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THE SOLID STATE

THE SOLID STATE

Introduction

Everything in our surroundings is known as matter that can be cat into three states.

[ STATES OF MATTER

In our day to day life solids plays a crucial role t e different purposes. Different types
of solids with different properties are requi different purposes. The constituent
particles and the type of bonds between t rticles determine the nature of a specific
solid. For eg. Bucket or a container used rry water, utensils used for cooking food,

computer, vehicles, electronic gadg
substances used in our day to day life.

ooks pencils, papers etc. are all solid

@ se Items
& .

Liquids and gases on th&"other hand are another state of matter and are also known as fluids
due to their ability to flow. They attain the ability to flow due to the free movement of
molecules.
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Fig. Particles of liquid (water) are loosely packed [tha
whereas particles of gas are loosely packed and have

nd have space between them
ce between the particles

Characteristics of solid state

e They have definite shape due to strong cular forces of attraction.
e They have distinct boundaries.
e They have a fixed volume. %

e They cannot flow.

e They have negligible compréssibility due to negligible distance between the
neighbouring molecules.

e They possess a tendency to up their shape when exposed to external force.
e They break under force bifficult to change their shape so they are rigid.

o not diffuse at all.

e They have high de

Fig. Particles of solid (Wooden plank) are compact together and have less space between
them
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Classification of Solids
Solids are classified on the basis of two different parameters i.e.,

1. Packing of constituent particles

2. Forces of attraction among constituent particles.
Classification on the basis of packing
1. Crystalline Solids Q

These are the solids in which the constituent particles s, ions or molecules) are
arranged in a regular, three dimensional orderly arra nt, which gets repeated
throughout. Hence, these are also called as long-range order sglids. Quartz, diamond, Boron
Nitride, NaCl, ZnS, CsCl etc.

2. Amorphous Solids

Constituent particles are random ered with, no regular arrangement of particles.

Therefore they do not have any definite shape or form. Rubber, glass, plastic etc. are
commonly known as amorphou.

S
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Classification on the basis of Nature of Intermolecul rces

(i) lonic Solids ¢

There is a regular arrangement of positively and negatively charged ions throughout the solid
where ions are held together by strong coulombic ctrostatic forces. These solids are

very hard and brittle and have very high melting peints*In solid state, as ions are not free to
move, hence they are insulators but in molte r in aqueous state, it's ions become
free to move and it becomes conductor. loni ave high enthalpies of vaporisation. Ex-
LiF, NaCl, KNOs, MgO, etc. :

e z N :, -

Na = Cl

Na being cation releases one electron.
Cl being anion recieves the electron.

(ii) Metallic Solids

Metal cores and a sea of mobile electrons are the constituents of metallic solids. Each metal
atom contributes one or more electrons towards sea of electrons. These electrons are evenly
spread out throughout the crystals and weak forces of attraction or metallic bond binds
together kernels and sea of electrons.

Metallic crystals may be hard as well as soft having moderate enthalpies of fusion. Mobile
sea of electrons is responsible for many properties of metals such as malleability (can be
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beaten into thin sheets), ductility (can be drawn into wires), metallic lustre, thermal
conductivity and electrical conductivity etc. Ex- Copper, Iron, Nickel etc.

(iii) Covalent Solids (Network Solid)

In these atoms are bonded together % bond formation throughout the crystal. It
k o
e

means there is a continuous networ nt bonds forming a giant three dimensional
structure or giant molecule. Covalent strong and directional in nature. These solids
are very hard, brittle and very high ing point. Due to absence of any free electrons or
ions they are insulators. Their en ies of fusion are very high. Ex- Diamond, Graphite,
Boron Nitride, Silicon Carbide (SiC)w

O

Covalent Solids

(iv) Molecular Solids

Their molecules are held together by dispersion forces, London forces, dipole-dipole forces
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or hydrogen bonds. Either atoms or molecules are bonded together by weak dispersion
forces or London forces. These are non-conductor soft solids with low m.p. and low
enthalpies of vaporisation. They are volatile in nature hence, at room temperature and
pressure they are available in liquid or gaseous state. Ex- lodine, Solid H, and CO; (dry ice).
Naphthalene, Camphor etc.

Cl a

Crystal Lattices and Unit Cells 0
(i) Crystal Lattices N

%arranged in a definite, three-dimensional

xes, in which each particle is depicted as a
rangement of lattice points in space or in a

In a crystalline solid, constituent pa
regular geometrical order along all the
lattice point. A three-dimensional, re

Lattice Point

. Straight line joining 2
lattice points

XNy

Crystal lattice have following characteristics
e Each pointin lattice is called lattice site or lattice point.
e Each lattice point represents one constituent particle i.e. atom, ion or molecule.
e We join lattice points by straight lines to show geometry of the lattice.

(i) UNIT CELL

The smallest repeating unit in space lattice which when repeated over and over again in
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different directions produce complete crystal lattice. There are two important parameters of

a unit cell.
—& ././. = Lattice Poing
. Straight Igning 2

latticepoints

= j'&%

Unit Cell

@

\ -
N T
.

Edge length or Axial Distance: Lengths or ensions along the three edges a, b and ¢
which may or may not be mutually perpendic&

Interaxial Angle: Angles o, B and y bitwe%r of edges are interaxial angle.

a : between axis B and C

B : between axis A and C
y : between axis A and B

Distinction Between Crystalline and Amorphous Solids

S.No Crystalline solid Amorphous solids
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1 These have definite and regular These doesn’t have any regular
arrangement of the constituent arrangement of the constituent
particles in space. particles in space.

2 These are true solids. Theseare super cooled liquids or

pseudo soil

3 These have long order arrangement These h order
of the particles. arrangement.of particle.

y_]

4 These are anisotropic in nature, i.e., Thesewotropic in nature i.e.,
their physical properties are their phxsical properties are
different in different directions. in all the directions.

5 They have sharp melting points. It over a certain range of
perature
6 They undergo a clean cleavage ' hey undergo irregular cleavage
when cut. N when cut.
Three-Dimensional Packing %
e To understand the packing of co t particles in a crystal, particles are assumed

to be hardspheres of identical si

e The packing of these hard spheres takes place in such a way that they cover maximum
availablespace and minimum?s Iﬁv- should be left behind.

e Because of this, the cry maximum density. This type of packing is known as
close packing.

Close Packing in One Di n
e Spheres are arran in such a way that they should touch each other in the row.
¢ In this arrange each sphere touches two neighbouring spheres. Hence, the

coordinatioig is 2 in this arrangement.

Close packing of spheres in one dimension

Close Packing in Two Dimensions
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e When the rows of one dimension packing are stacked over each other, a two-
dimensional closepack structure is formed.

e This stacking is done in two ways:

(a) Square close packing in two dimensions:

The spheres in the second row are arranged in such at they touch the
spheres of the first row and are exactly above the first@

If the first row is called the ‘A’ type row, then the_sec row will also be the ‘A’
typeas both rows are identical. Q

These arrangements are continuous; hence, camycall this arrangement as the
AAA type arrangement.
o}

In this arrangement, each sphere tou other spheres; hence, the

coordination number is four.

Also, if we join the centres of four spheres touching one particular sphere, then it
forms a square; hence, it is called sq ose packing in two dimensions.

&

O
S Square close packing

(b)Hexagonal close packing in two dimensions:

Spheres in the second row are placed in depressions of the first row. This gives two
rows.

Hence, if we call the first row ‘A’ type, then the second row will be the ‘B’ type.

If a third row is placed in the depression of the second row, then it will be identical
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e Three-dimensiona
closepacking.

tothe first row, i.e. the ‘A’ type.

The fourth row will be the ‘B’ type and so on. Hence, this arrangement is called the
ABAB type of arrangement.

In this arrangement, each sphere touches six neighbouring spHeres; hence, the
coordination number is six.

Also, if we join the centres of the spheres which touc articular sphere, then
itwill give a hexagonal structure; therefore, it is kno
intwo dimensions.

exagonal close packing

This type of packing is more effective because maximum space is covered by
particles and the space is minimum.

Hence, if we call the first layer as the ‘A’ type, then the lattice will be the AAA type.

. This will give simple cubic lattice, and its unit cell will be a primitive cubic unit cell.
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(b)Three-dimensional packing from two-dimens agonal close packing:

1. We know that more effective packing is/give hexagonal close packing.

2. Assume three-dimensional packi
base layeris called ‘A’ and the voi

exagonal close packed system. The
een the spheres are named ‘a’ and ‘b’

alternately. %
3. Both ‘@’ and ‘b’ voids are tria%\ shape. The only difference is that the apices
n

of voids‘a’ point downwards se of ‘b’” point upwards.

of the first layer. The * are left unoccupied because no spheres can be

4. The second layer is placed,i a way that its spheres find place in the ‘a’ voids
D @v
placed in them.

5. There are two ne f voids in the second layer—‘c’ and ‘d’ The voids ‘c’ lie
above the sph first layer and the voids ‘d’ lie on the voids of the first

layer. @
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6. A simple triangular void ‘c’ which is surrounded by four spheres is called a
tetrahedral void. The double triangular void (like ‘d’) which is surrounded by six
spheres is called an octahedral void.

7. The voids or holes in the crystals are also called interstices.

Tetrahedral and octahedral vo
8. There are two ways of building the t r.
hcp structure:

i.  When the third layeni % on the second layer in such a way that the
spheres cover the te al voids, three-dimensional closed packing is

is of theABAB t exagonal closed packing.

obtained.
ii. Considerthe firsﬁi s ‘A’ and the second layer as ‘B’, the arrangement

Molybdenu@nesium and beryllium crystallise in the hcp structure.

)

X

Actual view of hexagonal close packing Simplified view of hexagonal close packing
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ccp structure:

i.  When the third layer is placed on the second layer in such a way that the
spheres cover the octahedral voids, two layers ‘A’ and ‘B’ are formed.
Assume that the newlayer be ‘C’.

il.  On continuing, a packing is obtained where the sphefes in every fourth
layer will bevertically aligned. This pattern is e ABCABC pattern or
cubic close packing.

iii. Itisthe same as face-centred cubic close ‘acki’g.

iv. lron, nickel, copper, silver, gold and aluminium crystallise in the ccp

structure. : ¢
A bc b it
Cc
-
A N B

\ )
P av s

S

X
C

Packing Efficiency Q

In all the type of packin@re is always some free space in the form of voids or vacant
spaces. Packing efficien percentage of total space filled by the particles.

Packing efficiency = me of total lattice points / Total volume of unit cell

a
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(i). Packing efficiency in fcc or ccp structures

E

suppose edge length of unit cell = a

And radius of sphere =r Q
In AABC, A% + AB?

&2 = 232

H@Ece diagonal AC = /2a
@:M SAr =420 a0 = s
Q :

QHence, volume of unit cell = a® or

As there are total 4 lattice points per unit cell.
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4:—:%717‘3

Packing efficiency = ————
16+/2r2

167r°

3 x 16213 Q

Hence, % Packing efficiency = 74% @
(ii). Packing Efficiency in bcc structures ?

.
’
1
'
.
.
.
.

Suppose the edge Iength%

Radius of each sphere =

Number of lattice poi erunit cell =2

In AABC, AC2=BC2 + AB2 = a2 + a2 = 232
Similarly in AACD,N
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AD?=ACZ+ CD%2=2a%2+2a%2=13a2

AD = 4/3a
Now, AD =4r . v/3a = 4r or a = $

Hence, % of Packing efficienc

(iii). Packing Efficiency in Simp

y

e&( Unit Cell

_____

Let the edge length of unit cell =a
Radius of sphere =r

As two spheres touch each other at an edge
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La=2r
Number of lattice points per unit cell =1

-

Packing efficiency = . 7 = = 0.524
(2r)° O
Hence, % Packing efficiency = 52.4% Q

Coordination Number

e |n both hcp and ccp structures, a sphere is in contact with 8ix other spheres in its own

layer.
o
e It also directly touches three spheres above and three spheres below. Thus, the sphere
has 12close neighbours. Hence, it is said to coordination number 12.

} Coordination number: Number of closestfieighbours of any constituent
: partieles inthecrystal lattice

e The common coordination numbers i rent types of crystals are 4, 6, 8 and 12.

e |n crystals with directional bond oordination number is lower than that of

crystals with a non-directional b

e |n addition to the above two there is another type called body-centred cubic
close packing(bcc) in which t‘eve occupied is 68%.
e The coordination number ch atom in the bcc structure is 8.

Point defects:
Point defects explain abc@ imperfections of solids along with the types of point defects.

Crystalline solids are fi y joining many small crystals. Different types of defects are
found in crystals a%cess of crystallization.
u

Point defects areM d for when the crystallization process occurs at a very fast rate.
These defects mainly happen due to deviation in the arrangement of constituting particles. In
a crystalline solid, when the ideal arrangement of solids is distorted around a point/ atom it
is called a point defect.

Defects or Imperfections in crystalline solid can be divided into four groups namely line
defects, point defects, volume defects and surface defects. Historically, crystal point defects
were first regarded in ionic crystals, not in metal crystals that were much simpler.

There are 3 types of point defects:
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1. Stoichiometric defect
2. Frenkel defect
3. Schottky defect

1. Stoichiometric Defect:

In this kind of point defect, the ratio of positive and negative ions (Stoichiometric) and
electrical neutrality of a solid is not disturbed. Sometimes it is.also known as intrinsic or
thermodynamic defects.

Fundamentally, they are of two types:

Vacancy defect: When an atom is not present at their lattice sites, then that lattice site is
vacant and it creates a vacancy defect. Due to this,sthe‘density of a substance decreases.

Interstitial defect: It is a defect in which an atom or melectle occupies the intermolecular
spaces in crystals. In this defect, the density of the.substance increases.

A non-ionic compound mainly shows vacancyand interstitial defects. An ionic compound
shows the same in Frenkel and Schottky defect.

2. Frenkel Defect:

In ionic solids generally, the smaller iony(cation) moves out of its place and occupies an
intermolecular space. In this case, a vacancy defect is created on its original position and the
interstitial defect is experienced at itsjnew position.

It is also known as dislocation defect; The density of a substance remains unchanged, It
happens when there is a huge difference in the size of anions and cations.

Example: ZnS and AgCl.

Frenkel defect
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3. Schottky Defect

This kind of vacancy defects is found in lonic Solids. But in ionic compounds, we need to
balance the electrical neutrality of the compound so an equal number of anions and cations
will be missing from the compound. It reduces the density of the substance. In this, the size
of cations and anions are of almost the same.

000000
0 000%
00050
0004600

Schettky defect

Impurity Defect: Let’s understand the impurity defect by an example. If molten NaCl is
crystallized with SrCl, compound then the.Sr?* ions replace two Na* ions and occupy the
place of one Na+ In this way the lattice'site of one Na+ is vacant and it creates an impurity
defect.

Non-Stoichiometric Defect: In this defect, the cations and anions ratio is disturbed either
because of adding or removing'of ions.

Types of Non-Stoichiometric Defect:

Metal deficiency defect: In'this, the solids have less number of metals relative to the
described Stoichiometriesproportion.

Metal excess defect:
There are two types of'metal excess defect:

Metal excess defect due to anionic vacancies: This occurs due to the absence of anions from
its original lattice site in crystals. Therefore, instead of anions, electrons occupy their position

Metal excess defect due to the presence of extra cations at interstitial sites: Here, on heating
the compound, it releases extra cations. These cations occupy the interstitial sites in crystals
and the same number of electrons goes to neighbouring interstitial sites.
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Magnetic Properties:

2s orbital

itals
1s orbital
3s orbital
e Every substance possesses magnetic properties ariginated from the electrons present in
them.
e Each electron in an atom behaves li i agnet, The magnetic moment of these
substances originates from two types ions its orbital motion around the nucleus

and its spin around its own axis.

small loop of current possessin netic moment, Therefore, each electron has a

e Electron being a charged particé@(i oes these motions and can be considered as a
permanent spin and an orbit “: etic moment associated with it.

nt is very small and is measured in the unit called Bohr
).27 x 10 — 24A m?.

e Magnitude of this magneti
magneton, i B and is

On the basis of their magp@tic properties, substances can be classified into five categories:

¢ materials are materials that tend to get weakly magnetized
netizing field when placed in a magnetic field. Paramagnetic
materials have ent dipole moment or permanent magnetic moment. However, if
we remove the field the materials tend to lose their magnetism. This is because
thermal motion randomizes the spin orientations of the electrons.

1. Paramagnetic: Paramag
in the direction

2. Diamagnetic: The spin motion of electrons and their interaction with one another is what
is responsible for the origin of magnetism. The best way to introduce different types of
magnetic materials is by describing how materials respond to magnetism. It may come as
a surprise to you, but all matter is magnetic. The only difference is that some materials
are more magnetic than others. The level of interactions between the magnetic moments
is what distinguishes them. In a few materials, there is no collective interaction of atomic



THE SOLID STATE

magnetic moment while other materials exhibit strong atomic magnetic moment
interaction.

3. Ferromagnetic: There are various kinds of magnetism, out of which ferromagnetism is the
strongest type. Ferromagnetic materials are those materials whichexhibit a spontaneous
net magnetization at the atomic level, even in the absence of an external magnetic field.

When placed in an external magnetic field, ferromagnetic mate % strongly
magnetized in the direction of the field. Ferromagnetic mate re strongly attracted to
a magnet. These materials will retain their magnetization for time even after the
external magnetizing field is removed. This property is calmsteresis.

4. Anti-ferro magnetic: The materials that exhibit the anti-fer agnetism are known as
antiferromagnetic material. When these materials are*kept ih the presence of the strong
magnetic field, they get magnetized weakly in the di n of the magnetic field. This is
known as anti-ferro magnetism.

The antiferromagnetic materials are commonly f mong the transition metal
compounds. Hematite, chromium, alloys of ir ganese and oxides of nickel are the
examples of antiferromagnetic material

5. Ferrimagnetic: Ferrimagnetic materials dim is, in which the magnetic dipoles of the
t

atoms on various subset are opposed, a i-ferro magnetism, but the opposing
moments are unequal in ferrimagneti Is, leaving a random net magnetization.
Crystal ferrimagnetic materials, includ tiferromagnetic materials, have populations

)

of atoms with contrasting magneticimoments. Since the magnitudes of these moments
are unequal in ferrimagnet compoun random magnetization exists. A mixture of
dipole-dipole interactions and e interactions arising from the Pauli exclusion
theory induce magnetization ofife agnetic materials. The key distinction is that in a

ferrimagnetic substance, the w- ell contains various groups of atoms.

Semiconductor Q

Semiconductors are subs@ with properties somewhere between them. ICs (integrated
circuits) and electreni te components such as diodes and transistors are made of

semiconductors. Co emental semiconductors are silicon and germanium. Silicon is
well-known of the ili

n forms most of ICs.
Conduction of Electricity in Semiconductors In semiconductors, the gap between the valence
band and conduction band is small.

This enables some electrons to jump to conduction band and exhibit their conductivity.

Electrical conductivity of semiconductors increases with increase in temperature, since more
electrons can jump to the conduction band due to small gap between the valence band and
conduction band.
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Silicon and germanium exhibit this behavior and are called intrinsic semiconductors. The
conductivity of these intrinsic semiconductors is too low to be practically used.

Semiconductor materials

Solid-state materials are commonly grouped into three classes: insula miconductors,
and conductors. (At low temperatures some conductors, semicond nd insulators may
become superconductors.) The figure shows the conductivities o ( corresponding
resistivities p = 1/0) that are associated with some important m sin each of the three
classes. Insulators, such as fused quartz and glass, have very lo ctivities, on the order

of 10-18 to 10-10 siemens per centimeter; and conductors, @s aluminum, have high
conductivities, typically from 104 to 106 siemens per centim he conductivities of
semiconductors are between these extremes and are generallygsensitive to temperature,
illumination, magnetic fields, and minute amounts of imputity atoms. For example, the
addition of about 10 atoms of boron (known as a illion atoms of silicon can
increase its electrical conductivity a thousand fold

Cond@

Empty
band

rbidden zone
rge energy gap)

Small energy gap

nergy ——>

Filled
ul band
Partially _ Ovg ping
filled @
band
Insulator Semiconductor

n-type Semiconductor; N@

An n-type semicond n intrinsic semiconductor doped with phosphorus (P), arsenic
(As), or antimony ( impurity. Silicon of Group IV has four valence electrons and
phosphorus of Group V has five valence electrons. If a small amount of phosphorus is added
to a pure silicon crystal, one of the valence electrons of phosphorus becomes free to move
around (free electron®) as a surplus electron. When this free electron is attracted to the “+”
electrode and moves, current flows.
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-9
Silicon (Si): ‘ )

fourvalence ©- @ ’
electrons N —O Adding phosphorusto

@

} pure silicon crystal ? ' |
o results in a surplus e
0 electron. And it becomes > @ e
Phosphorus: (B) . 0O afreeelectron. ‘
fivevalence ¢ 4 00
electrons o
% ) q
o > Q

Free electron

p-type Semiconductor:

A p-type semiconductor is an intrinsic semiconducta ith boron (B) or indium (In).
Silicon of Group IV has four valence electrons and 4@ Group lll has three valence
electrons. If a small amount of boron is doped to asinglécrystal of silicon, valence electrons
will be insufficient at one position to bond siIico%ron, resulting in holes* that lack

t

electrons. When a voltage is applied in this s& eighboring electrons move to the
hole, so that the place where an electron w r t becomes a new hole, and the holes

appear to move to the "-" electrode iniq%

> o o <
Silicon (Si): > ) o <
Four valence o
electrons Adding boron t 00 00 00
pure silicg 3
results |n > o f/B —@ ¢
nd ) o & O <
(+] le.
00 oo °o0
Boron (B): ‘
Three valence B 5 o o ¢
electrons ) @ o @ o @ C
o
Applications of n-ty d p-type semiconductors:
n-type and p-type iconductors finds a great use in manufacturing electronic components.

Diode is a combination of n-type and p-type semiconductors extensively used as a rectifier.

Transistors are manufactured by keeping a layer of one type of semiconductor between two
layers of another type of semiconductor.

npn and pnp type of transistors are used to detect or amplify radio or audio signals.

The solar cell is an efficient photo-diode used for conversion of light energy into electrical
energy.
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Gallium arsenide (GaAs) semiconductors have very fast response and have transformed the
design of semiconductor devices.

Transition metal oxides show marked differences in electrical properties.

TiO, CrO; and ReOs behave like metals.

Rhenium oxide, ReO3 resembles metallic copper in terms of its conduc and appearance.

Certain other oxides like VO, VO, VO3 and TiOs exhibit metallic ominsu
depending on temperature.

ing properties
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THE SOLID STATE

Important Questions

Multiple Choice questions-

1.

(c) simple cubic

Close packing is maximum in the crystal which is
(a) bcc
(b) fee

(d) end centred cubic g
In a solid lattice, the cation has left a lattice site and is loca an interstitial position. The

lattice defect is )
(a) n-type

(b) p-type b

(c) Frenkel defect

(d) Schottky defect 0

The coordination number of metal crystalli ima hexagonal close packing structure are

(a) 12 %
>
(c)8
(d) 10 &

In a body centred unit cell, the n%of atoms present is
S

(b) 2

(c)3 NQ
I

In a trigonal crystal

(a)a=b=c,a=R=
(b)a=b#c,a= 0°
(c)azb#c,a=R=y=90°
(da=b#c,a=8=90°,y=120°

The appearance of colour in solid alkali metal halides is generally due to

(a) Schottky defect
(b) Frenkel defect
(c) F-centre
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(d) Interstitial position

7. In a body centred cubic structure, the space occupied is about

(a) 74%

(b) 20%
(c) 68%
(d) 52.4%

8. Some polar crystals when heated produce small electrical Cfghe phenomenon is called

(a) Ferroelectricity
(b) Anti-ferroelectricity
(c) Pyroelectricity

o
(d) Piezoelectricity.
9. The empty space within hep arrangement is 0

(a) 34%
(b) 47.6%

(c) 32% %N

(d) 26%
10.A crystal system with axesa # b # can sa#B#y=#90° corresponds to

(a) monoclinic &

(b) triclinic
(c) cubic
(d) tetragonal

11.The number of Cl- ion@around each Na+ ion in NaCl crystal lattice is

(a) 3

o1 O
(c)8 \Q
(d) 6 N

12.To get n-type semiconductor from silicon, it should be doped with an element having valence
electrons of

(a) 2
(b)1
(c)3
(d)5
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13.Volume occupied by atoms in fee is

(a) 74%
(b) 68%

(c) 52.4%
(d) 75%
14.Percentage empty space in a bcc arrangement is Q

(a) 74%
(b) 68%
(c) 32%
(d) 26%

15.To get p-type semiconductor, impurity to be ad silicom should have which of the
following number of valence electrons?

(a) 2 0
(b) 3 N

(c)1

(d)5 %
Very Short Question: b

1. Which point defect in crystals d not alter the density of the relevant solid?

2. Which point defect in its crys its alters the density of a solid?
3. Which point defect in its cm its increases the density of a solid?

. How do metallic and ionic nces differ in conducting electricity?

4

5. Which point defect@tals decreases the density of a solid?

6. What is the number/®fatoms in a unit cell of a face-centred cubic crystal?
7

8

9

. Write a feature w, m distinguish a metallic solid from an ionic solid?

. What type of semiconductor is obtained when silicon is doped with arsenic?

. Write a disti ing feature of metallic solids.

10.What type of interactions hold the molecules together in a polar molecular solid?

Short Questions:

1. Iron has a body centred cubic unit cell with a cell edge of 286.65 pm. The density of iron
is 7.87 g cm3. Use this information to calculate Avogadro’s number (At. mass of Fe =56 g
mol?).

2. Silver crystallises with face-centred cubic unit cells. Each side of the unit cell has a length
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of 409 pm. What is the radius of an atom of silver?

. The well known mineral fluorite is chemically calcium fluoride. It is known that in one unit

cell of this mineral there are 4 Ca%* ions and 8 F~ ions and that Ca?* ions are arranged in a
fee lattice. The F~ions fill all the tetrahedral holes in the fac ntred cubic lattice of
Ca?* ions. The edge of the unit cell is 5.46 x 108 cm in lengt e density of the solid is
3.18 g cm3. Use this information to calculate Avogadro’s numberj(Molar mass of CaF, =

78.08 g moll).
The density of copper metal is 8.95 g cm3. If the radius o@r atomis 127.8 pm, is the

4.
copper unit cell a simple cubic, a body-centred cubic or'a face centred cubic structure?

5. Silver crystallises in face-centred cubic unit cells. Each s f the unit cell has a length of
409 pm. What is the radius of silver atom? ®

6.

10.

Silver crystallizes in face-centered cubic uniteell ide of this unit cell has a length of
400 pm. Calculate the radius of the silver ato the atoms just touch each other
on the diagonal across the face of the unit cell’ Is each face atom is touching the four

comer atoms.) g
. The density of lead is 11.35 g cm-3 an e al crystallizes with fee unit cell. Estimate

the radius of lead atom.
(At. Mass of lead = 207 g mol* a

A% x 1022 mol?)

Tungsten crystallizes in body cent bic unit cell. If the edge of the unit cell is 316.5
pm, what is the radius of tungstef a

Iron has a body centred cubic_uni with a cell dimension of 286.65 pm. The density of
iron is 7.874 g cm3. Use thisli ation to calculate Avogadro’s number. (At mass of Fe
=55.845 u)

Copper crystallises with f tred cubic unit cell. If the radius of copper atom is 127.8

pm, calculate the c%:opper metal.
(Atomic mass of Cu 5,63. and Avogadro’s number Na = 6.02 x 1022 mol?)

Long Questions: @

1.

an’atomic mass 93 g mol™* and density 11.5 g cm. If the edge length
m, identify the type of unit cell.

(a) An elemen

of its unit ce
(b) Write any two differences between amorphous solids and crystalline solids.

(a) Calculate the number of unit cells in 8.1 g of aluminium if it crystallizes in a f.c.c.
structure. (Atomic mass of Al =27 g mol-1)

(b) Give reasons:
(i) In stoichiometric defects, NaCl exhibits Schottky defect and not Frenkel defect.

(ii) Silicon on doping with Phosphorus form n-type semiconductor.
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(iii) Ferrimagnetic substances show better magnetism than antiferromagnetic substances.

Assertion and Reason Questions:

1. In these questions, a statement of assertion followed by a statement of reason is given.
Choose the correct answer out of the following choices.

a) Assertion and reason both are correct statements, and rea is correct explanation for

assertion.
b) Assertion and reason both are correct statements, but r@s not correct explanation
for assertion.

c) Assertion is correct statement, but reason is wrong sta ent.

d) Assertion is wrong statement, but reason is correc tatgment.
Assertion: The number of tetrahedral voids is doub e number of octahedral voids.

Reason: The size of the tetrahedral voids is half of tha e octahedral void.
2. Inthese questions, a statement of assertion f d by a statement of reason is given.
Choose the correct answer out of the foll ices.
a) Assertion and reason both are correct.s ents, and reason is correct explanation for
assertion.
b) Assertion and reason both are co atements, but reason is not correct explanation
for assertion.
c) Assertion is correct statement&eason is wrong statement.
d) Assertion is wrong stateme%reason is correct statement.
Assertion: bee and hep has sa ing efficiency
Reason: bee arrangement h s per unit cell, while fee has 4 atoms per unit cell.

Case Study Questions®

1. Read the passage given Below and answer the following questions:

ists of two interpenetrating lattices of oppositely-charged point
charges that are e by a balance of coulombic force of long range. But real ions
occupy space, no s rfect" ionic solid exists in nature. Chemists usually apply the term
"ionic solid" to binary compounds of the metallic elements of groups 1 - 2 with one of the
halogen elements or oxygen. The most well known ionic solid is sodium chloride, also known by
its geological names as rock-salt or halite. Structurally, each ion in sodium chloride is
surrounded and held in tension by six neighbouring ions of opposite charge; this is known as (6,
6) coordination. The resulting crystal lattice is of a type known as simple cubic. There are many
other fundamental ionic structures (not all cubic) and these are: Zinc blende structure (ZnS) :
having ccp arrangement of $?- and Zn?* in alternate tetrahedral voids; Wurtzite structure

(ZnS) having hcp arrangement of S2- and Zn?* in alternate tetrahedral voids; Fluorite

The idealized ionic
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structure (CaF2) having ccp arrangement of Ca?* and Fin all tetrahedral voids Antifluorite
structure (Na,0) having ccp arrangement of O and Na* in all tetrahedral voids. These solids
tend to be quite hard and have high melting points.

The following questions are multiple choice questions. Choose the m propriate answer.
(i) In NaCl crystal, each Cl-ion is surrounded by.

a) 4 Na* ions

b) 6 Na* ions Q

c) 1 Na*ion

d) 2 Na*ions < b

(ii) In an antifluorite structure, cations occupy.

o
a) Tetrahedral voids.
b) Centre of cube
c) Octahedral voids b
d) Corners of cube.

(iii)  Anti fluorite structure is derived from fluonite structure by.

a) Heating fluorite crystal lattice. N

b) Subjecting fluorite structure to high pr re.
c) Interchanging the positions of positiv negative ions in the lattice.
d) None of these.

(iv) In crystal structure of sodium chlegride, the arrangement of Cl-ion is.

a) fcc
b) both fcc and bcc %
c) bcc
d) None of these
(v) lonic solid BaF; has wk@f structure?

a) Fluorite
b) Antifluorite

c) Wurtzite
d) Rock-salt
2. Read the passage&n below and answer the following questions:

In contrast to the disorders of gases and liquids, there is translational order in crystals.
However, disordered or amorphous solids also exist which lack such order, they are really
highly viscous liguids. In translational order entire structure or lattice, can be generated by
repeated replication of a small regular figure, termed as unit cell. The planes of any crystalline
structure can be specified using Miller indices, which is also serve to identify single crystal
faces.The ordered structure, or lattice, of a solid can be determined by X-ray or neutron
diffraction studies, in which a beam of X-rays of neutrons is scattered from the sample to
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produce a diffraction pattern which can be analyzed to reveal the crystal structure of the
sample. All crystal lattices can be classified into 14 Bravais lattices belonging to 7 systems. For
example, the simple cubic, face-centred cubic and body-centred cubic lattices are the 3 lattices
of the cubic system. Cubic and hexagonal close-packed structures have the structure of tightly
packed spheres, where each sphere touches 12 neighbours, 6 in the sam ne and 3 above
and 3 below. These two dose-packed structures differ in the placemen uccessive planes or
layers. For the hexagonal close packing, a third layer is laid down t duce the first layer, so
that the structure could be represented by ABABAB .... For cubi packing, third layer is
again displaced, corresponding to ABCABC.

The following questions are multiple choice questions. Choo@most appropriate answer:
(i) In hexagonal close packing, a sphere has coordination pumber of.

a) 4

b) 6

c) 8

d) 12 0

(ii) Which of the following arrangements coreresents hexagonal and cubic close packed
structure respectively?

a) ABCABC...and ABAB... b%
b) ABAB...and ABCABC...
c) Both have ABAB ... arrangeme&

d) Both have ABCABC... Arran%.

(iii) The arrangement of the firs yers, one above the other, in hep and ccp arrangements

S

b) Partly same and p ydifferent

a) Exactly same in bo

c) Different from eac
d) Nothing defi

(iv) Which of the f ing statements is not correct?
a) The amorphous solids have a random, disordered arrangement of constituents.

b) The simple cubic, face-centred and body-centred are the three lattices of the cubic
system.

¢) The number of Bravais lattice in which a crystal can be categorized is 7.
d) A metal that crystallizes in hep structure has coordination number 12.

(v) Which of the following statements about amorphous solids is incorrect?
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a) They melt over a range of temperature.
b) There is no orderly arrangement of particles.

c) They are anisotropic.

MCQ answers:

=
=

=
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I
A W

2B M oo BN R

(b) fee

d) They are rigid and incompressible.
Answers key

(c) Frenkel defect

L

(a) 12
S
(a)a=b=c,a=RB=y#90°
(c) F-centre 0
(c) 68% N
(c) Pyroelectricity %

(d) 26% b
(b) triclinic &

. (A6 (v
()5

(a) 74% Q

. (c) 32% Q

15.

LA,

Very Short An

2.
3

"
Frenkel defectN

Schottky defect.

Metal excess defect increases the density of a solid. It is due to presence of extra cations in
the interstitial sites.

. The electrical conductivity in metallic substances is due to free electrons while in ionic

substances the conductivity is due to presence of ions.

Schottky defect.
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6. The number of atoms in a unit cell of fcc-crystal is 4 atoms.

7. The electrical conductivity in metallic solid is due to free electrons while in ionic solid the
conductivity is due to presence of ions.

8. n-type semiconductor.

9. Metallic solids possess high electrical and thermal conductivity due resence of free
electrons.

10.Dipole-dipole forces of attractions hold the molecules toget polar molecular solid.

Short Answers: Q
1. Answer @
a = 286.65 pm = 286.65 x 1010, ?

d=7.87gcm3, M=56gmol?

Z=2,Np=? 0
. _ ZM zZ
Using formula : d = 2N, or N, = ﬁ\

or Nu= Thees :1:_?3)3 X 7.87 b%
or Na= Garx 135)3 x 7.87 &
or Na= ex ;..Ieix 102 cv

N

»* 10

112
18.597
= Avogadro’s number @022 x 10%3
2. Answer
Given : a =409 “
For fee unit cell, the formula is a
__a_
r= 23
gry=-58 __ 48 __ 4%
2,2 2x1.414 2.828
~r=14462

-~ Radius of an atom of silver = 144.62 pm

3. Answer
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Edge of the unit cell (a) =5.46 x 108 cm
Density (P) =3.18 gcm?3

According to the formula

N ZxM . N.= 4 x 78.08
AT @3xP T A (546x1078)3 x3.18
N 31232 _ 6033 x 102 Q

I

A 517612 %1073
4. Answer:
If copper atom were simple cubic : ®
a=2xr=2x127.8 pm=255.6 pm
= 255.6 pm = 255.6 x 10° cm b >
Z=1

D= IxM 1:x63.54 0
a*xNy (265.6x10- 10)% ¢ (6.02x10%) N
~P=634gcm?3 %
Actual density = 8.95 g cm3 b
Hence copper atom is not simple c
If copper atom were body-centred k

4r 4% 1278
= ——= ==
Nl 17 P™ 2951
Z=2
ZxM

© @¥xN, (2951 40 10)3 x 6.02 x 107

~P=82lgcm?3 @

Hence, copper is body centered

If copper atom % -centered
a=2v2

ora=2x1414x1278 pm
=361.4pm=3614x10"%¢cm

_ IxM 4x63.54
P== = 3
a’x Ny (361.4x10"%)" x6.02x10%
~P=894cm?

Hence, copper is face-centred cubic.
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5. Answer :
Given:a=409 pmr=?

For fee unit cell, the formulais a

r=—

2v2
orr= 409 _ 409 400
9,2  2x1414 2828

~r=14462
-~ Radius of an atom of silver = 144.62 pm

6. Answer

Given :a =400 pm,r="7? e
| i re @
Forfee unitcell : r M
o .r=1414

o= oxia143 ~ 2838 °

= Radius of the silver, r = 141.4 pm 0
7. Answer

Given:d=11.35gcm™

According to the formula %
_ LxM o3 g
d= P XN, or @ = & A
For fcc lattice, Z = 4
B 4x207¢g mo%
11.35 gem™ x 6. ol™!
or a’= 8 g x 10-23

68.327 x 102
or a=1212x1

or a=31212x1 3

a =495 x1

For fce unit r a
f Nl

M 4.95x1078
or r= — =
2x1.4 2.828

Radius, r = 1.75 x 10® cm = 175 pm

8. Answer
For bee, unit cell : radius, r = % (+a=2316.5pm)
_ 3x3165pm  1.732x316.5pm
- 4 o 4

=137 pm
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9. Answer :

ZxM
RBXNA

For bee, lattice Z = 2 [bee = body centred cubic]
2 % 55.845g mol !
7.874 4= : -
8 M = 28665 x10 P cm)d x N,
N, 2 % 55,845 g mol ! :

Formula : d =

" (286,65 x 10 Vem)? x 7.874g cm >

= Avogadro’s number, Ny = 6.02 x 102 mol”!

10.Answer : ®
In fee, lattice, Z = 4 atoms [fee = face centred cubi
Formula : d = ZxM
ﬂ'a > NA

fec lattice for copper a = 2427 0
- e O
= 2% =8x242(1.278 x 10 cm)?
= @ =4723 %102 em?

= 4% 63.55g mol !
4.723 %1072 em3 x 6,02 x ;E

254.2 g mol !
= d=-——2____ _8
YT 894 gc

Long Answers:

1. Answer

(a) Given: Q
M =93 g mol; p = 11.@-3;
a =300 pm =300 x 10i =3x10%cm
Using formula, %
N

- pratx Ny
- 3
11.5x (3x10%) " x6.022x 10%

93

=2.01 (approx.)

As the number of atoms present in given unit cells are coming nearly equal to 2, hence the
given units cell is body centered cubic unit cell (BCC).
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Amorphous solids

Crystalline solids

(i) They are isotropic, i.e., they will show
same value of physical perties in
directions.

(i) They are anisotropic, i.e., tropic, i.e., value
physical properties will be different when
measured along di directions.

(ii) They have short range order.

(ii) They have lo order.

2. Answer

(a) Given:

Mass of Al = 8.1,

Atomic mass of Al =27 g mol™?
No. of atoms = n x 6.022 x 10?3
==X 6,022 X 107
=0.3x6.022 x 10%3

=1.8066 x 10?3

Since one f.c.c. unit cell has 4 atoms

cationic and anionic radius wher&

difference in their cationic and an

N
>

A

Ny

= No. of unit cells = 1.8066x10%23/4
= 4.5 x 102 unit cells b
(b) (i) Schottky defect is shown t nic solids having very small difference in their

nkel defect is shown by ionic solids having large
radius. NaCl exhibits Schottky defect because radius

of both Na* and Cl- have very smalldifference.
(ii) Phosphorus is pentavaleis it has 5 valence electrons, an extra electron results in

the formation of n-type s onductors on doping with Silicon. The conductivity is due to

presence of extra electr

(iii) In antiferromagnetic/substances the magnetic moments of domains are half aligned in
half in opposite direction in the presence of magnetic field so

one direction and r
magnetic mom il zero while in ferrimagnetic substances the magnetic moments of
domains are a"% arallel and anti-parallel directions in unequal numbers, hence shows

some value of mag moment.

A

Antiferromagnetic Ferrimagnetic

Assertion and Reason Answers:

T

1. (c) Assertion is correct statement, but reason is wrong statement.
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Explanation:

The size of tetrahedral voids is smaller but not half of the octahedral voids.

2. (d) Assertion is wrong statement, but reason is correct statement.

Explanation:
bcc and hep have different arrangements of particles. bcc has 68% and hcp has 74% packing
efficiency.
Case Study Answers: Q
1. Answer : Q
(i) (b) 6 Na*ions °
Explanation:

In NaCl crystal, each Cl ion is surrounded by 6 ’

(ii) (a) Tetrahedral voids.
Explanation: 0

Anti-fluorite structure (NaCl) have ccp aMent of 0% and Na* in all tetrahedral voids.

(iii) (c) Interchanging the positions of sit%j negative ions in the lattice.
;r

Explanation:
Antifluorite structure is derived f&
positive and negative ions.
(iv) (a) fcc CD
Explanation: Q
In NaCl crystal structure, Cl form fcc.
(v) (a) Fluorite Q
Explanation: @

BaF, has fluorite ture.
2. Answer : N

(i) (d) 12

Explanation:

ite structure by interchanging the positions of

For hcp packing, the coordination number of each sphere is 12 (6 in its own layer, 3 in the
upper layer and 3 in the lower layer).

(ii) (b) ABAB .... and ABCABC...

Explanation:
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In hexagonal close packing, each sphere of third layer lies exactly above the sphere of
first layer. Thus, hep is abbreviated as ABAB .... In cubic close packing, the spheres of
third layer do not come over those of first layer and spheres of fourth layer correspond
with those in first layer. Thus, it is represented as AB CAB C...

(iii) (a) Exactly same in both cases.

(iv) (c) The number of Bravais lattice in which a crystal can be ¢ rized is 7.

Explanation:
The number of Bravais lattice in which a crystal can be gategorized is 14.

(v) (c) They are anisotropic.
Explanation: o
They are isotropic as they show same propeg{ irections.



