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Introduction

What are acids or bases?

*Acids are ionic compounds ( a compound with a positive or negative charge) that break apart in water to form a hydrogen ion (H+).

*The strength of an acid is based on the concentration of H+ ions in the solution. The more H+ the stronger the acid. Example: HCl (Hydrochloric acid) in water

*Bases are ionic compounds that break apart to form a negatively charged hydroxide ion (OH-) in water.
*The strength of a base is determined by the concentration of Hydroxide ions (OH-). The greater the concentration of OH- ions the stronger the base. Example: NaOH (Sodium Hydroxide-a strong base) in water. Acids and bases can be described in two ways according to their strength and concentration . Strong acids are acids that are completely or nearly 100% ionized in their solutions. Eg HCL + H2O
Strong bases are completely ionized in solution. For example, KOH dissolve in water in the reaction
KOH = K+ + OH-.

Relative to strong acids, there are fewer number of strong bases. Most strong bases are alkali hydroxides. Calcium oxide is considered a strong base, because it is completely, almost completely, ionized. However, the solubility of calcium hydroxide is very low. When Ca(OH)2 dissolve in water, the ionization reaction is as follows:

Ca(OH)2 = Ca2+ + 2 OH-.

While a weak acid or base is one that does dissociate completely when placed in water eg. Acetic acid and ammonia are examples of weak acid and bases. But for this experiment we will be looking at strong acids and bases.

                                                Titration of Acid and Base.

Titration is a general class of experiment where a known property of one solution is used to infer an unknown property of another solution. In acid-base chemistry, we often use titration to determine the pH of a certain solution.

A setup for the titration of an acid with a base is shown in 
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Figure %: A titration setup

We use this instrumentation to calculate the amount of unknown acid in the receiving flask by measuring the amount of base, or titrant, it takes to neutralize the acid. There are two major ways to know when the solution has been neutralized. The first uses a pH meter in the receiving flask adding base slowly until the pH reads exactly 7. The second method uses an indicator. An indicator is an acid or base whose conjugate acid or conjugate base has a color different from that of the original compound. The color changes when the solution contains a 1:1 mixture of the differently colored forms of the indicator. As you know from the Henderson-Hasselbalch equation, the pH equals the pK a of the indicator at the endpoint of the indicator. Since we know the pH of the solution and the volume of titrant added, we can then deduce how much base was needed to neutralize the unknown sample.
· References: sparknotes.com http://www.sparknotes.com/chemistry/acidsbases/titrations/section1.rhtml
· Science of waterloo

            (http://www.science.uwaterloo.ca/~cchieh/cact/c123/stacids.html)

· Students education leaner (http://rs.ed.uiuc.edu/students/erlinger/water/background/ph.html)

Data Tables
Table 1.  Formation of a stock solution of NaOH

	Volume of concentrated NaOH solution (mL)


	4.8ml


	Concentration of concentrated NaOH solution (M)


	6M

	Volume of stock solution after dilution (mL)


	4.8ml+2.9mlH2O=7.7ml


	Approximate concentration of stock solution (M)


	 0.37M


Table 2.  Standardization of Stock Solution of NaOH

	Data
	Trial 1
	Trial 2
	Trial 3

	Concentration of Standard Acid solution (M)


	           0.1M
	0.1M
	

	Volume of Standard Acid solution (mL)


	            10ml
	9.6ml
	

	Volume of stock solution of NaOH (mL)


	           14.5ml
	             3 ml
	

	Concentration of stock solution of NaOH (M)


	0.068M
	0.32M
	

	Average Concentration of stock solution of NaOH (M)


	                                0.194M


Table 3.  Determination of the Concentration of an Unknown Acid

	Data
	Trial 1
	Trial 2
	Trial 3

	Sample Number of Unknown Acid 


	5
	5
	

	Volume of Unknown Acid solution (mL)


	10.1ml
	9.9ml
	

	Volume of stock solution of NaOH (mL)


	11ml

	8.5ml
	

	Concentration of stock solution of NaOH (M)


	          0.194M  
	             0.194M
	

	Concentration of Unknown Acid Solution (M)


	           0.105M  
	0.083M
	

	Average Concentration of Unknown Acid solution (M)


	                                 0.094M


Observations (all parts of the experiment):
-The solution used throughout this experiment were all colourless and clear solutions(HCL, NaOH, phenolphthalein, unknown acid, unknown juice)

-At the beginning of titration, no physical changes occurred.

-There was a colour change to pink, when acid was been added to NaOH, but it was not really clear because it kept on appearing and disappearing.
-A pink solution was formed  when the titration reached equivalence point and  it remained in the solution

-The solution became completely dark pink after titration was complete.
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)


	10.2ml
	8.6ml
	

	Volume of stock solution of NaOH (mL)


	             13ml
	             12ml
	

	Concentration of stock solution of NaOH (M)


	        0.194M
	0.194M
	

	Concentration of acid in Juice (M)


	0.082M
	0.094M
	

	Average Concentration of Acid in Juice (M)


	0.088M

	Density of Juice (g/mL)


	0.9997g/ml

	Molar Mass of acid in Juice (g/mol)


	192.194 g/mol

	Mass Percent of Acid in Juice (%)


	1.70%


GRAPHS:  Attach Logger Pro data tables AND graphs (at least 12 [2 per trial]) to this form!!
                      Partial Presentation of Table for all trials and graph

A. Partial Presentation Table for Trial 1 and 2 with the first derivatives for the standardization of the stock solution of  NaOH

	Column1
	Run 1
	Column2
	Column3
	Run 2
	Column4

	volume(ml)
	pH
	FD
	volume(ml)
	pH
	FD

	0.0000
	2.0492
	0.0494
	0.0000
	2.4934
	0.1001

	0.0526
	2.0539
	0.0136
	0.0526
	2.4980
	0.0962

	0.1053
	2.0492
	0.0104
	0.1053
	2.5077
	0.0480

	0.1579
	2.0539
	0.0247
	0.1579
	2.5030
	0.0031

	0.2105
	2.0539
	0.0074
	0.2105
	2.5030
	0.0399

	0.2632
	2.0539
	0.0051
	0.2632
	2.5077
	0.0799

	0.3158
	2.0539
	0.0130
	0.3158
	2.5124
	0.1065

	0.3684
	2.0539
	0.0440
	0.3684
	2.5174
	0.1449

	0.4211
	2.0589
	0.0688
	0.4211
	2.5317
	0.1139

	0.4737
	2.0636
	0.0525
	0.4737
	2.5317
	0.0504

	0.5263
	2.0636
	0.0447
	0.5263
	2.5317
	0.0700

	0.5789
	2.0683
	0.0346
	0.5789
	2.5364
	0.1330

	0.6316
	2.0683
	0.0099
	0.6316
	2.5507
	0.1233

	0.6842
	2.0683
	0.0025
	0.6842
	2.5507
	0.0853

	0.7368
	2.0683
	0.0026
	0.7368
	2.5554
	0.1109

	0.7895
	2.0683
	0.0130
	0.7895
	2.5651
	0.0960

	0.8421
	2.0683
	0.0416
	0.8421
	2.5651
	0.0947

	0.8947
	2.0732
	0.0589
	0.8947
	2.5745
	0.1023

	0.9474
	2.0779
	0.0204
	0.9474
	2.5745
	0.1312

	1.0000
	2.0732
	0.0150
	1.0000
	2.5888
	0.1499

	1.0526
	2.0779
	0.0346
	1.0526
	2.5938
	0.1116

	1.1053
	2.0779
	0.0422
	1.1053
	2.5985
	0.1079

	1.1579
	2.0826
	0.0451
	1.1579
	2.6031
	0.1388

	1.2105
	2.0826
	0.0465
	1.2105
	2.6128
	0.1772

	1.2632
	2.0876
	0.0465
	1.2632
	2.6225
	0.1935

	1.3158
	2.0876
	0.0426
	1.3158
	2.6365
	0.1607

	1.3684
	2.0923
	0.0348
	1.3684
	2.6415
	0.1004

	1.4211
	2.0923
	0.0124
	1.4211
	2.6365
	0.2035

	1.4737
	2.0923
	0.0124
	1.4737
	2.6652
	0.2703


1.Trial 1 graph of titration curve for standardization of stock solution of NaOH
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2. Trial  1 graph to determine the equivalence point of Standardization of Stock solution of NaOH from the derivative of pH
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3. Trial 2 graph of titration curve for standardization of stock solution NaOH
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4. Trial 2 graph to determine the equivalence point for standardization of the stock solution of NaOH from the derivative of pH
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B.  Partial presentation table for Trial 1 and 2 with first derivative for the concentration of unknown acid

	Column1
	Run 3
	Column2
	Column3
	Run 4
	Column4

	volume(ml)
	pH
	FD
	volume(ml)
	pH
	FD

	0.0000
	2.1543
	-0.0494
	0.0000
	2.1687
	0.0000

	0.0526
	2.1496
	-0.0136
	0.0526
	2.1687
	0.0000

	0.1053
	2.1543
	-0.0104
	0.1053
	2.1687
	0.0000

	0.1579
	2.1496
	-0.0247
	0.1579
	2.1687
	0.0000

	0.2105
	2.1496
	-0.0074
	0.2105
	2.1687
	0.0000

	0.2632
	2.1496
	-0.0025
	0.2632
	2.1687
	-0.0025

	0.3158
	2.1496
	0.0000
	0.3158
	2.1687
	-0.0099

	0.3684
	2.1496
	0.0000
	0.3684
	2.1687
	-0.0297

	0.4211
	2.1496
	0.0000
	0.4211
	2.1640
	-0.0247

	0.4737
	2.1496
	0.0000
	0.4737
	2.1640
	0.0124

	0.5263
	2.1496
	0.0000
	0.5263
	2.1687
	0.0000

	0.5789
	2.1496
	0.0000
	0.5789
	2.1640
	-0.0148

	0.6316
	2.1496
	0.0025
	0.6316
	2.1640
	0.0173

	0.6842
	2.1496
	0.0074
	0.6842
	2.1687
	0.0049

	0.7368
	2.1496
	0.0247
	0.7368
	2.1640
	0.0025

	0.7895
	2.1543
	0.0099
	0.7895
	2.1687
	0.0025

	0.8421
	2.1496
	0.0099
	0.8421
	2.1640
	0.0074

	0.8947
	2.1543
	0.0272
	0.8947
	2.1687
	0.0247

	0.9474
	2.1543
	0.0199
	0.9474
	2.1687
	0.0074

	1.0000
	2.1543
	0.0451
	1.0000
	2.1687
	0.0049

	1.0526
	2.1590
	0.0688
	1.0526
	2.1687
	0.00741681

	1.1053
	2.1640
	0.0515
	1.1053
	2.1687
	0.0223

	1.1579
	2.1640
	0.0377
	1.1579
	2.1734
	0.0025

	1.2105
	2.1687
	0.0125
	1.2105
	2.1687
	-0.0097

	1.2632
	2.1640
	0.0099
	1.2632
	2.1687
	0.0352

	1.3158
	2.1687
	0.0247
	1.3158
	2.1734
	0.0663

	1.3684
	2.1687
	0.0099
	1.3684
	2.1783
	0.0539264

	1.4211
	2.1687
	0.0150
	1.4211
	2.1783
	0.0426


5.Trial 1 graph of titration curve for Concentration of Unknown Acid.
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6.Trial 1 graph to determine the equivalence point for Concentration of unknown acid from the derivative of pH
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7.Trial 2 graph of titration curve for concentration of unknown acid .
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8.Trial 2 graph to determine the equivalence point for the concentration of unknown acid from the derivative of pH.
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C. Partial presentation table for Trial 1 and 2 with first derivative for the determination of the mass of acid in Juice.

	Column1
	Run 5
	Column2
	Column3
	Run 6
	Column4

	volume(ml)
	pH
	FD
	volume(ml)
	pH
	FD

	0.0000
	2.7893
	-0.1286
	0.0000
	2.9472
	-0.0053

	0.0526
	2.7800
	-0.0717
	0.0526
	2.9472
	-0.0105

	0.1053
	2.7800
	-0.0178
	0.1053
	2.9472
	-0.0236

	0.1579
	2.7800
	0.0074
	0.1579
	2.9422
	0.0000

	0.2105
	2.7800
	0.0447
	0.2105
	2.9472
	0.0286

	0.2632
	2.7847
	0.0924
	0.2632
	2.9472
	0.0277

	0.3158
	2.7893
	0.1340
	0.3158
	2.9472
	0.0720

	0.3684
	2.7943
	0.2248
	0.3684
	2.9565
	0.0871

	0.4211
	2.8277
	0.0773
	0.4211
	2.9565
	0.1035

	0.4737
	2.8037
	-0.0916
	0.4737
	2.9662
	0.1337

	0.5263
	2.8037
	-0.0304
	0.5263
	2.9709
	0.1510

	0.5789
	2.8037
	-0.0022
	0.5789
	2.9852
	0.1185

	0.6316
	2.8037
	0.0341
	0.6316
	2.9852
	0.0532

	0.6842
	2.8087
	0.0315
	0.6842
	2.9852
	0.0739

	0.7368
	2.8087
	0.0051
	0.7368
	2.9949
	0.0739

	0.7895
	2.8087
	0.0165
	0.7895
	2.9949
	0.0556

	0.8421
	2.8037
	0.1630
	0.8421
	2.9949
	0.1411

	0.8947
	2.8134
	0.5215
	0.8947
	3.0092
	0.2412

	0.9474
	2.8658
	0.7236
	0.9474
	3.0186
	0.3552

	1.0000
	2.9041
	0.6258
	1.0000
	3.0523
	0.3775

	1.0526
	2.9518
	0.1618
	1.0526
	3.0663
	0.2835

	1.1053
	2.9185
	-0.2514
	1.1053
	3.0663
	0.4211

	1.1579
	2.8994
	-0.2094
	1.1579
	3.1093
	0.5504

	1.2105
	2.8898
	-0.0131
	1.2105
	3.1477
	0.3152

	1.2632
	2.9041
	0.1181
	1.2632
	3.1427
	0.0632

	1.3158
	2.9088
	0.1238
	1.3158
	3.1334
	0.1369

	1.3684
	2.9138
	0.1585
	1.3684
	3.1620
	0.1707

	1.4211
	2.9278
	0.1536
	1.4211
	3.1571
	0.1255


9.Trial 1 graph of titration curve for the determination of mass of acid in juice.
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10. Trial 1 graph to determine the equivalence point  for the determination of mass of acid in juice from the derivative of pH.
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11.Trial 2 graph of titration curve for the determination of mass of acid in juice.
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12.Trial 2 graph to determine the equivalence point  for the determination of acid in juice from the  derivative of pH.
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                                       Raw data for Trials 1-6         
[image: image14.png]Run 1 Run2 Run3 Run4 _Run5 Run6
Volume | pH | Volume | pH | Volume | pH | Volume | pH | Volume | pH | Volume| pH
(mL) (mL) (ml) (ml) (mL) (mL)
1] 0000 205 0000 249 0000 215 0000 _ 217 0000 _ 279 _ 0000 _ 295 i
2| 0053 205 0053 250 0053 215 0053 217 0053 278 0053 295
3| 0105 205 0105 251 0105 245 0405 247 0105 278 0105 295 i
4| 0158 205 0158 250 0158 215 0158 217 0156 278 0158 294
5| 0211 205 0211 250 0211 215 0211 217 0211 278 0211 _ 295
6| 0263 205 0263 251 0263 215 0263 217 0263 278 0263 295
7| 0316 205 0316 251 0316 215 0316 217 0316 279 0316 295
8| 0368 205 0368 252 0368 215 0368 217 0368 279 0368 296
9| 0421 206 0421 253 0421 215 0421 216 0421 283 0421 296
10| 0474 206 0474 253 0474 215 0474 216 0474 280 0474 207
1| 0526 206 0526 253 0526 215 0526 217 0526 280 0526 297
12| 0579 207 0579 254 0579 215 0579 216 0579 280 0579 299
13| 0632 207 0632 255 0632 215 0632 216 0632 280 0632 299
i 0684 207 0684 255 0684 215 0684 217 0684 281 0684 299
0737 207 0737 256 0737 215 0737 216 0737 281 0737 299
0780 207 0789 257 0789 215 0789 217 0789 281 0789 299
0842 207 0842 257 0842 215 0842 216 0842 280 0842 299
0805 207 0895 257 0895 215 0895 247 0895 281 0895 301
0947 208 0047 257 0047 215 0947 247 0047 287 0947 302
1000 207 1000 259 1000 215 1000 217 1000 290 1000 305
1053 208 1053 259 1053 216 1053 217 1053 295 1053 307
1105 208 1105 260 1105 216 1105 217 1105 292 1105 307
1158 208 1158 260 1158 216  1.158 217 1158 290 1158 3.1
1211 208 1211 261 1211 217 1211 217 1211 289 1211 315
1263 200 1263 262 1263 216 1263 217 1263 290 1263 314
1316 209 1316 264 1316 217 1316 217 1316 291 1316 313
1368 209 1368 264 1368 217 1368 218 1368 291 1368 316
1421 200 1421 264 1421 217 1421 218 1421 293 1421 316





Sample Calculation: (Part 1)
1. Approximate concentration of stock solution
Given:  C = Concentration of solutions


                     V = Volume of solution


Using equation of dilution ( C1V1 = C2V2
    =  ([NaOH]initial)(VNaOH) = ([NaOH]final](VNaOH)

    =  (6.00 M)(0.0048 L) = C2(0.0077 L)

                C2 = 0.37M
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):
                HCl(aq) + NaOH(aq) ( NaCl(aq) + H2O(l)

=> Equation = nacid = nbase

= CacidVacid = CbaseVbase

= (0.1 M)(0.0096 L) = C2 (0.003L)

C2 = 0.32M
3.  Average concentration of stock solution:
Formula =Average Concentration = (C(1) + C(2))/2

 
   = Average Concentration = (0.068 M + 0.32 M)/2


     =0.194M
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(aq) +2NaOH(aq) ( Na2A(aq) + 2H20

                                                       Equation = 2nacid = nbase
                                                        = CacidVacid = ½(CbaseVbase)

                                                        = Cacid(0.0099 L) = ½(0.194M)(0.0085L)

       Cacid = 0.083M
5.    Average concentration of unknown acid:
                Formula = Average Concentration => (C(1) + C(2))/2

 
              =Average Concentration = (0.105 M + 0.083 M)/2



 = 0.094M
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(aq) + 3NaOH(aq) => Na3A(aq) +H2O(l)

· Equation =3nacid = nbase
 =CacidVacid = 1/3(CbaseVbase)

 = Cacid(0.0082 L) = 1/3(0.194 M)(0.012L)

                                                   = CAcid  =>0.094M
7. Average concentration of acid in juice:
Formula => Average Concentration = (C(1) + C(2))/2

 
          =  Average Concentration = (0.082 M + 0.094 M)/2



            =   0.088M
8. Mass percentage of acid in juice:
Mass % = {[Cacid x MMacid) / Density x 1000]} x 100%

                                  =   {[0.088 M x 192.194]/ [0.9997 g/ml x 1000]} x 100%

                                  =   1.6918%

                                  =   1.70%

                                           Discussion
In this experiment, it is very important to calculate the concentration of NaOH because it would be used  to determine the concentration of the unknown acid and juice. In this experiment , to determine the mass percentage  of juice to acid, we had to multiply it by 1000 ,the main aim for that is to convert the g/ml to g/l which is important in order for our values to be the same  and also can be a means of cancel out other parameters if necessary. Logger pro was used in this experiment because it gives more accurate readings than using a burette(visually observed answer), common errors such as inaccurate readings on the burette can cause a change in concentration which will lead to getting wrongs result, so it is always best to use the logger pro because it is not prone to errors, unlike the burette.
Other few sources of error could have been contamination in the burette in which NaoH or an acid would decrease the impurities and cause the final results to be really  lower   than the original answer.

                                             Conclusion
In conclusion, the concentration of standardization of NaOH is 0.194M , the concentration of unknown acid#5 is  0.094M.The concentration of acid in juice#4 is 0.088M with its mass percent of acid in juice# 4 to be 1.70%
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