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JIK 317 — KIMIA KUANTUM DAN TEORI KUMPULAN

Masa : 3 jam

Sila pastikan bahawa kertas peperiksaan ini mengandungi EMPAT BELAS muka surat

yang bercetak sebelum anda memulakan peperiksaan ini.
Jawab LIMA soalan.

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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(a) Jelaskan konsep kuantum. Perincikan kelemahan mekanik klasik dalam
menjelaskan dapatan daripada ujikaji-ujikaji tertentu. Bagaimana konsep
kuantum dapat mengatasinya?

(6 markah)

(b) Jelaskan konsep kedualan zarah gelombang. Jelaskan bagaimana konsep ini
dapat menjelaskan kesan fotoelektrik.

(6 markah)
(c¢) Dengan mempertimbangkan persamaan gelombang

5"
2

GZW(Xst) sz
P e t
dX2 c atZ (X, )

Untuk tangsi panjang L yang diikatkan pada satu hujung yang digetarkan sehingga
menghasilkan gelombang pegun, buktikan bahawa persamaan Schrodinger satu
dimensi ialah

&Y, 22 (5-u) y=0
(8 markah)
(a) Nyatakan dengan ringkas postulat-postulat mekanik kuantum.
(10 markah)
(b) Jika A=x, B= fx— dan C= 3, tunjukkan bahawa
@ (A+B)+C=A+(B+C)
(i) AB = BA
(iii) (AB)C = A (1‘36:)
(4 markah)
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Jelaskan sebutan-sebutan berikut

(i) ketumpatan kebarangkalian

(1) operator

(iii) kehermitian sesuatu operator

(iv) keortogonalan fungsi gelombang
(v) keortonormalan fungsi gelombang
(vi) nilai jangkaan

(6 markah)

Untuk satu sistem yang terdiri daripada satu zarah dalam kotak 1 — dimensi,
persamaan Schrodinger yang berkaitan ialah

2
2 J + k*y(x)=0  dimana k* =

ax2

2mE
h2

Dengan menggunakan syarat pernormalan yang sesuai, tunjukkan bahawa
penyelesaiannya ialah

v, (x)= £ n T dimana T falalkelebarsn kotak.
i { L

Tunjukkan juga bahawa tenaga zarah ini terkuantum mengikut persamaan
di bawah.

n’m?h?
" T oml?

(16 markah)

Lakarkan kebarangkalian untuk mendapatkan zarah ini untuk beberapa nilai
kuantum yang rendah.

(4 markah)
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4. Takrifkan unsur simetri dan operasi simetri. Dengan menggunakan gambar rajah
di bawah, kenalpasti unsur simetri yang wujud dalam struktur molekul tersebut :

Cl
P el
en C en
/ © \
Cl

(20 markah)

5. Dengan merujuk kepada jadual karakter berkaitan, dapatkan satu perwakilan
terturunkan untuk struktur CH,. Seterusnya turunkan perwakilan terturunkan
berkenaan. Tunjukkan semua langkah anda.

(20 markah)

6. (a) Dengan menunjukkan langkah, dapatkan orbital yang sesuai bagi pengikatan
7 (P1) “luar satah” untuk BCls.

(b) Dapatkan bilangan getaran perenggangan B-H hujung yang aktif dalam
spektrum Raman untuk diborana B,Hg yang mempunyai kumpulan fungsi D>h.

(20 markah)
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Character Tables’

G, | E 2C, 3o, |

Aol 1 1| 2z

A 103 P el R

E 2 =1 0 =) R, R)

@ires 8
A 1-

C, E G, |

A’ 1 1 xR, 22 Axy

A S0 =L R R v
:C, E i |

A, 1 1 RyR,R, | %y, 2 5322 y2
A . =1 X, Y2

2oL

AND C,, GROUPS

The C, groups

C2 B 3 Cz [ I
A 1 1 | R, o2 2
£ A i Ly RaR 1y xe
e o s o |
A 1 1 1 4R, a2+ 2
1 € e*
2 { ] e I } @ (R, R) (=Y, xy), vz, xz)
g = c2ni3 k

t= V=T, &' = e with —i substituted for i.
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G | £ C, e, ci . '
A 1 1 1 1 2y Rl x2 + )'2. ZZ
B | -1 1 - =8
1 i ~1 st
. { : ' } xRy R) | (2 x2)
1 =i ~1 {
G | B & gf pgEe el l
A 1 1 1 1 1 7, R, 4y 2
o 1 € g2 £2° ¢ A
S { 1 £ g2 2 ¢ } &y (R R) vz, xz)
1 g2 £? ¢ £2*
E. { } 232
’ 1 g2 € g g2 (& =y )
£ = E(Zm)/j
Cs E (o C, C, c? c3
A 1 1 1 1 1 1 | aR, 24
B 1 =1 1 =1 1 -1
) & =g/ =11 s=e E 1)
E { } '
1 1 € - =1 — k ®, R,) 0z, xz)
1 —-€° —€ 1 —g* e
5 | ] e
i 1 =g —=g" 1 —g —* (x Y4 xy)
£ = g(r3
G | Ew | G Chis @are o] @8 hay
A 1 1 Tid 1 1 1 1 Zi Ry X4y 2
E : e e BT e e2t et )
1 1 g €2 £3° &3 g2 e (R,a Ry) (yz, x2)
1 g2 g3 e ¢ &3 e
5 | ) -
2 1 £2° €3 € ¢ e e % = y% xy)
L { 1 e g g2 e € Es-}
3 s : g y
1 G2 € g2 g? € g3
g = el
Cq E G C, (6 ¢3 G2 foF cl
A 1 1 1 1 R 1 £k, ey
B 1 —1 1 | 1 < 1 9 U
E, { 1 | [ i =g it 3 } (%), bz %2
1 € (A -1 1 =& e €. (R,e Ry)
: { il 1 =1 =i i =i
e ] A
ey b g ST e (2 = ¥ 29)
E, { 1 _e' i ~1 —i ¢ e i }
1 =g —q -1 i £ . gt
g = elri
The C,, groups
Gy | E G5 o, (xz) o'(y) | |
A 1 1 1 ] 2 2,7
“ : : B il Rz Xy
Bl ; 1 =] 1 -1 2, Ry )?Z:
Bz l _1 "‘] l ¥, R’r vz

/-



[Lampiran JIK 317]

G, | E 2C, 3o, |
A 1 1 e Pt
A, f i 1 -1 1 R
E i3 -1 0 | (x 3. (R, R) & = ¥ ), (xz yg)
€ | B 20, & 2, 20, | |
A, 1 1 1 1 1 ] : R4
A, 1 1 e Tt B A 4
B, 1 -1 1 1 -l -y
B, ! -1 -l I Xy
E 2 0 =3 0 0 (x5 ) (R, R’) (xz yz)
Cot| B 2c, 2¢? s, | |
A 1 1 1 1 z 24yt g2
A, 1 1 1 = 1
E, 2 2 cos 72° 2 cos 144° 0 (x, 9, (R, R) (xz, y2)
L, 2 2 cos 144° 2 cos 72° -y, xy)
Co | E 26, 2¢, ¢ 30, 3o
A, 1 1 1 1 1 1 z X2+ 32 g2
A, 1 1 1 S R S
B, 1 -1 1 -1 1 -1
B, 1 -1 1 -1 -1 1
L, 2 1 -1 -2 0 0| GMRLR) | (g y2)
E, 2 —1 = 2 0 0 (2 -2, xy)
The C,, groups
Cow | E (65 i O, | |
A, 1 1 1 1 R, Xy 2 xy
B, 1 ! 1 = R R, Xz, yz
A, 1 1 =il =1 z
B, 1 =] =i 1 X,y
Co | E G 08 o A i
Al 1 1 1 1 1 1 R, x4yt g2
1 € €’ 1 € e’
E { } , 5
1 3 € 1 e € w2 &=\ )
A" 1 1 1 = =1 —] z
1 € g =] —€ —¢
5" { } RR
: e s -1 i " (R R) (xz, yz2)
= e(Zni)B
Gl B 1 5y e, - o i R
Aectet 1 1 ! 1 1 1 o gt 2
B& ’ it “1 ] =] 1 =1 1 -1 .‘.’2—-_)’2,)’}1_
1 i -1 =} 1 I =1 -i
E { }
: RS i RN S Y bz
A, 1 1 1 R SN RS
B, 1 -1 1 =1 =1 1 -1
1 i =] i =] =i 1 i
% | }
Y (L Mg ST £ i 1 i j| @2
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Cor W BB - s g g BT EnEl iy 5 51 §3 5201
A’ 1 1 1 1 1 1 1 1 1 ] R, xi 4y, 22
1 € gt e e 1 3 €? g €
£ { ] X,
! 1 e g’ £l € 1 g’ e g? 3 i
1 gl e’ 3 g 1 ¢? g 13 s"] 5
x? -y,
& { 1 -e? € g €2 1 e € e’ g? =y x)
A" 1 1 1 1 1 =i = -1 =1 =1 b4
1 € gt £k g = = =& e —¢! }
Ey R.R z, ¥z
= { 1 € X g2 € -1 —g* e —g? = (R.R) (xz y2)
, { 1 g? e’ 3 g2’ ~1 —¢? -¢' -t —ef'}
E? . . . .
1 g? € € €2 =1 —g2 —-£ —£ —g?
£ = p2niVs
o | E G ah clalF b c: i §3 83 o o S, S5
iy 1 1 1 1 1 1 ! 1 1 1 1 1 R Xt g 22
E‘ { =1, 1 -1 1 = I A 1 | 1 e |
1 -t -1 —€ e 1 € —g' ~1 -£ e }
E R, R Xz, ¥z
1 {1 e = - L% . | e En - e . o R) (xz, yz)
1 —g -t 1 —-€ —-€ ) =g ~& 1 -’ —€ } 2
k. (2 -y,
% { 1 —€ —¢ 1 —€ —g' 1 —£ -’ 1 —-€ —g' =2l
A, 1 1 1 1 1 1 Lt ~-1 -4 ~] - — Z
B, 1 -] 1 o] 1 -1 -1 1 =] 1 | 1
1 € —¢' -1 —€ e -1 —€ e 1 € =g }
E (xy)
e { 1 g —€ -1 ~€ € -1 —¢ € 1 g’ - y
E { 1 -’ —¢ 1 -£ —£ =1 € € =1 e K3 }
2 1 —€ —g' 1 —€ —e -1 € I -1 € g
¢ = glx3
3. D, D, AND D, GROUPS
The D, groups
D, | E Cy(z) Cyy) Cx) | |
A 1 1 1 1 29,2
B, 1 1 -1 =l LR, fxy
B, 1 —i 1 =1 ¥, R’v Xz
B, |1 -1 -1 1 |{xR |»x
D, | E 26, 3 | |
A 1 1 1 x4y 2
Ay 1 1 =1 LR,
E 2 =1 0 x y) (Rx Ry) (Iz — )’2, I)’). (xz, ¥2)
D, | E 2¢, c(=ch 20 2cy | |
A, 1 1 ] 1 1 X2k y 22
A, | 1 1 -1 -1 | 2R,
B, "t A1 1 1 -1 xRy
B, 1 =3 ] —1 1 xy
E 2 Y =2 0 0 Gy R R) | (52 y2)
D, | E 26, - 2C? 5¢, | l
A 1 1 1 1 x2bao? 2
A, 1 1 1 -1 | %R, 2L
I 2 2cos 72° 2 cos 144° 0 ® ), (RuR) (2, y2)
E; 2 2 cos 144° 2.cos 72° (7~ y% xy)
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Dy E 26 2C; C; 3C, 3C, |

A, 1 1 1 1 i 1 o 2 22
A, 1 1 1 1 =] — Z R,

B, 1 =1 1 =1 1 =1

B, 1 -1 1 -1 =] 1

E, 2 1 =1 =2 0 0 xR, R) (xz, y2)

E, 2 —i -1 2 0 0 (x? = ¥, xy)

The D, groups

Ty

D, | E 25, c, 26 20, | |
A, 1 1 1 1 1 2+ 72
A, 1 1 1 ~1 =1 | &
B, 1 -1 1 1 -1 22—y
B, 1 -1 1 ~1 1|z xy
E 2 0 -2 0 0 1 ) R,R) | (xz,52)
Dy, | E 2c, 3G i 25, 30,
A,‘ 1 1 1 1 il 1 X2+ 72
Ay 1 1 -1 1 1 -1 :
E, 2 -1 0 2 -1 0| R.R) | O2-¥ xy) (xz,y2)
A, 1 1 1 -1 -1 -
A, | 1 1 -1 -1 -1 1| 2z
E, 2 -1 0 -2 1 0l (y
D, | E 285 2c, @ 2§} C, 4C; Ao,
A, 1 1 1 I 1 1 1 X2+
A, 1 1 1 1 1 -1 -1 | R,
B, 1 -1 1 -1 1 1 -1
B, 1 -1 1 -1 1 ~1 1| z
E, A V) 0 V2 -2 0 0| uy
E, 2 0 -2 0 2 0 0 (x2 -y xy)
E | 2 -V2 I R 0 0 I ®@.R) | (20
D, | E 2¢, 2C 56, i 253, 25,5 Sa,
A 1 1 1 1 1 1 1 1 242
Ay | 1 1 1 -1 1 19 1 =N
E‘g 2 2 cos 72° 2 cos 144° 0 2 2 cos 72° 2 cos 144° 0 (R, Ry) (xz, y2)
E, | 2 2cosldd>  2cos72° 0 2 2cos144°  2cos72° 0 (x? - ¥4, xy)
Ay |1 1 1 1 -1 -1 ~1 -1
An |1 1 1 -1~ -1 -1 -1 1] 2z
B 2 2 cos 72° 2 cos 144° 0 -2 =2 008/72° —2 cos 144° 0 (x,y)
w |2 2cos144°  2cos72° 0. =2 —2cosl4d®  —2cos72° 0
By | 'E -28, "%, 25, G 283, ¢, 6C; 6,
A 1 ] 1 1 1 1 1 15 1 x?+ 2
A, 1 1 1 1 1 1 | -1 =1 | &
B, 1 -1 17 -1 1 o | 1 -1
B, 1 -1 1 -1 1 -1 I -1 1] 2z ;
E |2 V3 1 0o -1 =V 4 0 0 | ) g
I, 2 1 -1 -2 -l 1 2 0 0 (2= ¥4 )
kE, 2 0 -2 TR 0 -2 0 0
E, 2 -1 -] 2 -1 —1 . ¢ -2 0 0 .
E, | 2 =3 1 0 -1 Ve - 0 0 | ®,R) | (22
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.
The D, groups
D,, E C,(2) G,0) () i o(®  olx) o(yz)
A, 1 1 1 1 1 1 1 1 X2y, 2
B, | 1 1 -1 -1 1 1 -1 -1 | R | xy
B,, 1 =] 1 =] 1 =1 1 =] R, xz
By, 1 =1 =l 1 1 =1 -1 1 R, yZ
A, 1 1 1 1 -1 -1 -1 -1
B, |1 i -1 -1 -1 -1 1 1
B, | 1 -1 1 -1 -1 1 -1 1|y
B, | 1 -1 -1 1 =1 ! 1 -1 | x
Dy, | E 26, 3 o, 25 30,
Al 1 1 | 1 1 1 2+ 2
AL 1 1 -1 1 1 -1 | R
E 2 =1 0 2 71 0 | (xy (2 =¥, xy)
o 1 1 1 -1 -1 -1
Ay 1 1 -1 -1 -1 1| ¢
E" 2 -1 0o -2 1 01 ®,R) | (zyd)
D, | & 26 g zc; 26y i 25, ©, 20, 20,
A, |1 1 1 =i 1 1 1 1 1 1 X4y 7
Ay, 1 1 1 -1 -1 1 1 1 -1 -1 | R
B, 1 =1 1 1 =] 1 =] 1 1 =1 x2—y?
B,, 1 -1 B 1 1 -1 1 -1 1 xy
E, 2 0 -2 0 0 2 0 -2 0 0 | RuR) | (zy2)
A, |1 1 1 1 1 -1 =1, -1 -1 - |
Ay, |1 1 1 - =1 =1 =1 -1 - 1 1] 2
B, | 1 -1 1 1 -1 -1 1 -1 -1 1
B, | 1 -1 1 -1 1 -1 1 -1 1 -l
E, 2 0o -2 0 0 -2 0 2 0 01 @y
D, | 2 2C, 2C? 5S¢ @ 28, 283 50,
Al 1 1 1 1 i 1 1 1 22+ y? 2
A 1 1 1 =1 1 1 1 -1 | R,
b 2 2co0s72° 2 cos 144° 0 2 2cos72° 2 cos 144° 0| @y
E} 2 2 cos 144° 2 cos 72° 0 2 2cos 144° 2 cos 72° 0 (x = y2, xy)
AT 1 1 ] 1 -1 =1 -1 -1
A 1 1 1 -1 -1 - -1 1.l
o 2 2cos72° 2 cos 144° 0 =2  —2cos72°  —2tos 144° 0 | RuR) | Gzyd)’
I 2 2 cos 144° 2:c0872° 0 =2 --2cos 144°  —2cos 72° 0

2
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(2 — ¥2, xy)

(xz, yz)
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C., E 2C¢ e,
AT I 1 1 z P
ASE- 1 1 LR
E=I 2 2cos 0 & . (R, R) (xz, y2)
E=A 2 205 20 0 (= ¥, xy)
E= 2 2 cos 3¢ 0
E 2C8 g, i 254
1 1 1 1 1 2+ 32 22
1 1 -1 1 1 R,
2 2cos ¢ 0 "2 —2cos (R, Ry) (xz, y2)
2 2 cos 2¢ 0 2 2 cos 2¢ (2 = y% xy)
1 1 1 = ~] z
1 1 2] = 1 =]
2 2cos ¢ 0 =2 2 cos ¢ & ¥
2 2cos 2¢ 0 =2 —2cos 2¢
5. S,, GROUPS
S, E G, §3 | ! )
A 1 1 1 R, 2492 22
B 1 1 =1 z 2=y xy
-1 -
g |, 5 o ener) | e
Ss E C% i Sg Se
A‘ 1 1 1 1 1 1 R, 2 +y? 2
L 1 £ €' 1. € e (¥ = y% xy),
L
& { 1 € € 1 e’ € } ®, k)
A, 1 1 1 -1 -1 -1z
1 3 g -1 —-£ —g"
no | )
! 1 3 € -1 - -t ®3)
£ = gni3 -
so-ll B A Gh, ~8§8' . "6 - 8
1 1 1 1 Iy R, Fbp gt
B ] ] 1 -1 1 =1 1 =] z ’
P { 1 i - ',] =g —i x, y),
il e T T i (R, R)
] -1 =] 1 i -1
L. [ x2 - y?, x;
2l —i -1 i 1 - -1 bt
L, { 1 > —:. e. -1 € i Gnvs
1 —& i [ =] 13 =i
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6. TETRAHEDRAL, OCTAHEDRAL, AND
ICOSAHEDRAL GROUPS

T | E4c,  4ci 3¢, | |

A 1o I ! | 2+yptz

E { 1 £ e’ 1 } (2e? —it—

1 3 £ 1 2=y

r- 1 3 0 0 ~-1 (R, R, R (% ¥ 2) (xy, xz, ¥2)

g = e(Zm}’)

7, E 8C, 3C; 6S, 6a,

A, 1 1 I 1 1 X4yt g2

A, 1 1 I

L 2 =1 2 - 0 0 (222 = x? — y2,

Xt =yl

T, 2 0 -1 ! -1 | ®R,R;R)

T, 3 0 = -1 1 &2 (xy, xz, yz)
T, o 4C, 4C? 3G, i 45, 45 30, i
Ag 1 1 1 1 1 1 1 1 X2+ yl+ 22
A, 1 1 1 S e S -1 .
5 { 1 € e’ 1 1 £ g’ 1 } (222 —x2 — y2,

£ 1 e 3 1 1 g € 1 x2 =y
E, { 1 € e 1 =1 —€ =g =1 }
1 e’ € 1 —1 ~e —€ =1

Tg l 3 0 0 ~1 3 0 - 0 =] (R, R), R) (xy, xz, y2)
T, 3 - 0 0 =t =3 0 0 1 x5 2)
g = e(Zm’)B

0 E 6C, 3C,(=C) 8C, 6C,

A, 1 1 1 1 1 &2 ko 22

A 1 -1 1 1 -1

E 2 0 - 2 =1 0 (222 = x2 =yl

' x2 — )’2)
T 3 1 =1 0 =1 Ry R, R), (%, %, 2)
7, -1 -1 0 1 (xy, x2, yz)
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o, 8C, 6C,  6C, 3C(=C} i 65, 8, 30, 6a,
A, 1 1 1 1 1 1 1 1 1 RN
A?‘g 1 ~1 —1 1 1 =1 1 1 =1
E, 2 -1 0 0 2 2 0 . -1 2 0 Q2 —xt -y,
xh =)
T, | 3 0 -1 1 -1 3 1 0 -1 -1 | (R,R,R)
th 3 0 1 =] =1 3 —1 0 =1 1 (xy, xz. yz)
A, | 1 1 1 1 1 ~ -1 -1 -1
A, |1 1 -1 -1 1 -1 1 -l -1 1
E, 2 -1 0 0 2 -2 0 1 -2 0
T, | 3 0 -1 1 -1 -3 -1 0 1 1| oy
oS O 0 1 = =1 ~3 1 0 1 -1
I E 12¢, 12C? 20¢;, 156, | | ‘
A 1 1 1 1 1 . ; & Segh o
T, 3 la+Vsy  la-Vs) 0 -1 | (x»2.(R.R,R)
T, 3 la-vs5  la+Vs) 0 -1 ' ‘
G 4 -1 -1 1 0
H 5 0 0 =l 1 (o, xz, yz, x2 — y2, 222 — x2 — y?)
1, E 12, 12C? 20C,  15C, i 125, 1253, 205, 150
A, 1. 1 1 1 1 1 1 1 1 1 Xty 2
T, | 3 la+Vs  la-Vs) 0 -1 3 la-Vs) 11 +Vs) 0 -1 | (R,R,R)
T, | 3 la-Vs  la+Vs) g ey 3 1a+V5s) la -Vs) 0 =
G, 4 -1 -1 1 0 4 -1 -1 B 0
H, 5 0 0 =1 1 5 0 =1 1 (222 — X — %,
X2 —y2
; XY, Xz yz)
A, 1 1 1 1 1 -1 -1 -1 -1 -1
T, | 3 la+V5 g -V 0 -1 =3 =la-V5  -la+V5) 0 1 | Gy
T, | 3 la-vs g +Vs) 0 -1 =3 —a+Vs g -V5) 0 I
G, 4 -1 -1 1 0 -4 1 1 -1 0
H | s 0 0 -1 1 =5 0 0 1 -1
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