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Solid State  /

I Solid State

Solids are characterised by the state of matter In which particles are closely packed and held
together by strong Inter molecular attractive force.

@ Properties of Solids :

(a) In solid state the particles are not able to move randomly.
() Theyhave definite shape and volume,
(c) Sclids have high density.

(d) Sollds have high and sharp melting point which Is depend on the strength or value of binding energy,
(e) Theyare very low compressible,

{f They show very slow diffusion,
@ Types of Solids :

_ Solids
o v
Crystalline Solids Amorphous Sollds
@ Crystalline solids :
(a) Inthis type of solids the atoms or molecule are amranged n a regular pattern in the three dimensional
network.
(b) They have well defined geometrical pattern, sharp melting point, definite heat of fusion and anisotropic
nature

(c) Anisotropic means they exhibit different physical
e.g. The electrical and thermal conductivities are

(d) They are generally incompressible,

(g) The general examples of crystalline solids

® Amorphous Solids :
(@) In this type of solids, the arrangement of building

(b) They are regarded as super cooled liquids with high viscosity in which the force of aftraction holding

the molecules together are so great, that the materia| becomes rigid but thera is no regularity in
structure,

(c) They do not have sharp melting points,

@ They are isotropic as they exhibit same physical properties in all the directions.
(e) The general examples of this solids are as glass; Rubber, plastics etc,

Properties in all directions.
different directions.

are as Quartz, diamond etc.

constituents is not regular.

° Difference between crystalline and amorphous solids :
Property Crystalline solids Amorphous solids
1. Shape They have definite and regular They do not have definite and reqular
geometrical form, geometrical form,
2. Melting point They have definite melting point They do not have definite melting po_lnt.
3‘ Heat of fusion They have a definite heat of fusion They do not have definite heat of fusion.
4' Compressibility They are rigid and incompressible, These may be compressed to any
: appreciable extent,
: { i i i lar cleavage
. Cutting with a They are given cleavage e, they They are given irregu : _
2 gﬁamidged tool break into two pleces with plane i.e.they break into two pieces with
surfaces, irregular surface.
E E
g i
i :
[
Time—> 'I‘Imn-—--)
6. Isotropy and They are anisotropic. They are isotropic.

Anisotropy
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Ex.1  Asolid X mells s

ghtly above
categories does h belong \ 273K and js a poor conductor of heatand gf
(1) lonic solig :

Ex.2 (2) Covalent sojiq

Inac (3) Metallic
(1)23';??'5' the atoms ar; located at the Position of : L _—
Exa il (2)Infinite PE. (3) Minimum p.g -
(;ﬁph,te is an example of £ (4) Maximum P.E. Ans, (3)
onic solig '
(3) Vander Waal's crysta| 12) Covalent soig
Ex.4 ?mOFDhOUS solids ; il e T
Possess sharp meltin
g points
(2) ggdnirtglc: %!ean cleavage when eyt with knife
Ndergo clean cleavage when oyt with knif
£ (4) Possess orderly arrangement over long dfshncr;: Ans. (3
D STUDY oF CRYSTALS :
® Crystal : Acrystal is

m of structura|
: @ homogeneous portion of a solid substance made by regular patte
units bonded by plane surface making definite angles with each other.

in different sites in three
o‘ Space lattice : The arrangement of constituents like atom, ions and molecules in diff
dimensional Space is called space lattice,

over again, results
® Unit cell : The smallest repeating unit in space lattice which when repeats overanc
in'a crystal of the given substance called unit cell.

® Properties of a cube -

Edge(motal no. of edges = 12)

| A"
3 Face Diagonal ’g
Face ‘

(Total no. of Faco diegonal = 12) "
(Total no. of Face = §]

Body Diagonal
(ram.f).;o, of Body diagonal = 4)
\- Comefﬁawfno. of comers = §)

i
v o’ e
Facecentre |2
(Total no. of Faco contor = 6)™— /?‘..\7{
72

Body center
(Total no. of Body center = 1)
® Face : The plane surface of the crystal are called faces.
® Edge : An edge is formed by the intersection of two adjacent faces.

; i ' s called interfacia
® Interfacial angles : The angle between the perpendiculars two intersecting face I
angles.
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UNIT CELL INTWO DIMENSIONS : é‘, or B0 .00 ge
entin two dimensions we need the help of three parameters,
fferent relationships we can define

\ain a regular arrangem
ter. Based upon their di

it e
d one angular parame

Now in order to uniquely exp
two distance parameters an
differentcases

Case ‘A’ (a = b) angle = 90° Case 'B'(a # b) angle = 90°
-] o o

o
i t e a 8 -
| The unit cell in such acaseisa square.Placing The unit cell formed in this case is a rectangle.
i such square side by side we will obtain the entire
two dimensional arrangement

[ ]
; @ UNIT C_ELL IN THREE DIMENSIONS :
It has six parameters, 3-distance parameters and 3-angular parameter.

unit cell (also known as the crystallographic axes).
the crystallographic angles.

TALS:
fa,b, canda, p,ywe define different crystal classes.

| a, b, c are lengths of
a, B, y are known as

| )
DIFFERENT CLASSES OF CRYS

| e
I Based on different permutations o
! Seven Crystal System
| r————’_'___
'1; @ Crystal System Edge length Angles \Unltcell iuund\Examples &
Y SC, BCC, FCC NaCl, ZnS, Fe, Al,Cu, C (diamond)
b =b=c a=p=yY= 900 ;
| 1 Cubic 7 B=1 (3) \Csc’t, Na,0, CaF,, KC, Pb, Alum. j
SC, BC Sn (White tin], Sn01, ,1-\01, 1“01,
I a=b#c |a=B=7Y= 90“\ : \
, 2 e i (2 NiSO,, urea.
= sy B 90° SC, BC, FC, EC Rhombic sulphur, BaSQa, KNO3,
C a=p=y=
| 3 Orthorhombic| 4 i (4) PhCO;, , CaC0a; (aragonite)
| TRl
&=y =99 Monodlinic sulphur, PbCrO,, Na;SO
- e e 120° SC, EC onoclinic sulphur, 4 N80y,
4 Monoclinic a# e 6‘0 L (2) 10H,0, Na,B.07.10H,0
=1 | SC
5 TriCIin]C a#x b#c |O s B FYF 900 (1) \K;crj_o;t, CUSO4.SH20, H3303
=] a=p= 90 SC :
B Graphite, Zn0O, cds, Mg, Pbly, SIC.
6 | Hexagonal a=b#cC # 120° (1) :
_________._._._-___1——
[
Rhombghedral SC CaCO, (Calcite), HgSLC\nnahar\.
7 or a=b=c (1) NaNO;, \C\.
Trigonal N
_ [F e sl
HMT
f rise : CaTORac '
:Lr::,f? r Ir:;r_%o1 4 different types of unit cell are found and these are also known as 14 Brav ais \attice
52, IPIA, Near City Mall Thalawar Road, Kot (RaL -324009
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=] TYPES OF UNIT CELL :

In every crystal class, the Positioning of the lattice points may be different. Baseq Upon these different

positions occupied by the lattice points, we have different types of unit cells.

1. Simple / primitiye type of unit cell : If jattice points or the particles of the solid are present only at the

comers of the unit cell.

cell : lattice points are at the comers as well as at centre of any of two opposite faces.
|

Each of these arrangements corresponds to a unique and different type of arrangement These 14 different .

amangements are called the 14 Bravais attices,
- In any lattice, the surrounding of each and every lattice point is exactly identical.

® MATHEMATICAL ANALYSIS OF cuBic SYSTEM (TYPES AND ANALYSIS) :

Simplest crystal is to be studied In cubic system, Three types of cubic systems are following. : ‘

(a) Simple Cubic (SC) : Atoms are arranged at the comers of the cube.

tre of the cube.
(b) Body Centered Cuble (BCC) : Atoms are arranged at the corners and at met:f:d of the each faces,
(c) Face Centered Cubic (FCC) : Atoms are arranged at the comers and at cen

Contribution of different Lattice point in one Cubical unit cell : —

i

=4

. 1
(i) Contribution from one corner lattice point = r th.

(shared in 8 identical cubes)

o 1
(i) Contribution from one face centered lattice point= 2

(shared in 2 identical cubes)

1
(iii) Contribution from edge centered lattice point = 7T th.
(shared in 4 identical cubes)

(V) Contribution from body centered lattice point= 1. |

(it is present inside or at the centre of cube) =

@& Number of atoms per unit cell / unit cell contents :
The fotal number of atoms contained with in the unit cell for a simple cubic called

(a) Simple cubic structure (sc):

the unit cell content. :
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(b)
0}
(ii)
(i)
(c)
()
(ii)
(iii)
@

elements Aand B hasacu

t the face centres. Drive the
mers of the cube, therefore num

Ex.5

| SO].

Body centered cublc structure (bec) !

Eight Comner atoms contri
Centre atom contribute one alom per

So, total 1 + 1 =2 atoms per unit cell.

unit

z=ax%+1=2

Face centered cublc structure (fce) :

The elght corners atoms contribute fo

Each of six face cen'cred atems |2 shared by two adjacent

cell.

atom contribute half of its share. Means

1
B x % = 3 atom per unit cell.

So, total Z=3+1= 4 atoms per unic ceil.

ATOMIC RADIUS :
Itis defined as the half of the distance between neare

term

(a)

(b)

()

A compound formed by

cube and B ato
As A atoms aré presen

As B atoms aré presenta

of B in the unit cell = 7

.. Ratio of atoms A
Hence, the formula 0

simple cubic structure [S.C.]

bute one atom per unit cell.

=

1
ra of an atom and thus one atom per unit cell,

nit cells and therefore one face centred
4-1

AT

st nelghbouring atoms in a crystal. \tis expressedin

s of length of the edge (a) of the unit cell of the crystal.
@)

Radius of atom 't = %
Face centered cubic structure (FCC) T = .
22 2=
Body centered cubic structure (BCC) 'r' = —— ‘-‘
2 AT Y,
a=b=c a
a=p=7=90°

ms are a
t at the 8 co

1
=3 x 8 =1

A x6=3

B=1:3
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Mds,m\m_ |
Ex8 Acubjc solid Is made up of two ¢ =
lements X ang Y.A
LTl Whatlsthe L o mmpﬂt::;s?‘r aré present atthe comers of the cuba ang atomns
tems of Y In the unitcell=1/8 \

Sol. As ﬂtﬂl"s Y are PIESBIII al Hle B Corers of the cubﬁ u'lelﬁrom ”Ul"bels ofa
1 "

= As atoms x are prag
| ‘ entat the bod,
Sl Xy Y centra, therefore, Numbers of atoms of X | the unit cell = 1
Hence, the formula of the Compound s xy

@ sollds which contain onj
Y one ty=o of :

o metallic solfgs (eg. Iron) e
v Mmolecular solids {eg. dry Ica)
S covalent networi solids (eg. diamond)
(lonle solids dg not fall into this category as they contaln more than one type of particles they wii
:JT;tudled In the later parts of the chapter) lus'r

e atoms or Particles of the solids will be re h e

presented by solld spheres, i
We “.'1" be l_akir‘!g these spheres of radius ' and explore how we can arrange these in three dimensions. Firstly
we will begin with arrangementin one dimension. |
ible ways.
dimension itis possible to arﬁngg the spheres in two poss Yy

@ ARRANGEMENT IN1-D : In one

] (]

i i!@@@@

=

p §-

=8 3
Not Stable [because the potential energy of the system is not minimum]

2 %“)000 a=2r

Coordination number = 2

1-D close packing stable arrangement lattices will sho
This Is the predominant way of packing in one dimension and as such most of the space W
such an arrangement in one dimension along the planss of close packing.

ARRANGEMENT IN TWO DIMENSION : i i
In two dimensions also there are two ways of packing the spheres(in moving “?TSZ?Ongde":ci"a?ami
gined that the two dimensional array will be made up of 1- P ys

dimensions it can be ima
one on top of other.
Square packing : Ifthe one dimensional arrays are placed on top of one another, we getthe square

lines which are stacked
1%

;62r-): =a

packing in two dimensions,
One sphere will be in contact with 4 other spheres.

area of square = a2 = 42
Ixn Px4=nr
area of atoms in the square = 2" x4=n

.unll cell

fraction of area occupied by spheres = ar

@® |Corporate Office: CG Tower, A46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Ra).
: ' — 6
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2. Hexagonal close packing : (in 2-D) If in a twa dimensional amangement,avery one dimensional

array is placed in the cavity of the |ust precedi
ol Just p ng array, we get the hexagonal packing in two

'rﬂrﬁ =a
L X O
o
]
Y IJI v,
fraction of area occupied = _;;_3’2_#__4'%1 ~ai% unitesll

v 1
“ﬁ:m H‘:; above calculations, the spheres aro in closer contact in the hexagonal arrangemen,
gonal amangement Is considered o be a battar way of packing as compared lo lhe square

area of hexagon = 6 x _‘i:‘:’_at =B x i:"’_ w4p=87 ¢

areaotatums=nr'+% * Gar = 3Ine

As is evident
hence the h
packing.

bl

ARRANGEMENT IN THREE DIMENSIONS © o
Simple cubical arrangement In three dimensions ? ;
(will be made up of 2-D sheets arranged one over other)

T:i: ﬂm’:‘: ;u biv;a:‘_:ackin? Is obtained by arranging the square pack sheets of two dimension one aver the
othersuch that spheres of the second sheet sre exactly (vertically) abave the spharos of first shest

e
2r Simple
cubic
a=b=c 2

(Note that a=p=y=90% hence crystal thus formed will belong 1o the cubic crystal class, and as the atica

points are only at the comers, hence the unit cell will be simple, therelore what we getis ihe simple cublc) 2
() Relation between ‘a' and ‘v’

a = 2r (becauseatoms along the edge are touching each olher)

(Ii) Effective no. of atoms per unit cell :
{Z} = -;- xB=1
(iif) Packing fraction :

. MMEHQG%X
Packing effidency = ~ Total volume of a unit cell

4 a 3
37 4 =2 o052 (orS2%)
= a® 3 (2,]3 IxBr

; Q as IhB packiﬂg s Ve (s}
mﬂf@ . his fS n racltion v

rdination Number :

this sphere \ouches \ne numbered

(iv) Coo ber of atoms touching shown.
2 e num 4 spheres as

it is defined zfcﬁa; atom. For simple cublic, P

any one ‘pa e

coordination numbe 8

WWW.GRADESETTER.COM
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Denslty of the unit cej = Massof total atomg Present i aunit ea|

Volume of that unjt Cell |
Z(M/N, ) y 2

T ot (

|
= ‘-'___M =3 |
_Hy (a7 kg9, 9¢m

No. of atoms Ina unit ce||

N, =Avogadro Number (6,023 x 10%9) |
Body centreq cuble:
The body Canlred ¢ i

The lattice points in the 2D
- N8 spheres start touching each
other only upon movin

#2r (as atoms alon

a g the edge are not touching each other)
they touch along the

body diagonal, hence J3a=4r

(i) Effective number of atoms (2)

i
=1+%x8=2.

2x 4 xr
(i)

= =3 = 0.68 = 68%
Packing fraction = 1:;3;75 V3x/3x.3 = 8 0.6

—~ t the eight Comers)
o S etnatien N;’!!.?ez,ohere at the body centre will be touching the spheres a

ZM M
v Densuy=r‘@—g‘;r_=m? (wZ=2)

Close Packing in three dimensions :

(These are made up of two dimensional hexagonally packed sheets)
In second layer we have two kinds of voids.

() Voids of second layer below which there are spheres of first
layer (all voids of type ‘a').

(ii) Voids of second layer below which there are voids of first layer
(all voids of type ‘b').

For third layer, we have two possibilities.

(A) If spheres of J]j® |3
a’) then |« layer a
Packing)

nd " layer (voids of
ced h there are spheres of |
I in volds of Il layer below whic e i
ﬁr aﬂrtidf lZyer are Identical so this is called AB-AB pattern repeat o agona Ose

WWW.GRADESETTER.COM
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Solid Stare

A
pr-U A\ 8
M
B
W™ layar——> B )
B
& A
" layor — . l A

Exploded view

Hep unit coll: a=2r=b

2 K S netes
() (:’:ic:;;::::llif-‘-“: ol:-c- consider the spheres marked 12,34 inthe um:h -;e':'l as \i&ﬁﬁ?\;ﬁ:\iﬁwﬂ 5
s ! dicular from ‘4’ \o the equl
: hedron, The length of the perpen
form a regular tetra
equal to c/2.

w—al2—

a
cos 30° = 5

28 a
a ——
— = 3
X = 2¢co0s30 23 i

\
Apply pythagoraﬁ theorem.

—

2+ (c2p =2
e x Helght.
\Jolume of the hexagon — Area of bas
o

83 4 2yx |2(4) =242 7
__6‘\[3- algc:-—'z"(‘“)" 9
T4

WWW.GRADESETTER.COM
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! (i Effoctive no. of atoms par unit coll ; |
al 1
Zm g  (no. of atoms at cornor) + 2 (no. of atoms at face centres) + 1 % (no. of atoms inside the body) '
1 1
=Sl b i 5x2+1 x3=2+143=8

ﬁxixra

luma of the aloms 3 n
(1) Packing fraction : = ~cume of tha aloms _ = =T74%
8 volumo of unitcell ~ 24y22  3yz - 074

(v) Coordination No. : C.N.=12

Mass ZM
Y Density = Volume _ Na(voluma) — Na (volume) (v 2=8)

B) ABC-ABC ARRANGEMENT :
If the third layer spheres are placed in those voids of second
layer underwhich there are volds of Lhe first layer of spheres (volds
of type 'b'), then the first and the third layer of spheres will not be
identical.Such an arrangement will lead to an ABC-ABC type of
amrangementIt is also known as the cubical close packing (cep)
or also as the Face Centred Cubic structure (FCC).

these
heres of Ist layer then

In the ABC — ABC pattemn, the spheres of 4th layer are vertically abni\:; ;rtliealslrt}) first layer so it will be called
conseculive layers are different from each other, fourth layer will baki  becausea cubical type of unit cell
ABC —ABC repeat pattern. It is also called the ccp (cublcal close packing

Is used for the study of this arrangement.

B

2 A

c

; -}

= A

c

8
: A

Cublcal dosest-packed siruciure
A
Exploded view
A
B
e .
‘Lﬁ ! \.\ A planes of closest packing
| ‘l.‘* &
—— \
B
\c inl lr! -
s (i) Relation between ‘a' and T’ :
a#2r

L%

J2a=4r (88 the spheres touch along the face diagonal)

Mall, Jhalawar Road, Kota Ral.
: A48 & 62, IPIA, Near City Mall. J
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Solid Stale
(1 Effective no. of aloms :

Z:‘ihﬁi“i x@=4

A
An=xfl "
(1))  Packing fraction: 7-_4:3-'? x2=33 " 074 = T4%

(tv) Coordination numbaer 2 12

ZxM 4xM
b Density= N‘.l‘ - N‘AIQS

Note : In close packings, whanaver two consecutive layers aro of differant kinds(FCC, HCP) then packing
afficiency will ahways be T4%

] TYPES OF VOIDS FOUND IN CLOSE PACKINGS :
Eventhough the close packed siructures have the maximum packing sfficiency, there are \ndeed empty

spaces in between, {et us analyse the types of such volds and the maximum radius of a particie thai can be
placed in such volds

1. Trangular vold (2-D|mnnnloml 3 co-ordinata vold) The triangular voids 8re found in the plones of tho
close packod struciures, whensvar throa spheros aro in conloect In such 8 {ashion.

R
5= = i th ere,
cos30® = Rar R = Radius of a sphere
-‘—G— = = r = maximum radius of a sphere \hat can be placed |nside the veld
2 R+ :
2 8L _ r=0485R
¥aies R
L Tetrahedral vold (ﬂlm-nnlnml 4 co-ordinate) :

The tetrahedral void Is formed whenever 8 spnere s placed on 0P of the triangular
arrangementas incase otthe triangular void.

(o]

A
R4 (o) 4o.= 60 (minute)
D
B c

’,IWWW.GRADESETI'ER.COM
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Solld Srare
Location of ¢ trah =
on of te odral volda I FCC unit ] e
2:1 :f:- un mr;; otlgmhrmhadmf va:afap::::n'n col. Just bolow evary | £
P ety mloi::, o |s ono, As thero arn olght comears, thore aro
The spheres 12,3, 4forma tetrahedral vold, G

3. Octahedral void (3-D
Imonsional g coordinate vold oclahed
are placed, ane on top and the other below a square Jr;l'ab:gamanl a?:::?rgn

X=2R
%2 =2R+2r
2R 2 =2R+2r
R,J'z_ =R+r
r=(J2 -1)R

LUy

Location of octahedral volds In a FCC unit cell : Il the edge centres and &l the
In 2 FCC unit cell, there are four octahedral volds. They are present at &

1
body centre. The contribution of the edge centre void per unit cell Is - .

Hence, total number of octahedral voids = (12‘;’J + S (1) =4
edgecentras  body centre _
s Cuibl £-coordinate void) ted as a result of distorions
TT?: C::jlé??afg}?é:‘::r;llgn:oll fou:gl In glosed packed structures, butis genera
arising from the occupancy of voids by larger particies.
Along body diagonal
V3a =2(R+1) 0
23R =2(R+1)
r=(/3-19)R
r=0.732R

5 g |ate its density (Atomic mass

: . Calcu
f Sodium has a bee structure with nearest nelghbour distance 365.9pm
' of sodium = 23) _B,
e(a)asd=
For the bee structure, nearest neighbour distance (d) Is related to the edg B

2 2
= = — .8=4225pm
or a= %'d 1732 % 365.9 p

For bce structure, Z =2

For sodium, M = 23
ZxM 2x23gmol”" =151 g fem®

« DRI~ T em)? x(6.02x102mol)
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Solld State -~

L w

X-ray diffraction studies shows thal copper i Y
crystallizes In an fee unit cell with cell edge of 3.608 x 10" cm
ina s b :
% Mpll.'aln experiment, copper Is delermined lo have a dansity of 8.92 g/cm?. Calculate the atomic mass
ZxM Dxa?
oG o M= Lz"u‘l

Sol. D=

For fcc lattice, Z = 4 hence, (8.02 g cm 2 )(3.608 x 10~ em)* (8,022 % 10™ atoms mol™)

i ' YR =831 g mot™
. Atomic mass of copper=6.3,1
Ex® Densityo!f Lialomis 0.5
3 a 1 v
(N = 5,023 x 105, M = Ggi;m . Tha edge length of LI 12 3.5 A. Find outthe number of Lialoms In a uni cell
Sol. Theaimisto find Zin the formula
ZxM
D= a’ =My
z= Dxa® =Ny _ 0.53 g om ™ =(3.5%10%cm)? » (8,023 x 107 mol")
™ 6,849 mol’ =187 =2
Ex10 Transition metals, when they form interstilial compounds, th
(1) Voids o holes in cublc-packed structure mTa:&h:a"::;::“ VRISl sgp acdrodaadin: :
(3) Octahedral volds (4) All of \nese Ans. (4)
Ex11 Ina close pack array of N spheres, the number of telrahedral holes are -
(1)4N (2) N2 (32 (CYAL] B (3)
Ex12 In antiflourite structure, the negalive lons -
(1) Occupy tetrahedral voids (2) Occupy oclahedral voids . -
(3) Are arranged in ccp (4) Are arrange Inhop o Ane, (3)
® IONIC SOLIDS =

da 3 B yie

lonic solids are characterised by the presance of
anion,even the simplest of ionic solids contains one cation and one anion.

The Cations are generally found to be of smaller size, and the anlons of larger sizes. The anions thus form
the lattice by occupying the lattice positions and the calions arg found inside the voids in such structures.

The types of vold occupied by the cation would depend upon ihe the R0 of its radius to that of ine anion,
popularly termed as the radius ratio, Hence, radius ratio =1,/ r_

alleast two types ol particles viz- the cation and the

C.No. Limiting radius ratlo Type of Vold Occupled
3 0.155—0.225 Trangular

B 0.225-0.414 Tetrzhedral

6 0.414-0.732 Oclahedral

) 0.732-0.999 Cubical

Exam { lonlc crystals : tructure. The
Ro?:::;;t (NaCl) g;ardlnann number (6 ; 6) NaCl crystaliizes in the face cer\:\;‘e: ;ba‘:\ :d e
gloride jons are present at all the \attice position and the sodium lons occupy 3

FCcCinCr+
Na'in -
octahedral volds oNa
oclr
Rock sall (NaCl) structure.

contact with {our sodium lans

with four chioride lons, and every chioride s \n
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