CS (iviain) Exam,2021

HXS-U-CHM
wEA-Taee (WA-1a-1)

q9a ; o2 It 37 : 250

TyA-u wraet g srgew
(3 3 % o Freffan g A e aeuEs W)

7o e T § S @ @el § fafia € qon R=h o o 31 F B9 g R

whenefl # F qi IHE F IFW A B

W & 1 3R 5 sfEd & au arht v § ¥ yeke @ve § FH-Y-FH Th T AR A TR &6 IW i)
ToF TH/9T ¥ foe fraa o e e R o R

T ¥ IR I Wivia wreaw ¥ fr@ Sn ke, e g s yaw-w A e T R, o gu wem i we
3G TH-TR-IR (Fo o To) YfE % gays W Fifde wm w frn st =ifew) witiga mem & sfoRed 7=
foret mem & for@ T I W HIE 37 A& e

v SawEs B, e sREl B W B W A % o R e wm § @ = R)

¥4 9% 3Mgfad 7 &, Fhd au1 Vel FHfed TEE Sl § Wgw B

IR EwEF |, @ I9gH Alwel H1 97 Hifv au IR Fifde Hifvw

T ¥ TR AT HHEER ST | s w9 @ R T vt % W H i ara @ el i @ s
T R TRA-HE-IR g d @ell B T FE Y8 WY I8 F M H Pia: Fe i)

CHEMISTRY (PAPER-I)

[Time Allowed : Three Hours | |Maximum Marks : 250J

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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@Uus—A / SECTION—A

1. (o) UH-forft e, fomeht o 0 @ 1%, § o w0 o 5 qm omwen § 3, B R F anan
M, (x), 1 R Fifm|

Calculate (x), the expectation value of position of a particle, in the ground
state of one-dimensional box having length from O to L , 10

(b) 3T A A G Thedt Fenefar & -z =% A TRHR H 1 FHA 71 NaCl, @@

% GWeH H GE T FROT F WY gRia fifve) Frefiafes semfe stieer Nacl sk
NaCl, % fag fean mn % .

NacCl NaCl,
Uy =-757 kJ mol ™! Uy =-2155 kJ mol !
=1 -1

AH(EA) = "348 kJ mol_l

%AH(diss) = +121 kJ mol !

AH gy =+108 kJ mol ™!

The enthalpy of formation of an ionic compound can be calculated with
accuracy by Born-Haber cycle. Predict, giving valid reasons, the possibility
of formation of NaCl, salt. The following thermodynamic data are given for
NaCl and NaCl, :

NaCl NaCl,
Uy =-757 kJ mol ™! Ug =-2155 kJ mol ™!
AH gy = +495 kJ mol ™! AHg,) = +4561 kJ mol ™!

1

- AH(diss) = +121 kJ mol

AH gy =+108 kJ mol ™! 0
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(c)

(@)

(e)

(@)

(b)

T W 98 & fay

(5,2, (5,

ATHE TeN ¥ 39 We Ag ol wers @ wreft? =men Hifm)
For a rubber band
(5), = (5,

What would be the length of the rubber band with an increase in
temperature? Explain it.

05 °C T 9d@ I a9-™ 634 mm AT T 100 °C d9HE R fhamn amy-g@ dm?
T iR § 99 S 40593 J mol ! &t T R
[R=8-314 J K! mol™}]

The vapour pressure of water at 95 °C is found to be 634 mm. What would
be the vapour pressure at a temperature of 100 °C? The heat of vapourization
in this range of temperature may be taken as 40593 J mol L.

[R=8-314 J K! mol™}]

g TaEt Joft 6 afern i saehl wnedwd SR

Define electrochemical series. Give its significance.

TEereH Wy # fafRell GHHo n =101 ¥ n =100 9T SH H Heew fH @
(i) T8 wEEo H et fafo 6 engfa oiv queed @@ j7
(ii) 9 GHHO B FAAFA FHET FI YR o7

Hydrogen atoms are observed to have radiative transitions from n=101 to
n =100 to occur.

() What are the frequency and wavelength of the radiation emitted in this
transition?

(i) Why is it difficult to observe this transition?

frffiad Gepia werl % for snfirde sreeensdt < gifay i sfvfaifia fifvg 6 5@
qyed o fF YHER F1 d-FaF afffed @

sp3d, sp3d2, dspz, sd?®

Draw the geometrical arrangements for the following hybridized systems and
identify the type of d-orbitals involved in each system :

sp3d, sp3d2, dspz, sd3

10

10

10

10

20
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(c) e F& A9 W b.c.c. W dat § Brefera B & (p=7-86 g/cm?3)| 7@ v # dn
Ty R Bsa w1 afeen Fifv) 910 °C AUHF ¥ W AR f.e.c. N MufEwD/aeE
@ R TR T A A Bew f awme w Fokar 1 w@ onuR ® B ¥ 5 98 ey 2,
T S B AT FF Fuiia A 75 e 9 boe.c. @ fic.c. S T wUERT w4m,
A 9 WG B A S| @R w1 G §eIHE 55-845 u R

Iron crystallizes in a b.c.c. unit cell at room temperature (p =7-86 g/cms).
Calculate the radius of an iron atom in this crystal. At temperatures
more than 910 °C, iron prefers to be in f.c.c. If we neglect the temperature
dependence of radius of iron on the grounds that it is negligible, use
this information to determine whether iron expands or contracts when
it undergoes transformation from b.c.c. to f.c.c. structure. The atomic mass
of iron is 55:845 u. 20

3. (@) WAt wF e, fywht B 04 cm ®, 125 wga o1 & # famfea & w ¥ g o=l A
& & 91 AR [y (S H1 G @96) = 72 dynes/cm |

A drop of water, 04 cm in radius, is split up into 125 tiny drops. Find the
increase in surface energy. [ Y yater (Surface tension of water) = 72 dynes/cm | 10

(b) FARA-TONHF oagre F1 &7 Ru m femm &1 pH fuita +3 F g #f9 ¥ e |

F WA @ S 27
What are ion-selective electrodes? How is glass electrode used in the
determination of pH of a given solution? 20

© () Wwéﬁmm/mé@ﬁmﬁgwp)%mﬁgm)wmwﬁm
it

(i) T IR St B T G S F A Fa (IR V) 3R V) F sem fmny/ste
T R T HE Y W qOEH T W Aafds (e R) i guu e f (Rafa) Ry
v T =1 T g e T, @ T S w1 R e iR anmeen # uge )

g &1 sifom arome ® 0 27 welifa Fifvm f6 fa ot e srgervig e R
SR dar

(i) Draw and explain the graph of enthalpy of vapourization from the triple
point (T,) to the critical point (7). 10

HXS-U-CHM/6 4



(i) A thermally insulated box is separated into two compartments (volumes

V; and V,) by a membrane. One of the compartments contains an ideal
gas at temperature T, the other is empty (vacuum). The membrane is
suddenly removed, and the gas fills up the compartments and reaches
the equilibrium.

What is the final temperature of the gas? Show that the gas expansion
process is irreversible.

Insulated walls

4. (a) ﬁwﬁaﬁsaﬁgammﬁa,%ﬁﬁzswm%,%ﬁé@mwmmm:

(b)

Pt/H(1 atm) | Hic-0.01 M)“ Cuitos M)ICU(S)

Calculate the e.m.f. of the following electrochemical cell at 25 °C :

©)

(@

Pt/H (1 atm) I Hic-0.01 M)ch(2c+=0-1 M)lcu (8

& 92 A T A Ah e F w F v B o (R me # sgeens
(W~6o)QWW|mﬁ,mmﬁwﬁaﬂammwa@(m
m~3o)%uﬁwﬁaw(m)ﬁmw1m?ﬁhqﬁzﬂuw§@a:mﬁm
AT A I9E Al 21 W H I Sema B ogieg TR A FRA N Are
£t At T R TGN AW EER F 9IS T i 5 g 7 M pa e
(e &9 &) el Arran W 99 2

NO g ¥ Ru Fifte auwm iR T FM: 177 K 3 64 atm R, 71 CCl, & fog
Jg WM FHM: 550 K 3R 45 atm 3| 9t A" fRR® a IR b w1 AW fFe =
¥ fon %9 27 g @ %1 =@ER 300 K 3R 10 atm R @ AT @7

A certain closed cell foam used as an insulating material is initially
filled with polyatomic gas of molecular weight ~ 60. Later, the gas diffuses
out of the foam and is replaced by dry air (mean molecular weight ~30).
Assuming that insulating property arises largely from the thermal
conductivity of the gas, explain the factors which influence the thermal
conductivity of the gas. For each factor, make an argument whether
insulating ability increases or decreases. What is the overall effect upon
the insulating ability?

10

10

10
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(c)

5. (a)

(b)

(c)

(@)

(e)

(i) The critical temperature and pressure for NO gas are 177 K and 64 atm,
respectively, and for CCl,, they are 550 K and 45 atm, respectively.
Which gas has the smaller values of the van der Waals’ constants,

a and b? Which is the most nearly ideal in behaviour at 300 K and
10 atm?

TS W@ % HEE IR HA g BHTE-ve P F wawn s 6 saren hiv)

Explain the phase diagram of phenol-water system by highlighting the
importance of tie lines.

@us—B / SECTION—B

y-Hife il § an Rogs & wliew # sgem A 97 o Rawe & sl #
iy e, il f e wixm * TS 3

Derive an equation for rate constant of a zero-order reaction. Show that
half-life period of the reaction is proportional to the initial concentration
of reactant.

foem &y % sraRiow % fog - fawm @ e fife oiv 38 sem fiftg
State and derive Lambert-Beer law for absorption of light by solutions.

TETHASH 1 € A S8H o o4 1ol Hiash gt & Fmio i Grnfafy dfe) o shfia
el % R HA Fawer R st 27

Give the mechanism of fatal formation of hematin in the binding of dioxygen
by heme. How can it be averted by living systems?

(AB)Mb,c o (AB—Tf5et wemfl) S svaeadion Aifiet # fham sfindia wmmeaa oiv fifm
qaEaEd G &7

How many geometrical isomers and stereoisomers are possible in the
coordination compounds of the type (A\d})M byc,(AB—bidentate ligand)?

frfafaa sifafrnstt = g Hifv

() XeF4 +12H,0 ——

() XeFg+ ___ ——— XeOF, +PFg
() XeOF4+ ___ —— 2XeO,F,
(iv) 3XeF, +2(S03)3 ——

v) +XeFy —— (CgHg), SF, + Xe

—_—
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Complete the following reactions :

() XeF, +12H,0 ——

(i) XeFg+ ____ ——> XeOF, +PFg
(i) XeOF,+ __ —— 2XeO,F,
(iv) 3XeF, +2(S03)3 ——

(U) — +XCF2 _— (C6H5)2 SF2 + Xe

6. (@) =4 R SRSHA § oA, Ty HEEsia @ F@ e 27

How does the bonding in cyclic phosphazene differ from that of benzene
and borazine?

(b) wuz faga 6t aREmd = 27 T EEen fgia ¥ R =mEn FH A S R7

What are the limitations of collision theory? How is it explained by transition
state theory?

(c) TRR ARrEEY FEATd 9% F THiww H Fead Hitg| 77 i fewmsy 6 2@ % dwia faey
¥ e IE qF WUH-FI AU [A-FHIE ARG F IR FT R

Derive an equation for Langmuir’s adsorption isotherm. Show that under
limiting conditions of pressure, the system follows both first-order and
zero-order of adsorption.

7. (o) Tafm de-vew WEAT 3R 6 TgET/Ema S Taeisl il wE i)

Draw the structures of various iron-sulphur proteins and their corresponding
redox states.

(b) s Fr=fafaa yaeda s # ufed! aowHl ® fFe T 'H NMR & @agft s &
YR W b HAEUT H WHH FH HOI7
(i) (CsHg)sTi
(i) C3(CH3)4Fe(CO)4

How would you account for bonding in the following fluxional molecules based
on 'H NMR spectral studies at variable temperatures?

() (CsHs)sTi
(i) C3(CH3)4Fe(CO),

10

10

20

20

10

20
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()

8. (@

(b)

(c)

% ¥a Rl 10 ml faemm 3, st 7% 0-05 Hier sifadfes sa 3k 0-01 Hier e wethe
o 7, § A fafero e @@=t 2500 A R, v fercd/sar 7)1 80 @ i fafewor =i
1 ATV FA F 918 AT 3 hl Fgal T 0-04 Hier @ Wt B 1 Ry e ot w
AR ST & THRNEAE S IqUS hl Feq Afd H1 YRehe g

(Rmm: N=6-022x10%2 mol™}, h=6-626x10"2* Js 3R c=3%x10% m s7!)

Radiation of wavelength 2500 A was passed through a cell containing 10 ml
of a solution which was 0‘05 molar in oxalic acid and 0:01 molar in uranyl
sulphate. After absorption of 80 joules of radiation energy, the concentration
of oxalic acid was reduced to 0:04 molar. Calculate the quantum yield for
the photochemical decomposition of oxalic acid at the given wavelength.

(Given : N=6-022x10% mol™!, h=6-626x10* Jsandc=3x108 ms™})

I I g 3fua frg AR 6 sauraiem A BrF,, Wik faemas % w9 7 e w@
¥ 3R ret-ame qen Frswstre /SerdiR sififEneT i wEar ®/8 e R

Justify that the interhalogen compound BrF; acts as an aprotic solvent and
undergoes acid-base and neutralization reactions by giving examples.

Adge Al % W geha sl W AR W wem uft wsor u1g Al % e
gohg ol ¥ arem §) FRw wfid e s i) W ARAEe SEEl F 9eEIg,
% Johla ol Faw T9HE % AH F g9 ¢ 3R W wfageha 2

The observed magnetic moments of lanthanide ions in general differ from
observed magnetic moments of first row transition metal ions. Explain by
giving reason(s). Identify the lanthanide ions having magnetic moments
corresponding to spin-only value, and those which are diamagnetic.

Iq@eEdsA M [Ru (PPhy),CINO),]* # w6 NO foaire (¥erfl) @a Wawd: @ &%
a0 dfkd B1 @ 3 § NO folre $it sram-srem smags famn iR sgaifia M—N ey
o Hit e fifg)

In the coordination compound [Ru(PPh3)2CI(NO)2]+, one NO ligand bonds

linearly while the other is bent. Explain the different modes of bonding of
NO ligands in this molecule and expected M—N bond orders.

* Kk K

20

10

20

20
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