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(i) (ii) 

(Valence Electrone) (lnner shell electron) 

(Lewis 

Symbol) 

(i)  

(ii)  
   

(iii)  

ns2 mp6, 

(iv)  

(Electrovalent Bond) 

(Electrovalence) 

(Postulates) 

* 

* (Lattice) 

(i) 

(ii)  (M(g)M+(g)+e-) 

(iii)  (X(g)+e-
X-(g)) 

(iv)  (M+(g)+X-(g)MX(s)) 
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(i)  
 


rr

1
(r+ + r-)= 

(ii)   Z+, Z- 

Z+ 

Z 

(iii)  

 























Hf=M+X
H(sub)=M 

 

E1=M H(diss)=X2 



Heg=X HL.E=M+X 

Hf=H(sub)+E1+H(diss)+Heg+HL.E 

(a) 

(b) 

FeSO4.7H2O I MgSO4.7H2O 

 
•  MgSO4 ZnSO4  BaSO4 KMnO4 
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M2SO4. M2’(SO4)3.24H2O 
M= ; M’= 

•  

•  NaNO3 NaClO3 NO3
 

ClO3
 

NaNO3          NaClo3 

NO3
                ClO3

 
Sp2                 sp3 

SO4
2 MnOO4

 
 

•  

(c) 

(d) 

(A)  ,  H2O=80 CH3OH=35 C2H6OH=27 

(B)  > 

 i.e. 

 
(a)   

  
 

”  

 (b)  

   

”  

(i)  LiF, Li3PO4,Li2C2O4,Li2CO3 

(ii)  

(iii)  AgCl,AgBr,Agl,Hg2
2+ Pb+2 

Ca+2,Sr+2 Ba+2 

(iv)  BaSO4, SrSO4, PbSO4, CaSO4 

(v)  NH4OH llnd Ba (OH)2 

(vi)  NH4
+ 
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(i)  



 
 
(ii)  



 
 
 

 

 
 

(iii)  



”  

 
 
 

(iv)  

 
 
 
 
 
 
 

(v)  

NaCl Na+ 

CuCl Cu+ 

Cu+=       [Ne] 3s2 p6 d10          Na+=1s2 2s2 p6 
 

(d- )  (s p ) 

(i) H2O Ag2S,Ag2O Ag2S, S2 Ag2S 

(ii)  Fe(OH)3,Fe(OH)2 Fe+3,Fe+2 

 Fe(OH)3,Fe(OH)2 
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(iii)  

AgCl AgBr,Ag,Ag2CO3 

 
 
 
 
 
(iv)  [ < ] : 

 
 
 
 
 
 
 

•  NH4
+ 

 
 
 
 
•  O3 

H2SO4, HNO3, H3O
+,N2O,[Cu(NH3)4]

+2 

(Cl2) 

[Ne] 3s2 3p5 

Cl2 

(i)  

(ii)  

(iii)  



            
6  

 
 
 
 
 
H 

(He ) 
                      

(Single Covalent Bond) 

(Double Bonds) 

(Ethene) 

N2 

(Triple Bond) 

 
 
 
 

(Terminal Position) 

NF3 CO3
2 
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                     * H 

(Isolated) 

(O3) O3 

O 
2

1
26  (6)=+1 

O 
2

1
46  (4)=0 

O 
2

1
66  (2)=-1 

O3 



            
8  

1.  

LiCl, 

BeH2 BCl3 

Li,Be B AlCl3 BF3. 

2.  (Odd-Electron) 

(Odd) ( NO 

NO2), 

3.  (Expanded) 

3s 3p 3d 

(Expanded Octet) 

PF5SF6,H2SO4 

 
 
 

 
 
 
 
                                  PF5                                                 SF8                                           H2SO4 
                       10 electrons around                    12 electrons around                  12 electrons around  
                            the S atom                                    the P atom                                 the S atom 



S 

4.  

(i)  

XeF2 , KrF2 , 

XeOF2 

(ii)  

(iii)  

(VBT) : 

(Bond 

Dissociation Energies) H2  (435.8 kJ mol,74 pm) F2 (150.6 kJ mol,42 

pm) 

(Quantum Mecjanical) 

(Molecular Orbital Theory)  
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(Heitler and London) 

(Pauling) 

(Variation) 

(Superposition) 

A B, NA NB  

eA eB 

(i) NA-eA,NB-eB. 

(ii) NA-eB,NB-eA. 

(i) eA-eB  

(ii) NA-NB 

-H2 

74 pm 

H2 435.8 kJ 

H2(g)+435.8 kJ molH(g)+H(g) 
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H2 H 

H2 

(Spin) 

CH4,NH3 H2O 

s p 

CH4, NH3 H2O 

CH4, NH3, 

H2O 
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: s p 

(i) ( (ii) ()

(ii)  () (Head on) 

(axial) 

• s-s (Half Filled) s-

S-                        S-                        S-S 

• s-p s- p-

                                       S-                 P-                          S-P

• p-p p-

 
 
 

P-                 P-                         P-P

(ii) ()

 
 
 
 
 
 
 
                      P-              P-                    P-P

(VSEPR) : 

(Sidgwick and Powell) 

(Nyholm and 
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Gillespie) 

(i)  

(ii)  

(Elecron Cloud) 

(iii)  

(iv)  (Spherical) 
 

(v)  
 

(vi)  

)p( - )p( > )p( - (bp) > (bp)- (bp) 

(Nyholm and Gillespie) 

(VSEPR) 

(Localised) 

(i) 

(ii) 

 

   

 
 
2. 

 

B – A – B BeCl2, HgCl2 

 
 
 
3. 
 
 

  

BF3 

 
 
4. 
 
 
 

 
 

CH4, NH4
+ 
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5. 
 
 
 

  

PCL5 

 
 
6. 
 
 
 

  

SF5 

 
 

AB2E SO2, O3

AB3E

 
 

NH3

 
 

AB2E2

 
 

H2O

 
 

AB4E

 
 

SF4

 
 

AB3E2
T-

 
 

CIF3



            
14  

 
 

AB5E

 
 

BrH5

 
 

 
AB4E2

 
 
 

XeF4
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   p-

2s 2p 

sp3 

1.   

2.   

3.   

4.  

(i)   

(ii)   

(iii)   

(iv)  



(ClO2,NO,NO2) 

B2H6 2e 









2                                                   sp                                           

3                                                   sp2                                                                   

4                                                   sp3                                                                   
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5                                                   sp3 d                                         

6                                                   sp3 d2                                                             

7                                                   sp3 d3                                                            

Sp s p sp 

z- sp s pz sp 

50% s- 50% p- sp 

Sp z-

 
Sp 

BeCl2 : Be 1s2 2s2 2s- 2p 

Be (Promote) 2s 2p- 

sp 1800 sp 2p 

Be- Cl 

: (A) s p sp ; (B) BeCl2 

sp 

(a)  C                 H-C  N,                      H-C  C-H 
(b)  =C=                   O=C=O                       H2C=C=CH2 

(c)  N3
(axide ion), BeF2, HgCl2, NO2

+(nitronium ino),N2O 
Sp2 s p sp2 

BCl3 1s22s22p1 

2s 2p 

2s 2p sp2 

2p B-Cl 

BCl3 ClBCl 1200 
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Sp2 BCl3 

AB2 AB2L 

V-

               
33 ,

.
CHCHC 


 

         C6H6,CO3
2-,CHO3- 

        H2CO3, BF3 

        B(OH)3, SO3,NO3- 
        C60 

22 ,,
..

SnCISOC

NOCI, O3, NO2 
NO2

- 

A= B= C=

Sp2 CH4 s 

p sp3 sp3 

25% s- 75% p- sp3 sp3 

sp3 109.50 

 
NH3 H2O sp3 NH3 

2s22px
12py

12pz
1 sp3 sp3 

sp3 sp3 1s 

NH 

NH3 109.50 1070 

2s 2p sp3 Sp3 

                                                                                                                              Fig. NH3  

 

 

 

Sp3 

109.50 104.50 

V-

 
 

                                                                                                           Fig. H2O
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AB4 ABaL AB2L2 ABL3

V-

CH4 NH2 H2O
OCl

Sp3 

 
(a)  

 
 
(b)  
 
 
 
(c) 
 
 
(d)  
 
 
 
(e)   
 
 
 
 
 
 
 
 
 
 
 
 
(f) 
 
 
 
 
 
 
 
  
 



            
19  

 
 
 
 
 
 
 
 
 
 

Note :  PO PO1.60 Å 

P=O1.43 Å, P4O6 PP P4O10 

   SiO2 

 
 
 
 
 
 
 
 
 
  [Si3O9]

-6 

Si 

                                                                    •=Si- ; O= 

 

Si=O Si-Si 

   B2H6 

C2H6 C-C B-B B2H6 

B sp3 

3- 2-e

 
 
 H2O,                                                V 
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 H2O2 

O 

 
 
 
 
 SOCl2 

                                               
                                                   

 
 
 
 
 
 XeO4 

d- 

‘d’ 

sp3d  dz2 

sp3d2   dx2
y2&dz2 

sp3d3                       dxy , dyx, dyz 

dsp2                22 yx
d


 

•  sp3d 

 AB5 AB4L AB3L2 AB2L3 

 
 

 T-   

 PCl5,PBr5,PF5etc. SF4,XeO2F2 ClF3, [XeF3]
+ XeF2,3

,[Cl2]
 

sp3d 

(i)  VSEPR 

 
 
 
 
 
(ii)  

(iii)  
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PCl 

 
 
 
 
 
 
 
 
 
  PF5 

 
 
 
 
 
Sp3 d2 

 AB6 AB5L AB4L2 

    

 SF6, PF6
,[SiF6]

2 

[AIF6]
3, [XeO6]

4 

BrF5,F5 

XeOF4 
Cl4

 
XeF4 

 

 
(a)   

(b)  
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S  SF6,SF4

 
 
 
 

[XeO6]
4 

 

 

  4

6XeO H4XeO6   42 XeOH  

 

 

 

 

 

 

 

 

 

 

 

 

 

Sp3 d3 

 AB7 AB6L 
   

 F7 XeF6 
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  XeF6 (s) [XeF6]
+ F 

F XeF5
+ 

(  H2,O2,Cl2,N2 F2) 

HF 

HF 

(Dipole moment) 

''

)( = (q) × (d) 

(Debye) (D) 

   1 D=3.33564×1030 Cm, C m 

  (Debye)=1×1018 e.s.u. cm. 

HF 

(Vector-sum) 

 cosPQ2QPR 22 , R 

OH 104.50 

6.17×1030 Cm (1D=3.33564×1030 Cm) OH 

=1.85 D 

=1.85×3.33564×1030 Cm 

  =6.17×1030 Cm. 
  

BF3 , CO2 , SO3 , CF4 , PF4 , PF5 (g) , SF6 , XeF2 , CS2 , CCl4 , PCl5 (g) , XeF4 
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  

HF       >         HCl     >         HBr     >         H 
            1.92 D            1.08               0.78               0.38 

             CH3Cl  >         CH2Cl2 >       CHCl3  >         CCl4 

                  1.86                 1.6               1.0                  0 
  o > m > p  

> 

  

BF3 F =0 

  =0 

CO2, CS2, BeCl2 (g). 

BF3, CH4, PCl5, SF6, lF7, XeF4 

  0 

SnCl2, PbCl2, SO2, 

 NH3, H2O, NF3, SF4, H2S, 

   % 100100
%100(


)






 

(Parmeters) 

(I II) 

 
 
 
 
 
 
 

O3 
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OO O=O OO 

148 pm 121 pm O2 OO 128 pm 

O3 I 

II O3 

O3 (Resonance Concept) 

(Canonical) 

(Resonance Hybrid) 

O3 (I II) ( II) 

 
 
(i)  
 
 
 
(ii)  
 
 
 
 
(iii)  
 
 
 
 
(iv)  
 
 

   

 
 

e,g.,                                                                                     


   

 
   

  

    

    
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HF H 

F 

(- - -) (____)

(F, O  N) 

H- 

(i) (F,O,N) H-

(ii)  

(iii) 

H-

H- (5-10 kJ/mol) 50 kJ/mol 

F- (D) (H) 

   H-

H-

(A)  
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(a)  H 

(b) 5- 6- 

(c) 

(B)  

(a)  

H2O 

  (air gap) 

40C 

40C 

(b)  H (ROH) (NH3) (C6H5OH) 

(c)  H

(d)  (cross) (H2O ROH ) 

(e)   KFCO3 

 
 
 
 

(i)  

(ii)  

(iii)  

(iv)  
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(v)  

(vi)  

(vii)  

(LCAO) : 

H2 

A B A B 

1s 

A B 

A B 

MO= B 

 


ABB

AB  




*, 

(constructive) 

(destructive) (Interference)

(Nodal Plane) 
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1.  1s 

1s 2s 2s 1s 

2.  z- 

2pz 2pz 

2px 2py 

3.  

  



1s 

1s *s1
 [ ] z-

2pz

2pz 
*2pz. [ ] 

2px 2py 

 
* [ ] 


* 

(O2,F2) 

1s<*1s<2s<*2s<2Pz < (2px=2py) <
*2pz<

*
2px = *

2pz. 
( Li2, Be2, B2, C2, N2) 

B2, C2, N2 

1s<*1s<2s<*2s<(2Px = 2py) < 2Pz <(*2px = *2Py) < *2Pz 

2Pz 2Px 2py 
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(A) 1s (B) 2pz (C) 2px 

Nb Na 

(i)  Nb>Na,

(ii)  Nb>Na 

(i) 

(ii) 

Nbnumber of e in bonding molecular orbitals and Na number of e in antibonding MO’s. 
(BOND ORDER) 

= ½ (NbNa) 

Nb>Na 

(Nb>Na) (Nb=Na) 
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(diamagnetic) 

(Paramagnetic) 

1.  (H2) : 

1s 

1s 

H2 : (2s)2 

1
2

02

2

NN ab 





  

438 KJ mol1 74 pm. 

2.  (He2) : 

1s2 He2 

1s 1s He2 

He2 : (1s)2(*1s)2 

He2 ½ (22)=0 

He2 

Be2 (1s)2     (*2s)2     (2s)2     (*2s)2 

3.  (He2) : 

1s2 2s1 Li2 

Li2:(1s)2  (*1s)2  (2s)2 

KK (2s)2 KK, K ((1s)2) = ½ (42) 

=1 

4.  (N2) : 

:(1s)2 (*1s)2 (2s)2 (*2s)2 (2p2
x=2p2

y) (2pz)
2 

B.O. of 3)410(
2

1
N2  .

5.  (O2) : 

O2 16 

O2 : (1s)2 (*1s)2 (2s)2 (2pz)
2 (2p2

x=2p2
y) (

2px
1=2p1

y) 

2]610[
2

1
]NN[

2

1
ab   

O2 

 

HOMO : Highest Occupied Molecular Orbital. 
LUMO : Lowest Unoccupied Molecular Orbital 
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(a)  

(b)  

(c) (induced) 

(d)  

(e) 

(a > b > c > d > e) 

(a) (Ion-dipole attraction) : 

(i) (ii) (iii) 

 
(b)

 
 
(c) 

 
 
 (d) 

 
 
(e) 

H2,O2,Cl2 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

   

  


