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Abstract

The purpose of this experiment was to determine whether the Parr bomb can be used to obtain accurate heat of combustion values for animal oils as well as vegetable oils.  Prior to actual experimentation, the project was outlined in order to maximize time efficiency and minimize human error.  Standardization of the bomb and calorimeter using benzoic acid was completed each of the three lab days.  From a total of five benzoic acid trials, the energy equivalent of the bomb was 2390.75 ( 147.50 Cal/g.  The large 95 % confidence interval of 147.50 Cal/g is due to the benzoic acid trials being done on three different days.  


Three natural oils were chosen by the group to be analyzed that were produced by Sigma Chemical Company; one vegetable oil and two animal oils (Olive Oil, Lard Oil, and Fish Oil).  In the first lab session, four Olive Oil samples were combusted and calculated to have an average of 9481.06 ( 67.08 Cal/g.  The data for Olive Oil was both accurate and precise.  The accuracy was measured by a “t” test of significance in which the Te value was .998, which is indeed less than the t value of 3.18.  Precision was measured with a 95% confidence limit.  In the second lab session, Lard Oil was combusted and found to have an average of 9416.88 ( 86.20 Cal/g.  From the test of significance, the Te of 1.28 was less than the t (using n-1 degrees of freedom) of 2.78.  Hence, the bomb gives accurate and precise measurements for Lard Oil.  The third and final lab session was used for Fish Oil.  The average of four Fish Oil trials was calculated to be 9070.17 ( 39.30 Cal/g.  Although the data for Fish Oil was precise, it was not accurate with our predicted value of 9156 Cal/g.  The Te value was 6.98 and the t value was 3.18.  This was caused by improper treatment of the Fish Oil as it was left in an open tray causing oxidation of the components and therefore affecting the heat of combustion.  In conclusion, the Parr bomb can be used to obtain accurate and precise heat of combustion values for animal oils as well as vegetable oils.
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Background
Bomb Calorimetry is the scientific process used to determine the heat of combustion (calorific value) of an organic substance.  Essentially, the heat of combustion is the energy stored in the atomic bonds of a specific sample.  In this experiment, a sample of olive (Olea europaea sativa), lard (Sus scrofa), or menhaden fish (Brevoortia tyrannus) oil (weighing no more than one gram) was placed in a Parr bomb calorimeter.  The pressure of oxygen gas caused a reaction to occur between the oxygen and the sample (consisting of carbon, hydrogen, and oxygen).  The carbon and hydrogen in the sample mixed with the oxygen gas to form CO2 and H2O respectively.

As this reaction occurs, the pressure in the bomb increases as the liquid sample turns to a gas.  Because the reaction occurs in an environment of constant volume the temperature in the bomb increases as well.  By recording the temperature change with time, accurate heat of combustion values were obtained.  

Using the73rd edition of the Handbook of Chemistry and Physics
 and the Merck Index
, the percent composition of the fatty acids that comprised each of the oils was found.  To calculate the total heat of combustion of each oil, the heat of combustion of each fatty acid contained in the oil was multiplied by its compositional percentage.   The resulting partial heat of combustion (HOC) values were then summed.  The predicted heat of combustion values for each of the oils are listed in Table 1 below.   

Table 1- Predicted Heat of Combustion values

Oil
Predicted HOC

Olive
-9501.89

Fish
-9156.34

Lard
-9456.62

For all of the heat of combustion values of the different fatty acids, data was obtained from the NIST webbook
.  The three exceptions, which could not be found in either the NIST webbook or the Handbook of Chemistry and Physicsiv, were C14 monoethanioc acid, C20 and C22 polyethanoic acid.  For these exceptions, W3 created its own formula to calculate their heat of combustions.  This formula is shown below.

Formula 1
Heat of Combustion = 158.25 (Number of Carbons)





         - 37.75 (Number of Double Bonds) 




         - 113.00 (Per Acid Group) 
A statistical analysis was performed to compare the values for the HOC of some standard fatty acids versus the predicted value of the HOC using the W3 formula (see appendix for tables of t-test with an alpha level of .05 and comparison chart).  The tests proved that the W3 formula came within 3 kcal/g for each fatty acid compared.   

Finally, it should be noted that the standard equations used to calculate the heat of combustion of a sample with a measured temperature change and all necessary thermochemical corrections (for using the Parr bomb) can be found in the laboratory manual
.

Materials
The main objective of this project is to obtain accurate and precise heat of combustion values for animal oils as well as vegetable oils.  In this experiment a comparison will also be made to determine whether the Parr bomb is just as accurate and precise with liquid samples as it is with solid pellets.  In order to achieve the highest degree of accuracy and precision, the oils were chosen carefully.  Three oils were purchased and tested over a three-week period; Sigma Olive Oil, Lard Oil, and Fish (Menhaden) Oil.  Using Sigma products assured purity and quality of the oils, and this quality is guaranteed (i.e. the quality of the product can be verified using the batch number, if inaccurate results are found).  Using only three different oils allowed more time for multiple trials per oil.  


An estimated heat of combustion was calculated for each oil, so that the accuracy of the experimentally measured values can be determined.  Using the Handbook of Chemistry and Physics
, the percent composition of each of the oils was found, and this was used to calculate an estimated heat of combustion for the oils.  The percent composition of each oil is represented in pie chart form (see Figure 1,2,3 below).
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Figure 1 - Percent Composition of Olive Oil
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Figure 2 - Percent Composition of Lard Oil
Figure 3 - Percent Composition of Fish Oil
Once the percent composition of each oil was determined, an estimated heat of combustion value for each of the oils could be calculated.  This calculation was explained in the background section of the report.

Aside from the different oils being used in the experiment, the rest of the materials were standard and can be found listed in the laboratory manual
.  It is important to note, however, that because oils are being combusted, a fine cotton fiber will be used to help ignite the oil
.

Methods

Once again it is important to mention that the methods chosen are designed to make the experiment flow as smoothly as possible, as well as to assure accuracy in results.  The procedure for setting up the calorimeter is clearly outlined in the lab manual, but some additional procedures were added.  

First, on each day of experimentation, the calorimeter was standardized twice with Benzoic Acid as described in the laboratory manual
(after realizing that one trial was not sufficient the first week of experimentation, two trials were used on subsequent weeks).  Next, each oil sample was weighed directly in the combustion capsule, by placing it on the balance, zeroing the balance, and pipetting in the approximate amount of oil needed.  Since the samples used were approximately 1 g, calculations from the known density
 were made to estimate the amount of liquid that needs to be added to get the desired weight.

Table 1 - Calculated Volume for 1 g Sample
Oil
Density
Desired Weight
Volume needed

Lard
0.915
1g
1.093mL

Fish
0.93
1g
1.075mL

Olive
0.91
1g
1.099mL

Once the combustion capsule was placed in the bomb, the loop of the fuse wire was placed just above the surface of the sample, but not submerged in the liquid.  One end of a short piece of fine cotton thread was positioned over the fuse loop with the other end touching the liquid
.

Precautions were taken when testing heavy oils because the intense heat developed during combustion may damage the interior of the bomb and the electrodes.  Thus the combustion capsule was left  in good condition and slightly tilted in the loop holder so as to direct the flame away from both electrodes (see Figure 4 )
.
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Figure 4 - Combustion Capsule should be Slightly Tilted (left, standard; right, improved)
When the combustion capsule was tilted, the depth of the liquid increased, while the surface area decreased, facilitating centralized combustion.  At least four trials were performed for each oil sample and the heat of combustion values were calculated using the Parr bomb formula.

The following calculations were done to assess the precision and accuracy of the trials.  For each type of oil, the respective trials were tested for precision by calculating the mean and its 95% confidence interval.   Next the values were compared to the t-critical value of the estimated heat of combustion to see if they were statistically the same (accurate).  

The procedures outlined in this proposal, as well as the laboratory manual were carefully followed in order to prevent inconsistencies and errors.  

Results

Each day, the calorimeter was standardized with Benzoic Acid twice.  This allowed for a calculation of the energy equivalent of the calorimeter, as well as a determination of overall error of the Parr Bomb itself when measuring the heat of combustion of solid pellets.  Figure 5 below is a graph demonstrating the temperature vs. time curve for the standardization of Benzoic Acid, on the first day of trials.
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Figure 5 - Standardization of Benzoic Acid Graph

The energy equivalent of the calorimeter was then determined using the standard value of the heat of combustion of Benzoic Acid, and plugging in the recorded temperature changes with thermochemical correction to find the energy equivalent.

Table 2 below displays the calculations for the energy equivalent of Benzoic Acid.

Table 2 - Benzoic Acid Standardization Data

Energy Equiv.
mass (g)
Temp. change
ml Titrated
Fuse Wire
HOC Benzoic

-2391.933
0.9996
-2.65152
7.6
21.85
6315.335

-2256.955
0.992
-2.78653
7.7
16.56
6315.335

-2289.498
1.0032
-2.7772
7.9
14.95
6315.335

-2529.427
1.0057
-2.520675
8.2
16.33
6315.335

-2485.932
0.9998
-2.549375
7.4
16.1
6315.335

The average energy equivalent was calculated to be -2390.749 ( 147.5 Cal/g.  
Each day, following the standardization of Benzoic Acid, 4 to 5 trials were done for one of the oils.  The next series of graphs display the temperature vs. time curves for the olive, lard and fish oils.

The first day, olive oil was tested.  Below in figure 6 is a temperature vs. time curve for one trial of the olive oil.  
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Figure 6  - Trial 1 Olive Oil Graph

Four trials were conducted using Olive Oil and the results of each trial are displayed in 

Table 3 below.

Table 3 - Olive Oil Results

E equiv.
mass
temp
mL
Fuse Wire
HOC

Cal/g
(g)
(C)
Titrated
(cm*2.3)
Cal/g

-2390.75
0.9992
-4.006
25.3
17.48
9542.194

-2390.75
0.9984
-3.96475
24.95
22.08
9446.807

-2390.75
1.0001
-3.97788
21.4
14.72
9473.045

-2390.75
1.0008
-3.98008
27.9
17.71
9462.18

The average value for the heat of combustion was calculated in Cal/g. Average values were obtained from all four trials and also from just the last three values.  The average of all four trials was 9481.06 ( 67.08 Cal/g.  The average for just the last three trials (discounting the first value which was much larger in comparison to the other 3) was 9460.68 ( 32.75.  These values were compared to the predicted value of 9501.89 ( 2 Cal/g (obtained using the w3 formula and standard heats of combustion of the constituents of the oils) using a t-test.  The value of t found for the data using n-1 degrees of freedom was 3.18 for all four trials, and 4.30 for the last three trials.  Te was then calculated and its value compared to the t values.  Te was calculated to be 0.988 and 1.258 (for all four trials, then three trials, respectively).  
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The following week, data was collected for five trials with Lard Oil.  A temperature versus time graph is shown in figure 7 below for one of the trials.
Figure 7 - Trial 2 Lard Oil graph

Five trials were done with the Lard Oil.  The results of these trials is displayed in Table 4 below.

Table 4 - Data for Lard Oil

Ener. Equiv
mass
Temp
Titrated
Fuse Wire
Heat of Combustion

Cal/g
(g)
(C)
(mL)
(cm)
Cal/g

-2390.75
0.9997
-3.979
13.9
17.02
9484.811

-2390.75
1
-3.933
14.7
16.1
9370.820

-2390.75
1
-3.987
13.9
17.71
9500.258

-2390.75
1
-3.926
0.9
16.1
9369.080

-2390.75
0.9998
-3.928
16.5
17.02
9359.405

The average value for the heat of combustion for Lard Oil was calculated and found to be 9416.88 ( 86.20 Cal/g.  A t-test was then used to compare this average value to the predicted value of 9456.62 ( 2 Cal/g.  The t value calculated with n-1 degrees of freedom was 2.78, as compared to a value of te for the measured data, of 1.28.
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The last day of experimentation, data for the Fish Oil was collected.   A sample graph for the heat of combustion of the fish oil is displayed in figure 8 below.

Figure 8- Fish Oil Graph

The results for all 4 trials are displayed in Table 5 below.

Table 5 - Fish Oil Data

Energy Equivalent
mass
Temp
Titration
Fuse Wire
Heat of Combustion

Cal/g
(g)
(C)
(mL)
(cm)
Cal/g

-2390.75
1
-3.81616
13.8
15.87
9093.81

-2390.75
0.9997
-3.8088
13.6
12.42
9082.59

-2390.75
1.0001
-3.80332
14.1
10.35
9067.43

-2390.75
0.9998
-3.79143
13.2
16.1
9036.86

The average value for the heat of combustion was found to be 9070.17 ( 39.30 Cal/g.  The average for just the first three values was also calculated and found to be 9081.28 ( 32.89 Cal/g.  Both values were compared to the predicted value of -9156.34 ( 2 Cal/g using a t test.  The values of t (using n-1 degrees of freedom) of 3.18 for all the data and 4.30 for just the first 3 trials were compared to the values of te for the measured data.  Te was calculated to be 6.98 for all the data and 9.82 for just the first 3 trials.

Discussion
The purpose of this experiment was to obtain accurate and precise results for the heat of combustion of not just vegetable oils, but also animal oils.  Once the results for the oils have been analyzed a comparison can then be made between the data for the oils and the standardization of benzoic acid.  It can then be determined whether the Parr bomb is just as good if not better at determining accurate and precise heat of combustion values for oil samples versus solid samples.

A confidence limit of 95% was used in order to analyze the precision of the experimental values.   The average heat of combustion of the Olive Oil was calculated to be 9481.06 ( 67.08 Cal/g.  In observing the data for the Olive Oil, it can be seen that our values are indeed precise, as they fall within the 95 % confidence limits of 67.08 Cal/g.  Looking at the data for olive oil (Table 3) it was observed that the last three trials seemed to be closer to one another than the first trial (i.e. the first trial might be an outlying point).  When the average was taken without the first Olive Oil trial, the data still fell within the 95% confidence limits with an interval of ( 32.75 Cal/g.  Because the data fits within the 95% confidence limits, with and without the outlying point included, it can be concluded that the Parr bomb can obtain precise results with a vegetable oil.

For Lard Oil, precision was measured again by a 95 % confidence interval, which was found to be (86.20 Cal/g.  All of the data again fell within the confidence limits, however the measured values for the heat of combustion of Lard Oil were not as precise as the Olive Oil.  As can be seen from the HOC values of Lard Oil in Table 4, the third trial resulted in a heat of combustion that was only 3 Cal/g away from the maximum limit of the 95% confidence interval (the maximum being 9416.88 + 86.20 Cal/g = 9503.08 Cal/g).  Despite the fact that some of the points were far from the average, it can still be concluded that the calorimeter can be used to obtain relatively precise values for animal oils.  

The Fish Oil data was also precise.  The average value from all four trials was 9070.17 Cal/g and by using a 95 % confidence limit, it was observed that our data would fall within ( 39.30 Cal/g of the mean 95 % of the time if infinite trials were taken.  It was observed that the first three trials were closer together than the last trial, so the mean and its 95% confidence limit was calculated for just those three trials as well.  Not only did all three trials fit within the confidence limit of ( 32.89 Cal/g, but it is also clear to see that these values are statistically closer together, and therefore more precise.

In order to analyze whether the Parr Bomb was more precise in determining the heat of combustion of animal oils versus vegetable oils, the confidence intervals for each of the oils was measured as a percent of the average value.  By measuring the intervals as a percentage, the values for each oil can be compared with one another.  The olive oil had a confidence interval of .71%, the lard oil had an interval of .92%, and the fish oil had a confidence interval of .43%.   Therefore, it can be concluded that the Parr bomb gives just as precise measurements for vegetable oils as animal oils.  It can also be concluded that the Parr Bomb has a level of precision that is within 1% over the range of trials.

In order to compare the precision of the Parr bomb with solids (benzoic acid pellets) versus the oils, the confidence interval for the Parr bomb can also be measured as a percent of the heat of combustion of benzoic acid.  The interval for the benzoic acid was 2.3%, which is much higher than the other confidence intervals.  It should be noted, however, that the benzoic acid trials, though there were five done, were all done on different days.  Observing the values taken each day, it is clear to see that they are quite close together (since only one trial was done the first week, this comparison can only be done for the second and third week).  For the second week, there was only a difference of  32.54 Cal/g between the two values, and for the third week, only a difference of 43.49 Cal/g between the two values.  If we measure these differences as a percentage of the total heat of combustion of benzoic acid, they come out to be .52 % for day two and .69% for day 3.  After talking with technical services at Parr Instrument Company, it was learned that the room temperature can effect the values obtained for the energy equivalent when standardizing with benzoic acid.  The fact that the temperature in the room varied day to day (the first day it was warm and humid, the second day cooler) may explain why such variations in the energy equivalent of the calorimeter were found.  When looking at the overall differences in values it looks as though the Parr bomb was more precise with animal and vegetable oils than the benzoic acid.  By taking a closer look, however, at the day to day precision (because other factors such as temperature might have affected the standardization), it is clear to see that the Parr bomb is just as precise in measuring the heat of combustion of the oils as it is with the solid pellets (benzoic acid).

In order to measure the accuracy of our heat of combustion values, a “t” value test of significance was used (using n-1 degrees of freedom). For the Olive Oil, our predicted value using the method described in the methods section was 9501.89 Cal/g and our average measured value was 9481.06 ( 67.08 Cal/g.  The value of t found for the data was 3.18 for all four trials.  Te was then calculated and its value compared to the t value.  Te was calculated to be 0.988, which proves that our data is accurate with the value we predicted within our 95 % confidence interval.  As was stated earlier, it was observed that the last three trials were closer together and the first trial seemed to be an outlying point.  It makes sense that the first trial might not be as accurate as the others due to unfamiliar procedure (as it was the first time w3 had done an oil trial).  Looking at the three trials that were closer together, the results are still accurate, as the Te value was 1.25, as compared to a t value of 4.3.  Therefore, it can be concluded that the Parr bomb can be used to obtain accurate values for vegetable oils.
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The predicted value for Lard Oil was 9456.62 Cal/g and the average heat of combustion measured from all five trials was 9416.88 ( 86.20 Cal/g.  Again, the t-test of significance was used to determine the accuracy of our measurements.  The value of t for the data was 2.78 (using n-1 degrees of freedom) and was then compared to the value of Te which was calculated to be 1.28.  Because the value of Te is less than that of t, our data is proven accurate to that of our predicted value within a 95 % confidence limit.  Despite the fact that the Te value was less than the t value, it was observed that the values lacked consistency.  The graph in Figure 9 below demonstrates the unpredictability of the measurements. 

Figure 9- Lard Oil Trials
It is clear from the above graph that while 2 of the values were very close to the predicted value, three were not significantly close, and brought the overall average down.  This graph demonstrates that the predicted value was never obtained during experimentation, and the average value is therefore not a good representation of the actual results of the experiment.  In order to determine whether the Parr bomb is an effective instrument for obtaining accurate heat of combustion results, more trials would need to be done.

The average heat of combustion measured for Fish Oil was 9070.17 ( 39.30 Cal/g.  The predicted value for this oil was 9156.34 Cal/g.  Although, as mentioned above, the data for fish oil was very precise, the data was not accurate within our 95 % confidence limit. 

While executing the experiment we found that the Fish oil had been refrigerated instead of stored at room temperature.  This caused a separation of the solid phase and liquid phase of the fatty acids in the fish oil.  To allow the two phases to mix again we set the fish oil out at room temperature for an extended period of time.  Upon contacting Sigma we found out that fish oil is readily oxidized when open to the environment. Knowing that the oxidized oil has different molecular components and therefore different calorimetric properties, this could account for the discrepancy.  This theory was also reinforced when examining the each individual trial as shown in Table 5 in the results section.  The trials are listed in order of execution, and between each trial there was an approximate down time of one hour while assembly, cleaning, etc. of the Parr bomb was completed.  Obviously the fourth fish oil trial will have been sitting longer in the air and more oxidized than the first (this also explains the odors which came from the oil).  As seen from the data the first fish oil trial was 9093.81 cal/g, which is much closer to the [image: image11.wmf]HOC vs. Time for Fish Oil
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predicted value of 9156.34 cal/g.  The graph below depicts the change in HOC with each trial, using trial as a correlate to time.  

Figure 10 - Fish Oil HOCs vs. trial number (as the fish oil continues to oxidize)

Since the x-axis represents the order of the trials and not a definite time period we cannot fit a trendline to the data and correlate the x-axis and y-axis.  However by objectively looking at the graph and assuming that we waited about an hour to do the first trial, we can roughly see that by extrapolating backwards around the 0 hour the HOC may have been above 9100cal/g and much closer to our predicted value.  Also keep in mind to really analyze the graph below one must evaluate rate of reactions, since that is what the graph really represents.  However we do not have the measurements and tools necessary to do this (i.e. time, temperature of day, composition of air on day, etc.)

Another source of error comes in the calculation of the predicted heat of combustion of the fish oil. There were two fatty acids, C20 polyethanoic and C22 polyethanoic, which we could not get confirmation on their exact structure (though the Merk Index, Bellstein Database, NIST webbook, CRC 73rd edition Handbook of Chemistry and Physics, and multiple organic chemistry professors were consulted).  A slight error in predicted structure greatly affects the w3 formula (as it depends on the number of double bonds and the number of carbons).  In order to obtain accurate results, the experiment should be re-done with better procedure, and a more accurate predicted value for the heat of combustion.  Due to these factors, an evaluation of the Parr bomb’s effectiveness at measuring accurate heat of combustion values for fish oil cannot be made.

Overall the data for the heat of combustion of olive, lard and fish oils demonstrates that accurate and precise values can be measured using the Parr bomb.  Since the largest percent error found for any of the oils is .92% for the lard oil, we can assure that the Parr bomb will measure animal oils to at the most 1% error.  When comparing the measurement of solid samples, such as benzoic acid, to vegetable oils, the error in using vegetable oils compared to solid samples is a little less than two times greater.  The percent error in benzoic acid is .52% for day two and .69% for day three; the average of these two values yields approximately .61%.  Since the maximum percent error was found in lard oil (.92%), there is approximately a two-fold difference.  However, keep in mind that since the magnitudes of these errors is so small a two-fold difference is still less than the 1% error that we aimed for.  

The above statements deal with precision, but the accuracy of the Parr bomb must also be evaluated.   As mentioned above, we were able to prove the accuracy of the Parr bomb for two of the three oils using a .05 alpha level.  Due to our time constraints we were only able to use two animal oil samples, fish and lard.  As explained above our fish oil did not agree with our predicted values while our lard oil did.  Since we are only able to speculate of our errors with the fish oil, a full analysis of the Parr bomb’s accuracy for animal oils cannot be made.  More trials need to be done to fully assess how accurate the Parr bomb is for animal oils versus vegetable oil.  However, a comparison can be made between the benzoic acid and the olive and lard oils to assess the Parr bomb’s accuracy.  Since results were obtained for the olive and fish oils that had less than 1% error, it can be concluded that the Parr bomb is accurate to within 1% for oils.  In order to evaluate the Parr bomb’s accuracy with the benzoic acid, a reverse calculation was done to see if putting in the average energy equivalent that was measured could yield the correct value for the heat of combustion of benzoic acid (6315.335 Cal/g).  The values found for the heat of combustion when the reverse calculation was done are shown below, along with their percent difference from the actual heat of combustion of benzoic acid.

Table 6 – Heat of Combustion with Reverse Calculation
Heat of Combustion
% Difference

6312.193
0.05%

6691.163
5.95%

6595.632
4.44%

5967.755
5.50%

6072.630
3.84%

Average HOC
Average % Diff

6327.875
3.96%

Since the average % difference is 3.96%, it is clear to see that the Parr bomb appears to be more accurate for the oils than the solid benzoic acid pellets.  However, more trials with benzoic acid should have been done each day to actually prove that the bomb is not as accurate with solids (3.96%) versus oils (less than 1%).

Overall, it is clear to see that the Parr bomb could be used to obtain both accurate and precise heat of combustion values for animal and vegetable oils (within 1%).  While it seems that the Parr bomb is just as precise whether the sample is an oil or solid pellet, more trials should be done to confirm this point.  Also, in order to determine whether or not the Parr bomb is more accurate with animal versus vegetable oils, and solids versus liquids, more trials should be done in order to support or reject the observations of this experiment.

Appendix
Table A – Sample calculation for olive oil’s heat of combustion

Olive Oil
%composition
HOC (Cal/g)
Partial HOC

Palmitc
6.9
-9297.25
-641.51

Stearic
2.3
-9483.97
-218.13

Arachidic
0.1
-9616.07
-9.62

Oleic
84.4
-9550.91
-8060.97

Linoleic
4.6
-9417.99
-433.23



Predicted HOC
-9363.45 +/- 2 Cal/g


Table B – Comparison of W3 formula versus actual HOC values

Name
# of Carbons
# of double bonds
Actual

Heat of Comb.
PredictedW3 value

Linoleic acid
18
3



Palmitic
16
1
2384
2381.25




2384
2384

Steric Acid
18
1
2698
2697.75

(all types of ")


2696
2696

ethyl ester
20
1
2994
3014.25

stearic acid/ee
20
1
3012
3014.25

methyl ester
19
1
2832.6
2856

methyl ester
19
1
2859
2856

nonadecanoic
19
1
2849
2856

oleic
18
2
2667
2660




2659
2660




2659
2660

methyl ester


2659
2659

palmitoleic
17
2
2521
2501.75

myristic 
15
2
2254
2185.25

Palmitic meth
17

2550
2577.25



1
2415
2415

Linoleic methest
19
3
2794
2780.5

Linolenic 
19
4
2750
2742.75

Stearic
19
1
2859
2856

Oleic
19
2
2828
2818.25

Table C - Statistical Analysis of W3 predicted values versus actual values

t-Test: Paired Two Sample for Means




Actual
W3


Heat of Comb.
Predicted

Mean
2682.07619
2679.583333

Variance
41782.2619
45845.50833

Observations
21
21

Pearson Correlation
0.997005573


Hypothesized Mean Difference
0


df
20


t Stat
0.605142062


P(T<=t) one-tail
0.275944909


t Critical one-tail
1.724718004


P(T<=t) two-tail
0.551889817


t Critical two-tail
2.085962478


Note: The null hypothesis was that there was no difference between the actual and W3 predicted means.  The probability of the two tail test needs to be greater than .95 (due to the alpha level of .05) for there to be a statistical difference between the two means.  Thus the value of .55 demonstrates that the null hypothesis cannot be rejected.
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Figure B – Lard Oil Trials
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Figure C – Fish Oil Trials
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Figure D – Comparison of Heat of Combustion Values for the Oils
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Benzoic Acid 1

		

		time (min)		temp. read		corr. temp

		0		24.13		24.112

		1		24.15		24.132

		2		24.16		24.141		2.618		1.5708

		3		24.173		24.154				25.7338

		4		24.179		24.16

		5		24.182		24.163				0.0102

		5.75		24.9		24.878

		6.00		25.3		25.281				0.003

		6.25		25.69		25.675

		6.50		25.9		25.885

		6.75		26.11		26.095

		7		26.2		26.184

		7.25		26.365		26.348

		7.5		26.44		26.422

		8		26.615		26.595

		8.5		26.67		26.649

		9		26.71		26.689

		9.5		26.74		26.719

		10		26.759		26.738

		10.5		26.769		26.748

		11		26.782		26.761

		11.5		26.788		26.767

		12		26.793		26.772						mass of bucket in g				829

		13		26.8		26.779						mass of bucket+H20				2829

		14		26.802		26.781								mass H20		2000

		15		26.805		26.783

		16		26.81		26.788





Benzoic Acid 1

		



Benzoic Acid Trial 1, Day1



Bez Calc.

		

		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.6		13		24.163		26.779		0.0102		0.003		7.6		0		9.5

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)

				-2392.9379374849		0.9996		-2.65152		7.6		0		21.85				6318





Olive Calc.

		

		a		b		c		T initial		T final		r1		r2		c1		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(cm)

		5		6.25		11		24.06		27.981		0.011		0.015		25.3		7.6

		5		6.25		11		24.169		28.076		0.0234		0.006		24.95		9.6

		5		6.2		11		24.664		28.573		0.0354		0.0055		21.4		6.4

		5		6.5		11		24.102		27.995		0.0318		0.00875		27.9		7.7

		E equiv.		mass		temp		e1		e3						H of Comb.

		Cal/g		(g)		(C)		Cal		Cal						Cal/g

		-2390.7488777027		0.9992		-4.006		25.3		17.48						9542.1937590843		95.3872558073

		-2390.7488777027		0.9984		-3.96475		24.95		22.08						9446.8065032771		26.2383378749

		-2390.7488777027		1.0001		-3.97788		21.4		14.72						9473.0448411519		10.8647458056

		-2390.7488777027		1.0008		-3.980075		27.9		17.71						9462.1800953463		1.5029487546

						-3.98217625										9460.6771465918		9481.0562997149

				Te

		9501.89		0.9884146386		not significantly different										42.1557906415

																3.1824492908

																67.0793330143





Olive 1

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.022		24.005				start		9.72						0.91		0.9906g		1.099mL

		1		24.039		24.022				finish

		2		24.05		24.032				total used		9.72		0				actual mass		0.9992

		3		24.06		24.042												water mass		2000

		4		24.068		24.05

		5		24.078		24.06				4.011		0.011

		5.25		24.081		24.063				2.4066		0.015

		5.50		24.32		24.3				26.4666

		5.75		25.19		25.17

		6.00		25.915		25.9

		6.25		26.435		26.417

		6.5		26.753		26.732

		6.75		27.035		27.013

		7		27.208		27.187

		7.25		27.405		27.388

		7.5		27.518		27.503

		7.75		27.618		27.605

		8		27.685		27.673

		8.5		27.804		27.794

		9		27.872		27.861

		9.5		27.91		27.899

		10		27.951		27.941

		11		27.991		27.981

		12		28.006		27.996

		13		28.016		28.006

		14		28.021		28.011

		15		28.026		28.016

		16		28.026		28.016





Olive 1
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Olive 2

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.07		24.052				start		10						0.91		0.9986		1.099mL

		1		24.13		24.112				finish

		2		24.161		24.142				total used		10		0				actual mass		0.9992

		3		24.168		24.149												water mass		2000

		4		24.177		24.158

		5		24.188		24.169				3.931		0.0234

		5.25		24.2		24.181				2.3586		-5.6092

		5.50		24.89		24.868				26.5276

		5.75		25.77		25.755

		6.00		26.15		26.134

		6.25		26.65		26.629

		6.5		27.04		27.018

		6.75		27.323		27.304

		7		27.47		27.455

		7.25		27.635		27.622

		7.5		27.725		27.713

		7.75		27.8		27.789

		8		27.852		27.841

		8.5		27.943		27.932

		9		28.002		27.992

		9.5		28.04		28.03

		10		28.055		28.046		0.0234

		11		28.085		28.076		0.006

		12		28.1		28.091

		13		28.105		28.096

		14		28.108		28.099

		15		28.109		28.1
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Olive Error 3

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.015		23.998				start		10						0.91		0.9998		1.099mL

		1		24.085		24.067				finish

		2		24.12		24.102				total used		10		0				actual mass		0.9992

		3		24.152		24.133												water mass		2000

		4		24.185		24.166

		5		24.201		24.182				2.807		0.0368

		5.25		24.205		24.186				1.6842		0.0808

		5.50		24.235		24.216				25.8662

		5.75		24.263		24.243

		6.00		24.352		24.33

		6.25		24.65		24.627

		6.5		24.954		24.932

		6.75		25.162		25.142

		7		25.38		25.363

		7.25		25.59		25.575

		7.5		25.784		25.769

		7.75		25.918		25.903

		8		26.032		25.982

		8.5		26.245		26.229

		9		26.383		26.365

		9.5		26.485		26.466

		10		26.564		26.544		0.0368

		11		26.678		26.666		0.0515714286

		12		26.755		26.734

		13		26.82		26.799

		14		26.876		26.854

		15		26.926		26.904

		16		26.97		26.948

		17		27.011		26.989

		18		27.05		27.027

		19		27.083		27.06

		20		27.15





Olive Error 3
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Olive 4

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.51		24.487				start		10						0.91		0.9986		1.099mL

		1		24.6		24.576				finish

		2		24.65		24.627				total used		10		0				actual mass		0.9992

		3		24.665		24.642												water mass		2000

		4		24.675		24.652

		5		24.687		24.664				3.931		0.0354

		5.25		24.695		24.672				2.3586

		5.50		24.965		24.943				27.0226

		5.75		26.01		25.988

		6.00		26.553		26.533

		6.25		27.12		27.097

		6.5		27.423		27.406

		6.75		27.728		27.716

		7		27.89		27.879

		7.25		28.05		28.041

		7.5		28.15		28.141

		7.75		28.23		28.221

		8		28.315		28.306

		8.5		28.415		28.405

		9		28.475		28.465

		9.5		28.52		28.51

		10		28.535		28.525		0.0055

		11		28.583		28.573		0.0055

		12		28.59		28.58

		13		28.599		28.589

		14		28.6		28.59

		15		28.605		28.595
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Olive 5

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		23.96		23.943				start		10						0.91		0.9986		1.099mL

		1		24.015		23.998				finish

		2		24.063		24.045				total used		10		0				actual mass		0.9992

		3		24.085		24.067												water mass		2000

		4		24.1		24.082

		5		24.12		24.102				3.928		0.0318

		5.50		24.15		24.131				2.3568		-5.592

		5.75		24.5		24.477				26.4588

		6.00		25.31		25.291

		6.25		25.9		25.885

		6.5		26.44		26.422

		6.75		26.8		26.779

		7		27.09		27.067

		7.25		27.303		27.284

		7.5		27.46		27.445

		7.75		27.59		27.577

		8		27.68		27.668

		8.5		27.8		27.789

		9		27.883		27.872

		9.5		27.935		27.924

		10		27.97		27.96

		11		28.005		27.995		0.0318

		12		28.024		28.014		0.00875

		13		28.035		28.025

		14		28.04		28.03

		15		28.04		28.03
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Lard 5

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.35		24.328				start		10						0.915		0.9997		1.0928961749

		1		24.36		24.338				finish

		2		24.38		24.358				total used		10		0				actual mass		0.9997

		3		24.39		24.368												water mass		2000

		4		24.4		24.378

		5		24.42		24.398				4.003		0.014

		5.25		24.42		24.398				2.4018		0.01

		5.50		24.76		24.737				26.7998

		5.75		25.75		25.735

		6.00		26.33		26.313

		6.25		26.76		26.739

		6.5		27.12		27.097

		6.75		27.42		27.403

		7		27.59		27.577

		7.25		27.74		27.728

		7.5		27.87		27.859

		7.75		27.94		27.929

		8		28.03		28.02

		8.5		28.13		28.121

		9		28.2		28.191

		9.5		28.24		28.231

		10		28.28		28.271

		11		28.31		28.301

		12		28.33		28.321

		13		28.34		28.331

		14		28.34		28.331
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Lard 4

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		23.87		23.853				start		10						0.915		0.9997		1.0928961749

		1		23.9		23.883				finish

		2		23.91		23.893				total used		10		0				actual mass		0.9997

		3		23.93		23.913												water mass		2000

		4		23.94		23.923

		5		23.96		23.943				4.026		0.018

		5.25		23.99		23.973				2.4156		0.01

		5.50		24.36		24.338				26.3586

		5.75		25.1		25.079

		6.00		25.81		25.795

		6.25		26.39		26.372

		6.5		26.69		26.669

		6.75		26.91		26.888

		7		27.14		27.117

		7.25		27.3		27.281

		7.5		27.4		27.383

		7.75		27.49		27.475

		8		27.59		27.577

		8.5		27.68		27.668

		9		27.74		27.728

		9.5		27.79		27.779

		10		27.82		27.809

		11		27.86		27.849

		12		27.88		27.869

		13		27.89		27.879

		14		27.89		27.879
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Lard 3

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.62		24.596				start		10						0.915		0.9997		1.0928961749

		1		24.69		24.667				finish

		2		24.72		24.697				total used		10		0				actual mass		0.9997

		3		24.73		24.707												water mass		2000

		4		24.74		24.717

		5		24.76		24.737				4.084		0.0282

		5.25								2.4504		0.0075

		5.50		24.78		24.757				27.1874

		5.75		25.14		25.128

		6.00		26.13		26.115

		6.25		26.73		26.709

		6.5		27.31		27.291

		6.75		27.72		27.699

		7		27.84		27.829

		7.25		28		27.99

		7.5		28.17		28.161

		7.75		28.26		28.251

		8		28.36		28.35

		8.5		28.47		28.46

		9		28.54		28.53

		9.5		28.59		28.58

		10		28.62		28.61

		11		28.66		28.65

		12		28.67		28.66

		13		28.68		28.67

		14		28.69		28.68

		15		28.69		28.68





Lard 3
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Lard 2

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		25.16		25.14				start		10						0.915		0.9997		1.0928961749

		1		25.18		25.16				finish

		2		25.22		25.2				total used		10		0				actual mass		0.9997

		3		25.23		25.21												water mass		2000

		4		25.24		25.22

		5		25.24		25.22				4		0.016

		5.25		25.26		25.241				2.4		0.006

		5.50		25.65		25.635				27.62

		5.75		26.52		26.501

		6.00		27.17		27.147

		6.25		27.68		27.668

		6.5		28.07		28.061

		6.75		28.35		28.34

		7		28.55		28.54

		7.25		28.69		28.68

		7.5		28.79		28.78

		7.75		28.85		28.84

		8		28.93		28.92

		8.5		29.01		29

		9		29.06		29.05

		9.5		29.09		29.08

		10		29.12		29.11

		11		29.14		29.13

		12		29.15		29.14

		13		29.15		29.14

		14		29.15		29.14

		15		29.15		29.14





Lard 2
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Benzoic Acid 2

		

		time (min)		temp. read		corr. temp

		0		24.74		24.717

		1		24.81		24.787

		2		24.91		24.888		2.639		1.5834

		3		25.19		25.17				26.8034

		4		25.23		25.21

		5		25.24		25.22				0.1006

		5.50		25.33		25.314

		5.75		25.77		25.755				0.0025

		6.00		26.28		26.263

		6.25		26.7		26.679

		6.5		26.94		26.918

		6.75		27.18		27.159

		7		27.32		27.301

		7.25		27.44		27.423

		7.5		27.51		27.495

		7.75		27.57		27.557

		8		27.64		27.628

		8.5		27.71		27.698

		9		27.76		27.749

		9.5		27.8		27.789

		10		27.82		27.809

		11		27.84		27.829

		12		27.86		27.849						mass of bucket in g				829

		13		27.87		27.859						mass of bucket+H20				2829

		14		27.87		27.859								mass H20		2000

		15		27.87		27.859
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Bez Calc.

		

		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.6		13		24.163		26.779		0.0102		0.003		7.6		0		9.5

		5		6.3		13		25.22		27.859		0.1006		0.0025		7.7		0		7.2

		5		6.5		13		24.201		26.91		0.0238		0.005		7.9		0		6.5

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)

		day 2 trial 1		-2391.933255642		0.9996		-2.65152		7.6		0		21.85				6315.335

		day 2 trial 1		-2256.954821947		0.992		-2.78653		7.7		0		16.56				6315.335

		day 2 trial 2		-2289.498081521		1.0032		-2.7772		7.9		0		14.95				6315.335

				-2273.226451734

						0.9855





Benzoic 3

		

		time (min)		temp. read		corr. temp

		0		24.1		24.082

		1		24.16		24.081

		2		24.19		24.141		2.828		1.6968

		3		24.21		24.171				25.8978

		4		24.22		24.191

		5		24.235		24.201				0.0238

		5.50		24.46		24.437

		5.75		24.88		24.858				0.005

		6.00		25.27		25.251

		6.25		25.725		25.71

		6.5		25.94		25.925

		6.75		26.16		26.144

		7		26.32		26.303

		7.25		26.455		26.436

		7.5		26.52		26.501

		7.75		26.603		26.583

		8		26.66		26.639

		8.5		26.746		26.725

		9		26.795		26.774

		9.5		26.821		26.812

		10		26.855		26.845

		11		26.885		26.875

		12		26.906		26.896						mass of bucket in g				829

		13		26.92		26.91						mass of bucket+H20				2829

		14		26.93		26.92								mass H20		2000

		15		26.935		26.925
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Lard Calc

		

		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.2		11		24.848		28.75		0.0342		0.0075		13.9		0		7.4

		5		6.25		10		25.22		29.11		0.016		0.006		14.7		0		7

		5		6.4		11		24.737		28.65		0.0282		0.0075		13.9		0		7.7

		5		6.25		10		23.943		27.809		0.018		0.01		0.9		0		7

		5		6.27		10		24.398		28.271		0.014		0.01		16.5		0		7.4

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)		Cal		Cal		Cal		Cal/g

				-2390.7488777027		0.9997		-3.97904		13.9		0		17.02				9484.8108575915

				-2390.7488777027		1		-3.9325		14.7		0		16.1				9370.8199615659

				-2390.7488777027		1		-3.98698		13.9		0		17.71				9500.2579604231

				-2390.7488777027		1		-3.926		0.9		0		16.1				9369.0800938608

				-2390.7488777027		0.9998		-3.92808		16.5		0		17.02				9359.4047324729

																		9416.8747211829

								-3.95052								stdev		69.4194679158

																		2.7764508559

																conf. Int		86.1958326177

														9456.62		Te		1.2802337426





Lard 1

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.7		24.677				start		10						0.915		0.9997		1.0928961749

		1		24.8		24.777				finish

		2		24.83		24.807				total used		10		0				actual mass		0.9997

		3		24.84		24.817												water mass		2000

		4		24.86		24.838

		5		24.87		24.848				4.103		0.0342

		5.25		24.94		24.918				2.4618		0.0075

		5.50		25.63		25.615				27.3098

		5.75		26.53		26.511

		6.00		27.09		27.068

		6.25		27.54		27.525

		6.5		27.89		27.879

		6.75		28.02		28.01

		7		28.2		28.191

		7.25		28.34		28.331

		7.5		28.43		28.42

		7.75		28.49		28.48

		8		28.55		28.54

		8.5		28.63		28.62

		9		28.68		28.67

		9.5		28.72		28.71

		10		28.74		28.73

		11		28.76		28.75

		12		28.77		28.76

		13		28.78		28.77

		14		28.79		28.78

		15		28.79		28.78





Lard 1
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Fish 4

		

		time (min)		temp. read		corr. temp

		0		24.59		24.575

		1		24.57		24.555

		2		24.57		24.555		3.795		2.277

		3		24.57		24.555				26.822

		4		24.56		24.545

		5		24.56		24.545				-0.006

		5.25		24.56		24.545

		5.50		24.91		24.91				0.0058

		5.75		25.85		25.835

		6.00		26.54		26.54

		6.25		27.06		27.037

		6.5		27.37		27.353

		6.75		27.6		27.587

		7		27.76		27.76

		7.25		27.92		27.909

		7.5		28.01		28

		7.75		28.08		28.071

		8		28.15		28.141

		8.5		28.24		28.231

		9		28.29		28.281

		9.5		28.31		28.301

		10		28.33		28.321

		11		28.35		28.34						mass of bucket in g				829

		12		28.35		28.34						mass of bucket+H20				2829

		13		28.35		28.34								mass H20		2000

		14		28.35		28.34

		15		28.36		28.35
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Fish 3

		

		time (min)		temp. read		corr. temp

		0		24.04		24.023

		1		24.04		24.023

		2		24.04		24.023		3.806		2.2836

		3		24.03		24.013				26.2966

		4		24.03		24.013

		5		24.03		24.013				-0.002

		5.25		24.03		24.013

		5.50		24.38		24.358				0.004

		5.75		25.25		25.231

		6.00		25.88		25.88

		6.25		26.52		26.501

		6.5		26.84		26.819

		6.75		27.07		27.07

		7		27.25		27.231

		7.25		27.38		27.363

		7.5		27.49		27.475

		7.75		27.58		27.567

		8		27.64		27.628

		8.5		27.71		27.698

		9		27.76		27.749

		9.5		27.8		27.789

		10		27.82		27.809

		11		27.83		27.819						mass of bucket in g				829

		12		27.83		27.819						mass of bucket+H20				2829

		13		27.83		27.819								mass H20		2000

		14		27.84		27.829

		15		27.84		27.829
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Fish 2

		

		time (min)		temp. read		corr. temp

		0		24.79		24.767

		1		24.79		24.767

		2		24.79		24.767		3.803		2.2818

		3		24.78		24.757				27.0288

		4		24.78		24.757

		5		24.77		24.747				-0.004

		5.25		24.77		24.747

		5.50		24.97		24.948				0.004

		5.75		25.89		25.875

		6.00		26.57		26.55

		6.25		27.21		27.189

		6.5		27.53		27.515

		6.75		27.81		27.799

		7		27.97		27.96

		7.25		28.13		28.121

		7.5		28.22		28.211

		7.75		28.29		28.281

		8		28.36		28.35

		8.5		28.44		28.43

		9		28.49		28.48

		9.5		28.54		28.53

		10		28.55		28.54

		11		28.56		28.55						mass of bucket in g				829

		12		28.56		28.55						mass of bucket+H20				2829

		13		28.56		28.55								mass H20		2000

		14		28.57		28.56

		15		28.57		28.56
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Fish Oil 1

		

		time (min)		temp. read		corr. temp

		0		23.95		23.933

		1		23.95		23.933

		2		23.95		23.933		3.816		2.2896

		3		23.95		23.933				26.2126

		4		23.94		23.923

		5		23.94		23.923				-0.002

		5.25		23.95		23.933

		5.50		24.51		24.487				0.0062

		5.75		25.5		25.484

		6.00		26.18		26.164

		6.25		26.48		26.461

		6.5		26.77		26.749

		6.75		27.05		27.027

		7		27.23		27.209

		7.25		27.34		27.321

		7.5		27.44		27.423

		7.75		27.52		27.505

		8		27.57		27.557

		8.5		27.64		27.627

		9		27.69		27.678

		9.5		27.71		27.698

		10		27.73		27.718

		11		27.74		27.728						mass of bucket in g				829

		12		27.75		27.739						mass of bucket+H20				2829

		13		27.75		27.739								mass H20		2000

		14		27.75		27.739

		15		27.76		27.749





Fish Oil 1

		0		0		0		0

		0		1		1		1

		0		2		2		2

		0		3		3		3

		0		4		4		4

		0		5		5		5

		0		5.25		5.25		5.25

		0		5.5		5.5		5.5

		0		5.75		5.75		5.75

		0		6		6		6

		0		6.25		6.25		6.25

		0		6.5		6.5		6.5

		0		6.75		6.75		6.75

		0		7		7		7

		0		7.25		7.25		7.25

		0		7.5		7.5		7.5

		0		7.75		7.75		7.75

		0		8		8		8

		0		8.5		8.5		8.5

		0		9		9		9

		0		9.5		9.5		9.5

		0		10		10		10

		0		11		11		11

		0		12		12		12

		0		13		13		13

		0		14		14		14

		0		15		15		15



Trial 1

Trial 2

Trial 3

Trial 4

Time (minutes)

Temperature (degrees celcius)

0

24.767

24.023

24.575

0

24.767

24.023

24.555

0

24.767

24.023

24.555

0

24.757

24.013

24.555

0

24.757

24.013

24.545

0

24.747

24.013

24.545

0

24.747

24.013

24.545

0

24.948

24.358

24.91

0

25.875

25.231

25.835

0

26.55

25.88

26.54

0

27.189

26.501

27.037

0

27.515

26.819

27.353

0

27.799

27.07

27.587

0

27.96

27.231

27.76

0

28.121

27.363

27.909

0

28.211

27.475

28

0

28.281

27.567

28.071

0

28.35

27.628

28.141

0

28.43

27.698

28.231

0

28.48

27.749

28.281

0

28.53

27.789

28.301

0

28.54

27.809

28.321

0

28.55

27.819

28.34

0

28.55

27.819

28.34

0

28.55

27.819

28.34

0

28.56

27.829

28.34

0

28.56

27.829

28.35



Benz trial 2

		

		time (min)		temp. read		corr. temp

		0		24.52		24.497

		1		24.53		24.507

		2		24.53		24.507		2.593		1.5558

		3		24.52		24.497				26.0528

		4		24.52		24.497

		5		24.52		24.497				0

		5.25		24.52		24.497

		5.50		24.67		24.647				0.0025

		5.75		25.23		25.21

		6.00		25.63		25.615

		6.25		26.05		26.035

		6.5		26.34		26.323

		6.75		26.49		26.471

		7		26.59		26.57

		7.25		26.71		26.689

		7.5		26.8		26.779

		7.75		26.86		26.838

		8		26.91		26.888

		8.5		26.99		26.968

		9		27.03		27.008

		9.5		27.05		27.027

		10		27.06		27.037

		11		27.08		27.057						mass of bucket in g				829

		12		27.09		27.067						mass of bucket+H20				2829

		13		27.09		27.067								mass H20		2000

		14		27.09		27.067

		15		27.1		27.077





Benz trial 2
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Benzoic Calc

		

		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.6		13		24.163		26.779		0.0102		0.003		7.6		0		9.5

		5		6.3		13		25.22		27.859		0.1006		0.0025		7.7		0		7.2

		5		6.5		13		24.201		26.91		0.0238		0.005		7.9		0		6.5

		5		6.35		10		25.565		28.111		-0.012		-0.0025		8.2		0		7.1

		5		6.25		10		24.497		27.037		0		0.0025		7.4		0		7

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)

		day 1 trial		-2391.933255642		0.9996		-2.65152		7.6		0		21.85				6315.335

		day 2 trial 1		-2256.954821947		0.992		-2.78653		7.7		0		16.56				6315.335

		day 2 trial 2		-2289.498081521		1.0032		-2.7772		7.9		0		14.95				6315.335

		day 3 trial		-2529.4266057703		1.0057		-2.520675		8.2		0		16.33				6315.335

		day 3 trial		-2485.9316236332		0.9998		-2.549375		7.4		0		16.1				6315.335

				-2390.7488777027		1.00006		-2.65706		7.76		0		17.158				6327.0655890534

				56445.2432189618

				14111.3108047405

		s=		118.7910384025

		t=		2.7764508559

				147.498861199





Benz Trial 1

		

		time (min)		temp. read		corr. temp

		0		25.64		25.625

		1		25.62		25.605

		2		25.62		25.605		2.565		1.539

		3		25.59		25.575				27.104

		4		25.59		25.575

		5		25.58		25.565				-0.012

		5.25		25.58		25.565

		5.50		25.66		25.645				-0.005

		5.75		26.25		26.234

		6.00		26.63		26.61

		6.25		27.05		27.027

		6.5		27.32		27.301

		6.75		27.52		27.505

		7		27.67		27.658

		7.25		27.76		27.749

		7.5		27.85		27.839

		7.75		27.91		27.899

		8		27.96		27.95

		8.5		28.03		28.02

		9		28.07		28.061

		9.5		28.1		28.091

		10		28.11		28.101

		11		28.12		28.111						mass of bucket in g				829

		12		28.13		28.121						mass of bucket+H20				2829

		13		28.13		28.121								mass H20		2000

		14		28.13		28.121

		15		28.11		28.101
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Fish Calc

		

		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.2		10		23.923		27.718		-0.002		0.0062		13.8		0		6.9

		5		6.21		10		24.747		28.54		-0.004		0.004		14.1		0		4.5

		5		6.2		10		24.013		27.809		-0.002		0.004		13.6		0		5.4

		5		6.15		10		24.545		28.321		-0.006		0.0058		13.2		0		7

		5

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)		Cal		Cal		Cal		Cal/g

				-2390.7488777027		1		-3.81616		13.8		0		15.87				9093.810237134

				-2390.7488777027		1.0001		-3.80332		14.1		0		10.35				9067.4262789164

				-2390.7488777027		0.9997		-3.8088		13.6		0		12.42				9082.5891021247

				-2390.7488777027		0.9998		-3.79143		13.2		0		16.1				9036.8643902664

																		average		st.dev

								-3.8049275								all data		9070.1725021104		24.6974123434

																1st 3 trials		9081.2752060583		13.2409612555

																stdev		24.6974123434		13.2409612555

																		3.1824492908		4.302655725

																9156.3374658094		39.299131198		32.8923940926

				Energ. Equiv		mass		temp		Titration		Fuse Wire		H of Comb.

				Cal/g		(g)		(C)		(mL)		(cm)		Cal/g

				-2390.75		1		-3.81616		13.8		15.87		9093.81		0

				-2390.75		1.0001		-3.80332		14.1		10.35		9067.43		0

				-2390.75		0.9997		-3.8088		13.6		12.42		9082.59		0

				-2390.75		0.9998		-3.79143		13.2		16.1		9036.86		0

																		9070.1725021104

																		9081.2752060583
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Lard Oil Trials
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Lard Oil Trials

9456.62



Table

		Name		# of Carbons		Heat of Comb.		# of double bonds		Molec. Formula		Date		MW

		Linoleic acid		18				3		C18H32O2				280.45

		Palmitic		16		2384.6 +/-.38		1		C16H32O2		1965		256.42

						2384.7 +/-2.1						1964

		Steric Acid		18		2698.56+/-?		1		C18H36O2		1984		284.48

		(all types of ")				2696.01+/-.45						1965

		ethyl ester		20		2994.2+/-2.9		1		C20H38O2		1937		310.51

		stearic acid/ee		20		3012+/-.44		1		C20H40O2		1989		312.53

		methyl ester		19		2832.6		1		C19H36O2		1935		296.49

		methyl ester		19		2859+/-.1		1		C19H38O2		1989		298.5

		nonadecanoic		19		2849.76+/-.55		1		C19H38O2		1970		298.5

		oleic		18		2667.46		2		C18H34O2		1930		282.46

						2659.44						1935

						2659.7

		methyl ester										1911

		palmitoleic		17		2521+/-.37		2		C17H32O2		1989		268.43

		myristic		15		2254+/-.1		2		C15H30O2		1989		242.4

		palmitic meth		17		2550+/-.1				C17H34O2		1989		270.45

						2415.63+/-.91		1				1986

		linoleic methest		19		2794+/-.37		3		C19H34O2		1989		294.47

		linolenic		19		2750+/-.37		4		C19H32O2		1989		292.46

		stearic		19		2859+/-.1		1		C19H38O2		1989		298.5

		oleic		19		2828+/-.37		2		C19H36O2		1989		296.49

		Lard Oil O7631		%		Kcal/mol		MW		Cal/g								Fatty Acid Methyl Ester Mixture

		Palmitic 16C		0.3		2384.6		270.45		8817.1565908671		-2645.1469772601						Fatty Acid		% comp.		Heat of Combustion

		Oleic 18C		0.41		2828		296.49		9538.2643596749		-3910.6883874667						Palmitic acid		0.3		8817.1565908671

		linoleic 18C		0.07		2794		294.47		9488.2330967501		-664.1763167725						Oleic acid		0.41		9538.2643596749

		linolenic 18C		0.03		2750		292.46		9402.995281406		-282.0898584422						Linoleic acid		0.07		9488.2330967501

		stearic 18C		0.14		2859		298.5		9577.8894472362		-1340.9045226131						Linolenic acid		0.03		9402.995281406

		Palmitoleic 16C		0.03		2521		268.43		9391.6477293894		-281.7494318817						Stearic acid		0.14		9577.8894472362

		myristic 14C		0.02		2254		242.4		9298.6798679868		-185.9735973597						Palmitoleic acid		0.03		9391.6477293894

												-9310.729091796						Myristic acid		0.02		9298.6798679868

																		Calculated Heat of Combustion				-9310.72

		Lard Oil		%composition		HOC		MW

		myristic		1.3		2073.3		228.37		-9078.6880938827		-118.0229452205

		palmitic		28.3		2384		256.42		-9297.2467046252		-2631.1208174089

		stearic		11.9		2698		284.48		-9483.9707536558		-1128.592519685

		palmitoleic		2.7		2381.25		254.41		-9359.8915136984		-252.7170708699

		oleic		47.5		2697.75		282.46		-9550.9098633435		-4536.6821850881

		linoleic		6		2622.25		278.43		-9417.9865675394		-565.0791940524

		C14monoethanoic		0.2		2424		228.05		-10629.247971936		-21.2584959439

		gadoleic+erucic		2.1		3139.54		324.55		-9673.5171776306		-203.1438607302

												-9456.6170889989

		Menhaden Oil		%composition		HOC		MW

		myristic		5.9		2073.3		228.37		-9078.6880938827		-535.6425975391

		palmitic		16.3		2384		256.42		-9297.2467046252		-1515.4512128539

		stearic		0.6		2698		284.48		-9483.9707536558		-56.9038245219

		arachidic		0.6		3052		314		-9719.7452229299		-58.3184713376

		palmitoleic		15.5		2381.25		254.41		-9359.8915136984		-1450.7831846233

		linolenic		29.6		2750		292.46		-9402.995281406		-2783.2866032962

		C20 polyethanoic		19		2455.25		280		-8768.75		-1666.0625

		C22 polyethanoic		11.7		2696.25		312		-8641.8269230769		-1011.09375

		Behenic		0.8		3368.5		342		-9849.4152046784		-78.7953216374

												-9156.3374658094

		Olive Oil		%composition		HOC		MW		HOC

		Palmitc		9.4		2384		256.42		-9297.2467046252		-873.9411902348

		Stearic		2		2698		284.48		-9483.9707536558		-189.6794150731

		arachidic		0.9		3005.31		312.53		-9616.0688573897		-86.5446197165

		oleic		83.5		2697.75		282.46		-9550.9098633435		-7975.0097358918

		linoleic		4		2622.25		278.43		-9417.9865675394		-376.7194627016

												-9501.8944236178

		Olive Oil		%composition		HOC (Cal/g)

		Palmitc		9.4		-9297.2467046252		-873.94

		Stearic		2		-9483.9707536558		-189.68

		arachidic		0.9		-9616.0688573897		-86.54

		oleic		83.5		-9550.9098633435		-7975.01

		linoleic		4		-9417.9865675394		-376.72

						Predicted HOC		-9501.89 +/- 2 Cal/g

		Oil		Predicted HOC

		Olive		9363.45 +/- 2 Cal/g

		Fish		9972.64 +/- 2 Cal/g

		Lard		9456.62 +/- 2 Cal/g
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Table2

		Name of Fatty Acid		# of Carbons		Heat of Comb. Kcal/mol		# of double bonds		Molec. Formula		Date Recorded		MW (g/mol)

		Palmitic Acid		16		2384.6 +/-.38		1		C16H32O2		1965		256.42

						2384.7 +/-2.1						1964

		Steric Acid		18		2698.564		1		C18H36O2		1984		284.48

						2696.01+/-.45						1965

		Ethyl Ester		20		2994.2+/-2.9		1		C20H38O2		1937		310.51

		Stearic Acid		20		3012+/-.44		1		C20H40O2		1989		312.53

		Methyl Ester		19		2832.6		2		C19H36O2		1935		296.49

		Methyl Ester		19		2859+/-.1		1		C19H38O2		1989		298.5

		Nonadecanoic Acid		19		2849.76+/-.55		1		C19H38O2		1970		298.5

		Oleic Acid		18		2667.46		2		C18H34O2		1930		282.46

						2659.44						1935

						2659.7						1911

		glycerol		3		395.39+/-.1		0		C3H8O3		1988		92.09

		methyl esters

		palmitoleic		17		2521+/-.37		2		C17H32O2		1989		268.43

		myristic		15		2254+/-.1		2		C15H30O2		1989		242.4

		palmitic		17		2550+/-.1				C17H34O2		1989		270.45

						2415.63+/-.91		1				1986

		linoleic		19		2794+/-.37		3		C19H34O2		1989		294.47

		linolenic		19		2750+/-.37		4		C19H32O2		1989		292.46

		stearic		19		2859+/-.1		1		C19H38O2		1989		298.5

		oleic		19		2828+/-.37		2		C19H36O2		1989		296.49
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Lard Calc

		Oil		Predicted		Measured		t value				mean +/-		Confidence Limit		Do all values fit 95%?

		Olive		-9501.89		-9481.06		3.182		0.988		0.71%		67.079		yes

		Lard		-9456.62		-9416.87		2.776		1.280		0.91%		86.196		yes

		Fish		-9156.34		-9070.17		3.182		6.978		0.43%		39.299		yes

		1		-9481.06		-9413.98		-9548.13563

		2		-9416.87		-9330.68		-9503.07055

		3		-9070.17		-9030.87		-9109.47163

		REVERSE CALCULATIONS USING AVERAGE VALUES

		EE		Weight		Temp. Rise		Titration		Fuse Wire		HOC Cal/g

		-2390.7488777027		1.00006		-2.657		7.76		17.158		6327.07

		Energy Equiv.		mass (g)		Temp. change		ml Titrated		Fuse Wire		HOC Benzoic

		-2391.933		0.9996		-2.65152		7.6		21.85		6315.335

		-2256.955		0.992		-2.78653		7.7		16.56		6315.335

		-2289.498		1.0032		-2.7772		7.9		14.95		6315.335

		-2529.427		1.0057		-2.520675		8.2		16.33		6315.335

		-2485.932		0.9998		-2.549375		7.4		16.1		6315.335

		-2390.749

		118.7910384025

		2.7764508559

		147.498861199





Lard Calc
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Olive Oill

Lard Oil

Fish Oil

Day

Heat of Comb. Cal/g

Value Comparisons

0

0

0



Fish Calc

		

		a		b		c		T initial		T final		r1		r2		c1		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(cm)

		5		6.25		11		24.06		27.981		0.011		0.015		25.3		7.6

		5		6.25		11		24.169		28.076		0.0234		0.006		24.95		9.6

		5		6.2		11		24.664		28.573		0.0354		0.0055		21.4		6.4

		5		6.5		11		24.102		27.995		0.0318		0.00875		27.9		7.7

		E equiv.		mass		temp		e1		e3						H of Comb.

		Cal/g		(g)		(C)		Cal		Cal						Cal/g

		-2390.7488777027		0.9992		-4.006		25.3		17.48						9542.1937590843		95.3872558073

		-2390.7488777027		0.9984		-3.96475		24.95		22.08						9446.8065032771		26.2383378749

		-2390.7488777027		1.0001		-3.97788		21.4		14.72						9473.0448411519		10.8647458056

		-2390.7488777027		1.0008		-3.980075		27.9		17.71						9462.1800953463		1.5029487546

						-3.98217625										9460.6771465918		9481.0562997149

				Te

		9501.89		0.9884146386		not significantly different										42.1557906415

																3.1824492908

																67.0793330143





Fish Calc
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		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.2		11		24.848		28.75		0.0342		0.0075		13.9		0		7.4

		5		6.25		10		25.22		29.11		0.016		0.006		14.7		0		7

		5		6.4		11		24.737		28.65		0.0282		0.0075		13.9		0		7.7

		5		6.25		10		23.943		27.809		0.018		0.01		0.9		0		7

		5		6.27		10		24.398		28.271		0.014		0.01		16.5		0		7.4

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)		Cal		Cal		Cal		Cal/g

				-2390.7488777027		0.9997		-3.97904		13.9		0		17.02				9484.8108575915

				-2390.7488777027		1		-3.9325		14.7		0		16.1				9370.8199615659

				-2390.7488777027		1		-3.98698		13.9		0		17.71				9500.2579604231

				-2390.7488777027		1		-3.926		0.9		0		16.1				9369.0800938608

				-2390.7488777027		0.9998		-3.92808		16.5		0		17.02				9359.4047324729

																		9416.8747211829

								-3.95052								stdev		69.4194679158

																		2.7764508559

																conf. Int		86.1958326177

														9456.62		Te		1.2802337426

																		avg		stdev		t		conf. Limit		te

																		9492.5344090073		10.9227511623		12.7061503008		98.136605149		4.6499863952

																		9366.4349292999		6.1501654859		4.302655725		15.2778686527		25.3985238112

																		0.0091533375





				1



Lard Oil Trials

Predicted Value

Trial Number

Heat of Combustion (Cal/g)

Lard Oil Trials



		

		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.2		10		23.923		27.718		-0.002		0.0062		13.8		0		6.9

		5		6.21		10		24.747		28.54		-0.004		0.004		14.1		0		4.5

		5		6.2		10		24.013		27.809		-0.002		0.004		13.6		0		5.4

		5		6.15		10		24.545		28.321		-0.006		0.0058		13.2		0		7

		5

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)		Cal		Cal		Cal		Cal/g

				-2390.7488777027		1		-3.81616		13.8		0		15.87				9093.810237134

				-2390.7488777027		1.0001		-3.80332		14.1		0		10.35				9067.4262789164

				-2390.7488777027		0.9997		-3.8088		13.6		0		12.42				9082.5891021247

				-2390.7488777027		0.9998		-3.79143		13.2		0		16.1				9036.8643902664

																		average		st.dev

								-3.8049275								all data		9070.1725021104		24.6974123434

																1st 3 trials		9081.2752060583		13.2409612555

				9.8192294697												stdev		24.6974123434

																		3.1824492908

																9156.3374658094		39.299131198

																		6.9776511402
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Sheet1

		Name		# of Carbons		Heat of Comb.		# of double bonds		Molec. Formula		Date		MW

		Linoleic acid		18				3		C18H32O2				280.45

		Palmitic		16		2384.6 +/-.38		1		C16H32O2		1965		256.42

						2384.7 +/-2.1						1964

		Steric Acid		18		2698.56+/-?		1		C18H36O2		1984		284.48

		(all types of ")				2696.01+/-.45						1965

		ethyl ester		20		2994.2+/-2.9		1		C20H38O2		1937		310.51

		stearic acid/ee		20		3012+/-.44		1		C20H40O2		1989		312.53

		methyl ester		19		2832.6		1		C19H36O2		1935		296.49

		methyl ester		19		2859+/-.1		1		C19H38O2		1989		298.5

		nonadecanoic		19		2849.76+/-.55		1		C19H38O2		1970		298.5

		oleic		18		2667.46		2		C18H34O2		1930		282.46

						2659.44						1935

						2659.7

		methyl ester										1911

		palmitoleic		17		2521+/-.37		2		C17H32O2		1989		268.43

		myristic		15		2254+/-.1		2		C15H30O2		1989		242.4

		palmitic meth		17		2550+/-.1				C17H34O2		1989		270.45

						2415.63+/-.91		1				1986

		linoleic methest		19		2794+/-.37		3		C19H34O2		1989		294.47

		linolenic		19		2750+/-.37		4		C19H32O2		1989		292.46

		stearic		19		2859+/-.1		1		C19H38O2		1989		298.5

		oleic		19		2828+/-.37		2		C19H36O2		1989		296.49

		Lard Oil O7631		%		Kcal/mol		MW		Cal/g								Fatty Acid Methyl Ester Mixture

		Palmitic 16C		0.3		2384.6		270.45		8817.1565908671		-2645.1469772601						Fatty Acid		% comp.		Heat of Combustion

		Oleic 18C		0.41		2828		296.49		9538.2643596749		-3910.6883874667						Palmitic acid		0.3		8817.1565908671

		linoleic 18C		0.07		2794		294.47		9488.2330967501		-664.1763167725						Oleic acid		0.41		9538.2643596749

		linolenic 18C		0.03		2750		292.46		9402.995281406		-282.0898584422						Linoleic acid		0.07		9488.2330967501

		stearic 18C		0.14		2859		298.5		9577.8894472362		-1340.9045226131						Linolenic acid		0.03		9402.995281406

		Palmitoleic 16C		0.03		2521		268.43		9391.6477293894		-281.7494318817						Stearic acid		0.14		9577.8894472362

		myristic 14C		0.02		2254		242.4		9298.6798679868		-185.9735973597						Palmitoleic acid		0.03		9391.6477293894

												-9310.729091796						Myristic acid		0.02		9298.6798679868

																		Calculated Heat of Combustion				-9310.72

		Lard Oil		%composition		HOC		MW

		myristic		1.3		2073.3		228.37		-9078.6880938827		-118.0229452205

		palmitic		28.3		2384		256.42		-9297.2467046252		-2631.1208174089

		stearic		11.9		2698		284.48		-9483.9707536558		-1128.592519685

		palmitoleic		2.7		2381.25		254.41		-9359.8915136984		-252.7170708699

		oleic		47.5		2697.75		282.46		-9550.9098633435		-4536.6821850881

		linoleic		6		2622.25		278.43		-9417.9865675394		-565.0791940524

		C14monoethanoic		0.2		2424		228.05		-10629.247971936		-21.2584959439

		gadoleic+erucic		2.1		3139.54		324.55		-9673.5171776306		-203.1438607302

												-9456.6170889989

		Menhaden Oil		%composition		HOC		MW

		myristic		5.9		2073.3		228.37		-9078.6880938827		-535.6425975391

		palmitic		16.3		2384		256.42		-9297.2467046252		-1515.4512128539

		stearic		0.6		2698		284.48		-9483.9707536558		-56.9038245219

		arachidic		0.6		3052		314		-9719.7452229299		-58.3184713376

		palmitoleic		15.5		2381.25		254.41		-9359.8915136984		-1450.7831846233

		linolenic		29.6		2750		292.46		-9402.995281406		-2783.2866032962

		C20 polyethanoic		19		2455.25		280		-8768.75		-1666.0625

		C22 polyethanoic		11.7		2696.25		312		-8641.8269230769		-1011.09375

		Behenic		0.8		3368.5		342		-9849.4152046784		-78.7953216374

												-9156.3374658094

		Olive Oil		%composition		HOC		MW		HOC

		Palmitc		9.4		2384		256.42		-9297.2467046252		-873.9411902348

		Stearic		2		2698		284.48		-9483.9707536558		-189.6794150731

		arachidic		0.9		3005.31		312.53		-9616.0688573897		-86.5446197165

		oleic		83.5		2697.75		282.46		-9550.9098633435		-7975.0097358918

		linoleic		4		2622.25		278.43		-9417.9865675394		-376.7194627016

												-9501.8944236178

		Olive Oil		%composition		HOC (Cal/g)

		Palmitc		9.4		-9297.2467046252		-873.94

		Stearic		2		-9483.9707536558		-189.68

		arachidic		0.9		-9616.0688573897		-86.54

		oleic		83.5		-9550.9098633435		-7975.01

		linoleic		4		-9417.9865675394		-376.72

						Predicted HOC		-9501.89 +/- 2 Cal/g

		Oil		Predicted HOC

		Olive		9363.45 +/- 2 Cal/g

		Fish		9972.64 +/- 2 Cal/g

		Lard		9456.62 +/- 2 Cal/g
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Sheet2

		Oil		Predicted		Measured		t value		te value		mean +/-		Confidence Limit		Do all values fit 95%?

		Olive		-9501.89		-9481.06		3.18		0.988		0.71%		67.079		yes

		Lard		-9456.62		-9416.87		2.77		1.280		0.91%		86.196		yes

		Fish		-9156.34		-9070.17		3.18		6.978		0.43%		39.299		yes

		Predicted Heat of Combustion for Oils in Cal/g

		Oil		Predicted

		Olive		-9501.89

		Lard		-9456.62

		Fish		-9156.34

						Oil		Predicted		Measured		t value		te value

						Olive		-9501.89		-9481.06		3.18		0.988

						Lard		-9456.62		-9416.87		2.77		1.280

						Fish		-9156.34		-9070.17		3.18		6.978

				Trial

				1		9093.81

				2		9082.59

				3		9067.43

				4		9036.86
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		Name of Fatty Acid		# of Carbons		Heat of Comb. Kcal/mol		# of double bonds		Molec. Formula		Date Recorded		MW (g/mol)

		Palmitic Acid		16		2384.6 +/-.38		1		C16H32O2		1965		256.42

						2384.7 +/-2.1						1964

		Steric Acid		18		2698.564		1		C18H36O2		1984		284.48

						2696.01+/-.45						1965

		Ethyl Ester		20		2994.2+/-2.9		1		C20H38O2		1937		310.51

		Stearic Acid		20		3012+/-.44		1		C20H40O2		1989		312.53

		Methyl Ester		19		2832.6		2		C19H36O2		1935		296.49

		Methyl Ester		19		2859+/-.1		1		C19H38O2		1989		298.5

		Nonadecanoic Acid		19		2849.76+/-.55		1		C19H38O2		1970		298.5

		Oleic Acid		18		2667.46		2		C18H34O2		1930		282.46

						2659.44						1935

						2659.7						1911

		glycerol		3		395.39+/-.1		0		C3H8O3		1988		92.09

		methyl esters

		palmitoleic		17		2521+/-.37		2		C17H32O2		1989		268.43

		myristic		15		2254+/-.1		2		C15H30O2		1989		242.4

		palmitic		17		2550+/-.1				C17H34O2		1989		270.45

						2415.63+/-.91		1				1986

		linoleic		19		2794+/-.37		3		C19H34O2		1989		294.47

		linolenic		19		2750+/-.37		4		C19H32O2		1989		292.46

		stearic		19		2859+/-.1		1		C19H38O2		1989		298.5

		oleic		19		2828+/-.37		2		C19H36O2		1989		296.49
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Trial 3 Fish Oil
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Fish 4

		

		time (min)		temp. read		corr. temp

		0		24.59		24.575

		1		24.57		24.555

		2		24.57		24.555		3.795		2.277

		3		24.57		24.555				26.822

		4		24.56		24.545

		5		24.56		24.545				-0.006

		5.25		24.56		24.545

		5.50		24.91		24.91				0.0058

		5.75		25.85		25.835

		6.00		26.54		26.54

		6.25		27.06		27.037

		6.5		27.37		27.353

		6.75		27.6		27.587

		7		27.76		27.76

		7.25		27.92		27.909

		7.5		28.01		28

		7.75		28.08		28.071

		8		28.15		28.141

		8.5		28.24		28.231

		9		28.29		28.281

		9.5		28.31		28.301

		10		28.33		28.321

		11		28.35		28.34						mass of bucket in g				829

		12		28.35		28.34						mass of bucket+H20				2829

		13		28.35		28.34								mass H20		2000

		14		28.35		28.34

		15		28.36		28.35
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Fish 3

		

		time (min)		temp. read		corr. temp

		0		24.04		24.023

		1		24.04		24.023

		2		24.04		24.023		3.806		2.2836

		3		24.03		24.013				26.2966

		4		24.03		24.013

		5		24.03		24.013				-0.002

		5.25		24.03		24.013

		5.50		24.38		24.358				0.004

		5.75		25.25		25.231

		6.00		25.88		25.88

		6.25		26.52		26.501

		6.5		26.84		26.819

		6.75		27.07		27.07

		7		27.25		27.231

		7.25		27.38		27.363

		7.5		27.49		27.475

		7.75		27.58		27.567

		8		27.64		27.628

		8.5		27.71		27.698

		9		27.76		27.749

		9.5		27.8		27.789

		10		27.82		27.809

		11		27.83		27.819						mass of bucket in g				829

		12		27.83		27.819						mass of bucket+H20				2829

		13		27.83		27.819								mass H20		2000

		14		27.84		27.829

		15		27.84		27.829





Fish 3

		



Trial 3 Fish Oil



Fish 2

		

		time (min)		temp. read		corr. temp

		0		24.79		24.767

		1		24.79		24.767

		2		24.79		24.767		3.803		2.2818

		3		24.78		24.757				27.0288

		4		24.78		24.757

		5		24.77		24.747				-0.004

		5.25		24.77		24.747

		5.50		24.97		24.948				0.004

		5.75		25.89		25.875

		6.00		26.57		26.55

		6.25		27.21		27.189

		6.5		27.53		27.515

		6.75		27.81		27.799

		7		27.97		27.96

		7.25		28.13		28.121

		7.5		28.22		28.211

		7.75		28.29		28.281

		8		28.36		28.35

		8.5		28.44		28.43

		9		28.49		28.48

		9.5		28.54		28.53

		10		28.55		28.54

		11		28.56		28.55						mass of bucket in g				829

		12		28.56		28.55						mass of bucket+H20				2829

		13		28.56		28.55								mass H20		2000

		14		28.57		28.56

		15		28.57		28.56
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Fish Oil 1

		

		time (min)		temp. read		corr. temp

		0		23.95		23.933

		1		23.95		23.933

		2		23.95		23.933		3.816		2.2896

		3		23.95		23.933				26.2126

		4		23.94		23.923

		5		23.94		23.923				-0.002

		5.25		23.95		23.933

		5.50		24.51		24.487				0.0062

		5.75		25.5		25.484

		6.00		26.18		26.164

		6.25		26.48		26.461

		6.5		26.77		26.749

		6.75		27.05		27.027

		7		27.23		27.209

		7.25		27.34		27.321

		7.5		27.44		27.423

		7.75		27.52		27.505

		8		27.57		27.557

		8.5		27.64		27.627

		9		27.69		27.678

		9.5		27.71		27.698

		10		27.73		27.718

		11		27.74		27.728						mass of bucket in g				829

		12		27.75		27.739						mass of bucket+H20				2829

		13		27.75		27.739								mass H20		2000

		14		27.75		27.739

		15		27.76		27.749
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Benz trial 2

		

		time (min)		temp. read		corr. temp

		0		24.52		24.497

		1		24.53		24.507

		2		24.53		24.507		2.593		1.5558

		3		24.52		24.497				26.0528

		4		24.52		24.497

		5		24.52		24.497				0

		5.25		24.52		24.497

		5.50		24.67		24.647				0.0025

		5.75		25.23		25.21

		6.00		25.63		25.615

		6.25		26.05		26.035

		6.5		26.34		26.323

		6.75		26.49		26.471

		7		26.59		26.57

		7.25		26.71		26.689

		7.5		26.8		26.779

		7.75		26.86		26.838

		8		26.91		26.888

		8.5		26.99		26.968

		9		27.03		27.008

		9.5		27.05		27.027

		10		27.06		27.037

		11		27.08		27.057						mass of bucket in g				829

		12		27.09		27.067						mass of bucket+H20				2829

		13		27.09		27.067								mass H20		2000

		14		27.09		27.067

		15		27.1		27.077
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Benzoic Calc

		

		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.6		13		24.163		26.779		0.0102		0.003		7.6		0		9.5

		5		6.3		13		25.22		27.859		0.1006		0.0025		7.7		0		7.2

		5		6.5		13		24.201		26.91		0.0238		0.005		7.9		0		6.5

		5		6.35		10		25.565		28.111		-0.012		-0.0025		8.2		0		7.1

		5		6.25		10		24.497		27.037		0		0.0025		7.4		0		7

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)

		day 1 trial		-2391.933255642		0.9996		-2.65152		7.6		0		21.85				6315.335

		day 2 trial 1		-2256.954821947		0.992		-2.78653		7.7		0		16.56				6315.335

		day 2 trial 2		-2289.498081521		1.0032		-2.7772		7.9		0		14.95				6315.335

		day 3 trial		-2529.4266057703		1.0057		-2.520675		8.2		0		16.33				6315.335

		day 3 trial		-2485.9316236332		0.9998		-2.549375		7.4		0		16.1				6315.335

				-2390.7488777027		1.00006		-2.65706		7.76		0		17.158				6327.0655890534

				56445.2432189618

				14111.3108047405

		s=		118.7910384025

		t=		2.7764508559

				147.498861199





Benz Trial 1

		

		time (min)		temp. read		corr. temp

		0		25.64		25.625

		1		25.62		25.605

		2		25.62		25.605		2.565		1.539

		3		25.59		25.575				27.104

		4		25.59		25.575

		5		25.58		25.565				-0.012

		5.25		25.58		25.565

		5.50		25.66		25.645				-0.005

		5.75		26.25		26.234

		6.00		26.63		26.61

		6.25		27.05		27.027

		6.5		27.32		27.301

		6.75		27.52		27.505

		7		27.67		27.658

		7.25		27.76		27.749

		7.5		27.85		27.839

		7.75		27.91		27.899

		8		27.96		27.95

		8.5		28.03		28.02

		9		28.07		28.061

		9.5		28.1		28.091

		10		28.11		28.101

		11		28.12		28.111						mass of bucket in g				829

		12		28.13		28.121						mass of bucket+H20				2829

		13		28.13		28.121								mass H20		2000

		14		28.13		28.121

		15		28.11		28.101
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Fish Calc

		

		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.2		10		23.923		27.718		-0.002		0.0062		13.8		0		6.9

		5		6.21		10		24.747		28.54		-0.004		0.004		14.1		0		4.5

		5		6.2		10		24.013		27.809		-0.002		0.004		13.6		0		5.4

		5		6.15		10		24.545		28.321		-0.006		0.0058		13.2		0		7

		5

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)		Cal		Cal		Cal		Cal/g

				-2390.7488777027		1		-3.81616		13.8		0		15.87				9093.810237134

				-2390.7488777027		1.0001		-3.80332		14.1		0		10.35				9067.4262789164

				-2390.7488777027		0.9997		-3.8088		13.6		0		12.42				9082.5891021247

				-2390.7488777027		0.9998		-3.79143		13.2		0		16.1				9036.8643902664

																		average		st.dev

								-3.8049275								all data		9070.1725021104		24.6974123434

																1st 3 trials		9081.2752060583		13.2409612555

																stdev		24.6974123434		13.2409612555

																		3.1824492908		4.302655725

																9156.3374658094		39.299131198		32.8923940926

				Energ. Equiv		mass		temp		Titration		Fuse Wire		H of Comb.

				Cal/g		(g)		(C)		(mL)		(cm)		Cal/g

				-2390.75		1		-3.81616		13.8		15.87		9093.81		0

				-2390.75		1.0001		-3.80332		14.1		10.35		9067.43		0

				-2390.75		0.9997		-3.8088		13.6		12.42		9082.59		0

				-2390.75		0.9998		-3.79143		13.2		16.1		9036.86		0

																		9070.1725021104

																		9081.2752060583
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Benzoic Acid 1

		

		time (min)		temp. read		corr. temp

		0		24.13		24.112

		1		24.15		24.132

		2		24.16		24.141		2.618		1.5708

		3		24.173		24.154				25.7338

		4		24.179		24.16

		5		24.182		24.163				0.0102

		5.75		24.9		24.878

		6.00		25.3		25.281				0.003

		6.25		25.69		25.675

		6.50		25.9		25.885

		6.75		26.11		26.095

		7		26.2		26.184

		7.25		26.365		26.348

		7.5		26.44		26.422

		8		26.615		26.595

		8.5		26.67		26.649

		9		26.71		26.689

		9.5		26.74		26.719

		10		26.759		26.738

		10.5		26.769		26.748

		11		26.782		26.761

		11.5		26.788		26.767

		12		26.793		26.772						mass of bucket in g				829

		13		26.8		26.779						mass of bucket+H20				2829

		14		26.802		26.781								mass H20		2000

		15		26.805		26.783

		16		26.81		26.788
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Bez Calc.

		

		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.6		13		24.163		26.779		0.0102		0.003		7.6		0		9.5

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)

				-2392.9379374849		0.9996		-2.65152		7.6		0		21.85				6318

				-2392.9379374849		0.9996		-2.65152		7.6		0		21.85				6318





Olive Calc.

		

		a		b		c		T initial		T final		r1		r2		c1		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(cm)

		5		6.25		11		24.06		27.981		0.011		0.015		25.3		7.6

		5		6.25		11		24.169		28.076		0.0234		0.006		24.95		9.6

		5		6.2		11		24.664		28.573		0.0354		0.0055		21.4		6.4

		5		6.5		11		24.102		27.995		0.0318		0.00875		27.9		7.7

		E equiv.		mass		temp		e1		e3						H of Comb.

		Cal/g		(g)		(C)		Cal		Cal						Cal/g

		-2390.7488777027		0.9992		-4.006		25.3		17.48						9542.1937590843		95.3872558073

		-2390.7488777027		0.9984		-3.96475		24.95		22.08						9446.8065032771		26.2383378749

		-2390.7488777027		1.0001		-3.97788		21.4		14.72						9473.0448411519		10.8647458056

		-2390.7488777027		1.0008		-3.980075		27.9		17.71						9462.1800953463		1.5029487546

						-3.98217625										9460.6771465918		9481.0562997149

				Te

		9501.89		0.9884146386		not significantly different						1.2584136303				42.1557906415		13.1835782256

				0												3.1824492908		4.302655725

																67.0793330143		32.7498466448

		E equiv.		mass		temp		mL		Fuse Wire		HOC

		Cal/g		(g)		(C)		Titrated		(cm*2.3)		Cal/g

		-2390.7488777027		0.9992		-4.006		25.3		17.48		9542.1937590843

		-2390.7488777027		0.9984		-3.96475		24.95		22.08		9446.8065032771

		-2390.7488777027		1.0001		-3.97788		21.4		14.72		9473.0448411519

		-2390.7488777027		1.0008		-3.980075		27.9		17.71		9462.1800953463





Olive 1

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.022		24.005				start		9.72						0.91		0.9906g		1.099mL

		1		24.039		24.022				finish

		2		24.05		24.032				total used		9.72		0				actual mass		0.9992

		3		24.06		24.042												water mass		2000

		4		24.068		24.05

		5		24.078		24.06				4.011		0.011

		5.25		24.081		24.063				2.4066		0.015

		5.50		24.32		24.3				26.4666

		5.75		25.19		25.17

		6.00		25.915		25.9

		6.25		26.435		26.417

		6.5		26.753		26.732

		6.75		27.035		27.013

		7		27.208		27.187

		7.25		27.405		27.388

		7.5		27.518		27.503

		7.75		27.618		27.605

		8		27.685		27.673

		8.5		27.804		27.794

		9		27.872		27.861

		9.5		27.91		27.899

		10		27.951		27.941

		11		27.991		27.981

		12		28.006		27.996

		13		28.016		28.006

		14		28.021		28.011

		15		28.026		28.016

		16		28.026		28.016
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Olive 2

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.07		24.052				start		10						0.91		0.9986		1.099mL

		1		24.13		24.112				finish

		2		24.161		24.142				total used		10		0				actual mass		0.9992

		3		24.168		24.149												water mass		2000

		4		24.177		24.158

		5		24.188		24.169				3.931		0.0234

		5.25		24.2		24.181				2.3586		-5.6092

		5.50		24.89		24.868				26.5276

		5.75		25.77		25.755

		6.00		26.15		26.134

		6.25		26.65		26.629

		6.5		27.04		27.018

		6.75		27.323		27.304

		7		27.47		27.455

		7.25		27.635		27.622

		7.5		27.725		27.713

		7.75		27.8		27.789

		8		27.852		27.841

		8.5		27.943		27.932

		9		28.002		27.992

		9.5		28.04		28.03

		10		28.055		28.046		0.0234

		11		28.085		28.076		0.006

		12		28.1		28.091

		13		28.105		28.096

		14		28.108		28.099

		15		28.109		28.1
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Olive 4

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.51		24.487				start		10						0.91		0.9986		1.099mL

		1		24.6		24.576				finish

		2		24.65		24.627				total used		10		0				actual mass		0.9992

		3		24.665		24.642												water mass		2000

		4		24.675		24.652

		5		24.687		24.664				3.931		0.0354

		5.25		24.695		24.672				2.3586

		5.50		24.965		24.943				27.0226

		5.75		26.01		25.988

		6.00		26.553		26.533

		6.25		27.12		27.097

		6.5		27.423		27.406

		6.75		27.728		27.716

		7		27.89		27.879

		7.25		28.05		28.041

		7.5		28.15		28.141

		7.75		28.23		28.221

		8		28.315		28.306

		8.5		28.415		28.405

		9		28.475		28.465

		9.5		28.52		28.51

		10		28.535		28.525		0.0055

		11		28.583		28.573		0.0055

		12		28.59		28.58

		13		28.599		28.589

		14		28.6		28.59

		15		28.605		28.595
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Olive 5

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		23.96		23.943				start		10						0.91		0.9986		1.099mL

		1		24.015		23.998				finish

		2		24.063		24.045				total used		10		0				actual mass		0.9992

		3		24.085		24.067												water mass		2000

		4		24.1		24.082

		5		24.12		24.102				3.928		0.0318

		5.50		24.15		24.131				2.3568		-5.592

		5.75		24.5		24.477				26.4588

		6.00		25.31		25.291

		6.25		25.9		25.885

		6.5		26.44		26.422

		6.75		26.8		26.779

		7		27.09		27.067

		7.25		27.303		27.284

		7.5		27.46		27.445

		7.75		27.59		27.577

		8		27.68		27.668

		8.5		27.8		27.789

		9		27.883		27.872

		9.5		27.935		27.924

		10		27.97		27.96

		11		28.005		27.995		0.0318

		12		28.024		28.014		0.00875

		13		28.035		28.025

		14		28.04		28.03

		15		28.04		28.03
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Olive Error 3

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.015		23.998				start		10						0.91		0.9998		1.099mL

		1		24.085		24.067				finish

		2		24.12		24.102				total used		10		0				actual mass		0.9992

		3		24.152		24.133												water mass		2000

		4		24.185		24.166

		5		24.201		24.182				2.807		0.0368

		5.25		24.205		24.186				1.6842		0.0808

		5.50		24.235		24.216				25.8662

		5.75		24.263		24.243

		6.00		24.352		24.33

		6.25		24.65		24.627

		6.5		24.954		24.932

		6.75		25.162		25.142

		7		25.38		25.363

		7.25		25.59		25.575

		7.5		25.784		25.769

		7.75		25.918		25.903

		8		26.032		25.982

		8.5		26.245		26.229

		9		26.383		26.365

		9.5		26.485		26.466

		10		26.564		26.544		0.0368

		11		26.678		26.666		0.0515714286

		12		26.755		26.734

		13		26.82		26.799

		14		26.876		26.854

		15		26.926		26.904

		16		26.97		26.948

		17		27.011		26.989

		18		27.05		27.027

		19		27.083		27.06

		20		27.15
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Benzoic Acid 1

		

		time (min)		temp. read		corr. temp

		0		24.13		24.112

		1		24.15		24.132

		2		24.16		24.141		2.618		1.5708

		3		24.173		24.154				25.7338

		4		24.179		24.16

		5		24.182		24.163				0.0102

		5.75		24.9		24.878

		6.00		25.3		25.281				0.003

		6.25		25.69		25.675

		6.50		25.9		25.885

		6.75		26.11		26.095

		7		26.2		26.184

		7.25		26.365		26.348

		7.5		26.44		26.422

		8		26.615		26.595

		8.5		26.67		26.649

		9		26.71		26.689

		9.5		26.74		26.719

		10		26.759		26.738

		10.5		26.769		26.748

		11		26.782		26.761

		11.5		26.788		26.767

		12		26.793		26.772						mass of bucket in g				829

		13		26.8		26.779						mass of bucket+H20				2829

		14		26.802		26.781								mass H20		2000

		15		26.805		26.783

		16		26.81		26.788
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Bez Calc.

		

		a		b		c		T initial		T final		r1		r2		c1		c2		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(% sulfur)		(cm)

		5		6.6		13		24.163		26.779		0.0102		0.003		7.6		0		9.5

		E equiv.				mass		temp		e1		e2		e3		H of Comb.

		Cal/g				(g)		(C)

				-2392.9379374849		0.9996		-2.65152		7.6		0		21.85				6318

				-2392.9379374849		0.9996		-2.65152		7.6		0		21.85				6318





Olive Calc.

		

		a		b		c		T initial		T final		r1		r2		c1		c3

		(min)		(min)		(min)		(C)		(C)		(C/min)		(C/min)		(ml)		(cm)

		5		6.25		11		24.06		27.981		0.011		0.015		25.3		7.6

		5		6.25		11		24.169		28.076		0.0234		0.006		24.95		9.6

		5		6.2		11		24.664		28.573		0.0354		0.0055		21.4		6.4

		5		6.5		11		24.102		27.995		0.0318		0.00875		27.9		7.7

		E equiv.		mass		temp		e1		e3						H of Comb.

		Cal/g		(g)		(C)		Cal		Cal						Cal/g

		-2390.7488777027		0.9992		-4.006		25.3		17.48						9542.1937590843		95.3872558073

		-2390.7488777027		0.9984		-3.96475		24.95		22.08						9446.8065032771		26.2383378749

		-2390.7488777027		1.0001		-3.97788		21.4		14.72						9473.0448411519		10.8647458056

		-2390.7488777027		1.0008		-3.980075		27.9		17.71						9462.1800953463		1.5029487546

						-3.98217625										9460.6771465918		9481.0562997149

				Te

		9501.89		0.9884146386		not significantly different										42.1557906415

																3.1824492908

																67.0793330143





Olive 1

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.022		24.005				start		9.72						0.91		0.9906g		1.099mL

		1		24.039		24.022				finish

		2		24.05		24.032				total used		9.72		0				actual mass		0.9992

		3		24.06		24.042												water mass		2000

		4		24.068		24.05

		5		24.078		24.06				4.011		0.011

		5.25		24.081		24.063				2.4066		0.015

		5.50		24.32		24.3				26.4666

		5.75		25.19		25.17

		6.00		25.915		25.9

		6.25		26.435		26.417

		6.5		26.753		26.732

		6.75		27.035		27.013

		7		27.208		27.187

		7.25		27.405		27.388

		7.5		27.518		27.503

		7.75		27.618		27.605

		8		27.685		27.673

		8.5		27.804		27.794

		9		27.872		27.861

		9.5		27.91		27.899

		10		27.951		27.941

		11		27.991		27.981

		12		28.006		27.996

		13		28.016		28.006

		14		28.021		28.011

		15		28.026		28.016

		16		28.026		28.016
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Olive 2

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.07		24.052				start		10						0.91		0.9986		1.099mL

		1		24.13		24.112				finish

		2		24.161		24.142				total used		10		0				actual mass		0.9992

		3		24.168		24.149												water mass		2000

		4		24.177		24.158

		5		24.188		24.169				3.931		0.0234

		5.25		24.2		24.181				2.3586		-5.6092

		5.50		24.89		24.868				26.5276

		5.75		25.77		25.755

		6.00		26.15		26.134

		6.25		26.65		26.629

		6.5		27.04		27.018

		6.75		27.323		27.304

		7		27.47		27.455

		7.25		27.635		27.622

		7.5		27.725		27.713

		7.75		27.8		27.789

		8		27.852		27.841

		8.5		27.943		27.932

		9		28.002		27.992

		9.5		28.04		28.03

		10		28.055		28.046		0.0234

		11		28.085		28.076		0.006

		12		28.1		28.091

		13		28.105		28.096

		14		28.108		28.099

		15		28.109		28.1
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Olive Error 3

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.015		23.998				start		10						0.91		0.9998		1.099mL

		1		24.085		24.067				finish

		2		24.12		24.102				total used		10		0				actual mass		0.9992

		3		24.152		24.133												water mass		2000

		4		24.185		24.166

		5		24.201		24.182				2.807		0.0368

		5.25		24.205		24.186				1.6842		0.0808

		5.50		24.235		24.216				25.8662

		5.75		24.263		24.243

		6.00		24.352		24.33

		6.25		24.65		24.627

		6.5		24.954		24.932

		6.75		25.162		25.142

		7		25.38		25.363

		7.25		25.59		25.575

		7.5		25.784		25.769

		7.75		25.918		25.903

		8		26.032		25.982

		8.5		26.245		26.229

		9		26.383		26.365

		9.5		26.485		26.466

		10		26.564		26.544		0.0368

		11		26.678		26.666		0.0515714286

		12		26.755		26.734

		13		26.82		26.799

		14		26.876		26.854

		15		26.926		26.904

		16		26.97		26.948

		17		27.011		26.989

		18		27.05		27.027

		19		27.083		27.06

		20		27.15





Olive Error 3

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Time (minutes)

Temperature (Celcius)

Trial 1 Olive Oil

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Olive 4

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		24.51		24.487				start		10						0.91		0.9986		1.099mL

		1		24.6		24.576				finish

		2		24.65		24.627				total used		10		0				actual mass		0.9992

		3		24.665		24.642												water mass		2000

		4		24.675		24.652

		5		24.687		24.664				3.931		0.0354

		5.25		24.695		24.672				2.3586

		5.50		24.965		24.943				27.0226

		5.75		26.01		25.988

		6.00		26.553		26.533

		6.25		27.12		27.097

		6.5		27.423		27.406

		6.75		27.728		27.716

		7		27.89		27.879

		7.25		28.05		28.041

		7.5		28.15		28.141

		7.75		28.23		28.221

		8		28.315		28.306

		8.5		28.415		28.405

		9		28.475		28.465

		9.5		28.52		28.51

		10		28.535		28.525		0.0055

		11		28.583		28.573		0.0055

		12		28.59		28.58

		13		28.599		28.589

		14		28.6		28.59

		15		28.605		28.595
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Olive 5

		Trial 1										Correction

		time (min)		temp. read		corr. temp						Fuse Wire		Titration				Density		Mass		Volume

		0		23.96		23.943				start		10						0.91		0.9986		1.099mL

		1		24.015		23.998				finish

		2		24.063		24.045				total used		10		0				actual mass		0.9992

		3		24.085		24.067												water mass		2000

		4		24.1		24.082

		5		24.12		24.102				3.928		0.0318

		5.50		24.15		24.131				2.3568		-5.592

		5.75		24.5		24.477				26.4588

		6.00		25.31		25.291

		6.25		25.9		25.885

		6.5		26.44		26.422

		6.75		26.8		26.779

		7		27.09		27.067

		7.25		27.303		27.284

		7.5		27.46		27.445

		7.75		27.59		27.577

		8		27.68		27.668

		8.5		27.8		27.789

		9		27.883		27.872

		9.5		27.935		27.924

		10		27.97		27.96

		11		28.005		27.995		0.0318

		12		28.024		28.014		0.00875

		13		28.035		28.025

		14		28.04		28.03

		15		28.04		28.03
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Sheet1

		Name		# of Carbons		Heat of Comb.		# of double bonds		Molec. Formula		Date		MW

		Linoleic acid		18				3		C18H32O2				280.45

		Palmitic		16		2384.6 +/-.38		1		C16H32O2		1965		256.42

						2384.7 +/-2.1						1964

		Steric Acid		18		2698.56+/-?		1		C18H36O2		1984		284.48

		(all types of ")				2696.01+/-.45						1965

		ethyl ester		20		2994.2+/-2.9		1		C20H38O2		1937		310.51

		stearic acid/ee		20		3012+/-.44		1		C20H40O2		1989		312.53

		methyl ester		19		2832.6		1		C19H36O2		1935		296.49

		methyl ester		19		2859+/-.1		1		C19H38O2		1989		298.5

		nonadecanoic		19		2849.76+/-.55		1		C19H38O2		1970		298.5

		oleic		18		2667.46		2		C18H34O2		1930		282.46

						2659.44						1935

						2659.7

		methyl ester										1911

		palmitoleic		17		2521+/-.37		2		C17H32O2		1989		268.43

		myristic		15		2254+/-.1		2		C15H30O2		1989		242.4

		palmitic meth		17		2550+/-.1				C17H34O2		1989		270.45

						2415.63+/-.91		1				1986

		linoleic methest		19		2794+/-.37		3		C19H34O2		1989		294.47

		linolenic		19		2750+/-.37		4		C19H32O2		1989		292.46

		stearic		19		2859+/-.1		1		C19H38O2		1989		298.5

		oleic		19		2828+/-.37		2		C19H36O2		1989		296.49

		Lard Oil O7631		%		Kcal/mol		MW		Cal/g								Fatty Acid Methyl Ester Mixture

		Palmitic 16C		0.3		2384.6		270.45		8817.1565908671		-2645.1469772601						Fatty Acid		% comp.		Heat of Combustion

		Oleic 18C		0.41		2828		296.49		9538.2643596749		-3910.6883874667						Palmitic acid		0.3		8817.1565908671

		linoleic 18C		0.07		2794		294.47		9488.2330967501		-664.1763167725						Oleic acid		0.41		9538.2643596749

		linolenic 18C		0.03		2750		292.46		9402.995281406		-282.0898584422						Linoleic acid		0.07		9488.2330967501

		stearic 18C		0.14		2859		298.5		9577.8894472362		-1340.9045226131						Linolenic acid		0.03		9402.995281406

		Palmitoleic 16C		0.03		2521		268.43		9391.6477293894		-281.7494318817						Stearic acid		0.14		9577.8894472362

		myristic 14C		0.02		2254		242.4		9298.6798679868		-185.9735973597						Palmitoleic acid		0.03		9391.6477293894

												-9310.729091796						Myristic acid		0.02		9298.6798679868

																		Calculated Heat of Combustion				-9310.72

		Lard Oil		%composition		HOC		MW

		myristic		1.3		2073.3		228.37		-9078.6880938827		-118.0229452205

		palmitic		28.3		2384		256.42		-9297.2467046252		-2631.1208174089

		stearic		11.9		2698		284.48		-9483.9707536558		-1128.592519685

		palmitoleic		2.7		2381.25		254.41		-9359.8915136984		-252.7170708699

		oleic		47.5		2697.75		282.46		-9550.9098633435		-4536.6821850881

		linoleic		6		2622.25		278.43		-9417.9865675394		-565.0791940524

		C14monoethanoic		0.2		2424		228.05		-10629.247971936		-21.2584959439

		gadoleic+erucic		2.1		3139.54		324.55		-9673.5171776306		-203.1438607302

												-9456.6170889989

		Menhaden Oil		%composition		HOC		MW

		myristic		5.9		2073.3		228.37		-9078.6880938827		-535.6425975391

		palmitic		16.3		2384		256.42		-9297.2467046252		-1515.4512128539

		stearic		0.6		2698		284.48		-9483.9707536558		-56.9038245219

		arachidic		0.6		3005.31		312.53		-9616.0688573897		-57.6964131443

		palmitoleic		15.5		2381.25		254.41		-9359.8915136984		-1450.7831846233

		linolenic		29.6		2660		280.45		-9484.7566411125		-2807.4879657693

		C20 polyethanoic		19		3374		300		-11246.6666666667		-2136.8666666667

		C22 polyethanoic		11.7		3690.5		324		-11390.4320987654		-1332.6805555556

		Behenic		0.8		3368.5		340.58		-9890.4809442715		-79.1238475542

												-9972.6362682282

		Olive Oil		%composition		HOC		MW		HOC

		Palmitc		6.9		2384		256.42		-9297.2467046252		-641.5100226191

		Stearic		2.3		2698		284.48		-9483.9707536558		-218.1313273341

		arachidic		0.1		3005.31		312.53		-9616.0688573897		-9.6160688574

		oleic		84.4		2697.75		282.46		-9550.9098633435		-8060.9679246619

		linoleic		4.6		2622.25		278.43		-9417.9865675394		-433.2273821068

												-9363.4527255793

		Olive Oil		%composition		HOC (Cal/g)

		Palmitc		6.9		-9297.25		-641.51

		Stearic		2.3		-9483.97		-218.13

		arachidic		0.1		-9616.07		-9.62

		oleic		84.4		-9550.91		-8060.97

		linoleic		4.6		-9417.99		-433.23

						Predicted HOC		-9363.45 +/- 2 Cal/g
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		Name of Fatty Acid		# of Carbons		Heat of Comb. Kcal/mol		# of double bonds		Molec. Formula		Date Recorded		MW (g/mol)

		Palmitic Acid		16		2384.6 +/-.38		1		C16H32O2		1965		256.42

						2384.7 +/-2.1						1964

		Steric Acid		18		2698.564		1		C18H36O2		1984		284.48

						2696.01+/-.45						1965

		Ethyl Ester		20		2994.2+/-2.9		1		C20H38O2		1937		310.51

		Stearic Acid		20		3012+/-.44		1		C20H40O2		1989		312.53

		Methyl Ester		19		2832.6		2		C19H36O2		1935		296.49

		Methyl Ester		19		2859+/-.1		1		C19H38O2		1989		298.5

		Nonadecanoic Acid		19		2849.76+/-.55		1		C19H38O2		1970		298.5

		Oleic Acid		18		2667.46		2		C18H34O2		1930		282.46

						2659.44						1935

						2659.7						1911

		glycerol		3		395.39+/-.1		0		C3H8O3		1988		92.09

		methyl esters

		palmitoleic		17		2521+/-.37		2		C17H32O2		1989		268.43

		myristic		15		2254+/-.1		2		C15H30O2		1989		242.4

		palmitic		17		2550+/-.1				C17H34O2		1989		270.45

						2415.63+/-.91		1				1986

		linoleic		19		2794+/-.37		3		C19H34O2		1989		294.47

		linolenic		19		2750+/-.37		4		C19H32O2		1989		292.46

		stearic		19		2859+/-.1		1		C19H38O2		1989		298.5

		oleic		19		2828+/-.37		2		C19H36O2		1989		296.49
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Sheet1

		Name		# of Carbons		Heat of Comb.		# of double bonds		Molec. Formula		Date		MW

		Linoleic acid		18				3		C18H32O2				280.45

		Palmitic		16		2384.6 +/-.38		1		C16H32O2		1965		256.42

						2384.7 +/-2.1						1964

		Steric Acid		18		2698.56+/-?		1		C18H36O2		1984		284.48

		(all types of ")				2696.01+/-.45						1965

		ethyl ester		20		2994.2+/-2.9		1		C20H38O2		1937		310.51

		stearic acid/ee		20		3012+/-.44		1		C20H40O2		1989		312.53

		methyl ester		19		2832.6		1		C19H36O2		1935		296.49

		methyl ester		19		2859+/-.1		1		C19H38O2		1989		298.5

		nonadecanoic		19		2849.76+/-.55		1		C19H38O2		1970		298.5

		oleic		18		2667.46		2		C18H34O2		1930		282.46

						2659.44						1935

						2659.7

		methyl ester										1911

		palmitoleic		17		2521+/-.37		2		C17H32O2		1989		268.43

		myristic		15		2254+/-.1		2		C15H30O2		1989		242.4

		palmitic meth		17		2550+/-.1				C17H34O2		1989		270.45

						2415.63+/-.91		1				1986

		linoleic methest		19		2794+/-.37		3		C19H34O2		1989		294.47

		linolenic		19		2750+/-.37		4		C19H32O2		1989		292.46

		stearic		19		2859+/-.1		1		C19H38O2		1989		298.5

		oleic		19		2828+/-.37		2		C19H36O2		1989		296.49

		Lard Oil O7631		%		Kcal/mol		MW		Cal/g								Fatty Acid Methyl Ester Mixture

		Palmitic 16C		0.3		2384.6		270.45		8817.1565908671		-2645.1469772601						Fatty Acid		% comp.		Heat of Combustion

		Oleic 18C		0.41		2828		296.49		9538.2643596749		-3910.6883874667						Palmitic acid		0.3		8817.1565908671

		linoleic 18C		0.07		2794		294.47		9488.2330967501		-664.1763167725						Oleic acid		0.41		9538.2643596749

		linolenic 18C		0.03		2750		292.46		9402.995281406		-282.0898584422						Linoleic acid		0.07		9488.2330967501

		stearic 18C		0.14		2859		298.5		9577.8894472362		-1340.9045226131						Linolenic acid		0.03		9402.995281406

		Palmitoleic 16C		0.03		2521		268.43		9391.6477293894		-281.7494318817						Stearic acid		0.14		9577.8894472362

		myristic 14C		0.02		2254		242.4		9298.6798679868		-185.9735973597						Palmitoleic acid		0.03		9391.6477293894

												-9310.729091796						Myristic acid		0.02		9298.6798679868

																		Calculated Heat of Combustion				-9310.72

		Lard Oil		%composition		HOC		MW

		myristic		1.3		2073.3		228.37		-9078.6880938827		-118.0229452205

		palmitic		28.3		2384		256.42		-9297.2467046252		-2631.1208174089

		stearic		11.9		2698		284.48		-9483.9707536558		-1128.592519685

		palmitoleic		2.7		2381.25		254.41		-9359.8915136984		-252.7170708699

		oleic		47.5		2697.75		282.46		-9550.9098633435		-4536.6821850881

		linoleic		6		2622.25		278.43		-9417.9865675394		-565.0791940524

		C14monoethanoic		0.2		2424		228.05		-10629.247971936		-21.2584959439

		gadoleic+erucic		2.1		3139.54		324.55		-9673.5171776306		-203.1438607302

												-9456.6170889989

		Menhaden Oil		%composition		HOC		MW

		myristic		5.9		2073.3		228.37		-9078.6880938827		-535.6425975391

		palmitic		16.3		2384		256.42		-9297.2467046252		-1515.4512128539

		stearic		0.6		2698		284.48		-9483.9707536558		-56.9038245219

		arachidic		0.6		3005.31		312.53		-9616.0688573897		-57.6964131443

		palmitoleic		15.5		2381.25		254.41		-9359.8915136984		-1450.7831846233

		linolenic		29.6		2660		280.45		-9484.7566411125		-2807.4879657693

		C20 polyethanoic		19		2455.25		280		-8768.75		-1666.0625

		C22 polyethanoic		11.7		2696.25		312		-8641.8269230769		-1011.09375

		Behenic		0.8		3368.5		342		-9849.4152046784		-78.7953216374

												-9179.9167700892

		Olive Oil		%composition		HOC		MW		HOC

		Palmitc		9.4		2384		256.42		-9297.2467046252		-873.9411902348

		Stearic		2		2698		284.48		-9483.9707536558		-189.6794150731

		arachidic		0.9		3005.31		312.53		-9616.0688573897		-86.5446197165

		oleic		83.5		2697.75		282.46		-9550.9098633435		-7975.0097358918

		linoleic		4		2622.25		278.43		-9417.9865675394		-376.7194627016

												-9501.8944236178

		Olive Oil		%composition		HOC (Cal/g)

		Palmitc		9.4		-9297.2467046252		-873.94

		Stearic		2		-9483.9707536558		-189.68

		arachidic		0.9		-9616.0688573897		-86.54

		oleic		83.5		-9550.9098633435		-7975.01

		linoleic		4		-9417.9865675394		-376.72

						Predicted HOC		-9501.89 +/- 2 Cal/g

		Oil		Predicted HOC

		Olive		9363.45 +/- 2 Cal/g

		Fish		9972.64 +/- 2 Cal/g

		Lard		9456.62 +/- 2 Cal/g
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Sheet2

		Oil		Predicted		Measured		t value				Confidence Limit		Do all values fit 95%?

		Olive		-9501.89		-9481.06		3.18		0.988		67.079		yes

		Lard		-9456.62		-9416.87		2.77		1.280		86.196		yes

		Fish		-9236.75		-9070.17		3.18		8.887		39.299		yes
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		Name of Fatty Acid		# of Carbons		Heat of Comb. Kcal/mol		# of double bonds		Molec. Formula		Date Recorded		MW (g/mol)

		Palmitic Acid		16		2384.6 +/-.38		1		C16H32O2		1965		256.42

						2384.7 +/-2.1						1964

		Steric Acid		18		2698.564		1		C18H36O2		1984		284.48

						2696.01+/-.45						1965

		Ethyl Ester		20		2994.2+/-2.9		1		C20H38O2		1937		310.51

		Stearic Acid		20		3012+/-.44		1		C20H40O2		1989		312.53

		Methyl Ester		19		2832.6		2		C19H36O2		1935		296.49

		Methyl Ester		19		2859+/-.1		1		C19H38O2		1989		298.5

		Nonadecanoic Acid		19		2849.76+/-.55		1		C19H38O2		1970		298.5

		Oleic Acid		18		2667.46		2		C18H34O2		1930		282.46

						2659.44						1935

						2659.7						1911

		glycerol		3		395.39+/-.1		0		C3H8O3		1988		92.09

		methyl esters

		palmitoleic		17		2521+/-.37		2		C17H32O2		1989		268.43

		myristic		15		2254+/-.1		2		C15H30O2		1989		242.4

		palmitic		17		2550+/-.1				C17H34O2		1989		270.45

						2415.63+/-.91		1				1986

		linoleic		19		2794+/-.37		3		C19H34O2		1989		294.47

		linolenic		19		2750+/-.37		4		C19H32O2		1989		292.46

		stearic		19		2859+/-.1		1		C19H38O2		1989		298.5

		oleic		19		2828+/-.37		2		C19H36O2		1989		296.49
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		Name		# of Carbons		Heat of Comb.		# of double bonds		Molec. Formula		Date		MW

		Linoleic acid		18				3		C18H32O2				280.45

		Palmitic		16		2384.6 +/-.38		1		C16H32O2		1965		256.42

						2384.7 +/-2.1						1964

		Steric Acid		18		2698.56+/-?		1		C18H36O2		1984		284.48

		(all types of ")				2696.01+/-.45						1965

		ethyl ester		20		2994.2+/-2.9		1		C20H38O2		1937		310.51

		stearic acid/ee		20		3012+/-.44		1		C20H40O2		1989		312.53

		methyl ester		19		2832.6		1		C19H36O2		1935		296.49

		methyl ester		19		2859+/-.1		1		C19H38O2		1989		298.5

		nonadecanoic		19		2849.76+/-.55		1		C19H38O2		1970		298.5

		oleic		18		2667.46		2		C18H34O2		1930		282.46

						2659.44						1935

						2659.7

		methyl ester										1911

		palmitoleic		17		2521+/-.37		2		C17H32O2		1989		268.43

		myristic		15		2254+/-.1		2		C15H30O2		1989		242.4

		palmitic meth		17		2550+/-.1				C17H34O2		1989		270.45

						2415.63+/-.91		1				1986

		linoleic methest		19		2794+/-.37		3		C19H34O2		1989		294.47

		linolenic		19		2750+/-.37		4		C19H32O2		1989		292.46

		stearic		19		2859+/-.1		1		C19H38O2		1989		298.5

		oleic		19		2828+/-.37		2		C19H36O2		1989		296.49

		Lard Oil O7631		%		Kcal/mol		MW		Cal/g								Fatty Acid Methyl Ester Mixture

		Palmitic 16C		0.3		2384.6		270.45		8817.1565908671		-2645.1469772601						Fatty Acid		% comp.		Heat of Combustion

		Oleic 18C		0.41		2828		296.49		9538.2643596749		-3910.6883874667						Palmitic acid		0.3		8817.1565908671

		linoleic 18C		0.07		2794		294.47		9488.2330967501		-664.1763167725						Oleic acid		0.41		9538.2643596749

		linolenic 18C		0.03		2750		292.46		9402.995281406		-282.0898584422						Linoleic acid		0.07		9488.2330967501

		stearic 18C		0.14		2859		298.5		9577.8894472362		-1340.9045226131						Linolenic acid		0.03		9402.995281406

		Palmitoleic 16C		0.03		2521		268.43		9391.6477293894		-281.7494318817						Stearic acid		0.14		9577.8894472362

		myristic 14C		0.02		2254		242.4		9298.6798679868		-185.9735973597						Palmitoleic acid		0.03		9391.6477293894

												-9310.729091796						Myristic acid		0.02		9298.6798679868

																		Calculated Heat of Combustion				-9310.72

		Lard Oil		%composition		HOC		MW

		myristic		1.3		2073.3		228.37		-9078.6880938827		-118.0229452205

		palmitic		28.3		2384		256.42		-9297.2467046252		-2631.1208174089

		stearic		11.9		2698		284.48		-9483.9707536558		-1128.592519685

		palmitoleic		2.7		2381.25		254.41		-9359.8915136984		-252.7170708699

		oleic		47.5		2697.75		282.46		-9550.9098633435		-4536.6821850881

		linoleic		6		2622.25		278.43		-9417.9865675394		-565.0791940524

		C14monoethanoic		0.2		2424		228.05		-10629.247971936		-21.2584959439

		gadoleic+erucic		2.1		3139.54		324.55		-9673.5171776306		-203.1438607302

												-9456.6170889989

		Menhaden Oil		%composition		HOC		MW

		myristic		5.9		2073.3		228.37		-9078.6880938827		-535.6425975391

		palmitic		16.3		2384		256.42		-9297.2467046252		-1515.4512128539

		stearic		0.6		2698		284.48		-9483.9707536558		-56.9038245219

		arachidic		0.6		3005.31		312.53		-9616.0688573897		-57.6964131443

		palmitoleic		15.5		2381.25		254.41		-9359.8915136984		-1450.7831846233

		linolenic		29.6		2660		280.45		-9484.7566411125		-2807.4879657693

		C20 polyethanoic		19		3374		300		-11246.6666666667		-2136.8666666667

		C22 polyethanoic		11.7		3690.5		324		-11390.4320987654		-1332.6805555556

		Behenic		0.8		3368.5		340.58		-9890.4809442715		-79.1238475542

												-9972.6362682282

		Olive Oil		%composition		HOC		MW		HOC

		Palmitc		6.9		2384		256.42		-9297.2467046252		-641.5100226191

		Stearic		2.3		2698		284.48		-9483.9707536558		-218.1313273341

		arachidic		0.1		3005.31		312.53		-9616.0688573897		-9.6160688574

		oleic		84.4		2697.75		282.46		-9550.9098633435		-8060.9679246619

		linoleic		4.6		2622.25		278.43		-9417.9865675394		-433.2273821068

												-9363.4527255793

		Olive Oil		%composition		HOC (Cal/g)

		Palmitc		6.9		-9297.25		-641.51

		Stearic		2.3		-9483.97		-218.13

		arachidic		0.1		-9616.07		-9.62

		oleic		84.4		-9550.91		-8060.97

		linoleic		4.6		-9417.99		-433.23

						Predicted HOC		-9363.45 +/- 2 Cal/g
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		Name of Fatty Acid		# of Carbons		Heat of Comb. Kcal/mol		# of double bonds		Molec. Formula		Date Recorded		MW (g/mol)

		Palmitic Acid		16		2384.6 +/-.38		1		C16H32O2		1965		256.42

						2384.7 +/-2.1						1964

		Steric Acid		18		2698.564		1		C18H36O2		1984		284.48

						2696.01+/-.45						1965

		Ethyl Ester		20		2994.2+/-2.9		1		C20H38O2		1937		310.51

		Stearic Acid		20		3012+/-.44		1		C20H40O2		1989		312.53

		Methyl Ester		19		2832.6		2		C19H36O2		1935		296.49

		Methyl Ester		19		2859+/-.1		1		C19H38O2		1989		298.5

		Nonadecanoic Acid		19		2849.76+/-.55		1		C19H38O2		1970		298.5

		Oleic Acid		18		2667.46		2		C18H34O2		1930		282.46

						2659.44						1935

						2659.7						1911

		glycerol		3		395.39+/-.1		0		C3H8O3		1988		92.09

		methyl esters

		palmitoleic		17		2521+/-.37		2		C17H32O2		1989		268.43

		myristic		15		2254+/-.1		2		C15H30O2		1989		242.4

		palmitic		17		2550+/-.1				C17H34O2		1989		270.45

						2415.63+/-.91		1				1986

		linoleic		19		2794+/-.37		3		C19H34O2		1989		294.47

		linolenic		19		2750+/-.37		4		C19H32O2		1989		292.46

		stearic		19		2859+/-.1		1		C19H38O2		1989		298.5

		oleic		19		2828+/-.37		2		C19H36O2		1989		296.49






