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| PAPER-1 |

SECTION -1

This section contains 7 questions. Each question has 4 options
(A), (B), (C)and (D). ONE or MORE THAN ONE ofthese four
options is (are) correct.

1.

An ideal gas is expanded from (p;, V;, T) to (p,, V,, T,)
under different conditions. The correct statement(s) among
the following is(are)

(A) The work done on the gas is maximum when it is
compressed irreversibly from (p,, V,) to (p;, V)
against constant pressure p,

(B) If the expansion is carried out freely, it is
simultaneously both isothermal as well as adiabatic

(C) The work done by the gas is less when it is expanded
reversibly from V; to V, under adiabatic conditions
as compared to that when expanded reversibly from
V, to V, under isothermal conditions

(D) Thechange in internal energy of the gas is (i) zero, if it
is expanded reversibly with T, = T,, and (ii) positive,
if it is expanded reversibly under adiabatic conditions
withT, # T,

For a solution formed by mixing liquids L. and M, the vapour

pressure of L plotted against the mole fraction of M in

solution is shown in the following figure. Here x; and x,

represent mole fractions of L and M, respectively, in the

solution. The correct statement(s) applicable to this system
is (are)

1 XM 0

(A) The point Z represents vapour pressure of pure liquid
M and Raoult's law is obeyed from x; =0 tox; =1

(B) The point Z represents vapour pressure of pure liquid
L and Raoult's law is obeyed when x; — 1

(C) The point Z represents vapour pressure of pure liquid
M and Raoult's law is obeyed when x; — 0

(D) Attractive intermolecular interactions between L-L in
pure liquid L and M-M in pure liquid M are stronger
than those between L-M when mixed in solution.

The correct statement(s) about the oxoacids, HCIO, and

HCIO, is(are)

(A) The central atom in both HCIO, and HCIO is sp
hybridized

5.

(B) HCIO, is more acidic than HCIO because of the
resonance stabilization of its anion

(©) HCIO, is formed in the reaction between Cl, and H,O

(D) The conjugate base of HCIO, is weaker base than
H,0

The colc2>ur ofthe X, molecules of group 17 elements changes

gradually from yellow to violet down the group. This is due

to

(A) Thephysical state of X, at room temperature changes
from gas to solid down the group

(B) Decrease in ionization energy down the group

(C) Decrease in * - 6* gap down the group

(D) Decrease in HOMO-LUMO gap down the group

Addition of excess aqueous ammonia to a pink coloured

aqueous solution of MCl,.6H,0(X) and NH,CI gives an

octahedral complex Y in the presence of air. In aqueous

solution, complex Y behaves as 1:3 electrolyte. The reaction

of X with excess HCI at room temperature results in the

formation of a blue coloured complex Z. The calculated spin

only magnetic moment of X and Z is 3.87 B.M., whereas it is

zero for complex Y. Among the following options, which

statement(s) is(are) correct?

(A) Addition of silver nitrate to Y gives only two
equivalents of silver chloride

(B) Thehybridization ofthe central metal ion in Y is d%sp?

(C) Zisatetrahedral complex

(D) When X and Z are in equilibrium at 0°C, the colour of
the solution is pink

The IUPAC name(s) of the following compound is(are)

(A) 1-chloro-4-methylbenzene

(B) 4-chlorotoluene

(C©) 4-methylchlorobenzene

(D) 1-methyl-4-chlorobenzene

The correct statement(s) for the following addition reactions

is(are)

H,C
Br,/CHCl,
0 — ——> MandN
H CH,
CH
HK > BryCHCI,
(ii) — —> OandP
H



(A) Oand P are identical molecules

(B) (MandO)and(N and P) are two pairs of diastereomers

(©) (MandO)and (N and P) are two pairs of enantiomers

(D) Bromination proceeds through #rans-addition in both
the reactions

SECTION - II

This section contains S questions. The answer to each question
isa SINGLE DIGIT INTEGER ranging from 0 to 9, both inclusive.

8.

A crystalline solid of a pure substance has a face-centred
cubic structure with a cell edge of 400 pm. Ifthe density of
the substance in the crystal is 8 g cm™, then the number of
atoms present in 256 g of the crystal isN x 1024, The value
of Nis

The conductance ofa 0.0015 M aqueous solution of a weak
monobasic acid was determined by using a conductivity
cell consisting of platinized Pt electrodes. The distance
between the electrodes is 120 cm with an area of cross section
of 1 cm?. The conductance of this solution was found to be
5 x 1077S. The pH of the solution is 4. The value of limiting

molar conductivity (Aﬁl) of this weak monobasic acid in

10.

11.

12,
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aqueous solution is Z x 102S em™! mol"! . The value of Z is
The sum of the number of lone pairs of electrons on each
central atom in the following species is

[TeBrg]*, [BrF,]*, SNF; and [XeF;]-

(Atomic numbers: N=7, F=9,S= 16, Br=35, Te=52,
Xe=54)

Among H,, He, ", Liy, Be,, B,, C,,N,,05 and F,, the number
of diamagnetic species is

(Atomicnumbers: H=1,He=2,Li=3,Be=4,B=5,C=6,
N=7,0=8,F=9)

Among the following, the number of aromatic compound(s)

sy yNela
@@

SECTION - III

This section contains 6 questions of MATCHING TYPE, contains two tables each having 3 columns and 4 rows. Based on each table,
there are three questions. Each question has four options (A), (B), (C) and (D) ONLY ONE of these four option is correct.

(Qs. 13-15) : By appropriately matching the information given in the three columns of the following table.

The wave function, Wn | m, is a mathematical function whose value depends upon spherical polar coordinates (r, 0, ¢) of the

electron and characterized by the quantum numbers n, I and m. Here r is distance from nucleus, 8 is colatitude and ¢ is azimuth. In the
mathematical functions given in the table, Z is atomic number and a is Bohr radius.

Column 1 Column 2 Column 3
3 (Zr =
) . . Z)2 a =
(i) 1sorbital B Wpm <|—| €' ®) E
> ag =0
= I
3_0 —>>
(i) 2sorbital (i) Oneradial node (Q) Probability density at nucleus o %
ap
2 )
5 L
(i)  2p, orbital ()  Wnpm < (EJ re \230) ¢os 0 (R)  Probability density is maximum at nucleus
RR ag
(iv) 3dzz orbital (iv) xy-plane isa nodal plane (S) Energyneeded to excite electron from n =2

27
state to n = 4 state is ) times the energy

needed to excite electron from n =2 state to
n= 6 state

GP_3021
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13.

14.

15.

For the given orbital in Column 1, the only CORRECT
combination for any hydrogen-like species is

A @M@)(ES)

® avV)av)([R)

© @) (P)

(D)  (1m) (i) (P)

For hydrogen atom, the only CORRECT combination is
A M®E)

B MOHQ

©
D) ME(R)

For He* ion, the only INCORRECT combination is
A MHOR®

OO P)

® MEQ
© Oi)R)
®) DHDHE)

3

(Qs. 16-18) : By appropriately matching the information given in
the three columns of the following table.

Columns 1, 2 and 3 contain starting materials, reaction

conditions, and type of reactions, respectively.

Column 1 Column 2 Column 3
(I) Toluene (1) NaOH/Br, (P) Condensation
() Acetophenone (i) Br,/hv (Q) Carboxylation
() Benzaldehyde (i) (CH;CO),0/ (R) Substitution
CH;COOK
(IV) Phenol (iv) NaOH/CO, (S) Haloform
16. For the synthesis of benzoic acid, the only CORRECT
combination is
A) M E) ®B) AV)@(P®)
© OHWQ D) (I @v) (R)
17. The only CORRECT combination that gives two different
carboxylic acids is
@A) ) R) ®B) AV)()(Q)
©) WD) (P) D) OH®E)
18. The only CORRECT combination in which the reaction

proceeds through radical mechanism is
(A) (U @i)(P) B) (VHQ
© () (R) D) M) R)

| PAPER -2 |

SECTION -1

This section contains 7 questions. Each question has 4 options
(A), (B), (C) and (D). ONLY ONE of these four options is correct.

1.

Pure water freezes at 273 K and 1 bar. The addition of 34.5 g
of ethanol to 500 g of water changes the freezing point of
the solution. Use the freezing point depression constant of
water as 2 K kg mol~!. The figures shown below represent
plots of vapour pressure (V.P.) versus temperature (T).
[molecular weight of ethanol is 46 g mol~!] Among the
following, the option representing change in the freezing
point is

[
S
S i
n>-j i :
(A4) Water + Ethanol
270 273
® 21
E. 1
> g i
271 273

© 5
o 1
&
> 1
270 273
TK —»
S
DO =
<
>
271 273
TK —»
For the following cell,

Zn(s) | ZnSO,(aq) | CuSO4(aq) | Cu(s)

when the concentration of Zn2* is 10 times the
concentration of Cu?*, the expression for AG (in J mol~!) is
[F is Faraday constant; R is gas constant; T is temperature;
E°(cel)=1.1V]

(A) 11F

(©) 2303RT+1.1F

(B) 2.303RT—22F
(D) —22F



The standard state Gibbs free energies of formation of
C(graphite) and C(diamond) at T = 298 K are
A G° [C(graphite)] =0 kJ mol~!

A fG° [C(diamond)] =2.9 kJ mol !

The standard state means that the pressure should be 1 bar,
and substance should be pure at a given temperature. The
conversion of graphite [C(graphite)] to diamond
[C(diamond)] reduces its volume by 2 x 106 m3 mol~!. If
C(graphite) is converted to C(diamond) isothermally at
T=298 K, the pressure at which C(graphite) is in equilibrium
with C(diamond), is

[Useful information : 1J=1kgm?s2; 1 Pa=1kgm!s2;

1 bar =105 Pa]
(A) 14501 bar (B) 58001 bar
(©) 1450 bar (D) 29001 bar

Which of'the following combination will produce H, gas?
(A) Fe Metal and conc. HNO,

(B) Cumetal and conc. HNO,4

(©) Znmetal and NaOH(aq)

(D) Aumetal and NaCN(aq) in the presence of air

The order of the oxidation state of the phosphorus atom in
H;PO,, H;PO,, H;PO; and HyP,O is

(A) H;PO;>H;PO, >H;PO, >H,P,04

(B) H,;PO,>H;PO,>H;PO;>H,P,04

(©) H,;PO,>H,P,0(>H;PO; >H;PO,

(D) H,PO,>H;PO;>H,P,04>H;PO,

The major product of the following reaction is

OH

ii) ag.NaOH i

N,Cl
©

JEE Advanced 2017 Solved Paper
7.  The order of basicity among the following compounds is

NH /—\ /:\ NH,

Moo Moo & A
NH, <~ HN"\g

I II 111 Iv

(A) II>I>IV>II B) IV>II>1I>1
© IVv>I>II>II1 D) I>IV>1I>1I

SECTION - II

This section contains 7 questions. Each question has 4 options
(A), (B), (C) and (D). ONE or MORE THAN ONE ofthese four
options is (are) correct.

H,C

8.  The correct statement(s) about surface properties is(are)
(A) Adsorption is accompanied by decrease in enthalpy
and decrease in entropy of the system
(B) The critical temperatures of ethane and nitrogen are
563 K and 126 K, respectively. The adsorption of
ethane will be more than that of nitrogen on same
amount of activated charcoal at a given temperature
(C) Cloud is an emulsion type of colloid in which liquid is
dispersed phase and gas is dispersion medium
(D) Brownian motion of colloidal particles does not
depend on the size of the particles but depends on
viscosity of the solution
9.  Forareaction taking place in a container in equilibrium with
its surroundings, the effect of temperature on its equilibrium
constant K in terms of change in entropy is described by
(A) With increase in temperature, the value of K for
exothermic reaction decreases because the entropy
change of the system is positive
(B) With increase in temperature, the value of K for
endothermic reaction increases because unfavourable
change in entropy of the surroundings decreases
(C) With increase in temperature, the value of K for
endothermic reaction increases because the entropy
change of the system is negative
(D) With increase in temperature, the value of K for
exothermic reaction decreases because favourable
change in entropy of the surroundings decreases
10. Inabimolecular reaction, the steric factor P was experimentally
determined to be 4.5. The correct option(s) among the
following is(are)
(A) The activation energy of the reaction is unaffected by
the value of the steric factor
(B) Experimentally determined value of frequency factor
is higher than that predicted by Arrhenius equation
(C) Since P=4.5, the reaction will not proceed unless an
effective catalyst is used
(D) The value of frequency factor predicted by Arrhenius
equation is higher than that determined experimentally
11.  For the following compounds, the correct statement(s) with
respect to nucleophilic substitution reaction is(are)

©/\Br O/\Br

@ 4y

GP_3021
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12,

13.

14.

CH,
CH,

H3c—cI —Br Br
CH,

(110) 1)

(A) landlll fdlowS1 mechanism

(B) Iand II follow Sy2 mechanism

(©) Compound IV undergoes inversion of configuration

(D) Theorder of reactivity for I, Il and IV is : IV>1>1II

Among the following, the correct statement(s) is(are)

(A) AI(CHj;); has the three—centre two—e€lectron bonds in
its dimeric structure

(B) BHj; has the three—centre two—electron bonds in its
dimeric structure

(C)  AICIj has the three—centre two—electron bonds in its
dimeric structure

(D) TheLews acidity of BCl; is greater than that of AlCl,

The option(s) with only amphoteric oxides is(are)

(A) Cry04,BeO, Sn0O, SnO,

(B) Cr,04,Cr0, SnO, PbO

(©) NO, B,0,,Pb0, SnO,

(D) ZnO, Al,04, PbO, PbO,

Compounds P and R upon ozonolysis produce Q and S,

respectively. The molecular formula of Qand S is CgHgO. Q

undergoes Cannizzaro reaction but not haloform reaction,

whereas S undergoes haloform reaction but not Cannizzaro

reaction

. 1)03/CH,Cly
i P—= Q
ii)Zn/H,O (CgHgO)
.. )O3/ CH,Cly
m) R—=
( ) ii)Zn/H,O (CgH3g0)

The option(s) with suitable combination of P and R,

respectively, is(are)
( ) 3 CH3
: : CH,

H,C
CH,

HC—@—/and 3
D) M YH

5

SECTI®N -1

This section contains 2 paragraphs, each describing theory,
experiments, data etc. four questions related to the two paragraphs
with two questions on each paragraph. Each question has only
one correct answer among the four given options (A), (B), (C)
and (D).

PARAGRAPH 1
Upon heating KCIO; in the presence of catalytic amount ofMnO,,
agas Wis formed. Excessamount of W reacts with white phosphorus
to give X. The reaction of X with pure HNO, gives Y and Z.
15. W and X are, respectively
(A) OsandP,Oq
© O,andP,0,
16. Y and Z are, respectively
(A) N,05;and Hy;PO, (B) N,05and HPO,
© N,0,and HPO, (D) N,0,and H;PO,4

PARAGRAPH2
Thereaction of compound Pwith CH;MgBr (excess) in (C,Hs),0
followed byaddition of H,O gives Q. The compound Q on treatment
with H,S0, at0°C gives R. Thereaction of Rwith CH;COClin the
presence ofanhydrous AICl; in CH, Cl, followed by treatment with
H,O produces compound S. [Et in compound P is ethyl group]

(H,C),C CO,Et —»Q —» R —>» S

(B) O, and P,O(
(D) Ozand P,0,

¥

17. The product S is

H
(H,0),C G CH,
COCH,4
COCH,
(H,0),C CH;
ANy
H,COC
(H,C),C H,C | CH,
HO,S
(H,C),C
D)

COCH
18. Thereactions,QtoRand RtoS, are
(A) Dehydration and Friedel-Crafts acylation
(B) Aromatic sulfonation and Friedel-Crafts acylation
(C) Friedel-Crafts alkylation, dehydration and Friedel—
Crafts acylation
(D) Friedel-Craftsalkylation and Friedel-Crafts acylation

wz o
/
2
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SOLUTIONS

Paper - 1

(A,B,C)
During adiabatic expansion, the final temperature is
less than the initial temperature. Therefore the final
volume in adiabatic expansion will also be less than
the final volume in isothermal expansion. This can be
graphically shown as

P

(A)

reversible isothermal
reversible adiabatic

v, V
The magnitude of work done by the gas is equal to the
area under the curve. As seen from the figure the area
under curve in reversible isothermal is more. Hence,
the magnitude of work done is lesser in adiabatic
reversible expansion as compared to the corresponding
work in isothermal expansion.

3. (AB,D)
(A) In both the acids central atom is sp? hybridized.
0 .
[ _~sp®  H-0-CI
\ \
HO/(”) o sp?
(B) ClOj isresonance stabilized anion
HCIO, =
Clo; +H*
HCIO =
ClO +H*

Hence HCIO, is more acidic than HCIO.
© J,+H,0—-HCI+HOCI

@) HCIO4+H,0 - ClOg+ H;0"
Acid1l Basel Basel acid 1
Since H,O is accepting H" from HCIO, so H,0 is
stronger base compared to ClO} .
4. (G,D)

The colour of X, molecules of halogens is due to
absorption of light in the visible region. The energy
acquired in this manner excites the valence electron
from the highest occupied molecular orbital (HOMO)
to the lowest unoccupied molecular orbital (LUMO),
i.e., transition from 7" to " molecular orbital.
X, ols?, 0*1s?% 6252, 6*25%, 62p 2, M2p 2

5 1t*2p,2¢ =1l:*2p)2,

=n2p.2?, R o-*2p2
¥" (HOMO)

(LUMO)
5. (B,C,D)

Ex NH _(aq.)
[Co(H,0),]Cl, —grarir—> [CoNH,),] CI,
X) Y)

Pink Solution

HCl (excess)
room temperature

1 : 3 electrolyte

d 2sp3 hybridisation of central
metal atom as NH; is a strong
_ field liiand)

2
[CoCl,] 3AENO, (a0)

(B) Infree expansion, P, =0 .. W=0

Ifcarried out isothermally (AU=0) = q=0 (Adiabatic) ;

FromI law

If carried out adiabatically (q = 0) = AU =0

(Isothermal) ; From I law
© £

(P, V)
/I(Pz, V,)
v

During irreversible compression, maximum work is

done on the gas (corresponding to shaded area)
(D) WhenT,=T,=>AU=nC,AT=0

In reversible adiabatic expansion, T, <T,.

AT =-ve ... AU=-ve
(B, D) P, 4 3
V4
"By (ideal)
= 0
1 Xm 1
0 L

2)
Blue colour (tetrahedral:

3 AgCl (3 eq of AgCl)

sp® as CI” is a weak field ligand)

The graph representing +ve deviation from Raoult’s
law therefore M—L<M-MorL-L

P, 2P X;

but when X =1, mixture has almost pure liquid L so
P =P}

[CoCl,]" +
(Blue)

6H,0 <= Co(H,0); +4CI
(Pink)

X and Z in equilibrium at 0°C = then equilibrium is
shifted towards X, making colour of solution pink.

GP_3021
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6. (A,B)
IUPAC name
Cl CH,
1 1
2 2
(A) 1-chloro-4-methylbenzence B) 4-chlorotoluene
3 3
4 4
CH, Cl
7. (B,D)

(B) Bromination proceeds through trans-addition in both the reactions.
M and N are identical, hence, M and O and N and P are two set of diastereomers.

(D) Br
CH,
H
. CH: _ H— —Br
/Br CH; H  H——Br
Br_Br H ——A\ /
A_ CH, CH, ' CH,
- b ™)
CH, 3 \H
a
H Br
trans-2-Butene trans-Bromonium ion \ H CH, CH,
Br _ B——H
B —
f Br——H

CH; - CH,

M)

M and N are same
(meso-2, 3-Dibromobutane)
Br
CH;
H
CH, H—1—Br
H H =
o' P e
I—Dbr
CH

\ 3 Br CH,

)

H
cis-2-Butene cis-Bromonium ion “ H CH, CH,
Br — Br—1—H
Br H—1 Br
H

CH; CH,

(P)

11 and III are enantiomers
rac-2, 3-Dibromobutane



8.

10.

11.

@

©)

©)

(©)

2

Density (d)= (d = density)

a’ x Na
ForFCC,Z=4
Givena=4x 10~8cm

4xM
(4 x 10_10)3 x 6x10%3

8=

8><(4><10-8)3 x6x1023
4

_ 8x6x10% x64x107
- 4

M=

No. ofat W N
o.ofatoms= ———
Molar mass A

256 x10x6x10%

_2 X 1024
8§x6x16
Value of N =2

The formula for conductance is G =k x %

5x1077 =|<><L
120

k=6x10%scm™!
Ao - Kx1000 _ 6x107° x1000
¢ = = =
M 0.0015
-+ pH=4
s [H7=10*=ca=0.0015a
107
o=
0.0015

c -4
a =A—m:>L= 40
Agl 0.0015

40

AS = 6x10%s cm? mole™!
1e,z=6

Species Number of lone pairs
on central atom
(@)  [TeBrg* 1
@) [BrE,J" 2
(i) SNF, 0
(iv) [XeF;] 3

Total number oflone pairs=1+2+0+3=6

(H,,Cl,, Be,, C,, N, F)
. ols?  (Diamagnetic)

Hej :  ols?, o*1s!  (Paramagnetic)

Li,
Be,
B,

G

ols? o*1s% 6252  (Diamagnetic)

ols? o*1s% 62s2, 6*2s2  (Diamagnetic)

ols?, 6*1s%, 6252, 6*2s2, 1t2p§( = 1r2p1y
(Paramagnetic)

ols?, 6*1s%, 6252, 6*2s2, 1t2p§ = n2p§
(Diamagnetic)

12,

13.

14.

©)

©

GV
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ols?, 6*1s%, 6252, 6*2s2, 1t2pi = n2p§,o-2p§
(Diamagnetic)
2 2
ols?, o*1s?, 6252, 6*2s2, m2p; , M2px
Y 2 _ 1
= m2py,m*2py = T*2p,
(Paramagnetic)
2 2
ols?, 0*1s?, 6252, 6*2s?, 62p; , M2px
Y 2 _ 2
= m2py,m*2py = T*2pj
(Diamagnetic)

Non-aromatic Anti-aromatic Non-aromatic Anti-aromatic

A O &

Aromatic Aromatic Aromatic
Aromatic Aromatic

1s wave function for He" is given by

7 _(é\
LIJ(ls) = LI"l'l,f,mg = \/Eag/z cXp LaoJ

3/2 [E]
or “Lg} exp 2

i.e., it is independent of cos 6.

The probability of finding an electron at zero distance
from the nucleus is zero. The probability increases
gradually as the distance increases, goes to maximum
and then begins to decrease.

For a given orbital with principal quantum number, n
and azimuthal quantum numbr, /.

Number of radial nodes =(n—£¢—-1)

LIJn,ﬂ,m (l’) —

m
a

GP_3021
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15. (C) Referans13.
Energy needed to excite fromn=2ton=4

3
=13.6 72 x ECV

Smnlarly,

8
=13.6 72 x geV

on d1v1dmg
AEy 4 _ 3 36 27
AE, ¢ 16 FEEY)

16. (A) Alkylbenzenes when treated with Br, at high temperature, in the presence of sunlight and absence of halogen carrier
undergo halogenation in the side chain. Thus

CIH, CH,Br CHBr, CBr,
Br,/ heat Br,

_)

hght heat, hght heat, light
Toluene Benzyl chloride Benzyl chloride Benzo trichloride
+
NaOH COONa
al
17. (© @-Icl; CH, —=>1» @/ + CHBr,
2
(@)
H,O/H"

@/ COOH

18. (D) Perkin condensation of benzaldehyde with (CH,;CO),0/CH,COOK yields cis and trans form of cinnamic acid.

(i) CH3COONa
C6H5CHO + (CH3CO)20 _— C6H5CH = CHCOOH
Benzaldehyde Acetic anhydride  (id) H* Cinnamic acid

cis and trans

Paper = 2
1. (O) AsTincrease, V.P increases
AT=Kxm

273 T o= 2 345X1000

46 x 500
=270K

2. (B) Zn ()+Cu( )—)Zn( )+Cu()

AG=AG°+2303RTlog,Q; Q=r—=

[AG°=-nFE°]=—2xFx1.1
Given [Zn?*]=10[Cu?"]
AG=-2F (1.1)+2.303 RT log,10=2.303 RT~2.2F
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3. (A) Ateq.AG=0
AG®=dp(AV)
2.9kJ mol™' =(P,— 1) x2 x 10 m3 mol!
or

s2mol”

2
29x10° ~E™__ (p, -1)(2x107) =
2.9x10° x10° kg

(P,=D)= 2 ms?

kg
=145x10°—>5 =145x10°Pa
ms

P,=145x10°+1Pa

=14500 x 105+ 1=14501 x 10° Pa= 14501 Bar

4. (O) Fe+conc. HNO; — Fe,O,
Cu+ conc. HNO; — CuNO; +NO, + H,0

4Au+8NaCN+ 0, +2H,0 - 4Na[Au (CN),] +4NaOH

Zn+NaOH — Na,ZnO, + H,
5. (C) Correctorder:
H3PO4 > H4P2O6 > H3PO3 > H3PO2
(+5) (+4) (+3) (+1)
6. (©
Step1:

OH OH
H
NH, N lel

ClI™

Diazocoupling

i}in '?IHZ

O AN s N
N SNH NH, “NH,

av)

The conjugate acid is stabilized by resonance with
two different -NH, group. Hence electron density

increases on N of = NH

I?IHZ I?IHZ
AL NN
cH! “NH cHy NH,

@

mol™

JEE Advanced 2017 Solved Paper

The conjugate acid is stabilized by resonance with
one —-NH, group. Hence as compared to IV lesser
increase of electron density on N of = NH

/ \ H* N, \
' NN

NH

Lone pair is not involvd in aromaticity. Hence more
available

(S
H

(1)
Lone pair is involved in aromatic sextet. Hence not
available.
Hence the correct order of basic strength is
IV>1>11>11

(A,B)
(A) As adsorption is spontaneous, AG for the process is

—ve. Adsorption is accompained by decrease in
randomness. Therefore AS and TAS for the process is
also negative. As AS for the process is —ve and the
process is spontaneous, AH for the process has to be
—ve i.¢, enthalpy of the system decreases.

Under a given set of conditions of temperature and
pressure the easily liquefiable gases e.g. C,H, NH,
and HCl are adsorbed more than the gases like N,,, H,
and CO. The ease with which a gas can be liquefied is
determined by its critical temperature.

Critical temperature is the minimum temperature above
which a gas can be liquified. This implies that gases
with high critical temperature values can be easily
liquified as compared to gases with low critical
temperature value.

(A,B,D)
(A, B) The Arrhenius equation is

k = Ae—Ea/RT

where A= Pre-exponential factor

Aisnot directly related with temperature and activation
energy.

Where A = z x P
(Frequency factor) (Steric factor)

Hence we can say the E, is independent of steric factor

K

P= actual

Ktheoretical

S0, Ayt > Atheoretical

GP_3021
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1. (A,B,C)

C

I
(A) lis ©/\Bf (1° benzylic halide) and C — ? — Br (3° alkylhalide). Follow Sy1.
C

(B) IandIIfollow S,2 also, as both are 1° halide.

(©) Compound (IV) undergoes inversion of configuration due to presence of chiral carbon atom.
12. (A,B,D)

(A) Structure of Al,(CH,),

3C-2¢~ Bond
(B) Structure of B,H

3C-2¢” Bond

(©) Structure of Al,Cl

Cl Cl Cl
~ Al/ N Al/
Cl -~ \Cl <N Cl
(D) BCl, is stronger lewis acid as the bond formed with the base will involve 2p orbital overlap which is stronger than 3p orbital

overlap in the case of AICI,,.
13. (A,D) NO = Neutral

B,0; = Acidic
CrO = Basic
All other oxides are amphoteric
14. (A,B)
0 O
o 1 / I
© CH3—©—)///\ 09 T 5 Q(CH,0), ie., CH3—©— & +u-c-m
(i) Zn, H,0 N\
H
P
(P) ( (+ve cannizaro reaction)
O
I
C.

0]
YW/ ()0, CHCL, \CH3 [
A —_— _
(ii) Zn, H,0 +H-C-H

(R) CH, (S) (+ve haloform reaction)
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(+ve cannizaro reaction)

Q
CH; O

V4

\/{(C\ C 0
o CH; 0, CH, L, \CH +CH g CH
N Zn, H,0 } B
CH,
(R) CH;,
(+ve haloform reaction)

®)

7 Ot 0
. 0y CHCl +CH, - C_H
Zn H,0
CH, CH;
P

15. © & 16. (B)

KCIO; Mn—02> KCl+ (sz)

P4 + 02 —> P4010
(white) (excess) (x)

P4010+ HI\IO3 - N205+ HPO3
) @
17. A & 18. (C)

-+
(”) (I)MgBr
C(CH
(CH,), @\j —OEt CH3MgBr(exces5)/(C2H5)20 C(CH,), @ij - CH,
P)
l H,0
H ® H
N (I)/ (I) T
C(CHy); CCHy), g 0 C(CHy); CH,-C-CH,
@\) i @\)
0°C
l—HZO (dehydration) Q
CH
® “CH
C(CH,), C(CHj), C(CH,); .

_
(alkylation)

(R)
0

1l
CH, - C - Cl/ AIC,

(Acylation)

CH,
C(CH,), CH,

COCH,
®)

GP_3021
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Which of the following compounds will form significant
amount of meta product during mono-nitration reaction ?

OH OCOCH,
TelNle

NH, NHCOCH,
0o 0 Q)
AU is equal to

(1) Isochoric work
(3) Adiabatic work

The increasing order of the reactivity of the following halides
for the Sy 1 reaction is

(2) Isobaric work
(4) Isothermal work

CH;CHCH,CHj, CH,;CH,CH,Cl
Cl (W)
@
p-H;CO-C¢ H,~CH,Cl
(Im)

1) << 2) AD<@)<(Im)

() @O<(m)<(r) @ AD<@n<(

The radius of the second Bohr orbit for hydrogen atom is :
(Plank's const. h=6.6262 x 10~34 Js ; mass of

electron =9.1091 x 10731 kg ; charge ofelectron
e=1.60210 x 10~19 C ; permittivity of vaccum

€,=8.854185 x 10712 kg™ m™3 A?)
(1) 165A (2) 476A
(3) 05294 @ 212A

pK, of a weak acid (HA) and pK, ofa weak base (BOH) are
3.2 and 3 .4, respectively. The pH of their salt (AB) solution
is

1 72 2 69

3 70 @ 10

The formation of which of the following polymers involves
hydrolysis reaction?
(1) Nylon6

(3) Nylon6,6

The most abundant elements by mass in the body of a
healthy human adult are :

Oxygen (61.4%) ; Carbon (22.9%), Hydrogen (10.0%) ; and
Nitrogen (2.6%). The weight which a 75 kg person would
gain ifall H atoms are replaced by 2H atoms is

(2) Bakelite
4) Terylene

10.

11.

12,

13.

(1) 15kg 2) 37.5kg
3) 75kg 4) 10kg
Which of the following , upon treatment with tert-BuONa

followed by addition of bromine water, fails to decolourize
the colour of bromine?

O CeHs
o (J) 7T
5 ©/ O)\(
In the following reactions, ZnO is respectively acting as a/an:
(A) ZnO+ Na,O—> Na,ZnO,
(B) ZnO+CO, —>ZnCO,
(1) base and acid (2) base and base

(3) acidand acid (4) acid and base

Both lithium and magnesium display several similar
properties due to the diagonal relationship; however, the
one which is incorrect is :

(1) Both form basic carbonates

(2) Both form soluble bicarbonates

(3) Both form nitrides

(4) Nitrates of both Liand Mg yield NO, and O, on heating

3-Methyl-pent-2-ene on reaction with HBr in presence of
peroxide forms an addition product. The number of possible
stereoisomers for the product is :

1) Sx (2) Zero
3) Two 4) Four
A metal crystallises in a face centred cubic structure. If the

edge length of its unit cell is 'a, the closest approach between
two atoms in metallic crystal will be :

W 2 ® 27a
® V2a @ 75

Two reactions R, and R, have identical pre-exponential
factors. Activation energy of R, exceeds that of R, by 10 kJ
mol~!. If k, and k, are rate constants for reactions R, and
R, respectively at 300 K, then In(k,/k,) is equal to :
(R=8.314Jmol" 1K)

1 8 @ 12

G 6 @ 4
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14.

15.

16.

17.

The correct sequence of reagents for the following
conversion will be :

HO CH,

0
? H;CH3
CHO CH,

(1) [Ag(NH,;),]* OH-, H*/CH;0H, CH;MgBr

(2) CH;MgBr, H/CH;0H, [Ag(NH;),]" OH"

(3) CH;MgBr, [Ag(NH,),]" OH~, HY/CH;0H

(@) [Ag(NH,),]* OH-, CH;MgBr, H*/CH;0H

The Tyndall effect is observed only when following
conditions are satisfied :

(@) The diameter ofthe dispersed particles is much smaller
than the wavelength of the light used.

(b) The diameter of the dispersed particle is not much
smaller than the wavelength of the light used.

(¢) The refractive indices of the dispersed phase and
dispersion medium are almost similar in magnitude.

(d) The refractive indices of the dispersed phase and
dispersion medium differ greatly in magnitude.

(1) (a)and(d) @ (b)and(d)

() (aand(c) @) (b)and(c)

Which of the following compounds will behave as a reducing
sugar in an aqueous KOH solution?

HOH,C _o. CH,OH

1
M OCOCH,

)

HOH,C _o. CH,OH

@

)

HOH,C _o. CH,0H

3 OCH,

)

OH
HOH,C

O, CH,0OCH,
@ (o
H

o
O@
o

Given

C(graphite) + Oz(g) - Coz(g) >
AH°=-393.5 kI mol™!

1
H, @)+ 50,() > H0();  AH*=-2858k] mol~!

18.

19.

20.

21.

22,

23.

24.

JEE MAIN 2017 Solved Paper

CO,(g)+ZH,0(l) > CHy(g) +20,(g);
AJH®=+890.3 kI mol~!

Based on the above thermochemical equations, the value of
A H° at 298 K for the reaction

Cgraphite) + 2Ha(8) = CH,(g) will be :
(1) +74.8kJImol™! (2) +144.0kJmol™!
(3) —74.8 kImol™! 4 -144.0kJmol™!

Which of the following reactions is an example of a redox
reaction?

(1) XeF,+O,F, > XeFs+0,
() XeF,+PFs— [XeF]* PF¢~
() XeFg+H,0— XeOF, +2HF
(4) XeFg+2H,0—> XeO,F, +4HF
The products obtained when chlorine gas reacts with cold
and dilute aqueous NaOH are :
(1) ClO~andClO5 (2) ClO;and ClO5
3) ClrandClO- @ Cl and CIO5
The major product obtained in the following reaction is :
Br
oH t
& C¢Hs BuOK

CeHs
(1) (HCH;CH(OBu)CH,C(H;
(2) C4H;CH=CHCH,
() (+)C¢H;CH(O'Bu)CH,CH;
@) (-)C¢H;CH(OBu)CH,C¢H;
Sodium salt of an organic acid 'X' produces effervescence
with conc. H,SO,. X' reacts with the acidified aqueous CaCl,

solution to give a white precipitate which decolourises acidic
solution of KMnO,. 'X'"is :

(1) C4HsCOONa (2) HCOONa

(3) CH;COONa 4 Na,C,0,

Which of the following species is not paramagnetic ?

() NO 2

G 0O, @ B,

The freezing point of benzene decreases by 0.45°C when
0.2g of acetic acid is added to 20 g of benzene. If acetic acid

associates to form a dimer in benzene, percentage
association of acetic acid in benzene will be :

(K¢ for benzene=5.12 K kg mol™")

1) 646% 2) 804%

3) 746% @) 946%

Which of the following molecules is least resonance
stabilized?

M) ol ]

GP_3021
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27. A water sample has ppm level concentration of following

3 = | @ anions
> _N 0 F~=10; SO4~=100; NO3 =50
25. Ontreatment of 100 mL of 0.1 M solution of CoCl; . 6H,0 the anion/anions that make/makes the water sample
with excess AgNO;; 1.2 x 1022 ions are precipitated. The unsuitable for drinking is/are :
complex is (1) only NO3y (2) both SO~ and NO3
(1) [Co(H,0),CL,]C1L.2H,0 (3) only F~ (4) only SO;~
2) [Co(H,0),Cl;].3H,0 28. 1 gram of a carbonate (M,CO,) on treatment with excess
( 10);Cl3].3H, 2C0;
@) [Co(H,0)Cl, HCI produces 0.01186 mole of CO,. The molar mass of

. —1 .
@ [Co(H,0)sCIICLH,0 M,CO;5 ingmol ™" is

26. The major product obtained in the following reaction is : (1) 1186 @) 83
(3) 1186 4) 118
1) 29. Given
E°  =136V,E°,;, =-0.74V,
CI2/CI Cro"/Cr
DIBAL-H 0 _ 0 _
.......................... > ECr2/O%_/Cr3+ 1'33V’EMnoz/Mn2+ L.51V.
COOH Among the following, the strongest reducing agent is
OH OH n a @) MnZ*
(3) cr¥t @ Cr
(1) CHO (2 CHO 30. The group having isoelectronic species is :
(1) O*,F-,Na*,Mg*
COOH CHO @) O ,F,NaMg"
CHO

CHO () 0% ,F,Na,Mg?
& \_J @ @/\ @) O ,F,Na",Mg?

COOH CHO
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SOLUTIONS

1.  (3) Nitration takes place in presence of concentrated

2. Q)

3. Q)

4 @

5 Q)

HNO; + concentrated H,SO,,.

In strongly acidic nitration medium, the amine is
converted into anilinium ion (— NH;™); substitution is
thus controlled not by — NH, group but by — NH;*
group which, because of its positive charge, directs
the entering group to the meta-position instead of
ortho, and para.

®
:NH, NH;
Conc. HNO3
Com Hy50, H,S0,

—-NH, gp : o, p-directing — NH; gp : m-directing
From 1%t law of thermodynamics
AU=q+w
For adiabatic process :

q=0

. AU=w
Since Syl reactions involve the formation of
carbocation as intermediate in the rate determining

step, more is the stability of carbocation higher will be
the reactivity ofalkyl halides towards Sy 1 route.

Since stability of carbocation follows order.
CH;-CH, - gHz
<CH;- (G",BH —CH, - CH;,
<p-H;CO-CcH,~ gHz
Hence correct order is  |II<I<III

Radius of nth Bohr orbit in H-atom
=0.53n2A
Radius of II Bohr orbit=0.53 x (2)?
=212A
Given
pK, (HA)=3.2
pKy, (BOH)=3.4
The salt (AB) given is a salt is of weak acid and weak

base. Hence the pH can be calculated by the formula

1 1
~ pH= 7+5pKa _Epr

1 1
=7+-(32)--(34

+532)-534)
=69

6. (1) Formation of Nylon-6 involves hydrolysis of
caprolactum, (its monomer) in initial state.

0
H H,0
— > H,N(CH,);COOH

Caprolactam e-Amino Caproic acid

A

Polymerise

| [
» (NH(CH,)s—C-NH~(CH,)s-C);
Nylon-6
7.  (3) Percentage (by mass) of elements given in the body of
a healthy human adult is :-
Oxygen=61.4%, Carbon =22.9%,
Hydrogen = 10.0% and Nitrogen =2.6%
- Total weight of person = 75 kg
Mass due to 'His = 75 x 10 _ 7.5kg
100

If 'H atoms are replaced by 2H atoms.
Mass gain by person would be = 7.5 kg
8 )

o (Y = (OO
Br O-tBu

(fails to decolorise the
colour of bromine)
due to unsaturation

CeHs CH
@/\r ert_ BuONa @/\v 6115
B

Br

(it decolorises
bromine solution)

@/ \( @/O\/
tert— BuONa

(it decolorises bromine
solution)

GP_3021
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@) @)

7
@ __tent-BuONa

Br

(it decolorises bromine
solution)

Products formed in option (2), (3) & (4) decolorises bromine
solution due to presence of double bond.
9. (4) Although ZnO is an amphoteric oxide but in given
reaction.
(A) ZnO+Na,0 — Na,ZnO,
acid base salt
(B) ZnO+ CO, —>ZnCO4

base acid salt
Mg can form basic carbonate like

3MgCO, . Mg(OH), . 3H,0{
While Li can form only carbonate (Li,CO;) not basic

10. (1)

carbonate.

11. (4) Iftwo chirality centres are created as a result of an
addition reaction four stereoisomers can be obtained
as products.

H
C N coc /CH B
0 / \ C H —H20
cis-3, methyl pent-2-ene
Br CH,

* *

2, Bromo, 3-methyl pentane
(2 chiral centre)

CH, CH,
H Br Br H
H CH; HsC H
GHs C,H;
) 1))
CH, CH,
Br H H Br
H CH, H,C H
C2H5 Csz
(1) )
12. (4) ForaFCC unitcell
\2a
4
. closest distance (2r) = @ =2
PR

2017-5
13. (4) From arrhenius equation,
—Ea
k=AeRT
so, k; = Ae TRT 6))
k,=Ae 22/RT )
(Eal —Ea2 )

On dividing equation (2)/(1) = k—2 =e KT
1

Eo —Eay _ 10,000 _
RT  8314x300

e

H'/CH;0H
(esterification)

ii

[Ag(NH;),]OH

Tollens reagent

~O0CH,
CH 3MgBr
HyC - ¢~ CH,
OH
15 )
16. (1)
HOCH, _ CH,0H HOCH, $) CH,0H
e Aq.KOH
HO/l 1I  -CH3co0K HOM)
0 - C - CH, 0
OH
OH OH
Hemiketal
1LRing opening
HOCH, OH H,0H
ove silver Tollen's OH O
mirror Reagent

test
OH
(a Reducing sugar) a-hydroxy ketone
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17. (3) Given * *
. 2 CO- G%S’Glg’cgs’c2§’n§px ’ngpy ’Gzpzz
CO,(g)+2H,0(0) - CH,(g)+20,(g); A H°=890.3...(i)

. no unpaired electron hence diamagnetic.
C(graphite) + 02 (8- Coz(g) >

AHP=-393 5kImol™! ...(ii) 3 0, 015015 03,008,y s Wapy s Moy s Top, 5 Tap
1
H,(g) + Eoz(g) - H,O(0), two unpaired electron hence paramagnetic.
_ —1 *: *:
A H°=—-2858kI mol™! .. (iii) 4 B,—> 15,003, 00, My ,n‘zpy
AH® =Y (AH),ouets — 2 (ArHO)Regctants B, contains two unpaired electrons hence paramagnetic
23. (4) Inbenzene
890.3=[1x(Ar HC)ey, +2x0]-[1x(-393.5)+2(-285.8)] 2CH,COOH = (CH,COOH),
l-a o/2
(A H°)cy =890.3-965.1=-74.8 kJ/ mol
4 i=l-ota2=1-0/2
18. (1) Inthe reaction Here o is degree of association
Oxidation AT = iKm
+4] +1 +61 0 02
XCF4 + 02F2 - XCF6 + 02 a (6—0)
[ |
Reduction 045= (1 —3) (5.12) 20
19. (3) Cl,+NaOH— NaCl+NaClO+H,0 1000
[cold o
and dilute] 1-2=0.527

20. (2) Elimination reaction is highly favoured if 0=0.945

(a) Bulkier base is used
(b) Higher temperature is used
Hence in given reaction biomolecular elimination

% degree of association = 94.6%

reaction provides major product. Q
er/ H 24. 4) is nonaromatic and hence least reasonance
Cells  tBuok
C6H5 1, 2 elimination
H He— stabilized whereas other three are aromatic.
o
O'Bu .
25. (4) Molesofcomplex = Molarity x Volume(ml)
N CcH;, 1000
- +
c i, + t-BuOH + Br 100% 0.1
= 1000 =0.01 mole
21. (4) Na,C,0,+H,S0,—>Na,S0,+COT+CO,T+H,0
by (conc.) Moles of ions precipitated with excess of
Na,C,0, +CaCl, - CaC,0,4 +2NaCl 1.2 %102
I (white ppt.) AgNO; = 6.02x10% =0.02 moles
5CaC,0, I+ 2KMnO, + 8H,S0, _l 0.01 xn=0.02
(purple) S.on=2
K,80,+5CaSO, +2MnSO, + 10CO, + 8H,0 It means 2Cl- ions present in ionization sphere
(colourless) . complex is [Co(H,0)5CI]Cl,.H,0

22. (2)
1. NO — one unpaired electron is present in 7* molecular
orbit hence paramagnetic.

26. (2) DIBAL-Hisan electrophilic reducing agent. It reduces
both ester and carboxylic group into an aldehyde at
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27.

28.

(3) Above 2 ppm concentration of F~ in drinking water

@

low temperature.
o)
(0] OH 0O

DIBAL-H

o, CHO

cause brown mottling of teeth.

Given chemical eq"
M,CO; +2HCI — 2MCl + H,0 +CO,
lgm 0.01186 mol

from the balanced chemical eq™.
nM,CO; =nCO,

1
M,CO,

=0.01186

1
0.01186

= M=284.3 gm/mol

M2CO3 =

29.

30.

M

M

2017-7

o —
E MnOZ/Mn"'2 =151V

E° _ =136V
Cly /Cl

E° =1.
Cry 072 /cr*3 33V

E° =-074

crticr

Since Cr*3 is having least reducing potential, so Cr is
the best reducing agent.

Isoelectronic species have same no. of electrons.

ions 02 F Nat  Mg*?
8§+2 9+1 11-1 122
No. ofe™ = 10 10 10 10

therefore O%~, F~, Na* , Mg*2 are isoelectronic



I Section-A

1.

CHAPTER

The modern atomic mass unitisbasedon ..........................
(1980)
The total number of electrons present in 18 ml of water is
(1980)
3 g of a salt of molecular weight 30 is dissolved in 250 g of
water. The molality of the solutioniis ...............
(1 983 1 Mark)
The weight of 1 x 1022 molecules of CuSO,.SH,O'is...............
(1991 - 1 Mark)
The compound YBa2Cu3O7, which shows super-
conductivity, has copper in oxidation state...................
assume that the rare earth element yttrium is in its usual + 3
oxidation state. (1994 - 1 Mark)

C MCQs with One Correct Answer

27 g of Al will react completely with how many grams of

oxygen? (1978)
@ 8g (b) 16g
(© 32g (d) 24g

A compound was found to contain nitrogen and oxygen in
the ratio 28 gm and 80 gm respectively. The formula of

compound is (1978)
(@ NO (b) N,O4
(¢) N,Oq (d N,O,
The largest number of molecules is in (1979)

(@) 36 gofwater

(b) 28 gofcarbon monoxide

(c) 46 gofethyl alcohol

(d) 54 gofnitrogen pentoxide

The total number of electrons in one molecule of carbon

dioxide is (1979)
@@ 2 (b) 44
(© 6 (d 88

A gaseous mixture contains oxygen and nitrogen in the ratio
of 1 : 4 by weight. Therefore the ratio of their number of

molecules is (1979)
@ 1:4 (b) 1:8
(c) 7:32 (d) 3:16
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2.76 g of silver carbonate on being strongly heated yields a

residue weighing (1979)
(@ 2l6g (b) 248g
(c) 232g d) 264g

M s molecular weight of KMnO,. The equivalent weight of

KMnO, when it is converted into K,MnO, is (1980)
@ M (b) M/3
(c) M/5 d M/7

I£0.50 mole of BaCl, is mixed with 0.20 mol 0ofNa,PO,, the
maximum number of moles of Ba,(PO,), that can be formed

is (1981 - 1 Mark)
@ 070 (b) 050
© 020 d 0.10

One mole of N,H, loses ten moles of electrons to form a new
compound Y. Assuming that all the nitrogen appears in the
new compound, what is the oxidation state of nitrogen in ¥?
(There is no change in the oxidation state of hydrogen).
(1981 - 1 Mark)
@ -1 (b 3
(© 3 d +5
The oxidation number of carbon in CH,O is
(1982 - 1 Mark)
@ -2 (b) +2
© O d +4
A molal solution is one that contains one mole of a solute in:
(1986 - 1 Mark)
(a) 1000 g of the solvent
(b) one litre of the solvent
(c) one litre of the solution
(d) 22.41litres of the solution
The brown ring complex compound is formulated as
[Fe(H,0)5(NO)]SO,. The oxidation state of iron is :
@ 1 (b) 2 (1987 - 1 Mark)
© 3 @ 0
The equivalent weight of MnSO, is half of its molecular
weight when it is converted to : (1988 - 1 Mark)
(@ Mn,0, (b) MnO,

(¢ MnO; (d) MnO;"

In which mode of expression, the concentration of a solution
remains independent of temperature? (1988 - 1 Mark)
(@ Molarity (b) Normality

(¢) Formality (d) Molality

GP_3021
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The oxidation number of phosphorus in Ba(H,PO,), is :
(1990 - 1 Mark)

@@ 3 (b) 2

(© +l @ -1

The oxidation states of the most electronegative element in

the products of the reaction, BaO, with dil. H,SO, is
(1991 - 1 Mark)

(@ Oand-1 (b) —land-2
(c) —2and0 (d) —2and-1
For the redox reaction : (1992 - 1 Mark)

MnOj + C,03™ +H" - Mn?*" +CO, + H,0

the correct coefficients of the reactants for the balanced

reaction are (1992 - 1 Mark)
MnO; C,0" H

(@ 2 5 16

(b) 16 5 2

(© 5 16 2

(d) 2 16 5

The normality of 0.3 M phosphorous acid (H;PO,) s,
(1999 - 2 Marks)

(@ 01 (b) 09

(c) 03 (d) 06

The oxidation number of sulphur in Ss’ Sze’ st

respectively, are (1999 - 2 Marks)

(@ O0,+land-2 (b) +2,+land-2

(c) 0,+land+2 (d -2,+land-2

Amongst the following identify the species with an atom in

+6 oxidation state (2000S)

(@ MnO; (b) Cr(CNYY

(© NiF~ (d Cro,Cl,
The reaction, 3CI0™(aq) —— Cl0;(aq)+2Cl7(aq), isan

example of (2001S)
(a) oxidation reaction

(b) reduction reaction

(c) disproportionation reaction

(d) decomposition reaction

An aqueous solution of 6.3 g oxalic acid dihydrate is made
up to 250 ml. The volume of 0.1 N NaOH required to

completely neutralize 10 ml of this solution is (2001S)
(@) 40ml (b) 20ml
(c) 10ml (d) 4ml

In the standardization of Na,S,0; using K,Cr,0, by
iodometry, the equivalent weight of K,Cr,0,is  (2001S)
(@) (molecular weight)/2

(b) (molecular weight)/6

(¢) (molecular weight)/3

(d) same as molecular weight

How many moles of electron weigh one kilogram? (2002S)

1

(b) ——x10*

23
(@) 6.023%10 9.108
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26.
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6023 . 1 .
22 %10 —————x10
© 5708 ) 5 708x6.023 -

Which has maximum number of atoms?

(@) 24gofC(12) (b) 56gofFe(56)
(c) 27gofAl(27) (d) 108gofAg(108)
Mixture X =0.02 mol of [Co(NH;);SO,]Br and 0.02 mol of
[Co(NH;)sBr]SO, was prepared in 2 litre of solution. (2003S)

1 litre of mixture X + excessAgNO; ____, V.

(2003S)

1 litre of mixture X+ excess BaCl, ____, Z

No. of moles of Y and Z are

(@ 001,001 (b) 0.02,0.01

(c) 001,002 (d) 0.02,002

The pair of the compounds in which both the metals are in
the highest possible oxidation state is (2004S)

@ [Fe(CN)6I’",[Co(CN)g ]

(b) CrO,Cl,,MnOy

(¢) TiO5,MnO,

) [Co(CN)¢I*~,MnO;

Consider a titration of potassium dichromate solution with

acidified Mohr's salt solution using diphenylamine as
indicator. The number of moles of Mohr's salt required per

mole of dichromate is (2007)
@ 3 (b) 4
© 5 d 6

E Subjective Problems

What weight of AgCl will be precipitated when a solution
containing 4.77 g of NaCl is added to a solution of 5.77 g of
AgNO,? (1978)
One gram of an alloy of aluminium and magnesium when
treated with excess of dil. HCI forms magnesium chloride,
aluminium chloride and hydrogen. The evolved hydrogen,
collected over mercury at 0°C has a volume of 1.20 litres at
0.92 atm. pressure. Calculate the composition of the alloy.
[H=1,Mg=24,Al=27] (1978)
Igniting MnO, converts it quantitatively to Mn;0,. A sample
of pyrolusite is of the following composition : MnO, 80%,
Si0, and other inert constituents 15%, rest being water. The
sample is ignited in air to constant weight. What is the
percentage of Mn in the ignited sample? (1978)
[O=16,Mn=549]
4.215 g of a metallic carbonate was heated in a hard glass
tube and the CO, evolved was found to measure 1336 ml at
27°C and 700 mm pressure. What is the equivalent weight of
the metal? (1979)
(@ 5.5 gofamixture of FeSO,. 7H,0 and Fe,(SO,);. 9H,0
requires 5.4 ml of 0.1 N KMnO, solution for complete
oxidation. Calculate the number of gram mole of
hydrated ferric sulphate in the mixture.
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(b) The vapour density (hydrogen = 1) of a mixture
consisting of NO, and N, O, is 38.3 at 26.7°C. Calculate
the number of moles of NO, in 100 g of the mixture.

(1979)

5 ml of a gas containing only carbon and hydrogen were
mixed with an excess of oxygen (30 ml) and the mixture
exploded by means of an electric spark. After the explosion,
the volume of the mixed gases remaining was 25 ml. On
adding a concentrated solution of potassium hydroxide, the
volume further diminished to 15 ml of the residual gas being
pure oxygen. All volumes have been reduced to N.T.P.
Calculate the molecular formula of the hydrocarbon gas.

(1979)

In the analysis of 0.500 g sample of feldspar, a mixture of
chlorides of sodium and potassium is obtained which
weighs 0.1180g. Subsequent treatment of mixed chlorides
with silver nitrate gives 0.2451g of silver chloride. What is
the percentage of sodium oxide and potassium oxide in
feldspar. (1979)

A compound contains 28 percent of nitrogen and 72 percent

of metal by weight. 3 atoms of metal combine with 2 atoms

of N. Find the atomic weight of metal. (1980)

() Asample ofMnSO,.4H,0 is strongly heated in air. The
residue is Mn;0,.

(i) The residue is dissolved in 100 ml of 0.1 N FeSO,
containing dilute H,SO,.

(i) The solution reacts completely with 50 ml of KMnO,
solution.

(iv) 25 ml ofthe KMnO, solution used in step (iii) requires
30 ml of 0.1 N FeSO, solution for complete reaction.

Find the amount of MnSO,.4H,O present in the sample.
(1980)

(a) One litre of a sample of hard water contains 1 mg of
CaCl, and 1 mg of MgCl,. Find the total hardness in
terms of parts of CaCO; per 106 parts of water by weight.

(b) A sample ofhard water contains 20 mg of Ca** ions per
litre. How many milli-equivalent of Na,CO, would be
required to soften 1 litre of the sample?

(¢) 1gm of Mg isburnt in a closed vessel which contains
0.5 gm of O,.

(1  Which reactant is left in excess?

(i) Find the weight of the excess reactants?

(i) Howmay milliliters of 0.5 N H,SO, will dissolve
the residue in the vessel. (1980)

A hydrocarbon contains 10.5g of carbon per gram of

hydrogen. 1 litre of the vapour of the hydrocarbon at 127°C

and 1 atmosphere pressure weighs 2.8g. Find the molecular
formula. (1980)
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Find
(1) The total number of neutrons and

(1980)

(i) The total mass of neutron in 7 mg of 14C.

(Assume that mass of neutron = mass of hydrogen atom)

A mixture contains NaCl and unknown chloride MCl.

() 1 g of'this is dissolved in water. Excess of acidified
AgNO; solution is added to it. 2.567 g of white ppt. is
formed.

(i) 1goforiginal mixture is heated to 300°C. Some vapours
come out which are absorbed in acidified AgNO,
solution, 1.341 g of white precipitate was obtained.

(1980)

A 1.00 gm sample of H,O, solution containing X per cent

H,0, by weight requires X ml of a KMnO, solution for

complete oxidation under acidic conditions. Calculate the

normality of the KMnO, solution. (1981 - 3 Marks)

Balance the following equations.

Find the molecular weight of unknown chloride.

() Cu,0+H'+ NO; —Cu?*+NO+H,0
(1981 - 1 Mark)
(i) K,[Fe(CN)]+H,SO,+H,0
—K,S0, +FeSO, +(NH,),S0, + CO
(1981 - 1 Mark)

(i) C,H,OH+1,+OH — CHI;+ HCO ; +I"+H,0
(1981 - 1 Mark)

Hydroxylamine reduces iron (IIT) according to the equation:

2NH,0H +4 Fe** - N,0(g) T +H,0 +4 Fe?* + 4H"

Iron (II) thus produced is estimated by titration with a
standard permanganate solution. The reaction is:

MnO, +5Fe?*+8H"—»>  Mn?*+5Fe’* +4H,0

A 10 ml. sample of hydroxylamine solution was diluted to 1
litre. 50 ml. of this diluted solution was boiled with an excess
of iron (III) solution. The resulting solution required 12 ml.
0f 0.02 M KMnO, solution for complete oxidation of iron
(ID). Calculate the weight of hydroxylamine in one litre of the
original solution. (H=1,N=14,0=16,K =39, Mn =55,
Fe=156) (1982 - 4 Marks)
The density of a 3 M sodium thiosulphate solution
(Na,S,05) is 1.25 g per ml. Calculate (i) the percentage by
weight of sodium thiosulphate, (ii) the mole fraction of
sodium thiosulphate and (iii) the molalities of Na* and 82032‘
ions. (1983 - 5 Marks)
4.08 g of amixture of BaO and an unknown carbonate MCO,
was heated strongly. The residue weighed 3.64 g. This was
dissolved in 100 ml of 1 N HCI. The excess acid required 16
ml of 2.5 N NaOH solution for complete neutralization.
Identify the metal M. (1983 - 4 Marks)

(At wt. H=1,C=12,0=16,Cl=35.5,Ba=138)
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Complete and balance the following reactions :

() Zn+ NOj — Zn2*+ NHj (1983 - 1 Mark)

(i) Cry03~ +C,H,0-C,H,0,+Cr3" (1983 - I Mark)

(i) HNO,+HCl—»>NO+Cl, (1983 - 1 Mark)

(iv) Ce* + 8,02 SO;™ +Ce?*
(v) Cl,+OH —Cl-+ClO-

(1983 - 1 Mark)
(1983 - 1 Mark)

(vi) Mn2*+PbO,>MnO; +H,0 (1986 - I Mark)

(vii) S+OH — $>+ 8,03~ (1986 - 1 Mark)

(viii) C103 +I"+H,SO, — ClI™+ HSO4 (1986 - 1 Mark)
(X Ag'+AsH; - H;AsO; +H* (1986 - 1 Mark)
2.68 x 1073 moles of a solution containing an ion A™* require
1.61 x 10~3 moles of MnO 4 for the oxidation of 4™ to
AO3 in acid medium. What is the value of n?

(1984 - 2 Marks)
Five ml of 8N nitric acid, 4.8 ml of SN hydrochloric acid and
acertain volume of 17M sulphuric acid are mixed together
and made upto 2litre. Thirty ml. ofthis acid mixture exactly
neutralise 42.9 ml of sodium carbonate solution containing
one gram of Na,CO;.10H,0 in 100 ml. of water. Calculate the
amount in gram of the sulphate ions in solution.

(1985 - 4 Marks)
Arrange the following in increasing oxidation number of
iodine. (1986 - 1 Mark)
I,, HI, HIO, IC1
(1) What isthe weight of sodium bromate and molarity of

solution necessary to prepare 85.5 ml of 0.672 N solution
when the half-cell reaction is

BrO; +6H"+6¢”— Br +3H,0

(i) What would be the weight as well as molarity if the
half-cell reaction is :

2BrOj + 12H"+ 10e” — Br, + 6H,0

(1987 - 5 Marks)

A sugar syrup of weight 214.2 g contains 34.2 g of sugar
(C,,H,,0,,). Calculate : (i) molal concentration and (ii) mole
fraction of sugar in the syrup. (1988 - 2 Marks)

A sample of hydrazine sulphate (N,H,SO,) was dissolved
in 100 ml. of water, 10 ml of this solution was reacted with
excess of ferric chloride solution and warmed to complete
the reaction. Ferrous ion formed was estimated and it
required 20 ml. of M/50 potassium permanganate solution.
Estimate the amount of hydrazine sulphate in one litre of the
solution. (1988 - 3 Marks)

26.

27.

28.
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Reaction :
4Fe3*+ N,H, >N, + 4Fe?* + 4H*

MnOj +5Fe* +8H* —> Mn2* + 5Fe3* + 4H,0.

An equal volume of a reducing agent is titrated separately
with IM KMnO, in acid neutral and alkaline media. The
volumes of KMnO, required are 20 ml. in acid, 33.4 ml. neutral
and 100 ml. in alkaline media. Find out the oxidation state of
manganese in each reduction product. Give the balanced
equations for all the three half reactions. Find out the volume
of IM K,Cr,0, consumed, if the same volume of the
reducing agent is titrated in acid medium. (1989 - 5 Marks)
A mixture of H,C,0, (oxalic acid) and NaHC,O, weighing
2.02 g was dissolved in water and solution made upto one
litre. Ten millilitres of the solution required 3.0 ml. of 0.1 N
sodium hydroxide solution for complete neutralization. In
another experiment, 10.0 ml. of the same solution, in hot
dilute sulphuric acid medium. require 4.0 ml. of 0.1 N
potassium permanganate solution for complete reaction.
Calculate the amount of H,C,0, and NaHC,0, in the
mixture. (1990 - 5 Marks)
A solid mixture (5.0 g) consisting of lead nitrate and sodium
nitrate was heated below 600°C until the weight of the residue
was constant. Ifthe loss in weight is 28.0 per cent, find the
amount of lead nitrate and sodium nitrate in the mixture.
(1990 - 4 Marks)
Calculate the molality of 1 litre solution of 93% H,S0O,
(weight/volume). The density of the solution is 1.84 g/ml.
(1990 - 1 Marks)

A solution of 0.2 g of a compound containing Cu?* and

C,0 Z_ ions on titration with 0.02 M KMnO, in presence of
H,SO, consumes 22.6 ml. of the oxidant. The resultant
solution is neutralized with Na,CO,, acidified with dil. acetic
acid and treated with excess KI. The liberated iodine requires
11.3 ml 0of 0.05 M Na, S, 0, solution for complete reduction.

Find out the molar ratio of Cu?*to C 20}‘ in the compound.
Write down the balanced redox reactions involved in the
above titrations. (1991 - 5 Marks)
A 1.0 g sample of Fe, O, solid of 55.2% purity is dissolved in
acid and reduced by heating the solution with zinc dust.
The resultant solution is cooled and made upto 100.0 ml. An
aliquot 0of 25.0 ml of this solution requires 17.0 ml 0£f0.0167
M solution of an oxidant for titration. Calculate the number
of electrons taken up by the oxidant in the reaction of the
above titration. (1991 - 4 Marks)

A 2.0 g sample of a mixture containing sodium carbonate,
sodium bicarbonate and sodium sulphate is gently heated
till the evolution of CO, ceases. The volume of CO, at 750
mm Hg pressure and at 298 K is measured tobe 123.9 ml. A
1.5g of the same sample requires 150 ml. of (M/10) HCIl for
complete neutralisation. Calculate the % composition of the
components of the mixture. (1992 - 5 Marks)
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One gram of commercial AgNO; is dissolved in 50 ml. of
water. It is treated with 50 ml. of a KI solution. The silver
iodide thus precipitated is filtered off. Excess of KI in the
filterate is titrated with (M/10) KIO; solution in presence of
6M HCl till all I" ions are converted into ICI. It requires 50 ml.
of (M/10) KIOj; solution. 20 ml. of the same stock solution of
Klrequires 30 ml. of (M/10)KIO; under similar conditions.
Calculate the percentage of AgNO; in the sample.

(Reaction : KIO; +2KI +6HCI — 3IC1+ 3KCl + 3H,0)
(1992 - 4 Marks)

Upon mixing 45.0 ml. of 0.25 M lead nitrate solution with
25.0 ml of 0.10 M chromic sulphate solution, precipitation of
lead sulphate takes place. How many moles of lead sulphate
are formed? Also, calculate the molar concentrations of the
species left behind in the final solution. Assume that lead
sulphate is completely insoluble. (1993 - 3 Marks)

The composition of a sample of Wustite is Feg 930 9 -

What percentage of the iron is present in the form of Fe
(1my? (1994 - 2 Marks)
8.0575 x 1072 kg of Glauber ’s salt is dissolved in water to
obtain 1 dm> of a solution of density 1077.2 kg m=. Calculate
the molarity, molality and mole fraction of Na,SO, in the
solution. (1994 - 3 Marks)

A 3.00 g sample containing Fe,0,, Fe,0, and an inert impure
substance, is treated with excess of KI solution in presence
of dilute H,SO,. The entire iron is converted into Fe?* along
with the liberation of iodine. The resulting solution is diluted
to 100 ml. A 20 ml of the diluted solution requires 11.0 ml of
0.5 M Na,S,0; solution to reduce the iodine present. A 50
ml of the diluted solution, after complete extraction of the
iodine requires 12.80 ml 0f0.25 M KMnO, solution in dilute
H,80, medium for the oxidation of Fe?*. Calculate the
percentages of Fe, O, and Fe,O, in the original sample.
(1996 - 5 Marks)

An aqueous solution containing 0.10 g KIO, (formula weight
= 214.0) was treated with an excess of KI solution. The
solution was acidified with HCI. The liberated I, consumed
45.0 mL of thiosulphate solution to decolourise the blue
starch-iodine complex. Calculate the molarity of the sodium
thiosulphate solution. (1998 - 5 Marks)
How many millilitres of 0.5 M H, SO, are needed to dissolve
0.5 g of copper(II) carbonate? (1999 - 3 Marks)
A plant virus is found to consist of uniform cylindrical
particles of 150 A in diameter and 5000 A long. The specific
volume of the virus is 0.75 cm>/g. If the virus is considered
to be a single particle, find its molar mass.(1999 - 3 Marks)

41.

42,

Hydrogen peroxide solution (20 ml) reacts quantitatively
witha solution of KMnO, (20 ml) acidified with dilute H,SO,.
The same volume of the KMnO, solution is just decolourised
by 10 ml of MnSO, in neutral medium simultaneously
forming a dark brown precipitate of hydrated MnO,. The
brown precipitate is dissolved in 10 ml of 0.2 M sodium
oxalate under boiling condition in the presence of dilute
H,80,. Write the balanced equations involved in the
reactions and calculate the molarity of H,O,.

(2001 - 5 Marks)

Calculate the molarity of water if its density is 1000 kg/m?3.
(2003 - 2 Marks)

1. 3 Assertion & Reason Type Questions

Read the following statement and explanation and answer
as per the options given below :
STATEMENT(S) : In the titration of Na,CO; with HCl using
methyl orange indicator, the volume required at the
equivalence point is twice that of the acid required using
phenolphthalein indicator.
EXPLANATION(E) : Two moles of HCI are required for the
complete neutralization of one mole of Na,CO,
(1991 - 2 Marks)
(a) BothS and E are true, and E is the correct explanation
of S.
(b) Both S and E are true, but E is not the correct explanation
of S.
(¢c) SistruebutE is false.

(d) Sisfalse but E is true.

| Bl Integer Value Correct Type

A student performs a titration with different burettes and
finds titre values 0f 25.2 mL, 25.25 mL, and 25.0 mL. The
number of significant figures in the average titre value is

(2010)

Silver (atomic weight = 108 g mol~') has a density of 10.5 g
cm3. The number of silver atoms on a surface of area 10712
m? can be expressed in scientific notation as y x 10%. The
value of x is : (2010)

The difference in the oxidation numbers of the two types of
sulphur atoms in Na,S,Og is (2011)
If the value of Avogadro number is 6.023 x 1023 mol~! and
the value of Boltzmann constant is 1.380 x 1023 JK~1, then
the number of significant digits in the calculated value of the
universal gas constant is (JEE Adv. 2014)



1.

10.

Section-B 133y [ [\ VA 333

In acompound C, Hand N atoms are presentin 9: 1: 3.5 by
weight. Molecular weight of compound is 108. Molecular
formula of compound is [2002]

(@ CHN, (b) C;HN (c) CHgN,  (d)CyH,,N;.
With increase of temperature, which of these changes?
[2002]
(a) molality (b) weight fraction of solute
(¢) molarity (d) mole fraction.
Number of atoms in 558.5 gram Fe (at. wt. of Fe=55.85g
mol ") is
(a) twice that in 60 g carbon
(b) 6.023 x 10%
(c) halfthatin 8§ gHe
(d) 5585 x 6.023 x 10%
What volume of hydrogen gas, at 273 K and 1 atm. pressure
will be consumed in obtaining 21.6 g of elemental boron
(atomic mass = 10.8) from the reduction of boron trichloride
by hydrogen ? [2003]
(@ 672L (b) 448L (c) 224L (d) 896L
25ml of a solution of barium hydroxide on titration with a 0.1
molar solution of hydrochloric acid gave a litre value of
35ml. The molarity of barium hydroxide solution was

[2003]
(@ 014 (b) 028  (c¢) 035 (d) 0.07
6.02 x 1020 molecules of urea are present in 100 ml of its
solution. The concentration of urea solution is

[2002]

[2004]
(@ 0.02M (b) 00IM (c) 0.001M (d) 0.1M
(Avogadro constant, N, =6.02 x 1023 mol™)
To neutralise completely 20 mL of 0.1 M aqueous solution

of phosphorous acid (H;PO;), the value of 0.1 M aqueous
KOH solution required is [2004]
(@ 40mL (b) 20mL (c) 10mL (d) 60mL

The ammonia evolved from the treatment of 0.30 g of an
organic compound for the estimation of nitrogen was passed
in 100 mL of 0.1 M sulphuric acid. The excess of acid required
20 mL of 0.5 M sodium hydroxide solution for complete
neutralization. The organic compound is [2004]
(@) urea (b) benzamide

(c) acetamide (d) thiourea

Two solutions of a substance (non electrolyte) are mixed in
the following manner. 480 ml of 1.5 M first solution + 520 ml
of 1.2 M second solution. What is the molarity of the final
mixture ? [2005]
(@ 270M (b) 1344M (c) 1L.50M  (d) 120M

If we consider that 1/6, in place of 1/12, mass of carbon atom
is taken to be the relative atomic mass unit, the mass of one
mole of the substance will [2005]
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(a) be a function of the molecular mass of the substance
(b) remain unchanged

(c) increase two fold

(d) decrease twice

How many moles of magnesium phosphate, Mg;(PO,), will
contain 0.25 mole of oxygen atoms? [2006]

@ 125x102 (b) 2.5% 102
© 002 (d) 3.125x 102

Density of a 2.05M solution of acetic acid in water is
1.02 g/mL. The molality of the solution is [2006]

(@) 2.28molkg! (b) 0.44mol kg™!
© 114molkg! (d) 328 molkg™!

The density (in g mL™!) of a 3.60 M sulphuric acid solution
that is 29% H,SO, (molar mass =98 g mol~!) by mass will be

(@ 145 (b) 164 [2007]
(c) 188 (d) 122
In the reaction, [2007]

2Al(s)+6HCl(aq) > 2AP* (aq)+6Cl (aq) +3H,(g)

(@ 11.2LHy(g)atSTP is produced for every mole HCl(aq)
consumed

(b) 6 LHCI(aq) is consumed for every 3 L H,(g) produced

() 33.6 L H,(g) is produced regardless of temperature and
pressure for every mole A/ that reacts

(d) 67.2 Hy(g) at STP is produced for every mole Al that
reacts.

Consider the following reaction :
XMnO,~ +yC,0,42” +zH* - xMn?* +2yCO, +§H20

The value’s of x, y and z in the reaction are, respectively :
[JEE M 2013]

(@ 5,2and16

(b) 2,5and8

(¢) 2,5and 16

(d) 5,2and8

A gaseous hydrocarbon gives upon combustion 0.72 g of

water and 3.08 g of CO,. The empirical formula of the
hydrocarbon is : [JEEM2013]
(@ CH, (b) CH, (c) C4Hs (d) C;Hg
Experimentally it was found that a metal oxide has formula
M, 50. Metal M, present as M2* and M3* in its oxide.
Fraction of the metal which exists as M3* would be :
[JEEM2013]

@ 701% (b) 408% (c) 605%  (d) 508%



I Section-A

1.

CHAPTER

Structure of Atom

Fill in the Blanks
The mass of ahydrogen atomis ............. kg.
(1982 - 1 Mark)
Isotopes of an element differ in the number of ............. in
their nuclei. (1982 - 1 Mark)

When there are two electrons in the same orbital, they have
(1982 - 1 Mark)
Elements of the same mass number but of different atomic
numbers are known as ............... . (1983 - 1 Mark)
The uncertainty principle and the concept of wave nature
of matter were proposed by ............... and .............
respectively. (Heisenberg, Schrodinger, Maxwell, de Broglie)

(1988 - 1 Mark)
The light radiations with discrete quantities of energy are
called.............. . (1993 - 1 Mark)
Wave functions of electrons in atoms and molecules are
called.............. . (1993 - 1 Mark)

The 2p,, 2py and 2p_ orbitals of atom have identical

shapes but differ in their ............... . (1993 - 1 Mark)
The outermost electronic configuration of Cris...............
(1994 -1 Mark)

B True/ False

The outer electronic configuration of the ground state
chromium atom is 3d*4s2. (1982 - 1 Mark)
Gamma rays are electromagnetic radiations of wavelengths
of 10°cmto 107° cm. (1983 - 1 Mark)
The energy of the electron in the 3d-orbital is less than that
in the 4s-orbital in the hydrogen atom. (1983 - 1 Mark)

The electron density in the XY plane in 3dx2 )2 orbital is

ZEro. (1986 - 1 Mark)

In a given electric field, B-particles are deflected more than

o-particles in spite of a-particles having larger charge.
(1993 - 1 Mark)

JEE Advanced/ IIT-)JEE

MCQs with One Correct Answer

The number of neutrons in dipositive zinc ion with mass

number 70 is (1979)
(@ 34 (b) 36
() 38 d 40

Rutherford’s experiment on scattering of o-particles showed

for the first time that the atom has (1981 - 1 Mark)

(a) electrons (b) protons

(c) nucleus (d) neutrons

Any p-orbital can accommodate upto (1983 - 1 Mark)

(a) four electrons

(b) sixelectrons

(c) twoelectrons with parallel spins

(d) two electrons with opposite spins

The principal quantum number of an atom is related to the
(1983 - 1 Mark)

(a) size of the orbital

(b) spin angular momentum

(c) orbital angular momentum

(d) orientation of the orbital in space

Rutherford’s scattering experiment is related to the size of

the (1983 - 1 Mark)

(a) nucleus (b) atom

(c) electron (d) neutron

The increasing order (lowest first) for the values of e/m

(charge/mass) for electron (e), proton (p), neutron () and

alphaparticle (o) is : (1984 - 1 Mark)
(@ ep.na (b) n,p,ea
(© n.p,a,e (d) no,p,e

Correct set of four quantum numbers for the valence
(outermost) electron of rubidium (Z=37)is :

(1984 - 1 Mark)
(@ 5,0,0,+% (b) 5,1,0,+%
(©) 51,1,+% (d) 6,00,1t%
Which electronic level would allow the hydrogen atom to
absorb a photon but not to emit a photon?

(1984 - 1 Mark)
@ 3s
© 2

®) 2p
@ s

GP_3021
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Topic-wise Solved Papers - CHEMISTRY

Bohr model can explain :
(a) the spectrum of hydrogen atom only
(b) spectrum of an atom or ion containing one electron
only
(c) the spectrum of hydrogen molecule
(d) the solar spectrum
The radius of an atomic nucleus is of the order of :
(1985 - 1 Mark)
(@ 10%cm (b) 103cm
() 10%cm (d 103%cm
Electromagnetic radiation with maximum wavelength is :
(1985 - 1 Mark)
(a) ultraviolet (b) radiowave
(c) X-ray (d) infrared
Rutherford’s alpha particle scattering experiment eventually
led to the conclusion that : (1986 - 1 Mark)
(a) massand energy are related
(b) electrons occupy space around the nucleus
(c) neutrons are buried deep in the nucleus
(d) the point of impact with matter can be precisely
determined.
Which one of the following sets of quantum numbers
represents an impossible arrangement? (1986 - 1 Mark)

(1985 - 1 Mark)

n l m, m
@@ 3 2 -2 Y2
by 4 0 0 Y2
© 3 2 -3 Y2
d 5 3 0 —Ya

The ratio of the energy of a photon of 2000A wavelength
radiation to that of 4000A radiationis: (1986 - 1 Mark)
(@ % (b) 4
) % d 2

The triad of nuclei that is isotonic is (1988 - 1 Mark)

@ 'tc,5N,"TF ® 3¢, "IN, 'OF

© 'tc,'IN,'TF @ 'tc,'IN,oF

The wavelength of a spectral line for an electronic transition

is inversely related to : (1988 - 1 Mark)

(a) thenumber of electrons undergoing the transition

(b) the nuclear charge of the atom

(c) the difference in the energy of the energy levels
involved in the transition

(d) the velocity of the electron undergoing the transition.

The orbital diagram in which the Aufbau principle is violated

is: (1988 - 1 Mark)

2s
@
()
©

18.

19.

20.

21.

22.

23.

24.

25.

26.

e)

The outermost electronic configuration of the most
electronegative element is (1988 - 1 Mark)
(@) ns? np? (b) ns? np*

(c) ns® np? (d) ns? np®

The correct ground state electronic configuration of
chromium atom is : (1989 - 1 Mark)
(@) [Ar]3d54s! (b) [Ar]3d*4s?

(c) [Ar]3d04s® (d) [Ar]4d° 4s!

The correct set of quantum numbers for the unpaired
electron of chlorine atom is : (1989 - 1 Mark)

n ) m
(a) 2 1 0
(b) 2 1 1
(©) 3 1 1
(d) 3 0 0

Which of the following does not characterise X-rays?
(1992 - 1 Mark)

(@) The radiation can ionise gases

(b) It causes ZnS to fluorescence

(c) Deflected by electric and magnetic fields

(d) Have wavelengths shorter than ultraviolet rays

Which of the following relates to photons both as wave

motion and as a stream of particles? (1992 - 1 Mark)

(a) Inference (b) E=mc?

(c) Diffraction d E=hv

A 3porbital has :

(a) two non spherical nodes

(b) two spherical nodes

(c) one spherical & one non spherical node

(d) one spherical and two non spherical nodes

The orbital angular momentum of an electron in 2s orbital is:
(1996 - 1 Mark)

(1995S)

(@) +%.—2h (b) Zero
n
h h
- d -
(© o (d) \/2'21:

For a d-electron, the orbital angular momentum is
(1997 - 1 Mark)

@ 6(h/2m) ) V2(h/27)

(¢ (h/2n) d) 2(h/2m)

The electrons, identified by quantum numbers » and /,
()n=4,1=1,(ii)yn=4,1=0, (iii))n=3,/=2,and (iv)n=3,
/=1 can be placed in order of increasing energy, from the
lowest to highest, as (1999 - 2 Marks)
(@ (v)<(@)<(u)<() (b) () <(iv)<(1)<(iii)

(©) ()<(u)<(i)<(iv) (d) () <(@)<(@v) <(ii)
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27.

28.

29.

30.

31.

32.

33.

34.

35.

The number of nodal planes in a p, orbital is (2000S)
(a) one (b) two
(c) three (d) zero

The electronic configuration of an element is 1s%, 252 2p°,
3523p® 3d°, 4s'. This represents its (2000S)
(a) excited state (b) ground state
(c) cationic form (d) anionicform
The wavelength associated with a golfball weighing 200 g

and moving at a speed of 5 m/h is of the order (2001S)
(@ 10m (b) 10¥m
(c) 103m (d) 10%m

The quantum numbers +1/2 and —1/2 for the electron spin

represent (2001S)

(a) rotation of the electron in clockwise and anticlockwise
direction respectively

(b) rotation of the electron in anticlockwise and clockwise
direction respectively

(c) magnetic moment of the electron pointing up and down
respectively

(d) two quantum mechanical spin states which have no
classical analogue

Rurtherford's experiment, which established the nuclear

model of the atom, used a beam of (2002S)

(a) P -particles, which impinged on a metal foil and got
absorbed

(b) vy -rays, which impinged on a metal foil and ejected
electrons

(c) helium atoms, which impinged on a metal foil and got
scattered

(d) helium nuclei, which impinged on a metal foil and got
scattered

Ifthe nitrogen atom has electronic configuration 1s’, it would

have energy lower than that of the normal ground state

configuration 1s225s22p3, because the electrons would be

closer to the nucleus. Yet 1s7 is not observed because it

violates. (2002S)

(a) Heisenberg uncertainty principle

(b) Hund'srule

(c) Pauli exclusion principle

(d) Bohr postulate of stationary orbits

The radius of which of the following orbit is same as that of

the first Bohr’s orbit of hydrogen atom? (2004S)

(@ He*(n=2) (b) Li2t(n=2)

() Li¢*(n=3) (d) Be**(n=2)

The number of radial nodes of 3s and 2p orbitals are

respectively (2005S)
@@ 2,0 (b) 02
© 1,2 @ 21

Given that the abundances of isotopes >4Fe, >°Fe and 57 Fe
are 5%, 90% and 5%, respectively, the atomic mass of Fe is
@ 5585 (b) 5595 (20095S)
© 5575 d) 5605

36.

37.

o c9

The kinetic energy of an electron in the second Bohr orbit of

a hydrogen atom is [, is Bohr radius] : (2012)
h? h*

® il O ortmg
h? h?

© S e

P is the probability of finding the 1s electron of hydrogen
atom in a spherical shell of infinitesimal thickness, dr, at a
distance r from the nucleus. The volume of this shell is
47 r?dr. The qualitative sketch of the dependence of Ponr is

(JEE Adv. 2016)

p P
(@ (b)
0 14 0 *
P r' N P A
© (d)
0 1 0 11

D MCQs with One or More Than One Correct

1.

An isotone of j5Ge is: (1984 - 1 Mark)

77 77
(@ 3,Ge (b) 33As

77 78
(c) 345e (d) 34Se

Many elements have non-integral atomic masses because :
(1984 - 1 Mark)

(a) they have isotopes

(b) their isotopes have non-integral masses

(c) their isotopes have different masses

(d) the constitutents, neutrons, protons and electrons,
combine to give fractional masses

When alpha particles are sent through a thin metal foil, most
of them go straight through the foil because :
(1984 - 1 Mark)

(a) alpha particles are much heavier than electrons
(b) alpha particles are positively charged

(c) most part of the atom is empty space
(d) alpha particle move with high velocity



The sum ofthe number of neutrons and proton in the isotope

of hydrogen is : (1986 - 1 Mark)
(@ 6 (b) 2
(© 4 @ 3

The energy of an electron in the first Bohr orbit of H atom is
—13.6 ¢V. The possible energy value(s) of the excited state(s)
for electrons in Bohr orbits of hydrogen is (are)
(1998 - 2 Marks)
(@ —34eV (b) —42eV
(c) —68eV d) —15eV
Which of the following satement(s) is (are) correct?
(1998 - 2 Marks)
(@) Theelectronic configuration of Cr is [Ar] 3d°4s'.
(Atomic Number of Cr=24)
(b) The magnetic quantum number may have a negative
value.
(c) Insilver atom, 23 electrons have a spin of one type and
24 of'the opposite type. (Atomic Number of Ag=47)

(d) The oxidation state of nitrogen in HN, is—3.

Decrease in atomic number is observed during
(1998 - 2 Marks)

(b) beta emission
(d) electron capture.

Ground state electronic configuration of nitrogen atom can
be represented by (1999 - 3 Marks)

@AM [ O LTI (R
@MY [MLIE] @rafd RIIE]

E Subjective Problems

Naturally occurring boron consists of two isotopes whose
atomic weights are 10.01 and 11.01. The atomic weight of
natural boron is 10.81. Calculate the percentage of each
isotope in natural boron. (1978)

The energy of the electron in the second and the third Bohr’s
orbits of the hydrogen atom is —5.42 x 107'? erg and
—2.41 x 10712 erg respectively. Calculate the wavelength of
the emitted radiation when the electron drops from the third
to the second orbit. (1981 - 3 Marks)

Calculate the wavelength in Angstrom of the photon that is
emitted when an electron in the Bohr orbit, n =2 returns to
the orbit, n=1 in the hydrogen atom. The ionization potential
of the ground state hydrogen atom is 2.17 x 107! erg per
atom. (1982 - 4 Marks)

The electron energy in hydrogen atom is given by
E=(-21.7x 10~'2)/n? ergs. Calculate the energy required to
remove an electron completely from the »=2 orbit. What is
the longest wavelength (in cm) of light that can be used to
cause this transition? (1984 - 3 Marks)

(a) alphaemission
(c) positron emission

10.

11.

12.

13.

14.

Topic-wise Solved Papers - CHEMISTRY

Give reasons why the ground state outermost electronic
configuration of silicon is : (1985 - 2 Marks)

3s 3p 3s 3p
T [t IR EitAN

What is the maximum number of electrons that may be
present in all the atomic orbitals with principal quantum
number 3 and azimuthal quantum number 2?

(1985 - 2 Marks)

According to Bohr’s theory, the electronic energy of
hydrogen atom in the n® Bohr’s orbit is given by

and not

_ 21.76x107"
B,= =

J. Calculate the longest wavelength

of light that will be needed to remove an electron from the
third Bohr orbit of the He* ion. (1990 - 3 Marks)

Estimate the difference in energy between Ist and 2nd Bohr
orbit for a hydrogen atom. At what minimum atomic number,
a transition from n=2 ton =1 energy level would result in

the emission of X-rays with A =3.0x10"%m? Which
hydrogen atom-like species does this atomic number
correspond to ? (1993 - 5 Marks)

What transition in the hydrogen spectrum would have the
same wavelength as the Balmer transition n=4 ton=2 of
He* spectrum? (1993 - 3 Marks)

Find out the number of waves made by a Bohr electron in
one complete revolution in its 3rd orbit. (1994 - 3 Marks)

Iodine molecule dissociates into atoms after absorbing light

0f4500 A . If one quantum of radiation is absorbed by each
molecule, calculate the kinetic energy of iodine atoms.

(Bond energy of I, =240 kJ mol™) (1995 - 2 Marks)

Calculate the wave number for the shortest wavelength
transition in the Balmer series of atomic hydrogen.
(1996 - 1 Mark)

Consider the hydrogen atom to be a proton embedded in a
cavity of radius a, (Bohr radius) whose charge is neutralised
by the addition of an electron to the cavity in vacuum,
infinitely slowly. Estimate the average total energy of an
electron in its ground state in a hydrogen atom as the work
done in the above neutralisation process. Also, if the
magnitude of the average kinetic energy is half the
magnitude of the average potential energy, find the average
potential energy.

(1996 - 2 Marks)
Calculate the energy required to excite one litre of hydrogen
gas at 1 atm and 298 K to the first excited state of atomic

hydrogen. The energy for the dissociation of H-H bond is
436 kJ mol™!. (2000 - 4 Marks)
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15. Wavelength of high energy transition of H-atoms is 91.2nm.
Calculate the corresponding wavelength of He atoms.
(2003 - 2 Marks)

16. The Schrodinger wave equation for hydrogen atom is
(2004 - 2 Marks)

3/2
Y0 )

"st 4\/5 L%J L2 - aoJ

|3 Match the Following

17.

18.

o c-11

Where a,, is Bohr’s radius. If the radial node in 25 be at 7,
then find 7, in terms of a,,

A ball of mass 100 g is moving with 100 ms™!. Find its
wavelength. (2004 - 1 Mark)

Find the velocity (ms™) of electron in first Bohr’s orbit of
radius ;. Also find the de Broglie’s wavelength (in m). Find
the orbital angular momentum of 2p orbital of hydrogen
atom in units of 4/ 2m. (2005 - 2 Marks)

Each question contains statements given in two columns, which have to be matched. The statements
in Column-I are labelled A, B, C and D, while the statements in Column-II are labelled p, q, v, s and
t. Any given statement in Column-I can have correct matching with ONE OR MORE statement(s) in
Column-II. The appropriate bubbles corresponding to the answers to these questions have to be

darkened as illustrated in the following example :

Ifthe correct matches are A-p, s and t; B-q and v; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

Pq9Qr s t

1.  According to Bohr’s theory,

- R _ . o —
E, = Total energy, K, = Kinetic energy, V, = Potential energy, r,, = Radius of n" orbit

Match the following :
ColumnI
A V,/K,=?

(B) Ifradius of n™ orbit oc EY,x=7
(C) Angular momentum in lowest orbital

1
— o Z¥, y="
O

Al@OOOO
BIO@O@OG®
Cl@OOGO®
DIO@OO®
(2006 - 6M)
Column IT

P 0

(@ -1

o 2

(s) 1

2. Match the entries in Column I with the correctly related quantum number(s) in Column I1. Indicate your answer by darkening the

appropriate bubbles of the 4 x 4 matrix given in the ORS
Column I

(A) Orbital angular momentum ofthe electron in a
hydrogen-like atomic orbital

(B) A hydrogen-like one-electron wave function
obeying Pauli principle

(C) Shape, size and orientation of hydrogen- like
atomic orbitals

(D) Probability density of electron at the nucleus
in hydrogen-like atom

(2008 - 6M)
Column IT
(p) Principal quantum number
(qQ) Azimuthal quantum number

(r) Magnetic quantum number

(s) Electron spin quantum number

G Comprehension Based Questions

The hydrogen-like species Li2* is in a spherically symmetric state
S, with one radial node. Upon absorbing light the ion undergoes
transition to a state S,. The state S, has one radial node and its
energy is equal to the ground state energy of the hydrogen atom.

(2010)
1. Thestate S, is:
(@ls (b) 2s (©2p (d) 3s
2. Energy ofthe state S, in units of the hydrogen atom ground
state energy is :
@ 075 (b) 150  (c) 225 (d) 450

3.

The orbital angular momentum quantum number of the state
Syis:

@ 0 () 1 © 2 @ 3

H Assertion & Reason Type Questions

1.

ASSERTION : Nuclide 39 Alis less stable than 3 Ca

(1998 - 2 Marks)
REASON : Nuclides having odd number of protons and
neutrons are generally unstable.
(a) Ifboth assertion and reason are correct, and reason is
the correct explanation of the assertion.
(b) Ifboth assertion and reason are correct, but reason is
not the correct explanation of the assertion.



(c) Ifassertion is correct but reason is incorrect.

(d) Ifassertion is incorrect but reason is correct.

This question contains STATEMENT-1 (Assertion) and

STATEMENT-2 (Reason) and has 4 choices (a), (b), (c) and

(d) out of which ONLY ONE is correct.

STATEMENT-1 : Band gap in germanium is small. because

STATEMENT-2 : The energy gap of each germanium atomic

energy level is infinitesimally small. (2007)

(a) Statement-1 is True, Statement-2 is True; Statement-2
is a correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-2
isnot a correct explanation for Statement- 1

(c) Statement-1is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True.

STATEMENT-1 : The plot of atomic number (y-axis) versus

number of neutrons (x-axis) for stable nuclei shows a

curvature towards x-axis from the line of 45° slope as the

atomic number is increased.

STATEMENT-2 : Proton-proton electrostatic repulsions

begin to overcome attractive forces involving protons and

neutrons in heavier nuclides. (2008)

(a) Statement-1 is True, Statement-2 is True; Statement-2
isacorrect explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2
isNOT a correct explanation for Statement-1

(c) Statement-1is True, Statement-2 is False
(d) Statement-1is False, Statement-2 is True

Section-B

In a hydrogen atom, ifenergy of an electron in ground state

is 13.6. ev, then that in the 2™ excited state is [2002]
(@ 15lev (b) 34eV
(c) 6.04eV (d) 13.6eV.

Uncertainty in position of a minute particle of mass 25 g in
space is 10> m. What is the uncertainty in its velocity

(inms™1)? (h=6.6 x 1034Js)  [2002]
(@ 2.1x103 (b) 05 x 1073
() 21x1028 (d) 05 x 10723
The number of d-electrons retained in Fe2* [2003]

(At. no. of Fe=26) ion is

(@ 4 b 5

(c) 6 @ 3

The orbital angular momentum for an electron revolving in

h
an orbit is given by /(/+1) >, - This momentum for an

s-electron will be given by [2003]
b h
(a) zero (b) o
© 2 ! Syl
2. 5
o 2 2w

1.

Topic-wise Solved Papers - CHEMISTRY

I Integer Value Correct Type

The work function (¢) of some metals is listed below. The
number of metals which will show photoelectric effect when
light of 300 nm wavelength falls on the metal is (2011)

Metal | Li [ Na [ K | Mg| Cu | Ag | Fe | Pt | W

oeV)|[ 2423 ]22[37]48[43]47]6.3

4.75

JEE Main / GIEEE

5.

6.

The maximum number of electrons that can have principal
. 1 .
quantum number, n =3, and spin quantum m, = -5 is

(2011)
The atomic masses of ‘He’ and ‘Ne’ are 4 and 20 a.m.u.,
respectively. The value of the de Broglie wavelength of ‘He’
gas at—73°C is “M” times that of the de Broglie wavelength
of ‘Ne’ at 727°C ‘M’ is (JEE Adv. 2013)
In an atom, the total number of electrons having quantum

1
numbersn=4, |m|=1andm = 3 is

(JEE Adv. 2014)
Not considering the electronic spin, the degeneracy of the
second excited state (n = 3) of H atom is 9, while the
degeneracy of the second excited state of H™ is

(JEE Adv. 2015)

Which one of the following groupings represents a
collection of isoelectronic species ?(At. nos. : Cs : 55,
Br:35) [2003]
(@ N3*,F Na* (b) Be,AI**,CI

(c) Ca%,Cs*Br (d) Na*, Ca?*,Mg?*

In Bohr series of lines of hydrogen spectrum, the third line
from the red end corresponds to which one of the following
inter-orbit jumps of the electron for Bohr orbits in an atom

of hydrogen [2003]
@ 5-2 b 41
© 2-5 d 352
The de Broglie wavelength of a tennis ball of mass 60 g

moving with a velocity of 10 metres per second is
approximately [2003]
(@ 1073! metres (b) 107" metres

(c) 1072 metres (d) 10733 metres

Planck’s constant, h =6.63 x 10~34Js

Which of the following sets of quantum numbers is correct
for an electron in 4f orbital ? [2004]
(@ n=4,(=3,m=+1,s=+%

() n=4(=4, m=—4,s=-"%

(¢) n=4,(=3,m=+4,s=+%

d) n=3,l=2,m=-2,s=+%
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9.

10.

11.

12.

13.

14.

15.

16.

o c-13

Consider the ground state of Cr atom (X =24). The number
of electrons with the azimuthal quantum numbers, {= 1 and

2 are, respectively [2004]
(@) l6and4 (b) 12and5
(¢) 12and4 (d) 16and5

The wavelength of the radiation emitted, when in a hydrogen
atom electron falls from infinity to stationary state 1, would

be (Rydberg constant =1.097x107 m™!) [2004]
(a) 406nm (b) 192nm
() 91nm ) 9.1x10%nm

Which one of the following sets of ions represents the
collection of isoelectronic species? [2004]
(@ K',ClI-,Mg?,Sc>*  (b) Na*,Ca?* Sc**, F-

() K*,Ca**, Sc3 Cl- (d) Na*,Mg?", Al** Cl-
(Atomicnos. : F=9,Cl=17,Na=11, Mg=12, Al =13,
K=19,Ca=20,Sc=21)

In a multi-electron atom, which of the following orbitals
described by the three quantum members will have the same
energy in the absence of magnetic and electric fields?

[2005]
®) n=2,/=0,m=0
©) n=3,/=2,m=1

(A) n=1,/=0,m=0
(C) n=2,/=1,m=1
E) n=3,/=2,m=0
(@ (D)and(E) (b) (C)and(D)

(¢) (B)and(C) (d) (A)and(B)

Of the following sets which one does NOT contain
isoelectronic species? [2005]

(@ BO3,COI",NO; (b) SO3~,C03",NOj3

(© CN7,N,,C3” d PO3", 5037, Clo;

According to Bohr's theory, the angular momentum of an

electron in 5% orbit is [2006]
@ 10h/x () 25h/n
© 25h/n @ 10h/x

Uncertainty in the position of an electron (mass = 9.1 x
10-3! kg) moving with a velocity 300 ms™!, accurate upto
0.001% will be [2006]

@ 192x102m
(¢) 192x102m

(b) 3.84x102m
(d) 576x102m

(h=6.63 x 10734 Js)
Which one of the following sets of ions represents a
collection of isoelectronic species? [2006]
(@ N3>,0* F,S* (b) Li*,Na*,Mg**, CaZ*
(¢ K* CI,Ca%t,Sc? (d) Ba?* Sr?* K*,Ca?*

17.

18.

19.

20.

21.

22.

23.

24.

Which of the following sets of quantum numbers represents
the highest energy of an atom? [2007]
(@ n=3,1=0,m=0,s=+1/2

(b)) n=3,1=1,m=1,s=+1/2

(¢) n=3,1=2,m=1,s=+1/2

(d n=4,1=0,m=0,s=+1/2.

Which one of the following constitutes a group of the
isoelectronic species? [2008]

@ C€3,0;,COLNO  (b) NO*,C},CN",N,

(©) CN7,N,,05,C5~ (d N,,0;,NO*,CO

The ionization enthalpy of hydrogen atom is 1.312 x 10°]
mol~!. The energy required to excite the electron in the atom
fromn=1ton=2is [2008]
(@ 851x10°Jmol™! (b) 6.56x10° Jmol!

(c) 7.56x10° Jmol™! (d) 9.84x10° Jmol!
Calculate the wavelength (in nanometer) associated with a
proton moving at 1.0 x 103 ms 1.

(Mass of proton = 1.67 x 1027 kgand h=6.63 x 10734 Js)
(a) 040nm (b) 2.5nm [2009]
(¢) 140nm (d) 0.32nm

In an atom, an electron is moving with a speed of 600 m/s
with an accuracy of 0.005%. Certainity with which the
position of the electron can be located is (h=6.6 x 10~34kg

m?s~!, mass of electron, e, =9.1 x 103! kg): [2009]
(@ 510x1073m (b) 1.92x103m
(c) 3.84x103m (d) 152x10%m

The energy required to break one mole of Cl1 — Cl bonds in
Cl,is242KkJ mol~!. The longest wavelength of light capable
of breaking a single C1—Cl bond is

(c=3x10® ms™'and N, =6.02 x 10?3 mol!). [2010]
(@ 59 nm (b) 640nm
(©) 700nm (d) 494nm
Tonisation energy of He" is 19.6 x 10~18 J atom™!. The energy
of the first stationary state (n = 1) of Li** is [2010]

(@) 441x10"%Jatom™! (b) 4.41x1077 Jatom™!
() 22 x10BJatom™! (d) 8.82x 10717 Jatom™!

A gas absorbs a photon of 355 nm and emits at two
wavelengths. If one of the emissions is at 680 nm, the other

isat: [2011]
(@) 1035nm (b) 325nm
() 743nm (d) 518nm



25.

26.

27.

The electrons identified by quantum numbers #n and ¢ :
A n=4,(=1 (B) n=4,L=0
() n=3,0=2 (D) n=3,L=1

can be placed in order of increasing energy as :
@ O<D)<B)<@)
© B<D)<D<(©)

[2012]
(b)) D)<B<O)<A)
@) @D<O=<B=<D)

(72)
Energy of an electron is given by E=—2.178 x 10_18]L—2J-
n

Wavelength of light required to excite an electron in an
hydrogen atom from leveln=1ton=2 will be :
(h=6.62x 10734 Jsandc=3.0 x 108 ms™!) [JEE M 2013]
(@ 1214x107"m (b) 2.816x10."m
(¢) 6.500x10"m (d) 8.500x107m
The correct set of four quantum numbers for the valence
electrons of rubidium atom (Z=37) is: [JEEM 2014]

28.

29.
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1 1

5,0,0,+= 51,0,+—~

@ : ®) :
5,11 +l d) 5,01 +l

(c) Ea g 2 ( ) >Vsds 2

Which of the following is the energy of a possible excited

state of hydrogen ? [JEE M 2015]
(@) —34eV (b) +6.8eV
(c) +13.6eV d -6.8eV

A stream of electrons from a heated filaments was passed
two charged plates kept at a potential difference Vesu. Ife
and m are charge and mass of an electron, respectively, then
the value of A/A (where A is wavelength associated with

electron wave) is given by: [JEE M 2016]
@  Jmev (®) 2mev
() meV (d) 2mevV
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Fill in the Blanks

The energy released when an electron is added to a neutral
gaseous atom iscalled........... ofthe atom. (1982 - 1 Mark)

On Mulliken scale, the average of ionization potential and
electron affinity isknownas................ . (1985 - I Mark)

True / False

In group IA, of alkali metals, the ionisation potential
decreases on moving down the group. Therefore, lithium is
a strongest reducing agent. (1987 - 1 Mark)

The decreasing order of electron affinity of F, Cl, Br is
F>Cl>Br. (1993 - 1 Mark)

The basic nature of the hydroxides of group 13 (Gr. 111 B)
decreases progressively down the group. (1993 - 1 Mark)

MCQs with One Correct Answer

The correct order of second ionisation potential of carbon,
nitrogen, oxygen and fluorine is (1981 - 1 Mark)

@ C>N>O>F (b) O>N>F>C
() O>F>N>C @ F>0>N>C

The element with the highest first ionization potential is
(1982 - 1 Mark)

(b) carbon
(d) oxygen
The first ionisation potential in electron volts of nitrogen

(a) boron

(c) nitrogen

and oxygen atoms are respectively given by
(1987 - 1 Mark)

@) 146,136 (b) 136,146
(© 136,136 ) 146,146

Atomic radii of fluorine and neon in Angstorm units are
(1987 - 1 Mark)

(b) 160,160

(d) None of these values

respectively given by
(@ 072,160
(¢) 072,072

5.

10.

11.

The electronegativity of the following elements increases

in the order (1987 - 1 Mark)
(@ C,N,Si,P (b) N,SiC,P
() SLPRCN (d BSLN,C

The first ionisation potential of Na, Mg, Al and Si are in the
(1988 - 1 Mark)

(@ Na<Mg>Al<Si (b) Na>Mg>Al>Si
(c) Na<Mg<Al<Si (d) Na>Mg>Al<Si

Which one of the following is the strongest base?

order

(@) AsH, (b) NH; (1989 - 1 Mark)
(c) PH,4 (d) SbH,

Which one of the following is the smallest in size?

(@ N* (b) O* (1989 - I Mark)
(c) F (d) Na*

Amongst the following elements (whose electronic
configurations are given below), the one having the highest
ionization energy is : (1990 - 1 Mark)
@ [Ne]3s3p! (b) [Ne]3s°3p°

(c) [Ne]3s?3p? (d) [Ne]3d'%4s%4p3

The statement that is not correct for the periodic
(1992 - 1 Mark)

(@) The properties of elements are the periodic functions

classification of element is

of their atomic numbers

(b) Non-metallic elements are lesser in number than metallic
elements

(c) The firstionisation energies of elements along a period
donot vary in a regular manner with increase in atomic
number

(d) For transition elements the d-subshells are filled with
electrons monotonically with increase in atomic

number.
Which has most stable +2 oxidation state : (1995S)
(@ Sn (b) Pb
(c) Fe d Ag

GP_3021



12.

13.

14.

15.

16.

Which ofthe following has the maximum number of unpaired

electrons? (1996 - 1 Mark)
@ Mg (b) Ti**

() V¥ (d) Fe**

The correct order of radii is (2000S)
(@ N<Be<B () F <0 <N*

(¢) Na<Li<K (d) Fe3* <Fe?* <Fett

The correct order of acidic strength is (2000S)

(@ C,0,>S0,>P,0,, (b) CO,>N,0;>S0,

(©) Na,0>MgO>ALO; (d) K,0>CaO>MgO
Amongst H,0, H,S, H,Se and H, Te, the one with the highest
boiling point is (2000S)
(@ H,0 because of hydrogen bonding

(b) H,Te because of higher molecular weight

(¢) H,S because of hydrogen bonding

(d) H,Se because of lower molecular weight

Identify the correct order of acidic strengths of CO,, CuO,
CaO,H,0 (2002S)

(@ Ca0<CuO<H,0<CO,(b) H,0<Cu0<Ca0<CO,
() CaO<H,0<Cu0<CO,(d) H,0<CO,<Ca0<CuO

D MCQs with One or More Than One Correct

The statements that are true for the long form of the periodic
table are : (1988 - 1 Mark)

(a) it reflects the sequence of filling the electrons in the
order of sub-energy level s, p, dand f.

(b) it helps to predict the stable valency states of the
elements

(c) itreflects trends in physical and chemical properties of
the elements

(d) it helps to predict the relative ionicity of the bond
between any two elements.

Sodium sulphate is soluble in water whereas barium sulphate
is sparingly soluble because : (1989 - 1 Mark)

(a) the hydration energy of sodium sulphate is more than
its lattice energy

(b) the lattice energy of barium sulphate is more than its
hydration energy

(c) the lattice energy has no role to play in solubility

(d) the hydration energy of sodium sulphate is less than
its lattice energy.

Topic-wise Solved Papers - CHEMISTRY

Ionic radii of (1999 - 3 Marks)
(@ Ti*<Mn™ (b) Bcr<¥cr
(¢ K'>CI (d) P¥*>p*

E Subjective Problems

Arrange the following in :
(i) Decreasing ionic size : Mg?*, 0%~ Na* F-
(1985 - 1 Mark)
(#) Increasing acidic property : ZnO, Na,0,, P,0,, MgO
(1985 - 1 Mark)
(iii) Increasing first ionization potential : Mg, Al, Si, Na
(1985 - 1 Mark)
(i) Increasingsize: Cl-,S%-,Ca?*,Ar (1986 - 1 Mark)
(v) Increasing order of ionic size : N3-, Na*, F-, 0>, MgZ*
(1991 - 1 Mark)
(vi) Increasing order of basic character : MgO, SrO, K, 0,
NiO, Cs,0 (1991 - 1 Mark)
(vii) Arrange the following ions in order of their increasing
radii : Lit, Mg?*, K*, AI3*,
The first ionization energy of carbon atom is greater than
that of boron atom whereas, the reverse is true for the second
ionization energy. (1989 - 2 Marks)

H Assertion & Reason Type Questions

Read the following statement and explanation and answer
as per the options given below :

ASSERTION : The first ionization energy of Be is greater
than that of B. (2000S)

REASON : 2p orbital is lower in energy than 2s

(a) Ifboth assertion and reason are CORRECT, and reason
isthe CORRECT explanation of the assertion.

(b) Ifboth assertion and reason are CORRECT, but reason
isNOT the CORRECT explanation of the assertion.

(c) Ifassertion is CORRECT, but reason is INCORRECT.
(d) Ifassertion is INCORRECT, but reason is CORRECT.

I Integer Value Correct Type

Among the following, the number of elements showing only
one non-zero oxidation state is :

O,CLFE,N,P,Sn, Tl, Na, Ti (2010)
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il Section-B

1. According to the Periodic Law of elements, the variationin 8.  Following statements regarding the periodic trends of

properties of elements is related to their [2003] chemical reactivity of the alkali metals and the halogens are
(a) nuclear masses given. Which of these statements gives the correct picture?
(b) atomic numbers (@) Chemical reactivity increases with increase in atomic
(¢) nuclear neutron-proton number ratios number down the group in both the alkali metals and
(d) atomicmasses o halogens [2006]

2. Which one ofthe following is an amphoteric oxide ? (b) In alkali metals the reactivity increases but in the
(@ NaO (b) SO, [2003] . o . .

halogens it decreases with increase in atomic number

(© B0 (d)ZnO d the or

3. Which one of the following ions has the highest value of own the g 9“p . .
jonic radius ? [2004] (¢) The reactivity decreases in the alkali metals but
(@) O* (b) B3 increases in the halogens with increase in atomic
(c) Lit d F number down the group

4.  Among Al,O,, SiO,, P,0; and SO, the correct order ofacid (d) Inboth the alkali metals and the halogens the chemical
strength is [2004] reactivity decreases with increase in atomic number
(@ Al0;<8i0,<80,<P,0, down the group

(b) Si0,<S0,<ALO,< P,0,
(© SO,< P,0,<Si0,<ALO,
(d) ALO,<Si0,< P,0,<S0,

9.  Inwhich of the following arrangements, the sequence is not
strictly according to the property written against it? [2008]
(a) HF<HCI<HBr,HI: increasingacid strength

. .. 2- .
5. The formation of the oxide ion Ofg requires first an (b) NH, < PH, < AsH, <SbHj : increasing basic strength
exothermic and then an endothermic step as shown below (c) B<C<O<N:increasing first ionization enthalpy
O(g) te = O(—g) AH®= —142 kJmol™! [2004] (d) CO,<Si0, <SnO, <PbO, : increasing oxidising power
10. The correct sequence which shows decreasing order of the
O (g)+e = o(zg—) AH°= 844 kJmol ! ionic radii of the elements is [2010]
This is because @@ AP*>Mg? >Nat >F >0%
(a) O ion will tend to resist the addition of another
electron (b) Nat>Mg* >A* >0 >F
(b) Oxygen has high electron affinity
(c) Oxygen is more elecronegative (¢ Na*>F >Mg* >0" >A*
(d) O ion has comparatively larger size than oxygen atom
6.  Which of the following oxides is amphoteric in character? (d 0¥ >F >Na* > Mg2+ > A
i 2 . .
(@ SnO, ®) 8i0, [2005] 11.  Which one of the following orders presents the correct
(© cCo, (d CaO sequence of the increasing basic nature of the given oxides?
7. In which of the following arrangements, the order is NOT [2011]
according to the property indicated against it? @ Al,0;<MgO<Na,0<K,0
(@ Li<Na<K<Rb: [2005]

Increasing metallic radius (b) MgO<K,0<ALO;<Na,0

(b) I<Br<F<Cl: (©) N2,0<K,0<Mg0O<AL0,
Increasing electron gain enthalpy (d) K,0<Na,0<Al,0;<Mg0
(with negative sign) 12. The increasing order of the ionic radii of the given
(€ B<C<N<O isoelectronic species is : [2012]
Increasing first ionization enthalpy P '
3 - . (@ CI,Ca%*, K*, S (b) S$*,Cl,Ca?" K*
d _
@ A" <Mg™ <Na” <F (© Ca?*,K'CLS*  (d) K',S* Ca®, Cr

Increasing ionic size
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13. Which of the following represents the correct order of (@A —-2.55eV (b) -51eV
increasing first ionization enthalpy for Ca, Ba, S, Se and Ar ? (c) —-102eV (d) +255eV
[JEEM2013]  15. The ionic radii (in A) of N3, 02~ and F~ are respectively :
(@) Ca<S<Ba<Se<Ar (b) S<Se<Ca<Ba<Ar [JEE M 2015]
(¢) Ba<Ca<Se<S<Ar (d) Ca<Ba<S<Se<Ar (@ 1.71,1.40and 1.36 (b) 1.71,1.36and 1.40
14. The first ionisation potential of Na is 5.1 eV. The value of (c) 1.36,1.40and 1.71 (d) 136,1.71and 1.40

electron gain enthalpy of Na* will be : [JEEM2013]



1.

CHAPTER

The angle between two covalent bonds is maximum in
................. .(CH,, H,0,CO0,) (1981 - 1 Mark)

Pair of molecules which forms strongest intermolecular
hydrogenbondis ................. )
(SiH, and SiF,, CH;— ﬁ—CH3 and CHCl,, H— |(|2 —OH
0] O
and CH;—C —OH)
y) (1981 - 1 Mark)
Thereare ............. 7 bonds in a nitrogen molecule.
(1982 - 1 Mark)
............. hybrid orbitals of nitrogen atom are involved in the
formation of ammonium ion. (1982 - 1 Mark)
The shape of [CH;]"is ............... . (1990 - 1 Mark)
The two types of bonds present in B,Hg are covalent and
........ (1994 - 1 Mark)

When N, goesto N % ,the N-N bond distance ..., and when

0, goes to O3 the O-O bond distance....
(1996 - 1 Mark)

B True/ False

Linear overlap of two atomic p-orbitals leads to a sigma
bond. (1983 - 1 Mark)
All molecules with polar bonds have dipole moment.

(1985 - ¥ Mark)
SnCl, is a non-linear molecule. (1985 - /; Mark)
In benzene, carbon uses all the three p-orbitals for
hybridisation. (1987 - 1 Mark)
sp? hybrid orbitals have equal s and p character.

(1987 - 1 Mark)
The presence of polar bonds in a poly-atomic molecule
suggests that the molecule has non-zero dipole moment.

(1990 - 1 Mark)

The dipole moment of CH;,F is greater than that of CH;CL.
(1993 - 1 Mark)

C MCQs with One Correct Answer

The compound which contains both ionic and covalent
bonds is (1979)

3.

10.

11.

12.

13.

Chemical Bonding
and Molecular Structure

I STl oL .Y JEE @dvanced/ IT-)EE
A 2.

(@ CH, (b) H, (c) KCN (d) K
The octet rule is not valid for the molecule (1979)
@ CO, (b HO (9 O, (d CO

Element X is strongly electropositive and element Y is
strongly electronegative. Both are univalent. The compound

formed would be (1980)
@ XY~ (b)) XXt (¢) XY d X->Y
Which of the following compounds are covalent? (71980)
(@ H, (b) Ca0  (¢) KCl (d) Na,S

The total number of electrons that take part in forming the
bond in N, is (1980)
(@ 2 (b) 4 (c) 6 (d) 10

Which of the following is soluble in water (1980)
(@ CS, (b) C,H,OH

(© Cd, (d) CHC,

If a molecule MX; has zero dipole moment, the sigma

bonding orbitals used by M (atomic number < 21) are
(1981 - 1 Mark)

(b) sp hybrid

(d) sp? hybrid

(1982 - 1 Mark)

(a) purep
(c) sp?hybrid
The ion that is isoelectronic with CO is

(@ CN (®) 0,4 (c) O (d) N,*
Among the following, the molecule that is linear is

(@ CO, (b) NO, (1982-1 Mark)
© SO, (d) Co,

The compound with no dipole moment is (1982 - 1 Mark)
(a) methyl chloride (b) carbon tetrachloride

(c) methylene chloride (d) chloroform

Carbon tetrachloride has no net dipole moment because of
(a) itsplanar structure (1983 - 1 Mark)
(b) itsregular tetrahedral structure

(c) similar sizes of carbon and chlorine

(d) similar electron affinities of carbon and chlorine
Which one among the following does not have the hydro-

gen bond? (1983 - 1 Mark)
(a) phenol (b) liquid NH,4
(c) water (d) liquid HCI

The types of bonds present in CuSO,.5H,O are only

(a) electrovalent and covalent (1983 - 1 Mark)
(b) electrovalent and coordinate covalent

(c) electrovalent, covalent and coordinate covalent

(d) covalent and coordinate covalent

GP_3021



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
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On hybridization of one s and one p orbitals we get :
(a) twomutually perpendicular orbitals (1984 - 1 Mark)
(b) twoorbitals at 180°
(c) four orbitals directed tetrahedrally
(d) three orbitals in a plane
The molecule having one unpaired electron is :

(1985 - 1 Mark)
(@ NO (b) CO (c) CN- d) O,
The bond between two identical non-metal atoms has a pair
of electrons : (1986 - 1 Mark)
(a) unequally shared between the two
(b) transferred fully from one atom to another
(c) withidentical spins
(d) equally shared between them

The hydrogen bond is strongest in : (1986 - 1 Mark)

The hybridisation of sulphur in sulphur dioxide is :

(1986 - 1 Mark)
(@ sp () sp*  (© sp? (d) dsp?
Hydrogen bonding is maximum in (1987 - 1 Mark)
(a) Ethanol (b) Diethyl ether
(c) Ethylchloride (d) Triethylamine
The species in which the central atom uses sp? hybrid
orbitals in its bonding is (1988 - 1 Mark)

(® PH;  (b) NH; () CHj (d) SbH,

The molecule that has linear structure is (1988 - 1 Mark)
(@ CO, (b) NO, (¢) SO, (d) SiO,

The molecule which has zero dipole moment is :

(@ CH(C, (b) BF, (1989 - 1 Mark)
() NF,; (d) Clo,

The molecule which has pyramidal shape is :

(@) PCy, (b) SO, (1989 - 1 Mark)
(© €03 (d) NO3

The compound in which 6 uses its sp> hybrid orbitals for
bond formation is : (1989 - 1 Mark)

@ HCOOH (b) (H,N),CO

(©) (CH,),COH (d) CH,CHO

Which of the following is paramagnetic? (1989 - 1 Mark)
@ O, (b) CN-  (¢c) QO (d) NO*

The type of hybrid orbitals used by the chlorine atom in

Clo, is (1992 - 1 Mark)
@ sp? (b) sp?
(¢) sp (d) none of these

The maximum possible number of hydrogen bonds a water
molecule can form is (1992 - 1 Mark)
(@ 2 (b) 4 (© 3 d 1
The cyanide ion, CN™ and N, are isoelectronic. But in
contrast to CN, N, is chemically inert, because of

(1992 - 1 Mark)
(a) low bond energy
(b) absence of bond polarity

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

(c) unsymmetrical electron distribution
(d) presence of more number of electrons in bonding
orbitals
Pick out the isoelectronic structures from the following;
(1993 - 1 Mark)

I CH3 I. H,0

. NH, IV CHj

(@ IandIl (b) IllandIV

(¢) TandIII (d) I,llandIV

Which one is most ionic : (1995S)
(@ PO (b) GO; (¢c) MnO (d) Mn,0O,
Number of paired electrons in O, molecule is : (1995S)
@ 7 (b) 8 (c) 16 d) 14

Among the following species, identify the isostructural pairs.

NF,, NO; , BF,, H30+, HN, (1996 - 1 Mark)

(@ [NF3,NOj3Jand[BFs, H;0"]
(b) [NFy,HN;]and[NO3,BF;]
(c) [NF3,H,0*]and[NOj,BF;]

(d) [NF;,H;0+]and[HN,,BF;]

The number and type of bonds between two carbon atoms
inCaC, are: (1996 - 1 Mark)
(a) one sigma (o) and one pi (1) bonds

(b) one sigma (o) and two pi (1) bonds

(c) onesigma (o) and one and a halfpi (7) bonds

(d) one sigma (o) bond.

Which contains both polar and non-polar bonds?

(@ NH,Cl (b) HCN (1997 - 1 Mark)
(© HO, (d) CH,

The critical temperature of water is higher than that of O,
because the H,O molecule has (1997 - 1 Mark)
(@) fewer electrons than O,

(b) two covalent bonds

(¢) V-shape (d) dipole moment.

Which one of the following compounds has sp?
hydridization? (1997 - 1 Mark)
(@ ©O, (® SO, (© NO (d) CO

The geometry and the type of hybrid orbital present about
the central atom in BF is (1998 - 2 Marks)

(@) linear, sp (b) trigonal planar, sp?
(c) tetrahedral, sp? (d) pyramidal, sp>.
The correct order of increasing C — O bond length of CO,

C0%,CO,,is (1999 - 2 Marks)

(a) CO3” <C0,<CO  (b)CO,< CO; <CO

(©CO<CO; <CO,  (d)CO<CO,< CO3
The geometry of H,S and its dipole moment are
(1999 - 2 Marks)

(a) angular and non-zero (b) angular and zero
(¢) linearand non-zero (d) linear and zero



Chemical Bonding and Molecular Structure

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

o c-21

Molecular shapes of SF,, CF, and XeF,, are (2000S)

(a) the same, with 2, 0 and 1 lone pairs of electrons
respectively

(b) the same, with 1, 1 and 1 lone pairs of electrons
respectively

(c) different, with 0, 1 and 2 lone pairs of electrons
respectively

(d) different, with 1, 0 and 2 lone pairs of electrons
respectively

The hybridisation of atomic orbitals of nitrogen in NO3,

NOj3 and NHj are (2000S)

(@) sp, sp® and sp? respectively

(b) sp, sp? and sp? respectively

(c) sp?, sp and sp? respectively

(d) sp?, sp> and sp respectively

The common features among the species CN~, CO and NO*

are (2001S)

(a) bond order three and isoelectronic

(b) bond order three and weak field ligands

(c) bond order two and n—acceptors

(d) isoelectronic and weak field ligands

The correct order of hybridization of the central atom in the

following species NH;, [PtCL 1>, PCl; and BClyis (2001S)

(a) dsp?, dsp3, sp? and sp> (b) sp, dsp?, dsp3, sp?

(c) dsp?, sp?, sp3, dsp>  (d) dsp?, sp?, sp?, dsp?

Specify the coordination geometry around and hybridisation

ofNand Batomsinal : 1 complex of BF; and NH,

(@) N:tetrahedral, sp; B: tetrahedral, sp?(2002S)

(b) N: pyramidal, sp; B: pyramidal, sp?

(c) N:pyramidal, sp3; B : planar, sp?

(d) N:pyramidal, sp; B : tetrahedral, sp3

Identify the least stable ion amongst the following :
(2002S)

(a) Li (b) Be~ (c) B d C

Which of the following molecular species has unpaired

electron(s) ? (2002S)

@ N, (b) F, © 0; (d o7
Which of the following are isoelectronic and isostructural?
NO,~,C0,%,ClO;~, SO, (2003S)
(@ NO;~,CO- (b) SO;,NO;~

(¢) ClO;,COz* (d) CO,4%, S0,

According to molecular orbital theory which of the following
statement about the magnetic character and bond order is

correctregarding Q% (2004S)

(a) Paramagnetic and Bond order <O,

(b) Paramagnetic and Bond order > O,

(c) Diamagnetic and Bond order <O,

(d) Diamagnetic and Bond order > O,

Which species has the maximum number of lone pair of

electrons on the central atom? (2005S)

(@ [CIO5] (b) XeF, (c) SE, (d) I

Among the following, the paramagnetic compound is
(2007)

(@ Na,0, (d) KO,

(b) O (© N,O

51.

52.

53.

54.

55.

56.

The species having bond order different from that in CO is
(2007)

(@ NO- (b) NO* (c) CN- (d) N,

Assuming that Hund’s rule is violated, the bond order and

magnetic nature of the diatomic molecule B, is (2010)

(a) 1anddiamagnetic (b) 0and dimagnetic

(¢) 1and paramagnetic (d) 0and paramagnetic

The species having pyramidal shape is : (2010)

(@) SO, (b) BiF; (o) SiO5” (d) OSF,

Geometrical shapes of the complexes formed by the reaction

of Ni?* with CI~, CN~and H, O, respectively, are  (2011)

(a) octahedral, tetrahedral and square planar

(b) tetrahedral, square planar and octahedral

(c) square planar, tetrahedral and octahedral

(d) octahedral, square planar and octahedral

Assuming 2s-2p mixing is NOT operative, the paramagnetic

species among the following is (JEE Adv. 2014)

(@ Be, (b) B, © C, (d) N,

The geometries of the ammonia complexes of Ni%*, Pt?*

and Zn?" respectively, are (JEE Ady. 2016)

(a) octahedral, square planar and tetrahedral

(b) square planar, octahedral and tetrahedral

(c) tetrahedral, square planar and octahedral

(d) octahedral, tetrahedral and square planar

D MCQs with One or More Than One Correct

CO, is isostructural with : (1986 - 1 Mark)
(@ HgCl, (b) SnCl, (c) C,H, (d) NO,
The linear structure is assumed by : (1991 - 1 Mark)
(@ SnCl, (b) NCO~ (c) CS, ) NO%L

Which of the following have identical bond order?

(1992 - 1 Mark)
@ CN (b)) O; (¢9) NO* (d) CN*
The molecules that will have dipole moment are

(1992 - 1 Mark)
(@) 2,2-dimethylpropane (b) trans-2-pentene
(c) cis-3-hexene (d) 22,3 3-tetramethylbutane
The compound(s) with TWO lone pairs of electrons on the
central atom is(are) (JEE Adv. 2016)
(@) BrF, (b) CIF,  (c) XeF, (d) SF,
According to Molecular Orbital Theory, (JEE Ady. 2016)

(@ €3 isexpected to be diamagnetic
(b) 0%* is expected to have a longer bond length than O,
(©) N} and N, have the same bond order

(d) Hej has the same energy as two isolated He atoms

E Subjective Problems

1.
2.

Water is liquid while H, S is a gas at room temperature. (1978)
Write the Lewis dot structural formula for each of the
following. Give, also, the formula of a neutral molecule, which
has the same geometry and the same arrangement of the
bonding electrons as in each of the following. An example is
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10.
11.

12.

F
L

given below in the case of H;0" :

H + H
H:O:H H:N:H
Lewis dot Neutral

structure molecule

i) O %‘ ; (i) CO %’ ; (ii)) CN~; (iv) NCS~
(1983 - 1 x 4=4 Marks)
How many sigma bonds and how many pi-bonds are present
in a benzene molecule? (1985 - 1 Mark)
Write the Lewis dot structure of the following :
0;,C0Cl,
(1986 - 1 Mark)
Arrange the following :
(® N,,O,,F,,Cl, inincreasing order of bond dissociation
energy. (1988 - 1 Mark)
(i) Increasing strength of hydrogen bonding (X-H-X) :
(1991 - 1 Mark)
O,S,F,CLLN
(iii) Inthe decreasing order ofthe O— O bond length present
inthem (2004 - 4 Marks)
0,,KO0, and O, [AsF,]
The dipole moment of KCl is 3.336 x 10-2° Coulomb meters
which indicates that it is a highly polar molecule. The
interatomic distance between K* and CI- in this molecule is
2.6 x10-19m. Calculate the dipole moment of KCl molecule if
there were opposite charges of one fundamental unit located
at each nucleus. Calculate the percentage ionic character of
KCL (1993 - 2 Marks)
Using the VSEPR theory, identify the type of hybridization
and draw the structure of OF,,. What are the oxidation states
of Oand F ? (1994 - 3 Marks)
A compound of vanadium has a magnetic moment of 1.73
BM. Work out the electronic configuration of the vanadium
ion in the compound. (1997 - 2 Marks)
Interpret the non-linear shape of H,S molecule and non-
planar shape of PCl; using valence shell electron pair
repulsion (VSEPR) theory. (Atomic numbers : H=1, P=15,
S=16,Cl=17) (1998 - 4 Marks)
Write the M.O. electron distribution of O,. Specify its bond
order and magnetic property. (2000 - 3 Marks)
Using VSEPR theory, draw the shape of PCl and BrFg.
(2003 - 2 Marks)
Draw the structure of XeF, and OSF, according to VSEPR
theory, clearly indicating the state of hybridisation of the
central atom and lone pair of electrons (if any) on the central
atom. (2004 - 2 Marks)

Match the Following

Match the orbital overlap figures shown in List-I with the
description given in List-II and select the correct answer
using the code given below the lists. (JEE Adv. 2014)

Topic-wise Solved Papers - CHEMISTRY

List-1 List-11

p— dmantibonding

d—d o bonding

0Q
%

p—dmbonding

oo
oF

S. 4. d-d o antibonding
Code:
P Q R S
@ 2 1 3 4
b) 4 3 1 2
© 2 3 1 4
d 4 1 3 2

Assertion & Reason Type Questions

Read the following Assertion and Reason and answer as
per the options given below : (1998 - 2 Marks)
@

O
Assertion : The electronic structure of O; is / \ .
0. O o

8
Reason : d / \\\\ . structure is not allowed because octet

around O cannot be expanded.

(@) Ifboth assertion and reason are correct, and reason is
the correct explanation of the assertion.

(b) Ifboth assertion and reason are correct, but reason is
not the correct explanation of the assertion.

(c) Ifassertion is correct but reason is incorrect.

(d) Ifassertion is incorrect but reason is correct.

Read the following Assertion and Reason and answer as

per the options given below : (1998 - 2 Marks)

Assertion : LiCl is predominantly a covalent compound.

Reason : Electronegativity difference between Li and Cl is

too small.

(@) Ifboth assertion and reason are correct, and reason is
the correct explanation of the assertion.

(b) Ifboth assertion and reason are correct, but reason is
not the correct explanation of the assertion.

(c) Ifassertion is correct but reason is incorrect.

(d) Ifassertion is incorrect but reason is correct.

| Integer Value Correct Type

Based on VSEPR theory, the number of 90 degree F—Br—F

angles in BrF is (2010)

The total number of lone-pairs of electrons in melamine is
(JEE Adv. 2013)
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A list of species having the formula XZ, is given below.

XeF,, SF,, SiF,, BF,~, BrF,~, [Cu(NH,),]**, [FeCl,]*",

[CoCl,]?> and [PtCl,]*~.

Defining shape on the basis of the location of X and Z atoms,

the total number of species having a square planar shape is
(JEE Adv. 2014)

ST-la/ 0 - B JEE Main / GIEEE

In which of the following species the interatomic bond angle
is 109° 28’7 [2002]
(@ NH;, (E"F4)_1 (b) (NH,)",BF,

(c) NH,;,BF, (d) (NH,)™!,BF,.

Which of the following are arranged in an increasing order
of their bond strengths? [2002]
(@ 0, <0,<0,"<0,> (b) 0,2 <0,7<0,<0,"

(¢) 0, <0,7<0,<0," (d) 0,"'<0,<0,7<0,*
Hybridisation of the underline atom changesin:  [2002]
(a) AlHj changes to AIHj

(b) H,O changes to H;0*

(¢) NHj changesto NHj

(d) inall cases

An ether is more volatile than an alcohol having the same
molecular formula. This is due to [2003]
(a) alcohols having resonance structures

(b) inter-molecular hydrogen bonding in ethers

(c) inter-molecular hydrogen bonding in alcohols

(d) dipolar character of ethers

Which one of the following pairs of molecules will have
permanent dipole moments for both members ? [2003]
(@ NO,andCO, (b) NO, and O,

(¢) SiF,and CO, (d) SiF,andNO,

Which one of the following compounds has the smallest
bond angle in its molecule ? [2003]
(@ OH, (b) SH, (c) NH, (d) SO,

The pair of species having identical shapes for molecules of

both species is [2003]
(@ XeF,,CO, (b) BF;,PCl,
(c) PFg,IF (d) CF,,SF,

The correct order of bond angles (smallest first) in H,S,

NH,, BF; and SiH, is [2004]

(@) H,S<NH,<SiH,<BF; (b) NH;<H,S<SiH, <BF,

(©) H,S<SiH,<NH;<BF;(d) H,S<NH,<BF,;<SiH,

The bond order inNO is 2.5 while that in NO* is 3. Which of

the following statements is true for these two species ?
[2004]

(a) Bond length in NO™ is equal to that in NO

(b) Bondlength in NO is greater than in NO*

(c) Bondlength in NO* is greater than in NO

(d) Bond length is unpredictable

The states of hybridization of boron and oxygen atoms in

boric acid (H;BO,) are respectively [2004]

4.

11.

12.

13.

14.

15.

16.

17.

18.

Among the triatomic molecules/ions, BeCl,, N3, N,O,

NOj , 03, SCl,, ICl;, I and XeF,, the total number of

linear molecule(s)/ion(s) where the hybridization of the
central atom does not have contribution from the d-orbital(s)
is
[Atomic number : S=16,Cl=17,1=53 and Xe = 54]

(JEE Adv. 2015)

(@) sp? and sp? (b) sp? and sp3
(c) sp? and sp? (d) sp? and sp?
Which one of the following has the regular tetrahedral

structure ? [2004]
@ BF; (b) SE,
(c) XeF, (d) [Ni(CN)41*

(Atomicnos. : B=5,S =16,Ni=28, Xe=54)

The maximum number of 90° angles between bond pair-bond
pair of electrons is observed in [2004]
(@) dsp? hybridization

(b) sp*d hybridization

(c) dsp? hybridization

(d) sp3d? hybridization

Lattice energy of an ionic compound depends upon
(a) Charge on the ion and size of the ion

(b) Packing of ions only

(c) Size ofthe ion only

(d) Charge on the ion only

Which of the following molecules/ions does not contain

[2005]

unpaired electrons? [2006]
@ N; (b O, € 0¥ (@@ B,

In which of the following molecules/ions are all the bonds
not equal? [2006]
(@) XeF, (b) BF,~

(c) SF, (d) SiF,

The decreasing values of bond angles from NH; (106°) to
SbH; (101°) down group-15 of the periodic table is due to

[2006]
(a) decreasing Ip-bp repulsion
(b) decreasing electronegativity
(c) increasing bp-bp repulsion
(d) increasing p-orbital character in sp3
Which of the following species exhibits the diamagnetic

behaviour ? [2007]
(@ NO (b) 0,
(© O, d 0,

The charge/size ratio of a cation determines its polarizing
power. Which one of the following sequences represents
the increasing order of the polarizing power of the cationic
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species, K, Ca?t, Mg?*, Be**?
(@) Ca**<Mg?*<Be*<K"
(b) Mg2+ <Be2t<K*t< Ca2+
(©) Be2t <K+t <Ca2t < Mg2+
(d) K*<Ca**<Mg?" <Be?".
In which of the following ionization processes, the bond
order has increased and the magnetic behaviour has

[2007]

changed? [2007]

@ Ny —>Ny* b C; -G

(9 NO - NO* (d 0, ->0,".

Which of the following hydrogen bonds is the strongest?
[2007]

(@ O-H---F (b) O-H---H

(¢) F—-H---F (d) O-H---0.

Which one of the following pairs of species have the same
bond order? [2008]

(@ CN-andNO* (b) CN-andCN*

() 0O; andCN- (d) NO*and CN*

The bond dissociation energy of B—F in BF; is 646 kI mol™!

whereas that of C—F in CF, is 515 kJ mol~!. The correct

reason for higher B—F bond dissociation energy as compared

tothat of C—F is [2008]

(@) stronger ¢ bond between B and F in BF; as compared
to that between C and F in CF,,.

(b) significant pr—pr interaction between B and F in BF,4
whereas there is no possibility of such interaction
between C and F in CF,.

(c) lower degree of pm—pm interaction between B and F in
BF; than that between C and F in CF,,.

(d) smaller size of B—atom as compared to that of C—atom.

Using MO theory, predict which of the following species

has the shortest bond length? [2008]

@ 0; ®O0; © 03 (@ 0
Among the following the maximum covalent character is

shown by the compound [2011]
(@ FeCl, (b) SnCl, (c) AlCl, (d) MgCl,
The hybridization of orbitals of N atom in NOj3 , NO," and
NH,* are respectively : [2011]
@ sp, sp?, sp? (b) sp%, sp, sp’

(© sp, sp?, sp? (d) sp% sp?, sp

The structure of IF is [2011]

(@) square pyramidal (b) trigonal bipyramidal

(c) octahedral (d) pentagonal bipyramidal

Ortho-Nitrophenol is less soluble in water than p- and m-

Nitrophenols because : [2012]

(a) o-Nitrophenol is more volatile steam than those of m-
and p-isomers.

28.

29.

30.

31.

32.

33.

34.

(b) o-Nitrophenol shows intramolecular H-bonding

(c) o-Nitrophenol shows intermolecular H-bonding

(d) Melting point of o-Nitrophenol is lower than those of
m- and p-isomers.

In which of the following pairs the two species are not

isostructural ? [2012]

@@ CO3 and NO;3 (b) PCI} and SiCl,

(c) PF5and BrFs (d) AIF;™ and SF¢
Which one of the following molecules is expected to exhibit

diamagnetic behaviour ? [JEEM2013]
@ C, (b) N,
© O, @ S,
Which of the following is the wrong statement ?
[JEE M 2013]

(a) ONCI and ONO™ are not isoelectronic.

(b) O5 molecule is bent

(c) Ozone is violet-black in solid state

(d) Ozone is diamagnetic gas.

In which of the following pairs of molecules/ions, both the
species are not likely to exist ? [JEE M 2013]

@ Hj He3" (b) Hj, Hel

() H3*.He, (d) Hy,Hes"

Stability of the species Li,, Li; and LiJ increases in the

order of : [JEE M 2013]

(@ Li, <Lij <Lij; (b) Li; <Liy <Li,

(©) Liy<Li; <Lij (d) Li; <Li, <Lij}

For which of the following molecule significant p # 0?
[JEE M 2014]

Cl CN
® (i)

Cl CN

OH SH
(iii) © (v) <j
OH SH

(@ Only(i) (b) (i)and (ii)
(c) Only(iii) (d) (i)and(iv)
The species in which the N atom is in a state of sp

hybridization is : [JEEM 2016]
(@ NO; (b) NO,
() NOj (d) NO,
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Fill in the Blanks

The total energy of one mole of an ideal monatomic gas at
27°CiS .. calories. (1984 - 1 Mark)
C,—C, foranideal gasis ............... : (1984 - 1 Mark)
The rate of diffusion of gasis............... proportional to both
............... and square root of molecular mass.

(1986 - 1 Mark)
The value of PV for 5.6 litres ofan ideal gasis.............. RT,
atN. TP, (1987 - 1 Mark)
Eight gram each of oxygen and hydrogen at 27°C will have
the total kinetic energy in theratioof ............... .

(1989 - 1 Mark)

True / False

Kinetic energy of a molecule iszero at 0°C. (1985 - %: Mark)
A gas in a closed container will exert much higher pressure
due to gravity at the bottom than at the top.
(1985 - /> Mark)
. ([ nla)
In the van der Waal’s equation kP + 7) (V —nb)=nRT

the constant ‘a’ reflects the actual volume of the gas
molecules. (1993 - 1 Mark)
A mixture of ideal gases is cooled upto liquid helium
temperature (4.22 K) to form an ideal solution.

(1996 - 1 Mark)

MCQs with One Correct Answer

Equal weights of methane and oxygen are mixed in an empty
container at 25°C. The fraction of the total pressure exerted

by oxygen is (1981 - 1 Mark)
1 oL

@ 3 (b) >
2 o 128

© 3 @ 377508

The temperature at which a real gas obeys the ideal gas
laws over a wide range of pressure is (1981 - 1 Mark)

JEE Advanced/ IIT-JEE

(a) Critical temperature (b) Boyle temperature
(c) Inversiontemperature (d) Reduced temperature
The ratio of root mean square velocity to average velocity
of a gas molecule at a particular temperature is
(1981 - 1 Mark)
(@ 1.086:1 (b) 1:1.086
(c) 2:1.086 (d) 1.086:2
Helium atom is two times heavier than a hydrogen molecule.
At 298 K, the average kinetic energy of a helium atom is
(1982 - 1 Mark)
(a) two times that of a hydrogen molecule.
(b) same as that of a hydrogen molecule.
(c) four times that of a hydrogen molecule.
(d) halfthat of a hydrogen molecule.
Equal weights of methane and hydrogen are mixed in an
empty container at 25°C. The fraction of the total pressure
exerted by hydrogen is : (1984 - 1 Mark)

! b 8
@ ® 5

! o 16
© 3 @ 15
Rate of diffusion of a gas is : (1985 - 1 Mark)

(a) directly proportional to its density.

(b) directly proportional to its molecular weight.

(c) directly proportional to the square root of its molecular
weight.

CY

inversely proportional to the square root of its
molecular weight.

The average velocity of an ideal gas molecule at 27°C is 0.3
m/sec. The average velocity at 927°C will be: (1986 - I Mark)

(@ 0.6m/sec (b) 0.3m/sec
(¢) 0.9m/sec (d) 3.0m/sec

In van der Waals equation of state for a non-ideal gas, the
term that accounts for intermolecular forces is
(1988 - 1 Mark)

@ (V-b)

© (P + ;—2]

(b) RT

@ RD!

GP_3021
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A bottle of dry ammonia and a bottle of dry hydrogen
chloride connected through a long tube are opened
simultaneously at both ends the white ammonium chloride
ring first formed will be (1988 - 1 Mark)

(a) at the centre of the tube.
(b) near the hydrogen chloride bottle.
(c) near the ammonia bottle.
(d) throughout the length of the tube.

The values of van der Waals constant ‘a’ for the gases O,,
N,, NH; and CH, are 1.360, 1.390, 4.170 and 2.253 L% atm
mol 2 respectively. The gas which can most easily be liquified

is: (1989 - 1 Mark)
@ O, (b N,

(c) NH; (d) CH,

The density of neon will be highestat (1990 - 1 Mark)

(@ STP (b) 0°C,2atm
(¢) 273°C,1atm. (d) 273°C,2atm.
The rate of diffusion of methane at a given temperature is

twice that of a gas X. The molecular weight of X is
(1990 - 1 Mark)
(@ &40 (b) 320
(c) 40 d 80
According to kinetic theory of gases, for a diatomic molecule
(1991 - 1 Mark)
(a) thepressure exerted by the gas is proportional to mean
velocity of the molecule

(b) the pressure exerted by the gas is proportional to the
root mean velocity of the molecule

(c) the root mean square velocity of the molecule is
inversely proportional to the temperature

(d) the mean translational kinetic energy of the molecule is
proportional to the absolute temperature.

At constant volume, for a fixed number of moles of a gas the
pressure of the gas increases with rise in temperature due to
(1992 - 1 Mark)

(a) Increase in average molecular speed

(b) Increased rate of collisions amongst molecules
(c) Increase in molecular attraction

(d) Decrease in mean free path

Longest mean free path stands for : (1995S)

(@ H, (b N,

© O @ C,

Arrange the van der Waals constant for the gases :
(1995S)

I CeHgg A 0217

I CeH.CH,, B 5464

I Neg, C. 18000

V. H,O, D. 24060

(@ IA,ID,II-C,IV-B
(¢) I-C,II-D,II-A,IV-B

(b) ID,II-A,III-B,IV-C
(d) IB,ILC,II-A,IV-D

17.

18.

19.

20.

21..

22.

23.

24.

25.

26.

The ratio between the root mean square speed of H, at 50 K

and that of O2 at 800 K is, (1996 - 1 Mark)
(@ 4 (b) 2
© 1 d) 1/4

X mL of H, gas effuses through a hole in a container in 5
seconds. The time taken for the effusion of the same volume
of the gas specified below under identical conditions is :
(1996 - 1 Mark)
(@) 10 seconds : He (b) 20seconds: O,
(c) 25seconds: CO (d) 55 seconds: CO,
One mole of N, O,(g) at 300 K is kept in a closed container
under one atmosphere. It is heated to 600 K when 20% by
mass of N,O, (g) decomposes to NO,(g). The resultant
pressure is : (1996 - 1 Mark)
(@) 12atm (b) 2.4atm
(¢) 2.0atm (d) l0atm
The compressibility factor for an ideal gas is
(1997 - 1 Mark)
@ 15 (b) 10
(© 20 d) o
A gas will approach ideal behaviour at (1999 - 2 Marks)
(a) lowtemperature and low pressure.
(b) lowtemperature and high pressure.
(c) high temperature and low pressure.
(d) high temperature and high pressure.

The rms velocity of hydrogen is ﬁ times the rms velocity

of nitrogen. If T is the temperature of the gas, then
(2000S)

(@ TH)=TN,) (b) T(Hy)>T(N,)

(© TH,)<TN,) d TH)= 7 TNy

The compressibility of a gas is less than unity at STP.
Therefore, (2000S)
(@ V,>224litres (b) V,<224litres

(© V,=224litres (d) V,=448litres

At 100°C and 1 atm, ifthe density of liquid water is 1.0 g cm™3
and that of water vapour is 0.0006 g cm=3, then the volume
occupied by water molecules in 1 litre of steam at that

temperature is (2000S)
(@) 6cm? (b) 60cm’
() 0.6cm? (d) 0.06cm3

The root mean square velocity of an ideal gas at constant

pressure varies with density (d) as (2001S)
@ d* (b) d
© d (d 1d

Which of the following volume (V) - temperature (7') plots
represents the behaviour of one mole of an ideal gas at one
atmospheric pressure ? (2002S)
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32. A mono-atomic ideal gas undergoes a process in which the
V(L) (38.8L, 373K) ratio of P to V at any instant is constant and equals to 1.
@ (224L, What is the molar heat capacity of the gas
273K) 3R
T(K) (@) - (b) 2R (2006 - 3M; -1)
5R
Vi) (28,61, 373K) © 0 @ 5
(b) (224L, 33. The term that corrects for the attractive forces present in a
LY real gas in the van der Waals equation is
T(K) an?
(@ nb (b) —5 (2009-3M; -1)
v / 30.6L, 373K) v
(C) (22.4L.9 an2
273K) (©) —7 (d) —nb
T(K) 34. For one mole of a van der Waal’s gas when b = 0 and
VL)A T=300K, the PV vs, 1/V plot is shown below. The value of
the van der Waal’s constant a (atm. liter> mol=2) is :
@ @24L, (2012)
273K)
(142L,373K) ® 24.6-\\
27. When the temperature is increased, surface tension of water 23.14 B
(2002S) 2164 -ccaaaaa
(a) increases ol :
(b) decreases € 201F---eeeri-- bsis s s ® .
(c) remains constant g ' '
(d) shows irregular behaviour 5 : :
28. Positive deviation from ideal behaviour takes place because = .
of (2003S) g ; :
(a) Molecular interaction between atoms and PV/nRT> 1 ' !
(b) Molecular interaction between atoms and PV/nRT< 1 . .
(c) Finitesize of atoms and PV/nRT> 1 T T ; T
(d) Finite size of atoms and PV/nRT< 1 0 2.0 3.0
29. The root mean square velocity of one mole of a monoatomic 1/V(mol liter ")
gas having molar mass Misu, . .. Therelation between the @ 10 © 45
average kinetic energy (E) of the gasandu, . is (b) 15 ) 30
(20045) 35. The qualitative sketches I, Il and III given below show the
@ u _ |3E ®) u _ |2E variation of surface tension with molar concentration of
rms YoM rms N 3M three different aqueous solutions of KCI, CH,OH and

30.

31.

2E , E
©) Urms = M d) urms = 37

The ratio of the rate of diffusion of helium and methane
under identical condition of pressure and temperature will

be (2005S)
§ 4 b 2
6 1 g 05

When one mole of monoatomic ideal gas at T K undergoes
adiabatic change under a constant external pressure of 1
atm volume changes from 1 litre to 2 litre. The final

temperature in Kelvin would be (2005S)
T 2
(a) 2(2—/3) ()T + §x0.0821

2

()T ()T - E><0.0821

Surface tension

CH,(CH,),,080,™ Na* at room temperature. The correct
assignment of the sketches is (JEE Adv. 2016)

| I I

Surface tension
Surface tension

>
> >

Concentration Concentration Concentration

@ ©:KCl I:CHOH  IIl: CHy(CH,),,0S0, Na*
(b) 1:CH,(CH,),0S0, Na* I:CH,OH III:KCl
(9 1:KCl II:CH,(CH,),080; Na* IIl: CH,OH

(d 1:CHOH II:KCl  IIl: CH,(CH,),,0S0, Na*



MCQs with One or More Than One Correct

When an ideal gas undergoes unrestrained expansion, no

cooling occurs because the molecules : (1984 - 1 Mark)

(a) are above the inversion temperature

(b) exert no attractive forces on each other

(¢) dowork equal to loss in kinetic energy

(d) collide without loss of energy

If a gas is expanded at constant temperature :

(a) the pressure decreases (1986 - 1 Mark)

(b) thekinetic energy of the molecules remains the same

(c) the kinetic energy of the molecules decreases

(d) the number of molecules of the gas increases

Equal weights of ethane and hydrogen are mixed in an empty

container at 25°C. The fraction ofthe total pressure exerted

by hydrogen is (1993 - 1 Mark)

@ 1:2 (b) 1:1

() 1:16 d 15:16

According to Graham’s law, at a given temperature the ratio

of the rates of diffusion r,/r, of gases A and B is given by
(1998 - 2 Marks)

D (M/Mp2 (b)) (M,/Mp) (P, /P!>

© (P/PHM/MY2  (d) (M/Mp)(Py/P,)?

(Where P and M are pressures and molecular weights of

gases A and B respectively.)

@ (P,/P

Refer to the figure given : (2006 - 5M; 1)
Which of the following statements is wrong?

N—»

P —>

(a) ForgasA,a=0andZ will linearly depend on pressure

(b) Forgas B, »=0 and Z will linearly depend on pressure

(¢) Gas C is a real gas and we can find ‘@’ and ‘b’ if
intersection data is given

(d) Allvan der Waal gases will behave like gas C and give
positive slope at high pressure

A gas described by van der Waals equation —

(2008- 1 Mark)

(a) behave similar to an ideal gas in the limit of large molar
volumes

(b) behaves similar to an ideal gas is in limit of large
pressures

Topic-wise Solved Papers - CHEMISTRY

(c) ischaracterised by van der Waals coefficients that are
dependent on the identity of the gas but are
independent of the temperature.

(d) hasthe pressure that is lower than the pressure exerted
by the same gas behaving ideally

According to kinetic theory of gases (2011)

(a) collisions are always elastic

(b) heavier molecules transfer more momentum to the wall
of the container

(c) only a small number of molecules have very high
velocity

(d) between collisions, the molecules move in straight lines
with constant velocities

One mole of a monoatomic real gas satisfies the equation
p(V — b) = RT where b is a constant. The relationship of
interatomic potential V(r) and interatomic distance r for the
gas is given by (JEE Adv. 2015)

V(r)
@ r
Ve
V(r)
O r
(b
V(r)
@ I
(©
V(r)
0 T
d
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Subjective Problems

Calculate density of NH, at 30°C and 5 atm pressure. (1978)
3.7 gofagasat 25°C occupied the same volume as 0.184g of
hydrogen at 17°C and at the same pressure. What is the
molecular weight of the gas? (1979)
A straight glass tube has two inlets X and Y at two ends. The
length of tube is 200 cm. HCI gas through inlets X and NH,
gas through inlet ¥ are allowed to enter the tube at the same
time. What fumes appear at point P inside the tube. Find
distance of P from X (1980)
1 litre of mixture of CO and CO, is taken. The mixture is
passed through a tube containing red hot charcoal. The
volume now becomes 1.6 litre. The volumes are measured
under the same conditions. Find the composition of mixture
by volume. (1980)
At room temperature, ammonia gas at 1 atm pressure and
hydrogen chloride gas at P atm pressure are allowed to effuse
through identical pin holes from opposite ends of a glass
tube of one metre length and of uniform cross-section.
Ammonium chloride is first formed at a distance of 60 cm
from the end through which HCI gas is sent in. What is the
value of P? (1982 - 4 Marks)
Calculate the average of kinetic energy, in Joules of the
molecules in 8.0 gof methane at 27°C. (1982 - 2 Marks)
Oxygen is present in 1 litre flask at a pressure of 7.6 x 10710
mm of Hg. Calculate the number of oxygen molecules in the
flask at 0°C. (1983 - 2 Marks)
When 2 gm of a gas A is introduced into an evaluated flask
kept at 25°C, the pressure is found to be one atmosphere. If
3 gm of another gas B is then added to the same flask, the
total pressure becomes 1.5 atm. Assuming ideal gas
behaviour, calculate the ratio of the molecular weights
M, : M. (1983 - 2 Marks)
Calculate the root mean square velocity of ozone kept in a
closed vessel at 20°C and 82 cm mercury pressure.
(1985 - 2 Marks)
A spherical balloon of 21 cm diameter is to be filled up with
hydrogen at N.T.P. from a cylinder containing the gas at 20
atmospheres at 27°C. If the cylinder can hold 2.82 litres of
water, calculate the number of balloons that can be filled up.
(1987 - 5 Marks)
The average velocity at 7K, and the most probable velocity
at T,K of CO, gas is 9.0 x 10* cm sec™!. Calculate the value
of T, and T,. (1990 - 4 Marks)
Calculate the volume occupied by 5.0 g of acetylene gas at
50°C and 740 mm pressure. (1991 - 2 Marks)
At 27°C, hydrogen is leaked through a tiny hole into a vessel
for 20 minutes. Another unknown gas at the same
temperature and pressure as that of H, is leaked through
the same hole for 20 minutes. After the effusion of the gases
the mixture exerts a pressure of 6 atmosphere. The hydrogen
content of the mixture is 0.7 mole. If the volume of the
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container is 3 litres, what is the molecular weight of the
unknown gas? (1992 - 3 Marks)
Atroom temperature the following reactions proceed nearly
to completion : (1992 - 4 Marks)
2NO+ 0O, —2NO, »>N,0O,
The dimer, N,O,, solidifies at 262 K. A 250 ml flask and a 100
ml. flask are separated by a stop-cock. At 300 K, the nitric
oxide in the larger flask exerts a pressure of 1.053 atm. and
the smaller one contains oxygen at 0.789 atm. The gases are
mixed by opening the stopcock and after the end of the
reaction the flasks are cooled at 220K. Neglecting the vapour
pressure of the dimer, find out the pressure and composition
of the gas remaining at 220 K. (Assume the gases to behave
ideally).
A gas bulbof 1 litre capacity contains 2.0 x 102! molecules
of nitrogen exerting a pressure of 7.57 x 103 Nm2. Calculate
the root mean square (r.m.s) speed and the temperature of
the gas molecules. Ifthe ratio of the most probable speed to
the root mean square speed is 0.82, calculate the most
probable speed for these molecules at this temperature.
(1993 - 4 Marks)
A4 : 1 molar mixture of He and CH, is contained in a vessel
at 20 bar pressure . Due to a hole in the vessel, the gas
mixture leaks out. What is the composition of the mixture
effusing out initially? (1994 - 2 Marks)
An LPG (liquefied petroleum gas) cylinder weighs 14.8 kg
when empty. When full, it weighs 29.0 kg and shows a
pressure of 2.5 atm. In the course of use at 27° C, the weight
of the full cylinder reduces to 23.2 kg. Find out the volume
of the gas in cubic meters used up at the normal usage
conditions, find the final pressure inside the cylinder.
Assume LPG to be n-butane with normal boiling point of
0°C. (1994 - 3 Marks)
A mixture of ethane (C,Hy) and ethene (C,H,) occupies 40
litres at 1.00 atm and at 400 K. The mixture reacts completely
with 130 g of O, to produce CO, and H,O. Assuming ideal
gas behaviour, calculate the mole fractions of C,H, and C,H
in the mixture. (1995 - 4 Marks)

The composition of the equilibrium mixture ( Cl, == 2(l ),

which is attained at 1200°C, is determined by measuring the
rate of effusion through a pin—hole. It is observed that at
1.80 mmHg pressure, the mixture effuses 1.16 times as fast
as krypton effuses under the same conditions. Calculate
the fraction of the chlorine molecules dissociated into atoms.
(Relative atomic mass of Kr =84.) (1995 - 4 Marks)
A 20.0 cm3 mixture of CO, CH, and He gases is exploded by
an electric discharge at room temperature with excess of
oxygen. The volume contraction is found to be 13.0 cm3. A
further contraction of 14.0 cm3 occurs when the residual
gas is treated with KOH solution. Find out the composition
of the gaseous mixture in terms of volume percentage.
(1995 - 4 Marks)
An evacuated glass vessel weighs 50.0 g when empty, 148.0
g when filled with a liquid of density 0.98 gmL~!and 50.5 g



22,

23.

24.

25.

26.

F

when filled with an ideal gas at 760 mmHg at 300K. Determine
the molar mass of the gas. (1998 - 3 Marks)
The degree of dissociation is 0.4 at 400 K and 1.0 atm for the
gaseous reaction PCl, == PCl, + Cl,. Assuming ideal
behaviour of all gases, calculate the density of equilibrium
mixture at 400 K and 1.0 atmosphere. (Relative atomic mass
of P=31.0and C1=35.5) (1998 - 3 Marks)
Using van der waal’s equation, calculate the constant, ‘a’
when two moles of a gas confined in a four litre flask exerts
a pressure of 11.0 atmospheres at a temperature of 300 K.
The value of *4” is 0.05 L mol . (1998 - 4 Marks)
For the reaction, N,0(g) > 2NO,(g) +0.5 O,(g), calculate
the mole fraction of N,0,(g) decomposed at a constant
volume and temperature, if the initial pressure is 600 mm Hg
and the pressure at any time is 960 mm Hg. Assume ideal
gas behaviour. (1998 - 3 Marks)
One mole of nitrogen gas at 0.8 atm takes 38 s to diffuse
through a pinhole, whereas one mole of an unknown
compound of xenon with flourine at 1.6 atm takes 57 s to
diffuse through the same hole. Calculate the molecular
formula of the compound. (1999 - 5 Marks)
The pressure exerted by 12 g of an ideal gas at temperature
t°C in a vessel of volume V litre is one atm. When the
temperature is increased by 10 degrees at the same volume,
the pressure increases by 10%. Calculate the temperature ¢
and volume V. (Molecular weight of the gas = 120.)

(1999 - 5 Marks)

Match The Following

27.

28.

29.
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Topic-wise Solved Papers - CHEMISTRY

Calculate the pressure exerted by one mole of CO, gas at
273 K if the van der Waal's constant @ = 3.592 dm® atm
mol~2. Assume that the volume occupied by CO, molecules
isnegligible. (2000 - 2 Marks)
The compression factor (compressibility factor) for one mole
ofa van der Waals gas at 0°C and 100 atmospheric pressure
is found to be 0.5. Assuming that the volume of a gas
molecule is negligible, calculate the van der Waals constant
a. (2001 - 5 Marks)
The density of the vapour of a substance at 1 atm pressure
and 500 K is 0.36 kg m3. The vapour effuses through a
small hole at a rate of 1.33 times faster than oxygen under
the same condition. (2002 - 5 Marks)
(a) Determine

(i) molecular weight,

(i1) molar volume,

(iii) compression factor (Z) of the vapour and

(iv) which forces among the gas molecules are

dominating, the attractive or the repulsive?

(b) Ifthevapour behaves ideally at 1000 K, determine the

average translational kinetic energy of a molecule.
The average velocity of gas molecules is 400 m/sec. Calculate
its rms velocity at the same temperature. (2003 - 2 Marks)
A graph is plotted between PV, along Y-axis and P along
X-axis, where V, is the molar volume of areal gas. Find the
intercept along Y-axis. (2004 - 2 Marks)

Each question contains statements given in two columns, which have to be matched. The statements
in Column-I are labelled A, B, C and D, while the statements in Column-II are labelled p, q, v, s and
t. Any given statement in Column-I can have correct matching with ONE OR MORE statement(s) in A
Column-II. The appropriate bubbles corresponding to the answers to these questions have to be B

darkened as illustrated in the following example :

Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of D

bubbles will look like the given.

Pqr s t

00000
®OOO®
ClOOOO®
OI0G]; 10

1. Match gases under specified conditions listed in Column I with their properties/laws in Column II. Indicate your answer by
darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS. (2007)
Column I ColumnlIl
(A) Hydrogen gas (P =200 atm, =273 K) (p) Compressibility factor # 1
(B) Hydrogen gas (P~0,T=273K) (q) Attractive forces are dominant
©) CO,(P=1atm,T=273K) () PV=nRT
(D) Real gas with very large molar volume (s) P(V—mnb)y=nRT
observed at a distance dcm from the plug soaked ipX. Take X .and
G Comprehension Based Questions Yto have equal molecular diameters and assume ideal behaviour

Xand Y are two volatile liquids with molar weights of 10 g mol~!
and 40 g mol~! respectively. Two cotton plugs, one soaked in X
and the other soaked in 7, are simultaneously placed at the ends
ofa tube of length L =24 c¢m, as shown in the figure. The tube is
filled with an inert gas at 1 atmosphere pressure and a temperature
0f300 K. Vapours of X and Y react to form a product which is first

for the inert gas and the two vapours.

Cotton wool 7
soaked in X

L=24cm

&
<

v

X
—

Initial formation
of the product

Cotton wool
soaked in Y
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The value of d in cm (shown in the figure), as estimated from

Graham’s law, is (JEE Adv. 2014)
(@ 8 (b) 12
() 16 (d) 20

The experimental value of d is found to be smaller than the
estimate obtained using Graham’s law. This is due to
(JEE Adv. 2014)
(a) Larger mean free path for Xas compared to that of Y
(b) Larger mean free path for Y as compared to that of X
(c) Increased collision frequency of Y with the inert gas as
compared to that of X with the inert gas
(d) Increased collision frequency of X with the inert gas as
compared to that of ¥ with the inert gas

Assertion & Reason Type Questions

Read the following statement and explanation and answer
as per the options given below :
Assertion : The value of van der Waals’constant ‘a’ is larger
for ammonia than for nitrogen.
Reason : Hydrogen bonding is present in ammonia.
(1998 - 2 Marks)
(@) Ifboth assertion and reason are correct, and reason is
the correct explanation of the assertion.
(b) Ifboth assertion and reason are correct, but reason is
not the correct explanation of the assertion.
(c) Ifassertion is correct but reason is incorrect.
(d) Ifassertion is incorrect but reason is correct.

For an ideal gas, number of moles per litre in terms of its
pressure P, gas constant R and temperature 7'is

(@ PIR (b) PRT [2002]
(¢) PRT (d) RT/P
Value of gas constant R is [2002]

(a) 0.082litreatm (b) 0.987cd ma-1K-!

(c) 8.3Jmol 1K1 (d) 83ergmol 'K
Kinetic theory of gases proves [2002]
(a) onlyBoyle’s law

(b) onlyCharles’ law

(c) only Avogadro’s law

(d) All of these.

According to the kinetic theory of gases, in an ideal gas,
between two successive collisions a gas molecule travels
(a) inawavy path [2003]
(b) inastraight line path

(c) with an accelerated velocity

(d) inacircular path

As the temperature is raised from 20°C to 40°C, the average
kinetic energy of neon atoms changes by a factor of which
of the following ? [2004]

JEE Main / AIEEE
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Read the following statement and explanation and answer

as per the options given below :

Assertion : The pressure of a fixed amount of an ideal gas is

proportional to its temperature

Reason : Frequency of collisions and their impact both

increase in proportion to the square root of temperature.
(2000S)

(@) Ifboth assertion and reason are CORRECT, and reason is
the CORRECT explanation of the assertion.

(b) Ifboth assertion and reason are CORRECT, but reason
is NOT the CORRECT explanation of the assertion.

(c) Ifassertion is CORRECT, but reason is INCORRECT.
(d) Ifassertion is INCORRECT, but reason is CORRECT.

| Integer Value Correct Type

At 400 K, the root mean square (rms) speed of a gas X
(molecular weight = 40) is equal to the most probable speed
of gas Y at 60 K. The molecular weight ofthe gas 'Y is (2009)

To an evacuated vessel with movable piston under external
pressure of 1 atm, 0.1 mol of He and 1.0 mol ofan unknown
compound (vapour pressure 0.68 atm. at 0°C) are introduced.
Considering the ideal gas behaviour, the total volume (in
litre) of the gases at 0°C is close to (2011)

The diffusion coefficient of an ideal gas is proportional to
its mean free path and mean speed. The absolute temperature
of an ideal gas is increased 4 times and its pressure is
increased 2 times. As a result, the diffusion coefficient of
this gas increases x times. The value of x is (JEE Adv. 2016)

313
(@) 203 (b) ,/(313/293)
1
© 3 @ 2
In van der Waals equation of state ofthe gas law, the constant
‘b’ is a measure of [2004]

(a) volume occupied by the molecules

(b) intermolecular attraction

(c) intermolecular repulsions

(d) intermolecular collisions per unit volume

Which one of the following statements is NOT true about

the effect of an increase in temperature on the distribution

of molecular speeds in a gas? [2005]

(@) The areaunder the distribution curve remains the same
as under the lower temperature

(b) The distribution becomes broader

(c) The fraction of the molecules with the most probable
speed increases

(d) The most probable speed increases

If 10* dm3 of water is introduced into a 1.0 dm3 flask at

300 K, how many moles of water are in the vapour phase

when equilibrium is established ? [2010]



10.

11.

12.

Topic-wise Solved Papers - CHEMISTRY

(Given : Vapour pressure of H,O at 300 K is 3170 Pa;
R=8314JK mol!)

(@ 5.56x 1073 mol (b) 1.53 x10"2mol

(c) 4.46x 102mol (d) 1.27x 1073 mol

‘a’and ‘b’ are van der Waals’ constants for gases. Chlorine
is more easily liquefied than ethane because [2011]
(@ aandbfor Cl,>aandb for C,Hg

(b) aandb for Cl, <aandb for C,Hg

(c) afor Cl, <afor C,Hg butb for Cl, > b for C,Hg

(d) afor Cl,>afor C,Hg butb for Cl, <b for C,Hg

The compressibility factor for areal gas at high pressure is :
@ 1+ R_Z ®) 1 [2012]
pb pb
+ — _ L
(© 1 RT @ 1 RT

For gaseous state, if most probable speed is denoted by C*,
average speed by C and mean square speed by C, then for
a large number of molecules the ratios of these speeds are :

[JEE M 2013]
(@ C*.Cc:C=1225:1.128:1
(b)y C*.C:C=1.128:1225:1
(¢) C*:.Cc:C=1:1.128:1.225
d C*.Cc:C=1:1225:1.128
IfZ is acompressibility factor, van der Waals equation at low
pressure can be written as: [JEEM 2014]

13.

14.

15.

RT a
Z=1+— Z=1-—
@ Pb () VRT
Pb Pb
z=1-2 Z=1+2
© RT (Y] T

The ratio of masses of oxygen and nitrogen in a particular
gaseous mixture is 1 : 4. The ratio of number of their molecule

is: [JEE M 2014]
(@ 1:4 b)) 7:32
(© 1:8 d) 3:16

The intermolecular interaction that is dependent on the
inverse cube of distance between the molecules is :

[JEEM 2015]
(a) London force (b) hydrogen bond
(c) ion- ion interaction (d) ion- dipole interaction
Two closed bulbs of equal volume (V) containing an ideal
gas initially at pressure p, and temperature 7', are connected
through a narrow tube of negligible volume as shown in the
figure below. The temperature of one of the bulbs is then
raised to 7, The final pressure p ), is: [JEEM 2016]

Tl Tl T] T2
&

@ i,V @ @
7, T,
@ 2R(ﬂ+ﬂ} ®) 2“[ﬂ+ﬂ)

T|T‘2 2 Tl
© Pl7a, @ 7+,
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Fill in the Blanks

Asystemissaidtobe................ if it can neither exchange
matter nor energy with the surroundings. (1993 - 1 Mark)

The heat content of the products is more than that of the

reactantsinan ................ reaction. (1993 - 1 Mark)
Enthalpyisan............... property. (1997 - 1 Mark)
True / False

First law of thermodynamics is not adequate in predicting
the direction of a process. (1982 - 1 Mark)
Heat capacity of a diatomic gas is higher than that of a
monoatomic gas. (1985 - ¥: Mark)

MCQs with One Correct Answer

The difference between heats of reaction at constant

pressure and constant volume for the reaction :

2CHy (D + 1502(g) — 12C0O,4(g) + 6H,0()) at 25°C inkJ is
(1991 - 1 Mark)

+3.72

+7.43

(@ -743 (b)
(c) 372 d)
For which change AH= AE :

(@) Hz( ot Iz( e 2HI(g) (b)
(©) C(S) +0, @ COz(g) d)

(1995S)
HC1+ NaOH — NaCl

Ny(g)+3H,(g)>2NHs(g)

The AHY{ for CO,(g), CO(g) and H,0(g) are —393.5,-110.5

and —241.8 kJ mol~! respectively. The standard enthalpy
change (in kJ) for the reaction CO,(g) + H,(g) — CO(g)+

H,0(g) is (2000S)

(a) 5241 (b) 412

(c) 2625 (d 412

In thermodynamics, a process is called reversible when
(2001S)

(a) surroundings and system change into each other.

(b) there is no boundary between system and surroundings.

(c) the surroundings are always in equilibrium with the
system.

(d) the system changes into the surroundings
spontaneously.

5.

10.

Thermodynamics

JEE Advanced/ IIT-JEE

Which one of the following statements is false? (2001S)

(a) Work is a state function.

(b) Temperature is a state function.

(c) Change in the state is completely defined when the
initial and final states are specified.

(d) Work appears at the boundary of the system.

One mole of a non-ideal gas undergoes a change of state

(2.0atm, 3.0L, 95(K) — (4.0 atm, 5.0 L, 245K) with a change

ininternal energy, AU = 30.0 Latm . The change in enthalpy

(AH) of the process in L atm is (2002S)

(@ 400

(b) 423

(c) 440

(d) not defined, because pressure is not constant

Which of the reaction defines AH; ? (2003S)
(@ C(diamond)tO2(g) —>COxg)

(®) %Hz(g) + %Fz(g) —>HEy,

(©)  Nyg) +3Hyg) —>2NHs(y)

@ €O+ %Oz(g) —COxy)

Two moles of an ideal gas is expanded isothermally and
reversibly from 1 litre to 10 litre at 300 K. The enthalpy change

(in kJ) for the process is (2004S)
(a) 114k] (b) —114KkJ
(©) OkJ (d) 48K

The enthalpy of vapourization of liquid is 30 kJ mol~! and
entropy of vapourization is 75 J mol~! K. The boiling point

of the liquid at 1 atm is (2004S)
(@ 250K (b) 400K
(c) 450K (d) 600K

The direct conversion of A to B is difficult, hence it is carried
out by the following shown path :

C ——D

|

Given A B
AS(A—)C) =50 eu. N AS(C—)D) =30 eu. , AS(B_)D) =20 eu. ,
where e.u. is the entropy unit, then AS(a_,p) is

(2006 - 3M, —-1)
(a +60e.u. (b) +100eu.
(c) —60e.u. (d) —100e.u.

GP_3021
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e
The value of log, K for a reaction A —— Bis

(Given: A Hjogy =—54.07 kJ mol™!, AS30sx
=10 JK~ ! mol~! and R=8.314 JK~ mol1;

2.303 x 8.314 x 298 =5705) (2007)
@ 5 (b) 10
(© 9% (d) 100

For the process H,O(/) (1 bar, 373 K) - H,0(g) (1 bar, 373
K), the correct set of thermodynamic parameters is (2007)
(@ AG=0,AS=+ve (b) AG=0,AS=-ve

() AG=+ve,AS=0 (d) AG=-ve, AS=+ve
The species which by definition has ZERO standard molar

enthalpy of formation at 298 K is (2010)
(@ Br,(g) (b Cl,y(g)
(¢) H0(g) (d CH,(g)

The standard enthalpies of formation of CO,(g), H,O(1) and
glucose(s) at 25°C are 400 kJ/mol, —300 kJ/mol and—1300
kJ/mol, respectively. The standard enthalpy of combustion

per gram of glucose at 25°Cis  (JEE Advanced 2013-1)
(@) +2900kJ (b) —2900kJ

(¢) —16.11kJ d) +16.11kJ

For the process (JEE Adv. 2014)
H,0()) - H,0(g)

at T=100°C and 1 atmosphere pressure, the correct choice is

(a) AS, system >0 and AS surroundings >0
(b) AS, system >0 and AS surroundings

(C) AS, system <0and AS surroundings

(d) AS, system <0and AS surroundi

One mole of an ideal gas at 300 ¥in thermal contact with
surroundings expands isothermally from 1.0 Lto 2.0 L against
a constant pressure of 3.0 atm. In this process, the change
in entropy of surroundings (AS_ ) inJ K-lis
(1Latm=101.3J) (JEE Adv. 2016)
(& 5763 (b) 1013

(c) -1013 (d) 5763

D MCQs with One or More Than One Correct

1.

Identify the intensive quantities from the following:

(1993 - 1 Mark)
(a) Enthalpy (b) Temperature
(c) Volume (d) Refractive Index
The following is (are) endothermic reaction(s):
(a) Combustion of methane (1999 - 3 Marks)
(b) Decomposition of water
(c) Dehydrogenation of ethane to ethylene
(d) Conversion of graphite to diamond
Among the following the state function(s) is (are) (2009)
(a) Internal energy
(b) Irreversible expansion work
(c) Reversible expansion work
(d) Molar enthalpy
Among the following, the intensive property is (properties are)

(2010)

(a) molar conductivity (b) electromotive force
(c) resistance (d) heat capacity
For an ideal gas, consider only P-V work in going from an
initial state X to the final state Z. The final state Z can be
reached by either of the two paths shown in the figure.
Which ofthe following choice(s) is (are) correct?

[Take AS as change in entropy and was work done]. (2012)

Tl x Y
] g >
2| ==
7 e
Q ~
gl T
= z
V(litre)
@ AS,,.=AS _, +AS .
b) W, =W, bW,
© Wisy—sz = Wassy
d) AS =AS

o Y x>y
The reversible expansion of an ideal gas under adiabatic
and isothermal conditions is shown in the figure. Which of
the following statement(s) is (are) correct ?

| (Plf Vll Tl)

isothermal

B S0 (P Vigr T5)
adiabatic (P53, V,, Ty)
V 7
@ T,=T, ey
(b) T3>T,

(©) Wisothermal > Wadiabatic

(d). A UiSOthermal > adiabatic )
An ideal gas in a thermally insulated vessel at internal pressure

=P, volume =V, and absolute temperature = T, expands
irreversibly against zero external pressure, as shown in the
diagram. The final internal pressure, volume and absolute
temperature of the gas are P,, V, and T,, respectively. For
this expansion, (JEE Adv. 2014)

ext = 0 Irreversible
s

— PV, T, [T

I\"Ihermal insulation/l
b)) T,=T,

(d P,V,Y=P, V)Y

@ q=0
(¢ P,V,=P,V,

E Subjective Problems

The enthalpy for the following reaction (AH®) at 25°C are
given below : (1981 - 2 Marks)

() %Hz(g)+ %Oz(g) > OH(g) 10.06 keal

() Hy(g) — 2H(g) 104.18 keal
(i) Oy(g) = 20(g) 118.32 keal
Calculate the O—H bond energy in the hydroxyl radical.
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The molar heats of combustion of C,H,(g), C(graphite) and
H,(g) are 310.62 kcal, 94.05 kcal and 68.32 kcal, respectively.
Calculate the standard heat of formation of C,H,(g).
(1983 - 2 Marks)
The heat energy, q, absorbed by a gas AH, is true at what
condition(s). (1984 - 1 Mark)
Given the following standard heats of reactions :
(i) heat of formation of water = —68.3 kcal;
(ii) heat of combustion of acetylene =—310.6 kcal;
(iii) heat of combustion of eth ylene =—337.2 kcal,
Calculate the heat of reaction for the hydrogenation of
acetylene at constant volume (25°C). (1984 - 4 Marks)
The bond dissociation energies of gaseous H,, Cl, and HCI
are 104, 58 and 103 kcal/mole respectively. Calculate the
enthalpy of formation of HCI gas. (1985 - 2 Marks)
The standard molar heats of formation of ethane, carbon
dioxide and liquid water are —21.1, —-94.1 and —68.3 kcal
respectively. Calculate the standard molar heat of
combustion of ethane. (1986 - 2 Marks)
An intimate mixture of ferric oxide, Fe,0;, and aluminium,
Al, is used in solid fuel rockets. Calculate the fuel value per
gram and fuel value per cc of the mixture. Heats of formation
and densities are as follows : (1988 - 2 Marks)
H f(Al2O3) =399 kcal/mole;
H f(Fe2O3) =199 kcal/mole;
Density of Fe,0; = 5.2 g/cc;
Density of Al =2.7 g/cc.
An athlete is given 100 gm of glcuose (C4H;,04) of energy
equivalent to 1560 kJ. He utilizes 50 percent of this gained
energy in the event. In order to avoids storage of energy in
the body, calculate the weight of water he would need to
perspire. The enthalpy of evaporation of water is 44 kJ/
mole. (1989 - 2 Marks)
The standard enthalpy of combustion at 25°C of hydrogen,
cyclohexene (C¢H, ) and cyclohexane (C¢H,,) are 241,
—3800 and —3920 kJ/mole respectively. Calculate the heat of
hydrogenation of cyclohexene. (1989 - 2 Marks)
Using the data (all values are in kcal mol~! at 25°C) given
below, calculate the bond energy of C—C and C—H bonds.
(1990 - 5 Marks)

AHocombustion(ethane) = 3720
AR Gy mpustion(Propane) = 5300
Aq S, c(g) = 17120
Bond energy of H-H = 140
AH",0f H,0()) = 680
AH’,0f CO,(g) = 940

A gas mixture of 3.67 litres of ethylene and methane on
complete combustion at 25°C produces 6.11 litres of CO,.
Find out the amount of heat evolved on burning one litre of
the gas mixture. The heats of combustion of ethylene and
methane are —1423 and —891 kJ mol! at 25°C.

(1991 - 5 Marks)

12.

13.

14.

15.

16.

17.

18.

Determine the enthalpy change of the reaction.
C;Hqg(g) + Hy(g) — C,Hg(g) + CHy(g), at 25°, using the
given heat of combustion values under standard conditions:
Compound  H,(g) CH,(g) C,Hg(g) C(graphite)
AH°(kJ/mol) -2858 8900 -1560.0 -393.5
The standard heat of formation of C;Hg(g) is —103.8 kJ/mol.
(1992 - 3 Marks)
In order to get maximum calorific output, a burner should
have an optimum fuel to oxygen ratio which corresponds to
3 times as much oxygen as is required theoretically for
complete combustion of the fuel. A burner which has been
adjusted for methane as fuel (with x litre/hour of CH, and 6x

litre/hour of O,) is to be readjusted for butane, C4H;,. In

order to get the same calorific output, what should be the
rate of supply of butane and oxygen ? Assume that losses
due to incomplete combustion, etc, are the same for both
the fuels and the gases behave ideally. (1993 - 3 Marks)

Heats of combustion :
CH,4 =809 kJ/mol; C4H;, = 2878 kJ/mol

The polymerisation of ethylene to linear polyethylene is
represented by the reaction (1994 - 2 Marks)

nCH,=CH, —» CH, - CH, };

where n has a large integral value. Given that the average
enthalpies of bond dissociation for C=Cand C- C at 298 K
are + 590 and + 331 kJ mol~!, respectively, calculate the
enthalpy of polymerisation per mole of ethylene at 298 K.
The standard molar enthalpies of formation of
cyclohexane(/)and benzene(/) at 25°C are— 156 and + 49 kJ
mol ! respectively. The standard enthalpy of hydrogenation
of cyclohexene(/) at 25° C is—119 kJ mol~!. Use these data
to estimate the magnitude of the resonance energy of
benzene. (1996 - 2 Marks)
Compute the heat of formation of liquid methyl alcohol in
kilojoules per mole, using the following data. Heat of
vaporization of liquid methyl alcohol = 38 kJ/mol. Heat of
formation of gaseous atoms from the elements in their
standard states; H, 218 kJ/mol; C, 715 kJ/mol; O, 249kJ / mol.
Average bond energies :
C—-H=415kJ/mol, C— O=365kJ/mol, O—H=463 kJ/mol
(1997 - 5 Marks)
Anhydrous AlCl, is covalent. From the data given below,
predict whether it would remain covalent or become ionic in
aqueous solution. (Ionisation energy for Al = 5137 kJ

mol~1; AHpygration for AI3* =—-4665 kJ mol~!; AHpydration

for CI-=-381kJmol™!.) (1997 - 2 Marks)
From the following data, calculate the enthalpy change for
the combustion of cyclopropane at 298 K. The enthalpy of
formation of CO,(g), H,0(l) and propene(g) are — 393.5,
—285.8 and 20.42 kJ mol! respectively. The enthalpy of
isomerisation of cyclopropane to propene is— 33.0 kJ mol 1.

(1998 - 5 Marks)
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19.  Estimate the average S—F bond energy in SF.. The values  24. Two moles of a perfect gas undergo the following
of standard enthalpy of formation of SF /(g), S(g)and F(g) processes: (2002 - 5 Marks)
are : — 1100, 275 and 80 kJ mol~! respectively. (a) areversible isobaric expansion from (1.0 atm, 20.0L) to

oot | (1d9;9 S 3 Ma'kj) (1.0atm, 40.0L);

20. A sample ofargon gas at 1 atm pressure and 27°C expands b ible isochoric ch f state fr 1.0 at
reversibly and adiabatically from 1.25 dm?3 to 2.50 dm3, ®) 10 %Vf;i; (8 ;S:;n"j(‘)cocL;‘,“ge of state from (1.0 atm,
Calculate the enthalpy change in this process. Cy,  for © ar;aversible isotherlnai con;pression from (0.5 atm, 40.0

is 12.48 JK-' mol~. 2000 - 4 M. 2 LAY
argon is 8 JK~" mo (2000 arks) L)to(1.0atm, 20.0L)
1 . .
21.  Show that the reaction CO(g)*+=0,(g) >CO,(g) at (i) Sketch thh labels each of the processes on the
. 2 - same P-V diagram.

300 K, is spontaneous and CXOthfrmIIQ when the standard (i) Calculate the total work (w) and the total heat
entropy change is—0.094 kJ mol™" K. The standard Gibbs change (q) involved in the above processes.
free energies of formation for CO, and CO are -394.4 and (iiiy What will be the values of AU, AH and AS for the
—137.2 kI mol~!, respectively. (2000 - 3 Marks) overall process? ’

22. Diborane is a potential rocket fuel which undergoes . . .

. . . 25. C, value of He is always 3R/2 but C,, value of H, is 3R/2 at
combustion according to the reaction. (2000 - 2 Marks) v v
low temperature and 5R/2 at moderate temperature and more
B,H, (2)+3 0, (2) - B,0;(5) +3H,0 (g) owtemperature and SR/2 atmoderale enperature and
From the following data, caiculate the enthalpy change for an at higher temperature explain in two to three lines.
the combustion of diborane. (2003 - 2 Marks)
3 26. An insulated container contains 1 mol of a liquid, molar
2B(s)+=0,(g)——>B,03(s) AH=-1273 kJ mol"! volume 100 ml, at 1 bar. When liquid is steeply pressed to
2 100 bar, volume decreases to 99 ml. Find. AH and AU for the
Ho (o) 1 o HO(¢ 3 o process. (2004 - 2 Marks)
2(8)+502(8) —>Hy0(f) - AH=-286 kI mol 27. Inthe following equilibrium N,O, (2) = 2NO,(g)
H,0({)— H,0(g) AH=44kJ mol™! Wh < ofench i tak i (2004 - 2 Ma]:ks)
_ 1 en 5 moles of each is taken and the temperature is kept
2B(s) + 3Ha(g) f BaHe(e) . AH=36kJ mol at 298 K, the total pressure was found to be 20 bar.

23. When l-pentyne (A) is treated with 4 N alcoholic KOH at )
175°C, it is converted slowly into an equilibrium mixture of Given: AG;(N,04)=100kJ; AG;(NO,) =50 kJ
1.3% 1-pentyne (A), 95.2% 2-pentyne (B) and 3.5% of 1, 2- () Find AG ofthe reaction at 298 K.
pentadiene (C). The equilibrium was maintained at 175°C. (i) Find the direction of the reaction
Calculate AG?® for the following equilibria : .

. 28.  Forthereaction, 2CO + 0, — 2CO,; AH = -560kJ. Two

B——A AG, =7 B ——C AG,=? moles of CO and one mole of O, are taken in a container of

o o . . volume 1 L. They completely form two moles of CO,, the

From the calculated value of AG,; and AG, indicate the gases deviate appreciably from ideal behaviour. If the
order of stability of (A), (B) and (C). Write a reasonable pressure in the vessel changes from 70 to 40 atm, find the
reaction mechanism showing all intermediates leading to magnitude (absolute value) of AUat 500 K. (1 Latm =0.1kJ)
(A),(B)and(C). (2001 - 10 Marks) (2006 - 6M)

F Match The Fallswing
DIRECTION (Q. 1 & 2): Each question contains statements given in two columns, which have to be P qr s t

matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-11
arelabelledp, q, 1, s and t. Any given statement in Column-I can have correct matching with ONE OR A@QOOOO
MORE statement(s) in Column-I1I. The appropriate bubbles corresponding to the answers to these B @@o@@
questions have to be darkened as illustrated in the following example : C
Ifthe correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

QO0OG®
DIPOOO®

L

Match the transformations in column I with appropriate options in column IT

Column-I
(A) COy(s) > COy(g)
®) CaCOjs(s) - CaO(s)+CO,4(g)
© 2H"—> H,(g)
D) Piwhite, solid) = Pred, solid)

(2011)
Column-I1

(p) phase transition
(q) allotropic change
(r) AHis positive

(s) ASispositive
(t) ASisnegative
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Match the thermodynamic processes given under Column-I with the expressions given under Column-II.

° c37
(JEE Adv. 2015)

Column-I Column-IT
(A) Freezing of water at 273 K and 1 atm () q=0
(B) Expansion of 1 mol of an ideal gas into a vacuum under isolated conditions @ w=0
(©) Mixing of equal volumes of two ideal gases at constant temperature and pressure ) AS ays < 0
in an isolated container
(D) Reversible heating of H,(g) at 1 atm from 300K to 600 K, followed by reversible (s) AU=0
coolingto 300K at 1 atm
®t AG=0

Comprehension Based Questions

A fixed mass 'm' of a gas is subjected to transformation of states
from K to L to M to N and back to K as shown in the figure

Pressure

Volume

(JEE Ady. 2013)

The succeeding operations that enable this transformation
of states are

(a) Heating, cooling, heating, cooling
(b) Cooling, heating, cooling, heating
(c) Heating, cooling, cooling, heating
(d) Cooling, heating, heating, cooling

The pair of isochoric processes among the transformation
of states is

(a KtoLandLtoM (b) LtoMandNtoK
(c) LtoMand MtoN (d) MtoNandNtoK

H Assertion & Reason Type Questions

Read the following statement and explanation and answer
as per the options given below :

Assertion : The heat absorbed during the isothermal
expansion of an ideal gas against vacuum is zero.

Reason : The volume occupied by the molecules of an ideal
gas is zero. (2000S)
(a) Ifboth assertion and reason are CORRECT, and reason

is the CORRECT explanation of the assertion.

(b) Ifboth assertion and reason are CORRECT, but reason
is NOT the CORRECT explanation of the assertion.

2.

(c) Ifassertion is CORRECT, but reason is INCORRECT.
(d) Ifassertion is INCORRECT, but reason is CORRECT.

Statement - 1 : There is a natural asymmetry between
converting work to heat and converting heat to work.and

Statement - 2 : No process is possible in which the sole
result is the absorption of heat form a reservoir and its
complete conversion into work. (2008S)

(a) Statement-1 is True, Statement-2 is True; Statement-2
is a correct explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2
is NOT a correct explanation for Statement-1

(c) Statement-1is True, Statement-2 is False
(d) Statement-1 is False, Statement-2 is True

| Integer Value Correct Type

Ina constant volume calorimeter, 3.5 gofa gas with molecular
weight 28 was burnt in excess oxygen at 298.0 K. The
temperature of the calorimeter was found to increase from
298.0 K t0 298.45 K due to the combustion process. Given
that the heat capacity of the calorimeter is 2.5 kJ K~!, the
numerical value for the enthalpy of combustion of the gas
inkJ mol~! is (2009 - 6M)
One mole of an ideal gas is taken from a to b along two
paths denoted by the solid and the dashed lines as shown
in the graphs below. If the work done along the solid line
path w and that along the dotted line path is w, then the
integer closest to the ratio w;/ w is : (2010)

45—

40—
3.5—
3.0

P 25—

(atm) 20—
15—
0.5—

0.0

T T T T T 1 1T 171
00 051.0 20 2.5 3.0 3.5 40 45 5.0 55 6.0
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| Section-B S L ER 1T

If an endothermic reaction is non-spontaneous at freezing
point of water and becomes feasible at its boiling point,
then

(@ AH is—ve, AS is+ve
(b) AXH and AS both are +ve

[2002]

(¢) AH and AS both are —ve

(d) AH is+ve, AS is-ve

A heat engine abosrbs heat Q| at temperature T, and heat
0, at temperature T,. Work done by the engine is J (Q, +
0,). This data [2002]
(a) violates 15 law of thermodynamics

(b) violates 1 law of themodynamics if Q, is —ve

(c) violates 1 law of thermodynamics of Q, is —ve

(d) does not violate 1% law of themodynamics.

For the reactions, [2002]
2C+0, —>2C0,; AH =-393]
2Zn+0, — 2Zn0; AH =-412]

(a) carbon can oxidise Zn

(b) oxidation of carbon is not feasible

(c) oxidation of Zn is not feasible

(d) Zn can oxidise carbon.

The heat required to raise the temperature of body by 1 K is
called [2002]
(a) specific heat (b) thermal capacity

(c) water equivalent (d) none of these.

The internal energy change when a system goes from state A
toB is 40 kJ/mole. Ifthe system goes from A to Bby a reversible
path and returns to state A by an irreversible path what would

be the net change in internal energy ? [2003]
(@ >40kJ (b)<40kJ
(c) Zero (d) 40kJ

Ifat 298 K the bond energies of C—H,C— C,C=Cand H
— H bonds are respectively 414, 347, 615 and 435 kJ mol !,
the value of enthalpy change for the reaction

[2003]
(@ —-250kJ (b)+125kJ
(¢) —125kJ (d) +250kJ
In an irreversible process taking place at constant T and P and
in which only pressure-volume work is being done, the change
in Gibbs free energy (dG) and change in entropy (dS), satisfy
the criteria [2003]
@ (dS)y>0.(dG)y p<0 (b) (dS)y =0.(dG)yp=0
© (@) £=0,(dG); p>0 (d) (dS)y <0, (dG); p<O

8.

10.

11.

12.

13.

14.

The correct relationship between free energy change in a

reaction and the corresponding equilibrium constant K is
[2003]

(@ —-AG=RTmK, (b) AG°=RTmK_

(©) —AG°=RThK, (d) AG=RThK,

The enthalpy change for a reaction does not depend upon
[2003]

(a) use of different reactants for the same product

(b) the nature of intermediate reaction steps

(c) the differences in initial or final temperatures of

involved substances

(d) the physical states of reactants and products

An ideal gas expands in volume from 1x103to 1 x 102 m3at

300 K against a constant pressure of 1x10° Nm~2. The work

done is [2004]
(@) 270kJ (b) —900kJ
(© -900 (d) 900kJ

The enthalpies of combustion of carbon and carbon
monoxide are —393.5 and — 283 kJ mol~! respectively. The
enthalpy of formation of carbon monoxide per mole is

(@) —676.5k] (b) 6765k [2004]
(c) 1105k (d) —1105kJ

Consider an endothermic reaction X — Y with the
activation energies E, and E; for the backward and
[2005]

(a) there is no definite relation between Ey, and E¢

forward reactions, respectively. In general

(b) E, =E;
() Ep>Eg
(d Ep<Eg
Consider the reaction: N, + 3H, — 2NHj carried out at

constant temperature and pressure. If AH and AU are the
enthalpy and internal energy changes for the reaction, which

of the following expressions is true ? [2005]
(a AH>AU (b) AH < AU
(c) AH=AU (d AH=0

If the bond dissociation energies of XY, X, and Y, (all
diatomic molecules) are in the ratioof 1: 1 : 0.5 and AHffor
the formation of XY is — 200 kJ mole™'. The bond

dissociation energy of X, will be [2005]

(@ 400kJ mol™ (b) 300kJ mol ™!

(¢) 200kJ mol™! (d) 100kJ mol~!
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15.

16.

17.

18.

19.

20.

An ideal gas is allowed to expand both reversibly and

irreversibly in an isolated system. If T; is the initial

temperature and T, is the final temperature, which of the

following statements is correct? [2006]

(a) (Tf)rev = (Tf)in'ev

(b) T;=T, for both reversible and irreversible processes

(C) (Tf)in'ev > (Tf)rev

(d) Tg>T, for reversible process but T=T; for irreversible
process

The standard enthalpy of formation (AH°) at 298 K for

methane, CH,(g) is—74.8 kJ mol~!. The additional information

required to determine the average energy for

C — H bond formation would be [2006]

(a) the first four ionization energies of carbon and electron
gain enthalpy of hydrogen

(b) the dissociation energy of hydrogen molecule, H,

(c) the dissociation energy of H, and enthalpy of
sublimation of carbon

(d) latent heat of vapourization of methane

The enthalpy changes for the following processes are listed

below : [2006]
Cl(g)—>2Cl(g), 242 3kJ mol™!
L(g) > 21(g), 151.0kJ mol™
ICI(g) > 1(g)+Cl(g), 211.3kImol™!
L(s)—> Ly (g), 62.76 kJ mol™!

Given that the standard states for iodine and chlorine are
L,(s) and Cl,(g), the standard enthalpy of formation for IC1(g)
is: [2006]
(@ +16.8kImol™! (b) +244.8kJImol!

(c) -14.6kImol! (d) -16.8kJmol™!

(AH- AU) for the formation of carbon monoxide (CO) from
its elements at 298 K is [2006]
(R=8314JK ' mol ™)

(@) —2477.57Jmol™! (b) 2477.57 Jmol™!

(c) —1238.78Jmol! (d) 1238.78 Jmol!

In conversion of lime-stone to lime,

CaCOj3(s) > CaO(s) + CO, (g) the values of AH® and AS°®

are +179.1 kI mol! and 160.2 J/K respectively at 298 K and 1

bar. Assuming that AH® and AS°® donot change with tem-
perature, temperature above which conversion of limestone

to lime will be spontaneous is [2007]
(@ 1118K (b) 1008K
(¢) 1200K (d) 845K

Assuming that water vapour is an ideal gas, the internal
energy change (AU) when 1 mol of water is vapourised at

1 bar pressure and 100°C, (given : molar enthalpy of
vapourisation of water at 1 bar and 373 K=41 kJ mol~! and
R=8.3J mol!' K-") will be [2007]
(@) 41.00kJ mol™

(c) 3.7904 kI mol™!

(b) 4.100kJ mol”
(d) 37.904 kI mol"

21.

22,

23.

24.

25.

26.

Identify the correct statement regarding a spontaneous pro-

cess: [2007]

(a) Loweringofenergy in the process is the only criterion
for spontaneity.

(b) For a spontaneous process in an isolated system, the
change in entropy is positive.

(¢) Endothermic processes are never spontaneous.

(d) Exothermic processes are always spontaneous.

Oxidising power of chlorine in aqueous solution can be

determined by the parameters indicated below:

1 _Adi He A H@ _
Cla(g)—2 5 Cl(g)—=——Cl (g)
ApoqH®
— W4T, Cl(aq)
(using the data,

_1 _
AaHQ, =240KkTmol ", A, HQ =-349 kI mol

Apyg Hop =381 K mol ), will be

(@ +152kJmol! (b) —610kJ mol!

(¢) —850kJmol! (d) +120kJmol!

Standard entropy of X,, Y, and X Y are 60, 40 and 50 J K!
mol-!, respectively. For the reaction,

[2008]

1 3
EXZ +5Y2 — XY;,AH = -30kJ | to be at equilibrium, the

temperature will be [2008]
(@ 1250K (b) 500K
(¢) 750K (d) 1000K

On the basis of the following thermochemical data :
(AfG°H{yg) = 0) [2009]

H,0(/) > H" (aq)+ OH™ (aq); AH = 57.32k]J

H (@) O(g)——> Hy0(0); AH=-286.20K7

The value of enthalpy of formation of OH™ ion at 25° C is:
(a) —228.88kJ (b) +228.88kJ

(c) 34352k (d) —22.88kJ

The standard enthalpy of formation of NH; is
—46.0 kJ mol~!. If the enthalpy of formation of H, from its
atoms is—436 kJ mol~! and that of N,, is— 712 kJ mol~!, the
average bond enthalpy of N—Hbond in NH; is  [2010]
(@) —964kJmol™! (b) +352kImol™!

(c) +1056kJmol™! (d) —1102kJmol™!

For a particular reversible reaction at temperature 7, AH and
AS were found to be both +ve. If 7, is the temperature at
equilibrium, the reaction would be spontaneous when

[2010]
(@ T,>T
(©) T,isStimesT

(b) T>T,
d T=T,



Cc-40

27.

28.

29.
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The entropy change involved in the isothermal reversible
expansion of 2 mole of an ideal gas from a volume of 10 dm?

toa volume of 100 dm3 at 27°C is: [2011]
(@ 383Jmol lK! (b) 35.8Jmol 1 K!
(b) 32.3Jmol 1K! (d) 42.3Jmol 1K!
The incorrect expression among the following is:  [2012]
( ) AGsystem _
2) — =
AStotal

. Vi

(b) In isothermal process, Wyq e siple = —NRT {1 —
i
AH°-TAS°

(c) InK= T d) K= e~ AGYRT

A piston filled with 0.04 mol of an ideal gas expands
reversibly from 50.0 mL to 375 mL at a constant temperature
of 37.0°C. As it does so, it absorbs 208 J of heat. The values
of q and w for the process will be: [JEEM2013]
(R=8.314)J/molK) (In7.5=2.01)

30.

31.

(@ q=+208),w=-208J (b) q=-208J,w=-208J
(¢) q=-208J,w=+208J (d) q=+208J,w=+208J
For complete combustion of ethanol,

C2H5OH (l) + 302 (g) —> 2C02 (g) + 3H20 (l) ,

the amount of heat produced as measured in bomb
calorimeter, is 1364.47 kJ mol~! at 25°C. Assuming ideality

the enthalpy of combustion, A_H, for the reaction will be:
(R=8.314kI mol™1) [JEE M 2014]

(@ -1366.95kJ mol™ (b) -1361.95kJ mol™

(c) -1460.95kJ mol™ (d) -1350.50 kJ mol™

The heats of combustion of carbon and carbon monoxide
are —393.5 and —283.5 kJ mol, respectively. The heat of

formation (in kJ) of carbon monoxide per mole is :
[JEE M 2016]

@ -6765
() 1105

(b) —110.5
d) 6765
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A Fill in the Blanks

The conjugate base of HSO, inaqueous solutioniis ............

(1982 - 1 Mark)
An element which can exist as a positive ion in acidic solution
and also as a negative ion in basic solution is said to be
. (1984 - 1 Mark)
For a given reversible reaction at a fixed temperature,
equilibrium constants K, and K arerelatedby........

(1994 - 1 Mark)
A ten-fold increase in pressure on the reaction,

N, (g)+3H,(g) ==2NH;3(g) atequilibriumresultsin ....

inKp. (1996 - 1 Mark)

In the reaction '+, > I3, the Lewis acidis ........... .
(1997 - 1 Mark)

True/ False

Aluminium chloride (AICl,) is a Lewis acid because it can
donate electrons. (1982 - 1 Mark)
Ifequilibrium constant for the reaction A, + B, == 2AB, is
K, then for the backward reaction AB &= /2 A, + /2 B,, the
equilibrium constant is 1/K. (1984 - 1 Mark)
When a liquid and its vapour are at equilibrium and the
pressure is suddenly decreased, cooling occurs.

(1984 - 1 Mark)
Solubility of sodium hydroxide increases with increase in
temperature. (1985 - > Mark)

C MCQs with One Correct Answer

Molten sodium chloride conducts electricitry due to the
presence of (1981 - 1 Mark)
(a) free electrons

(b) free ions

(c) free molecules

(d) atoms of sodium and chlorine

An acidic buffer solution can be prepared by mixing the
solutions of (1981 - 1 Mark)
(a) ammonium acetate and acetic acid

(b) ammonium chloride and ammonioum hydroxide
(c) sulphuric acid and sodium sulphate
(d) sodium chloride and sodium hydroxide.
The pH of a 108 molar solution of HCI in water is
(1981 - 1 Mark)
(@ 8 (b) -8
(c) between 7 and 8 (d) between 6 and 7
The oxidation of SO, by O, to SO; is an exothermic reaction.
The yield of SO, will be maximum if (1981 - 1 Mark)
(a) temperature is increased and pressure is kept constant
(b) temperature is reduced and pressure is increased
(c) both temperature and pressure are increased
(d) both temperature and pressure are reduced
For the reaction : (1981 - 1 Mark)
Hy(g) + 1,(g) == 2HI(g)
the equilibrium constant K, changes with
(a) total pressure
(b) catalyst
(c) the amounts of H, and I, present
(d) temperature
Of the given anions, the strongest Bronsted base is
(1981 - 1 Mark)

(@ CdOo (b) ClO,

() Q0,4 (d Clo,

At 90°C, pure water has [H;0"] 1076 mole litre™!. What is the
value of K, at 90°C? (1981 - 1 Mark)
@ 106 (b) 1012

(© 10 @ 108

The precipitate of (1982 - 1 Mark)

CaF,(K,,=1.7 x 10719

is obtained when equal volumes of the following are mixed
(@ 10*MCa?*+10*MF (b) 102MCa?*+10>MF-
() 10°MCa?*+103MF (d) 103MCa?*+10°MF-
A liquid is in equilibrium with its vapour at its boiling point.
On the average, the molecules in the two phases have equal :

(1984 - 1 Mark)
(b) potential energy
(d) kinetic energy

(a) inter-molecular forces
(c) total energy

GP_3021
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Pure ammonia is placed in a vessel at a temperature where

its dissociation constant (a) is appreciable. At equilibrium :
(1984 - 1 Mark)

(@ Kp does not change significantly with pressure.

(b) does not change with pressure.

(c) concentration of NH; does not change with pressure.

(d) concentration of hydrogen is less than that of nitrogen.

A certain buffer solution contains equal concentration of

X~and HX. The K, for X~ is 10719, The pH of the buffer is :

(@ 4 (b) 7 (1984 - 1 Mark)

(¢ 10 d 14

A certain weak acid has a dissociation constant of 1.0 x 1074,

The equilibrium constant for its reaction with a strong base

is: (1984 - 1 Mark)
@ 10x10™ (b) 1.0x1071
() 1.0x10" @ 10x10"

Anexample of areversible reactionis: (1985 - 1 Mark)
(@ PB(NO,),aq + 2Nal(aq) — Pbl,(s) + 2NaNO,(aq)

(b) AgNOs(aq)+HCl(aq) — AgCl(s) + NaNOs(aq)

(¢) 2Na(s)+H,0(/) - 2NaOH(aq) + H,(g)

(d) KNOj,(aq) +NaCl(aq) — KCl(aq) + NaNO,(aq)

The best indicator for detection of end point in titration ofa
weak acid and a strong base is : (1985 - 1 Mark)
(a) methyl orange (3 to4)

(b) methylred (5 to6)

(c) bromothymol blue (6 to7.5)

(d) phenolphthalein (8 t09.6)

The conjugate acid of NH, is: (1985 - 1 Mark)

(@) NH; (b) NH,OH

() NH, (d N,H,

The compound that is not a Lewis acid is : (1985 - I Mark)
(@) BF, (b) AICL,

(c) BeCl, (d) SnCl,

The compound insoluble in acetic acid is: (1986 - I Mark)
(@) calcium oxide (b) calcium carbonate
(c) calcium oxalate (d) calcium hydroxide

The compound whose 0.1 M solution is basic is :

(1986 - 1 Mark)
(a) ammonium acetate (b) ammonium chloride
() ammonium sulphate (d) sodium acetate
When equal volumes of the following solutions are mixed,
precipitation of AgCl (K, = 1.8x 1019y will occur only with
(@ 10*M(Aghand 10 M(CI) (1988 - 1 Mark)
(b) 10°M(AghHand 10> M (CI)
() 10°M(AghHand 10°M (CI)
(d) 107°M(Ag"and 10°1°M(CI)
The pK, of acetylsalicyclic and (aspirin) is 3.5. The pH of
gastric juice in human stomach is about 2-3 and the pH in
the small intestine is about 8. Aspirin will be

(1988 - 1 Mark)
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(a) unionised in the small intestine and in the stomach
(b) completely ionised in the small intestine and in the
stomach
(c) ionised in the stomach and almost unionised in the
small intestine
(d) ionised in the small intestine and almost unionised in
the stomach.
Which one of the following is the strongest acid?
(1989 - 1 Mark)
(@) ClO5(CH) (b) CIO,(OH)
(©) SO(OH), (d) SO,(OH),
Amongst the following hydroxides, the one which has the
lowest value of K. o at ordinary temperature (about 25°C) is
(1990 - 1 Mark)
(@ Mg(OH), (b) Ca(OH),
(¢) Ba(OH), (d) Be(OH),
The reaction which proceeds in the forward direction is
(1991 - 1 Mark)
(@) Fe,O;+ 6HCl— 2FeCl; +3H,0
(b) NH,;+ H,0+NaCl— NH,Cl+NaOH
(© SnCl,+Hg,Cl,— SnCl, +2HgCl,
(d) 2Cul+1,+4K*—2Cu?* +4KI
The following equilibrium in established when hydrogen
chloride is dissolved in acetic acid.

HCl+ CH,COOH = CI"+ CH3COOH

The set that characterises the conjugate acid-base pairs is
(1992 - 1 Mark)

(8) (HCIL,CH,COOH)and(CH,COOH} ,Cl")
(b) (HCIL, CH3COOH} )and (CH,COOH, CI)
() (CH3COOH} ,HCl)and (Cl-, CH,COOH)

(d) (HCLCl)and(CH 3COOH;r ,CH;COOH)

Which of the following solutions will have pH close to 1.0?
(1992 - 1 Mark)

(a) 100 ml of (M/10) HC1+ 100 ml of (M/10) NaOH

(b) 55ml of(M/10) HCI + 45 ml of (M/10) NaOH

(¢) 10ml of(M/10) HCI + 90 ml of (M/10) NaOH

(d) 75mlof (M/5) HCI + 25 ml of (M/5) NaOH

The degree of dissociation of water at 25°C is 1.9 x 10~7%

and density is 1.0 g cm™3. The ionic constant for water is :

(1995S)
(@ 1.0x10710 (b) 1.0x10714
() 1.0x10716 (d 1.0x10°8
Which one is more acidic in aqueous solution.  (7995S)
(@ NiCl, (b) FeCl,
(o AICL, (d) BeCl,

The following acids have been arranged in the order of
decreasing acid strength. Identify the correct order.

CIOH (I), BrOH(II), IOH(III) (1996 - 1 Mark)
(@ I>I>II (b) I>I>II
(¢) MI>II>I (d I>II>II
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The pH of 0.1 M solution of the following salts increases in
the order. (1999 - 2 Marks)
(@ NaCl<NH,Cl<NaCN<HCI
(b) HClI<NH,CI<NaCl<NaCN
(¢) NaCN<NH,CI<NaCl<HCI
(d) HCI<NaCl<NaCN<NH,Cl
For the chemical reaction 3X(g) + Y(g) === X,Y(g), the
amount of XY at equilibrium is affected by

(1999 - 2 Marks)
(a) temperature and pressure
(b) temperature only
(c) pressure only
(d) temperature, pressure and catalyst

For the reversible reaction, N,(g) + 3H,(g) &=2NH;(g) at
500°C, the value of Kp iS 1 44 x10~° when partial pressure
is measured in atmospheres. The corresponding value of
K, with concentration in mole litre™1, is (2000S)
1.44x107
(8.314x773)

1.44x1073

@ (0.082x500) 2

(b)

1.44x107°
(0.082x773)2

1.44x1073

© Qos2x773) @

When two reactants, 4 & B are mixed to give products
C & D, the reaction quotient Q, at the initial stages of the
reaction (2000S)
(a) iszero

(b) decreases with time

(c) isindependent of time

(d) increases with time

The set with correct order of acidity is
(@) HCIO<HCIO, <HCIO; <HCIO,
(b) HCIO, <HCIO; <HCIO, <HCIO
(¢) HCIO<HCIO, <HCIO,; <HCIO,
(d) HCIO,<HCIO, <HCIO; <HCIO
For a sparingly soluble salt 4 B the relationship of its
solubility product (L) with its solubility (S)is ~ (2001S)
(@ Lg=SPipPqi (b) Lg=SP*pigP

(©) Lg=5PpPqf (d) Lg=SM.(pg)*d

At constant temperature, the equilibrium constant (Kp) for

(20015)

the decomposition reaction N,O, # 2NO, isexpressed

by K, = (4x2P)/(1-x%), where P = pressure, x = extent of
decomposition. Which one of the following statements is
true? (2001S)
(@ Kp increases with increase of P

b) Kp increases with increase of x

(©) Kp increases with decrease of x

(d Kp remains constant with change in P and x
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Consider the following equilibrium in a closed container

(2002S)
N,O,(g) == 2NO,(g)

Ata fixed temperature, the volume of the reaction container

is halved. For this change, which ofthe following statements

holds true regarding the equilibrium constant (Kp) and degree

of dissociation (o )?

(@) neither Kp nor o changes

(b) both Kp and o change

() Kp changes, but o does not change

(d) Kp does not change, but o changes

A weak acid HX has the dissociation constant 1 x 10> M. It

forms a salt NaX on reaction with alkali. The percentage

hydrolysis of 0.1 M solution of NaX is (2004S)
(@) 0.0001% (b) 001%
(© 01% d 015%

A 0.004 M solution of Na,SO, is isotonic with 0.010 M
solution of glucose at same temperature. The percentage

dissociation of Na,SO, is (2004S)
@ 25% (b) 50%
© 75% d) 8%

0.1 mole of CH;NH, (K, =5 x10~#)is mixed with 0.08 mole of
HCI1 and diluted to one litre. What will be the H*

concentration in the solution? (2005S)
(@) 8x102M (b) 8x10°1'M
(c) 1.6x10°1M (d) 8x10°M

The Haber’s process for the formation of NH;, at 298K is
N, +3H, == 2NH;; AH = —46.0 kJ; Which of the
following is the correct statement (2006 - 3M, -1)
(@) The condition for equilibrium is

GN2 +3GH2 = 2GNH3

where G is Gibb's free energy per mole of the gaseous
species measured at that partial pressure.

(b) On adding N,, the equilibrium will shift to forward
direction because according to II"d law of
thermodynamics the entropy must increase in the
direction of spontaneous reaction

(c) The catalyst will increase the rate of forward reaction
by 2 times and that of backward reaction by 1.5 times

(d) None of these

2.5 ml of (2/5) M weak monoacidic base (K, =1 x 10-12 at

25°) is titrated (2/15) M HCI in water at 25°C. The

concentration of H" at equivalence point is (K, = 1 x 10714

at25°C) (2008S)

(@ 37x10°“4M (b) 32x107M

() 32x102M (d) 27x102M

Solubility product constant (Ksp) of salts of types MX,
MX, and M, X at temperature Tare 4.0 x 1073,3.2 x 10714 &
2.7 x 10713, respectively. Solubilities (mol dm3) of the salts
at temperature 'T" are in the order — (2008S)
(@ MX>MX,>M,X (b) M;X>MX,>MX
(© MX,>M,;X>MX (d) MX>M,X>MX,



MCQs with One or More Than One Correct

For the gas phase reaction : (1984 - 1 Mark)
C,H,+H, = C,H, (AH=-32.7kcal)
carried out in a vessel, the equilibrium concentration of C,H,
can be increased by :
(a) increasing the temperature
(b) decreasing the pressure
(c) removing some H,
(d) addingsome C,Hy
When NaNO; is heated in a closed vessel, oxygen is liberated
and NaNO, is left behind. At equilibrium. (1986 - I Mark)
(@) addition of NaNO, favours reverse reaction
(b) addition of NaNO, favours forward reaction
(c) increasing temperature favours forward reaction
(d) increasing pressure favours reverse reaction
The equilibrium : (1989 - 1 Mark)
SO,Cl,(g) = SO,(g)+ Cl,(g)

is attained at 25°C in a closed container and an inert gas,
helium is introduced. Which of the following statements are
correct?
(@ Concentration of SO,, Cl, and SO,Cl, do not change
(b) More chlorine is formed
(c) Concentration of SO, is reduced
(d) More SO,Cl, is formed.
For the reaction :

PCl,(g) > PCly(g) +Cly(2)
The forward reaction at constant temperature is favoured
by
(a) introducing an inert gas at constant volume
(b) introducing chlorine gas at constant volume
(c) introducing an inert gas at constant pressure
(d) increasing the volume of the container
(e) introducing PCl; at constant volume
For the reaction CO(g) + H,0(g) == CO,(g) + Hy(g) ata
given temperature the equilibrium amount of CO,(g) can be
increased by (1998 - 2 Marks)
(a) adding a suitable catalyst
(b) adding an inert gas
(c) decreasing the volume of the container
(d) increasing the amount of CO(g).
Which of the following statements(s) is (are) correct?

(1998 - 2 Marks)

(@) ThepH of 1.0 x 10~ M solution of HCl is 8

(b) The conjugate base of H,PO, is HPO ﬁ‘

(c) Autoprotolysis constant of water increases with
temperature

(d) When a solution of a weak monoprotic acid is titrated
against a strong base, at half-neutralisation point
pH=(1/2)pK .

A buffer solution can be prepared from a mixture of

(1999 - 3 Marks)

(a) sodium acetate and acetic acid in water

(b) sodium acetate and hydrochloric acid in water

(¢) ammoniaand ammonium chloride in water

(d) ammoniaand sodium hydroxide in water

(1991 - 1 Mark)

10.

11.

12.
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Aqueous solutions of HNO;, KOH, CH;COOH and
CH;COONa of identical concentrations are provided. The
pair(s) of solutions which form a buffer upon mixing is(are)
(@) HNO; and CH;COOH (2010)
(b) KOHand CH;COONa

(c) HNO; and CH;COONa

(d) CH;COOH and CH;COONa

The initial rate of hydrolysis of methyl acetate (1M) by a
weak acid (HA, 1M) is 1/100t of that of a strong acid (HX,
1M), at 25°C. The K, of HA is (JEE Adv. 2013)
(@ 1x10™ (b) 1x1075

(c) 1x10° (d 1x1073

The K, of Ag,CrO, is 1.1 x 10712 at 298 K. The solubility
(in mol/L) of Ag,CrO, in 2 0.1 M AgNO, solution is

(JEE Adv. 2013)

(@ 11x1071! (b) 1.1x10710

(¢ L1x10712 (d 11x107

The thermal dissociation equilibrium of CaCO5(s) is studied
under different conditions (JEE Adv. 2013)
CaCO;(s) = CaO(s) + CO,(g). For this equilibrium, the
correct statement(s) is(are)

(a) AHis dependenton T

(b) Kisindependent of the initial amount of CaCOj,

(¢) Kisdependent on the pressure of CO, at a given T
(d) AH s independent of catalyst, if any
The %yield of ammonia as a function of time in the reaction
Ny(g) + 3Hy(g) = 2NH;(g), AH<Oat (P, T, ) is given below

Y%yield

If this reaction is conducted at (P, T,), with T, > T, the
%yield of ammonia as a function of time is represented by
(JEE Adv. 2015)

‘ T
= s =
2 )
el
@ = ) =
time _ time
A
T
= - =
& T 2
(© = @ =
time B time

E Subjective Problems

A solution contains Na,CO; and NaHCO;. 10 ml of solution
requires 2.5 ml of 0.1 M H,SO, for neutralisation using
phenolphthalein as an indicator. Methyl orange is then
added when a further 2.5ml of 0.2M H,SO, was required.
Calculate the amount of Na,CO; and NaHCO; in one litre of
the solution. (1979)
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How many moles of sodium propionate should be added to
one litre of an aqueous solution containing 0.020 mole of
propionic acid to obtain a buffer solution of pH 4.75? What
will be pHif0.010 mole of hydrogen chloride is dissolved in
the above buffer solution. Compare the last pH value with
the pH of 0.010 molar HCI solution. Dissociation constant
of propionic acid, K ,at 25°C=1.34 x 10,

(1981 - 4 Marks)
One mole of nitrogen is mixed with three moles of hydrogen
in a 4 litre container. If0.25 per cent of nitrogen is converted
to ammonia by the following reaction (1981 - 4 Marks)

N,(g) + 3H,(g) = 2NH;(g),

calculate the equilibrium constant (K) in concentration
units. What will be the value of K for the following
equilibrium ?

1 3
E 2(g)+ E Hz(g) = 3(ag)

Twenty ml. of 0.2 M sodium hydroxide is added to 50 ml. of
0.2 M acetic acid to give 70 ml of the solution. What is the
pH of this solution? Calculate the additional volume of 0.2
M NaOH required to make the pH of the solution 4.74. The
ionization constant of acetic acid is 1.8 x 1075,
(1982 - 3 Marks)
The dissociation constant of a weak acid HA is 4.9 x 1078,
After making the necessary approximations, calculate (i)
percentage ionization, (ii) pH and (iii)) OH™ concentration in
a decimolar solution of the acid. Water has a pH of 7.
(1983 - 2 Marks)
A solution contains a mixture of Ag (0.10 M) and Hg,™*
(0.10 M) which are to be separated by selective precipitation.
Calculate the maximum concentration of iodide ion at which
one of them gets precipitated almost completely. What
percentage of that metal ion is precipitated?
[Ksp :Agl=85x 10717, Hg,I,=2.5 x 10726]
(1984 - 4 Marks)
One mole of Cl, and 3 moles of PCl; are placed in a 100 litre
vessel heated to 227°C. The equilibrium pressure is 2.05
atmosphere. Assuming ideal behaviour, calculate the degree
of dissociation for PClg and K for the reaction :
PCl,(g) = PCl;(g)+Cl,(g). (1984 - 6 Marks)
Arrange the following in :
(i) increasing bond length: F,, N,, Cl,, O,
(1985 - 1 Mark)
(#) increasing acid strength : HC1O,, HC10,, HCIO,, HCIO
(1986 - 1 Mark)
(#i) increasing basicity : H,0, OH-, CH;0H, CH;0~
(1992 - 1 Mark)
(iv) Arrange the following oxides in the decreasing order
of Bronsted basicity :
Ba0, 50,,C0,,CL,0,,B,0,
(2004 - 2 Marks)
The [H*] in 0.2 M solution of formic acid is 6.4 x 10~3 mole
litre™!. To this solution sodium formate is added so as to
adjust the concentration of sodium formate to one mole
litre~!. What wil be pH of this solution? K , for HCOOH is
2.4 x 10~* and degree of dissociation of HCOONa is 0.75.
(1985 - 3 Marks)
The equilibrium constant of the reaction
A,(g)+B,(g) = 2AB(g)
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at 100°C is 50. Ifa one litre flask containing one mole of A, is
connected to a two litre flask containing two mole of B,,
how many mole of AB will be formed at 373°C?
(1985 - 4 Marks)
The solubility of Mg(OH), in pure water is 9.57x1073 g/litre.
Calculate its solubility (in g/litre) in 0.02 M Mg(NO,),
solution. (1986 - 5 Marks)
What is the pH of the solution when 0.20 mole of hydrochloric
acid is added to one litre of a solution containing.
(1987 - 5 Marks)
(1) 1M each of acetic acid and acetate ion?
(i) 0.1 M each of acetic acid and acetate ion?
Assume the total volume is one litre.
K, for acetic acid=1.8 x 10~
Ata certain temperature equilibrium constant (K ) is 16 for
the reaction. (1987 - 5 Marks)
SO,(g) + NO,(g) = SO5(g) + NO(g)
If we take one mole each of all the four gases in a one litre
container, what would be the equilibrium concentrations of
NO(g) and NO,(g)?
N,O, is 25% dissociated at 37°C and one atmosphere
pressure. Calculate (i) K and (ii) the percentage dissociation
at 0.1 atmosphere and 39°C. (1988 - 4 Marks)
How many gram-mole of HC1 will be required to prepare one
litre of buffer solution (containing NaCN and HCI) of pH 8.5
using 0.01 gram formula weight of NaCN?
K dissociation (HCN)=4.1 x 1010, (1988 - 4 Marks)
The equilibrium constant K, of the reaction :
250,(g) +O,(g) == 250,(g)
is 900 atm. at 800 K. Amixture containing SO, and O, having
initial partial pressure of 1 and 2 atm. respectively is heated
at constant volume to equilibrate. Calculate the partial
pressure of each gas at 800 K. (1989 - 3 Marks)
Freshly precipitated aluminium and magnesium hydroxides
are stirred vigorously in a buffer solution containing
0.25 mole// of ammonium chloride and 0.05 mole// of
ammonium hydroxide. Calculate the concentration of
aluminium and magnesium ions in solution: (1989- 3 Marks)
K,[NH,OH]=1.80 x 10~
K_ [Mg(OH),]=6 x 10710
K, [AI(OH);] =6 x 102
For the reaction : CO(g) +2H,(g) = CH,;O0H(g)
hydrogen gas is introduced into a five litre flask at 327°C,
containing 0.2 mole of CO(g) and a catalyst, until the pressure
is 4.92 atm. At this point 0.1 mole of CH;OH(g) is formed.
Calculate the equilibrium constant, K, and K .
(1990 - 5 Marks)
What is the pH of 1.0 M solution of acetic acid? To what
volume must one liter of this solution be diluted so that the
pH of the resulting solution will be twice the original value?
Given: K,=1.8x 1075 (1990 - 4 Marks)
The solubility product of Ag,C,0, at 25°C is 1.29 x 10711
mol? /3. A solution ofK,C,0O, containing 0.1520 mole in 500
ml water is shaken at 25°C with excess of Ag,CO, till the
following equilibrium is reached : (1991 - 4 Marks)
Ag,CO;+K,C,0,+=Ag,C,0,+K,CO,
At equilibrium the solution contains 0.0358 mole of K, COj;.
Assuming the degree of dissociation of K,C,0, and K,CO,
to be equal, calculate the solubility product of Ag,CO;.
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A 40.0 ml solution of weak base, BOH is titrated with 0. 1N
HCI solution. The pH of the solution is found to be 10.04
and 9.14 after adding 5.0 ml and 20.0 ml of the acid
respectively. Find out the dissociation constant of the base.

(1991 - 6 Marks)
The solubility product (K| ) of Ca(OH), at 25°C is
4.42 x 107°. A 500 ml. of saturated solution of Ca(OH), is
mixed with equal volume 0f0.4 M NaOH. How much Ca(OH),
in milligrams is precipitated? (1992 - 4 Marks)
0.15 mole of CO taken in a 2.5 /flask is maintained at 750 K
along with a catalyst so that the following reaction can take
place:

CO(g) + 2H, (g) == CH;0H(g)

Hydrogen is introduced until the total pressure of the system
is 8.5 atmosphere at equilibrium and 0.08 mole of methanol
is formed. Calculate (i) K, and K and (ii) the final pressure if
the same amount of CO and H, as before are used, but with
no catalyst so that the reaction does not take place.

(1993 - 5 Marks)
The pH of blood stream is maintained by a proper balance
of H,CO; and NaHCO; concentrations. What volume of
SM NaHCO; solution should be mixed with a 10 ml sample
of blood whlch is2M in H,CO; in order to maintain a pH of
7.4? K, for H,CO, in blood is 7 8 x 1077, (1993 - 2 Marks)
An aqueous solutlon of a metal bromide MBr, (0.05M) is
saturated with H,S. What is the minimum pH at which MS
will precipitate? (1993 - 3 Marks)

K p for MS=6.0><10_21; concentration of saturated
HyS=0.1M

K; =107 and K, =1.3x107'3, for HyS.
At temperature 7, a compound AB, (g) dissociates according
to the reaction (1994 - 4 Marks)

2AB;(g) =—=2AB(2)+B,(g)

with a degree of dissociation x which is small compared with
unity. Deduce the expression for x in terms of the equilibrium
constant K and the total pressure, P.

For the reaction

[Ag(CN),]” =—=Ag" +2CN~

the equilibrium constant, at 25°C , is 4 0 x10~!9 . Calculate

the silver ion concentration in a solution which was originally
0.10 molar in KCN and 0.03 molar in AgNO;.

(1994 - 3 Marks)
Calculate the pH of an aqueous solution of 1.0 M ammonium
formate assuming complete dissociation.

( pK, of formic acid=3.8 and pK; ofammonia=4.8.)

(1995 - 2 Marks)
What is the pH of a 0.50 M aqueous NaCN solution? pK;; of
CN-is4.70. (1996 - 2 Marks)
A sample of AgCl was treated with 5.00 mL of 1.5 M
Na,CO, solution to give Ag,CO,. The remaining solution
contained 0.0026 g of CI~ per litre. Calculate the solubility
product of AgCl (K (Ag,CO,)=8.2 10712),

(1997 - 5 Marks)

Topic-wise Solved Papers - CHEMISTRY

31. An acid type indicator, HIn differs in colour from its
conjugate base (In~). The human eye is sensitive to colour
differences only when the ratio[In~]/[HIn] is greater than 10
or smaller than. 0.1. What should be the minimum change in
the pH of the solution to observe a complete colour change
(K =1.0x107%)? (1997 - 2 Marks)

32. Given:Ag(NH,)5 =<—=Ag"+2NH,,K =62 x 108and
K of AgCl=138 10710 at 298 K. Ifammonia is added to a
water solution containing excess of AgClI(s) only, calculate
the concentration of the complex in 1.0 M aqueous ammonia.

(1998 - 5 Marks)

33. What will be the resultant pH when 200mL of an aqueous
solution of HC1 (pH=2.0) is mixed with 300 mL of an aqueous
solution of NaOH (pH= 12.0) ? (1998 - 2 Marks)

34. When 3.06 g of solid NH,HS is introduced into a two litre
evacuated flask at 27° C, 30% of the solid decomposes into
gaseous ammonia and hydrogen sulphide. (i) Calculate K,
and K_ for the reaction at 27°C. (ii) What would happen to
the equilibrium when more solid NH,HS is introduced into
the flask ? (1999 - 7 Marks)

35. The solubility of Pb(OH), in water is 6.7x 10~ M. Calculate
the solubility of Pb(OH), in a buffer solution of pH= 8.

(1999 - 4 Marks)

36. The average concentration of SO, in the atmosphere over a
city on a certain day is 10 ppm, when the average temperature
15298 K. Given that the solubility of SO, in water at 298 K is
1.3653 moles litre™! and the pK,ofH, SO is 1.92, estimate
the pH of rain on that day. (2000 5 Marks)

37. 500 mL of 0.2 M aqueous solution of acetic acid is mixed
with 500 mL of 0.2 M HCl at 25°C.

(i) Calculate the degree of dissociation of acetic acid in
the resulting solution and pH of the solution.
(i) If 6 g of NaOH is added to the above solution,
determine the final pH.
[Assume there is no change in volume on mixing;
K, of aceticacid is 1.75 x 10> mol L'!].
(2002 - 5 Marks)
38. Match the following if the molecular weights of X, Yand Z

are same. (2003 - 2 Marks)
Boiling Point K,
X 100 0.63
y 2] 0.53
z 253 0.98

G Comprehension Based Questions

PARAGRAPH 1

When 100 mL of 1.0 M HCI was mixed with 100 mL of 1.0 M NaOH
in an insulated beaker at constant pressure, a temperature increase
of 5.7 °C was measured for the beaker and its contents (Expt.1).
Because the enthalpy of neutralization of a strong acid with a
strong base is a constant (—57.0 kJ mol~1), this experiment could
be used to measure the calorimeter constant. In a second
experiment (Expt. 2), 100 mL of 2.0 M acetic acid (K, =2.0 x 1075)
was mixed with 100 mL of 1.0 M NaOH (under identical conditions
to Expt. 1) where a temperature rise of 5.6 °C was measured.

(Consider heat capacity of all solutions as 4.2 J g”! K~! and
density of all solutions as 1.0 g mL~1) (JEE Adv. 2015)
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1. Enthalpy of dissociation (in kJ mol~!) of acetic acid obtained
from the Expt.2 is
@ 10 (b) 100 (c) 245 (d) 514
2. The pH of the solution after Expt. 2 is
@ 28 (b) 47
() 50 d 70

PARAGRAPH 2

Thermal decomposition of gaseous X, to gaseous X at 298 K
takes place according to the following equation:

X, (g)=2X(g)

The standard reaction Gibbs energy, A G°, of this reaction is
positive. At the start of the reaction, there is one mole of X, and
no X. As the reaction proceeds, the number of moles of X formed
is given by . Thus, B equilibrium is the number of moles of X formed
at equilibrium. The reaction is carried out at a constant total
pressure of 2 bar. Consider the gases to behave ideally.

(GivenR=0.083 L bar K-! mol) (JEE Adv. 2016)
3. The equilibrium constant Kp for this reaction at 298 K, in

terms of By ibrium: 18
2 8B ..
( ) 8Beguilibrium (b) Bequlllbnum
a -
2-Bequilibrium 4_5gquilibrium
2 2
4Bequilibrium 4Bequilibrium
© S @ —,

4_5gquilibrium
4. The INCORRECT statement among the following, for this
reaction, is
(a) Decrease in the total pressure will result in formation
of more moles of gaseous X

(b) At the start of the reaction, dissociation of gaseous
X, takes place spontaneously

(C) Bequjlibrium=0'7
@ K<l

|: 3l Assertion & Reason Type Questions

1.  Each question contains STATEMENT-1 (Assertion) and
STATEMENT-2 (Reason). Each question has 5 choices (a),
(b), (¢) and (d) out of which ONLY ONE is correct. Mark
your answer as

(a) If both Statement -1 and Statement -2 are correct,
and Statement -2 is the correct explanation of the
Statement -2.

I Section-B

1. 1 MNaCland 1 M HCI are present in an aqueous solution.
The solution is [2002]

(a) not a buffer solution with pH <7
(b) not a buffer solution with pH>7
(c) abuffer solution with pH<7
(d) abuffer solution with pH> 7.
2. Species acting as both Bronsted acid and base is

2—Bequilibrium
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(b) Ifboth Statement -1 and Statement -2 are correct, but
Statement -2 is not the correct explanation of the
Statement -1.

(c) IfStatement-1 is correct but Statement -2 is incorrect.

(d) IfStatement-1 is incorrect but Statement -2 is correct.

Statement -1 The endothermic reactions are favoured at

lower temperature and the exothermic reactions are favoured

at higher temperature.

Statement -2 When a system in equilibrium is disturbed by

changing the temperature, it will tend to adjust itself so as

to overcome the effect of change. (1991 - 2 Marks)

Read the following statement and explanation and answer

as per the options given below :

Statement -1 HNO; is a stronger acid than HNO,

Statement -2 In HNO, there are two nitrogen-to-oxygen

bonds whereas in HNO, there is only one.

(1998 - 2 Marks)

Statement -1 For every chemical reaction at equilibrium,

standard Gibbs energy of reaction is zero.

Statement -2 At constant temperature and pressure, chemical

reactions are spontaneous in the direction of decreasing

Gibbs energy. (2008)

I Integer Value Correct Type

0.1 M NaOH is titrated with 0.1 M HA till the end point; K,
for HA is 5.6 x 1076 and degree of hydrolysis is less compared
to 1. Calculate pH of the resulting solution at the end point.
(2004 - 2 Marks)
The dissociation constant of a substituted benzoic acid at
25°Cis 1.0 x 10~ The pH of a 0.01 M solution of its sodium
salt is (2009 - 2 Marks)
Amongst the following, the total number of compounds
whose aqueous solution turns red litmus paper blue is
KCN, K,S0,, (NH,),C,0,, NaCl, Zn(NO,),, FeCl,, K,COs,,
NH,NO; and LiCN (2010)
The total number of diprotic acids among the following is:
H,PO,, H,SO,, H;PO,, H,CO,, H,S,0,, H;BO;, H;PO,,
H,CrO, and H,S0;. (2010)
In 1 Lsaturated solution of AgCl [Ksp(AgCl)=1.6 x 10~10],
0.1 mol of CuCl [Ksp(CuCl) =1.0 x 107%] is added. The
resultant concentration of Ag* in the solution is 1.6 x 107*.

The value of “x” is (2011)
(@) (HSO,)! (b) Na,CO, [2002]
(©) NH; (d) OH™.

Let the solubility of an aqueous solution of Mg(OH), be x
then its K s is [2002]
(@) 43 (b) 108x°

() 27¢ d) O

Change in volume of the system does not alter which ofthe
following equilibria? [2002]
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@ N,(2)*+0,(8 ==2NO(g)

(b) PCl(g) ==2PCl;(2)+Cl,(g)

(©) N, (g)+3H, (g) === 2NH, (g)

(d) SO,Cl, (g) ==50,(g)+Cl,(g).

For the reactionCO (g) +(1/2) O, (g) = CO, (g), Kp/ K, is

(@ RT (b) (RT)! [2002]

(©) (RD)'2 @ ([RD"

Which one of the following statements is not true? [2003]

(a) pH+ pOH = 14 for all aqueous solutions

(b) ThepHof1x 108 MHClis 8

(c) 96,500 coulombs of electricity when passed through a
CuSO, solution deposits 1 gram equivalent of copper
at the cathode

(d) The conjugate base of H,PO; is HPO3"

The solubility in water of a sparingly soluble salt AB, is

1.0 x 1073 mol L. Its solubility product number will be

(@ 4x10710 (b) 1x107B [2003]
() 1x10710 (d) 4x10715

For the reaction equilibrium [2003]
N,0O, (g)==2NO, (g)

the concentrations of N,O, and NO, at equilibrium are

4.8 x102and 1.2 x 102 mol L™ respectively. The value of

K for the reaction is

(@ 3x10'molL™! (b) 3x103mol L

() 3x10°molL"! (d) 3.3x10?°molL"!

Consider the reaction equilibrium

280, (g) + O4(g) =2 S0, (g); AH°=—198KkJ

On the basis of Le Chatelier’s principle, the condition

favourable for the forward reaction is

(a) increasing temperature as well as pressure

(b) lowering the temperature and increasing the pressure

(c) any value of temperature and pressure

(d) lowering of temperature as well as pressure

When rain is accompanied by a thunderstorm, the collected

rain water will have a pH value [2003]

(a) slightly higher than that when the thunderstorm is not
there

(b) uninfluenced by occurrence of thunderstorm

(c) which depends on the amount of dust in air

(d) slightly lower than that of rain water without

[2003]

thunderstorm.
The conjugate base of H,PO} is [2004]
(@ H;PO, (b) P,0
(© PO} (d) HPOZ~

What is the equilibrium expression for the reaction
P, (s)+50,(8) = P4O1p(s) ? [2004]

@ K. =[0,]
(b) K. =[P;010]/5[P4][0,]

(© K, =[P;00)/[P4][0,)

@ K, =1/[0,P

13.

14.

15.

16.

17.

18.

19.

For the reaction, CO(g)+Cl,(g) = COCl,(g) the

K P .
X, is equal to [2004]
@ RT (b) RT
© Yr @ 10
The equilibrium constant for the reaction

N, (g)+05(g) = 2NO,(g) at temperature T is 4x107.
The value of K _ for the reaction

NO,(g) = %Nz (g)+ % 0,(g) atthe same temperature
is

@ 4x10™* (b) 0
() 25x10% (d 002
The molar solubility (in mol L~!) of a sparingly soluble salt

MX, is ‘s’. The corresponding solubility product is K - ‘s’
is given in term of K - by the relation : [2004]

[2004]

@ s=(256K,,)" (b)s=(128K,,)"*

© s=(Kg,/128)"* (d)s=(K,,/256)"°

If o is the degree of dissociation of Na,SO, , the Vant

Hoff’s factor (i) used for calculating the molecular mass is
[2005]

@ 1-2a (b) 1+2a

© l-a d 1+«

The solubility product of a salt having general formula

MX, , in water is : 4 X 1072 . The concentration of M2*

ions in the aqueous solution of the salt is [2005]

(@ 40x107°M (b) 1.6x107*M

(© 1.0x107*M (d 20x10°°M

The exothermic formation of CIF; is represented by the
equation :

Cl,(g) + 3F,(g) =2CIF;(8) ; AH =-329kJ

Which of the following will increase the quantity of CIF; in
an equilibrium mixture of Cl,, F, and CIF; ? [2005]
(@ Adding F,

(b) Increasing the volume of the container

(¢ Removing Cl,

(d) Increasing the temperature

For the reaction : 2NO, == 2NO(g) + Oxg),

(K, =1.8x107% at 184°C) (R=0.0831 kJ/ (mol. K))



Equilibrium

20.

21.

22.

23.

24.

25.

o c-49

When Kp and K. are compared at 184°C, it is found that

[2005]
(@) Whether K, is greater than, less than or equal to K,
depends upon the total gas pressure
(b) K,=K,
() Kp is less than K,
(d) Kp is greater than K,
Hydrogen ion concentration in mol/L in a solution of

pH=5.4 will be : [2005]
(@ 3.98x107° (b) 3.68x107°

(© 3.88x10° (d) 3.98x108

What is the conjugate base of QH™ ? [2005]
@ 0% (b) O

© H,0 @ o,

An amount of solid NH,4HS is placed in a flask already
containing ammonia gas at a certain temperature and 0.50
atm pressure. Ammonium hydrogen sulphide decomposes
to yield NHj3 and H,S gases in the flask. When the
decomposition reaction reaches equilibrium, the total
pressure in the flask rises to 0.84 atm? The equilibrium
constant for NH,HS decomposition at this temperature is
(@ o011 (b) 0.17 [2005]
(c) 018 (d) 030

Phosphorus pentachloride dissociates as follows, in a closed
reaction vessel [2006]

PCly(g) = PCl;(g)+Cl,(g)

Iftotal pressure at equilibrium of the reaction mixture is P
and degree of dissociation of PCly is x, the partial pressure

of PCL will be
o () o ()
o e e ([

The equilibrium constant for the reaction

S04(8) === 50,(2)+ 02(®)

isK =49x 1072. The value of K_ for the reaction
250,(g)+0,(g) ﬁ 2804(g)

will be [2006]
(@ 98x1072 (b) 49x1072
(c) 416 () 240x1073
Given the data at 25°C
Ag+I” —— Agl+e” E°=0.152V
Ag——Agt +e” E°=-0.800 V

26.

27.

28.

29.

30.

31.

32.

What is the value of log Ksp for Agl?(2.303 RT/F=0.059 V)
(@ 3783 (b) -16.13 [2006]
(© -812 (d) +8612

The first and second dissociation constants of an acid H,A
are 1.0 x 10~ and 5.0 x 1010 respectively. The overall disso-

ciation constant of the acid will be [2007]
(@) 02x10° (b) 50x107
() 50x101 (d) 5.0x10713,

The pK, of a weak acid (HA) is 4.5. The pOH of an aqueous
buffer solution of HA in which 50% ofthe acid is ionized is
@ 70 (b) 45 [2007]
() 25 d) 95

In a saturated solution of the sparingly soluble strong elec-
trolyte AglO, (molecular mass = 283) the equilibrium which

sets in is AglO; () = Ag*(aq) + 105 aq) - I the solubil-

ity product constant Ko of AglO; at a given temperature is
1.0 x 1078, what is the mass of AglO, contained in 100 ml of
its saturated saolution? [2007]
(@ 10x104g (b) 283x102g

(c) 283x103g (d 10x107g

The equilibrium constants K 2 and K, for the reactions
X=2Yand Z = P +Q, respectively are in the ratio of 1 :
9. If the degree of dissociation of X and Z be equal then the

ratio of total pressures at these equilibria is [2008]
(@ 1:36 (b) 1:1
(¢ 1:3 d 1:9

For the following three reactions a, b and c, equilibrium

constants are given: [2008]
() CO(g) +H,0(g) = CO,(g) +Hy (g); Ky

(i) CHy (2) -+ HyO(g) = CO(g) + 3H, (2): K,

(iif) CHy (2) + 2H,0(g) = CO, (g) +4H, (2):K;3

@ KKy =Ky (b) KyK3=K,

© K=K K, ) K3K3 =K}

Four species are listed below: [2008]
i  HCO; i. H;0"

. HSO,” iv. HSO,F

Which one of the following is the correct sequence of their
acid strength?

(@) iv<ii<iii<i (b) ii<iii<i<iv

(¢) i<iii<ii<iv (v) iii<i<iv<ii

The pK, of a weak acid, HA, is 4.80. The pK; ofa weak base,
BOH, is 4.78. The pH of an aqueous solution of the

correspondng salt, BA, will be [2008]
(@ 958 (b) 479
(¢) 701 d 922
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Solid Ba(NOs), is gradually dissolved in a 1.0 x 1004 M

Na,CO; solution. At what concentration of Ba?* will a

precipitate begin to form? (K for for BaCO;=5.1 x 107%)
[2009]

(@ 5.1x10°M (b) 8.1x103M

() 81x1077M (d 41x107°M

Three reactions involving H,PO,~ are given below :

@ H,;PO,+H,0—»>H;0"+H,PO,”

(i) H,PO,” +H,0 - HPO,* +H;0"

(i) H,PO,”+OH-— H,PO,+0O*

In which of the above does H,PO, actasanacid ? [2010]

(a) (ii)only (b) (i)and (ii)

(c) (ii)only (d) (i)only

In aqueous solution the ionization constants for carbonic
acid are

K,=42x10"7and K,=4.8 x 10711,

Select the correct statement for a saturated 0.034 M solution
of'the carbonic acid. [2010]
(@) Theconcentration of CO3™ is0.034 M.

(b) The concentration of CO3™ is greater than that of
HCO;3 .

(¢) The concentrations of H* and HCO3 are
approximately equal.

(d) The concentration of H* is double that of CO%™ .
3

Solubility product of silver bromide is 5.0 x 10713, The
quantity of potassium bromide (molar mass taken as 120 g
mol~!) to be added to 1 litre of 0.05 M solution of silver
nitrate to start the precipitation of AgBr is [2010]

(@ 12x10710¢g (b) 12x107%¢g
() 62x107g (d) 50x108%¢g
At25°C, the solubility product of Mg(OH), is 1.0 x 1071 At
which pH, will Mg?* ions start precipitating in the form of

Mg(OH), from a solution of0.001 M Mg2* ions? ~ [2010]
@ 9 (b) 10
¢ 1 d 8

A vessel at 1000 K contains CO, with a pressure of 0.5 atm.
Some of the CO, is converted into CO on the addition of
graphite. Ifthe total pressure at equilibrium is 0.8 atm, the

value of K is : [2011]
(a) 1.8atm (b) 3atm
(¢) 03atm (d) 0.18atm

The equilibrium constant (K.) for the reaction
N,(g) + O,(g) = 2NO(g) at temperature T is 4 x 10*. The
value of K, for the reaction [2012]

NO(g) > %Nz ) +%02 (g) atthe same temperature is:

(@ 002
(c) 4x10*

(b) 2.5%10%
(d 500

40.

41.

42,

43.

44.

45.

The pH ofa 0.1 molar solution of the acid HQ is 3. The value

of the ionization constant, K, ofthe acid is : [2012]
(@ 3x10! (b) 1x1073
() 1x107 (d) 1x107

How many litres of water must be added to 1 litre an aque-
ous solution of HCI with a pH of 1 to create an aqueous

solution with pH of 2 ? [JEE M 2013]
(@ O0.1L (b) 09L
() 20L (d 90L

For the reaction SOz(g)+%Oz(g)\:\SO3(g), if

Kp =Ko (RT)" where the symbols have usual meaning

then the value of x is (assuming ideality):  [JEE M 2014]
I b -+

@ - ® -
1 d 1

© @

The standard Gibbs energy change at 300 K for the reaction

2A —— B+ Cis24942]. Atagiven time, the composition

1 1
of the reaction mixture is [A] = > [B]=2and [C]= 5 The

reaction proceeds in the : [R=8.314 J/K/mol, e=2.718]
[JEE M 2015]

(a) forward direction because Q<K

(b) reverse direction because Q <K

(c) forward direction because Q>K_

(d) reverse direction because Q > K

The following reaction is performed at 298 K.

2NO(g) + O,(g) = 2NO,(g)

The standard free energy of formation of NO(g) is 86.6 kj/mol
at 298 K. What is the standard free energy of formation of
NO,(g)at 298 K? (K, =1.6 x 1012) [JEE M 2015]

In (1.6 x10'?)
R (298)
(b) 0.5[2 x 86,600—R(298)In(1.6 x 1012)]
(c) R(298)In(1.6 x 10'2)—86600
(d) 86600+R(298)In(1.6 x1012)
The equilibrium constant at 298 K for a reaction 4 +B=

C+D s 100. Ifthe initial concentration of all the four species
were 1 M each, then equilibrium concentration of D (in mol

(a) 86600—

L will be : [JEE M 2016]
(@) 1818 (b) 1182
(¢) 0182 (d) 0818
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C

Fill in the Blanks

Anhydrous MgCl, is obtained by heating hydrated salt
with .......... (1980)

The absorption of hydrogen by palladium is commonly
knownas............... . (1983 - 1 Mark)

Sodium dissolved in liquid ammonia conducts electricity
because............... . (1985 - 1 Mark)

The electrolysis of molten sodium hydride liberates .............
gasatthe ............ : (1989 - 1 Mark)

Ca?* has a smaller ionic radius than K* becauseithas.............
(1993 - 1 Mark)

True / False

MgCl,.6H,0 on heating give anhydrous MgCl,.
(1982 - 1 Mark)

The softness of group I-A metals increases down the group
with increasing atomic number. (1986 - 1 Mark)

Sodium when burnt in excess of oxygen gives sodium oxide.
(1987 - 1 Mark)

MCQs with One Correct Answer

A substance absorbs CO, and voilently reacts with water.

The substance is (1978)
(@) CaCO4 (b) CaO

(¢ H,S0, (d ZnO

HCI is added to following oxides. Which one would give
H,0,? (1980)
(@ MnO, (b) PbO,

(¢ Ba0,.8H,0 (d) NO,

Calcium is obtained by (1980)

(@) electrolysis of molten CaCl,.

(b) electrolysis of solution of CaCl, in water.

(¢) Reduction of CaCl, with carbon.

(d) roasting of limestone.

A solution of sodium metal in liquid ammonia is strongly
reducing due to the presence of (1981 - 1 Mark)
(a) sodium atoms (b) sodium hydride

(c) sodium amide (d) solvated electrons

10.

11.

12.

13.

14.
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Heavy water is
(@ H,'%0
(b) water obtained by repeated distillation
(© DO

(d) water at4°C

(1983 - 1 Mark)

The hydration energy of Mg*™ is larger than that of :
(@) AP (b) Na" (1984 - I Mark)
(9 Be™ @ Mg**

The oxide that gives hydrogen peroxide on treatment with a

dilute acid is : (1985 - 1 Mark)

(@ PbO, (b) Na,0,

(©) MnO, (d) TiO,

Molecular formula of Glauber’s salt is :

(@ MgSO,.7H,0 (b) CuSO,.5H,0

() FeSO,.7H,0 (d) Na,SO,.10H,0

Hydrogen gas will not reduce : (1985 - 1 Mark)

(a) heated cupric oxide (b) heated ferric oxide

(c) heated stannic oxide  (d) heated aluminium oxide

The pair of compounds which cannot exist together in

solution is : (1986 - 1 Mark)

(@) NaHCO; and NaOH (b) Na,CO;and NaHCO,

(©) Na,CO5and NaOH (d) NaHCOj;and NaCl

The metallic lustre exhibited by sodium is explained by

(a) diffusion of sodium ions (1987 - 1 Mark)

(b) oscillation of loose electrons

(c) excitation of free protons

(d) existence of body centered cubic lattice

The volume strength of 1.5 N H,O, solution is

(@) 48 (b) 84  (1991-1 Mark)

(¢ 30 d) 80

The following compounds have been arranged in order of

their increasing thermal stabilities. Identify the correct order.
(1996 - 1 Mark)

K,CO;(I) MgCO;(I) CaCO4(IlI) BeCO;(1V)

(@ I<I<II<IV (b) IV<III<I

(c) IV<II<I<II (d I<IV<I<I

The set representing the correct order of first ionization

potential is (2001S)

(@ K>Na>Li (b) Be>Mg>Ca

(c) B>C>N (d) Ge>Si>C

(1985 - 1 Mark)

GP_3021
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15.

16.

A sodium salt on treatment with MgCl, gives white
precipitate only on heating. The anion of the sodium salt is

(@ HCO3 (b) cof (2004S)

() NOj3 (d soi”

Hydrogen peroxide in its reaction with KIO, and NH,OH
respectively, is acting as a (JEE Adv. 2014)
(a) Reducing agent, oxidising agent

(b) Reducing agent, reducing agent

(¢) Oxidising agent, oxidising agent

(d) Oxidising agent, reducing agent

D MCQs with One or More Than One Correct

When zeolite, which is hydrated sodium aluminium silicate,
is treated with hard water the sodium ions are exchanged

with (1990 - 1 Mark)
(a) H'ions (b) Ca**ions

() SO, ~ions (d) Mg™ ions

(¢) OH ions

The species that do not contain peroxide ions are

(1992 - 1 Mark)
(@ PbO, (b) H,0,
(¢) SrO, (d) BaO,
Highly pure dilute solution of sodium in liquid ammonia
(a) shows blue colour (1998 - 2 Marks)
(b) exhibits electrical conductivity
(c) produces sodium amide
(d) produces hydrogen gas.
The species present in solution when CO, is dissolved in
water are (2006 - 5M, -1)
(@ CO,,H,CO;, HCO;~,CO4%-
(b) H,CO;,CO;%"
(¢) CO4%~,HCO;~
(d) CO,,H,CO4
MgSO, on reaction with NH,OH and Na,HPO, forms a
white crystalline precipitate. What is its formula?

(2006 - 5M, —1)
(@) Mg(NH4)PO, (b) Mg3(PO,),
(© MgCl, MgSO, d MgSO,

The compound(s) formed upon combustion of sodium metal
in excess air is (are)

(@ Na,O, (b) Na,O (2009-5M,-1)
(¢) NaO, (d) NaOH

The reagent(s) used for softening the temporary hardness
of water is (are) (2010)
@ Cay(PO,),
(©) Na,CO4

(b) Ca(OH),
@ NaOCl

E Subjective Problems

1.

Givereasons for the following :

(/) Sodium carbonate is made by Solvay process but the
same process is not extended to the manufacture of
potassium carbonate. (1981 - 1 Mark)

10.
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(i) Hydrogen peroxide is a better oxidising agent than
water. (1986 - 1 Mark)
(iii) Magnesium oxide is used for the lining of steel making
furnace. (1987 - 1 Mark)
(iv) Why is sodium chloride added during electrolysis of
fused anhydrous magnesium chloride? (1987 - I Mark)
(v) Hydrogen peroxide acts as an oxidising as well as a
reducing agent. (1992 - 1 Mark)
(vi) The crystalline salts of alkaline earth metals contain
more water of crystallisation than the corresponding
alkali metal salts. (1997 - 2 Marks)
(vii) BeCl, can be easily hydrolysed. (1999 - 2 Marks)
How will you prepare bleaching powder from slaked lime
(1982 - 1 Mark)
Write down the balanced equations for the reactions when:
(/) Calcum phosphate is heated with a mixture of sand and
carbon; (1985 - 1 Mark)
(i)) An alkaline solution of potassium ferricyanide is
reacted with hydrogen peroxide. (1982 - 1 Mark)
(iii) Carbon dioxide is passed through a concentrated
aqueous solution of sodium chloride saturated with
ammonia. (1988 - 1 Mark)
(iv) Potassium ferricyanide reacts with hydrogen peroxide
in basic solution. (1989 - 1 Mark)
(v) Carbon dioxide is passed through a suspension of lime
stone in water. (1991 - 1 Mark)
Give briefly the isolation of magnesium from sea water by
the Dow process. Give equations for the steps involved.
(1993 - 3 Marks)
Complete and balance the following reactions :

Ca5(PO4 )3 F+ H2SO4 + H2O

Heat

(1994 - 1 Mark)
A 5.0 cm3 solution of H,0, liberates 0.508 g of iodine from
an acidified KI solution. Calculate the strength of H,0O,
solution in terms of volume strength at STP.
(1995 - 2 Marks)
Explain the difference in the nature of bonding in LiF and
LiL (1996 - 2 Marks)
To a 25ml }1202 solution, excess of acidified solution of
potassium iodide was added. The iodine liberated required
20 ml of 0.3 N sodium thiosulphate solution. Calculate the
volume strength of H,O, solution. (1997 - 5 Marks)
Give reactions for the oxidation of hydrogen peroxide with
potassium permanganate in acidic medium.
(1997 - 1 Mark)
Element 4 burns in nitrogen to give an ionic compound B.
Compound B reacts with water to give C and D. A solution
of C becomes ‘milky’ on bubbling carbon dioxide. Identify
A,B,Cand D. (1997 - 3 Marks)



The s-Block Elements

11.

12.

13.

Arrange the following sulphates of alkaline earth metals in
order of decreasing thermal stability : BeSO,, MgSO,,
CaSO,, SrSO, (1997 - 1 Mark)
Work out the following using chemical equation:

Chlorination of calcium hydroxide produces bleaching
powder. (1998 - 2 Marks)
Hydrogen peroxide acts both as an oxidising and as a
reducing agent in alkaline solution towards certain first row
transition metal ions. Illustrate both these properties of H,0,
using chemical equations. (1998 - 4 Marks)

H Assertion & Reason Type Questions

Read the following statement and explanation and answer
as per the options given below :

Statement : The alkali metals can form ionic hydrides which
contain the hydride ion H™.

Explanation : The alkali metals have low electronegativity;
their hydrides conduct electricity when fused and liberate
hydrogen at the anode. (1994 - 2 Marks)

Section-B

KO, (potassium super oxide) is used in oxygen cylinders in
space and submarines because it [2002]
(@ absorbs CO, and increases O, content

(b) eliminates moisture

(c) absorbs CO,

(d) produces ozone.

The metallic sodium disolves in liquid ammonia to form a
deep blue coloured solution. The deep blue colour is due to
formation of: [2002]

(@) solvated electron, ¢(NH3);

(b) solvated atomic sodium, Na(NH3)y

(¢) (Na*+Na)

(d) NaNH,+H,

A metal M readily forms its sulphate MSO, which is water-
soluble. It forms its oxide MO which becomes inert on
heating. It forms an insoluble hyroxide M(OH), which is

soluble in NaOH solution. Then M is [2002]
(@ Mg (b) Ba
(c) Ca (d) Be.

In curing cement plasters water is sprinkled from time to

time. This helps in [2003]

(a) developing interlocking needle-like crystals of hydrated
silicates

(b) hydrating sand and gravel mixed with cement

(c) converting sand into silicic acid

(d) keeping it cool

JEE Main / GIEEE

5.

o c-53

(a) Both S and E are true and E is the correct explanation
of S.

(b) Both S and E are true but E is not the correct explanation
of S.

(c) Sistruebut E is false.

(d) Sisfalse but E istrue

This question contains STATEMENT-1 (Assertion) and

STATEMENT-2 (Reason) and has 4 choices (a), (b), (c) and

(d) out of which ONLY ONE is correct. (2007)

STATEMENT-1: Alkali metals dissolve in liquid ammonia

to give blue solutions. because

STATEMENT-2 : Alkali metals is liquid ammonia give sol-

vated species of the type [M(NH;), " (M = alkali metals).

(a) Statement-1is True, Statement-2 is True; Statement-2
is a correct explanation for Statement- 1

(b) Statement-1 is True, Statement-2 is True; Statement-2
is not correct explanation for Statement-1

(c) Statement-1is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True.

The substance not likely to contain CaCOj is

(a) calcined gypsum (b) sea shells

(c) dolomite (d) amarble statue
The solubilities of carbonates decrease down the magnesium
group due to a decrease in [2003]
(a) hydration energies of cations

(b) inter-ionic attraction

(c) entropy of solution formation

(d) lattice energies of solids

Which one of the following processes will produce hard
water ? [2003]
(@) Saturation of water with MgCO,4

(b) Saturation of water with CaSO,,

(c) Addition of Na,SO, to water

(d) Saturation of water with CaCO5

One mole of magnesium nitride on the reaction with an
excess of water gives : [2004]
(a) twomoles ofammonia

(b) onemole of nitric acid

(c) one mole ofammonia

(d) twomoles of nitric acid

Which of the following species is diamagnetic in nature?

(@ H;

(© H,

[2003]

(b) H;

@ Hel

[2005]
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Based on lattice energy and other considerations which
one of the following alkali metal chlorides is expected to

have the highest melting point ? [2005]
(@) RuCl (b) KCI
(¢) NaCl (d La

Which of the following statements in relation to the
hydrogen atom is correct ? [2005]
(@) 3s, 3pand 3d orbitals all have the same energy

(b) 3sand 3p orbitals are of lower energy than 3d orbital
(c) 3porbital is lower in energy than 3d orbital

(d) 3sorbital is lower in energy than 3p orbital

The ionic mobility of alkali metal ions in aqueous solution is

maximum for [2006]
(@ L' (b) Na*
() K (d) Rb*

In context with the industrial preparation of hydrogen from

water gas (CO + H,), which of the following is the correct

statement? [2008]

(@ COand H,, are fractionally separated using differences
in their densities

(b) CO is removed by absorption in aqueous Cu,Cl,
solution

(c¢) H, is removed through occlusion with pd

(d) COisoxidised to CO, with steam in the presence of a
catalyst followed by absorption of of CO, in alkali

Which of the following on thermal decomposition yields a

basic as well as acidic oxide ? [2012]
(@) NaNO, (b) KCIO,
(© CaCO4 (d) NH,NO,

Very pure hydrogen (99.9) can be made by which of the
following processes ? [2012]
(@) Reaction of methane with steam

(b) Mixing natural hydrocarbons of high molecular weight
(c) Electrolysis of water

(d) Reaction of salts like hydrides with water

In which of the following reactions H, 0O, acts as a reducing
agent? [JEE M 2014]

(@ H,0,+2H" +2¢” —»2H,0

(b) H,0,+2e” — 0, +2H"

17.

18.

19.

20.

21.
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(¢) H,0,+2e” —20H"

(d) H202 +20H -2¢ > 02 + 2H20

Which one of the following alkaline earth metal sulphates

has its hydration enthalpy greater than its lattice enthalpy ?
[JEE M 2015]

(@ BaSO, (b) SrSO,

() CaSO, (d) BeSO,

The molecular formula of a commercial resin used for

exchanging ions in water softening is CgH,SO;~ Na™ (Mol.

wt. 206. What would be the maximum uptake of Ca2* ions

by the resin when expressed in mole per gram resin ?

[JEE M 2015]
2 1
(@ 309 (b) 0
1 1
© 103 (d) 206

From the following statements regarding H,0,, choose the

incorrect statement [JEE M 2015]

(a) Ithas to be stored in plastic or wax lined glass bottles
indark

(b) It has to be kept away from dust

(c) Itcan actonly as an oxidizing agent

(d) It decomposes on exposure to light

Which one of the following statements about water is FALSE?

[JEE M 2016]

(@) There is extensive intramolecular hydrogen bonding
in the condensed phase.

(b) Ice formed by heavy water sinks in normal water.

(c) Water is oxidized to oxygen during photosynthesis.

(d) Water can act both as an acid and as a base.

Which of the following atoms has the highest first ionization

energy? [JEE M 2016]
(@ K (b) Sc
(¢) Rb (d) Na

The main oxides formed on combustion of Li, Naand K in
excess of air are, respectively: [JEE M 2016]

(@ Li,0,,Na,0,andKO, (b) Li,0,Na,0,andKO,
(¢) Li,O,Na,0andKO, (d) LiO,,Na,0,andK,0
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A Fill in the Blanks

Among the given cations, ................. is most stable. (1981)
(sec-butyl carbonium ion; zert-butyl carbonium ion; #-butyl
carbonium ion)

The compound having both sp and sp? hybridized carbon

atomsis................. (1981)

(propene, propane, propadlene)

................. ring is most strained. (1981)

(Cyclopropane, Cyclobutane, Cyclopentane)

The terminal carbon atom inbutaneis................ hybridised.
(1985)

Ao diol hastwo hydroxyl groupson................ carbon

atoms (1986)

Isomers whichare ............... mirror images are known as

............... (1988)

(superlmposable non-superimposable, enantiomers,
diastereomers, epimers)
The valence atomic orbitals on carbon in silver acetylide is

............... hybridized. (1990)
The kind of delocalization involving sigma bond orbitals is
called ............... . (1994)
The IUPAC name of succinicacid is ............... . (1994)

True / False

Iodide is a better nucleophile than bromide.
(1985 - ¥ Mark)
An electron donating substituent in benzene orients the
incoming electrophilic group to the meta position. (7987)
2, 3, 4-Trichloropentane has three asymmetric carbon atoms.
(1990)
During Sy1 reaction, the leaving group leaves the molecule
before the incoming group is attached to the molecule.
(1990)

MCQs with One Correct Answer

The bond order of individual carbon-carbon bonds in
benzene is (1981)
(a) one

(c) between one and two

(b) two
(d) one and two, alternately

Molecule in which the distance between the two adjacent

carbon atoms is largest is (1981)

(a) Ethane (b) Ethene

(c) Ethyne (d) Benzene

The compound which is not isomeric with diethyl ether is
(1981)

(a) n-propyl methyl ether (b) butan-1-ol
(c) 2-methylpropan-2-ol (d) butanone
Among the following, the compound that can be most readily

sulphonated is (1982)
(a) benzene (b) nitrobenzene
(c) toluene (d) chlorobenzene
The compound 1, 2-butadiene has (1983)

(a) only sp hybridized carbon atoms

(b) only sp? hybridized carbon atoms

(c) both sp and sp? hybridized carbon atoms

(d) sp, sp* and sp? hybridized carbon atoms

Which of the following compounds will exhibit cis-trans
(geometrical) isomerism? (1983)
(a) 2-butene (b) 2-butyne

(c) 2-butanol (d) butanal

The IUPAC name of the compound having the formula

CHj
|

HyC— C~CH=CH,
CH,

is: (1984)
(@ 3,3, 3-Trimethyl-1-propene

(b) 1,1, 1-Trimethyl-2-propene

(c) 3,3-Dimethyl-1-butene

(d) 2,2-Dimethyl-3-butene

An isomer of ethanol is :

(a) methanol (b) diethyl ether
(c) acetone (d) dimethyl ether
Out of the following compounds, which will have a zero
dipole moment? (1987)
(@) 1, 1-dichloroethylene

(b) cis-1, 2-dichloroethylene

(c) trans-1,2-dichloroethylene

(d) None of these compounds

(1986)

GP_3021
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The bond between carbon atom (1) and carbon atom (2) in
compound N = ? - EH = CH, involves the hybrids as

(1987)
(@) sp*and sp? (b) sp?and sp

(c) spand sp? (d) spandsp

The IUPAC name of the compound (1987)

CH,=CH-CH(CH,), is
(@ 1, 1-dimethyl 2-propene (b) 3-methyl 1-butene
(c) 2-vinylpropane (d) 1-isopropylethylene

The number of isomers of C;H, 4 is (1987,2007)
(@ 4 ®) 5
(© 6 d 7

The Cl—C—<CI angle in 1,1,2 2-tetrachloroethene and
tetrachloromethane respectively will be about

(1988)
(@) 120°and 109.5° (b) 90°and 109.5°
(c) 109.5°and 90° (d) 109.5°and 120°
In CH;CH, OH, the bond that undergoes heterolytic cleavage

most readily is (1988)

(@ CC (b) C—O

(¢ C—H (d O—H

The compound which has one isopropyl group is :

(@) 2,2,3,3-tetramethylpentane (1989)

(b) 2,2-dimethylpentane

(c) 2,2, 3-trimethylpentane

(d) 2-methylpentane

The C-H bond distance is the longest in : (1989)

(@ CH, (b) CH,

(© CHg (d) C,H,Br,

The number of sigma and pi-bonds in 1-butene-3-yne are :
(1989)

(a) SsigmaandS5 pi (b) 7sigmaand3pi
(c) 8sigmaand?2 pi (d) 5sigmaand4pi
The compound which gives the most stable carbonium ion

on dehydration is : (1989)
CH,
(@ CH;- ?H -CHOH (b) CH; —(:J -OH
CH CH;

(¢) CH;-CH,-CH,-CH,0H
()] CH_:,—?H—CHZ— CH;
OH
The hybridization of carbon atoms in C—C single bond of

HC=C—CH=CH, is (1991)
@@ sp*-—sp? (b) sp*-sp?
(c) sp—sp? (d) sp*-sp

The products of combustion of an aliphatic thiol (RSH) at
298K are (1992)
@ CO,(g), H,0(g)and SO,(g)

(b) CO,(g). H,0()andSO,(g)

(©) COy(D. H,0(1)and SO,(g)

(d) COy(g), H0()and SO,()

21.

22.

23.

24.

25.

26.

27.

28.

Isomers which can be interconverted through rotation
around a single bond are (1992)
(a) Conformers
(c) Enantiomers

(b) Diastereomers
(d) Positional isomers

H,C H
The structure \C - C/ H shows :
H,C yd \C p
| COOH
CH,
(a) geometrical isomersism (1995S)
(b) optical isomerism
(c) geometrical & optical isomerism
(d) tautomerism.
Allyl isocyanide has : (1995S)

(@) 90 and 47 bonds

(b) 8o and 5w bonds

(¢) 9o, 3mand 2 non-bonded electrons

(d) 8o, 3mand 4 non-bonded electrons

Arrange in order of decreasing trend towards S; reactions :

(1995S)
Chlorobenzene, benzene, anilinium chloride, toluene
I I m v

(@ I>I>MI>1V (b) M>I>1>1V
() IV>II>I>III (d) I=MI>1>1V
Most stable carbonium ion is :

(@ p—NO,—CH,—CH,"

(b) CgHCH*

() p—CI—-CH—CH,"

(d) p-CH,0—CH,—CH,*

In the following compounds,

OH OH OH OH
i i i “No, i
CH, NO,

U] (I

(1995S)

(1996)

(TIT) ()

The order of acidity is :

(@ M>IV>I>1I (b) I>IV>II>1I

(¢) II>I>MI>1V (d) IvV>1I>I1>11
Arrange the following compounds in order of increasing

dipole moment. (1996)
Toluene (I) m-dichlorobenzene (II)
o-dichlorobenzene (III) p-dichlorobenzene (IV)

(@ I<IV<Ii<Il (b) IV<I<II<IN

(¢) Iv<I<Ii<I (d) IvV<II<I<Il
How many optically active stereoisomers are possible for

butane-2, 3-diol? (1997)
@ 1 (b) 2
© 3 @ 4
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In the compound CH2 = CH—CH2—CH2—C =CH, the C2—C3

bond is of the type, (1999)
(@ sp—sp? (b) sp?-sp?
(c) sp—sp? (d) sp*-sp?

The optically active tartaric acid is named as D—(+) —tartaric

acid because it has a positive (1999)

(a) optical rotation and is derived from D-glucose

(b) pHin organic solvent

(c) optical rotation and is derived from D — (+) —
glyceraldehyde

(d) optical rotation only when substituted by deuterium

Which of the following compounds will exhibit geometrical

isomerism ? (2000S)

(a) 1-Phenyl-2-butene (b) 3-Phenyl-1-butene

(c) 2-Phenyl-1-butene (d) 1,1-Diphenyl-1-propene

Which of the following has the highest nucleophilicity?

@ F (® oH- (20005)
(¢) CHj (d NH;

The order of reactivities of the following alkyl halides for a
SN 2 reaction is (2000S)

(@ RF>RCI>RBr>RI (b) RF>RBr>RCI>RI

(¢) RCI>RBr>RF>RI (d) RI>RBr>RCI>RF

Which of the following has the most acidic hydrogen ?
(2000S)

(a) 3-Hexanone (b) 2,4-Hexanedione

(c) 2,5-Hexanedione (d) 2,3-Hexanedione

The number of isomers for the compound with molecular

formula C,BrCIFl is (2001S)
@ 3 (b) 4
© 5 d 6
An S\ 2 reaction at an asymmetric carbon of a compound
always gives (2001S)

(a) an enantiomer of the substrate

(b) aproduct with opposite optical rotation

(c) amixture of diastereomers

(d) asingle stereoisomer

Which of the following compounds exhibits

stereoisomerism? (2002S)

(@) 2-methylbutene-1 (b) 3-methylbutyne-1

(¢) 3-methylbutanoicacid (d) 2-methylbutanoic acid

Which of the following acids has the smallest dissociation

constant ? (2002S)

(@) CH,CHFCOOH (b) FCH,CH,COOH

(¢) BrCH,CH,COOH (d) CH;CHBrCOOH

Identify the correct order of boiling points of the following

compounds; (2002S)

CH,CH,CH,CH,0OH, CH,CH,CH,CHO, CH,CH,CH,COOH
1 2 3

@ 1>2>3 (b) 3>1>2

(c) 1>3>2 d 3>2>1

Identify the correct order of reactivity in electrophilic

substitution reactions of the following compounds
(2002S)

41.

42.

43.

44.

45.

CH, Cl NO,
2 4

@ 1>2>3>4 (b) 4>3>2>1

© 2>1>3>4 d 2>3>1>4

Which of the following hydrocarbons has the lowest dipole
moment ? (2002S)

H, c\
@) (b) CH,C=CCH,

/\

(¢c) CH3CH,C=CH (d CH, =CH-C=CH
Which of the following represents the given mode of
hybridisation sp? — sp? — sp— sp from left to right?

(2003S)

(@ H,C=CH-C=N (b) HC=C-C=CH

CH
(© Hy,C=C=C=CH, (@) HCcZ NF °
Among the following, the molecule with the highest dipole

moment is: (2003S)
(@ CH,A (b) CHCL
(c) CHCL d ca,

In the given conformation, if C, is rotated about C, — C,
bond anticlockwise by an angle of 120° then the conformation
obtained is (2004S)

(a) fullyeclipsed conformation

(b) partially eclipsed conformation

(c) gauche conformation

(d) staggered conformation

Which of the following resonating structures of 1-methoxy—
1,3-butadiene is least stable? (2005S)

) ®
(@ CH,-CH=CH-CH=0-CH;

S ®
(b) CH;=CH-CH-CH=0-CH;

e} @
(¢) CH,-CH-CH=CH-0-CH;

o ®
(d) CH,=CH- CH-CH-0-CH,
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CH; CH; CH

H Cl CH

compound on hydrolysis in aqueous acetone will give
(2005S)

CH; CH; CH;
wano @ LT (G
@) C

Hj
CH; CH; CHj;
H CH; OH

(a) Mixtureof(i)and (ii)  (b) Mixture of (i) and (iii)
(c) Only (i) (d) Only(1)
The IUPAC name of C;H,COCl is

(a) Benzene chloro ketone

(b)
(c) Chloro phenyl ketone

CY

In the following reaction,

e

the structure of the major product'X' is

(2006 - 3M, -1)

Benzoyl chloride

Benzene carbonyl chloride

Conc. HNO4
Conc. HySO4

—3X

(2007)

L
e
H NO,

49.

50.

51.

52.

@ 02N

Among the following, the least stable resonance structure
is (2007)

@
@ /\@/\@)/ (0]

Olol

©
=0
®) /\@/\@/

N

I

(0]

©

S
(©) @/\/\ﬁ/o

I
(0]
S}

(S)
(0]
@ @Mﬁ/

I
0
©

The number of stereoisomers obtained by bromination of

trans-2-butene is (2007)

@ 1 (b) 2

© 3 d 4

Hyperconjugation involves overlap of the following orbitals

(@ oo (b) o-= (2008)

© p-p (d) mn

The correct stability order for the following species is
(2008)

A/\ AN AA AA

53.

an )y av)

(a) An>aAv)>OH>1n (b O>dAD>1H>1V)
© AH)>OH>aqVv)>111) ) @O>dm>JdJn=>a1av)
The IUPAC name of the following compound is (2009)

OH

CN
Cl
(a) 4-Bromo-3-cyanophenol
(b) 2-Bromo-5-hydroxybenzonitrile
(c) 2- Cyano-4-hydroxybromobenzene
(d) 6-Bromo-3-hydroxybenzonitrile
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56.
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In the following carbocation, H/CH, that is most likely to
migrate to the positively charged carbon is (2009)

H H
1 |2 + |4 5
H,C —C—L —C—CH,
HO H CH,

(@) CH;atC-4 (b) HatC4

(c) CH;atC-2 (d) HatC-2
Among the following compounds, the most acidic is

(2011)

(a) p-nitrophenol (b) p-hydroxybenzoic acid
(c) o-hydroxybenzoicacid (d) p-toluicacid
KI in acetone, undergoes Sy2 reaction with each of P, Q, R
and S. The rates of the reaction vary as (JEE Adv. 2013)

O
\/\
H,C-Cl >‘ al cl

P Q

Cl

R S

@ P>Q>R>S (b) S>P>R>Q
(c) P>R>Q>S ) R>P>S>Q

D MCQs with One or More Than One Correct

Resonance structures of a molecule should have :

(a) identical arrangement of atoms

(b) nearly the same energy content

(c) the same number of paired electrons

(d) identical bonding

Phenol is less acidic than :

(a) aceticacid

(c) p-nitrophenol

Dipole moment is shown by :

(a) 1,4-dichlorobenzene

(b) cis- 1, 2-dichloroethane

(c) trans-1,2-dichloroethene

(d) trans-1,2-dichloro-2-pentene

Only two isomeric monochloro derivatives are possible for:
(1986)

(b) 2,4-dimethylpentane

(1984)

(1986)
(b) p-methoxyphenol
(d) ethanol

(1986)

(a) n-butane

(c) benzene (d) 2-methylpropane
Which of the following have asymmetric carbon atom?
(1989)
Cl Br H Cl
]
@ H-C-C-H (©) H-C-C=CI
hu H H
H Cl H H
é é [
(c) H- ¢ -CH,C1 () H—?—?—CH3
H H Br OH

c-59

6. What is the decreasing order of strength of the
basesOH~,NH;,HC =C™ and CH;CH; ?
(1993)
(@ CH3;-CH; >NH; >H-C=C" >0H"
(b) H-C=C >CH;-CH, > NH, >OH"
(0 OH >NH,; >H-C=C" >CH;-CH;
(d NH; >H-C=C >OH" >CH;-CH;
7. Which of the following compounds will show geometrical
isomerism? (1998)
(a) 2-butene (b) propene
(c) 1-phenylpropene (d) 2-methyl-2—butene
8.  Among the following compounds, the strongest acid is
(1998)
(@ HC=CH (b) CﬁH6
() CH, (d) CH,OH
9.  Tautomerism is exhibited by (1998)
(© O d o
O o)
10. Anaromatic molecule will (1999)
(a) have 4n 7w electrons (b) have(4n+2)electrons
(c) beplanar (d) be cyclic
11.  The correct statements(s) concerning the structures E,F and
Gis (are)— (2008)
H,C 7_(0 H,C 7=<OH H;C 7=<CH3
H,C CH; HC CH, HsC OH
(E) ) (©)

12.

(@) E,F, and G are resonance structures

(b) E,JFandE, Garetautomers

(¢) FandG are geometrical isomers

(d) Fand G are diastereomers

The correct statement(s) about the compound given below
is (are) (2008)

Cl

\\\\\H
l\\\ C H3
H,C
H

Gl

(@) The compound is optically active

(b) The compound possesses centre of symmetry
(¢) The compound possesses plane of symmetry
(d) The compound possesses axis of symmetry
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The correct statement(s) about the compound
H,C(HO)HC-CH=CH~-CH(OH)CH; (X) is(are)
(@) The total number of stereoisomers possible for X is 6
(b) The total number of diastereomers possible for X is 3
(c) Ifthe stereochemistry about the double bond in X is
trans, the number of enantiomers possible for X is 4
(d) If the stereochemistry about the double bond in X is
cis, the number of enantiomers possible for X is 2
In the Newman projection for 2,2-dimethylbutane

(2009)

X
H,C CH,
H H
Y
X and Y can respectively be (2010)

(@ HandH (b) Hand C,H,

(c) C,HyandH (d) CHjand CH,

Amongst the given options, the compound(s) in which all
the atoms are in one plane in all the possible conformations
(ifany), is (are) (2011)

H

\

H
C—C/
@ g \\CH

H,C
H

(b) H—C= C—C\\
CH,

(© H,C=C=O0

(d) H,C=C=CH,

Which of the following molecules, in pure form, is (are)

unstable at room temperature ? (2012)

@ (b)

0
I

gs

Which of the given statement(s) about N, O, P and Q with

©

= O

respect to M is (are) correct ? (2012)
Cl
HO H HO H
H
OH
HO, /Cl H/ %L Ho
H OH H
CH, Cl CH,
M N o

18.

CH, CH,
H OH HO H
HO H HO H
Cl Cl
P Q

(a) M and N are non-mirror image stereoisomers

(b) Mand O are identical

(¢) M and P are enantiomers

(d) Mand Q are identical

The hyperconjugative stabilities of tert-butyl cation and
2-butene, respectively, are due to (JEE Adv. 2013)
(a) o — p(empty) and o — 7* electron delocalisations
(b) o —> o*and 6 — melectron delocalisations

(¢) o — p(filled) and 6 — 7 electron delocalisations

(d) p(filled) > 6 *and o — ©* electron delocalisations

E Subjective Problems

Arrange the following in :

(/) Increasing reactivity towards HCN (1985)
CH,CHO, CH,;COCH;, HCHO, C,H;COCH;

(ii) m-butane, n-butanol, n-butyl chloride, isobutane in
increasing order of boiling point. (1988)

(iii) benzene, toluene, methoxybenzene, chlorobenzene in
increasing order of reactivity towards sulphonation

with fuming sulphuric acid. (1988)

(iv) Increasing order of acid strength : (1991)
CICH,COOH(I), CH;CH,COOH (II),
CICH,CH,COOH((II), (CH,),CHCOOH(IV),
CH;COOH (V)

(v) Increasing reactivity in nucleophilic substitution
reactions (1992)
CH,F, CH;1, CH;Br, CH,Cl

(/) Write the [UPAC name of : (1986)

CH,CH,CH=CHCOOH
(if) Givethe IUPAC name of the following compound :
(1990)

Me

Me
Me

(Me = Methyl)
(iii) Write the [IUPAC name for the following :
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(1991)
CHj
|
H;C- ITI - ? —CH,CHj;
H3;C C,Hs

For nitromethane molecule, write structure(s).
(/) showing significant resonance stabilisation. (1986)
(i) indicating tautomerism. (1986)

Givereasons for the following :

(i) Carbon oxygen bond lengths in formic acid are 1.23A
and 1.36A and both the carbon oxygen bonds in
sodium formate have the same value i.e. 1.27A. (1988)

(if) Phenyl group is known to exert negative inductive
effect. But each phenyl ring in biphenyl (C;Hs—CHs)
is more reactive than benzene towards electrophilic

substitution. (1992)
(i) Aryl halides are lessreactive than alkyl halides towards
nucleophilic reagents (1994)

(#v) CH,=CH~ is more basicthan HC=C".

(v) Normally, benzene gives electrophilic substitution
reaction rather than electrophilic addition reaction
although it has double bonds.

Write the structural formula of 4-chloro-2-pentene. (1988)

(1992)

Write down the structures of the stereoisomers formed when

cis-2-butene is reacted with bromine. (1995)

Discuss the hybridisation of carbon atoms in allene (C;H,)

and show the m-orbital overlaps. (1999)

Identify the pairs of enantiomers and diastereomers from

Write tautomeric forms for phenol.

the following compounds I, II and I1I (2000)
CH, CH, CH,
H——OH OH——H OH——H
OH—p—H OH—p—H H——OH
CH, CH, CH,
I I 11

Which one is more soluble in diethyl ether - anhydrous
AICI, or hydrous AICl,? Explain in terms of bonding. (2003)

11.

12.

13.

14.

o c-61

Match the K, values (2003)
K{l
(@) Benzoicacid 6.4x107
(b) O,N —@— COOH 30.6x 107
(© cl —@— COOH 102x 1073
(d H;CO ‘\/ \,‘ COOH 33x107°
(e HC COOH 42x107
H,C /CH2 (2003)
OH

Write resonance structure of the given compound.
Which of the following is more acidic and why ?  (2004)

+ +

() Mops = Z K, x; , where ; is the dipole moment of a
i

stable conformer of the molecule, Z—CH,—-CH,-Z

and x; is the mole fraction of the stable conformer.

Given: p =1.0Dand X(Anti) = 0.82

Draw all the stable conformers of Z -~ CH, — CH, - Z
and calculate the value of H(Gauche)

(ii) Draw the stable conformer of Y — CHD — CHD - Y
(meso form), when Y = CH; (rotation about C, — C;)
and Y = OH (rotation about C; — C,) in Newmann
projection. (2005)
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F

Match the Following

Each question contains statements given in two columns, which have to be matched. The statements
in Column-I are labelled A, B, C and D, while the statements in Column-II are labelled p, q, v, s and
t. Any given statement in Column-I can have correct matching with ONE OR MORE statement(s) in
Column-II. The appropriate bubbles corresponding to the answers to these questions have to be @@o@@
darkened as illustrated in the following example : Q @ @ @ @
Ifthe correct matches are A-p, s and t; B-q and v; C-p and q; and D-s then the correct darkening of

bubbles will look like the given. POOOO®

1. Given below are certain matching type questions, where two columns (each having 4 items) are given. Immediately after the
columns the matching grid is given, where each item of Column I has to be matched with the items of Column II, by encircling
the correct match(es). Note that an item of Column I can match with more than one item of Column II. All the items of

Pq9r s t

00000

S aw»>

Column II must be matched. Match the following : (2006 - 6M)
Column I ColumnII
(A) C4H;CH,CD,Br on reaction with C,H;O™ gives (p) Elreaction
C¢Hs-CH=CD,
(B) PhCHBrCH, and PhCHBrCDj;, both react with (qQ) E2reaction
the same rate
(©) C¢H;CH,CH,Br ontreatment with C,H;O~and (r) ElcBreaction
C,H,0D gives C;H;CD=CH,
(D) C¢H;CH,CH,Br reacts faster than C;H,CD,CH,Br (s) Firstorder reaction

on reaction with C,H;O™ in ethanol
2.  Match the compounds/ions in Column I with their properties/reactions in Column II. Indicate your answer by darkening the

appropriate bubbles of the 4 x 4 matrix given in the ORS. (2007)
Column I ColumnII
(A) CH,CHO (p) gives precipitate with 2, 4-dinitrophenylhydrazine
(B) CH,C=CH (q) gives precipitate with AgNO,
) ON (r) isanucleophile
O I (s) isinvolvedin cyanohydrin formation
3. Match each of the compounds given in Column-I with the reaction(s), that they can undergo, given in Column-IL.  (2009)

C Column-IT

‘olumn-I
Br
(A) ©\—/( (p) Nucleophilic substitution
O
OH
B) (q) Elimination
S
OH
L,
NO,

© (r) Nucleophilic addition

D) (s) Esterification with acetic anhydride

(t) Dehydrogenation
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4.  Match the reactions in Column I with appropriate types of steps/reactive intermediate involved in these reactions as given in

ColumnIL
Column I

y
@ Q)J g

(@)

CH,CH,CH,CI
® CHMgl

0]

CH"CH”CHZT(CH%)Z
H,S0,
®)

0
18
0
CH, CH,CH,OH
© ©/l\ T s, Q/Q (r) Dehydration
—=
H3C; ;

(2011)
Column IT

(p) Nucleophilic substitution

(q) Electrophilic substitution

(s) Nucleophilic addition

CHj;

(t) Carbanion

;M Assertion & Reason Type Questions |

Read the following Statement-1(Asseration) and Statement -2 1
(Reason) and answer as per the options given below :

(a) If both Statement -1 and Statement -2 are correct,
and Statement -2 is the correct explanation of the
Statement -2.

(b) Ifboth Statement -1 and Statement -2 are correct, but
Statement -2 is not the correct explanation of the
Statement - 1.

(c) IfStatement-1 is correct but Statement -2 is incorrect.

(d) IfStatement-1 is incorrect but Statement -2 is correct.

1.  Statement -1: Aryl halides undergo nucleophilic substitution
with ease.

Statement -2:The carbon-halogen bond in aryl halides has

partial double bond character. (1991) 4.

2.  Statement -1: Phenol is more reactive than benzene towards
electrophilic substitution reactions.

Statement-2:In the case of phenol, the intermediate

carbocation is more resonance stabilized. (2000S)

3.  Statement -1: Molecules that are not superimpossable on

their mirror images are chiral.

Statement -2: All chiral molecules have chiral centres.

(2007)

Integer Value Correct Type

The total number of cyclic structural as well as stereo
isomers possible for a compound with the molecular formula
CsHy is (2009)
The total number of cyclic isomers possible for a
hydrocarbon with the molecular formula C,Hy is 5. (2010)
The maximum number of isomers (including stereoisomers)
that are possible on monochlorination of the following
compound is (2011)

CH,

CH,CH; | \CH2CH3

The total number of contrlbuting structures showing

hyperconjugation (involving C—H bonds) for the following

carbocation is (2011)
H;C—_® CH,CH,
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(@ CH;-CH,~CH,-COO-CH,CH; —> ethyl butanoate

(b) CHj3- (IZH —CH, —CHO — 3-methyl-butanal
CH

(¢ CH3- CH-CH -CHj3 > 2-methyl-3-butanol
on

The total number(s) of stab!e conformers with non-zero 6. The total number of stereoisomers that can exist for M is
dipole moment for the following compound is (are) (JEE Adv. 2015)
(JEE Adv. 2014)
Cl H,C CH,
Br——p—CH,
Br———Cl
CH, HC
M 0
| RS2 LTI JEE Main / AIEEE
Arrangement of (CH,),C—, (CH;),CH—, CH; — CH, —when (”)
attached.to ben.zyl or an.unsaturated group in increasing (d) CHz-CH-C-CHy—CHs — 2-methyl-3-pentanone
order of inductive effect is [2002] |
(@ (CH;),C—<(CH,),CH-<CH,-CH, CHy
(b) CH;~CH,~<(CH,), CH-<(CH,),C- 6.  The IUPAC name of CH;COCH(CH,), is [2003]
(¢) (CH,),CH-<(CH,),C—<CH,,—CH, (a) 2-methyl-3-butanone
(d) (CH;);C-<CH;—CH,~CH,),CH- (b) 4-methylisopropyl ketone
A similarity between optical and geometrical isomerism is (c) 3-methyl-2-butanone
that [2002] (d) Isopropylmethyl ketone
(@) each forms equal number of isomers for a given 7.  Inwhich of the following species is the underlined carbon
compound having sp? hybridisation? [2002]
(b) ifina compound one is present then so is the other (@ CH;COOH (b) CH;CH,0H
(c) both are included in stereoisomerism () CH;COCH, (d) CH,=CH-CH,4
(d) theyhave no similarity. 8.  Racemic mixture is formed by mixing two [2002]
Which of the following does not show geometrical (a) 1isomeric compounds
isomerism? (b) chiral compounds
(a) 1,2-dichloro-1-pentene [2002] (¢) meso compounds
(b) 1,3-dichloro-2-pentene (d) enantiomers with chiral carbon.
(¢) 1,1-dichloro-1-pentene 9.  Following types of compounds (as I, II) [2002]
(d) 1,4-dichloro-2-pentene CH;CH=CHCH; CH;CHOH
The functional group, which is found in amino acid is I |
[2002] CH,CHj
(@) —COOH group (b) -NH, group 11
(c) -CH,; group (d) both (a) and (b). are studied in terms of isomerism in:
Which of the following compounds has wrong IUPAC (a) chain isomerism (b) position isomerism
name? [2002] (c) conformers (d) stereoisomerism
10. Thereaction: [2002]

(CH,),C-Br —2% (CH,),C—-OH
(a) elimination reaction

(b) substitution reaction

(c) freeradical reaction

(d) displacement reaction.
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In the anion HCOO™ the two carbon-oxygen bonds are found is fastest when Z is
to be of equal length. what is the reason for it ? (a) OC,H; (b) NH,
[2003] © Qa (d) OCOCH,
(@ The C= 0 bond is weaker than the C — O bond 19. Amongst the following compounds, the optically active

12.

13.

14.

15.

16.

17.

18.

(b) The anion HCOO™ has two resonating structures
(c) The anion is obtained by removal of a proton from the
acid molecule
(d) Electronic orbitals of carbon atom are hybridised
The general formula C_H, O, could be for open chain
(a) carboxylic acids (b) diols [2003]
(c) dialdehydes (d) diketones
Among the following four structuresIto 1V,

0 CH
T o7

[2003]

CH;

|
C,Hs- CH-C3H, CH3-C - CH-CyH;

m (0

20.

s
C,Hs - CH-C,H;

(1) (Iv)

it is true that

(a) onlyland Il are chiral compounds 21.

(b) onlyIll is a chiral compound

(c) onlyIl andIV are chiral compounds

(d) all four are chiral compounds

Which one ofthe following has the minimum boiling point ?
(a) 1-Butene (b) 1-Butyne [2004]
(¢) n-Butane (d) isobutane

22.
The TUPAC name of the compound is o@
H

(@) 3,3-dimethyl - 1- cyclohexanol [2004]

(b) 1, 1-dimethyl-3-hydroxy cyclohexane

(¢) 3, 3-dimethyl-1-hydroxy cyclohexane 23.

(d) 1, I-dimethyl-3-cyclohexanol

Which one of the following does not have sp? hybridized
carbon ? [2004]
(a) Acetonitrile (b) Acetic acid

(d) Acetamide

Which of the following will have a mesoisomer also?

[2004]

(c) Acetone

(@) 2, 3- Dichloropentane

(b) 2,3-Dichlorobutane

(c) 2-Chlorobutane

(d) 2-Hydroxypropanoic acid
Rate of the reaction

o) 0
Y 4 Y 4

R-C+No —sR-C +75
z

[2004]

\Nu

24.

alkane having lowest molecular mass is [2004]

i
(a) CH 3= C-d

|

C,Hs

CH;
I

(b) CH;-CH,- CH-CH;,
(C) CH3 —CH2 —CH2 —CH3
(d) CH;-CH,-C=CH
Consider the acidity of the carboxylic acids :

(a) PhCOOH (b) 0NO,C,H,COOH
(© pNO,CH,COOH  (d) m-NO,CH,COOH

Which of the following order is correct ? [2004]
(@ 2>4>1>3 (b) 2>4>3>1
() 1>2>3>4 d) 2>3>4>1
Which of the following is the strongest base ?
@ QN H, (b) @—NHCH3
CH,
© ¢ @ ¢ H-cumm,
Which of the following compounds is not chiral?
(@) 1-chloro-2-methyl pentane [2004]

(b) 2-chloropentane

(c) 1-chloropentane

(d) 3-chloro-2-methyl pentane

Due to the presence of an unpaired electron, free radicals
are: [2005]
(a) cations (b) anions

(c) chemically inactive (d) chemically reactive
The decreasing order of nucleophilicity among the

nucleophiles [2005]
(A) CH3C-0" ®B) CH;0~
él)
o
© N D H3c—©—g—o— is
(II)

@ (O).(B),(A),(D)
© @D),(©).(B),(A)

(b) (B).(C),(A),(D)
(d (A),(B).(C),(D)
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25.

26.

27.

28.

29.

30.
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The reaction [2005]
o o 31. TheIUPAC name of /\>j/\ is
7 <] 7
R-CC  +No—R-C  +x°
Nx N Nu (a) 3-ethyl-4-4-dimethylheptane [2007]
is fastest when X is ) 1, 1-d%ethyl-2,2-dun’ethylpentane
(c) 4,4-dimethyl-5,5-diethylpentane
(@ OCOR (b) OC,Hs ) 5, 5-diethyl-4,4-dimethylpentane.
(¢ NH, @ a 32.  Which of the following molecules is expected to rotate the
- i ight?
The IUPAC name of the compound shown below is : plane of plane-polarised light! [2007]
cl COOH CHO
(@) Hm—’— H (® HO H
Br H CHQH
(@) 3-bromo-1-chlorocyclohexene [2006]
(b) 1-bromo-3-chlorocyclohexene ©
(c) 2-bromo-6-chlorocyclohex-1-ene
(d) 6-bromo-2-chlorocyclohexene SH
The increasing order of stability of the following free radicals -
is [2006] HN 2
o o N . H e il H
@ (CHy), CH<(C4H;),C <(CH,), € <(CH,),CH @ o on
b) (CH,),CH <(CH,),C < CH<(C,Hy), C
® ( 3)2? (CHy), C (C‘SHS)2.C (et .C 33. Presence ofa nitro group in a benzene ring [2007]
(©) (CH,;),CH<(CH,);C <(C4Hs),CH<(C4H;); C (@) deactivates the ring towards electrophilic substitution
@ (CHy), ¢ < (C4Hy), CH< (CHy), ¢ < (CHs)zéH (b) activates the ’ring tqwards electrophilic substitution
CH3Br+Nu” —>CH;-Nu+Br~  The decreasing (¢) - renders the ring basic - o
i ) ] (d) deactivates the ring towards nucleophilic substitution.
order of the rate of the above reaction with nucleophiles 34wy jch one of the following conformations of cyclohexane
(Nu)AtoDis [2006] is chiral? [2007]
[Nu==(A) PhO~, (B) AcO~, (C) HO, (D) CH;07] (2) Boat (b) Twist boat
(@ A>B>C>D (b) B>D>C>A (c) Rigid (d) Chair
(0 D>C>A>B (d D>C>B>A 35. The absolute configuration of [2008]
Me HO,C CO,H
A o A
o I(?]/Me = ""OH
OH /\ HO H H
n-Bu Et @ S,S (b) RR
The alkene formed as a major product in the above (b) RS © SR
elimination reaction is [2006] 36. Theelectrophile, g® attacks the benzene ring to generate

Me Me
@ O/ (b) ©/
ZN\F

(c) Me (d) CH,=CH,

Increasing order of stability among the three main
conformations (i.e. Eclipse, Anti, Gauche) of 2-fluoroethanol
is [2006]
(a) Eclipse, Anti, Gauche

(b) Anti, Gauche, Eclipse

(c) Eclipse, Gauche, Anti

(d) Gauche, Eclipse, Anti

the intermediate c—complex. Of the following, which 6—

complex is lowest energy? [2008]
H
@ e (b) E
H 'E
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37.

38.

39.

40.

41.

42,

43.

The correct decreasing order of priority for the functional
groups of organic compounds in the IUPAC system of
nomenclature is [2008]
(@ —COOH,-SO;H,-CONH,,-CHO
(b) —SO,H,-COOH,-CONH,,~CHO
(¢) —CHO,-COOH,-SO;H,-CONH,
(d) —CONH, -CHO,-S0;H,-COOH
The IUPAC name of neopentane is [2009]
(@) 2,2 dimethylpropane

(b) 2 methylpropane

(c) 2,2 dimethylbutane

(d) 2-methylbutane

Arrange the carbanions, [2009]

(CH; )36 .C Cl3,(CH3), CH ,CeHs (_ZHZ in order of their

decreasing stability :

@ (CH;),CH> CCl; >C¢HsCH, > (CH;);C
(b) CCl; >CgHsCH, > (CH;),CH > (CH;3);C
(©) (CH3);C > (CH;),CH > C4HsCH, > CCl,

(d) C4H;5CH, > CCl3 > (CH;);C > (CH;), CH
The alkene that exhibits geometrical isomerism is:
(@) 2- methyl propene

(b) 2-butene

(c) 2-methyl -2- butene

(d) propene

[2009]

The number of stereoisomers possible for a compound of
the molecular formula

CH,—CH= CH—-CH(OH)— Me is: [2009]
(b) 2 (c) 4
@ 6 d 3

The correct order of increasing basicity of the given
conjugate bases (R = CH,) is [2010]

(@ RCOO<HC=C<R<NH,
(b) R <HC=C <RCOO < NH,
(¢) RCOO<NH, <HC=C<R

(d RCOO<HC=C<NH, <R

Out of the following, the alkene that exhibits optical
isomerism is [2010]
(b) 4-methyl-1-pentene
(d) 2-methyl-2-pentene

(@) 3-methyl-2-pentene
(¢) 3-methyl-1-pentene

o c-67

44.

45.

46.

47.

48.

49.

Identify the compound that exhibits tautomerism :
(a) 2-Butene (b) Lacticacid
(d) Phenol

A solution of (—)— 1 — chloro —1- phenylethane in toluene
racemises slowly in the presence of a small amount of SbCls,
due to the formation of : [JEE M 2013]

[2011]

(c) 2-Pentanone

(a) carbanion (b) carbene
(d) freeradical

The order of stability of the following carbocations :

(c) carbocation

®

CH,
) )
CH2=CH—CH2;CH3—CH2—CH2; 1S:
I II
111
[JEE M2013]

@ M>I>I
(¢ I>I>III

(b) M>>I
(d Mm>I>II

For the estimation of nitrogen, 1.4 g of an organic compound
was digested by Kjeldahl method and the evolved ammonia

M
was absorbed in 60 mL of 0 sulphuric acid. The unreacted

M
acid required 20 mL of —— sodium hydroxide for complete

10
neutralization. The percentage of nitrogen in the compound
is: [JEE M 2014
(@ 6% (b) 10%
© 3% d %
Which of the following compounds will exhibit geometrical
isomerism ? [JEE M 2015]

(a) 2-Phenyl-1 - butene
(b) 1,1 -Diphenyl -1 - propene
(c) 1-Phenyl -2 - butene
(d) 3-Phenyl -1 - butene

In Carius method of estimation of halogens, 250 mg of an
organic compound gave 141 mg of AgBr. The percentage of
bromine in the compound is : [JEE M 2015]

(at. mass Ag=108; Br=_80)
(a) 48
(c) 24

(b) 6
@ 3
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50. The absolute configuration of [JEEM2016] S51. The distillation technique most suited for separating
glycerol from spent-lye in the soap industry is :
COH [JEE M 2016]
H——OH (a) Steam distillation.
s (b) Distillation under reduced pressure.
H==Cl (©) Simpledistillation
CH, (d) Fractional distillation
is:
(@ (28,39) (b) (2R,3R)

(© @R3S) (d) (28.3R)
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10

I Section-A

A Fill in the Blanks

................. is most acidic.
(Ethane, Ethene, Ethyne) (1981 - 1 Mark)
Acetylene is treated with excess sodium in liquid ammonia.
The product is reacted with excess methyl iodide. The final
productis............... . (1983 - 1 Mark)
The starting material for the manufacture of polyvinyl
chloride is obtained by reacting HClwith .............. .

(1983 - 1 Mark)

Kolbe electrolysis of potassium succinate gives CO, and
........ (1993 - 1 Mark)
Addition of water to acetylenic compounds is catalyzed
(1993 - 1 Mark)
The bond dissociation energy needed to form the benzyl

radical from toluene is........ than the formation of the methyl
radical from methane. (1994 - 1 Mark)

1, 3-Butadiene with bromine in molar ratio generates
predominantly ............... . (1997 - 1 Mark)

True / False

Moist ethylene can be dried by passing it through
concentrated sulphuric acid. (1982 - 1 Mark)
Photobromination of 2-methylpropane gives a mixture of
1-bromo-2-methylpropane and 2-bromo-2-methylpropane in
the ratioof 9: 1. (1993 - 1 Mark)

MCQs with One Correct Answer

Marsh gas mainly contains (1980)
(@ C,H, (b) CH,

(© HS (d GO

Which of the following decolourises alkaline KMnO,
solution (1980)
(@ C;H, (b) CH,

() CH, ) ca,

3.

10.

11.

Hydrocarbons

JEE Advanced/ IIT-JEE

The compound with the highest boiling point is
(1982 - 1 Mark)

(b) n-pentane
(d) 2-methylbutane

The maximum number of isomers for an alkene with the
molecular formula C,Hyis (1982 - 1 Mark)

(@ 2 (b 3

(c) 4 d 5

When propyne is treated with aqueous H,SO, in presence
of HgSO, the major product is (1983 - 1 Mark)
(a) propanal

(b) propyl hydrogensulphate

(c) acetone

(d) propanol

Which of the following compounds does not dissolve in
conc. H,SO, even on warming? (1983 - 1 Mark)

(a) ethylene (b) benzene
(¢) hexane (d) aniline
Baeyer’s reagent is :

(a) n-hexane
(¢) 2,2-dimethylpropane

(1984 - 1 Mark)

(a) alkaline permanganate solution

(b) acidified permanganate solution

(c) neutral permanganate solution

(d) aqueous bromine solution

Acidic hydrogen is present in :

(a) ethyne (b) ethene

(c) benzene (d) ethane

Anti-Markovnikoff addition of HBr is not observed in :
(1985 - 1 Mark)

(a) propene (b) 1-butene

(c) but-2-ene (d) pent-2-ene

The highest boiling point is expected for : (1986 - 1 Mark)

(a) iso-octane

(b) n-octane

(c) 2,2,3,3-tetramethylbutane

(d) n-butane

Which of the following will have least hindered rotation

about carbon-carbon bond? (1987 - 1 Mark)

(a) Ethane (b) Ethylene

(c) Acetylene (d) Hexachloroethane

(1985 - 1 Mark)

GP_3021
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13.

14.

15.

16.

17.

18.

19.
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When cyclohexane is poured on water, it floats, because:

(a) cyclohexane isin ‘boat’ form (1997 - 1 Mark)

(b) cyclohexane is in ‘chair’ form

(c) cyclohexaneisin ‘crown’ form

(d) cyclohexane is less dense than water.

The product(s) obtained via oxymercuration

(HgSO, + H,SO,) of 1- butyne would be (1999 - 2 Marks)
¢

[
(@ CH;-CH, - C-CHj

(b) CH;-CH,-CH,-CHO
(c) CH;-CH, - CHO+HCHO

(d) CHj3CH, COOH+HCOOH

Propyne and propene can be distinguished by
(@ conc. H,SO, (b) Br,inCCl,
(¢) dil. KMnO, (d) AgNO, inammonia

Which one of the following will react fastest with H, under

(20008)

catalytic hydrogenation condition ? (2000S)
R, /R R +H

(@) — ®  —
H H R H

(©) ) — ) d ) — N
R H R R

In the presence of peroxide, hydrogen chloride and hydrogen
iodide do not give anti-Markovnikov addition to alkenes
because (2001S)
(a) both are highly ionic

(b) oneis oxidizing and the other is reducing

(c) one of the steps is endothermic in both the cases

(d) all the steps are exothermic in both the cases

Me H

Hydrogenation of the above compound in the presence of

poisoned palladium catalyst gives (2001S)

(a) an optically active compound

(b) an optically inactive compound

(c) aracemic mixture

(d) adiastereomeric mixture

The reaction of propene with HOCI proceeds via the addition

of (2001S)

(@) H'in the first step

(b) CI* inthe first step

(¢) OH in the first step

(d) CI* and OH" in a single step

The nodal plane in the n-bond of ethene is located in

(a) the molecular plane (2002S)

(b) aplane parallel to the molecular plane

(c) aplane perpendicular tothe molecular plane which bisects
the carbon - carbon o -bond at right angle

(d) a plane perpendicular to the molecular plane which
contains the carbon - carbon o -bond.

20.

21.

22,

23.

24.

25.

Consider the following reaction (2002S)

H;C- (|3H— (|3H -CH; +Br——'X'+HBr
D CHj
Identify the structure of the major product 'X'

(a) H3C—CIIH—C|:H—CH2
D CH;

(b H3C—(|3H—|C—CH3
D CH,

(© HyC- C—CH-CH
D CH,

@ H3C—CH—$H—CH3
CHj

Identify the reagent from the following list which can easily
distinguish between 1-butyne and 2-butyne (2002S)
(@) bromine, CCl,

(b) H,, Lindlar catalyst

(c) dilute H,SO,, HgSO,

(d) ammonical Cu,Cl, solution

Ph— C=C—CH, 8" /1" , s Ais (20035

(@)
Ph Ph
@ (b) _>=O
H3 H,C
OH
Ph Ph
\ _\>—OH
© > @

H,C
Which of the following is used for the conversion of
2-hexyne into trans-2-hexene ? (2004S)
(@ Hy/Pd/BaSO, (b) H,,PtO,

(c) NaBH, (d) Li-NH,/C,H,OH
On monochlorination of 2-methylbutane, the total number

of chiral compounds formed is (2004S)
@ 2 (b) 4
(c) 6 d 8
Identify the product, P in the following reaction :
CH; -CH=CH, +NOCl —» P (2006 - 3M, -1)
(@ CH;-CH-CH, (b) CH3—CH—(|ZH2
NO Cl Cl NO
NO

|
© (|3H2—CH2—$H2 (d CH;-CH,-CH
NO Cl &
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27.

28.

29.

30.

CH

31.

Cyclohexene on ozonolysis followed by reaction with zinc
dust and water gives compound E. Compound E on further
treatment with aqueous KOH yields compound F.

Compound Fis (2007)
(a) I:>—CHO (b) Q—

Co,
@ CCOZH

© Q—COOH

The synthesis of 3-octyne is achieved by adding a
bromoalkane into a mixture of sodium amide and an alkyne.
The bromoalkane and alkyne respectively are (2010)
(@) BrCH,CH,CH,CH,CH, and CH,CH,C=CH

(b) BrCH,CH,CH, and CH,CH,CH,C =CH

(¢) BrCH,CH,CH,CH,CH, and CH,C=CH

(d) BrCH,CH,CH,CH, and CH,CH,C=CH

The bond energy (in keal mol™!) of a C—C single bond is

approximately (2010)
@ 1 (b) 10
() 100 (d) 1000

In allene (C;H,), the type(s) of hybridisation of the carbon
atoms is (are) : (2012)
(@) spand sp? (b) sp and sp?

(c) only sp? (d) sp? and sp?

The number of optically active products obtained from the

complete ozonolysis of the given compound is:  (2012)
CH, H
3—CH=CH —C —CH =CH—C — CH=CH— CH,
H CH,
@ 0 (®) 1
(¢ 2 d 4

Isomers of hexane, based on their branching, can be divided
into three distinct classes as shown in the figure.
(JEE Adv. 2014)

A [y |

W) uy
NN I

)
The correct order of their boiling point is
(@ I>I>11 (b) M>>I
() M>II>I (@ m>I>1

1) MCQs with One or More Than One Correct

1.

Which one of the following has the smallest heat of
hydrogenation per mole? (1993 - 1 Mark)
(a) 1-butene (b) trans-2-butene

(c) cis-2-butene (d) 1,3-butadiene

i t AlCl

Toluene, when treated with Br,/Fe, gives p-bromotoluene
as the major product because CH, group (1999 - 3 Marks)
(a) isparadirecting

(b) ismetadirecting

(c) activates the ring by hyperconjugation

(d) deactivates the ring

fractional distillation s M (isomeric pI'OdU.CtS)
Identify N and M (2006 - 5M, -1)
(@ 64 (b) 6,6
() 44 d 3,3
AmongP, Q, R and S, the aromatic compound(s) is/are
(JEE Advanced 2013-1)

@_.Q

Cl

100—115°C
00
(@ P (b) R
© Q d S

In the following reaction, the major product is
(JEE Adv. 2015)

CH;
H2CZ\/CH2 1 equivalent HBr
CHj
@ Hzc)\y/ (b) mW
Br
jH\/\

Compound(s) that on hydrogenation produce(s) optically
inactive compound(s) is (are) (JEE Adv. 2015)

H g H
@ H3C/\)§CH3 O e N cH,
\l3r Br g
© Hcﬁ)\cm @ peQ I oHy
CH,



Among the following, reaction(s) which gives(give)
tert-butyl benzene as the major product is(are)

(JEE Adv. 2016)
r Cl
@) O %:H: (b) O L
YOH
© O st . @ O BF;0Et,

AIC,
E Subjective Problems

Give one characteristic test which would distinguish. CH,
from C,H, (1979)
Write the structural formula of the major product in each of
the following cases :

(/) the compound obtained by the hydration of ethyne is

treated with dilute alkali (1981 - % Mark)
(ii) ethene mixed with air is passed under pressure over a
silver catalyst at 250°C. (1981 - ; Mark)

(iii) ©+(CH ),CHCH,Cl — s 1992 - 1 Mark)

() C4Hg +(CH;), CHCH,OH 12594

(1994 - 1 Mark)

1.Bry, Heat,Light

(V) C6H5C2H5 (1994 -1 Mark)

2. NaCN
Me
CH;
(vi) + HyC— é—CHzBr
5
+Anhyd. AICl; —— ——— (1997-1 Mark)

(vii) ©+ CHBr +t—BuOK —— ————

(1997 - 1 Mark)

~
L S H,
viii CH;, ——
(viid) Q/\ 3 " Lindlar catalyst

(2000 - 1 Mark)
Outline the reaction sequence for the conversion of ethene
to ethyne (the number of steps should not be more than
two). (1981 - 1 Mark)
State with balanced equations, what happens when propene
is bubbled through a hot aqueous solution of potassium
permanganate. (1982 - 1 Mark)
Givereasons for the following :
(/) Methane does not react with chlorine in the dark.
(1983 - 1 Mark)
(i) Propenereacts with HBr to give isopropyl bromide but
does not give n-propyl bromide. (1983 - 1 Mark)
(iii) Although benzene is highly unsaturated, normally it
does not undergo addition reaction. (1983 - 1 Mark)

Topic-wise Solved Papers - CHEMISTRY

(iv) Toluene reacts with bromine in the presence oflight to
give benzyl bromide while in presence of FeBr, it gives
p-bromotoluene. Give explanation for the above
observations. (1996 - 2 Marks)
(v) The central carbon-carbon bond in 1, 3 — butadiene is
shorter than that in n-butane. (1998 - 2 Marks)
(vi) tert-Butylbenzene does not give benzoic acid on
treatment with acidic KMnO,. (2000 - 1 Mark)

_3Hy/Pd (2005 - 1 Mark)

(B)
(/) 2-Methylpropene can be converted into isobutyl
bromide by hydrogen bromide, is true under what

conditions? (1984 - 1 Mark)
(i) 'Ethyne and its derivatives will give white precipitate

with ammonical silver nitrate solution’, is true under

what conditions. (1984 - 1 Mark)
Write down the reactions involved in the preparation of the
following, using the reagents indicated against it in
parenthesis.
Ethylbenzene from benzene [C,H;OH, PCl;, anhydrous
AICL;]. (1984 - 2 Marks)
A certain hydrocarbon A was found to contain 85.7 percent
carbon and 14.3 per cent hydrogen. This compound consumes
1 molar equivalent of hydrogen to give a saturated hydrocarbon
B. 1.00 g of hydrocarbon A just decolourized 38.05 g ofa 5 per
cent solution (by weight) of Br, in CCl,. Compound A, on
oxidation with concentrated KMnO,, gave compound C
(molecular formula C,HgO) and acetic acid. Compound C could
easily be prepared by the action of acidic aqueous mercuric
sulphate on 2- butyne. Determine the molecular formula of A
and deduce the structure of A, Band C. (1984 - 6 Marks)
How would you distinguish between
(i) 2-butyne and 1-butyne.
(i) cyclohexane and cyclohexene.

(1985 - 1 Mark)
(1988 - 1 Mark)
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19.

20.

21.

n-Butane is produced by the monobromination of ethane
followed by the Wurtz reaction. Calculate the volume of
ethane at NTP required to produce 55 g n-butane, if the
bromination takes place with 90 per cent yield and the Wurtz
reaction with 85 per cent yield. (1989 - 3 Marks)
Identify, B(C,H,) which adds on HBr in the presence and in
the absence of peroxide to give the same product, C,HyBr.
(1993 - 1 Mark)
Identify, D(C¢H, ,), an optically active hydrocarbon which
on catalytic hydrogenation gives an optically inactive
compound, C.H,,. (1993 - 1 Mark)
Draw the stereochemical structures of the products in the
following reactions : (1994 - 4 Marks)
H,
R-C=C-R ——™
Lindlar catalyst
1, 4—Pentadiene reacts with excess of HCl in the presence of
benzoyl peroxide to give compound X which upon reaction
with excess of Mg in dry ether forms Y. Compound Y on
treatment with ethyl acetate followed by dilute acid yields
Z. Identify the structures of compounds X, Y and Z.
(1995 - 4 Marks)
An organic compound E(C;Hy) on hydrogenation gives
compound F(CsH,,). Compound E on ozonolysis gives
formaldehyde and 2-ketopropanal. Deduce the structure of
compound E. (1995 - 2 Marks)
Optically active 2-iodobutane on treatment with Nal in
acetone gives a product which does not show optical
activity. Explain briefly. (1995 - 2 Marks)
Ahydrocarbon A, of the formula C;H, ., on ozonolysis gives
compound B(C,H,O,) only. The compound B can also be
obtained from the alkyl bromide, C(C,H,Br) upon treatment
with magnesium in dry ether, followed by carbon dioxide
and acidification. Identify A, B and C and also give equations
for the reactions. (1996 - 3 Marks)
Give the structures of the major organic products from
3-ethyl-2-pentene under each of the following reaction
conditions. (1996 - 3 Marks)
(a) HBr in the presence of peroxide
(b) Br,/H,0
(c) Hg(OAc),/H,0;NaBH,
The hydrocarbon A, adds one mole of hydrogen in the
presence of a platinum catalyst to form n-hexane. When A is
oxidized vigorously with KMnO,, a single carboxylic acid,
containing three carbon atoms, is isolated. Give the structure
of A and explain. (1997 - 2 Marks)
Show the steps to carry out the following transformations.
(i) Ethylbenzene — benzene (1998 - 2 Marks)
(i) Ethylbenzene — 2- phenylpropionic acid.
(1998 - 3 Marks)
Complete the following reactions with appropriate structures
of products/reagents.

@ CMHCH=CH, _Bn , [A]

(i)NaNH, (3.0 equiv.)
(i) CH;l

> [B}(1998 - 2+2 Marks)

22,

23.

24.

25.

A4

(ii) :>: L, 2 3, }

(1999 - 3 Marks)
Analkene (A) C,,H,; on ozonolysis gives only one product
(B) CgHgO. Compund (B) on reaction with NaOH/I, yields
sodium benzoate. Compound (B) reacts with KOH/NH,NH,
yielding a hydrocarbon (C) CgH, . Write the structures of
compounds (B) and (C). Based on this information, two
isomeric structures can be proposed for alkene (A). Write
their structures and identify the isomer which on catalytic
hydrogenation (H,/Pd —C) gives a racemic mixture.

(2001 - 5 Marks)
Write down the heterogeneous catalyst involved in the
polymerisation of ethylene. (2003 - 2 Marks)

A(CgH)—1 5 B+C
(CeHy3Cl)

(2003 - 4 Marks)

B_—2cKoH , (isomer of A)

D ozonolysis
—

E (it gives negative test with Fehling
solution but responds to iodoform test).

A Ozmolysis ¢ 5 (both gives positive Tollen’s test but

do not give iodoform test).

F+G—S0ne-NOH  y1500Na + A primary alochol.

Identify from Ato G
Draw Newmann projection of relatively less stable staggered
form of n-butane. The reason of low stability of this form is
van der Waal’s repulsion, torsional strain, or both.

(2004 - 2 Marks)

G Comprehension Based Questions

PASSAGE-1

An acyclic hydrocarbon P, having molecular formula C;H, o, gave
acetone as the only organic product through the following
sequence of reactions, in which Q is an intermediate organic

compound.
(i) conc. HySO4
(catalytic amount)
(i) dil. HySO4 /HgSO Q {-H,0) )
ii) NaBHy / ethanol (i) O i
(Cethio) 83) dlacd ¢ (iii) z3n/Hzo
I
C
an
HC CH,
(2011-1)
1.  The structure of compound P is

(b) CH,CH,C=CCH,CH,



®
3. The product X is
H,;C
H,;C
H,;C
H,C—C—C=—=C—H
@
H,C

2. The structure of the compound Q is

OH
H3C\
H—C—-C—CH,CH;
@ / :
H;C o
OH
H3C\
() H;C—C—C—CH;,4
H;C H
OH
H3C\
(© H—C——CH,CHCH;,
H,C
OH

(d) CH;CH,CH,CHCH,CH,4

PASSAGE - 11

Schemes 1 and 2 describe sequential transformation of alkynes M
and N. Consider only the major products formed in each step for
both the schemes.

1. NaNH, (excess)
2. CH,CH,I (1 equivalent)

> X -
3. CH,I (1 equivalent) Scheme-1

HO M 4. H,, Lindlar’s catalyst

1. NaNH, (2 equivalent)

OH
2. Br /Y

——H S
/ 3. H,0%(mild)
N 4. H,, Pd/C
5.Cro,

»Y Scheme-2

Topic-wise Solved Papers - CHEMISTRY
(JEE Adv. 2014)

o T

H,CO
CH,CH,0

( ﬁ
CH,CH,0

4. The correct statement with respect to product Y is
(JEE Adv. 2014)
(a) Itgivesapositive Tollen's testand is a functional isomer
of X
(b) It gives a positive Tollen's test and is a geometrical
isomer of X
(c) It gives a positive iodoform test and is a functional
isomer of X
(d) It gives a positive iodoform test and is a geometrical
isomer of X

H Assertion & Reason Type Questions

Read the following statement (Assertion) and explanation (Reason)
and answer each question as per the options given below :

(@) Ifboth assertion and reason are correct, and reason is the
correct explanation of the assertion.

(b) Ifboth assertion and reason are correct, but reason is not
the correct explanation ofthe assertion.

(c) Ifassertion is correct but reason is incorrect.
(d) Ifassertion is incorrect but reason is correct.
1. Assertion : Addition of Br, to 1-butene gives two optical
isomers.
Reason : The product contains one asymmetric carbon.
(1998 - 2 Marks)
2.  Assertion : 1-Butene on reaction with HBr in the presence
of a peroxide produces 1-bromobutane.
Reason : It involves the formation of a primary radical.
(2000S)
3. Assertion : Addition of bromine to trans—2—butene yields
meso—2,3—dibromobutane.
Reason : Bromine addition to an alkene is an electrophilic
addition. (2001S)
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Section-B

Which of these will not react with acetylene? [2002]
(a) NaOH (b) ammonical AgNO,

(¢) Na (d) HCL

What is the product when acetylene reacts with

hypochlorous acid? [2002]
(@) CH,COCI (b) CICH,CHO
(¢ CLCHCHO (d) CICHCOOH.

On mixing a certain alkane with chlorine and irradiating it

with ultraviolet light, it forms only one monochloroalkane.

This alkane could be [2003]

(a) pentane (b) isopentane

(c) neopentane (d) propane

2-Methylbutane on reacting with bromine in the presence

of sunlight gives mainly [2005]

(a) 1-bromo-3-methylbutane

(b) 2-bromo-3-methylbutane

(c) 2-bromo-2-methylbutane

(d) 1-bromo-2-methylbutane

Butene-1 may be converted to butane by reaction with

(@ Sn-HCI (b) Zn-Hg [2003]

(c) Pd/H, (d) Zn-HCI

Reaction of one molecule of HBr with one molecule of 1, 3-

butadiene at 40°C gives predominantly [2005]

(@) 1-bromo-2-butene under kinetically controlled
conditions

(b) 3-bromobutene under thermodynamically controlled
conditions

(c) 1-bromo-2-butene under thermodynamically controlled
conditions

(d) 3-bromobutene under kinetically controlled conditions

Of'the five isomeric hexanes, the isomer which can give two

monochlorinated compounds is [2005]

(a) 2-methylpentane (b) 2,2-dimethylbutane

(¢) 2,3-dimethylbutane  (d) n-hexane

Acid catalyzed hydration of alkenes except ethene leads to

the formation of

(a) mixture of secondary and tertiary alcohols

(b) mixture of primary and secondary alcohols

(c) secondary or tertiary alcohol

(d) primary alcohol

Which types of isomerism is shown by 2, 3-dichlorobutane?

[2005]

(@) Structural (b) Geometric

(c) Optical (d) Diastereo

The compound formed as a result of oxidation of ethyl

benzene by KMnO, is [2007]

(a) benzyl alcohol (b) benzophenone

(c) acetophenone (d) benzoicacid.

JEE Main / AIEEE
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12.

13.

14.

15.

16.

17.

Which of the following reactions will yield 2, 2-

dibromopropane? [2007]

(@ CH;-CH=CH,+HBr —»

(b) CH;-C = CH+2HBr —»

(¢) CH,;CH=CHBr +HBr —»

(d) CH=CH+2HBr —»

The reaction of toluene with Cl, in presence of FeCl, gives

predominantly [2007]

(a) m-chlorobenzene

(b) benzoyl chloride

(c) benzyl chloride

(d) o-and p-chlorotoluene.

Toluene is nitrated and the resulting product is reduced

with tin and hydrochloric acid. The product so obtained is

diazotised and then heated wth cuprous bromide. The

reaction mixture so formed contans [2008]

(a) mixture of 0- and p-bromotoluenes

(b) mixture of 0- and p-dibromobenzenes

(c) mixture of 0- and p-bromoanilines

(d) mixture of 0- and m-bromotoluenes

In the following sequence of reactions, the alkene affords

the compound ‘B’

H,0
Zn

CH; -CH=CH-CH; —2 A >B.

The compound B is

(@ CH;CH,CHO  (b) CH,COCH,
(¢ CH,CH,COCH; (d) CH,CHO
The hydrocarbon which can react with sodium in liquid
ammonia is [2008]

(a) CH 3CH2CH2C = CCHzCHzCH3

[2008]

(b) CH;CH,C=CH
(c) CH;CH=CHCH;
(d) CH;CH,C=CCH,CHjy
The treatment of CH;MgX with CH 3C = C— H produces
(@@ CH;-CH=CH, [2008]
(b) CH;C=C-CH;
H H
(c) CH3—(|3= (|3—CH3

(d CH,
One mole of a symmetrical alkene on ozonolysis gives two
moles of an aldehyde having a molecular mass of 44 u. The
alkene is [2010]
(a) propene
(c) 2-butene

(b) 1-butene
(d) ethene
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18. Ozonolysis of an organic compound gives formaldehydeas ~ 22.

one of the products. This confirms the presence of :
[2011]

(a) two ethylenic double bonds
(b) avinyl group
(c) an isopropyl group
(d) an acetylenic triple bond

19. Which branched chain isomer of the hydrocarbon with
molecular mass 72u gives only one isomer of mono

substituted alkyl halide ? [2012]
(a) Tertiary butyl chloride (b) Neopentane
(c) Isohexane (d) Neohexane
20. 2-Hexyne gives trans-2-Hexene on treatment with :
(@ PYH, (b) Li/NH,4 [2012] 23.
(c) Pd/BaSO, (d) LiAlH,
21. Which compound would give 5 - keto - 2 - methylhexanal
upon ozonolysis ? [JEE M 2015]
H;
H3
@ b HC 24.
CH,
CH
H, ’
© CH; @
CH,

The hottest region of Bunsen flame shown in the figure

below is : [JEE M 2016]
region 4
region 3
region 2
region 1
(a) region3 (b) region4
(c) regionl (d) region2

At 300K and 1 atm, 15 mL of a gaseous hydrocarbon requires
375 mL air containing 20% O, by volume for complete
combustion. After combustion the gases occupy 330 mL.
Assuming that the water formed is in liquid form and the
volumes were measured at the same temperature and
pressure, the formula of the hydrocarbon is: [JEE M 2016]

@ C4Hs (b) C4H10

© CH, @ CH,

The reaction of propene with HOCI (Cl, + H,0O) proceeds
through the intermediate: [JEE M 2016]

(@ CH;-CH(OH)-CH}
(b) CH;-CHCI-CHj
() CH;-CH*-CH,-OH

(d CH;-CH*-CH,-Cl
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Among the following, the surfactant that will form micelles
C MCQs with One Correct Answer in aqueous solution at the lowest molar concentration at

i ition is ;: — 20088,

1. CsBr has bec structure with edge length 4.3. The shortest ambient condition is ( )

inter ionic distance in between Cs*and Br-is :  (71995S) (@ CH;(CH,);sN*(CH;);Br~

(@ 372 (b) 186 b I

H,;(CH N

© 744 d) 43 (b)  CH3(CH,);, 0303 Na
2. The coordination number of a metal crystallizing in a (¢) CH;(CH,)¢COO Na*

hexagonal close-packed structure is (1999 - 2 Marks) N ~

(@ 12 (b) 4 (d) CH;(CH,);N"(CH;);Br

© 8 @ 6 10. Among the electrolytes Na,SO,, CaCl,, Al,(SO,); and
3. Inasolid ‘4B’ having the NaCl structure, ‘4’ atoms occupy EH“CL the most effective coagulating agent for 81(352598 g)l

the corners of the cubic unit cell. If all the face-centered @ Na,SO (b) CaCl

atoms along one of the axes are removed, then the resultant © Al ;(S()t )s %) NH4(231

stoichiometry of the solid is (2001S)  11. The packing efficiency of the two-dimensional square unit

(@) 4B, (b) 4,B cell shown below is : (2010)

() A4;B, (d 4,8,

lattice in which atoms 'A' occupy each corner of the cube

and atoms 'B' occupy the centres of each face of the cube.

Identify the correct composition of the substance 4 xBy

(@) 4B, (2002S)

(b) 4,B, L

() 4B (@ 3927% (b) 68.02%
(¢) 7405% (d) 7854%

4. Asubstance A)ﬁy crystallizes in a face centred cubic (FCC) C\: ‘/>

(d) Compostion cannot be specified

R ) 12. A compound M X has cubic close packing (ccp)
5. Rate of physiorption increases with (2003S) arrangement of X’ 1t3 unit cell structure is shown below.
(a) decrease in temperature (b) increase in temperature The empirical formula of the compound is (2012-1)

(c) decrease in pressure  (d) decrease in surface area

6.  Adsorption of gases on solid surface is generally exothermic
because (2004S) J:r‘ . ‘):r
(a) enthalpy is positive (b) entropy decreases M[]
(c) entropy increases (d) free energy increases ‘'@ X@
7.  Inwhich of the following crystals alternate tetrahedral voids @ . """""""" @
are occupied? (2005S)
(@) NaCl (b) ZnS
(c) CaF, (¢) Na,0 ‘):(' @ .):f.
8.  Lyophilicsols are (2005S)

(a) Irreversible sols

(b) They are prepared from inorganic compound (@ MX (b) MX,
(c) Coagulated by adding electrolytes © MX (d MX,,
(d) Self-stabilizing

GP_3021



13.

14.

The arrangement of X~ ions around A* ion in solid AX is
given in the figure (not drawn to scale). Ifthe radius of X~ is
250 pm, the radius of A™ is (JEE Ady. 2013)

A -

(@ 104pm (c¢) 183pm (b) 125pm (d) 57pm

Methylene blue, from its aqueous solution, is adsorbed on

activated charcoal at 25°C. For this process, the correct

statement is (JEE Adv. 2013)

(@) The adsorption requires activation at 25°C

(b) The adsorption is accompanied by a decrease in
enthalpy

(c) The adsorption increases with increase of temperature

(d) The adsorption is irreversible

D MCQs with One or More Than One Correct

1.

Which of the following statement(s) is (are) correct?
(1998 - 2 Marks)
(@) The coordination number of each type of ion in CsCl
crystal is 8.
(b) A metal that crystallizes in bcc structure has a
coordination number of 12.
(c) A unit cell of an inoic crystal shares some of its ions
with other unit cells.
(d) Thelength ofthe unit cell in NaCl is 552 pm. (ry,,, =95
pm; 1, =181 pm).
The correct statement(s) regarding defects in solids is (are)
(2009S)
(a) Frenkel defect is usually favoured by a very small
difference in the sizes of cation and anion
(b) Frenkel defect is a dislocation defect
(c) Trapping of an electron in the lattice leads to the
formation of F-centre
(d) Schottky defects have no effect on the physical
properties of solids
The correct statement(s) pertaining to the adsorption of a
gas on a solid surface is (are) (2011)
(a) Adsorption is always exothermic
(b) Physisorption may transform into chemisorption at high
temperature
(c) Physiosorption increases with increasing temperature
but chemisorption decreases with increasing
temperature
(d) Chemisorption is more exothermic than physiosorption,
however it is very slow due to higher energy of
activation
Choose the correct reason(s) for the stability of the lyophobic
colloidal particles. (2012)
(a) Preferential adsorption of ions on their surface from
the solution.
(b) Preferential adsorption of solvent on their surface from
the solution.
(c) Attraction between different particles having opposite
charges on their surface.

Topic-wise Solved Papers - CHEMISTRY

(d) Potential difference between the fixed layer and the
diffused layer of opposite charges around the colloidal
particles.

The given graphs/data I, II, III and IV represent general

trends observed for different physisorption and

chemisorption processes under mild conditions of
temperature and presure. Which of the following choice(s)

about I II, Il and I'V is (are) correct ? (2012)
2 @ P constant
Nosdeo!

s2
g3
T S
4 P constant
, @
g
s2
23
<
T
. @
5 . 200K
° 2 250 K
= o
g2
g%
- "

®
[

Distgnce of molecule from the surface

o
_—

AH = 150 k] mol "

Potential energy

(a) Iisphysisorption and Il is chemisorption
(b) Tisphysisorption and III is chemisorption
(c) IVischemisorption and II is chemisorption
(d) IVischemisorption and III is chemisorption
Ifthe unit cell ofa mineral has cubic close packed (ccp) array
of oxygen atoms with m fraction of octahedral holes occupied
by aluminium ions and # fraction of tetrahedral holes occupied
by magnesium ions, m and », respectively, are

(JEE Adv. 2015)

@ 55 © br © 35 @ 5
2’ "4 272 4’8

When O, is adsorbed on a metallic surface, electron transfer

occurs from the metal to O,. The true statement(s) regarding

this adsorption is(are) (JEE Adv. 2015)

(@ O, is physisorbed

(b) Heat isreleased

(¢) Occupancy of ﬂ;p of O, is increased

(d) Bond length of O, is increased

0| —
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8. The CORRECT statement(s) for cubic close packed (ccp)
three dimensional structure is (are) (JEE Adv. 2016) (ID
(@) The number of the nearest neighbours of an atom
present in the topmost layer is 12
(b) The efficiency of atom packing is 74% m
(¢)  The number of octahedrql and tetrahedral voids per 7. You are given marbles of diameter 10 mm. They are to be
atom are 1 and 2, respectively . .
) . . ] placed such that their centres are lying in a square bound
(d) The unit cell edge length is 2./2 times the radius of by four lines each of length 40 mm. What will be the
the atom arrangements of marbles in a plane so that maximum number
. . of marbles can be placed inside the area? Sketch the diagram
E Subjective Problems and derive expression for the number of molecules per unit
. . . area. (2003 - 2 Marks)
L ;[hhe dc‘lenmty of;nerctlry s ;3'6 g/ml. Calcu!ate;i);:romgl attely 8. 1gm ofcharcoal adsorbs 100 ml1 0.5 M CH,COOH to form a
; ¢ 1ame. er otan atom ol mercury assuming tha gac atom monolayer, and thereby the molarity of CH,COOH reduces
is occupying a cube of edge length equal to the diameter of t0 0.49. Calculate the surface area of the charcoal adsorbed
the mercury atom. (1983 - 3 Marks) by each molecule of acetic acid. Surface area of charcoal =
2. Sodium metal crystallizes in body centred cubic lattice with 3.01 x 10> m¥/gm. (2003 - 2 Marks)
the cell edge, a=4.29A. What is the radius of sodiumatom? 9, A compound AB has rock salt type structure. The formula

(1994 - 2 Marks)

weight of AB is 6.023 Y amu, and the closest A — B distance

is Y3 nm, where Y is an arbitrary number. (2004 - 2 Marks)
(a) Find the density of lattice
(b) Ifthe density of lattice is found to be 20 kg m=3 | then
predict the type of defect.
10. In face centred cubic (fcc) crystal lattice, edge length is 400
pm. Find the diameter of greatest sphere which can be fit
into the interstitial void without distortion of lattice.
(2005 - 2 Marks)
20% of surface sites are occupied by N, molecules. The
density of surface site is 6.023 x 10 ¢cm=2 and total surface
area is 1000 cm?. The catalyst is heated to 300 K while N, is
completely desorbed into a pressure of0.001 atm and volume
of 2.46 cm3. Find the number of active sites occupied by
each N, molecule. (2005 - 4 Marks)
12. The edge length of unit cell of a metal having molecular
weight 75 g/mol is 5A which crystallizes in cubic lattice. If

3. A metallic element crystallises into a lattice containing a
sequence of layers of ABABAB..... Any packing of spheres
leaves out voids in the lattice. What percentage by volume
of this lattice is empty space? (1996 - 3 Marks)

4.  Chromium metal crystallizes with a body centred cubic lattice.
The length of the unit cell edge is found to be 287 pm.
Calculate the atomic radius. What would be the density of
chromium in g/cm3? (1997 - 3 Marks) 11.

5. A metal crystallises into two cubic phases, face centered
cubic (FCC) and body centred cubic (BCC), whose unit cell
lengths are 3.5 and 3.0 A, respectively, Calculate the ratio of
densities of FCC and BCC. (1999 - 3 Marks)

6.  The figures given below show the location of atoms in three
crystallographic planes in a FCC lattice. Draw the unit cell
for the corresponding structure and identify these planes in

your diagram. (2000 - 3 Marks) the density is 2 g/cc then ﬁnq the radius of metal atom (N,
=6 x 10%). Give the answer in pm. (2006 - 6M)
I3 Match the Following
Each question contains statements given in two columns, which have to be matched. The statements P aqr s t
in Column-I are labelled A, B, C and D, while the statements in Column-II are labelled p, q, r, s and
t. Any given statement in Column-I can have correct matching with ONE OR MORE statement(s) in AQ@QODOOO
Column-II. The appropriate bubbles corresponding to the answers to these questions have to be B @@Q@@
darkened as illustrated in the following example : C @ @@ @ @
If the correct matches are A-p, s and t; B-q and v, C-p and q; and D-s then the correct darkening of D @ @ @ e @
bubbles will look like the given.
1. Match the crystal system/unit cells mentioned in Column I with their characteristic features mentioned in Column II. Indicate
your answer by darkening the appropriate bubbles ofthe 4 x 4 matrix given in the ORS. (2007)
Column I ColumnII
(A) Simple cubic and face-centered cubic parameters (p) have these parameters,a=b=cand ==y
(B) cubic and rhombohedral (q) are two crystal systems
(C) cubic and tetragonal (r) have only two crystallo-graphic angles of 90°

(D) hexagonal and monoclinic (s) belong to same crystal system
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Comprehension Based Questions

PASSAGE

In hexagonal systems of crystals, a frequently encountered
arrangement of atoms is described as a hexagonal prism. Here, the
top and bottom of the cell are regular hexagons and three atoms
are sandwiched in between them. A space-filling model of this
structure, called hexagonal close-packed (HCP), is constituted of
a sphere on a flat surface surrounded in the same plane by six
identical spheres as closely as possible. There spheres are then
placed over the first layer so that they touch each other and
represent the second layer. Each one of these three spheres
touches three spheres of the bottom layer. Finally, the second
layer is covered with third layer that is identical to the bottom
layer in relative position. Assume radius of every sphere to be 'r'.
Answer the following questions -

1.  The number of atoms in the HCP unit cell is (2008)
(@ 4 (b 6
© 12 d 17
2.  The volume of this HCP unit cell is— (2008)
@ 24421 (b) 16v2r}
64 ;
©) 124213 d ——=r
(© 1242 (d 35

I Section-B

1. The formation of gas at the surface of tungsten due to

adsorption is the reaction of order [2002]
(@ 0 () 1
() 2 (d) insufficient data.

2.  Na and Mg crystallize in BCC and FCC type crystals
respectively, then the number of atoms of Na and Mg present
in the unit cell of their respective crystal is
(@ 4and2 (b) 9and 14
(¢) 14and9 (d) 2and4.

3. How many unit cells are present in a cube-shaped ideal
crystal of NaCl of mass 1.00 g ? [2003]

[Atomic masses : Na=23, C1=35.5]
@ 5.14x10* unitcells (b) 1.28 x 102! unit cells
() 1.71x10* unitcells  (d) 2.57 x 102! unitcells

4. Which one ofthe following characteristics is not correct for
physical adsorption ? [2003]
(a) Adsorption increases with increase in temperature
(b) Adsorption is spontaneous
(c) Both enthalpy and entropy of adsorption are negative
(d) Adsorption on solids is reversible

[2002]

Topic-wise Solved Papers - CHEMISTRY

3.  Theempty space in this HCP unit cell is (2008)
@ 74% (b) 476%
(©) 32% d 26%

H Assertion & Reason Type Questions

Read the following statement (Assertion) and explanation (Reason)
and answer each question as per the options given below :

(@) Ifboth assertion and reason are correct, and reason is the
correct explanation of the assertion.

(b) Ifboth assertion and reason are correct, but reason is not
the correct explanation ofthe assertion.

(c) [Ifassertion is correct but reason is incorrect.

(d) Ifassertion is incorrect but reason is correct.

1.  Assertion : In any ionic solid [MX] with Schottky defects,
the number of positive and negative ions are same.
Reason : Equal number of cation and anion vacancies are
present. (2001S)

2. Assertion : Micelles are formed by surfactant molecules
above the critical micellar concentration (CMC).

Reason : The conductivity of a solution having surfactant
molecules decreases sharply at the CMC. (2007)

I Integer Value Correct Type

1. The number of hexagonal faces that are present in a
truncated octahedron is (2011)

JEE Main / AIEEE

5. What type of crystal defect is indicated in the diagram
below?

Na*CI™Na*Cl™Na*CI~
CI'[] CI"Na* [ ] Na*
Na*Cl~ [_JCI"Na*CI
Cl"Na*CI"Na* [] Na*

(a) Interstitial defect

(b) Schottky defect

(c) Frenkel defect

(d) Frenkel and Schottky defects

6.  Identify the correct statement regarding enzymes [2004]

(a) Enzymes are specific biological catalysts that cannot
be poisoned

(b) Enzymes are normally heterogeneous catalysts that are
very specific in their action

(¢) Enzymes are specific biological catalysts that can
normally function at very high temperatures (T~1000K)

(d) Enzymes are specific biological catalysts that possess
well-defined active sites

[2004]
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7.

10.

11.

12.

An ionic compound has a unit cell consisting of A ions at
the corners of a cube and B ions on the centres of the faces
of the cube. The empirical formula for this compound would

be [2005]
@ A;B (b) AB;
© A,B (d) AB

The volume of a colloidal particle, V- as compared to the

volume of a solute particle in a true solution Vg, could be

Ve 3 Ve -3
—=10 b) — =10 2005
(@ Vs (b) Ve [2005]
Ve 23 V,
c) —=10 d 2C ~ 1
(©) Vs ) Ve

The disperse phase in colloidal iron (III) hydroxide and

colloidal gold is positively and negatively charged,

respectively. Which of the following statements is NOT

correct ? [2005]

(a) Coagulation in both sols can be brought about by
electrophoresis

(b) Mixing the sols has no effect

(¢) Sodium sulphate solution causes coagulation in both
sols

(d) Magnesium chloride solution coagulates, the gold sol
more readily than the iron (III) hydroxide sol

Total volume of atoms present in a face-centred cubic unit

cell of a metal is (r is atomic radius) [2006]
21rr3 b E1tr3

@ 5 ) 3
20,3 o Dl

© 3 @ 3

In Langmuir's model of adsorption of a gas on a solid surface
[2006]

(a) the mass of gas striking a given area of surface is
proportional to the pressure of the gas

(b) the mass of gas striking a given area of surface is
independent of the pressure of the gas

(c) the rate of dissociation of adsorbed molecules from
the surface does not depend on the surface covered

(d) the adsorption at a single site on the surface may
involve multiple molecules at the same time

In a compound, atoms of element Y form ccp lattice and

those of element X occupy 2/3" of tetrahedral voids. The

formula of the compound will be [2008]
(@ X,Y, b) X,Y,
© XY @ XY,

13.

14.

15.

16.

17.

18.

19.

20.
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Gold numbers of protective colloids A, B, C and D are 0.50,

0.01,0.10amd 0.005, respectively. the correct order of their

protective powers is [2008]

(@ D<A<C<B (b) C<B<D<A

(¢) A<C<B<D (d B<D<A<C

Which of the following statements is incorrect regarding

physissorptions? [2009]

(a) More easily liquefiable gases are adsorbed readily.

(b) Under high pressure it results into multi molecular layer
on adsorbent surface.

(c) Enthalpy of adsorption ( AH
positive.

adsorption) is low and

(d) It occurs because of van der Waal’s forces.
Copper crystallises in fcc with a unit cell length of 361 pm.

What is the radius of copper atom? [2009]
(a 127pm (b) 157pm
(¢ 181pm (d) 108pm

The edge length of a face centered cubic cell of an ionic
substance is 508 pm. If the radius of the cation is 110 pm, the

radius of the anion is [2010]
(a) 288pm (b) 398 pm
(c) 618pm (d) 144pm

Percentages of free space in cubic close packed structure

and in body centered packed structure are respectively
[2010]

(@ 30%and26% (b) 26%and 32%

(¢) 32%and 48% (d) 48%and26%

In a face centred cubic lattice, atom A occupies the corner

positions and atom B occupies the face centre positions. If

one atom of B is missing from one of the face centred points,

the formula of the compound is : [2011]
(@ A,B (b) AB,
(© A,B; (d) A,Bs

Lithium forms body centred cubic structure. The length of
the side of its unit cell is 351 pm. Atomic radius of the lithium

will be : [2012]
(@ 75pm (b) 300pm
(c) 240pm (d) 152pm

According to Freundlich adsorption isotherm which of the

following is correct? [2012]
x 0
—ac

@ —p

by —cp'

(b) —xp

X
© =<'

(d) Allthe above are correct for different ranges of pressure
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Which of the following exists as covalent crystals in the
solid state ? [JEE M 2013]

(@ Iodine

(b) Silicon

(c) Sulphur

(d) Phosphorus

The coagulating power of electrolytes having ions Na*, AI3*
and Ba2* for arsenic sulphide sol increases in the order :

[JEE M 2013]
(@) A*<Ba?*<Na' (b) Na"<BaZ*<AP**
(c) Ba?*<Na*<AI}* (d) AB*<Na*<Ba?*

CsCl crystallises in body centred cubic lattice. If ‘@’ is its
edge length then which of the following expressions is

correct? [JEEM 2014]
_ 3a
@ ot = 3a (b) T Ty = 5
) r, +r, = —3a d) r.,+r._ =+3a
cstlcr T g @ e o

24.

25.

26.

Sodium metal crystallizes in a body centred cubic lattice with
a unit cell edge of 4.29A. The radius of sodium atom is

approximately : [JEE M 2015]
(@) 5724 () 093A
() 186A d 3224

3 g of activated charcoal was added to 50 mL of acetic acid

solution (0.06N) in a flask. After an hour it was filtered and

the strength of the filtrate was found to be 0.042 N. The

amount of acetic acid adsorbed (per gram of charcoal) is
[JEEM 2015]

(a) 42mg (b) 54mg

(c) 18mg (d) 36mg

For a linear plot of log (x/m) versus log p in a Freundlich

adsorption isotherm, which of the following statements is

correct? (k and » are constants) [JEE M 2016]

(@
(b) log(1/n) appears as the intercept.

Only 1/n appears as the slope.

(c) Bothkand 1/n appear in the slope term.
(C))

1/n appears as the intercept.
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A Fill in the Blanks

1.  Given that ATf is the depression in freezing point of the
solvent in a solution of a non-volatile solute of molality, m, the
quantity L¢ (ATf /m) isequalto........... . (1994 - 1 Mark)

m—>0

C MCQs with One Correct Answer

1.  Anazeotropic solution of two liquids has boiling point lower
than either of them when it (1981 - 1 Mark)
(a) shows negative deviation from Raoult’s law
(b) shows no deviation from Raoult’s law
(c) shows positive deviation from Raoult’s law
(d) is saturated
2.  For adilute solution, Raoult’s law states that :
(1985 - 1 Mark)
(a) the lowering of vapour pressure is equal to the mole
fraction of solute.
(b) therelative lowering of vapour pressure is equal to the
mole fraction of solute.
(c) therelative lowering of vapour pressure is proportional
to the amount of solute in solution.
(d) the vapour pressure of the solution is equal to the

mole fraction of solvent.
3. When mercuric iodide is added to the aqueous solution of
potassium iodide then (1987 - 1 Mark)

(a) freezing point israised.
(b) freezing point is lowered.
(c) freezing point does not change.
(d) boiling point does not change.
4.  Which of the following 0.1 M aqueous solutions will have

the lowest freezing point? (1989 - 1 Mark)
(a) Potassium sulphate (b) Sodium chloride
(¢c) Urea (d) Glucose

5. The freezing point of equimolal aqueous solutions will be
highest for : (1990 - 1 Mark)

(@) CgHsNH;Cl (aniline hydrochloride)
(b) Ca(NOy),

(©) La(NOy),

(d) CgH;,04 (glucose)

6.

10.

11.

12.

0.2 molal acid HX is 20% ionised in solution. Kf= 1.86K

molality~!. The freezing point of the solution is . (19955)

(@ —-045 (b) —0.90

(¢) —-031 (d) -053

The molecular weight of benzoic acid in benzene as

determined by depression in freezing point method

corresponds to : (1996 - 1 Mark)

(a) ionization of benzoic acid.

(b) dimerization of benzoic acid.

(c) trimerization of benzoic acid.

(d) solvation of benzoic acid.

During depression of freezing point in a solution the

following are in equililbrium (2003S)

(a) liquid solvent, solid solvent

(b) liquid solvent, solid solute

(c) liquid solute, solid solute

(d) liquid solute, solid solvent

The elevation in boiling point of a solution of 13.44 g of

CuCl, in 1 kg of water using the following information will be

(Molecular weight of CuCl,=134.4and K, =0.52K molal~!)
(2005S)

(a) 0.16 (b) 005

(c) 01 (d) 02

When 20 g of naphthoic acid (C;;HgO,) is dissolved in 50

g of benzene (Kf= 1.72 K kg mol™!), a freezing point

depression of 2K is observed. The Van't Hoff factor (i) is

(2007)

@ 05 (b) 1

(© 2 @ 3

The Henry’s law constant for the solubility of N, gas in

water at 298 K is 1.0 x 10° atm. The mole fraction of N, in air

is 0.8. The number of moles of N, from air dissolved in

10 moles of water at 298 K and 5 atm pressureis  (2009)

(@) 4.0x10°* (b) 40x1075

() 5.0x10°* (d) 40x10°°

Dissolving 120 g of urea (mol. wt. 60) in 1000 g of water gave

asolution of density 1.15 g/mL. The molarity of the solution

is (2011)
@ 178M (b) 2.00M
(©) 205M @ 2.22M

GP_3021
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13.

14.

The freezing point (in °C) of a solution containing 0.1 g
of K;3[Fe(CN)g] (Mol. wt. 329) in 100 g of water (K= 1.86 K

kgmol!)is (2011)
(@) —2.3x1072 (b) -5.7x1072
() —5.7x1073 (d) -12x1072

For a dilute solution containing 2.5 g of a non-volatile non-
electrolyte solute in 100 g of water, the elevation
in boiling point at 1 atm pressure is 2°C. Assuming
concentration of solute is much lower than the concentration
of solvent, the vapour pressure (mm of Hg) of the solution

is (take K, =0.76 K kg mol ™) (2012)
(@ 74 (b) 740
(© 76 d) 718

D MCQs with One or More Than One Correct

In the depression of freezing point experiment, it is found

that the (1999 - 3 Marks)

(a) vapour pressure of the solution is less than that of
pure solvent

(b) vapour pressure of the solution is more than that of

pure solvent

©
(CY
Benzene and naphthalene form an ideal solution at room
temperature. For this process, the true statement(s) is(are)

(JEE Adv. 2013)
is positive

only solute molecules solidify at the freezing point
only solvent molecules solidify at the freezing

(@) AG s positive (b) ASSystem
© ASsurroundings =0 (d) AH=0
Mixture(s) showing positive deviation from Raoult’s law at
35°Cis(are) (JEE Adv. 2016)
(a) carbon tetrachloride + methanol

(b) carbon disulphide + acetone

(c) benzene + toluene

(d) phenol + aniline

Subjective Problems

What is the molarity and molality of a 13% solution (by
weight) of sulphuric acid with a density of 1.02 g/ml? To
what volume should 100 ml of this acid be diluted in order to
prepare a 1.5 N solution? (1978)
A bottle of commercial sulphuric acid (density 1.787 g/ml) is
labelled as 86 percent by weight. What is the molarity of the
acid. What volume of the acid has to be used to make 1 litre
of0.2 MH,S0,? (1979)
0.5 gm of fuming H,SO, (Oleum) is diluted with water. This
solution is completely neutralized by 26.7 ml 0f 0.4 N NaOH.
Find the percentage of free SO; in the sample of oleum.

(1980)

4.

10.

11.

12.

13.

14.
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The vapour pressure of pure benzene is 639.7 mm of mercury
and the vapour of a solution of a solute in benzene at the
same temperature is 631.9 mm of mercury. Calculate the
molality of the solution. (1981 - 3 Marks)
An organic compound CxH2yOy was burnt with twice the
amount of oxygen needed for complete combustion to CO,
and H,O. The hot gases when cooled to 0°C and 1 atm.
pressure, measured 2.24 liters. The water collected during
cooling weighed 0.9 g. The vapour pressure of pure water at
20°C is 17.5 mm Hg and is lowered by 0.104 mm when 50 g of
the organic compound are dissolved in 1000 g of water. Give
the molecular formula of the organic compound.

(1983 - 5 Marks)
'"Two volatile and miscible liquids can be separated by
fractional distillation into pure component', is true under
what conditions? (1984 - 1 Mark)
The vapour pressure of ethanol and methanol are 44.5 mm
and 88.7 Hg respectively. An ideal solution is formed at the
same temperature by mixing 60 g of ethanol with 40 g of
methanol. Calculate the total vapour pressure of the solution
and the mole fraction of methanol in the vapour.

(1986 - 4 Marks)
The vapour pressure of a dilute aqueous solution of glucose
(C¢H;,0¢) is 750 mm of mercury at 373 K. Calculate (i)
molality and (ii) mole fraction of the solution. ~ (7989 - 3
Marks)
The vapour pressure of pure benzene at a certain temperature
is 640 mm Hg. A non-volatile non-electrolyte solid weighing
2.175 g is added to 39.0 g of benzene. The vapour pressure
of'the solution is 600 mm Hg. What is the molecular weight
of the solid substance? (1990 - 3 Marks)
The degree of dissociation of calcium nitrate in a dilute
aqueous solution, containing 7.0 g. of the salt per 100 gm of
water at 100°C is 70%. If the vapour pressure of water at
100°C is 760 mm, calculate the vapour pressure of the
solution. (1991 - 4 Marks)
Addition of 0.643 g of a compound to 50 ml. of benzene
(density : 0.879 g/ml.) lowers the freezing point from 5.51°C
t05.03°C. If Kffor benzene is 5.12 K kg mol~!, calculate the
molecular weight of the compound. (1992 - 2 Marks)
What weight of the non-volatile solute, urea (NH, — CO —
NH,) needs to be dissolved in 100g of water, in order to
decrease the vapour pressure of water by 25%? What will
be the molality of the solution? (1993 - 3 Marks)
The molar volume of liquid benzene (density=0.877 gmL™!)
increases by a factor of 2750 as it vaporises at 20°C and that
of liquid toluene (density=0.867 g mL 1) increases by a factor
of 7720 at 20°C. A solution of benzene and toluene at 20°C
has a vapour pressure of 46.0 Torr. Find the mole fraction of
benzene in the vapour above the solution. (1996 - 3 Marks)
A solution of a nonvolatile solute in water freezes at—0.30°C.
The vapour pressure of pure water at 298 K is23.51 mm Hg
and K _for water is 1.86 K kg mol~!. Calculate the vapour
pressure of this solution at 298 K. (1998 - 4 Marks)
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15. Nitrobenzene is formed as the major product along with a
minor product in the reaction of benzene with a hot mixture
of nitric acid and sulphuric acid. The minor product consists
of carbon : 42.86%, hydrogen : 2.40% , nitrogen : 16.67%,
and oxygen: 38.07% (i) Calculate the empirical formula of
the minor product. (i) When 5.5 g of the minor product is
dissolved in 45 g of benzene, the boiling point of the solution
is 1.84 °C higher than that of pure benzene. Calculate the
molar mass of the minor product and determine its molecular
and structural formula. (Molal boiling point elevation
constant of benzene is 2.53 K kg mol~.) (1999 - 10 Marks)

16. To500 cm?3 of water, 3.0 x 103 kg of acetic acid is added. If
23% of acetic acid is dissociated, what will be the depression
in freezing point? K ;and density of water are 1.86 K kg™!
mol~! and 0.997 gem™3, respectively. (2000 - 3 Marks)

17. 1.22g of benzoic acid is dissolved in 100 g of acetone and
100 g of benzene separately. Boiling point of the solution in
acetone increases by 0.17° C, while that in the benzene
increases by 0.13° C; K, for acetone and benzene is 1.7 K kg
mol~! and 2.6 K kg mol~!. Find molecular weight of benzoic
acid in two cases and justify your answer. (2004 - 2 Marks)

18. 752 g of CcHsOH (phenol) is dissolved in a solvent of
Kf= 14. If the depression in freezing point is 7 K then find
the % of phenol that dimerises. (2006 - 6M)

G Comprehension Based Questions

PASSAGE

Properties such as boiling point, freezing point and vapour
pressure of a pure solvent change when solute molecules are
added to get homogeneous solution. These are called colligative
properties. Application of colligative properties are very useful in
day-to-day life. One of its example is the use of ethylene glycol
and water mixture as anti-freezing liquid in the radiator of
automobiles.

A solution M is prepared by mixing ethanol and water. The mole
fraction of ethanol in the mixture is 0.9

Given : Freezing point depression constant of water (K "2tr)
=1.86K kgmol!
Freezing point depression constant of ethanol (K ethanol)
=2.0K kgmol!
Boiling point elevation constant of water (K, V")
=0.52K kg mol™!
Boiling point elevation constant of ethanol (K ¢thanol)
=1.2Kkgmol™!
Standard freezing point of water =273 K
Standard boiling point of water = 155.7K
Standard boiling point of water =373 K
Standard boiling point of ethanol =351.5K

Vapour pressure of pure water =32.8 mm Hg
Vapour pressure of pure ethanol =40 mm Hg
Molecular weight of water = 18 g mol™!
Molecular weight of ethanol = 46 g mol~!
In answering the following questions, consider the solution to be
ideal dilute solutions and solutes to be non-volatile and
non-dissociative.
1.  The freezing point of the solution M is (2008 - 3 Marks)
(@ 2687K (b) 268.5K
(¢) 2342K (d) 1509K
2. The vapour pressure of the solution M is (2008 - 3 Marks)
(@ 39.3mmHg (b) 36.0mm Hg
(¢) 29.5mm Hg (d) 28.8mmHg
3. Water is added to the solution M such that the mole fraction
of water in the solution becomes 0.9. The boiling point of
this solution is (2008 - 3 Marks)
(a) 3804K (b) 3762K
(¢) 3755K (d) 3547K

I Integer Value Correct Type

1. 29.2% (w/w) HCI stock solution has a density of
125 gmLL. The molecular weight of HCl is 36.5 gmol~!. The
volume (mL) of stock solution required to prepare a 200 mL
solution of 0.4 M HCl is : (2012)

2. MX, dissociates into M2* and X~ ions in an aqueous
solution, with a degree of dissociation (o) of 0.5. The ratio
of the observed depression of freezing point of the aqueous
solution to the value of the depression of freezing point in
the absence of ionic dissociation is (JEE Adv. 2014)

3. Acompound H,X with molar weight of 80g is dissolved in a
solvent having density of 0.4 g ml~!. Assuming no change
in volume upon dissolution, the molality of a 3.2 molar
solution is (JEE Adv. 2014)

4.  Ifthe freezing point of a 0.01 molal aqueous solution of a
cobalt(III) chloride-ammonia complex (which behaves as a
strong electrolyte) is —0.0558°C, the number of chloride(s)
in the coordination sphere of the complex is
[K;of water = 1.86 K kg mol~!] (JEE Adyv. 2015)

5. The mole fraction of a solute in a solution is 0.1. At298 K,
molarity of this solution is the same as its molality. Density
of this solution at 298 K is 2.0 g cm™ . The ratio of the

molecular weights of the solute and solvent, ( MWeolute \,
MWsolvent
is (JEE Adv. 2016)
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1.

Freezing point of an aqueous solution is (-0.186)°C. Elevation
of boiling point of the same solution is K, = 0.512°C,
Kf= 1.86°C, find the increase in boiling point.

(@ 0.186°C (b) 0.0512°C [2002]

(¢) 0.092°C (d) 02372°C.

In mixture 4 and B components show -ve deviation as

@ AV,>0 [2002]

(b AH,;, <0

(c) A - B interaction is weaker than A — 4 and B - B
interaction

(d) 4 — B interaction is stronger than 4 — 4 and B — B
interaction.

Ifliquids A and B form an ideal solution [2003]

(a) theentropy of mixing is zero
(b) the free energy of mixing is zero

(c) the free energy as well as the entropy of mixing are
each zero

(d) the enthalpy of mixing is zero

In a 0.2 molal aqueous solution of a weak acid HX the degree
ofionization is 0.3. Taking k, for water as 1.85, the freezing

point of the solution will be nearest to [2003]

(@ -0360°C (b) —0.260°C

(¢) +0480°C (d) —0.480°C

A pressure cooker reduces cooking time for food because
[2003]

(a) Dboiling point of water involved in cooking is increased

(b) the higher pressure inside the cooker crushes the food
material

(c) cooking involves chemical changes helped by a rise in
temperature

(d) heat is more evenly distributed in the cooking space

Which one of the following aqueous solutions will exihibit
highest boiling point ? [2004]

(@ 0.015Murea (b) 0.01MKNO,
(¢) 0.01MNa,SO, (d) 0.015M glucose

For which of the following parameters the structural isomers
C,H;OH and CH;0OCH; would be expected to have the same
values?(Assume ideal behaviour) [2004]

(a) Boiling points

(b) Vapour pressure at the same temperature

(c) Heat of vaporization

(d) Gaseous densities at the same temperature and pressure

8.

10.

11.

12.

13.

Which of the following liquid pairs shows a positive
deviation from Raoult’s law ? [2004]

(a) Water - nitric acid

(b) Benzene - methanol

(c) Water - hydrochloric acid

(d) Acetone - chloroform

Which one of the following statements is FALSE?  [2004]

(@) The correct order of osmotic pressure for 0.01 M
aqueous solution of each compound is

BaCl, > KCI > CH3COOH > sucrose

(b) The osmotic pressure () of a solution is given by the
equation 1=MRT, where M is the molarity ofthe solution

(¢) Raoult’s law states that the vapour pressure of a
component over a solution is proportional to its mole
fraction

(d) Two sucrose solutions of same molality prepared in
different solvents will have the same freezing point
depression

Benzene and toluene form nearly ideal solution. At 20°C,
the vapour pressure of benzene is 75 torr and that of toluene
is 22 torr. The partial vapour pressure of benzene at 20°C for
a solution containing 78 g of benzene and 46 g of toluene in

torr is [2005]
(@ 535 (b) 375

© 25 d 5

Equimolar solutions in the same solvent have [2005]

(a) Different boiling and different freezing points
(b) Same boiling and same freezing points

(c) Same freezing point but different boiling points
(d) Same boiling point but different freezing points

Among the following mixtures, dipole-dipole as the major
interaction, is present in [2006]

(a) KCland water

(b) benzene and carbon tetrachloride
(c) benzene and ethanol

(d) acetonitrile and acetone

18 g of glucose (C¢H,,0) isadded to 178.2 g of water. The
vapour pressure of water for this aqueous solution at 100°C
is [2006]

(@ 76.00 Torr (b) 752.40Torr
(c) 759.00 Torr (d) 7.60Torr
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15.

16.

17.

18.

19.

20.
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A mixture of ethyl alcohol and propyl alcohol has a vapour
pressure of 290 mm at 300 K. The vapour pressure of propyl
alcohol is 200 mm. If the mole fraction of ethyl alcohol is
0.6, its vapour pressure (in mm) at the same temperature will

be [2007]
@ 360 (b) 350
(© 300 (d) 700

Equal masses of methane and oxygen are mixed in an empty
container at 25°C. The fraction of the total pressure exerted

by oxygen is [2007]
(@ 12 (b) 273
1 273
¢) —xZ° d) 173.
© 3208 @

A 5.25% solution of a substance is isotonic with a 1.5% solution
of urea (molar mass = 60 g mol™) in the same solvent. Ifthe
densities of both the solutions are assumed to be equal to 1.0
g cm, molar mass of the substance will be [2007]

(@ 210.0 gmol! (b) 90.0 g mol™!

(¢) 115.0gmol! (d) 105.0gmol ™.

At 80° C, the vapour pressure of pure liquid ‘A’ is 520 mm
Hg and that of pure liquid ‘B’ is 1000 mm Hg. Ifa mixture
solution of ‘A’ and ‘B’ boils at 80° C and 1 atm pressure, the
amount of ‘A’ in the mixture is (1 atm = 760 mm Hg) [2008]

(a) 52 mol percent (b) 34 mol percent

(c) 48 mol percent (d) 50 mol percent

The vapour pressure of water at20° Cis 17.5mm Hg If 18 g

of glucose (C,H,,0 ) is added to 178.2 g of water at 20° C,

the vapour pressure of the resulting solution will be [2008]

(a) 17.325mmHg (b) 15750 mm Hg

(¢c) 16.500mm Hg (d) 17.500mm Hg

A binary liquid solution is prepared by mixing n-heptane

and ethanol. Which one of the following statements is

correct regarding the behaviour of the solution?  [2009]

(@) The solution is non-ideal, showing — ve deviation from
Raoult’s Law.

(b) The solution is non-ideal, showing + ve deviation from
Raoult’s Law.

(c) n-heptane shows + ve deviation while ethanol shows
—vedeviation from Raoult’s Law.

(d) The solution formed is an ideal solution.

Two liquids X and Y form an ideal solution. At 300 K, vapour
pressure of the solution containing 1 mol of X' and 3 mol of
Y is 550 mmHg. At the same temperature, if 1 mol of ¥ is
further added to this solution, vapour pressure of the
solution increases by 10 mmHg. Vapour pressure ( in mmHg)
of Xand Y in their pure states will be, respectively: [2009]

(@ 300and 400 (b) 400and 600
(¢c) 500and 600 (d) 200and 300

21.

22.

23.

24.

25.

26.

27.

If sodium sulphate is considered to be completely
dissociated into cations and anions in aqueous solution,
the change in freezing point of water (ATf), when 0.01 mol
of sodium sulphate is dissolved in 1 kg of water, is

(K~1.86 K kgmol™) [2010]
@ 0372K (b) 0.0558K
(©) 00744K ) 00186K

On mixing, heptane and octane form an ideal solution. At
373 K, the vapour pressures of the two liquid components
(heptane and octane) are 105 kPa and 45 kPa respectively.
Vapour pressure of the solution obtained by mixing 25.0 g
of heptane and 35 g of octane will be

(molar mass of heptane = 100 g mol~! and of octane =114 g

mol™!) [2010]
(a) 72.0kPa (b) 36.1kPa
(c) 96.2kPa (d) 144.5kPa

A 5.2 molal aqueous solution of methyl alcohol, CH;OH, is
supplied. What is the mole fraction of methyl alcohol in the

solution? [2011]
(@ 0100 (b) 0.19
(c) 0086 (d 0.050

Ethylene glycol is used as an antifreeze in a cold climate.
Mass of ethylene glycol which should be added to 4 kg of
water to prevent it from freezing at —-6°C will be : (K for
water = 1.86 K kg mol~!, and molar mass of ethylene glycol

=62 gmol™!) [2011]
(@) 804.32¢g (b) 20430g
(c) 400.00g (d) 30460g

The degree of dissociation (o) of a weak electrolyte, AXBy
is related to van’t Hoff factor (i) by the expression [2011]

0Lz(x+y—l) ®) 0c=x+y+1

@

x+y-1

x+y+1
© a=" =

1 @ ==

The density of a solution prepared by dissolving 120 g of
urea (mol. mass =60 u) in 1000 g of water is 1.15 g/mL. The

molarity of this solution is : [2012]
(@ 0.50M (b) 1.78M
(¢ 1.02M d 205M

Kffor water is 1.86 K kg mol~!. Ifyour automobile radiator
holds 1.0 kg of water, how many grams of ethylene glycol
(C,H(O,) must you add to get the freezing point of the

solution lowered to—2.8°C ? [2012]
@ 72g (b) 93¢g
(©) 39g @ 27g
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28.

29.
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The molarity of a solution obtained by mixing 750 mL of

0.5(M)HCl with 250mLof 20M)HCl willbe:  [JEE M 2013]
@ 0875M (b) 1.00M
(© 175M @ 0975M

Consider separate solutions of 0.500 M C,H;OH(aq),
0.100 M Mg,(POy), (aq), 0.250 MKBr(ag) and 0.125M
NayPO,4(aq) at 25°C. Which statement is true about these
solutions, assuming all salts to be strong electrolytes?

[JEE M 2014]
(a) They all have the same osmotic pressure.

(b) 0.100 M Mg;(PO,),(aq) has the highest osmotic
pressure.

30.

31.

(©) 0.125 M Na;PO,(aq) has the highest osmotic pressure.
(d) 0.500 M C,H;OH(aq) has the highest osmotic pressure.

The vapour pressure of acetone at 20°C is 185 torr. When
1.2 g of a non-volatile substance was dissolved in 100 g of
acetone at 20°C, its vapour pressure was 183 torr. The molar

mass (g mol~!) of the substance is : [JEE M 2015]

(a) 128 (b) 488

© 3R d 64

18 g glucose (C,H,,0,) is added to 178.2 g water. The vapour

pressure of water (in torr) for this aqueous solution is:
[JEE M 2016]

(@ 7524 (b) 7590

(©) 76 d 760
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A Fill in the Blanks

1. Of the halide ions, is the most powerful reducing

agent. (1978)

2. Themore ............... the standard reduction potential, the
............... is its ability to displace hydrogen from acids.

(1986 - 1 Mark)

3.  The electrical conductivity of a solution of acetic acid will
be............. if asolution of sodium hydroxide is added.

(1987 - 1 Mark)

B True / False

1.  The dependence of electrode potential for the electrode
M™+ /M with concentration under STP conditions is given

0.0591

by the expression : E = E°+ log;o[M"*]

(1993 - 1 Mark)
C MCQs with One Correct Answer

1.  The standard reduction potentials at 298 K for the following
halfreactions are given against each (1981 - 1 Mark)

Zn**(aq)+2e=7Zn(s) -0.762
Cr3*(aq)+2e == Cr(s) —0.740
2H" (aq) + 2¢ = H,(g) 0.000

Fe3* (aq) + 2e = Fe?* (aq) 0.770

which is the strongest reducing agent?

(@) Zn(s) (b) Cr(s)

(©) Hy(g) (d) Fe**(aq)

2. Faraday’s laws of electrolysis are related to the
(a) atomic number of the reactants. (1983 - 1 Mark)
(b) atomic number of the anion.

(c) equivalent weight of the electrolyte.
(d) speed of the cation.

3. Asolution containing one mole per litre of each Cu(NO,),;
AgNO;; Hg,(NO,),; is being electrolysed by using inert
electrodes. The values of standard electrode potentials in
volts (reduction potentials) are : (1984 - 1 Mark)
Ag/Agt=+0.80, 2Hg/Hg, " =+0.79
Cw/Cu*t=+0.34, Mg/Mg™ =-2.37
With increasing voltage, the sequence of deposition of metals
on the cathode will be :
(a) Ag,Hg,Cu,Mg
(¢) Ag,Hg, Cu

(b) Mg, Cu,Hg, Ag
(d) Cu,Hg Ag

10.

The electric charge for electrode deposition of one gram
equivalent of a substance is : (1984 - 1 Mark)
(a) one ampere per second.

(b) 96,500 coloumbs per second.

(c) oneampere for one hour.

(d) charge on one mole of electrons.

The reaction : (1985 - 1 Mark)
V2 Hg,(g) + AgCl(s) - H'(aq) + Cl (aq) + Ag(s)

occurs in the galvanic cell

(@) Ag|AgCl(s)| KCl(soln) | AgNO; (soln) |Ag

(b) Pt|H,(g)|HCI(soln) | AgNO; (soln) |Ag

(¢) Pt|H,(g)|HCl(soln) |AgCl(s) | Ag

(d) Pt|H,(g)|KCl(soln)|AgCl(s) |Ag

A solution of sodium sulphate in water is electrolysed using
inert electrodes. The products at the cathode and anode are

respectively (1987 - 1 Mark)
(@ H,,0, (b) O,.H,
(©) O,Na (d) 0,580,

The standard oxidation potentials, E°, for the halfreactions
are as (1988 - 1 Mark)
Zn=7Zn%"+2¢;E°=+0.76 V

Fe=Fe?"+2¢;E°=+041V

The EMF for the cell reaction :

Fe?* + Zn — Zn?* + Fe
@ -035V (b) +035V
© +L17V d -117V

A dilute aqueous solution of Na,SO, is electrolyzed using

platinum electrodes. The products at the anode and cathode

are: (1996 - 1 Mark)
(a) O2> 1‘12 (b) S208_ ,Na
(c) O,Na (d) $,037,H,

The standard reduction potentials of Cu?* | Cu and Cu?*|
Cu* are 0.337 V and 0.153 respectively. The standard
electrode potential of Cu® |Cu halfcellis (1997 - I Mark)
(a 0184V (b) 0827V

(¢) 0521V (d 0490V

A gas X at 1 atm is bubbled through a solution containing a
mixtureof 1 MY ~and M Z - at25°C. Ifthe reduction potential
ofZ>Y > X, then, (1999 - 2 Marks)
(a) Y will oxidize X and not Z

(b) Y will oxidize Z and not X

(¢) Y will oxidize both X and Z

(d) Y will reduce both X and Z

GP_3021
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For the electrochemical cell, M|M™ || X~ | X,E°M*/M =

0.44Vand E°(X/X")=0.33V.

From this data one can deduce that (2000S)

(@A M+X —> M™* +X isthe spontaneous reaction

(b)) M*™+X — M+X Iis the spontaneous reaction

(© E =077V

(d) E,,=-077V

Saturated solution of KNO; is used to make ‘salt-bridge’
because (2001S)
(@ velocity of K* is greater than that of NOJ

(b) velocity of NOYj is greater than that of K*

(¢) velocities of both K* and NOj are nearly the same
(d) KNO; ishighly soluble in water

The correct order of equivalent conductance at infinite
dilution of LiCl, NaCl and KCl is (2001S)
(@) LiCl>NaCl>KCl (b) KCI>NaCl>LiCl

(¢) NaCl>KCl>LiCl (d) LiClI>KCl>NaCl
Standard electrode potential data are useful for
understanding the suitability of an oxidant in a redox
titration. Some half cell reactions and their standard

potentials are given below : (2002S)
MnOj (aq.)+8H" (aq.) + 5¢~ — Mn** (aq.) + 4H,0(()
E°=151V
Cr,0%7(aq)+14H" (aq.)+6e~ — 2Cr>* (aq.)+ 7TH,0(1)
E°=138V
Fe**(aq)+e” — Fe’*(aq) E°=0.77V
Cly(g)+2¢” > 2Cl (aq.) E°=140V

Identify the only incorrect statement regarding the
quantitative estimation of aqueous Fe(NO;),

(@) MnOj can be used in aqueous HCI

()
(¢) MnOj can be used in aqueous H,SO,

(C))
In the electrolytic cell, flow of electrons is from
(a) Cathode to anode in solution

(b) Cathode to anode through external supply
(c) Cathode to anode through internal supply
(d) Anode to cathode through internal supply
The emfof the cell

Zn|Zn%" (0.01 M)| |Fe?* (0.001 M) | Fe

at 298 K is 0.2905 then the value of equilibrium constant for
the cell reaction is

Cr,03" can be used in aqueous HCI

Cr,03 can be used in aqueous H,SO,
(2003S)

(2004S)

0.32 0.32
0.0295 0.0295
(@ e (b) 10
0.26 0.32
(¢) 1000295 (d) 1000591

17.

18.

19.

20.

21.

The rusting of iron takes place as follows
2H* +2¢ + 20, —— H,0(/);E°=+123V
Fe?*+2¢-—» Fe(s);E°=-0.44V
Calculate AG® for the net process
(@ -322kJmol™! (b) -161kJmol-!
() —152kJmol™! (d) -76kJmol™!
Electrolysis of dilute aqueous NaCl solution was carried
out by passing 10 milli ampere current. The time required to
liberate 0.01 mol of H, gas at the cathode is (1 Faraday =
96500 C mol™!) (2008S)
(@) 9.65x10%sec (b) 19.3 x 10*sec
(c) 28.95x 10%sec (d) 38.6x10%sec
AgNO;(aq.) was added to an aqueous KCl solution
gradually and the conductivity of the solution was measured.

(2005S)

The plot of conductance (A) versus the volume of AgNOj,

1S (2011)
(A)

A A

Volﬁme voluﬁ =

®) @
A W A

vo:lume voiume

R) S)

@@ ® b Q
© ® a ®

Consider the following cell reaction: (2011)

2Fe(s) + Oy + 4H{pq) — 2Felny) +2H,0(y; E° = 1.67V
At [Fe?*] = 103M, P(O,) = 0.1 atm and pH = 3, the cell
potential at 25°C is

(@) 147V (b) 177V

(c) 187V d 157V

For the following electrochemical cell at 298 K,
Pi(s)[H,(g, 1 bar)| H" (aq, 1 M) || M** (aq), M** (aq)[Pt(s)

(M (aa)|

E,,,=0.092 V when —[M " )] - (JEE Adv. 2016)

Given: E°

RT
MM 0.151V; 2.303? =0.059v

The value of x is
(@ 2
(© 1

b -1
@ 2



Electrochemistry

MCQs with One or More Than One Correct

The standard reduction potential values of three metallic

cations, X, Y and Z are 0.52,— 3.03 and— 1.18 V respectively.

The order of reducing power of the corresponding metals is
(1998 - 2 Marks)

@ Y>Z>X (b) X>Y>Z

(¢ Z>Y>X d Z>X>Y

For the reduction of NO3 ion in an aqueous solution, E° is

+0.96V. Values of E° for some metal ions are given below

V2*(agq)+2e >V E°=—1.19V
Fe3* (aq) + 3¢ — Fe °=_0.04V
Au3t (aq) + 3¢ —> Au E°=+140V
Hg2* (aq) + 2¢” — Hg E°=+0.86V

The pair(s) of metals that is(are) oxidized by NO3; in

aqueous solution is(are) (2009)
(a) VandHg
(¢) Feand Au

In a galvanic cell, the salt bridge

(b) HgandFe

(d) FeandV

(JEE Adv. 2014)
(@) Does not participate chemically in the cell reaction

(b) Stops the diffusion of ions from one electrode to
another

(c) Isnecessary for the occurrence of the cell reaction
(d) Ensures mixing of the two electrolytic solutions

|38 Subjective Problems

The density of copper is 8.94 g/ml. Find out the number of
coulombs needed to plate an area 10 cm x 10cm to a thickness
1072 cm using CuSO, solution as electrolyte. (1979)

(@ 19 gm of molten SnCl, is electrolysed for some time.
Inert electrodes are used. 0.119 gm of Sn is deposited
at the cathode. No substance is lost during the
electrolysis. Find the ratio of the weights of SnCl,: SnCl,,
after electrolysis.

(b) A hot solution of NaCl in water is electrolysed. Iron

electrodes are used. Diaphragm cell is not used. Give
equations for all the chemical reactions that take place

during electrolysis.
(c) Find the charge in coulombs of 1 gram ion of N>
(1980)
Complete and balance the following equations (1980)

@ KNO;+FeSO,+H,S0, ) —>
(i) H,S+K,CrO,+H,80, —>

(i) KI+ H,SO,(conc) A,
(iv) Mg;N,+H,0 —>
(v) Al+KMnO,+H,S0, —

10.

o c91

Consider the cell (1982 - 2 Marks)

Zn|Zn?" (aq) (1.0 M) || Cu?* (aq) (1.0 M) | Cu.

The standard reduction potentials are :

+0.350 volts for 2¢~ + Cu?* (aq) - Cu and —0.763 volts for

2¢+Zn**(aq) > Zn

(i) Write down the cell reaction.

(i) Calculate the emfofthe cell.

(ii)) Is the cell reaction spontaneous or not?

In an electrolysis experiment current was passed for 5 hours

through two cells connected in series. The first cell contains

a solution of gold and the second contains copper sulphate

solution. 9.85 g of gold was deposited in the first cell. Ifthe

oxidation number of gold is +3, find the amount of copper

deposited on the cathode of the second cell. Also calculate

the magnitude of the current in amperes.(1 faraday= 96,500

coulombs) (1983 - 3 Marks)

How long a current of 3 ampere has to be passed through a

solution of silver nitrate to coat a metal surface of 80 cm?

with a 0.005 mm thick layer? Density of silver is 10.5 g/cm?
(1985 - 3 Marks)

The EMF of a cell corresponding to the reaction :

Zn(s) + 2H'(aq) > Zn?* + (0.1 M) + H, (g) (1 atm.)

is0.28 volt at 25°C.

Write the half-cell reactions and calculate the pH of the

solution at the hydrogen electrode.

E (1986 - 4 Marks)

7n2*1Zn =-0.76 volt; EH,,/H2 =0

During the discharge of a lead storage battery, the density
of sulphuric acid fell from 1.294 to 1.139 g/ml. Sulphuric acid
of density 1.294 g/ml is 39% by weight and that of 1.139 g/ml
is 20% H,SO, by weight. The battery holds 3.5 litres of the
acid and the volume remained practically constant during
the discharge.

Calculate the number of ampere-hours for which the battery
must have been used. The charging and discharging
reactions are : (1986 - 5 Marks)
Anode :

Pb+ SO2~ =PbSO, +2¢" (discharging)
Cathode :

PbO, +4H*+ SO3~ +2e-=PbSO, +2H,0 (discharging)

Note : Both the reactions take place at the anode and cathode
respectively during discharge. Both reaction get reverse
during charging.
A 100 watt, 110 volt incandescent lamp is connected in series
with an electrolyte cell containing cadmium sulphate
solution. What weight of cadmium will be deposited by the
current flowing for 10 hours? (1987 - 5 Marks)
A cell contains two hydrogen electrodes. The negative
electrode is in contact with a solution of 10 M hydrogen
ions. The EMF ofthe cell is 0.118 V at 25°C. Calculate the
concentration of hydrogen ions at the positive electrode.
(1988 - 2 Marks)
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12.

13.

14.

15.

16.

17.

18.

In a fuel cell hydrogen and oxygen react to produce
electricity. In the process hydrogen gas is oxidised at the
anode and oxygen at the cathode. If 67.2 litre of H, at STP
react in 15 minutes, what is the average current produced?
If the entire current is used for electro deposition of copper
from copper (II) solution, how many grams of copper will be
deposited? (1988 - 4 Marks)
Anodereaction : H,+20H™ — 2H,0+2e"
Cathode reaction : %Oz +H,0+2¢” — 20H".
An acidic solution of Cu?* salt containing 0.4 g of Cu?* is
electrolysed until all the copper is deposited. The electrolysis
is continued for seven more minutes with the volume of
solution kept at 100 ml. and the current at 1.2 amp. Calculate
the volume of gases evolved at NTP during the entire
electrolysis. (1989 - 5 Marks)
The standard reduction potential at 25°C of the reaction,
2H,0 + 2¢- = H, + 20H" is —0.8277V. Calculate the
equilibrium constant for the reaction 2H,0 = H,0" + OH~
at25°C. (1989 - 3 Marks)
The standard reduction potential of Cu**/Cu and Ag*/Ag
electrodes are 0.337 and 0.799 volt respectively. Construct a
galvanic cell using these electrodes so that its standard
e.m.f. is positive. For what concentration of Ag* will the
e.m.f ofthe cell, at 25°C, be zero if the concentration of Cu**
is0.01 M? (1990 - 3 Marks)
Calculate the quantity of electricity that would be required
to reduce 12.3 g of nitrobenzene to aniline, if the current
efficiency for the process is 50 per cent. Ifthe potential drop
across the cell is 3.0 volts, how much energy will be
consumed? (1990 - 3 Marks)
Zinc granules are added in excess to a 500 ml. of 1.0 M nickel
nitrate solution at 25°C until the equilibrium is reached. If
the standard reduction potential of Zn?* | Zn and Ni?* | Ni
are —0.75 V and —0.24 V respectively, find out the
concentration of Ni?* in solution at equilibrium.

(1991 - 2 Marks)
A current of 1.70 A is passed through 300.0 ml of 0.160 M
solution of a ZnSO, for 230 sec. with a current efficiency of
90%. Find out the molarity of Zn?* after the deposition of
Zn. Assume the volume of the solution to remain constant
during the electrolysis. (1991 - 4 Marks)
For the galvanic cell. (1992 - 4 Marks)
Ag|AgCl(s), KCI(0.2 M) || KBr (0.001M), AgBr|Ag
Calculate the EMF generated and assign correct polarity to
each electrode for a spontaneous process after taking into
account the cell reaction at 25°C.
[Ksp(AgCl) =2.8x10710; Ksp(AgBr)= 3.3x10713]

19.

20.

21.

22,

23.

24.
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An aqueous solution of NaCl on electrolysis gives Hy(g),
Cl,(g) and NaOH according to the reaction :

2CI(aq) + 2H,0=20H"(aq) + Hy(g) + Cl,(g).

A direct current of 25 amperes with a current efficiency of
62% is passed through 20 litres of NaCl solution (20% by
weight). Write down the reactions taking place at the anode
and the cathode. How long will it take to produce 1 kg of
Cl,? What will be the molarity of the solution with respect
to hydroxide ion? (Assume no loss due to evaporation.)

(1992 - 3 Marks)
The standard reduction potential for the half-cell

NO3 (aq) +2H" (aq) + e > NO, (g) + H,0 is0.78 V.

(i) Calculate the reduction potential in 8§ M H*

(i) What will be the reduction potential ofthe half-cell in a
neutral solution? Assume all the other species to be at
unit concentration. (1993 - 2 Marks)

Chromium metal can be plated out from an acidic solution
containing CrO; according to the following equation.

CrOs(aq)+6H" (aq) + 66~ — Cr(s) + 3H,0

Calculate (i) howmany grams of chromium will be plated out
by 24,000 coulombs and (ii) how long will it take to plate out
1.5 gof chromium by using 12.5 amp current.

(1993 - 2 Marks)

The standard reduction potential of the Ag* /Ag electrode
at 298 K is 0.799 V. Given that for Agl, K, = 8.7 10717,
evaluate the potential of the Ag*/Ag electrode in a saturated
solution of Agl. Also calculate the standard reduction
potential of the I/ Agl/Ag electrode. (1994 - 3 Marks)

The Edison storage cells is represented as
Fe(s) | FeO(s) | KOH(aq) | Ni,O,(s) | Ni(s)
The half-cell reactions are :

NipyO5(s)+HyO()) +2¢ - === 2NiO(s)+20H";
E°=+040V
FeO(s) + H,O()) + 26 == Fe(s) + 20H" ;
°=—0.87V
(/) What is the cell reaction ?

(1) What is the cell e.m.f ? How does it depend on the
concentration of KOH?
(iif) What is the maximum amount of electrical energy that
can be obtained from one mole of Ni,O,?
(1994 - 4 Marks)

Although aluminium is above hydrogen in the
electrochemical series, it is stable in air and water. Explain.
(1994 - 1 Mark)
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

An excess of liquid mercury is added to an acidified solution
of 1.0 x 1073 M Fe?*. It is found that 5% of Fe?* remains at

equilibrium at 25°C. Calculate E° assuming that

Hg}"Hg>

the only reaction that occurs is
2Hg+2Fe** s Hgd* +2Fe2*.

(Given E°_ 3,020 =077V ) (1995 - 4 Marks)

The standard reduction potential for Cu?*| Cu is +0.34 V.
Calculate the reduction potential at pH = 14 for the above
couple. K of Cu(OH), is 1.0x 10719 (1996 - 3 Marks)
How many grams of silver could be plated out on a serving
tray by electrolysis of a solution containing silver in +1
oxidation state for a period of 8.0 hours at a current of 8.46
amperes? What is the area of the tray if the thickness of the
silver plating is 0.00254 cm? Density of silver is 10.5 g/cm3.
(1997 - 3 Marks)
Calculate the equilibrium constant for the reaction

Fe2* + Ce*t === Fe’* + Ce®* (1997 - 2 Marks)

(given E° 3. =144V, EoFe3+/Fe2+ =0.68V;)

ce** /ce
Calculate the equilibrium constant for the reaction,
2Fe" + 3I" == 2Fe?* + I;. The standard reduction
potentials in acidic conditions are 0.77 V and 0.54 V
respectively for Fe>* | Fe?* and 15 | I” couples.

(1998 - 3 Marks)
Find the solubility product ofa saturated solution of Ag,CrO,
in water at 298 K if the emfof the cell Ag | Ag* (satd. Ag,CrO,
soln.)||[Ag+(0.1IM)|Agis 0.164 Vat 298 K. (1998 - 6 Marks)
Acell, Ag | Ag'||Cu?*|Cu, initiallly contains 1 M Ag* and 1
M Cu?* ions. Calculate the change in the cell potential after
the passage 0of 9.65 A of current for 1 h. (1999 - 6 Marks)
Copper sulphate solution (250 mL) was electrolysed using a
platinum anode and a copper cathode. A constant current
of 2 mA was passed for 16 minutes. It was found that after
electrolysis the absorbance of the solution was reduced to
50% of its original value. Calculate the concentration of
copper sulphate in the solution to begin with.

(2000 - 3 Marks)
The following electrochemical cell has been set up.
Pt(1) [Fe3*, Fe* (a=1)| Ce**, Ce3* (a=1)| Pt (2)
E° (Fe**, Fe?*)=0.77V: E° (Ce**/ CeM) =161V
If an ammeter is connected between the two platinum
electrodes, predict the direction of flow of current. Will the
current increase or decrease with time? (2000 - 2 Marks)
The standard potential of the following cell is 0.23 V at 15°C
and0.21 Vat35°C. (2001 - 10 Marks)

Pt|H,(g) [HCl(aq) | AgCl(s) | Ag(s)

35.

36.

37.

38.

o c-93

(i) Writethe cell reaction.

(i) Calculate AH® and AS°® for the cell reaction by assuming
that these quantities remain unchanged in the range
15°Cto35°C.

(iii) Calculate the solubility of AgCl in water at 25°C.

Given : The standard reduction potential of the Ag*(aq) /

Ag(s)couple is 0.80 V at 25°C.

Two students use same stock solution of ZnSO, and a

solution of CuSO,. The emfof one cell is 0.03 V higher than

the other. The conc. of CuSO, in the cell with higher emf
value is 0.5 M. Find out the conc. of CuSO, in the other cell

(2203 RT/F=0.06). (2003 - 2 Marks)

Find the equilibrium constant for the reaction,

In?* +Cu?* — > In>* +Cu* at298K
given

=0.15v; E°

=-040V, E° =-042V
[n2+/[n+ > ]n3+/]n+

E it cut
(2004 - 4 Marks)
(a) For thereaction

Ag"(aq)+Cl™ (aq) = AgCl(s)

Given:
Species AG, (kJ/mol)
Ag"(aq) +77
Cl™ (aq) -129
AgCl (s) ~109

Write the cell representation of above reaction and

calculate E.y; at298 K. Also find the solubility product

of AgCl.
(b) 1f6.539 x 102 gof metallic zinc is added to 100 ml saturated
. . [Zn2*]
solution of AgCl. Find the value of log, —
[Ag"]
Howmany moles of Ag will be precipitated in the above
reaction. Given that

Agt+e” ——>AgE =080V >
Zn?* +2¢” ——>7Zn;E° = —0.76V (2005 - 6 Marks)

(It was given that Atomic mass of Zn = 65.39)
We have taken a saturated solution of AgBr. Ko of AgBr is
12 x 10714, 1f 10~" mole of AgNO, are added to 1 litre of this
solution find conductivity (specific conductance) of this
solution in terms of 107 S m™! units. Given, Molar
conductance of Ag*, Br- and NO,™ are 6x10~3 Sm?mol~",
8x1073 Sm’mol~! and 7x10~3 Sm?mol~". (2006 - 6M)
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38 Match the Following

DIRECTION (for Q. 1) : Each question contains statements given in two columns, which have to be

matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-II PaAr st

are labelledp, q, v, s and t. Any given statement in Column-I can have correct matching with ONE OR A@QOMOHOO
MORE statement(s) in Column-1I. The appropriate bubbles corresponding to the answers to these B @@o@@
questions have to be darkened as illustrated in the following example : Cl@O@OEO®
If the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of D @ @ @ e @
bubbles will look like the given.
1. Match the reactions in Columns I with nature of the reactions/type of the products in Column II. Indicate your answer by
darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS. (2007)
Column I ColumnII

(A) 0; >0,+03" (p) redox reaction

B) croj” +H' > (q) one of the products has trigonal planar structure

© MnO; +NO; +H > (r) dimeric bridged tetrahedral metal ion

D) NOj3; +H,S04 +Fe* —» (s) disproportionation

DIRECTION (for Q. 2 & 3) : Following questions have matching lists. The codes for the lists have choices (a), (b), (c) and (d) out
of which ONLY ONE is correct.

2. An aqueous solution of X is added slowly to an aqueous solution of Y as shown in List I. The variation in conductivity of these
reactions is given in List II. Match list I with List II and select the correct answer using the code given below the lists :
(JEE Adv. 2013)

List I ListII
P (C,H;);N+ CH;COOH 1. Conductivity decreases and then increases
X Y
Q  KI(0.1M)+AgNO4(0.01M) 2. Conductivity decreases and then does not change much
X Y
R CH;COOH+KOH 3. Conductivity increases and then does not change much
X Y
S. NaOH+HI 4. Conductivity does not change much and then increases
X Y
Codes:
P Q R S
@ 3 4 2 1
(b) 4 3 2 1
© 2 3 4 1
d 1 4 3 2
3. The standard reduction potential data at 25°C is given below : (JEE Adv. 2013)

E°(Fe3*, Fe?*)=+0.77 V, E°(Fe**, Fe) =— 0.44 V, E°(Cu?*, Cu)=+0.34 V; E>(Cu*, Cu)=+0.52 V

E°[O,(g)+ 4H' +4e” —2H,0] =+ 1.23 V, E°[O,(g) + 2H,0 + 4¢- - 40H ] =+ 040V

E°(Cr3*,Cr)=-0.74 V, E°(Cr**,Cr)=-0.91 V

Match E° of the redox pair in List I with the values given in List II and select the correct answer using the code given below the lists :
ListI ListII

P E°(F&*',Fe) 1. —018V
Q E°(4H,0 ==4H"+40H") 2. —04V
R E°(Cu?*+Cu—2Cu") 3. 004V
S, E°(Cr3,Cr?h 4 -083V
Codes:

P Q R S
(@ 4 1 2 3
b 2 3 4 1
(© 1 2 3 4
(d 3 4 1 2
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G Comprehension Based Questions

PASSAGE: 1
Tollen’s test is given by aldehydes.

Ag" + e —— Ag; Epq =+0.800V

C6H12O6 + H20 e C6H1207 +2H" + 2e”; ng =-0.05V

Gluconic acid
[Ag(NH3),]" +e~ ——> Ag+2NHj3; Eyq =0.373V

2.303RT

F -1
; = — |=38.92V
Given 0.0591 & (RT]

1.  Calculate (In K) for
C6H12O6 +2Ag+ + H20 —_—> C6H1207 + 2H+ +2Ag
@ 556 (b) 296 (2006-5M,-2)
(c) 66 (d) 5838

2. On adding NH,, pH of the solution increases to 11 then,
identify the effect on potential of half-cell (2006 - 5M, -2)

(@ E,, increased from Eg, by 0.65V
(b) E,, decreased from E; by 0.65V
(¢) E,qincreased from E_, by 0.65V

by 0.65V

3. NH, is used in this reaction rather than any other base.
Select the correct statement out of the following
(2006 - 5M, -2)
(@) [Ag(NH,),]" is a weaker oxidizing agent than Ag*
(b) todissolve the insoluble silver oxide formed under the
reaction conditions
(c) Ag precipitates gluconic acid as its silver salt
(d) NH, changes the standard reduction potential of

[Ag(NH,),]"

(d) E,_4decreased from E_

red

PASSAGE: I

Chemical reactions involve interaction of atoms and molecules. A
large number of atoms/molecules (approximately 6.023 x 10%3) are
present in a few grams of any chemical compound varying with
their atomic/molecular masses. To handle such large numbers
conveniently, the mole concept was introduced. This concept has
implications in diverse areas such as analytical chemistry,
biochemistry, electrochemistry and radiochemistry. The following
example illustrates a typical case, involving chemical/electrochemical
reaction, which requires a clear understanding of the mole concept.
A 4.0 molar aqueous solution of NaCl is prepared and 500 mL of
this solution is electrolysed. This leads to the evolution of chlorine
gas at one of the electrodes (atomic mass : Na=23, Hg =200; 1
Faraday = 96500 coulombs).
4.  Thetotal number of moles of chlorine gas evolved is (2007)

@ 05 (b) 10

(© 20 @ 30

o c-95
Ifthe cathode is a Hg electrode, the maximum weight (g) of

amalgam formed from this solution is (2007)
(@ 200 (b)) 225
(c) 400 (d) 46

6. The total charge (coulombs) required for complete

electrolysis is (2007)

(a) 24125 (b) 48250

(c) 96500 (d) 193000
PASSAGE : 11

Redox reactions play a pivotal role in chemistry and biology. The
values of standard redox potential (E°) of two half-cell reactions
decide which way the reaction is expected to proceed. A simple
example is a Daniel cell in which zinc goes into solution and copper
gets deposited. Given beloware a set of half-cell reactions (acidic
medium) along with their E° (V with respect to normal hydrogen
electrode) values. Using this data obtain the correct explanations
to questions given.

I,+2e -2 E°=0.54
Cl,+2e—>2CI E°=1.36
Mn?* + ¢ > Mn?* E°=1.50
Fe’*+e¢ — Fe?t E°=0.77
0,+4H +4e >2H0  E°=123

7.  Among the following, identify the correct statement.

(@ Chloride ion is oxidised by O, (2007)
(b) Fe?' is oxidised by iodine

(c) Iodide ion is oxidised by chlorine

(d) Mn?" is oxidised by chlorine

8.  While Fe?* is stable, Mn3* is not stable in acid solution
because (2007)
(@) O, oxideses Mn?* to Mn3*

(b) O, oxideses both Mn?* to Mn>* and Fe?* to Fe3*
(c) Fe** oxideses H,O to O,
(d) Mn**oxideses H,O to O,

9.  Sodium fusion extract, obtained from aniline, on treatment
with iron (II) sulphate and H,SO, in presence of air gives a
Prussian blue precipitate. The blue colour is due to the
formation of (2007)
(@) Fe,[Fe(CN)], (b) Fe,[Fe(CN)l,

(c) Fe,[Fe(CN)], (d) Fe,;[Fe(CN)gl,
PASSAGE: IV

The concentration of potassium ions inside a biological cell is atleast

twenty times higher than the outside. The resulting potential

difference across the cell is important in several processes such as

transmission of nerve impulses and maintaining the ion balance. A

simple model for such a concentration cell involving a metal M is

M(s) | M*(aq; 0.05 molar) | M*(aq; 1 molar) | M(s)

For the above electrolytic cell the magnitude of the cell potential

|E,;/=70mV. (2010)

10. For the above cell

@ E.;<0,AG>0 b) E.;>0,AG<0
(©) E;<0,AG°>0 @ E.;>0AG°<0

11.  Ifthe 0.05 molar solution of M* is replaced by a 0.0025 molar
M solution, then the magnitude of the cell potential would be

(@ 35mV (b) 70mV (¢) 140mV (d) 700mV
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PASSAGE : V

The electrochemical cell shown below is a concentration cell.

M | M2* (saturated solution of a sparingly soluble salt,
MX,) | M2* (0.001 mol dm=3) | M.

The emf of the cell depends on the difference in concentrations of
M2* ions at the two electrodes. The emf of the cell at 298 K is

0059 V.
12.

13.

o
.

(2012)
The value of DG (kJ mol™!) for the given cell is (take 1F
=96500 Cmol!)

@ 57 (® 57 (c) 114 (d) -114

The solubility product (K, mol® dm~®) of MX,, at 298 K

based on the information available for the given
concentration cell is (take 2.303 x R x 298/F =0.059 V)

@@ 1x1071 (b) 4x10713
(¢ 1x10712 (d) 4x10712
Section-B JEE Main / AIEEE

Conductivity (unit Siemen’s S) is directly proportional to
area of the vessel and the concentration of the solution in it
and is inversely proportional to the length of the vessel
then the unit of the constant of proportionality is
(@ Smmol! (b) SmZmol™!

(©) S2m2mol (d) S2m?mol2.
EMEF of a cell in terms of reduction potential of its left and

[2002]

right electrodes is [2002]
@) E=Eg- Ejgy (b) E=Eq+ Ejgp

(© E=Ejgy - Ee (d) E=—(Ejgp t Eje).
What will be the emf for the given cell [2002]

Pt|H, (P;)|H" (aq) || H, (P)) [Pt

RT B
RT B kil 1
(a) 7loge é (b) F loge P2
RT. P
(©) ?loge ?1 (c) None of these.

Which of the following reaction is possible at anode?

@@ 2Cr¥*+7H,0— Cr,0,%+14H" [2002]
(b) F, >2F-

(¢ (12)0,+2H" ->H,0

(d) None of these.

When the sample of copper with zinc impurity is to be purified
by electrolysis, the appropriate electrodes are

Cathode Anode [2002]
(a) purezinc pure copper
(b) impure sample pure copper
(c) impurezinc impure sample
(d) pure copper impure sample.
Which of the following is a redox reaction? [2002]

(@) NaCl+KNO, —NaNO, +KCl
(b) CaC,0,+2HCl — CaCl,+H,C,0,

10.

11.

I Integer Value Correct Type

All the energy released from the reaction X — Y, A G°=-193

kJ mol™! is used for oxidizing M+ as M* — M3* + 2¢~,
°=-025V

Under standard conditions, the number of moles of M*

oxidized when one mole of X is converted to Y is

[F=96500 C mol™'] (JEE Adyv. 2015)

The molar conductivity of a solution of a weak acid HX (0.01
M) is 10 times smaller than the molar conductivity of a solution

of a weak acid HY (0.10 M). If 7»2- ~ 7»2_ the difference in

their pK, values, pK (HX) - pK, (HY), is (consider degree of
ionization of both acids to be <<1) (JEE Adv. 2015)

(¢) Mg(OH), +2NH,Cl — MgCl, + 2NH,OH
(d) Zn+2AgCN — 2Ag+Zn(CN),.
For a cell reaction involving a two-electron change, the

standard e.m.f. of the cell is found to be 0.295 V at 25°C. The
equilibrium constant of the reaction at 25°C will be

(@) 29.5x1072 (b) 10

() 1x1010 (d) 1x10710
Standard reduction electrode potentials of three metals A, B
& C arerespectively +0.5V,—3.0 V&—1.2V. The reducing

[2003]

powers of these metals are [2003]
(@ A>B>C (b) C>B>A
(c) A>C>B (d B>C>A

When during electrolysis of a solution of AgNO; 9650
coulombs of charge pass through the electroplating bath,
the mass of silver deposited on the cathode will be

(@ 108g (b) 21.6¢g [2003]
(c) 108¢g (d) 1.08¢g

For the redox reaction : [2003]
Zn(s) +Cu*(0.1M) > Zn>* (1IM) + Cu(s)

taking place ina cell, E_y, is 1.10 volt. E _, for the cell will
be [2.303% = 0.0591]

(@ 1.80volt (b) 1.07volt [2003]

(c) 0.82volt (d) 2.14volt

Several blocks of magnesium are fixed to the bottom of a
ship to [2003]
(a) make the ship lighter

(b) prevent action of water and salt

(c) prevent puncturing by under-sea rocks

(d) keep away the sharks
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12.

13.

14.

15.

16.

17.

18.

19.

20.

o
In a hydrogen-oxygen fuel cell, combustion of hydrogen @ 549x1 ol C of electricity
occurs to [2004] 4 o
(a) produce high purity water (b) 5.49x 10" C ofelectricity
(b) create potential difference between two electrodes (c) 1.83x 107 C of electricity
(c) generate heat 7 ..
(d) remove adsorbed oxygen from elctrode surfaces (@ 549x10" Cofelectricity
Consider the following E° values 21 Electrolyte: KCI |KNO ;| HCl |[NaOAc| NaCl
o —- . o = — o0 2 —1 "
E et +0.77V; E° o, =014V A”(Scm mol ):[1499| 145 |4262| 91 |1265
Under standard conditions the potential for the reaction Calculate AfioAc using appropriate molar conductances
Sn(g) +2F o3t (aq) = 2F o2t (aq)+Sn 2+ (aq) is [2004] of the electrolytes listed above at infinite dilution in H,O
at25°C [2005]
(@ 091V (b) 140V @ 2175 (b) 397
(c) 168V (d) 063V © 527 @ 5172
The standard e.m.f. of a cell involving one electron change 23, Which ) £ the followi hemical o depict th
is found to be 0.591 V at 25°C. The equilibrium constant of : c;c 1 0 bia; 0 owt%g Sci)e;mca reactions eplgt the
the reaction is (F = 96,500 C mol~!; R=8.314 JK~! mol~!) oxidizing beahviour of H,S0,? [2006]
@ 1.0x101 (b) 1.0x10° [2004] (® NaCl +H;S804 —> NaHSO 4 + HCI
(¢) 1.0x10! (d 1.0x10% (b) 2PClg +H,S04 —>2POCI; +2HCl +SO,Cl,
The limiting molar conductivities A° for NaCl, KBr and KCI () 2HI+H,S0, I, +S0, +2H,0
are 126, 152 and 150 S cm? mol~! respectively. The A° for @ Ca(OH), + H.SO CaSO . 4 IHO
NaBr is 2004] a(OH), +H,804 ——>CaS04 +2H,
2 -1 200011
(@) gg 2 em. mo:_l (2) ;gg 2 em mo}_l 23. The molar conductivities ANzoac and Apy at infinite
© eme mo ( ) cm=mo dilution in water at 25°C are 91.0 and 426.2 S cm?/mol
In a cell that utilises the reaction
tively. To calculate A the additional val
Zng) +2H" (aq) —> Zn?*(aq) + Hayg) addition of H,SO respectively. 1o calcuiale: fHoac, e additional vaue
® ® 274 required is [2006]
to cathode compartment, will [2004] o R
(@) increase the E and shift equilibrium to the right (@ ANaoH () Aneci
(b) lower the E and shift equilibrium to the right o o
(¢) lower the E and shift equlibrium to the left © Ayo (d) Aka
(d) increasethe E and shift equilibrium to the left 24. Resistance of a conductivity cell filled with a solution of an
The E°M 34 2+ values for Cr, Mn, Feand Coare—0.41, + electrolyte of concentration 0.1 M is 100 Q. The conductivity
. . of this solution is 1.29 S m~!. Resistance of the same cell
LT, £0-T7and 197V respectively. For which ane of these when filled with 0.2 M of the same solution is 520 2. The
meta’s the change m oxidation state trom 0+ 1s casiest: molar conductivity of 0.2 M solution of electrolyte will be
(a) Fe (b) Mn [2004] [2006]
© a @G @ 124x104SmZmol! (b) 12.4x 10Sm2mol-!
For a spontaneous reaction the AG, equilibrium constant © 124x104Sm?mol! (d) 1240 x 104 S m2 mol-!
(K)and Egg will be respectively [2005] 25. The equivalent conductances of two strong electrolytes at

(@ -ve,>1,-ve (b) —ve, <1,-ve

(c) +ve,>1,—ve (d) —ve,>1,+ve

The highest electrical conductivity of the following aqueous
solutions is of [2005]
(@) 0.1 M difluoroacetic acid

(b) 0.1M fluoroacetic acid

(c) 0.1M chloroacetic acid

(d) 0.1 Macetic acid

Aluminium oxide may be electrolysed at 1000°C to furnish
aluminium metal (At. Mass =27 amu; 1 Faraday = 96,500

Coulombs). The cathode reaction is— AP 43¢ > AP

To prepare 5.12 kg of aluminium metal by this method we
require [2005]

infinite dilution in H,O (where ions move freely through a
solution) at 25°C are given below : [2007]

A°CHycooNa =91.0 S em? /equiv.

Agop = 4262 S cm? /equiv.
What additional information/ quantity one needs to calcu-

late A° of an aqueous solution of acetic acid?
(@ A° ofchloroacetic acid (CICH,COOH)
(b) A° ofNaCl

(¢) A’ of CH;COOK

(d) thelimiting equivalent coductance of H* (A )
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The cell, Zn|ZzZn**(1 M)||Cu?*(1 M)|Cu (E°; =1.10 v)
was allowed to be completely discharged at 298 K. The rela-

[Zn*"]

tive concentration of Zn2* to Cu?* | ==———|is  [2007]
[Cu®]

(@ 9.65x10* (b) antilog(24.08)

(c) 373 (d) 10373,

Given E° 3+ o =072V, E°L 24 . =-042V.The
potential for the cell

Cr|Cr3* (0.1M)|| Fe2 * (0.01 M)| Fe is [2008]
(@ 026V (b) 0336V

(¢) -0.339 (d) 026V

In a fuel cell methanol is used as fuel and oxygen gas is
used as an oxidizer. The reaction is

CH;0H(/) +3/20, (g) —> CO, (g) + 2H,0(])

At298 K standard Gibb’s energies of formation for CH;OH(J),
H,0(/) and and CO, (g) are —166.2 —237.2 and -394.4 kJ
mol~! respectively. If standard enthalpy of combustion of
methonal is— 726 kJ mol ™!, efficiency of the fuel cell will be:

@ 87% (b) 0% [2009]
() 97% (d) 80%

Given;

E°Fe3+ Fe —0.036V, E°Fe2+ Fe -0.439V

The value of standard electrode potential for the change,
Fe3* (aq)+e~ ——> Fe?* (aq) will be: [2009]
(@ 038V (b) 0770V

(¢) 0270V d) 0072V

The Gibbs energy for the decomposition of Al,O; at 500°C
is as follows :

§A1203 - %AHOZ,A,G = +966kI mol !

The potential difference needed for electrolytic reduction

of Al,O5 at 500°C is at least [2010]
(@ 45V (b) 3.0V
() 25V d 50V

The correct order of E°M2+ M values with negative sign

for the four successive elements Cr, Mn, Feand Cois [2010]
@ Mn>Cr>Fe>Co (b) Cr<Fe>Mn>Co

(¢) Fe>Mn>Cr>Co (d) Cr>Mn>Fe>Co
Thereduction potential of hydrogen half-cell will be negative if’
(@ p(Hy=1atmand [H]=2.0M [2011]
(b) p(Hy=1atmand [H']=1.0M

() p(Hy=2atmand [H']=1.0M

(d) p(Hy)=2atmand [H']=2.0M

34.

35.

36.

37.

38.

39.

The standard reduction potentials for Zn?*/Zn,
Ni2*/Ni and FeZ?*/Fe are —0.76,-0.23 and —0.44 V
respectively.

The reaction X+Y2" ——X?*+Y will be spontaneous

when : [2012]
(@ X=Ni, Y=Fe (b) X=Ni,Y=Zn
(¢) X=Fe,Y=Zn (d) X=Zn,Y=Ni
Given: ECr_th/Cr =-0.74V, EMnOZ/an‘L =151V
E° 5, 3, =133V,E =136V
Cn07 /Cr Cl/Cl

Based on the data given above, strongest oxidising agent

will be : [JEE M2013]
@ Cl (b) Cr**
(¢) Mn2* (d MnO,~

Resistance of 0.2 M solution of an electrolyte is 50 Q.
The specific conductance of the solution is 1.4 S m™1.
The resistance of 0.5 M solution of the same electrolyte is
280 Q. The molar conductivity of 0.5 M solution of the

electrolyte in S m2 mol~! is: [JEE M 2014]
(@ 5x10* (b) 5 %1073

() 5x103 (d) 5 x10?

Given beloware the half-cell reactions: [JEE M 2014]

Mn2* +2e” — Mn,; E°=-1.18V
2(Mn3+ +e > Mn2+); E°=+1.51V
The E° for 3Mn%* — Mn + 2Mn3* will be:
(@) —2.69V, thereaction will not occur

(b) —2.69V; the reaction will occur

(¢) —0.33V, thereaction will not occur

(d) —0.33V; the reaction will occur
The equivalent conductance of NaCl at concentration C

and at infinite dilution are A~ and A, respectively. The

correct relationship between A~ and A, is given as:
(Where the constant B is positive) [JEE M 2014]

@ Ac =heo+(B)C () Ao =Ao—(B)C
© re=hp-(B)NC (& Ac=no+(B)NC

Two Faraday of electricity is passed through a solution of
CuSO,. The mass of copper deposited at the cathode is

(at. mass of Cu=63.5 amu) [JEE M 2015]
(@ 2¢g (b) 127g

(¢ O0g (d) 635g

Galvanization is applying a coating of’ [JEE M 2016]
@ Cu (b) Zn

(c) Pb d



CHAPTER

Chemical Kinetics and

1 4 Nuclear Chemistry

| LT N JE€ Advanced] 1IT-JEE

)Wl Fill in the Blanks C
1.

1. Anelement Q‘M undergoes an a-emission followed by two
successive B-emissions. The element formed is ............. .
(1982 - 1 Mark)
2.  The rate of chemical change is directly proportional to
............... . (1985 - 1 Mark) %
3.  The number of neutrons in the parent nucleus which gives

9N on beta emissionis ............. . (1985 - 1 Mark)
4.  The hydrolysis of ethyl acetate in ............... medium is a
............... order reaction. (1986 - 1 Mark) 3
5. A radioactive nucleus decays emitting one alpha and two
beta particles; the daughter nucleusiis............... ofthe parent.

(1989 - 1 Mark)

6. For the reaction N,(g)+3H,(g)—> 2NH3(g),

under certain conditions of temperature and partial pressure
of the reactants, the rate of formation of NH, is 0.001 kg h!.
The rate of conversion of H, under the same condition
is......kgh™. (1994 - 1 Mark)
7. Inthe Arrhenius equation, k = A exp (-E /RT), A may be
termed as the rate constantat .............. . (1997 -1 Mark)

B True / False

1.  For a first order reaction, the rate ofthe reaction doubles as 6.
the concentration of the reactant (s) doubles.
(1986 - 1 Mark)
2.  Catalyst makes a reaction more exothermic.
(1987 - 1 Mark)
3. Catalyst does not affect the energy of activation in a chemical
reaction. (1989 - 1 Mark)
4. In B-emission from a nucleus the atomic number of the
daughter element decreases by one. (1990 - 1 Mark)
5. Therate of an exothermic reaction increases with increasing
temperature. (1990 - 1 Mark)

MCQs with One Correct Answer

If uranium (mass number 238 and atomic number 92) emits
an o-particle, the product has mass no. and atomic no.
(1981 - 1 Mark)

(@) 236and92 (b) 234and 90

(¢c) 238and90 (d) 236and 90

The rate constant of a reaction depends on

(a) temperature (1981 - 1 Mark)

(b) initial concentration of the reactants

(c) time ofreaction

(d) extent ofreaction

The specific rate constant of a first order reaction depends

on the (1983 - 1 Mark)

(a) concentration of the reactant

(b) concentration of the product

(c) time

(d) temperature

A catalyst is a substance which (1983 - 1 Mark)

(a) increases the equilibrium concentration of the product

(b) changes the equilibrium constant of the reaction

(c) shortens the time to reach equilibrium

(d) supplies energy to the reaction

The radiations from a naturally occurring radioactive

substance, as seen after deflection by a magnetic field in

one direction, are (1984 - 1 Mark)

(a) definitelyalpharays  (b) definitely beta rays

(c) both alpha and beta rays (d) either alpha or beta rays

The half-life period of a radioactive element is 140 days.

After 560 days, one gram of the element will reduced to :
(1986 - 1 Mark)

1 1
(@) S8 (b) 18

1 1
© 38 @ 158
The rate constant, the activation energy and the Arrhenius
parameter of a chemical reaction at 25°C are 3.0 x 1074571,

104.4 kJ mol~'and 6.0 x 10'4 57! respectively. The value of
the rate constant as T — « s, (1996 - 1 Mark)

GP_3021
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(@ 2.0x1018s71
(c) infinity

(b) 6.0x10Ms7!
(d) 3.6x10%s7!

1237 Al 1is a stable isotope, 1239 Al is expected to disintegrate
by (1996 - 1 Mark)
(@) o-emission (b) P-emission

(c) positron emission (d) proton emission

The number of neutrons accompanying the formation of

123 Xe and g‘§ Sr from the absorption of a slow neutron by
235’ U, followed by nuclear fissionis, (1999 - 2 Marks)
@ 0 (b) 2
(© 1 d 3
The rate constant for the reaction,

2N,05 - 4NO, +0,, is 3.0x10 > sec™! . If the rate is

2.40x1075 mol litre’! sec’!, then the concentration of N, O

(inmol litre") is (2000S)
@ 14 (b) 12
() 004 @ 08

If ‘I’ is the intensity of absorbed light and ‘C’ is the
concentration of 4B for the photochemical process, 4B +

hv —> AB*, the rate of formation of 4B* is directly

proportional to (2001S)
@ C b) I
() P (d CI

Consider the chemical reaction, N,(g) + 3H,(g) — 2NH;,(g).

The rate of this reaction can be expressed in terms of time

derivative of concentration of N,(g), H,(g) or NH,(g). Identify

the correct relationship amongst the rate expressions.
(2002S)

(@) Rate=-d[N,]/dt=~1/3d[H,]/dt= 1/2d[NH,]/dt

(b) Rate=-d[N,]/dt=-3d[H,]/dt =2d [NH,]/dt

(©) Rate=d[N,]/dt=1/3d[H,]/dt = 1/2d [NH,]/dt

(d) Rate=-d[N,]/dt=—d[H,]/dt =d [NH,]/dt

In a first order reaction the concentration of reactant

decreases from 800 mol/dm3 to 50 mol/dm3 in 2 x 10% sec.

The rate constant of reaction in sec™! is: (2003S)
@ 2x10* (b) 345x10°

© 138 x 107 ) 2x104

23Na is the more stable isotope of Na. Find out the process

by which }{Na can undergo radioactive decay ~ (2003S)

(a) P~ emission (b) o emission

(c) PB*emission (d) Kelectron capture

The reaction, A — Product, follows first order kinetics. In 40

minutes the concentration of A changes from 0.1 to 0.025 M.

The rate of reaction, when concentration of A is0.01 M is
(2004S)

(@ 1.73x10*Mmin~! (b) 3.47x10°Mmin~!

(¢) 3.47x10*Mmin! (d) 1.73x10°Mmin™!

Which one of the following statement for order of reaction

is not correct? (2005S)

17.

18.

19.

20.

21.

22,

(a) Order can be determined experimentally

(b) Order of reaction is equal to sum of the powers of
concentration terms in differential rate law.

(c) Itisnot affected with the stoichiometric coefficient of
the reactants

(d) Order cannot be fractional.

Ag" +NH; = [Ag(NH;)[*; k = 6.8x1073

[Ag(NH3)]* +NH; == [Ag(NH;3),]"; k, =1.6x107>
then the formation constant of [Ag(NH,),]" is

(2006 - 3M, -1)
@ 68x10% (b) 1.08x10°S
) 1.08x10° ) 68x10°

Consider a reaction aG + bH — Products. When
concentration of both the reactants G and H is doubled, the
rate increases by eight times. However, when concentration
of G is doubled keeping the concentration of H fixed, the
rate is doubled. The overall order of the reaction is (2007)
(@ 0 () 1

(¢ 2 d 3

A positron is emitted from 1213 Na . The ratio of the atomic

mass and atomic number of the resulting nuclide is (2007)
(@ 22/10 (b) 22/11

(c) 23/10 (d) 23/12

Under the same reaction conditions, initial concentration of
1.386 mol dm3 of a substance becomes half in 40 seconds
and 20 seconds through first order and zero order kinetics,
respectively. Ratio (k,/k,) of the rate constant for first order
(k) and zero order (k) of the reaction is — (2008)
(@ 0.5mol!dm3 (b) 1.0mol dm™3

() 1.5moldm3 (d) 2.0mol™! dm3

For a first order reaction A—P, the temperature (T) dependent
rate constant (k) was found to follow the equation

1
log k=— (2000) " 6.0 . The pre-exponential factor A and

the activation energy E , respectively, are (2009)
(@ 1.0x10° s'and 9.2kJ mol™!

(b) 6.0s7! and 16.6 kI mol™!

() 1.0x10%s™! and 16.6 kJ mol™!

(d) 1.0x10%s™! and 38.3 kI mol™!

Plots showing the variation of the rate constant (k) with
temperature (7) are given below. The plot that follows

Arrhenius equation is (2010)

l}
@ ® "

T—

~—>

~—>

1}
© @ “

T—

e
\
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24.

25.

Bombardment of aluminium by a-particle leadsto its artificial
disintegration in two ways, (i) and (ii) as shown. Products
X, Y and Z respectively are, (2011)

%?ZAILU P+Y

]

i”‘?Si+X f’ESi+Z

(a) proton, neutron, positron

(b) neutron, positron, proton

(d) proton, positron, neutron

(d) positron, proton, neutron

In the reaction,

P+Q —— R+S

The time taken for 75% reaction of P is twice the time taken
for 50% reaction of P. The concentration of Q varies with
reaction time as shown in the figure. The overall order of the
reaction is (JEE Adv. 2013)

[Ql,
[Ql
Time
@) 2 (b) 3
(¢ 0 d 1

For the elementary reaction M — N, the rate of disappearance
of M increases by a factor of 8 upon doubling the
concentration of M. The order of the reaction with respect to

Mis (JEE Adv. 2014)
(@ 4 ®) 3
© 2 @) 1

D MCQs with One or More Than One Correct

1.

A catalyst : (1984 - 1 Mark)

(a) increases the average kinetic energy of reacting
molecules

(b) decreases the activation energy

(c) alters the reaction mechanism

(d) increases the frequency of collisions of reacting
species

Therate law for the reaction : (1988 - 1 Mark)

RCI1+NaOH(aq.) » ROH+NaCl

is given by, Rate = k| [RCI]. The rate of the reaction will be

(a) doubled on doubling the concentration of sodium
hydroxide.

(b) halved on reducing the concentration of alkyl halide to
one half.

(c) increased on increasing the temperature of the reaction.

(d) unaffected by increasing the temperature of the
reaction.

Nuclear reactions accompanied with emission of neutron(s)

are: (1988 - 1 Mark)

@ 13Al+3H (P

(®) '6C+H >IN

© 5P > 1aSi+ e

) %¢Am+ 3He — %3Bk + %e

For a first order reaction, (1998 - 2 Marks)

(@) the degree of dissociation is equal to (1—ext)

(b) a plot of reciprocal concentration of the reactant vs
time gives a straight line.

(c) the time taken for the completion of 75% reaction is
thrice the 7, , of the reaction

(d) the pre-exponential factor in the Arrhenius equation
has the dimension of time, 7-!.

The following statement(s) is (are) correct :

(1999 - 3 Marks)

(@) Aplotoflog K versus 1/Tis linear

(b) Aplotoflog [f] versus time is linear for a first order
reaction, X —» P

(c) Anplotof Pversus 1/T is linear at constant volume

(d) A plot of P versus 1/Vis linear at constant

For the first order reaction

2N,05(g) — 4NO, (g)+0,(8)

(a) the concentration of the reactant decreases
exponentially with time

(b) the half-life of the reaction decreases with increasing
temperature

(c) the half-life of the reaction depends on the initial
concentration of the reactant

(d) the reaction proceeds to 99.6% completion in eight half-
life duration

In the nuclear transmutation

(2011)

(JEE Ady. 2013)

iBe +X —> SBe+Y

(X, Y)is(are)
@ (.n) (b) (p.D)
(9 (D) @ p)

According to the Arrhenius equation, (JEE Adv. 2016)

(a) ahighactivation energy usually implies a fast reaction.

(b) rate constant increases with increase in temperature.
This is due to a greater number of collisions whose
energy exceeds the activation energy.

(c) higher the magnitude of activation energy, stronger is
the temperature dependence of the rate constant.

(d) the pre—exponential factor is a measure of the rate at
which collisions occur, irrespective of their energy.

A plot of the number of neutrons (N ) against the number of

protons (P) of stable nuclei exhibits upward deviation from

linearity for atomic number, Z > 20. For an unstable nucleus

having N/P ratio less than 1, the possible mode(s) of decay

is(are) (JEE Adv. 2016)

(@) P~ —decay (B emission)

(b) orbital or K—electron capture

(c) neutron emission

(d) P —decay (positron emission)
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10.

Subjective Problems

Rate of a reaction 4 + B — products, is given below as a
function of different initial concentrations of 4 and B :
(1982 - 4 Marks)

[A] (mol/]) [B] (mol/]) Initial rate (mol///min)
001 001 0.005
0.02 001 0010
001 0.02 0.005

Determine the order of the reaction with respect to 4 and
with respect to B. What is the half-life of 4 in the reaction?
Radioactive decay is a first order process. Radioactive
carbon in wood sample decays with a halflife of 5770 years.
What is the rate constant (in years™!) for the decay? What
fraction would remain after 11540 years? (1984 - 3 Marks)
While studying the decomposition of gaseous N, Oy it is
observed that a plot of logarithm of its partial pressure versus
time is linear. What kinetic parameters can be obtained from
this observation? (1985 - 2 Marks)

2936‘ Th disintegrates to give 2§)26 Pb as the final product.

How many alpha and beta particles are emitted during this
process? (1986 - 2 Marks)
A first order reaction has K= 1.5 x 1076 per second at 200°C.
Ifthe reaction is allowed to run for 10 hours, what percentage
of the initial concentration would have changed in the
product? What is the half life of this reaction?

(1987 - 5 Marks)
A first order reaction is 50% complete in 30 minutes at27°C
and in 10 minutes at 47°C. Calculate the reaction rate
constant at 27°C and the energy of activation of the reaction
inkJ/mole. (1988 - 3 Marks)
An experiment requires minimum beta activity product at
the rate of 346 beta particles per minute. The halflife period

of Zg Mo , which is a beta emitter is 66.6 hours. Find the

minimum amount of 33 Mo required to carry out the

experiment in 6.909 hours. (1989 - 5 Marks)
In the Arrhenius equation for a certain reaction, the value of
A and E, (activation energy) are 4 x 10!3 sec! and 98.6 kJ
mol~! respectively. If the reaction is of first order, at what
temperature will its half-life period be ten minutes?

(1990 - 3 Marks)
The decomposition of N,O, according to the equation :

(1991 - 6 Marks)
2N,04(g) = 4NO,(g) + Ox(g)
is a first order reaction. After 30 min. from the start of the
decomposition in a closed vessel, the total pressure
developed is found to be 284.5 mm of Hg and on complete
decomposition, the total pressure is 584.5 mm of Hg.
Calculate the rate constant of the reaction.
Two reactions (i) 4 — products, (ii) B — products, follows
first order kinetics. The rate of the reaction : (i) is doubled
when the temperature is raised from 300K to 310K. The half
life for this reaction at 310K is 30 minutes. At the same

11.

12.

13.

14.

15.

16.
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temperature B decomposes twice as fast as 4. If the energy

of activation for the reaction, (i) is half that of reaction (1),

calculate the rate constant of the reaction (ii) at 300K.
(1992 - 3 Marks)

The nucleidic ratio, 31'H to iH in a sample of water is

8.0 x 10718 1. Tritium undergoes decay with a half life period
of 12.3 years. How many tritium atoms would 10.0 g of such
a sample contain 40 years after the original sample is
collected? (1992 - 4 Marks)

A first order reaction 4 —» B, requires activation energy of
70kJ mol~!'. When a 20% solution of A was kept at 25°C for
20 minutes, 25% decomposition took place. What will be
the percent decomposition in the same time in a 30% solution
maintained at 40°C? Assume that activation energy remains
constant in this range of temperature. (1993 - 4 Marks)
The gas phase decomposition of dimethyl ether follows first
order kinetics.

Thereaction is carried out in a constant volume container at
500°C and has a half life of 14.5 minutes. Initially, only
dimethyl ether is present at a pressure of 0.40 atmosphere.
What is the total pressure of the system after 12 minutes?
Assume ideal gas behaviour. (1993 - 4 Marks)

= nB, with time, is

<
presented in figure given below. Determine

The progress of the reaction, A4

& | 18]
—': 05 \\
o)
g ,\\ 1 JA
d" 03 / ¥ \)_
3]
g 4
0 0.1
1 3 5 7
Time / Hour

(i) the value ofn

(i) theequilibrium constant, K and

(ii)) the initial rate of conversion of 4. (1994 - 3 Marks)

From the following data for the reaction between 4 and B.
(1994 - 5 Marks)

[AL, mol lit' | [B], mollit" [Initial rate mole lit" s™ at
300 K 320K

1 2.5x10™ 3.0x107 5.0x10™ 2.0x10°

1 5.0x107* 6.0x107° 4.0x107 -

111 1.0x10° 6.0x10° 1.6x107 -
Calculate
(i) the order of the reaction with respect to 4 and with

respect to B,

(i) the rate constant at 300K

(ii)) the energy of activation, and

(iv) the pre-exponential factor

One of the hazards of nuclear explosion is the generation of

90g; and its subsequent incorporation in bones. This
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18.
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20.

21.

22,

23.

24.

25.

26.

nuclide has a half-life of 28.1 years. Suppose one microgram

was absorbed by a new-born child, how much 0sr will
remain in his bones after 20 years? (1995 - 2 Marks)
At 380°C, the half-life period for the first order decomposition

of H,0, is 360 min. The energy of activation of the reaction

is 200 kJ mol™!. Calculate the time required for 75%
decomposition at 450°C. (1995 - 4 Marks)
227 Ac has a half-life of 21.8 years with respect to radioactive
decay. The decay follows two parallel paths. one leading to
227Th and the other to 223Fr. The percentage yields of these
two daughter nuclides are 1.2 and 98.8 respectively. What
are the decay constants (A) for each of the separate paths?

(1996 - 2 Marks)

The ionisation constant of NHJ in water is 5.6x10710 at

25°C. The rate constant for the reaction of NHf and OH~
toform NH, and H,0at 25°C is 3.4x10'° L mol's™!. Calculate
the rate constant for proton transfer from water to NH,.
(1996 - 3 Marks)
The rate constant for the first order decomposition of a
certain reaction is described by the equation

4
log (K) =14.34 - 1L22X10K

(1997 - 5 Marks)
(1) What is the energy of activation for this reaction?

(i) At what temperature will its half-life period be 256

minutes?

Write a balanced equation for the reaction of N with a-
particle. (1997 - 1 Mark)
The rate constant of a reaction is 1.5 x 107 s~! at 50°C and
4.5x 107571 at 100°C. Evaluate the Arrhenius parameters 4
and Ea. (1998 - 5 Marks)

The rate constant for an isomerisation reaction, 4— B is
4.5 x 103 min~!. If the initial concentration of 4 is 1 M,
calculate the rate of the reaction after 1 h.(1999 - 4 Marks)
29328 U isradioactive and it emits o and B particles to form

2gng . Calculate the number of e and B particles emitted in

this conversion. An ore of 2328U is found to contain

23U and 2Pb in the weight ratio of 1:0.1. The half-life

period of 29328 U is 4.5 x 10° years. Calculate the age of the
ore. (2000 - 5 Marks)
A hydrogenation reaction is carried out at 500 K. If same
reaction is carried out in the presence of a catalyst at the
same rate, the temperature required is 400 K. Calculate the
activation energy of the reaction if the catalyst lowers the
activation barrier by 20 kJ mol™!. (2000 - 3 Marks)
The rate of a first-order reaction is 0.04 mol litre™! s™' at 10
minutes and 0.03 mol litre~! s~! at 20 minutes after initiation.
Find the half-life of the reaction. (2001 - 5 Marks)

27.

28.

29.

30.

31.
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The vapour pressure of the two miscible liquids (A) and (B)
are 300 and 500 mm of Hg respectively. In a flask 10 moles of
(A) is mixed with 12 moles of (B). However, as soon as (B) is
added, (A) starts polymerizing into a completely insoluble
solid. The polymerization follows first-order kinetics. After
100 minutes, 0.525 mole ofa solute is dissolved which arrests
the polymerization completely. The final vapour pressure of
the solution is 400 mm of Hg. Estimate the rate of constant
of the polymerization reaction. Assume negligible volume
change on mixing and polymerization and ideal behaviour
for the final solution. (2001 - 10 Marks)
64Cu (half-life = 12.8 h) decays by B~ emission (38%), p*
emission (19%) and electron capture (43%). Write the
decay products and calculate partial half-lives for each of
the decay processes. (2002 - 5 Marks)
For the given reactions, 4 + B — Products, following data

were obtained. (2004 - 2 Marks)
[4,] [B]  Ry(molL's™)

L 0.1 02 0.05

2 02 02 0.10

3. 0.1 0.1 0.05

(a) Write the rate law expression
(b) Find the rate constant
Complete and balance the following reactions.

() oTh®*—s .. +7 yHe* +6 _p°
(2004 - 1 Mark)

(”) 92 U235 + Onl —_—> + 52Te137 + 4021‘92
(2005 - 1 Mark)
(i) 345e% ——2 1%+ ... (2005 - 1 Mark)

At constant temperature and volume, X decomposes as
(2005 - 4 Marks)

2X (g)——3Y () +2Z(g) > P, is the partial pressure of X.

Observation No. Time (in minute) | Px (in mm of Hg)
1 0 800
2 100 400
3 200 200

(1) What is the order of reaction with respect to X?

(i) Find the rate constant.

(ii)) Find the time for 75% completion of the reaction.

(iv) Find the total pressure when pressure of X is 700 mm of
Hg.

Comprehension Based Questions

Several short-lived radioactive species have been used to
determine the age of wood or animal fossils. One of the most
interesting substances is (C'* (half-life 5760 years) which is used
in determining the age of carbon-bearing materials (e.g. wood,
animal fossils, etc.). Carbon-14 is produced by the bombardment
of nitrogen atoms present in the upper atmosphere with neutrons
(from cosmic rays).

7N14 + Onl —> 6C14 + lHl
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Thus carbon-14 is oxidised to CO, and eventually ingested by
plants and animals. The death of plants or animals put an end to
the intake of C!* from the atmosphere. After this the amount of
C'“in the dead tissues starts decreasing due to its disintegration
as per the following reaction :
sC — NM 4 g0

The C'* isotope enters the biosphere when carbon dioxide is taken
up in plant photosynthesis. Plants are eaten by animals, which
exhale C!* as CO,. Eventually, C'* participates in many aspects of
the carbon cycle. The C!* lost by radioactive decay is constantly
replenished by the production of new isotopes in the atmosphere.
In this decay-replenishment process, a dynamic equilibrium is
established whereby the ratio of C'* to C'? remains constant in
living matter. But when an individual plant or an animal dies, the C'4
isotope in it is no longer replenished, so the ratio decreases as C'*
decays. So, the number of C'* nuclei after time t (after the death of
living matter) would be less than in a living matter. The decay
constant can be calculated using the following formula,

0.693
hip= o

The intensity of the cosmic rays have remain the same for 30,000

years. But since some years the changes in this are observed due
to excessive burning of fossil fuel and nuclear tests.
1.  Why do we use the carbon dating to calculate the age of the
fossil? (2006 - 5M, -2)
(a) Rate of exchange of carbon between atmosphere and
living is slower than decay of C!4
(b) Itis not appropriate to use C!* dating to determine age
(c) Rate ofexchange of C'* between atmosphere and living
organism is so fast that an equilibrium is set up between
the intake of C'* by organism and its exponential decay
(d) none of the above
2. What should be the age of the fossil for meaningful
determination of its age? (2006 - 5M, -2)
(a) 6 years
(b) 6000 years
(c) 60,000 years
(d) can be used to calculate any age
3. Anuclear explosion has taken place leading to increase in
concentration of C!* in nearby areas. C'* concentration is
C, in nearby areas and C, in areas far away. If the age ofthe
fossil is determined to be T, and T, at the respective places

then (2006 - 5M, -2)
(@) The age of the fossil will increase at the place where
1. C
explosion has taken placeand 7} -7, = —In=L
A G
(b) The age of the fossil will decrease at the place where
explosion has taken placeand 7, - 7, = %ln%
2

(c) The age of fossil will be determined to be same

h_G
@ 7,75,
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H Assertion & Reason Type Questions

Read the following assertion and statement and answer as

per the options given below :

Assertion : For each ten degree rise of temperature the

specific rate constant is nearly doubled.

Statement : Energy-wise distribution of molecules in a gas

is an experimental function of temperature.

(1989 - 2 Marks)

(a) If both assertion and statement are correct and
statement is an explanation of assertion.

(b) Ifassertion is correct and statement is wrong, statement
is not an explanation of assertion.

(c) Ifassertion is wrong and statement is correct, statement
is not an explanation of assertion.

(d) Ifboth assertion and statement are wrong and statement
is not explanation of assertion.

I Integer Value Correct Type

The total number of & and S particles emitted in the nuclear
reaction ‘U —> “13Pb is (2009)

The concentration of R in the reaction R — P was measured
as a function of time and the following data is obtained:

[R] (molar)] 1.0 0.75 0.40 0.10
t(min.) 0.0 0.05 0.12 0.18
The order of reaction is (2010)

The number of neutrons emitted when 23°U undergoes

controlled nuclear fission to }}*Xe and 33Sr is  (2010)

An organic compound undergoes first-order decomposition.
The time taken for its decomposition to 1/8 and 1/10 of its
initial concentration are ¢, 4 and ¢, respectively. What is

t

1/8
the value of [

m} x 107 (log,y2=0.3) (2012)

The periodic table consists of 18 groups. An isotope of
copper, on bombardment with protons, undergoes a nuclear
reaction yielding element X as shown below. To which
group, element X belongs in the periodic table?  (2012)

g’gCu+iH—>6(1)n+§a+2%H+X
A closed vessel with rigid walls contains 1 mol of 33*U and
1 mol ofair at 298 K. Considering complete decay of 33°U to

§g6 Pb, the ratio of the final pressure to the initial pressure of

the system at 298 K is (JEE Adv. 2015)

In dilute aqueous H,SO,, the complex diaquodio-
xalatoferrate(II) is oxidized by MnO,, ~. For this reaction, the
ratio of the rate of change of [H] to the rate of change of
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1.

Section-B

Units of rate constant of first and zero order reactions in
terms of molarity M unit are respectively [2002]

(@) sec’!, Msec™! (b) sec’!, M
(©) Msec!, sec™! (d) M, secl.
For the reaction 4 + 2B —> C, rate is given by R=[4] [B]?

then the order of the reaction is [2002]
@ 3 (b) 6
(© 5 d 7
The differential rate law for the reaction [2002]

H, +1, —2HIis
dH] _ dlI,]_ d[HI]

@ dt dt dt
d[H,] _d[I] _ 1 d[HI]

® % TT& 2 a
1d[H,] _1dl,]__ d[H]

© 37&% 2 & &

_,dH,] _ ,dlI,]_ d[HI]
@ -2 d 2 dt dt

If half-life of a substance is 5 yrs, then the total amount of
substance left after 15 years, when initial amount is 64 grams
1S

(@) 16grams (b) 2grams [2002]
(¢) 32grams (d) 8grams.
The integrated rate equation is [2002]
Rt=log C,, - logC,.
The straight line graph is obtained by plotting
i logC b Lvs C
(@) timevslogC, b) e .
(o) timevsC, (d time " Cf
B-particle is emitted in rdioactivity by [2002]

(a) conversion of proton to neutron
(b) from outermost orbit

(c) conversion of neutron to proton
(d) B-particle is not emitted.

The radionucleide %§ Th undergoes two successive f-

decays followed by one a-decay. The atomic number and
the mass number respectively of the resulting radionucleide
are [2003]
(@ 94and230 (b) 90and230
(¢) 92and230 (d) 92and234

JEE Main / AIEEE

10.

11.

12.

13.

The half-life of a radioactive isotope is three hours. If the
initial mass of the isotope were 256 g, the mass of it remaining

undecayed after 18 hours would be [2003]
(@ 80g (b) 120g

(¢c) 160g (d) 40g

In respect of the equation k= Ae Ea/RT in chemical

kinetics, which one of the following statements is correct ?

(@) A isadsorption factor [2003]

(b) E, isenergy of activation

(¢) R is Rydberg’s constant

(d) kisequilibrium constant

The rate law for a reaction between the substances A and B
is given by

Rate =k [A]" [B]™

On doubling the concentration of A and halving the
concentration of B, the ratio of the new rate to the earlier

rate of the reaction will be as [2003]
(@ (m+n) (b) (n-m)
1
© 20-m @ S
For the reaction system : [2003]

2NO(g)+0,(g) > 2NO,(g) volume is suddenly reduced

to halfits value by increasing the pressure on it. Ifthe reaction
is of first order with respect to O, and second order with
respect to NO, the rate of reaction will

(a) diminish to one-eighth of its initial value
(b) increase to eight times of its initial value
(c) increase to four times of its initial value

(d) diminish to one-fourth of its initial value

In a first order reaction, the concentration of the reactant,
decreases from 0.8 M to 0.4 M is 15 minutes. The time taken
for the concentration to change from 0.1 Mto 0.025 M is

(@) 7.5minutes (b) 15 minutes [2004]
(d) 60 minutes

The rate equation for the reaction 2A + B — C is found to be
: rate = k[A][B]. The correct statement in relation to this
reaction is that the [2004]

(a) rate of formation of C is twice the rate of disappearance
of A

(¢) 30 minutes

(b) t;,, isaconstant

(c) unit of k must be s~

(d) value ofk is independent of the initial concentrations
ofAand B
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14.

15.

16.

17.

18.

19.

Consider the following nuclear reactions : [2004]

5°M X N+23He; YN >f L+2p*
The number of neutrons in the element L is
(a 140 (b) 144

() 142 (d) 146

The half-life of a radioisotope is four hours. If the initial
mass of the isotope was 200 g, the mass remaining after 24

hours undecayed is [2004]
(@ 3.125¢g (b) 2.084g
(c) 1.042¢ d) 4.167g
Hydrogen bomb is based on the principle of [2005]

(a) artificial radioactivity
(b) nuclear fusion
(c) natural radioactivity
(d) nuclear fission

A reaction involving two different reactants can never
be

(a) bimolecular reaction [2005]

(b) second order reaction

(c) first order reaction

(d) unimolecular reaction

A schematic plot of InK, versus inverse of temperature

for a reaction is shown below [2005]

_—

1.5x1073 %(K’l) 2.0x1073

6.0

In Keq

N
o

The reaction must be

(a) highly spontaneous at ordinary temperature

(b) one with negligible enthalpy change

(c) endothermic

(d) exothermic

A photon of hard gamma radiation knocks a proton out of

125‘ Mg nucleus to form [2005]

(a) the isobar of ?}Na

(b) the nuclide % Na

(c) the isobar of parent nucleus
(d) the isotope of parent nucleus

20.

21.

22,

24.

25.

Topic-wise Solved Papers - CHEMISTRY

t1 canbe taken as the time taken for the concentration of a
N

reactant to drop to % of its initial value. Ifthe rate constant

L t .
for a first order reaction is K, the % can be written as

@ 075K (b) 069K
(© 029K @ 0.10K

A reaction was found to be second order with respect to the
concentration of carbon monoxide. If the concentration of
carbon monoxide is doubled, with everything else kept the
same, the rate of reaction will [2006]

[2005]

(a) increase by a factor of 4

(b) double

(c) remain unchanged

(d) triple

Rate of a reaction can be expressed by Arrhenius equation

as: [2006]
k=A e ERT

In this equation, E represents

(a) the total energy of the reacting molecules at a
temperature, T

(b) the fraction of molecules with energy greater than the
activation energy of the reaction

(c) theenergy above which all the colliding molecules will
react

(d) theenergy below which all the colliding molecules will
react

In the transformation of 233U to 234, if one emission is

an a-particle, what should be the other emission(s)? [2006]

(a) onef~ and oney (b) one B* and one B~

(c) twop (d) two B~ and one B+

The following mechanism has been proposed for the
reaction of NO with Br, to form NOBr :

NO(g) + Br,(g) == NOBr,(g)
NOBr,(g)+ NO(g) —— 2NOBr(g)

If the second step is the rate determining step, the order of

the reaction with respect to NO(g) is [2006]
@ 3 (b) 2
(© 1 d 0

The energies of activation for forward and reverse reactions
for A, + B, = 2AB are 180 kJ mol~! and 200 kJ mol™!
respectively. The presence of a catalyst lowers the activation
energy of both (forward and reverse) reactions by 100 kJ
mol~!. The enthalpy change of the reaction (A, +B,—
2AB) in the presence of a catalyst will be (in kJ mol~) [2007]
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26.

27.

28.

29.

30.

31.

(@ 20 (b) 300

(¢) 120 (d) 280

Consider the reaction, 2A + B — products. When
concentration of B alone was doubled, the half-life did not
change. When the concentration of A alone was doubled,
the rate increased by two times. The unit of rate constant
for this reaction is [2007]

(@ s!

(¢) nounit

(b) Lmol!s!
(d) mol L-1s71
A radioactive element gets spilled over the floor of a room.
Its half-life period is 30 days. If the initial velocity is ten
times the permissible value, after how many days will it be
safe to enter the room? [2007]

(a) 100days (b) 1000 days

(c) 300 days (d) 10 days.

Which of the following nuclear reactions will generate an
isotope? [2007]
(a) P - particle emission

(b) Neutron praticle emission

(c) Positron emission

(d) o - particle emission.

.1 . .
For a reaction —A — 2B, rate of disappearance of ‘A’ is

2
related to the rate of appearance of ‘B’ by the expression
[2008]
d[A] 1d[B d[A] 1d[B
@ _JAl_LdBl o dA]_1dB]
d 2 dt dt 4 dt
d[A] d[B dA dB
© _dAl_dB] o diA)_,dB]

dt dt dt dt

The halflife period of a first order chemical reaction is 6.93
minutes. The time required for the completion of 99% ofthe
chemical reaction will be (log2 =0.301) [2009]

(@) 23.03 minutes (b) 46.06 minutes
(c) 460.6 minutes (d) 230.03 minutes

The time for half life period of a certain reaction A ——>
Products is 1 hour. When the initial concentration of the
reactant ‘A’, is 2.0 mol L~!, how much time does it take for
its concentration to come from 0.50 t0 0.25 mol L1 ifitisa

zero order reaction ? [2010]
(@ 4h (b) 0.5h
(¢) 025h (d) 1h

32.

33.

34.

35.

36

Consider the reaction :
Cly(aq)+H,S(aq) = S(s)+2H* (aq) +2C1™ (aq)
The rate equation for this reaction is
rate = k[Cl, ][H,S]
Which of these mechanisms is/are consistent with this rate
equation? [2010]
A Cly+HyS— H" +CI” +CI* + HS™ (slow)
CI* +HS™ - H" +CI™ +S (fast)
B H,S<=H" +HS (fastequilibrium)

Cl, +HS™ = 2C1~ + H* +8S (Slow)
(a) Bonly (b) BothAand B
(c) Neither Anor B (d) Aonly

The rate of a chemical reaction doubles for every 10°C rise
oftemperature. If the temperature is raised by 50°C, the rate
of the reaction increases by about : [2011]

(@) 10times (b) 24times

(c) 32times (d) 64times

For a first order reaction (A) — products the concentration
of A changes from 0.1 M to 0.025 M in 40 minutes.

The rate of reaction when the concentration of Ais 0.01 M
IS [2012]

(@ 1.73x10° M/min (b) 3.47x10™* M/min
(c) 3.47x107° M/min (d) 1.73x10™*M/min

The rate of a reaction doubles when its temperature changes
from 300 K to 310 K. Activation energy of such a reaction
will be : (R=28.314 JK"! mol~! and log2=0.301)

[JEE M 2013
(b) 48.6kJmol!
(d) 60.5kJ mol!

(@ 53.6kImol~!
() 585kImol!

For the non - stoichimetre reaction 24+ B — C+ D, the
following kinetic data were obtained in three separate

experiments, all at 298 K. [JEEM 2014]
Initial Initial Initial rate of
Concentration | Concentration | formation of C
(A) (B) (molL™'s™)
0.1M 01M 12x10°
0.1M 02M 12x10°
02M 01M 2.4 x107
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The rate law for the formation of C is:

@ Z-k[45] © Z=k[4][5]
© Z-kasT @ Z-k]4]

Higher order (>3) reactions are rare dueto: [JEE M 2015]

(a) shifting of equilibrium towards reactants due to elastic
collisions

(b) loss of active species on collision

(c) low probability of simultaneous collision of all the
reacting species

38.

(d) increase in entropy and activation energy as more
molecules are involved

Decomposition of H,O, follows a first order reaction. In fifty

minutes the concentration of H,O, decreases from 0.5 to

0.125 M in one such decomposition. When the concentration

of H,0, reaches 0.05 M, the rate of formation of O, will be:
[JEEM 2016]

(@ 2.66Lmin'atSTP

(b) 1.34x 10?2 mol min

(¢) 6.96 x 10?2 mol min™

(d) 6.93x10*mol min™
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Fill in the Blanks
Casseteriteisore of ........... (1980)
In the thermite process ........ is used as reducing agent.
(1980)
In the basic Bessemer process for the manufacture of steel
the lining of the converter ismade of ........ . The slag formed
consistsof ...... (1980)
In extractive metallurgy of zinc partial fusion of ZnO with
cokeiscalled............... and reduction of the ore to the molten
metaliscalled ............... .

(smelting, calcining, roasting, sintering) (1988 - 1 Mark)
MCQs with One Correct Answer

Copper can be extracted from (1978)
(a) Kupfernical
(b) Dolomite
(c) Malachite
(d) Galena
In the alumino-thermite process, aluminium acts as
(1983 - 1 Mark)
(a) anoxidizingagent
(b) aflux
(c) areducing agent
(d) asolder
The chemical composition of ‘slag” formed during the
smelting process in the extraction of copperis  (2001S)
(@ CuO+FeS
(b) FeSiO,
(c) CuFeS,
(d Cu,S+FeO
Which of the following process is used in the extractive
metallurgy of magnesium? (2002S)
(a) fused salt electrolysis
(b) self reduction

5.

General Principles and
Processes of Isolation
of Elements

JEE Advanced/ IIT-)JEE

(c) aqueous solution electrolysis
(d) thermite reduction

Which ore contains both iron and copper? (2005S)

(a) Cuprite

(b) Chalcocite

(c) Chalcopyrite

(d) Malachite

Extraction of zinc from zinc blende is achieved by

(a) electrolytic reduction (2007)

(b) roasting followed by reduction with carbon

(c) roasting followed by reduction with another metal

(d) roasting followed by self-reduction

Oxidation states of the metal in the minerals haematite and
magnetite, respectively, are (2011)
(a) II III in haematite and III in magnetite

(b) I, III in haematite and II in magnetite

(c) IIin haematite and II, III in magnetite

(d) III in haematite and II, I1I in magnetite

In the cyanide extraction process of silver from argentite
ore, the oxidising and reducing agents used are

(@ O,and CO respectively

(b) O, and Zn dust respectively

(c) HNOj and Zn dust respectively
(d) HNOj and CO respectively
Sulfide ores are common for the metals
(@) Ag,CuandPb

(b) Ag, MgandPb

(¢) Ag,CuandSn

(d) Al,CuandPb

(2012)

(JEE Adv. 2013)

D MCQs with One or More Than One Correct

Of the following, the metals that cannot be obtained by
electrolysis of the aqueous solution of their salts are :

@ Ag (b) Mg (1990 - I Mark)
(© Cu @ Al
(e Cr

GP_3021
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2.  Extraction of metal from the ore cassiterite involves E Sub j ective Problems

(a) carbon reduction of an oxide ore (2011)

(b) self-reduction ofa sulphide ore 1. (a) Writethe chemical equations involved in the extraction
Lof ) ) of lead from galena by self reduction process.

c) removal of copper impuri

© pper impurity (b) Match the following extraction processes with the

(d)  removal of iron impurity appropriate metals listed below :

3.  The carbon-based reduction method is NOT used for the @) Silver (A) Fused salt electrolysis
extraction of (JEE Adv. 2013) (i) Calcium B) Carbon reduction
(@ Tinfrom SnO, (iii) Zinc (©) Carbon monoxide reduction
(b) Iron from Fe,04 (iv) Iron (D) Amalgamation
(¢) Aluminium from Al,0, (v) Copper (E) Selfreduction (1979)
(d) Magnesium from MgCO, CaCO, 2. Write the matching pairs: (1980)
4. Upon heating with Cu,S, the reagent(s) that give copper Bleaching agent Aluminium
metal is/are (JEE Adv. 2014) Smelling salt Carbon
@ CuFeS, Cryolite Tin
(b) CuO Bell metal Ammonium carbonate
© Cu,0 Fluorspar Ammonium phosphate
d Cuso, Fertilizer Calcium
5. Copper is purified by electrolytic refining of blister copper. Anthracite Chlorine
The correct statement(s) about this process is(are) Examples:
(JEE Adv. 2015) Bleaching agent
(@) Impure Cu strip is used as cathode Chlorine
(b) Acidified aqueous CuSO, is used as electrolyte Smelling salt
Ammonium carbonate

(¢c) Pure Cu deposits at cathode

(d) TImpurities settle as anode-mud 3. Givereasons for the following :

6. Extraction of copper from copper pyrite (CuFeS,) involves (/) Metals can be recovered from their ores by chemical

(JEE Adv. 2016) methods. (1984 - 1 Mark)
(@ crushing followed by concentration of the ore by froth- (#) High purity metals can be obtained by zone refining
method. (1984 - 1 Mark)

flotation

(b) removal of iron as slag (iii) Why is chalcocite roasted and not calcinated during

? -
(¢c) self-reduction step to produce ‘blister copper’ recovery of copper? (1987 - 1 Mark)

4.  Give the equations for the recovery of lead from Galena by
air reduction. (1987 - 1 Mark)

following evolution of SO,
(d) refining of ‘blister copper’ by carbon reduction

| 3 Match the Following

Each question contains statements given in two columns, which have to be matched. The statements

in Column-I are labelled A, B, C and D, while the statements in Column-II are labelled p, q, v, s and P qQr s t
t. Any given statement in Column-I can have correct matching with ONE OR MORE statement(s) in A @ @@ e °
Column-II. The appropriate bubbles corresponding to the answers to these questions have to be B ®@°@®
darkened as illustrated in the following example : C Q@@@ @
If the corrgct matcﬁes are Ajp, sandt; B-q andr; C-p and q; and D-s then the correct darkening of D @ @ @ e @
bubbles will look like the given.
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1.

Match the extraction processes listed in Column I with

metals listed in Column II : (2006 - 6M)
Column I Column I1

(A) Selfreduction (p) Lead

(B) Carbon reduction (q) Silver

(C) Complex formationand  (r) Copper

displacement by metal
(D) Decomposition of iodide (s) Boron
Match the conversions in Column I with the type(s) of

reaction(s) given in Column I1. (2008 - 6M)

Aluminium is extracted by the electrolysis of [2002]
(a) bauxite

(b) alumina

(¢) aluminamixed with molten cryolite

(d) molten cryolite.

The metal extracted by leaching with a cyanide is
(@ Mg

(b) Ag

(© Cu

(d) Na

[2002]

Which one of the following ores is best concentrated by
froth-flotation method ? [2004]

(a) Galena

(b) Cassiterite
() Magnetite
(d) Malachite

During the process of electrolytic refining of copper, some
metals present as impurity settle as ‘anode mud’. These are
[2005]

(@) FeandNi
(b) Agand Au
(c) PbandZn
(d) Snand Ag

JEE Main / GIEEE

5.

Column I1
(p) roasting

Column I

(A) PbS - PbO
(B) CaCO;—Ca0
(©) ZnS—>7Zn

D) Cu,S—>Cu
Match the anionic species given in Column-I that are
present in the ore(s) given in Column-1I. (JEE Adv. 2015)

(q) calcination
(r) carbon reduction
(s) selfreduction

Column-I Column-II
(A) Carbonate (p) Siderite
(B) Sulphide (q) Malachite
(C) Hydroxide (r) Bauxite
(D) Oxide (s) Calamine

(t) Argentite

Which of the following factors is of no significance for
roasting sulphide ores to the oxides and not subjecting the

sulphide ores to carbon reduction directly? [2008]

(a) Metal sulphides are thermodynamically more stable
than CS,

(b) CO, isthermodynamically more stable than CS,

(¢) Metal sulphides are less stable than the corresponding
oxides

(d) CO, ismore volatile than CS,

29.5 mg of an organic compound containing nitrogen was
digested according to Kjeldahl’s method and the evolved
ammonia was absorbed in 20 mL of 0.1 M HCl solution. The
excess of the acid required 15 mL of 0.1 M NaOH solution
for complete neutralization. The percentage of nitrogen in

the compound is [2010]
(@ 590
(b) 474
(c) 237
(d) 295
Which method of purification is represented by the following
equation ? [2012]
Ti(s) + 21, (g) — o Tily (§) — 222> Ti(s) + 21, (g)

(@) Zonerefining

(c) Polling

(b) Cupellation
(d) VanArkel
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8. The metal that cannot be obtained by electrolysis of an 9. Inthe context of the Hall - Heroult process for the extraction

aqueous solution of its salts is: [JEEM2014] of Al, which of the following statements is false ?

(@ Ag [JEE M 2015]
(b) Ca (@) A" is reduced at the cathode to form Al

(¢) Cu (b) NajAlF serves as the electrolyte

d Cr (¢) COand CO, are produced in this process

(d) Al,Oj5 is mixed with CaF, which lowers the melting point
of the mixture and brings conductivit1 12y
10. Which one of the following ores is best concentrated by
froth floatation method? [JEE M 2016]
(a) Galena (b) Malachite
(c) Magnetite (d) Siderite
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10.
11.

12.

13.

14.

15.

16.

17.

Fill in the Blanks

The lowest possible oxidation state of nitrogen is (1980)
Iodine reacts with hot NaOH solution. The products are Nal
(1980)
................. is a weak acid. (HF, HCI, HI)
(1981 - 1 Mark)
The increase in the solubility of iodine in an aqueous
solution of potassium iodide is due to the formation of
............. . (1982 - 1 Mark)
Hydrogen gas is liberated by the action of aluminium with
concentrated solutionof .............. . (1987 - 1 Mark)
.............. phosphorus is reactive because ofits highly strained
tetrahedral structure. (1987 - 1 Mark)
............... acidgiveshypo..............ijon. (1988 - 1 Mark)
(hydrobromic, hypobromous, perbromic, bromide, bromite,
perbromate)
Sulphuractsas ............... agent in vulcanization of rubber.
(1989 - 1 Mark)
The basicity of phosphorous acid (H;PO;) is ............... .
(1990 - 1 Mark)
The hydrolysis of alkyl substituted chlorosilanes gives
.............. . (1991 - 1 Mark)
In P,O,,, the number of oxygen atoms bonded to each
phosphorus atomis ............... : (1992 - 1 Mark)
The lead chamber process involves oxidation of SO, by
atomic oxygen under the influenceof .............. as catalyst.
(1992 - 1 Mark)

The hydrolysis of trialkylchlorosilane R3SiCl, yields............

(1994 - 1 Mark)
One recently discovered allotrope of carbon (e.g., C,) is
commonlyknown as........... (1994 - 1 Mark)
Solubility of iodine in water is greatly increased by the
addition of iodide ions because of the formation of ........

(1994 - 1 Mark)
A liquid which is permanently supercooled is frequently
(1997 - 1 Mark)
Compounds that formally contain Pb** are easily reduced
to Pb?*. The stability of the lower oxidation state is due to
(1997 - 1 Mark)

10.

11.
12.

13.

True / False

Red phosphorus is less volatile than white phosphorus
because the former has a tetrahedral structure.

(1982 - 1 Mark)
When PbO, reacts with a dilute acid, it gives hydrogen
peroxide. (1982 - 1 Mark)
Carbon tetrachloride burns in air when lighted to give
phosgene. (1983 - 1 Mark)
Dil. HCI oxidizes metallic Fe toFe?*. (1983 - 1 Mark)
In aqueous solution chlorine is a stronger oxidizing agent
than fluorine. (1984 - 1 Mark)
The H-N-H bond angle in NH; is greater than the H-As-H
bond angle is AsH;. (1984 - 1 Mark)
Carbon tetrachloride is inflammable. (1985 -/ Mark)
Graphite is better lubricant on the moon than on the earth.

(1987 - 1 Mark)
All the Al-Cl bonds in Al,Cl, are equivalent.

(1989 - 1 Mark)
Nitric oxide, though an odd electron molecule, is diamagnetic
in liquid state. (1991 - 1 Mark)
Diamond is harder than graphite. (1993 - 1 Mark)
The tendency for catenation is much higher for C than for
Si. (1993 - 1 Mark)
HBr is a stronger acid than HI because of hydrogen bonding.

(1993 - 1 Mark)

C MCQs with One Correct Answer

The reddish brown coloured gas formed when nitric oxide is

oxidised by air is (1979)
(@ N,O; (b) N,O,
(© NO, (d) N0,

The temporary hardness of water due to calcium carbonate

can be removed by adding — (1979)
(@) CaCO, (b) Ca(OH),

(© CaCl, (d) HCI

Which of the following is most stable to heat (1980)
(@ HC (b) HOCI

(¢) HBr (d HI

GP_3021
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13.
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White P reacts with caustic soda. The products are PH; and
NaH,PO,. This reaction is an example of (1980)
(a) Oxidation (b) Reduction

(c) oxidation and reduction (d) Neutralisation

A solution of KBr is treated with each of the following.

Which one would liberate bromine (1980)
@ d, (b) HI

© L (d) SO,

Which of the following is coloured (1980)
(@ NO (b) N,O

(© SO, (d) None

Lead pencil contains (1980)
(@ Pb (b) FeS

(c) Graphite (d) PbS

Ammonia can be dried by (1980)
(@ Conc. H,SO, (b) P,Os

(¢) Anhydrous CuSO, (d) none
HBr and HI reduce sulphuric acid, HCI can reduce KMnO,,
and HF can reduce (1981 - 1 Mark)
(@ H,S0, (b) KMnO,
© K.Cr,0, (d) none of the above
Which of the following statements about anhydrous
aluminium chloride is correct? (1981 - 1 Mark)
(@) itexists as AICl; molecules
(b) it is not easily hydrolysed
(c) itsublimes at 100°C under vacuum
(d) it is a strong Lewis base
Moderate electrical conductivity is shown by
(1982 - 1 Mark)
(a) silica (b) graphite
(c) diamond (d) carborundum
Chlorine acts as a bleaching agent only in presence of
(1983 - 1 Mark)
(a) dryair (b) moisture
(c) sunlight (d) pure oxygen
Nitrogen dioxide cannot be obtained by heating :
(1985 - 1 Mark)

(@) KNO, (b) Pb(NO,),

(© Cu(NO,), (d) AgNO,

A gas that cannot be collected over water is :

(@ N, (b) O, (1985-1Mark)
© SO, (d) PH,4

The compound which gives off oxygen on moderate heating
is: (1986 - 1 Mark)

(a) cupric oxide (b) mercuric oxide

(c) zincoxide (d) aluminium oxide

The bonds present in N, O, are : (1986 - 1 Mark)
(a) onlyionic (b) covalent and coordinate
(c) only covalent (d) covalent and ionic

Which of the following oxides of nitrogen is a coloured

gas? (1987 - 1 Mark)
(@ NO (b) NO
(© N,Oq (d) NO,

Amongst the trihalides of nitrogen which one is least basic?
(@) NF, (b) NCl; (1987 -1 Mark)
() NBr, (d) NI

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bromine can be liberated from potassium bromide solution
by the action of (1987 - 1 Mark)
(a) Iodine solution (b) Chlorine water

(¢) Sodium chloride (d) Potassium iodide
There isno S—S bond in : (1991 - 1 Mark)

@ $20; (b) 8,05

© 8,05 d) 8,05

InP,O,,each Patom is linked with .......... O atoms

(@ 2 (b) 3 (1995S)

(c) 4 d 5

H,SO, cannot be used to prepare HBr from NaBr as it :
(1995S)

(a) reacts slowly with NaBr (b) oxidises HBr

(c) reduces HBr (d) disproportionates HBr

Hydrolysis of one mole of peroxodisulphuric acid produces

(a) two moles of sulphuric acid (1996 - 1 Mark)

(b) two moles of peroxomonosulphuric acid

(¢) one mole of sulphuric acid and one mole of
peroxomonosulphuric acid

(d) one mole of sulphuric acid, one mole of
peroxomonosulphuric acid and one mole of hydrogen
peroxide.

Which of the following statements is correct for CsBr,?

(a) Itisacovalent compound. (1996 - 1 Mark)

(b) It contains Cs3* and Br~ions.

(¢) Ttcontains Cs" and Br;™ ions

(d) Itcontains Cs*, and Br~and lattice Br, molecule

KF combines with HF to form KHF,,. The compound contains

the species. (1996 - 1 Mark)

(@@ K' FandH' (b) K* F-andHF

(¢) K"and [HF,] (d) [KHF]*and F-

Sodium thiosulphate is prepared by (1996 - 1 Mark)

(@) reducing Na,SO, solution with H,S

(b) boiling Na, SO, solution with S in alkaline medium

(¢) neutralising H,S,0, solution with NaOH

(d) boiling Na, SO, solution with S in acidic medium

Which of the following halides is least stable and has

doubtful existence? (1996 - 1 Mark)

(@ d, () Gel,

(¢) Snl, (d) Pbl,

Which one of the following oxides is neutral?

(@ OO (b) SnO, (1996 - 1 Mark)

(¢) ZnO (d) Sio,

Which one of the following species is not a pseudohalide?

(1997 - 1 Mark)

(a) CNO- (b) RCOO-

(c) OCN- (d) NNN-

One mole of calcium phosphide on reaction with excess

water gives (1999 - 2 Marks)

(a) one mole of phosphine

(b) two moles of phosphoric acid

(c) two moles of phosphine

(d) one mole of phosphorus pentoxide
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On heating ammonium dichromate, the gas evolved is
(1999 - 2 Marks)
(a) oxygen (b) ammonia
(c) nitrous oxide (d) nitrogen
In the commercial electrochemical process for aluminium
extraction the electrolyte used is (1999 - 2 Marks)
(@) Al(OH), in NaOH solution
(b) an aqueous solution of AL(SO 4)3.
(¢) amolten mixture of AL,O, and Na,AlF,
(d) amolten mixture of AIO(OH) and Al(OH),
In compounds of type EC13, where E = B, P, As or Bj, the
angles Cl — E—-Cl for different E are in the order
(1999 - 2 Marks).
(@ B>P=As=Bi (b) B>P>As>Bi
(c) B<P=As=Bi (d) B<P<As<Bi
Electrolytic reduction of alumina to aluminium by Hall-
Heroult process is carried out (2000S)
(a) inthe presence of NaCl
(b) in the presence of fluorite
(c) in the presence of cryolite which forms a melt with
lower melting temperature
(d) in the presence of cryolite which forms a melt with
higher melting temperature
The number of P — O — P bonds in cyclic metaphosphoric

acid is (2000S)
(a) =zero (b) two

(c) three (d) four

Ammonia can be dried by (2000S)
(@) conc. H,80, (b) PO,

(¢) CaO (d) anhydrous CaCl,

The number of S — S bonds in sulphur trioxide trimer (S;0,)
is (2001S)
(a) three (b) two

(c) one (d) zero

Polyphosphates are used as water softening agents because
they (2002S)

(a) form soluble complexes with anionic species
(b) precipitate anionic species

(c) form soluble complexes with cationic species
(d) precipitate cationic species

For H;PO; and H;PO, the correct choice is:

(@) H;PO, is dibasic and reducing

(b) H;PO, is dibasic and non-reducing

(©) H;PO, is tribasic and reducing

(d) H,PO, istribasic and non-reducing

H,;BO; is:

(a) Monobasic and weak Lewis acid

(b) Monobasic and weak Bronsted acid

(¢) Monobasic and strong Lewis acid

(d) Tribasic and weak Bronsted acid

(2003S)

(2003S)

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

(Me),SiCl, on hydrolysis will produce

(@ (Me),Si(OH), (b) (Me),Si=0
(© —-[-0Me),Si-O-]~ (d) Me,SiCI(OH)
Total number of lone pair of electrons in XeOF 4 is (2004S)

(2003S)

@ O (b) 1

() 2 @ 3

The acid having O — O bond is (2004S)
(@ H,S,04 (b) H,S,0

(© H,8,04 (d) H,S,0,

Pb and Sn are extracted from their chieforesby  (2004S)
(a) carbon reduction and self reduction respectively

(b) self reduction and carbon reduction respectively

(c) electrolysis and self reduction respectively

(d) self reduction and electrolysis respectively

Name of the structure of silicates in which three oxygen
atoms of [SiO,]*" are shared. (2005S)
(a) Pyrosilicate

(b) Sheet silicate

(c) Linear chain silicate

(d) Three dimensional silicate

Which is the most thermodynamically stable allotropic form

of phosphorus? (2005S)

(a) red (b) white

(c) black (d) yellow

Which of the following is not oxidized by O; 7 (2005S)

(a) KI (b) FeSO,

(c) KMnO, (d) K,MnO,

Blueliquid which is obtained on reacting equimolar amounts

of two gases at —30°C is? (2005S)

(@ N,O (b) N,O4

() N,O, (d) N,Os

When PbO, reacts with conc. HNO;, the gas evolved is
(2005S)

(a) NO, (b) O,

() N, d) N,O

How can the following reaction be made to proceed in
forward direction? (2006 - 3M, -1)
B(OH); + NaOH &= NaBO, + Na[B(OH),] + H,0

(a) addition of borax

(b) addition of cis -1,2-diol

(c) addition of Na,HPO,

(d) addition of trans -1,2-diol

The percentage of t-character in the orbitals forming P —P

bonds in P is (2007)

@ 25 (b) 33

(0 S d 75

Aqueous solution of Na,S,0; on reaction with CI, gives —

(@) Na,S,0O (b) NaHSO, (2008)

(¢) NaCl (d) NaOH

The reaction of P, with X leads selectively to P,O,. The X is
(2009)

(@ DryO,

(b) A mixture of O,and N,
(¢) Moist O,
(d) O, in the presence of aqueous NaOH
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Extra pure N, can be obtained by heating (2011)
(@) NH; with CuO

(b) NH,NO;

(©) (NH,),Cr,0,

d Ba(Ny),

Which ordering of compounds is according to the decreasing
order of the oxidation state of nitrogen?
(@) HNO;, NO,NH,CL,N,

(b) HNO;,NO,N,,NH, Cl

(c) HNO;, NH,CI,NO,N,

(d) NO,HNO;,NH,CLN,

The reaction of white phosphorus with aqueous NaOH gives
phosphine along with another phosphorus containing
compound. The reaction type; the oxidation states of
phosphorus in phosphine and the other product are
respectively (2012)
(a) redoxreaction,—3and-5

(b) redoxreaction; +3 and +5

(c) disproportionation reaction; —3 and + 5
(d) disproportionation reaction; — 3 and + 3
The shape of XeO,F, molecule is

(a) trigonal bipyramidal

(b) square planar

(c) tetrahedral

(d) see-saw

Concentrated nitric acid, upon long standing, turns yellow

(2012)

(2012)

brown due to the formation of (JEE Advanced 2013)
(@ NO (b) NO,
(© N,O (d) N,0,

The product formed in the reaction of SOCl, with white
phosphorous is (JEE Adv. 2014)
(@ PClL (b) SO,Cl,

(© SChL (d) POCI,

Under ambient conditions, the total number of gases released
as products in the final step of the reaction scheme shown

below is (JEE Adv. 2014)
Complete
Hydrolysis
XeFg » P+ Other product
OH7/H,0
v
Q
Slow disproportionation
in OH/H,0
v
Products

61.

62.

@ O (b 1
) 2 d 3

The increasing order of atomic radii of the following Group
13 elements is

(@A Al<Ga<In<T¢(
(¢) Al<In<Ga<T(

(b) Ga<A(<In<T(

(d Al<Ga<T(<In
(JEE Adv. 2016)

In the following reaction sequence in aqueous solution, the

species X, Y and Z, respectively, are (JEE Adv. 2016)

Ag+ Agt

5,0, 28 5, x % , vy
clear white
solution precipitate
with time 7
_—

black precipitate

@ [Ag(S,0,),1*, Ag,S,0,, Ag,S
() [Ag(S,0,),]", Ag,S0;, Ag,S
©) [Ag(80,),1", Ag,8,0;, Ag
@ [Ag(S0,),]", Ag,SO,, Ag

D MCQs with One or More Than One Correct

1.

In the electrolysis of alumina, cryolite is added to :
(1986 - 1 Mark)
(a) lower the melting point of alumina
(b) increase the electrical conductivity
(¢) minimise the anode effect
(d) remove impurities from alumina
Nitrogen(I) oxide is produced by : (1989 - 1 Mark)
(a) thermal decomposition of ammonium nitrate
(b) disproportionation of N,O,
(c) thermal decomposition of ammonium nitrite
(d) interaction of hydroxylamine and nitrous acid.
The compounds used as refrigerant are
(@) NH,
(b) Cd,
(© CF,
(d CE(,
(e) CH,F,
The major role of fluorspar (CaF,), which is added in small
quantities in the electrolytic reduction of alumina dissolved
in fused cryolite (Na,;AlF), is (1993 - 1 Mark)
(a) as a catalyst
(b) tomake the fused mixture very conducting
(c) tolower the temperature of the melt
(d) todecrease the rate of oxidation of carbon at the anode.
The material used in the solar cells contains
(@ Cs (1993 - 1 Mark)
(b) Si
(©) Sn d T
Sodium nitrate decomposes above 800° C to give
(@ N, () O, (1998 -2 Marks)
() NO, (d Na,o

(1990 - 1 Mark)
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White phosphorus (P,) has

(a) six P-Psingle bonds

(b) four P-P single bonds

(c) four lone pairs of electrons

(d) PPPangle of60°

Ammonia, on reaction with hypochlorite anion, can form
(1999 - 3 Marks)

(@ NO (b) NHC

(© N,H, (d HNO,

A solution of colourless salt H on boiling with excess NaOH

produces a non-flammable gas. The gas evolution ceases

after sometime. Upon addition of Zn dust to the same

solution, the gas evolution restarts. The colourless salt (s)

(1998 - 2 Marks)

His (are) (2008)
(@) NH,NO, (b) NH,NO,

(© NHC (d) (NH,),SO,

The nitrogen oxide(s) that contain(s) N-N bond(s) is(are)
(@ N,O (b) N,O4 (2009)
(© N0, (d) N,Os

Which of the following halides react(s) with AgNO;(aq) to
give a precipitate that dissolves in Na,S,05(aq)?
(@) HC (b) HF

(¢) HBr (d) HI

With respect to graphite and diamond, which of the
statement(s) given below is (are) correct ? (2012)
(a) Graphite is harder than diamond.

(b) Graphite has higher electrical conductivity than

diamond.

(¢) Graphite has higher thermal conductivity than diamond.
(d) Graphite has higher C—C bond order than diamond.
The correct statement(s) about Oy is(are)

(@ O—Obond lengthsareequal  (JEE Ady. 2013-11)
(b) Thermal decomposition of O is endothermic

() Ojisdiamagnetic in nature
(d) Oj has a bent structure
For the reaction

(2012)

(JEE Adv. 2014)
I +ClO; +H,80, - ClI" +HSO4 +1,

The correct statement(s) in the balanced equation is/are
(@) Stoichiometric coefficient of HSO} is6

(b) Iodide is oxidized

(¢) Sulphur is reduced

(d) H,0 is one of the products
The correct statement(s) for orthoboric acid is/are

(JEE Adv. 2014)
(a) Itbehavesasaweak acid in water due to self ionization.

(b) Acidity of its aqueous solution increases upon addition
of ethylene glycol

(c) It has a three dimensional structure due to hydrogen
bonding

(d) Itisaweak electrolyte in water

16.

17.

18.

19.

The correct statement(s) regarding, (i) HCIO, (ii) HCIO,,

(i) HC105 and (iv) HCIO,,, is(are) (JEE Adv. 2015)

(@) The number of CI=0 bonds in (ii) and (iii) together is
two

(b) The number oflone pairs of electrons on Cl in (ii) and
(iii) together is three

(¢) Thehybridization of Cl in (iv) is sp3

(d) Amongst (i) to (iv), the strongest acid is (i)

Under hydrolytic conditions, the compounds used for

preparation of linear polymer and for chain termination,
respectively, are (JEE Adv. 2015)
(@) CH,SiCl; and Si(CHy),

(b) (CHy),SiCl, and (CH;),SiCl

(©) (CHy),SiCl, and CH;SiCl,

(d) SiCl and (CH;),SiCl

The crystalline form of borax has

(a) tetranuclear [B,O,(OH),]*~ unit
(b) all boron atoms in the same plane
(c) equal number of sp? and sp? hybridized boron atoms
(d) oneterminal hydroxide per boron atom

The nitrogen containing compound produced in the reaction
of HNO, with P,O,, (JEE Adv. 2016)
(@) can also be prepared by reaction of P, and HNO,

(b) isdiamagnetic

(c) contains one N-N bond

(d) reacts with Na metal producing a brown gas

(JEE Ady. 2016)

E Subjective Problems

Account for the following. Limit your answer to two

sentences

(i) Hydrogen bromide cannot be prepared by action of
concentrated sulphuric acid or sodium bromide.

(i) When a blue litmus paper is dipped into a solution of
hypochlorous acid, it first turns red and then later gets
decolourised. (1979)

Write balanced equation involved in the preparation of

(i) Anhydrous aluminium chloride from alumina.

(i) Bleaching powder from slaked lime.

(iii) Tin metal from cassiterite

(iv) Chlorine from sodium chloride.

(v) Nitric oxide from nitric acid. (1979)

State with balanced equations, what happens when :

(1) Tinis treated with moderately concentrated nitric acid.

(i) Aluminium is reacted with hot concentrated caustic
soda solution (1979)

Give structural formula for the following :

(1) Phosphorous acid, H;PO,

(#) Pyrophosphoric acid, H,P,0,

(1981 - 1 Mark)
(1981 - 1 Mark)
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5.

Complete the following equations (no balancing is needed)

() HCOjZ +AB*—> AlOH), + ...
(i) AlBr,+K,Cr,0,+H,PO,

—>K,PO, +AIPO, + H,0+...+....

(1981 - 1 Mark)

(1981 - 1 Mark)

Give reasons for the following :
(/) Carbon acts as an abrasive and also as a lubricant.
(1981 - 1 Mark)
(if)  Sulphur melts to a clear mobile liquid at 119°C, but on
further heating above 160°C, it becomes viscous.
(1981 - 1 Mark)
(iii) In the preparation of hydrogen iodide from alkali
iodides, phosphoric acid is preferred to sulphuric acid
(1982 - 1 Mark)
(#v) Orthophosphoric acid, H;PO,, is tribasic, but
phosphorous acid, H;POs, is dibasic.
(1982 - 1 Mark)
(v) A bottle of liquor ammonia should be cooled before
opening the stopper. (1983 - 1 Mark)
(vi)  Solid carbon dioxide is known as dry ice.
(1983 - 1 Mark)
(vii) Anhydrous HCl is a bad conductor of electricity but
aqueous HCl is a good conductor; (1985 - 1 Mark)
(viii) Graphite is used as a solid lubricant; (1985 - 1 Mark)
(ix) Fluorine cannot be prepared from fluorides by
chemical oxidation. (1985 - 1 Mark)
(x)  Themixture of hydrazine and hydrogen peroxide with
a copper(II) catalyst is used as a rocket propellant.
(1987 - 1 Mark)
(xi) Orthophosphorus acid is not tribasic acid.
(1987 - 1 Mark)
(xii) The molecule of magnesium chloride is linear whereas
that of stannous chloride is angular. (1987 - 1 Mark)
(xiii) Valency of oxygen is generally two whereas sulphur
shows valency of two, four and six. (1988 - I Mark)
(xiv) H;PO; isadibasicacid. (1989 - 1 Mark)
(xv) Phosphine has lower boiling point than ammonia.
(1989 - 1 Mark)
(xvi) Ammonium chloride is acidic in liquid ammonia
solvent. (1991 - 1 Mark)
(xvii) The hydroxides of aluminium and iron are insoluble in
water. However, NaOH is used to separate one from
the other. (1991 - 1 Mark)
(xviii) Bond dissociation energy of F, is less than that of
Cl, (1992 - 1 Mark)
(xix) Sulphur dioxide is a more powerful reducing agent in
an alkaline medium than in acidic medium.
(1992 - 1 Mark)

Topic-wise Solved Papers - CHEMISTRY

(xx) Theexperimentally determined N — F bond length in
NF; is greater than the sum of the single covalent
bond radii of N and F. (1995 - 2 Marks)

(xi) Mg;N, when reacted with water gives off NH; but
HCl is not obtained from MgCl, on reaction with water
at room temperature. (1995 - 2 Marks)

(oxii) (SiH;);N is a weaker base than (CH;);N.

(1995 - 2 Marks)

State with balanced equations what happens when :

()  White phosphorous (P,) is boiled with a strong
solution of sodium hydroxide in an inert atmosphere.

(1982/87 - 1 Mark)

(i{) Sodium iodate is treated with sodium bisulphite
solution. (1982 - 1 Mark)

(iii) Dilute nitric acid is slowly reacted with metallic tin.

(1987 - 1 Mark)

(iv) Potassium permanganate is reacted with warm
solution of oxalic acid in the presence of sulphuric
acid. (1987 - 1 Mark)

(v)  lodate ion reacts with bisulphite ion to liberate iodine.

(1988 - 1 Mark)

(vi) Phosphorus reacts with nitric acid to give equimolar
ratio of nitric oxide and nitrogen dioxide.

(1988 - 1 Mark)

(vii) Hypophosphorous acid is heated. (1989 - 1 Mark)

(viii) Sodium bromate reacts with fluorine in presence of

alkali. (1989 - 1 Mark)
(ix)  Sodium chlorate reacts with sulphur dioxide in dilute
sulphuric acid medium. (1989 - 1 Mark)

(x)  Write balanced equations for the preparation of
crystalline silicon from SiCl,. (1990 - 1 Mark)
(xi) Write balanced equations for the preparation of
phosphine from CaO and white phosphorus.
(1990 - 2 Marks)
(xi1) Write balanced equations for the preparation of
ammonium sulphate from gypsum, ammonia and
carbon dioxide. (1990 - 1 Mark)
(xiii) Aqueous solution of sodium nitrate is heated with
zinc dust and caustic soda solution.(1990 - 1 Mark)
(xiv) Sodium iodate is added to a solution of sodium
bisulphite. (1990 - 1 Marks)
(xv) Sodium nitrite is produced by absorbing the oxides
of nitrogen in aqueous solution of washing soda.
(1991 - 1 Mark)
(xvi) Nitrogen is obtained in the reaction of aqueous
ammonia with potassium permanganate.
(1991 - 1 Mark)
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(xvii) Elemental phosphorus reacts with conc. HNO; to give
phosphoric acid. (1991 - 1 Mark)
(xviii) Sulphur is precipitated in the reaction of hydrogen
sulphide with sodium bisulphite solution.
(1991 - 1 Mark)
(xix) Phosphorus is treated with concentrated nitric acid.
(1997 - 1 Mark)
OR
Manufacture of phosphoric acid from phosphorus.
(1997 - 1 Mark)
(xx) Reaction of aluminium with aqueous sodium
hydroxide. (1997 - 1 Mark)
(xxi) Aluminium sulphide gives a foul odour when it
becomes damp. Write a balanced chemical equation
for the reaction. (1997 - 2 Marks)
(xxii) P,O,+PClL, (1998 - 1 Mark)
(xxiii) SnCl, + C,H,Cl+ Na > (1998 - 1 Mark)
Show with equations how the following compound is
prepared (equations need not be balanced) sodium
thiosulphate from sodium sulphite. (1982 - 1 Mark)
Give balanced equations for the extraction of aluminium from
bauxite by electrolysis. (1982 - 2 Marks)
State the conditions under which the following preparation
is carried out. Give the necessary equations which need not
be balanced : Alumina from aluminium. (1983 - I Mark)
Write down the resonance structures of nitrous oxide.
(1985 - 2 Marks)
OR
Write the two resonance structures of N, O that satisfy the
octet rule. (1990 - 1 Mark)
Write down the balanced equations for the reactions when:
(/) a mixture of potassium chlorate, oxalic acid and
sulphuric acid is heated, (1985 - 1 Mark)
(if) ammonium sulphate is heated with a mixture of nitric
oxide and nitrogen dioxide. (1985 - 1 Mark)
What happens when :
(/) hydrogen sulphide is bubled through an aqueous
solution of sulphur dioxide. (1985 - 1 Mark)
(if) tin is treated with concentrated nitric acid.
(1985 - 1 Mark)
(#ii) Pb;O, is treated with nitric acid. (1985 - 1 Mark)
Arrange the following in :
(/) increasing bond strength
HCI, HBr, HF, HI
(#) HOCI, HOCIO,, HOCIO;, HOCIO in increasing order of
thermal stability. (1988 - 1 Mark)
(#ii) CO,, N,0s, Si0,, SO, in the order of increasing acidic
character. (1988 - 1 Mark)

(1986 - 1 Mark)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

(iv) Increasing order of extent of hydrolysis :
CCl,, MgCl,, AlCl,, PCls, SiCl,
(1991 - 1 Mark)
Mention the products formed in the following :
(/) Chlorine gas is bubbled through a solution of ferrous
bromide. (1986 - 1 Mark)
(ii) lodine is added to a solution of stannous chloride.
(1986 - 1 Mark)
(i) Sulphur dioxide gas, water vapour and air are passed
over heated sodium chloride. (1986 - 1 Mark)
Write the two resonance structures of ozone which satisfy
the octet rule. (1991 - 1 Mark)

PbS —&Mm 5 A4 pbS —B 5 Pb+SO,; Identify A and

air
B (1991 - 2 Marks)
Complete and balance the following chemical reactions :
() Red phosphorus is reacted with iodine in presence of

water. (1992 - 1 Mark)
P+L,+H,0— ... to .

(i) Anhydrous potassium nitrate is heated with excess of
metallic potassium. (1992 - 1 Mark)
KNO;(s)+K(s) > ........... to .

(i) NH;+NaOCl—....... o
(iv) Sn+2KOH +4H,0——........ o
(1994 - 1 Mark)

Draw the structure of P,O,  and identify the number of
single and double P—O bonds. (1996 - 3 Marks)
Gradual addition of KI solution to Bi(NO,), solution initially
produces a dark brown precipitate which dissolves in excess
of KI to give a clear yellow solution. Write chemical equations
for the above reactions. (1996 - 2 Marks)
Complete the following chemical equations :
(@ KI+Cl, > (b) KCIO;+1; —»
Justify the formation of the products in the above reactions.

(1996 - 2 Marks)
A soluble compound of a poisonous element M, when
heated with Zn/H,S0O, gives a colourless and extremely
poisonous gaseous compound N, which on passing through
a heated tube gives a silvery mirror of element M. Identify
Mand N. (1997 - 2 Marks)
Draw the structure of a cyclic silicate, (Si309)6‘ with proper
labelling. (1998 - 4 Marks)
Thionyl chloride can be synthesized by chlorinating SO,
using PCIL,. Thionyl chloride is used to prepare anhydrous
ferric chloride starting from its hexahydrated salt.
Alternatively, the anhydrous ferric chloride can also be
prepared from its hexahydrated salt by treating with
2, 2 — dimethoxypropane. Discuss all this using balanced
chemical equations. (1998 - 6 Marks)



c-120 °

25.

26.

27.

28.

29.

30.

31.

32.

H,0

Reaction of phosphoric acid with Ca(PO,),F yields a
fertilizer “triple superphosphate”. Represent the same
(1998 - 2 Marks)
(1999 - 6 Marks)

through balanced chemical equation.
In the following equation,
A+2B+H0 —» C+2D
(A=HNO,, B=H,SO,, C=NH,OH). Identify D. Draw the
structures of A, B, C and D.

In the contact process for industrial manufacture of sulphuric
acid some amount of sulphuric acid is used as a starting
material. Explain briefly. What is the catalyst used in the
oxidation of SO,? (1999 - 4 Marks)
The Haber process can be represented by the following
scheme;

NH,, H,0

ﬂ—\a

NaHCO,+D~

| >

C+HO NH;+ H,0 + E

Identify A, B,C,Dand E. (1999 - 5 Marks)
Give an example of oxidation of one halide by another
halogen. Explain the feasibility of the reaction

(2000 - 2 Marks).
Draw the molecular structures of XeF,, XeF, and XeO,F,
indicating the location of lone pair(s) of electrons.

(2000 - 3 Marks)
Give reason(s) why elemental nitrogen exists as a diatomic
molecule whereas elemental phosphorus as a tetraatomic
(2000 - 2 Marks)
Compound (X) on reduction with LiAIH, gives a hydride

molecule.

(Y) containing 21.72% hydrogen along with other products.
The compound (Y) reacts with air explosively resulting in

33.
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boron trioxide. Identify (X) and (Y). Give balanced reactions
involved in the formation of (Y) and its reaction with air.
Draw the structure of (Y). (2001 - 5 Marks)
Starting from SiCl,, prepare the following in steps not
exceeding the number given in parentheses (give reactions
only):

(i) Silicon(1)

(i) Linear silicone containing methyl groups only (4)

(i) Na,SiO;(3) (2001 - 5 Marks)
Write balanced equations for the reactions of the following
compounds with water : (2002 - 5 Marks)
©H AlLGC

(i) CaNCN

(i) BF,

(iv) NCl,

(v) XeF,

How is boron obtained from borax? Give chemical equations
with reaction conditions. Write the structure of B,H, and
its reaction with HCI. (2002 - 5 Marks)
Write down reactions involved in the extraction of Pb. What
is the oxidation number of lead in litharge? (2003 - 2 Marks)
Identify the following: (2003 - 4 Marks)

Na,CO4 sB Elemental S C I, D

A

N32CO3 SOy >A

Also mention the oxidation state of S in all the compounds.
AlF; is insoluble in anhydrous HF but it becomes soluble in
presence of little amount of KF. Addition of boron trifluoride
to the resulting solution causes reprecipitation of AlF;.
Explain with balanced chemical equations. (2004 - 2 Marks)
How many grams of CaO are required to neutralize 852 gm of

P,0, ? Draw structure of P4O;, molecule.

(2005 - 2 Marks)
Write the structures of (CH3)3N and (Me;Si); N . Are
they isostructural? Justify your answer. (2005 - 2 Marks)

NaBr+MnO Conc. HNO
2—(A) 2(0)

(B)<
CH,
&) (D) (explosive product)

Identify the missing compounds. Give the equation from A
toBandAtoC. (2005 - 4 Marks)
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| 3 Match the Following

DIRECTIONS (Q. 1 to 3) : Each question contains statements given in two columns, which have to be
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-11
are labelled p, q, , s and t. Any given statement in Column-I can have correct matching with ONE OR
MORE statement(s) in Column-1I. The appropriate bubbles corresponding to the answers to these
questions have to be darkened as illustrated in the following example :

If the correct matches are A-p, s and t; B-q and v; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

PqQr s t

00000
®0OO®®
QO0OG®
©®OOO®

S awp»

1. Match gases under specified conditions listed in Column I with their properties/laws in Column I1. Indicate your answer by
darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS. (1995S)
Column I ColumnII
(A) Explosive (p) NaN,
(B) Artificial gem (@ Fe0,
(©) Selfreduction @) Cu
(D) Magnetic material (s) ALO;,
® PH(N;),
(w) Fe, 04
v) Cu
w) SiC
2. Match the following : (2006 - 6M)
Column I ColumnII
(A) Bi** — (BiO)* (p) Heat
B) [AlO,]7 ——> AOH); (q) Hydrolysis
© [Si04]* —[Si,04]1%" () Acidification
D) [B40;1*" —— [B(OH);] (s) Dilution by water
3. Match each of the diatomic molecules in Column I with its property/properties in Column I1. (2009)
Column I ColumnII
(A) B, (p) Paramagnetic
B) N, (q) Undergoes oxidation
© O () Undergoes reduction
D) O, (s) Bondorder > 2
(t) Mixingof 's'and 'p' orbital
DIRECTIONS (for Q. 4) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of
which ONLY ONE is correct.
4. The unbalanced chemical reactions given in List I show missing reagent or condition (?) which are provided in List II. Match
List I with List I and select the correct answer using the code given below the lists (JEE Adv. 2013-11)
List I ListII
P PbO,+H,S0, —> PbSO, + O, + other product 1 NO
Q Na,S,0;+H,0 ——> NaHSO, + other product 2 1,
R N,H, AN N, + other product 3. Wam
S, XeF, —25 Xe + other product 4 d,

Codes:

P Q R S
(@) 4 2 3 1
(b) 3 2 1 4
(©) 1 4 2 3
(d) 3 4 2 1
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Comprehension Based Questions

PASSAGE-1

The noble gases have closed-shell electronic configuration and
are monoatomic gases under normal conditions. The low boiling
points of the lighter noble gases are due to weak dispersion forces
between the atoms and the absence of other interatomic interac-
tions.

The direct reaction of xenon with fluorine leads to a series of
compounds with oxidation numbers +2, +4 and +6. XeF  reacts
violently with water to given XeO,. The compounds of xenon
exhibit rich stereochemistry and their geometries can be deduced
considering the total number of electron pairs in the valence shell.

1.  Argon is used in arc welding because of its (2007)
(a) lowreactivity with metal
(b) ability to lower the melting point of metal
(c) flammability
(d) high calorific value

2. Thestructure of XeOj; is (2007)
(a) linear (b) planar
(c) pyramidal (d) T-shaped

3. XeF, and XeF, are expected to be (2007)

(a) oxidizing
(b) reducing
(c) unreactive
(d) strongly basic
PASSAGE-2
There are some deposits of nitrates and phosphates in earth’s
crust. Nitrates are more soluble in water. Nitrates are difficult to
reduce under the laboratory conditions but microbes do it easily.
Ammonia forms large number of complexes with transition metal
ions. Hybridization easily explains the ease of sigma donation
capability of NH; and PH;. Phosphine is a flammable gas and is
prepared from white phosphorous.
4.  Among the following, the correct statement is (2008)
(a) Phosphates have no biological significance in humans
(b) Between nitrates and phosphates, phosphates are less
abundant in earth’s crust
(c) Between nitrates and phosphates, nitrates are less
abundant in earth’s crust
(d) Oxidation of nitrates is possible in soil
5.  Among the following, the correct statement is
(a) Between NH; and PH,, NH; is a better electron donor
because the lone pair of electrons occupies spherical
s-orbital and is less directional
(b) Between NH; and PH, , PH, is a better electron donor
because the lone pair of electrons occupies sp? orbital
and is more directional

Topic-wise Solved Papers - CHEMISTRY

(c) Between NH; and PH, , NH, is a better electron donor
because the lone pair of electrons occupies sp? orbital
and is more directional

(d) Between NH; and PH, , PH, is a better electron donor
because the lone pair of electrons occupies spherical
s-orbital and is less directional

6.  White phosphorus on reaction with NaOH gives PH; as

one of the products. This is a

(a) dimerizationreaction

(b) disporportionation reaction

(c) condensation reaction

(d) precipitation reaction

PASSAGE -3
Bleaching powder and bleach solution are produced on a large
scale and used in several household products. The effectiveness
of bleach solution is often measured by iodometry. (2012 - 1I)
7.  Bleaching powder contains a salt of an oxoacid as one of its
components. The anhydride of that oxoacid is

(@ C,L,0

(b) CLO,

(© do,

(d) CL0q4

8.  25mL ofhousehold solution was mixed with 30 mL of 0.50 M

KIand 10 mL of 4N acetic acid. In the titration of the liberated

iodine, 48 mL 0f0.25 N Na,S,0; was used toreach the end

point. The molarity of the household bleach solution is

(@ 048M
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