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CHEMISTRY (PAPER-I)

I‘I‘ime Allowed : Three Hours ] | Maximum Marks : 250 |

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 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 otherwise mentioned, symbols and notations have 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 Booklet must be clearly struck off.
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FO IyAnit Hifersw feriw 3R waiaor wREw

Some useful fundamental constants and conversion factors

N, =6-022x10%% mol ™!

Rydberg constant =2-178 x107 18 J

c=2.-998%x10% ms!

kg =1-38x1072% JK™!

e=1-602x1071° C

m, =9-109x1073! kg

F =96485 C mol™!

R=8-314 JK ' mol™ =0-082 L atm K™! mol™!

h=6-626x10"*Js

n=3-142

1 amu =1-66x10727 kg

1 cal =4-184 J

1J=1kg m?2s~2

1A=10%cm =10"""m =0.1 nm =100 pm

1 atm =760 torr =1-01325x10° Pa

1 bar =1x10° Pa =0-9869 atm

1eV=1.602x10"12J

1Latm=101-34J

1 eV/atom =23060 cal mol

1 Pa=1 kgrn‘l s2

1v=1Jc!

Acceleration of free fall, g=9-81 m s™2

1 torr =133-322 Nm™2

1 N=1kgms2
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1. (@ (i

(i1)
(i)

(@)

@WUs—A |/ SECTION—A

9 1.0x107%7 g %1 &0 3A T wH-9Erf af@ H n, =2V n, =1 T &
ST ®, q 36 g IR WH F avieed 4 Hif

Tgeent Affeeraa fagia 1 samen $ifs)

Find the wavelength of the emitted light when 1-0x107%7 g particle in
a one-dimensional box of length 3 A goes from n, =2 to n, =1 level.

Explain the Heisenberg uncertainty principle.

(b) [Brz]” 3R H,NCSNH, (F@ C W], a4 N w1 3R S ®AW] & srefvd dar €)
1 ggu forg w g =0 gl § yda 9w B 80 AR o, @ fR-m wmd sl
g duq 7
Draw Lewis dot structure of [Bry]” and H,NCSNH, (central C atom is bonded

to both the N atoms and to the S atom). Does thiourea contain polar bonds?
If yes, which is the most polar bond?

e ()

(i)

(1)

(@)

@ ()

(@)

()

(@)
fe) ()

& o Feaa A S X-fron F qoeed F e o fed d v g F e
#1 gl ¥ wEftm A

X-fordt, fomam atided 220 pm R, 23° % W & AEfE e @ fafia @@ )
i, W 39 faada % fo e €, % o= 6 g =0 27

Derive an expression that relates the wavelength of the X-rays with the
distance between the layers of atoms in a crystal.

The X-rays of wavelength 220 pm are diffracted from an ionic crystal
at an angle of 23°. What is the distance between the layers that are
responsible for this diffraction?

T8 A99 T e | w g F et ) af-me-gE 9 719 msT! Al
473 K WA ¥ it &1 @f-mea-ye an @@ e

Find the temperature at which the water molecules can have the

root-mean-square speed of 719 m sl

What is the root-mean-square velocity of water molecules at 473 K?
= ard-wrfufern & fom E° wm &1 omn Aifd
Cr3*(ag)+3e” —»Cr
25 °C W femn mn & T
Ccr’*fag+e” — Cr’*(ag E°=-0-424V

Cr?* (ag)+2e” — Cr E°=-0-90V

10

10

10
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Calculate the E° value for the half-reaction
Ccri* (ag)+3e” — Cr
Given that at 25 °C
Cri*(ag+e” - Cr?*(aq)

E°=-0.-424V
Cr?* (aq)+2e” — Cr E°=-0-90V 5

(i) %9 B3 A Y¥E G199 A1 S4w@ R
(1) T za & #f9 F w19 3= Wyl 31 87 i 3=fi 27
(2) ¥ @ Y% %9 % 10 mL F 100 mL ¥ 37cr-3am Fi= % =i § @ i 2
THETHYY &7 98 89 W 3 39 HA yiafrn w@ §7

The surface tension of liquid A is seven times higher than that of liquid B.
(1) Which liquid is expected to have higher contact angle with glass?

(2) 10 mL of each of these liquids are placed in separate 100 mL glass
beakers. How do these liquids respond if the gravitational field is
switched off ? 5

2. (a) foRr ¥R W R-yoR FE i AR § = = FFw F f feg admo =1 3@ =6
ﬁﬂﬁ%ﬂ%mﬁﬁq
() G Taw PF ae Frawm ¥ fog swmfehe g6y sgeqm $iftg)
(ii) Ivg eyt % Ffeed w0 &7
(i) G&W T F WF 915G 3R Wiawen W1 ar9ne ) Tegam i, R #:18 B

(iv) (1) e 3R (2) sl snfoae simafred i sl e 6 der frea g%
| T A T F ARG Y wila Fd R, s fifig)

Using the Gibbs equation for a closed system in the absence of non-expansion
work at constant composition, answer the following :

() Deduce the thermodynamic relations for the variation of G with T, and
with P.

(i) What are the implications of the above relations?

(i) Draw G versus T graph and identify the phase transition temperatures,
if any.

(iv) Explain how the presence of (1) attractive and (2) repulsive molecular
interactions affects the molar Gibbs free energy of a gas relative to its
normal value. 20

(b) =arE A FF = o gF w0 H S @R e A6 2 AR a9 § v w6 e
wifea Bt R

Explain why the energy of a free particle can vary continuously but the
energy of a particle in a box is quantized. 10
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(c) TH ad 6l T AW 9 o e | fEr i
() 38 TH Ao § fraa e fag 3ufdm &7
(i) T@ G H Iufeda qo) i uEEEES e #7117

(i) T9 =1 1 Wi fwh e F= 27

(iv) AR T8 e § @ g f B 178:1 pm R, @ 3@ M A Ben @ Fifg

W 36 TG THE A & He5 | 991 §F )
(v) T@ T ITFEEASH GE T R?

Consider a primitive cubic lattice structure of an element.
() How many lattice points are present in this unit cell?
(i) "What is the coordination number of the atom present in this structure?

(i) What is the percentage void volume of this structure?

(iv) If the radius of the atom present in this lattice is 178:1 pm, then find

the radius of the sphere that can fit in the centre of this cubic unit cell.

(v) What is the coordination number of this sphere?

(@ um= AffEm A,R) »2AR) W fem fiftm, il A, * 25°C R 1bar
18:5% faaifsm & st #)

(i) 25 °C WK, T uiEwer Hf)

(ii) 100 °C W K o, %1 Wiwer Hifg |

e mn @ 5 AH® =57-2 kJ mol ™! (I aN-Him ®)|
(i) 39 AR W |dted w1 ¥ y9E ved 7

10

o

Consider the equilibrium reaction A,(g) »2A(g), in which A, gas is 18:5%

dissociated at 25 °C and 1 bar.
(i) Calculate K. at 25 °C.

(i) Calculate K4 at 100 °C.
Given that AH® =572 kJ mol™! (at the above temperature range).

(iii) What is the effect of compression on this reaction?

3. (a) [BrFs] 3R [ICl,]” siatkeiem Dl 6 ez ofv onfies safifa Ruffa fit

10

Determine the electronic and molecular geometry of [BrFg] and [ICl;]”

interhalogen compounds.
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(b) Frefafea vt % 3w A, St B 9 Ry 0 e s w s §

N
He --<--+G
C )
% [1atm \A A |
- I U - .
D ; ;
E¢-->--eF
A, T -

(i) T® WEEn TG fran g2l ) guta &7
(ii) |G @A Fie F Y AR D % F faga 6 vgmm it
(i) WE B — H3IRE > F — G — HH 3ftm sfadat 6 =amen i)

Answer the following questions based on the phase diagram given below :

M
A, He --<€--9G
5 c .,
1atm \A A i
"""""" B A
I‘E Eé-->--4F
Temperature, T -

() How many components does this phase diagram represent?

(i) Identify the points A to D with corresponding degrees of freedom.

(i) Explain the changes expected in the paths E—->B— H and

E—-F—->G- H.
() aafirfawmﬂg(g)+%o2(g)—>n20(nmﬁmﬁﬁq, N 5 ©F H,-0, $ 3w 3 8 2

20

(i) 3 awE H ygaEe R sifedE SR s A R

(@) 25 °C W AR Afulra frew ge = (A, G°) =1 afwem Hf)
(i) ¥ A IgEE d-rffFard fRag)

(iv) Egq o1 itwem Hifm)

o mn ®
AsH*H,0, 1) =-285- 83 kJ mol !

Spm(Hy0,1)=69:91 J K™! mol !
Sp (Hy, g8) =130-68 J K™ mol™!

Sm (05, 8 =205-14 J K™ mol™!
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Consider the reaction Hz(g)+%02(g)—)H20(l), which occurs in a H,-O,
fuel cell.
() Ildentify the elements that undergo oxidation and reduction.

(i) Calculate the standard reaction Gibbs free energy (A,G°) at 25 °C.

(iii) Write down the two reduction half-reactions for the cell.

(iv) Calculate the E ..
Given that
A ;H°(H,0, I) = -285- 83 kJ mol !

Sp (Hy0,1)=69-91 J K™} mol™!
Sy (Hy, 8) =130-68 J K~ mol ™!

Sp (05,8 =205-14 J K™ mol™! i

4. (@) 273K 3R 3-0x10° Pa Wt fifva f\ &1 311 5-0x10™* m 3 mol ™! 9rn i R
T8 M9 arstEcy @i F 9eE R R, 9 a=0-50 m® Pamol? R
(i) 3 FreECE R, b 1 UReeH Hifv|
(i) TF & AIEE IR FaE R W W F fou wdfreT o w0 27
(iii) 59 a6 nfoas A=t F wey w f2uoh fifsm)

The volume of a certain gas is found to be 5:0x10™* m?3 mol™! at 273 K
and 3-0x10° Pa. This gas obeys the van der Waals’ equation with
a=0-50 m® Pa mol~2.

(i) Calculate the other van der Waals’ constant, b.

(i) What is the compression factor for this gas at the same temperature
and pressure?

(i) Comment on the nature of the molecular interactions of this gas. 20

(b) TF 9 % fre@ ¥ ©F 15 cm A X hit 7ol (RD) 45° B0 w Sl 6 R oo iR F
fog 9 fit 7ol (%) $it ovand F fram @@ S (torr #) I A1 =fRw? oFh w1 g
10 gem ™ R

A 15 cm drinking straw is inserted in a glass of water at an angle 45°.
What pressure difference (in torr) must be generated across the length of
the straw to drink water? The density of water is 1'0 g cm < 10
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(c)

(d)

5. (q)

(b)

(c)

T B r % gEge F 391 (blow) F e B r i o Hew el i g9 § Bfve
w1 R 1 IR gEgA F B F o sravaw Afafed T 2016 torr B, A FEW T w1 =W
cm ® ¥ 87 7@ F 9¥™ @@ 0072 N m ™! B

A capillary tube of radius r is inserted into a liquid to blow a bubble of the
same radius r. If the excess pressure required to blow the bubble is 2:16 torr,
then what is the diameter of the capillary tube in cm? The surface tension of
the liquid is 0-072 N m™!.

TR, YA i wEefuieene, fafthe % gaftee wE €, S yudd & ug wm §) sl
fafrel & qagudt g3 foflay ofe 7 qu @ @ B @i fifvg

Pyroxenes, amphiboles and phyllosilicates are well-known groups of silicates
that occur in crust of the earth. Write the empirical formulae and draw the
basic structural units of the above-mentioned silicates.

@Uvs—B / SECTION—B

AB, %1 AB @1 B & 3wHeq UF wuw-#ife 1 fufen &, il k=2.8x107s7! 2
T= 1000 K ®| A a1 B ¥ WA ¥R F99: 12 3R 32 §)

(i) 1000 °C W 38 Hfufrmn A iy 7 i)

(i) foa R # 1 g AB, 3mHfea ¥9 0-6 g AB, T& SUm?

(i) 1g AB, 35 f&i % == fFa w® smom?

The decomposition of AB, to AB and B is a first-order reaction with
k=2-8x10""s! at T = 1000 K. The atomic weights of A and B are 12 and 32,

respectively.
(i) Find the half-life of this reaction at 1000 °C.

(@) In how many days will 1 g of AB, decompose to the extent that 0-6 g of
AB, remains?

(i) How much of 1 g of AB, would remain after 35 days?

a7 i wHe 3R B ot et F g ol o sfifoh sfrnet f amen
#ifoe) sht Saeih amaE A off =ZrE i

Explain radiative and non-radiative processes by singlet and triplet electronic
states of molecule. Also explain it through Jablonski diagram.

R aur areefe =ffFasiene andt § ANE TS FEA WY B T sif SR g
fruifa Hifsm)

Assign a geometry and hybridization to each carbon atom present in cytosine
and thymine nucleotide bases.
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(d) TUfFRATEE A F UV-gW9H SEeie el § 3@ MY dH &1 WHR F soiagie Gshavi 6
rEa Hifv

Explain three main types of electronic transitions observed in UV-visible
absorption spectra of actinide ions. 10

(e) = <t 7§ whtemgm sfyfEn # A 3w B =t wg=nfiw .

[PtC1,]2~ +NO; —— [A] —U8_, ]

yav R & g/ few Z7@-uvE il Fren #a g ifuw fag i)
Identify A and B in the substitution reaction given below :

[PtC1,])2~ +NO; > [A] NHs > [B]

Justify by explaining the kinetic trans-effect using polarization theory. 10

6. (a) Trafafen sfufFmst =i @ Al o a1 9@ @ 3R (3mmE!) N GET T9"

() 2XeFg+Si0, —2C ,

(i) NH,NO, —20K , #

470K
—_—

(iii) N,O + NaNH,

(iv) 2B,H, +6NH, —180°C , +

() 6SCl, +16NH; ——> + +

Complete the following reactions and draw the structure of the major
product(s) formed :

() 2XeFg +Si0, —20°C

(i) NH,NO, —>20K , +

(i) N,O + NaNH, —70K

(i) 2B,Hg + 6NHy —20C +

() 6SCly +16NH; —> + + 10

(b) [Co(CN),H,0),(NH;),]" ¥Fa A & fou wft wwa fifem wwmeeat 1 @ sy

Draw all possible stereoisomers for [Co(CN),(H,0),(NH3),]" complex ion. 10
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(c) Frafafea dgai 6 IUPAC Tmusfa fofay

() [CrHz0)4Cl1,]Cl

(i) [Colen);] [Fe(CN)g]

(i) Na|[Cr(H0); (0x),]

(iv) [Pd(CO),H,0)CY’*

(v) Nay[(Hz0)4V(n-OH),V(H,0)4]

Write the IUPAC nomenclature of the following complexes :

() [CrHz0)4Cl,]Cl

(i) [Colen)3] [Fe(CN)g]

(it) Na[Cr(H;0); (0x),]

~ (i) [PA(CO),H0)CY"

(v) Na,[H;0)4V(1-OH),V(H,0)4] 10

(d) EsETRA hi GEAT aU1 3 A& h e Five| 78 BeiRe A F w2

Explain the structural and other features of rubredoxin. How does it differ from

ferredoxins? 10
(e) Trafafaa aRT F MUR (framework) e Forg Al 6 Gem o @1 F 9§ wmgfe
Hifvg
() B,HZ" (i) B,HZ (i) B,H-

Predict the number of framework bonding electrons and the structure of the
following boranes :

() B;HZ (i) By HE (ii) ByH7 10

7. (@) WFE TR A AR QA THE AEEH-IF WEH—EmrEed 3R aEdwm ¢ ) §9F Gt
forwasst 1 =ren fif) AidErfE o d-awddfa § aftfma e ug
Y % IYEEEAISH WA AR Fg)  IE § F u1g T ) W e,
gah el 3R STl e W faa @)
Explain the common structural features of two major iron-containing
proteins—haemoglobin and cytochrome c present in the human body. Explain
the coordination chemistry involved at the central metal atom in case of

oxyhaemoglobin and deoxyhaemoglobin. Give the details of the spin states,
magnetic moment and oxidation number of central metal ion in both the cases. 10
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(b)

(c)

(d)

= 3fgfaa AAREl 1 qa-rEe o o fafag
() soPr (ARrNfERm)

(i) 63Bu (FOfFm)

(i) ¢4 Gd (MeTeitfrm)

AR A i Al § +3 tfadie srae #§ aig el % fog s v g s
(hg, ) A o i

Write the ground-state electronic configuration of lanthanides mentioned
below :

(i) soPr (Praseodymium)
(i) ¢3Eu (Europium)
(iii) 4Gd (Gadolinium)

Calculate the predicted effective magnetic moment (ug, ;) for the metal ions
in +3 oxidation state in the units of Bohr magneton.

f&-anfras geta rfufrn & fog @ =ios sgeaa i) 3@ R 6 afifra 6t semfeht w
A= v, s g sfiers A 3k B #1 f=fifes ofF & simiwo @ & .

A+ B — 3G
(i) A 3R B%H afwifeg 8 ¥

(i) A, BH g | sgnFa it voa w9 A Afvwifyg g R

Derive a rate expression for a bimolecular surface reaction. Discuss the
kinetics of such a reaction, when the gaseous reactants, say A and B, are
adsorbed in the following way :

A +B — Product
(i A and B are sparsely adsorbed.
(i) A is relatively more strongly adsorbed than B.

[Ni(OS(CH3),)6]?" ®F@ 30H & UV-gwuH Wagw # el = sfwdise % @y

SqwREdvE | Agifed w9 @ Rred ) gen w1 SgEE TRy 3R T 9 Rt
ot = Fuffa Hifvm

Nickel was found to be coordinated with oxygen in the UV-visible spectrum
of [Ni(OS(CH 3)2)6]2+ complex ion. Predict theoretically the number of peaks
and assign them to the corresponding electronic transitions.
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() T @M MW (V;, =0-05L 3R P, =8 atm) 25°C W I HWadl ¥R
(Vf =0-40 L 3R P; =1 atm) % 31 # <rell 7§ | 56 whban & fow fove o %wd, AU,
AH 3R AS 1 gfierem i | < 58 i 3 5 (g), AH & w9F 7 3R 7, @ #=i7

An ideal gas (V; =0:05 L and P, = 8 atm) is subjected to reversible isothermal

expansion (V =0-40L and Py =1 atm) at 25 °C. Calculate the work done,

AU, AH and AS for this process. Is the heat (g) same as AH in this process?

If not, why? 10
8. (@) [FeM®-CsHs),] ¥ T& Fd T [Fe(n®-CsHg)(n®-CsH4COCH,) 3R

[Fe(n®-CsHs)(n>-CsH,COOH)] §Fal & Wyeiuw & @l F915¢

Sketch  the  synthesis of [Fe(n®-CsHg)(n>-CsH,COCH;)]  and

[Fe(n>-C5Hg)(n>-CsH,COOH)] complexes starting from [Fe(n®>-CsHs),). 10

(b) Tr=fafad aFal § FEA g1g WY F Fa TTH Gah A (U 4 ) F1 IREweH i

() [Fe(H,0)sNOJ**

(i) [Cr(NCS)g]*>~

(i) VH,0)6)**

(iv) [Colbpy)3)**

Calculate the spin only magnetic moment (ug,) of the central metal atom in
the following complexes :

() [Fe(H,0)sNOJ**

(i) [CriNCS)g]*"

(i) [VH,0)6]%*

(iv) [Co(bpy)s]?* 10
() & 300 nm TR F AN JHH @ e A A IR @, NFE 1 cm FA A R,

A Jg 9l TH H Fad 10% 9T @ GG a1 81 05 cm ¥ A HH oA @R
W YN F Fra Yfowa sramfya gme?

When an incident light of wavelength 300 nm is passed through a solution
in a 1 cm cell, it transmits only 10% of the incident light. What percentage of
light would be absorbed by the same solution if taken in a 0-5 cm cell? 10

(d) SR & foe dspmu-srawen fagia i =men it F 39 fagmm #1 sme wdiso §
- T A B AfuE g e yem e § gug figia @ dea 7 S 7

Explain the transition-state theory for reaction rates. How is this theory
considered superior to collision theory in providing a much more complete
interpretation of the pre-exponential factor A in the Arrhenius equation? 20

ok ok
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