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The Solid State
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Classification of
solids based on
different binding
forces: molecular,
ionic, covalent and
metallic solids,
amorphous and
crystalline solids
(elementary idea).
Unit cell in two
dimensional and
three dimensional
lattices, calculation
of density of unit
cell, packing in
solids, packing
efficiency, voids,
number of atoms
per unit cell in a
cubic unit cell,
point defects.
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Read the passage given below and answer the following questions :

The adjective, ‘crystalline’ when applied to solids, implies an ideal crystal in which the
structural units, termed as unit cells, are repeated regularly and indefinitely in three
dimensions in space. The unit cell, containing at least one molecule, has a definite
orientation and shape defined by the translational vectors, a, b and c¢. The unit cell
therefore has a definite volume, V that contains the atoms and molecules necessary for
generating the crystal. Every crystal can be classified as a member of one of the seven
possible crystal systems or crystal classes that are defined by the relationships between
the individual dimensions, a, b and ¢ of the unit cell and between the individual angles,
o, P and v of the unit cell. The structure of the given crystal may be assigned to one of
the 7 crystal systems, to one of the 14 Bravais lattices, and to one of the 230 space groups.
These uniquely define the possible ways of arranging atoms in a three-dimensional solid.
Based on these observations, seven crystal systems were identified : triclinic, monoclinic,
trigonal or rhombohedral, tetragonal, hexagonal, rhombic or orthorhombic and cubic.

The following questions are multiple choice questions. Choose the most appropriate
answer :

(i) The crystal system of a compound with unit cell dimensions, a = 0.387 nm,
b=0387nmand c=0504 nmand z=f =90"and y= 120" is

(a) cubic (c) orthorhombic (d) rhombohedral.

(ii) The unit cell with the structure given below represents

(b) hexagonal

crystal system.
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(a) cubic (b) orthorhombic (c) tetragonal (d) trigonal

(iii) In a triclinic crystal
(@) a=b=c, u=P=7v=N"
(c) azbzc, a=zpzy=%"°

(b) azb=¢c, a=p=y=90"
(d) azb#c, a=7=90p+#90°



(iv) The unit cell with dimensionsc=pf=y=90%a=bzcis
(a) cubic (b) triclinic (c) hexagonal (d) tetragonal.

OR
An example of orthorhombic crystal system is

(a) SnO, (b) KNO, ‘) Zno (d) K,Cr,0,
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Read the passage given below and answer the following questions :

In contrast to the disorders of gases and liquids, there is translational order in crystals. However, disordered
or amorphous solids aiso exist which lack such order, they are really highly viscous liquids. In translational
order entire structure or lattice, can be generated by repeated replication of a small regular figure, termed
as unit cell. The planes of any crystalline structure can be specified using Miller indices, which is also serve
to identify single crystal faces.

The ordered structure or lattice, of a solid can be determined by X-ray or neutron diffraction studies, in
which a beam of X-rays of neutrons is scattered from the sample to produce a diffraction pattern which can
be analyzed to reveal the crystal structure of the sample. All crystal lattices can be classified into 14 Bravais
lattices belonging to 7 systems. For example, the simple cubic, face-centred cubic and body-centred cubic
lattices are the 3 lattices of the cubic system. Cubic and hexagonal close-packed structures have the structure
of tightly packed spheres where each sphere touches 12 neighbours, 6 in the same plane and 3 above and
3 below. These two close-packed structures differ in the placement of successive planes or layers. For the
hexagonal close packing, a third layer is laid down to reproduce the first layer, so that the structure could be
represented by ABABAB.... For cubic close packing, third layer is again displaced, corresponding to ABCABC....

The following questions are multiple choice questions. Choose the most appropriate answer :
(i) In hexagonal close packing, a sphere has coordination number of

(a) 4 (b) 6 (c) 8 (d) 12
(ii) Which of the following arrangements correctly represents hexagonal and cubic close packed structure
(a) ABCABC...and ABAB... (b) ABAB... and ABCABC...
(c) Both have ABAB... arrangement. (d) Both have ABCABC... arrangement.
(iii) The arrangement of the first two layers, one above the other in hcp and ccp arrangements is
(a) exactly same in both cases (b) partly same and partly different
(c) different from each other (d) nothing definite.
OR

Which of the following statements is not correct?

(a) The amorphous solids have a random, disordered arrangement of constituents.

(b) The simple cubic, face-centred and body-centred are the three lattices of the cubic system.
(c) The number of Bravais lattice in which a crystal can be categorized is 7.

(d) A metal that crystallizes in hcp structure has coordination number 12.

(iv) Which of the following statements about amorphous solids is incorrect?
(a) They melt over a range of temperature.
(b) There is no orderly arrangement of particles.
(c) They are anisotropic.
(d) They are rigid and incompressible.
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Read the passage given below and answer the following questions :

In ideally ionic structures, the coordination numbers of the ions are determined by electrostatic considerations.
Cations surround themselves with as many anions as possible and vice versa. This maximizes the attractions
between neighbouring ions of opposite charge and hence maximizes the lattice energy of the crystal. This
requirement led to the formulation of the radius ratio rule for ionic structures in which the ions and the
structure adopted for a particular compound depend on the relative sizes of the ions. Thus, for the stable
ionic crystalline structures, there is definite radius ratio limit for a cation to fit perfectly in the lattice of
anions. called radius ratio rule. This depends upon the ratio of radii of two types of ions, r_/r .

This ratio for coordination numbers 3, 4, 6 and 8 are respectively 0.155 - 0.225, 0.225 - 0.414, 0.414 - 0.732
and 0.732 — 1.000. The coordination number of ionic solids also depends upon temperature and pressure. On
applying high pressure, coordination number increases. On the other hand, on applying high temperature,
it decreases.

The following questions are multiple choice questions. Choose the most appropriate answer :

(i) The ionic radii of K, Rb™ and Br~are 137, 148 and 195 pm. The coordination number of cation in RbBr
and KBr structures are respectively

(a) 8,6 (b) 6,4 (c) 6,8 (d) 4,6
OR

For a coordination number 4, the maximum limiting radius ratio is

(a) 0.414 (b) 0.732 (c) 0225 (d) 0.155

(ii) If the radius of Na® ion is 95 pm and that of CI™ ion is 181 pm, the coordination number of Na™ ion is
(a) 6 (b) 4 (c) 8 (d) 12

(iii) Which is not the correct statement for ionic solids in which positive and negative ions are held by strong
electrostatic attractive forces?
(a) The radius ratio r_/r_increases as coordination number increases.
(b) As the difference in size of ions increases, coordination number increases.
(c) When coordination number is eight, r_/r_ratio lies between 0.225 to 0.414.
(d) Inionic solid of the type AX (ZnS, wurtzite), the coordination number of Zn’* and 8 respectively
are 4 and 4.

(iv) If the pressure of CsCl is increased, then its coordination number will
(a) increase (b) remain the same (c) decrease (d) none of these.

N

Read the passage given below and answer the following questions :

In an ideal crystal, there must be regular repeating arrangement of the constituting particles and its entropy
must be zero at absolute zero temperature. However, it is impossible to obtain an ideal crystal and it suffers
from certain defects called imperfections. In pure crystal, these defects arises either due to disorder or
dislocation of the constituting particles from their normal positions or due to the movement of the particles
even at absolute zero temperature. Such defects increase with rise in temperature. In addition to this, certain
defects arise due to the presence of some impurities. Such defects not only modify the existing properties of
the crystalline solids but also impart certain new characteristics to them.



The following questions are multiple choice questions. Choose the most appropriate answer :

(i) AgClis crystallized from molten AgCl containing a little CdCl,. The solid obtained will have
(a) cationic vacancies equal to number of Cd** ions incorporated
(b) cationic vacancies equal to double the number of Cd** ions
(c) anionic vacancies
(d) neither cationic nor anionic vacancies.

(ii) Lattice defect per 10'> NaCl is 1. What is the number of lattice defects in a mole of NaCl?

(a) 6.02 x 10% (b} 6.02 x 10® (c) 10'4 (d) None of these
OR

The ionic substances in which the cation and anion are of almost similar size shows

(al non-stoichiometric defect (b) Schottky defect

(c) Frenkel defect (d) all of these.

(iii) If AI** ions replace Na* ions at the edge centres of NaCl lattice, then the number of vacancies in 1 mole
of NaCl will be

(a) 3.01 x 10" (b) 6.02 x 102 (c) 9.03 x 10% (d) 12.04 x 10%
(iv) Which of the following gives both Frenkel and Schottky defect?
(a) AgCl (b) CsCl (c) KCI (d) AgBr
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Read the passage given below and answer the following questions :

The idealized ionic solid consists of two interpenetrating lattices of oppositely-charged point charges that
are held in place by a balance of coulombic force of long range. But real ions occupy space, no such “perfect”
ionic solid exists in nature. Chemists usually apply the term “ionic solid” to binary compounds of the metallic
elements of groups 1 — 2 with one of the halogen elements or oxygen. The most well known ionic solid is
sodium chloride, also known by its geological names as rock-salt or halite. Structurally, each ion in sodium
chloride is surrounded and held in tension by six neighbouring ions of opposite charge ; this is known as
(6, 6) coordination. The resulting crystal lattice is of a type known as simple cubic. There are many other
fundamental ionic structures (not all cubic) and these are :

Zinc blende structure (ZnS) : having ccp arrangement of $*~ and Zn?* in alternate tetrahedral voids ; Wurtzite
structure (ZnS) : having hcp arrangement of $2~ and Zn?* in alternate tetrahedral voids ; Fluorite structure
(CaF;) : having ccp arrangement of Ca®" and F in all tetrahedral voids ; Antifluorite structure (Na,O) :
having ccp arrangement of O~ and Na* in all tetrahedral voids. These solids tend to be quite hard and have
high melting points.
The following questions are multiple choice questions. Choose the most appropriate answer :
(i) In NaCl crystal, each CI” ion is surrounded by

(a) 4 Na" ions (b) 6 Na® ions (c) 1 Na'ion (d) 2 Na' ions.

(ii) In an antifluorite structure, cations occupy
(a) tetrahedral voids (b) centre of cube (c) octahedral voids (d) corners of cube.

(iii) Antifluorite structure is derived from fluorite structure by
(a) heating fluorite crystal lattice
(b) subjecting fluorite structure to high pressure
(c) interchanging the positions of positive and negative ions in the lattice
(d) none of these.



(iv) In crystal structure of sodium chloride, the arrangement of Cl™ ion is
(a) fec (b) both fcc and bec (c) becc (d) none of these.

OR
Ionic solid BaF, has which kind of structure?
(a) Fluorite (b) Antifluorite {c) Wurtzite (d) Rock-salt
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Read the passage given below and answer the following questions :

In hexagonal system of crystals, a trequently encountered arrangement of atoms is described as a hexagonal
prism. Here. the top and bottom of the cell are regular hexagons and three atoms are sandwiched in between
them. A space-filling model of this structure, called hexagonal close packed (hcp), is constituted of a sphere
on a flat surface surrounded in the same plane by six identical spheres as closely as possible. Three spheres
are then placed over the first layer so that they touch each other and represent the second layer. Each one

of these three spheres touches three spheres of the bottom layer. Finally, the second layer is covered with a
third layer that is identical to the bottom layer in relative position.

The following questions are multiple choice questions. Choose the most appropriate answer :

(i) The number of atoms in this Acp unit cell is
(a) 4 (b) 6 (c) 12 (d) 17

(ii) The volume of this hcp unit cell is

(a) 24v2r° (b) 16v2r° (© 1221 (d) %P
(iii) The empty space in this hcp unit cell is
(a) 74% (b) 47.6% (c) 32% (d) 26%

OR

Which of the following statements is correct about hexagonal close packing?
(a) In this arrangement, third layer is identical to the first layer.

(b) The coordination number in this arrangement is 6.

(c) Itis as closely packed as body centered cubic packing.

(d) It has 32% empty space.

(iv) In hexagonal close packing of spheres in three-dimensions
(a) in one unit cell there are 12 octahedral voids and all are completely inside the unit cell
(b) in one unit cell there are six octahedral voids and all are completely inside the unit cell
(c) in one unit cell there are six octahedral voids out of which three are completely inside the unit cell
and other three are from contributions of octahedral voids which are partially inside the unit cell
(d) in one unit cell there are 12 tetrahedral voids, all are completely inside the unit cell.
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Read the passage given below and answer the following questions :
Electron microscopic study of crystal defects enables us not only to reveal various structural imperfections,
but also to discover their formation, mechanisms and to understand their effects on the properties of solid

materials. There are commonly two types of imperfections : electronic imperfections and atomic imperfections
or point defects.




Electronic imperfections correspond to defects in ionic crystal due to the electrons. Atomic imperfections
or point defects correspond to the irregularity of atoms around a point or an atom. The point defects in
ionic crystals may be classified as : defects in stoichiometric crystals, defects in non-stoichiometric crystals
and impurity defects.

In stoichiometric crystals, generally two types of defects are observed : Schottky defect and Frankel defect.
Schottky defect arises when some of the atoms or ions are mussing from their normal lattice sites. Due to
the schottky defect, density of ionic crystals decreases markedly. For example NaCl, KCI, CsCl, AgBr ionic
solids have schottky defects. It has been observed that in NaCl, there are about 10° Schottky pairs per cm®
at room temperature. Frankel defect arises when an ion is missing from its normal position and occupies an
interstitial site bevween the lattice points. It does not affect the density of the crystals.

In non-stoichiometric crystals, two types of defects are there ; metal excess defects and metal deficient
defects. In metal excess defect, the positive ions are in excess whereas in metal deficient defects, number of
positive ions are less than the negative ions. Impurity defects arise due to presence of some impurity ions
at the lattice sites.

In these questions (Q. No. i-iv), a statement of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices.

(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

(i) Assertion: In any ionic solid [MX] with Schottky defects, the number of positive and negative ions are
same.
Reason : Equal number of cation and anion vacancies are present.

(ii) Assertion: Due to Frenkel defect there is no effect on the density of the crystalline solid.
Reason : In Frenkel defect, no cation or anion leaves the crystal.

OR

Assertion : The presence of a large number of Schottky defects in NaCl lowers its density.
Reason : In NaCl, there are approximately 10° Schottky pairs per cm® at room temperature.

(iii) Assertion : No compound has both Schottky and Frenkel defects.
Reason : Schottky defects change the density of the solid.

(iv) Assertion : NaCl and KCl show metal excess defect.
Reason : Zinc oxide is white in colour at room temperature and on heating it loses oxygen and turns
yellow due to metal excess defect.

o

Read the passage given below and answer the following questions :

In an assembly of atoms or molecules, a solid phase is formed whenever the interatomic attractive forces
significantly exceed the disruptive thermal forces and thus restrict the mobility of atoms, forcing them
into more or less fixed positions. From energy considerations, it is evident that in such solids the atoms or
molecules will always attempt to assume highly ordered structures which are characterised by symmetry.
Depending on the nature of the active interatomic forces, all solids may be subdivided into the following
categories :



Ionic solids : These solids consist of positively and negatively charged ions arranged in a regular fashion
throughout the solid. These solids are very hard and brittle, have very high melting points and have high
enthalpies of vaporisation, e.g., NaCl, MgO, KCl, LiCl etc.

Covalent solids : In these solids, the constituent particles are atoms which are linked together by a continuous
system of covalent bonds. These bonds are strong and directional in nature. The covalent crystals are hard,
have high melting points, are poor conductors of electricity. Miamond is a typical example of covalent solids.
Metallic solids : In these solids, the constituent particles are positive ions immersed in a sea of mobile
electrons. Metallic solids may be hard as well as soft. They are good conductors of heat and electricity e.g.,
common metals such as nickel, copper and alloys.

Molecular solids = In these the constituent particles are molecules. The molecules are held together by
dispersion forces or London forces, dipole-dipole forces or hydrogen bonds.

In these questions (Q. No. i-iv), a statement of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices.

(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

(i) Assertion : Molecular solids are characterized by low melting point.
Reason : Molecular solids are made up of covalent molecules.

(ii) Assertion : Ionic solids are characterized by high melting and boiling point.
Reason : Ionic solids have coulombic forces of atiraction between their ions.

(iii) Assertion : Covalent solids are insulators of electricity.
Reason : Covalent solids are constituted by ions.

(iv) Assertion : Diamond and graphite do not have the same covalent structure.
Reason : Silicon carbide is typical example of network solid.

OR
Assertion : Covalent solids have high melting points.
Reason : Covalent solids have strong electrostatic forces of attraction.
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Read the passage given below and answer the following questions :

Most important crystal lattices are the simple cubic, body centred cubic and face centred cubic. In simple
cubic lattice, all the atoms are present at all the corners of the cube. In body-centred cubic lattice, atoms
are present at all the corners and at the body-centre. In face-centred cubic lattice, atoms are present at the
corners and at the centers of all six faces.

In the formation of crystals, the constituent particles get closely packed together. The closely packed
arrangement is that in which maximum available space is occupied leaving minimum vacant space. The
most efficient close packing, can be achieved in two ways, one which is called hexagonal close packing (hcp)
and the other, cubic close packing (ccp or fcc).

In these questions (Q. No. i-iv), a statement of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices.

(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.

(c) Assertion is correct statement but reason is wrong statement.
(d) Assertion is wrong statement but reason is correct statement.



(i) Assertion : Face centred cubic cell has 4 atoms per unit cell.
Reason : In fcc unit cell, there are 8 atoms at the corners and 6 atoms at face centres.

(ii) Assertion : CsCl has body-centred cubic arrangement.
Reason : CsCl has one Cs™ ion and 8 Cl ions in its unit cell.

OR

Assertion : fcc and hcp have same packing efficiency.
Reason : bce and fee both have same number of atoms per unit cell and same arrangement.

(iii) Assertion : The total number of atoms present in a simple cubic unit cell is one.
Reason : Simple cubic unit cell has atoms at its corners, each of which is shared between eight adjacent
unit cells.

(iv) Assertion : The packing efficiency is maximum for the fcc structure.
Reason : The coordination number is 12 in fcc structures.

I ~sscrrion 2 ReasoN

In these questions, a statement of assertion followed by a statement of reason is given. Choose the correct
answer out of the following choices.

(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

10. Assertion : Glass is an amorphous solid.
Reason : Glass has an irregular, random arrangement of atoms.

11. Assertion : Crystalline solids are anisotropic.
Reason : Crystalline solids are not as closely packed as amorphous solids.

12. Assertion : Network solids are also called giant molecules.
Reason : Graphite is soft in nature and conducts electricity.

13. Assertion : In close packing of spheres, a tetrahedral void is surrounded by four spheres whereas an
octahedral void is surrounded by six spheres.
Reason : A tetrahedral void has a tetrahedral shape whereas an octahedral void has an octahedral shape.

14. Assertion : The total number of atoms present in simple cubic unit cell in one.
Reason : Simple cubic unit cell has atoms at its corners, each of which is shared between four adjacent
unit cells.

15. Assertion:In NaCl crystal, each Na ion is touching six Cl” ions but these Cl~ ions do not touch each other.
Reason : The radius ratio ry_./r- is greater than 0.414 required for exact fitting.

16. Assertion : In CsCl crystal, Cs™ ions adopt bcc arrangement.
Reason : For N atoms adopting bcc arrangement, there are 2N tetrahedral voids.

17. Assertion : Certain compounds have both Schottky and Frenkel defects.
Reason : Both Schottky and Frenkel defects change the density of the solids.

18. Assertion : Anionic vacancies in alkali halides are produced by heating the alkali halide crystals with
alkali metal vapour.
Reason : Electrons trapped in anionic vacancies are referred to as F-centres.



19. Assertion : In any ionic solid with Schottky defect, the number of positive and negative ions is same.
Reason : Equal number of cationic and anionic vacancies are present.

20. Assertion : The packing efficiency is maximum for fcc structure.
Reason : The coordination number is 8 in fcc structure.

21. Assertion : In ZnO, the excess Zn* ions are present in interstitial sites.
Reason : Metal excess crystals have either missing cation or anion in interstitial site.

22. Assertion : FeO is non-stoichiometric with Fe 4. O.
Reason : Some Fe®* inns are replaced by Fe* as 3Fe®” = 2Fe’" to maintain electrical neutrality.

23. Assertion : NaCl crystal is sometimes yellow in colour.
Reason : Na' in the crystal absorbs electron from air and hence gives yellow colour.

24. Assertion : lonic solids are made up of cations and anions.
keason : lonic solids conduct electricity in solid state.

25. Assertion : Molecular solids are characterized by low melting point.
Reason : Molecular solids are made up of covalent molecules.

26. Assertion : Amorphous substances are isotropic.

Reason : Properties like refractive index, electrical conductance have different values in different

direction for isotropic substances.

27. Assertion : Ionic solids are characterized by high melting and boiling points.
Reason : lonic solids have coulombic forces of attraction between their ions.

28. Assertion : bec and hep has same packing efficiency.
Reason : bce arrangement has 2 atoms per unit cell while fcc has 4 atoms per unit cell.

29, Assertion : The number of tetrahedral voids is double the number of octahedral voids.
Reason : The size of the tetrahedral voids is half of that of the octahedral void.

30. Assertion : Crystalline solids melt at a sharp and characteristic temperature.
Reason : Amorphous solids do not have definite enthalpy of fusion.

-

L HINTS & EXPLANATIONS )

1. (i) (b):For hexagonal crystal system,a = b+ cand
o=p=90%y=120°
(ii) (a):Here,a=b=c; a=p=y=90°
It belongs to cubic system.
(iii) (c)
(iv) (d): For tetragonal crystal system, a = b = ¢ and
o= B = ‘:f = 9(]’"‘
OR
(b) : KNO, has orthorhombic crystal structure.
2. (i) (d):For hcp packing, the coordination number

of each sphere is 12 (6 in its own layer, 3 in the upper
layer and 3 in the lower layer).

(ii) (b):In hexagonal close packing, each sphere of
third layer lies exactly above the sphere of first layer.

Thus, hcp is abbreviated as ABAB ... .

In cubic close packing, the spheres of third layer do
not come over those of first layer and spheres of fourth
layer correspond with those in first layer. Thus, it is
represented as ABCABC....

(iii) (a)
OR

(¢) : The number of Bravais lattice in which a crystal
can be categorized is 14.

(iv) (c): They are isotropic as they show same
properties in all directions.
r(Rb") 148

— =10.76 (C.N. 8 above 0.732)
r(Br ) 195

3. (i) (a):



r(K* 137
&) _B7_0702 (C.N. 6 between 0.414 - 0.732)
r(Br ) 195
OR
(a)
+
[u] [a} . r; = T[Nﬂ } = E =0.524
r r(Cl7) 181

The radius ratio lies hetween 0,414 — 0.732.
Hence, Na® ions preter to occupy octahedral holes
having coordinaunon number 6

(iii) (c) : When coordination number is 8, r_/r_ ratio
lies between 0.732 — 1.

(iv) (a):If the pressure of CsCl is increased, then its
coordination number will increase.

4. (i) (a):In the crystallisation, some Ag® ions will
get replaced by Cd** ions and each Cd** ion replaces
two AgTions so as to maintain electrical neutrality.
Thus, the cation vacancies will be the same as the
number of Cd** ions incorporated.

(i) (b): Number of defects per mole of NaCl
_1x6.02x10%
- 10'5

=6.02x10°

OR
(b) : Schottky defect is shown by highly ionic
compounds, e.g., NaCl, KCl, KBr, AgBr, CsCl, etc.

(iii) (a) : There are 12 edge centres.

1
Contribution of Na™ ions at edge centres = 12X— =3
Besides, there is one Na™ ion at body centre.
Thus, there are four Na™ ions per unit cell.

3
n are replaced by AP* ions.

Total Na* ions in 1 mole of NaCl = 6.023 x 107
Na' ion replaced by AF* = 3/4 x 6.023 x 107
1 AP* replaces 3 Na* ions thereby creating 2 vacancies.

3
No. of vacancies created = =X [z x6.023x10% ]

=3.01 x 107

(iv) (d): In AgBr, Ag™ ions are small in size and when
removed from lattice point they can occupy interstitial
site and therefore show both Frenkel and Schottky
defects.

5. (i) (b):InNaClcrystal, each Cl” ion is surrounded
by 6 Na™ ions.

(ii) (a): Anti-fluorite structure (NaCl) have ccp
arrangement of O°~ and Na® in all tetrahedral voids.

(iii) (<) : Antifluorite structure is derived from fluorite
structure by interchanging the positions of positive
and negative ions.

[iv) (a): In NaCl crystal structure, Cl” ions form fcc.

OR
(a) : BaF, has fluorite structure.

6. (i) (b)

(ii) (a): Height of unit cell = 4r J%
Volume of unit cell = Height x Base area

5

=4r Exﬁx—x4r —Etwrr

(iii) (d): Packing fraction
Volume of the atoms in one unit cell

Volume of one unit cell
4
6x —nr3 -
— = =0.74=74%
24273 2

Empty space = 26%
OR
(@)
(iv) (b)
7. (i) (@):In Schottky defect equal number of
cations and anions are missing from their lattice sites.

Therefore, an ionic solid MX with Schottky defect will
still have the same number of anions and cations.

(ii) (a):In a Frenkel defect an ion leaves its position
in the lattice and occupies normally vacant interstitial
position.

OR
(b) : Schottky defects arise because of missing of

cations or anions from their lattice sites which lowers
the density of crystal system.

(iii) (d): AgBr has both Schottky and Frenkel defect.
Schottky defects lower the density of the crystal.

(iv) (b): ZnO shows such colour due to metal excess
defect because of the presence of extra cation in
interstitial sites.

8. (i) (b):In molecular solids, molecules are held
together by weak forces of attractions.



(ii) (a)

(iii) (c) : Covalent solids are constituted by atoms
which can not conduct electricity. That is why
covalents solids are insulators of electricity. Covalent
solids are constituted by atoms.

(iv) (b)
OR

() : In covalent solids. constituent particles are linked
together by covalent bonds.

9. (i) (a

(ii) (a): CsCl has body-centred cubic arrangement in
which atoms are present at the corners and at the body
center. Now, Cs" is present at the body centre while
Cl" ions are present at the corners.

So, number of CI” ions = 8

Number of Cs"ion = 1

OR

(€) : fec and hep both have 74% packing efficiency.

In bee there are 2 atoms per unit cell while in fcc there
are 4 atoms per unit cell and both have different
arrangements,

(iii) (a)

(iv) (b): The no. of atoms in fcc structure is 4 per unit
cell which provides a maximum efficiency as 74%.

10. (a)

11. (c):Constituent particles are closely packed in
crystalline solids and anisotropy is due to different
arrangements of constituent particles in different
directions.

12. (b)

13. (c):Tetrahedral void is called so because it

is surrounded by four spheres tetrahedrally while
octahedral void is called so because it is surrounded

by six spheres octahedrally.

14. (c) : Simple cubic unit cells has atoms at its corner,
each of which is shared between eight adjacent unit
cells.

Number of atoms per unit cell = 8 x% =1

15. (a):NaCl has face centred cubic structure in
which each Na® is surrounded by 6 ions and vice-
versa. In this octahedral arrangement, coordination
number of both Na™ and Cl" is 6 for which radius ratio
lies between 0.414 and 0.732. This radius ratio does
not allow CI~ ions to touch each other.

16. (c): For N atoms adopting fcc arrangement there
are 2N tetrahedral voids.

17. (c):Certain ionic solids e.g., AgBr have both
Schottky and Frenkel defects. Only Schottky defects
change the density of solids.

18. (b) 19. (a)

20. (c):fec is a close packed structure thus, it has
maximum packing efficiency. The coordination
number is 12 in fcc structure.

21. (c): In metal excess defects, the positive ionsare in
excess. These may arise either due to anionic vacancies
or due to presence of extra cation in interstitial sites.

22. (a)

23. (c): NaCl shows metal excess defect which results
into the formation of F-center in the crystal. This
F-center is responsible for yellow colour of the crystal.

24. (¢):Ionic solids do not conduct electricity in
solid state as ions present in them are not free to move.
They conduct electricity in molten state.

25. (b): Low melting point is due to weak
intermolecular interaction.

26. (c): Properties like refractive index, electric
conductance, etc. are identical in all directions for
isotropic substances.

27. (a): lonic solids have high melting and boiling
points because cations and anions present in them are
bounded by coulombic forces of attraction.

28. (d): bec and hep have different arrangements
of particles. bcc has 68% and hcp has 74% packing
efficiency.

29. (c): The size of tetrahedral voids is smaller but
not half of the octahedral voids.

30. (b)



