Titration of Oxalic Acid
Author Dr. Jeremy Cooper, University of North Georgia-Oconee
Objectives:
· Learn titration techniques
· Prepare and titrate solutions of oxalic acid
· Accurately determine purity of technical grade oxalic acid 
· Evaluate visual versus instrumental end point detection techniques
 
Introduction
Titrations are an important method used to accurately determine the quantity of chemical substance in a solution of unknown concentration.  Normally, a solution of known concentration (standard solution) is reacted with a solution of unknown concentration.  Monitoring the progress of the reactions allows for identification of the equivalence point – the point in the reaction where chemically equivalent amounts of each reactant have been combined.  
This experiment will focus on the analysis of technical grade oxalic acid (C2O4H2, or (CO2H)2).  Oxalic acid is a naturally occurring dicarboxylic acid.  It is found in many plants and vegetables.  Oxalic acid has a number of uses.  It is very effective in removing rust and tarnish from metals.  It is a bleaching agent for laundry applications and the pulp and paper industry.  When large quantities of oxalic acid are required in a chemical process (for example 100 kg or 220 lbs), technical grade oxalic acid with non-acidic impurities (like Na+, Cl- and water) are used to reduce costs.  The oxalic acid we are analyzing is “technical grade” and labeled as 85% pure (wt/wt %).  
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(Eq. 1)    2 NaOH (aq)  +                             (aq)    →                               (aq)   +  2 H2O (l) 

Oxalic acid is a diprotic acid, therefore two equivalents of NaOH are required to neutralize the acid (Eq 1).  By adding the base into the acid solution and monitoring the pH, the final equivalence point will be determined.  The moles of sodium hydroxide required to neutralize the oxalic acid will be calculated from the volume of NaOH needed to reach the equivalence point.  From this value the moles of oxalic acid will be determined according to the balance equation.  Using the molecular weight of oxalic acid allows the grams oxalic acid to be calculated.  The percent by mass is calculated using equation 2.  The difference between your experimental results and label of the oxalic acid will be quantified by a percent error calculation (equation 3.)  

(Eq. 2)    Percent by mass =    x 100%

(Eq. 3)    Percent error =    x 100%
Apparatus & Equipment
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Figure 1.  Titration apparatus

Procedure
Note:  Neatly record all pertinent data with appropriate units while performing this experiment.  We recommend creating tables to organize your data (sample tables are included.) 
Preparing Solutions
· Prepare and label three solutions by dissolving about 0.2 g technical grade oxalic acid (record exact amount as data) in approximately 50 mL distilled water in a 150 mL beaker.  Add two drops Phenolphthalein indicator solution to each flask.  Turn on the hot-plate/stirrer (on the left side, and adjust the settlings so the heating is OFF and stirring is set at 200 – 250 r.p.m.  Place a magnetic stir bar in the first solution and stir the solution on the hotplate/stirrer to dissolve the oxalic acid. 
pH Probe
· Connect a pH probe to a Lab Quest device and connect the Lab Quest to a laptop computer.  Open Logger Pro program and select acid-base titration from the file menu.  A pH value should now be displayed on the screen.  
· Remove the small bottle of storage solution from the bottom of the pH probe and use a squirt bottle to rinse probe with distilled water (6 – 8 seconds) (use a 250 mL beaker to collect unwanted rinses and ‘waste solutions’.)
· Test the pH probe by stirring the pH 4.0 buffer solution provided with the probe to ensure it is working properly.  Rinse very well with distilled water afterward.  Repeat with the pH 7.0 buffer.  (If the probe is not accurate, inform your instructor that a pH probe calibration is necessary.)  
· Place the pH probe in the stirring oxalic acid solution adjusting it so the stir bar is not banging into the delicate glass pH probe.
· The solution should be very acidic (pH 1 – 2).  
Buret 
· Rinse the inside a buret with a small quantity (3-5 mL) of standardized 0.100 M NaOH solution (hold the buret with two hands and orient it horizontally; roll the buret and ensure the inside is completely wetted with the NaOH solution.)  Let the rinse drain out into the 250 mL beaker by opening the stopcock (valve).   
· Clamp the buret in the buret clamp and fill with the NaOH solution above the 0.00 mL mark and carefully drain the solution by opening the stopcock until the meniscus reaches 0.00 mL. Make sure the tip of the buret is filled with NaOH as well.
· Assemble titration apparatus as depicted in Figure 1.  
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Figure 2.  Titration of Oxalic acid with NaOH

Titration
· Record the initial pH of the solution in your data/observation section.
· Perform the titration adding the base into the acid.  Initially, small amounts (~0.5 mL) of NaOH can be added, pausing between additions to monitor changes in pH.  Most of the total volume of the titration is needed to get to pH 5.  Add the NaOH solution a few drops at a time from this point on (pH 5) because the pH will change rapidly!  (Figure 2)
· Record any observations in your data section (qualitative data.)  
· Record the volume of NaOH required to reach the pH 8.30.  This point in the titration is the final equivalence point for the acid-base reaction.
· Record the volume of NaOH required to cause the solution to become light pink (must persist for 1 min.)  
· Since all the oxalic acid has been reacted with NaOH (neutralized), remove and rinse magnetic stirrer.  Remove and rinse pH probe.  The trial may be disposed of down the drain.  
· Titrate remaining oxalic acid solutions (trials 2 and 3).  Trial 2 can be performed without adding additional NaOH solution to the buret.  Record the current volume reading as the initial volume and proceed.  Since you know the approximate volume of NaOH required, you can adjust your addition of NaOH accordingly. 
· Additional trial(s) may be performed if necessary.


Calculations
Once the three titrations are complete, perform the calculations necessary to complete the data table 1.  The ‘technical grade’ oxalic acid is labeled as 85% by mass oxalic acid.  Use your data to calculate the experimentally determined mass of oxalic acid and percent by mass (equation 2) for each trial.  Calculate the average and standard deviation of your trials for inclusion in your lab report.  Calculate the percent error of your average percent by mass compared to the 85% by mass on the label (theoretical value).

Lab Report
Submit a typed report for this experiment as described in the syllabus.

Questions to address in your lab report:
1a) Discuss the final equivalence point of this titration.  Why is the final equivalence point pH 8.3 and not pH 7.0?
b) Did the indicator change color at pH 7.0 or a different pH value.  
c) Explain which equivalence point detection method was more accurate at identifying the final equivalence point.

2. Are your results precise?  Comment on sources of error that contribute to the precision of the results.

3. Discuss the accuracy of your results compared to the label: 85% by mass oxalic acid.  (Use the 95% C. I. when analyzing your results.)

Materials and equipment:
each student will require: 
Oxalic acid (technical grade, 85%)  (~ 600 mg)
0.100 M NaOH (~ 80 - 100 mL) 		Phenolphthalein
1 - 250 mL beaker				3 - 100 mL beakers 
Hot plate/stirrer				Stir bar		
pH probe					Lab Quest device		
buret						buret clamp
laptop computer 				lab stand		


Sample Tables:
Table 1
	Trial
	Oxalic acid
	Initial vol.
	Final vol.
	Vol. (total)
	mols NaOH
	mols Oxalic acid

	
	
	
	
	
	
	




Table 2
	Trial
	mols Oxalic acid
	Oxalic acid
	Oxalic acid (tech. grade)
	Oxalic acid     (% by mass)
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