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CHEM 221

General data and fundamental constants

Quantity Symbol Value Power of ten Units
Speed of light c 2.997 925 58* 10 ms~!
Elementary charge € 1.602 176 10719 C
Faraday’s constant F=N,e 9.648 53 10* C mol™
Boltzmann's constant k 1.380 65 1072 JE™!
Gas constant R=N,k 8.31447 J K~ mol!
8.314 47 102 dm® bar K~! mol™!
8.205 74 10~ dm’ atm K~' mol™
6.236 37 10 dm’® Torr K~! mol!
Planck’s constant h 6.626 08 107 Is
fi=hiln 1.0534 57 10734 Is
Avogadro’s constant N, 6.022 14 10 mol™’
Atomic mass constant iy, 1.660 54 1077 kg
Mass
electron m, 9.109 38 107! kg
proton m, 1.672 62 1077 kg
neutron m, 1.674 93 1072 kg
Vacuum permittivity £o= 1/, 8.854 19 1072 e
4Me, 1.112 65 1071° ' m!
Vacuum permeability Iy 41 107 182CIm (=T21'm?%)
Magneton
Bohr Hy=chi2m, 9.274 01 1024 JT-!
nuclear My =ehf2m, 5.050 78 1077 7T
gvalue g 2.002 32
Bohr radius ay= 4nehim, e 5.29177 107! m
Fine-structure constant a=petc/2h 7.297 35 103
o 1.370 36 10°
Second radiation constant ¢, =helk 1.438 78 102 m K
Stefan—Boltzmann constant o=2mkY 15k 5.670 51 107 Wm K
Rydberg constant R=m,e" /8 ce] 1.097 37 10° cm™!
Standard acceleration of free fall g 9.806 65* ms?
Gravitational constant G 6.673 107! Nm* kg™’

*Exact value

QUESTION ONE (30 MARKS)

a) Starting from the postulates of Kinetic theory of gases, derive the kinetic gas equation

PV:%mn’cQ.Deduce from this

1.  Boyle’s law. (2 marks)
ii.  Graham’s law of diffusion. (2 marks)
iii.  Dalton’s law of partial pressures. (2 marks)

b) (i) Calculate the translational energy of gas molecules in a mole of nitrogen at 27°C. What

will be the average kinetic energy of a single mole? (1 mark)

(i)

I.  State Maxwell’s law of distribution of molecular speeds among the molecules of gas.
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(1 mark)
II.  Explain from this the effect of temperature on the distribution of speeds. (1 mark)

III.  Can the molecules of a gas have high and almost zero speeds? Show that the most

2RT

probable speed is given by cmp= - (1mark)

(iii) In one litre container 10?* gas molecules each of mass 10° kg are present. The r.m.s velocity
of the molecules is 1000ms™!
I.  What is the total K.E of the molecules? (1mark)
II.  What is the temperature of the gas? (1mark)
c)
(i) An ideal gas at NTP has a more probable velocity u = 4.20x 10* cm/sec and a mean free path
of 7.90 x 10" cm. Calculate the mean time between collision. (3 marks)
(i) Explain the variation of compressibility factor Z with pressure for nitrogen and hydrogen
[.  atthe given temperature (3 marks)
II.  at different temperatures (3 marks)
(ii1) Deduce the law of corresponding states from the van der waals equation. What is the
significance of the law? (3 marks)
(iv) Discuss the corrections made in the p and v factors of ideal gas equation to convert it into the

van der waals’ equation. (3 marks)

d) An electrolyte, AxBy, undergoes dissociation in a solution as
ABy—xAY" +yB*
Show that the degree of dissociation a, is given by
i—1
*= n—1

where ‘1’ is the van’t Hoff factor and n is the total number of ions produced by a

molecule of AxBy in solution. (3 marks)

QUESTION TWO (20 MARKS)
a) 1) Deduce Ostwald’s dilution law equation for AB and AxB types of electrolytes. What

are its limitations? (2 marks)
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i1)The molar conductivities of ethanoic acid in various solutions (V is the volume

containing 1 mole of solute) are given below:

V/dm? 13.57 |54.28 4342 1737 6948 0
No/Q! 6.09 12.09 33.22 63.60 116.8 387.9
cm?mol™!

Do these figures agree with Ostwald’s dilution law? What conclusion would you draw

from the figures as to the value of the dissociation constant of ethanoic acid? (3 marks)

ii1) On what basic principles is the derivation of Ostwald’s law, and its testing by the use
of Ac/Ao values, based? Which principle is it that is false so far a strong electrolytes are
concerned? (1 mark)
b) 1) Discuss the chemistry of confirmatory test of the following:
(I) Test for lead ion (pb**) in group I and 11 (5 2 marks)
(II) Test for aluminium ions (AI**

ii) Calculate the solubility of Zn (OH), in 1M NH3 at 298K.Given Kin=6.1x10"!! and
Kp=4.5x107"7 (2 marks)

) in group III (2 Y2 marks)

ii1) Explain why the solutions of aluminium salts and of sodium hydrogen-sulphate(VI) are
acidic whilst solutions of sodium sulphide, sodium phosphate (V) and sodium hydrogencarbonate
are alkaline. (2 marks)

c) Write short notes on the Drawbacks in the Arrhenius theory of electrolytic dissociation.

(2 marks)
QUESTION THREE (20 MARKS)
a)

1) Draw typical equilibrium diagrams showing the variation of the percentage
composition of the vapour and liquid phases with boiling temperatures (at constant
pressure) for mixtures of two completely miscible liquids A and B, which do not form
a constant boiling mixture and of which A has the higher boiling point. Use the
diagram to describe the changes which occur in the composition of the residual liquid
and of the distillate when a 50 per cent mixture of A and B is distilled. Describe one

useful practical application of constant boiling mixture formation. (W.) (3marks)
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i1) Explain with the aid of diagrams how two liquids may be separated by distillation.
What is the advantage of a fractionating column? In what circumstances is it not
possible to separate a mixture of two liquids by fractional distillation? (2marks)

i) An immiscible liquid A when steam distilled with water gave a distillate 0.200dm? of

which contained 0.0572dm? of A. The observed boiling point for the distillation was

98.2°C and the atmospheric pressure was 758 mm Hg. The vapour pressure of water

at 98.2°C was 712 mm Hg. The relative density of liquid was found to be 1.83.
Calculate the molar mass of the unknown liquid. (2 marks)

b) i) The boiling point elevation constant for benzene and water are 3 and 0.5 K.kg.mol™.
When 0.585 gm of NaCl is dissolved in 100 gm of water, it causes an elevation of 0.1°C in
the boiling point. Calculate the molecular weight of NaCl. Will the elevation in boiling point
of an NaCl solution (of the same molality) in benzene be higher? Assume that the solubility
NaCl in benzene is 1% by weight. (2 marks)

i1) Liquid A and B form an ideal solution. In a binary solution of A and B the mole fraction
of A is 0.33. Calculate the composition of the vapour in equilibrium with the solution, given
p,=75 mm of Hg and p,=22 mm of Hg. (1.5 marks)
ii1) A solution of Kl is isotonic with a 0.01 M solution of I; at 27°C. When equal volume of two
solutions were mixed together, the osmotic pressure dropped by 18.5% of that of the individual
solutions. Calculate the percentage of conversion of I to I3 ~. Assume that the solutions behave

ideally and the salts are completely dissociated. (1.5 marks)

¢) i) x gm NaCl, y gm sucrose and z gm urea are dissolved in 0.5 dm® of water. Suppose that no
chemical reaction sets in, what should be the osmotic pressure of the solution. (2marks)
ii) A solution containing 3.0x10*kg of benzoic acid (M=1.22x10"'kgmol!) in 2.0x10kg of
benzene freezes at 0.317°C below the freezing point of the solvent. Calculate
(I) the degree of association assuming that the acid exists as dimer in benzene,
(1mark)
(IT) The apparent molar mass of the acid; Krof benzene is 5.1 (2 marks)
iii) A solution of 3.0x10"*kg of camphor (C10H160) in 2.53x10-2kg of chloroform boils at 334.3
K. Boiling point of chloroform is 334.0 K. Calculate AHvapm and Ky for chloroform. (1.5 marks)
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iv) A 0.5 aqueous solution of potassium chloride is found to freeze at -0. 24°C.Calculate the
van’t Hoff factor and degree of dissociation of the solute at the concentration. [Kr=1.86

K kg.mol!] (1.5 marks)

QUESTION FOUR (20 MARKS)
a) (i) Explain the terms: phase, number of components and degrees of freedom. Derive the
phase rule ,P+F=C+2 (3marks)
(i1) The system Pb (m .pt. 327°C) and Sb (m .pt. 631°C) exhibits a simple eutectic at 86%
Pb (by mass ) and 246°C. Breaks in the cooling curves in thermal analysis were found for

the following compositions.

T°C 550 500 400 300 296
Mass % Pb 30 44 66 80 96

I.  Draw a tentative phase diagram for the system and label it. (2 marks)
II.  Calculate the amount of antimony that crystallizes out from 20 kg of a melt
containing 35% Pb by mass after cooling it to a temperature of 400°C . (2 marks)
III.  How much is the maximum amount of Sb that can be recovered from this melt?

(2 marks)
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631°C

Melt (L)

400°C
2. 1
: : 327°C
— I I
246°C ,' ; —Pb(s) + L
1 ] 1
1 1 :
! Sb(s) + Eu !
; : | —-Pb(s) +Eu
I 1 1
1 | 1
I I :
1 35% o !
Pb
Sb Mass % Pb i

b) Write down the number of components, number of phases and evaluate the degrees of
freedom for the following equilibria:

i. A dilute solution of sulphuric acid in water. (1.5 marks)
ii.  An aqueous solution saturated with respect to both sodium chloride and potassium
chloride and in equilibrium with the vapour phase (1.5 marks)

iil.  An aqueous solution with a mixture of sodium chloride and potassium bromide

and in equilibrium with the vapour phase (1.5 marks)
iv.  Reduction of Fe>O3(s) by CO in the presence of (a)air and (b) oxygen alone
(1.5 marks)
¢) (i) why does air free water freeze at a higher temperature than water saturated with air?

How high is this freezing point? (1.5 marks)
i1) State the usefulness of phase rule for study of equilibria. What are its limitations?

(1.5 marks)
i11) Latent heat of fusion of water in 6025 joules per mole and can be treated as constant.
Normal melting point of ice is 0°C. What will be the melting point of ice if the pressure
on it is

I.  reduced to 0.006 atmosphere
II.  Increased to 5 atmospheres?

(1 mark)
(1 mark)
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Specific volumes (volumes per gram) of ice and water at 0°C are 1.0907ml and 1.0001

ml respectively.

Table F.2 A selection of derived units

Physical quantity Derived unit* Name of derived unit
Force lkgms? newton, N
Pressure lkgm's? pascal, Pa
INm?
Energy 1kgm?s? joule, ]
INm
1Pam?
Power 1 kgm? s watt, W
175!

* Equivalent definitions in terms of derived units are given following the definition in terms of base units.

Table F.3 Common SI prefixes

Prefix vy z a f P n Tl m c d
Name  yocto  zepto  atto femto  pico nane  micro  milli  centi  ded
Facor 107 107 w0 w® w"? 1wt 1wt w?  w? ot
Prefix da h k M G T P E Z Y
MName  deca hecto  kilo mega giga tera peta exa zeta yotta
Factor 10 10? 1P 10¢ 107 10'2 10 108 1% 10%
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PERIODIC TABLE OF THE ELEMENTS
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