CHEMISTRY FOR JEE MAIN & ADVANCED

EXERCISE - 1

Single Choice

1.

11.

12.

13.

16.

Unit cell : Unit cell is the smallest portion of a crystal
lattice which, when repeated in different directions,
generates the entire lattice.

In Bravais lattices, each point has identical surroundings.

For rhombohedral system, axial distance and axial angles
are a=b=c,a==7#90°

\3a

Distance between two nearest neighbours in bcc = EN

W32 17322 g
2 2
dC
de=a / f
\d
dfd \/Ea ’
3a dud
dbd = T dfd > dc > d‘bd
one square  two triangular
void void

In ABB AABB A, there is no close packing as there are
repeated planes adjacent to each other.

4r= a,\/E

w o > W o >

planes of closest packing

>

HINTS & SOLUTIONS

1
19. No. of tetrahedral voids = 8 x g =1

No. of Octahedral voids = 1x1 =1 (at body center).

20. Volume of hexagon :

2023

25.

27.

29.

32.

33.

NG
2

tan30°= S_

2xy So

y= = a and Area

_ 6\/§a2

4

—x

of hexagonal surface =6 [ ) b

la @}

volume of hexagon = area of base x height

. 2 . 2
=#Xazx2 \/;a—% ><(2r)2+2\/;x(2r)—
242 ¢

No. of A atoms = 6.

2
No. of C atoms = 6% 3 =4,
. Formula=C A, or C,A,.

Coordination number of Zn?" ion in Zinc blende = 4.

Zn*" ion present in half of tetrahedral void formed by
S* in fec unit cells.

1 1
A—> gx 8=1,B—>4x > =2 and O* =4 so formula of
spinal =AB,O,

In rock salt structure, Cl~ forms fcc (ccp) lattice & Na*
occupies octahedral voids, So tetrahedral voids are
vacant.

On increasing temp’ C.N. decreases.

. CsCl (8 : 8) structure changes into (6 : 6) NaCl type
structure.

Since Ag" (cation) is smaller than CI~ (anion) & hence
cation is present in voids.

InCaF,, Fy,io, is smaller.

anion
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SOLID STATE

37.

41.

44.

45.

47.

51.

. p-type semiconductors acquired positive charge because

p-type semiconductor have holes due to presence of 13
group elements in 14 group elements.

X=7 1.7 -1 6=3 Z—l
“MeTg o TTT 0 ATy
= X,Y,Z,.,=XY,Z
% %} ) Tringular Voids
2 Square Voids
2(r" +17)
. For(bcc)=r"/r=0.732anda= —7= —

3

and diameter of cubical void (2r") = a(4/3 -1)
=2.888x0.732=2.108 A.

no. of oxide ions = 4

£A particles = —*8= =
no. of A particles = 6 °73
) 1 4
no. of B particles = EX 4 = 3
soformulaisA,, B,,0, or ABO,.
1%(edge)
X ——> 2" (face diagonal)
- 3 (body diagonal)
Cu Ag
4 3
J \2
3 .
Froms c.c.p., 3 th of tetrahedral voids ,
z=4
Au

\

1
2 of Octahedral voids [
[.. No. of T- voids = 8].

No. of O- voids = 4]

. Distance between nearest neighbours is along the face

a2

diagonal = —— .
3 2

4x195
6.02x107 % (3.9231x10°%)?
=21.86 g/em®

a2
av2 _3.923142

4 4

ZxM _
NA><a3

Density =

for fce lattice, 4r=

A=1387A.

SO, r=

56.

60.

63.

66.

67.

68.

69.

70.

71.

Number of nearest neighbours in hcp pattern in its own

layer=6.

It is fluorite (CaF,) structure. Since formula is AB,
= No. of B atoms is twice the no. of A atoms. Hence B
occupies all the tetrahedral voids (100%).
AB,is(8 : 4)compound (Fluorite Structure Compound)
2

C.N.of A C.N.ofB.
( ret T Ie )+(rK+ +rBr’)7(rK+ +rc1’):( roe I )
3.285+3.293-3.139=3.439.

Some of O* combine with each other forming O, gas
which is liberated learning behind electrons at the site
vacated by oxide ions.

. Na=1x1=1
1
W=8x2 =1 = NaWo,
0=12x~ =3
= X — =
7 =3

1
Number of F atom in metal fluoride = g x8=1.

Number of M atom in metal fluoride=1 x 1=1.
So formula of metal fluoride = MF.

Coordination number of square packing pattern is 4.

1 1
for X, 8 x gz ; forY, 6x 523
so, XY,
. 17
No. of X atom per unit cell =7 x 28

3

| =

No. of Y atom per unit cell = 6 x

. Formula= X Y;or X, Y,,

CsCl compound has bee arrangement. Cl - ion forms cubic
lattice and Cs " ion occupied at body center of unit cell.

24
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CHEMISTRY FOR JEE MAIN & ADVANCED

72.

73.

74.

75.

76.

77.

78.

79.

Density of crystalline CsCl = 3.988 g/cc then,

dxMcyq
d = N % 3
A% (@)
: 3 ZX My
Volume ofunit cell (a)*= N, xd

1x(132.9+35.5)
© 6.023x10% x3.988

=7.01 x1023 cm?.

Radius ratio Types of structure Coordination

No.
r,/r <0.155 linear void 2
0.155<r /r <0.225 triangular void 3
0.225<r/r <0414  tetrahedral void 4
0.414<r/r <0.732 octahedral void 6
0.732<r /r <1 cubical void 8

a=2\2r

al = 163213 = 16x,2 x (2 x 10°8)3
=1.8x1072%2 cm?

v =

When all particle along one body diagonal are removed,
these 2 X particles from corner are removed, one Y particle
removed & 2 Z particle removed.

) 1 1 15
Hence new arrangement, X particle = 3 X6+ 2 x6= T

Y particle=3 ; Z particle=6
Hence formula = X,5,,Y,Z¢ = X5,YZ, =X.Y Z,

In new arrangement, A particles
_(Lxgrdus)| [Lxarlxa] 2
8 2 8 2 2

1 1 5

i = | =x12+1| _ [ 1+=x2| = =

& B particles ( 4 ] [ 4 ) >
So, formula is AB.

for tetrahedral voids i =0.225

L—0414
Ri .

2 2
g N2 &) fa) 2
2T T2 T T2) 2) T2

Henced, ,=d

= for octahedral voids

23
According to figure, it shows a simple cubic lattice. Now
observe the center atom , its has 6 nearest neighbours.

80.

81.

82.

86.

+8R=6.437R

2x4+/2R
Perimeter of planeis=2C+8R = %

Ionic solid having C.N. = 6 cation in octahedral holes.

r+
Hence, 0414 < : <0.732.

For ZnS = 41, T1o)= 3 a.
4(r, o +r1o) (0.83+1.74)
a= \/5 = a—4w—5.93A.

. Ferromagnetic substances can be magnetised

permanently.

. Refer NaCl (Rock salt structure).

. Z2=4,M=60
60 x 4 gram 6.023 x 1023 unit cells
6.02x10%
1 gram =2.5%x102!
60x4

Total positive charge = Charge on Mg** + Charge on

1 1
Al¥ = 3 x8x2 + By x4x3 = § electronic charge.

EXERCISE -2

Part # I : Multiple Choice

1.

Randomness (entropy) in amorphous solids is more than
that in crystalline solids.

Fcc can be viewed in two following ways -

(i) Planes along the faces (and parallel to it) of the unit
cell.

Each atom touches 4 in same layer, 4 in layer above
and 4 in layer bellow it.

Planes along closest packed spheres — each atom
touches 6 atom in same layer, 3 in layer above and 3
in layer below it.

=

(i)

Above
Layer

Same Layer

Layer Below

When silicon is doped with some group-15 element, the
some of the positions in the lattice are substituted by
atoms of groups -15 elements have five valence electrons.
After forming the four covalent bonds with silicon

24
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SOLID STATE

(or anyother group-14 element such as germanium). One
excess electron is left on them.

Since this electron is not involved in bonding it becomes
delocalized and contribute to electrical conduction.
Silicon doped with group 15 element behaves as a n-
type semiconductor.

n-type semiconductor

_ ZxM
6. Density = '\ 'xvolume

4x207
6.02x10% x11.34

4r= a\/E

L 495x10°x\2
4
Volume=a3=1.213 x 1022
so, a=(1.213 x 102413
a=4.95x108cm.

so, Volume= =1.213 <1022 cm?.

=175pm

7. Na' & F~ are isoelectronic hence they will have same
screening const (s) but not the effective nuclear charge.

and My, +T-=231A and - =1.36A

MNa* /rF’ = 0.7
(coordination = 6, rock salt structure)

8. Schottky defect is only observed in ionic compound.

9. Ferrimagnetic substances lose ferrimagnetism on heating
and become paramagnetic. In ferromagnetic substances
all the domains get oriented in the direction of magnetic
field and remain as such even after removing magnetic
field.

Part # I1 : Assertion & Reason

1
1. In HCP structure corner atom contribution is (g) .

3. Zinc oxide losses oxygen reversible at high temperature
and turn yellow.

Based on radius ratio.

There is both a vacancy and an interstitial ion.

In these defects stoichiometry of compound maintained.
In schottky defect density decreases while interstitial
defect density increases.

L PR

1.

EXERCISE -3

Part # 1 : Matrix Match Type

Zinc blende— fcc
(A) ZnS crystal

Wurtzite—> hep
S* ion are present in fcc lattice & Zn** ion occupy
all the tetrahedral voids distance of tetrahedral voids

J3a
from corner = T

(B) CaF, — Fluorite structure
Ca” ionare present in ccp lattice & F~ion are present
in all tetrahedral voids.

(C) NaCl — Rock salt Type structure
CI ion are present in ccp lattice & Na* ion occupy
all the octahedral voids.

(D) Diamond crystal — C atom present in fcc lattice in

which alternate tetrahedral voids are occupied by C

atom.

Part # II : Comprehension

Comprehension#1 :

1.

2.

On heating, ZnO dissociates reversibly as
1

ZnO = Zn* + 5 0,+2e

Zn*" ions occupy certain interstitial sites whereas the

electrons released are present at the neighbouring sites,

which act as F-centers.

In the crystallization, some Ag" ions will get replaced by
as many half of Cd*" ions. Thus the cation vacancies will

be the same as the number of Cd*" is ions incorporated.

Comprehension #2 :

2.

3.

1 1
No.ofX:8><§ +6x5 =4 = 4 XY unit per cell.

1
No.on:1+12><Z:4

At edge center , there is octahedral void in f.c.c. lattice.
= C.N.ofY=6
(6:6) C.N. = NaCl Structure.
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CHEMISTRY FOR JEE MAIN & ADVANCED

EXERCISE - 4

Subjective Type

1.

Number of atom effectively present in a cubic unit formed by

arrangement of eight B.C.C unit cell

1 1 1
=8x —+ —4+6x —+1+8=
8><8 12><4 6X2 1+8=16.

va
o o
o o
/) 7
®) o 4
UNIT e ©
CELL /~ Vad

2xM

Density (d) =2 = (3)3 M =27 amu

Then No. of atoms present in 243x10% amu is

243x10%*
27

= 9x10%

Ionic —NaCl , ZnSO,
Molecular— S, I,

Network — SiO,, Diamond, Si
Glass

Metallic — Bronze, Fe

Amorphous — Rubber,

1
(a) Number of atoms in 2D unit cells = 3 * 6+1x1=3.

(b) Packing efficiency (of 2 layers)
Number of atoms x Volume of 1 atom

~ Total volume of 2 layers of unit cells x 100

3><ﬁ7tr3
3

Packing efficiency = 00

area of hexagon x height ™ 1
3x p r’

-7

) 6XT3><(2r)2X(2r)

% 100=60.43%.

(i) 23 3 (ii) 2r4/2/3 ; (iii) Yes, of course
(2)450 A, () 520 A, (¢) 12, () 6, (¢) 0.925 glem?’

10.

It is formed by four spheres the centres of which form a
regular tetrahedron.

(R

Tetrahedral void

@) Octahedral void Tetrahedral void
HCP 6 12
FCC 4 8
(ii) False
Calculation of c.
! 1
1 ] |
I
! 1
I | h
19 e, a
I | C
[N Am\
I 7 —
h I ) l&——a—->
l i

a 2a__a
cos30 = oxx SO X7 2)(\/5 ’\/5
Applying pythogoras theorem : x? + h? = a?

2

a
_xl=glo =

3

2
h—\/:a—2\/2r.
3 3

2
so height of hexagon ¢ =2h=2 \/; a.

so h’=a’ 2 and

Ea

ZxM

- Density of hep = N, *(Volume of unit cell)

3
Volume of unit cell = 6 x e aZxC

 6x1.732
4
= 107.281 x 1024 e,
o 6x47.8
enSItY = 02310 2 x107.281x10 2

x295.5 %295.5x472.9 x 10730

d =4.438 g/cm’.

24
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SOLID STATE

12.
13.
14.

16.
17.

18.
19.

20.

21.

S @XY, M)HXY, ()XY, (iii)) X,Y,,Z

(a) Fe,0,, (b) CdI,

1
No. of Tiper unit cell =1 [Body center] x — =1
(2)2.878 A, (b) 12, (¢) 19.4 g/en?®, (d) 0.7405 1

Edge length a =500 pm =500 > 10" cm No. of O per unit cell =5 [Face center] x L
Volume, a*> = (500 pm= 500 x 101° cm)*=12.5 x 102 cm?’. 2
For fcc structure, number of atoms per unit cell, Z=4
Atomic mass, M=98.5g

density, r=5.22 gcm™

So formula of compound = Mg, TiO
32

: 3 5
We know that : Formula mass =24 x 7= +48+16 x = = 18+48 +40
MxZ 98.5x4
Avogadro constant, N, = 2 xp = m =106 amu
=6.038 x 10% atoms mol-! As corner ion are touching so:aZZng2+ =2x0.7=14A

mass 106x1.67x107*
(1.4)°> x107*

d

= g/em’®=64.5 g/cm?
N, =6.04x 10 Volurgg

Number of octahedral void in ccp = Z ; 22. When the atoms or ions are missed or misplaced in the
Number of tetrahedral void in ccp = 2Z.

For A,B, Number of anion B = 4.
Cation (A) present in all octahedral void (100% occupied) Fe..O
and half tetrahedral void (50% occupied), then number 0%

crystal, the defects are called point defects.

1 23. (i) pa2+ 3+
of cation (A) inunit cell= 4+ 8 x 37 8. Fe Fe

X 0.93 —x

So, formula of compound = A B. by charge balancing

\ \ 2x +3[0.93 -x]=x
4Fe* & 40 x=2.79 soFe** =0.14
In ferromagnetic substance the magnetic moment is In 0.1 mole compound Fe**=0.279 & Fe** 0.014
aligned spontaneously in one direction under the No. of vacancies =0.007 mole
influence of external magnetic field and they become =0.007 x 6.02 x 10® vacancies.
permanently magnetised. When magnetic moments are (ii) No. of Fe** ion = 0.079 mole which are replaced by

aligned in parallel and antiparallel directions in unequal
numbers resulting net magnetic moment it is called
ferrimagnetism.

Sn*" with each replacement one vacancies is created.
So no. of vacancies due to replacement of Fe*" by Sn**

0.079 0.079
In Silicon, electrons are fixed in covalent bonds and are T mole= ) 0.0395 mole

not free for conduction, hence it is an insulator. On
heating some of covalent bonds break and released
excited electrons which can move under the electric field,

Total vacancies =[0.007 + 0.0395] mole
=0.0465 x 6.02 x 10 vacancies

and thus make the silicon, semiconductor. 24. () volume occupied by N, unit cells
: 1 :
No. of Mg?* per unit cell = 8 [At corners] x i 1 _ mass of NA.umt cells _ 168.5 4225 om?
density 3.988
1
No. of Ti per unit cell = 1 [body center] x 1~ 1 42.25
1 so volume of one unit cell = 6.02%10%

No of O per unit cell = 6 [Face center] x 3" 3 =7.014x1023 cm?

_ » (b) smallest Cs — Cs distance = a = (volume)/3
so formula =MgTiO, ‘ =(7.014x1023)13=4125A
atom are removed along face diagonal

1 6 3 . 3 412543

No. of Mg = 6[ At corner] x 3831 (c) smallest Cs — Cl distance = 2 2 = T\/_ 3.572A.
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25. For simple cubic lattice

2(R+1)=a+/3 =2R3  [forsimple cubic lattice a=2R]

r 10
Re(s—1) = (B—n)A
2x10 3
Thenvolume=a3=(2R)y} = m =1000(+/3 +1)A3

26. Volume of one unit cell = a3 = (288 x 10710)3 cm?

mass _ 208 5
Volume 0f 208 gofelement = density 7.2 =28.88 cmr
28.88

so no. of unit cells in this volume = [2.88% 10—8]3

=12.09 x 1023 unit cells
Since Z=2
so Total no. ofatoms =2 x 12.09 x 1023 =24.18 x1023.

mass

27. d=
volume

For orthorhombic volume=(a x b x ¢)

128%32x1.67x107% .
= [10.46%12.87x 24.49]x 10 2 gram/em

=2.075 gram/cm®

28. A®,0;—ionic
Br, — vanderwaal
F, —vanderwaal
IC® —dipoledipole
H,O —dipole - dipole (H-bonding)
NaCl - ionic,

F,<Br,<IC® <H,0<NaCl<ALO,

ZxM
6.02x10% x[axbxc]

29. d=

2xM
6.02x10% x[12.05%x15.05%2.69]x107**

= M =208.4 gram/mol.

1419= gram/cm?

ZxM 2x183.9
.ad= - 23
N,y xd  6.02x10~x19.3

30

soa=3.16 A
now length of the body diagonal = ay3 =5.48 A.

31.

32.

33.

34.

.d

. . 2
Actual given density = 3 amu /A3

Density when 100% solid Ar filled

40 2

363 4100
[56)
36

=40% Ans.

then % of solid Ar without anything

7236 - 27.64
56 T 16
Hence proportionis 1 :1.33 ;
So Empirical formula is Fe,O,,
Empirical formula mass =232 amu
Now if there are x formula units in the unit cell
x(232)
. 6.02x10%
“ (839x10°%)

Hence number of ions in the unit cell = 56

O = 1292°Fe,1.72750°

= x=7.968 = 8

Perimeter =2a + ﬁ a
=2[2(R+1)]+4R=4[r+2R]

1
Number of Au atoms in unit cell = g x8=1

1
Number of Cd atoms in unit cell = E x6=3

The formula the alloy will be AuCd,.

2 XM 4xM
fee ™ N (afcc)3 - N x (afcc)3

Zgee *M 2xM
BCC T NoX(ape)’  NpX(ap)’

3
dfCC Apee
Ay 2
BCC Afec

According to question 2 a. =3 a,_
as | (2
- Agee B \/g

3
) V2 ~1.09
dBCC B \/5 o )

= d
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SOLID STATE

36.

37.

39.

Octahedral void is present at the body center, which is
formed by six face centered atoms.

LR 10 (0.155R)?

) 3

2

Packing fraction= x100=95%

1
2@R)

. (a) Fortitanium hydride

No. of Ti atom per unit cell =4

No. of H atom = 8 [in tetrahedral voids] x 1 = 8.

So formula of compound = Ti,Hg or TiH,

For titanium carbide

No. of Ti atom per unit cell =4
of C atom per unit cell =4 [in octahedral voids] x 1 =4.
So formula of compound = Ti,C, = TiC,

No.

Ly
L =0225

Ti

For tetrahedral void.

(b)

©
@

T,
For octahedral void rL =0414

Ti
The void occupied by small size particle is depends
on radius ratio. As per radius ratio H atom occupy
tetrahedral void not octahedral void.

39.6
Pco, x9.56= x0.082 x373

44
Pco2 :288
P Jgas = 0-32
For A-gas — P, xV=nRT

=0.32x9.56=n, x0.082 x 373
n, = 0.1 mole.
so molar mass of A =254.5

ZxM
Again d, = N.xa’
0
4x254.5
a3

T 6.02x1023x2.3
a=735.2x 1024
a=9x1038
4r=2a

For FCC lattice

VA

r=—a=3.19x10%cm.
4

40.

41.

42.

44.

46.

. (@)

4 4
b=4 [Enﬁ} XN, =4x 3 X3.14[3.19 x 102x6.02 10

=327.26 cm*/mole.

“me= 2 2am 24
a=2R,c= 3 a= 3 r

ZxM

e B Zx18
d= N, x Volume ~— hez=

6\/§a2 }
—— _X¢
4

6.02x10% {

Zx18

63

6.02x10% {4x (4.53)" x7.41x 1024}

= 092=

(a) Distance =

#—@—335.15 pm

(b) TN, =335.15-181=154.15pm.

ag

1
. (a)dH:Ex\/g. 2°° =154.4pm

N

3
8§x —m d°2‘° j
(b) fraction = a—3 =0.34

w

OA‘anngllX4
g 2

So, formulais ZnAlO,.

As each Zn?* ion is present in tetrahedral void. So it
is coordination number is = 4.

(b) Similarly S>~ion have coordination number = 4.

(¢) AsZn?"ionis present in tetrahedral void that's why
line's connecting any two nearest neighbour and
Zn?" have angle = 109°28".

an2+
(d) For tetrahedral voids radius ratio is P 0.225.
s>
a 3r a a a

r,tr = 3 = PR r_ZE andr, = 3

4x—m(r] +1)

Packing fraction = ———5——

a
3 3
axdal(a) (2
3 6 3

Percentage void =30%.

24

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



CHEMISTRY FOR JEE MAIN & ADVANCED

7. == L0 s
L 1.864

So, it is CsCl type unit cell
So \/5 a=2(r +r)

2(1.864+1.6)

Soa= NG A=2x2A=4A
. 1
48. No. of Sr atom per unit cell = 8 [corner] x rie 1
No. of Ti atom per unit cell =1 [center] x 1 =1

1
No. of O atom per unit cell = 6 [face center] x 37 3

So formula of compound SrTiO,
Edge length=391 pm.

(@) Tiatom is present at body center of fcc lattice which
act as octahedral voids. Which has coordination
number = 6.

(b) Sr atom is present at corner of fcc lattice with has
coordination number = 12.

. ZxM 184
(©) density =d =" "33 = 6.02x10" x(3.91x10°°)°
= 5.1 gram/cc.

(d) In fec lattice distance of nearest neighbour of Sr atom

J2a _ @
= T = \/E —2765 pm

49. (i) In schottky defects density decreases.
(ii) In interstitial defects density increases.

(iii) In frenkel defects density remain same.

N
50. 2(1-x)/(3x=2) (Lel\{ly) _l\)il_y

= Applying charge balance , 2y +3(x—y)—-2=0

= y=3x-2
MY x-y  x-(3x-2)  (2x+2)
M* Yy 3x-2  3x-2
2(1-x)
~ (3x—2)

EXERCISE - §

Part#1 : AIEEE/JEE-MAIN

1.

When an atom or ion is missing from its normal lattice
site, a lattice vacancy is created. This defect is known as
Schottky defect . Here equal number of Na” and CI - ions
are missing from their regular lattice position in the
crystal. So it is Schottky defect.

1
Number of A ions per unit cell = 3 x 8=1; NumberofB

1
ions per unit cell = 2 x6=3
Empirical formula=AB,.

In case of a face-centerd cubic structure, since four atoms
are present in a unit cell, hence volume.

(30 |-
V=4 3 3

According to question :
Number of Y atom in ccp unit cell =4

Number of X atom in ccp unit cell = 8 x 3T

Formula of compound =X, .Y, =X Y =X,Y,

In fec unit cell 4r= /2,
[r=radius of Cu atom, a = edge length]

J2a
4

So r=

r= @ =127 pm.

€SS,

2x110+2xr =508
2r =288
r =144pm

T
i i =— = 0
Packing fraction of CCP 32 0.74 = 74%

Percentage of free space in CCP =100 —-74=26%

3

Packing fraction of BCC = 5 =0.68 = 68%

Percentage of free space in BCC=100—- 68 =32%
A | B

8x— le
8 2

Formula of compound A B..

24
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SOLID STATE

10.

11.

12.

FCC lattice
a=361pm
a,\/E =4r
1x~/2

r= # ~127.6~ 128 pm.
For BCC structure J3 a=4r
r= ﬁa = £><351 =152 pm.

4 4
In FCC unit cell atoms are in constant along face diagonal.
So, J2a=4R

V2a a
closest distance (2R)= =—
2 2

In Frenkel defect, some of iron (usually cation due to
their small size) missing from their correct position and
occupies position in interstitial.

Part # II : IIT-JEE ADVANCED

4x6.023xYx10°
density (d) = 6.023 % 1023 (2Y1/3 % 10—9 )3 =5.0 I(g/M3

(b) Observed density of AB is 20 Kg/M?3

Which is Higher then calculate density 5kg/m? thus AB
has either interstitial impurity defect or substitutional
impurity defect.

In cubic close packing no. of tetrahedral void =2 x no of

atom. As there are 4 S2- ions at lattice point and they
need 4 Zn™2, which adjusted in alternate tetrahedral

4

T
void (0225< = <0.414).

T
Forf.c.c. [r_l y 0'414J octahedral void

2

1;

r—l = 0.225 Tetrahedral void
2

We know along face diagonal for f.c.c. 4r,=a N

a2
4
required diameter of interstitial sites = 2r; =2 x 0.414r,

2x414x+2xa _ 2x.414x~/2x400

= I,=

Diameter =
4 4
=117.1pm.
M
d:N 3 = Z=20x10"=2
A

\/ga:4R

So its is a bee unit cell. Hence

so R= g x 5A=216.5 pm.

(A) Simple cubic and fcc (i) have the cell parameters
a=b=c & a=f =y (choice P) and belong to the
same crystal system (choice (s)).

(B) Cubic & rhombohedral (i) have the cell parameters
a=b=cand a = =y (choice P) and (ii) are two
crystal systems (choice (q)).

(C) Cubic and tetragonal are two crystal system (q).

(D) Hexagonal & monocubic (i) two crystal system
choice (q) p (ii) have only two crystallographic angles
0f90° choices.

1 1
Total no. of atoms in 1 unit cell = 12xg +3+ 2X5

=6
2 . .
C= 3 4r = Height of the unit cell.

Base area= 6 x g (2r)%.

Volume of the hexagon = Area of base x Height=6.

V2 V2

T a2><c:4r2><7 4r =24 \/EIJ

volume of the atoms in one unit cell

Packing fraction = :
& volume of one unit cell

6><ﬂ7tr3

__ 3
24,2 12

= empty space =100 —74 =26%.

n
=—= = =740
32 0.74=74%

24
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CHEMISTRY FOR JEE MAIN & ADVANCED

GMM =128 xN, x 10
9. Frenkel defect is a dislocation defect.

Trapping of an electron in the lattice leads to the
formation of F-center.

NA

=——48 %256
128xN, x107*

N =2 Ans.

14. Hatom: Ll - Paramagnetic
Tr
NO - Ny P ti
C/ Q , monomer L h \\N aramagnetic
I&

L—

10.

0, —(Superoxide) :- 61s%, 6*1s*, 6257, 6*25%, o2p°

m2p||[m*2pl

4R=L42
so, L= 22R

n2p, ||t *2p,

One unpaired electron is present in either n*2p_or n*Zpy.
Area of square unit cell = ( 242 R)?=8R? So it is paramagnetic in nature.

Area of atoms present in one unit cell Dimetric sulphur in vapour phase :- It is similar as O, in

nR?

—R2+ 4[ Mn30 s It is combined form of MnO and anO3
4 Mn*? has 5 unpaired electrons (d° electronic
2aR> configuration)
so, packing efficiency = 8? x 100 Mn" has 4 unpaired electrons (d4 electronic
configuration)
So it is paramagnetic in nature.
(NH,),[FeCl,] :- Consist [Fe"*C,] ion.
[FeCl 4]’2 tetrahedral, sp® Hybridized, has configuration

vapour state, paramagnetic in nature.
] =27R?

% 100="78.54%

ENg

eg’, t’g’.(Paramagnetic in nature)

(NH,),[NiCl,] :- Consist [Ni"*Cl,]? ion.

[NiCl,] " tetrahedral, sp® Hybridized, has configuration
11. eg’, t2g3. (Paramagnetic in nature)

K MnO, :- Mn'¢ is present in compound which has one
unpaired electron in 3rd subshell. Mn*® -[Ar]3d!
Paramagnetic in nature.

1 K,CrO, : Cr'® is present in compound which has zero
12. No.ofMatoms= — x4+1=1+1=2

4 unpaired electron, diamagnetic in nature.

1
No. of X atoms = N 6+ ' 8=3+1=4 15. As per given information cation form FCC lattice
so formula=M X, =MX, and anion occpy all the octahedral void.

So M* X & FormulaMX
4ion  4ion
Afterstep I 4ion  lion

13. 2
FCC a=400pm

gf = Z e *GMM Afterstep II lion  4ion
FC& N, xa’ Afterstep Ill Oion 4 ion
AfterstepIV 1ion  3ion
8g/ml= _AxGMM No. of anion 3
N, x64x107 Soratioof ——————— ==

No. of cation 1
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SOLID STATE

S VOCKTEST oy

1. A

2. (D
When all particle along body diagonal one removed,
these 2 X atoms from corner are removed, one Y particle
removed & 2 Z particle removed.

) 1 15
Hence new arrangement, X particle = 3 X6+ 2 x6= T

;'Y particle = 6; Z particle =3

Hence formula = XEY326 - XEYZG
4 4

=X.Y,Z,
3. B

From the sizes of octahedral and tetrahedral voids, it is
clear that the atoms occupying these voids will not touch
each other as we have along body diagonal of FCC.

4. &)
g /L+L+L_\E da 1
w< \16 16 16 V16 ¢ %cc”

5. (A)

6. (B)

7. @A)

Formula ZnA120 A

Packing fraction

_ Total volume of particles present in one unit cell

volume of one unit cell

4 3 2x4 3 4x4 3

gﬂ:anB + TTCI‘A13+ + ?Tl:roz,
= =
4 a%(0.225)° 4 a’(0.414) 4  a’
g, -\ Ix_—qpi AT 4x—

:[3” ey U ey )T ey
3

a

=0.77

10.

17.

18.

21.

D)
In 1 mole ofM O,

mole of M* ion =y
mole of M3* x —y.

Applying charge balance, 2y +3(x—y)—2=0

MY x-y x=(3x-2) _(2x=2) _2(x-1)
CMP Oy 3x-2 3x-2  3x-2

B,0)
From FCC unit cell

©

Atoms along one ed ge or at corners do not touch each
other in FCC cell.

. (ABCD)
-
. (B)

Zinc oxide losses oxygen reversible at high temperature
and turn yellow.

. (A
. ©
- (A)

3x+(0.93-x)x2=2
x=0.14

4
x100 =15¢9
0.93 15%

% of Fe as Fe (III) =

GV

d
4d_ sin(54°44)= 22 = 1= =078

©

8x12
d= NA><a3 =3.37 gm/cc.

- ©O

) 1.2xN,
Total number of unit cells= ———— =7.5 x 10?.,
12x8

. [A—>p,q,8];[B—>p,q,1]; [C—>5s];[D—>p,q,s].

[A—>p,q,r,s];[B—>p,r,s];[C—>p,s];[D—>p,ns]
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CHEMISTRY FOR JEE MAIN & ADVANCED

22.

23.

24.

25.

; 81x 2x1000 15 o TNA o 006x 100 = x =3.04 X 106
_ _ == =2, X =3.
6x 105 [4xdx5]x10 2 Mmgec=375 melec. 2
Mass of 1 units cell = 4 x mass of | NaCl unit Now if edge length of unitcell=a =  ax=1.62mm.

= a=5.33x10"mm=2a=533pm

58.5
=4x——— g=3885x10"g. 3
6.022x10 = ; =230.8 pm
i 1.0 (b) So metal must be potassium
. = u u
.. Number of unit cells per 1.0 g of NaCl 3885x102 p
=2.57 x 10% 2x39

=" 5 a1 = 3
(©) P 6.022x10%5 x a3 0.86 gm/cm

No. of unit cels peredge = 3/2.57x10?! =1.37 x 10"

PM 12.5%x39 797 % 107 s
= —= = X > om/
Pas™ RT ~ 760x0.0821x1075 gmvem
701.1x4 . .
, - Ans. (a) 231 pm, (b) K, (¢) density of solid =0.857 g/cc,
(a) Molesof H, gas 760x0.082 300 0.15.

density of vapour =7.29 x 10—6 g/cc

3
M+3H" — M*+ EHZ
1
26. pH= B {pK, —pK, —log C}
2.7x1

moles of Mused =0.1= m

5 1
= 6=70--—7logC= C=001M

= Atomic weight of metal =27 gm/mol. 22
metal is Al. 1.296 1
b Do 7 [Mj - C= Molarmass 100
ensity = —| —3
4 N, a’ = molar mass of salt=129.6
7 7 For rock salt, 600\/5 = \/E a

= 277 0m [(405.5><10_10)3 j a=600pm=600x10""cm.
Now densi

= Z=4 Y

: _ Z (M 4 129.6

(¢) For FCC unitcell, 4r=+/2 a _ === _
=N, \a' ) 6.0x10%| (600) x10-0 | = gmee.

= r=1434pm.

Ans. 4g/cc
PV 125 1 1

—= X—X
RT 760 2 0.082x1075

(2) n=no. of moles =

=0318x10°
Number ofatoms =nN, =5.612 x 10"

nN ,

2

So number of unit cells = ( j =2.806 x 10"

So, if there are x unit cells along one edge of given cube
then

Then total number of unit cells in the cubic crystal
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