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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.

(Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from cach Section.

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

Amnswers must be written in the medium authorized in the Admission Certificate which must be
stated clearly on the cover of this Cuestion-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 otherwise mentioned, symbols and notations carry their wsual standard meanings.
Assume suitable data, if considered necessary, and indicate the same clearly.

Word limit in questions, wherever specified, shonld be adhered 1o,

Autemnpts of questions shall be counted in sequential corder. Unless struck off, attempt of a
question shall be counted even if attempied parily. Any page or portion of the page lefi
blank in the Question-cum-Answer Booklet must be clearly struck off,
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gus ‘A’ SECTION “A’

1(a) U TS LR gy A e o e A R | %81 % 75T (centre half) # =0
% foe & wfaan w0 # 2

A particle in a rigid box of length 'L’ is in its ground state. What 15 the probability
of finding the particle in the centre half of the box 7 10

1.(b) W@ H,0 % 1-00 mol, 25-0°C 3 1-00 atm ¥ 30-0°C AR 1-00 atm F AT 2, 74
Fudt aiaha 9T, U, & gfiwed St | 7 # 99e 0°C W 09970 g/em? 74T
100°C 9T 0-9956 g/em? ¥ |

Calculate the internal energy, U when 1-00 mol of H,0 goes from 25-0°C and
1.00 atm to 30-0°C and 1-00 atm. Densities of water are 0-9970 g/em’ at 0°C and

0-9956 glem? at 100°C, 10

@) MeO(s)® fmfn w faw ifire | am i AH; 71 AS; 79 & &6 ? |

Mg(s) + 10, (g) — MgO(s) AH, =—602 kJ/mol
AS, = —108 J/K/mol

(i) 0°C T MgO(s) % Formior 3 for AG, =1 wfem Hifim | w7 aififisn
0°C Wt @A 1 e £ 7

(ii) waﬁimm%,ﬁﬂmmmmﬁnfﬂrﬁﬂ:%mﬁ:mmﬁ;ﬁm:
& wAz W 7 R Ael, o sven fifw =t wd 7 R w, 9 98 a9 W
aftge difn fmme sfifiemn = = wafdm gee =g 7

Consider the formation of Mg(O(s). Assume that ﬁH: and a.sf are independent of
temperature.
Mg(s) +10,(g) = MgO(s) AH, =—602 ki/mol

' AS, =—108 I/K/mol

(i) Calculate AG. for the formation of MgO(s) at 0°C. Is this reaction
spontaneous or non-spontaneous at 0°C. 5

(ii) Is there a temperature at which formation of MgO switches from spontaneous
to non-spontaneous or vice-versa ? If no, explain why not ? If yes, calculate the
temperature at which the spontaniety of the reaction switches ? 5
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1.(d)

1.(e)

ot #Ey faga a9 9 F s v fefafes  =men fifto

(i) BeF, s ® wafs SF, wfta # |

(i) P ¥EEl, PCl, 3 PCL, 9 = & Sl N ¥& UF NCI, & 5 € |
Explain the following on the basis of VBT and hybridization :

(i) BeF, is linear whereas SF, is angular.
(ii) P forms two chlorides PCl; and PCl; whereas N forms only one NCl,,. 5

Fiferfiaa sl &= sfileamn = am o 3@
(i) I, +2¢" —217; E°=+0-54V

(ii) 2Br~ —— Br, +2e; E°=-1.09V

(ili) Fe——Fe®" +2e7; B°=+0-44V

R fofaa o= e e & 99 % aR ) (w1 e @) Feafafea
sfufimnat &1 = waffa o s waftfn 89 & =men $ifio .

(A) Br,+21" ——2Br +1,
(B) Fe+Br,——Fe*" +2Br~ i
(C) Fe+l,—Fe™ +2I
(Dy 1I,+2Br  ——21" +Br,
Observe the following half cell reactions :

(i) I;+2e ——21 ,E°=+0-54V

(ii) 2Br" ——Br, +2e ; E°=-1-09V
(iii) Fe——Fe™ +2e™; E°=+0-44V

Using the above Standard Electrode Potential Values, explain the spontaneity or non-
spontaneity for the following reactions :

(A) Br,+21" ——2Br +1;

(B) Fe+ Br,—Fe*" +2Br~

(C) Fe+l,—sFe* +2I"

(D) I,+2Br" ——2I +Bn 10
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2.(a) (i) = R & 7 9% Wi we # ey et @ 2
(i) Fffiaa s # Frou frede, Fof frag sk ga el 6 e fuffa
#ifim ; 2p, 3s, 3p, 4d, 5E
(i) ¥ i Prwiw = A g A A e w6 e
us "y an g g @ frafte s @we e
(i) What is an orbital and how is it related to the probability density ? 5

(ii) Determine the number of radial nodes, angular nodes and total number of
nodes in the following orbitals : 2p, 3s, 3p, 44, 5f. >

(iii) Would it be possible to determine the position and momentum of an electron
simultaneously and accurately if the value of Plank’s constant is zero? 35

2.(b) (i) e weirE % e wr e Hif |
(i) At v W f e | AT F awE o= i |

(i) Explain the significance of Kelvin equation. 5

(ii) Discuss the effect of temperature on the viscosity of liquids and gases. 5

2(c) Fafafie s /e & sy we @ afeen Hifi | A i & e w5
i =rafera &t | T =9rEy |
(iy H3 (i) Ne, (iii) CN™ (iv) NO (v) HF
Calculate the bond order for the following molecules/ions. Arrange them as per the
inereasing order of their stability. Give reasons.
(i) H; (ii) Nep (ii)) CN™ (iv) NO (v) HF 15

2.(d) (i) & = g ser S

Gi) drfimw FRizs F fees G wifem W W) i 3 AR
qiifimm s ok 9R FEOEE wEe wd § | UES 89 W aEe ()
6.20 & 3t Wifimw FHEE w1 9 199 glec A @ R 1 100 g FEO A
i st dR FEEE ArEl B demn ol fif

(i) Derive Brage's equation. 5

(ii) The potassium chloride crystal structure is like that of sodium chloride.
The unit cell contains four potassium ions and four chloride ions. Given that
the size of unit cell as 6-29A and the density of potassium chloride as
199 gic.c. Calculate the number of potassium ions and chloride ions in 1-00 g
of the salt. 5
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3.(a) (i) v FemfeR P oW w9 el WS SR g aedl WA
A Tafay wamEt @ a9 @ wega Hif |
(i) ¥ P, =300 atm V= 500 cm?
P, = 1-00 atm  V, = 2000 cm?
AT (a) 3 (b) H Ty g worrdl 3 =1, W___ 1 wRemem i |

P ] P j
(a) Li‘ (b) .

W v
(1) Using the statement of First law of thermodynamics, argue upon the varous
effects on rising clouds as it goes to higher altitudes. 5

(i) If P,=300atm V,= 500 cm?
P, =100 atm V, = 2000 cm?

Calculate the work, W__ ., for the processes shown in figure (a) and (b). 10

3.(b) wyizu T& 51 waeEl ¥ F=ig a9r 9 a9 26, 59 396 919 OF 82 A

Show that two phases are in thermal equilibrium only if their temperature are same.
10

3.(c) (i) I 9 R A 89 F < v i S w9 T, ¥y e |

(i) fomr wmege & faemm, fed o= % wfr wm & 0.00739 gm AgNO, 2,
78 Freet wo=erEt & 9 A I wgges fe o ) W@ & ghm,
0-078 gm foear Stz w Fdtfm & war 9 | wam & @ A, U W&
fema § 23.14 ¢ o 3% 0-236 gm foeax Amgee ar | Ag* &1 sfmmEETS
F EAM 7 OAYA AIGSA & &g UAE & faega H o (a) 23-14 gm W S
(b) 0-236 gm fireaw AEdz # |

(i) Distinguish between Galvanic cells and concentration cells with an example
each. 5

(ii) A silver nitrate solution containing 0-00739 gm of AgNQO, per gm of water is
electrolysed between silver electrodes. During the experiment 0-078 gm of Ag
was deposited on the cathode. At the end of the experiment anode solution
contained 23-14 gm of H,0 and 0-236 gm of AgNOQ,. What is the transport
number of Agt ? After electrolysis, the anode solution has (a) 23-14 gm water
and (b) 0-236 gm AgNO,. 10
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3.(d)

4.(a)

4.(b)

4.(c)

Hem-ar Frearsit 6t S w5 Fr wfest 7 (i) 99 (i) IR F Heaw e & awE
TG | SR S = s it i |

Draw diagrams showing the capillary action of (i) water and (i) mercury in two
glass tubes of different radii. Explain their behavior also. 10

(i) Forew S 5 B # ¢ iR st w afie feor wega fifo
(i) sefamert # wrem fenfafy < smem i

(i) What arc crystal defects ? Give a brief account on stoichiometric defects.
10

(ii) Explain the conduction mechanism in semiconductors. 5

(i) e ey Fa & sl we w fEr | o o oo wae afedm S
fom pvT = Fra @ & ==t o anandt ofeds & oo pv =faa g 2 | o=

wifer =qren wega =it

(i) = widt 6 9 & a9 ) w Al g ow v F fied oo e 34
AT HETOT 6 WIer H et # 7

(i) Consider the reversible expansion of a perfect gas. Provide the physical
interpretation for the fact PV' = constant for an adiabatic change, whereas

PV = constant for an isothermal change. 3

(i) What happens to the air temperature in a valley when cold air blowing from
the mountain tops descends into the valley ? 5

(i) wrw #, vw w9 & faform &t © e, H, few = PR AR g N,
Forera g 2P &, & wd wf & 1 9w @ = fafors 591 Rl & =2 @ W oud e
# w1 U Treer (Fremea) o faforet &1 51 ser et fima stamm & 2
_ Fwizm & | A o e ¥ oW =W N6 e g 9w @ 9T & R,
aui Fifere for wRw W o w9 =0 3R A9 IR ® 9 = Al g |

(i) FfrE a7 & wMR W, 9 @) T & dm g F o s g
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(1)

(11)

4.(d) (1)

(i)

(i1)

(i1)

One side of glass cylinder is initially filled with H, at a pressure P and other
side with N, at a pressure 2F. This glass cylinder is closed at both ends and a
glass filter in the middle of the cylinder divides it into two compartments of
equal volume. Describe what happens, starting at time, t=0 at constant
ternperature and assuming that the pores of filter have a diameter much smaller

than the mean free paths of the gases. 10

Account for the difference between vapour and gas on the basis of cntical
temperature. 3

wqm Fifs 5 B wrn ween s | af F Ten 9 T S T oS
BT € vl EAwEE 9% @1 oh A GEoaS Bl § 7

Explain why fusion curve of ice has negative slope whereas sublimation curve
has positive slope in the phase diagram. 5

A fom o e sl w1 sifE = I E =1

N O]

Label and compare the phase diagrams given above : 5

gus ‘B’ SECTION ‘B’

5.(a) H'{aq]+DH_{nq]%HED{]] & gra afta sififear & foo 30 fews k, = "m
=1

1-4x 10" dm’mol-'s1 % |

R ffam afafen & o wifies saem o2 €
(i) [H],=[OH],=0-10 moldm
(ii) [H*],=[OHT],=1-0x 10~ mol.dm™

A1 It Ity =1 afEes Fifag |

k
The rate constant k, for the reaction described by H' (aq) + OH™ (aq) S==H,0(]) is

1-4%10'! dm® mol s,
Calculate the half life of the above reaction if the initial conditions are

(i) [H*],=[OH],=0-10 mol.dm™

(i) [H],=[0H7,=1-0%10"7 mol.dm

10
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5.(b) ez sfaseer W 9 S e i
(i) == g = == P’ qgw AW |
(i) == | = T P' =Wgd wE 8 |
Explain Langmuir adsorption isotherm
(i) when the gas pressure ‘P" is very small and

(ii) when the gas pressure ‘P* is very high 10

5.c) (i) Freferfiaa agat & g 51 o wwm
(A) fm (ne-a=it) wifms (0)
(B) werkia-grewmETien (st M) wEmwe (1) e aehe (VI)
(iiy fFrafafas =1 UPAC 7m fofin

(A) Na[B(NO;)]
(B) [Co(NH3)gl[CoClg]

(i) Draw the structure of the following complexes :

(A) bis (n®-benzene) chromium (O}

(B) fac-tniaquatris (dimethylamine) cobalt (111} tetraoxosulfate (VI)
(i1) Give TUPAC nomenclature of

(A) Na[B(NO,),]
(B) [Co(NH)GJ[CoClg] 10

sid)  Frafafes saml & wgam Fife ok A F g & i TmE |

A
G &
h";h:ﬂﬁ (TTEr 31)
4 M
(zfdia &h)
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Identify the products and draw the structure of A.

k=
ﬁﬂn;ﬁ ey (colourless solid)
20
SIE]-I T HHJ“ 1 2-67 Tﬂ.ﬁﬂ] i} A nﬂﬂjj
CCly ~ w0k
Qlar, Woal™ C

(golden-yellow solid) 10
s5.(e)  Ho* (Z = 67) T T Haedr U Welleh Al s |
Find out the ground state term symbol of Ho'* (Z = 67). 10
6.(a) (i) = e W A & warE & =mwe fifn |

(i) ufie Uitz % we wuwew, # fom 8 v sk wifeow eregiemrse @1 sOR
wigen & wam e w1, feafafes ofers wm e 2

t (fime) 0 5 15 25 5
HCl (ml) | 160 10-24 6-13 432 3.41

zafen i sfifen fdm =ife 6 2

(1) Explain the effect of temperature on rate constant. 5

(ii) In the hydrolysis of ethyl acetate using equal concentrations of ester and
NaOH, the following results were obtained :

t (minutes) 0 5 15 25 35
HC1 (ml) j 160 10-24 613 4-32 341
Show that the reaction is of second order. 10

6.(b) (i) whrif = epdtfy @ faiea Fifso

(i) woeed 4358 A %1 wW wa o fEfeE sme & wew wndeR A
A s ¥ oo w6 dimer 14,000 ergs sec! U1 B AR
1105 sec % Fgwmea & oA 0.075 Frefrdter sivfer 1 g wan @ | et A
# Y AT W S, 80-1% ANV THT | WA At w aiEen i |
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6.(c)

6.(d)

7.a)

7.(b)

(i) Distinguish fluorescence from phosphorescence. 5
(i) In the photobromination of cinnamic acid to dibromocinnamic acid using light
of wavelength 4358 A a light intensity of 14,000 ergs sec! produced, and a

decrease of 0075 millimole of bromine during an exposure for
1105 sec. The solution absorbed 80-1% of the light passing through it

Calculate the quantum yield. 5
(i) EarEar wren Rt @ W WS [Ni(H,0),)2 (T8 T Agg=h 99 8,
formes wrw & sgefera Toiee §) <t sfife fraffa =<

(i) st st & war ¥, B § [Ni(H,0) 2 & e g, S 7 8500,
13800 31T 25300 cm-! R ¥, S fifem (Fuffa) Ffm 1D % a7 =
qfieRas S |

(i) Determine the geometry of [Ni(H,0)s** (paramagnetic complex with two

unpaired electrons) using valence bond theory. 5
(ii} Using Orgel diagram, assign the absorption bands of [Ni(H,0)g]*" at 8500,
13800 and 25300 cnr! in solution. Calculate the 10 Dq value. 10

e = Aenfie: fea wer Gy fmm o war ® 7 EEEiE & @ .
ST =ATen | Sa wieg ARA-ETEEe aey 6wl w feeft it |

How diborane can be synthesized industrially ? Draw the structure of diborane.
Comment on the nature of boron-hydrogen bond present in it, 10

(i) BET wifen faftaw | sodf affm w6 =men $ifie | gdfr dmee S
fuffs = # o foa W Suani Siar & 7

(i) Torgmmtt sao w afafen 6 Grnfafy 6 smem i

(i) Write BET equation. Explain the terms involved in it. How is it useful for the
determination of surface area ? 10

(i1) Explain the mechanism of reaction on heterogeneous catalysis. 5

[2Fe-28] 3 [4Fe-48) ¥fEfHm & afim we i g = fo w7my |
[2Fe-28] ¥ afaediga R s =i 3 ag & siwieon smen @ fowdr S |

Draw the active site structure of [2Fe-25] and [4Fe-45] ferredoxins.
Comment on the oxidation state of metal in oxidised and reduced forms of
[2Fe-28]. 10
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7.(c) (i) wetta famram # SRmigEl & wmm: G siwdieor smen +3 26t R, mow
feroauf =ifemg |

(i) =& A9 W Ce’* (Z=58) & WAl dadm sl = yieaq ifen |

(1) The commonly observed oxidation state of lanthanoids in aqueous solution
is +3. = Comment. 3

(i) Calculate the effective magnetic moment of Ce** (£ = 58) at room temperature.
10

7.(d)  Tome wwra i deeae @ oW w1, (PO ¥ 9F g e freafafa aeeaat
=1 +u ffifa =6 ¢

(foraer fEfim 9 =1 #9 : Br >Cl” > py > NH,)

How do you prepare the above isomers starting from [Plﬂldjz‘ using the concept of
trans effect ?

(Order of trans directing ability : Br™ > Cl” >py>NH;) 10
8.(a) (i) e % grT g w2 g Frefefan sfifmanet & sl #0oans $ifng -
(i) Predict the product of the following reactions with justification :
(A) CIF + BFy; ——
(B) CIF + CsF ——»
(C) CIF, + BFy —
(D) I, + Br, —

(i) TElFa AOGH Ferw FoAl W oANE & WA ¥, [Re,Cl* (Z=75) #

arg-urg wEy < aer w Fafor $ifs ) 10
(11} Determine the number of metal-metal bond(s) in [Re,Clg]* (Z=75) using
simplified MO energy level diagram. 5
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8.(b) (i) e F wenrmEtE gean Fom & ot st e S |
(ii) mﬁaaaﬂtﬁrﬁﬁ_ﬁiﬁmmﬁmaﬁﬁmwﬁ!ﬁﬁml
(i) Define and explain Einstein’s law of photochemical equivalence. 5

(ii) Discuss the photochemical reactions between hydrogen and chlorine. 3

8.(c) WEAwM C ¥R AEEEE P-450 % Wi ww (e Iudeddree 6 (W) ) &
Yarfr = | T Sevematrs v ==t fif |

Draw the active site (coordination sphere only) of cytochrome C and cytochrome
P-450. Discuss their biochemical function. 15

8(d)  [PICL,Br,(NH,),] F wt swe fifam wwraadt & tanfam =wmey |
Draw all possible stereoisomers of [PtCLBry(NH,),]. 10
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