UNIVERSITI SAINS MALAYSIA

Peperiksaan Semester Kedua
Sidang Akademik 2003/2004

Februari/Mac 2004

JIK 317 - Kimia Kuantum & Teori Kumpulan

Masa : 3 jam

Sila pastikan bahawa kertas peperiksaan ini mengandungi ENAM BELAS muka surat
yang bercetak sebelum anda memulakan peperiksaan ini.

Jawab LIMA soalan sahaja.
Setiap jawapan mesti dijawab di dalam buku jawapan yang disediakan.

Setiap soalan bernilai 20 markah dan markah subsoalan diperlihatkan di penghujung
subsoalan itu.
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-2- [JIK 317]
1. (a) Dengan berpandukan contoh molekul yang sesuai, jelaskan istilah-istilah
berikut:
(1)  Pusat penyongsangan, i
(1)) Paksi putaran tak wajar, S,

(iif) Karakter, y
(6 markah)

(b) Bagi molekul cis-PtBr,Cl,
()  Tentukan kumpulan titiknya.

(1) Terbitkan matrik 3 x 3 bagi setiap operasi simetri yang tergolong dalam
kumpulan titik tersebut.

(iii) Daripada matrik dalam (ii), tentukan nilai karakter bagi setiap operasi

tersebut.
(14 markah)

2.  Bagi setiap molekul berikut:
(a) Senaraikan unsur-unsur simetri.

(b) Tentukan kumpulan titik
@) @v) F
L. _N_ « |

Cl N |
Cl W)
\ /

(i) H-C=N

(15 markah)

.3/

6338




-3- IK 317]

(c) Dengan contoh molekul yang sesuai, bezakan antara namatanda Con dan Dyy, .

(5 markah)
3. Bagi molekul yang mempunyai struktur berikut:
\ /CN
(a) Jelaskan cara bagaimana menentukan kumpulan titiknya.
(5 markah)
(b) Dapatkan perwakilan terturunkan bagi
() Tc.a (ikatan C - Cl sebagai fungsi dasar)
(1) Tc.cn (ikanan C — CN sebagai fungsi dasar)
(4 markah)
(¢) Seterusnya, dengan proses penurunan, dapatkan perwakilan tak terturunkan
bagi
) Tca
(1) Tcen
(6 markah)
(d) Tentukan getaran yang aktif dalam Raman dan inframerah untuk molekul
tersebut.
(5 markah)
.4/

639




4. [JIK 317]

Fungsi gelombang pada masa t = 0 untuk satu zarah bebas diberikan oleh
persamaan

(@)

(b)

(©

(d)

(b)

2

¥(x,0)=Ae®

+ ik,x

Hitung faktor A.
(5 markah)
Hitung ketumpatan kebarangkalian p.
(5 markah)
Tentukan kedudukan di mana fungsi ini memuncak.
(5 markah)
Hitung kebarangkalian ketumpatan arus
; *
e (g 0
2m ox ox
(5 markah)

Terangkan tiga keputusan eksperimen Kesan Fotoelektrik yang tidak dapat
diterangkan oleh mekanik klasik.

(10 markah)
Fungsi gelombang untuk satu zarah diberikan oleh persamaan
_—’22 + ik x
¥Y(x)=Ae-?

(1) Hitung nilai jangkaan untuk kedudukan zarah.
(5 markah)

(i) Hitung nilai jangkaan untuk momentum zarah.
(5 markah)
...50-
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(a) Hitung ungkapan nyata untuk operator berikut:

(b) Hitung hubungan komutasi untuk operator berikut:

. d
dan —
(1) x dan ™

(ii) _8_ dan f(r,0 ,0)
20

641
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(4 markah)

(4 markah)

(4 markah)

(4 markah)

(4 markah)
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THE NONAXIAL GROUPS

[JIK 317]

C [ E

A |

C, l E O ,

A ’ 11 x,y, R =,y R xy

A" L I -] SRLR, | yzxz

C|E i '

A, ! I 1| R,R. R, I:z,yz'zxyz:w
A I -1 X, ¥,z

THE AXIAL GROUPS

» The C, Groups

C: | £ ¢ |
A I I 1] z&, 2y 2 oy
B 1 -1 X, Y, Rx’ Ry yz, 2

C | EC | &= explmif3)

I 1 1

Il £ g=
I e® ¢

Z, R,
(x, ), (R., R)
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2+ y? 72

(x* = ¥, 1y}, (yz, x2)




[JIK 317]
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C.| EG ¢ ¢ |
A ) S S | = R. P+ oyt
B 1 -1 1 -1 =y xy
E {11 - 11 _:} (£, ¥} (R R,) | (x2,y2)
Cs E C €t ¢ ¢ = exp(2xi/5)
A 11 11 2, R, 1+ 32 g2
1 2 b2 T
E, { ) ﬁ. iz. i: : } (x, ), (Re R) | (= x2)
1 2 = la . .
E; {1 52: g i* g: } (x* = y* xv)
C| E G G C C ¢ | e=exp2si/6)
A 1 1 ! 1 1 = R. x* 4+ y2 2t
B { 1 -1 1 - -1 -
I ¢ —g* -1 -¢ £* (x, ¥). I
E {1 £* —¢  ~1 -—g* ¢ } (R., R,) (xz, y2)
p— -— l e -— -+ -
B A i @y o)
(o8 E G Ci Ch G € ¢ | e=explamirT)
A I 1 1 1 1 1 1 = R. o+ oyt
£ 1 & & g g3 g o= (x. y),
! 1 e* g g g g2 ¢ (R., R.) (xz. y2)
I e e e* g ¢ g2 . .
E; {l e* g3 ¢ g* g¥* g2 } (x* = y*, xy)
1 EJ c* E: 8:: £ EJ:
EJ {1 Eh £ E:' E: £* eJ }
G| Ea o caa o o | &= exp(2mir8)
A 1 | 1 l 1 1 l 1 LR x*+ y 2t
B 1 -1 l 1 I -1 -1 -1
1 £ [ =] = —g* =—¢ et {x.y). R
E, {1 e* =i =1 i -g —g* ¢ } (Rx, R,) ('F" y2)
N I e & =y m)
Il -¢ i =1 =i e £ —g*
E {I —&* =i -1 i £ £* -—¢ }
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» The S. Groups

[Lampiran JIK 317]

s. | E socost
A 1 1 1 1 | R 2+ oyl st
B 1 -1 1 -1 z x-yixy
1 [ -1 =i
{1 —i o :} (.5, (R R) | (x2.y2)
S | E 6 o i stos | e=exp(2mif3)
A, 1 1 1 1 1 1 R x*+ y*,
: 1 ¢ € 1 ¢ P (x*= y2, 1),
E {l £* ¢ 1 e* ¢ } (Rer By) (xy, y2) .
A, 1 1 1 -1 -1 -1 z
1 € &* =1 =g -—¢*
£ {1 e* &£ =1 =£* ~-¢ } (x. 7)
Ss E S C. st ¢ S§ € S ¢ = exp(2:ri/8)
A 1 1 1 1 1 1 1 1 R, i+ 32
B 1 -1 IS I =1 1 -1 2
E 1 £ i =e* =1 —-g =i £* (x, ¥),
! 1 €* =i —¢ =1 -g*~ i ¢ (R, R,)
1@ o=l =i 1 i =1 =i s
E: {1 -i =1 i 1 =i =1 i } (% = ¥ 1)
| —e* =i & =1 e i -t o
E; {1 -z i &* -1 & ~=i —s'} (x2, y2)
» The C.. Groups
Cu| E G oz ololyd) |
Al 1 1 1 ] : x2, ¥y, 2t
AA 1 1 -1 -1 | R xy
B: I =1 1 -1 xR, | zz
o> 1 -1 -1 1 y. R | yz
C}e E ZCJ 3oc
A 1 1 1 z 2+ y?, 7t
A |1 -1 | R _
E 2 -1 0 (x, Y)v (R, Ry) I (I: - yz' Iy), (zz, yZ)
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-9-- [Lampiran JIK 317]
C4 APPENDIX C
Cae E 2C. C 20, 20,
A 1 1 1 1 1]z x4y 2t
Az | L 1 1 -1 -1 |R
Bo |1 -1 1 1 -1 1t -y?
B | 1. -1 1 -1 1 xy
E 2 0 -2 0 0! (x,y),(R,R) | (zz,¥2
Ce | E 26 203 So.
A 1 1 1| 2 xt+ y? 22
Az l . l -1 Rt )
E, 2 2c0s72° 2cosld® 0 (=, 9, R, R) | (xz, y2)
Ey | 2 2cosl4d® 2c0s72° 0 (x? =y, xy)
Co | E 26 26 G 30, 3o |
A 1 1 11 1 11: x*+ y*, 2t
A2 1 1 1 1 -1 -1 R.
B, 1 -1 1 -1 1 =1
B, 1 -1 1 -1 =1 |
E, 2 1 =-1=2 0 0] (x,9RuRy) | (xz, 52
Ex l 2 -1 -1 2 0 o0 (x* = y2, xy)
» The Cax Groups
Cn E Cz i [+
A, 1 1 | S R, x yl 2 xy
B, I -1 I -1 R, R, Xz, yr’
A, 1 1 =1 -1 | 2
- B. I -1 -1 1 X,y
Cu E C3 C} - T S} S§ E = 30(271/3)
A’ 11 1 1 1 R, x4 y3 73
, 1 = 1 = . -
E {1 e } (. y) (= =y, xy)
A" 1 1 1 -1 -1 -1 :
E 1 € &* =] —-g —g* (R. R) (xz, y3)
1 e ¢ =1 —g* -¢ oy = )=
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[Lampiran JIK 31 7]
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THE DIHEDRAL GROUPS

» The D, Groups

[Lampiran JIK 317]

D, E Ci2) GCiy) Gix)

A 1 1 1 ] x, ¥ 2

B] " l I _l -1 . z' Rl Xy

82 1 —1 l —1 yo R.‘ X2z

B; l _l -l 1 X, RI yz

D, | E 26 3G | (x axis is coincident with C,)

A 1 1 1 x4y 22

As 1 1 -1 z, R,

E |12 =1 01! (zy RoR) ! (2= y%xy), (xz, y0)

D. | E 2C. Ci=C}) 2¢; 2€% | (xaxis coincident with C3)

A 1 1 I 1 1 x*+ y2 2

Az 1 1 1 —l —l Z, R!

B] 1 -1 1 1 -1 Xz - y:_

B, | 1 -1 1 -1 v

E 2 0 -2 0 0 I (=¥, RuR) | (xz,y2)

Ds E 2C;s 2C3 5C, (x axis coincident with C»)

A 1 1 1 1 x*+ y3,

Az 1 1 1 -1 2, R,

E, 2 2cos72®° 2cosl4d® 0 | (x,y), (R.R) (xz, y3)

E; 2 2cos 144° 2cos 72° 0 (x* =y, zy)

De | E 2C, 2C; C: 3Ci 3CI | (x axis coincident with C3)

Al l 1 1 | i 1 X+ oyt st

A 1 1 1 1 -1 -1 2, R,

B, 1 -1 1 -1 1 -1

£ I -1 1 -1 -1 1

E, 2 1 =1 =2 0 0 | (x,y), (R.R) (xz, y3)

E; 2 -1 -1 2 0 0 (x2* = y%, xy)
6438
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-12- [Lampiran JIK 317]

» The Da Groups

Du| £ Gl C:0) Cilx) i olmy) o) o() |

A, 1 1 1 1 1 I -1 1 x, 3 1t

By, | 1 1 -1 -1 1 1 -1 -1 R, xy

By | 1 =1 1 -1 1 =1 1 -1 R, | x=

By | 1 -1 -1 1 1 -1 =l 1 R, | y:

A, 1 1 1 1 -1 -1 -1 -1

B | | 1 =1 -1 -1 -1 1 1 3

Bu| 1 -1 1 -1 =1 1 -1 1| v

By, 11 -1 -l 1 -1 1 1 -1 x .

Dyt £ 2C 3C: o 25 30, (x axis coincident with Cy)

Al 1 1 1 I 1 1 x*+y3 2t

Az 1 I -1 1 1 -1 R,

E' 2 -1 0 2 -1 (=, y) (2 = y2, xy)

i 1 1 1 =1 -1 -1 .

A? 1 1 =1 -1 =1 1 k4

E” 2 -1 0 -2 I 0 (R: R)) (x=. ¥2)

Da ' E 2C. C 2C: 2C7 i 280 ov 20, 1o, (x axis coincident with C3)

Ag | ] ] ! 1 1 ) A S 1 P+ yt 2t

Az l 1 1 -1 =1 1 ! I -1 =1 R.

By, 1 =1 I I -1 1 =1 l 1 =1 i =y

B, | 1 -1 1 =1 1 1 =1 1 =1 1 o)

E, 2 0 -2 0 0 2 0 =2 0 0 {R.. R)) (xz, y2)

A 1 1 | 1 1 -1 -1 -1 =1 =1

Al I 1 1 -t -1 -1 -1 -l 1 1 z

B. 1 =1 1 1 =1 =1 1 =1 =1 1

B I =1 1 =1 1 -1 1 =1 1 -1

E, 2 -2 .0 0 -2 0 2 0 O (=, y)
Da | E 2C;s 2C; 5C, o 28, 253 So. l (x axis coincident with C»)
Al |1 ! I 1o 1 1 1 £+ y s
A: 1 1 1 =1 1 1 { -1 R.
E| 2 2cos72° 2cos 144° 0 2 2cos 72° 2 cos 144° 0 {x,y)
Ei | 2 2cos 144° 2cos72° 0 2 -2cosli4d”  2cos72° 0 (x* = y*, xy)
A7 1 1 l I -1 -1 -1 -1
Al 1 1 . -1 -1 -1 -1 1 z

Tl 2 2cosT2® 2cosl4d® 0 -2 -—2cos72° =-2cosi4d® 0 | (R, R.) | (z= y3)

E: 2 2cos 144° 2cos 72° 0 -2 =2cosl44® =2cos72° 0
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[Lampiran JIK 317]

Du| £ 25 26, 25i C. 4Ci 4o, (x axis coincident with C3)
A 1 1 1 | 1 1 1 x*+ y 2t
A: 1 1 1 1 1 =1 =1 R.
B, 1 -1 1 -1 ! 1 =1
B, ) -1 1 -1 I =1 1 z
Ey | 2 0 -2 0 2 o0 o (x* = y2, xy)
EE 12 -V2 0 V2 =2 0 0! (RoR) | (xy9)
De | 1 plod 28 5C, i 251 2510 5¢¢ | (x axis coincident with Cy)
Ay 1 1 1 I 1 1 1 1 X+ yt 2
Ay |1 1 1 -1 ] 1 1 -1 | R
Ee | 2 2c0os72 2cosl4d® 0 2 2cos 72 2cos 144° 0 | (RuR) | (= v2)
Ey | 2 2coslad® 2c0s72° 0 2 2 cos 144° 2 cos 72° 0 (2 = y2, xv)
A 1 1 ‘ 1 1 -1 -1 -1 -1
A 1 1 1 -1 -1 -1 -1 1 z
Eiw | 2 2c0s72° 2cos 144° 0 =2 ~2cos72® —=2cos 144° 0| (x,y)
E. 2 2cosi4d4® 2¢0572° 0 =2 ~2cosldd® =2¢o0s72° 0
Du | E 28u 26 25 26, 2L G 6C: 60, | (xaxis coincident with Cy)
A, 1 1 1 1 1 1 1 1 1 x4
Az i 1 1 1 l 1 1 =1 =1 R,
B 1 -1 I -1 1 =1 1 1 =1
B, 1 -1 1 = 1 ~1 1 -1 1 b4
E, 2 V3 1 0 -1 =V -2 0 o @y
E2 |2 1 -1 =2 - 1 2 0 0 (£ = y% 1)
Es 2 0 =2 0 2 0 =2 0 0
E. 2 -1 -1 2 -1 -1 2 0 0
Es 2 =V3 1 0 -1 V3 -2 0 0! R.R) | (=
THE CUBIC GROUPS
» Tetrahedral Groups
T E 4C, 4C} 3C, ¢ = exp(2zi/3)
A 111 1 x4yt 4+ gt
E 1 ¢ e* 1 (202 = x* = y3,
I e* ¢ 1 x* = y?)
T 3 O 0 -I (Rv Ry' R!)' (I’ yv z) (‘U' x' yz)
651 . 15/-




- 15 - [Lampiran JIK 317]

T. E 4C, 4C} 3C, i 45, 4S! 3o, (e = exp(27i/3)
Al 11 1111 o+ yt + g2
A. 1 1 1 1 -1 =1 -1 =}
1 ¢ €* 1 l ¢ e* | I T
E {I £E* ¢ 1 1 €* ¢ 1} ’ (?5‘ :x ro
x =y
E 1 ¢ e* I =1 —-g —g* -]
y 1 g* ¢ I =1 =g* —-g =~}
T, 30 0 -1 3 o0 0. -l (Rey Ryu R | (xz, yz, xy)
T, E 8Cy 3C, 6S. 6o,
Al I 1} 1 1 1 2+ yr et
A 1 1 I -1 -1 7
E 2 -1 2 0 (222 =22 = y3, 22 = y?)
T; 3 0 "1 "l (R.n Ry; R:)
T 30 -1 -1 11 (xy2 (xy, x2, y2)

> Octahedral Groups
0 [ E 6C. 3C:(=C}) 8C, 6C,

Al 11 1 11 x4yt 4l
A; 1 -1 1 1 -1 . A
E 2 0 2 -1 0 (=2 =x =y, x2 = y9
T\ 3 1 -1 0 -1 (R:. Ry, RY), (x,y,2)
T 3 -1 -1 0 1 (xy, xz, y2)
OA E 8C3 6C 6C. 3C1(=Ci) { 65, SSQ 30’. 66'4
Ae | 1 1T 1 ! T RS TR N P geape
Az, l I -1 =1 1 I =1 | I =1
E, 2 -1 0 o0 2 2 0 -1 2 0 o=t -y - yY)
T. | 3 0o -1 | -1 31 0 -1 =1 | (R R.R)
o | 3 R -1 3 -1 0 -l 1 (xz, yz, xy)
A l i l l 1 -1 -1 -1 ~1 -]
An l 1 -1 -1 1 -1 1 =1 -1 1
E, 2 -1 0 0 2 =2 0 1 =2 0
Tia 3 0 -1 1 -1 -3 -] 0 i 1 (x,y,2
T-. 3 0 | S -1 -3 1 0 1 -1

692 | ... 16/-




- 16 - [Lampiran JIK 317]

Iudv =yy -~ J.vdu

. n-1

. —sin"" xcosx n-1,. -

_f sin” xdx = + fsm" % xdx
n n

n-1 :
cos” " xsmx n-1
j cos” xdx = +
n n

I cos”? xdx

0 S (x) ganjil

dx = 1
Jrea=y, [fema 1@ genap
Fungsi ganjil J(=x)=-f(x)
Fungsi genap f(=x)= f(x)

e® =cosB +isind

2

X

_[xe @ dx =0

-0

fx“e"“dx =—
; a

-] Xz

J‘e‘”—zdx = a\/7—t—

-0

- 000 O 000 -
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