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2 CRYSTAL LATTICE § UNIT CELL

2.1 Crystal Lattice

* Definition: Regular arvangement of an tnfinite set of polnts which
describes the three-dimensional arrangement of constituent particles in
S‘Pﬂ ce

* Also called space Lattice

2,2 Unit cell

* Definition: Swallest vepeating unit of a space Lattice which, when
repeated over and over bn three dimensions, results tnto the whole cméjstm
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* TYypes of Unit Cells:

1. Shwple/Primitive (P): Particles only at corners
a. Face-Centered (F): Particles at corners and at center of each face
b, Body-Centered (0): Particles at cormers and at body) center
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2.3 Characteristics of Different Unit Cells

Property Stmple Face-Centered Cuble  Body-Centered
cubic cubic

Position of only at At corners and center At corners and

particles COVNErs of each face body center

No. of atoms per 1~ 4 2

unit cell

Coovdination e 12 g

nunmber v .

Packing 52% (74 % es%

effictency v

2.4 Caleulation of Number of Particles per LUnit Cell
® Corner atomn contributlon = 1/ PEr COYNEr

* Face-centereol atom contribution = 1/2 per face

* Edge atom contribution = 1/4 per edge

. Eodﬁ—cew’cered atonn contributlom = 1 atom
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2,5 unit cell dlmensions
* Stmple cubic:
o Edge length (a)
o Atomle vadius (v) = a/2
* Face-centered cubic:
o Edge length (a)
o Atomic radius (r) = a/(2V2) = 0.25250
* Booly-centered cubic:
o Edge length (a)
o Atomic radius (v) = (V2)a/4 = 0.42=n

3. SEVEN CRYSTAL SYSTEMS
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4. CLOSE PACKING IN CRYSTALS
4.1 Interstitial Sites tn Closed Packed Structure

Where v = radius of vold, R = Radius of closely packed spheres

AB DHB ABCABC

4.2 Characteristics of volds
o If the nuunber of closely packed spheres (s N, thew:
o Number of octahedral volds = N

@\umber o{ tetvahedral volds = 2N

4.3 Packing Systems '8888(%)

* Square close packing: Spheves of adjacent rows one over the other
* Hexagowal close packing: Spheres of every second row placed tn W
depression between spheres of flrst row

* Body-centered cubic: Not the closest system, spheves of first vow slightl
open anol not Ln contact w&m
\
4.4 Radius Ratlo and Coordination Number

rRadius Ratlo Coordinatio Structural  Structure Examples
(re/r-) n Number  Arrangemen TYpe
t
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t
0.155 - 0.225 = Planar - B,03
triangular
0.225 - 0.414 4 Tetrahedral  Sphalerite,  CuCl, Cu®Br, Cul,
ZNS BasS, Hgs
0414 - 0.732 & Octahedral | Sodlum NaBr, KBy,
chloride (Rock Moo, MO,
salt) cao, Cas
0.722 -1.000 £ Body- caestum Csl, Cs®By, TlBY
centereol chlovide
cuble

4.5 Packing Fraction
e Formula: £ = (Z X volume of one sphere) / (Volume of the unit cell)
* For elements: £ = (Z X (4mr=/2)) / 0=
* where Z = wawumber of atoms/unit cell (1 for simeple, 2 for bee, 4 for fee)

4.6 Relation between Density and Edge of Cubic Crystals
*p=(Z X M)/ (@ X Ma)
e wheve Z = number of formula units in unit cell

* M = formula mass (wmolecular mass) of the compound
e 0 = edge length of unit cell
* Na = Avogadro's number

5, CHARACTERISTIC PROPERTIES OF VARIOUS TYPES OF IONIC

SouLIPS
TYpe Crystal  lons Forming lons Coordination No, of Examples
Structure  Close Packed  Present ln Nuwmber Formula
Structure Vvoids Units
AR ZNnS type  S=27 Lons form Zn2tlonsg ZnRt =4, 527 4 Zns, Agl,
cep structure  in =4 cucl,
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alternate cds,
tetrahedral Hos,
volds CUBY, Cul,
BLS, BEO,
. yave,
AB Clhgdype L™ lons forme (Na*lons  Nat =6, Cl” = Nacl,

C cep structure n all & Liel, Key,
octahedval AOBY,
holes MgO, Csl,

cao, Feo,
CoO, NLO
AB GsCltype bee structure, cs*ionsatcst =g cl” =g cscl,
@C’U Cl™ lons at the center CsSCN,
/ corners of cube of cube cas, Csl,
TLCL TlBY,
m TL, TleN
ARy CaFz type Caz’ lons Flionsin co2t =g F =4 CaFa,
(Fluorite)  form cep all BACLy,
structure tetrahedval PLO,,
holes SVCLZ,
/\\ CoF,
@ N0 tgpe O=" Lons {orm Natlons Nat =4, 02 = N0,
(Antifluort cep structure  Ln all %4 K20, LLO,
te tetrahedval KoS
structure) holes
\/
&, IMPERFECTIONS IN CRYSTALS _ No\'Y ¢ x
Defect Nature of Defect Noﬁ ¢l X oA R _
Schottky Atom or Lon wlssing from Lattice o th o~
polnt giving a vacancy. Density \(j\/ o \ a p -
of crystal is Lowered. 4 U X O\/
Interstitial  Atom or Lon present tn a vacant WO o F\W“
vold, also called hole (or C/\
Interstitial site).
Frenkel Hylbrid defect from combination
of vacancy and interstitial
defect. Atom or Low at Lattice polnt
displaced to an interstitial site
creating a vacancy.
F-centre Electron trapped tn an antonic
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vacancy. If concentration of F-
centres s high, colorless crystals
(like kL, Licl, Nacl) develop
some color.

Dislocation  Line defects called dislocations.

Nown- Compounds contain combining
stolchiometric elements Ln vatio different from
stolehiometric formulae. E.g.,
VO, (X = 0.6 t01.3), F25.050.

#, ELECTRICAL PROPERTIES

#1 Classifieation Based on Conductivity

e Conductors: Allow passage of electric current
o cowductivitgz 10°% - 108 phm ™t o

* Sewmiconductors: Intermedinte conductivity
o CDVLO{uctL\/Ltg: 107% — 102 ol ™ o=

¢ nsulators: Do not pmoticaug allow passage of electric current
o cowduct’wltg: 10720 phm ™ e

F2 Types of Semlconductors
* Intrinsic Sewmiconductors: Electrical conductivity due to internal
disorder without adding external substance

* Extrinsic Semiconductors: Show electrical conductivity due to
externally aodeo meuri‘%
O n-type: Group 14 elements doped with group 15 elements, free electron
lnerenses cowduct’u/utg

o p-type: Group 14 elements Oiopeot with group 12 elements, holes
LAcrease cowduct’uvétg

g MAGNETIC AND DIELECTRIC PROPERTIES

8.1 Magwnetic Properties

* Dlamagnetic substances: \Wweakly repelled by external magnetic field.
E.9., N2, Nacl, Zw, TLO;

* Paramaguetic substances: Weakly attracted by external magnetic fleld.
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€.9. Oz Cu=", Fe=¥, cr=t

* Fervomagnetic substances: Show permanent magnetism even bn absence
of external magwnetic fleld. €.9., NL, Fe, Co

* Antiferromagwnetic substances: Have zero net dipole moment even
though they have large nunber of wnpaired electrons. €.9., MO

* Ferrimagnetic substances: Possess very small net magnetic moment
even though having Large nauunber of unpatred electrons. €.9., FeaOq

8.2 pielectric Properties

o Piezoelectricity: Electricity produced due to displacement of lons from
thelr orderly avva m@emew/ﬂ@ucatiom of mechanical stress. E.g.,
PLZrO3, NH4HPO,, Juartz

* Pyroelectricity: Some piezoelectric crystals when heated produce a small
electric current

* Fervoelectricity: Cevtain plezoelectric crystals show permanent
alignment of dipoles even tn absence of electric field. €.g., Rochelle salt,
BATLOS

o Antifervoelectricity): n some erystals, equal nwnber of dipoles are
ortented Ln opposite divections so crystal does not possess net dipole
moment. €.9., lead zirconate (PbZrO3)

9, IMPORTANT POINTS FOR COMPETITIVE EXAMS

* Bragg's equation: 20 sin = ni
o d = distance between atomic planes
o A = wavelength of X-rays used
0 0 = angle at which X-rays are incldent on face of erystal
own =1, 2 3.. (order of diffraction)

* Normal spinel structure: Structure wherve anlons constitute cep or fee
Lattice and catlons oeCUPY volds
O Dipositive lons present tn tetrahedral volds and tripositive lons b

octahedyval volds. €.0., MOAL,04, MOCra04

* nverse spiinel structure: Dipositive lons present tn octahedial holes andl
tripositive lons equally distributed between tetrahedral and octahedral
holes. E.9., Fe304

* (somorphism: Phenomenon wherein crgstattim solids have similar
chemical composition and same crystal shape. €.9., ZnSO4 FH20 anol
MOSO4 FH20

* Fervomagnetic, fervimagnetic, and antiferromagnetic substances show
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paramagwnetism at higher temperatures due to greater alignment of

splns. €.0., Fea0y is fervimagnetic at room temperature but beconyg
paramagnetic at €50 K

* Curie temperature: Characteristic tevuperature above which no
fervomagnetism Ls observed

* Culbic Ls the most symmeetrical crystal system, while triclinic is the
most unsy wmumetrical

* Poloniwm is the only metal that crystallizes tn stmple cuble lattice

* Ow pressurizing a crystal its coordination pumber bnereases whtle on

Meat’%ﬁ;@)%g{imt;’gw W&M‘:as&g o &LFQJ’)’

Previously Asked Solid State Questions § Solutions

Ruestion 1: JEE Maln

Question: n a face-centered cubic Lattice, atoms A occupy the corner
positions and atoms B occupy the face-center positions. If one atom of B
is missing from one of the face-centered positions, the formula of the

G g =)

A2B5 ( — Z> Q/\/Om ’
AgBs OX -5/
AgBy .
. o Qeder
B komiss "}3 i
Ruestion 2: JEE Advanced

Question: The unit cell of an element of atomic wmass 96 g/mol has an
——— =
edoe length of 420 pm. If the m{ the element is €.5 g/cm=, the
type of cubic wnit cell is: 4 W)
— %

Primitive cubic P = 22—
\}ﬁg—cem’cer@d cubic &?3 MW

Foce-centered cubic

End-centered cubic 7 = w 3 23
ALl 10 o b.022HP
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Ewnd-centered cubic — o O~
Z — 3 23
% 10, |,.02240
gox\0 %
g 54
a6

-—
—_—

=4

Ruestion 2: NEET
Ruestion: CsCl has a bod@-cewtered cuble structure. The distance
between the two nearest Cs™ lons Ls:
ﬂ3a -
a
a/N2
m/s/:z

Where "’a(is the edoe length of the unit cell.

Ruestion 4: JEE Maln

Ruestion: The radius of Na* lown is 95 pm and that of CL™ lon (s 181 pum.
. . + s .

The coordination number of Na™ Lon in Na%%gmu/g. o. ;{Qg

e L
6 T (&

g
12
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Ruestion 5: JEE Advanced
Question: n a cubic close-packed structure of a compound ARy, the
anions B form the lattice and the cations A oceupy only the octahedval

volols. The percentnge of octahedral volds occupled by the cgtions is: Cadt o
p /o Ockbudeal Vord = Too.of GO
N@_Kb oh Uoids

C——

4
= Kp/.

= 2 400

Ruestion &: NEET

Ruestion: The percentage of free space tn a bodg-cewte(éeg\fubic unit cell
ls awximatetgj: '

22%

26%

48%

74
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Ruestion 71 JEE Main

Question: The number of atoms tn 100 g of an FCC erystal with density o)

10 g/em= and cell edoe 100 pm is CLO%tﬁﬁr M = PG/ Na
& X 1023 Z .
12 X 10=2= M - ?

24 X 1022

2 X 1023

Ruestion €: JEE Advanced

Questlon: A metal crystallizes n a face-centered cubic Lattice with a
unit cell edge of 400 pm. The density of the metal is 7.2 g/cms. What (s
the molar wass of the wetal?

2F4 g/ mol
52.0 9/mol
104.1 o9/mol
54.9 g/vmol
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