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I N a recent investigation of the mechanism of the 
alkali-isomerization (2) of a9,12-1inoleic acid it 
was necessary to ident i fy the conjugated position 

isomers of linolcic acid present  a f te r  t r ea tment  with 
alkali. A solid mixture  of position isomers, all with 
t rans , t rans  geometrical configuration about  the dou- 
ble bonds, was effectcd by  t rea tment  of the alkali- 
isomerized acid with iodine. Strong evidence tha t  the 
result ing product  was all equal mixture  of t,tA9,11- 
and  t,tA10,12-1inoleic acids was provided by  melt ing 
point  data  (21, bu t  a more positive identification of 
the components was desired. 

Isolation of the pure  components by  fract ional  crys- 
tallization proved impract ical  since little change in 
melt ing point was effected. Since the isomers have 
identical chromophore groups, their  ultraviolet  ab- 
sorption spectra are vi r tual ly  identical and therefore 
of no value in the analysis of mixtures.  The X- ray  
diffraction pa t te rns  of the crystalline isomers how- 
ever differ nmrkedly,  and the pure  isomers call be 
readily identificd by their  pat terns.  Moreover the 
c h a r a c t e r i s t i c  pa t tern  of each isomer is obtained 
f rom mixtures of the isomers crystallized f rom the 
melt  or from solvents. A l t h o u g h  the analysis of 
mixtures  is somewhat complicated by the solubility 
of the t,tA10,12-isomer ill t,tA9,11-1inoleic acid, thc 
X- ray  pat tern  alone is sufficient to define tile com- 
position of mixtures  in the range 5 to 7 5 ~  t,tA9,11- 
linoleic acid. Some other p roper ty  of the mixture  
must  be measured however if the composition is to 
be defined over the entire composition range, and for 
this reason we have measured the solidification point  
as a flmction of the composition. In this ease the 
solidification point is a sensitive function of compo- 
sition, and in conjunction with the X- ray  data it 
defines the composition of any mixture  to • 3%. 

:Experimental 
Preparatio~l of the Isomers. t , t ,Ag,ll-Linoleic acid 

was prepared  by  the dehydrat ion of ricinelaidic, acid 
according to the procedure of Mangold (11. The iso- 
mer  was recrystallized f rom 9 5 ~  ethanol until  the 
specific absorption coefficient at 231 m~ reached a 
constant value of 114 ill isooctane. The melt ing point 
of this material  was 54~ which is the same as tha t  
reportcd by Mangold (1). The iodine number ,  cal- 
culated f rom measurements  of the hydrogen uptake  
(2) of the methyl  ester, was 180.3 (theoretical value, 
181.0). 

t,t• acid was p repared  by  alkali-isom- 
erization of dehydra ted  castor oil acids, according to 
thc procedure of yon Mikusch (3). The isomer used 
was recrystall ized f rom a purified petroleum fract ion 

*Jo in t  cont r ibut ion  from t h e  E a s t e r n  Regional  Research Laborato"y,  
B u r e a u  of Agr icu l tu ra l  and h l d u s t r i a l  Chemistry,  Agr i cu l tu ra l  Re- 
search Adminis t ra t ion ,  U'nited States Depar tment  of Agr icu l ture ,  and 
the Chemistry Depar tment ,  Temple Univers i ty ,  Ph i lade lph ia ,  Pa.  Takf*n 
i n  par t  from a t .h~is submit ted  by L. P. W i t n a u e r  in pa r t i a l  fulfill- 
meut  of the requi rements  for  a :Master of Arts  degree at. Temple Uni-  
versi ty.  Pre~ented a t  American  Oil Chemists '  Society Meeting, New 
York City, November 1948. 

* * P r e s e n t  address :  Nor thern  Regiona l  :Research Labora tory ,  Peor ia ,  
n : i n o i s  

653  

with the b o i l i n g  range 55-59~ unti l  tile specific 
absorpt ion coefficient at 231 m~ reached a constant 
value of 113 in isooctane. The melt ing point of this 
nmterial  was 56.8~ yon Mikusch (3) repor ted  a 
nlelting point of 56-57~ The iodine m]mber  of this 
material ,  calculated f rom measurements  of the hydro- 
gen uptake (2) of its methyl  ester, was 181.5 (theo- 
retical value,  181.0). 

X-ray Technique. Powder  pa t te rns  of the pure  iso- 
mers and the mixtures  described below were taken 
with a powder  camera of 143.4-mm. diameter.  Fil- 
tered chromium Ka radiation,  A ---- 2.2909 A, was 
used to obtain max imum dispersion of the diffraction 
lines. This is par t icu lar ly  impor tan t  in the analysis 
of mixtures  in order  that  over lapping of diffractions 
f rom the isomers be minimized. 

A finc, ly ground sample was extruded f rom a metal  
block in the fo rm of a rod 0.5 ram. in diameter.  
Strong pa t te rns  were obtained in four  hours by  us- 
ing Eas tman Type K flhn and operat ing the X- ray  
tube at "12 kvp. an(l 18 ma. Backgrolmd due to air  
scat ter ing was minimized by  filling the camera with 
hydrogen. Pa t te rns  with sharpcr  lines were obtained 
when the ground samI)le was pressed on a glass slide 
and a narrow section of 0.2 mm. thickness cut f rom 
it. These samples however required 20-hour expo- 
sures, and the background scat tering was considera- 
ble. I n t c r p l a n a r  spacings and the relative intensities 
of the corresponding diffractions of the pure  isomers 
are rcported in Table I. 

T A B L E  I 

Comparison of Dif f rac t ion  P a t t e r n s  of t , tA9,11-IAnoleic and t , tAl0.12-  
Linoleic  Acids W i t h  a P a t t e r n  of a Fused Mix ture  C o n t a i n i n g  60% 

t , tA10,12-Linoleic  Acid and  40% t , t~9,11-Linoleic  Acid. 
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Analysis of Mixtures. i t  was desired to investigate 
mixtures  p repa red  by  crystall ization f rom a solvent 
as well as crystal l ization f rom a melt. To accomplish 
this tile following procedure was adopted. Mixtures 
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weighing approx imate ly  25 mg. were p repared  by  
accurately  weighing the pure  components and fusing 
at 60~ for  five minutes in an atmosphere of nitro- 
gen to prevent  oxidation. To insure complete mixing 
the solidified mix ture  was powdered. A small port ion 
of this mixture  was pressed on a glass slide, and a 
narrow section was cut for  the powder camera. 

Another  portion of the fused and powdered mix- 
ture was dissolved in ethyl alcohol and crystallized 
by  distillation of water  into the solution. Af te r  16 
hours all the mater ia l  in solution had crystallized on 
the surface in a platelike mass of oriented crystals. 
Evapora t ion  of the solution to dryness a f te r  removal 
of the crystalline mater ial  left  no residue. The crys- 
talline mater ial  was pressed on a glass slide, and a 
nar row section was cut for  the powder camera. All 
the lines on the diffraction pa t te rns  of these samples 
were orders of the long spacing of the two acids be- 
cause the platelike crystals  had oriented parallel  to 
the surface of the solution. 

The remaining port ion of the fused mixture  was 
used for  a solidification point  determination.  I t  was 
packed in melt ing point  tubes, evacuated with a high 
vacuum pump,  sealed off, and stored at 3 ~ . 

An estimate of the composition of a mixture  can 
be made f rom the relative intensities of the diffrac. 
tion lines of the components. We have measured the 
intensi ty  of the 8.82 A line of the t,tA10,]2-isomer 
relative to tha t  of the 9.60 .~ line of the t,tA9,11-iso- 
mer on the pa t te rns  f rom fused mixtures.  The varia-  
tion of this quanti ty,  designated IA10,12/I• with 
composition is given in Table I II .  

Solidification Point Determination. A Fisher-Johns 
melt ing appara tus  modified to accept a conventional 
melt ing point  tube was used for the determination of 
the solidification points of the acids and their  mix- 
tures. A horizontal hole drilled through the stage to 
accommodate a melt ing point  tube intersected a ver- 
tical hole, thus permi t t ing  observation of the heated 
sample under  a binocular  microscope. 

A pre l iminary  o b s e r v a t i o n  of the solidification 
point  was made, followed by  a second determinat ion 
earr icd out with careful ly  controlled rates of heating. 
The sample was heated at the rate of 0.5 ~ per  milmte 
unti l  within 1 ~ of the final equil ibrium temperature ,  
then the rate  was reduced to .05 ~ per minute. When 
only a trace of crystall ine mater ia l  remained, the tem- 
pera ture  was held constant for  15 minutes to insure 
equi l ibr ium; by  rais ing or lowering the t empera tu re  
a fract ion of a degree either phase would grow. The 
solidification point recorded was taken as the temper-  
a ture  at which the last  trace of crystalline mater ia l  
remained in equi l ibr ium with the melt. 

Different samples taken f rom the same fused mix- 
tures gave solidification points agreeing within 0.1 ~ . 
This shows that  the method of prepara t ion  gave a 
homogeneous sample and tha t  the sampling procedure 
used for  the X- r ay  and solidification point  measure- 
ment  was justified. The solidification point  did not 
change with continued remelt ing and solidification of 
the sample, indicat ing that  little decomposition, oxi- 
dation, or polymerizat ion of the isomer occurs under  
these c o n d i t i o n s .  I t  is therefore  unlikely tha t  any  
similar changes take place in the original fusion of 
the mixtures.  Solidification points obtained according 
to the method described above are given in Table I I .  

T A B L E  I I  

Solidification Points  of Mixtures of t, tA9,11-Linoleic 
and t,t,Al0,12-Linoloio Acids 

Mol-pcr cent Mol-per cent 
t,t59,11- t,tA10,12- Solidification 

linoleic acid linoleic acid point, ~ 

0 
5 

12 
20 
32 
40 
43 
50 
53 
55 
60 
68 
78 
80 
90 

100 

100 
95 
88 
80 
68 
60 
57 
50 
47 
45 
40 
32 
22 
20 
10 

0 

56.8 
55.7 
54.7 
53.3 
50.8 
49.0 
46.0 
45.1 
45.0 
45.2 
46.1 
49.0 
50.6 
51.0 
52.3 
54.0 

Discussion 
The in te rp lanar  spacings and relative intensities 

in Table I show that  the crystalline isomers can be 
readily distinguished and identified by  the X - r a y  
diffraction data. F r o m  these data values of 47.95 A 
and 44.09 A are computed for  the long spacings of 
t,tA9,11- and t,tA10,12-1inoleic acids, respectively. 

Although the pure  isomers have different crystal 
structures,  as evidenced by  their  diffraction patterns,  
it might  be expected tha t  mixtures  prepared  by  fu- 
sion or crystall ization f rom a solvent would form a 
continuous series of solid solutions which would be 
difficult to distinguish by  the diffraction method. The 
experimental  data p r e s e n t e d  in Table I I I  indicate 

TABLE I I I  

Comparison of the Relative Intens i ty  of the 8.82 J[ Diffraction 
Line of t,tA10,12-Linoleic Acid With That  of the 9.60 .~ 

Line of t,tAg,11-Linoleic Acid in Mixtures 

IA10,12/  
159,11 

0 
0.09 

.28 

.48 

.77 
2.0 
3.0 
4.6 
7.0 

16.0 

Mole per cent 
of t,tA10,12- 
linoleic acid 

25 
32 
40 
50 
6(} 
78 
80 
87 
90 
95 

only l imited mutua l  solubility of the isomers. Pow- 
der pa t te rns  of mixtures  containing more than 25% 
of t, tA10,12-1inoleic acid showed the characteristic 
diffraction spectra of each isomer, and the in terplanar  
spacings measured were within the limits of experi- 
mental  e r ror  the same as those of the pure  isomers. A 
comparison of the pa t te rns  of the pure  isomers with 
that  of a fused mixture  containing 60% t,tA10,12- 
linolcic acid and 40% t,tA9,11-1inoleic acid is given 
in Table I. Mixtures containing less than 25% of the 
t , tal0,12-isomer gave only the pa t te rn  characteristic 
of pure  t,tA9,11-1inoleic acid. Since there is no evi- 
dence for  the decomposition of the t,tA10,12-isomer in 
either the X- ray  pa t te rns  (appearance of new lines 
due to a th i rd  component)  or the solidification point 
data, it is reasonable to assume that  the t , tA9,11- 
isomer d i s s o l v e s  about  30% of its weight of the 
t, tA10,12-isomer, t, tA9,11-Linoleic  acid can be de- 
tected in proport ions as low as 5% by  the diffraction 
pa t t e rn ;  its solubility in the t,tA10,12-isomer must  
therefore be less than  tha t  amount.  The X- ray  dif- 
fract ion pa t t e rn  will thus identify both components 



TIlE JOURNAL OF TIIE AMERICAN OIL CIIEMISTS' SOCIETY, NOVEMBER, 1949 655 

of a binary mixture if it contains not less than 25% 
of the t,tA10,12-isomer and not less than 5% of the 
t,tA9,11-isomer. Comparison of intensities of the dif- 
fraction lines given in Table I I I  permits an approxi- 
mate estimate of the composition. 

For mixtures containing less than 25?0 t,ta10,12- 
linoleie acid or less than 5% t,ta9,11-1inoleic acid, the 
solidification point must be measured to determine the 
composition. This assumes that no components other 
than these isomers are preseut in the mixture. As 
shown in Table II, the solidification point is a sensi- 
tive function of composition and in conjunction with 
the X-ray data defines the composition of any mix- 
ture to • 3%. It is in fact desirable to characterize 
any mixture by its solidification point since it pro- 
vides a more precise estimate of the composition than 
does the diffraetion pattern. 

The authors are greatly indebted to S. F. lIerb, of 
the Eastern Regional Research Laboratory, for his 
assistance in preparing the isomers used in the pres- 
ent investigation. 

Summary 
X-ray diffraction and solidification point data are 

reported for t, tA9,11- and t, tA10,12-1inoleic acids 
and their mixtures. The long spacing of the A9,11- 
isomer was 47.95 A whereas that of the A10,12-isomer 
was 44.09 A. X-ray diffraction patterns of binary 
mixtures showed the characteristic pattern of each 
isomer if the mixture contained not less than 25%, 
of the t, tA10,12-isomer or not less than 5% of the 
t,tA9,11-isomer. Outside these composition limits only 
the pattern of the predominant isomer appeared, and 
solidification point data were used to define the com- 
position. The solidification point in conjunction with 
the X-ray data defined the composition of any mix- 
ture to • 3%. 
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Effect of Temperature on the Content of Pigments of 
Stored Cottonseed 
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Introduction 

C O N T R O L  of color is an exceedingly important 
problem of the cottonseed processing industry. 
Only through an understanding of the pigments 

of the cottonseed and the changes which can occur 
in them during storage and processing can the proc- 
essor improve methods for the control of color in 
his products. 

In addition to the effect of the conditions of proc- 
essing the seed for oil and meal, the original pigment 
content of the seed and the conditions of storage of 
the seed and crude oil affect the final color of the oil. 
Seed of originally high pigment content (1) yields 
oil of darker color than that p r o d u c e d  from less 
highly pigmented seed. Oil expressed from stored 
seed is more highly colored than oil expressed from 
fresh seed and the development of color that cannot 
be removed by bleaching the refined oil is increased 
when crude oil is produced from stored seed. Seed 
stored at high temperatures produces highly colored 
oils, and storage of the crude oil at high temperatures 
likewise causes development of pigments which can- 
not be removed or are removed with difficulty by sub- 
sequent refining and bleaching (2). 

The investigations of Podolskaya (3) have shown 
that the cottonseed pigments undergo constant alter- 
ation upon storage of prime, low moisture content 
seed. She found that during storage of variety 114 
of G. hirsutum the content of gossypol d e c r e a s e d  
from 1.15 to 0.75% during storage for four months. 
She has also reported (4, 5) that the initial concen- 
tration of yellow and orange-yellow intraglandular 
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pigments, of "red gossypol" which is now known to 
be a mixture of gossypol and the purple pigment, 
gossypurpurin, and of the water-dispersable red-pur- 
ple pigment of mature eottonseed was greater in fresh 
Egyptian than in fresh 17pland seed. The rate of in- 
crease in the content of pigments was reported to be 
more rapid for the Egyptian variety. Pons and co- 
workers (6) found that the content of "red gossypol" 
increased during storage of cottonseed at 27~ but 
that it did not increase in the ease of seed stored 
at 1 ~ C. 

In a recent investigation (7) the effects of environ- 
mental and genetic factors upon the pigment contents 
of several varieties of cottonseed were determined. I t  
was shown that the contents of gossypol and gos- 
sypurpurin during storage of seed stored at 80~ 
were unrelated to the initial eoneentration of these 
pigments. In the 24 varieties investigated gossypol 
(8) was not found to follow a eonsistent pattern of 
change; however, gossypurpurin increased in all sam- 
ples (luring storage. The investigation reported here 
is concerned with the effect of temperature of storage 
on the ehanges in the prineipal intraglandular pig- 
ments, gossypol and gossypurpurin, in three varieties 
of prime, low moisture content cottonseed. 

Methods 
Samples. Three pure-bred varieties of G. hirsutum, 

namely Stoneville 2B, Delfos 651. and Deltapine 15 
were used in this investigation. The three varieties 
were planted and grown in sandy sarpy soil under 
similar environmental conditions at the U. S. Cotton 
Field Station at Stoneville, Mississippi. The seed was 
harvested early in September 1947 from mature bolls 
and immediately shipped to New Orleans where it was 


