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THOROUGH STUDY of some mono-oleyl disaturated

glycerides has been undertaken here as part of a

program of research into the structure of fats.
Before investigating the behavior of mixtures of di-
saturated triglycerides, it was necessary to characterize
the individual pure glycerides. The present paper re-
cords the melting charaecteristies and polymorphism of
seven mono-oleyl disaturated glycerides (designated
as SOS; POP; OSS; OPP; POS; OPS; and OSP) as
determined by differential thermal analysis and X-ray
powder photography.

TLuatton (1, 2, 3) has studied the polymorphism of
all these compounds while Malkin and Wilson (4)
have studied the first two: SOS and P’OP. Daubert
and Clarke (5, 6) have reported on the first four:
SO8, POP, 0SS, and OPP. The disturbing features
of their publications are concerned with a) their
apparent lack of agreement as to the number of poly-
morphic forms; and b) in particular, the wide di-
versity of reported melting points, X-ray data, and
nomenclature.

In the present paper the nomenclature of Lmtton
has been followed where the X-ray data agrees with
his. Where there is no agreement, the nomenciature
used is made clear in the text. Further, the melting
points are approximate values only and have been
obtained in a manner similar to that deseribed in
Part T of this series.

Experimental

Glycerides Tested. The glycerides used were
samples of those prepared by Davies ef ol. and de-
seribed in another publication (7). They had ana-
lytical constants and X-ray patterns in good agree-
ment with those quoted by Tutton (1,2).

Apparatus and Procedure. The apparatus was
essentially similar to that described in Part I, but
modified in the following manner. The thermocouples
were made of Inconel tubing, with an insulated Ferry
wire through the bore. Both were hard-soldered at
the measuring point. The thermocouple was centered
in the sample holder by means of a polytetrafluor-
ethylene (P.T.F.E.) collar. The copper block (diam.
7.4 cm., height 6.0 ¢m.) was heated by a 43-ohm Ferry
wire heater, fed with 24-30-36 or 42 volts from a
constant voltage transformer.

For a 2°C./min. temperature rise at 30°C. the ac-
tual heat input was about 36 watts. A Tinsley gal-
vanometer (internal resistance 476 ohms) was used to
record the temperature differential.

In this paper the heating rate was 1.5°C./min. ex-
cept where otherwise stated.

The procedure adopted to study the pure triglyc-
erides was as follows. First, the sample was weighed
into the copper cell and melted; the a-form was ob-
tained by ehilling in an ice/salt mixture; this then
was heated in the copper block until the sample re-
mained completely liquid. In this way the form into
which the o-polymorph transformed was obtained.
Next, a solvent-crystallized sample was put in the
copper cell and heated in the copper block from room
temperature. The melt thus obtained was allowed to
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cool slowly to room temperature over-night, and the
solid formed was heated up again to obtain a third
melting curve.

The sample was then treated according to pre-
viously published methods, which were claimed to
vield forms different from those obtainable by the
method already described. The forms recorded in
our tables however were the only ones actually de-
tected.

As far as possible, second samples were treated in
an identical manner and then subjected to X-ray
powder photograph, in order to identify the various
forms.

A Metro-Vick X-ray unit with Cun-Ka radiation
was used ; the sample to film distance was 12.5 em.

Results

2-Oleoyl Distearin (SOS) (Figure 1 and Table I).
Three different polymorphic forms have been identi-
fied. A solid-to-solid transformation occurred from
the « form (obtained by shock chilling) to the sub-8
form at about 23°C. when the o form was gradually
heated from 0°C. Heating at 1.5°C./min. showed the
transformation much more clearly than at 0.5°C./min.

Cooling the melt slowly from 60°C. to room tem-
perature always gave rise to the sub-8 form melting at
36.5°C. The stable 8 form was obtained either from
the melt or by crystallization from acetone. The
melting points showed good agreement.

2-Oleoyl Dipalmitin (POP) (Figure 2 and Table
11). The differential calorimetric method revealed
four polymorphic forms for POP. The « form, ob-
tained by shock chilling, transformed in the solid
state to a form identical with Malkin’s 37 (3), when
heated at 1.5°C./min. or at 0.5°C./min. This treat-
ment was carried out repeatedly on the same and on
different, samples of POP, and in all cases the same
X-ray pattern was obtained, that of 8”. Yet, when
the melting point of this form was determined in the
calorimeter (Figure 2B) or by the ‘‘plunging”’
method, a value of 26-27°C. was obtained ; in one in-
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Fig. 1. DTA curves of 2-oleoyl distearin.
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TABLE 1
2-Oleoyl Dstearin (SOS)

Melting and : b
Pretreatment transition® ! POlﬂlglephm s%ggign o Principal short spacings®
Points
a) Melted, ch1lled at —3°0., cooled T22.4 a-3 sub B8-3 80.6 4,22 (VS)
10 —25°Clrrrreereenseeoernseseeseerenenes 36.8 sub 8-3
b) Melted, cooled slowly to R.T. during 36.5 sub 8-3 72 3.88 (M+), 4.70 (M), 3.60 (W)
i6 hrs., stored at R.T. for 3 days
c) Melted chilled at —3° C., stored 123 41.8 B-3 65.8 4.56 (8), 8.66 (M+), 4.01 (M)
hrs. at 32° C, cooled to —7°C..... 3.78 (M
d) Crystallized from ACELONE voverriseerrered 41.5 B3 64.0 4.59 ((S)é)3.68 (8), 4.02 (MBS)
3.79 (M

take place is marked with the letter T.

a Where transitions occur, the beginning of the .change or the range in which they
The exposures were carried

b The X-ray patterns correspond with the lowest polymorphic forms obtained by each pretreatment.
out at room temperature except for the a forms, which were exposed at 0-5°C.

TABLE 2
2-Oleoyl Dipalmitin (POP)

.1) Meited, chilled at —3°C., cooled T 8.8 a-2 B” (Malkin) 47 4.19 (V8)
50 —10°Curreerrerrrensrressansessssnsenesis 26.8 8”
32.4 —
b) Melted, cooled at R.T. for 2 hrs,, 26.6 i« 68 3.88 (8), 4.73 (M), 4.50 (W), 5.22 (W), 3.59 (W)
then at 0°C. for 15 min.................. T 26.6-30 B” g2
32.5 82 42.4 3.95 (V8), 4.29 (8), 4.13 (M),(8-2)
¢) Melted, chilled at —3°C., 17 hrs.,
at 32°C., cooled to —20°C........... 36.4 B-3 60.6 4.55 (V8), 5.39 (M), 4.03 (M), 3.65 (M)
d) Crystallized from acetoné.....c...oocesd 35.1 8-3 60.2 4.56 (V8), 4.05 (M), 3.78 (M), 5.40 (W)

TABLE 3
1-Oleoyl Distearin (OSS)

Pretreatment thngggﬁ g:)li(llts Polymorphic form s;’}fgﬁg Principal short spacings

a) Melted, chilled at —7°C. 30. sub a 84.7 415 (V8), 8.75 (8)

{or 10 min., cooled T 30.6-34.5 a-3 5’-3

0 —12°Chriiiiiinieniereiiiinriein s 39.6 g-3

b) Melted cooled during 16 30.6 sub a-3 .

hirs. to room temperature .......... 40.1 Bg'-3 70.8 4.04 (8), 8.74 (VS), 4.64 (M), 4.40 (M)
¢) Crystallized from acetone 42.2 B- 70.8 4.06 (8), 3.79 (MS), 4.64 (M), 4.39 (M)

TABLE 4

1-Oleoyl Dipalmitin (OPP)

a) Meilted, chlll(eJd 10 min,

b) Melted, cooled to room
temperamre during 16 hrs.........
¢) Cdystallized from acetone

34

| 83

79.4

67.52
65.02

4.20 (VS)

4.06 (8), 3.77 (8), 4.71 (W)
4.08 (8), .78 (VS), 4.68 (M)

2 The difference of 2.5 wunits in the long spacings of the §-3 forms in these two instances is within the experimental error

of measurement,

The photograph, obtained after the pretreatment under (c), had rather diffuse lines because of slight over-

exposure.
TABLE 5
2-Oleoyl Palmitoyl Stearin (POS)
Melting and Lon
Pretreatment transition Polymorphic form ong Principal short spacings
points spacing
a) Melted, chilled in ice 10 min., 20.8 a-2 48.0 4.20 (VS)
then cooled to 20°C.................oo T 20.8-24.8 a-2 B'-3
30.7 g'-3
b) Melted, cooled slowly to R.T., 4.13 (VS) 3.82 (S+), 4.38 (8)
dumng 12 hrs., cooled to 0°C..........d 30.8 g-3 67.5 4.56 (M)
¢) Melted, chilled at — . for 5
min., then 42 hrs at 32°0. .
cooled to —25°0 35.7 B-3 ] ] e,
d) Crystallized from acetone... 35.5 B-8 63.7 ggg ((V)S) 4.05 (MS), 3.87 (MS)
TABLE 6
2-Palmitoyl Oleoyl Stearin (OPS)
a) Melted chilled at —3°C. for 15 T 10.4 a-2 sub §8-3 —the pattern of the a form was not obtained
.................................................... 38.3 sub §-3 without the presence of some higher form—
b) Meltewd cooled slowly during 16 40.0 sub 8’-3 68.5 4,10 (VS), 3.78 (MS), 4.35 (M)
o R.T.. 4.65 (M)
c) Melted chllled at 39.8 g3 ]
32°C. for 72 hrs,, cooled to —10°C.,
d) Crystallized from acetone .................... 38.7 pB-32 68

2 When crystallized from an

acetone /petrol mixture, the sub §'-3 form was sometimes obtained; this had a gimilar melting point.



Temp. difference between sample &

420

copper bloeck
-
™~
s /

of /
8,8
32.4°
32,57

Temp, difference belween sample &

10
13
a
%

35.1°
°
384 30 40

Temperature of copper block °C

10 20 30 40[20 30 40 ¥
A S

Temp. scale difference
0.5

F1g. 2. DTA curves of 2-oleoyl dipalmitin,

stance however a melting point of 30.6°C. was found.
This latter value is close to the melting point of
Malkin’s 8”7 form (29.0°C.) whereas the former valne
agrees with that for the melting point of Lutton’s
sub-8" form (26.5°C.).

The B” form, when heated at 1.5°C./min. did not
completely change over into a higher form; it did so
however at the lower rate of heating, viz., 0.5°C./min.
Lutton’s f’-2 form was always obtained.

The melting point of 18.1°C. for the o-form, as
quoted by Lutton (1), has been confirmed by a
““plunging’’ melting point on the shock-chilled sample
but not by differential calorimetry. If the sample
was slowly heated from zero®°C. in the calorimeter,
a solid-to-solid transformation took place at about 9°C.
The first melting point then was at 26-27°C.

The stable g-form was obtained either from the
melt or by crystallization from acetone.

1-Oleoyl Distearin (OS8) (Figure 3 and Table
III). Based on Lutton’s data (3) there is evidence
for three polymorphic forms of this glyceride. Only
two forms however can be detected by differential
thermal analysis. On heating a rapidly chilled sam-
ple, the first melting point is at 30.6°C. and the second
near 40°C. These correspond to the « and g’ forms.
Variations in the pretreatment of the sample always
resulted in one or both of these two forms. The X-ray
data also gave only two polymorphic forms, but these
were sub-a and B’. At no time was the X-ray pattern
of an o form found. Very slow cooling from the melt
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to room temperature resnlted in cerystallization in the
B’ form; a small amount of « form was present. Al-
though the melting points of the forms, as obtained
respectively from the melt and by erystallization from
the solvent, did not agree, X-ray and infrared data
showed that the same B” form was obtained in both
cases. This is considered further in the discussion.

1-Oleoyl Dipalmstin (OPP) (Figure 4 and Table
IV). Only two polymorphic forms have been found
for OPP. As previously, the lowest melting form
was obtained by ice-chilling the melt. This form, on
heating to 18°C., transformed into the stable 8" form,
which melted near 31°C. after further heating. The
same form was obtained both by slowly cooling the
melt and by crystallization from acetone. Daubert
and Clarke (6) have reported three melting points
close to those found here, namely 18.5, 29.8, and
345°C. They have designated the forms I, TI, and
ITI. According to the X-ray data for our sample only
two forms were distinguishable.

2-Oleoyl Palmitoyl Stearin (POS) (Figure 5 ond
Table V). For this glyceride three polymorphic forms
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F1g. 4. DTA curves of 1-oleoyl dipalmitin.

have been distingunished. Unlike SOS and POP, there
was no evidence of any solid-to-solid transformation.
The o form, after some melting, transformed into the
B’ form, melting at 30.7°C. This B° form could be
obtained alone by slowly cooling the melt for about
12 hrs. from 50°C. to 18°C. The stable 8 form was
obtained by holding the melt for two days at 32°C.,,
also by crystallization from acetone. The melting
points of the samples produced by these two methods
were in good agreement.

2-Palmitoyl Oleoyl Stearin (OPS) (Figure 6 and
Table VI). In this case a solid-to-solid transformation
occurred when the o form was slowly heated, being
similar in this respect to SOS and POP. Three poly-
morphie forms have been identified for OPS, although
one of these, the 8 form, was obtained only with dif-
ficulty from acetone. The sub-8” form was obtained
by a) heating the « form, b) cooling the melt slowly,
¢) holding the melt for 72 hrs. at 32°C., and d) erys-
tallization in some cases from solvent. As for OSP,
the melting point of the form obtained from acetone
was lower than that of some of the samples obtained
by other means.
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2-S8tearoyl Oleoyl Palmitin (OSP) (Figure 7 and
Table VII). Of the seven glycerides studied, this was
the only one whose heating curves were not easily in-
terpreted. So far, three polymorphic forms have been
identified ; but any satisfactory explanation of the
heating curves, on the same lines as for the other glye-
erides, would require the existenee of four polymor-
phic forms.

The curve obtained by heating the rapidly chilled
samples at 1.5°C./min. showed three zones of melting
and two of heat evolution, The first zone, melting
point 25.5°C., has been identified by X-ray study as
the sub-a form ; the second zone has not been identified
with any form; the third zone was associated with the
B'-2 form, melting point 37°C. The middle melting
zone was obtained by allowing the melt to erystallize
at 28°C. for 45 min.; if held much longer, only the
B’-2 form was obtained. Although the curve obtained
by heating the acetone-crystallized material was very
similar to that of the 8’-2 form, it represented in fact
the #’-3 form and had a slightly lower melting point.
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F16. 5. DTA curves of 2-oleoyl palmitoyl stearin.

Discussion
In general, the results obtained for all seven glyc-
erides were consistent with the data published by
Lutton (1,2,3), except on three main points, and
were in agreement with the pattern of results obtain-
ed by Chapman (8) by employing infrared spectros-
copy. The three points are given below.

1. Differential thermal analysis showed very clearly a 30°C.-
melting form of OSP, which had never before been re-
ported.

2. OSP on rapid chilling crystallized in the sub-a-3 form
whereas Lutton et al. found sub-a-2.

3. Although Lutton et al. and the present author found a
27°C.-melting form of POP, their X-ray patterns do not
agree. The pattern given in Table II is in agreement
with the 8” form of Malkin and Wilson (4) and is similar
to the sub-8-3 type reported by Lutton et al. for SOS.

Similarities between certain glycerides were evident,
yvet in many ways each glyceride was unique. A study
of the melting curves of any one glyceride could dis-
tinguish it from any of the other six. In faect, a heat-
ing curve of the rapidly-chilled melt wonld in most
cases be sufficient.

. Certain glycerides showed solid-to-solid transforma-
tions on heating the o form, viz., SOS, POP, and OPS
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Fig. 6. DTA curves of 2-palmitoyl oleoyl stearin.

while the others exhibited a certain degree of melting
before a transformation occurred. The heating rate
had some effect on these transformations. For ex-
ample, as the heating rate was lowered, the solid-to-
solid transformation occurred at a slightly lower tem-
perature; and where melting did oceur, there was less
of it before the transformation set in.

For all the glycerides studied, melting began well
below the melting point. At least part of this was
caused by the design of the apparatus. The sample
near the walls begins to melt first and the sample
close to the thermocouple last; hence there is a tem-
perature gradient in the cell during the measure-
ments. As melting begins, the sample near the ther-
mocouple is no longer being heated at the predetermin-
ed rate. Henece there is an increase in the lag between
the test and reference thermocouples, and the heating
curve leaves the base line. The presence of impurity
also tends to lower the point at which melting begins.

There is a third factor which may cause apparent
lowering of the initial melting point, namely, pre-
melting. The theory of catastrophic change, solid—
liquid, at one precise temperature is no longer held
for complex molecules. It is believed that a gradual
change occurs over a range of temperature. The
change may not be visible to the eye, but it can be
studied by physiecal means. Ubbelohde (9) has shown
that the specific heat of some hydrocarbons increases
below the melting point because of premelting. In

block
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Fre. 7. DTA curves of 2-stearoyl oleoyl palmitin.
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TABLE 7
2-Stearoyl Oleoyl Palmitin (OSP)

Melting and 1L
Pretreatment transition Polymorphic form ong Principal short spacings
points spacing
a) Melted, chilled at —3°C. for 25.5 sub a-3 79 418 (V8), 3.81 (M)
10 MmN e T 25.5-28.83 | .oeeens
30.6 ?
T 30.6-32.3 | ...
37.2 B-2
b) Melted at 60°C. and allowed to 30.9 7 44.0 4.20 (VS), 8.85 (M), 4.33 (M)
cool slowly to R.T. during T 80.9-33.0 | .coveene
16 MISiciieiii e, 37.1 B2
¢) Melted, m}}:Stthzed at 28°C. for 37.2 B-2 44.0 4.20 (V8), 3.85 (M), 4.33 (M)
L6 REServrerrerererearsenstereseseeesesseveee
d) Melted, erystallized at 28°C. for 30.7 T s e
45 510 o TN T 30.7-32.3 | .ceens
37.9 g-2
e) Crystallized from acetone .................... 36.1 B’-3 (trace p’-2) 68.9 4.23 (8), 4.08 (MS) 3.82 (8)
3.566 (W), 5.48 (MW)

the present apparatus any change in the specific heat
of the sample during a measurement will influence
the shape of the heating curve.

In our investigation all the « forms were unstable
and changed into a higher polymorphic form. This
new form, except for POP and OSP, did not trans-
form readily into a third form unless held for some
considerable time just below the melting point of this
third form. With POP a third form was just in-
dicated at a heating rate of 1.5°C./min. while at
0.5°C./min. it was very obvious.

Although OSP showed three melting zones, it was
not comparable with POP.  In these three zones
only two polymorphie forms could be detected ; where-
as POP and the other glycerides existed in an o form,
OSP had a sub-o form and there was no evidence of
an o form. To determine the pattern of the change on
heating the sub-o form, a sample was prepared and its
X-ray pattern determined at 15-min. intervals while
it slowly (in six hrs.) warmed up to 32°C. Only the
sub-o and B’-2 polymorphic forms were detected.
Since, with the instrument used, only strong lines
were detected in this way, it seemed possible that some
transient intermediate form might have been missed.

It may well be that a second-order transition takes
place in OSP although a transition of this kind has
never been recorded in the literature for any tri-
glyceride.

On chilling the OSP melt, the sub-a-3 form was
always obtained whereas Tautton (2) claims the most
likely form to be sub-a-2

In general, the melting points of the various forms
agreed reasonably well with those published by other
workers, notably Lutton. It must be remembered
however that in this apparatus melting points ecan-

not be determined with high precision, with the re-
sult that in a few cases there was a variation of one
or two degrees in our melting points and the litera-
ture values. But it seemed significant that the melting
point of the same polymorphic form, obtained in two
different ways, differed considerably in at least two
cases.

For example, Table IV shows that the §’-3 form of
OPP had melting points of 31.2°C. and 34°C. Table
111 shows the g’-3 form of OSS with melting points
of 40.1 and 42.2°C.

The great diversity of results, obtained by different
workers in the field of polymorphism of glycerides,
may result either from variations in the treatment of
the glycerides or from the presence of impurity. Of
these two, the presence of impurity presents the great-
er problem for it is not easy to determine which of
the samples described in the literature is the most
nearly pure.
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Detection and Measurement of Hydroperoxides by Near

Infrared Spectrophotometry’
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acids and related substances (2), unusual absorp-
tion maxima were noticed in the spectrum of
methyl linoleate hydroperoxide. In order to test

:[N A sTupY of the near infrared spectra of fatty
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whether these maxima are specific for hydroperox-
ides, spectra of a series of hydroperoxides and re-
lated substances have been measured. All the evi-
dence gathered agrees with the assignment of the
maxima at 2.07 and 1.46 x to hydroperoxidie groups.
These maxima, although weak, have proven to be
useful in studies of the oxidation of wunsaturated



