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The solubility of tristearin has been determined quantitatively in hexane, benzene, carbon tetrachloride, chloroform, 
ethyl acetate, acetone and ordinary unhydrogenated cottonseed oil. The solubility of this triglyceride is decreased mark- 
edly by increased polarity of the solvents. In  the presence of solvents, tristearin exhibits three distinct solubility curves 
corresponding to the three crystalline forms established previously by melting point determinations and X-ray measure- 
ments. The occurrence of a fourth crystalline form reportedly melting at 70” is not confirmed by the solubility studies. 

The polymorphic behavior of the triglycerides 
has received more attention than all other aliphatio 
compounds. Probably because of differences in 
reported results, particular emphasis has been 
placed on investigation of the saturated, single-acid 
triglycerides. Malkin,2-3 Lutton4+ and others7V8 
have reported numerous attempts to characterize 
the several crystalline modifications of these tri- 
glycerides by correlating their observed melting 
points with the X-ray diffraction measurements of 
the respective crystal lattices. Until recently, 
there has been some question as to whether three 
or four ba,sic configurations of triglycerides occur, 
and the various investigators have differed further 
over correlation of observed melting points with 
the respective crystal forms revealed by the X-ray 
diffraction studies. It now appears that three dis- 
tinct crystal forms of the saturated, single-acid 
triglycerides have been established quite defi- 
nitely.9p lo 

With th.e exception of a report on solubilities in 
aceto- and butyroglycerides,“ no solubility studies 
comparable to those on other aliphatic compounds 
have been reported for the triglycerides. This 
paper reports the solubility of tristearin in hexane, 
benzene, carbon tetrachloride, chloroform, ethyl 
acetate, acetone and ordinary unhydrogenated 
cottonseed oil. The observed polymorphic be- 
havior is correlated with the known thermal 
characterittics and crystalline structure of tri- 
stearin. 

Experimental 
The tristearin used in this investigation was prepared by 

Dr. R. R. Allen by the interesterification of triacetin with 
highly purified methyl stearate using sodium methoxide as 
the catalyst. The product was recrystallized repeatedly 
from acetone. 

Cooling and heating curves were obtained by the usual 
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procedure used in this Laboratory.l* Fitteen-gram samples 
of tristearin were placed in a jacketed Pyrex t e h t u b e  
equipped with a mercury thermometer and Nichrome wire 
stmer. The thermometerwhich wasgraduatedin0.1” inter- 
vals had been calibrated by the National Bureauof Standards. 
The stirrer was actuated uniformly by means of an oscil- 
lating device operated by an electric motor controlled by a 
Variac transformer. Samples were stirred during cooling 
only until crystals appeared; the samples were not stirred 
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Fig. 1.-Cooling curve of tristearin showing plateaus at the 
a and 8’ freezing points. 
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Fig. 3.-Heating curve of tristearin after extended holding 
time showing only a plateau a t  the f l  melting point. 

during heating to avoid channeling. For cooling curve 
determinations the jacketed tubes were placed in a water- 
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curves the bath was held a t  about 90'. Time was measured 
by means of an electrical timer, and temperatures were re- 
corded at 100 sec. intervals throughout the cooling and 
heating experiments. The time-temperature curves ob- 
tained by this procedure are shown in Figs. 1-3. 

The solubility of tristearin was determined by the usual 
methods employed in this Laboratory.'*Ja For solubilities 
in the higher temperature ranges, particularly near the boil- 
ing points of the solvents, weighed amounts of solute and 
solvent were sealed in small glass tubes which were rotated 
slowly in a 4-1. water-bath. Temperatures of the bath were 
increased gradually or held constant a t  desired levels by 
means of a special Glas-Col heating mantle. 

For solubility measurements in the lower temperature 
ranges, weighed amounts of the components were put into 
jacketed test-tubes similar to those used for the cooling and 
heating curve determinations. The temperature of the 
samples was raised or lowered by the use of water-baths of 
appropriate temperatures. 

In  both solubility procedures, temperatures a t  which 
visible changes occurred in the samples were recorded. The 
solubility curves shown in Figs. 4-7 were obtained by 
plotting solution temperatures against weight per cent. of 
solute. 

The solvents were similar to those used in the previous 
solubility studies. They were of the best grade commer- 
cially available and were freshly distilled through a Stedman- 
packed column before use. The cottonseed oil used was a 
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Fig. 4.-Solubility of tristearin in hexane and in benzene A. 

bath maintained at  about 40" after initially heating the 
samples to 100' to destroy all crystal nuclei.8 For heating 

(13) P. L. DuBrow, C .  W. Hoerr and H. J .  Hsrwood, J .  Am.  C k e n .  
SOC., 74, 6241 (1952). 
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Fig. 5.-Solubility of tristearin in carbon tetrachloride and in chloroform A, 

high-grade, refined, winterized, unhydrogenated oil ob- 
tained from regular plant production. 

Results and Discussion 

If, however, a sample is held for an hour or two 
at  temperatures a few degrees below the 0' freezing 
point (or overnight a t  room temperature), a curve 

The behavior of tristearin during cooling and like that in Fig. 3 is obtained upon heating. IJn- 
heating shown in Figs. 1-3 is generally typical of der these conditions, transformation from the 
long-chain compounds which exhibit more than one 0'- to  the @-form is complete, and only the melting 
crystalline form.I4 The curves for tristearin are of this latter form is observed. 
quite similar to  those obtained for other triglyc- It will be noted in Fig. 1 that there is an inflec- 
erides.6 tion in the cooling curve in the neighborhood of 

The cooling curve in Fig. 1 shows that tristearin 720. This inflection, which is reproducible, sug- 
begins to crystallize from the liquid in the a-form. gests that the energy of the system has been reduced 
I n  ft matter of minutes, transformation causes the to such an extent that there occurs some sort of 
temperature of the sample to rise to  the @' freezing preliminary orientation which restricts the free 
point and crystallization in this latter form con- rotation of the molecules in the liquid state, No 
tinues until the sample has solidified. visible crystallization occurs during cooling until 

If the sample is heated as soon as crystallization the a freezing point is reached. 

curve in Fig. 2 is observed. The initial portion of crystalline forms of tristearin were from 
the curve below 64.5" represents melting of mix- the cooling and heating curves: 
tures of the a- and 0'-form; between 64.5 and 72" 

is essentially complete, behavior shown by the The following freezing and melting points of the 

mixtures of 0' and @ are melting. Insufficient Lit. m.p., 
quantities of the @-form were present in this sample Form F.P., "C. M.P., o c .  O C . ~ , l O  

to  produce a 72" plateau. a 53 5 . .  54 0 

Soc., 67, 1542 (1945). B . .  73.0 73 0 
(14) E. J. Hoffman, C. W. Hoerr and A.  W. Ralston, J Am Chem. 6' 63.5 64.5 64 5 
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Fig. 6.-Solubility of tristearin in ethyl acetate 0 and in acetone A. 

The a freezing point determined by this method is 
about 0.5” lower than the reported a “cloud 
p o i ~ i t . ” ~ , l ~  The other values indicate that the 
purity of the tristearin used in these experiments 
was equal to  that reported elsewhere.g.’O 

The solubility curves in Figs. 4-7 show that tri- 
stearin is more soluble in the non-polar solvents 
than in those of higher polarity. It is somewhat 
more soluble in the chlorinated hydrocarbons than 
in hexane or benzene. Its solubility in cottonseed 
oil corresponds quite closely to that in the simple 
ester, ethyl acetate. I n  the highly polar solvents, 
such as methanol and acetonitrile, the solubilit>y 
of tristearin is so limited (determined approximately 
as 1-2y0 in boiling solvent) that its systems with 
these solvents exhibit immiscible liquid regions over 
most of the concentrat8ioti range a t  temperatures 
above the /3 melting point. 

The noteworthy feature of these solvent systems 
is the fact that tristcariti exhibits a distitict solu- 
bility curve for each of its three crystalline forms 
i n  each of the solveiits investigated. In  every 
case, the triglyceride precipitated from isotropic 
solution a t  temperatures oti the curve for the 
a-form. If the mixtures are heated slowly, the 
solute gradually dissolves until almost clear soh- 
tion is obtained in the neighborhood of t,he /3’ curve. 
As temperatures on this curve are approximated, 
however, the material abruptly reprecipitates it1 
its intermediate-melting form. As heating is 
continued this material gradually redissolves until 
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final solution is obtained a t  temperatures on the p 
curve. 

The a or 0‘ crystals which are precipitated upon 
cooling can be caused to  dissolve to  isotropic solu- 
tion at  temperatures on their respective solubility 
curves by placing the mixtures immediately in 
baths of appropriate temperatures. If the pre- 
cipitated crystals are maintained for some time 
(a half-hour or more) a t  temperatures below the 
p’ curve, no apparent solution occurs upon heating 
until temperatures of the p curve are attained. 

Visible observation of the crystals during pre- 
cipitation from solution seems to confirm reports 
that the a form is definitely ~ r y s t a l l i n e 9 ~ ~ ~  rather 
than “ v i t r e ~ u s ” . ~  This lowest-melting form pre- 
cipitates as transparent platelets which transform 
wit,hin a short time to  a visibly more opaque form. 

I t  was found that by seeding isotropic solutions 
which were maintained a t  appropriate predeter- 
mined temperatures, tristearin could be induced 
to precipitate in either the p’- or p-forms. As in 
the case of experiments in the absence of s ~ l v e n t , ~  
t,his proved to be a difficult and tedious procedure. 
It1 all cases, the higher-melting forms were obtained 
far more readily by trftnsformation of the lower- 
melting forms. 

As was observed in the cooling curve experi- 
ments, the crystalline transformations of tri- 
stearin in the presence of solvents always proceed 
irreversibly from a- to  /3’- to p-forms. The rate of 
transformation appears to  be much the same in all 

. . ””- . ,I ~ 
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Fig. 7.-Solubility of tristearin in cottonseed oil. 

the solvents, and does not seem to be altered ap- the solubility determinations possess melting points 
preciably by change of concentration of the which coincide with those which have been es- 
solute. tablished by other meth~ds.~*'O The occurrence of 

The solubility studies confirm clearly that tri- a form melting a t  70°, designated 0' by Malkin13 
stearin exhibits three distinct crystalline forms is not confirmed. If this form exists, it is highly 
which have already been characterized by unique probable that the solubility studies would have 
lattice spacings. The three forms evidenced by evinced some indication of the fact. 


