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T HAT 1-monostearin is capable of existing in three 
different crystalline forms has been established 
by several investigators (1, 2, 3, 4), using x-ray 

diffraction and thermal techniques. Lutton and Jack- 
son (5) in a recent publication present the x-ray 
spacing measurements and thermal data for four dis- 
tinct polymorphic modifications of 1-monostearin. 

In the invest igat ion reported here the expansi- 
bilities of the four established polymorphic forms 
of 1-monostearin were determined over the complete 
melting range from solid to liquid, thus relating the 
specific volume of each form to temperature. The 
volume change associated with the transition of one 
crystalline form to another and the melting dilation 
of each crystalline form was calculated from the ob- 
served expansibilities of the solid and liquid states. 

Experimental 
Materials. 1-Monostearin was prepared by reacting 

purified stearic acid with 36.2% U.S.P. glycerol in 
the presence of 0.1% sodium hydroxide, at 200°C. 
for 3 hours. Soaps and catalyst were removed by 
acidifying with acetic acid, and the crude product 
was washed several times with hot water. Di- and tri- 
ester reaction products were removed by fractional 
crystallization from a 70% isopropanol-water solu- 
tion. The monostearin fraction was further purified 
by slow separation from commercial hexane at 25°C. 
at a product-solvent ratio of 1:6 by weight. The 
purity of the monostearin was at least 99% as indi- 
cated by its heating curve (6), and 99.2% by peri- 
odic acid oxidation analysis (7). During the course of 
the investigation the purity of the material decreased 
to 94%, probably due to thermal decomposition. 

The polymorphic forms of the purified monostearin 
were obtained by the method of Lutton and Jackson 
(5), by which the as-(sub-alpha)-form results from 
rapid cooling of the melt, the fl'-(beta prime)-form 
by fairly rapid crystallization from 1:300 commer- 
cial hexane solution, and the fl-(beta)-form by slow 
crystal l izat ion from 1:6 commercial hexane solu- 
tion. The a-(alpha)-form is not obtained directly at 
room temperature but exists only when the as-form 
is warmed to approximately 49°C. Capillary melting 
points as determined in a fixed-temperature bath were 
74.2 °, 77.8 °, and 81.8°C., for the a-, fl'-, and fl-forms, 
respectively, closely agreeing with 74 ° , 78 ° , and 81.5 ° 
C. as reported by Lutton and Jackson (5). 

The as-, fl'-, and fl-forms of monostearin are illus- 
trated by the x-ray diffraction patterns which are 
reproduced in Figure 1. 

Expansibility. The expansibility of monostearin 
was measured with gravimetr ic- type dilatometers, 
and melting dilations of the various crystalline forms 
were calculated by the method described in previous 
publications (8, 9). The as-, fl'-, and fl-forms of 

Ono of the laboratories of the Bureau of Agricultural and Industrial  
Chemistry, Agricultural Research Administration, U. S. Department of 
Agriculture. 

Fla. 1. X~ray diffraction patterns of monostearin: (1) beta 
form, (2) beta prime form, (3) sub-alpha form. 
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monostearin were placed in dilatometers, which were 
then evacuated and filled with mercury. Expansi- 
bilities were determined for each sample, beginning 
at --38.86°C. and proceeding by small temperature 
increments to approximately 8 ° beyond the melting 
point of the highest melting sample (fl-form). Meas- 
urements of the expansibility of both the a- and fl'- 
forms of monostearin in the temperature range from 
about 50°C. to their respective melting points had to 
be made rapidly because these two forms are known 
to transform (5') to the fl-form at some temperature 
below their melting points. However the transitions 
are somewhat sluggish as the a- to fl-transition in a 
capillary tube required from 4 to 6 hours at 70°C. 
Measurement of the expansibility of the a-form of 
monostearin from the solid to the liquid state was 
made rapidly enough to avoid substantial transition, 
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but  the fl '-form began to t ransform to the fl-form 
before the determination of the expansibili ty of this I.IC 
form could be completed. 

The absolute density of liquid monostearin was j ,.oE 
found by  the pycnometer  method to be 0.9039 g./ml. 

,.o~ at 85°C. LJ 
The specific volume of the fl '-form appears to be ~ ,.o~ 

high, possibly on account of incomplete wetting of -J o 
the powdered sample by  the confining mercury.  How- > ,.o2 
ever the fl'- and fl-forms were confined under  identical o 
conditions, and no difficulty was experienced with the ,7 ,oo 
lat ter  form. hi'# 0,98 

Resul ts  and Conclus ions  ~o 
Data for the specific volumes of the polymorphie o96 

forms of monostearin at ~38.86°C.,  the melting dila- o94 
tions of each form, and the expansibilities in the 
solid state are included in Table I. Discontinuity 

T A B L E  I 

Expansibi l i ty in the Solid State, Specific Volume, and  Melting Dilation 
of the Beta-, Bet~ Prime-, and  Sub-Alpha-Forms of 1-Monostearin 

l~orm 

h o ~  ................................ 
B o ~  pr ime ...................... 
Sub-alpha ....................... 

Expansi-  I Specific bility in 
solid state, a t v°lume'b 

ml./g.l°G. ] ~d.lg. 
0.000241 0.9419 
0.000291 1.0307 
9 .000303 0.9515 

Melting 
dilation, 

ml./g. 
0.1367 
0.0610 
0.1292 

=--36 ° to nUl2°C, 
ba t  - -38 .66°C.  

in the specific volume of all forms was detected at 
about  12.5°C. and tentat ively assigned to premelting. 
The final melting points, determined dilatometrically, 
were 81.2 ° and 74.2°C. for  the fl- and a-forms of 
monostearin, respectively. The fl '-form transformed 
before melting and the dilatometric melting point of 
this form was not determined. The melting dilation 
of the fl'-form was calculated at the capillary tube 
melting point (77.8°C.).  E x p a n s i b i l i t y  of the liq- 
uid state, the same for  all forms, averaged 0.000920 
ml. /g . /°C.  The specific volume at 85°C. was 1.1063 
ml./g. The specific volume as a function of tempera- 
ture of each of the polymorphic forms of monostearin 
is shown graphically in Figure  2. The fl-form ap- 
pears to be the most dense, unlike the results of 
Lut ton and Jackson (5), who observed the fl-form to 
be less dense than the as-form. However the spread 
in densities is very  small. 

Transition of the as- to the a-form of monostearin 
at 48-49°C. involved an increase in specific volume 
of 0.004 ml./g, and was found to be reversible, con- 
t ract ing about 0.008 ml./g. Lut ton  and Jackson (5) 
do not report  a value for  the as-a-transition bu t  give 
the reversible contraction as 0.04 units. 

A comparison of the melting dilations of the stable 
forms of stearic acid and tristearin, as reported in 
previous publications (9, 10), with the correspond- 
ing determination for monostearin, reveals an inter- 
esting relationship. The melting dilations of stearic 
acid, tristearin, and monostearin are 0.1857, 0.1671, 
and 0.1367 ml./g., respectively. On a weight basis, 
the content of stearyl groups in tr istearin is 90.0% 
and in m o n o s t e a r i n  it is 74.6%. Multiplying the 
melting dilation of stearic acid by the stearyl group 
content of tr istearin and monostearin yields values 
for  the melting dilation of tr istearin and monostearin 
of 0.1671 and 0.1385 ml./g., respectively. The ob- 
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FIG. 2. Spec:fic volume as a function of temperature of the 
polymorphic forms of monostearin: (1) beta form, (2) beta 
prime form, (3) sub-alpha form. 

served and calculated melting dilations of tr istearin 
are seen to be identical, whereas they differ only 
1.4% for  monostearin, which could be due to experi- 
mental error  in determining the melting dilation. A 
plot of the melting dilations of stearic acid, tristearin, 
and monostearin as functions of the percentage of 
stearyl groups in each, yields a curve indicating that  
the melting dilations of stearic acid, tristearin,  and 
monostearin are in proportion to the amount of ste- 
aryl  groups present in these materials. I f  this method 
is used to calculate the melting dilation of distearin, 
the value of 0.159 ml./g, is obtained. 

S u m m a r y  

1-Monostearin of 99.2% pur i ty  was prepared and 
the polymorphic forms known as sub-alpha (a~), al- 
pha (a), beta prime (fl'), and beta (fl) obtained, and 
their expansibilities determined over the temperature  
range from the solid to the liquid state. The melting 
dilation of each form was calculated from the ob- 
served expansibilities. 

F rom the values for  the expans ib i l i t y ,  density, 
and melting dilation, the specific volume of any of 
the polymorphic forms of monostearin at any tem- 
perature  from the solid to the liquid state may be 
calculated. 

The melting dilations of stearie acid, monostearin, 
and tr istearin arc in direct proportion to the mole 
percentage of stearyl groups present in each com- 
pound. By means of this relationship a melting dila- 
tion for  distearin was calculated. 
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