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Some Important Characteristics of Various types of Crystals
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Units that Cations and Molecules

Positive ions in a
occupy lattice anions "sea or pond" of
points electrons.

Binding Electrostatic Shared vander Waals Electrostatic
forces attraction electrons or Dipole- attraction between
between ions dipole positively charged

ions and negatively
charged electrons.

Hardness Hard Very hard Soft Hard or soft
Graphite
is soft
Brittleness Brittle Interme- Low Low
diate
Melting point High Very high Low Varying from
moderate to high
Electrical Semi cond- Non-con- Bad condu- Good conductors
Conduction uctor due to ductor ctor
crystal impe- Graphite
rfections,con- is good
ductor in fused conductor
state
Solubility in Soluble Insoluble Soluble as Good conductors
Polar solvents well as
insoluble
Heat of NaCl(s) Graphite NH_(s) Cu(s)
Vaporisation 170-75 718-43 23.55 304.59
(ki mol™)
Heat of NacCl - NH, (s) Cu(s)
tfusion 28.45 - 5.65 13.016
(kj mol™?)
Example Na(l, KNO3 Diamond, H_Ols), Na, Cu, Ag, Fe,
CsCl, Na, S0, graphite, CO,(s), Pt, alloys
ZnS Quartz Sulphur,
{SiOzL Sugar,
SiC lodine,noble

gases
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The Seven Crystal Systems

a=fB=y=90° Primitive, Face-ce
Body centred = 3

Tetragonal a=bzc a=B=y=90° Primitive, Body centred = 2
Rhombohedral a=b=c¢ oa=F=y =90° Primitive = 1
or Trigonal
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B = 90°
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Ex.

Seol.

16.

i
Elerment A is every element of FCC, atom B is present at every Octahedral void, atom C is present at 25% of
Tetrahedral veoid. Find out the passible molecular formula of the compound ?

Atom A is every element of FCC = 4 atoms of A

Atom B is present at every octahedral void = 4 atoms of B

25
Atom C is present at 25% of tetrahedral void = 8 Xm = 2 atom of C

So, the possible molecular formula is A, B, C, = A, B, C.

LIMITING RADIUS RATIO® :

An ionic crystal contains a large number of cations and anions. Generally cations are Smaller in size than
that of anions. The cations are surrounded by anions and they touch each other. These ions are arranged in
space in such a way to produce maximum stability. The stability of the ionic crystal may be described in
terms of radius ratio i.e. the ratio of the radius of cation (r) to that of anion (R) is (r/R). The range of (r/R)
may be expressed as limiting radius ratio. This value is imporfant to determine the arrangement of the ion
in different types of crystals.

Evidently radius ratio (r/R) plays a very important role in deciding the stable structure of ionic crystal. Larger cations
prefer occupying larger holes (cubic etc.) and smaller cations prefer occupying smaller holes (tefrahedral etc.)

(i)  Triangular : All anions touches each other and co-ordination number is 3

Cosh=——
| o
Cos 30 = B —
2 r +r
J??r'+ Irt =2y

J3rt = (Z—Jg)r'

* 2-43_2-173 _027

” = =0.155
J3 173 1.78

'-fll"l

r+

LRR. =0.155 = —«<1

r
(ii)  Tetrahedral void : All anions touches each other and co ordination number of cation is 4.

Face diagonal AC = /25 =2~

A a
r =TE or a= .or

Triangle ACD - _ Y C
AD?= AC*+ CD* A
2 % e 9
AD?= (ﬁa) +(a)2 = 2a°+ a’= 3a” . ™7
AD = 3 2 X )
According to cube diagonal AD B = P
AL o E
—=r"4r 4

2




J3a=2r"+2r = AD
Put the value of a = /21"

\fgx«.&_ r=2r" +2r”

J_x\@r' =2r++2r'

2r 2r”

=—-1
V2
J3-2 1.73-1414
— = = =0.225
r J2 1.414
(iii) Octahedral void : All the anions are touch each other and co ordination number is 6.
In AABC AC? = AB’+BC
& afww
AC =2 a
— C -
2r'+ 2r=AC = \E a
BC =a=2r + 2r
28 V2 x2r
2r" 2r A B
£ it " 7
,._—"“1“5 = r_-=‘/§‘1= 1414 - 1 = 0414

(iv) Cubic void : All the anions are touch each other and co ordination number is 8.
According to cube diagonal
AD = J3a=2r"+2r
{a=2r =BQ

J3x2r=2rt +2r
Dividing by 2r ~on both sides.

VB=1141 = =3-1=1732-1=0732
r r

The preferred direction of the structure with increase in the radius ratio is as follows :

Plane triangular 9225 , Tefrahedral 0414 , octahedral _ 0782 , Cubic

Limiting radius ratio for various types of sites

Limiting radius Coordination Structural Example
ratio = r/R Number of cation Arrangement
(Geometry of voids)

0.155 - 0.225 3 Plane Trigonal Boron Oxide
0.225 - 0.414 4 Tetrahedral ZnS, Si0,
0.414 - 0.732 4 Square planaer -

0.414 - 0.732 6 QOctahedral NaCl, MgO,
0.732 - 1.000 8 Cubic CsCl
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