SOLID STATE

Y ouare awarethat the matter existsin three different statesviz., solid, liguidand gas. In
these, the constituent particles (atoms, molecules or ions) are held together by different
forces of attraction between them. However, the nature and magnitude of the forces
varies. In the first two lessons of this module you have learnt about the gaseous and the
liquid states of matter. In thislesson you would learn about solid state- acompact state of
matter. The solids are distinguished from aliquid or gasin terms of their rigidity which
makes them occupy definite volume and have a well defined shape. In solid state, the
constituent particles are in close contact and have strong forces of attraction between
them. Here, you would learn about structure, classification and properties of solids.

@ Obyj ectives

After reading thislesson, you should be ableto:

e explainthe nature of solid state;

e explainthe propertiesof solidsintermsof packing of particlesand intermolecular
atractions;

e explainthemelting point of asolid;
e differentiate between crystalline and amorphous solids;

e classify the crystalline solids according to the forces operating between the con-
stituent particles;

e explaindifferent typesof packinginthesolids;
e  definecoordination number;

e defineunitcell;

e explaindifferent typesof unit cells;

e caculatethe number of particlesin simple cubic, face-centrad cubic and body
centered cubic unit cells;

e defineradiusratio;
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correlate the radius ratio with the structure of solids;

explain the structure of simple ionic compounds and

explain Frenkel and Schottky defects.

8.1 Nature of Solid Sate

You have learnt in lesson 6 that according to Kinetic Molecular Theory, the gases con-
sist of alarge number of molecules, which arein constant randommotioninall directions
in the available space. These molecules have very weak or negligible forces of attraction
between them. A sample of gas can be compressed, as there is a lot of free space be-
tween themolecules Fig. 8.1(a) In liquids Fig. 8.1(b) on the other hand the molecules are
asoin constant motion but thismotionisrelatively restricted. Sincethereisvery littlefree
space available between the moleculestheliquids arerelatively incompressible.
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Fig: 8.1: A pictorial representation of the three states of matter: (a) gas (b) liquid and

(c) solid state.

In solid state the constituent particles are arranged in aclosely packed ordered arrange-
ment Fig 8.1 (c) with almost no free space. They can just vibrate about their fixed posi-
tions. These arein close contact and cannot move around like the molecules of agasor a
liquid. As a consequence, the solids are incompressible, rigid and have a definite shape.
Likeliquids, the volume of asolid isindependent of the size or the shape of the container
inwhichitiskept.

8.2 Classification of Solids

On the basis of nature of arrangements of the constituent particles the solids are classi-
fied into amorphousand crystalline solids.

8.2.1 Amorphous and Crystalline Solids

In crystalline solids the constituent particles are arranged in a regular and periodic
pattern and give a well defined shape to it. The term “crystal’ comes from the Greek
word, krustallos meaning ice. The regular pattern extends throughout the solid and such
solids are said to have long range order. On the other hand, some solids have only a
short range of order. This means that the particles are arranged regularly in only some
regions of the solid and arerelatively disordered in other regions. Such solidsare called




Solid Sate

amor phous solids. In Greek, a means without and morph means form. Thus the word
amorphous means without form. Sodium chloride and sucrose are common exampl es of
crystalline solids while glass, fused silica, rubber and high molecular mass polymersare
some examples of amorphous solids.

An important difference between the amorphous and crystalline solids is that while
amorphous solids are isotropicin nature (i.e., these exhibit same value of some physical
propertiesin all directions) the crystalline solids are anisotr opic (i.e., the values of some
physical properties are different in different directions). Refractiveindex and coefficient
of thermal expansion are typical physical properties, which have different values when
measured along different directions of agiven crystal. Another difference between amor-
phous and crystalline solidsisthat while crystalline solids have asharp or definite melting
point, whereas the amorphous solids do not have definite melting point, these melt over a
range of temperature.

The crystalline solids can be further classified on the basis of nature of interaction
between the constituent particles as discussed bel ow.

8.2.2 Classification of Crystalline Solids

In crystalline solids the constituent particles are arranged in an ordered arrangement and
are held together by different types of attractive forces. Theseforces could be coulombic
or electrostatic, covalent, metallic bonding or weak intermolecular in nature. The differ-
ences in the observed properties of the solids are due to the differences in the type of
forces between the congtituting particles. The types of forces binding the constituent
particles can be used as abasis for classification of crystalline solids. On this basis, the
crystalline solids can be classified into four different types- ionic, molecular, covalent and
metallic solids. The characteristics and the properties of different typesof solidsare com-
piledin Table8.1.

Table8.1: Characteristicsand propertiesof different typesof solids.

Typeof Congtituent  Natureof Appearance Mélting Examples
Solid Particles interaction Point
betweenthe
particles
lonic lons Coulombic Hard and High Sodium chloride,
brittle zinc sulphide, etc
Molecular Molecules Water, carbon
Non polar van der Waals Soft and low dioxide, iodineetc.
Polar Dipole-dipole brittle
Covalent Atoms Covaent bond- Hard Very high  Diamond, graphite,
ing silica, etc.
Metdlic  Atoms Metallic bonding Hard and Variable Copper, silver, etc.
malleable

Sodium chloride isan example of anionic solid because in this case the sodiumions and
chlorideions are attracted to each other by electrostatic interactions. lodine on the other
hand isan exampl e of amolecular solid becausein thisthe molecules are held together by
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weak van der Waal s forces. Diamond, with strong covalent bonds between the constitu-
ent carbon atoms is an example of covalent solids while in metals a large number of
positive cores of the atoms are held together by a sea of electrons.

8.3 Properties of Crystalline Solids

You arefamiliar with thefollowing propertiesof solidson thebasisof handling solids
in day to day work.

e Solidsarerigidin nature and have well defined shapes

e  Solids have adefinite volume irrespective of the size and shape of the container in
which they are placed

e Solidsarealmostincompressible.

You arefamiliar with anumber of crystalline solidslike sugar, rock salt, alum, gem stones,
etc. You must have noticed that such solids have smooth surfaces. These are called ‘faces’
of the crystal. These faces are developed in the process of crystal formation by ordered
arrangements of the constituent particles. It is generally observed that the faces of crys-
tals are developed unequally. The internal angle between a pair of facesis called inter-
facial angle and is defined as the angle between the normalsto theintersecting faces. An
important characteristic of crystalline solidsisthat irrespective of the size and shape of
the crystal of a given substance, the interfacial angle between a pair of facesis aways
the same. This fact was stated by Steno as the law of constancy of interfacial angles
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Fig. 8.2 The constancy of interfacial angles

8.3.1 Méelting Point of a Solid

What isthe effect of heat on asolid?You would have observed that when asolidis heated
it becomes hot and eventually gets converted into aliquid. This process of conversion of a
solidtoaliquid on heatingiscalled melting. You would also have observed that different
solids need to be heated to different extentsto convert themto liquids. The temperature at
whichasolid meltsto givealiquidiscalleditsmelting point. Every solidischaracterized
by adefinite melting point. Thisin fact isatest of the purity of thesolid. The melting point
of asolid givesusan ideaabout the nature of binding forces between constituent particles
of the solid. Solidslike sodium chloride( m.p=1077K) havevery highmelting pointsdue
to strong coulombic forces between the ions constituting it. On the other hand molecular
solidslike naphthalene ( m.p. = 353 K) havelow melting points.

The effect of heat on a solid can be understood in terms of energy and motion of the
constituent particles. You are aware that in a solid the constituent particles just vibrate
about their mean position. Asthe heat issupplied to the solid, the constituent particlesgain
energy and start vibrating more vigorously about their equilibrium positions. Asmoreand
more heat is supplied, the energy keeps on increasing and eventually it becomes greater
than the binding forces between them. As a consequence the solid is converted into a
liquid.
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& Intext Questions 8.1

a) Differentiate between solid, liquid and gaseous state.

Notes

8.4 Close Packed Sructures of Solids

In the process of the formation of a crystal the constituent particles get packed quite
closely. The crystal structures of the solids can be described in terms of aclose packing of
identical spheresasshowninFig. 8.3. These are held together by forces of attraction. Let
us learn about the possible close packed structures of solidsand their significance.

000000

Fig. 8.3 : Arrangement of identical spheresin one dimension

A linear horizontal arrangement of identical spheresin one dimension formsarow (Fig.
8.3). A two dimensional close packed structure can be obtained by arranging anumber of
such rowsto form alayer. This can be donein two possible ways. In one of these, we can
place these rows in such away that these are aligned as shownin (Fig. 8.4 (a)). In such
an arrangement each sphere is in contact with four other spheres. This arrangement in

two dimensions is called squar e close packing.
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Fig. 8.4 : (a) Sguare close packing and (b) hexagonal close packing of identical spheresin
two dimensions

In the other way we can place the spheres of the second row in the depressions of thefirst
row and so on so forth (Fig. 8.4(b)). You may notice that in such an arrangement each
sphere is in contact with six other spheres. Such an arrangement in two dimensions is
called hexagonal close packing. In such a packing, the spheres of the third row are
aligned withthefirst row. You may also have noticed that in the hexagonal close packed
the spheresare more effectively packed. In Fig. 8.4 an equal number of identical spheres

are arranged in two different types of packing. 139
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A three dimensional structure can be generated by placing such two dimensional layers
on top of each other. Before we move on to the three dimensional packing let uslook at
the hexagonal close packed layer some what more closely (Fig. 8.5).

<«——— [lIrd row

Fig. 8.5: A hexagonal Close Packed layer showing two types of triangular voids.

You may note from Fig 8.5 that in a hexagonal close packed layer there are some
unoccupied spaces or voids. These aretriangular in shape and are called trigonal voids.
You can further note that there are two types of triangular voids, one with the apex
pointing upwards and the other with the apex pointing downwards. Let uscall theseas X
typeand Y type voids respectively as marked in the Fig. 8.5.

Close Packed Structures in three dimensions

L et ustake ahexagonal close packed layer and cal it A layer and place another hexago-
nal close-packed layer (called the B layer) onit. There are two possibilities.

1. Inone, we can place the second layer in such away that the spheres of the second
layer come exactly on top of thefirst layer.

2. In other, the spheres of the second layer are in such a way that these are on the
depressions of thefirst layer. Thefirst possibility is similar to square close packing
discussed above and is accompanied by wastage of space. In the second possibility
when we place the second layer into the voids of the first layer, the spheres of the
second layer can occupy either the X or Y typetrigonal voids but not both. You may
verify thisby using coins of same denomination. You would observe that when you
place a coin on the trigonal void of a given type, the other type of void becomes
unavailablefor placing the next coin (Fig. 8.6).

Fig.8.6 : Two layers of close packed spheres, the second layer occupies only one type
(either X or Y) of triangular voidsin the first layer.

In this process, the sphere of second layer covers the trigonal voids of the first layer. It
resultsinto voidswith four spheresaround it, asshownin Fig. 8.7(a). Suchavoidiscalled
atetrahedral void since the four spheres surrounding it are arranged on the corners of
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aregular tetrahedron, Fig. 8.7(b). Similarly, thetrigonal voids of the second layer will be

placed over the spheres of the first layer and give rise to tetrahedral voids.

(@) (b)
Fig.8.7: Atetrahedral void

In ayet another possibility, thetrigonal voids of thefirst layer have another trigonal void
of the opposite type (B type over C and C type over B type) from the second layer over
it. This generates a void which is surrounded by six spheres, Fig.8.9 (a). Such avoid is
called an octahedral void because the six spheres surrounding the void lie at the corners
of aregular octahedron, Fig.8.8 (b).

&

Fig. 8.8: An octahedral void

®)

A closer look at the second layer revealsthat it has a series of regularly placed tetrahe-
dral and octahedral voids marked as ‘t” and ‘0’ respectively in fig. 8.9.

Fig. 8.9 : The top view of the second layer showing the tetrahedral and octahedral voids.

Now whenwe placethethirdlayer over the second layer, again there are two possibilities
i.e., either thetetrahedral or the octahedral voidsof the second layer are occupied. Let us
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take these two possibilities. If thetetrahedral voids of the second layer are occupied then
the spheresinthethird layer would be exactly ontop (i.e., vertically aligned) of thefirst or
A layer The next layer ( 4" layer) which isthen placed would align with the B layer. In
other words, every alternate layer will be vertically aligned. This is called AB AB ....
pattern or AB AB .... repeat. On the other hand if the octahedral voids of the second
layer are occupied, the third layer is different from both the first as well as the second
layer. It iscalled the C layer. Inthis case the next layer, i.e., the fourth layer, howsoever
itis placed will be aligned with the first layer. This is called ABC ABC .... pattern or ABC
ABC.. .... repeat. In three dimensional set up the AB AB .... pattern or repeat is called
hexagonal closed packing ( hcp) (Fig. 8.10 (c) ) while the ABC ABC .... pattern or
repeat is called cubic closed packing (ccp) (Fig. 8.10 (a)).

o A Layer
wc Layer
C Layer
B Layer
A Layer B Layer

o A Layer

@ ®) (©
Fig.8.10 : a) Cubic closed packing (ccp) as a result of ABC pattern of close packed
spheres; b) the layersin a) tilted and brought closer to show fcc arrangement
¢) hexagonal closed packing (hcp) as a result of ABAB pattern of close packed

spheres.

A-Layer

B-Layer

A-Layer

This process continuesto generate the overall three dimensional packed structure. These
three dimensional structures contain alarge number of tetrahedral and octahedral voids.
In genera thereisone octahedral and two tetrahedral voids per atom in the close packed
structure. These voids are also called as inter stices. As mentioned earlier, the identical
spheres represent the positions of only one kind of atoms or ions in acrystal structure.
Other atoms or ions occupy these interstices or voids.

In the close packed structures ( hcp and ccp) discussed above each sphere is in contact
with six spheresinitsown layer (asshown in Fig 8.5) and isin contact with three spheres
each of the layer immediately above and immediately below it. That iseach sphereisin
contact with atotal of twelve spheres. This number of nearest neighbor is called its
coor dination number . The particles occupying the interstices or the voids will have a
coordination number depending onthe nature of thevoid. For exampleanionin atetrahe-
dral void will bein contact with four neighborsi.e., would have a coordination number of

four. Similarly theatom or ionin an octahedral void would have acoordination number of
SiX.
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ke‘ Intext questions 8.2

a) What isthe difference between the square close packed and hexagonal close
packed structures?

b) Which of the above two, is more efficient way of packing? Notes

8.5 Crystal Lattices and Unit Cells

You know, the crystalline solids have long-range order and the closely packed constituent
particles are arranged in an ordered three dimensional pattern. The structure of the
crystalline solids can be represented as an ordered three dimensional arrangement of
points. Here each point represents the location of a constituent particle and is known as
lattice point and such an arrangement is called a crystal lattice or space lattice or
simply alattice.

To understand the meaning of the term lattice let usfirst take a repetitive pattern in two
dimension. Inthe crystal structure of sodium chloridein two dimensionsthe Na*and
Cl-ionsare arranged in an ordered fashion as shownin Fig.8.11 (a). If the position of
each ion is represented as a point then the same crystal can be represented as an array
of such pointsintwo dimensions( Fig.8.11 (b)). Itiscalled atwo dimensional lattice

Na* CI~ Na" CI- Na' °© O o O o
) . . O o O o O
Cl Na"™ Cl Na"™ Cl c 0 o O o
Na® CI~ Na" CI© Na' O o O o O
CI” Na" CI” Na" CI”
@ (b)

Fig. 8.11: (a) A two dimensional arrangement of ionsin sodium chloride (b) the 2D lattice
corresponding to the arrangement of ionsin (a).

Similarly, in three dimensions, the crystal structure of a solid is represented as a three
dimensional array of lattice points. Remember that the |attice points represent the posi-
tions of the constituent particlesof the solid (Fig. 8.12).
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Fig. 8.12: Schematic representation of a three dimensional crystal lattice.
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In a crystal lattice we can select a group of points which can be used to generate the
wholelattice. Such agroupiscalled repeat unit or the unit cell of thecrystal lattice. The
shaded regioninthe Fig. 8.12 represents aunit cell of the crystal lattice. The unit cell is
characterized by three distances along the three edges of the lattice and the angles be-
tween them as shown in the figure. We can generate the whol e crystal | attice by repeating
theunit cell inthethree directions.

On the basis of the external appearance the known crystals can be classified into seven
types. These are called crystal systems. In terms of the internal structure also the crys-
tal lattices contain only seven types of unit cells. The seven crystal systems and the
definition of their unit cellsinterms of their unit distances and the angles are compiledin
Table 8.2. The seven simple unit cellsaregivenin Fig. 8.13.

Table8.2: Theseven crystal sysemsand their possiblelatticetypes.

Systems Axes Angles Possiblelattice
types

Cubic a=b=c a= B=y=90° PFEI

Tetragonal a=b=z=c a= B=y=90° Pl

Orthorhombic azb=c a=pB=y=90° PFI1,C

Rhombohedral a=b=c a=B=1vy=90° P

Hexagonal a=b=c a= f=90° y=120° P

Monoclinic azb=c a=y=90° B=90° Pl

Triclinic azb=c az B=y=90° P

* P=primitive, |=body centered, F=face centered and C=sidecentered

Theunit cell showninFig8.12 and the onesgivenin Fig.8.13 have thelattice pointsat the

cornersonly.
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i c
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Fig 8.13 : The primitive unit cells; the relative dimensions of the three repeat distances (a, b
and c) and the angles between them (a, b and @) are given in Table 8.2.

Such unit cellsare called primitive (P) unit cells. Sometimes, the unit cell of a crystal
contains|attice point(s) in addition to the onesat the corners. A unit cell containing alattice
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point each at the centers of itsfacesin addition to thelattice points at the cornersis called Statesof matter

afacecentered (F) unit cell. On the other hand aunit cell with lattice pointsat the center

of the unit cell and at the cornersis called abody centered unit cell (1). In somecases, in

addition to the lattice points at the corners there are two lattice points located at the

centers of any two opposite faces. These are called as end centered (C) unit cells. The
possiblelatticetypesin different crystal systemsarealsoindicatedin Table8.2. The seven

crystal systemswhen combined with these possibilities giveriseto 14 latticetypes. These Notes
are called Bravais lattices.

8.5.1 Cubic Unit Cdlls

Of the seven crystal systems, let usdiscussunit cellsbelonging to the cubic crystal system
in somewhat details. As you can see from Table 8.2 that in the cubic crystal system the
three repeat distances are equal and all the three angles areright angles. The unit cells of
three possible latticetypesviz., primitive or simple cubic, body centered cubic and theface
centered cubic, belonging to cubic crystal system are shownin Figure 8.14.

@) (b) (c)

Fig. 8.14: (a) primitive or simple (b) body centered and (c) face centered cubic unit cells.
Number of atoms per unit cell

Asyou know that in unit cells the atoms can be on the corners, inthe body center and on
face centers. All the atoms do not belong to asingle unit cell. These are shared amongst
different unit cells. It isimportant to know the number of atoms per unit cell. Let uslearn
how to compute these for different cubic unit cells.

Simple Cubic Unit Cell

Thesimpleor primitive unit cell has the atoms at the
cornersof the cube (Fig. 8.14 (a)). Al attice point at the
corner of the unit cell isshared by eight unit cellsasyou
can seefromtheencircled atomintheFig 8.15. There-
fore, the contribution of an atom at the corner to the
unit cell will be 1/8. The number of atoms per unit cell
can be calculated asfollows:

Fig. 8.15: A corner lattice
Number of corner atoms =8 point is shared by eight

. . nit cells
Number of unit cells sharing atoms of the corner = 8 o

1
The number of atomsin asimple cubic unit cell =8 x e 1
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Body Centered Cubic Unit Cell

A body centered cubic (bcc) unit cell haslattice points not only at the cornersbut also at
the center of the cube( Fig. 8.14 (b)). The atomin the center of the cube belongs entirely
to the unit cell, i.e., it is not shared by other unit cells. The corner atoms, on the other
hand, as in the case of simple cubic unit cell, are shared by eight unit cells. Thus the
number of atoms per unit cell can be calculated as

Number of corner atoms = 8
Number of unit cells sharing atoms at the corner = 8

1
.. Contributiontotheunitcell = 8x §: 1

Number of atoms at the center of the cube =1

Contribution to the unit cell = 1 (asit isnot shared)

The number of atoms in abody centered cubic unitcell = 1+1=2
Face Centered Cubic Unit Cell

A face centered cubic ( fcc) unit cell has atoms not only at the corners but also at the
center of each face. Thus it has eight lattice points at the corners and six at the face
centers(Fig. 8.14 (¢)). A face centered lattice point is shared by two unit cells, Fig. 8.16.
As before,

Fig. 8.16: A face centered lattice point is shared by two unit cells
Number of corner atoms = 8

Number of unit cells sharing these=8

1
Contribution to the unit cell = 8 x §= 1
Number of atoms at the face center = 1

Number of unit cells sharing aface centered lattice point = 2

1
Contribution of the face centered atoms to the unit cell = 6 x 5 =3

The number of atoms pointsin aface centered cubic unitcell = 1+3=4

The number of atoms per unit cell in different types of cubic unit cellsisgivenin Table
8.3.
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Table. 8.3; atomsper unit cell

Simplecubic 1
Body centered cubic 2
Face centered cubic 4

8.5.2 Sructures of lonic Solids

In case of ionic solids that consist of ions of different sizes, we need to specify the
positions of both the cations aswell asthe anionsin the crystal lattice. Therefore, struc-
ture adopted by an io nic solid depends on the relative sizes of the two ions. In fact it
dependson theratios of their radii (r+/r-) called radiusratio. Herer+istheradiusof the
cation and r-is that of the anion. The radius ratios and the corresponding structures are
compiledinTable8.4.

Table 8.4 : The radius ratios (r + /r-) and the corresponding structures

Radius ratio (r+/r-) Coor dination number Sructureadopted
0.225-0.414 4 Tetrahedral
0.414-0.732 6 Octahedral
0.732-0.91 8 Body centered cubic
>=1.00 12 Close Packed structure

The common ionic compounds have the general formulaeasM X, MX.,, and MX,,, where
M represents the metal ion and X denotes the anion. We would discuss the structures of
some ionic compounds of MX and M X, types.

8.5.2.1 Sructures of the lonic Compounds of MX Type

For the M X type of ionic compounds three types of structures are commonly observed.
These are sodium chloride, zinc sulphide and caesium chloride structures. L et us discuss
thesein some details.

Caesium Chloride Structure

In CsCl the cation and the anions are of
comparable sizes (theradius ratio = 0.93)
and has a bcc structure in which each
ionissurrounded by 8 ions of opposite
type. The Cs' ions isin the body center
position and eight Cl-ionsarelocated

at the corners (fig 8.17) of the cube.
Thusit has acoordination number

Caesium lon

Chloride Ions

of 8. Fig.8.17: Caesium chloride structure

Sates of matter
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Sodium Chloride Sructure

In case of NaCl the anion (Cl-) ismuch larger than the cation (Na*) . It hasaradiusratio
of 0.52 . According to Table 3.3 it should have an octahedral arrangement. In sodium
chloridethe( Cl-) formaccp (or fcc) structureand the sodium ion occupy the octahedral
voids. You may visualise the structure having chloride ions at the corners and the
face centers and the sodium ions at the edge centers and in the middle of the cube
(Fig. 8.18).

Fig. 8.18: Sodium chloride structure.
Zinc Sulphide Sructure

In case of zinc sulphidetheradiusratioisjust = 0.40. According to Table 3.3t should
have an tetrahedral arrangement. In Zinc sulphide structure, the sulphide ions are
arranged in accp structure. The zincions are located at the corners of atetrahedron,
which liesinside the cube as shown in the Fig. 8.19. These occupy alternate tetrahedral
voids.

Fig. 8.19: Zinc Sulphide structure.

Calcium fluoride or fluorite structure

In this structure the Ca2* ions form a fcc arrangement and the fluoride ions are located
inthetetrahedral voids (Fig. 8.20).




Fig. 8.20 : Calciumfluoride or Fluorite structure; calciumions occupy the corners of the cube
and face centers The F- ions are on the corners of the smaller cube.

Antifluorite Sructure

Some of the ionic compounds like Na,O have antifluorite structure. In this structure the
positions of cationsand theanionsinfluorite structuresareinterchanged. That iswhy itis
called anti fluorite structure. In Na,O the oxide ions form the ccp and the sodium ions
occupy thetetrahedral voids (Fig. 8.21).

Fig. 8.21: Antifluorite structure adopted by Na,O; The oxide ions occupy the corners
of the cube and face centers and the Na* ions ( shown in black ) are on the corners of the
smaller cube.

8.6 Defects in lonic Crystals

You have learnt that in a crystalline solid the constituent particles are arranged in a
ordered three dimensional network. However, in actual crystals such a perfect order
is not there. Every crystal has some deviations from the perfect order. These
deviations are called imperfections or defects. These defects can be broadly grouped
into two types. These are stoichiometric and non-stoichiometric defects
depending on whether or not these disturb the stoichiometry of the crystalline
material. Here, we would deal only with stoichiometric defects. In such compounds
the number of positive and negativeions arein stoichiometric proportions. There are
two kinds of stoichiometric defects, these are
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e Schottky defects
e Frenkel defects

Schottky defects : this type of defect are due to the absence of some positive and
negative ions from their positions. These unoccupied lattice sites are called holes.
Such defects are found in ionic compounds in which the positive and negative ions
are of similar size e.g., NaCl and CsCI. The number of missing positive and negative
ions is equal. The presence of Schottky defects decreases the density of the crystal
[Fig. 8.22(a)].

Frenkel defects : this type of defect arise when some ions move from their lattice
positions and occupy interstitial sites. The interstitial sites refer to the positionsin
between theions. When theion leavesits|attice site a holeis created there. ZnS and
AgBr are examples of ionic compounds showing Frenkel defects. In these ionic
compounds the positive and negative ions are of quite different sizes. Generally the
positiveions leave their lattice positions, asthese are smaller and can accommodate
themselvesin theinterstitial sites. The Frenkel defects do not change the density of
the solids[Fig. 8.22(b)].
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Fig: 8.22: Soichiometric defects a) Schottky and b) Frenkel defects

These defects cause the crystal to conduct electricity to some extent. The conduction is
dueto the movement of ionsinto the holes. When anion movesinto aholeit createsanew
hole, which in turnisoccupied by another ion, and the process continues.

Fa\

!"f : Intext Questions 8.3

a) What do you understand by crystal |attice?

c) How many atomsare therein afcc unit cell?
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What You Have L ear nt

In solid state the constituent particles are arranged in a closely packed ordered
arrangement with almost no free space. These are held together by strong forces of
attraction and vibrate about their fixed positions. Solids areincompressibleand rigid
and have definite shapes.

Solidsare classified into amorphous and crystalline solids. The crystalline solids have
long range order while amorphous solids have only short range order.

The crystalline solids can be classified into four different types- ionic, molecular,
covaent and metallic solids on the basis of nature of forces of attraction between
the constituent particles.

Thetemperature at which asolid meltsto givealiquidiscalled its melting point.

The crystal structures of the solids can be described in terms of a close-packing of
identical spheres.

In three dimensions there are two ways of packing identical spheres. These are
hexagonal closed packing (hcp) and cubic closed packing (ccp). The hep arrange-
ment is obtained by ABAB repeat of the two dimensional layers whereas the ccp
arrangement is obtained by ABCABC repeat.

The three dimensional internal structure of acrystalline solid can be representedin
termsof acrystal latticein which the location of each constituent particleisindicated
by apoint.

The whole crystal lattice can be generated by moving the unit cell in the three
directions.

On the basis of the external appearance the known crystals can be classified into
seven types called crystal systems.

The unit cells of cubic crystal system has three possible lattice types. These are
simple cubic, body centered cubic and the face centered cubic.

The atoms at the corner of a cubic unit cell is shared by eight unit cellswhile aface
centered atom is shared by two unit cells. The atom at the body center, on the other
hand isexclusiveto the unit cell asit is not shared.

The number of atoms per unit cell for the simple cubic, bcc and fec unit cellsare 1,2
and 4 respectively.

The structure adopted by an ionic solid depends on the ratios of their radii (r+/r-),
caledradiusratio.

The structures of some simple ionic solids can be described in terms of ccp of one
type of ions and the other ions occupying the voids.

Sates of matter

Notes
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Actual crystalshave somekind of imperfectionsintheir internal structure. Theseare
called defects.

There are two types of defects called stoichiometric and non-stoichiometric defects
depending on whether or not these disturb the stoichiometry of the crystalline
meaterial.

There aretwo kinds of stoichiometric defects, these are called Schottky defects and
Frenkel defects.

E | Terminal Exercises

1
2.

Outline the differences between a crystalline and an amorphous solid.

How can you classify solids on the basis of the nature of the forces between the
constituent particles?

What do you understand by the melting point of asolid ? What information does it
provide about the nature of interaction between the constituent particles of the solids?

What do you understand by coordination number? What would be anion occupying
a\n octahedral void.?

Explainthefollowing with the hel p of suitable examples.
Schottky defect
Frankel defect

8.1
1.

8.2

1
2.

Solids have definite shape and definite volume.

Liquids haveindefinite shape but define volume.

Gases have indefinite shape and indefinite volume.

Coulombicforces, dipole-dipol e attractions, coval ent bonding and metal lic bonding.

Irrespective of the size and shape of the crystal of a substance, the interfacial angle
between a pair of faces is aways the same

Refer to section 8.4

Hexagonal close packed
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3. Refer to sections 8.4 States of matter

8.3

1. Ordered three dimensional arrangement of points representing the location of con-
stituent particles.

2. A sdlect group of pointswhich can be used generate the whole lattice. Unit cell is Notes
characterised by three edges of the lattice and angles between them.

3. Four.
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SENIOR SECONDARY COURSE
CHEMISTRY
Student’s Assignment — 2

. . 1
Maximum Marks; 50 Time: 15 Hours

INSTRUCTIONS

Answer al the questions on aseparate sheet of paper.
Givethefollowinginformation onyour answer sheet:

Name

Enrolment Number
Subject

Assignment Number
Address

Get your assignment checked by the subject teacher at your study centre so that you get positive
feedback about your performance.

@
(b)
©
(d
©
(")

©
(h)
0]

0)

@
(b)
©
(d
©)
(f)

Do not send your assignment toNIOS

Define Latticeenergy.

What an an ectrovalent bond.

State Charles’ law and give mathematical expression for it.

Why do molecular crystalshavelow melting point?

Why do you fed cool after aboth?

Statevaence shell eectron pair repulsion theory.

Write down van der Waal’s equation.

What isKdvin scdeof temperature?

State Avogadro law.

Liquidshaveadefinitevolume. Explain. (1x10=10)
Namethe parameters of achemical bond and define any one of them.
List four characteristicsof acovalent compound.

Differenciate n-bond from s-bond.

Definecritical temperatureand critical pressureof agas.

List thefour typesof crystalling solids and give one exampl e of each.

Vapour pressureof aliquid at 25°C is35 mm Hg and itsnormal boiling point is110°C.
What will beitsvapour pressureat 110°C?
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Which assumptionsof kinetictheory of gasesarewrong?

Writetwo differences between amorphousand crystallinesolids.

How will you cal cul ate the enthal py of formations of NaCl using Born-Haber Cycle.

At acertain atitudein the aamosphere, density is 10-°th the density of earth’s atmosphere at

STPand the temperature is—100°C. Assuming a uniform atmospheric composition, find

@

the pressureat that attitude. (2% 10=20)
Assign the geometry to thefollowing moleculeusing theV SEPR theory. State reasonsfor

your decisons.

(b)
©
(d)

@
(b)

(i) Phosphorus (V) Chloride (PCI,)
(it) Sulphur (V1) Flouride (SF)
(iii) Boron(I11) Flouride (BF,)
Explainthat HNH bond anglein ammoniais 107°while HOH bond anglein water is104.5°.
The carbon-oxygen bond length in CO isshorter thanin CO, molecule.
Draw adiagram to show the arrangement of particlesin gases, liquidsand solids.
(3x4=12)

Cadlculatethe volumeof onemoleof oxygen at 27°C and 2 atm pressure, given that the volume of
oxygenat STPis22.4litres.

Anéeement hasabcc structureand acell edgeof 288 pm. Thedensity of theelementis7.2 g/cne.
How many atomsare present in 208 g of the element? (4%x2=28)



