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Instructions

1. This paper consists of fourteen _{Iﬁl}:ﬁuggﬁ@j}jﬁ-inzggﬁﬁ@_ A;BandC. +

2. Answerfi questions from secti i
. anﬂﬂé our (4) questions from section A and three (3) questions from each of sections

3. Each question carrics ten lflﬂ) marks,
4. Mathematical tables and non-programmable calculators may be used,

5. Cellular phones are not allowed in the e:xnminatinn.mom.

.

6.  Write your Examination Number on every page of your answer booklet(s).

7. For calculations you may use the following constants:
* Rydberg constant Ry — 1.09678 x 107 m”'
. Gas constant, R=8.31 Jmol 'K "' or 0.082 atm mol” ' & ! dm’
*  GMV =22.4dm’
- 1litre = Idm’ = 1000 cm®
- Standard temperature =273 K
. Standard pressure = 760 mmHg or 1.01 x 10° Nm 2
. Planck constant, h = 6.63 x 107 Js
. Velocity of light, ¢ =3.0x 10° m/s
. Mass ol eleciron =911 x 107" ko
. Atomic masses: H=1,C=12,0=16,F=19
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: ' SECTION A (40 Marks)

Answer four (4) questions from this section,

1. (a) State the following:
< (1) Pauli’s exclusion principle.
(i) Aufbau building principle.
(i1i) Hund’s rule of maximum multiplicity.

(iv) Half-filled and full-filled orbital rule. (4 marks)
(b) Write down the electronic configuration of each of the following specics using orbital

diagrams: :

() Gl () K (iii) Ca*" (iv) F. (4 marks)

(¢) Element Z oceurs naturally as a mixture of **Z and "'Z.
(1)  Briefly explain the significance of the numbers 69 and 71 and give a term which
describes these two components in the natural element. |
(i) If ®Z and "'Z haye relative atomic mass of 69.8, find the percentages of “°Z and

"1Z in a sample of Z. (2 marks)

2. (a) State the distribution law. (1 mark)

(b) The concentration of a solute X in water-was found to be 8.5 g/dm’ at room
temperature. 100 cm’ of this solution was shaken with 50 cm’ of methyl benzene until
equilibrium was obtained. The organic layer was separated and found to contain 0.8 g of
b4
(1)  Calculate the distribution coefficient of X between methyl benzene and water.

(11) What further mass of X would be removed from the aqueocus layer if it was shaken
with a further 50 cm’ of methyl benzene?

(iii) Calculate the'mass of X extracted if 100 em® of methyl benzene was used at once
instead of using S0 ¢m’ twice. Which is the more efficient extraction process!
Give reason for your answer.

(% marks)

3. (a) Describe two assumptions of kinetic theory of gases that are not obeyed by real gases!
(2 marks|

(b) (i) Differentiate between diffusion and effusion for gases.
o . t ] . ' = . L AV

(i1) Uranium and fluorine torm a gaseous compound, UFg. It 15 umuﬁ:‘itd that lhf, U
and ***U isolupes be separated by gaseous diffusion of the " ~UF, und ~VUR

compounds. Which gas would diffuse more rapidly, and by how much?
(5 marks

(c) A general equation for the breakdown of glucose in @ human body can be presented
follows!
CsH 204 + 605 — 6C0» + 6H50.
If 856 g of CgHi20s is consumed by a person over a certam period, what 15 the mass

CO; produced?
(3 mar
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Bw == HeptShy K -1ox10”
Caloulate the equilibrium constant for the following reaction at the same e

HSe = 2 ) * 8%y (3.5 marks)

5. (a) 60 cm’ of a certain Eas was collected at 60 °C and 1.05 x 10° Nm™. Calculate the
volume of the gas at stp., ' | ' (3 marks)

(b) When 0.5 dm® of O, and 1.0 dm? of CO; were
vessel was found to be 1.2 atm. Caleulate;

mixed at 27 °C, the total pressure in the

(1) partial pressure of each pas
(ii) the mass of each 2as. (7 marks)

%

negative non-ideal solutions.
(4 marks)

6. (a) Give any four differences between a positive and a

(b) Equal moles (0.5 moles) of benzene and toluene were mixed to form an ideal solution.

Calculate the fraction of benzene and toluene in the second vapour given that,
P®enz. = 95.1 mmHg and PPw. = 28.4 mmHg. ' (6 marks)

SECTION B (30 Marks)
Answer three (3) questions from this section

7. (a) 0.0] M aqueous solution of 92.5% NaCl is dissociated at 18

°C. Calculate the osmotic
pressure (n) of this solution at the given temperature,

(5 marks)

(b) When 5.8 g of acetic acid (CHsCO:H) was dissolved
freezing point depression was found to be 3.8 °C. Caleu

acetic acid in benzene, given that acetic acid dimerize
mol kg™,

in 90 g of benzene (CeHg) the
late the degree of association of
$ in benzene and Ky = 5.1 °C
(5 marks)
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: 8. () State Hess's lnw of conslont heat summalinn. (0 msrk)

(b) (1)  Give lhe ulil'iﬁrﬂu::u between the standard bond dissociation energy and the
“standurd heat of formation of o substance. : 5 tam (it

(i)  Caleulote the enthalpy change for the reaction ENHIHM —» Nagy | Sty given that
B(N-H) = 388 kJ mol”; B(N=N) = 944 ki mol and G(H-H) = 436 ki mol

(2 marks)
9. (a) Giving examples, briefly explain each of the following:
(1) Hydrogen bonding
(ii) Coordinate bond
(111) Van der Waal forces. (3 marks)

(b) For each of the following pairs of substances, predict which substance has a higher
melting point, and give reason for each choice you mako.
(i) CHiCH; and CH3;0OH
(11 COjzand H;

(iii) HCI and H;O .
v (iv) Al and Mg _ e
(v} Siand Na. (5 marks)
(¢} Describe the t‘j}rhr;id'::a:nlmn of beryllium in beryllium chloride (BeCly) (2 miarks)

10, (a) Distinguish between the following:
(i) atomic number from mass number
(11} & photon from a quanta. (2 marks)

(b) A photon was absorbed by a hydrogen atom in its ground state and the electron was
promoted to the fifth qrbit. When the excited atom returned to its ground state, visible
radiation and other quanta were emitted,
(i) Briefly explain the transitions made by the electron for the excited atom to return

to its ground state, | | g ‘
(i1) Caleulate the wavelength of a photon emitted during a transition from the ny = 3

staté to the nz = 2 state in the hydrogen atom given that AE = Z.15 X 10"
J[{—] -le. (8 marks)
TR

=
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SECTION ¢ (30 Mirks)
A".E"""“r three (3) r:]uu!-:ti{:-u.-.- Fronm this section.

L. l'UJ" Bricfly explain-each of the following as applicd in organic reactions:
(1} Positive inductive effict,
t,{ff? - Negative inductive effect.
r{1_t|]| Mesomeric effect.
(V) Stearic factors,

(4 marks).

(b) Explain each of the following observations:
* (1) Addition reactions in benzene need hi gh energy.
i (11} Nucleophilic substitution reactions in benzene are not possible.
(11i) Methyl group when attached to benzene ring direct another incoming group to
ortho or para position.
(1v) Nitro group when attached to benzenc ring direct another incoming group to meta

position,
(6 marks)
12. Give the mechanism for the following:
= (a) Sulphonation of benzene. (5 marks)
“(b) Chlorination of benzene. (5 marks)

®13. (a) Write the mechanism of the following substitution reaction,

_ indicating clearly the
nucleophile, substrate and the leaving group:

H H
(CH3)-C-Br + NaOH ———» cr-lg.r;-oH + NaBr
CH; (2 marks)

(b) Carry out the following conversions:
(1)  Propane tol-chloropropane.
e (i1} Propane to propene. (2 marks)
(c) Complete the following reactions and name the organic product formed.
(1) CH=CH+Cl; -ﬂJ—#
oy 1.H;S
() CH=ECOCUH; —DI———“—-{EF
Hg50, at 60°C
(in) CH=CNa + CHsl -

(6 marks)

14. (a) Write the open structures of five isomers of the compound CsH;Cl and their

corresponding [UPAC names. (5 marks)
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