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Velocity of light / aeecdmed yedwws (c) = 2997 x10*ms’!
Faraday constant / «Se® Bwemas (F) = 96,500 C mol’!
Mass of an electron / gecmedimuem &mmida = 9.109 x 103! kg
Standard atmospheric pressure / ®®®» gend@s B8dme = 10°Pa(Nm?)
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General Instructions / e:®2s cse¢ed

1. Read all instructions carefully before answering the questions.
365 D0 BEno 800 oud BuwE® cuectd owidsy Budnsis.
2. This question paper consists of 4 questions in 7 pages.
e®0® yd» vye 89 7 Bxf ww ydm 4 By s@s30n 0.
3. Answer all questions. All questions carry equal marks.
BeE® ydm DED B8nd o¢rim. BeE® yddm DEO 6@ cmen 1o,
4. Answer for each question should commence from a new page.
©:® yEH@WO® 8L 50 BYOB 5T awd®w B wmes.
5. Draw fully labelled diagrams where necessary.
30as MIOE 8018w ensI® oFaE me Sio wdwsT g8sin.
6. Involvement in any activity that is considered as an exam offence will lead to punishment.
Bwoo Dder @@ BEmD B O FwimdmOmO @I B8 ¢RO® P00 ovn d.
7. Use blue or black ink to answer the questions.
y&m OEO BEns 800 BE owd md Bxdn wdm m»osis.
8. Clearly state your index number in your answer script.
Red BEnC vned ed Swiw gome s1wE8D wewnsy misis.




01. Answer all parts (a), (b), (c), and (d).
(a), (b), (c) 3% (d) Beoe® om0 DEO BEnoy wuwsis.

(a) What are the three states of matter? Indicate whether the following statements are true or false
regarding these three states.

serbOed addd nm nOn? 000 gdud nm BOATIDEWsT BYD YK BEBE OB BBID

eDsTH.

ii.
iii.
iv.

VL.

vil.

(®)

ii.

iii.

Solids have a definite volume. e D@0 Buddn s8@:0w a.
Liquids cannot flow. 886 DED ®Eww@s ezwwm.
Any substance can be melted by cooling it. ®z%® ¢Duwn! BB BEe®s) ¢ megwum.
Liquids can take the shape of the container. 8s60E0 wemed ©Be oY G.
Gases have a definite shape or volume. &ig0c0 Bd8n wi@wn ewd e88:0n 1.
Matter changes its state when heat is added or removed. msc @mn ®ESO owd @O
mEDO 880w 08 gD edmmTE.
Change of liquid into vapor on heating is called evaporation. S=¥88e®& Ewd Dide DO
s BBO DrEBmCens e HESED.

(10 marks)

Write down the mathematical relationship between compressibility factor and temperature

of areal gas and identify all the terms in it. e18; Pogg®m s®BsH0 LW 38 T OD

anl ©&H»Os B®sIde B OF g BoG® ©g wgmnosis.

Using the equation for the compressibility factor, derive an expression for the density (d)

of a real gas. @8N W e BOMSeRB Wb WOB2T W@ Do weEFD®

(d) esewo gymoament CResTH.

What is the value of compressibility factor for an ideal gas and write an expression for the

density (d) of an ideal gas. uBuben D wewsr OB WwADES o BORI?

OOBsT 8Buben Digdm emyidw (d) wews ymam e Eosim.
: (25 marks)

(¢) The mole fraction of argon in a gaseous mixture containing argon and hydrogen is 0.650. The
pressure and temperature of this gaseous mixture are 1.50 bar and 300 K respectively. Assume
that the gaseous mixture behaves ideally. e’ e 0By gDen Doy Byennzm ozt BYE
0@ 0.650 B. 00 Dogy By ened BOm® wo cdemnids BEedBsY 1.50 bar esw 300 K 8. D1g®w
Byenn ©3uben oce vBedm 99 comcame mdsim. (Relative atomic masses: woednie
s6Orenm emsto: Ar=40, H=1 and esw 1 bar =1 x 10° Pa) |

ii.

iil.

State Dalton’s law of partial pressure. e@dF0sfed goBm BOmw BEDe Budw wepsy
®OsIS.

Write down an expression for the partial pressure of any gas in a mixture using the total
pressure of the gaseous mixture and the mole fraction of that gas. Sog®w Bgenwm
s®y8e BOm® o O Diged BHE v wdm mo8s) Bgemum ¢ @on® Dgdm
oGz BBOmG wew yrmnm e Gusim.

Calculate the partial pressures of argon and hydrogen in the gaseous mixture in Pascal.
sedmE Smw OB Ddw Bgemed gond wy WBOHCEBIS quim BOmaes vemmw
WOsI5).



1v.

. . . (X arMar+Xu, My, )P
If the density of the gaseous mixture is d, show that d = (XarMar RTHZ i)

mole fraction of argon, Xy, is mole fraction of hydrogen, My, is molar mass of argon, My,
is molar mass of hydrogen, R is universal gas constant, P is pressure and T is absolute
temperature of the gaseous mixture. (Hint: the mass of the gaseous mixture = mass of
argon + mass of hydrogen)

where, X4, is

Dy Bgemed wmfde d 8, d = (XATMAT:T(HZMHZ)? 20 eousidrim. 008 X on

PoIOE OPC wow, Xy, ory »v89ssdc 99c wow, My, on goxl 0c 98E»
Sm5I0®, My, om »8Hs80E 998m edmside, R wy 080y Dy Benw, P wp BOmw

o T om Dy Bgemed Biedls c8deannDwel. (9Bw: iy Byeaed dmsidw = quonsid
S + wB8usTS dmsidn)

Calculate the density of this gaseous mixture. e®® &ty Bgemed 6mDG O€DI®
DOBIBY.

(40 marks)

(d) Giving reasons determine the values of w, AU, AH, q and AS when five moles of an ideal gas

(Cv,m = %}3) expand freely from 2.5 dm?® initial volume to 25 dm’ final volume at constant

temperature. s8y8es DD O sw | Cyyy = Eal ,2.5 dm? m ac®wm 8@ed 8O adesonm
8 4 g vm < & g

3800 25 dm? e300 Bum cdamxtDeme Bevotd yendems O 80 ouly etd®sy w, AU, AH, q
o® AS gowsy Blews mdsin.

(25 marks)

02. Answer all parts (a), (b), and (¢).
(a), (b) & () BuE® omddd DEO BEnd wuwsim.

(a)

il.

Write down the linear form (y = mx + ¢ type) of the Arrhenius equation and clearly
identify all the terms.

aBB e e®miemad alife 80G8we (¥ = mx + ¢ gmdw) Bw B o 8EED
HEBN @CBIBY.

Given below is an Arrhenius plot drawn based on experimentally determined rate
constants at different temperatures for a first-order reaction. The calculated linear equation
for the graph is y = —(16600 K)x + 1. 74, where K is the unit of the gradient.

vom  yEhde g gied ©ogl ovg yBBwd wom 880 LwaDOEE
svedsaitOmd Alame mdm ¢ Bym Bumwst g5ywdensdl. et 6eEw HenBIH

OB B¢ @8Bw 8mdene, y = —(16600 K)x + 1.74 od. K on anypm@med Swmmae
@D,
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(x) Based on the linear form of the Arrhenius equatioh you mentioned in (i), label the x
and y axes. Mention the units if any.
22 (i) 8 ecovst we edBed vdndmed eddw €BdGBw O Be®0, X @Y Y Qo
5® HID. S Bed O wewsy OB,

(y) Using the equation of the graph, calculate the activation energy of the reaction. Clearly
mention its unit.
yeEsed edmiens vBm S8, yBBPwed wBlwe arfBe O DI . OF
dmme 08B0 wewsy mosIm. '

() “When temperature is increased the rate of a reaction increases”. Explain.
" st /D 08 Om 8O BB 0dww &8 08", e &8 OBV,

(30 marks)

(b) What do you understand by the following used in the study of Kinetics? '
990 DD BB DiEm BN gLEd vund wewsT DO end Himx Dedl OC alS e®umdo ¢

ii.
iii.
iv.

rate determining step/ @®®» B8en BwOS

a pseudo first order reaction/ ©10¢ sgg evg YA @O
an elementary reaction/ §8m yBH @O

half-life/ &2 g moEw@

(20 marks:
(¢) A hypothetical elementary reaction is of the form A + 2B > products.
HE8» §8m §BB @O A + 2B D> 8¢ qumndewst B¢ ©D.
1. Write down the rate equation for the above reaction in terms of — _‘Z‘g_‘:l using the standard

ii.

iii.

symbols. es®®m eoewlm widmw sy gum B8 wod esgwo Bymo o®mSens, — %l[—?l

e OB Businm.

What is the overall order of the reaction?
gBBed 8d@usn evg BO?

Determine the SI units of the rate constant, k.
Bym Benw, k, 8 Smme BEems »osTm

4



iv.

Vi.

vil.

viii.

Assuming that this reaction is carried out with an excess amount of B relative to A,
derive an expression (integrated form) for the pseudo rate constant (k') of the reaction in
terms of the concentration of A at time t, [A], and its initial concentration [Ao].

0®® gBBw@d AD medmd B8 ¢88mn g@rennBs’ By 00 w8 comcdume m»ods,
BB woed Dxe Bym Benas (K') sews gmamen! (¢ymEm qumse) Dysiusis
mOsIm. 6®BE t mEemE A 8 wostgencs [A] v g00®wm worIgens [Ao] @Eesg ewog
®5IBy.

Following hypothetical data represent the progress of the reaction. Determine the half-
life of this reaction. .
svn HE8D fn yBBeed yoBe Bowens H68. 008 yBBwied bl aid BE®
D EBBIB WOBIB.

Time/s 0.0 10.0 20.0
0EG/S

Concentration of A /mol dm’ 105.00 52.50 26.25
A 8 eoxteencs / mol dm’

Use the integrated rate law obtained in (iv) to derive an equation for the half-life of a
first order reaction.

88 ong 5BBw@DD §8d g s ey sdmienn Dyusts BBOO (iv) 8 Eao
ot a5y En B8ymr Be®w widmo wosIm.

Calculate the rate constant (k').

Bymo Bune (k') owme mosis. _

Determine the time that will be taken to react 80% of reactant A in this hypothetical
experiment.

oP® »EBo sdmemedd, A yBfewews? 80% = yBHw BESO oudsy woEw

B eww »osIs. (50 marks)

03. Answer all parts (a) and (b).
(a) w0 (b) Bu@® omded DED BEno wsuwsins.

(a) A student prepared an electrochemical cell by immersing a magnesium rod in an aqueous
solution of 0.004 mol dm™ Mg(NOs), and by immersing a silver rod in an aqueous solution of
0.004 mol dm™ AgNO; solution, and measured the potential difference and it was 3.156 V
at 25 °C and 1 atm. The standard reduction potential values are given below.

Burens OF3RBu® ceddst 0.004 mol dm™ Mg(NO3), 88w ciDenwm wo 58 eed®zs 0.004 mol
dm™ AgNO; 88w D esm BEBe®st Byt SenwBm emwdwnns wmed w0 08 Swd edme 25
°Cown | atme3.156 V oces @85 8. «®00n dutBundes Bwd gowsy swn 858 od.

ii.

il

Engrtprg = —2.356V and Eqgta = 0.800V

Write down the half-cell reactions at the positive and negative terminals.
QA 5w waeh gy OE @b ewds yBBwr Businm.

Calculate the ionic strength of 0.004 M Mg(NOs)2(aq) solution.
0.004 M Mg(NO3)(aq) ¢denod guim gREmbde ©enme moninm.

Using the Debye-Huckel limiting law, calculate the activity coefficient of NO3; ™ (aq) in
0.004 M Mg(NOs)2(aq) solution.
5




Debye-Huckel 8®02%8 B8 ©odmo w6827, 0.004 M Mg(NOs)(aq) edese nc
NO; (aq) 8 eBwmn Bonenmen ©Hhs® mOsID.

iv. If the student added 1 L of 0.02 M NaNOj3(aq) solution into the 1 L of the above 0.004
M Mg(NOs)(aq) solution, what will be the ionic strength of the new solution?

Geno 9unm 0.004 M MgNOs)(ag) edemewsy 1 Laf 0.02 M NaNO; 8¢ ¢denowns
1 L»d omn meows, 50 gdened aedim udcmd non 0dg?
(50 marks)

(b) Consider the electrochemical cell given below prepared using the two electrodes, Zn(s) and 1 M
Zn(NOsk(aq) and Ag(s) and 1 M AgNOs(aq) at 25 °C and 1 atm. Zn(s) es» 1 M Zn(NOs)2(aq)
ww Ag(s) s 1 M AgNOs(aq) om pocsedd) oem wdm mddsd 25 °C ew 1 atm 83 eoved
B0 B son tedn Deygsl denaeBlm emdes BEm DEHID.

Zn(s)|Zn** (aq)l|Ag* (aq)lAg(s) -—--(A)

At 25 °C and 1 atm, the standard reduction potentials of two electrodes are given below.
25 °C e 1 atm 8 005 @ulBuies Dwd gows? son 8B 0d.
Eznav)zn = —0.760 V and E4g+45 = 0.800 V

i. Write down the anode, cathode and cell reactions of the above cell.
@® emdved ¢ emR), endd ww emds yBw Eusim.
ii. Calculate the emf of the cell at 25 °C.
25 °C & emdsed 8.00.8. 806 050 HOBIS.
iil. Write down an equivalence cell diagram for the above cell (A).
P emdsn (A) sew w@mm omds wdvms Eosis.

v. * Write down the Nernst equation for the above cell diagram using the standard symbols.
B®Om woon® wdnews gwn emds sdwnm wewr Nernst edmdess Eosim.
V. Find the electrode potential of a cell prepared using the concentration of 0.1 M

Zn(NOs3)(aq) and 0.1 M AgNOs(aq) solutions at 25 °C and 1 atm. The activity
coefficient of Zn?*(aq) and Ag*(aq) at the given concentrations are 0.178 and 0.750
respectively.
0.1 M Zn(NOs)2(aq) esw 0.1 M AgNO3(aq) 0w wadmo m3, 25 °C esw 1 atm & esmed
BOm Ce endunm eeceddd Bude ewinsln. Gib & g1 wosicenncsIBE Zn**(aq)
sz Agt(aq) 8 BwomoB segenm 88eDExY 0.178 ew 0.750 .

(50 marks)

04. Answer all parts (a), (b), and (c). (a), (b) e (¢) Beg® emi0L DEO BEnG e BIB.

(a) State clearly the type of systems and the conditions under which the following expressions can be
applied. swm sensy ymonm onle vl sddB DEns oy DT L @ED wewsy mOsTH.

. h_n
i. s
ii. w = —nRTIn (‘-;3)
1
ii.  AS=nCymin(2)
1
iv. AG <0




(15 marks)

(b) In a closed system, five moles of a perfect gas (C,,’m = —355) undergoes the following changes of

states A, B and C. esotam addBem, a8ybies Digdm @G swn’ (C,,‘m = 325) s qeds A, B
0w C w5 g0 00meEm® DEO wiksiw ¢d.

ii.

iii.

(A) A reversible isobaric expansion from 2.0 atm, 25 L to 2.0 atm, 50 L
(A)2.0 atm, 25 L 89 2.0 atm, 50 L ez gm15008m 088z geeosonm

(B) A reversible isochoric compression from 2.0 atm, 50 L to 1.0 atm, 50 L
(B) 2.0 atm, 50 L 80 1.0 atm, 50 L ¢z500 gm1008m 0302800 eseomfOme

(C) A reversible isothermal compression from 1.0 atm, 50 L to 2.0 atm, 25 L
(C) 1.0 atm, 50 L 80 2.0 atm, 25 L ¢wlDo 5225008 we®@lden woomdOmae

Sketch each of the above processes on the same PV diagram. guns Ouf Onl HwedE 0m®
PV Gies es0wmm es0w sy mdsdm.
Calculate the temperatures of these states A, B and C. e®® A, B ww C 4de0d¢
cBesde ngmae moxstm. (1 atm = 101325 Pa)
Calculate the total g, w, AU and AH. & q, w, AU esw AH oease mdsim.

(35 marks)

(c) The emf assigned to the following electrochemical cell was found to be 1.08 V at 1 atm and 25 °C.
s0m ey’ Sewdm emdvnd 8D e 8.01.8. 1 atm ew 25 °C 88 1.08 V ece ewiwonsisn

ce.

il

iii.

iv.

Pt()|H, (@IH (aq) (ay+ = DI|Br(g@)|Br~(aq)(ap,- = D|Pt(s)

Write down the anode, cathode and cell reactions corresponding to the above cell
diagram. gwm emds 16 ©0WmO gmGis OB Ge5Xd), mend® ww emds yBwwr
Basis.

What is the standard emf for the Pt(s)|Br,(g)|Br~(aq) electrode? Justify your answer.
Pt(s)|Bry(g)|Br~(aq) socseoddde weyr e®@m 8.00.8. n0nie? oy ¢fods) Red
BENS e1tnd amSene mOEIS). ‘

Calculate the Gibbs free energy change for the above reaction. Hence identify the
spontaneous cathode. @um yBBwd wewo Gl Bewd el edmw vpeamas mOsIm.
O 85Y D8R mendwe vesn onin.

If 0.1 M NaBr(aq) solution was used to prepare the electrode Pt(s)|Br,(g)|Br~(aq),
calculate the mean activity coefficient of NaBr(aq) solution when the activity coefficient
of cation and anion are 0.78 and 0.76 respectively for 0.1 M NaBr(aq) solution.
Pt(s)|Br,(g)|Br~(aq) eecaleddde emB®0 0.1 M NaBr(aq) ¢desws widos meg
58, 1D 8959 G BNEHOE Bwoznd segenm 88edEx7 0.78 w1 0.76 0580 0.1 M
NaBr(aq) ¢dened @1 Bwomd wonenmens OensIn mosIs.

(50 marks)
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