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Abstract 
Conjoined Crystals is the name given to a new 

food emulsifier whose special properties are as- 
sociated with its content of glycerol monoester in 
a stabilized a-crystalline form (6). It  consists of 
the mixture of crystals formed by cooling a melt 
containing approximately equal molecular pro- 
portions of certain long chain fat ty acid mono- 
esters of glycerol and of 1,2-propanediol. A 
practical composition contains a blend of glycerol 
monostearate and 1,2-propanediol monostearate. 

Conjoined Crystals disperse readily in water 
and retain this ability for periods of over a year, 
a property which appears to be closely associated 
with their effectiveness in baking and in other 
applications. This water dispersibility contrasts 
With the behavior of the usual modification of 
glycerol monostearate which is difficult to disperse 
i n  water. 

Infrared analysis indicated that the major part 
of the glycerol monoestev in the mixed crystals is 
in the a-crystalline modification. Studies by X- 
ray diffraction supported this conclusion. Thus, 
we have consistently associated ready water dis- 
persibility and the a-form with the enhanced 
emulsifying ability. 

Introduction 

D U R I N G  T H E  COURSE o f  studies on the emulsifying 
action of saturated monoglycerides, glycerol mono- 

stearate was prepared in powdered form by spraying 
the melted material. When freshly prepared, the 
monoester was reffdily dispersible in water, unlike 
the usual form of glycerol monostearate, and the dis- 
persions foamed when shaken. This ready dispersi- 
bility promised to be a useful property since it would 
minimize incorporation problems in baking, and a 
number of applications were envisaged. 

Unfortunately, the preparation lost this ready dis- 
persibility in a short time and became difficult to 
disperse in water like the usual commercial forms of 
glycerol monostearate. 

Studies were therefore made on the effect of com- 
bining a number of related monoesters with the glyc- 
erol monostearate, with the objective of retaining this 
water dispersibility for longer periods of time. The 
most effective mixture found contained approximately 
equal molar proportions of glycerol monostearate and 
propylene glycol monostearate, and was representative 
of the class of monoester mixtures we have called 
Conjoined Crystals (6). The present report (Par t  I) 
covers its properties and some of those of the other 
combinations investigated. The baking and other ap- 
plications are covered in Part  II. 

Infrared (IR) studies, confirmed by X-ray dif- 
fraction, indicated that the major proportion of the 
glycerol monoester in Conjoined Crystals is in the 
a-crystalline form. Loss of water dispersibility on 
standing was accompanied by change to the B-crystal- 
line form. An IR method was developed for deter- 
mining the percentage of the fl-form in such blends 
and used to determine the stability of the a-form on 

1 Communication No. 293. 

725 

storage. 
Melting point studies indicated that Conjoined 

Crystals exist as a "solid solution" (mixed crystals). 
During the work, IR and X-ray diffraction data 

were obtained oil the po]ymorphie forms of glycerol 
monostearate which are reported here. Earlier re- 
ports on this subject were made by Chapman (4,5) 
and Lutton et al. (7,8). IR and X-ray diffraction 
data on the polymorphie forms of propylene glycol 
monostearate are reported for the first time to our 
knowledge. 

Experimen,tal Procedures 
Monoester Preparation. Glycerol monostearate was 

prepared from glycerol and fractionally distilled 
methyl stearate using 0.1% strontium hydroxide eata 
lyst, reacting for I hr at 250C. The glycerol mono- 
stearate was purified by molecular distillation, followed 
by two crystallizations from an ethanol-Skellysolve 
F solvent mixture. Puri ty  was 99.2% 1-monoglye- 
eride by the periodic acid method (1);  fat ty acid 
moiety contained 99.2% stearic and 0.8% palmitie 
acids by GLC (2). The melting point for the a-poly- 
morphic form was 73.5C, and for the fl-polymorphic 
form, 81.5C. 

Glycerol monopalmitate was similarly prepared 
from glycerol and palnlitie acid (Armour Industrial 
Chemical Co., Neofat 16), followed by molecular dis- 
tillation and crystallization. Puri ty  was 98.0% 1- 
monoglyeeride; conlposition was 89.0% pahnitie, 8.8% 
stearie and 2.0% myristic acids by GLC. Melting 
points were 66C and 77.5C for the a and B-forms. 

Propylene glycol monostearate was prepared from 
1,2-propanediol and pure stearic acid using 0.1% 
calcium oxide as catalyst, reacting for 10 hr at 175C. 
Molecular distillation of the reaction product gave a 
fraction with a purity of 99.6% monoester as deter- 
mined by hydroxyl value (3). The fat ty acid moiety 
contained 99.4% stearie and 0.6% pahnitic acids by 
GLC. The B-form of the propylene glycol monostearate 
had a melting point of 56.5C. The a-polymorphic form 
of pure propylene glycol nlonostearate is difficult to 
obtain and its preparation is discussed below. Melted 
and resolidified, purified propylene glycol monostea- 
rate was mostly in the crystalline fl'-form and melted 
at 46.5C. 

Propylene glycol monopahnitate was made from 
reerystallized palmitie acid (Armour, Neofat 16) and 
1,2-propanediol using 0.1% p-toluene sulfonie acid 
as catalyst, reacting for 8 hr at 120C. Molecular 
distillation of the reaction product gave a material 
having 88% monoester by hydroxyl value and a com- 
position of 94.3% palmitic and 5.3% stearic acids by 
GLC. The melting point for the a-polymorphie form 
was 36.5C; for the fl'-form 39.5C; and for the B-form 
42.5C. 

1,3-Propanediol monostearate was made from stearic 
acid and 1,3-propanediol using 0.1% p-toluene sul- 
fonic acid as a catalyst, reacting for 20 hr at 135C. 
Molecular distillation of the reaction mixture gave a 
product which by hydroxyl value was 95.6% mono- 
ester; by GLC contained 93.0% stearic, 3.6% palmitic 
and 3.0% arachidie acids, with a melting point of 53C. 
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T A B L E  I 
I R  W a v e l e n g t h s  for  F o r m s  of Glycerol Fionostearate 

Sub-a a ~8' f~ 
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Ethylene glycol monostearate was prepared from 
reerystallized stearie acid and ethylene glycol with 
0.06% p-toluene sulfonie acid as catalyst, reacting 
for 9 hr at 120C. Molecular distillation of the reac- 
tion mixture gave a product  with a pur i ty  of 100% 
monoester with a fa t ty  acid moiety of 91.5% stearie 
and 7.7% palmitic acids and having a melting point 
of 59C. 

Glycerol monoesters, mainly glycerol monostearate, 
were prepared by the molecular distillation of the 
monoesters from either hydrogenated soybean oil 
(stearie to palmitic acid ratio, approximately 90:10) 
or hydrogenated lard (ratio, approximately 70:30). 
The products contained at least 93% 1-monoglyeeride 
with melting points for  the a-polymorphic form of 73 
and 70.5C, respectively, and for the fl-form of 77 and 
73.5C. 

Glycerol monoester was made from palnlitic acid 
(Armour,  Neofat 16) and glycerol, reacted with 
strontium hydroxide as a catalyst, and molecularly 
distilled to give a product  having a pur i ty  of 93% 
monog]ycerides. F a t t y  acid composition by GLC was 
91.2% palmitic, 3.7% myristie, and 3.3% stearie acids. 
The melting point for the a-polymorphic form was 
66C; and for the fl-polymorphie form was 75C. 

Propylene glycol monoester was prepared from a 
commercial stearie acid (Humko Products  Division, 
National Dairy Corp., Hystrene S-97) and propylene 
glycol using 0.2% d-10-eamphor su]fonic acid catalyst, 
reacting for 2 hr at 165C. Molecular distillation of 
the reaction product  gave a product  with a pur i ty  of 
93% monoester; composition of 84.8% stearic, 11.6% 

T A B L E  I I  
TY~ ~vVave]engths for  F o r m s  of P r o p y t e n e  Glycol Monos tea ra t e  
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palmitie and 2% arachidic acids; and a melting point 
for the a-crystalline form of 43.5C. 

Preparation of Powdered Emulsifiers. Powdered 
emulsifiers were prepared by melting and spray cool- 
ing with a DeVilbiss paint  spray gun, Type CM501. 

Polymorphic Forms of Glycerol and Propylene 
Glycol Monostearates 

Glycerol Monostearate. The polymorphie forms were 
made according to the procedure of Lut ton  (7). 

sub-a- -By melting the monoglyeeride on one sodium 
chloride crystal of an [R cell and immediately placing 
a cold sodium chloride crystal  on top of the melt to 
solidify the monoglyeeride rapidly below the a/sub-a 
transit ion temperature,  or by a slow cooling of the 
monoglyceride in a heated cell to a temperature  below 
the a/sub-a transition temperature.  

a - - B y  melting and cooling the glycerol monostea- 
rate to a temperature  above the a/sub-a transition 
temperature.  

f l ' - -By  a very  rapid crystallization from a 300:1 
ratio of ethyl ether to monoglyceride using a d ry  
ice-acetone bath, a rapid filtration through a dry  ice 
chilled Biichner funnel with the residual ether re- 
moved cold under  vacuum. 

f l - -By  either a slow solvent crystallization or by 
waiting for the ~ to fl-crystalline shift to occur. 

Propylene Glycol Monostearate. The polymorphic 
forms and the allocations of crystal s t ructure  were 
made on the basis of melting points and infrared and 
X-ray diffraction studies. 

a - -P rep a red  in a melted and cooled sample when 
small amounts of impurities such as propylene glycol 
monopalmitate or propylene glycol distearate are 
present. 

f l ' - -By  a very  rapid crystallization from a 200:1 
ratio of ethyl ether to propylene glycol monostearate 
free of impurities, using a d ry  ice-acetone bath, a 
rapid filtration and the residual ether removed cold 
under  vacuum. 

f l - -By  a very  slow crystallization f rom acetone. 
The ~-crystalline form shows good stability. The fl'- 

polymorphic form shifts to the fl-form af ter  several 
years of storage. 

Studies of the Polymorphic Forms of Glycerol 
and Propylene Glycol Monostearates 

By Infrared Analysis. Ilg absorption curves were 
prepared using a Perkin-Elmcr Model 21 IR spectra- 
photometer. With the exception of the a and sub-a 
forms of pure glycerol monostearate, all the poly- 
morphic forms were examined as Nujol mulls. Because 
of the instabili ty of the ~ and sub-a forms of pure 
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Fro. 1. Par t i a l  IR  spectra  of crystal l ine forms of glycerol 
monos teara te :  1, a ;  2, sub-a;  3, fl '; 4, ft. Pa r t i a l  I E  spect ra  of  
crystal l ine forms of  propylene glycol monos teara te :  5, a; 6, 
~' ;  7 ,~ .  

glycerol monostearate,  measurements  were made in 
the IR  cell in which they were prepared.  

Table I lists the principal  bands with relative 
s t rengths  of absorban*ee for the four  polymorphie  
forms of glycerol monostearate,  as indicated by our 
measurements.  Table I I  notes similarly the pr incipal  
bands and relative strengths of absorbance observed 
for  the three polymorphic  forms of propylene glycol 
monoste'arate. 

F igure  1 shows the IR  absorption curves f rom 11 
to 12.5 ~ for the sub-% a, fl' and fl-poIymorphic forms 
of glycerol monstearate  and a, fl' and fl-polymorphic 
forms of propylene glycol monostearate.  

Determination of the Percentage of Glycerol Monostearate in 
fl-Crystalline Form 

An I R  procedure was devised for  determining the 
percentage of the fl-erystalline form of glycerol mono- 
stearate in mixtures  of glycerol and propylene glycol 
monostearates (Fig.  2). 

Calculations are based on the ratios of the absorb- 
ances at 11.77 and 12.05 ~. Base lines are drawn f rom 
11.10 to 12.20 g and f rom 11.95 to 12.20 ~ and the ab- 
sorbanees at 11.77 a n d  12.05 ~ are determined f rom 
these base lines. The formula  is: 

Per  cent fl-form of glycerol monostearate = 
100 ( A / B ) / C ,  where 

A = absorbance at 12.05 
B = absorbanee at 11.77 g, and 
C = mole fract ion of glycerol monostearate.  

Curve 1, F igure  2 is typical  of a f reshly p repared  
sample of Conjoined Crystals composed of glycerol 
monostearate and propylene glycol monostearate.  
Curve 2 was obtained for  a sample which had been 
stored for two years. Curve 3 was obtained for  a 
sample which was obtained by mixing equal molar  
proport ions of a powdered glycerol monostearate 
which was 100% in the B-form with powdered propyl-  
ene glycol monostearate.  

Identification of the fl'-Crystalline Form of Propylene 
Glycol Monostearate in Conjoined Crystals 

I R  speetrophotometry of many  samples of Con- 
joined Crystals has shown that  within a few weeks a 
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F~G. 2. IR  curves i l lus t ra t ing the de termina t ion  of  the per- 
centage of fl-crystalline form of glycerol monos teara te  in a 
sample of  Conjoined Crystals,  50:50 blend on molar  bas is :  1, 
0% of glycerol monostcara te  in fl-form; 2, 26% of glycerol 
monosteara te  in fl-form; 3, 10'0% of glycerol monosteara te  in 
fl-form. 

very weak peak at 13.73 ~ develops. The sub-a and 
fl '-forms of glycerol monostearate,  and the fl' and 
fl-forms of propylene glycol monostearate have ab- 
sorbance in this region of 13.73 ~. Any  change f rom 
the a to the sub-a-form of the monoglyeeride should 
occur immediately at room tempera ture  (7).  Other 
peaks characteristic of the fl ' -form of glycerol mono- 
s tearate  and the fl-form of propylene glycol mono- 
stearate were not present. Therefore,  we concluded 
that  some change of the m-form to the fl '-fornl of 
propylene glycol monostearate occurred. Suppor t ing  
this conclusion, a mixture  of the a-form of glycerol 
monostearate and the fl '-form of p ropy lene  glycol 
monostearate gave a similar absorption curve. 

X-ray Diffraction Studies. X-ray  diffractometer 
tracings were p repared  in the Eas tman  Kodak  Co. 
Indust r ia l  Laboratory,  using North  American Phill ips 
X- r ay  equipment.  The powder sample was packed in 
a one-inch diam cup and rotated in the specimen 
holder. Diffractometer tracings were made over the 
range of 4-50 degrees, 2 0, using copper K alpha- 
radiat ion at  40 kv and 20. ma. 

The pr incipal  lines and relative intensities f rom 
the diffraction pat terns  of glycerol and propylene 
glycol monostearates in their  various polymorphic  
f o r m s  are noted in Table I H .  

The pa t te rns  of the a, fl', and fl-polymorphie forms 
of glycerol monostearate agree well with those de- 
scribed in the l i terature  (7,8). The pa t te rns  of the 
three polymorphic  forms of propylene glycol mono- 
stearate have not been previously reported.  

Diffraction pat terns  of the fl-polymorphie forms 
of the two monoesters have little s imilar i ty  and can 
easily be differentiated. 

As a method of identification of the polymorphie  
forms of glycerol monostearate or propylene glycol 
monostearate,  X- ray  diffraction is as effective as I R  
analysis, with the exception that  both the a-forms of 
glycerol monostearate and propylene glycol mono- 
s tearate  give similar X - r a y  diffractometer tracings. 

X - r a y  diffraction is also less effective than  I R  analy- 
sis in detecting small changes in the amount  of the 
fl-form of glycerol monostearate in Conjoined Crystals  
preparat ions.  However,  X- r ay  diffraction can detect 
a change f rom the a to the f l ' - form of propylene glycol 
monostearate i n s u c h  prepara t ions  bet ter  than  II~ 
analysis. 

We concluded f rom the X- ray  diffraction and I R  
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T A B L E  I I I  

X-ray Diffract ion Data  of Glycerol Monostearate  an4 Propylene G17col Monosteara te  

a-GIr 

18.0 
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4.2 

R I  

V W  
V W  
V W  
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13,5 
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R I  
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R I  
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R I  
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5.0 
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' / i  
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V W  
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W 
W 
W 
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VW 
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4.58 
4.43 
4.24 
4.15 
3.88 
3.80 
3.72 
3.53 
3.45 
3.35 
3.15 
2.98 
2.80 
9.66 
2.54 
2.45 
2.38 
2,27 
2.17 
2.08 
2.00 

~ ' - G N S  ~'-PMS B-G~S 

R I  d I RI 

- - I  S 15.4 W 
S 10.3 I M 
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VW W 5 6  5.2 W W 

V W  5.0 VW 
S 4 7 W 
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W 3"5! S 
W 3.5: VS 
VS 3.3( VW 
W 3.0( W 
W 2,5~ W 
W 2.3! W 

VW 2.2, M 
W 2,1! W 
2Vl 2.0'  W 

VW 1.9 <, W 
VW 1.9; W 
VW ...... 
VW ...... 

W ...... 
W ...... 

W ...... 
W ...... 

d ~ I n t e r p l a n e r  spac ing  in Angstroms.  
R I  = Rela t ive  In tens i ty ,  ( In tens i t i e s  are inf luenced by pack ing  procedure  used in loading  cup. They are es t imat ions  based on he ight  of the diffraction 

peak.)  
V S - - v e r y  s t rong ; V W I v e r y  weak ; M I m e d i u m  ; S - - s t r o n g  ; W--weak. .  

measurements  that  there is no evidence of interaction 
or complex formation in Conjoined Crystals prepara-  
tions. 

X i r a y  diffraction pattern~ were sensitive enough 
to detect the beginning of a change f rom the a to the 
fl ' -form of propylene glycol monostearate which oc- 
curred in one day. The pat terns  also showed that  
only t h e  a-form of glycerol monostearate and the a 
and B'-forms of propylene glycol monostearate were 
present.  The format ion of small amounts of the fl'- 
form of glycerol monostearate was detected both by 
I R  analysis and by X-ray  diffraction patterns.  

The B-form of propylene glycol monostearate was 
not found in these compositions by either I R  or X- ray  
diffraction analysis. 

Melting Point-Composition Curves. Figure  3 is a 
melt ing point-composition curve for  glycerol mono- 
palmitate  and propylene glycol monostearate.  This is 
an isomorphous system (solid solution). Higher  melt- 
ing points were noted af ter  3 and 18 days for composi- 
tions containing up to 60 molar per cent of propylene 
glycol monostearate.  I R  analysis showed this in- 

crease in melt ing point to be associated with a change 
in the glycerol nlonopalmitate f rom the a to the B- 
crystalline form. 

F igure  4 is the melt ing point-composition eur'~e for 
glycerol monostearate and propylene glycol monostea. 
rate. This system is also isomorphous. Mixtures con- 
taining molar percentages of 0, 10, 20, and 30 of 
propylene glycol monostearate showed an increase in 
melt ing point, on aging for  6 days and 20 days. I R  
analysis indicated that  this was associated with a 
change in the glycerol monostearate f rom the a to 
the B-crystalline form. Mixtures containing molar 
percentages of propylene glycol monostearate greater  
than 30 showed no increase in melting point on aging 
for these periods. IR  analysis indicated little or no 
change in the glycerol monostearate to the B-crystal- 
line form. 

Effect of Changes in Composition on Properties. 
The rate of change to the B-crystalline form of glyc- 
erol monoesters in mixtures  of glycerol monoesters and 
glycol monoesters f rom various sources of stearic and 
palmitic acids (Table IV)  is shown in Table V. The 

. . . . . . . . .  t % 

55 

IO 20 30 40 50 60 70 80 90 IO0 

Molar percentage PGMS 
FIG. 3. Melting point diagram of glycerol monopalmitate and 

propylene glycol monostearate: 1, aged 0 days; 2, aged 3 days; 
3, aged 18 days. 

80 ~ ~ I I [ f I I I I I 
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F~e. 4. Melting point diagram of glycerol monostearate and 
p r o p y l e n e  g l y c o l  m o n o s t e a r a t e :  1, a g e d  0 d a y s ;  2, a g e d  6 d a y s ;  
3, a g e d  2 0  d a y s .  
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T A B L E  I V  
Composit ions,  Mole %, for  Use  wi th  Tables V and V I  

Glycerol esters Glycol esters a 

Example  Mono- Di- F rom Mono- Di- 
Fr0nl  ester ester ester ester 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

Stearic  acid 
Pa lmi t i c  acid 
Pa lmi t ic  acid 
Hydrogena ted  la rd  
Hydrogena ted  la rd  
Hydrogena ted  soybea.n oil 
Hydrogena ted  lard 
Hydrogena ted  soybean oil 
Hydrogena ted  lard, mono- 

diglyceride mixture  
Hydrogena ted  lard, nmno- 

diglyceride mixture  
Hydrogena ted  la rd  
Hydrogena ted  la rd  

49.2 
45.8 
44.0 
50.6 
43.5 
46.3 
38.6 
38.2 
39.8 

34.0 

47.8 
50.3 

0.5 
1.8 
1.7 
2.0 
1.0 
1.7 
0.9 
1.4 

15.1 

11.9 

1.8 
0 

Stearic  acid 
Stearic  acid 
Pa lmi t i e  acid 
Pa lmi t i e  acid 
Stear ic  acid 
Stear ie  acid 
Stearic  acid 
Stearic  acid 
Stearic  acid 

Stearic  acid 

Stearic  acid 
Stear ic  acid 

50.2 
50.3 
50.3 
43.6 
53.7 
50.1 
58.3 
55.8 
41.5 

51.0 

49.2 
49.7 

0.1 
2.0 
4.0 
3.8 
2.0 
2.2 
2.2 
4.6 
3.6 

3.1 

1.3 
0 

" I n  Examples  1 - 1 0  the glycol was 1 ,2-propanediol ;  in  Example  11 i t  was 1 ,3-propanediol ;  in  Example  12 i t  was ethylene glycol. 

corresponding changes from water dispersibility to 
water repellency and loss of frothing ability are 
shown in Table VI. 

A simple test was used to determine water disper- 
sion and frothing of spray chilled products. A 0.2 g 
sample was added to 50 ml of water in a 150 m l  
beaker. By stirring, it was determined whether the 
product  was dispersible in water or had become repel- 
lent to water. A stream of air was passed through the 
dispersion, and the frothing was judged to be excellent 
if over the top of the beaker ; good if the froth reached 
the top of the beaker; and fair  if the f roth  reached 
halfway to the top of the beaker. A more quantitative 
test was also used and will be reported in Par t  II.  

A Conjoined Crystals preparat ion from glycerol 
monostearate and propylene glycol monostearate de- 
veloped only 25% of fl-crystalline form of the glycerol 
monoester af ter  storage for 21 months (Example 1, 
Table V).  During this period, the preparat ion readily 
dispersed in water and retained its ability to f roth 
(Example 1, Table VI) .  

When approximately equimolar mixtures of glycerol 
monopalmitate and propylene glycol monostearate 
were tested, the glycerol monopalmitate shifted rapidly 
to the fl-crystalline form, and the preparat ion became 

water repellent and quickly lost the ability to f roth 
(Example 2). 

In a Conjoined Crystals preparat ion containing 
ca. equimolar blends of glycerol monopahnitate and 
propylene glycol monopahnitate (Example  3), the 
glycerol monopalnfitate shif;ed more rapidly to the 
fl-erystalline form than in the case of the correspond- 
mg monostearates. However, the blend was readily 
water dispersible and showed good retention of its 
frothing ability. 

The Mend of glycerol monoesters from hydrogenated 
lard with propylene glycol monopalmitate (Example 
4) showed a relatively rapid shift to the fi-crystalline 
form of the glycerol monoester. The blend retained 
its water dispersibility, but  quickly lost the ability to 
froth. 

In Examples 5 through 10, the propylene glycol 
monostearate was prepared from a commercial grade 
of stearie acid (Hys t rene  S-97). in  Examples 5 and 
7, in which the fa t ty  acid moiety of the glycerol 
monoester was from hydrogenated lard (ratio of 
stearic to palmitie acid, ca. 70:30) there was a slow 
change to the fi-crystalline form. This was especially 
true in Eaxmple 7, in which the mole ratio of the 
propylene glycol monostearate was increased to 58. 

T A B L E  u 
Beta  Crys ta l l ine  Form of Glycerol 3/Ionoester, % 

Months  at  room tempera ture  
Example  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1 2 -  

- T U  7O 
48 
56 

12 I 
1~ 28 

80 
20 30 

6 

6O 

33 

58 
7 

100 

60 
14 

58 

62 
19 
55 

68 

27 

9 10 11 

15 

18 

9 

12 

15 

2O 

21 

25 

T A B L E  V I  
Wate r  Repellency and  F r o t h i n g  

W a t e r  repelleney F r o t h i n g  in  water  

Example  Excel lent  Good F a i r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Sl ight  
Age 

21 months  

8 months  
5 months  
1 mon th  

19 months  
1 month  

17 months  

6 months  
10 days 

1 month  

Considerable 
Age 

7 days 

6 wk 

3 days 

18 days 
2 months  

Age 

21 months  
7 days 
4 months  

12 days 
1 month  

10 months  
2 months  

17 months  

8 days 
18 days 
27 days 

25 
51 
60 
38 
22 
18 
28 
15 

7 
78 
20 

Age % 

8 months  
22 clays 54 

6 wk 27 
19 months  27 

3 months  33 

2 wk 7 

36 days 24 

Age 

10 days 

1 month 
7 wk 

0 days 
2 months  

24 days 
2 months  

62 

56 
26 

5 
10 

30 
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Water  repelleney and loss of frothing ability in water 
developed af ter  6 and 7 weeks' storage, respectively. 

In Examples 6 and 8, in which the glycerol mono- 
ester was prepared from hydrogenated soybean oil 
(ratio of stearie to pahnitie acid ca. 90:10), a slower 
shift to the B-crystalline form occurred. The blend 
retained its water dispersibility and continued to froth 
even after  1 ~  years '  storage. 

In Examples 9 and 10, the source of glycerol mono- 
ester was a commercial mono and diglyceride product.  
These preparat ions showed poor a-crystalline stability, 
water dispersibility, and frothing ability when the 
mole per cents of the glycerol and propylene glycol 
monoesters were nearly the same (Example 9), but  
these properties were improved by using a 50% molar 
excess of propylene glycol monostearate over glycerol 
monostearate (Example  10). 

1,3-Propanediol monostearate was ineffective in 
stabilizing the glycerol monoester of hydrogenated 
lard in the a-crystalline form, possibly because of its 
dissimilar crystalline modification (Example 11). 

Glycerol monoesters from hydrogenated lard blended 
with ethylene glycol monostearate showed good stabili- 
zation of the glycerol monoester in the a-crystalline 
form and retention of frothing ability (Example 12). 

I t  was concluded from these experiments that a 
composition of Conjoined Crystals, as judged by re- 
tention of the a-crystalline form during storage, and 
by retention of f rothing ability, is obtained by melting 
and solidifying a blend of glycerol monostearate and 
1,2-propanediol monostearate in approximately equal 
molecular proportions. With glycerol monoesters from 
hydrogenated soybean oil and hydrogenated lard, in 
which glycerol monostearate is mixed with other mono- 
esters, such as glycerol monopalmitate, a blend con- 
taining a higher ratio of propylene glycol monoester 
to glycerol monoester gave better stability. 
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Conjoined Crystals. II. Applicadond 
N. H. K U H R T  and R. A. B R O X H O L M ,  Distillation Products Industries, Rochester, N e w  York 

Abstract 
Mixed crystals of glycerol monostearate and 

1,2-propanediol monostearate (propylene glycol 
monostearate) (a useful composition of Conjoined 
Crystals, see P a r t  I) disperse readily in water, 
retaining this p roper ty  for  long periods of time. 
The effect of composition on retention of the a- 
crystalline form of the glycerol monoester in such 
dispersions is discussed. 

The water dispersions foam when shaken or 
when air is blown through the dispersion, a prop- 
erty which appears to be associated with the supe- 
rior activity of the mixed crystals as a food 
enmlsifier. A test method for measuring foam re- 
tention is described. 

The crystals, or their water dispersions, are 
useful in the preparat ion of low-calorie, f ru i t  
" f luf fs ,"  such as whipped applesauce. Sponge 
cakes with fine grain, improved volume, and tex- 
ture were prepared with the water dispersions. 
The crystals are effective emulsifiers in cake mixes 
and bread. These tests are described. 

Introduction 

I N PART I, the preparat ion and physical properties 
of a number of compositions of Conjoined Crystals 

were described. In  Par t  II ,  we repor t  on the properties 
of water dispersions and the application of the crystals 
and /o r  the water dispersions in f ru i t  purees or 
" f luf fs , "  sponge cakes, cake mixes and bread (3).  

Experimental  Procedures and Data 
Monoester Preparation 

Propy]ene glycol monoesters were made from com- 
merical arachidic acid (75% araehidie, 25% stearic) 
and propylene glycol using 0.1% p-toluene sulfonic 

1 Communication no. 294 from the Research Laboratories of Distilla- 
tion Products Industries,  Division of Eastman Kodak Co. 

acid as a catalyst, reacting at 125C for 3 hr, and 
molecularly distilling to give a monoester having a 
pur i ty  of 92% as determined by the official AOCS 
method (2). 

Glycerol monoesters were prepared from part ial ly 
hydrogenated soybean oil having an iodine value 
(I.V.) of 15 by reacting the hydrogenated fat  with 
glycerol and 0.1% stront ium hydroxide catalyst for 
one hour at 245C and distilling in a molecular still 
to give a monester having a pur i ty  of 91% (1) and 
a melting point of 63-64.5C. 

Propylene glycol monoesters were prepared from 
part ial ly  hydrogenated soybean oil having an I.V. 
of 15 by reacting the fa t ty  acids, obtained from the 
hydrogenated fat  by alkaline hydrolysis, with propyl- 
ene glycol and 0.2% d-10-camphor sulfonic acid as 
a catalyst at a temperature  of 165C for one hour and 
molecularly distilling to give a monoester having a 
pur i ty  of 94% with a melting point o~ 36.5-37.5C. 

The preparat ion of glycerol monostearate, glycerol 
monopalmitate, 1,2-propanediol monostearate, 1,3-pro- 
panediol monostearate, and ethylene glycol mono- 
stearate were reported in Par t  I. Glycerol monoesters, 
mainly glycerol monostearate, were prepared by the 
molecular distillation of the monoesters f rom either 
hydrogenated soybean oil (stearic to palmitic acid 
ratio, approximately 90:10) or hydrogenated lard 
(ratio, approximately 70:30). 

The powdered emulsifier used in the "App l i ca t ions"  
section was prepared by spray cooling, as described in 
Par t  I, and contained a molar ratio of 45:55 of the 
glycerol monoesters f rom hydrogenated soybean oil 
and the propylene glycol monoesters prepared from 
a commerical stearic acid (Humko Products  Division, 
National Dairy Corp., Hyst rene  S-97, stearie acid 
to palmitie acid ratio, approximately 90:10). 

Water Dispersions 
Water  dispersions were made by  two methods. In 


