An Improved Method for Measuring Phosphorus
Using Spectrophotometry

By J. L. Mullen

An improved method for the measurement of phospho-
rus, using spectrophotometry, is described. This
method makes use of selective optical absorption at

wavelengths of 704 um. This absorption results from the
formation of a phaepharus-molyhdenum compley. ftis

shown that this optical technigue has significant
advantages over previously used techniques in terms of
speed and long stability (24 hr) of the complex. The
methed is especially suitable for the measurement of
phosphorus in nickel-phosphorus (Ni-P) alloys.

lectrochemically produced alloys of Ni-P are widely

used in industry. Their structure and properties are

closely linked to the phosphorus content. [tis important,

therefore, to have an accurate, rapid way of determin-
ing this value. These alloys are crystalline if the phosphorus
content does not exceed 7 or 8 weight percent.’ The phospho-
rus concentration is inversely proportional to the hardness and
directly proportiona! to corrosion performance and contact
resistance.'? Nickel-phosphorus alloys withless than two atomic
percent are used for low conlact resistance to replace gold
when contact resistance values up to 50 mQ are desired.® Fur
these reasons, it is important to have a guick and accurate
means of measuring phosphorus concentration.

Typical conventional phosphorus measurements include
alkalimetric, gravimetric, inductively coupled argon plasma
{ICAP}, and spectrophotometry. Another method occasionally
used is an indirsct ischnique In which the nicke!l content is
determined by an analytical method, and the phosphorus
content is determined by the difference. This lechnique re-
quires the alloy to be a pure binary.

In the usual alkalimetric method,* phosphorus is separaied
as a yellow ammonium phosphomolybdate complex. This
precipitate is collected and dissolved in a standardized sodium
hydroxide solution; the excess is back-titrated with a standard-
ized nitric acid solution. This method requires a considerable
amount of time, and is very tedious.

The gravimetric method® is similar to the alkalimetric method
in that the precipitate of ammonium phosphomolybdate is
collected and weighed, and the amount of phosphorus is
determined by the weight of the precipitate. The accuracy and
precision of this method are influenced by the environmental
conditions of the yellow precipitate. Slight changes in pH,
temperature, and the amount of ammonium molybdate as a
precipitant will produce similar changes in the composition of
the precipitatc; thercforc, the sample oizc i dircctly propor
fional to the accuracy of the measurement. Because the
phosphorus atoms are hot chemically combined
((NH,),PO,-12Mo0O,-H,0) with the molybdenum atoms, the
ideal ratio of 1:12 is not always the same.

The ICAP method® is considered to be the most reliable for
phosphorus anaiysis. Because this method requires very ox-
pensive analytical equipment, it is not practical for every labo-
ratory. The precision of the method is about one percent. As the
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detection limit is approached, however, the prscision ca
decrease to as much as five percent. The accuracy of th
methodis limited chiefly by the precision becauseinterference
can be reduced to a minimum.

Themolybiivanadophosphoricacid andthe prosphomalybd

acid methods™? are the two most commonly used spectroph:
lometric methods, and both are similar, but this paper will de
only with theimprovement of the phosphomolybdic acid matho
Whean the malybdivanadophosphoric method was publishe
precision and accuracy were not required in the report, and tf
original data are no longer available In the phosphomolybc
acid method, precision is not mentioned, but the maximu
error is 0.003 percent.

A new spectrophotometric procedure utilizes the formatic
and reduction of phosphomolybdic acid. This procedure i
volves an acid molybdate solution containing ascorbic acid.
phosphomolybdenum blue color, rapidly formed by addition
antirmony to the solution, lends itself to accurate spectrophot
metric determination of phosphorus. The maximum error ass
ciated with this method has been shown to be one percent.

Experimental Procedure
Phosphorus can be guantitatively determined by finding t|
oplical density measured at 704 pm (absorbance)
phosphomoalybdenum biue formed by the reduction
phosphomalybdic acid with ascorbic acid. The maximuminte
sity of the blue color is formead within eight min, and the colo!
stable for at least 20 hr. The phosphomolybdenum blue
produced by a single reagent, and antimony causes Mis ra|
color change. A typical absorption spectrum made with
spectrophotometer is shown in Figure 1.

Four reagents are mixed to make the final reagent. T
mixed reagent is not very stable, and shauld be used within
hours. These reagents are shown in Table 1.°

Table 14
Reagents Required

70 ml conc. H 50, in 500 mL H O
20.0 g (NH,), Mo, O, - 4H,0 in 500 mL H_.O
{ammonium molybdate)
1.32g CHO in75mLHO
{Ascorbic acid}
0.2743 g K(SbOWC H,O, - /2 H,Oin 100 mL H,O
(Potassium artimonyl lartrate)
Mixed reagent for test:
a. 125 mL H,50, and 37.5 mL ammonium molybdate,
thoroughly mixed.
b. Add 75 mL ascorbic acid and 12.5 mL potassium
antimonyl tartrate. Total volume of the mixed reagent:
250 mL.
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A standard solulion is prepared by first dissolving 4.386 g of
potassium dihydrogen phosphate (KH,PO,) in one liter of
water. Thig solution containg 1.000 g of phosphorus as ortho-
phosphate (PO, ). The solution Is then diluted (1:10Q), so that
the resulting concentration of phosphorus is 10 ug/mL. Initialty,
an unknown sample with a known weightis placedin a 250-mL
Erlenmeyer flask. The sample is dissolved in 4 mL of 1:1 HNO
and 1 mL of three-percent H,O_ added to ensure that all the
phosphorus has been oxidized 1o orthophosphate (PO, %). The
sample is heated to near dryness to expel all NG,. The flask is
lheroughly rinsed, and the rinse solulion is diluted 1o the mark
ina 200-mL volumetric flask. This 200 mL represents the stock
unknown solution te be analyzed.

Fig. 2—Calibration curve of phosphorus made from fresh seiutions.

Following this step, 40 mL of H,O are pipetted into a 50-m
volumetric flask. One mL of the stock unknown solution an
eight ml of the mixed reagent are added and diluted 1o 50 m
with distilled water. After mixing, within eight min the solutic
will turn a bright blue color because of formation of th
phosphomolybdenum blue complex. A calibration curve |
constructed in this same manner by using the standard stoc
soluticn. Because each mb contains 10 pg of phosphoru:
incremeants of the standard stock solution are added to the 5C
mL volumetric flasks unti! the unknown sample is within th
congentration of the known.
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60

0-6 T T T /% i
" y = 1.3804e-2 + 9.6617e-3x R-2 = 0.999 ]
0.5F phosphorus without b
90% Nickel
o 0.4 [1ABS. T
=
S o013 |
Q .
-‘é Gong. ABS.
1 60.000 0.581
< p2f 2 50.000 0.501 A
3 40.000 0.410
a 50.000 0.307
a1k 5 20.006 0213 |
6 10.000 0104
7 0.000 0.010
0.0 ; : .
0 20 40 60 80
Phosphorus conc., ug

Fig. 4—Calibration curve of phosphorus from 10 to S0 ugiml (first dala setl,

Plating and Surface Finishin



0.5 - ' ' T
y = 7.6684e-3 + 9.9920e-3x R~2=1.000

0.4
Phosphorus without 90% Nickel

0.3

0.2

Absorbance

ABS.
0.408
0.203 -
0.104
0.010 4

o1

0.0 :

T

Phosphorus conc., ug

0.5 T - T T T i
| y = 6.5800e-3 + 1.0114e-2x R-2 = 1.000
.41 phosphorus without 90% Hickel 7
b -
8 0.3 U ABS. ]
o
£
o
w
& ;
<
Conc. ARS. ]
1 4p.000 0.413
2 20.000 0.207 ]
3 10.000 0.104
a 0.000 0.010 |
! . | " !
20 30 40 50

Phosphorus conc., g

Fig. A—Calibration curve of phaaphorus from 10 to 40 1 g/mi (second dala sel)

Results and Discussion
A calibration curve made from fresh standard stock solution is
shown in Fig. 2. A calibration curve made from the same
solutions after 20 hris shown in Fig. 3. The data indicate that a
reliable analysis can be made from solutions prepared for at
least 20 hr. To test interference by nickel, solutions of 90
percent nickel-10 percent phosphorus were made, inasmuch
as the standards will contain approximately 90 percent nickel.
Three sets of solutions, consisting of four solutions each, were
made to compiete this test. The results are shown in Figs. 4, 5
and 8. Figure 4 shows the concentration of the first six sets of
phosphorus samples without nickel. Figure 5 shows the resulis
of the sacond set of data without nickel. Each of these two sets
was made from entirely different solutions.

Figure 6 shows the results of the third set of data with the 90-
parcent nickel solution, and the 10, 20, and 40 pg/mL concen-
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Fig. 6—Calibration curve of phosphorus from 10 to 40 ug/mL (third data set)

trations are also commoen to the first set of data. The absor
bance value forthe third set of data at 40 ug/mL is slightly highe
at 0.413. Because the first and second sets of data were 0.411
and 0.408 respectively, there is strong evidence of a dilutiot
error other than the error resulting from the presence of nickel
Such an error is indicative of the sensitivity of the method.
The absorbance for the third set of data at 20 pg/mL is slightl
lower at 0.207 than the first and second data, indicating that the
presence of nickel does not interfere with the phosphoru:
analysis. Because the absorbance of all three 10 ug/mL solu

Table 2
Results of Spectrophotometric Analysis

A. Spectrophotometry (P}
1. Sample 1 = (18.444 pug/mL)200 mL}10%)(100)

=8.94%P
W of sample {0.04124)
2. Sample 2 = (18.539 pg/mL)200 mL}{10%)(100)
=891%F
Wi. of sample {0.04180}
3. Sample 3 = (16.921 pg/mb)y (200 mL)(10%)(100)
X =79%FP
Wt. of sample (0.04286 g)
B. Atomic absorption (Ni)
1. Sample 1 = (3.762 pg/mL)(50)(200 mL)(1C-°)(100)
=81.22% N
Wt. of sample (0.04124 @)
2. Sample 2 = (3.773 ug/mL)(50)(200 mL)(10®)( 100}
=90.70% N

Wit. of sample (0.04 160)

3. Sample 3 = (3.957 pg/mLI50)(200 mL)(10¢%)(100)
= 92.32% N

Wit. of sample (0.4286 q)

C. Total Nickel and Phosphorus
Sample 1 100.16%
Sample 2: 99.81 %
Sampie 3: 100.22%



tions was the same (0.104), the conclusion is thal nickel does

notinterfere. J. Murphy and J.P. Riley reported that no interfer-
ence is caused by 500 ug of copper, 2500 ug of won, or 500 pg
of silicate inthe presence of 10 ug of phosphorus,® whichis we_l\
within the working experimental range. This suggests that thps
technique may be suitable for determining phosphorus in
steels. ) )

In orderto check the accuracy of this technique, three deposit
samples were analyzed for their phosphorus and nickel_ con-
tents, and the sum of their weights was 100 percent.’™ The
phosphorus results of the spectrophotometrig analysis are
shown in Fig. 7; the nickel content was determined by atomic
absorption. The amounts of phosphorus and nicke! of ttre three
different samples are shown in Table 2.

Conclusions

The advantages of this procedure. comparecl to prev:ous
phosphorus determinations, are-

1. Lack of interference with the analysis by othar slements.

2. Heat is not required for rapid production of the
phosphomolybdenum biue color.

3. More than one analysis of a sample can be made.
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