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Acetonitrile as Eluent in Silver Resin Column Chromatography 

W.J. DeJARLAIS, R.O. ADLOF and E.A. EMKEN, Northern Regional Research Center, 
Agricultural Research Service, US Department of Agriculture, Peoria, I L 61604 

ABSTRACT 

Acetonitrile (ACN) is shown to be an effective eluent in combina- 
tion with methanol (MeOH) or acetone for the rapid separation of 
polyunsaturated fatty acid methyl esters on a fully silver-loaded 
ion-exchange (XN1010) column. ACN-containing eluents thus 
provide on one fully siliver-loaded resin column an attractive 
alternative separation system to a series of partially silvered resin 
columns ("PARC" columns), which previously have been used for 
such separations. Solvent programming from 0 to 15% ACN in 
MeOH allows the separation of methyl oleate, linoleate, linolenate 
and arachidonate within 3 hr. Preparative (up to 800 mg) isocratic 
separations of a number of polyunsaturated fatty acid esters from 
natural sources (methyl linoleate from safflower esters, for example) 
were readily achieved. 

INTRODUCTION 

Macroet icu la r ,  sul fonic  acid, ion-exchange  resins loaded  
wi th  silver ion have been  useful  in the  c h r o m a t o g r a p h i c  
s epa ra t i on  of  u n s a t u r a t e d  c o m p o u n d s ,  par t icu la r ly  geo- 
met r ica l  i somers  o f  u n s a t u r a t e d  esters.  T he  sepa ra t ion  o f  

geomet r i ca l  i somers  of  m e t h y l  m o n o e n o a t e s  was readily 
ach ieved  wi th  resins of  this  t ype  us ing MeOH as e l u e n t  
(1,2) ,  b u t  p o l y e n o a t e s  were e lu ted  on ly  wi th  very large 
vo lumes  of  MeOH or n o t  at  all. I m p r o v e d  resins gave 
prac t ica l  sepa ra t ion  o f  (E,E)-, (Z,E)- and  ( Z , Z ) - n o n c o n j u -  
ga t ed  d i enoa te s  (3). Sepa ra t ion  of  con juga ted  d ienoa tes  
and  t r i enoa tes  was also possible,  owing to the i r  lower  
e lu t ion  vo lumes  as c o m p a r e d  to the i r  n o n c o n j u g a t e d  
i somers  (4). 

The  p r o b l e m  of  e lu t ion  of  p o l y u n s a t u r a t e d  esters wi th  
t h r ee  or more  n o n c o n j u g a t e d  doub le  b o n d s  still r ema ined .  
The  use of  10% 1-hexene in MeOH (5) as a s tep e l u e n t  was 
e f fec t ive  in e lu t ing  such es ters  f r o m  silver resin co lumns .  
A n o t h e r  app roach  to the  p r o b l e m  was the  d e v e l o p m e n t  of  
the  t e c h n i q u e  of  par t ia l  s i lver-loading of  the  resin,  called 
par t ia l  a rgen ta t ion  resin c h r o m a t o g r a p h ,  or  PARC (6-8). 
In th is  t e chn ique ,  the  r e t e n t i o n  of  the  c o l u m n  for  n o n c o n :  
j uga t ed  p o l y u n s a t u r a t e d  esters  was r educed  by  on ly  par t ia l  
l oad ing  wi th  silver ion.  The  d i sadvantage  o f  par t ia l  silver 
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loading is that the retention of  monoenoates and even 
dienoates may be so low that their resolution is poor. Thus, 
more than one column is required to separate ester mix- 
tures that  contain a wide range of unsaturation. 

We have now found that  by solvent programming with 
mixtures of MeOH/acetonitrile (ACN) it is possible to 
separate mixtures of mono- and nonconjugated di-, tri- 
and tetraenoates on a fully silver-ion loaded exchange 
resin. By selection of the proper  mixture of  ACN in MeOH 
as eluent, large-scale isocratic separations of a particular 
polyunsaturated ester from the esters of naturally occurring 
mixtures of  acids may be readily achieved. 

EXPERIMENTAL 

Preparation of Columns 

XN1010 resin (Rohm and Haas) in the sodium form 
(XN1010 Na) was ground, size-fracdonated to yield a wet 
fraction (200-270 mesh) and silver-exchanged as previously 
described (6). 

For  the large-scale separations, a heavy-walled glass 
column (2.54 x 60 cm) was made by cutting a chromatog- 
raphy column (Pharmacia) and sealing a Teflon plug valve 
with Luer tip to the cut end. The standard expanding 
piston assembly furnished with the column was used to 
close the other end. This column (A) was slurry-packed 
with ca. 300 mL of  the resin, which was held above the 
valve by a glass wool plug. A septum-sealed injector suitable 
for < 50 psig was used for sample introduction.  The col- 
umn was pumped with a piston pump (Metering Pumps, 
Ltd.) and column effluent was moni tored with a refractom- 
eter (Waters Associates, R403). Standard reagent grade 
MeOH (MCB Omnisolv and Mallinckrodt ChromAR) was 
used as received. The column exhibited ca. 580 theoretical 
plates based upon the methyl  oleate peak eluted with 
MeOH. The column void volume was 180 mL, as indicated 
by the methyl  palmitate-stearate peak eluted with MeOH. 

A small column (B) was used for the study of solvent 
programming with MeOH/ACN mixtures. Silver-loaded 
XN1010 resin formerly in the sodium form (AgXN1010Na) 
and < 270 mesh was air elutriated (9) to give a fraction 
with 15 -+ 5 /am particles (measured by electron scanning 
microscopy).  A stainless-steel column (0.45 x 60 cm) 
having 2 /am frits was dry-packed with the resin by incre- 
ments, followed by vigorous tapping on a hard surface. 
The column tested at 550 theoretical plates based upon the 
methyl  oleate peak eluted at 0.5 mL MeOH/min and con- 
tained 7 g of  resin with a void volume of 5.16 mL based 
upon the difference of its weight when filled with resin 
and its weight after filling the packed column with MeOH. 
The small column (B) was solvent programmed by use of 
two pumps (Waters Associates Model 6000A) and an 
associated solvent programmer (Waters Associates Model 
660). Column effluent in the program mode was monitored 
at 215 nm (Schoeffel SF770) and in the isocratic mode 
at 215 nm or with a refractometer (Waters Associates 
R401). Samples were applied by injection with a 10 /aL 
syringe into an injector valve (Rheodyne,  Model 7120) 
with 10/aL loop. 

Tests of the Columns with ACN/MeOH Eluents 

A mixture,  1, of methyl oleate (O1), linoleate (Lo), lino- 
lenate (Ln) and arachidonate (Ar) (31.0, 22.1, 27.7 and 
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FIG. 1. Capacity factors (k') for meuhyl 01, Lo, Ln and Ar vs 
percent ACN in MeOH, column B, 0.5 mL/min. 

19.1%, respectively) was used to measure the effect on the 
k '  (capacity factor) for each of these esters of loading and 
of  the percent ACN in the MeOH. 

The effect of  the percent ACN in MeOH on the k' for 
the esters of 1 was studied by injection of 5 /aL of  the 
neat  mixture on column B in isocratic runs with 0, 5, 10, 
15 and 20% ACN in MeOH at a flow setting of 0.5 mL/min 
(0.47 mL/min actual) and using one pump (Waters 6000A). 
Column pressure was ca. 750 Ib/in. 2. 

The effect of  sample load on the k' values of  the esters 
of 1 was investigated by injection of decreasi'ng volumes of 
a solution of  1 in 15% ACN/MeOH. A flow rate of 0.5 mL 
15% ACN/MeOH per rain on column B was used. 

The columns were operated at room temperature (19-22 
C). Tests of column A were confined to isocratic separations 
as illustrated in results below. Column A would flow with- 
out  pump pressure and only low pressure of  ca. 5 l b / i n J  
was required for a flow rate of 7 mL/min. 

RESULTS AND DISCUSSION 

Figure 1 shows the effect of  increasing amounts of  ACN in 
MeOH on the k '  values (k' being the net retention volume 
expressed in units of  columns void volume) for methyl  O1, 
Lo, Ln and Ar (mixture 1). It is apparent that  ACN is a 
powerful eluent for polyunsaturated esters from fully silver- 
exchanged XN101ONa. Other substances that compete for 
coordination with the silver ions on the resin can be ex- 
pected to cause similar effects. For example, 1-hexene has 
already been used in step programming (5). Preliminary 
experiments showed water in MeOH also to be effecting in 
displacing unsaturated esters. However, water reduces the 
ability of MeOH to dissolve fat ty esters, and 1-hexene is 
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FIG. 2. k' for methyl Ol, Lo, Ln and Ar vs sample size, column B, 
0.5 mL 15% ACN in MeOH/min. 
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FIG. 3. Separation of methyl O1, Lo, Ln and Ar  ( left  to  right) on  
c o l u m n  B at 0.5 mL/min; 5 /JL sample of mixture 1. (A) Isocrat ic  
10% ACN in MeOH; (B) programming 0-15% ACN in MeOH, 1/2 hr 
linear ramp. Retention volumes are indicated  above  respective 
peaks. 

not  transparent in ultraviolet (UV) at 215 nm. Detection at 
215 nm allows solvent programming because methyl esters 
may be detected. Thus, ACN appears particularly suitable 
owing to its power to elute unsaturates and its transparency 
at 215 nm. 

The sample load on the column, as well as the percent- 
age of ACN in MeOH, has an influence on the k'. Figure 2 
shows this effect in the range of 1-20 mg for the esters of 
1. The loading effect appears to be confined mainly to Ar 
and Ln and is most noticeable as a decrease in k' of Ar at 
low loading levels as the sample size is increased. 

A 1/2 hr linear solvent program from 0 to 15% ACN in 
MeOH for the elution of 1 from column B is shown in 
Figure 3. Also shown is an isocratic separation of 1 on the 
same column and load with 10% ACN in MeOH. The four 
peaks were collected, and analysis by gas chromatography 
(GC) indicated ca. 99% purity for each. 

The larger column (A) was used for isocratic separations 
of methyl esters of various unsaturated acid mixtures. The 
effect on the separation of the methyl esters of safflower 
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FIG. 4. Preparative separation of 800 mg methyl esters of safflower 
oH on c o l u m n  A. (A) 7.4 mL MeOHImin; (B) 6.9 mL 5% ACN in 
MeOH/min. 
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FIG. 5. Separat ion o f  synthetic mixture (100 mg) containing methyl 
(Z,E,E)- and (Z,Z,E)-9,12,15-octadecatrienoates o n  co lu mn A, 6.6 
mL 5% ACN in MeOH/min. 

oil of changing eluent from MeOH to 5% ACN in MeOH is 
shown in Figure 4. Figure 5 illustrates the separation of 
triene-geometrical isomers. 

ACN is also useful in combination with solvents other 
than MeOH. Most of the separations utilized ACN/MeOH 
because of the need to use UV detection with solvent pro- 
gramming. Some isocratic separations were carried out 
using ACN/acetone and RI detection. Figure 6 shows the 
separation of methyl O1, Lo, Ln and Ar with 20% ACN in 
acetone. ACN with other solvents may also be effective. 

Column B should be reequilibrated to lower levels of 
ACN by passage of 5 or 6 column voids of solvent. As this 
amounts to ca. 30 mL and one hr of pumping, it does not  
represent a severe difficulty. However, with column A ca. 
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FIG. 6. Separation of: saturates, O1, Lo, Ln and Ar on column A, 
7.2 mL 20% ACN in acetone/min. Sample size 130 mg. 

1.5 L of  solvent would be needed for reequilibration or ca. 
3.5 hr at 7 mL/min.  Therefore, it is not  convenient to sol- 
vent program large columns. No change in the resolution 
of  column B was noted in several months of use. Columns 
should not  be allowed to drain. We found it necessary to 

repack the large column (A) if  air entered the top of  the 
column. The resin was washed out  and slurry-packed as 
described to restore the column. 

ACN is a powerful eluent for polyunsaturated esters 
from fully silver-loaded ion exchange resins in column 
chromatography.  Its use in combination with MeOH or 
acetone allows separation of methylene-interrupted poly- 
unsaturated esters that are difficult to elute from silver- 
resin columns; By increasing the proport ion of ACN in the 
solvent according to the degree of unsaturation of the 
desired component ,  preparative separations may be effected 
on one column, which previously would have required the 
use of  a number of  partial argentation resin columns (PARC 
columns [6-81 ). 
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Identification of Adduct Radiolysis Products 
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ABSTRACT 

Radiolysis induced adduct products have been separated and identi- 
fied from irradiated ethyl palmitate, ethyl c=-d2-palmitate and ethyl 
oleate. In the saturated compounds, adduct formation was observed 
mainly at the position <~ to the carbonyl group. The three major 
adduct products identified in irradiated ethyl palmitate were ethyl 
c=-tetradecylpalmitate, ethyl c=-pentadecylpalmitate and the c=,a'- 
dimer of ethyl palmitate. Corresponding compounds were identified 
from the irradiated ethyl c=-deuteropalmitate. Adduct radiolysis 
products formed in ethyl oleate were identified as the monoene and 
diene dimers. 

INTRODUCTION 

Prior studies (1-3, 5) have provided evidence for the forma- 
tion of radiolysis products of higher molecular weight than 
that of the starting material. Recently, the adduct com- 
pounds formed from tr ibutyrin and tripalmitin have been 
reported (5). This study is concerned with the identification 
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of the adduct  compounds produced by the irradiation of 
fatty acid esters in order to elucidate the mechanism for 
their formation. The compounds chosen were ethyl palmi- 
tare, ethyl 0t-deuteropalmitate and ethyl oleate. The selec- 
tion of  these compounds was based on the expectat ion that 
the separation and identification of the adduct  radiolysis 
products could be easily performed by gas chromatography- 
mass spectrometry (GC-MS). 

EXPERIMENTAL 

The materials used in this s tudy were purchased from Fisher 
Scientific Co. (Medford, MA); Applied Science Lab., Inc. 
(State College, PA); ICN Pharmaceuticals, Inc. (Plainview, 
NY); and Sigma Chemical Co. (St. Louis, MO). The a- 
deuterated ester was synthesized (6) from the (x-deuterated 
palmitic acid. Purity of each compound examined by GC- 


