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Kinetic Molecular interpretation of Solids
Types of solids

Properties of Crystalline solids

Crystal Lattice

Types of Crystalline Solids
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Describe simple properties of solids e.g., diffusion, compression, &
motion of molecules, space between them, intermolecular forces and kineticeos
hased on kinetic molecular theory. (Understanding)

Differentiate between amorphous and crystalline solids. (_Undcrsland’lu%')_
Describe properties of crystalline sohids like geometrical shape, ielting B
cleavég,c planes. habit of crystal, crystal growth, anisotropy,
isomorphism, polymorphism, allotropy, and transition (emperts
(Understanding)

Use oxygenand suiphurto define allotropes. (Understanding) N Clﬂ,‘
Explain the significance of the unit cell to the shape of the cr}fsml asing NV
example. (Applying)

Name three types of packing arrangements and draw or construct modle
(Applying) 5 o
Name three factors thataftectthe shape ofan jonic crystal. (Unde(smﬂdl"»-
Define lattice energy. (Remembering)

I uf'

[ 10 S
Differentiale between 10me, covalent, molecular and metallic crysk
" (Applymg)
Explain the low density and high heal of fusion ofice. (L?ndcrsmndmg)

efineand explain molecular and metallic solids. (Understanding)

- __k._.__ -

(Z16)

4

Sconned with CamScanner



. eaduction ————

| u@"id s the physical state oFmatter which has definite shape and volume and is rigid
sl pard. [FWe look around us we will find lot of substances in the solid state rather
Wi“ liguid o gasc(.)qs state, The clothes we wear, the paper we Wntem,!he
ke read, thctclcynsnon we watch, the radio we listen lh'e‘gold usedin )
(e plastic used in making water bottles, utensils. water !;ipcs. rain coats, Jsursical’

v

' awes, toys and purses, the refnigerator used to preserve foods, the cars and buses

werravelin, the trees that bear [ruits are all important solids. Thc'sol id state of mater |
7;apguwing area of chemustry because it relates to the development of interesting ?
o materials. In this chapter we will discuss the properties, structures and types of

olds

. "

1 Kinetic Molecular Interpretation of Solids
fhe key poinis of kinetic molecular theory are given below:
~ The particles (atom, ions or molecules) of solids are very close to cach other
ad they are tightly packed and more ordered than liquids and arc much more
yered than gases. For that reason, solids are slightly denser than liquids and much
demser than gases. However, water is an exception (o this rule i.e. the ice, the solid
fem of water, has lower density than liquid water. The spaces between solid
aticles are smaller than both of the liquids and gases.
| Thesolids are gencrally less compressible than liquids and are considered as
mompressible. The solids such as foam, wood and cork give the impression of
ﬁ!ﬁmprcssﬂ)lc but they are actually not. They have spaces filled with airs. By .
Mlying pressure, the spaces are compressed but not the solid matter in the foam, A
Waorcork.
i’ ._mt_empcrg(me or pressure change has a very little influence on the volume of
ore effective than gases and

'-"'fmmfﬂcﬁvc forces in solids are much mo: 2 :
ing and boiling points than

% Because of this, solids have lower melt
" Solid particles have low kinetic eneray than liguids an.d guses. Kinetic
K2R g_i_i;mly proportional to the temperature of solids. Therr Kinetic energy
ko bydecmasmg temperature and increases by increasing temperature. All
“Sare converted into solids

slige id particles are locked in pla i
b, Ve one an other. They are, therefore, unable to flow (i.¢. they are rigid),

e, their shapes and volume without a vessel. Solid particles usually
(2

if cooled sufficiently.
ce that are why their molecules can't slip
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have only vibrational motions. lid lily. The di
hds readily. The diffyg;,
| '“H

Vi) Solids particles do not diffuse into other ¢

oceurs but extremely slowly. If a lead plate and a gold plate are Placed jy .
cantact for a several months, a few atoms of lead will ‘h“”* 0O gold goy ,
versa. This observation is evidence that diffusion does occur in solids by ;m-:.'.
slow rate,

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

ingement of particles

Felall!

Solids

Crystalline

Solids
Amorphous
Solids

lline Solids 3

%126 :ol(izi';y:r;?ch have repetitive three dimensional arrgngements _l::lléﬂ . aJ
callcd crystalline solids. They are also caglled true solids. A crvs ¥
<ed of one or more crystals that are fused together. Each parti¢ o

comﬁ; % osition in the crystal. Because of ordered arrangement ©
e lxl)in‘e solids usually have flat faces which construct specific angles™ :
e The regular arrangement of particles in crystals also p .
anm}lwr.shaped beautiful crystals. The beautiful crystals of diamond, 4%% i
e ble salt are the examples of crystalline solids. Other€ |

crose and ta npl
:2lids are alum, urea, KNO, and CuSO,.

622 Amorphous or Non-crystalline Solids
Tim.qo]ids which have ngn—rcpclnlwc (hrgc dimensional arran e
~ lled amorphous solids or PSCUd.O solids. The term amorphous i
‘“c."::, means shapeless. These solids do not have the orderly
e les like that in crystalline solids. The structures of these soll "ot
Pal’“.c ec(urcs of liquids but their particles do not have frecdom o of
the f'u;u The elasticity of rubber and twisting of plastic reveals thfll‘ i
shous solids do not have fixed positions as in crystall-lr:o g
| point of view, the amorphous solids are considered 85
(218)

amorp
structufa
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s i "W . » ""L‘q
¢ liquid and solid states. Therefore, amorphous solids are comel

v 2 y Taer e ' : , ‘lrc
e r-cooled liquids. The well-known examples of amorphous 50! L
$ i, cement, ceramics and conerete.,
m""dmbbcr. plasti ¢ nelting

g ManY crystalline solid can be changed into amorphous solids hyl'ln(l it

pdtlu:‘ﬂ cooling the molten mass mp!dly. In this way particles d_n ',"’f 11 s

v arrangement. Amorphous solids are hard and elastic like €r¥> s

They do not have defintte melting points. These amorphous solids m.}) b

 arrangement of particles in small regions, These solids which are parti
i fline and partly amorphous are called crystallites.

A fable 6.1: Difference between Crystalline and Amorphous Solids

They do not have definite gcometrical
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ornaments and jewelry; Tron, & cryg.
jgredient in our diet. -

“precious crystallme solids and are used in

-Solid. 1s used as structural materialand 15an essentialin n
'G)n the other hand the rubber, an amorphous solid, is used in tires and rubper,
- plastic, an amorphous solid, has many industrial and commercial uses and is usedyy g
- manufacture of CDs. DVDs, footwear and (uid containers such as milk or "
_glass, an amorphous solid, is used 10 make tumbler, Mirrors, dishes, eve gly I' 3
windows and for laboratory equipmen! such as beaker, test tube, reagent boj
- Amorphous semiconduciors are used in solar cells, laser printers, fTat-pane! televgi
and monitor screens. | 1

6.3 Properties of Crystalline Solids

6.3.1 Symmeiry
The concept of symmetry is very

useful in describing the shapes of crystals Ve
casily recognize an object if we know the symmetry of that object. A crystal kg
number of surfaces (faces), edges, and the interfacial angles (the angles betweanlke
faces). When a crystal is rotated along its axis by 360° the faces, angles ande
are repeated consistently. The repetition of faces, angles and edges, whena crysuls
cotated by 360° along its axis is called symmetry. Various Lypes of symmeii

elements are:
i) Centre of symmetry 1)

iii) Axisofsymmetry

6.3.2 Geometric Shape 3
Crystalline solids have definite geometrical shapes. This 1s due to the "‘ﬁ“

arrangement of their atoms. lons or molecules. The orderly mangementomﬁ
molecules or 1ons is due to strong attractive forces between their particles. ﬂ
interfacial angles and distances are same in spite of the method of condmozi

(4 L]

Fven the fragments of finely divided crystalline solid have

Plan¢ of symmetry

preparation. !
gcometric shapes that display theirinternal structure.
6.3.3 Melting point s
ture at which the ch ' ‘o o>
The tempera ange from solid to liquid occurs 15 i 7
Jdha¥ g

melting point of solid. At melting point, the particles of liquid and soli¢™
average kinetic encrgics. Crystalline solids have definite melting poin*™ Mﬁ:
point, the temperature is reached at which the kinetic energies of the P c‘ld »!
crystaline gohcs A enough to overcome the attractive forces ho'dll;w
together and tl)c par'ucle.s get free of their fixed positions in the solid- Thee h’“"
solids can pe identified from their definite melxi};g points 0;1 the othe

amorphous solids have no defimite melting points, Because the amOl'Ph"us
(220)
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Ve orderly ‘arrangement of particles and the particles are not constantly
np(_‘ s ieir positions. Ihese solids have the ability to liow over a réngc of
cature. FOT c\’ﬂml?‘f‘w when a glass i heated, first it sofiens and then starts
;\&il@ without et _uhmm or sharp change from solid ;o liquid. 'chée
orhous solids are regarded as super cooled liquids, quid,
14 Cleavage Plane
preaking of bigger cr)-'st'als img smaller identical crystals by applying pressure
« called cleavage. Crystalline solids are broken down through particular planes
"-dmcmms ors:sies}-‘TheSC Pli'mcjs are called cleavage planes, A crystal caneasily be
i one direction and not in any other direction. For example, a mica crystal

poken 1 . e
ins infinite layers of SiO}~ sheets. The sheets have weak attractive forces and

aeeasily separated parallel to the layers only.

§3.5 Habitof Crystal
ysiape 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

hexagonal habit.

£3.6 Crystal Growth

(rystals are usually grown (prepared) by slow cooling of liquid or saturated
wluion under certain conditions. Outer appearance (shape) of crystals depends
won the method of preparation and conditions (temperature, pressure,
scentration) under which it is prepared, Forexample, NaCl always crystallizes in

@it shape, if conditions are not changed. Different crystals of the same substance
ppedr utside due to different rate of growth

W}Qmetim_es appear to be different from 0 ;

¥ diferent faces but their interfacial angles are always the same.The change in

#Peanance is because of the presence of impurity in the solution or due to.ch?):)ge in

"nditions, For example. the Fabit of NaCl is cubic but in the presence of 10% urea
urity, its habit is oetahedral, 1t is called change ofhabit

n directions. They can vary from

“.,1!081@" I 'pro i -y epend upo . :

Qz":ﬂ w&?:;z?e—;{;:ry s;alsrﬁéls?@m called anisotropic propertics and the

] called m -lﬁpr;qpcubsta. nce ‘which has this property 1S caUcd
Mhe GIOPY, Y R s thermal expansion, clectrical

bl anson, clecr
Vity.. o pysical pmpcrtlese index are anisotropic properties. For

? ksmphfte:saf:;s:;g mig:lcccondumion of heat and electricity, in graphite,
mdlﬂbrem dnrecg:;as [{conducts eleetricity parallel to the plane of
'sa‘mol’goliﬂucmtpcgpendicular tothe layers.

(221)
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6.3.8 Isomorphism
The process i which two or more different elements or compounds exig in
crystalline shape is called isomorphism and compounds are known ag iSOmorm |
?a‘ch other, The isomorphs have following propertics: "
l) They have same ratio of atoms.
)  Theirphysical and chemical properties are different.
Table 6.2: Isomorphs and their crystalline forms i"j.lh alomic ratios

3 e BT *
line Form

Tn'gou;l— ,
Orthorhombic = L:1 28

Hexagonal |
Diamond, iror Cubie |
Graphite, zine | ~ Hexagonal |
In table 6.2, NaCl and MgO are two different compounds
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 fm!
is called polymorphism and different crystalline forms of same compound &
called polymorphs. The polymorphs have following properties:

i) They have same chemical properties
but different physical propertics. The Table 63: Polymo
difterence in physical properties is due to &

different structural arrangement of particles
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 compound

rphs and thew crysal®

are called polymorphs.

6.3.10 Allotropy i

The process in which an lement is preseny i more t o ine fo®)

calledallotropy and different forms of the element?ur: g::re:i) ::lo‘g)ﬁil;ra ol
(222) ‘
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gu.biave (SAIIE chemeal properties but  different  physical
to difterent
common

+ )
P54 8 ¢ Fahle : el ‘
I ies dy e O Allatropes and their Crystalfine Fonms

el yms. The
‘al‘m ont of atd

| ¢ show allowropy are: : .3 ; o

s 2y hur, and oxygen. Carbon l?mmqnd (cubic) Ol

g, SWIPIE (e iz ~ Graphite (hexagonal) N

gt forims are given m | [y

Eos alkﬂml’“ - Grey tin (cubic) >,

| Mhlr Tin White tin (tetragonal)

# aple 6.4, carbon has two | ’ ~ Rhombic tin (orthorhombic)
crystalling forms (cubic ‘ Rhombie sulphur =

§ ), These. different | Suphur | Monoclinic sulphur

: mag@l;ﬂn:ns B dame 1 :Plastic sulphur (amorphous form)

- _aine fO - : L T =3 1

Lgnlbﬂ carbon) are called Oxygen | Dioxygen Q) l

*meal (¢ PR Ozone ()

s s PR

pmhfw clements and the polymorphism is for ¢ompounds.

i1l Transition Temperature

kamugement of particles of a substance can also

lperature and a new allotrope of an clement or a

mpaund is formed.
The temperature at which two crystalline forms of same substance ex

Mivumwith each other is called transition temperature.

 Above and below this temperature only one crystalline form of 2 substance
SRR bslowthis Ieper?  ure OFKNO, is 1285 C, at which both

Horexample, the transition temperature ) Bibota
5 f this compound exist in equilibrium with each other. Above this
- 1:;?(“@8;-5‘“(2) KNO, exists in orthorhombic form and below this
" itexists in rhombohedral form.

be changed with the change
new polymorph of a

1St in

KNO3
L nedrl) (Ofthothombic) . &
f'i._ lyng,'m temperature of sulphure is 95.5°C. Above transition

2 3phur exists in monoclinic form and below this temperature, it exists

Sn
(‘Monoclinic)
ys less thanme

(223)

lting point of substance.
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6.4 Crystal Lattice and the Unit Cell

T:he erystals are regular shaped solid particies W ith Nat shiny faces ang .
dimensional ordered arran gements of part icles. The ordered structure of ad‘
described in terms of a crystal lattice. A crysial lattice is a three d,mc' \
Structure of points that designales the positions of particles i!r'm
!noleculcs, or ions) in a erystal. Crystal lattice " oy
Is also known as space lattice. A crystal lattice
1S not an actual object but it is 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 al particular
positions and are represented by points and
these points are joined together by lines. This
type of structure s known as crystal lattice.

&

Figure 6.1,
Crystal Lattice Consists of § Unil(

6.4.1 UnitCell y -

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 in all directions in a perfectly regular way and build
up the whole crystal. Aunitcell gives complete information
about crystal structure. It will be easy to know the exact A single 08
rticles ina whole erystal, if we know its arrangement mé

arrangement of pa
Unit cell has definite shape and definite number of particles. These P

arranged in three dimensions.

Representatlon of a Unit Cell ‘
Shape of unit cell depends upon the length of three sides (a, b. and ¢) a-“‘l 3
petween these sides (1. Band y). Incommon practice, side'a' is along X
is along y-axisand side 'c’is along z-axis.

The angle “ct”is between sides 'b'and '¢',

The angle “["is between sides 'c'and ‘',
The angle “y"is between sides'a’ and'b'.
(224)
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Cubic System

In cubic system, all the three axes are of equal lengths and
allangles are of 90°.

a=b=cand a=p =y=90°

Exampleare: NaCl, diamond, iron (Fe), copper (Cu), CsC!

| 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,

respectively.

Tetragonal System

In this system. two axes are of equal lengths and the third
poc is different. It may either be shorter or larger than the
Qhertw‘o. Allthe angles are 0f 90°.

‘zb#cand o= ﬁ = Y = 900

Bample are: SnO,, MnO,, white tin (Sn). NH,Br
o"i«l'lmmbic System

"mﬂﬁngths are unequal and all the angles arc of 90°.

ﬁb: cand a=B=y=90°

Wmples. are; FeS0,.7H,0, ZnSO,.7H,0, KNOs L
Mbl(:sn]ﬁu-

Wlal or Rhombohedral System
cngghs are equal but none of the an

]:’zl'ebctweenw and 120°,
%;am 0= B= y# >90" and <120°
‘ay 0»31'031N3NO3, KNO,, Bi, ALO;

(228)

~ b

gle 1§ of 90°.
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Hexagona System

di "0 axes (a and b) are of equal lengths and third (c) 1s

fferent in length. Two angles are of 90° bul third angle is
of 120°.

af.b~=tcand a= B= 90°, y=120°

Examplesare: Zn0, Cds, graphite

Monoclinic System . o

All the lengths are unequal. Two angles of 90 and third one
IS greater than 90°,

azbzcand o= f= 90", y=>90°

Examples are: Cy,H;0,,, Na;CO,.10H,0, Na;B,0;
10H,0

Triclinic System

All the lengths and angles areuncq ual.
a#bzcanda#p#7+# 90°

Examples are: CuS0,.5H,0. K,Cr,0, H,;BO;,

abled:

1ls of the scven different crystal systems are summarized int
' Table S\'cn C

rystal System

i

==pf=y=90"

| ,=~b= c -NaCl, NaBr, "

T A e

awbrc | ==B=1=%0’

monoclinic sulp_ -
cds.

axb¥c | & =f=90° vy 90°

] s =B =90° y=120° l,ce,NMs.
i ,3. b#t‘r p 1 0° o

| ogia: ‘=’ -¢:90° SR

I?f i HgS(cmnaw i

DR . | =sbarase || KoOLORPRTY
(226)
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6.4.2 Shape of NaCl Crysgal

The structure of sodium chloride, is one of the most common ionic crystal lattice. It
has ""CC',wm.CI'Cd cubi\". arrangement in the octahedral structure. In the structure,
cach sodium ion, Na ; 1% surrounded by six chloride jons, CI, and each CI ion 15
surrounded by six Na' ions. Hence, the coordination number of each ion is 6. The
distance between two adjacent ions of different kindsis2.815A°.

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 dircctions Where we can sce six chloride ions around some of the other

sodium 1ons.

Figure 6.3: Representation of the unit cell of NaCl

The formula of an ionic compound is derived from the unit cell structure.
The formula of NaCl is obtained by counting the number of sodium ions and
chloride 1ons present in its unit cell. There are eight chloride ions at each corner of
Ahe unit cell. Each CT ion is shared among eight unit cells, hence each contributes
one eighth of Cl ion to the unit cell. There are six chloride ions in the center of each
face. Each CI ion is shared among two unit cells, so each contributes one half of C|
donto the unit cell. The total number of C1 ions within the unit cell is calculated as:
| |

2 Cl™ per corner x 8 corners =1 CI'

1 >,
3 Cl™ per face x 6 faces = 3Cl

Total number of CI” ions in a unit cell = 4 CI" ions
| There is one complete Na' ion in the center of the umteell, There are 12 Na
NS4l the midpoints of edges of the unit cell. Each Na s shared among four uniy
i j"us' hence, each contributes one fourth of Na™ ion to the unit cell. Thus the (o1a)
ber o Na' ions within the unit cell is calculated as:

(221
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1 . i
4 Na® peredge x 12 cdges = 3Na
1 Na™ per center x | center = |Na

it cell = 4Na’ ions

Total number of Na' ions in a un

Thus, the unit cell of NaCl has four Nz and four Cl ions, in the ray, of|
as required by its chemical formula. ]

NaCl crystallizes in face centered cubic sha
shape, The different arrangement of CsCl is du

Lcompared to sodium ion.

6.4.3 FactorsAffecting the Shapeof lonic Crystals
There are three factors that affect the shape of ionic crystals.

(i) Radius Ratio:
The shape of an ionic crystal depends upon the radius ratio which is defined it

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 ¢St
known as radius ratio effect. The range of radius ratio may be expressed 85 %5

pe while CsCl crystallizes m simple pybe
¢ to larger size of cesium jogy

Radius Ratio =

radius ratio. S0 :
Table 6.6: lenng Radius Ratio and Shape of lonic Crystals

|

— pazs0ald Tetrahedral s
centte!

The shape of NaCl is Octahedral and that of CsCl is body

because their radius ratio values are different.

(i) Electrostatic Forces of Attractions:

[onic erystals are held together by strong electrostatic forces of attract®. gl
cations and anions. hxamglc:. sodium chloride, NaCl. These forces
defined geometric shape to ionic crystals,

(228)
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joni¢ crystals do not conduct electricity in solid state because their ions are fixed in
]msi(ions and are unable to move. Hence, the shape of ionic crystals remains as
cch, They can only condpcl clectricity when their ions are free to move i.e lhey
conduct electricity when dissolved in water or melted.

6.4.4 Lattice Energy
The amount of heat needed to break one mole of ionic crystal into its gaseous (ons 1S

called lattice energy.
It has positive value. Itis expressed inkJ mol .

i Clny (———" KCl,,, AHY == 715 kJ /mol

Jonic crystals are composed of ions. These ions are located at fixed positions.
A definite amount of energy is needed to remove these jons from their fixed
positions, called lattice energy. [t canalso be defined as:

The amount of energy released when gaseous ions of opposite cha
combined to form one mole of crystalline ionic compound is called lattice energy

It has negative value.
¢ Kby —— K + Cly
The magnitude of lattice energy depends on ionic size, ionic charge and
“amangement of ions in the solid. The lattice energy decreases by increasing the
size of either cation or anion and Increases by increasing the ionic charge.

Effectof Ionic Radius .
‘The smaller the ionic radius, the shortet the distance among the 1005, and the
Mronger the attractive forces among jons. As a result of this, the ions come closeto
tach other and their packing become tight. From top tobottom na group of periodic
table, the ionic radius increases, hence, the lattice energies of their compounds

FRCS are

AH® =+715 kJ /mol

WCC

Y The lattice energies for those  Tuble 0. -

Smpounds, which have same SINCAUT o T O
1 but different cations, iy
.45 with the increase in the
' feations,

o The Jatgige energies for those

Lattice Snergies of compounds having

‘ 005, which have same
coree L different anions,
With the increase in the
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The lare i lattins Table 6.8: Lattice Encrgics of Compo
encrgy, the mao:ﬁcs';n;ll:th{d't “L.L same Cations P
g 10me e e TR R
compound and the more tighly | Na | 1
held: the ions. The solid with |ERE S
higher lattice energy has higher | Sodium fluoride
melting point than one with = Sodium chloride

e ————— -~ - C o —

smaller lattice energy. " Sodium bromide NaBr

—_—

Effect of lonic Charge | Sodumiodide |
The higher the ionic charges, the greater the force of attraction between opposiply
charged ions, so the lattice energy has high value for more highly charged ions.

If we compare lithium
ﬂuo:;iﬂ"e with magnesium oxide,
then we find that, they have cations
(the radius of Li"is 76 pm and that
of Mg" is“ ?2 pm) and anions f'thf e
radius of F 1 133 pm and that ot?‘ TERTTT oxxde M'ﬁo
is 140 pm) of about equal radii. R CaO T 5k
But lattice energy of MgO '
(4050kJmol") is about four tmes greater than that of LiF ( 1050kJmor ) ﬂlf
fourfold increase in the lattice energies of CaO is due to the fourfold increast nf
productof chargeson Mg2+and'02"ions. -A

The lattice energy is directly proportional to the product of charges Of“‘m;
and anions and inversely proportional to the sum of their radii.
charge of cation * charge of anion

cation radius -+ anion radius

6.5 Typesof Crystalline Solids i

The structure and properties of crystalline solids such as melting po*

point, hardness, and density depend upon types of particles in the crystalliﬂc

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

oy alline ,sol.ids on the basis ,Of types of chemical bonding present in th

they areionic solids, covalent solids, metallic solids and molecularsolids:
(230)

Table 6.9: Lattice Energies of Compounds having
different Cations or Anions

|

Lithium fluoride

Lattice energy (AH;mtc) o«
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forces Of aractions that hold the solid particles logether determine many
b i n,pcrﬁ"-‘f_“' Sq\ll.d' For c?umh!c, copper is a good ’C"’nfluélurnfclcclnmly'\Vhllc
0T g sulator although they both are atomic solids, The difference in the

s between these tWO substances is because of differences in the chemical
f\ dngpfuﬂn“lnihcnl g

41 Tonic Solids

n slids-in which ions are held together by ionic bonds are called ionic solids.
weeions areheld to gether by electrostatic forces of attractions. Examples of such
gisare NaCl, KC1, KBr, CsCl, and CaF, The ionic solids are generally formed
g alkali metals (group 1A metals) and alkaline carth metals (group 1A metals)
hice with chalcogens (group VIA non-metals), halogens (group VIIA non-
wik) andnon-metallic polyatomic ions.

roperties

. The ions in ionic compounds are held together by strong attractive forces;
wefore, they are hard and have generally higher melting and boiling points than
vecular compounds. They can also have low volatility. The higher the melting
dhoiling points the stable the ionic compound.
' They are highly brittle. For example, the jonic solids are broken into small
e when we struck them by a hammer, the ions are driven down a layer and the
™ charge jons come next to each other and because of this the same charge ions
Haxhother thatsplitthe solid ' |

They have definite geometric shapes; and have high density due to close

Rofions.
L. 52"}’ '_do not conduet electricity in solid state because their ions. are fixed in
s and are unable to move. When they are melted or dissolved in water, the
he l:i""taﬂd move freely through the solution or liquid, hence the liquid or the
| n&y“‘dﬂctselectricity'readily. , _
efrequently soluble in polar solvents like water. The ions ofionic solids

Kooy each other when dissolved in water and are surrounded by water
s e, € H0Nic compounds are not dissolved in water, because the attractive

“Ween the i ht
1 e ion ecules are not enough (0 oOvercome the
:‘%bqw s and water mol

: enthe jons.
\ Thtysh"w the proc o ymorphism.

it al

tge o i I
haye . Process of isomorphismand po 5w
thn:sfom"h roass but no molecular mass, bEcause they do not exist i,

.

i (23)
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“onceptual Check Point:

s

AN

e solids are brittle but not malleable, why?

ONIC erystallin

6.5.2 Covalent Solids

The solids in which atoms are held together by covalent bonds are called c“"'ﬂlcm

solids. Examples include diamond. graphite, quartz (S10,, found in some indg o
sand) and Silicon carbide (SiC, a common abrasive used in sand paper). :
F?ovalcnt solids are of two types:

1) When covalent bonds give huge molecule like diamond, SiC, AIN e,
i)  When atoms combine to give separate layers of atoms like Graphie
Cadmium iodide (Cdl,), Boron nitride (BN) eic.

Properties

1)  Theyare usually very hard and have very high melting and boiling points d\)etu"
strong attractive forces between covalently bonded atoms. |
11) They are insoluble in polar solvents like water. !
1ii) They are poor conductors of heat and electricity in either the solid o ltquld
state. This is due to absence of ions but some of them. such as silicon, are semi-
conductors.

iv) Their chemical reactions are very slow.

:

C-om eptual Check Point:

6.5.3 Metallic Solids |
The solids in which atoms are held together by metallic bonds are called metdll
solids. Examples include copper, silver, gold, iron etc.

Many theories have been proposed o explain the metallic bond, bt e
will discuss only the electron gas theory.

Electron Gas Theory

According to this theory, the valence electrons ip

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

{0 the other. These free electrons do not belong (o
jcular atom.

o pal?hese electrons produce negative

atmosphere (sea) around metal positive ions, This

Figure 6.4: Electron S¢%
(237)
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|

gimosphere Oft‘k?c!mn\' IS Qilllc(i Electron Sea or poolor gas. The force of attraction
which holds metal P“MH\.'L' 1ons and Eleciron Sea together is called metallic bond
Thistheory explains the following Properties of metallic solids.
properties of Metallic Solids
| Theyare good conductors of heat yng Clectricity because electrons are free to
moveand carry Kinetic energy through the so lid.
i) Most of the metallic solids have hustrous (shining) surface. This is because
when light falls on the surface of metals. The electrons are jumped from lower
ncrgy level to higher energy level, When the electrons come back from higher
wergy level to lower energy level, they emit energy in the form of light at the
frequency similar to the absorbed frequency. This reflected light is responsible for
the lustrous 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= —
#.72°C), gallium (mp = 29.93°C) and francium (mp = 27.00°C) have quite low
meiting 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.
isis because the charge densi ty of mercury, gallium, and francium is low and they
weakly attracted to the electron sea and the charge density of chromium,
vlybdenum, 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 of
“en in thin sheets is called malleability while the ability of a substance 1o be
1 or pulled into thin wires is called ductility. That is why most of the metallic

dreeasy to form into desired shapes.
‘are insoluble in all common solvents.

|
Y 10

"eptual Check Point:

bur, e of Metals

% l:‘e'(al I$ 4 crystalline solid in which metal atoms are closely Packed i ,

| uau;:u%e Metallic aygjce), A metal may be regarded as an assembly of POSitive

bo., ; ¥ Considered as spheres, which are packed together to fj]) SPace 4

Toy USpossible, _
e, erstand the close packing of atoms in metal su:uctures, let ys Conside

¢ 0f'bg])s. Ifa number of solid spheres (or metallic balls) are Packeq j, ;

(233)
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bo nge o . - s ““
X as shown in figure 6.5, when the box 1s W ell shaken, the balls wil) rear
an

S » - s . - M
}]\-O\vn in figure 6.6. The rearrangement of balls in higure 6.618 more Stablage .~ 3
closely packed than figure 6.5. ndmm

Figure 6.5 Figure 6.6

Metals have three major types of crystal structurcs:

i) Face centered cubic structure ii) Body centered cubic structure.

iii) Hexagonal close packing structure.

1)) 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 ator

to the unit cell. Thereare six atoms in the center of each face an

o
by two unit cells. So each atom contributes one half to the unit cell. The total B‘ﬂ
|

1 contributes oneeid
d eachatom1s

Ao

ofatoms perunit cellis ( 1og+lxg=1+3=4)four
8 2 One-cighth o2

2 One half of an 80
Figure 6.7: Face centered cubic structure sﬂ‘l

Every atom in the crystal is bonded with twelve ncighl{"“p cﬂP"J

coordinaiion number is 12. In this case 74% of the available yolume 1

the spheres. Examples are Ag, Au, Ca, Co, Cu, and Ni.
Body Centered Cubic (BCC) Structures

red-cubic structures, there is one eighth of an atom al e
(734)

e

i)

In body cente
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it cell and only one atom a1 g0 center of unit cell, The total number
fhc !

Y s
pcrmutccll 18 (g X8+ IX1= |+]=

ﬂ
falons =<)iwo,

One-eighth of an atom

@
Q-_"_i:#fj

Figure 6.8 Body centered cubic structure

One atom

LN

Thecoordination number is 8, In this case only 68% of the available volume

soceupied by the spheres. Examplesare i Naand K.

i) Hexagonal Close Packing Structure (HCP)

s 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
e of 2 hexagon and a seventh atom sit in the middle of the hexagon. The atoms
{lke top layer (third layer) are exactly above the bottom layer (first layer). The

Nl layer has three spherical atoms. The spherical atoms of the fourth layer are
Hctlyabove the middle (second) laverand so on.

Figure 6.9: Hexagonal close packing structure

twel
h“om‘pa king efficiency is 74%. Every atom is bonded with twelve

Mg and Zn are
| %“’H e<300rdmat1cmnumbc.rxs17 For example, Ba, Ca, Mg and Zn are

(233)
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6. . e » .
54 M(blecularboll(ls
E80lids in which atoms or molecules are he Id together by miermolecyy,
are called molecular solids, 9
Examples are solid NH.. solid SO., lce.s0lid €O, (dryice). 1, ete,
These solids consist of two types ol molecularsolids.

Keep In mind B, sy
s . L

Both covalent solids and molecular solids contain covalent bonds. The covalnt g
are not broken during the melting of molecular solid, l"he higher the melting pojg o
Lm()lecular solids the stronger the mtermolecularattractive forces. .
i) The molecular solids which have dipole-dipole forces and hydrogen W
between their molecules are called polar molecular solids. Examples of such ol
areice, sugar, solid HF ete, 1
ii) The molecular solids in which molecules are held together by Loss
dispersion forces only are called non-polar molecular solids. Examples of i
solids are I,. S,. P, solid CO, (dry ice), the solids of group V 1A
elements such as ncon etc. 3

Properties

i) They are soft and can be compressed easily. This is due to weak foes
attractions among the molecules. ; ”
ii) They have low 10 moderately low melting and boiling points. Most
molecular solids melt below 200°C. They have low heat of fusion.
jii) They are volatile in nature and henee, have relatively high vapo oressute
jv) Theyare poorconductors of electricity and are not malleable.
y) Theyhavelow densities.

vi) Polar molecular crystals are soluble in polar solvents and 1O
molecular crystals are soluble innon-polar solvents.

Structure of Ice Crystals g
The familiar example of molecular solids is ice, The structure of I¢€ isj"’st?' :
of diamond. The ice has regular hexagonal rings in which water molect!®
together by hydrogen bonds. The water molecules in the structur® ol
shemselves in a regular manner in such a way that empty spaces e
Hence. 1€€ occupies 10% more space than liquid water and its density *
This means that there are ‘fewer molecules, and hence €%

(238)
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- volume of snlnd.( 1ee) than i the same volume of liquid water. Water has
-"";,.;n\ high heat of fusion due 1o presence of strong hydrogen bonding among its
um;l..nlg:.\. The large amount ol heat is released in the process of ﬁeczing'(l‘hc
"w»:crsmn of water into 1ee) which is used to save crops from freezing by spraying
‘;:"m with liquid water. Because ol this reason citrus fruit growers spray their trees
\'n'lh aateron co[d nights to profeet !hc tree from frost damage. When water freezes
m}hc crfice of lcaves it gives ofl cnergy which is enough to save the tree from

aedzing. The heat of fusion of water is the highest of all molecular solids except

,mmonia.
ayle 6100 Comparison ol the Properties of Jonic, Covalent, Molecular and Metallic Solids

~ Force - point (400 to 3000°C), K;S0y, LiF,
of attraction poor conductor of heatand | CaCOy
’ | electricity | L S
 Very Hard, high melting Diagmond,
s RalER- < point (1200 to 4000°C), Silica (Si0s:).
Covalent bond ' paor conductor of heatand  Silicon,
electricity | carbide (SiC)
§oft, low to moderate Suerose, ice,
melting point (-272 solid €O,
| 4007C), poor conductor of | solid
heat and electricity benzene
soft to very hard, low v o
high melting poin (-39 to ey
5@ ’gpf:l ductor All metallic

“U““"“”L’ '” ) - "
ezl formation:

L N . s - s: the water within a cell expands and
fay, ‘PP."-?I :s J::pt in the h::;:c;"“ m?vithin the pipe bursts the pipe. When the
or ooy with High water content ke spinsch freczes, it will be dumag
Unfreepeft,
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Sid ‘ finite shape 4
vsical state of matter and has definilc shape 4
émy packed and locked at their position

r particles have toand fro motions.

stalline or amo
articles where

o POend
v‘j:—

a1
A\-r 7

Sy o e

b
F‘;.;T
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jons and Problems

four ANSWErS are & Ven foreach question, Select the correct one
Crystalline solids are also called

]

(31) Tlme solids (b) pseudo solids
as5€S d)a :

:ic)) %mlich ofthe following is amo(rp:wTsD:;](:lr;S‘?us M

(a) Sucrose (b) NaCl

(c) rubber (d) SiC

i) Solidis made up of

(a) Atoms (b)1ons

(c) molecules (d) all of them

The process in which same compound is present in more than one

)

crystalline forms is called:

(a) Allotropy (b) anisotropy
(¢) isomorphism (d) polymorphism

v) Isomorphs have

() samephysical properties  (b)diffcrent physical properties
(¢) same chemical properties  (d)difterent ratio of atoms

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

(a) Ductile (b)malleable

(¢) brittle (d) flexible

vii) Which one of the following has the highest value of lattice energy
(a) Nal (b) NaBr

(c) NaCl (d)NaF

viil) Which one of the following is polar molecular solid?
(a) Dryice (b)ice

() phosphorus (d) sulphur

™ Incubic system, the angles

) 0z feyz 000 (b) i =p=y#’

9 0=p=y=90° (d) 0=p=90° Y#0°
) Whichaofthe following is NOT the property of i

the definite melting point

A the high density =

the extremely low rate of diffusion

the high expansion on heating
(239)
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Q:2.

Q.3.

Q4

state.

Fill in the blanks with suitable words givenin the brackets.

1)  Theword amorphous means , ""mi”“l“&'b'hapelcss)
i) Cleavageisan property. | Isotropic/anisotropic)

ili) Sugar crystallizes in shape. (cubic/monggj

iv) All the lengths are W rhombohedral gmi'
(equal’/unequal) .
v) Crystalline solids have ordered _ __ dimensing

arrangement of particles. (one/three)
vi) The orderly arrangement of particles in crystalline solid
in different direction. (same/different) i
vii) The cubic crystals of sodium chloride change to needle like if l‘!
~ isaddedto the solution as impurity. (urea/l ime) ,
viil) In solids, the atoms in the lattice are displaced easilywit
respect to each other. (ionic/metallic) |
ix) In solids. the electrons are localized in the ban
(metallic/covalent) '
x) Waxistheexampleof solid. (crystalline/amorphous}

Label the following statements as True or False:

i) Solids particles have low kinetic energy as compared to liquids.
ii) Heatisabsorbed whena liquidis changed to solid.

iii) Plasticis the example of crystalline solid.

iv) Crystallinesolids canbedivided into seven crystal systems.

v) Six parameters of unitcell are called crystallographic elements:
vi) The branch of science in which we study about crystals i5 &
crystallography.

vii) The particles insolids have translational motion.

viii) Transition temperature is for compounds only.

ix) Atmelting pointthe solidand liquid phases exist in equilib™*™
x)  The molecular solids are good conductors of electricity it 1™

what are solids? How kinetic molecular theory explains the beha*
solids? e

Define crystalline and amorphous solids. How does a cryst
differ fromanamorphous solid? Give cx-an;plcs ofcaCil

(240)
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Q.6 Explam the olow 1Y

each case. Properties “rc"-'vy-. [

i) Geometrical shape
i) Cleavage planes ::,)) }}:](:; " BT
V)i Crystal growrp, vi) Am;zdf“'
vil) Symmetry vili) Isomorphism
ix) Polymorphism

xi) Transition lemperatyre A

~ What is the difference between .
een (a VRO

{b)NIWQpX and polymorphism? e pol |

)8: Whatdo the ﬁeltmlal; ;morphous 1somorphism and polymorphism mean?
09 Whatls &umtce Explain the significance of (he y tcell
- ﬂ‘(g rystal using NaClasan example. i i

% ,:_'vanons Iypes of erystal systems and draw the shapes of the uni
il various crystal systems? =

ctron '.,sea model, How the electron sea model daccounts for
wnducﬁvny, thermal conductivity and lustrous surfices

(e 7“’1!8‘ types of attractive forces exist among these :
propertics. What do you think are they water soluble 7

' Discuss their properties.
snltdS? GM the characteristic properties of metallic

dﬁlangMQMIyWu than molecularsolids?
wi breaks Md aluminum bow! do not breaks when

[ wemwidmnge oftempemmrc
& | ’ uots electricity in the solid state,
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Q.22;

0.23;

Q24.

Q.25:

Q.26:

(¢) Do not conducl clectricity in sold state but are good condy

solution form and in molten state.
(d) Softand meltseasily and the solid does notconduct electrici
Quter appcamncc of both the Cl‘)’Sla]S looks similar but Iﬁe‘ |

sucrose (186°C) is many times 9
What types of attractive forees are
(a) covalent solids 4
(b) ionicsolids -
(¢) metallic solids
(d) molecularsolids |
Classify each of the following substances as conductor, semicar dut

non-conductor:
(a) Germanium (b)sulphur  (¢) silver -
Define coordination number. Wha is the coordination numberd

atom in face centered cubic structure, body centered cubig structuse

hexagonal close packing structure?

Explain the following with reasons:
(a) Solidshaveyery low vapour pressure than liquids. .
(b) Amorphous solids are termed as “'super cooledﬁquids;", 3

(c) Crystalline solids have sharp and distinct melting poms: '
morphous solids donot. il

(d) Cleavage is an anisotropic property.

(¢) Metallic solids are good conductors of electricity.
(f) lonic crystalsare shattered when struck by a hammer.

-

lower than sodium chloride (80 0
there between the patticles of?

(242)
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