Part B : 10 Structured type, short answer questions (40 minutes)

(250- Marks)

(i) Write down the rate equation (differential rate law) for an elementary reaction of the

foorm A+B —> products

A+B —> 8¢ oo 88n obfwD acm eBm 6EF¥POME (FOPDE®HO GER @O’
50exd aa®) (differential rate law) Boele.

(ii) Derive the units of k (rate constant) if the rate of a reaction followed the rate law,

—q[ﬁ—]= k[A][B]zl3 caeds of800s oes B oo & giidd

08 B Sooo k ocH Son dxvesisy Dosie.

(28 marks)

What do you understand by the following terms used in the study of Kinetics?
D1ED Sexd gerdeBE ont DOHOED FLC GLu® 0o ede?

(i) molecularity /@O
(ii) an elementary reaction /@@ ST

(16 marks)
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3. A certain reaction [A — P] is found to follow the differential rate law,

[A ___, P]ob8w0® oo gdnesde 8o Sndn auad

_di4]

g FIAl

(i) What is the order of this reaction? e®@® gBE@ed exg 0O ¢?

(ii) Write down the expression for half-life of this reaction.

@0 EHTmed abd oY ME® SEH HPPOFHme Crsie.

(16 marks)

4. (i) Write down the Arhennius equation that relates rate constant to the activation energy.

(i)

8o oFse @ 59 Soor gund CESVMOG cosds HESE EPBOHW
Busien.

A certain reaction has a rate constant of 5.70 x 10™ mol™'dm’ s™ at 27 °C and a rate
constant of 2.85 x 107 mol'dm® s at 47 °C. Assuming that the activation energy
(E.) and the pre-exponential factor (A) are constants in the above temperature range,
calculate E, in kJmol! (R =8.314 J mol” K™)

©65@en 27°C & e8® Semn 5.70 x 10° mol'dm’ s &8 ¢ 47°C & 8w
Sooo 2.85 x 10 molldm®s? 8. efwe wudo (B, & pre-exponential
oL (A) oo i & b cEnsd sOen neEE oo defes ol
confenn Dols ofos @udn E, kimol! 88 wgwen Do,

(R =28.314 Jmol' K™

(40 marks)
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5)

6)

7

State the Mathematical expression for the first law of thermodynamics.

oo ©F Jemed oclPs SH5Pn OHNOBVE moensl &isoein.

(15 marks)
State clearly the type of systems and the conditions under which the following expressions
can be applied;
ISToe) Q aid 8o nos DD woed O SERHBHD ento @i sy cfose.

@  AS=q,,/T

(1) InT + (;f — l)ln V =constant

(20 marks)

Define “Thermal Capacity” of a system by writing down a mathematical expression. Indicate
the type of system to which this concept applies.

“e NMO” 0o s gbd eBHBs YO gee @HNDRe ©Bnoge B gioek.
OSE nEm mmoed sfafnnd H)Pm b o wsle cdse.

(20 marks)
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8) 5 moles of an ideal gas undergoes an isothermal reversible expansion from an initial volume
of 10 m’ to a final volume of 100 m> at 300K. Calculate the entropy change for this
expansion. OB8wem @3®® 10m’ 80 100 m’ exo) =3gben OEOD e®ig 5 &
oediden 6L EEOMEDO MLHn DOH) EIeD. PR SMIOI® oem Os5e0id
COHD OIDNE DOSIE.

(25 marks)

9) Give the conditions under which real gases approach ideal behavior.

m)of)asa O WP oTdd wdew oigbin eemd &ded € ?

(10 marks)




10) The data given below are for the freezing of 150 mol of H,O(l) into ice at 0°C under standard
_ atmospheric pressure. 0°C § @ 80» O@ewigr 28wed § sew HO() e@e 150
S B5DOHHED O TS BHSRS.
Molar enthalpy of fusion of ice under standard atmospheric pressure = 6.2 kJ mol™
e8on Ogenitn d0medt gBdoe derend LR eRITD dSFIEBn
Molar volﬁme of water at 0°C/ 0°C & &eo ¢@end o301 =18 x 10 m> mol™
Molar volume of ice at 0°C/0°C & g&d o®gnd «0@® = 19.6 x 10 m® mol™
Calculate q, w, AU, and AH for this process.
@0 SeOfe e q,w, AU, oo AH ofies 2oes.

(60 marks)




Part B : 10 short answer questions (40 minutes)

1. (i) Write down the rate equation (differential rate law) for an elementary reaction of the

form -

Usraumd  agausHdled SImWhS @M DGlLNLS STEeSHMETar alhs Foaunp
(usmaull § ofp ellg-differential rate law) Qemsiis HEHS.

A+B ——  products

(ii) Derive the units of k (rate constant) if the rate of a reaction followed the rate law,
on Sressia alsblasupbals algulensr ebpioruierk (als wrisd-rate
constant)@ei SiEVGHHMENS HHNSGS.

d[A] _ 23
5 CAlB]

(28 marks)




2. What do you understand by the following terms used in the study of Kinetics?

Buissaiuisy SHHMEHUTEL LWISTILIBSHSLILIBLD UleireuqpLd usmiseled®mba B

sflenmidl Qs reiong Wimg?

(i) molecularity; epsvdanmmigamei

(ii) an elementary reaction; SuglinL_ & SHréEsd

(16 marks)

3. A certain reaction [A — P] is found to follow the differential rate law,
06 G6MlHs sHresn [A—> Pl  oyag Udeumd suemasull@  ofn efgleowl
Usiiubmiensrs  SmuGulLgl. ’

)

dt =kAl

(i) What is the order of this reaction?

B FTEssHe aflms wrg?

(i) Write down the expression for half-life of this reaction.

B BTEEHDHM DnFaUTDaSET QeuafilILTL IQen6TdH HHb.

(16 marks)




4. (i) Write down the Arhennius equation that relates rate constant to the activation energy.
e wrPelenw goum FHHULET COBTLILUGSHSID DFSfLerd FOEILITL QN6
S5OHS.

(ii) A certain reaction has a rate constant of 5.70 x 10” mol'dm® s at 27 °C and a rate
constant of 2.85 x 10 mol'dm® s at 47 °C. Assuming that the activation energy
(E,) and the pre-exponential factor (A) are constants in the above temperature range,
calculate E, in kJmol™ (R =8.314 J mol' K') '
9B GNss sTesb oams,27°C @ 5.70 x 107 mol! dm® s! g ais
wrfedenwiup,47°C@sd  2.85 x 10* mol”! dm® s’ sl efg  rpfledenuwiub
Qaremi@siisngl. G  GHHS Geuluplensv  elFdsd, geoun  FEHww (E,) pre-
exponential factor (A)wrfedassit eens smsd,Ea @ener kI mol! @b saé@s. (R
=8.314 I mol" K™

(40 marks)




5)

6)

7)

State the Mathematical expression for the first law of thermodynamics.
Ganuelwusselweds (psHeord ali@dsren senid GeusflLm yensid: HHb.

By,

(15 marks)

State clearly the type of systems and the conditions under which the following
expressions can be applied;
6161 6ueME  SIEMLILSBET  Bmid  Heneveniosefelr &S Wsiisugpld  GeusfliLim

LrCwndldsii. (b steng Oxeflauresds GBIUIGS

@) AS=gq,,/T

(i) InT +(y —1)InV = cons tant

(20 marks)
Define “Thermal Capacity” of a system by writing down a mathematical expression.
Indicate the type of system to which this concept applies.
Sl @M  “Oeulids  Qomeienensy”  6lepid  UgsSHlensn  sewilg  OQeueliiium
@alenell UWLSIUBRSS auenTUmEGS. Bd SGHSHIHMA LWSLGSHSHSImIgUl DU

susmEenwtds GUILIES.




(20 marks)
8) 5 moles of an ideal gas undergoes an isothermal reversible expansion from an initial
volume of 10 m® to a final volume of 100 m’ at 300K. Calculate the entropy change for
this expansion. -
300K @60 2 6lT6n YJDUS SRCUCTIEY 10 m? SealTen @ @eoldw sutwiellenr 5 mol
S BDSHE  HEIEUGTEY ‘10() m s Smoyd Fwesuiu 1S alflarsssSne
o _siemmalemg. et elfleursssHBBaren sbsHril wiMmpsSlmears &elldEs. '

s,

(25 marks)
9) Give the conditions under which real gases approach ideal behavior.

o_aWiIeND eUTWEE6T @l Al BLEMSBMW MNOEG HUHHMOHMNSH HHS.

(10 marks)

<



10) The data given below are for the freezing of 150 mol of H,Oy, into ice at 0°C under
standard atmospheric pressure.
Molar enthalpy of fusion of ice under standard atmospheric pressure = 6.2 kJ m'ol'1
Molar volume of water at 0°C = 18 x 10 m® mol
Molar volume of ice at 0°C =19.6 x 10 m’> mol
Calculate q, w, AU, and AH for this process.
&8 syoulL  gyeyser 150 mol HOp @men 0°C @ed @Hluiw  suetiioemin_so

SI(PpSHBHHE0 Lelld SUIQUITE 2 _enBUIEDaILILIG! QBT ILTETEHEIUITELD.

Bl eueoeiii_ 60 Si(péEssHHe uafld sliguisar o maeeder cpeor Q@qumsﬁ@mm =
6.2 kJ mol™
0°C @esv mifleir apeoir Hemeusniey = 18 x 10 m® mol
0°C @sv ueildsl puilsn eapeoir samaistey = 19.6 x 10" m® mol™
8§ Qeuiwpenpssren q, w, AU wpprd AH ediusubamnmd  &eumilds@ao.
‘(60 marks)
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Part1-M.C.Q.

1) 3 2) 4 3) 5 4) 2 5) 3
6) 4 1 8 1 9) 5 10) 1
Partll
. d[A]
1. - === Kk[A][B
6y dt [A][B]
(1)
d[A]___ 273
—_—= B
it k[A][B]
-3 —Z
k= mol dm =mol * dm*s™

2
s(mol dm )(mol dm™)3
(Derivation — steps must be shown)

2. (i) molecularity — the sum of the number of reactant molecules (or the numerical
value of the sum of the stoichiometric coefficients of the reactants) as appearing in the
balanced equation of an elementary reaction

(ii) an elementary reaction — one step reaction
3. (i) One (1)
(ii)
In2

t) =——

) k

E,

4.() k=de T

E, B
(ii) 28.5x107 = de R3O ..... (1) 5.70x107° = de ®30 —-(2)
E,
Vo2 o e BN }Ljﬂ&?_le_iﬁ
------ glves 5= ——=e
o 7300

P ( 11
8.3141300 320

On simplifying, Ea = 64.23 kJ mol™!




S. du=dq+dw

du — change in internal energy
dq — heat change
dw — work done

6. i) Reversible, Isothermal

ii) Ideal gas, reversible, adiabatic

7.C=dg/ dT

Homogenous system

8. AS =nR In (V2/V))

=i
=5mol X 8.314 J K mol” xIn (100/10)

=35 X 8.314 X 2303 log 10

=95.74JK"!

9. At higher temperatures and lower pressure

10.q=qgp=AH
=-6.2 kJ mol'! x 150 mol

=-930kJ

w=-P (Vice - Vwater)
=-10°Pa x 150(19.6 — 18) x 10" m?

=-0.024kJ

Au=q+w
=-930kJ~0.024 kJ

=-930.024 kJ




