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A. Background 

The stability of blood pH is necessary for normal body function, and even small changes may lead to cardiovascular, neuromuscular and metabolic disorders such as arterial vasodilation, respiratory depression, etc (Refer to table 1 in the appendix for a complete list of disorders) (Hall et al, 2005). Normal pH of arterial blood ranges from 7.35-7.45 and 7.31-7.41 for venous blood (Levitsky, 2007). The pKa values of carbonic acid and phosphoric acid, the main buffer systems in the blood, were found in the fifth experiment to be 6.35 and 7.21, respectively. The pKa is the pH at which the buffer is most effective at minimizing pH changes with the addition of acid or base. The fifth experiment will be expanded by the adding a third buffer of a combination of carbonic acid and phosphoric acid and determining the effects of higher levels of carbon dioxide in the three buffers. The body must buffer the increase of carbon dioxide concentration in the blood during exercise when the rapid break down of glucose leads to an influx of carbon dioxide (C6H12O6 → 6 CO2 + 6 H2O). When carbon dioxide is put into solution, it undergoes the following reaction: 

CO2 + H2O ↔ H2CO3 ↔ H+ + HCO3-
The formation of protons shows that the solution becomes more acidic with the addition of carbon dioxide into solution. The higher concentration of HCO3- leads to shifts in the carbonate buffer equilibrium. Since it was found in the fifth experiment that there was no significant difference between the two methods (p=0.7241), either method can be used to create the buffer capacity graph. The buffer capacity graph is dB/dpH vs. pH, and the pH values at optimal buffer capacity (pKa) are the maximums of the graph. By using pH changes after the addition of carbon dioxide and the buffer capacity range as criteria, it is possible to determine the buffer among the three that most resembles the buffer system in the blood. 
B. Hypothesis/Objective and Aim(s)
The objective of the experiment is to determine which buffer, carbonic acid, phosphoric acid or a solution with a 1:1 ratio of both, will minimize the pH changes with the addition of carbon dioxide. Also, the buffer capacity ranges of each buffer will be found to see which buffer has a buffer capacity range that best encompasses the pH of the blood (approximately 7.40). It is hypothesized that the phosphoric acid system will have less pH changes than the other buffers when carbon dioxide is added into solution. The formation of bicarbonate would introduce more H+ and the H+ will react with the weak bases to form H2CO3 and H2PO4- depending on the buffer. However, the additional HCO3- formed from the carbon dioxide will shift the equilibrium of the carbonic acid buffer H2CO3 → H+ + HCO3-, lowering the pH. In the phosphoric acid buffer, the addition of HCO3- does not affect the equilibrium of the buffer. Therefore, the buffer with only phosphoric acid will have the smallest pH changes. The buffer that has a combination of carbonic acid and phosphoric acid will be the second most effective buffer, and also have the largest buffer capacity range because the range includes the buffer capacity ranges of two acids with different pKas. To determine which buffer is most resistant to the addition of dissolved carbon dioxide, the pH of the solution after carbon dioxide has been added will be compared to the buffer without carbon dioxide from the fifth experiment (Refer to figure 1 and figure 2 in the appendix for the titration curve of phosphoric acid).
C. Equipment
Major Equipment
None

Lab Equipment
· Digital balance 
· pH meter with combination glass-silver/silver chloride electrode and holder 
· Two 50 burettes and dual burette stand 

· Magnetic stirrer and stirring bar

The digital balance is to measure the right mass of sodium carbonate, and the pH meter is to measure the pH of the buffer solutions during titration, and before and after the addition of carbon dioxide. The two burettes and stand are for the titration, one burette is for the acid titrant and the other is for the base titrant. The magnetic stirrer and stirring bar is used during titration to mix the titrant fully into solution. 

Supplies

· Three 250 ml beakers

· 1 L each of HCl and NaOH solutions, nominally 1 M
· pH buffer standards

· Reagent grade anhydrous Na2CO3

· 0.3 M H3PO4
Each beaker is for a separate buffer system. The HCl and NaOH are the titrants used in the titration to find the buffer capacity curve. The pH buffer standards are used to calculate instrumental error due to poor calibration. The sodium carbonate used to get carbonate ion into solution and used to make the carbonate buffer. The phosphoric acid is to made the phosphoric acid buffers. 

Newly Purchased Equipment
· Carbon Dioxide Diffuser 
· Continuous CO2 Test 
The Carbon Dioxide Diffuser pumps carbon dioxide into the solution. This is necessary because atmospheric carbon dioxide to reach the concentration of carbon dioxide that is analogous to the blood. A CO2 incubator is too expensive for this experiment; the prices of small ones range from $5,000-$6,000. The Continuous CO2 Test measures the amount of gaseous carbon dioxide in solution. The same amount of carbon dioxide must be added into each buffer. The diffuser does not measure how much carbon dioxide it pumps, so a separate instrument is required to measure the CO2 levels in solution. 

D. Proposed Methods & Analysis
Standardization of pH Meter & Acid and Base Solutions (2.0 hours)
Refer to steps B and C in the lab manual of experiment five. Use 1.590 grams of Na2CO3 instead of the amount indicated in the manual because to compare buffer capacities and the range, the concentrations of buffering components must be the same. 1.590 grams of Na2CO3 is equal to 0.015 moles Na2CO3, which is the number of moles of phosphoric acid that was used in the titrations in experiment five. Repeat titration of carbonate so that a total of two trials are performed. Exchange titration data with the other group so that each group has data for four trials. 
Titration of Buffer of 1:1 Carbonic Acid to Phosphoric Acid (1.5 hours)
Add 25 ml of 0.3M phosphoric acid and 0.795 grams of Na2CO3 into 100 ml of water. Titrate using the 1 M NaOH. Record the volume of titrant added and the pH in 0.5 ml titrant intervals. Prepare another sample of the buffer and titrate with 1 M HCl, recording at the same interval as above. Repeat both titrations and obtain data of two more trials from the other group.
Addition of Carbon Dioxide and Measurement of pH Change (2.0 hours)
Prepare the three buffer solutions: 

· 50 ml of 0.3M phosphoric acid in 100 ml of water. 

· 1.590 grams of Na2CO3 in 100 ml of water. 

· 25 ml of 0.3M phosphoric acid and 0.795 grams of Na2CO3 in 100 ml of water.
Set up the Carbon Dioxide Diffuser and the Continuous Carbon Dioxide Tester.  Measure the pH of the buffer before the carbon dioxide is added. Add carbon dioxide into one of the buffers by submerging the Carbon Dioxide Diffuser and turning it on. Read the carbon dioxide levels with the Continuous Carbon Dioxide Tester, and continue adding until a concentration of 0.49 liter of carbon dioxide per liter of buffer solution has been achieved. This is the normal concentration of carbon dioxide in arterial blood (Ganong, 2005). Immediately check the pH of the solution using the pH meter. Repeat addition of carbon dioxide and pH measurements for all three solutions. Then, repeat the same process two times for all three buffer solutions so that there are three trials for each solution. 

Clean Up
Return to pH meter to its original place and clean burettes.

Data Analysis Part I: Determination of Optimal Buffer Capacity Range  
The buffer capacity graph for the phosphoric acid is provided from experiment five (refer to figure 3 of appendix). The buffer capacity graphs for the carbonate system can be created by numerically differentiating the titration curve using Matlab, and graphing dtitrant/dpH vs. pH. Plot all the graphs for the carbonate titrations in one graph. Using the same methods, produce buffer capacity graphs for the titration of the buffer with both carbonate and phosphoric acid. The acid and base titrations should all be on the same graph so that there are eight total curves. The optimal buffer capacity range is defined as the range between the two inflection points on either side of the maximum. Beyond the inflection points, there is a greater increase in pH for every addition of 0.5 ml of titrant. Calculate the inflection points for each curve, and for each buffer, find the mean (and standard deviation) pH at which the inflection points occur. The inflection points can be found by numerically differentiating the curve again, and finding the maximums and minimums of the new curve. Another method to find the inflection points is to use the polynomial fit method of fitting a curve to a segment of the curve and using the polynomial equation. The pH values at the inflection points can be found by differentiating the polynomial equation twice and finding the roots of the double derivative. One method is not preferred over another because it was determined in experiment five that the results are not significantly different. The optimal buffer capacity range is the pH range between to two inflection points. For the solution with both buffer systems, there may be more than one maximum. If there is a shallow minimum in between two maximums, take the inflection points that are on the outside of both maximums. If the minimum is deep and there are two defined buffer capacity regions, find the inflection points around each maximum. Determine the buffer with the optimal buffer capacity range the closest to 7.4, the pH of blood. 
Data Analysis II: The Effect of Carbon Dioxide on the Buffer Systems

Calculate the change of pH for each trial by finding the difference between the initial pH and the pH after the carbon dioxide is added. Determine if the change of pH of one buffer after the addition of carbon dioxide is greater than that of another buffer. The best method is to run an ANOVA on the three sets of data to see whether one set is greater than another. Another method is to run a one-tailed unequal/equal (depending on the calculated variance values) variance t-test to compare the pH values of each buffer to the other. Compare the change of pH of the carbonate buffer to the phosphoric acid buffer, carbonate buffer to the combined buffer, and the phosphoric acid buffer to the combined buffer. When t-tests are run on three datasets, the p-value must be less than 0.01667. Report the mean pH change (and standard deviation) of the buffers after the addition of carbon dioxide. If there is significant difference, the buffer with the smallest pH change is the best buffer for the carbon dioxide. 
E. Potential Pitfalls & Alternative Methods/Analysis

One limitation of this experiment is that change in pH after the addition of carbon dioxide and optimal buffer capacity range are not measurements of whether or not the buffer is most similar to the buffer system in the blood because other components of blood contribute to it’s buffering properties. Proteins such as hemoglobin and the lungs are also major contributors to the buffering system of the blood. Protons bind to the imidazole group of histidine amino acids of hemoglobin and carbon dioxide groups bind to the amino groups. Hemoglobin acts as a buffer and transports the carbon dioxide to the lung where it is pumped out of the bloodstream (Arthurs & Sudhakar). Therefore, the only conclusions that can be made from the experiment is that one buffer may maintain pH better when carbon dioxide is added or have a optimal buffer capacity range that includes the pH of blood. 

Quantifying the exact amount of carbon dioxide added into the buffer is difficult because the Continuous Carbon Dioxide Tester only measures gaseous carbon dioxide. Therefore, the carbon dioxide that converts into bicarbonate will not be included in the carbon dioxide measurement when it’s being added. Also, as the carbon dioxide is added into solution, it is coming out of solution at a rate of 1.85x10-3 mm2/s at room temperature (22.5-23.5 °C) and atmospheric pressure (101.0 kPa) (Himmelblau, 1956). To minimize error in the carbon dioxide measurements, the addition of carbon dioxide and the measurement of pH should be done quickly as possible. Once the carbon dioxide is added, a significant amount of the carbon dioxide must convert into bicarbonate quickly for there to be a measurable change in pH. The rate of conversion is small, so the blood has an enzyme called carbonic anhydrase that speeds up the reaction about five-hundred times (Tintinalli et al, 1978). To ensure that the carbon dioxide quickly converts to bicarbonate, carbonic anhydrase could be added to the buffers. However, this may lead to more problems is carbonic anhydrase denatures as certain pHs or requires cofactors to function properly. Another method is to add the carbon dioxide in a pressurized environment and incubate the solution there for an extended period of time to keep the carbon dioxide in solution, allowing it to convert into bicarbonate and establish equilibrium. This method would be more time consuming and also more expensive.  

In addition to errors in measurements, the method of data analysis affects the results. The optimal buffer range can be defined by different parameters. If the optimal buffer range was determined by a certain dtitrant/dpH value after the inflection point, the curve after the inflection point would affect the range. A curve with a small slope that gradually decreased after the inflection point would give a much larger optimal buffer range, and a curve with a steep slope would have a smaller range. One method to increase the accuracy of the determination of the inflection point is to decrease the increments of titrant added because during numerical differentiation only the recorded points appear on Matlab. If there are more points in the range of the inflection point, the point calculated to be the inflection point will be closer to the actual value. Also, it is necessary to note the difference in the pH readings in pH 7 solution between pH meters of the two groups because one of the meters may not be well-calibrated, causing a shift in all the pH readings. 
F. Budget
	Item
	Cost per Item
	Number of Items*
	Total Price
	Supplier
	Catalogue Number

	Carbon Dioxide Diffuser
	$19.95
	2
	$39.90
	Aquacave
	CO-AZ19004

	Continuous CO2 Test 
	$12.95
	2
	$25.90
	Aquacave
	CO-AM73020


*Assuming that only two groups will be performing this experiment at a time. 
G. Appendix
[image: image1.wmf]Metabolic Acidosis

 

Metabolic Alkalosis

 

Cardiovascular

 

 

Cardiovascular

 

 

 

Decreased inotrop

y

 

 

Increased inotropy (Ca

2+

 entry)

 

 

Conduction defects

 

 

Altered coronary blood flow*

 

 

Arterial vasodilation

 

 

Digoxin toxicity

 

 

Venous vasoconstriction

 

Oxygen deli

very

 

 

Oxygen delivery

 

 

 

Increased oxy

-

Hb affinity

 

 

Decreased oxy

-

Hb binding

 

 

Increased 2,3

-

DPG (delayed)

 

 

Decreased 2,3

-

DPG (late)

 

Neuromuscular

 

 

Neuromuscular

 

 

 

Neuromuscular excitability

 

 

Respiratory depression

 

 

Encephalopathy

 

 

Decreased sensorium

 

 

Seizures

 

Metabolism

 

 

Metabolic effect

 

 

 

Protein wasting

 

 

Hypokalemia

 

 

Bone demineralization

 

 

Hypocalcemia

 

 

Catecholamine, PTH, and aldosterone stimulation

 

 

Hypophosphatemia Impaired enzyme function

 

 

Insulin resistance

 

 

 

GI effect

 

 

 

 

 

Emesis

 

 

 

Elec

trolytes

 

 

 

 

 

Hyperkalemia

 

 

 

 

Hypercalcemia

 

 

 

 

Hyperuricemia

 

 

 


Table 1: Clinical effects caused by acidosis and alkalosis.
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Figure 1: Titration curve of phosphoric acid.                                Figure 2: Titration curve of carbonate.
[image: image4.emf]0 2 4 6 8 10 12 14

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

pH

d(NaOH)/d(pH)

Buffer Capacity Curves

 

 

trial 1

trial 2

trial 3

trial 4

 [image: image5.png]351" Hb,g/100 mL
2
15
30 10

5

Peo, = 40 mm Hg

Hb (mEqg/L)

3

20 5

9

sk 12
10 | L | | L | L
70 711 12 13 14 15 16 17

pH

Sourca: Levitsky MG: Pulmonary Physiology, 7th Edition:
hétpi// . accassmedicine. com

copuright ® The McGraw-Hill Companies, Inc All rights reserved.




Figure 3: Buffer capacity curves of phosphoric acid.  

Figure 4: Buffer Curves of blood containing different concentrations of hemoglobin (Levitsky, 2007).
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