EXPERIMENT 8 - HEAT OF COMBUSTION
OBJECTIVE 
To determine the heat of combustion of a liquid by bomb 




            calorimetry.

THEORY 
Organic compounds containing carbon, hydrogen and oxygen can be ignited in oxygen to give carbon dioxide and water as the sole products. The heat of combustion, Hco.
Hc, of such compounds may be described as the enthalpy change (heat content) accompanying the complete combustion of 1 mole of a compound. If the substances concerned are all in their respective standard states (298K), the result is expressed by the symbol 
The heats of combustion of both liquid and gaseous hydrocarbons are important in industry and the term calorific value is frequently used for the heat of combustion of a substance which is used as a fuel.  The heats of combustion of fats, carbohydrates and proteins, which are the essential energy constituents of food are of significance in nutritional studies. The heats of combustion of compounds may also be utilized for the calculation of standard heats of formation.

In the bomb calorimeter, unlike other calorimeters, the heat of reaction is 

measured at constant volume instead of at constant pressure.  The heat evolved must

therefore be identified with the decrease in internal energy ( - E ) rather than that of the 

"heat content" (- H, the following expression is used: 
E and H).  To convert between 




(PV)



eqn (8-1)
E + H = 
The volume change of any solids or liquids involved in the reaction can be ignored and the

volume change of any gases affects the energy term (PV). Assuming ideal gas behaviour,





n)RT



eqn (8-2)
(PV) =  (
where 
n  is the increase in number of moles of gas during the reaction. 




n  =  n products (g)  - n reactants (g)

eqn (8-3)

Thus,





n RT



eqn (8-4)
E + H = 
where R is the gas constant, 8.314 joules K-1 mole-1 or 1.98 cal K-1 mole-1, and T is temperature in Kelvin. 

For the combustion of benzoic acid, the thermochemical equation is



C​6H5COOH (s) + 7½ O2 (g)  7 CO2 (g) + 3 H2O (l)
rxn (8-1)

and 

 



n =  7 mole - 7½  mole = -½ mole.

Using eqn (8-4), the combustion of 1 mole of benzoic acid at 25oC is 



E - 1239 J
E + ( - ½ mole) (8.314 joules K-1 mole-1) (298 K) = H = 
or




E – 295 cal
E + ( - ½ mole) (1.98 cal K-1 mole-1) (298 K) = H = 
The Parr Bomb -
Figure (8-1) shows a diagram of  the Parr  bomb calorimeter. 
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Figure (8-1) - The Parr bomb calorimeter

It is strongly recommended that the student read the operating instructions of the Parr bomb calorimeter.  In this discussion, only the fundamental operations of the calorimeter are discussed.  Figure (8-2) gives the cross-section of the bomb calorimeter.
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Figure (8-2) - The cross-section of the bomb calorimeter.

The Parr bomb, made of corrosion-resistant stainless steel, holds

the sample whose heat of combustion is to be measured.  The sample is held in a cup as

shown in Figure (8-3). The fuse wire, cut to the exact length of 10.0 cm is threaded through the electrodes.  The wire is bent in such a way that it dips into the sample but does not touch the sides or the bottom of the sample cup.  After the sample and the wire have been properly placed in the bomb, it is charged with oxygen gas from a commercial cylinder to 19 atm.  The bomb is now ready to be placed in the bucket as shown in Figure (8-2).  This bucket contains a specified quantity of water. The temperature rise accompanying the combustion is read from a thermometer whose bulb is immersed in the water.  A stirrer effects an even distribution of the temperature.  The bucket in turn is surrounded by an insulating air space, which prevents heat leakage to the surroundings.
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Figure (8-3) - The sample cup and fuse wire arrangement.

Standardization of the Calorimeter

Standardization of the calorimeter system must be done in order to obtain the heat capacity of the calorimeter system, Ccal. We will not be carrying out the standardization procedure in this experiment, instead, we will use the value furnished by Parr  laboratory.

The heat capacity of the calorimeter system is the number of calories necessary to raise the temperature of the entire calorimeter system by 1oC.  This value represents the combined heat capacity of the water bucket, water, bomb and contents and parts of the thermometer and the stirrer. This is found by burning a sample of material of known heat of combustion.  Benzoic acid of high purity is usually employed. The temperature rise due to the combustion of benzoic acid includes the heat contributed by:



(i) 
the burning fuse wire, qwire,



(ii)
the formation of HNO3, 
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, (see below)



(iii)
the combustion of  benzoic acid, qbenzoic acid

(i) -
qwire, the heat of combustion of the fuse wire





The fuse wire has a heat of combustion of 2.3 calories/cm.  


Knowing the length of the wire remaining after combustion allows one to 


calculate the wire that was burned during the combustion process, and 


therefore, the heat contributed by the combustion of the wire.  In order to 


calculate, qwire,



qwire  =  (2.3 cal/cm) (length of fuse wire burnt (cm)) 
eqn (8-5)

(ii)  -
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, the heat of formation of HNO3


Since we do not purge the calorimeter to remove the air in the combustion chamber, during the combustion process the 
nitrogen of the air forms oxides of nitrogen.  It is necessary to add about 1 mL of water to the bomb to absorb the oxides of nitrogen to form HNO3. The water is then tirated with standard base, and
the number of moles of HNO3 formed is calculated. Each mole of acid formed from the atmospheric nitrogen in the calorimeter contributes 60,580 joules (or 14,479 cal).  Therefore, 
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can be calculated.


(iii) - qbenzoic acid, the heat of combustion of benzoic acid


Each mole of benzoic acid burned in the calorimeter contributes 
                        3.2250 x 106 joules (or 770,796 cal). Therefore, qbenzoic acid can be calculated. 

Any heat  generated by the combustion process will be absorbed by the calorimeter system such that





Heat lost = Heat gained.

Therefore,




 qcal = qwire + 
[image: image7.wmf]q

HNO

3

 + qbenzoic acid 


eqn (8-6)

where qcal is the heat absorbed by the calorimeter system. Divide qcal by the observed temperature rise
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eqn (8-7)

Since 
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=  Ccal , the heat capacity of the calorimeter, eqn (8-7) becomes
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eqn  (8-8)

The heat capacity of the calorimeter, Ccal, issued by Parr laboratory, is 2423 cal/oC.
Parr bomb operating instructions

HAZARDS: Due to the high pressures and explosive reactions, the oxygen bomb

calorimeter operation can be hazardous if directions are not followed completely.                
            The following directions SHOULD BE FOLLOWED EXPLICITLY.

1.
Do not use too much sample.  The bomb cannot be expected to long withstand


the effects of combustible charges which liberate more than 10,000 calories.  This 

generally limits the total weight of combustible material to not more than 


1.0 grams.
2.
Do not charge the bomb with more than 20 atmospheres pressure of oxygen.


To be safe, charge the bomb to 19 atm.  Do not fire the bomb if an overcharge


of oxygen should be accidently admitted.

3.
Make sure that all parts of the bomb, especially the electrode is in good repair at


all times.  Do not fire the bomb if gas bubbles are leaking from the bomb 


when it is submerged in water.

4.
Stand back from the calorimeter for at least 15 seconds after firing and keep clear


of the top of the calorimeter.  If the bomb should explode, it is most likely that the


force of the explosion will be directed upwards.

PROCEDURE
1.
Polish the electrodes and the sample cup with steel wool.

2.
Weigh out approximately 0.9 to 1.0 g of cyclohexanol into the sample cup.


Do not exceed 1.0 g of cyclohexanol.
3.
Measure accurately  10.0 cm of fuse wire.

4.
Place the bomb head in the support stand, and  thread the fuse wire through the 
electrodes as shown in Figure (8-3).  A small forceps is very helpful for this step.


The wire should be bent in such a way that it dips into the sample but does not 
            touch the sides or the bottom of the sample cup.

5.
Pipet 1 ml of distilled water into the bomb. This is to absorb the oxides of 
nitrogen of the 
            air when the combustion takes place.(In high precision work, the water is then titrated 
            with standard base, and the number of moles of  HNO3 formed is calculated. Strictly 
            speaking, the heat contributed from the formation of  HNO3 should be subtracted. But we 
            will not do the actual titration here.)

6.
Seal the bomb by screwing  the cap firmly by hand.  Make sure the sample is not 


disturbed. You do not need a wrench for closing the bomb.
7.
Weigh the oval calorimeter bucket and then add 2000 g (  0.5 g ) of the water.  


Wipe the outside surface of bucket free from moisture.

8.
With the help of  your lab instructor, the following steps should be taken to 
pressurize the bomb:



(a)
Set the bomb in the stand.



(b)
Remove the inlet valve thumb nut from the bomb cap and attach the




filling tube, drawing the union nut moderately tight with a wrench.



(c)
Close the control valve on the filling connection and open the 




oxygen tank valve, not more than one-quarter turn.



(d)
Open the filling connection control valve slowly, observing the 


                                    gauge, and allow the pressure to rise slowly until 19 atm is reached.



(e)
Close the control valve.



(f)
Release the gas pressure in the connecting tube by opening the 




relief valve situated near the tube’s inlet.



(g)
Remove the filling connection and replace the thumb nut in the inlet 




valve (moderately tight).



(h)
Replace the inlet valve thumb nut on the bomb cap.

9.
Position the pressurized bomb in the groove on the bottom of  the bucket. Try not 
to 
            remove too much water from the bucket during this step.

10.
Set the bucket in the jacket (inside the fume hood) with the long axis of the bucket  


parallel with the operator and with the bomb spring loaded pin in the bottom 


positioned near the operator.

11.
Attach the thrust terminal to the ball electrode.

12.
Place the cover on the jacket with the thermometer toward the operator.  Ensure the cover 
             is seated properly.

13.
Check that  the ignition unit is attached to the binding posts and put on the rubber 


drive belt. Start the motor and allow the calorimeter stirrer to run for five 
minutes to attain thermal equilibrium.
14.
Obtain two timers, adjust the thermometer and prepare to take readings.

15.
Start one of the timers and record the temperature readings at 1 minute intervals for five 
            minutes (t = 0, 60, 120, 180, 240, **300 sec) This is the “pre-firing” period. When the 
            first timer reaches ** t = 300 sec **, simultaneously close the firing circuit by holding 
            down the firing button for 3 sec, and start the second timer. 
(Do not hold down the 
            firing button for more than 5 sec).


(Do not attempt to take a temperature at the time of firing. This point is to be 


determined by extrapolation on the graph.)

16.
Record the “post-firing” temperatures at the times indicated on the data sheet.




17.
When all the data has been collected,  



(a)  disconnect the stirrer rubber drive belt, 



(b)  open the calorimeter jacket,  



(c)  disconnect the thrust terminal to the ball electrode,



(d)  remove the bucket,



(e)  and set the bomb in the stand.

18.
Unscrew  the inlet valve thumb nut on the bomb cap part of the way. Gently push down 
            on the inlet valve to vent the excess oxygen.This should be done slowly at a uniform 
            rate requiring not less than 60 seconds.   
19.
Open the bomb and place the bomb head in the support stand.  Examine the sample 


cup to see that all the liquid is gone. Place a piece paper below the bomb head before 
            removing the pieces of  unburnt fuse wire.

20.
Straighten the pieces of unburnt fuse wire and measure their combined length.


Subtract this length from the initial 10 cm and enter this value in the data sheet as 


the length of wire burned.

DATA SHEET

	Sample:
	

	Mass of sample used, (g):
	

	Length of fuse wire attached to the electrodes, (cm):
	

	Length of wire unburned, (cm):
	

	Length of wire burned, (cm):
	

	Heat of combustion of fuse wire, (cal/cm):
	2.3 cal/cm

	Weight of water added to the bucket, (g):
	

	Room temperature, (oC):
	


Calorimeter Temperatures:

	Time, t 

(min)
	Timer 1

(sec)
	Timer 2

(sec)
	Temperature 

(oC)

	0
	start timer

(0 sec)
	-
	

	1.0
	60
	-
	

	2.0
	120
	-
	

	3.0
	180
	-
	

	4.0
	240
	-
	

	5.0
	300
	start timer

(0 sec)
	FIRE BOMB HERE

(temperature to be

extrapolated from graph)

	5.75
	-
	45
	

	6.0
	-
	60
	

	6.25
	-
	75
	

	6.5
	-
	90
	

	6.75
	-
	105
	

	7.0
	-
	120
	


	Time, t 

(min)
	Timer 1

(sec)
	Timer 2

(sec)
	Temperature 

(oC)

	8.0
	-
	180
	

	9.0
	-
	240
	

	10.0
	-
	300
	

	11.0
	-
	360
	

	12.0
	-
	420
	

	13.0
	-
	480
	

	14.0
	-
	540
	

	15.0
	-
	600
	


From graph by extrapolation -
	tc, the temperature at the time of firing,  (oC)
	

	         tx, the temperature after combustion, (oC)  
	 


INTERPRETATION OF DATA -

1.
Extrapolation of  T  -
Time-temperature measurements are taken before, during, and after the ignition. Figure (8-4) shows a typical temperature rise curve. The bucket temperature will start to rise within 20 seconds after firing.  This rise will be rapid during the first few minutes; then it will become slower as the temperature approaches a stable maximum.  As shown in the figure, drop a perpendicular line, L and Lb gives tx, the temperature after combustion. The temperature interval, 
 and La gives tc, the temperature at the time of firing. Draw a line through the points in the final temperature test period, Lb. The intersection of line L, near the midpoint betwwen the highest temperature and the starting temperature.  Draw a line through the points in the pre-firing period, La . The intersection of line L





T  = tx - tc,



eqn (8-9)

between these two points of intersection gives the combined temperature rise due to

the combustion of the sample, the burning of the wire, and the formation of HNO3.
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Figure (8-4) - A typical  graph of  "Temperature versus time".

2.
Calculate qcyclohexanol, the amount of heat liberated from the combustion


of cyclohexanol 


The amount of heat liberated from the combustion of cyclohexanol, qcyclohexanol, is 
        






qcyclohexanol  +  qwire  =  Ccal (tx - tc)

eqn (8-10)


where 
qwire
  is the heat of combustion of the fuse wire, 




  [ie -  2.3 cal/cm(length of wire burnt) ]



Ccal 
  is the heat capacity of the calorimeter,



   
  [ ie - 2423 cal/oC]


 (tx - tc) is obtained by extrapolation on the "Temperature versus time"





  graph.


TREATMENT OF DATA 

Graphing

1.
Plot a graph of "Temperature versus time" for the combustion of cyclohexanol.

2.
From the graph, extrapolate points tc, the temperature at the time of firing,


and tx, the temperature after combustion.  Do this extrapolation with great care


since a small error in the estimation of (T gives rise to a large error in the 


calculated heat of combustion.

Calculations
In the space provided:

1.
Calculate qcyclohexanol, the amount of heat liberated from the combustion of


cyclohexanol.

2.
Calculate (E, the change in internal energy for the combustion of 1 mole of 


cyclohexanol at constant volume.  Assign negative sign to (E.

3.
Write a balanced chemical equation for the complete combustion of 1 mole of 


cyclohexanol.  Be sure to include the physical states of each reactant and


product. [ ie - (l) for liquid, (s) for solid, and (g) for gas.]

4.
Calculate (n, the number of moles of gas created by the reaction.

5.
Calculate the heat of combustion, (Hc, for one mole of cyclohexanol at constant
            pressure.





 (Hc =  (E +  ((n)RT

Eqn (8-4)

6.
Compare your experimentally determined value of (Hc to the accepted value


at 20oC and comment on the accuracy of your result.  

Calculations 

1.
Calculate the heat of combustion, qcyclohexanol.

2.
Calculate the moles of cyclohexanol used


3.
Calculate the change in internal energy, (E, for 1 mole of cyclohexanol.

4.
Write the balanced chemical equation for the complete combustion of 1 mole of 
cyclohexanol. Include the physical states of the reactants and products.

5.
Calculate the number of moles of gas created by the above reaction., (n.

6.
Calculate the heat of combustion, (Hc, for 1 mole of cyclohexanol.

7.
Report the accepted value of (Hc at 20oC and cite the reference source.

8.
Calculate the % error.
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