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ANALYSIS OF PHOSPHOROUS IN WATER BY SPECTROPHOTOMETRY

Introduction

Under normal conditions, the phosphate concentration in aquatic ecosystems is low.  It is the limited availability of phosphate that keeps the growth of algae under control.  If, however, large amounts of phosphate are available, algae are likely to grow unchecked, resulting in an "algal bloom".  
Dense growth of algae detracts from the appearance of a lake or other aquatic ecosystem.  In addition, when the algae dies, its decomposition acts to lower the concentration of dissolved oxygen.  As the oxygen concentration decreases, many species are unable to survive.  In general, as the variety of species in an ecosystem declines, the health and stability of the system also decline.   

Theory
In this experiment you will study the amount of phosphorous present in a variety of different water samples.   Although phosphorous is normally present as phosphate, (PO43-), it may also be present as hydrogen phosphate (HPO42-), dihydrogen phosphate (H2PO4-) or other forms of phosphorous.  

In order to see the phosphate, it is necessary to convert it to a form that can be measured spectrophometrically.  In an acidic solution, phosphate (PO 4 3-)reacts with ammonium molybdate and potassium antimonyl tartrate.  Ascorbic acid (Vitamin C) is available to form an intensely-colored blue complex.
  The intensity of the blue color is directly proportional to the amount of phosphate present.  The intensity of the blue color will be measured with a spectrophotometer, which is a device that measures the amount of light absorbed by a sample.  
     The mathematical expression of these relationships is known as the Beer-Lambert Law and can be written:

log  Io   =   abC

                              I

where “a” is a constant characteristic of the solute and called the molar extinction coefficient, “b” is the thickness of the solution and “C” is the con​centration of the solute.  Log I/Io is also known as the absorbance and is often given the symbol (A).

Therefore the Beer‑Lambert Law can be written  A = abC.

 If the thickness of the solution is held constant by using sample tubes of the same dimensions, a straight line should be obtained when absorbance (A) is plotted against concentration (C).  The relationship between absorbance and concentration serves as the basis for the quantitative analysis of a great many substances.  In application, a series of solutions of known concentration are prepared and the absorbance of each is measured. The concentration is plotted against the absorbance to prepare a calibration curve.  Once this curve has been established, the concentration of any "unknown" solution can be determined if the absorbance of that solution is known. (See Figure 2)

The measured absorbance of an unknown solution is located on the standard curve and the corresponding concentration read on the con​centration axis.  The dotted line shows how the curve is used to find the concentration of an unknown solution with an absorbance of 0.85.  The concentration of that solution is approximately 2.2 x 10-4M.  
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FIGURE 1: A typical Beer‑Lambert plot.

Procedure
General information on the operation of spectrophotometers can be found on pages 141-143 of your lab text (Chemistry in the Laboratory by Jo A. Beran).   You may also find the information in the Text Supplement (Sections C.1 and C.3) useful.  The particular spectrophotometer that we will use is a Spectronic 20.  Specific operating instructions for the Spectronic 20 are attached to this lab exercise as an Appendix. 

Safety Instructions
Wear goggles and an apron during this laboratory exercise.  The containers which you will use for the phosphate determination will be soaking in a dilute acid bath in the Hood.  Several acids and potentially toxic chemicals are used in this exercise.  

Part A: Preparation of Phosphate Standards

You will be provided with a stock phosphate solution which has a concentration of 10 ppm of Phosphorus.  (Note that the concentration is in terms of P, not PO43-.)  This standard solution is made in distilled water. Your first task is to make 5.0 mL samples with the following concentrations of phosphorus: 

5 ppm, 2.5 ppm, 1.0 ppm, 0.5 ppm, 0.2 ppm and 0.1 ppm. 

Refer back to Chapter 2 in your text for help with making your dilutions.  You may find this equation useful:   C1 V1 = C2 V2
Be sure to label each of your standards and remember to show sample calculations in your lab write-up.  Since the accuracy of your data depends entirely on the accuracy with which you make your standards, be very careful when you measure out the stock solution.  It is suggested that you make your standards in test tubes and that you measure the stock phosphate solution (10 ppm) using a micropipet.  Be sure that you either use a) a clean tip on the micropipet or b) a pipet tip that you know has only been used in the same solution you are using.  A buret is probably the most convenient method for adding a known amount of water to make your diluted standards.  Please feel free to ask for assistance using a buret.  

Part B: Formation of blue phospho-molybdate complex.

You should have 5.0 mL samples of each of these available:

a. The standards you prepared in Part A (there are 6 of these)   

b. Distilled water to use as a blank or control  

c. Duplicate water samples from Lake Waughop 

d. Duplicate water samples from Puget Sound

e. Duplicate samples of soapy water

(There should be a total of 13 samples.)

1.  Add 4 drops of the combined reagent to each of the test tubes listed above.  (The combined reagent is stable for about four hours and is a mixture of H2SO4, potassium antimonyl tartrate, ammonium molybdate and ascorbic acid.)

2.  After 10 minutes reaction time; various shades of blue should be seen in each of the tubes.  When you look at your standards, the intensity of the color should increase with increasing phosphate concentration.  If it does not, consult with your instructor.  

3.  Mix each of the solutions well, being careful not to contaminate them.  (If you stopper them to mix the contents, be sure to use a clean, acid-rinsed stopper for each one.)

4.  Visually compare the color of the lake water, Sea Water and soapy water with the colors of the standards.  If any of them have a more intense color than the most intense standard, consult your instructor before proceeding.  

Part C: Measuring Absorbance Using a Spectronic 20.

1.  Set the wavelength to 880 nm.

2.  With nothing in the sample holder, adjust the Spec 20 to read infinite absorbance.

3.  Place the treated "blank" in the sample holder and adjust the Spec 20 to zero absorbance.

4.  Measure the Absorbance of each tube at 880 nm and record all data.  

Treatment of Data
1.  Prepare a calibration curve of concentration versus absorbance.

2.  Use this graph to determine the concentration of phosphate (in ppm Phosphorus) for each of your samples.  

3.  Remembering that 1 ppm is equal to 1.0 mg/L of solution, calculate the concentration of each sample in mg P/mL.
Post Lab Questions
1.  Assuming that the path length of the cuvette is 1.0 cm, calculate the extinction coefficient for the blue phospho-molybdate complex.
2. Based on your data, what would you say is the detection limit for this procedure (the lowest concentration that you could reliably measure)? 
Phosphate in Water


Name_________________________

Pre-Lab Questions
1. The concentration of the stock solution used in this lab is 10 ppm phosphorus.  What is the concentration of this solution in 

a) mg/Liter

b)  moles/Liter

2. If you are given a solution that has a concentration of 0.040 mg P/mL, describe how you could make 10.0 mL of a solution which had a concentration of 0.005 mg P/mL.

3. If you are to make a graph of concentration vs. Absorbance, which of these variables is the independent variable?  Which is the dependent variable?  Which one should be on the horizontal axis (the abscissa?) 

4. Does it make sense to consider phosphate the Limiting Reagent for the growth of algae in a lake?  Explain.
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