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ABSTRACT

A novel homologous series p(p’-n-Alkoxy Benzoyloxy) f-Phenyl Ethyl Cinnamates is synthesized and studied
with a view to understanding and establishing the effects of molecular structure on mesogenic behavior in a
series. The mesogenic property commences from third homologue to the last homologue. The transition
temperatures of the series are relatively high, ranging between 152 °C and 225°C. The mesogenic range varies
between 8 °C (Cis) and 37°C

smectogenic property and an average thermal stability of 167.6 C. The mesogenic behavior of the novel series

(Cs). The novel ester series is nematogenic without exhibition of any

is compared with structurally similar isomeric/non isomeric other known series.
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I. INTRODUCTION

Molecular rigidity and flexibility [1-7] are important
factors related to intermolecular forces of attractions.
Suitable magnitudes of anisotropic forces [8-10] of
intermolecular attractions can induce mesogenic
characteristics in a molecule. Thus, introduction of
proper rigidity by two or more phenyl rings bridged
through central groups as well as substitution of
suitable lateral or terminal functional groups
positioned properly at phenyl ring or rings as flexible
molecular part can yield liquid crystal substances [11-
17] of desired range of temperature. The present
investigation concerns a molecular geometry
constructed with three phenyl rings bridged through
—COO- and central groups as the rigid core and n-
alkoxy (terminal) and —-CH=CH-COO-CH:-CH:-Ph
group as flexible part of a molecule, with a view to
understanding and establishing the effect of molecular

structure on liquid crystal behavior. [18-20]

II. EXPERIMENTAL

Synthesis Experimental :

(@) p-n-alkoxy benzoic acids were prepared by the
method of Gray and Winsor (21), Vora and
Dave (22),Vogel (23).

(b) p — Hydroxy p-phenyl ethyl Cinnamates is
prepared by reacting p-hydroxy cinnamic acid
with corresponding freshly distilled B-phenyl
etanol in presence of concentrated sulphuric

acid mixture.

p-n-alkoxy benzoic acids dissolved in MDC with p —
Hydroxy B-phenyl ethyl Cinnamates is in portions
with DCC & DMAP as catalyst by stirring reaction
mixture. (24) Products were decomposed filtered,
washed, dried and purified, till the constant transition
temperatures obtained. p-Hydroxy cinnamic acid,
alkyl halides (R-X), P-phenyl etanol , KOH,
DCC,DMAP, MDC etc. required for synthesis were
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used as received except solvents which were dried series is mentioned below in Scheme

anddistilled prior to use. The synthetic route to the

(1) p - Hydroxy p-phenyl ethyl Cinnamates.

HO@CH:CH_ + HO CH; CHz@HZO
Con.H2504
HO@CH=CH COO-CH, CHZ_@

(2) p(p’-n-Alkoxy Benzoyloxy) B-Phenyl Ethyl Cinnamates.

RO@COOH + HO@CH:CH- COO-CHZCHZ—@

DCC |-H20 & urea
MDC (Solvent) | DMAP (catalyst)

«a P
RO @ COO0 @ CH=CH-COO-CH, CHZ—@

R=GHzwa n=1,2,3,45,68,10,12,14,16

Scheme 1. Synthetic route to the series.

Characterization :
Table 1. Elemental analysis for methyloxy, ethyloxy and propyloxy derivatives
Sr. No. Homologue Molecular Formula Elements % Found (% Calculated)
C H
L. Pentyl C29H3005 80.60 (79.45) 6.9 (6.8)
2. Hexyl C30H3205 80.25 (79.64) 7.2(7.0)
Spectral Data : 'H NMR in ppm : for the Decyloxy derivatives:1.1,

'H NMR in ppm : for the Octyloxy derivatives : 1.3,1.5,1.6,1.8 (alkyl chain H) 3.9, 4.0,4.06,(-OCH:

1.1,1.3,1.4,1.5 (alkyl chain H), 3.8,3.6,4.08 (-OCH:2 of -OCi0H21),6.8,7.2,,7.34( p-di substituted benzene

of — OCsHr) , 7.2, 6.9( p-di substituted benzene ring ring and mono substituted benzene ring)

and mono substituted benzene ring) IR in cm! : for Hexyloxy derivatives : 895 & 834 cm™!
pera di substituted phenyl ring 1097,1045, 1245,
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cm? ether linkage, 1438,1512,16025 cm™ aromatic
ring ,1568,1344nitro group present,1728 cm™ ester
present, 2850, 2926 long chain alkane present

IR in cm™: for Dodecyloxy derivatives : 893 & 842
1088, 1207,
1261 cm? ether linkage, 1452,1600 cm™ aromatic

cm! pera di substituted phenyl ring

ring ,1535,1305 nitro group present,1740 cm ester
present, 2866, 2941 long chain alkane present

Texture : by miscibility method;
Threaded nematic Cs

Schlieren nematic - Csand Cis

Table 1. Transition temperatures in °C

Sr. n-alkyl Transition temperatures in °C

No. group Smectic Nematic Isotropic
1 | Methyl - - 225
2 | Ethyl - - 200
3 | Propyl - 198 215
4 | Butyl - 185 198
5 | Pentyl - 162 183
6 | Hexyl - 152 189
7 | Octyl - 156 168
8 | Decyl - 170 198
9 | Dodecyl - 168 183
10 | Tetradecyl - 165 182
11 | Hexadecyl - 152 160

III. RESULTS AND DISCUSSION

p — Hydroxy B-phenyl ethyl Cinnamates. ( yield 68 %)

is a nonmesomorphic  substance. But, on
condensing it with dimerized n-alkoxy benzoic
acid yielded Csto Cis homologues as enantiotropic
exhibition

property. The rest of the homologues

nematic  without of smectogenic
(Cito C2)
are nonmesogenic. Transition temperatures ( Table
-1) as

microscopy with heating

determined from an optical polarizing

stage were plotted
against the number of carbon atoms present in n-
alkyl chain bonded with phenyl ring through
oxygen atom of left flexible tail group. Like or
related points were linked to draw Cr-I/N and N-
T transition curves adopt a zigzag path of rising
and falling with overall descending tendency up to
Ci2 homologue, then , it deviates at Cis and Cis
homologues from usual expected behaviour. N-I
transition curve initially rises and than descended
as series is ascended up to Ci2 homologue and then

deviated from normal expected behaviors. i.e. it is

rising, instead of falling for Cis homologue. N-I
transition temperature keeping in view of the
The N-Icurve is

up to Cr — I ( Isotropic ) transition

trend of a N-I transition curve.
extended
temperature. N — I transition curve exhibit odd-
of

crystalline homologues vary from homologue to

even effect. Mesogenic behaviors liquid

homologue in present series with changing

number of methylene unit or units in flexible n-
alkyl chain. Keeping -CH=CH-COO-CH>-CH:-Ph tail
group The

disappearance of dimerization of n- alkoxy benzoic

intact throughout the same series.
acids is due to the braking of hydrogen bonding
between two molecules

by

nonmesogenic property of homologues

of aromatic carboxylic
[25-30]The
Cito &

members of a present series is attributed to their

acids esterification ~ process.

high crystalising tendency arising from inability of

respective nonmesogenic homologues to resist

externally exposed thermal vibrations as a

consequence of unsuitable magnitudes of molecular

rigidity and flexibility induced by low dipole —
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dipole interactions and the low magnitude of
by the

instantaneous dipoles produce by the spontaneous

dispersion forces interaction between

oscillations of the electron clouds of the molecules
which hinders the

anisotropic forces of intermolecular cohesion and

suitable magnitudes of

disallows molecular arrangement required for
definite range of temperature (i.e. zero temperature
range). Highly polar and polarizable -CH=CH-
COO-CH2-CH2-Ph terminal situated as end group is
high in the nematic order . Such dipole giving
repulsion between molecules which lie parallel to
one another. i.e. side by side, and perpendicular to
the layer planes of smectic liquid crystal. Thus,
end to end attractions predominated more than
lateral attractions. Therefore, more ordered sliding
layered arrangement of molecules is less favored to
facilitation formation of smectic phase against less
bordered, statistically parallel orientational order of
molecules in floating condition on the surface to
cause nematogenic mesophase formation. Thus, —
CH=CH-COO-CH:-CH:-Ph end group present in the
molecule of presently investigated mnovel series
enhances nematic thermal stability and diminishes
the stabilization of smectic mesophase formation.
Absence of odd-even effect in N-I transition curve
is attributed to the absence of mesophase forming
tendency from Ci: to C: homologues and presence

of odd-even effect for higher homologues with

RO @ COO @ CH=CH-COO0-CH, CHZ—@
RO @ COO @— CH= CH- CO®1,C @ NO, Series-X

longer n- alkyl chain which can be attributed to
uncertainty in the status of relatively longer n-
alkyl chain which may coil or bend or flex or
couple to lie with major axis of core structure of
molecules. Therefore intermolecular cohesive forces
of Ci to C2 homologue are weakened to such an
extent that, even, statically parallel orientation order
of molecules Ci to C: is not facilitated to cause
nematic mesophase formation. Hence, reasons for
nonmesomorphicity character of Ci to C2 are different.
N-I transition curve is hypothetical and not realistic.
Cr-I point is real which merges into isotropic point.
The observed deviation behaviors transition curves for
Cus and Cis can be attributed to longer n-alkyl chain
and highly polar and polarizable and flexible nitro tail
group which may have enthalpy value(H) unusually
higher then normal of suitable magnitudes, which can
exhibit mesophase formation in the normal condition.
The variation in mesogenic properties of present series
from homologue to homologue is due to the
sequentially or progressively added -CH2 - unit which
added molecular polarization and length or size of
each homologue molecule in the same series, keeping
the rest of the molecular part unchanged. Thus, a
series under discussion is partly nematogenic and
partly nonmesogenic with absence of smectogenic
character. The mesogenic behaviour of present series-
1 are compared with structurally similar homologous

series X [ 31] as shown in figure-2.

Series-1

Figure 2. Structurally Similar Series
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Table 3. Average thermal stability in °C

Series 1 X
Nematic-Isotropic 167.6 -C. 198.0-C.
commencement of nematic phase (C3-Cas) (Ce-C14)

Cs Ce
Mesophase length 8 - 37C 11 - 50°C.
range in °C from (Sm+N)
Cha to Cpf Cis Cs Ce Cu

From above table-3, it is clear that,

e Presently investigated novel series -1 and X
are only nematogenic .
e Nematic mesophase commences from Cs

homologue of series-1 whereas it commences

from Cs homologue of the series X respectively.

e Total Mesophase length range of series-1 is

relatively lower than series- X .

Mesogenic characteristics difference of a substance
varies with changing structural part of a molecules
under comparison. The changing molecular structural
part between series-1 and X is a terminal end group
to —-CH=CH-COO-CH:-CH:-Ph -CH=CH-
COOCH2-Ph-NO2. Both central bridges contributes
molecular rigidity of different magnitude though -

and

CH=CH- unit as commonly present in Series 1 and X.
The remaining uncommon part, other than -CH=CH-
common unit are -CH>-CH2-Ph for series -1 and CH>-
-CH2-CHo-
Ph unit of series-1 is longer than — CH2-Ph-NO2 group
- Ph-NO2 common

unit of all series under comparison. However linking

Ph-NO: for series —X respectively. The

of series —X which links with

of uncommon longer unit -COO-CH2- bonded with
. Thus,
longer and shorter differing units of present novel
series-1 and X bonded with differ tail unit -CH2-CH>-
Ph and -Ph-NO,

respectively. Such differences induces differences into

common sp? hybridized -CeHs -NO:2 unit

through sp® or sp? carbon

molecular polarity and polarizability as a consequence
of molecular rigidity, keeping molecular flexibility
unchanged for the same homologue from series-1 to
series -X, which causes defense in the suitable
magnitudes of anisotropic forces of intermolecular end
to end attractions, commencement of mesophase,
thermal stability, mesophase length range and other

mesogenic properties.

IV. CONCLUSIONS

A novel homologous series consisted of three phenyl
rings and two ester central bridges which acts as rigid
core and two end groups contributing flexible core of
the

mesomorphism with absence of smectic property by

molecules, induces nematic type of
less than 50% homologues. series is middle ordered

melting type with high thermal stability.

Group efficiency order derived on the basis of
(i) thermal stability
(ii) commencement of mesophase
(iif)total mesophase length for nematic with
reference to molecular rigidity/flexibility are as
under
Nematic
Rigidity/Flexibility : -CH=CH-COOCH:-Ph-NO2>—
CH=CH-COO-CH:-CH2-Ph Suitable magnitudes of
combined effect through molecular rigidity and

flexibility can induce mesomorphism.
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e Mesomorphism is very sensitive and
susceptible to molecular structure.

e Present novel ester compounds may be useful
in the study of binary systems and agricultural
field.

e Presence of vinyl group is predominantly

nematogenic.
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Homologous Series : p(p’-n-Alkoxy Benzoyloxy) p-Phenyl Ethyl Cinnamates.

RO @ COO @ CH=CH-COO0-CH; CHZ—@

—
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Figure 1. Phase Behavior of Series
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