
CSM-18/22
CHEMISTRY

QqlaG,  aolG,

PAPER-I
Time : 3 Hours

qqa  : in a®l

Fiill Marlrs  :  250

q®<  q06,l,,  :  98o

The figures in the right-1rand margin indicate marks.

qfla9Q 919161 a66' g6oiQ gflQ qiG5 od<iaiQ§  I

Candidates should attempt any 10 (terry questions Of
aR0llIP-A with word 1:init Of 250 words and should

attempt any 5 (five) questions from GE®OuP-B
u)ith word limit Of 300 words.

a6\isie<Iifli6fl GROup-A a 6a6Q16ia  eoa  gflQ  ®6ra  980  ao

flct6Q qQO GROup_B a 6q6Gi] 6ia  8a  8flQ QG`Q

mo o  flo fltl6Q qifiQ Qq6Q  I

GROUP-A

swer  any ten  of the following  :
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1.   /a/    Discuss  the  factors  affecting  the  radii  of  ions  with  suitable
examples.

Qaq® Q019Q61 q@ alaQ` (ions)a 6Q6 (radii)a 96\16® GqqQI G}lcoq®®

6qa6Q  zli6G`iGfli  GQq I

/b/   Construct Born-Haber cycle for the formation of Cscl.  Calculate
the  total  enthalpy  of formation  of Cscl  from  the  following  data
(in  kJ  mol-i)  :

AHs of Cs  =  78,  IE  of Cs  =  376,  AH'd of 1/2C12  =  121.5,  EA  of Cl  =
-355, U = -644
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csci  6ioQ  aiQ® Qfl<-©iGQ  Q9  aq<i6I  Grog I  aqaqo  ®eluq csci Gioco

qqQla  <@lQa   (enthalpy)  6161G`l  Gmq  (kj  mol-1)  I

AHs of Cs  =  78,  IE  of Cs  =  376,  AHd  of I/2C12  =  121.5,  EA of C1  =
-355, U = -644

/c/    Construct the  M0  diagram  of C02.
c02 a MO 69 aq<i6i cO I

2.   /a/    Discuss  the VET   of high  spin  and  low  spin  Co3+  complexes  by
taking  suitable  examples.

Qaq®  ®QieQ6i  6OQ  6`G`  afl`  (high  spin)  qQO  Ori  aQ`  (low spin)  c03+

Q6ffl©q©co VBT 6Ga6Q ai6G\i6`G`i  cog I

/b/   Explain  the  bonding  in  allqme  metal  complexes.
amQiQQ` tliq Q6ti©6Q  Q®GiQ Qiii6Iiii  QQ  I

/c/    Illustrate the kinetic of substitution in square planar complexes.
Square Planar Complex q6Q6Q  g§8laG`Q  G16G`  GrdG`l  G)a  I

3.   /a/   Explain  the  magnetic  and  spectral  properties  of actinides.

alQG`lG\©q  (Actinides)Q  QdrqLena  qQ°  6qqlQ  (Spectral)  q61  QedGu  Q6\  I

/b/   Discuss  the  consequences  of lanthanide  contraction.
QIG!lG'lQ9  (Lanthanide)  q°6GPIQO  a  a6iql61  6aa6Q  al6Q16fll  co  I

/c/    What do you  mean  by superacids?  Disouss  their applications.

qaQ  <ag  (superacids)  G}a6Q  Q'6i  q6:?  <@i6\  g6aia  Qa6Q  ai6G\i6fli
QQ9l

4.   /a/   What  are  cytochromes?  Outline  their  structural  features.

qlQ68169lq (cytochromes) Q'6I? 6qfllGtGr GIOG.qiGiG) 6a6ell q@Q 6Q61q I

/b/   State  and  explain  the  Bragg's  law.  Derive  the  Bragg's  equation
for X-ray  crystallography.

Bragg's  aaqq Q€<G`l  QQ  qG`°  Q1161lll  QQ  I  X-ray crystallography aiQ°

Bragg's  Gr  qqlQQ61  QIQG`6Q  Z116G\16`Gll  G}Qq  I

/c/    Rationale  general  features  of interactions  of DNA  with  metal
complexes.

Metal  complexes  q§®  DNA  a  alQq6Q  ®la<WQ  qlulQ61  6aaqH  q©Q

6QIQ  cO  I
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5.   /a/   Depict  the  integrated  equation  for  rate  constant  of zero  order
reaction.

Zero  ©q  g§§alQ  @16\  @Q  alG\° integrated  equation aq<a  QQq I

/b/   Illustrate  the  effect  of temperature  on  reaction  rate.

96§ai  @i6\6Q  ®ia  qigiQ  96\iQ  Q€<G`l  co  I

/c/    The relaxation time for the fast reaction  A
k,,

k-I
8  is  10 micro

seconds and the equilibrium constant is  1  x  10-3.  Calculate the
rate  constants  for  the  forward  and  the  reverse  reactions.

Fast reaction alQ° alQlfl  qfla  A jc,,

k-1
8  6@Q§  10 fllQ6916q6®®
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0 qqfDQ aQ 6cO§  1  x  io-3 I  aiqai qQO OQ6.I  96§ai aiQ® @Q ®iQ Qi@i6\

QQql

6.   /a/   Discuss  the  factors  influencing  on  magnitude  of  gaseous
adsorption.

Gaseous Adsorption a a§6" G)a6Q gQIQ a®lQqQI QIQG` q6® Qa6Q

ai6G\i6fli  GtQq  I

/b/   Outline the synthesis of metal carbonyls by direct and reductive
carbonylation  with  suitable  examples.

®aq©  Q0196\61  q§®  8OuS  qQ°  6Q§Q6\  carbonylation  QIQl   metal

carbonyls  synthesis  QIG`066\  al6@lQG`l  QQ©  I

/c/    Draw the structure and determine the number of M-M bonds in
the  following  complexes  which  obey  the  18-electron  rule  :

qoQOG.I   aGfG` QQg qQo aqaqQ complexes 66\ M-M bonds qo6iiii fi€a

G}Qq  al91   18-electron  nile  alGIGt  ®6Q  I

/i/      (CO)4Rh2(LL-Cl)2

/{t./     (n5-cp)2Fe2(u-co)2(co)2

7.   /ci/    Calculate the  Miller indices  of crystal planes which cut through
the  crystal  axes  at

©1QIG\  6qG`  q@GrQ   (crystal  planes)  fiQQ  qG`lQell<,   6qQ®016Q  91®lG\

axes  Q16`l

/1./     (2a,  3b,  c)

(it)     (a,  b,  c)
(iti)     (6a,  3b,  3c)
/iLJ/     (2a,  -3b,  -3c)
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/b/   Calculate  the  angle  at  which  /i/  first  order  reflection  and  /£i/
second  order  reflection  will  occur  in  an  X-ray  spectrometer
when  X-rays  of wavelength  1.54  A  are  diffracted  by  the  atoms
of a  crystal.  (Given  that  interplanar  distance  is  4.04  A)

6Q16lq  (angle)  6161fll  QQ  I   /I./  gem  9q   g6aniG`  qQ°   /I.I./    6Qlfl  9fllG

96gQQ qQ q®-6Q (X-ray) 6®6ela6'Q 6Q a6Q 6a6®6Q6Q wavelength
1.54  AQ  vie-6Q  (X-ray)  A-Type  a 91€lG\  aQfllq  qlQl  66`la®  6001

(Q®QqlG'6l  (interplanar) a  qQQl  69Q§  4.04 A)

/a/    What are  n-type  and p-type  semiconductors?  Explain how their
combinations  find  applications  in  the  fabrication  of transistors.

rt-type  qer  p-type  6qfiQ®qQ  (semiconductor)  q©®  Q'6I?  8lQ@qQ

(transistors)  610G`  6Q  6qfllG'G6!  fig61  aa§  86al6166116®  Q11161lll  G}Q  I
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8.   /a/    Illustrate  the  Linde's  method  of liquefaction  of gases.

Q6\Q  aola<  6"lq  (liquefaction  gase)  a  Linde's  a®6q G`e<fll  ®Q  I

/b/   Discuss the basis of the polarographic method of analysis. What
is  the  significance  of limiting  diffusion  current  and  half-wave
potential?

§6fl®616alQ16Q1916Q (polarographic)  a®§Q  altllQ 6®a6Q al6G\16fll

QQq  I   Limiting  diflinsion  ®6Q®  @  atll-cOGr  qqlQG`lQ  qlfi©  Q§QIQ

qoQ G)'6'?

/c/    Calculate the mean activity coefficient  V±  of /i/ Nacl at a molarity
0.01  and  /ii/ Na2S04  at a molarity of 0.001  in aqueous  solution
at  25  OC.

6Ql<ga<Q  (coefficient)   v±   of  9lQl9la  Qla<u  Ql@lQQQ  I  /I./ Nacl  at  a

molarity 0.01  and  /ii/ Na2S04 at a molarity of 0.001  in  aqueous
solution  at  25  °C  6Q  G161QI  QQq I

9.   /a/   Radiation  of wavelength  2500  A  was  passed  through  a  cell
containing  10  ml  of a  solution  which  was  0.05  molar  in  oxalic
acid  and  0.01  molar  in  uranyl  sulphate.  After  absorption  of
80 joules  of radiation  energy,  the  concentration  of oxalic  acid
was reduced to 0.04 molar.  Calculate the quantum yield for the
photochemical  decomposition  of  oxalic  acid  at  the  given
wavelength.
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6Q6aqGl`  (Radiation)  QQGr  6aa<u  2500  A,  qQ  6Ql®fllelfl6Q   10  fi6

fie.Q 9Q6i tliQ6i  QaqQi  fli@i  aeiaG\ <a®` (Oxaiic acid)  66\ 0.05 6fliG\iQ

(molar)  qG`°  qQlaQ  (uranyl)  qG\60G'`6Q  0.01  6qlQIQ  qQl   I  80  @cL<Q

tjoules)  66Q61   (radiation)  616  aQ66ll®61  a6Q,  a9lfiQ  qa©`  (oxalic

acid)  Q  qQg©1   0.04  6fllQIQ   (molar)a  ca-6lG\l   I   goo  ®QGr  6aq<u6Q

a@lfiQ qa®` (oxalic acid) Q o66'16G}fi®lQ (photochemical)  a68o al6\®

@l¢q  (quantum)  21lQGIG`  Q6\q I

/b/   What  are  the  main  consequences  of light  absorption?  Describe
and  discuss  the  Jablonski  diagram  for  depicting  various
photophysical  processes.

al6Qi®  aQ66H®61Q   q6IH  QIQ61  Q'6i?  66iG}  cr6G'16§QIG\  (photophysical)

g§aiq?a 696i GiaQiaiQu ®iasG\ia© (jabionski) §9q o¢G`i qer ai6Qi6.a.I
GQI

/c/    Derive  the  Freundlich  adsorption  isotherm  from  the  Gibbs
adsolption  isothemi  as  applied  to  gas.

G1"  ®a6Q  86alG1  ®Qlal6`qQl  a6i  6iQ  alcaa'qG``  (Gibbs  adsorption)

alQ6qlafl<  (isotherm)  a g®aQ`  (Freundlich)  aleea<qfl` g19  69lQ§  I

10.   /cz/   The following data are  obtained on the adsorption of acetic acid
on  charcoal  :

[Acid]  (mo| din-3) 0.05 0.10 0.50 1-0 1.5

cz(g) 0.01 0.06 0.12 0.16 0.19
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Verify  that  the  data  obey  the  Freundlich  isotherm,   cz = kyn,
where  a  is  the  mass  adsorbed  per  unit  mass  of  charcoal.
Determine  the  constants  k and  ri.

ziGriQ6Q  qaaQ  qa®`  a  aicaa<qfl`  (adsorption)  Qa6Q  aflfiq®  ®eiu

9 19  OcL<   :

[Acid]  (mol din-3) 0.05 0.10 0.50 1.0 1.5

a(g) 0.01 0.06 0.12 0.16 0.19

ql8  Q6\q  -  Qell  8©a6l`  alQ6qlelq`  (Freundlich isothem)

cz = *pn 6aQ'oi6Q ziGriQ6\ vie qa6i` qiq  aiQU  a fliq  6ee§  I

kviQO n Q aQQi aQ cog I
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/b/   Determine  the  number  of components,  number  of phases  and
degrees  of freedom  for  the  following  systems  :

aqaqQ 86iifliq®® aiQu ©aioG.q©Gro q06iiii, aq<iia q06iii qQO q iqsoiQ

691  (degrees  freedom)  a€<a  ®Qq  I

/i/    H20(S)±H20(I)±H20(g)
/ii/    Cac03(s)±Cao(S)+C02(g)
/1Ti/     N2(g)+02(g)±2NO(g)
/I.I//     NH4Cl(S)±NH3(g)+Hcl(g)
/u/    A  eutectic  mixture  in  a  binary  system

/c/    Draw  the  phase  diagram  for  2-component  systems  which  form
/I./  eutectic  mixture  and  /I.i/ a  stable  compound  with  congruent
melting  point.

9   6   QalolG`  (component)  961lQl  alQ°  aa<"  96fl   §961  QQQ.  qlel

/I./ Q®66'QQ  (eutectic)  fig61  /I.I./ Q°9q®  (congruent)  OQ@Ql  a<®  qa®

<®  @Q  0  qlflglQ  6@lGlqQ  I

11.    /cz/    Calculate  the  entropy  change  if  2  moles  of N2,  3  moles  of H2
and  2  moles  of  NH3  are  mixed  at  constant  temperature,
assuming  that  no  chemical  reaction  is  occurring.

q6  6Q16ia  Qiqia@o  g6§fli  a6.I.Gtig  6Qifi  flea  Q6i  q6gia   (entropy)

a6iQdG.a  G161QI  Gt6l,   aa  H2  a  3  moles,   N2  a  2  moles  qGxp  NH3  a

2  moles  afllGI®  ®lafll9l  fi©O  &q  I  G1616l  QQ  I

/b/   One  mole  of an  ideal  gas  expands  against  a  constant  external
pressure  of  1  atm  from  a  volume  of  10  din-3  to  a  volume  of
30  din-3.  Calculate  the work done  by the  gas  in joules.

<Q alo6<i<  6iiiiq 6\  6Giiaq  9fli6IQ Qi@i  Qia  6q®6Q  io din-3 a§qi6i  a 3o

din-3 a 6glQ  G}66\  I  alllq  quQq  tioules)  QIQI  QQlalQqQI  Qla<uQ 616lG`

GQl

/c/    Define  chemical  equilibrium.  Write  the  characteristics  of
chemical  equilibrium.

QiqiaaQ qqQQ Qiii6iui  Grog I  QiqiaaGp qqGiG.a q6i/ufl<  q6Gp 6G\6iq I

12.   /cz/   What is  the  significance of the wave function.  State and explain
Heisenberg's  uncertainty  principle.

®QGr  (wave) G)6.G.lQ q9Q  G`§6G\ 6}'61  q6:?  Heisenberg's a uncertainty

ffl6 a8a6Q GtsQi  QQq I
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¢/   F`ind  the  points  of maximum  probability density  of the  electron

;nrotbhaeb£:]i;'o2fp#nad::g2£Zespt:::£Sc[:f£:aato°n=.:.Pmde::loo:±h::xt::
the region I/4  and  3L/4 is  1/2,  if n is  even and  1/2  +  (-1)  k/n7[,  if
n is  odd  (=2k  +   1,  where  k  =  0,1,2,3 ,... ).

H aQfliqQ  2px,  2pg viG`o  2pz aQai6Q  Q6G`qQQ  qdiqG}  QqiQii®i  qis®i

§qq©q   66iiG`  viQO  6Gw8I  6a  I/4  @  3L/4  a8G.a  qQ  ®iQ6q®Gtifl  Q©6Q

®aG}i   66ii©Ql   qqiQG`i   1/2  +   (-1)   Jc/n]t  a6   n  @Gi6Ii   (=2k  +   1,  6aQ°oi6Q

k  =  O,1,2,3 ,... )  a66'  I

/c./    By using  the  MOT,  predict  the  bond  order  and  the  number  of
unpaired  electrons  in  o2-, oZ, o±, No  and  CO.

MOT QLiQ@iQ  ®§  Q®  9fl  qer   o2-, oz;, o±, No   qer  CO  6Q  a6iQu®

Q6G\iqa q06iiiiQ qdQfli9 QQQ I

GROUP-B

swer  any five  of the  following  : 20x5=100
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13.   /a/    Discuss the properties and reactions involved in liquid ammonia
as  a  solvent  and  mention  its  advantages  and  disadvantages.

9GkslGtiQi 6\ias6\ coo ai6fliaai qaQ G@6q6i qQO 86§ai §®acQ ai6Qi6fli

QQa I q9iQ q6tli  @ aq§ui  a®a6Q 6i6fli6I  ®Qg I

/b/   Discuss  in  detail,  chemistry  of lanthanides  with  +3  oxidation
state.

+3  a©6®G`` qa© QIG`ellG`lQ©`  (1anthanides)  QqlaQ  6®C16Q  a©oQ  6\lQ66\

Z116QIQfll  QQq  I

14.   /a/    Illustrate  the  magnetism  based  on  CFT  model  for  Co3+  in
octahedral  complex  with  strong  field  and  weak  field  ligands
and  Co2+  in  tetrahedral  and  square  planar  complexes.

d©alen  6ffl©  @  qdQ  6® 6iGll®  (ligands)  q§Q aQ169glQ  (octahedral)

Q6fl:©6Q  co3+  aiQ® CFT q6@G\ Qa6Q  zliui6® QfLenaQi  viQo 6ngi6QgiQ

(tetrahedral)  qer  6QLlalQ  qlG`lQ Q6fl®6Q  Co2+  a Q€QI  QQ  I

¢/   What  is  trans  effect?  Discuss  the  different  theories  proposed
for  explaining  the  trams  effect.

8lQ   Q6Gq   (trans  effect)   G)6l?   glQ   Q6Crq  Q1116llll   ®6iG`l   a|Q°  g©i6®

a§Q  ®Q  ®a6Q  ai6G\i6iQi  QQq I
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15.   /a/   Discuss  the  structural  features  and  functions  of haemoglobin
and  myoglobin  in  oxygen  transport  mechanism,

aqG`lG`  a6iQ9G`  aQ6Q  686fll6ql6Q  qQ°  ql6al6ql6fl`  (myoglobin)  a

6ioa qLQQ 6aaqH  tlQO Gtia<H  §®a66\  ai6QiG.6`i  ®Qq I

/b/   Illustrate  the  quantitative  treatment  of adsorption  theory  of
heterogeneous  catalysis  on  reactants  in  unimolecular  surface
and  bimolecular  surface  reactions.

Z1616q lQwqQIQ (unimolecular) qq]6Q <Q° G`lG\6fllQuqfi\lQ (bimoleoular)

qLao®6Q   q6§ai6Q   6®68i6@6aq   Qi6tiQiQaq   a   zH©q<aqG`   a®i6Q
a6iqi6IiqQ §a9iq QedQi  G6\  I

16.   /a/   The  EMF  of the  concentration  cell  with  transference  Pt;  H2

(1  atm),  HC1(a±  = 0.009048) : Hcl(a±  = 0.01751),  H2  (1  atm)  :  Pt, is
0.02802  V  at  25  °C.  The  EMF  of the  corresponding cell without
transference  is  0.01696  V.   Calculate  the  liquid  junction
potential,  Et and  transference  number  of the  H+  ion.
@lG`66\61   Pt;   H2   (1   atm),    Hcl(ci±  =0.009048)    q§O   qQ9®16®1®6\

EMF  : Hcl(a± = 0.01751)  H2  (1  atm)  :  Pt,  25  °C 6Q  0.02802 V a66'

I  gideGt6\6i  §G`i  0.01696  v  a6GI  I  ®QQ  (liquid)  GtGqG`  qqiGfoi,  Et qQO

H+  a ziiaQ a qiaeQ6I q06iiii  616iQ Gm© I

/b/   Discuss  the  functions  of PS-I  and  PS-II  in  the  photosynthetic
activity.  How  are  they  connected?

ps-I qQo  ps-II 6\  Qia<uQi6\®i  a O66'la6©6Q  (photosynthetic)  ®la<l  a

6cO ai6G\iQQi  QQ  I  qqi6Q aa§  qoq®?

17.   /a/    Derive an expression for Langmuir's  adsorption isotherm.  Show
that  at  normal  pressure,  Langmuir's  unimolecular  adsorption
isotherm  becomes  identical  with  Freundlich  adsorption
isotherm.

Langmuir's  a  aloqa<qQ  alQ6qlel<fl  alQ® qQ  a§Qu6  6aq  I  606llq  -

qltllQ61      Glla6Q,   G\lGrqqQ   (Langmuir's)   a616fll6iQ.QIQ   21l©qa<qG``

alQ6qla<fl   g®fiQ`          (Freundlich)  al®qa<qG``  alQ6qle]<fl   q§®  qqlo

60lQellq   I

/b/   Derive an expression for the  rotational  and vibrational  partition
functions.

q€Q <Qo enGt 6QiQG` Qia<Hq©G] aiQ° qGp a6ien©  6zlq I
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18.   /cz/    Give  an  account  of Debye-Huckel  theory  of strong  electrolytes.
Explain what are meant by asymmetry effect and electrophoretic
effect.

606-96G}G\  (Debye-Huckel)  d©6llffl   Q6G\6BIQIQ6'`  6\  96G}C\  a®16  q®

aqiG`  aa   I  ziqiq®i  8QiQ  qQO  G\6Qi6qi6Oi6Q6Q  96\iQ  qiQi  QJ6i  q6:iq

0191   G`11161lll   QQ   I

rty   Explain mean free path and collision diameter of a gas molecule.
Give  the  effect  of temperature  and  pressure  on  the  free  path.

qQ  6Iiiiq  aqQ  fli6i6ii  aa  /  Qa®  aa  <QO Giiiiq  qfiQUG\Q Qii6Iiii  QQ  I  q®

aa  QiQ6Q  Qiaqi9i  @  QiaQ  86\iQ  a®a6Q  ai6G\iGx@i  QQ  I
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