
 

PHYSICAL CHEMISTRY EXPERIMENT 

 Thermo-chemistry 

             Experiment No. - 1 

Aim: To determine the enthalpy of neutralization of strong acid HCl and strong base NaOH. 

Theory: Enthalpy of neutralization is an enthalpy change when one mole of H+ ions of an acid is completely 
neutralized by one mole of OH- ions of a base to form one mole of water in dilute solution or vice versa. 
Heat of neutralization of any strong acid and strong base is almost constant, ΔH = -57.3 KJ. It is due to a 
complete dissociation of strong acid and strong base .   Eg. NaOH + HCl → NaCl + H2O, ΔH = -57.3 KJ  

In case of weak acid and weak base the heat of neutralization is less as some heat is utilised for complete 
ionisation of weak acid or base. 

Apparatus: Polythene bottle, rubber cork with 2 holes for stirrer and thermometer, two beakers, 
thermometer (1/ 10th Degree), measuring cylinder etc. 

Chemicals: 0.5 M HCl and 0.5 M NaOH 

Procedure : 
1. Take 100 ml of (0.5 M) HCl in polythene bottle by measuring with measuring cylinder. 
2. Insert the clean thermometer in HCl and note down the constant temperature ( 0

1t C ) 
3. Take 100 ml of (0.5 M) NaOH solution in measuring cylinder. 
4. Insert a clean thermometer in NaOH solution, note down the constant temperature ( 0

2t C ) 
5. Pour the NaOH solution in the polythene bottle all at one time and stir the solution using stirrer. Observe the 

rise              in temperature during stirring and note down the maximum temperature attained by the solution 
in polythene bottle ( 0

3t C ). 
 
Observation : 

1. Initial temperature of HCl  (t1)=___ 0C  

2. Initial temperature of NaOH (t2)= ___ 0C  

3. Final temperature of HCl and NaOH mixture (t3)= ____ 0 C  

 Rise in temperature  t  = 3t  - 1 2( )
2

t t 
 
 

=___________ 0 C  

4. Volume of HCl solution = 100 ml 
5. Volume of NaOH solution = 100 ml 
 Total volume of mixture (V) = 200 ml 
6. Water equivalent of the polythene bottle = x                        (Given, x = 0) 

 



 Calculation : 
Enthalpy change in the neutralization = Heat absorbed by the solution + heat absorbed by the polythene bottle. 

Heat absorbed by polythene bottle  = x 1 2
3

( )
2

t t
t

  
 

 =  0 

Heat absorbed by polythene bottle  = x t  o

cal( Speicific heat of water 1 )
gram C

   

  
Heat absorbed by the solution ….. =  200 x  t                     
Heat evolved in the neutralization =    X x t 200 x t    

      =  t x 200 Q(in cal)     

Heat liberated in the neutralization of 100 ml of 0.5 N HCl =  Q(in cal)  

Heat liberated in the neutralization of 1000 ml of 1 N HCl 
Q x1000 20 x Q(in cal)
100 x 0.5

   

        
20 x Q (in kcal)
1000

  

     
 Result : Heat of neutralization  of HCl = ………kcal mol-1 OR………. kJ mol-1. 
NOTE :- (1) The heat of neutralization ( H ) of HCl by NaOH is – 13.7 kcal mol-1or -57.36 KJ mol-1. To get the 
answer           in kilojoules per mole, multiply the answer in kilocalories per mole by 4.187) 

(2)  In place of 100 mL NaOH (0.5M) and 100 mL HCl (0.5M) solutions, 200 mL of NaOH (0.5M) and  
                  200 mL of HCl (0.5M) can be used. Accordingly in the calculation, the amount of 
change  evolved will    become 10 Q cal. 

   
           
Experiment No. –  2 
  

Aim :  To determine enthalpy change of displacement of copper by zinc from CuSO 4  solution. 
  

Theory : Elements having lower values of standard reduction potential can displace of another element 
from its solution having higher value of a standard reduction potential                                                           
CuSO 4  + Zn   ZnSO 4  + Cu 
Zinc dissolves in the solution of copper sulphate by liberating heat of displacement and 
copper gets precipitated 
 

 Apparatus:  Polythene bottle fitted with a cork having 2 holes for stirrer and thermometer. 
  

Chemicals: Zinc powder, 0.2M copper sulphate solution. 
 
Procedure : 
 

1.  Take 25 ml of (0.2 M) copper sulphate solution in a clean 100 ml polythene bottle. 
2.  Put the cork and insert thermometer in the solution and note down the constant 
temperature accurately 0

1( )t C  
3. Add about (0.5) gm of the zinc powder thoroughly. Shake till the blue colour of the 
solution vanishes completely. 
4.   Keep the thermometer inserted in the solution and record the maximum temperature 
attained by the solution 0

2( )t C  
 



Observation : 
i)  Volume of (0.2M) copper sulphate solution taken (V) = 25 ml 
ii) Initial temperature of CuSO 4  solution (t1) = _________ 0 C  

iii) Final temperature of CuSO 4  solution (t2) = _______ 0C  

      Rise in temperature of t  = 2 1( )t t  = _______ 0 C  

iv) Water equivalent of polythene bottle = ( ) 0q given                                ( , 0)Given x  
 v)  Specific heat of CuSO4 solution = 1cal /g/oC 
  
Calculation : 

(1) Heat evolved in the reaction = Heat absorbed by the solution + heat absorbed by polythene bottle 
(2) Now Heat absorbed by the solution = [Volume of CuSO4 x Sp. Heat x Rise in temp] 
          = [ 25 x 1x t] 
(3) Heat absorbed by polythene bottle = [Water equivalent of bottle x Rise in temp.] 
       = (q x t) 
 Heat evolved in the reaction, Q = (25 x 1 x t) + (q x t) 
 Heat evolved in the displacement of copper from 25 mL of 0.2 M solution = Q cal 
 Heat evolved in the displacement of copper (1 g atom) from 1000 mL of 1 M CuSO 4  

 
Q x1000solution will be
25x 0.2

  

   = 200 x Q cal 

   = 
200 x Q Qkcal kcal
1000 5

  

   
Q x 4.187 kJ
5

  

 Heat of displacement of copper by iron is H =   _____ k cal =   _______ kJ   

 Result : The heat of reaction of displacement of copper from CuSO 4  solution by iron 

   H  = _______ kJ mol 1  

            =   ______ kJ mol 1  
 
NOTE :-  (1) The theoretical value of H , heat of displacement reaction of Cu by Zn 

  = 217.57 1KJ mol  
     (2) Since, the standard reduction potential of zinc is less than copper, it displaces copper from  
  CuSO 4  solution. 

 


