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ABSTRACT

Titled novel homologous series of mesogenic charagtz. a-4-[4’-n-Alkoxy- Cinnamoyloxy] Benzogt3”
Nitrophenyl ethylenes is synthesized and studiéid avview to understand its liquid crystal (LC) pesties. There
are seven homologues from n-pentyl to n-hexadeeyVatives of the series which are mesogenic. Réshe
homologues are nonmsogenic. n-pentyl to nidacynologues are polymesogenic, n- Dodecytetradecyl
and n-hexadecyl derivatives of the series are amdynatogenic without exhibition of smectic charactl
mesogenic homologues are enantiotropically, sngecte and/or nemetogenic. Transition and melting
temperatures are observed on polarising microscofté heating stage. Phase diagram drawn on the a$i
microscopic observations. The novel series is pmédantly nematogenic and partly smectogenic witlalchei
ordered melting type. Analytical data support tiictures of molecules. Mesogenic properties tédiseries are
compared with structurally similar other homolog@esies.

KEY WORDS : Liquid Crystal, Mesomorphic, Mesogenic, Smediematic.

INTRODUCTION

Liquid crystal state of a material possess numlepplications in the manufacture of electronispdthy devices
like T.V., Mobile, Calculator ,electronic curtaiscreens etc.[7]. Also, substances involving virgdboxylate and —
CO-CH=CH-group are bioactive materials which mayulkeful in pharmaceutical preparations. Therefossgnt
investigation is planed to synthesize new substaédiquid crystal characteristics and to studylerstand and
determine, data mainly from the point of view ajuid crystal behavior of new substances, with iane of

molecular rigidity and flexibility.

MATERIALS AND METHODS

Characterization:
Representative members of the series were chammtieby IR spectralH NMR spectra. NMR spectra were
recorded using CDghs solvent. C,H,N analysis was performed on C,Halyaer. Data are recorded in Table-1.
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Transition and melting temperatures are obsemfedugh hot stage polarising microscope as recbiad able-2.
Types of smectic and nematic mesophases textueeteaided using miscibility method. Thermodynamieargities
enthalpy AH) and entropyAS] are discussed qualitatively instead of DSC Scane

Synthesis:

4-Hydroxy cinnamic acid was synthesized by the wethf Patel and Doshi [10] from p-hydroxy benzalgihand
Malonic acid in pyridine. Hydroxy group of acid wakkylated by suitable alkylating agent by the noetlof Dave
and Vora [5a].Alkoxy acids were converted to cqoaesling acid chloride(A by treatment of acid with freshly
distilled Thionyl chloridex-p-Hydroxy benzoylp-m’-Nitro phenyl ethylene(B) was prepared by thectén
between p-Hydroxy acetophenon and m-Nitro benzgiektlby usual established method [5,10] Constitoestting
substances were used as received. The synthetie tmuhe series is shown as under in scheme-1.pinducts
were decomposed, dried and purified by alcohol.
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a-4-[4’- n-Alkoxy- Cinnamoyloxy] BenzoyB-3” Nitro phenyl Ethylenes.
Where R= GH,,.; n=1,2,3,4,5,6,8,10,12,14,16
Scheme-1: Synthetic Route to the Series

Analytical Data:
TABLE: 1 Elemental analysis for methoxy, butyloxy,octyloxy and tetradecyloxyderivatives

0, 0,
Sr.No | Molecular formulaj Elgments % four:_ld (% Calcula't\;ed)
1 CosH1NOg 69.98 (69.93)] 4.45(4.43) 3.28(3.2p)
2 CagHasNOg 71.30(71.34)| 5.29(5.31) 2.94(2.97)
3 CsoH33NOs 72.91 (72.81 | 6.29 (6.27 | 2.68 (2.65
4 CasHasNOg 74.60 (74.63)| 7.32(7.36) 2.27(2.2p)
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NMR in ppm for Decyloxy derivative:
1272 (_CH_ Of OCJ_OHZ]_ grOUp), 0880 (_CHOf Of OC_]_QHQ]_ grOUp), 180 (_O_CHCHZ_), 401 ( _O_CH_
group), 6.93&8.05 (p-substituted phenyl ring), 7(&6 substituted phenyl ring). NMR confirms theusture.

IRincm™ for Hexyloxy derivative:
695,750 crit (m-substituted benzene ring), 810 t(p- substituted benzene ring), 1020,125081700 (C&ster

group), 1270 cM (>C=0 of OGH1sgroup).IR confirms the structure.

Texture of Mesophase by miscibility Method: Dodecyloxy hmlogue: Threaded Nematic and pentyloxy
homologue : Smectic-A Type.

RESULTS AND DISCUSSION

Cis-p-n-Alkoxy cinnamic acids (4 anda-p-hydroxy benzoyB-3’-Nitrophenyl ethylene (B) are nonmesogenic and
melt sharply at their melting points. However ankling acid chloride(4 with component,(B) gives rise to form
series of products from corresponding n-alkoxy sicgme of which are mesogenic in character exosptfour
homologues of the series.i.e. Methyl to butyl datives of the series are nonmesogenic, while résthe
homologues are mesogenic. Pentyl, hexyl, octyl dedyl derivatives are enantiotropically smectogeinic
combination with nematogenic character. Dodecyratiecyl and hexadecyl derivatives are only neneting
without exhibition of any smectic property eventiire monotropic condition. Transition temperaturéable-2) of
the homologues are plotted versus the number bboaatoms in n-alkyl chain of left n-alkoxy termiirzes recorded

in Table-2.

TABLE-2: Transition Temperatures in °C of series-1.

Compound No.| R=@n:1 | Sm Nm | Isotropic
(n)

1 1 172.0
2 2 166.0
3 3 180.0
4 4 - - 1710
5 5 128.0C | 134.C 144.(
6 6 136.0| 150.0 158.0
7 8 130.0] 1510 166.0
8 10 116.0) 129.0 152.0
9 12 - 142.0 156.0
10 14 - 143.C 162.(
11 16 145.( 154.(

Sm= Smectic; Nm= Nematic.

The phase behavior of the series is discussed @er.uBolid-isotropic or mesomorphic transition @udopt a
zigzag path of rising and falling and behaves innred manner.Smectic-nematic transition curve grigusses
from n-pentyloxy to n-octyloxy derivatives of theries and then smoothly falls to the n-decyloxyidgive of the
series. Thus smectic-nematic transition curve behav usual expected manner. Nematic-isotropicsitian curve
partly behaves in normal manner upto n-decyloxyvdéve i.e. curve rises from n-pentyloxy derivatiand then
adopt descending tendancy as series is ascendgrnigecyloxy homologue.But then curve abnormatidves
i.e. it rises instead of falling in case of dodesyl and tetra decyloxy derivatives. Odd-even effechbsent for
Smectic-Nematic and Nematic-isotropic transitiomves as mesophase commences from and beyond pantylo
derivative. Smectogenic phase length and nematogemise length ranges from $®to 21.6 C and 8.8C to
23.07 C respectively. Total mesophase length vary minim@©C at hexadecyloxy homologue to maximum of
36.0°C at n-octyloxy and n-decyloxy homologues. Seriesen discussion is predominantly nematogenic amtlypa
smectogenic.

Nonmesogenic constituent componentsaAdd B from which final benzoylester derivativestbé series formed
induces mesophase formation. It happened duenkin§ of more number of phenyl rings causing insecaf
molecular length and aromaticity which results tatle magnitude of molecular rigidity and flexibilimolecular
polarity/ polarizability as well as length to bréadatio. Thus, intermolecular anisotropic foradsattractions are
suitable and capable enough to manage two dimessawray of molecules in floating condition. Metlyoto n-
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butyloxy homologues are nonmesogenic due to thigih lerystallizing tendency arising from imbalancadd
unsuitable magnitude of intermolecular forces tifaations as a consequence of undesired moledgidity and
flexibility [1,2,3]. Thus , molecules of first fouromologues are disaligned on the plane of tifasel under the
influence of applied heat from surroundings. Aseault of this, molecules under microscopic exanbmagre
unable to resist thermal vibrations and sharplyseadirectly into isotropic state from solid stafighout passing
through an intermediate state of existences catethesogenic or mesomorphic or liquid crystal sfaest of the
molecules of homologues from and beyond n-perytterives are compitant enough to resist thewitahtions
exposed upon them under the influence of applieat Hiem thermodynamic surroundings; due to suitable
magnitude of forces of attractions, resulting istnergence of smectic and/ or nematic mesophase¢yl®ento
Octyloxy derivatives bear lamellar arrangement ofeaules in their crystal lattices which on heatauppt sliding
layered arrangements of molecules, maintainingdimtensional array of molecules in floating conditicnducing
smectic mesophase. Still on raising the temperadifter acquiring smectic mesophase, molecules apahie
enough to resist thermal vibrations but molecutgreted arrangement of molecules disappears anccuabedeare
disaligned on the plane of the surface at an degkethan 90in parallel manner i.e. statically parallel origional
order of molecules is maintained giving rise tonaéic mesophase formation in addition to layeredemdar
arrangement. Thus, nematic mesophase occurs afeatis mesophase. Similarly dodecyl, tetradecyl leexhdecyl
homologues derivatives emerges only nematic mesephaithout exhibition of smectogenic mesophase.
Disappearance of odd-even effect is attributedhéoatbsence of mesophase formation by early menfiltlee ceries.
Variation of mesogenic behavior from homologue tonblogue in same series is attributed to the pesively
added methylene unit in left n-alkoxy group. Abmaf behavior of nematic-isotropic transition cufee higher
member of series is attributed to the longer leftlkyl chain which may coil, bend or flex in irrdgu
manner,[6,7,8] inducing irregularity in moleculdgidity and flexibility. Such probability has dire@ffect on
molecular polarity and polarizability as well ageinmolecular attractions. Table-3 summarizes aeetagrmal
stability and commencement of mesophase formatiigure-2 represents molecular structures of stratiju
similar homologous series-®r the comparison of mesogenic properties ofgmtg investigated series-1.

HO,
o
I
RO CH=CH— 00 — C—CH=CH Serles- 1
o]
Il
RO CH=CH— OO0 —CH=CH—=C Q Series-8;

FIGURE-2. Structurally Similar Homologous Series

Both homologous series-1 ang[$0,11] are identical in size, shape, aromaticéntral and left n-alkoxy terminal
groups. But they differ in their molecular struewrith respect to last phenyl ring which repladé®of series-1 by —
NO, group at the meta position from second central grddoreover >C=0 group is linked directly with mldd
phenyl ring while it links with last phenyl ring tase of series,STherefore in case of presently investigated serie
1, differs from series-Swith respect to lateral substitution [width], késp molecular length unchanged and
positional variation of >C=0 group in addition tifference caused by varying inductive and sterfeat$ of -H and
-NO,. Thus, variation in thermal stabilities and comoement of smectic and / or nematic mesophase khasve
other related mesogenic or thermodynamic propetiefergo variation. Above discussed variations Itesato
varied length to breadth ratio, molecular polariligbintermolecular distance and hence, the slégabagnitude of
intermolecular forces of attractions and molecalaangements in floating condition variation acaogty.

TABLE-3: Average Thermal stability

Series—> 1 S
Smectic-Nematic 141.0 —
(Cs—Cuo)
Nematic-Isotropic 156.0 1445

(C+—Ci) | (C—Cue)

Commencement
Of Smectic mesophasge Cs —
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Figure ;1 Phase Behavior of Series

From the table-3, it is clear that, average theratability for Smectic is 141.0 while that of Sar® is 00.0.
Secondly nematic thermal stability for series-lhigher than the Series-Sinder comparison. Series-1 being
nonlinear due to presence of electron widrawingugrdNO, which widraws electrons from third phenyl ring.
Therefore, molecular polarity and polarizabilityeastrengthened as compared to —H of sered4sus, thermal
stability which depend upon enthalpyH] and entropy valueAS] of homologue as system at a given temperature.
On raising temperature of a thermodynamic systeronjblogue] from surroundings, the molecules under
examination starts dancing or moving and fightiggiast intermolecular forces of internal attracsiovith the help

of external force i.e. thermal energy supplied. §huwolecular randomness or say entropy or moledlitorder
increases at a given temperatugeafwhich mesophase commences to appear and cengnto higher temperature
T,. From and beyond ;] the entropy or molecular randomness reacheset@xtent that, high order of molecular
disorder occur and a sample homologue acquire®jsotstate from mesogenic state,«T,) is called phase length
of a homologue concern. Values of enthalpy andopgtare determined from the maxima observed in 38&he.
Commencement of smectic mesophase depend uponxtéiet ®f noncoplanarity caused by the molecule. The
extent of noncoplanarity is relatively more of seril in combination with higher magnitudes of inteslecular
attractions as compared to serigsi8e to presence of meta substituted zg@up. Therefore smectic mesophase
commences from fifth homologue in series-1 whileldes not occur till the last hexadecyloxy derivatof the
series-&

781
www.scholarsresearchlibrary.com



Doshi A. V.et al Der Pharma Chemica, 2012, 4 (2):777-782

CONCLUSION

Presently investigated novel series is predomigar@matogenic and partly smectogenic of middle mdenelting
type and short phase length. Variation in mesogproperties can be brought about by varying mobectigidity
and flexibility.
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