
I. PRINCIPLE AND APPLICATION
The method employs several techniques to determine iron in phosphoric acid: by UV-visible spectroscopy, by visual inspection with Nessler tubes, and by atomic absorption spectroscopy (AA).

II. REPRODUCIBILITY AND ACCURACY
The reproducibility is ( 0.1 mg/L based on the spectrophotometric determination.

III. EQUIPMENT AND APPARATUS
A. UV-visible spectrophotometer or colorimeter, using 1cm path length cells

B. AA spectrophotometer

C. Nessler color tubes – an alternative to above two instruments

D. Analytical balance, ( 0.1 mg

E. Volumetric pipets- 10 mL, 5 mL

F. Graduated cylinders-100 mL, 25 mL

G. Volumetric flasks-500 mL, 100 mL, 25 mL

H. Erlenmeyer flask-500 mL

IV. REAGENTS
A. HPLC-grade water, or deionized distilled water

B. Potassium permanganate (KMnO4 ), 99+% (Fisher, EM Science)

C. Potassium thiocyanate (KSCN), 99+% (Fisher, Mallinckrodt) 10%w/v aqueous solution is also available from these vendors

D. Iron reference standard in dilute nitric acid, 1000 (g/mL (Spex, J.T.Baker, Ultra Scientific)

E. Nitric acid, 1.0 N (Mallinckrodt, J.T.Baker)

V. PROCEDURE
A.
Stock Solutions Preparation

1. Potassium Permanganate – 0.025N aqueous solution:  Dissolve 0.395 g KMnO4 in distilled water and dilute to 500 mL.

2. Potassium Thiocyanate – 10% aqueous solution: Dissolve 10 g KSCN in distilled water and dilute to 100 mL.  If the 10% w/v solution was purchased, then this procedure is not needed.

3. Nitric acid –  0.2 N:  Partly fill a 500-mL Erlenmeyer flask with distilled water, then measure 100 mL 1.0 N nitric acid into a graduated cylinder, add to flask and fill to 500-mL volume with distilled water, mix well.

4. Standard Iron Working Solution – Dilute 10 mL of 1000 (g/mL iron reference solution to 100 mL volumetric flask with 0.2 N nitric acid, cap and mix well.  Then dilute 10 mL of this 100 (g/mL iron solution to another 100 mL volumetric flask with 0.2 N nitric acid, cap and mix well.  This solution contains 10 (g/mL iron.

B.
Standard Preparation

1.
To 5.0 mL (8.5 grams) of 85% phosphoric acid in different 25 mL volumetric flasks, add 1 mL, 3 mL, 5 mL, and 10 mL of the standard iron working solution.

2. Add 2 mL 0.025N KMnO4, wash down sides with 1-2 mL distilled water.  Mix and allow to stand for 15 minutes.

3. Add 5 mL of 10% KSCN to each flask and dilute to 25 mL.  The iron content of the standards will be 10, 30, 50, and 100 (g in 25 mL.

4. Make a blank consisting of 5 mL of the phosphoric acid sample mixed with 20 mL of distilled water.

5. Mix and determine the spectrophotometric transmittance of the standards at 420 nm, setting the instrument at 100% transmission with the blank.

C.
Sample Preparation

1. Pipet 5.0 mL (8.5 grams) of phosphoric acid sample into a 25 mL volumetric flask.

2. Add 2 mL 0.025N KMnO4 to the flask, washing down sides with 1-2 mL distilled water.  Mix and allow to stand for 15 minutes.

3. Add 5 mL of 10% KSCN and dilute to 25 mL.

4. Mix and determine the spectrophotometric transmittance of the solution at 420 nm, setting the instrument at 100% transmission with the blank in section B.4.

D.
Alternate Procedure – Nessler Tubes

If a colorimeter is not available, the iron content of H3PO4 may be estimated by means of Nessler tubes.  The procedure is as follows:

1.
Mark two 25 mL graduated cylinders: A and B.

2.
Pipet 5.00 mL of the sample into cylinder A, add 2 mL of 0.025N KMnO4, mix, and allow to stand for 15 minutes.  Add 5 mL of 10% KSCN, dilute to 25 mL with water, and mix.

3. Obtain a colorless phosphoric acid control.  Pipet 5.00 mL of the control phosphoric acid into cylinder B and proceed as indicated for cylinder A.

4. Carefully transfer solutions A and B to two Nessler tubes.  Observe downward over a white surface and compare intensity of color.  The color of A should be no darker than B.

Note: The above procedure will give good results only when the sample is color-free.  If the acid itself has any off-color it must be rejected.

E.
Alternate Procedure – Atomic Absorption Spectroscopy

If an atomic absorption (AA) was available, this would be the most accurate and precise way to determine the iron concentration in H3PO4.  This procedure would use the method of standard additions using standard iron solutions as described in Section VI.B.  The sample of H3PO4 would be diluted to a 10% (w/w) aqueous solution before AA analysis due to phosphate AA interference.

VI. CALCULATIONS
From the four iron standards prepared in section VI.B, plot a standard graph taking into account the iron content of the phosphoric acid used which, if unknown may be calculated from the point at which the increment graph intercepts the ordinate.

Example:
8.5 grams H3PO4 (no increment) 
=  0.040 (from graph)


8.5 grams H3PO4  +  100 (g Fe
=  0.221 (from graph)





    100 (g Fe
=  0.181


iron in phosphoric acid = 100 (g Fe x  0.040





     0.181

Therefore, the phosphoric acid in the iron standards contains 22.2 (g Fe per 8.5 grams or 2.6 ppm.

Finally, determine the concentration of iron in the sample from the standard graph.
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