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PLEASE NOTE:
If ANY of the above information is UNCLEAR or not provided, your grade will NOT be recorded!!
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Laboratory Report Form

Experiment 5.

Acid/Base Titrations
Checklist:

· Raw Data Sheet written in pen, signed by TA AND Raw data from LabQuest attached
· Data tables and  graphs (12 minimum!) made in Logger Pro attached
· Report Form attached

Student’s Initials: 
Data Tables

Table 1.  Formation of a stock solution of NaOH

	Volume of concentrated NaOH solution (mL)


	5

	Concentration of concentrated NaOH solution (M)


	6

	Volume of stock solution after dilution (mL)


	255

	Approximate concentration of stock solution (M)


	0.11764


Table 2.  Standardization of Stock Solution of NaOH

	Data
	Trial 1
	Trial 2

	Concentration of Standard Acid solution (M)


	0.1
	0.1

	Volume of Standard Acid solution (mL)


	25
	25

	Volume of stock solution of NaOH (mL)


	Logger Pro: 14.09
Visual: 8.00
	Logger Pro: 14.23

Visual: 9.00

	Concentration of stock solution of NaOH (M)


	0.2449
	0.2266

	Average Concentration of stock solution of NaOH (M)


	0.2357



Table 3.  Determination of the Concentration of an Unknown Acid

	Data
	Trial 1
	Trial 2

	Sample Number of Unknown Acid 


	#1
	#1

	Volume of Unknown Acid solution (mL)


	25
	25



	Volume of stock solution of NaOH (mL)


	Logger Pro: 14.36
Visual: 7
	Logger Pro: 14.50
Visual: 8.5


	Concentration of stock solution of NaOH (M)


	0.11764
	0.11764

	Concentration of Unknown Acid Solution (M)


	0.0257
	0.0268

	Average Concentration of Unknown Acid solution (M)


	0.0263


Observations (all parts of the experiment):
NaOH – no colour, smell, or fumes 
HCl – no colour, smell, or fumes

All solution turned from colourless to pink

Juice #4 – light yellow colour with a light vinegar smell

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

	Data
	Trial 1
	Trial 2
	Trial 3

	Sample Number of Juice 


	4
	4
	-

	Volume of Juice (mL)


	25
	25
	-

	Volume of stock solution of NaOH (mL)


	Logger Pro: 17.03

Visual: 16
	Logger Pro: 17.65
Visual: 16
	-

	Concentration of stock solution of NaOH (M)


	0.11764
	0.11764
	-

	Concentration of acid in Juice (M)


	0.01799
	0.01782
	-

	Average Concentration of Acid in Juice (M)


	0.01790

	Density of Juice (g/mL)


	0.9998

	Molar Mass of acid in Juice (g/mol)


	192.12

	Mass Percent of Acid in Juice (%)


	0.34 %


GRAPHS:  Attach Logger Pro data tables AND graphs (at least 12 [2 per trial]) to this form!!

Sample Calculation: (Part 1)
1. Approximate concentration of stock solution

C1V1 = C2V2

6 x 0.005 = C2 x (0.250 + 0.005)

C2=0.11764 mol/L

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):
NH+   = NOH-
(CV)HCl = (CV)NaOH
From LoggerPro Derivative Graph:

0.1 x 0.025 = C x 0.01409

C= 0.17743 mol/L of NaOH

From visual endpoint:

0.1 x 0.025 = C x 0.008

C= 0.3125

3. Average concentration of stock solution:

(The sum of the two values of C from part 2.) /2
= (0.17743+0.3125)/2

=0.2449 mol/L
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 + 2NaOH ( Na2A + H2O
NH+   = NOH-
2NH2A  =  NNaOH
2(CV)H2A = (CV)NaOH
From LoggerPro Derivative Graph:

2(C x 0.025) = (0.01409 x 0.11764)
C= 0.0331 mol/L
From visual endpoint:

2(C x 0.025) = (0.007 x 0.11764)

C= 0.0164

5. Average concentration of unknown acid:

(The sum of the two values of C from part 3.) /2

=(0.0331 + 0.0164)/2

=0.0257 mol/L

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):
From LoggerPro Derivative Graph:

3(C x 0.025) = (0.01703 x 0.11764)

C= 0.0109 mol/L
From visual endpoint:

3(C x 0.025) = (0.016 x 0.11764)

C= 0.02509 mol/L
7. Average concentration of acid in juice:
(The sum of the two values of C from part 4.) /2

= (0.0109 + 0.02509)/2

= 0.01799 mol/L
8.
Mass percentage of acid in juice:

Mass Percent = ((Cacid / MMacid)/(DENSITYjuice x1000)) x100%
=(0.01799x 192.12)/(0.9998 x1000) x100%

=  0.34 %

Discussion (in space provided):

In this experiment, the major error that could have affected the results, is the reading of the visual endpoint at which the solution changes colour from colourless to pink. The solution changes colour rapidly and the person doing the experiment could have missed the exact time. This error affects the average calculations of each trial as the pH change measured by labQuest has a negligible/very small error. Another error that could have affected the experiment is that the plastic burette leaking or the taps loosen up to allow a faster rate in which the NaOH solution drops.
In the graphs, midpoint in the big change of the pH can be determined by the peak in the derivative/volume graph in which the graph changes from increasing to decreasing.The volume of NaOH measured by labQuest is a lot more accurate than the one measured visually and this can be shown by almost all the trials in this experiment.
Conclusion:  (2 sentences.  Please note that the values you state as your results in this section will be used to determine your grade out of 5 for the results.  Please include your unknown acid number and your juice name in this section.)
The concentration of unknown acid #1 is 0.0263 mol/L, and the mass percent of citric acid in juice #4 is 0.34%.
Graph 1 pH x volume graph of NaOH + HCl Trial 1
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Graph 2 derivative of pH x volume graph of NaOH + HCl Trial 1
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Graph 3 pH x volume graph of NaOH + HCl Trial 2

Graph 4 derivative of pH x volume graph of NaOH + HCl Trial 2
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Graph 5: pH x volume of NaOH + unknown acid Trial 1
Graph 6: derivative of pH x volume of NaOH + unknown acid Trial 1
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Graph 7: pH x volume of NaOH + unknown acid Trial 2
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Graph 8: derivative of pH x volume of NaOH + unknown acid Trial 2
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Graph 9: pH x volume of NaOH + juice#4 Trial 1
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Run 1 Run?2 Run3 Run4 Run6 Run7 Rung
Volume | pH | Volume | pH | Volume | pH | Volume | pH Volume | pH [ Volume | pH | Volume| pH
(mL) (ml) (ml) (ml) (ml) (mL) (mL)

1] 0000 186 0000 18] 0000 176 0000 _ 175 0000 270 0000 283 ]
2| 0068 187 0068 181 0068 176 0068  1.74 0052 276 0052 284

3| 0136 186 0136 181 0136 176 0436  1.74 0104 277 0104 284 5
4| 0204 187 0204 181 0204 176 0204 174 0156 278 0156 284

5| 0272 187 0272 181 0272 176 0272 174 0208 282 0208 284

6| 0340 187 0340 181 0340 176 0340  1.74 0260 282 0260 284

7| 0408 187 0408 181 0408 176 0408  1.74 0312 283 0312 284

T8 | 0477 187 0477 181 0477 176 0477 174 0363 284 0363 285

9| 0545 187 0545 181 0545 176 0545  1.74 0415 285 0415 285

10| 0613 187 0613 181 0613 175 0613 174 0467 286 0467 285

11| o681 187 0681 182 0681 175 0681  1.74 0519 287 0519 286

12| 0749 187 0749 182 0749 175 0749  1.74 0571 288 0571 286
13| 0817 187 0817 182 0817 175 0817 175 0623 288 0623 286

14| 0885 187 0885 182 0885 175 0885 175 0675 289 0675 287

15| 0953 188 0953 182 0953 175 0953 175 0727 291 0721 287

16| 1021 188 1021 182 1021 175 1021 175 0779 292 0779 288

7| 1089 188 1089 182 1089 175 1089 175 0831 293 0831 289

81| 1457 188 1457 183 {1457 175 1457 175 0883 204 0883 290

19| 1225 188 1225 183 1225 175 1225 175 0935 295 0935 201

20| 1203 188 1203 183 1293 175 1203 175 0987 295 0987 292

21| 1361 189 1361 183 1361 175 1361  1.75 1038 295 1038 293

22| 1430 189 1430 183 1430 175 1430 175 1000 298 1000 293

23| 1498 189 1498 184 1498 175 1498 175 1442 299 1142 294

24| 1566 189 1566 184 1566 174 1566 1.75 1194 299 1494 295

25| 1634 189 1634 184 1634 174 1634 175 1246 300 1246 296

26| 1702 189 1702 184 1702 174 1702 175 1298 301 1298 296

27| 1770 189 1770 184 1770 174 1770 175 1350 302 1350 297

28| 1838 189 1838 185 1838 174 1838 175 1402 304 1402 298

|, 1




Graph 10: derivative of pH x volume of NaOH + juice#4 Trial 1
Graph 10: pH x volume of NaOH + juice#4 Trial 2

Graph 10: derivative of pH x volume of NaOH + juice#4 Trial 2

[image: image2.jpg]Run1 Run2 Run3 Run4
Volume | pH FD | Volume| pH FD | Volume | pH FD | Volume | pH FD
(mL) (ml) (mL) (ml)

1| 0000 186 0040 0000 18l 0012 0000 176 0012 0000 175 -0.052
"2 | 0068 187 0011 0068  18i 0021 0068 176 -0021 0068  1.74  -0.029
"3 | 0136 186 0008 0136  18i 0008 0136 176 -0008 0.436  1.74 -0.008
4| 0204 187 0020 0204 181 0008 0204 176 -0008 0204 174 -0.002
5| 0272 187 0006 0272 181 0020 0272 176 -0020 0272 174 0000
6| 0340 187 0002 0340 181 0006 0340 176 -0.006 0340 174  0.000
7| 0408 187 0002 0408  18i 0002 0408 176 -0.004 0408  1.74  0.000
T8 | 0477 187 0008 0477  18i 0002 0477 176 -0008 0477  1.74  0.000
"9 | 0545 187 0026 0545 181 0008 0545 176 -0027 0545 174  0.000
10| 0613 187 0026 0613 181 0029 0613 175 -0027 0613 174 0002
11| 0681 187 0008 0681 182 0033 0681 175 0008 0681 174  0.008
12| 0749 187 0004 0749 182 0028 0749 175 0002 0749 174 0026

13| 0817 187 0008 0817 182 0010 0817 175 -0002 0817 115 0026
14| 0885 187 0027 0885 182 0008 0885 175 -0008 0885 175  0.008
15| 0953 188 0020 0953 182 0022 0953 175 0026 0953 175 0002
16| 1021 188 0014 1021 182 0014 1021 175 0026 1.021 175  0.002
17| 1089 188 0022 1089 182 0028 1089 175 0008 1089 175  0.006
18| 1457 188 0010 1457 183 0026 1457 175 0002 1457 175 0018
19| 1225 188 0016 1225 183 0010 1225 175 0000 1225 175 0002
20| 1203 188 0048 1293 183 0012 1293 175 0000 1293 175 -0.010
21| 1361 189 0040 1361 183 0035 1361 175 0002 1361 175  0.020
22| 1430 189 0037 1430 183 0053 1430 175 0008 1430 175 0024
23| 1498 189 0020 1498 184 0034 1498 175 0026 1498 175  0.008
24| 1566 1.89 0008 1566 184 0012 1566 174 -0026 1566 1.75  0.002
25| 1634 189 0002 1634 184 0012 1634 174 0010 1634 175 0000
26| 1702 189 0002 1702 184 0032 1702 174 0008 1702 175  0.002
27| 1770 189 0010 1770 184 0047 1770 174 0021 1770 175 0010
28| 189 0034 1838 185 0016 1838 174 0010 1838 175 0035

1838
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| 0000 270 0932 0000 283 0093
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4| 0156 278 0397 0156 284 0013
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8 | 0363 284 0165 0363 285  0.039
9 | 0415 285 0167 0415 285 0034
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12| 0571 288 0436 0571 286  0.069

13 0623 288 0159 0623 286  0.065
T4 | 0675 289 0212 0675 287 0088
] 0727 291 0223 0727 287 0108
16 | 0779 292 0203 0779 288  0.51
| 0831 293 0191 0831 289 0202
18 | 0883 294 0180 0883 290  0.188
19 | 0935 295 0159 0935 291 0165
20 | 0987 295 0167 0987 292 0174
2t | 1038 296 0213 1038 293  0.54
22| 1090 298 0216 1090 293  0.154
1231 1442 299 0478 1142 294  0.167
24 | 1194 299 0493 1194 295  0.143
=) 1246 300 0218 1246 296  0.123
26 | 1298 301 0206 1298 296  0.143
a7 | 1350 302 0220 1350 297 0.70

28 1402 304 0200 1402 298  0.162
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