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1) By means of a dipper  or heated buret  add .26 g 
fa t  to 1 ~  in. x 1~ in. Te r ry  cloth swatches (ll/e 
in. x 1 in. for most liquids).  

2) Age swatches one half  hr before using. 
3) Set Tergotometer  at 75 rpm. 
4) Add  sample to respective beakers. 
5) Fi l l  a 2000-ml flask with water  at 120F and ad- 

just  hardness. 
6) Measure 400 ml water  f rom the flask into each 

beaker. 
7) Af te r  two rain mixing time, add I swatch every 

15 see. 
8) Continue adding swatches until foam disap- 

pears. 
9) Number  of swatches added equal number  of 

dishes. 
S u m m a r y  

A Tergotometer  has been modified so that  foam 
studied can be made on l aundry  products. Using 
sebaceous soil and a Polaroid camera, a photographic 
record of foam breakdown can be made which fortells 
per formance  in practical  l aundry  situations. 

A simulated dishwashing procedure has been used 
with the same set-up as a control method once it has 
been correlated with a g i%n product.  I t  is hoped 

that  eventually changes can be made so that  there 
will be complete correlation with any dishwashing 
test and then it can double as a screening procedure 
for dishwashing operations. 
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Use of Rubber 
of Triglycerides 

Columns for the Chromatographic 

and Other Non-Polar Compounds 
Separation 

J. R. TROWBRIDGE, A. B. HERRICK. 1 and R. A. BAUMAN, Research and Development Laboratories, 
Colgate-Palmolive Company, New Brunswick, New Jersey 

Abstract  

Some applications of rubber  powder as a sta- 
t ionary  phase in the chromatographic  separat ion 
of relatively nonpolar  compounds are described. 
Evidence of a substantial  degree of separat ion of 
t r iglyceride components in coconut oil and linseed 
oil is obtained using a mixture  of methanol and 
acetone as the mobile phase. Separat ions of 
t r i laur in  f rom m0n0 and dilaurin, of methyl  
esters of coconut oil f a t ty  acids and of compo- 
nents in 0i l  of Pet i tgra in  are also accomplished. 

In t roduct ion  

A FE~V YEARS AGO Boldingh (1) described a tech- 
nique for  the separat ion of saturated normal f a t t y  

acids. He  prepared  a column with rubber  powder 
as the immobile phase and used benzene-saturated 
mixtures  of 3 par ts  nlethanol, 1 par t  acetone, and 
decreasing amounts of water  as successive developing 
solvents. By  this reversed-phase procedure, the eonl- 
portents were eluted f rom the column in order of de- 
creasing polar i ty  or increasing chain length of the 
acids. The process may  be more comparable to liquid- 
liquid par t i t ion than  to liquid-solid adsorpt ion as 
the rubber  was repor ted to be an excellent solvent 
for  f a t t y  materials  and considerable swelling of the 
rubber  was observed. 

We investigated rubber  in a search for a suitable 
method of separating hydrocarbons and other rela- 
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t ively non-polar compounds. Since we did not have 
on hand the " M e a l o r u b "  (vulcanized rubber  powder) 
used by Boldingh, we prepared  our powder f rom lab- 
oratory gum rubber  tubing. Other laboratories may  
find useful applications for these conveniently pre- 
pared columns in addition to those which are de- 
scribed here. 

A continuously recording differential ref rac tometer  
(Phoenix Model R-1000-T), sensitive to a change of 
4 • 10 -6 refract ive index units, was used to follow 
changes in the composition of the eluent s t ream and 
great ly  aided in the search for suitable column phases 
by providing an immediate record of the degree of 
separation achieved. 

Experimental Procedure  

Preparation of Rubber Columns. The rubber  pow- 
der was prepared  f rom amber " p u r e  g u m "  surgical 
tubing manufac tured  by the Davol Rubber  Co., Provi-  
dence, R. I. With  the exception of a yellow latex 
tubing of another manufac turer ,  we have not inves- 
t igated the suitabil i ty of other sources of rubber.  
The lat ter  tubing was inferior  for  our purpose as it 
yielded a somewhat sticky powder which produced a 
column of low resolving power. 

The end of a length of tubing (1/2 in. diam and 
1/s in. wall thickness) was frozen in a bath of methanol 
and dry  ice. One or two inches was then ground off 
oil a 6 in. diam motor-driven grindstone and the 
tubing was refrozen in the bath. By  using several 
lengths of tubing in rotation, over 500 g powder 
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FIO. 1. Coconut oil: 35 ml/hr flow rate through a 1.2 x 95 
em column, 0.291 g sample. 
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could be obtained within 2 hr. The ground rubber  
was then continuously extracted for  24 hr  with 
methanol in a Soxhlet appara tus .  The extracted 
powder was slurried with ethyl ether and poured 
through a No. 20 U. S. s tandard  sieve to remove any 
large pieees of rubber.  The excess ether was removed 
by filtration and the powder fu r the r  dried under  re- 
duced pressure. 

To prepare  a eolumn, the dried rubber  powder 
was slurried in methanol (ca. 10 g/100 ml) with 
the aid of a small high-speed metal  s t i r rer  unt i l  the 
suspension aequired a uni form appearanee.  A For- 
tion of f reshly agitated s lurry  was poured into the 
column which was fitted with a coarse sintered glass 
plate at the bottom or simply with a plug of glass 
wool retained by a constriction at the base of a 
narrow diameter  column. The packing was eom- 
pressed by forcing a rap id  flow of methanol  through 
the column with compressed air. Addit ional  quanti- 
ties of s lur ry  were added and the compressing process 
repeated. As the length of the compressed section 
increased and the flow rate diminished, the upper  
section of the column tended to be more loosely 
packed. This section was fur ther  compressed with 
a plunger  made by  fastening' a s tr ip of cotton cloth 
to the end of a rod, the str ip being" folded in f ront  
of the rod to form a close-fitting plug. This ar- 
rangement  allowed the wi thdrawal  of the p lunger  
without  excessively distributing" the upper  portion 
of the packing. Too much compression of the packing 
may produce too slow a rate of flow. The packing 
was judged sufficiently compressed when large voids 
were absent and it presented a un i form appearance 
to the eye. This was accomplished with a packing 
density of ea. 0.4 g d ry  rubber  powder /ee  column 
volume. When the desired length of packing was 
obtained, several circles of filter paper,  cut to the 
diam of the column, were added to t h e  top of the 
column and held in place by a layer of glass beads. 

The eluent-line f rom the column was then con- 
nected with 2 mm diam Te fon  tubing to the inlet 
of a Phoenix recording differential ref rae tometer  
where it passed through the heat exchanger and the 
solution side of the optical cell, the reference side 
of the cell having been filled with the desired solvent. 
The solvent was alIowed to flow through the eolmnn 
until  a s teady base line was observed on the recorder,  
several column volumes general ly being required 
for f reshly p repared  columns. The sample was ap- 
plied to the column as a 5% solution af ter  allowing 
the solvent to drain  to the top of the packed section 
and was followed by  two or three washings with 
smaller volmnes of solvent. A fa i r ly  constant flow 
rate was then maintained dur ing  the rest  of the ex- 
per iment  by keeping a near ly  constant head of liquid 
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Fro. 2. Linseed oil: 112 ml/hr flow rate through a 1.2 x 95 
cm column, 0.253 g sample. 

above the column by means of a siphon leading f rom 
a large eapaei ty  solvent reservoir. Variat ions in flow 
rate  could be obtained by adjust ing the height of 
the exit tube f rom the refraetometer .  I n  extended 
runs  it was advisable to protect  the solvent f rom 
atmospheric moisture by  dry ing  tubes to prevent  a 
g radua l  shif t  in base line. 

When not in operation, the colmnns were stored 
filled with solvent and were sometimes used re- 
peatedly over a period of several months without any  
change in operat ing characteristics being noted. In  
changing solvents, the new solvent was placed in the 
reference cell and allowed to flow through the eol- 
mnn  unti l  no fu r the r  change in refract ive index was 
noted. 

A p p l i c a t i o n s  

Triglycerides. The use of rubber  as a s ta t ionary  
phase and a mixture  of methanol and acetone as the 
developing solvent appears  to have great  promise as 
a tool for investigating the glyeeride distribution in 
vegetable oils. There are indications of separations 
comparable to those which have been achieved by 
Dut ton and his co-workers who have made notable 
progress in this field through use of the Craig ap- 
para tus  for  counter-current  distr ibution (3). 

F igures  1 and 2 show the elution curves which we 
obtained f rom the chromatography of coconut oil 
and linseed oil. A mixture  of equal par ts  by volume 
of methanol and acetone was used as the developing 
solvent. The addit ion of acetone was required to 
obtain reasonable solubility of the oils and to reduee 
the retention time on the column. In  F igure  1, the 
initial change of refract ive index recorded is in a 
negative direction (i.e., the eluent has a lower re- 
fract ive index than  the original solvent).  We believe 
this "nega t ive  p e a k "  which appears  with the solvent 
f ront  is eaused by a perferent ia l  displacement of 
methanol f rom the rubber  when the sample is init ial ly 
applied to the top of the column. This produces a 
methanol-rich zone of lower refract ive index which 
travels with the solvent front.  A similar peak did not 
appear  with the solvent f ron t  in F igure  2 in which 
an old sample of linseed oil was ehromatographed.  
i ts  appearance was probably  masked by the initial 
large peak containing oxidized degradat ion products  
of the oil and free f a t t y  acids. The ehromatogram 
in F igure  2 was also in te r rup ted  before all of the 
mater ia l  had been eluted f rom the column. 

In  the ease of coconut oil (Fig.  1) the sample was 
one tha t  had been freshly refined and contained less 
than 0.1% free acid as laurie acid. The ehromatogram 
indicates that  par t ia l  separat ion of at least nine tri- 
glyeerides in the oil has been achieved, counting the 
eight maxima and the shoulder which appears  just  
pr ior  to the initial  maximum. 
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Methyl Esters. The methyl esters of coconut oil 
f a t t y  acids, obtained by the alkali-catalyzed meth- 
anolysis of the original oil, were chromatographed on 
another substantially larger diam rubber column 
using 100% methanol as the mobile phase. The de- 
gree of separation achieved shows in Figure  3. The 
positions of the maxima, as indicated, correspond to 
those observed with known samples of saturated fa t ty  
acid methyl esters and methyl oleate, the lat ter  ester 
showing the same retention as observed for methyl 
palmitate. The initial peak probably represents traces 
of more polar impurities which appears with the sol- 
vent  front.  No certain explanation can be offered 
to explain the change in base line observed during 
this run, although it may have been due to a gradually 
changing composition of the solvent. The refractive 
index of methanol varies with amount of dissolved 
air and a freshly warmed sample from which dis- 
solved gases have been expelled shows a greater re- 
fractive index. 
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Fro. 3. ~[ethyl  esters of  coconut oi l  f a t t y  acids: 690 m l /h r  

f low rate through a 6.0 x 46 cm column, 2.50 g sample. 

Hirsch (6) has recently described more extensive 
work on the complete separation of f a t ty  acid methyl  
esters using a rubber column and an aqueous acetone 
solvent. 

Separation of Trilaurin from Mono and Dilaurin. 
In  the course of some other work, a procedure was 
required for the determination of mono, di and tri- 
laurin (7). This was accomplished by chromato- 
graphic removal of the t r i ]aurin f rom the mixture, 
determination of the monolaurin by  periodate oxida- 
tion, and calculation of the dilaurin by difference. 
The mixture, dissolved in methanol, was passed 
through a short rubber column, 1 4 0 x  11 ram. The 
mono and dilaurin were not retained on the column 
and were eluted with the solvent f ront  in a relatively 
narrow zone. Tr i laur in  was eluted later in the form 
of symmetrical peak. Evaporat ion of the methanol 
afforded a quantitat ive recovery of the separated frac- 
tions. Using a flow rate of 2.5 ml methanol/rain, the 
initial appearance of the mono and dilaurin fract ion 
was recorded within 6-7 rain f rom the time the sam- 
ple was applied to the column and the initial ap- 
pearance of the t r i laur in  fract ion was observed within 
26-29 rain in eight consecutive runs with different 
sample compositions in amounts ranging f rom 25-200 
rag. The peak widths varied with the amount of solute 
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FIG. 4. Oil o f  P e t i t g r a i n :  One  1 / h r  f low r a t e  t h r o u g h  a 
6.0 x 46 cm co lu mn ,  5.09 g s a m p l e .  

present, 23 rain being required for the elution of 
18.4 mg tr i laurin and 36 min for 82 mg. 

The same column was also able to separate mixtures 
of mono and dilaurate esters of ethylene glycol, 
propylene glycol, and tr imethylene glycol. In  the 
ease of these glycol esters, there was not such a wide 
separation between the two fractions, elution of the 
diester following immediately after  completion of 
elution of the monoester. Although such separations 
were not attempted, it appeared that  even on this 
short column mixtures of t r i laur in  and glycol dii- 
laurates could have been resolved as their elation 
times were sufficiently far  apart .  

Removal of Terpenes from Oil of Petitgrain. Rub- 
ber columns provide a convenient means of separating 
terpenes from oxygenated components in essential 
oils. F igure  4 shows the elution curve which was ob- 
tained when a sample of Pet i tgrain  0il  f rom Paraguay  
was chromatographed using methanol as the mobile 
phase. The two initial part ia l ly  resolved peaks are 
chiefly linalool and linalyl acetate, which are major 
constituents of this oil (5). The first of the small 
peaks have a retention time near that  which was 
observed for the aromatic terpene p-eymene whereas 
the last peak is in the region where the terpenes 
oeimene and limonene had been obtained previously. 

This technique provides an excellent method for 
obtaining essential oil fractions free of terpenic 
hydrocarbons, par t icular ly  in those cases where the 
hydrocarbons are a minor fract ion of the oil as de- 
scribed in recent patents (8).  In  the other chromato- 
graphic procedures using relatively polar adsorbents, 
the terpene-containing fract ion is the first eluted 
from the column and the oxygenated components are 
then eluted by shift ing to a more polar solvent (5).  
In some cases, there may be a danger of undesired 
chemical changes occurring dur ing the process of 
adsorption or desorption f rom polar absorbents (2).  
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