Caloric Content Comparison of Several Snack Foods

FOHS Experiment Week 4 

Background:

The technique of calorimety is used to measure the heat energy given off by a chemical reaction. Constant volume bomb calorimetry is often performed on food products and fuel to determine the energy of combustion. 

Figure 1 shows a diagram of a typical constant volume bomb calorimeter.  During an experiment, a known quantity of reactant is placed inside the bomb.  The bomb is placed in a known amount of water and the entire set-up is placed in an insulating container. The reactants are ignited and the temperature change of the surrounding water is monitored.  From these data, the heat energy can be determined.
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Figure 1.  Constant Volume Bomb Calorimeter

In this experimental configuration we can consider the oxygen and the sample to be the system and the bomb and water to be the surrounds.  Applying the concepts from the Law of Energy Conservation we can say that:


EQ 1:  Heat transferred from the system = heat transferred into the surroundings


EQ 2:  Heat evolved by the reaction = heat absorbed by water and bomb

By rewriting equation one and equation two in mathematical language we arrive at EQ 3.


EQ 3:  qrxn = –(qwater + qcalorimeter)

The heat of the reaction will be negative because all exothermic reactions have a negative value.  (A positive q values suggests energy was absorbed and a negative q value suggests energy was given off.)

An additional correction term must be applied to compute the actual qrxn. This correction term arises from the heat produced due to the combustion of the fuse material inside the bomb.  The two most common fuses are composed of Nickel or Iron and both can burn in a bomb.

EQ 4:
qrxn = –(qwater + qcalorimeter - qfuse)

The quantity ‘q’ can be calculated from heat capacity or specific heat information and the experimentally observed temperature change.

EQ 5.
q = msΔT = CT

In this equation m, s and C represent mass, specific heat and heat capacity, respectively.  

Prelab Assignment:






         _____checked

Suppose that a 1.00g sample of octane is burned in a bomb calorimeter that contains 1.20 kg of water.  The temperature of the water and the bomb rises from 25.00(C to 33.20(C.  If the heat capacity of the bomb is known to be 209 cal/(C, calculate the heat transferred in the full combustion of this 1.00 g sample of octane.  qfuse was determined to be  2.4 cal.

Equipment & Chemicals:

Bomb Calorimeter (including fuses, trigger, stirrer, thermometer, etc.)

Blast Shield






Water

Oxygen Tank






Stop Watch/Timer

Benzoic Acid Standards




Snack Food

Experimental Plan:

SAFETY CONCERN: BOMB CALORIMETER CONTENTS ARE UNDER HIGH PRESSURE.  IT IS VERY DANGEROUS TO OPEN A BOMB WITHOUT FIRST VENTING THE GASES. 

1. Clean and dry your bomb calorimeter and sample holder.

2. Fill bucket with 2000.00 mL of distilled water at room temperature, align the feet of the bucket and place in the insulated container.

3. Place the sample holder on a balance and record the weight

4.  Then tare the holder, place a benzoic acid pellet in the holder and record the mass of benzoic acid. 

5. Add 1.0 mL of distilled water to the bottom of the bomb.

6. Cut 10 cm of fuse wire. Weigh the wire and then hook the fuse up to the sample holder so that it only touches the two poles and the sample. From this point on, try not to shake the bomb, because it will move the fuse.

7. Put the top with the sample holder on the bomb, seat the O-ring, and screw on the large steel top.

8. Tighten the O2 release valve on the bomb.

9. Attach the bomb to the O2 tank.

10. Place 20-25 atmospheres of O2 in the bomb.

11. Close the valve to the O2 tank and open the valve on the bomb to bleed out the O2.

12. Shut the valve on the bomb, open the valve to the O2 tank, and place a second 20-25 atmospheres of O2 in the bomb.

13. Close the valve to the O2 tank and open the valve on the bomb to bleed out the O2.

14. Shut the valve on the bomb, open the valve to the O2 tank, and place a third 20-25 atmospheres of O2 in the bomb.

15. Close the valve to the O2 tank and open the valve on the bomb to bleed out the O2.

16. Shut the valve on the bomb, open the valve to the O2 tank, and place a fourth (and final) 20-25 atmospheres of O2 in the bomb.  (Do not bleed bomb…remain under high pressure)

17. Remove O2 hose, attach the handle to the bomb.

18. Holding the bomb partially submerged in the water have your lab partner attach the firing circuit to the bomb.

19. Place the bomb in the bucket (underwater) and remove handle, shake any water on the handle back into the container.

20. Look for escaping gas bubbles.  If O2 is escaping remove the bomb and slowly open the valve to let the O2 escape.

21. If there are no escaping gas bubbles, place the lid on the insulated container attach the belt and turn on the stirrer.  Let the system equilibrate for 5 min.

22. After the 5 minutes are up, press Collect on the Logger Pro software.

23. After 5 more minutes, plug in the detonator.  Stand back from the bomb and then push the detonator button (hold button for 3 seconds).

24. After the rapid rise period, collect data for 5 minutes after the temperature has stabilized.  Press Stop on the software when you have completed collecting data.  Save your data.

25. Turn off the motor, unplug the detonator, remove the cover, and then use the handle to remove the bomb from the water bucket (you will need to also unplug the ignition leads.

26. Slowly vent the bomb, the release should proceed slowly over a period of not less than one minute.

27. Rinse the bomb with 5 20-mL aliquots of distilled water. 

28. Weigh the sample holder and the remnants of the sample.

29. Weigh any fuse fragments that did not burn.

30. Repeat the bomb procedure (steps 3-29) using one snack sample.

31. Repeat the bomb procedure (steps 3-29) using a second type of snack sample.

Questions and Data Analysis:
1. Draw a reaction progression diagram showing an exothermic reaction.

2. Calculate the calorimeter constant for your bomb.

3. Determine the q of reaction for your first snack food, per item and also per gram of item in Food calories.

4. Determine the q of reaction for your second snack food, per item and also per gram of item in Food calories.

5. Comment on your results.
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