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The literature gives pound-cake volume values of
around 250 as being the best obtainable. The cake
baked with palladium catalyst shortening had a finer
texture. This shortening was tested by official Fed-
eral Standards for iodine number, acidity, stability,
moisture, and smoke point (10). It was satisfactory
in all tests.

Summary

Shortening stocks obtained in the pilot plant dif-
fer slightly from those obtained in the laboratory
under nominally the same conditions. TPilot-plant
processing is easily controlled to give a commercially
attractive shortening at a cost competitive with
nickel. By repeated re-use 1 g. of 5% palladium on
carbon catalyst will hydrogenate about 18 kg. of
oil to a satisfactory product, and 1 g. of 2% palla-
dium on carbon catalyst about 11 kg. of oil.
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Vinyl Ketostearates. Preparation, Properties, Infrared

Spectra, and Analysis of 4- and 12-Ketostearates'

ROBERTO CALDERON,* H. P. DUPUY, E. R. McCALL, R. T. O'CONNOR, and L. A. GOLDBLATT,*
Southern Regional Research Laboratory,' New Orleans, Louisiana

was undertaken to provide monomers for poly-

merization and copolymerization investigations,
to determine the potential utility of vinyl keto esters
as internal plasticizers, and to study the effect of the
position of the keto group. Polymerization studies will
be reported elsewhere.

Vinyl esters of long-chain fatty acids have gener-
ally been prepared either by reacting an excess of
vinyl acetate with the fatty acid in the presence of a
mercuric sulfate catalyst or by vinylation of the
fatty acid with acetylene in the presence of zine salts
(5, 10). 12-Ketostearic and 4-ketostearic acids, which
have previously been reported (2), were vinylated
with vinyl acetate according to the general procedure
of Adelman (1).

The infrared spectra of methyl 4-ketostearate,
methyl 12-ketostearate, 4-ketostearic acid, 12-ketoste-
aric acid, vinyl 4-ketostearate, vinyl 12-ketostearate,
and the y-lactone of 4-hydroxy-2-octadecenoic acid
were determined in earbon tetrachloride solutions. The
absorption bands in the 5.6 micron region (character-
istic of the lactone-carbonyl), 5.7 micron region (char-
acteristic of the ester-carbonyl), 5.8 micron region
(characteristic of ketone-carbonyl), and 6.1 micron
region (characteristic of the vinyl group) were stud-
ied and used as a basis for quantitative determination
of these groups.

THE PREPARATION of vinyl 4- and 12-ketostearates

1 Presented at the 33rd fall meeting, American Oil Chemists’ Society,
Los Angeles, Calif., September 28-30, 1959.

2 Fellow of the Banco de México. (Present address: Instituto Mexi-
cano de Investigaciones Tecnélégicas, Legaria No. 694, Mexico 10,
D. F., Mexico.)

3 Present address: Western Utilization Research and Development
Division, Agricultural Research Service, U. S. Department of Agricul-
ture, Albany, Calif.

4 One of the laboratories of the Southern Utilization Research and
Development Division, Agricultural Research Service, U. 8. Department
of Agriculture.

Experimental

MHaterials. Commercial methyl 12-hydroxystearate
obtained from hydrogenated castor oil, Brazilian oiti-
cica oil {ca. 56% conjugated trienc, calculated as
eleostearic acid), Eastman’s p-dioxane and practical
grade vinyl acetate (freshly distilled), Merck’s re-
agent grade mercuric acetate, Girdler’s supported-
type (electrolytically precipitated, dry-reduced)
nickel catalyst, Baker’s reagent grade sodium acetate,
chromium trioxide, sulfuric acid, potassium carbon-
ate, glacial acetic acid, methanol, petroleum ether
(b.p. 30-60°C.) and acetone, and Johns-Manville’s
analytical filter-aid (Celite) were used.

Methyl 12-Ketostearate. Commercial methyl 12-hy-
droxystearate was fractionally distilled under high
vacuum, Distillate fractions (b.p. 191°C./0.3. mm.,
m.p. 54.5-55.4°C.) were oxidized with chromic acid
by the general procedure of Rockett (17). To a 5-liter
flask, equipped with a mechanical stirrer, a thermom-
eter, and a dropping funnel, were added with stirring
660 ml. of glacial acetic acid and 314 g. (1 mole) of
methyl 12-hydroxystearate. The temperature was
maintained between 30 and 32°C. while adding drop-
wise, with stirring, a solution of chromic acid (92 g.
of chromic acid, 67 ml. of water, and 1320 ml. of gla-
cial acetic acid) in about 2 hrs. The temperature was
maintained between 35 and 40°C. for 90 min. The
mixture was poured into 5 liters of water contained
in a separatory funnel. After shaking the mixture
gently and allowing it to stand for a few hrs., the
aqueous layer was drained off. The ester layer was
heated to boiling in 3 liters of 6 N hydrochloric acid
for 10 min. After siphoning out the aqueous layer,
the ester was again heated in 1 liter of 6 N hydro-
chloric acid for 10 min. The ester was washed twice
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with 3 liters of boiling water. Methyl 12-ketostearate
was crystallized from 10 volumes of methanol at 5°C.,
yield 220 g. Its carbonyl oxygen content (11) indi-
cated it was reasonably pure keto ester.

Anal. Caled. for 0191{3603: C, 7303, H, 1161;
carbonyl O, 5.12; sap. equiv., 312.5. Found: C, 73.01;
H, 11.36; earbonyl O, 5.10; sap. equiv., 311.6; m.p.
45.3-46°C.; n%/P 1.4391.

12-Ketostearic Acid. Methyl 12-ketostearate (220 g.)
was refluxed with an alecoholic potassium hydroxide
solution (700 ml. of 1.5 N potassium hydroxide in
80% ethanol) for 1 hr. The warm soap solution was
poured slowly, with vigorous stirring, into 1 liter of
1.5 N hydrochloric acids The 12-ketostearic acid was
filtered off, washed with boiling water, then ecrystal-
lized from 3 volumes of acetone at 25°C., yield 159 g.

Anal. Caled. for CigllsO3: C, 72.43; H, 11.48;
carbonyl O, 536. Found: C, 7244; H, 11.57; ecar-
bonyl O, 5.35; m.p. 82.0-82.5°C.

Vinyl 12-Ketostearate. 12-Ketostearic acid was vi-
nylated, employing a 5-molar excess of vinyl acetate
in the presence of a mercuric acetate-sulfuric acid
catalyst, according to Adelman’s (1) vinyl inter-
change reaction. To a 1-liter flask, equipped with a
thermometer, were added 298 g. (1 mole) of 12-keto-
stearic acid and 516 g. (6 moles) of vinyl acetate.
This mixture was heated to T0°C. while being swirled
gently. Then 0.1 g. of copper resinate and 6.0 g. of
mercuric acetate were added. When all these materi-
als were in solution, 0.83 ml. of concentrated sulfuric
acid was added while the mixture was swirled gently.
The reaction mixture was maintained between 38 and
42°C. for 48 hrs. Maximum conversion obtained was
65%. The reaction was stopped by adding 3 g. of
sodium acetate and stirring the wixture for 15 min.
The reaction mixture was dissolved in 2 liters of
diethyl ether and washed twice with 1-liter portions
of water. The ethereal solution was then extracted
with a slight excess of dilute potassium carbonate
(800 ml. of 109% potassium carbonate) to remove the
tree fatty acids. After distilling the cther and excess
vinyl acetate under reduced pressure, the e¢rude vinyl
ester was distilled rapidly under high vacuum to
remove traces of mercury. Distillate fractions (b.p.
175-200°C./0.3 mm.) were dissolved in 10 volumes of
cther and re-extracted with dilute potassium carbon-
ate. After distilling the ether under reduced pressure,
vinyl 12-ketostearate was successively crystallized
from 3 volumes of acetone at 5°C. in the presence of
0.02% hydroquinone, and from 15 volumes of petro-
lewn ether at —5°C., yield 150 g. Its ILLV. (hydro-
gen fodine value) (15) indicated that it was reasonably
pure vinyl ester.

Anal. Caled. for CuoHse0O5: C, 74.02; H, 11.18;
carbonyl O, 4.93; H.1.V,, 78.2. Found: C, 73.90; H,
11.16; carbonyl O, 4.95; IL.LV., 78.0; m.p. 48.2-
48.8°C.; n®%/P 1.4457.

Methyl 4-Ketostearate. One kg. of Brazilian oiticica
oil, having a H.L.V. of 185, was hydrogenated in a
Parr pressure reaction apparatus at 30 psi. in the
presence of 40 g. of supported-nickel catalyst (20%
nickel and 80% coconut oil and diatomaceous earth)
at about 150°C. during a 24-hr. period, to an H.LV.
of about 5. The hot hydrogenated oil (ce. 100°C.)
was filtered by suction through a thin layer of hot
filter-aid to remove the catalyst. The hydrogenated
oil was interesterified with methanol (650 ml., 5-molar
excess) in the presence of a 1% sodium methoxide
catalyst, at about 70°C. during a 2-hr. period. The
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warm methyl esters were poured into 500 ml. of N
hydrochloric acid contained in a separatory funnel,
then the mixture was shaken gently. After the aque-
ous layer was removed, the esters were washed with
a 500-ml. portion of warm distilled water. The crude
esters were fractionally distilled under high vacuum.
Distillate fractions (b.p. 170-180°C./0.5 mm.) were
crystallized from 12 volumes of acetone at 5°C. to
precipitate most of the nonketo esters. After the ace-
tone was evaporated under reduced pressure, methyl
4-ketostearate was successively crystallized- from 15
volumes of petroleum ether at 5°C. from 15 volumes
of methanol at 5°C.

Anal. Caled. for C19Hyg504: C, 73.03; H, 11.61; car-
bonyl O, 5.12; sap. equiv., 312.5. Found: C, 72.91;
H, 11.67; carbonyl O, 5.09; sap. equiv., 312.4; m.p.
47.3-48.0°C.; n°%DP 1.4391.

4-Ketostearic Acid. Methyl 4-ketostearate was sa-
ponified, the soap solution was acidified, and the fatty
acid was crystallized as deseribed for 12-ketostearic
acid.

Anal. Caled. for 618}134()3: C, 7243, H, 114:8,
carbonyl O, 5.36. Found: C, 7245; H, 11.57; car-
bonyl O, 5.26; m.p. 96.5-97.1°C.

Vinyl 4-Ketostearate. 4-Ketostearic acid was vi-
nylated, and the vinyl 4-ketostearate was purified as
described for 12-ketostearic acid and vinyl 12-keto-
stearate, respectively.

Anal. Caled. for Cyll;05: C, 74.02; 1L, 11.18;
H.IV, 782, Found: C, 73.63; 1, 11.23; L1V,
78.0; m.p. 53.6-54.2°C.; n%/P 1.4411.

v-Lactone of 4-Hydroxy-2-Octadecencic Acid. 4-Ke-
tostearic acid was refluxed, in the presence of a sul-
furic acid catalyst, for 4 hr. in a dioxane solution
(20 g. of 4-ketostearie acid, 60 ml. of dioxane, and
0.5 ml. of sulturic acid)., The mixture was poured
into 4 volumes of diethyl ether and extracted three
times with 100-ml. portions of 10% aqueous potassium
carbonate. After the ethereal solution was evaporated
under reduced pressure, the residual material was
erystallized from 10 volumes of acetone at —5°C.
Infrared and ultraviolet analyses indicated that the
v-lactone of 4-hydroxy-2-octadecenoie acid rather than
the y-lactone of 4-hydroxy-3-octadecenoic acid was
formed.

Anal. Caled. for G104 O, 77.08; H, 11.50; sap.
equiv., 200.08. Found: C, 76.56; 11, 12.24; sap. equiv,,
195.35; m.p. 48.5-49.3°C.; n?/P 1.4487.

Spectrophotometric Determinations. Complete in-
frared absorption curves from 2 to 12 microns of all
compounds investigated were obtained with a Perkin-
Elmer Model 21 infrared spectrophotometer. Settings
used were resolution, 927; suppression, 3; gain, 6;
response, 1; and speed, 0.5 micron/min. The spectra
of the esters, acids, and lactone were obtained in car-
bon tetrachloride solutions at about 10, 6, and 5 g./
liter, respectively, with a 0.48-mm. absorption cell.
The absorption of the lactone-carbonyl, ester-carbonyl,
ketone-carbonyl, and vinyl group at about 5.6, 5.7, 5.8,
and 6.1 microns, respectively, were determined at va-
rious concentrations in carbon tetrachloride solutions.

Results and Discussion

Preparation of Compounds. 12-Ketostearie acid was
readily prepared by fractionally distilling commer-
c¢ial methyl 12-hydroxystearate, followed by oxidation
of the hydroxy ester with a chromic acid solution,
saponification of the keto ester, acidification of the
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soap of the keto ester, and erystallization of the keto
acid from methanol. About 65% conversion of the
keto acid to the vinyl keto ester was obtained when
the keto acid was reacted in the presence of a mer-
curic sulfate catalyst and an excess of vinyl acetate
at 40°C. for 48 hrs. Attempts to purify the reaction
mixture by distillation under high vacuum resulted
in excessive polymerization. However, after the reac-
tion mixture was dissolved in diethyl ether and the
fatty acids and the inorganic materials were extracted
with a dilute, aqueous solution of potassium carbon-
ate, distillation was successful. Vinyl 12-ketostearate
was readily obtained from suitable distillate fractions
by dissolving in diethyl ether and re-extracting with
dilute potassinm ecarbonate, to remove traces of keto
acid, followed by successive crystallizations from ace-
tone and petrolenm ether.

Methyl 4-ketostearate was prepared from Brazilian
oiticica oil with some difficulty. A considerable amount
of polymerized material was present in the processed
oil, thus decreasing the amount of available licanic
acid (4-keto-9,11,13-octadecatricnoic acid, the prinei-
pal component of oiticica oil). Iactonization of the
4-keto acid (which produced two y-lactones) occurred
during hydrogenation, and only a small amount of the
y-lactones was hydrolyzed during the interesterifica-
tion of the hydrogenated oil with methanol. Attempts
to purify the ¢rude methyl csters by prolonged frae-
tional distillation, through a packed column under
high vacuum, resulted in excessive decomposition.
However suitable fractions of methyl 4-ketostearate
were obtained by rapid distillation under high vae-
wum. This concentrated the nonketo esters in the
carly fractions, gave a heart cut of keto ester, and
left the more highly unsaturated and polymerized
materials in the pot residue. The suitable fractions
were crystallized from acetone to precipitate the re-
maining nonketo esters. After the acetone was evap-
orated under reduced pressure, methyl 4-ketostearate
was obtained by suecessive crystallizations from petro-
leum cther and methanol.

A considerable amount of lactonization oceurred
during the vinylation of the 4-ketostearic acid. How-
ever relatively pure vinyl 4-ketostearate could be ob-
tained by dissolving the vinylated mixture in diethyl
ether and extracting the fatty acids with a dilute
aqueous solution of potassium carbonate, followed by
rapid distillation under high vacuum to remove traces
of mercury. Suitable fractions were successively erys-
tallized from acetone and petroleum ether.

Since it was impossible to duplicate the saponifica-
tion equivalents of the vinyl esters, they are not re-
ported. In saponification acetaldehyde, the tautomer
of vinyl alcohol, apparently reacts with some of the
alkali, thus indieating abnormally high saponification
equivalents. Vinyl 4-ketostearate was slowly hydro-
lyzed in an agueous-alcoholic solution of hydroxyl-
amine hydrochloride. Therefore its ecarbonyl oxy-
gen value is not reported sinece the acetaldehyde
formed during the hydrolysis also reacted with the
hydroxylamine.

Infrared Spectra. Fischmeister (7) in a note dis-
cussed briefly the infrared absorption of the methyl
esters of monoketostearic acids. Progression bands
(9, 12) were found in KBr dise spectra between 7.4
and 8.4 microns, which permitted complete identifica-
tion of the different positional isomers. These bands
were determined mainly by the distance between the

Vor. 37

lgg ™ W(l

LDy D
TS
T T

[
(o} o)
T

575

)

O N -

00O o

(A
o
Y
o

CEN
&0
PoR<)

T

(PER:
n o
X

344 575

90
80

w10

T

T

TRANSMITTANC

QN NDY —pwd
0000000000083

»
o

17T 1T T 17T T T T 17177

GRS U S W S N O S e W W T W W Y U S A 0 A A A B R S S R O

— ™ W
Q00O

- ’ 879
[ [ { i ! | L1 1
2 3 4 5 6 7 8 9 10 1 12

WAVELENGTH (MICRONS)

Fia. 1. Infrared spectra of methyl and vinyl ketostearates in
carbon tetrachloride solution. A, methyl 4-ketostearate; B,
methyl 12-ketostearate; C, vinyl 4-ketostearate; D, vinyl 12-
ketostearate.

G

carbomethoxy and keto groups. No solution-spectra
data were reported.

Carbon tetrachloride solution spectra of methyl
4-ketostearate, methyl 12-ketostearate, vinyl 4-ketoste-
arate, and vinyl 12-ketostearate are given in Figure
1. The spectra of 4-ketostearic acid, 12-ketostearic
acid, and the y-lactone of 4-hydroxy-2-octadecenoie
acid are given in Figure 2. From previously re-
ported investigations of long-chain compounds (14)
correlations of the bands which appear in these spec-
tra with vibrational groups giving rise to them can
be made with cousiderable degree of certainty. Table
I lists the wavelength positions of absorption maxima
for all bands with absorptivities of ca. 0.05 or more,
with their most probable assighments for the seven
compounds. .

The different classes of compounds can readily be
identified by their infrared absorption spectra. Methyl
esters are characterized by the C—H deformation
(COOCH;) band at 6.97 microns; the vinyl esters are
characterized by the C—H deformation (CH.=CH)
bands at 6.07, 10.53, and 11.49 microns; the keto acids
are characterized by the O—H deformation (COOH)
band at 10.74 microns (13); and the y-lactone is
characterized by the vibration (lactone ring) band at
10.99 microns and the C=0 stretching at 5.6 microns.

The stretching of the lactone-carbonyl, ketone-car-
bonyl, ester-carbonyl, and vinyl group were easily
resolved in carbon tetrachloride solution. Their ab-
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sorption bands were used for quantitative determi-

When a mixture of the two

- nation of y-lactone (A% -butenolide), methyl keto
_ ester and vinyl keto ester. As shown in Figure 3, the
. absorptions of these various earbonyl groups and vi-
- nyl group obey the Lambert-Beer law over a wide
— range of concentrations. Liactonization of 4-ketostearic
— acid during hydrogenation of the oiticica oil and dur-
= ing vinylation of the 4-ketostearic acid, and purifica-
344 ] tion of the methyl keto esters and vinyl keto acids
= 'or : 5.84 n were conveniently followed by infrared analyses. In
3 98: 7 addition, infrared analyses help to establish the struc-
e 80 W ] ture of the two y-lactones formed during the lactoni-

& 70~ ] zation of 4-ketostearic acid.
W 6ok 6.85 ] Previous investigators (4, 6, 8, 16, and 18) have
S s0- ] found that A®f-butenolides absorb in the infrared
2 a0F ] region at about 1750 em.”! (ca. 5.7 microns) and in
= 30 N the ultraviolet region between 200 and 220 millimi-
2 20 343 _ crons and that AB7-butenolides absorb in the infra-
Z 10 5.85 - red region at about 1800 cm.! (ca. 5.55 microns).
E o . Therefore the lactone which absorbed at 5.6 microns
90~ - was assigned the structure of the y-lactone of 4-hy-
801~ C - droxy-2-octadecenoic acid (y-tetradecyl-A®=f-buteno-
70+ 6.85 . lide) and the lactone which absorbed at 5.53 mi-
60 - crons was assigned the structure of the y-lactone of
50 8.53 - 4-hydroxy-3-octadecenoic acid (y-tetradecyl-/\f7-bu-
40 ] tenolide). This was confirmed by ultraviolet analyses
Zg: 343 T as the A®f-butenolide absorbed at 214 millimicrons
o ) 5.60 B and the AB#7-butenolide did not have any absorption

ot oy g ] peak in that region.
2 3 4 5 6 7 8 9 10 W 12 13

WAVELENGTH (MICRONS)

Fia. 2. Infrared spectra of ketostearie acids and the lactone
of 4-ketostearic acid. A, 4-ketostearic acid; B, 12-ketostearic
acid; C, vy-lactone of 4-hydroxy-2-octadecenoic acid.

lactones was heated, the AB7-butenolide isomerized
to the A®fbutenolide, as indicated by a decrease in
absorption at 5.53 microns and an increase in absorp-
tion at 5.6 mierons. This is consistent with the find-
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Fic. 3. Relationship between the absorbance of various carbonyls and vinyl groups of ketostearie acids and

some of their derivatives.

I. O, v-lactone of 4-hydroxy-2-
octadecenoic acid
II. O, methyl 4-ketostearate
A, methyl 12-ketostearate
, vinyl 4-ketostearate
¢, vinyl 12-ketostearate

TII. O, methyl 4-ketostearate
A, methyl 12-ketostearate
3, vinyl 4-ketostearate
¢, vinyl 12-ketostearate
IV. O, vinyl 4-ketostearate
A, vinyl 12-ketostearate
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ings of Cocker et al. (3) that the AA=B.-butenolides are
more stable than the Af7v-butenolides. The y-lactone
of 4-hydroxy-2-octadecenoic acid was isolated in rela-
tively pure form, but the y-lactone of 4-hydroxy-3-
octadecenoic acid was merely concentrated.

Summary

Vinyl 12-ketostearate and vinyl 4-ketostearate were
prepared by vinylating 12-ketostearic and 4-ketoste-
aric acids, respectively, with vinyl acetate in the pres-
ence of a mercuric sulfate eatalyst. The crude vinyl
esters were purified by extracting the free fatty acids
with dilute potassium carbonate, removing the mer-
cury by distillation, and ecrystallizing successively
from acetone and petroleum ether,

Infrared analyses revealed that lactonization oe-
curred with the 4-ketostearic acid during the hydro-
genation of the oiticica oil and during the vinylation
of the keto acid. Two y-lactones were produced. The
y-lactone of 4-hydroxy-2-octadecenoic acid was isolated

TABLE I

Absorption Bands in the Infrared Spectra of 4- and 12-Ketostearic
Acids and Some of Their Derivatives

Wavelength position of maxima (microns)®

Functional group

A B C D 1 ¥ G

C—H stretching 3.45 3.44 3.44 3.43 3.44 .43 3.43
C—H stretching 3.52 3.51 3.53 3.51 3.52 3.51
C=0 stretching

(A%A-butenolide) | ... ceen e e e 5.60
(=0 stretching

(aceid) ] e e e e 5.70 570 ...

5.84 5.85

C=40 stretching

(ester) 5.75 5.75 5.70 H.69 . e e
(!=0 stretching

(ketone) 5.82  5.83 582 582 ... . e
CH:=CH stretching | ... ... 6.08 6.07 ... e e
C—TI1 deformation 6.85 6.85 6.84 6.84 6.85 6.85 6.85
C—H deformation

(COOCHs) 6.97  6.97 oo i e e eeeees
(—H deformation 7.10 710 7.1 7.09 7.08 707 7.04
(C—H deformation 7.37 7.85 7.37 7.34 732 7.81 742
C—O stretching 8.35 8.37 8.66 8.75 7.80 7.81 7.83

8.564 8.58 8.53
C—0—C stretehing 9,16 9.04 9.17 904 ... . 8.89
Unassigned 9.84 980 ... ... . . 9.81
CH:=CH deformation | ... ... 10.56 10.54 .o aier e
11.49 11.49

O—H deformation

(COOH)
Lactone ring

2 A, methyl 4-ketostearate;
stearate; D, vinyl 12-ketostearate; E, 4-ketostearic acid; ¥, 12-keto-
stearic acid; G, y-lactone of 4-hydroxy-2-octadecenocic acid.

The Fatty Acid Composition of

W. C. POWE and W. L. MARPLE, Whirlpool Corperation,

St. Joseph, Michigan

LOTIIES SOIL i1s a complex mixture of inorganic

and organic materials. The nature of soil on

clothes varies with the occupation and environ-
ment of the wearer. To attempt an analysis of all the
components that occur as soil on clothing would be
an impractical, if not impossible, task. The analysis
can be simplified however if only the problem soils
are considered. These are materials that are not re-
moved by normal laundering procedures. Accumu-
lated soil causes the yellowish-grey cast associated
with the gradual deterioration in appearance of white
garments (Figure 1). Previous work in our labora-
tories has shown that a major inorganic component of
soil retained on clothing are clay particles that aver-

Vou. 37

in relatively pure form, and evidence was obtained
for the concurrent formation of the less stable y-lae-
tone of 4-hydroxy-3-octadecenoic acid. The infrared
spectra of the methyl keto esters, keto acids, vinyl
keto esters, and the y-lactone of 4-hydroxy-2-octadece-
noic acid were determined in carbon tetrachloride
solutions. It was found that the characteristic absorb-
ances for the lactone-carbonyl, ester-carbonyl, ketone-
carbonyl, and the vinyl group at about 5.6, 5.7, 5.8,
and 6.1 mierons, respectively, obey the Lambert-Beer
law over a wide range of concentrations.
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age about 0.1 x in diameter (7). Concurrently there is
an accumulation of organic material on the surface
of the cotton fibers (Figure 2).

Information on the composition of this organic
material is limited. Brown (1) and Oldenroth (5)
extracted and analyzed freshly-adsorbed organic ma-
terial from soiled garments. Brown (1) reported
about 60% of the extracted soil to be free and com-
bined fatty acids. In addition to fatty acids, he found
about 15% cholesterol and fatty alcohols and 21%
hydrocarbons. Oldenroth (5) reported 60-709% sa-
ponifiable material and about 8% cholesterol.

Yellowing of garments in areas that are in contact
with the skin has been reported (5, 8, 10). These



