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SUMMARY OF PROJECT 

The heats of combustion of glycerine and two commercial extra virgin olive oils, one Greek and one Italian, were determined precisely and accurately with the use of the Parr Bomb Calorimeter.  To reduce systematic error, the energy equivalent (W) of the Parr Bomb Calorimeter was determined though the combustion of benzoic acid.  The mean W for several trials was found to be 2370.36 cal/oC with a standard deviation of +/-69.3 cal/oC.   The heat of combustion of glycerine was found to be 4270.67cal/g with an average standard deviation of +/-78 cal/g.  This value was found to be 0.72 % precise and 1.65 % accurate in comparison with the literature value of 4392.0 cal/g.  The hydroscopic nature of glycerine did not affect these values.  After repeating 5 to 6 trials of each of the olive oils, the average heat of combustion of the Italian olive oil was found to be 9506.4 cal/g with a standard deviation of +/- 223.8 cal/g, and the average heat of combustion of the Greek olive oil was found to be 9369.9 cal/g with a standard deviation of +/-276.2 cal/g.  A t-test showed that the values for the two olive oils did not vary significantly.  

Objectives:

The objective of the experiment was to determine the heats of combustion (HOC) of glycerine and of two extra-virgin olive oils using a non-adiabatic bomb calorimeter standardized with benzoic acid within a 2% accuracy and precision.   The influence of geography on the calorific values of olives was studied by comparing the heats of combustion of Greek and Italian olive oils to each other and to a literature value as given by the Sigma catalog.  This experiment meant to determine if these differed by a significant amount.  Another objective of this experiment was to determine if the hydroscopic nature of glycerine was substantial enough to influence its experimental heat of combustion.

Background:
For background on olive oil, we turned to the website of the Olive Oil Source, a private California company. The website provided vast amounts of content regarding oil, but its most useful resource was its discussion of olive oil chemistry. Information includes a discussion of composition and the percentages of each fatty acid that can be found in standard oil. The source also indicated that levels of fatty acid could differ according to numerous variables, such as the maturation stage of the olive, and the growing conditions. This piqued our interest, and as a result we decided to test olive oils from different regions to determine if the differences in the composition of the oil would manifest themselves as differences in the heat of combustion of the two samples. Thus, the source provided us with essential facts and chemical information about olive oil, and caused us to test for differences between oils from different climates.  A basis for our comparison of olive oils was obtained from the Sigma Aldirch catalog, which contained HOC data for their specific brand of olive oil.  If we found that climate did not affect olive oil, this literature data could be used to compare the experimental data.

For background on the glycerine sample we were analyzing, we went to the website of the manufacturer, Sigma Aldrich. The site gave extensive product information, including structure of the molecule, physical properties, method of preparation, purity, and applications.  The information on applications was important, because in order to produce accurate results we needed to take into account the substance’s hydrophilic properties. We later devised a procedure to test how much water the glycerine was capable of absorbing. The information on purity was essential, as it assured us that we could confidently compare our heat of combustion values for the glycerine sample with the literature value for pure glycerine. The purity of the glycerine was stated as greater than 99.5%.   For the literature value on the HOC of glycerine, we turned to the National Institute of Standards and Technology (NIST) Chemistry Handbook, from which we chose the most up to date value. 

Thus, NIST and Sigma Aldrich were used as sources for the literature values of our substances, and provided us with insights in to how to improve our procedures to maximize precision and accuracy.

Theory and Methods of Calculation:

-See BE210 Lab Handbook for discussion of bomb calorimetry, including protocol and formulas.  

-The BE 210 Lab Handbook methods were slightly changed by adding a wick to the protocol.  This wick was added to ensure combustion of the liquid substances.  To make the wick a small piece of paper was obtained and massed.  This piece of paper was then placed such that it was between the wire and the liquid material, and in contact with both.  

-The influence of the hydroscopic nature of glycerin was found by placing 1.5 g of glyceine in 5 dried glass crucibles.  These were then massed and placed in a dessicator for a week.  After that time, they were removed, and massed every half hour for four hours after being left in the open air.

- Our method for calculating the energy of an esther bond was rather off-the-cuff. First, it was necessary to convert the values for the heat of combustion of olive oil, glycerine, and oleic acid from calories/gram to joules/molecule. Then, assumptions had to be made about the probability that any of the five fatty acids found in olive oil could be located in a mono-,di-,or triglycerol. The results section contains the outcome of these calculations.

Materials and Methods:
· Parr Instrument Model 1341 Oxygen Bomb Calorimeter, including stirrer and associated components

· Parr Instrument Model 1108 Oxygen Combustion Bomb

· Integrated Circuit electronic thermometer with calibration apparatus and procedure

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

· Parr Model 2901 Ignition Unit

· Associated components for test, including sample cups (crucibles), ignition wire, stands for bomb head and calorimeter cover.

· Chemically pure benzoic acid.

· Chemically pure glycerine

· Commercial Italian olive oil.

· Commercial Greek olive oil

· Paper wicks

*Refer to Experiment 5 in the 2002 BE Lab Manual for additional instruments and materials

Results:

Determination of W

W, the calibration constant of the Parr 131 Bomb Calorimeter, is defined as the energy required to raise the temperature of the bomb calorimeter by one degree Celsius.  Four trials were conducted using benzoic acid as the combusting substance and averaged to determine the experimental value of W.  The literature value for the heat of combustion of benzoic acid is precisely known to be 6318 cal/g.  Equation 1 in the Parr Bomb Calorimeter Manual in accordance with data collected (available in appendix) were used to calculate W.  


The average value of W was found to be 2370.36 cal/oC with a standard deviation of +/-69.3 cal/oC.  The usual expected range of W, given in the Parr Bomb Manual, is 2410 to 2430 cal/C.  Systematic error was present due to the limitations of the measuring instruments and apparatus.  

TABLE 1: W AND ITS UNCERTAINTIES / AVERAGE W 

	
	Calibration Constant (W)
	Raw Uncertainty
	% Raw Uncertainty

	Trial One
	2396.61 cal/oC
	18.45 cal/oC
	0.77

	Trial Two
	2268.73 cal/oC
	16.45 cal/oC
	0.72

	Trial Three
	2391.57 cal/oC
	18.35 cal/oC
	0.77

	Trial Four
	2424.54 cal/oC
	18.44 cal/oC
	             0.78
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Graph 1:  This graphs shows the temperature versus time curves for the four trials conducted using benzoic acid to determine the calibration constant.

Glycerine

 Five trials were conducted to determine the experimental heat of combustion of glycerine.  The average heat of combustion of the four trials was 4270.67cal/g with a standard deviation of 77.05 cal/g.  The average uncertainty was 33.64 cal/g that leads to an average percent uncertainty of 78 cal/g. The experimental value was 0.72 % precise and 1.65 % accurate in comparison with the literature value of 4392.0 cal/g.


In order to account for the hydroscopic nature of glycerine, 5 glass crucibles were initially placed in a desiccator to eliminate any water present.  After 3 hours, 1.5g of glycerine were placed into each glass crucible.  After one week in the desiccator, the average mass change of glycerine was zero and the maximum mass change +/- 0.001g.  

TABLE 2: Heat of Combustion, raw uncertainty and standard deviation for the five trials glycerine trials conducted.  

	
	Heat of Combustion
	Raw Uncertainty
	% Raw Uncertainty

	Trial One
	4136.54 cal/g
	33.25 cal/g
	0.81

	Trial Two
	4276.10 cal/g
	33.67 cal/g
	0.82

	Trial Three
	4303.51 cal/g
	33.11 cal/g
	0.79

	Trial Four
	4316.33 cal/g
	33.74 cal/g
	             0.74

	Trial Five
	4320.89 cal/g
	33.28 cal/g
	0.77
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Graph 2:  This graphs displays the temperature versus time curves for the five conducted to determine the heat of combustion of glycerine. 

Italian Olive Oil


Five trials were conducted and averaged to determine the experimental heat of combustion of Italian olive oil.  The average experimental value for the heat of combustion of the oil was found to be 9506.4 cal/g with a standard deviation of 223.82 cal/g.  The average raw uncertainty was 80.71 cal/g leading to a percent  uncertainty of 0.85.  In comparison to the theoretical value of Signa Brand Olive oil, Italian olive oil was 1.42% accurate and 0.56% precise. 

T-tests were performed to verify the significance of the heats of combustion of the oils in comparison to each other and the theoretical Signa Brand value.  To compare the heats of combustion of Italian Olive oil and Greek Olive oil, Italian was regarded a variable and Greek kept constant during calculations.  Three degrees of freedom were available. The tcrit and tstat values were determined to be 3.182 and 1.364, respectively.  In comparing the experimental heat of combustion of Italian Olive oil to the theoretical heat of combustion of Signa Brand Olive oil the tcrit and tstat values were determined to be 3.182 and 1.562, respectively.  The theoretical heat of combustion of Sigma Brand Olive Oil is 9450.0 cal/g

Table 3: Heat of combustion, raw uncertainty and standard deviation for the five trials conducted for Italian olive oil. 

	

	
	Heat of Combustion
	Raw Uncertainty
	% Raw Uncertainty

	Trial One
	9795.09 cal/g
	83.06 cal/g
	0.85

	Trial Two
	9485.68 cal/g
	80.50 cal/g
	0.84

	Trial Three
	9537.43 cal/g
	81.01 cal/g
	0.85

	Trial Four
	9545.24 cal/g
	80.96 cal/g
	0.85

	Trial Five
	9168.56 cal/g
	78.01 cal/g
	0.86


Table 4: tstat and tcrit Values for Comparison to Italian olive oil                            

	
	tstat
	tcrit

	Italian vs. Greek
	1.364
	3.182

	Italian vs. Sigma Brand
	1.562
	3.182
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Graph 3:  This graph portrays the temperature versus time curves for the five trials conducted to determine the heat of combustion of Italian olive oil.

Greek Olive Oil


Six trials were conducted and averaged to determine the experimental heat of combustion of Greek olive oil.  The average experimental value for the heat of combustion of the oil was found to be 9369.91 cal/g with a standard deviation of 276.23 cal/g.  The average raw uncertainty was 82.36 cal/g leading to a percent  uncertainty of 0.89.  In comparison to the theoretical value of Sigma Brand Olive oil, Italian olive oil was 1.53% accurate and 0.64% precise. 

T-tests were performed to verify the significance of the heats of combustion of the oils in comparison to each other and the theoretical Signa Brand value.  To compare the heats of combustion of Greek Olive oil and Italian Olive oil, Greek was regarded a variable and Italian kept constant during calculations.  Four degrees of freedom were available. The tcrit and tstat values were determined to be 2.571 and 1.210 , respectively.  In comparing the experimental heat of combustion of Greek Olive oil to the theoretical heat of combustion of Sigma Brand Olive oil the tcrit and tstat values were determined to be 2.571 and 1.398, respectively.  

Table 5: Heats of combustion, raw uncertainty and Standard deviation for each trial of Greek olive oil. 

	
	Heat of Combustion
	Raw Uncertainty
	% Raw Uncertainty

	Trial One
	8975.17 cal/g
	88.78 cal/g
	0.99

	Trial Two
	9156.57 cal/g
	87.51 cal/g
	0.96

	Trial Three
	9590.97 cal/g
	86.82 cal/g
	0.91

	Trial Four
	9655.92 cal/g
	87.18 cal/g
	0.90

	Trial Five
	9569.44 cal/g
	86.97 cal/g
	0.94

	Trial Six
	9271.37 cal/g
	87.28 cal/g
	0.94


Table 6: tstat and tcrit Values of Comparisons to Greek Olive Oil

	
	tstat
	tcrit

	Greek vs. Italian 
	1.210
	2.571

	Greek vs. Sigma Brand
	1.398
	2.571
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Graph 4:  This graph displays the temperature versus time curves for the six trials conducted to determine the heat of combustion of Greek olive oil. 

Calculating the Heat of Combustion of Olive Oil through the study of its molecular structure

With a theoretical value for the heat of combustion of olive oil, and literature values for glycerol and oleic acid, its two main components, it appeared that we had at our disposal the tools with which to calculate the energy of the esther bonds in a triglyeride (the molecule that composes olive oil). The theoretical value for the heat of combustion of olive oil was 4.98 * 10^-17 J/molecule, and the literature values for glycerol and oleic acid were 2.81 * 10^-18 and 1.85 * 10^ -17 J/molecule, respectively. These values were derived from the Sigma Aldrich website and NIST (see background or references for further discussion of these sources). Our assumption was that the heat of combustion per molecule of olive oil would be greater than that of glycerol and three oleic acid molecules independently, and hence the difference would represent the value of the three esther linkages. However, as one can plainly see, the value of the heat of combustion of three oleic acid molecules plus one glycerol molecule is greater than that of one theoretical olive oil molecule. 


Thus, we returned to our assumptions and realized that while the theoretical olive oil molecule possesses an average heat of combustion that is easily measured, we cannot assume that every olive oil molecule consists of a glycerol molecule bonded to three molecule of oleic acid. There are, in fact, five fatty acid molecules that can be found in olive oil. With five fatty acid molecules vying for three bonding locations on the glycerol molecules, the number of permutations of distinct molecules with three fatty acid attached is 20. But, this calculation is based on the expectation that every glycerol molecule will bond to three fatty acids, and each of the fatty acids has an equal affinity for bonding with glycerol, both of which are false. The average distribution of fatty acids found in olive oil is 85% oleic, 9% palmitic, 4% linoleic, 2% arichidic, and 1% stearic, so clearly the bonding probabilities for each acid are not equal. Furthermore, there is no way to measure the amount of trygicerols,diglycerols, or monoglycerols in the olive oil. At this point we hit a dead end, as there was no way to come up with an accurate guess for the energy of an esther bond. However, we can say for certain that if the esther bond has any energy associated with it whatsoever, then that means that at most, 85% of the molecules in olive oil are triglycerols, and the rest are mono- or diglycerols.
Analysis

Benzoic acid was combusted to obtain the value of W, or the energy equivalent of the calorimeter, and the experimental data for the combustion of the benzoic acid is shown in table 1. This step is important when comparing the experimental heats of combustion of glycerine and the olive oils to literature and theoretical values, because W allows us to compensate for systematic error. The manual for the Parr bomb mentions that the value usually lies between 2410 and 2430 Joules/degree Celsius, and the experimental value is outside this range. This anomaly may be due to the use of a digital thermometer, the age of the system, or the methods of data analysis, particularly because there is some variability in determining beginning and ending temperatures of a combustion. However, despite this anomaly, the experimental value was still used in determining the heats of combustion, as it is intended to compensate for such variability. 


The data from the combustion of glycerine is shown in Table 2. Important in the combustion of any material is a precise and accurate measurement of the weight. The hydroscopic nature of glycerine posed a potential problem for this reason. The glycerine could absorb a noticeable amount of water from the atmosphere from the time of being taken out of the bottle to the time of being massed, or if the bottle had previously been left out open in the atmosphere it could absorb water. This would increase the mass of the sample, and because our values of heat of combustion are divided by the mass, this would inversely affect our values. To determine the effects of leaving the glycerine out in the air, a small sub-experiment was devised. 5 glass crucibles were dried in the extractor, then massed, and then approximately 1.5g of glycerine was added to each. The mass of each filled crucible was determined, and they were placed in the dessicator for 1 week. After that time, they were removed from the dessicator, one at a time as needed, and massed. This sub-experiment revealed that at most, they changed .001g, and on average, they did not change at all in mass. This suggests that the glycerine was still pure and the masses used for combustion were accurate. Further, one sample was left out on in the open, on the mass scale, and it only gained .001g in 30 minutes. Thus the times that the samples used for combustion were be left in the open, which were about 5 minutes, would not be long enough for a statistically significant change in mass.

The reasons for combusting glycerine is to compare to the oils, of which glycerine serves as the backbone for the fatty acids, and the fact that its heat of combustion is accurately known and can be used as a comparison tool. In combusting glycerine, we had to add a paper wick to the enable the sample to burn; this was an unplanned for addition, but was easily compensated for in the data by subtracting the heat of combustion of the cellulose of known mass. The wick was also needed for the olive oils. The experimental value of heat of combustion of glycerine was 4270.67cal/g with an average standard deviation of 78 cal/g, a value that is within 1.65 percent of the literature value. That satisfies our aim of being within 2 percent of the literature values, which suggests that our methods were valid, and the value of W sufficiently reflected our methods and materials. Of interest is the fact that our standard deviation as a percentage of the heat of combustion value is low compared to the values of the olive oils. This suggests that our trials were completed with a high level of consistency. Furthermore, all of our values were below the value of the literature value. Although this hints that our calibrated value of W is low, this is not conclusive evidence, as increasing the value of W to the maximum of the usual range of 2430 J/degree C would still leave every experimental value lower than the literature value.

The experimental values of the heats of combustion for Italian extra virgin olive oil are shown in Table 3, and for Greek extra virgin olive oil in Table 5. To test our hypothesis that their heats of combustion would not be statistically different, we conducted t-tests on the average values, shown in Tables 4 and 6. We did four tests of this type. In the first test, we held Greek as constant and Italian as the experimental, and the second was the reverse. Our third and fourth tests involved comparing the experimental values versus the Sigma brand theoretical value for olive oil. All four tests yield t-stat values that were less than t-crit, confirming our hypothesis that there was no significant difference. The higher standard deviations of the olive oils may be due to insufficient mixing of the oils, since they are in fact blends of fats, and perhaps to differences in the diffusivity of flames, a topic that is beyond the scope of this experiment.

Due to the high viscosity of the oils, they should have been continually shaken by a consistent, mechanical device for at least 5 minutes before any sample is taken to ensure the maximum possibly homogeneity. The fact that our experiment yielded values that varied by 136.5 J/gram for the two geographical varieties of olive oil but remained within a range that yielded no significant difference suggests that this experiment might benefit from additional trials for more accurate values of heats of combustion. An increase in trials should also lower the standard deviation. Additionally, an inquiry into the manufacturer’s methods could be a valuable insight as to differences between the two oils. Using extra virgin olive oil helped minimize such manufacturer differences because the extra virgin varieties are the purest forms, however even at that the manufacturers could have different standards. Further, with the conclusions of the R4 group that has been analyzing the experimental effectiveness between the mercury and digital thermometers, any effects that the digital thermometer might have on the data could be better compensated for.

Conclusions:

· The heat of combustion of glycerine was found to be 4270.67cal/g with an average standard deviation of +/-78 cal/g.  The average heat of combustion of the Italian olive oil was found to be 9506.4 cal/g with a standard deviation of +/- 223.8 cal/g, and the average heat of combustion of the Greek olive oil was found to be 9369.9 cal/g with a standard deviation of +/-276.2 cal/g.  

· The hydroscopic nature of glycerine does not affect its heat of combustion.

· The values for the heat of combustion of olive oils from different regions does not statistically vary.
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Appendix:

Benzoic Data

	
	1
	3
	5
	
	

	a
	5.508
	7.185
	8.7033
	
	

	b
	6.625
	8.255
	9.775
	
	

	c
	10.1317
	11.70333
	13.125
	
	

	ta
	25.382
	24.22
	28.33
	
	

	tc
	28.017
	26.865
	30.927
	
	

	r1
	4.48623E-06
	4.31034E-06
	2.0111E-05
	
	

	r2
	3.85696E-06
	3.80574E-06
	-6.824E-06
	
	

	c1
	5
	8.5
	5.2
	
	

	c3+
	0.0164
	0.0168
	0.0165
	
	

	c3-
	0.0018
	0.0068
	0.003
	
	

	c3
	8.902439024
	5.952380952
	8.18181818
	
	

	c4
	0
	0
	0
	
	

	m
	0.9955
	0.9977
	0.9928
	
	

	e1
	5
	8.5
	5.2
	
	

	e3
	20.47560976
	13.69047619
	18.8181818
	
	

	e4
	0
	0
	0
	
	

	t
	2.634981464
	2.644982264
	2.59700131
	
	

	W
	2396.618229
	2391.569562
	2424.53809
	avg w
	2404.24196

	max
	2415.068939
	2409.911511
	2443.47741
	stdev w
	17.757305

	unc
	18.45070998
	18.34194916
	18.9393236
	
	

	pct uncertainty
	0.769864376
	0.766941905
	0.78115183
	avg pct uncertainty
	0.7726527


Glycerine Data

	
	1
	2
	3
	4
	5

	a
	3.125
	5.528
	5.958
	5.165
	4.92

	b
	4.195
	6.535
	7.017
	6.292
	6.1

	c
	7.517
	10.09
	10.45
	9.923
	9.347

	ta
	28.302
	27.361
	25.782
	25.2
	23.595

	tc
	30.811
	29.921
	28.4
	27.781
	26.212

	r1
	0.00071
	0.0000011
	0.00000082
	0.0000031
	0.0000028

	r2
	-0.0000009
	0.0000017
	0.0000022
	0.0000024
	0.0000038

	c1
	7.6
	7.9
	7.9
	7.9
	8.3

	c3+
	0.0167
	0.0174
	0.0161
	0.0172
	0.0167

	c3-
	0.0056
	0.0063
	0.0089
	0.0036
	0.0076

	c3
	6.646706587
	6.37931034
	4.47204969
	7.90697674
	5.4491018

	c4
	0.0035
	0.0052
	0.0051
	0.0062
	0.0067

	m
	1.4655
	1.4471
	1.4716
	1.4446
	1.4645

	e1
	7.6
	7.9
	7.9
	7.9
	8.3

	e3
	15.28742515
	14.6724138
	10.2857143
	18.1860465
	12.5329341

	e4
	0.014385
	0.021372
	0.020961
	0.025482
	0.027537

	t
	2.50824329
	2.55999285
	2.61799158
	2.58098779
	2.61698436

	Hg
	4136.537981
	4276.10315
	4303.507
	4316.32622
	4320.89012


Italian Olive Oil Data

	
	1
	2
	3
	4
	5

	a
	9.316
	6.346667
	11.16667
	8.29
	6.72166667

	b
	10.46667
	8.825
	12.22333
	9.34
	7.685

	c
	14.49667
	11.54167
	15.93833
	12.65667
	9.54

	ta
	21.46
	25.609
	24.517
	25.444
	26.116

	tc
	24.222
	28.341
	27.2
	28.178
	28.714

	r1
	0.0000207
	7.116E-06
	6.05192E-06
	3.9746E-06
	4.1788E-06

	r2
	0.000008899
	4.7014E-06
	5.8642E-06
	2.2722E-06
	6.7651E-06

	c1
	8.4
	8.7
	7.9
	7.9
	9.4

	c3+
	0.0163
	0.0165
	0.0168
	0.0141
	0.0168

	c3-
	0.0046
	0.0027
	0.0027
	0.0041
	0.0031

	c3
	7.17791411
	8.36363636
	8.392857143
	7.09219858
	8.1547619

	c4
	0.0042
	0.004
	0.0048
	0.0047
	0.006

	m
	0.6747
	0.6888
	0.6728
	0.6854
	0.6775

	e1
	8.4
	8.7
	7.9
	7.9
	9.4

	e3
	16.50920245
	19.2363636
	19.30357143
	16.3120567
	18.7559524

	e4
	0.017262
	0.01644
	0.019728
	0.019317
	0.02466

	t
	2.761940318
	2.73196959
	2.68297182
	2.73398829
	2.59798343

	Hg
	9795.08898
	9485.67947
	9537.42848
	9545.23781
	9168.55803

	raw uncertainty
	83.06332313
	80.5025773
	81.01872054
	80.9630052
	78.0139511

	uncertainty %
	0.85%
	0.85%
	0.85%
	0.85%
	0.85%


Greek Olive Oil Data

	
	1
	2
	3
	4
	5

	a
	7.61
	10.19167
	6.07166
	7.24
	6.045

	b
	8.57933
	11.155
	7.15333
	8.191
	6.98

	c
	11.44667
	15.71167
	10.72333
	12.525
	11.03333

	ta
	24.66
	26.357
	24.413
	27.158
	24.704

	tc
	27.125
	28.936
	27.1
	29.828
	27.378

	r1
	6.0677E-06
	5.2219E-06
	6.50155E-06
	3.7948E-06
	6.765E-06

	r2
	7.04378E-06
	2.1003E-06
	4.69484E-06
	4.749E-06
	1.2758E-05

	c1
	9.25
	9.1
	6.2
	5.2
	6.3

	c3+
	0.0169
	0.0166
	0.0165
	0.017
	0.0166

	c3-
	0.0027
	0.0034
	0.0061
	0.0029
	0.00192

	c3
	8.402366864
	7.95180723
	6.303030303
	8.29411765
	8.84337349

	c4
	0.004
	0.0034
	0.006
	0.0074
	0.0033

	m
	0.6631
	0.6803
	0.6775
	0.6683
	0.6751

	e1
	9.25
	9.1
	6.2
	5.2
	6.3

	e3
	19.32544379
	18.2891566
	14.4969697
	19.0764706
	20.339759

	e4
	0.01644
	0.013974
	0.02466
	0.030414
	0.013563

	t
	2.464973921
	2.5789854
	2.686976207
	2.66997581
	2.67394196

	Hg
	8975.169431
	9156.57129
	9590.970698
	9655.92463
	9569.44139

	uncertainty
	18.78762844
	17.4996406
	16.81815017
	17.1799708
	16.9715402

	% uncertainty
	0.21%
	0.19%
	0.18%
	0.18%
	0.18%


