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Experiment 6.


Acid/Base Titrations
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Data Tables

Table 1.  Formation of a stock solution of NaOH	

	
Volume of concentrated NaOH solution (mL)

	
8.75 mL

	
Concentration of concentrated NaOH solution (M)

	
6.00 M

	
Volume of stock solution after dilution (mL)

	
508.75 mL

	
Approximate concentration of stock solution (M)

	
0.103 M



Table 2.  Standardization of Stock Solution of NaOH	

	Data
	Trial 1
	Trial 2
	Trial 3

	
Concentration of Standard Acid solution (M)

	
0.100 M
	
0.100 M
	
0.100 M

	
Volume of Standard Acid solution (mL)

	
21.00 mL
	
21.00 mL
	
21.00 mL

	
Volume of stock solution of NaOH (mL)

	
20.45 mL
	
20.50 mL
	
20.70 mL

	
Concentration of stock solution of NaOH (M)

	
0.103 M
	
0.102 M
	
0.101 M

	
Average Concentration of stock solution of NaOH (M)

	
0.102 M




Table 3.  Determination of the Concentration of an Unknown Diprotic Acid

	Data
	Trial 1
	Trial 2
	Trial 3

	
Sample Number of Unknown Acid 

	
6
	
6
	
6

	
Volume of Unknown Acid solution (mL)

	
21.00 mL
	
21.00 mL
	
21.00 mL

	
Volume of stock solution of NaOH (mL)

	
10.20 mL
	
10.20 mL
	
10.30 mL

	
Concentration of stock solution of NaOH (M)

	
0.102 M
	
0.102 M
	
0.102 M

	
Concentration of Unknown Acid Solution (M)

	
0.0248 M
	
0.0250 M
	
0.0250 M

	
Average Concentration of Unknown Acid solution (M)

	
0.0249 M



	

Observations (all parts of the experiment):


The NaOH solution (before and after dilution), the HCl solution, the Acid #5
solution and the Juice #5 solution were all clear, colourless and had little to no
odour. The phenolphthalein was clear but had a fairly strong smell similar to that
of alcohols such as ethanol.

When phenolphthalein was added to the Erlenmeyer flasks containing any of the
various acids, the solution remained clear. However, as drops of NaOH were added
to the flask, the solution would temporarily turn light pink, and would become clear
again once the solution was swirled. For each successive drop of titrant, it took
longer and longer for the pink colour to disappear. Finally, one final drop of NaOH
would cause the titration to reach its equivalence point, causing the entire solution
to become pink (sometimes the shade of pink was so light it required a white paper
behind the flask in order to see the tint of colour).






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

	Data
	Trial 1
	Trial 2
	Trial 3

	
Sample Number of Juice 

	
5
	
5
	
5

	
Volume of Juice (mL)

	
16.20 mL
	
16.30 mL
	
16.40 mL

	
Volume of stock solution of NaOH (mL)

	
21.00 mL
	
21.00 mL
	
21.00 mL

	
Concentration of stock solution of NaOH (M)

	
0.102 M
	
0.102 M
	
0.102 M

	
Concentration of acid in Juice (M)

	
0.0262 M
	
0.0264 M
	
0.0266 M

	
Average Concentration of Acid in Juice (M)

	
0.0264 M

	
Density of Juice (g/mL)

	
0.9976 g/mL

	
Molar Mass of acid in Juice (g/mol)

	
192.12 g/mol

	
Mass Percent of Acid in Juice (%)

	
[bookmark: _GoBack]0.508%



	

Sample Calculation: (Part 1)

1. Approximate concentration of stock solution

C1V1 = C2V2

C2 = C1V1 / V2





C2 = 0.103 M

Sample Calculation: (Part 2, Trial 1)

2. Exact concentration of stock solution:

CNaOHVNaOH = CHClVHCl





CNaOH = 0.103 M


3. Average concentration of stock solution:

Cavg = (Ctrial 1 + Ctrial 2 + Ctrial 3) / 3



Cavg = 0.102 M

Sample Calculation: (Part 3, trial 1) Acid #6

4. Concentration of Unknown Acid:

	





Cacid = 0.0248 M

5. Average concentration of unknown acid:

Cavg = (Ctrial 1 + Ctrial 2 + Ctrial 3)/3	



Cavg = 0.0249


Sample Calculation: (Part 4 trial 1) Juice #5

6. Concentration of acid in juice:

	





Cjuice = 0.0262 M




7. Average concentration of acid in juice:

Cavg = (Ctrial 1 + Ctrial 2 + Ctrial 3)/3	



Cavg = 0.0264 M
	

8. Mass percentage of acid in juice:

 *100%

 * 100%

 *100%

=0. 508 %

Discussion (in space provided):

The titrations took place using the acid-base indicator phenolphthalein, which is clear when the pH of a solution is acidic and turns pink when the pH is basic. The point where the pH goes from clear to pink is called the endpoint, and it is very close to the equivalence point of a good titration (the equivalence point being when there are an equal number of moles of OH- (i.e. NaOH) and H+ (i.e. HCl or any strong acid)). When a titration is performed accurately, the pink colour of the solution should be so light that a white sheet of paper behind the solution is
necessary to detect the shade of pink with the naked eye. If the colour of the solution is a very strong shade of pink, this indicates that the titration has gone beyond the equivalence point.

When calculating the mass percent of acid in the juice, there is a factor of 1000 in the equation. This factor is actually 1000mL/L, and is used to convert the density from g/mL to g/L so that the units cancel out with the molarity of the acid (which is given in mol/L).

In theory, the volume of concentrated NaOH used in the beginning does not matter in this lab, because it is titrated against the known concentration and volume of HCl, its exact concentration will still be calculated. However, using a smaller volume of concentrated NaOH in the beginning does allow for a more dilute NaOH standardized solution and thus for a more accurate titration as a smaller number of moles of NaOH enters the flask per drop of titrant.

The concentration of the standardized solution is determined because we must know both the volume and concentration of NaOH used to titrate a certain amount of an unknown acid in order to determine the concentration of the unknown acid.

There are certain sources of error inherent to this lab. Firstly, the indicator phenolphthalein changes from clear to pink at a pH of around 8.2, not 7.0, so the endpoint of the titration is actually well beyond the equivalence point, and since more NaOH is added more NaOH than necessary to reach equivalence point, an overstated concentration for the unknown acids. Also, over the course of the lab, water could have evaporated from our standardized NaOH solution, causing the solution to become more concentrated than expected and thus resulting in understated concentrations for the unknown acids. Finally, it is possible that over
the course of the lab, CO2 dissolved in the standardized NaOH solution to form carbonic acid, which neutralized the NaOH and gave us a lower concentration of NaOH than expected, and thus resulting in overstated concentrations for the unknown acids. 

Overall, this lab still proved that concentrations of acids and bases can be calculated from relatively simple processes such as titrations. This is applicable in many fields, such as the preparation of stock solutions at chemical manufacturing companies and even the preparation of food in order to determine the acidity of a citrus juice, for example.









Conclusion:  (4 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 average concentration of the stock solution of NaOH is 0.102 M.
The average concentration of unknown acid #6 is 0.0249 M.
The average concentration of the acid in juice #5 is 0.0264 M.
The mass percent of the acid in juice #5 is 0.508%
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