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CHEMISTRY (PAPER-I)

|Time 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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TV Iganht Hiferw feRmw i wuTao wRE

Some useful fundamental constants and conversion factors

Np =6-022x10%% mol™!

Rydberg constant =2.178x10718 g

c=2-998x10% ms™!

kp =1-38x1072 gK~!

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"3%Js

n=3-142

1 amu =1-66 x107%7 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

1 eV=1.602x1071°J

1Latm =101-34J

1 eV/atom =23060 cal mol~!

1 Pa =1 kg m~!s2

1v=1Jc?!

Acceleration of free fall, g=9-81 m s72

1 torr =133-322 N m~2

1 N=1kgms™2
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@WUs—A / SECTION—A

1. (@ () V& 1.0x1072" g &1 &0 3 A @ TH-AH & F n, =2 ¥ n, =1 TR T
ST R, A I8 G I Fehren 1 a0Teed 1 i
(i) TS AT frga € = Fifv)
(i) Find the wavelength of the emitted light when 1-0x10727 g particle in
a one-dimensional box of length 3 A goes from n, =2 to n, =1 level.

(i) Explain the Heisenberg uncertainty principle. 10

(b) [Brs]” 3R H,NCSNH, (¥@ C ], dHi N w9 3R S ] & et gran @)
# gga forg g s T aEEfen # i dve @ 0 AR §, @ eR-w aen st
g Fw ®7

Draw Lewis dot structure of [Brz]” 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? 10

(c) (i) T s gead Hifg st X-Fro F qineed & wy o frea # vy R ue % i
$ gt ¥ Fafea & '

(i) X-frel, R aoRed 220 pm R, 23° FU W & JAAGE e @ fafda @@ )
W, N 36 fada & foe Rrdew &, % fa A @@ w0 @?

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

(i) 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? 10

(d) (i) <& a9HH FTd BT RE ® % e it wi-meE-ge 91 719 ms T R
(i) 473 K W UM F 3it w1 oi-qiea-qe a4 gt

(i) Find the temperature at which the water molecules can have the
root-mean-square speed of 719 m s7L

(i) What is the root-mean-square velocity of water molecules at 473 K? 5
(e) () Tr= sed-sffern % g E° wm i o hifsg
Ccr3t(ag+3e” »Cr

25 °C W e man @ T
Cr3*(ag+e” — Cr?*(aq) =-0-424V

EO
Cr?*(ag)+2e~ — Cr E°=-0-90V
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Calculate the E° value for the half-reaction
Cr3*(ag)+3e” > Cr
Given that at 25 °C
Cr¥*(ag+e” - Cr?*faq E°=-0-424V
EO

Cr?*(aq)+2e~ — Cr =-0-90V 5

(i) %3 B4 % A% YEE TG 96 [ A R
(1) Tra za & =9 & @19 3= Wyl F10 89 6 3ufg 27
(2) ¥ A TAF 5 F 10 mL A 100 mL ¥ Hem-7e Fi9 ¥ S o @ S 2
eI 87 5% BN W A 59 FY vl wa@ §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) fior ddeA W IR-TOR FE A Rl § @ 92 Fem F g g afemo s 3@ w05
Frafafeaa ¥ 3w Gt
() G Tau P%F a famww ¥ forg swmfvda deiy sgem Hiftm)
(i) Iode wawl & e =0 ¥7
(i) G SAM T % UT% SA1FY AR TGy HehAY1 199 ) GgaM i, aft 18 /1)

(iv) (1) R 3R (2) sfedfl anftass srimafrasdt & sufifs fa 6 dier fiee 7o ot
! THF G TF % G FA ywifaa =@ R, = i)

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) =T R % T T gew w0 N F wmar B Ad R Al ataw F v 0 A A
wif2d 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) T& o il Th A ¥ o g | R Al
() 39 TH Ao § foraa o foreg 3ot 7
(i) 39 T H Iufea wE Y ITeEEdeE SEA 4 R7
(iii) 39 TS 1 Wiowra feh oA =0 7

(iv) IR 38 o § @ A A B 178:1 pm R, @ 3@ M A Hrwn @ Fifg
S 39 I THE A F % F G GH|

(v) T@ A H FEEASH G&A1 71 R7

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?
(iii) 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? 10

(d) "= AFN A,@R) »2AR) W fmm Hiftm, el A, T 25°C 3R 1bar W
18-5% i & st #1

(i) 25 °C WK oy Fl aReheH HIfvT)

(i) 100 °C W K ¢, 1 qReherH HIfTC

fem mn ® 7% AH° =572 kJ mol ™! (3gw am-dm W)
(i) 39 Affsra | dte #1 F 99 IS 87

Consider the equilibrium reaction A,(g) - 2A(g), in which A, gas is 18'5%
dissociated at 25 °C and 1 bar.

() Calculate K4 at 25 °C.

(i) Calculate K4 at 100 °C.
Given that AH® =57-2 kJ mol ™! (at the above temperature range).

(iii) What is the effect of compression on this reaction? 10
3. (a) [BrFs] 3 [ICl,]” Siatteied Dfmst $ et e snfees sarffa fuifa fifmg)

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

interhalogen compounds. 10
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(b) Tr=feRaa st % W 4R, N 5 FR Ry o yEen i@ w anaia § .

A
He --<--¢G
C '
°"_ 1 atm \A A i
E """""" B A
D " :
Eé-->--oF
a9EE, T 7

(i) B waw 3IRG fhar g2l ® gwiar 27
(ii) T W@ B F WY AR D T F fagait 6 vg=m Hifw)
(i) ME B> H3RE —»F — G — H¥ 3fyq sfadd H =amen $ifg)

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

A

R, He --<--eG
5 C |
g 1l atm \A A 1
g ----------- B é
p D | '
t Eé-->--e9oF

4

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. 20

(c) aﬁmﬁz(g)+%oz(g)—>n20(z)mﬁamﬁm,sﬁﬁswﬂz—oziaqﬁaﬁﬁtﬁ%n
(i) 3 Y qEee R sifede iR su=EE B B
(@) 25 °C R aF% Al frew g it (A, G°) #1 TReem Hifvm)

(iii) &S hi A g=E - RiRay)
(iv) E 3 1 qitwem Hifvm)
fn mn & 6

A H°(H,0, I) = -285- 83 kJ mol !
Sp H,0,1)=69-91 J K™ mol ™!
Sm(Hy, 8)=130-68 J K™! mol™!

Sm (05, 8) =205-14 J K~! mol~!
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Consider the reaction H2(g)+—;—02(g)—-)H20(l), which occurs in a H,-O,

fuel cell.
(i) Identify the elements that undergo oxidation and reduction.
(i) Calculate the standard reaction Gibbs free energy (A,G°) at 25 °C.

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

(iv) Calculate the E
Given that

cell *

A fH°(H,0, 1) =-285- 83 kJ mol ™!
Sp H,0,1)=69-91 J K™} mol™!
Sp (Hy, 8)=130-68 J K™ mol™!

Spm (05, 8) =205-14 J K~ ! mol ™!

4. (@) 273 K 3 3-0x10° Pa W ws fAfedd {1 3@ 5-0x10™* m3 mol ™! urn s 21

(b)

I8 M9 arstErcy Gt F 9eE WAt R, 9 a=0-50 m® Pamol? R
(i) 3 IretEred fRRT®, b & aieed Hifvm)

(i) T & qoEE 3R qEE R 39 9 F fou wdted e w7

(i) 38 g A Mfvas sF=fERT % wey w Rudh Hiftg)

The volume of a certain gas is found to be 5-0x10™% m3 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.

TF 9 % i@ § T 15 cm A TR A Tolt (8) 45° Ho ® el S R O iR oF
e 97 &t et (%) A T § fha @ AR (torr #) I9F A1 AfRRW? IH 1 T
1-0 gcm'3 H

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 3.

20

20

10
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(c) ¥HM B r & gAgA F 3BM (blow) F o Brem r it w6 Ffimew wft =1 53 § Fifas
ST B 1 Al goge F 9 F g rravas Afofw T 2016 torr B, A FREw TR w1 =M™
cm ¥ 1 37 5@ 1 99 9 0072 N m~! R)

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™!. 10

(d) TR, Y i wEeftieee, fiftrhe % gaRtrg wE €, S qudd F o @ §) s
e % gemgardt g3 fafla sk 37 q@ GweTers 36 @ Ya@ifea hifvm)

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. 10

@Us—B / SECTION—B

5. (a) AB, 1 AB a4l B & 3u9ed & wyn-+ife 1 afifea R, Rl k=2.8x107s7! 3
T= 1000 K W| A G4 B % WA ¥R FAM: 12 3R 32 §)
(i) 1000 °C W 34 fufyn A srufg 7 Hifs)
(i) foa R A 1 g AB, svafed 9 0-6 g AB, T& ST@m?
(i) 1g AB, 35 f&At & a= foramn @ smom?

The decomposition of AB, to AB and B is a first-order reaction with
k=2-8x10"7s! 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? 10
(b) ¥ I H I’ B geiaiE st ¥ gr ol ok afifwel sBenelt @ wen
Y| 3 SAear=h i@ ¥ ff =reEn fifvm)

Explain radiative and non-radiative processes by singlet and triplet electronic
states of molecule. Also explain it through Jablonski diagram. 10

(c) WEHH a1 g =ffFasiene arwt § dNg Y& FET WHY B OF i R g
fuifa $Hifm)

Assign a geometry and hybridization to each carbon atom present in cytosine
and thymine nucleotide bases. 10
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(d) WFRARE IRAT F UV-gvH Iawive Wagl § 3@ ¢ AH G TR F ot v 6
= Hif)

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

(e) = & 7 wferemym fufrn # A 3k B = gg=nfw -

[PtC1,]2~ +NO; —— [A] —18_, (g

gav Rrgid % g Tfve Ziw-wE i Smen F:a e e R Al
Identify A and B in the substitution reaction given below :

PtC1,]2~ +NO; —— [A] —U8_, [B]

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

6. (o) Tr=faRaa srfufrnet i @ oY 3k T I TH@ IR (IR 6 WA TREY

() 2XeFg +Si0, —20°C

(i) NH,NO, —>20K , &

470K
e

(i) N,O + NaNH,

i) 2B,H, +6NH, —80°C +
246 3

() 6SCl, +16NH; —> + +

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

() 2XeFg +Si0, —20°C

(i) NH,NO, —>20K , +

470K
B

(i) N,O + NaNH,

(iv) 2B,Hg + 6NHy —20°C +

(v) 6SCl, +16NHy; —— + + 10

(b) [Co(CN),(H,0),(NH;),]" @Fa 3R & fog wft wva fifem wweat #1 @ s mu)

Draw all possible stereoisomers for [Co(CN),(H,0),(NH3),]" complex ion. 10
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() Tmfafaa @3l F IUPAC Tmugfa faflay

() [Cr(H20)4Cl,]Cl

(@ [Colen)z] [Fe(CN)g]

(@) Na[Cr(H0); (0x);]

(iv) [Pd(CO),H0)Cl]*

(v) Nay[H0)4V(u-OH),V([H0)4]

Write the IUPAC nomenclature of the following complexes :

() [Cr(H;0)4Cl,]Cl

(@) [Colen)s] [Fe(CN)g]

(if)) Na[Cr(H;0); 0%)5]

() [Pd(CO),H,0)CY"

() Nay[Hz0)4V(1-OH),V(H,0)4] 10
(d) EsSiaE 6 T a1 I a5 H e Hive) I8 WeifRE F w0 e 27

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

ferredoxins? 10
(e) TrfciRad a7 % WER (framework) 3MaHh goiagil i wE 3R G=1 & aR § wHfh
Hife :
() B,HZ" (i) BHE (i) B,H;

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

() B,HZ" (i) By HE (i) ByH7 10

7. (@) ¥HaE TR A AR A W@ ARA-FF NA—mnaien 3R g ¢ i H e
foRwasti it sren Hifv) AiFEfdrefe o d-afaidnrefa § aflfam i ug
WY F IYEEEAISH WA e N 7 A F Pl ug I B e Sree,
g Y IR AffiR e w1 e @)
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)

()

(d)

R 3fgfaa Admmet &1 qot-reeen ot fam fafay
(i) soPr (W)

(i) g3Bu (F0TEH)
(i) ¢, Gd (FErEhTRm)

AR TS A FHEA A +3 e staen § u1g A % fore srgeiia weeh Jeehr sl
(Mg 1) T TOFT RIS

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

() soPr (Praseodymium)
(i) g3Eu (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.

Tfa-anfoaes geiw arfufsren & forg X =i+ gemm Hifvg) 3@ yor i aAfafran it semfaht w
fae=m Aifv, st@ fim sfirs A i B 1 frafofaa ofs & stfteimo @ @

A+ B — 345
(i) A 3R B+ Aftmifya 8 €1
(i) A, B g1 | SEHa i Yo w9 A Aftifyd 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(CHj),)6)?" ¥F@ A & UV-IaH Wazn o fbe # offefisd ¥ @y
IEEEdI T T | AGifos ¥ ¥ e it den w1 e sy 3R 39 G el
Tt Fwifa i)

Nickel was found to be coordinated with oxygen in the UV-visible spectrum
of [Ni (OS(CH3)2)6]2+ complex ion. Predict theoretically the number of peaks

and assign them to the corresponding electronic transitions.

10

10

10
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() T e MW (V; =0-05L 3R P, =8 atm) 25°C W Icpaofid GHaH TER
(V; =0-40 L 3R P; =1 atm) % 99T # Trell 71§ ®1 §6 Wisba & T fog ¢ %, AU,
AH 3R AS =1 fehem Hifse | =1 58 ufshan § o1 (g), AH & 99F &7 afe &, @ w7

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

expansion (Vf =0:-40 L and Pr =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. (@) [Fe(n®-CsHg),] ¥ Y& F T [Fe(n®-CsHg)(n>-CsH4COCH,)] 3R

[Fe(n°-CsHg)(n°-CsH,COOH)] EFal & Tyamw Hi TR@l F15T|

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

[Fe(ns-CsHs)(ns—CsH4COOI-I)] complexes starting from [Fe(ns—CsHs)Z]. 10

(b) Trfiaq wgpeil & Fi H1g A % ot T IR A (1 o) B TREFEH AT -
() [FeH,0)sNOJ**
(i) [Cr(NCS)g)3~
(i) [V(H,0)6]%*
(iv) [Co(bpy)3)**

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

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

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

(i) V(H;0)6]>"

(iv) [Co(bpy)3)** 10
(c) & 300 nm TR & Afed JHW T A A A T @ 8, SN 1 cm @ &

A I8 Ao WH 1 A 10% W & GIRd Al &1 05 cm A9 § wHH faemA @R
R Y & Tha gfewa s@Eeifia 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) e R F foI gsemur-eraeen fagia it samen fifve) F7 8 figia # sifem vl §
T -TRETah oE A R 3 ol e yen w0 # wuz figia @ Sgw W 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

* %k K

SKYC-U-CHM/S 12 SB24—504



