
A B S T R A C T S  OF P A P E R S  

3 9 T H  F A L L  M E E T I N G  

C I N C I N N A T I ,  O H I O  

I S O M E R I C  L I N E A R  A L K Y L B E N Z E N E S  A N D  
S O D I U M  A L K Y L B E N Z E N E S U L F O N A T E S  

F. D. Smith, A. Y. Stirton and M. V. Nunez-Ponzoa 

L i n e a r  a lkyibenzenes  m a d e  f r o m  a-olefins and  benzene,  w i th  alumi-  
n u m  chloride or  me thanesu l fon i e  acid  as the condens ing  agent ,  were  
found  by gas- l iquid  c h r o m a t o g r a p h y  of the ace tophenone  homologs  ob- 
ta.ined by  chromic  acid  ox ida t ion  to be a m i x t n r e  of all theoret ical ly  
possible i n t e r n a l  posi t ion i somers  (5, 6, 7 and  8 f rom the  12, 14, 
16 and  18 carbon  a-olefins,  r e spec t ive ly ) .  

P r o d u c t  d i s t r ibu t ion  showed a m a x i m u m  of the  2-phenyl and  a 
m i n i m u m  of the  3-phenyt i somer ,  wi th  a s u b m a x i m u m  d e p e n d i n g  upon 
the  cha in  l eng th  of the a-olefin.  The  2-phenyl  isomer ,  fo rmed  in 
] a rges t  a m o u n t  and  p r e s u m a b l y  the  h ighes t  me l t i ng  isomer,  was  sepa- 
r a t ed  by low t e m p e r a t u r e  crys ta l l iza t ion  f r o m  acetone.  P a r t i a l  separa -  
t ion of i smncr ic  a lkylbenzenes was  possible by  f rac t iona l  dis t i l la t ion or 
selective adsorp t ion  on a p icr le  acid  column.  

The  a lkylbenzene p roduc t  m i x t u r e s  and  the isolated 2-alkylbenzenes 
w e r e  su l fona ted  and  de t e rgen t  and  su r f ace  act ive p roper t i es  were  com- 
pa red .  The sod ium 2-alkyl-p-benzenesulfonates  were  more  b iodegradab le  
t h a n  the  m i x t u r e s  in  the r i v e r  ~vater d i e -away  test.  

.... 2 - -  
S Y N T H E S I S  A N D  S U R F A C E  A C T I V E  P R O P E R T I E S  OF 

S U L F O N A T E D  B R A N C H E D  C H A I N  F A T T Y  A C I D  E S T E R S  

T. J. Micieh, E. A. Diamond, R.  G. Bistline, Jr., A. J. Stirton 
and W. C. Ault 

I n  con t inua t ion  of w o r k  repor ted  a y e a r  ago  desc r ib ing  b r a n c h e d  
cha in  f a t ty  acids,  a se r ies  of monosod ium methyl  2-sulfo-2-alkylcar-  
boxylates w a s  synthes ized.  The  s u r f a c e  ac t ive  p roper t i es  of these  com- 
pounds  were  eva lua ted  a n d  compared  w i t h  the  co r r e spond ing  d isodium 
2-sulfo-2-alkylcarboxylates .  The  a lkylcarboxyl ic  acids  were  obta ined by 
peroxide catalyzed add i t ion  of a l iphat ic  acids  to n o r m a l  t e r m i n a l  
olefins in 5 0 - 7 0 %  yields and  p u r i f i e d  by dist i l la t ion.  The 2-alkylc~r- 
boxylic acids  were  su l fona ted  wi th  su l fu r  t r iox ide-d ioxane  addnct ,  
es ter i f ied  wi th  methanol ,  and  neu t ra l i zed  wi th  a n h y d r o u s  sod ium car- 
bonate  to yield 2 5 - 8 0 %  sod ium methyl  su l focarboxyla tes  a f te r  r epea ted  
crystal l izat ions.  Re la t ive  to the d i sod ium sal ts  the  sod ium methyl  sulfo- 
es te rs  a r e  charac te r i zed  by bet ter  w e t t i n g  proper t ies ,  g r e a t e r  ca lc ium 
ion s tabi l i ty  and  more  stable foams.  
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P O L Y E T H O X Y L A T E D  A L K Y L  P H E N O L S :  R E L A T I O N S H I P  

O F  S T R U C T U R E  T O  B I O D E G R A D A T I O N  M E C H A N I S M  

Q. W. Osb'arn (~nd J. H. Benedict 

The m e c h a n i s m  of b iodegrada t ion  of the polyethoxylated alkyl phenols  
in the r i v e r  w a t e r  d ie -away  tes t  has  been a sce r t a ined  u s i n g  v a r i o u s  
isolat ion p rocedures  and  m e a s u r e m e n t  by i n f r a r e d  spectroscopy.  :In 
this  s tudy  d e g r a d a t i o n  was  found  to proceed by carboxyla t ion  of the  
alkyl cha in  and,  in  ce r t a in  cases, by d e g r a d a t i o n  of the  ethylene oxide 
chain.  The  ether  cha in  w a s  found  to d e g r a d e  only w h e n  it  con ta ined  
ten or less un i t s  of ethylene oxide. The  ana ly t ica l  evidence  po in t s  to 
the  d e g r a d a t i o n  of the  e ther  cha in  by a hydro lys i s  m e c h a n i s m .  

Tes t  r e su l t s  show both b r a n c h e d  and  s t r a i g h t  cha in  s~ruc tures  con- 
ta in ing t en  or  less un i t s  of e thylene oxide pe r  mole to d e g r a d e  by  both 
routes ,  s t r a i g h t  cha in  s t r u c t u r e s  c o n t a i n i n g  m o r e  t h a n  ten  un i t s  of 
e thylene  oxide p e r  mole to d e g r a d e  only by  carboxyla t ion  of the  alkyl 
g roup ,  a n d  b r a n c h e d  cha in  s t r u c t u r e s  con t a in i~g  m e r e  t.hull ter~ un i t s  
of e thylene oxide pec mole to be essent ia l ly  nonbiodegradable .  An 
except ion to the above is the  isooctyl alkyt  g r o u p  which,  by  the  n a t u r e  
of i ts  s t ruc tu re ,  is r e s i s t a n t  to b iodeg rada t i on  by  the  carboxyla t ion  
route.  

The  effect  of e ther  cha in  d e g r a d a t i o n  on the m e a s u r e m e n t  of r e s idua l  
s u r f a e t a n t  by u l t rav io le t  spec t roscopy and  the cobalt th iocyana te  pro- 
cedures  will be d iscussed.  
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A P R O C E D U R E  A N D  S T A N D A R D S  F O R  T H E  D E T E R M I N A T I O N  

O F  T H E  B I O D E G R A D A B I L I T Y  O F  A L K Y L  B E N Z E N E  
S U L F O N A T E  A N D  L I N E A R  A L K Y L A T E  S U L F O N A T E  

T. E. Brenner,  S~bcommittee o~t B~odegvadation Test M~thods, 
The Soap and Detergent Assn. 

For  over  th ree  y e a r s  the  Subcommi t t ee  on B i o d e g r a d a t i o n  Tes t  
Methods  of The  Soap and  :Detergent  Assoc ia t ion  has  been deve loping  
and  evaluating" test  p rocedures  for  the m e a s u r e m e n t  of s u r f a e t a n t  bio- 
degradab i l i ty .  Th i s  has  been a coopera t ive  effort  i nvo lv ing  some t w e n t y  
companies  taking '  p a r t  in round- rob ln  eva lua t ions  of the severa l  me thods  
proposed,  

A two-step p rocedure  has  been developed and  tested and  is descr ibed  
in. th is  paper .  Both  steps are  microbiological  in n a t u r e  and  were  de- 
s igned  w i t h  a v i ew towards  s impl ic i ty  a n d  reproducib i l i ty .  The  f i r s t  
or  p r e s u m p t i v e  step employs a p r o c e d u r e  descr ibed  as  the  shake*f lask  
technique  a n d  involves  the  exposure  of the  s u r f a c t a n t  u n d e r  test  to 
p r e a d a p t e d  o r g a n i s m s  in a basa l  m e d i u m .  The  second or c o n f i r m a t o r y  
step opera tes  ux~der condi t ions  s imi l a r  %o those  fnund  in m o d e r n  see- 
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ondary sewage treatment plants. I n  this step, using a method called 
the semicontinuous activated sludge procedure, the surfactant  under  
test is exposed to bacteria obtained from sewage. The bacteria, the 
surfactant  under  test, and a synthetic sewage used as an energy source 
arc intimateiy mixed and aerated in a specially designed chamber. 

I n  both steps, samples are regularly wi thdrawn and analyzed to 
follow the course of surfactant  biodegradation. 

A discussion of the supporting statistical evaluation will be given 
in the description of biodegradability s tandards  established for sur- 
factants  of the alkyl benzene sulfonate and linear alkylate sulfonate 
groups. 

DETECTION A N D  ESTIM AT I O N OF L A S  IN  W A T E R S  
A N D  E F F L U E N T S  

R. D. Swisher 

The detergent industry of the United States has replaced tetrapro- 
pylene ABS by linear alkylate sulfonate (LAS)  in its .formulations in 
an effort to eliminate waste surfactants  from the nation's  pollution 
load. The effectiveness of this move will be assessed by the monitoring 
of sewage t reatment  plant effluents and receiving waters  by numerous 
agencies dur ing  the next several years. Most of the analytical methods 
available respond to a whole range of surfactants  and are not specific 
for LAS. This deficiency can be avoided by use of the desulfonation-gas 
chromatography technique, which gives unequivocal proof of the pre- 
sence or absence of LAS and is readily applicable at the range of 
interest in the neighborhood of one par t  per million. Examples are 
given of examination of various effluents for presence and semiquanti- 
tative estimation of LAS. A simple procedure is described for precon- 
eentration and separation of anionic surfactants  from other components 
of the sample. 
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BIODEGRADATION OF LAS DETERGENT B A S E  M A T E R I A L S  IN  
A N  O P E R A T I N G  TRICKLING FILTER SEWAGE 

T R E A T M E N T  P L A N T  

C. E. R e n n  ~nd Gordon Kumke  

Field Test experience on detergent removal in a conventional trick- 
ling filter system t reat ing institutional domestic wastes demonstrates that  
LAS-based materials  undergo biological breakdown equal to that of sew- 
age. The field test rates of LAS breakdown are found to be comparable 
to those recorded in laboratory trickling filters and field and laboratory 
activated sludge unit.s The findings from the field tests on tr ickling 
filters suggest  that  differences in the biological systems involved in ac- 
tivated sludge treatment and various trickling filters are not critical in 
est imating the behavior of LAS base detergents in secondary treatment. 
Data  is presented in tabular  and graph form to illustrate specific history 
of performance dur ing  the field test. Equipment  experience and perfor- 
mance dur ing  the test is also presented. 
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HETEROGENEOUS CATALYTIC D E U T E R A T I O N  OF METHYL 
OLEATE.  I. REDUCTION A N D  S E P A R A T I O N  OF ISOLOGS 

A N D  ISOMERS 
C. R.  Seholfield, W. K.  Rohwedder, J. Barter and 1t. J. Dutton 

Methyl oleate was reduced at 40C and atmospheric pressure with 
deuterium gas and either plat inum or palladium catalysts. Samples of 
the esters and of the gas phase were removed dur ing  the reaction. The 
hydrogen-to-deuterium ratios in the gas phase were determined by mass 
spectrometry. Wi thdrawn ester samples were fract ienated by reverse 
phase chromatography on rubber columns into saturate  and monoeno 
fat ty esters, and the monoenes, into cis and trans isomers by argenta- 
tion chromatography. 

Experimental  conditions, fractionation procedures, and results of 
infrared analysis, argentat ion chromatography, mass spectrometry, and 
nuclear magnet ic  resonance will be described. 
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HETEROGENEOUS CATALYTIC D E U T E R A T I O N  OF METHYL 
OLEATE.  II. BOND MIGRATION,  GEOMETRIC ISOMERIZATION 

A N D  D E U T E R I U M  DISTRIBUTION 
E. Selke, W.  E .  Rohwedder, V. L.  Davison, T. Nieman and 1t. J. Dutte~ 

Separated isomers from the heterogeneous catalytic deuteration of 
methyl oleate were subjected to mass spectrometric analysis to deter- 
mine their deuterium content. The saturated ester fraction varied from 
less than 1 deuterium atom per molecule at the 20% saturat ion level 
to more than 2 at the 100% level, whereas the still unsatura ted  esters 
reached 2 atoms of deuterium per molecule at the 80% level. Oxidative 
cleavage of the separated unsaturated esters showed a symmetrical  and 
normal distribution of the double bonds about the A 9 position; bonds 
ranged from the 6th to the 13th position, and less than 4 0 %  of the 
bonds remained in the A 9 position at the 80% saturat ion level. Mass 
spectra of the individual monobasic and dibasic acids from the oxida- 
tive cleavage showed the greater  the double bond movement, the greater  
the deuter ium content, 
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M A S S  SPECTROMETRY A N D  DIMER ACID ST RUCT URES 
D. H.  Wheeler and 15. E. Peterson 

Mass spectrometry has proven to be a valuable tool in s tudying the 
structure of the dimers of fat ty  acids. Three model dimers were pre- 

pared and studied chemically, as well as by mass spectrometry. 
Dehydrostearate dimer from methyl stearate and di-t-butyl peroxide 

was shown to contain noncyeIie s tructures with joining of the stearate 
chains by a carbon-carbon bond at the a-methylene, as well as randomly 
at other mcthylenes. 

Dehydro-oleate was shown to be predominantly joined at positions 
8, 9, 10, and 11 of the oleate chains, with only 5-10% at the a- or 
2-position. 

I n  contrast to these two noncyclic dimers, the thermal dimer of the 
conjugated lO-trans, 12-trans linoleate contains the cyclic cyclohexene 
structure resulting from a Diels*Alder addition, with a double bond of 
one molecule acting as dieneophile, adding to the conjugated diene 
of a second molecule. 

Complete hydrogenation of the unsa tura t ien  in the dehydro-oleate and 
the conjugated linoleate dimers gave the saturated dimers which were 
specially valuable in deducing skeletal s tructures by mass spectrometry. 

Other chemical reactions, including ozonolysis of double bonds, de- 
hydrogenation and chemical synthesis supported the proposed structures.  
Other physical methods including infrared,  ultraviolet and nuclear 
magnetic responance spectroscopy, and thindayer chromatography were 
also valuable. 

Some unexpected pat terns of f ragmentat ion in the mass spectrometer 
will be discussed in addition to the usual  pat terns which were used 
for deducing skeletal structures.  
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MASS SPECTRAL STUDIES  OF 

HIGH M O L E C U L A R  WEIGHT ESTERS 
T. t t .  Kinstle and K.  15. Rinehart, Jr.  

The introduction of samples directly into the ion source of a mass 
spectrometer, coupled with rapid  recording of the mass  spectrum, al- 
lows the determination of the mass spectraI f ragmentat ion pat terns of 
relatively nonvolatile compounds of high molecular weights. The pre- 
sent studies employed an Atlas CH-4 mass spectrometer equipped with 
vacuum lock and T 0 4  ion source, and an ultraviolet light spot recorder 
with 250 cps and l500  cps galvanometers. Mass spectral studies have 
been carried out on a wide variety of compounds, including derivatives 
of sterculic acid, other cyclopropenoid compounds, and intact trigly- 
cerides. Of par t icular  interest  due to their complex structures and 
high molecular weights are the neutral  macrolide antibiotics. Although 
their acetyl derivatives are somewhat more volatile and give better 
spectra, quite good spectra have been determined for the intact anti- 
biotics to molecular weights above 800. Fragmentat ion pat terns of these 
compounds will be discussed. 
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THE UROPYGIOLS 

t t .  M. Fales and E. O. A. Haaht l  

Recently a series of lipids was isolated from the uropygial  glands of 
chickens and prel iminary s tructural  data were presented. 

We have reinvestigated the substance with the aid of high-resolution 
mass spectrometry and identified the material  as a homologous series 
of saturated, straight-chain, 2,3-dials. 

CH 3 (CH~) n _ C H O H  _ C H O H  --  CH 8 

The products exhibit no molecular ions, but  cleave between the 
hydroxy functions, g iv ing rise to intense peaks at m/ / e  236, 250 and 264 
which have accurate masses corresponding to C~H410 , CmHda0 , and 
C~I~I~0. I n  addition a large peak is present  at m / e  45, corresponding 
to C~Hs0. Oxidation of this material  and Wolff-Kishner reduction of 
the ketones gave a series of saturated chain hydrocarbons identified by 
gas chomatography as n--ClsI-Ido to n-C24tIs0. The mass spectra of the 
series will be discussed in detail. 

- - 1 1 -  
THE AOCS STATISTICS C O M M I T T E E -  

ITS F U N C T I O N S  A N D  OBJECTIVES 
t t .  P.  Andrews 

A committee of industry and associated statisticians is available to 
provide the following services and work toward the following objectives 
for the Society and its membership. 

1. Consult in the design of committee studies and in the analysis  
and interpretation of data from those studies. 

2. Advise the Uni form Methods Committee upon the statistical ade- 
quacy and validity of method studies pu r suan t  to their being 
made Official. 

3. Inst i tute  and promote education in statistical methology bene- 
ficia~ to the industry through special short courses, basic t ra in ing  
courses, and symposia on annual  meeting programs.  

4. Invest igate  the contribution which statistical review of papers 
submitted to the Journa l  might  make to the quality of the publi- 
cations. 

:Progress in some of these and other objectives will be discussed 
along with fur ther  ideas for their  increased utilization and implementa- 
tion. 

12 - -  
STATISTICS FOR BETTER S P E C S !  

R. C. Manring 

Specifications result from the desire or need to outline or describe a 
necessary aspect of product performance. As such, they are a vital busi- 
ness tool, both with a producer 's  organization and in the producer- 
consumer relationship. 

( C o n t i n u e d  on  p a g e  4 4 8 A )  
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• © c/ nat/Abstracts 
( C o n t i n u e d  f r o m  p a g e  4 1 2 A )  

V a r i o u s  aspec ts  of the  specif ica t ion deve lopment  p r o c e d u r e  will  be 
d iscussed,  such  a s :  

1. Hi s to r i ca l  r e v i e w  of methods  of e s t ab l i sh ing  specif icat ions.  
2. S ta t i s t ica l  methods  for  d e s i g n i n g  bet ter  specif icat ions.  

(a )  M e a s u r e m e n t s  and  the i r  re la t ionsh ip  to specif icat ion l imits .  
(b) H o w  each step in the process  cont r ibu tes  to process  var iab i l i ty .  
(c)  H o w  mult ip le  specif icat ions  affect  overall  p rocess  capabi l i ty .  

- -  1 3 - -  

E F F I C I E N T  D E S I G N  F O R  I N T E R L A B O R A T O R Y  S T U D Y  O F  
V A R I A B I L I T Y  I N  A N A L Y T I C A L  P R O C E D U R E S  

R.  D,  Snee  and  H.  P.  A ~ d r e w s  

" t - Ie l ra rch ic"  or  " n e s t e d "  des igns  have  been widely  used  for  char-  
ac te r i z ing  the  va r i ab i l i ty  in ana ly t ica l  p rocedures  w i t h i n  and  a m o n g  
labora tor ies .  

A l though  these  de s igns  a re  flexible to a lmos t  any  object ive they  a re  
usua l ly  t a l ly  b~laneed in o rde r  to s impl i fy  the  ca lcula t ions  for  s ta t i s t ica l  
ana lys i s  of the  da ta .  The  r e q u i r e m e n t  of full ba lance  m a y  resu l t  in ex- 
p e n d i t u r e  of t ime  and  money  not  me r i t ed  to es t ima te  the  va r i ab i l i ty  
f r o m  ce r t a in  sources,  pa r t i cu l a r l y  sources  whe re  the va r i ab i l i t y  is small,  
I n t r o d u c t i o n  of imba lance  into the  des ign  g ives  g r ea t e r  flexibil i ty and  
g r e a t e r  e f f i c iency  by p e r m i t t i n g  more  r a t iona l  expend i tu r e  of ana ly t ica l  
e f for t  to obta in  the v a r i a n c e  es t imates .  The  computa t iona l  p rocedures  
a re  only s l ight ly more  complex and  an exposi t ion  of these  and  of the i r  
use  in the  i n t e r p r e t a t i o n  of such  s tudies  is the  purpose  of th is  paper .  
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H Y D R O G E N A T I O N  O F  S O Y B E A N  O I L  - T H E  E F F E C T S  O F  
P R O C E S S  V A R I A B L E S  O N  S E L E C T I V I T Y  A N D  

I S O M E R  F O R M A T I O N ,  A S T A T I S T I C A L  A P P R O A C H  

L.  H.  Going, E .  R .  P n r v e s  aug  A .  M. Lopes  

A hal f - repl ica te  fac to r ia l  des ign  w a s  used  to s t t ldy the  effects  of 
f ive  process  va r i ab le s  on select ivi ty  and  f a t t y  ac id  i somer  f o r m a t i o n  
d u r i n g  ba t ch  h y d r o g e n a t i o n  of soybean  oil. The  var iab les  w e r e  t empera -  
~nre, p res su re ,  m a s s  t r a n s f e r  ( a g i t a t i o n ) ,  ca ta lys t  type, a n d  ca ta lys t  
concen t ra t ion .  Two  levels of each va r i ab l e  w e r e  used,  c o r r e s p o n d i n g  
a p p r o x i m a t e l y  to the  r a n g e  of no rma l  commerc ia l  p rac t i ce .  W i t h  the  
a id  of a d ig i t a l  computer ,  express ions  h a v e  been developed r e l a t i n g  
select ivi ty  and  i somer  f o r m a t i o n  to the operatJne: var iab les .  T h i s  has  
p e r m i t t e d  quan t i t a t i on  of the  s i g n i f i c a n t  compara t i ve  effects .  Tempera -  
t u r e  w a s  the d o m i n a n t  factor ,  con t r ibu t ing  more  t h a n  ha l f  of the 
total  v a r i a t i o n  in  both select ivi ty  and  i somer  content .  I n t e r a c t i o n s  be- 
tween  va r i ab le s  were  re la t ive ly  u n i m p o r t a n t .  

- -  15  M 

C O R R E L A T I O N  O F  N O N I O N I C  S U R F A C T A N T  S T R U C T U R E  
A N D  S O L U B I L I T Y  W I T H  T E X T I L E  W E T T I N G  

J .  A.  K o m o r  and  J .  P .  G. B e i s w a n g e r  

The ef fec t  of non ion ie  s u r f a c t a n t  s t r u c t u r e  w i t h  respec t  to texti le 
we t t i ng  e f f ic iency  has  been s tudied.  A com'elation has  been shown to 
exis t  be tween  w e t t i n g  speed and  molecular  d i f fu s ion  ra te ,  cr i t ica l  micelle 
cortcentrat ion,  a r e a  per  molecule (as  deduced  f r o m  sn r f ace  tens ion  ver-  
sus  concen t ra t ion  m e a s u r e m e n t s ) ,  ex ten t  of adso rp t ion  and  tempera-  
tu re .  The  slope of the  log w e t t i n g  t ime  v e r s u s  tog' concen t ra t ion  cu rve  
is  dependen t  u p o n  t e m p e r a t u r e ,  p roduc t  cloud pellet, c r i t ica l  micelle 
concen t ra t ion  artd a r e a  pe r  molecule. Log  concen t ra t ion  for  ten-second 
we t t i ng  is shown  to be inverse ly  p ropor t i ona l  to the d i f fu s ion  con- 
s t a n t  wh ich  in  t u r n  is a f unc t i on  of the cr i t ical  micelle concen t ra t ion ,  
Concen t ra t ion  coeff ic ients  of w e t t i n g  ind ica te  t h s t  the  mos t  e f f ic ient  
w e t t i n g  is obta ined at  or ve ry  n e a r  to the  cr i t ica l  micelle concen t ra t ion .  
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P R O P E R T I E S  O F  E T H O X Y L A T E  D E R I V A T I V E S  O F  
N O N R A N D O M  A L K Y L P H E N O L S  

Iz. H .  Smi th son  

P e r f o r m a n c e  eva lua t ion  d a t a  for  the  h igh ly  b iodegradab le  n o n r a n d o m  
l inear  a lkylphenol  efhoxyla tes  and  e fhoxysu l fa tes  a re  p resen ted  for  
typical  heavy-  and  l ight -duty  d e t e r g e n t  fo rmula t ions .  The  effect  of the  
de r iva t ives '  molecular  weights  on p e r f o r m a n c e  cha rac te r i s t i c s  is also 
d iscussed,  i nc lud ing  va r i a t i ons  in  the hydrophobic  and  hydrophi l i c  pa r t s  
of the  molecule. 
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T H E  S O L U T I O N  P R O P E R T I E S  O F  S O M E  P O L Y O X Y E T H Y L E N E -  
P O L Y O X Y P R O P Y L E N E  S U R F A C T A N T S  I N  N O N A Q U E O U S  

S O L V E N T S  

J.  M.  G. Cowie and  A.  F. S i r ianni  

Resu l t s  obta ined wi th  p lu ron ic  polyol homologues  in benzene  and  
in d ioxane  by l igh t - sca t te r ing ,  u l t r a c e n t r i f u g a l  and  w p o u r  p r e s s u r e  
lower ing  m e a s u r e m e n t s  in  add i t ion  to da ta  ob ta ined  in w a t e r  and  in 
butyl  chloride by I ight-scat ter ixtg and  xf l t raeen t r i fuga l  d e t e r m i n a t i o n s  
will be descr ibed.  The  sys tems  a rc  e x a m i n e d  ove r  a wide  r a n g e  of  
solute concen t ra t ions  a t  about  37C. Considerable  d i f f e rence  a p p e a r s  to 
exis t  be tween  w e i g h t  and  n u m b e r - a v e r a g e  micel lar  w e i g h t  obta ined by  
l igh t - sca t te r lng  a n d  two methods  of m e a s u r i n g  v a p o u r  p r e s s u r e  lower- 
in~ of the solut ions.  D i v e r g e n c e  in  mieel lar  w e i g h t  va lues  a p p e a r s  to 
be less p ronounced  between the  la t te r  t echnique  and  u l t r a c e n t r i f u g a l  
de t e rmina t ions .  A possible micel lar  c o n f i g u r a t i o n  of these p lu ron ic  
polyols will be d iscussed.  

- -  18--~  

M I C E L L E  F O R M A T I O N  I N  M I X T U R E S  O F  N O N I O N I C  A N D  
A N I O N I C  D E T E R G E N T S  

M. J .  Schict~ and  D. J .  M a n n i n g  

I t  has  been shown  prev ious ly  tha t  the t e m p e r a t u r e  dependence  of 
the  cr i t ica l  mieelle concen t ra t ion  (creel  of sod ium n-dodeeyl e ther  alco- 
hol  su l fa te  with. a shor t  polye ther  g roup  follows the  p a t t e r n  of sod ium 
n-dodecyl alcohol su l fa te ;  in  con t ra s t  the  c o r r e spond ing  d a t a  of the  
hmnolog wi th  a long polye ther  g roup  follow tha t  of polyoxyethylene 
n-dodecanol.  I n  o rde r  to ampl i fy  these  f ind ings ,  the  cme ' s  of inter-  
molecular  combina t ions  of non ion ic  and  an ion ic  de t e rgen t s  wi th  com- 
pa r a b l e  hydrophob ia  g roups  have  been s tud ied  as  a func t ion  of area- 
posi t ion and  t e m p e r a t u r e .  

Th i s  p a p e r  descr ibes  the  e f fec t  of a homologous  ser ies  of poly- 
oxyethylene n-dodecanols  on the  cme of n-dodecyl alcohol sul fa te .  The  
emc of the  nonionie  componen t  of the  mixed micelles is about  one- 
h u n d r e d t h  of tha t  of the  anionic .  0 e l y  a g r a d u a l  inc rease  in the  cmc 
va lues  of the  mixed  mieelles above the  va lues  of the non ion ie  compo- 
nen t s  w a s  observed in the composi t ion r a n g e  of 0 - 9 0 %  M an ion ic  
de tergent .  Th i s  is followed by an  a b r u p t  t r a n s i t i o n  to the  h igh  cme 
va lues  of the  an ion ic  component .  The m a g n i t u d e  of the  g r a d u a l  inc rease  
ilx the  r a n g e  below 9 0 %  M an ion ic  de t e rgen t  is i nve r se ly  p ropor t iona l  
to the  n u m b e r  of e thylene  oxide un i t s  in the  polyoxyethylene  n*dodeca- 
nols. I t  is pos tu la ted  t h a t  the  degree  of ionic  r epu l s ion  of the  ionic  
componen t  in  mixed  mieelles is m a r k e d l y  decreased  as  the  p ropor t i on  of  
nonion ic  componen t  r eaches  a th reshold  r a n g e  of 1 0 %  M. Th i s  ef fec t  
is more  p r ononneed  w i t h  l a rge  e thylene oxide coils o p e r a t i n g  a t  the  
micel lar  p e r i p h e r y  t h a n  wi th  shor t  e thylene oxide coils. T h e r m o d y n a m i c  
da ta  h a v e  been included.  
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R E F R A C T I V E  I N D E X E S  O F  A L C O H O L  N O N I O N I C S  

D.  1~. Weimar ,  iS. D.  ]nindemuth and  W .  L .  Groves 

R e f r a c t i v e  index  is a r a p i d  a n d  cons is ten t  me thod  of ana lys i s  for  
alcohols and  nonionics  f r o m  n o r m a l  alcohols a n d  e thylene  oxide.  Cor- 
re la t ions  of r ed ' a c t i ve  index  wi th  hydroxyl  n u m b e r  of alcohols and  
nonionics  a re  excellent, and  m e a s u r e m e n t  e r ro r  is cons iderab ly  lower  
for  r e f r a c t i v e  index.  R e f r a c t i v e  index, a f fo rds  a m e a s u r e m e n t  of the  
a m o u n t  of e thylene oxide in nonionics  and  can  be used  as a replace- 
m e n t  for  the 1 %  cloud po in t  ana lys is .  The ethyle~le oxide adduc t  dis- 
t r ibu t ion  h a s  no ef fec t  on r e f r a c t i v e  index.  Specif ic  adduets ,  a n a r r o w  
r a n g e  of addne t s  m a d e  by acid  catalyzed ethoxylat ion,  a n d  a b road  
r a n g e  of addue t s  m a d e  by  base-cata lyzed et.hoxylation g ive  the  s a m e  
r e f r a c t i v e  i ndex  va lue  for  a n y  g i v e n  e thylene oxide  content .  

Appl ica t ions  for  the  r e f r a c t i v e  i ndex  method  for  the  l abo ra to ry  a n d  
p l an t  a r e :  alcohol b l end ing  control, ca lcula t ion of e thylene oxide  re- 
qu i r e men t s  for  ethoxy]at ion,  noniouic  control  analys is ,  calculat ions  of  
hydroxy l  n u m b e r  for  su l fa t ions .  Also, r e f r a c t i v e  index  can help iden t i fy  
l abora to ry  samples,  ind ica te  the  1 %  cloud point ,  and  p red ic t  the  phase  
cha rac t e r  of nonionics .  

- - 2 0 - -  
V I S C O S I T I E S  O F  A Q U E O U S  S O L U T I O N S  O F  B L O C K  

C O P O L Y M E R S  O F  P R O P Y L E N E  A N D  E T H Y L E N E  O X I D E S  

1. B .  S e h m o l k a  and  L .  R .  B a c o n  

Brookf ie ld  v i scos i ty  m e a s u r e m e n t s  w e r e  m a d e  on aqueous  solut ions  
of su r face -ac t ive  agen t s  composed of block copoIymers  of p ropylene  a n d  
ethylene oxides ira which  the molecular  we igh t s  of the  po lymers  v a r i e d  
f r o m  1100 to over  15,000.  The  hydrophob ic  bases  were  polyoxypropylene  
glycols v a r y i n g  in molecu la r  w e i g h t  f r o m  750 to over  3000, To these  
were  added  v a r y i n g  a m o u n t s  of e thylene oxide so t h a t  the  polyoxyethylene 
hydrophi l  compr i sed  f r o m  15 to 8 0 %  of the s u r f a c t a n t  total  we igh t ,  i t  
was  found  t h a t  the  s u r f a c e  ac t ive  a g e n t s  wif.h hydrophobe  base  molec-  
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u l a r  we igh t s  f r o m  750 to 1100, a n d  in which  the  polyoxyethylene  sec- 
t ions  compr i sed  f r o m  15 to 8 0 %  of the  total  we igh t ,  d id  no t  f o r m  gels 
in aqueous  solut ion.  

Some s u r f a c t a n t s  wi th  a hydrophobe  base  molecular  w e i g h t  of 1750 
to 2750~ to which  v a r y i n g  amoun t s  of polyoxyethyene  w e r e  added,  
fo rmed  gels in w a t e r  a t  a s u r f a c t a n t  concen t ra t ion  r a n g e  of 40 to 8 0 % .  
W i t h  a hydrophobe  molecular  w e i g h t  of 3250, gels fo:~*med a t  f r o m  
30 to 9 0 %  s u r f a c t a n t  concen t ra t ion .  The  behav io r  of these  s u r f a c t a n t s  
in f o r m i n g  gels is expla ined  on the  bas is  of h y d r a t e  fo rmat ion .  The  
moles of w a t e r  pe r  e thylene oxide g roup  in the adduc t  v a r i e d  wi th  
the hydrophobe  base  w e i g h t  and  wi th  the polyoxyethylene hydrophi l ,  
and  r a n g e d  f rom 0.3 to 17.1, a t  25C. 
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T H E  O X Y P R O P Y L A T I O N  O F  F A T T Y  A L C O H O L S  

A N D  T H E  S U L F A T I O N  P R O D U C T S  

J. K.  Well, A. J. ~qtirton and Elizabeth A. Burr 

The reac t ion  of propy]ene oxide, r a t h e r  t h a n  ethylene oxide, w i th  
f a t ty  alcohols g ives  a h i g h e r  yield ( 5 0 % )  of the  mono-oxyalkyla t ion  
p ro d u c t  because  the  secondary  alcohol fo rmed  is less r eac t ive  t h a n  the  
p r i m a r y  alcohol fo rmed  wi th  e thylene oxide.  R a t e  of f u r t h e r  r eac t ion  
(poly-ox~-propylation) is about  hal f  the  ra te  of r eac t ion  of the  p a r e n t  
p r i m a r y  alcohol. D i s t r i bu t i on  of the propylene  oxide reac t ion  p roduc t s  
is in  accordance  w i t h  the Weibu l l -Nycande r  equat ion.  

Ana lys i s  of the  reac t ion  p roduc t s  w a s  bes t  accompl ished by gas- 
l iquid  c h r o m a t o g r a p h y  a f t e r  acetyla t ion of the  ether  alcohol mix tu res .  
P u r e  mono-oxypropyla ted  alcohols I ~ O C H ~ C H O H C H  a and  in some cases  
d i -oxypropyla ted  alcohols R [ O C ~ H e C t t ( C H s ) ] 2 O H  were  s e p a r a t e d  by  
f r ac t iona l  v a c u u m  dis t i l la t ion and  charac te r ized .  

I n d i v i d u a l  e ther  alcohols and  reac t ion  p roduc t s  w i t h  a k n o w n  av- 
e r a g e  n u m b e r  of oxypropyI  g r o u p s  w e r e  su l fa ted  a n d  eva lua t ed  in  t e r m s  
of K r a f f t  point ,  c r i t ica l  micelte concent ra t ion ,  de te rgency ,  f o a m  h e i g h t  
a n d  l ime soap d i s p e r s i n g  proper t ies .  Compared  to the  p a r e n t  alcohol 
su l fa tes  i nco rpo ra t ion  of one oxypropyl  g roup  w a s  s o m e w h a t  more  
ef fec t ive  t h a n  the co r r e spond ing  degree  of oxyethyla t ion,  and  improved  
solubil i ty w i t h  no s i g n i f i c a n t  loss in  good f o a m i n g  and  d e t e r g e n t  pro-  
per t ies .  E t h e r  alcohol su l fa tes  f r o m  propylene  oxide a re  stable to alka- 
l ine hydro lys i s  and  nea r ly  equal  to e ther  alcohol su l fa tes  f r o m  ethylene 
oxide in  the i r  s tab i l i ty  to acid hydrolys is .  

- -  22 - -  
C H A R A C T E R I Z A T I O N  O F  U N S A T U R A T E D  F A T T Y  E S T E R S  

B Y  M A S S  S P E C T R O M E T R Y  

J. A. McCloskey, M. Y. McClelland and R. E. Wolff  

M a s s  spec t ra  of va r i ous  de r iva t i ve s  of u n s a t u r a t e d  long cha in  es ters  
ind ica te  the  po ten t ia l  usef l f lness  of th i s  t echn ique  for  the  complete 
cha rac t e r i za t ion  (i.e., of pos i t ional  and  geomet r i ca l  i somers )  of these 
compounds .  Use  of a gas  c h r o m a t o g r a p h i c  inlet  sys tem p rov ides  the 
addi t iona l  a d v a n t a g e s  of re ten t ion- t ime  data ,  a n d  p e r m i t s  the  r a p i d  
r eco rd ing  of m a s s  spec t r a  f r o m  samples  in the  m i c r o g r a m  range .  
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G A S  C H R O M A T O G R A P H I C  A N D  M A S S  S P E C T R O M E T R I C  

C H A R A C T E R I Z A T I O N  O F  C Y C L O P R O P A N E  F A T T Y  A C I D  E S T E R S  

W. W. Christie, W .  E. Brugger and 1~. T. Holman 

Mono a n d  polycyclopropane f a t t y  ac id  es ters  h a v e  been p r e p a r e d  in 
good yield f r o m  the a p p r o p r i a t e  u n s a t u r a t e d  f a t t y  acid  es ters  u s i n g  a 
h i g h l y  ac t ive  zinc-copper  couple a n d  methy lene  iodide g a s  chromato-  
g r a p h i c  a n d  m a s s  spec t romet r i c  cha rac t e r i za t i ons  h a v e  been p e r f o r m e d  
u p o n  these d e r i v a t i v e s  a n d  will  be p resen ted .  
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A M A S S - S P E C T R O M E T R I C  I N V E S T I G A T I O N  O F  
V I T A M I N  B 6 C O M P O U N D S  

D, C. DeJongh and Walter Kory tnyk  

T h r e e  subs tances  as a g roup  a re  de s igna t ed  v i t a m i n  B~: py r idox ine  
( I ) ,  py r idoxa l  ( t i ) ,  and  p y r i d o x a m i n e  ( I I I ) .  Deta i led  s t udy  of the  
metabol ic  role of the  v i t a m i n  has  resul ted  in the  isolat ion of metabol ic  
p r e c u r s o r s  and  of p roduc t s  of me tabo l i c - t r ans fo rma t ions  a n d  in the  
syn thes i s  of model  sys tems  and  v a r i o u s  v i t a m i n  ]~s der iva t ives .  

A mass - spec t rome t r i c  i nves t i ga t i on  of v i t a m i n  B¢ compounds  w a s  
u n d e r t a k e n  in  o rde r  to u se  the  corre la t ion  of s t r u c t u r e  and  m a s s  
spec t ra  in  s t ruc tu re -e luc ida t ion  problems encoun te r ed  in syn theses  and  
isolat ion of n e w  py r idox ine  compounds  and  in the  i nves t i ga t i on  of a 
n u m b e r  of pub l i shed  s t r u c t u r e s  t hough t  to be incorrec t .  F r o m  an  elec- 
t r o n - i m p a c t - m e c h a n i s m s  s t andpo in t ,  these  compounds  a re  i n t e r e s t i n g  
s ince  they  can  be v iewed  as  subs t i tu ted  pyr id ine ,  benzaldehyde,  benzyl  
alcohol, o- a n d  ~n-hydroxybenzyl alcohols, a n d  phenol.  T h e i r  spec t ra  can  
be i n t e rp re t ed  in  t e r m s  of the  in t e rp lay  of the  v a r i o u s  func t ions  in 
the  one molecule.  

T h e  compounds  wh ich  h a v e  been  s tud ied  inc lude  compounds  I - I I I ,  
t he i r  homologs,  deoxy-analogs ,  a n d  i somers ,  as  well  as  5- a n d  6 mem-  
bered  cyclic keta l  der iva t ives ,  ox ida t ion  p roduc t s  and  the i r  der iva t ives ,  
acyl  de r iva t ives ,  a n d  0-  and  N-methyl  de r iva t ives ,  A n u m b e r  of 
deu te ra t ed  ana logs  have  been s tud ied  to cor robora te  the  p roposed  
f r a g m e n t a t i o n  schemes.  
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P Y R O L Y S I S - G A S  C H R O M A T O G R A P H Y - M A S S  S P E C T R O M E T R Y  
A P P L I E D  T O  S O M E  S I M P L E  L I P I D  M O L E C U L E S  

R. T. Holman, Manfred Deubig and H.  W. l:layes 

I n  o rde r  to corre la te  pyrolys is  p roduc t s  w i t h  s t r u c t u r e  of l ipids,  
pyrolys is -gas  c h r o m a t o g r a p h y  h a s  been  applied to cha rac t e r i za t i on  of 
hyd r oc a r bons  and  me thy l  es ters  of f a t t y  acids .  The  pos i t ion  of a methyl  
g roup  in a b r a n c h e d  molecule can  be d i s t ingu i shed .  To i den t i fy  the  
p roduc t s  of hydro lys i s  p roduced  empir ical ly ,  the  m a j o r  pyro lys i s  pro-  
duc ts  of a few compounds  have  been ident i f ied  by the i r  m a s s  spec t ra  
obta ined u s i n g  a d i rec t  pyro lys i s  g a s  c h r o m a t o g r a p h - m a s s  spec t romete r  
hookup on samples  of app r ox ima te ly  0.5 mg.  
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I D E N T I F I C A T I O N  O F  P R O D U C T S  F R O M  O X I D A T I O N  O F  
M E T H Y L  L I N O L E A T E  B Y  M A S S  S P E C T R O M E T R Y  

R. Y. Horvat, W.  H.  McFadden, H. Ng and W. G. Lane 

I n  a con t i nu ing  s tudy  of the au tox ida t ion  of methyl  l inoleate the  
compounds  methyl  octanoate,  methyl  azelaaldehydate ,  8- formoxy methyl  
octanoate ,  a n d  f ive  t r i a lky l  t r ioxanes  w e r e  iden t i f i ed  f r o m  a m o n g  the  
nonvola t i le  compounds  isolated. M a s s  spe c t r ome t r y  w a s  the  p r inc ipa l  
m e a n s  of iden t i f i ca t ion  for  the  compounds  which  w e r e  s e p a r a t e d  and  
pu r i f i ed  by p r e p a r a t i v e  gas- l iquid  ch roma tog raphy .  Mate r i a l  for  ana lys i s  
was  obta ined by oxid iz ing  methyl  l inoleate on p u r i f i e d  glass  wool 
u n d e r  a s l ight  pos i t ive  p r e s s u r e  of oxygen  (96 m m  /-tg) u n d e r  amb ien t  
condi t ions .  Two  d i f f e r e n t  p r ocedu r e s  w e r e  used  to ob ta in  samples  for 
ana lys i s .  They  w e r e :  (1 )  i sooctane  ex t rac t ion  of the  oily oxidized 
m a t e r i a l  and  (2)  room t e m p e r a t u r e  dis t i l la t ion of the  oil a t  20 to 40# 
p res su re .  Most  f r ac t ions  collected w e r e  ehe.~ked for  p u r i t y  on a 200- f t  
by 0.01-in.  capi l la ry  column coated wi th  SF 96-50 Si l icone oil or  a 
75-f t  by 0,01-in.  capi l la ry  coated w i t h  D e w - C o m i n g  550 Si l icone oil. 

Excep t  w h e r e  noted,  the  m a s s  spec t ra l  d a t a  w e r e  compared  wi th  
those of au then t i c  compounds ,  m e m b e r s  of an  homoh)gous  ser ies ,  or  
w i t h  l i t e ra tu re  data .  I n  addi t ion,  mos t  compounds  were  examined  by 
nuc lea r  m a g n e t i c  r e sonance  and  i n f r a r e d  spectroscopy,  and  GLC rcten- 
t ion t imes  were  de te rmined .  All r e fe rence  compounds  were  synthes ized  
by s t a n d a r d  o r g a n i c  reac t ions .  

27 
G A S  C H R O M A T O G R A P H I C  A N D  M A S S  S P E C T R A L  

I D E N T I F I C A T I O N  OF S O M E  V O L A T I L E S  F R O M  G A M M A  
I R R A D I A T E D  M I L K  F A T  

L. L. l~hatri, L. M. Libbey and E. A. Day 

Milk f a t  i r r a d i a t e d  at  4.5 M r a d s  u n d e r  v a c u u m  w a s  subjec ted  to 
v a c u u m  s team dis t i l la t ion at  40C. The volati les thus  ob ta ined  were  
ex t rac ted  into ethyl ether ,  a n d  fl~e e ther  concen t ra te  w a s  subsequent ly  
used  for  ana lys i s  by  m e a n s  of g a s  l iquid c h r o m a t o g r a p h y  ( G L C )  in 
con junc t ion  w i t h  f a s t  s c a n  m a s s  spec t rome t ry  ( M S ) .  The  B a r b e r - C o l m a n  
ser ies  5000 g a s  c h r o m a t o g r a p h  equ ipped  wi th  packed  columns and  
f l ame  ionizat ion detect ion was  coupled to an  At las  C H  4 m a s s  spectro- 
meter .  Severa l  gas  c h r o m a t o g r a p h i c  techniques  were  neces sa ry  to re- 
move  ce r t a in  i n t e r f e r r i n g  GLC p e a k s  or  for  c o n c e n t r a t i n g  ce r t a in  smal l  
b a t  odorously  po ten t  peaks  for  subsequen t  m a s s  spect ra l  ana lys i s .  
A m o n g  the components  iden t i f ied  in  i r r a d i a t e d  mi lk  f a t  by the above 
techniques  w e r e :  a lkanes  and  a lkenes  up  to C1¢, n-a lkanals ,  n-a lkanones ,  
7- and  6-1actones and  other  compounds .  

The  above GLC-MS technique  h a s  recent ly  been i m p r o v e d  by  u t i l i z ing  
t e m p e r a t u r e - p r o g r a m m e d  capi l lar ies  a n d  a dua l  ion sou rce ;  in  th is  case  
the m a s s  spec t romete r  behaves  both as a GLC detec tor  ( w i t h  the  
20 eV source)  as well  as f u r n i s h i n g  the u sua l  f r a g m e n t a t i o n  p a t t e r n  
wi th  70 eV, 
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T H E  S T A B I L I T Y  O F  S O Y B E A N  O I L :  E F F E C T  O F  T I M E  
A N D  T E M P E R A T U R E  O N  D E O D O R I Z A T I O N  

Helen A. Maser, Patricia C. Cooney and C. D. Evans 

The effect of the  t ime  a n d  t e m p e r a t u r e  of deodor iza t ion  on s tabi l i ty  
of soybean  oil w a s  s tud ied  in  the  l abora to ry  at  190, 210, 230,  250, a n d  
270C for  per iods  of 1~, 1, 2, a n d  3 hr.  E v a l u a t i o n  w a s  based  on 
o rgane lep t i c  tes ts  a n d  oxida t ive  s tabi l i ty  data .  S ta t i s t ica l  ana lyses  
showed  tha t  t ime  of deodor iza t ion  w a s  i m p o r t a n t  a n d  t l lat  fo r  each 
t e m p e r a t u r e  the re  w e r e  t imes  of deodor iza t ion  s ign i f ican t ly  be t ter  t h a n  
others .  A deodor izer  t e m p e r a t u r e  of 270C w a s  d e t r i m e n t a l  to the  qua l i ty  
a n d  s tabi l i ty  of the  oil. 
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S T A B I L I T Y  E V A L U A T I O N  O F  E D I B L E  L I N S E E D  O I L  

C. D. Evans, Helen A. Moser, G. R. List and J. C. Cowan 

Glycer ide  s t r u c t u r e  of l inseed oil shows  tllat  only 8 . 5 %  of the  tri-  
g lycer ide  molecules a re  f ree  of l inolenic acid.  ~ o w e v e r ,  l inseed oil con- 
t a i n i n g  5 6 %  linolenlc ac id  can  be p rocessed  as  an  edible oil to yield 
a bland,  odorless p roduc t  comparab le  to o ther  vege tab le  oils. W h e n  
f resh ly  p r e p a r e d  and  p a c k a g e d  unde r  n i t rogen,  the  oil can  be s tored  
and  f lavor  qual i ty  m a i n t a i n e d  for  an  adequa te  shelf life, Organo lep t i c  
and  oxida t ive  tes ts  show tha t  meta l  i n a c t i v a t i n g  agen t s  improve  the  
s tabi l i ty  and  flavm" of l inseed oil. E v a l u a t i o n s  m a d e  u n d e r  acce le ra ted  
s to rage  condi t ions  ind ica te  tha t  added  bu ty la ted  h y d r o x y  anisole i m p a r t s  
little, i f  any,  i m p r o v e m e n t  to the  ke e p ing  qua l i ty  of l inseed oil. 0 i l s  
exposed to a i r  and  u n d e r  60C s to rage  condi t ions  show a re la t ive ly  
shor t  shelf life. V a r i o u s  o rganolep t ic  and  oxida t ive  eva lua t ions  for  
s tabi l ized a n d  uns tab i l i zed  oils exposed to air ,  l ight,  heat,  and  u n d e r  
i ne r t  p a c k a g i n g  will  be p re sen ted  a n d  resu l t s  d iscussed.  
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A C H E M I C A L  S T U D Y  O F  T H E  V O L A T I L E  D E C O M P O S I T I O N  
P R O D U C T S  O F  A S L I G H T L Y  A U T O X I D I Z E D  C O T T O N S E E D  O I L  

B. D. Moo#her~ee and S. S, Chang 

The volatile autoxidative decomposition products in a stored cotton- 
seed oil with a peroxide number  of 2.09 m e q / k g  were isolated by semi- 
continuous counter-current vacuum steam distillation. The isolated de- 
composition products were separated into acidic and nonacidic com- 
pounds. 

A small portion of the nonacidic compounds was reacted with 2,4- 
dinitrophenyt-hydrazine and the 2,4-dinitrophenylhydrazones of the 
monoearbonyl compounds were characterized by menus of adsorption 
and liquiddiquid partition chromatography. A total of fourteen mone- 
carbonyl compounds were identified by this method. 

The rest of the nonacidic compounds were fractionated into eight 
broad fractions by gas chromatography using a preparat ive column of 
Silicone SE-30. Each fraction was rechromatographed with a carbo- 
wax 100 analytical column and seventy-one fractions were collected. 
Each of these fractions was again gas chromatographed with a Silicone 
SE-30 analytical column. One hundred and nineteen fractions were 
thus collected which were studied by inf rared  and mass spectropho- 
tom.etry. Forty-six different compo~mds have been positively identified. 
The spectrum of compounds identified included six saturated hydro- 
carbons, six unsaturated hydrocarbons, four acetylenic compounds, eight 
alcohols, five esters, sixteen aliphatic aldehydes, three ketones and an 
aromatic compound. The mechanisms of their formation will be dis- 
cussed. 
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I N V E S T I G A T I O N  O F  A N T I O X I D A N T S  F O R  P O L Y U N S A T U R A T E D  

E D I B L E  O I L S  

J, W. Thompson and E. R. Sherwin 

The recent trend toward increased use of polyunsaturated vegetable 
oils in the human diet has emphasized the need for better antioxidant 
systems than those currently available. This need led to a research 
program in which a variety of experimental antioxidants were evaluatedl. 
Their  selection was influenced by general requirements for food addi- 
tives and by the results of pr ior  antioxidant studies in var ious  fields. 
Emphasis  was placed on hydroxybenzene types, part icularly substituted 
hydroquinones. Oxidative stability tests employing the s tandard A0M 
procedure and 110F shelf storage were used to screen the antioxidants 
in polyunsaturated oils. The type and number  of substituent groups 
on hydroquinone had considerable effect on antioxidant potency. Stone 
of the experimental compounds, such as 4,4'-methylenebis(5-acenaph- 
thenol) and monoalkylhydroquinones, were several times as effective in 
the test oils as the food-approved antioxidants currently available. 
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T U R N I P  L I P I D S .  S T O R A G E  E F F E C T  O N  F A T T Y  
A C I D  C O M P O S I T I O N  

~.  I~epage 

Lipids of turnip, a member of the mustard family (Cruciferae)  were 
examined for their fatty acid composition and changes dur ing  storage 
at 40F. Laurent ian,  a highly pigmented variety and Wye, a nonpig- 
mented variety, were used for this study. Lipids were first separated 
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into classes by thin-layer chromatography. Phospholipids appeared to 
be preetominant, although there were appreciable quantit ies of galacto- 
lipids in turnips  stored at 40F. Linolenie acid was found to be the 
main fat ty acid in both varieties and showed a decrease in Lauren t ian  
variety after  storage. Attempts were made to relate loss in linolenic 
acid to autoxidation. Tocopherols and related alcohols are being in- 
vestigated, 
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S I M P L I F I E D  D E S C R I P T I O N  O F  S O M E  P A T T E R N S  
O F  T R I G L Y C E R I D E  C O M P O S I T I O N  

A. ~q. Richardso~ 

A confusing superabundance of mathematical formulas has been 
proposed for calculating the hypothetical patterns of triglyceride com- 
position commonly supposed to embody pure random ( I ) ,  restricted 
random ( I I )  and 1-3-ralldom-2-random ( I I I )  distribution of the com- 
ponent acids. A clear nnders tanding of these extremely simple and 
intimately interrelated patterns requires a simplified mathematical de- 
scription affording clues to similarities and differences which are inde- 
pendent of the concept of random distribution. Hence it is suggested 
that the older descriptions be replaced by use of equations (1) and (2) 
below for describing all three patterns.  

(Sx -F Ux)  (Sy -~ Uy) ~ ---- 1 (1) 
(Ax ~ Bx + Cx etc.) (Ay-~  By ~ Cy etc.) 2 = 1 (2) 

Equation (1) ,  dealing with saturated and unsaturated acids col- 
lectively as required in pat tern ZI, can be made to describe all three 
pat terns by simple changes in the meaning  of terms and in the values 
assigned to them. Similarly patterns I and I I I  can be described in 
complete detail by equation (2),  for any number of component acids. 
The terms as shown identify component acids and also denote tool 
fractions thereof. Terms of the expanded equations identify all possible 
triglyeerides a.~d denote tool fractions thereof. The equations were 
selected pr imari ly  for describing 0111y the chemical composition charac- 
teristics of these known patterns. The paper offers suggestions for mak- 
ing the equations descriptive also of hypothetical reaction processes 
result ing in the described composition. 
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F A T T Y  A C I D S  O F  L I N D E R A  U M B E L L A T A  A N D  O T H E R  

L A U R A C E A E  S E E D  O I L S  

C. Y.  Hopkins, Mary J. Chisholm and Linda Prince 

Seed oils of six species of Lauraceae  (laurel family) were examined 
and their fat ty acid composition was deternlined. The acids of four 
species consisted almost entirely of cupric and lauric acids. One species, 
Lindera u, mbellata, not previously studied, contained 50% of 4-dodec- 
enoic acid, 4% of 4-decenoic acid. and 3% of 4-tetradecenoie acid. 
Positive identification of these acids was made and new derivatives 
were prepared. The seed is thus a convenient source of 4-dodece)loic 
acid. The occurrence of this group of unsaturated acids and possible 
biosynthetic routes are discussed. 

The other five species did not contain more than a trace of un- 
saturated C~a-C14 acids, although ~ll had unsatura ted  C~s acids in 
va ry ing  amounts. There was some GLC evidence of traces of odd- 
numbered carbon acids (e.g. C~).  
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C O N J U G A T E D  T E T R A E N E  F R O M  I M P A T I E N S  E D G E W O R T H I I  

S E E D  O I L :  A P R O G R E S S  R E P O R T  

M. O. Bagby, C. R. Smith, Jr., and I. A. Wolff 

Seed of impatiens edgeworthii Hook. F. contains 50% of pentane- 
hexaue extractable oil, which affords 48 % of conjugated tetraenoic acid. 
Metbyl tetraenoate readily absorbs 4 mole equivalents of hydrogen to 
yield methyl stearate. Oxidative cleavage of the methyl octadecatet- 
raenoate yielded propionic and azelaic acids. Par t ia l  reduction of the 
tetraene witb hydrazine yielded the expected mixture of acids. :Mixtures 
of cis- and trans- monoenes: trans,trans- and cis,trans-dienes; and cis, 
trans,transdrienes were isolated and analyzed by spectroscopy. Results 
suggest that there are two adjacent trans-double bonds and that the 
parent  acid is eis,trans,trans,cis-tetraene. Oxidative cleavage of a frac- 
tion rich in trans,trans-conjugated diene yielded f ragments  that indi- 
cated 71% of l l ,13-diene.  Formation of a maleic anhydride adduet 
from the tetraene provides additional evidence for conjugated trans, 
trans-unsaturation. 

Other investigators [Kaufmann  and Sud, Chem. Ber. 92, 2797 
(1959) ] working with conjugated tetraenes from different sources have 
not found adjacent trans-double bonds. 
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T H E  O C C U R R E N C E  O F  CIS-5 ,  CIS-9 ,  C I S - 1 2 - O C T A D E C A T R I E N O I C  
A C I D  I N  X E R A N T H E M U M  A N N U U M  S E E D  O I L  

R. G. Powell, C. R. Smith, Jr., and I.  A_. Wol~ 

The seed oil of Xeranthemum annuum (family Compositae) contains 
cis-5,cis-9,cis-12-octadecatrienoic acid ( I )  in addition to palmitic, stearic, 
oleic, and linoleic acids. Evidence obtained by NMt¢, IR, TLC, and 
GLC indicated that Z was a straight-chain Ols acid having  3 cis double 
bonds, only 2 of which had methylene-interrupted spacing. The double 
bond positions of I were determined by partial reduction with hydrazine, 
isolation of the monoene fraction by chromatography on silver nitrate- 
impregnated silica, oxidative cleavage of the monoene mixture, and iden- 
tification of the oxidation products by GLC. Although trans-5,cis-9,eis- 
12-octadecatrienolc acid is known to occur in seed oils, tile ali-cis 
isomer, to our knowledge, has previously been reported only as a con- 
stituent of a Finnish tall oil [cf. Y. Aho, et a]., Teknillisen Kemlan 
Aikakauslehti 19, 390-392 (1962) ] .  The unusual  constituents of X. 
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I 
annuura oil also include epoxystearic acid, 3 % :  epoxyoleie acid, 10%;  
and a rrixture of hydrexy-cis,trans-conjugated dienoic acids, 11%.  
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LIPID-PROTEIN INTERACTIONS AND C O H E S I O N A L  FORCES 

IN THE L I P O P R O T E I N  SYSTEM OF M E M B R A N E S  
F. A. Vc~neZenheuvel 

Ultimately the integri ty and function of biological membranes depends 
on the cohesionat forces among the lipid and protein components of the 
membranes as they exist in aqueous media. On the basis of 3-dimen- 
sional structural  models an effort has been made to understand the 
forces operating in biological membranes.  These forces are of several 
types---London-van der ~¢VaaIs forces, hydrogen bonds, ionic bonds and 
dipole-dlpole interactions. I t  is not possible to a r r ive  at a final con- 
clusion about the system of cohesionat forces in biological membranes, 
but from the molecular models supported by much experimental data 
it is possible to develop an approximate picture and to deduce the 
na ture  of changes in the force relationships as the ionic or other com- 
position aspects of the biological media change. 
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ON THE O R I E N T A T I O N  OF S U L F O L I P I D S ,  GALACTOLIPIDS,  

A N D  P H O S P H O L I P I D S  IN  C H L O R O P L A S T  M E M B R A N E S  
A. A. Benson 

The widespread recognition of the corpuscular na ture  of membrane 
ul t rastructure demands re-evaluation of established concepts of its 
molecular structure.  ]~any aspects of membrane physiology, composition, 
and metabolism provide support for the proposal that  most membranes 
consist of two-dimensional polymers of lipoprotein subunits. Such a 
model allows the specificity, activity, and adaptability attributed to 
biological membranes.  Evidence which supports this corpuscular model 
for membranes will be presented and stone of the inadequacies of the 
bimoleeular lipid leaflet model will be pointed out. 

The lamellae of plant chloroplasts are membranes which clearly consist 
of subnnits (quantasomes) .  These lipoprotein complexes of pigments, 
galactosyI dilinolenins, sulfoquinovosyl diglyceride, and phosphatidyl 
glycerol possess properties which may be studied experimentally. They 
serve as important  reservoirs of carbohydrate and reduced sulfur  in 
photosynthetic metabolism. Since each of these surfactant  lipids possesses 
a specific spectrum of fat ty ester components it is suggested that  the 
nature  of the fat ty  acid chain determines the location in the membrane 
where the lipid will be most firmly bound in the protein component. 
Reeonshtution of quantasomal lipoprotein and restoration of biological 
activity has been achieved by Shibuya and Maruo. Behavior of these 
s tructures and the na ture  of hydrophobie lipid-protein association in 
membranes will be discussed. 
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THE STRUCTURE OF PHOTORECEPTORS 

J. J.  WoIken 

I t  is essential to know the molecular s tructure and the chemistry 
of photoreceptors in order to unders tand how they function physm- 
logically. Chloroplasts and the outer segments of the retinal rods and 
cones of the eye are photoreceptors of plant and animal cells; they are 
able to receive, convert and t ransfer  light energy to chemical and to 
electrical energy in the processes of photosynthesis, vision and nervous 
excitation. Chemically, ~helr ma~or constituents are pigments, Iipids 
and proteins. Structurally, they are an ordered system of tightly-packed 
plates, discs, or tubes. Their  fine structure in electron mierographs 
anpears as electron dense double layers (tamellae) with a total thickness 
of the order of 250A; each lamella or membrane at the interface is 
of ~he order of 50A. Because of their  staining, it is evident that  the 
electron dense layers are associated with lipids; the less dense inter- 
spaces, with aqueous proteins. 

To discover how the pigment molecules are associated with these 
lamellae in the photoreceptors, the geometry (that is, the length, diameter, 
and number  of IameIlae) was measured and tile pigment  concentration 
determined spectroscopically. These data were then used to calculate 
ttle area that each pigment  molecule would occupy if spread as a mono- 
layer on the Iamellar surfaces. I n  addition, plgment-llpid-protein micelle 
structures have also been studied. 

On the basis of these physical-chemical studies, molecular models for 
the photoreceptors have been proposed. I n  this paper, I will illustrate 
and discuss the structure of the photoreceptors in relation to the 
s t ructure  of cell membranes.  
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T H E  B E H A V I O R  OF STEROLS OF SILICA S U R F A C E S  

A N D  AT OTHER INTERFACES 
P. D. Klein, ft. G. Knight  and Patricia A. 8zczepanik 

The specific manner  in  which a molecule is oriented at  an interface 
determines the reactions in which the molecule can participate.  Sterols, 
being highly anisotropie molecules, present "ends" and "sides" to sur- 
faces which differ greatly in their  reactivity and interaction with the 
surface. Seen from the 3mhydroxy end, as at an air-water  interface~ 
sterols are  largely indistinguishable from one another in their behavior. 
On the uther hand, at an organized interface, such as that  of an 
adsorbent, a great  many differences in s tructure can be demonstrated. 
These include the distinction between nuclear and sidechain double 
bonds, the number  and location of nuclear double bonds, the substi- 
tuents in the side chain and the number  of methyl groups in the 
molecule. 

We have been interested in the degree of specificity which such inter- 
action can display because of the obvious parallel to sterol-protein 
interactions of a s t ructural  or enzymatic nature.  Through the synthesis 
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of a var ie ty  of sterol structures possessing the desired ar rangement  of 
double bonds and numbers of methyl groups, we have established a 
reproducible correlation between adsorptive interaction and double bonds 
in the A s , A7 A s , A~,7, and A 7,9 positions, as well as for the saturated 
stanoh These correlations have been extended for the 4a, 4fl, 4,4 di- 
methyl and 4,4,14a trimethyl series as welh The elucidation of the 
structure of macdougallin by Djerassi,  Knight  and Wilkinson (g. Am. 
Chem. Soc. 85, 835 (1963) as a 14a methyl sterol in which the 4,4, 
gem dimethyl grouping was absent prompted a fur ther  study of the 
14a methyl sterols, of which the A7 As A~.9 and unsaturated variet ies 
have been prepared and tested. The presence of a 14a methyl group 
in the absence of other methyl groups confers a unique behavior on the 
molecule in that  this series does not fit into the adsorptive scheme for 
the other sterols. Instead,  the interaction of the double bond with the 
surface is almost completely independent of its position, suggest ing that 
the molecule is "perched" on the 14a methyl group when adsorbed in 
the surface. This appears to be a highly significant feature in the 
orientation of the molecule, since the removal of this methyl group is 
usually regarded as an essential first step in the conversion of lanosterol 
to cholesterol. 
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T I t E  P R E P A R A T I O N  A N D  P R O P E R T I E S  OF SOME 
P E T R O S E L I N Y L A M I N E  D E R I V A T I V E S  

Lida L. Plaeek and F. G. Dollcar 

Petroselinylaraine (eis-6-octadecenylamine) has been prepared by a 
new and more efficient process in  which petroselinic acid in xylene is 
subjected to ammonolysis and treated fur ther  to yield the p r imary  
amine without isolating the intermediate products. In  addition the 
petroselinylamine has been reacted with acrylonitrile followed by reduc- 
tion with metallic sodium and alcohol to give N,N-petroselinylamine- 
tr imethylenaminc adducts, and with ethylene oxide under  pressure to 
yield the oxyethylated ter t iary amine derivatives. The crude products 
in each case were mixtures of derivatives of various molecular weights. 
I t  was possible to isolate the N,N-petroselinyl-1,34rimethylene diamine 
in pure form from the crude mixture of hydrochloride salts by re- 
peated recrystallizations from aqueous ethanol. Attempts to separate 
mixtures of petroselinyIamine-ethylene oxide derivatives were unsuccess- 
ful. 
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ACRYLIC ACID D E R I V A T I V E S  O F  P A R T I A L L Y  
E P O X I D I Z E D  L I N S E E D  O I L  

A. E. Rheineck and P. R. Lakshmanan 

Coating intermediates obtained by reacting partially epoxidized lin- 
seed oil with acrylic acid are of interest to oil chemists. Part ial ly 
epoxidized linseed oil with 2 .5% oxirane dries by oxidation-polymeriza- 
tion and therefore the hydroxyl group and acryloxy side chain formed 
dur ing  the oxirane opening gives an added reactivity to the oil, namely 
the ability to copolymerize with other vinyl monomers. 

The preparat ion of these oil monomers is relatively simple. The re- 
action can be followed by the decrease in oxirane content. The final 
reaction product has vicinal hydroxy-acryloxy and /o r  dlacryloxy groups 
with some residual oxirane. Factors influencing the final properties and 
composition of the oil are ratio of acid/oxirane,  temperature and time 
of reaction, and the oxirane content of the s tar t ing linseed oil. 

The aeryloxy side chain incorporated in the oil moiety was found to 
undergo additional polymerization with a number of vinyl monomers. 
The copolymerization can be effected at temperatures of 80-900 in the 
presence of a peroxide initiator.  The site of copolymerization of the 
vinyl monomers was found to be predominantly on the acryloxy side 
chain although some eopolymerization at the fat ty acid unsaturat ion was 
also detected. 

These copolymers have improved rates of drying and film properties. 
:Improvements are  dependent upon the choice of vinyl monomers and 
the ratio of these to the oil  Synthetic vehicles with a wide range of 
properties have been prepared. 
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A S Y M M E T R I C  S Y N T H E S I S  OF G L Y C E R O L  D E R I V A T I V E S  

Dmytro Buchnea 

The investigation of the glyceryl-l,2-isopropylideneglyceryl-3,3'-ether 
revealed that  this ether under  certain conditions undergoes dispropor- 
tionation to bis(1,2-isopropylideneglyceryl) ether and bisglyceryl ether. 

There are two different possibilities by which this disproportionation 
can take place: firstly, an intermoleeular exchange between isopropy- 
lidene group and two hydrogen atoms, and secondly cleavage and re- 
formation of the ether bond result ing in bis(1,2-isopropyIideneglyceryl) 
ether and bisglyceryl ether. 

To decide between the two possibilities an optically active D-1,2- 
20 isopropylidene-glyceryl-3-allyl ether, [a ]  ,j -[- 23 °, was synthesized 

with the prospect that  on hydroxylation of its double bond and subse- 
quent disproportionation of glyceryl-D-1,2-isopropylideneglyceryl-3,3'- 

20 ether, [a]  D d- 10°, an optically active bis(D-1,2-1sopropylideneglyce- 

ryl) ether and a racemic bisglyceryl ether would result, if dispropor- 
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tionation takes place via dissociation of the ether bond; otherwise both 
disproportionation products would be raeemic if it follows the f i rs t  
mechanism, 

I t  was found that the disproportionation of glyceryI-D-1,2-isopropy- 
lideneglyceryl-3,3-ether resulted, as anticipated, in an optically active 

bis(D-1,2-1sopropylidenegIyeeryl) ether, [a]  ~ + 16 °, and surprisingly, 

an optically active bisglyceryI ether, [a]  ~) - 8.5 °, which on aeetona- 

tion gave bis(D-1,2-isopropylideneglyceryl) ether, [a]  ~ -{- 16 °. These 

results prove irrevocably that  the hydroxylation of an optically active 
1.2-isopropylidenea'lyeeryl-3-allyl ether is specific and that  the position 
of the central hydroxyl group in gIyceryl moiety i~ determined by the 
1,2-isopropyliden eglyceryl moiety. 

If, for example, 1,2-isopropylideneglyceryl moiety is of " D "  form 
then through the hydroxylation of the double bond of allyl moiety the 
central carbon atom takes the " D "  form; conversely L-1,2-isopropy- 
]ideneglyceryl-3-anyI ether on hydroxylation of its double bond is ex- 
pected to result in L-glyceryl-L-1,2-isopropylideneglyceryl-3,3-ether. 

The conversion of an optically inactive moiety of glyceryl ether to an 
optically active bisglyceryI ether, by chemical means, has been demon- 
strated for the f irst  time in glycerol chemistry. 
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P R E P A R A T I O N  A N D  E V A L U A T I O N  O F  V E R N O L I C  ACID E S T E R S  
A S  P L A S T I C I Z E R S  F O R  P O L Y ( V I N Y L  C H L O R I D E )  

G. R. Riser, R. W.  Riemenschneider and L. P. Witnaucr  

Several esters of vernolic (epoxyoleie) acid, a natural ly occurr ing 
epoxy acid, were prepared and evaluated as pIasticizers of poly(vinyI 
chloride). All the esters showed good compatibility. The data indicated 
that they are excellent low temperature plasticizers with the added 
advantage of greatly increasing the heat stability of the poly(vinyl 
chloride), in addition to improving light stability. The results are com- 
pared with D 0 P  and other epoxy-containing plasticizers now being 
used as pr imary  plasticizers but also in combination with other plasti- 
cizers as plasticizer-stabilizers. 
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C A T A L Y T I C  D E H Y D R O G E N A T I O N  O F  M E T H Y L  

1 2 - H Y D R O X Y S T E A R A T E  TO M E T H Y L  1 2 - K E T O S T E A R A T E  
Bernard Freedman anc~ T. H. Applewhite 

Economically at tract ive catalytic methods for the conversion of 
methyl 12-hydroxystearate to methyl 12-ketostearate have been develop- 
ed on a laboratory scale. With 1 weight percent copper chromite cata- 
lyst pure  methyl 12-hydroxystearate is dehydrogenated to methyl 12- 
ketostearate in 99% yield and 9 7 %  purity. The conversion occurs by 
simply heating catalyst and hydroxystearate at atmospheric pressure 
for about 0.5 hr  at 180-263C with vigorous st irr ing.  The reaction 
was followed by hydrogen evolution and GLC. Commercial methyl 
12-hydroxystearate required 3% catalyst and somewhat higher tempera- 
ture but gave a 98% conversion. Three copper-containing catalysts were 
evaluated and compared to Raney nickel for this reaction. }/[ethyl 
ricinoleate, methyl ricinelaidate, and hydrogenated castor oil when 
treated with copper chromite as above gave mainly undesirable by- 
products. The synthetic and analytical techniques and advantages and 
limitations of the method will be discussed. 
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S Y N T H E S I S  O F  G L Y C E R Y L  M O N O E T H E R S  O F  A N T E I S O  F A T T Y  
A L C O H O L S  A N D  R E - I N V E S T I G A T I O N  O F  T H E  

B E N Z Y L I D E N E  G L Y C E R O L  I N T E R M E D I A T E  

B. Serc~arevich and K.  K.  Carroll 

Glyceryl monoethers were prepared by s tandard methods from CL~- 
and C17- anteiso alcohols derived from the corresponding fat ty  acids 
isolated from lipids of the bacterium Listeria monovytogenes. The 1- 
and 2-glyceryl monoethers were obtained in 60% yields following 
purification by column chromatography on Florisil. Thin-layer chroma- 
tography on Silica Gel G impregnated with boric acid gave good 
separation of 1- and 2- glyceryl monoethers and was useful for follow- 
ing the course of reactions used in their  synthesis. Gas-liquid chroma- 
tography was  also used to analyze the ethers and intermediate products. 
The structures of the 1- and 2-glyceryl monoethers were confirmed by 
nuclear magnetic resonance. 

The synthesis of benzylidene glycerol, an intermediate in the prepara-  
tion of 2-glyceryl monoethers and 2-monoglyeerides, was reinvestigated 
and evidence was obtained that the p r imary  product of reaction is the 
1,2-benzylidine derivat ive which subsequently isomerizes to the 1,3- 
derivative. These isomers were separated by chromatography on FIorisil 
and their  s tructures determined by nuclear magnetic resonance. 
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F R A G M E N T A T I O N  I N  A B N O R M A L  O Z O N I D E  D E C O M P O S I T I O N S  

A. N. Wrigley 

Abnormal rear rangements  resulting in loss of carbon are compared 
on one hand to nucleophilic 1,2-migrations with a pai r  of bonding 
electrons and on the other to abcdx f ragmentat ions  (C A. Grub, Kekule 
Symposium, 114, Butterworth 's ,  1959),  In  analogy with the former, 
electron pairs  of ortho and para  ether oxygen assist  aryl br idging 
migrat ions in ozonolysis of methoxylated cinnamates by increase in 
covalence t ransmit ted through f.he aromatic r ing.  

I n  zwitterion rear rangements  of ailylic compounds, ether or amino 

( C o n t i n u e d  on  p a g e  4 5 4 A )  
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functions cannot so assist bridging; and on the basis of migratory 
aptitudes it has been puzzling that  acrylic systems rearrange with 
similar readiness. In  analogy with Grob, tbe ether zwitterion from 
ozonoiysis of ethyl croty] ether undergoes fragmentation to formate and 
ethyl methylene oxonium ion, an ion pair  whose fur ther  reactim~s ex- 
plain the products observed by Young (J.  Am. Chem. Soc. 68, 283 
(1946).  

By assigning a consistent role to electron pairs of heteroatoms, a 
fragmentation mechanism rationalizes the comparable activity of carbonyl 
and of alcohoL, ether, and amino suhstituents, and accounts for com- 
mon abnormal products, including evolution of carbon monoxide and 
some carbon dioxide. 

- -  47 - -  
SECONDARY A N D  T E R T I A R Y  A M I N E S  FROM A L D E H Y D E S  

D E R I V E D  FROM O Z O N I Z A T I O N  OF S O Y B E A N  ESTERS 
E. t t .  P~yde, D. E. Anders and J. C. Cowan 

We have reported previously the preparation of 9-aminononanoate 
esters in more than 90% yield from azelaaldehydate esters upon re- 
ductive amination with a nickel catalyst in an excess of ammonia when 
a nonpolar solvent, such as cyclohexane, is used. We now find that 
secondary amines can be prepared in good yield with nearly steichio- 
metric amounts of ammonia in a two-phase solvent system. For example, 
pelargonaldehyde gives 81% yield of dinonylamine ~d~en reduetively 
aminated at 75C and 1,000 psig of hydrogen for 4 hr  in a mixture 
of equal parts of heptane and methanol. By-products are nonyl alcohol 
(4-12%) ,  nonylamine (5 -8%)  and trinony]amine (1 -3%) .  Under  
similar conditions, methyl azeIaaldehydate gives bis(9-carbomethoxy- 
nonyl)amine, also in 81% yield. Negligible ter t iary amine formation 
probably is the result of diffusion of RCH=NCtI2R and (RCtt~)eNH 
into the nonpolar phase containing only low concentrations of RCHO 
and R C H = N H .  Undesired hydrogenation of carbonyl to hydroxyl was 
controlled, to some extent, by pretreatment  of the Ni catalyst with 
amine. With excess ammonia, methyl azetaaldehydate give 97.2% of 
methyl 9-aminononanoate and 2 .8% of methyl 9-hydroxynonanoate. In  
the absence of solvent, pelargonaIdehyde and methyl azelaaldehydate 
gave their respective ter t iary amines in 85% yield over Pd/C catalyst. 
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U R E T H A N E  FOAMS FROM A N I M A L  FATS.  

II. REACTION OF P R O P Y L E N E  OXIDE WITH FATTY ACIDS 
Frank 8cholniek, H. A. Monroe, Jr., E, J. Saggese and J_. N. Wrigley 

Propylene oxide has been reacted with 9,10-dihydroxystearic acid to 
form polyol components for urethane foams. Using stearic acid as a 
model compound, the alkalicatalyzed reaction proceeds slowly until the 
first mole of propylene oxide is absorbed and thereafter at a higher 
rate. For other substrates, the initial reaction proceeds most readily 
with alcohols and decreases in speed with increasing acidity of the 
hydroxyl group. Thus, octadecanol is considerably more reactive than 
stearic or oleic acid, whereas phenolic hydroxyls are intermediate. This 
rank of reactivities was the same when either ethylene or propylene 
oxide was used. 

Three- and erythro-9,10-dihydroxystearic acids were reacted with 
approximately 1, 2, 4, 6 and 8 moles of propylene oxide. The resulting 
polyols are all liquids unlike corresponding oxyethylated derivatives, 
whose erythro series are solids. A small amount of unsaturat ion was 
observed in the reaction products in accord with previous studies. The 
liquid potyots can be conveniently used in the preparation of rigid 
urethane foams. 
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U R E T H A N E  FOAMS FROM A N I M A L  FATS.  

III. O X Y P R O P Y L A T E D  DIHYDROXYSTEARIC ACIDS 
IN RIGID FOAMS 

E. J. Saggess, Frank ~eholnick, Maria Zubillaga, 
W. C. Autt and A. N. Wrigley 

Liquid polyols consisting of three- or erythro-9,10.dihydroxystearic 
acid previously reacted with 1, 2, 4, 6 and 8 moles of propytene oxide 
were adjusted with triisopropanolamine to equivalent weight 100. Using 
Freon as blowing agent and triethylenediamine as catalyst, the adjusted 
polyols were foamed by reaction with a prepolymer of 32,000 cps 
viscosity made from oxypropylated sorbitol and excess disocyanate. 

The resulting rigid foams had densities between 1.6 and 2.0 lb/f t  a, 
the densities for the three series being parallel to but higher at each 
stage of oxypropylation than those of the erythro series. Compressive 
strengths (10% compression) in the erythro series ranged from 19 psi 
for the monooxypropylated compound to 38 psi for the octaoxypropy- 
luted member. Compressive strengths in the three series ranged from 
27 to 89 psi. Properties generally improved in both series as the 
degree of polyol oxypropylatien increased. This contrasted with foams 
prepared earlier from oxyethylated polyols, whose properties generally 
reached maxima at intermediate degrees of oxyethylation. Using the 
tetra- and hexaoxypropylated three polyols, the proportion of Freon 
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was varied to relate compressive strength to density of foams between 
1.4 and 4 lb/f t  s, 
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S T A N D A R D I Z A T I O N  OF NUCLEAR MAGNETIC R E S O N A N C E  
M E A S U R E M E N T S  OF SOLIDS IN  F A T S  A N D  S H O R T E N I N G S  

W. D. Pohle and R. L. Gregory 

An investigation of factors that influence the measurement of solids 
in fats and shortenings by nuclear magnetic resonance has been directed 
toward standardization of method, the aim being to select conditions 
that would yield results comparable to those existing at temperature 
equilibrium and with an accuracy and in a sufficiently short time that 
the method would be suitable for both research and control purposes. 
The following factors were investigated: setting up the calibration 
curve, the chilling time, the tempering time and the sample temperature 
when tested. Conditions will be reported ths.t give results almost identical 
with or close to those attained at equilibrium and in less than an hour. 
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A METHOD FOR A D S O R B E N T  FRACTIONATION OF 

COTTONSEED OIL FOR INTRAVENOUS FAT E M U L S I O N S  
W. ~. Singleton, M. L. Brown and H. J. Zeringue 

Based on aniraal screening tests of emulsions of several cottonseed 
oils, including a commercially processed oil, a cold-extracted oil, and a 
glandless variety, the oil must be modified by removal of pigments and 
minor polar components. A clay treatment, alumina-fractionation method 
for removal of color and polar components of cottonseed eli was develop- 
ed whereby the triglyceride portion was obtained as an essentially pure 
water-white fraction. The combination of bleaching clay and chroma- 
tographic alumina were very satisfactory adsorbents, at concentrations 
of 15% of clay and a 14o-1 ratio of alumina-to-oil. Adsorption frac- 
tionation on alumina alone did not effectively remove both pigments 
and polar components except at high alumina-oil ratios (5-to-1 and 
higher).  Treatment  with clay alone had no effect on removal of polar 
components, ba t  did remove some of the pigments. The clay-treated oil 
was fractionated on alumina either by column chromatography or by 
vacuum filtration. The color characteristics of the fractionated oil, by 
light transmission at 465 mF¢, were 92.4% prior to deodorization and 
98.8% after deodorization, against  distilled water  as the transmission 
standard. The peroxide value of the deodorized oil was 0.18 meq/kg, 
and free fatty acid content 0 .015%. Thin-layer chromatography indicat- 
ed the presence of sterol esters in the fractionated oil, but no polar 
components. 
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FLOCCULATION OF PHOSPHATIDE STABILIZED FAT 

E M U L S I O N S  BY ELECTROLYTE S O L U T I O N S  
M. ~. Gray and W.  S. Singleton 

Effects of electrolytes on flocculation rates of emulsions of cottonseed 
or soybean oils have been investigated by measuring the changes in 
light transmission as a function of time. The emulsions were stabilized 
with egg yolk phosphatides or soybean phesphatides of different de- 
grees of purity. The differences in stability of the emulsions to the 
electrolyte solutions apparently were due to the differences in composi- 
tion, or purity, of the phosphatide emulsifiers, and to the differences in 
properties of the respective oils. Emulsions of cottonseed or soybean 
oils stabilized with chromatographically homogeneous lecithin differed 
only slightly in degree of flocculation and were less stable than emul- 
sions of the same otis stabilized with impure phosphatides. In  the 
latter, emulsions of cottonseed oil were more stable than emulsions of 
soybean oil. 
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CONVERSION OF A L D E H Y D E  OILS TO A C E T A L S  

WITH CATION RESIN CATALYSTS 
R. E. Beal, D. E. Anders a~d L. T. Black 

Aldehyde oils produced by partial or complete ozonization of soybean 
or linseed oils at unsaturated centers, followed by reduction to aldehydes, 
are being studied for n e ~  applications in coatings and in other prod- 
ucts. Although aldehyde oils having satisfactory color and viscosity can 
be produced on a pilot-plant scale, they gradually polymerize at room 
temperature and solidify in a few weeks. Conversion to aeetals stabilizes 
them. Certain weakly acidic salts catalyze acetal formation without 
transesterifieation of glyeeride bonds; however, they also promote 
polymerization and are difficult to remove and to recover. Strong cation 
resins in the hydrogen form were therefore examined for catalyzing 
acetal formation. Molecular weight determination indicated that some 
transesterification accompanied acetal formation when fresh resin was 
used, but this was slight with reused resin. Aldehyde conversion was 
determined by infrared absorbance near  2720 cm-L Conditions for 
obtaining maximum conversion to the dimethyl acetal were also studied 
by using varying amounts of methanol, dimethoxypropane and cation 
resin under reflux. 

- - 5 2 - -  
N E W  COATING COMPOSITION RASED 

ON DIMORPHOTHECA OIL 

A. E. Rheineck and G. M. Sastry 

The fatty acids of Dimorphotheva oil contain up to about 60% of 
9-hydroxy-trans.IO, ~rans-12, octadecadienoic acid. The oil itself dries 
poorly in the presence of conventional driers. In  this study the addition 
of nonconjugated cis, triglycerides, e.g. 5% of linseed oil, has been 
shown to bring about a marked improvement in the drying properties of 
this oil. 

The hydroxyl group of the dimorphecolic acid was used advantageous- 
ly in the preparation of fihn-forming compositions. 
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Coatings with excellent properties have been prepared by react ing the 
oil with several mono- and polyisocyanates. The combination of tbe 
oil modified with rosin esters via polyfunctional isocyanates has been 
studied. 

I t  was shown that both the types of isocyanates and modifying rosin 
resins have a s ignif icant  effect on the physical properties of the films. 

When used as a modifying agent in the preparat ion of alkyd resins, 
Dimorphotheca oil improves the film properties to the same extent 
as tung oil. 
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C O U N T E R C U R R E N T  C E N T R I F U G A L  E X T R A C T I O N  O F  R A W  

C O T T O N S E E D  F L A K E S  W I T H  T H E  A C E T O N E - H E X A N E - W A T E R  
A Z E O T R O P E  

V. L. Frampton, A. B. Pepperma~ and Joseph ~immons 

I t  is demonstrated that the oil from raw moist cottonseed flakes is 
rendered in 60-90 seconds by the acetone-hexane-water azeotrope. Data  
obtained through the use of tim basket centrifuge show that the oil 
contents of marcs  and miscellas obtained in a countercurrent  extraction 
obey the universal dilution law, and that  the extraction is a washing 
extraction. The oil content of the finished meal is reduced to 0.1-0.2% 
in a eountercurrent  extraction where the residence t ime of the marc  
in the system need not exceed 3 rain. The nat ive Iysine of the seed is 
retained as available lysine. The total gossypol of the meal is also 
reduced to a low level. 
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T H E  A P P L I C A T I O N  O F  A C A P I L L A R Y  E X T R U S I O N  

R H E O M E T E R  T O  T H E  D E T E R M I N A T I O N  O F  T H E  
F L O W  C H A R A C T E R I S T I C S  O F  L A R D  

t t .  J. Sehcrr and L. P. Witnauer  

A capillary extrusion rheometer was designed and techniques were 
developed to make a more meaningful  study of the flow behavior of 
lard. Since constant and adjustable shearing rates are  a necessary 
feature for the study of the basic theological behavior of a material,  the 
rheometer was designed for use in conjunction with a tensile tester 
having a wide selection of erosshead rates. Various  techniques were 
developed for accurately measur ing  flow behavior and for t reat ing the 
data obtained. A comparison study on a Newtonian liquid sample proved 
the validity of the approach employed. Lard  at 23.4C was tested to 
obtain its flow parameters .  From the data obtained the rheological 
parameters  of apparent  viscosity~ consistency and degree of non~ 
Newtonian behavior (flow behavior index) were obtained. 
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L I P O P R O T E I N  D I S T R I B U T I O N  I N  S E R U M  

F. T. Lindgren, N. K. Freeman and A. M, Ewing 

Among unusual  maeromolecular systems are the low and high-density 

lipoprotein spectra in human  serum. The low-density S f 0 -  400 lipo- 
protein spectra consist of nearly a continuous distribution of molecules 
differing in hydrated density, particle-size and lipid composition. De- 
velopment of a computer analysis of Schlieren Diagrams  allows a nlore 
detailed profile analysis and comparison of one population with another. 
Such a program has been combined with a classical moving boundary 
flotation rate measurement,  permit t ing corrections for concentration 
dependence and nonstandard  conditions of the analytical run.  The sig- 
nificance of interrelationship between such lipoprotein distributions, 
flotation rates of the major  low-density lipoprotein group, lipoprotein 
composition, and other blood parameters  will be considered. 

- -  5 6 - -  
E N Z Y M A T I C  H Y D R O L Y S I S  A T  A N  O I L / W A T E R  I N T E R F A C E  

F. H. Mattson 

Triglycerides are metabolized by most of the organs and tissues of 
the body. Ho~vever, the conditions in the lumen of the intestinal t ract  
are unique, for i t  is only here that triglycerides are found in tt~e free 
state. Elsewhere these lipids are associated with water  soluble materials. 
Since enzymes are water  soluble, the enzyme, lipase, responsible for the 
hydrolysis of triglyeerides in the intestinal t ract  has the special property 
of being capable of functioning efficiently at an oi l /water  interface. 
Any material  that  can alter the na ture  of this oi l /water  interface can 
markedly influence the digestion of triglycerides. 

Because of the unusual  conditions under  which the hydrolysis of 
triglyeerides occurs, the usual methods of studying enzyme kinetics are 
not applicable. Besides the enzyme-substrate reaction itself, One must  
consider also such matters  as diffusion of the substrate to the oi l /water  
interface, removal of the products of hydrolysis from the oi l /water  
interface, and the subsequent diffusion of these into the bulk phase. 
All of these steps call be influenced by such variables as efficiency of 
agitation, electrolyte concentration, and the presence of surface active 
agents. 
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C O N T R O L  O F  F A T T Y  A C I D  C O M P O S I T I O N  I N  G L Y C E R O L I P I D S  

W. E. M. Lands 

The continued suggestion that  the ratio of saturated to unsaturated 
acids in the diet can influence the general health of a mammal is still 
not easily explained at a biochemical level. Studies on the metabolism 
of glycerophosphatides show that  the enzyn~es involved appear to differ 
in the degree of selectivity toward substrates with different amounts 
of unsaturat ion.  I n  general, each individual acid will have its own 
characterist ic metabolic fate. The acyl-CoA:acyl-GPC acyl-transferases 
have a marked specificity for both the position to be acylated and the 
part icular  acyl-CoA involved. In  some cases, the observed distributions 
of fat ty acids in naturally occurring lecithins and triglycerides are 
similar to the distributions predieted from in vitro studies of the 
acyltransferase enzymes. Other enzymatic steps, such as acid aetivation 
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and N-metbylation, can also be shewn to influence the fat ty acid com- 
position of the glycerolipids. The relative importance of these metabolic 
processes must  now be determined. 
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S T R U C T U R A L  I N V E S T I G A T I O N S  O N  P H O S P H O L I P I D S  F R O M  

C E L L U L A R  A N D  I N T R A C E L L U L A R  M E M B R A N E S  

L.  iS. M, van Deenen 

A compiete chemical characterization of phosphatidyl gIyceroI from 
green leaves and algae demonstrated that 1-linoleneoyl-2-trans-AS-hexa - 
decenoyl-glycero-3-phosphoryl-l'-glycerol represented the major  molecular 
species and its occurrence appeared to be related to photosynthesis. 

~eef-heart  cardiolipin was demonstrated to be identical to syrtthetic 
diphosphatidyl glycerol. 

Chemical s tructures of synthetic amino acid esters of phosphatldyl 
glycerol were compared with ~hose of amino acid and glucosamine con- 
ta ining phospholipids from bacterial cen membranes. 

The molecular species of lecithin from animal tissues were recognized 
and the influence of dietary fats on their composition was determined. 

Physical c~laracteristics of natural  and synthetic phospholipids indicate 
that nature  is eloquent to preserve the properties offered by part icular  
fat ty acid combinations ill the phospholipid molecule. 

~¢~ammalian tissues were found to contsin phospholipase A activity 
which produces two structurally isomeric monoacy]-phosphoglycerides. 

Utilizing five isomeric lysolecithins of known structure micro methods 
involving enzymic hydrolysis were developed to distinguish among these 
isomers. Lysolecithins from different natural  sources were demonstrated 
to consist of both 1-acyl-glycero-3-phosphorylcholine and 2-acyLglycero- 
3 -phosphorylcholine. 

In  connection with the nonra~dom distribution of fatty acids of 
different apolarity at the two positions of phosphoglycerides, the various 
metabolic pathways of ]ysolecithin enantiomers in red cell ghosts, yeast 
and liver were investigated using different doubly-labeled substrates. 
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T H E  D E T E C T I O N  O F  E P O X I D E S  I N  H E A T E D  O I L S  

J. A. Fioriti, A. P,  Ben t z  a~d R.  J. S ims  

A eolorimetric method, which involves the reaction of epoxides with 
picric acid, has been used to measure the oxirane content of heated 
vegetable oils. Cottonseed, soybean, and olive oils were heated for pro- 
longed periods in air  at 80C, 150C, and 250C and were then assayed 
for epoxide content. 

The reaction with picric acid to form hydroxy-picryl ethers was 
shown to be specific for epoxides and to be a useful method for deter- 
mining trace quantities in heated oils. Also it is applicable to the assay 
of nonfatty epoxides including both the internal and terminal types, 

Thin-layer chromatography on silver nitrate-impregnated plates was 
successfully applied to the separation of picrates derived from cis and 
trans-methyI epoxystearate and moth)4 epoxyoleate. Subsequently, it 
was  demonstrated that, after trausmethylation, the TLC technique is 
applicable to the epoxides in heated oils. :In each case the heated samples 
were found to contain at least two epoxides. 0l ive oil heated at 80C 
contained both cis and trans-methyl  epoxystearates as well ~ts methyl 
epoxyoleate. Whenever  possible, the identities of the epoxides were con- 
f i rmed by NMR, GLC, and inf rared  methods. 
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D I R E C T  C L E A V A G E  O F  I N T E R N A L  E P O X I D E S  

W I T H  P E R I O D I C  A C I D S  

Gerhard Maerker  an(~ Elizabeth T. Haeberer  

A direct method for the cleavage of epoxides was required for use in 
s tructural  determinations of oxirane compounds. Previously, epoxldes 
were cleaved via the glycol route. The new cleavage method has the 
advantages of being both direct and fast. I t  consists of the reaction of 
the epoxide group with paraperiodic acid in an aqueous dioxane system, 
yielding the corresponding ahtebyde products. Methyl 9,10-epoxystearate 
was cleaved quantitatively by this reaction yielding pelargonyl Mdehyde 
and methyl azelaaldehydrate. 

The procedure is pr imari ly  useful for saturated internal epoxides. 
Unsaturated epoxides such as methyl vernolate were  cleaved, but the 
yield of reaction products was much lower than for saturated com- 
pounds due to involvement of the double bond. 

The effect of altering reaction variables was studied. Invest igat ion of 
various solvents showed that aqneous nitromethane and aqueous methyl 
acetate gave acceptable yields, while acetone and acetic acid gave 
objectionable by-products. Other solvent systems were tried, but found 
unsuitable for various reasons, The reaction, which was normally run 
at room temperature,  was found to produce lower and inconsistent 
yields of cleavage produc~s at elevated temperatures  due to polymeriza- 
tion of products. 

R.eaction products were analyzed by inf rared  spectroscopy and gas 
liquid chromatography (GLC).  Quanti tat ive results were obtained by 
GLO -with the use of an internM standard.  

A t l a n t a ,  G a .  

LAW & COMPANY 
CHEMISTS 

Consulting and Analytical 
Montgomery, Ala. Wilmington, iN.C. 
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T H E  Q U E S T I O N  O F  P O S I T I O N A L  P R E F E R E N C E  I N  T H E  
M O N O E P O X I D A T I O N  O F  M E T H Y L  L I N O L E A T E  

G. Maerlcer, E. T. Haeberer  and  W .  C. A~l t  

Epoxidation of methyl li~oleate wit,h sufficient peroxyaeetie acid to 
oxidize only one of the two double bonds permits the formation of two 
positional isomers:  methyl vernelate, formed by epoxidation of 12,13- 
double bond and methyl coronate, formed by epoxidation of the 9,10- 
double bond. The present study was undertaken to determine whether 
there is preferential epoxidation of either bond. 

The product obtained by monoepoxidation of methyl linoleate was 
analyzed by two methods: (a) reduction, followed by periodic acid 
cleavage of the saturated epoxides, and (b) a series of reactions includ- 
ing acetoxylation, catalytic reduction, saponification, esterlfication and 
finally periodic acid cleavage of the resulting dihydroxyesters. In  both 
cases the cleavage products were aliphatic aldehydes and w-formyl esters. 
The relative amounts of methyl vernolate and methyl coronate were 
calculated from a quanti tat ive GLC determination of the relativQ 
amounts of methyl brassyaldehydate and methyl azelaaldehydate among 
the cleavage products. Results of both methods were in ~greement. No 
signif icant  preference in epoxidation at either of the two double bonds 
could be detected. 
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Q U A N T I T A T I V E  E S T I M A T I O N  O F  T H E  T O T A L  
G L Y C E R Y L  E T H E R  C O N C E N T R A T I O N  I N  L I P I D S  

D. G. Cornwell, T. D. Beardmore,  K. E. Guyer and E.  S, Hel ls  

Saturated and unsaturated glyceryl ethers are readily converted to 
alkyl monoiodide and alkyl diiodide derivatives which may he separated 
by gas-liquid chromatography in order to determine the relative compo- 
sition of a glyceryl ether mixture. Furthermore,  alkylmenoiodides are 
particularly well suited for the estimation of total glyceryl ether content 
of a lipid. Alkyl iodides were reacted with l i thium aluminum hydride 
yielding hydrocarbons and the metal iodide. The metal iodide was then 
t i trated quantitatively with eerie sulfate to a visual end~point. The 
indicator was orthrophenanthroline ferrous ion, The cerlc sulfate was 
standardized against  potassium dichromate by an indirect procedure 
usi~lg ferrous sulfate. This procedure estimated glyceryI ethers in lipid 
samples containing from 15 to 400 /uncles of glyeeryI ether. Total 
glycerol ethers (alkyl and vinyl) were measured directly in naturally 
occurring diacyl neutral lipids and phospholipids after  prel iminary 
hydrogenation with a platinum oxide catalyst. When hydrogenation was 
preceded by the liberation and separation of aldehydes, the procedure 
measured only the alkyl ether concentration. 
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G A S - L I Q U I D  C H R O M A T O G R A P H I C  A N A L Y S I S  O F  
I S O M E R I C  G L Y C E R O L  E T H E R S  

t~andaZl W o o d  an~ Fred  S n y d e r  

The existing methods for the preparat ion of suitable derivatives for 
the gas-liquid chromatographic (GLC) analysis of glycerol ethers are 
for the most par t  unsatisfactory. Most of the derivatives are formed 
from incomplete reactions which require laborious dean-up procedures, 
while other methods do not yield derivat ives of the 2-isomer. 

A procedure for the GLC analysis of glycerol ethers as their 
trifluoroacetic acid (TFA) and their trinmthylsilyl ether (TMS) deriva- 
tives will be described. The TFA derivatives allow the resolution of 
the 1- and 2-isomers and this resolution has not been reported previous- 
ly. The TFA and TMS derivatives are prepared at room temperature 
and are ready for GLC analysis within ]5  rain. Analyses were carried 
out on packed columns of ethylene glycol succinate (EGS) ,  50% 
fLCyanoethylmethylsiloxaue (XE-60) and methylsiloxane (SE-30) .  The 1- 
and 2-isomers of a mixture of Clo, Cle, C14, Cxu, ~nd C~s glycerol ethers 
have also been resolved with the 1-isomer eIuting ahead of the 2-isomer. 
Isomeric mixtures of both Cls:l and Cls:e glycerol ethers also have been 
resolved. 
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A N A L Y S I S  O F  E T H Y L E N E ,  D I E T H Y L E N E  A N D  P R O P Y L E N E  

G L Y C O L  M O N O S T E A R A T E S  B Y  Q U A N T I T A T I V E  T H I N - L A Y E R  
C H R O M A T O G R A P H Y  U S I N G  D E N S I T O M E T R Y  

G. L. Anderson  and A. R. TaUman 

Quantitat ive thin-layer chromatography using densltometry has been 
applied to the analysis of commercial ethylene, diethylene and propylene 
glycol monostearates to determine the relative amounts of mono and 
diester present. Techniques and conditions are given that improve the 
accuracy of this method. The method offers many advantages over the 
previously used wet methods. 
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D E T E R M I N A T I O N  O F  C Y C L O P R O P E N E S  B Y  
H Y D R O G E N A T I O N  A N D  F R A C T I O N A T I O N  

Zigrida Zar ins  arid 1~. O. Eeuge 

The cyclopropene acids malvalie and stereulie, which occur in the 
glycerides of cottonseed oil and other seed oils, are highly reactive and 
the free acids and their methyl esters are easily degraded. I-Iowever, 
the methyl esters can readily be obtaiue~t without degradation by a 
sodium methoxide catalyzed methanolysis. Hydrogenat ion ef the malva- 
late and sterculate with the aid of platinum and palladium catalysts 
results in the simultaneous formation of a number of products, the 
exact composition depending upon the hydrogenation conditions. How- 
ever, conducting the hydrogenation with a highly reactive, zirconium 
promoted nickel catalyst at  atmospheric pressure in a hydrocarbon 
solvent and at a temperature between 30C and 80C results in  a 
practically quanti tat ive conversion of cyclopropenes to their dihydro 



forms. Any epoxides present also wilI hydrogenate quantitatively. 
Linoleate and oleate are affected relatively little. ]~ixtures containing 
the hydrogenated cyclopropenes can be fractionated readily on a 
silieic acid-silver nitrate column. The f i rs t  emerging, saturated fraction 
contains the dihydro forms of the eyclepropenes but no unsaturated 
esters or hydroxy esters from any epoxides. In  a subsequent analysis 
of the saturated fraction by gas-liquld chromatography using a poly- 
ester column, the dihydro forms of the cyclopropenes appear at 
equivalent chain length 0.4 unit  greater  than those of the saturated 
acids having  the same number  of carbon atoms. 
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A P R E C I S I O N  H Y D R O G E N A T I O N  A P P A R A T U S  

W. K.  Rohwedder 

A unique high-speed hydrogenation apparatus  has been designed and 
built of stainless steel to give highly reproducible res~llts. Unusual  
features include: a reaction chamber with an enclosed top that  prevents 
the sample or catalyst from leaving tbe st irred region, a s t i r r ing  paddle 
that comes within 0.010 inch of the fluted walled reaction chamber 
producing shear and turbulence in the reaction mixtllre, and a directly 
driven st i rrer  whose speed is controlled by a tachometer that can be 
var ied from 100 to 4,000 rpm.  The pressure of the system is sensed 
bY an electronic micromanmneter and controlled by a stainless steel 
piston-type volume control. 
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T H E  S T A T U S  O F  S A F F L O W E R  

]. A. Kneeland 

Safflower as a source of linoleic-rich oil has become widely available. 
The U.S. safflower indust ry  has matured in the relatively short period 
of 15 years to a position of stable oil prices, modern processing, and 
world-wide distribution. This dry-land Western U.S. oilseed crop is 
grown in rotation with barley, wheat, rice and other grains .  The 
higher oil content seed developed by the agronomists '  reduction of hull 
content has made safflower more valuable to domestic and foreign 
markets.  Production has increased to more than 300,000 tons in the 
United States. Safflower is unique in that it is grown for its oil, 
whereas the other s ignif icant  edible oll crops are actually by-products 
of protein feeds, fibers, or starch. Processing of the seed and oil is 
done by conventional methods, preferably continuous screw-pressing 
and solvent extraction. 

The fu ture  of safflower will depend pr imari ly  upon the demand for 
llnoleic-acid based products - -  either in foods such as the new marga-  
rines and other polyunsaturated products, or industrial  uses of non- 
yellowing drying oils, and chemical modifications of linoleic acid. 
Secondarily, it will depend upon more sophisticated utilization of the 
protein by-products. Safflower continues to be a growth situation. 
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T H E  C O M P O S I T I O N  O F  S A F F L O W E R  S E E D  

T. H. Applewhite 

Safflower is an increasingly important  U. S. oilseed crop. Current  
commercial seed types have compositious in the range of 40% hull, 
37% oil and 23% meal. Varieties have been described, however, with 
hull percentages rang ing  from 59% to 18% and inversely va ry ing  oil 
and meal percentages. I~  the linoleic acid type oils the fat ty  acid 
compositions are quite constant with typical percentages ~s follows: 
linoleic 78%, olelc 11%, stearie 3% and palmit, ic fi%. ~xper imental  types 
have been described with about equal oleic-linoleic contents, with high 
oleiedow linoleic contents, and with relatively high stearic contents. 
Compositional data will be reviewed with part icular  attention to major  
and minor  constituents (especially linolenic acid) influencing safflower 
utilization. 
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S A F F L O W E R  O I L  U T I L I Z A T I O N  I N  S U R F A C E  C O A T I N G S  

A. E. Rheineek and Lowell Cummings 

The unique high linoleic acid content ( 7 8 % )  iu safflower oil makes 
it an especially suitable oil in the coatings industry.  The high content 
of linoleic acid, low amount of sat~trated acids, and absence of linolenic 
acl4 constitute an oll which forms fast-drying, nonyellowing films 
that have an excellent through dry and low wrinkl ing characteristics. 

~[ore safflower oil is utilized in the manufac ture  of alkyd resins than 
in any other single use. The oil alcoholizes rapidly with polyols and 
heat bleaches to very light colors in cooking the alkyd resins. These 
alkyds have the best combination of fast  drying and uonyellowing 
properties of any drying oil alkyd of equal oil content. 

Heat  bodied safflower oil has very uni form polymer structure as 
shown by its viscosity reduction carves.  Hea t  bodied and low viscosity 
safflower oils are used extensively in exterior house paints. These 
paints show good through dry, low wrinkl ing and resistance ¢o dew 
flatting. 

Specialty uses for safflower oil include urethane resins, caulks and 
putties, linoleum, oil emulsion exterior house paints and as conjugated 
safflower oil. 
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T H E  R O L E  O F  S A F F L O W E R  O I L  I N  E D I B L E  O I L  

A P P L I C A T I O N S  

J. E, B lum 

Safflower oil has been used as an edible oil in numerous countries 
for many years. In  this country, commerciM use of safflower oil as an 
edible product was noted in the 1950's and the use continues at pro- 
gressively higher levels each year. 

One use of safflower oil in "dress ing"  type products is related to 
the natural  coht resistance of the oil. Other applications include oil, 
margar ine  and some imitation dairy products. Additional development 
work has been done on other food products so that the scope of usage 
could be broadened if there should be increased demauds for safflower 
oil. 

The susceptibility of safflower oil to oxidation has been minimized 
by improved processing and packagi~lg. 

Fur ther  use of safflower oil appears  to be dependent upon avail- 
ability, pricing, abnormally good cold resistance and the role of poly- 
nnaaturates  in the diet. 

- - 7 1  - -  
S A F F L O W E R  M E A L  

G. O. Kohler 

The composition and nutri t ional ~.alue of commercially and experi- 
mentally produced safflower meals will be reviewed including their 
utilization in rations of poultry, swine and ruminan t  animals. Available 
evidence from chick assays shows that safflower meals contain] little 
or no deleterious components such as are found in most other oilseed 
meals. P r ima ry  utilization problems in feeds revolve around low 
metabolizable energy due to the content of relatively indigestible hull 
in the meal and the low content of methionine and ]ysine in safflower 
protein. When properly supplemented with energy, lysine, and 
methionine, outstanding growth rates are obtained in broiler chicks fed 
corn-safflower meal type rations. When lower fiber meals can be pro- 
duced, expanded markets  can be expected in rations for poultry and 
swine. Potential markets  exist for such products and for safflower 
protein isolates as food for human beings here and abroad. 
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L I P I D  C H A N G E S  I N  M A T U R I N G  O I L ~ B E A R I N G  P L A N T S .  

I V .  C H A N G E S  I N  L I P I D  C L A S S E s  I N  R A P E  A N D  C R A M B E  O I L S  

Mary E. McKilIic~n 

Seeds of crambe abyssinica and golden and zero-erucic rape were 
collected at increasing matur i ty  and the free lipid extracted with 
hexane. The lipid thus obtained was separated into lipid classes by 
silicic acid chromatography using increasing concentrations of diethyl 
ether in hexane, followed by methanol to elute phosphotlpids and 
glycolipids. The lipid classes were fur ther  examined by thin-layer and 
gasdiquid chromatography. 

I n  crambe and both rape varieties the relative amounts of the lipid 
classes varied as the seed nlatured. The greatest change was in 
triglycerides and phospholipids plus glycolipids. ~ree fatty acids, present 
in immature  seeds, had disappeared at maturi ty,  The lipid classes of 
crambe and both types of rape were in similar proportion at maturi ty.  
Differences in phospholipid and glycolipid composition were found be- 

j .  A~. O~L C ~ . s ~ s '  Soo., A ~ . s ~  1 ~ 5  (VoL. 42) 4 5 7 A  
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tween  c r ambe  and  r a p e  a n d  be tween  i m m a t u r e  and  m a t u r e  rape .  The 
fa t ty  acid  composi t ion was  d i f f e ren t  i n  d i f f e r en t  l ip id  classes and  
changed  w i t h  m a t u r i t y .  Changes  in  18-carbon acids  in  zero-erucic  r a p e  
para l le led  the  deve lopment  of e ruc ic  acid  in  golden rape .  The  sterol  
composi t ions  were  also compared .  
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F A T T Y  A C I D S  I N  T I S S U E S  OF R A T S  F E D  H U M A N  FOOD,  

R A T  R A T I O N  A N D  S Y N T H E T I C  D I E T S  

Margaret O. Osborn 

F a t t y  ac ids  in  s e r u m  and  t i s sues  of albino r a t s  m a i n t a i n e d  on con- 
trolled diets  h a v e  been s tudied.  One  g r o u p  w a s  fed a h u m a n  food diet  
ob ta ined  f r o m  the  p rofess iona l  s t a f f  d i n i n g  room of the  U n i v e r s i t y  
Hospi ta l s .  The  diet  p rov ided  app rox ima te ly  1 7 %  of the  calories as 
p ro te in  a n d  4 1 %  as fa t .  A second g roup  w a s  fed a synthe t ic  diet  s imi l a r  
in  p ro te in  a n d  f a t  content  to consumpt ion  s tud ies  of people in  the  
Un i t ed  States .  A th i rd  g r o u p  w a s  fed a commerc ia l  r a t  r a t i on  which  
p rov ided  2 8 %  of the  calories as p ro te in  a n d  1 4 %  as fa t .  A n ima l s  
w e r e  p laced on diets  w h e n  app rox ima te ly  three  weeks  of age  and  
sac r i f i ced  at  seven weeks .  F a t t y  ac ids  in  se rum,  l iver  a n d  l u n g  t i s sues  
w e r e  de t e r m ined  u s i n g  gas  c h r o m a t o g r a p h y .  D a t a  were  analyzed statis- 
tically. 

D ie t  seemed to in f luence  the  a m o u n t s  of myr is t ic ,  palmit ic ,  palmitoleic,  
s tear ie ,  oleic, behenic  a n d  a rach idon ic  acids  in  the  t i ssues .  Levels  of 
oleic a n d  linoleic ac ids  in  t i s sues  appea red  to follow levels in  the  diets.  
A r a c h i d o n i c  and  behenic  ac ids  were  found  in t i s sues  bu t  not  in  the  
diet. L u n g  t i s sue  appea red  to be h i g h e r  in pa lmi t i c  bu t  lower  in  s tear ic  
and  oleic acids  t h a n  l iver  or se rum.  L i v e r  seemed to have  l a r g e r  a m o u n t s  
of a r ach idon ic  ac id  t h a n  s e r u m  or  l u n g  t issue.  
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B I O S Y N T H E S I S  OF D O C O S A P E N T A E N O I C  A N D  O T H E R  

F A T T Y  A C I D S  B Y  R A T  T E S T E S  

J. T. Davis and J. G. Coniglio 

The possibi l i ty  of ac t ive  f a t t y  acid  syn thes i s  by  r a t  tes tes  w a s  sug- 
ges ted  by  the  inc rease  in  concen t ra t ion  of pentaenoic  ac id  in  this  
o r g a n  in the  r a t  d u r i n g  sexua l  m a t u r a t i o n  ( K i r s c h m a n  and  Coniglio, 
Arch .  Biochem.  Biophys .  93, 297, 1 9 6 1 ) .  The cha rac t e r i za t ion  of th is  
f a t ty  ac id  as 4, 7, 10, 13, 16 docosapentaenoic  ac id  in  r a t  tes tes  
(Dav is ,  Br idges ,  Coniglio, Fed.  Froc .  24, 663, 1965)  a n d  in bovine  
and  porc ine  testes ( H o l m a n  and  I-Iofstetter,  J .  Am.  Oil Chem. Soc. 42, 
5 t0 ,  1965)  and  i ts  inc rease  in  l iver  fol lowing f eed ing  of l inoleie ac id  
( M e h r h a u e r  and  Ho lm an ,  J .  L ip id  Res .  4, 346, 1963)  lead to the  

hypothes is  tha t  a r ach idon ic  acid  is i ts  p r ecu r so r .  W e  h a v e  inves t iga t ed  
the  b iosynthes i s  of the  doeosapen taeno ic  acid  by  u s i n g  C14-acetate, 
CZd-linoleate, and  C14-arachidonate as p r e c u r s o r s  in jec ted  di rect ly  into 
r a t  testes.  C 14 w a s  i nco rpo ra t ed  into the  docosapentaenoa te  f r o m  all 
th ree  subs t ra tes .  C 14 f r o m  labeled l ino]eate w a s  i nco rpo ra t ed  into 
e icosatr ienoic ,  e icosate t raenoic ,  docosa te t raenoie  and  docosapentaenoic  
acids,  the  specific ac t iv i t ies  p e a k i n g  in t h a t  order .  B y  chemical  degrada -  
t ion of the  docosapentaenoa te  b iosynthes ized  f r o m  a rach idona te - l -C  14 
i t  w a s  found  tha t  over  9 8 %  of C 14 ac t iv i ty  w a s  in  carbon  3, i n d i c a t i n g  
e longat ion  of the  20 carbon  to the  22 carbon  f a t t y  acid.  Chemical  
d e g r a d a t i o n  of isolated p u r e  f a t t y  ac ids  ob ta ined  a f t e r  ace ta te- l -C 14 
in jec t ion  establ ished tha t  pahni t ic  ac id  w a s  synthes ized  p r e d o m i n a n t l y  
by  de novo synthes i s  whi le  s tear ic  ac id  w a s  f o r m e d  to a l a r g e r  extent  
by  e longat ion of shor te r  chains .  The  p a t t e r n  of label ing of oleic acid  
was  iden t ica l  to tha t  of s t ea r i c  acid.  
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S T U D I E S  O F  T H E  M E T A B O L I C  C O N V E R S I O N S  A N D  T H E  

P O S I T I O N A L  D I S T R I B U T I O N  I N  L I V E R  L E C I T H I N  O F  
S O M E  U N N A T U R A L  D I E N O I C  A C I D S  

H. W. Sprecher, H. J. Dutton, F. D. Gunstone, 
P. J. Sykes and R. T. Holman 

The acids,  7 ,13-eicosadienoate ,  9 ,15-octadecadienoate ,  a n d  12,15- 
oe tadecad ienoa te  w e r e  fed to ra t s ,  wh ich  h a d  been m a i n t a i n e d  on a 
fa t -def ic ient  diet, to es tabl ish whe the r  they  could be conver ted  to 
u n s a t u r a t e d  ac ids  wi th  the  n o r m a l  sk ipped  u n s a t u r a t i o n  pa t t e rn .  The  
l iver  l ipids  w e r e  isolated, conver ted  to methyl  esters,  and  the  a m o u n t s  
of the  v a r i o u s  f a t t y  ac ids  de t e rmined  by  gas- l iquid c h r o m a t o g r a p h y .  
All of the  expe r imen ta l  ac ids  were  i nco rpo ra t ed  into t i s sue  l ipids.  H o w -  
ever,  none of the  ac ids  w e r e  conver ted  to n a t u r a l l y  o c c u r r i n g  polyun- 
s a t u r a t e d  acids.  The posi t ional  d i s t r ibu t ion  of the  two oc tadecadienoa te  
i somers  in  l iver  lec i th in  w a s  de te rmined .  
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D E G R A D A T I O N  O F  E R U C I C  ACID TO E I C O S E N O I C  

A N D  O L E I C  A C I D S  B Y  T H E  I N T A C T  R A T  

B. M. Craig and Joyee L. Beare Rogers 

P r e v i o u s  i nves t i ga t i ons  h a v e  shown tha t  r a t s  fed  r apeseed  oil h a v e  
body l ipids  which  conta in  oleic, eicosenoie a n d  erucic  ac ids  in propor-  

t ions of 45, 1O and  8 % ,  respect ively .  Othe r  s tudies  on the  re la t ions  
be tween  d i e t a ry  and  body fa t s  ind ica te  tha t  the  p ropor t ion  of oleie 
is h i g h e r  and  e ruc ic  is lower  t b a n  expected. Th i s  can  only be expla ined  
by a s s u m i n g  tha t  the  r a t  can deg r ade  erucic  acid, p r e s u m a b l y  by  beta  
oxida t ion  to eicosenoic and  oleic acids  which  a re  then  deposi ted in  the  
body fat .  

The l l -doeoseno ic  acid  found  in h e r r i n g  oil has  been used  to s t udy  the  
proposed d e g r a d a t i o n  which  would  proceed acco rd ing  to the  fo l lowing 
sequence : 

l l -docoseno ic  ~ 9-eicosenoic -~ 7-octadecenoie 
The  ana lyses  of body fa t s  of r a t s  which  w e r e  fed  a mixed  oil con- 

t a i n i n g  3 0 %  of l l - docoseno ic  ac id  showed 8 %  docosenoic ac id  a n d  
4 - 5 %  each of the  9-eicosenoic and  7-octadecenoic acids.  

The metabo l i sm of e ruc ic  acid  in  the  r a t  t hen  involves  some deposi t ion  
of the  ac id  as s u c h  coupled w i t h  a d e g r a d a t i o n  to p r oduce  C~o and  Cls 
monoene acids  which  also a p p e a r  in  the  body fa ts .  T h i s  pa r t i a l  deg rada -  
t ion can be used  to expla in  some u n u s u a l  effects  wh ich  h a v e  been 
found  in nu t r i t i ona l  s tudies  on r apeseed  oil. 
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F A T T Y  ACID C O M P O S I T I O N  OF L I P I D S  

OF B U L L  A N D  B O A R  S E M E N  

Balwant Ahluwalia, E. F. Graham and R. T. Holman 

Ejacu la t e s  f r o m  severa l  bulls w e r e  pooled, and  f r o m  one boar ,  sperm-  
poor a n d  spe rm-r i ch  f r ac t ions  of semen  w e r e  collected. The  s emen  w a s  
cen t r i fuged  to s epa ra t e  semina l  p l a sma  a n d  the  spermatozoa .  The  
spermatozoa  were  d i s in t eg ra t ed  by u l t r a son ic  v ib ra t ion ,  and  f r ac t ions  
c o n t a i n i n g  s p e r m  heads  and  the  spe rm tai ls  were  ob ta ined  by  centr i f -  
uga t ion .  L ip ids  f r o m  each f r ac t i on  were  ex t rac ted  and  sepa ra t ed  into 
neu t r a l  l ipids  and  phosphoI ip ids  t h r o u g h  th in- layer  ch r oma tog raphy .  
The  neu t r a l  ] ipids were  f u r t h e r  f r ac t i ona t ed  into diglycer ide,  t r i g lyce r ide  
and  cholesterol es ters  by TLC,  and  the  phosphol ip ids  into phospha t idy l  
choline and  phospha t idy l  e thano lamine  by  D E A E  column chroma-  
tog raphy .  Methyl  es ters  of each f r ac t i on  w e r e  analyzed by  GLC.  Ind iv id -  
ual  methyl  es ters  weTe iden t i f i ed  by  equ iva len t  cha in  l eng th  a n d  
ozonolysis. The da ta  ind ica te  t h a t  bull s emen  conta ins  h igh ly  u n s a t u r a t -  
ed f a t t y  ac ids  of C22 cha in  length  which  cons t i tu te  a p p r o x i m a t e l y  
4 0 - 4 5 %  of the  total  f a t t y  ac ids  in  the  semen.  Phospha t i dy l  choline 
conta ins  the  h ighes t  a m o u n t  of u n s a t u r a t e d  f a t t y  acids.  I n  neu t r a l  l ipid 
f rac t ions ,  d ig lyeer ide  is more  u n s a t u r a t e d  t h a n  t r i g lyce r ide  or  cholesterol 
esters.  I n  boa r  semen,  the  sperm-poor  f r ac t i on  con ta ins  f a t t y  ac ids  
less u n s a t u r a t e d  t h a n  in the  spe rm-r i ch  f rac t ion .  The  f a t t y  ac id  com- 
posi t ion of l ipids  f r o m  bull and  boa r  semen are  quan t i t a t i ve ly  d i f fe ren t .  
The total l ipids  of boa r  semen  w e r e  less u n s a t u r a t e d  t h a n  those  of 
bull semen.  The  re la t ionsh ip  be tween  f a t t y  ac id  composi t ion of semen  
l ipids and  fe r t i l i ty  of the  s emen  will  be discussed.  
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S T U D I E S  O N  T H E  M E T A B O L I S M  O F  T R A N S  A C I D S  I N  T H E  R A T .  

I N T E R C O N V E R S I O N  OF T R A N S - 1 1 ,  T R A N S - 1 4 -  A N D  CIS-11, 
C I S - 1 4 - E I C O S A D I E N O I C  A C I D S  

O. ~. Privett, E. M. ~gtearns, Y. D. Nadenicek and F. J. Pusch 

Adul t  male  r a t s  of the  S p r a g u e - D a w l e y  s t r a i n  w i t h  wel l -advanced  
symptoms  of essent ia l  f a t t y  ac id  def ic iency  f r o m  prolonged f eed ing  of 
a fa t - f ree  diet  w e r e  fed supp lements  of 5 %  methyl  trans-l l ,  trans-14- 
eicosadienoate  or  5 %  cis-ll,cis-14-eicosadienoate for  10 days  and  
sacr i f iced.  F i v e  an ima l s  fed the  bas ic  fa t - f ree  diet  w e r e  also sac r i f i ced  
to se rve  as  a control  g roup .  The  hear ts ,  l ivers,  ep id idymal  f a t  p a d s  a n d  
k idne ys  of each a n i m a l  were  excised.  The  I ipids  of these  t i s sues  w e r e  
ex t rac ted  wi th  ch loroform-methanol  and  f r ac t iona t ed  by  a combina t ion  
of acetone p rec ip i t a t ion  and  p r e p a r a t i v e  th in- layer  c h r o m a t o g r a p h y  into  
t r ig lycer ides ,  a f r ac t i on  cons i s t ing  ma in ly  of cholesteryl es ters  a n d  
pola r  l ipids.  The  f a t t y  ac ids  of the  l ipids  of these  f r ac t i ons  in  each 
g r o u p  w e r e  f r a c t i ona t e d  by  a combina t ion  of selective a rgen ta t ion ,  
m e r c u r i c  aceta te  adduc t  f o r m a t i o n  and  r eve r sed -phase  pa r t i t i on  chroma-  
tog raphy ,  and  analyzed.  The  composi t ion of the  f a t t y  ac ids  of the  con- 
trol  an ima l s  w a s  typical  of a n ima l s  wi th  an  essent ia l  f a t t y  ac id  de- 
f ic iency,  namely ,  a h i g h  ra t io  of t r lenoic  to t e t raeno ic  ac ids  and  a 
low dienoie  acid  content .  The  ra t io  of t r i enoie  to t e t raeno ie  ac ids  w a s  
also h igh  in the  l ipids  of the  an ima l s  which  rece ived  the  methyl  trans- 
ll,trans-14-eicosadienoate, bu t  w a s  r e v e r s e d  by  the  f eed ing  of methyl  
cis-11,cis-14-eieosadienoate. The deposi t ion in  the  l iplds of the  ac ids  
of these  es ters  w a s  de t e rmined  a n d  possible p a t h w a y s  of t he i r  con- 
ve r s ion  proposed.  
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P H O S P H O L I P A S E  A P R O P E R T I E S  O F  

S E V E R A L  S N A K E  V E N O M  P R E P A R A T I O N S  

L. J. Nutter and O. S. Privett  

The hydro ly t i c  p roper t ies  of seven snake  venom p r e p a r a t i o n s ,  Crotalus 
adumanteus, Ancistrodon contortrix, Na]a naja, Bothrops atrox, Ophio- 
phagus hannah, Crotalus atrox, a n d  Yipera russeli, w e r e  s tud ied  w i t h  
h igh ly  pu r i f i ed  lec i th ins  and  m i x t u r e s  of lec i th ins  of k n o w n  f a t t y  ac id  
and  class composi t ion  as  subs t ra tes .  

The re la t ive  r a t e s  of hydro lys i s  of the  f a t t y  ac ids  by  the  above v e n o m s  
were  de t e rmined  by ana lys i s  of the  p roduc t s  of the  reac t ion  a t  f r e q u e n t  
in t e rva l s  d u r i n g  the  course  of the  react ion.  All v e n o m s  selectively 
hydrolyzed the  f a t t y  acids  in  the  fl-position bu t  there  w a s  cons iderable  
va r i ab i l i t y  in  the  r a t e  of release of i nd iv idua l  f a t t y  acids.  W i t h  some 
venoms,  the  s a t u r a t e d  fa t ty  ac ids  were  hydrolyzed m u c h  f a s t e r  t h a n  
u n s a t u r a t e d  f a t t y  ac ids ;  w i th  o thers  the r eve r se  w a s  t rue .  The  type  of 
f a t t y  acid  in  the  a-posi t ion did  not  a p p e a r  to h a v e  a n y  in f luence  on 
the  r a t e  of l ibera t ion  of the  i n d i v i d u a l  f a t ty  ac ids  in  the  fl-position, o ther  
f ac to r s  be ing  equal.  

Of the  seven  v e n o m s  examined ,  tha t  of K i n g  Cobra  w a s  the  only 
one which  did  not  g ive  some degree  of p re fe ren t i a l  r a t e  of hydro lys i s  
of i nd iv idua l  f a t t y  acids.  The  v e n o m  of Crotalus adamenteus, which  
has  been used  extens ive ly  in  i nves t i ga t i ons  of lec i th in  s t ruc tu re ,  exer ted  
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a strong preferential  rate of hydrolysis of saturated fat ty acids in the 
early stages of the reaction. 

The results are discussed in relation to the use of snake venoms for 
the determination of lecithin s t ructure  and the general mode of 
phospholipase A action in phospholipid metabolism. 

- -  8 0 - -  

A S I M P L E  M I C R O M E T H O D  F O R  T H E  D E T E R M I N A T I O N  O F  T H E  

STRUCTURE OF U N S A T U R A T E D  FATTY ACIDS VIA OZONOLYSIS 

E. C. Nickell and O. S. Privet t  

Techniques for the preparation, purification and cleavage of ozonides 
are described and incorporated into a simple procedure for the deter- 
mination of the s t ructure  of unsatura ted  fat ty acids. The method i n -  

v o l v e s ,  essentially, preparat ion of ozonides via ozonization of fat ty acid 
esters in pentane at -70C, fission of the ozonides by pyrolysis and 
analysis of the f ragments  of the reaction by GLC. The positions of the 
double bonds in the original molecule are derived from the chain length 
of the fragments.  An analysis may be carr ied out on samples of the 
order of 100 ~¢g and completed in less than 1 hr. The method is 
illustrated on highly purified methyl oleate, linoleate, linolenate and 
arachidonate. 

- -  8 1 -  

H E T E R O G E N E O U S  CATALYTIC D E U T E R A T I O N  
OF METHYL OLEATE.  

I. REDUCTION AND S E P A R A T I O N  OF ISOLOGS AND ISOMERS 

C. R. ~cholfieId, W. K.  Rohwedder,  J. Bar ter  and H.  J. Dut ton 

Methyl oleate was reduced at 40C and atmospheric pressure with 
deuterium gas and either platinum or palladium catalysts. Samples of 
the esters and of the gas  phase were removed dur ing  the reaction. The 
hydrogen-to-deuterium ratios in the gas phase were determined by 
mass spectrometry. Wi thdrawn ester samples were fractionated by 
reverse phase chromatography on rubber columns into saturate and 
monoene fat ty esters, and the monoenes, into cis and trans isomers by 
argentat ion chromatography. 

Experimental  conditions, fractionat.ion procedures, and results of 
inf rared  analysis, argentation chromatography, mass  spectrometry, and 
nuclear magnetic resonance will be described. 
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H E T E R O G E N E O U S  CATALYTIC D E U T E R A T I O N  
OF METHYL OLEATE.  II.  BOND MIGRATION,  GEOMETRIC 

ISOMERIZATION,  AND D E U T E R I U M  D I S T R I B U T I O N  

E. Se~ke, W. K.  Rohwedder,  V. L.  Davison, 
T. Nieman and H.  J.  Dutton 

Separated isomers from the heterogeneous catalytic deuteration of 
methyl oleate were subjected to mass  spectrometric analysis to determine 
their deuterium content. The saturated ester fraction varied from less 
than 1 deuterium atom per molecule at the 20% saturat ion level to 
more than 2 at the 100% level, whereas the still unsaturated esters 
reached 2 atmus of deuterium per molecule at the 80% level. Oxidative 
cleavage of the separated unsatura ted  esters showed a symmetrical and 
normal distribution of the double bonds about the A 9 position; bonds 
ranged from the 6th to the 13th position, and less than 40% of the 
bonds remained in the A 9 position at the 80% saturat ion level. Mass 
spectra of the individual monobasic and dibasic acids from the oxidative 
cleavage showed the greater  the double bond movement, the grea ter  
the deuterium content. 
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S E P A R A T I O N  OF CONJUGATED METHYL OCTADECADIENOATE 
AND T R I E N O A T E  GEOMETRIC ISOMERS BY S ILVER-RESIN 

COLUMN AND P R E P A R A T I V E  GAS-LIQUID CHROMATOGRAPHY 

E. A. Emken,  E. N. Franlcel, V. I~. Davison and C. R.  Scholfield 

The separation of geometric fat ty ester isomers by silver-cation ex- 
change resin chromatograph:~" was extended to conjugated methyl oeta- 
decadienoates and trienoates. This technique in combination with pre- 
parat ive  gas-liquid chromatography (GLC) was developed to analyze 
conjugated isomers in hydrogenated fat ty esters. 

The analytical procedure consisted of separat ing the nonconjugated 
dienes from the conjugated dienes by preparat ive  GLC and fract ionat ing 
the conjugated diene isomers by silver-resin chromatography. The pre- 
parat ive GLC step was tested with a model mixture of methyl oleate, 
linoleate and iinolenate and with a concentrate of methyl trans,trans- 
9,11-octadecadienoate. The unconjugated fat ty esters were obtained pure 
with recoveries averaging  90%.  The conjugated fat ty  ester showed 5% 
geometric and positional isomerization after preparat ive  GLC. 

Conjugated dienes from alkali-conjugated methyl linoleate and from 
dehydrated methyl ricinoleate, and a mixture of methyl a- and ~- 
eleostearate were fractionated by silver-resin column chromatography. 
The alkali-conjugated methyl linoleate gave pure c~s,trans-conjugated 
diene. Dehydrated methyl ricinoleate gave cis,cis-, cis,trans, and 
trans,trans-conjugated dienes in 94 to 99% purity.  Oxidative cleavage 
analysis showed double bond scattering increasing in the order :  cis,cis-, 
~is,trans- and trans,trans-conjugated dienes. Silver-resin chromatograph)- 
of a mixture  of methyl a- and ~-eleostearate yielded the a-isomer in 92% 
purity.  
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GAS-LIQUID CHROMATOGRAPHY OF THE P O S I T I O N A L  
ISOMERS OF METHYL N O N Y N O A T E  

Henry  Rako]f  and R. E. Anderson 

A mixture of all the positional isomers of methyl nonynoate is poorly 
resolved by gas-liquid chromatography on packed polar (diethylene 

glycol succinate) and packed nonpolar (Apiezon L) columns. Better 
resolution is obtained on capillary columns, with the polar liquid phase 
g iv ing baseline separations between all the isomers except 9 : T 4  and 
9:T5.  The nonynoic esters elute later than methyl uonanoate o n  

either liquid phase. The isomers witb the triple bond near  the center 
of the molecule come off first, and the elution time increases as the 
triple bond moves toward either end of the chain. :Yiethy][ 8-nonynoate, 
the only isomer with a terminal triple bond, does not  follow this 
pattern. 
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COMPARISON OF GAS CHROMOTOGRAPHIC TECHNIQUES 

F. H.  t~ryer and O. D. Decker 

Several parameters  of GLC fatty acid analysis were compared. Prep- 
arat ion of esters by saponification followed by catalytic methylation 
was compared with direct transmethylation. DEGS liquid phase was 
compared with EGS liquid phase for resolution and quantization. Tri- 
angulation of peak areas was compared with planimeter measurements,  
and area response was compared with known mixtures. 

I t  is hoped the variat ions indicated in this study will be useful in 
the fu ture  establishment of an official GLC fatty acid analysis method. 
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COLLECTION OF METHYL ESTERS IN  
P R E P A R A T I V E  GAS-LIQUID CHROMATOGRAPHY VIA 

ELECTROSTATIC P R E C I P I T A T I O N  TECHNIQUES 

I~. Borka  and O. S. Privet t  

The effect of the operating variables of electrostatic precipitators o n  

the recovery and structure of methyl esters and related compounds 
collected via these devices in preparat ive  gas.liquid chromatography 
was studied. 

Aerosol formation was prevented by AC or DC voltages of 5,000 to 
12,000 volts. AC was more effective than DC but caused changes in 
s tructure which were detectable by both thin-layer and gas-liquid 
chromatographic methods of analysis. 

An apparatus  of simple construction and operation was designed for 
the collection of methyl esters and its use demonstrated with several 
model compounds. 
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S I L A N E  TREATMENT OF SOLID S U P P O R T S  

FOR GAS CHROMATOGRAPHY 

W. R. Supina,  R. ~. Henly  and R. ~. K r u p a  

A var ie ty  of techniques have been reported in the l i terature for 
silane treatment of solid supports. Often one will be recemmended as 

( C o n t i n u e d  on p a g e  4 6 1 A )  

pressures to 2000 psig. and temperatures to 350 ° C. They are 
made of T316 stainless steel, Manel and other corrosion resistant 
alloys using a unique Parr split-rlng closure which allows the 
vessel to be opened and closed without disturbing any attached 
fittings. Thermowells, insulated electrodes, glass liners, condensing 
coils and other attachments can be provided; also an electric 
heater. 

A s k  f o r  o u r  n e w  C a t a l o g  65-2  d e s c r i b i n g  
t h e s e  a n d  o t h e r  P a r r  p r e s s u r e  vesse l s .  
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being superior to some of the other techniques. ] t  has been our ex- 
perience that many important variables are involved which are only 
briefly mentioned or even omitted in the literature. I t  is therefore 
possible to follow the procedures exactly as reported, and yet tile 
support may nat be properly silane-treated. 

"While the methods used for the silanizatien are important, too often 
the preliminary treatment of the support is neglected. We have exam- 
ined many of the variables and found that  a few are particularly im- 
portant. 

Proper evaluation of the si lanetreated support is important ;  the 
common test to determine whether or not all particles float in water  is 
inadequate. A support which passes this test may still cause catalytic 
decomposition of the sample being analysed. 

The detailed procedure for preparing a satisfactory support will be 
described and use of this support in analysing" steroids and pesticides 
will be illustrated. 
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SIMPLIFIED MICRO-OZONOLYSIS PROCEDURES FOR 

QUANTITATIVE DETERMINATION OF 
DOUBLE BOND POSITIONS 

V. L. D~vison and H.  J. D u t t o n  

Direct injection of ozonized fatty esters into the heated inlet port of 
a gas chromatograph offers a one-step procedure for decomposing ozo- 
nides and for analyzing the resulting aldehydie fragments to determine 
double bond positions. ~n this manner  mieroliter samples of ozonides, 
prepared on any convenient scale, may be analyzed. 

Acidic functional groups, formed during thermal cleavage, have been 
effectively eliminated by inserting a short column, containing well-oxi- 
dized zinc granules or zinc. oxide on an inert support, between the in- 
jector port exit and the fractionating column. 

A mieroreactor has been developed in which 5 #1 may be successively 
ozonized, thermally cleaved and injected without sample transfer and 
attendant losses. This procedure provides an easy and rapid analysis; 
it also permits analyzing samples available only in limited amounts. 

Wheil either the direct injection of ozonides or the mieroreactor pro- 
cedure was used with a temperatare-programme~ gas chromatograph, 
equipped with a column containing a mixed polyester-silicone liquid 
phase, effective separation was achieved for lnotlo- and difunetienal alde- 
hydes from 3 to 16 carbons in lengtil, 
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PLASMALOGENS IN PHOSPHOLIPIDS OF CItICKEN MUSCLE 

C. Y. Peng  and  L. R. D u g a n  

The phosphoglycerides phosphatidyl choline, phosphatidyl ethanolamlne, 
and phosphatidyl serine from the lipids of white and dark meat chicken 
muse|e were found to contain varying amounts of plasmalogens. Quali- 
tative evaluation was made by colorimetric methods, thindayer chroma- 
tography and celumn chromatography. Quantitative evaluation was 
accomplished by a procedure involving iodination and by gravimetric 
analysis. The fatty aldehyde moieties of the plasmalogens were deter- 
mined by gas-liquid chromatography of the dimethylacetaI derivative. 

The plasmalogen content of white meat phospholipids was greater  
than that of the dark meat phospbolipids. Phosphatidy] ethanelamine 
was found in relatively greater amounts than phosphatidyl choline or 
phosphatidyl serine. The major aldehydes found were pahnltaldehyde, 
stearaldehyde, oleylaldehyde, and capraldehyde with palmitaldehyde be- 
ing predominant. 
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A¥IDIN INHIBITION OF LONG-CHAIN FATTY ACID 

SYNTHESIS IN MITOCHONDRIA 
J. P.  Jordan  and E. B. t tar~is  

The effect of avidin on the synthesis of long-chain fatty acids was 
studied using a sonically solubilized enzyme preparation from rat  liver 
mitochondria. Using acetate-l-C 14 or acetyl-l-C14-CoA as substrate, the 
avidin concentration was varied from 0 to 300/~g. Nearly maximum 
inhibition was observed in ~be presence of 100 fog of avidin and in~ 
creased very little at 300 ~g. This Tepresented a reduction of approxi- 
mately 47% in the synthesis of fatty acids. 

The effect of avidin on the synthesis of particular fatty acids was 
studied by measuring the incorporation of C a~ into individual fatty 
acids which were separated by gas-liquid chromatography. The rela- 
tionship of avidin sensitivity to de hove synthesis and elongation was 
studied by decarboxylation of palmitic and stearic acids and by perman- 
gauate-periodate oxidation of pahnitoleie and oleic acids. 

9 0 - -  
METABOLISM OF THE ALKOXY, ALKENYL, AND D1ACYL 

ETHANOLAMINE PHOSPHOLIPIDS IN BRAINS OF ADULT RATS 
L.  A. Horrocks  and G. B. Ansell 

Adult rat  brain phospholipids contain 13 % diacyl glycerylphosphoryl- 
ethanolamine, 23% alkenyl acyl GPE (ethanolamine plasmalogen), and 
3.1% alkoxy acyl GPE. Some aspects of the metabolism of these types 
of phospholipid were studied in r ive after intracerebral injection of 
C14-ethanolamine. The ethanolamine phospholipids were separated from 
the other brain lipids by DEAE cellulose chromatography and specific 
activities determined after mild alkaline and acid hydrolysis (Horrocks 
and Anseli, Biochem. J., in press).  

At all times studied the specific activities were diacyl GPE ~alkoxy 
acyl G P E ~ a l k e n y l  acyl GPE. Thus the ethauolamine plasmalogens are 
not precursors of alkoxy acyl GPE.  The possibility of alkoxy acyl 
GPE being a precursor of alkenyl acyl GPE and the significance of 
these compounds in membranes will be discussed. 

( C o n t i n u e d  on p a g e  4 6 2 A )  

E X C L U S I V E  F R A N C H I S E  

A m a z i n g  new liquid plast ic  coat ing used on all  types  of 
surfaces  interior or exterior.  E l iminates  wax ing  when applied 
on Asphal t  Tile,  Vinyl ,  Linoleum, Viny l  Asbestos ,  Hard  Wood,  
and Furniture.  Completely  e l iminates  paint ing  when appl ied 
to Wood,  Metal ,  or Concrete surfaces.  This  finish is also 
recommended for boats  and automobiles .  

NO C O M P E T I T I O N  
As these are exclusive formulas in demand by all  businesses,  
industry  and homes.  No  franchise  fee. Minimum invest-  
ment - -$300 .  Maximum i n v e s t m e n t ~ $ 7 , 0 0 0 .  Inves tment  is 
secured by inventory.  Fac tory  trained personnel  will  help set  
up your business.  

For complete detai ls  and descriptive l i terature write:  

C H E M - P L A S T I C S  & P A I N T  C O R P .  
1828 Locust St. Louis 3, Me. 

W A N T E D :  A n a l y t i c a l  Chemist :  good  oppor tun i ty  for chem- 
i s t - e x p e r i e n c e d  i n  a n a l y s i s  o f  f a t s  a n d  oils.  S e n d  d e t a i l s  
to:  C r e s t  C h e m i c a l  Corp . ,  225 E m m e t  St . ,  N e w a r k ,  N .  J .  

W A N T E D  A T  O N C E :  M a i n t e n a n c e  men  a n d  o p e r a t o r s ,  con-  
v e r s a n t  w i t h  a l l  t y p e s  o f  F a t t y  A c i d  o p e r a t i o n s .  T o  b e  em- 
p l o y e d  on  a n e w  compl ex  n o w  b e i n g  i n s t a l l e d ,  o n  t h e  E a s t e r n  
Seaboard .  Thi s  is  an equal  o p p o r t u n i t y  employer .  P l e a s e  
s u b m i t  r ~ s u m 6  a n d  a r r a n g e m e n t s  w i l l  b e  m a d e  f o r  i n t e r -  
v i e w s .  A l s o  L a b o r a t o r y  T e c h n i c i a n s  a n d  l ~ e s e a r c h  D i r e c t o r .  
t l e p l y  to B o x  432, A m e r i c a n  Oil  Chemists '  Soe i e ty ,  35 E.  
W a c k e r ,  Chicago,  Il l .  60601.  

C A T A L Y S T  D E V E L O P M E N T - - C o n t i n u i n g  expans ion  creates 

need for chemist or chemical  engineer to conduct product a n d  

process development studies  on n icke l  c a t a l y s t .  Experience  

desirable.  Please  send r~sum~ and s a l a r y  r e q u i r e m e n t s  to:  

B O X  433 The Journal  of the American 0 i l  Chera i s t s '  Society .  

H E L P  W A N T E D  

T e c h n i c a l  c o n s u l t a n t  a n d  a d v i s e r - - T r i g l y c e r i d e  b a s e  for s t ee l  
i n d u s t r y - - f o r m u l a t i o n  k n o w l e d g e  a n d  c u s t o m e r  s a l e s  s e r v i c e  
e s s e n t i a l .  W r i t e  B o x  434, J o u r n a l  o f  t h e  A m e r i c a n  Oi l  Chem- 
ists '  S o c i e t y .  

B A C K  I S S U E S  o r  J A O C S  N E E D E D  

Cheek y o u r  files f o r  copies  o f  the  J o u r n a l  b a c k  i s sues  l i s t e d :  
1 9 6 3 - - F e b . ,  M a r c h ,  A P R I L ,  M A Y .  A p r i l  a n d  M a y  n e e d e d  
e spec ia l ly .  W e  wil l  p a y  y o u  $1 f o r  each  issue.  Send  copies  
to t h e  A m e r i c a n  Oil  C h e m i s t s '  Soc ie ty ,  35 E.  W a e k e r  D r i v e ,  
C h i c a g o ,  I lL  60601.  

• R@ree Notice 
FroST NOTICE: Ralph W. Lindeman of Chas. V. Bacon 

Laboratories, Inc. 90 West  Street, New York 6, N.Y. has 
applied for a Referee Certificate on Cottonseed, Tallow 
and Grease, Soybean Oil and other Fa t ty  Oils. Interested 
parties wishing to comment on this eerifieation should 
eomnmnieate with the Chairman of the Examination Board. 
Please write to R. T. Doughtie, Jr., Chairman of the Ex- 
amination Board, P.O. Box 17469, Memphis, Tennessee 
38117. 

J. A,,~. 0i~ c ,~ ,~s~ '  Soo., A~us~ 1965 (voL, ~2) 4 6 1 A  



( C o n t i n u e d  f r o m  p a g e  4 6 1 A )  
- - 9 1  - -  

T H E  D E P O S I T I O N  A N D  M E T A B O L I S M  O F  
a-BATYL ALCOHOL-I-I~C I N  T H E  R A T  

Fred 8nyder, C~auds Piantadosi and Ed Oswald 

The distribution, metabolism, and excretion of butyl alcohol occurring 
6 hr  after  oral administrat ion of this radioactive glyceryl ether were 
investigated in the female rat .  Thin-layer chromatographic zonal scans 
were used to determine the degree and type of metabolic changes in 
the lipid fraction of various tissues. Under  the conditions of this 
experiment most of the ingested label was found in the intestines but 
1 1 %  was  found in the liver. Other tissues contained less than 0 .3% 
of the administered dose. TLC scans of the lipids found in intestinal 
contents and in cells showed that significant  cleavage of the ether bond 
occurred in this location. Labeled di~ and monoethers, free fat ty acids, 
and fatty alcohols were found in addition to the original glyceryl ether. 
The lipids isolated from the intestinal t ract  only, contained labeled 
triglycerides and phospholipids also. Approximately 30 and 24% of 
the lipid label found in the contents and tract,  respectively, was the 
unchanged batyl-l-l~O alcohol. 

The major  portion of the radioactive plasma lipids contained the 
carbon-14 label as glyceryl ether diesters ( 5 3 % )  and phospholipids 
( 2 5 % ) .  I n  the liver, most of the 1~0 was  in the phospholipids ( 7 0 % ;  
of this, 58% in the lecithin and 2 6 %  in the cephalin f ract ions) .  

- -  9 2 - -  
F U R T H E R  S T U D I E S  O N  A S E R I A L  M E T H O D  

F O R  O I L  D E T E R M I N A T I O N  I N  O I L  S E E D  

Lars-~ke Appelqvist 

The routine method for determination of oil content in rape and 
mus ta rd  seeds, developed by Troeng, has been in use for 10 years  
with good results. Each year  30,000-50,000 samples have been ana- 
lysed. Cumulated data from analyses performed dur ing many years on 
samples sent to different laboratories in Sweden as well as in Den- 
mark,  England, Germany and Holland have shown that  results ob~ 
tained with the serial method are more accurate than those obtained 
with official methods using Butt-type or Twisselman extractors. 

Besides its present major  use, viz., for determination of oil content 
in rape and mus ta rd  seeds, it has potential uses for flax, safflower, 
poppy and sunflower. 

The extraction conditions, 1 hr  at 25-30 C, are favorable for the 
utilization of the extraction tubes for the preparat ion of oil which is 
to be studied further,  e .g ,  in determination of the peroxide number  
of the oil extracted. Details will be given of the special care that  
has to be taken in using the tubes for other purposes than deter- 
mination of oil content. 

- -  93  - -  

A S T U D Y  O F  " T H E  S W E D I S H  M E T H O D "  F O R  D E T E R M I N A T I O N  
O F  O I L  C O N T E N T  I N  P L A N T  S E E D S  

F. W.  Houger~ and Mrs. V. Bode 

Troeng in 1955 published a rapid  method for determination of oil 
content in oil seed. His  method is used extensively in Swedish labora- 
tories for rapeseed analyses. The method is based on simultaneous 
ball-milling and extraction of the samples in stoppered steel tubes con- 
raining steel balls and a measured volume of solvent. The tubes are 
shaken lengthwise for gr inding of the samples and subsequently cen- 
tr ifuged for sedimentation of suspended solids. For each tube, a 
measured aliquot of clear solution is t ransfer red  to a beaker and the 
solvent is evaporated. The oil contents of the samples are computed 
from the weights of oil recovered in the beakers. 

Troeng's  method, with modifications, has been adapted for the ex- 
traction of various oil seeds and cereal grains.  Sources of error  have 
been examined and comparisons have been made with the Soxhlet 
method. The Swedish method was found precise, accurate, and well 
suited for routine work. 

- -  94  - -  

GAS-LIQUID C H R O M A T O G R A P H Y  O F  N A T U R A L  T R I G L Y C E R I D E S  
C O N T A I N I N G  C~o, C2~, AND C2~ FATTY ACIDS 

R. D. Harlo~v, Carter Litchfield and Raymond Reiser 

Although GLC of natural  triglycerides containing Cs through Cls 
fat ty acids is now used in many laboratories, erucic acid oils and 
mar ine  oils have not been analyzed by this technique. Triglycerides 
containing long chain fat ty acids usually show poor peak resolution 
and substantial losses dur ing  GLC, By critically selecting optimum 
operating conditions and using accurate calibration, we have success- 
fully overcome these problems and achieved quanti tat ive analysis of 
na tura l  triglycerides containing C~, C~e, and C~ acids. 

The trigtycerides of four erucic acid oils (rapeseed, nasturtium~ 
water cress, and Lunaria annua) and two fully hydrogenated fish 
oils, (menhaden and tuna)  have been separated by GLG. Chromate- 
g rams  showed adequate peak resolution for accurate quantitation by 
triangulation. The average fat ty  acid chain length calculated from 
the triglyceride composition of each oil agreed closely with that deter- 
mined by GLC of its fat ty acid methyl esters. 

Several conclusions about the triglyceride compositions of the fats 
analyzed will be discussed. 

- - 9 5 - -  
C H R O M A T O G R A P H Y  O F  P O L A R  T R I G L Y C E R I D E S  

O N  SILICIC ACID COLUMNS 

C. D. Evans, D. G. MeConnell, R. L. Hoffm.an and fIelen M. Peters 

Triglycerides containing polar fat ty acids are resolved by siliclc 
acid ehrmnatography into molecular species with increasing amounts 
of polar acids. Natural  fats like isano, oiticica, castor or kamala seed 
oils containing both nonpolar fatty acids and polar hydroxy or kete 
acids have been resolved into component glycerides according to de- 
gree of polarity. The application of the sitieie acid column offers a 

means of obtaining specific glycerides from fats for detailed studies on 
glyceride composition and structure. 

- -  96 - -  

P R E P A R A T I O N  O F  T H E  V I N Y L  E ~ T E R  O F  T H E  DIELS-ALDER 
ADDUCT O F  P E T R O S E L I N I C  ACID AND 

H E X A C H L O R O C Y C L O P E N T A D I E N E  

J. P. Moreau, R.  L.  Holmes and G. $umrell 

Vinyl 5-(1,4,5,6,7,7-hexachlero-3-undecyibicycle [2.2.1]-5-bepten-2-yl)- 
pentanoate ( I )  was prepared by the vinylation of the Diels-Alder ad- 
duct of cis-6-octadeeenoic (petreselinic) acid and hexachlorocyclopenta- 
diene ( H C C P D ) .  The acid adduct was prepared by heat ing petroselinic 
acid with an excess of HCCPD at 134 C for 28 hr. Tile excess H C C P D  
was distilled off and the unreacted petroselinic acid removed from the 
acid adduct by urea  complexing. ( I )  was formed by t reat ing the acid 
adduct with vinyl acetate in the presence of mercuric sulfate catalyst for 
72 hr  at room temperature.  The excess vinly acetate was removed by dis- 
tillation under reduced pressure below 40 C. Unreacted acid addact  
was removed by alkaline washings on an alumina, column. 

The H C C P D  adduct of methyl petroselinate was also prepared, and 
distilled. 

- 97 - -  

T H E  1 , 2 - C Y C L O A D D I T I O N  O F  H A L O A L K E N E S  T O  
C O N J U G A T E D  F A T T Y  E S T E R S  

E. W. Bell, J. P. Friedrich, L. E. Gust and J. C. Cowan 

The reaction has been studied of 1,1-dichloro-2,2-difiuoro, ehlorotri- 
fluoro and tetrafluoroethylenes and hexafluoropropylene with the v/s,- 
trans and trans,trans isomers of conjugated methyl linoleate. All re- 
actions gave 50 -75% yields of 1,2-cycloaddition products. The pres- 
ence of the vinyleyciobutane s t ructure  in the addition products was 
sl~own by IR  and NMt~ spectra, elemental analyses, and IV.  The 
formation of 1,2-versus 1,4-cycloaddition products will be discussed. 
The reactions were best carried out with inert  solvent, hydroquinone 
inhibitor, autogenous pressure, and a temperature of 200 C for 5 hr. 
The distilled adducts are colorless liquids with viscosities r ang ing  from 
I1 to 19 centistokes at 100 F. These products exhibit low pour points 
(down to --55 C) and may be useful as low-temperature plasticizers 
or lubricant additives. Stabilities of the halogen arums Vaward hy- 
drogenation will be discussed. 

- - 9 8  - -  

E S T E R I F I C A T I O N  O F  P A T T Y  ACID DOUBLE B O N D S  

L. T. Black a~d R. E. Beal 

Unsatura ted  fat ty acid methyl esters react with short-chain car- 
boxylic acids in the presence of a reticulated cation exchange resin 
and produce esters at fat ty acid double bonds. Hydrolysis of these 
esters by saponification and subsequent acidification yields hydroxy 
fat ty acids. 

The following variables were studied in the preparat ion of the acetate 
esters of methyl oleate: yield versus time, temperature,  acid ratio 
and resin ration. I n  addition to acetic acid, several other carboxylic 
acids were tried. The reaction with acetate acid appeared to reach 
equilibrium at about 45% of theoretical yield. 

Physical constants and derivatives were obtained for identification 
and characterization of the products. Interact ion of the unsatura ted  
fatty acid methyl esters produces an ester polymer, formation of which 
could be minimized by increased acetic acid ratios. The acetate esters 
were easily separated from unreacted methyl pleats and ester polymers 
by fractional distillation. 

- -  9 9 - -  
P R E P A R A T I O N  O F  LINSEED ACID CHLORIDES 

E. J. Dufek,  L. E. Gust, and W. J. DeJarlais 

The preparat ion in excellent yields and with functional pur i ty  of 
linseed acid chlorides from linseed acids by reaction with phosphorus 
trichloride is described. In  vacuo heating followed by decantation 
furnished good quality acid chloride with low phosphorus content. 
The acid chlorides were ~lso distilled in a modified molecular still to 
obtain a nearly colorless product. Water-washing the crude acid chlo- 
ride mixtures in hexane solution to remove phosphorus compounds 
was unsat isfactory since tests with purified acid chlorides in hexane 
showed that  this t reatment  resulted in an appreciable amount of hy- 
drolysis. Two analytical methods depending upon hydrolysis of the 
acid chloride were used and results compared. The use of infrared 
absorption and elemental chlorine analyses to determine the acid 
chloride contents was also investigated~ Evidence was obtained for the 
existence of an equilibrium betweeen linseed acid chlorides, linseed 
acids, hydrogen chloride, and linseed acid anhydrides. Yield of about 
70% of linseed acid anhydrides was obtained by reaction of linseed 
acid chlorides with linseed acids. 

- -  100 - -  

N M R  S P E C T R A  O F  S U B S T I T U T E D  F A T T Y  E S T E R S  

A. P. Tul~och 

High resolution NMR spectra have been recorded, at 100 megacycles, 
for all the isomeric methyl acetoxy-, hydroxy-, and oxostearates, t ty- 
droxy esters of other chain lengths, var ious  dihydroxy esters, epoxy 
esters, and some monoenoic and dienoic esters have also been examined. 
Splitting of the methylene signal was observed for a number  of the 
esters which were substituted near  the middle of the fat ty acid chain. 
The terminal methyl group signal was modified in those esters which 
were substituted at any of the neighboring 4 carbon atoms. Sub- 
stitution within 4 or 5 carbon atoms of the carboxyl end of the chain 
also affected the spectrum. The theoretical and practical aspects of 
these observations will be discussed. 
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