Student Name: 
Student Number:  
Partner’s Name and Student #: 

Demonstrator's Name:  


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

Lab Day (circle):
Tues aft
Tues night   Wed    Thurs aft    Thurs night
     Fri
Lab Week (circle):

1

2

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 (6 minimum!) made in Logger Pro attached
· Report Form attached

Student’s 
Data Tables

Table 1.  Formation of a stock solution of NaOH

	Volume of concentrated NaOH solution (mL)


	4.00

	Concentration of concentrated NaOH solution (M)


	6.00

	Volume of stock solution after dilution (mL)


	254.0

	Approximate concentration of stock solution (M)


	0.094


Table 2.1 Standardization of Stock Solution of NaOH

Values Using LabQuest 2 Data

	Data
	Trial 1
	Trial 2

	Concentration of Standard Acid solution (M)


	0.1
	0.1

	Volume of Standard Acid solution (mL)


	10.00
	10.00

	Volume of stock solution of NaOH (mL)


	11.23
	11.23

	Concentration of stock solution of NaOH (M)


	0.0890
	0.0890

	Average Concentration of stock solution of NaOH (M)


	0.0890


Table 2.2 Standardization of Stock Solution of NaOH

Values Using Observational Data

	Data
	Trial 1
	Trial 2

	Concentration of Standard Acid solution (M)


	0.1
	0.1

	Volume of Standard Acid solution (mL)


	10.00
	10.00

	Volume of stock solution of NaOH (mL)


	10.82
	10.79

	Concentration of stock solution of NaOH (M)


	0.0924
	0.0927

	Average Concentration of stock solution of NaOH (M)


	0.0926


Table 3.1 Determination of the Concentration of an Unknown Acid

Values Using LabQuest 2 Data

	Data
	Trial 1
	Trial 2

	Sample Number of Unknown Acid 


	# 1
	#1

	Volume of Unknown Acid solution (mL)


	10.00
	10.00

	Volume of stock solution of NaOH (mL)


	11.44
	11.81

	Concentration of stock solution of NaOH (M)


	0.0890
	0.890

	Concentration of Unknown Acid Solution (M)


	0.0511
	0.0528

	Average Concentration of Unknown Acid solution (M)


	0.0519


Table 3.2 Determination of the Concentration of an Unknown Acid

Values Using Observational Data

	Data
	Trial 1
	Trial 2

	Sample Number of Unknown Acid 


	# 1
	#1

	Volume of Unknown Acid solution (mL)


	10.00
	10.00

	Volume of stock solution of NaOH (mL)


	10.95
	11.03

	Concentration of stock solution of NaOH (M)


	0.0926
	0.0926

	Concentration of Unknown Acid Solution (M)


	0.0507
	0.0510

	Average Concentration of Unknown Acid solution (M)


	0.0509


Observations (all parts of the experiment):
· The NaOH, HCl, the unknown acid (Acid #1), and the unknown juice (Juice #2) were all translucent, colourless and odourless. 

· The phenolphthalein was translucent, colourless and odourless.

· Experiment 1 – Trial 1: When approximately 10.85 ml of the clear, colourless and odourless 6.0 M NaOH was titrated into the 0.1 M HCl (clear, colourless, odourless) solution, the solution rapidly turned to a clear, magenta coloured solution. Trial 2 displayed similar results.
· Experiment 2 – Trial 1: When approximately 11.44 ml of the NaOH was titrated into the clear, colourless and odorless unknown diprotic acid (Acid #1) solution, the solution rapidly turned into a clear, magenta coloured solution. Trial 2 displayed similar results.

· Experiment 3 – Trial 1: When approximately 12.38ml of the NaOH was titrated into the clear, colourless, and odourless triprotic acidic juice (Juice #2) solution, the solution gradually turned to a clear magenta coloured solution. It was a slower process in comparison to the first two experiments. Trial 2 displayed similar results.
Table 4.1 Determination of the Mass Percentage of Acid in a Juice

Values from LabQuest 2 Data
	Data
	Trial 1
	Trial 2

	Sample Number of Juice 


	#2
	#2

	Volume of Juice (mL)


	10.00
	10.00

	Volume of stock solution of NaOH (mL)


	13.00
	12.71

	Concentration of stock solution of NaOH (M)


	0.0890
	0.0890

	Concentration of acid in Juice (M)


	0.0386
	0.03771

	Average Concentration of Acid in Juice (M)


	0.0381

	Density of Juice (g/mL)


	0.9998

	Molar Mass of acid in Juice (g/mol)


	192.1

	Mass Percent of Acid in Juice (%)


	0.733


Table 4.2 Determination of the Mass Percentage of Acid in a Juice

Values from Observational Data

	Data
	Trial 1
	Trial 2

	Sample Number of Juice 


	#2
	#2

	Volume of Juice (mL)


	10.00
	10.00

	Volume of stock solution of NaOH (mL)


	12.38
	12.57

	Concentration of stock solution of NaOH (M)


	0.0926
	0.0926

	Concentration of acid in Juice (M)


	0.0382
	0.0388

	Average Concentration of Acid in Juice (M)


	0.0385

	Density of Juice (g/mL)


	0.9998

	Molar Mass of acid in Juice (g/mol)


	192.1

	Mass Percent of Acid in Juice (%)


	0.771


GRAPHS: 
Experiment 1: Standardization of the Diluted NaOH Solution Graphs
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Figure 1. Trial 1. Standardization of the Diluted NaOH Solution: Titration Curve
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Figure 3. Trial 2. Standardization of the Diluted NaOH Solution: Titration Curve
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Experiment 2: Determination of the Concentration of an Unknown Acid
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Figure 5. Trial 1. Determining the Concentration of an Acid: Titration Curve
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Figure 7. Trial 2. Determining the Concentration of an Acid: Titration Curve
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Figure 8. Trial 2. Determining the Concentration of an Acid: First Derivative Curve
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Experiment 3: Determination of the Mass Percentage of Acid in a Juice
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Figure 9. Trial 1. Determining the Mass Percentage of Acid in a Juice Sample: Titration Curve
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Sample Calculation: (Part 1)
1. Approximate concentration of stock solution

([NaOH]initial)(VNaOH) = ([NaOH]final)(Vfinal)
[NaOH]final = ([NaOH]initial)(VNaOH) / (Vfinal)
                  = (6.00M) (0.004L) / (0.254L)


        = 0.0944 M

Sample Calculation: (Part 2)
2. Exact concentration of stock solution (from visual endpoint and cV calculations AND by second derivative from titration curve using LabQuest 2 data):

Visual endpoint: Trial 1
([NaOH])(VNaOH) = ([HCl])(VHCl)


[NaOH] = ([HCl])(VHCl) / (VNaOH)



   = (0.100M) (0.01L) / (0.01082L)




   = 0.0924 M

LabQuest 2 data: Trial 1

([NaOH])(VNaOH) = ([HCl])(VHCl)


[NaOH] = ([HCl])(VHCl) / (VNaOH)



   = (0.100M) (0.01L) / (0.01123L)




   = 0.0890 M
3. Average concentration of stock solution:

Visual endpoint data: 

NaOH]average = ([NaOH]Trial1 + [NaOH]Trial2)/2


 = (0.09242M + 0.0927 M) / 2



 = 0.0926 M

LabQuest 2 data: 

NaOH]average = ([NaOH]Trial1 + [NaOH]Trial2)/2


 = (0.0890M + 0.0890M) / 2



 = 0.0890 M

Sample Calculation: (Part 3)

4. Concentration of Unknown Acid (from visual endpoint and cV calculations AND by second derivative from titration curve using LabQuest data):

Visual endpoint data: Trial 1

  ([NaOH])(VNaOH) = 2([unknown acid])(Vunknown acid)

    [unknown acid] = ([NaOH])(VNaOH) / 2(Vunknown acid)



      = (0.0926M) (0.01095 L) / 2 (0.01L)




      = 0.0507 M

LabQuest 2 data: Trial 1

  ([NaOH])(VNaOH) = 2([unknown acid])(Vunknown acid)

    [unknown acid] = ([NaOH])(VNaOH) / 2(Vunknown acid)



      = (0.0890M) (0.01144L) / 2 (0.01 L)




      = 0.0511 M

5. Average concentration of unknown acid:

Visual endpoint data: 
[U.A]average = ([U.A]Trial1 + [U.A]Trial2 )/2

        = (0.0507 M + 0.0510M) /2


        = 0.0509 M

LabQuest 2 data: 
[U.A]average = ([U.A]Trial1 + [U.A]Trial2) /2

        = (0.0511 M + 0.0528 M) /2


        = 0.0519 M

Sample Calculation: (Part 4)

6. Concentration of acid in juice (from visual endpoint and cV calculations AND by second derivative from titration curve using LabQuest data):

Visual endpoint data:

([NaOH])(VNaOH) = 3([acid in juice])(Vacid in juice)

[acid in juice] = ([NaOH])(VNaOH) / 3(Vacid in juice)



    = (0.0926M) (0.01238 L) / 3 (0.0100 L)




    = 0.0382 M

LabQuest 2 Data: Trial 1
([NaOH])(VNaOH) = 3([acid in juice])(Vacid in juice)

[acid in juice] = ([NaOH])(VNaOH) / 3(Vacid in juice)



    = (0.0890M) (0.01300L) / 3 (0.0100 L)




    = 0.0386 M

7. Average concentration of acid in juice:

Visual endpoint data:
A.J]average = ([A.J]Trial1 + [A.J]Trial2)/2

       = (0.0382M + 0.0388 M) / 2


       = 0.0385 M

Labquest 2 data:

A.J]average = ([A.J]Trial1 + [A.J]Trial2) / 2

       = (0.0386 M + 0.03771 M) / 2


       = 0.03814M
8.
Mass percentage of acid in juice:

Visual endpoint data:

Mass Percent = (([A.J]average) (MMacid) / (Densityjuice) (1000)) * 100%



  =( (0.0385 M) (192.1 g/mol) / (0.9998 g/cm 3) (1000)) * 100%



  = 0.771 %

LabQuest 2 data:

Mass Percent = (([A.J]average) (MMacid) / (Densityjuice) (1000)) * 100%



  =( (0.0381 M) (192.1 g/mol) / (0.9998 g/cm 3) (1000)) * 100%



  = 0.733 %

Discussion:
The first purpose of this lab was to use an acid base titration to first standardize a solution of NaOH. Secondly, this required the utilization of an acid base titration to determine the concentration of an unknown diprotic acid, and to determine the concentration and weight percent of an unknown triprotic acid in a juice sample. Using phenolphthalein indicator one could determine when the acidic solutions reached an equivalence point with the titrated NaOH. Further by slowly titrating the acids into the basic solution one could determine the equivalence point and the endpoint of the titration. For all three experiments the equivalence point was represented by a change from clear colourless solution to a pink, clear solution. In other words the change in colour indicated that there was an equal number of H+ and OH- ions within the newly formed solution. 


The first experiment involved standardizing a diluted NaOH solution. By titrating the NaOH against the known volume (10ml) of 0.1 M HCl one was able to discover the exact molarity of the NaOH solution. Since the volume and molarity of the HCl allow one to discover the molarity of the NaOH (C1V1 = C2V2) the volume of the concentrated NaOH used in the beginning of the lab is legible. For instance, a more concentrated solution of NaOH would require more HCl in order to reach an equivalence point, and vice versa for a less concentrated solution of NaOH. Over two trials the average concentration of the stock NaOH was calculated to be 0.890 mol/L. This was very close to the approximate molarity for the NaOH, which was 0.094mol/L.

The second and third experiments involved titrating the NaOH solution into an unknown diprotic acid solution and an unknown juice containing a triprotic acid respectively. Both experiments effectively illustrated equivalence points in an acid and base reaction as they changed from a colourless clear solution to a clear, magenta coloured solution. That said, a slower and more gradual change was observed in experiment three. This is because of the triprotic acid used. The triprotic acid requires 3 moles of NaOH per one mole of acid; therefore it requires more dissociation, which takes longer in comparison to a monoprotic or diprotic acid. The molarity of the unknown diprotic acid in experiment two was calculated to be an average of 0.0519 mol/L using values using the LabQuest 2. For experiment three the calculated value of the unknown triprotic acid within the juice was calculated to be 0.0381 mol/L. Furthermore, the percent mass of the triprotic acid within the juice was calculated to be 0.771%. By knowing the molar mass and the density of the triprotic acid we were able to calculate this percentage. When calculating it was important to multiply the density by a factor of 1000 in order to convert it from g/ml to g/L; this allowed it to be multiplied by the molarity (mol/L).

It is possible that the accuracy of results from this lab were affected by errors. Firstly, it is possible that some acid and base solution remained in the beaker over repetitive trials. Although they were rinsed, it was not a thorough cleaning process. If any acid or base remained in the beaker it is possible that the concentration could have been affected, or dissociation had already begun before the titration had started. This would have affected the amount of NaOH needed to reach the equivalence point. Also, over the lab period it is possible that water could have evaporated from the NaOH and distilled water solution. This would have increased the overall concentration on the solution and would have caused an earlier equivalence point during the titrations.

All in all this lab was effective in illustrating how titrations can be used to standardize solutions, and to determine the concentration of unknown solutions. Moreover, this lab allowed one to see observe an acid and base reacting to reach an equivalence point and an end point. It demonstrated how acids and bases can be combined to manipulate the pH of a solution. 
Conclusion: 
The average concentration of the stock NaOH solution was 0.0890 mol/L. The unknown diprotic acid (Acid #1) in experiment 2 had an average concentration of 0.0519 mol/L, while the average concentration of the unknown acid within a juice sample (Juice #2) was 0.0381 mol/L; furthermore, the percent mass of the acid in the juice was 0.771%.
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Raw Data with First Derivative column
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