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UNIT -1V
4.1. SOLID STATE

Matter can exist in the three states; solid, liquigd and A
- . Se
solid state, the atoms, molecules or lons take up fixeq POsitiq Ous Iy
move. Solids are characterised by the orderly N o

ang ;
. o e angement dqﬁn‘
molecules or jons. The essential characteristics of the ¢ 0 *

L . d . Olld :a‘orﬂg
rigidity, typical geometry (shape) and non COmpreSS,b”ity ta,ea
. . . . ;'s.
classified into two type: Olig, Ny
L Crystalline solids e.g. diamond. iodine, sugar, sodjym, chlgy:
. ) n

Amorophous solids. e.g.. rubber, plastics etc. Crystals

arrangement of atoms, definite geometric structyre ang::lzess regmar
points. mel“’:g
Typical Crystal Lattices : T .
The positions of atoms, molecules or ions in . ',/‘.“}#Z'{’:,')
a crystal relative to one another in space are "‘t*zf#;}::t*
designated by points. Such a representation is | F ‘H,:
called space or crystal lattice. A crystal lattice is i:y
an array of points showing how atoms, molecules , ~&
or ions are arranged at different sites in three- figure
dimensional space. The space lattice is made up I'=Uint cg]
of a large number of unit cells. 2~ Crysta] latice
Unit Cell :

A unit cell is the smallest and fundamental portion of crysty) lattice.
when a unit cell is repeated in three dimensions, it generates the Cryst
(or) A unit cell is the smallest repeating unit in space lattice which, whe,

repeated over and over again, results in a crystal of the given Substance
The unit cell possesses the same geometric shape and the same Symmetry

properties of the crystal. The Crystal may be considered to consist of

infinite number of unit cells.

Elements of Symmetry :

When a crystal is examined, the existence of various types of symmety

Is revealed.
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clements of symmetry.

rrangement of structural units, differeny
(WAYN|

AR
u on lhe a
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( s\;mmetries.

cntr®® ” mm.etr\' of a crystal |
sy \ ystal 1s such a point that any lin
[ ) C

P
entre
The ©
0 aghit it intersects the éurface of the crystal at equal distanc
it , ' | e 1n
J ihd recﬂon ' meet[f equwalen}: points at equal distances on eith
b0 (ever have more than o B
<tal can ne centre of s
e A ymmelry. {fig. a)

plane of symmetry
I metry of cry stal is an imaginary plane which divid
aes

lane ©
stal intC two halves (equal parts) so that one is the exact mirtor
(

cry
of the other (figb)-

ymmetr) is a line about which the crystal may be rotated
nts exactly the same appearance morc than once in a
hrough an angle of 360°).

twice, thrice, four times or SiX
the axes of rotation
of symmetry

it prese
evolution (i.e.,t

configurations occur
0°. 120", 90° or 60°)

fold and six fold axis

mp] ete I

rotation of 18

gre Ca “Cd two
pectwely (ﬁg c)

a b
Symmetry elements of @ cube e cubic €Y qal. A cube
There af¢ 23 elements of 87 ! ct lar pIz es of 8Y mmetry
e

has 2 types of plan€s of symme
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and six diagonal planes of symmetry. There ?re 3 .
symmetry: three four-fold axis of symmetry Passing thrOUgh of %
%

opposite faces.

four three-fold axis passing through OPI_’OS"C COrners anq .. <-
axis passing through midpoints ofoppos:t.e edged. The cu 3}:’( t‘\
of symmetry. Thus a cube has the following elements of Sym A,
"’Iet
Axis of symmetry : ')\
4
Four-fold axis of symmetry = 3
Three-fold axis of symmetry =4 -
Two-fold axis of symmetry =6 13 ‘
Plane of symmetry :
Rectangular planes of symmetry =3 _
Diagonal planes of symmetry =6
Centre of symmetry < i
oet
Total number of elements of symmetry 2
Bragg Equation : .
R . . ro
Bragg developed a simple equation to determine the Strucy 3
crystal using X-rays. This equation in known as Bragg*s CQu:t- of,
ror'e 10 .
Bragg’s law. ol o
Bragg’s equation/Law : nd = 2d sin @
Derivation : to
o]
Figure 1 shows a beam of X-rays falling on the crysta] Surface 1
- Twy

.s"llccessi\fe atomic planes of the crystal are shown S€parateq by
distance ‘d’. et the X-rays of wavelength A strike the first Pllneax' :
angle #. Some of the rays will be reflected at the same angle. Some of;

r:p’s will penetrate and get reflected from the second Plane. These rav
will reinforce those reflected from the first plane if the extra dnsum

travelled by them (CB +BD) is equal to integral number, n, of wavelength

I'hat js
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Crystal Planes
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(X T grom two ditferent planes ot a crystal
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\h‘\\\.\" that
) %) \ Al l‘l) ‘.\l‘ .\‘ln 0 |
r egp-ABSO )
\n\ i h‘"m\ s that
3) 3“\ |
| nA = 2AB s 0

" F‘\' \
| na 2d sin ! |

e

b < known ¢ 45 the Bragg equation. The reflection corresponding
\ \ i h
nes) is called the first- order reflection

‘- jor siven series of pl
\ .
nd order reflectionand so on.

Rt 3 is the seco
fly for determination of the spacing
X-rays of specific wave length 2, the
of Bragg X-ray spectrometer. The
-alculated with the help of Bragg

e
ation 18 uscd th&.

. tht crystal pls
o \an e mcasured mth the help

Jannar distance «d" can then be ¢

Milkr Indices :
L1 0X. OY and OZ be the crystallograp

,u-s The unit intercepts are a, b, and c.

atonality of indices of intercepts. the intercept

hic axes. Let ABC be a unit

According to the law of
s of any face as KLM on
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the sam:s sxrs will bz sogmis multpies of N
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Law D
The intercepts of any face of 2 orystal along the
are either egual to the intercepts (2.b.¢) or some simpl. . T
Pl %3 2
‘ § K i"% "
oy

The coefficients of 2.b and ¢ are known as Weiss
indices are not alwavs whole numbers as in the giveq €Xamy, N
have fractional \alut< as well as mf ere fore I}
indices. Miller indices have been mroducsd. To geq iy, il Vg
the reciprocals of the Weiss indices are taken X
numbers by multiphing them through out by 1he leag . Wy
T

whoie 1
enOminator. Cu
Thus miller indices are the reciprocals of the COefTic e
iniercepts mu:rxplved by their least common denominator o _

In figure for the plane KLM the Weiss indices of the plane, s
and 3. The reciprocals are 1/2. 12, and 13 Multiplying them p, =
common denominator 1.¢., 6 we get 3, 3 and 2. Thus the miller indicey 5,

the plane KLM are 3:3:2. The plane is designated as (332) plan: |,
general the planes are termed (hk!) planes. Here for the KLM pla. ,
> The h, k and | and are the miller indices.
the Weiss indices are | | and 1 s

Therefore the plane ABC is cals

figure, h=3, k=3 and 1=_.
For the plane ABC in the Figure 2,

the miller indices are also 1, 1 and 1.
(111)plane. %

4__—~
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i dices are 3,3 and ™
HEFG in P17 o We lane DEFO 13
¢ the plane DEFG '~ 7 3 Therefore he p
[‘;-l ce th miller indices 4
E Ther® 0_ . ;30)plane . . designated
; Lnow? as the e ; parallel plane in a crystal a
| I distan¢ §
l\t} ¢ a cubic Jattice | :/_a///
iller
4 of the side the cube and b, K and | are the ™
\
indi€
y y
0
: 0 ’ (111)
* 100 (110)
( Some important crystal planes
the following seven crystal systems

| systems :
Jong to oné of

Crysta
All crystals be

Cubic, Hexagonal,
Rhombohedral.

Tetragonal, OrthorthombiC; Monoclinic, Triclinic and

n basic crystal systems.

ef among the seve »
hree equal axis at right

built upon t
pes of lattices dependi

Cubic systems : .
The cubic system is the chi

Crystals belonging to this system are
angles to one other. There ar€ three ty

shape of the unit cells.

i) Simple cube (sc):
(Simple cubic lattice

(or particle) in each corner 0

nearest neighbours. Example : Potas

) : This type of unit cell contains an atom
f the cube. Each atom is surrounded by 6
sium chloride.(figure - a)

ii) Face centred cube (fcc) :

There is a particle at the centr
one at each of the eight corners. Each atom in
12 nearest neighbours. Example: sodium chlorid

silver.(figure - b)

e of each face of the cube in addition to
fcc lattice is surrounded by
e, diamond, aluminium,

ng upon the -



iii) Body centred cube (bec) :

In addition to the ecight particles at the corners of the
na

ice . Ube
one particle atom at the centre. [-;ac.h ety ln.bcc lattice - Surrg, '
8 nearest neighbours. Example: Calcium chloride. fungsten, iron (fig,
£ Je2
7 sV AN >
1 foe bee
5 b C
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Solved University Problem-
L. Whar are the miller indices of planes in a crystal Which Make ¢ .
imercepts OB x,v and z axis respectively.
Solution :
-C . -a .
1 - ~. b ( - I ‘~--*-~--'.b.-‘(‘,.~
2 3 3 2
) The Weiss indices of the planes are 172, 1 and 1,5 The re.
are 2.1, .3. e
'rh’c Miller indices for the planed are 2.1 and .3 (Here leasy
denominagor 15 1) B
H)  The Weiss indices of the planes |/3 | and |/
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