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Avogadro constant, . =6.023 x 10%* mol™
Gas constant, R =8.314 JK 'mol!
Planck’s constant, h  =6.63x10734]s
Velocity of light,¢ =3 x10®m s™

Mass of an electron = 0.0005 a.m.u.
Mass of a proton =1.0073 am.u.
Mass of a neutron =1.0089 a.m.u.
1 am.u. - =1.661x10%kg
1 MeV =1.6021x 10713J

Inx=2.303 log,, x

Answer ALL FOUR (04) questions.

1. (a) Consider the complex [CrBrz(en).] (A). (Z of Cr = 24) (en = H,NCH,CH,NH,)
(1) Write the ITUPAC name of (A)?
(i1) Determine the Effective Atomic Number (EAN) of Cr in (A).
(iii) Does it obey the EAN rule?
(iv) Draw the structures of the two optical isomers of (A). {25 marks)

(b) (i) Define the terms radioactivity and activity of a radionuclide.
(11) Calculate the activity of 1 mole of pure *C (t, ;5 = 5730 years) in Bq. 13 marks)
p /2 q

(c) Write balanced equations for the nuclear reactions described below.
@ 2B (n,a)?
(ii) A uranium-235 atom undergoes induced nuclear fission when
bombarded with a low-energy neutron to produce barium-141,
kripton-94 and high-energy neutrons. (6 marks)
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(d) Giving reasons, predict the stability of the following nuclides.
If unstable, provide the potential decay mode/s. (6 marks)
@) *3F (if) *30
(e) The diagram below shows the cubic unit cell of an alloy (a metal made by
combining two or more metallic elements) containing gold and copper.
(1) Define the term unit cell.,
(i1) What is the Bravais lattice type of this structure?
(1i1) What is the coordination number of Au? Hint: Count the number of
neighboring Cu atoms around Au?
(iv) What is the chemical formula of this alloy?
(v) Pure gold (100% gold by weight) is 24 carats. What carat gold is this alloy?
Atomic masses of Au and Cu are 196.97 and 63.55 gmol™, respectively.

& Au
O Cu

,, | | (25 marks)
() (1) Define the term n-fold axis of rotation (C,).
(i1) Identify all the rotation axes available in the following molecules.
1)HO 2)BCl3 3) XeFs 4) Benzene
(1i1) Identify the principal rotation axis of the molecules XeF4 and Benzene. (25 marks)

2. (a) Draw all geometrical isomers of [Ru(NH;3)(CO)(en)] (B) with the
trigonal bipyramidal geometry. (en = H,NCH,CH,NH,) (20 marks)

(b) (i) Write the molecular formula of the octahedral complex
pentaammine(nitro)iron(Il) chloride (C).
(i) What are the types of isomerism shown by (C).
(iii) Draw the structures of all the isomers of (C).

(iv) Suggest a value for the molar conductivity of (C) in m*Q'mol™". (25 marks)

(¢) (i) List three factors which influence the crystal field splitting strength.
(11) According to CFT, what is the d-electron configuration
(Number of t; and e electrons) of Fe in [FeClsJ*?
(Assume chloride as a weak field ligand, Group number of Fe is 8).
(iii) Calculate the Crystal Field Stabilization Energy (CFSE) in kJ mol™
if Ar=180kJ mol..
(iv) Calculate the Total Stabilization Energy (TSE) in kJ mol™
if Pairing Energy = 100 kJ mol™.
(v) Calculate the spin only magnetic moment (1) of [FeBra]™. (35 marks)
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(d) The octahedral complex (D) with the empirical formula CrCls3-3NH3-3H20
does not conduct electricity. o ‘
(1) What is the molecular formula of (D)?
(i1) Draw and identify the structures of the two isomers of (D).
(iit) Comment on optical isomerism of isomers of (D). (20 marks)

3. (a) Identify (P), (Q) and (R). ,
[MeCo(CO)s] undergoes an oxidative addition reaction with MeBr to give a neutral,
octahedral Co(Ill) complex (P). (P) undergoes a reductive elimination reaction
to give an alkane (Q) and a square planar Co(I) complex (R). (20 marks)

(b) A neutral mononuclear 16e-complex (Y), contains a nickel(II) centre which is
coordinated only to bromide and ammine (NHs) ligands. The Group number of Ni is 10.
(1) What is the molecular formula of (Y)? .
(i1) Comment on the possible geometries of (Y) and draw the structures of all
three-isomers of (Y).
(iii) If (Y) is a diamagnetic compound. Using Valence Bond Theory,
determine the hybridization of nickel in (Y). (30 marks)

(c) Hydrogen fusion in the Sun produces an enormous amount of energy. The overall

reaction consumes four Hydrogen atoms and produces one Helium atom. The power
output of the Sun due to this fusion reaction is 4 X 10%° watts (1 watt =1 J/s).
Atomic masses of 'H and *He are 1.007825 and 4.002603 a.m.u. respectively.

(i) What is meant by nuclear fusion?

(i1) Explain how energy is released by a nuclear fusion reaction.
(111) Determine the mass defect (in kilograms) that occurs during the formation

of one He atom in the Sun (one fusion reaction).

(iv) Calculate the amount of energy released in one fusion reaction. (30 marks)

(d) Geological dating based on 87Rb: 7Sy ratio is regarded as the most accurate
method for the age determination of rocks. %’ Rb is a f emitter with

a half-life of 4.8x 10%years.
(1) Determine the decay constant in the unit of per year (y™).

(ii) A certain rock is found to have an 8’ Rb: 7Sy mass ratio of 1.00:0.004.
What is the age of the rock? (20 marks)

4. (a) (i) Sketch a sodium chloride lattice with a Schottky defect.
(11) Will such a crystal preserve charge neutrality? Explain your answer.
(1) In contrast to the above lattice, the sodium chloride lattice with
I*-centers show paramagnetism. Explain. (15 marks)




(b) (i) Why X-rays are used in crystal structure determination?
(i1) Write down the Bragg equation and define each term in it.
(iit) A Strontium sample is irradiated with 0.154 nm X-rays. The first order
scattering angle is 14.7°. o
How far apart are atomic layers responsible for this effect? (20 marks)
(c) Clearly show your work for the following questions related to Miller planes.
(1) Work out the Miller indices of the shaded plane below.
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(11) Sketch a cubic unit cell and in it show the (412) plane. (15 marks)

(d) (1) Distinguish the symmetry element and symmetry operation using suitable exaﬁples.
(i1) Identify the symmetry elements present in the following molecules.

1) NH; 2) Staggered conformation of ethane
3) CoH, 4) CO32'
(itl) Using [PtCLJ* as an example, show what operation has the same effect as each.
) bed :

D S 2) Cf 3) o* 4) i? (50 marks)
( 18

1 atomic number 2
Hi| =2 Symbol 13 14 15 16 17 | He
1.008 atomic weight 4.003

3 4 5 6 7 8 9 10
Li | Be BIC|N|O]|F|Ne
6.94 9.01 10.81 | 12,01 | 14.01 | 16.00 | 19.00 | 20.18

1t 12 13 14 15 16 17 18
NalMg|3 4 5 & 7 8 9 10 11 122|A|Si|P|S]|Cl|Ar
22.99 | 2431 26.83 | 28.09 { 30.97 | 32.06 | 35.45 | 39.95

19 20 21 22 23 24 25 26 27 28 24 an 31 32 33 34 35 36
KiCalSc|Ti|V|Cr|{Mn|Fe|Co|Ni|Cu{Zn|Ga|Ge]|As|Se|Br{Kr
38.10 | 40.08 | 44.96 | 47.87 | 60.94 | 52.00 | 54.94 | 5585 | 5803 | 68.69 | 63.55 | 65.38 { 60.72 | 72.63 | 74.92 | 78.97 | 79.90 | 83.80

37 a8 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr| Y | Zr [Nb|Mo|Tc|{Rul|Rh{PdiAg|Cd| In |Sni{Sbh|Te| | | Xe
8547 | 8762 | 8891 | 91.22 | 8291 | 9585 - W11 ] 1029 | 1084 | 1076 1 1124 | 1148 | 1187 | 1218 | 1276 | 1264 | 1313

55 56 72 n 74 75 76 77 78 79 80 81 82 83 84 85 B6
Cs|Bafrzt | Hf | Ta| W |Re |Os| Ir | Pt |Au|Hg| Tl |Pb| Bi [Po| At | Rn

1329 | 1373 1785 1 1809 | 183.8 | 1862 | 1802 | 1922 | 195.1 | 197.0 | 2006 { 204.4 | 207.2 | 2090 - - -

87 88 104 105 06 107 108 109 110 111 12 113 114 115 116 "y 118

Fr |Ra jstw0s| Rf |Db|Sg|Bh|Hs|Mt|Ds|Rg|{Cn|Nh| Fl {Mc|Lv|Ts|Og




