Solids

The solids are the substances which have definite volume and definite shape. In terms of
kinetic molecular model ,solids have regular order of constituent particles (atoms
,molecules or ions ).These particles are held togather by fairly strong forces,therefore they
are present at fixed positions. The properties of solids not only depend upon the nature of
constituent paricles but also depend upon their arrangments.Depending upon the nature of
bonds present in constituent particles,solids are classified into following four types.

Classification of solids:

« Molecular solids

« lonic solids %
e Metallic solids

o Covalent solids

e Molecular solids Q)s

« Constituent particles are molecules \

K N

® Soft % Soft ® Hard
® Insulator ® Insulator of ® Insulator of
electricity electricity electricity
® Low melting ® Low melting
point point
® Intermolecular ® Intermolecular
es - Despersion forces - Dipole - dipole forces - Hydrogen
London forces interaction bonding
® Example - Ar, ® Example - HCI, S0 ® Example - H:0O

CCly, Ha, CO: (ice)



lonic solids

Constituent particles are ions

Hard but brittle

Insulators of electricity in solid state, but conductors in molten state and in
aqueous solution

o High melting point
o Attractive forces are Coulombic or electrostatic
o Example — NaCl, MgO, ZnS
e Metallic solids
o In metallic solids, positive ions are surrounded and are o%l a sea of
delocalised electrons.
Hard but malleable and ductile
Conductors of electricity in solid state as well as en state
Fairly high melting point NQ)Q
Particles are held by metallic bonding
Example — Fe, Cu, Mg
e Covalent or network solids
Constituent particles are atoms
Hard (except graphite, which is so
Insulators of electricity (emepﬂip: hich is a conductor of electricity)

O O O O O

Very high melting point and ecompaose before melting
Particles are held by cov ing
Example — SiO; (guar, iamond, graphite

o O O O O O

to your knowledge

The property by virt or more crystalline solids having similar chemical
composition exist in the stalline form is called isomorphism. For example: NazPO..

called c

Types of solids
Amorphous and Crystalline Solids
o Based on the nature of the order of arrangement of the constituent particles, solids are

classified as amorphous and crystalline.
« Differences between amorphous and crystalline solids are listed in the given table.



Amorphous solids

Crystalline solids

1 | Have irregular shape

Have definite characteristic geometrical
shape

2 | Have only short-range order in the
arrangement of constituent
particles

Have long-range order in the arrangement of
constituent particles

3 | Gradually soften over a range of
temperature

Have sharp and characteristi

4 | When cut with a sharp-edged tool,
they cut into two pieces with
irregular shapes

When cut with a
into two pieces wi
generated surfaces.

mooth newly

5 | Do not have definite heat of fusion

6 | Isotropic in nature

7 | Pseudo solids or super-cooled
liquids

Have defipite and characteristic heat of
fusion
ANIsotropicWf nature

S

Crystal Lattice

S

e Regular three-dimensiona nt of points in space

« Characteristics of a crystal lattice.Each point in a lattice is called lattice point or lattice
site.Each lattice point represents one constituent particle (atom, molecule or ion).Lattice
points are joined by straight lines to bring out the geometry of the lattice.

Unit Cell

o Smallest portion of a crystal lattice which, when repeated in different directions,

generates the entire lattice



Characteristic features of unit cell is..
(1) Its dimensions along the three edges a, b and ¢

(ii) Angles between the edges «, f and y

e The unit cells can be classified as follows: %%
CDj ’

- N

(Particles are present only \\ (Particles are present at the
at the comers) % corners as well as at other

position)

@é_ —

 one particle (Contains one particle (Contains one
bod}' centre) at the centre of each face)  particle at the centre of
any two opposing faces)

Seven Crystal Systems

There are seven types of primitive unit cells, as given in the following table.



Tetragonal Orthorhombic

1Y Ve 4 Q)

a
Hexagonal

a
Rhombohedral Tru,] mnic

Monoclinic

The given table lists seven primitive unit cells and their possible vatiations as centered unit cells.

l o 4
Axial Axial Possible Types of
CmBE] Sl Distances | Angles Unit Cells e
—p= Xve, body-

1. Cubic a=b=c |¢ 9 B tred, face- KCI, NaCl

] tred
2. Tetragonal a=h#c E;::;I;ﬁéve, body- Sn0,, TiO;

Primitive, body-
: a=pf=y | centred, face-
3. Orthorhombic %; — 90° centred. end- KNQOj3, BaSO4
centred
o=4hH=
a=b#c 90°; y = Primitive Mg, ZnO
120°
e a=f=y - (CaCOg) Calcite,
hombohedral a=b=c #90° Primitive HgsS (Cinnabar)
. a=y= Primitive and end- | Monoclinic

6. Monoclinic atzb#c 900, L# centred sulphur,

90 Na,S0,.10H,0
7. Triclinic atb+c | %2PP7 | primitive K2Cr,07, H3BO;




o Unit cells of 14 types Bravais lattices:

o Cubic lattices: All sides are of the same length, and the angles between the faces
are 90° each

between the faces are 90° each

Primitive Body-centred Face-centred
(or simple)
Cubic
o Tetragonal lattices: One side is different in length from the other d the angles
&

End-centred Body-centred Face-centred

Orthorhombic

Primitive End-centred
Monaoclinic



o Hexagonal lattice: One side is different in length from the other two, and the marked
angles on two faces are 60°

« Rhombohedral lattice: All sides are of equal length, and the marked angles on two faces
are less than 90°

« Triclinic lattice: Unequal sides; unequal angles, with none equal to 90°

less

Hexagonal Rhombohedral

Calculation of number of atoms in a unit cell

The number of atoms in a unit cell can be calculated, by using hwg approximations.
atom

An atom at the corner is shared by 8 unit cells. Hence, e corner contributes 1/8 to

the unit cell.
An atom at the face is shared by 2 unit cells. Hencej\an at the face contributes 1/2 to the
unit cell. s

An atom within the body of a unit cell i no other unit cell. Hence, an atom at the body
contributes singly, i.e., 1 to the ufit cell.
NUMBER OF ATOMS % LL

Primitive Cubic Unit

Open structurewiti

cubic unit cell is shown in the given figure.

Actual portions belonging to one unit cell are shown in the given figure.



Total number of atoms in one unit cell
1
=8 corners xE per corner atom
:le
b
=1
Let us see the packing in a simple cubic unit cell through thi vidQ)’

Body-Centred Cubic Unit Cell

Open structure for a body-centred cubic unit cell,i i the given figure.
\\
Actual portions belonging,to o | are shown in the given figure.

atoms in one unit cell

1

x —
=8 corners 8 per corner atom + 1 body-centre atom

L
8

=2



Face-Centred Cubic Unit Cell

Open structure for a face-centred cubic unit cell is shown in given figure.

Actual portions of atoms belonging to one unit cell are shown in the giv fi%
4

<

)(_

x_
=8 corner atoms 8 atom per uni -centred atoms 2 atom per unit cell

Total number of atoms in one unitcell ® \
I \ 1
e
= Bxl-kﬁxi
bt 2

=4
Coordination n%l“he number of nearest neighbours of an atom
CL NG IN SOLIDS

Close-Packing in One dimension

« Only one way of arrangement, i.e., the particles are arranged in a row, touching each
other

e Coordination number = 2



Close-Packing in Two Dimensions

e Square close-packing in two dimensions

o AAA type arrangement

e Coordination number =

e The particles in the second row are exactly above those in the %%

« Hexagonal close-packing in two dimensions

o ABAB type arrangement

in the third row are allg
More efficient pa
« Coordination

Close-Packing.in nsions

Three-dimensi setpacking is obtained by stacking two-dimensional layers (square close-
ose-packed) one above the other.

ing two-dimensional square close-packed layers

« The particles in the second layer are exactly above those in the first layer.
o AAA type pattern
« The lattice generated is simple cubic lattice, and its unit cell is primitive cubic unit cell.



Coordination number = 6

o By stacking two-dimensional hexagonal close-packed layers

o Placing the second layer over the first layer %%

o The two layers are differently aligned.

o Tetrahedral void is formed when a particle in the se%% above a void of the first
layer.

o Octahedral void is formed when a void of the second layer is above the void of the first
layer.

Here, T r% oid, O = Octahedral void

dral voids = Number of close-packed particles
Number oftetrahedral voids = 2 x Number of close-packed particles

« Placing the third layer over the second layer: There are two ways —

o Covering tetrahedral voids: ABAB ... pattern. The particles in the third layer are exactly

aligned with those in the first layer. It results in a hexagonal close-packed (hcp) structure.
Example: Arrangement of atoms in metals like Mg and Zn
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Hexagonal hep
packing
o Covering octahedral voids: ABCABC ... octahedral void e particles in the third layer

are not aligned either with those in the first layer or, inthe second layer, but
with those in the fourth layer aligned with those in . This arrangement is
called ‘C’ type. It results in cubic close-packedy(ccp) or facé-centred cubic (fcc) structure.
Example: Arrangement of atoms in metalsdike nd

o2

Cubic close
packin

. ination number in both hcp ad ccp structures is 12.
« Both hcp and ccp structures are highly efficient in packing (packing efficiency = 74%)

o Number of octahedral voids = Number of close-packed particles
Number of tetrahedral voids = 2 x Number of close-packed particles

« Inionic solids, the bigger ions (usually anions) form the close-packed structure and the
smaller ions (usually cations) occupy the voids.



« If the latter ion is small enough, then it occupies the tetrahedral void, and if bigger, then it
occupies the octahedral void.

« Not all the voids are occupied. Only a fraction of the octahedral or tetrahedral voids are
occupied.

o The fraction of the octahedral or tetrahedral voids that are occupied depends on the
chemical formula of the compound.

Example

A compound is formed by two elements X and Y. The atoms of element

oM,
i %4)
lattice and those of element Y occupy 4 ™ of the tetrahedral vo is‘the formula of
the compound formed?

Solution: Q)s

It is known that the number of tetrahedral voids,formed is egual to twice the number of
atoms of element X.

1 th

It is given that only 4 of the tetra\wlds occupied by the atoms of element Y.

1:2 x[ ] ]
Therefore, ratio of the nu n S of XandyY = 4

Hence, the form h compound formed is X,Y.

Locating Tet% oids
it ccp or fee lattice is divided into eight small cubes. Then, each small cube

oms at alternate corners. When these are joined to each other, a regular
tetr ron is formed.



& o
e This implies that one tetrahedral void is present in each small cube. Ther a tetal of
eight tetrahedral voids are present in one unit cell.
« Since each unit cell of ccp structure has 4 atoms, the number o h S is twice
the number of atoms.

Locating Octahedral Voids

4
e When the six atoms of the face centres are joined, is generated. This

implies that the unit cell has one octahedral void at the body centre.

. Besideche re, there is one octahedral void at the centre of each of the 12 edges.

CLN

Qibf each of these voids belongs to the unit cell.



.‘0 ., Q\

N
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e Now, the total number of octahedral voids in a cubic loose-pac tr%
|
=1+12x—
&

4
=143
=4

This means that in ccp structure, the number of oids is equal to the number of atoms
in each unit cell.

4
Ad our knowledge

In NaCl, the Na" ions occupy edral voids. In ZnS, Zn?" are in alternate
tetrahedral voids. In CaF,, & y all the tetrahedral voids.

by divalent cations such as Mg?®* and Zn?*, then the
alled ferrites.

In Fe30,, if Fe*" i
compounds obtain

ns asked in previous years’ board examinations

Q
Ques. &'c zq!id is made of two elements X and Y. Atoms Y are at the corners of the
ube a% e body centre. What is the formula of the compound?
%\ (1 mark)
—2006 CBSE Delhi
Sol: The atom at the body centre makes a contribution of 1 to the unit cell, while the
1

atom at the corner makes a contribution of 8 to the unit cell.

Thus, number of atoms Y per unit cell




= Number of atoms x Contribution per unit cell

1
= 8 (at the corners) x 8 atoms per unit cell

=1
Thus, number of atoms X per unit cell

= Number of atoms x contribution per unit cell

=1 (at the body centre) x 1 %
=1
4

Thus, the formula of the given compound is XY.

« PACKING EFFECIENCY
« Percentage of total space filled by particl

Calculations of Packing Efficiency in Dﬁ‘fer nt esvof Structures

In a simple cubic lattice, the parti r %d only at the corners of the cube and touch each
other along the edge.

N

e Simple cubic lattice

Let the edge length of the cube be ‘a’ and the radius of each particle be r.
Then, we can write:
a=2r

Now, volume of the cubic unit cell = a®



= (2r)®
=8r®
The number of particles present per simple cubic unit cell is 1.

']'U"]

Therefore, volume of the occupied unit cell 3

_ Volume of one particle
Hence, packing efficiency Volume of cubic unit cell

. &
—
=38—3><1nn%

G

« 1 00%

B
:lmxlﬂﬂ O
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=lexlﬂﬂ%
6 7

=524 %

A2
o Body-centred cubic structures :\\

rom the above figure that the atom at the centre is in contact with the other
nally arranged.

From AFED, we have

b =a' +a’
= b =24"

::>b=\.Ea

From AAFD, we have



] 5 4
¢ =a +h

=t =g’ +2a° [Since b* =2a3)
=t =3a’
=c=+8a

Let the radius of the atom be r.

Length of the body diagonal, ¢ = 4r

::rw'{ga:f-lr
wa=2
W3
3a QQ
F=—
or, 4

(5]
Volume of the cube, NE

A2
A body-centred cubic lattice contains 2 a&\

So, volume of'the occupied cubic lattice = 2 X%*n:r3

NN\M

Wolume occupied by two spheres in the unit cell
Total volume of the unit cell

< 100 %4

. Packing efficiency =

O\
ar
= lxlﬂﬂ%
4
NE)
S
= 34 xlﬂ{]%

3\51

=068 %

tad | GO

r

rJ



« hcp and ccp Structures

Let the edge length of the unit cell be ‘@’ and the length of the face diagonal AC be b.

G
Y

C

] e

- ¢
From AABC, we have
&

B

Hf

AC* =BC” + AB’

= b =g +a

= b’ =24
=h=+2a

Let r be the radius of the atom. $ \
Now, from the figure, it can be obsery, %\
h=4r %

= s.Ea =4y Q

:>a=2~.5r

i
Now, volume %‘Q& a = (E“Er}

We a mber of atoms per unit cell is 4.



. . . 4
S0, volume of the occupied unit cell = 4 xgmj

WVolume occupied by four spheres in the unit cell

. Paclking efficiency = x 100 %%

Total volume of the unit cell

4 x—

— 2 %100 %

) (24027 |
15, 5
- lsw %100 % )
=74%
e Thus, ccp and hcp structures have maximum packing e 'ﬁ@’

Calculations Involving Unit Cell Dimensions

In a cubic crystal, let

a = Edge length of the unit cell M \

d = Density of the solid substance %\

M = Molar mass of the substance

Then, volume of the unit cel,.2a’

Again, let

z = Number o@ent in one unit cell
m= m

Now, mass e unit cell = Number of atoms in the unit cell x Mass of each atom

=zZXm

But, mass of an atom, m

Therefore, density of the unit cell,



Mass of the unit cell

- Volume of the unit cell

-
= =

z-M

a - A

=d =

Let us calculate the density of an element crystallising in face-centred cubic lattic

Questions asked in previous years’ board examin "'

Ques. The density of copper metal is 8.95 g cm . If the radius of coppe @ S 127 8 pm, is the
copper unit cell a simple cubic, a body-centred cubic or a face centred cubic'structure? (Given:
At. Mass of Cu = 63.54 g mol” Tand Na = 6.02 x 102 mol™!

A 2
(3 marks)
\ —2010 CBSE Delhi
g==M (i)
Sol: We know that density, ¢ “Na
ForSCC:z=1anda=2r (b
ForBCC:z=2 and
a= ir
For FCC:z=4 V2
-

Substi %%s of z and a in equation (i) we can calculate the value of density.
It is that™ = 63.54 g mol ™

Na = 6.02 x 10% mol ™’

r=127.8x10 " cm




zx63.54 _:xl{"}.SS':{lﬂ'z"'
a %6.02x107 a
[I]XIH,SSXID'“
(2x127.8x107°)

10. :
= 1055 =631 g/cm
.67

(2)x10.55=107

4 o)
= 127810 W]
[«E

_2 ,_l[l =8.2 g/em’ %%
2.57
4%10.55=107"
Q)’

sod =

For SCC: d =

3

For BCC: o =

For FCC:d =
4

V2

422 3
=——=8.92glcm
4.73

% IE?.RXH]"“']

The given value of density is 8.95 g/cm?®, Klenge, fro given data, we can conclude that

copper unit cell is face centred cubic or fcc.\
Ques. Iron has a body-centred cubic @it a cell edge of 286.65 pm. The density of iron
1 at

is 7.87 g cm . Use this informati e Avogadro’s number.

(At. Mass of Fe =56 g ’l%
(3 marks)

—2009 CBSE Delhi
Sol: In -C cubic unit cell, number of atoms present = 2
At iron = 56 g mol ™!

Density of iron =7.87 g cm ™
Mass of iron = 7.87 x Volume
Volume in BCC = (a)®

= (286.65)° pm




=2.34%x10%cm
Mass = 7.87 x 2.34 x 10 g

. MNo.of atoms = Molar mass
Avogadro’s number =

Given mass

B 2% 56
787x2.34x107"

~ Avogadro’s number = 6.022 x 10%

Ques. An element has a body-centred cubic structure with a cell edge of . The density of
the element is 7.2 g cm > Calculate the number of atoms presents in 208 g ofthe element.
4
Q) (3 marks)

—2006 CBSE Delhi

Sol: Cell edge (a) = 288 pm
A2

Volume of unit cell = \
= (288 pm)® %\
=(288x10 "¢ &b’
=2.389 x 10* cm Q.

Mass
Volume of 208 Iement = Density
3 208 g
72 gem”

= 28. 89?)
Total volume

Number of unit cells = Volume of a unit cell




2889 cm’
2.389x10 em’

=12.09 x 10%

In a bec structure, the number of atoms per unit cell = 2

= Number of atoms in 208 g of the given element = 2 x 12.09 x 10%
=24.18 x 107 \

Ques. Aluminium metal forms a cubic close-packed crystal structure. H%I is 125 x
10 2 m.
(a) Calculate the length of the side of the unit cell.
4
(b) How many such unit cells are there in 1.00 m® of alumihi Q)

(3 marks)

—2005 CBSE Delhi

A2
Soli: \\
(@) For a cubic close-packed crystal s%%

FP=——
Radius of an atom, 2\5\%
Where, a — Edge lenN

Therefore, a =(3v5’" \
N~
=242 x125%10™"

=354%10 " m
N 4

Hence, the length of the side of the unit cell is 354 x 10™'* m.

(b) Volume of the unit cell = a®




= (354>< ] []'um)s
=4.436=10" m’
|

4436x10" m’
=2.25%10%

Therefore, the number of unit cells in 1.00 m™ of aluminium =

Ques. Calculate the density of silver which crystallises in the face-centred cubic The

ctuge.
distance between the nearest silver atoms in this structure is 287 pm.
% (3 marks)

004 CBSE Delhi
Sol: Given, molar mass of Ag, M = 107.87 g mol ™' Q)’
Na = 6.02 x 0% mol ™'
In case of fcc lattice, number of atoms per unit cell,

Distance between two nearest Ag atoms AZBQ

= Face diagonal _ 287pm %\

2
= % =287 pm Q
=g =287x -J'E pm \
= a=287x1.414pm \
= a=405818 pm '

»

Thus, eQ@G pm (approx)
=40

Therefore, density of silver is given by




A

4x107.87 g mol™'
(40610 m)'x(6.02 10 mol ')
=1.07x107gm™
=1.07x10" kgm™

DEFECTS:

Two types:

an atom in a crystalline substance.

lattice points.

These irregularities are called crystal def

Types of Point Defects

A2
e Three types: \
o Stoichiometric defects %
e Impurity defect

o Non-stoichiometric def

4

Stoichiometric Defe

e Donotdi stoichiometry of the solid
e Alsoc intripsic or thermodynamic defects
e Two type i) Vacancy defect
(ii) (te%@ect
. cy defect

When some of the lattice sites are vacant
Shown by non-ionic solids
Created when a substance is heated

Line defects — Irregularities in the arrangement of ¢onstit

Results in the decrease in density of the substance

Irregularities or deviations from the ideal arrangement of constituent %

Point defects — Irregularities in the arrangement of constituent parti around a point or

t Iﬁcles in entire rows of




/"“}_
T

M

P!

Ly

Ry

Interstitial defect

Shown by non-ionic solids
Created when some constituent particles (atoms or molecules) occupy E: ' itial site

of the crystal.

o

4

O—O0O=-0
PO Gy

ol &

L

'x_;h_,fk,j

lonic solids show these two defects as Frenkel and Schottky defect.
Frenkel defect .

Shown by ionic solids containing%%erences in the sizes of ions

Created when the smallersion tion) is dislocated from its normal site to an
interstitial site
an interstitial defect

Schottky defect

Basically a vacancy defect shown by ionic solids

An equal number of cations and anions are missing to maintain electrical neutrality
Results in the decrease in the density of the substance

Significant number of Schottky defect is present in ionic solids. For example, in NaCl,
there are approximately 10° Schottky pairs per cm?, at room temperature.



« Shown by ionic substances containing similar-sized cations and anions; for example,
NaCl, KCI CsCl, AgBr

Impurity Defect

« Point defect due to the presence of foreign atoms
o For example, if molten NaCl containing a little amount of SrCl, sed, some of
the sites of Na* ions are occupied by Sr** ions. Each Sr** ion replac8s o Na* ions,

occupying the site of one ion, leaving the other site vacan e cationic vacancies thus
produced are equal in number to those of Sr** ions. A

S\
P

also shows this defect

e Solid solution of

Non-Stoichiometric

Result i toichtometric ratio of the constituent elements
Two t)%

defect
eficiency defect

. | excess defect

o Metal excess defect due to anionic vacancies:

o Alkali metals like NaCl and KCI show this type of defect.

e When crystals of NaCl are heated in an atmosphere of sodium vapour, the sodium atoms

are deposited on the surface of the crystal. The CI ions diffuse from the crystal to its
surface and combine with Na atoms, forming NaCl. During this process, the Na atoms on



the surface of the crystal lose electrons. These released electrons diffuse into the crystal
and occupy the vacant anionic sites, creating F-centres.

« When the ionic sites of a crystal are occupied by unpaired electrons, the ionic sites are
called F-centres.

o Metal excess defect due to the presence of extra cations at interstitiaaes:
)2

o When white zinc oxide is heated, it loses oxygen and tu %w.

; 2 1
n0—257n"" 4 ?l’.]: F2e”

Zn** ions move to the interstitial sites, a trons move to the neighbouring interstitial

Then, zinc becomes excess in the crystal, Ye Ggg%the ula of the oxide to Zn'“D. The excess
sites.

i bhen a solid contains lesser number of cations compared to the stoichiometric

opartion.

o For example, FeO is mostly found with a composition of Fe,.50 . In crystals of FeO,
some Fe®* ions are missin%, and the loss of positive charge is made up by the presence of
the required number of Fe*" ions.

Questions asked in previous years’ board examinations




Ques. Which point defect in crystals of a solid decreases the density of the solid?
(1 mark)
—2010 CBSE Delhi

Sol: Vacancy defect decreases the density of a substance. Vacancy defect in ionic solids is
known as Schottky defect.

Ques. Which point defect in crystals does not affect the density of the relevant solid?
(1 mark)
009 CBSE Delhi

Sol: Frenkel defect in crystals does not affect the density of the rélevant golid.

Ques. Which point defect in its crystal units alters the densi
(1 mark)
N 2008 CBSE Delhi
Sol: Schottky defect in crystals units alte %sity of a solid.
Ques. How would you account fonghe f; %g?

(i) Frenkel defects are not,founds i metal halides.

(i) Schottky defects | ty of related solids.

(iii) Impurity dwn a semiconductor.
% (3 marks)
\Q 2008 CBSE Delhi

Sol: (i) el defects are shown by ionic solids having large differences in the sizes of ions.
Solids such as ZnS, AgCl show these defects due to the small size of Zn** and Ag” ions, and the
large size of anions. Alkali metals are not so small so as to show these defects. Hence, Frenkel
defects are not found in alkali metal halides.

(i) Schottky defects are basically vacancy defects in ionic solids. In these defects, lattice sites
become vacant. As a result, the density of the substance decreases.




(iii) Silicon is an intrinsic semi-conductor in which conductivity is very low. To increase its
conductivity, silicon is doped with an appropriate amount of suitable impurity. When doped with
electron-rich impurities such as P or As, n-type semi-conductor is obtained, and when doped
with electron-deficient impurities, p-type semi-conductor is obtained. In n-type semiconductor,
negatively charged electron is responsible for increasing conductivity, and in p-type
semiconductor, electron hole is responsible for increasing conductivity.

Ques. What are the types of lattice imperfections found in crystals?

mark)

% SE'Delhi
Sol: Two types of lattice imperfections are found in crystals. %

(i) Point defects (irregularities in arrangement around a point,or aQ(SnL

(ii) Line defects (irregularities in arrangement in entire rows of lattice points)

Ques. Explain interstitial defect with exalnples.
3 marks

2004 CBSE Delhi

ids. This type of defect is created when some
cupy an interstitial site of the crystal. The density of




(High conductivity in {Low conductivities (Intermediate con

the order 107 ohm~!' m™) ranging between 107" ranging between NL°
to 107" ohm™"' m™') 104 ohm™' ' m™)

Conduction of Electricity in Metals %

e Metals conduct electricity in molten state.
e The conductivity of metals depends upon the number of vq% electrons.

« In metals, the valence shell is partially filled, so thi ente bap@overlaps with a higher

energy unoccupied conduction band so that electron asily under an applied

electric field.
o Inthe case of insulators, the gap between d ce shell and the next higher
unoccupied band is large so that electronsica from the valence band to the

conduction band.
4

Conduction of Electricity in Semicond K
e The gap between the val onduction band is so small that some electrons

e bane,a
may jump to the conducti
a .\

-

ors

CB: Conduction band
VB: Valence band



Electric conductivity of semiconductors increases with increase in tem

C

Substances like Si, Ge show this type of behaviour, and are ca :@' x

semiconductors. ,

Doping — Process of adding an appropriate amount of suitable imp

conductivity %

)
Doping is done with either electron-rich or electron- 1emt Tmpurity as compared to the
intrinsic semiconductor Si or Ge.

There are two types of semiconductors:
n — type semiconductor A
p — type semiconductor %\

Conductivity increases atively charged electrons
Generated due to ing,of the crystal of a group 14 element such as Si or Ge, with a
rAs

n — type semiconductor

Miobile electron

Perfect crvstal " -type

p — type semiconductor

Conductivity increases as a result of electron hole



Silicon atom

Generated due to the doping of the crystal of a group 14 element such as Si or Ge, with a
group 13 element such as B, Al or Ga

Positive hole
(no electron)
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©:0:0-@+
©:0:@:@
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©:0:0:0
WOOVY
©:©:0:@

Applications of n — type and p — type semiconductors

Perfect crystal P - type %%
Qy

In making a diode, which is used as a rectifier

In making transistors, which are used for detecting or ing radio or audio signals
In making a solar cell, which is a photo digée u or converting light energy into
electrical energy

A large number of compounds (solid) have b repared by the combination of groups
13 and 15 or 12 and 16 to stimulate \ e valente of four as in Si or Ge.

Examples of compounds ef g 15 are InSb, AIP, GaAs
Examples of compounds 0 — 16 are ZnS, CdS, CdSe, HgTe

e TiO, CrO,, ReO3 behave like metals.

Some transition XI

embles metallic copper in its conductivity and appearance
Some oxides li 0,, VO3, TiO3 show metallic or insulating properties depending

Q Do you know?
olyacetylene, an organic compound shows conductivity when exposed to iodine

rs.

Questions asked in previous years’ board examinations

Ques. What is semiconductor? Describe the two main types of semiconductors and explain
mechanisms for their conduction.




(3 marks)
—2008 CBSE Delhi

Sol: Solids having intermediate conductivities (from 107 to 10* Q™' m™") are
calledsemiconductors. Germanium and silicon are two examples of semi-conductors. These
substances act as insulators at low temperatures and as conductors at high temperatures. There
are two types of semiconductors:

I.  n-type semiconductor:

When the crystal of a semiconductor is doped with group-15 elements (B ,0n
four of the five valence electrons of the doped atoms participate in form
the atoms of the semiconductors. The fifth electron is free to conduct ele

crystals contain extra electrons, these are known as n-type semiconductors.

A g

ii.  p-type semiconductor:

When the crystal of a semiconductor is doped with gr
covalent bonds are formed by the atoms of the d
electrons. A hole is created at the place where the'ele is absent. The presence of such holes
increases the conductivity of the semiconductor as ighbouring electrons can move into
these holes, thereby creating newer holes. ese cr s contain lesser electrons than un-
doped crystals, they are known as p-type uctors.

-13 e ts (Al, Ga or In), only three
s they contain three valence

TOPIC: MEGNETIC PROPERTIES @

e Each electrongdi an ves like a tiny magnet.
e The magnetic an electron originates from its two types of motion.

Orbital round the nucleus
tron has a permanent spin and an orbital magnetic moment associated with

e An orbiting electron
e A spinning electron



o Based on magnetic properties, substances are classified into five categeries —

o Paramagnetic Q)s
o Diamagnetic

o Ferromagnetic
e Ferrimagnetic
e Anti-ferromagnetic
A2

Paramagnetism

e The substances that are attracted etic field are called paramagnetic substances.
« Some examples of param % ances are O,, Cu?*, Fe** and Cr*".
o Paramagnetic su S gnetised in a magnetic field in the same direction, but

lose magnetis netic field is removed.

e To undergo par , @ substance must have one or more unpaired electrons. This
is because the unpaired’electrons are attracted by a magnetic field, thereby causing
paramagnetis

Diama

tances which are weakly repelled by magnetic field are said to have
gnetism.

o Example — H,0, NaCl, CgHs

« Diamagnetic substances are weakly magnetised in a magnetic field in opposite direction.

« In diamagnetic substances, all the electrons are paired.

e Magnetic characters of these substances are lost due to the cancellation of moments by
the pairing of electrons.



Do you know?

Ferromagnetism

o The substances that are strongly attracted by a magnetic field are called ferromagnetic
substances.

o Ferromagnetic substances can be permanently magnetised even in the absence of a
magnetic field.

o Some examples of ferromagnetic substances are iron, cobalt, nickel, gadolinium and
CrO,.

« Insolid state, the metal ions of ferromagnetic substances are grouped together into small
regions called domains, and each domain acts as a tiny magnet. In an un- i
piece of a ferromagnetic substance, the domains are randomly oriented, s
moments get cancelled. However, when the substance is placed in a n%

the domains get oriented in the direction of the magnetic field.

magnetic effect is produced. This ordering of domains persists

the magnetic field. Thus, the ferromagnetic substance becomes a p ent magnet.
e Schematic alignment of magnetic moments in ferromagne'(s;bstan s is as follows:

POOOO®

Ferrimagnetism

strong
removal of

e The substances in which the magnetic moments of the domains are aligned in parallel and
anti-parallel directions, in unequal n rs, are said to have ferrimagnetism.

o Examples include Fe3O, (@ a%;: E}'rltes such as MgFe,0,4 and ZnFe;0,.

3 eaKly attracted by a magnetic field as compared to
ferromagnetic sub

e On heating, t

e Schematic alignmént'efmagnetic moments in ferrimagnetic substances is as follows:

rromagnetic substanceshave domain structures similar to ferromagnetic substances,
but are oppositely oriented.

o The oppositely oriented domains cancel out each other’s magnetic moments.

e Schematic alignment of magnetic moments in anti-ferromagnetic substances is as
follows:

DOOOO®




When a substance offers no resistance to the flow of electric current, it is said to be
superconducting. This phenomenon was first discovered by Kammerlingh Onnes.

Questions asked in previous years’ board examinations

Ques. What type of substances exhibits antiferromagnetism?
(1 mark)
+2008"€BSE Delhi
Sol: Antiferromagnetism is exhibited by substances which have domain stgucture similar to
ferromagnetic substances, but are oppositely oriented (thereby cancelling outéeach other’s
magnetic moment), e.g., MnO.
Ques. Explain each of the following with a suitable example:
(i) Paramagnetism
(ii) Piezoelectric effect
(3 marks)
—2007 CBSE Delhi
Sol: (i) Paramagnetism:
The phenomenon due tewhighia stibstance gets attracted towards a magnetic field is called
paramagnetism. The substances attracted by a magnetic field are called paramagnetic substances.
Some examples ‘afiffakamaghietic substances are O,, Cu?, Fe* and Cr™.
Paramagnetic Supstanees get magnetised in a magnetic field in the same direction, but lose
magnretism when'the magnetic field is removed. To undergo paramagnetism, a substance must
haveioneser, more unpaired electrons. This is because the unpaired electrons are attracted by a
magnetic field, thereby causing paramagnetism.
(ii) Piezoelectric effect:
The production of electricity due to the displacement of ions, on the application of mechanical
stress, or the production of mechanical stress and/or strain due to atomic displacement, on the
application of an electric field is known as piezoelectric effect. Piezoelectric materials are used

in transducers — devices that convert electrical energy into mechanical stress/strain or vice-versa.
Some piezoelectric materials are lead-zirconate (PbZrO3), ammonium dihydrogen phosphate




(NH4H2POy), quartz, etc.
Ques. What makes alkali metal halides sometimes coloured, which are otherwise colourless?

(1 mark)

—2004 CBSE Delhi

Alkali metal halides have anionic sites occupied by unpaired electrons. These are,C

centres, and impart colour to the crystals of alkali metal halides. For example, th
lithium in LiCl makes it pink.




