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Measurements of the physical properties of 1-octadecylamine were carried out in a
temperature range of 30 to 120°C. The melting point of the compound was observed
at 55°C and no liquid crystalline phase was found within this temperature range. The
decomposition point of the carbonate of this amine was found to be a little higher
than the melting point. A mixture of the amine with a small amount of its carbonate
gave DSC curve similar to that of typical liquid crystalline materials.

INTRODUCTION

Investigations of the phase transition phenomena of normal higher
primary amines have been done by many workers.}??3 In a recent
study using X-ray powder diffraction experiments, it was reported
that there was no solid state phase transition phenomena in an amine
series in which carbon numbers from 12 through 20 were studied.?
Other workers reported the existence of liquid crystalline phases in
the four primary amines: 1-dodecylamine, 1-tetradecylamine, 1-hex-
adecylamine and 1-octadecylamine.® In 1-octadecylamine, a meso-
phase was reported to occur in a temperature range of 55 to 89°.

The purpose of this work is to study more thoroughly the physical
properties of 1l-octadecylamine with an awareness of its chemical
properties and to determine if the previously observed liquid crys-
talline phase is due to the presence of impurities.
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EXPERIMENTAL

The sample, 1-octadecylamine was synthesized in our laboratory from
octadecanoic acid. The reaction is shown in the following equations.

socl, NH,4
C17H35COOH EEE— C17H35COC1 ————>
LiAlH,
C,7H35CONH; ———— C;3HyNH,
(in THF)

Final product was purified by vacuum distillations twice. The amine
was converted into N-acetylamine in order to avoid an absorption of
carbon dioxide in the air. The N-acetylamine was judged thoroughly
pure by gas chromatography, elementary analysis and melting point
measurement. Table 1 shows that the elementary analysis of the N-
acetylamine was within experimental error. Preparation of the sample
for the physical measurements was done in a dry N, atmosphere in
a sealed box containing Ascarite to avoid the absorption of carbon
dioxide by the amine.

Thermal analyses were carried out by differential scanning calo-
rimeter (Perkin Elmer, DSC-1B) and by thermogravimeter (Shi-
madzu, DT-30TG). Dielectric measurements were performed using
multi-frequency LCR meter (Yokogawa Hewlett Packard, 4274A) at
1, 10 and 100kHz. Polarizing microscopic observations were made
using a Nikon XTP-11 microscope equipped with a heating stage
system (Mettler, FP-800). These measurements were done in a tem-
perature range of 30 to 120°.

RESULTS AND DISCUSSION

The DSC thermogram for 1-octadecylamine is shown in Fig. 1. An
endothermic peak (A) is observed on heating at 55° and it corresponds

TABLE 1

Elementary analysis data of N-acetyloctadecylamine.

Element C H N (6]

Caled. (%) 77.10 13.27 4.50 5.14
Found (%) 77.12 13.56 433 5.04
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FIGURE 1 DSC thermogram for 1-octadecylamine. Arrows indicate direction of
temperature change.
Scanning rate : 2.5°C/min.

to the melting point of the amine observed using the capillary melting
point method. No other peaks were observed on increasing the tem-
perature to 120°. On cooling, only one exothermic peak (B) was
observed at 47° and it corresponded to the freezing point of the
sample. The absence of a clearing point shows that no liquid crys-
talline phases occur in the temperature range of 30 to 120°.

Figure 2 shows the temperature dependence of the dielectric con-
stant for 1-octadecylamine. The dielectric constant €' is about 2.2 at
30° and increases slightly with increasing temperature. At about 50°,
¢’ increases gradually to about 2.5, and exhibits a maximum value of
2.56 at 55°. This temperature corresponds to the melting point of the
sample. Above the melting point, €' decreases very gradually with
rising temperature. This may be caused by an increase of a thermal
motion and a decrease of sample density. The existence of a meso-
phase was not found in this €' -temperature plot.

During these measurements careful treatment of a sample was
necessary because the amine easily converts to its carbonate by ab-
sorption of carbon dioxide from the air. Further thermal behavior
experiments were made on the amine carbonate, and the DSC ther-
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FIGURE 2 Temperature dependence of dielectric constant for 1-octadecylamine
obtained at a heating rate of 0.5°C/min.
O:1kHz ; & : 10kHz ; @ : 100kHz.

mogram for the carbonate of 1-octadecylamine is shown in Fig. 3.
One endothermic peak (C) on heating and one exothermic peak (D)
on cooling were observed at 87 and 47°, respectively. Although the
former was near the temperature previously reported for the clearing
point of l-octadecylamine,? the peak (C) can be identified as the
decomposition point of the carbonate from the thermogravimetric
measurement described later.

A mixture of the amine with its carbonate was prepared by an
addition of the carbonate. In the DSC measurement for the mixture
containing about 50% carbonate, two endothermic peaks were clearly
observed at 52 and 85° on heating. The former corresponds to the
melting point of the amine and the latter decomposition point of the
carbonate described below. Figure 4 shows the result of the ther-
mogravimetric measurement for this mixture. A distinct weight change
of the sample was observed at about 85°, although no decrease in the
sample weight was observed around the melting point of the amine.
Namely, the distinct change was explained as an isolation of the
carbon dioxide on the decomposition of the carbonate.

On the DSC scans for the mixtures of the amine and its carbonate,
the decomposition peak of the carbonate became smaller with de-
creasing the concentration of the carbonate present. Figure 5 shows
the thermogram for the sample of 1-octadecylamine containing a small
amount of the carbonate. The percentage of the carbonate in this
sample was difficult to determine. Two endothermic peaks (E) and
(F) were observed and this scan is quite similar to those observed for
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FIGURE 3 DSC thermogram for carbonate of 1-octadecylamine.
Arrows indicate direction of temperature change.
Scanning rate : 2.5°C/min.

typical liquid crystalline materials. But, the former peak at 52° is the
melting point of the amine, and the latter, 84° was identified as the
decomposition point of the carbonate as described above. These tem-
peratures are somewhat lower because of the existence of the car-
bonate as an impurity in the sample. On cooling, one exothermic
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FIGURE 4 Thermogravimetric curve for a mixture of the 1-octadecylamine with its
carbonate obtained at a heating rate of 1°C/min.
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FIGURE 5 DSC thermogram for 1-octadecylamine containing a small amount of its
carbonate.

Arsrows indicate direction of temperature change.

Scanning rate : 2.5°C/min.

peak (G) was observed which corresponded to the freezing point of
the free amine.

Optical microscopic observations with polarized light were per-
formed on 1-octadecylamine in the same temperature range. There
was no evidence of the existence any liquid crystal textures.

It is concluded that pure 1-octadecylamine has no liquid crystalline
phase in both heating and cooling processes in the temperature range
of 30 to 120°.
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