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Avogadro constant / g0 mef)d Beme (Na) = 6.023 x 10?* mol!
Universal gas constant / ea8®z) Hagg Bame (R). = 8314 JK! mol"
Planck’s constant / deostwted Beme (h) = 6.626x 10 ]s
Velocity of light / ewecdmed yebow (¢) = 2997x10° ms’!
Faraday constant / o608 Rwewma (F) = 96,500 C mol!
Mass of an electron / gecsleddmnen dnside = 9.109 x 10°! kg
Standard atmospheric pressure / ©®®n Srgend@e B8ome = 10°Pa(N m?)
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General Instructions / e®mms cuveqd

1. Read all instructions carefully before answering the questions.
@ DED BERG 880 ovd BurE® cvesd ouds! Saubsin.
2. This question paper consists of 4 questions in 7 pages.
e®® ydn sne 89 7 Azt vw gudn 4 Bof @sidn 6.
3. Answer all questions. All questions carry equal marks.
Bae®? yum DED BEnc e¢rinm. Beg® yudm 06D a@is cne §1o.
4. Answer for each question should commence from a new page.
01® yememO® BEnc »d BOOBsT ¢oo®w Bw wmae.
5. Draw fully labelled diagrams where necessary.
gDas MmBIOC 8dySwmens’® eFad me 0o wdws g8xim.
6. Involvement in any activity that is considered as an exam offence will lead to punishment.
Bwne D6exf oes wEmm Bsn® Beimdm®md edasid) 88 (08 1880 evly ed.
7. Use blue or black ink to answer the questions.
aum BEO 8Eno 290 A ewd md Awdn widm mdzim.
8. Clearly state your index number in your answer script.
Ded BEnG sned Bed Bwn gomae o10@3D eewst mosis.



01. Answer all parts (a), (b), (c), and (d).
(a), (b), () &3 (d) Bee® emdd DEO BEnG wuwsis.

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

sebdad gdud nm nonfe? e®® abdd pY w®ddcws! sun Y WBNE gEDLE GEIB

OB,

ii.
iii.
iv.

V1.

vil.

(b)

1.

Solids have a definite volume. &z DE0 Heidn 8B20= g1m.
Liquids cannot flow. 8s6 DED ©EIw om0,
Any substance can be melted by cooling it. 820 ® ¢Dusuxl 88 Ae®sf gD megwim.
Liquids can take the shape of the container. 8600 memed wie enmmBes.
Gases have a definite shape or volume. £og2 0 Addn wiBen ewnd w80 ¢,
Matter changes its state when heat is added or removed. mse 9 »edd evd 9bsf
»edD vede 68 ¢Dudd ebmedmdi.
Change of liquid into vapor on heating is called evaporation. S=5B33e®2 §wud Dids 20O
oslB0® Dd8miens oG viExIed.

{10 marks)

Write down the mathematical relationship between compressibility factor and temperature
of areal gas and identify all the terms in it. 313 £oOm 8B8DBHN DWW 0w PG,
gm0 0 &Hnde @it Bw o8 gf Bog® sq wgmosis.
Using the equation for the compressibility factor, derive an expression for the density (d)
of a real gas. ®8&um dme g BIMmOenn Wdm OB @ Drigdn emfda
(d) eewo gEnam el EGEIeDIm.
What is the value of compressibility factor for an ideal gas and write an expression for the
density (d) of an ideal gas. e8gfen Digbet wew OBV Dol gou RO=G?
o085 uByylen Digdm emstde (d) wew gmamox Sesds.

(25 marks)

(¢c) The mole fraction of argon in a gascous 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. goos? oww wBHUsT g-g Dy Bgemun gpos! BHE
mwa 0.650 8. od® oy Bgemed Bbme s cdwmside BEedBx 1.50 bar e 300 K 8. Hag®e
Byene u8ubem oce wBeom D cumEums @moxsTm. (Relative atomic masses: woedia
86®remm Swsid: Ar =40, H=1 and ww 1 bar=1 x 10° Pa)

ii.

iil.

State Dalton’s law of partial pressure. e®J@0ted g@m BOme BEag Bulw wewsy
BEBI.

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. D:@w Bgemum
e®udem 80mn 8w OB Diged OHE e mdm 85T Bgamum HP Bon® Ligbm
a8 BOme wgw gmamen! Gesis,

Calculate the partial pressures of argon and hydrogen in the gaseous mixture in Pascal.
sdmE Smm 08 Dn@s Bgmed ;mos? sy HEHCUSTSE Gdn BOrnesl v&mme
mosts,



iv.

(XparMar+ Xy, Mu, )P
RT

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)

If the density of the gaseous mixture is d, show that d =

where, X, is

Doy Bgeed exsdde d 9, d = (XATMAT;);HZMHZ)P AP eusldnisy. @8 X, o

gozioe 80 wmor, Xy, vg »8HUEOc 89c mow, My, o qpozl dc 29Em
dmsie, My, o ©888530c 888m doride, R vy wldy dig Bene, P vy 88mw

eon T on Dy Bgamed Adednls cdafDeld. (98w: Diy Bgered Ewside = gosid
Smsie + ©8Hdsld dmsite)

Calculate the density of this gaseous mixture. e®® by Bgened emfde Omm@
WOBIBY.

(40 marks)

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

(C‘v,m = 325) expand freely from 2.5 dm’® initial volume to 25 dm® final volume at constant

temperature. s8u8 e Diydm B vwt (C,,Jm = §§), 2.5 dm® » eo®um s8@ed 80 gdesem

=880 25 dm’ eton Bon cdasfbum Bevedd yendems Om 80 euly ¢wld@xsT w, AU, AH, q
wwn AS enws? Bdewmo mdsim.

(25 marks)

02. Answer all parts (a), (b), and (c).
(a), (b) &® (¢) Bue® omnded DD BEnd avwsinm.

(a)

il.

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

pBHweed admimed olifv ¥ddgus (y = mx + ¢ goznde) Buw BuE wofn 80@E0
wes eI,

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.

som gdhde g qtesl sgl cvg yffets oewmm 801 cdembdEE
sedeantOmd Hiame »dn ¢ Bym Benes? amederd. gudcdn wem neamae

mo» @ elFw udmdens, ¥y = —(16600 K)x + 1.74 0. K vy goyn@med Smme
@D,



X axis
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= .{16600K)x + 1.74

-100.0

~110.0

(x) Based on the linear form of the Arrhenius equation you mentioned in (i), label the x
and y axes. Mention the units if any.
2a (i) 8 sevs! ng edBed ednianed elde PoGBw ¥ BeMOD, X W Y g2
58 vy, Som Hed »® wcwst mdsis.

(y) Using the equation of the graph, calculate the activation energy of the reaction. Clearly
mention its unit.
yesed e@mieny wdm mEdsl, yhwed nfeem enlBe E®M mOstm. O
Smme s EED wewst mosis.

(z) “When temperature is increased the rate of a reaction increases”. Explain.
" e efenrlOw 8;8 O 5O BB Oww 8;F @8, ermEE mosim.

{30 marks)

(b) What do you understand by the following used in the study of Kinetics?
250 DOewD 6BE HiEm BemdD geEd vun BGwsY DO evl tumy DBl BE B0 et e?

i rate determining step/ e®e B en BudJ
il a pseudo first order reaction/ Oxetf ve@ cog yh e
iii.  an elementary reaction/ §8w» yBH w0
iv.  half-life/ ¢80 go moce
(20 marks:

(c) A hypothetical elementary reaction is of the form A + 2B - products.
HE8m §8w ghBwds A+ 2B > O¢ qumedewst 8 0D.
i Write down the rate equation for the above reaction in terms of — d—% using the standard

symbols. ©@@n eeemin wdm ®E8st gun yBGw@D wewm Bym wdmdeaa, —%

oWy KBy Busim.

ii. What is the overall order of the reaction?
5 8B0ed w@dn eug m@nig?
iil. Determine the SI units of the rate constant, k.

By Rune, k, 8 dnme Abeae odsls
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iv. Assuming that this reaction is carried out with an excess amount of B relative 10 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].
cO® yBH@D AD medmd BS ¢Absln g@emnBs B 0 wid concomns »o8,
sBEwed Dxt By Bene (k') wew gmanes (gnmEn gamnda) Dyefesis
DO, 008 t mecemt A 8 worlsema [A] w9 §10®vm wovigema [Ao] e@ese @w@ae
oI5,

V. Following hypothetical data represent the progress of the reaction. Determine the half-
life of this reaction.
swn HEBD el yBH@ed yede Bauae HOB. 00® yBHwed g8a gl WE®
B EHBIG HOBTH.

Time/s 0.0 10.0 20.0
Wa(2/s

Concentration of A /mol dm™ 105.00 52.50 26.25
A 8 worteene [ mol dm”

vi. Use the integrated rate law obtained in (iv) to derive an equation for the half-life of a
first order reaction.
se ong PP DD §50 ey ™CE 6§ wBmdmant Dysfusim B8RO (iv) 8 &
ot g Em Bym Aodw wedm mOsim.

vii. Calculate the rate constant (k').
Bom Beve (K') oammne »osio.
viil. Determine the time that will be taken to react 80% of reactant A in this hypothetical
experiment.
»8® HE8n sBmmed?, A ygdBumenst 80% = yhHwr BOOC vvdm WIEH
B s »osim. (50 marks)

03. Answer all parts (a) and (b).
(a) &3t (b) B E® emdw DED BEAG suwsIs.

(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 drr® 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.

Besewns ©3RB:® ceddst 0.004 mol dm? Mg(NO3)2 £Bw sdemem wo B8 e et 0.004 mol
dm? AgNO3 88c gbmun 8EBe®s! Boys! cewdim emdswn! wmed 0 o8 Swd ebmes 25
°C ww | atm 2 3.156 V eces 08n c8. 6885 8u38wdew Swd anwsd won 838 0D,

Eygermg = —2.356V and Ejgtiag = 0800V .

1. Write down the half-cell reactions at the positive and negative terminals.
D o wagh 8y O ¢5d emde yBBwe Gesim.

ii. Calculate the ionic strength of 0.004 M Mg(NO3)z(aq) solution.
0.004 M Mg(NOs)2(aq) g8 emed sefim ydEmde oamme @onts.

iii. Using the Debye-Huckel limiting law, calculate the activity coefficient of NO; (ag) in
0.004 M Mg(NO:z)2(aq) solution.
5



Debye-Huckel 8802008 BB 0850 mc®s7, 0.004 M Mg(NOs)2(aq) goenw nc
NO3; (aq) 8 esBomn s emms 0 Hno »osis.

iv. If the student added 1 L of 0.02 M NaNOs(ag) solution into the 1 L of the above 0.004
M Mg(NO3)2(aq) solution, what will be the ionic strength of the new solution?

Hwxswr s 0.004 M Mg(NO3)2(ag) ebesows? | Laf 0.02 M NaNO; #8ae g0 emensy
] Lod dmn mgowms, » gphmed gufim ydcomd ndn ed?
(50 marks)

(b) Consider the electrochemical cell given below prepared using the two electrodes, Zn(s) and 1 M
Zn(NO1)a(aq) and Ag(s) and 1 M AgNOa(aq) at 25 °C and | atm. Zn(s) esto | M Zn(NO3)2(aq)
e Ag(s) e 1 M AgNOs(aq) e gecmeidd egm wilm mc8s1 25 °C ew | atm 82 amed
206 @B son esledn Seys dewdim omdes wEm DEETD.

Zn(s)|Zn** (aq)||Ag* (aq)|Ag(s) -----(A)

At 25 °C and 1 atm, the standard reduction potentials of two electrodes are given below.
25 °C w0 1 atm 82 es88n 8wden Bud guns? svn 82 e,
Egpat|zn = —0.760 V and Ejy+ 44 = 0.800V

i Write down the anode, cathode and cell reactions of the above cell.
a5 endeed @endd), mmendd vy ewmds yBPw Sesim.
ii. Calculate the emf of the cell at 25 °C.
25 °C 2 emdved 8.00.8. o0 0mmne mosim.
iii. Write down an equivalence cell diagram for the above cell (A).
pum emdew (A) wew e@msn emde wdwm Bosis.

iv. Write down the Nernst equation for the above cell diagram using the standard symbols.
@0m eoemtn wbnewns gum emde wdwvm wgme Nernst odmdenas Eaxin.
V. Find the electrode potential of a cell prepared using the concentration of 0.1 M

Zn(NO3)2(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(NOs3)a(aq) esw 0.1 M AgNOs(aq) g0 wo8imn md, 25 °C esw 1 atm 2 esmmed
mOB» g endsem gocmedid Bude emaerim. Géh & gf wislsemsri8d 7Zn**(aq)
em AgH(aq) 8 Bormnd eopenm BEeOEsY 0.178 ©w 0.750 «B.

(50 marks)

04. Answer all parts (a), (b), and (c). (a), (b) e» (¢) Bee® emdd DD BEnd euwsim.

(a) State clearly the type of systems and the conditions under which the following expressions can be
applied. swm sewnsy gomnm ewde wid 0B O8nw ey HEDes? BB vewst misim.

i Vi Vs
; T T

. w = —nRTIn (33-)
i AS = nCymin (i—*’)
iv.  AG<O



(15 marks)

{(b) In a closed system, five moles of a perfect gas (C,,,m = %E) undergoes the following changes of

states A, B and C. es00am esdBam, o3uben Digdm 80 s (Cv,m = E;) vonm galeds A, B
ew C um gbdd edmnudm® DE0 mdme 0.

il

ji1.

(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 ¢wf©r g92m008% @802 gewidens

(B) A reversible isochoric compression from 2.0 atm, 50 L to 1.0 atm, 50 L
(B) 2.0 atm, 50 L &2 1.0 atm, 50 L ¢zfén gm15008m 00008 wcemfDme

{C) A reversible isothermal compression from 1.0 atm, 50 L to 2.0 atm, 25 L.
(C) 1.0 atm, 50 L 89 2.0 atm, 25 L exf&s yo15:08m welldes soomdOme

Sketch each of the above processes on the same PV diagram. gus &=l dnf HwdE om®
PV e esDwmhem sl mdsis.

Calculate the temperatures of these states A, B and C. e®® A, B aw C g8dcde
cdamsibe pammae mSsis. (1 atm = 101325 Pa)
Calculate the total g, w, AU and AH. §& q, w, AU esw AH o eme mdsis.

(35 marks)

(c) The emf assigned to the following electrochemical cell was found to be 1.08 V at 1 atm and 25 °C.
swn Sens! SenwBm omfeed 8b6h B B.60.3. I atm ww 25 °C 88 1.08 V eoce emiwmosinn

ce.

i,

iit.

iv,

PL(s)|Ho (@)1 (aq)(ay+ = DIBr2(9)1Br~ (ag)(ag- = DIPL(s)

Write down the anode, cathode and cell reactions corresponding to the above cell
diagram. gwm ende o 0dwmnd gnGe D5 qendd), mendd) ey emds B
Gaslim,

What is the standard emf for the Pt(s)|Br,(g)|Br~(ag) electrode? Justify your answer.
Pt(s)|Bry(g)|Br (aq) accmiedite sew u®@n 8.00.5. n@uc? ouly (085 ed
BEnG e0thd Humdgmy mOsIs.

Calculate the Gibbs free energy change for the above reaction. Hence identify the
spontaneous cathode. gwm u8BwD wews Goed Bewd auld edmts veme WOIH.
051857 6dDw3-B4D miendda wgmn onim.

If 0.1 M NaBr(aq) solution was used to prepare the electrode Pt(s}|Bry(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) sclution.
Pt(s)|Bro(g)|Br~(aq) seculetite omB80 0.1 M NaBr(aq) gpdeme 08 meg
2®, DB 8 eRemEE Bumd wopan BEeDEsY 0.78 w1 0.76 9580 0.1 M
NaBr(aq) ¢desod @dnsms B segame ohmne md=is.

(50 marks)
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