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samples. The samples were analyzed for Color, Re-
fractive Index, Specific Gravity, Acid Value, and
Todine Number. Twenty-four laboratories partici-
pated in the work. The results of the first set were
tabulated and sent to the various participants. No
attempt was made to treat the results statistically.
The results in general were very ecreditable. The
results of the second set are not available at this
time,.

‘We do not feel that the data on the samples should
be listed at this time but hope that subsequent reports
may carry information summarizing the deviations
recorded. It is our feeling that substantial progress
has been made in this work and it is our hope to
continue it in 1948-49,

D. 8. BoLLey
J. C. KONEXN

R. L. TERRILL

FRrANCIS SCOFIELD,
chairman

Arylstearic Acids From Oleic Acid. Variables Affecting the

Yield and Properties”

A. J. STIRTON, B. B. SCHAEFFER,* ANNA A. STAWITZKE, J. K. WEIL, and WALDO C. AULT,
Eastern Regienal Research Laboratory,? Philadelphia 18, Pennsylvania

UMEROUS references show the past and

current interest in the reaction of an aromatic

compound with an olefinic carboxylic acid such
as oleic acid. The olefinic acid, the aromatic com-
pound, and the condensing agent may be chosen
from a variety of possibilities. In the present paper
arylstearic acids, many of them new, prepared for
the purpose of cooperation with the Naval Research
Laboratory in the evaluation of lubricating oil ad-
ditives are described. Observations regarding the
nature of the reaction, with special attention being
given to the use of oleic acid and of ‘‘iso-oleic’’ acid
relatively free from linoleic acid, are also reported.

The arylstearic acids, which are prepared by the
use of condensing agents of the type of aluminum
chloride, are usually viseous oils which do not readily
crystallize. This is believed due in part to their com-
position as a mixture of several isomers, the aryl
radical being attached at different aliphatic carbon
atoms in the fatty acid chain. Condensing agents of
this type may cause migration of the double bond in
oleic acid (5. 7, 21, 26), and if this occurs in the
Friedel and Crafts reaction, formation of several
isomeric arylstearic acids may be expected. More-
over, when substituted aromatic compounds are used
in the synthesis, several isomers may be formed by
attachment. of the oleic acid to different points of
the aromatie ring.

We have recently found that uuder certain econ-
ditions arylstearic acids which are solid at room
temperature may be isolated in erystalline form.
Thus far, we have obtained these solid erystalline
acids most readily when using aromatic hydroecarbons
which serve to restrict the possible number of iso-
mers. Thus, the first solid erystalline arvistearie acid
which we have isolated is obtained by the condensa-
tion of p-xylene with oleic acid. Solid products are
also obtained in low yields by the condensation of
p-chlorotoluene, o-xylene, o-chlorotoluene, and ben-
zene with oleie acid.

Arylstearic acids prepared from different aromatic
compounds differ in physical and chemical proper-
ties. The reaction by which they are prepared is a

* Presented at the 39th Annual Meeting of the American Oil Chem-
ists’ Society, New Orleans, La., May 4-6, 1948,

1 Present address: Mathieson Alkali Works (Inc.), Research and
Development Laboratories. Niagara Falls, N. Y.

2 One of the laboratories of the Bureau of Agricultural and Indus-

trial Chemistry, Agricultural Research Administration. U. 8. Dept. of
Agriculture.

means of obtaining a selected saturated arylaliphatic
carboxylic aeid, and it was of interest to further
explore the possibilities with readily available aro-
matic hydrocarbons.

Yield of Arylstearic Acids

Table I presents the vield and some of the analyti-
cal and physical data for 26 aryvlstearic acids. The
reaction conditions were similar to those previously
described (32, 33). Generally a 3 to 7 molar ratio of
the liquid aromatic compound was used, and a 1.1
molar ratio of the metal halide was added in portions
to the oleie acid solution. After all the metal halide
had been added and had dissolved, the warm reaction
mixture was heated to 80°, and then cooled and
hydrolyzed in dilute hydroehlorie acid. A petroleum
ether or a mixture of a petroleum ether and o-diehlo-
robenzene was used as a solvent for reactions with
solid (as well as for some liquid) aromatic compounds.

For the most part commercial oleic acid was used,
having an average composition of 709, oleie, 15%
linoleic. and 159 saturated fatty acids. The aryl-
stearic aeids were vacuum distilled at temperatures
from about 220° to 280° at 0.4 mm. The vield was
based on the oleic acid content.?

The yield, which depends on the aromatic com-
pound, was greatest for technical m-xylene (92.4%)
and the simpler alkylbenzenes. The yield was lower
for aromatic c¢hloro compounds, for compounds used
in low molar ratios. for compounds which could easily
undergo side reactions with aluminum chloride, and
for aryistearie acids of higher molecular weight which
could not be as readily vacuum distilled.

Aluminum bromide and zirconium chloride in place
of aluminum chloride slightly improved the vield of
phenylstearie acid (experiments 2 and 4). The yield
of dimethoxyphenylstearie acid (experiment 25). and
of xenylstearic acid (experiment 33), recorded in
Table 1. was inereased to 40.5¢% and to 31.3%, re-
spectively, when zirconium chloride was used as a
catalyst in place of aluminum chloride.

An oleie acid of 959 purity (35) did not improve
the yield. but the products had notably less color
(experiments 5, 6, 9, 12, 13, 14, 15, 16, 17. 19, 20, 21,
92,96, 29, 30, 32, 33). In experiment 14 a practically
colorless xylvlstearic acid was obtained from a solid

3 Yields previously reported (32, 33). were based on a 100% content
of oleic acid in commercial oleic acid and should be multiplied by a
factor of about 1.4,
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TABLE I. YIELD AND PROPERTIES OF LIQUID ARYLSTEARIC ACIDS.

MOLAR RATIO NEUTRAL MOLECULAR %cd .,.Hd COLOR
25

AROMATIC AROMATIC EQUIVALENT 25 d REFRACTIVITY LOVIBOND

NO. GOMPOUND OLEIC ACID COMPOUND = | T'ELD ny a \*GELL
OLEIC ACID % FOUND THEO. F.OUND THEO. |FOUND | THEO. |FOUND | THEO. YELLOW | RED
191 BENZENE RED OIL 5.4 63.3| 3630 | 360.6 |1.4887| — | — | — | — | — | — | —| 45 |04
g ggngug :IFH glv,)) RED OiL 6.1 71.2| 360.6 | 360.6 (14903 | — | — [ =-— | — | — | —— —} 40 |02
e Cly RED OIL 21.2 65.5| 362.3 | 360.6 |[1.4862 (09329 .0} N.Q0 | =~ | ——~| —— — | 7.0 |05
4b BENZENE (Zr Clg) RED OIL 6.0 76.3| 361.8 | 360.6 |i1.4894 /09360 1.3 | MO0 | — | — | ——|~—| 34 |04
501 BENZENE OLIVE OIL 5.0 60.3| 355.2 | 360.6 T | — | — e | — | = [
6 | BENZENE SOLID I1SOOLEIC 6.0 55.7 | 3%6.0 | 360.6 |1.4879(0.9299| n2.4 | M0 | —| — | ~—{—| 03 |0O
7 | TOLUENE RED OIL 5.0 80.0 | 369.3 | 374.6 {1.4903/|09301| 165 | 1156 | — | — | — | — | 54 |06
8 | GUMENE RED OIL 5.7 62.8 | 398.0 | 402.6 |1.4856 {0.9205 125.5 | 124.8 | 80.39 nag 152 40 |02
9 DODECYLBENZENE HYDROG. TALLOW ‘5.0 19.2 | 530.4 | 5209 |14886| — | —— | —— [ 61.84/ BL.75 | 11.94 [ 1249 | — [ —
10,1 TECH. m-XVYLENE RED OIL 5.0 92.4| 3910 | 3886 (1492 | — | — | —|—|— | — |— | 27 (03
" TECH. m -XYLENE RED OIL 5.0 79.0| 390.0 | 3886 |14963|—-—r | — | — | — | — | —{— | 54 [0
12 JECH. m -XYLENE HYDROG. TALLOW 6.0 83.7| 3825 | 3886 14916 | — | — | — | — | — | — | — ] 11 o0
13 | TEGH. m-XYLENE LIQUID  1SOBLEIC 7.0 62.9 | 384.0 | 3886 |14911 |09288| 212 | 1202| — | — | — | — | o7 |—
14 | TECH. m-XYLENE SOLID 1SOOLEIC 5.5 69.0| 3908 | 3886 | 14913 |09264( 121.6 | 120.2 | 80.05/ 8035 [11.32 1144 [¢O.1 | —
15%|  o-XYLENE OLIVE OIL 5.0 73.3 | 386.0 | 388.6 | 14936 |09336] I121.1 | 120.2 | 80.54(80.35 (i1.43 |14l | 0.8 | 00
6 m-XYLENE OLIVE OIL 5.0 83.0| 391.0 | 3886 | 14912 |0.9254] 121.7 | 1202 — | — | —!——[ 0.1 | 0.0
17| m-XYLENE OLIVE OiL 5.0 730! 391.) 380.6 1.4911 (0.9258| 121.6 | 1202 | —— | —— | — | — (0.} 0.0
18D|  p-XYLENE RED OiL 5.0 78.3 | 387.7 388.6 14933 |— | m—— | ~— | —— | —— | — | — | 9.9Y| I.2R
199/ p-XYLENE HYDROG. TALLOW 5.5 67.5| 386.2 | 388.6 | 14927 )0.9307| 121.2 | 120.2 | 80.33|80.35| 10.35 (1.4} | 23 |00
20: p-XYLENE OLIVE OiL 5.0 736 | 389.2 | 388.6 | 1493009308 1213 | 1202 |— | — | — |— | 60 |04
217! P-XYLENE OLIVE OiL 5.0 17.8 | 367.9 | 3886 | 15017 09453/ 121.3 11202 | — | — | — | — | 20.0 |4.2
22| p-XYLENE SOLID 1SOOLEIG 7.2 22.0| 386.4 | 3886 | 1.4926 (09305 123 1202 |— (— [— | — | 1.0 (0.0
23 | m-DIISOPROPYLBENZENE RED OIL 5.0 76.2 | 441.0 | 4447 | 14895 [0.9247] 138.7 . 138.7 Bl 14 | B1LO2 [ 12.02| 11.79] 15.0 | 1.5
24 | TRIETHYLBENZENE RED OIL 5.0 54.3| 432.5 | 9447 | 14939 (09235| 140.2 | 138.7 | 80.80| 81.02 | 12.03 | 1.79 23.0 | 36
25 | p-DIMETHOXYBENZENE RED OIL 2.9 28.3 | 4202 | 420.6 | 14958(0.9845| 1248 | 1235 | 7384 74.24 | 10.43| 1054| 9.8 | 24
26 | PHENYL ETHER HYDROG. TALLOW 6.0 46.6 | 4550 | 452.7 | 15157 [0.9897 1381 | 1367 | — | — |— [— 10 |02
27 | GHLOROBENZENE RED OIL 5.0 56.8 | 390.0 | 3950 | 14962 09871 | 116.9 | 1158 | 72.98/ 72.97 | 996 995| 10.0 | LI
28b/ o~ CHLOROTOLUENE RED OiL 6.0 66.4 | 4085 | 409.0 | 14986 (09890 121.4 | 120.5 | 73.11|73.40| 10.20[ 1010 | 3.7 |04
29%| p-CHLOROTOLUENE HYDROG. TALLOW 5.5 36.9!406.3 | 409.0 | 1.499) |0990I1| 121.3 | 120.5 | 73.26( 73.40( 10.05(10.10| 1.2 [0.0
30 | p-CHLOROPHENETOLE HYDROG. TALLOW 4.9 60.0( 442.7 | 439.1 | 14977|1.0126| 128.2 | 126.3 | 70.97| 7112 | 9.84| 9.87| 04 (0.0
31 INDAN RED OIL 5.0 655 | 406.9 | 400.6 | 15018 [0.9550( 123.9 | 122.6 | 80.69|80.94 | 11.58 | 11.07| i3.0 | 1.6
32 | CYCLOHEXYLBENZENE HYDROG. TALLOW 3.0 48.0 | 442.6 | 441.7 | 14984| —— | —— —— 81.20(81.58 [11.02 | 1.18 | — | ——
33 | XENENE HYDROG. TALLOW 2.0 38.2| 4327 | 436.7 |15290[09766| 1379 | 135.1 | 82.65/82.50 [10.15 [10.16 | 2.0 |O.1
34 | AMYLXENENE RED OWL 3.0 32.3| 500.6 | 506.8 | 1.5160 [0.9544] 160.4 | 158.2 | B2.88|82.94 (10.94 [10.74| 26.5 | 9.4
35 | DIBENZOFURAN RED OfL 2.0 17.5 | 457.3 | 450.6 | L5369 (1.0193!138.1 | 1345 | 79.06/79.10 | 960 | 939(|16.0 | I3
36 | NAPHTHALENE RED OIL 6.0 42.7 | 4211 4106 | 1.5304/0.9766( 130.0 | 126.3 | 81.63 |81.90 |10.46 [10.31 {24.0 | 4.1
37 | of “METHYLNAPHTHALENE RED OIL 6.0 19.8] 433.9 | 4246 | L5318 |0.9814 [ 134.1 | 1309 (8190|8202 |— [—— [27.0 |[4.4
38 | AMYLNAPHTHALENE RED OIL 2.0 29.2| 473.7 | 480.7 | L5231 (09584 153.3 | 153.5 | 82.34| 8244 {11.38 (1093 (28.0 |5.3
39 | DIMETHYLNAPHTHALENE RED OIL 2.0 29.1 | 4395 | 4387 | 15206 — | —— | ——|B81.64|82.13 |10.60 (1057 (280 |6.0
40 | 2 -ETHOXYNAPHTHALENE RED OIL 29 25.7| 4%6.8 | 4547 | 15294/09905|141.7 | 1378 | 78.96|79.24 |10.13 |10.20[ 17O | L7
41 | o -CHLORONAPHTHALENE RED OIL 5.1 19.0 | 446.6 | 445.1 18340| —— |—— | — |75.40| 7556 | 9.21 | 9.29 | —— |——

9=UNLESS OTHERWISE NOTED, THE CATALYST WAS AICIg,
beCRYSTALLINE ARYLSTEARIC ACIDS WERE ISOLATED IN SMALL AMOUNT FROM THE USUAL VISCOUS LIQUID.

c= OLEIC ACID WAS ADDED DROPWISE TO A SUSPENSION OF Al Cly IN THE AROMATIC COMPOUND. -

dvANALYSIS BY MARY JANE WELSH OF THIS LABORATORY.

isoGleie acid.* The color of an undistilled xylvlstearic
acid made from purified oleic acid compared favor-
ably with some distilled arylstearic acids from com-
mercial oleic acid (for example, 20.0Y, 2.5R, Lovibond
17 cell).

Reactions in the Preparation of Arylstearic Acids

The crude phenylstearic acid obtained after the
Friedel and Crafts reaction, hydrolysis, and recovery
of excess benzene by atmospherie or steam distillation
is a dark-brown viscous oil when made from commer-
cial oleic acid. On vacuum distillation at about 0.3
mm., three prinecipal fractions are obtained: a lower
semi-solid fraction, the phenylstearic acid fraction,
and the still residue. This is shown in Fig. 1.

The lower fraction exceeds the expected amount of
saturated fatty acids in the commercial oleic acid by
about one-third. Tt is possible that the oleic acid
undergoes side reactions whereby it is converted into
products which appear in part in the forerun and in
part in the still residue along with the more easily
polymerizable linoleic acid.

When an oleic acid of about 959% purity was used,
the yield of phenylstearic acid (experiment 5) was
not improved and the yield of xylylstearic acid was

4+ Obtained from hydrogenated cottonseed oil supplied by the South-

ern Regional Research Laboratory and found to he 45% cis and 55%
trans by an iodine absorption method (31).

lowered (experiment 12), a relatively larger propor-
tion of the oleic acid apparently being converted to
still residue.

Effect of the Method of Addition of Reactants

When the reaction was carried out by the gradual
addition of oleic acid to a stirred suspension of alu-
minum chloride in the aromatic compound, the aryl-
stearic acid was usually deeper in color and the yield
of xvlylstearic acid was much lower (experiments 11,
17, 21). The relative proportions of forerun. xylyl-
stearic acid, and still residue formed in the two dif-
ferent methods of addition of reactants are shown in
Table II. The nature of the forerun in experiment
11 has not been determined.

TABLE I

Effect of Method of Addition of Reactants in Preparation
of Xylylstearic Acid

% of Distilland
Forerun Xylyl-
Method bo.4 stearic .
125-225° Acid Still
N.E. ap- bo.s Residue
prox. 300 225-60°
Aluminum chloride added to oleic -
acid and xylene, Expt. 10, et R 73 19
Oleic acid added to aluminum chlo-
ride and xylene, Fxpt. 11............. 27 64 9
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Compounds Related to the Arylstearic Acids
Three compounds related to arylstearic acids were
prepared by the methods shown in Table 11I. Methyl
phenylenedistearate had been previously deseribed by
Buu-Hoi and Cagniant (7).

TABLE IV
Crystalline Arylstearic Acids
. i 8, G '] 'y i
Aromatic Source of Yields. % of Theory )i)e;tilnntg
Compound Oleic Acid Crystal 0il °C
p-Xylene.......viuniencrnanns Hyd - ogenated
tallow 5.4 67.5
p-Xylene..vininnnns “Solid”’
isodleie 0.2 22.0
p-Xylene......cooivvieeniinnns Red oil 0.7 78.3
p-Xylene......cooiiiiiiinnns Olive oil 6.8 73.6
o-Xylene.......ccooviinienns Olive oil 2.5 749
p-Chlorotoluene.......,....| Olive oil R 36.9
o-Chlorotoluene.. Red oil 0.7 67.7
Benzene.... Olive oil 4 60.3
1.1 60.13

Crystalline Aryistearic Acids

Crystalline arylstearie acids which melt above room
temperature have been isolated from the condensation
products of oleic acid with p-xylene, o-xylene, p-chlo-
rotoluene, o-chlorotoluene, and benzene. It will be
noted that insofar as the possible point of attach-
ment of the oleic acid to the substituted aromatic
nueleus is concerned, that in the case of p-xylene and
benzene only one possible isomer can result while in
the other two cases one seems likely to predominate.
Properties of the resulting erystalline acids are shown
in Table IV. Harmon and Marvel (12) have pre-
pared synthetic 9- and 10-phenylstearic acids which
they reported to melt at 36.5°-38.0° and 40.0°-41.5°
respectively.
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Summary

Twenty-six aromatic compounds were compared in
the synthesis of arylstearic acids from oleic acid by
the Friedel and Crafts reaction. Xylylstearic acid
was the arylstearic acid obtained in the highest yield
(92.49%) from technical m-xylene and commercial
oleic acid. The various side reactions are discussed
including the possible conversion of oleic¢ acid into
products which on vacunm distillation of the crude
arvlstearic acid appear as a forerun and as a still
residue. Oleic acid of about 98¢ purity did not
improve the yield but resulted in nearly colorless,
rather than yellow viscous oils.

(ryvstalline arylstearic acids have for first time been
isolated from the reaction products but only in small
vields.
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Product subsequently esterified with methanol in presence .04 mm.
of dry hydrogen chloride)
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b Sapon. equiv.; found, 685.0; theoretical, 688.7.
¢ Sapon. equiv.; found, 339.8; theoretical, 335.5.
17. McKee, R. H,, and Faber, H. B, U. 8. Patent 1,972,568 (1934). 30. Sisley, J. P., Chimie and Industrie Special No., 763 (April,
18. Merrill, D. R., U. S, Patent 2,¥97,153 (1940). 1934). R
19. Moran, R. C.,, U. 8. Patent 1,850,561 (1932). 31. Steur, J. P. K. van der, Rec. trav. chim. 46, 278-83, 409-16
20, Murray, W. 8., U. 8. Patent 2,354,218 (1944). (1927). X .
21. Nenitzescu, C. D., Gavat, I. G., and Cocora, D., Ber. 73, 233-7 32. Stirton, A. J., and Peterson, R. F.. Ind. Eng. Chem. 31, 856-8
(1940). (1939).

( 22, Nicolet, B. H., and de Milt, C. M., J. Am. Chem. Soc. 49, 1103-6
1927).

23. Prutton, C. ¥, U. 8.
(1943).

24, Ries, H. E,, Jr,, U, 8. Patent 2,211,163 (1940).
(1335,6)R0berﬁ' G., Piutti, P., and Dinelli, D., Ricerca sci. (2) 7, 10-12

26. Schaeffer, B. B.,, Roe, E. T., Dixon, J. A., and Ault, W, C.,, J.
Am. Chem. Soc. 66, 1924-5 (1944).

27. Schaeffer, B. B., and Stirton, A. J., J. Am. Chem. Soc. 69,
2071-2 (1947).

28. Schlutius, E., J. prakt. Chem. 142, 49-78 (1935).

29. Schmidt, E. G., J. Am. Chem. Soc. 52, 1172-4 (1930).

Patents: 2,223,128 (1940); 2,310,993

33. Stirton, A. J., Peterson, R. F., and Groggins, P. H., Ind. Eng.
Chem. 32, 1136-7 (1940).

34. Strain, W. H., Plati, J. T.. and Warren, 8. L.. J. Am. Chem.
Soc. 64, 1436-40 (1942); U. S. Patent 2,348,231 (1944).
35. Swern, D., Scanlan, J. T., and Roe, E. T, Oil & Soap 23, 128-31

6

(1946).

36. Tinker, J. M., and Weinmayr, V., U. S. Patent 2,275.312
(1942). ,

37. Vobach, A. C U. S. Patents 2,081,075 (1937): 2,095,538

(1937); 2,180,697 (1940); 2.180.698 (1940): 2,180,699 (1940)
38. Vohach, A. C., and Failie, M., IIme Congr. Mondial. Petrole 3,
Sect. 4, 458-70, 851 (1937).

39. Watkins, F. M., U. 8. Patent 2,252,793 (1941),

Components of “Soybean Lecithin™

C. R. SCHOLFIELD, H. J. DUTTON, F. W. TANNER, JR., and J. C. COWAN, Northern Regional

Research Laboratory,* Peoria, Illinois

ESPITE vears of production and use, informa-

tion as to the composition of ‘‘soybean lecithin’’

is surprisingly meager. Recent texts and papers
repeat the statement that soybean phosphatides con-
sist of approximately 35% lecithin ® and 65% cepha-
lin (1,2,3,). While lecithin is readily prepared in
high purity from the aleohol-soluble fraction through
the cadmium salt precipitation (4,5), the cephalin
fraction or alcohol-insoluble portion has been poorly
characterized. Phosphatides other than lecithin and
cephalin are known to be present in sovbean oil.
MeKinney, Jamieson, and Holton (6) have reported
the presence of diamino-monophosphoric acid- and
monamino-diphosphorie acid-phosphatides and of a
glycosidal lecithin complex. Levene and Rolf (7)
have reported a fraction which thev deseribe as
resembling cuorin. They regarded this fraction as
being formed by partial hydrolysis of lecithin and
cephalin, but in the light of present knowledge. it
seems probable that it contained a large amount of
inositol-containing phosphatides. As early as 1939
Klenk and Sakai (8) isolated inositol and inositol-
monophosphoric acid from soybean cephalin hydroly-

1 Presented at the 39th Annual Meeting of the American Oil Chem-
ists’ Society, May 4-6, 1948, in New Orleans, Louisiana. This paper
reports results obhtained from a rvesearch projeet financed by the Re-
search Marketing Act of 1946,

2 One of the lahoratories of the Bureau of Agricultural and Indus-
trial Chemistry, Agricultural Research Administration, U. S. Depart-
ment of Agriculture,

3 Except when enclosed by quotation marks to denote the common
u}sla%e in the trade, the word lecithin refers specifically to phosphatidyl
choline.

zates, but it was not until 1943 that Woolley (9)
isolated an inositol-containing phosphatide which he
called lipositol. More recently, in 1947, Foleh (10)
reported the presence of a phosphatide containing
both inositol and glyveerol. Ilowever, insufficient in-
formation is available as to the number and compo-
sition of inositol-containing phosphatides to permit
an estimate of the composition of sovbean ‘‘lecithin.”’

Lack of adequate methods for fractionation of the
complex mixture of sovbean phosphatides has hin-
dered study of their composition. Adsorption and
partition chromatography have been found inap-
plicable (11.12). The technigue of ‘‘countercurrent
distribution,”’ developed by Craig (13,14) and ap-
plied with outstanding success in the separation of
the penicillins, offered a new method of fractionation.
This technique has been highly effective, and some
preliminary analyses of soybean phosphatides ob-
tained by this procedure are presented.

Analytical Methods

The procedures used for the determination of nitro-
gen, phosphorus, choline, amino nitrogen, sngar, and
inositol were dictated in part by the size of samples
available from the distribution apparatus and in part
by complexity of the materials being analyzed.

Total nitrogen was determined by the micro-Kjel-
dahl procedure. Phosphorus determinations reported
in Table I were obtained gravimetrically as ammo-
nium phosphomolybdate. Owing to the small size of



