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BACKGROUND 

Humans constantly need to expend energy to perform physical work, maintain body temperature and concentration gradients, and to transport, synthesize, degrade, and replace small and large molecules that make up body tissue. The expended energy is generated by the oxidation of various organic substances, primarily carbohydrates, fats and amino acids. In the field of bioenergetics, the transformation of such energies in living organisms is studied. This is best done through the used of a bomb calorimeter, which allows for the heat of combustion (∆cH0) of a compound to be found, and similarly uses the oxidation of carbohydrate and fat solids to calculate burned energies of a known compound.

Our proposed experiments seek to find the energy supplied by typical carbohydrates and fats found in common food sources. Since calorimeters provide the heat of combustion (∆cH0) that we’re looking for, the amount of energy released by the oxidation of carbohydrates and fats can be compared to the expended energies of the human body, and relative substrates compared. 
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Benzoic acid, a standard, well known substrate, was used in a pilot study (see Appendix) to establish the credence and accuracy of the non-adiabatic Parr Calorimeter, and the heat of combustion  (∆cH0) was subsequently found.  For the calorimeter, an experimentally determined value of W was also found. 
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The graph to the left represents the shape of a typical temperature-time curve obtained from the combustion. The formula below describes the method one uses to determine the heat of combustion of a substance:
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[image: image7.wmf]where t is the amount of temperature rise corrected for errors, W is the calorimeter specific energy equivalent value and e1 and e2 are the errors associated with the formation of sulfuric/nitric acid and the burning of the fuse wire. These errors can be measured by titrating the substances left over in the bomb with a standard solution of sodium carbonate and measuring the length of the fuse wire burned. This study plans to use the same experimental techniques to statistically compare the heat of combustion of glucose, a simple sugar that is an important energy source in living organisms and is a component of many carbohydrates, and palmitic acid, a solid saturated fatty acid obtained from palm oil and other vegetable and animal fats [CH3(CH2)14COOH]. The comparison of the two substrates is desirable because of the pivotal presences of both glucose and palmitic acid in daily nutrients, would best support the necessity of a well balanced diet coupled with an appropriate exercise routine. 

HYPOTHESIS
The experiment involves comparing the heat of combustion of glucose with that of palmitic acid. It is hypothesized that the heat of combustion of palmitic acid will be higher than that of glucose. Similarly, sub-hypotheses include that the rate of temperature increase will be greater for palmitic acid compared to the glucose

Proposed Protocol and Methods
Standardization with Benzoic Acid

Benzoic acid will be used to calculate the energy equivalent factor, W, of the calorimeter. After weighing 1.000 grams of benzoic acid, a pellet will be formed using the Parr Pellet Press, and placed into the crucible of the bomb. A 10 cm fuse wire will be placed just above the pellet, making sure that it is not in contact with either the pellet or crucible. After placing a small amount of water in the bomb, it will be pressurized with 25 atm. of pure oxygen before being placed into the calorimeter bucket containing approximately 2000 grams of distilled water. Once the lid of the calorimeter has been secured and the thermistor is attached, the rotation of the stirrer will be started, and the procedure on collecting data in the Parr Manual will be followed. The length of the fuse wire will be measured after combustion. Once the appropriate data has been collected from the temperature versus time graphs, the energy equivalent factor, W, can be calculated from the equation outlined in the Parr Manual [W=Hm+e1+e2/t].This will be done for 3 trials and an average standardized W will be calculated for use in the rest of the experiment.

Combustion of Palmitic Acid and Glucose

When combusting palmitic acid and glucose, 0.600 gram samples will be weighed before forming the pellet. This smaller sample size will be used to stay within the safety limits of the calorimeter, which specifies that no sample should be charged which will release more than 8000 calories, and according to literature values, 9440 calories would be released from a 1.000 gram sample of palmitic acid. Therefore, 0.600 grams of palmitic acid will be well within the safety limits and the same sample size will be used for glucose in order to compare results. Because palmitic acid and glucose are both in powdered form, and do not have difficulty igniting or burning, the same procedure that is used for the combustion of benzoic acid can be used for these samples. There will be three trials for each substance, and the average heat of combustion and standard deviation will be computed using the standardized W from benzoic acid. The heat of combustion can be calculated from the equation outlined in the Parr Manual, which contains correction factors. [Hg= (tW-e1-e2)/m].The hypothesis of the experiment states that the heat of combustion of palmitic acid will be greater than that of glucose, and therefore, a one-tailed t-test will be performed using the data from each of the three trials for both substances, with the alternative hypothesis that the heat of combustion of glucose is greater than the heat of combustion of palmitic acid. Furthermore, the heats of combustion for palmitic acid and glucose will be compared to their respective literature values of 9.44 kcal/g and 3.72 kcal/g to test for accuracy within 5%.

Brief Protocol

1. Weigh 1.000 gram of benzoic acid and make a pellet in the Parr Pellet Press

2. Place the pellet in the crucible and attach a 10 cm fuse wire just above the pellet

3. Place a small amount of water in the bomb, pressurize with 25 atm of pure oxygen

4. Place 2000 grams of water in the calorimeter bucket and follow the Parr Manual procedure for data collection and ignition.

5. Perform titrations of the bomb washings with standardized sodium carbonate solutions

6. Repeat steps 1-5 for two more trials of benzoic acid

7. Calculate the energy equivalent factor, W, for each trial and compute an average

8. Weigh 0.600 grams of palmitic acid and make a pellet

9. Repeat steps 2-5

10. Calculate the heat of combustion using the standardized W from benzoic acid

11. Repeat steps 7-10 for two more trials of palmitic acid and 3 trials of glucose

12. Calculate the average heat of combustion with corrections and standard deviations for palmitic acid and glucose and compare to literature values

13. Perform a one-tailed t-test for the heats of combustion of palmitic acid and glucose to test the hypothesis
PROPOSED DELIVERABLES AND FINDINGS

According to the proposed hypothesis, here are some of the expected results:

1. The heat of combustion for palmitic acid should be statistically lower (p-value<0.05) than the heat of combustion for glucose. 

2. The temperature rise for the palmitic acid should be higher than that for glucose (p-value<0.05). 

3. The rate of temperature rise for palmitic acid should be greater than for glucose. 

4. The averaged heats of combustion obtained by the formula stated before should, taking into account the errors associated with the combustion, correspond to the literature values indicated in the table below: 

	Macronutrient
	Heat of Combustion (kcal/g)

	Glucose (Carbohydrate)
	3.72

	Palmitic Acid (Fatty acid)
	9.44


This difference is indicated in the proposed comparative temperature-time graph:
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The rate of increase of the substance can be estimated by the slope of the exponential portion of the graph. It can be seen from the proposed diagram above that the rate of increase in temperature for the fatty acid is higher than that for the glucose. Also, the absolute temperature increase for the fatty acid is higher than that for the glucose, as is seen in the difference between the initial and final temperatures. 

POTENTIAL PITFALLS & ALTERNATIVE METHODS /ANALYSIS:

One of the major possible pitfalls in the methods and protocols of the experiment is the difficulty in pressing the pellets of benzoic acid, palmitic acid and glucose. If the powder of these substances are not fine enough, pressing a compact pellet may become a frustrating task. To overcome this difficulty, the powder may need to be replaced with one which is finer or it may need to be grounded fine enough in order for the crystals to form compact pellets.  On the other hand, if the powder is too fine, obtaining a cohesive pellet may become a difficult task as it may easily break into powder with the slightest mishandling. If replacing it with a coarser powder is not possible, a second alternative would be to carry out the combustion using the powder form itself. This is justifiable since heat combustion is dependent only on the chemical composition of the substance and not its physical form. However, the pellet form is preferred as it slows down the reaction since less surface of the substance is exposed, thus minimizing possible damage to the bomb calorimeter. 

Another possible pitfall within the experimental methods includes the inconsistency of mass sampling due to non-standardized measuring and weighing procedures. During the pressing of the pellets, some of the powder remains in the crucible consequently incurring inconsistent mass of samples. To overcome this inconsistency, the mass samples should be reweighed after the pellet is formed. Following this, the mass samples can be standardized by carefully scraping the top layer of the pellets which have higher masses.  
Using different weighing devices in massing the samples, wires and water may also cause potential error in mass sampling due to variation of instrumental errors in each device. Only one weighing device should be used for all trials. 


Potential pitfalls also include misfiring as a result of the misplacement of the fuse wire and mishandling of the bomb, and quality of the pellets. . If the wire is not in properly in place, the wire may not be close enough to the pellet for ignition and the combustion reaction may not start. Also, any movement of the bomb after it has been closed may displace the fuse wire or pellet from its original correct position, resulting in misfiring. Thus, it is important that the bomb calorimeter not be moved after it has been closed. 


In the analysis portion of this experiment, a possible pitfall includes the difficulty in the determination of points of the start of the temperature rise and the points of the temperature leveling after the rise from temperature-time graph. Unlike the determination of the points of the start of the temperature rise, , the determination of point c is very subjective because it is almost impossible to determine whether slight temperature increases were produced by residual heat from the combustion or from the temperature gradient between the water and its surroundings. As a solution, the graphs obtained from the trials should be enlarged in the regions just before and just after the temperature rise to isolate the maximum and minimum temperatures recorded.  

EQUIPMENT


A. Major Equipment

· Par Instrument Model 1341 Oxygen Calorimeter
· Par Instrument Model 1108 Oxygen Combustion Inner Container

· Precision Temperature Sensor (LM135)

· Parr Model 2901 Ignition Unit

· Parr Pellet Press

· High Pressure oxygen cylinder, equipped with Model 1825 filling connection

· Biopac System hardware and Biopac Pro software

The Par Instrument Model 1341 Oxygen Calorimeter with a built in stirrer withstands the pressure and force of the combustion in order to measure the heat of combustion. A Precision Temperature Sensor (LM135) will be needed to determine the dependent variable of water temperature as the combustion reaction proceeds to completion. The Par Model 2901 Ignition Unit will be connected to the calorimeter as well to initiate the combustion of the sample within. The Parr Pellet Press is necessary to compress powdered substances into pellets. An oxygen cylinder will be necessary to pressurize the inner container A fully operational computer with Biopac System hardware and Biopac Pro software will also be needed to collect data.

B. Lab Equipment

· Ignition wire, Sample cups (crucibles), stands for head and calorimeter cover

· Ruler

· Connective wires

· Burette

· Beakers

· Analytic balance, plastic holder and spatulas

An ignition wire will be needed for firing and a ruler to measure its length. The crucible will also be essential, as it will place the pellet of the substance for combustion. Other wires may also need to connect various parts. A burette and beakers will be needed to carry out the titration of bomb washings for the acid correction procedure.

C. Supplies

· 0.0709 N sodium carbonate solution 

· Methyl red indicator

· DI Water

· Tap Water

The sodium carbonate solution and methyl red indicator is used for the titration of bomb washings for acid correction. DI water will be needed to fill the 2 kilograms needed in the calorimeter bucket.

D. Newly purchased Materials

· 10g Benzoic Acid

· 10g Glucose

· 10g Palmitic acid

Newly purchased materials include 3 compounds purchased from Sigma-Aldrich. The benzoic acid ordered will be used as a test standard. The glucose and palmitic acid ordered are the two compounds being tested to see which one will result in a higher heat of combustion. 

BUDGET

The supplier selected is Sigma-Aldrich, which is a leading life sciences and high technology company that makes biochemical and organic chemical products and kits. They synthesize a wide variety of compounds for genomic research, biotechnology, pharmaceutical development, and many other research areas. 

	Product
	Cost
	Supplier
	Product Description
	Role in Experiment

	Benzoic acid (30g)

(Powder)
	$12.40
	Sigma-Aldrich
	Benzoic acid has the molecular formula of C6H5COOH and a molecular weight of 122.12.
	This sample will be used as a test standard and to make sure the calorimeter is working properly, Its data will be used  as a method of comparison.

	Palmitic acid (10g)

(Powder)
	$25.20
	Sigma-Aldrich
	Palmitic acid, or hexadecanoic acid (CH3(CH2)14COOH), has a molecular weight of 256.42. It is the most common source of saturated fatty acids found in animals and plants, which will be one of the test sample used.
	Main substance undergoing combustion. The measured heat of combustion will be compared to that of glucose.

	Glucose (10g)

(Powder)
	$15.20
	Sigma-Aldrich
	D-(+)-Glucose monohydrate, or dextrose monohydrate (C6H12O6 · H2O), has a molecular weight of 198.17.
	Main substance undergoing combustion. The measured heat of combustion will be compared to that of palmitic acid

	Total Cost
	$52.80


[image: image3.png]



APPENDIX

Description of Pilot Experiment

Four calorimetric readings were taken using masses that were 0.9881g±0.0025g, 0.9918g±0.0025g, 0.9920g±0.0025g and 0.9875±0.0025g respectively, and burned to completion in a specialized container pressurized with oxygen and immersed in water. From these readings the average heat of combustion of benzoic acid was measured and determined using the formula ∆H=(tW-e1-e3)/m (where t is the difference in temperature corrected for heat losses and e1 and e3 are the errors associated with the formation of sulfuric/nitric acid and the burning of the fuse wire). It was hypothesized that the measured heat of combustion of benzoic acid should be within 5% of the literature value of 6315.2486 cal/g. The data suggested that the heat of combustion of Benzoic Acid is 6872.0452 cal/g±458.3227cal/g. 

The value calculated is within 8.1023% of the literature. Moreover, the experiment enabled the calculation of a re-standardized value for W (accurate value found during the course of pilot study), based on the four trials. The re-standardized value of W was found to be 2238.6138±151.8036 cal/oC, which was 8.37% away from the experimental value of 2426 cal/oC used in the experiment. The additional errors in the analyzed data were most likely due to erroneous experimental techniques and ambient noise caused by disruption of the calorimeter, and can be virtually eliminated through the perfection of such experimental technique. 
Combustion Measurements as outlined in the Parr Manual
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Figure 1. Heat of Combustion (∆cH0) curve. Characteristic exponential rise representative of change in temperature over time during the course of combustion which levels off as substrate is fully consumed and energy expended





Figure 2. Palmitic Acid. Solid saturated fatty acid obtained from palm oil and other vegetable and animal fats. 
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