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Data Tables

Table 1.  Formation of a stock solution of NaOH	

	
Volume of concentrated NaOH solution (mL)

	4mL

	
Concentration of concentrated NaOH solution (M)

	6 mol/L

	
Volume of stock solution after dilution (mL)

	254mL

	
Approximate concentration of stock solution (M)

	0.09449



Table 2.  Standardization of Stock Solution of NaOH	

	Data
	Trial 1
	Trial 2l
	Trial 3

	
Concentration of Standard Acid solution (M)

	0.1000 mol/L
	0.1000mol/L
	0.1000mol/L

	
Volume of Standard Acid solution (mL)

	10mL
	10mL
	10mL

	
Volume of stock solution of NaOH (mL)

	Visual: 8.262mL
FD: 9.905mL
	Visual: 11.42mL
FD: 11.67mL
	Visual: 8.473mL
FD: 8.464mL

	
Concentration of stock solution of NaOH (M)

	Visual: 0.121 mol/L
FD: 0.110 mol/L
	Visual: 0.0876 mol/L
FD: 0.0857
	Visual: 0.118mol/L
FD: 0.118 mol/L

	
Average Concentration of stock solution of NaOH (M)

	Visual: 0.104 mol/L (using only Trails #1 and #2)
FD: 0.0987 mol/L (using only Trails #1 and #2)




Table 3.  Determination of the Concentration of an Unknown Acid

	Data
	Trial 1
	Trial 2
	Trial 3

	
Sample Number of Unknown Acid 

	2
	2
	2

	
Volume of Unknown Acid solution (mL)

	10mL
	10mL
	10mL

	
Volume of stock solution of NaOH (mL)

	Visual: 5.381 mL
FD: 5.333 mL
	Visual: 4.607mL
FD: 4.500 mL
	Visual: 4.674mL
FD: 4.286 mL

	
Concentration of stock solution of NaOH (M)

	0.0987 mol/L
	0.0987 mol/L
	0.0987 mol/L

	
Concentration of Unknown Acid Solution (M)

	Visual:0.0917mol/L
FD: 0.0926 mol/L
	Visual: 0.107 mol/L
FD: 0.110 mol/L
	Visual: 0.106 mol/L
FD: 0.150 mol/L

	
Average Concentration of Unknown Acid solution (M)

	Visual: 0.1065 mol/L (using only Trails #2 and #3)
FD: 0.130 mol/L (using only Trails #2 and #3)



	



Table 4.  Determination of the Mass Percentage of Acid in a Juice

	Data
	Trial 1
	Trial 2
	Trial 3

	
Sample Number of Juice 

	1
	1
	1

	
Volume of Juice (mL)

	10mL
	10mL
	10mL

	
Volume of stock solution of NaOH (mL)

	Visual: 6.654 mL
FD: 6.036 mL
	Visual: 6.607 mL
FD: 6.571 mL
	Visual: 7.786 mL
FD: 7.000 mL

	
Concentration of stock solution of NaOH (M)

	0.0987 mol/L
	0.0987 mol/L
	0.0987 mol/L

	
Concentration of acid in Juice (M)

	Visual:0.0494mol/L
FD: 0.0545 mol/L
	Visual:0.0498mol/L
FD: 0.0501 mol/L
	Visual:0.0422mol/L
FD: 0.0470mol/L

	
Average Concentration of Acid in Juice (M)

	Visual: 0.0471 mol/L (using only Trails #1, #2 and #3)
FD: 0.0505 mol/L (using only Trails #1, #2 and #3)

	
Density of Juice (g/mL)

	0.9974 g/cm3

	
Molar Mass of acid in Juice (g/mol)

	192.124 g/mol 

	
Mass Percent of Acid in Juice (%)

	0.973%



	

Observations (all parts of the experiment):

Part 1: 
· NaOH: clear with no distinct odor 
· HCl: clear with no distinct odor 

Part 2: 
· HCl: clear with no distinct odor 
When a sufficient quantity (approximately 9mL) of the stock solution was added to a solution containing HCl, the pH of the solution drastically rose until it reached a pH of approximately 12 after which it plateaued. This drastic rise was observed after the equivalence point was reached as the colour of the solution suddenly turned pink due to the presence of phenolphthalein. 



Part 3: 
· Unknown acid (#2) solution: clear with no distinct odour
When a sufficient quantity (approximately 4.5 mL) of the stock solution was added to a solution containing the diprotic unknown acid, the pH of the solution drastically rose until it reached a pH of approximately 12 after which it plateaued. This drastic rise was observed after the equivalence point was reached as the colour of the solution suddenly turned pink due to the presence of phenolphthalein. 

Part 4: 
· Juice (#1) containing acid: slightly green and clear with no distinct odour
When a sufficient quantity (approximately 4.5 mL) of the stock solution was added to a solution of juice containing an acid, the pH of the solution drastically rose until it reached a pH of approximately 12 after which it plateaued. This drastic rise was observed after the equivalence point was reached as the colour of the solution suddenly turned pink due to the presence of phenolphthalein. 






Table 5: Three trials measuring the pH and Volume (in mL) of the Standardization of a Stock Solution of NaOH as well as a calculated column of the First derivative of the pH
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Table 6: Three trials measuring the pH and Volume (in mL) of a Solution containing an Unknown Acid as well as a calculated column of the First derivative of the pH
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Table 7: Three trials measuring the pH and Volume (in mL) of solution of juice containing an acid as well as a calculated column of the First derivative of the pH
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Figure 1: Graphical representation of the first trial of the standardized stock solution of NaOH measured using pH as a function of Volume (mL).
[image: ]

Figure 2: Graphical representation of the first trial of the standardized stock solution of NaOH measured using the first derivative of the pH as a function of Volume (mL). This graphical representation displays the volume of the stock solution of the NaOH at which the maximum pH occurred. A maximum pH of 17.39 occurs at 9.095mL. 
[image: ]
Figure 3: Graphical representation of the second trial of the standardized stock solution of NaOH measured using pH as a function of Volume (mL).
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Figure 4: Graphical representation of the second trial of the standardized stock solution of NaOH measured using the first derivative of the pH as a function of Volume (mL). This graphical representation displays the volume of the stock solution of the NaOH at which the maximum pH occurred. A maximum pH of 12.73 occurs at 11.67. 
[image: ]
Figure 5: Graphical representation of the third trial of the standardized stock solution of NaOH measured using pH as a function of Volume (mL).
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Figure 6: Graphical representation of the third trial of the standardized stock solution of NaOH measured using the first derivative of the pH as a function of Volume (mL). This graphical representation displays the volume of the stock solution of the NaOH at which the maximum pH occurred. A maximum pH of 8.973 occurs at 8.464. 
[image: ] Figure 7: Graphical representation of the first trial of the unknown acid (2) measured using pH as a function of Volume (mL).
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Figure 8: Graphical representation of the first trial of the unknown acid (2) measured using the first derivative of the pH as a function of Volume (mL). This graphical representation displays the volume of the stock solution of the NaOH at which the maximum pH occurred. A maximum pH of 17.19 occurs at 5.333. 

[image: ]
Figure 9: Graphical representation of the second trial of the unknown acid (2) measured using pH as a function of Volume (mL).
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Figure 10: Graphical representation of the second trial of the unknown acid (2) measured using the first derivative of the pH as a function of Volume (mL). This graphical representation displays the volume of the stock solution of the NaOH at which the maximum pH occurred. A maximum pH of 15.79 occurs at 4.500. 

[image: ]
Figure 11: Graphical representation of the third trial of the unknown acid (2) measured using pH as a function of Volume (mL).
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Figure 12: Graphical representation of the third trial of the unknown acid (2) measured using the first derivative of the pH as a function of Volume (mL). This graphical representation displays the volume of the stock solution of the NaOH at which the maximum pH occurred. A maximum pH of 15.50 occurs at 4.286. 
[image: ]
Figure 13: Graphical representation of the first trial of the juice solution containing acid measured using pH as a function of Volume (mL).
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Figure 14: Graphical representation of the first trial of the juice solution containing acid measured using the first derivative of the pH as a function of Volume (mL). This graphical representation displays the volume of the stock solution of the NaOH at which the maximum pH occurred. A maximum pH of 15.50 occurs at 4.286. 
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Figure 15: Graphical representation of the second trial of the juice solution containing acid measured using pH as a function of Volume (mL).
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Figure 16: Graphical representation of the second trial of the juice solution containing acid measured using the first derivative of the pH as a function of Volume (mL). This graphical representation displays the volume of the stock solution of the NaOH at which the maximum pH occurred. A maximum pH of 15.50 occurs at 4.286. 
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Figure 17: Graphical representation of the third trial of the juice solution containing acid measured using pH as a function of Volume (mL).
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Figure 18: Graphical representation of the third trial of the juice solution containing acid measured using the first derivative of the pH as a function of Volume (mL). This graphical representation displays the volume of the stock solution of the NaOH at which the maximum pH occurred. A maximum pH of 15.50 occurs at 4.286. 




Sample Calculation: (Part 1)

1. Approximate concentration of stock solution



 254mL








Sample Calculation: (Part 2)

2. Exact concentration of stock solution (from visual endpoint and cV calculations AND by first derivative from titration curve using LabQuest 2 data):





Concentration of Stock Solution  Using Visual Endpoint (for trails #1 and #2)

Trial #1
 8.262mL







Trial #2
	 








Concentration of Stock Solution  First Derivative (for trails #1 and #2)

Trial #1
9.095mL





Trial #2
11.67mL








3. Average concentration of stock solution:





							       





							       


Sample Calculation: (Part 3)

4. Concentration of Unknown Acid (from visual endpoint and cV calculations AND by first derivative from titration curve using LabQuest data):





	



Concentration of Stock Solution  Using Visual Endpoint (for trails #2 and #3)

Trial #2
 4.607mL




Trial #3
 4.674mL




Concentration of Stock Solution  First Derivative (for trails #2 and #3)

Trial #2
 4.607mL




Trial #3
 4.674mL














5. Average concentration of unknown acid:





							    	   





							     	  


Sample Calculation: (Part 4)

6. Concentration of acid in juice (from visual endpoint and cV calculations AND by first derivative from titration curve using LabQuest data):

	



Concentration of Stock Solution  Using Visual Endpoint (for trails #1, #2 & #3)

Trial #1
 6.654mL





Trial #2
 6.607mL




Trial #3
 7.786mL




Concentration of Stock Solution  First Derivative (for trails #1, #2 & #3)

Trial #1
 




Trial #2
 




Trial #3
 7.000mL






7. Average concentration of acid in juice:





						    





						    



8.	Mass percentage of acid in juice:
	
	
	 
	



Discussion (in space provided):
This experiment used volumetric titration in order to measure the concentration of a stock solution that is required to titrate a monoprotic, diprotic and diprotic acid. This allowed for the determination of the concentration of an unknown diprotic acid (part 3) as well as the mass percent of citric acid in juice.

The equivalence points in the experiment were determined both visually and graphically. The experimental and graphic values were both used in the calculations in order to make comparisons between the two. For the second part of the experiment, the average concentration of the stock solution that was determined visually was 0.104 mol/L while the graphically determined concentration was 0.0987 mol/L. Although the visual average does not deviate far from the experimental average, the fact that the visual one is higher demonstrates that on average, that the visual equivalence point was recorded slightly sooner than it actually occurred. For the third part of the experiment, the average concentration of the unknown acid that was determined visually was 0.1065 mol/L while the experimentally determined concentration was 0.130 mol/L. The difference between the visual and graphically concentration values can be accounted for the fact that the visual equivalence point was recorded slightly later than it actually occurred. For the last part of the experiment, the average concentration of the acid in the juice that was determined visually was 0.0471 mol/L while the experimentally determined concentration was 0.0505 mol/L. The difference between the visual and graphically concentration values can be accounted for by the fact that the visual equivalence point was recorded slightly sooner than it actually occurred.

In order to ensure accuracy and increase the validity of the experiment, multiple trials were conducted. However, when the average concentrations were calculated, not all of the trials were taken into account. For the second part of the experiment, where the concentration of the stock solution was calculated, only trials one and two were taken into account. This is because the average of these two trails yielded the closest possible concentration value to the approximate concentration value that was determined in the first part of the experiment. In the third part of the experiment, where the concentration of the diprotic unknown acid was calculated, only trials two and three were taken into account because the concentration obtained in trail one deviated somewhat significantly from the other two concentrations. In the last part of the experiment, where the concentration of citric acid in the juice was calculated, all three trials were taken into account because all three on them were relatively close and thus appeared to be valid. 

	During this experiment, there was potential for several experimental errors to occur. First of all, the solutions of the monoprotic, diprotic and diprotic acids as well as the solution of NaOH may have been contaminated. This was not a foreseeable nor was it a preventable error; however, it would yielding inaccurate concentrations thereby altering the results.  Second, the burrete was rinsed with distilled water after every part of the experiment. This likely caused the acid to be slightly diluted as it was being transferred into the beaker before the titration. This would inherently result in a less concentrated acid.In spite of these experimental errors, using logger-pro a well as conducting several trials for each part of the experiment reduced the effect that these errors had on the results. 

The volume of concentrated NaOH that is used in the beginning of the experiment is important because it determines the concentration of the diluted solution which is used as the stock solution all throughout the experiment. It is important to find the concentration of the NaOH stock solution before it is used because determines the concentration of the unknown acid and the citric acid in the juice (using C1V1=C2V2 relationship).

In order to determine the mass percent of the juice an equation was used which included a factor of 1000 in the denominator.  This factor of 100 accounted for the fact that the density was in units of g/mL in the equation while the concentration of the acid was in mol/L. The factor of 1000 converted the density of the juice from g/mL to g/L so that the units cancel out when calculating the mass percent of the juice.



Conclusion:  
The concentration of unknown acid #2 is 0.130 mol/L.
The mass percent of acid in the juice#1 is 0.973%.




Raw Data 
[image: ]

[image: C:\Users\sheli\Pictures\Camera Roll\WIN_20151206_13_33_09_Pro.jpg]
[image: C:\Users\sheli\Pictures\Camera Roll\WIN_20151206_13_35_05_Pro.jpg]
[image: C:\Users\sheli\Pictures\Camera Roll\WIN_20151206_13_36_09_Pro.jpg]


image4.png
pH

|
5

Volume (mL)

10




image5.png
First Derivative

15—

10

=

Statistics for: Stock Solution Trial #1 | First Derivative
min: 0.4219 at 9.952 max: 17.39 at 9.095

mean: 4.416 median: 1.445

std. dev: 5.337 samples: 41

Ay: 16.968

\
5

Volume (mL)





image6.png
pH

' \
10
Volume (mL)





image7.png
First Derivative

HE
Statistics for: Stock Solution Trial #2 | First Derivative
min: 0.4621 at 12.52 max: 12.73 at 11.67
mean: 3.793 median: 1.981
std. dev: 3.573 samples: 47

Ay: 12.264

N

10
Volume (mL)




image8.png
pH

Volume (mL)




image9.png
First Derivative

=

Statistics for: Stock Solution Trial #3 | First Derivative
min: 0.4615 at 9.500 max: 8.973 at 8.464

mean: 3.230 median: 1.956

std. dev: 2.741 samples: 76

Ay: 8.511

|
5

Volume (mL)

10




image10.png
pH

12

10—

\
4

Volume (mL)





image11.png
First Derivative

15—+

g =

Statistics for: Unknown Acid Trial #1 | First Derivative
i min: 0.3318 at 6.095 max: 17.19 at 5.333

mean: 4.914 median: 2.718

std. dev: 4.653 samples: 35

Ay: 16.859

1 | | |
0 2 4 6 8

Volume (mL)




image12.png
pH

12

10—

Volume (mL)




image13.png
First Derivative

15
| X
10 Statistics for: Unknown Acid Trial#2 | First Derivative
min: -0.08901 at 3.857 max: 15.79 at 4.500
i mean: 5.732 median: 5.750
std. dev: 3.849 samples: 40
N Ay: 15.882
5
0
-5
0 2 4

Volume (mL)





image14.png
pH

[é,]

Volume (mL)





image15.png
First Derivative

15

10

Statistics for: Unknown Acid Trial#3 | First Derivative
min: -3.325 at 3.821 max: 15.50 at 4.286

mean: 5.661 median: 5.134
std. dev: 4.579 samples: 41

Ay: 18.830

U

-,

Volume (mL)





image16.png
pH

11

[¢,]

5
Volume (mL)

10





image17.png
First Derivative

10

[6)]

Statistics for: Juice Trial #1 | First Derivative
min: -0.3455 at 7.071 max: 11.10 at 6.036
mean: 2.627 median: 1.161

std. dev: 2.714 samples: 58

Ay: 11.448

|
5

Volume (mL)

10





image18.png
pH

11+

Volume (mL)

10




image19.png
First Derivative

L
Statistics for: Juice Trial #2 | First Derivative
min: -0.2282 at 7.357 max: 7.546 at 6.571

i mean: 2.098 median: 1.264

std. dev: 2.115 samples: 65

Ay: 7.774

10
Volume (mL)




image20.png
pH

11+

w

Volume (mL)

10




image21.png
First Derivative

X
Statistics for: Juice Trial #3 | First Derivative
min: 0.4623 at 7.643 max: 6.618 at 7.000

mean: 2.418 median: 1.917
std. dev: 1.735 samples: 52

Ay: 6.155

. "y

Volume (mL)

10




image22.png
BEES 08+ Document1 - Word ?7EH - X

HOME = INSERT DESIGN  PAGELAYOUT  REFERENCES MAILINGS REVIEW  VIEW sheli gomberg ~ 1
f i(‘w Calibri (Body) |11 ~|A" A" Aa~ A 81 91 | naBbcede AaBbceDe AaBhCc Aasbeer AQ B Asebeer Aasbceda AdBbCDa - g::::a;e
Pafte S Formatpainter B 1 U e X, X A-¥-A- - D~ | TNormal | TNoSpac. Heading 1 Heading 2 Title Subtitle  Subtle Em.. Emphasis |<| |\ Select~
Clipboard [ Font [ Paragraph [ Styles n Editing ~
Navigation Mt
Search document P -

HEADINGS PAGES ~ RESULTS

Create an interactive outline of your R Run2 Run3 Run4 Run§ Run6 Run7. Rung Run9
Voume | g |Voume| pA [Vome| pH |Voume| pH |Vaume| pH |Voume| pH [Voume| pH |Vaume| pH |Volume| pH
document. (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL)

1] 000 191 0000 183 000 206 0000 250 0000 222 000 22 000 33 0000 328 0000 321
2| oos 131 008 193 008 205 0048 248 00% 224 00% 228 00% 33 008 326 0036 321

It's a great way to keep track of where you are 3| 0095 191 0095 19 0071 205 009 248 0071 224 00M 227 0071 334 0071 325 0071 323
b 4| o3 191 03 183 0107 204 0143 248 0107 22 0107 225 0107 333 0107 325 0107 323

or quickly move your content around. 5| 01 191 010 195 O3 206 010 247 0143 226 013 220 013 3% 0143 325 014 328
6| o;s o1 028 1% 019 204 023 247 019 224 0M79 227 0179 33 O0f79 325 0479 324

7| o 122 o2 1% 0214 204 028 246 0214 225 0214 227 0214 33 0214 327 0214 326

To get started, go to the Home tab and apply B o3 1o 03 1Sz 020 203 03 246 020 225 020 228 020 33 020 3 020 32

5 — 9| o 191 03 19 02 203 033 246 02 225 028 228 02 33 028 328

Heading styles to the headings in your 10| 049 st 040 1% 0321 208 049 244 031 225 0821 228 0320 33 021 328 031 328
document. M| 0476 191 0476 192 0357 208 0476 244 0357 226 0357 228 0357 333 037 328 037 331
12| 054 192 054 19 038 203 052 242 031 226 033 229 0393 33 0308 329 0303 331
13| 0511 191 0571 192 0429 202 0571 241 0429 226 0429 229 0429 333 0429 329 0420 332
4| 0619 1% 0619 19 0464 203 0619 240 0464 228 0468 233 046i 333 0d6s 33 0464 333
15| 0667 192 0667 192 050 202 0667 240 0500 227 080 229 0500 333 050 334 0500 334
16| 0714 1% 0714 192 058 202 0714 239 05% 227 053 229 05% 33 05% 334 05% 333
7| o7 1% 072 1% 0511 202 072 240 0571 227 05T 230 0571 3% 0511 3% OST1 338
18| 0810 1% 080 192 067 202 0810 240 0607 228 0607 229 0607 33 067 3% 0607 335
19| 08w 1% 087 1% 068 202 085 240 063 229 0643 230 063 33 063 3y 0643 337
20| 05 1% 05 19 0679 202 05 240 069 228 0679 230 0675 335 0619 3 0679 339
21| o2 1% 082 1% 0714 202 0% 240 0714 228 0714 230 0714 3% 0714 3ap 0714 341
2| 100 1% 100 192 07% 202 1000 240 07% 228 07% 230 0750 3y 07 341 0750 341
28| 1048 19 1088 1% 078 202 1048 239 078 228 078 231 078 33 076 343 0788 343

24| 1095 193 1095 192 081 202 1095 240 0821 229 081 23 0821 [ 344 0821 345
26| 110 193 119 192 089 202 1150 240 0893 230 0893 233 0893 339 0893 348 gggs g::

‘Stock Solion Tria B | Stock Soluion Trial #2 | _ Stook Soution Trial 23|
Voume| pH | FD [Voume| pH | FO [Voume| pd | FD

PAGE10F2 OWORDS [|# ENGLISH (CANADA)





image23.jpeg




image24.jpeg




image25.jpeg
Sample Number ol Suice

Wome f ke (1)

Vebume o oxd ron of
perren

P —
ety

s
e (0}

Compeetratoon ot s s Jows
)

Average Comcentration of
Ak i e ()

[ -

(41N 6. 627





image1.png
& Logger Pro - 5.2* - X
File Edit Experiment Data Analyze Insert Options Page Help

DS W &|<Paget v][»MEGAQARLL|LTAMIR (IEE
No device connected.
Stock Solution Tria #1 Stock Solution Trial #2 Stock Solution Trial #3 Unknown Acid Trial #1 Unknown Acid Trial#2 Unknown Acid Tri|
Volume pH FD Volume pH FD Volume pH FD Volume pH FD Volume pH FD Volume pH
(mL) (mL) (mL) (mL) (mL) (mL)
1 0.000 1.91 0.000 0.000 1.93 -0.043 0.000 2.06 -0.148 0.000 2.50 -0.259 0.000 2.22 0.406 0.000 2.26|%

2 0.048 1.91 0.000 0.048 1.93 -0.072  0.036 2.05 -0.139  0.048 2.48 -0.183 0.036 2.24 0.197  0.036 2.28
3 0.095 1.91 0.004  0.095 1.92 -0.045  0.071 2.05 -0.126 0.095 2.48 -0.102 0.071 2.24 -0.022  0.071 2.27
4 0.143 1.91 0.018  0.143 1.93 0.002  0.107 2.04 -0.088  0.143 2.48 -0.103 0.107 2.23 -0.026  0.107 2.26
5 0.190 1.91 0.057  0.190 1.93 -0.033  0.143 2.04 -0.078  0.190 2.47 -0.094  0.143 2.24 0.063  0.143 2.29
6 0.238 1.91 0.093 0.238 1.92 -0.038  0.179 2.04 -0.078  0.238 2.47 -0.063 0.179 2.24 0.152  0.179 2.27
7 0.286 1.92 0.012 0.286 1.92 -0.021 0.214 2.04 -0.084  0.286 2.46 -0.057  0.214 2.25 0.125 0.214 2.27
8 0.333 1.91 -0.052 0.333 1.92 -0.030  0.250 2.03 -0.106 0.333 2.46 -0.063 0.250 2.25 0.052  0.250 2.28
-9 | 0381 1.91 -0.015  0.381 1.92 -0.003  0.286 2.03 -0.067  0.381 2.46 -0.182 0.286 2.25 0.068  0.286 2.28
10 0.429 1.91 0.003 0.429 1.92 0.015  0.321 2.03 -0.024 0429 2.44 -0.239  0.321 2.25 0.082  0.321 2.28
1" 0.476 1.91 0.031 0.476 1.92 -0.030  0.357 2.03 -0.016 0.476 2.44 -0.235  0.357 2.26 0.118  0.357 2.28
12 0.524 1.92 0.013 0.524 1.92 -0.035 0.393 2.03 -0.042 0.524 242 -0.244  0.393 2.26 0.096  0.393 2.29
" 13 0.571 1.91 0.013 0.571 1.92 -0.012  0.429 2.02 -0.017  0.571 241 -0.198  0.429 2.26 0.109  0.429 2.29
14 0.619 1.92 0.031 0.619 1.92 -0.003  0.464 2.03 -0.017 0619 2.40 -0.120 0.464 2.28 0.055  0.464 2.33
15 0.667 1.92 0.012 0.667 1.92 0.000  0.500 2.02 -0.042 0.667 2.40 -0.058  0.500 2.27 -0.014  0.500 2.29
16 0.714 1.92 0.015 0.714 1.92 0.000  0.536 2.02 -0.013 0.714 2.39 -0.006 0.536 2.27 0.032  0.536 2.29
17 0.762 1.92 0.038  0.762 1.92 0.000  0.571 2.02 -0.004 0.762 2.40 0.028  0.571 2.27 0.126  0.571 2.30
18 0.810 1.92 0.038  0.810 1.92 0.000  0.607 2.02 0.000 0.810 2.40 0.009  0.607 2.28 0.179  0.607 2.29
19 0.857 1.92 0.012 0.857 1.92 0.003  0.643 2.02 0.000 0.857 2.40 0.003 0.643 2.29 0.032  0.643 2.30
20 0.905 1.92 0.006 0.905 1.92 0.012  0.679 2.02 0.000 0.905 2.40 -0.003 0.679 2.28 -0.069  0.679 2.30
21 0.952 1.92 0.012 0.952 1.92 0.038 0.714 2.02 -0.004 0952 2.40 -0.009 0.714 2.28 -0.028 0.714 2.30
22 1.000 1.92 0.038 1.000 1.92 0.038  0.750 2.02 -0.012 1.000 2.40 -0.028  0.750 2.28 -0.011 0.750 2.30
23 1.048 1.93 0.038 1.048 1.92 0.012  0.786 2.02 -0.035 1.048 2.39 0.000 0.786 2.28 0.109  0.786 2.31
24 1.095 1.93 0.012 1.095 1.92 0.003  0.821 2.02 0.000 1.095 2.40 0.031 0.821 2.29 0.161 0.821 2.34
25 1.143 1.93 0.009 1.143 1.92 0.003  0.857 2.02 0.035 1.143 2.40 0.027  0.857 2.29 0.115  0.857 2.32
26 1.190 1.93 0.024 1.190 1.92 0.012  0.893 2.02 0.012 1.190 2.40 0.063 0.893 2.30 0.135  0.893 2.33
27 1.238 1.93 0.079 1.238 1.92 0.038 _ 0.929 2.02 0.004 1.238 2.40 0.108  0.929 2.30 0.145  0.929 2.34|v|
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Solution T Stock Solution Trial #2 Stock Solution Trial #3 Unknown Acid Trial #1 Unknown Acid Trial#2 Unknown Acid Trial#3 Juf

FD Volume pH FD Volume pH FD Volume pH FD Volume pH FD Volume pH FD Volume
(mL) (mL) (mL) (mL) (mL) (mL)
1] 0.000 0.000 1.93 -0.043 0.000 2.06 -0.148 0.000 2.50 -0.259 0.000 2.22 0.406 0.000 2.26 0.170 0.00¢=
2 | 0.000 0.048 1.93 -0.072 0.036 2.05 -0.139 0.048 2.48 -0.183 0.036 2.24 0.197 0.036 2.28 0.059 0.03
3 | 0.004 0.095 1.92 -0.045 0.071 2.05 -0.126 0.095 2.48 -0.102 0.071 2.24 -0.022 0.071 2.27 -0.020 0.07
4 | 0.018 0.143 1.93 0.002 0.107 2.04 -0.088 0.143 2.48 -0.103 0.107 2.23 -0.026 0.107 2.26 0.100 0.10
-5 | 0.057 0.190 1.93 -0.033 0.143 2.04 -0.078 0.190 2.47 -0.094 0.143 2.24 0.063 0.143 2.29 0.035 0.14
6 | 0.093 0.238 1.92 -0.038 0.179 2.04 -0.078 0.238 2.47 -0.063 0.179 2.24 0.152 0.179 2.27 -0.080 0.17
7] 0.012 0.286 1.92 -0.021 0.214 2.04 -0.084 0.286 2.46 -0.057 0.214 2.25 0.125 0.214 2.27 0.022 0.21
8 | -0.052 0.333 1.92 -0.030 0.250 2.03 -0.106 0.333 2.46 -0.063 0.250 2.25 0.052 0.250 2.28 0.042 0.25
9 | -0.015 0.381 1.92 -0.003 0.286 2.03 -0.067 0.381 2.46 -0.182 0.286 2.25 0.068 0.286 2.28 0.025 0.28
10 | 0.003 0.429 1.92 0.015 0.321 2.03 -0.024 0.429 2.44 -0.239 0.321 2.25 0.082 0.321 2.28 0.036 0.32
11 0.031 0.476 1.92 -0.030 0.357 2.03 -0.016 0.476 2.44 -0.235 0.357 2.26 0.118 0.357 2.28 0.134 0.35
12 0.013 0.524 1.92 -0.035 0.393 2.03 -0.042 0.524 2.42 -0.244 0.393 2.26 0.096 0.393 2.29 0.199 0.39
F 13 0.013 0.571 1.92 -0.012 0.429 2.02 -0.017 0.571 2.41 -0.198 0.429 2.26 0.109 0.429 2.29 0.326 0.42
14 | 0.031 0.619 1.92 -0.003 0.464 2.03 -0.017 0.619 2.40 -0.120 0.464 2.28 0.055 0.464 2.33 0.029 0.46
15 | 0.012 0.667 1.92 0.000 0.500 2.02 -0.042 0.667 2.40 -0.058 0.500 2.27 -0.014 0.500 2.29 -0.224 0.50
16 | 0.015 0.714 1.92 0.000 0.536 2.02 -0.013 0.714 2.39 -0.006 0.536 2.27 0.032 0.536 2.29 -0.003 0.53
17 0.038 0.762 1.92 0.000 0.571 2.02 -0.004 0.762 2.40 0.028 0.571 2.27 0.126 0.571 2.30 0.000 0.57
18 | 0.038 0.810 1.92 0.000 0.607 2.02 0.000 0.810 2.40 0.009 0.607 2.28 0.179 0.607 2.29 0.020 0.60
19 | 0.012 0.857 1.92 0.003 0.643 2.02 0.000 0.857 2.40 0.003! 0.643 2.29 0.032 0.643 2.30 0.043 0.64
20 | 0.006 0.905 1.92 0.012 0.679 2.02 0.000 0.905 2.40 -0.003 0.679 2.28 -0.069 0.679 2.30 0.032 0.67
21| 0.012 0.952 1.92 0.038 0.714 2.02 -0.004 0.952 2.40 -0.009 0.714 2.28 -0.028 0.714 2.30 0.096 0.71
22 | 0.038 1.000 1.92 0.038 0.750 2.02 -0.012 1.000 2.40 -0.028 0.750 2.28 -0.011 0.750 2.30 0.190 0.75
23 | 0.038 1.048 1.92 0.012 0.786 2.02 -0.035 1.048 2.39 0.000! 0.786 2.28 0.109 0.786 2.31 0.343 0.78
24 | 0.012 1.095 1.92 0.003 0.821 2.02 0.000 1.095 2.40 0.031 0.821 2.29 0.161 0.821 2.34 0.217 0.82
25 | 0.009 1.143 1.92 0.003 0.857 2.02 0.035 1.143 2.40 0.027 0.857 2.29 0.115 0.857 2.32 0.067 0.85
26 | 0.024 1.190 1.92 0.012 0.893 2.02 0.012 1.190 2.40 0.063] 0.893 2.30 0.135 0.893 2.33 0.139 0.89
27 ; 0.079 1.238I 1.92 0.038 0.929 2.02 0.004 1.238 2.40 0.108 0.929 2.30 0.145 0.929 2.34 -0.016 0.92{«|
< >
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pwn Acid T Unknown Acid Trial#3 Juice Trial #1 Juice Trial #2 Juice Trial #3 Run 10 i
FD Volume pH FD Volume pH FD Volume pH FD Volume pH FD FD
(mL) (mL) (mL) (mL)

1] 0.406 0.000 2.26 0.170 0.000 3.34 -0.110 0.000 3.28 -0.488 0.000 3.21 -0.006 o
2 | 0.197 0.036 2.28 0.059 0.036 3.34 -0.085 0.036 3.26 -0.371 0.036 3.21 0.124
3 | -0.022 0.071 2.27 -0.020 0.071 3.34 -0.081 0.071 3.25 -0.221 0.071 3.23 0.169
4 | -0.026 0.107 2.26 0.100 0.107 3.33 -0.093 0.107 3.25 -0.072 0.107 3.23 0.140
-5 | 0.063 0.143 2.29 0.035 0.143 3.33 -0.020 0.143 3.25 0.075 0.143 3.23 0.221
6 | 0.152 0.179 2.27 -0.080 0.179 3.33 0.017 0.179 3.25 0.216] 0.179 3.24 0.298
7] 0.125 0.214 2.27 0.022 0.214 3.33 -0.042 0.214 3.27 0.217 0.214 3.26 0.268
8 | 0.052 0.250 2.28 0.042 0.250 3.33 -0.050 0.250 3.27 0.197 0.250 3.26 0.215
9 | 0.068 0.286 2.28 0.025 0.286 3.33 -0.013 0.286 3.28 0.137 0.286 3.27 0.281
10 | 0.082 0.321 2.28 0.036 0.321 3.33 0.013 0.321 3.28 0.069 0.321 3.28 0.447
11 0.118 0.357 2.28 0.134 0.357 3.33 0.054 0.357 3.28 0.130! 0.357 3.31 0.394

12 0.096 0.393 2.29 0.199 0.393 3.33 0.054 0.393 3.29 0.194 0.393 3.31 0.266
F 13 0.109 0.429 2.29 0.326 0.429 3.33 0.021 0.429 3.29 0.341 0.429 3.32 0.310
14 | 0.055 0.464 2.33 0.029 0.464 3.33 0.024 0.464 3.31 0.545 0.464 3.33 0.260
15 | -0.014 0.500 2.29 -0.224 0.500 3.33 0.067 0.500 3.34 0.445 0.500 3.34 0.068
16 | 0.032 0.536 2.29 -0.003 0.536 3.34 0.102 0.536 3.34 0.235 0.536 3.33 0.005
17 0.126 0.571 2.30 0.000 0.571 3.34 0.071 0.571 3.35 0.275 0.571 3.33 0.213
18 | 0.179 0.607 2.29 0.020 0.607 3.34 0.048 0.607 3.36 0.304 0.607 3.35 0.433
19 | 0.032 0.643 2.30 0.043 0.643 3.34 0.110 0.643 3.37 0.269 0.643 3.37 0.516
20 | -0.069 0.679 2.30 0.032 0.679 3.35 0.231 0.679 3.38 0.319 0.679 3.39 0.469
21| -0.028 0.714 2.30 0.096 0.714 3.36 0.244 0.714 3.40 0.410 0.714 3.41 0.359
22 | -0.011 0.750 2.30 0.190 0.750 3.37 0.179 0.750 3.41 0.465 0.750 3.41 0.355
23 | 0.109 0.786 2.31 0.343 0.786 3.37 0.165 0.786 3.43 0.449 0.786 3.43 0.448
24 | 0.161 0.821 2.34 0.217 0.821 3.38 0.188 0.821 3.44 0.446 0.821 3.45 0.352
25 | 0.115 0.857 2.32 0.067 0.857 3.39 0.175 0.857 3.46 0.453 0.857 3.45 0.242
26 | 0.135 0.893 2.33 0.139 0.893 3.39 0.217 0.893 3.48 0.386 0.893 3.46 0.403

27 0.145 0.929 2.34 -0.016 0.929 3.41 0.254 0.929 3.49 0.377 0.929 3.49 0.410 K|





