
   
  

 
 
 
 

         
      

mean distance) 




   


   
  



  
 
 
 

  CuSO4 
  

 





  >       


> 




 * * 
 *  * 

    

    
 K2 SO4, Sn, Rb 
 ZnS, NaCl Ag, Au 
He, Ar, 
H2, I2 C6H6, CCl4,

N2, CO2, 
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y

 KCl W  
 KNO3, CaO  
HCl, SO2, BaCl2 
NH3 




NH3

 
a, b & c ox, or oz 
, ,  
 -  c 
 -  c 
 -  b 

 
 


 



(combinations) 

   

cube) a = b = c  =  =  = 90O NaCl. KCl, CaF2,

Au, Ag. NaClO2

ZnS. Cu2O Pb. Hg

 a = b   c  =  =   = 90O Sn, MgF2, NiSO4,

(Tetragonal) SnO2, TiO2, ZrSiO4,

KH2PO4 Pb WO4



(orthorhombic) a   b   c  =  =  = 90O HgCl2,  KNO3, 
K2SO4,  BaSO4,  MgSO4,

Mg2SiO4, PbCO3.

 a = b   c  =  = 90O KClO3, S, Na2 SO4.10H2O

(Monoclinic)    90O Na2 B4O7. 10HO,

CaSO4. 2H2O, FeSO4

 a = b = c  =  = 90O Al2O3, 

(rhombohedral)  = 90O NaNO3, ICl, Sb, Bi 

(Triclinic) a   b   c         90O CuSO4. 5H2O, K2Cr2O7, H3BO3

 a = b   c  =  = 90O Mg, ZnO, HgS, AgI, Zn, 

Hexagonal  = 120O CdS, PbI2, Zn, 
Mg, Cd 
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 (Bravais) 




  
 i)(Primitive)  3

ii) (fcc)

iii) (bcc)

 i) (Primitive)  2

ii) (body centrered)

 i) 
ii) (face centered) 4

iii) (body centered)

iv) (End centered)

 i) (Primitive)  2

ii) (End centered)

  (Primitive) 1

 (Primitive) 1

 (Primitive) 1

 14

 
 
 

 
  (neighbour) 
  

 
 

 . AAAA  ABAB 
  
  
  

 


 (Scp) (hcp)

 SCP- Square close packing  
 HCP  - Hexagonal close  

packing  


A

B

A

B

A

QB365 https://www.qb365.in/materials/



 Scp 
 
 * AAA 
Scp * 




*     


- hcp  hcp 
(Second layer 
 formation) ‘T’  ‘O’ 

*  * 
 
 
 
(‘T” – Void) 
 (O-Void) 

 N t

 (Octahedral voids) N 
(Voids)  (Tetrahedral voids) 2N 

– hcp (Third layer hcp 
formation) 

hcp  ccp fcc 

* 
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*  

 
* AB AB ....  ABC ABC 

*  
hcp)  

* Mg Zn (fcc) - Cu Ag

* =0.74 = 0.74

 


hcp  ccp 

 
N N N



(Voids) T  & O) 

  X Y 
Y ccp X - 


Y = N X - N 

X : Y = 1 : 1

XY

  B hcp  A 

2/3 
(TA 2 X N X 2/3

()B  = N

= 
4

3
 A : 1B

  4A : 3B

A4 B3

fcc 

& 





(2N)

* 

* ‘O’ 

1
12 3

4
X oh

= 1 + 3 = 4 oh 

(N)
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Z X 


z = 



3

3

4
1

3
X r

a




3

4 3 r
2 r 2X r 2X r


3.14

0.524
6 6


 

 100 52.4%
6

X




 ‘f’ 




Z X

 (face diagonal)  2 a

 body diagonal =   3 a

3 4a r

a = 
4

3
r

 ‘f’  = 3

3
2 4 3X r

a



 3 a


 4r = 3 a

 = 

2
21 4

3
X r

4

3
X r

4
X

3

4
r X

2

3
r

3

8 8

3

f
 

 

f = 0.68
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 ‘f’ 




Z X

  2 a

 2 4a r

4 2 2 2

2 2

r X X r
a 

2 2a r

  

3

3

4
4

3

2 2

X r

f

r




4
4

3
X 3r

2 2 2X 2 2X 2
3

X r

0.74
3 2

f


 

= 74%

 = a3

        X  


Z X m



m = 
A

M

N (M ––> (NA ––> 






3

.Z M

a


3 .a X d Na
Z

M


p d  3

.

.
A

Z M

a N




 





r

r








r

r



   

0.155 – 0.225 3  B2O3
0.255 - 0.414 4  ZnS

0.414 – 0.732 6  NaCl

0.732 - 1 8  CsCl

2 a 

4r = 2 a
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 Cl –  Na+ –6 4 Li, Na, K Rb

 ccp  Cl– –6 

 NH4 Cl, NH4Br, NH4I,

Na+  AgF, AgCl,  AgBr, MgO,

 CaO, TiO, FeO, NiO



 S2–  4 ZnS, BeS, CuCl, CuBr,

 ZnS -  ccp  CuI,  AgI,  HgS.



Zn2+  Zn2+ – 4

 S2–  –4





 S2– hcp 4 ZnS, ZnO,  CdS, BeO

ZnS -  

Zn2+

 Zn2+ – 4

 S2–  – 4



CsCl -  Cl
–
 bcc Cs+ - 8 1 CsCl CsCl, CsBr, CSI

 Cl
–

- 8 or 2 CsCN,  CaS



Cs+ 





 Ca2+  4 CaF2, S1F2, BaF2

ccp  BaCl2, SrCl2, CalF2, HgF2

(CaF2  F– Ca2+ – 8

   F– – 4





 O2– ccp Li+ – 4 4 K2O, Na2O, K2S, Na2S

  O2– – 8

Li2O -  Li+
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 : OK 
 

      
 



  
I II III

  
 
 


I 

  

 



 

 

 





 








Zn2+, Ag+ 

Zns, AgCl, AgBr, AgI

 


 

NaCl, KCl, CsCl, AgBr

II   SrCl2 NaCl Na+ 
Sr2+ Sr2+ 
Na+ Sr2+ 
     Sr2+ 

\ uÅ (¨ .| ). AgCl CdCl2 
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III 

F - 

k 
- 
- NaCl KCl.

- NaCl Na Na 

Cl– Na NaCl e– 

 Na e– 

- F (Farbecenter - 

- 

 Li ––> LiCl ; K ––> KCl 

k 
- 

- ZnO

  2

2

1
2

2
ZnO Zn O e   

ZnO Zn2+ 

[Zn1+ xO].

k 
- 

- FeO

- FeO. 95O 

- Fe2+  Fe3+ 

- 3Fe2+ 2Fe3+ 


 104 107 –1–1



       



(valenceband) 

e– 

(Conduction band) 

 e–







10–20 10–10 –1-1



e– 



e– 
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  :

10–6 104 –1–1 

e– 



i) 

ii) (doping) e–



Si, Ge 

2) (Doping)

n - 

p - 

 *  (Diode) - n P 



* npn or pnp 

* 

* InSb,   AlP,   GaAs - 13 – 15 

* ZnS, CdS,  CdSe HgTe 12 - 16 

 * e–.

* 

i) 

ii) 

* 9.27 X 10-24 Am2 = 1BM.




- 
- H2O, NaCl, C6H6
- 



O2,  Cu2+,  Fe3+,  Cr3+

   e– -     e–   




 Fe, Ca, Ni, Gd CrO2.


(Domain) 



 (Domains)
MnO





Fe3O4, MgFe2O4, Zn Fe2O4 
Flesh - 

–Fe3O4 850K 
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(Curie Temperature)

– 











(1913) * (Kammerlingh Onnen) 4K (Hg) 

(1983)

* 

*  Tc

(i)  4K

(ii) Nb
3
 Ge

 23K

(iii) BaO
7
KO

3
BiO

3
30K

(iv) La
1
8SrO

2
CuO

4
40k

(v) YBa
2
Cu

3
O

7
90K

(vi) Bi
2
Ca

2
Sr

2
Cu

3
O

10
105K

(vii) Ti
2
Ca

2
 Ba

2
Cu

2
O

10
125K

Tc – 

(Dielectric properties.)

* (Piezo electricity)

- 



* (Pyroelectricity)

- 

*  (Ferroelectricity)

- 





: (Ba Ti O3), ,



KHPO4 – 

* (antiferro electricity)

- 



(Pb Zr O3)w.
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