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PTS N _
The particles 1n S lid

cgnSHtUBDtS have

h-*—_'_-__"-'_-\_\

' "——l\jm—sses of Solids: Two types of solids are known:

Ji,)nﬁrmorphous solids:_@,(}rystalline solids.

(i) Amorphous solids: In amo

are closely packed and held together by
fixéd positions and can only oscillate about their mean pDSlthIlS
1Xed poSIuons anc can only o = <

-=fnite volume. The density of solids is high and they have low w compressibility.

strollg__'_gmnnolecu.l.aIMs The building
They have definite shape ‘shape and

phoug solids, the arrangement of
building constituer constituents 1s zard. They may Jay have
a short range ) short range order. Theif t_sharp—They are

isotropic in nature 1.e. ttwmmeswchamcal strength

h-—-_________‘__..-——-
electrical conductivity, etc. are same 1n all directions. Examples:

, quartz glass, etf/

(i) Crystalline solids: In c
building constituents 1s

dimensional network) A crystallme solid has sh

e solids
throughout the entire \three-

O

melting point Fig. 1.1: Anisotropic behaviour
and is anisotropic in nature i.e., some of their physlcal roperti of Crystal
—

such as electrical resistance or refractive index show different values when m

easured ah:{g different

directions in the same ¢ crystal. Itilis_a_deﬁmte—geomemcal shape with flat faces and sharp__dge,s

Examples: sodium chloride, quartz, etc.

/

o Table 1 1: DlStlllCthll bEtWCEIl Crystallme and Amnrphgus SOlldS

T e — e . .

Amorphous Sohds

R —

- —— il iy sl

| Property Crystalline Solids |
R = = Zaie
' Shape Deﬁmte characteristics and geometncal Irregular shape
N~ | shape —
S . B —een [N — W PR
.| Melting point | Melt at a sharp and charactenstlc
i | / PR ——————— W o

temperature

o,

N

When cut with a shatp edged tool

Cleauage p@

newlz generated surfaces are plam and

5 smooth /

e e,

| 4they split_into two pieces and __the |

Gradually soften OVer a range of‘
temperature

t—ﬂ“

bWhen cut Wlth a_s QIP edge IDDl

they cut into two pieces with irre gular
- surfaces.

 ——

| They ‘have a definite and charactenstle 1 They
h-l—--—---—---._.__..___.........---.

e

Order in arrangement of |
- Constituent particles
\l__'———.*-___—___._.-‘

Long range order |

heat of fusmn -..,/

, Amsotroplc In nature,

---/

— o

True SOlldS

m

e ——

/-.

T e,

il -

| . fusion.
!IsotrOprcEn/ature_ - " ]
} , Or super cooled liquj

' Only short range order.

do not have a g]gﬁmte hQ t of

S.

a—
- '-'—.'-'_.- o
e



Table 1.2\Different Types “fgiiig' N —
——r—— . . '
" Pl Sy : | Ixam lf’/ﬁyxs;eal Electrical Melting |
| Type of SeJid lest!lucnt G Fx:/p Nature  Condugtivity | Point
If | P:irtl/cle;; ~ Attractive e - | / "
| | | Forces . =1 f
Molecular | v f ' | ‘
olids f ' I IS ft ;I sulator Very low '
| \),Non-polar J Molecules | Dispersion | AT, CCly, Hp, I, | 90 i| | 1
T | 0}'};@2‘1—9" | CO; | — |
A > _forces ; | i e tom 1
i ' Y ' - Soft “Insulator |
| Molar P—.LEQI-IE' ! HCI, SO, : : |
| | | ' :(_i_lp‘g_ﬁ . l ' — =
| | - Interactions . | 1 Low |
I':\_(jif')/Hydrogen | 1 l-I_Y_d,IQ.gBH ‘I H20 (icc) Hard | Insulator | |
| bonding I’ B P
- . - Hig |
- ~Tons Coulombic | NaCl, MgO, ZnS, | Hard _:,b“t Insulators in |
@E / | or | CaF2 brjfg:c-” | Somln | |
| | electrostatic | | CO@EM - |
| | | | | ' molten state |
| l ’ | J and 12__3_‘!9_@..“5 ’
| { ; |
| r _j._ : A __% R | SOIL“_EJLI‘E‘// |
. | | |
' Metallic solids | Positive Metallic ' Fe, Cu, Ag, Mg Hard but | Conductors ‘ Fairly thh
j J i: 1018 1n | bOndng malleable | in solid state |
b | - a sea of | l/ and ductile | asMn |
.Ir' delocalised — | molten state i
. ‘/elictmm - — = — T ] | N
@ F Covalent or 1 Atoms | Covalent } 3102 (quartz), SIC, 1 Hard Insulators f Very high
( rIi network solids | ’ bcmlcing/1 m, AIN | | — |
| | , C (graphlte)_,_.,f—-ﬁ. Soft Conductor
| ’ | (exceptio
S S M. S R s | (exception 2
2. Space Lattice and Unit Cell o - o
Space Lattice: It is the three- / {l/t - /"‘/
dimensional arrangement of identical =~
- >y - . e ——— | ' I -
points* in the space which represent - | | | : |
‘ ow the constit ' | '
\ uent Eal’thle (atOEE}_‘,_A. —.‘ — ol ' |
10N ___s(:m;folecyggs) are arranged in a - i |
crystal. Each particle is depicted as a J ! __[}_:D____é _____
point. - —1
SN : : = . Fig. 1.3: i
Unit Cell: A unit cell is the smallest | - '%ara3m2m5tra?°” of
. ———y
portion of a space lattice which, Fig. %% A portion of 2 thres dimansi a unit cell.
h—“——’—h——}( . = % _ on o .a ree dimensignal
when repeated in different directions, bic latticé and Tts unit cell %
generates the entire lattice. - B :

,,..-'—"———_-___"'.

A unit cell is @wﬁlwﬁmﬂmz e., axial angles a,, B and y and axial leneths a, b and c¢. Thus,
ﬂw@w all the structural properties of a given crystal.

3. Crystal Systems: On the basis of the wd the W the edges, the various
crystals can be divided into seven systems. These are listed in Tah e 1.3. S aenle msme '

'_-_———-_-_.'-'ﬁ—-—h

Table 1.3: w Cells and their P0s51ble Variations as Centred Unit Cells

l'-'—-_-.-—l

’ Xam idea Chemistry-Xl|

7 f SCI;)’tztal ~ Possible varlatlons Axnal dlstances or Axial angles" ¥ E Exa_n;pie_sm . }
k/{én'b y - 5 S, ; edge lengths ;
IC | anmve Body- centred | d=bmc - | neferrone [
| Facecentred - 0TUEe a=BEy=900 - Eé(ljlb Zinc dblende, Cu,
| ~— pelpm— 8§ - - lamond .
‘/Tefr g | Wd i i b#c a= B=y=90% ' White tin, SnOZ, T102,
S I e e /| caso, '

s ~ulm



ing

—y

| Rhombic sulphur, KNOs,

—— o —
i

| a_—_B:Yﬂpgon

| @ xhorhm-nbic | lli"rimitiw.rt:. Body-centred, y a#xb+#c . ] BaSO,
' } | wﬂblc = dCE-CCnlI‘?d, E_Ild- : | |
B | - centred | | e e —————————
.! - | : “”’/ | | | - B = 90° | Graphi[e ZnO. CdS, Mg: i
; f Hetﬂgﬂﬂﬂl | Prlmltwc | a=b+#c | o= B - ' | ’
| = — | | v = 120° Zn S
F | | | | | | :
| Rhombohedral | Primitive- | a=b=c  a=B=y=#90° | Calcite (CaCO3) HgS |
\ "’_,le | | | | innab: ) ICI AS, Sb-n Bi
| .Or’l_‘gggmll | | | i(c:mml ar), IC1, As, 5D, B
| | " . ® _ .! Nl | i o o D | _ _ . O | 1 ]inic SUlphuri 1'
| onoclinic - Primitive, End-centred | a#b#c o =17 =90°% | Monoc
| _' M ;"'_—’g == | B+ 90° - PbCrOy, Na,S0;. IOH_;{Q ]
LR = . — = ; . - 1 > SR —— —— i — _— I — n— S i 'I - Sp———— e .
' Triclinic ' Primitive | a*b#c a#Bry=290° | KGOy, CuSO,4.5H,0, .
; I | S '_ I 1 e H,BO, T
- g be 14 differer in which simil int b d in a three-dimensional space. These
There can bE 12 Cillerep{ways in which similar points can be arranged 1n a
are callefBravais lattices -
N
[ 2 e
T — o e ,
a /:' . 7 ff/ E';. /;’
e/ S O rint T
E ‘- --E.;”: P
a L '70 G W |
£ o o’ o 0/ : i
Primitive Body-centred Face-centred
(or simple) \'/y,ce | =
e The three cubl lattices: al sides of same
| | length, angles between faces all 90° -
¢
Primitive Body-centred -
The two tetragonal: one side different in length from the other,
~AtWo angles between faces all 90° _— .

Body-centred . _Eace-centred

The four orthorhambic lattices: unequal si ,
Mﬁ@éﬁ‘ﬁoeﬁwmfa"ces all gtﬁ""'ge'S

*F._
_-_T

f/(? ﬁ More than __/?"":('-.---:"'Tﬁ
--E- e— r.‘“ !j . S 90:’ ({::..'.'E::____""w )
o
: : |
Foaeeeeennn. o~ Less than : |
0 gpe [ e
o — (__,_-::___..-':{*-:::"' /
Primitive End-centred

The two monoclinic lattices: unequal si

1! + uneq Ides,
h | two acesf_ﬁ_aYe angles other than 90
. —————— - T




o P ) ! PR——
a y o0 a % e
) ™ ’ -
a | % | o) - ——Q
y— ’ | latti E
" Hexagonal lattice: 5 _
: one side different | : Rhombhohedral lattice:
: length to [he other two, LY PO !~ all'sides of equal ~~
5 the marked anglgs on B !' " length, angles on two
. > od® - o
" A R ~ twoTaces are60°and | .- P aces are less than 90
,"' ——————— ( "f_'_‘_ B %/ : -
et _H__/ the remaining angle Pt
- L iS 1200'—/
= a o .
b .H--"fl E P |
«-w"“’j/A : p \ Triclinic lattice: 5
' - L, " -
‘)B '. QC | unequal ,
‘. "B, C are unequal :
- : angles with none equal to 90
! pY
I e s von s et ‘_.,.//”
.r‘L r"‘v'/i;

Fig. 1.4: Unit Cells of 14 Types of Bravais Lattices

4. Number of Atoms in a Unit Cell

vy An atom lying at the comner of a unit cell is shared equally by eight unit cells and therefore, only one-
eighth (1/8) of an atom belongs fo the given unit cell.

Mn atom present gnzntedge is distributed among the four unit cells, therefore only one-fourth (1/4) of
an atom belongs to the given unitcell. unit cell.

(i7" A face-centred atom is shared between two adjacent unit cells. Therefor -half (1/2) of an atom
lies in each unit cell. ’ -
vy A lgg@-gﬁlltted_amm belongs entirely to one unit cell since it is not shared by any other unit cell.

Therefore, its contribution to the unit cell is one.
- —_——

Applying above stated points, let us calculate the number of atoms in the different cubic unit cells.
' . ‘T—,’W
@’Slmple cubic: 8 (corner atoms) x — atom per unit cell = 1 atom

e g Tom P el = L aton
@Bbdy—centred cubic: 8 (corner atoms) x L atom per unit cell + 1 (body centre

. awmmt cell
N TR | (N

i T e

=1+1=2
! a
@M‘Ed cubic: 8 (corner atoms) x ¢ atom per unit cell | i




Table 1.4: Number of Atoms per Unit Cell

!l | Type of cell Number of atoms " Number of atoms  Number of atoms Total
| | at corners in faces in the body of cube . |
| |8 . imiti T l | | | ] |
| | Body-cemred cubic (bce) | ] x 1 _ 1 | 0 Ix1=1 2
/Facc-centrcd cubic (fcc) | WO - .' P .: 0 ; 4
- | 8 2 ;

5, Density of Unit Cell: Suppose edge of a unit cell of a cubic crystal is a, d is the density of the substance
andMisthemolrmass nen ir - fEUbiCC stal -~
Mass of unit cell = Number of atoms in unit cell X Mass of each atom ;

=ZXm
n-——-""'_"""__.'-.I

Molar mass
Avogadro number

Mass of each atom (m) =

. —
¢ . NA
f Mass of unit cell = -Z;M
4 __~

1 Volume of a unit cell = a°

Therefore, density of the unit cell, /

Mass of unit cell
d = Volume of unit cell /
X M
d=— , where d is in g/cm’ and a is in.cm.

| G3XNA /

6. Other Parameters of a Cubic System

(a) fétomic radius: It is defined as half of the distance between nearest neighbouring atom in a crystal. It
1s expressed in terms of length of the edge (a) of unit cell of the crystal.
M——-—————-——-—_-—-——r
gyers : _ . ., da
(z) Simple cubic structure (sc): Radius of atom ‘7’ = » » as atoms touch each other along the edges.

. - i = = = F\“_,
(12) wy Radius of atom ‘7 = /3a , as the atoms touch each otherb/

along_ the cross diagonal of the cube.

(7) Face-centred cubic structure (fce): Radius of atom 7 = __a___, as the atoms touch each other
along the face diagonal of the cube. ‘7&_‘\—21—24—

(b) Co.ordination number: It is defined as the number of nearest neighbours that a particle has in
unit cell. It depends upon the structure of unit cell of the crystal. -

"——"_"'"-rf-——

5" Simple cubic structure (sc): Coordination number (C.N.)=6
. ] B .ﬁ.—__—_——_-_h—_“—'
(77, dey-centred cubic structu ): CN. =8

(i) Face-centred cubic structure (fec): CN.=12
N.
7. Packing Efficiency

Packing efficiency is the Dercentage off total space filled by the particles.), -

Packing efficiency Volume occupied by atoms in unit cel] (v)

Total volume of the upjt cell (V) i

(@) Packing efficiency in simple cubic structures:




As the particles touch each other along the edge, therefore @ =2r
e e _ e

3

Volume of the unit cell = a
-____-__-______.-—""-—!'

Since one atom is present in a unit cell, its volume
4 3 4 al’ TCCT3
V=TT =TT = —

3 3 \2 6
: : 3
na /6
.. Packing efficiency = % X 100 = 3 X 100
—_
=L %100= 3.14 x 100
6 6 2
Fig. 1.6: Simple cubic unit cell. The spheres
= 52.36% = 52.4%/ are in contact with each offer along

Therefore, 52.4% of unit cell is occupied by atoms and the

fhe edge of the cube.

rest 47.6% 1s empty space. _
@-‘ acking efficiency in ccp and hep structures: The efficiencies of both types of Eac}CJnECp and hcp,
are equally good since in both, atom spheres occupy equal fraction (74%) of the available volume. We

Shﬁnﬂmmwlg_efigiency of packing in ccp structure. Let the unit cell length be ‘a’ and face
diagonal be ‘b’ (represented as AC in Fig. 1.7). In this ﬁg_pre otbe_rF sides are not shown for the sake Qf

-

cianty.
In tnangle ABC, ZABC is 90°, therefore,

B
AC=F =BC AP _ H %1
)

1—_—-——

w

G

=

.
) ab

b=4r=y/2a
4r a
or a = =24/2r o, — R
V2 J—V/ " 22 E
As ccp structure has 4 atoms pw_therefore the total volume Fig. 1.7: Cubic close packing
 coheres (v) i< — 4 v 2703 T
of 4 spheres (v) is = 4.x 3 n:/_)
Total volume of the unit cell (V) =a’ = (2v2F) 3.....---\
Packing efficiency = % x 100
4 X (4/3) X 7tp°
= — 3 X 100
(2v2r)

(16/3) X 77 —_ -
= X100 =—=X100
16 X /24 32

Therefore, 74% of unit cell is occupied by atoms and the rest 2

70 1S empty space.

(c) Efficiency of packing in bce structures: In this case the |

B —————————————

atoms which are diagonally arranged (see Fig. 1.8). The spheres along the
with solid boundaries.
In AEFD,
f
- b’ =a® + i* = 24°
5 b=4y2a o
In AAFD, |

iz , Xam idea Chemistry=X||

1S in touch wi WO
body diagonal are shown




The length of the hody dingonal ¢ is equal to 4y, r being the radiug of
he " - i -— T - e - P ——r—- A S —

the sphere (ntom), As ol the Thiee npheres along the dingonal touch
il z g - “.'.' . 2 L. b g, — s ] i w

cachother, /
" w iy
Therelore, ¢ mdrm (3, o
ar \/3
(/I r Or )y (! e :
\/} 4 w/" :

As already cg!m;_g_!gl_g;g__l,_.I||q:m|gvl:_|_l_l|_‘|_lll|||m|‘ of atoms_associnted with,a

hee unit eell s 2, llltl_ytn!_ll_gqu (v) is, therefore,

g . i e g ‘

2 X ?]Lm-' - E-;um--‘/ Flg. 1.8: Body-cantred Gu\ljn;nil cell
Volume of the unit cell (V) = ¢* = (-‘1’:_-)’ - ..(lf_’.l i
V3] 343 ——
3
Packing efficiency = -’;- X 10() = 2w = % 100 = -{gg—n X100 = 68%
(64/3/3) X r "
Therelore, 68% ol unit cell is occupied by atoms and pLly_space.

it St
8. Cloge Packing of Constituents

Jlose packing in one dimension

There is only one way ol arranging spheres_in a one-dimensional close packed structure that is to
arrange them in a row_and touching_each other. In one-dimensional close packed arrangement, the
coordination number is 2.

g S ———— e ———————

Fig. 1.9: Close packing of spheres in one dimension

(b) Close packing i ions

Two-dimensional close packed structure can be gene rated by stacki ! of close
packed spheres. This can be done | ifferent ways as shown in Figs. 1.10(q) and (D).

dquare close packing [Fig. 1.10(a)]
_Hexagonal close ing [Eig, 1.10(b)]

Fig. 1.10(a): AAA ..... type arrange gent, C.N. =4, Fig. 1.10(b): ABAB.... ty
X Hexagonal close

(¢) Close packing in three dimensions

(1) Hexagonal close packing (K¢ ): The first layer is formed utilizine maximum space, thus wasting
minimum space. In every second row the particles occupy the depressions (also called voi S)
between the particles of the first row (Fig. 1.11). In the third row, the particles are vertically

aligned with those in the first row giving AB AB AB... arrangement. This structure has hexagonal
ligned with those :

symmetry and is known as hexagonal close ng_(hep). This packing is more efficient_and
] L L [, 1 "
!cavc:«. small space which 1s unoccupied b spheres. In hcg arrangement, the coordination number

wﬁ‘fﬂmﬁﬂmx\ single unit cell has 4 atoms.

A



2-fold axis

&) — ) m'

Fig. 1.11: Hexagonal close packing (hcp) of spheres In

: d second layer
(if) Cubic close packing (ccp): Again, ifwxa‘ona x e;f:;sl here_s_ : e hoyes
of sphergsnis arranged by placing Hfe spheres 0 v_n::udt;s1 Oft}tﬁ :d R e fo Ve
can be.filled by these spherc] Fresime thal spheres in the Iite BYSEEE " aret or second

s. This

octahedral hol€ arrangdinent leaves third layer not resembling wi

e ~th to third and so on giving pattem
layer, but fourth layg_l.—ss-l—-____“m(m__fs_tz_ﬁﬂh 13@25%3”{ . as cubic closed packed:

! ' d 1s ,
ABCABCABC... . This arrangement has cubic S mm?u an _ il
(ccp) arrangement. This is also called face-centred cubic (fcc) arrangement [Fig. 1.12(a) and (b)] _
¢cp) arrangemen 1s also called face-centred CUDIE U =- ;

/13

-fold axis

Nl

o
Fig. 1.12: Cubic close packing (ccp) of spheres in

i e e - mm— = —

The free space available in this packing is 26% and CW. |
~(i’i’z/')Bod -centr se packing (bcp): The central sphere is at hody centre and it is surrounded by:
spheres at the corner of the cube. The cﬂWf central sphere is 8. The efﬁciencyf

2101d” SPUCTE 1S © Lclhciency

of this type of packing is less, only 68% space is occupied and 32% remains unoccupied. A single

unit cell has 2 atoms.
'____-______,_.__._——-

9. Voids or holes: The empty spaces left between closed packed spheres arg called voids or holes I
e ———————— e ®

e e — e S S — S = = S I ——

J Xam idea Chemistry-fXIl :
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I1. Radius Ratio: For ionic

12, Cryst

13.

Voids are ol three types:

(@) Octahedreal vojg. This void
T T TR DA S voudis surrounded by six cnto. - T :
D Fiangular voids vy & first o SIX Spheres and formed by a combination of two

‘I SCC[]I](I lll cr. fllllcr a b . : " . p » L—-—-—_-—-:_________
) ) Vo — CONA 1Y C I8 one octahedr Per atom _in_a crystal, The
radius ratio | 20k
| I/

O

Totrahedral
P\ hole Totrahedral
- ~ hole
7 \/
Tetrahedron

—

Octahedral

_~ holg

Octahedron
(b) (c) —

Fig. 1.14: Tetrahedral and oclahedral voidsJ;rj’Iop view,Mxploded side view, and

grgeometrical shape of the void ~
-_-__——________—

(&Y Tetrahedral voids: These voids are surrounded by four spheres which lie at
Mw e O M S S -'——K_—_ :

the vertices of g regular tetrahedron. There are 2 tetrahedral voids per atom in
a crystal and the radius ratio is 0.225. —

-'_-‘-"—-'——-—__'.
WMTM void, enclosed by three spheres in contact is called a
trigonal void. There are 8 trigonal voids per atom in crystal and the radius
B e A
ratio 15 U.155

Fig. 1.15: Trigonal void
10. Locating Tetrahedral and Octahe al Voids; All closed packed structures have both octahedral and

tetrahedral voids. In a ccp pattern therg is one octahedral void at the centre of body amds
on each of the 12 edges of the cube. Each void on the edge is shared by four other unit cells.

Qctahedral void at centre of cube = -

Effective number of voids at edges = 12 x . =3 __~
Total number of octahedral voids = 1 + e
In ccp structure, there are 8 tetrahedral voids. These are located at the body diagonals, two on each body

diagonal at one-fourth of the dist rom each end. \/
solids, the ratio of the radius of cation to that of anion is called radius ratio.
_ — IH\____

p Radius of the cation rr
Radius ratio = =7 ... T o
Radius of the anion 7

al Defects: The defects are basically irregularities in the arr ment of constituent particles. Broga dly,
crystal defects are of two types, namely, point defects an Ine defects. Point defects are the Irregularities
or deviations from Tdeal arrangement around a point or an atom in a crystalline substance, whereas the line

defects are the irregularities or deviations from ideal arrangement 1n_entire rows of lattice points. These

.h-"-""'———:—-——-—-—-' é . \ﬁ———_—‘“*

irregularities are called crystal defects.
e —————————— )

P
Point Defects

Interstitials; Atoms or ions which occupy normally voids in a crystal are called interstitials.

Vacancy: When one of the constituent particles is missing from the crystal lattice, this unoccupied position
1s called vacancy.

v




Point defects can be classified into three types: C) on—stoichiometric defects.

a— :
._Q;)/Stmchlometnc defects, ( Wi&;ﬁ ot disturb the stoichiomet of the solid are caje

stoichiometric defects. They are also calleC 27~ = = —— —
______-——-___...____—-——""_"'_7'

types, vacancy defects and interstitiw. - vacant, the crystal is said to have vacanc

— __—-———‘_’___ﬁ_y

‘ a8 B
{a)*Vacancy defect: When some of the lattice sites e doTact RS San is
_defect. It results in decrease in density of the substance.

heated, atoms or molecules) occupy an interstitiq|

. - icles (atoms OF O™ 7272~ =4
by Interstitial defect: When some Cﬂw%%ue(to this defect the densit of the substancg

! 1s said to h hav__,e lfwﬂ
jle';_!h-e crystal is said

Increases. : joni '
Increase; 1 by non-ionic solids because 10n1C solids mug;

Vacancy and interstitial defects are generally shown by non-10r1 et L4
always maintain electrical neutrality. Ionic solids show these defects as Schottky and Frenke]

defects as explained below. | .
equal number of cations and anions are MisSing

~3)Schottky defect: Twmn _ St
from the lattice. It is a common defect in jonic compounds of high coordination number Where
1 the lattice, 11 10N1C ool e =

both cations and anions are of the same size, e.8., KCL NaCL_Kﬁ, etc. Due t;_ﬂni ;i;?xt’
density of crystal decreases and it begins to conduct electricity to a smaller extent [Fig. 1.16(a)[] -

_ (Y Frenkel defect: This defect arises when some of the ions of the lattice occupy interstitig]

sites leaving lattice sites vacant. This defect is generally found in ionic ¢ stals where anion

e ————y - _
is much larger in size than the cation, e.g., AgBr, ZnS, etc. Due to this defectﬁdenmt).' does not
change, elecirical conductivity increases to a small extent and there 1S _ng_c@gﬁ_m_gyerall

chemical cgmposiﬁ_@_ of the cﬂsfal [Fig. 1.16(b)].

N @) |

| Fig. 1.16(2)? Schottky defect | Fig. 1.16(b)>EBrenkel defect .
(B) Impurity Defects: These defects arise_when_foreign ( e N -1
------- -"J!

atoms or ions are present in the lattice site (substitutional Na® j

solid solutions) or in the interstitial sites Interstit; lid T : \\w/

solutions). For example, when molten NaCl containing /w ;
: Sr2*

a little amount of orCl, is crystallised, some of the sites Lt g \

of Na_ions are __ions are occupied by Sr**. Each Sr2* replaces two 3 -
_NQ_IOJlS. It occupies the site of one jon and the other site N : i , :

Jemains vacant. The cationic vacancies thys produced are Naj/\" ------ - CI7 meeeee I _________ or

equal in number to that of St jons, 2, < -
(C) Non-stoichiometrj S'% ? :
metric Defects: These defects arise when i PR E
~-CClS arise whe ’ ( .
Na* @ ;

toichiometry of , o,
Srolctiometry of a substance is disturhed .. — . Ol e
Wo types. ——>-ance 1s disturbed. These are of OB

( etal excess def . .
ect: This ma L Fig. 1.17: Introduction . .
E?XIIOWng tWo WayS: y OoCcur ln‘_mithmf the NaC| b o tltuuor?fc:;arifn VﬂCEﬂf‘;! In

t
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= F-centres: These are the anionic sites occupied b {inpaired electrons. F-centres impart colour
(O CryS ' : ' tol to KClI crystals and pink
o crystals They impart yellow colour to NaCl crystajs;-viote ur to ry! p

colour to LiCl crystals. The colour results by the excjtation of electrons when they absorb

energy from the visible light falling on the crystal.

(ii) Metal excess defect due to interstitial cation: In this defect an extra positive 1on occu ies

interstitial position in the lattice and the free electron is trapped in the vigirmy_gﬂhis_inmmtj_ual

___-————-___-"—__—'i

cation. In this way crystal remains neutral. For example, zinc oxide on heating loses oxygen

and turns yellow.

__—_____—__————‘—-

A ——— e ———

Heating

i , -
. \ Zn0 — . Zn*t + -0, +2¢
The excess of Zn** jons mow® to interstitial sites and the electrons to néighbouring interstitial
sites.

@\detal deficiency defect: This type of defect generally occurs when metal shows variable valency.
The defect arises due to the missing of cation from its lattice site and the presence tion
ha_.lr_i_r_l_g_i_l}igher charge in the adjacent lattice site. For example, Fe, O, where x = 0.93 to 0 j)i/

A+ ------ B- ...... A+ ----- {xB_‘.
=
R B - A2*
&8 E
(B oot At eeer BT ) AR

Fig. 1.18: Metal deficiency defect due to missing cati

P —————————

14. (a) 13-15 Compounds: When the solid state materjals are produced by combination of elements of groups

13 and 15, the co s thus obtained are called 13-15 compounds. For example, InSb, AlP, GaAs,

elc. ;
() 12-16 Compounds: Combination of elements of groups 12 and 16 yield

me solid compounds which
—ee—y

are referred to as 12-16 compounds. For example, ZnS, CdS, CdSe, HgTe, etc. In these compounds,
the bonds have ionic character, |

15. Magnetic Moments: The magnetic properties

of substances result from their magnetic
moments associated with individual electrons.

e ———— e —— e —T—

Each electron has a magnetic moment, origin

of which lies in two sources. It is a known fact

H

that an electron shows two types of motions,
L.e., it rotates (spins) around its own axis and

simultaneously revolves around the nucleus
(orbital motion). An electron in motion is just like
~—— ' .

a small current loop. Two types of motions g
A

moments. Spin moment 1s

F“. Aif— — -

directed aion

)

Magnetic - Magnetic
moment moment /
/ Eler\::tr}
Electron
Atomic o Direction
of spin

m\n?n?
Fig. 1.19: Magnetic moment associated with (a) orbital
motion and (b) spin motion of an electron

2

o

the spin axis and is shown up or down direction [Fig. 1.19()]. Orbital motion also generates

a magnetic. field and thus gives rise to orbital moment along its axis of rotation [Fig. 1.19(a)]. In this way
Lcach electron of the atom behaves like a small bar net having permanent orbital and spin magnetic
I \/

moments. Magnetic moments are measured in Bohr magneton (u,) unit (F

en
41T mc

1 B.M. =

=9.27 x 107* Am® or 9.27 x 10! erg/gau

si{

where e is charge on electron; 4 is Planck’s constant; m is the mass of electron and ¢ is the velocity of light
Depending upon two spin motions (clockwise and anticlockwise), spin magnetic moment may acquire

.h-_——_-_-—_*-__-_'_______.—-,




. . .« equal to M, . M, where M, is magn...
(wo values + Mp Contribution of the orbital magnctiC moment 15 €( T Lﬂd}f\"@hc

\ ¢ ‘ )

———mumper of electron. . | o _
quiantum NUmver = =777 . : rties, substances can be classifieq ;
I:fl'lgnctic Properties of Solids: On the basis of thelr magnetic prop= h——*dlﬂ'lo

" MF——f" _—_____q__,_,_.-—v

) five categorre™. o|led/by the external magnetic field. The g,
netic substances arc weakly 1CP = Atomg

&L Diamagnetic: ]_)_1_121_1;3;_______,1 A pAITITE O felectrons cancel their magnetic MOomep;
‘ ’ ‘ v -y M o X A O N ~Ff T Ry !
of these substances have all paired up cleC 0, and CH, are some examples of dmmagnmC

they lose their magnetic character. /._'—-N_d Cl, H,0

B e s
substances. the external magnetic field, Ty,

' ‘ i Paramagnetic substances arc p = - : ” . :
_(py’Paramagnetic: faramagnett 570 ——— = lectrons- Paramagnetism 15 [CMPOTAry and jg

O o ] o ofe m'oreﬂd"offﬁ_c}j* TiO. VO,, Cu’~ arc some example;
present as long as external magnetic field 1S reseW .

of paramagnetic substances.
patatiast s o

(tracted by the external magnetic field, |;

£ . . cubstances are strongly @ T :
{ey Ferromagnetic: Ferromagnetle e ™" & e T ogether into small regions CATE2 2omains

solid state, the metal ions of these substances are _ . :
rch domain act ~ substance is placed 1n a I magnetic field all the

: 0 acts as a tiny magnet. When S,@iu_/——i’ _ : _
—— e ~tic field and a strong magnetic effect is produced. Thig

: ' | irection of magn |
domains get oriented in the direction Of Mag - 1 nd the ferromagnetic substance

ordering of domains persists even when the magnetic field 1s rem
ecomes Th Sic fractions, these substances can be permanently

becomes a permanent magnet. Thus, besides strong atffactizs, —=======

T ——

imilar to that_of ferromagnei

(dAntiferromagnetic: These substances have domain StrchEi_‘h"/ _ '
substances but their domains are oppositely oriented and cancel out each other’s magnetic MOTII ent.’

__MnO1s an antiferromagnetic substance.
number of magnetic moment 11 paralle|

Ferrimagnetic: In ferrimagnetic substances due to unegual | J
and antiparallel directions, the net magnetic moment is small. These substances lose Iermmagnetlsm &

on heating and become paramagnetic. Fe,O, and ferrites like Mgke O, and @S\(ﬁ

such ces.

RN HHH*T(THH

jerromagnetic Mtiferromagnetic yerrimagnetic

Fig. 1.20: Schematic alignment of magnetic moments
_____.._______.—-—-"-'

.}//Curie Temperature: The temperature at which a ferromagnetic substance loses 1ts ferromagnetjsm
and attains paramagnetism only is called curie temperature. For jron, the curie temperature i1s 1033 K,

'—I———-"'-_"----I

=

for Ni it is 629 K and for Fe,;O, it is 850 K. Below Wagnwe&behaﬁ

-w
as ferromagnetic substances.

17. Electrical Properiiest Solids are classified into three groups on the basis of their electrical conductivities:
(@) Conductors: These generally include metals. Their conductivity is of the order of m-rl_ |

(b) Seinicmiduc_tors: Those solids which have intermediate c@d
Iﬁmiﬂf e classified as semiconductors. As the temperature rises there is a rise in conductivity;

because electrons from the valence band jump to conduction band

Ins : ' ' Vi i i
(c) Insulators: These are solids which have very low conductivity values ranging from 107" to 107° ohm ™ m"".

\-P/ Causes of conductance in solids: In most of the solids canduct; L —
' - iction takes place due to migration 0
\/égctrons under the influence of electric field. However, in ionic compounds. it is the ioﬁgs—tiaft_-ﬂé

responsible for the conducting behaviour due to their movement
'—-_'—___‘-——l——%h_-_.- ’

In . .
metals, conductivity strongly depends upon the number of valence electrons available in an atom

A band 1s formed due to closeness of '
. . M“ '
If this band is partially filled or jt {as which are formed from atomic orbitels. —

can ot casil unde e eleov§rlaps the higher enerev y occupied conducti the electrons
Mﬂt_he_@lidﬁw [Fig. 1.21(a)]. If the 84P

into 1t and such a substance behaves as insulator. [Fig. 1 21(D)]

I Xam idea Chemistry—-XH‘% ' :
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| Conduction band,

Netj, |
~,
: Empty Empty
' | band P
Lmt() | v band _
tomyg Forbidden zoneg 55‘ i~ Small energ gap
Chte ner
v, e
Netjn
T Fill;if
ban
The
d js @
Pl Partially Overlapping
s filled bands
band ,

Semiconductor

, In § \@Metal _(pphsulator

L Fig. 1.21: Distinction among metals, insulators and semiconductors

the — : ium from
- 0 ome electrons may Jump

his If the Wnce band and conduction band is small, som¢ O hehayes 8

Nnce valence band t onduction band. Such a substance shows some co%ﬂ

itly a semiconductor [Fig. 1.21(c)]. Electrical conductivity of semiconductors 1ncr« wp____lﬂg__—rli—l;n
tex‘rmerature, since more electrons can j“mE from valence to conduction band. Sl]_lCOI_l'__B;Il___dgE'ﬂ_I}E__.

wile show this type of behaviour and are called intrinsic semiconductors. | v

nt e¢) Doping: Itis a process by which impurity is introduced in semiconductors to W.Lﬂ
1-type semiconductor: When silicon or germanium crystal is doped with a Group 15 element like l?;g:)r

le] As, the dopant atom forms four covalent bonds like a Si or (e atom but the fifth P.jlectron, nol;, 1.156 1n

ST bonmelocalised and contributes its share towards electrical conduction. Thus, silicon Or

—_—_-’_——__‘-—-—_- - - - . - - .
or | ng_oped with P or As is called n-type semiconductor, n indicates negative charge of electron

since it is the electron that conducts electricity [Fig. 1.22(b)].
'_‘____’_'—_-\

‘ = p-type semiconductor: When silicon or germanium 1s doped with a group 13 element like B or Al, the
_—-______F________.__p— — - -
dopant atom forms three covalent bonds, but at the place of fourth elec created. This hole

Whﬁwe charge giving rise to eW Thus, Si or Ge

doped with B or Al is called p-type semiconductor (p stands for positive hole), since it is the positive
’_________..___—-—"! . . -
hole that is responsible for conduction [Fig. 1.22(c)].

n .
¢ Silicon atom Mobile electron L//Eositive hole
~ — ' (no electron)

ﬂPerfect crystal

Fig. 1.22: Creation of n-type and p-type semiconductors

/ Diode: Diodes are made by the combination of n-type and p-type semiconductors. They are used as
rectifiers. -

e ——
= Transistors: These are used to detect or amplify radio or audio
‘--—-_-_nh-\—_

sandwich semiconductors.

=5 Photodiode: These are diodes which are
are used 1n solar cells. '

"___-_-—_-—-___—-

signals. They consist of pnp or npn

apable of converting light energy into electrical energy and
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