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ings of Cocker et al. (3) that  the Au,~-butenolides are 
more stable than  the ~r The ~,-lactone 
of 4-hydroxy-2-oetadecenoic acid was isolated in rela- 
t ively pure  form, but  the 7-1actone of 4-hydroxy-3- 
octadecenoic acid was merely  concentrated.  

S u m m a r y  

Vinyl  12-ketostearate and vinyl  4-ketostearate were 
p repared  by  v inyla t ing  12-ketostearie and 4-ketoste- 
aric acids, respectively, with vinyl acetate in the pres- 
ence of a mercur ic  sulfate  catalyst.  The crude vinyl 
esters were purified by extract ing the free f a t t y  acids 
with dilute potassium carbonate, removing the mer- 
cury  by  distillation, and crystall izing successively 
f rom acetone and pet roleum ether. 

In f ra red  analyses revealed that  laetonization oc- 
curred with the 4-ketostearic acid dur ing  the hydro-  
genation of the oiticica oil and dur ing  the "r 
(If the keto acid. Two y-laetones were produced. The 
7-1el;tone of 4-hydroxy-2-octadecenoic acid was isolated 
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Acids  and  Some of T h e i r  D e r i v a t i v e s  
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( C O O H )  

Lac tone  r i n g  

W a v e h m g t h  posi t ion of m a x i m a  ( m i c r o n s )  a 

A l~ C D E F G 

3.45 3.44 3.44 "1.43 3.44 3.43 3.43 
3.52 3.51 3.5,'1 3.51 3.52 3.51 3.51 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.60 

. . . . . . . . . . . . . . . . . . . . . . . .  5 .70 5.70 ...... 
5.84 5.85 

5.75 5.75 5.70 5.6!} . . . . . . . . . . . . . . . . . .  

5.82 5.83 5.82 5.82 . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  6.08 6.07 . . . . . . . . . . . . . . . . . .  

6.85 6.85 6.84 6.84 6.85 6.85 6.85 

6.97 6.97 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7.10 7.10 7.11 7.09 7.08 7.97 7.04 
7.37 7.35 7.37 7.34 7.32 7.31 7.42 
8.35 8.37 8.66 8.75 7.80 7.81 7.83 
8 .54 8 .58 8.53 
9.16 9.04 9.17 9.04 . . . . . . . . . . . .  8.89 
9.84 9,80 . . . . . . . . . . . . . . . . . . . . . . . .  9.81 
. . . . . . . . . . . .  10.56 10.54 . . . . . . . . . . . . . . . . . .  

11.49 11.49 

. . . . . . . . . . . . . . . . . . . . . . . .  10.74 10.74 ...... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10,99 

aA,  methy l  4 -ke tos t ea ra t e ;  B, me thy l  12 -ke tos t ea ra t e ;  C, v inyl  4-keto- 
s t e a r a t e ;  D,  v iny l  12 -ke tos t ea ra t e ;  ]g, 4 -ke tos tear ic  ac id ;  F, 12-keto- 
s t e a r i e  ac id ;  G, q/-!aetone of 4-hydroxy-2-octadeeenoic  a d d .  

in relat ively pure  form, and evidence was obtained 
for  the concurrent  format ion of the less stable T-lee- 
tone of 4-hydroxy-3-octadecenoie acid. The inf rared  
spectra Gf the methyl  keto esters, keto acids, vinyl  
keto esters, and the ~,-laetone of 4-hydroxy-2-octadece- 
noic acid were determined in carbon tetraehloride 
solutions. I t  was fomld that  the characterist ic absorb- 
antes for  the lactone-earbonyl,  ester-earbonyl,  ketone- 
carbonyl, and the vinyl group at about 5.6, 5.7, 5.8, 
and 6.1 microns, respectively, obey the Lamber t -Beer  
law over a wide range of concentrations. 
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The Fatty Acid Composition of Clothes Soil 
W. C. P O W E  and W. L. MARPLE, Whirlpool Corporation, Research Laboratories, 
St. Joseph, Michigan 

C I,OTI1ES SOIL is 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 a t t empt  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 oar labora- 
tories has shown that a major inorganic component of 
soil retained on clothing are clay particles that aver- 

age about 0.1/~ 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- 
ter ia l  f rom soi led garments .  B r o w n  (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 60-70'% sa- 
ponifiable material and about 8% cholesterol. 

Yel lowing of garments in areas that are in contact 
with the skin has been reported (5, 8, 10). These 
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Fro. 1. Compar i son  of  2 T-sh l r t s  m a d e  with a Ga rdne r  Color 
Difference Meter .  " R d "  is reflectance.  The  h i gh  ~ ' B "  value  
o f  the  soiled sh i r t  ind ica tes  extens ive  yellowing.  

yellow areas are not removed by normal  cleaning 
procedures and are caused by f a t ty  materials.  Be- 
eause of the large amount  of saponifiable material  in 
clothes soil and the presence of fats  in yellowed areas 
on clothing, we analyzed for  frec and combined f a t t y  
acids as a first step in chara( ' terizing the organic ma- 
terial present  as built-up soil on ch)thes. 

Experimental 
White garments  that  had become dingy and yellow 

because of accumulated soil were used for this study. 
These garments  were laundered, to remove all the 
orgmlic material  possible by normal procedures, be- 
fore they were extracted. The garments  were ex- 
t racted with a 50/50 (v /v )  mixture  of ethanol and 
irichh/rethylelm or with ethanol only, using a large 
glass Soxhlet appara tus .  The solvcnt was removed by 
(listillation, and the residue was dried to a constant 
weight at 75~ Before analysis, par t icula te  mate- 
rial was removed by filtration or centr ifugation.  

The insoluble f a t ty  acid soaps were separated by 
Soxhlet extraction with petrolemll ether. F ree  fa t ty  
acids were recovered by washing the petroleum ether- 
sohd)h; f ract ion with 50% ethanol tha t  contained 
0.06N NaOH.  The aqueous layer was acidified with 
(iN 112SO4, and the f a t ty  a(,i(ts were recovered in 
petroleum ether (4). The remaining petroleum ether- 

FIG. 2. E lec t ron  mie rog raph  of accumula t ed  soil on a cot ton 
fiber. The fiber su r f ace  and  clay par t ic les  on the fiber a re  cov- 
ered with amorphous  organic  mate r iM.  

soluble mater ia l  was saponified with 10% K O H  in 
95% ethanol (4).  The reaction mix ture  was refluxed 
2 hr. under  a ni t rogen atmosphere.  The unsaponi-  
fled fract ion was collected in petroleum ether, and the 
f a t t y  acids were recovered as previously described. 

Fo r  gas chromatographic  analysis the f a t t y  acids 
were converted to methyl  esters by refluxing 2 hr. 
under  ni t rogen in absolute methanol  containing 1% 
H2S04. The methyl  esters were chromatographed  on 
a 5-ft. column of 25% Reoplex 400 on Celite 545 (6).  
Peaks were identified by comparison with knowns, 
separat ion factors, and elimination of peaks a f te r  
brominat ion in the case of unsa tura ted  acids (2).  
Composition of the samples was calculated f rom pla- 
nimeter  measurements  of peak areas. 

TABLE I 

Accumulated Organic Soil 

Gar- - - ~  /[ Esteri- / 380 " 
Sample ment g" %a ia~y~ree I f fled / Lime 

act.1 arty I soaps Unsap, 
. . . .  " ~ S  / a e i d s ~  - -  

A Sheet 15.1 2.2 3.2 49.8 23.4 23.4 
B Sheet 31.7 4.4 2.9 58.2 20.1 18.7 

poo,o , . . . . . . . . . . . .  . . . . . .  

sample~ I I [ 
D / T-shirt I 8.4 I 7.6 

'~ I~ased on wt. of garment. 
~' Dy difference. 
~' 4 T-shirts, l pillow case), 4 dress shirts. 

Table I is the amount  of organic mater ia l  removed 
f rom various garments  and a par t ia l  analysis of tha t  
material .  Garment  D is an cxtrenle ease of bui l t -up 
soil, and sheets A and B are more representat ive  ral-  
lieS. The amount  of free fa t ty  a('id present  was very  
small. Insoluble f a t t y  acid soaps were present  on all 
the garments  iu significant quantities. The esterified 
fract ion was the largest.  

These data  indicate that  most of the organic lnate- 
r im buihting up on cotton fabrics is combined f a t ty  
acids in the form of lime soaps or esters such as tri- 
glycerides. The most likely source of this f a t t y  ma- 
terial is sebaceous secretions fl:onl the skin and scalp. 
This is par t i cu la r ly  t rue for bed linens and under-  
wear. MacKenna ct al. (3) reported that  sebum f rom 
the forearnl contains 29~ free f a t t y  acids, 36% com- 
bined f a t t y  acids, and 32% unsaponifiable material .  
These free f a t ty  acids arc available for  heavy metal 
soap formation when the clothes are washed in water  
containing calcium or magnesium ions. Wal te r  (10) 
has commente(1 on the build-up of cahdlml, mag- 
nesium, and iron soaps on fabrics from free f a t ty  
acids. 

The f a t t y  acids present  in buil t-up clothes soil are 
shown in Table [[. These compose a series with even 
and odd-lmmber carbon atoms, s tar t ing  at about Cr:, 
and extending to C~.~ or longer. Wei tkamp et al. have 
reported C,=,2 acids in hair  fat  (11). The chain lengths 
C15, Cl,b and Cls predominate.  Palmit ic  acid and its 
unsa tura ted  homologue are present  in the largest  
amounts.  The combined C~6 and Cls acids account for  
70% of the total  acids. About  33% of the f a t t y  acid 
is pahnitie acid. No linoleic or linolenic acid was de- 
tected al though each is present  in sebum (l 1 ). 

The most unexpected result  is the un i fo rm compo- 
sition of the samples. These garments  came f rom a 
lmmber  of different homes and several geographical 
locations. The three samples extracted with ethanol- 
t r ichlorethylene are ahnost identical in total  composi- 
tion. The f a t t y  acid composition of the free, esterified, 
and lime soap fract ions are similar. The free fract ion 
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T A B L E  :[ I  
F a t t y  A c i d s  in U n r e m o v e d  Clothes  Soil  

C a r b o n  
a toms  

~(Ja2 
C12 
Cta 
C14 
Myri s t i c  
C Jr 
U n s a t .  
Cm 
Total  

P ahni t ic  

B r a n c h e d  

U n s a t .  
CJ~ 
Total  
(hs 
Stear ic  

Oleie  
>C~s 

P e r c e n t a g e  

Total  b F r e e  L i m e  
soap 

1 2 .... 
1 .... 
2 i/ .... 

6 24 6 

1 1 .... 

11 12 5 

'33 30 '38 

2 .... 

19 7 16 

5 2 3 

18 6 26 

6 7 6 
2 1 

Tq ~al h 

1 
2 
1 

7 

1 

0 

6 

2 

9 

6 

8 

5 
2 

(J D a 

Total  '~ F r e e  Total  

1 
1 2 .... 

9 24 7 

1 1 5 

9 13 lO 

:F3 29 30 

1 .... 

I 1 10 9 

5 4 5 

15 5 9 

1~ 5 10 

~' F, x t r ae t ed  w i t h  ethanol .  
I, E x e h i d i n g  l ime  soaps.  

contains more myristic acid and less stearic acid. Ac- 
cording to Rothman (9),  there is little difference in 
the relative distribution of single members in free 
and esterified skin fat. The presence of large amounts 
of odd-numbered fatty acids indicates their human 
source. 0dd-nulnbered normal acids have not been 
observed in large quantities in other materials besides 
humau sebum (9). 

The free fatty acid composition is similar to that 
reported by Weitkamp et al. (11.) for hair fat and 
James and Wheately  (2) for sebum except that the 
organic soil recovered from clothes has a greater 
amount of myristic, pentadecanoic, and llalnIitic acids. 
The amount of olcie is much less thall that present in 
skin and hair fat. This agrees with the observation of 
Walter (10) that less unsaturated fatty acids are pres- 
ent in built-up clothes soil than in freshly-adsorbed 
soil. The low amount of oleic and the absence of lin- 
oleic and linolenic acids probably result from the 
oxidation of these compounds to polymers and other 
oxidation products. 

Summary 

Organic soil that had gradually accumulated on 
cotton garments and was unremovable by normal 
washing procedures was analyzed for free and com- 
bined fatty acids by gas-liquid chromatography. 

The fatty  acid composition of this material was 
similar to sebum and hair fat and was remarkably 
uniform although from several different sources and 
geographical locations. The predominant fatty acids 
were C1~, C16, and Cls straight-chain acids. More than 
30% of the total fatty acid was palmitie acid. The 
amount of oleie acid was considerably less than is 
reported for hair and skin fat. No linolcie acid or 
linolenic acid was detected. The small amount of 
unsaturated acids is probably the result of their oxi- 
dation to polymers and other oxidation products. The 
amount of free fatty acids was very small because 
they were converted to insoluble heavy metal soaps. 
Most of the combined fatty acids were present as 
esters, i.e., triglycerides. 
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Analysis of Sudactant Mixtures 
L L O Y D  E. WEEKS and J O H N  T. LEWIS, Monsanto Chemical Company, St. Louis, Missouri 

A 
TtIOUGH MANY METHODS have been presented for 
analysis of surface-active agents, none have 
actually been based on analysis of built  deter- 

gent compositions containing surfactants which had 
been previously characterized. Heretofore most meth- 
ods have been concerned with a certain phase of surf- 
actant analysis. It is the purpose of this paper to 
show how surfactants or aetives may be isolated from 
detergent compositions and then how the actives are 
separated and characterized as nonionics, sulfonates, 
sulfates, and hydrotropes. 

Surfactant Characterization. The first step in this 
s tudy was to characterize the surfactants which would 
be used for preparing detergent compositions for sub- 
sequent analysis. The surfactants used were eommer- 

cial products, and their characterization was carried 
out as follows. 

Water content was determined by ASTM D1568- 
58T (1) .  a) Xylene distillation method was run ac- 
cording to Sections 9 to 12. b) Karl  Fischer method 
was run according to Sections 13 to 18 for samples 
with less than 1.0% water. 

Alcohol insolubles, sodium chloride, neutral oil, ac- 
tive content, combining weight, S03, and cationic titra- 
tion were determined by ASTM D1681-59T (2) .  

Reagent grade boiled isopropyl alcohol (Merck) 
cut to 95% by volume with distilled water was used 
in place of ethanol. Aetives, especially tallow alcohol 
sulfate, had better solubility in 95% isopropyl alcohol 
than in 95% ethanol. 


