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Please read each of the following mstructmns carefully before attemptmﬂ qhesgons
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There are EIGHT questions divided into two SECTIONS and pnntcd both in HINDI and in ENGLISH. ¢

- Candidate has to attempt FIVE questlons in all. .
~ lQUCSt]OI’I No. 1 and § are compulsory and out of the remaining, THREE are to be attempted choosing

at least ONE from each section.
The number of marks carried by a questlom’part 1S mdlcated agamst 13

Answers must be wnitten in the medium author zed in the Admission certifi cate whlch must be stated'_‘_'

clearly on the cover of this Question-cum-Answer (QCA) booklet in the space plowded No marks will
be given for answers written in medium other than the authorized one. 3 -

 Coordinate diagrams, wherever requrred shall be drawn 1n the space pmwded for answermg the
| rquestlon itself. ' ‘

Unless otherwise mentloncd symbols and notanm]s carry thetr usual standard meamngs
Assume suntable data, if conmdered neces‘;ary, and mdtcate the samé clearly.

.Word linmt in questlons wherever spec1ﬁcd should be adhered to.

Attempts of questions shall be counted in chronological order. Unless struck off, attempt.of a question

shall be counted even 1f attempted partly Any page or portton of the page left b]ank in thc answer book
~ must be c]ear]y struck off -
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57 cRrIn ﬁ'ﬂ'cl'l‘aﬁ | Some Useful Constants
(R= S?Tk mol ! g= 981115 IF=96,500C; Ny = 60>< 1023m01 1 h=66x10-%) s
¢=3-0x% 10°ms}) - | |
gvs ‘A’ SE_CTI()N "A’

1.(a)  CHAD STAH H AT S (7, /r,) F AT DAY | T FIfAC T Fa
FRW 2 o <ifom s # gefr Seon sma we wenfi| sma § aga /g
€, qUTY 9 AEEAGT Sleich H Tshedefladel &d & |

. |
- Calculate the radius ratio (1:/ F ) in an octahedral lattice. Explain why lithium salts

crystallize 1 octahedral lat‘rlce although radius-ratio values are much below the
expected ratio. S - | - [ O

J.(by  TASEAT AEY IR ATvaEF FaTH gt W@ dAN FdEU | H, 39 & o,
| [erfetiad & TS aRa gU, T Fad fafag
(i) adsrerar e bR - <
(11) ale?ac-h Faa {9 | AR

I el o Tol0 gUR AR |

Point out the main features of the Valence Bond ahd Molec;ular Orbital theorieé
For the H, molccule, write down the wave function using

l‘
(i) Valence Bond theory
(11) Molecular Orbital theory

~ Suggest improvements to the wave functions. o 10

1.(c) R & 5Ha & 20L s™ad § 200 L YT TF 300 K TR §NATH S
FERU H B ATel Ugrdt afads @1 wfiehed g | |

Calculate the entropy change involved in the iéothen*nal reversible expansioh

of 5 moles of an ideal gas from a volume of 20 L to a volume of 200 L at 300 K.
| 10

1.(d) - 30°C W Ufge™ & 999, 0-8310 gmL-' # | g9 8 T C, H, O 3R fz-3mae & H=ER
W FE 82, 16:3, 19-5 3R 21-5¢€ | U & g€ FAE 1 URkehad hifay |
The density of acetone at 30°C is 0-8310 gmL . Calculate the surface fension of

acetone, given that the parachor values of C, H, O and the double bond are 82, .
16-3, 195 and 215 respectivcly | 10

1.(e) éaﬁL'(o xﬂL)%Q%n—cF%ﬁ’qa?éanWEﬁm% t%rq Citer ﬁ}% (< x >)
R (<p>) F AW & aRae R | } .

For a partlcle confined ih a one-dimensional box of length L(0 < x < L), calculatc

the values' of the average positioh (< x>) and momentum (< p >). 10

c-drn-n-eifa - y
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2.(a)

2.(b)

2.(c)

2.(d)

3.(a)

3.(b)

3.(c)

SR I & fo, -9 g @ fme i | Sea 9ol & o, 3 W
-4 w9iacw ARIfE Ry S € 2

Deduce the Born-Landé equation for ‘lattice energy’. What modifications are
imposed on this for better results ? - | 10

N, 3R NO & ferg, T whereh 3G FATSY | AR@! &1 ATUR AR, ATaE Sl
W‘ﬁﬁqaﬁ(wqﬁéﬁaﬁumuﬁmﬁmﬁ?ﬁﬁQI

Draw the molecular orbital diagrams for N, and NO. Based on the diagrams, find
the bond orders and comment on the magnetic properties of the two. 20

O-4mn1wmaﬁw%ﬁﬁﬂa5ﬁ@§aﬁﬁm*ﬁwam,aﬁmW
13 x 103 kgm™3 3R 98 T 8:5x 102Nm-! (g=9-8 ms2) & @l ?

How high will a hquid rise m a capillary tube of 0-4 mm diameter, if its density 1s
}-3 x 103 kgm and surface tension 85 X 1072 Nm= ? (g = 9-8 ms2) 10

AP T % dr el FARE ¥ frem ¥ fre e & ke, e
F4 ¥ 0:0145 g TAREE FA A 71, IR FF & ;T A A S gL AT FAHIR A
00875gﬁﬁmﬁaq%ﬁﬂm|}( AT CI° M%Mmﬁmﬁml

During the eclectrolysis of a solution of potassium chlorde between platinum
electrodes, 0-0145 g of the chloride were lost from the anodic compartment and
0-0875 g of silver was deposited in a silver coulometer connected in series with

the cel] Determine the transport number of K" and CI” ions. 10

61‘3501'1‘4@%%?%‘1 1s, zsaﬁtzpaﬁaaﬁé:%rqamw%ﬁmmmsﬂi
%rﬁluwrﬁwﬁawmp

Draw the radial part of the wave functlon and radial ‘probability distribution for

hydrogen atom for 1s, 2s and 2p orbitals. - 10
S Breeat & sitedh o Fae FRA F = ghE g w0 R 7w et A
o R-wrfEdd afm @ fe yer fwad g 7

What is the basic difference between Schottky and Frenkel defects in 1omic
crystals ? How do solids with such detects differ from non-stoichiometric
compounds 7 10

HA Neds F Tl & fou, maﬁtﬁ?ﬁﬂwmﬁ%ﬁwaﬁaaﬁaﬁﬁ
FATEY R I T A0 HINY |

Draw and explain curves showing the variation of first and second ionization
energies for the elements from H to Ne. 20

3 - c-drn-n-eifa
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3.d)  20°C ¥R 1 atmem ®, i 5o F 9 T frae & Ut 243-05 kJ 2 | 74 feu

T AR & G R 80°C W G WA &1 URahad dhif -

C, (H,0) = 4426, C, (H,) = 2956, C, (0,) = 32:15 JK~' mol™'

- The enthalpy of deeemposition of gaseous water per mole at 20°C and 1 atm
pressure 1s 243-05 kJ. Calculate its value at 80°C, given the following data :

7 G (H0) =4426, C, (H,) = 2956, Cp(0,) =3215 JK mol" 10

*4.(a)- _qTFCﬂTFﬂHEQET FFF e AR AT A # s # oo frered @ 2 A fen
T Fdql | ° -3 7 cﬂ?{d/dreohmqnchsuﬂﬂ Fof %’?

(1) exp (ax), (i1) exp (a,:c?),, (1) 3111_ (x), (;‘J) 25 x? _1
HTHH A F7 ¢ 2 '

What do you mean by the terms ‘eigen functions and eigen values’ ? Which of these
functions is/are eigen functions of the d/dx operator 7

| (i) exp -(ax),+ (i1) exp (ax?), (jii)' sin (x),  (iv) 25 x?

What 1s/are the eigen value/s ? ’ 20
A Trefafed ammEenst & o gedl 6 den sk Wi 6 aen a1 aieem S
AR @A i Fifear i wEr @ gearsa i ' -

() i R wen fewde, g f A, fdw sk e T A a8
(i) N,04(g) = 2 NOy(g)
(iil) Ug i eqe %naﬁ%ﬁq&r&aﬁ ey .
(iv) NaCl(s) - KCI(s) - H,O(l) - H,0(g) 7
(v) NaBr(s) - KCI(s) - H,O(l) - H,0(g) 7

Calculate the number of components, and number of . phases, and evaluate the
number of degrees of freedom for the follewmg equilibria :

(i) An 1ceberg floating in a lake, con51derme the lale, 1ceberg and atmospherc as
one system. |

(1) N;O4(8) == 2 NOy(g)
| (ii’i) Pure .parﬂy frozen acetic acid
(1v) NaCl(s) - KCI(s) - H,O(1) - H,O(g) system
‘({,) ;Na.Br(s) - KCl(s) -~ H,0O(1) - H,O( o) system | | 20

c-dimm-n-eifa 4
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4.(cj Tz & EIT@IETF{ HTﬂ”qT{UI —qu é{%ﬁldd F@ ATl 9 e foa .

2a
Cp—CV:R[l': - ) |
- " RTV /.
Show that for a gas obeying the van der Waals equation :

Cp—CV:R(I: a) = § - iy . 10

" RTV
B - SECTION B -

‘S(a)(l) ?ﬁﬂﬁﬂwwzﬁﬁﬁrmmm aﬁtcz* '. 2t 3ﬁTN2+mﬁaﬁgﬂ -
elaw%aﬂﬂﬂmﬁﬁﬁa‘@rﬁqi - 3 I

Specrfy the basm of the Irving- W1lhams series and arrange the Cu2+ Fe2*, Zn?* and |

NiZ* jons accordmg to this series.

" §,(a)(ii) ﬁﬂe WATE FT TR CRIEY 3ﬂ‘( Cl, NH3, CN’ AR H,0 aﬁ S argm ﬁ sefea

élr\;ﬂQ I _ |
Specify the basis of the trans effcct and arrange  CI”, NH3, CN" and H, 0 1m this
sequence ' - - - i . 10

Sy fees mrmemmﬂwﬁmwe ?qmm—eaqﬁaw cha
IR U &= H, dﬁmmmaaml

What are the salient features and llmltanens of the Crystal Ficld Theory 7 Show 'l
the Spllttmg of the- d'5 101 n weak and strong ﬁe]ds M an ectahedral cnvironment.

- 10

5.(c) 4f%sdﬁﬁrhaaﬁnﬂﬁ eecgmq'{ﬁﬁeaaé?rgq ﬁmﬂﬁﬁﬂ 1 TE
J | I | | | I

Explain lanthamde contractlon underlying its relevance in perlods ozher than 4/

| 10

sQ(dj - 400K tR Fg'eﬁﬁ Frie srﬁx%m 2 NOz(g) —> 3 NO(g)-!-Oz(g) ED ﬁm AH*, L A .f
| H AS" T qfiaa - i | ‘

uaﬁ arfEE Faet A = 25><109S aﬁ?ﬁ%wmwflzlkjmol"‘%l

Calculate f_\.H* AG* and AS* for the second ordcr reactmn

2 NO,(g) = 3 NO(g) + 0,(g) at 400 K. Given : Arrhcmus factor A . 2. 5 X 109 S"l
and the energy of actwatlon is 121 kJ mol™". | . . B 10 -
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5.(c) Tl ¥ e frew q?if:}iq-:.
(i) wemy-TaEafie 3R vy e
(if) Wl iR epeife |

Distinguish between the following @

(i) Photochemical and dark reactions

(11) Fluorescence and .phosphorcsccncc _. [0

- 6.(a) sitsfsrarst & feldfaa agea o4, 39 (A - 1) PEEHIE Y

(i) SiCl, + CH, MgCl ——> A — R
o 7T - HAT=eA
) ' forerra T g
(1) PClL+NH/(Cl ——————> C —> D
qIE S - 300°C |
J - (120°-150°C)
(iii) SCl, +NH, 22 & , g X0 T8, g
- ST EES
(iv) KI+F,—=C¢ g Ty

In the following sequence of reactions, identify the products (A — H):

(i) SiCl,+ CHMgCl —» A _controlled g

pyrolysis

cag, ting in heating,
(i) PCl + NH,C] hcating in 5 C— cating . D

| ) solvent in 306°C

(120°-150°C)

| e ~ hydrolysis
(i) SCL,+ NH, S, |5 L ¢
| | | conc. alkal |

B~ . T A T | | ' :
(iv) Kl+F,22C Jg LQydrolss , 5 3 20

6.(b) Are-Tad a1 Toha weR ey foaar star © ¢ Sifas aar § e g Aearied

c PN
s vl Fn-Tm g 2 Y
How are iron-protcins classitied 7 What are the various functions performed by
iron i biological systems ? | | | | 10

T,

6.(c)  WaTuh-TEEfs fafear A » B & U, 360 nm ™ 62 ] & @MWy R B &
IS 107 HIE @9 T A | AR gl &l qReEdd @il | '

For the photochemical reaction A — B. 1:5x 107 moles of B were formed -on
absorption of 6:2 J at 360 nm. Calculate the quantum efficiency. ~ 10

c-drn-n-eifa 6
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6.(d)

7.(a)

7.(b)

7.(¢)

7.(d)

7.(¢)

(ifi) (7 - CsHg)Fe

M(A-A), 3R M(A-B), TR ¥ sewadnm afmel § safca ak s
YUETEdT R =41 HIT, STl A - A 3R A - B feeat v 2 h

Discuss the geometrical and optical isomerism in octahedral complexes of the type
M(A ~ A); and M(A - B),;, where A— A and A - B are bidentate ligands. 10

3 SO,

fafatag gtfient & oy g=aTTs J&Ham aa'r{lz

(i) K[Pt(C2H4 Cly]

- (i) K, |Re,Clg]

(iv) [IrCI(Co)(PPhs),]
Point out the sﬁecia] structural features of the fo]-lowing'compounds:

(i) K[P(C,H,)Cl3]

(i) K [Re,Clg]

(iii) (n° - CsHs)Fe .

(iv) IrCI(Co)(PPh;),| . - 10

& T F1 faue fgdia il &1 2 1 W F 60% & fawew # 60 faz o B, =
YR aTgar 4-5x 102 mol L' 8 1 fafsre srfithrar <2 &1 ufieeam &ifom
Decomposition of a gas is of second order. It takes 60 min. for 60% of the 2as to

be decomposed, when its initial concentration is 4-5 x 102 mol L™'. Calculate the
specific reaction rate. | 10

,4fa?qﬁéa€ﬁa§:ﬁaaﬁtﬁa?ﬁu§maﬁqz%mﬁ?ﬁﬁm

Comment on the spectroscopic and magnetic properties of 4/ elements. 10

StadEEhl IRE ) At v -EatTe wRAl 3R 3% afrae e fAaat &
39T |

Show the various photochemical processes and their approximate rate constants on
a Jablonski diagram. 10

madaaaﬁﬁé:argﬁé:%mﬁawlE%Tﬁq%mgd-qw&%wﬁaﬁﬁon
AR S Iy forg VFR ad € 7

*Draw the contours of the five d orbitals. Show how o, 7 and 8 bonds are formed

with metal d-orbital participation. 1 T 10

7 c-drn-n-eifa
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8.(a)

8.(b) -

8.(c) l

“8104 'di{;l'h"l‘:l?"lq? Ié‘%[a}i (8102) Hl%“, Fﬁ:ﬁ |é|(;|‘\ax?_,‘ ch] Gi'cil IG]"“& '% '|” 3ﬂ2ﬁ’ mﬁ’
Tehid, FAT JGAT, $2 AR Gl i Ta eE1 @ & W, 76 ST & 9
GICICRAIELY S |

“S10, tetrahedrra'fenn the framework of all silicates, including silica (Si0,).”
Justify this statemént with appropriate framework structures of ortho, pyro, cyclic,
infinite chain, sheet and silica. | | - 20

Ul a‘raﬁqﬁq&ﬁ ¥ fou, foas A SR Tl A9 &8, 9 Hﬁ% E, H

fytatea g = @,

(i) 5 kI mol ™! (i) 50 kJ mol ' & fou & faat & =w AW (300 K) siq9ma i
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Calculate the room temperature (300 K) ratio of the rate constants for two

reactions that have the same A value but have E, values that differ by

(i) 5 kJ mol™"  (ii) 50 kJ mol™". Yy | 20

SR & Afasien gaaTdl 9% 1 ogeas g sk weey o Tae T st

& U8 gEwa & frufa & fuu fFa ger suam faen s wear 2

Derive Langmuir’sfﬁdsorption Isotherm and explain how it could be used tor
determination of the surface area of an adsorbent. 10

c-drn-n-eifa : .8
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