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CHEMISTRY (PAPER-I)

(Time Allowed @ Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read cach of the following instructions carefully before attempting questions)

[RS—————— — ——

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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YUs—A / SECTION—A

() TE-TodiE siam, SEedl doE 0 B 1R, W uw w0 N fF g@ wgen ¥ 2, A TR S s

(b)

A, (x), 1 YieeH Hifm)

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

A D1 f BvEd TR qensdar | FH-gER T F TREAd S Gt ¥ NaCl, a@m

% A9 F GHEA 7 FRON & Wy gigg i feafafan semfis s Nacl v
NaCl, % fofy fean 2

NaCl NaCl,
Uy =-757 kJ mol ! Uy =-2155 kJ mol
—1 —

-1

AH g,y = +108 kJ mol ™

The enthalpy of formation of an i1onic 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(! Uy =—-2155 kJ mol™!
AH g = +495 kJ mol ™’ AH g, = +4561 kJ mol ™

L AH geq) = +121 kJ mol !

2

AH gy = +108 kJ mol ™ o
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(c) T&F @3 98 % fau

[“aT‘] ___T(BS‘]
dl < CV al T

A9 SeH 8 TH We 3 &) o4 99 gl SAne Hs )

For a rubber band

) T (%)

What would be the length of the rubber band with an increase In
temperature? Explain it. 10

() 95 °C T @ F1 A9-g 634 mm T TN 100 °C AHH T fRdA1 ATy -aTe 27 T4
A9 GiER H A S 40593 J mol” @l e R

‘R <8814 I K * ol

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 .

([R=8-314 J K ! mol ') 10

(e) e TEEtE Aoft i ufeqrn s gEeht wmEaT FARe)

Define electrochemical series. Give its significance. 10

2. (a) TR T § fateof %A n =101 9 n =100 9T FH F SFEAEA TF T
(i) =8 e Y seafsa fafFm 1 gl i queed @@ 87

(i) TE HHHY F] HAAE H T w8

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

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

(i) Why is it difficult to observe this transition? 10

) Tr=fafas dFie wEEl % fou sfidm srarnsdt 51 Fifan s atufatha A = rde
gqer A B wen 1 d-wes gl R

spid, sp‘gdz, dspz, sd”

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

sp3d, sp’d?, dsp®, sd’ 20
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ARl &1 19 W b.c.c. T Ud § refam €1 @ (p=7. 86 g/em3)) 3@ frwd § A
P 1 wfshe #ifem) 010 °C AW @ Fw @8 fe.c. F) WATEE /aTR
g1 B SR ¥H e A Frwwn A wgEm m fdv A s san ) e © 9 ety R
T THER F T e gifE Fifse B G/ 9w boec, 8 fe.c, SEAT § SO 0T,
dl @8 WHING B0 A SEHEG | AR H 9uivaE germE 55-845 1 B

Iron crystallizes in a b.c.c. unit cell at rooin 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 1nformation 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 1s 55845 u. 20
ot ) U e, e B 0.4 cm B, 125 FRd 9@ e § famfza w1 08 21 udim el Ao
ghg 1 Tl TN [y (A F1 T d4) = 72 dynes/cm |
A drop of water, 04 cm in radius, is split up into 125 tiny drops. Find the
increase in surface energy. [ vVwawer (sSurface tension of water) = 72 dynes/cm | 10
N -IONHP TS F1 &7 fou 7 faerm w1 pH Fuif| = & oy +9 % o )
EX IRl IO S H
What are 1on-selective electrodes? How i1s glass clectrode used in the
determination of pH of a given solution? 20
() T T F ok /ATera i fag (T,) ¥ IR g (T,) 9% WiEe IuE e
HITeTT |
() TH FHOH dfd B T A+ g0 A kel (FAET V) HR V) ° st TE /et
TR T wE W SR T aEe T W AdfHE ¢ (s ?) o guu #a o (Fefa) 2
S o) o1 Wt ®a fod T, ol E A AT R R e 3R anEEEd] | UEd e
g =1 ifom amqum =0 27 waiifa e i o s agesrofe uEs R
FuTs S
- o
T e Eamean REm
Vi —HSSATERRED 1,
i L
|
|
\
L TR T |
() Draw and explain the graph cf enthalpy of vapourization from the triple
point (T,) to the critical point (T.). 10
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(i) A thermally insulated box is separated into two compartments (volumes

V, and V,) by a membrane. One of the compartments contains an ideal
pas at temperature T, the other 1s empty (vacuum). The membrane 1s

suddenly removed, and the gas fills up the compartments and reaches
the eguilibrium.

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

Insulated walls

4. (a) ﬁﬂ%ﬁﬁé‘gﬁuamﬁmﬁa,iﬁﬁﬁ25°Cm%,%aqafﬂﬁmw F1 IfEred R .

Pt/H2 1 atm) 1 Hic-0.01 M)H Cuiz_o. M}\CU (s}

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

(b) ()

Pt/H (1 aum) } Hic-0 01 M)H Cuic-o.1 M)icu (s}

w92 O ¥ F 4d md ¥ o' ¥ wm fen o R oy # ageeE
(mm~60)ﬁmnm1mﬁ,wﬁﬂﬁamﬁmﬁﬁmwaﬁwa@(afreﬂ
ﬂw~30)ﬁuﬁwﬁﬂm(aaa)ﬁmﬂwmﬁrﬁmﬁtﬁgmg@ﬁ:ﬁuﬁma
T ¥ 39E B &1 T ) el GeiEdl B yifad e AT SRRl s S
AR Aef Gl F geR W TR F 0 udE FRE F fag @ i) o e
(T &9 1) Qefl FrFan 9 R weTE g

i) NO T8 % fau wifes aam it g« wa9: 177 K N 64 atm B, 9 CCl, & @

()

T8 |17 AT 550 K 3R 45 atm 7| dTet aca fors g 3 b 1 ¥R 9 7™

¥ fou wn 27 fm Mg 1 =9ER 300 K 3 10 atm T T SEY 87

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 abihity?
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() The cntical temperature and pressure for NO gas wre 177 K and 64 atm,
respectively, and for COL, ) they are 550 K oand 35 aim respectively:
Whichr gas has the smaller values of the van <or
a and H? Which i1s the most ncarly ideal in
10 atm?

Wials' constants,
3t 300 K and

1 T, PR TR e o s
L)L.‘l’l%i‘:!f.:l.ﬂ

(c})  TPIAL WHISTL A HER 0 501 8 g0 Bl dei M4 5 winar 2100 L e iR

P - R Y C. + - "oy - B ¥ e ! ; .
;)l}_t _-fu,:l- L S o I i spatmnhang i bl hii:

Explain il poase

nnpertance of tie nes.

SEOTiON -1

SR Rt

5. (a) 7w wiEn g oan feposy R oaefeos

Y CETA, AMBRYE B U B 4 ST R

- = e : - = Do sl e pe
F et GRS T wifafEa

that
propotimnal@ingytil;- nibislcbplentration

Derve arn cquation for rate constant of o coio 0 dor voaetion.  Shew

halt-hife perted of the recction s
of reactant.

(b) 1834 ° W E Ay F Tou Gl AR g oy vy i i an spr Fifae

State and denive lLambe@b3oEiiEs [ BB D sorpting ol dbi by soelutions.
() SIHIFEI &1 €14 H AU ik HeH died Miden A w T iy Brentaly Ao waenr Hifad

=

yoredt B g A faa S s ar

Give the mmechanism of fatal forination of hermaun i the bindime of dioxveen
i R

o

by heme. How can it be averted by lving systems?

U

(d) (AB)Mbyc,(AB— faedt weidl) 39 39gega 4 sl 0 fad stydia wy@ag s St
OTEE 44 27

How many geometrical isowncrs aand storeolsomners  are  possible in the

coordination compounds of tlhie type AV byey (AB--bidentate ligand)?

(E’) hlq{%’?@ﬂ iﬂ{iﬂrﬁpﬂﬁ a}[ iif“T "‘hf_ﬂl[ :

(i} ReF, & 108 0 ~wonp

() XeGy . - Sk, B
(E-;,.r) SXLEFJ it 9 l.h,.,}lf; 4_.) j :
(V) 1 XeF, - s ML), 8, A
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Complete the following reactions :

() XeF, +12H,0 >

() XeFg + » XcOF, +PFg¢

i) XeOF, + . _ » 2XeO,F,

() 3XeF, +2(S04), .

(V) + XelF, > (CHs )5 SF, + Xe 10

6. (a s AR FAHE d AREH, TEE BIEREE § FH A A7

How does the bonding in cyclic phosphazene differ from that of benzene
and borazine? 10

(b) F9z Tagm@ =) g en 270 wmEAvl TRl foem 9 Tl SR & Fl Sl 8¢

What are the limitations of collision theory? How 1s it explained by transition
state theory? 20

(c) TR HAftEe gaardl 9% & GiE &) Head Hifen | T off femee % e % did widdy
F el AR T3 ULH-FIE qun IA-FI Al w5 ST Fa 2

Derive an equation {or Langmuir’s adsorption i1sotherm. Show that under
limiting conditions of pressure, the system follows both first-order and
zero-order of adsorption. 20

7. (a) Tal93 TR-Gew TEA] AR I SR/ TSEE STEIE Al HEE] Wi )

Draw the structures of various iron-sulphur proteins and their corresponding
redox states. 10

ﬂ%

(b) s Fretead waESE sl 0 gfad! e @ fer m 'H NMR % wa2Hl Hed +
AT W g% ATEY F TIEEF R R0

i) (C<Hz),Ti

(i) C4(CH,),Fe(CO),

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

) (CsHg)y T

(i) C,4(CH,),Fe(CO), 20

HX5-U-CHM/6 fi | P.T.O.
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(c)

(a)

(b}

F ¥d fmm 10 ml faaga 2, 51 f% 0-05 Aier i@ 3ta 3 0-01 Aer i dothe
A9 %, § 9 fafe e aoes 2500 A 2, wﬁW/aaTﬁﬂéIBOGﬁﬁﬁﬁ—wm

] FTINU A & 918 ATHITAR A ] GIgd] Tea 0-04 gt T@ STl o | U 7o quresd gy
NiAfaF 3ma & TEmarmias gy £ F12g asy 1 qfegds Fifso

(fem ™ : N=6-022x10% mol ', h=6-626x10 > Js 3N c=3%x10°* m s ')

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 vyield for
the photochemical decomposition of oxalic acid at the given wavelength.

(Given : N=6-022x10%° mol"l, h=6-626x10"" Jsandc=3x10°m s_l)

33 <d 7Y 3Ifa fag i 6 Fauesy 91w BrF,, tWiies faams & &9 9 Bra =t
2 3N srcr-ge qun frensea /serdiEm sfufrmedt o aga /3 a2

Justify that the interhalogen compound BrF;5 acts as an aprotic solvent and
undergoes acid-base and neutralization reactions by giving examples.

FIAEE el % Wdm b ATl U AR W YYH Uit HEEUL 9T 3TEAl % WiEd
ghig Al ¥ T ?| R Wi $El ARA HIfTUi UH USRIl 1 UEHlAg,
o gahl THEl Fad TEET o A & HIEd ? SR A WagEhid 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.

IqEEEATE AfF [Ru (PPh,), CINO),]* H Tk NO foive (gddl) @y Wasda: B &

o Sfrd B g8 39 ° NO fafme &1 stem-srem sfeys faun 3R SAEfTd M—N A&y
FHI ! AR )

In the coordination compound [Ru(PPh,),CINO},]|", 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.

* W W
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