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The Solid State

3.1 fNTRUUUL‘TION

Charar!eristics of Solids are characterized by their high density and low . ompre

Solids with those of the gas phase. The valuey of these properties fo;
that the molecules (or ions) in them are relatively cloge togett
very easily be distinguished from liquids by their definite shaps
mechanical strength and rigidity. These Properties are due to the
Very strong forces of attraction amongst the molecules (or jon
It is because of these strong forces that the Structural wnits (aton
of the solid do ot possess any translatory motion bt can have onl,
motion about their mean positions,

: Crystals angd Solids can generally be classified nto two broad Categories: crysiy

n Amorphous Solids dmorphous substances, The outstanding characteristics of & crystal are

. melting point and its flat faces and sharp edges which, in a wey develope
form, are usually arranged symmetrically, These Properties are the resuit
high degree of internal order which extends throughour the crystal (3 defios
pattern constantly repeating in SPace), 1e. there exists what is known a5 the o
range order. The pattern is such that having observed it in some small regxon
the crystal, it s possible 1o predic dcCurately the positions of particles in =
region of the crystal, however far iy may be from the region under observason
But dmorphous solids, such as glass, do not have this ordered arrangement
many ways they are more closely related o liquids than 1o crystadline wint
and are, therefore. regarded as supercooled liquids with high viscosity. In 1
chapter, we shall discuss the subject of crystalline Structure.

3.2 FACES, EDGES AND INTERFACIAL ANGLE OF A CRYSTAL

Crystals are bound. as staled earlier, by surfaces which are usually planar Thew _
surfaces are called faces and where two faces intersect an m‘]_e 5 fommed The
angle between the normals (o the wo uu_crswml_:‘ fiaves ia the maﬁ,m ange BL

i In general, the shape of a \.'l_\-.'rlull_ill.lﬁ' mlhlm m? Ltn::s:: e
(temperature, rate of growth, l..*l.l‘t‘lll ol Sm andd tlwmu::ﬂ t:lll b F :
Lthe e iod of EIOW lh, e.g. Na(l l‘l'yﬂ‘lulm h 1 t‘tﬁk‘: . “";F:!‘:L ) S
olution and in an octabedral form from nmﬁ:&mm -

OO Al QUAD CAMERA
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The first quantitative measurements
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At about }hc same time as Stensen's work, Robert Hooke speculated that all
nI?servcd lurm{; of crystals could be pictured as consisting of regular :1rr:lﬁ::s-,rrn.-’,-l
of small spherical particles, Hooke's idea was extended by Hally, In 1784 .-I. the
result of a fortunate accident, he began a study of the cleavage :rf' calcite :.ra..- als
and found that regardless of external appearance of crystals, he would obtain r
rhombohedral unit in each case. Based on similar cleavage studies of many other
crystals, Haity concluded that the continued cleavage will result in a basic :'_;;n:'-_ the
shape of which was related to the external shape of the crystal. The macroscopic
crystal can be generated by stacking this basic unit one upon the other.

Rather than drawing the entire unit of pattern it is much more convenient &
represent the unit of pattern by a point. Each point then represents the position
of an atom, ion, molecule or group of ions or molecules. The regular three-
dimensional arrangement of the identical points in space gives rise 0 what s
known as a space lattice. The definition of a space lattice 15 stﬁ_::ltly a geometrc al
concept and represents a three-dimensional rrcms!arimhmi repetition u;fhe 1'?".:.-"; :
of gravity of the units of pattern in the cr_ysm!. This means lhaJ: u ;:f: I,
line is drawn through any tWo points, it will pass at equal mt;r\_:dl.»._ ‘ S_r '
succession of similar points. Since the an*ang_em_em of [hc'ie P‘-“ﬂ:;fl fi:.} m\
implies that the environment around any point is dmih M[!r:l::;mce e B
other point in the lattice. 1t should be kept in minc ot 1he. i
| atoms in the crystal but represent the spatiat S0 £

its of pattern can be anything. for f**“‘?l_t"m
each lattice point may represent the posis

not represent the actua
of the units of pattern. These un
(i) In metals or inert gases,

of each atom.
(ii) In a crystal of methan

E I ‘ . In the

" s methane molecule. , o sent ions of JOR- RS .
i (iii) In ionic crystals, (he lattice points :ﬂlagc?ﬂfp;'i“i"" ies irhk‘l-"*ﬂd‘ﬁ“l)
g5 ie consider a lattl : Rl

former, it 18 more convenient © s s s A0t erlnch‘d k.‘ give an
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o each lattice point may represent the ¢
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Fig. 3.3.1  Crystal lattice
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3.4 CRYSTAL SYSTEMS

Unit Cells in a Two- A« stated earlier, in a space lattice or a crystal
Dimensional Lattice ip space. For example, i i i

arranged at equal distances along a strﬁigljt Iﬁee
case is the minimum repeat distance. In a
have to specify the values of two basis veetats whie
along two axes and the angle betwem ﬂugse :
pattern or unit cell can be - whic
be formed by repeated translations of!lm it
vectors in a planar lattice may be same or dif
may be 90°, 60° or any value other than thes
the existence of just five possible types of
its unit cell as shown in Fig. 3.4.1. '

imitive and It should be noticed that far'snme lattces the
nprimitive

it Cells
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- In a 3-dimensional space lattice, we need to specify the values of three basis
unit Cells in

~wree-Dimensional vectors which give the three repeat distances along the three axes and three
' angles as shown in Fig. 3.4.2.

i b2
[ &
p
a \ a ...‘
¥
b
2342 Three basis
Yetlors i g
Mllmtusinnal Space
—P
& # L] ) ) in Which
SS:UEn Crystal For a given lattice, there is, in principle, an infinite number ;fm';w:s; .
Stems the three basis vectors a, & and ¢ might be chosen. The choice ) table

mmetry elements, the three

unit vectors is based on symmetry. If there are no sy T e g

vectors chosen are the shortest ones in three different p uld be classified into
study of crystals of different symmelrics' showed .lht_lt thay;::}inh axﬂﬂ The results
seven crystal systems based on the Pmsmqeﬂfwﬁ;z pﬁmiﬁﬁ: (symbol: P)
are listed in Table 3.4.1. The schematic snapes Of tHESE F

crystal systems are shown in Fig. 3.54.

TSee Annexure T at the end of this chapter forelﬂﬂﬁnw
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Absence of Five-
Fold Rotation Axis
in Crystal Systems

-

o i Nimmum y wx‘frlﬂ'l'.
Crystal sysiem i I’ "u"._m_r. i R S
A 1 2 h # < ('-USUJ'SHJ}.
V) e Y % O0° K,Cr0.
Triclinic I (or azfieys . .0
2 h2c¢c t"m*-iﬂ'ﬁi:!':r|jtJ
] 1+ o+ aE, A
;\'IH"HL']“J]:L- j (or <) i i—_ “{]n - ‘-; ""j\‘)(]12ii:{_l
o= a5
?\H!S{’}L- lﬂH-ﬂ’_]
377 3 Srfrhnmb.,; Bs
: 77 ) ath#c¢ : ic), Bagy
Orthorhombic 222 (or 222) o= fi= =90 KNO, K50,
3 = CaCo,, calcie
Trigonal or 3(or 3) ig-_f?# - 3+ Calc
Rhombohedral o= W =iy |
Cubic Four 3 (or a=b=c NaCl, diamong
Four 3) aeB=y=9r Alums, CaF,
4 - T‘io«- Sﬂf‘“h;!b;
agons 4 (or a=b#c : ite),
Tetragonal (or 4) smanrh 280,
Hexagonal 6 (or E} a=b=rc¢ 3;()2: graphite

a=8=90°y=120° Pbl,, Mg, Zn0

iDimensions correspond to maximum possible symmetry of their respective sysiems

In the crystal classification shown in Table 3.4.1, it can be seen that thers is
crystal system in which five-fold rotation axis is present. This is due to the f
that in crystals only those rotation axes are allowed which are consistent wit
the translational symmetry. According to the latter, the distance between any twe
points should be equal to a unit vector g or an integral multiple of this vectx
i.e. ma. Tt can be shown that a crystal can never have a five-fold rotation &
as otherwise the condition of translational symmeﬁ-y 1S not fulfilled. This m
be demonstrated by taking a crystal lattice which has a n-fold rotation axis. !
can be shown that n can never he equal to five. The n-fold rotation axis mess

fiew arrangement of points will be completely identical to the old arrangemen!
of pomts, i.e. the new configuration Will be indistinguishable from the ok
Cfmflgl:u'auon. Let this operation be carried out around an axis passing througt
the point P, of the crystal lattice as shown in Fig. 3.4.3 and let the lattice poin!
P, be thus thrown into P;. Similarly, let the laftice point P, be thrown into the
point P, if the rotation Operation is carried out around the axis passing through
the point P, (Fig. 3.4.3). K '

According 1o the condition of translational symmetry, the distance betweer
the points Py and P, must be an integral multiple of the unit vector a. Thus
we have

P':[P4 = Ia

As can be seen from Fig, 3.4.3, the distance betwﬂﬁl-lhﬂ_pﬁiﬂts‘l{; and P, is 4
given by PR




3143 Absence of
ﬁve:fﬂld rotation axis

i '\IJ“.‘.' ti{n‘f:,.

P3P4=a+21;=a+2aain[6-90'j {
Equating this distance 1o ma, we get 1|
a(l - 2 ¢os 0) = ma

l-m
or cos = —

2

By giving an integral value to m, the corresponding angle of rotation can se
calculated from the above expression. These are given in Table 342

Table 3.42 The Allowed Rotation Axis in Crystal Systems

m cos B _ﬂ Yolie of = i
order of rotation @
360
I —
0 = 60° - E
90' —E:-I
1 0 =
2 22 200 et
2
80" —al
3 | IM' oy m

duuh-lm'
Higher values cannot be given (o m as nﬁlﬂﬂiﬁﬁm |
becomes greater than 1.

It can be seen from the Table 3.4.2 Mmm - abe “"
Thus, it can be concluded that a crystal can five-fold lﬂ, s

if it has to satisfy the translational W e .' i
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