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Alkalinity

The acidity of a body of water is an important parameter when measuring the health of a lake or stream.  Although pure, freshly distilled water has a pH of 7, natural waters such as lakes and streams are clearly not pure distilled water.   Not surprisingly, the pH of a lake or stream is affected by a number of factors.  These include compounds that enter the lake from the sediments, gases that dissolve in the lake water as well as acid rain that falls into the lake.  In the face of these inputs, some lakes are still able to maintain a relatively constant pH.  Typically, this ability of a body of water to maintain a stable pH is related to the sediments and rocks surrounding the lake.  Alkalinity is a measurement of how effectively a body of water can absorb the input of acidic compounds without significantly changing the pH of the water.   In this laboratory exercise, we will measure the alkalinity level in water samples taken from Lake Waughop.  

Background

Many of the inputs into a body of water are acidic in nature.  One important example is carbon dioxide.  This gas is ubiquitous and dissolves readily in raindrops as they fall through the atmosphere.   Carbon dioxide reacts with the water, forming carbonates and bicarbonates.  These substances lower the pH of rainwater, leading to a typical rainwater pH of about 5.6.  

Other gases that lead to acidic rainfall are anthropogenic in nature.  In many areas, man-made sources of oxides of sulfur (i.e. SO3) and oxides of nitrogen (i.e. NO2) are present in the air.  When rain (or snow) falls through air that contains these oxides, they dissolve in the precipitation and fall to the earth as acid rain (or acid snow).  In some instances, the presence of significant levels of oxides of sulfur and oxides of nitrogen in the atmosphere have led to acid rain with a pH as low as 2.1.  This pH level is lower (more acidic) than the pH of vinegar or lemon juice.  

Acid rain itself can cause damage to materials.  It can lead to the corrosion of metals and can cause marble statues (CaCO3) to deteriorate.   In addition, acid rain can affect the pH of surface waters.  It has been found that many of the species that live in lakes and streams are impacted by a change in the pH of the water.   Although it is not entirely clear how a change in pH affects living organisms, the mechanism may involve the increased release of toxic ions from rocks and soil as the pH decreases. 

Some lakes are at a much greater risk with respect to acid rain than others.   Lakes that are surrounded by limestone (CaCO3) are not very susceptible to acid rain because the calcium carbonate reacts with the acid rain to neutralize it.   

CaCO3(s)   +   2 H + (aq)    (   Ca 2+ (aq)   +   CO2 (g)   +   H2
On the other hand, lakes that are surrounded by granite are easily harmed by acid rain because there are few ions available to neutralize the hydrogen ions.  When a lake has a strong capability to neutralize acid (for example, when lots of calcium carbonate is available), it is said to have a high alkalinity.   When a lake has a severely limited ability to neutralize acid, it is said to have a low alkalinity.  Although a high alkalinity is often due to the presence of carbonate, there are a number of other species that contribute to alkalinity.   Bicarbonate ions and hydroxide ions are common contributors.   But, in certain cases, borates, phosphates and silicates may also be important.  Regardless of the actual source of the alkalinity, data is normally reported as if all the alkalinity is due to the presence of carbonate ions, (mg CaCO3/Liter).

Alkalinity differs from pH.  A measurement of pH tells us the concentration of hydrogen (hydronium) ions in a solution.   Alkalinity, on the other hand, is a measurement of how much acid can be neutralized by a water sample.   Two lakes that have the same pH can have widely different alkalinity values.  Or, to put it in other words, two lakes with the same concentrations of hydrogen ions can have very different abilities to withstand the addition of more hydrogen ions.

Alkalinity is determined via an acid-base titration.   A water sample is allowed to react with a standardized solution of sulfuric acid.   To carry out the calculations, it is assumed that the acid reacts with carbonate ions, as shown below.  

2 H+ (aq)  +  CO3 2- (aq)  (  CO2 (g)   +   H2O

When the indicator, methyl orange, changes from orange to pink, it is assumed that all of the carbonate has reacted.   The point at which the color changes is called the end point of the titration.  In some cases, the initial pH of the sample is greater than 8.3.  When this is the case, the methyl orange titration is preceded by a titration using phenolphthalein.  For our calculations, we will use the amount of acid added from the phenolphthalein endpoint to the methyl orange end point or the total amount of acid added, whichever is smaller.

Procedure

Part A    Preparation and Standardization of Reagents

1. Prepare 500.0 mL of 0.010 M sodium carbonate using solid Na2CO3 and water.  The Na2CO3 has been dried in a dessicator.

2. You will be provided with a stock solution of sulfuric acid that is approximately 0.1 M.  Prepare 500.0 mL of ~0.0025 M H2SO4 by diluting the stock solution.     You will determine the exact concentration of this solution in step 6.  

3. Fill a buret with 0.010 M Na2CO3 from Step 1.   Check to be sure that there are no air bubbles in the tip of your buret.  Record the initial volume of Na2CO3 to two decimal places.

4. Using a pipet or a buret, carefully add 50.00 mL 0.0025 M H2SO4 to a 250 mL Erlenmeyer flask.  Add 2 or 3 drops of phenolphthalein indicator.  

5. Slowly add 0.010 M Na2CO3 to the mixture in the Erlenmeyer flask until the color of the solution changes from colorless to pink.  Record the final volume in your buret to two decimal places. 

6. Repeat steps 3-5 to check for reproducibility.  Since all of your subsequent calculations depend on these standardization steps, it is important that your data are as accurate and precise as possible.

The information gained from steps 3 – 6 allow you to determine the exact concentration of the sulfuric acid that you made in step 2.  This process of determining the exact concentration is called standardization.  

Part B     Determining Alkalinity

1. Fill a buret with the sulfuric acid solution that was standardized in Part A.  Record the concentration of the acid and the initial volume to two decimal places.

2. Carefully measure 50.0 mL of your lake water sample into a 250 mL Erlenmeyer flask.

3. Add 2 to 3 drops of phenolphthalein indicator to the flask.   If the solution remains colorless, proceed directly to step 4.  If the solution turns pink, add sulfuric acid from the buret until the pink color disappears.   Record the amount of sulfuric acid used on your data sheet.   The pH of the solution at this point should be 8.3.

4. Add 2-3 drops of methyl orange indicator to the same flask.  Record the volume of H2SO4 in the buret.

5. Add H2SO4 until the orange color of the solution changes to pink.   When methyl orange indicator changes to from orange to pink, the pH of the solution is 4.5.   Record the final volume of H2SO4 in your buret.

6. Conduct a repeat titration of lake water to check for reproducibility.  If your results are not close to one another, do a third titration.   Record your results for all of your titrations.

7. Repeat steps 2-6 using Puget Sound water.  Record all of the relevant data.

Calculations

1. Determine the molarity of the sulfuric acid solution based on your data.   It may be helpful to view the reaction as 

H2SO4 (aq)  + Na2 CO3 (aq)  (  CO2 (g)   +   H2O  +  Na2SO4(aq)

2. a)  In your reaction to standardize the sulfuric acid, how many moles of carbonate reacted per mL of sulfuric acid solution?

b) How many moles of calcium carbonate reacted per mL of sulfuric acid?

c)  How many mg of calcium carbonate reacted per mL of sulfuric acid?

3. Using your data from Question #2, what is the total number of mg of calcium carbonate present in 50.00 mL of lake water?   (Use the volume of acid needed to go from the phenolphthalein endpoint to the methyl orange endpoint.)

4. What is the alkalinity of the lake water in mg CaCO3/L of lake water?

Alkalinity Lab

Pre-Lab Questions

1. Describe how you would make 500.0 mL of 0.00400 M HCl from 0.0100 M HCl.

2. Assume that you did an experiment and determined that a solution had a chloride ion concentration of 0.20 M.

a. How many grams of chloride would be present in 50.0 mL of that solution?

b. If the chloride in part a was the result of dissolving calcium chloride in the solution, how many grams of calcium chloride would be needed to make 50.0 mL of that solution?

c. If all the chloride was due to calcium chloride, calculate the concentration of calcium chloride in mg/L of solution.

