Laboratory Report Form

Experiment 6.

Acid/Base Titrations
Data Tables
Table 1.  Formation of a stock solution of NaOH

	Volume of concentrated NaOH solution (mL)


	10.00 +/- 0.01

	Concentration of concentrated NaOH solution (M)


	6

	Volume of stock solution after dilution (mL)


	490.0

	Approximate concentration of stock solution (M)


	0.1


	Data
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5

	Concentration of Standard Acid solution (M)


	0.100
	0.100
	0.100
	0.100
	0.100

	Volume of Standard Acid solution (mL)


	22.05
	22.10
	22.00
	22.05
	22.10

	Volume of stock solution of NaOH (mL)


	19.00
	17.40
	18.15
	18.10
	17.95

	Concentration of stock solution of NaOH (M)


	0.1160
	0.1270
	0.1212
	0.1218
	0.1231

	Average Concentration of stock solution of NaOH (M)


	0.1220*


Table 2.  Standardization of Stock Solution of NaOH
*Note: Trials 1 and 2 were omitted from the average calculation. Please see discussion for an explanation.
Table 3.  Determination of the Concentration of an Unknown Acid

	Data
	Trial 1
	Trial 2
	Trial 3

	Sample Number of Unknown Acid 


	5
	5
	5

	Volume of Unknown Acid solution (mL)


	22.50
	22.10
	22.00

	Volume of stock solution of NaOH (mL)


	17.40
	17.45
	17.50

	Concentration of stock solution of NaOH (M)


	0.1220
	0.1220
	0.1220

	Concentration of Unknown Acid Solution (M)


	0.04717
	0.04816
	0.04852

	Average Concentration of Unknown Acid solution (M)


	0.04795


Observations (all parts of the experiment):
Sodium hydroxide was a clear, colourless solution. Once’; it was added with the water, it could be seen at the top as a blurry solution. Once the base was added to the acid, the solution remained colourless despite the use of an indicator. As more of the base was added to the acids a pink solution appeared but would disappear after shaking the beaker. Once enough of the base was added, the light pink solution did not disappear despite shaking and this indicated that the titration was complete. The standard acid and unknown acid were colorless solutions.

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

	Data
	Trial 1
	Trial 2
	Trial 3

	Sample Number of Juice 


	6
	6
	6

	Volume of Juice (mL)


	22.80
	22.90
	22.70

	Volume of stock solution of NaOH (mL)


	20.45
	20.50
	20.50

	Concentration of stock solution of NaOH (M)


	0.1220
	0.1220
	0.1220

	Concentration of acid in Juice (M)


	0.03648
	0.03640
	0.03672

	Average Concentration of Acid in Juice (M)


	0.03653

	Density of Juice (g/mL)


	0.9996

	Molar Mass of acid in Juice (g/mol)


	192.14

	Mass Percent of Acid in Juice (%)


	0.7042


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

CiVi= CfVf
Cf= CiVi/Vf
Cf=(6mol/L)(0.01000L)/(0.4900L)

Cf= 0.1 M
Sample Calculation: (Part 2)

2. Exact concentration of stock solution:

Calculations for Trial 3:

Vacid= 22.00mL= 0.02200L
nstandard acid= MacidVacid 
nstandard acid = (0.100mol/L)(0.02200L)

nstandard acid = 0.002200 mol

1 mol of acid reacts with 1 mol of base, therefore, nacid=nbase
nNaOH= nHCl (1mol NaOH)
                  (1 mol Acid)
nNaOH= 0.002200 mol

ConcentrationNaOH= nNaOH/VNaOH

ConcentrationNaOH= 0.002200 mol/0.01815L
ConcentrationNaOH= 0.1212 mol/L
3. Average concentration of stock solution:

Average Concentration= (ConcentrationTrial 3 + ConcentrationTrial 4 + ConcentrationTrial 5)/3

                                 = (0.1212mol/L + 0.1218mol/L +0.1231 mol/L)/3

                                 = 0.1220 mol/L
Sample Calculation: (Part 3)
4. Concentration of Unknown Acid:

Calculation for Trial 1 in Table 2
nNaOH= ConcentrationNaOH x VNaOH
nNaOH= (0.1220mol/L)x (0.01740 L)

nNaOH= 0.002123 mol
1 mol of acid reacts with 2 mol of base, therefore the acid has ½ the value of moles

nacid= nbase (1 mol acid/ 2 mol of base)
nacid= 0.5 nbase
nacid= 0.5 (0.002123 mol)

nacid= 0.001062 mol

cacid= nacid/Vacid
         = 0.001062 mol/0.02250L
      = 0.04717 mol/L
5. Average concentration of unknown acid:

CAVG= (ctrial 1 + ctrial 2 + ctrial 3)/3

CAVG= (0.04717 mol/L + 0.04816 mol/L + 0.04852 mol/L)/3

CAVG= 0.04795 mol/L
Sample Calculation: (Part 4)

6. Concentration of acid in juice:

Calculation for Trial 1 in Table 2

nNaOH= ConcentrationNaOH x VNaOH
nNaOH= (0.1220mol/L)x (0.02045 L)

nNaOH= 0.002495 mol

1 mol of acid reacts with 3 mol of base, therefore the acid has 1/3 the value of moles

nacid= nbase (1 mol acid/ 3 mol of base)
nacid= 1/3 nbase
nacid= 1/3 (0.002495 mol)

nacid= 0.0008316 mol

cacid= nacid/Vacid

         = 0.0008316 mol/0.02280L

      = 0.03648 mol/L
7. Average concentration of acid in juice:

Cacid AVG= (ctrial 1 + ctrial 2 + ctrial 3)/3

Cacid AVG= (0.03648 mol/L + 0.03640 mol/L + 0.03672 mol/L)/3

Cacid AVG= 0.03653 mol/L
8.
Mass percentage of acid in juice:

MMcitrus acid=  192.12 g/mol
Density of juice= 0.9996 g/mL= 999.6 g/L

Mass percent of acid in Juice= ((cacid AVG)(MMacid))/(densityJuice)  X 100%
Mass percent of acid in Juice= ((0.03653 M)(192.12 g/mol))/(996.6g/L)    X 100%

Mass percent of acid in Juice= 0.7042%
Discussion (in space provided):
Many possible errors might have taken place throughout the experiment. It is apparent that the preparation of sodium hydroxide in the dilution part was the most important part of the experiment because this solution would be used for all parts of the experiment. Errors in the dilution would affect results for all parts of the experiment. Volume readings from the burette and graduated cylinder were subject to human error. Misreading the volume of sodium hydroxide can have a significant effect on the concentration of acid determined. If the volume still left in the burette was interpreted to be higher than it should be then less amount of sodium hydroxide was used and therefore a lower concentration of acid.
Some parts required more than three trials for example in the determining of the concentration of sodium hydroxide. Trial values were omitted from this step because of a failure to follow the procedure. For example in one trial the indicator was added after the start of the titration. In another trial the flask was not cleaned before the start of the titration. Remains from the previous experiment might contaminate the titration and influence the amount of sodium hydroxide needed to reach the endpoint thus changing the concentration of acid calculated. Other trial failures were also because the solution appeared too pink which indicated that too much sodium hydroxide was added.

Since the solutions appeared very similar it is possible that one acid was used instead of another.

Bubbles also appeared in the burettes which made it difficult to determine what the volume reading was since the bubble made it appear as though there was a greater amount of sodium hydroxide still left in the burette meaning less of it was used in the titration. This made the volume recording for the base less than it should be meaning the concentrations of the acid determined was lower than it should be.
The greatest error was misjudgements as to when the endpoint had been reached. Although an indicator was used, it was difficult to determine if the pink solution would disappear after shaking the flask and so in this case too much sodium hydroxide was added because of the assumption that the pink solution would disappear. Furthermore, not enough shaking would cause the pink solution to remain regardless of whether the endpoint was reached. This could have resulted in the assumption that the titration was over when it was not which would mean that too little sodium hydroxide was used. At the start, titrations were done very quickly when they should have been done slowly to ensure that the exact volume of sodium hydroxide was recorded. Doing it to quickly and allowing the sodium hydroxide to flow in at a fast rate would make it difficult to stop it in time. The rate should have been slowed down. Instead they were added quickly which is what caused too much volume of sodium hydroxide used resulting in a greater number of moles of acid and therefore a greater concentration.
A different volume of acid was used in each trial making it difficult to compare whether the volume of base used in the titration was accurate or not since a different volume of acid means a different amount of base to titrate it.
The density recorded was measured in g/mL and concentration is measured in mol/L which is why there is a factor of 1000 in the mass percent equation to convert the density to g/L.
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.)
In conclusion, the average concentration of the sample number 5, unknown acid was 0.04795 M. The mass percent of acid in the sample number 6 juice was found to be 0.7042%.
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