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CE 170:  Environmental Engineering

Lab Procedures
Alkalinity, Buffering, and pH 

Procedures

A.  Determining the Strength of an Acid

Equipment and Materials:

· Primary standard solution (made by the instructor)

· Sulfuric acid solution (made by instructor)

· Burette and stand

· 250-mL beaker or Erlenmeyer flask

· Methyl orange (or other) indicator

· 50-mL graduated cylinder

· 25-mL volumetric pipette 

1. Obtain from your instructor 20 mL of a base solution made with sodium carbonate (Na2CO3).  Sodium carbonate is called a "primary standard".

A primary standard is usually a salt of high purity that can be dried at some convenient temperature without decomposing and that can be weighed with a high degree of accuracy (ref: Sawyer, McCarty, and Perkins, p 384). The salt used in this case is Na2CO3 which had a purity of 100.0%.

2. Calculate the normality of the primary standard and record the result on your data sheet.  Include this in your sample calculations. 
3. Place some indicator solution into the sample as directed by your lab instructor.  Record the name of the indicator you are using on your data sheet.

There are many indicators. Mostly, they are weak organic acid or bases that have one color in their ionized form (after they have given up their H+ or OH-) and another in their neutral form.  Bromcresol green/methyl red and methyl orange change about pH 4.5.  Another indicator you may be familiar with is phenolphthalein, which changes from clear to bright purple when the pH exceeds 8.3.  (You may have used this in Chem 1.)  A list of indicators can be found in Sawyer, McCarty, and Perkins (p 385). 

4. Fill your burette with the acid (titrant) using a small beaker.  (You don't have to fill the burette to any particular mark.)  Note the beginning mark on the burette.  (Remember to read the bottom of the meniscus.)

5. Carefully, add titrant to the sample while continuously swirling.  When the color shifts, the endpoint has been reached (about pH 4.5).  Stop adding acid at that point. 

6. Note the ending mark on the burette.  Calculate the volume of titrant used.

7. Calculate the normality of the acid from your titration using:  (NV)standard = (NV)acid.   Include this in your sample calculations. 

8. Collect the Nacid values from each lab group.  Calculate the average and use that value for the alkalinity testing.  (It should come out close to 0.02 N.)

B.  Titration of Baking Soda  
Because we have only one pH meter per bench, one group should do Part B while the other does Part C.  Then switch.

1. From your instructor, obtain a sample of 150 mL of American River water (or other water source as directed).

2. Titrate this sample without the pH meter to the indicator endpoint.  Record the volume of acid used.

3. Add about 0.02 g of sodium bicarbonate (NaHCO3, baking soda) to the 150 mL of American River water.  (It isn't necessary to hit exactly 0.02 g but be sure to record the actual mass used.)  Note what happened to the indicator color.

4. Resume titrating to the indicator endpoint.  Record the cumulative volume of acid used.

5. Calculate the total alkalinity of the American River with and without the baking soda (see notes under “Data Analysis”.)  Express your answer in both meq/L and mg/L as CaCO3. Include these computations in your sample calculations.

C.  Titration Curves 

1. A titration curve is a graph of pH changes as a function of the amount of acid added (measured in terms of meq per L of sample).  Obtain a water sample from your instructor.   

2. Set up your titration with a pH meter so that you can read continuous pH readings as you add the acid.

3. Add indicator as before.

4. Carefully, add acid to the sample while continuously stirring.  Be careful.  Some water samples will be poorly buffered and will change pH very quickly.  Add acid slowly at the beginning until you see what kind of water you are dealing with.  Periodically record the change in pH and the cumulative acid you add.   Because some of the pH probes have slow response times, be sure to give adequate time to each measurement.  The meters will “beep” at you when they sense the pH is stable.  

5. Continue until the indictor changes. 

6. Repeat steps 1-5 with additional water samples as directed by your instructor.

Data Analysis

1. Calculate the alkalinities of the water samples tested using the following relationship:

Number of equivalents of acid added

= number of equivalents of alkalinity in the water sample

(NV)titrant = (alk)(Vsample).
Express your answer in both meq/L and mg/L as CaCO3. The conversion is:

50,000 mg CaCO2 per equivalent

Include these computations in your sample calculations.

2. Calculate the potential alkalinity supplied by the baking soda based on amount of baking soda added.  The baking soda alkalinity = (1eq/mole)x[HCO3- mole/L].  

3. Using a spreadsheet, create a titration graph.  On the y-axis, plot pH.  On the x-axis, plot cumulative meq of acid (not mL of acid) added per liter of water sample).  Graph all the titration curves on the same graph.  

Your graph should look something like this if you tested two samples.  Use appropriate labels.
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Lab Write-up

1. Report your alkalinity data and the results of your calculations on the sheets provided.  

2. Provide sample calculations on engineering paper for every different kind of calculation done.  Some of these are noted in the procedures.  Be sure to check for appropriate significant figures.  Attach these to your data sheets.
3. Attach printouts of the titration curve data and the titration curves.  Provide sample calculations for the calculations done on spreadsheets also. 

4. Answer the discussion questions. 
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Data

		Alkalinity Lab Titration Curves								Date:		16-Sep-98

		Acid strength:				50		meq/L

		American River						Davis tap water						Sample #2

		Sample vol (mL) :				200		Sample vol (mL) :				200		Sample vol (mL) :				xxx

		Cum. Acid Added						Cum. Acid Added						Cum. Acid Added

		mL		meq		pH		mL		meq		pH		mL		meq		pH

		0		0.000		6.74		0.0		0.000		7		7.74

		1.1		0.275		6.47		0.5		0.125		6.90		7.63

		2.1		0.525		5.97		1.0		0.250		6.82		7.54

		3.9		0.975		3.93		2.0		0.500		6.71		7.42

		4.3		1.075		3.76		4.0		1.000		6.51		7.20

								6.7		1.675		6.34		7.01

								9.8		2.450		6.20		6.86

								13.7		3.425		6.08		6.72

								18.7		4.675		5.94		6.57

								23.6		5.900		5.82		6.44

								33.5		8.375		5.61		6.20

								43.8		10.950		5.36		5.93

								50.8		12.700		5.15		5.69

								56.3		14.075		4.79		5.3

								61.8		15.450		3.64		4.02

								63.3		15.825		3.26		3.6

								65.7		16.425		3.07		3.39
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