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Abstract

The mesogenic properties of a homologous series of aromatic ester materials
are investigated. Single tail and double tail materials were synthesized to com-
pare with other series we prepared and published earlier. The phase sequences
and transition temperatures were obtained by polarized light microscopy and
differential scanning calorimetry. Only the single tail materials with the ester
attached to naphthalene at position 2 display mesogenicbehavior. Two materi-
als (ZH 29 & ZH 32) possess a monophasic nematic phase and another two
materials (ZH 14 & ZH 35) display biphasic nematic and smectic (A) pha-
ses.
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1. Introduction

Liquid crystalline materials (LCs) possess a fourth phase where constituent mol-
ecules display a certain degree of fluid mobility to be classified as liquids in addi-
tion to having sufficient order to be called solid crystals. This unique combina-
tion of mobility and crystalline ordering distinguishes this particular phase of

matter from the three very well-defined phases of matter (solid, liquid and gas)
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in that liquid crystalline materials have very useful applications in industry, aca-
demia and medicine. Among the few different classes of liquid crystals, thermo-
tropic liquid crystals (where the phase is a function of temperature) in particular
are of great technological importance in display devices and other industrial ap-
plications [1] [2] [3] [4] [5]. In many low molar mass calamiticmesogens (where mo-
lecular length is much larger than breadth), the rigid core is made up of a number of
1,4-disubstituted aromatic rings (with or without lateral substituents) terminat-
ed on one or both sides with a long flexible hydrocarbon chain head or tail (with
or without halo substituents). The mesomorphic behavior of liquid crystal materi-
als can be modified by altering their structure (head and tail length) and/or incor-
porating small size lateral substituents such as fluorine atoms in the rigid core
[6]-[11].

There are three structural types of liquid crystals, all of which have their tech-
nological applications. The rod-like (calamitic) which was identified after the early
discovery of liquid crystals by F. Reinitzer in 1888, the disc-like (discotic), disco-
vered by S. Chandrasekhar in 1977 and finally the bowl-like (bowlic) proposed
by L. Lam in 1982 [12]. The liquid crystalline materials discussed in this study are
structurally closer to calamitic (rodic) where the longitudinal molecular axis is sig-
nificantly larger than its width.

Thermotropic liquid crystals are mesogenic molecules in which the exhibited
mesomorphism depends entirely on varying the surrounding temperature. In nema-
tic-thermotropic LCs, a long-range orientational order exists whereby the longi-
tudinal molecular axes align themselves parallel to a director axis n. In smectic-ther-
motropic LCs, the aforementioned orientational order exists alongside a trans-
lational order whereby the molecules are arranged in equidistant planes for-
ming a periodic layered structure possessing a certain layer thickness [1] [5] [13].

Three series of materials (A, B & C) are investigated in this study. Series A
contains a single long-chain hydrocarbon tail attached to a benzoic acid ester ben-
zene ring via an ether link at benzene carbon number 4. The benzoic acid tetra-
hedral oxygen is bonded to a naphthalene ring at position 2 forming the homol-
ogous series naphthalene-2-yl-4-(alkoxy) benzoate (Figure 1).

In the second series (B), the benzene ring with an ether-linked hydrocarbon
tail at position 4 is bonded via an ester linkage to a naphthalene ring at position
1 forming the homologous series naphthalene-1-yl-4-(alkoxy) benzoate (Figure
2).

H2n+1CnO

Figure 1. General structure of homologous series (A) members.
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H2n+1CnO

Figure 2. General structure of homologous series (B) members.

In the third series (C), the benzoic acid benzene ring has two hydrocarbon
chain tails ether-linked at positions 3 and 5. The benzoic acid tetrahedral oxygen
is bonded to a naphthalene ring at position 2 forming the homologous series
naphthalene-2-yl-3,5-bis(alkoxy) benzoate (Figure 3).

The three series in this study were synthesized in order to compare their meso-
genic behavior or lack of it with previous materials we prepared, examined and
published [14] [15]. The well-established and documented synthesis of these three
series will be described elsewhere. This study describes the mesomorphic beha-
vior of series (A) and the lack of it in series (B & C), correlates tail chain length
with mesogenic phases and temperatures and correlates structure with mesomor-

phic behavior or lack of it among the three series, A, B and C.

2. Materials and Methods

The materials’ phase sequences were determined by polarized optical microsco-
py (POM) and differential scanning calorimetry (DSC). For polarized optical mi-
croscopy observations, an Olympus BH2 polarizing microscope equipped with a
graduated rotation stage was used. The specimens were contained in 5 pm gap
commercial glass cells treated for planar alignment and coated on the inside with
a thin layer of indium tin oxide (ITO). The specimen temperature was varied and
controlled to £0.1°C using a heating/freezing stage temperature controller from
Linkam (TMS 94).

The endothermic or exothermic energy with respect to temperature can be mea-
sured using DSC studies. Generally, when the LC complex is cooled, exother-
mic peaks are recorded; the area under the peaks along with the weight of the
sample provides the energy possessed by the respective mesogenic phase. Similar-
ly, when the liquid crystal is heated the endothermic peaks are observed. DSC
measurements were acquired on a TA DSC Q20 model with a temperature range
of —40°C to 400°C. A heating/cooling rate of 3.00°C/min was used throughout the

scanning procedure.

3. Results

The materials’ molecular structures are provided in Figures 1-3 for series (A),
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H2n+1 Cno

H2n+'lCnO

Figure 3. General structure of homologous series (C) members.

(B) and (C) respectively. The code names, POM transition temperatures (heat-
ing/cooling) as well as DSC heating/cooling data together are provided in tables
1, 2 and 3 for series (A), (B) and (C) respectively. A sample DSC thermogram for
one of the samples is presented in Figure 4.

The transition temperatures observed by polarized optical microscopy agree
within £2°C with the DSC recordings. Most materials display monotropic beha-
vior, the mesophases are observed upon cooling and/or heating with two meso-
phases in some cases observed upon cooling in series (A). In the mesophases, the
materials have a tendency to crystallize at a fixed temperature.

In series (A), Table 1, where the ether tailed benzene ring is linked to a naph-
thalene (at position 2) via an ester linkage, all materials in this series display a
nematic phase upon cooling from the isotropic. The materials with the longest
chains, ZH35 and ZH14 display on cooling a smectic A phase below the nematic
phase. A double headed arrow for a transition indicates a reversible transition.

In series (B), Table 2, where the ether tailed benzene ring is linked via an ester
linkage to the naphthalene position 1; upon heating all the materials melt from
the crystal to the isotropic phase. Upon cooling, the materials do not display any
mesophases.

In series (C), Table 3, where the dual ether tailed (positions 3 and 5) benzene
ring is linked via an ester linkage to the naphthalene position 2; upon heating all
the materials melt from the crystal to the isotropic phase. Upon cooling, the ma-
terials do not display any mesophases.

4. Discussion

It appears from the aforementioned observations that in series (A) materials
with longer chain hydrocarbon ether tail, (12 and 10 carbons) two mesophases
appear upon cooling namely nematic and smectic A. Whereas materials with
shorter chain hydrocarbon ether tail (8 and 6 carbons) exhibit only a nematicme-
sophase.

In series (B) materials, no mesomorphism was observed either in long chain
or short chain tail materials. Structurally speaking, and comparing the two ma-
terials in series (A) and (B) we notice that in series (A) molecules where the ester
linkage is to naphthalene carbon # 2, the molecules are closer to calamitic elon-

gated (rod shaped) structures whereas in series (B), where the ester linkage is to
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Figure 4. DSC thermogram of liquid crystal ZH 14 showing cooling
mode (upper) and heating mode (lower).

Table 1. POM and DSC observations for series (A) members, temperatures are in °C; the numbers in parenthesis indicate the
transition enthalpy in units of J/g.

POM POM DSC DSC
Code n
Cooling Heating Cooling Heating
71 62.5S 495 50 70
69.5 61 48 |(_)N(_) _)K
ZH35 12 | SNOS, 5K KNG A KoNo
(1.20) (1.52) (77.8) (91.4) (1.34)
685 55 46 69 56 47 a8 70
7H14 10 l&oNeS, —-K KiNil l&oNeS, K K—>Nel
(1.52) (1.18) (29.2) (86.9) (1.28)
I 64.5 N 55 K K 64 I
7H32 3 | 65 N 55 K Kes.sl >N—> —
Nz - (0.85)  (23.60) (60.76)
I 62 N 50 K K51.5N 63 I
7H29 6 | 63 NBDK K51 Nez.sl S>N—> >N
oN= >N (1.15) (61.84) (70.16) (1.12)

Table 2. POM observations for series (B) members, temperatures are in °C. No mesomorphism observed in this series.

Code n POM (Heating) POM (cooling)
ZH34 12 K1 15K
ZH13 10 K51 15K
ZH31 8 K51 15K
ZH28 6 K51 15K

Table 3. POM observations for series (C) members, temperatures are in °C. No mesomorphism observed in this series.

Code n POM (Heating) POM (cooling)
61 56

ZH20 8 K-l I>K
76 71

ZH16 6 K-l I>K
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naphthalene carbon # 1, the general molecular structure is bent and deviates sig-
nificantly from rod-shaped calamitic geometry.

In series (C) materials, we expected to observe some mesophase behavior how-
ever there was none. Our expectations were based on the fact that the ester link-
age in series (C) is the same as that in series (A). However, it appears that the
presence of two hydrocarbon chains ether linked to the benzoic acid ring at po-
sitions 3 and 5 in series (C) distorts the overall molecular geometry away from a

rod-shaped calamitic structure.

5. Conclusions

Three series of calamitic materials were prepared via established synthetic meth-
ods to compare their mesomorphic behavior or lack of mesomorphism with mate-
rials we prepared, examined and published earlier. Only one of the three series ex-
amined in this study displays mesophases and thus series (A) members are liquid
crystalline materials. ZH 14 & ZH 35 display biphasic nematic as well as smectic
(A) phases, whereas ZH 29 & ZH 32 possess a monophasic nematic phase. We
conclude that in series (A), since the general molecular structure is more rod-like
(calamitic) than in the other two series, mesomorphism is displayed.

We also conclude that in series (A), longer ether chain tails display two mesomor-
phic phases namely smectic A and nematic whereas shorter ether chain tails ex-

hibit only a nematic phase.
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