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UNIT - 1 : The Solid State / Solutions

I THE SOLID STATE

GEHEHAI. CHARACTERISTICS

® Solids have definite mass, volume and shape due to
the fixed positions of their constituent particles.

® Solids have short intermolecular distances and
strong intermolecular forces.

® The constituent particles of solid (atoms, molecules
or ions) have fixed positions and can only oscillate
about their mean positions.

® Solids are incompressible and rigid.
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CrystaL LATTICE

The regular arrangement of an infinite set of points
which describes the three-dimensional arrangement

of constituent particles (atoms, ions or molecules) in
space is called a crystal lattice or space lattice.

Unit CeLL

® The smallest repeating unit of space lattice which
when repeated over and over again in three-
dimension, results into the whole of the space
lattice of the crystal is called the unit cell.

® (Calculation of number of particles per unit cell :
Contribution of each atom present at the corner = 1/8
Contribution of each atom present on the face = 1/2
Contribution of each atom present on the edge

centre = 1/4
Contribution of each atom present at the body
centre = 1

Characteristics of Different Types of Unit
Cells

Characteristics SC bec 1 fcc | hep
Number of |
Atoms per 1 2 1 6
unit cell
Coordination " " - -
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Packi

p . 15 52% 68% 74% | 74%
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Radius (7) 5 Ta 2 >
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SEVEN TYPES OF GRYSTAL SYSTEMS

Axial dist
Crystal systems S e Axial angles Examples
or edge lengths
Cubic (most symmetrical) a=b=c o= =y=90° Cu, Zinc blende, KCI, NaCl
Tetragonal a=bzc o= =y=90° Sn(White tin), SnO,, TiO,,
CaSO,
Orthorhombic or Rhombic azb#c o=p=y=90° Rhombic sulphur, KNO;, BaSO,
Monoclinic azb#c o=y=90%p #90° | Monoclinic sulphur,
NHESCLI -1 UHzo
Hexagonal a=Bh&¢ o= =90°%y=120° | Graphite, ZnO, CdS
Rhombohedral or Trigonal g=b=c o=p=v=#90° CaCO; (Calcite), HgS (Cinnabar) |
Triclinic (most unsymmetrical) azb#c o#P#y#90° K,Cr, 0, CuSO4-5H,0, H3BO;

INTERSTITIAL SITES IN GLOSED PACKED STRUCTURES

Trigonal Void Tetrahedral Void Octahedral Void Cubic Void
) O
r:f%l?g ' Octahedral @ ‘/ , '
oid Cubic voi
VOl - '___,..-r"'"“f

Trigonal void is formed
at the centre of three

Octahedral void is formed

spheres .
. = at the centre of six spheres
Ietrahedral void is tormed P
by covering trigonal voids

r=0.155R | r=0.225R r=0.414 R r=0.732 R

where r = radius of void, R = Radius of closely packed spheres

chLEULﬁTIDH INvoLVING UHIT CEI.I. DIMENSIONS M = atomic mass of the element,
a = edge length of the unit cell,

Radius Ratio N, = Avogadros number

Radiiis datis = Radius of cation _ I+ Limiting Radius Ratio, Coordination Number
and Geometry

Radius of anion r_

Packing Fraction

v C. No. Geomet
Number of spheres/unit cell (Z)x 4 . Z . -
Volume of one spheres in the unit cell £X 3 Ly <0.155 2 Linear
~ Volumeoftheunitcell (V) 43 0.155 - 0.225 3 | Plane triangular
Density 0.225 - 0.414 4 Tetrahedral
p=22 0.414 - 0.732 6 Octahedral
a X 4"1\":4 :
whiere. 7 <. of atotis st e 0.732 - 1.000 8 | Cubic (body centred)
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Derects IN SoLips

(Imperfe:tiansiDefects in SnlidsJ

v

Point defects

v

Line defects

Deviations from ideal arrangement Deviations from ideal arrangement in

around a point or an atom.
|
v v J

Stoichiometric/Intrinsic/Thermodynamicdefects  Impurity defects Non-stoichiometric defects

entire rows of lattice points.

Do not disturb stoichiometry of solid. Arise when foreign atoms are present at Disturb stoichiometry of solids.

lattice site e.g., SrCl,, CdCl,, AgCletc.

v

Vacancy defect : Arises
when lattice sites are
vacant. Decreases dn{inﬁitj,'1
shown by non-ionic

solids.

\

Interstitial defect : Arises
when constituent particles
occupy interstitial site.
Increases density, shown

by non-ionic solids.

v

Frenkel defect :
(usually cation) dislocates

Smaller ion

from its normal site to an
interstitial site. Does not
change density, shown by

v

Schottky defect :
when equal number of

Arises

cations and anions are
missing. Decreases
density, shown by ionic

ionic solids, e.g., ZnS, AgCl,
AgBr, Agl, etc.

solids, e.g., NaCl, KCl,
CsCl, AgBr, etc.

v v

Metal Ex‘:IEHS defect Metal deficiency defect
Arises when metal shows

v v

Due to anionic vacancies Due to the presence of extra cations

variable valencye.g., Fe?t Fe’*
A negative ion is missing from its lattice site, Usually arises when metal oxides are
leaving a ‘hole’ which is occupied by an electron heated, e.g., ZnO.

to maintain electrical neutrality, e.g., LiCl, NaCl.

Solutions are homogeneous mixtures of two or Ga q qum d | qum d Oz i water
more than two components. |
, Solid (GGas Gas Carbon in air (smoke)
® Homogeneous mixture means all the components j
are uniformly distributed throughout the solution. Liquid |Gas | Gas Fog
® A binary solution is composed of two components. | Gas Gas Gas Air
Solution may also be known as ternary and
quaternary when it is made up of three and four ConcenTrATION TERMS
components respectively.
Name Symbol Formula
DiFFerenT TYPES OF BINARY SoOLUTIONS N %(wlw) Massof solue
_ = ] X
Solute | Solvent | Solution | Example RSt Total mass of solution
Solid Solid | Solid Certain alloys Mass by | % (w/v) Mass of solute
Liquid Solid Solid Hgin Ag volume Total volume of solution(mL)
| ercentage
Gas  |Solid |Solid |H,/Pd K 2 x 100
Solid Liquid |Liquid | Sugar in water Volume %(viv) Volume of solute 16D
t .
Liquid |Liquid |Liquid | Benzene + Toluene percentass Total volume of solution
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""""" oer | oom ) v e . o .. | temperature is directly proportional to the pressure of
Parts per | ppm No. of parts of solute 6 P . % ERIERSE S
willien ‘ X 10 the gas present in equilibrium with the liquid.
Total no. of parts of all = KoiP
components of solution 3 : o
Factors affecting solubility
Mole X 1, of a solid in liquid
: X4 =
fraction ny+npg Nature of solute and solvent
-' . Polar solutes dissolve in polar solvents and
Molarity | M Moles of solute :
non-polar solutes in non-polar solvents.
Volume of solutioninL (dm?)
S Tolali - Temperature
y Moles of solute If the dissolution process is endothermic,
Mass of solvent in kg solubility increases with rise in temperature.
If dissolution process is exothermic, solubility
SoLuBILITY decreases with rise in temperature.
The maximum amount of solute that can be dissolved in Pressure
a specified amount of solvent at a specified temperature. Pressure does not have any significant effect
Solubility of a gas in liquid (Henry’s law): The mass ot on solubility of solids in liquids as these are
a gas dissolved in a given volume of the liquid at constant highly incompressible.

IpeaL SoLutions

The solutions which obey Raoult’s law at all temperatures and concentrations are called ideal solutions.

Raoult’s law states that for a solution of volatile liquids, the partial vapour pressure of each component of the
solution is directly proportional to its mole fraction present in solution i.e., p; = p{ x; and p, = p°,x,, where p] and p5
are vapour pressures of pure components 1 and 2 respectively, at the same temperature.

Inideal solution, for a binary solution of components A and B, A—B interactions are equal to A—A and B—B interactions.
AH_ ;=0 and AV _,=0

Non-ideal Solutions
Do not obey Raoult’s law at all temperatures and concentrations.

ek pl";pz % xzp; sAH i #0and AV, # 0
® A - Binteractions # A — A and B - B interactions.
® Form azeotropes.

h 4 h 4

Solutions Showing Positive Deviation Solutions Showing Negative Deviation

® A-B<<A-AorB - Binteractions ® A-B>>A-AorB- B interactions

® AHuix>0,AVi >0 P> P?Ir- ® AH ,<0,AV .. <0 P {pfx!.

® Form minimum boiling azeotropes ® Form maximum boiling azeotropes

® Examples : Ethanol and acetone, carbon ® Examples : Phenol and aniline, chloroform and

disulphide and acetone, methanol and water, etc.

: acetone, chloroform and diethyl ether, etc.
Vapour pressure

of solution \ apour Ipressure
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CoLLicaTivE PROPERTIES

_________________________________________
-F
I
1

 solute particles irrespective of their nature relative to 0

\ the total number of particles present in the solution. :'

. Elevation in Boiling Point : :
E&Tb= =1 =m=K m

' Wp x1000

AT - K [ B }_}Mgzlﬂﬂﬂxngf{h

: Mp XW 4 ATy xWy
i K, is called boiling point elevation constant or, ,
E molal elevation constant or Ebullioscopic constant, '
\ having unit K kg mol ™", ;

h--_-—---_-""“-__---—-“—-'_—'- --------------

——————————————————————————————————————————

i ] _np Wy xM,
Mg XW,

ny+n,

(- for dilute solutions, # -

------------------------------------------

vAN'T HoFF FACTOR

Hy

-=:-:::r.t)

Observed value of the colligative property

~ Calculated value of the colligative property

B Calculated molecular mass

Observed molecular mass

Total number of moles of particles after

association/dissociation
&

i=
Number of moles of particles before
association/dissociation

For association, i < 1 ; For dissociation, i > 1

1. A hard, crystalline solid with a high melting point
does not conduct electricity in any phase. This solid
is most likely
(a) an ionic solid
(b) a metallic solid
(¢) a molecular solid 3.
(d) a network covalent solid.

Which of the following options does not represent

concentration of semi-molal aqueous solution of
NaOH having d = 1.02 g/mL?

olution

_ constant, having unit K kg mol . ,

——————————————————————————————————————————

Depression in Freezing Point :
ATy=Ty - Ty o< m= Kym

AT, =Kf(WBx1{]{}OJ
Ky xWp x1000
— MB: L
AT xW

K/is known as freezing point depression constant
or molal depression constant or Cryoscopic

------------------------------------------

e, T N RN N S D M N NS S ED ER ER N SR BN EN SN SR EE WS SR B ES SR oEm Em EE A S E g,

= CRT = (H—B)RT, i
W, RT i
av = BRT o\ _WRT :
MB tV !

__________________________________________

Relation between van’t Hoff factor and degree of
1 —1
n—1

Relation between van’t Hoff factor and degree of
] =

dissociation; o=

association: o=

1-1/n
Modified equations for colligative properties :
PE — Py . o
Pa My

ﬂTh = th M, &Tf: IKJ??T, TR | ?’IBRT,‘{V

SPEED/2PRACTICE

(a) Molarity = 5 M

(c) % wiw = 10%

b) X =
(b)  Xxaom 1009

(d) % w/v =2%

The crystal system of a compound with unit
cell dimensions a = 0.387 nm, b= 0.387 nm and
¢ =0.504 nm and o0 = B = 90° and y = 120° is

(a) cubic

(b) hexagonal

(¢) orthorhombic (d) rhombohedral.

D
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