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ABSTRACT

Homologous series Methyl-o-[p’-n-alkoxy benzoy]bgynzoates was synthesized with a view to
understand and establish the effect of molecularciire on liquid crystal[LC] properties in
positionally isomeric molecules. Totally ten hoogples are synthesized. Methyl and ethyl
derivatives of the series are nonliquidcrystalsogd to hexyl and octyl derivatives are
enantiotropic nematic, decyl derivative is polynmasgohic , i.e. exhibits enantiotropic nematic
mesophase in addition to enantiotropic smectic iplegse as well as dodecyl and tetradecyl
derivatives are enantiotropic smectic. Transiti@mperatures are determined by hot stage
polarizing microscope. Analytical data support gteucture. Texture of the nematic mesophase
is threaded or schlieren type. Liquid crystal prdpes of titled series are compared with
structurally isomeric series.
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INTRODUCTION

The knowledge of relation between liquid crystadpgerty and molecular structure to predict the
liquid crystal behavior of a substance is an imguarpart of a research work. Moreover benzoate
derivatives are being biologically and pharmaceiliffcactive, are useful from the point of view
of their application in medical field and otherldig of life. Present homologous series of liquid
crystal was planned to synthesize, under aboveogesp

MATERIALS AND METHODS

p-n-alkoxy benzoic acids and p-n-alkoxy benzoylbodhdles were prepared by modified method
of alkylation of hydroxyl group of p-hydroxy benzaacid as proposed by Dave and Vora [3]. O-
Hydroxy methyl benzoate was prepared by refluxirggthanol with o-hydroxy benzoic acid in
presence of concentrated sulphuric acid [4]. Temdlogues of esters were synthesized by
condensing equimolar proportion of p-n-alkoxy bmpzchloride with o-hydroxy methyl

233
www.scholarsresearchlibrary.com



Doshi AVetal Der Pharma Chemica, 2011, 3 (5):233-239

benzoate in pyridine. All the ten homologues of skeeies were purified by alcohol till constant
melting points were obtained. P-hydroxy benzoidaelkyle halide, salicylic acid and thionyl
chloride, pyridine, methanol, potassium hydroxigelphuric acid and o-hydroxy benzoic acid
were used as received. The synthetic route todhessis under mentioned in scheme-1

RBr KOH
HO —@— COOH RO COOH—»
MeOH /Eeflux

SOCI-
80, -HCI
HO
RO cocr +
InPyndine COOCH:
— =00
COOCH:

Scheme-1: synthetic route to the series

Characterization:

Some selected homologues of the series were chaeatt by elemental analysis, IR Spectra,
Thermodynamic quantities, enthalpyd] and entropyhS] discussed qualitatively, without

performing D.S.C. scane. Liquid crystal propertesre investigated by hot stage polarizing
microscope. Smectic-A mesophase and nematic mesepware confirmed by miscibility

method.

Analytical data:

Table:1 Elemental Analysis for Butyloxy, Haxyloxy,aad Dodecyloxy derivatives

Sr. no. | Molecular formula | Elements % found (% calcuated)
C H

1 CigH,,0s5 69.47[69.51] 6.02[6.09]

2 C1H,60s5 70.52[70.78] 6.69[6.76]

3 Co7H360s5 73.61[73.64] 8.08[8.12]

IR Spectra. in cni*for Ethoxy and octyloxy derivatives.

Ethoxy derivative:
850cm’ p-sub benzene ring, 1050, 1250 & 1680cmster group, 1150cmalkoxy group,
3000cm' aro. =C-H str. Of phenyl.

Octyloxy derivative:
750cm® polymethylene of gH.7, 820 cni p-sub benzene ring , 1150, 125 & 1680 ‘craster
group, 3000 ci aro.=C-H str. of phenyl.
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Miscibility Method:

Pentyl and Hexyl derivative: Threaded Texture
Decyl derivative: Smectic-A Texture
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RESULTS AND DISCUSSION

Titled homologous series Methyl-o-[p’-n-alkoxy bewioxy] benzoates consists of ten
homologues. Liquid crystal property of the seriesnmences from propyl derivatives to
tetradecyl derivatives. Methyl and ethyl homologoéshe series are nonliquidcrystals and rest
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of the homologues propyl to hexyl and octyl deiived are only enantiotropically nematogenic,
decyl derivative exhibit enantiotropically smectogemesophase in addition to nematogenic
character, while dodecyl and tetradecyl derivatiage entirely smectogenic. Texture of a
nematic mesophase is of threaded or schlierendgdethat of a smectic mesophase is of focal
conic fan shaped of a smectic-A or C. The transitemperature observed through hot stage
polarizing microscope are recordedTiable-2 and plotted versus the number of carbon atoms in
left n-alkyl chain of n-alkoxy terminal end grouf. phase diagram for the titled homologous
series is obtained : as shown in the figure-1. jha&se diagram observations show that, solid-
isotropic or nematic or smectic transition curgkdws zigzag path of rising and falling as series
is ascended in normal manner. Smectic hematic @csoaisotropic transition curve initially
rises and then falls in usual manner. Nematic-ogtr transition curve shows descending
tendency as series is ascended and merges intdiGietropic transition curve with exhibition
of odd-even effect. Smectic isotropic transitiomveuis extrapolated for octyloxy derivative and
Latent transition temperature determined whoseigietdivalue is more than 100

TABLE-2 Transition Temperatures in °C

Comp. | R=C,, Hops1 | Sm. Nm. | Isotropic
no. [n]
1 1 - - 193.0
2 2 - - 202.0
3 3 - 148.0 158.0
4 4 - 151.0 165.0
5 5 - 124.0 150.0
6 6 - 108.0 150.0
7 8 - 131.0 143.0
8 10 102.0f 130.(¢ 140.5
9 12 106.0 - 142.0
10 14 122.0 - 130.5
Series-1
RO COO
COOCHs
Series-A
Figure-2

Ortho hydroxy methyl benzoate is a nonmesomorfhit, on linking it with p-n-alkoxy benzoic
acid, gives eight ester homologues of lower traomsst with liquid crystal property. The
dimerization of alkoxy benzoic acids disappears tlmebreaking of hydrogen bonding on
esterification. Odd-even effect and alternationtminsition temperature is observed due to
sequentially and progressively added methylene anihe left n-alkoxy terminal end group.
Odd-even effect diminishes as series is ascendeligher members of the series for longer n-
alkyl chain because longer n-alkyl chain of n-alkayroup may coil or bend without any
contribution to odd-even effect. Nonliquid cryskehavior of methoxy and ethoxy terminal end
group bearing, homologues are attributed to thagjh thermodynamical stability with liquid
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crystal range zero degree temperature. Two dimeakarray of molecules in floating condition
is not maintained and molecules of a sample hom@age free to move and orient randomly in
all possible directions which causes high levebisbrdered molecular arrangement, called as
high value of entropy§{S=AH/T] at their melting pointTable-3 summarizes average thermal
stability and molecular structure of present sérigsd other structurally similar isomeric series-
A[ ] chosen for comparison as shown in figure-2.

The magnitude of intermolecular forces of attratdiof titted homologous series-1 is different
than the isomeric series-A chosen for comparisoniquid crystal [LC] properties, because
geometrical shape of series-1 is nonlinear and dfateries-A is linear. Therefore length to
breadth ratio and polarizability differs, irrespeetof their same two phenyl rings with same
central group and same lateral or terminal grou@OCH; as well as left n-alkoxy terminal end

groups. Thus, different molecular polarizabilityusas difference in liquid crystal properties for
the same homologue from series-1 to series-A. Tr@&ton in liquid crystal properties from

homologue to homologue in the same series-lor Attsbuted to the sequentially added
methylene unit at the left n-alkoxy terminal endugp.

TABLE-3: Average Thermal Stability in °C

Series 1 A
i i i ; 110.0 109.1
Smectic-Nematic or isotropic
P [Cx-Cud | [CsCud
Nematic isotropic or vice versa 151.1 .
[C5-Cyud

Commencement of smectic mesophase ;4 C Cs

Careful observation of table-3 indicate that theestic-nematic or isotropic thermal stability of
series-1 and A is almost equivalent neglecting migakdifferent viz. 110.0 and 109.1 but
nematic-isotropic thermal stability of series-1 151.1. Thermal stability of a series or a
homologue (system) is associated with its enthflgy] content. As heat energy is supplied
from the surroundings i.e. parts of universe otthen a system, the supplied heat operates
against the intermolecular binding forces of atimars as a consequence of molecular rigidity
and flexibility. Thermodynamic stability of systenends to destabilise leading random
orientations of molecules. As, temperature rises dnantum of heat energy supplied from
surrounding to system , enhances random orientdtidisorder of molecules acquiring definite
value of molecular randomness or a thermodynam@ntfy entropy AS=AH/T] at which
intermolecular forces of attractions happens toabesotropic of suitable magnitude which
maintains to float molecules of a sample substamce system in two dimensional array, either
sliding layered arrangement and/or statisticallyrapp@ orientational ordered molecular
arrangement. Thus, smectic and/or nematic mesoptaserence is practically observed within
definite range of temperature called phase lengdmatic mesophase occurred in series-1 is
attributed to the laterally substituted —COOLCg#toup in series-1 instead of it is substituted
linearly as end group in case of series-A. Polailitg factor predominates in series-1, instead of
polarity factor of a group —COOGHNematic mesophase induces at the cost of smectic
mesophase in series-1. Thus, series-1 is predottyr@matogenic and partly smectogenic with
middle ordered melting type whose range of liquigstalinity ranges from 8°C to 42.0°C .
Series-A selected for comparative study is entirghyectogenic without exhibition of any
nematic character with relatively lower transitiovhose liquid crystal phase length ranges from
21.0°C to 58.0°C at the tetradecyl derivative of the series. Thenmencement of smectic
mesophase takes place from decyl homologue in ssérievhile it commences from fifth
homologue of series-A. Early or late commencemésneectic mesophase depend [7] upon the
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extent of noncoplanarity caused by the moleculelebldes of series A are less noncoplaner
than the molecules of series 1, in which lateralybstituted —COOCH induces more
noncaplanarity and steric hindrance. Thus, lessoaner molecules allows early sliding layer
arrangement of the molecules from the substancehalfvlds originally lamellar arrangement of
molecules.

CONCLUSION

Laterally substituted group induces nematic mesephat the cost of smectic mesophase,
otherwise ester series are smectogenic. Polaiiaipitiuces by Ortho substituted —-COOL$
more than the same isomeric group situated at #ina position of central —-COO- group. Thus,
conclusions derived from present study raised tedikility to the early research work [7,11 ].

Acknowledgement
Authors acknowledge thanks to the present and lpeesds of applied chemistry dept. Fac. Of
Tech. & Engg. M. S. Uni. Of Baroda-Vadodara and@®8&ucknow for analytical services.

REFERENCES

[1] M.J.S.Dewar R.S.Goldberg.Am. Chem. Sci@¢97Q092.

[2] Dave J.S. and Vora R.A. “Liquid crystal and ered fluids”, eds. Johnson J.F. and Porter.
R.S. Plenum press, New York97Qp.477.

[3] Vogel A.l. “Textbook of practical organic chestiy”, 5" ed. ELBS and Longmann, London.
1989p946.C.A., 32,66348 and C.A.,36,4486. Ph.D. theti3oshi C.G. submitted to Saurastra
Uni. Rajkot. March,1998

[5]()) Lohar. J.M. and Doshi A.VActa Ciencia Indicasol. XVIII ¢, N0.3,245 (992 (ii) Doshi
A.V. and Makwana N.G J.Ind. Chem. Sod/ol. 85 March2008 p.p.263-266,257-261 (iii)
Doshi A.V. and Prajapati H.R.J Ind. Chem sacVol.84 p.p258-260,2007, May,2009
p.p.470474. vol-86. (iv) Doshi A.V. and Ganatra K. Proc. Ind. Acad. Sci(chem.. soc.)
vol.111 No.4 Augl999p.p.563-568. (v)Doshi A.V. and Bhoya U.Q.Ind. chem.. sod/ol.79
March2002 p.p.1-3

[6] Chauhan M.L. ,Ph.D thesis submitted to the 8sina Uni. Rajkot. No2006 Odedra. D.A.
and Doshi. A.V., J.Inst. of chem.. (India) vol.68pt.1993158-160.

[7] Gray.G.W. and Winsor P.A. “Liquid crystals armastic crystals” (Chichester. Eillis
Harwood) vol.1,chapter-4 .pp103-15974

[8](a) Lohar. J.M. and Dave Jayrangol. Cryst, 103(1-4),181-9(Eng.)1083. (b)Ph.D Thesis
of Dave Jayrang Submitted to the Maharaja Sayalihaio Vadodara(980.

[9] Lohar. J.M. and Dave Jayrangol. Cryst, 103(1-4),143-53(Eng1083.

[10] Gray.G.W. Molecular structure and the prometiof liquid Crystal, Academic Press,
London and New York1(962.

[11] Gray.G.W. Harrison K.J. and Nas.J.A. paperspreed at Am. Chem. Soc. Symp. On
Ordered Fluids and Liquid Crystals, Chicad®73

[12] Patel R.B., Chauhan M.L. and Doshi AMer Pharma Chemic&201Q 2, 6, 157-164.

[13] Patel R. B.and Doshi A.\Der Pharma Chemica2011, 3, 1, 72-82, (ii) Bhoya U.c. and
Doshi A.v. Der Pharma Chemiga2011 3, 1, 328-348. (iii) Patel R. b.and Doshi A.Mer
Pharma Chemica011 3, 1, 538-548, (iv) Patel R.B.and Doshi ABMer Pharma Chemica
2011, 3, 1, 557-568.

[14](i) Chauhan B. C.and Doshi A.\Der Pharma chemica2011, 3, 110-117. (ii) Bhoya U.C.
and Doshi A.V.Der Pharma Chemica2011 3, 2, 135-141. (iii) Patel R. B.and Doshi AMer
Pharma Chemica?011, 3, 2, 147-155. (iv) Prajapti H. R. and Doshi AD&r Pharma Chemica

238
www.scholarsresearchlibrary.com



Doshi AVetal Der Pharma Chemica, 2011, 3 (5):233-239

2011, 3, 2, 370-375. (v)Makwana N.G. and Doshi ADér Pharma Chemiga201], 3, 2, 433-
439.

239
www.scholarsresearchlibrary.com



