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Abstract:


The equilibrium between acids and bases during a titration can be used to determine several characteristics of the acid or the base. Sodium hydroxide was standardized to 0.1035 M in three acid-base titrations of potassium hydrogen phthalate (KHP). This standardized NaOH solution was then used in a series of other titrations with acids in order to gain information about those acids. The first acid tested was hydrochloric acid. This titration showed that the equivalence point occurred at a pH of 7.0. The second acid tested was the polyprotic phosphoric acid. This titration resulted in two equivalence points, one at pH 5.01 and the second around pH 9.25. The pKa1 of this acid was 2.25 and pKa2 was 6.90, compared with the known values of 2.16 and 7.21, respectively. Three titrations with the unknown acid “O” showed that the molecular weight of the acid was 76.09 g/mol. This is approximately one-half the known molecular weight of the compound represented by “O,” tartaric acid. The final titration of KHP permitted a comparison between an experimental titration curve and a theoretical curve. These two curves were nearly identical.

Introduction:


Acid and bases are the means used to adjust the concentration of protons (H+) and hydroxide ions (OH-) in an aqueous solution. The concentrations of these particular species are important because the reactivity of many compounds depends on whether or not the compound is protonated. The compound may be protonated when the concentration of H+ in the solution is high, due to the acid. It may be deprotonated when the concentration of OH- is high, as a result of the base. The relationship between these two ions revolves around the auto-ionization reaction of water(1): 


2H2O (l)  H3O+ (aq) + OH- (aq)

This reaction is described by the equilibrium constant Kw, 1.01 x 10-14, at 25o C. The auto-ionization equilibrium couples with the equilibrium between the acid and the base to give an aqueous acid-base system. The strength of the proton concentration, its acidity, is described in terms of pH. This value is measured using a specialized voltmeter, which is calibrated with a buffer solution of known pH (2). The pH of a system at a particular point in a titration can also be determined by the use of an indicator, which is a buffer that changes color at a specific pH (3). 


The pH of an aqueous system changes as an acid or a base is added to it. If a weak acid of known concentration is titrated with a strong base, the pH of the system rises with each addition of base. The amount that the pH rises, though, depends on how far the reaction has proceeded. Initially, the pH is determined solely by the dissociation of the weak acid in water (2). After base is added, the pH is determined by the equilibrium between the protonated acid, and its deprotonated conjugate base. The pH of this equilibrium is described in the Henderson-Hasselbach equation (4):


pH = pKa + log10 [A-]/[HA]. 

As the equivalence point of the titration is reached, the acid is completely converted to its conjugate base, and the pH is determined by the hydrolysis reaction of the conjugate base(5). Further addition of base past the equivalence point results in the domination of the OH- ion compared to all the other species in solution, so the pH is controlled by the concentration of OH- in the system (6). 


The relationship between the pH and the amount of titrant added permits an understanding of the equilibrium properties of the acid. At the half-equivalence point the pH is the same as the pKa of the acid. This property is due to the fact that when one half an equivalent of the base is added, the concentrations of the acid and its conjugate base are the same. Thus, in the Henderson-Hasselbach equation the only term that determines the pH value is the pKa term. After this determination, it is simple to calculate the equilibrium constant of the acid. 


In this lab, the base NaOH is used to titrate several different acids. This base is standardized to a known concentration so that all the measurements are precise and accurate. In the titrations, as the equivalence point nears, it is necessary to add very small amounts of titrant. The reason for this is that nearly all of the acid has been deprotonated and is in its conjugate base form. An addition of too much base could overshoot the point at which the acid and the base are neutralized. Missing this point in the titration would make the titration useless. 

Experimental:

The details of this experiment can be found in the lab handout (1). The first step in the experiment involved the standardization of the titrant, NaOH. This standardization was performed by three titrations of the NaOH with known amounts of potassium hydrogen phthalate (KHP). Before each of these titrations, the KHP was dissolved in boiling water (50 ml) and phenolphthalein (3 drops) was added as the indicator. The endpoint of the titrations was then determined by the colourometric method. The molarity of the NaOH solution was then determined using the calculations found in Appendix 1. The next part of this experiment was the titration of hydrochloric acid with the NaOH stock solution, whose concentration had just been determined. To prepare it for the titration, the stock HCl solution (12 M) was diluted to 3.0 * 10-3 mol in 25.0 ml (0.12 M). During the titration, the pH of the solution was recorded for each addition of titrant using a pH meter that had been standardized in a buffer solution with pH of 7.0. In addition, bromocresol green was used as an indicator for the endpoint of the titration. A similar titration was performed on 25.0 ml of phosphoric acid (0.075 M), except that the colourometric method of determining the endpoint was not used: only the pH readings by the meter were used for this determination. After this titration, three samples of an unknown acid (ID letter “O”) were prepared in the same manner that the KHP samples were prepared earlier. Each sample was titrated with the NaOH titrant until the endpoint was reached, as determined by color change. From these three titrations, the identification of the unknown acid was possible. A final titration was performed with a sample of KHP, using the same method as in the phosphoric acid titration. The theoretical titration curve for KHP was then calculated and compared with the experimental titration curve for this final titration.
Results and Discussion:


The standardization of the NaOH involved three titrations with KHP. The endpoint was determined by the change in color from clear to pink, as caused by the phenolphthalein indicator around pH 8.0 (7). The results from those titrations are summarized in the following table:

	PRIVATE 

	1st Run
	2nd Run
	3rd Run

	Mass KHP
	0.8630 g
	0.8054 g
	0.8433 g

	Vol. Titrant
	41.09 ml
	38.09 ml
	39.90 ml

	Molarity of NaOH
	0.10285 M
	0.10355 M
	0.10348 M



More confidence is held in the second two runs than in the first run because the color change for the first run was not as obvious as was expected. The equivalence point was reached when the slightest tinge of pink persisted in solution. On the first run, however, that slight tinge of pink was not recognized as such, and a very small amount of excess NaOH may have been added. This error was not repeated because for the second two runs because the slight tinge was expected for those runs. See Appendix 1 to view what effect this error had on the molarity determination. The concentration of the NaOH was 0.1035 M. The standard deviation for the three runs was 3.86 x 10-4. 

The titration of hydrochloric acid used 3.0 x 10-3 moles of HCl in 25.0 ml solution. The titration curve for the titration of HCl can be seen below:
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Figure 1: Titration Curve of HCl with NaOH (0.1035 M) as Titrant
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From this curve it can be seen that the equivalence point was reached when about 31 ml NaOH was added. Looking more closely at the data, the amount of titrant added at this point was determined to be 31.43 ml. This means 3.25 x 10-3 moles of NaOH were needed to react with 3.0 x 10-3 moles of HCl. Because HCl is a strong acid and NaOH is a strong base, the Ka is very high. Essentially all the protons in equilibrium come from the acid, and not from water. This means before the equivalence point, pH is determined almost exclusively by the strong acid, and after the equivalence point it is determined by the strong base. At the equivalence point, the two cancel each other out, and the pH is a neutral 7.0. There is no use trying to find a half-equivalence point to find the pKa of the acid because the acid’s Ka is too large. The experimental data supports these qualities of a strong base. 


The curve for the titration of phosphoric acid follows:
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Figure 2: Titration Curve of H3PO4 with NaOH (0.1035 M) as Titrant


The curve above shows two different equivalence points, the first after the addition of 19.27 ml NaOH and the second after the addition of 38.59 ml. This is seen because phosphoric acid is a polyprotic acid that has three different pKa values, one for the removal of each of its three protons. In this experiment, only two of the three are removed. The removal of each successive proton becomes more difficult. The solution begins with H3PO4. As base is added, H2PO4- and H3PO4 are found in the solution. Eventually, only H2PO4- can be found in the solution, and the first equivalence point is reached. As shown by the Henderson-Hasselbach equation, the half equivalence point determines the pKa for the removal of this first proton. This pKa was determined to be 2.25, compared with a literature value of 2.16 (8). Additional base does not result in an overwhelming of the system with OH- ions, as it does in monoprotic acids. The hydroxide ion is instead used to remove the second proton. This is more difficult than the first removal. The addition of base creates in the solution both H2PO4- and HPO42-. Eventually, the solution only contains this latter ion, and the second equivalence point is reached. The amount of base needed to go from the first equivalence point to this second determines the new half equivalence point where H2PO4- and HPO42- can be found in equal concentrations. The pH at that point is equal to the second pKa. Experimentally this value was 6.90, as compared with the known pKa2 of 7.21. The addition of more base is used to remove the third proton, but in this experiment that was not attempted for time considerations.

The endpoints of the three titrations of the unknown acid “O” were determined by the color change due to the indicator phenolphthalein. The data from these three titrations is summarized in the following table:

	PRIVATE 

	1st Run
	2nd Run
	3rd Run

	Mass Unknown
	0.3459 g
	0.3569 g
	0.3770 g

	Vol. Titrant
	43.85 ml
	45.38 ml
	47.88 ml

	Molarity of NaOH
	0.1035 M
	0.1035 M
	0.1035 M

	M.W. of Unknown
	76.22 g/mol
	75.99 g/mol
	76.08 g/mol


The average molecular weight from these three runs is 76.09 g/mol. The unknown acid “O” is known to be tartaric acid, which has a molecular weight of 150.09 g/mol, almost twice the value obtained experimentally (an experimental error of 49.3%). This difference may be explained by a study of the structure of tartaric acid. 

In its ionic form, it seems possible that the structure could be cleaved into two molecules each of molecular weight about 76 g/mol. This seems to be the only possible explanation for the discrepancy. 

In the final titration of KHP, 9.065 x 10-3 moles of KHP were diluted in 36.5 ml. The spreadsheet in Appendix 2 contains all the data necessary for the theoretical titration, as well as the necessary experimental data. The graph below is the experimental and theoretical titration curves for the final titration of KHP: 
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Figure 3: Experimental and Theoretical Titration Curves of KHP with NaOH (0.1035 M) as Titrant 
From this graph it is obvious that the two are almost identical. For the theoretical plot, the concentration of the acid was 0.11337 M, determined from the equivalence point of the actual titration. The volume of acid used was 36.5 ml. The Ka of the acid was determined from the half-equivalence point of the actual titration, where the pH and pKa were 5.05. The Ka was therefore 8.91 x 10-6. The concentration of the base was 0.1035 M. The similarities in the two curves confirms the success of the experimental titration of KHP, and all the methods used in that titration.
Conclusion:


The acid base titrations provided key insights into the behavior of both the acid and the base in their equilibria with each other and with water. It was observed that when a strong acid and a strong base react with each other in equivalent concentrations, the pH of the solution is neutral. It was also seen that the combination of weak acids with a base results in a buffered system whose pH only gradually changes with the addition of base. It was observed that this buffered system loses that quality as the protonated acid runs out. From the titration curves of these systems, the pKa of the acid was determinable. It was also shown that the molecular weight of an unknown acid could be determined if a few facts were known about the acid-base system. Finally, the theoretical titration curve could be computed using a complicated formula that incorporated all the aspects of the acid-base equilibrium. These observations and accomplishments demonstrate important qualities of the acid-base equilibrium. These qualities have real affects on real systems in the world. The ability to predict Ka, pH, molecular weight, or any of the other values that were used in this experiment gives great power and understanding to the person trying to understand the chemical systems around him.
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				1st Run		2nd Run		3rd Run

		Mass KHP		0.8630 g		0.8054 g		0.8433 g

		Vol. Titrant		41.09 ml		38.09 ml		39.90 ml

		Molarity of NaOH		0.10285 M		0.10355 M		0.10348 M

				0		1.34		3.6

				2.28		1.33		5.88

				3.84		1.32		7.44

				4.8		1.33		8.4

				6.9		1.35		10.5

				8.29		1.36		11.89

				10.23		1.39		13.83

				12.28		1.42		15.88

				14.14		1.46		17.74

				16.04		1.5		19.64

				17.75		1.54		21.35

				19.79		1.59		23.39

				21.9		1.66		25.5

				23.02		1.71		26.62

				23.76		1.75		27.36

				24.61		1.81		28.21

				25.08		1.84		28.68

				25.61		1.88		29.21

				26.73		1.97		30.33

				27.71		2.08		31.31

				28.21		2.15		31.81

				28.57		2.21		32.17

				29.14		2.32		32.74

				29.76		2.46		33.36

				30.12		2.59		33.72				0		2.12		3.28

				30.96		3.14		34.56				0.87		2.08		4.15

				31		3.24		34.6				2.22		2.09		5.5

				31.08		3.35		34.68				4.35		2.1		7.63

				31.11		3.48		34.71				5.64		2.14		8.92

				31.2		3.66		34.8				7.83		2.21		11.11

				31.25		4		34.85				10		2.31		13.28

				31.3		4.99		34.9				10.72		2.35		14

				31.35		5.9		34.95				11.64		2.41		14.92

				31.4		6.45		35				12.79		2.49		16.07

				31.45		7.4		35.05				13.74		2.59		17.02

				31.5		9.12		35.1				14.85		2.7		18.13

				31.55		9.45		35.15				14.96		2.72		18.24

				31.6		9.74		35.2				15.05		2.74		18.33

				31.65		9.91		35.25				15.53		2.8		18.81

				31.7		10.07		35.3				15.92		2.86		19.2

				31.75		10.2		35.35				16.11		2.89		19.39

				31.8		10.31		35.4				16.18		2.9		19.46

				31.85		10.39		35.45				16.21		2.91		19.49

				31.9		10.47		35.5				16.23		2.92		19.51

				32.4		10.87		36				16.34		2.95		19.62

				33.4		11.23		37				16.42		2.97		19.7

				34.4		11.42		38				16.52		2.98		19.8

				36.5		11.61		40.1				16.64		3		19.92

				39		11.75		42.6				16.8		3.03		20.08

				41.3		11.85		44.9				16.91		3.05		20.19

				43.4		11.9		47				17.04		3.09		20.32

												17.1		3.1		20.38

												17.13		3.11		20.41

												17.22		3.12		20.5

												17.27		3.13		20.55

												17.32		3.14		20.6

												17.37		3.17		20.65

												17.46		3.2		20.74

												17.56		3.23		20.84

												17.74		3.28		21.02

												17.82		3.3		21.1

												17.92		3.36		21.2

												17.97		3.37		21.25

												18.07		3.41		21.35

												18.17		3.45		21.45

												18.22		3.48		21.5

												18.32		3.52		21.6

												18.4		3.58		21.68

												18.47		3.62		21.75

												18.52		3.66		21.8

												18.57		3.7		21.85

												18.62		3.75		21.9

												18.67		3.81		21.95

												18.72		3.87		22

												18.77		3.94		22.05

												18.82		4.03		22.1

												18.87		4.12		22.15

												18.92		4.24		22.2

												18.97		4.38		22.25

												19.02		4.53		22.3

												19.1		4.68		22.38

												19.17		4.8		22.45

												19.22		4.92		22.5

												19.27		5.01		22.55

												19.32		5.09		22.6

												19.37		5.16		22.65

												19.42		5.22		22.7

												19.47		5.28		22.75

												19.52		5.32		22.8

												19.57		5.36		22.85

												19.67		5.41		22.95

												19.72		5.45		23

												19.77		5.48		23.05

												19.82		5.51		23.1

												19.97		5.6		23.25

												20.12		5.67		23.4

												20.27		5.73		23.55

												20.52		5.8		23.8

												20.72		5.87		24

												20.97		5.94		24.25

												21.37		6.01		24.65

												21.77		6.1		25.05

												22.52		6.23		25.8

												23.22		6.33		26.5

												24.52		6.47		27.8

												25.32		6.56		28.6

												26.42		6.67		29.7

												27.72		6.77		31

												29.57		6.95		32.85

												30.82		7.05		34.1

												32.93		7.26		36.21

												34.48		7.44		37.76

												35.64		7.62		38.92

												36.17		7.72		39.45

												36.42		7.78		39.7

												36.69		7.84		39.97

												36.96		7.92		40.24

												37.24		8		40.52

												37.53		8.1		40.81

												37.7		8.18		40.98

												37.83		8.34		41.11

												38.13		8.51		41.41

												38.23		8.61		41.51

												38.34		8.74		41.62

												38.41		8.91		41.69

												38.45		9.01		41.73

												38.53		9.13		41.81

												38.59		9.25		41.87

												38.62		9.34		41.9

												38.67		9.44		41.95

												38.72		9.53		42

												38.75		9.62		42.03

												38.82		9.69		42.1

												38.84		9.76		42.12

												38.93		9.83		42.21

												39		9.88		42.28

												39.02		9.93		42.3

												39.08		9.98		42.36

												39.18		10.06		42.46

												39.32		10.16		42.6

												39.41		10.23		42.69

												39.61		10.32		42.89

												39.84		10.42		43.12

												40.19		10.55		43.47

												40.7		10.7		43.98

												41.33		10.83		44.61

												42.39		10.98		45.67
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				1st Run		2nd Run		3rd Run

		Mass KHP		0.8630 g		0.8054 g		0.8433 g

		Vol. Titrant		41.09 ml		38.09 ml		39.90 ml

		Molarity of NaOH		0.10285 M		0.10355 M		0.10348 M

				0		1.34		3.6

				2.28		1.33		5.88

				3.84		1.32		7.44

				4.8		1.33		8.4

				6.9		1.35		10.5

				8.29		1.36		11.89

				10.23		1.39		13.83

				12.28		1.42		15.88

				14.14		1.46		17.74

				16.04		1.5		19.64

				17.75		1.54		21.35

				19.79		1.59		23.39

				21.9		1.66		25.5

				23.02		1.71		26.62

				23.76		1.75		27.36

				24.61		1.81		28.21

				25.08		1.84		28.68

				25.61		1.88		29.21

				26.73		1.97		30.33

				27.71		2.08		31.31

				28.21		2.15		31.81

				28.57		2.21		32.17

				29.14		2.32		32.74

				29.76		2.46		33.36

				30.12		2.59		33.72

				30.96		3.14		34.56

				31		3.24		34.6

				31.08		3.35		34.68

				31.11		3.48		34.71

				31.2		3.66		34.8

				31.25		4		34.85

				31.3		4.99		34.9

				31.35		5.9		34.95

				31.4		6.45		35

				31.45		7.4		35.05

				31.5		9.12		35.1

				31.55		9.45		35.15

				31.6		9.74		35.2

				31.65		9.91		35.25

				31.7		10.07		35.3

				31.75		10.2		35.35

				31.8		10.31		35.4

				31.85		10.39		35.45

				31.9		10.47		35.5

				32.4		10.87		36

				33.4		11.23		37

				34.4		11.42		38

				36.5		11.61		40.1

				39		11.75		42.6

				41.3		11.85		44.9

				43.4		11.9		47
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Sheet1

		

				Input		Outputs												Constants

				pH		[H+]		[OH-]		alph A-		phi		Vb				Ca		Va		Ka		Cb

				3		0.001		0		0.0088337789		0.0000129779		0.0005188655		3		0.11337		36.5		8.91E-06		0.1035

				4		0.0001		0.0000000001		0.08183183		0.0808716265		3.2333062312		4		0.11337		36.5		8.91E-06		0.1035

				5		0.00001		0.000000001		0.4712494534		0.4711157416		18.835548737		5		0.11337		36.5		8.91E-06		0.1035

				6		0.000001		0.00000001		0.8991173779		0.8991000454		35.9466713362		6		0.11337		36.5		8.91E-06		0.1035

				6.5		0.0000003162		0.0000000316		0.965734451		0.965729285		38.6105566195		6.5		0.11337		36.5		8.91E-06		0.1035

				6.75		0.0000001778		0.0000000562		0.9804376975		0.9804354731		39.1985206744		6.75		0.11337		36.5		8.91E-06		0.1035

				6.85		0.0000001413		0.0000000708		0.9843983388		0.9843970472		39.3569072776		6.85		0.11337		36.5		8.91E-06		0.1035

				6.9		0.0000001259		0.0000000794		0.9860713726		0.9860705202		39.4238139403		6.9		0.11337		36.5		8.91E-06		0.1035

				6.95		0.0000001122		0.0000000891		0.9875672656		0.9875668419		39.4836379655		6.95		0.11337		36.5		8.91E-06		0.1035

				7		0.0000001		0.0000001		0.9889043119		0.9889043119		39.5371109869		7		0.11337		36.5		8.91E-06		0.1035

				7.05		0.0000000891		0.0000001122		0.9900990106		0.9900994349		39.5848928703		7.05		0.11337		36.5		8.91E-06		0.1035

				7.1		0.0000000794		0.0000001259		0.9911662224		0.9911670771		39.6275779789		7.1		0.11337		36.5		8.91E-06		0.1035

				7.15		0.0000000708		0.0000001413		0.9921193167		0.9921206136		39.6657010593		7.15		0.11337		36.5		8.91E-06		0.1035

				7.2		0.0000000631		0.0000001585		0.992970309		0.9929720657		39.6997427309		7.2		0.11337		36.5		8.91E-06		0.1035

				7.25		0.0000000562		0.0000001778		0.9937299881		0.9937322281		39.7301345747		7.25		0.11337		36.5		8.91E-06		0.1035

				7.3		0.0000000501		0.0000001995		0.9944080331		0.9944107864		39.7572638292		7.3		0.11337		36.5		8.91E-06		0.1035

				7.35		0.0000000447		0.0000002239		0.9950131216		0.9950164251		39.7814777025		7.35		0.11337		36.5		8.91E-06		0.1035

				7.4		0.0000000398		0.0000002512		0.9955530283		0.995556926		39.8030873196		7.4		0.11337		36.5		8.91E-06		0.1035

				7.45		0.0000000355		0.0000002818		0.9960347147		0.9960392585		39.8223713233		7.45		0.11337		36.5		8.91E-06		0.1035

				7.5		0.0000000316		0.0000003162		0.9964644111		0.9964696616		39.8395791504		7.5		0.11337		36.5		8.91E-06		0.1035

				7.55		0.0000000282		0.0000003548		0.996847691		0.996853718		39.854934005		7.55		0.11337		36.5		8.91E-06		0.1035

				7.6		0.0000000251		0.0000003981		0.9971895382		0.9971964219		39.8686355528		7.6		0.11337		36.5		8.91E-06		0.1035

				7.65		0.0000000224		0.0000004467		0.9974944075		0.9975022393		39.8808623561		7.65		0.11337		36.5		8.91E-06		0.1035

				7.7		0.00000002		0.0000005012		0.9977662797		0.9977751638		39.8917740731		7.7		0.11337		36.5		8.91E-06		0.1035

				7.75		0.0000000178		0.0000005623		0.998008711		0.9980187654		39.9015134408		7.75		0.11337		36.5		8.91E-06		0.1035

				7.8		0.0000000158		0.000000631		0.9982248774		0.9982362356		39.9102080606		7.8		0.11337		36.5		8.91E-06		0.1035

				7.85		0.0000000141		0.0000007079		0.9984176148		0.9984304279		39.9179720058		7.85		0.11337		36.5		8.91E-06		0.1035

				7.9		0.0000000126		0.0000007943		0.998589455		0.998603893		39.9249072664		7.9		0.11337		36.5		8.91E-06		0.1035

				7.95		0.0000000112		0.0000008913		0.9987426576		0.9987589122		39.9311050482		7.95		0.11337		36.5		8.91E-06		0.1035

				8		0.00000001		0.000001		0.9988792391		0.9988975263		39.9366469394		8		0.11337		36.5		8.91E-06		0.1035

				8.05		0.0000000089		0.000001122		0.9990009991		0.9990215615		39.9416059591		8.05		0.11337		36.5		8.91E-06		0.1035

				8.1		0.0000000079		0.0000012589		0.9991095427		0.9991326536		39.9460474982		8.1		0.11337		36.5		8.91E-06		0.1035

				8.15		0.0000000071		0.0000014125		0.9992063023		0.9992322682		39.9500301659		8.15		0.11337		36.5		8.91E-06		0.1035

				8.2		0.0000000063		0.0000015849		0.9992925551		0.9993217209		39.9536065494		8.2		0.11337		36.5		8.91E-06		0.1035

				8.25		0.0000000056		0.0000017783		0.9993694406		0.9994021935		39.9568238987		8.25		0.11337		36.5		8.91E-06		0.1035

				8.3		0.000000005		0.0000019953		0.9994379748		0.9994747495		39.9597247417		8.3		0.11337		36.5		8.91E-06		0.1035

				8.35		0.0000000045		0.0000022387		0.9994990639		0.9995403486		39.9623474405		8.35		0.11337		36.5		8.91E-06		0.1035

				8.4		0.000000004		0.0000025119		0.9995535159		0.9995998586		39.9647266933		8.4		0.11337		36.5		8.91E-06		0.1035

				8.45		0.0000000035		0.0000028184		0.9996020513		0.9996540671		39.9668939893		8.45		0.11337		36.5		8.91E-06		0.1035

				8.5		0.0000000032		0.0000031623		0.9996453125		0.9997036918		39.9688780221		8.5		0.11337		36.5		8.91E-06		0.1035

				8.55		0.0000000028		0.0000035481		0.9996838722		0.99974939		39.9707050672		8.55		0.11337		36.5		8.91E-06		0.1035

				8.6		0.0000000025		0.0000039811		0.9997182411		0.9997917669		39.9723993278		8.6		0.11337		36.5		8.91E-06		0.1035

				8.65		0.0000000022		0.0000044668		0.9997488745		0.9998313841		39.9739832538		8.65		0.11337		36.5		8.91E-06		0.1035

				8.7		0.000000002		0.0000050119		0.999776178		0.9998687668		39.9754778379		8.7		0.11337		36.5		8.91E-06		0.1035

				8.75		0.0000000018		0.0000056234		0.9998005136		0.9999044103		39.9769028932		8.75		0.11337		36.5		8.91E-06		0.1035

				8.8		0.0000000016		0.0000063096		0.9998222037		0.9999387874		39.9782773147		8.8		0.11337		36.5		8.91E-06		0.1035

				8.85		0.0000000014		0.0000070795		0.9998415358		0.999972354		39.9796193293		8.85		0.11337		36.5		8.91E-06		0.1035

				8.9		0.0000000013		0.0000079433		0.9998587662		1.0000055552		39.9809467374		8.9		0.11337		36.5		8.91E-06		0.1035

				8.95		0.0000000011		0.0000089125		0.9998741233		1.0000388315		39.9822771483		8.95		0.11337		36.5		8.91E-06		0.1035

				9		0.000000001		0.00001		0.9998878108		1.0000726244		39.9836282137		9		0.11337		36.5		8.91E-06		0.1035

				9.05		0.0000000009		0.0000112202		0.99990001		1.0001073824		39.9850178623		9.05		0.11337		36.5		8.91E-06		0.1035

				9.1		0.0000000008		0.0000125893		0.9999108829		1.0001435667		39.9864645371		9.1		0.11337		36.5		8.91E-06		0.1035

				9.2		0.0000000006		0.0000158489		0.9999292104		1.0002221609		39.9896067898		9.2		0.11337		36.5		8.91E-06		0.1035

				9.3		0.0000000005		0.0000199526		0.999943769		1.0003125946		39.9932223969		9.3		0.11337		36.5		8.91E-06		0.1035

				9.4		0.0000000004		0.0000251189		0.9999553336		1.0004196878		39.9975040613		9.4		0.11337		36.5		8.91E-06		0.1035

				9.5		0.0000000003		0.0000316228		0.9999645199		1.0005491502		40.0026800602		9.5		0.11337		36.5		8.91E-06		0.1035

				9.6		0.0000000003		0.0000398107		0.999971817		1.0007078866		40.0090264585		9.6		0.11337		36.5		8.91E-06		0.1035

				9.7		0.0000000002		0.0000501187		0.9999776133		1.0009043674		40.016881902		9.7		0.11337		36.5		8.91E-06		0.1035

				9.8		0.0000000002		0.0000630957		0.9999822175		1.0011490827		40.0266657978		9.8		0.11337		36.5		8.91E-06		0.1035

				9.9		0.0000000001		0.0000794328		0.9999858748		1.0014551073		40.0389008823		9.9		0.11337		36.5		8.91E-06		0.1035

				10		0.0000000001		0.0001		0.9999887799		1.0018388059		40.0542414283		10		0.11337		36.5		8.91E-06		0.1035

				10.1		0.0000000001		0.0001258925		0.9999910876		1.0023207192		40.0735086747		10.1		0.11337		36.5		8.91E-06		0.1035

				10.2		0.0000000001		0.0001584893		0.9999929206		1.0029266817		40.0977354927		10.2		0.11337		36.5		8.91E-06		0.1035

				10.3		0.0000000001		0.0001995262		0.9999943766		1.0036892336		40.1282228707		10.3		0.11337		36.5		8.91E-06		0.1035
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				1st Run		2nd Run		3rd Run

		Mass KHP		0.8630 g		0.8054 g		0.8433 g

		Vol. Titrant		41.09 ml		38.09 ml		39.90 ml

		Molarity of NaOH		0.10285 M		0.10355 M		0.10348 M
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