 230 Hz
b =160 MHz

]xlO6 = 3,83 ppm
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Vé mat cuong do cua pic b va pic a cing phan anh khé rd nét: pic b ing véi nhom CH
tuong tng voi 3 proton nén cudong do lon gap 3 1an cuong d6 doi voi pic a chi c6 1 proton duy
nhat.

5.17.0 dong cuodng do tir trudng ngoai la 1,65 T, ngudi ta da ghi dugce tan s tach giita
cac proton trong nhan benzen va chét chudn 1a tetrametylsilan 1a 510,5 Hz. Hay tinh do
chuyén dich ho4 hoc & trong truong hop nay bang bao nhiéu ?

Cho gx =5,585; PBx=15,051.10"7 J T
Trd loi

Chiing ta biét rang d6 chuyén dich hoa hoc dugc tinh theo hé thirc:

§ = YxZVIMS 10° (ppm) (1)
V0
Theo dau bai vy — vrus = 510,5 Hz )

Con v, duogc tinh theo hé thirc:

vo = BE )

Thay céc gi4 tri vo va vy — vims 0 (3) va (2) vao biéu thirc (1) s& dan téi:

_ (VX_VTMS)‘h 6
6 = X —210 4
gnByH *

Thay cac gia tri tuong tng vao (4) ta co:

_ 510,55 .6,62.10°*J5.10°
5,585.5,0508.10 27 T1.1,65T

(ppm) = 7,250 ppm

5.18.Khao sat phd quay dao dong ddi voi phan tir HY nguoi ta thu dugc cac vach pho
hp thy co ban img véi cac s6 song sau: 2927, 2906, 2866, 2847 cm . Hay xac dinh do dai
lién két ctia phan tir khao sat theo A.

Trd loi

Chung ta biét ning luong dao dong Egq cho mot dao dong khong diéu hoa dugc xac dinh
theo bi€u thuc:

Ew= Ey = (V+;jh0\~/o_ (v+;jhcx% (D
trong do: cVo =V, 12 tan s6 dao dong co ban;

x 1a hang s6 khong diéu hoa.
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Pé thuén tién cho phép tinh chung ta gia thiét su khong diéu hoa cua dao dong dugc bo
qua s& dan dén ning luong tong cong 1a:

2
E = Eg+E, = ( ]hc\/o+ h—J(J+ 1) )
8n

I 1a mémen quéan tinh.

Dbi voi budce chuyén cua dao dong quay xdy ra ddng thoi tuan theo quy tic chon lya tir v
— v vaJ—J (£1)taco bidu thic:

2
AE = AEgq+ AEq = hci,+ %m (3)
8n“l

oday: mnhangiatri+ 1;+2;+3 ...

Tt biéu thic (3) ta dé dang tim duoc tan s6 dudi dang sé song:

h
v o= 9.+ m “4
° 4r°lc

Trong biéu thtc (4) s6 hang thir nhit v, chi rd 1a vach co ban trung tim; sé hang thir hai
ung véi cau trac quay tuong ung.

Khi m duong ta c6 nhanh vach R ng v6i s6 song 2927 va 2906 cm™' s0 v6i V.

Khi m 4m ta ¢6 nhanh vach P tng vé6i s6 song 2866 va 2847 cm™' so v6i vach trung tim
Vo.

Tinh d6 dai lién két

Ttr phuong trinh (4) ta dé dang thiét 1ap hé phuong trinh bac nhét dé xac dinh v, va I (vé
nguyén tac ta c6 thé chon mdt trong 2 nhém vach R va P). Vi du ta chon nhém vach R

(chuyén vé cing don vi SI).
6,62.10

2,906.10° = v,+ ’ (+1)
4.(3,14)?.1.3.108

®)

-34
2,927.10° = o+ — 6210 (+2)
4.(3,14)21.3.108

Giai hé phuong trinh (5) ta dé dang tim dugc:
Vo =2,885.10°m™'
I = 2,665.10" kg.m’

Mit khéc, ta lai biét quan hé gitra I va r duoc biéu dién bang hé thuc:
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2 _ mH.mCI r2
myy +mqy '

23
r = pErma - 2,665.10_47.(1’008+35)'6’02';O = 1,29210"m= 1294
mp.mey (1,008.35).10"

5.19.Nguoi ta biét s6 song v (cm ') phd hép thy tudng img véi sy bién thién cta sb lugng
tir dao dong v doi voi ion ClO™ duogc liét ké trong bang duoi day:

I 4 5 6 7 8

32945 33402 33839 34261 34664 35056

I =pr

' 14 15 | ... 18 19 20

¥ (em™) 36627 | 36874 | ....| 37425 | 37567 | 37689

Tir cac s6 liéu néu trén hdy tinh ning lwong phan 1i D theo kJ/mol ciia hop chit khao ciru
khi v tir trang thai co ban (v = 0) Ién trang thai cao hon.

Tra loi

Ning luong dao dong cua phan tir dugc viét dudi dang:
1 1y 1y
& = £v+2)hve— (VJFZJ xhv,+ (v+2j yhv, — ... (D

trong do: ve- tan sd can bang cua dao dong;
h- hang sé Planck;
X, y- hing sb khong diéu hoa cua dao dong.

Hi€u nang luong Ae, _, (v+1) €O thé tinh dya vao biéu thirc (1) qua mot sb phép bién doi s&
la:

Aty (vi1) = |:1—2(V+1)X+3[V2 +2V+%Jy} 2)

Mat khac, theo dinh luat Planck ta co:
A&y i1y = hv
v- tan s6 anh sang bi hip thu khi chuyén doi.

Ning luong phan li D dugc xem 14 tong cac gia sd bién d6i, nghia 1a:
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D = YAe ) =hZv “4)
v=0

Khi quang tir (photon) anh sang hép thy ting lwong nho thi tong trong trudng hop nay
chuyén sang dang vi phan.

Vi phan phuong trinh (1) s€ co:

1 17 n?
g = (v+jhve— (v+j hvex + (v+j hvey = hv
2 2 2

2 3
o = | (bt o) }h v
2 2 2

2
E = 1—2(V+ljx+3[v+lj y]hve = hv
2 2

2
%% = {1—2(V+éjx+3(v+%j y]ve =V

hay
de = hvdv %)
Tich phan (5) s& co6:
D = [de = h|vdv (6)

Tir (6) ta dé dang xdy dung do thi gilta v va v , (+1). Dé dé dang 1ap do thi ta lap bang
sau:

\%
V| Vo= VOT* (em™ | Vvowen= = (em)
C

4 32945 457
5 33402 437
6 33839 422
7 34261 403
8 34664 392
9 35056 :
z : 267
13 36360 247
14 36627

15 36874

18 37425 144
19 37569 120
20 37689
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Tir cac s6 lidu thu duoc & bang nay chiing ta xdy dung dugc dudng cong phu thudc giita
sO lugng tir dao dong v va Av (xem hinh v§).

AV (cm™)
A
600
400 +
200 +
N €<— 90
0 y &— 60
[re—2s

0 5 10 15 20 25 v
Duya vao dudng cong xdy dung dugc chung ta ciing c6 thé lam phép ngoai suy (dudng
gach gach---) phia ngoai gia tri v = 20.

Nhu vay, khi v = 20, 21, 22 thi gid tri AV (Vv - v+1)s€ 12 90, 60, 28 cm . Vay nang lugng
phan li trong truong hop nay s€ la:

D = 37689 (ing dung v = 20) + Cac gia tri ngoai suy
D =37689 + 90 + 60 + 28 = 37867 cm ' = 3,7867.10° m "
Gia tri nay dugc chuyén vé don vi J/mol sé 1a:
D = 3,7867.10° x 3.10° x 6,624.10* x 6,02.10% = 453,2 kJ/mol

Két qua thu duge gia tri 453,2 kJ/mol 1a ning lugng phan li ciia ion CIO™ & trang thai co
ban.

5.20.Khi thém mot lwong du thudc thir hiru co naphthazarin (dan xuit cia
naphthaquinon) vao dung dich cé chita ion thori thi thu dugc dung dich mau véi viéc hinh
thanh phtrc theo ti 1¢ thori : thudc thir 1a 1 : 2. Két qua do mat d6 quang bang phwong phap so
mau & 2 budc séng 570 va 620 nm ung v6i 3 ndong do khac nhau (d6 day cua cuvet 1a 1 cm,
gia st toan bd ion thori déu tao thanh phuce) dugc liét ké ¢ bang sau:

Nbng do thori (mol/ 1) 13,9.10° | 34,7.10° | 555.107°
Phan tram dé truyén qua & 570 nm 62,4 30,4 15,2
Phan tram dé truyén qua & 620 nm 49,6 16,7 57

a) Hay chi rd trong khoang nong d6 di cho, dinh luat Lambert-Beer van dugc ton trong.

b) Xéc dinh d6 hip thy mol d6i v6i phirc hinh thanh.
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Trd loi
Ching ta biét rang khi chum 4nh sang don sic di qua dung dich v&i d¢ day 1 cm thi dinh

luat Lambert-Beer dugc biéu dién qua h¢ thuc:
—kc

It = Io.e
hay
In—+t =—kc
IO
1 kc
lo—t =_
& 2,303

AU P A 1 LA, A
trong do: -4 1a d6 truyén qua, con I—‘ x100 1a phan tram truyén qua.

(o) (o]

kla hz“mg s6; C- n6ng do.
fo A qea as S PP PEN PO fe g A
Vi cac s0 ligu da cho ¢ dau bai ta tinh gia tri lgl—t O tung budc soéng, ung vdi cac nong
(o]

d6 khac nhau. Két qua dugc ghi & bang sau:

Ndng db thori (mol/l) | 13,9.10° | 34,7.10° | 55,5.10°°

I
IgI—t & 570 nm -0,2068 | —-0,5100 | -0,8182

o

I
IgI—t & 620 nm —0,3045 | —0,7773 | —1,2441

o

Vi cac s6 liéu nay ta xay dung dd thi phy thudc giira Ig II—t va néng do C (hinh v&).
o

Két qua thu dugc ca hai duong thing Gmg véi A = 570 va 620 nm ching to dinh luat

Lambert-Beer dugc ton trong.
b) Dya vao dd thi ta tinh d6 hép thu mol € theo hé s goc —% . Qua vay:

kK 08182

+) 0 570 nm: = - g
2,303 55,5.10

g = —X_ — 14740
2,303
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H6620nm - = - 12
2,303 55,5.107°

e =K _ = 2400
2,303

Nhu vay, d6 hép thu mol &€ & 570 nm 1a 14740 va & 620 nm la 22420.

5.21.a) Trong phd NMR ngudi ta nhan thiy proton chuyén dong nguoc véi tir trudng
manh phia ngoai c6 gia tri la 10 T. Hay xac dinh hiéu nang lugng Ag trong truong hop nay.

b) Cho biét tan sé birc xa khi proton chuyén dong g véi gia tri Ae dd xac dinh duoc.
Cho gn=5,5857; un= 5,0508.10%7 c.s '.m”.
Trd loi
a) Ap dung biéu thirc dé tinh hiéu giita hai muc ning lugng la:
Ae = gnBnHo

Trudc khi thay sé vao biéu thirc niy ta can phai chuyén don vi Tesla (T) cua tir trudng
ngoai vé h¢ don vi SI:

1T =1Nc'.(m/s)'=1Nc'm's=l kgms>m'c's
=lkgm’s m-c's = 1JTm>c's
Thay cac gia tri bang sb vao biéu thuc trén s& dan dén:
Ae = 5,5857x5,0508.10 7 c.s.m’x 10 Jm *.c s = 2,8.107J

b) Tir biéu thirc co ban Ag = hv ta d& dang xac dinh duoc tin sb birc xa khi proton chuyén
dong trong tu truong. Qua vay:

_Ae 28107
V_ —_ =

h 66210 %Js
v =4.210%"
Thong thuong tan sb duogc chuyén vé don vi Hz, vay gia tri v cla buc xa la:
v = 420.10°s" = 420.10° Hz

hay

v = 420 MHz
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5.22.Khi chiéu chum anh sang voi bude song A = 3000 A qua mot dung dich gdm axit
oxalic va uranyl thi thay phan g quang hoa xay ra. Két qua thyc nghiém cho thay trung binh
1 photon bi hap thu lam chuyén hoa 0,57 phan tur axit oxalic.

Hay xac dinh ning luong birc xa can thiét d phan huy 1 mol axit oxalic.

Trd loi

Ap dung dinh luat Planck:

8=hv=E
A

Chung ta c6 thé xac dinh ning lwong cho 1 photon la:

. _ 6625107 x3.10°

001010 = 6,625.10J
107

Theo dau bai, dé phan huy 0,57 phan tir axit oxalic ta phai can 1 photon. Vay dé phan huy

1 mol axit oxalic ta phai can (?I% photon. Qua vay, nang lugng trong truong hop nay s¢ la:

i

o — 6.02.10%7x6,625.10"°
0,57

= 7.10°J

5.23.Ngudi ta biét khi thuc hién mot phan tmg quang hop thi phai chiéu mot chum anh
sang don sic. D6i véi truong hop khi tao thanh 1 phan tir san pham quang hop c6 AH =
468,16 kJ.mol™" thi can 8 photon ting véi budc song A = 6000 A.

Hay xac dinh hiéu suit chuyén quang ning thanh ho4 ning.

Trad loi

Mudn xac dinh duge hiéu suat chuyén quang ning thanh hoa ning ching ta phai tinh
duoc nang lugng de tao ra 1 mol san pham.

Trudc tién ta tinh nang lugng cua 1 photon.

-34 8
e hy = he _ 6:625107x3.10° _ 5o ey

A 6.10%.10710

Nang lugong rng vai 8 photon la:
e =33.10"x8 =264.10"J
Ning luong can thiét dé tao ra 1 mol san pham quang hop la:

E = 26,4.10" x 6,02.10* = 1590 kJ.mol !
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~ Theo qdﬁu bai, phan ing quang hoa khao sat c6 hi€u ung nhi¢t la 468,16 kJ/mol. Vay hiéu
suat chuyén hoa quang nang thanh hod nang la:

468,16
1590

x 100 = 29,4%

5.24. Phuong trinh phan (rng brom ho4 axit xinamic xay ra & 30°C nhu sau:
C¢Hs—CH=CH-COOH + Br, — C¢HsCHBr—-CHBr-COOH

Khi chiéu btrc xa véi bude song A = 435,8 nm c6 cudong do 1,4.10° I.s™' trong khoang
thoi gian 1105 s thi luong brom giam 0,075 mmol.

Hay xac dinh hiéu suét lugng tir ¢, biét dung dich hap thu 80% ning lwong ciia birc xa di
qua.

Tra loi

Mudn tinh hiéu suat lwong tir ciia phan ng quang hoa ching ta phai tinh dugc sO phan tr
brom da tham gia phan ing brom hoa va s6 photon bi hap thu trong qua trinh phan irng. That
vay, theo dinh luat Planck ta dé dang xac dinh dugc nang lugng cua 1 photon.

. he _ 6,625.107%*x3.108
e= hv=— =

= 454107
A 435,8.107°

Mit khéc, s photon bi hip thy trong 1105 s ing véi cudng do 1,4. 10°)s" séla:

1,4.107 x 1105 x 0,8

o =2,74.10"
4,54.107

Npy =

Chung ta ciing c6 thé tinh dugc sb phan tir brom da tham gia phan tng 1a:

n, =0,75.107 x 6,023.10® = 45,2.10"
Tir két qua tinh dwoc & trén, hiéu suat lugng tir d6i voi phan tng brom hoa sé 1a:

o= "B 45,2.10'° _ |
ny, 2,74.10'8

5.25.Trong pho hap thy hong ngoai (IR), tan 100
s hip thu cua nhém cacbonyl C=0 trong céc
hop chit xeton, andehit, axit cacboxylic, este...
dugc xem 14 tan sb dic trung. Két qua ghi phd
thuc nghiém cho hop chit  2-butanon trong dung
dich CClL ¢6 ve—o = 5,8 um hay 1724 cm™ (xem
hinh bén).

% d6 truyén qua

20} +
34

1780 1760 1740 1720 1700 1680 1660
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Hay xac dinh hé s6 hap thu mol phan tr Ung v&i tan s6 néi trén, biét rang nong do6 cua
dung dich nghién ctru 1a 0,089 M, chi€u day cua cuvet 1a 0,1 mm.

Trd loi
Dua vao phd d6 thuc nghiém (xem hinh) ta d& dang xac dinh duoc cuong do hap thu I, =
98 va I = 49 (mg voi cyc dai v = 1724 cm™). Tir cac gia tri nay ching ta ciling tinh duoc

phin trim truyén qua bi hip thu ing v&i dai hap thu ciia nhom C=0. Cu thé Ia:

L _98 =2 hay lnI—0 = 0,69
I 49 I
Nong d6 dung dich :
C = Mx1000 .m> = 0,098 mol.Z"" x 1000 Z.m™> = 89 mol.m"
Do day cuvet la:

¢ =0,100mm = 1,0x 10*m

Ap dung biéu thic cua dinh luat Beer-Lambert ta c6 thé xac dinh hé sd hép thu mol phan
tir nhu sau:

Thay s6 vao ta c6:

k = 0,69 = 77.5 mol™!

89 mol.m ™ x 1,0.10_4 m?

5.3 Bai tap chwa co loi giai
5.26.Hay tinh 2 gi4 tri ddu tién ciia muc ning luong quay cho phén tur hidro va gia tri
moémen dong lugng tuong ung vdi hai mic nang lugng nay. Cho bi€t gia tri moémen quan tinh
bang 4,602.10~* kg.m?.
PS. Muc 6 /=0 = Eq=0;L=0
Mic & £ =1 = Eq=2,41.102'J; M=1,49.10"" J.s
5.27.M6t vi hat chuyén dong duoc xem nhu mot dao dong tir didu hoa. Hiy xac dinh gia
tri hdng s& hwc cua dao dong nay biét ring vi hat co khdi lwong bang 1,33.10%° kg va hiéu

giita mirc ning lugng 1ién ké 1a 4,82.107' J.

PS. 278 N.m™!
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5.28.Trong phan tir HI, nguyén tir H quay quanh nguyén tir I ¢6 dinh ldy lam tdm quay
trén cing mot mit phiang dugc xem nhu 1 mot hé quay tir cing nhic. Hay:

a) Xac dinh gia tri nang lugng quay (J) cho 4 mic & phan ti nay.
b) Tinh tan s6 quay (s') ng v6i cac mic ning lugng trén. Cho biét:

H=1,008; 1=126,90; ruy=16A.

b.S.
J 0 1 2 3

E (J).10% 0| 262| 786| 1572

v (s™).10" 0| 395| 11,86 | 23,72

5.29.M6t qua bong bang thép ¢6 m = 10 gam lin trén nén nha bang phang c6 chiéu rong
10 cm véi toe dd 3,3 cm.s .

Hay xac dinh s luong tir tmg voi mirc nang lwong tinh tién ciia dao dong diéu hoa nay.
PS.  n=0,995.10" =~ 1,0.10”

5.30.Cho biét hiéu niang luong giita hai mirc ning lugng quay ddi v6i phan tir CS la
3,246.102J.

Hay xac dinh d¢ dai lién két (A) giira C va S.
Biét rang mc = 12,0 g/mol; mg= 32,0 g/mol.
bS. fc_s = 1,538 A

5.31.Gia sit phan tor HCI duoc xem nhu mdt hé quay tir cing nhéc. Gitta H va Cl ¢6 do
dai ¢ = 1,28 A. Hiy xéac dinh gié tri ning luong quay thip nhét ddi voi phan tir nay.

Cho H=1,01; C1=35,0.

bS. E, =0

E, =4,17.10%]
1

5.32.Xét phan tir H*'Cl. Hay xac dinh khdi lugng rat gon cho phan tir nay va tinh mémen
quén tinh cta chiing, biét d6 dai lién két ctia phan tir khao satr=1,27 A.

bs. 1,16.10% kg; 1,88.10™* kg.m®

5.33.Xac dinh ning luong dao dong va hing sé luc dbi v6i phan tir H>>Cl biét rang tan sb
dao dong co ban dbi voi phan tir nay tim dwoc 1a 8,67.10" Hz.

PS. 5,7.10° 7,  4,83.10° N.m™
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5.34.Tinh gi4 tri manheton hat nhin ddi voi proton Pu.
Cho m, = 1,6726.10 kg
bs. 5,0508.1077 1.1

5.35.Hay xac dinh tan sb cong hudng cia electron doc than xay ra trong tir truong H, =
03T

Chog=2;$=9274.10"*J.T"

ps. 8,4.10° Hz;
5.36.Ngudi ta di ghi nhan dugc két qua do phd cho phan tir "*C**S nhu sau:

Tan s6 budc chuyén ung véi J =0 — 1 1a 49170 MHz;
Tan s6 dao dong co ban 1a 1285 cm’™.
a) Tinh d¢ dai lién két cho phan tir khao sat.
b) Xac dinh hang s lyc cta phan tir nay.
ps. a) les=154A
b) k=8,51.10°N.m'

5.37.Biét khoang cach trung binh giita C va O trong phan tir CO 1a 1,2 A, hang s luc la
1,9.10° N.m™'. Hay:

a) Xac dinh d6 dai budc song cua vach dau tién v6i gia thiét chi co phd quay ma thoi.

b) Tinh budc séng cta dai phd dao dong co ban biét rang phan tir dugc xem nhu mot dao
dong dieu hoa.

PS. a) 2,=2,93.10"m
b) de = 4,62 Hm

5.38.Cho cac gia tri s6 song v tmg véi s6 lugng tir dao dong v & trang thai co ban di véi
phén tir H; nhu sau:

\' 1 2 3 4 5 9
¥ (em™) 4162 | 8085 | 11779 | 15248 | 18488 | ... 29123
\' 10 11 12 13 14
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v (em™) 31150 | 32888 | 34307 | 35355 | 35976

Hay xac dinh ning lugng phan li lién két theo kJ/mol
PS.  D=4318kl.mol’

5.39.Trong phd hip thu hong ngoai ngudi ta da xac dinh duoc tan sé dao dong co ban cho
phan tir "H’CI 13 8,67.10" Hz.

a) Cho biét ning lwong Gmg véi tan sd néi trén 1a bao nhiéu J ?
b) Hang s6 luc trong trudng hop nay s& co gia tri bang sé 1a bao nhiéu?
ps. a) 5,7.10°7
b) 4,83.10°N.m"

5.40.Sur dung cac s6 lidu cho dudi day dé xac dinh tan sb hép thu NMR cho cac hat nhan
’H, "°F va #°Si; biét cuong do tir truong 1a 2 T.

Hat nhan Spin (1) Momen tir (u) (manheton hat nhan)
H 1 1,21
H 1 4,55

2
Ag; 1 -0,96
2

1 manheton hat nhan = 5,050.102" J.T

1,31.107 Hz déi véi *H

DS. v
v = 8,01.10" Hz dbi v&i F
v = 1,69.10" Hz déi véi »Si

5.41.Hay xac dinh cuong do tir truong trong phd NMR dé c6 thé dat duoc tan s6 budc
chuyén 1a 60 MHz cho nguyén tu F.

Cho biét gy = 5,257; Bx = 5,0508.10%" J.T
ps. H,=1,4973 T
5.42.Trong phd NMR, hay tinh manheton hat nhan cho proton.
ps. Bx = 5,0508.10% J. T

5.43.Phan (g oxi hoa CH, bang oxi xay ra theo phuong trinh
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CH4+202 —> C02+2H20

Su hoat hoa dugc tién hanh theo cach sau:
Hg ——» Hg*
CHs+ Hg* —— Hg+ CH3+H

Céc gdc CH} phan (g véi oxi cho hdn hop san phim CO,, CO va HCOH. San pham co
ban 1a CO,. Lugng CH, di phan huy 13 6,1.10" phan tir.s™'; ning luong chiéu sang 1a 8,7.10°
erg.s '; nhiét do thi nghiém 1a 298 K; buéc song do anh sang phat ra 1a 2537 A. Tur cac sb liéu
néu trén hay tinh hiéu suat lugng tir cua phan tng.

PS.  ¢=0,55

5.44.Mo6t binh thach anh chira hon hop 10% clo trong benzen dugc chiéu sang tng véi
budc song A = 313 nm trong vong 35 phiit. San pham thu duoc 1a hexaclo-xiclohexan. Hiéu
sudt lwong tir ¢ = 55,35; ning luong di qua binh phan mg chita benzen nguyén chat 1a
4,681.10° erg; con ning lugng di qua binh phan tng trong thoi gian néu trén 14 0,425.10% erg.
Tinh lwgng C¢H¢Clg thu dugc sau phan ing.

bS. 1,8g C¢HeClg
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