Civil Services (Main) Examination, 202+ PHKM-U-CHM
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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question | part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be
stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Coordinate diagrams, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless and otherwise indicated, symbols and notations carry their usual standard meanings.
Assume suitable data, if considered necessary, and indicate the same clearly.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer (QCA) Booklet must be clearly struck off.
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FB IUFIN Hifcra Reris 3R TG0 FRF

Some useful fundamental constants and conversion factors
Ny = 6022 x 1023 mol—1

Rydberg constant = 2-178 x 10-18 J

¢ =2-998 x 108 ms—1

kg = 1-38 x 10723 JK-1

e =1-602 x 10719 C

m, =9-109 x 1031 kg

F = 96485 C mol~!

R =8-314 JK~1 mol!

h =6-626 x 1034 Js

n = 3-142

1 amu = 1-66 x 1027 kg

lcal =4-184J

1J=1kgm?2s2

1A=108%em=10""m =01 nm = 100 pm
1 atm = 760 torr = 1-01325 x 10° Pa

1 bar = 1 x 105 Pa = 0-9869 atm
1eV=1602x10"19J

1Latm=101-34J
1 eV = 23060 cal/mol

4 72 ¢2 = 3-55 x 1022 cm2 2

h2

8mg

=6-025 x 10738 Jm—2

he = 1-986 x 10726 Jm
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Ql. (a) ()

(ii)

(b) ()

PHKM-U-CHM

@ us A
SECTION A

e (Feram) sreea 1 ersgie W § seag i A @ 9 g faifa
HIST St g AAfera oufaa it 2 | [fear man ® ;e 9 et w5
3
TR iR B wer Rlo(ls)=2[£J2 . o2 i p= 24T gk
ao Ilao

ag = TUH 1 (Bohr) & 351 & | 377 Tt 3ish1 b1 wmar= o7 2 |

Determine the distance from the nucleus at which the electron is
most expected in the hydrogen atom in its ground state.

[Given : The normalized radial function for hydrogen-like systems
3

is Ryg(1s) = 2(2]2 . €2 where p= &6 and ag is the first Bohr
ap nag

orbit radius. Other notations have their usual meanings.]

Hifeam smEe i Gifeaw see A SO Swis F AW dgitaw
GfaherT o g fHeTel T AT it 31de Seua § | 3fud fag i
Sodium bromide and sodium iodide have higher lattice energies
than expected from theoretical calculations. Justify.

SLHT % E1Y IS HH W 235U gwente frfed & s @ | weg @
Tehfcieh Mg Faet 0-72 SFawd & | F6h! 370 T SATeT A8y aTed GHeTieh
238U | e FH & A0 U #Y Ueet UFg ® 9201 vgdr & St 3 & a9 %
SO AT Y ATMeTd & S @ | {6 235UF, sit 288UFg Tt & forsyor
oo & & fore &8 =it o a1 e Simar € | v famar s F A,
235U &t 238U @ armafersh wfe % Tua 0T T Uftsherd 1T |

The 235U isotope undergoes fission when bombarded with
neutrons. However, its natural abundance is only 0-72 percent. To
separate it from more abundant 238U isotope, U is first converted
to UFg, which is easily vaporized above room temperature. The
mixture of 235UFg and 238UF; gases is then subjected to many
stages of effusion. Calculate the separation factor, that is
enrichment of 235U relative to 238U after one stage of effusion.

=
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(i) THH A (HFH) H sfonfia Hifvw | = o Fwr F oo aom 59
ST @i |
Define ‘unit cell’. Draw all the Bravais lattices for a cubic system. 5
(c) Trafafaa siiwst 1 w@mm #@, I (mercury) T @9 FaeHis fHaifa Hifm |
T 3 & [T HTIHT i -HIH-HT HEIATE HEAT TS ?
Hg (1) AH; =0
S° = 77-4 J/K mol
Hg (g) AH; = 60-78 kJ/mol
S° = 1747 J/K mol

Use the following data to determine the normal boiling point of mercury.
What assumptions must you make in order to do the calculations ? 10

Hg (1) AHg =0
S° = 77-4 J/K mol
Hg (g) AH; = 60-78 kJ/mol
S° = 174-7 J/K mol

(d) () SEFEAREERANHEE (CCloFy) M F1 G Foi® — 30°C ®,
Fhifas A 112°C 2, 37 36 TET Hifdsh a4 40 atm B | I T4 A1 20°C
A9 W 18 atm 21 q% @Yifea foram sme, ot = g gufia 2nft 2 ey
fregor & 2w 9T 37ET 3 €N |

The compound dichlorodifluoromethane (CClyF9) has a normal
boiling point of —30°C, a critical temperature of 112°C, and a
corresponding critical pressure of 40 atm. If the gas is compressed
to 18 atm at 20°C, will the gas condense ? Give your answer on the

basis of graphical presentation. 5
(i)  AferEieear i afoaia $ifs | siftdiezar & FTEERT 1 Seoid i |
Define overvoltage. Mention the applications of overvoltage. 5

(e)  BIZSISH WIFHTES & 3TqHA
2H,0, (aq) — 2H90 (1) + Oy (g), F FHHA Fu1 42 kJ/mol 7 AT v«
fuferar =i Uss e | ST fFar simar 2 df saeht wfsegor st 7-0 kJ/mol
2 | 39 99 F1 e Fifse fsa o seaifa sfufwar sdt sfivar w =<, a w
USTSH ST 31q9e 20°C AT T =eAdT & | 7 WA A reh A, ST Aeedt 3
H=/FE AR
The activation energy for the decomposition of hydrogen peroxide
2H505 (aq) — 2H0 (1) + Og (g) is 42 kJ/mol, whereas when the reaction
is catalyzed by enzyme catalase, it is 70 kJ/mol. Calculate the
temperature that would cause the uncatalyzed reaction to proceed as
rapidly as the enzyme catalyzed decomposition at 20°C. Assume the
frequency factor A to be the same in both cases.
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Q2. (a) EESHe Affyaar fagia #1 Ico@ Hifvw | weiifa Fifve & w-fafy 56,
et <fams 0 & L 7% 2, 3o8 & 0 & S 3 v g wod o R
HAFAH By 31 Ey (F997: Faied Hear 1 31 2 g fordidiea) & qeqed €, uh
T F ARV 2 |
State Heisenberg’s uncertainty principle. Show that for a particle in a
one-dimensional box having length from 0 to L, the two normalised
eigen functions corresponding to the eigenvalues E; and E,

(characterised by quantum numbers 1 and 2 respectively) are orthogonal
to each other. 10

(b) () FfaRed & o sy #w #1 aferea Fifsw
@)  AredrsE
ID) YEATFEES
(ITI) 9=ETse
(IV) er3ifaestie e
T ¥ faraehT ofires =uaw B o
Calculate the bond order for the following :
(D Oxygen
(IT) Superoxide
(ITI) Peroxide
(IV) Dioxygenyl ion

Which will have the highest stability ? 10
(i)  CO & 3TfVaeh FHereh G ! Gifgu |
Draw the molecular orbital diagram for CO. 10

(c) ()  HW=T HEAT 3 3N 6 aTet et & WiHiaq Fear s7ura &1 ufsher Hifvw |

Calculate the limiting radius ratio for the crystals with
coordination number 3 and 6. 10

(i) U 3aTeTur Hied LafFadidt it i sumear Hifsw |

Explain stoichiometric defects with an example. 10

PHKM-U-CHM S
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Q3. (a ()

(i)

(b) )

(i1)

() ()

(i1)

PHKM-U-CHM

AT % VAT Ui 1 IR aTeeT (1) 298 K 3 (I1) 0 K s ifim |
A o i arg o were afte (wRE-8F) (n6?) 0-28 (nm)? 3R am
1 ST TTH [ (FIeT) 599 29 gmol—! & |

Calculate the coefficient of viscosity of air at temperatures :
(I) 298 K and (II) 0 K.

Assume that the collision cross-section (m62) of air is 0-28 (nm)2
and average molar mass of air is 29 gmol~1. 10

Ar, CH, 3T CgHg T #1 39% afet dI9 % MUK T 9 g¢ %9 §
SR FII | I 1/ HROT A |

Arrange Boyle’s temperature of the gases Ar, CHy and CgHg in
increasing order. Give reason(s) for the answer. 5

Freferfae gt i Rraerr g a2
TIHTE AT STEATIS $o

T [led I T AT HIFT |

Which of the following liquids has greater surface tension :

Ethanol or Dimethyl ether
Explain the answer with reasons. 5

T THT T g fsrmehi Bsar 150 nm 2, % Z3-1 FTS F ST o F
FHe =T IR Hife |

Calculate the difference in pressure across the liquid-air interface

for a water droplet of radius 150 nm. 5

TE UMW AU (HI) AeY W F IoERviy wnardt ddied #§ smad
100-0 L & 52t 224 L 2 Srar # | Ut ik & foe 2ewdieest oot
gftad= 1 aftwe Hifse | o i aromm 298 K 2 1

Calculate the change in Helmholtz energy for a reversible
isothermal compression of 1 mole of an ideal gas whose volume
decreases from 100-0 L to 224 L. Assume that temperature is

298 K. 10

B4T W & W9 U TR T T 2 SaT & 2 3947 fae a1 Jen, s o

AT ST HehaT & 2

Why does a tyre get hot when air is pumped into it ? Can a tyre be

inflated without a rise in temperature ? 5
&
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Q4.

(a)

Gii) frafafas sffrr % fou 25°C @ NiO & 73 % 3w 0, ¥ @@
(atm ﬁ)?ﬁfqm?ﬁﬁm;ﬂﬁ AG® =212 kJ/mole & :

NiO (s) = Ni(s) + % Oq (g)

Calculate the pressure of Og (in atm) over a sample of NiO at 25°C
if AG® = 212 kJ/mole for the following reaction :

NiO (s) = Ni (s) + % 0, (g)

(iv) U T A (Are) TF 20000 atm R 19-0°C W, F Telqdsh WY B
(TTCH AT) | FHTC S T 39T 3T 21 0-95 atm T 1T 2 | 9 F ifem
A HT 3ATheq HIC | fear w2 e 1 S[a-omET e ()
0-150 K/atm 2 |
Estimate the final temperature of one mole of gas at 200:00 atm

and 19-0°C as it is forced through a porous plug to a final pressure
of 0-95 atm. Given : The Joule-Thomson coefficient (uyy) of the gas

is 0-150 K/atm.

T A1 G (TS WY o 11T 31K 30eh Traream 311t S 7awo & 78 | 78 9
T o 3w P foig & v aver (Py) S 3 (Py) % v Aoy ara feam a2

3010
lnP! =— —T—+13-2
InP,=- 38%+16-1

e feig a3 i feig 2 it wfteher Hifsm |
T TITET 1 bar, 298 K W 314, 79 37 29 &7 2
AH gofray FT & 2 THEATST |

A new drug has been synthesized and its phase diagram is explored. It is
found that near its triple point, vapour pressure over the liquid (P;) and

over the solid (Pg) are given by :
3010

lnPl=~— —T—+13-2
InP,=— ¥Q+16'1

Calculate the triple point temperature and pressure.

Is the new drug solid, gas or liquid at 1 bar, 298 K ?
What is AH}1imation 7 Explain.
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b) () yEueRah (@RRETE) 1 ] 2 TaIE W HiEdT g H ren Fif |
HAUIET de G=a I AT 3@ T |

What is polarography ? Explain the concentration polarization at
the electrode. Give the labelled diagram of polarographic cell
assembly. 15

(i) w@igar ¥ =1 gfonfa Hifse 1R sedht faat =1 Seaw FifSw | <sem I
Fet gfEdT F a1 37 & T foh it i Gufed s a1 99 17 39 FAT A
3fua fag Fifsa

Define concentration cell and mention its types. Justify the
statement “Fuel cells are energy conversion devices and not
energy storage devices.” 5

@ () uF gl afiber A XA, B KB, ¢ ¥ fo, an fowiw
kp =5 x 108 571 3 kg = 3 x 108 s~1 & | 38 gy =1 Fuifia Sifsg i B
1 Eig0 JAfHad &l |

For the sequential reaction A LI > B kp > C, the rate
constants are ky = 5 x 108 571 and kg = 3 x 108 s~1. Determine

the time when the concentration of B is at a maximum. 10

(i) Aty v §, afse wfafafe (BP) frmfafiaa sifwfwar dar?
)

i

Py
T fsre dfafafes ) frrere @99, 92 %1 pH -~ 3 ® | 3@ pH W 3R a9
22°C I 3 TehH1 o a7 feeian &
ki =70x10"4s1, kg=41x103s1, kg=57x 103 s1
P, i Ieafer it eAfour/3ust R 2
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In acidic condition, benzyl penicillin (BP) undergoes the following

reaction :
P; < & pp K2, P,
Pg

Imagine while swallowing penicillin, pH of the stomach is ~ 3. At
this pH, and temperature 22°C, the rate constants for the

processes are :
k1 =70x10"%s] kg=41x103s1, k3=57x 103 s1L
What is the yield of Py formation ?

R
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WUs B
SECTION B

Q5. (a) wiodifir i THif TohHT i STecil=ehl AT | Hiud Hid §Y |1 Thal J 9g
HifaT |

Indicating ‘Fluorescence’ and ‘Phosphorescence’ processes in Jablonski

diagram, distinguish between both processes. 10

b) () SAHEREIEETFAEATL?

How does water condense onto glass ? 5

(i)  IfE UF 73 A 2:0 x 1011 torr F I ¥ IR(4a foHAT ST, 1 30 T8 |
Tl W (FFIeaT) it o 2A1eft wia s 3 foe foraar au & 2 9
AT Teher T T % FoTT 1 TR SRTEA T ATERIHdT € | 36 I53 I 1%
F % 10 37 9 21 1 ST A foha S &, s o dife |

How long will it take for about one-half of a monolayer to form on
the surface if the surface is exposed to a pressure of
2:0 x 107! torr ? Assume that a monolayer formation needs an
exposure of 1 Langmuir. Also give reason for using such low

pressure in cleaning the surface. 5

(¢) Trafafaa @Fat # [UPAC Tmugfd 3 igar am foffa ;
(l) N32 [ZDCI4]

(i)  [PtClgl>
(iii) [Pt(py)yl [PtCly]
Hy
' Pt N 4+
(iv) [(H3N)4Co\0/ Co(NHg),]
H

(v)  Ni(CO),

PHKM-U-CHM 10
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Q.

(d)

(e)

(a)

Write the IUPAC nomenclature of the following complexes :
(i)  Nag[ZnCl]

(i) [PtClgl*
(iii) [Pt(py)yl [PtClyl
Hy
. /N\ 4+
(iv) [(H3N)4Co\0/ Co(NHj),]
H

(v) Ni(CO),

STSH a0 T & 2 36! wo3uvr fafer it weqa FifSre | gaeht weET % ol Aifs |

What is Zeise’s salt ? Outline its synthesis method. Describe its

structure.
() TS e i AT Fif |
(i)  37ad greft § HE 7 Zr 3 1< T@1 747 € | 36 99 i 3fud g i |

(i) Explain lanthanide contraction.

(ii)  Hfis placed below Zr in the periodic table. Justify the statement.

(i) 3t vt sfuafrar 6 w@ren afsa 10 x 108 2, ar sifufsmn
Hy (g) + Cly (g) — 2HCI (g) ¥ & St i fafemoft it forwenr atmeed
480 nm &, FT FAWET & T 39 §C HC (g) F T [ (dra) i
AT T IR it |
[fem & : Ny = 6:022 x 1023 mol~!
h = 6626 x 10734 Js
¢ =2998 x 108 ms!

PHKM-U-CHM 1z
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Calculate the number of moles of HCI (g) produced by the
absorption of one Joule of radiant energy of wavelength 480 nm in
the reaction Hy (g) + Clg (g) — 2HCI (g) if the quantum yield of the
photochemical reaction is 1-0 x 109, 10

[Given: Nj = 6022 x 1023 mol~!
h =6-626 x 10734 Js
¢ = 2998 x 108 ms™]
(ii) AT JEHTR T 0-04 T [ (Hier) foaea, St 5 0 2 cm AR F 4 4

T@T §3AT B, ¥ U FHEHT T A1 WA T H dear 50% FH e | qH
U (AT feretTa Turieh =t qiteher hifs |

On passing monochromatic light through a 0:04 molar solution
kept in a cell of thickness 2 cm, the intensity of the transmitted
light was reduced to 50%. Calculate the molar extinction
coefficient. 5

(b)  forwmift seifea srfufshar & oo m wwerd & 2 gse W EH areft atfufsRar % AT
0T T It Hfa |

SRR Frfereryer frgid 1 ST R gU, 39 S Seer o for femr e
PH T 372 W 7 3@ T Aqafed 8T T Hife aeiaehl T SITawr il € 37
39 @ T ATHIET BT I HITE TATIAhT T STET FLAT 2 |

What is meant by heterogeneously catalyzed reactions ? Mention the
consecutive steps for a reaction to occur on a surface.

Using Langmuir adsorption theory, account for the experimental
observation that the decomposition of PHg on tungsten follows first
order kinetics at low pressure and zeroth order kinetics at high

pressure. 15

(© () oifem e @@ ? 2 S vt 7 wifeas gu it e i e Hifs )

What is ‘sodium pump’ ? Explain the role of sodium pump in

biological system. 10
(i) SIS TR 2 Mg P450 Fi it Fi sme Hifsw |
What is Bohr effect ? Explain the role of Cytochrome P450. 10

PHKM-U-CHM 12
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Q7. (a) fores & Ragid (CFT) ¥ r@m aif awaelt & & ‘@’ Faat % fureT #t vehifa
it |
Freafefaa su @ feoguft FHifsm -
o Gl & 7 dy2_ 2 3R d,, HEh] F TeT Sl H1 3R, ALTHABT 87 § G
AT % WA AT F GHET & |’
Show the splitting of ‘d’ orbitals in square planar field according to
Crystal Field Theory (CFT).
Comment on the following statement :
‘The difference in energy between the dy?_y2 and dyy orbitals in square

planar field is identical to the difference between the same orbitals in
the octahedral field.’

(b) (1) T g FEIAA & AT FHE -

M — C &9 0 C - O =&Y 7
Ni(CO)4 1-33 2-64
[Co(CO)4]™ 1-89 2-14
[Fe(CO)412- 2:16 1-85
39 qeAT ht =qTE Ffr |
The bond orders of some metal carbonyls are :

M — C bond order C — O bond order
Ni(CO)4 1-33 2-64
[Co(CO)4l™ 1-89 2-14
[Fe(CO)4% 2:16 1-85

Explain the above facts.
(ii)) A, BIRNCH ygafAu| A MM BFAgFF ey ?

NaNO,

DI
HCI B

PHKM-U-CHM I3
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Identify A, B and C. What is the relationship between A and B ?

(e) (1)

(i)

) NaN02
[Co(NHy):ClICl, ———> A

Let stand || UV ray
or warm,

HCI

foreeat & fagia & smur v, fefata s 1 faawr dfse
&t [CoFgl3~ 3qgaa 2, [Co(CN)g]3~ Widgahia & |

On the basis of Crystal Field Theory, account for the following
statement :

While [COF6]3_ is paramagnetic, [CO(CN)6]3' is diamagnetic. 10
Coo(CO)g FT HTHT/ETIATAT 1 TIT HIAT | 30 Farehid HT=or T fevuuft
e |

Elucidate the structure(s) of Cog(CO)g. Comment on its magnetic
behaviour. 15

Q8. (a) ‘sp°d TG PF; 7 % 19F NMR waga # wft F ywan sifave feas ved €
ST IS fF R § |

‘All the F atoms appear indistinguishable in the °F NMR spectrum of
sp3d hybridized PF5 molecule.’ Explain how. 10

(b) @

(i1)

PHRM-U-CHM

CIF3 31 it @t Hwa raTenas fRafadll st 15T | deheTrd i shifsig
foh 398 @ P 7o e/ fRafa gt | CIF; 319 & S 9
feoquft Hhifs |

Draw all the possible structural dispositions of ClF3 molecule.
Establish logically which will be the most favoured disposition.
Comment on the shape of CIF3 molecule. 10
BoHg &t GT=AT i FA13T | ST GBIV o ATIR T BoHg ¥ 3ATE9T i
ST HIT |

Draw the structure of BoHg. Explain the bonding in BoHg on the
basis of hybridization approach. 10

I+
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(c) Trfofea & 78 Amset F qus i faRedt & o o fmt Y dfere sme
Fif .
(i)  SHER avTSt e

(i) fa<maes fAsedor
(iii) TSI ST
(iv)  STTERETSRIOT 7SEYT T FeaT

Briefly explain the principles involved in the following methods of
separation of the lanthanides : 20

(1) Repeated fractional crystallisation
(i)  Solvent extraction
(iii)  Fractional precipitation

(iv) Change of oxidation state

PHKM-U-CHM 15
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