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Environmental Chemistry Lab (Wtr 2005)
Weeks 5+6: Measurements of pH and buffering capacity in Environmental Samples

Making accurate measurements of pH is a very challenging task.  While you can use a simple test paper or indicator kit to get pH, these are not as accurate as using a glass electrode.  In this lab exercise we will learn to use a pH meter and glass electrode to measure the pH of environmental samples.  One of the surprising results you will learn is that the cleaner the sample, the harder it is to accurately measure pH.  Samples with low ionic strength (low concentration of ions) are the most difficult samples for pH measurements.  We will also learn about buffering capacity, what this means for environmental samples and how to measure it.

Specific objectives for this lab are:

1) Learn to calibrate and use a pH probe (otherwise known as a hydrogen ion-selective electrode);

2) Learn to measure pH in both high and low ionic strength solutions;

3) Measure the pH of a variety of environmental samples including ddw, rainwater and river water; 

4) Understand the definition and significance of buffering capacity and to observe this phenomenon in action by following the pH change of various solutions upon addition of acid;

5) Learn to conduct a pH titration and use this information to calculate the buffering capacity of a solution.

This lab will be done in two parts.  The pH measurements will be made during the first week and the buffering capacity work will be done in the second week.

Solutions and supplies provided:

pH meter with pH probe (hydrogen ion selective electrode)

Standard buffer solutions at pH 4,7, and 10

Distilled, deionized water, ~200 ml per student

DDW in wash bottles, 1 per student

DDW, CO2 free at room temperature with sodalime trap

0.01 M HCl, ~50 ml per student

Acetate buffer solution containing 0.01 M NaOAc and 0.005 M HOAc

Various beakers and Erlenmeyer flasks

Rubber stoppers for Erlenmeyer flasks

North Creek water

Clean, fresh rainwater

Other solutions for pH measurements

Kimwipes

Pre-lab preparations:

Prior to coming to lab, you must complete the following steps:

1) Read through Experiment 3 in your text, pages 47-59 and this entire lab handout;

2) Complete the quiz on “Blackboard”;

3) Start on a new page in your labbook and record the title of the lab.  Next describe in a few sentences in your own words, the goals for the lab and then in a few sentences describe the overall approach to be used to accomplish these goals (a few sentences);

4) Make a table in your labbook that looks like the one below.  Calculate the pH in advance of the solutions shown and fill this into your table.  Show Dr. Jaffe your calculations before beginning the lab.

Table for labbook. Calculated pH values must be completed in advance.

	Solution



	Calculated pH
	Measured pH (rep 1)
	Measured pH (rep 2)
	Measured pH (rep 3)

	DDW (CO2 free)
	
	
	
	

	DDW equilibrated with air
	
	
	
	

	DDW equilibrated with 2% CO2 v/v (0.02 atm.)
	
	
	
	

	0.010 M HCl
	
	
	
	

	Acetate buffer solution
	
	
	
	

	50 ml DDW + 2.0 ml 0.01 M HCl
	
	
	
	

	50 ml Acetate buffer solution + 2.0 ml 0.01 M HCl solution
	
	
	
	

	North Creek water
	No calc.
	
	
	

	Fresh rainwater 
	No calc.
	
	
	

	Tap water
	No calc.
	
	
	

	
	
	
	
	

	
	
	
	
	


Leave space in the table for additional samples that may be provided.  Report all pH values, calculated and measured, to 3 significant figures (e.g. 2.63).  The acetate buffer solution contains 0.010 M NaOAc and 0.005 M HOAc.  Note that “Ac” refers to the acetate ion, CH3COO-, so NaOAc = sodium acetate and HOAc = acetic acid.  The Ka for HOAc is 1.8 x 10-5 and the pK​a = 4.74. 

Directions-  First week:

1) Goggles must be worn for the duration of this lab experiment;

2) Obtain a pH meter and glass electrode.  

3) Follow the directions in your text (steps 2a-b, page 55-56) to calibrate the meter.  Use copious amounts of DDW to rinse the electrode between different solutions.  

4) Since most of our work will be in the acidic side of the range (below 7) it is essential that the meter be calibrated with pH 4 and 7 buffer solutions while you are working in this range.  If one of the environmental samples is basic, then recalibrate using the pH 7 and 10 buffers;

5) When you are satisfied the meter is behaving properly, proceed to measure your samples.  For each sample, you will measure the pH using 3 separate portions of solution (i.e. reps 1-3 in the table).  Following calibration, you should put the probe in the solution and gently swirl until a stable reading is reached.  In some cases, especially low ionic strength solutions, the reading may drift for a long time.  In this case, you should allow two full minutes for equilibration and then take a reading, but be consistent in how you take your readings.

6) Following each set of 3 replicates, recheck the calibration using the two buffers which bracket the pH range you are working in.  Adjust the calibration dials as needed;

7) Measure the samples in the order listed in the table;

8) For the DDW equilibrated with air, take some of the non-CO2 free and put it in an Erlenmeyer flask.  Stopper and shake like mad for about 30 seconds, unstopper and let some fresh air in.  Stopper and shake again two more times.  Measure the pH in triplicate;

9) For the DDW equilibrated with 2% CO2 repeat step 8, only this time, instead of blowing in fresh air, simply exhale into the flask.  Your breath contains about 2% CO2 by volume.  Repeat this 3 times so as to fully equilibrate the DDW with this level of CO2.  Measure the pH in triplicate.  (Can you think of any reason why the 3 readings might not agree with each other?);

Second week:  Buffering capacity and pH titrations

You will titrate various solutions with 0.01 M HCl to determine the buffering capacity.  This can be done by adding measured increments of acid to known volumes of the test solutions.  Typically, the data are plotted as pH vs volume of acid added (ml), for example:
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Specific directions:

You will determine the buffering capacity for the following samples:


100 ml DDW (equilibrated with air)

100 ml North creek water

100 ml fresh rainwater

25 ml acetate buffer solution

For the first three of these, we would expect relatively low buffering capacities.  For this reason, it is best if you add the acid in very small increments, perhaps 0.1 or 0.2 ml (see graph).  In regions where the pH change is relatively small, you can add larger increments (e.g. 2 ml) between pH readings.  If you overshoot a region with a large pH change, you can repeat the measurements with a new sample.  Sometimes it is fastest to do a quick titration to find the regions with the larger pH change, and then repeat to get more accurate results.

1) Obtain a burette and fill it with 0.01 M HCl solution.  Setup a beaker to which can hold up to about 100 ml of solution as well as your pH probe.  Position the pH probe with a ring stand and clamp.  It should be near the bottom of the beaker, but not resting on the bottom;

2) Calibrate the pH probe and meter as we did last week.  Use the pH 4 and 7 buffers;

3) Add the appropriate volume of each sample to be titrated (25 or 100 ml, see above list) and get an initial pH reading.  The reading should approximately agree with the readings from last week;

4) Add an appropriate volume of acid from the burette to the beaker, swirl gently and record the new pH.  For the solutions which we expect low buffering capacity (eg rainwater, DDW and North Creek water), start out by using very low acid additions, 0.1 to 0.2 ml.

5) Continue adding acid and taking pH readings until you get below a pH of 2.5.  

6) Record all data in your labbook.

Report

Hand-in to Dr. Jaffe the following items by the deadline given on the syllabus:

1) A two-page summary describing your results for both the pH measurements and the buffering capacity.  

2) A table showing your calculated and measured pH values.  Show the results from each of the 3 replicates as well as the mean.

3) A table with the calculated buffering capacity for the 4 samples you measured.

4) Titration plots for each titration.  These are plots of pH vs volume of acid added (be sure to start your plots at 0.0 ml).

Also please answer the following questions:

1) Did any of your calculated pH values prove to be far off from the measured value (more then 0.2 pH units)?

2) Which samples showed the greatest degree of variation between the three pH readings? Why do you think this was so?

5) What is a “normal” range of pH values for rain, river and tap water?  Are any of your readings out of this range?  Why might this be the case?

6) The acetate buffer contained 0.01 M NaOAc and 0.005 M HOAc.  What would be the buffering capacity of a solution which contained 0.1M NaOAc and 0.05 HOAc?

7) Between rainwater, creekwater and DDW which sample showed the greatest buffering capacity? Why?

Note on calculating buffering capacity:

To calculate the buffering capacity, you need to determine the amount of solution which would change the pH by 1.0 unit.  In most cases, you will need to interpolate between data points.  So for example, referring to the graph of pH vs volume acid added (above) for the weakly buffered solution:  Since the initial pH is 6.00, we need to find the volume where the pH would be 5.00.  To do this, calculate the volume by interpolating between the points at Vol = 0.00 ml and Vol = 1.00 ml, using the ratio:

Volume to get change of 1 pH unit
=
Change of 1.00 pH unit   =       
Volume to get actual pH change

Actual change in pH

Everything is known except the “Volume to get the change of 1 pH unit”.  So for the weak buffer in the graph above, the actual change in pH was 2.89 units (6.00-3.11) for a volume added of 1.00 ml. So the volume needed to get a change of 1 pH unit = 1/(6.00-3.11) * 1.00 ml  = 0.35 ml.  Looking at the graph, you can see that this value is reasonable, since in the first 1.00 ml added, the pH changes by about 3 pH units.
