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ABSTRACT:

A novel chalconyl homologous series of liquid @aliste derivatives RO -gH,-COO - GH;-CO - CH=CH - GH4+
OC4Hy (n) (para) have been synthesized and studied wittw to correlate the liquid crystal (LC) behanab
properties and the molecular structure of a subséanPresent novel series consisted of thirteen hmgne
members (€to Cg) whose, only nematogenic mesomorphism commerarasGrhomologue and continued up to
Cigshomologue in enantiotropic manner with absence medogenic character. Transition temperatures and
textures of nematic phase were determined usingpaical polarizing microscopy equipped with a hegtistage
(POM). Transition curve Cr-N/I behaved in normal mar. Textures of the nematic phase are threaded or
schlieren. Analytical and spectral data supportetlecular structures of homologues. Thermal stabifor
nematic is 118.22 C° and the degree of mesomorphasy from 10.0°C to 36.0°C at thegand G homologue
respectively. It is a middle ordered melting typdess, whose relative group efficiency order fomagic derived.

Keywords: Mesomorphism, Mesophase, Mesogen, Smectic, Neptatantiotropy.

INTRODUCTION

Tropically thermo liquid crystalline (LC) [1] novddomologues of chalconyl derivatives are importiiom the
point of view of their applicability [2-6] in the amufacture of LC devices to be operated at desirecbom
temperature and their bioactivities to be exploitedanticancer, antimalarial, antibacterial et¢he benefit of
mankind. Therefore present investigation was pldroesynthesize novel chalconyl ester derivativegtv can be
useful to all scientific and technological researofestigators working on LC state with differeinna, objects and
views with different angle. The present aim of istvgation is fixed with a view to understand antabksh the
effect of molecular structure [7-10] on propert@sthermotropic LC substances, which includes eseminor
change in molecular structure can bring about majmnge in LC behaviour as a consequence of chgngin
molecular rigidity and/or flexibility [11-15]. Nurmdys of chalconyl ester or azo ester or simple eHaen reported
till the date [16-p20]. The synthesis of novel hdogos series of proposed investigation after thahie
characterization will be compared with other stuoally similar analogous series and then groupcieificy order

will be derived with respect to thermal stabilitgarly commencement of mesophase and the degree of
mesomorphism.
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MATERIALS AND METHODS

Experimental : ( Synthesis )

» 4-n-alkoxy benzoic acids (A) were prepared by thedified method of Dave and Vora (1970 ) [21]ngsi
suitable alkylating agent (R-X)

» n-alkoxy Benzoic acids were condensed wit#h Hydroxy benzoyp -4’ t-utylloxy phenyl ethylene [22] (B) by
usual established method

» Components (A) and (B) were condensed [23] to §jivél products. Synthetic route to the series entioned
below asscheme-1 Final products were individually decompose, fi@ washed, dried and purified till the
constant transition temperatures obtained.

(1)
+ C,HsOH
%ROH
HO @CO-CH:CH @OC4H9

@)
RC @ COOF + Ho @CO-CH:CH ‘@OC4H9
(A) (B)

DCC -HO& urea
MDC (Solvent DMAP (catalyst)

RC @COC ‘@—QO-CH =CH—©—OC4H9
RO

Final product

Where, R=CnH2n+1,n =1, 2, 3,4, 5, 6, 8, 10,112 16.
Scheme-1: Synthetic route to the series-1

The chemicals 4- hydroxyl Benzoic acid , alkyl Hak, 4- Hydroxy acetophenone, 4- tetrayloxy beretalde,
potassium Hydroxide, hydrochloric acid etc. reqgifer synthesis were used as received except dslwehich
were dried and distilled prior to use.

Characterization:

Some selected members of the titled novel serigs alearacterized by elemental analysis, 1HNMRspeatd IR
spectra,. Microanalysis for C,H,N, elements waggoered on Perkin Elmer PE 2400 analyzer (TableHINWR
spectra were obtained on Bruker spectrometer U3IDGI3 as solvent. IR spectra wererecorded on aifeEkmer
spectrum GX. Transition temperatures and liquidstalyproperties were investigated using an optcdérizing
microscope equipped with a heating stage. Texniresesophases were characterized by miscibilitynioubt
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3. ANALYTICAL DATA

Table -1 Elemental analysis for methyloxy, ethylox and propyloxy derivatives

Sr. No. | Molecular Formula Elements % Found Elements % Calculated
C H C H

1. Cy7H260s5 75.0] 5.9¢ 75.3¢ 6.04

2. CagH260s5 75.3( 6.1( 75.67 6.3(C

3. GogH3¢Os 76.09 6.41 75.98 6.55

H!NMR: in ppm. For Hexyloxy homologue.

Ethylenes: (200 MHZ$ (CDCI3) (ppm) 0.9 (-CH3-CH2 of —-C8H17), 1.4 (lofgd2- chain),

3.8 -OCH2 of (-OCH2 of -gHg), 4.64 and 4.50 — CH=CH , 7.09 & 6.92,(p-sub. leeezrings) 7.80& 8.02 (two p-
sub. benzene rings)

HNMR: in ppm. For Decyloxy homologue.

Ethylenes: (200 MHZ$ (CDCI3) (ppm) 1.29 — C§ 3.95 - O CH, 4.11 — O CHof -

OCH,-CH»-CHjs, 4.50 and 4.62 — CH=CH-, 7.09, 6.92, 8.02, add 8p-sub .phenyl, (two p sub benzene), 7.34
and 8.12 — p-sub phenyl two p-sub benzene,

IR in Cm™, For Hexyloxy homologue
Ethylene’s: (vmax/cm-1): 2900, 2850, (-C-H, alifbp 1740, 1160 (ester group), 1720 (>C=0 grouQ0 (-
C=C-, aromatic), 1050.1,1255 (ether group), 85p-&(b. Benzene ring),1600,1590,1450 (Aromatic)ring

For Decyloxy homologue
Ethylene’s: (vmax/ci): 2930, 2860, 1337.1, (-C-H, aliphatic), 1744, 446(ester group), 1720 (>C=0 group),
1590.3 (-C=C-, aromatic), 1053.4,1150 (ether grp8p.7 (p- sub. Benzenering),1610,1486, 1450 (Atoming)

Textures by miscibility method

(o —— threaded nematic
C8 —cmmmmmmee threaded nematic
(0 1s P— schlieren nematic

Table — 2: Transition Temperatures in °C

Comp. No. | n-alkyl (CnH2n+1) group | Smectic| Nematic| dotropic
1 C1 - - 128
2 Cc2 - - 120
3 C3 - - 125
4 C4 - - 116
5 Cs - 76 10¢
6 C6é - 83 119
7 c7 - 92 120
8 C8 - 98 123
9 C10 - 104 130

10 C12 - 100 125
11 C14 - 96 118
12 C16 - 98 112
13 C18 - 98 108

RESULTS AND DISCUSSION

o - 4 - Hydroxy benzoyp — 4 — butyloxy Phenyl ethylene (m.p. 82.0 °C) is amesomorphic component, which
on condensation with n-alkoxy Benzoic acids yidldevel chalconyl derivatives. ;@ C, homologues are
nonmesomorphic (NLC) , Whereas , rest of the déviga are ( @to Cg) enantiotropically nematogenic without
exhibition of smectogenic character. Transition ienatures were plotted against the number of cadioms
present in n-alkyl chain of left n-alkoxy group.amnsition curves Cr-I/N and N-I were obtained orkilirg, like or
related points, which showed phase behaviors aése€r-I/N transition curve adopted zigzag pattrisihg and
falling with overall descending tendency. Odd-eedfiect is observed for N-I transition curve. N-asition curve
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for even numbered methylene unit occupied highesitipm than odd numbers of series. N-l transitiamves
showing odd-even effect merges into each otheg &ioBologue and then prolonged as a single transitimve for
higher homologues of longer n-alkyle chain R orR-@roup from and beyondgthomologue. Thus, Cr-I/N
transition curves behaved on normal manner. NAsiteon curve is extrapolated in left fog @d G homologues to
determine and their latant transition temperatlrd.[r.]; but they are unrealizable due to their stajlizing
tendancy. Analytical and spectral data conformedntiolecular structure of respective homologue. iaéstability
for nemctic is 188.22°Cand mesomorphic phase largtige from 10.0 to 36.0 °C at thegg@nd G homologue
respectively. Thus, thermometric properties vepnfrhomologue to homologue in present series widnging
flexibility due to number of methylene unit or wnibf left n- alkoxy terminally situated end grougebing rest of
molecular part unchanged throught the same sériess, series of present investigation is partlyrsgagenic and
of low melting type and relatively short rangeduiid| crystallinity as well as low thermal stabiliffhe exhibition or
inexhibition of mesomorphic property by a substamepends upon its suitable or unsuitable magnituafes
anisotropic forces of intermolecular end to end/anthteral forces as a consequence of favorablendiavorable
molecular rigidity and flexibility. The moleculaigidity remains unaltered throughout the seriestfttomologue to
homologue in the same series ; but, its moleclgaitfility alters from homologue to homologue iretkame series
due to changing number of methylene unit or unitsent in n-alkyl chain'R™ bonded to first pheryigrthrough
oxygen atom. The combined effect of molecular itgidand flexibility of suitable magnitude induces
mesomorphism in a substance to disalin the molecaihel resist exposed thermal vibrations on molecuteler
microscopic examination under floating conditiontoe surface. The inexhibition or failure of exlidn by G to
C, homologues is attributed their inability to resestposed thermal vibrations due to unsuitable madas of
intermolecular end to end or/and lateral attractiarnich abruptly breaks crystal lattices and smigattansform
crystalline state to isotropic state without pagshrough LC state, due to low dispersion forces law magnitudes
of dipole-dipole and electronic interactions betwésstantaneous dipole produced by spontaneoufatiecis of
electron clouds of the molecules leading to higpstallizing tendency. Thus, molecules of non mesgin®
randomly oriented in all possible directions witlgthorder of disorder or uncontrolled movement. ISomlecules
do not acquire monotropic LC state on cooling #wrbpic mass. Thus , any sort of mesomorphisneegmectic
or nematic is absent for;@ C, homologues. The exhibition of enantiotropic nematiesophase formation
commencing from £homologue to ¢ homologue is attributed to disalignment of molesudt an angle ninety or
less than ninety degree which resisted exposedhtiaribrations by suitable magnitudes of end to atichctions,
acquiring statistically parallel orientational ordef molecular arrangement under floating conditidaring
microscopic examination for definite range of temspare according to molecular permanent dipole nmme
Aromaticity , molecular rigidity, flexibility, poldaty and polarizability etc.

However, all the mesogenic or nematogenig (00,5 ) homologues fails to exhibit smectogenic charadtes to
absence of lamellar packing of molecules in the@opcupied crystal lattices, which eliminated thoesgibility of
acquiring sliding layered molecular arrangement flimating condition to show smectogenic texture unde
microscopic(POM) observation, either monotonicaltyenantiotropically for even a single novel hongpie. The
odd-even effect is observed due to sequentiallgdddethylene unit from {3r G homologue. The disappearance
of odd-even effect due to merging of N-I transitionrves from and beyondg®@r G, homologue for higher
homologues (gto Cig) of longer n-alkyl chain is attributed to the @af , bending or flexing or coupling of n-alkyl
chain of left and right end groups with the prirdiaxis of core structure. Changing trends in mespinic
properties like thermal stability, commencementhm@sophase, mesophase length etc. depended upooutaple
length which sequentially undergo varied, with ajiag permanent dipole moment across the long mideewxis,
dispersion forces , thermodynamic quantity enthdlgyH ), extent of noncoplanarity which related to chaggi
molecular structure which causes the change inntlagnitudes of combine effect of molecular rigidand
flexibility. The molecular rigidity due to phenylngs and central bridges linking them which remairaltered
through out the same series from homologue to hogua , but the molecular flexibility due to diffa® in
polarity of two end groups of present series undewdyied.

Therefore, the magnitudes of their combined effedgidity + flexibility ) which changes from homaogue to
homologue in the same series. Thus, thermometsistigty and suitable magnitudes of intermolecutahesion
energy; consequently very mesomorphic tendencyrmbkecule causing variation. The variations in nmesphic
properties of a present novel series are compaitdtiae structurally similar other known homologoseries as
shown below irfigure-2.
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@ CcocC @CO—CH =C OC4Hg

M

RO @ CcCoC @—CO-CH =C OC1aHze
X)
RO @ cocC @—CO-CH =C OGCieH33
)

Figure:2 Structurally similar series

Homologous series 1, X and Y are identical witbpext to three phenyl rings, central bridges lighatenyl ring,
left n- alkoxy terminal end groups same homologmetrgbuting total molecular rigidity and partly toolecular for
flexibility. But, they differ with respect to righterminal tails groups at third phenyl ring witler® substitution.
Thus, combine effect of molecular rigidity plusxiligility vary for the same homologue from series $eries and
from homologue to homologue in the same series. dlogous series 1,X and Y are identical in alhaboespect
except right handed tail end groups,-Big; -OC4H,e and -OGgHasfor the same homologue from series -1 , X and
-Y. Thus, mesomorphic properties are differed doediffering features the series 1,X,Y. Followingole3
represents some thermometric behaviors of presemdgtigated novel chalconyl homologous seriesd series-X
[24] and Y [25] chosen for comparative study.

Table-3: Relative thermal stabilities in °C

Serie: 1 X Y
smectic-isotropic or|
smectic-nematic
Commencement of|
Smectic phase

Nematic-Isotropic 118.22C’ 123.0 113.0 - 14.0
Commencementoff  (Cs- Cig) (C7- Cup) (Cs- Cip)
Nematic phase Cs C; Cs
Total upper and | 10.0 to 36.0| 13.0 to 34.0| 10.0 to 26.0
lower mesophase| Cig G C; G Cs Go
length range in 0C Cio
Cito CJ Cy

From above table-3 it is clear that
» Homologous series 1, X and Y under comparativdysare nematogenic with absence of smectogenjuepty.
» The mesogenic property commences fram G, and G homologue in series 1,X.Y
respectively .
» Thermal stability depresses from series X toesetito series Y.
» Thermal resistivity is poor and upper mesophasgth decreases from series 1to Xto Y .

The intermolecular suitable magnitudes of anisatr@md to end forces as a consequence of favaurablecular
rigidity and flexibility induces nematosenic mesaph due to the appropriate permanent dipole mqrdgrale-
dipole interactions dispersion forces etc. fittmstgnitudes facilitate and to induce nematogenaradter only, but
are insufficient to maintain focal conic networkingplecular arrangement in rigid crystal and subseatsliding
layered molecular arrangement in floating conditimer exposed thermal vibrations. Thus, smectogdmracter
fails to facilitate in all the series-1,X and Y wnccomparative study. The extent of molecular nptetarity for all
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the series 1,X and Y are equally effective budlightly differs for the difference of tails ternaih. The observed
difference for thermal stabilities is attributedth@ unusual and unexpected molecular status tyh-hain of both
ended n-alkoxy terminals, degree of mesomorphisoh taznsition temperatures of homologues. Thus,mhbér
stabilities and upper and lower mesophase lengtingess of series1,X and Y are not much differed agmitudes.

Homologous Series

RO@ COO @CO-CH = CH@OC4H9

200 A
@® SOLID-NEMATIC/
150 ISOTROPIC
® NEMATIC-ISOTROPIC
WE”  Deviation
160 -
T 140 -

Isotropic (1)

c 120
L
2
o
o 100
E
)
|_
S
= 80 \ .
= o Solid (Cr)
&
=5
60 -
40 -
20 T T T T T T T T T T T T T T 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

No.of carbon atoms in n-alkyl chain-R —»

Figure :1 Phase Behavior of Series
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CONCLUSION

Presently investigated chalconyl ester series iigypaematogenic whose degree of mesomorphismadgeshand of
middle order melting type without exhibition of socbegenic property. The group efficiency order dedwn the
basis of (i) thermal stability (ii) early commencem of mesophase and (iii) higher degree mesomemplaire as
under.

(i) SmecticSeries-1 = Series-X = Series-Y

Nematic Series-X > Series-1> Series-Y.

(i) Nematic Series-1 = Series-Y > Series-X

(iif) Nematic upper mesophase lengtl$eries-1 > Series-X > Series-Y

» Upper mesophase lengths decreases as tail endéid/hehain is lengthened.

« Difference of group polarities at the two termiredd groups decides the mesogenic behaviour of ichgil/
homologue in the same homologous series.

» Molecular rigidity and flexibility operates a phanena of mesomorphism.

» Mesomorphism is very sensitive and susceptibledteoular structure.

» Mesogenic homologues of present study are usefuthi study of binary systems for the manufacturé®©
devices to be operated between 55°C and 130°C

* Chalconyl derivatives are bioactive molecules, Wwhitan be further studied for their bioactivity ftine
pharmaceutical and medicinal formulation.

» Present study supports and raises the credihilitge conclusions drawn earlier.
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