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INSTRUCTIONS: ¢oeeed: omlemidbssosne

Read all the instructions carefully before answering the questions. yddm DO BEnd, 80 o0
Bue® coecd ems? Bedsis. elamssendg oo wsllusne (psen] SruulL esos
SIBONIHHEVEEMETUD HEU6TIOTS Ul dbHaYD.

e This question paper consists of 4 Essay Questions in 9 pages. 0®® yds snw Oz yam 4

Bzt o 83 9 Bt 02058 od. Beuslamssramans 4 LGy elombsmen 9 LISSREHI0
Qs (Beitengy.

» Answer all four questions. All questions carry equal marks. yam 4 eewe® B8End wowzsim.

BoE® yus 9E0 @i Cmen 4P . EIAE alarssEpd@n slmiwaibnms. dmanhg! el HaEmnLo
FLoaITen  Lsiaimens b reni(Beiisren.

e Answer for each question should commence from a new page. en® gadowemd® BEnd »o

BooBs? qo08w D yne. gailang  eiamsibgorer  sismisst Lgu LbSHH e QHTLIAHLLHSHED
GeuemiBID.

e Draw fully labclled diagrams where necessary. e@ws onpiOE w@ydemowsl® »® m¢ 5o wdwns’
a8s75). GpaamBuUBLIRET (pIEELWTE CUIIFILUULL  6UEHJLILRILEN6T  EU6n]Eb.

¢ The use of a non—programmable clectronic calculator is permitted. D10e0von mE emIE B
pocmedn nem wslgen ©Bowd gdud gwm. GFusd EIBUGSSILLTEG  senilLTelei
LSBT 9@  OIeDILoSuLsos (.

o You are NOT allowed to keep mobile phones with you during the examination. Plcasc switch oft
and feave them in a safe place. Bwovw gndRC Ho® (S gw nA MBEO gbud mB.
MO S D B DoBm WS wowlin ddmen »ATm. uflaFulldiGUrs  mBULL S5
GEmensoBudlemu 2. fisEnL6 msubAplusng Sl afidatiu’ Geengl. b sHwa| GIFgH
Souprel gufienu SmeIhE DT UTHISTHLTE G HE60 maubsealb.

o Involvement in any activity that is considered as an exam offence will lead to punishment. S
Boers ecm wemE dn® HwmIdndmd wfduid S8 (@Od avo edn ob. ufi enFs
GHBOTE SHSHIUGD ahSEITE HLalgbmeseiald FOUERIH SHeHLmmbeE aIfsugGbELP.
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¢ Use blue or black ink to answer the questions. goim DEV BEnd 200 Ad eund & Buin

0Bm1 DT, ellaTdsEmaboTat ellsnl Sana SIUREISISDEH HEVD DISVEVGH SO EHLOSHW
LLsTLGH S L.

3

* Clearly state your index number on your answer script. Ded BERG; onod Ded Bwin gome
L& E0 wewst mosim. o g el SETeflsd 2 105 LG eI Ogelans s QesT G,

Gas constant, g Baeme, sumuy el (R) = 8.314 J K-! mol!

Planck constant, desstal Bemes, Gemmidsr wigded (h) = 6.63 x 10 J

Faraday constant, o6e® Bame, Ly@LUIs ormied (F) =96,500 C mol!

Atmospheric pressure, drgendBe BOnw, sualiosami sy Spssd (1 atm) = 101325 Pa (N m?)
Avogadro constant, §;:200edf Bumes, aasrsdyr widesd (Na) = 6.023 x 102° mol!
Velocity of light, grecimed gedow, gallular Gaustk (¢) =3.0 x 108 m s

Loge(X) =2.303 Log10(X)

T(K) = TCC) + 273

AG® = —nFE° 1=0.5x 5 2 2= 27

1 . RT
log(y,) = —0.509(dm3mol~1)272V1] E=E~—In(Q)

Question 01, syedm g- 01, 60T 01
Answer all parts (a), (b), (c), and (d). (a), (b), (¢), e® (d) @ emOd Budco® BEmd; esuwnls.
(a), (b), (¢), wibmud (d). e Siwhs LGHBEHSGD shamL Welbas.

a) Describe the properties of the gaseous state and compare them with those of the solid and liquid
states. D@@e BFOEE @50 Befnd mS SO nm vy O BFDLET B®e es0es BT eI WOBT,
aimy  Heneoullell  Bust st siiuflaga  oibsLs oo gamin CHDIE ey
PleneumBEnL s @UIiHE.

(10 marks)

b) x mol (d molecules) of an idcal gas A (molar mass = P} and y mol of an ideal gas B (molar mass
= Q) are mixed together in a closed vessel of volume V at a temperature T. The universal gas
constant is R. Using some of the symbols given here but no other, write down mathematical
expressions for the following physical quantitics. Assume that all the symbols given above are in
SI units. A 5@ s8ybar Digdm (988m dmzive = P) x mol (d eay) a@ramus sw B 56
s8g8e% DaggDm y mol (988m edmsidw = Q) gPrwast wde T cdanemnd V o8eilst sf
&3:8am Wdmum oD 8y WS g, by hy Busne R €. 0@8 cwldr ¢f e®wd woomdm
©0:8m0 W0 00 eDm BB mdme emmd, vnn Gwedm Em® wew 0&EHn®e gD Bwslm.
gud (A g8 Bug® ecenln Sl dnmde qif 39 comdome mostm. Oaliufme T Gsb
Geord ey A Wisi( apeoisHeniley P) X apeui( d apsubsmpsst) @eol A sumy B ulsi
(pevjpdeniiey Q) y apgid V. semousmeysiin  qplgw  UTSEND  genled  geimns
SBHLLGDEMT. 20 euryy wipded R gu@n. Gy GOuWGssnst LWISTUBSSTE  EmiE
SUULL Fov eMUiBsmen uwsLGHS £HCp sruULL QUGS Safltisenbare Teoll
Caremsusman a1pSih. BoBeo HILULL aedsul @PuiBsEnn Hules SESeisv (SI) 2 sistem
660 s SHhSIb.

P
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1) Avogadro constant. ¢®enegd Bamw. SmsTHEIT Wwimsd.

1) Mass of a molecule of gas A. A thywed ge0m dmstde. sy A uls @O PEVEBI6
Hevailey.

1il) Mean square speed of a molecule of gas B. B 3360 aendm O8o onmmn odos. amy B
ullsh @b apsubanpliest FInsfl &) aufdaib.

iv) Partial pressure cxerted by gas A. A D138 88T ¢18 ©S» Go-Bm BDmw. sty A Gemsy
FHUBSHSHUILBL LGHWIPSHELD,

v) Total pressure exerted by the gaseous mixture. Dog@w Sgene B85 @8 Wom GO Bdme.
QMU Be0emaIUT s gRUBHSILGD CTHS S(LpeHLD.

(25 marks)

Consider the following question on Boyle’s law. ediBF Swedw BEAe swnm ydkdme eEmn
acsim. Gunuisdsr el O&TLTUTS siieugid elleninensy SHEIS.

1) State the Boyle’s law. e@:8¢E Bo®w wcuns? mdstm. Guruledear el smis.

11) Sketch the following graphical representations for a fixed amount of an ideal gas at constant
temperature. Bon cdamsited & Bun sfabea Sig g@rment wev svn BOED yeddad
wdmens? 988us mdslm. wipr  Qaiudemsoulsy Efiss  Haflaeniw el Auw
sumGeureine UsisumeuseuBBarsn auengur. Founen GeusMULESHHeEM6T U] .

A. Pversus V,P© &850 V, P aigly V
B. P versus I/V, P © 088D 1/V, P agi 1/V
C. PV versus P, PV 0 &880 P, PV a1y P

-1i1) 0.5 mol of He gas occupies a volume of 800 ml at 1.5 atm pressure, What will be the volume
of this He gas when its pressure is doubled the initial value, if the temperature is maintained
constant at 25 °C? 1.5 atm 8&mwm He Saged 0.5 mol = «8@:® 8§00 ml eb. sdemsfdwn
25 °C B Bond adufos owest 0, &8 Bhme ¢d®um gow e®s7 e me 80 He iged
808D ewmiu®a obg? 1.5 atm oiupdHssalsy 0.5 apsd He sumwelesr  seoweueniey 800 ml
G0, Gatupemsy 25 °C @b wrprs GUsTUULE  SH(P&ESID  SFDL DiIpHSHH s
@@L msTsaUNGILELTE He aumusilsl sersuensy seilensunsd EYpE@GWD?

(25 marks)

d) Asampleof 2.5 mol of an ideal gas (Cp,m = 2.5R) initially at 6 atm and 400 K undergocs reversible

and isothermal expansion until its pressure reaches 3 atm. Calculate w, AU, g, AH, AS and AG
for this process. 6 atm e® 400 K & 208 a8pbas £ig@m (Cpm = 2.5R) 2.5 mol Bw@oxd o8
B0z 3 atm ¢l g O enwl HARDEDB 5w we®fdeh wIdernd wikme d, eB® FHwdE®
eew W, AU, q, AH, AS e AG o@ime mosim. by oipéstd 6 atm Geuid  Geiliigisnsy
400 K @b 2 af1en 2.5 apsv @suldAlw sumyy (Cpm =2.5R) oipa1 Suwpsbsd 3 atm sismLu|bsieng
Wetptd  wihmin FoGetn eifleurds Gaus(pamnsd o L RaMBE. BbH GFWsipapdbanst
w, AU, q, AH, AS opmib AG gpaweimenn  Somilégs.

(40 marks)

(98]
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Question 02, s&dm aoz 02, 6Nl 60TIT 2

Answer all parts (a), (b), and (c). (a), (b), e (c) e emndd BudcD® BEDS; esewrim. (a}, (b),
HBID (C). S DIMAHH UGS B EaHED sHlenLW6H b E 5.

a)

i) Given below is the two-point form of Arrhenius equation which shows the relationship
between rate constants (ki and ki) of a reaction at two different temperatures (T1 and T>),
where E, is the activation energy of the reaction. e®m ustedsiest dBemmd ebmed
cEadt ecma (T) wn Ti) yddwdn edo Buemws? (ki ew k) gnd 00 VmDe
osiom gBlwd e@mimaed ¢8O g (two-point) emcud. o8 E, Wy §BEwed
vBem aBed. Gulapul L Gaiufmessisy (T) womb T2), s1&&ECLIKME SFswiE
présais  wifelsepddlon ullsh (ki wimib k) Sysu@-ustst  sugey (two-point forin)
aelwdler Fwoaun@G S6w HyLuL Gseng). @rér@‘Ea QLG HboHHBE  seNBFHALTGID.

key (T, =T)
n(-2) = p,~2 1)
n(kl) “RTLT,

A. Write down the linear form of the Arrhenius equation and clearly identify all the terms.
§o8BB 063 w®miened @bdw gumdy Guwr Bug® o 5101289 vgzmn ostm. syjefluder
FoaUT gell  CHIGHTLE  augaibdlenst  a(pd) FQIGIOT  SIDETHE  LSHESMOTLLD
QOnsflouTs G emim T 6.

B. Use the equation you have written in part (A) to derive the two-point form of Arrhenius
cquation. 2 (A) emdeed Bw g1 e@moes wbm m6 gifBes udmdmaed 8D
g0eta (two-point) gomade DySfesis mdsim. @uenG-ysisll sugen  (two-point form)
Sifeildlen  FweUILL.  QUDIISHEG uGE (A) B aWHSIULL  FDSELTL L
LIWIGSTLI(B 3¢5 . '

C. What are the assumptions you made when deriving the two-point form of Arrhenius
equation in (B)? (B) 8 88 #88Bwed udmimed ¢80 qdeds (two-point) gomnde
Oyslesis BEedE 8 »g comdom e@mde? alam (B) @ @yan@-usitell augeu
(two-point form) aufefwds swsiLT oL CuyasnE BT CuhberewL aGCsTsissm
sTemsu?

i) The reaction rates of many reactions that occur at reom temperature approximately double
with a temperature increase of only 10 °C. Usc the two-point Arrhenius cquation to calculate
the activation energy for a reaction cxhibiting this behavior. mw®6 cd@mded & Bedm
sthewnd yBdwr e gBBw Bym wpons Ducws’ ecgean dxlest 10 °C Bs) cdwmsDa
Pwg @Pd wdmnae. e@® wiHdd ybume Bim EABwDD sHen aRtBe vammne HED
wgwo ¢8510 g (two-point) g28Bwed wdmdems 1B ®»IsTm. Gikom GautiuBmeoulsd
BLBGW U HNSSHGNE H16He sisruss, 10°C Qaulufme o@sliyls Siiemenaims
@EwLhSTED.  Gsiaummrel bl HoSmt  CsausibsilBl  sresGwrsms  gaubs b
safiliughe Gren@-Ustef suges (two-point form) eyjeflwuder F0sUT snL LUISTUBSH SIS,

ii) Using collision theory, explain how an increasc in temperature enhances the reaction rate.
00000 2w 8o D8, ¢Hmrfow DBHTE S yBFw Ggmd guewem mndo
sGE ®owm. Curgmed Gamstamsulos  LwaALEEHH  Celtiupmeuisy  ghuBD
SHBMIL aeenn srasaihhms aWsflsss Ceudlamg s alansgs.

(30 marks)
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b) What do you understand by the following used in the study of Kinetics? &gz Bewsod gidnemeddd

Dm0 WD BOD 85y 985 89 0uf61® usfer! nOwEe? @rerwe Busssius smansuils
LGS SLLGEN, 1Taeymausneunmred (7 efenmidQsrsiogs wWrs?

1) A complex reaction, wef38es 5B, g Hdbasd HTESID.
11} Molecularity, g eqm=19s, apeodanimidsns

iif) Half-life, 60 @i maces, Sy sumipeydbarsob

iv) Activation energy, ssfoe @mfBa, gansbhs)

v) Heterogencous catalyst, Se®@chBw ¢ feddme, uskelar smama).

(20 marks)

The following is proposed as a plausible reaction mechanism for the reaction, A + 2B — C + D.
A+ 2B = C+D gBHwd wewm 8on v uffw vy sl eee sun eensy wisly oo
euddsw emel. A+ 2B - C+Deagib srsssansra wpeabomfuiul L BhUusHShs HTes
Gurpipens LiaeuGorm o a6,

A+B 1 (Step I —slow, Beodd | — ewe®s?, uip | ~ Qugioureans)
I+B—>C+D  (Step 2 - fast, 80935 2 — edwewsd, Ly 2 — ellengeimeig)

i) Sketch an energy diagram for the reaction and clearly label the reactants, products,
intermediate, and activation cnergies for the two steps. 588w sew wmll Ko wdvms

<, 08 g Budd oom wew gffem, 3@, ¢gnd®8 aDadGid wo eam efem ot o8

©Ows »OsT®). REHTEEHAMETE  FH)  UMTULGWTED  aenys. g0 B
Up&Ehb@otar Srhalss, efensnsymel, GemiBlanee OHAmID el Fhilmel  ssitUambBsnm
Ogellents GHGHsIH ST G, '

it} Identify the Rate Determining Step of the reaction? 588 wed ebo Bmn Buds weon
OsTD). BHHTEHHANN STEEIHHMS STorTefb@n Lgamul HRemhiasTeba?

i) What is the overall order of the rcaction? 2BGwed wddn cug RO=c? BGEHTHEHT 6
Gonhs HTee aiflens wig?

4[4]

dt

(use k as the ratc constant). e3®@m weomn vIDnews’ BB @D waw Brym Hwe® gmomw

_4 B enst Eostm. (6o Bunw oge L dme mdsim). A  GiluGsemsn

dt
LweBHe (k Genent HrdEsels wrfisdurs UWsIBHHS.) m%ij—] st &réshHHhasTen

v} Write the rate law expression for the reaction in terms of — using the standard symbols

HTESHHF FIOSIUTL DL 61(DGID.

v) A student sets up an experiment to obtain the k value by mixing a solution of A with a large
excess of B relative to A. Modify the rate expression written in part {iv) by incorporating the
pseudo rate constant, ', A g0ewwm e A © enedmed B 8 Swac ¢88unus 8g B35
k aow o 0 B0 wsem Gesewsd olneaiws Bemdd. Dy dgm Bemw Do &' gaes
BBe®s7 (1v) emdet Cwr @A Sum ymaenme edme HOBID. §m  oremae A G
smIFReoTallsne, A 2t @UIBsnaWleh Wsndmurdeysien B 2 el Seobal, &STdoais
rpfellemy misleusBe UfBarHansmGuTsimfenst guomissnwoln| Gawidnrg. ugs (V) Eso
ARSI L BAHE  sliand  Fwswrien .. Gursl @réssels wipfed, k' Gevar  Eonendhl
IDEDHL IS 0BT 5.

t

41
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vi) Derive the integrated rate law starting from the modified rate expression obtained in part (v).
(v) omnded s cdmed mdm Cg Bymo ymemenst g8y emHd Byon Buded
GPWE gonde Dpdlonim @dnim. ugd (V) @b QuBLLCL  orhpiusmosasiing L
FWeILTLYeSwhha ablss srossis FOSUTLRE Qarmaull B sugasHmes GLmps.

vii) Halt-life of this reaction was experimentally determined to be 5 minutes. Calculate the value
of pseudo rate constant, k. 0®® yBHwied g0 gy e 88xn 5 o ece
uifeelOmd Rbme wde 2 Oy Agm Bome, k' G GO VLG HOSTH. AHs
HlobhHHH mgarpars sreon LflGsrsmer fhuns S AL missit 6165 GusuofuIriLC L g).
Bumsilhgndeals 1ompfed, &' @it QUBILTESHm BB EHB.

viii) Determine the time that will be taken to react 65% of reactant A in this experiment.
o®® videmed? A ghBumed 65% =5 yBHu BEYD VDD e BEn ®Osim,
BuufGanpemsmuist SréHl A @et 65% srémnmLLw SIBHEGID CBISems el b,

ix) Calculate the original rate constant, &, if the concentration of B in the reaction mixture is
1.58 mol I, 985w 8gemed B 8 woricens 1.58 mol I'! :®, esms Beyon Rume, k oasme
BOsim. grés smaulsy B @dr Gy 1.58 mol | SAENTEICUTES SUIbL  Hresas
wiled, & m ®enllbes.

(50 marks)

Question 03, sdm gom 03, el qorir 03
a) Consider the electrochemical cell given below at 25 °C. 25 °C & som ¢l B Beys! Senwdm
emdee scm dcsim, 25° C @ &8 SIUULL 10T TIeT He0GEDS HoSHIHMm OoTsiis.

Zn(s)|ZnS04(aq, 0.10 mol dm™*)||AgN0s(aq, 0.20 mol dm™3)|Ag(s)

At25°C,25°C8,25°C @60 Eppzeyyy, = —0.76 V and, ew, vbmid Eggv,, = 080V

i) Write down the anodic reaction, cathodic reaction and cell reaction of the above cell. QBm
emfved gendd) gBHed, menfd BBwD @wv emis gaH @D Bwr enldxim.
GoBgpu’ L sadHHar oG B H1HHLD, SCHILBH HTHHID WDHHID  HEOHHTHELD
SLEIEUDENB 61115,

1) Write down an equivalent cell diagram for the above cell. 9wm emdse e edded emis
Gz wlunon! Guslm. CBsBlLlL SaEHAHE: Flaes|smL HEVINT UL HENG,  6TIPSHIS.

iii) Calculate the standard electromotive force (emf) for the above cell diagram. gum emdfs g
wlen sim 60 By 0I0m ICH V&M »IsTD. CoBEBUILL L SevarenFUL d s
Bl Weisiiutbsellonaeny & emlldas.

iv) Writc down the Nernst equation for the cell reaction corresponding to the above ccll diagram
and tdentifly all the parameters in it gwn emds o BOYVMO emces emie aA B wem
oGS wdmdme Bw 8 @b Bogd® vhd8s wesw osim. Gromemmuul. L
HOUHIUL SHBGSIL  BOSHSTHEBEHBDG QUNGSEHOTaN Bhegmelst FosUT L S
SIBIEUGTTEN  UFRIB6TUD S _WTSTUILIGE HS16.

v) Caleulate the emf of the cell under the above cxperimental conditions if the activity
coefficients of Zu™ and Ag" are 0.95 and 0.90 respectively. Zn?" e Ag" 8 efumr sogenm
BE@DEY 0.95 ww 0.90 08, gum u8Fuecn®m ouldust wdes emived S {emf)
wmma mOsTm. Zn’T wigib Ag" asiiusudnflal OEMIBUTL Bs @ emimbias apenmGu 0.95
2 10 0.90 2 b o@Gwsilsd  BGuwsuwsien  LAGsrTHsme BubsHmanssile S  seudadsi
Welimlliubselengsmud &,

(50 marks)

6
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b) A student prepared a galvanic cell by connecting a saturated calomel electrode (SCE) and
Mg|Mg*" electrode using a salt bridge and the emf measured was 2.70 V when a 0.001 M MgCl;
solution was used to prepare the gatvanic cetl. The standard electrode potentials of these
electrodes are given below. D@ e&nds wSnows? wamds wiecie®d gecxfedlDes
(SCE) & MgMg” gecaleiddon 03D B850 o @d0Rs omfses wme ™e
Gevowrn, 09 D8 emfes wmd A58 wcws 0.001 M MgCl, cbenwm mdm »e 80
OB5 3¢ Bodh (emf) gww 2.70 V 8w, 689 gecaleINDE wd@n pecHedd® Budast ann
aEted. @  oTemels  RIbULhs  Hmaned  WeieuTil oMb MgMg?*  fsiteumi
QBUABUILE 2 (1] utebens  emembs  Soamals  HeGrsEm 2 meudams,
0.001 M Qaglsgsiten MgCly senjaensy LWSTLESS Seoaimells Hansbms SUTHHS b B60H S 6T
weirelwdbsaimaemul oemellt Gurgy oig 2.70 V s sremiul Lg. Sbllsiomisais Bl
Wlshiaumll BPSHERIHST SC HIrIUL HsiTener.

At25°C, 25 °C 8,25 °C @6b By ov py, = —2.360 V and, eo, wpmyio Edg, e, g = 0241V

1) Define the standard electrode potential of the calomel electrode. mce®E eocedited
©300m gocwleflt) Bwde HELOmw @Ssim, sawsd  Weamular Mo Weieurd
DNPHEHDS UM IDIHS.

if) Write down the electrode reaction for the calomel electrode. mnee®d gecsteddne e
eocHledfd yBBwd Burlm. snws Wesutules damis HreEaEHme aUpEIS.

iii) Write down the cell notation for the above electrochemical cell. @wm Bexst Sesscs B omdac
g emie pomme Gwsls. Bwlsuwsisn Wsialijamua Ssbhalcn Heb@GILl L supsHis.

iv) Determine the ionic strength of the MgCl, solution used to prepare the above galvanic cell.
eunm OB emfae ame B30 vdm me MgCh edwmed gusln vtde R
wsim. Cuwlsowshien sseueld sugHms SWUMMILLHEG LWEILBSHSH WL MgCly smrsedst
SN eusdlsmioenilg  Hlewfls. '

v) Calculate the mean activity coefficient of the MgCl, solution used to prepare the above
galvanic cell. gum 0FBd emfsw umd B892 vbs mdmee MgClh e med @dssys
Bfem BQmny eeane DOsTm. BuBsuwsien  saarals  sHams Swrfliusme
uweBHAW MgCl: semygeden asprafl CHTEDHUN B Gomehamnd HembEs.

(50 marks)
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Question 04, sdm a2 04, 69 60T IT 04

Answer all parts (a), (b), (c), and (d). (a), (b), (c), &» (d) o= om0 Bedco® 88906 esescamIm,
(a), (b), (c), wppd (d). Ldlu SEwemha UGHSEHE@D el Weibes.

a) State clearly the type of systems and the conditions under which the following expressions can be
applied. sv» weosy g@monm ewle v sd0B D5 ew B 81280 wews? mosim. IsumD
CansfiLTGae  selsusmawten QeT@AHsT wHpw apHubsmasela &P LUGLEHSILGLD
FEILGmE LiGeiars GiiiGs.

1) PV =k
i owe= — i
it) w = —nRTin (Pz)
ii}) AS = nCppmin (2)
1
iv) A4 <0
(15 marks)

b) Consider the following question on the laws of thermodynamics. mooes Besied Bedws! 88a¢
D YEBW BEm FEsTm. emuslwubGsaius aldsslso o sen Deaeumn slamamne &S5,

i) Write mathematical expressions for the 1% and 2™ laws ofthcrmodynamics and identify all
the terms used in those expressions. msn8 Bpned | D5 wwn 2 O Bwd sewm 0Hhod®w
gmoem® Gwo 98 ymiemOE widm O Boe® o¢ wgmmosTm. Getiusiusbseaiusds
@oeond wBpid @red.rd elfsenborast sefls Corsmasemen (s oIEEETMEE6 6
LW ETUESSHUILBETET  SIEnahE LISMIGHNEIND  E)6midhIT 60l .

ii) Derive the auxiliary relationship dU = TdS - PdV using the thermodynamic laws written
above. gwm Bwo g1 snsedm B8 wdnewnst dU = TdS - PdV am smem a®8s0mde
Opdfestsn mdsim, Buwle  ewdHu  Ceruwiussehuaisd  elgasmst  UWEILIGHS)
dU = TdS — PdV aaniib miemsmigy Gam_Jsnur GUMIS,

(15 marks)

c) 2 mol of an ideal gas at 400 K and 1 atm is allowed to expand under reversible and adiabatic
conditions to 0.1 atm. Calculate the final temperature. q, w, AU and AH (Cyv,m = 1.5R). 400 K esw0
1 atm & g¢f 838 Doy 2 mol u8rgiwsd, oonbtds wn &3058 nfdws’ wOex’ 0.1 atm
¢lDy yendane 090 9B & mn. gbuim cEwsde, q, w, AU ww AH oomne m=dsim
(Cvm = 1.5R). 400 K wmmnd 1 atm sipdHssaiamsian @sol fu sumuy@enmeiiniisit 2 apsd  igmid
wihph Gamedevsor TuLSamandellst HIp DHsT oPHHID U1 atm @ susny  afflsuenLw
SIS EHELUBADE. Bpd  Qeuupeso, , w, AU wbnie AH gfuanon  safsds
(Cvm=1.5R).
(20 marks)

d) A student performs a potentiometric titration to determine the concentration of CeCly in a solution
using 0.1 M FeS0s as a titrant. The titration is conducted at 298 K, and the following standard
electrode potentials are given: Gexsewst 0.1 M FeSOy gm@rome (litrant) ece ©:8m mdSod
CeCly eoD@mum srsigane Blame H3Y wem Dwdddn co®woen Bemsd, go@ome
208 K 82 8¢ mom cam agnd, con s@in geededid) Sudesy @@ & e g WTeisus
0.1 M FeSOq msnrasnso mlwwsfing (Litran) Lusiubhsl) sxpssiorsd @ens Hundin apsoh

&
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senfFsy  geifgusiien  CeCls @eir  Gignfensu glenllampny.  Buwditiurerg 298 K @
BLTHSIUBSEIBE DSHIei Wsiioumld M idlsiams SN SHHRIHET  HIUUL Hsitemsor,

Eggrecent = 144V
E£83+|F82+ = 077 V

Given that 10.00 cm® of CeCly solution is titrated with FeSQq4 and the endpoint is reached after
adding 16.00 cm® of FeSOa, answer the following questions. CeCly cbegews? 10.00 cm® &
FeSO4 080 an@ivoms 3 ¢:18 899, FeS0s 8 16.00 cm® =f 909 BBo®sxs3 8e gu57m Catenad
€ O B0 wemm 82, susn uudndcEd 8End&; suwstm. CeClsGar 10.00 cm? 50 & GVIT 6l &)
FeS04 @emer Lweiu@shs) Mudiy Qeuwiuddams  osgLe FeSOs @t 16.00 cm?
GoisaintlL Wsiieny @ppailsied SenLWLGHnE. el ol s hieThebd  sillani_Wsla g,

i) Write the oxidation, reduction and overall reactions for the above titration. gw= gm@iemed
tBmden, IBwiem uw 8dudn yBBws Swsln. BuwGsusist Bunsulsr et FGuibhmed
STEHHD, GIPSHHD STHHD BHID BE] SHTHew seuamens HDGEIb.

i) Apply the Nernst equation before the end point and determine the potential of the solution at
the half endpoint. g=¥m clerwd eod »ExlLd w®mdame ewic 268 esis clenedd
HD;med Jvda Ademe mdnim. (pual UsteldE psimsTs Creiigolan  &osT sl
drwralshg oeng apgel ystelulsh smpsels SpHESMmsS Hiem s,

i1} Determine the standard Gibbs free energy change in kJ mol” for the above reaction. QOB
yBE 0D wegm 08 e Bewed omtB edme kI mol! 8 B¥ew mostm. GumsuL L
SbsHABETT B SwiSe F6H wripsme kI mol” @ saflbes.

iv) Determine the concentration of CeCls. CeCls 8 efeencs BBemw monimy. CeCls Geir
GFflenaid Hlenie.

(50 marks)



