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Abstract

The thermal properties of four nematogenic schiff’s bases, n-
butyl-to-n-heptyl of bis (4-n-alkyloxybenzylidine)-2,3.5.6-
tetramethyl-1, 4-phenylenediamine, have been studied. The transition
temperatures and enthalpies of transition were examined by
differential scanning calorimeter (DSC). Several correlations were
carried out; those included the relations between transition
temperatures, enthalpies and entropies of transition with increasing the
number of carbon atoms in the terminal alkyl chains. In addition, new
regular relations were found between the ratio of the enthalpies and of
the entropies, for nematic-isotropic transition and crystal-isotropic
transition ( AHn.' AHce., ASn./ ASc. ), with increasing terminal alkyl
chain lengths. Many interesting conclusions, concerning the relation
between the anisotropic molecular shape and the thermal properties of
the above nematogens, have been arrived at.

Introduction

We are all aware that liquid crystal properties of a mesogene
are highly related to its molecular structure (1). In an interest in
understanding the structure-property relationship, the influences of
terminal substitution and of central core substitution on thermotropic
liquid crystal behaviour have been systematically evaluated for a great
many series (2-4). In this paper .an attempt 1s made to investigate the
effect of substitution four methyl groups, act as broadening groups 1in
the middle aromatic ring of the central core, on the thermal properties
of the homologous series of molecular structure shown below:
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Recently, the previous compounds were synthesized and their
liquid —crystalline behaviour was established using polarizing
microscopy (5). Each member of the above series only exhibits
enantiotropic nematic phase.

In this study, the thermal behaviour and phase transition for
the nematogenic compound (n=4-7), were performed using
differentianal-scanning calorimetry (DSC). The results were discussed

on the basis of the thermodynamic data obtained.
For convenience, the above series will be denoted b}f the

acronym n0.4MePh.On, n refers to the number of carbon atoms in the
terminal alkyl chains and 4MePh reflected to the substitution of four
methyl groups in the middle phenyl ring. The unmethylated analogous
known series will be denoted by acronym nO.Ph.On.

Experimental

All compounds of the series (n=4-7) have been synthesized and
characterized previously (5). Transition temperatures and enthalpies of
transition for these compounds were obtained using a Perkin-Elmer
DSC-7 differential scanning calorimeter at a scan speed of 10°C/min.
under a flow of dry nitrogen; Indium was used as enthalpy standard.

ResultsAnd Discussion
Transitional Properties of the nO.4MePh.On Series
As seen from DSC heating traces, there are at least two

endotherms. The higher ftransition i1s small and broad and
corresponded to a transition from a nematic phase to an isotropic
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liquid phase (N-I). The lower transition 1s large and sharp and
corresponded to a transition from a crystalline phase to a nematic
phase (C-N) (figurel). The member (n=4) shows, in addition, one
more endotherm in a lowest temperature corresponded to a transition
between two crystalline forms (C-C), one 1s stable at lower
temperature, and the other is stable at higher temperature. The
transition temperatures obtained by DSC analysis are comparable with
those obtained via polarizing microscopy (5).

[n table(1), the transition temperatures and the enthalpies of transition
are listed. Entropies of transition, which can be easily obtained from
the following relations:

ﬁSt:ﬂHt/Tt """""" [1]

ASR=T{Ns/Ni) oosoesssees 2]

Where t refers to the transition under consideration, R 1s the gas
constant (=8.314Jmol. 'I.K'I); N; and N, are the number of states of
disorder statistically occupied below and above T
Figure 2 shows the effect of varying the number of carbon atoms in
the terminal alkyl chains on the transition temperatures for the
n0.4MePh.On. series. We notice that the nematic-isotropic transition
temperatures decrease steeply with weak odd-even eftect as the series
is ascended. This trend demonstrates that the anisotropic interaction
between the rigid structures of the molecules, in nematic phase, 1s
strong enough and the additional end flexible chains lower the average
of this interaction greatly. While the crystal-nematic transition
temperatures (melting points) fall steeply at first then level off with
increasing length of the terminal alkyl chain. This indicates that the
crystal structure of the compounds especially those of the members
(n=5-7) might be similar.

Figures 3 and 4 show enthalpies and entropies of transition,
respectively, for the n0O.4MePh.On series. Both figures show
remarkable similarity indicating a strong coupling between
intermolecular force and structural ordering in this system (6). The
two figures show that the nematic-isotropic enthalpies and entropies
decrease steeply at first then level off at the end of the series (n=7).
While the crystal-nematic enthalpies and entropies, in contrast,
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increase with odd-even effect as the series is ascended. The trends in
figure 3 indicate that the amount of energy needed to breakdown the
parallism of the molecules in the nematic phase decreases with the
lengthening of terminal alkyl chains, but the amount of energy
required to collapse the crystalline lattice of three dimensional order to
make a fluid of one dimensional order increases with increasing length
of terminal alkyl chain. The trends in figure 4 are attributed to the
average number of conformation that the molecules adopt in the
nematic phase and in the isotropic phase.

The much reduce temperature range of the nematic phase (AT)
at the end of the series reflects the fact that the clearing point (Ty.)
falls faster than melting point (Table 1).

Conventionally, the ratio of each enthalpies and entropies, for
nematic-isotropic transition (N-I) and crystal-isotropic transition (C-I),
can be used to compare the relative degrees of molecular interaction
forces and of molecular order, respectively, in the phases involved.
These thermodynamic parameters, AHn.//AHc.; and ASn./ASc. for the
n0.4MePh.On series are listed in Table 1. The average value of each
(5.97%, 5.5%) is larger than that for many series of low molecular
weight liquid crystals (3). The values of each ratio in percent were
plotted versus the number of carbon atoms in the terminal alkyl chains
(figure ). |

From figure 5 we notice that the points of each ratio lie on one
decreasing smooth curve. We also notice that the amount of decrease
for each curve is attenuated on ascending the series. It is obvious from
ficure 5 that the difference between the two ratios AHn./AHc., and
ASn./ASc. decreases with increasing chain length. These differences,
which assigned by (An.s) listed in the last column of table 1. The
values of the later in percent were plotted against the terminal alkyl
chain length (figure 6). It is clear that the difference (An.s) decreases
rapidly with increasing chain length until approximately diminished.
This behaviour gives us the evidence for the principal reason of the
steeply decreasing of the nematic-isotropic temperatures (clearing
points) as the series is ascended (figure 2). The first fact stems from
the results above is: “The more molecular ordered nematic phase with
respect to its crystalline parent The more stronger the molecular
interaction forces, and consequently, the more energy needed to
disturpe it and vise versa”. The second fact 1s: “the more stronger the
molecular interaction force (with respect to its crystalline parent), 1n
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nematic phase, relative to its molecular order, the more higher the
clearing temperature. This fact is in accord ance with the relation
below:

T=ARANG =~ 32— et 3]

Molecular Shape Anisotropy of the nO.4MePh.On Series

X-ray studies of benzylideneaniline (7) show that the
molecules are twisted out of coplanarity on either side central schiff’s
base linkage, then the structure of the schiff’s bases discussed in this
paper, assuming the more favorable trans zigzag conformation for the
terminal alkyl chains (8), would be as shown below:

x LN CHg CH;

H
/ ‘@“ﬁ'ﬁ*‘ oo axis
T L@R_

The studies on unsubstituted schiff’s bases reveal that the ring
linked to the amine part of the imine linkage, 1s twisted in relation to
the central core, the torsion angle being 55.2° (7). When four methyl
groups are substituted in the diamine ring, the twisting, as expected
would be larger around the C;-N and C4-N single bonds. This
additional twisting, in each side of the diamine ring, causes a decrease
in Il-bonding character of C;-N and C4-N and therefore the mutual
conjugation along the entire molecule would be decreased. As a
consequence, the anisotropy of molecular polarizibility, which 1s the
predominant factor for N-I transition (1), would be lowered. This
factor is responsible for the reduction in the thermal stabilities of the
nematic phases of the nO.4MePh.On series compared with those of
their unmethylated analogous nO.Ph.On series (9) (see figure 7).

Since the end terminal groups are free to rotate in either
direction with the reference to the central core, the twists about C;-N
and C4-N in the phenylenediamine ring would be identical. Therefore,
the twisting here would be symmetrical as that in the unmethylated
nO.Ph.On series. This is true because four methyl groups are
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substituted in the diamine ring, if less than four, the twisting would
not be symmetrical and the transitional properties would be quite
different (3, 10). The evidence for the likeness of the methylated and
the unmethylated series in their symmetrical twisting about C;-N and
C4-N bonds, that I could present 1s that the trends of the N-I transition
temperatures with increasing alkyl chain length, is almost identical
(see figure 7).

In conclusion, it 1s interesting to note that introducing four
methyl groups, in the central ring of aromatic schiff’s base, projecting
beyond the perimeter of the rest of the molecule, decreases the thermal
stability of nematic phase and this is attributed to the molecular
biaxility resulting from a decreased length-to-breadth ratio relative to
their unmethylated series, which causes not only a decrease in the
molecular anisotropy, but also in the lateral interaction responsible for
smectic phase stabilization.
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Fig{ 3) The influence of the number of carbon atoms in the terminal alkyl
chains on clearing enthalpies of transition (0)and melting enthalpies of
transition () for nO.4MePh.On series.
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Fig.(4)The influence of the number of carbon atoms ,n, in
the terminal alkyl chains on clearing entropies of transition
(O) and melting entropies of transition for nO.4 MePh.On
series.
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Fig.(5) The influence of the number of Fig. (6§ The influence of the number of

carbon atems, m, in the terminal alkyl carbon atoms, n, in the terminal alkyl
chains, on the degree of molecular chains, on the magnitude of the difference

intersction forces (O) and on the degree of berween the degree of molecular interaction

s R i forces and the dgree of molecular order, in
molecular order (4), in nematic phase with nematic phase with respect to its cr:,slaiizne

respect to its erystalline parent (AHxg / aFeit LML ¢ A3 A s
AHep), {dgy_;fdsc_;}_ parent (AHx, ci)y (ASx, 1)
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Fig.(7JThe influence of the number of carbon
atoms,n, in the terminal alkyl chains, on the
N-I transition temperatures for (a) nO.4MePh.
On series (O ) and (b) nO.Ph.On series (A)

58



2005 (1) 18 aal Ayt g 43 pal o glall gl ol Adae
b silanlll Cid a0 g8 (land 4 ) adl el gl L o

LJ:__; LﬂgJLﬁ EJ@LA.H
328 daala calligh) oy Ay 1l A€ gLl acd

A
¢ Aaba giler Cad oo B LS e dag )Y &) all (al il Gl f3a &2 s )2

n-butyl — to — n- heptyl of bis (4-n- alkyloxybenzylidene)- 2-3-5-6-
tetramethyl-1.4-phenyenediamine.

bl jranal) e Slea Adabis gy JUEY) Ll g IEN) 5 jall cila s Cod
JUEYT g 5 5 lallil (AU 51 jall il 5 o Asliie lBe 520 s
Of RIS (s G D Al AT Dl i S 5 sae 5l e
— (bars JED il g A1 i g LN s O dekiiie 3aa ClBle 2 ga g
(AHn-1 /A He.1(AHn- /& SC-1 D29 s 08 — sush JEDI &l N g g5
I deasll Sl Al al) o2 PlA e . Ak ALY Juddl J gk sal s -
2l salsdlls el e JSE) ADle Jpa dege cilalin

el Clia gilaall

S9



