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zene, with very little apparent change in the colloidal
properties of the system. It is well known that oil-
soluble petroleum sulfonates may contain on the or-
der of 59 of carboxylate soaps. These examples might
be viewed as cooperative micelle formation rather
than solubilization. The phenomenon is analogous
however to the mechanism proposed by Harkins and
others for the solubilization of long-chain alcohols in
aqueous micelles (20, 30). It is probable that in non-
aqueous systems nearly all solubilization (except for
water and similar small polar molecules) involves
such eooperative micelle formation.

The field of solubilization by micelles of oil-soluble
soaps has been little studied and will repay a larger
amount of research attention that it has yet received.

REFERENCES

1. Alexander, A. E., and Johmson, P., “Colloid Science,” p. 672,
Oxford, New York (1949).
2. Arkm L., and Singleterry, C. R., J. Am. Chem. Soc., 70, 3965

3. Arkin, L., and Singleterry, C. R., J. Colloid Seci., 4, 537 (1949).
H. R., Jones, D. T., and leman W. A, Ind. Eng. Chem.,
41 137 (1949)
. Baker, H. R.,, and Singleterry, C. R., to be published.

6 Baker H. R., Singleterry, C. R, and Solomon, E. M,, Ind. Eng.
Chem., 46, 1035 (1954).

7. Baker, H. R., and Zisman, W. A., Ind. Eng, Chem., 40, 2338
1948).
¢ 8. Baldwin, J. T., Amer. Paint Varnish Mfrs. Assoc., Sci. Sect.,
Cire. 356, October (1929).

9. Barnum, E. R., U. 8. Patent 2,564,422, August 14, 1951.

10., Batson, ¥F. M., and Kraus, C. A., J. Am. Chem. Soc., 56, 2017
1934
( 11. >Bauet W. H., Ludke, W. 0., Wiberly, 8. E., and Goldensen, J.,
J. Phys Chem 59, ‘292 (1955).

12. Boner, . J., Ind. Eng. Chem., 27, 665 (1935).

13. Cerf, R and Scheraga, H. A., Chem. Reviews, 51, 185 (1952).

14, Copenhafer D. T, and Kraus C. A, J. Am. Chem. Soe., 73,
4557 (1951).

15. Debye, P., Ann. N. Y, Acad. 8ci., 51, 575 (1950).

16. Elliott, S. B., ‘“The Alkaline Earth and Heavy Metal Soaps,”
p. 53, Remhold New York (1946).

17. Gonick, E J. Colloid Sci., 2, 393 (1948).

18. Gray, V. R.A, and Ale}xa,nder, A. E., J. Phys. Chem., 53, 9, 23
(1949).

19. Halsey, G. D., J. Am. Chem. Soc., 57, 87 (1953).

20. Harkins, W. 'D., and Mittelmann, R J. Oolloid Sci., €, 387
(1949).

Vor. 32

21, Hermans, J. J., “Flow Properties of Disperse Systems,’’ Inter-
science, New York (1953).

22. Honig, J. &., and Singleterry, C. R J. Phys, Chem., 58, 201
(1854) ; Honig, J. G. and Singleterry, €. R., unpublished work.

23. Jones, E. R., and Bury, C. R., Phil. Mag., 4, 841 (1927).

24. Kagarise, R. E., J. Phys. Chem.. 59, 271 (195

25. Kahlenberg, L., J. Phys. Chem., 6, i (1902).
( 26. Kaufman, 8., and Singleterry, C. R., J. Phys. Chem., 56, 604
1952)
( 2'; )Kaufman 8., and Singleterry, C. R., J. Colloid Sci., 7, 453
19
( 28, )Kaufman S., and Singleterry, C. R., J. Colloid Sci., 10, 139
1955

29. Keith, C. H.,, and Kraus, C. A., Proe. Natl. Acad. Sci. U, 8,
89, 598 (1953).

30. Klevens, H. B., J. Am. Chem. Soc,, 72, 3581 (1950).

31. Xlevens, H. B., Chem. Reviews, 47, 1 (1950).

32, McBain, J. W, Merrill, R. C., and Vinograd, J. R., J. Am.
Chem. Soc., 62, 28380 (1940).
( 33. )McBain, J. W., and Working, E. B., J. Phys. Chem., 51, 974
194
34, McRoberts, T. S, and Schulman J. H., Proc. Roy. Soc. (Lon-
don), 200, 136 (195
1 35. Martm, E. P, and Pink, R, C., J. Chem. Soc. (London), 1948,
750.
( 36 Mathews, M. B., and Hirschhorn, E., J. Colloid Sci, 8, 86
195
¢ 37 )Ma,ttoon, R. W., and Mathews, M. B., J. Chem. Phys., 17, 496
194
38. Mukerjee, P., and Mysgels, K. J., paper presented before Colloid
Division of the A.C.S8. Meeting, New York, September 1954.

39, Murray, R. C., and Hartley, G. 8., Trans. Faraday Soc., 31,
183 (19385).

40, Nelson, 8. M., and Pink, R. C., J. Chem. Soc. (London), 1952,
1744 ; Nature, 169, 620 (1952).

41. Oster, G., Chem. Reviews, 43, 319 (1948).

42. Palit, 8. R., Nature, 153, 317 (1944).

43. Palit, 8. R., and Venkateswarlu, V., J. Chem. Soc. (London),
1954, 2129,

14, Peri, J. B., paper presented before Colloid D1v1smn 124th Meet-
ing, Am. Chem, Soc, Chicago, September 6-11, 195

45. Perrin, F., J. phys. radium (VI), 7, 390 (1926)

46. Pumam 7. H., Scott, J., and Frvme, D. W, U, 8. Patent
2,610,151, September 9 1959,

47. Ross, S., J. Colloid Sci., 6, 487 (1951)
( 48, )R.othrock D. A, and Kraus C. A., J. Am. Chem. Soc., 59, 1699
1937).
49. Schulman, J. H., Matalon, R., and Cohen, M., Discussions Fara-
day Soc., No. 11 117 (19 1).

50. Shaw, C. M., and Johnson, J. F., Official Digest Federation Paint
and Varnish Production Clubs, No. 339 216 (April 1953).

51, Sheffer, H., Can. J. Reseurch, 26B, 481 (1948).

52. Singleterry, C. R., and Weinberger, L. A.,, J. Am. Chem. Soc.,
73, 4574 (1951).

53. Soyenkoff, B. (., J. Phys. Chem., 34, 2519 (1930).
" 54, Tughan, V. D., and Pink, R. C., J. Chem, Soc. (London), 1951,
804.

55. Waarden, M., van der, J. Colloid Sei., 5, 448 (1950).

[Received October 28, 1954]

Report of the Spectroscopy Committee, 1954-1955

HE SpecTrROSCOPY COMMITTEE in its report for

1952-1953 [Journal, 30, 352 (1953)] concluded

that ‘‘reasonably reproducible results, using
A.O.C.S. Tentative Method Cd 7-48, revised May
1951, can be obtained in the hands of experienced
operators.”’

In the report for 1953-1954, at the spring meeting
in San Antonio, the committee confirmed this state-
ment but concluded that ‘‘while the method gave
satisfactory results within its scope, this scope was too
restrictive.”” Many types of samples cannot be an-
alyzed by the tentative method, several others are
analyzed by unnecessarily complicated procedures.
No further collaborative work is required to test the
method, but further work is desirable to investigate
possible means of extending its scope. Further in-
vestigation, with the view to simplifying the proce-
dure in the analysis of specific types of samples, is
also needed.

Present Work

Accordingly during the past year your committee
has conducted a series of collaborative tests to deter-
mine whether

1. the method can be simplified in the analysis of

samples which do not contain constituents more
unsaturated than linoleic acid. Specifically can

the method be revised to restrict measurements
and calculations to the dienoic region in the
analysis of cottonseed oil, peanut oil, sesame
oil, and similar vegetable oils? The present
A.0.C.S. method Cd 7-48 permits only elimina-
tion of measurements in the tetraene region.

2. a satisfactory modification can be devised which
will permit the measurement of polyunsaturated
nonconjugated constituents in the presence of
large guantities of conjugated polyunsaturated
constituents. Specifically can the linoleic acid
content of tung oil be determined by any modi-
fication of the method? The present A.0.C.S.
method Cd 7-48 is limited to materials contain-
ing only traces of preformed conjugation.

3. the method can be extended to include the de-
termination of pentaenoic acids with the use
of 21% alkali reagent. Is this reagent prefer-
able for the determination of arachidonic acid?
What recommendations can be made regarding
the selection of % alkali in the reagent? The
present A.0.C.S. method Cd 7-48 permits only
the use of 6.6% alkali and does not provide for
the analysis of pentaenoic acids.

Results of these collaborative tests are summarized
briefly in Tables I, II, 11, and IV.
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Conclusions

At a session held during the meeting of the Ameri-
can Oil Chemists’ Society in Minneapolis last fall
the committee studied and discussed these results and
agreed on the following conclusions:

1. The present tentative A.0.C.S. method Cd 7-48
can be simplified. A fat or oil containing no
unsaturated constituents greater than diene (for
example, cottonseed oil, peanut oil, sesame oil,
ete.), or any sample subsequently shown during
the analysis (by absence of specified absorption
bands in the triene or more highly unsaturated
regions) to contain no constituents more un-
saturated than diene, can be analyzed by meas-
urements in the dienoic region: 233 mp only.
Similarly a sample known to contain no unsatu-
rated constituents more highly unsaturated than
triene (soybean oil, linseed oil, ete.), or shown
to exhibit no absorption bands in regions of
conjugated unsaturation higher than trienoie,
need be measured in the dienoic and trienoic
regions omly.

2. The scope of the tentative method Cd 7-48 can
be increased to include the determination of
pentaenoic acids by means of the 21% alkali
reagent. This reagent is preferable for the de-
termination of arachidonic acid. The present
6.6% alkali reagent was considered first choice
for the determination of linolenie and linoleic
acids. However, when application of this choice
would require preparation of both reagents for
complete ‘analysis of a sample, the 21% KOH
procedure may be used as a second choice for
linoleic and linolenic acids, or the 6.6% KOH
procedure may be used as a second choice for
arachidonic acid. Pentaenvic acids must be de-
termined with the 21% KOH procedure. For
example, a sample containing all four acids may
be analyzed with the 21% KOH reagent, using
the second choice for the determination of lino-
jeic and linolenic acids, or a sample containing
linoleie, 'linolenie, and arachidonic acids may
be analyzed with the 6.6% KOH procedure,
using the second choice for the arachidonie acid
determination.

3. The committee did not consider the collaborative
tests to extend the method Cd 7-48 to include
the detéermination of linoleic acid in the pres-
ence of large quantities of preformed conjugated
acids, as in tung oil, to be sufficiently conclusive.
Further testing of this type of sample was rec-
ommended. The problem of analyzing samples
which contain major quantities of preformed
conjugated fatty acids and smaller quantities
of nonconjugated acids should receive individ-
ual attention in collaborative study with the
view of proposing an official method for such
analyses.

Projected Committee Work

At the present time the committee is engaged in a
revision of Tentative Method Cd 7-48 to provide for
the more simplified analyses where justified, to in-
crease the scope to include the determination of penta-
enoic acids, and to establish criteria to govern the
choice of % alkali in the reagent.

A series of tung oil samples is being prepared for
submission to all committee members for collaborative
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study of a proposed method to determine both the
preformed conjugated constituents (alpha- and beta-
eleostearic acids) and nonconjugated polyunsaturated
constituents (linoleic acid).

At the fall meeting of the Spectroscopy Committee
in Minneapolis it was decided that sufficient interest
is being maintained in methods for the determination
of trams-isomers of the fatty acid constituents to ne-
cessitate some collaborative study of this method for
adoption as an A.0.C.S. procedure. Accordingly pre-
liminary plans are being made to test collaboratively
the determination of percentage frams-isomers in the
presence of cis-isomers in samples containing satu-
rated, monounsaturated, and noneconjugated polyun-
saturated fatty acids. Attempts are being made to
obtain both primary and secondary standards for
comparison of insiruments to be used in this collabo-
rative study.

Attempts will be made to finish the first two items
on the projected committee work promptly. The exact
program to be followed then must, of course, be left
to the 1955-56 Spectroscopy Committee.

RoeErT T. O’CONNOR, chairman
B. N. Rockwoop
R. C. STILLMAN -
Hans WoLrr

Marvin W. Formo
SamueL ¥. HeErs

S. GOLDWASSER

JosepH McLAUGHLIN JR.

Results of Collaborative Work of
Spectroscopy Committee, A.0.C.S., 1954
I. Cottonseed 0il Methods No. C-1 and C-2

Method No. C-1 Method No. C-2
Collab-
orator Conju- Conju- Lino- Lino- Conju- Lino-
No. gated gated oleic lenic gated leic
Diene Triene Acid Acid Diene Acid
o o Yo Yo % Yo
1 0.31 0,092 50.02 0.002 0.31 50.12
2 0.320 0.092 50,922 0.322,¢| .32V 51.0b
3 0.32 0.092 49.52 0.38% 0.32 49.6>
4 0.34 0.062 49.32,%| 0.052 0.34 49.4%0
5 0.34 0.092 47.52.4| (.412.¢; (.34 47.9n,d
6 0.33b 0.092 48.8%:b 0.002b| 0.33P 49.08, b
7 0.32 0.002 47.1%0 | 0.0602:b}] 0.32 47.2a
8 0.32 0.09 49.0 0.40 0.32 49.2
Avg. 0.32 0.08 49.0 0.20 0.32 49.2

2 One or more of the slit widths involved in measurements from which
these values were calculated were not within the range 0.8 to 0.9 mm.

.required by Tentative Method Cd 7-48 for measurements in the triene

region.
b One or more of the absorbancies involved in this ealculation were
got within the range of 0.2 to 0.8 required by Tentative Method
d 7-48.
¢ Value calculated by chairman.
4 Value recalculated by chairman.

II. Linseed Oil Methods No. L-1 and L-21

Method No. L-1 Method No. L-21
Collab-
orator Conju- Conju- Lino- Lino- Lino- Lino-
No. gated gated leic lenic leic lenic
Diene Triene Acid Acid Acid Acid
Yo Yo %o %o Yo %
1 0.21 0.003% 13.62 51.52 14.42 50.82
2 0.21 0.002% 12.92 52.32 11.12 | 53.12
3 0.21 0.002%:> 12.24b | 52.620:b| 14.42b| 50,420
4 0.26 G.0022.b.¢l 11.1a,b1 49 15,b) 12 08, bt 47,020
5 0.22 0.0032 P 11.62.0 | 52,720 14,08 b| 52.23.b
6 0.21b 0.0002 10.7» | 50.2a,b( 15.8ab| 48,580
7 0.23 0.0022 14.22 54.82 17.92 47,94
8 0.20 0.000 12.7 52.3 13.1 52.4
Avg, 0.22 0.002 12.4 51.9 14.0 50.3

2 One or more of the slit widths involved in measurements from which
these values were calculated were not within the range 0.8 to 0.9 mm.
required by Tentative Method Cd 7-48 for measurements in the triene
region. . .

b One or more of the absorbancies involved in this calculation were
not within the range of 0.2 to 0.8 required by Tentative Method
Cd 7-48.

¢ Value calculated by chairman.

Objective: Tentative Method Cd 7-48 provides for
a simplification of procedure and caleulation for sam-



454 THE JoURNAL oF THE AMERICAN O CrEMISTS’ SOCIETY

III. Animal Fat Concentrate No. A-21

Method No. A-21
Collab- .

orator | Conju- | Conju- C;)&ﬁl Lino- Lino- [Arachi-| Penta-
No. gated gated %I,etm_ leie lenic donic | enoic
Diene | Triene ene Acid Acid Acid | Acids

Yo %o %o Yo Yo Yo Yo

1 2.08 0.042 0.00 4.62 7.92 21.2 2.0

2 2.12 0.03a 0.00¢ 6.4%: b 8.43, b 22.2 2.3
3 2.170 | 0.052 0.002: b, 7.34.b 3.32,b,d4| 26,20 2.5b

4 2.31 0.012 0.00P 5.12 4.0» 25.6 2.5

5 2.32 0.50%: ™ el 0.00° 4.62 11.8» 23.5 2.2

6 | ] e e 6.7a.p 4,480 25.3v 2.6
7 1.95% {0.032. 2.4 0.00b 4 8.02,b,4/16,22. b, 14,04 1,34

8 2.06 0.04 .00 7.1 9.0 21.1 1.5

Avg. 2.14 0.03 0.00 6.3 8.1 22.5 2.1

a Indicates that one or more of the slit widths involved in measure-
ments from which these values were calculated were not within the range
0.8 to 0.9 mm. required by Tentative Method Cd 7-48 for measurements
- in the triene region.

b Indicates that one or more of the absorbancies involved in this
caleulation were not within the range of 0.2 o 0.8 reguired by Tenta-
tive Method Cd 7-48.

¢ Value calculated by chairman.

¢ Value recaleculated by chairman.

¢ Not included in average.

ples known to contain no arachidonic acid, ¢.e., most
vegetable and drying oils, by elimination of all val-
ues in the tetraene region, about 300 mu. Can a
further simplification of similar nature be made for
oils known to contain no linolenic aeid, i.e., cotton-
seed, sesame, peanut oil, ete.,, by elimination of all
values in the triene region, about 268 mpu?

In your opinion has this collaborative work sat-
isfactorily demonstrated that such a simplification
should be recommended and included in Method Cd
7-481

Objective: Certain laboratories dealing primarily
with animal fats, fish oils, ete., prefer to work with
21% alkali for determinations of arachidonic acid,
pentaenoic acids, ete. Other laboratories, working
primarily with vegetable and drying oils, consider
the 6.6% alkali more convenient. Can Tentative
Method Cd 7-48 provide 21% and 6.6% alkali as
alternate methods for all samples, thus eliminating
the requirement for some groups to work with both
concentrations?

Vor. 32

In your opinion does the collaborative work on Lin-
seed Oil, reported here, justify this alternate method ?

Objective: A method involving 21% alkali is pro-
posed as superior for determination of arachidonic
aeid and essential for determinations of acids more
unsaturated than arachidonic acid.

In your opinion should the 219 alkali be intro-
duced into Tentative Method Cd 7-48 for all polyun-
saturated acids more unsaturated than arachidonic?

Should determination of arachidonic acid be rec-
ommended with 6.6%, 219% alkali, or optional use of
either?

IV. Tung 0il Methods No. T-1 and T-2

Method T-1 Method T-2
Collab- Conjugated Triene .
orator Conju- Lino- Lino-
No. gated a-Eleo- B-Eleo- leic leie
Diene steari¢ stearie Acid Acid
Acid Acid

%o Yo o Yo Yo

1 0.12 80.6 0.02 6.4 7.0
20 0.00 81.0 0.0 5.8 7.0
3b 1.22 77.0 2.4 4.2 6.4

4 0.00 81.2 10.4 4.0 4.4
b 0.08 748 5.5 P 5.2
7e 2.32 41.1 35.7 2.2 3.0

8 0.16 79.3 0.0 6.2 7.4

Avg 0.26 79.0 3.0 5.2 6.2

2 Actually reported as a megative value.

b Indicates that one or more absorbancies used in the calculations
were not obtained on a Beckman DU with maximum sensitivity.

¢ Not included in averages.

Objective: At the present time no official method
exists for the determination of non-conjugated acids
in the presence of large quantities of conjugated con-
stituents. The linoleic acid content of tung oil stud-
jed is one example. Should Tentative Method Cd
7-48 be extended to include the method studied here?
If so, should the simplified ealculation of Method T-2
be used or is the more rigorous Method T-1 desirable?

Properties of the Methylene Group in 1,4-Dienes. |. Catalytic

Polymerization of 1,4-Pentadiene’

OLIVER GRUMMITT and C. C. CHUDD,* Western Reserve University, Cleveland, Ohio

HE METHYLENE GROUP in the 1,4-diene system of

linoleic and linolenic acids is a key structural

feature in the chemical behavior of non-conju-
gated drying oils. The simplest compound eontaining
this structure is 1,4-pentadiene. While this is not an
exact model of the fatty acids, because of the termi-
nal double bonds in 1,4-pentadiene, its chemical be-
havior should be closely analogous. The purpose of
this work was to study ecatalytic isomerization and
polymerization reactions of 1,4-pentadiene in relation
to those reactions of drying oils.

According to the current theory of thermal poly-
merization (heat bodying), non-conjugated oils, such
as linseed and soybean, initially isomerize on heating
so that a fraction of the ethylenic groups are conju-
—1_P;t;:nted before the Organic Chemistry Division, American Chemi-
cal Society, Atlantic City, September, 1952.

2 Present address: Department of Chemistry, University of Dayton,
Dayton, O.

gated. Polymerization then proceeds by Diels-Alder
addition between a 1,3-diene group in one acid radical
and a double bond in another.

While many substances aceelerate the thickening
of fatty oils, the important catalysts, i.e. substances
which do not permanently combine with the oil, are
sulfur dioxide, quinones, and nickel. These com-
pounds are also isomerization catalysts because they
accelerate the conversion of 1,4-diene groups to con-
jugated structures. Among other isomerization cata-
Iysts, alkali metal hydroxides are best known. Typi-
cal catalysts of these types have now been investigated
for their quantitative effects on 1,4-pentadiene.

Polymerization of 1,4-Pentadiene -

Thermal and boron fluoride-catalyzed polymeriza-
tions of 1,4-pentadiene have been reported by Ahmad
and Farmer (1), who showed that 1,4-pentadiene



