Integrating Stoichiometry and Solution Concentration: Titrating Tap Water to Determine Chlorine Concentration

Introduction: Municipal water has “chlorine” added to it to kill any pathogens that may still be alive in the water. This active form of chlorine soon decomposes into the chloride ion. We will use a method called titration to determine chlorine concentration. In titration, another solution is added that reacts with the substance you are trying to measure, in this case chloride. When all of the chloride is used up, the solution that you add reacts with an indicator, which signals that all of the chloride has been consumed.

The chloride in this solution reacts with the silver nitrate that you add. 

AgNO3     +        Cl-1               (

AgCl (c)

+ 
NO3-1

Once the chloride is consumed, the chromate indicator, CrO4-2 will combine with the silver nitrate changing the color from cloudy white to orange. The indicator is less reactive than the chloride and will not combine with the silver nitrate until ALL of the chloride is consumed. 

In the above reaction we can see that the chloride ion reacts with the silver nitrate in a 1:1 ratio. Therefore, if we know the number of moles of silver nitrate added, we know the number of moles of chloride in the solution. We can calculate the number of moles of silver nitrate added by taking the product of the volume (in liters) added and the molar concentration:

Moles AgNO3   =    MAgNO3  X   V AgNO3
OBJECTIVE: Determine the concentration of chloride in a sample of water

MATERIALS: Microburette, syringe, flask, magnetic stirrer and stirring bar

PROCEDURE:

1 Prepare your burette by draw a small “plug” of silver nitrate solution up and down in order to rinse the burette. Fill the burette with the 0.01 M AgNO3 solution.

2 Before we actually titrate the tap water we need to do a control experiment (or blank) with deionized water. Obtain 15 – 20 ml of deionized water. Record the exact volume of your sample.  Add 3 drops of chromate indicator to the sample. Put the magnetic stirring bar in the flask and set the flask on the magnetic stirrer. Turn on the stirrer. 

3 Record the initial level of AgNO3 in the burette. Start adding the AgNO3 solution. Slow down the addition of solution when the orange color starts to persist temporarily. Because there should be no Cl-1 in deionized water, it should change immediately. However, it usually takes a few drops to observe the color change. When one drop of silver nitrate turns the solution permanently orange, you’ve reached the endpoint. Because the color change is subtle, it may be helpful to have another beaker with water and indicator nearby to use as a comparison. Record the final level of AgNO3.

 4 Obtain a 15 – 20 ml sample of tap water. Record the exact volume of your sample. Add 3 drops of chromate indicator to the sample. Put the magnetic stirring bar in the flask and set the flask on the magnetic stirrer. Turn on the stirrer. 

5. Record the initial level of AgNO3 in the burette. Start adding the AgNO3 solution. Slow down the addition of solution when the orange color starts to persist temporarily. Because there should be no Cl-1 in deionized water, it should change immediately. However, it usually takes a few drops to observe the color change. When one drop of silver nitrate turns the solution permanently orange, you’ve reached the endpoint. Because the color change is subtle, it may be helpful to have another beaker with water and indicator nearby to use as a comparison. Record the final level of AgNO3.

6 Do two more titrations with tap water.

7 Clean up. Rinse the microburette with water several times to clean it out.

CONCLUSIONS:

1 The EPA allows chloride levels in drinking water to be between 25 – 250 PPM. Based on your analysis, how good is the water with respect to level of chlorination?

DATA:


Blank
Run #1
Run #2
Run #3

1 Volume of water (l)=

mass water (kg)





2 Concentration of AgNO3







3 Initial level of AgNO3 (ml)







4 Final level of AgNO3 (ml)







CALCULATIONS:


Blank
Run #1
Run #2
Run #3

1 Volume AgNO3 added (ml)







2 Volume AgNO3 added (l)

 calc1 | 1 liter
           | 1000 ml







3 Moles AgNO3 added

(conc AgNO3 x Volume AgNO3)







4 Moles Cl-1

moles AgNO3 | 1 mole Cl-1
                         | 1 mole AgNO3






5 Mass Cl-1

moles Cl-1 | 35.5 g Cl-1
                   | 1 mole Cl-1







6 Parts per million Cl-1 =

 (mg Cl-1 / kg water)

mass Cl-1 (g)  | 1000 mg 

kg water         | 1 g







7 Corrected ppm Cl-1 = 

ppm run – ppm blank
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