REPORT ON MICROANALYTICAL DETERMI-
NATION OF PHOSPHORUS

A preliminary study of methods for determining phosphorus in micro
quantities was conducted during the year. The purpose of the study was
to decide if any method was to be preferred on the basis of accuracy or
precision, or both, and also to determine which procedures are most com-
monly used.

/Jogz

Two samples, diethyl octadecyl phosphate and alpha-casein, were sent -

to each collaborator with the request that four analyses be performed on
each by the procedure normally used in his laboratory. Collaborators were
also requested to report all analyses and to supply general information
about the method used. Forms were provided for this purpose.

Sample 1, diethyl octadecyl phosphate, was a purified, stable, non-
hygroscopic compound; its theoretical phosphorus content was 7.62 per
cent.

Sample 2, alpha-casein, although not a pure compound of known com-
position, was used to test the interlaboratory precision on a material of
low phosphorus content similar to that which would probably be obtained
from plant and animal sources. The alpha-casein sample had to be ana-
lyzed in the air-dry state because, when it was oven-dried, it developed
too high a static charge for convenient handling of micro samples. Each
collaborator was asked to determine the moisture content of the alpha-
casein by drying it for 3 hours in vacuo at 70-80°C.; to calculate the
results on the moisture-free basis; and to report the per cent moisture
found.

RESULTS

Eleven collaborators reported 42 and 39 phosphorus values, respective-
ly, for the two samples; eight collaborators reported moisture values for
the alpha-casein sample. A statistical summary of the results, plus some
general information on the procedure, is presented in Table 1. In Table 1,
n is the number of analyses; % is the analysts’ mean; s is the standard devi-
ation; and Z and s., are the mean and standard deviation of the Z values.
Only 10 of the 11 means for Sample 1, diethyl octadecyl phosphate, were
used; collaborator 64 stated that his results were low because he was un-
able to remove the ammonium phosphomolybdate quantitatively from
the precipitation flask. The values for Sample 1 ranged from 7.40 to 7.66
per cent with a mean of 7.52 or 0.10 per cent less than the theoretical




*(uoleEMOBI(] 098) SUOHB[MOEY UL POPN[OUL JOU ON[BA ,  *UONBAY} YOS [16Y] Aq powrmIe( ¢  ‘d %T0Lse
180°0 | 868°0 i 080°0 | 19°2 i4 *oajoadg
9.0°0 | 9%6°0 2 G60°0 | €9°2 9 ‘WABL)

£90°'0 g80°0 ug
(120°0) | c16°0 (190°0) | @9°2L z
supewojogdoryoadg YOO *eN-"OIDHOS'H — 010°0 | ¢€6°0 4 900 | ¥¥L ¥ 08
orpewojoydoryoadg *ONH-'OIDH-OS*H — 910°0 | €98°'0 g 900°0 | ¥2 g 77
OLIJOUWIABIY) YOIDH-"OS*H 98 ¥ — 16°0 1 0.0°0 | #10°2 4 $9
orjewojoqdoroedg (%09) *OIDH 68 L 900°0 | 206°0 i4 S50°0 | 6%°2 2 L9
oLIjeWIABIY SONH-OS'H | 99°6 000°0 | 056°0 g 120°0 | 892 e 19
OLIJAUITABIY) SONH-0S*H 82" 2 0%0°0 | 028°'0 2 F01°0 | OF 2 4 6¥
OLIPUITABLY) (ONH-OS*H — 620°0 | 886°0 2 gz1'0 | 89°2 2 L8
OLIJOWIABIY) *O*H-'OS'H (i a0 950°0 | 020°1 i4 $20°0 | 8F°L ¥ 1€
OLIJOUITABLY) 'ONH-'OS'H 4 810°0 | 006°0 2 $80°0 | L¥°2 2 63
OLIJOWIABIY) SONH-OS'H g'g S20°0 | 068°0 ¥ 120°0 | 99°2 2 14
€L _
olawrojoydoryoadg (snu8)) *ONH L 600°0 | €68°0 4 FO1°0 | 29°2 9 0
U9 Jod ] z u s z 1
NOILLVNIRYQALAA 4 NOIISADIA WIINVS clhdn._uoﬂl ot
po— FYOISION NIUSVO-VHITV 2208AVID0 q HOLVHOEV'TIOn

suoypuIwLapp snioydsoyd fo fuvwwns pup synsayy—| @AV,



value of 7.62 per cent. The inter-laboratory standard deviation was
0.085 per cent, which is considered quite good. However, when the ten
values were arranged in order of magnitude, it was noted that they rough-

" ly fell into two groups: one 7.58 to 7.66 per cent, which brackets the

" theoretical value, and the other 7.40 to 7.49 per cent. No values fell in be-
tween these two groups. It is difficult to determine the reason for these
two groups because of the small number of values, but the sample diges-
tion may be responsible. Nitric acid was the chief oxidant used for all 4
values in the higher group; in the lower group, perchloric acid was used
for 3 of the 6 values, hydrogen peroxide was used for 1 value, and nitric
acid was used for the other 2. v

The eleven values for Sample 2, alpha-casein, ranged from 1.07 to 0.82
per cent with a mean of 0.915 per cent and an interlaboratory standard
deviation of 0.063 per cent. The distribution of the means for Sample 2
was fairly normal and there was no indication that nitric acid was a better
oxidant than perchloric acid. With the exception of one high and one low
value, the interlaboratory agreement for this low phosphorus sample was
very good.

The phosphorus was determined either gravimetrically as the ammo-
nium phosphomolybdate or spectrophotometrically (three analysts used
the molybdenum blue color reaction and one, Collaborator 80, used the
yellow phosphovanadic molybdenum complex). The gravimetric method
has the advantage of the very favorable gravimetric factor of 0.01452, but
the precipitation conditions must be rather carefully controlled and a pe-
riod of several hours is required for complete precipitation. The high
sensitivity of the spectrophotometric method partially overcomes the ad-
vantage of the favorable gravimetric factor, particularly when the sample
contains very small amounts of phosphorus. The spectrophotometric pro-
cedure is more applicable than the gravimetric when several determina-
tions are made at one time. As shown at the bottom of Table 1, there is
no marked difference between the accuracy or precision of the results ob-
tained by the two methods.

Table 1 also shows the moisture values obtained for alpha-casein. The
collaborators were asked to determine the moisture content by drying the
sample at 70-80°C. for 3 hours in vacuo. This time was apparently not
long enough for some of the drying systems used. In the Referee’s labora-
tory, drying for 5 hours raised the moisture value by only 0.03 per cent
over that obtained after 3 hours, yet drying for 1 hour gave a figure only
0.11 per cent less than that for 3 hours.

SUMMARY

All eleven collaborators used a wet digestion procedure to decompose
the samples. The more frequently used sulfuric-nitric acid combination
seemed to be preferable for the diethyl octadecyl phosphate sample. The



gravimetric and spectrophotometric methods gave comparable results
for both samples. Intra- and interlaboratory precisions were generally
good and the accuracy of the results obtained for Sample 1 was acceptable.

It is recommended* that the study of microchemical methods for phos-
phorus be continued.
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¢ For report of Subcommittee C and action of the A iation, see This Journal, 39, 74 (1956).



