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QUESTION ONE (COMPULSORY) {40 Marks]

(a)

(b)

(c)

(d)

(e)

Draw the shapes of the following species and state the number of electron lone

paits:

()  SiH, (iy  BtFy (i)  SeFy" [6]
What symmetry elements do BCl, and PCls

(1) have in common;

(i) not have in common. [6]

Classify the following species into their point groups:
(i) Cyclobutane
(i)  cis-NoFs

(iiiy HCN 9]
(i) Indicate whether the following species contain inversion centres or not.
(1) BF; (2) PFs (3) Coly (4) HoC=C=CHz {4]

(i)  How many mitror planes do each of the following molecules contain?
(1) SFy (2) SFs (3} SOFy [6]

With the help of group theory methods determine the number of IR and Raman
peaks expected for PCly 9

QUESTION TWO [30 Marks]

(a)

(b)

(i) Assign a point group to each member in the series
(1) CCllF  (2) CCLF, (3) CCIFy (4 Cky 18]

(i)  For each of the following two-dimensional shapes, determine the highest
rotation axis of symmetry, C,

VR @) Q 2

Isomers of some molecules may in certain cases be identified by IR and/or Raman
techniques. The N>F, molecule has two possible isomers namely cis and frans.
With the help of group theory methods determine the number of IR and Raman
peaks expected for each isomer. 112}

Give the symmetry labels s, p and d in the following point groups:
(iy Cay (ii) Dsn (iii) Ta (iv) Op [8]




QUESTION THREE [30 Marks]

(a) The [AuCly] ion has Dyy symmetry. Determine the representation I of all 3N
displacements and reduce it to obtain the irreducible representations. [106]
(b) (1) List all symmetry elements of
(O benzene, CsHe (2) 1,2,3-tribromobenzene (4}
(i} Write transformation matrices for the reflection of a point with coordinates
(X, y, z) through
(1) the plane, oyy. (2) the point of inversion, 1. 2]
(iii)  Reduce the following representation {4}
Du| E 2C, 3G, g 25 3o
| 18 0 2 4 2 4
(c) (1) For the following basis find the character representation. 131
TB
B
Be-A < Trigonal bipyramid
p
(i)  Sketch a qualitative molecular orbital energy level diagram for CHa
molecule using group theory methods. [7]
QUESTION FOUR [30 Marks]
(a) Outline the characteristics of a group and illustrate with examples where
appropriate. {10}
(b) Using group theory methods determine the hybrid orbital schemes on the central
atom in NH; and select the most suitable orbital set for bonding. Use N-H bonds
as a basis. [10]
(c) (i) Find the atomic orbitals on the central atom for bonding with the ligands
in [TiFs]* (octahedral). [5]
(i)  Hence construct a qualitative molecular orbital energy level diagram for o-
bonding. [3]




FLOW CHART fOR CLASSIFICATION OF POINT GROUPS.

Molecule

‘Special Groups’

No Yes
Principal Axis f
- Muitipie Only Sy,
C.7? Linear i
ne . Sl‘b Sb: SE
C eay, Higher Order
D eor, Axes Ty, O, etc.
No Yes
67
No [Yes
nCyslr to
C, (at90%) ?
No Yes
B),? .
Yes Gy?
NG No Yes
Yes
Yes
CI‘N

Note: Cee,: Anti-symmetrical molecules e.g. HCN
Deey: Symmetrical molecules e.g. CG,
C;. Mo C,orS, Mo gand Noi.
Ce No G, or 5, but has o
i No £, or S, Mo @ but has i,




CONTRIBUTIONS BY VARIOUS SYMMETRY

OPERATIONS ON UNSHIFTED ATOM TO THE

CHARACTER
i Ca Sa
-3 2Co0s0 + 1 2Cos6 -1
C, Cs Cs
1 1.618 2
Ss Se Sg
-{.382 0 0.414

TRANSFORMATION OF SPECTROSCOPIC TERMS

INTO MULLIKEN SYMBOLS
Term Oh Td
S Ay Al
P Tlg Ty
D L, + Ty E+T,
F Agg + T+ Top A+ T+ T,
G A +E, + T+ Ty A FE+T + Ty




|
PERIODIC TABLE OF ELEMENTS | l

GROUPS |
1 2 3 4 5 6 7 g | 9 T 10 11 12 13 | 14 | 15 16 17 18
PERIODS | 1A A IR VB VB VIB | VIB VIIB 1B B mA | IvA | VA ViaA | VIA | VIIA
1.008 4.003
1 H He
I : : 2
6.941 9.012 : Atomic mass -fpl0.8L1 | 12.011 | 14.0607 | 15.999 | 18,998 | 20.180
2 Li Be . Symbol - HWW C N O F Ne
3 4 ’ Atomic No. TT°735 6 7 8 9 10 :
22.9%0 ¢ 24.303 26.982 § 28.086 | 30.974 3200 | 35453 | 39.948 |
3 Na | Mg TRANSITION ELEMENTS Al Si P 8 Cl | Ar |
11 12 ‘ 13 14 15 16 17 18 |
39.008 | 40.078 | 44.956 | 47.88 | 50942 | 51.996 | 54.938 | 55.847 | 58.933 | 58.69 | 63.346 | 6539 | 659.723 | 7261 | 74.922 78.94 79904 | 8330 ,
4 | K Ca Sc Ti \' Cr | Mn | Fe | Co Ni | Cu | Zn | Ga | Ge | As Se || Br | Kr :
i9 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 33 36 i
85468 | 87.62 | 88,906 | 91.224 | 92.906 | 95.94 | 98.907 | 101.07 | 102.91 106.42 | 107.87 | 11241 | 114.82 | 118.71 | 121,75 127.60 | 126.90 113129
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sh Te I Xe, .| .
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 . 53 54 _
13291 | 137.33 | 138.91 | 178.49 | 180.95 | 183.85 | 186.21 190.2 | 19222 | 19508 | 196.97 | 200.59 | 20438 | 207.2 | 20898 (209) {210) (22 M
6 Cs Ba *La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
55 ' 36 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
223 226.03 (227) {261} (262) (263) {262) (263) (266) (267) :
7 Fr Ra | **Ac| Rf | Ha | Unh | Uns | Uno | Une | Uun I
27 88 89 104 105 106 107 108 109 110
140,12 | 140.91 | 144.24 | (145) 15036 | 151.96 | 15725 | 158.93 | 162.50 | 164.93 | 16726 | 168.93 | 173.04 | 17497
*Lanthanide Series Ce | BPr | Nd.| Pm Sm Eu Gd Th Dy Ho - Er Tm Yh Tu
38 | 39 60. 61 62 63 64 65 66 67 68 69 70 71
** A otinide Series 232.04 | 231.04 | 238.03 | 237.05 | (244) | (243) | (247) | 47) | @5I)y | (252) | @57y | (258) | (239) | (260)
Th Pa U Np Pu Am | Cm | Bk Cf Es Fm | Md | No Lr
S0 91 92 93 94 95 96 97 98 _ 99 100 101 102 103

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




Character Tables for Chemically

Important Symmetry Groups

1. The Nonaxial Groups
Cy | B

A |1
c, 1 B on
A1 1z, y B T ve
. 2% Ty
A1 —1 g Bz, Ry | vz 1%
9. The C, Groups
g, | B Ch
] .r'l 1 1 Z, Rz
B 1 —1 v, 1, Rz By
Cy E Cy Cy
—)
,.’4. l 1 }. z; RZ .
1 e € '
r ! } N
11 E* P ('Ll U)(Z J ] J)

1 —1 1

o
A4 1 1 1
I
E {1 vl
1 =1 —1

Ca C.s_3

1

~1
—1

)

z, It,

(x, PR, )

c; | E
A, |1 1| Ry By B
4,11 —L}1=z ez
P
‘21 U?'; zljr Iy
yz, 12

e = exp (2m1/3)

2+t 7
(x? — ¥, 2){yz z)

2
n ]
R

(yz, 22)

e

]
T~ T Yy, 2

R 1,0
at Y e
Ty, T, Y2



The C, Groups (confinued)

Cs | E Cs Cs* C5 G4, e = exp (2wt/H)
A i1 1 1 | 1 2, I, | z*t 4 ¢, 2
A EL AR S IRV SR D
1 &* €% & ¢ :

ISR -
Cs E Cs Ca Oy (4 A Ca £ = e,;crp (21/6)
41 1 1 11 1 | ek 2t g, 2t
B —1 i =1 1 =1

e 1 %
nofy LI D T O Gl | e
N A | @ - )
Cs E C}72 it C’;“ C7# Cf o € = exp (27(’1:/;7)
A 11 lq 1 1 1,, 1 z, It; z;'“'—-i—yg,z2
R A A A e
O A A
IR A
Cs | B & Co Co C& Cf G Y ¢ = exp (2ri/8)
4 11 1 1.1 1 1 1 11| &R, ot -yt 2
B 1 -1 1 1 I -1 =1 =1

L . .
Bl G T TEIOTL TN Rl | e
N e B

— 1 # I '

-3 A




3. The D, Groups

Dy | B Cofz) Cioly) Cofz)
A 11 1 1 22,y 2
By 1 i -1 —1 z, i, xY
130 1 —1 1 —1 C oy Ry Tz
By 1 =1 -1 1 z, B, Yz
D; I 20, 3C,
A1 1 ol SRR
z‘lg i —1 2, Rz .
CF 2 —1 0 (=, Y)( By By (x? — y*, 2y){(zz, y2)
Dy E 2C; Cu«(= %) 208 20¥
Ay 1 1 1 1 1 Al ST
A | 11 1 —1 -1 | 2R,
B 1 -1 1 —1 2t — y’l
B, 1 1 1 —1 1 Ty
B 2 0 =2 0 (z, Y)(Bs By) | (22, 2)
Ds | E. 20 20¢ 5Cs
A |1 1 1 1 . Tt 4 y? 2%
An 1 1 1 —~1 z, k&,
E, 2 2cos72° 2coslidd® 0 (z, v)(B., R,) (2, y2)
oy 2 Z2cosl44° 2cosT2° 0 (x* — o zy)
Ds E 20 20, C. 3C, 3CY
Ay 1 1 1 1 1 1 z* 4y, 2
ds | 1 1 1 1 =1 -1 | z&.
By 1. -1 i -1 1 =1
B 1 -1 I -1 -1 1
£ 2 1 -1 -2 0 0 (z, 1)(E:, Ry (22, yz)-
s 2 -1 =1 2 0 o | (2t — R ay)




4, The €y, Groups

Caw E Oy ofzz) olyz)

Ay 1 I 1 ~ P z%, 9%, 2t

Aq 1 1 ~1 ~1 R, Ty

B, I -1 1 —1 z, By zz

By | 1 —~1 —1 L y B | 2

Cow | B 20y 3o, .

Ay 1 LI z z* 4yl 2t

As 1 1 -1 B,

E 2 —1 0 (IJ y)(RrJ RL-') ('T'a - y21 Iy) (Iz; yZ)

C4u .E 204 CQ 20,, 20}1

Ay i 1 1 1 1 z zt 4+ 2

Aq 1 1 1 —1 -1 R, )

By 1 -1 1 I -1 |- Cz -y

By I —1 1 -1 1 Ty

E 2 0 —2 0 G ($, y)(R:; Rw) (:!:2, ?fz)

Csu E 205 2052 ' 50’._,'

Ay 1 1 1 z 2 4 94 2t
Aﬁ_ 1 1 1 ""‘“1. Rz ?

B 2 2cos72°  Zcos 144° 0 (z, 1N{Rz Iy) (xz, yz)

E, 2 Zcos144° 2cos72° 0 , (z* ~ %, zy)
Gou .E 205 203 Cz 30’;, 30’,1

Ar 1 1 1.1 1 1 z il SRTAN
Ao 1 1 1 1 -1 -1 Ik,

B |1 -1 1 -1 1 —1

B 1 1 1 ~1 -1 1 -

By 2 1 -1 =2 0 0 (I: ?!')(Rrr Ry) (IZJ yz)

By 2 -1 -1 2 0 0 (z? = y*, 2y)

(—
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3. The C.r Groups
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6. The D Groups

Dy, E e Coly) Cilx) t elzy)  ol(zz)  ofyz)
A 1 1 1 1 1 i i xf gt 2?
Bis 1 ] —1 -1 1 I -1 —1 R . ozy
Bag 1 —1i 1 -1 1 -1 1 —~1 R, zz
B, 1 —1 -1 1 1 —1 ] 1 R ye
Ay i 1 I 1 -1 —1 -1 -1
Bl 1 1 -1 -1 -1 -1, 1 i z
B i ~1 1 -1 -1 1 ~1 1 ¥
By 1 ~1 -1 ] . H -1 P
D E 2C3s 3C: o 251 3ey
Af 1 1 1 1 o I a4yt et
A 1 — 1 1 -t R,
£ a — 7 -1 6 | (z,v) {z? — y%, =)
Al ! -1 —1 -
Ay 1 ~1 =1 -1 1 z )
pal 7 - -9 1 0 (R, Ity) (z2, yz)
Dy B 20 Oy 20, 20y 4 28y ep  2a, 2oy
Ag 1 1 1 111 ‘ z? 4+ y? 22
Ang 1 I —1 - 1 1 1 =1 -1 Re .
By - 1 I 1 -1 1 I -1 zt—y?
By, ! — 1 - I 1 =1 1 ~1 1 wy
Fy 2 -2 0 2 g ~2 o 0 (Ez By {xz, vz)
A 1 1 1 1 -1 =1 =1 -1 —1
Ay 11 1 =1 =1 =1 =1 -1 1 1 | =z
Biu I -1 I ~1 —1 =1 i =1 -=1 1
By, 1 - 1 -1 1 =& io~1 .1 =1
Fu 2 -2 -2 0 -2 0 0 {z, ¥)
D | E 20Cs 2C% 50y ey 283 28;° Sy
Af 1 1 1 1 1 1 - 1 1 : z? 4y 2t
. 1 1 H -1 1 1 1 -11 R, :
E{ 2 Z2cosT2® 2c03144° 0 2 Zcos72° -2cosldd® 0| (z. 1) .
Ey | 22coal44® 2e0a72° 0 2 2cos144° 2cos72° O {(z? — u*z1) _ Y
Ayt 1 —1 -1 -1 —~1 g
I 1 1 -1 -1 -1 ~ 1]z
El! 2 2c0a72% Z2cosld44® 0 —Z2 —2c0872° —2co3l44® 0 (Bz, #y) | (xz y2)
Eé' 2 2coaldd® 2cos72° 0 —2 —~2009144° —2cos72° &
Dex | E 2Cs 202 Ci 3C5 30, i 283 285 on B3a¢ 3as
A |2 1 11 1 1 H 1 111 1. 2 4yt 2t
Axg i 1 1 1 -1 -1 1 1 1 1 =1 —1 R,
Bi, p -1 1 =1 —-I- 1 —-1 i -1 1 -
B i -1 1L -1 -1 1. 1 —1{ 1 —1 -1
E. 2 1 -1 -2 g 0 2 1 -1 -2 0 (Rz, By) (zz, y=)
Eag 2 -1 -t 2 0 0 2 -1 —-1 2 @6 0 (#° — 2 zp)
Aw 110 1 1 11 =1 —1 —1 —1 —1 -1
Aw 11 1 1 1 -1 —1 —1 =1 —1 —1 1 1 z
B I -1 1 -1 i -1 =1 i =1 1 =1 i
B, P ~1 1 -1 -1 1 =1 1 =1 '} 1 —1
Ey 2 1 -1 -2 C. 0 -2 -1 i 2 0 0 (z, 1)
2 —-1 -1 2 0 0 —2 1 1 —2% 0 0

E'iu




7. The Duq Groups

Doy E 25, Ta 2C. 204

A 1 1 1 1 1 PLIESETEN L

A L 1 P — - R

By i —1 1 | 2~y

Ba I -1, {1 —~1I z i

B 3 -2 n (z, y): (xz, yz}

(Rr &p)

Dat B 2Cy 30 1 286 ded .

Are 1 L 11 z? 4y et

Aag 1 HEEN 1 1 -1 R: . '

Ky 9 -1 2 -1 0 (Rz Ry (z* — y% zu),

(zz, yz} i

A 1 Ll i -1 -1 =1

Ay ! 1 —1 -1 —1 1 z

B 2 -1 0 =2 10N (=, 1)

[

D I 28¢ 20y 9843 Cy 4C) don
A 1 .l 11 1 2yt 2t

Aa t 1 1 1 1 —1 —~l'] R

By 1 -1 1 -t 1 1 -1

B 1 -1 .t -1 P —1 1% z

N 7 L S T R ¢ (=, ¥) .

1 9 g =2 D 2 0 0 (z? — y% a0

£ n /3 0 &% -2 0 0 (R Ry (xz, 12)

D | E 2Cs 2¢;°  5C: i 253 251s Aed

A b1 1 1 i1 1 1 1 2?4yt 2t
Aae |4 1 1 -1 1 1 e ~1 | R:

By, 9 eng72°  2coa 1447 0 2 “Ztes7?l° 9 cos 1440 0 (R ity {zz., y2)
Zup | 7 Zeosl44° 2c0a72° 0 2 Zcos LS 200872° 0 {(z2 — y* oy}
r’.[u L 1 1 1 —1 "’1 '—‘1 —L

Aaw |1 ¢ 1 - -1 -1 -1 =1 iz :
Fiu 9 2opg72° Tcosidd® 0 —2 —Zcoa 700 _92gos I44° 0§ fz, %)

Iy n 2 cos 144° 2eos 727 0 —2 —2cos [44° —2c0s 72° 0

D i E 28 206 24y 20 25;2 'y GC& Bed

Ay 1 1 1L 1 1 1 1 1 it 2t
Aa 1 1 1 1 1 1 1 —1 =1 R :

By I -1 1 —1 1 -1 L 1 —1

B 1 —1 1 -1 ! -1 1 -1 1 z

AN n V3 1 0 —1 =3/3 -2 0 0 700

o 2 {1 -1 =2 -1 1 2 0 9 (z% = " 1)
3 a g -2 0 2 g -2 0 4

Ky a -1 -1 7 -1 -1 I S ¢

CEs 9 /% 1 o0 -l V3 —2 0 0 (Rx B2y) (zz, y2)




‘8. The S8, Groups

.S4 L S4 02 843
A 1 1 1 1 k, x? 4y 22
B I =L 1 -1 z 2t — % zy
] vo—1 1) _ .
EL DT T i ry | e
Sﬁ E C:; 032 1 S5'5 Ss . £ = exp (27('1/3) )
A, 111 1 11 1 R, R
I oe e 1 e* (z — o z);

Ze {1 A | e* - } (Re, ) (22, yz)

I & e —1 _—¢ —e*}'
E.u'- {1 & e —1 —er (%, )
Sa_ E Sa 04 Ssa Cz Sgs 043 837 ! € = CEXp (2‘.“"1/8)
A 1 1 1 1 11 1 1 E. zt o, 2*
B I =1 7 1 —1 1 -1 1 ~1 .z .
E {l € Lo—e* —1 —e g e*} (z, y);

S R R T € (Es, R,) ~

1 7 -1 - I 4 —~1 =5 : s o
s {1 ==l i1 - g g @ =y

bo—e* 0 ¢ ] ¢ T —e
= {1 —e i e 1 . g ~—e*} (2, 2}



9, The Cubic Groups

Ty E B8C3 3C; 65; 6oa
A 1 1 1 1 i xP byt 42t
Aa 11 1 =1 =1
E 2 -1 2 (22t — 2% — % 7
IE — yﬂ)
Tl 3 0 —1 1 _1 (RJ:: Rv- Rl) -
Ta 3 0 —1 -1 1 {z, y, 2} {zy, zz, ¥z}
O E 80 00 6C: 3Co{=0C¢) i 654 85 3on Goyg .
|
Age |1 1 ! 1 I S S S : oyt e 2t
Azg 1 1 ~1 =] 1 1 ~1 1 1 =1
By L 2 2 0 ~1 2 0 (2% — z® — %,
zt — 7
Tie ki no—t 1 -t 73 1 8 -1 -1 (Rz, Ry RO
Tyg 3 G I =1 —1 3 -1 g -~ 1 {zz, pz, 7y)
i 1 1. 11 1 el =l =l =1 =]
Az I 1 -1 1 =1 =1
E, 2 - 0 2 -2 0 1 -2 0
Te 3 70 =1 I —t =3 =1 0 1 1 (=42
T 3 0 1 -l -1 -3 1 0 1 -
10. The Groups Cy and Dy for Linear Molecules
Cov E 20 v ooy
A =3+ 1 1 1 z 2+ o
Ada =32 1 1 e =1 R
E =1 2 2cos® .- 0 (z, y); (Bz E,) {zz, yz)
q
Ey = A 2 2cos2p ... 0 (z* — ¥, zy)
Ey=4a 2. 2cos 3P 0 '
Der | B 207 -+ oo, i 28% .- w(Ch
Z |1 1 1 1 1 cee 1| Sy A
P | -1 1 1 o =1 R, C
II, 2 Z2cosd 0 P —‘2 cos P 0 (Rr, Ry) (zz, yZ) .
Ay 2 2cos 2 0 2 2cos?2b 0 (z! — ¥ zy)
Z.6| 1 T S SRR O
2.0 -1 -1 -1 1
Tl 2 2cos® -+ 0 =2 Zcosd 01 (z,¥)
Ay 2 2 24 0 ~2 —Z2cos 2@ 0
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QUESTION 4

(a) Consider the reaction of [Rh(H20)6]3+ (which has an octahedral shape) with chloride
ions, CI". Use the concept of the trans effect to give the structure of the product when
CI are added to the hexaaqua complex so that there are ... per complex.

(i) Two Cl ions

(ii) Three CI ions

(iii) Four CI ions [6}
NB: the trans effect sequence: H,O < Cl-

(b) Explain why?
(i) Certain ligands such as F can stabilize the maximum oxidation states of the
elements while others such as CO can stabilize the lowest oxidation states.
Tlustrate your answer with suitable orbital diagrams.
(i) The lowest oxide of the transition metals tends to be basic whereas the highest
oxidation states tend to be acidic.

(1]
(¢) Discuss with examples (one for each) the difference between outer- and inner-sphere
mechanisms. State what is meant by a self-exchange mechanism. (8]
QUESTION 3

(a) Extraction of metals from minerals involves the use of a number of reductants (or
oxidants) depending on the nature of the metal. Complete the following reactions after
identifying the reductant (R) or oxidant (Ox).

(1) Fe;O3 + R —_—
(ii) CupS + Ox =i
(i) WO3 + R e [6]

(b) Consider the elements Sc, Ti, V, Cr, Mn and Fe.

(i) Write the electronic configuration for each of the metals.

(ii) Give the group oxidation number for each element

(iii) Briefly discuss the stability of group oxidation state for these elements.

(iv) Titanium(IV) halides, TiXy (X = F, Cl, Br and T} have all been prepared. On
the other hand, for manganese(IV) only MnF; has been prepared. Preparation
of the rest (X = Cl, Br, [) has been unsuccessful. Explain.

[12]

(c) If you were given a piece of gold and asked to dissolve it, state the type of reagent
Y g P yp g
you would use. Give the reaction equation that accompanies the process. 7]




PERIODIC TABLE OF ELEMENTS

GROUPS
1 2 3 4 5 6 7 g | o | 10 11 12 13 14 15 16 17 18
PERIODS 1A TIA 1B VB VB VIB VIIB VB B 1IB A VA VA VIA VIIA | VIIA
1.008 4.003
1 H He
1 -2
6.941 9.012 Atomic mass -Jpi0.811 | 12.011 | 14.007 | 15.999 | 18.998 | 20.180
2 Li Be Symbol - HWw : C N 0 F Ne
3 4 Atomic No. |5 6 7 8 9 10
22.990 | 24,305 26.982 1 28.086 | 30.974 ; 32.06 | 35453 | 39.948
3 Na | Mg TRANSITION ELEMENTS Al | Si P S a | Ar
11 12 13 14 15 16 17 18
39.098 | 40.078 | 44.956 | 47.88 | 50.942 | 51.996 | 54.938 | 55.847 | 58.933 | 58.69 | 63.546 | 65.39 | 69.723 | 72.61 | 74.922 | 78.96 | 79.904 | 83.80
4 K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
B5.468 | 87.62 | 88.906 | 91.224 | 92.906 | 95.94 | 98.907 | 101.07 | 102.91 | 106.42 | 107.87 | 112.41 | 114.82 | 11871 | 12075 | 127.60 | 126.90 } 131.29
5 Rb Sr Y Zr Nb | Mo Te Ru Rh Pd Ag Cd Im Sn Sh Te I Xe
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
13291 | 13733 | 13891 | 17849 | 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 Rn
55 56 57 72 73 74 - 73 76 77 78 79 80 81 82 83 34 85 86
223 226.03 | (227) (261) (262) (263) 262 (265) | (266) (267
" Fr Ra | *Ac | Rf Ha | Unh | Uns | Uno | Une | Uun
e mq 88 89 104 105 106 107 103 149 110
140,12 | 140.91 | 14424 | (143) | 15036 | 151.96 | 157.25 | 158.93 | 162,50 | 164.93 | 167.26 | 168.93 | 173,04 | 174.57
*Lanthanide Series Ce Pr Nd Pm Sm En Gd T Dy Ho Er Tm Yh Tu
58 59 60 61 62 63 64 65 66 67 68 69 70 71
** A ctinide Series 232.04 | 231.04 | 238.03 | 237.05 | (244) | (243) | (247) | @47y | @31) | (252) | (257) | (258) | (259) | (260)
Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
90 91 92 93 94 95 96 97 98 99 100 101 102 103

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




o

General data and fundamental constants

Quantity Symbol Value
Speed of light ¢ 2.997 924 58 X 10* m 5™
Elementary charge e 1.602 177X 1077 C
Faraday constant F = Nye 9.6485 X 10* C mol”
Boltzmann constant k 1380 66 X 107 I K!
Gas constant R =Nk 8.314 51 J K" mol™
8.205 78 X 107 dm’ atm X! mol™
6.2364 X 10 L Torr K™ mol™
Planck constant h 6.626 08 X 10™* I's
h=h2n 1.054 57X 10 s
Avogadro constant Ny 6.022 14 X 10% mol™?
Atomic mass unit u 1.660 54 X 10% Kg
Mass
electron e 9.10939 X 107! Kg
proton my 1.672 62X 107 Kg
neutron My 1.674 93 X 10*" Kg
Vacuum permittivity & = 1/ 1, 8.854 19X 10211 C? m!
47s, 1112 65X 100 1 C? m’!
Vacuum permeability Ho 4nX 1071 C?m!
4nX 107 1?1 P’
Magneton
Bohr g = eB/2m, 9274 02X 10 1T
nuclear Ly = eb/2my 5.05079 X 1077 7T
g value 8e 2.002 32
Bohr radius dp = Aefyraoﬁ/rnee2 529177X 10" m
Fine-structure constant o= ,uoez c/2h 7:297 35X 107
Rydberg constant R = mee"/8H e, 1.097 37X 10" m™
Standard acceleration
of free fall g 9,806 65 m s
Gravitational constant G 6.672 59 X 101 N m® Kg?
Conversion factors
1 cal 4,184 joules (J) 1 erg 1X 1077
1eV 1.6022X 107717 1 eV/molecule 96 485 kJ mol”
23.061 keal mol™
f P n B m c d k M G Prefixes

femto pico
10" 102 10° 10

nano micro milli centi deci
100 107 107

Spectrochemical Series
I" < Br < §* < CI” < NO;~ < F" < OH™ < EtOH < C,04%" < H20 < EDTA < (NH;, py) <
en < dipy < NOy” < CN™ < CO.

kilo mega giga
10> 10° 10
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Tanabe and Sugano Diagram
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QUESTION 1

(a) Name the complex or write the formula of the complex.
(1) [PyNHz):Cl]
(i1) Pentaamminenitrito-O-cobalt(II)
(ii)[Co(NHs)s(CO3)]Cl
(iv) Tetraammineaquachloridocobalt(Ill) chloride
[4]
(b) Give evidence that [Co(NH3)sCl}SO4 and [Co(NH3)5(S04)]CI are ionisation isomers.
[6]
(¢) Given the complex, [Co(en),(SCN)|*
(1) What is the charge on the central metal ion?
(ii) What is the coordination number of the central metal ion
(iif)What possible types of isomers can exist for the complex? Give the names of
each isomer and draw their structures. [8]

(d) (i) How would you synthesize [Co(NH3)sCI]Cl; in the laboratory?
(i) [Co(NH3)sCl]Cl; reacts with NaNO, at pH 4 to give yellow brown crystals while
at pH 7 it gives a salmon pink product. Explain the observation and give the names of
the two products. (7]

QUESTION 2

(a) Classify each of the following species as soft, hard or borderline Lewis acid or bases.
Which of the Lewis bases would prefer to form adducts with each of the acids? Fe3+,
I, CHy, COs*, Cu* and CI [6]

(b) Predict whether the equilibrium constant for each of the following reactions is
expected to favour the forward reaction or reverse reaction, Explain. [6]

(i) CdI(s) + CaFa(s) = CdFa(s) + Cala(s)
(ii) Caly(aq) + CuO(s) = CaO(s) + Cula(s)
(iii) HgClx(aq) + H2S(ag) = HgS(s) + 2HCl(aq)

(c) Give two examples of each of the following:
(i) Monodentate ligands with oxygen as the donor atom.
(ii) Monodentate ligands with nitrogen as the donor atom.
(iii) Chelating ligands.
(iv) Macrocyclic ligands containing at least four nitrogen donor atoms.
(v} Crown ether ligands.
[10]




