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through the experimental points was calculated ac- 
cording to procedures developed for K ---- 4.5. The cal- 
culated line for K = 1 (equal reactivity of primary 
and secondary OH's) is also shown. Obviously the 
experimental data fit the curve favoring esterification 
of the primary hydroxyls. Although the preparations 
were made at 200°C. or higher temperatures where K 
is about 2, the fact that the points fit well on a curve 
for K = 4.5 shows that a substantial degree of intra- 
molecular rearrangement has occurred on cooling, 
prior to analysis of the samples. 

Summary 
A method has been devised for determining the 

relative esterifiability of the primary and secondary 
hydroxyl groups of glycerol. Contrary to the theory 
previously advanced by Feuge and Bailey, the pri- 
mary and secondary hydroxyls are not equally esteri- 
fiable. The equilibrium constant favoring esterifica- 
tion of primary hydroxyl over secondary is ca. 2.3 at 
reaction temperature (200°C.) and between 6 and 10 
at room temperature. Since the equilibrium constant 
is substantially different at room temperature from 
that at reaction temperature, monoglyeerides as cus- 
tomarily prepared are not at equilibrium at room 
temperature and undergo intramolecular migration 
of acyl groups from beta to alpha hydroxyl positions. 

The rate of migration depends on the physical form 
of the ester and is accelerated by basic catalysts. In 
the vicinity of room temperature intermolecular re- 
arrangement occurs only over very prolonged periods. 
The method of calculating relative esterifiability of 
primary and secondary hydroxyls should be applica- 
ble to other polyols. 

Acknowledgment 
Grateful acknowledgment is made of the assistance 

of C. F. Smullin and Virginia 01sanski in analyzing 
these samples. 

R E F E R E N C E S  

1. Birkmeier,  P~. L., and Brandne r ,  3". D., J .  Ag'r. Food Chem., 6, 
471 (1958) .  

2. Brokaw,  G. U., P e r r y  E. S., and  Lyman,  W. C., J .  Am. Oil Chem- 
ists' Sot., 32, 194 (1955) .  

3. Crossley, A., Freeman,  I. P., Hudson,  B. J. F., and  Pierce, J .  H., 
J. Chem. Soc., 1959, 760. 

4. Demarcq,  M., L a  Revue Fran¢ais  des Corps Gras, 5, 336 (1956) .  
5. Feuge, R. O., and Bailey, A. E., Oil and  Soap,28, 259 (1946) .  
6. Mart in,  a. B ,  J .  Am. Chem. Soc., 75. 5483 (1953) .  
7. Pohle, W. D., and  Mehlenbacher, V. C., J .  Am. Oil Chemists' Soc., 

27, 54 (1950) .  
8. Quinlan,  P., and  Weiser, H.  3., ft. Am. Oil Chemists' Soc., 85, 

325 (1958) .  
9. Smullin, C. F., a.nd Olsanski, V. L., pape r  prasented a t  annua l  

meeting, American Oil Chemists' Society, New Orleans, Apri l  20 -22 ,  
1959. 

10. Wan Lohuizen, O. E., and  Verkade,  :P. E., Rec. t ray .  chim., 79, 
133 (1960) .  

11. West, E. S., Hoagland,  C. L., and  Curtis,  G. H.,  g. Biol. Chem., 
104, 627 (1934) .  

[ R e c e i v e d  D e c e m b e r  28, 1 9 5 9 ]  

A General Method for the Chromatographic Analysis of 
Mono-, Di-, and Triglycerides and the Mono- and Diesters 
Ethylene Glycol and Polyethylene Glycol 

of 

GERALD J. PAPARIELLO, SUNIS CHULKARATANA, and TAKERU HIGUCHI, School of Pharmacy, 
University of Wisconsin, Madison, and J. E. MARTIN and V. P. KUCESKI, 
The C. P. Hall Company of Illinois, Chicago, Illinois 

I 
N TIIE COMMERCIAL manufacture of partial esters 

of polyhydric alcohol mixtures, the monoesters, 
diesters, and the triesters are usually obtained 

along with the acid and alcohol reactants. A direct, 
general method for the quantitative analysis of such 
complex mixtures has been lacking. Recently several 
specialized methods have been developed. Ravin, 
Meyer, and Higuchi (1) developed a chromatographic 
method of analysis of mixtures of glyceryl esters and 
mineral oil, and Quinlan and Weiser (2) also chro- 
matographed a glyceryl system. Malkemus and Swan 
(3) developed a procedure for the analysis of poly- 
ethylene glycol ester mixtures, based on extraction. 

This paper is concerned with the application of the 
chromatographic method of Ravin et al. (1) to esters 
of ethylene glycol, polyethylene glycol, and glycerol. 
Their method was based on the observation of Kauf- 
man and Wolf (4) that silica gel will adsorb the most 
polar component of a mixture of g]yeerides to the 
greatest extent. Ravin et al. employed a mobile phase 
consisting of a series of solvents of increasing polarity 
to separate the components of mixtures of mono-, di-, 

and tristearin and mineral oil. It  was hoped that this 
principle could be applied to any polyhydric alcohol 
and its esters. 

Two solvent systems were developed. The first was 
a slight modification of the eluent system of Ravin 
et al. I t  separated the components of two types of 
mixtures, glyeeryl esters and ethylene glycol esters. 
A second system was developed for the separation of 
polyethylene glycol ester mixtures. 

The exact weight compositions of the ester mixtures 
chromatographed were determined by adding to- 
gethcr the weights of the residues found in all frac- 
tions under each peak. The positive identification of 
the peak material was made by interpretation of in- 
frared spectra and saponification values. 

To determine whether this method of analysis was 
as general as it was originally hoped to be, the effects 
of such factors as unsaturation in the acid moiety 
of the glyceryl esters or a change in the molecular 
weight by 100 or 200 of the polyethylene glycol were 
investigated. 

Since glyeeryl ester mixtures which are to be ana- 
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lyzed often contain only a small amount of the mono- 
glyeeride, an extraction procedure prior to the usual 
chromatographic technique was investigated as a 
means of accurately analyzing concentrations as low 
as 1%. 

:Experimental  

Apparatus. A 20-mm. borosilicate glass chromato- 
graphic eolmnn 45 era. long was used. The column 
was packed by using' a close-fitting glass plunger. 

Aluminum moisture pans 
Reagents. Benzene, thiophene-free 
Methanol, anhydrous,  reagent grade 
Isopropyl  ether, purified by washing with ferrous 

sulfate solution to remove peroxides, washing 
with water, then drying over calcium chloride 
and distilling. 

Chloroform, reagent grade 
Isooctane, ~ 99.5% 
Anhydrous  ethyl ether, reagent grade 
Absolute ethanol, aldehyde-free 
Silica gel, 1)avison No. 922,'-' through 200 mesh, 

used as supplied from the commercial source 
without fur ther  treatment 

All commerc, ial ester mixtures were used as sup- 
plied by the C. P. Ilall Company. 

Chromatograph.ic l'roct~durc. The only difference 
in procedure in the chromatogral)hie analysis of ester 
mixtures of the three types of polyhydric alcohol is 
in the e.oml)osition of the mol)ile phase and in the 
special cxtraclion procedure used to (tetcrmine the 
I)reselme of s n l a l l  anl()llll~rS o f  monogly(,eri(h,. 

Twenty-five grams of sili(,a gel, l)r('wettcd with 
t)cnzenc, were I)aeke(l into the column in the usual 
maturer. Benzene was alh)wcd to l)er('ohtte through, 
and a solvmd head which gave a drop rate of ap- 
proximately 15 to 25 drops 1)er mimlte was estal)lished. 

A 250-rag. sample was diluted to 10 ml. with ben- 
zene. This solution was then quanti tat ively trans- 
ferred onto the ehromatogral)hic column. 

Tim following eh:lent systems were used to obtain 
chronmtographic resolution : 
For glyceryl ester nfixtures and ethylene glycol (,ster mixtm'(,s 

E l u ( m t  Volume,  nil. C o m p o s i t i o n ,  e~ ( v / v )  

A / 60-90 J 40% isopropyl ether in iso-octane 
]3 60 70 ~ ethyl ether in iso-octane 
C I 80 I 20~ eth:lnolinisol)ropvlether 

For  l )o lye thy]ene  glycol  (,sier m i x t u r e s  

A 30 3% methnnol in isoprol)Yl ether 
]3 120 12(~ m(,tlm sol in isol)rOl)yl ether 
(? 50 10% methanol in chh)roform 
]) 120 35~ m(,thanol ill chloroform 

Teu-nd. fractions from the cohmm were collected 
and transferred to tared alumimnn moisture pans. 
The solvents were permitted to cwq)orate, and the 
pans were reweighed. Blank determinations were run 
simultaneously. 

Extraction Procedure to 1)cl~'rm.inc Small Amounts 
of Mon.oglyceride. A 5-g. sample is weighed, melted, 
and extracted with 5 ml. of absolute ethanol. The ex- 
tract is removed from the residue by a decantation 
and filtration procedure. This procedure is repeated 
until 30 ml. of extract are collected. The extracting 
solvent is evaporated off at 5()°C. The residue from 

i Eastman ()rI4"ani(. (~l/enlicals, I)istillation I't'odu('ts Industries,  Ro('h- 
e.~ter, N. Y. 

:~ l ) a v i s o n  ( ' h ( , m i m d  ( ' O t l l l ) a n y  , t ~ a [ t i n l o r ( , ,  Md. 

this evaporation is dissolved in benzene, and the chro- 
matographic procedure previously described for analy- 
sis of glyceryl ester mixtures is carried out. As a 
fur ther  precaution, this procedure is repeated with 
20 ml. more of extract. 

Resul t s  and Discuss ion  

In  the analysis of the mono-, di-, and triglycerides, 
resolution for the first peak, the tristearin peak, was 
not obtained when the suggested eluents of Ravin 
et al. were used (Figure  1). A decrease in the polari ty 
of the first eluent by increasing the percentage of 
iso-octane present improved the resolution (Figure  
2). The best resolution was obtained when 40% iso- 
propyl ether in iso-oetane was used. 

To show the sensitivity of the method, chromato- 
grams of cottonseed oil, a triglyceride, and of cotton- 
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Fie. 3. Chromatograms of Wesson Oil and Wesson Oil with 
a small amount of mono- and diglyceride added to it. 

seed oil containing small amounts  of added mono- 
and diglyceride were made. F igure  3 shows the peaks 
are all well defined. 

Although small amounts  of monoglyceride and di- 
glyceride can easily be detected by this method, it 
was thought  that  both the accuracy and the precision 
of the method could be great ly  improved by concen- 
t ra t ing  the di- and monoglycerides by a pre l iminary  
extract ion procedure and running  a chromatogram on 
this extract.  I t  was found that  complete extraction 
of the diglyceride by use of ethanol or other extrac- 
tion solvents was not possible. Nevertheless the mono- 
glyceride was completely extracted with ethanol. To 
demonstrate  the accuracy that  can be obtained in de- 
termining small amounts of monoglyeeride, analysis 
of glyceryl ester samples containing known amounts 
of added monoglyceride was performed.  

F rom Table I it can be seen that  an average re- 
covery at 98% is obtainable with concentrations of 
monoglyceride as small as 1 to 2%. 

Since an extraction procedure to determine small 
amounts of the diglyceride with greater  accuracy 

T A B L E  I 

Recovery  of Smal l  Amoun t s  of Added Monoglycer ide  
E x t r a c t i o n  P r o c e d u r e  

Added  monoglycer ide  Recovered  monoglycer ide  

m.q. % rag, % 
503 0 . 9 8 0  490  97 
755  1 .45 738  98 

758  100  
1015  1 .91 959  95 

Ave rage  .... . . . . . . . . .  .... 98 

T A B L E  I I  

l~ecovery of Smal l  Amoun t s  of Added Dig lyce r ide  
Norma l  C h r o m a t o g r a p h i c  Method 

Added  To ta l  sample  Dig lyce r ide  
d ig lycer ide  recovered  recovered  

% 
4.15  
4 ,18  

A v e r a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 .21 
8 .20  

Ave rage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 .0  
12 .0  

Ave rage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% 
99.7  

100  
99 .9  

98 .7  
99 .8  
99.3  

98.1 
99 .7  
98 .9  

% 
109 
106  
108 

94 .7  
99 .5  
97 .1  

96 .7  
98.2  
97 .5  

5O 
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4O 
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I 0  15 2 0  2 5  
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Fie. 4. Chromatogram of a commercial sample of ethylene 
glycol monostearate. The elating solvents were: A, 40% iso- 
propyl ether in iso-octane; B, 70% ethyl ether in iso-octane; 
C, 20% absolute ethanol in isopropyl ether. 

could not be found, the normal  chromatographic  
method was fu r the r  investigated to see how accu- 
ra te ly  it alone could determine small known amounts  
of diglyceride. As can be seen f rom Table I I ,  as 
little as 8% of diglyceride can be analyzed with a 
fa i r  amount  of accuracy. 

A randomizat ion procedure (5) with linseed oil 
was used to prepare  a mixture  of glyceryl esters con- 
taining unsatura t ion  in their  acid moieties. Chro- 
matographic  analysis of this mixture  indicated that  
unsatura t ion has very little effect on the obtained 
ehromatogram since no shif t ing of the peaks occurred. 

F igure  4 shows the degree of separat ion obtained 
when the same solvent system used for the glyceryl  
ester mixtures  is employed in the analysis of ethylene 
glycol ester mixtures.  An inf rared  spect rum was 
obtained of the mater ial  contained in each peak as 
an identification of the material .  

In  F igure  5 are shown the results of analyzing a 
mixture  of esters of polyethylene glycol 300. There 
are four  peaks present.  The compounds represented 
by these peaks were identified not only by their  
inf rared  spectra but  also by saponification numbers.  
The component  of the first peak was identified as 
oleic acid by its inf rared  spectrum and its acid value. 

Since the sample placed on the column was ra ther  
small for  ord inary  saponification methods, a modifi- 
cation of the micro-saponification method of Marcali  
and Rieman (6) by  Ketchum (7) was used. The dou- 
ble indicator method is accurate to within 5% of the 
theoretical value. Such accuracy is sufficient since 
the saponification number  is determined only as a 
means of identification of the components. As an 
example, the micro-saponification method was car- 
ried out on the mater ial  f rom the second and third 
peaks in the chromatogram of a commercial sample 
of polyethylene glycol 400 distearate. The first peak 
was the free f a t ty  acid. Micro-saponifications showed 
the second and thi rd  peaks to be the diester and the 
monoester, respectively. 

Table I I I  indicates the extent of total recovery ob- 
tainable f rom this adsorption chromatography  pro- 
cedure. The amount  of mater ial  left  on the column 
varies f rom 0.1% to 2% of the weight of the sample 
placed on the column. 

A sample made up of commercial polyethylene gly- 
col 400 monostearate and polyethylene glycol 600 
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F[(~. 5. Chromatogram of a commercial samI)le of poly- 
ethylene glycol 300 ])~ oleatc. The eluting solvents were: A, 
3% methanol in isopropyl ether; 13, 12% methanol lit isopropy] 
ether; C, 10% methanol in (;hloroform; D, 35% methanol in 
chloroform. 

monostearate  was chr<lmaiographed, using the appro- 
pr ia te  ehromatographi(;  system. Only three peaks 
showed up in the ehromatogram. When these same 
two commercial  prepara t ions  were rlln s imultaneously 
on different columns, their  peaks appeared  at approxi-  

'I 'A I~l,I,; I I I  

A n a l y s i s  of  ( ' o m n l i , r c i l d  I';ste'r l>r(>ducts 
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mately the Salln'~ fraction him|her (F igure  6). Thus, 
an in(~rease in molecular weight of the polyethylene 
glycol chain does |lot afro(d, to any  great  extent, the 
ehromatogram obtained by this method of analysis. 

I t  is thought  that  this separation I)rocedlm~ could be 
applied t11 ester mixtures  11t' many  more p(llyhydroxyl 
alcohols than were tried here. The solveld, system 
indieate(l for glyeeryl esters should i)rove effective in 
the separation of ester mixtlu'es (if most s traight-chain 
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:Fro. 6. Chromatogram of commercial samples of poly- 
ethylene glycol 400 monostcarate and polyethylene glycol 600 
monostearate. 

polyhydrie alcohols. The sl)lvent system used for  anal- 
ysis of ester mixtures  of several different polyethylene 
glycols could probably  be apl)lied to any polyethylene 
glycol ester m ixt u re. 

S u m m a r y  

A iir(~(.e(Iure fro' lhe (:hromalographi(; Sellaratiol| 
and deierminati<ln (if the ester mixtures  <|f glycerin, 
ethylene glycol, al|<l II(llyethyhme glycol is presente(]. 
The allsorbent is sih,a gel, and the mobile phase is a 
series of solvents with im.reasing i)olarity. A proee- 
1lure fl|r ( lua| | t i tative deternlination of small amounts 
of lnOnoglyceride I)rcsenl in a gly| 'eryl ester mixtnre  
is l)resente<l. 

A solve11~ system different l'rln|l that  used for glyc- 
eryl aml ethylene glyc<ll esier mixtnres was developed 
t'(|r ester mixtures (if ll(llyethylene glycols. The esters 
(if I)(llyeihyh'n(, glycols with average mole<mlar weights 
(d" 300 600 were shown to give !he sam(, ( 'hron|atogram. 
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