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THDEE STATES OF MATTED @

solid quuid gas

o @ o (o)
8800020 o’ o
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@ rigid O not rigid () not rigid

@ fixed shape | () no fixed shape | ) no fixed shape
‘ fixed volume O fixed volume °no fixed volume

cannot be squashed can be squashed

10/18/2019 2

I cannot be squashed



Change of States

9.0.060

QXXX XD melting
A A -~ .
(EXENEXE)
- . .
\/ \J \J \J
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freezing

0906
XXX

90000
SOLID

molecules held
in fixed pattern
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free to move

subliming
N7
vaporizing © ©
c@ evaporating
a O
(LY. [®e
o0 condensing O ®)
LIQUID GAS
molecules packed molecules
close together, widely

separated




Allotropes of carbon @




CLYST VS AMOLR

'I,

’I
-

A\

-~
N

Example: Rock salt Example: Glass

www.examplesof.net
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Cooling curve @

¢ indicate super cooled

liquid state

—_— Temperature
—_— [emperature

— Time —> Time

Cooling curve of an amorphous solid Cooling curve of crstalline solid
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Crystalline Solids

Types of Crystalline Solids

Atoms or molecules
with intermolecular
bonds

Covalently bonded
Positive nonmetal atoms

ion Negative /\
\ ion r

Metal atom

7S
o |4K
Jae

Metallic solid lonic solid Covalent solid Molecular solid
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ANISOtropy @

O 0 0O O

O
O
O
O

C A

Anisotropy in crystals is due
to different arrangement of
particles along different
10/18/ doiamn directions. 8



X-diffraction

A J A
< -
2 ;—> . W 5 " ;—> . -
[\ (\ n A Maxima and minima cancel
Maxima and minima reinforce

Constructive interface Destructive interface
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X-diffraction @

Incident Diffracted
beam beam
— — T

Constructive interference
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X-diffraction @

Incident Diffracted
beam beam

Destructive interference

10/18/2019 11



X-diffraction @

X-ray tube
Diffraction
\ '\ pattern *\:
(*’ ™ 'r"
",-‘. P'.' CW' ""‘
PO o —F
.......... __.‘ ‘,“.
s .“ “ i~‘
e B "
) Lead Sk
plates Photographic plate

Study of the X-ray diffraction by crystal
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F

A=2d,,sin6

10/18/2019 .



10/18/2019

Space lattice

r. r £ f
~ e - r
L Z & £ F s
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Representation of space Representation of dimensions
lattice and unit cell of a unit cell
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Unit cell narameters@




PRectangcular-bPS @

/’ //’ // A/ g /
// / - R I I 111 AA00 (FCA
7 7 -

Rectangular planes of symmetry (there are 3 such planes)
& P
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Diaconal-PS

°s 8 8
4 Y3
- SN --———--—) | M-
8 7 B
:
E . 1 2 1 2
- 3 <
forae HE e \ 7 8
s 6 : '
s .
' 3 E S
2 R 4= . : & 3 4=
- P A
5 6 y 4
f'{’./
1 2

Diagonal planes of symmetry {there are 6 such planes)

10/18/2019




2-FOLD syimmetry @

Axis of two fold symmetry (there are 6 such axis)
10/18/2019 18



3-FOLD syimmmetry

Axis of three fold symmetry (there are 4 such axis)
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4-FOLD symmetry @

. y /
4 "l | ’
4 i
/ = /‘ ______ /
/ /W

Axis of four - fold symmetry (there are 3 such axis)
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SYMMETLY @

Flements of symmetry :

The total mumber ofplanes; axes and centre of symmetry possessed bya crystal re temed aseleents of
syinmnetry. Acubic crystal possesses atotal of 23 elements of symmetry,

Planes of symmetry=(3+6) =9
Axes of symmetry=(3+0+4)=13
Centre of symmefry=

v Notal nomber of syummetry elements =13 }



Unit cell and Lattice

/ Y
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Representation of unit cell in cristal lattice
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Unit cell in a lattice @

Lattice points

| Wamges
TV LV




Unit cell and Lattice @




Unitcell CEOMETLY @

GEOMETRY OF A CUBE

Number of corners = §
Number of faces = 6

Number of edges = 12

Number of cube cenfre = 1

Number of cube diagonals = 4

Number of face diagonals = 12

10/18/2019 26



Unit cell types @

2 lattice poults e ®
|att|ce points Bo&a cenbered
S\m?)\e,
4 lattice points
Unit Cell '
Fo,t.e CenCeved

Iz-edau

Edﬂ&,(}lﬂhﬁUi
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simple cubic(8SC) @

SIMPLE CUBIC UNIT CELL




Lody centered cubic( BCC)@

BODY-CENTERED CUBIC UNIT CELL
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Face centered cubic( FCC)@

FACE-CENTERED CUBIC UNIT CELL




Ind face centered(ff@)@

o End-Centred Unit Cells:

End Centered Unit Cell




UNIT CELLS @

£ r p ~ p
- I =Top / / / ,. /
(/ r/ r/ : ,/ 08 i g & : (
F = Fronl
f ¢ ) Ba = Back §
J R = Right
: ! | ¢ L = (en / ; § ¢
r/ (/ r/ ‘05/ f ,'/ c/ rr/
Simple Face-Centred Body-Centred End-Centred

10/18/2019 S7



Cubic crystal SYstem

|, Cubic . i .
ca by . Simple (Lattice points at the eight
0=p=y=90° corners of the umit cell)
[ ). Body centered (Points at the eight A
corners and at the body centre) '
e p 3. Face centered (Points at the eight
. d :
o corners and at the six face centres)
/’/
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/‘.’
Tetragonal crystal SYS@

|I. Tetragonal
a=b# ¢ 4, Simple (Points at the eight corners —
a=p=y=90° of the unit cell) L e
-~ st
c _ o | .
5. Body centered (Points at the eight |
corners and at the body centre) 5
; ;
%] 3
/._/"-f ‘:'
b/
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Orthorhombic CLY SY

I, Orthorhombic , , .
S Simple (Points at the eight corners
a=p=y=90° of the unit cell)
: 7. Body centered (Points at the eight
corners and at the body centre) o
8. Face centered (Points at the eight i
corners and at the six face centres) i
o+ ! ; 9. End centered (Also called side i
b/ «{" centered or base centered) e
(Points at the eight comers and at
two face centres opposite to each
10/18/2019 Other) 35



/\.
Dhombohedral CRY $ @)

V. Rhombonedral
a=h=¢ [0, Simple (Pomts at the eight comers
1= p=y#%0° ofthe nit el N

7 il N
_(/ // p .‘\} 4
".' /f/ ) t % o ’/"/ ; ‘,/
/
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Hexagsonal CLY $YS @

V. Hexagonal
a=b#c |1. Simple [(1) Points at the cight
o= f=90° corters of the unit cell outlined by —
y=120° thick lines or / (I

c \.\E/ |

(11) Points at the twelve corners of
the hexagonal prism and at the
centres of the two hexagonal faces]
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Monoclinic CLY SYS

VI. Monoclinic

atb#c |2, Simple (Points at the eight corners :
0=7=90°#p of the unit cell) sz
r /
C ih ) : /! A
13. End centered (Points at the eight &
corners and at two face centres it
opposite to each other, i
o i [/
o Ij s ‘r 4 ".'"
8
’,.'" ! »
b/
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Triclinic CLY $YS @

VI, Triclinic
azb#c 4, Simple (Points at the eight comners
azfzy#90° of the umit cell)
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Simple cubic/ nrimitive@

/ / 118 ATOM
- /
/

SV
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Dadius of primitive @

a—2r



Lody centered cubic @
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LRCC radius @
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FCC

10/18/2019
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FCC radius

Ay — (2HV'Z2 a




CODNELR CONTRN @

A corner of a cube is common in 8 cubes. So g th part of an atom is present at this corner of cube.
L

10/18/2019 46



Corner contribution

Eth of g sphere
\ )




/‘
Face contribution @)

A face of a cube is common is 2 cubes. So Eth part of of an atom s present at the face of a cube.
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Face contribution

9‘/ (% thof a sphere]
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Fdge contribution @

l
An edge of a cube is common in four cubes, so Eth part of the atom is present at the edge of a cube

10/18/2019 50



FDELE CONTLI




/‘-
Center contribution @)

A cube centre is not common in anv another cube, so one complefe atom is present af the cube centre,

10/18/2019 52



Contribution @

1/8 atom at 1/8 atomat 1,atom
8 corners 8 corners 4t center

Face-centered

Simple cubic  Body-centered .
cubic cubic

10/18/2019 53



i /e
body VS face diagonal @)

\ < Cube diagonal {«JE a)

S
v ( ~
Fa

el

—_—

ce diagonal (v 2 a)
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FIFECTIVE NUMEBEER @

Total number of atoms m unit cell —EJr 2 - 1 + 4

When 1 Number of atom at the corners of the unit cell

nf:Number of atoms at six faces of the unut cell

1, - Number of atoms completely mside the umt cell

n_ : Number of atoms at the edge centres of the unit cell

Effective number of atoms per unit cell

10/18/2019 55



FIFECTIVE NUMEBEER @

Effective number of atoms per unit cell

Cublic Unit Cell
L Simple Cobic I S 1
), BodyCenredCubic 8 0 | )

y  weConredCibic 8 0 4

10/18/2019



DRADIUS OF FCC @

Relation between radms of constituent particles and edge
length ofuntt cell

Closest contact 1s along face diagonal of cube. Each corner

of a particular face centre atom touches the face centre
atom such that :

— OI \/_a—4R

3 K“. ;
\/_ \/_ Closest contact Is a ong

face diagonal of cube

10/18/2019 57



SCC @

Arrangement of constituent particles m simple cubic.

10/18/2019 58



Dadius of SCC

Top View of Unit Cell -

Relation between edge length of unit cell and radius of constituent particles.

Each corner atom is in contact with its adjacent corner atom such that @
a

)dR=a >R =2
2

Rank of the unit cell (z) : Effective number of constituent particles per unit cell.

]
z=n,*x— =8 x — =1

1
3 3

10/18/2019 59



-
SC coordination no @

Simple Cubic SC) p
No. of atoms surroundmg the (touchmg| the body centre atom=6 v
Henoe, Co-ordmation No. =6 — 4 o &
78 \ Particular
i
alom

10/18/2019 60



3

SC nearest neichbou

NNssat ‘a’ distance from X’ (NNs = 3)
NNNsis at /2 3 distance from ‘X’ (NNNs =3)

NNNNGs is at +/3 a distance from X (NNNNs = 1)

Ina simple cubic system for particle ‘X’

%_&—- 0 —

o=+—— Nearest neighbour (NNs)

Next nearest neighbour (NNNs)

at \/2a distance from X

. / Y Next to next nearest neighbour (NNNNs)

atv3a distance from X

10/18/2019 61



SCCDPE @

volume occupied by all constituent

Packing Efficiency :

Packing efficiencey —
Volume of unit cell
For cubic unit cell
z><i:n:1r3 | X im?’ ] i:n:r‘j’
Packingefficiency= 3~ - 3 3 _(

2’ 2’ (2r)3

10/18/2019 62



ADF of SC Q

Atomic Packing Factor (APF)

Volume of atoms in unit cell*
Volume of unit cell

APF =

*assume hard spheres

* APF for a simple cubic structure = 0.52

volume
atoms -
! . oy | 3 atom
unitcell ™4 —=x(0.5a)
R=0.5a APF =
a3\ volume
close-packed directions unit cell

contains8x1/8=
1 atom/unit cell

10/18/2019 63



LRCC radius

Body Centred Cubic (BCC)

Each corner of the unit cell touches the body centre atom such

T :

tht2R=—a @ R=—a
) 4
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LBCC coordination no @

Body Centred Cubic (BCC) Body Centred Atom is surrounded
: o by 8 corner atoms
No. of atoms surrounding the (touching) the body centre atom=8§ . f o
Hence, Co-ordmation No. =8
! ¢
( .
¢ o
S — ¥ !
65
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P BCC/ SCC

(No. of atoms per unit cell) x (volume of one atom|

Packing Efficiency = : x 100
' volume of unit cell
(i) Simple Cubic (SC) (i)  Body Centred cubic (BCC)
4 4
(1) x=nr’ (2)x=nr
PE = 3 x100 PE =3 x100
a a
B - V3a -
Where 2r=a [a = length of unit cell] Where  2r = — [a = length of unit cell]
3
\3
8 3 3
PE = in ! ¥100 == % 100=52%  PE=-1 £ x100 :ﬂ x 100= 68%
3 \2 6 3 14 8

10/18/2019 66



ADPF of BCC

Atomic Packing Factor: BCC

* APF for a body-centered cubic structure = 0.68

V2 a

Close-packed directions:

length =4R = J3_a
atoms
4 3 volume
" i — =% (/3a/4 —
unit cell 2 3 (J_ /4) o
APF =
3 volume

" <
10/18/2019 L, unit cell
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FCC TOD VIEW

Face centre constituents
of adjacent faces are in
Top view of FCC unit cell contact with each other

10/18/2019 68
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RADIUS FCC

Relation between radmus of constituent particles and edge
length ofunit cell

Closest contact 1s along face diagonal of cube. Each corner
of a particular face centre atom touches the face centre
atomsuch that :

M=t = R=—_ or2a=4R

V2 W2

10/18/2019

face di A8

Closest contact Is a UK
onal of cube
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ADPF of FCC

Atomic Packing Factor: FCC

e APF for a face-centered cubic structure = 0.74
maximum achievable APF

Close-packed directions:
length = 4R = J2a

Unit cell contains:
6x1/2+8x1/8
= 4 atoms/unit cell

volume

4
unitcell ™4 ?"(‘[2_0/4)3 —

APF =

atom

a3 volume

g
unit cell
10/18/2019 72



DE FCC DC @

(iii) Face centred Cubic (FCC) (iv)  Diamond Cubic(DC)
(4)><ﬂnr3 (S]Xﬂm?’
PE.=——— x100 PE=——3— x100
a a
whete 2r=—= [a = length of unit cell] where )r = i [a = length of unit cell]
V2 4
3
P.E.:ETE : <100 == x 100 = 74% :—ﬂ J- x 100 —ﬁxlﬂo 34%
302 W2 3008 16
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FCC CN

No. ofatoms surroundmg (touching)
the face centre of any face =12

Hence, co-ordmation No. = 12. .
| Ba = Back
é Bo = Bottom
E F = Front
5 T = Top
] CW = Common Wall

Particular

@' atom
c
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7 OF FrCC @

Rank of the unit cell (z) : Effective number of constituent particles per unit cell.

7 = % X (No. of corner) + % X (NU. of face centres)

:lx8+lx6:1+3
8 2

I
I
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FCONNS @

In smgle FCC wnt cell thereare total 14 constituent particles present at different attice pomnts

)
() No.ofnearestneighbours (NNs) at { distance from particles under observationare three.

(i) No.ofnextnearest neighbor (NNNs) at  distance from particle under observation are three.

(i) No.ofnexttonext nearest neighbours (NNNNS)at |~ a distance Tomparticle under observation

\

are three

10/18/2019 76




FCCONNS

Reference Atom/Constituent Particle is 1.

>
23 (NNs) are 3. [9, 10, 13]

No. of atoms at distance a (NNNNs) are 3 [2. 4, 5]

No of atoms at distance

> No. of atoms at distance ‘/% a (NNNNs)are3[11, 12, 14]
> No. of atom at distance~/2 a are 3 [3. 6, 7]
> No. of atoms at distance /3 ais 1 [8]

IO;IIQE&IQNO. of atoms for reference atom=—3 +3+3+3 +1 =13 -



summary

Contents BCC CCP/FCC HCP

Type of packing ABAB....... ABCABC ...... ABAB ......
packing but not close packing close packing

close packing

No. of atoms 2 4 6
Co-ordination no. 8 12 12
Packing efficiency 68% 74% 74%
Examples A, Ba Ca, Sr, Al Remaining
V & Cr group Co group, Ni group, d-block elements

Fe Copper group, all inert| Be & Mg

gases except helium

Note :- Only Mn crystallizes in S.C.C.




HCD @

6 fold axis
U
* A
ol B
Pog
-<. * A
-
ABABAB... or hexagonal close packing (hcp) of spheres




CCb O

0

ABCABCA. ..

10/12/2019

3 told axis
At
Jay
C
B
Fay
U

or cubic close packing (ccp) of spheres o




HCP and CCDP @

g€ ))B e ¢F ))A

&% % ¢6 ))B - B

AT T S e 2 g Hexagonal cubic
=Ny =R

Hexagonal  Cubic close
packing packing
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CCDP HODP ON @

I@rsﬂmvdination number of hcp and ccp structure l;z




Hexagonal closest

packed
10/18/2019

HCDP Vs CCDP

Cubic closest
packed

Layer C

Layer B

Layer A

83



J OF hCD

Shared by 2
unit cells

: cCore
S JLLSEL,

2
O

("

Completely inside

-

_\/,

Shared by 6 unit cells

the unit cell (Shown in adjacent fig.) | M
! 04 Ne i | B
' ? B —_ ' ' , B
i A T G,
(( ; Hexagonal unit cell from the
v A contribution of AB A layer atoms (' Note: Only three unit cells have been
/ f Note : Tilted view has been shown below the given plane. The
shown for the sake of same three unit cells lie above the
Hexagonal closed packing clarity given plane.
(Layers have been shown separated for a clear view)
Figure shows Hexagonal Closed Packing Figure shows ‘e’ 1s shared by sic unit cells
! : 1 1
Effective number of atoms per HCP unitcell =| —x 12 |+ | —x 2| + (1x3)=6
10/18/2019 6 2 84



DF HCD @

Hexagonal Crystal Closed Packed (HCP)

(6) X i‘;ftr‘?’
PE. = 3 %100

6X£32 X C

242

where ¢ = 7 aand 2r=a [a = length of unit cell]
3

i

W2

10/18/2019 85
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APF of HCP

Hexagonal Close-Packed Structure
(HCP)

e ABAB... Stacking Sequence

e 3D Projection e 2D Projection
A sites Top layer
B sites Middle layer
A sites Bottom layer
e Coordination # =12 6 atoms/unit cell
e APF=0.74 ex: Cd, Mg, Ti, Zn

e c/a=1.633
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Hexagonal close packing
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TH VOID

Tetrahedral void

A tetrahedral interstices Tetrahedron geometry

4 /a0 /A~an faYal

LU/ L0/ 2010 o0




TH VOID

/‘-
'

we can say that, in 3D close packing 2 tetrahedral voids are attached with one atom.

10/18/2019

Tetrahedral void

Cube diagonal

89



Th void

Tetrahedral void

VA

P

N /4

N\

'Y
N

T

o
0
%

Position of tetrahedral Voids = At the centre of each cubic component Number of

tetrahedral voids per unit cell in cubic close packing = 8x1=8 Number of

10/18/5@15rahed ral Voids = 8.

90



T/0 void @

OO
AAAAAA
XXX

T = Tetrahedral void and O = Octahedral void
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SUMMALY

Three dimensional close packing

Contents BCC CCP/ECC HCP

Tupe of packing ABAB....... ABCABC ...... ABAB ......
packing but not close packing close packing

close packing

No. of atoms 2 4 6
Co-ordination no. 8 12 12
Packing efficiency 68% 74% 74%
Examples IA, Ba Ca, Sr, Al Remaining
V & Cr group Co group, Ni group, d-block elements

Fe Copper group, all inert| Be & Mg

gases except helium

Note :- Only Mn crystallizes in S.C.C.

10/18/2019
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8/201

O VOID

3-D view Octahedral view

Geometry of octahedral voids
_ In closad packed structures



Schottky defect @

B

n
!
A 2
& -

chottky defect

45 8 =

-y i
J‘ o

S
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Frenkel defect @

Interstitial site

o S S -
Latticcz///

site " & A f P

€ = € =€

Frenkel defect
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metal excess @

e—¢ @« €

J»_@J_f
“ ¢ ¢ ¢
544 3

Metal excess defect due to anton vacancy
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metal excess @

l’iiilj
ey

Metal excess defect
caused by extra cation in interstitial posuruon
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metal deficiency @

«¢—¢€ ¢ €

¢ ¢4
¢4
0

Metal deficiency due to missing of a cation of lower

valency and presence of a cation ol higher valency
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Impurity defect @

e
g iy
4 A

Impurity defect
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Properties

Properties of Solids |
Electrical Dielectric & Masnm )
Properties Properties | Properties
r o - W - - N
Plezoelectric Dia-
_1 NS0 Effect Magnetism
| Semi i | Pyroelectric ‘ v—: Para’ 1
Nl Conductors . Effect  Magnetism |
f | " Ferroelectric | | Ferro-
— Conductors | FEffect Magnetism
'L J g \
Antiferroelectric Anti-Ferra
Effect ' Magnetism
Super- i ! Ferri |
10/18/2019 conductivity k M;gnenslra-b J
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Flectrical properties @

Overlapping

pand

Partially
filled band

10/18/2019

Empty
band
Small energy gap

Valence
band

Semi conductors

Empty
band

Large energy gap

Filled
band

Insulators

101



semi conductors @

P- and N- Type Semiconductors

- . Acceptor
> impurity

k Donor impurity < % creates a
- Sl .JX contributes ® Sl ® hole

free electrons \ ‘
s 'o‘ .0'-..‘. .' ...... ."..‘.
.s " .“ .V.. i o' E
... .'. '.. o r

Si
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Magnetic properties @

Magnelic Magnetic
R moment A moment
« Electron » Electron
—
¢ I
* Atomic | ~, Direction
nucleus of spin
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Magnetism

O

Schematic alignment of magnetic moments in

(a) ferromagnetic

(b) antiferromagnetic and (c) ferrimagnetic.

4.

A

10/18/2019

N

4.

N\

4L

tttltl

4. 4.

£

ferromagnetic

Anti ferromagnetic

ferrimagnetic




Dielectric properties

Flectron cloud

- Nucleus

Before electrical field is applied

Flectron cloud

- Nucleus

After electrical field is applied

nese formed dipoles may align themselves in an ordered manner

S0 that the crystal has net dipole moment

10/18/2019

105



NH of Primitive(SC) @)

NEIGHBOUR HOOD OF APARTICLE :
Simple Cubic (SC) Structure :

Type of neighbour Distance  no.of neighbours
nearest a 6 (Shared by 4 cubes)
(next) 22 12 (shared by 2 cubes)

(next) a3 8 (unshared)
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NH of BCC @

Body Centered Cubic (BCC) Structure :

Type of neighbour Distance no.of neighbours
nearest 2r = ag 8
(next)’ =a 6
(next)? = a2 12
(next)? = a@ 24

(next)? = aﬁ 8
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/*-
NHoOf FCC O

Face Centered Cubic (FCC) Structure :

Type of neighbour Distance no. of neighbours
a 3x8
nearest E 12 = 5
3x8
(next)’ a 6 = 2
3
(next)? a.l— 24
2
(next)? a2 12
5
(next)* a.|— 24
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NaCL

No. of NaCl formula units per FCC unit cell =4

'ﬂ.---.--:..,;.q--‘--------- .

Figure shows the concept of reversibility m the case of NaCl crystal

Co-ordiation no. of Na =6 [Na™ is present in octahedral void formed by six CI” ions]

Co-ordmationno. of CI =6 [CI is present is octahedral void formed by six Na™ ions
10/18/2019 using reversibility principle]| 109



CsCL

Cs’ ion surrounded by
( 8 Cl ions
; e d
¥ N Y
K,
‘. I‘! A( (1 unit cell)

“igure shows Cs* at body centre of CsCl
unit cell is surrounded by 8 Cl

10/18/2019

€ £ €
P .
Wy T
b \ -?. j \ { ¢ Cs
NUREES RN
b O v e A
) N - 4

\' t ' \ (8 unit cells)
N i} N

Figure shows the concept of reversibility in the case
of CsCl erystal such CI lies in the simple cubic of Cs

{Note : Some CI' have not been shown for the sake of clarity)



InS

No. of ZnS formula units per FCC unit cell =4

Co-ordination no. of Zn*=4 [Zn*" is present in the tetrahedral void formed by 48" ions]
Co-ordinationno. of S*=4 [One S supports 8 tetrahedrons out of which 4 are fillled with
7]

Zn*" ion surrounded tetrahedrally
by four S* ions

/

& S°
e Zn*

10/18/2019% '
Figure shows 4 Zn”"" jons placed in alternate tetrahedral voids
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Carl2?

F~ion surrounded tetrahedrally by four Ca** ions

Ca”

Figure shows 8 F lons placed in all the tetrahedral voids

Co-ordinationno. of F =4 [F~ is present in the tetrahedral void formed by 4 Ca** ions]

Co-ordinationno. of Ca**=8  [One Ca*" supports 8 tetrahedral voids and all are filled with F ]

10/18/2019 112



lonic Solids

11.6. Summary on structure of ionic solids

(CsCl-type)

10/19/9N01Q

Name Coordination|Fraction Examples
number filled P
Rock salt (NaCl- Na™ 6 . |1, Na K, Bb halides, NH,Cl, NH4Er,
type) che NH,l, AgF, AgCl, AgBr.
: Zn*2 4
Zinc Blende (ZnS-
( S-2 4 V2 ZnS, BeS, CucCl, CuBr, Cul, Agl
type)
: Zn*2 4
Wurtzite (ZnS-
urtzite (Zn <24 v, |znS, ZnO, CdS, BeO
type)
- Ca*? 8
Fluorite (CaFs- 4 1 CaFs, SrF3, BaF;, SrCls, BaCl> CdF;,
t}"pE‘} HQFE
: : Cs*™ 8
C Chlorid
cem nenae cl 8 1 |csCl, HgBr, Csl

H>

(48]

TU] TO/ z0xJ




Il

1 DD for Triangular @

e critical condition for triangular coorc

Il

mation s shown m the adjacent figure.

e three anions touch one another as wel

| as the central

cation. From the smple geometry, we can write -

(R+I)C-OS3OO:I > R4r=

10/18/2019

2
—R :
7
b
¢ A
PR
e =y
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P
1D for Tetrahedral (( ©

The critical condition for tetrahedral co-ordmation 1s shown i the adjacent figure. Than anions touch one
another as well as the central cation. From the simple geometry, we can write :

f=2R andih =R+r where h :Q/

4 Nl

AN v
" \/_ / \ Radius R
3 w2 VA .
j o T p— X 2R R + r /J/ '.l \'\. 4 Rad“‘lsr
/ ."n
4 \/g /"/ l || \
L/
\ - /A
‘.‘. '/'
‘-' /
r Jg \ _/" w’
0 ~1= 0225 \/ S
R 2 Y,
SNC ¢ IT@SE n tetrs ra |
(Note : Atoms have been shown separated for clarity)
10/18/2019
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1D for Octahedral

The critical condition for octahedral co-ordmation
1s shown in the adjacent figure. The anions touch
one another as well as the central. From the simple
geomefry, we can write :

(2r +2R) cos 45°=2R

— é:ﬁ—1:0.414

10/18/2019

;R’."'
FeE e

el R

s present in octahedral void of

(Note : Only square plane has been shown)

/‘
'
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1 LD for cubic @

The critical condition for cubic void shown m the
adcent e, Theamons touchoneanotheraswell | /
asthecentral cation. From the sumple geometrywe /4 L A7
canwie:

1= R and \/ga =R + l 1/

=) % = \/‘; E l = 07%2 ’!

10/18/2019 i

Flgure shows "' 16 present In the cubic void of ' atom



Dadius ratio rule

RADIUS RATIO AND COORDINATION NUMBER:

0-0.155 1D Linear 2
0155-0225 [ r _2 [ Trigonal 3 B,0,
R 3
0.225-0.414 B Vi—+2 | 3D Tetrahedral 4 InS
R W2
0.414-0.732 i =v2-1 3D Square 4 CuCl,CuBr, Cul,
R Bas, HgS
0.414-0.732 I V2 -1 3D Octahedron 6 MgO, NaBr, Cas,
R MnO, KBr, Ca0
0.732-1.00 Ly =+3-1 3D Cubic 8 Csl, CsBr, TIBr,
R NH.Br
r
1.00 = =100 3D CCP/HCP 12
10/18/2019 118




Limiting radius

©)

Limiting radius

ratio = 1/R

0.105 - 0.225
0.225 - 0.414
0414 - 0.732
0414 - 0.732

0.732 - 1.000
10/18/2019

Coordination

Number of cation

Structural
Arrangement

(Geometry of voids)
Plane Trigonal
Tetrahedral

Square planaer
Octahedral

Cubic

Example

Boron Oxide

ns, 5i0),

NeCl, Vg0,
(50l
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Concept map

[ Crystal lamcesj

based on

I .

" Close-packing of identical | _—
| spheres in two dimensions

|

/_Can be 2
[;ua:e ] [hexa:onal ]

stacked in

|

two layers with
B atoms in hollows
of A layer

|

with the third layer
v ™

S i

The cubic crystal system

O ——

Includes _— J .
structure s d?ﬂned by encompasses
built from oF the three
l’ its symmetry ) Bravais latiice
operations | i
N /__.__/ ‘-\ \\\
\. . simple cubic J
face-centered cubic W lattice
(cubic close-packed T
lattice) body-centered
cubic lattice
/I '1"
Ve contain
" interstitial
/ void spaces
which .
corresponds |
to

A layer

l directly over ]

directly over
hollows common
to A and B layers

yielding yielding

| ABC ABC ...
structure

~
1 o

-

AB AB._.
hexagonal close
PEcSEd sSeructure

of two kinds :

tetrahedral octahedral |
holes | hales
{at a distance of (at the edge
{.3...3 from the corners centres and
a body centre)

along body diagonals)
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THIS IS END OF

PREESENTATION




