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Introduction:
In this lab experiment unknown substances of strong acids and bases will be explored to determine their concentrations. Acids and bases are commonly encountered in one’s daily life. When dissolved in water, acids act as proton donors and bases act as hydroxide ion donors. A proton is a hydrogen ion, H+ (aq) and a hydroxide ion is known as OH- (aq). 
Firstly, acids are defined as electron pair acceptors and bases are defined as electron pair donors. A strong acid or base can completely dissolve when it is placed in water. HNO3 is an example of a strong acid and NaOH is an example of a strong base. A weak acid or base is one that doesn’t completely dissolve in water such as acetic acid and ammonia. The amount of acid or base placed in a given volume of water determines its strength and concentration. If there is more acid/base than water, then the solution is more concentrated. Thus, the solution would be less concentrated if there is more water than acid/base. The amount of acid/base is called the solute and is measured in moles. The solution on the other hand, is measured in liters. The concentration of the acid/base (mol/L) can be determined by dividing the amount of solute (mol) by the volume of the solution (L). 
Secondly, Acids and bases are colorless and tend to generate small amounts of heat. When acids and bases are mixed, they react to form a neutralization reaction that produces a salt and water. The stoichiometry of the reaction determines the amount of acid that is required to neutralize a base. The point where the amount of acid is exactly enough to titrate the base, is called the equivalence point of the reaction. Therefore, the equivalence point is when there is an equal amount of acid and base present in the solution. 
Finally, an indicator is used to determine when the equivalence point has been reached. An indicator is a weak acid that dissolves solely depending on the acidity of the solution. The color of the indicator changes when there are equal amounts of acid and base in the solution. The data that will be obtained from the LabQuest will depend on the equivalence point and the data observed will depend on the change in color of the indicator which is at the end point. Therefore, the equivalence point and the endpoint in a titration should be very close.
Procedure: 

As described in the lab manual:  
What in the World Isn’t Chemistry, “Acid/Base Titrations”, Dr. Rashmi Venkateswaran, 2016, Experiment 3, pg. 79 – 82
Data Tables

Table 1.  Formation of a stock solution of NaOH

	Volume of concentrated NaOH solution (mL)


	4.9

	Concentration of concentrated NaOH solution (M)


	6.0

	Volume of stock solution after dilution (mL)


	250

	Approximate concentration of stock solution (M)


	0.115


Table 2.  Standardization of Stock Solution of NaOH

	Data
	Trial 1
	Trial 2
	Trial 3

	Concentration of Standard Acid solution (M)


	0.1
	0.1
	

	Volume of Standard Acid solution (mL)


	10.0
	10.0
	

	Volume of stock solution of NaOH (mL)


	0.453
	13.02
	

	Concentration of stock solution of NaOH (M)


	2.21
	0.0768
	

	Average Concentration of stock solution of NaOH (M)


	0.0768


Table 3.  Determination of the Concentration of an Unknown Acid

	Data
	Trial 1
	Trial 2
	Trial 3

	Sample Number of Unknown Acid 


	#1
	#1
	

	Volume of Unknown Acid solution (mL)


	10.2
	10.5
	

	Volume of stock solution of NaOH (mL)


	5.60
	4.13
	

	Concentration of stock solution of NaOH (M)


	0.0768
	1.14
	

	Concentration of Unknown Acid Solution (M)


	0.0211
	0.0151
	

	Average Concentration of Unknown Acid solution (M)


	0.0181


Observations (all parts of the experiment):
Part 1: All observations have been recorded in table 1 

Part 2: Run 1: Colour of solution turned bright neon pink (fuchsia) when 13.6 ml of NaOH and 3 drops of phenolphthalein were added. *Note that the drop counter did not count many of the NaOH drops. 

Run 2: Colour of solution turned fuchsia when 13.46 ml of NaOH and 3 drops of phenolphthalein were added. Other observations have been recorded in table 2. 

Part 3: Run 3: Colour of solution turned fuchsia when 10.16 ml of NaOH and 3 drops of phenolphthalein were added. 
Run 4: Colour of solution turned fuchsia when 12.41 ml of NaOH and 3 drops of phenolphthalein were added. Other observations have been recorded in table 3.

Part 4: Run 5: Colour of solution turned fuchsia when 13.22 ml of NaOH and 3 drops of phenolphthalein were added. 
Run 6: Colour of solution turned fuchsia when 14.26 ml of NaOH and 3 drops of phenolphthalein were added. Other observations have been recorded in table 4
Table 4.  Determination of the Mass Percentage of Acid in a Juice

	Data
	Trial 1
	Trial 2
	Trial 3

	Sample Number of Juice 


	#2
	#2
	

	Volume of Juice (mL)


	10.0
	10.2
	

	Volume of stock solution of NaOH (mL)


	12.2
	13.2
	

	Concentration of stock solution of NaOH (M)


	0.0768
	0.0768
	

	Concentration of acid in Juice (M)


	0.0312
	0.0331
	

	Average Concentration of Acid in Juice (M)


	0.0322

	Density of Juice (g/mL)


	1.000

	Molar Mass of acid in Juice (g/mol)


	192.123

	Mass Percent of Acid in Juice (%)


	0.619


GRAPHS:  Attach Logger Pro data tables AND graphs (at least 12 [2 per trial]) to this form!!
Figure 1: pH Change of Solution for Run 1 
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Figure 2: pH Change of Solution for Run 2 
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 Figure 3: pH Change of Solution for Run 3
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Figure 4: pH Change of Solution for Run 4
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Figure 5: pH Change of Solution for Run 5
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Figure 6: pH Change of Solution for Run 6
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Figure 7:  First Derivative of pH for Run 1 
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 Figure 8:  First Derivative of pH for Run 2 
[image: image8.png]First Derivative

First Derivative of pH for Run 2

4
]
Statistcs for: Run 2| First Derivative.

3 min: 0.5869 at 15,39 max. 3,623 at 13.02

mean: 2.005 median: 2.105
Std. dev- 0.8878 samples: 63
Ay 3288

T
5 10 15 20
Volume (mL)





Figure 9:  First Derivative of pH for Run 3
 [image: image9.png]First Derivative

First Derivative of pH for Run 3

Ay: 1881

|
Statistcs for: Run 3| First Derivative.
min: 1.553 8t 5,07 max: 3214 at 5603
mean: 2.281 median: 2.274

Std. dev: 05030 samples: 32

Volume (mL)

10





Figure 10:  First Derivative of pH for Run 4 
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Figure 11: First Derivative of pH for Run 5 
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Figure 12:  First Derivative of pH for Run 6 
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Sample Calculation: (Part 1)

1. Approximate concentration of stock solution

c1v1 = c2v2 
(6M)(4.9 mL) = c2 (250 + 4.9 mL) 
                     c2 = 0.115
                     c2 = (approx.) 0.1 M
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):

Using visual endpoint data: 
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Run 2: n(H+) = n (OH-) 
n(HCl) = n(NaOH) 
cv (HCl) = cv (NaOH) 
(0.1000)(10.0) = c (13.46) 
c(NaOH) = 0.0742 M 

Using LabQuest 2 data: Run 2: 
n(H+) = n (OH-)
n(HCl) = n(NaOH) 
cv (HCl) = cv (NaOH) 
(0.1000)(10.0) = c (13.02) 
c(NaOH) = 0.0768 M 
3. Average concentration of stock solution:
During run 1, the drop counter did not count many of the NaOH drops. Due to this error, data from run 1 will not be taken into consideration. Therefore, the concentration of stock solution is:  0.0768 M
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):

H2A + 2 NaOH   ͢   Na2A + 2 H2O 

Using visual endpoint data: Run 3: 
n(H+) = n (OH-) 
2 n(H2A) = n(NaOH) 
2 cv (H2A) = cv (NaOH) 
2 (c)(10.2) = (0.0768) (10.16) 
c(H2A) = 0.0382 M 

Using LabQuest 2 data: Run 3:
n(H+) = n (OH-)
2 n(H2A) = n(NaOH) 
2 cv (H2A) = cv (NaOH) 
2 (c)(10.2) = (0.0768) (5.60) 
c(H2A) = 0.0211 M
5. Average concentration of unknown acid:

(0.0211 + 0.0151) / 2 = 0.0181 M
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):

H3A + 3 NaOH   ͢   Na3A + 3 H2O 

Using visual endpoint data: Run 5: 
n(H+) = n (OH-) 
3 n(H3A) = n(NaOH) 
3 cv (H3A) = cv (NaOH) 

3 (c)(10.0) = (0.0768) (13.22) 
c(H3A) = 0.0338 M 

Using LabQuest 2 data: Run 5: 
n(H+) = n (OH-) 
3 n(H3A) = n(NaOH) 
3 cv (H3A) = cv (NaOH) 
3 (c)(10.0) = (0.0768) (12.2) 
c(H3A) = 0.0312 M
7. Average concentration of acid in juice:

(0.0312 + 0.0331) /2 = 0.0322 M
8.
Mass percentage of acid in juice:

Molar Mass of H3C6H5O7 = (8 x H) + (6 x C) + (7 x O)                           
                                                  = ( 8 x 1.01) + (6 x 12.01) + (7 x 16.00)                      
                                                  = 192.123 g/mol 

Mass percent of acid in juice = [(cJuice) (Molar mass)/ (Density x 1000)] x100%                                                    = [(0.0322) (192.123)/ (1.000 x 1000)] x 100%                      
= 0.619 %
Discussion:

There were many experimental errors that affected our results due to imprecise and inaccurate techniques of collecting data.  

Firstly, the main reason to why run 1 looks unstable might be because the drop counter stopped counting some of the NaOH drops that fell outside the sensor range. Another experimental error that caused run 1 to be so unstable is that we did not properly mix the solution. As well, slight movement of the burette placement could have been caused from movements around the lab bench. Therefore, run 1 was not taken into consideration because the NaOH drops that fell outside the sensor range gave us biased results as they were not counted by the sensor. 
Furthermore, our observed data was very different from the data collected from the LabQuest. When the number of hydrogen ions is equivalent to the number of hydroxide ions in the solution, there is an equivalence point. The LabQuest values depended on that equivalence point. On the other hand, our observed data was based on the change in colour by using the indicator phenolphthalein. This caused a change in colour to pink at the end point. Phenolphthalein was used as an indicator because it indicates a color change at the end point of the solution with a pH that is close to that end point. For this reason, the observed data was fairly close, but not equal to the data obtained from the LabQuest. The observed amount of NaOH used in titration should be less than the value obtained by the LabQuest because the endpoint occurs earlier than the equivalence point. However, some of our data shows that the observed amount of NaOH used in the titration is greater than that of the LabQuest’s. This means that we made some experimental errors that have affected the results of our data such as misreading the volumes at the end point, improperly mixing the solution or the drop counter miscounting some of the NaOH drops.  

Finally, there is a factor of 1000 in the equation for the mass percent of acid in the juice in order to get it to kg and liters in order to be able to find the percentage. 
Conclusion: 
 The average concentration of the stock solution was 0.0768 M. The average concentration of Acid #1 is 0.0181 M. The average concentration of Juice #2 is 0.0322 M. The mass percentage of acid in juice #2 is 0.619%.
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Run 1 Run2 Run4 Run5
Volume | pH FD |Voume| pH FD |Voume| pH FD |Voume| pH FD | Voume| pH D |
(mL) (ml) (mb) (mb) (mL)
2 | 0057 297 -0014 0057 233 0003 005/ _ 234 0003 0057 _ 244 _ 0017 0057 _ 320 _ -0.034]
3| 013 297 -0033 0113 233 0007 0113 234 0010 0113 244 0045 0113 320 0031
4| 0470 296 -0034 0170 233 0021 0170 234 0030 0170 244 0074 0170 320  -0.009]
5 | 0226 296 -0019 0226 233 0000 0226 235 0028 0226 245 0080 0226 320  -0.002
6 | 0283 296 1724 0283 233 0021 0283 235 0002 0283 245 0079 0283 320 0.0
7 | 0340 296 7083 0340 233 0007 0340 235 0017 0340 246 0063 0340 320 0.000
8 | 0396 296 23198 0396 233 0002 0395 234 0431 0396 246 0075 0396 320 0002
9 | 0453 654 24697 0453 233 0000 0453 235 0435 0453 247 0074 0453 320 0014
10| 0509 671 11060 0509 233 0000 0509 242 0310 0509 247 0057 0509 320 0052
11| 0566 676 10898 0566 233 0002 0566 240 0028 0566 247 0128 0566 320  0.105|
12| 0623 808 10451 0623 233 0007 0623 239 0012 0623 249 0123 0623 321 0.113
13| 0679 810 9547 0679 233 0021 0679 240 0403 0679 249 0038 0679 322 0084|
14| 0736 811 22736 0736 233 0000 0736 240 0252 0736 249 0009 0736 322 0043
15| 0792 1155 22205 0792 233 0019 0792 243 0300 0792 249 0002 0792 322 0002
16| 0849 1158 7397 0849 233 0000 0849 244 0257 0849 249 0024 0849 322 0028
17| 0905 1159 2691 0905 233 0021 0905 246  0.498 0905 249 0126 0905 322 0028
18| 0962 1159 002 0962 233 0007 0962 247 0405 0962 249 0686 0962 322 0002
19 | 1019° 233 0002 1019 247 0054 1019 252 1919 1019 322 0.044|
20 | 1075 233 0000 1075 247 0038 1075 260 4261 1075 322 0.094
21 | 14320 233 0000 1132 247 0096 1132 324 2736 1432 323 0151
2 | 1188 233 0000 1183 248 0476 1188 316 2641 1.188 324  0.164|
23 | 1245 233 0000 1245 250 0492] 1245 264 3440 1245 325  0.084
24 | 1302 233 0000 1302 250 0230 1302 259 1455 1302 325  -0.006]
2 | 1358 233 0000 1358 252 0212] 1358 256 0700 1.358 325  -0.033)
26 | 1415 233 0002 1415 253 0148] 1415 278 0826 1415 325  -0.032]
27 | 1471 233 0007, 1471 253 0198] 1471 275 0708 1471 324 -0.005
28 | 1528 233 0023 1528 253 0495 1528 260 0819 1528 325 0015
29 | 1585 233 0005 1585 261 0601 1585 261 0093 1585 325  -0.017|
30 1641 233 0007 1641 261 0569 1641 264 0038 1641 324  -0.005]
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Volume | pH D
(ml)

2| 0057 323 0000
3| 0113 323 0000
4| 0170 323 0000
5| 026 323 0000
6| 0283 323 0000
7| 0340 323 0000
8| 0396 323 0007
9 | 0453 323 00%
10| 0509 323 0083
11| 0566 324 0062
12| 0623 324 0002
13| 0679 324 0002
14| 0736 324 0002
115 | 0792 324 0002
16| 0849 324 0009
7| 0905 324 0030
18| 0962 323 0033
19| 1019 323 0017
20| 1075 323 002
21| 1132 323 0009
22| 1188 323 0050
23| 1245 324 0028
24| 1302 324 0016
25| 1358 323 0019
26| 1415 323 0021
27| 1471 324 0030
28| 158 324 0019
29| 1585 324 0033

1641 324 0030
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