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CHAPTER # 1 

 
Definit ion 
 
Chemis try  
Chemis t ry  i s  the  b ranch  o f  sc ience  which  dea l s  wi th  the  p roper t i e s ,  co mpos i t ion  and  
s t ruc tu re  o f  ma t te r .  I t  a l so  dea ls  wi th  the  changes  in  ma t te r  and  wi th  the  p r inc ip les  
accord ing  to  wh ich  these  changes  occur .  
 
Element:  
The s imp les t  fo r m of  mat te r  which  canno t  be  fu r the r  s imp l i f i ed  by  any  phy s ica l  o r  
chemica l  p rocess  i s  ca l l ed  e l emen t .  
There  a r e  abou t  115  e lemen ts .  Ou t  o f  these ,  92  a re  na tu ra l  and  o ther s  a re  a r t i f i c i a l .  
Las t  na tu ra l  e l ement  i s  URANIUM (At .  No .92) .  O ther  examples  a r e  H ,  O ,  N ,  C ,  Na ,  
e tc .  
 
Atom 
Atom is the smallest particle of an element, having all the properties of that element and 
capable of taking part in a chemical reaction. It may or may not exist independently. 
Atoms of same elements may differ from each other in atomic mass and physical 
properties. They are called Isotopes.   
Thus “H” stands for one atom of Hydrogen. 
“N” s t ands  for  one  a tom of  N i t rogen .  
 
Ion 
An ion  i s  a  cha rged  a to m,  i . e .  an  ion  i s  fo rmed  when  an  a to m loses  o r  ga ins  
e lec t rons .  They  ar e  of  two  types :  
Cat ions  a re  the  pos i t ive  ion  fo rmed  by  the  loss  of  e l ec t ron ,  e .g .  Ex ,  Na + 1 ,  Mg.  
Anions  a re  t he  nega t ive  ion  fo rmed  by  the  ga in  o f  e lec t ron ,  e .g .  Ex . ,  C l - 1 ,  O - 2

.  
 
 
  ATOM       ION 
1) It is the smallest particle of an element.  1) It is the atom that has gained or lost electron. 
2) It may or may not exist independently.   2)  It exists independently. 
3) It is neutral having equal number of electron  3)  It is not neutral. Cation (+ve) has less and 
proton.      electrons than protons. Anions (-ve)  
            Have more electrons than protons. 
 4) It does not move under influence   4) They move to anode and cathode 
 of electric field.      under the influence of electric field.  
  
              
   
 
Molecule  
I t  i s  the  s mal les t  par t i c l e  o f  a  subs tance  o r  compound .  I t  can  ex i s t  i ndependent ly  
and  can  t ake  par t  i n  a  chemica l  r eac t ion .  

Or  
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The  smal l es t  par t i c le  o f  a  subs tance  o r  compound  i s  ca l l ed  mo lecule .  I t  i s  fo r med  by  
the  co mbina t ion  of  two  o r  more ,  same  o r  d i f f e r en t  a to ms .  When a  mo lecu le  i s  made  
up  of  a toms  of  s ame e l ements ,  i t  i s  ca l l ed  HOMOATOMIC MOLECULE.  
 
The  nu mb er  of  a toms  in  one  mo lecu le  i s  ca l l ed  ATOMICITY,  e .g .  Ex,  H 2 ,  O 2 ,  N 2 ,  
C l 2 ,  O 3  (Ozone) ,  e t c .  
When  a  molecu le  i s  made  up  o f  a to ms  o f  d i f f e ren t  e l emen ts  i t  i s  ca l l ed   
HETEROATOMIC MOLECULE,  e .g .  Ex,  CO,  CO 2 ,  NH 3 ,  H 2 SO 4 ,  e tc .  
 
 
Format ion  o f  Molecu le  
H+H H 2  (One molecule  o f  hydrogen)  
2H+O  H 2 O (one  mo lecu le  o f  wa ter )  
 
Formula  
The rep resen ta t ion  o f  a  mo lecule  OR a  compound  in  symbo ls  and  f igures  i s  ca l l ed  
FORMULA,  e .g .  fo rmula  o f  wa ter  i s  H 2 O.  I t  r ep resen t s  one  mo lecu le  o f  wa ter .  
 
Formula  Unit  
Ion ic  compounds ;  such  as ,  Na + 1 ,  C l - 1  do  no t  ex i s t  a s  molecu les .  They  ex i s t  as  
aggrega te  of  ions .  Na + 1 ,C l - 1  r ep resen ts  the  r a t io  o f  two  ions  and  i t  i s  ca l l ed  a  
fo rmu la  un i t .  
 
Atomic  Number  
Ato mic  number  o f  an  e lement  i s  the  number  o f  p ro tons  p r esen t  i n  i t s  nuc leus .  The  
name was  sugges ted  by  MOSELEY in  1911 .  I t  i s  deno ted  by  Z .  
Ato mic  Nu mber  =  No o f  p ro tons  
 
Atomic  Mass  
Ato mic  mass  i s  def ined  as  the  mass  o f  one  a tom of  t he  e lemen t  as  compared  to  the  
mass  o f  one  a to m o f  C 1 2  (The  s t ab le  i so tope  o f  carbon . ) .  
 
a.  m.  u  (Atomic  Mass  Uni t )  
I t  i s  t he  un i t  o f  a tomic  mass  o r  mo lecu lar  mass .  
1  a . m.u  =  1 .66  x10 - 2 4  gm,  a l so  1  amu  =  1 /  Avogadro’s  No .  
I t  a l so  r ep resen t s  mass  of  one  a tom o r  one  molecu le  o f  a  subs tance .  
 
 
 
Example  
Molecu la r  Mass  o f  NaOH =  40a . m.u  
Thus  mass  o f  1  mo lecu le  o f  NaOH =  40  a .m.u  
 
Molecu lar  Mass  
Molecu la r  mass  i s  de f ined  as  the  mass  o f  one  mo lecu le  o f  a  subs t ance  compared  to  
the  mass  o f  one  a to m of  C 1 2  ( the  s t ab le  i so tope  o f  carbon) .  
I t  i s  equa l  t o  the  su m of  a tomic  masses  o f  the  a toms  of  a l l  e l emen ts  p resen t  in  a  
mo lecu le  as  shown  by  i t s  mo lecu la r  fo r mula .  
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Example   
Molecu la r  Mass  o f  H 2 O    =   18  a . m.u  
Molecu la r  Mass  o f  H 2 SO 4   =   98  a . m.u  
 
Molar  Mass  
I t  i s  def ined  as  the  mass  o f  1  mo le  o f  a  subs tance  expres sed  in  g ram.  
 
Example  
Molecu la r  Mass  o f  H 2 O =  18  a . m.u  
Hence ,  Molar  Mass  of  H 2 O =  18  g m 
I t  i s  a l so  def ined  as  mass  o f  6 .02  x  10 2 3  mo lecu les  o f  a  subs tance  exp ressed  in  
gram.  
 
Molar  Vo lume 
Molar  vo lume i s  de f ined  a s  the  vo lume occup ied  by  1 mole  o f  a  gas  a t  S .T .P  o r  
N .T .P .  
I t  i s  equa l  to  22 .4  dm3 .  
Example  
1  mole  o f  CO 2  =  44g ms  occup ies  o r  vo lu me of  22 .4dm 3  a t  0 0 C and  1  a tmospher ic  
p ressure .  
 
Equiva lent  Weight  (Eq .  Wt . )  
I t  i s  tha t  we igh t  o f  an  e lemen t  wh ich  co mbines  w i th  o r  g ives  ou t  one  power  by  
we igh t  o f  H  or  8  par t s  by  we igh t  o f  ‘O’  o r  35 .5  pa r t s  by  we igh t  o f  ‘C l ’ .  
 
Valency  
I t  i s  the  combin ing  power  o f  an  e lemen t .  I t  i s  a l so  de f ined  as  equa l  to  nu mber  o f  H 
a to ms  with  wh ich  one  a to m o f  the  e l emen t  co mbines .  
 
Example  
In  NH 3  Va lency  of  ‘N’  i s  3 .  
 
 
 
 
 
Radica l  
I t  i s  the  a to m or  g roup  o f  a toms  e i the r  neu t ra l  o r  charged  and  capab le  o f  t ak ing  par t  
in  chemica l  r eac t ions  as  a  s ing le  en t i ty ,  i . e .  L i + 1 ,  Ba + 2 ,  CO + 2 ,  F - 1 ,  SO - 2

4 ,  CO - 2
3 ,  e t c .  

Fo l lowing  i s  the  l i s t  o f  charged  rad ica l s :  
 
MONOVALENT POSITIVE  MONOVALENT NEGATIVE 
RADICAL     RADICAL 
Hydrogen  H +     Hydr ide  H -   Th iocy onide  SCN - 1  
L i th ium Li + 1     F luor ide  F - 1   B i su lph ide  HS - 1  
Sod iu m Na + 1     Ch lo r ide  Cl - 1   B i su lph i t e  HSO 3

- 1  
Po tas s ium K + 1     Bro mide  Br - 1   B i su lpha te  HSO 4

- 1  
S i lver  Ag + 1      Iod ide   I - 1   B icarbona te  HCO 3

-  
Cuprous  Cu + 1     Hydrox ide  OH - 1   Ace ta te  CH 3 COO - 1  
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Mercurous  Hg + 1     N i t r i t e  NO 2
- 1   Ch lo ra te  C lO 3

- 1
 

Ammonium NH 4
+ 1    N i t r a t e  NO 3

- 1   Per mangana te  MnO 4
- 1  

      Cy onide  CN - 1  
 

DIVALENT +v e  RADICAL  DIVALENT –ve  RADICALS 
Cupr ic  Cu + 2        Bar ium Ba + 2  Oxide  O – 2   Chro mate  CrO - 2

4  
Mercur i c  Hg + 2  Z inc  Zn + 2   Su lph ide  S - 2  Dichro ma te  Cr 2 O - 2

7  
Fer rous  Fe + 2  N ick le  N i + 2   Su lph i t e  SO 3

- 2  
Lead  Pb + 2   Manganese  Mn + 2  Sulpha te  SO 4

- 2  
S tannous  Sn + 2  Cad mium Cd + 2  Carbona te  CO 3

- 2  
Ca lc ium Ca + 2  Coba l t  Co + 2  Th iosu lpha te  S 2 O 3

- 2  
Magnes ium Mg + 2  
S t ron t ium Sr + 2   
 
TR IVA L E N T  +ve   TR I VAL E N T –ve     T ET R A V A L EN T  + ve  TE T RAV EL N T - v e  
Fer r i c  Fe + 3    N i t r ide  N - 3  S tann ic  Sn + 4   Carb ide  C - 4  
A lu minum Al + 3   P lu mbic  Pb + 4  Fer rocy an ide  [Fe(CN) 6 ] - 4  

Chromium Cr + 3   Phospha te  PO 4
- 3   

B i smuth  B i + 3   Fer r i cy an ide  [Fe(CN) 6 ] _ 3  
Gold  (Auru m)Au + 3  

 
 
 
 
Formula  Mass  
For mula  mass  i s  def ined  as  the  su m of  the  a tomic  mass  as  g iven  in  the  s imples t  o r  
empi r i ca l  fo rmula  of  the  subs tance .  
Example  
S imples t  fo r mula  o f  Sod iu m Chlor ide  i s  Na + Cl - 1  
Thus ,  fo rmula  mas s  of  Na + Cl -  =  23  +  35 .5  =  58 .5  a . m.u  
 
Mole  
A mole  i s  def ined  as  g r am a to mic  mass  o r  g ram mol ecu la r  mass  o r  g r am formu la  
mass  o f  a  subs tance  wh ich  con ta ins  a s  many  par t i c l e s  a s  ther e  a re  in  12  gms  o f  C 1 2  

which  con ta ins  AVOGADRO’S number  o f  pa r t i c l es  6 .02  x  10 2 3 .  
o r  
Mole  i s  t he  a to mic  we igh t  o r  molecu la r  we igh t  o r  fo rmula  weigh t  o f  a  subs tance  
expressed  in  g rams .  
 
1  mo le  o f  H  a to m  =  1gm =  6 .02  x  10  2 3  a toms  
1  mo le  o f  H 2  mo lecu le  =  2g ms  =  6 .02  x  10 2 3  mo lecu les  
1  mo le  o f  CH 4  =  16gm =  6 .02  x10 2 3  molecu les  
1  mo le  o f  Na + 1 Cl - 1 =  58 .5  gm =  6 .02  x  10 2 3  fo rmula  un i t s  
     =  6 .02  x  10 2 3  Na + 1  ions  and  6 .02  x  10 2 3  C l - 1  ions .  
 
For mula  
Mole  =  Mass  in  g rams  
  A to mic  M ass  or  Molecu lar  Mass  o r  Formula  Mass  
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GRAM ATOM 
Atomic mass of an element expressed in gram is called Gram Atomic Mass or Gram 
Atom. Now a days, it is called Mole. 
A gram atom contains Avogadro’s No. (6.02 x 1023) of atoms of the element.  
 
Example 
Atmoic Mass of C = 12 amu 
12 gm C = 1gm-atom C = 6.02 x1023 atoms of C 
 
AVOGADRO’S NUMBER 
Avogadro’s number 6.02 x1023 is defined as number of particles, i.e. atoms or molecules or formula units 
present in one mole of any substance. 
This number 6.02 x 1023 was determined by Avogadro’s and is denoted by NA. 
 
Example 
1 mole C (= 12gm) = 6.02 x 1023 atoms of C 
1 mole H2O (=18gm) = 6.02 x1023 molecules of H2O 
 
 
Expression for Calculations 
No. of particles = moles x 6.023 x 1023 
   OR 

No. of particles  =   Mass  in  g ram       x6 .02x10 2 3  
  A to mic  Mass  o r  Molecu lar  Mass  o r  Formula  Mass  

 
S Y S T A M I C  E R R O R  
T h e  d e p a r t u r e  o f  a  m e a s u r e m e n t  f r o m  i s  a c c u r a t e  v a l u e  i s  c a l l e d  E R R O R .  
Sys temic  e r ro rs  i s  a l so  known as  DETERMINATE ERROR.  These   a r e  those  wh ich  
ar e  caused  by   

i )  Defec t s  in  ana ly t i ca l  me thods   
i i )  I mproper  func t ion ing  o f  the  ins t ru ments  

 
Sys temic  er ror s  fo r  one  exper imen t  may  no t  s t ands  va l id  fo r  the  o ther .  
 
R A N D O M  E R R O R  
These  a r e  the  e r ro r s  which  a re  caused  by  some uncer ta in ty  in  phys ica l  measuremen t  
due  to  human  judgment .  They  ar e  UNAVOIDABLE.  A random e r ro r  may  be  pos i t ive  
or  nega t ive .  Hence ,  to  min imize  i t ,  we  t ake  severa l  measuremen ts .  
 
 
E X P O N E N T I A L  N O T A T I O N  
The nu mbers  expressed  as  power  of  some base  (a s  10)  a re  ca l l ed  exponen t i a l  i t ems  
or  no ta t ion .  
 
Example  
10 3 ,  10 - 9

,
  10 5 5 ,  e t c .  

 
The  power  to  the  base  10  i s  ca l l ed  EXPONENT.  Thus ,  in  exponen t ia l  no ta t ion   
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10 - 6 ,  - 6  i s  ca l l ed  exponen t .  Any  number  can  a l so  be  u sed  as  base .  
 
Advantages  o f  Exponent ia l  Notat ion  

i )  I t  he lps  in  s i mp l i fy ing  man y  a r i thme t ica l  ca l cu la t ions .  
i i )  I t  min i mizes  e r ror s  in  ca lcu la t ions .  

 
 
E M P I R I C A L  F O R M U L A  
Empir ica l  fo r mula  represen t s  t he  s imples t  r a t io  o f  the  a toms  of  each  e lement  p resen t  
in  one  mo lecu le  o f  a  co mpound .  
 
Example  
For mula  o f  G lucose  (C 6  H 1 2 O 6 )  i s  CH 2 O.   
 
 
 
Example  
For mula  CH O rep resen t s  tha t  one  molecu le  o f  g lucose  has  C  H and  O in  a  r a t io  o f  
1 :  2  :  1  
 
Empi r i ca l  fo rmula  of  two  componen t s  can  be  same.  
Example  
Empi r ica l  fo rmula  o f  Benzene  i s  CH  
Empi r ica l  fo rmula  o f  Ace ty lene  i s  CH.  
 
I t  r ep resen ts  cova len t  as  we l l  a s  ion ic  co mpounds .  There  a re  many  co mpounds   
(espec ia l ly  ion ic)  which  have  same empi r ica l  fo r mula .  
 
E x a m p l e  
NaCl ,  CaCO 3 ,  MgO ( Ion ic )  CH 4  ,  H 2 O,  NH 3  (Cova len t )  
 

Ionic  Covalent
NaCl  CH4  
CaCO 3 H 2 O 
MgO NH 3  

 
MO L EC U LA R  F O R M U LA  

Molecu la r  fo r mula  represen t s  the  ac tua l  number  o f  a to ms  of  each  e lement  p resen t  in  
one  mo lecu le  o f  a  compound.  
 
Example  
Molecu la r  fo r mula  o f  sucrose  i s  C 1 2 H 2 2 O 1 1 .  Molecu la r  fo rmula  C 6  H 1 2  O 6  represen t s  
tha t  each  molecu le  o f  g lucose  i s  made  up  of  6  a toms  o f  C ,  12a to ms  o f  H  and  6  a to ms  
of  O .  

F a c t o r s  
Molecu la r  fo rmula  of  two  d i f fe r en t  compounds  canno t  be  the  same .  
I t  r ep resen ts  on ly  cova len t  co mpounds .  
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SIGNIFICANT FIGURE 
 
DEFINATION 
Sign i f i can t  f igures  in  a  number  a re  the  d ig i t s  which  a re  known wi th  cer ta in ty  and  
ar e  r e l i ab l e .  
 
Example  
189  has  3  S ign i f i can t  f igures .   
10000  has  1  S ign i f i can t  f igu re .  
 
RULES TO DETERMINE SIGNIFUCANT FIGURES 
1 .  Al l  non-zero  d ig i t s  a re  s ign i f i can t .  
 

E x a m p l e  
3754  has  4  s ign i f i can t  f igures .  
7  has  1  s ign i f i can t  f igure .  

 
2 .  Zero  be tween  two  nu mbers  i s  s ign i f i can t .   
 
Example  
4007  has   4  s ign i f i can t  f igures .  
3 .06  has   3   s ign i f i can t  f igures .  
 
3 .  Zero  before  a  dec ima l  i s  non  s ign i f i can t  p rov ided  i t  i s  no t  be tween  two  d ig i t s .  
 
Example  
0 .32  has   2   s ign i f i can t  f igures .  
 
4 .  Zero  a f t e r  dec i ma l  i s  non  s ign i f i can t  p rov ided  i t  i s  no t  be tween  two  d ig i t s .   
 
E x a m p l e  
0 .007  has   1   s ign i f i can t  f igure .   
 
5 .  Zero  a t  t he  l as t  end  o f  a  dec ima l  f igure  i s  s ign i f i can t .   
 
E x a m p l e  
3 .2400  has  5  s ign i f i can t  f igures .  
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2 .00    has  3  s ign i f i can t  f igures .  
 
6  Zero  a t  the  l a s t  end  o f  a  non  dec ima l  f igure  i s  non  s ign i f i can t .  
 
E x a m p l e  
35400  has  5  s ign i f i can t  f igu res .  
 
STOICHIOMETRY 
The study of quantitative relationship between reaction and product as conveyed by a chemical equation is 
called STOICHIOMETRY. 
 
Example 
The reaction Zn + 2HCl  ZnCl2 +H2  conveys that. 
1 mole of Zn reacts with 2 moles of HCl to give 1 mole ZnCl2  
or  
65 p/m of Zn reacts with 73 p/m HCl to give 136p/m ZnCl2  (p/m = parts of mass) 
 
From this relationship, we can calculate mass of any species from mass of a given species. 
(Note: p/m = parts by mass) 
 
Types of Relationships In Stoichiometric Calculations 
There are three types of relationship involved in the stoichiometric substances: 

1) Mass – Mass relationship 
2) Mass – Volume relationship 
3) Volume – Volume relationship 

 
Mass –Mass Relationship 
In these relationships, we find an unknown mass of reactant and product from a given 
mass of a substance in a chemical reaction with the help of balanced chemical equation. 
 
Example 
C + O2  CO2 
12p/m     32p/m 44p /m 
 
In the above reaction, 12 parts by mass (p/m) of C combines with 32 p/m of O2 to form 44 
p/m of CO2. 
Hence, from this mass relationship, we can calculate mass of any reactant or product 
provided mass of any one substance is given. 
 
Mass- Volume Relationship 
In these relationships, we calculate the volume of a gas from a given mass or vice versa.  
These calculations are based on Avogadro’s Law. This law gives a quantitative 
relationship between mass and volume of a gas under standard conditions, i .e.  S.T.P or 
N.T.P.  
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According to Avogadro’s  Law, 
 
“One gram mole of any gas at S.T.P or N.T.P (P =1atmosphere , T=O0C)  occupies a 
volume of 22.4 dm3 (Molar Volume). 
Also one ounce – mole (oz-mole) of any gas of STP occupies a volume 22.4 cubic-foot 
(Cu.ft). 
 
Example 
          STP  
  Zn + 2HCl       ZnCl2 + H2 
 65p /m       1  mole  =  22 .4  dm 3 
 
The above reaction shows that 65 p/m or gm of Zn reacts with HCl to produce 22.4dm3 of 
H2 at S.T.P. Thus, we can calculate volume of H2 for any given mass of Zn or HCl. 
 
VOLUME –VOLUME RELATIONSHIP 
In such calculations, the volume of a gas is calculated from a given volume of another gas 
in a chemical reaction. These calculations are based on GAY –LUSSAC’S LAW OF 
COMBINING VOLUME. 
This law gives a quantitative relationship between volumes of gases in a chemical change. 
 
According to GAY _LUSSAIS LAW, 
“Gases react in the ratio of small whole numbers of volume under similar conditions of 
temperature and pressure.” 
 
Example 
N2  ( g )  + 3H2  ( g )   2NH3 (g )  
 
This reaction shows: 
i) 1 volume of N2 reacts with 3 Volume of H2 of given 2 Volume of NH3 
ii)  1 mole of N2 reacts with 3 mole of H2 of given 2 mole of NH3 
ii i)  22.4dm3  of N2 reacts with 3(22.4dm3) of H2 of given 2 (22.4dm3) of NH3 at STP. 
 
Thus, we can calculate volume of any gas provided that volume of any gas is given in the 
reaction. 
 
 
 
 
 
 
 
 
LIMITING REACTANT 
In “Stiochiometry”, when more than one reactant is  involved in a chemical reaction, it  is  
not so simple to get actual result of the stiochiometric problem by making relationship 
between any one of the reactant and product, which are involved in the chemical reaction. 
As we know that when any one of the reactant is  completely used or consumed, the 
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reaction is stopped, no matter the other reactants are present in very large quantity. This 
reactant which is totally consumed during the chemical reaction due to which the reaction 
is stopped is called limiting reactant.  
 
Limiting reactant helps us in calculating the actual amount of product formed during a 
chemical reaction. To understand the concept of limiting reactant,  consider the following 
calculation: 
 
Problem 
We are provided 50gm of H2 and 50gm of N2. Calculate how many gm of NH3 will be 
formed when the reaction is irreversible. 
 
The equation for the reaction is as follows: 
N2 + 3H2   2NH3 
      
Solution 
In this problem moles of N2 and H2 are as follows: 
Moles of N2 = Mass of N2   =  50  =  1.79 mol 
      Mol. Mass of N2             28 
   
Moles of H2 = Mass of H2   =  50  =  25 mol 

 Mol. Mass of H2               2 
So, the provided moles for the reaction are nitrogen = 1.79 moles and Hydrogen = 
25moles but in the equation of the process 1 mole of nitrogen requires 3 moles of 
hydrogen. Therefore, the provided moles of nitrogen, i .e.  1.79 require 1.79 x 3 moles of 
hydrogen, i .e.  5.37 moles. Although 25 moles of H2 are provided but when nitrogen is 
consumed, the reaction will  be stopped and the remaining hydrogen is useless for the 
reaction. So in this problem, N2 is a limiting reactant by which we can calculate the 
actual amount of product formed during the reaction. 
N2  +  3H2    2NH3 

1 mo le     2  mo le  
 
1 mole of N2 gives 2 mole of NH3 
1.79 mole of N2 gives 2 x 1. 79 mole of NH3 
   3.58 mole of NH3 
 
Mass of NH3  =  Moles of NH3   x  Mole Mass 

  = 3.58      x 17 
   =  60.86 gm of NH3  
CHAPTER #2  
SOLID, GAS , LIQUID 
 
Any thing which occupies space or has mass is called MATTER. Each and every moment, we come in 
contact with matter, e.g. air, water, food. 

 
CLASSIFICATION 

Matter can be classified on the basis of pure and impure substances. 
 

MATTER 
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PURE SUBSTANCES   IMPURE SUBSTANCES (MIXTURE) 
 
 
COMPOUND   ELEMENTS  HOMOGENOUS HETROGENOUS  

MIXTURE  MIXTURE  
 
   METALS   NON-METALS 
 
PURE SUBSTANCES 
Pure substances are those substances which have same properties throughout their bulk, e.g. salt, sugar, and 
gold. They are further divided into compound and element. 
 
Compounds 
A compound is a pure substance. Its composition is fixed. Elements forming compound loose their original 
properties. 
      Δ 
  CaCO3  CaO + CO2 (g) 
   Heat     
  2H2 + O  2H2O 
 
Elements 
An element is a substance in which the atoms are chemically identical having same atomic numbers. 
   Iron  = 26 
   Copper  = 29 
 
Elements can be divided into metals and non metals. 
 
MIXTURE 
It is an impure substance. Its composition is not fixed. It can be separated into two or more components. 

or 
A mixture is a substance which consists of two or more substances which are chemically not combined with 
each other, e.g. air and soil.  
 
 
Homogenous Mixture 
A homogenous mixture is a mixture in which we have uniform composition. A homogenous mixture is also 
known as a solution, e.g. salt, sugar and water. 
 
Hetrogenous Mixture 
A heterogenous mixture is a mixture which does not have uniform composition throughout its mass. 
They have visible boundaries of separation between the substances, e.g. food, air and rock. 
Matter exists in three physical states. 
a)  SOLID 
b) LIQUID 
c) GAS 
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Q. Define properties of solid, liquid and gas. Differentiate between solid, liquid and gaseous  state. 
 
SOLID 
Solids are composed of atoms, ions or molecules. They are held together by strong electrostatic forces. The 
force of attraction between the molecules is very strong which does not allow the molecules to move freely. 
The space between the molecules is very less, which is the reason behind the definite shape and volume of 
solids. Solids cannot be compressed or squeezed appreciably by high pressure. 
 
LIQUIDS 
Liquid molecules are held together by weak forces. A liquid has no definite shape. It takes the shape of its 
container. However, it occupies a definite volume. It can be compressed to a negligible extent by high 
pressure. 
 
GASES 
The molecules of gases are apart from each other. Intermolecular forces are very weak. A gas has no shape 
of its own; rather, it takes the shape of its container. It has no definite volume but can be compressed or 
squeezed into small volume. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q) Differentiate between solid, liquid and gases. 
 
 
 Gas Liquid Solid 
Shape and 
Volume 

Gases have no shape of 
their own and have no 
definite volume. 

Liquids have no shape of its 
own but takes the shape of 
container. 
They occupy definite 
volume. 

Solids have definite 
shape and volume. 

Nature Gases consist of 
molecules. 

Liquids consist of ions or 
molecules. 

Solids consist of atom 
molecules or ions. 

Arrangement According to kinetic 
theory, gas molecules are 
randomly arranged. 

Liquids are fairly randomly 
arranged and consist of 
clusters that are very close 
together. 

The particles are 
arranged in a fixed 
pattern. 
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Intermolecular 
Space 

Gases have very large 
spaces between particles. 

Liquids have less space 
between molecules or ions. 
 

Solids have no space 
between particles. They 
are tightly packed. 
 

Compressibility It can be easily 
compressed due to the 
large spaces between the 
molecules. 

It can be compressed to a 
small extent. 

It cannot be compressed. 
They deform.. 

 
 

BASIC POSTULATES OF KINETIC THEORY OF GASES 
The basic postulates of kinetic theory of gases are as follows: 
 
1.  MOLECULES – CONSTITUENT PARTICLES OF A GAS 
The gases consist of small particles called molecules except inert gases (He, Ne, Ar, Rn). They exist in 
atomic form, therefore, gases are classified as: 

a. Monoatomic gases, e.g. He, Ar 
b. Diatomic gases for e.g., H2 O2, N2 
c. Polyatomic gases for e.g., CO2, SO2 

 
2.   MOLECULAR VOLUME AND DISTANCE 
The gaseous state is the one in which the molecules are widely separated from one another but having 
negligible volume. The gases are easy to compress due to large empty spaces. 
 
3.  MOLECULAR MOTION 
The gas molecules are in a continuous motion. They travel in straight line until they collide with another or 
with the walls of container as a result of which the direction of their motion is changed. 
 
 
4.  ELASTIC COLLISION OF MOLECULES 
The molecules collide with one another and with the walls of container, but these collisions are perfectly 
elastic (result in no loss or gain of energy). 
 
5. GAS PRESSURE 
Gas pressure is the result of the collision of gas molecules and the walls of the container. 
 
6.  NO ATTRACTIVE OR REPULSIVE FORCES 
In an ideal gas, there are no attractive or repulsive forces between the molecules, and each molecule acts 
quite independently of the others. 
 
7. KINETIC ENERGY OF MOLECULES 
The molecules of the gases posses average kinetic energy due to their motion. 

K.E = ½ mv2 
 
The average kinetic energy of the gas molecules is directly proportional to the absolute temperature. 

K.E  α   T 
 

BASIC POSTULATES OF KINETIC THEORY OF LIQUIDS 
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This theory is based on the following assumptions: 
1. The particles of a liquid are quite close to each other due to which a liquid has fixed volume. 
2. The particles in a liquid are free to move so they have no definite shape. 
3. During the motion, these molecules collide with each other and with the walls of the container. 
4. These molecules possess kinetic energy which is directly proportional to its temperature. 

K.E  α   T 
 

 BASIC POSTULATES OF KINETIC THEORY OF SOLIDS 
The assumptions of kinetic theory for solids are as follows: 

1. The particles in a solid are closely packed due to strong attractive forces between molecules. 
2. These molecules are present at a fixed position and are unable to move. 
3. They have definite shape because the particles are arranged in a fixed pattern. 
4. They possess only vibration energy. 

 
 
 
 

 
Behaviour of Gases 

Gases exhibit the following behavior and kinetic theory provides the explanation as follows: 
 
SHAPE AND VOLUME 
Gases do not have definite shape and volume. According to kinetic theory, this is because there is no force 
of attraction among gas molecules. So they are free to move. Hence, they do not have any shape and 
occupies space for available volume. 
 
DIFFUSION 
It is a dispersion process. The distribution and spreading of the gas molecules throughout the vessel is called 
diffusion and this property is called diffusibility.  
According to kinetic theory, there is large distance between the gas molecules. Due to absence of any force 
of attraction, the molecules move freely and diffuses easily, e.g. when NH3 gas is liberated in a room, its 
molecules easily spread throughout the room. 
 
EFFUSION 
This is the opposite of diffusion. In this process, the gas molecules are allowed to escape or pass through the 
tiny holes or pores, e.g. the air effuses from the tire as a result of which the tire looses pressure gradually. 
 

Effusion of gas through a small hole 
 
 
 
 
 
 

COMPRESSIBILITY 
Gases can be compressed easily or volume of gases is highly affected by change in pressure. According to 
kinetic theory, there is large distance between the molecules of gases. They come closer by application of 
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pressure, and hence, when the volume is decreased when pressure is increased, e.g. air is squeezed into 
automobile tires. 
 
EXPANSION (Effect of temperature) 
Reverse process of compressibility is expansibility. Expansion and contraction of gases results largely due to 
heating or cooling. According to kinetic theory, when temperature of a gas is increased, the average K.E and 
velocity of molecules are increased so gases expand fast at constant pressure. When the temperature is 
decreased, or when cooling is done, the K.E of molecules decrease as the molecules come closer that 
decreases the volume also, e.g. when the tire is punctured, the air rushes out. 
 
LIQUIFICATION 
Gases are liquefied at low temperature. According to kinetic theory, when temperature of gases is 
sufficiently lowered, average K.E and velocity of molecules are decreased. This is why molecules come 
closer and gases change into liquids state. 
PRESSURE 
All gases exert pressure. According to kinetic theory, the pressure of gases is due to the collision of gas 
molecules with the walls of container. 
 Due to the collision, molecules exert a force (F) on some area of the wall,  

Pressure = Force / Area   
P = F/A 
= Newton’s / m2 

But Newton is kg.m/s2. Therefore, the unit of pressure is also expressed as. 
P =  kg m \ s2 =  kg m-1 sec2 

         m 
The other units of pressure are: 

a) Atmospheric which is 760mm of Hg level or 1 atmosphere = 760mm = 760 torr 
b) Pound / sq inch or P.S.I 

PSI, 4.7 Psi = 760 torr 
 

Q) What is the pressure in atmosphere correspond to 950 torr?  
DATA 
Given 
Pressure in torr = 950 torr 
Requirement. 
 Pressure in atmosphere = ? 
Solution. 
  As we know that 
 760 torr = 1 atm 
    1  = 1/760 

950  = 1 x 950 / 760 
  = 1.25 atm. 

DATA 
Given. 
 Atmospheric pressure. 
  P = 3.5 atm 
Requirement 
 Pressure in torr = ? 
Solution 
  As we know that 
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 1 atm = 760 torr 
 1 = 760/1 
 3.5 = 760 x 3.5 
  = 2660 torr. 
 

 
 
 

 
What is the pressure in torr of 6.5 atmosphere? 

DATA 
 
Given 
 Atmospheric pressure = 6.5 atm 
Requirement 
 Pressure in torr = ? 
 
Solution  
  As we know that 
 1 atm = 760 torr 
 1 = 760/1 
 6.5 = 760 x 6.5/1 
  = 4940 torr. 
 
 

GAS LAWS 
The mole, volume, temperature and pressure of gases explain a simple mathematical relationship to each 
other. The precise statement of these relationship are known as the gas laws. Gas laws consist of: 

1. Boyle’s Law 
2. Charle’s Law 
3. Avogadro’s Law 
4. Graham’s Law of Diffusion 
5. Dalton’s Law of Partial Pressure. 

 
BOYLE’S Law 

 
INTORDUCTION 
The relationship between pressure and volume of a gas at constant temperature was discovered by Robert 
Boyle in 1662. This relationship is known as BOYLE’s LAW. 
 
STATEMENT 
“At constant temperature, the volume of a given mass of gas is inversely proportional to the pressure exerted 
on it.” 
 
MATHEMATICAL EXPRESSION 
Mathematically, Boyle’s law can be represented as: 

V α   1/P (T constant) 
V = K. 1/P 
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K=PV 
The product of pressure and volume of given mass of a gas at constant temperature is always constant. 
 
 
Now for initial state of a gas, 

P1V1 = K 
final State of Gas, 

P2V2 = k 
P2V2 = P1V1 

 
GRAPHICAL REPRESENTATION OF BOYLE’S LAW 
When the volume of a gas is plotted against the total pressure, a parabolic curve is obtained. 
 
A graph of volume with 1/p gives a straight line. 
 

Explanation of the Boyle’s Law 
 
Robert  designed a J. shaped glass tube with its shorter arm closed. He poured mercury in the longer arm so 
as to enclose some amount of air in the shorter arm. The equal level of mercury in the two arms indicated 
that the confined air was subjected to the atmospheric pressure. 
 
Boyle added more mercury as a result of which the mercury level raised above the original level (h) and the 
increased pressure reduced the volume of the air. The total pressure was calculated as: 
P total = P atm + Pn 
Where Pn = Excess pressure 
Boyle compared the volume of air with total pressure and observed the inverse relationship b/w them. 

 
EXPLANATION OF BOYLE’S LAW IN TERMS OF KINETIC THEORY 

If the temperature remains constant, the volume of a gas is decreased because the average velocity of 
molecules remain constant. Molecules come close to each other; hence, they collide more frequently with 
the wall of the vessel producing higher pressure. 
 
LIMITATIONS OF THE LAW 
This law is not obeyed by those gases which are under conditions of high pressure and low temperature. 
 
 
 
 
 
 
 
 
 
 
 
 
 

NUMERICALS 
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1)  What volume does 200 cm3 of a gas at 0.92 atm pressure is changed into 2 atm at constant 

temperature? 
 
Data 
Given 
Initial volume   v1 = 200 cm3 
Initial pressure  P1 = 0.92 atm. 
Final pressure   P2 = 2 atm 
 
Requirement:  Final volume V2 = ? 
 
Solution: 

 According to equation 
P1V1 =   P2V2 

   V2 =  P1V1/ P2 
   V2 =  0.92 x 200/ 2 
   V2 =   184/ 2 
   V2 =   92 cm3 

 
2) What volume does 400 cm3 of a gas at 700 torr occupy when the pressure is changed to 2 atm? 
 
Data: 
Given:  
 Initial volume V1 = 400 cm3 
 Initial pressure P1 = 700 torr. 

Pressure is change into atm pressure P1 = 700/760 = 0.92 atm 
 Final pressure P2  =  .2 atm.  
 
Requirement: 
 Final volume V2 = ? 
 
Solution: 

According to equation, 
 P1V1 = P2V2 
 V2 = P1V1/ P2 
 V2 = 0.92 X 400/ 2 
 V2 = 184.2 cm3 

 

 
 
 
 
3) Find out the change in pressure if volume of a gas in 2.80 dm3 at 670 torr and the change in 

volume is 4.60 dm3. 
Data 
 
Given 
 Initial volume V1 = 2.80 dm3 
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 Final volume V2   = 4.60 dm3 
 Initial pressure P1 = 670 torr. 
Solution 
 According to equation 
 P1V1 = P2V2  
 P2 = P1V1/ V2 
 P2 = 670 X 2.80/ 4.60 
 P2 = 407.82 torr. 
 
 

CHARLE’S LAW 
The solids, liquids and gases show expansion due to heat and contraction due to cooling. This process is 
very small in case of solids and liquids due to their compact nature and lack of intermolecular spaces. 
However, expansion and contraction are widely exhibited by gases due to large intermolecular spaces. 
The statement of temperature and volume relationship is known as Charle’s law which was presented in 
1746 – 1823. This law was governed by J.A.C Charles. 
 
STATEMENT 
“At constant pressure, the volume of a given mass of a gas is directly proportional to the absolute 
temperature.”  
 
MATHEMATICAL REPRESENTATION 
Mathematically, Charle’s law can be represented as: 

V α T  (at constant Pressure) 
V = KT 
V/T = K  1 

Mass of a gas to its absolute temperature is always constant provided the pressure is constant. 
 For initial stage of gas 
  V1/T1 = K 
And 
 For final stage of gas 
  V2/T2  = K 
Hence  V1/T1 =   V2/T2 

 
 

 
 

EXPLANATION OF CHARLES’S LAW ON THE BASIS OF K.M. THEORY 
The average kinetic energy of gas molecules is directly proportional to the absolute temperature of the gas. 
Thus, the effect of raising gas temperature is to raise the average kinetic energy of molecules. Due to rise in 
the kinetic energy, molecules move more energetically and collide frequently with the container walls. This 
increases the pressure of the gas. However, if pressure is kept constant under the above mentioned condition, 
volume is raised. Molecules with a greater force will move through a greater distance and the gas expands to 
a greater volume. Hence, moving away from each other. 
 
ABSOLUTE ZERO 
The temperature – 273 0C is called absolute zero and is defined as that theoretical temperature at which 
volume of all gases should become zero, and all motion should cease to exist so the gas changees into liquid 
or solid. It is denoted by T. 
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T = 0C + 273 = K or A 
 

ABSOLUTE OR KELVIN TEMPERATURE    
 Steam Point 

It is the temperature obtained by adding 273 to 0C, i.e.   1000C   373A 

 
 0C + 273 = A or K 
 

       Ice-point 0C0   273A 
Example 
27 0C is equal to 
27 + 273 = 300 K or A         

Celcius scale -2730C              OA  
Absolute scale  

ABSOLUTE SCALE 
Absolute scale is the scale of temperature in which: 

1. Lowest temperature is 00A or K 
2. Ice point is 273 K 
3. Steam point is 373 K 

 
 
 
 
 
 
 
 
 
                                                                                          
1) 3.0 dm3 of H2 gas at –200C is warmed at a new temperature at 270C at constant pressure. Find out 

the new volume of gas. 
 
Data 
Given               
Initial volume of gas   V1 = 3.0 dm3 
Initial temperature of gas  T1 = -200C + 273 = 253k 
Final temperature of gas  T2 = 27 + 273 = 300k  
 
Requirement:    Find volume of gas V2 = ? 
 
Solution 
 We know the formula 
 V1/T1 = V2/T2 
 V2 = V1 x T2/T1 
 V2 =  3.0 x 300/253 
 V2 = 3.55 dm3 
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2) The volume of a gas is 4.00 dm3 at 150C at constant. Pressure. If the volume is changed into 
8.00 dm3, find the change in temperature. 

Data 
Given 
Initial volume of gas  V1 = 4.00 dm3 

Initial temperature of gas T1 = 15C + 273 = 288k 
Final volume of gas  V2 = 8.00 dm3 
 
Requirement   Find temperature of gas T2 = ? 
 
Solution 
We know that the formula 
V1/T1 = V2/T2 
T2 = V2 x T1/ V1 
T2 = 8.00 x 288/4.00 
T2 = 576k 
 
 
 
 
 
 
 
 
 
3) A balloon has volume 3.80 dm3, when the temperature is 350C. If the balloon is put into a 

refrigerator and cooled to 50C assuming that pressure inside the balloon is equal to 
atmospheric pressure at all times. Find the volume? 

 
Data 
Given 
Initial volume of balloon  V1 = 3.8 dm3 
Initial temperature   T1 = 35 + 273 = 308k 
Final temperature   T2 = 5 + 273 = 278k 
Pressure = constant  
 
Requirement   Find volume of balloon = ? 
Solution: 
We know the formula 
V1/T1 = V2/T2 
V2 = V1 T2/T1       = 3.8 x 278/308 
        = 3.42 dm3 
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AVAGADRO’S LAW 
This law was governed by Amado Avogadro’s in 1811. He gave the relation between the volume and the  
number of molecules of a gas. 
 
STATEMENT 
“Equal volume of all gases at same pressure and temperature contains the same number of molecules.” 
Thus, the volume of a gas is directly proportional to the number of molecules of the gas at constant 
temperature and pressure.” 
 
MATHEMATICAL REPRESENTATION 

v α n 
v = kn 

v = volume in dm3 
n = no of molecules of a gas 
 

EXPLANATION 
When hydrogen and chlorine gases react chemically to give hydrochloric acid, according to Avagadro’s law. 
 
X molecules of H2 + X molecules of Cl2 
  =  2 molecules of HCl. 
X is common so  

1 molecule of H2 + 1 molecule of Cl2 
=  2 molecule of HCl 

i.e.,  H2 + Cl2  2HCl 
 
“A definite volume of a gas at certain temperature and pressure contains definite number of molecules.” 
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After performing a series of experiments, Avogadro calculated that one mole of a substance contains 6.02 x 
1023 atoms / molecules. If gas exist in molecular form as O2, Cl2, CO2, then one mole contains 6.02 x 1023 
molecules, but if gas exists in atomic form as He, Nc, and other inert gases, then its one mole contains 6.02 x 
1023 atoms. 
 
AVOGADRO’S NUMBER 
The number of particles (atoms or molecules) in one mole of a substance is 6.023 x 1023. This is known as 
Avogadro’s number. 
Avogadro’s also proved that one mole of a gas at S.T.P. occupy 22.4 dm3. This volume is also known as 
molar volume. 
 
 
 
 
 
 
Results of Avagadro’s Law 

1. It helps in determining a relationship between the volume and weight of the gases. 
2. The weight in gm of 22.4 dm3 (Molar Volume) of a gas at S.T.P is the weight of one mole of that 

gas. 
22.4 dm3 of O2 at S.T.P  = 32 gm = 1 mole 
22.4 dm3 of SO2 at S.T.P  = 80 gm = 1 mole 

 22.4 dm3 of CO2 at S.T.P  = 44 gm = 1 moles 
3. It also helps in determining the relative molecular mass of gases. Under same temperature and 

pressure the relation between weight and molecular weight of two gases are: 
 

Wt of gas A = Wt of gas B 
 Mol. weight of gas Mol. weight of B 
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GENERAL GAS EQUATION 
 
Given: 
The equation gives relation b/w pressure, temperature ,volume and no. of moles of a gas. It is derived as 
follows: 
According to Boyle’s law: (statement) 
 V α 1/P  (at const T) 
According to Charle’s law: (statement)  

V α  T   (at const P) 
According to Avogadro’s law : (statement) 
 V α  n   (at const T,P) 
Combining all the three laws we get 
 V  α  nT/P 
Or  PVα  nT 
Or  PV = nRT   1  R= Gases Constant 
The numerical values of ‘R’ depend on the units of P and V. 
 
a) When Pressure is expressed in atm and vol in dm3. 
Data:  

P = 1atm  PV = nRT 
V = 22.4 dm3  R = PV/nT 
n = 1 mole  R = 1 atm x 22.4 dm3 
T = 00C + 273         1 mole x 273k  
   = 273 0A 
R = ?   R = 0.0821 dm3.atms.K-1.mol-1 
 

b) When Pressure is expressed in N/m2 and vol in m3. 
P = 101300 N/m2 
V = 0.0224 m3  (1dm3 = 10-3m3) 
T = 00C + 273 
   = 273 K 
n= 1 mole 
R = ? 
R = PV/ T 
R= (101300) x (0.0224) 
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 (1mol) x (273K) 
= 8.3143 N.m.K-1. mol-1 
= 8.3142 J.K-1.mol-1 

 
 
 
 
 
 
 
The constant R is called general gas constant. 

Now 
   For 1 mole of a gas n = 1 
   So we can write 
   PV = RT 
 Or  R = PV/T 
   So  
   For initial state of gas 
   P1V1/T1 = R 
   For final state of gas 
   P2V2/T2 = R     
   Hence  
   P2V2/T2 = P1 V1/T1    2 
This is another farm of general Gas equation.  
 
DIMENSIONS OF R 
Unit of R is J mole-1 k-1. 
J (joule) is the unit of energy, hence the dimensions of R as same as those of energy i.e. M.L2.T-2 

Now  
Joules  = N x M        M =    Mass 

 = kg m/sec2 x m        L=Volume 
 = kg m2/sec2         T=Temperature 
Joule = kg x m2 x sec-2 = M.L2.T-2 
Thus dimensions of R are 
M.L2.T-2 

A mathematical expression which describes the state of a gas, giving the relation b/w pressure, volume, 
temperature and no. of moles of gas, is called EQUATION OF STATE OF GAS. 
General gas equation PV = nRT is an equation of state because when we specify the four variables i.e. Pr, 
Temp, vol and no. of moles. 
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GENERAL GAS EQUATION IS ALSO CALLED IDEAL GAS 
General gas equation PV = nRT is called ideal gas equation b/c it specifies the state of and ideal gas i.e. a 
gas whose behavior can be predicted precisely on the basis of kinetic molecular theory and gas law: 

IDEAL GAS 
An ideal gas is that whose behavior predicted 
precisely on the basis of k.T one gas is ideal. It 
is a hypothetical gas. 
 
Molecules do not attract each other. 
 
Vol of the molecules are negligible. 

NON – IDEAL OR REAL GAS 
A non-ideal or real gas behavior can not be 
predict precisely on the basis of k.T. All gases 
are real. 
 
Molecules attract each other. 
 
Vol of molecules are not negligible. 

 
The main cause of deviation of the real gases from the ideal behavior is the presence of intermolecular 
forces like vander waals forces of attraction b/w the molecules. 
Gases like H2 & O2 do not greatly from the ideal behavior at moderate temperature all gases show marked 
deviation from ideality.  
 
1) What will be the volume occupied by 14 gm of nitrogen at 200C and 740 torr pressure? 
Data: 
Given:  P = 740 torr 
       = 740/760 = 0.974 atm 
 wt of nitrogen = 14 gm 

so it can be converted into mole now 
 n= 14/28 = 0.5 mole 

 R = 0.0821 
kelvinmol

madm
.

/. 13

 

 Temperature T = 20 + 273 
    = 293 k0 
REQUIREMENT: Volume occupied by nitrogen gas V = ? 
Solution: 
 According to eq we have 
 PV = nRt 
 V = nRT/P 
     = 0.5 x 0.0821 x 293/0.974 

V = 12.345 dm3  
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2. A certain mass of nitrogen gas at 200C and at 740 torr pressure occupies 12.345 dm3. Calculate 
the volume that it will occupy at S.T.P. 

Data: 
Given: 
 Initial volume   V1= 12.345 dm3 
 Initial pressure  p1 = 740 torr 
 Final pressure   p2 = 760 torr 
 Initial temp   T1 = 20+273=293k 
 Final temp  T2 = 273k 
Requirement:  Find Volume v2 = ? 
Solution: 
 According to general gas equation. 
  V2 =   P1 V1  x  T2    /    T1  x  P2 
  V2 =   740 x 12.345 x 273/293 x 760 
  V2 =   11.12 dm3 

 
 

3. Calculate the vol that will be occupied by 0.8 moles of oxygen gas taken at 300C and at 800 torr 
of Hg pressure ? 

Data: 
Given: 
 R = 0.0821 dm3 atm/deg.mol. 
 n = 0.8 mol 
 T = 30+273=303k  
 P = 800/760 = 1.053 atm 
Requirement:  Volume occupied by oxygen gas v = ? 
Solution: 
 According to equation 
 PV = nRT 
 V   = nRT/P 
 V   = 0.8 x 0.0821 x 303/1.053 
       = 18.899 dm3 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

GRAHAM’S LAW OF DIFFUSION 
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Statement 
The rate of diffusion of the gases are inversely proportional to the square root of their densities at constant 
temperature and pressure. 
 
 
MATHEMATICAL REPRESENTATION OF THE LAW 
Suppose two gases with densities Cl1 and Cl2 diffuse into each other at the same condition of temperature 
and pressure. If the rate of diffusion of the two gases are r1 and r2 respectively, then  
according to the law,  
  r1   α      1 /     d1  (at constant temperature) 
 or 
  r1   = k  /       d1   1 
 
similarly for the second gas 
  r2    1  /      d2  (at constant temp) 
 
  r2 =  k  /      d2   2 
 
 
dividing equation 1 by 2 
  r1/r2 =            k / d1 
    k / d2 
 
  r1/r2  =  d2/d1   3 
 
As the density of the gas is proportional to its molecular mass, therefore equation 3 can be written as: 
 
  r1/r2  =           M2 /  M1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NUMERICALS 
 

1) The ratio of the rates of diffusion of two gases A and B 1.5 : 1. If the relative molecular mass of 
gas A is 16, find the relative molecular mass of gas B. 

Data: 
Given: 
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 Ratio rates of two gases 
 rA/rB are = 1.5 : 1 
Molecular mass of gas A = 16 
 
Requirement: 
 Relative molecular mass of gas B =? 
Solution: 
 According to Graham’s law 
  

RA/rB  =  MB/MA 
 
1.5/1 =   MB/16 
 
(1.5/1)2 =  (  MB/16        )2 

 
  = 2.25 x 16 
 MB = 36 
2. Compare the rates of Helium and Sulphar dioxide. 
Solution: 
 The molecular masses of Helium and Sulphar dioxide are 4 and 64 respectively. Hence,  
  RHe/RSO2  = MSO2/MHe 
          = 64/4  =  8/2 
   RHe       =   4 RSO2  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DALTON’S LAW OF PARTIAL PRESSURE 
STATEMENT 
At constant temperature and volume, the total pressure of the mixture of gases are always equal to the sum 
of partial pressure of all the gases present in the mixture. 
 

MATHEMATICAL REPRESENTATION OF THIS LAW 
Let us consider a mixture of three different gases say A, B and C. The partial pressure of these gases be PA, 
PB, and PC respectively. Now according to the law, the total pressure Pt is given by, 
  Pt = PA + PB + PC 
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PARTIAL PRESSURE OF A GAS FROM THE MOLECULAR FRACTION 

Suppose a mixture of three gases is enclosed in a cylinder of volume ‘v’. Let the number of moles of there 
gases n1, n2 and n3 respectively. If nt is the total number of moles, then, 
  nt = n1 + n2 + n3 
From general gas equation 
  PV = nRT 
  P   = nRT/V 
So the partial pressure of each gas would be  
For gas # 1 
  P1 = n1 RT / V   1 
For gas # 2 
  P2 = n2 RT / V   2 
For gas # 3 
  P3 = n3 RT / V   3 
 
From Dalton’s law 
  Pt = P1 + P2 + P3 
Therefore 
  Pt = n1RT + n2RT + n3RT 
            V           V          V 
or  Pt = (n1 + n2 + n3) RT/V 
  Pt = nt RT/V   4 
 
Dividing equation (1) by (4) 
  P1/Pt  =  n1RT/V 
      ntRT/V 
 
or  P1/Pt  =  n1/nt 
 
Hence  Partial pressure of gas   =   No of moles of gas     

 Total pressure of mix         Total no of moles of gases 
 
i.e. the ratio of the partial pressure of a gas to the total pressure of the mixture of gases is equal to the mole 
fraction. 
 
 
APPLICATION OF THE LAW 
When a gas is collected over water, then it contains trace of water vapours. Thus, the pressure of this 
mixture would be the partial pressure of the gas and the partial pressure of water vapours, i.e.  

Pt = Pgas + PH2O 
Therefore,  Pgas = Pt – PH2O 
Hence the volume of dry gas can be calculated by applying general gas equation at S.T.P. 
 
   P1V1 /  T1  =  P2V2 / T2 

 
NUMERICALS 
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1. For the preparation of oxygen gas in the laboratory, 500cm3 of the moist gas was collected 
over water at 250C and 724 torr. What volume of dry oxygen gas at S.T.P was produced? 
(Pressure of water vapors at 250C = 24 torr) 

Data: 
Given: 
 Pressure of moist gas = 724torr 
 Pressure of water = 24torr 

P of dry gas = Pmoist – PH2O  
            = 724 – 24 

 P1      =  700 torr. 
Pressure P2    =  760 torr. 
Temperature T1 =  25+273=298k 
Temperature T2 =  273 k 
Initial volume V1 = 500cm3 

 
Requirement: 
 Vol of dry oxygen 
 V2 = ? 
 
Solution: 
 According to gas equation 
 P1V1 / T2   =   P2V2 / T2 
 V dry gas = P1V1T2 / P2T1 
  = 700 x 500 x 273 
        760 x 298 
  = 421.9 cm3 

 
 
 
 
 
 
 
 

2. A mixture of gases at 760 torr contains 2 moles nitrogen gas and 4 moles carbon dioxide 
gas. What is the partial pressure of each gas in torr? 

 
Given: 
 Total moles   n = 6 moles  moles of CO2 = 2mol 
 Total pressure   pt = 760 torr  moles of N2 = 4mol 
 
Requirement: 
 Partial pressure of each gas in torr? 
 
Solution: 
 Pgas = Ptotal x ngas 
   n(total) 
 PNr = 760 x 2 / 6 =  253.33 torr. 
 PCO2 = 760 x 4 / 6 =   506.67 torr. 
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Total pressure = sum of partial pressure 
 = 760 torr. 
 

BEHAVIOUR OF LIQUIDS 
 
KINETIC THEORY OF LIQUIDS 

1) According to kinetic theory the molecules of liquid are arranged randomly, but consist of cluster 
in which they are close together.  

2) A strong attractive force present to them. 
3) Their particles are fairly free to move. 
4) They make the volume definite. 

 
DIFFUSIBILITY 
The molecules of liquids can diffuse into each other but the rate of diffusion in liquid is slower than the 
gases, e.g. a drop of a dye or any oily solution diffuses through water. 
 
COMPRESSBILITY 
According to kinetic molecular theory, the intermolecular spaces in liquids are lesser than gas molecules. 
Hence, they cannot be compressed easily. However, a high pressure is required to compress a liquid to a 
very little extent. 
 

EXPANSION AND CONTRACTION 
A liquid normally expands on heating and contract on cooling. When a liquid is heated, the kinetic energy of 
its molecules increases. As a result, the attractive forces between the molecules become weak and these 
molecules move far apart from each other. Hence, the liquid expands. 
 
Similarly on cooling, the kinetic energy is lowered and the molecules come closer to each other and the 
liquid contracts. 
 

VISCOSITY 
 
DEFINATION 
“The internal resistance to flow of a liquid is called viscosity.” 
 
EXPLANATION 
The internal resistance to flow of a liquid is due to internal friction between the two layers of the liquid. This could 
easily be understood by taking the liquid in a tube consists of concentric layers. When this liquid is allowed to flow, 
the layers which are in contact with the wall of the tube are stationary; while, the layer at the center has high 
viscosity. The intermediate layers move with medium viscosity. Hence each layer exerts a drag to the next layer 
which causes the liquid to flow. 
 
UNIT OF VISCOSITY 
Viscosity is expressed in poise 1 poise = 1 gm/cm. The S.I unit of viscosity is Newton second per sq metre. 
(N.S m-2) 
 
FACTORS AFFECTING VISCOSITY 

1. TEMPERATURE: Viscosity decreases with the increases in temperature because at high 
temperature the attractive forces between the molecules become weak. 
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2. INTERMOLECULAR ATTRACTIVE FORCES: Those liquids having strong molecular 
attraction between the molecules are more viscous than the liquids with weaker molecular 
attraction. 

3. SHAPE OF MOLECULES: Molecules with regular shapes have greater tendency to flow over 
one another, hence, the liquids having such molecules are less viscous than the liquids containing 
irregular shape of molecules. 

 
VAPOUR PRESSURE 

DEFINATION 
The pressure applied by the vapors of a liquid at particular temperature and at equilibrium state is called 
vapor pressure. OR 
The pressure exerted by the vapors when they are in equilibrium with the liquid phase is called vapor 
pressure.  
 
EXPLANATION 
Consider a liquid in a closed container. Initially, there are no vapors in the empty space. When the liquid is 
heated, it starts evaporating and its vapors gather above the surface of the liquid. The vapors convert into the 
liquid by loosing a part of their kinetic energy. Since the rate of evaporation is higher than the rate of 
condensation; therefore, with the passage of time, more and more vapors are accumulated in the space. This 
will finally equalize the two rates. Hence, the equilibrium is achieved. At this state, the vapor molecules due 
to their continuous state of random motion, collide with the wall of the container and exert pressure on it. 
This is the vapor pressure.  
  evaporation 
Liquid     Vapors 
  Condensation 
FACTORS AFFECTING THE VAPOUR PRESSURE 

1. TEMPERATURE: The vapor pressure increases with the increases in temperature because at 
high temperature, the attractive forces between the molecules become weak. 

2. INTERMOLECULAR ATTRACTIVE FORCES: The liquids having strong molecular attraction 
have lower vapor pressure then the liquid with weaker molecular attraction. 

3. PRESENCE OF IMPURITIES: By adding impurities, the vapor pressure decreases. It means that 
the vapor pressure of pure liquid is always higher then impure liquid. 

 
SURFACE TENSION 

DEFINATION 
“The force acting per unit length on the surface of a liquid at right angle direction is called SURFACE 
TENSION.” 
 
EXPLANATION 
Consider a liquid present in a beaker. The molecules inside the liquid are surrounded by the other molecules 
of the liquid so the force of attraction present in all directions. But the force of attraction acting on the 
molecules of the surface from the lower layer molecules is not balanced. The molecules lie on the surface 
are attracted by the molecules present below the surface. Due to this downward pull, a membrane is formed 
which tends to contract to a smaller area and causes a tension on the surface of the liquid which is known as 
S.T. 
 
UNIT OF SURFACE TENSION 
The S.T unit of surface tension is Newton per metre. 
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FACTORS AFFECTING THE S.T 

1. TEMPERATURE: The surface tension of a liquid decreases with the increases in temperature 
because at high temperature, the attractive forces between the molecules become weak. 

 
2. INTERMOLECULAR ATTRACTIVE FORCES: The liquid having strong molecular attraction 

have high values of surface tension than the liquids with weaker molecular attraction. 
 

3. PRESENCE OF IMPURITIES: By adding the impurities, the S.T decreases. It means the S.T of 
pure liquid is always higher than impure liquid. 

 
 
 

 
BOILING PONT 

Definition 
Temperature at which vapour pressure of a liquid becomes equal to the atmospheric pressure is called 
BOILING POINT. 
 
EXPLANATION 
When a liquid is heated, the rate of evaporation of the molecules also increases with the increase in 
temperature. When the pressure of the vapors become equal to the atmosphere pressure, the liquid starts 
boiling and this temperature is known as boiling point. 
If the external pressure on a liquid is changed, the boiling point of the liquid is also changed. The increase in 
external pressure on liquid increases the boiling point while decrease of external pressure decreases the 
boiling point. 

 
CAPLLARY ACTION 

DEFINITION 
“Rising or falling of a liquid in a capillary tube is called capillary action.” 

or 
When a glass tube with small bore is dipped in water or any other liquid, the level rises in capillary tube 
depending upon nature of the substance used (wetting or non-wetting liquid). This process is called 
CAPILLARY ACTION. 
 
EXPLANATION 
When a capillary tube is dipped into a wetting liquid like water and alcohol, the liquid rises in the tube. This 
is due to low surface tension of water. Forces of alcohol are greater than the forces of water. Hence, liquid 
rises upward and balances the gravitational pull. 

 
BEHAVIOUR OF SOLIDS 

 
KINETIC THEORY OF SOLIDS 

According to the kinetic theory, the molecules of solid are closely packed together. The attractive forces 
between them are very strong due to which the molecules of solid are unable to move freely. Hence, the 
shape and the volume of solid are definite. 



36 | P a g e  
 

www.thresholdcollegiate.webs.com 
www.facebook.com\threshold-collegiate 

www.twitter.com\threshold1999 
 

 
DIFFUSIBILITY 
In solids, the molecules are very close to each other which do not allow the molecules to move. Hence, the 
rate of diffusion in solid is very low. 
 
COMPRESSIBILITY 
Solids are almost incompressible because the molecules of solids are very close to each other and there are 
no empty spaces among them. 
 
 
 
DEFORMITY 
Solids are deformed by high pressure because the  
molecules have strong binding forces strong and the  
molecules are held equally well to their neighbours. 
 
MELTING 
When a solid is heated, the kinetic energy of the molecules increases and it overcomes the intermolecular 
attraction. As a result, solid starts converting into liquid by melting. 
 
SUBLIMATION 
There are some solids which do not melt on heating but directly converted to vapors. Such solids are known 
as sublimes and the process is called sublimation. 
 

CLASSIFICATION OF SOLIDS 
Solid are mainly classified into the following. 
1. Crystalline solids   2. Amorphous solids 

 
CRYSTALLINE SOLIDS 

The solids which have particular geometrical shape due to highly ordered three dimensional arrangement of 
the particles are called crystalline solids. 
 

AMORPHOUS SOLIDS 
The solids which do not have a particular geometrical shape are called Amorphous solids. 
 
Q) Differentiate between Crystalline and Amorphous Solids. 
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Crystalline Solid 
1. Geometry: Particles of crystalline 

solids are arranged in an order of three 
dimensional network called crystal 
lattice. Hence they have uniform shape. 

2. Melting Point: They have sharp melting 
point. 

3. Cleavage and Cleavage Plane: They 
can be cleaved at fixed cleavage plane. 

4. Anisotropy and Isotropy: They are 
anisotropy b/w their physical properties 
are different in different directions. 

5. Symmetry: They are symmetrical, i.e. 
their appearance do not change by 
rotating them around an axis. 

Amorphous Solids 
Geometry: Particles of amorphous solids are 
not arranged in a definite pattern. They do not 
have a uniform shape. 
 
Melting Point: They do not have sharp melting 
point. 
Cleavage and Cleavage Plane: They cannot be 
cleaved at fixed cleavage plane. 
Anisotropy and Isotropy: They are isotropic, 
i.e. their physical properties are same in all 
direction. 
Symmetry: They are unsymmetrical. 

 
 
 
 
 

CLASSIFICATION OF CRYSTALS 
Crystals are classified in following four types which are based upon the bonding between the particles 
(atoms, ions or molecules) constituting the crystal: 
 

ATOMIC CRYSTALS 
Crystals consisting of atoms packed together by metallic bonding are called atomic crystals. 
 
PROPERTIES OF ATOMIC CRYSTALS 

1. They are good conductors of heat and electricity.  
2. They are lustrous. 
3. They possess high melting points. 
4. They are ductile and malleable. 

 
IONIC CRYSTAL 

Crystals consisting of oppositely charged ions are called ionic crystal. These oppositely changed ions are 
held together by electrostatic force of attraction. 
 
PROPERTIES OF IONIC CRYSTALS 

1. They are hard and brittle. 
2. They have high melting points. 
3. They conduct electricity in molten state or in solution state. 

 
COVALENT CRYSTALS 

Crystal consisting of atoms which held together by covalent bonding are called covalent crystal. These 
covalent bonds are strong and require high energy to break. 
 
PROPERTIES OF COVALENT CRYSTALS 

1. They are usually non-conductor of heat and electricity. 
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2. They have high melting points. 
3. They are high value of refraction index. 

 
MOLECULAR CRYSTALS 

Crystals consisting of molecules that are held together by weak attractive forces are called molecular 
crystals. In these crystals, following attractive forces are present: 

a) Hydrogen bonding: It is the electrostatic force of attraction between partially positive 
hydrogen of one molecule and the electronegative atom of other molecule. 

b) Vanderwaal’s forces: It is the attractive force developed between the atomic nuclei of 
one atom and electrons of other molecules. 

 
PROPERTIES OF MOLECULAR CRYSTAL 

1. They are soft. 
2. They have low melting point. 
3. They are usually non-conductors of heat and electricity. 

 
ISOMORPHISM 

DEFINATION 
The phenomenon in which two or more compounds occur in the same crystalline structure is called 
isomorphism. 
 
ISOMORPHOUS SUBSTANCES 
These are the substances that have same crystalline structure. 
 
PROPERTIES 

1. They have different physical and chemical properties. 
2. They have same empirical formula. 
3. When their solutions are mixed, they form mixed crystal. 
4. They show the property of overgrowth. 

 
EXAMPLES 

1. CaCO3 & NaNO3  (They have trigonal structure) 
2. ZnSO4 and NiSO4  (They have orthorhombic structure) 

 
POLYMORPHISM 

DEFINATION 
It is the phenomenon in which a solid substance exists in more than one crystalline form under a given set of 
temperature and pressure. 
 
POLYMORPHOUS SUBSTANCES 
It is a substance which can exist in more than one crystalline forms. 
 
PROPERTIES 

1. They have same formula having same types of composition. 
2. They have same properties. 
3. There crystalline systems are different. 

 
EXAMPLES 
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Calcium carbonate exists in two different crystalline structure i.e.  
a. Calcite: It has trigonal structure. 
b. Aragonite: It has orthorhombic structure. 

 
UNIT CELL 

The smallest volume of crystal which shows all the characters of its parent is called unit cell. 
A unit cell is the basic structure unit which when repeats in three dimensions, generates the crystals. 
A unit cell is described by: 

1. Length of its edges, denoted by a, b,c and  
2. Angles between the edges devoted by α β γ 

 
 

CRYSTAL SYSTEMS 
There are seven groups of crystal system. These are: 
S.No CrystalSystem Axes Angles Example 
01 
 
02 
 
03 
 
04 
 
05 
 
06 
 
07 

Cubic system 
 
Tetragonal system 
 
Orthorhombic system 
 
Trigonal / rhombohedral 
 
Hexagonal system 
 
Mono clinic system 
 
Triclinic system 

a=b=c 
 
a=b≠c 
 
a≠b≠c 
 
a=b=c 
 
a=b≠c 
 
a≠b≠c  
 
a≠b≠c 

α= β=γ=900
 

 
α= β=γ=900

 

 
α= β=γ=900

 

 
α= β=γ≠900

 

 
α= β=γ=900

 

α- β=900
 

β ≠ 900 
 
α≠ β≠γ≠900 

NaCl, ZnS 
 
SnO2, BaSO4. 4H2O 
 
KNO3, ZnSO4.7H2O 
 
AgNO3, KNO3 
 
SiO2 
 
CuSO4 
 
CuSO4,5H2O 
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CHAPTER # 3 
ATOMIC STRUCTURE 
 
Introduction  
The theory explains that matter was made from small indivisible particles called atoms. According to ancient 
era, this theory was put on a sound scientific basis by John Dalton in 1808. 
 
Dalton’s Concept 
In early 1800s, John Dalton proposed his theory that matter was composed of minute discrete particles 
called atoms (Greek = indivisible). 
 
Recent Concept 
Today, it is well established that atoms are complex organization of matter and energy. Many particles have 
been discovered within the atom. These sub atomic particles include electron, proton, neutron, several types 
of mesons, hyprons, etc. 
 
Evidence for the presence of electrons, protons and neutrons in the atom is derived through the experiment. 

 
FARADAY’S EXPERIMENT  

 
Passage of Electricity through Solutions 

 Clue about Electrons 
In this experiment, Faraday’s passed electricity through an electrolytic solution. He observed that when two 
metal plates (electrodes) are placed in an electrolytic solution and electricity is passed through this solution, 
ions (present in this solution) move towards their respective electrodes. In other words, these ions move 
towards the oppositely charged electrodes to give up their charge and liberate as a neutral particles. 
 
Faraday also determined the charge of different ions and the amount of elements from the electrolytic 
solution. Due to this experiment, presence of charged particle in the structure of atom is discovered. This 
basic unit of electric charge was later named as electron by Stoney in 1891. 
 
Diagram: 
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Conclusion 
There is some elementary unit of electric charge associated with these ions which can be calculated. The 
ions were observed to carry some integral multiple of this charge and the basic charge was later named by as 
an electron. 
 
Example 
 
Ionization of Electrolytic Solution 
NaCl     Current        Na+  + Cl-  

 
A+ anode (oxidation)  (lose of particles) 
2Cl-             Cl2 + 2e-  
 
 
 
At cathode (Reduction)  (gain of particle) 
 
2 Na+  +  2e-                       2 Na     

 
CROOK’S TUBE OR DISCHARGE TUBE EXPERIMENT 

(Passage of electricity through gases under low pressure) 
 
Introduction 
The conduction of electricity through gas was first studied by GEISSLER followed by W-CROOKES in 
1879. Electron was the first sub-atomic particles of an atom which was discovered in an electrical discharge 
tube called Crook’s Tube by J.J.Thomson in 1896. 
 
Construction of the discharge tube 
The discharge tube consists of long glass tube with circular electrodes sealed into each end. A small opening 
is made on its one side which is connected to a vacuum pump. The two electrodes are connected to the 
positive and negative terminal of a very high voltage battery. 
 
Working of Discharge tube 
At normal pressure (760mm Hg), a very high voltage about 4000 volt is connected to the tube. A sharp noise 
is heard by reducing pressure with the help of vacuum pump. The noise disappears, the gas attains a violet 
colour, then pink and finally whole tube begins to glow. 
 
When pressure is lowered to about 1m.m. Hg, a dark space appears which is separated from cathode by a 
bluish glow at about 0.1mm. The rest of the glow in the tube is broken into several alternate bright and dark 
patches called “striations”. At further low pressure, the blue glow separates from cathode and a dark space 
appears in between called Crook’s Dark Space. At further low pressure, the Crook’s and Faraday’s dark 
space appear growing in size & the positive column shrinks, till at 0.001 mm Hg. The whole tube is filled 
with crook’s dark space and radiation called “cathode rays” emit from cathode electrode. 
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Nature of Cathode Rays 

1. They travel in a straight line. This is proved by the fact that they produce a sharp shadow of opaque 
substances placed in their path. 

2. They emerge normally from cathode. 
3.  They can penetrate in small thickness of metals. 
4. They can exert mechanical pressure showing they possess K.E. 
5. They produce x-ray when they strike on thick metal plates. 
6. They are deflected by electrostatic field. 
7. Their deflection in electrostatic and magnetic field show that they carry negative charge. 
8. They consist of stream of particles. This is proved by the fact that they rotate a light metallic 

pinwheel placed in their path. 
9. Their nature is independent of the nature of metal of electrode and the gas used in the tube. 

 
Conclusion 
Different discharge tubes with different electrodes and gases were tried by a number of workers besides 
Thomsan. All the experiment gave the same value for the charge of the mass ratio (e/m). This shows that 
electrons could be produced from any kind of matter and hence were a constituent’s part of all matter. 
 

Discovery of Protons 
(passage of electricity through at low pressure also resulted in the discovery of proton) 

 
Logic for proton 
The atom is electrically neutral so when electrons were found to be generated from cathode in a discharge 
tube, it was natural to know the positively charge particles were emitting from the anode 
 
Goldstein’s experiment 
Goldstein’s discovered that in the discharge tube not only the cathode rays are present but some other rays 
are also traveling in a direction opposite to that of cathode rays. 
 
He performed the experiment in 1886 by using a new modified tube. The cathode tube is used in this 
experiment. Goldstein discovered that when two electrodes are connected to the two terminal of high voltage 
(battery) and the tube is evacuated in order to reduce the pressure, cathode rays and positive rays are 
produced. Positive rays travel towards the cathode and pass through the holes or canals to the other side of 
the cathode. 
 
Since these rays pass through the canals of the cathodes; hence, they are also called canal rays. 
 

 
 
 
 
 

PROPERTIES OF CANAL RAYS 
i) They travel in the straight path opposite to the cathode rays. 
ii) They can produce sharp shadow of an opaque body that is placed behind the cathode in their 

path. 
iii) They cause mechanical motion in a small pinwheel is placed in their path. 
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iv) They can produce fluorescence when they strikes on the wall of the discharged tube. This 
property is also observed when Zinc Sulphide plate is placed in their path. 

v) These rays are deflected by the electric as well as magnetic field. They bend towards negative 
pole in the electromagnetic field. 

vi) The charge to mass ratio (e/m) of these rays depend upon the nature of the gas used in the 
discharge tube. It is highest for hydrogen. 

vii) The magnitude of charge of the canal rays was found to be 1.602 x 10-19 coulombs. 
viii) The mass of these rays is virtually the same as that of atom. 
 

Conclusion 
These are the positive charged particles which he called PROTON and proton are the fundamental 
particle of an atom. 
 

Natural Radioactivity 
(Confirmation of electron and proton) 
Definition: The spontaneous and continuous emission of rays at constant rate by same elements is called 
Radioactivity. And, the elements are called Radioactive elements. 
 
Examples of radioactivity elements are: 
Uranium (U) Radium (Ra)  Polonium (Po)  Radon  (Rn) 
Tritium  (T) 
 
History The phenomena was first observed by Henry Becqueral while working on a mineral pitch 
blinde. Most of rays emitted by this mineral consisted of electron. 
Later, Pierrie Curie and Marie curie isolated Radium, which was highly radioactive. 

 
“Experiment for Detection of Radiation”   

Rutherford used simple method for the detection and separation of this radiation. He placed a piece of 
radioactive substance (e.g. Ra) in a lead pot. The rays emitted by the radioactive substance were allowed 
to pass through two oppositely charged plates. The rays bending towards the negative plate carry +ve 
charge and are called Alpha (α). Those deflected towards the positive plate carry a - ve charge and are 
named as Beta (β) rays. Those rays which remained undeflected carry no charge and are called Gamma 
ray ( γ ) 
 
Result of Radioactivity: An element after giving out radiation breaks down to a more stable element, e.g. 
U on emission of α -  particles would be converted to Th. 
 

238U      234 Th   +   He4 
The emission of radiation would continue until the formation of lead is produced which  is more stable. 
Conclusion 
The evidence of radioactivity shows that the atom is not an indivisible particle. If it can emit electrons 
and Helium nuclei, it must have a substructure of its own. 

 
PROPERTIES OF RADIATION 

PROPERTRIES OF ALPHA ( α) RAYS 
i) Charge: They carry positive charge. 
ii) Nature: They consist of fast moving helium nuclei in which α  - particles consists of 2p and 2n. 

Hence, each has a charge of +2 units and mass of 4-a.m.u. Symbol for α -  particles is 2He4
. 

iii) Velocity: Their velocity is in the range of C/10 to C/100, where C is speed of light. 
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iv) Range: They have very small range about 1 to 2cm in air 0.1mm. Aluminum absorbs them. 
v) Ionization power: They have strong ionization power as they knock out electrons from the atoms 

of gas through which they pass. 
vi) Effect on photoplates: They block photoplates and produce discontinuous flouresence on striking 

Zn-S screen. 
 

PROPERTIES OF BETA PARTICLES 

i) Charge: They carry negative charge. 
ii) Nature: Beta rays consist of fast moving electrons. The charge is –1 unit, i.e. 1.6 x 10-19Coulomb. 

Their mass is 1/1836 that of H atom. Symbol is β0. 
iii) Velocity: Their velocity is tremendous. It reaches up to 98% of light. 
vii) Range: They have larger range then alpha-ray. They penetrate thick Aluminum foil. 
viii) Ionization power: Ionization power of β ray is 1000 times less then x-ray. This is due to their 

small mass. 
ix) Effect on photo plate: They affect protoplast more then x-ray and also produce florescence on 

Zns screen. 
 

PROPERTIES OF GAMMA RAYS 
i) Charge: They carry no charge. 
ii) Nature: Gamma rays particles have no range. They are electromagnetic radiation. They are also 

called very penetrating x-ray their is b/w 0.0001 Å and 0.1 Å. 
iii) Velocity: Their velocity is equal to the velocity of light. 
iv) Range: They are most penetrating. They can penetrate 15 to 20cm of head block. 
v) Ionizing power: Their ionizing power is very small and 100 times less then the β-rays. 
vi) Effect on photo plate: They blacken photo plate. 

 
 
 
 
 
 
 
 

CHAD WICK EXPERIMENT (Discovery of Neutrons) 
When a light element is bombarded by x-particles, these x-particles leave the nucleus in an unstable 
disturbed state which on settling down to stable condition sends out radioactive rays. The phenomenon is 
know as Artificial Radioactivity. 
 
In 1933, Chadwick identified a new particle obtained from the bombardment of Beryllium by x-particles. It 
had a unit mass and carried no charge. Its was name “Neutron”. The process for this reaction is given blow. 
 

4Be9+2He4            6C12+0n1 

 
With the help of artificial radioactivity, the particle “Neutron” was discovered. 

 
PLANK’S QUANTUM THEORY 
Introduction 
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This theory was proposed in 1901 by German physicist Max-plank to account for the radiation emitted by 
hot bodies. 
 
Postulate 
According to this theory: 

1. A hot body absorbs or emits energy discontinuously. 
2. Energy is absorbed or emitted in specific amount called gamma or photons. 
3. The amount of energy depends upon the frequency of radiation, i.e. 

E α υ 
E = h υ 

    h = Plank’s constant 
 

Conclusion 
Energy change occurs in small packets of energy h υ or multiple of those packet, i.e. 
2h υ, 3h υ ………………..nh υ  
It is called Quantization of Energy. 
 
 
 
 
 
 
 
 
 
 
 
 

Spectroscopy 
The branch of science that deals with the study of absorption or emission of electromagnetic radiations is 
called spectroscopy. 
The instrument used is called spectrometer. When radiation emitted or absorbed are passed through a prism 
in a spectroscope, they are separated into component wave lengths to form an image on a photographic plate 
which is called spectrum. 
 
Types of spectra 
Spectra are of two types depending upon light is emitted or absorbed by substances: 

a) Emission Spectrum 
b) Absorption Spectrum 

 
Emission Spectrum 
When an element absorbs sufficient energy from a flame or an electric arc, it emits radiation and spectra 
obtained are called Emission spectrum. 

Emission Spectra are of two types: 
a) Continuous Spectrum 
b) Line Spectrum 
 

Continuous Spectrum 
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White light radiant energy coming from the sun or from any  incandescent lamp, it is composed of light 
waves in the range of 4000-8000 A0. Each of it has a characteristic colour. When a beam of white light is 
passed through a prism, different wavelengths are bend through different angle. When received on a screen, 
these form a continuous series of colour bend in the order of “VIBGYOR”. There is no line of demarcation 
among different colours. This series of bands that form a continuous rainbow of colours is called continuous 
spectrum. 
 
Line Spectrum 
When an element in the vapour or gaseous state is heated with a flame or in a discharge tube, the atoms are 
excited and emit light radiations of a characteristic colour. 
If we pass these light radiations through prism and receive on a photographic plate, the Spectrum obtained is 
found to be consisting of bright lines. 
Such a spectrum in which each line represents a specific wave length of radiation emitted by the atom is 
referred to as line Spectrum or atomic Spectrum. 
 
 
 
 
 
 
 
 
 
 
 

Rutherford’s atomic model 
(Evidence for nucleus and arrangement of particles.) 
After discovery of electrons, protons and neutrons, there was question about their arrangements in the atom. 
J.J Thomson in 1898 put forward a model of atom. According to him: 

a) The atom is a spherical mass of positive charge and the electrons are embed in it at random. 
b) The electrons are stationary. 
c) There is no empty space in the atom. 
d) The positive charge due to protons is unformal and spreaded throughout the atom. 

 
Ruther ford’s Experiment 
Rutherford performed an experiment in 1911 to test the validity of Thomson model of atom. 
In actual experiment, he bombarded alpha particles of  He on Al, Au or Ag. (0.0004cm thickness) and 
observed the following points: 

1. Most of Alpha particles passed through without deflection. 
2. A few (1 in 8000) particles suffered a deflection greater than 90. 
3. Rarely a particle came back or returned on the same path. 

 
Assumption Drawn from this model 
1) Atom has a tiny dense central core or the nucleus which contains practically the entire mass of the 

atom leaving the rest of the atom almost empty. 
2) The entire positive charge of the atom is located on the nucleus, while electrons were distributed in 

vacant space around it. 
3) The electrons move in orbits or closed circular paths around the nucleus like planets around the sun. 
4) The greater part of the atomic volume comprises of empty space in which electrons revolve and spin. 
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Conclusion 

1) Since most of the atom is empty, so most of alpha particles pass but some are deflected. 
2) Small angle deflections are due to attraction between alpha particles and electrons. 
3) Large angle deflections are due to repulsion between alpha particles and nucleus. 
 

 
 
 
 
 
 
 
 
 
 
Defects of Rutherford Model  (Weakness of Rutherford’s Theory) 

There are two main defects in Rutherford’s atomic model as pointed out by 
Neil Bohr in 1912: 
 

1) Classical Mechanics 
According to classical theory, any charged particle, if accelerated, must emit 
energy. If the revolving electron emits energy, its energy would decrease and 
the radius of the orbit would become smaller. This would go on till the 
electron falls into nucleus. In actual practice, this does not happen. 
Rutherford’s theory could not explain this. 
 
 

2) Spectroscopic Theory 
An electron moving continuously around nucleus must radiate energy whose 
spectra should be continuous spectrum. But actually the spectrum obtained 
from the atom is discontinuous or line spectrum. Rutherford’s theory could not 
explain it as well. 
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BOHR’S ATOMIC THEORY 
Introduction 
This theory was put forward by Danish Scientist NEIL’S BOHR in 1913. The purpose was: 

1. To remove the defects in Rutherford’s Atomic theory.  
2. To explain the line spectrum of hydrogen. 
 

Assumptions of Bohr’s theory 
Bohr’s based his assumptions on plank’s Quantum theory. Followings are the assumptions of Bohr’s  
Theory: 

1. There exists the possibility that electron in certain orbits may not give out or absorb energy or 
radiation. 

2. Electron revolving in any of such orbits is completely stable and its energy remains stable or 
constant. Such orbits are called stationary orbits. Since in a certain orbit, electron has fixed energy; 
hence, Bohr’s orbits are also called the energy levels. 

3. Electron can jump from one energy state to another. If it jumps to higher energy state, it absorbs 
energy to equal to the energy difference (∆E) between the two orbits. When it falls back to lower 
level, it emits energy difference (∆E). 

If E2 = Energy of higher state. 
    E1=  Energy of lower state. 
Then ∆E = E2- E1 
 ∆E = H υ 

       Where “h” is called plank’s constant. Each transition of electron leaves a spectrum. 
4. Stationary states are only those orbits for which the product of momentum ( mν) and circumefrence (

rπ2 ) is equal to plank’s constant (h) or integral multiple of (h) this product is also called “ THE 
ACTION” Mathmatically. 

m v  x  2 π r = nh 
m v r = nh / 2π 

(mvr is called Angular Momentum ) 
 

According to equation, 
Only those stationary states or orbits are possible for which the angular momentum ( mvr ) is an integral 
multiple of h/2π . 
“ n “ is called principal Quantum Number . Its values are n = 1,2,3,4,---- 
It is equal to number of orbit . 
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Expression for the Radius of BOHR’S ATOM 
( Radius of nth orbit of an atom)    

If we know the atomic number of an atom and orbit number (n), we can find the radius of nth orbit as 
follows: 

Derivation: 
   Let  Z = atomic No 
     N = orbit    No 
     R =   radius  
     E-    charge of electron in nth orbit. 
     E+ =   charge of proton in nucleus 
     Ze+  = total charge on nucleus  
                        According to columb’s Law. 
   The electrostatic force between e- and nucleus will be  
   Fe =    k ze+ . e- (Centripetal force which is denoted by Fe) 
       r2 
   The values of e+ and e’ are same = 1.6 x 10-19 columb. 
   Fe =      k. Ze2 

  ------------- 
                r2 
 
There is another force in the atom which keeps the electron in their orbits, this is called centrifugal force           
Which is denoted by Fc 

Fc = mν2 
          r 

For equation:  Fe = Fc  
   KZe ²       =   mν² 
      r²  r 
 
 
   Kze² = mv²r2 

        r 
 
   Kze2 = mv2r 
   r = k Ze2  
      mv2 

 
   r = K. Ze2 .   1      1 
        m     v2 

Now, we will find the velocity v. According to second postulate of Bohr: 
   mvr = n h 
     2π 
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Squaring both the sides 

v2 = n2 h2 
           4π2 m2 r2  

 
   1      = 4π2  m2 v2 

   V2   n2 h2 

 

Putting the value of 1 _ in equation (1), we get 
              v2  

   r =k Ze2       .     4 π2 m r2 
      m  n2 h2 
    
    1/r = KZe2 .  4 π2mr2 

            m       n2h2 

 

   1/r = KZe2. 4 π2m  
            n2h2 

   r = n2h2   (PROVED) 
4 π 2mKZe2 

 
Radius of Bohr’s atom for nth orbit  
Radius of 1st Orbit of Hydrogen atom 
(r1 or  x =1 ) 
 
For Hydrogen Atomic Number =  xo = 1 
For 1st Orbit  n = 1 
 
Putting in equation 2, we get 
r1 = ao =  h2  /  4 π m e2 
 
Putting the value of constant h, π, m, e, we get 
ao = 0.529 A0 
This a0 is the value of radius of 1st orbit of hydrogen atom, and is called Bohr’s radius. 
Relation between r and a0  
 
r  =   n2         h2        

.  
  4  π2 m Ze2 

 
But for hydrogen Z =1 and h2 / 4π2 m Ze2 = a0  
r = n2 a0 
This expression can be used to find radius of any orbit of hydrogen atom. 
For  1st Orbit = n =1  
 2nd Orbit = n = 2 
 3rd Orbit = n = 3 
“n” is number of orbit which is called Principal Quantum Number. 
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Calculate the radius of second orbit of hydrogen atom in Angstrom unit. 
Q) Bohr’s radius is 0.529 A0. Calculate radius of 2nd and 3rd Orbit of hydrogen atom. 
DATA 
Bohr’s radius  = a0 = 0.529 A0 
For 2nd Orbit = n =2 
      3rd Orbit = h = 3 

Solution 
Now  
R = n2 ao 
For 2nd Orbit 
 r =  (2)2  x 0.529 
 r =  4  x  0.529 
 r = 2.11 A0 
For 3rd Orbit  
 r =  (3)2  x 0.529 
 r =  9  x  0.529 
 r = 4.76 A0 

Derivation of energy of electron in an orbit 
Energy of an electron in an orbit is sum of KE and PE. 
KE = ½ mv2 
PE = - Ze2 / r 
PE of electron is work done in bringing electrons from α to a distance r from nucleus. 
Now, 
En = KE + PE 
= ½ mv2 + ( -Ze2 /  r) 

= ½ mv2  - 
r

Ze2

   --------------- eq 1  

we know that  

 2

22

r
Ze

r
mv

=  

 mv2 =  
r

Ze2

 

now subs the value of mv2 in eq (1) 

 E = 
2
1   mv2 =  

r
Ze2

 

 E = 
2
1  

r
Ze2

 =  
r

Ze2

 

 
Substituting the value of r =  [ n2 h2 / 4 π2m Ze2] 
In equation ( 1  ) we get, 

E =   - Ze2   = -2 π2m Z2e4 

2[n2h2/4π2mZe2]       n2 h2     
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Expression for frequency and Wave number 
According to Bohr’s quantum theory when electron jumps from higher energy. Sate (E2) to lower energy 
state (E1) the energy difference is equal to the energy of photon emitted i.e., 
h ν = E2 – E1 
 
h ν = -2 π2m Z2e4 – (-2 π2m Z2e4) 
 n2

2 h2    n1
2h2 

 
h ν = -2 π2m Z2e4 + 2 π2m Z2e4 
 n2

2 h2    n1
2h2 

 
h ν = 2 π2m Z2e4 +   2 π2m Z2e4) 
 n1

2 h2    n2
2h2 

 
h ν = 2 π2m Z2e4 -   2 π2m Z2e4 
 n1

2 h2    n2
2h2 

 
h ν = 2 π2m Z2e4  ( 1/n1

2 –1/n2
2) 

   h2     
 
h ν = 2 π2m e4  Z4 ( 1/n1

2 –1/n2
2) 

   h2     
 ν = 2 π2m e4  Z2 ( 1/n1

2 –1/n2
2) 

   h3     
          
This is the expression of frequency. Now   ν =  v     . c 
Where  ν is wave number. It is no of wave/cm. 
 
v . c =  2 π2m e4  Z2 ( 1/n1

2 –1/n2
2) 

     h3  
 
v   =  2 π2m e4   Z2( 1/n1

2 –1/n2
2) 

     ch3  
    
Now for hydrogen z =1. on substituting the vale of constant is  
 2 π2m e4  , it was found to be equal to 109678cm-1. This value is denoted by RH is called Rydberg constant  
ch3  
now.   
 
v   =  RH ( 1/n1

2 –1/n2
2) (PROVED) 

 
 

Hydrogen Atom Specturm (proved) 
Balmer Series 

The simplest element is hydrogen which contains only one electron in its valence shell. Balmer studied the 
spectrum of hydrogen for this purpose in 1885. He used hydrogen gas in the discharge tube. Balmer 
observed that hydrogen atom spectrum consist of a series of lines called Balmer Series. Balmer determined 
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the wave number of each of the line in the series and found that the series could be derived from a simple 
formula. 
ν  =  RH ( 1/n1

2 –1/n2
2) 

where n1 = 2 and n2 = 3rd, 4th, 5th, etc. 
and Rn is a constant called Rydberg Constant for hydrogen  
RH = 109678 cm-1 
 
Lyman Series 
Lyman series is obtained when the electron returns to the ground state, i.e. from higher energy level to lower 
energy level. 
Where n2 = 2,3,4,5,6, etc. 
 
This series of lines belongs to ultraviolet region of spectrum. It is represented by the following equation: 
ν  =  RH ( 1/n1

2 –1/n2
2) 

 
Pasahen Series 
Paschen series is obtained when the electron returns to the 3rd shell. 
n = 3 from the higher energy levels. 
 
n2 = 4, 5, 6…… etc. 
This series belongs to the infrared region. The equation for Pasahen series may be written as:  
ν  =  RH ( 1/32 –1/n2

2) 
 
n2 = 4,5,6, etc. 
 
Bracket Series 
This series is obtained when an electron jumps from a higher energy level to the 4th energy level. The 
equation for this series: 
 
V  =  RH ( 1/42 –1/n2

2) 
 
n2 = 5,6,7… etc. 
 
P Fund Series 
P-Fund series is obtained when an electron jumps from an energy level to 5th energy level. 
 
V  =  RH ( 1/52 –1/n2

2) 
 
n = 6,7,8… etc. 

Heisenberg’s Uncertainty Principle 
According to Bohr’s theory, an electron was considered to be particle. However, electron also behaves like a 
wave according to de-Borglie. Due to this dual nature of electron, Heisenberg gave a principle known as 
Heisenberg uncertainty principle. It is stated as: 
It is impossible to calculate the position and momentum of a moving electron simultaneously. 
 
If one was known exactly, it would be impossible to know the other exactly. Therefore, if the uncertainty in 
the determination of momentum is px and the uncertainty is x, then according to this principle, the product 
of these two uncertainties may be written as: 

Δ P x ΔX = h 
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So, if one of these quantities is known exactly, then the uncertainty in its determination is zero and the other 
uncertainty will become infinite, which is according to the principle. 
 
Energy Levels and Sub Energy Levels 
According to Bohr’s atomic theory, electrons revolve around the nucleus in circular orbits which are present 
at definite distance from the nucleus. These orbits are associated with definite energy of the electron 
increasing outwards from the nucleus. Hence, these orbits are referred to as “Energy Levels” and are 
designed as 1,2,3,4… etc., or L, M, N, etc. 
The spectral line which corresponds to the transition of an electron from one energy level to another consists 
of several separate close lines as double triplets and so on. It indicates that some of the electrons of the given 
energy level have different energies or the electron belonging to some energy level may differ in their 
energy. So energy levels are accordingly divided into sub energy levels and are denoted by letters s, p, d, f 
(sharp, principal, diffuse and fundamental). 
The numbers of sublevels in a given energy level or shell is equal to the value of n, e.g. in third shell where 
n = 3, three sublevels (s, p and) are possible. 
The maximum number of electrons in each shell can be calculated by using formula: 
Total number of electrons in shell n = 2n2 
 
Total numbers of electron in shell K = (n = 1) are 2 (1)2 = 2 
Total numbers of electron in shell L = (n = 2) are 2 (2)2 = 8 
Total numbers of electron in shell M = (n = 3) are 2 (3)2 = 18 
Total numbers of electron in shell N = (n = 4) are 2 (4)2 = 32 
 
The number of sub energy levels present in an energy level (orbit) are equal to its values of n. 
K Shell ( n = 1) has only one orbit “s”. 
L Shell ( n = 2) has only one orbit “s, p”. 
M Shell ( n = 3) has only one orbit “s, p, d”. 
N Shell ( n = 4) has only one orbit “s, p, d, f”. 
 
Orbitals and Quantum Numbers 
By using mathematical methods known as wave mechanics, Schrodingre in 1926, calculated the probability 
of locating the electrons in a region of space about the nucleus. Thus, on the basis of wave mechanics, the 
path of electrons cannot be probably determined. However, we can say that there are the regions in which 
probability of finding an electron is maximum. Such regions are called orbitals. Each orbital in an atom is 
completely described by four quantums. 
 
Quantum numbers 

• Principal quantum number 
• Azimuthal quantum number or subsidiary quantum number 
• Spin quantum number 
• Magnetic quantum number 

 
Principal Quantum Number (n) 
Principal quantum number specifies the size of the orbital. It is denoted by symbol n. Its value may be 1, 2, 
3, 4… etc., for respective orbitals. Therefore, the size (radius) of the orbital = 0.529 A.n2 
(n = 1, 2, 3 …) and 
energy of orbital n = En =   2 π2m e2  Z2 

    n2 h2     
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The energy level K, L, M, N, O, etc.  
Corresponds to n = 1, 2, 3, 4, 5, … etc. 
If  n = 1 the electron is in K = shell 

n = 2  the electrons is in L = shell 
n = 3 the electrons is in M = shell 

 
Azimuthal Quantum Number 
It cannot measure the angular momentum of electron, as value of  “l” increases, the angular momentum also 
increases. It depends upon the energy of electron. It also indicates the shape of the orbital. If n is known, 
then the value “ι”of can be calculated using formula (1 = n – 1) 
If n = 1  l = 0  n - 1 
  l = 0  1 - 1  
  l = 0  0 = (s) circular (2, electrons) 
 
If n = 2  l = 0  n - 1 
  l = 0  2 – 1 
  l = 0  1 – (dumbbell)  
  l = 0  0 = (s, p) circular (8 electron) 
 
If n = 3  l = 0  n - 1 
  ι = 0  3 – 1 
  ι = 0  2 
  ι = 0,1,2 (s, p, d) circular (18 electron) 
The energy of sub shell are in the order of s>p>d>f. 
 
 
 
 
 
 
 
Magnetic Quantum Number (m) 
Due to angular momentum of an electron, magnetic field is developed. This magnetism can be measured by 
magnetic quantum number. It depends upon the value of ‘l’ and gives different orientations of an orbital in 
space in applied magnetic field. It can be calculated by the formula 
For –p –orbital we can calculate the Orientation for p – orbital = 1, where l = 1 then  
m = -1  0  + 1 
m = -1, 0, + 1 
 (px), (py), (pz) (Orientation) 
d-orbital = l=2 then  
m = -2  -1  0  + 1  +2 
m = -2, -1, 0, 1, 2 
pz2 , px2y2 , pxy, pyz, pxz (Orientation) 
 
Spin Quantum Number (s) 
It specifies the spin of electron in an orbital. Clockwise spin is denoted by (+1/2) and anticlockwise is 
denoted by (-1/2). 
 
Example 
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Spin of two electrons of He atom in s – orbital can be shown as above: 
S = 1/2 

Pauli’s Exclusion Principle 
Introduction 
When rules of Quantum mechanics are applied to an atom having maximum than one electron. This rule 
puts a limit to the values of quantum numbers of an electron. 
 
Definition 
This rule was given by Wolf Gang Pauli in 1925. According to this rule, “In an atom, no two electrons can 
have the same set of all four quantum number.” 
 
Explanation 
According to this rule, in an element, two atoms are not exactly alike. They must differ in some respect. 
Thus, all maximum two electrons can have only three quantum numbers are same. The fourth one is always 
different. 
 
Example 
Consider He (atomic number = 2) 
Its configuration is 1s2 
Because both electrons are in the first orbit, so for both n = 1 
Because both electrons are in the s orbit, so for both l= 0 
Because both electrons are in l = 0, so for both m = 0 
 
Now, according to Plank’s principle, maximum three quantum can be same; and hence, the fourth quantum 
must be different. 
 
 
So for one electron = S = +1/2 
For other electron = S = -1/2 
They should have opposite spin. 
 
Shapes of Orbitals 
The shape of s orbital is spherical so the probability of finding the electrons is maximum because the 
electrons are uniformly distributed around the nucleus. 
 
The p – orbitals are dum-bel shaped 
These are oriented in space along the three mutually perpendicular axis (x, y, z) and are called px, py, pz. 
These are degenerated orbitals of equal energy. Each p-orbital has two lobes, one of which is labeled (+) and 
the other (-). 
 
Electronic Configuration 
The distribution of electron in the available orbitals is proceeded according to the following rules: 

• Pauli’s Exclusion Principle 
• Aufbau Principle 
• (n + 1) rule 

 
The details of these rules and principles are given below: 
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Aufbau Principle 
It states that, “the orbitals are filled up with electrons in the increasing order of their energy” starting with 
the 1st orbital.  OR 
Hypothetically, the electronic configuration of the atoms can be constructed  by placing the electrons in the 
lowest available orbitals until the total number of electrons added is equal to the atomic number Z. 
 
   
  1s2 
   
  2s2 2p6 
 
  3s2 3p6 3d10 
 
  4s2 4p6 4d10 4f14 
 
  5s2 5p6 5d10 
 
  6s2 6p6 

 

  7s2 
 
  
In order is : 
1s2 , 2s2, 2p6, 3s2, 3p6, 4s2, 3d10, 4p6 

5s2, 4d10, 5p6, 6s2, 4f14, 5d10, 6s2, 7s2 
 
n + 1 rule 
According to this rule, 
The orbital with the lowest value of (n + 1) is filled first. However, when the two orbitals have the same 
value of (n + 1), the orbital with the lower value of n is filled first. 
 
The electronic configuration according to (n + 1) rule is stated as: 
 
1s2 , 2s2, 2p6, 3s2, 3p6, 4s2, 3d10, 4p6 

5s2, 4d10, 5p6, 6s2, 4f14, 5d10, 6s2, 7s2 
 
Example: 
  1s  2s  2p  3s  3p 
 
  n =1  n = 2  n = 2  n = 3  n = 3 
  l = 0   l = 0    l = 1  l = 0   l = 1 
  n+1=1  (n+1)=2 (n+1)=3 (n+1) = 3 (n+1) =4 
 
 
 

Hund’s rule 
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When there are available orbitals of equal energy of electrons, they would go in separate particles having 
same spin; rather then go in the same orbitals and have paired spin. In other words, the arrangement (12) is 
more stable than (11) provided that these two orbitals are of equal energy. 
  Px Py Pz   Px  Py Pz 
  || || ||   || || || 
   A     B 
  
According to Hund’s rule structure (A) is possible. 

or 
In other words, we can say that electrons are distributed in the orbitals of a sub shell in such a way as to give 
the same direction of spin. 
Example: 
16O8  
 Z = 8 = 1s2, 2s2, 2px, 2py, 2pz 
 
14 N7  

Z = 7 = 1s2, 2s2, 2px, 2py, 2pz 
 
19 F9     

Z = 9 = 1s2, 2s2, 2px, 2py, 2pz 
 
Atomic radius 
Definition 
It is defined as half of the distance between two homo nuclear atoms in diatomic molecules; such as, H2, O2, 
N2, etc. 
 
Range and units 
Atomic radii are expressed in: 

• angstrom (A) 
• Pi meter (pm) 
• Nanometer (n.m.) 

 
The range of atomic radii is 0.7A0 to 2.9A0. 
1Ao = 10-10m = 100m = 0.1n.m 
 
Explanation 
In case of hetronuclear molecules; like AB, the bond length is calculated which is (rA + rB) and if radii of 
any one is known, the radii of the other can be calculated. 
 
 
 
 
 
 
 
 
For the elements present in the periodic table, the atomic radius decreases from left to right due to more 
attraction on the valence shell electron, but it increases down the group with increase of number of shell. 
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Ionic Radius 
Definition  
Ionic radius is defined as the distance between the nucleus of an ion and the point up to which the nucleus 
has influence on its electron cloud. 
 
Explanation 
When an electron is removed from a neutral atom, the atom is left with an excess of positive charge called a 
cation. 
 
Example 
 Na  Na+ + e- 
 Mg  Mg+2 + 2e- 

But when an electron is added in a neutral atom, a negative ion or anion is formed. 
Cl’ + e′  Cl- 
O  + 2e′  O-2 

 
Cations have smaller ionic radii than parent neutral atoms or K+1 is smaller than K0. 
 
This is because due to loss of electrons. 

• The effective nuclear charge increases, pulling the remaining electrons more strongly. 
• Generally, valence shell is lost, i.e. number of orbits decreases. 

 
Example 
 
Li   -e Li+ 

 

 

 

    Li > Li+ 
 
     3A0    1.2A0 
 
Anions have larger ionic radii than neutral atom 
This is due to gain of electrons. The repulsion between the valence electrons increases which results in the 
increase in the size of –ve ion as compared to parent atom. Thus, 
F   -e+  F- 

 

 

 
     
     1.3A0   2.7A0  F < F - 
 
Ionization Potential 
The energy required to completely remove the most loosely bounded electron from an atom in gaseous state 
is the energy of that atom. 
or 
The energy required to remove the most loosely held electrons from an isolated gaseous atom in its ground 
state is called ionization potential. 
or 
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It is defined as the minimum energy required to remove the least strongly bounded electron from a neutral 
gaseous atom, or ion or molecule. It is also called ionization energy. 
 
Unit 
Its units are: 

• Kj/mole 
• Electron volt (ev) 

 
Example: 
To remove an electron of H atom, we require 1312K.J mole-1 energy, so it is the I.P of H-atom. 
 H  1. P  H+ +  e- 
   
     1312Kj/mole 
Factors affecting I.P: 
It is effected by, 

Atomic Radius : Greater the atomic radius, the less is the I.P values 
   I. P ∝ 1/Atomic radius 
Nuclear Charge: Greater the nuclear charge, greater the I.P values 

    I. P ∝ Nuclear Charge 
Shielding effect: Greater the shielding effect, less the value of I.P 

 
Types of Ionization potential 
I.P is of following three types: 
 
1st Ionization potential 
The energy requires to remove the first electron from the neutral gaseous atom is called 1st ionization 
potential. 
 
M (g)   M+ (g) + e/   
 
Electron Affinity 
Definition 
The amount of energy liberated by an atom when an electron is added in it is called electron affinity. 
or 
The energy released when an electron is added to a gaseous atom to produce gaseous negative ionis called 
electron affinity. 
It shows that this process is an exothermic change which is represented as: 
Cl- + e′  Cl-    ΔH = -348kj/mole 
 
Unit 
The unit of electron affinity is kilo-joule per mole. 
 
Explanation 
when a neutral gaseous atom gains an electron, it looses some energy. Therefore, the electron is generally 
exothermic. 
O-1  + e′  O-2  Δ E = -141kj/mole 
 
But when a second electron is added in the uni negative ion, then the incoming electron is repelled by the 
negative ion and the energy is absorbed in this process. 
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O  + e′  O  Δ E = +844kj/mole 
Hence, the first electron affinity is exothermic, but the successive electron affinities are endothermic. 
 
Factors Affecting Electron Affinity 
The magnitude of electron affinity depends on the following factors: 
 
Atomic Size: With the increase in atomic size electron affinity decreases. 
 
Nuclear Charge: Electron affinity value increases with the increase in nuclear charge. 
 
Shielding effect:  With the increase in shielding effect, the electron affinity value increase. 
 
Electron affinity and Periodic table 
In the periodic table the electron affinity value increases from left to right in a period and decreases from top 
to bottom in a group. 
 
Electron Affinity   period  Increasing 
 
 Group 
 
Decreasing 
  
Electronegativity 
The electronegativity of an element is a measure of the attraction that an atom has for the shared electron in 
combined state. 
 
The ability of an atom to attract shared electrons to itself is called electronegativity. 
or 
The tendency of the bonded atom in a molecule to attract shared pair of electron is called electronegativity. 
 
Explanation 
When an atom forms a covalent bond with the other atom, then a pair of electron is shared between the 
atoms. Now each atom tends to acquire this shared pair of electrons. Therefore, both the atoms exert a force 
to attract the electron pair. This is the electronegativity of the atoms. 
 
Factors Affecting Electronegativity 
The magnitude of electronegativity depends on the following factors: 
 
Atomic Size: With the increase in atomic size Electronegativity decrease. 
 
Nuclear Charge: Increases the nuclear charge increases the Electronegativity. 
 
Shielding Effect: Increases the shielding effect, the Electronegativity value increases from left to right in a 
period and decreases from top to bottom in a group. 
 
Electronegativity and Periodic Table 
In the periodic table, the electronegativity value increases from left to right in a period and decreases from 
top to bottom in a group. 
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CHAPTER # 4 
CHEMICAL BONDING 
 
Definition 
The force of attraction between two atoms formed due to the interaction of valence electrons of combining 
atoms is called chemical bond. 

or 
The force of attraction that holds atoms together in the molecule of compound is called chemical bond. 

or 
The attractive force which binds atoms together is called chemical bond. 
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Q) Why atoms combine to form a bond? 

 
This is due to the following: 

1) To get lower energy for acquiring stability 
The molecules become stable when there is a net charge increase in the attractive force between 
atoms. These attractive force increase the energy of the molecules. Lower the energy causes the 
atoms to form chemical bond. 
 

2) To acquire 8-electrons configuration 
Inert gases like Ne, Ar, Xe etc. have 8 electrons in their outermost shell. They are found to be Inert 
and more stable or non-reactive. The elements with less than eight electrons in their valence shell are 
reactive, i.e. they try to get inert gas like stable configuration by transfer or by mutal sharing of 
electrons. It is the tendency of acquiring electrons which causes the atoms to form chemical bond. 

 
Types of Chemical Bonding 

Chemical bonds are of three types: 
i) Ionic bond or electrovalent bond 
ii) Covalent bond 
iii) Co-ordinate co-valent bond 
 

Ionic Bond or Electrovalent Bond 
This bond is formed as a result of complete transfer of one or more electrons from one atom to the other, so 
that both the atoms acquire inert gas configuration. 

or 
A chemical bond which is formed by the complete shifting of electron between two atoms is called ionic 
bond or electro-valent bond. 

or 
The elecrostatic attraction between positive and negative ions is called ionic bond. 
 
 
 
 
 
 
Conditions for the Ionic Bond formation 
i) Electro negativity  

Ionic bond is formed between the elements having a difference of electro negativities. Therefore, 
ionic bond is generally formed between metals (low electronegative) and nonmetal (high electro-
negative) 
 

ii) Ionization Potential 
We know that ionic bond is formed by the transference of electron from one atom to another so in 
the formation of ionic bond an element is required which can lose it electron from the outermost 
shell. It is possible to remove electron from the outermost shell of metals b/w of their low ionization 
potential values. 

 

iii) Electron Affinity 
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In the formation of ionic bond, an element is required which can gain electron. Since non-metals can 
attract electrons with a greater force to high electron affinity so a nonmetal is also involved in th 
formation of ionic bond. 

 
An Example: Formation of NaCl 
Let us consider the formation of NaCl from sodium and chlorine atom. The electronic structure of Na, atom 
is  

  Na = 2, 8, 1 
  i.e., 1s2, 2s2. 2p6, 3S1 

 
It has only one electron in the outermost orbit and it has a tendency to lose electrons to acquire stable inert 
gas configuration. Hence, by loosing one electron, its last shell is completed as. 

  Na  Na+ + e-  Δ  H = 495 Kj / mol 
 

Similarly, the electronic configuration of chlorine is  
  Cl = 2, 8, 7 
  i.e., 1s2, 2s2. 2p6, 3S2 , 3p5 
 

It has seven electrons in its outermost orbit and it requires only one electron to achieve the nearest stable 
inert gas configuration, hence, it accepts an electron. 

  Cl + e-  Cl-  Δ  H = - 348 Kj / mol 
 

The loss of one electron by Na atom changes it to Na+ ion and similarly the gain of one electron by chlorine 
atom changes it to Cl- ion. The electrostatic attraction between these oppositely charged ions holds them 
together and so the ionic bond is formed. 

 
Energy Changes The Formation Of Ionic Compound 

To form a stable ionic compound, there must be a net lowering of energy. In other words, energy must be 
released as a result of electron transfer and formation of ionic compound 
Example 

  Na  Na+ +   e- 
   Cl + e-      Cl- 

   Na+Cl  Na+ … Cl-       Na-Cl 
  

Characteristics of Ionic Compound 
The ionic compound posses the following characteristics: 

 
Solid At Room Temperature 

On account of the strong electrostatics forces between the opposite ions, these ions are locked in their 
allotted positions in the crystal lattice. Since they lack the freedom of movement, they are solid at room 
temperature. 

 
High Melting Point And Boiling Point 

Ionic compounds have high melting points. Since the opposite charges are tightly held together, considerable 
work has to be done in separately the molecules from each other. 

 
Solubility 

Ionic compounds are usually soluble in water, while insoluble in organic solvents. There are some ionic 
compounds which are insoluble in water, e.g. the sulphates and phosphate of Ca, Sr, and Ba. 
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Good Conductors of Electricity 

When dissolved in water or in the molten state, these compound dissociate and therefore conduct electricity. 
 

Ionic Reactions 
Ionic compound gives reactions between ions and these are very fast. 

 
Covalent Bond 

The bond which is formed between the two atoms by the sharing of at least one pair of electrons is known as 
covalent Bond. 

or 
The attractive force between the two atoms created by the sharing of at least one electron pair is called 
covalent bond. 

 
Explanation 

In the formation of covalent bond, mutual sharing of electron takes place. This mutual sharing is possible in 
non metals. Therefore, covalent bond is generally formed between the atoms of non metals.  
 
 
 
 
 
 
Example 
In Cl2 molecules, two atoms of Chlorine are combined with each other to form Cl2 molecule. Each atom of 
chlorine having seven electrons in its valence shell. These atoms unite with each other by sharing one of its 
valence electron as shown. 

 
In this molecule, one shared pair of electrons forms a single co-valent bond between two chlorine atoms and 
the energy of the system is also decreased. 

 
  Cl + Cl  Cl – Cl or Cl2 
  Δ H = -242 KJ/mol 
 

This released energy lowers the energy of the molecule and the stability of the compound is also increased. 
 

Types of Co-valent Bond 
 
i) Single Covalent Bond 

The bond which is formed by sharing of one electron from each adjacent atom is denoted by a single 
line (-). Such shared pair of electrons make a force between atoms are called SINGLE COVALENT 
BOND. 
 

Example 
Take the example of formation of chlorine molecule. Two of the electrons are shared to form molecule as 
shown below: 
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 UNPARIED ELECTRONS   SHAIRED PAIR   COVALENT BOND 
OF ELECTRONS 

 
    Cl              Cl        Cl         Cl   or   Cl        Cl 
 

The two chlorine atoms have complete Octate in Cl2. 
The bond distances of multiple bonds are shorter and the bond energies are higher. 

 
2) Double Covalent Bond 
If two electrons from each of the two adjacent atoms are shared, than double covalent bond is formed 
between the molecules. It is denoted by two lines (=) 

 
 

 
 
 
 

Example 
 
FORMATION OF OXYGEN MOLECULE 

UNPAIRED    TWO SHARED PAIR  COVALENT (DOUBLE BOND) 
ELECTRONS        

 
 
 
 O     O     O      O   or   O = O  
3) Triple Covalent Bond 
If three electrons from each of the two adjacent atoms are shared, than triple covalent bond is formed 
between the molecules. It is denoted by three lines 
  
Example formation of Nitrogen molecule 

UNPARIED ELECTRONS   SHAIRED PAIR   COVALENT BOND 
OF ELECTRONS 

 
     N    +      N         N       N  or   N       N 
 
Characteristics of Covalent Compound 
The general characteristics of a covalent compound are: 
 
1) Gases, Liquids or Solids at room temperature 
The covalent compounds are often gases, liquids or relatively soft solids under ordinary conditions because 
the intermolecular forces between the molecules are weak. 
 
2) Low Melting or Boiling Point 
As the intermolecular forces between the atoms of a covalent compound are weak. Therefore, by the 
application of heat, the atoms are rapidly separated. Hence, there M.P or B.P are less.  
 
3) Solubility 
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Covalent compounds are soluble in organic solvent like benzene, ether; but insoluble in water. There are 
some covalent compounds which are soluble in water like Alcohol, Amine. This is due to Hydrogen 
Bonding. 
 
4) Non Conductor of electricity 
Since in the covalent compound, no ions (charge) are present, they do not conduct electricity in the molten 
or solvent form. 
 
5) Molecular Reaction 
The covalent compound gives reactions which have no strong electrical form to speed up the reaction 
between the molecules. This is why their reaction is slow. 
 
 
 

Coordinate Covalent Bond 
A covalent bond in which both the shared electrons are denoted only by one of the atoms is called co-
ordinate covalent bond. 
The atom which donates the electrons is called as the donor and the atom which accepts them to complete its 
octet is called acceptor. 

 
The co-ordinate bond is denoted by an arrow   

     
   A: + B  A: B or A  B 

 
Conditions for the Formation of Coordinate Bond 
1) One of the two atoms should have a lone pair of electrons. 
2) Another atom should have sixth (six electrons in outermost shell) to accept electron pair. 
 Example: 
 Formation of NH+

4 ion. 
 H     H  
  |      |  
H ___  N        + H+   H – N – H  or [ NH4]+ 
  |      |   
            H     H  
 
Nitrogen of ammonia has lone pair of electron which is denoted to the proton (H+) to form NH+

4 ion. 
 
3) When HCl is added to H3

+O, the lone pair of the oxygen is donated to the proton (H+) to form H3
+O 

ion. 
         ..            H 

             |   
H – O – H + H   +     H – O – H or [ H3O]+ 

 
WATER    HYDRONIUM ION 

 
3) Boron tri-fluoride and ammonia react as follows to give coordinate compound: 
 F  H  F H 
  |          |     |       |  
F ---     B        +    :N --H   F – B  N --H or [ NH4]+ 
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  |      |       |   
            F     F     H  
 
Characteristics of Coordinate covalent compounds 
1) Their linkage is directional and rigid. 
2) These are non electrolytes, i.e. they do not conduct electricity. 
3) They are insoluble in water but soluble in organic solvents. 
4) Their boiling and melting point are higher as compared to covalent compounds. 
5) They can show isomerism. 
6) Coordinate covalent compounds are generally coloured. 

DIPOLE MOMENT 
 
The dipole moment can be defined in two ways: 
 
Definition 
i) The extent or tendency of a molecule to change under the influence of an electric field is called 

DIPOLE MOMENT and it is denoted by (μ). 
 
ii) The magnitude of charge at each pole multiplied by distance between two opposite charges is the 

dipole movement (μ). 
 
 Units of Dipole Moment 
 10-18 esu cm quantity is called Debye. In SI unit, dipole moment is measured in coulomb (c). 
 
  10-18 cm = 1D = 3.34 x 10-30cm 
  [1A = 1 x 10-10m = 1x 10-8 cm] 
  

 
Dipole moment in Diatomic Molecule 

The diatomic molecules made up of two different atoms are polar and have same dipole moment. On the 
other hand, molecules made up of similar atoms will be non-polar and their dipole moment (μ) will be zero. 
In general, the greater the difference of electronegativity (AEN) between the atoms, greater will be the 
polarity. 
 
Dipole Moment of HF molecule 
It has one polar bond (H-F). Its dipole moment is found to be 6.369 x –10-3cm. 
 
Mathematical Expression of Dipole Moment 
 Dipole moment = Charge x Distance 
  μ = e x d 
 where 
  e = magnitude of the charge 
  d = distance b/w the opposite charge 
 
 Example 
 
In HCl the bond distance is 1.36Ao and the magnetic charge of electron is 2.53 x 10-20 coloumb. 
 
 Thus 
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  μ = e x d 
  μ = 2.53 x 10-20C x 1.36Ao 
  μ = 2.53 x 10-20C x 1.36x10-10 meter 
  μ = 3.44 x 10-30C coulombs. meter  
 

Types of Molecular Orbitals 
Molecular orbitals are of two types: 
1) Sigma molecular orbital which the sigma bond (σ) 
2) Pi molecular orbital which has pi-bond (π) 
 
Definition of Sigma Bond 
This type of bond is formed by the head to head overlapping of half filled orbitals along intermolecule axes 
 
Various Types of Overlapping to form Sigma Bond 

1) S-S orbitals overlapping 
2) S-P orbitals overlapping 
3) P-P orbitals overlapping 

 
 
Orbital Concept of Covalent Bond 

Valence bond theory (V.B.T) and molecular orbital theory (M.O.T) were put forward to explain the covalent 
bond formation. 
 

VBT 
According to valence bond theory, the bonding electrons occupy the atomic orbital of the bonded atoms and 
the shared electron is influenced by one or more nucleus. 

 
MO Theory 

In molecular orbital theory, the bonded atoms occupy the molecular orbital. Here an electron is influenced 
by more then one nucleus. 
 
According to the molecular orbital theory, the linear combination of atomic model gives two types of 
molecular orbital. 
 

1) Anti-bonding molecular orbital 
2) Bonding molecular orbital 
 

Bonding Molecular Orbital Anti Bonding Mol Orbital 
It is formed when lobes of atomic orbital of same 
sign overlap. 

It is formed by the overlaps of lobes of opposites 
signs. 

This bond is stable. This bond is unstable. 
Its energy is less than that of atomic orbital by 
which it is made. 

Its energy is higher then that of atomic orbitals. 

A bond is formed between two nuclei. No bond is formed between the nuclei. 
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Polar and Non Polar Compounds 
Non Polar Covalent Compounds 

When the bond is formed by two identical atoms, shared pair of electrons are attracted equally from both the 
sides. Thus, no separation of charges takes place and no poles are appeared. Such molecules are called non-
polar molecules and the bonds are called as Non-polar bonds. 

 
Examples 
Cl – Cl  , H – H 
 
 

Polar Covalent Compounds 
A covalent bond that has a partial separation of charge because of unequal sharing of electrons is called a 
polar covalent bond. 
 
Explanation 
HCl is a molecule made up of dissimilar atom. Chlorine is more electronegative than hydrogen atom. The 
shared pair of electrons is shifted slightly towards more electronegative chlorine atom. This result in the 
separation of charge. 
Chlorine  Partial negative charge 
Hydrogen  Partial positive charge 
 
Such molecules in which partially negative and positive charges are present are called polar molecules and 
the bonds are called Polar Bonds. 

 
Greater the electronegativity difference, greater will be the polarity of the molecule. 

 
Factors On which Bond Energy Depends 

These are as follows: 
 
Bond Length 
Shorter the bond length, the greater is the value of bond energy. 
 
Size of Bonded Atoms 
Smaller the size of bonded atoms, the greater would be the value of their bond energy. 
  
Partial Ionic Character 
Longer the ionic character of the molecule, the greater would be the value of bond energy. 
 
Multiple Bonds 
As the multiple bonds are shorter, they have greater bond energies than in case of single bond. 
  

 
 
 

Differences between Polar and Non-Polar 
 

Polar Bond 
1) It is formed between two dissimilar atoms. 



71 | P a g e  
 

www.thresholdcollegiate.webs.com 
www.facebook.com\threshold-collegiate 

www.twitter.com\threshold1999 
 

2) Shared pair of electrons are not uniformly attracted by two bonded atoms. 
3) Atoms have different electronegativity. 
 

Non-Polar Bond 
1) It is formed between two similar atoms. 
2) Shared pair of electrons are uniformly attracted by the two bonded atoms. 
3) Atoms have almost same electronegativity. 
  
The Effect of Ionic Character On the Properties of Compounds 
These are as follows: 
1) Melting and boiling points of polar molecules are high. 
2) They are soluble in polar solvents. 
3) Partial ionic character shortens the covalent bond. 
4) Due to the short bond length, the bond energy increases, i.e. the bond energy of HF molecule is 268 

KJ/mole than calculated. 
Other examples having partial ionic character are 

Ammonia      Methyl Bromide 
NH3      CH3Br 

 
Nitrogen has negative charge while hydrogen has positive charge. 

 
 Hs+  ---- Fs-   Hs+  ---- Fs- 
 
Thus in H2O and HF, the covalent bonds are not pure covalent bonds but they have partial ionic 
character. 
 H –O –H   , H+  -- F- 
 
Such covalent bonds can be slightly ionic only when one atom is more electronegative than the other 
atom. 
 

Greater the difference in Electronegativity of atoms, the greater will be the ionic character of covalent 
bond, for instance, the HF bond is 43% ionic while H-Cl is only 17% ionic. 

 
 
 
 
 

 
Ionic character of Covalent Bond 

In the molecules like H2, Cl2 and N2, electron pair is symmetrically shared between two atoms. The two 
atoms do not differ in their ability of attend electrons. Their electonegativity is nearly same. These types of 
molecules are called non-polar molecules. 

 
In the molecules which are formed by the combination of two different atoms, the shared pair of electrons 
are not equally attracted. 

 
More electronegative element will attract the paired electron slightly towards itself, hence, producing partial 
negative charge on it. The other atom of less electronegativity will have positive charge. Such molecules are 
called Polar Bond. The ends of the molecules with positive and negative charges are called Dipoles. 
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The Dipole Moment In CCl4 Molecule 
In CCl4, the C-Cl bond is polar and has a dipole 2.05D. The symmetrical distribution of the four C-Cl bonds 
in the molecules causes cancellation of all dipole moments. Hence μ = 0. 

 
 

Dipole Moment In CHCl3 
CH bond has a dipole moment zero b/c electronegativity of C and H are quite similar. However, in CHCl3, 
the three C-Cl bonds cause the chlorine and carbon molecules to develop a negative charge. Hydrogen 
carries a slightly positive charge. Due to this unsymmetrical structure, CHCl3 has a dipole of 3.40 x 10-30cm. 
 

    H 
    | 
    C 
    | 
    | 
   Cl Cl Cl  Asymmetrical Structure 
   μ = 2.40 x 10-30cm 
Hence the dipole moment μ = 0 
 

iii) Dipole Moment of H2O Molecule 
 Water molecule is a polar molecule having dipole moment is 6.145 x 10-30 cm. 
   H – O – H  

Water molecules has dipole but CO2 has not?  
 
Reasons 
The water molecule has a bent structure in which two O-H bonds are 1040.5 angle. The two O-H bonds do 
not cancel dipole moment of each other. Hence, water has a net dipole moment due to its bent structure 
(geometry) while CO2 has μ = 0 because of its linear structure. 
 
 
 
 
Dipole Moment In SO2 
SO2 like H2O has an angular structure. The two S-O bonds are at an of angle 11905. They do not cancel the 
dipole moment of each other. Thus, SO2 has a dipole moment of each other. Thus SO2 has a dipole moment 
of 5.34cm. 

 
Dipole Moment In Poly-Atomic Molecules 

In Poly-atomic molecules, the dipole moment of molecules depends upon the polarity of the bond as well as 
the geometry of the molecules. Take the example of CO2 and H2O. 

 
Dipole Moment of CO2 Molecules 
CO2 molecule is linear molecules in which two C—O bonds are oriented at angle of 1800. 

 
The dipole moment of each C- O bond is 2.3D but due to linear geometry of CO2, the dipole moment of the 
two C-O bond cancel each other and net dipole moment is zero. 
 

O == C == O 
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Dipole Moment of CS2 Molecules 
Similarly, CS2 has a linear structure. The dipole moment of C—S bond of one side is cancelled by the dipole 
moment of other C—S bond. 

 
1) S-S orbitals overlapping 
This type of overlapping is found in H2 molecules. 1s orbital of one hydrogen overlaps with 1s orbital of 
other hydrogen to form sigma bonding. 

 
This result in the formation of single covalent bond in H2 molecule. The antibonding orbital remains vacant. 

 
 + +    + + 

   
  H H      H2 
2) S-p overlapping or S-p sigma bond formation. 
This type of overlapping takes place in HF molecule. 1s orbital of hydrgogen overlaps with SP orbital of 
flourine to form sigma bonding orbital which result in the formation of single bond in H-F molecule. 
 
3) p-p overlapping or p-p sigma formation 
This type of overlapping is found in flourine molecule. When 2p orbital of one flourine overlaps  with 2p 
orbitals of other flourine atom to produce F-F sigma bond as shown in the following figure. 
 
 The S-S bond is a weak bond as compared to s-p or p-p bond. 
S-S <S-P <P-P 
Due to spherical chargedistribution, the overlapping of s-s orbitals is not effective. Therefore, bond formed 
by s-s overlap is relatively a weak bond. 

 
 

Pi Bond 
Pi bond is formed by overlap of two parallel p-orbitals. The bonding molecular orbitals of π bond are called 
π orbitals and its electrons are named π electrons. 

 
Comparison between  Sigma and Pi Bond 
Sigma Bond 

1) It is formed by head to haed overlapping of s-s, s-p and p-p orbitals along inter nuclear axis. 
2) It is a strong bond between of maximum overlapping of the orbital. 
3) Its bond energy is higher. 
4) S-p orbital takes part in sigma bond formation. 
5) Free rotation of atom is possible in sigma bond. 
 

Pi Bond 
1) It is formed by side ways overlaps of p-p orbitals. 
2) It is weak bond.  
3) Its bond energy is lower. 
4) S-orbital do not take part in nuclear pi bond formation. 
5) Free rotation of atom is not possible in the pi bond. 
 

Hybridization 
The reorganization or mixing of atomic orbitals of different energy levels of the same atoms to form a new 
set of equivalent oribtals is called hybridization. Such orbitals are called the hybrid orbitals. 
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Explanation  
Hybridization  In Carbon Atom 

The electronic configuration indicates that carbon is a divalent but in the majority of compound, it is 
tetravalent. This contradiction is removed by promoting an electron from 2S orbitals to higher empty orbital. 
The carbon is said to be in excited state and behave as tetravalent. The carbon is said to be excited . 

 
It is an imaginary process. When their unfilled orbitals are occupied by the electrons of other reacting atoms, 
a stable configuration is obtained and a new molecule is formed. 

 
 
 
 
 
 
 

 
Types of Hybridization 

Sp3 hybridization or Tetragonal 
SP2 hydridization or Trigonal 
Sp hydridization or Diagonal 

 
Sp3 Hybridization 
When carbon atom combines with four other atoms, sp3 hybridization occurs. In this case, one 2s orbital and 
three 2p oribtals are mixed to form four new hybridized. 

 
In Sp3 hybriziation, the orbitals are oriented in a manner that they acquire a regular tetrahedral sturcture 
having an angle of 109.280 with each other. 

 
Methane Molecule 

When carbon atom with its four equivalent unfilled orbitals combines with four hydrogen atoms, a molecule 
of methane is formed. In this molecule, carbon remains a central atom and the four hydrogen atoms are 
attached to the four corners of tetrahedion. 
The molecule of  methane has four s-sp3 sigma bond and the angle is 109.280. 
 

Ethane Molecule 
In this molecule, each carbon atom is attached with six other atoms i.e., one carbon atom and three hydrogen 
atoms. This produces sp3 hybrid orbitals. One sp3 hybrid orbital of the first Carbon atom overlaps with the 
sp3 –sp3 sigma bond. The remaining three sp3 hybrid orbitals of each carbon atom overlap with the 1s 
orbitals of hydrogen and form six more s-sp3 sigma bond. This ethane molecule contains seven sigma bond 
is all. 

 
Sp2 Hybridization 
When carbon atoms combine with three other atoms, the sp2 hybridization occurs. In this  case, one 2s 
orbital and two 2p oribtal are mixed to form three new equivalent hybrid oribtals. 
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The 2pz orbital does not take part in the hybridization process. The three sp2 hybrid orbital are in one plane 
at an angle of 1200 from each other. 

 
Ethene Molecule 

In this molecule, each carbon atom is attached with three atoms. Therefore, sp2 hybridization take place in 
the orbitals of carbon atoms. One sp2 hybrid orbital of each carbon atom is overlapped with other hydrgoen 
atoms, producing s-sp2 sigma orbitals. 

 
The p3 orbital of each carbon atom which is unhybirdized is at right angle to the plane of hybridized orbitals 
and also parallel to the pz orbital of the second carbon atom. Thus, the two pz oribitals overlap to form a pi 
bond. 

 
 

 
Sp Hybridization 

When carbon atom combines with two other atoms, its 2s orbital is mixed with only one 2p orbital to form 
two equivalent hybrid oritals and this process is known as sp hybridization. These two hybrid orbitals lie in a 
straight line at an angle of 1800. The two unhybridized orbitals, i.e. py and pz are perpendicular to the plane 
of hybrid orbital. 

 
Acetylene 

In this molecule, two carbon atoms overlap and form sp-sp sigma bond, while the other sp hybrid orbital of 
each carbon atom overlap with the 1s orbital of hydrogen to form s-sp sigma bond. The two unhybridized 
orbits, i.e. py and pz orbitals of each carbon atom overlap with each other to form two new bonds. 
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CHAPTER # 5 
ENERGETIC OF CHEMICAL REACTION 
 

Introduction 
One of the most important observations is that all chemical changes are accompanied by important change in 
energy which is either absorbed or evolved. Study of these energies of chemical reactions is called Energetic of 
Chemical Reaction 
or 
“The study based on the principles of conservation of energy is known as thermodynamics.”  
or 
“It is the branch of chemistry which deals with the relationship between heat and motion.”  
or 
It is the branch of science that deals with interconversion of heat or energy from one from to another. It is 
based on the principle of conversation of energy. 
 
Unit of Heat- energy: 
  1 Joule  =  107 ergs  

1 calorie  =  4.184 Joules 
1-Kcalorie  =  4.184 x 107 ergs 

 
Thermo chemistry 

It is the branch of thermodynamics which deals with thermal energy changes in chemical reaction. 
Thermodynamics deals with measurement and calculation of heat changes accompanying chemical reaction. 
 

Thermo chemical reaction 
The chemical reactions which are accompanied by energy changes along with material changes are called 
thermo chemical reactions. They are of two types: 

i) Exothermic reaction. In these reactions, heat is given out. 
ii) Endothermic reaction. In these reactions, heat is absorbed.   

 
Exothermic Reaction 
A chemical reaction in which heat energy is evolved or emit with the formation of product is known as 
exothermic reaction. 
An exothermic process is generally represented as  

Reactants  product + Heat 
 
Example 
Fuel + oxygen (air)           Oxides of carbon + heat. 
Fe + S  FeS ∆ H = -ve 
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CO2 + 2NaOH  Na2CO3 + H2O ∆H = -90 Kj / mole 
   Reactants H2 
   
 
 
 
 
Endothermic Reaction: A chemical reaction in which heat energy is absorbed during the formation of 
product is known as endothermic reaction. Endothermic reaction is generally represented as  

Reactant + Heat   product. 
 
Example: 
N2 + O2  ∆ 2NO 
CaCO3 + heat         CaO + CO2  
2C + 3H2  C2H6 ∆H = +85.3 Kj / mole 

 
Thermodynamics Terms 

System 
Any portion of the universe represented from the rest by real or imaginary boundries in order to study is 
called a system.  
or    
“Any real to imaginary portion of universe under consideration or under study is called system.” 
 
Example: A gas in a cylinder. 
 
A system may be of three types: 
 
Open – system 
This is the system that can exchange mass and heat with surrounding, e.g. a liquid in an open flask. 
 
Closed system 
This is the system which can exchange only heat and not mass with surrounding, e.g. a gas in a cylinder. 
 
Isolated system 
This is the system which cannot exchange heat or mass with the surrounding, e.g. a liquid in a thermo flask. 
 
Surrounding 
The environment of a system or all remaining portion of the universe except system. Surrounding is 
separated from its system by a real or imaginary boundary. 
or  
“The universe other than the system is known as surroundings.” 
 
Example: A known quantity of water taken in beaker under examination for the purpose of evaporation. 
 
 
States 
The description of a system with the help of microscopic properties; such as, temperature, pressure and 
volume is called state of system. 
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or 
The description of a system with the help of temperature, pressure, volume, etc. is called state of a system. 
 
Initial state 
The description of the system before it suffers any change is called as the initial state of the system. 
Changes in the system, therefore will be described by comparing the final and the initial states of the system. 

Final Stage 
T2 – T1 = ∆T 
Which is the change in temperature of the system. 
V2 – V1 = ∆V 
Changes in volume. 
P2 – P1 =  ∆P 
Change in pressure 
H2 – H1 =  ∆H 
Change in enthalpy. 
 

Properties of system 
The properties of a system may be divided in two main types: 
 
Intensive properties 
Those properties which are independent of the quantity of matter are called intensive properties, e.g. melting 
point, boiling point, density viscosity, surface tension, refractive index. 
 
Extensive properties 
Those properties which depend upon the quantity of matter are called extensive properties, e.g. mass, 
volume, enthalpy, extropy, etc. 
 

 
 
 
 
 
 
 
 
 

First Law of Thermodynamics 
Introduction 
This law was put forward by HELMHOLTZ in 1847.  
 
Statement 
“Energy can neither be created nor be destroyed, although, it may change from one form to another.”  
or 
“In this process, the total energy of a system and its surrounding remains constant.” 
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Mathematical Form 
Consider a system of a gas in a cylinder with a weightless and frictionless piston. Initial internal energy of 
system is E1. A quantity of heat “q” is absorbed by the system. Due to this heat “q,” the system expands and 
gas does work (w) against piston. This increases the internal energy to E2. Hence, increase in internal energy  

q = ∆E + W     (1)  
∆E = q – w   (2) 

These equations are mathematical form of 1st law of thermodynamics. 
         
           P  
 
    P  
 
 

 
          E1      P2     
             P2  
  
Pressure volume work 
Consider a cylinder of  area of cross action “A” fitted with a weightless, frictionless piston containing a gas. 
Let pressure on piston = P 
Now.  
 P=F/A   

 F = PxA 
Let the gas expands and piston moves up through a small displacement dl, hence, 

dw = force x displacement 
dw = P x A x dl 
A x dl = dv 

 dw = Pdv 
 
  
 

 
 
If gas expands from initial volume V1 to final volume V2, than change in volume = ∆V 
Total work  =  W = P∆V 
This is the expression for pressure - volume work. If this value “w” is put in eq. (1) we get 
  q = ∆E + W 
  q = ∆E = P∆V 
This is another mathematical form of 1st law of thermodynamics. 

 
Application of first law of Thermodynamics 

The absorption or evolution of heat during chemical reaction takes place: 
1. At constant volume 
2. At constant pressure 
 
Thermal changes at constant volume 
There are certain conditions under which the heat absorbed in a particular process becomes a definite 
quantity depending only on its initial and final state. 
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According to first law of thermodynamics, 
∆E = q – w 
qv = ∆E + w 

 
Here, the work w is supposed to be only mechanical expansion or contraction. Hence, 
  W = P∆V 
 
If the reaction is carried out in closed container, there will be no change in volume of reacting gases. 
  qv = ∆E + W 
  qv = ∆E + P∆V 

 ∆V = V2 – V1 
qv = ∆E + P(V2 – V1) 
   ∆V = V2 – V1 = 0 
qv = ∆E + P(0) 
qv = ∆E 

where qv represents the heat evolved or absorbed by the system at constant volume. 
 
Thermal changes at constant pressure 
Reaction that takes place under constant pressure may be expressed by H, called “ENTHALPY” or heat 
change at a constant pressure qp. Then  
qp = ∆E + P∆V  

 ∆E = E2 – E1 
        ∆V = V2 – V1 
therefore, 
qp = (E2 – E1) + P(V2 – V1) 
qp = (E2 – E1) + PV2 – PV1) 
qp = E2 – E1 + PV2 – PV1 
qp = E2 + PV2 – E1 – PV1 
qp = (E2 + PV2) – (E1 + PV1) 
A new function H called enthalpy is introduced to express thermal changes at constant pressure. This 
function is mathematically defined as H = E + PV 
Since E, P and V are state functions, so H is also a state function and is independent on the initial and final 
states. 
Thus   E2 + PV1 = H1 
  E2 + PV2 = H2 
 
Substituting the values 
  qp  = (E2 + PV2) – (E1 + PV1) 
  qp = H2 – H1 
  qp  =  ∆H 
Now, 
 ∆H = ∆E + P∆V 
 
where ∆H= heat change or enthalpy change. The divided equation shows that, heat change associated with a 
constant pressure is simply equal to the enthalpy change in giving from the initial and final state of  the 
system. 
Enthalpy 
Enthalpy is defined as the sum of all energies present in a system. 
Mathematically it is defined as, 
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 H = E + PV 
where H = Enthalpy, P = Pressure, V = volume, E = Internal energy 
 
So, the sum of the internal energy (E) and the product of pressure and volume (V) of system is called 
Enthalpy. 
 

 ∆H is “-ve” for all exothermic reaction because 
Hp < Hr 
∆H = Hp – Hr = -ve 
example N2 + 3H2        2NH3 ∆H = -46.2 Kj / mole  
   C + O2  CO2  ∆H = - 394 Kj / mole 
 

 ∆H is “+ ve”  the for all endothermic reactions.  
Hp  >  Hr 
∆H = Hp – Hr = +ve 
 

example   C + 2S  CS2   ∆H = +117.6 Kj / mole  
  Cl2       2Cl-    ∆H = + 244 Kj / mole 
 
 
 
 
 
 
 
 
Reactants (Hr)       Products (Hp) 
 Hp < HR        Hp > HR 
 
  
       ∆H = -ve   ∆H = + ve 
    heat Content   “H” 
 
 
 
                   Products      Reactants 
    

  Exothermic Reaction   Endothermic Reaction  
 
Thermo chemistry 
It is the branch of chemistry which deals with the measurement of heat evolved or absorbed during a 
chemical reaction.  
The units of heat which are generally used are calorie and Kilo calorie or Joules and Kilo Joules. 
 1 cal = 4.184 J 
 1 Joule = 0.239 cal 
 
 

Hess’s Law of Constant Heat Summation 
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Introduction 
This law was put forward by German Scientist G.N.Hess in 1846. It is an important generalization about the 
“Conservation of Energy” in a chemical process. 
 
Statement 
“If a chemical reaction can be made to take place in two or more steps or in more than one different ways, 
the total heat evolved or absorbed is always same, i.e. constant and independent of the stages in  which the 
reaction is completed.” 
 
Explanation 
Suppose a substance “A” changes to another substance “D” directly in a single step and ∆H is the (enthalpy 
change) heat evolved, so  
 A     D    ∆H = +x Kj / mole 
 
Let the same reaction takes place through several steps, as shown below. Each step has its own enthalpy 
change. 

 A      B ∆H1 = +a Kj / mole 
 B      C ∆H2 = +b Kj / mole 
 C                          D    ∆H3 = +c Kj / mole 

 
 
 
 
Then according to Hess’s Law 

∆H = ∆H1 + ∆H2 + ∆H3 
X  =  a + b + c  Kj / mole 

 
Graphical  Representation. 
                               A                          B 
                                   ∆H1          
                       ∆H 
                                                             ∆H2 
 
                                    ∆H3                         
                       D                              C 
 
Verification of Hess’s Law: When CO2 react with excess of NaOH, Sodium carbonate is formed with the 
enthalpy change of 90 K.J / mole. This reaction takes place in two steps. 
 
In the first step for the formation of NaHCO3 the enthalpy change is -49 KJ/ mole and in the second step the 
enthalpy change is -41 KJ / mole. 
 
CO2 + 2NaOH  ∆H = -90 KJ/mole Na2CO3 + H2O 
  +     
NaOH 
  
 ∆H = -49 Kj / mole 
 
NaHCO3 + NaOH            
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           ∆H = -41 Kj / mole 
 
According to Hess’s Law, 
∆H = ∆H2 + ∆H1 
∆H = (-41) + (-49) 
∆H = -90 KJ / mole 
 
The total enthalpy change when the reaction is completed in a single step is -90 KJ / mole which is equal to 
the enthalpy change when the reaction is completed into two steps. Thus, the Hess’s Law is verified from 
this example. 
 
Heat of Reaction ∆H 
The amount of heat evolved or absorbed during chemical reaction is called Heat of Reaction or Enthalpy. 
Example. C + O2   CO2  ∆H = -394 Kj/ mole 
 
Heat of Formation ∆Hf 
Enthalpy change for the reaction in which 1(one) mole compound is formed from its elements. 
Example. 2CO + O2           2CO2  ∆Hf = -394 Kj/ mole 
 
Standard heat of formation ∆Hf 
The enthalpy change for the reaction in which one mole of compound is formed from its elements at their 
standard states (i.e. when pressure is one atmosphere, and temperature is 25oC) is called heat of formation. 
Example. C + 2H2      CH4     ∆Hfo = -75 Kj/ mole 
 
Heat of solution or Enthalpy of solution 
The enthalpy change when one mole of substance is dissolved in excess of solvent, further dilution has no 
effect on the enthalpy change is called heat of solution. 

NaCl +  H2O (aq)         NaCl (aq)      ∆H + 5Kj / mole. 
 
Heat of neutralization 
Quantity of heat produced when one gram of an acid is completely neutralized by one gram of the base in 
such a dilute solution that one further dilution does not cause any heat exchange is called heat of 
neutralization. 
Example: HNO3 + NaOH      NaNO3 + H2O   ∆H = -Kj / mole 
 
Heat of Combustion 
The enthalpy change when one gram of the substance is completely oxidized is called heat of combustion. 
For example: 
 CH4 + O2    CO2 + 2H2O        ∆H = -212.8Kj / mole. 
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CHAPTER # 6 
EXTENT Of CHEMICAL REACTION 
 
All chemical reactions do not proceed to same extent. Some reactions proceed to completion after some 
time, but there are many reactions which are never completed. On this basis of extent of reactions, chemical 
reaction are classified into: 

1. Irreversible Reaction 
2. Reversible Reaction 

 
1. Irreversible Reactions 
Such reactions in which the reactants react to form products which do not change back are known as 
“Irreversible Reaction”, e.g. 
[Reactant] → [Product] 
 
a) CuSO4 + Fe → FeSO4 + Cu 
In this reaction FeSO4 does not react again to form Cu. 
 
b) Zn + H2SO4 → ZnSO4 + H2 
In the above example, ZnSO4 does not react again with H2 to form the reactants. Such reactions proceed to 
one direction only, i.e. forward direction and are completed after some time. 
 
Reversible Reactions 
Such reactions which proceed to both the directions, i.e. forward and backward both and are never 
completed are called “Reversible Reaction”, e.g. when steam is passed over red hot iron, Fe3O4 (Magnetic 
Oxide of Iron) and Hydrogen are formed. 
  3Fe + 4H2O         Fe3O4 + 4 H2 
 
  Fe3O4 + 4H2       3Fe + 4H2O 
 
This reaction therefore proceeds in two directions i.e. forward direction and backward direction. Hence, the 
reaction is never completed. 
 
The two reactions, i.e. forward & backward are shown by writing double arrow between reactant & the 
product as follows: 
  3Fe + 4H2O      Fe3O4 + 4H2 
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Experiment for The Explanation Of Reversible Reaction 
Take known weight of acetic acid and ethyl alcohol in a stoppered flask at a given temperature. After some 
time, when equilibrium is established, the content of the flask are cooled by adding crushed ice in order to   
“fix” the equilibrium. Hence, equilibrium is maintained during the process. In a reversible process, some 
acid is left un reacted since the reaction is never completed. In order to determine the amount of unused acid 
present at equilibrium, the sample of reaction mixture is titrated with a standard alkali. From this 
experiment, it is clear that at equilibrium along with products some amount of reactants are also present. 
Hence, such a reaction never comes to an end. At different internal of time, different amount of unused acid 
will be absorbed. 

 
 
 

Effect of Concentration on Reversible Reaction       
Concentration affects a reversible reaction in two ways: 
a) By Increasing the Concentration of Reaction 
If concentration of the reactant is increased, than according to Le-Chatelievis principle, the equilibrium 
shifts to the forward direction in order to undo the effect of the stress. The result is that more and more 
product is formed which means increase in the forward reaction, e.g. consider the following reaction: 
 H2 + I2   2HI  
 
The equilibrium expression for this reaction is  
 
 Kc = [HI]2 
       [H2] [I2]   
 
The effect of adding more H2, or I2, the system can be explained according to Le-Chalellier’s principle. 
Addition of H2 or I2 is a stress to the system at equilibrium. The system will adjust itself to undo this stress 
by removing the excess of H2, I2 added to the system. Hence, more H2 + I2 will combine to form HI, i.e. the 
forward reaction will be favoured. 
 
b) By Decreasing the Concentration of the Reactant 
If the concentration of one of the reactant is decreased, the equilibrium will tend to undo the effect of the 
stress due to this change. Hence, the removed substance will be formed at the expense of the decomposition 
of the product. So the cone of the product is also decreased which decrease the forward reaction. For 
example, in the above case if H2 or I2 is removed from the system in equilibrium, it will act as stress. This 
stress is minimized when some of the HI decomposes to replace H2 to and I2 removed from the system. 
Hence, backward reaction will be favored. 
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Law of Mass Action 
 
Definition of Law of Mass Action: 
The rate at which a substance reacts proportional to its active mass and the rate of chemical reaction is 
proportional to the product of the active masses of the reactants. 
 
Statement of the Law    
This law states that the rate at which a substance reacts is proportional to its active mass and the rate of a 
chemical reaction is proportional to the product of active masses of the reacting substance. 
Rate α [Reactant] 
 
By the term active mass, we mean molar concentration, i.e. number of moles per litre. 
 
The actual statement of the law is that rate of reaction at a constant temperature is proportional to the 
product of the molar conc. Of the reacting mass, i.e. number of moles per litre. 
 
Equilibrium Expression for a General Reversible Reaction 
Consider the following reversible reaction: 
 mA + nB → xC + yD 
Let the molar concentration of A,B,C and D represented by [A],[B],[C],[D] at the equilibrium point. The 
square brackets indicate the equilibrium concentration of the species enclosed with in bracket. According to 
the law of mass action, rate of reaction is proportional to the product of active masses of the reactant. 
Therefore, rate of forward reaction of species A and B is proportional to the product of their active masses. 
 ∴ Rate of forward Reaction α [A]m[B]n 
            Rate of Forward Reaction = Kf [A]m[B]n 
 
Where Kf is the specific rate constant for the forward reaction. It will be the rate of reaction when [A] & [B] 
are equal to 1. 
 
Similarly, rate of backward reactions of species C + D are proportional to the product of active masses of C 
and D, i.e.  

rate of backward or reserve reaction α[C]x[D]y      
or rate of backward or reserve reaction = Kb[C]x[D]y     
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Where KB is the specific rate constant for backward reaction at Equilibrium: 
Rate of forward reaction = Rate of backward Reaction 
 Kf [K]m[B]n = Kb [C]x[D]y 
 
or  
 Kf  =  [C]x[D]y 
 Kb     [A]m[B]n  

 
b

f

K
K

 = Kc 

 Kc = nm

yx

BA
DC

][][
][][

  proved  

When the reactants and products are present in gaseous state, then concentration is generally measured in 
terms of their partial pressure and the equilibrium constant is expressed as Kp

 . 
 
The value of Kc is independent of the concentration of the reactants and products and it depends upon the 
temperature and nature of reaction. 
Consider the under given reaction: 
 2A + B → 2C + D 
 
It may be written according to the Law of Mass Action as: 
 Kc = [C]2[D] 
          [A]2[B] 
In general for the reaction: 
 aA + bB →cC + dD 
The equilibrium constant expression may be written as: 
 Kc = [C]c[D]d 
           [A]a[B]b 
 
where a,b,c and d represent  the number of moles of species taking part in a chemical reaction. They are 
called co-efficients of the chemical equations. 
 
Example 
 H2 + I2 → 2HI 
 
 Kc = [HI]2 
          [H2][I2]  
 
Conclusions 

1. In the equilibrium expression, the active masses of product is written as numerator while the 
concentration of reactants is written as the denominator. 

2. The number of moles of a substance or co-efficient appear as the exponent of the concentration term 
in the equilibrium constant expression.  

 
 
Equilibrium constant for a Gaseous System 
Consider a reversible process, the reactants and products are gases as shown: 
 A(g) + B(g) → C(g) + D(g) 
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When the reactant and product are in gaseous state, their partial pressure is used instead of their 
concentration, so according to law of mass action: 

 Kp = 
BA

DC

PP
PP
.
.

 

where Pa, Pb, Pc and Pd are the partial pressure of reactants and products. 
 
Relationship between Kc and Kp 
There are three possibilities in the relationship between Kc and Kp which are as follows: 
1. Kp = Kc 
In a chemical reaction, if there is no change in number of moles before and after the reaction then: 
Kc = Kp 
Example: H2 +  I2 → 2HI 
 
2. Kp > Kc 
In chemical reactions, when reaction occur with increase in volume; such as, 
2NH3→ N2 + 3H2  
For above reaction  Kp > Kc 
 
3. Kp < Kc 
In chemical reactions where there is decrease in volume on the product side; such as, 
 O2 + 2SO2 → 2SO3 
In the above case Kp < Kc 
 
Write Kc for the following reactions: 
i. 2SO2 + O2 → 2SO3 
 Kc = [SO3]2 
             [SO2]2[O2] 
ii. 2NO2 → N2O4 
 Kc = [N2O4] 
          [NO2]2 
iii. PCl5 → PCl3 + Cl2 
 Kc = [PCl3][Cl2] 
          [PCl5] 
iv. 2NO + O2 → 2NO2 
 Kc = [NO2]2 
            [NO]2[O2] 
 

 
 

Determination of Equilibrium Constant 
 
Determination of equilibrium constant for ethyl acetate reaction: 
i. The reaction between an acid and an alcohol is called as esterfication. 
ii. The reaction between ethyl alcohol and acetic acid is given below: 
 C2H5OH + CH3COOH → CH3COOC2H5 + H2O 
  Alcohol     Acid        Ester  Water 
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iii. Suppose (a) mole of acetic acid & (b) moles of ethyl alcohol react in the above reaction in a flask. 
iv. After some time, the equilibrium is established between the reactant and the product. 
v. The contents of the flask are cooled with crushed ice in order to arrest the equilibrium. 
vi. Suppose “X” mole of H2O and x mole of ethyl alcohol are formed as equilibrium. 
vii. Pipette out the solution from the flask and titrate against NaOH to find out the amount of the acid left at 
equilibrium, i.e. (a – x ) mole/dm3 
viii. Similarly, find out the amount of unreacted alcohol (b – x) mole / dm3 
ix. Then Kc is determined as follows:     
  C2H5OH + CH3COOH → CH3COOC2H5 + H2O 
 
Uses of Equilibrium Constant Expression (KC) 
The knowledge of chemical equilibrium expression of a particular reaction is very important for us because 
from the value of equilibrium constant (Kc), we can judge the following two things and in this way we will 
get more knowledge about a particular reaction: 

1) Prediction of Direction of reaction 
2) Prediction of extent of the reaction 

 
1) Prediction of Direction of Reaction  
 Consider a gas phase reaction: 
 a A(g) + bB(g)  c C(g) + dD (g) 

            
  

for which 
 Kc = [C]c [D]d 
          [A]a [B]b 
Now we come across with three possibilities. 
 
If  [Initial Conc. C]c [Initial Conc. D]d < Kc  
 [Initial Conc. A]a [Initial Conc. B]b 

 
The reaction will proceed to the right, i.e. forward direction until equilibrium position is attained. 
aA +bB  cC +dD 
 
II) If   [Initial Conc. C]c [Initial Conc. D]d > Kc  

 [Initial Conc. A]a [Initial Conc. B]b 

 
The reaction will proceed to the left, i.e. backward direction in order to achieve the equilibrium state. 
cC+ dD  aA +bB 
 
III) If  [Initial Conc. C]c [Initial Conc. D]d = Kc  

 [Initial Conc. A]a [Initial Conc. B]b 

 
The system is already at equilibrium and the concentration of the reactants and products remain constant. 
 
2) Prediction of the Extent of Reaction 

From the magnitude of equilibrium constant, we can also predict about the extent to which the 
reaction will take-place. In this case, we again have three possibilities: 

 
i) When equilibrium constant for reaction is very large 
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  The equilibrium constant for the following reaction is very large (Kc =1055 at 250C) 
 2O3(g)       3O2(g) 
            

Kc = [O2]3   = 1055 at 250C 
         [O3]2 
 
From this large value of Kc, we can conclude that the forward reaction is almost completed. 
In other words, Ozone is very unstable gas and it decomposes spontaneously into oxygen. 

 
ii) When the Equilibrium Constant for a reaction is very small 
 Consider the thermal decomposition of HF at 20000C (K=10-13 at 2000 0C) 
 2HF          H2 + I2 
 K = [H2] [F2] = 10-13 at 20000C 
           (HF)2 

 
From this low value of Kc, it can be concluded that there will be very little tendency for the 
reaction to occur in the forward direction. In other words, HF is very stable component as far 
as thermal decomposition at higher temperature is concerned. 
 
This partly explains the continuing interest in rocket propellants which react to produce HF. 

 
Kc, Kp and Kn 
The equilibrium constant can be expressed as Kc, Kp and Kn depending upon the units in which the 
concentration of reacting species are expressed. It is known as ‘Kc’ when concentration is expressed in 
moles/dm3 i.e., active mass designated by [ ]. Kp is the rate constant at constant pressure, when 
concentration is expressed in partial pressure designated by ‘P’ and Kn when concentration of reacting 
components are expressed in mole fraction ‘X’. e.g., for reaction, 

2A(g) + 3B(g)       C(g)+2D(g) 
          
Kc = [C] [D]2 
         [A]2[B]3 
 
Kp = Pcc . PD

d 
         PA

a . PB
b 

 
Kn = Xcc. XD

d 
         XA

a. XB
b 

 
Relationship between Kc and Kp 
Reversible reactions are classified as:  

1. Reactions in which there is no change in moles, i.e., Δn = 0 
N2 + O2      2NO 
H2 + I2        2HI 
 
Change in Moles = Moles of product – Moles of Reactions  

 Δ n = np - nR 
 In such cases Kc = Kp 

 
2. Reactions in which there is increase in moles, i.e. Δn is positive: 
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  PCl5      PCl3 +Cl2  (Δn =1) 
  2SO3     2SO2 + O2 (Δn =1) 
  
3. Reactions in which there is decrease in moles, i.e. Δn is negative. 
  N2 + 3H2  2NH3 (Δn = -2) 
  3O2  2O3 (Δn =-1) 
  
  
 Conversion 
  
 Kp = Kc ( RT) 
 Kc = Kp / (RT) Δn 
  
 Derivation 

 For reaction : a A(g) + b B(g)  c C(g) + dD(g) 
 Kc = [C]c [D]d   (1)  
          [A]a [B]b 
  
 According to gas equation; PV = nRT 
 
 When n = number of moles, V=Volume of container in dm3 
 P = n / V  RT 
 
 But n/V = concentration = C 
 P = CRT   (2) 
 
 Now Kp = Pc

C . PD
d         (3)  

        Pa
A. Pb

B 
 
 Putting value of ‘P’ from equation (2) in (1) 
 Kp = [C]c . [RT]c . [D]d (RT)d 
           [A]a (RT)a . [B] [RT]b 
 
 = [C]c [D]d  (RT)(c+d) – (a+b) 
    [A]a [B]b 
 
 = [C]c [D]d  = Kc 
    [A]a [B]b 
 
 Kp = Kc (RT) (c+d) – (a+b) 
  
 But (c+d) – (a+b) = changes in moles Δ n 
  
 Kp = Kc (RT) Δ n 
 
2) Determination of Equilibrium Constant for Hydrogen Iodide Reaction 
 H2(g) + I2 (g)  2HI (g) 
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In order to find out the equilibrium constant, known weight of H2 and I2 are kept in a closed vessel at 
500C. When equilibrium is established, the content are frozen by rapid cooling. Let the amount of 
hydrogen consumed at equilibrium be ‘X’ mole/dm3. So the amount of unreacted hydrogen at 
equilirium is (a0x) moles/dm3. While, 2x moles/dm3 of HI are produced. The equilibrium constant 
Kc is calculated as below: 

H2(g) + I2 (g)  2HI(g) 
            

Initial Mole  a b   zero 
 
Mole at eq.   (a-x) (b-x)   2x 
 
Come at equation (a-x) (b-x)   2x 
   V V    V 
According  to the law of mass action: 
 
Kc =  (2x/v)2 

         (a-x) (b-x) 
 v      v 
 
Kc =    4x2  for this reaction Kc is 54 
 (a-x) (b-x) 

LE CHATELIERS PRINCIPLE 
 
The equilibrium state of a chemical system varies with changes in conditions; such as, concentration, 
pressure, temperature, volume, etc. For understanding the effect of such changes upon the equilibrium 
position, the Le-Chaletiers’s principle was widely applied. This principle which was first introduce by Le-
Chatelier and Braun in 1884 states: 
If a system in equilibrium is altered in any way the system will shift so as to minimize or undo the effect of 
the change. 

 
APPLICATION OF THE PRINCIPLE 

With the help of the principle, we can explain the influence of various factors; such as, concentration, 
temperature or pressure on a system in equilibrium. 
 
1. Effect of change in concentration 
The equilibrium constant Kc does not depend upon the initial concentration of the reactant or product. When 
the concentration of one or more of the substances present in an equilibrium mixture is disturbed, the system 
no longer remains in a state of equilibrium. The system will under go changes in the concentration of 
various components. According to the Le-Chateliers principle, so as to restore the constant value of 
equilibrium constant for the system. 
 

a) Effect on Kc on Increasing the Concentration of Reactants 
Consider the following equation: 
3H2+N2 ====  2NH3 
3n 1n     2n 

 
Kc = [NH3]2

        Kc = [2]2___ 
    [N2] [H2]3         [1] [3] 
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Kc =  4      =  0.14 
          27 

 
At the equilibrium state the – value of Kc = 0.14 

 
Let one mole of N be increased: Then the value of Kc. 

Kc = [NH3]2___  
   [H2]3 [N2] 

      
    Kc = __[2]2                  __4__ 
             [3]3 [1+1]      [3]3 [2] 
 
Kc = 0.07 
 
Hence to minimize the effect of increase in concentration of N2 and to re establish the equilibrium again and 
to get the value of Kc at equilibrium which is 0.14, we must (i) decrease [H2] and (ii) increase [NH3]. So 
that it may retain the equilibrium constant. 
b) Effect on Kc on decreasing the Concentration of Reactants 
Let in the same above reaction, the concentration of [H] be removed. Let us remove 1 mole from H, then the 
effect on Kc will be:  
Kc = [NH3]2___  = (2)2_____ 
         [N2] [H2]3   (1) (3-1)3  
 

Kc = (2)2___ 
8
4  = 0.5   Kc = 0.5 

(1) (2)3        
In order to balance the effect of decrease in concentration of H, we must (i) increase [N2] + (ii) decrease 
[NH3]. So that the value of Kc again become equal to 0.14. Now decrease in [NH3] will also decrease the 
forward reaction; and hence, backward reaction will be favoured: 
 
c) Effect on Kc on Increasing the Product 

Now consider a general reaction 
 aA + bB  cC + dD 
 
 Kc = [C]c [D]d  > Kc {when [c]c is increased] 
          [A]a [B]b 

 
In order to re-establish the equilibrium again, the concentration of (D) should be decreased and that of 
(A+B) should be increased by corresponding amounts. 
 
d) Effect on Kc on Decreasing the product 
 If the quantity of D is decreased, then 
     
 Kc > [C]c [D]d   
          [A]a [B]b 

 
To re-establish the equilibrium, again the concentration of (C) should be increased and that of (A) and (B) 
must be decreased. 
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2. Effect of Change in temperature 
According to Le-Chartier ‘s principle, if temperature of the system at equilibrium is changed, the magnitude 
of equilibrium constant changes. 
In endothermic reactions, the lowering of temperature will favour the forward direction. In other words, 
lowering of temperature will shift the equilibrium in the direction of evolving heat.  

 
Example: N2 + 3H2  2NH3  ΔH = -22.0 Kcal/moles 

 
It is an exothermic reaction. In order to increase the forward reaction or in other words to yield more 
ammonia (NH3), the temperature must be kept low: 
 
In endothermic reactions, an increase in temperature will favour the forward direction: 
Example 
 N2 + O2  2NO   ΔH = +21.6Kcal/mole 
It is an endothermic reaction. Since the forward reaction uses heat, an increase in temperature will favor the 
forward direction and more NO is formed. A decrease in temperature will lead to its greater decomposition. 

 
3. Effect of Volume Change 
A change in pressure causes a change in volume. When pressure is increased, the volume of the system 
decreases; and hence, the molecular concentration of the component is increased. 
If there is no volume change during the reaction, e.g. 
H2 + I2  2HI 
 
The equilibrium will not change in any way by a change in volume. But if there is a volume change during 
the reaction, than according to Le-Chartelier’s principle, the reaction will be favoured in the direction of 
decrease in volume. 

 
Energy of Activation  PCl5      PCl3 + Cl2 
It may be defined as the minimum amount of energy required in addition of the average energy which is  sufficient to 
convert the reactants into products. To keep the value of Kc constant, a decrease in volume due to increase in pressure 
must cause or corresponding decrease in the value of x. Thus, in the above system, the formation of PCl5 will be 
formed by an increase of pressure, while its decomposition into PCl3 and Cl2 will increase at low pressures. 

 
4. Effect of Catalyst on Equilibrium 
The presence of a catalyst does not affect the equilibrium state or the equilibrium constant. A catalyst will decrease the 
time factor which is necessary for reaching on equilibrium state but it does not affect the concentration present in the 
equilibrium mixture in any way.  
 
The catalyst changes the rate at which equilibrium is reached by lowering the energy of activation required for the 
reaction. A general case is schematically shown in figure given below. The dotted line represents the reaction 
coordinates without the presence of a catalyst. The addition of a catalyst reduces the energy of activation of both the 
forward and backward reaction. 
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Important Industrial Application of Le Chatelier’s Principle 
Haber’s Process 
This is used for the production of HN3 by the reaction of nitrogen and hydrogen. In this process, 1 volume of 
nitrogen is mixed with three volumes of hydrogen at 500oC and 200 to 1000 atm pressure in the presence of 
a catalyst. 
 N2 + 3H2 

Catalyst⎯ →⎯⎯ 2NH3.   ∆H = -46.2KJ / mole 
 
i. Effect of Concentration 
The values of Kc for this reaction is: 
  Kc = [NH3]2 
          [N2][H2]3 
 
Increase in concentration of reactant which are nitrogen and hydrogen, the equilibrium of the process shifts 
towards the right so as to keep the value of Kc constant. Hence, the formation of NH3 increases with the 
increase of the concentration of N2 or hydrogen (H2) 
 
ii. Effect of Temperature 
It is an exothermic process, so heat is liberated with the formation of product. Therefore, according to Le 
Chatelier’s principle at low temperature, the equilibrium is shifted towards right to balance the equilibrium 
state. So low temperature favors the formation of HN3.     
 
iii. Effect of Pressure: 
The formation of HN3 proceeds with the decrease in volume. Therefore, the reaction is carried out under high pressure 
or in other words high pressure is favorable for the production of NH3.   
 
Contact Process 
This process is used to manufacture H2SO4 on large scale. In this process, most important step is the oxidation of SO2 
to SO3 in the presence of a catalyst vanadium Pent oxide. 
  2SO2 + O2 → 2SO3  ∆H = -395 KJ / mole 
 
i. Effect of Concentration 
The value of Kc for this reaction is:  
  Kc = [SO3]2 
           [SO2]2[O2]   
Increase in concentration of SO2 or O2 shifts the equilibrium towards right and more SO3 is formed. 
 
ii. Effect of Temperature 
Since the process is exothermic, so low temperature will favor the formation of SO3.The optimum 
temperature for this reaction is 400 to 450oC.  
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iii. Effect of Pressure 
In this reaction, decrease in volume takes place so high pressure is favorable for the formation of SO3. 
 

Common Ion Effect 
The process in which precipitation of an electrolyte is caused by lowering the degree of ionization of a weak 
electrolyte when a common ion is added is known as common ion effect. 
 
Explanation 
In the solution of an electrolyte in water, there exist an equilibrium between the ions and the undissociated 
molecules to which the law of mass action can be applied. 
 
Considering the dissociation of an electrolyte AB, we have: 
 AB → A+ + B-      
 
And [A+][ B-] = k (Dissociation constant) 
          [AB] 
 
If now another electrolyte yielding A+ or B- ions be added to the above solution, it will result in the increase 
of concentration of the ions A+ or B- and in order that K may remain the same, the concentration AB must be 
increased. In other words, the degree of dissociation of an electrolyte is suppressed by the addition of 
another electrolyte containing a common ions. This phenomenon is known as common ion effect. 
 

Application of Common Ion Effect in Salt Analysis 
An electrolyte is precipitated from its solution only when the concentration of its ions exceed from the 
solubility product. The precipitates are obtained when the concentration of any one ion is increased. Thus, 
by adding the common ion, the solubility product can be exceeded.     
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Solubility Product 
When a slightly soluble ionic solid; such as, silver chloride is dissolved in water, it decompose into its ions:  
  AgCl → Ag+ + Cl- 

 
These Ag+ and Cl- ions from solid phase pass into solution till the solution becomes saturated. Now there 
exist an equilibrium between the ions present in the saturated solution and the ions present in the solid 
phase, thus: 
  AgCl   →  Ag+ + Cl- 

  Undissolved     Dissolved 
 
Applying the law of mass action 
  Kc = [Ag+][Cl-] 
           [Ag+Cl-] 
 
Since the concentration of solid AgCl in the solid phase is fixed, no matter how much solid is present in 
contact with solution, we can write 
  Kc = [Ag+][Cl-] 
   K/ 

 
or Kc x K/ = [Ag+][Cl-] 
 
or Ksp = [Ag+][Cl-] 
Kc x K/ = Ksp 
 
Where Ks.p is known as solubility product and defined as: 
The product of the concentration of ions in the saturated solution of a sparingly soluble salt is called 
solubility product. 
 
The value of solubility product is constant for a given temperature. 

 
Calculation of Solubility Product From Solubility  

The mass of a solute present in a saturated solution with a fixed volume of solvent is called solubility. It is 
generally represented in the unit of gm/dm3. With the help of solubility, we can calculate the solubility 
product of a substance, e.g. the solubility of Mg(OH)2 at 25oC is 0.00764 gm/dm3. To calculate the Ks.p of 
Mg(OH)2, first of all we will calculate the concentration of Mg(OH)2 present in the solution. 
 Mass of Mg(OH)2 = 0.00764 gm  
∴ Moles of Mg(OH)2 = 0.00764 x 58 
          =  1.31 x 10-4 moles 
 
The ionization of Mg(OH)2 in the solution is as follows: 
  Mg(OH)2 →Mg+2 + 2OH-  
and the solubility product for Mg(OH)2 may be written as: 
  Ksp = [Mg+2][OH-]2 

Since in one mole of Mg(OH)2 solution, one mole of Mg+2 ions is present; while, two moles of OH- ion are  
present, therefore in 1.31 x 10-4 moles / dm3 solution of Mg(OH)2, the concentration of Mg+2 is 1.31 x 10-4 
moles / dm3 while the concentration of OH- is 2.62 x 10-8 moles / dm3 by substituting these values 
  Ksp = [Mg+2] [ OH-]2 
            [1.31 x 10-4][2.62 x 10-4]2 
             9.0 x 10-12 mole3 / dm9 
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So, the solubility product of a substance may be calculated with the help of solubility. 
 

Calculation of Solubility from Solubility Product 
If we know the value of solubility product, we can calculate the solubility of the salt. 
 
For example, the solubility product of PbCrO4 at 25oC is 2.8 x 10-13 moles / dm3 
  PbCrO4 → Pb+2 + CrO4

-2 
  Ksp = [Pb+2][CrO4

-2] 
 
Suppose the concentration of Pb+2 or CrO4

-2 is x 
  2.8 x 10-13 = [x][x] 
  2.8 x 10-13 = x2 

or x = 5.29 x 10-7 
mole of PbCrO4 = 5.29 x 10-7 
mass of PbCrO4 = Moles x Mol.Mass 
    =  5.29 x 10-7 x 331 
    =  1.75 x 10-4 gm / dm3 
so the solubility of PbCrO4 is 1.75 x 10-4 gm / dm3 

 
Application of Solubility Product 

The solubility product Ksp is used to determine weather precipitate should form from a solution of known 
ionic concentration or not. 
 
For a saturated solution, the product of ionic concentration is equal to the solubility product. However, if the 
ionic product is less than the solubility product, the solution is not saturated. Therefore, more amount of the 
solute can be dissolved in the solution. On the other hand, if the ionic product is larger than the solubility 
product, the solution is said to be super saturated and the excess of solute should precipitate to restore the 
equilibrium condition. To understand the application of solubility product consider the following problem: 
 
Problem: 
Should AgCl precipitate from a solution prepared by mixing 400ml of 0.1M NaCl and 600 ml of 0.03M 
AgNO3? Ksp of AgCl is 1.6 x 10-10 mole2 / dm6. 
 
Solution: The equation for equilibrium is  
 AgCl → Ag+ + Cl- 
 Ksp = [Ag+][Cl-] 
Total volume of the solution = 400 + 600 ml = 1000 ml 
The concentration of Ag+ ion & Cl- ion in this solution are as given below 
[Ag+] =  

 
 
 

[Cl-] =      
 
   
 
Ksp = [Ag-] [Cl-] 
Ksp = [0.04] [0.04] 
Ksp = 1.6 x 10-3 mol2/dm6 

400
1000 01 0 04

400
1000 1 0 04

mlofNacl
mloftotalsolution M M

mlofNacl
mloftotalsolution o M M

F
H
GG

I
K
JJ× =

F
H
GG

I
K
JJ× =

. .

. .
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Ans: Ionic product is larger than Ksp AgCl will precipitate. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER # 7  
SOLUTION & ELECTROLYTES 
 
Q. Define: 
 i) Solution  ii) Concentration of Solutions   
 iii) Molarity  iv) Molality 
 
Q. What is a solution? Describe different ways of expressing the concentration of a solution. 
 

SOLUTION 
A solution is a homogeneous or single phase mixture of the molecules or atoms or ions of two or more 
components. 

 The component of solution in large quantity is called SOLVENT. 
 The component of solution in small quantity is called SOLUTE. 
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CONCENTRATION OF SOLUTION 
Concentration of a solution is the amount of solute dissolved in a particular amount of solvent. 
Concentrations is expressed in: 
 
1- Physical Units 

i- gm/dm3 as 20gm solute in 1dm3 of solution. 
ii- 10% solution, i.e. 10gm solute in 100gm solution or 10gm solute in 90gm H2O. 

 
2- Chemical Units 

i- Molar concentration, i.e. molarity (M). 
ii- Molality concentration, i.e. molality (m). 

 
MOLARITY or (Molar Concentration) 
Molarity or molar concentration is defined as the number of moles of solute dissolved per dm3 or per litre 
solution. 
 
 
 
 
- 1M (1 Motor) solution of NaOH contains 40gm NaOH per dm3 solution  
- 0.5M (Semi-Motor) solution of NaOH contains 20gm NaOH per dm3 solution. 
- 0.1M (Deci-Motor) solution of NaOH contains 4gm NaOH per dm3 solution. 
 
MOLALITY or (Molal Concentration) 
Molality or molal concentration is defined as equal to the number of moles of solute dissolved per k/gm of 
solvent. 
 
 
 
Example: 
- 1m (1 Molal) solution of NaOH contains 40gm per kg of solvent. 
- 0.5m (Semi-Molal) solution of NaOH contains 20gm per kg of solvent. 
- 0.1m (Deci-Molal) solution of NaOH contains 4gm per kg of solvent. 
 
 
 
 
 
Q. Differentiate between Hydration & Hydrolysis. 
 

soluteofmassMoldminsolutionofVol
soluteofmolesofNo

dmsolutioninofVol
soluteofmolesofNoMolarity

..
.

.
.

33 ×
==

soluteofmassMolKginsolventofMass
gminsolutionofMass

KginsolventofMass
soluteofmolesofNoMolality

.
.

×
==
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HYDRATION 
1- This is the process in which water 

molecules cluster around or get attached to 
cations or anions or both of salt molecules 
to form crystal or hydrates. 

2- Due to hydration, no new substances are 
formed. 

3- No bond is broken; rather, hydrogen 
bonding is established. 

4- Only those salts from crystal whose 
cations have high charge density i.e. small 
size as hi+; Na+, and large charge i.e. Al+3, 
Zn+2, Mg+2. 

Examples of hydrates are: CuSO4.5H2O, 
MgSO4.H2O, ZnSO4.H2O 
In CuSO4.5H2O, four molecules of H2O are 
associated with Cu+2 and one molecule of H2O 
with SO4

-2. So shape of CuSO4.5H2O is square 
planner. 
 
In MgSO4.6 H2O, all 6 H2O molecules are 
attached to Mg+2, so the shape of MgSO4.6H2O 
is Octahed rat. 

HYDROLYSIS 
1- It is the phenomenon in which water molecule 

scout with salt molecules, resulting in the change 
of pH of solution. 

 
2- Due to hydrolysis, new substances are formed. 
3- Bonds between H and O of H2O are broken 

down. 
4- (a) Salts containing anions from acids as CO3

-2; 
HCO3

-1; S-2 and CH3COO-1 on hydrolysis form 
basic solution i.e. their pH is greater than 7, due to 
release of OH- ions. 

 
(b) Salts containing cat ions of weak base as NH4

+; 
Cu+2; Al+3 on hydrolysis yield acidic solutions i.e. 
their pH is less than 7; due to release of H+ i.e. 
NH4

+ + H+ - OH-  NH4OH + H+ 
Or 
NH4Cl + H-OH  NH4OH + HCl 
 
(c) Salts containing anions desired from strong acids do not 
hydrolyse no their solutions are neutral with pH = 7 i.e. 
Cl-1,  

 
Q. Explain Charge Density. 

 
Charge Density 

Charge density is the ratio between the size and charge of ion, i.e. 
 
 
 
 
The ability of a salt to form crystal or hydrate depends upon charge density. The greater the charge density  
(larger the charge, smaller the size of ion is), the greater is the attraction of cation for water and the more is 
the possibility of hydrate formation. Small positive ions with multiple charges Cu+2; Al+3, Cr+3 form hydrate 
easily but large –ve ion with small charge density ca form hydrate. 
 

 
 
 
 
 
 
 
 

 
SOLUBILITY PRODUCT 

Definition 

ionofSize
iononeChDensityeCh argarg =
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Solubility product is defined as the product of molar concentration of ions in a saturated solution of a 
sparingly soluble salt. 
 
Explanation 
Consider the equilibrium state of sparingly soluble salt. AgCl in aqueous medium: 
AgCl(s)  Ag+

(aq) + Cl-
(aq) 

 
Now                    , but in saturated solution no further AgCl(s) can dissolve, so conc. Of AgCl(s) is constant 
 
      
 
 
Characteristics 
1. Ksp for a salt depends upon temperature. 
2. Ksp is not affected by common ion affect. 
3. Ksp is not affected by complex ion formation. 
 
Criterion for Precipitation 
Ksp serves as criterion for salt precipitation, i.e. it helps in determining if a precipitate will form or not as 
follows: 
1. If ionic product is > Ksp, solution is supersaturated, precipitation will occur. 
2. If ionic product is = ksp, solution is saturated, precipitate will not form. 
3. If ionic product is < ksp, solution is unsaturated, precipitate will not form. 
 
Units 
The units vary from salt to salt: 
i) mole/dm3    ii) mole2/dm6   iii) mole3/dm9 

Application 
1. It serves as a criterion for precipitation of a salt. 
2. It helps in qualitative salt analysis. 
3. It helps in purification of common salt. 
4. It helps in salting out of soap

AgCl
ClAgKc ]][[ −+

=

]][[

]][[][
−+

−+

=

=∴

clAgKspor

clAgAgclKc
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SOLUBILITY 
1. Solubility is defined as the maximum amount of a solute required to form a saturated 

solution at a particular temperature. 
2. It increases with temperature. 
3. It decreases due to common ion effect. 
4. Its unit is gm/dm3. 

 
SOLUBILITY PRODUCT 

1. Solubility product is defined as the product of molar concentration of ions in a saturated 
solution of a sparingly soluble salt at a particular temperature. 

2. It also increases with temperature but has a definite value at a particular temperature. 
3. It is not affected by common ion effect. 
4. Its unit may be mole/dm3, mole2/dm6, etc. 
 
Q. Write expression for solubility product for: 
i) PbCrO4  ii) PbCl2   iii) Al2(SO4)3 
i) PbCrO4     Pb+2 + CrO4

-2   Ksp = [Pb+2][CrO4
-2] 

ii) PbCl2     Pb+2 + 2Cl-1   Ksp = [Pb+2][Cl-]2 
iii) Al2(SO4)3     2Al+3 + 3SO4

-2   Ksp = [Al+3]2[SO4
-2]3 

 
What is common ion effect? 
Why is it necessary to use HCl solution with H2S? 
Gas to precipitate Cu+2 ions in Gr. II separation of cat ions in a salt analysis experiment. 
 
COMMON ION EFFECT 
Definition 
It is the suppression of dissociation of a weak electrolyte by the addition of a strong electrolyte 
containing a common cation or anion. 
 
Explanation 
Consider the equilibrium of dissociation of Agcl in aqueous medium. 
Agcl(s)   Ag+

(aq) + Cl-
(aq) 

 
If NaCl is added to this solutions, the concentration of Cl-. 
Ions increases as NaCl   Na+ + Cl– 
 
According to de-Chatillior's Principle, since the cons. Of Cl– ions has increased, the equilibrium 
will shift to left thus suppressing the dissociation of AgCl. 
 

Application 
Common applications are: 
1) Qualitative salt analysis 
2) Precipitating common salt (NaCl) from sea water 
3) Salting out of soap 
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APPLICATION TO QUALITATIVE SALT ANALYSIS 
1) Gr II cat ions as Cu+2 ions are precipitated as sulphides (CuS) using H2S, along with HCl. 
 
 
 
This is because Ksp values of Gr II sulphides is very low, hence S–2 ions are required in small 
amount. This is achieved by suppressing the dissociation of H2S by adding HCl. HCl provides 
common ion H+. 
 
2) Gr III cat ions (Al+3, Fe+2, Fe+3, Cr+3) are precipitated as hydroxides by NH4OH along 
with NH4Cl. 
 
 
 
 
This is because Ksp values of Gr III hydroxides are very low. Hence, OH– ions are required in 
small amount. This is achieved by suppressing the dissociation of NH4OH by adding NH4Cl, 
which provides common ion NH4

+. 
  

ARHENIUS THEORY OF IONIZATION 
Introduction 
This theory was put forward by Sewdish scientist ARHENIUS to account for the electrical 
conductivity of electrolytes. 
 
Main Postulates 
Following are the main postulates of the theory: 
1. All electrolytes contain electrically charged particles called ions. 
2. The number of charge on an ion is equal to its valency. 
3. Molecules of electrolytes (acids, bases, salts) dissociate into oppositely charged ions in 

water: 
Salt  NaCl  Na+ + Cl– 
Bases  NaOH  Na+ + OH– 
Acid  HCl  H+ + Cl– 

4. The number of positive and negative charges on the ions is equal because solution as a 
whole is neutral. 

5. Ions reunite to form unionized molecules. Thus, there is equilibrium between ionized and 
unionized molecules: 
NaCl  Na+ + Cl– 

6. When electric current is passed through solution of an electrolyte, the cations (+ve ions) 
move to cathode and anions (–ve ions) to anode. This movement of ions is responsible for 
conduction of electricity in solution. 

7. The extent of dissociation of electrolyte is called DEGREE OF DISSOCIATION. The 
greater the degree of dissociation, the more is the conduction of electricity. 
 
 
 

H2S 2H++ S–2 
HCl  H+ + Cl- 

NH4OH  NH4
+ + OH– 

NH4Cl  NH4
+ + Cl– 
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8. Degree of dissociation depends upon: 
i) Nature of Electrolyte: strong acids and bases dissociate nearly 100%. Weak acids and 

bases 
dissociate to a less extent. 
ii) Temperature: The more is the temperature, the greater is the dissociation. 
iii) Dilution: The greater the dilution, the more is the dissociation. 
iv)  Common Ion Effect: It suppresses dissociation. 

 
Defects of Arhenius Concept 

1) It cannot explain the conduction of electricity by string. Electrolytes in fused state in 
absence of water. 

2) It cannot explain why the conduction by strong electrolytes does not increase with dilution. 
 
Q. Define Electrolysis.How is electrolysis of a moderately concentrated production 
of cupric chloride is carried out. Give the reaction take. 
 

ELECTROLYSIS 
The movement of anions and cations under the influence of electric current along with all the 
chemical changes in electrolytic solution is called electrolysis. 
 
ELECTROLYSIS OF CuCl2 SOLUTION 
Electrolysis is carried out in a cell consisting of two electrodes connected to a battery and dipped in CuCl2 solution. 
 

Ionization 
CuCl2 dissociate into ions which move to anode and cathode. 
CuCl2  Cu+2 + 2Cl– 
 

Reaction at Cathode 
Cu+2 ions migrate to cathode, take up electrons and are reduced to copper solid. 
Cu+2 + 2e–  Cu(s) (Reduction) 
 
Reaction at Anode 
Cl– ions migrate to anode, give up electrons and discharge a Cl2 gas. 
2Cl–  Cl2(g) + 2e– (Oxidation) 
 
 

Total Reaction 
Cu+2 + 2e–  Cu(s) 
2Cl–   Cl2(g) + 2e– 
Cu+2 + 2Cl–  Cu(s) + Cl2(g) 
 

Conclusion 
The electrolysis of CuCl2 solution yields Cu(s) at cathode and Cl2 gas at anode, i.e. 
CuCl2(aq)  Cu(s) + Cl2(g) 
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Q.  Explain Electrode Potential 
 
ELECTRODE POTENTIAL 

The potential difference between a metal and a solution of its salt is called electrode potential of 
that metal. 
It is the measure of tendency of a metal to lose or gain electron when dipped in a solution of its 
ions. 
Its unit is VOLT. Its symbol is ε. 
 
Standard Electrode Potential (εo) 
It is the potential of an electrode measured against standard hydrogen electrode at 25oC, at 1 
atom pressure when concentration of ions is 1M. 
 
Standard Reduction Potential 
It is the standard electrode potential expressed in terms of reduction reaction. It is the tendency 
of metal to gain electron when it is dipped in a solution of its ions of 1M concentration at 25oC 
and 1 atom pressure. 
Its symbol is εo. unit is volt. 

Standard Oxidation Potential 
It is the standard electrode potential in terms of oxidation reaction (loss of electron). 
Its value is equal to that of standard reduction potential but with reverse sign. 
 
Zn2+ + 2e/  Zn 
Zn – 2e/  Zn+2 

o∈  = 0.76V 
∈  = 0.76V 
 
Q. What is Hydrogen Electrode? 

 
HYDROGEN ELECTRODE 

It is an electrode used as reference electrode to measure the potential of other electrodes. It 
consists of a platinum black coated plate joined to a platinum wire which is sealed in a glass tube 
and dipped in 1M HCl or H2SO4 solution at 25oC. H2 gas at 1 atm is bubbled through glass tube. 
Standard Reduction and oxidation of hydrogen electrode has been assigned a value of 0.0 volt i.e. 
 
εo

oxi∂ H2/H+ = εo
red H+/H2 = 0.0 volt 

 
Since, it is impossible to measure absolute electrode potential of any element, it is determined with relation to 
reduction oxidation of hydrogen taken as 0.0 volt. Hence Hydrogen electrode is a reference electrode. 
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Q. How is Electrode Potential of Zinc determined? 

DETERMINATION OF ELECTRODE POTENTIAL OF ZINC 
 

Construction of Cell 
A voltaic cell is constructed. 
One Half-Cell consists of Zn red dipped in 1M solution of ZnSO4 at 25oC. 
 
Other Half-Cell is standard H2 electrode. Both half cells are is constant through Kcl bridge. 
Externally, they are joined by a wire through a voltmeter (ν). 
 

Observation and Conclusion 
As soon as connection is made, spontaneous flow of electrons is observed from Zn to H2 
electrode and voltmeter reads 0.76 volts. 
Since electron originate at Zn, it is –ve with respect to H2 electrode, hence 
Standard Reaction Potential of Zn = –0.76 volt 
or 
Standard Oxidation Potential of Zn = +0.76 volt. 
 
Cell Notation 
Zn; Zn+2 (aq) 1M ║H+(aq) 1M; H2 (1 atm); pt 
 
Cell Reaction 
 
 
 
 
 
 

DETERMINATION OF ELECTRODE POTENTIAL OF CELL 
Copper electrode dipped in CuSO4 solution (1M) is joined to H2 electrode via KCl salt bridge. 
Externally they are joined by wire and voltmeter: 
 
Observation and Conclusion 
As soon as connection is made, spontaneous flow of electron is observed from H2 to Cu 
electrode and voltmeter reads 0.34 volts. H2 loses electrons, it is oxidised, whereas Cu takes 
electrons, it is being reduced and is +ve with respond to H2 electrode. So standard Reduction 
potential of Cu = +0.34 volt. 
Cell Notation 
Pt, H2 (1atm)| H+(1atm) ⎥⎥ Cu+2 (1M) | Cu(s) 
 

Cell Reaction 
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Q. Explain emf of a cell. How is it determined? 

 
E.M.F OF A CELL 

The potential difference which causes the electrons to move from one electrode to another in a 
cell is called electromotive force. 
 
E.M.F of a cell is sum of standard oxidation and reduction potentials of the electrodes 
comprising the cell, i.e. 
εo

cell = εo
oxi∂ + εo

red 
 

Q. What is Electrochemical Series? Mention some of its characteristics. 
 

ELECTROCHEMICAL SERIES 
Definition 
The arrangement of electrodes in the increasing order of their standard reduction potential is 
called electrochemical series. 
 
Main Features 
1) There is decreasing tendency to lose electron from top to bottom. 
2) Order of reactivity decreases downward. 
3) Metals above hydrogen undergo oxidation and the metals below it undergo reduction. 
4) Electrode reaction is spontaneous if electrode potential is +ve, when connected to hydrogen 

electrode. 
 
Uses 
1) It helps in determining spontaneity of a reaction. 
2) It helps in determining the displacement of one metal by another metal. A metal displaces 

another metal lying below it in the series. 
 
Q. Will the following electrode reaction occur spontaneous or not when the electrodes 
are connected to H2 electrode. 
i) Zn  Zn+2 + 2e–   ∂o = +0.76 volts  Spontaneous 
ii) Al  Al+3 + 3e–  ∂o = +1.66 volts  Spontaneous 
iii) Ag  Ag+1 + 1e–  ∂o = –0.8 volts  Non-Spontaneous 
 
 
 
 
 
 
 
 
 
 



Chapter # 1                                                 Introduction to Fundamental Concepts 
(xi Chemistry) 

 

Page # 109 
 

www.thresholdcollegiate.webs.com 
www.facebook.com\threshold-collegiate 

www.twitter.com\threshold1999 

 
Q. Define Oxidation Number. Write down the rules for assigning oxidation number. 

 
OXIDATION NUMBER 

 
Definition 
Oxidation number is the apparent or formal charge on an atom in a molecule. 
In ionic compounds, oxidation number is equal to the charge on the ion. 
It is also called OXIDATION STATE. 
 
 
Q. Differentiate between oxidation number and Valency. 
OXIDATION NO.     VALENCY 
1. It is a formed charge.    1. It is a real number. 
2. It can be in fraction.    2. It is always in whole number. 
3. It arises due to distribution of shared  3. It arises generally due to lose or gain 
 electrons to move electronegative atom.  of electrons. 
 
 
Q. Explain the terms Oxidations, Reduction, Oxidizing and Reducing agent. 
 

OXIDATION 
1. The chemical process in which loss of  
electron takes places is called oxidation. 

)()1(: −+ +→ IeNaNaEx  
 

2. In this process, oxidation member of 
elements increases. 

3. Neutral atom changes to +ve ion. 

REDUCTION 
1. The chemical process in which gain of 

electron takes place is called reduction. 
1

..

..

)(
..

..
::1.: −− →+ lCeCl  

2. In this process, oxidation member of 
element deceases. 

3. Neutral atom changes to –ve ion. 
 
 

OXIDISING AGENT 
 

1. It is the element which gains electrons. 
2

..

..

)(
..

..
:0:20: −− →+ e  

 Oxygen is an oxiding agent. 
2. Its Oxidation number is low. 
3. It itself gets reduced. 

REDUCING AGENT 
 

1. It is the element which gives out electron. 
)(2

..
2 −+ +→ eFeFe  

Iron is a reducing agent. 
 

2. Its Oxidation number is high. 
3. It itself gets oxidised. 

 
 
 
 
 
 



Chapter # 1                                                 Introduction to Fundamental Concepts 
(xi Chemistry) 

 

Page # 110 
 

www.thresholdcollegiate.webs.com 
www.facebook.com\threshold-collegiate 

www.twitter.com\threshold1999 

 
ELECTROLYTE 

 
1. These are the compounds which conduct 

electricity either in fused or solution 
form. 

2. They contain ions which are electricity 
carrier. 

 Ex: All Salts, Acids, and Bases. 

NON – ELECTROLYTE 
 

1. They are the compounds, which do not 
conduct electricity either in fused or 
solution form. 

2. They do not contain ion in any form. 
 Ex: Sugar, Glucose, most of  
  Organic Compounds. 

 
ELECTROLYTIC CELL 

 
1. These are the cells in which electrolysis 

of a solution is carried out. 
2. Anode in the plate where oxidation takes 

place. It is positive. 
3. Cathode is the plate where reduction 

takes place. It is negative. 
4. Re∂ox reduction takes places as a result 

of passage of electricity through solution. 
5. They consume current. 

ELECTROCHEMICAL CELL 
 

1. These are the cells that produced electric 
current. 

2. Anode is negative. 
3. Cathode is positive. 
4. Electric current is produced in external 

circuit as a result of re∂ox reaction. 
5. They produce current. 

 
 

ACIDS 
 

1. According to Archenius, Acids are those 
substances which produce H+ ions in 
aqueous medium. 

2. According to Bronsted-Lowery, Acids are 
proton (H+) donor. 

3. Acids are sour to taste. 
4. They turn blue litmus to red. 

 

BASES 
 

1. According to Archenius, Bases are the 
substances which produce OH– ions in 
aqueous medium. 

2. According to Bronsted-Lowery, Bases are 
proton (H+) acceptor. 

3. Bases are not sour to taste. 
4. They turn red litmus to blue. 

 
VOLTANIC OR GALVANIC CELL 

 
Q. Define and explain a VOLTAIC or GALVANIC CELL. 
A Galvanic or voltaic cell is an electrochemical cell which produces electric current as a result 
of spontaneous redox chemical reaction. 
It consists of two solutions of ZnSO4 and CuSO4 compartment in contact through salt bridge. 
Electrodes are joined externally through wire. Zn electrode acts as ANODE and Cu electrode as 
CATHODE. 
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Q. What are indicators? How do they work? Define Universal Indicator. How is it used 
 to find pH? 

 
INDICATORS 

DEFINITION 
Indicators are weak organic acids and bases in ionized and non-ionized form passes different 
colours which interchange into another at a definite pH. 
EXAMPLES 
 (i) Litmus paprer (ii) Methyl Orange (iii) Phenolphthalein 
 
THEORY OF INDICATORS: Phenolphthalein as an Example 
Phenolphthalein is a weak acid. It is represented as HIn. It ionized form (HIn) is colourless 
where as the ionized form ( )(−In ) is pink or red. 

)()( −+ +⇔ InHHIn  
          Colourless  Red 
In acid, )(+H concentration is high, so equilibrium shifts to left, hence, phenolphthalein remains 
in the ionized form HIn  hence colourless. 
When base is added or in base, the )(+H  ions are used up by )(−OH  ions so equilibrium shifts to 
right, hence ( )(−In ) are produced, so it is pink or red. 
 
UNIVERSAL INDICATOR 
It is a mixture of indicator and gives different colours at different pH. A few drops of universal 
indicator are added to the solution whose pH is to be found. The colour produced show pH which 
can be observed through a colour chart. 
 
Q. What do you mean by strength of an acid? How is it expressed? 
 
STRENGTH OF AN ACIDS AND BASES 
Strength of an acid denotes the extent to which an acid dissociation or ionized in an aqueous medium. 
Strong acids (H2SO4, HNO3, HCl) dissociate nearly completely. Weak acids (as CH3COOH, H2C2O4) 
dissociate to a small extent. Strength of an acid is expressed or measured in terms of: 

(i) Dissociation Constant (Ka) 
(ii) Degree of dissociation 
(iii) Percentage of dissociation 
(iv) pH 

 
DGEREE OF DISSOCIATION 

Degree of dissociation of acid or base is defined as the ratio of number of ionized molecules to 
the total number of dissolved molecules or it is equal to fraction of molecules ionized. 
 
 
 
Degree of dissociation depends upon: 
i) Nature of Acid/Base  ii) Temperature  iii) Dilution 
 

moleculesdissolveofNoTotal
ddissociatemoleculesofNo

.
.

=α
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pH and STRENGTH 
pH is defined as negative logarithm of hydrogen in (H+) concentration, i.e. pH = – log [H+] 
- pH of strongest acid is O. 
- pH of weakest acid is between 6 and 7. 
Differentiate between strength and concentration of acid. 

 
STRENGTH OF ACID 

1- It denotes the extent to which an acid dissociates in aqueous medium. 
2- It is expressed in terms of: 

a) Degree of dissociation 
b) Percentage 
c) Dissociation  constant 
d) pH 

3- It depends upon temperature. 
 
Q. What is Bronsted-Lowery concept of Acid and Base? 
 

BRONSTED-LOWERY CONCEPT OF ACID AND BASE 
Bronsted and Lowery defined Acid and Base as follows: 
ACID is a substance which denotes proton (H+) and BASE is that substance which accepts 
protons. 
 
Examples 
 
  HCl  + H2O   H3O+ + Cl– 

  Acid  Base   Conjugate Acid            Conjugate Base 
  H2S  + H2O   H3O+ + S–2 

 A strong acid produces weak conjugate base. 
 A strong base produces weak conjugate acid. 

 
BUFFER SOLUTIONS 
DEFINITION 
The solution that resists change in pH, i.e. tries to maintain its pH when acid or alkali is added to 
it is called buffer solution. It has a different pH. 
 
TYPES 

1) Buffer Solution of weak acid and part of this acid with strong base. 
Example 

COONaCHCOOHCH 33 +  
 2) Buffer Solution of weak base and path of this base with strong acid. 
  Example 

ClNHOHNH 44 +  
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BUFFER ACTION 
The process by which buffer solution resist change in pH is called Buffer Action. 
 
Consider buffer solution of COONaCHCOOHCH 33 + . When some acid as HCl is added to it, 

the part COONaCH3  fully dissociated providing )(
3

−COOCH  and )(+Na  ions. The 
)(

3
−COOHCH  combines with )(+H  of HCl to form COOHCH3 . Thus HCl is used up, hence 

there is no change in pH. Reaction is as forms: 

oductsNaClCOOHCHCOOHCH

addedHClClH

SolutionBufferNaCOOCHCOOHCH

Pr33

)()(

)()(
33

++

+
−+

+−

 

 
 
Q. Define Neutralization Reaction. 
 
NEUTRALIZATION REACTION 
It is the reaction in which )(+H  of acids and )(−OH  of alkalis react to form water.  
or 
It is the process in which acids and base react to form salt and water. Complete neutralization 
takes place between strong acids and bases. Partial neutralization takes place between weak acids 
and bases. 
 
Q. Construct the cell for the following dictrode. 
 VOHSnSn o 140.0/ 2 =+ ε   Con. Of Sn+2, Fe+2 ions is IM each and fun 
is 25°c. 
 VOHFe o 44.0/2 =+ ε   
Ans: FeIMFeIMSnSn ),()(, 22 ++  

 VOHredoxidcall 30.0)44.0(140.0000 −=−+=+= εεε  

 Sences 0
callε  is (–); the cell is not spontaneous. 
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CHAPTE # 8 
 
CHEMICAL KINETICS 
 
Introduction 
It is the branch of chemistry which deals with the study of rate of reactions and factors affecting 
the rate. 
The study of chemical kinetics includes: 
i) The rate of reaction and rate laws. 
ii)  The factors as temperature, pressure, pressure, concentration and catalyst that influence 

the rate of a reaction. 
iii) The mechanism or the sequence of steps by which reaction occurs. 
 
Rate of Reaction 
It is defined as the quantity of reactants consumed or the quantity of products formed per unit 

time. 
A   B 

      (Reactant)   (Product) 
 
Rate =  Change in concentration of reactants or products 
  Time taken for the change 
 
Unit of rate of reaction is mole/dm3.sec 
It depends upon  i) Conc. of reactants   

ii) Temperature 
iii)Catalyst 

   iv) Surface Area    
v) Light 

 
Velocity of a Reaction 
It is defined as rate of reaction at a specific time. If in a small interval of time ‘dt’, amount of 
substancechanged is ‘dx’, and during this interval, the rate of reaction remains constant then 
velocity of reaction = dx /dt. Its unit is moles /dm3.sec 
 
Rate Equation 
It is the expression which gives quantitative relation between the rate or velocity of a reaction 
and activemasses of reactant.Consider the reaction  A + B  Products 
According to law of Mass Action, 
 Rate or velocity of reaction α [A] [B] 
 Or dx /dt  = K [A] [B] 
 This  expression is called Rate equation. 
 K  is called Rate Constant. 

i) It has fixed value for a reaction. 
ii) It varies with temperature. 
iii) It does not depend upon concentration. 
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Specific Rate Constant 

When   (a) Concentration of reactants 
 (b) Temperature 
 are specified then rate constant is called specific rate constant. 
 
 Consider reaction  A  Product 
 Rate or Velocity α [A] 
 Or dx/dt = K [A] 
 If concentration of reactant is mole/dm3 at a given temperature  
 i.e., [A] = 1 mole/dm3 
 
 Then dx/dt = k 
   Where  dx = small change in concentration 
    dt = in very small interval of time 
 Thus, 

At a given temperature, the specific rate constant (k) is equal to velocity of reaction (dx / 
dt), if initial concentration of reactants is 1 mole/litre. 

 
Slow and Fast reactions 
i) Fast Reactions 
These are the reactions which are completed instantaneous in a fraction of time. All ionic 
reactions are fast. 
 
It is impossible to find rate of such reactions: 
Examples: 
 i) H+ Cl- (aq) + Na+Cl-  (aq)  Na+Cl-  (aq) + H2O 
            -     + 
 ii) (CH3COO)2

-1 Pb+2 + Na2
+1 S-1  PbS + 2CH3CONa 

 iii) AgNO3 + NaCl  AgCl(white ppt.) + NaNO3 
 
ii)  Slow Reactions 
The reactions of covalent compounds are slow. Their rates can be determined experimentally. 
Examples:  8000C 
 i) C2H4   C2H2 + H2 
  Ethane   Cracking      Acatylene 

   4500C 

 ii) 2HI        H2 + I2 
   Decomposition 

       4500C 
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iii) SO2 +O2         2SO3 

     Oxidation 

 

iii) Very Slow Reactions 

These are the reactions which proceed so slowly that their rates cannot be measured. 

Example 

i) Radioactivity  

ii) Rusting of iron   

iii) Formation of diamond in earth crust from carbon 

 

iv) Moderate Reaction 

These are the reaction which proceed at experimentally measurable rate. Generally, reactions of 

organic and covalent compounds are of such types: 

CH3COOH + C2H5OH  CH3COOC2H5 + H2O 

 

Activation Energy 
According to Collision theory of reaction rate, a reaction takes place when molecules of reacting 

substances collide together. But it is found that all collisions do not result in product formation in 

all collisions are not effective. It has been found that any those collisions are effective in which 

the colliding molecules possess energy more than a certain minimum amount of energy. 

This minimum amount of energy which colliding molecules must possess in order that their 

collision be effective is called Activation Energy. 

If the energy of colliding molecules is less than the activation energy, they simply fly apart or 

rebound and do not result in product formation. 

 

Factors Affecting Activation Energy 
1) Temperature 

Every reaction has it own activation energy. A reaction with low activation energy takes place at 

low temperature; and a reaction with higher activation energy takes place at higher temperature. 

2) Catalyst 
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The addition of a catalyst lowers the activation energy; hence, a greater number of molecules 

now have effective collision so rate of reaction increases. 

Effect of catalyst on activation energy is shown is the following graphs for exothermic and 

endothermic reactions. 

 

Factors Affecting Rate of Reaction 
1) Concentration of Reactants 

According to law of Mass action, “the rate of reaction is directly proportional to the 

concentration of reactant.” This is because where concentration increases, there are more 

molecules of reactants, the number of collisions hence effective collisions among them also 

increases, so rate of reaction is increased. 

The effect of concentration  on rate is shown in the graph.  

Consider a general reaction: 

xY + yB  product 

Rate of reaction α [A]x [B]y 

dx / dt  = K [A]x [B]y 

In this rate of expression, the sum of exponents of concentration (x+y) is called order of 

reactions. The order of reaction is defined as sum of all the exponents of the concentration in 

terms of the reactants involved in the rate equation. 

Thus equation 1) A + 2B  product 

   dx  = K [A] [B]2 

   dt 

Order of reaction = 1+2 =3 (3rd  order of reaction) 

  2) 2A  product 

   dx = K [A]2 (2nd order of reaction) 

  dt 

 3) A  product  

   dx = K [A] (1st order of reaction) 

  dt 

 

2) Nature of Reactants 
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The nature of the reactants also affects the rate of reaction because the activation energy is 

different for different reacting substances. 

Thus, oxidation of NO is faster than oxidation of CO. 

2NO + O2  2NO2  Fast; low activation energy. 

2CO + O2  2CO2   Slow; High activation energy. 

 

3) Temperature 

The rate of reaction increases with increase in temperature. This is because at higher 

temperature, more molecules have energy greater than activation energy, so effective collision 

increases. Thus, rate of reaction increases. Generally speaking, a 100 xx in temperature doubles 

then rate of reaction. 

 

4) Surface Area 

In heterogeneous reactions, rate depends upon the surface area of solid reactant. The greater the 

surface area the more is the rate of reaction. 

Thus, reaction between a piece of marble (CaCO3) and HCl is slow. 

CaCO3 + 2HCl  CaCl2 + H2O +C2O 

But finely divided marble reacts vigorously because the powdered marble has now greater 

surface area exposed to action of HCl. 

For the same reason:  

1 Spilled milk evaporates faster than a milk in glass.  

2 Amorphous Boron is more reactive than crystalline boron. 

5) Catalyst 

A catalyst is that substance which alters rate of a reaction without itself undergoing any change. 

Positive Catalysts are these substances, which increase the rate of a reaction by lowering the 

activation energy; thus more collisions are effective. 

1) N2 + 3H2  2NH3 (Fe + Al2O3 +K2O) 

2) 2SO2 + O2  2SO3 (V2O5 finally divided) 

3) 2NO2  O2 + 2N2 (Cl2 gas) 

4) 2H2O2  2H2O + O2 (Mnl2) 



Chapter # 1                                                 Introduction to Fundamental Concepts 
(xi Chemistry) 

 

Page # 119 
 

www.thresholdcollegiate.webs.com 
www.facebook.com\threshold-collegiate 

www.twitter.com\threshold1999 

 

Negative Catalyst decreases the rate of a reaction by combining with reactant molecules, and 

thus not allowing them to collide. Hence, number of collisions and rate decreases. 

Examples: 
 i) Oxide of chloroform  
 CHCl3 + ½ O2  COCl2 + HCl   
ii) 2H2O2  2H2O +O2 *Glycerine or Autanilids) 
 
 
6) Radiation or Light 
Some reactions proceed under the influence of light. These reactions are called Photochemical 
Reactions. 
Radiation or light consists of energy packets called photons. They strike the reactant molecules 
and provide necessary activation energy. 
Examples:          Sunlight  

H2 + Cl2  2HCl 
 Sunlight 
CH4 + Cl2   CH3Cl + HCl 

 
Determination of rate of reaction 

 
1) Physical Methods 

In these methods, rate of a reaction is determined by observing the change in some 
physical property of either reactant or product. 
Physical properties involved may be: 

 
 
Name of physical methods     Observed physical property 
i) Refract metric method    i)   Change in refractive index 
ii) Spectroscopic method radiations.  ii) Absorption of ultra violet or infrared  
iii) Calorimetric method    iii)  Change in colour intensity 
iv) Conductivity method    iv) Change in electrical conductivity 
v) pH – method     v) Change in pH is observed 
vi) Polar metric method light.   vi) Change in optical rotation of plane polarized  
 
2) Chemical Methods 
When physical methods are not available or suitable then a proper chemical method is used. 
In a chemical method, generally samples are drawn from the reacting vessel at regular intervals 
of time. Reaction is stopped at that particular moment by suddenly chilling the sample adding it 
to a suitable chemical the amount of a reactant or product present at that time is generally found 
by titrating the sample against a proper reagent. 
 
Examples 
CH3COOCH3 + H2O  CH3COOH + CH3OH 
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Differences between order of reaction and molecularity 
 
Order of Reaction       
i) It is the sum of power of the concentration terms in the rate law expression. 
ii) It is an experimentally determined value. 
iii) It can have fractional value. 
iv) It can assume zero value. 
v) Order of reaction can change with the conditions such as pressure, temperature and 
concentration. 
 
Molecularity of Reaction 
i) It is the number of reacting species undergoing simultaneous collision in the elementary or 
simple reaction. 
ii) It is a theoretical concept. 
iii) It is always a whole number. 
iv) It cannot have zero value. 
v) Molecularity is in variant for a chemical equation. 
 
 
 
 
 


