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___________________________________________________________________________________

EXPERIMENT 6
DETERMINATION OF HEAT OF REACTION
Objective: To determine the heat of polymerization of acrylamide
1
Theory and introduction
The heat of a chemical reaction depends on the conditions under which the process involved occurs. Under constant volume, the heat of reaction is known as the internal energy change, (U while, under constant pressure it is known as the enthalpy change, (H.

Heat of reaction can be determined by a calorimetric method. The reaction is conducted in an insulated container. The rise in temperature is measured with a sensitive thermometer. The product of the temperature rise and the heat capacity of water and calorimeter will be equal to the heat evolved. 

In this experiment, the heat of reaction is measured under almost adiabatic condition (i.e. no or negligible heat loss) by conducting the reaction in a Dewar flask. The heat evolved is measured from the rise in temperature of the reacted mixture.
The heat capacity of the Dewar flask can be determined by carrying out a reaction with known enthalpy change. A suitable reaction for this purpose is the strong acid-strong base neutralisation with known heat of reaction (57,300 J mol-1).

If x mole acid is neutralised, the heat capacity (C) of the Dewar flask can be calculated from the equation,
(ms + C)(T = x (57,300)
(1)
where,

m = mass of solution, g



s = specific heat of solution, 4.2 J g-1 K-1


(T = rise in temperature, K

The reaction studied is a free radical polymerisation of acrylamide using a redox system with persulphate as the initiator. (In a polymerisation reaction, monomer molecules react to form a chain of repeating units; these chains are known as polymer molecules). The reaction can be represented as follows:
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Acrylamide is a stable solid crystal; however, its monomer solution is unstable above 70 °C particularly in the absence of oxygen. It is best polymerised in an aqueous solution at 50 – 70 °C using persulphate as the initiator, or at room temperature with a reducing agent e.g. bisulphite, added in to expedite the production of free-radicals. The free radical initiators are produced as shown in the following reactions:
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S2O8 2–    (((  2 SO4(–
and with the presence of bisulphite,





        
S2O8 2–  +   HSO3 –    (((
SO42–   +  SO4(–  +   HSO3( 
Production of free-radicals can be further enhanced with the addition of ferrous ions as in the reaction below:

S2O8 2–  +  Fe2+  
(((
SO42–   +   SO4( – +  Fe3+ 

and

HSO3–  +  Fe 3+
(((
HSO3( +  Fe 2+ 

The reactions involved are known collectively as a REDOX system.
2 
Experimental 
2.1
Calibration of Dewar Flask

1. Fill the flask with an accurate volume of approximately 210 mL 1M NaOH solution. Use a thermometer and record its temperature when stabilised.

2. Fill into a beaker an accurate volume of approximately 190 mL 1M HCl solution (( 90% the amount of base).
3. Remove the thermometer from the flask. Clean and dry it. Measure the temperature of HCl acid in the beaker. The temperature of HCl should be ( 0.2 °C of that of NaOH solution. Heat or cool it if necessary.

4. Once achieved, immediately pour all the acid into the Dewar flask and stir thoroughly. Observe and record the temperature every 30 seconds for the first 5 minutes, and then every minute until a maximum temperature is reached.
Calculate the heat capacity of the Dewar flask using equation (1).

NOTE: x is the mole of acid with excess base.

2.2
Measurement of the Heat of Polymerisation

1. Dissolve an accurate amount of approximately 10 g acrylamide in about 100 mL distilled water. Add more water to make it to 400 mL. Transfer the solution to the Dewar flask.
2. Place a thermometer (0 – 50 °C) into the Dewar flask and record its reading once stabilised.
3. Remove the thermometer and add the following into the flask:

· 5 mL of 5% w/v potassium persulphate solution

· 5 mL of 5% w/v sodium bisulphite solution

· 2 mL of freshly prepared saturated solution of ferrous sulphate

4. Carefully place the thermometer in the flask and shake it well. Record the temperature every minute until it reaches a maximum.

5. Plot a graph of temperature vs. time. Calculate the heat of polymerisation of acrylamide using the following assumptions:

(i) the change is complete

(ii) the specific heat of the monomer and polymer is 2.1 J g-1 K-1
(iii) the specific heat of water is 4.2 J g-1 K-1
6. Observe and take note of any changes in the viscosity of the mixture before and after the polymerisation.
7. Add approximately 5 mL of the solution into 50 mL acetone. Record and describe your observations.

3 Question

Describe the shape of temperature vs. time curve of acrylamide. How would the assumption (i) above be verified? Does this reaction involve absorption or release of heat?

4 References
1.
http://www.lokchem.com/prodc5.htm.

2.
CRC Handbook of Chemistry and Physics, 85th Edition, 2004
nb: Please quote experimental error estimates for all your data presented. 
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