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QUESTIO W ONE (COMPULSORY) [40 Marks]

(a) Dra o the sha;pes of the following species and state the number of electron lone
(Sém: FeFy (i)  BHy (i)  NES [6]

{b) Listall the symmetry ciements of the following molecules:
(1y - CIF;
(i)  Ha CHs

N
H/ \\ H

(assume CHj is spherical)

© [6]

{c) " lassity the following species into their point groups:
{i) Cyclopropane
i) tramns-NoFs

iy COy [9]
: (i) Set up the matrices.which will perform the following transformations:
M (x) )
to
e )” - ‘ _}‘ -
2 %] -y
y to X
z -z 4]

(iiy  Which of the following molecules or ions contain
(D) a Cs axis but no oy plane
(2) a Cs axis and a oy, plane: :
NHs; SO3; PBrs; AICly; [SO4)*: [NOsT [6]

(e} With the help of group theory methods determine the number of IR and Raman
peaks expected for SiF,. [9]

]




QUESTION TWO [30 Marks]

(a)

(b)

(©)

(i) By substituting H’s with CI’s in CHy you obtain CH3Cl, CHzCly, CHCls
and CCly. Give the point groups of these four substituted molecules. [8]
(i)  How many planes of symmetry do the following molecules possess?
(1) F.C=0 (2) CIFC=0 121

The structure of tetrafluorooxorthenium(VI), ReOF, (Cs symmetry), can be
diagrammed as below. Use the accompanying Cyy, character table to carry out the
following tasks. Let the basis set for internal bond displacement coordinates be
Iy, Iy, I3, Ta, s with r( being assigned to the Re=0 bond.

Using internal coordinates, determine the total reducible representation for
Re-F ligand stretching modes and decompose it into irreducible
representations. 5}

(i) Determine allowed IR and Raman bands for the molecule. [5]

With an example distinguish between
)] a symmetry element and a symmetry operation. [5]
(i)  symmetry operations of the class and equivalent symmetry elements. {5]

QUESTION THREE [30 Marks]

(2)

(b)

(c)

Using group:theory methods determine the hybrid orbital schemes on the central
atom in [NbFs] (square pyramid) and select the most suitable orbital set for
bonding. Use Nb-F bonds as a basis. [10]

For the following octahedral-based compounds, where M is a central atom, A and
B are distinct monodentate ligands and (A”A) is a chelating bidentate ligand,
name the point group to which each of the following species belong.

(i) M(A"A)B4 (ii) trans-MA;Bg (iit) cis-MA;B4 19]

(D) Reduce the following representation (4]
Td | E 8C, 3C, 6S; Goy
| 4 1 0 0 2

(i)  Sketch a qualitative molecular orbital energy level diagram for H,O
molecule using group theory methods. 7]
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QUESTION FOUR [30 Marks]

(a)

(b)

(©)

(M)

(i)

(®)

(i)

(i)
(if)

Deduce which symmetry elements are lost on going from

(1} . BF;to BCIF,

(2)  BCIF; to BBeCIF

(3) Which symmetry element (apart from E) is common to all thice
molecules above? [6]

Set up the multiplication table for the operations of the molecule trans-

but-2-ene. Apply the top operation then the side operation. {4]
' H\ / CHj E C, o i
C=C
Hg,C'/ \H Cs
G

The diagram below shows the location of the symmetry elements in XeF,.
~_
Xe

P

S4- C4, C2

State the single symmetry operation of Xel‘s which has the same effect as:
(1) 84 @) s, 3) ¢’ @ Cy (5) o [5]
For the following basis find the character representation. [5]

B

B+—A—B Square planar

B
Find the atomic orbitals on the central atom for bonding with the ligands
in [FeCla] (tetrahedral). (5]
Hence construct a qualitative molecular orbital energy level diagram for o-
bonding. , f5]
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FLOW CHART FOR CLASSIFICATION OF PCINT GROUPS.

Molecule -

‘Special Groups’

No Yes
Principal Axis
i Multiple Only Sp, .
o inear 5., S, S
C ooy Higher Order
D ooy ~ Axes Ty, Oy etc.
No Yas
nCy's v to
C, (at90%) 7
No Yes
6,7
Yes Gy?”
No Yes -

Na

Yes

Note: Cee,: Anti-symmetrical molecuies e.g. HCN
Deoy: Symmetrical molecules e.g. CO»
C.: No C,orS, NooandNoi.
C.: No C, o1 S, but has 0.
Ci: No C, or §,, No o hut has i.




CONTRIBUTIONS BY VARIOUS SYMMETRY
OPERATIONS ON UNSHIFTED ATOMTO THE

CHARACTER
E [e) i Cn Sn
3 1 -3 2Co0s0 + 1 2Co0s0 — 1
Cz C3 C4 CS Cﬁ
-1 0 1 1.618 2
Ss S4 Ss Se Ss
-2 ~1 -(.382 0 0.414

TRAN SFORMATION OF SPECTROSCOPIC TERMS

INTO MULLIKEN SYMBOLS
Term Oh Td
S A, A,
P Tlsz T
D E.+ To E+T,
F Age + Tip + Ty A+ T+ T,
G Aty + By + Tip + Tag AMA+E+T + T,




PERIODIC TABLE OF ELEMENTS

GROUPS
1 2 3 4 5 6 7 8 | 9 [ 10 11 12 13 14 i5 16 17 18
PERIODS | 1A IA | mB | IvB | VB | ViB | ViB VIIB B 0B | WA [ IVA | VA | VIA | VOA | VA
1.008 4.003
1 H He
1 . . 2
6.941 8.012 Atomic mass -f0.811 | 12,011 | 14.007 | 15999 | 18.998 | 20.180
2 Li Be Symboel ;HWW C N O ¥ Ne
3 4 AtomicNo. 5 6 7 8 5 10
22.990 | 24.305 26.982 | 28,086 | 30.974 | 32.06 | 35453 | 39.948
3 Na | Mg TRANSITION ELEMENTS Al ¢ Si P S Cl | Ar
11 12 . 13 14 15 16 17 18
39098 | 40.078 | 44.956 | 47.88 | 50.942 | 51.995 | 54.938 | 55.847 | 58.933 | 58.69 | 63.546 | 65.39 | 69.723 | 72.61 | 74.922 | 78.94 | 79.904 | 83.80
4 K Ca Se Ti A" Cr Mn Fe Co | Ni Cu Zn Ga Ge As Se Br Kr
1 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 33 36
85.468 | 8762 | 88906 | 91.224 | 92.506 | 95.94 | 98.907 | 101.07 | 102.91 | 106.42 | 167.87 | 112,41 | 114,82 | 11871 | 121.75 | 127.60 | 126.90 | 131.29
5 Rb Sr 'Y Zr Nb | Mo | Te | Ru | Rk | Pd | Ag | Cd In Sn | Sb Te I Xe,.
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 34
132.91 | 137.33 | 13891 | 178.49 | 180.95 | 183.85 | 186.21 | 190.2 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) | (210) {222
6 Cs Ba *La Hf Ta W Re Os ir Pt Au Hg Tl Pb Bi Po At Ro
55 56 57 72 73 74 75 76 77 78 79 &0 81 82 83 84 85 36
223 [ 22603 | (227) | (261) | (262) | (263) | (262) | (263) | (286) | (267) .
~ Fr Ra | *Ac Rf | Ha | Unk | Uns | Uno | Une | Uun
87 838 89 104 185 166 107 108 109 110
140112 | 140.91 | 144.24 | (145) 150.36 ¢ 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
*Lanthanide Series Ce -} Pr Nd~ " Pm | Sm Lu Gd Th Dy Ho | Er | Tm | Yb Lu
. 58, 59 60 61 62 63 64 653 - 66 &7 68 69 70 71
#% A ctinide Series 232.04 | 231.04 1 238.03 | 237.05 | (244) | (243) | (247) | @4D) | @51) | (252) | @51 | (@38) | 259) | (260
Th Pa 8) Np Pu Am | Cm Bk Cr Es Fm | Md | No Lr
%0 91 92 93 94 95 96 87 98 99 100 101 102 103

() indicates the mass number of the isotope with the longest half-life.




- Characﬁie: Tables oz Chemically-

Iimportant Symmetry Groups

1. The Nonaxial- Groups
c, | B

e [

Jxl 1

g, |E o ' oo B

,__,_d___ﬁ_f__'—ﬁ_ﬂ_ﬁ___-———,__ﬂ__ﬂ_- ' S

Al 1.1z, B PR TR
2%, Ty

ATl ~1 1.7 R:_r,.RU, yz, 12 Ay L1 ~1 1z e

2 The ', Groups

c, | E (a
MMMMM——M—
A 1 T ‘2, IL: <2,y 2 B

| B 1 —1 W B R‘U Yz, L2

Cy E Cy C& \ ¢ = BXD (2wi/3)

T

———e———

2+t e

4 1101 2, R ]
; f1 e e*] § " . _
g1 ] e (@ — ¢ ) )

A 1 1 1 1 z, It 2yt et
5 1 -1 1 =1 " Bt — Yt Ay

e\ -1 i R (g5, 27)




'f‘he €, Groups (coniinuéci)

¢ | B G Cit O Cg | ¢ = exp (2m1/5)
4111 1 1 1 |4k ] g
R S I A S LD
NSRS i

Cs E Ca Cy €2 C9F ' C;S £ = e:.<p (27r1'Z6)
A 1 1 1 i 1 1 -z, R, o+ P 2t

B 1. —1 1 —1 1 -1

k] —e et

gl L0 T T @ e
A R ARt B S
._CI? B ¢ PO 0;4 ¢ Chf o € = exp (Bvri/;i)
A 11 lq 101 1,, 1 z, B, xz—-!—yi’,z2

R R S L TR T

A A R Rt
NIRRT
o |E G O G OF G G G ¢ = exp (2mi/8)
A 1 111 1 1 1 z, B, ot + gy 2
B 1 - 1' __l _;]. :144 ":‘:l -—1* -

i H v i ; _—2 I } '(ﬁijjzz;f)~ (=2, v2)
R T RIS R R
. — - o * L !

b Jli e mi Tl e

N



N

3. The D, Groups

Dg A Gg(z) Cg(y) Cg(.L)
411 111 2 4 2
B 1 1 =1 -1 z, K, Ty
By 1 =1 1 =1 i, By 22
B 1T =1 —1 1 z, K. Yz
Dy | B 2Cy 3Ch
x"il B 1 1 1 a” -4 y?', 7
Ay | 1 1 =1 | zR, | ,
B 9 —1 0 | (mo)BRy Ry | (&% — % op)(zz, y2)
Dy B 2C, Ci=Cy¢) 204 207
Ay |11 1 | _ 2?42, 27
B 7 I —1 1 1 =1 Tt — y2
Ba | 1 1 1 -1 1 o
b 2 0 -3 6 0 (z, Y)(Ex Ry) | (52, y2)
Dy | B 20s 20 50 |
Ay 1 1 1 a2t + yf 2%
—A-Z .L R - 1 "_'1 Z, R;
o 2 2cos72°  2cosldd® O (z, 1) (B, Ky) {xz, y2)
E, 9 2cosi44° 2cosT2° 0 (z* — y*, zy)
Ds | E 205 204 C. 3Cy 3Cy
A1 11 1 11 22 o g, 22
Ag 1 1 1 1 '“*'1 -1 Z, Rz
b5y 1. -1 1 -1 I =1
B 1 -1 1 -1 =1 1
Fi 2 =1 -2 0 0 (z, Y)(Bz, By) (zz, yz)-
Bs | 2 —1 —1 2 0 0] (@ -y zy)




. 4. The C\, Groups

Cav B Oy ay(zz) ol(yz)

ALl 1 11 1 . 2 ¢, 2

Ay I 1 -1 —1 R Ty

B }o—1 1 —1 T, By | 2z

B, | 1 -1 -1 i g R, | vz

C{S’o E 203 30‘,_, f

A 1 I, 1 z B ST

As 1 1 -1 R

E —1 0 | B, R) | G- v ey e

Civ B o0, O, Z2o, Zog

Al 1 1 1 1 1 z zt 4y 2

Ag 11 1 -1 =1 It .

By 1 =1 1 =1 Lzt —

B, |1 -1 1 =1 1 zy

E 27 0 =2 0 0| @muBsE) | ()

Csu E 205 2052 . 50—1:'

Ay 1 1 i 1 z a? 4yt 2t
d, 111 —1 R,

Ey 2 Zcos72° 2 cos 144° 0 (z, 1) Re Iy (zz, y7)

Ey 9 2cosl144® 2cosT2° 0 (z* ~— %, zy)
Co ooy 2C; Ch 3oy 3Bau

Ay 1 I 1 Il 1 z 2t 4yt 2t
A 1 1 1 1 -1 -1 I,

B, |1 -1 1 -1 1 -1

B 1 -1 1 ~1 — 1 4 ,

El 2 I -1 -2 0 0 (I: ?f)(RIr Ru) (le yZ)

Ea 9 1 -1 2 0 0 (% = ¥*, zy)




5. The Cas Groups
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6. The Dy Groups
Daj E - Cez) Caly)  Calw) i alzyy e eluz)
Ag b] 1 I 1 1 1 1 1 x5, g% 2t ;
B“ 1 1 -1 -1 i 1 —‘1 -1 R: . zy
B 1 ~1 1 ol 1 ~1 1 -1 Ry z=
By I —1 -1 1 1 -] -1 1 R vz
Ay 1 1 1 i -] ~1 -1 —1 !
W 1 1 —~1 =1 -1 -1 i 1 z
By, 1 ~1 1 —~1 -1 H —1 A ¥
By 1 ~1 -1 1 -1 -1 . 1 -1 =
Dan E 2C; 3C1 wop 283y 3oy
A 1 1 1 1 1 1 ot 4oyt gt
Ay 1 -1 1 1 -1 | R
Bl 2 -1 0 2 - o | & {22~ p? 2y
A 11 11 =1 -1 =1
Ay 1 -1 -1 =1 2 .
Foald 7 -1 0 —2 1 G (B 1t} (zz, yz)
D E 20y Cg 20, 20,0 £ 28 ep 20y 20y .-
Axg 1 1 1 1 I 1 1 z? 4y 2t
Aag 11 1 -1 - 1 1 1 =1 =1 R )
By e A I -1 1 1 —i [ 2zt —yt
By 1 -1 1 =1 1 1 -1 1 =1 1 zy
E 2 0 -2 0 2 o -2 0.0 (Bz Byl (xz, yz)
Aw |1 1 1 1- 1 —~1 =1 -1 —1 =1
Ay I 1 1 =1 ~1 ~1 —1 =1 2z
B 1 —1 1 -1 =1 1 —1 —1 .
By 17 =1 I —1 1 -1 I -1 1 -1
Fy 2 g —2 0 0 -2z 0 -2 0 G {z, )
Dy E 2Cs 20 HCy wp 25; 28;¢ Soy
A4 |1 1 1 11 1 i 1. : et 4 y¥ 2t
AL (1 1 1 -1 1 1 1 ~1i R,
¥ 2 200872% Zcoaldd® 0 2 Zoos72° '2eoaldd® 0 (= ¥) . .
2 2 2 coaldd4® 2 pos 72° 0 2 2coslid44° Z2con¥gc 0 (22 — p 1) \
AV 1 1 1 —1 ~1 —1 -1 !
A 1 -1 -1 =1 -1 1| e
Bl 2 200a72° Zeosi4d® 0 =2 —2c0372% —2cosldd® 0| (Be Ry | (22, 42)
E) 9 2c03144% 2 cos 72° 0 —2 —2cos144° — % pas72° 0
Dep | E 206 202 Cf 3C; 3C;° 1 28; 2S5 on. 3¢ Bex
Ay 11 1 1 1 1 11 S . L z? Loyl gt
Auy 1 ¢+ 1 I -1 -1 1 1 i 1 —1 -1 B,
Ry 1 - I -1 1 —I- 1 =1 1 ~1 1 —1
By i -1 1 ~1 =1 1. 1 =1 1 =L =1. 1
E1, 2 1 —-1 —2 0 0 ¢ 1 ~1 =2 0 (Re, ByY | a2z y2)
Eg 2 -1 -1 2 0 0 2 -1 -1 2 4@ 0 ‘ (2% — 2 2
Aty 1.1 1 1 1 1 ~1 -} —~1 —1 —1 —1
Ao 1 1 1 1 =1 =1 =1 —1 —1 -} 1 .1 z
Bl 1 —1 1 -1 1 =1 -1 I -1 I —1 1
Bay 1 -2 1'=-1 -1 1 ~1 1 —1 1 1 —
Eix 2 1 -1 =2 0. 0 -2 —i 1 3 ¢ 0O (=, 1)
2 —-1 —1 2 0 0 -2 1 1 -2 0 90




7. The Dyq Groups

S

Ding | o 20y 2dd
e e
P01 tu ot PSS b

.-l-g i 1 i —1 - fi- :

By Pt 1 1 —1 22 —y"

Ba I =L 1 —i 1 z xi

E 2 n =2 n {z, 1) (z2, y7)

(Re By)

Dad *| Boacy 3Ce 1 38 Jeod .

Ay L A T T SR x? 4 u‘.:'

olag 1 i —t 1 - I .

f';'g ) - | 0 2 —1 0 {R i 'l,!} {Ig - yﬂr IU).

. ’ (22 Y2} i

Ata ;1 1 -t —1 —1

Ao 1 P ~1 —i =1 i z

Ty 2~ n -2 1 0 {(x, 1) .

[ 4

pw | B 28y 2Cs 98¢t Oy, ACY ded

I ! ___w__..._—,__,.___ﬁ__,,__,,._—ﬂ————-
Ay ¢ 11 ;111 zt 4yt 2t

A 1 1 1 1 1 —~1 =1 R, :

By i -1 i -1 1 1 -1

B 1 -1 1 i 3 o=l 1t E

8 9 Vi o0 /% -2 0 0 (z, ) -

Ja 9 g -2 g .2 0 0 (z2 — 4% 1Y)

o n —4/3 0 JIo-2 o 0 (R By (zz, #2)

D | B 20 ge.%  5C: i 28 251 B

A |1 1 i1 1 1 1 PLISEN Y
Aug 11 ! t 1 1 R —~1 | Be

Eip |2 2ous72° 2eos (4° 0 2 2resTiF zco’f, (449 0 | (e Ry) | (220 22)
Fug | 2 2eosidd? Deod ygo @ 7 2cosldE® 2009 72 0 (z® — u* 1%)
A UL 1 1 1 -1 -1 -1 -1

dap | 1 woo-1 —k -1 —1 t ]z

Ew |2 9 g0a 729 O pos 1447 g —2 ~—2cos72° _cos 144 O [ f5 )

Fay | 2 2coslid® 2c0s 7a° 0 —2 —2cos l44° —2c08 72° 0
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Al i 1 1t 1 U R PSS TENE &
An 1 1 1 1 i 1 1 —1 -1 Ite
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o a g -2 oz g -2 o O
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‘8. The S, Groups

Sy 08 Oy 8
4 11 1 1 1! R 72 4 g2 2
B I -1 1 =1 z 2t -yt xy
I v —1 =1 ‘ i

Lot T T e ary | e
Ss E G C* 1 8 S, j e = exp (2ri/3)
A, |11 1 T 1 R ozt g g

I ¢ ¥ 1 € e* (z* — 9% zy);
B {1 L | £* € } (Fexy o) (zz, y2)
Au ,'I 1 -1 -1 ~1 z

I e & -1 —¢ —«e*}'
E” {l E:i: ¢ "”1 '_"E;k — € (:51 y)
Ss. | B Sy O St ¢ 8 Cid S ¢ = exp (271/8)
4 01 1 1 1 1 1 1 1 | &R 2+ g ot
B Il ~1" 01—l 1-1 1-1 |, _
7 {1 ¢ z —e* —1 € -1 e*} (z, 1);

1 € 1 o—e =1 —e* i Bz Ry) -~

I =1 = . 1§ =1 —g . .
& {1 =i o~ 41— -1 } & = =)
, =" —0 & ~1 e § g '
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9. The Cubic Groups

T FE 8C; .309, 85y Bag
Ay i 1 i 2t oyt 4t
Aa _ I =1 =1
E g —1 2 0 (22% — 2% — g%
‘ zf — 5%
Ty 3 0 —1 1 1 (Re, Ry, B2 .
Ta 3 i -1 -1 1 {x, y, 2} (zy, Tz, y2)
O B B8C: 60n 60y IC(=0M 1 68y 85 Jen Gog )
I
Age | 3 ! | § i A R S BRI : 2ttt
Ao 1 e . I -1 I I -1
Ly 2 —1 00 2 2 0 —~( 2 0 e A
. - ' 2t — )
Te - 3 noo—1 el | 60 -1 -1 (Ra Ry Ba)
Tue 3 0 I —1 -1 3 -1 0 -1 1 (xz, ve, 7y}
A ! 1.1 1 I —1 =1 =1 =1 =i
A 1 10 =1 ~I 1 -1 1 -1 -1 .1
Ey 8 =1 G 2 -2 ¢ 1 -2 0
Tra 30 -1 j —1 —3 -1 0 1 i (z, v, 2)
T 3 D —1 -1 -3 1 0 1 =

10. The Groups Cus and Dey for Linear Molecules

s ‘ B 20, Cree oody
A, =3t | 1 1 1 z ot 4yt 2
Ay =2 1 1 co = R,
B, =1 2 2cosd .- 0 (z, v); (Bz Ry} (zz, yz)

. " q

Ky = A 2 Dceos2d .- 0 (z° — y*, zv) !
Ey =9 2 Zcos 3 O ' :
Da- | E 20 -+ o 25 .2 v w(ly
Z 1 11 1 1 4y 2
-Jg.— 1 }. "“1 l 1 L '—1 Rz ' .
I, 2 Zcosd 0 2 —Zcosd .- O (K R)|{zs yz) ,
Ag 2 2cos 26 0 2 2cos2b -+ D (2 — v, =y)
Z. 1 1 1 —1 -1 —1 1z
ST | 1 —1 -1 -1 i
Il 2 2cos @ 0 —2  2cos® 0| {xm
Ay 2 2cos2d 0 —2 —2cos 2P 0
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