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Abstract
The purpose of this project was to investigate the performance of three commonly used biological buffers; carbonate, phosphate and Tris, in the presence of calcium. In calcium solutions having a concentration less than 0.011M , phosphate was determined to be a better buffer than carbonate or Tris. This was determined because phosphate had the best buffering capacity below 0.011M, meaning it had the smallest change in pH after the addition of a strong acid. At calcium concentrations greater than 0.011M Tris was proven to be the better buffer. Carbonate is not an effective buffer regardless of calcium concentration.

The goal of this experiment was to determine the concentration of calcium at which Tris becomes a better buffer than phosphate. This result indicates which buffer should be used in certain biological applications based on the concentration of calcium in the system. Other important points to consider in determining which buffer to use are: the importance of the interaction between the buffer and the component presence, in this case calcium; the significance of the affect on the buffering capacity; the concentration of calcium in the system; and the importance of maintaining this concentration.

Introduction

A buffer is chemical system that resists a change in pH when an acid or base is added. Buffers are important for maintaining a constant pH in many biological reactions such as in vitro diagnostics, assays and cell cultures. There are many different factors that play a role in choosing a particular buffer system for a particular biological application. These factors include working temperature, desired pH, toxicity to the system, and interactions with other components. Interactions with other components was the factor investigated in this project. A buffer, like any chemical compound can have chemical interactions with other compounds present in solution. In many systems such a reaction could affect the buffering capacity of the buffer. Also, an interaction with a specific component could affect the results of the biological reaction. For example, in certain blood coagulation assays, calcium is added to buffered plasma to induce clotting and determine clotting time (2). If, in this case, the buffer reacts with the calcium in the solution, it would not only reduce the buffering capacity of the buffer, but also produce inaccurate results due to the lack of calcium. There are several assays, however, such as blood component testing, that have calcium present in the system, but the presence of calcium is not fundamentally important to the outcome of the assay. Phosphate buffer is often used in such assays, even though, as we will show, the concentration of calcium affects the buffering capacity of the buffer. 

The purpose of this project was to investigate the performance of three commonly used biological buffers, in the presence of calcium. The buffers chosen were carbonate, phosphate and Tris. The general procedure for this project involved testing the ability of each buffer to resist pH change at a pH calculated to be 7.4 and a pH calculated to be equal to its pKa, in a calcium-free solution. This was done to verify the Henderson-Hasselbalch equation, pH = pKa + log([A-]/[HA]), which, in theory predicts the pH of a buffer solution, given the ratio of base and acid components added. This will be discussed in detail in a later section. The second part of the project involved adding five different concentrations of calcium to five identical solutions of each buffer. Precipitates were allowed to form, centrifuged, then separated from the solution. The ability of the remaining buffer solutions to resist pH change was tested. Any formation of calcium precipitate should, according to Henderson-Hasselbalch, reduce the buffering capacity of the buffer by changing the ratio of base to acid components present in solution.

Background

A buffer maintains the pH of a system by establishing an equilibrium between a weak acid (HA) and its conjugate base (A-) which adjusts accordingly as acid or base is added to the system. The ratio of the buffer components defines the buffer capacity, or ability of the buffer to maintain the pH of the system with the addition of acid or base. This relationship can be seen in the Henderson-Hasselbalch equation. 

Due to the reliance on the ratio of buffer components to maintain proper buffering of a system, the presence of calcium, which can react with the buffer components to form a precipitate, is detrimental to the function of the buffer. Two of the buffers examined in this experiment, carbonate and phosphate, have known interactions with calcium. When calcium and these buffers exist together in a system, a calcium-carbonate or calcium-phosphate precipitate will form, removing some amount of the buffer from the solution. This could significantly affect the function of the buffer by both reducing the total amount of buffer in solution, and changing the ratio of buffer components. The phosphate buffer components used to buffer a system at a pH of 7.4 (H2PO4-/HPO42-) maintain the following equilibrium: H2PO4- ( HPO42- + H+ ( PO43- + 2H+. As seen in the equilibrium equation, some small amount of HPO42- dissociates to become PO43- + H+. This is important because when determining which precipitate will form, the solubilities of each species in the system must be examined. Calcium can bind to all three species, however, calcium-phosphate (Ca3(PO4)2) is the least soluble with a Ksp = 2.07x10-33 (6). This is more insoluble than the other species by 18 orders of magnitude. The result is a cascade of constantly shifting equilibrium. When calcium is added to the phosphate buffer system, all the PO43- will react, causing HPO42 ( PO43- + H+, and consequently H2PO4- ( HPO42- + H+ (9). The magnitude of the dissociations depends on the pKa of each step, and will therefore be different for each species. This cycle will repeat until all the calcium is consumed, causing a change in the ratio of buffer components. Because calcium reacts with phosphate in a 3:2 ratio, it is predicted that the total amount of phosphate buffer consumed will equal two-thirds of the calcium that reacts. The amounts of each buffer component left in solution and the pH of the system cannot be accurately predicted because of the complexity of the chemical reaction.

The same reaction occurs when calcium is added to a carbonate buffer solution. In this reaction, CaCO3 is the most insoluble product with a Ksp = 4.96x10-9 (6). This product forms from a 1:1 ratio of calcium and carbonate and it is therefore predicted that the amount of carbonate buffer consumed will equal the amount of Ca2+ that reacts. Tris buffer has no appreciable reaction with calcium and is commonly used in systems where the calcium concentration must be maintained (10). 

METHODS

In order to maintain a control in the experiment, a set of standard conditions were first determined. A temperature of 25(C was chosen because buffers are often used at room temperature during in vitro biological applications (5) and because of the ease in maintaining a room temperature solution as opposed to a temperature of 37(C, which would also be a valid temperature at which to test the function of the buffers. A pH equal to 7.4 was chosen because this is a common pH in biological systems, such as blood and epithelial cell cultures (5). Each of the buffers was tested at concentrations of 0.1M. This was chosen because most biological buffers are used in a concentration range of 1 to 200mM, so an average value of 100mM was chosen (8). The concentrations of calcium  added to the buffers ranged from 0.01 M to 0.07 M. This range was chosen because it was determined that calcium concentrations found in biological systems generally fall in this range and because this range of calcium concentrations allows for the best comparison of the performance between the buffers (4).

Since, the pKa values for the Phosphate, Tris and Carbonate buffers are known to be 7.21, 8.1, 10.25 respectively, the Henderson-Hasselbalch Equation can be used to predict the amounts of each buffer component needed to make 100 mL of 0.1M solution with a pH equal to its pKa (TABLE 1) (3).

BUFFER
AMOUNT (g)

Dibasic Phosphate
0.710

Monobasic Phosphate
0.600

Tris-HCl
0.601

Tris Base
0.788

Sodium Carbonate
0.530

Sodium Bicarbonate
0.420

TABLE 1: Buffer components needed to make a 100mL 

0.1M solution when pH = pKa
After weighing the amounts needed using an analytical balance, the components were put into a 100 mL volumetric flask, which was then filled with deionized water. Once, the buffer solutions were prepared, a pH meter was used to determine the pH of each solution (1). Then 0.25 mL of 1M HCl was added to 25 mL of each buffer solution. After the buffer-HCl solution was thoroughly mixed, a second pH reading was taken. The change in pH was determined, and the solution was then discarded. This was repeated 3 times for each buffer solution.

The second part of the experiment was similar to the first part, except this time the buffers were compared at a calculated pH of 7.4. Using the Henderson-Hasselbalch equation, the amounts of each buffer component needed to make 250 mL of 0.5M stock solution with a pH of 7.4 were predicted (TABLE 2). (A stock solution was prepared for use in the second and third part of the experiment.)

BUFFER
AMOUNT (g)

Dibasic Phosphate
10.783

Monobasic Phosphate
5.884

Tris-HCl
2.518

Tris Base
16.423

Sodium Carbonate
0.0187

Sodium Bicarbonate
10.485

TABLE 2: Buffer components needed to make a 

50 mL 0.5M solution when pH = 7.4

After weighing the amounts needed using an analytical balance, the components were put into a 250 mL volumetric flask, which was then filled with deionized water. Once the stock solutions for the three buffers were prepared, dilutions will be made to make 25 mL of 0.1 M of each buffer. pH readings were taken from the 25 mL of 0.1 M of each buffer. Next, 0.25 mL 1M HCl were added into each 25 mL buffer solution. After the buffer-HCl solution was thoroughly mixed, a second pH reading was taken. This was repeated 3 times for each buffer.

For the final part of the experiment, the buffers were again compared at a pH calculated to be 7.4, but now in the presence of calcium. The buffer stock solutions made earlier at a pH equal to 7.4 were used. In a volumetric flask, 100 mL of 0.1 M calcium stock was prepared. Using the 0.1 M calcium stock solution, five 40 mL solutions of each buffer were made, each having a final buffer concentration of 0.1 M and a final calcium concentration of 0.01, 0.02, 0.03, 0.04, or 0.05 M. (TABLE 3). The solutions were left in the laboratory refrigerator for one week to allow a precipitate, if any, to form. After one week, the centrifuge was used to separate the precipitate, and the supernatant was extracted. The pH of the supernatant solution was determined using the pH meter. In order to determine the change in pH after a strong acid was added to the calcium-buffer solution, 0.25 mL of 1M hydrochloric acid was added to 25 mL of the supernatant and the change in pH was determined. A plot of pH versus calcium concentration could then be plotted. 

[Buffer] Stock
Vol Buffer (mL)
[Ca] Stock
Vol Ca (mL)
Vol H20 (mL)
[Buffer] final
[Ca] final
final Vol (mL)

0.5
8
0.1
4
28
0.1
0.01
40

0.5
8
0.1
8
24
0.1
0.02
40

0.5
8
0.1
12
20
0.1
0.03
40

0.5
8
0.1
16
16
0.1
0.04
40

0.5
8
0.1
20
12
0.1
0.05
40

TABLE 3: Dilutions made to make calcium-buffer solution

The calcium solutions used in the first week were thought to be to dilute to reach the point at which Tris becomes a better buffer than phosphate (due to a calculation error). Thus, the experiment was redone the second week with new calcium solutions ranging in concentration from 0.3M to 0.7M (0.1M and 0.2M could not be tested due to lack of equipment and space in the fridge). However, once the entire experiment was completed and the data was evaluated, it was determined that the intersection point of Tris and phosphate on the pH versus calcium concentration falls below 0.3 M, as originally expected. The consequences of this error are discussed in the discussion section.

Results


The experimental results consist of two parts. The first part measures the validity of the Henderson-Hasselbalch equation, and the second part measures the behavior of the buffers in calcium containing solutions. 


TABLE 4 below shows the predicted and measured pH values for the three buffers, when prepared to buffer at a pH of 7.4 in a calcium-free solution. The predicted pH values for each buffer were calculated using the Henderson-Hasselbalch equation and the measured mass of the components. The uncertainties associated with these values result from the uncertainties in the analytical balance and glassware used to prepare the buffers.


The measured pH values of the buffers were obtained using the pH meter. The values shown in TABLE 4 are average values for five trials with each buffer. 95% confidence intervals for the average values are included to show the degree of reproducibility. Also associated with these values are the uncertainties in the measurements due to the drift in the pH meter.


In addition, TABLE 4 shows the degree of validity of the Henderson-Hasselbalch equation in the “Percent Inaccuracy” column, which compares the measured value to the predicted value. As shown, the Henderson-Hasselbalch equation has inaccuracy of 12.149%, 6.212%, and 2.448% for the carbonate buffer, the phosphate buffer and the Tris buffer respectively. The sources of the inaccuracies will be discussed.

Buffer
Predicted pH
Percent  Uncertainty
Measured pH
Percent Uncertainty
95% Confidence
Percent Inaccuracy
Percent Uncertainty

Carbonate
7.40
0.35
8.42
0.5936
0.00807
12.149
0.69

Phosphate
7.40
0.35
6.97
0.7176
0.00295
6.212
0.80

Tris
7.40
0.35
7.22
0.6922
0.05473
2.448
0.77

TABLE 4: Validity of the Henderson-Hasselbalch equation when it is used to prepare buffers with a buffering pH of 7.4.


TABLE 5 below shows the predicted and measured pH values for the three buffers, when prepared to buffer at a pH equal to their pKa, similar to TABLE 4.  For the carbonate buffer, the phosphate buffer, and the Tris buffer the Henderson-Hasselbalch had an inaccuracy of 2.894%, 7.993%, and 1.489% respectively. These inaccuracies will also be discussed in the discussion section.

Buffer
Predicted pH
Percent  Uncertainty
Measured pH
Percent Uncertainty
95% Confidence
Percent Inaccuracy
Percent Uncertainty

Carbonate
10.25
0.35
9.96
0.502
0.0104
2.894
0.61

Phosphate
7.21
0.35
6.68
0.749
0.0038
7.993
0.83

Tris
8.10
0.35
7.98
0.626
0.0707
1.489
0.72

TABLE 5: Validity of the Henderson-Hasselbalch equation when it is used to prepare buffers with a buffering pH of their pKa’s.


Unlike measuring the degree of validity of the Henderson-Hasselbalch equation, measuring the behavior of the buffers in solutions containing calcium was more complex, such that it was not possible to make exact numerical predictions as was done in the validation of the Henderson-Hasselbalch equation. This complexity will be discussed further in the discussion section.


The general trends of the buffering capacity of the three buffers in solutions with progressively higher concentrations of calcium could were predicted as shown in FIGURE 1 below. 
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FIGURE 1:  Predicted change in pH versus concentration of calcium for phosphate and Tris

FIGURE 1 predicts that the Tris buffer will have the same buffering capacity regardless of the concentration of calcium. It also predicts that the phosphate buffer loses will lose buffering capacity as the calcium concentration in the solutions increases, and at a certain point Tris will become a better buffer than phosphate. The buffering capacity trend for the carbonate buffer is not shown because it has very low buffering capacity in calcium containing solutions, and therefore, its trend is off the graph. 


 Besides affecting the buffering capacity of the buffers, the presence of calcium also affects the equilibrium pH of the buffers. After letting the buffers react with the calcium solutions for a week, there were significant changes in the equilibrium pH of the buffers. FIGURE 2 shows the change in pH for all three buffers in solutions containing progressively higher calcium content.
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FIGURE 2:   Measured starting pH versus concentration of calcium

As seen in FIGURE 2 above, the carbonate and phosphate equilibrium pH values decreased as the calcium content was increased. However, this did not occur for the Tris buffer.


FIGURE 3 shows the change in pH for all the three buffers in solutions containing increasing concentration of calcium when 0.25ml of 1M HCl was added to 25 mL of 0.1M buffer solution (from week one). The data points are average values of three trials with error bars that represent the 95% confidence intervals. As predicted earlier, in the presence of progressively increasing calcium concentrations, the carbonate buffer had the worst buffering capacity while Tris has the same buffering capacity throughout. The buffing capacity of phosphate begins as the best, but decreases with increasing calcium concentration. Also visible in this graph is the crossing point of the Tris and phosphate curves. This occurs at a calcium concentration of 0.011 ( 26%M. This point was determined by fitting an equation to each line then set them equal to each other, as discussed in the discussion.
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FIGURE 3:   Measured change in pH versus calcium concentration for week one.


FIGURE 4 is another graph similar to that of FIGURE 3 representing the results from week two. The trends are similar to those in FIGURE 3, however, the Tris-phosphate crossing point occurs at 0.007 ( 67%M calcium concentration.
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FIGURE 4: Measured change in pH versus calcium concentration for week two

Discussion

The first part of the experiment was performed to validate the Henderson-Hasselbalch equation. The predicted pH of each buffer in a calcium free solution was calculated from the measured masses of the buffer components using the Henderson-Hasselbalch equation. The uncertainties for the predicted values were determined from the propagation of the uncertainties from the analytical balance, pipettes, and volumetric flasks used to create the buffer solutions. The predicted values were then compared to the actual pH values of each buffer measured with the pH meter. The uncertainties in the measured values resulted from the inherent uncertainty in the pH meter electrode which was found in the Fisher-Scientific catalog. The pH of each buffer solution was tested with five trial samples. The data presented in the Results section is the average value for each buffer with a 95% confidence interval. As seen in TABLES 4 and 5, the confidence intervals for each buffer are less than 1%, indicating a high degree of reproducibility between trials. 

We expected the predicted pH and the average measured pH for each buffer to overlap within their uncertainties, thereby validating the Henderson-Hasselbalch equation. However, the inaccuracy between the predicted values and the measured values, which was as high as 12.1%, was greater than the range of the uncertainties, indicating that the predicted and measured values were significantly different. The sources of inaccuracy in this experiment were examined to determine whether the difference between the predicted and measured values was due to a fault in the Henderson-Hasselbalch equation, or to experimental error. 

The first possible source of error examined was our use of the Henderson-Hasselbalch equation. The equation predicts the pH of a buffer solution when the pKa and the ratio of buffer components are known. In this equation, the ratio of buffer components ([A-]/[HA]) is the ratio of the component concentrations at equilibrium. However, in our calculations of the predicted values, we used the initial concentrations of the buffer components instead of their equilibrium values. This error would have the greatest effect on the carbonate buffer since the ratio of bicarbonate to carbonate was so large that a considerable amount of bicarbonate dissociated, changing the equilibrium concentrations of the buffer components from their initial values. The equilibrium pH of carbonate was recalculated using the equilibrium concentrations and compared to the value calculated using the initial concentrations. The difference in these values was 4.06 x 10-8%, which can be considered negligible and is, therefore, not the source of the significant inaccuracy between the values. The same is true for the other buffers.

The second possible source of error examined was the loss of some of the buffer components between analytical balance and the volumetric flask. The predicted pH values were calculated from the mass of the buffer components, measured on the analytical balance. It is possible that some of the buffer was lost as it was transferred from the weighing dish to the volumetric flask. Again, this error would have the greatest effect on the carbonate buffer since the amount of carbonate used was less than 0.02 g and a small loss in the mass of carbonate constitutes a large percentage of the total mass. Even if up to 0.01 g of carbonate were lost in the transfer, which is unlikely as we were very cautious, the change in the predicted pH would be 4.53%. While this change is significant, it is not large enough to account for the 12.1% inaccuracy between the predicted and measured values. The loss of buffer would result in smaller changes in the predicted pH for the other buffers. 

The remainder of the inaccuracy may be attributed to the pH meter which was calibrated against secondary standard buffer solutions. It is possible that the standard buffer solutions were contaminated resulting in a poor calibration of the pH meter. However, the extent of the possible contamination is unknown. Also, if this were the source of the inaccuracy we would expect a uniform shift in the measured pH values as the meter was calibrated against the same standard buffers for each trial with each buffer. Unfortunately, the inaccuracy of each buffer is not uniform and is probably not attributable to an error in calibration of the meter. 

As the full inaccuracy between the predicted pH and the actual pH of the buffer solutions cannot be accounted for by the experimental sources of error, it is likely that there is a fault in the Henderson-Hasselbalch equation. General chemistry texts present the Henderson-Hasselbalch equation as a valid way to predict the pH of a solution regardless of the buffer concentration.(7) In reality, this equation is only valid for very dilute solutions. The Henderson-Hasselbalch equation assumes a mean activity coefficient of 1. The Debye-Huckel Limiting Law states that for solutions at concentrations less than 1 mM, the log of the activity coefficient is equal to –km1/2, where k is a constant of proportionality and m is the molality of the solution.(1) Therefore, to achieve a mean activity coefficient of 1, the molality of the solution must be zero. This means that the Henderson-Hasselbalch equation is only valid for dilute solutions with a buffer concentration very close to zero. In this experiment, the concentration of the buffer was 0.1 M. Therefore, the Henderson-Hasselbalch equation could not accurately predict the pH of the solution because it did not account for the activity coefficient, which is the most likely cause of the inaccuracy between the predicted and actual pH of each buffer solution. In the future it would be beneficial to recalculate the predicted values using the proper activity coefficients for a more accurate comparison with the measured values. 

In the second part of the experiment, the behavior of each buffer was examined in the presence of calcium. We predicted that the equilibrium pH after the calcium had precipitated out of the solution and was removed would be lower than the equilibrium pH in a calcium-free solution. This was predicted because the conjugate base component of the phosphate and the carbonate buffer (A-) forms a less soluble calcium compound than the weak acid component (HA). Therefore, we expected that the conjugate base component would precipitate out of the solution and by L’Chatlier’s principle, there would be a shift in the equilibrium resulting in the dissociation of the weak acid into the conjugate base form and hydrogen ions (HA ( A- + H+). We predicted that this would result in a lower pH due to the increased concentration of hydrogen ions. Although the total amount of buffer consumed in each calcium solution could be predicted from the stoichiometry of the reaction between calcium and the conjugate base component, the final ratio of buffer components at equilibrium after the calcium reaction occurred could not be predicted due to the complexity of the chemical cascade reaction. We were only able to make qualitative predictions that the equilibrium pH and the ability of the phosphate and carbonate buffers to resist pH change would both decrease due to the new equilibrium ratio of buffer components after the equilibrium reaction. We predicted that Tris would not be affected by the presence of calcium as the literature states that Tris does not react with calcium. 

The equilibrium pH values of each buffer in solutions of various calcium concentrations are shown in FIGURE 2. As seen in the graph, the results of this part of the experiment matched the predictions. The equilibrium pH values of the carbonate and phosphate buffers decreased with increasing calcium concentration, whereas the equilibrium pH of the Tris buffer remained constant despite the concentration of calcium in the solution. A linear regression was performed on the Tris data to ensure that the pH remained constant with increasing calcium concentration. The regression is shown in TABLE A2 of the Appendix. As seen in the figure, the upper and lower bounds of the 95% confidence interval for the slope of the Tris curve are above and below zero. Therefore, the slope of the curve is statistically equivalent to zero, indicating that there is no change in the equilibrium pH with increasing calcium concentration, as predicted. 

Using stoichiometery and the Henderson-Hasselbalch equation, we were able to calculate the predicted change in pH when 0.25ml of 1M HCl is added to 25 ml of 0.1M calcium-free solutions of each buffer. These calculations predicted that in a calcium-free solution the phosphate buffer would have the least change in pH, followed by Tris, and then carbonate. We also predicted that as the calcium concentration was increased, the ability of phosphate and carbonate to resist pH change would decrease due to the changing ratio of buffer components, while the Tris would be unaffected. At a certain calcium concentration, we predicted that the capacity of the phosphate buffer would become less than that of Tris. This prediction can be seen graphically in FIGURE 1. The graph represents the expected trend in the pH change with the addition of HCl, but the exact values at each calcium concentration could not be predicted due to the complexity of the chemistry. 

The actual results of the calcium tests from the first and second week of the experiment are shown graphically in FIGURES 3 and 4, respectively. As seen in the graphs, the change in pH of the carbonate and phosphate buffer solutions increased with increasing calcium concentration. The phosphate buffer had a pH change less than Tris in solutions of low calcium concentrations and had a change in pH greater than Tris in solutions of high calcium concentration. The carbonate had a change in pH that was greater than both Tris and phosphate. These results coincide with the predicted trends. To determine the point where the capacity of the phosphate and Tris buffer cross, trendlines were plotted for the phosphate and Tris data, as seen in FIGURE A1 of the Appendix, for the data from week 1. The data for the change in pH of the phosphate was assumed to be linear which was confirmed by an R2 value of 0.989, as seen in the graph. Linear regressions were performed for both trendlines and the cross-point with 95% confidence intervals was determined by setting the equations of both trendlines equal to each other and solving for the calcium concentration. The cross-point for the data from week 1 of the experiment was determined to occur at a calcium concentration of 0.011 M ( 26%. The confidence interval is considerably large due to scatter in the data from the pH meter. Three trials were performed for each buffer at each calcium concentration. The pH meter displayed considerable drift, up to 0.05 pH units, when checked against the standard buffers used for calibration between trials. As the change in pH of the phosphate ranges from 0.2 to 1.5 pH units, a drift of 0.05 pH units from the pH electrode represents a scatter of up to 25% in the data which is the source of the 26% uncertainty in the 95% confidence interval. 

The drift was most likely due to two major factors which affected the proper functioning the pH electrode. First, the ionic strength of the solutions used in this experiment were outside the working range of the pH electrode. The Fisher-Scientific catalogue rates the pH electrode used in this experiment for use in solutions of ionic strength ranging from 0.001 to 0.1 M. The ionic concentrations of the buffer solutions in this experiment were 0.1 M buffer plus the concentration of calcium which ranged from 0.01 to 0.05 M for the week 1 trials and 0.03 to 0.07 M for the week 2 trials. These excessive ionic strengths may have contributed to the drift and inaccuracy of the pH meter. The second factor affecting the pH electrode was the use of Tris. Tris has known negative interactions with pH electrodes which contributes to the drift in the pH readings. These two factors were sufficient to cause a drift of 0.05 pH units or more which resulted in a considerable 95% confidence interval. 

In analyzing the data from week 1 of the experiment, we initially made an error in our calculations which led us to believe the cross-point occurred past the maximum calcium concentration tested (0.05 M). In response to this we increased the calcium concentrations for the following week to 0.07 M, but due to limited laboratory equipment, we were forced to eliminate the 0.01 and 0.02 M calcium concentrations. After correcting our analysis error at the end of the experiment, we determined that the cross-point for the week 2 trial occurred around a calcium concentration of 0.01 M, for which we were missing data points. In order to find the cross-point for the data from week 2, we were forced to interpolate a trendline into the region of missing data, as seen in FIGURE A2 of the Appendix. The same procedure used in week 1 was used to calculate the cross-point from the linear regression. The cross-point for the week 2 data was found to occur at a calcium concentration of 0.007 M ( 67%. The confidence interval for this cross-point is extremely large due to the factors discussed earlier. As higher calcium concentrations (0.06 and 0.07 M) were used, the ionic strength of these solutions increased, causing greater drift in the pH meter as evidenced by the large error bars in FIGURE A2. In addition, the actual data in the missing region may not be linear as we assumed. However,  the cross-point from week 2 overlaps the cross-point from week 1 within their confidence intervals, indicating some degree of reproducibility for the 0.011 M calcium concentration cross-point calculated in week 1. 

The results of this experiment indicate that up to calcium concentrations of 0.011 M, phosphate is a better buffer than Tris, but at greater calcium concentrations, Tris maintains the pH of the solution better than phosphate. Aside from these results, there are other considerations in determining which buffer to use. Tris is toxic to many biological systems and therefore would not be a good choice to buffer some systems, even if they have a high calcium concentration. In contrast, phosphate will react with calcium even at low calcium concentrations and therefore, if an assay requires the calcium concentration to be maintained exactly, Tris would be a better choice than phosphate, despite the calcium concentration. 

Conclusion

In conclusion, we have predicted the behavior of three commonly used biological buffers in the presence of calcium. In general, in systems containing calcium, either phosphate or Tris buffers could be used, depending on the concentration of calcium in the solution, the importance of the presence of the calcium in the system, the needed buffering range of the system and the toxic susceptibility of the system. In calcium concentrations below 0.011 M, phosphate would be the best buffer, regardless of other factors. In calcium concentrations above 0.011 M, Tris has a better buffering capacity than phosphate. However, due to the toxicity of Tris, phosphate might be a better buffer in some systems. Also, if the presence of calcium is essential to the system, than Tris should be used, since it will not react with the calcium to any appreciable extent. Depending on the needed buffering range of the buffer, phosphate could be used beyond calcium concentrations of 0.011M, however, at concentrations higher than about 0.04M, the pH change in phosphate is greater than one pH unit, which is large, and would probably have extremely damaging effects on many biological systems.
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FIGURE A1: Week 1 plot of the intersection of Tris and Phosphate
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FIGURE A2:  Week 2 plot of the intersection of Tris and Phosphate

Buffer
HA (g) Acid
A- (g) Base
calculated pH
MW HA (g/mol)
MW A- (g/mol)
[Buffer] [M]

Carbonate
10.485
0.0186
7.398
84
106
0.5

Phosphate
5.884
10.784
7.4
119.98
141.96
0.5

Tris
16.424
2.5189
7.4
157.6
121.1
0.5









Carbonate
0.42
0.5301
10.25
84
106
0.1

Phosphate
0.601
0.7099
7.21
119.98
141.96
0.1

Tris
0.789
0.6059
8.1
157.6
121.1
0.1

TABLE A1: Buffer Preparation Data


Coefficients
Standard Error
Lower 95%
Upper 95%

Intercept
7.244066667
0.032072418
7.141997823
7.346135511

X Variable 1
-0.193333333
0.617233973
-2.157649154
1.770982487

TABLE A2: Regression of Tris Data







_987372244.xls
Chart1

		0		0		0

		0.01		0.01		0.01

		0.02		0.02		0.02

		0.03		0.03		0.03

		0.04		0.04		0.04

		0.05		0.05		0.05



Carb

Phos

Tris

Calcium Concentration of Solution (mol/L)

pH

Starting pH's of Buffers After Reaction with Calcium in Solution

8.21

7.572

7.254

7.3

7.4196666667

7.2403333333

6.9033333333

7.105

7.2533333333

6.59

6.823

7.2733333333

6.4466666667

6.612

7.2436666667

6.2666666667

6.2666666667

7.22



Phosphate (W1)

		0		0		0

		0.01		0.0102677354		0.0102677354

		0.02		0.0056579203		0.0056579203

		0.03		0.0285598904		0.0285598904

		0.04		0.0103711392		0.0103711392

		0.05		0.0569101663		0.0569101663



Calcium Concnetration (M)

Equilibrium pH

7.572

7.4196666667

7.105

6.823

6.612

6.5473333333



Tris (W1)

		0		0		0

		0.01		0.0785643201		0.0785643201

		0.02		0.0235558006		0.0235558006

		0.03		0.0065332036		0.0065332036

		0.04		0.0421935715		0.0421935715

		0.05		0.0113158406		0.0113158406



Calcium Concentration (M)

Equilibrium pH

7.254

7.2403333333

7.2533333333

7.2733333333

7.2436666667

7.22



Carbonate (W1)

		0		0		0

		0.01		0.0000001349		0.0000001349

		0.02		0.0065332036		0.0065332036

		0.03		0.0113158406		0.0113158406

		0.04		0.0065332036		0.0065332036

		0.05		0.0331523875		0.0331523875



Calcium Concentration (M)

Equilibrium pH

8.21

7.3

6.9033333333

6.59

6.4466666667

6.2666666667



Change (W1)

		0		0		0		0		0		0		0		0		0

		0.01		0.0056579203		0.0056579203		0.01		0.0113158406		0.0113158406		0.01		0.0776682237		0.0776682237

		0.02		0.0051855696		0.0051855696		0.02		0.0039739926		0.0039739926		0.02		0.0150689159		0.0150689159

		0.03		0.0384960395		0.0384960395		0.03		0.0000000337		0.0000000337		0.03		0.00598778		0.00598778

		0.04		0.0081860807		0.0081860807		0.04		0.0032666018		0.0032666018		0.04		0.0692612027		0.0692612027

		0.05		0.0819207464		0.0819207464		0.05		0.0318656964		0.0318656964		0.05		0.0152798769		0.0152798769



Phosphate

Carbonate

Tris

Calcium Concentration (M)

Change in pH

0.342

1.14

0.527

0.46

1.44

0.535

0.74

1.7003333333

0.5293333333

1.0333333333

1.97

0.478

1.2983333333

2.1816666667

0.5143333333

1.478

2.379

0.5273333333



Change (W2)

		0		0		0		0		0		0		0		0		0

		0.03		0.03		0.03		0.0065332036		0.0065332036		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.04		0.0065332036		0.0065332036		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.05		0.0397399261		0.0397399261		0.2638856289		0.2638856289		0.0174205152		0.0174205152

		0.06		0.06		0.06		0.0284775743		0.0284775743		0.1054520588		0.1054520588		0.0185248294		0.0185248294

		0.07		0.07		0.07		0.0471116012		0.0471116012		0.0603782546		0.0603782546		0.0559113992		0.0559113992



Phosphate

Carbonate

Tris

Calcium Concentration (M)

Change in pH

0.223

1.27

0.52

0.898

2.1366666667

0.5316666667

1.351

2.4066666667

0.4783333333

1.8126666667

2.5733333333

0.525

4.0743333333

2.9233333333

0.492

4.426

2.9966666667

0.5063333333



CrossPoint (W1)

		0		0		0		0		0		0

		0.01		0.01		0.0056579203		0.0056579203		0.0776682237		0.0776682237

		0.02		0.02		0.0051855696		0.0051855696		0.0150689159		0.0150689159

		0.03		0.03		0.0384960395		0.0384960395		0.00598778		0.00598778

		0.04		0.04		0.0081860807		0.0081860807		0.0692612027		0.0692612027

		0.05		0.05		0.0819207464		0.0819207464		0.0152798769		0.0152798769



Phosphate

Tris

Calcium Concentration (M)

Change in pH

0.342

0.527

0.46

0.535

0.74

0.5293333333

1.0333333333

0.478

1.2983333333

0.5143333333

1.478

0.5273333333



Tris Regress (W1)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.1243034378

		R Square		0.0154513447

		Adjusted R Square		-0.0548735593

		Standard Error		0.0411853407

		Observations		16

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0003726855		0.0003726855		0.2197136973		0.6464734114

		Residual		14		0.023747252		0.0016962323

		Total		15		0.0241199375

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

		Intercept		0.526195122		0.0213327615		24.666057556		0		0.4804408585		0.5719493854		0.4804408585		0.5719493854

		X Variable 1		-0.3113821138		0.6643012908		-0.4687362769		0.6464734114		-1.7361679465		1.1134037188		-1.7361679465		1.1134037188

		Regression Statistics

				Coefficients		Lower 95%		Upper 95%

		Intercept		0.526195122		0.4804408585		0.5719493854

		X Variable 1		-0.3113821138		-1.7361679465		1.1134037188





Phos Regress (W1)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9923498111

		R Square		0.9847581476

		Adjusted R Square		0.9836694439

		Standard Error		0.051694852

		Observations		16

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		2.4172104294		2.4172104294		904.5235254411		0

		Residual		14		0.0374130081		0.0026723577

		Total		15		2.4546234375

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

		Intercept		0.2553902439		0.0267763706		9.537896213		0.0000001673		0.1979605896		0.3128198982		0.1979605896		0.3128198982

		X Variable 1		25.0772357724		0.8338150501		30.0752975952		0		23.288878762		26.8655927828		23.288878762		26.8655927828

		Y =		0.526

		Avg		0.010791052

		Upper		0.0079350604		0.0028559916		26%

		Lower		0.0140856678		0.0032946158		31%





Phos Regress (W2)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9921866246

		R Square		0.984434298

		Adjusted R Square		0.9824885853

		Standard Error		0.0460104821

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		1.0710791843		1.0710791843		505.9504796396		0.0000000162

		Residual		8		0.0169357157		0.0021169645

		Total		9		1.0880149

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

		Intercept		0.3522058824		0.0394536629		8.927076894		0.0000196726		0.2612255137		0.443186251		0.2612255137		0.443186251

		X Variable 1		22.9137254902		1.0186891954		22.4933430072		0.0000000162		20.564622474		25.2628285064		20.564622474		25.2628285064

		Y =		0.4955

		Avg		0.0062536368

		Upper		0.0020707796		0.0041828573		67%

		Lower		0.0113921122		0.0051384754		82%





Tris Regress (W2)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.1490587042

		R Square		0.0222184973

		Adjusted R Square		-0.1000041905

		Standard Error		0.0386346005

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0002713412		0.0002713412		0.1817870127		0.6810827104

		Residual		8		0.0119410588		0.0014926324

		Total		9		0.0122124

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

		Intercept		0.4954705882		0.0331288966		14.9558433667		0.0000003943		0.4190751663		0.5718660102		0.4190751663		0.5718660102

		X Variable 1		0.3647058824		0.8553844317		0.4263648821		0.6810827104		-1.6078154299		2.3372271946		-1.6078154299		2.3372271946





CrossPoint (W2)

		0		0		0		0		0		0

		0.03		0.03		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.2638856289		0.2638856289		0.0174205152		0.0174205152



Phosphate

Tris

Calcium Concentration (M)

Change in pH

0.223

0.52

0.898

0.5316666667

1.351

0.4783333333

1.8126666667

0.525



Data

		WEEK ONE		.25 ml HCl added to 25 ml Buffer

		Phosphate		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH						Regression Data

		Trial 1		7.413		7.107		0.306		7.1		6.828		0.272		6.83		6.552		0.278		6.604		6.27		0.334		6.604		6.174		0.43		7.572		7.23		0.342				[Ca]		Chng Tris		Chng Phos

		Trial 2		7.416		7.112		0.304		7.11		6.837		0.273		6.844		6.564		0.28		6.622		6.282		0.34		6.508		6.033		0.475						0				0		0.527		0.342

		Trial 3		7.43		7.117		0.313		7.105		6.831		0.274		6.795		6.5		0.295		6.61		6.269		0.341		6.53		6.075		0.455						0				0.01		0.614		0.465

																																										0.01		0.501		0.46

																																										0.01		0.49		0.455

																																										0.02		0.538		0.744

		Carbonate		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.02		0.536		0.735

		Trial 1		7.3		6.78		0.52		6.91		6.513		0.397		6.59		6.24		0.35		6.45		6.03		0.42		6.3		5.863		0.437		8.21		7.07		1.14				0.02		0.514		0.741

		Trial 2		7.3		6.77		0.53		6.9		6.506		0.394		6.6		6.24		0.36		6.44		6.03		0.41		6.245		5.82		0.425						0				0.03		0.484		1.02

		Trial 3		7.3		6.76		0.54		6.9		6.51		0.39		6.58		6.24		0.34		6.45		6.025		0.425		6.255		5.81		0.445						0				0.03		0.476		1.008

																																										0.03		0.474		1.072

																																										0.04		0.585		1.302

																																										0.04		0.478		1.29

		Tris		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.04		0.48		1.303

		Trial 1		7.161		6.64		0.521		7.23		6.716		0.514		7.27		6.77		0.5		7.201		6.669		0.532		7.21		6.727		0.483		7.254		6.727		0.527				0.05		0.527		1.398

		Trial 2		7.27		6.753		0.517		7.27		6.718		0.552		7.28		6.778		0.502		7.26		6.776		0.484		7.23		6.713		0.517						0				0.05		0.541		1.539

		Trial 3		7.29		6.764		0.526		7.26		6.74		0.52		7.27		6.78		0.49		7.27		6.774		0.496		7.22		6.74		0.48						0				0.05		0.514		1.497

																																										0		0.527		0.342

		[Ca]		Phos Init		95% Conf		Phosp Chng		95% Conf		Carb Init		95% Conf		Carb Chng		95% Conf		Tris Init		95% Conf		Tris Chng		95% Conf

		0		7.572		0		0.342		0		8.21		0		1.14		0		7.254		0		0.527		0

		0.01		7.4196666667		0.0102677354		0.46		0.0056579203		7.3		0.0000001349		1.44		0.0113158406		7.2403333333		0.0785643201		0.535		0.0776682237

		0.02		7.105		0.0056579203		0.74		0.0051855696		6.9033333333		0.0065332036		1.7003333333		0.0039739926		7.2533333333		0.0235558006		0.5293333333		0.0150689159

		0.03		6.823		0.0285598904		1.0333333333		0.0384960395		6.59		0.0113158406		1.97		0.0000000337		7.2733333333		0.0065332036		0.478		0.00598778

		0.04		6.612		0.0103711392		1.2983333333		0.0081860807		6.4466666667		0.0065332036		2.1816666667		0.0032666018		7.2436666667		0.0421935715		0.5143333333		0.0692612027

		0.05		6.5473333333		0.0569101663		1.478		0.0819207464		6.2666666667		0.0331523875		2.379		0.0318656964		7.22		0.0113158406		0.5273333333		0.0152798769

		WEEK TWO		.25 ml HCl added to 25 ml Buffer

		Phosphate		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH						Regression Data

		Trial 1		4.641		2.437		2.204		5.572		2.749		2.823		6.305		5.978		0.327		6.066		5.33		0.736		5.936		4.82		1.116		6.901		6.678		0.223				[Ca]		Chng Tris		Chng Phos

		Trial 2		4.937		2.536		2.401		5.591		2.801		2.79		6.323		5.999		0.324		6.124		5.64		0.484		6.06		5.242		0.818						0				0		0.52		0.223

		Trial 3		4.826		2.452		2.374		5.56		2.93		2.63		6.348		6.032		0.316		6.17		5.68		0.49		6.045		5.203		0.842						0				0.01		0.553		4.464

																																										0.01		0.511		4.365

																																										0.01		0.455		4.449

																																										0.02		0.51		4.152

		Carbonate		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.02		0.478		4.1

		Trial 1		6.06		5.54		0.52		6.09		5.6		0.49		6.75		6.41		0.34		6.5		6.14		0.36		6.47		6.01		0.46		8.55		7.28		1.27				0.02		0.488		3.971

		Trial 2		6.01		5.6		0.41		6.12		5.63		0.49		6.75		6.41		0.34		6.49		6.15		0.34		6.34		5.94		0.4						0				0.03		0.53		0.923

		Trial 3		6.04		5.52		0.52		6.13		5.65		0.48		6.76		6.42		0.34		6.5		6.14		0.36		6.35		5.98		0.37						0				0.03		0.54		0.902

																																										0.03		0.525		0.869

																																										0.04		0.49		1.571

																																										0.04		0.44		1.261

		Tris		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.04		0.505		1.221

		Trial 1		7.18		6.697		0.483		7.248		6.74		0.508		7.24		6.72		0.52		7.255		6.76		0.495		7.226		6.721		0.505		7.25		6.73		0.52				0.05		0.529		2.081

		Trial 2		7.222		6.739		0.483		7.259		6.772		0.487		7.22		6.71		0.51		7.215		6.81		0.405		7.235		6.742		0.493						0				0.05		0.508		1.659

		Trial 3		7.235		6.795		0.44		7.261		6.762		0.499		7.22		6.725		0.495		7.27		6.745		0.525		7.23		6.712		0.518						0				0.05		0.538		1.698

		[Ca]		Phos Init		95% Conf		Phosp Chng		95% Conf		Carb Init		95% Conf		Carb Chng		95% Conf		Tris Init		95% Conf		Tris Chng		95% Conf

		0		6.901		0		0.223		0		8.55		0		1.27		0		7.25		0		0.52		0

		0.01		4.8013333333		0.1692099734		4.426		0.0603782546		6.0366666667		0.0284775743		2.9966666667		0.0471116012		7.2123333333		0.0325285314		0.51		0.0559113992

		0.02		5.5743333333		0.0176879776		4.0743333333		0.1054520588		6.1133333333		0.0235558006		2.9233333333		0.0284775743		7.256		4.0649746298		0.49		0.0185248294

		0.03		6.3253333333		0.0244362776		0.898		0.0308032063		6.7533333333		0.0065332036		2.1366666667		0.0065332036		7.2266666667		0.0130664072		0.5316666667		0.008642616

		0.04		6.12		0.0589727939		1.351		0.2167803198		6.4966666667		0.0065332036		2.4066666667		0.0065332036		7.2466666667		0.0321722967		0.4783333333		0.0385126673

		0.05		6.0136666667		0.0765835269		1.8126666667		0.2638856289		6.3866666667		0.0818608066		2.5733333333		0.0397399261		7.2303333333		0.0051025951		0.525		0.0174205152

		0.06		5.5743333		0.017687978		4.074333333		0.105452059		6.113333333		0.023555801		2.923333333		0.028477574		7.256000000		4.064974630		0.492000000		0.018524829

		0.07		4.8013333333		0.1692099734		4.426		0.0603782546		6.0366666667		0.0284775743		2.9966666667		0.0471116012		7.2123333333		0.0325285314		0.5063333333		0.0559113992

								0.223

						0		0.223

		Week 1				0.03		0.898

						0.04		1.351

						0.05		1.8126666667

								Carb		Phos		Tris

						0		8.21		7.572		7.254

						0.01		7.3		7.4196666667		7.2403333333

						0.02		6.9033333333		7.105		7.2533333333

						0.03		6.59		6.823		7.2733333333

						0.04		6.4466666667		6.612		7.2436666667

						0.05		6.2666666667		6.2666666667		7.22





Data

		



Carb

Phos

Tris

Calcium Concentration of Solution (mol/L)

pH

Starting pH's of Buffers After Reaction with Calcium in Solution




_987430627.xls
Phosphate (W1)

		0		0		0

		0.01		0.0102677354		0.0102677354

		0.02		0.0056579203		0.0056579203

		0.03		0.0285598904		0.0285598904

		0.04		0.0103711392		0.0103711392

		0.05		0.0569101663		0.0569101663



Calcium Concnetration (M)

Equilibrium pH

7.572

7.4196666667

7.105

6.823

6.612

6.5473333333



Tris (W1)

		0		0		0

		0.01		0.0785643201		0.0785643201

		0.02		0.0235558006		0.0235558006

		0.03		0.0065332036		0.0065332036

		0.04		0.0421935715		0.0421935715

		0.05		0.0113158406		0.0113158406



Calcium Concentration (M)

Equilibrium pH

7.254

7.2403333333

7.2533333333

7.2733333333

7.2436666667

7.22



Carbonate (W1)

		0		0		0

		0.01		0.0000001349		0.0000001349

		0.02		0.0065332036		0.0065332036

		0.03		0.0113158406		0.0113158406

		0.04		0.0065332036		0.0065332036

		0.05		0.0331523875		0.0331523875



Calcium Concentration (M)

Equilibrium pH

8.21

7.3

6.9033333333

6.59

6.4466666667

6.2666666667



Change (W1)

		0		0		0		0		0		0		0		0		0

		0.01		0.0056579203		0.0056579203		0.01		0.0113158406		0.0113158406		0.01		0.0776682237		0.0776682237

		0.02		0.0051855696		0.0051855696		0.02		0.0039739926		0.0039739926		0.02		0.0150689159		0.0150689159

		0.03		0.0384960395		0.0384960395		0.03		0.0000000337		0.0000000337		0.03		0.00598778		0.00598778

		0.04		0.0081860807		0.0081860807		0.04		0.0032666018		0.0032666018		0.04		0.0692612027		0.0692612027

		0.05		0.0819207464		0.0819207464		0.05		0.0318656964		0.0318656964		0.05		0.0152798769		0.0152798769



Phosphate

Carbonate

Tris

Calcium Concentration (M)

Change in pH

0.342

1.14

0.527

0.46

1.44

0.535

0.74

1.7003333333

0.5293333333

1.0333333333

1.97

0.478

1.2983333333

2.1816666667

0.5143333333

1.478

2.379

0.5273333333



Change (W2)

		0		0		0		0		0		0		0		0		0

		0.03		0.03		0.03		0.0065332036		0.0065332036		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.04		0.0065332036		0.0065332036		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.05		0.0397399261		0.0397399261		0.2638856289		0.2638856289		0.0174205152		0.0174205152

		0.06		0.06		0.06		0.0284775743		0.0284775743		0.1054520588		0.1054520588		0.0185248294		0.0185248294

		0.07		0.07		0.07		0.0471116012		0.0471116012		0.0603782546		0.0603782546		0.0559113992		0.0559113992



Phosphate

Carbonate

Tris

Calcium Concentration (M)

Change in pH

Buffering Capacity of Buffers in the Presence of Calcium

0.223

1.27

0.52

0.898

2.1366666667

0.5316666667

1.351

2.4066666667

0.4783333333

1.8126666667

2.5733333333

0.525

4.0743333333

2.9233333333

0.492

4.426

2.9966666667

0.5063333333



CrossPoint (W1)

		0		0		0		0		0		0

		0.01		0.01		0.0056579203		0.0056579203		0.0776682237		0.0776682237

		0.02		0.02		0.0051855696		0.0051855696		0.0150689159		0.0150689159

		0.03		0.03		0.0384960395		0.0384960395		0.00598778		0.00598778

		0.04		0.04		0.0081860807		0.0081860807		0.0692612027		0.0692612027

		0.05		0.05		0.0819207464		0.0819207464		0.0152798769		0.0152798769



Phosphate

Tris

Calcium Concentration (M)

Change in pH

0.342

0.527

0.46

0.535

0.74

0.5293333333

1.0333333333

0.478

1.2983333333

0.5143333333

1.478

0.5273333333



Tris Regress (W1)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.1243034378

		R Square		0.0154513447

		Adjusted R Square		-0.0548735593

		Standard Error		0.0411853407

		Observations		16

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0003726855		0.0003726855		0.2197136973		0.6464734114

		Residual		14		0.023747252		0.0016962323

		Total		15		0.0241199375

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

		Intercept		0.526195122		0.0213327615		24.666057556		0		0.4804408585		0.5719493854		0.4804408585		0.5719493854

		X Variable 1		-0.3113821138		0.6643012908		-0.4687362769		0.6464734114		-1.7361679465		1.1134037188		-1.7361679465		1.1134037188

		Regression Statistics

				Coefficients		Lower 95%		Upper 95%

		Intercept		0.526195122		0.4804408585		0.5719493854

		X Variable 1		-0.3113821138		-1.7361679465		1.1134037188





Phos Regress (W1)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9923498111

		R Square		0.9847581476

		Adjusted R Square		0.9836694439

		Standard Error		0.051694852

		Observations		16

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		2.4172104294		2.4172104294		904.5235254411		0

		Residual		14		0.0374130081		0.0026723577

		Total		15		2.4546234375

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

		Intercept		0.2553902439		0.0267763706		9.537896213		0.0000001673		0.1979605896		0.3128198982		0.1979605896		0.3128198982

		X Variable 1		25.0772357724		0.8338150501		30.0752975952		0		23.288878762		26.8655927828		23.288878762		26.8655927828

		Y =		0.526

		Avg		0.010791052

		Upper		0.0079350604		0.0028559916		26%

		Lower		0.0140856678		0.0032946158		31%





Phos Regress (W2)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9921866246

		R Square		0.984434298

		Adjusted R Square		0.9824885853

		Standard Error		0.0460104821

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		1.0710791843		1.0710791843		505.9504796396		0.0000000162

		Residual		8		0.0169357157		0.0021169645

		Total		9		1.0880149

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

		Intercept		0.3522058824		0.0394536629		8.927076894		0.0000196726		0.2612255137		0.443186251		0.2612255137		0.443186251

		X Variable 1		22.9137254902		1.0186891954		22.4933430072		0.0000000162		20.564622474		25.2628285064		20.564622474		25.2628285064

		Y =		0.4955

		Avg		0.0062536368

		Upper		0.0020707796		0.0041828573		67%

		Lower		0.0113921122		0.0051384754		82%





Tris Regress (W2)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.1490587042

		R Square		0.0222184973

		Adjusted R Square		-0.1000041905

		Standard Error		0.0386346005

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0002713412		0.0002713412		0.1817870127		0.6810827104

		Residual		8		0.0119410588		0.0014926324

		Total		9		0.0122124

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

		Intercept		0.4954705882		0.0331288966		14.9558433667		0.0000003943		0.4190751663		0.5718660102		0.4190751663		0.5718660102

		X Variable 1		0.3647058824		0.8553844317		0.4263648821		0.6810827104		-1.6078154299		2.3372271946		-1.6078154299		2.3372271946





CrossPoint (W2)

		0		0		0		0		0		0

		0.03		0.03		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.2638856289		0.2638856289		0.0174205152		0.0174205152



Phosphate

Tris

Calcium Concentration (M)

Change in pH

0.223

0.52

0.898

0.5316666667

1.351

0.4783333333

1.8126666667

0.525



Data

		WEEK ONE		.25 ml HCl added to 25 ml Buffer

		Phosphate		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH						Regression Data

		Trial 1		7.413		7.107		0.306		7.1		6.828		0.272		6.83		6.552		0.278		6.604		6.27		0.334		6.604		6.174		0.43		7.572		7.23		0.342				[Ca]		Chng Tris		Chng Phos

		Trial 2		7.416		7.112		0.304		7.11		6.837		0.273		6.844		6.564		0.28		6.622		6.282		0.34		6.508		6.033		0.475						0				0		0.527		0.342

		Trial 3		7.43		7.117		0.313		7.105		6.831		0.274		6.795		6.5		0.295		6.61		6.269		0.341		6.53		6.075		0.455						0				0.01		0.614		0.465

																																										0.01		0.501		0.46

																																										0.01		0.49		0.455

																																										0.02		0.538		0.744

		Carbonate		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.02		0.536		0.735

		Trial 1		7.3		6.78		0.52		6.91		6.513		0.397		6.59		6.24		0.35		6.45		6.03		0.42		6.3		5.863		0.437		8.21		7.07		1.14				0.02		0.514		0.741

		Trial 2		7.3		6.77		0.53		6.9		6.506		0.394		6.6		6.24		0.36		6.44		6.03		0.41		6.245		5.82		0.425						0				0.03		0.484		1.02

		Trial 3		7.3		6.76		0.54		6.9		6.51		0.39		6.58		6.24		0.34		6.45		6.025		0.425		6.255		5.81		0.445						0				0.03		0.476		1.008

																																										0.03		0.474		1.072

																																										0.04		0.585		1.302

																																										0.04		0.478		1.29

		Tris		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.04		0.48		1.303

		Trial 1		7.161		6.64		0.521		7.23		6.716		0.514		7.27		6.77		0.5		7.201		6.669		0.532		7.21		6.727		0.483		7.254		6.727		0.527				0.05		0.527		1.398

		Trial 2		7.27		6.753		0.517		7.27		6.718		0.552		7.28		6.778		0.502		7.26		6.776		0.484		7.23		6.713		0.517						0				0.05		0.541		1.539

		Trial 3		7.29		6.764		0.526		7.26		6.74		0.52		7.27		6.78		0.49		7.27		6.774		0.496		7.22		6.74		0.48						0				0.05		0.514		1.497

																																										0		0.527		0.342

		[Ca]		Phos Init		95% Conf		Phosp Chng		95% Conf		Carb Init		95% Conf		Carb Chng		95% Conf		Tris Init		95% Conf		Tris Chng		95% Conf

		0		7.572		0		0.342		0		8.21		0		1.14		0		7.254		0		0.527		0

		0.01		7.4196666667		0.0102677354		0.46		0.0056579203		7.3		0.0000001349		1.44		0.0113158406		7.2403333333		0.0785643201		0.535		0.0776682237

		0.02		7.105		0.0056579203		0.74		0.0051855696		6.9033333333		0.0065332036		1.7003333333		0.0039739926		7.2533333333		0.0235558006		0.5293333333		0.0150689159

		0.03		6.823		0.0285598904		1.0333333333		0.0384960395		6.59		0.0113158406		1.97		0.0000000337		7.2733333333		0.0065332036		0.478		0.00598778

		0.04		6.612		0.0103711392		1.2983333333		0.0081860807		6.4466666667		0.0065332036		2.1816666667		0.0032666018		7.2436666667		0.0421935715		0.5143333333		0.0692612027

		0.05		6.5473333333		0.0569101663		1.478		0.0819207464		6.2666666667		0.0331523875		2.379		0.0318656964		7.22		0.0113158406		0.5273333333		0.0152798769

		WEEK TWO		.25 ml HCl added to 25 ml Buffer

		Phosphate		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH						Regression Data

		Trial 1		4.641		2.437		2.204		5.572		2.749		2.823		6.305		5.978		0.327		6.066		5.33		0.736		5.936		4.82		1.116		6.901		6.678		0.223				[Ca]		Chng Tris		Chng Phos

		Trial 2		4.937		2.536		2.401		5.591		2.801		2.79		6.323		5.999		0.324		6.124		5.64		0.484		6.06		5.242		0.818						0				0		0.52		0.223

		Trial 3		4.826		2.452		2.374		5.56		2.93		2.63		6.348		6.032		0.316		6.17		5.68		0.49		6.045		5.203		0.842						0				0.01		0.553		4.464

																																										0.01		0.511		4.365

																																										0.01		0.455		4.449

																																										0.02		0.51		4.152

		Carbonate		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.02		0.478		4.1

		Trial 1		6.06		5.54		0.52		6.09		5.6		0.49		6.75		6.41		0.34		6.5		6.14		0.36		6.47		6.01		0.46		8.55		7.28		1.27				0.02		0.488		3.971

		Trial 2		6.01		5.6		0.41		6.12		5.63		0.49		6.75		6.41		0.34		6.49		6.15		0.34		6.34		5.94		0.4						0				0.03		0.53		0.923

		Trial 3		6.04		5.52		0.52		6.13		5.65		0.48		6.76		6.42		0.34		6.5		6.14		0.36		6.35		5.98		0.37						0				0.03		0.54		0.902

																																										0.03		0.525		0.869

																																										0.04		0.49		1.571

																																										0.04		0.44		1.261

		Tris		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.04		0.505		1.221

		Trial 1		7.18		6.697		0.483		7.248		6.74		0.508		7.24		6.72		0.52		7.255		6.76		0.495		7.226		6.721		0.505		7.25		6.73		0.52				0.05		0.529		2.081

		Trial 2		7.222		6.739		0.483		7.259		6.772		0.487		7.22		6.71		0.51		7.215		6.81		0.405		7.235		6.742		0.493						0				0.05		0.508		1.659

		Trial 3		7.235		6.795		0.44		7.261		6.762		0.499		7.22		6.725		0.495		7.27		6.745		0.525		7.23		6.712		0.518						0				0.05		0.538		1.698

		[Ca]		Phos Init		95% Conf		Phosp Chng		95% Conf		Carb Init		95% Conf		Carb Chng		95% Conf		Tris Init		95% Conf		Tris Chng		95% Conf

		0		6.901		0		0.223		0		8.55		0		1.27		0		7.25		0		0.52		0

		0.01		4.8013333333		0.1692099734		4.426		0.0603782546		6.0366666667		0.0284775743		2.9966666667		0.0471116012		7.2123333333		0.0325285314		0.51		0.0559113992

		0.02		5.5743333333		0.0176879776		4.0743333333		0.1054520588		6.1133333333		0.0235558006		2.9233333333		0.0284775743		7.256		3.7805297674		0.49		0.0185248294

		0.03		6.3253333333		0.0244362776		0.898		0.0308032063		6.7533333333		0.0065332036		2.1366666667		0.0065332036		7.2266666667		0.0130664072		0.5316666667		0.008642616

		0.04		6.12		0.0589727939		1.351		0.2167803198		6.4966666667		0.0065332036		2.4066666667		0.0065332036		7.2466666667		0.0321722967		0.4783333333		0.0385126673

		0.05		6.0136666667		0.0765835269		1.8126666667		0.2638856289		6.3866666667		0.0818608066		2.5733333333		0.0397399261		7.2303333333		0.0051025951		0.525		0.0174205152

		0.06		5.5743333		0.017687978		4.074333333		0.105452059		6.113333333		0.023555801		2.923333333		0.028477574		7.256000000		3.780529767		0.492000000		0.018524829

		0.07		4.8013333333		0.1692099734		4.426		0.0603782546		6.0366666667		0.0284775743		2.9966666667		0.0471116012		7.2123333333		0.0325285314		0.5063333333		0.0559113992

		Week 1
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		0		0		0		0		0		0

		0.01		0.01		0.0056579203		0.0056579203		0.0776682237		0.0776682237

		0.02		0.02		0.0051855696		0.0051855696		0.0150689159		0.0150689159

		0.03		0.03		0.0384960395		0.0384960395		0.00598778		0.00598778

		0.04		0.04		0.0081860807		0.0081860807		0.0692612027		0.0692612027

		0.05		0.05		0.0819207464		0.0819207464		0.0152798769		0.0152798769
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Phosphate (W1)

		





Phosphate (W1)

		0		0		0		0		0		0

		0.03		0.03		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.2638856289		0.2638856289		0.0174205152		0.0174205152



Phosphate

Tris

Calcium Concentration (M)

Change in pH

0.223

0.52

0.898

0.5316666667

1.351

0.4783333333

1.8126666667

0.525



Tris (W1)

		0		0		0		0		0		0

		0.01		0.01		0.0056579203		0.0056579203		0.0776682237		0.0776682237

		0.02		0.02		0.0051855696		0.0051855696		0.0150689159		0.0150689159

		0.03		0.03		0.0384960395		0.0384960395		0.00598778		0.00598778

		0.04		0.04		0.0081860807		0.0081860807		0.0692612027		0.0692612027

		0.05		0.05		0.0819207464		0.0819207464		0.0152798769		0.0152798769
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Change in pH
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Carbonate (W1)

		0		0		0

		0.01		0.0785643201		0.0785643201

		0.02		0.0235558006		0.0235558006

		0.03		0.0065332036		0.0065332036

		0.04		0.0421935715		0.0421935715

		0.05		0.0113158406		0.0113158406



Calcium Concnetration (M)

Equilibrium pH

0

0.01

0.02

0.03

0.04

0.05

7.572
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0.0102677354
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7.105

0.0056579203

0.0056579203

6.823

0.0285598904
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6.612

0.0103711392
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6.5473333333
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Calcium Concentration (M)

Equilibrium pH

7.254

7.2403333333

7.2533333333

7.2733333333

7.2436666667

7.22



Change (W1)

		0		0		0

		0.01		0.0000001349		0.0000001349

		0.02		0.0065332036		0.0065332036

		0.03		0.0113158406		0.0113158406

		0.04		0.0065332036		0.0065332036

		0.05		0.0331523875		0.0331523875



Calcium Concentration (M)

Equilibrium pH

8.21

7.3

6.9033333333

6.59

6.4466666667

6.2666666667



Change (W2)

		0		0		0		0		0		0		0		0		0

		0.01		0.0056579203		0.0056579203		0.01		0.0113158406		0.0113158406		0.01		0.0776682237		0.0776682237

		0.02		0.0051855696		0.0051855696		0.02		0.0039739926		0.0039739926		0.02		0.0150689159		0.0150689159

		0.03		0.0384960395		0.0384960395		0.03		0.0000000337		0.0000000337		0.03		0.00598778		0.00598778

		0.04		0.0081860807		0.0081860807		0.04		0.0032666018		0.0032666018		0.04		0.0692612027		0.0692612027

		0.05		0.0819207464		0.0819207464		0.05		0.0318656964		0.0318656964		0.05		0.0152798769		0.0152798769
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Calcium Concentration (M)

Change in pH

0.342

1.14

0.527

0.46

1.44
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0.74

1.7003333333
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1.97

0.478

1.2983333333

2.1816666667

0.5143333333

1.478

2.379

0.5273333333



Tris Regress (W1)

		0		0		0		0		0		0		0		0		0

		0.03		0.03		0.03		0.0065332036		0.0065332036		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.04		0.0065332036		0.0065332036		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.05		0.0397399261		0.0397399261		0.2638856289		0.2638856289		0.0174205152		0.0174205152

		0.06		0.06		0.06		0.0284775743		0.0284775743		0.1054520588		0.1054520588		0.0185248294		0.0185248294

		0.07		0.07		0.07		0.0471116012		0.0471116012		0.0603782546		0.0603782546		0.0559113992		0.0559113992



Phosphate

Carbonate

Tris

Calcium Concentration (M)

Change in pH

0.223

1.27

0.52

0.898

2.1366666667

0.5316666667

1.351

2.4066666667

0.4783333333

1.8126666667

2.5733333333

0.525

4.0743333333

2.9233333333

0.492

4.426

2.9966666667

0.5063333333



Phos Regress (W1)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.1243034378

		R Square		0.0154513447

		Adjusted R Square		-0.0548735593

		Standard Error		0.0411853407

		Observations		16

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0003726855		0.0003726855		0.2197136973		0.6464734114

		Residual		14		0.023747252		0.0016962323

		Total		15		0.0241199375

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

		Intercept		0.526195122		0.0213327615		24.666057556		0		0.4804408585		0.5719493854		0.4804408585		0.5719493854

		X Variable 1		-0.3113821138		0.6643012908		-0.4687362769		0.6464734114		-1.7361679465		1.1134037188		-1.7361679465		1.1134037188

		Regression Statistics

				Coefficients		Lower 95%		Upper 95%

		Intercept		0.526195122		0.4804408585		0.5719493854

		X Variable 1		-0.3113821138		-1.7361679465		1.1134037188





Phos Regress (W2)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9923498111

		R Square		0.9847581476

		Adjusted R Square		0.9836694439

		Standard Error		0.051694852

		Observations		16

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		2.4172104294		2.4172104294		904.5235254411		0

		Residual		14		0.0374130081		0.0026723577

		Total		15		2.4546234375

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

		Intercept		0.2553902439		0.0267763706		9.537896213		0.0000001673		0.1979605896		0.3128198982		0.1979605896		0.3128198982

		X Variable 1		25.0772357724		0.8338150501		30.0752975952		0		23.288878762		26.8655927828		23.288878762		26.8655927828

		Y =		0.526

		Avg		0.010791052

		Upper		0.0079350604		0.0028559916		26%

		Lower		0.0140856678		0.0032946158		31%





Tris Regress (W2)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9921866246

		R Square		0.984434298

		Adjusted R Square		0.9824885853

		Standard Error		0.0460104821

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		1.0710791843		1.0710791843		505.9504796396		0.0000000162

		Residual		8		0.0169357157		0.0021169645

		Total		9		1.0880149

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

		Intercept		0.3522058824		0.0394536629		8.927076894		0.0000196726		0.2612255137		0.443186251		0.2612255137		0.443186251

		X Variable 1		22.9137254902		1.0186891954		22.4933430072		0.0000000162		20.564622474		25.2628285064		20.564622474		25.2628285064

		Y =		0.4955

		Avg		0.0062536368

		Upper		0.0020707796		0.0041828573		67%

		Lower		0.0113921122		0.0051384754		82%





Data

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.1490587042

		R Square		0.0222184973

		Adjusted R Square		-0.1000041905

		Standard Error		0.0386346005

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0002713412		0.0002713412		0.1817870127		0.6810827104

		Residual		8		0.0119410588		0.0014926324

		Total		9		0.0122124

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

		Intercept		0.4954705882		0.0331288966		14.9558433667		0.0000003943		0.4190751663		0.5718660102		0.4190751663		0.5718660102

		X Variable 1		0.3647058824		0.8553844317		0.4263648821		0.6810827104		-1.6078154299		2.3372271946		-1.6078154299		2.3372271946





		WEEK ONE		.25 ml HCl added to 25 ml Buffer

		Phosphate		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH						Regression Data

		Trial 1		7.413		7.107		0.306		7.1		6.828		0.272		6.83		6.552		0.278		6.604		6.27		0.334		6.604		6.174		0.43		7.572		7.23		0.342				[Ca]		Chng Tris		Chng Phos

		Trial 2		7.416		7.112		0.304		7.11		6.837		0.273		6.844		6.564		0.28		6.622		6.282		0.34		6.508		6.033		0.475						0				0		0.527		0.342

		Trial 3		7.43		7.117		0.313		7.105		6.831		0.274		6.795		6.5		0.295		6.61		6.269		0.341		6.53		6.075		0.455						0				0.01		0.614		0.465

																																										0.01		0.501		0.46

																																										0.01		0.49		0.455

																																										0.02		0.538		0.744

		Carbonate		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.02		0.536		0.735

		Trial 1		7.3		6.78		0.52		6.91		6.513		0.397		6.59		6.24		0.35		6.45		6.03		0.42		6.3		5.863		0.437		8.21		7.07		1.14				0.02		0.514		0.741

		Trial 2		7.3		6.77		0.53		6.9		6.506		0.394		6.6		6.24		0.36		6.44		6.03		0.41		6.245		5.82		0.425						0				0.03		0.484		1.02

		Trial 3		7.3		6.76		0.54		6.9		6.51		0.39		6.58		6.24		0.34		6.45		6.025		0.425		6.255		5.81		0.445						0				0.03		0.476		1.008

																																										0.03		0.474		1.072

																																										0.04		0.585		1.302

																																										0.04		0.478		1.29

		Tris		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.04		0.48		1.303

		Trial 1		7.161		6.64		0.521		7.23		6.716		0.514		7.27		6.77		0.5		7.201		6.669		0.532		7.21		6.727		0.483		7.254		6.727		0.527				0.05		0.527		1.398

		Trial 2		7.27		6.753		0.517		7.27		6.718		0.552		7.28		6.778		0.502		7.26		6.776		0.484		7.23		6.713		0.517						0				0.05		0.541		1.539

		Trial 3		7.29		6.764		0.526		7.26		6.74		0.52		7.27		6.78		0.49		7.27		6.774		0.496		7.22		6.74		0.48						0				0.05		0.514		1.497

																																										0		0.527		0.342

		[Ca]		Phos Init		95% Conf		Phosp Chng		95% Conf		Carb Init		95% Conf		Carb Chng		95% Conf		Tris Init		95% Conf		Tris Chng		95% Conf

		0		7.572		0		0.342		0		8.21		0		1.14		0		7.254		0		0.527		0

		0.01		7.4196666667		0.0102677354		0.46		0.0056579203		7.3		0.0000001349		1.44		0.0113158406		7.2403333333		0.0785643201		0.535		0.0776682237

		0.02		7.105		0.0056579203		0.74		0.0051855696		6.9033333333		0.0065332036		1.7003333333		0.0039739926		7.2533333333		0.0235558006		0.5293333333		0.0150689159

		0.03		6.823		0.0285598904		1.0333333333		0.0384960395		6.59		0.0113158406		1.97		0.0000000337		7.2733333333		0.0065332036		0.478		0.00598778

		0.04		6.612		0.0103711392		1.2983333333		0.0081860807		6.4466666667		0.0065332036		2.1816666667		0.0032666018		7.2436666667		0.0421935715		0.5143333333		0.0692612027

		0.05		6.5473333333		0.0569101663		1.478		0.0819207464		6.2666666667		0.0331523875		2.379		0.0318656964		7.22		0.0113158406		0.5273333333		0.0152798769

		WEEK TWO		.25 ml HCl added to 25 ml Buffer

		Phosphate		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH						Regression Data

		Trial 1		4.641		2.437		2.204		5.572		2.749		2.823		6.305		5.978		0.327		6.066		5.33		0.736		5.936		4.82		1.116		6.901		6.678		0.223				[Ca]		Chng Tris		Chng Phos

		Trial 2		4.937		2.536		2.401		5.591		2.801		2.79		6.323		5.999		0.324		6.124		5.64		0.484		6.06		5.242		0.818						0				0		0.52		0.223

		Trial 3		4.826		2.452		2.374		5.56		2.93		2.63		6.348		6.032		0.316		6.17		5.68		0.49		6.045		5.203		0.842						0				0.01		0.553		4.464

																																										0.01		0.511		4.365

																																										0.01		0.455		4.449

																																										0.02		0.51		4.152

		Carbonate		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.02		0.478		4.1

		Trial 1		6.06		5.54		0.52		6.09		5.6		0.49		6.75		6.41		0.34		6.5		6.14		0.36		6.47		6.01		0.46		8.55		7.28		1.27				0.02		0.488		3.971

		Trial 2		6.01		5.6		0.41		6.12		5.63		0.49		6.75		6.41		0.34		6.49		6.15		0.34		6.34		5.94		0.4						0				0.03		0.53		0.923

		Trial 3		6.04		5.52		0.52		6.13		5.65		0.48		6.76		6.42		0.34		6.5		6.14		0.36		6.35		5.98		0.37						0				0.03		0.54		0.902

																																										0.03		0.525		0.869

																																										0.04		0.49		1.571

																																										0.04		0.44		1.261

		Tris		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.04		0.505		1.221

		Trial 1		7.18		6.697		0.483		7.248		6.74		0.508		7.24		6.72		0.52		7.255		6.76		0.495		7.226		6.721		0.505		7.25		6.73		0.52				0.05		0.529		2.081

		Trial 2		7.222		6.739		0.483		7.259		6.772		0.487		7.22		6.71		0.51		7.215		6.81		0.405		7.235		6.742		0.493						0				0.05		0.508		1.659

		Trial 3		7.235		6.795		0.44		7.261		6.762		0.499		7.22		6.725		0.495		7.27		6.745		0.525		7.23		6.712		0.518						0				0.05		0.538		1.698

		[Ca]		Phos Init		95% Conf		Phosp Chng		95% Conf		Carb Init		95% Conf		Carb Chng		95% Conf		Tris Init		95% Conf		Tris Chng		95% Conf

		0		6.901		0		0.223		0		8.55		0		1.27		0		7.25		0		0.52		0

		0.01		4.8013333333		0.1692099734		4.426		0.0603782546		6.0366666667		0.0284775743		2.9966666667		0.0471116012		7.2123333333		0.0325285314		0.51		0.0559113992

		0.02		5.5743333333		0.0176879776		4.0743333333		0.1054520588		6.1133333333		0.0235558006		2.9233333333		0.0284775743		7.256		3.7805297674		0.49		0.0185248294

		0.03		6.3253333333		0.0244362776		0.898		0.0308032063		6.7533333333		0.0065332036		2.1366666667		0.0065332036		7.2266666667		0.0130664072		0.5316666667		0.008642616

		0.04		6.12		0.0589727939		1.351		0.2167803198		6.4966666667		0.0065332036		2.4066666667		0.0065332036		7.2466666667		0.0321722967		0.4783333333		0.0385126673

		0.05		6.0136666667		0.0765835269		1.8126666667		0.2638856289		6.3866666667		0.0818608066		2.5733333333		0.0397399261		7.2303333333		0.0051025951		0.525		0.0174205152

		0.06		5.5743333		0.017687978		4.074333333		0.105452059		6.113333333		0.023555801		2.923333333		0.028477574		7.256000000		3.780529767		0.492000000		0.018524829

		0.07		4.8013333333		0.1692099734		4.426		0.0603782546		6.0366666667		0.0284775743		2.9966666667		0.0471116012		7.2123333333		0.0325285314		0.5063333333		0.0559113992

								0.223

						0		0.223

		Week 1				0.03		0.898

						0.04		1.351

						0.05		1.8126666667






_987441899.xls
Chart1

		0		0		0		0		0		0

		0.03		0.03		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.2638856289		0.2638856289		0.0174205152		0.0174205152
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Phosphate (W1)

		0		0		0		0		0		0

		0.03		0.03		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.2638856289		0.2638856289		0.0174205152		0.0174205152
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Tris (W1)

		0		0		0

		0.01		0.0785643201		0.0785643201

		0.02		0.0235558006		0.0235558006

		0.03		0.0065332036		0.0065332036

		0.04		0.0421935715		0.0421935715

		0.05		0.0113158406		0.0113158406
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Carbonate (W1)

		0		0		0

		0.01		0.0000001349		0.0000001349

		0.02		0.0065332036		0.0065332036

		0.03		0.0113158406		0.0113158406

		0.04		0.0065332036		0.0065332036

		0.05		0.0331523875		0.0331523875
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Change (W1)

		0		0		0		0		0		0		0		0		0

		0.01		0.0056579203		0.0056579203		0.01		0.0113158406		0.0113158406		0.01		0.0776682237		0.0776682237

		0.02		0.0051855696		0.0051855696		0.02		0.0039739926		0.0039739926		0.02		0.0150689159		0.0150689159

		0.03		0.0384960395		0.0384960395		0.03		0.0000000337		0.0000000337		0.03		0.00598778		0.00598778

		0.04		0.0081860807		0.0081860807		0.04		0.0032666018		0.0032666018		0.04		0.0692612027		0.0692612027

		0.05		0.0819207464		0.0819207464		0.05		0.0318656964		0.0318656964		0.05		0.0152798769		0.0152798769
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Change (W2)

		0		0		0		0		0		0		0		0		0

		0.03		0.03		0.03		0.0065332036		0.0065332036		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.04		0.0065332036		0.0065332036		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.05		0.0397399261		0.0397399261		0.2638856289		0.2638856289		0.0174205152		0.0174205152

		0.06		0.06		0.06		0.0284775743		0.0284775743		0.1054520588		0.1054520588		0.0185248294		0.0185248294

		0.07		0.07		0.07		0.0471116012		0.0471116012		0.0603782546		0.0603782546		0.0559113992		0.0559113992
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Change in pH

0.223

1.27
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0.898
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0.4783333333

1.8126666667

2.5733333333

0.525

4.0743333333

2.9233333333

0.492

4.426

2.9966666667

0.5063333333



CrossPoint (W1)

		0		0		0		0		0		0

		0.01		0.01		0.0056579203		0.0056579203		0.0776682237		0.0776682237

		0.02		0.02		0.0051855696		0.0051855696		0.0150689159		0.0150689159

		0.03		0.03		0.0384960395		0.0384960395		0.00598778		0.00598778

		0.04		0.04		0.0081860807		0.0081860807		0.0692612027		0.0692612027

		0.05		0.05		0.0819207464		0.0819207464		0.0152798769		0.0152798769
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Tris Regress (W1)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.1243034378

		R Square		0.0154513447

		Adjusted R Square		-0.0548735593

		Standard Error		0.0411853407

		Observations		16

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0003726855		0.0003726855		0.2197136973		0.6464734114

		Residual		14		0.023747252		0.0016962323

		Total		15		0.0241199375

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

		Intercept		0.526195122		0.0213327615		24.666057556		0		0.4804408585		0.5719493854		0.4804408585		0.5719493854

		X Variable 1		-0.3113821138		0.6643012908		-0.4687362769		0.6464734114		-1.7361679465		1.1134037188		-1.7361679465		1.1134037188

		Regression Statistics

				Coefficients		Lower 95%		Upper 95%

		Intercept		0.526195122		0.4804408585		0.5719493854

		X Variable 1		-0.3113821138		-1.7361679465		1.1134037188





Phos Regress (W1)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9923498111

		R Square		0.9847581476

		Adjusted R Square		0.9836694439

		Standard Error		0.051694852

		Observations		16

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		2.4172104294		2.4172104294		904.5235254411		0

		Residual		14		0.0374130081		0.0026723577

		Total		15		2.4546234375

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

		Intercept		0.2553902439		0.0267763706		9.537896213		0.0000001673		0.1979605896		0.3128198982		0.1979605896		0.3128198982

		X Variable 1		25.0772357724		0.8338150501		30.0752975952		0		23.288878762		26.8655927828		23.288878762		26.8655927828

		Y =		0.526

		Avg		0.010791052

		Upper		0.0079350604		0.0028559916		26%

		Lower		0.0140856678		0.0032946158		31%





Phos Regress (W2)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9921866246

		R Square		0.984434298

		Adjusted R Square		0.9824885853

		Standard Error		0.0460104821

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		1.0710791843		1.0710791843		505.9504796396		0.0000000162

		Residual		8		0.0169357157		0.0021169645

		Total		9		1.0880149

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

		Intercept		0.3522058824		0.0394536629		8.927076894		0.0000196726		0.2612255137		0.443186251		0.2612255137		0.443186251

		X Variable 1		22.9137254902		1.0186891954		22.4933430072		0.0000000162		20.564622474		25.2628285064		20.564622474		25.2628285064

		Y =		0.4955

		Avg		0.0062536368

		Upper		0.0020707796		0.0041828573		67%

		Lower		0.0113921122		0.0051384754		82%





Tris Regress (W2)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.1490587042

		R Square		0.0222184973

		Adjusted R Square		-0.1000041905

		Standard Error		0.0386346005

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0002713412		0.0002713412		0.1817870127		0.6810827104

		Residual		8		0.0119410588		0.0014926324

		Total		9		0.0122124

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

		Intercept		0.4954705882		0.0331288966		14.9558433667		0.0000003943		0.4190751663		0.5718660102		0.4190751663		0.5718660102

		X Variable 1		0.3647058824		0.8553844317		0.4263648821		0.6810827104		-1.6078154299		2.3372271946		-1.6078154299		2.3372271946





Data

		WEEK ONE		.25 ml HCl added to 25 ml Buffer

		Phosphate		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH						Regression Data

		Trial 1		7.413		7.107		0.306		7.1		6.828		0.272		6.83		6.552		0.278		6.604		6.27		0.334		6.604		6.174		0.43		7.572		7.23		0.342				[Ca]		Chng Tris		Chng Phos

		Trial 2		7.416		7.112		0.304		7.11		6.837		0.273		6.844		6.564		0.28		6.622		6.282		0.34		6.508		6.033		0.475						0				0		0.527		0.342

		Trial 3		7.43		7.117		0.313		7.105		6.831		0.274		6.795		6.5		0.295		6.61		6.269		0.341		6.53		6.075		0.455						0				0.01		0.614		0.465

																																										0.01		0.501		0.46

																																										0.01		0.49		0.455

																																										0.02		0.538		0.744

		Carbonate		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.02		0.536		0.735

		Trial 1		7.3		6.78		0.52		6.91		6.513		0.397		6.59		6.24		0.35		6.45		6.03		0.42		6.3		5.863		0.437		8.21		7.07		1.14				0.02		0.514		0.741

		Trial 2		7.3		6.77		0.53		6.9		6.506		0.394		6.6		6.24		0.36		6.44		6.03		0.41		6.245		5.82		0.425						0				0.03		0.484		1.02

		Trial 3		7.3		6.76		0.54		6.9		6.51		0.39		6.58		6.24		0.34		6.45		6.025		0.425		6.255		5.81		0.445						0				0.03		0.476		1.008

																																										0.03		0.474		1.072

																																										0.04		0.585		1.302

																																										0.04		0.478		1.29

		Tris		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.04		0.48		1.303

		Trial 1		7.161		6.64		0.521		7.23		6.716		0.514		7.27		6.77		0.5		7.201		6.669		0.532		7.21		6.727		0.483		7.254		6.727		0.527				0.05		0.527		1.398

		Trial 2		7.27		6.753		0.517		7.27		6.718		0.552		7.28		6.778		0.502		7.26		6.776		0.484		7.23		6.713		0.517						0				0.05		0.541		1.539

		Trial 3		7.29		6.764		0.526		7.26		6.74		0.52		7.27		6.78		0.49		7.27		6.774		0.496		7.22		6.74		0.48						0				0.05		0.514		1.497

																																										0		0.527		0.342

		[Ca]		Phos Init		95% Conf		Phosp Chng		95% Conf		Carb Init		95% Conf		Carb Chng		95% Conf		Tris Init		95% Conf		Tris Chng		95% Conf

		0		7.572		0		0.342		0		8.21		0		1.14		0		7.254		0		0.527		0

		0.01		7.4196666667		0.0102677354		0.46		0.0056579203		7.3		0.0000001349		1.44		0.0113158406		7.2403333333		0.0785643201		0.535		0.0776682237

		0.02		7.105		0.0056579203		0.74		0.0051855696		6.9033333333		0.0065332036		1.7003333333		0.0039739926		7.2533333333		0.0235558006		0.5293333333		0.0150689159

		0.03		6.823		0.0285598904		1.0333333333		0.0384960395		6.59		0.0113158406		1.97		0.0000000337		7.2733333333		0.0065332036		0.478		0.00598778

		0.04		6.612		0.0103711392		1.2983333333		0.0081860807		6.4466666667		0.0065332036		2.1816666667		0.0032666018		7.2436666667		0.0421935715		0.5143333333		0.0692612027

		0.05		6.5473333333		0.0569101663		1.478		0.0819207464		6.2666666667		0.0331523875		2.379		0.0318656964		7.22		0.0113158406		0.5273333333		0.0152798769

		WEEK TWO		.25 ml HCl added to 25 ml Buffer

		Phosphate		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH						Regression Data

		Trial 1		4.641		2.437		2.204		5.572		2.749		2.823		6.305		5.978		0.327		6.066		5.33		0.736		5.936		4.82		1.116		6.901		6.678		0.223				[Ca]		Chng Tris		Chng Phos

		Trial 2		4.937		2.536		2.401		5.591		2.801		2.79		6.323		5.999		0.324		6.124		5.64		0.484		6.06		5.242		0.818						0				0		0.52		0.223

		Trial 3		4.826		2.452		2.374		5.56		2.93		2.63		6.348		6.032		0.316		6.17		5.68		0.49		6.045		5.203		0.842						0				0.01		0.553		4.464

																																										0.01		0.511		4.365

																																										0.01		0.455		4.449

																																										0.02		0.51		4.152

		Carbonate		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.02		0.478		4.1

		Trial 1		6.06		5.54		0.52		6.09		5.6		0.49		6.75		6.41		0.34		6.5		6.14		0.36		6.47		6.01		0.46		8.55		7.28		1.27				0.02		0.488		3.971

		Trial 2		6.01		5.6		0.41		6.12		5.63		0.49		6.75		6.41		0.34		6.49		6.15		0.34		6.34		5.94		0.4						0				0.03		0.53		0.923

		Trial 3		6.04		5.52		0.52		6.13		5.65		0.48		6.76		6.42		0.34		6.5		6.14		0.36		6.35		5.98		0.37						0				0.03		0.54		0.902

																																										0.03		0.525		0.869

																																										0.04		0.49		1.571

																																										0.04		0.44		1.261

		Tris		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.04		0.505		1.221

		Trial 1		7.18		6.697		0.483		7.248		6.74		0.508		7.24		6.72		0.52		7.255		6.76		0.495		7.226		6.721		0.505		7.25		6.73		0.52				0.05		0.529		2.081

		Trial 2		7.222		6.739		0.483		7.259		6.772		0.487		7.22		6.71		0.51		7.215		6.81		0.405		7.235		6.742		0.493						0				0.05		0.508		1.659

		Trial 3		7.235		6.795		0.44		7.261		6.762		0.499		7.22		6.725		0.495		7.27		6.745		0.525		7.23		6.712		0.518						0				0.05		0.538		1.698

		[Ca]		Phos Init		95% Conf		Phosp Chng		95% Conf		Carb Init		95% Conf		Carb Chng		95% Conf		Tris Init		95% Conf		Tris Chng		95% Conf

		0		6.901		0		0.223		0		8.55		0		1.27		0		7.25		0		0.52		0

		0.01		4.8013333333		0.1692099734		4.426		0.0603782546		6.0366666667		0.0284775743		2.9966666667		0.0471116012		7.2123333333		0.0325285314		0.51		0.0559113992

		0.02		5.5743333333		0.0176879776		4.0743333333		0.1054520588		6.1133333333		0.0235558006		2.9233333333		0.0284775743		7.256		3.7805297674		0.49		0.0185248294

		0.03		6.3253333333		0.0244362776		0.898		0.0308032063		6.7533333333		0.0065332036		2.1366666667		0.0065332036		7.2266666667		0.0130664072		0.5316666667		0.008642616

		0.04		6.12		0.0589727939		1.351		0.2167803198		6.4966666667		0.0065332036		2.4066666667		0.0065332036		7.2466666667		0.0321722967		0.4783333333		0.0385126673

		0.05		6.0136666667		0.0765835269		1.8126666667		0.2638856289		6.3866666667		0.0818608066		2.5733333333		0.0397399261		7.2303333333		0.0051025951		0.525		0.0174205152

		0.06		5.5743333		0.017687978		4.074333333		0.105452059		6.113333333		0.023555801		2.923333333		0.028477574		7.256000000		3.780529767		0.492000000		0.018524829

		0.07		4.8013333333		0.1692099734		4.426		0.0603782546		6.0366666667		0.0284775743		2.9966666667		0.0471116012		7.2123333333		0.0325285314		0.5063333333		0.0559113992

								0.223

						0		0.223

		Week 1				0.03		0.898

						0.04		1.351

						0.05		1.8126666667
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Phosphate (W1)

		0		0		0

		0.01		0.0102677354		0.0102677354

		0.02		0.0056579203		0.0056579203

		0.03		0.0285598904		0.0285598904

		0.04		0.0103711392		0.0103711392

		0.05		0.0569101663		0.0569101663



Calcium Concnetration (M)

Equilibrium pH

7.572

7.4196666667

7.105

6.823

6.612

6.5473333333



Tris (W1)

		0		0		0

		0.01		0.0785643201		0.0785643201

		0.02		0.0235558006		0.0235558006

		0.03		0.0065332036		0.0065332036

		0.04		0.0421935715		0.0421935715

		0.05		0.0113158406		0.0113158406



Calcium Concentration (M)

Equilibrium pH

7.254

7.2403333333

7.2533333333

7.2733333333

7.2436666667

7.22



Carbonate (W1)

		0		0		0

		0.01		0.0000001349		0.0000001349

		0.02		0.0065332036		0.0065332036

		0.03		0.0113158406		0.0113158406

		0.04		0.0065332036		0.0065332036

		0.05		0.0331523875		0.0331523875



Calcium Concentration (M)

Equilibrium pH

8.21

7.3

6.9033333333

6.59

6.4466666667

6.2666666667



Change (W1)

		0		0		0		0		0		0		0		0		0

		0.01		0.0056579203		0.0056579203		0.01		0.0113158406		0.0113158406		0.01		0.0776682237		0.0776682237

		0.02		0.0051855696		0.0051855696		0.02		0.0039739926		0.0039739926		0.02		0.0150689159		0.0150689159

		0.03		0.0384960395		0.0384960395		0.03		0.0000000337		0.0000000337		0.03		0.00598778		0.00598778

		0.04		0.0081860807		0.0081860807		0.04		0.0032666018		0.0032666018		0.04		0.0692612027		0.0692612027

		0.05		0.0819207464		0.0819207464		0.05		0.0318656964		0.0318656964		0.05		0.0152798769		0.0152798769



Phosphate

Carbonate

Tris

Calcium Concentration (M)

Change in pH

Measured Buffering Capacityof Buffers in Calcium Containing Solutions

0.342

1.14

0.527

0.46

1.44

0.535

0.74

1.7003333333

0.5293333333

1.0333333333

1.97

0.478

1.2983333333

2.1816666667

0.5143333333

1.478

2.379

0.5273333333



Change (W2)

		0		0		0		0		0		0		0		0		0

		0.03		0.03		0.03		0.0065332036		0.0065332036		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.04		0.0065332036		0.0065332036		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.05		0.0397399261		0.0397399261		0.2638856289		0.2638856289		0.0174205152		0.0174205152

		0.06		0.06		0.06		0.0284775743		0.0284775743		0.1054520588		0.1054520588		0.0185248294		0.0185248294

		0.07		0.07		0.07		0.0471116012		0.0471116012		0.0603782546		0.0603782546		0.0559113992		0.0559113992



Phosphate

Carbonate

Tris

Calcium Concentration (M)

Change in pH

0.223

1.27

0.52

0.898

2.1366666667

0.5316666667

1.351

2.4066666667

0.4783333333

1.8126666667

2.5733333333

0.525

4.0743333333

2.9233333333

0.492

4.426

2.9966666667

0.5063333333



CrossPoint (W1)

		0		0		0		0		0		0

		0.01		0.01		0.0056579203		0.0056579203		0.0776682237		0.0776682237

		0.02		0.02		0.0051855696		0.0051855696		0.0150689159		0.0150689159

		0.03		0.03		0.0384960395		0.0384960395		0.00598778		0.00598778

		0.04		0.04		0.0081860807		0.0081860807		0.0692612027		0.0692612027

		0.05		0.05		0.0819207464		0.0819207464		0.0152798769		0.0152798769



Phosphate

Tris

Calcium Concentration (M)

Change in pH

0.342

0.527

0.46

0.535

0.74

0.5293333333

1.0333333333

0.478

1.2983333333

0.5143333333

1.478

0.5273333333



Tris Regress (W1)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.1243034378

		R Square		0.0154513447

		Adjusted R Square		-0.0548735593

		Standard Error		0.0411853407

		Observations		16

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0003726855		0.0003726855		0.2197136973		0.6464734114

		Residual		14		0.023747252		0.0016962323

		Total		15		0.0241199375

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

		Intercept		0.526195122		0.0213327615		24.666057556		0		0.4804408585		0.5719493854		0.4804408585		0.5719493854

		X Variable 1		-0.3113821138		0.6643012908		-0.4687362769		0.6464734114		-1.7361679465		1.1134037188		-1.7361679465		1.1134037188

		Regression Statistics

				Coefficients		Lower 95%		Upper 95%

		Intercept		0.526195122		0.4804408585		0.5719493854

		X Variable 1		-0.3113821138		-1.7361679465		1.1134037188





Phos Regress (W1)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9923498111

		R Square		0.9847581476

		Adjusted R Square		0.9836694439

		Standard Error		0.051694852

		Observations		16

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		2.4172104294		2.4172104294		904.5235254411		0

		Residual		14		0.0374130081		0.0026723577

		Total		15		2.4546234375

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

		Intercept		0.2553902439		0.0267763706		9.537896213		0.0000001673		0.1979605896		0.3128198982		0.1979605896		0.3128198982

		X Variable 1		25.0772357724		0.8338150501		30.0752975952		0		23.288878762		26.8655927828		23.288878762		26.8655927828

		Y =		0.526

		Avg		0.010791052

		Upper		0.0079350604		0.0028559916		26%

		Lower		0.0140856678		0.0032946158		31%





Phos Regress (W2)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9921866246

		R Square		0.984434298

		Adjusted R Square		0.9824885853

		Standard Error		0.0460104821

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		1.0710791843		1.0710791843		505.9504796396		0.0000000162

		Residual		8		0.0169357157		0.0021169645

		Total		9		1.0880149

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

		Intercept		0.3522058824		0.0394536629		8.927076894		0.0000196726		0.2612255137		0.443186251		0.2612255137		0.443186251

		X Variable 1		22.9137254902		1.0186891954		22.4933430072		0.0000000162		20.564622474		25.2628285064		20.564622474		25.2628285064

		Y =		0.4955

		Avg		0.0062536368

		Upper		0.0020707796		0.0041828573		67%

		Lower		0.0113921122		0.0051384754		82%





Tris Regress (W2)

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.1490587042

		R Square		0.0222184973

		Adjusted R Square		-0.1000041905

		Standard Error		0.0386346005

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0002713412		0.0002713412		0.1817870127		0.6810827104

		Residual		8		0.0119410588		0.0014926324

		Total		9		0.0122124

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

		Intercept		0.4954705882		0.0331288966		14.9558433667		0.0000003943		0.4190751663		0.5718660102		0.4190751663		0.5718660102

		X Variable 1		0.3647058824		0.8553844317		0.4263648821		0.6810827104		-1.6078154299		2.3372271946		-1.6078154299		2.3372271946





CrossPoint (W2)

		0		0		0		0		0		0

		0.03		0.03		0.0308032063		0.0308032063		0.008642616		0.008642616

		0.04		0.04		0.2167803198		0.2167803198		0.0385126673		0.0385126673

		0.05		0.05		0.2638856289		0.2638856289		0.0174205152		0.0174205152



Phosphate

Tris

Calcium Concentration (M)

Change in pH

0.223

0.52

0.898

0.5316666667

1.351

0.4783333333

1.8126666667

0.525



Data

		WEEK ONE		.25 ml HCl added to 25 ml Buffer

		Phosphate		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH						Regression Data

		Trial 1		7.413		7.107		0.306		7.1		6.828		0.272		6.83		6.552		0.278		6.604		6.27		0.334		6.604		6.174		0.43		7.572		7.23		0.342				[Ca]		Chng Tris		Chng Phos

		Trial 2		7.416		7.112		0.304		7.11		6.837		0.273		6.844		6.564		0.28		6.622		6.282		0.34		6.508		6.033		0.475						0				0		0.527		0.342

		Trial 3		7.43		7.117		0.313		7.105		6.831		0.274		6.795		6.5		0.295		6.61		6.269		0.341		6.53		6.075		0.455						0				0.01		0.614		0.465

																																										0.01		0.501		0.46

																																										0.01		0.49		0.455

																																										0.02		0.538		0.744

		Carbonate		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.02		0.536		0.735

		Trial 1		7.3		6.78		0.52		6.91		6.513		0.397		6.59		6.24		0.35		6.45		6.03		0.42		6.3		5.863		0.437		8.21		7.07		1.14				0.02		0.514		0.741

		Trial 2		7.3		6.77		0.53		6.9		6.506		0.394		6.6		6.24		0.36		6.44		6.03		0.41		6.245		5.82		0.425						0				0.03		0.484		1.02

		Trial 3		7.3		6.76		0.54		6.9		6.51		0.39		6.58		6.24		0.34		6.45		6.025		0.425		6.255		5.81		0.445						0				0.03		0.476		1.008

																																										0.03		0.474		1.072

																																										0.04		0.585		1.302

																																										0.04		0.478		1.29

		Tris		.01 Ca Init		.01 Ca Final		Change in pH		.02 Ca Initi		.02 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.04		0.48		1.303

		Trial 1		7.161		6.64		0.521		7.23		6.716		0.514		7.27		6.77		0.5		7.201		6.669		0.532		7.21		6.727		0.483		7.254		6.727		0.527				0.05		0.527		1.398

		Trial 2		7.27		6.753		0.517		7.27		6.718		0.552		7.28		6.778		0.502		7.26		6.776		0.484		7.23		6.713		0.517						0				0.05		0.541		1.539

		Trial 3		7.29		6.764		0.526		7.26		6.74		0.52		7.27		6.78		0.49		7.27		6.774		0.496		7.22		6.74		0.48						0				0.05		0.514		1.497

																																										0		0.527		0.342

		[Ca]		Phos Init		95% Conf		Phosp Chng		95% Conf		Carb Init		95% Conf		Carb Chng		95% Conf		Tris Init		95% Conf		Tris Chng		95% Conf

		0		7.572		0		0.342		0		8.21		0		1.14		0		7.254		0		0.527		0

		0.01		7.4196666667		0.0102677354		0.46		0.0056579203		7.3		0.0000001349		1.44		0.0113158406		7.2403333333		0.0785643201		0.535		0.0776682237

		0.02		7.105		0.0056579203		0.74		0.0051855696		6.9033333333		0.0065332036		1.7003333333		0.0039739926		7.2533333333		0.0235558006		0.5293333333		0.0150689159

		0.03		6.823		0.0285598904		1.0333333333		0.0384960395		6.59		0.0113158406		1.97		0.0000000337		7.2733333333		0.0065332036		0.478		0.00598778

		0.04		6.612		0.0103711392		1.2983333333		0.0081860807		6.4466666667		0.0065332036		2.1816666667		0.0032666018		7.2436666667		0.0421935715		0.5143333333		0.0692612027

		0.05		6.5473333333		0.0569101663		1.478		0.0819207464		6.2666666667		0.0331523875		2.379		0.0318656964		7.22		0.0113158406		0.5273333333		0.0152798769

		WEEK TWO		.25 ml HCl added to 25 ml Buffer

		Phosphate		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH						Regression Data

		Trial 1		4.641		2.437		2.204		5.572		2.749		2.823		6.305		5.978		0.327		6.066		5.33		0.736		5.936		4.82		1.116		6.901		6.678		0.223				[Ca]		Chng Tris		Chng Phos

		Trial 2		4.937		2.536		2.401		5.591		2.801		2.79		6.323		5.999		0.324		6.124		5.64		0.484		6.06		5.242		0.818						0				0		0.52		0.223

		Trial 3		4.826		2.452		2.374		5.56		2.93		2.63		6.348		6.032		0.316		6.17		5.68		0.49		6.045		5.203		0.842						0				0.01		0.553		4.464

																																										0.01		0.511		4.365

																																										0.01		0.455		4.449

																																										0.02		0.51		4.152

		Carbonate		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.02		0.478		4.1

		Trial 1		6.06		5.54		0.52		6.09		5.6		0.49		6.75		6.41		0.34		6.5		6.14		0.36		6.47		6.01		0.46		8.55		7.28		1.27				0.02		0.488		3.971

		Trial 2		6.01		5.6		0.41		6.12		5.63		0.49		6.75		6.41		0.34		6.49		6.15		0.34		6.34		5.94		0.4						0				0.03		0.53		0.923

		Trial 3		6.04		5.52		0.52		6.13		5.65		0.48		6.76		6.42		0.34		6.5		6.14		0.36		6.35		5.98		0.37						0				0.03		0.54		0.902

																																										0.03		0.525		0.869

																																										0.04		0.49		1.571

																																										0.04		0.44		1.261

		Tris		.07 Ca Init		.07 Ca Final		Change in pH		.06 Ca Initi		.06 Ca Final		Change in pH		.03 Ca Init		.03 Ca Final		Change in pH		.04 Ca Init		.04 Ca Final		Change in pH		.05 Ca Init		.05 Ca Final		Change in pH		Control Init		Control Final		Change in pH				0.04		0.505		1.221

		Trial 1		7.18		6.697		0.483		7.248		6.74		0.508		7.24		6.72		0.52		7.255		6.76		0.495		7.226		6.721		0.505		7.25		6.73		0.52				0.05		0.529		2.081

		Trial 2		7.222		6.739		0.483		7.259		6.772		0.487		7.22		6.71		0.51		7.215		6.81		0.405		7.235		6.742		0.493						0				0.05		0.508		1.659

		Trial 3		7.235		6.795		0.44		7.261		6.762		0.499		7.22		6.725		0.495		7.27		6.745		0.525		7.23		6.712		0.518						0				0.05		0.538		1.698

		[Ca]		Phos Init		95% Conf		Phosp Chng		95% Conf		Carb Init		95% Conf		Carb Chng		95% Conf		Tris Init		95% Conf		Tris Chng		95% Conf

		0		6.901		0		0.223		0		8.55		0		1.27		0		7.25		0		0.52		0

		0.01		4.8013333333		0.1692099734		4.426		0.0603782546		6.0366666667		0.0284775743		2.9966666667		0.0471116012		7.2123333333		0.0325285314		0.51		0.0559113992

		0.02		5.5743333333		0.0176879776		4.0743333333		0.1054520588		6.1133333333		0.0235558006		2.9233333333		0.0284775743		7.256		3.7805297674		0.49		0.0185248294

		0.03		6.3253333333		0.0244362776		0.898		0.0308032063		6.7533333333		0.0065332036		2.1366666667		0.0065332036		7.2266666667		0.0130664072		0.5316666667		0.008642616

		0.04		6.12		0.0589727939		1.351		0.2167803198		6.4966666667		0.0065332036		2.4066666667		0.0065332036		7.2466666667		0.0321722967		0.4783333333		0.0385126673

		0.05		6.0136666667		0.0765835269		1.8126666667		0.2638856289		6.3866666667		0.0818608066		2.5733333333		0.0397399261		7.2303333333		0.0051025951		0.525		0.0174205152

		0.06		5.5743333		0.017687978		4.074333333		0.105452059		6.113333333		0.023555801		2.923333333		0.028477574		7.256000000		3.780529767		0.492000000		0.018524829

		0.07		4.8013333333		0.1692099734		4.426		0.0603782546		6.0366666667		0.0284775743		2.9966666667		0.0471116012		7.2123333333		0.0325285314		0.5063333333		0.0559113992

		Week 1
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Initial Carb.

Final Tris

Final Carb.

Calcium Concentration (mol/L)

pH

Carbonate Buffer
pH vs. Calcium Concentration
*Final values indicate addition of 2.5 mL 1.0 M HCl
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Change in pH vs. Calcium Concentration
After the addition of 0.25 ml 1M HCl to 25 ml of 0.1 M Buffer
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Carb-Cal

		Initial Calcium (M)				0.065						Initial Calcium (M)				0.65						Initial Calcium (M)				2

		HCO3 Dissoc (mol)				0.0011						HCO3 Dissoc (mol)				0.0011						HCO3 Dissoc (mol)				0.0011						[Ca]		Initial Ca (M)

		pKa		6.38								pKa		6.38								pKa		6.38								0.01		0.26		2.88392		0.04		1.04		11.53568

		Initial (7.4)										Initial (7.4)										Initial (7.4)										0.02		0.52		5.76784		0.05		1.3		14.4196

		[H2C03]		[HCO3-]								[H2C03]		[HCO3-]								[H2C03]		[HCO3-]								0.03		0.78		8.65176		0.0025		0.065		0.72098

		0.0087174188		0.0912825812								0.0087174188		0.0912825812								0.0087174188		0.0912825812

		Ca Added (ml)		10								Ca Added (ml)		10								Ca Added (ml)		10								0.0025		7.3914471664		7.0192477592		0.3807522408

		[Ca]		0.0025								[Ca]		0.025								[Ca]		0.0769230769								0.025		7.2657029781		6.875585376		0.524414624

		ml HCl		[H2C03]		[HCO3-]		pH				ml HCl		[H2C03]		[HCO3-]		pH				ml HCl		[H2C03]		[HCO3-]		pH				0.0384615385		7.1682981075		6.7594884132		0.6405115868

		0		0.0087174188		0.0895024819		7.3914471664				0		0.0087174188		0.0670024819		7.2657029781				0		0.0087174188		0.015079405		6.6179962928				0.05		7.0628870413		6.6271431437		0.7728568563

		1		0.0125154364		0.0853281429		7.2136462968				1		0.0125154364		0.0629143498		7.0813037157				1		0.0125154364		0.0111902119		6.3313923118				0.0769230769		6.6179962928		5.8542834269		1.5457165731

		2		0.0162844614		0.0811856691		7.0777059742				2		0.0162844614		0.0588574248		6.9380278564				2		0.0162844614		0.0073307072		6.0333724752

		2.5		0.0181582053		0.0791262678		7.0192477592				2.5		0.0181582053		0.0568405535		6.875585376				2.5		0.0181582053		0.0054119821		5.8542834269

		4		0.0237368519		0.0729948685		6.8678692111				4		0.0237368519		0.0508357776		6.7107463516				4		0.0237368519		-0.000300586		0				0.001		6.95		0.57

		5		0.0274208638		0.0689458313		6.7804268815				5		0.0274208638		0.0468703596		6.6128171546				5		0.0274208638		-0.0040730366		0				0.08		6.95		0.57

		6		0.0310771763		0.0649272379		6.6999853766				6		0.0310771763		0.0429347567		6.5203674552				6		0.0310771763		-0.007817123		0

		7		0.0347061007		0.0609387464		6.6244876931				7		0.0347061007		0.0390286341		6.430977529				7		0.0347061007		-0.0115331637		0

		8		0.0383079436		0.0569800198		6.5524337557				8		0.0383079436		0.0351516615		6.3426570182				8		0.0383079436		-0.0152214728		0

		9		0.041883007		0.053050726		6.4826534767				9		0.041883007		0.0313035141		6.2535552389				9		0.041883007		-0.0188823595		0

		10		0.0454315885		0.0491505381		6.414170355				10		0.0454315885		0.0274838715		6.1617199867				10		0.0454315885		-0.0225161285		0

		11		0.0489539812		0.0452791339		6.3461100949

		12		0.0524504739		0.0414361959		6.2776304617

		13		0.0559213513		0.0376214113		6.2078574267				Initial Calcium (M)				1.3						Initial Calcium (M)				1

		14		0.0593668938		0.0338344719		6.1358150758				HCO3 Dissoc (mol)				0.0011						HCO3 Dissoc (mol)				0.0011

		15		0.0627873778		0.0300750738		6.0603343557				pKa		6.38								pKa		6.38

		16		0.0661830757		0.0263429177		5.9799169294				Initial (7.4)										Initial (7.4)

		17		0.0695542559		0.0226377086		5.892508757				[H2C03]		[HCO3-]								[H2C03]		[HCO3-]

		17.1		0.0698900357		0.0222686586		5.8832787945				0.0087174188		0.0912825812								0.0087174188		0.0912825812

		17.2		0.0702255732		0.0218998748		5.8739463392

		17.3		0.0705608687		0.021531357		5.8645074826				Ca Added (ml)		10								Ca Added (ml)		10

		17.4		0.0708959225		0.0211631049		5.8549581264				[Ca]		0.05								[Ca]		0.0384615385

		17.5		0.0712307348		0.0207951182		5.8452939686				ml HCl		[H2C03]		[HCO3-]		pH				ml HCl		[H2C03]		[HCO3-]		pH

												0		0.0087174188		0.0420024819		7.0628870413				0		0.0087174188		0.0535409434		7.1682981075

												1		0.0125154364		0.0380101352		6.8624534178				1		0.0125154364		0.0495043881		6.9771976999

												2		0.0162844614		0.0340482645		6.7003215799				2		0.0162844614		0.0454986462		6.8262250743

												2.5		0.0181582053		0.0320786487		6.6271431437				2.5		0.0181582053		0.0435072202		6.7594884132

												4		0.0237368519		0.0262145655		6.4231195442				4		0.0237368519		0.0375782019		6.5795128755

												5		0.0274208638		0.0223420577		6.2910420384				5		0.0274208638		0.0336628124		6.4690692663

												6		0.0310771763		0.0184986665		6.1546988718				6		0.0310771763		0.029776862		6.3614373768

												7		0.0347061007		0.0146840648		6.0064404686				7		0.0347061007		0.0259200198		6.2532295065

												8		0.0383079436		0.0108979302		5.8340551822				8		0.0383079436		0.0220919601		6.1409454095

												9		0.041883007		0.0071399453		5.6116570316				9		0.041883007		0.0182923617		6.0202319251

												10		0.0454315885		0.0034097974		5.2553706512				10		0.0454315885		0.0145209085		5.8846358667





Carbonate

		Molar Mass NaHCO3				84				pKa =		10.25

		Initial (7.4)										Initial (6.37)

		[HC03-]		[CO3--]		MM NaHCO3		84				[HC03-]		[CO3--]

		0.0998589455		0.0001410545		MM Na2CO3		106				0.0999865122		0.0000134878

		8.3881514212		0.014951778

		mL 1M HCl Added		[HC03]		[CO3--]		pH		log([A]/[HA]0		mL 1M HCl Added		[H2C03]		[HCO3-]		pH

		0		0.0998589455		0.0001410545		7.4		-2.85		0		0.0999865122		0.0000134878		2.51

		0.02		0.099930951		0.0000610496		3.1659829851		-3.2140170149		1		0.1035722233		-0.0039706297		0

				0.0998589455		0.0001410545		3.53		-2.85		2		0.1071294764		-0.0079231272		0

		3		0.1105325548		-0.0117183256		0		0		3		0.1106586089		-0.0118443796		0

		4		0.1140343952		-0.0156091983		0		0		4		0.1141599529		-0.0157347561		0

		5		0.1175087701		-0.0194695544		0		0		5		0.1176338355		-0.0195946198		0

		6		0.1209560015		-0.0232997515		0		0		6		0.1210805783		-0.0234243283		0

		7		0.1243764061		-0.0271001415		0		0		7		0.1245004982		-0.0272242336		0

		8		0.127770296		-0.0308710712		0		0		8		0.1278939072		-0.0309946824		0

		9		0.1311379783		-0.0346128817		0		0		9		0.1312611122		-0.0347360156		0

		10		0.1344797553		-0.0383259091		0		0		10		0.1346024156		-0.0384485694		0

		11		0.1377959248		-0.0420104842		0		0		11		0.1379181151		-0.0421326745		0

		12		0.14108678		-0.0456669327		0		0		12		0.141208504		-0.0457886567		0

		13		0.1443526098		-0.0492955756		0		0		12.1		0.141536162		-0.0461527205		0

		14		0.1475936984		-0.0528967287		0		0		12.2		0.14186357		-0.0465165067		0

		15		0.1508103259		-0.0564707033		0		0		12.3		0.1421907284		-0.0468800154		0

		16		0.1540027683		-0.0600178059		0		0		12.4		0.1425176374		-0.0472432471		0

		17		0.1571712973		-0.0635383385		0		0		12.5		0.1428442973		-0.0476062021		0

		18		0.1603161805		-0.0670325984		0		0		12.6		0.1431707085		-0.0479688806		0

		19		0.1634376817		-0.0705008787		0		0		12.7		0.1434968711		-0.048331283		0

		20		0.1665360606		-0.073943468		0		0		12.8		0.1438227856		-0.0486934096		0

		21		0.1696115733		-0.0773606508		0		0

		22		0.172664472		-0.0807527073		0		0

		22.1		0.1729685276		-0.0810905416		0		0

		22.2		0.1732723599		-0.0814281277		0		0

		22.3		0.1735759691		-0.0817654659		0		0

		22.4		0.1738793553		-0.0821025564		0		0

		22.5		0.1741825188		-0.0824393995		0		0

		22.6		0.1744854599		-0.0827759955		0		0

		22.7		0.1747881789		-0.0831123446		0		0

		22.8		0.1750906759		-0.0834484471		0		0

		22.9		0.1753929512		-0.0837843033		0		0

		23		0.175695005		-0.0841199135		0		0
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Phos-Cal
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Initial Phos.

Final Tris

Final Phos.

Calcium Concentration (mol/L)

pH

Phosphate Buffer
pH vs. Calcium Concentration
*Final values indicate addition of 2.5 mL 1.0 M HCl

7.3928589184

7.2214969327

6.95

7.1877574344

6.9629895924

6.95

6.9931629855

6.6733745036

6.7053637111

5.9459773932



Phosphate

		Initial Calcium (M)				0.065						Initial Calcium (M)				0.65						Initial Calcium (M)				2

		HCO3 Dissoc (mol)				0.001						HCO3 Dissoc (mol)				0.001						HCO3 Dissoc (mol)				0.001						[Ca]		Initial Ca (M)

		pKa		7.21								pKa		7.21								pKa		7.21								0.05		1.3

		Initial (7.4)										Initial (7.4)										Initial (7.4)

		[H2C03]		[HCO3-]								[H2C03]		[HCO3-]								[H2C03]		[HCO3-]

		0.0392338936		0.0607661064								0.0392338936		0.0607661064								0.0392338936		0.0607661064

		Ca Added (ml)		10								Ca Added (ml)		10								Ca Added (ml)		10								0.0025		7.3928589184		7.2214969327		0.1785030673

		[Ca]		0.0025								[Ca]		0.025								[Ca]		0.0769230769								0.025		7.1877574344		6.9629895924		0.4370104076

		ml HCl		[H2C03]		[HCO3-]		pH				ml HCl		[H2C03]		[HCO3-]		pH				ml HCl		[H2C03]		[HCO3-]		pH				0.0384615385		6.9931629855		6.6733745036		0.7266254964

		0		0.0392338936		0.0597751023		7.3928589184				0		0.0392338936		0.03728		7.1877574344				0		0.0392338936		-0.0146479746		0				0.05		6.7053637111		5.9459773932		1.4540226068

		1		0.0429149898		0.0557146613		7.3233604814				1		0.0429149898		0.0333008682		7.099846543				1		0.0429149898		-0.0184232697		0				0.0769230769		0		0		0

		2		0.046567986		0.051685216		7.2552788802				2		0.046567986		0.0293569718		7.0096237994				2		0.046567986		-0.0221697458		0

		2.5		0.048384047		0.0496820061		7.2214969327				2.5		0.048384047		0.0273962918		6.9629895924				2.5		0.048384047		-0.0240322796		0

		4		0.0537909558		0.0437179038		7.1199500688				4		0.0537909558		0.0215588129		6.812915582				4		0.0537909558		-0.0295775507		0				0.001		6.95		0.45

		5		0.057361556		0.0397793457		7.0510367118				5		0.057361556		0.017703874		6.699447386				5		0.057361556		-0.0332395223		0				0.05		6.95		0.45

		6		0.0609053095		0.0358704008		6.9800810743				6		0.0609053095		0.0138779196		6.5676692113				6		0.0609053095		-0.0368739601		0

		7		0.0644225181		0.0319907363		6.9059865403				7		0.0644225181		0.010080624		6.4044497192				7		0.0644225181		-0.0404811738		0

		8		0.0679134789		0.0281400246		6.8273684957				8		0.0679134789		0.0063116664		6.1781880608				8		0.0679134789		-0.0440614679		0

		9		0.0713784845		0.0243179428		6.742359509				9		0.0713784845		0.0025707309		5.7664892893				9		0.0713784845		-0.0476151427		0

		10		0.0748178235		0.0205241726		6.6482605885				10		0.0748178235		-0.0011424941		0				10		0.0748178235		-0.0511424941		0

		11		0.0782317798		0.0167584007		6.5408493608

		12		0.0816206336		0.0130203184		6.4128216428

		13		0.0849846606		0.0093096213		6.2495914688				Initial Calcium (M)				1.3						Initial Calcium (M)				1

		14		0.0883241326		0.0056260095		6.0141210801				HCO3 Dissoc (mol)				0.001						HCO3 Dissoc (mol)				0.001

		15		0.0916393176		0.0019691876		5.5422052565				pKa		7.21								pKa		7.21

		16		0.0949304795		-0.0016611355		0				Initial (7.4)										Initial (7.4)

		17		0.0981978785		-0.0052652469		0				[H2C03]		[HCO3-]								[H2C03]		[HCO3-]

		17.1		0.0985233213		-0.0056242273		0				0.0392338936		0.0607661064								0.0392338936		0.0607661064

		17.2		0.0988485293		-0.0059829488		0

		17.3		0.0991735028		-0.0063414115		0				Ca Added (ml)		10								Ca Added (ml)		10

		17.4		0.099498242		-0.0066996157		0				[Ca]		0.05								[Ca]		0.0384615385

		17.5		0.0998227471		-0.0070575618		0				ml HCl		[H2C03]		[HCO3-]		pH				ml HCl		[H2C03]		[HCO3-]		pH

												0		0.0392338936		0.0122751023		6.7053637111				0		0.0392338936		0.0238135639		6.9931629855

												1		0.0429149898		0.0083966537		6.5014972262				1		0.0429149898		0.0198909065		6.8760455631

												2		0.046567986		0.0045478115		6.1997149962				2		0.046567986		0.0159981931		6.7459834799

												2.5		0.048384047		0.0026343871		5.9459773932				2.5		0.048384047		0.0140629585		6.6733745036

												4		0.0537909558		-0.0030623992		0				4		0.0537909558		0.0083012371		6.3984335588

												5		0.057361556		-0.0068244279		0				5		0.057361556		0.0044963268		6.104236946

												6		0.0609053095		-0.0105581707		0				6		0.0609053095		0.0007200248		5.282692315

												7		0.0644225181		-0.0142639453		0				7		0.0644225181		-0.0030279903		0

												8		0.0679134789		-0.0179420649		0				8		0.0679134789		-0.0067480351		0

												9		0.0713784845		-0.0215928379		0				9		0.0713784845		-0.0104404215		0

												10		0.0748178235		-0.0252165681		0				10		0.0748178235		-0.014105457		0





Tris

		Molar Mass								pKa =		7.21

		Initial (7.4)										Initial (7.21)

		[H2PO4-]		[HPO4=]								[H2PO4-]		[HPO4=]

		0.0392338936		0.0607661064								0.05		0.05

		5.5696435337		7.2907174474		g dil to 1 L						5.999		7.098

		MM Na2HPO4				141.96

		MM NaH2PO4				119.98

																														Addition of 2.5 ml HCl

		mL 1M HCl Added		[H2PO4-]		[HPO4=]		pH				mL 1M HCl Added		[H2PO4-]		[HPO4=]		pH						[Ca]		[H2PO4-]		[HPO4=]		[H2PO4-]		[HPO4=]		pH		pH Change

		0		0.0392338936		0.0607661064		7.4				0		0.05		0.05		6.67						0		0.0392338936		0.0607661064		0.0487464293		0.0502634717		7.2233096731		0.1766903269

		1		0.043061647		0.0565399466		7.3282647577				1		0.0537848606		0.0458167331		6.6003640719						0.01		0.0391836436		0.0540661064		0.0486966768		0.0436298083		7.1622839802		0.2377160198

		2		0.0468590214		0.0523473278		7.2581013021				2		0.0575396825		0.0416666667		6.5298212968						0.02		0.0391333936		0.0473661064		0.0486469243		0.036996145		7.0911010849		0.3088989151

		2.5		0.0487464293		0.0502634717		7.2233096731				3		0.0612648221		0.0375494071		6.4573919071						0.03		0.0390831436		0.0406661064		0.0485971719		0.0303624816		7.0057262685		0.3942737315

		4		0.0543640685		0.0440611284		7.1187436638				4		0.0649606299		0.0334645669		6.3819349815						0.04		0.0390328936		0.0339661064		0.0485474194		0.0237288182		6.8991099602		0.5008900398

		5		0.0580724447		0.039966771		7.047728953				5		0.068627451		0.0294117647		6.3020232147						0.05		0.0389826436		0.0272661064		0.0484976669		0.0170951549		6.7571521929		0.6428478071

		6		0.0617518492		0.0359044008		6.9744977158				6		0.072265625		0.025390625		6.2157416282

		7		0.0654026202		0.0318736444		6.8978365749				7		0.0758754864		0.0214007782		6.1203280781

		8		0.0690250907		0.0278741341		6.8161943995				8		0.0794573643		0.0174418605		6.0114586527

		9		0.0726195884		0.0239055081		6.7274441961				9		0.083011583		0.0135135135		5.8816295844

		10		0.0761864361		0.01996741		6.6284440773				10		0.0865384615		0.0096153846		5.7157574906

		11		0.0797259517		0.0160594889		6.5141320073				11		0.0900383142		0.0057471264		5.4750233968

		12		0.0832384481		0.0121813992		6.375373203				12		0.0935114504		0.0019083969		4.97980392

		13		0.0867242334		0.0083328008		6.1926505287				12.1		0.0938573064		0.0015261351		4.8811248842

		14		0.0901836114		0.0045133583		5.909372194				12.2		0.0942028986		0.0011441648		4.7544243015

		15		0.0936168807		0.0007227419		5.0976290657				12.3		0.0945482272		0.0007624857		4.5765783148

		16		0.0970243361		-0.0030393737		0				12.4		0.0948932927		0.0003810976		4.2738006529

		17		0.1004062674		-0.0067733086		0				12.5		0.0952380952		0		0

		18		0.1037629604		-0.0104793783		0				12.6		0.0955826352		-0.0003808073		0

		19		0.1070946966		-0.0141578937		0				12.7		0.0959269128		-0.0007613247		0

		20		0.1104017533		-0.0178091607		0				12.8		0.0962709285		-0.0011415525		0

		21		0.1136844037		-0.0214334812		0

		21.1		0.1140113368		-0.0217944426		0

		21.2		0.1143380287		-0.0221551379		0

		21.3		0.1146644799		-0.0225155673		0

		21.4		0.1149906905		-0.022875731		0

		21.5		0.1153166608		-0.0232356295		0

		21.6		0.115642391		-0.0235952629		0

		21.7		0.1159678815		-0.0239546316		0

		21.8		0.1162931324		-0.0243137358		0

		21.9		0.1166181442		-0.0246725759		0

		22		0.1169429169		-0.0250311522

		22.1		0.1172674509		-0.0253894649





		Molar Mass								pKa =		8.1

		Initial (7.4)										Initial (6.37)

		[Tris-HCL]		[Tris-Base]								[Tris-HCL]		[Tris-Base]

		0.0833662469		0.0166337531								0.05		0.05

		13.1385205143		2.0143474982								7.88		6.055

		MM Tri HCL				157.6

		MM Tris Base				121.1

		mL 1M HCl Added		[Tris-HCL]		[Tris-Base]		pH				mL 1M HCl Added		[Tris-HCL]		[Tris-Base]		pH

		0		0.0833662469		0.0166337531		7.4				0		0.05		0.05		8.1

		1		0.0870181742		0.0125834194		7.260188705				1		0.0537848606		0.0458167331		8.0303640719

		2		0.090641118		0.0085652312		7.0754138384				2		0.0575396825		0.0416666667		7.9598212968

		2.5		0.0924418286		0.0065680724		6.9515694007				2.5		0.0594059406		0.0396039604		7.9239087409

		3		0.0942354219		0.0045788074		6.7865381963				3		0.0612648221		0.0375494071		7.8873919071

		4		0.0978014241		0.0006237727		5.9046811974				4		0.0649606299		0.0334645669		7.8119349815

		4.1		0.0981564806		0.0002299814		5.4697737101				5		0.068627451		0.0294117647		7.7320232147

		4.2		0.0985112578		-0.0001635001		0				6		0.072265625		0.025390625		7.6457416282

		4.3		0.0988657559		-0.0005566722		0				7		0.0758754864		0.0214007782		7.5503280781

		4.4		0.0992199754		-0.0009495351		0				8		0.0794573643		0.0174418605		7.4414586527

		4.5		0.0995739164		-0.0013420893		0				9		0.083011583		0.0135135135		7.3116295844

		4.6		0.0999275795		-0.0017343352		0				10		0.0865384615		0.0096153846		7.1457574906

		4.7		0.1002809648		-0.002126273		0				11		0.0900383142		0.0057471264		6.9050233968

		4.8		0.1006340727		-0.0025179032		0				12		0.0935114504		0.0019083969		6.40980392

		4.9		0.1009869036		-0.0029092261		0				12.1		0.0938573064		0.0015261351		6.3111248842

		5		0.1013394578		-0.0033002421		0				12.2		0.0942028986		0.0011441648		6.1844243015

												12.3		0.0945482272		0.0007624857		6.0065783148

												12.4		0.0948932927		0.0003810976		5.7038006529

												12.5		0.0952380952		0		0

												12.6		0.0955826352		-0.0003808073		0

												12.7		0.0959269128		-0.0007613247		0

												12.8		0.0962709285		-0.0011415525		0






