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ABSTRACT

The purpose of this experiment was to determine whether or not nitrogen in a compound has an associated correction in bomb calorimetry.  Using Parr calorimetry apparatus and literature, four nitrogenous samples, varying in content of nitrogen by percent weight, were combusted in a pure oxygen environment to determine the nitrogen correction factors.  The four compounds used were alanine, arginine, glycine, and valine.  By combusting four samples of each compound, experimental nitrogen corrections were found as follows: 


Alanine
Arginine
Glycine
Valine

N Correction (cal)
11.73
14.28
9.29
8.39

% dev
1.62
5.95
1.72
5.72

Table 1.  Nitrogen Correction Values

After plotting the mass of nitrogen in sample vs. correction (in calories), a new correction factor, R2 (in calories), was found to be the slope of the line of best fit of this plot.  The results show this equation to be R2 = 16.132m+ 7.7671.  Here m is the mass of nitrogen found in each compound.  

INTRODUCTION


The nitrogen correction accounts for the liberation of heat during combustion due to formation of nitric acid in solution, a secondary reaction.  From the information provided by Parr Instrument Company through both contacts and literature, nitrogen correction only depends on the nitrogen in the atmospheric air within the bomb.  The gross heat combustion equation shown below was derived for the 1108 oxygen bomb calorimeter used in this experiment, in which e1 represents the nitrogen correction due to the residual air in the bomb. 

Hg= tW- e1 -  e2 - e3 
(Equation 1)

    




   m

Here: 

· Hg: gross heat of combustion for sample (cal)

· t : net temperature change of the water (C)

· W:  energy equivalent for calorimeter (cal/C)

· e1: correction for nitric acid (cal)

· e2: correction for sulfuric acid (cal)

· e3: correction for the fuse wire (cal)

· m:  mass of sample (g)

These variables will be further explained in the Background Section of this report.

The purpose of this project is to prove that an additional nitrogen correction factor for nitrogenous compounds exists and this associated factor does effect the gross heat of combustion equation.  This effect will require the insertion of another correction factor, R2, in the gross heat of combustion equation.  

To prove the validity of the hypothesis, the technique of bomb calorimetry was utilized in order to study the effects of nitrogen correction for various nitrogenous compounds.  Samples of nitrogenous compounds were burned to completion in an oxygen bomb with a 100% oxygen environment in order to eliminate the nitrogen correction associated with atmospheric air (in the bomb), as predicted in literature supplied by Parr.  Therefore, in order to study the relationship between nitrogen content and correction, choosing compounds with varying nitrogen content by mass was the most crucial variable.  In order to determine the nitrogen correction of each compound, the residue (bomb washings) will be titrated with 0.0709 M of alkaline solution in order to correct for the formation of nitric acid, as indicated in the Parr literature.  If an additional nitrogen correction factor due to the liberation of heat from the nitrogen in the sample is found, then the variable R2 must be added to the gross heat of combustion equation to account for this phenomenon.  The modified gross heat of combustion equation will be as follows:

Hg = tW- e1 - e2 - e3 - R2 
  (Equation 2)





           m

BACKGROUND


Calorimetry is the science of measuring heat based on the change in temperature that occurs during an energy exchange between a reaction system and its surroundings.  This energy exchange is measured by an adiabatic calorimeter, a thermally insulated container.  The standard heat of combustion of a compound is precisely defined as the energy released by burning it completely in oxygen at 298K and 1atm.  It is assumed that any compounds containing carbon, hydrogen, nitrogen and sulfur are converted to CO2 (g), H2O (l), N2 (g), and S2 (s). However, for the purpose of this study, sulfur need not be considered since all the compounds that are tested in this study contain only nitrogen atoms.


One technique used to measure the heat of combustion of a solid compound is through bomb calorimetry.  In this method, a known mass of compound is burned to completion inside a bomb.  The bomb is pressurized with oxygen, which serves as the fuel for ignition, and immersed in water in the calorimeter.  The calorimeter provides the power with which the sample is combusted in the form of electric current.  Also, it allows the temperature rise of the water due to the combustion to be measured using a mercurial thermometer.  Ideally, if all the energy released by the reaction goes into heating the water, then the heat of combustion can be obtained from the energy balance:

Qreaction= msample(Hcomb,sample  = m​waterCp,water* twater            (Equation 3)
Where   

· Qreaction is the overall energy released by the reaction

· msample is the mass of combusted material

· (Hcomb ,sample is the heat of combustion of the sample material

· mwater  is the mass of water in the calorimeter

· Cp,water is the specific heat of water

· twater  is the temperature rise of the water following combustion


However, the energy released from combustion goes into other processes aside from the heating the water.  These processes include heating the metal of the bomb itself, creating secondary side reaction products such as nitric and sulfuric acids, burning of the fuse wire that is used to start the reaction, and losing energy by heat transfer through the walls of the calorimeter.  These processes will cause the final temperature of the water to deviate from its predicted value (based on standard heats of combustion for the compound).  Thus, to attain a more accurate value of the heat of combustion for the sample, all the energy (both added and lost from the system) must be quantified with corrections being accounted, and calibrating the calorimeter.  Calibration is carried out by standardization of benzoic acid, since its heat of combustion is precisely known. The energy equivalent (standardized variable) of the calorimeter W  (cal/oC) is found by Equation 4.





W=Hm+e1+e3
  (Equation 4)










t

where:

H: heat of combustion of benzoic acid

M: mass of the benzoic acid sample

e1: correction for the heat of formation of nitric acid =mL of 0.0709N sodium carbonate used in acid titration

e3: correction for heat of combustion of fuse wire=(2.3)*cm of fuse burned

t: net corrected temperature rise of water


Given W, the heat of combustion of an sample can be determine by Equation 5:

msample(Hcomb = W*twater 
     (Equation 5)

The temperature rise correction can be calculated using Equation 6, in which:

a: time of firing

b: time when the temperature reaches 60% of the total rise

c: time at the beginning of the period in which the rate of the temperature becomes constant

ta: temperature at a

tc: temperature at c

r1: rate at which temperature was rising during the 5-minute period before firing

r2: rate at which the temperature was rising during the five minute period after time c.

t= tc- ta – r1 *(b-a) – r2* (c-b)

(Equation 6)


As mentioned beforehand, there are several uncontrollable factors that can lead to inaccuracy.  These factors are corrected for by subtracting them from the right-hand side of Equation 5.  During combustion, high pressure can also drive several secondary chemical reactions in samples that contain sulfur or nitrogen, which leads to the formation of sulfuric or nitric acid respectively.  A source of nitrogen is always present due to the nitrogen in the residual air of the bomb.  The amount of nitric acid formed is determined by titrating the reaction products using a sodium carbonate solution and measuring the amount of alkali solution used.  Energy is also generated when current flows through the fuse but varies from trial to trial.  The correction for the fuse wire requires an accurate measurement of the original and final lengths of the fuse wire.  Lastly, heat can be exchanged with the calorimeter and surroundings both before and after the sample is burned. To account for this transfer of heat, a correction for the temperature (t) must also be accounted.  To account for this transfer of heat, a correction for the temperature is added to the measured increase in water temperature as seen below:

trise= twater + correction 

This correction is based on the rate of temperature change before combustion and the rate of temperature change following the 60% temperature rise period.  These correction values were obtained from Parr Instrument Company. 


All these additional factors are important and should not be neglected.  By putting them together, the gross heat of combustion is produced, as seen in equation 1.  The gross heat of combustion equation represents the net energy produced. 







(Hg= tW-e1-e2-e3
    (Equation 1)
                                  


m

Here:

· (Hg: gross heat of combustion for sample being tested (cal/g)

· t: net temperature change (corrected) for water ((C)

· W: energy equivalent of the calorimeter (cal/(C)

· e1: correction for the heat of formation of nitric acid (in cal) = mL of 0.0709N sodium carbonate used in acid titration

· e2: correction for the heat of formation of sulfuric acid (in cal) = (13.7)*(mass of sample)*(percent of sulfur in sample)
· e3: correction for heat of combustion of fuse wire (in cal) = (2.3)*cm of fuse burned

· m: mass of sample being tested (in grams)


The emphasis of this project is to determine whether there exists a correction factor associated with nitrogen contained in compounds to be combusted.  As stated previously, nitrogen correction accounts for the liberation of heat, due to the formation of nitric acid, during the combustion of a solid sample in bomb calorimetry.  Nitrogen correction is equal to the mL of sodium carbonate used in acid titration of the residue upon completion of combustion.   

RATIONALE 

The purpose of this project is to determine whether a nitrogenous sample has an associated correction factor when combusted in an oxygen bomb.  The procedure required to combust such samples is comparable to that outlined in the literature supplied by Parr.  The samples chosen for combustion are alanine, arginine, glycine, and valine.  All these compounds contain nitrogen with varying weights of 32%, 15.7%, 18.6%, and 12.3% respectively.  These compounds were chosen for various reasons.  First, the variability in the nitrogen content is essential in order to determine its relationship with correction.  Also, these compounds do not contain any sulfur, which eliminates the need to calculate the sulfur correction, e2.  Furthermore, the four compounds are all amino acids that are similar in structure, as shown in Figure 1.
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Figure 1.  The molecular structures of the nitrogenous compounds used in this study.

The location of the primary nitrogen in each compound is identical.  If the degree of liberation of nitrogen is dependent upon the way the atoms are arranged in the molecule, then the position of the nitrogen atom is very important.  However, arginine contains three additional N atoms in its molecule, which may have altered the results.  This notion will be further examined in the discussion section.

As previously mentioned, these nitrogenous compounds were chosen based on their varying content of nitrogen.  The main purpose of this study is to determine if a relationship exists between the percent nitrogen and the nitrogen correction.  These values for nitrogen (%) are listed in Table 2.


% nitrogen

Alanine
15.71

Arginine
32.15

Glycine
18.65

Valine
11.95

Table 2. Percent of nitrogen present in the respective compounds.

 MATERIALS AND METHODS

In addition to the materials listed in Experiment 2 of the BE 210 Lab manual, the following materials were used 

· Benzoic Acid

· Alanine

· Arginine

· Valine

· Glycine

· Flowmeter – Plastic Tubing – Retort Stand

· Stopwatch


For this study, the exact combustion and titration procedures were followed as outlined in Experiment 2 of the BE210 lab manual.  In addition, to reduce variability in the project the atmospheric air was pumped out of the bomb.  This eliminates the nitrogen correction associated with the atmospheric air.  To do this, the output valve on the bomb was connected to a flowmeter using a piece of plastic tubing.   Before the actual bombing, the atmospheric air in the bomb was displaced with pure oxygen gas at 1.5 L/min for 3.5 minutes.  Thus, approximately 5.25 L of oxygen was pumped through the bomb.  In order to determine the new associated nitrogen correction, R2, titration procedures were followed as given by Parr.  In week 1, benzoic acid and alanine were combusted.  For week 2, glycine and arginine were combusted.  Lastly, valine and benzoic acid were combusted during the third week.

PRE-CALCULATIONS

Prior to combustion, the atmospheric air in the bomb was displaced with oxygen pressurized at 25 atm, such that the bomb environment was purely oxygen (as mentioned in the introduction). By doing this, the nitrogen correction factor found after titration of the bomb washings can be attributed solely to the nitrogen in the compound, since the atmospheric nitrogen is not present. 

In order to compare the nitrogen correction factors for the four different nitrogenous compounds in this study, other variables in the gross heat of combustion equation were fixed.  Most importantly, the value of “t” in the gross heat of combustion equation was fixed and equated between the two sample trials, since this value, in turn, determines the fuse wire correction (e3) based on similar heats of combustion from Experiment 2 data.   Since all samples did not contain sulfur, the sulfur correction (e2) was disregarded.  Thus, the gross heat of combustion equation for this particular experiment was reduced to:

Hg = W*t – e3
(Equation 7)
m


where e3=15 cal.

Equation 7 is valid only when making several assumptions, such as NO nitrogen correction was associated for each compound.  In this equation, Hg represents the heat of combustion of the compound (cal/g), W is fixed at 2426 (cal/(C), and the fuse wire correction (e3) is fixed at 15 calories.  The value for e3 corresponds to the fuse wire corrections that were obtained during the performance of experiment 2 during the lab session.  The heats of combustion were similar in magnitude to the predicted heats in this experiment.  Also, it was assumed that the length of fuse wire burned is dependent upon the heat of combustion.  Thus, the only unknown variables in Equation 7 are temperature change and the mass of each sample.  By rearranging Equation 7, the mass for each compound can be determined as seen below: 

m = 2426t -15
(Equation 8)






   Hg
From the NIST web book, the heat of combustion of one gram of each the four compounds in calories (Hg in the formula above) are seen in Table 3 below:


H predicted (cal/g)

Alanine
4348.4

Arginine
5130.10

Glycine
3101.11

Valine
5938.28

Table 3.  Predicted heats of combustion for each nitrogenous compound.

By fixing the value of “t”, the required masses for each sample can be determined.  The value of “t” cannot be set to any random number because the apparatus restricts the use samples with masses greater 1.5 grams.  By trial and error, a reasonable value of “t” was found to be 1.7 (C because it produced sample masses less than 1.5 grams when substituting in equation 8.  These values can be seen in Table 4. 


Calculated mass of sample (g)

Alanine
0.945

Arginine
0.8

Glycine
1.325

Valine
0.695

Table 4.   Values of the sample masses required for bomb calorimetry in this study.

Using these masses and the associated temperature change of 1.7 (C, the gross heats of combustion for each sample can be determined.  The primary focus of this project was centered on nitrogen correction.   If these nitrogen correction values were examined with respect to the overall heat of combustion for each sample, it would be quite small in comparison.  

In a preliminary trial, arginine samples were combusted in the presence of atmospheric air.  The resulting heat of combustion due to nitrogen both in the bomb and the compound was found to be 20 cal, whereas the overall heat of combustion was approximately 4700 cal.  Thus the nitrogen correction only accounts for 0.47% of Hg.  It is difficult, if not impossible, to reduce the variability between independent trials to such a small percentage.  The following calculation using the experimental errors is shown in Table 5.


W
T
E1
e3
M
Hg

Error
93.55
0.005
0.001
0.05
0.002
136.43

Table 5.  Error Analysis

To calculate the uncertainty, the Ymax formula found on page 15 of the ‘Design and Data Analysis’ section of the BE 210 lab manual was used. Data from trial 1 of the arginine experiment was substituted into this formula. The gross heat of combustion for this trial is 4643.7 calories.  Thus, the percent uncertainty associated with this value is 2.9%, almost 6 times the percentage of the gross heat of combustion accounted for by the nitrogen correction.  If gross heats of combustion were compared in order to determine the effects of nitrogen correction, we could not definitively say whether any discrepancy in results was due to correction, or experimental error. This problem was overcome by focusing on the determination of nitrogen correction as an experiment within itself.  In other words, by comparing only nitrogen correction values between trials rather than gross heats of combustion, the numbers are much smaller in magnitude.  The changes (expected) in these numbers are much more significant in proportion to the nitrogen correction values themselves, thus avoiding the overlap between the nitrogen correction contribution and experimental error.

To determine the mathematical relationship between the nitrogen content of the compound and resulting heat of combustion, graphical analysis was carried out. By plotting the mass of nitrogen present in each sample on the abissca and the resulting correction (in calories) on the ordinate, an equation explaining a general trend was derived with associated uncertainties and confidence intervals.  This equation represents the new correction factor, R2, which is to be added to the gross heat of combustion equation.  To determine the uncertainty in this equation, the data was manipulated using regression analysis in Excel.  The abissca and ordinate of this plot depends on the order of the derived equation.  Regression analysis generates confidence limits for the derived equation, which will be added to the gross heat of combustion equations (see background).               

RESULTS
 
Prior to combustion of any amino acid, the energy equivalent of the calorimeter was determined by standardization of using benzoic acid.  The following procedures utilized are outlined in the Parr literature.  During week 1 and week 3, three samples of benzoic acid were combusted in order to determine W, the energy equivalent (see introduction). Figure 2.  Graph of temperature vs. time for benzoic acid.
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Figure 2 above shows the increase in temperature of the water in the bomb calorimeter as the benzoic acid is burned. 

It was necessary to use the slope of trendlines in order to find an accurate temperature rise for combustion of benzoic acid.  As previously mentioned in the background, Equation 6 was utilized in order to determine the temperature.

t= tc – ta – r1*(b – a) – r2*(c – b)
(Equation 6)
where a is the time of firing, b is the time when the temperature reaches 60 percent of the total temperature rise, c is the time where the rate of temperature change becomes constant (beginning of the post-bombing period). Temperature at the time of firing is ta, and the temperature at the time of constant temperature change after increase is tc.  To determine these values in a more precise fashion, each portion of the temperature rise curve was fitted with a linear trend line.  The point of intersection between the pre-bombing trendline and the trendline describing temperature increase is ta, while the point of intersection between the post-bombing and temperature rise trendlines is tc.  The rates of temperature change during pre and post-bombing period, r1 and r2, are equivalent to the slopes of the pre-bombing and post-bombing trendlines.  For subsequent benzoic acid trials as well as amino acid combustions, trendline analysis of this nature was applied.  Knowing the heat of combustion (literature value) for benzoic acid, the energy equivalent of the calorimeter was determined.  From the six trial runs of bombing, the average value of W was found to be 2482.67 ( 3.61% cal/ (C, as shown in table 6.  This value, W, was used in the calculation of the heats of combustion of all samples in the bomb.  The t-stat and t-critical will be elaborated upon in discussion.


Week 1
Week 3

Trial 1
2528.4
2332.2

Trial 2
2556.7
2437.5

Trial 3
2570.8
2470.3

Average W
2552.0
2413.4

std dev
21.61
72.17

t-stat
4.30
4.30

con limit
53.68
179.28

Predicted
2426.0
2426.0

t –criticial
10.1
0.3

upper 95 %
2605.7
2592.7

lower 95 %
2498.3
2234.1

Table 6-Statistics for the benzoic acid trials.

Figure 3 below shows the increase in temperature of the water in the bomb calorimeter as alanine was burned.  All trials had very similar looking graphs with respect to the temperature response to combustion.  The temperature rose slightly in the five minutes prior to combustion.  Immediately after the sample was fired, the temperature increased very rapidly.  The graphs for the combustion of arginine, glycine, and valine look similar as well.  These graphs can be seen in the Appendix (Figures A1, A2, and A3, respectively).
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Figure 3.  Plot of temperature vs. time for the combustion of alanine.
The technique of using the slope of the treadlines in order to determine the temperature rise was also used for analyzing the graphs for each corresponding compound.  For alanine, the following results were obtained and can be seen in Table 7. 

Trial
M1
M2
y-int 1
y-int 2
tc

1
0.0087
0.8015
26.45
20.88
26.51

2
0.002
0.8883
25.92
19.78
25.94

3
0.005
0.8521
26.22
20.33
26.25

4
0.0051
0.8396
27.34
21.53
27.37








Trial
M1
M2
y-int 1
y-int 2
ta

1
-0.003
0.8015
24.91
20.88
24.90

2
-0.003
0.8883
24.26
19.78
24.25

3
-0.004
0.8521
24.63
20.33
24.61

4
-0.007
0.8396
25.78
21.53
25.74

Table 7. ta and tc were determined from the slopes of each corresponding treadline for alanine.

In order to determine the heat of combustion for alanine, the gross heat of combustion equation was used.   Several factors had to be included in order to calculate the heat of combustion, such as t and e3.  After correcting for the formation of nitric acid and the burning of the fuse wire, the heat of combustion for alanine was found to be 4244.14(121.12 (cal/g).  There was a 1.79% standard deviation in these results, reflecting the precision of alanine trials.  The values used to compute the heat of combustion for alanine are listed in Table 8.


Trial #1
Trial #2
Trial#3
Trial #4

Ta
24.897
24.247
24.608
25.743

Tb
25.866
25.262
25.596
26.721

Tc
26.512
25.938
26.254
27.373







A
5
5
5
5

B
6.227369
6.220843
6.2221898
6.231576

C
7.01
7
7
7.06







r1
-0.003
-0.003
-0.004
-0.007

r2
0.0087
0.002
0.005
0.0051

R2
11.7
11.65
12
11.55

e3
18.4
18.86
18.17
18.86

T
1.611873
1.693104
1.6469997
1.634396

M
0.954
0.96
0.96
0.95

Hg (cal)
4163.036
4346.657
4227.7828
4239.097

Table 8.  Data used to calculate the heat of combustion for alanine.


Using the same method (as mentioned above), the heats of combustion of arginine, glycine, and valine were calculated.   After correcting for the formation for nitric acid and the burning of the fuse wire, the heat of combustion of these three compounds was determined.  The heat of combustion for arginine was found to be 4778.93(174.32 (cal/g) with a 2.29% standard deviation.  The heat of combustion for glycine was found to be 3208.02( 98.07  (cal/g) with a 1.92% standard deviation.  The heat of combustion for valine was found to be 6100.33( 416.95 (cal/g) with a 4.29% standard deviation.  The data used to obtain these results are can be found in the Appendix.  All the values relating to the heat of combustion for the four compounds can be summarized in Table 9.  The values of t-stat and t-critical will be further explained in the Discussion Section.

Trial
Alanine
Arginine
Glycine
Valine

1
4163.04
4671.23
3280.88
6229.89

2
4346.66
4817.73
3233.97
6192.96

3
4227.78
4914.69
3142.31
5710.01

4
4239.10
4712.09
3174.92
6268.47

Average
4244.14
4778.93
3208.02
6100.33

Predicted
4274.83
5130.10
3238.83
6026.08

% dev
1.79
2.29
1.92
4.29

% difference
0.72
7.35
0.96
1.23

t- stat
3.18
3.18
3.18
3.18

t-critical
0.81
6.41
1.00
0.57

Con limit
121.12
174.32
98.07
416.95

Upper 95 %
4365.26
4953.25
3306.09
6517.29

Lower 95%
4123.03
4604.61
3109.95
5683.38

Table 9. Heats of combustion for the four compounds.

The primary focus of this project involved studying and analyzing an associated nitrogen correction factor for compounds with varying percents of nitrogen.  Since the bomb was flushed with 100% oxygen prior to combustion (as mentioned in the Methods), it was assumed that no e1 existed in the gross heat of combustion equation.  Therefore, the formation of nitric acid is due solely to the nitrogen present in the compound.   For the purposes of this study, this correction factor was called R2.  The correction for R2 was found by titrating the residue with 0.0709M of alkaline solution, the same technique as mentioned in Parr literature.  The nitrogen correction (R2) for alanine was found to be 11.73( 0.31 cal with a 1.62% standard deviation.  The correction (R2) for arginine was found to be 12.28( 1.34 cal with a 5.95% standard deviation.  The correction (R2) for glycine was found to be 9.29( 0.25 cal with a 1.72% standard deviation.  Finally, the correction (R2) for valine was found to be 8.39( 0.76 cal with a 5.72% standard deviation.  Table 9 summarizes the data for R2, the nitrogen correction due to the formation of nitric acid for the four compounds.  It was necessary to calculate t-stat because this value was needed in order to determine the confidence intervals.  However, it was not possible to calculate t-critical, since there was no literature value available as to the value for the predicted nitrogen correction for a particular compound.

Alanine
Arginine
Glycine
Valine

Trial 1
11.70
13.35
9.32
8.95

Trial 2
11.65
14.20
9.18
7.80

Trial 3
12.00
14.15
9.50
8.30

Trial 4
11.55
15.40
9.15
8.50

Average
11.73
14.28
9.29
8.39

% dev
1.62
5.95
1.72
5.72

t- stat
3.18
3.18
3.18
3.18

Con limit
0.31
1.34
0.25
0.76

Upper 95 %
12.03
15.62
9.54
9.15

Lower 95%
11.42
12.93
9.03
7.63

Table 10.  R2, nitrogen correction, due solely to the presence of nitrogen in the compound

In order to determine if a direct mathematical relationship between nitrogen correction, R2, and the mass of the nitrogen in the combusted compound exists, a plot was constructed using Excel.  Figure 4 shows that the value of R2 is given by the function:  

y=16.132x + 7.767        (Equation 9)
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Figure 4.  Plot of mass of nitrogen vs. the correction, R2.  The pink one is valine, the yellow one is alanine, the turquoise glycine and the brown one arginine.

The error bars on each data point show the upper and the lower limit of each data point from the data collected.  As expected, these points shows a general trend that as the mass of nitrogen increase the nitrogen correction also increase.   Since the R-squared value is not close to one, which means that it is not a good fit.  This will be further explained in the Discussion Section.

DISCUSSION


The technique of using a linear fitted line for each section of the plot greatly improves the precision of W, as well as the heats of combustion for each of the four compounds.  The average value for W (the energy equivalent of the calorimeter) was found to be 2482.67 ( 3.61% cal/ (C, with a 3.3% standard deviation reflecting precise measurements.  There is a 2.3% difference between the experimental and the predicted values due to change in experimental conditions during the project period.  The calorimeter was standardized only during week one and week three.  It was not standardized during week two because time was a limiting factor (combustion of 2 amino acids required 8 samples to be tested).  In order to compare the benzoic acid data from the two different weeks, a paired t-test was implemented.  The results of this test can be seen in Table 11.  


Week 3
Week 1

Mean
2551.98
2413.37

Variance
466.97
5208.56

t Stat
4.73


t Critical one-tail
2.92


Table 11.  T-test: paired two sample for means was performed for the analysis of benzoic acid for Weeks one and three.

For the standardization of the benzoic acid, the average experimental value of W for week 1 is significantly greater than the predicted value, as t-stat is less than t-critical in table 6.  On the other hand, the experimental value of W for week 1 is not significantly different from the predicted value, as t-critical and t-stat values have shown in table 6.  When the paired t-test for means is performed, t-stat is clearly greater than t-critical, which implies there is a significant difference between the W obtained in week 1 and week 3.  There is one possible explanation as to why such a large discrepancy was incurred.  First of all, during week 1 the benzoic acid samples were combusted in atmospheric air, following exactly the procedure as given in the Parr literature for standardization.  However, during week 3, the benzoic acid was combusted in a pure oxygen environment, which may have fueled the combustion to proceed at a higher temperature.  Furthermore, the pellet process made the mass determination much more difficult, likely resulting in weighing errors.  The discrepancy in these values in turn affected the mass calculations of each compound.  The results of these miscalculations resurfaced during examination of expected rises in ‘t’.  

The following table shows the average temperature rises incurred for each of the four compounds. 


Alanine
glycine
arginine
Valine

T
1.646593
1.779864
1.853358
1.629377

% deviation
2.079609
0.121371
2.668031
4.214828

Table 12.  Temperature rises

As seen above, the predicted value of 1.7 degrees C for the increase in heat of ‘t’ was not obtained within reasonable ranges.  The disparity in W had a direct effect on this, since W was used to calculate the mass of each compound required, and t is dependent on the mass.  Again, fashioning a pellet at exact mass (according to equation 8) is impossible using the Parr Pellet Press, resulting in mass discrepancies.

The percent difference between the experimental and predicted values are ver small for each compound, ranging from 0.72% to 1.23% aside from arginine, which has a difference of 7.35% (this will be explained later).  Therefore, it is safe to conclude that the compound has combusted properly.  Incomplete combustion can be ruled out as a reason for the deviated relationship for the nitrogen correction factor and mass, based on the reproducibility of the results.  Regarding the heats of combustion of the amino acid samples, the predicted values for each compound fell within the 95% confidence limit interval (seen in table 8).  However, there is a large confidence interval range for valine (±416.95cal/mol) as a result of a large standard deviation – an indication of poor precision.  Examining the data, it is clear that trial 3 had a corresponding heat of combustion that was much lower than the theoretical value, as well as the results obtained during the remaining trials.    T-test analysis was applied to each set of four samples in order to ensure that the results agreed with the theoretical values as given in the NIST web book.  Essentially, the test involves calculating two values, the t-stat and t-critical for each average delta H of four trials and comparing them.  The formulas required for calculating these two variables are found in the BE 210 Lab Manual.  If t-critical is less than t-stat, then the experimental results agree with theoretical value.  Table 13 below shows the results of this test.


Alanine
Arginine
Glycine
Valine

t- stat
3.18
3.18
3.18
3.18

t-critical
0.81
6.41
1.00
0.57

Table 13.  T-test

It is clear from the data that for each compound (except for arginine), the experimental results for the heats of combustion do in fact agree with the theoretical values for all four compounds.

Regression analysis was used to analyze the relationship between mass of nitrogen and nitrogen correction.  These values can be seen in Table 14.


Coefficients
Standard Error
Lower 95%
Upper 95%

Intercept
7.77
3.15
-5.79
21.32

X Variable 1
16.13
15.04
-48.57
80.84

Table 14.  Regression analysis for nitrogen correction, R2.

The analysis shows big fluctuation between the upper and the lower 95% limit.  Also, the standard errors for the coefficients of the intercept (40.6%) and the x-variable (93.2%) are extremely large.  Even though the trend of the data points in the nitrogen correction vs. mass of nitrogen graph shows a direct relationship with the two variables, the value of the R2 value is only 0.3652.  This shows that the trend line is not a very good fit.  This is due to the unexpected low value of nitrogen correction for glycine and high value for alanine.  Glycine contains 18% of nitrogen by weight, which translates to 0.26 g of nitrogen in the amount of glycine used in the experiment.  The value of the nitrogen correction is 9.29 cal, considerably lower than the value obtained for alanine.  Alanine only contains about 15% of nitrogen by weight, which translate to 0.15 g of nitrogen used in the experiment.  The value of nitrogen correction for alanine is 11.73 cal.  Precision was taken into consideration for explanation this phenomenon, but the experiments were very precise, as the error bars can be barely seen on the graph (Figure 4), which leads to the conclusion that the results obtained in this experiment are reproducible.  Moreover, as explained previously, there could be error in computing the mass of sample required for combustion due to the inaccuracy in W (as shown by t-stat).  The error bars do not even cross the trend lines, thus poor precision is not a logical explanation for the validity of the results.

As hypothesized previously, the presence of three extra nitrogen atoms in the arginine molecule may have skewed the results to some degree.  Of the four nitrogen atoms total in the arginine molecule, only 2 are bonded in amine side groups (NH2).  One is found in the backbone of the molecule, while the second is double bonded to a carbon atom.  The location of these last two atoms may result in a greater difficulty of the atom becoming liberated during combustion and available for the formation of nitric acid.  This is one possible explanation as to why the value for the nitrogen correction in the arginine trials were lower than expected (as were the heats of combustion), based on the assumption that the liberation of nitrogen in the other compounds occurred as expected.  Furthermore, t-critical is greater than t-stat for the delta H of arginine, which suggests that there is a significant difference between the average experimental value and predicted value for its delta H value.  The phenomenon also supports the fact that nitrogen correction is independent of the heat of combustion values.

CONCLUSIONS

The results of this experiment indicate that nitrogenous compounds do in fact have their own nitrogen correction factor, contrary to what Parr, the manufacturer of the calorimetry apparatus, led us to believe.  Furthermore, this correction factor was quantified through graphical analysis, where an equation was derived describing the relationship between the mass of nitrogen in a compound and the correction value as observed via titration.

CHANGES AND FUTURE DEVELOPMENTS

There are a number of places in this experiment that have room for improvement.  Aside from the experimental results, it became apparent as the experiment progressed that careful procedure is very important when trying to obtain reasonable combustion values.   As mentioned before, the variance in the values of W caused major discrepancies in mass determination, which in turn affected the temperature rises.  Also, combusting the benzoic acid in different environments may effect combustion, as suggested earlier in the experiment.  Combustion in an atmospheric environment apparently results in W values much closer to the expected value, so perhaps it would be prudent to do so in the future.

A key assumption made in the determination of the nitrogen correction was that the 100% oxygen environment had no associated acid formation.  The reason we set the conditions as such was to eliminate atmospheric nitrogen.  Theoretically, the washings in the bomb after combustion of a non-nitrogenous compound in the 100% oxygen environment would not require titration, since no nitrogen was available to form nitric acid.  However, as a follow-up, it would be useful to titrate the washings in such a trial to ensure that this assumption is correct.  Especially considering any adverse effects would directly affect the determination of R2, the new factor in the gross heat of combustion equation.

Combustion of more samples with varying amounts of nitrogen would help generate a more definitive relationship between mass of nitrogen in the sample and nitrogen correction.  Unfortunately, the time constraints posed and material limitations in the laboratory would make combusting more samples very difficult.  

APPENDIX

Preliminary Trial – Arginine in the presence of nitrogen

Mass of Sample (g)
0.968

Energy Equivalent (cal/degC))
2426

0.0709 Alkali Solution (mL)
19.25

Sulfur Content of Sample (%)
0

Length of Fuse Wire Consumed (cm)
4.89




Corrections (cal):





Heat of Formation of Nitric Acid
19.25

Heat of Formation of Sulfuric Acid
0

Heat of Combustion of Fuse Wire
11.247




Key Times (min)





Time of Firing
5

Time at 60% Total Temperature Increase
6.19

Time at the End of Temperature Increase
9




Key Temperatures (degC) (w/correction)





Temperature at Firing
27.739

Temperature at Plateau
29.641




Rates of Temperature Increase





Rate Temperature Increase Prior to Firing
0

Rate of Temperature Increase at Plateau
0.013




t=Temperature Rise (degC)
1.86547




Gross Heat of Combustion (cal/g)
4643.733
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Trial
m1
m2
y-int 1
y-int 2
Tc

1
0.0087
0.8015
26.451
20.879
26.51215

2
0.002
0.8883
25.924
19.783
25.93786

3
0.005
0.8521
26.219
20.331
26.25375

4
0.0051
0.8396
27.337
21.526
27.37251








Trial
m1
m2
y-int 1
y-int 2
Ta

1
-0.003
0.8015
24.912
20.879
24.89696

2
-0.003
0.8883
24.262
19.783
24.24692

3
-0.004
0.8521
24.628
20.331
24.60792

4
-0.007
0.8396
25.778
21.526
25.74284


Trial #1
Trial #2
Trial#3
Trial #4

Ta
24.897
24.247
24.608
25.743

Tb
25.866
25.2616
25.5956
26.721

Tc
26.512
25.938
26.254
27.373







A
5
5
5
5

B
6.227369
6.220843
6.22219
6.231576

C
7.01
7
7
7.06







r1
-0.003
-0.003
-0.004
-0.007

R2 (cal)
0.0087
0.002
0.005
0.0051

e1 (cal)
11.7
11.65
12
11.55

e3 (cal)
18.4
18.86
18.17
18.86

T ©
1.611873
1.693104
1.647
1.634396

M (g)
0.954
0.96
0.96
0.95

Hg (cal
4163.036
4346.657
4227.783
4239.097







Hg avg
4244.143
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Table A1.  Plot of water temperature vs. time during the combustion of arginine.

Trial
m1
m2
y-int 1
y-int 2
tc

1
0.012
0.88
28.63
22.54
28.72

2
0.007
0.97
29.54
22.80
29.58

3
0.007
1.01
29.24
22.32
29.28

4
0.007
0.93
28.30
21.87
28.34








Trial
m1
m2
y-int 1
y-int 2
ta

1
0.0074
0.88
26.86
22.54
26.89

2
0
1.65
27.70
18.59
27.70

3
0.0023
1.01
27.35
22.32
27.36

4
0
0.93
26.52
21.87
26.52

Table A1.  Data corresponding to Figure A1 in order to determine the value of t. for arginine


Trial #1
Trial #2
Trial#3
Trial #4

Ta
26.9
27.7
27.363
26.52

Tb
27.9902
28.8292
28.515
27.6144

Tc
28.717
29.582
29.283
28.344







A
5
5
5
5

B
6.225578
6.223921
6.2183793
6.223945

C
7.01
7
7
7.06







r1
0.0074
0
0.0023
0

r2
0.0012
0.007
0.007
0.007

R2 (cal)
13.35
14.2
14.15
15.4

e3 (cal)
16.33
19.55
13.8
21.85

T ©
1.806989
1.876567
1.9117264
1.818148

M (g)
0.954
0.96
0.96
0.95

Hg (cal)
4671.228
4817.725
4914.6895
4712.088
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Table A2.  Values used to calculate the heat of combustion for arginine.

GLYCINE

Figure A2.  Plot of water temperature vs. time during the combustion of glycine.

Trial
m1
m2
y-int 1
y-int 2
tc

1
0.004
0.8771
29.602
23.396
29.63043

2
0.007
0.98
29.325
22.628
29.37318

3
0.02
0.92
28.496
22.237
28.63509

4
0.003
0.8302
27.543
21.622
27.56447








Trial
m1
m2
y-int 1
y-int 2
ta

1
-0.0023
0.8771
27.822
23.396
27.81042

2
0.0014
0.98
27.565
22.628
27.57206

3
0
0.92
26.88
22.237
26.88

4
0.0016
0.8302
25.783
21.622
25.79103

Table A3.  Data corresponding to Figure A2 in order to determine the value of t for glycine.


Trial #1
Trial #2
Trial#3
Trial #4

Ta
27.81
27.572
26.88
25.791

Tb
28.902
28.6526
27.933
26.8554

Tc
29.63
29.373
28.635
27.565







A
5
5
5
5

B
6.243951
6.222333
6.2283714
6.258249

c
7
6.86
6.95
7







r1
-0.0023
0.0014
0
0.006

r2
0.004
0.007
0.02
0.003

R2
9.32
9.18
9.5
9.15

e3
13.8
12.88
16.1
14.72

t
1.819837
1.794825
1.7405674
1.764225

m
1.37
1.371
1.367
1.372

Hg
3280.881
3233.97
3142.3063
3174.924

Table A4.  Values used to calculate the heat of combustion for glycine.
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Figure A3.  Plot of water temperature vs. time during the combustion of valine.

Trial
m1
m2
y-int 1
y-int 2
tc

1
0.0037
0.9743
27.932
21.43
27.95679

2
0.0029
0.9257
27.124
20.855
27.1437

3
0.0037
0.8567
26.192
20.357
26.21731

4
0.0023
0.9371
27.25
20.911
27.2656








Trial
m1
m2
y-int 1
y-int 2
ta

1
-0.01
0.9743
26.35
21.43
26.30002

2
-0.0063
0.9257
25.522
20.855
25.49045

3
-0.0037
0.8567
24.711
20.357
24.69228

4
-0.0106
0.9371
25.665
20.911
25.61183

Table A5.  Data corresponding to Figure A3 in order to determine the value of t for valine.


Trial #1
Trial #2
Trial#3
Trial #4

ta
26.3
25.49
24.693
25.612

tb
27.2942
26.4824
25.6074
26.6044

tc
27.957
27.144
26.217
27.266







a
5
5
5
5

b
6.203227
6.213026
6.2129755
6.213658

c
6.76
6.9
6.76
6.96







r1
-0.01
-0.0063
-0.0037
-0.01

r2
0.0037
0.0029
0.0037
0.0023

R2
8.95
7.8
8.3
8.5

e3
18.4
18.4
18.4
17.94

t
1.666972
1.65965
1.526464
1.66442

m
0.66
0.661
0.659
0.655

Hg
6228.902
6193.717
5710.0145
6268.167

Table A5.  Values used to calculate the heat of combustion for valine.
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		ARGININE																		GLYCINE

		Trial		m1		m2		y-int 1		y-int 2		tc								Trial		m1		m2		y-int 1		y-int 2		tc

		1		0.012		0.88		28.63		22.54		28.72								1		0.004		0.8771		29.602		23.396		29.6304320238

		2		0.007		0.97		29.54		22.80		29.58								2		0.007		0.98		29.325		22.628		29.3731798561

		3		0.007		1.01		29.24		22.32		29.28								3		0.02		0.92		28.496		22.237		28.6350888889

		4		0.007		0.93		28.30		21.87		28.34								4		0.003		0.8302		27.543		21.622		27.564473646

		Trial		m1		m2		y-int 1		y-int 2		ta								Trial		m1		m2		y-int 1		y-int 2		ta

		1		0.0074		0.88		26.86		22.54		26.89								1		-0.0023		0.8771		27.822		23.396		27.8104241528

		2		0		1.65		27.70		18.59		27.70								2		0.0014		0.98		27.565		22.628		27.5720629471

		3		0.0023		1.01		27.35		22.32		27.36								3		0		0.92		26.88		22.237		26.88

		4		0		0.93		26.52		21.87		26.52								4		0.0016		0.8302		25.783		21.622		25.7910347574

				Trial #1		Trial #2		Trial#3		Trial #4												Trial #1		Trial #2		Trial#3		Trial #4

		ta		26.9		27.7		27.363		26.52										ta		27.81		27.572		26.88		25.791

		tb		27.9902		28.8292		28.515		27.6144										tb		28.902		28.6526		27.933		26.8554

		tc		28.717		29.582		29.283		28.344										tc		29.63		29.373		28.635		27.565

		a		5		5		5		5										a		5		5		5		5

		b		6.2255782918		6.2239205527		6.2183792742		6.2239451857										b		6.243950916		6.2223332175		6.2283713878		6.2582494407

		c		7.01		7		7		7.06										c		7		6.86		6.95		7

		r1		0.0074		0		0.0023		0										r1		-0.0023		0.0014		0		0.006

		r2		0.0012		0.007		0.007		0.007										r2		0.004		0.007		0.02		0.003

		R2 (cal)		13.35		14.2		14.15		15.4										R2		9.32		9.18		9.5		9.15

		e3 (cal)		16.33		19.55		13.8		21.85										e3		13.8		12.88		16.1		14.72

		t		1.8069894146		1.8765674439		1.9117263826		1.8181476163										t		1.8198368908		1.794825066		1.7405674278		1.7642252517

		m		0.954		0.96		0.96		0.95										m		1.37		1.371		1.367		1.372

		Hg (cal)		4671.2284283679		4817.7253501547		4914.6894973077		4712.0876549752										Hg		3280.8810693632		3233.969882492		3142.3062883299		3174.9239138596

		Hg (avg)		4778.9327327014				R2		14.28										Hg avg		3208.0202885112				R2 (avg)		9.2875

		Hg predicted		5130.1																Hg pred		3101.11

		stand dev		109.55				stand dev		15.40										stand dev		61.6327149303				stand dev		0.1598697386

		%dev		2.29				% dev		107.88										% dev		1.921207143				% dev		1.7213430809

		ALANINE																		VALINE

		Trial		m1		m2		y-int 1		y-int 2		tc								Trial		m1		m2		y-int 1		y-int 2		tc

		1		0.0087		0.8015		26.45		20.88		26.51								1		0.0037		0.9743		27.932		21.43		27.9567861117

		2		0.002		0.8883		25.92		19.78		25.94								2		0.0029		0.9257		27.124		20.855		27.1437010186

		3		0.005		0.8521		26.22		20.33		26.25								3		0.0037		0.8567		26.192		20.357		26.2173100821

		4		0.0051		0.8396		27.34		21.53		27.37								4		0.0023		0.9371		27.25		20.911		27.2655965982

		Trial		m1		m2		y-int 1		y-int 2		ta								Trial		m1		m2		y-int 1		y-int 2		ta

		1		-0.003		0.8015		24.91		20.88		24.90								1		-0.01		0.9743		26.35		21.43		26.3000152393

		2		-0.003		0.8883		24.26		19.78		24.25								2		-0.0063		0.9257		25.522		20.855		25.4904526824

		3		-0.004		0.8521		24.63		20.33		24.61								3		-0.0037		0.8567		24.711		20.357		24.6922763831

		4		-0.007		0.8396		25.78		21.53		25.74								4		-0.0106		0.9371		25.665		20.911		25.6118266329

				Trial #1		Trial #2		Trial#3		Trial #4												Trial #1		Trial #2		Trial#3		Trial #4

		ta		24.897		24.247		24.608		25.743										ta		26.3		25.49		24.693		25.612

		tb		25.866		25.262		25.596		26.721										tb		27.2942		26.4824		25.6074		26.6044

		tc		26.512		25.938		26.254		27.373										tc		27.957		27.144		26.217		27.266

		a		5		5		5		5										a		5		5		5		5

		b		6.2273690293		6.2208431836		6.2221898094		6.2315764925										b		6.2032272727		6.2130255255		6.2129755435		6.2136584454

		c		7.01		7		7		7.06										c		6.76		6.9		6.76		6.96

		r1		-0.003		-0.003		-0.004		-0.007										r1		-0.01		-0.0063		-0.0037		-0.01

		r2		0.0087		0.002		0.005		0.0051										r2		0.0037		0.0029		0.0037		0.0023

		R2		11.7		11.65		12		11.55										R2		8.95		7.8		8.3		8.5

		e3		18.4		18.86		18.17		18.86										e3		18.4		18.4		18.4		17.94

		t		1.6118732176		1.6931042159		1.6469997083		1.6343960756										t		1.6669722136		1.6596498348		1.526464019		1.6644199989

		m		0.954		0.96		0.96		0.95										m		0.66		0.661		0.659		0.655

		Hg (cal)		4163.0361112362		4346.6567983731		4227.7827872788		4239.0965233521										Hg		6228.9018448085		6193.7166111361		5710.0145275013		6268.1665484226

		Hg (avg)		4244.14305506				R2 (avg)		11.725										Hg (avg)		6100.1998829671				R2 (avg)		8.3875

		Hg (pred)		4348.4																Hg (pred)		5938.28

		stand dev		76.1151096446				stand dev		0.1936491673										stand dev		261.8950080684				stand dev		0.476751158

		% dev		1.7934152703				% dev		1.6515920453										% dev		4.2932201091				% dev		5.6840674577
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Sheet1

		ARGININE																		GLYCINE

		Trial		m1		m2		y-int 1		y-int 2		tc								Trial		m1		m2		y-int 1		y-int 2		tc

		1		0.012		0.88		28.63		22.54		28.72								1		0.004		0.8771		29.602		23.396		29.6304320238

		2		0.007		0.97		29.54		22.80		29.58								2		0.007		0.98		29.325		22.628		29.3731798561

		3		0.007		1.01		29.24		22.32		29.28								3		0.02		0.92		28.496		22.237		28.6350888889

		4		0.007		0.93		28.30		21.87		28.34								4		0.003		0.8302		27.543		21.622		27.564473646

		Trial		m1		m2		y-int 1		y-int 2		ta								Trial		m1		m2		y-int 1		y-int 2		ta

		1		0.0074		0.88		26.86		22.54		26.89								1		-0.0023		0.8771		27.822		23.396		27.8104241528

		2		0		1.65		27.70		18.59		27.70								2		0.0014		0.98		27.565		22.628		27.5720629471

		3		0.0023		1.01		27.35		22.32		27.36								3		0		0.92		26.88		22.237		26.88

		4		0		0.93		26.52		21.87		26.52								4		0.0016		0.8302		25.783		21.622		25.7910347574

				Trial #1		Trial #2		Trial#3		Trial #4												Trial #1		Trial #2		Trial#3		Trial #4

		ta		26.9		27.7		27.363		26.52										ta		27.81		27.572		26.88		25.791

		tb		27.9902		28.8292		28.515		27.6144										tb		28.902		28.6526		27.933		26.8554

		tc		28.717		29.582		29.283		28.344										tc		29.63		29.373		28.635		27.565

		a		5		5		5		5										a		5		5		5		5

		b		6.2255782918		6.2239205527		6.2183792742		6.2239451857										b		6.243950916		6.2223332175		6.2283713878		6.2582494407

		c		7.01		7		7		7.06										c		7		6.86		6.95		7

		r1		0.0074		0		0.0023		0										r1		-0.0023		0.0014		0		0.006

		r2		0.0012		0.007		0.007		0.007										r2		0.004		0.007		0.02		0.003

		R2 (cal)		13.35		14.2		14.15		15.4										R2		9.32		9.18		9.5		9.15

		e3 (cal)		16.33		19.55		13.8		21.85										e3		13.8		12.88		16.1		14.72

		t		1.8069894146		1.8765674439		1.9117263826		1.8181476163										t		1.8198368908		1.794825066		1.7405674278		1.7642252517

		m		0.954		0.96		0.96		0.95										m		1.37		1.371		1.367		1.372

		Hg (cal)		4671.2284283679		4817.7253501547		4914.6894973077		4712.0876549752										Hg		3280.8810693632		3233.969882492		3142.3062883299		3174.9239138596

		Hg (avg)		4778.9327327014				R2		14.28										Hg avg		3208.0202885112				R2 (avg)		9.2875

		Hg predicted		5130.1																Hg pred		3101.11

		stand dev		109.55				stand dev		15.40										stand dev		61.6327149303				stand dev		0.1598697386

		%dev		2.29				% dev		107.88										% dev		1.921207143				% dev		1.7213430809

		ALANINE																		VALINE

		Trial		m1		m2		y-int 1		y-int 2		tc								Trial		m1		m2		y-int 1		y-int 2		tc

		1		0.0087		0.8015		26.45		20.88		26.51								1		0.0037		0.9743		27.932		21.43		27.9567861117

		2		0.002		0.8883		25.92		19.78		25.94								2		0.0029		0.9257		27.124		20.855		27.1437010186

		3		0.005		0.8521		26.22		20.33		26.25								3		0.0037		0.8567		26.192		20.357		26.2173100821

		4		0.0051		0.8396		27.34		21.53		27.37								4		0.0023		0.9371		27.25		20.911		27.2655965982

		Trial		m1		m2		y-int 1		y-int 2		ta								Trial		m1		m2		y-int 1		y-int 2		ta

		1		-0.003		0.8015		24.91		20.88		24.90								1		-0.01		0.9743		26.35		21.43		26.3000152393

		2		-0.003		0.8883		24.26		19.78		24.25								2		-0.0063		0.9257		25.522		20.855		25.4904526824

		3		-0.004		0.8521		24.63		20.33		24.61								3		-0.0037		0.8567		24.711		20.357		24.6922763831

		4		-0.007		0.8396		25.78		21.53		25.74								4		-0.0106		0.9371		25.665		20.911		25.6118266329

				Trial #1		Trial #2		Trial#3		Trial #4												Trial #1		Trial #2		Trial#3		Trial #4

		ta		24.897		24.247		24.608		25.743										ta		26.3		25.49		24.693		25.612

		tb		25.866		25.262		25.596		26.721										tb		27.2942		26.4824		25.6074		26.6044

		tc		26.512		25.938		26.254		27.373										tc		27.957		27.144		26.217		27.266

		a		5		5		5		5										a		5		5		5		5

		b		6.2273690293		6.2208431836		6.2221898094		6.2315764925										b		6.2032272727		6.2130255255		6.2129755435		6.2136584454

		c		7.01		7		7		7.06										c		6.76		6.9		6.76		6.96

		r1		-0.003		-0.003		-0.004		-0.007										r1		-0.01		-0.0063		-0.0037		-0.01

		r2		0.0087		0.002		0.005		0.0051										r2		0.0037		0.0029		0.0037		0.0023

		R2		11.7		11.65		12		11.55										R2		8.95		7.8		8.3		8.5

		e3		18.4		18.86		18.17		18.86										e3		18.4		18.4		18.4		17.94

		t		1.6118732176		1.6931042159		1.6469997083		1.6343960756										t		1.6669722136		1.6596498348		1.526464019		1.6644199989

		m		0.954		0.96		0.96		0.95										m		0.66		0.661		0.659		0.655

		Hg (cal)		4163.0361112362		4346.6567983731		4227.7827872788		4239.0965233521										Hg		6228.9018448085		6193.7166111361		5710.0145275013		6268.1665484226

		Hg (avg)		4244.14305506				R2 (avg)		11.725										Hg (avg)		6100.1998829671				R2 (avg)		8.3875

		Hg (pred)		4348.4																Hg (pred)		5938.28

		stand dev		76.1151096446				stand dev		0.1936491673										stand dev		261.8950080684				stand dev		0.476751158

		% dev		1.7934152703				% dev		1.6515920453										% dev		4.2932201091				% dev		5.6840674577
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.6043471313

		R Square		0.3652354551

		Adjusted R Square		0.0478531826

		Standard Error		2.4946559812

		Observations		4

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		7.1616252585		7.1616252585		1.1507745919		0.3956528688

		Residual		2		12.446616929		6.2233084645

		Total		3		19.6082421875

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		7.7670659707		3.1516112746		2.4644746112		0.1326591729		-5.7932323231		21.3273642645		-5.7932323231		21.3273642645

		X Variable 1		16.1324113445		15.0384873518		1.072741624		0.3956528688		-48.5730223556		80.8378450446		-48.5730223556		80.8378450446

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		12.3826766561		1.6923233439

		2		11.889912734		-2.602412734

		3		10.1754290965		1.5495709035

		4		9.0394815133		-0.6394815133
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				Trial				Alanine		Arginine		Glycine		Valine

				1				11.7		13.35		9.32		7.8						11.9504908237

				2				11.65		14.2		9.18		8.5

				3				12		14.15		9.5		8.95

				4				11.55		14.6		9.15		8.35

								11.725		14.075		9.2875		8.4

				Sample		% N		mass N		Correction

				Arginine		32.1469575201		0.2861079219		14.075				0.286		14.075

				Glycine		18.654230513		0.255562958		9.2875				0.149		11.725

				Alanine		15.7144460658		0.1492872376		11.725				0.255		9.288

				Valine		11.9504908237		0.0788732394		8.4				0.079		8.4

				Sample		Arginine		Glycine		Alanine		Valine

				% N		32.1469575201		18.654230513		15.7144460658		11.9504908237

				mass N		0.2861079219		0.255562958		0.1492872376		0.0788732394

				Correction (mL)		14.075		9.2875		11.725		8.4

				Expected Correction		14.4120452312		12.8734111439		7.5200099549		3.9730626353

				Percent Error (%)		2.3386356742		27.8551745438		-55.9173467895		-111.4238
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		Week #2:

		Trial #1: Alanine

		mass= 0.9535g

		Time		Temp

		0		24.91

		1		24.91

		2		24.91

		3		24.9

		4		24.9

		5		24.89		start firing

		5.75		25.4

		6		25.74

		6.25		25.96

		6.5		26.12

		6.75		26.22

		7		26.3

		7.25		26.36

		7.5		26.41

		7.75		26.44

		8		26.46

		8.25		26.49

		8.5		26.51

		8.75		26.52

		9		26.53

		10		26.55

		11		26.55

		12		26.55

										a		5:00				c1		11.7

										b		6:45				c3		8

										c		10:00				e1		11.7

										ta		24.893				e3		18.4

										tc		26.555				W		2461.3206776866

										r1		-0.003				m		0.9535

										r2		0.0087

										t1		1.661040625

										H1		4256.1653243734

		Trial #2: Alanine

		mass=0.960g

		Time		Temp

		0		24.26

		1		24.26

		2		24.26

		3		24.25

		4		24.25

		5		24.25		start firing

		5.75		24.82

		6		25.12

		6.25		25.38

		6.5		25.55

		6.75		25.64

		7		25.71

		7.25		25.77

		7.5		25.81

		7.75		25.84

		8		25.86

		8.25		25.89

		8.5		25.91

		8.75		25.92

		9		25.93

		10		25.94

		11		25.95

		12		25.95

		13		25.95

		14		25.95

										a		0.2083333333				c1		11.65

										b		0.28125				c3		8.2

										c		11:00				e1		11.65

										ta		24.251				e3		18.86

										tc		25.955				W		2461.3206776866

										r1		-0.003				m		0.96

										r2		0.002

										t2		1.7038645833

												4336.7157613919

		Trial #3 Alanine

		mass=0.96

		Time		Temp

		0		24.63

		1		24.62

		2		24.62

		3		24.62

		4		24.61

		5		24.61

		5.75		25.15

		6		25.48

		6.25		25.71

		6.5		25.84

		6.75		25.95

		7		26.04

		7.25		26.09

		7.5		26.13

		7.75		26.17

		8		26.2

		8.25		26.22

		8.5		26.23

		8.75		26.24

		9		26.26

		10		26.27

		11		26.28

		12		26.28

		13		26.28

										a		0.2083333333				c1		12

										b		0.28125				c3		7.9

										c		11:00				e1		12

										ta		24.612				e3		18.17

										tc		26.285				W		2461.3206776866

										r1		-0.004				m		0.96

										r2		0.005

										t3		1.67240625

												4256.4146714764

		Trial #4- Alanine

		m=		0.955

		Time		Temp

		0		25.78

		1		25.77

		2		25.76

		3		25.76

		4		25.75																						Trial		m1		m2		y-int 1		y-int 2		tc

		5		25.74																						1		0.0087		0.8015		26.451		20.879		26.5121458123

		5.75		26.29																						2		0.002		0.8883		25.924		19.783		25.9378576103

		6		26.6																						3		0.005		0.8521		26.219		20.331		26.2537538661

		6.25		26.8																						4		0.0051		0.8396		27.337		21.526		27.372513601

		6.5		26.97																						Trial		m1		m2		y-int 1		y-int 2		ta

		6.75		27.09																						1		-0.003		0.8015		24.912		20.879		24.8969608452

		7		27.17																						2		-0.003		0.8883		24.262		19.783		24.2469242679

		7.25		27.22																						3		-0.004		0.8521		24.628		20.331		24.6079229062

		7.5		27.26																								-0.007		0.8396		25.778		21.526		25.742842901

		7.75		27.3

		8		27.33																												Trial #1		Trial #2		Trial#3		Trial #4

		8.25		27.34																										ta		24.897		24.247		24.608		25.743

		8.5		27.36																										tb		25.866		25.2616		25.5956		26.721

		8.75		27.37																										tc		26.512		25.938		26.254		27.373

		9		27.38

		9.25		27.38																										a		5		5		5		5

		10		27.39																										b		6.2273690293		6.2208431836		6.2221898094		6.2315764925

		11		27.4						a		0.2083333333				c1		11.55												c		7.01		7		7		7.06

		12		27.4						b		0.28125				c3		8.2

		13		27.4						c		0.4583333333				e1		11.55												r1		-0.003		-0.003		-0.004		-0.007

										ta		25.744				e3		18.86												r2		0.0087		0.002		0.005		0.0051

																														e1		11.7		11.65		12		11.55

										tc		27.405				W		2461.3206776866												e3		18.4		18.86		18.17		18.86

										r1		-0.007				m		0.955												t		1.6118732176		1.6931042159		1.6469997083		1.6343960756

										r2		0.0051																		m		0.954		0.96		0.96		0.95

										t4		1.6606072917																		Hg		4163.0361112362		4346.6567983731		4227.7827872788		4239.0965233521

												4248.0388109909																		Hg		4244.14305506





Sheet1

								1



Time (min)

Temp (C)

Trial 1 Alanine



Sheet2

		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

		0

		0

		0

		0

		0

		0

		0

		0

		0



Time (min)

Temperature (C)

Trial 2- Alanine

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

0

0

0

0

0

0

0

0

0



Sheet3

		



Time (min)

Temperature (C)

Trial 3- Alanine



		



time (min)

temperature (C)

Trial #4- Alanine



		





		






_987442940.xls
Chart2

		0		0		5				9

		1		1		5.75				10

		2		2		6				11

		3		3		6.25				12

		4		4		6.5				13

		5

		5.75

		6

		6.25

		6.5

		6.75

		7

		7.25

		7.5

		7.75

		8

		8.25

		8.5

		8.75

		9

		10

		11

		12

		13



time (min)

Temperature (C)

Benzoic Acid

24.22

24.22

24.19

26.81

24.21

24.21

25.14

26.84

24.2

24.2

25.56

26.85

24.2

24.2

25.87

26.85

24.19

24.19

26.12

26.85

24.19

25.14

25.56

25.87

26.12

26.33

26.46

26.56

26.62

26.68

26.72

26.75

26.78

26.8

26.81

26.84

26.85

26.85

26.85



Sheet1

		week4

		benzoic acid

		m1=0.961

		m2=1.022

		m3=0.984

		DATA not graphs

		trail #1						trail #2						trail #3

		time		temp				time		temp				time		temp

		0		24.22				0		25.24				0		25.44

		1		24.21				1		25.23				1		25.44

		2		24.2				2		25.22				2		25.43

		3		24.2				3		25.22				3		25.42

		4		24.19				4		25.21				4		25.41

		5		24.19				5		25.2				5		25.4

		5.75		25.14				5.75		26.15				5.75		26.33

		6		25.56				6		26.67				6		26.76

		6.25		25.87				6.25		27.04				6.25		27.17

		6.5		26.12				6.5		27.28				6.5		27.4

		6.75		26.33				6.75		27.49				6.75		27.56

		7		26.46				7		27.62				7		27.72

		7.25		26.56				7.25		27.72				7.25		27.8

		7.5		26.62				7.5		27.79				7.5		27.88

		7.75		26.68				7.75		27.85				7.75		27.93

		8		26.72				8		27.89				8		27.97

		8.25		26.75				8.25		27.92				8.25		28.01

		8.5		26.78				8.5		27.94				8.5		28.03

		8.75		26.8				8.75		27.96				8.75		28.05

		9		26.81				9		27.97				9		28.06

		10		26.84				10		28				10		28.08

		11		26.85				11		28				11		28.08

		12		26.85				12		28				12		28.08

		13		26.85				13		28				13		28.08

		8.5cm burned						9cm burned						9cm burned

		r1		-0.007				r1		-0.007				r1		-0.008

		r2		0.009				r2		0.006				r2		0.004

		b		6.2210088906				b		6.2130177515				b		6.2127346338

		t		2.6193591784				t		2.6404800869				t		2.508234387

		W		2332.2154710471						2437.5476384192						2470.3480791607

																Wavg2		2413.370396209

																Wavg1		2551.866

																W		2482.6181981045

																				Trial		m1		m2		y-int 1		y-int 2		tc

																				1		0.009		1.3136		26.741		17.626		26.8038813429

																				2		0.006		1.4313		27.928		18.023		27.969696485

																				3		0.004		1.3706		28.032		18.536		28.0597945266

																				Trial		m1		m2		y-int 1		y-int 2		ta

																				1		-0.007		1.3136		24.218		17.626		24.1830583068

																				2		-0.007		1.4313		25.238		18.023		25.2028856289

																				3		-0.008		1.3706		25.444		18.536		25.4039129552

																				Trial		tb		a		c

																				1		25.7555521285		5		7

																				2		26.8629721425		5		6.95

																				3		26.997441898		5		6.75

																				tc		27.975

																				ta		25.205

																				tc
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		Valine

		m		0.6565380606		calculated from W (benzoic acid)

		m1=0.660

		m2=0.661

		m3=0.659

		m4=0.655

		Trial 1						Trial 2						Trial 3						Trial 4

		Time		Temp				Time		Temp				Time		Temp				Time		Temp

		0		26.35				0		25.52				0		24.71				0		25.66

		1		26.34				1		25.52				1		24.71				1		25.65

		2		26.33				2		25.51				2		24.7				2		25.65

		3		26.32				3		25.5				3		24.7				3		25.64

		4		26.31				4		25.5				4		24.7				4		25.63

		5		26.3				5		25.49				5		24.69				5		25.6

		5.75		27.02				5.75		26.15				5.75		25.31				5.75		26.28

		6		27.31				6		26.43				6		25.58				6		26.56

		6.25		27.5				6.25		26.64				6.25		25.76				6.25		26.76

		6.5		27.61				6.5		26.76				6.5		25.87				6.5		26.93

		6.75		27.74				6.75		26.88				6.75		25.96				6.75		27.01

		7		27.79				7		26.95				7		26.03				7		27.09

		7.25		27.84				7.25		27.01				7.25		26.07				7.25		27.14

		7.5		27.88				7.5		27.05				7.5		26.12				7.5		27.17

		7.75		27.91				7.75		27.07				7.75		26.15				7.75		27.2

		8		27.93				8		27.09				8		26.17				8		27.22

		8.25		27.94				8.25		27.11				8.25		26.18				8.25		27.24

		8.5		27.95				8.5		27.12				8.5		26.2				8.5		27.25

		8.75		27.96				8.75		27.13				8.75		26.21				8.75		27.26

		9		27.96				9		27.14				9		26.22				9		27.27

		10		27.97				10		27.16				10		26.23				10		27.27

		11		27.98				11		27.16				11		26.24				11		27.28

		12		27.98				12		27.16				12		26.24				12		27.28

		13		27.98				13		27.16				13		26.24				13		27.28

		14		27.98				14		27.16				14		26.24				14		27.28

		m1=0.656						m2=0.661						m3=0.662						m4=0.655

		8cm burned						8.0cm burned						8.0cm burned						7.8cm burned

														33.6		41.9

																8.3ml

				Trial		m1		m2		y-int 1		y-int 2		tc

				1		0.0037		0.9743		27.932		21.43		27.9567861117

				2		0.0029		0.9257		27.124		20.855		27.1437010186

				3		0.0037		0.8567		26.192		20.357		26.2173100821

				4		0.0023		0.9371		27.25		20.911		27.2655965982

				Trial		m1		m2		y-int 1		y-int 2		ta

				1		-0.01		0.9743		26.35		21.43		26.3000152393

				2		-0.0063		0.9257		25.522		20.855		25.4904526824

				3		-0.0037		0.8567		24.711		20.357		24.6922763831

				4		-0.0106		0.9371		25.665		20.911		25.6118266329

										Trial #1		Trial #2		Trial#3		Trial #4

								ta		26.3		25.49		24.693		25.612

								tb		27.2942		26.4824		25.6074		26.6044

								tc		27.957		27.144		26.217		27.266

								a		5		5		5		5

								b		6.2032272727		6.2130255255		6.2129755435		6.2136584454

								c		6.76		6.9		6.76		6.96

								r1		-0.01		-0.0063		-0.0037		-0.01

								r2		0.0037		0.0029		0.0037		0.0023

								e1		8.3		8.3		8.3		8.3

								e3		18.4		18.4		18.4		17.94

								t		1.6669722136		1.6596498348		1.526464019		1.6644199989

								m		0.66		0.661		0.659		0.655

								Hg		6229.8866932934		6192.9601814841		5710.0145275013		6268.4718919341

								Hg		6100.3333235532
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Sheet1

		ARGININE																		GLYCINE

		Trial		m1		m2		y-int 1		y-int 2		tc								Trial		m1		m2		y-int 1		y-int 2		tc

		1		0.012		0.88		28.63		22.54		28.72								1		0.004		0.8771		29.602		23.396		29.6304320238

		2		0.007		0.97		29.54		22.80		29.58								2		0.007		0.98		29.325		22.628		29.3731798561

		3		0.007		1.01		29.24		22.32		29.28								3		0.02		0.92		28.496		22.237		28.6350888889

		4		0.007		0.93		28.30		21.87		28.34								4		0.003		0.8302		27.543		21.622		27.564473646

		Trial		m1		m2		y-int 1		y-int 2		ta								Trial		m1		m2		y-int 1		y-int 2		ta

		1		0.0074		0.88		26.86		22.54		26.89								1		-0.0023		0.8771		27.822		23.396		27.8104241528

		2		0		1.65		27.70		18.59		27.70								2		0.0014		0.98		27.565		22.628		27.5720629471

		3		0.0023		1.01		27.35		22.32		27.36								3		0		0.92		26.88		22.237		26.88

		4		0		0.93		26.52		21.87		26.52								4		0.0016		0.8302		25.783		21.622		25.7910347574

				Trial #1		Trial #2		Trial#3		Trial #4												Trial #1		Trial #2		Trial#3		Trial #4

		ta		26.9		27.7		27.363		26.52										ta		27.81		27.572		26.88		25.791

		tb		27.9902		28.8292		28.515		27.6144										tb		28.902		28.6526		27.933		26.8554

		tc		28.717		29.582		29.283		28.344										tc		29.63		29.373		28.635		27.565

		a		5		5		5		5										a		5		5		5		5

		b		6.2255782918		6.2239205527		6.2183792742		6.2239451857										b		6.243950916		6.2223332175		6.2283713878		6.2582494407

		c		7.01		7		7		7.06										c		7		6.86		6.95		7

		r1		0.0074		0		0.0023		0										r1		-0.0023		0.0014		0		0.006

		r2		0.0012		0.007		0.007		0.007										r2		0.004		0.007		0.02		0.003

		R2 (cal)		13.35		14.2		14.15		15.4										R2		9.32		9.18		9.5		9.15

		e3 (cal)		16.33		19.55		13.8		21.85										e3		13.8		12.88		16.1		14.72

		t		1.8069894146		1.8765674439		1.9117263826		1.8181476163										t		1.8198368908		1.794825066		1.7405674278		1.7642252517

		m		0.954		0.96		0.96		0.95										m		1.37		1.371		1.367		1.372

		Hg (cal)		4671.2284283679		4817.7253501547		4914.6894973077		4712.0876549752										Hg		3280.8810693632		3233.969882492		3142.3062883299		3174.9239138596

		Hg (avg)		4778.9327327014				R2		14.28										Hg avg		3208.0202885112				R2 (avg)		9.2875

		Hg predicted		5130.1																Hg pred		3101.11

		stand dev		109.55				stand dev		15.40										stand dev		61.6327149303				stand dev		0.1598697386

		%dev		2.29				% dev		107.88										% dev		1.921207143				% dev		1.7213430809

		ALANINE																		VALINE

		Trial		m1		m2		y-int 1		y-int 2		tc								Trial		m1		m2		y-int 1		y-int 2		tc

		1		0.0087		0.8015		26.45		20.88		26.51								1		0.0037		0.9743		27.932		21.43		27.9567861117

		2		0.002		0.8883		25.92		19.78		25.94								2		0.0029		0.9257		27.124		20.855		27.1437010186

		3		0.005		0.8521		26.22		20.33		26.25								3		0.0037		0.8567		26.192		20.357		26.2173100821

		4		0.0051		0.8396		27.34		21.53		27.37								4		0.0023		0.9371		27.25		20.911		27.2655965982

		Trial		m1		m2		y-int 1		y-int 2		ta								Trial		m1		m2		y-int 1		y-int 2		ta

		1		-0.003		0.8015		24.91		20.88		24.90								1		-0.01		0.9743		26.35		21.43		26.3000152393

		2		-0.003		0.8883		24.26		19.78		24.25								2		-0.0063		0.9257		25.522		20.855		25.4904526824

		3		-0.004		0.8521		24.63		20.33		24.61								3		-0.0037		0.8567		24.711		20.357		24.6922763831

		4		-0.007		0.8396		25.78		21.53		25.74								4		-0.0106		0.9371		25.665		20.911		25.6118266329

				Trial #1		Trial #2		Trial#3		Trial #4												Trial #1		Trial #2		Trial#3		Trial #4

		ta		24.897		24.247		24.608		25.743										ta		26.3		25.49		24.693		25.612

		tb		25.866		25.262		25.596		26.721										tb		27.2942		26.4824		25.6074		26.6044

		tc		26.512		25.938		26.254		27.373										tc		27.957		27.144		26.217		27.266

		a		5		5		5		5										a		5		5		5		5

		b		6.2273690293		6.2208431836		6.2221898094		6.2315764925										b		6.2032272727		6.2130255255		6.2129755435		6.2136584454

		c		7.01		7		7		7.06										c		6.76		6.9		6.76		6.96

		r1		-0.003		-0.003		-0.004		-0.007										r1		-0.01		-0.0063		-0.0037		-0.01

		r2		0.0087		0.002		0.005		0.0051										r2		0.0037		0.0029		0.0037		0.0023

		R2		11.7		11.65		12		11.55										R2		8.95		7.8		8.3		8.5

		e3		18.4		18.86		18.17		18.86										e3		18.4		18.4		18.4		17.94

		t		1.6118732176		1.6931042159		1.6469997083		1.6343960756										t		1.6669722136		1.6596498348		1.526464019		1.6644199989

		m		0.954		0.96		0.96		0.95										m		0.66		0.661		0.659		0.655

		Hg (cal)		4163.0361112362		4346.6567983731		4227.7827872788		4239.0965233521										Hg		6228.9018448085		6193.7166111361		5710.0145275013		6268.1665484226

		Hg (avg)		4244.14305506				R2 (avg)		11.725										Hg (avg)		6100.1998829671				R2 (avg)		8.3875

		Hg (pred)		4348.4																Hg (pred)		5938.28

		stand dev		76.1151096446				stand dev		0.1936491673										stand dev		261.8950080684				stand dev		0.476751158

		% dev		1.7934152703				% dev		1.6515920453										% dev		4.2932201091				% dev		5.6840674577
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Sheet1

		ARGININE																		GLYCINE

		Trial		m1		m2		y-int 1		y-int 2		tc								Trial		m1		m2		y-int 1		y-int 2		tc

		1		0.012		0.88		28.63		22.54		28.72								1		0.004		0.8771		29.602		23.396		29.6304320238

		2		0.007		0.97		29.54		22.80		29.58								2		0.007		0.98		29.325		22.628		29.3731798561

		3		0.007		1.01		29.24		22.32		29.28								3		0.02		0.92		28.496		22.237		28.6350888889

		4		0.007		0.93		28.30		21.87		28.34								4		0.003		0.8302		27.543		21.622		27.564473646

		Trial		m1		m2		y-int 1		y-int 2		ta								Trial		m1		m2		y-int 1		y-int 2		ta

		1		0.0074		0.88		26.86		22.54		26.89								1		-0.0023		0.8771		27.822		23.396		27.8104241528

		2		0		1.65		27.70		18.59		27.70								2		0.0014		0.98		27.565		22.628		27.5720629471

		3		0.0023		1.01		27.35		22.32		27.36								3		0		0.92		26.88		22.237		26.88

		4		0		0.93		26.52		21.87		26.52								4		0.0016		0.8302		25.783		21.622		25.7910347574

				Trial #1		Trial #2		Trial#3		Trial #4												Trial #1		Trial #2		Trial#3		Trial #4

		ta		26.9		27.7		27.363		26.52										ta		27.81		27.572		26.88		25.791

		tb		27.9902		28.8292		28.515		27.6144										tb		28.902		28.6526		27.933		26.8554

		tc		28.717		29.582		29.283		28.344										tc		29.63		29.373		28.635		27.565

		a		5		5		5		5										a		5		5		5		5

		b		6.2255782918		6.2239205527		6.2183792742		6.2239451857										b		6.243950916		6.2223332175		6.2283713878		6.2582494407

		c		7.01		7		7		7.06										c		7		6.86		6.95		7

		r1		0.0074		0		0.0023		0										r1		-0.0023		0.0014		0		0.006

		r2		0.0012		0.007		0.007		0.007										r2		0.004		0.007		0.02		0.003

		R2 (cal)		13.35		14.2		14.15		15.4										R2		9.32		9.18		9.5		9.15

		e3 (cal)		16.33		19.55		13.8		21.85										e3		13.8		12.88		16.1		14.72

		t		1.8069894146		1.8765674439		1.9117263826		1.8181476163										t		1.8198368908		1.794825066		1.7405674278		1.7642252517

		m		0.954		0.96		0.96		0.95										m		1.37		1.371		1.367		1.372

		Hg (cal)		4671.2284283679		4817.7253501547		4914.6894973077		4712.0876549752										Hg		3280.8810693632		3233.969882492		3142.3062883299		3174.9239138596

		Hg (avg)		4778.9327327014				R2		14.28										Hg avg		3208.0202885112				R2 (avg)		9.2875

		Hg predicted		5130.1																Hg pred		3101.11

		stand dev		109.55				stand dev		15.40										stand dev		61.6327149303				stand dev		0.1598697386

		%dev		2.29				% dev		107.88										% dev		1.921207143				% dev		1.7213430809

		ALANINE																		VALINE

		Trial		m1		m2		y-int 1		y-int 2		tc								Trial		m1		m2		y-int 1		y-int 2		tc

		1		0.0087		0.8015		26.45		20.88		26.51								1		0.0037		0.9743		27.932		21.43		27.9567861117

		2		0.002		0.8883		25.92		19.78		25.94								2		0.0029		0.9257		27.124		20.855		27.1437010186

		3		0.005		0.8521		26.22		20.33		26.25								3		0.0037		0.8567		26.192		20.357		26.2173100821

		4		0.0051		0.8396		27.34		21.53		27.37								4		0.0023		0.9371		27.25		20.911		27.2655965982

		Trial		m1		m2		y-int 1		y-int 2		ta								Trial		m1		m2		y-int 1		y-int 2		ta

		1		-0.003		0.8015		24.91		20.88		24.90								1		-0.01		0.9743		26.35		21.43		26.3000152393

		2		-0.003		0.8883		24.26		19.78		24.25								2		-0.0063		0.9257		25.522		20.855		25.4904526824

		3		-0.004		0.8521		24.63		20.33		24.61								3		-0.0037		0.8567		24.711		20.357		24.6922763831

		4		-0.007		0.8396		25.78		21.53		25.74								4		-0.0106		0.9371		25.665		20.911		25.6118266329

				Trial #1		Trial #2		Trial#3		Trial #4												Trial #1		Trial #2		Trial#3		Trial #4

		ta		24.897		24.247		24.608		25.743										ta		26.3		25.49		24.693		25.612

		tb		25.866		25.262		25.596		26.721										tb		27.2942		26.4824		25.6074		26.6044

		tc		26.512		25.938		26.254		27.373										tc		27.957		27.144		26.217		27.266

		a		5		5		5		5										a		5		5		5		5

		b		6.2273690293		6.2208431836		6.2221898094		6.2315764925										b		6.2032272727		6.2130255255		6.2129755435		6.2136584454

		c		7.01		7		7		7.06										c		6.76		6.9		6.76		6.96

		r1		-0.003		-0.003		-0.004		-0.007										r1		-0.01		-0.0063		-0.0037		-0.01

		r2		0.0087		0.002		0.005		0.0051										r2		0.0037		0.0029		0.0037		0.0023

		R2		11.7		11.65		12		11.55										R2		8.95		7.8		8.3		8.5

		e3		18.4		18.86		18.17		18.86										e3		18.4		18.4		18.4		17.94

		t		1.6118732176		1.6931042159		1.6469997083		1.6343960756										t		1.6669722136		1.6596498348		1.526464019		1.6644199989

		m		0.954		0.96		0.96		0.95										m		0.66		0.661		0.659		0.655

		Hg (cal)		4163.0361112362		4346.6567983731		4227.7827872788		4239.0965233521										Hg		6228.9018448085		6193.7166111361		5710.0145275013		6268.1665484226

		Hg (avg)		4244.14305506				R2 (avg)		11.725										Hg (avg)		6100.1998829671				R2 (avg)		8.3875

		Hg (pred)		4348.4																Hg (pred)		5938.28

		stand dev		76.1151096446				stand dev		0.1936491673										stand dev		261.8950080684				stand dev		0.476751158

		% dev		1.7934152703				% dev		1.6515920453										% dev		4.2932201091				% dev		5.6840674577
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