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— Strategy

‘Strategy’ illustrates a general
step-by-step approach towards
solving a problem.

This is our attempt to guide
students to map out a strategy for
solving the problem.

r'or dilution, MV,

I ne

(solutions), M

5. (B)

FEATURES

5. The vapour pressure of acetone at 20 °C is 185 torr. I_

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
. [JEE (Main) 20 5]
(A) 32
(C) 128

(B) 64
(D) 488

Strategy

Binary solution containing
non-volatile, non-electroly*~ lute

[ PA , Pa, Wg and Wy

E formula
- W x

( Molar v s of solute (Mg)

Pa=Pa _ WoM,
PA MW,
18 -183  1.2x58
85 M,x100
Mg =12 28 185 = 64.38 ~ 64 g/mol
2 100

=M,V
[ (Initial)  (Final)

Resulting molarity of the
_ Mlvl +M2V2
Vi+V,

Smart tip i

‘Smart tips’ comprise important
theoretical or formula based short
tricks considering their usage in
solving MCQ.

This is our attempt to highlight
content that would come handy

two mixtures

while solving questions.

B R R T NEENE=m——w=—w—.



FEATURES

This is our attempt to make a student |
aware of possible common mistakes.

|~ Caution - A CAUTION I }
I
o . )

I ‘Caution’ apprises students about Ensure to convert edge length from A to cm before | |
| mistakes which are made while substituting in the density formula. |
: solving an MCQs. _ )
I

I

r SMART CODE -2 ) \— — 4 Smar. “ode —

I
: For 3d series: Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn. . ‘ , ] ) I
| Scary Tiny Vicious Creature May Fear Cows and Nice Sarr .Sh‘ s smplo gl |
I Cute Zebras. ,smart . I created for selected :
: For 4d series: Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd. Thzg % j‘ ~ atte. npt to offer students a I
| Yes, Zebras can Never, but Most Technicians can R~~- memory  echnique that facilitates :
| Rhymes Properly And Correctly. “vrer .lection. I
I For 5d series: La, Hf, Ta, W, Re, Os, Ir, Pt, Au, | 1. |
: Late Harry Took a Walk and I
| kReached Office In Pajamas After an Hour. :
- - _______ = _______ J
I Q.R. Codes -y f r e -
I ‘O.R. code’ provides access * a 4 Stuucnts can scan the adjacent QR code to I
| video in order to boost under .andi_ et further conceptual clarity on seven :
| of a concept or activity. crystal systems. |
| This is our attempt to ). Alitate |
: learning with visuc . |
________ - — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — ]

> N Formulae B

- 'TormL -
| :

I . Ke. -tion potential = — Oxidation Potential ‘Formulae’ includes all of the key

-

I

I

I

o formulae in the chapter. |
I 2. F e.m.f) = E° —E° .

; a (em.f) (cathode) (anode) This is our attempt to offer students |

=E° im0 — E° 1 jle |

(Right) (Left) tools of formulae accessible while

solving problems and last minute :

I

I

I

I

I

I

I : Gibbs energy change and e.m.f. of a cell: o
revision at a glance.

AG = —nFE and A,G° = —nFE’

| cell

I Where, A,G = Gibbs energy change
: A;G® = Standard Gibbs energy change
I




FEATURES

A compound ‘X’ upon reaction with H,O produces a
colourless gas ‘Y’ with rotten fish smell. Gas ‘Y’ is
absorbed in a solution of CuSOj, to give CusP; as one
of the products. Predict the compound “X’.

[NEET (Odisha) 2019]

N Clock Symbol - —

given MCQ can be solved apace by
applying either smart tips, smar
codes or thinking hatke.

|
I
‘Clock Symbol’ instructs students that :
|

|
Eé)) 1(31?{3(2(1)4)2 Eg)) izsgz This is our attempt to make studerts |
4 203 attentive towards their percepti « o)
approaches possible for sol. ™~ 7 an |
MCOQ.
- T __ — |
] Miscellaneous —— 1
MISCELLANEOUS
Miscellaneous ~ MCQs  covers . N o
2. Phenol —— X —— Toluer

concept of different sub-topics of
same chapter or from different

(A) a=NaOH
chapters. (B)
This is our attempt to develop _
cognitive thinking in the students E]C3§ a=Zn dustgf

essential  to
involving fusion of multiple key

solve  questions

Identify reagents ‘a’ and ‘b’
a= CHCl3;/Na®'" h=,

a=Na,Cr( /H b= Xaney Ni

b “OyH"
OH/H"
v Ch, 1, anhydrous AICl;

concepts.

N

0.44 mole of electrons were pac~ 7 through four
electrolyte solutions for 1 secon conn .ed in series.
If the solutions are ¢ AICl; Zr” 04, uCly and
AgNO;3, find the CORRE T de. asing < der of the
amount of each metal depo. =d a.  ..ode of each
cel. M.W.: Al=27 _.. <54, <=108, Au=197)

(A) Ag>Au>7 >Alb Ai1~-Zn>Ag>Au
(©) Au>Ag>., >AlD) Al>Zn>Au>Ag
(A)

According .0 Fai. 'ay’s . ~ond law of electrolysis,

mass © .. luctdep. ‘tedc< -quivalent weight

Eeq\ ‘ 3+) = ;3 =9, Eeq(Ag+) = % =108

k. 70 “%:32.7 , Eeg(Au) = % —65.6

.enc , .ae correct decreasing order of amount of

diffe ent metals deposited is:
. o> Au>Zn> Al

@' Thinking Hatke - Q.2

Since, same quantity of electricity is
passed through all the electrolytes; mass of
metal deposited in each case will be
proportional to their respective equivalent
weights. Equivalent weight of Ag is highest
among these metals. Hence, option (A) is the
correct answer.

" Thinking Hatke f—

‘Thinking Hatke’ reveals quick
witted approach to crack the
specific question.

This is our attempt to develop skill
of lateral thinking in students.



Frequently Asked Questions

»  Why Challenger Series?
Gradually, every year the nature of competitive entrance exams is inching towards conceptual
understanding of topics. Moreover, it is time to bid adieu to the stereotypical approach of solving a
problem using a single conventional method.

To be able to successfully crack the NEET/JEE (Main) examinations, it is imperative
develop skills such as data interpretation, appropriate time management, knowing various method:
to solve a problem, etc. With Challenger Series, we are sure, you’d develop all the aforementioned
skills and take a more holistic approach towards problem solving. The way you’d tackle ad” ..o °
level MCQs with the help of hints, Smart tips, Smart codes and Thinking Hatke would giv> ou the
necessary practice that would be a game changer in your preparation for the competitive ¢. -ance
examinations.

> What is the intention behind the launch of Challenger Series?
The sole objective behind the introduction of Challenger Series is to sev: ‘ly te. the < .dent’s
preparedness to take competitive entrance examinations. With an eclectic r« ~e ot crtical and
advanced level MCQs, we intend to test a student’s MCQ solving s! .. -ithin - pulated time
period.

> What do I gain out of Challenger Series?
After using Challenger Series, students would be able to:
a. assimilate the given data and apply relevant ~~~-~=pts\ 'th utmo: ease.
b. tackle MCQs of different pattern such .s match the ~Imr 5, diagram based questions,
multiple concepts and assertion-reason ¢ iciently.
c.  garner the much needed confidence to a =ar for comy :itive exams.

d.  easy and time saving methods to tackle tn. 7 questic s will help ensure that time consuming
questions do not occupy more time than you .. ot per question.

>  How to derive the best advantage » ... “ook?
To get the maximum benef'* of the ook ve ~*commend :
a.  Go through brief thec * give .c the eginning of a chapter for a quick revision. Commit
Smart Tips into memory . 1pa, ** .aon to Caution.
Know all the Forr ... ~omj "~d at the end of theory by heart.
c.  Using subtopic 1 ise seg. zaticn as a leverage, complete the Concept Building Problems at

your own pace. ‘estions Tom various competitive exams such as JEE (Main), NEET-UG,
NEET (C .. ») ai. “~~_.d and placed along the flow of subtopic. Mark these questions
specially to gau._~the . “nds of questions in various exams.

d. Be «xu. -eceptiv. to 1..nking Hatke, Alternate Method and application of Smart Tips.
A milate . ~m into your thinking.

e. Afte. mastering stimulating questions, take up Practice Problems as self-assessment and

“ify « ~wers as well as methods. Check if you could apply smart tips, alternate method,

2tc as mentioned in hint. Find out if you have invented ingenious solution mapping to
thir <ing hatke explicated in hints.

f. " atch the linked video for an efficient revision of chapter theory.
Ruminate over questions from Problems To Ponder and appreciate aesthetics of the concepts.

> can the Questions presented in Problems to Ponder section be a part of the NEET Examination?

No, the questions would not appear as it is in the NEET Examination. However, there are fair
chances that these questions could be covered in parts or with a novel question construction.

Best of [uck to all the aspirants!
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1.0 Introduction

1.1 Classification of solids
1.2 Classification of crystalline solids

1.3 Unit cells and crystal lattices

*1.4

1.5 Seven crystal systems

1.6 Three types of cubic lattices

Bragg’s law and its applications

Solid State

1.7 Packing in solids

1.8 Packing efficiency

1.9 Calculation of density of unit cells

1.10 Imperfections in solids

1.11 Classification of p ‘nf def -tc

1.12 Electrical properties ¢ olids
**1.13 Band theory

1.14 Magnetic p1. =rties o1 lids
* marked section is only for JEE (Main) **marked section is for N7 _.
1.0 INTRODUCTION
> States of matter: Matter can exist in three physic: states.
Ma
v . v i
Solid | Liquid Gas
> General characteristics of soli.  tate.
Solids
4 ! v v v v v
. .. || have def~te ‘ are have fixed mass, have low have. .
are rigid h . Aressibl volume and diffusibilit characteristic || are hard
shi e "ince. nressible density iffusibility || 1 clting points

1.1

CLASSIF CA1. "N OF SOLIDS

> Clas~""“-atio.
Sr.ds o
a ang’ ael

T Me

€ solids:
class “ed into the following two types on the basis of the presence or absence of orderly

*f'the constituent particles:
Crys dline solids: 4 crystalline solid is a homogeneous solid in which the constituent particles, atoms, ions
- s are arranged in a definite repeating pattern in three dimensional space.

A orphous solids: The substances that appear like solids but do not have well developed perfectly ordered
ar .ngement of constituent particles are called amorphous (no form) solids.

Property

Crystalline solids

Amorphous solids

a. Shape

They have definite characteristic
geometrical shape due to the orderly
regular long range arrangement of
constituent particles.

They have irregular shape i.e., lack
characteristic geometrical shape due to the
short ranged orderly arrangement of
constituent particles.

b. Melting point

They have sharp and characteristic
melting point.

They do not have sharp melting point. They
gradually soften over a range of temperature.
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1l The unit cells of 14 types of Bravais lattices are shown in the following figure:

Primitive (or simple) Body-centred Face-centred |

Three Type of Cubic Cells (a=b=c,a=p= y=90°

Primitive Body-centred
Two Types of Tetragonal Unit Cells (a=b=zc,a=p= y=90

Primitive Body-centred Face-cent d End-centred

Four Types of Orthorhombic Unit Ce.. =~ o#c,a=p= y=90°)

Pri .uv End-centred

T " vpesor “onoc “ic Unit Cells (azb#c,a=0=90°1v=90°

a b
= f
c
[ B c v
i &
: Triclinic Unit Cell Hexagonal Unit Cell Rhomb?:?;ai Ianit Cell
: cazbzc,axf=y=90° (a=b#c,a=p=90°y=120° a=p=7%90°

Students can scan the adjacent QR code to get further conceptual clarity on seven crystal
systems.




Chapter 1: Solid State

b. The following table gives the limiting values of radius ratio, the coordination number of the cation
and the structural arrangement of anions around cations.

Radius ratio 2 CoordinatiO{l Struc.tural arrangengent of Examples
r number of cation anions around cations
0.155t0 0.225 3 Planar triangular B,03
0.225t00.414 4 Tetrahedral ZnS
0.414 t0 0.732 6 Octahedral NaCl
0.732t0 1.0 8 Cubic CsCl
ii. Structures of some ionic solids:
Ionic solid Arrangement of ions Cnnrdn‘m\ R
nu. er
a. | NaCl (Sodium chloride) ClI" = fcc arrangement I =
Na’ = occupy all octahedral sites i =6
b. | CsCl (Caesium chloride) CIl” = simple cubic arrangement Cl- .
Cs" = occupy cubic sites - 5T =8
. | ZnS (Zinc blende) S* = fcc arrangement S =
Zn*" = occupy half of the tetrahec. ! sites Zn*" =4
d. | CaF,(Calcium fluoride) Ca*" = fcc arrangement Ca’ =8
F = occupy all tetrahed: i sites F =
iii. Sizes of tetrahedral and octahedral voids:
Radius (1) of tetrahedral void = 0.225 R
Radius (r) of octahedral void = 0.414 R
R = radius of the spheres in the close packed a1  ngement.
1.8 PACKING EFFICIENCY
»  Packing efficiency:
The packing efficiency is the | “rcent. ve tota pace occupied by the particles.
1. Packing efficiency is given bv follov g foiuuula:
Packing efficiency = Tot ivolum ~ccup. .d by sp¥1eres in unit cell % 100
V¢ ime of theunit cell
il The magnitude of =~ ‘nge. ~“~ ygives a measure of how tightly particles are packed together.

»  Packing effir”  vindin vent. itcells:

. . Face-centred cubic
. . . Body-centred cubic unit . .
Simple cubic unit cell unit cell (fcc) or cubic
cell (bec) .
close packing (ccp)
onitce diagram f 1
/V
AN /a/ \a\ A
Total number of spheres per
. 1 2 4
unit cell
Relati
elation between a (edge . NG .
length of unit cell) and r r=— r=—a r=——
: 2 4 N2
(radius of sphere)
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4 a) 4 NG) 3_\/§Tta3 4 a ) ma
Volume of one sphere X | =] = — —n X |—al| = X | —=|= —F
3 2 6 3 4 16 37 22) 1242
Total volume of spheres = ' r ma’ \/gn e \/gna3 na’ na’
Number of spheres per unit 1 x ~ ¢ 2 x = 4 x m= ENG)
cell x volume of sphere 16
Packing efficiency =
Total volume of sph ma’ /6 g V3na® ma’
otal volume o1 sp eresxloo — X 100 =52.4% — X 100 = 68% ﬁx 100 /4,
Volumeof unit cell a 8a N2a
Empty space 47.6% 32% N4%
o 6 : four in the same layer, | 8 : four in the layer below | 12 : six * ifs ¢ /n
Coordination number of . .
one directly above and | and one in the laye | layeir th- ¢ ab 7e and
sphere )
one directly below above aree . W

Smart tip - 1 )

From the above derivations, we can deduce the following relations between e. e length (a) of the unit cell
and radius of particle, volume of one particle and total volume occ” _icw.

"pa. ‘cles in a unit cell:

Simple cubic unit cell

bcc unit ~-'

Radius of particle ()

1i.

fec/cep unit cell

Radius of  .rticle (1)

Radius of particle (1)

=0.524 a°

=068 a°

> Relationship between the neare. meig.

=(0.5000 a =0. 330 a =0.3535a
- Volume of one I;)article v Volume 01 ne 3particle Vil Volume of one I;)article
=0.524a =0.3- =0.185a
Total volume occupied Total volume occupicu by Total volume occupied by
vii. | by particles in unit cell | wiii. ““cles in unit cell iX. particles in unit cell

=0.74 a°

aur 7 stance (D) and the edge length (a) of a cubic unit cell:

No. Type of un’ cewn Relation between D and a
i. Simple cubic D =edge length=a
ii. Body-centr~ ~ubic

D= % x body diagonal = % x /3 a

iii. | Face <. ~dcubic

D = — x face diagonal

1
2

1
= — x
2

V2a=

2

Note: Par™ ..., ~fficic -y in hexagonal close packing (hcp) arrangement:
1. 2 1cpv o ~ll contains 12 corner spheres, 2 face-centred spheres and 3 body-centred spheres.

Nunr =r of ,pheres per unit cell = [

12xlj+(2xlj+3=2+l+3=6
6 2

L¢ ‘r’ represent the radius of the sphere

.eight of unit cell = 4r. \/g

Base area of regular hexagon = 6 x g (2r)" =6 x NCR

iil.

Volume of unit cell = Base area x height (h) =6 V312 x 4r. \/g

=242 7

Section view of hcp
type unit cell




Chapter 1: Solid State

Ferrimagnetic
materials

The domains align in such a way that there is a small
net magnetic moment.

The number of domains that are aligned in parallel
direction is not equal to the number of domains that are
aligned in anti-parallel direction.

FC3 04
(magnetite),
Ferrites like
MgF6204,
Zl’lF6204,
etc.

=, T T T 1
|

T o T1 T T andsoon

e Weakly attracted by a magnetic field.
e Change to paramagnetic solid when heated.

- Formulae )

1. Packing efficiency
_ Volumeoccupied by spheresin unit cell

: x 100
Volume of unit cell

2. Relationship between radius of atom (r) and
edge length (a):

Simple cubic | Body-centred Face-centred

unit cell cubic unit cell | cubic unit cell
i _\3 = 2
2 g 02

3. Volume of one particle in unit cell:

Simple cubic | Body-centred Face-centred

unit cell cubic unit cell | cubic up® " |
' RELLY R
6 L S
4. Total volume occupied by parti. s in ..at
cell:
Simple cubic Body-cem_ { Fa -centred
unit cell cubic it ce. ' cul ¢ unit cell
ma’ J3ma na’

6 8 32

5. Distance . ween t.
in a %t cel.

uearest neighbours (D)

Simpl c‘}b‘ ’ hee unit cell fce unit cell
un. . ce
V3a a
I — a D — D -
| 2 V2

6. D sity of unit cell (d):

Massof unit cell ZxM 3

gcm

" Volumeof unitcell  a’x N,

where, a is the edge length of unit cell in cm

Z is the number of atoms per unit cell

M is the molar mass (g/mol)

N, is Avogadro number (6.022 x 10* mol~ ')
For fce, Z = 4, for bee, Z = 2 and for simple
cubic, Z=1

x
7.  Number of atoms in x g of r ctal = g L3
‘a
X
8. Number of unit cells . ~gor. “7 - 3
dxa

9. Number of ur . cern. in vo. .e (V) of metal
A%

a}

10. Som' anitcu vers. ais:
Ipn =1x10 m=1x10""cm
1A= ~10"® m=100pm

. .I* RODUCTION

1. The properties that are characteristics of solid
state are:
1. Easily compressible as compared to

liquids and gases

ii.  Definite volume

iii.  Definite mass

iv.  High rate of diffusion as compared to
liquids and gases

v. Stronger  intermolecular
compared to liquids and gases

vi.  Smaller intermolecular distance between the
particles as compared to liquids and gases

(A) (), (i), (iii)

(B) (i), (ii1), (iv) and (vi)

(C) (i), (iii), (v) and (vi)

D) (), (i1), (iii), (v) and (vi)

1.1 CLASSIFICATION OF SOLIDS

forces as

1. Which of the following is NOT true about
crystalline solids?

(A) They have long range order.

(B) They have sharp and
melting points.

(C) Their measured electrical conductance
changes with the change in direction of
measurement.

(D) They are also known as super cooled
liquids.

characteristic




Chapter 1: Solid State

Which is the INCORRECT statement?

[NEET (UG) 2017]

(A) Density decreases in case of crystals with
Schottky’s defect.

(B) NaCl(s) is insulator, silicon is
semiconductor, silver is conductor, quartz
is piezoelectric crystal.

(C) Frenkel defect is favoured in those ionic
compounds in which sizes of cation and
anions are almost equal.

(D) FeposO  has  stoichiometric  metal
deficiency defect.

For a compound the expected structure was fcc
lattice, in which ‘A’ occupies all corner
positions and ‘B’ occupies all face center
positions. The molecular formula of such a
compound must be AB;. However, the formula
is found to be A,Bs. This is because .
(A) One atom of A is missing in the lattice
(B) One atom of B is missing in the lattice
(C) One atom of A is replaced with one atom
of B in the lattice
(D) One atom of B is replaced with one atom
of A in the lattice

Practice Problems

CLASSIFICATION OF SOLIDS

1.2

Which of the following is TRUE abor .. =

and quartz glass?

(A) Quartz is an amorphous . ‘id wi 'e  uartz
glass is a crystalline solid

(B) Both quartz and ~vartz lass are
amorphous solids.

(C) Both quartz a quartz  glass are
crystalline solids.

(D) Quartz is 7 ory. lline .. while quartz
glass is »» morph. s sol

CLASS!® CAT. N OF CRYSTALLINE
SOLIDS

(A) i-a,ii—c,iii-b,iv—d
(B) i-b,ii—d,iii-aiv-c
(©) i-aii-diii-b,iv-c
(D) i-c,ii—d,iii—a,iv—b

> is . insw..or as a solid but conducts
e ctri .y . ts fused state. ‘X’ is hard and
brittl inn7 are. Identify ‘X’.

) .er (B) Calcium fluoride

(C  Diamond (D)  Sulphur dioxide

» .tch the following solids in column I with the
major bonding/attractive force between the
constituent particles in column II.

Column I Column II
i. | Dryice a. | Covalent bonding
ii. | Magnesium | b. | London forces
iii. | Graphite c. | Electrostatic forces
iv. | Common salt | d. | Metallic bonding

1.4 BRAGG’S LAW AND ITS

APPLICATIONS

1. At what value of angle of incidence would the
second order diffraction occur, whenar . has

A=d=160 pm?

(A) 30° (B) 45°

(©) 60° (D)

1.5 SEVEN CRYSTAL SYS EM >

1. A dice represents Crys. cm.
(A) cubic w tetragonal
(C) orthorho .oic (D)  .nonoclinic

2. For which o, he follo. .ng pairs of crystal
sytems ~ ~latic “hipa#b#cis CORRECT?

(A) dexage °lane cetragonal

(B) Tetragon and rhombohedral

©) +thorh nbic and triclinic

(D) - Mouwclinic and cubic

3. Matc the following:
r Crystal system Example
1. Triclinic a. | TiO,
ii. | Orthorhombic b. | K;Cr,O4
iii. | Hexagonal c. | BaSO,
iv. | Tetragonal d. | ZnO

(A) i-Db,ii—c,iii—d,iv—a

(B) i-c,ii—b,iii—a,iv—d

(C) i-b,ii—aiii—d,iv—c

(D) i-c,ii—d,iii—b,iv—a

1.7 PACKING IN SOLIDS

1. Which of the following is INCORRECT
regarding the ABAB type, two-dimensional
arrangement?

(A) The coordination number of each sphere
is 6.

(B) This arrangement forms hexagonal close
packed structure.

(C) A regular hexagon is formed when the
centres of six neighbouring spheres,
surrounding a central sphere, are joined.

(D) The spheres of successive layers have
horizontal and vertical alignment.

2. A sample of metal has 5 x 10° fcc unit cells.

Calculate the number of tetrahedral voids

present.
(A) 2x10° B) 5x10°
() 2x10* (D) 4x10*
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1.8

A mixed oxide has oxide ions arranged in ccp
array. One-fifth of tetrahedral voids are
occupied by X ions, while one-half of the
octahedral voids are occupied by Y ions. The
formula of this oxide is .

(A)  X4Y50q (B)  XsYs5013

(©) X4Y50 D) Xs5Y40q0

Identify the CORRECT increasing order of
coordination number of the cations in the
crystals of MgS, MgO and CsCl on the basis of
data given below:

Radius in A: Mg*" = 0.65, Cs" = 1.69,

0" =1.40,8"=1.84,ClI = 1.81

(A) MgS <MgO <CsCl

(B) MgO <MgS < CsCl

(C) CsCl<MgO <MgS

(D) MgS <CsCl<MgO

PACKING EFFICIENCY

1.9

Three different metal atoms crystallize in simple
cubic, bee and fec lattice structures. If the edge
length is 88 pm for all the three unit cells what
is the ratio of the radii r; in simple cubic lattice,
1, in bec lattice, r3 in fec lattice?

(A) 141:122:1 (B) 1.87:224:1
(C) 124:187:1 (D) 141:1:1.22

Csl crystallizes in body-centred cubic lattice.
Which of the following expressions is
CORRECT for CsI?

(A) r +r =3xedge lengtt

Cs
B) ., +r “3x edge length

Cs I 2
(C) r_. +r.=——xedge ength
dy a. o

CALCUL/ 1. ' OF
UNIT Ci " LS

DE) SITY OF

A Cwa. ‘om e ctallises in a cubic system with
a racki g Gciency of 74%. If the edge length
is 10" pm a « the atomic mass is M, the density
of'th. = cell is given by gem .

¥ 1.66 x M B) 240xM

(C 332xM D) 6.64xM

A’ crystallizes in fcc lattice. Suppose the
atomic radius of ‘X’ is 130 pm and molar mass
is 63.5 g/mol. The volume of its unit cell and
density of ‘X’ are respectively.

(A) 5.68x 10 cm’, 4.9 g/em’

(B) 5.68x10% cm’, 2.9 g/em’

(C) 4.97x 102 em’, 8.5 g/cm3
(D) 4.97 x10* cm’, 5.6 g/em’

A metal ‘X’ has fcc structure with atomic radius
140 pm. If the density is 12.69 g/cm’, metal ‘X’
is .
(A) Ag
(C©) Sn

(B) Zn
(D) Fe

An unknown element ‘X’ crystallizes ir fcc
lattice. If radius of the atom is 70.7 pm
density is 41.6 g cm™, how many atoms of ‘X
are contained in 200 g sample of the ele” _. °
(A) 6.0x10"atoms (B) 1.7 x1 s aton
(C) 24x10™atoms (D) 3.5x. > atoms

cub, mit
ansity if

Calcium crystallizes in a face _ent1.
cell with a = 0.556 nm. Cal 1lat- .ae
it contained 0.2% Sc. ¢ .y d. ..
(A) 1475¢ cm” B) .  _gcm
(C) 1.718ger™ (L '903gcm™

3

AB crystalli- ~ in a bc -centred cubic lattice,
with unit cell e« = length, 8.12 x 10°* cm. If the

radius . - ‘on. 203 pm, radius of B> ion is

A) '9x10 cm (B) 400 pm

(€ 1. J%m (D) 1100A

1.11 Ci \SSIFICATION OF POINT
D’ ~ECTS
1. Which of the following statements are

CORRECT?

L. Frenkel defect is a point defect that do not
disturb the stoichiometry of the solid.

II.  Non-stoichiometric defects are also called
intrinsic defects.

III.  Schottky defect is found in ionic
compounds with high degree of ionic
character.

IV. Metal excess defect is a point defect that
do not disturb the stoichiometry of the
solid.

V.  Metal deficiency defect imparts colour to
the colourless crystal due to formation of
F-centres.

(A) TandII (B) IMandV

(C) ILIVandV (D) LIlandIV

MISCELLANEOUS
1. A halide ion forms a close packed structure. If

radius of X  ion is 221 pm, what is the
maximum radius of the cation that can just fit
into the tetrahedral hole and octahedral hole
respectively?

(A) 36.5pmand 73 pm

(B) 43.8 pmand 80.7 pm

(C) 49.7 pmand 91.5 pm

(D) 58.6 pmand 100.4 pm
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2. Which of the following statements are
CORRECT about cubic close packed (ccp) 3-D
structure?

L The unit cell edge length is 2v2 times the
radius of the atom.

II.  The number of octahedral and tetrahedral
voids per atom are 1 and 2 respectively.

III.  The number of the nearest neighbours of
an atom present in the topmost layer is 12.

IV. The packing efficiency of the
arrangement is 74%.

A) LIV B ILIvV
© ILILIV D) LILIV
@y Diagram Based Problems
1. The following figure represents a unit cell

belonging to crystal system.

b=0.35nm

(A) tetragonal (B) cubic
(C) triclinic (D) orthort mbic

2. Identify the CORRECT optio. vith . = .ct to
the following unit cell diagram.

s

‘ C - -dinat. ‘ Total number of
L mber atoms per unit cell

(A 1. 4

EOR: 9

) o 9

(D) 8 2

11 unit cell of a metal having atomic radius of

@ r n is shown in the given diagram. If edge
© agth is a cm, then the total volume occupied
by the particles in the unit cell is:

(A) 0342’
(B) 0.68a’
(C) 0.744a°
(D) 0.1852a°

4.

The following diagram shows the three layers of
fce unit cell. Each sphere represents an atom.

O—®
7 e@e

~_O0—@
594

A face diagonal passing thr agh v cen. of
atom 1 will also pass thr 1gh uae °ntre of
atoms .

(A) 3and5 ‘B) . 7 .andl1l
(C) 2,4and 10 W 3,5,6,7,11 and 13

Which of th= follow. ~ is TRUE about the
following crys. ' defect?

|—;)@.)‘\ N @
CHOXCEPICNG
. @0 e

2P0 000
3@6)@@@@
©0e0e 0O

(A) Density of the solid decreases.

(B) Compounds having high coordination
number show this defect.

(C) The substance is not electrically neutral.

(D) KClI does not exhibit this defect.

Unit cell structure of a certain compound is
shown in the given diagram. The empirical
formula of the compound is

A) MX,
(B) M)X
©) MX
D) MXy

Find the INCORRECT equation for the given
diagram.
(A) Edge length of the

unit cell = 4 r

V2
(B) Volume of unit cell
B
2

(C) Volume of four spheres = ? nr

3

(D)  Fraction occupied = =
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How many among the following crystalline
solids show the above illustrated metal defect?
NaCl, AgCl, KCl, CsCl, KBr, AgBr, Agl, ZnS
(A) 2 B) 4

< s (D) 6

245 Numerical Value Type Questions

§ Problems

The edge of unit cell of Xe crystal having fcc

structure is 620 pm. The radius of Xe atom is
pm.

[Ans: 219.17]

How many of the following compounds show

ferrimagnetism?

Fe;04; MgFe,04; CrO;; ZnFe,04; MnO; HyG
[Ans. 3,

In a face centred cubic lattice, atom A <o “es
the corner positions and atom B ¢ ¢ 1pies tu.
face centre positions. If one atom f B is
missing from one of the face ~ 1 pow . the
formula of the compound is 1By " ne val.. of
‘y’is .

(Ans: 5]

1. A metal crystallizes in face-centred cubic lattice
with edge length of 400 pm. If the density of the It was observe thatin a. -tain crystal of NaCl,
metal is 8 g cm”, then the number of atoms 12%N-" =d C. ‘ons were found missing. The
present in 256 g of the metal sample is N x 10**, edge ength " Na ' is 564 pm. How is the
Value of N is obse ‘ed dens: - different from the calculated
[Ans: 2] densi. ~f NaC' |
. . (A) Ou. .¢d density is greater than the
2. How many total spheres of constituent particles -alculated density by 0.03 g cm ™
are present in bec type of unit cell? (B) Dbserved density is smaller than the
[Ans: 2] calculated density by 0.03 g cm™
3. A metal sample has 5 x 10* fcc unit cells. The «)  Observed dens.lty 1S smaller%than the
. B calculated density by 0.09 g cm
total number of tetrahedral voids pre- e 2
o . (D) Observed density is greater than the
4 x 10". The value of x is: leulated density by 0.09 -3
s3] calculated density by 0.09 g cm
. ' If the edge length of fcc crystal lattice is 500 pm
4. If a metal crystallizes in face-c. ‘red . .. then what is the diameter of the greatest sphere
lattice with metallic rac” .. 25 om, the which can be fitted into interstitial void without
number of unit cells in .00 cn. of ladice is distortion of the lattice?
2.8 x 10". Value of xis (A) 87pm (B) 117.6 pm
[Ans: 24] (C) 139pm (D) 146.4pm
o—
LE: Answers to MCQs
I:I:l
&~ ( nc'x Buulding Problems
1.0: 1. (C
2 D 2. © 3. A 4 @B -
1.2: . (B 2. (A 3. D 4 (© 5.
1.-.. 1. (B)
1.5: I. O 2. (©) 3. () 4 (©
1.6: 1. O 2. A 3. B
1.7 : . (© 2. (D) 3. (© (B) C 6. (A 7. B) 8 (B 9. (C) 10. (D)
1.8: . MO 2. A 3. (D (D) B) 66 B) 7. (b 8 @B 9. (D)
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1.9: 1. B) 2. (C) 3. (B) 4 (D 5 (A) 6. (C) 7. (A) 8 D) 9. (C)
1.11: 1. (A) 2. (C) 3. (©) 4 @B 5 (A 6. B 7. (C) 8 (B)
1.12: 1. (B) 2. (O
1.13: 1. B) 2. (D) 3. (©) 4 (C) 5 (B
1.14: 1. (A) 2. (D) 3. (B) 4 (C) 5 (C) 6. (A
Misc.: 1. (A) 2. (B) 3. (B) 4 (C) 5 (B
@ Practice Problems
1.1: 1. (D)
1.2: 1. B) 2. (B
1.4: 1. (D)
1.5: 1. (A 2. (O 3. (A
1.7 I. D 2. D) 3. (A) 4. (A
1.8: 1. (A) 2. (O
1.9: 1. D) 2. (C) 3. (C) 4 (C) 5 @B 6. (,
1.11: 1. (A)
Misc.: 1. (C) 2. (D)
‘% Diagram Based Problems

. (A) 2. (D) 3. @B 4 ~ 5 M) 6. (B) 7. (D) 8 (O
Qg Problems To Ponder

1. B) 2. (D)

Jf! Hints to MCQs
=N 1.4 BRAGG’S LAW AND ITS

@~ Conc 't Bu. ling Problems APPLICATIONS

1.1 C7 AS. FIC: "ION OF SOLIDS

- Amo shous solids exhibit isotropy. Among the
aiver. ~= uns, quartz glass is an amorphous
sc 1 and thus, it exhibits isotropy.

1.2 € _ASSIFICATION OF CRYSTALLINE
SOLIDS

3. Metals contain free electrons which absorb light
at one angle and transmit at a different angle.
Hence, metals have lustre.

5. Diamond is a covalent or network solid and is a
poor conductor of electricity.

1.5

n=1,d=3A,0=9°
According to the Bragg’s equation,

nA =2dsin 6
3 = 2dsin 6 _ 2x3xsin9°
n 1

=6x0.1564=0.94 A
SEVEN CRYSTAL SYSTEMS

A rhombohedral unit cell has all the sides of
equal length.

The triclinic system has all the three sides different
(a # b # ¢) and all the three angles different
(= B # y # 90°. Hence, it is the most
unsymmetrical crystal system. Example is H;BOs.

N
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3. For bcc,
Ba=4r
NG

Hence, r= 73 x 288 pm

4. Since, there are four metal atoms in one unit
cell, the given metal crystallizes in fcc lattice.
Using Smart Tip - 1 (iii),
r=0.3535a
Where r = radius of the sphere
a = edge length of the unit cell = 361 pm
r=0.3535x361=127.6 pm = 127 pm

5. The packing efficiency in bec unit cell = 68%.

The percentage of vacant space of bcc unit cell
=100 — 68 = 32%.

6. packing efficiency in fcc unit cell = 74%
packing efficiency in bcc unit cell = 68%
packing efficiency in sc unit cell = 52.4%

" \® Thinking Hatke - Q.6
Among crystal structures, fcc type has
the most efficient packing. Hence, only option

(B) is valid.
8. For an fcc lattice, the nearest neighbour distance
1 . a 640
D) = — x face diagonal = —— = —= =457 ~m
(D)= 3 g 5
9. For a bee unit cell,
r+r = ﬁ a
2
o= 275%2
V3

=317.5x 107" .
(since,r' +1 =" '5 pm)

1.9 CALCU \TION OF DENSITY OF
UNIT CEL S
L. Strs ey

N .ure of lattice

[ aand M (given)]
v

[Use formula: d = ZxM ]

3
a’ x N,

v
| Density(d) |

For bee unit cell, Z=2
Edge length, a = 400 pm =400 x 107’ cm

Density of unit cell, d = %X M gem™
a’xN,
2x100 = 5.189 glem’

(400) % (6.022x107) x 10

2. For fcc unit cell, Z =4

Edge length=a=x A =10"x cm,
M =63.5 g mol '

Z M
a’ N,
_ 4x3Sem T
(10’8 xem)  2.0x1 mol™

423 .
T8

Density = gem”

Density of cop, ratT (K, = 4—233 gem™.
X

@ - G \UTION

Ensure to . .ot edge length from A to cm
before s Hstituting in the density formula.

-nA=314A=314x10"cm

V=(a)’= 3.09x 10> cm’
M =128 g/mol

M 1x128
d= - 23 23

V.NLg  3.09x107 x6.022 x10
d=6.9 g/lem’

4. For bcc structure, Z = 2

. . _ ZxM 3

Density of unit cell, d = = gem
a’ xN

A

1
ZxM )
a =
(d X NAJ
1
_ 2% 6.94 g mol™ 3
0.530 gecm™ x 6.02 x 10” mol™

1
= (43.5><10’24)§= 3.517x 10" 8cm
=351.7 pm = 352 pm

@ Thinking Hatke - Q.4
We know that 3/27 =3 and V64= 4.
Therefore, i/43.5x107* will lie between
3 x 10° and 4 x 10 (i.e., between 300 pm
and 400 pm).
So, only option (D) is valid.
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2. 12 atoms are present at 12 corners. Each one
contributes é to each unit cell.
2 atoms are present at each face. Each one
contributes % to each unit cell.

3 atoms are completely enclosed within the unit
cell.

xtioxlis—ns1+3=¢
6 2

3. For fcc lattice,
Densit ZxM
ensity =
Y a’xN,
Z=4,a=361x10""cm
d= 4x63.5 =8.96gcmﬁ3

(361x104°)3x6.022x1023

The observed density of crystal is 9.2 g cm™
which is higher than the calculated density.
Hence, crystal has interstitial defect.

@ Practice Problems

1.2 CLASSIFICATION OF CRYSTALLINE

SOLIDS

1. ‘X’ is calcium fluoride (CaF;) which is an ionic
solid. It is an insulator in solid state but
conducts electricity in its fused state. ” 18 o
hard and brittle in nature.

1.4 BRAGG’S LAW + D ITS
APPLICATIONS

1. According to Bragg’sle- nA=2¢ in9
Given:n=2,d=160pm, =160t 1
2x160=2x160C ..

sin9 =1
0 =90°

1.7 PACKIN [N SO. DS

2. In .cw -ell, . number of tetrahedral voids is
e 1alt” w. the number of atoms per unit cell.
Tne ' :imbe or atoms in an fcc unit cell = 4
So, t. = aber of tetrahedral voids per unit cell
T} refore, 5 x 10* unit cells have 8 x 5 x 10°

¢ x 10* voids
3. Number of oxide ions in ccp array, n =4

Number of X ions occupying tetrahedral voids

= len:lx2x2 :§
5 5 5

Number of Y ions occupying octahedral

Voids=1><n=l><4=2
2 2

4,

Ratioof X:Y: O
=§:2:4=8:10:20=4:5:10
Formula of the compound is X4Y50,.

From radius ratio rule:

For Mg, Mt — 065
’ o 1.84

=0.353

= tetrahedral structure with coordinatio”
number of cation = 4.

r +
vt _ 005 _ 464
1.40

For MgO,

T,
= octahedral structure with >ord™ .ati- \
number of cation = ¢

. _ 165

For CsCl, = 234

r _ il
c

= Cubic strr~1 ire witl, ~ordination number

of cation = 8.
1.8 PAC .no “FF TIENCY
! Usin, Smart Ti -1 (i),

Radius € ate-

=0.5700 a

Usin; Smart Tip - 1 (ii),

Rad’ ; of atom forming bcc lattice

~ =04330a

Using Smart Tip - 1 (iii),

Radius of atom forming fcc lattice

(r;3)=0.3535a

Ratio=r;:1p:13 =0.5000 : 0.4330 : 0.3535
_ 0.5000 = 0.4330 ~0.3535

0.3535 ~ 0.3535 ~ 0.3535

=141:122:1

" 2, Thinking Hatke - Q.1

Since edge length (a) is same, the
relation between 1; (sc), 1, (bee) and r3 (fec)
lattice will be: 1r; > 1, > 13
Therefore, only option (A) is valid.

forming simple cubic lattice (1;)

For a body-centred B
cubic lattice of Csl [
with edge length ‘a’,
the length of body
diagonal = /3 a.

But the length of the
body diagonal is also

equal to 2(rC5+ +r )

Z(rcq+ +rI_) =3a

Body-centred unit
cell of CsI crystal

orr . +r =——a
Cs 2
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Diagram shown is that of Schottky defect.
Among the given options, NaCl, KCI, CsClI,
KBr and AgBr show Schottky defect.

245

Numerical Value Type Questions

For fcc unit cell, Z = 4.

V4
Number of particles in ‘x’ g = %
a
Number of atoms in 256 g
_256x4 5 on
8 (400x107°)°
Value of N=2

In fcc unit cell, the number of tetrahedral voids
is equal to twice the number of atoms per unit
cell.

The number of atoms in fcc unit cell =4

No. of tetrahedral voids per unit cell = 8

5 x 10" unit cells have 8 x 5 x 10"

=4 x 10’ tetrahedral voids

Therefore,value of x is 5.

For fcc unit cell, r= 2

22
Edge length (a) = 242 xr =232 x25pm

Number of unit cells in volume (V) of met-!
A%

a}

Number of unit cells in 1.00 cm™  “meu

_ 1.00 _ 1.00x10"
(2\/§x25x10”°)3 (\/5 :50)

_ 100x100x100x10* _ 2, x2x10?
(ﬁ)3x50x50- 0 faxa 2

=28x10*

Therefore * lue of . -~ 24.

The* ~ofu. cellis fec.
U ag8 = Tip 1 (iii),
r 0.2 355
Whe r=" dius of the sphere
=e.,_ ongth of the unit cell = 620 pm
r= ).3535x620=219.17 pm

Substance Magnetic property
Fe;04 Ferrimagnetic
MgFe,04 Ferrimagnetic
CrO, Ferromagnetic
ZnFe,04 Ferrimagnetic
MnO Antiferromagnetic
H,O Diamagnetic

Atom/ion Location Contribution
to a unit cell
A Corners of cube x8=1
B Centres of 5 faces yx5=5/2
(since one atom is

missing) o
Ratio A:B=1:52=2:5
Formula A2B5 I

@g Problems To Ponde

Therefore, value of y is 5.

Number of formula . "sin . nit ce’ of NaCl

=4

Number of form»*

— 42 gy
100

Therefor~ ~umu  of formula units in a unit cell

of N¢ .1hav.. dei. =4 -0.048=3.952
Obse reddenst '=d= M

1its n. "in~ per unit cell

_ o 3.932x58.5 213 0 em™
L& 102 x6002x108 8

M

3
a’ x Ny

' _alated density =d =

_ 4585
1.8x1072% x 6.022 x 102

The difference in densities=2.16 —2.13
=0.03g cm”

=216g cm”

For fcc unit cell, radius of atom (r)
_a 500
22 2x1.414
As octahedral void is bigger in size than
tetrahedral void, the greatest sphere will fit into
octahedral void.

Radius of octahedral void

=0.414 x radius of the atom

=0.414 x 176.8 =73.2 pm

Diameter of the greatest sphere fitting into the
void =2 x 73.2 =146.4 pm

=176.8 pm
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