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SUMMARY OF PROJECT

The objective of this experiment was to determine the heat of combustion of tryptone precisely and accurately using the Parr Bomb Calorimeter, and to observe whether precision and accuracy vary with the mass size of the pellet.  In order to determine the energy equivalent, W, of the calorimeter, the combustion of benzoic acid was carried out three times.  The mean W value for the three trials was found to be 2471.1 cal/(C with a 95% confidence interval of ( 37.3 cal/(C.   Twelve combustion trials using tryptone were performed with three different mass sizes:  0.5g, 1.0g, and 1.5g.  The mean heat of combustion was found to be 4894.7 cal/g with a 95% confidence interval of ( 92.1 cal/g.  Although it was determined using t-tests that the accuracy between the three masses were not statistically different, the precision increased with an increase in the mass of the pellet.  The heat of combustion of tryptone that was calculated using the composition was found to be 3935 cal/g with an uncertainty of ( 2.118 cal/g.  The mean experimental value differed from the calculated value by 24%. 

Objectives

The determination of the heat of combustion of tryptone for caloric purposes is pertinent to the field of biological and chemical research sciences, since tryptone is one of the principal ingredients for nutrition included in bacteria and yeast growth mediums. The objective of the experiment was to determine the heat of combustion of the compound tryptone using a non-adiabatic bomb calorimeter standardized with benzoic acid.  By taking into account the amino acids that make up the composition of tryptone, its calculated value of heat of combustion was also determined to compare the accuracy of the experimentally obtained value with respect to the calculated value.  In addition, comparisons among the accuracy and precision of the experimentally obtained heat of combustion values of tryptone for three different mass sizes of 0.5 gram, 1.0 gram, and 1.5 gram were also considered.

Background


The heat of combustion of a substance is the amount of energy released when an organic substance is burned completely in oxygen.  This value is useful in determining the maximum amount of energy that microbials can utilize through a bioenergetic reaction with a substance. Microbials convert the chemical energy found in the atomic bonds of tryptone to energy for their own use. The organisms then use this energy through biochemical reactions to create ATP and NADH, thus sustaining survival of the microorganisms.1
A process called bomb calorimetry is used to determine the heat of the combustion of a substance.  This measurement is taken by using a bomb calorimeter, a thermodynamically insulated container. A weighed sample of a substance, placed in a bomb calorimeter, is surrounded with a specific amount of water.  Pressurizing the bomb with oxygen creates a reaction between the oxygen and the substance.  Using the temperature increase that occurs due to the reaction, the heat of combustion can be calculated2.  All the basic calculations and correction factors can be found in the Parr manual3.  
Tryptone is a pancreatic digest of the milk protein, casein.  The substance is used as a moderately rich, general-purpose media for microbiological cultures.  As a rich source of nitrogen, tryptone is used for isolating bacteria and fungi. Additionally, the lack of carbohydrates in tryptone makes it useful in distinguishing bacteria based on their ability to ferment certain carbohydrates4. 

As cited in the Difco Manual, tryptone is composed of 80.18% amino acids, 7.70% carbohydrates, 6.00% inorganics, and 6.80% ash.  Within the inorganics and amino acids is included 13.00% nitrogen.  These values were obtained from the original maker of tryptone, and not from Fisher Scientific, the company that made the tryptone used in the experiment.  Fisher Scientific was contacted, but failed to provide their composition of tryptone.  Other common names for tryptone include Peptone C, Peptone 50, and Tryptone T.  
Theory and Methods of Calculations

Before analyzing data, the heat of combustion of tryptone was calculated by multiplying the percent composition of each substance by that substance's heat of combustion and then summing all of the results.  The values for the amino acids and carbohydrates were found using the NIST webbook5.  This general recipe was found in the Difco manual, the original manufacturer of tryptone.  These calculations resulted in a textbook value of 3935 cal/g with an uncertainty of ( 2.118 cal/g.  Because this general recipe did not come from Fisher, it only was used as a base value to compare with the values for the heat of combustion obtained for tryptone in this experiment.

Materials, Apparatus, Methods



The materials and apparatus used were the same as those listed in the manual, with the exception of the replacement of tryptone for sucrose. Among those apparatus used were the Parr Instrument Model 1341 Oxygen Bomb Calorimeter and the Parr Instrument Model 1108 Oxygen Combustion Bomb.


The experiment was subdivided in two parts: determination of the energy equivalent of the calorimeter (standardization) and the determination of tryptone’s heat of combustion with varying mass.  In both cases, the procedure was the same, the difference being the sample that was being analyzed.  Since initial temperature has an influence on the magnitude of both the energy equivalent and the heat of combustion of tryptone, the initial temperature was fixed for all trials between 24°C and 25°C.  For the standardization of the bomb calorimeter, the procedure outlined in the manual was followed, using approximately 1.00g of benzoic acid. The remaining product was then titrated with 0.0354N sodium carbonate. Three independent trials were performed. Using the relevant data, the energy equivalent of the calorimeter was calculated. 


In order to judge whether or not mass affects precision and/or accuracy, the heat of combustion of tryptone was measured for three different masses, with four independent trials per mass. The three masses were approximately 0.50g, 1.00g, and 1.50g. All the tryptone trials failed to burn completely, due to the ash in its composition. This ash was weighed, its percentage contribution calculated and compared to the actual value.
Calculations

The experimental values of tryptone were calculated using the following equations:

Hg = tW-e1-e2-e3


t  = ta-tc-r1(b-a)-r2(c-b)


      m

Hg = heat of combustion
ta = initial temperature

t = corrected temperature rise
tc = final temperature

W = energy equivalent of the calorimeter
r1 = slope of pre-period

e1 = nitric acid correction (mL of .0709 alkali solution)
r2 = slope of post-period

e2 = sulfuric acid correction (13.7 * % sulfur * mass)
a = time of firing

e3 = fuse wire correction (2.3 * cm of wire burned)
b = time when temperature reaches 60% rise

m = mass of tryptone pellet
c = time of peak
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Figure 1:  Typical Time Versus Temperature Data

The above graph represents the temperature versus time data collected for the first standardization trial of benzene.  The points marked A, B, and C corresponds to those in the previous heat of combustion equations.  The pre-period, rise period, and post-period, separated by points A and C, are also marked on the graph.  The slope of the pre-period and post-period were taken and used as r1 and r2 respectively.  Similar data was collected for the other two benzene standardization trials and all twelve tryptone trials.

	
	Trial 1
	Trial 2
	Trial 3

	Calculated W
	2471.2 ( 22.54cal/(C
	2486.1 ( 15.82cal/(C
	2456.0 (8.74 cal/(C

	Average W
	2471.1 cal/(C
	
	

	95% Confidence Limit
	( 37.3 cal/(C
	
	

	Relative Standard Deviation
	0.61%
	
	

	Manufacture's W
	2426 cal/(C
	
	

	Percent Difference
	1.86%
	
	


Table 1: Calibration Data for Bomb Calorimeter

This calibration data was calculated by manipulating this equation to solve for W, the energy equivalent of the calorimeter.  The values for W for the three calibration trials were then averaged to yield a value of 247.1 cal/ (C, with a 95% confidence value of ( 37.3 cal/gram.  This value for W was used for all further calculations.

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Average
	95% Con.
	Rel. St. Dev.

	0.5 Grams
	4853.5
	5270.3
	4631.6
	4841.3
	4899.2 cal/g
	( 425.8
	5.46%

	1.0 Grams
	4854.1
	4928.4
	4863.2
	4802.6
	4862.0 cal/g
	( 82.2
	1.06%

	1.5 Grams
	4915.4
	4944.0
	4911.6
	4920.8
	4923.0 cal/g
	( 23.1
	0.29%

	Total
	
	
	
	
	4894.7 cal/g
	( 92.1
	2.96%


Table 2: Tryptone Heat of Combustion Results (All in calories/gram)

Using the original equations, the heat of combustion was measured for each trial.  The data for each pellet size was then analyzed by averaging all four results for each pellet size.  The 95% confidence values and relative standard deviation were then calculated for all three sets of data.  
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Table 3: T-Test Between Different Mass Categories Using Heat of Combustion Values
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Using three t-tests assuming no variance, each set of data was compared to the others to observe whether they are statistically the same.  As seen above the heat of combustion values are not significantly different for tryptone at different mass sizes, because T statistical is less than T critical.

 Figure 2: Percentage of Ash Retrieved for Each Mass Size (With 95% Confidence Limits)

For each tryptone trial the mass of ash remaining was recorded and its weight percentage was calculated.  The above graph shows the average ash weight percentage for each mass group with the 95% confidence values included.
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Figure 3: Comparison between Pellet Size and Nitric Acid Formation

For each trial the volume of alkali solution required to titrate the nitric acid formed during the combustion was also recorded.  In the above graph this volume required was plotted against pellet size in grams to observe their relationship.  It was observed that the data have a highly linear relationship, with a R2 value of .9957.

	Literature value of sucrose = 3941.30 Cal/g
	

	 
	W Value 
(cal/(C)
	Calc Sucrose
 Hc (cal/g)
	% Error

	Manufacture
	2426
	3835.01 ± 127.50
	-2.70%

	Our Results
	2471.1
	3906.39± 127.50
	-0.88%


Table 4: Comparison of W values


To analyze the accuracy of the experimental energy equivalent of the bomb calorimeter found during the standardization with benzoic acid, results from a previous experiment were recalculated using the new value for W.  As seen in the table above, the percent error in the sucrose heat of combustion value decreased from –2.70% to –0.88%, when the new experimental W was used in place of the manual value.

	Sources
	Range
	Effect on Hc

	Measurements of the fuse wire
	± 0.5mm
	±0.115 Cal

	Mass of benzoic acid & Tryptone
	±0.0001g
	±0.34 Cal

	Titration of the acids formed
	±0.5 mL
	±0.5 Cal

	Temperature reading
	±0.005oC
	±12.355 Cal

	2000-mL of distilled water
	±1 mL
	±2.47 Cal

	The total systematic error:
	For 0.50g
	± 22.54 Cal

	
	For 1.00g
	±15.82 Cal

	
	For 1.50g
	(8.74 Cal


Table 5: Systemic Errors 


To analyze the uncertainty of the experiment, systemic errors due to the equipment used and their effect on the heat of combustion were tabulated.  Thus total systemic error lead to an uncertainty of ±22.54 Cal for the 0.5g category, ±15.82 Cal for the 1.00 gram category and ±8.74 Cal for the 1.50g category.  

Discussion and Analysis

Several factors were analyzed in determining where discrepancies in the values of the heat of combustion originated.  The factors analyzed ranged from normal systemic error to incomplete combustion of the pellet.

Initially calculations were performed to examine the accuracy of the heat of combustion of sucrose using two different W (energy equivalent) values.  The first W was obtained from the Bomb-Parr manual.  The second was obtained experimentally during the calibration trials, where benzoic acid was burned.   This was done in order to test the validity of the W value that was obtained experimentally.  Both W values were used to calculate the heat of combustion of sucrose.  The data used for comparison came from experiment six (determining the heat of combustion of sucrose) that was performed during course of the year.  

Table 4 indicates that the percent error using the manufacturer’s W when finding the heat of combustion for sucrose was -2.7% off from the literature value.  On the other hand, using the experimental W from the calibration trials there was only a -0.88% difference from the literature values of sucrose.  This shows that the W used in these calculations was more accurate than the manufacturer’s value, as would be expected because the manufacturer’s value is generic and does not account for slight differences in the bombs.

T-tests were performed on the samples.  They were conducted between the different mass categories using the heat of combustion values that were obtained for each trial at the various mass sizes, the mass categories being 0.5g, 1.0g, and 1.5g.  These results are summed up in table 3.  From the t-test, it was determined that the heat of combustion values between the different mass categories were statistically equivalent to one another.  
Through analysis of the trend line from figure 3, it was concluded that the bomb calorimeter reactions went to completion for all pellet sizes.  This is because the linear regression between the titration volume and pellet size has an R2 value of 0.9957, which shows an extremely high correlation.  The main contribution to nitric acid formation was the amine group (NH3) in the amino acid structures.  Thus if the higher mass sizes did not burn to completion their titration values would not be on the linear trend line, as shown, and the correlation value would be much lower.  From this, it can be concluded that systemic error did not evolve from incomplete combustion of the pellets.

Figure 2 shows the percentages of the ash collected for every mass trial category.  From the graph it is observed that the ash that resulted after each trial has slight variation in percentages.  This resulted from the inexact method of extracting the ash from the crucible at the end of each trial.  The ash was scraped out using a small screwdriver, resulting in small discrepancies in masses.  

The sources of systemic errors in this experiment were the measurement of the fuse wire, the mass of benzoic acid, tryptone, the titration of the acids formed, measurement of the 2000 ml of distilled water, and temperature reading. The respective uncertainties due to these errors in the heat of combustion are summed up in Table 5 in the results section.  Total systemic error lead to an uncertainty of ±22.54 Cal for the 0.5g category, ±15.82 Cal for the 1.00g category and ±8.74 Cal for the 1.50g category.  

The calculated value for the heat of combustion of 3935.04 ( 2.12 cal/g is about 24% different from the value obtained experimentally which was 4894.7 ( 92.1.  This discrepancy may be due to several factors.  The most likely explanation is that the composition of tryptone outlined in the Difco Manual was not the same composition used by the Fisher brand.  This may be due to the method of processing the tryptone.  It is possible that the tryptone is made by adding a particular unknown ingredient until the desired result is achieved. 

Several possible scenarios were calculated to achieve the desired heat of combustion, as shown in Table 6.  They include the addition of all amino acids, the addition of the amino acid with the largest heat of combustion, the addition of carbohydrates, and the addition of tryptophan while decreasing all other amino acids.

	 
	all amino acids
	amino acid 
w/ largest Hc
	carbs
	tryptophan

	Carbohydrates
	0%
	5.00%
	125%
	7.70%

	Amino Acids
	108%
	95%
	0%
	58% tryptophan, 

24% other amino acids

	Ash
	0%
	0%
	0%
	6%

	Inorganics
	0%
	0%
	0%
	5%


Table 6:  Other possible compositional scenarios.

For instance, amino acids may have been added until the tryptone had the desired potency.  In order to have the same calculated heat of combustion as the experimental value with an addition of amino acids while keeping the relative portions of the amino acids the same, 108% amino acids would yield a heat of combustion of 4890.00 cal/g, which is impossible.  Another possibility was calculated by increasing weight percent of the amino acid with the largest heat of combustion value, phenylalanine, until the experimental value was obtained.  As can be seen in the table, this would require 95% amino acids and 5% carbohydrates.  Both of these scenarios are not logical because it was experimentally proven that there is ash in the composition, which would not be accounted for using these compositions.


Another possible explanation may have been more carbohydrates were used.  In order to achieve the experimental heat of combustion with the addition of carbohydrates, 125% carbohydrates would have to be used, which is not possible.  The addition of carbohydrates alone is not enough to achieve the desired heat of combustion.


The final, most logical scenario is depicted in the last column.  This was obtained by increasing the tryptophan content in the amino acids, while decreasing all other amino acids so that the total amino acid weight percent remained the same.  This was done because the Fisher Scientific label on the package of the tryptone indicated that the product was highly enriched with tryptophan.  Additionally, the ash percent was decreased to match the ash percent achieved experimentally.  The calculated heat of combustion for this composition was equivalent to the experimental heat of combustion.    

Another possible source of discrepancy is that the specific carbohydrates were not depicted in the Difco manual.  Because tryptone is a digest of casein, a milk protein, the carbohydrate used was probably either dextrose or lactose.  Using either of these yields a heat of combustion value within 1% of the other.  It is unlikely that any other carbohydrates were used.  In addition, most carbohydrates have similar heat of combustion values, and a substitution would not have a significant effect.  Identifying the specific carbohydrate was probably not a source of error in the calculations.  
Conclusions

1. The combined mean experimental values for the heat of combustion of tryptone for the three different pellet mass sizes was 4894.7 cal/(C, which did not lie within 2% accuracy of the calculated value which was 3935.05 cal/C with an uncertainty of ( 2.12 cal/gram.  

2. The total precision among the heat of combustion of tryptone values among the twelve experimental trials amounted to a relative standard deviation of 2.96%.
3. Although the precision increased with mass size, t-tests showed the average values for each mass size to be statistically equivalent.
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Appendix

Table A1:  Heat of Combustion of Tryptone Calculation

	 
	Weight %
	Hc (cal/g)
	Partial Hc

	Ash
	6.800
	 
	 

	Carbohydrates
	 
	 
	 

	Lactose
	7.700
	-3946.480
	-303.879

	 
	 
	 
	 

	Amino Acids
	 
	 
	 

	Alanine
	2.860
	-4349.938
	-124.408

	Arginine
	3.030
	5126.706
	155.339

	Aspartic Acid
	6.110
	-2875.131
	-175.671

	Cystine
	0.420
	-4225.135
	-17.746

	Glutamic Acid
	17.050
	-3655.781
	-623.311

	Glycine
	1.750
	-3101.106
	-54.269

	Histidine
	2.020
	-4937.995
	-99.748

	Isoleucine
	4.400
	-6520.081
	-286.884

	Leucine
	7.110
	-6504.978
	-462.504

	Lysine
	6.700
	-6021.684
	-403.453

	Methionine
	2.570
	-5709.021
	-146.722

	Phenylalanine
	3.710
	-6722.562
	-249.407

	Proline
	7.450
	-5701.034
	-424.727

	Serine
	4.290
	-3293.653
	-141.298

	Threonine
	3.580
	-4182.581
	-149.736

	Tryptophan
	0.710
	-6586.691
	-46.766

	Tyrosine
	1.420
	-5841.051
	-82.943

	Valine
	5.000
	-5938.284
	-296.914

	 
	 
	 
	 

	Inorganics
	 
	 
	 

	Calcium
	0.013
	 
	 

	Chloride
	0.186
	 
	 

	Cobalt
	0.001
	 
	 

	Copper
	0.001
	 
	 

	Iron
	0.001
	 
	 

	Lead
	0.001
	 
	 

	Magnesium
	0.017
	 
	 

	Manganese
	0.001
	 
	 

	Phosphate
	2.669
	 
	 

	Potassium
	0.229
	 
	 

	Sodium
	2.631
	 
	 

	Sulfate
	0.241
	 
	 

	Tin
	0.001
	 
	 

	Zinc
	0.003
	 
	 

	 
	 
	 
	 

	Total Weight %
	100.675
	 
	 

	Total Hc
	 
	 
	-3935.045
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Sheet1

																				Calibration Trial 1																																														Calibration Trial 2																																														Calibration Trial 3

																		6.8 cm burned				1.0182 g																																										8.0 cm burned				.9647 g																																										8.3 cm burned				1.0342

						Exp 1		Exp 2		Exp 3		Units						9.4 mL																																														8.6 mL																																														9.35 mL

				a		300		300		300		sec										Time(s)		Temp (C)																																												Time(s)		Temp (C)																																												Time(s)		Temp (C)

				b		378		377		376		sec						0		0		0		26.18		0																																						0		0		0		26.56		0																																						0		0		0		26.26		0

				c		758		690		683		sec						1		0		60		26.18		1																																						1		0		60		26.56		1																																						1		0		60		26.26		1

				t(a)		26.19		26.56		26.26		C						2		0		120		26.19		2																																						2		0		120		26.56		2																																						2		0		120		26.26		2

				t©		28.79		28.99		28.9		C						3		0		180		26.19		3																																						3		0		180		26.56		3																																						3		0		180		26.26		3

				r1		0.00004		0		0		C/sec						4		0		240		26.19		4																																						4		0		240		26.56		4																																						4		0		240		26.26		4

				r2		-0.00004		-0.0001		-0.0001		C/sec						5		0		300		26.19		5																																						5		0		300		26.56		5																																						5		0		300		26.26		5

				e1		9.4		8.6		9.35		cal						5		40		340		26.7		5.6666666667																																						5		30		330		26.8		5.5																																						5		23		323		26.3		5.3833333333

				e2		0		0		0		cal						5		45		345		26.9		5.75																																						5		36		336		26.9		5.6																																						5		27		327		26.4		5.45

				e3		15.64		18.4		19.09		cal						5		48		348		27		5.8																																						5		40		340		27		5.6666666667																																						5		30		330		26.5		5.5

				W		2426		2426		2426		cal/C						5		52		352		27.1		5.8666666667																																						5		42		342		27.1		5.7																																						5		35		335		26.6		5.5833333333

				m		1.0182		0.9647		1.0342		g						5		55		355		27.2		5.9166666667																																						5		45		345		27.2		5.75																																						5		42		342		26.7		5.7

																		5		57		357		27.3		5.95																																						5		49		349		27.3		5.8166666667																																						5		44		344		26.8		5.7333333333

				t		2.61208		2.4613		2.6707		C						5		59		359		27.4		5.9833333333																																						5		52		352		27.4		5.8666666667																																						5		47		347		26.9		5.7833333333

						Exp 1		Exp 2		Exp 3								6		4		364		27.5		6.0666666667																																						5		54		354		27.5		5.9																																						5		52		352		27		5.8666666667

				H (cal/g)		6199.0434885091		6161.618948896		6237.3604718623		6199.3409697558						6		9		369		27.6		6.15																																						5		58		358		27.6		5.9666666667																																						5		54		354		27.1		5.9

				Dev from Mean		-0.2974812467		-37.7220208598		38.0195021065								6		15		375		27.7		6.25																																						6		2		362		27.7		6.0333333333																																						5		56		356		27.2		5.9333333333

				Standard Deviation		37.8716377604												6		20		380		27.8		6.3333333333																																						6		6		366		27.8		6.1																																						5		59		359		27.3		5.9833333333

				Relative Standand Deviation		0.006108978										0.043		6		29		389		27.9		6.4833333333																																						6		11		371		27.9		6.1833333333																																						6		3		363		27.4		6.05

																		6		32		392		28		6.5333333333																																						6		16		376		28		6.2666666667																																						6		6		366		27.5		6.1

																		6		43		403		28.1		6.7166666667																																						6		21		381		28.1		6.35																																						6		12		372		27.6		6.2

				Experimental H		757.1255126363												6		52		412		28.2		6.8666666667																																						6		28		388		28.2		6.4666666667																																						6		14		374		27.8		6.2333333333

				web site, webbook.nist.gov		771.24		kcal/mol		6314.9103414395								7		2		422		28.3		7.0333333333																																						6		37		397		28.3		6.6166666667																																						6		19		379		27.9		6.3166666667

				Error		-0.0183010313												7		12		432		28.4		7.2																																						6		49		409		28.4		6.8166666667																																						6		25		385		28		6.4166666667

						Trial 1		Trial 2		Trial 3								7		35		455		28.5		7.5833333333																																						6		57		417		28.5		6.95																																						6		32		392		28.1		6.5333333333

				Calculated W		2471.2		2486.1		2456.0								8		3		483		28.6		8.05																																						7		9		429		28.6		7.15																																						6		41		401		28.2		6.6833333333

				Average W		2471.1												8		52		532		28.7		8.8666666667																																						7		28		448		28.7		7.4666666667																																						6		51		411		28.3		6.85

				Relative Standard Deviation		0.61%												9		50		590		28.75		9.8333333333																																						7		51		471		28.8		7.85																																						7		3		423		28.4		7.05

				Manufacture's W		2426												10		17		617		28.76		10.2833333333																																						8		30		510		28.9		8.5																																						7		12		432		28.5		7.2

				Percent Error		1.86%												10		37		637		28.77		10.6166666667																																						9		0		540		28.93		9																																						7		28		448		28.6		7.4666666667

																		11		2		662		28.78		11.0333333333																																						9		30		570		28.96		9.5																																						7		49		469		28.7		7.8166666667

																		11		32		692		28.78		11.5333333333																																						10		0		600		28.97		10																																						8		23		503		28.8		8.3833333333

																		12		8		728		28.78		12.1333333333																																						10		30		630		28.98		10.5																																						8		53		533		28.83		8.8833333333

																		12		38		758		28.79		12.6333333333																																						11		0		660		28.98		11																																						9		23		563		28.86		9.3833333333

								752.5185222287										13		8		788		28.79		13.1333333333																																						11		30		690		28.99		11.5																																						9		53		593		28.87		9.8833333333

						122.13												13		38		818		28.79		13.6333333333																																						12		0		720		28.99		12																																						10		23		623		28.88		10.3833333333

						757.1255126363												14		8		848		28.79		14.1333333333																																						12		30		750		28.99		12.5																																						10		53		653		28.89		10.8833333333

						0.0183010313												14		38		878		28.79		14.6333333333																																						13		0		780		28.99		13																																						11		23		683		28.9		11.3833333333

																		15		8		908		28.79		15.1333333333																																						13		30		810		28.99		13.5																																						11		53		713		28.9		11.8833333333

																		15		38		938		28.79		15.6333333333																																						14		0		840		28.99		14																																						12		23		743		28.9		12.3833333333

																		16		8		968		28.79		16.1333333333																																						15		0		900		28.98		15																																						13		23		803		28.9		13.3833333333

																		16		38		998		28.78		16.6333333333																																						16		0		960		28.98		16																																						14		23		863		28.9		14.3833333333

																		17		8		1028		28.78		17.1333333333																																						17		0		1020		28.97		17																																						15		23		923		28.89		15.3833333333

																		17		38		1058		28.78		17.6333333333																																						18		0		1080		28.96		18																																						16		23		983		28.88		16.3833333333

																		18		8		1088		28.78		18.1333333333																																						19		0		1140		28.94		19																																						17		23		1043		28.88		17.3833333333

																																																																20		0		1200		28.94		20																																						18		23		1103		28.86		18.3833333333

																																																																21		0		1260		28.93		21																																						19		23		1163		28.86		19.3833333333

																																																																22		0		1320		28.92		22																																						20		23		1223		28.85		20.3833333333

																																																																																																														21		23		1283		28.84		21.3833333333

																																																																																																														22		23		1343		28.84		22.3833333333
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By analysis of the trend line we conclude that the bomb calimeter reactions went to completion at all pellet sizes.  This is because the relationship between the titration amount and pellet size has an R squared value of 0.9957 which shows extremely high correlation.  In our experiment we see that the main contribution to nitric acid formation was the amine group (NH3) in the amino acid structures.

Thus if the higher mass sizes did not burn to completion their values would not be on the linear trend line as shown and the correlation value would be much lower.
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By analysis of the trend line we conclude that the bomb calimeter reactions went to completion at all pellet sizes.  This is because the relationship between the titration amount and pellet size has an R squared value of 0.9957 which shows extremely high correlation.  In our experiment we see that the main contribution to nitric acid formation was the amine group (NH3) in the amino acid structures.

Thus if the higher mass sizes did not burn to completion their values would not be on the linear trend line as shown and the correlation value would be much lower.
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		t-Test: Paired Two Sample for Means

				Variable 1		Variable 2

		Mean		4899.1766317443		4862.0369423704

		Variance		71599.4964308788		2667.0655912757

		Observations		4		4

		Pearson Correlation		0.6784301066

		Hypothesized Mean Difference		0

		df		3

		t Stat		0.3152520636

		P(T<=t) one-tail		0.3866133806

		t Critical one-tail		2.3533630156

		P(T<=t) two-tail		0.7732267612

		t Critical two-tail		3.1824492908
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		t Critical one-tail		2.3533630156

		P(T<=t) two-tail		0.8631876614

		t Critical two-tail		3.1824492908
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		Mean		4862.0369423704		4922.9532485661

		Variance		2667.0655912757		210.4874859254

		Observations		4		4

		Pearson Correlation		0.6985340952

		Hypothesized Mean Difference		0

		df		3

		t Stat		-2.8473710265
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		P(T<=t) two-tail		0.0652498178
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						Trial 1		Trial 2		Trial 3		Trial 4		Average

				0.5 Grams		4853.5		5270.3		4631.6		4841.3		4899.2

				1.0 Grams		4854.1		4928.4		4863.2		4802.6		4862.0

				1.5 Grams		4915.4		4944.0		4911.6		4920.8		4923.0

				Total										4894.7

																		t Stat

						Comparison 
Between		T-critical		T-stat		Significant 
Difference						P(T<=t) one-tail		0.0326249089

						0.5 g & 1.0 g		2.3533630156		0.3152520636		NO						t Critical one-tail

						0.5 g & 1.5 g		2.3533630156		-0.1875636303		NO

						1.0 g & 1.5 g		2.3533630156		-2.8473710265		NO

						If T stat is less than T critical then the two data sets are deemed to be statistically equivalent

						This shows that the data is not significantyly different for tryptone at different values
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