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THE OPENUNIVERSITY OF SRI LANKA
B. Sc. Degree Programme — Level 4
Final Examination — 2016/2017
CMU 2220/ CME 4220— Concepts in Chemistry
(3 hours)
130 January 2017 (Saturday) 930 am. — 12.30 p.m.

e  There are six (06) questions and eight (08) pages (including the first page) in the paper.
e Answer ALL 06 (six) questions. '
e The use of a non-programmabie calculator is permitted

"~ e Mobile phones aré not allowed.

Gas constant (R) = 8314 JK ' mol™

Avogadro constant (N, ) = 6.023%10° mol” ¢ -
TFaraday constant (F ) - 96,500 Cmol™
Planck constant (h) = 6.63x107% Ts

Velocity of light (c) | = 3.0x10° ms™

Standard pressuge = 10° Pa (N m"z) = 1bar
Protonic charge (&) = . = 1.602177 % 10—19 C

o = 3.14159
Log (X)) = 2303 Log(X)

Some equations used in chemistry are given below using standard notation.

log(1,)=-AZ,|[Z T, = B =BI(J+1), v/ =t o v=2B(1+1),
' . I~ viG - _
T L e |
e ﬁ:m, Ag ‘:“}}VBIP; vy =ug B, Ky = 0geh(ZglE A=sCl,
_ o ey - x e C.
Je ZVBCB|ZB|1‘, o Ay :éﬂ o Ag= Cj : Ay =At{,.—_(a+bA[{,)\j-}/0—‘.




i.

Answer any TWO parts out of (a), (b) and (c).

(8) Astudent electrolysed an aqueous sofution of NaCl and , :
K,SO, using two equal platinum plates, A and B; see the E :
. .. . . . ‘ C
figure. The electric current was 2.5°A and remained constant cootional

throughout the experiment. The plates were kept parallel at a area =3 cmz

distance of 2 cm from cach other. The transport number of I - i

Na™ was 0.2. The concentration of NaCl was 1.5 mol dm™. v

Assume that the current flows only within the cell of solution :
trapped between the plates and its cross sectional area was : K"

........................

3em” . The potential difference between A and B was 200 V; - =g

2 em

(1) Giving reasons state the direction of the electric field within the cell of solution.

- (i) What is the electric field sirength befween the two platinum plates?

by

(iiiy Calculate the following for the Na® ions.
() Current carried. ——
(B) Drift speed. -
(v) Ionic mot 1hty
: {50 marks)

(i) Define the molar conductivity of an electrolyte, Y, in solution.

(i) Write down the Onsager limiting law for the molar corductlvlty of NaCl ina
* solution and identify all the parameters in it. . :

: (iii) “Write down the relationship between the hmitmg molar conductmty of an ionic

species and its Hmiting ionic mobility. Identify all the parameters.in it.-

- {iv) A student prepared a 0.002 mol dm ™ aqueous solution of NaCl at 25°C.

- (©

- Coulometer reading for the experiment was 5600 C . The

-determined to b Cy, Cy ana-c,, respectively. The ™

Calculate the conductivity of this solution.
State assumptions, if any, you make in this calculation.

[In standard notation, at. 25°C in aqueouq medlurn
R = 5195107 m® V5™ and w® | =79.1x10°0 m? v 7!

In the Onsager limiiing law; 2 =0.0606 Sm®mol™ and b=0.230] - - °

(50 marks)
A student electrolysed a 0.1 mol dm™ solution of AgNO, %CoulometﬁrH H
using the apparatus shown in the figure in order to find the AR S

transport-number of silver ions. The current was passed
for 2500 s . After closing the two taps, P and Q, the three

chambers, X, Y and Z were drained separately. The silver X
ion concentrations in these three solutions wete

change in the amount of silverions in shamber X was found to be 0.03 1 fol .

- Assume that ouly the reduction of silver ions or oxidation of silver occurred at the

electrodes and the student has accurately determined the te ansport number of silver

Jions. [Relative atomic mass: Ag = 107]
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(2)

(b

“{iv) Calculate the transport number of silver ions in the solution.

»

o

{ud

{

(i) What is the value of ¢y 7
(ii) Giving reasons, state whether each of ¢y and ¢, is equal, greater than or smaller
than the initial concentration of silver ions, viz. 0.1 mol dm™

(iii) Giving reasons indicate the change in the amount of silver ions in chamber Z.

: . - . (50 marks)
Define the following terms as applied iis molecular spectroscopy.
(i)  Absorption spectrum of a chemical species,
(i)} Number density of photons in a beam of radiation. .. ... ...
(iii) Transmittance of a sample.
(iv) Dipole moment.
' (20 marks)

(f)y  Write down an expression for the absorption of radiation by a solution, having
two non-interacting chemical species, using Beer-Lambert law. - -
Identify ali the parameters in it. : )

-~ {il) A student had to determine the molar extinction coefficient of a chemical

)

species, X, in an aqueous solution at radiation frequency, v.He was given a
double beam spectrometer for this purpose. However, he only had two sampie
cells, P and Q, which do not absorb radiation at frequency, v. The path length
of P'was 1 cii “and that of Q was 2 cm . He first adjusted the absorbance

‘reading. to Zero without keeping the sample or reference in the spectrometer.
Then he kept P filled with pure water in the reference chamber and Q filled
with the solution in the sample chamber of the spectrometer. The absorbance

_reading was 2.0. " Then he read the absorbance, keeping Q filled withpure water
in the reference chamber and P filled with the solution in the sample chamber.

" The absorbance reading was 1.2. Calouiate the molar extinction coeff cient of

X if its concentration in the solution was 0.05 mol dm™
(30 marks)

Answer cither Part A OR Part B (but NOT both).
Part A: o | ' 4
(i)~ Define the following terms as applied in molecular spectroscopy

(o) Stimulated absorption
(B) Stimulated emission

(v) Spontaneous emission

(i) Giving reasons state the process/es out of the three indicated in pdlt (1) above

which tends to decrease the absorbance of a sample of an absorbing chemical
species. . .
(iii) Conmdei a samplf' ofa onemical species placed in the beam of radlatlon of
freqs .1ency 1.0x10" Hz . It was found that the rates of stimulated absorption,
- stimulated emissicn and spontaneous emission in the sample, at frequency
1.0x10"2 Hz, in units of mol dm™ s, to be 3.4, 1.2,7and 0.9, respectively.
Calculate the total rate of absorption of energy from the beam of radiation by

the sample in 1cm’ -
| ‘ (50 marks}

fuid
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Part B:
(i) Briefly describe what is meant by Doppler broadening.

(ii) Imagine a gasecus sample Of molecules placed in a spectr ometer at 25°C.
Consider the molecules in ithe sample thal moves at the speed 0)(107 ms™,

-Calculate the maximum and minimuim frequencies (of radiation i in the beam in
the specirometer) these molecules can absorb due to Doppler Effect. Assume
that the molecule has only two energy levels with a difference, :

AE =6.63x1027J _
(50 marks)
(i} Giving reasons identify the molecules whmh can show a microwave spectrum
out of the followihg.
(@JHCL @B COT (p) co, (8) HCN
(1) Write down the relationship between the rotational constant of a diatomic
molecute and its reduced mass and identity all the paramcters in it.
(iii) The rotational constant of a H*Ci molecule is 10,42 cm™ . Caleulate the
rotational constant of H*CI, .
State any assumptions you make in performing the calculation.
[Relative atomic masses; H = 1.0, 3C1=35.0 ,7C1= 37.0]
(50 marks)

Consider the’ balanccd chemical reaction at a temperature T under isobaric

.. conditions; aA+bB —»cC.

-At a given time t, thereafter but before the system reaches equ1hbr1um the activities

of the components A, B and C are p, q and r respectively. If the standard free energy -

change for the reaction at temperature T i 1s AG®,

{i} Worite down an expression for the ﬂ ee energy change, AG of the reaction under
the given conditions.

(i) If the equilibrium constant of the reaction is K under the given COfldltIOI}S TE-

©

wrlte the above expressxon mcorporatmg K into lt
(20 marks)

For a reaction at 500K, AH® =—40 kJ mol ! whlie ASG = 100 JK™ mol" '
Deduce whether at 500K,

7 V(i) ‘the reaction will occur spontaneously under standard conditions.

(i) the equilibrium constant K increases or decreases with a rise in temperature.

(iii) The value of K is greater than or less than 1.

(30 marks)

-
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Answer either Part A OR Part B (but NOT both).

Part A:

(a) (a) Under what conditions, if any, and to what type of 5ystem can tbe followmg
thelmodynamlcally dpduub]e equaﬁono apply

() AA<O
. \H
(i) AS=A A
(i) dG = VdP—$dT
(iv) AT =Ko m

(v) In(P) = — AH/T + constant

: (15 marks)
(b) Calculate ihe equilibrinm constant {K; ) at 300K; for the given teaction, -
K(g)+L{g) > Mig)+N(g).
The following data are given at 306K
AH%=-14. 6 kI mol " and AQ"_—ss 9JK mor o _
(25 marks)

(¢) (i) Define Chemical potential (1) us_ingé‘matheﬁl‘atiléal éﬁgpress.ibh'.

(it} Derive the expression for the temperature coefficient of Chemical potential in a

: _closed system at constant pressure, (%j using dG=V dP-S dT .
h ' o . D1t i R '

B . - . . V _ - 0 -
~ (iii) Complete the Gibbs — Helmholtz equation written'as, -~ =~ L

. | (30 marks)
(d) 1000 moles of a monatomic ideal gas (C‘V - =3R/ 2) are heated from 27 Cto

327°C dt constant piessum Calculate AH and AS for this process.

) (30 marks}

“Part B: B: '

(a) (1) Starting from G= H- TS derive the fundamental thelmodynamlc equatioll,
dG = VdP-8dT, applwable to reversible processes in closed systems where
only PV work is possible.

(ii) Write down the Maxwell relationship corresponding to the above fundamcmal
thermodynamlc relationship.

o _ (25 marks)
(b) A solution prepared by dissolving 1.0 g. of an unknown non-~volatile solute in
‘iOO 0 g of carbon tetrachloride has a boiling point which is 0.4 K higher than that of
oure carbon ietrachloride. Caleulate the molar mass of the solute.
(Ebumosoomc constant K,gg for carbon tetrachioride = 5.0 K kg mol” )
- (20 morks)




(©)

(d)

(b)

00373

(i) Write down the mathematical expression that can be written for the variation of
the equilibrium constant K, , with temperature given in the form

-

3ln(KP} ~
[aT P“'

(it} it'the Variation of K, of areaction at the temperature T is given by the equation,
In(K;)=15.00 ~é§~9 , calculate AG® AH® and AS® for this reaction at 27°C.
(40 marks)

Write down the mathematical form of the second law f thermodynamics for
spontaneous (irreversible) and equilibrium (reversible) processes,
(i} interms of the entropy change that takes place in an experimental system.

(i} the entropy change in the universe.
) pn g
' (15 marks)

; (1) Write down ihe logaritamic form of the Arrhenius equation. Identify rhe

independent and dependent variahles that produce a linear relationship.

(ii) The following values were reported from an experiment to test the Arrhenius
relationship between temperature and rate constant. e

Temp./°C 27 37 . 47 . 57. | 67..

| kx10%/min" 7.5 150 1205 | 350 [ 500

Carry out an appropriate tabulation of data required to plot a suitaﬁlcvgraph in

.accordance with the éxpression in (i) above L

. ' - . © (30 marks)
cis —Cr{en), (OH); = trans — Cr(en),(OH); . '
This is an example of a reversible reaction where the cis and trans isomers are said to

exist in equilibrium. 1t is known ihat both the forward and the reverse reactions are - -
first order reactions.

The values for the rate constants, k, and k., (the respective rate constants in the -
forward and reverse directions), reported at 30°C, are k,= 6.0x10 %™ and
k, = 3.0x107%s7,

() Given that a is the initial concentration of the cis isomer and x is the
concentration of this isomer reacted at time, t, write down the mathematical

' . dx .
expression for e (the rate} in the usual manner.

(i) Assuming that the concentration of the trans isoiner is X at equiiibrium, show .

‘that the equilibrium constant ‘LchuJI is given by
1 v o
X f{jﬁ - Te

ok, a-ex,




(©)

. (a)
CPart At

00373
(111) Commencing an exper iment wﬁh the cis isomer (a 0.10 mol dm"™ )
determine the equilibrium concentration of the trans isomer and hence, the time
taken for half of the ethbrlum amount of the trans isomer to be formed using _ L
k,
the integrated form of the rate equation, ln{ Ze J ( a}t
L Xy —X Xe 5
- | : o " (45 marks)
CH,CHO % "CH;+'CHO
*CH, +CH,CHO —2—5 CH, + CH,CO
CCH,CO —8 0 "CH+CO . .
“CHO —X5"H+CO -
FHACH,CHO —S 5 H, 4" CH,CO ’
Several reactive intermediates are formed in the steps shown above (Note' each of
these steps are elementaxy reactions with a Qpemﬁc rate constavts as gwen )
(1) Dehne the term “Steady State Assumptlon (SDA)” as appned to such’
inter medlates in kinetic studies ’
(i) Write down rate equatmn for each of the four mtermedlates
. (25 marks)

Answer cither Part A OR Part B (but NOT both)

(1) () Consider two immiscible hqu1ds Aand B, in ethbrium w;th their vapours at a
- specified temperature. Derive the expressmn given below that relates the
relative weight of the two liquids present in the condensate to their molar

masses (M, and M) and satmated vapour pressures ( P and PU) respec‘uvely,
W, PiM,
W, P" M '
(ii ) A mixture of ariiline and water (two 1mnusc>1ble hqulds) bmls at'98°C . The
saturated vapour pressure of aniline and water at this temperature are 42 mm Hg
. and 718 mm Hg, respectively. Calculate the amount of aniline that can be
collected for each 50 g of water by steam distillation 3

[O=16; N: 14; C=12; H=1]
(30 marks)

Part B:

Two hqu1ds 46.0 g of toluene and 57.0 g of liquid octane, were mixed together to
form an ideal binary mixture at room temperature. At this temperature, the vapour
pressure of pure tolue‘me is 45 torr and the total vapoul pressure of this mixture is 30
torr: [H=l; C=12; 0=16}. =~ e
Assuming that the co*""aposmm of the hqmd Lse remains unchanged,

(i) determine the vapour pressure of pure octane at this temperature.

(i) calculate the vapour composition corresponding to the above mixtuie in termsof
mole fraction of octane.
(30 marks)




(b) (1) 20.00cm’ of aliquid A [ relative molar mass 96 and density 1.2 kg dm™1is

(c)

(d)

'in the figure.

(i) Calculate the

“mixed with 40.00 g of a liquid B. If the mole fraction of A in this fully miscible
system is 1/3, determine the relative molar mass of B.

(iiy T€10.0 g of a third compound, C (fully miscible with the other two) of relative
molar mass 40.0 is added to the above mixture, deterinine the mole fraction of B

in the new mixture. :
(14 marks)

Two metals A and B (melting point of A =1200°C ; melting point of B =900°C) are

said to form a simple cutectic system at elevated temperatures. The eutectic
composition corresponds to a melt given by the mole fraction of A equal to 2/3. The
cooling curve corresponding to an equimolar mixture of A and B shows a break at

750°C and a “halt™ at .650°C.
(1) Sketch a fully labelled phase diagram for the above system.

(ii} Sketch the cooling curve mentioned above; identify ihe processes, including
phase changes, corresponding to each section of the cooling curve,

' (32 marks)
The phase diagram Boiling point
corresponding to the Nitric acid
and water system that
corresponds to an azeotrope
showing negative deviation
from ideal behaviour is shown

Boiling point

| VVapour composr@,_

-

Liquid composition

120.5°C

The composition of the
Azeotropic Mixture is given as
68% Nitric Acid by mass.

i 86°C

(i} What is meant by “negative
deviation” in the above
case?

100% nifric acid
0% water

0% nitric acid
100% water

% by mass

. 68% nitric acid
corresponding mole
fraction of Nitric Acid in the Azeotropic Mixture.

(iif) Briefly outline the process of fractional distillation carried out on a mixture
whose composition is indicated as the Azeotropic Mixture C,
[C=12;H=1;N=14; O=16]

. {24 marks)

~ The END




