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6.1 Kinetic Molecular interpretation of Solids
6.2 Types of solids

6.3 Properties of Crystalline solids

6.4 Crystal Lattice

6.5 Types of Crystalline Solids

s S & B A

The students will be able to: ]

s Describe simple properties of solids e.g., diffusion, Compression, CxpmE
mation ofmolecules, space between them, intermolecular forces and kinetietes
based on kineticmolecular theory. (Understanding)

Differentiate between amorphous and crystalline solids. {Understanding)

e Describe properties of crystalline solids like geometrical shape. meiting i
cleavhgc planes. habit of crystal, crystal growth, anisotropy, S ,__
isomorphism, polymorphism, allotropy, and transition femperts
(U nderstanding)

e Useoxygenand sulphurtodefine allotropes. (Understanding) | saaClﬁi

e Explainthe significance of the unit cell to the shape of the crystal usmng: |
example. (Applying) s off

s Name three types of packing arrangements and draw or construct modst |
(Applying) | % ing) |

« Namethree factors thataffect the shape 6fan ionic erystal, (Understan ing! ‘J

o Define lattice energy. (Remembering) e

o | Differentiate between 10mMc, covalent, molecular and metallic Cf)"s‘“’ll ‘

| (Applying) \ '

o | Explainthe low density and high heat of fusion ui'ice.(Undelstund'”g) '

' pefineand explain molecular and metallic solids. ([nderstanding)

(Z15)
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n.odncﬁon :
st ph_\‘*’“—“"l state o'matter \\. him;h has definite shape and volume and is rigid
| e 1FWVE look around us we will find lot of substances in the solid State rather
mﬂin fiquid and BRSSOUS SIHC, The clothes we wear. the paper we write on, the
1o we read, the television we watch, the radio we listen, the gold used mjewélry,
e plastic used in making water bottles, utensils. water pipes, rain coats, surgical
loves, [0YS and purses, the re {ngcrutor used to preserve foods, the cars and buses
s ravelin, the trees that bear [ruits are all important solids. The solid state of mater
ﬂ,-egrowing area of chemistry because it relates to the development of interesting
o materials. In this chapter we will discuss the properties, structures and types of

2 kev points of kinetic molecular theory are given below:

| The particles (atom, ions or molecules) of solids are very close to each other
ud they are tightly packed and more ordered than liquids and are much more
ered than gases. For that reason, solids are slightly denser than liquids and much
, ser than gases. However, water is an exception to this rule i.e. the ice, the solfd
fim of water, has lower density than liquid water. The spaces between solid
wrticles are smaller than both of the liquids and gases. _

Il The solids are generally less compressible than liquids and are Fonsndeyed as
mompressible. The solids such as foam, wood and cork give the impression of
¥ compressible but they are actually not. They have spaces filled with airs. By
ﬂmfpmssure, the spaces are compressed but ot the solid matter in the toam,

Wador cork. ] | _
U The temperature or pressure change has a very little influence on the volume of
mmtracﬁvc forces in solids are much morc effective than gases and

d boiling points than

B

;, d liquids. g o~
= solid particles have low kinetic energy than hg_unds an. &lﬁw&_. metc
i~-_-,»‘i3direct]y proportional to the temperature of solids. Their kinetic energy
‘dﬁcreasirl:g lemperature and increases by increasing temperature. All
e ¢ are converted into solids if cooled suﬂ‘icnently.‘ -
;ﬁ‘,‘(ﬂid particles are locked in place that are why their molecules can't slip
§ o 0Ver g another. They are, therefore, unable to flow (i.¢. they are rigid),
Tl (heiy shapes and volume without a vessel. Solid particles usually

(2

o Because of this, solids have lower melting an
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A
h?.\:c only vibrational motions.
V) Solids particles do not diffuse into other se
Oceurs but extremely slowly. If a lead plate and a gold plate are Placed i, !
contact for a several months, a few atoms of lead will diffusc inw gy ;::U”'
versa, This observation is evidence that diffusion does oceur in solids by ll‘-“i.kl
slow rate. iy

6.2 TypesofSolids
There are two types of solids on the basis of arrangement
1) Crystalline solids.
i1) Amorphoussolids.

IIHII‘{ ]\.(i{’l‘:" ”1&' (l”lﬂm”)“
A * II‘!K

of particles

Felgll®
Solids

Covalent

‘t“',""l!“.

Crystalline

Solids Moleculat
Gyl ]
Amorphous ol
Solids

Metalli
\l_‘!l.l'

hich have repetitive three dimensional arrangements 0F PATSE

6.2.1 Crystalline Solids

The solids w . g
called crystalline solids. They are also called true solids. A crystalline £

composed of one or more crystals that are fused together. Each particlc »:':; :
fixed position in the crystal. Bef:ausc of ordered arranggmem <;-§g j
crystalline solids usually have flat faces which construct specific 41 4

another. The regula{ 'arrangement of pam_cles in crystals .also P
regular shaped beautiful crystals. The beautiful crystals of diamond. 4 ,;wfj
sucrose and table saltare the exan}ples of crystalline sohids. Other exame=s

solids arc alum. ured, KNO, and CuSO,.

6.2.2 Amorphous or Non-crystalline Solids 5ol
The solids which have non-repetitive three dimensional an'angem_":'_ G
are salled amorphous solids or PSClld.O solids. The term amorphows ® 8
which means .vlmpe/u.v.s‘. Tl}ese sqhds do not have the ordcrly_‘a ot
particles like that in crystalline solids. The structures of these soli i
(he Structures ol ‘ll'qunds‘ but their particles do not have trccdom“
liquids- The elasticity of rubber anfl twisting of plastic reveals the L
orphous solids do not have fixed positions as in crystallmb

s e %
su'ucwfal point of view, the amorphous solids are considered as the
(218)
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ss rapidly. In this way particles do nol 1
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v arrangement. Ao s soli
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ds arc
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melting
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have
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¢ Difference between Crystalline a:;:l
» mo hous Solids
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shapes,
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fwims“cryswllim solids and are used i ornaments and jewelry; iron, & ey
‘solid. is used as structural material and (san assential ingredientinour diet. ' i
‘On the other hand the rubber, an amorphous solid, is used in tires and rubher| 8
| plastic, an amorphous solid, has many ndustrial and commercial uses and is usedig
“manufacture of CDs, DVDs. footwear and fluid containers such as milk gr i
~glass, an amorphous solid, is used 10 make tumbler, mMIrTors, dishes. eye gl
windows and for laboratory equipment such as beaker, test fube, reagent hoyl.
Amorphous semiconductors ate used in <olar cells. laser printers, flal-panel teley ey
_and monitor screens. i

6.3 Properties of Crystalline Solids
6.3.1 Symmetry

The concept of symmetry is vel
easily recognize an object if we

y useful m describing the shapes of crystals
know the symmetry of that object. A crystal hass
number of surfaces (faces), edges, and the interfacial angles (the angles betweenli
faces). When a crystal is rotated along its axis by 360° . the faces, angles and e
are repeated consistently. The repetition of faces, angles and edges, when a orystis
rotated by 360° along its axis is called symmetry. Various Lypes of symmetﬂd
elementsare: :

j) Centre of symmetry i)
iii) Axisof symmetry

6.3.2 Geometric Shape |
Crystalline solids have definite geometrical shapes. This 1 due to he "M
arrangement of their atoms. lons or molecules. The orderly arrangement 0
molecules or ions Is due to strong attractive forces between their particles: 7
i terfacial angles and distances are same in spite of the method ot ¢Of inoe
cation. Even the fragments of finely divided crystalline solid have.dﬂ |
hapes that display theirinternal structure.

Plane of symmelry

prepa
gcometrlc S

6.3.3 Melting point

The temperature at which the change from solid to liquid occurs 1§ kmwﬂ?s’d
melting point of solid: At melting point, the particles of liquid and olid pave
average kinetic encrgics. Crystalline solids have definite melting poi**™ Alﬂ-‘:ﬁ
oint, the temperature is reached at which the kinetic energies of the P? “’.w W
crystalline solids arc enough to overcome the attractive forees holdmgﬁ |
ogether and the particles getfree of their fixed positions in the solid Thec” 48
solids can be lfientlﬁed from their definite meltine noints. On the othet ! ;
amorphous SOICS have no definite melting points ge?:ause the amorph® ¢

(220)
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Aerly arrangement of’ particles
© ,;);derl} anang particles an VAP
B - ins. Thesa solids 1 d the particles are not constantly
pEPEREC it i o fitve the ability to flow over a range of
ature. FOT ;\?m;, ) l|m @ glass is heated, first it softens and then starts
) .y y ' &
. without undergoing abrupt or sharp change from solid to liquid. Hence
© . colids are regarded as super cooled liquids g

14 Cleavagt‘ Plane

" akingofbigger crys?als inlg smaller identical crystals by applying pressure
i called cleavftge. Crystalline solids are broken down through particular plancs
Jrections orSIdeS):Th‘?-SC Plﬂm?s.arc called cleavage planes. A crystal can easily be
oken 10 ONE direction and not in any other direction. For example, a mica erystal
ntains 1nfinite layers of SiO] ™ sheets. The sheets have weak attractive forces and

secasily separated parallel to the layers only.

¢35 Habit of Crystal
1 siape in which a erystal usually grows (prepares) is called habit of crystal, For
aample, NaCl has cubic habit. white tin has tetragonal habit, and graphite has

lexagonal habit.

636 Crystal Growth
(rystals are usually grown (prepared) by slow cooling of liquid or saturated

slition under certain conditions. Quter appearance (shape) of crystals depends

won the method of preparation and conditions (temperature, Ppressure,
ancentration) under which it is prepared, For example, NaClalways crystallizes in
fferent crystals of the same substance

”"C shape, if conditions are not changed. Di .
Téy sometimes appear to be different from outside due to different rate of growfh
% different faces but their interfacial angles are always the same.The change in
eanance is because of the presence of impurity in the solution or due to che:?ge in
“dtions, For example, the Habit of NaCl is cubic but in the presence of 10% urea
Simpurity, its habitis octahedral, It is called change ofhabit

%7 Altu.mmpy ‘ ot They can vary from
gtp.hys“‘a’-llfdpcrties of crystals depend upon e e i the
he::""’ direction, These properties &r¢ called anisotropic propem‘u_ Lmi 1€
g‘lhnm called miSdtropy. ‘A substance which has th:s' p’roecny l,s,td.l'\..c.d
i ope. The physi'cal' S opeftes cuch 85 thcmal expansion. t'\c\,mtdl
%p vity, c]eévége. and refractive index are anisotropic properties. k.nr
W k, &raphite is an ,is e anacthc conduction of heat and electricity, in graphite,
,;’j“' diﬁ’“érent dir’éc’go;xs, [t conducts eleetricity parallel to the plane of
54 poor conductor pcfpendicularm the layers.

I | (221
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6.3.8 Isomorphism

The Process i which two or more different clements or compounds exjg in'gy
Crystalline shape is called isomorphism and compounds are known ag is‘)murﬂl
?ac’h other, The isomorphs have following properties: o
1) ~ They have same ratio of atoms.

i) Their physical and chemical properties are different.

Table 6.2: Isomorphs and their crystalline forms with atomic ratios

o g ey L~ e b B A -
."::J,M Ilna K. . :.',Z .P‘

a : . \ |
LA P A" ST S PN ‘ )
7,4,@-} N B N e e . S

S R

Orthorhombic
He-xagonal |

iro! Cubic :
Graphite,rine Hexagona o

In table 6.2, NaCl and MgO are two different compounds and have sum
shape i.e. cubic shape. hence called isomorphs.

6.3.9 Polymorphism
The process in which same compound is present in more than one crystalline f‘ﬂﬁ
is called polymorphism and different crystalline forms of same compound it
called polymorphs. The polymorphs have following properties:

i) They have same chemical properties

but different physical propertics. The Table
difference in physical properties is due to oS
different structural arrangement of particles | * SR
in space.

ii) They belong tosame compound.

In table 6.3, calcium carbonate, the
same compound is present in two crystalline
forms i.e. trigonal and orthorhombic forms.
These crystalline forms of same compoung
are calledpolymorphs.

6.3.10 Allotropy

The process in which an element i . | i
called allotropy and different forms of (he S
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4 [Nmp‘, have same chemical properties but different  physical
.\t

A 8 due 1o differcnt Lahle 6.4 Allatropes and their Crystalline Forms
prcrt'Lt W atoms. The common  Saiies ®

n e dy are; | — ]

s 1ha ¢ show lllullml y g ‘; Bl Diamond (cubic) 2wl
rW" culphur. @ OXYECN. (BN Graphite (hexagonal) s
L4 mlplL forms are LI\ en | | Gft) i (cublc} :
reT "“ Tin White tin (tetragonal)
geuble able . 4. carbon has two | , _ Rhombic tin (orthorhombic) '
' in @ \alline forms (cubic ' Rhombic sulphur
‘W crys different Suphur | Monoclinic sulphur

magotlﬂl) Thefwth | ' Plastic sulphur (amorphous form)
¢ same |
[,gllme forms © Oryaen ’ Dioxygen (O;)
X -OZOﬂe (03)

*mm {carbon) are called

ements and the polymorphism is for compounds.

11 Transition Temperature

kamngement of particles of a substance
lemperafure and a new allotrope of an clement ora new
mpound is formed.

The temperature at

Rl led transition temperaturc.
o ne Lrystallme form of a substance

Above and below this temperature only o ,
‘memple the transition temperature of KNO, 13 l?ﬁ ; :(Iie? l Xlgg\i bs::
s of this compound exist in equilibrium el d below this
“lure (128 5?3) KNO, exists in orthorhombic form and D¢
[i% -r.-‘-':-lfliﬂmm in rhombohedral forn.
1y 128.5°C

_1285C,  gno,

Mhh‘d“l) (] ﬂhorhmﬁ bic)

can also be changed with the change
polymorph of a

which two crystalline forms of same substance exist i

< 5. Above transition
Mam iphure is 93.5 C.
. Sup “O:x l;::smlgt:nrf::;zhgi ;;’ 111; and below this temperature, it exists

y 95.5C g

I Y,
| ?’;:Mh) (Monoelinic) wor
mutempemturc 15 always less than I’I]ﬁlt"lg POlnt OfSUbStanCC.
| (223
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- “‘ Cl‘ystal Lattice and the Unit Cell

‘dimensional ordered arran gements of particle

i

The crystals are regular shaped solid particies with fat shiny faces ang b
o5, The ordered structyre of 3 :e“
f

described in terms of a crystal lattice. A crystal lattice is a threg dipa
structure of points that designalcs the positions of Pani‘dlu; m,h"

moleculcs, Or 1ons) in a crystal. Crystal lattice ? Yoy
I$ also known as space lattice. A crystal lattice
1S not an actual object but 1t 1s a structure Of
pattern. The crystal structure depends on the
nature and the size of the particles that are
involved. The particles that make up the pattern
are different in different type of crystals. A
crystal is made up of atoms, ions or molecules.
These particles are located at particular
positions and are represented by points and
these points are joined together by lines. This
type of structure is known as crystal lattice.

Figure 0.1]
Crystal Lattice Consists of § Unii(&

6.4.1 UnitCell :
The smallest part of crystal lattice showing all the

propertics of crystal pattern is called unit cell. The crystal
lattice is the building block of unit cells. The unit cells
repeat 1n all directions in a perfectly regular way and build
up the whole crystal. A unit cell gives complete information
about crystal structure. It will be easy to know the exact A single 0%
arrangement of particles in a whole erystal, if we know its arrangemen! na! ‘
Unit cell has definite shape and definite number of particles. These patie
arranged in three dimensions.
Representatlon of a Unit Cell
Shape of unit cell depends upon the length of three sides (a, b, and ©
between these sides (c. fandy). In common practice, side 'a' is along*
is along y-axis and side '¢'is along z-axis.

The angle “o""is betweensides 'b' and ¢,

) and®
;viiii ¢

The angle “[”is between sides 'c'and 'a',
The angle “'y"is between sides 'a' and'b',
(224)
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These six parameters of unit cell are called uni(u
v’ ysmnogmphlc elements. Unitcell of CsCl is cubic, inwhicha=b+=
YSMO. I Ry ,,..” 11 e .;.:;’.'.{
geven Crystal Systems OR Crystals and their Classifications’ |~
A crystal system can be identified by the dimensions of its umit cell along its three

axes a.b,c and three angles &, B and y. The seven crystal systems are deseribed

below: L

Cubic System

n cubic system, all the three axes are of equal lengths and

all angles are of 90°.

a=b=cand o=p =y=90°

Exampleare: NaCl, diamond, iron (Fe), copper (Cu), CsCl
Cubic unit cells are of three types and they are simple cubic, body-centered

cubic, or face-centered cubic. They have a total of one, two, or four particles,
BN

respectively,
Tetragonal System
In this system, two axes are of equal lengths and the third
one is different. It may either be shorter or larger than the
other two. All the angles are of 90°.

=b#cand o= = y=90°

Bxample are: SnO,, MnO,, white tin (Sn). NH,Br
Orthorhombic System Lo
i‘;"d”' lengths are unequal and all the angles are of 90°.
#h2cand i— —y-90°

Mmples are; FeSO,7H,0, ZnSO,7H,0. KNOs L
iesulfur

m‘ﬂ or Rhombohedral System o
hey lengths are equal but none of the angle 15 of 0°.
< between 90° and 120°.

n~m Cang o= ﬁ= v = 9(" and_<]200

1 .Pleare:-.NaNog’ KNO,, Bi, ALO;

(228)
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Hexagonal System | :

o OXeES (2 and b) are of equal lengths and l‘hltd (L)‘ l‘;
different iy, length, Two angles are of 90° but third angle is
of 120¢°,

aabicand = B= 900, Y: 120°

Examples are: Zn0, Cds, graphite

Monoclinic System 5, W
All the lengths are unequal. Two angles of 90 and third ©
AiS geater than 900'

Examples are: Ci,H,;0,, Na;CO,10H,0, NaBO;
10H,0

Triclinic System

All the lengths and angles areuneq ual.
a#bzcandozB#y# 907

5H,0,K,Cr,0;, H,BO,

Examples are: CuS0,.

(Boricacid . dintablet
(B 9“0?- : ei)-ls of the seven different crystal systems are summarized in tablef ]
The unitcells Table 6.5: Seven Crystal System

p—— -

o = ﬂ =y= NaCl, NQBI‘ :_

== MnOz, NH4Br, ¥hi®
G=B=T=9ou BﬂSOq,C 3

rhombic sulphuf

Sugar, borax, POCI0%
monoclinic sulphd’ - A

o= =90 y=90°

o =B =90°vy=120° | Tee, NaNOy, CdS: B
: zinc

PoY30" | vigs (cinnaberh M5

—ap KaCroOy, CuS0u3>
#P=y=00° a0, |

(226)
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6.4.2 Shape of NaCl Crystal

The structure of sodium chloride, jg one of the most common ionic erystal lattice. It
has (hcc-g~cnt§rcci C”P“f arrangement in the octahedral structure. ln-thc structure.
sach sodium loq. Na : ls surrounded by six chloride ions, CI, and each CI ion 15
surrounded by six Na ' 1ons. Hence, the coordination number of each ion is 6. The
distance between two adjacent ions of different kinds is 2.8 15A°,

Chloride ion is bigger in size than sodium ion. The larger chloride ions
occupy COrners and faces of an octahedron whereas, the smaller sodium ions fit into
the cavities (holes) between the adjacent anions. The unit cell of NaCl is repeated in
the several directions where we can see six chloride ions around some of the other

sodium tons.

Figure 6.3: Representation of the umit cell of NaCl

The formula of an ionic compound is derived from the unit cell structure.

The formula of NaCl s obtamned by counting the number of sodium ions and

chloride 1ons present in its unit cell. There are eight chloride ions at each corner of

‘the unit cell. Each CT ion is shared among eight unit cells, hence each contributes

‘aneeighth of CI' ion to the unit cell. There are six chloride ions in the center of each

face. Each C| ion is shared among two unit cells, so each contributes one half of C1
lon o the unit cell. The total number of CI ions within the unit cell is calculated as:

é Cl™ per corner x 8 comers =1 CI'
| v
3 Cl™ per face x 6 faces = 3 Cl

Total number of CI” ions in a unit cell = 4 Cl 1ons

There is one complete Na' ion in the center of the unit cell, There are 12 Na
" atthe midpoints of edges of the unitcell. Each Na' is shared among four unit
: l",s' hence,- each contributes one fourth of Na' ion to the unit cell. Thus the total
berof N ions within the unit cell is calculated as:
(227)
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4 Na® peredge x 12 edges = 3Na

1 Na” per center < | center = |Na’

Total number of Na® jons in a unit cell = 4Na ' ions

Thus, the unit cell of NaCl has four Na and four CI ions, in the ray, of il
as required by its chemical formula. ']1

Keepin Mind '}
NaCl erystallizes in face centered cubic sh
shape. The different arrangement of CsCl s duc 1

| compared to sodium ion.

6.4.3 Factors Affecting the Shape of lonic C rystals
There are three factors that affect the shape of ionic crystals.

(i) Radius Ratio:

The shape of an ionic cryst
ratio of radius of cation to that of anion.

Radius of cation
Radius of anion

The effect of radius ratio in determining the shape of an ionic ¢
known as radius ratio effect. The range of radius ratio may be expressed 85 15

ape while CsCl crystallizes in simple giel
o larger size of cesium jg .

al depends upon the radius ratio which is defined st

Radius Ratio =

dius ratio. £ : ;
fadins Table 6.6: Limiting Radius Ratio and Shape of lomc Crystals

04140732 Octahedral dt

The shape of NaCl is Octahedral and that of CsCl is body e’
cause their radius ratio values are different. .

be
(ii) Electrostatic Forces of Attractions: e
[onic crystals are held together by strong electrostatic forces of attract! ol

cations and anions. Example: sodium chloride, NaCl. These forces 5
defined geometric shape to1onic erystals,

(228)
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Jonic c:jrstals do not conduct eleetricity in solid state because their fons are fixed in
l,m;i(ions and are unable to move, 'chce. the shape of ionic crystals remains as
qeh. They can f)tlly conduct clectricity when their jons are free to move Le. they
conduct olectricity when dissolved in water or melted.

o4.4 Lattice Energy
The amount of heat needed to break one mole of 1onic crystal into its gaseous ions is

called lattice energy.
[t has positive value. Itis expressed inkJ mol .
Kiy + Clgy ——* K, AH? ==T715 kJ /mol

lonic crystals are composed of ions. These ions are located at fixed positions.
A definite amount of energy is needed to remove these ions from their fixed
positions, called lattice energy. It can also be defined as:
The amount of energy released when gaseous ions of opposite ch
combined to form one mole of crystalline ionic compound is called lattice energy
It has negative value.
? KCl, — Kip + Cly AH" =+T715kJ /mol
The magnitude of lattice energy depends on ionic size, jonic charge and
amangement of ions in the solid. The lattice encrgy decreases by increasing the
size of either cation or anion and increases by increasing the ionic charge.

Effect of Tonic Radius :
The smaller the ionic radius, the shorter the distance qmﬂng“hc ions, and the
stron erthcam'a“ive forces among jons. Asa result of this, tt!e 10Nns come CIQSC I.O
otherand their packing become tight. From top to bottom in a group of periodic
. the ionic radius increases, hence, the lattice energies of their compounds

arges arc

The latﬁce-energies for those Tuble 6.7 Lattice energies of compounds having
“Mpounds, which have same SiMCdNOT
.-,° but different cations, 2
s 5 with the increase in the i, '
“EOf ations, e
U The Jgyice ‘

!
:—." 'y

energies for those

"'?:; which have same 2=
ut differen ions, | Potassium CHOIE

¢ with the inc : .an.w 1 o PSS |
; e increase in the
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The |argcr the lattice T"'hle{"gf Lattice Encrges of Compounds hay
ohergy, the more stable the jonic 2 lS-tm oy o
compound and the more tightly i
held the jons. The solid with [o

hlghf:r lattice energy has higher i“m_ '9@"’. B
melting pf)int than one with | Sodiumchloride | NaCl
smaller lattice energy. . Sodium bromide |  NaBr
Effect of lonic Charge [ Sedmmiotion |28

The higher the ionic charges, the greater the force of attraction between Oppositsly

charged ions, so the lattice energy has high value formore highly charged ions.
If we ¢ ithi

ompare; lithium Table 6.9: Lattice Energies of Compounds having

different Cations or Anions
then we find that, they have cations _ |

(the radius of Li is 76 pm and that
of Mg® is 72 pm) and anions (the
radius of F is 133 pmand that of 0‘ : R T =
is 140 pm) of about equal radii. e i
But lattice energy of MgO .
(4050kJmol ') is about four times greater than that of LiF ( 1050kJmol ) WE
fourfold increase in the lattice energies of CaO is due to the fourfold increase inte
productof charges on Mg" and O° ions. |
The lattice energy is directly proportional to the product of charges of cﬂﬂ“’l
and anions and inversely proportional to the sum of their radii.
charge of cation x charge of anion
cation radius + anion radius

6.5 TypesofCrystalline Solids A

The structure and properties of crystalline solids such as melting poit bo M

point. hardness, and density depend upon types of particles in the crystalline %

and types of chemical bonding present between their particles. There ar¢ four™:*

of crystalline sol.ids on the basis of types of chemjcal bonding present 1" the®*

they are ionic solids, covalent solids, metallic solids and molecular solids-
(230)

fluoride with magnesium oxide,

Lithium fluoride :
Magnesium chloride | MgCl;

Lattice energy (AH{ o) =

.
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S il forces of atl ractions that hold the solid particles logether determine many
i operties of solid. For example, copper is a good conductor of electricity .Whllc
el an isulator although they both are atomic solids, The difference in the

'mpcﬂik" petween these IWo substances is because of differences in the chemical
™ cont inthem.
(g preset! inther

51 Tonic Solids |

1, golids in which ions are held together by ionic bonds are called ionic solids.

jseions are held together by electrostatic forces of attractions. Examples of such

s are NaCl, KC1, KBr, CsCl, and CaF,. The ionic solids are generally formed

henalkali metals (group 1A metals) and alkaline earth metals (group 1A metals)

whine with chalcogens (group VIA non-metals). halogens (group VIIA non-

k), and non-metallic polyatomic ions.

roperties '

. The ions in ionic compounds are held together by strong attractive forces;

eefore, they are hard and have generally higher melting and boiling points than

vecular compounds. They can also have low volatility. The higher the melting

daoiling points the stable the ionic compound.

 They are highly brittle. For example, the ionic solids are broken into small

azs when we struck them by a hammer, the ions are driven down a layer and the

e charge ions come next to each other and because of this the same charge ions

Meachother that split the solid. | :

" n’f);‘ have definite geometric shapes; and have high density due to close
2ofions,

'1.,]]"3* do not conduet electricity in solid state because their ions are fixed in

"' and are unable to move. When they are melted or dissolved in water, the

t 1 1 - "
‘“fcme and move freely through the solution or liquid, hence the liquid or the

Mducts electricitv readi

l electricity readily. : 1 8

%::yf”e' frequently soluble in polar solvents like water. The ions of ionic solids
'""cnksmsr: ¢ach other when dissolved in water and are surrounded by water
L bct;v Me ionje compounds are not dissolvedin water, because the attractive

Mtwe , |
N"ﬂxbg:,eﬂ'e ions and water molecules are 10t enough to overcome the
en

1 nley the io
:LE‘}’ :;I:,w the process of isomorphism and pol ymorphism 'thc ' |
h.forn:sforn]ula mass but no moleCUlar mass, becausc Y dO not exist m

(231)
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{ «.)H(’céptu._ﬂ“Check Pdint:

e Crystalline solids are brittle but not malleable, why?

6.5.2 Covalent Solids

The solids in which atoms are held together by covalent bonds are calleg Coval

solids. Examples include diamond, graphite, quartz (S10-, found in some Kinds o
sand) and Silicon carbide (SiC, a common abrasive used in sand paper) i
.Covalcnt solids are of two types:

1) Whencovalent bonds give huge molecule like diamond, SiC, AlNetc.

i) When atoms combine to give separate layers of atoms like Graphite
Cadmium iodide (Cdl,), Boron nitride (BN) etc.

Properties

1)  They are usually very hard and have very high melting and boiling points du_e_mjj
strong attractive forces between covalently bonded atoms. ‘
i1) Theyare insoluble in polar solvents like water. |
iii) They are poor conductors of heat and electricity in either the solid or hqmdi
state. This is due to absence of ions but some of them, such as silicon, are semi-
conductors.

iv)  Theirchemical reactions are very slow.

— x = T — - T

Conceptual Check Point:

6.5.3 Metallic Solids |
The solids in which atoms are held together by metallic bonds are called meis
solids. Examples include copper, silver, gold, iron et 4
Many theories have been proposed to explain the metallic bond, buthes

will discuss only the electron gas theory,

Electron Gas Theory

According to this theory, the valence electrons i

metals are free to move from one part of the crysta]

1o the other. These free electrons do not belong to
icular atom.

an par;lhese electrons produce Ncgative

atmosphere (sea) around metal positive ions, This

Figure 6,4; Electron S¢*
(237)
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gmmsphcm ol‘ck"ctl'nn.\' 18 t.‘ll lled Eleetron Sea orpool or gas. The force of attraction
which holds meluf P“-"“‘“U 1ons and Electron Sea together is called metallic bond
Thistheory explains the following Properties of metallic solids.
properties of Metallic Solids
j) Theyare good conductors of heat and clectricity because electrons are fiee to
moveandcarry Kinetic energy through the solid =~
i) Most of the metallic solids have lustrous (shining) surface. This is because
when light falls on the surface of metals. The electrons are jumped from lower
mergy level to higher energy level, When the electrons come back from higher
encrgy level to lower energy level, they emit energy in the form of light at the
irequency similar to the absorbed frequency. This reflected Ii ght is responsible for
the [ustrous surfaces of metals.
i) Metallic solids have variable melting points. Some metals have low and the
athers have very high melting and boiling points. For example., mercury (mp= —
#.12°C), gallium (mp = 29.93°C’) and francium (mp = 27.00°C) have quite low
nelting points and on the other hand chromium (mp = 1877.00°C). molybdenum
mp=2617.00°C), and tungsten (mp = 3427.00°C) have quite high melting points.
lisis because the charge density of mercury, gallium, and francium is low and they
e weakly attracted to the electron sea and the charge density of chromium,
olybdenum, and tungsten is high and they are strongly attracted to the electron
) They are malleable and ductile. The ability of a substance to be hammered or
4en in thin sheets is called malleability while the ability of a substance o be
-1 or pulled into thin wires is called ductility. That is why most of the metallic

“sare easy to form into desired shapes.
are nsoluble in all common solvents.

Neeptyal Check Point:

o Of Metals
"‘ftal is a crystalline solid in which metal atoms are closely packeq e
\ m“mﬂlce-(lm'.'tallic lattice), A metal may be n_-:garded as anassembly of p; foc
Byl . ¢ “Onsidered as spheres, which are packed together to fi]] Space g

To g PSsible .
“IStand the close packing of atoms in metal structures, let y COnSide

Ofballs, [, number of solid spheres (or metallic balls) are Packed i, a
(233)
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hx as shown in figure 6.5, when the box 1s well shaken, the balls wil Yo
Shownan figure 6.6, The rearrangement ofballs in figure 6.6 1s more stahle: By
cloSely packed than figure 6.5. “d"‘!txg

\Y,
) - {
Lo Lpdl 2
o -

Figure 6.6

Metals have three major types of crystal structurcs:
1) Face centered cubic structure ii) Body centered cubic structure,

iii) Hexagonal close packing structure.

D Face Centered Cubic (FCC) Structure

There are eight atoms at each corner of the unit |
cell. Each atom is shared by eight unit cells. Hence each atom contributes oneeigtd
to the unit cell. There are six atoms in the center of cach face and eachatomiss 'ﬁi

by two unitcells. So cach atom contributes one half to the unit cell. The total

ofatoms perunit cellis ( g el 6g—1+3=4)foux
8 R One-cighth of ga 8

| One half of an %™
Figure 6.7: Face centered cubic structure dl

b
'

Every atom in the crystal is bonded with twelve ncight?oufs
coordination number s 12.In this case 74% of the available volume o
the spheres. Examples are Ag, Au, Ca, Co, Cu, and Ni.

iy  Body Centered Cubic (BCC) Structures o
[n body centered-cubic structures, there is one eighth of an atom al el
(234)
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o= g I””C atom at the center of unit cell. The total number
the ‘ o
pcrumtccll i8(3 %] =

AfSlOMES 2)two.

One-eighth of an atom

=
e
&:'é___ :{/6

Figure 6.8 Body centered

One atom
>, cubic structure
The coordination number is 8, In this case only 68%

70 0T the available volume
soceupied by the spheres. Examples are Li, Naand

il Hexagonal Close Packing Structure (HCP)

zus consider, the atoms of metals Are arranged in the form of layers. In HCP, the
Wandbottom layers have seven atoms where six atoms arrange themselves in the
fipe of 3 hexagon and a seven th atom sit in the middle of the hexagon. The atoms
{he top layer (third layer) are exactly above the bottom layer (first layer). The
Mile layer has three spherical atoms. The spherical atoms of the fourth layer are
Aty above the middie (second) layer and so on.

Figure 6.9: Hexagonal close packing structure

%;h; "€ efficiency is 74%. Every atom is bonded with twelve

e ; : a.Ca, Mg and Zn are

M%Z‘:?ec%fdmationnumber is 12. Forexample, Ba, Ca, Mg and Zn are
P

.

Packi

(233)
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%’5.4 M(llecularﬁoli(ls
& SOllds h W-hich s n]olUCUIC*‘ are ¢ id u\_q,__-\'lhtt]- h}' nlliil'mﬂlt’.Cll‘a[
are called molecular solids.
Examples are solid NH., solid SO.. lce, solid €O, (dry ice), 1 ete,
These solids consist of two types of molecularsolids,

I'Or{u

e

Ny ./.- -

Both covalent solids and molecular solids contain covalent bonds. The covaleny
are not broken during the melting of molecular solid, The higher the melting POl
unﬂlecular solids the stronger the intermolecularattractive forces.

areice, sugar, solid HF ete.
ii) The molecular solids in which molecules are held together by Loads
dispersion forces only are called non-polar molecular solids. Examples of s
solids are I,. S,. P, solid CO, (dry ice). the solids of group V l
elements such as ncon etc. 1

Properties |
i) They are soft and can be compressed easily. This is due 10 weak ":fff
attractions among the molecules. ; 1
ii) They have low to moderately low melting and boiling points. Mostb_fé
molecular solids melt below 200°C. They have low heat of fusion.

jii) They are volatile innature and henee, have relatively high vapour Hressurt
iv) Theyare poor conductors of electricity and are not malleable.
v)' They have low densities. |
vi) Polar molecular crystals are soluble in polar solvents and
molecular crystalsare soluble innon-polar solvents.

Structure of Ice Crystals
The familiar example of molecular solids is ice, The structure of 1¢€ isj"s‘, K
of diamond. The ice has regular hexagonal rings in which water mole¢
together by hydrogen bonds. The water molecules in the structure o ° 3
themse]'vcs ina rf:g‘ular manner 1n such a way that empty spacesfff‘,.r-
Hence. i€ occupies 10% more space than liquid water and its density ™
This means that there are ‘fewer molecules, and hence 165°

(236)
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m.\i&’f“"'s' .
apversion o
ol

thein W

“ﬂh wal

this reason citrus

olume of wlu'i‘m.-c] than in the same volume of liquid water. Water has
ly high hea! of fuston due 1o presence of stron |

« The large amount ol heat is rele

ater into tee) which is used to
th liquid water. Because of

oron cold nights to protect the tree from frost damage

¢ hydrogen bonding among its
ased in the process of freezing (The
save crops from freezing by spraying
fruit growers spray their trees
. When water freezes

o he wrface of leaves it gives ofl cnergy which is enough to save the tree from
‘— [ » “ [ LA 83 4 4\ = -
fezing The heat of fusion of water is the highest of all molecular solids except

rible 6.10: Comparison ol the Properties of Jon

e e e
= :

1¢, Covalent, Molecular and Metallic Solids

ey

hen 2 " e ——— it freczes; the water within a cell expands and
*uply 4pple ls':::pt in the ﬁ:;ie;;u“ o within the pipe bursts the pipe. When the

Hard, brittle, high melting = NaCL
~ Force | point (400 to 3000°C), he HF;
of attraction poor conductor of heatand | CaCOy
electﬁ-city_ | i«
Very Hard, high melting Diamond,
8 5 LR point (1200 to 4000°C). Silica (Si0:).
Covalent bond poor conductor ofheatand | Silicon,
elctriity | camide(SiC)
Soft, low to moderate Suerose, ice,
melting point (27210 solid COx,
400°C). poor conductor of | solid
heat and eleetricity benzene
‘Variable hardness form  Gold, iron,
very hard, low o - copper,
ing point (-39 to pdinm e

“ta 1811 = -
:Fuu.;l Check Paint:
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ysic matter and has definite shape:
Cf::;:; spt:szg and locked at their position
ir particles have toand fro motions. |
either crystalline or amorphous. Cr
articles where amorphous sol dsl

e

olids d
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P ApSWers are given foreach question, Select the correct one
Crystalline solids are also called

i)

(a) True solids (b) pseudo solids

(c) glasses (d) amorphous solids
iy Which of the following isamorphous solid?

(a) Sucrose (b) NaC]

(¢} rubber (d) SiC

iy Solidismade upof

(a) Atoms (b)ions

(c} molecules (d)all of them

iv) The process ir wh ich same compound is present in more than one
crystalline forms is called:

(a) Allotropy (b) anisotropy

i¢) isomorphism (d) polymorphism

v) Isomorphs have
(2) same physical properties  (b) different physical properties
(¢) same chemical properties (d) different ratio of atoms

vi) Solids that can be drawn into thin wires are called

(a) Ductile (b)malleable

(c) brittle (d) flexible

Vi) Which one of the following has the highest value of lattice energy
(2) Nal (b)NaBr

(c) NaCl (d)NaF _
Viil) Which one of the following is a polar molecular solid?
®) Dryice (b)ice

,(c) phosphorus (d) sulphur

%) Incubic system, the angles

(ﬂ) (X;&B¢.Y #9(° (b) o= B =4 £90°

(c) Q=B='Y=90° (d) a:ﬁs‘;}(}", Y¢9p°
'f) Which of the following is NOT the property Of solid?
(3 the definite melting point

(¢) thehigh density

(d) e extremely low rate of diffusion
the high expansion on heating

(239)
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Q2.

Q.3.

Q.4

-2k

Fill in the blanks with suitable words givenin the brackets.

1)  The word amorphous means 1 "“—"i(’“‘U"‘S"Shapclegs)
i) Cleavageisan property. ( isotropic/anisotropic)

iii) Sugar crystallizes In shape.  (cubic/monggj

iv) All the lengths are ___ in thombohedral sy
(equal/unequal)

v) Crystalline solids have ordered ____ dimensipmy
arrangement of particles. (one/three) |

vi) The orderly arrangement of particles in crystalline soligs |
______indifferent direction. (same/different) |
vii) The cubie crystals of sodium chloride change to needle like if 11§

is added to the solution as impurity. (urea/lime) W
viii) In solids, the atoms in the lattice are displaced easily wfi
respect to each other. (ionic/metallic) |
ix) In solids. the electrons are localized in the hands
(metallic/covalent) {
x) Waxistheexample of solid. (crystauine/amorphous} i

Label the following statements as True or False:
i)  Solids particles have low kinetic energy as compared (o liquids.

ii) Heatisabsorbed when a liquid is changed to solid.
jii) Plasticisthe example of crystalline solid.

iv) Crystallinesolids canbe divided into seven crystal systems.

v) Sixparameters of unitcell are called crystallographic elements:
vi) The branch of science in which we study about crystals 5 &
cryslallography.

vii) The particles insolids have translational motion.
viii) Transition temperature is for compounds only.
ix) At melting point the solid and liquid phases exist in equi [ibriuf
x)  The molecular solids are good conductors of electricity i the 2
state. b
What are solids? How kinetic molecular theory explains the pehaV™™™
solids? A '
Define crystalline and amorphous solids. How does a cryst
differ from anamorphous solid? Give cxamp]es ol’each.

(24D)
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Q6 Explam the [oHowing
' gach case,
i) Geomelt'icalshapc =
iil) Cleavage planes V) Habitofe
v) Crystal growth vi) An'is;o 5
} vii) Symmetry o
b

Mraperties of erysmllin

Vi | i
%) Polymorphisn 3 Al
Xi)  Transition temperatyre | |
an.r s Whal 15 ‘the difference between (a) isomorphism and polym
(blallotropy and polymorphism?
Wﬁatﬂatheiennsammphous. 1somorphism
Q9 What is a unit cel[? Explain the significance
 theerystal using NaCl asan example.

varionstypes of crystal systems and draw the shapes of the unit

and polymormphism mean?
of the unit cell to the shape of

sea model. How the electron sea model accounts for
ical conductivity, thermal conductivity and lustrous surfaces

lids? What types of atiractive forces exist among thesc |
e 2 mcsWhatdﬂ you think are they water soluble -

ntsolids? Discuss their properties. x

metallic solids? Give the characteristic properties of metallic
-molecular solids? Give their properties. lecularsolids?

p mﬁdﬁm‘gman d:lummllm bow! do not breaks when

d high heat of fusion of ice. =

PRy 1 Qﬁmﬂesgmofmpemcs

nelts overa wide range of temperature.

nducts electricity in the solid state,
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(¢) Do not conducl electricity in solid state but are good eor

solution formand in molten state.
(d) Softand meltscasily and the solid does not conduct ele

: Quter appearance of both the crystals looks similar but melting
sucrose (186°C) is many times lower than sodium chloride (80 o0y
. What types of attractive forees arc there between the particles of?

(a) covalentsolids |
(b) ionicsolids
(¢) metallicsolids

(d) molecularsolids

- Classify each of the follow

non-conductor:
(a) Germanium (b)sulphur  (c)silver
. Define coordination number. Wiat is the coordination numb

atom in face centered cubic structure, body centered cubic struchure

hexagonal close packing structure?
Explain the following with reasons: _
(a) Solidshave very low vapour pressure than liquids. E:
(b) Amorphous solids are termed as “'super cooled liquids™. 3
(c) Crystalline solids
morphous solids donot. r

(d) Cleavageisan anisotropic property. [
(e) Metallic solids are good conductors of electricity. ‘
() [onic crystals'are'shattel_'ed when struck by a hammer.

-~

ing substances as conductor, semicendut

have sharp and distinct melting PO

(242)

Scanned with CamScanner



Scanned with CamScanner



