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In this paper we report the mesomorphic behaviour of anhydrous N-4-hexadecylpy-
ridinium chloride (HDPCI). DTA, X-ray and optical studies show that HDPCl exhibits
smectic A phase above 76°C. Existence of lamellar phase in the mixtures of HDPCI
and water, is reported using X-ray and optical studies.

Keywords: N-4-hexadecylpyridinium chloride, thermotropic, lyotropic,
smectic A

INTRODUCTION

Knight and Shaw' have reported that the long chain of N-n-alkyl
pyridinium chloride shows liquid crystalline properties. However, it
was found that the detailed studies have not been carried out so far
on the mesomorphic behaviour of N-4-hexadecylpyridinium chloride
(HDPCIl). The chemical formula is given by CH:CHCH:
CHCH:N(CI)(CH,),sCHj3. Liquid crystalline phases that can be ob-
served in anhydrous amphiphiles have been reported.? Following the
method of investigating an organic compound exhibiting liquid crys-
talline properties reported earlier,>7 here we investigate the phase
transition and nature of thermotropic mesmorphism in anhydrous
HDPClin part I as well as lyotropic liquid crystalline phase of HDPCI
with water in part II.
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Part |
EXPERIMENTAL

N-4-hexadecylpyridinium chloride (>98% purity) was obtained from
M/s Fluka, AG Buchs, S G Switzerland. HDPCl was dried by keeping
it at 70°C in a temperature bath and also in a desiccator containing
calcium sulfate, until no further loss in weight was observed. The
transition temperature from solid to liquid crystalline phase was de-
termined to be 76°C using a polarizing microscope in conjunction
with a hot stage. Temperature was measured to an accuracy of +0.5°C.
The clearing point from liquid crystalline to the isotropic phase could
not be determined as the substance decomposes around 237°C.# This
transition was further confirmed by differential thermal analysis. Fig-
ure 1 shows the transition from solid to liquid crystalline phase at
76°C as obtained by DTA recording. Using standard procedure,® we
have estimated the change in enthalpy (AH) the area under the cor-
responding peak in DTA curve and it turns out to be 9.13 Kcals/
mole. The calibration of the instrument was carried out using semi-
conductor grade Indium. The deviation in the calculation of AH from
sample to sample is of the order of +0.06 Kcals/mole. The estimated

237°

SENSITIVITY IN mV

L [ S L {
30 70 110 150 190 230 270

TEMPERATURE IN °C

FIGURE 1 DTA recording of anhydrous HDPCI on heating at 5%min, x-axis -T,
y-axis —AT.
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value of AH for solid to smectic phase is of the same order as reported
by earlier investigators'” for compounds exhibiting smectic phase.

X-ray Studies

X-ray diffractometer (JEOL, JAPAN) recording of this substance at
different temperatures were obtained by varying the scanning angle
from 0 to 30° (2 6) with the following settings: 30kv; 15ma; 2°/min;
channel centre 100; channel width 50 and chart speed 10 mm/min.
Recording of HDPCI taken at a temperature of 120°C is shown in
Figure 2. The geometry of the XRD is such that a diverging beam is
incident on the sample and the scattered beam is focussed on the
detector. XRD recordings were taken at different temperatures 80,
86, 98, 102, 125, 135 and 145°C and it was found that there was only
one sharp inner ring and outer ring was very weak. The weak outer
ring at large angles is due to very large thermal agitation factor and
not due to the absence of short range order.!! The spacings deter-
mined for low angle scattering using 2d sin 6 = \, for different
temperatures are given in Table I. It is clear from the Table I that
there is no significant variation in the layer spacing indicating that
there is no major change in molecular ordering with increase in tem-
perature.

INTENSITY —

X-RAY SCATTERED

I i 1 1 | 1 { 1 L 1 | I
2 5 8 1} 14 17 20 23 26 29 32 35

20 —

FIGURE 2 X-ray diffractometer recording of anhydrous HDPCI obtained at 120°C
(A = 1934 A)
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TABLE 1

Bragg spacings obtained from X-ray diffractometer recordings of anhydrous HDPCl

(Spacings Temperature
in A) in °C 80 86 90 98 102 112 125 135 145

d 369 369 369 369 346 346 346 346 335

Using bond length data, the estimated length ‘I’ of the molecule
(HDPCI) is about 28 A and the ratio of the effective spacing deter-
mined from the inner ring to the estimated length of HDPCl including
the correction for thermal expansion!? turns out to 1.3. A number of
examples and explanations are now known where ‘d’ is greater than
the estimated length (1).131* 1t is possible to explain this difference
(d—1) using a modified bilayer structure which arises due to steric
effects or inter-molecular dipoles.'>

OPTICAL STUDIES

Anhydrous HDPCI, a white powder, was taken in the form of a thin
film between a microscope slide and a cover glass. When observed
at a temperature above 76°C under a polarizing microscope in con-
junction with a hot stage, HDPCI becomes transparent without any
polarizers but shows birefringent textures between crossed polarizers,
characteristic of the smectic phase. The characteristic texture is fan-
like and is shown in Figure 3. This texture remained till the substance
starts decomposing indicating that there is no major change in mo-
lecular ordering with increase in temperature as mentioned earlier
from X-ray studies. We have also observed conoscopic figures of this
sample in mesomorphic phase which clearly indicates that the phase
is uniaxial positive.

The above studies clearly indicate that the phase is Smectic A
phase.

Part il

Lamellar mesophase of HDPCI in water

The existence of different mesophases in two component systems was
observed by McBain.'®!'7 Luzzati et al.,’* have reported X-ray
diffraction studies of various mesomorphic structure in these systems.
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FIGURE 3 Microphotograph of anhydrous HDPCI in mesophase showing fan-like
texture at 90°C 55x.

Using the standard procedures described in earlier review articles by
Ekwall,? Luzzati,>* Mandell**> and Fontell,>® we report here the ly-
otropic mesomorphism of HDPCI in water.

Preparation of samples for optical microscopy and X-ray diffraction
studies

The components, HDPCl and water were weighed into small glass
vials closed with air tight tops. All samples were centrifuged at 7000
rpm and no separation of layers was noticed. Finally they were left
to equilibrate for 3 days in a temperature bath at 22°C. The samples
were examined, sealed between microscope slide and cover slip, on
a microscope between crossed polarizers, to study their optical pat-
terns. In conjunction with a hot stage, the transition temperature to
isotropic phase for all the samples were determined and is given in
Figure 4. A small amount of the equilibrated, well mixed sample was
drawn into a fine, flattened capillary and sealed for X-ray Laue dif-
fraction studies. Ni-filtered Cu-radiation was used.
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Results and Discussion

The low angle X-ray Laue diffraction patterns (6 < 10°) gave two
reflections at room temperature for 50 and 60 weight percentage of
HDPCI in water, which enabled the structure to be identified as
lamellar phase (G).?* Lower concentrations gave no reflections except
for a diffused outer ring. X-ray diffraction studies for higher concen-
trations could not be carried out because of experimental difficulties,
as these showed lyotropic liquid crystalline phase at higher temper-
atures. The Bragg spacings obtained from X-ray studies for inner and
outer rings for 50 and 60 wt percentage of HDPCIl in water are given
in Table II, along with the area per polar group. The area per polar
group (S) was calculated using the X-ray layer spacings of the mixtures
and densities, molecular weight and wt concentrations of the con-
stituents.?* The optical patterns agreed with the earlier X-ray obser-
vations; patterns showed ellipses and fan-like textures which are shown
in Figures 5(a) and 5(b). Oily streaks were also observed by disturbing
the coverslip of the specimen. These textures are characteristics of
lamellar phase (G).?® The optical textures like ellipses, spherulites
and fan-like textures are observed both for lamellar and hexagonal
phases.?> The presence of low angle reflections in the ratio 1:1/2,
conclusively indicates that the phase here is lamellar structure.

Conclusions

DTA, X-ray and Optical microscopy studies clearly indicate that the
anhydrous HDPCI exhibits smectic A phase above 76°C. Lamellar
TABLE IT

Bragg spacings (d in A) and area per polar group (S in A2) in the lamellar phase of
the HDPCl-water system.

Wt percentage
of HDPCI in water d S dy in A

50 27.40 86.7 26.1
13.69
7.04
5.60
4.70

60 29.56 55.6 26.8
14.80
7.30
5.78
4.80

d,. = hydro carbon spacing.
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FIGURE 5 Microphotographs of HDPCI in water in lyotropic mesophase, at room
temperature

a) ellipses 225x.

b) fan-like 55x. observed in the same slide but different region.
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structure in the lyotropic mesophase behaviour of HDPCI in water
has been established by X-ray and Optical studies.
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