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4.5 LATTICE PLANES AND THEIR DESIGNATIONS
od in 4 large number of ways in a serics of paraliel and
anes known as the lattice p!a'uef-a*. ¥y terms of these planes, it 18 convenient to.deseribe
crystal lattice. The Faces of a complete crystal are parallel o these planes containing the largest number
of points. To ilustrate this statement, consider a Sim'p_le_t_wu-dimenﬁiﬂmﬂ-'rﬂa:t_.anguluf erystal lawice as
shown in Fig, 4.9. The planes will appear as lincs parallel to the 2 axis, A large aumber of planes with
different orientations AA BB’ CC' DD"etc., are possible with each plane containing some of the
fattice points.

The lattice planes are designated in terms of the _
arbitrarily-chosen origin: For the set of parallel and equidistant planes AA(HE B8 T intercept
makes interceptsof a and b on thexa nd y axes. Since it is parallel 10 the z.ﬂxl:i.‘th{?l’l: ;:rcml[;:: T
an the 7 axis. is infinity, The ;_3&-‘:;,;_;&1’ the iﬁ;@meﬁtﬁ is a:bioo, The next Pmtﬂ nluf:ii :-:E's designnéi;d "
3h and oo, The: fﬂuﬂiﬁagam S Etmp’lgmulup]g of a, this set of planes 155 _
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In general, the interplanir spacing f""m-‘ hetween the planes hkl in 4 cubic Iﬂltic& i .E! u '

I

dyyt = J—Tﬁ,
hE 4k

where @ is the side of the cube,

&

Problem 4.3: Determine the
4.5A (450 pm).

Solution: In a cubic lattice. the interplanar

interplanar spacing between the (221) planes ﬂf-g cubie fattie

spacing d,,, is given by )
dyy = ——= = | '

—

(frz +k* -'f-".:'?.)!"r-i (4+4 +1)1ﬂ
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4.8 DIFFRACTION OF X-RAYS BY CRYSTALS

Baitampn # ] % i1 '
I &l ol thil W = Il Falls on-an, Objed! which 1501 [I“ Tl Siz
IO aliswed thin -

X
£
v

£ iy
S WRLLLATY 3 fiffracted, This fuct s wsually investigated by means of g d.”fl'-i'.'lit:n 4':'1;' |
RO i I Ber of fine, cquidistant and pardiel lines deiwn an this Meta) rr*m!”
Albusepaiedty IIII-II i I:I:I'II"I.IL racdiation falls on o difllvaction l—”'”””,':':-’“-“"ij'f”u{:h-'dﬂﬂd j;
oz III"Ihil.llllu..-.ul I'Irl'ls“wil'. |'|--.|II.'|"- are formed I two difTeacted waves are mthe s 8
U s (ol PRk

HIMe physe # Gl
dsereen placed iy thes
dilfeacred waves, On the other:hand, iF the waves dare oud fl.lr phase, .Irh_ill'-‘i{l'“'-'iﬂﬁ inl:.:n;m.
pesilt arid dark cspors wiodld be observed onthe sereen H-I,'-_'-,. 4 “Il‘ I'he |-3'-mdm”“ I'Ilit'\. . |

rl]l.lltipi.: ﬂr‘i‘n :- \

vesulls and aserres of hright spots would be observed an
eriare nee resuls ly -

interfednee iy that the path differénce for the Iwo waves must be an integral

Xarhays e electromagacte: radiations ol short
wavelength of the order of 0.1 nm. The wavelength is
compal ible w Ih the spacings ol atoms in ¢rystils. This
et L vom: Laoe 10 stigeést that éryetals can act a3

thrieed) nonsanel dithaciion Braing 1o _."|. Fys Fhis |.iZ_'|-!1-1 Ui.".'lml

i)

was COmnfirmed R PET meninlly by Friendrich dand

—
J~|-|_--| 11 J|||". [EER eoia A ol !.'5I||I"I'.'I. s "\ fi]‘lr
threnigh-a coystal of zine bledde I resulting radip-

ton wibiesy: alls L photographic plate, a %
s obtmned

Il there e 1w wWaves siarl

gelimte dilfraciion’ paners L

ng rgm &4 common

urees, ogar phose. diflferenee

will be directly pro-
Portional e therr path diff rence. A pattern of this ¥ pe =
| ' ' : Fig. 4.11 In-phase and tot-ofnkal

encrally referred (o a5 a due photogeph or £ [ i
e patiemn, Friom the Lan Pt il i5 |

assibleto arriveat the size: shape and the desaile

=i

I rcdin Pesiion ol aloms fna Crystal.
he important discovery tha derystal could behave a8 a three-dimensional diffraction gm
lech WoHL Brage und W1, By g8 1o use X-tiuy for the purpase of studying the inter;

'Y 41 ...'\.

4.9 THE BRAGG EQUATION

SICe

Crvsial miry be

regarded ss Consisin
Ii.:.l.llll."‘-~. Hi‘.

£ of a large numbers. of paralle]
R considered that (he diffraction effects uhwenrg;i{mx-wyf“ uld he
. I'stoms in the Cl'y_ﬁ_l_iil..:'i'lflu&. when X 3
Penelrale into the erystal and are

cyuidistimg phines. A4, BB,
arrangement of the

A stikes thegs B

of X-ray by succoksive planes o

they

H0es it an an
upper layer AA, with angle
absorbed und some wi

When the rays reflected fry

interference is thal l"iﬂ.Fﬂﬂr

inlegral mu!ﬂpleul' Wi




‘Equation 4.2 is known as the 3
spacing. d,; and the angle at whmh
length & ‘Ih.: value of  gives the

tlﬁ’reﬂ_ _!mn _
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reflection from identical sets of pl;—maag For re
different sets of planes, let us consider thfu @g s}e;;; ;{fﬁ;ﬁf FMB% et
S is the distance between A4 and A4 A4 OF bm\ ween BB
B'B elc. (Fig. 4.13). M xist BIKGE e ; el i
;ffcrimi fgr the rays from AA and B8 planes; then fo ame ang

o is A I this is also an |
from A'A', B'B, etc. planes 1s. e

The above (reatment considers

diffesence for the rays. o
wavelength, then the rays reflected from .*1.4_, BH Piﬂﬂﬂﬁwf;l be reinforced by the Fays from Ahg
planes and a strong reflection maximum will be observed. :

However, if SRl o oo multiple of wavelength, the reflected rays mem
o !

those from AA L If x = d/2 the path difference is "?, il means nddmﬂermmwmﬁg _

= . e path difterence s i’;‘— indicating that second, sixth, tenth, efc. order specteg i
4 _

Wenk.

4.10 EXPERIMENTAL METHODS OF CRYSTAL-ANALVSIS:’

(@) Bragg X-ray spectrometer: It is evident from Bragg equation that if the a
measured for the various ordérs of maximum reflection, the interplanar
planes of a given type of erystal can be calculated, provided the w
The reflection angle 8 and the intensities of the reflected beams corresp
determined with a Bragg X-ray spectrometer shown in Fig. 4.14. Th
are passed through a series of slits (o give a sharp and mone
to strike the face of a crystal which is mounted on 4 gradua
(o any desired angle of incidence. The rays ref
a detector known as an f&rik’;j&g chambe
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arientations. Ot of these, samé will be 5o oriented s
with all possible of L of crystaly will be inmnilﬂln
for o given set of planes  Another se Coniider ¥ 6at o0 :
for another set of planes, and 80 on Fig. 4.15(a). The rcwhr
incident beam of X-ruys #s shown in f’u’hm a given set of

dnigle of 20 with the unreflected beam, Tected ray will outline;
rotated about the axis of the beam, the rellec fil / If the of tf
reflections may. be recorded on o ph:f[ugﬂtphl'l‘.‘- 1m, W) ﬁﬁp

then the different planes will intercept the [ as curv or stradght liy
the abserved patlern consis(s of a series of concentric circles. o

After obtaining the powder pattern the lines are indexed, 'ﬂw di

central spol in measured, usually by halving the distance between i
the centre. If r 45 the radius of the film, then its. circumierence. Inr iy
160°. Then -

Inr 360,

Hence from this, one can calculate 6, and from the Bra
method is pseful for eryst

..-q!u.-'

al systems that have only one or two. m\
cubie, tetragonal, hexagonal and rhombohedral.

Problem 4.6: A certain solid crystallizes in the body centered rlibiﬁ J
nm) reflection maximum from -

i 4 set of (200) planes was observed 4 16
the unit cell,

Solution: For 4 firg order teflection, n = | and from Bmgg

}J- szzm] 5[“ a

or dm_r s 73 0154111]]

——

25in0 2sin 1&*’&”

For a cubie lattice

or
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Table 4.8 Angles at which Difffaction 1

100 110
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TexTBO0x
o

iy Ll ' ', II ._ % d -
I e ariel thus q,-iphl! ploms A presc ni at these COTNers. Ih_nrgm : |hr_ :
.,.rnl.._'i-\. L s L & H

v a single primitive unit ceTlis § x S 1, Therefore the demc.
dripiins aaspciated with & 3T 8 e oy

: M
wie cubig cel ik = -
k% -""'Jh”

In & boidy-ceniered cobic unil cell (hee), there are atoms at the eight COMmens ang s
(ar) A0SR ENDHAY ¢ Bagti1 T
e |

. I ;
of the cube. Therefore, the number of atoms perunit cel are [(E HE)+ ,} =% |

conine

_ M
degisity ol a b idvecentered cubic cell = —= Al
5 i ﬂﬁ-
Gily In o fce-centered cubie cell (foe), besides eight atoms at the comers, there Ell"l:_a:}:;

contres of six faces. Each of these ntoms 18 shared between twio such unit relly,
| ‘] 5 P i SRS
nel aloms per unit cell s |60 3 I il i 4. Hence, the d‘-’-‘m-il}"-ﬂf ilnftr ocoll ==

Problem 4.%: Copper crystallizes in the foe pattern, From x-ray diffraction the Bdge:,lumgljﬁ
cell has been found 1o be 0360 nm (360 pm). H the density of copper is 8.:94 x 107 kgm
Valug ar i

A

Solution: The lattice is fir, hence the number of atoms per unit cell i_sd.'Tlin't:dE&'tﬁD«Eﬁ; o
eell is 0260 nm and its volume s b
w360 % 1072m) = 4,66 % 10729m?
Now mass of 4 copper aloms is
4 % 63.54 v
————% 107 kgmol™!
Ny

Hence, the density = o ﬂﬁi’rﬂxlﬁ“
Ny %466 %1075

But the density is B4 ;-_ :

Therefore,

.....
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4.13 CLOSEST PACKING
i molecules e arranged i'_" - E@qinr way in mc*dim &,
aprangement has mi nergy and hence m:li::imum _sm_hilll}h. Fdfmax;mum i .
i Ihe ageregate must be currounded by the maximum number of nEiEhhmtm..Fﬂ:l‘m} 4
Coiruts, each copstituent of the orystal must by []'Hl:kl:{_l as closely Mpﬂf»sibk]{ : ihh " %
aie sphieres of the uniform size, thien the problem reduces 10 m“ﬂlﬂg_ti-m “ﬂ:-miﬁ:um“fn e o
spuce. Ina wosdimensional plane, the closest arrange ment being SR

six other spheres (Fig- 4.19). Let us denote this layer of spheres by b

¥
Uy ]

iyainls, the atams; [ons ¢

fri'e . ]
g e

dtmensional

i% b contaet with ’ [
closest picking in space, the spheres are placed over the layer A in a reguler mani,

vacant sites o triangular pockets around any sphere in fayer A, In Fig, 4;.1..9 k u
sites are labelled as 1. 2, 3, 4, 5 and 6. We can place only three spheres touching mu o
vacant sites, ¢ g, either in I, 3and 5 orin 2, 4 4nd 6, Suppose the second layer is con
the spheres in the vacant sites labelled as 1, 3 and 5 then the sites m ml,lmﬁ
Lot us denote the second layer of spheres by B, The second layer again has two ¢
Asound jny atom in the second layer (Fig, 4.19), one set of vacant sites lies

2,4 and 6 of the first layer and the other set lies above the centres of the ﬁphm
after the second layer is complete, there are two different ways: of P!ﬂﬁﬂg P 0
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-:-:.. E Foa ik g - -1 = 2 | ;

0 pf the P'l_h‘ :,: Li-: [“E:Biyﬁ“‘_j ia}’”_f'fPEﬂls the arrangement of the first layer and we have onfy two
Epes of layers, VIZ, ADAD.....ete. This is called ¢ hexagonal closest packing, hep [Fig. 4.19(a)]. On the
: A vacant sites above 2, 4 and 6, 4 new arrangement 'ii’}.iﬁf-lht-
B Eheres is produced [Fig. 4.19(b)]. The entire arrangement is now of the type ABCABC......etc., and is
R sl 10 as 2 F”‘!;fm‘l closest _F“fkf'ﬁ&'- ccp or face-centered cubical closest packing, fee.

< The number of nearest neighbours {known as the coordination mimber) in each arrangement is
H mn the laver below it '

4
éf-. r hand, if the spheres are placed in the

igwelve: six in the same layer, three in the layer above and thiee

E E‘ In the joe structure, there are two types of vacant sites or hales: tetrahedral and octahedral.-A:

jetsahedral hiole is surronnded by four spheres while an actabedral hole i the empty space sarrounded

six spheres. These vacant sites can accommodate other smaller atome or molecules giving rise 1o a
ety of different stnictures

- H | o 1T B i) 29 e T . Ly = - H o
I in an fec structure, ther? are eight tetrahedral holes per unit cell as shown in Fig. 4.20 (a). The
o i o e | x iy : AT e B T TRt
s ber of octahedral holes it the unit cell of the fec structure s four as can be deduced from the
FRilowing considerations. In Fig, 4.20(b), each (X) mark represent a vacant site and there are twelve
Péuch vacant sites at the edges of unit cubie Tanice. The vacancy al an edge 15 'common o four unit cells
: |
hi=

- ) o A bt | > e :
| hence the number of such vacant sites per unit cell is .!4_ =:3. In addition 1o these vacancies, there

i
e one octahedral hole at the centre of the unit cell. Thus, the total number of octahedral holes per tinit
el 15 foor.

K
_ - X ;
. | x
. —— 3 : = ]
WAl ' w | 170 o Code IS
o "\xF b ! ,s; f bt K e
¥ e el e - R
1 Nk ¥ o & o
o t S b= = e . e
% ! | — ol % o (5 Ao
_-_J'__q_ [ : Y i"' % P
EFITL x‘:“ .-‘J o "\‘ f f‘ht
[ - 2 T = e [ R '
i : = £ 3 x = - =
R, . - 14 .,-o"' | B ok
Ea ¥

| Fig. 4.20 (a) Tetrahedral hulesmﬂ{b}maﬁadmlﬁuldsimnfw structure:

 Another fess-packed arrangement of spheres js the body-centered cubic arrangement (Fig. 4.21) in
Which cach sphere has eight ncarest peighbours: fout i the same plane, (o sbove and two below /17
Sjacent layers, Since the coordination number in foc of hcp structures is greater than that in the boe

lures, the latter are therefore les§ denser
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414 PACKING IN IONIC SOLIDS

wils dnvolvel caliong swhd o lcne I il i,

] 1y Risns ..ll

'y ki % | M iy i
: ik (hidiv A il eleciiostly e oyl shrraoioes RUTT ths ! T T
I : M P
fif srvron shvw el e exual (00 ue Brietutr oF aiiosnm LU T ;
Y
SLL ircitne with pwadyve Coiardinniion nlmber Iy ol Prommaivle witly HEHIR A
L 0f th '
chehymacki e strcne of like chirpad 100 10 a fey artangemant i Wit i
i surtounded Py caght opposttely chprged dons at e oo ol the cu .
e 4
i v chlowide, the coordinmiign nmberof dach ion is 8 i the
Sohiimeahtoride has an o stroctare (g, @175 and may be Ofkiglersd
e = TR .
ment of O wons fi which the Na* 1ons LY the on tahediul SIeK e il . THegas
Iy Ng m 5 4 i
e ende (s structire may be regrarded a5 dn e armangement ol 8%
bimiTnl e T T i 3 } - LR Iy el
IR bides ane alieimanvely oo [LFRT d by the Zn* ions. Eack Pl G i [} ,il- s
Wi Foviap € ML 8] I|III Cilime f ) : i . g 4.3,
W sl dhe comer ol o tetrahedron. Similarly. e b =
l CERCh 5% 1on e, ey
1 "-jr:fﬁj_"'l"::url k
e

terraedrally giving 4-4 coordinntion num b
(i e (0 ak Lovingiy o
vyl caicim wons have the foe arrangement [Fig, 4. 22k a[ £
des T T ! Iy} -.| “here
. pred by ns: Eah F ,n||nu.-|,|n..jh,”. coordinated 1o fo i

Ca# joine

s sumounnded by el
: LE g ans af the co ners of o {1_]!14: IJH"; "i"-"f_"'a & Cills
s it CHLIOn Eninn
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Fis, 4.28 logs on the face 0 & unil cell

Radius ratio for eight coordinate structures: Inan o

the body  diBgona Cube

gieht coordinate struciure

Fig, 4 26,

whitle H 16T

in comtact alone the
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Drinre
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i T o = T e =
M 51085 O U e, |

radius r, arein contact with each other zlog g

2+ 2r and the fice digeoni] being 23/2n. Fora cuba i
1 =

={Bedy disgonal)? = (Eace diagonal
s T L P Sual i -
(2 =27 _[_\_r___, +{2r

Problem 4.13: Iy the tab table e m
(i) KBr. (@) CsBr, (i) Mgﬂ m} Ss, hﬂ m% ionic radij, Suggest the muost prohable o

lons
eaaia SRR
Solution, ﬁ?’-%mﬂm - _%ﬁg‘ . _
i =1 given ay

S 133
N 195 = 0678
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YOID OR EMPTY SPACE IN CUBIC LATTICES
heen thiwn diat uniform ophere: cut be oacked 1o 5 mamet

y sextion it hus beeo |
primitive onbt cell, foe (o hep) ad bre. In these chose packed some s 5

i mwrthl s the voild or empty space in the cloust-paciad mracEsrTs. Fe

g voidl s winidd be bess 10 compurisan Lo

| WW CRAA e ’!':f the spheres 10 these Janes
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the cube is 1/8, and the ol number of sphojice kG :
e e

ohbic lattices In 3 primitive unit cell of lengy o,

() Primitive € Each corner atom 15 shared by eight ather upig selly i
¥ s

srner of
a sphere al the cor

: : ching each other algng i)
it cube, the spheres are 10U - Try K he side of
;gi;‘;u;e etween the centres of the two spheres is a, and the mdjyy o the 0 e

4
af the sphere 15 -3‘“

i'!

¥

d _ |
A1 . The volume of the unit ¢ell is a®, _
(2’) The volume o a', and there is ﬂnljr B _

Therefore, the fraction of the total m‘h_;mc occupied h;,r_ the sphere s

11 }t( ﬂ J.]
2 A2/ 0523 or $3.9%
[

IS ;

It 15 clear that the void space is 47,7 %.

{b) Face centered cubic lattice: In an foe structure, there gre Spheres at the sapt U
addition 0 those at the corers. A face sphere is common 16 two unit ¢ CONIS of gei
' ' : cells, therefing gy oo

. : : : |
of the spheres from the faces is 6« — = 1. thuti
2 The contribution from the Spheres at e Cmen

cell 1s 8 % o 1. The total number of spheres per unit gell

in an Jee structuse is, ‘:'-' '

arrangement the spheres are touching each other along the fce diagonal (Fig, 427 ).




E . | ihe sk
i
5 OF pag Rodv-centered cubic lattice: Ina | - canteind Rerandament. the sotier e
e ] ] nigl r 1 ¥ Heat [ arr -t
e 5 P - i i 5 gt b G
sody diagomaly’ = (Face diagonal)” + (Sioe of Ine U SE
| e &
i = o
o
L 2 ‘|_J_,
I s the centres of (WO nearest spheres would be —d
1 v
ke 7 { the sphere would be —=
- L
s [k
= W
i ., = 4 gphere =—=8| T2
gt =Beri= ¥ 1L 4 ]
F . [
el -eli. therefore the valume occupied by these sph
] s thefe are \wo spheres pef yail cel | -




! i
] ‘ | '
Vaulvit TR L Ty A ||"" )
\
v [l LY LT
i V .l-.|||||. ihi Mg
| ol el Bkt 16 s LA . v h“h"‘“
| i TN 1 ]
il 8l
] WS OF CRYSTAL S
bl TR T U TR PO L KT T l-“||-'lnl--||v4hi-| F'l'l
ST TY AT R T TR LR A LT R ATRTLITRN -II Wil Nivcas, Thanol G thi Wi J""“-“lh-hulml *—
Devandhihe bowmin Ulks dksabai e s 0 Ui
LRI s e
i O T R L o X R TR T | WS iy |.|.mm| ;
Floaihe eirvstalsi Do o I 'y Nt oo Ao T ol Lk G g ”lh"‘ﬂ 'lln |F'I"I
I'-|| [ i 'I.IIII . " T
W EERT R il | L] | III L Y Ty BT |.il||||| ||||'l| hl
T TR iy (1 Al PN AL LA LR AN

LRI TRy Phis
OF el |-|"Hrl1'h||-“|i ‘.H‘ ”' 4

Tt atiy "”“ml“iﬂi_l
e e el RLLLL U T | N

CIHUEET B e, Do Ao n|I+IH1I||ﬂ|,“'| .;Il'.,- e
S o bihihion wid | UL TP
VD W e 'l
LAY R YT TR ﬂﬂ]“’ [ "
LU LY TR (YR g [ﬂ“":.j
WETTap g of Wiy uilhll
WYYy ol « PYRERT SOan e dogidis
AN T EARI e ar iy .“
WD ik wviry clrbdn At Covalonily ---.-."'."*',:,
W e ervitnt WAl o thiva LTI P m il ""I
IV e T oty iner of Ukl im ,-E-""'

LT ety ool holesi

O b o i
18 .84

L VoA |||I |
I LU ||| INTRIL ]
(A1 A% By PRERRSL L jhee Yy VO ) Gl |

K i e vaspainnb o I AT 1T T
LB o b o eystal s Koo a1l

Wil Py b erys e e b iy misid ) (TR B
RN R LUNELT) Wi

Lerstseal swakly the andionis o Hlvis domnetes b

wladiedval mrva OLTRE RN RS (N TR T I TS v s
¥ ] ]

N PERERNRCRRACTD Fuenitibieei, O i s it S IR Bavdye ekl cile wiiith

Ti i VY 1‘1.H|

UL LT R | AR TR (O W ITAT T

Lo it orvatuls O e vl i ALE v il «

ERRERE] TR ATRT TR LRI CEVREINY o fl|||||.

USRI i WOEMI Ty alal il

-'|I||n-l1.

e Whostiks, Whon AT ST M TT T

ClOCTragy K Wb e o EERTTTRERTY

R | i II|..r|

caquidistant el JULTEL G O CTHT
AU T o i 8 DRI T FERWI votiso il
SRl e i A Tt O i hony g wlisee phi LATYRE T
By el s, e b

TR PR i i o

e anw il iy IHl“l-Ih 1L "“' IH“H‘ " II.J:LI-.
I"I (1) |III HIRTH] ‘l‘l"[l" 1|'h|_ 1““""“' Gt

RTINS Pty (e i m I
o o this 'yl |
il T I"||I|

| Midte il iy VEYSly af the TR
W Iy hull.ll- Ly -
|H|I||r| Al

NOXagHnal LU ATHTY T

L] I'I'||||.|r LT TR

Dt

CEVSE Iy an LTEVTYITTINT

bl el HIETLARTRTTIn

{ T TR fTa
VORI e bl
Vi bnclich
LR R TR RN (i
gt bl
Imlllljn-- ul,f th it g e othiy BN W g et iyl
42804, T 1 ohoctyon I I-“H:h ke thawa fy Bangene dings, T WIFUOTHN [y e
- LAt 8 (T TR 1T we makif i ] 1L
shoath, Tho diner W WAL l!'lﬁ‘;mm mml}.ﬂi’.ﬂ.’f W0 e ey o

Wwtomy g |, il .& ,! Iﬂk’“ Wk iy Wit S ',
A - | 5 one ity ok W8l
e b (i ﬂﬂjiﬁﬂﬁl% B 001 Witk inidiing e .

h%mi‘w1

(S TN
W il

i | |lH.

|J|||1

Wily forces. e ilini

- 1 i e -




145

i Sl STATE

Javers results the graphite crysla}s'_sl_ip]ﬁr and flaky conferring on graphite, its valuable luhrim!:hrtg
_thpeﬂ_i- The crystaly ::rc_sf{i?ilg ﬂ?{d hard and have high melting points. The covalent mmpauné&hw:b ,
o melting points-and beiling peints. Hence, the covalent compounds are biten gases liquids ar soft

salies.

:5"-&.
&
’ %
-
b} o
L1
4 . Bk =

Unit call of diasmond
(&)

Crystaklatice of graphite:
(b}

Fig. 4.28 (o) Diamond lattice; (b) Graphite lathice

(¢) Molecular erystals: These crystals have short range forces that attract all discrete species like
atoms, molecules or ions to each other. They arise from dipole-induced dipole and dispersion foroes and
are rclatiw:f'y weak but sufficiently strong l__{_i_ hald the species (usaally malccul‘es)'tqgeth'er'in.ﬁqﬁiﬁk-m&
solids. Crystals held by these forces, are called molecular crystals. Crystaisgfmtmgmhemmj;g.
chloride. benzene eic., are examples of molecular crystals: In these crystals, the molecules tend o pack
as closely as their size and shape allow. Because of weak forces in molecular crysials they gm@:ss
| comparatively low melting points and are soft, :

(d) Hydrogen bonding: Such crystals are held together .hy'thé;.gshgﬁﬁg_gf protons bet
\tronegative atoms, Many morgani¢ and organic acids, salt hydrates; water, glyci ' ;
(of crystals where hydrogen bonds are involved, In ice. cach oxygen is te
-‘:]_J_ydmgens. Two are covalently bonded to it. The other two, one from e

‘molccules, are held by hydrogen honds ( F-_i:g_‘-.-_ii;!i-?j;.,zThﬁ bond lengths

.....

giving a very strong structure with large H'l?_ﬂiibﬂl'ﬁ'ﬁf
aloms towards oxygen atoms:causes less efficient |
;-’f-tl-f-'-.léIUrc which i&lﬁ:ss__ﬂéﬁ'gﬂ'_fhﬂii-'ﬂ:ﬂ ( ’Wﬂtﬁfv Ity
a0 impartant role in the structures ©
(e) Metallie erystals: Aloms
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Fig. 4.29 Structure of ice

hands are highly delocalized En the metul‘: RII‘LI;,'TLII'I? ar::;:::;?:;a{l‘:;nfa:imm
each atom and its neighhour. The resonance cq lances S r__.I& e ot
;;r:ﬂ\n- of electrons under the ifluence of an applied ElE._Ll‘rH.:' 1e : eaﬂmgmmg;
conductivity. The high reflectance arises duchm 1!1;\--::1 se with wlq;:h lhaﬂ'gg_ei_ﬂ

By high frequency radiation and then reradf:ite- vtrtual%y raH ihf:-. cne;g}rnf the §
hsorh, This ivpe of bonding gives metals their charac_te_nsuc I _mpgn;gvs like Iuslre
matiire. 3t is observed that there is a gradual transition between metallic and non.-

e pumber of valence electrons increases and are held more tightly there IS
Propetiies,

4.18 DEFECTS IN CRYSTALS

A crystalwith perfect Iattice is very rare and th ey usually suffer from imperfec

Kinds. The defagy may be at g point or along a line or pver aqurfaaam

;;Eﬂ.}-_ﬁica! and-chemiea] properties of the crystals, i
Two ¥pesof defecis may ba ﬂbﬁﬂﬁ’.ﬂ.{f i

tieten e incre *fh_ﬁ'-amﬁﬁ_ﬁ't of tﬂémi':i"
:‘Ii!!‘.'li]ﬂfﬂs. ef iong jn thieir iﬂitiﬁe'- o
I ihe yibrarion of 4 parﬁeu'l&r'fﬁfi'
cone Bt My gy gy lattig
~OSUNIC 3 poin dafact At higher 1o

J oles in g
ﬂ‘“d Fne_ anion (P"iﬂ'ﬁﬁmﬂ
Tmswmnfdﬂfw%ulﬂi




AT i i =
fi v i j 3 T -
| . : LFE 72 e Mall Ki and KBr aic
_ E AL 8 G- hBr 2ic
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k=l [ EVWE OEIFVE BT
URT wle L1 L hottky delects leads oy 5] dwl £ il it :
" - ¥ e Cysis
(renkel defects: 1t arises when a cation leaves its aom IS :
" : o ML & il anc OGCCupees i nEErslina

|.-.;-I'-|"!I*' i 1|_Il ."r1"|-'||.r IG0S are generally
: TR, LD sltermatnve intersiingal ne
' P

o S illereénce between th

Ii rikeee] did o N iy one 1y

";-1-) = raEm e I’r; ----- PNt
N = L% T _H_'..-

4 = = -
AN Ea i I gy U =
A _F)I R e o N

Fip, 4:31 Frenkel defeets

Mital excess: Thismay oceur 10 Bwo Ways

F-centres (Colour Centres)

Ananion may be absent from its Jattice site, leaving a hole which is cccapied by an glectron, themehy
maidtaining the electrical balance (Fig. 4.32(a)). This is rather similar to a Schaitky defect but oniy
» Hole rather than a pair, This type of defect is formed by erystals which would be expected 0
from Schottky defects. When compounds like-NaCl, K€, 1iH elc. are heated with excess-of their
Constituent meial vapours; or tredted with high encigy radiation, they become deficient in the amons

D= Q®®®

Wtk

Fig. 432 (b) Mezal excess dafects ciused by

Fip: 4.32 sl excess defect hecaustof A
g 4.32 (@) Metal excess oo < terarifial cations

abgenee of anions
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wernulae may be represented by AX,5 whc¢ 5 i STJEHII f:;acu]a“ Tlm. &
and thedr 1o lﬂ_u_ -'.“ . _stoichiometric form of KCl L‘i:-b]}m' 1 ﬂ:_ 1€0 Q.:'-‘H?:_. _
fism of NaGLis yellow, nm, S. ¢ anion sites which are occupied by electrons. Aniap )
The crystul lattiee hn's.f‘;?:in- lour centres. These colour centres are associat
legtrons i this Wy 8% ‘.MI : 'Lﬁnlrf‘:'.[firﬂﬂﬂn[.ﬂrﬂﬂlﬁl' will be the intensity of coloy
the compound, More the colee €8 T8/ 00 0 voms occupying the vacant sies
lDm;‘::;::::;;l:;:i“s;ﬁl ilzclrum: Metal excess defects also occur whe_n_{.ﬂf_l__..
pies :m il;lt:l's‘ii[iul position in the lattice and E‘!ff’lﬁca] F“?““"‘“?Y 1smamta;| ; Ed
interstitial electron (Fig, 4.32(b)). Their composition may h*-"- mpmsemﬂj byth_
wpe of defect is rather like a Frankel defect in that lons ‘HL‘_'.S’?-I_P::J ..l_nl.f:rﬂtr_‘l.i._a_l..pg?r.l.mm
holes. and there are also interstitial electrons. This type of defect is -g_entgfa-lly obsérve
CAO e, L
~ Crystals with this type of defect contain free electrons and if these migrate they
current, The amount of current carned is very small compared with that in metals, fu
in aqueous solutions, and these defect materials are called semicondicctors. Since the mey
normal electron conduction and they are called n-type semiconductors.

Metal deficiency: Metal deficient compounds may have general formula A X. Tt ce
WavS I

u.} .I‘mitivn ion absent: If a cation is absen! from its lattice site, th& charges
an. adjcent metal ien having an extra positive charge (Fig. 4.33(a)). Crystals with me
defocts are semiconductors, Thus on. the whole there is an excess of ami&n :'ﬁ"ﬂ the
deficient of cations. Considering FeD erystal, we notice smﬁé Féj“*..iﬁ'r-'ls-. Ei'n.
addition to Fe?* jons. Some other compounds that show this defect are Fe§ NiO m
contains A™ and A% metal jons, If an electron “hops' from A+ mntethe ey
becomes a new: positive centre., There has been an'apﬁamﬁt mﬂvc pﬁm ;

AN Appar vement of A

v [ Y I. dll E‘I‘I’Eﬂ ln ﬂ“ (i d] o) cross thy
i i ; : it 3 g ! R I‘Eﬂ L

dIrE - S . AR B e --_.??--.._-
plype semiconduction, ction across the structure. This is




fii: Soup STATE 149

Jfan exira charge o an adjacent metal ion (Fig, 4.33(0). In crystals possessing this defect, the aniops.
fre "L.]ullwl:.f small when compared 10 the size of cation, thus allowing the anion to find a place in the.
imr—r-»tili;-ﬂ siLe. o

EXERCISES

| Explain, giving reasons, the following;
(1) Shl:_d.q‘u:u .ETHEEn.IinH}' incnmpmsslbfc whereas gases are casil}rﬁun‘.p‘ress&i
(if) Diffusion in solids s slower than in liquids.
(iify Density of a sohid is generally greater than s liguid.
({v) Covalent erystads are hard whi le molecular erystals are solt.
(v} Attractive forces in melals are non directional,
(vi} Metals are malleable (easily flattened into sheets) are ductile.
(vit) A long range order exists i orystals.
(vifii) Centre of symmetry can be represented by roOtation inversion axis.
(ix) Crystalline solids are anisotropic while amorphious solids are 1setropic.
() Solids with ¢ep structures are more dense than those with bee structutes,
3. Explain why it 1s not possible
(i} to deduce the position of hydrogen dloms from X-ray diffraction studies,
(i) 1o use oo large or too small crystalsin the Debye-Schemrer method,
(i) 1o distinguish K* jons from €I ions by X-ray diffraction studies,
(iv) 1o replace X-ray by UV of 10 nm wavelength in the diffraction studies of crystals,
(v} touse polychromatic X-rays in the debye-Scherrer powder miethod, e
7. State which of the following stalements are Lrue and which are false;
(1} All crystalline solids are isolropic.
(il Tetrahedral methane molecule has a centre of symmetry and a four fold axis of symmetry.
(i) Amorphous solids are supper cooled liquids with high viscosity.
(iv) In crystals short range order exisis.
() Unit cell is the smallest building unit in the crystals:
(v) Every object possesses an identity element.
(vif) There are five and only five possible lattices ina tw_dr:dim_-:}}isi_{';ngl_-pi ane.
(viif) i in the Bragg's equation can have any valug—positive or negative integer or fraction.
(ix) In the closest packed structure, 26% of the space 15 vacant. ) -
(x) The number of atoms per unit cellin an fee structure is 4 while in abeostmcture itis 2
Ans. True: (7if), (), (v (vii)s (), (x).
" False: (7, (i (i) (vt
4 What types of crystals would be expected to be () lhﬂharﬁ:}s;fﬂ}ﬁﬁﬁﬂﬁﬂﬁk{ﬁﬂmﬂhighﬂﬂ melting, (V)
the Jowest nielting, (v) good conductors of haatandelegmmpn{vi}lﬁﬁngfﬂiréﬁ mal lattice forces, (via)

having non directional lattice forces. s _ ", N N e
‘Ans. (i) Covalent, (i) mplecular, (i) covalen (i) moteculas, (v) metallic,

(vi) ionic and metalic, (vi1) covalent and moleular,
5. 'What types of crystals aregwenbj'(:}ﬁiﬂmﬂﬂﬁ.f!ﬁﬁﬂﬂ{ifﬂ% (V) anthrpceite 800 AN Sril, o e
| s (1) Covalent (i) ionic, () metalle, (i) and () moless K

6. LiBr, NaBr, KBr, REBr all have the same ery ol stcture, However, X-ray analysis indicaes (Rt KRACES
a simple cubic while all others aré face centen ”

A bt i d B {ans have the same number of electrons.
7 SnCl, is & colourless liquid (b.pt. 114°C and pt=33°C) while SnCl, is 3 Wﬂtﬂﬁ?lfg.ﬁ%nﬁgﬁfﬁm
What type of solid (ionic, covalent, elc.) 15 m0s Tikely to be formed when SaCl, solidifies?’  Ans. 108K

id
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fiy thi ahle below are given unil cell paramieters. Tdentify the crystal system ineach
4 a _——._-_'_ =

N
- i b e \. .
frnr) {rm) _Emnj et | B

il 3 A : :;.'r: ; gﬂ:
(ein) 7 7 i : gﬁ: 967
fiv) G- 41 e 40T 002 |

Ams. (i) Cubie, (i) tetragonal, (i ﬂ'i’hﬂ;ﬂ T

9. Sketch the ollowing crystal structures;

M

EL

What is'the:

_iridi;;e_'s ol s0me erystal pfanes-a:ﬁ.{i)"a:

{{) Diamond—eirahedral covalent lattice
(i) NaCl—face centered cubic lattice:
(1l), C5C1—body centered cubic latice :
Suppose you have a face centered cubic ammangement of Asnd B atoms where A atoims arsa ke
the unit cell and B atoms at the face cealres, (o) What is the formula of the compound? (b)
the simplest formula if () one 6 1he A atoms were missing from a corme
aloms were missing from two comers? : " Ans
Aveentain compound of X and Y (bath monovalent 1ons) crystallizes in the
and Y ar the body centre. (a) Whal is the formula of the ¢ompound? () 1f ape of
bareplaced by Z (also a monovalent fon) what would be the simplest formula of

What is meant by symmetry operations and symmetry elements? Explain the
{1} Properand improper tolation axes. (if) mirr:pr'j;}a_n_ef'_ '-s_qnd'-{r';':;j ercf,r mme
“-j l-,lsl-fl'l.l!. [hﬁ‘.’-.ﬁj’ﬂllnﬂlr_}" E;J{‘I_'ﬂmnti j_'i: {ﬂ] H D f!}] NH { Tl : . e -
hish ot ibaf Ua A (BYNH,, (e} CiH,. () CHY, (e) letter ‘M, and
W.h’e.h of the following molecules have a centre of s;mﬁ-'leﬁ_i:,'?f YCH (e) letcar l‘ﬂﬁ%‘ _
(@) CH.. (i) SE.. (iif) CO,(ivy CH,, (V) NH,. S i 4
e : (DACL E S (e) O o, 6., E,
] it cells are possible in' & planar THIEe? SEoh a femdi oot s vt
identical spheres indicating  suitahle unit cell, PR Iw:a—ﬂimmginqgtrﬂﬁ@@

What are the seven erystal systems? What parg
Hhe charactenstics of each system, Name the Brayais lattices of each ¢
I'Ilw' urnlu(!l'ﬁ_ﬂ_] 1|1de'35? H : . : : ._ fert: -'-".:.'.-.l-: I
vk HLCa s HIoWw arg thE’muﬁﬂH]ﬁ]ﬂi . i
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CExplain why'ong should employ monoo] F
. Sy - Py InOmod eomal et ke Mo b R il pr i
: crystals? : lic- X-rays in stngdying the reflections irom the- faces o
) ; [efinethe Following terms:
. i1 mtesll tpoimittiveand non-pRmiteee), (i <o : ars
b .l. L G T A eV ), L spacs latlice, (nr) lattice plancs, (1) law of mtional indices,
(v} interfacial angle, (vi) space and point erotps. (i) centre and nlanes of symn
i : y Prove that the mterplanar B BT A Vi) CONMTE and planes OF Sy meeciry
). (&) e L e HMCrplanas ";-::'lklfik[ |hrII VT T -:’.'I1I:'-|-' svsiem is piven g
-3 Le el a1 e e R Ly
. : i i
T
A
[ 2 2 R e
|'Ir = N
where g i3 edae lengthiofl the cobe,
A1 Calcoliste the interplanar spacine {d T ; 4
| terplanar spacing (d,, ) for a cubic.system betwesn (he following sets of planes. (&)
(100, (0 (2000 (i) [ EVEY, Gad) 2200 (odd T DG (vt i 2 § S F g
] BV E2200, () (111D (ui) (222). Assume *a o be the edge lengthof the cabe.
i 0] T, it f 1 5 0 a
Ans. (i d, =8 0 G = =1 () = (W) _'l 5 T Weamemmisnl 171 d-*,_
g | | A e ol =Rl e
‘E::"; ] = v 242 A AT
- \ . " & e [vnpx b el = . ; e =
kg, 27 Wia gre- the thret iy pes of Cubic cevsials? How are they distinguished from pach other® Caleulale the
iy pumber of atoms per unit cell in 2ach case.
) AR 22 Iflustrate; with the help of diagrams, the following planes with Miller indice () {1003 (110} apdflll)ma
o simple:cube; (i) (2000, (220)and (111} ina faee centered Cubic; anid (Gi1) (2005 (1) ard (222} in 2 body
g centered cubie cell,
LUI‘I‘:;[
" 23 ©sCl has & body centered cubie lattice. How many C5% and €l ions are there in the unit cefl?
Xy Ane. O =AUEE=11,
- 24, NaCl hus an fee structure. How many Na* and CF ions are there in the upit cell?
nents Ans. Na*=4,Cl-=4.
| 25,  NaCl hasa face-centered cubic Iattice. What 15 the conrdination number of (&) the sodium (5) the chlorne?

(s (&) What are the individual lattice structures of sodium 4 . chlonne in sodium chlorde? (o Calcuiale the

er of Na* and C1- ions is the unit cell of sodium chlonde

Ang: (416, () () face-centered, () 4 Na® jons and 4 €1 is] et
efl of (i) a simple cubg, (i) face centered cube, (&) bedy

ol centercd cube, (iv) an edge centered cabes (V) face centered tetragonal and (v} simple orthorhomie;
et Ans {0y, A, (26w .-1. (e, i1,
| (h) A hexaconal cell contains threé unit cells, (7) Howe many atoms are there in the hexagonal cell? How
B b, atoms are there in the unit ¢ell? Ans, (i) 6, (1) 2.
gD 37 What is understood by the glosest packing of identical spheres? What is meant by the stacking sequences
ABAB.. and ABC ABC...7 How do Lhese Stru£tties differ from each other? Can we hiaye a patisin like ABC
es per unil atom in an fec structure is.one.and in a bce

i ACE AB AC...7 Show that number of octahedral hole
dral hales per unit atom are there in-an Jee structure?

Ans. 2 holes per atoni
pe

| numb

4E ] () Calculate the number of atoms per-umt ¢
E
[ £

siruemre it s 1.3 Hew many tetrahe

I8, Show that the maximuin proporion of available volumé which may be filled by hard spheres in variois
A dioub 13 0,68 . (iif) face cenlered cube
; i P A i : ~enten = e = o T TRCE CETILE Cil
slructures is (i) simple cube :E--Ei.ﬁl (i) body centered Qubs % , 1 g ered ©

—

EML . i f ﬁ !
e _ w2 S TN o Wil
_TVE _ ama (v hexagonal closest packed stuCtire === =().74, () diamona == B4 Wi

0 6

s isthe percentage of void spd

o 29, (4} What is the radius ratio? What1s its Sign
to that of anion (larger) in the following

Ans. (i) 48%: (i) 32%. (i) & (i) 2670, () 66T

ce in each case?
s ratio of cation (smatler]

ificance? Calculate the limiting rad
arrangements:
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iy body: centered cubic armangemanis. !_
ubic structures, (i) body CRTETS LTS STanEemenys,

—— d_uubm.u_lrucli.irﬂ. e cubie st i i

fi) Trangulir, ﬂ_irlf?cnqctmhniﬂ.iic' KC1 RbCI have face ¢2n ered cubic stiictures
ol the fac (Mt : lo-

(¢) Account for s T R rar v
o e, iy of ions having the fallow . .
‘"_H"mf m;h'i;:;';ﬂ crystal, A-x;'_&f"ﬁ“dﬁzﬂm compased of 1005 having the | ﬂmr[g ;

"Three uni-univalent i 3 - i

152

Ak

s ) e - Vi 7

. 10 20 30 . 40

i Jdict (4) whether each erystal will have

Assuming that fons Eﬂ-‘.h"rd'sfijif‘.l:ms&gr{?;rzﬂiam the wlumeuf the unit cell |
cResium chionide sCHE: K1) o, (@ AX il have CC X
31, Describe the erystal stnicture of zing blende. Whgl i_:s,th.:: cation to anion ratio m S siret
metric arrangement of cations is there about cach m-‘-‘?.n' _ den 2? ”

32, Calculate the interplanar spacings that correspond (o reﬂeﬁt;“unsragiﬁ—: 0 Ei:;ﬁ Sl
wavelength 0.141 nm, Assume n = 1. T .

3. Silver has an atomic radius of 0.144 nm. What would be th:;_‘f_len'_s'_ljl_?___.e? sﬂvﬁrlf Hwere to
following s{rudum.;i: (i) simple cubie, (B) hbﬂ."l" centered cubie, (c) face Cﬂﬂlﬂmdﬁuhiﬂ,@

silver is 10.6 % 107 kg m™, which of these correspond to the correet 5tm“m:3? e N
Ans. (4) 7.5 % 107 kg '1'!}_'3. ﬂ’;}-g-? X lﬂlkgm“ () 106 % 107

34, CsCliorms asimple cubic lattice in which there are Cs* ions at [hn:mmemaf the uni|
centre of the unit cell. The cation/anion conlact oceurs along the body diagor

unit cells is 0.4123 nm and the radius of the Cl™ ion is 0:81 nm. Calculate the

33, Copper (al. mass 6354 and density 8.936 ¢ coi ) crystallizes
cell is 0.3615 nm, calculate the Avogadro constant,

Metal X (a1, mass 55.8) crystallizes in body centered cubic pattern, The

How many atoms are there per unit cell? (i) What is the r_imﬂti’ﬂ"r:ﬁf'gaarest

volume of the unit cell? (jy) Determine the density of the metal? ;

Ans. (5 2. (i) 8. (i0) 5 5 AR ! e
37, T T (m}"la_%fs il zm“? =234%

isthe foe pattem. Ifthe edgé
R

i e C Ans ()
% The observed dey _sitia's.dfﬁﬂﬁ&g{’ i :
sponding theoretical densities ars 3 44 & oL 2FC
in the erystal lattices of these
39, NaF and KE form crystals having (o «
surfaces (200) at Mgles 8° 47 anij 90

Huorides,

. Cﬁi’.ﬂgﬁﬁ_ﬁﬂz-'iféﬁe—ctm“” el
largest atom why; hicould
ing the latticey

4L Ko ;
o~
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