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General Instructions

1. Read all instructions carefully before answering the questions.

2. This question paper consists of three queszions in Seven pages,

3. Answer all the questions. All questions carry equal marks.

4. Answer for each question should commence from a new page.

5. Draw fully labelled diagrams where necessary

6. Involvement in any activity that is considered as an exam offense will lead to punishment
~ 7. Use blue or black ink to answer the Vqﬁrestirdnsr. -

8. Clearly state your index number in your answer script

Gas constant (R) = 8.314 J K-"mol! Avogadro constant = 6.023 x 10 mol!

Faraday constant (F) = 96,500 C mol™ Planck’s constant (h) = 6.63 x 10~ J 5
Velocity of light (¢) =3.0x 108 m s ‘Standard Atmospheric pressure = 105 Pa (N m2)

Mass of an electron = 9.1 x 103kg
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AG=-nFE  1=05x3¢;27  log(y,)=—
j

Data: A =0.509 dm¥? mol™2 aB=1.25dm"¥? mol /2
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Part B
(Recommended time 1 hour 30 min)

Answer all parts (a), (b), and (c).

(a), (b), ww (c). Bue® emdu o= BEmC; weswsnTe

(a) (i) Write down the mathematical expression for the first law of thermodynamics and
define all the terms involved.
28 08 Bemed 8ef Bedud anc 0HnEe edmdens G 88 Bud ve wertdrin,

(i} Distinguish between the terms extensive property and intensive property? Which of
the following properties are extensive; Heat capacity Cp, molar Internal energy,
Kinetic energy, Gibbs free energy, molar Enthalpy, Pressure, Temperature in Kelvin
wOwN g we OB gom gud edme eI, 857 m@es o BB ges Osiesie?

BOB 2w B Cp, 0086 quneins omtBe, Diem amthie, B3 Rewed
oAe, o®osBe Sl dBe, 80w, cdensie emE 8=t 08

(20 Marks)

(b) Under what conditions, if any, and to what type of systems will the following
thermodynamic equations apply?
YD 208 OB BIWSwm B w vddBen DBnedt 90 nOes gnedne me
@me? |
(1) g =nRTn VoV,
(1) In P+ Yin V= constant
(iil) AU = nCym AT
(v) AS=AH/T
- - (20 Marks)

(c) (i) Starting from the first law of thermodynamics show that the heat change in an
isochoric process is equal to the internal energy change, provided only expansion
work is possible.

e 0f 8e8008 g8 Rue@ewsd s0sfens @ u88s (isochoric) yessces0d? Hoes
e0m® gunsind asld e0m®d wdim 0 9D ewxiDxim, "

(ii) The enthalpy change accompanying the formation of one mole of ammonia, NHs(g) -
from its elements at 300 K is - 46 kJ. Calculate the molar internal energy change, of
formation of ammonia at 300 K, Assume ideal gas behavior.
2coon 08sI NHs(g) 0@eg omat 300 k' & ¢ sz aoc Oy eDme
-46 k] @B, ©9gd 28380 vilied 68 comdoma I8, 300 k & eedBw
CHBemBD goc e@e@m gwBsimd anfo omme mosin.




(a)

(b)
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(iil) 100 moles of a diatomic gas (C y n = 5R/2) at 727°C undergo a change of temperature
to 227°C through a reversible adiabatic process. Final volume of the gasis 109 dm?,
Calculate
The change in enthalpy, AH
The change in entropy, AS
The initial volume of the gas

48 6oBgm Dogdm 6@ 10085 (C y, i = 5SR2) cBesdoe 727°C 80 2270C
¢l 0 5500890 $3C 80 HwrdEwsd AT @8, qbwory Bogg 088 10° dm® me
DY 8 edxmes AH

95¥eQ08 edmes AS

#08Hm Doy 5@ wemn OB,
(60 marks)

Consider a hypothetical elementary reaction of the form A + 2B —» C
JC o100 comdBn BB wdE A+ 2B —+ C »e

. . L aja} . . .
(i) Write down the rate law / equation in terms of — % for the above reaction using the

standard symbols (with & as the rate constant)
k @80 Hwme 82 gun yBBwd 2360 —%i:l w®®n o (symbols) ewg 088 edn

w®mdenc Buslm.

- (1) Assuining that this reaction is carried out with an excess amount of B relative to A,

write down the corresponding rate equation in terms of the pseudo rate constant (")
- of the reaction.
AD ednlud 91840 B 588w escen wuom® dxdent 5H® Sed 3OC @20 8miame
. Costn. o8 8 (k) . [Beetd(Pseudo)] ode Bone o8, o
- B ' o (16 marks)

The hydrolysis reaction between ethyl acetate (88.0 ¢ mol™ ) and sodium hydroxidé is
found to be first order with respect to each of the reactants,
On8E 418020 (88.0 g mol™!) e eadSes® »Beiuduld and wdBmon 358 @00

et Ot s enedted eCE eunE dsiost me

(1) Write down the chemical equation for the above hydrolysis reaction.
905 YHGwD eeun Swwdm admime Sosin

(i) Write down the general rate expression for this reaction, assuming that the initial
concentrations of both the reactants are same and equal to “b” mol dm™ and that the
concentration of the ester reacted at any time, {, is “x” mol dm=
ePR gBE @D wews o@ims edo Bmdms Sasinm,

b moldm? ey eB8Bws econd wmi®wvm izl emesd en t mocamd BB mom
8w eosfeme X" mol dm? eces osts.
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(c) Incarrying out the above kinetic experiment, you have been asked to mix 10.00 cm? of the
ester (density = 0.88 g cm™ at 300 K) with distilled water and 1.0 M NaOH such that the
total volume is 250.0 em? and, that the concentration of NaOH is equal to that of the ester
in the reaction mixture.
99D Dem Donsfom sbveme 8dos 10.00 em® 0 (smafde = (.88 g cm™ at 300 K &)
1.0 M NaOH qeym deo ot mc 50 0 8820 250.0 em® Odost 5@ NaOH esw
DedOded winleennst e Duien mE

(i) Determine the initial concentration of ester in the reaction mixture.
PO®Wm BefOCed wurleesn Bmm monis.

(i) Calculate the volume of 1.0 M NaOH that you are expected to add
o mE @ 1.0 M NaOH 688:8 oenme mdsim,

. (34 marks)
(d) A cell diagram for the cell constructed by a student is shown below,
Geswn 8857 00D mem G¢ enfsem emde wdnm aunn & quo.

X(S)’ X ag)(e, . = 0.01moldm ™} Y* (aq) e, =0.02 moldm™) Y (s)

X and Y are metals. At 25°C, the student found out that the emf assigned to the above
cell diagram to be 1.56 V.

Xow Y ecdy ¢b. oB® emde ©0wm0 o emdsed 25°C g By m@m DEe
156 V. ob.

(1} Write down the anode, cathode and cell reactions corresponding to the above cell
diagram.
oum emds alnmd GOE GovdR), I endd ww emds u8B st Bwntm.

(i) What is the charge number of the cell reaction you have written above?

79D Guv ¢ omds gBBwed pedioe gmae noufe?

(i11) Giving reasons state whether the cell reaction you have written is spontaneous or not.
P00 o 3¢ ends gBBwd BO-BIRede/myte wsin ey efoB wewst mosm,

(iv) Calculate the Gibbs free energy change for the above-mentioned cell reaction.
oD Guy G¢ emie 98B wdo G G wudeis efBe vemma mosim.
(50 marks)
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3. Answer any TWO parts out of (a), (b) and ()
(a), (b) 5w (c) o emde DEST Bev® e¢mm BEnG aswnim.

(a) A student prepared a Galvanic cell by placing a rod of metal P in an aqueous solution of
PY.(in aqueous solutions PY is completely dissociated into p*"and y?) placing a rod
of metal Q in an aqueous solution of QY and bringing the electrical contact between
the two solutions using a salt bridge. It was found that the electrode potentials to be -
=135V and -2.64 V for the above mentioned electrodes involving metals P and Q,
respectively at 30°C. PY and QY readily dissolve in water dissociating fully into ions.

Gevemn ord0Be endenn! @ vew P ocinds 5o SE6 PY pomeme Q
ocin®s mowt  &E8e¢ QY> go@%wéﬁaq o Bedst sy 96 oyl w®RTDmS @
Coh ¢ &% (88w oL ewmed PY wdyfmenni® P aw Y2 950 Sewdumes D).
o0O cbeh o¢m ¢md B@ATIOw #B BB D& ewndrl B8N i ca.
300(38 P oo Q gecdeddd O Bwdesy BEeD8sY -1.35 V a0 -2.64 V 5. PY enen
QY2 dced EecdBxs? edgbmewsy Bewltma od, '

(i) Using standard notation draw a cell diagram for the cell prepared by the student,

©BOPH g vdm BI8sT e BBewE e omdowed G @mds ealnm
gexsim.

(i) Write down the anode reaction, cathode reaction and -cei-l 1;eacti011 corresponding
‘the cell diagram you have drawn. ' '

@8 B0VN 8eE HEHR BBBwd, mendd YBBD e emde 585 wd
Buzlm,

- {iti) What is the charge numbef of the cell reaction you have written above,
omdB BB @D 2one meddae oz Sufc?

(iv) Calculate the emf assigned to the cell diagram you have drawn under the
~experimental conditions at 30°C, \
30°C e8Suen oD woes Ewm @¢ ewdsed Begys! @dm dEes (emf) v esme
mleta i

(v) Calculate the Gibbs free energy change for the cell reaction you have written under
experimental conditions at 30°C.
30°C oBtees v wdene Bum Cq omdeed 83 eedeis e vemme
WOnY.

(vi) Giving reasons identify the positive terminal of the Galvanic cell the student has
prepared.
e 8857 BRewE monm C¢ G 0Bm emdeed Om age WEBNOD G
o¥n) wBnd om@E monds.




(b)

(©
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(50 marks)
At 25°C, a student prepared a solution by dissolving K3PO4 and KCI in water. The
concenirations of K3PO4 and KC1 were 0.200 mol dm™ and 0.150 mol dm, respectively.
[Assume K3POq to be a strong electrolyte and disregard the reaction of PO4*(aq) with
water].
25°C & @osacsry  K3POy ese0 KCI ¢ bmun wem 38 08 cve@med K3POys eww KCI
O wasfgenas? BEeoE= 0.200 mol dm™ ase 0.150 mol dm~es.
[KaPOs goe Sqpst SBedeswn Om ores comdemna m3, PO (aq) o dee gmd
BB @ evnnEH: ©35im).

(1) Calculate the ionic strength of the solution prepared by the student assuming that the
only ions in the solution are created by the dissolution of K3PQy and KCI.
K3POy e KCl s®@mval sz@d Gum woem A0 coemduans B Guser BRewe
mOB @ HOwed guim yoemod (strength) eesme Hdsin,

(1) Calculate the activity coefficients of potassium and phosphate ions in the above

mentioned solution using Debye-Huckel limiting law.
Debye-Huckel #Be®wd amd gus $BEwmed 6D Be® ww emdedd qumde
BB w-gemma (activity coeflicients) omess mosis.

(iif) Calculate the activities of pétassium and phosphate ions in the above mentioned

solution.
- 2U 0T HDMmed 0180 wn emeodd GODOE eiwmnd (activities) om e
Elera ol
(50 marks)

(D Define the following as applied in studying Galvanic Cells,

O 0oBm emdewm swn & 280 ctosts,
(1) Capacity of a battery

M OBwm Da8m0d
(i1) Energy density of a battery.

NOBam anld emufdo

(I} A scientist constructed a fuel cell which uses butane as the fuel. The electrolytic,
medium of the cell is acidic. The spontaneous cell reaction is
2CH3CH2CH2CH: + 1302 — 8CO, + 10H,0
He found out that the Gibbs free energy change for this cell reaction to
be -5,400 kJ mol™.

Vo) vdnensy Bememenst grtds emisnn Bz mom @8, By
BHIDIME BB BB GEe BEwm idna enddh wrtmo CE. B0wBID
OWIE BB wd

2CH3;CH,CH2CH; + 1307 — 8CO, + 10H0

D BB DO0 goc BHed ewdds omtd edme Omed -5,400 kJ mol! e

6
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(i Write down the spontaneous anode reaction and spontaneous cathode reaction.
HBOBBID oo BB @D we mendd gBBwd Swndm,

(i1) Deduce the charge number of this reaction.
08 yBF LD g Ppoddsem gme B aan mdnm.

{iii) Calculate the largest potential difference that may be observed across the two
terminals of this fuel cell.

0¥ emdsed g9 e¢m gnd euriin BmE® Bons Bud edms peme N,

(iv) Calculate the rate of combustion of butane in units of mol s, in this cell when a
steady current of 15 A is drawn from it.

o0 emdvows? §@8wl 15 A Smmid e casmstsn 80 DRedsy OE come
Be® wemd mol 5 Smm 88 vemmae wouim.

(50 marks)







