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of the solvent was evaporated on a steam bath, and 
the remainder was removed in vacuo with a rotat ing 
evaporator. 

Isolation of Cupric Acid by Steam Distillation. An 
8.79-g. portion of the oil was refluxed with 90 ml. 
of 0.8N ethanolic potassium hydroxide under  nitro- 
gen for 3 hrs. Unsaponifiable matter  was removed 
(0,34 g., 3.9%), and free fa t ty  acids were recovered 
(7.43 g., 84%). The acids were steam-distilled into 
the following three fractions over a period of 9 hrs. 

F r a c t i o n  I ...................................... ( 0 -1  hrs . )  1.03 
F r a c t i o n  I I  .................................... ( 1 -5  hrs . )  3.26 
F r a c t i o n  III .................................. ( 5 - 9  hrs . )  1.21 
R e s i d u e  ......................................... 0.75 

6.25 ( 8 4 %  recovery) 

Methyl esters from each fraction were prepared 
by reacting the free acids with diazomethane (2) 
and were analyzed by gas ehromatograplly (1). The 
eomposition of each fraction is listed iu Table I. 

Identification of Cupric Acid. The amide was pre- 
pared according to the procedure of Shriner, Fuson, 
and Cnrt in (3), using 0.331 g. of acid from Fract ion 
II. The yield of crude product  was 0.375 g., m.p. 
84-94~ After  thre(; reerystallizatious from aqueous 
ethanol 0.110 g. of white crystals, m.p. 96-97~ were 
obtai,led; lit. value 98.5~ (4). There was no de- 
pression of melting point on admixture with au- 
thentic eapramide. 

Anal. Calcd. for CloII2g)N: N, 8.2. Found :  N, 8.0. 
The anilide was prepared essentially tly tile method 

of de Jonge ct al. (5), using a 0.304-g. portion of 
acid from Fract ion ]I .  The crudc yield was 0.483 g. 
of yellow solid. Af te r  three recrysta|lizations from 
aqueous ethanol 0.256 g. of white crystals, m.p. 62.5- 
63~ was obtaiued; lit. values 69.5-69.9~ (5) and 

TABLE I 
Fatty Acid Composition of Cuphea llavea Seed Oil and Derived Steam 

Dist i l la tes  (Area  :Percentage of 3/[ethyl Es ter  :Peaks) 

Acid 

Capryl le  .............................. 
i ~ c la rgome .......................... 
Capr ie  ................................ 
U n k n o w n  ............................. 
L a u r i e  ................................ 
Myr is t ie  ............................... 
Pa lmi t i c  .............................. 
Stear ic  .................................. 

Or ig ina l  
oil (1)  

82.7 
Trace 

1.2 
0.8 
2.6 
0.5 

Steam dis t i l la tcs  

F rac t i ons  

l: I1 l l [ 

% % % 
2.4 0.5 ...... 
0.1 0,1 ...... 

96.8 98.3 9a.5 
0.2 0.2 0. I 
0.4 0.9 4.7 

. . . . . . . . . . . .  1.1 
. . . . . . . . . . . .  0.7 

Res idue  

.% 
0.2 

3.8 
1.8.8 

3.1 
o, i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 9  . . . . . . . . . . . .  
Linoleie  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.3 . . . . . . . . . . . .  71.0 
Lim!!':"!e ":: .':"""~:: "~'"' .__(2.:~ ""=" ::'-" . . . . . . . . . . . . . .  

62~ (3). On admixture with authentic capral lilide 
(ln.p. 63-64~ no depression of melting point was 
ohserved. 

A~al. Cated. for CI~;tI._,~ON: N, 5.7. Found:  N, 5.6. 
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Fatty Acids Analysis by High Resolution Nuclear Spin 
Resonance. A Preliminary Evaluation 
W. H. STOREY JR., Southwest Research Institute, San Antonio, Texas 

High resolution nuclear spin resonance spectra of four fatty 
acid methyl esters have been presented and discussed from 
the standpoint of applying this instrumentation to the analysis 
of the possible eight-component system resulting from the 
hydrogenation of ]]nolenic acid. If  one of the constituents 
other than 9- or 12-oleic acid can be neglected or found by 
another method, the analysis seems possible. Experimental 
conditions for the accurate reproduction of the relative in- 
tensities of the spectral bands must first be found. 

I~ 
e~NT ~TTEMPTS in these laboratories to hydro- 

genate selectively linolenie acid in linseed oil 
to linoleie acid created a need for improved 

procedures for analyzing fa t ty  acid mixtures (1). 
This paper  is a prel iminary evaluation of the use- 
fulness of high resolution nuelear spin resonance 
(NSR) spectroscopy in the performance of such 
analyses. I ts  presentation at this time, in the ab- 
sence of sufficient data for an analytical paper, is 
in response to the request by certain workers in the 

1 P r e s e n t e d  at 33rd  fall  meet ing,  Amer ican  Oil Chemists '  Society, 
Los Angeles,  Calif., September 28 -30 ,  1959.  

s This  s tudy  was  in  p a r t  funded  by the U. S. D e p a r t m e n t  of Agri-  
cul ture,  J?eoria, Ill . ,  unde r  the i r  Cont rac t  No. 12 14 -100 -501 (71 ) .  

field of oil ehemistry that the results given herein 
be made more generally available. Spectra from the 
methyl  esters of linolenic, linoleie, cleft, and stearic 
acids are presented and discussed from an analytieal 
viewpoint. A more general t reatment  of the apptiea- 
tion of NSR to oil chemistry has been published 
elsewhere (2). 

Presentation and Discussion of the Spectra 
The application of high resolution NSR to the 

analysis of fa t ty  acid mixtures is most simple con- 
ceptually as reference to the speetra in Figures  1-4 
will show. The spectra may be separated into bands, 
each of which arises from the hydrogen nuclei or 
protons in some part icular  functional group in the 
molecule. The area under a band, or its intensity, 
is proportional to tile number of protons and hence 
to the number of functional groups giving rise to 
the band. Reference to Table I will show that  most 
of the fa t ty  acid methyl esters in the system eon- 
tr ibute an unique balanee of those functional groups 
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Fro. 1. High resolution NSI~ spectrum of 9,12,15-1inolenie 
acid methyl ester. 

tha t  NSR distinguishes. A number  of s imultaneous 
equations can be writ ten,  one for  each band which 
bears unique information.  The unknowns in each 
equation are the mole f ract ions of f a t t y  acid methyl  
esters p resen t ;  the coefficients are propor t ional  to 
the number  of funct ional  groups each ester contrib- 
utes to the band ;  and the r ight-hand side is a num- 
ber propor t ional  to the measured intensi ty  of the 
band in a spec t rum f rom the mix ture  of esters. Solu- 
tion of this system of equations gives the mole frac-  
tion of each of the consti tuents of the mixture.  Such 
is the essence of this paper .  The remainder  of this 
section will be concerned with a more detailed dis- 
eussion of the analyt ical  features  of the spectra.  

The independent  var iable  against  which all the 
spect~'a are ph,t ted is the polariziug magnet ic  field. 
The magnetic field var ia t ion is expressed in par ts  
per  million (p.p.m.) ; the s teady state value of the 
magnetic field is 14,1.00 gauss. One p.p.m, var ia t ion 
is therefore  equivalent to a var ia t ion  of 14.1 milli- 
gauss. In  all spectra the magnetic  field is scanned 
l inearly in lhe direction of increasing field. Func-  
tional groups in whieh the protons are less diamag- 
ncti(;ally shiehted f rom the applied polarizing field 
give bands at 1he lower appl ied fields. Olefinie pro- 
tons are poorly shMdcd while methyl  protons are 
well shielded. Such separat ions between bands are 
(~alled chemical shills. 

There are six bands f rom which analyt ical  infor-  
mation can be drawn. The intensi ty  of the olefinie 
H band at 4.7 p.p.ln, is direct ly  dependent  upon the 
mmd~er of dout)lc bonds in the mixture.  The band at 
7.2 p.p.m, front methylene groups adjacent  to two 
doubly-bonded carbons distinguishes the 9, 15-diole- 
fin froln tile 9, 12- and 12, 15-diolefins, and its pres- 
ence signifies the presence of methyl  linolenate and 

methyl  linoleate. The band at  7.9 p.p.m, arises f rom 
methylene groups adjacent  to the earbonyl  group 
and to a single doubly-bonded carbon. The band f rom 
the methylene group adjacent  to the carbonyl  ap- 
pears  separa te ly  in the methyl  s tearate  spectrum. 
Nothing would be gained by resolving these two 
different sorts of methylcnes because the single meth- 
ylene adjacent  to earbonyl  is present  in the spectra  
f rom all consti tuents of the system. Similar ly  no 
a t t empt  need be made to separa te  the band f rom the 
sa tura ted  chain at  8.7 p.p.m, f rom the terminal  
methy l  band in order to gain  more information.  
However  la ter  discussion will show tha t  the terminal  
methyl  band is a measure of the presence of double 
bonds at the 15-position. 

Although the earbomethoxy peak at 6.4 p.p.m, is 
present  in all spectra, the constant  ratio of its in- 
tensi ty  to the number  of molecules in the sample 
serves to give the intensities of the other bands mean- 
ing in terms of the number  of protons tha t  they 
represent.  The intensi ty  of the carbomethoxy band 
can be considered as represent ing three protons,  and 
the intensities of all of the other bands in terms of 
protons can be found by measur ing  the ratios their  
intensities bear to tha t  of the carbomethoxy band. 
More directly, these intensi ty rat ios alone can be 
used for  the coefficients (by computa t ion  f rom the 
molecular  s t ructures)  and for  the r ight-hand sides 
of the simultaneous equations. F o r  this reason the 
use of the methyl ester fo rm of the f a t t y  aci<ls is 
reeommendcd for  use in analysis. ] f  the f a t t y  acids 
were used, a broad carboxyl band of one-third the 
in tensi ty  at a :1nneh lowcr field would replace the 
carbomethoxy band. Elnl>loyment of the earboxyl 
band would not prove so convenient  as that  of the 
carbomethoxy band. 

Fin. 2. Iligh resolution NSR spectrum of 9,12- linoleie acid 
methyl ester. 

T A B L E  I 

N u m b e r  of  P r o t o n s  i n  E a c h  A n a l y t i c a l l y  S i g n i f i c a n t  F u n c t i o n a I  G r o u p  o f  E a c h  F a t t y  A c i d  3 s  ( M e t h y l  E s t e r  F o r m )  

F u n c t i o n a l  G r o u p s  

F a t t y  A c i d  

9, 12 ,  J o - L m o ] e n c . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9, ] 2 - L i n o l e i c ' ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 ,  1 5 - L i n o l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
12 ,  1 5 - L i n o l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 - O l e i e  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 2 - O l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 - O l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t e a r i c  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FIO. 3. J l i g h  r e s o l u t i o n  N S R  spe<'.trunl of  9-ohde ac id  m e t h y l  
Os~or. 

Thus far,  the iniellsity ralil)s tn,lween the earbo- 
methoxy band and lhe follr other set)arabh~ llall<ts 
yieht four  simultalwous equali<lnS. (Slmparinon (if 
the alll>earance t)f lira lermimd nlethyl balnts in tile 
olh(,r tl~ree spectra will yiehl a fifih equation. The 
al)llearall<~e, of ills spel;tral l)aml from protons in a 
Ilal'li('ular fnnetional gr'oul I is lllqerrnined both by 
lh( '  ma~nitu(te of spin-spin ('(llll)ling between these 
an(1 I/l'(li<)ns in a(tjacetlt groul)s and tly lhe chemical 
shifis of the groups of l)t'()t(>llS. The terminal  methyl  
band in Iln, ml;ihyl linoll, naie SlW('lrllm may be con- 
sidered a clear t r ip le t  by intel'aeiim~ with the two 
]>rotll,S <)f the adjacent  meihyh,ne gr<>up. Since this 
metllylem~ group is adjacent  i l l  a lloubly-bonded 
carbon, it al>i)eal'S at al)lll'OXilmdely 8.00 p.p.m, in 
t h e  s p ( , ( , | r l l n l ,  l{elllOVtl] of tlle double bond at the 
15- l>ositioll moves the al)pearancc of tllis methylelw 
group lqlfiehl ill 8.7 l).l).m., which in tul'n r(,suits in 
t i l e  a l t e r e d  a l ) l l e a r a n e e  ( t f  l h e  iernlinal methyl lland 
in F@nr(,s 2, 3, an<l 4; In addililm, tile terminal  
methyl band has m<)ve<l Ullfiehl slightly, leaving a 
va lh ,y  at 8.9 l).l).nl, betwee, n the me, thyl and its ad- 
.incest methylene, band. In  this valley falls the low 
tilqd I)eak of tile terminal  metbyl  t)all<ts of f a t t y  acids 
with double bonds at tlle 15-position. The intensi ty 
<if this peak is a nleasure of tlle concentrat ion of 
these aeid esters an<l yields a fifth equation. 

The system, in Table I consists of the eight pos- 
sible constituents of mixtures  produced in the hydro-  
genation of linoleuic act<t, neglecting cis-trans iso- 
merization. But  9-oleie and 12-oleie methyl  esters 
should yield indist inguishable spectra and nmst  be 
considered as a single substance as a consequence. 
The resul t ing seven-component system has one more 
unknown than the six-component system of which 
NSR seems capable of providing a complete analysis. 
If ,  in praetiee, only one of these seven remaining 
consti tuents can be neglected or determined in an- 
other way, then the s t ra ight - forward  appl icat ion of 

:FIG. 4. ~-[igtl r e s o l u t i o n  N S R  s p e c t r u m  of  s t e a r i c  a c i d  m e t h y l  
e s t e r .  

NSR should be possible. The following section will 
discuss experimental  aspects of the analysis, begin- 
s ing  with the procedures by  which spectra  given in 
this I)aper were obtained. 

:Experimental  Procedures 

Sanlples bearing specified iodine values and other 
evidt,nces of pur i ty  were obtained f rom the ]Iormel 
l%undalion. These were stored under  refr igerat ion 
in sealed vials for approx imate ly  two years  before 
the specira shown ill this paper  were, obtairm(1. IIow- 
ever, lhe latest  spectra are not  qual i ta t ively different 
from Slwclra obtailwll at the beginning of lhis period 
at tile al)t>lieations lat>oratories of Varian Associates. 
No <llmniitative comparison can be made. Speetra 
were obiailn,d f rom CCI4 soh~tions containing ap- 
prl)xilnai<'ly 25% of the f a t t y  acid methyl ester in 
4-ram i.d. sample tubes, which were spun. The sanl- 
Ifles were not degassed. A Var ian  ASSl)ciail's V-4311 
high resolution NSR spectrometer  el>elating at 60 
megacy<qes/seeond was employed along wiih file as- 
socialed electromagnet and power Sllpply. The spee- 
ll 'onmter output  was fed to a Brown recorder with 
a full-seals sensit ivity of 100 millivolts anll a chart  
speed of 4 in. /min.  The polarizin~ magnetic fie~d 
was s~,anned at the rate  of 18.6 milligmlsS/nlin. Spec- 
i r a  were referenced with  respl 'ct  to h,ss lhan 5% 
tetranlethylsi lane internal  to the sample, following 
tlle method discussed by  Tiers (3). I f  the signal 
from tetramethyls i lane were io appear  ml the spectra, 
it, wouht oeeur by definition at 10.0(/0 l ) . l / .m. Num- 
bl;rs above the principal  peaks are ill t,yctes/see, f rom 
llqrann,lhylsilane; 60 eyeles/see, are equivalent to 
1 p.p.nl, on the. magnetic  field scale. 

Wh(m these display spect ra  were oblained, there 
was no intention of reproducing  each band with its 
eorreet intensi ty relative to the other bands in the 
spectrum. The desire was merely  to show the separa- 
tions between bands and the band s t ruc tures  with 
reasonably high resolution. Accordingly the half- 
anlpli tude H1 of the 60 megacycle/see,  magnetic field 
was set at 70 db below 140 milliganss, low enough 
to avoid sa tura t ing  the proton spin system yet too 
hio'h apparen t ly  for  analyt ical  purposes. At  this 
I~F level tile ratio of olefinie to carbomethoxy band 
intensity in the methyl  l inolenate spect rum was found 
to be 1..83 whereas at 80 db below 140 milligauss it 
was 1.99. The expected ratio for  pure  methyl  lino- 
lenate is 2.00. The lower R F  level is expected to 
favor  fa i thfu l  reproduct ion of band intensities (4). 
At  this same R F  level however the intensi ty  ratios 
of other bands with  the carbomethoxy band are not 
assuming the expected values.  Whether  the experi- 
mental  condit ions or the samples are at fault  is not  
presently known.  The author merely wishes to point 
out this experimental  barrier which must  be over- 
come before proceeding to test the method on mixtures. 
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