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ABSTRACT

Homologous serieg-4-[-4’-n-Alkoxy Cinnamoyloxy] benzogtphenyl ethylenes consists of eleven members of the
series. Pentyloxy to hexadecyloxy homologues ammntietropically nematogenic without exhibition ohya
smectogenic character. Odd-even effect is obsefeechematic-isotropic transition curve with altetian of
transition temperatures of the homologues as deterthusing an optical polarizing microscope wittatieg stage.
Methoxy to butyloxy homologues are nonliquid chgstAnalytical data supports the structures of thelecules.
Textures of the nematic mesophase is threadedhbiesen type Nematic-isotropic thermal stability afseries is
155.4°C. Mesomorphic properties of a present series anmmared with other structurally similar homologous
series.

Keywords: Liquid Crystal, Smectic, Nematic, Mesomorphic, Mtopy.

INTRODUCTION

Effect of molecular structure on liquid crystal pesties of a substance play an important role isudng
mesogenic characteristics, which has direct relatigith resultant molecular rigidity and flexibylitRigid part of a
molecule is due to the phenyl rings and their higkthrough the central group. Terminal and latgralps attached
at ortho, meta or para positions of phenyl ringsaaca flexible part of the series. Present sésigganned with a
view to understand and establish the relation betwaolecular structure and liquid crystallinity @gnstructing a
molecular geometry which contains three phenylsibhgdged through vinyl carboxylate and —CO-CH=C#ntral
groups as a rigid part and n-alkoxy terminal granpl —H end groups without any laterally substitugealp as a
flexible part. Thus, induction of liquid crystality to be discussed with reference to moleculascstire causing
molecular rigidity and flexibility.

MATERIALS AND METHODS

Synthesis:

4-Hydroxy cinnamic acid was alkylated by suitabl&ylating agent and were converted to correspandim-
alkoxy cinnamoyl chloride by a method of Dave aratd] ]. [A] a -4-Hydroxy benzoyp-phenyl ethylene [B] was
prepared from p-hydroxy acetophenon and benzaldehydhe usual established method [ 5b,10 ]. Corapb(A)
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and (B) were condensed in dry cold pyridine to fotime final benzoester compound. Final products were
crystallized till constant transition temperatunesre obtained. The synthetic rout to the seriesaationed below in
scheme-1.

N Ci=rH. .
HO—()— CH=CH.COOH Ho—)-COCH,
R-X KOH
C,H.OH
Reflux | 11e0H 2
50% KOH
RO—{)— CH=CH.COOH + O-cno
- HyO
Reflux | Freshly disttled SOCI,
~HCl
-S0;,
= . A\
A AP i CO-CH=CH
RO -‘@}—CH-»H-EQCI - Ho— o B
(&) (B)

l Dry cold Pyndme

RO ~(O)-cH=cH-co0 ~)-co-cH=cH~<)
g : i
a-4-[4 -Alkoxy Cinnamoyloxy] benzovl Bphenyl ethylenes

Where. R= CuHane n=1,2,3,4,56,8,10,12,14,16

Scheme-1 Synthetic route to the series

The constituent components Alkyl halides, thionyhlocide, methanol, KOH, p-Hydroxy acetophenon,
benzaldehyde, malonic acid, pyridine and piperidetbanol etc., required for the preparation of édy (B) and
final products were used as received.

Characterization :

Some selected members of the series were chazmridry elemental analysis (table-1), Infra-Red @RI*HNMR
spectroscopy. Microanalysis was performed on Petkiner PE2400 CHN analyzer. IR spectra were recbaie
Perkin Elmer spectrum arfiNMR spectra were recorded on Bruker spectrometgguCDC} as solvent. Liquid
crystalline properties were investigated on an aapbtpolarizing microscope with heating stage. Textof the
nematic phase was confirmed by the miscibility mdtton hot stage polarizing microscopy. Thermodymami
properties enthalpy\H) and entropyAS) are qualitatively discussed instead of DSC scane
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Analytical data : Elemental analysis for butyloxy and octyloxy derivative:

0, 0,
Sr.No.| Molecular Formula Elemenés % Found (% Calculatec )
1 CoeH260s 78.87(78.84) 6.10(6.09)
2 Ca2H3404 79.67(79.70) 7.05(7.07)

Spectral data for series-1 :
NMR in ppm

Hexyl derivative :
0.868 - CH of —-OGH;3,1.245 (-CH2-)n of —OgH5 4.08 (Triplet) -OCH-CH, of —OGH,3 3.840 (Singlet) - O-
CHj; 6.98 (Broad) — CH=CH-,7.15 & 7.27 —CH=CH-CO-,6.9Bt@ p-sub. Phenyl ring NMR Confirm the structure.

Octyl derivative :
0.881 - CH of —OGH;7 ,1.283 (-CH2-)n of —OgH;7; 4.008 (Triplet) -OCHCH, of—-OGH;; 3.848 (Singlet) -
OCH; 7.00 (Broad) — CH=CH-,7.18 —CH=CH-CO-, 6.69 to 8-4ub. Phenyl ring NMR Confirm the structure.

IR:incm™

Dodecyl derivative :

1250 & 1610 Confirms —COO- group,1140 Confirms —€@roup,840 Confirms p-sub. Phenyl ring , 690 comsi
—(CH), of CyHas

Tetradecyl derivative :
1230,1600 & 1680 Confirms —COO- group,1060 Confirr@0 — group,840 Confirms p-sub. Phenyl ring , 720
confirms —(CH),, of Ci4H,g

Texture : By miscibility method : Pentyl, Decyl, Tetradedgrivatives Threaded/Schlieren type.
RESULTS AND DISCUSSION

Liquid crystal property induced in presently inigated novel series by linking two nonliquid crystamponents
viz. cis 4-n-alkoxy cinnamoyloxy acid/ its corresiging acid chloride and-4-Hydroxy benzoyB-phenyl ethylene.
Pentyloxy to hexadecyloxy homologues are enatiatedly nematogenic without exhibition of smectogeni
property, while the rest of the homologues i.e.hrory to butyloxy homologues are nonliquid crystdlsansition
temperature of the homologues as determined bytoabhot stage polarizing microscope and recotidedble-2
are plotted versus the number of carbon atomseptés n-alkyl chain of left n-alkoxy terminal egdoups.

Table-2: Transition Temperatures of series iffC

Compound  no n-alkyl group -GHazna Tran;ition tempt_aratures ?ﬁ:_

(n) Smectic | Nematic | Isotropic
1 1 - - 155.0
2 2 - - 148.0
3 3 180.0
4 4 - 170.0
5 5 141.0 169.0
6 6 125.0 173.0
7 8 - 123.0 157.0
8 10 - 129.0 152.0
9 12 - 127.0 150.0
10 14 - 132.0 148.0
11 16 - 128.0 139.0

A phase diagram (Figure-1) is obtained by joiniikg lor related points. Phase diagram in figuredidates that,
solid-isotropic or Nematic transition curve folloves zigzag path of rising and falling tendency witerall

descending tendency with alternating transitiongeratures. Nematic-isotropic transition curve adafgscending
tendency as series is ascended and behaves in Inexpected manner. Odd-even effect observed foratiem
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isotropic transition curve. Mesomorphic phaselengihy between 12C to 48°C at hexadecyloxy and hexyloxy
homologues respectively. Thus series under dismousi entirely nematogenic with absence of smectioge
character. Nonmesomorphic tendency of methoxy tgldxy derivatives observed is due to their highstallizing
tendency arising from their resultant moleculaidity and flexibility [1,2,3] related to intermolatar end to end
attractions and stabilization energy storeétH) at room temperature at constant pressure. Thiecmles of
nonliquid crystal homologues are unable to rekistrhal vibrations exposed upon them, and internutdedinding
forces are weaken to such an extent that , sampletance under examination sharply transforms ftoystalline
solid state to isotropic liquid state without pagsthrough an intermediate state of existenceeddiquid crystal
state or mesomorphic state. The molecule of pexgyto hexadecyloxy homologues are capable of watiding
thermal vibrations exposed upon them as a consequeh their favorable resultant molecular rigidiand
flexibility. Under such situation molecules of sdmpubstances under microscopic examination disaign angle
less than ninety degree on the plane of the surdagearticular temperature; Bnd continue to resists exposed
vibrations upto higher temperaturg Wwith maintenance of molecules in floating conditi@hus, molecules show
nematogenic mesophase betweegmid . Nematic mesophase disappears beyorioe€ause molecules lie on the
plane of floating surface at higher temperaturevab reversibly. The magnitudes of anisotropic forcesnoér
molecular forces of attractions between anhd T, become favourable to form nematic mesophase. Haweve
molecules acquire exposed heat energy to adoptdriggr of disorder or randomness or entrop$)(beyond ¥
and exhibit isotropic state. The range of tempeeahetween Tand T is called the range of liquidcrystallinity or
phasselength of a mesophase, which ranges mininfiieteven degree at hexadecyloxy homologue to a mmaxi

of forty eight degree centigrade at the hexyloxynbtogue. Absence of smectic property of nematageni
homologues of presently investigated series ltihated to the absence of lamellar packing of rooles in the
crystal lattices of respective homologues of sanieder discussion. Odd-even effect observed foratieAsotropic
transition curve and variation in mesomorphic priape from homologue to homologue in the same seise
attributed to the sequentially added methylene. Tiie mesomorphic properties of the present sériasluding its
thermal stability (Table-3) etc. compared with starally similar other homologous series A [10] aBd9] as
shown below in figure-2.

RO «O)—cH=cH.coo < )-co-ch=cH«) Series -1

.

RO <) CH:CH_C{]Q_.@QH:CH—CO—@) Series-A

RO -{}--CGD—@GH:EH—CQ—@ Series-B

Figure-2 : Structurally similar series

Presently investigated homologous series 1 andeAismmeric with each other but they differ in theasition of
>CO group linked directly with middle phenyl ring series-1 while it is linked directly with thirchpnyl ring in
series A, Otherwise everything identical i.e. &hphenyl rings, left and right flexible end grou8R and —H and
central group —CH=CH-COO-.Homologous series 1 ardiffer with respect to their central groups i.€H=CH-
COO- replaced by —COO- and —CO-CH=CH- replacedsbyneric group —CH=CH-CO-, otherwise three phenyl
rings and flexible end groups —OR and —H are idehtiSeries A and B differs only by central groujz,V —
CH=CH-COO- in place of —COO-. Differences mentiomedhe molecular structures among series 1, ABuade
responsible for the variations of mesomorphic prige and the degree of mesomorphism includingntiaér
stabilities of the structurally similar homologoseries. Table-3 represents average thermal stabibf series 1, A
and B.
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Homologous Series :

O
RO @—CH=CH¢00-©—{[:|'—EH=EH—©

a-4-[-4’-n-Alkoxy Cinnamoyloxy] benzoyl g-phenyl ethylenes.
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Figure : 1 Phase Behavior of Series
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Table-3 : Average Thermal stabilities in°C

Series Average transition temperatures in°C
Series (1) Series(A) Series(B)
Smectic-Nematic or isotropic 106.66
- _ (C10-Cra)
Commencement of smectic phase Cic
Nematic-isotropic 155.4 144.5 119.8
(Cs-Cag) (Cs-Cao) (Cs-Cue)
Commencement oNematic nphas: Cs Cs Cs

All the homologous series 1,A, B contains threerngheings, and end groups —OR and —H as commortian
features but differences lie in their central beaggTherefore though molecular flexibilities due-OR and —H
remains unaltered but molecular rigidity is predoamitly altered and played main role in alteratibmmmlecular
rigidity[1,2,3]. Table-3 shows that nematic-isotimthermal stability gradually decreases from sefieto A to B.
Smectic thermal stability of series 1 and A are Wile it is 106.66 of series B. The absence odéatin character in
series 1 and A suggests that, lamellar packinperctystal lattices of respective molecules beloggo series 1 and
A is hindered by -CH=CH-COO- central group. Whilee same is not hindered by —COO- central groupmgog
at an identical position bridging first and midglleenyl rings. The descending order of nematic messp thermal
stability from series 1<A<B; can be attributed e tpositional difference of >CO group i.e. placofgCO group
attached directly to the middle phenyl ring whidnesgthens intermolecular polarity which comfortalaind
favourably allows to form statistically paralleliemtational order of molecules causing end to efictions in
floating condition[11]. Thus, nematic mesophase mamces from fifth homologue of the series 1 while i
commences from sixth and eighth homologues of ¢hies A and B respectively. Thus, as -CO group piesuits
position away from middle phenyl ring ( nearer bhird phenyl ring ) reduced nematic thermal stapiéihd later
commencement of nematic mesophase. The commenceofieainectic mesophase takes place from tenth
homologue of the series B while it does not ocdiltghe last hexadecyloxy homologue of the serleand A.
Homologous series 1 and A bridges first and migdilenyl rings by —-CH=CH-COO- central group whilecase of
series B, the first and middle phenyl rings areddpeid through —COO- central group. Vinyl carboxy ugrds
relatively longer than a carboxy group ( seriebB)}CH=CH- unit. This longerness causes differénamolecular
length to breadh ratio and molecular polarity, pakbility, molecular rigidity and extent of nondaparity caused
by respective molecules [6,7]. Thus additional —CH= unit of series 1 and A causes relatively more
noncoplanarity than only —COO-group ( with abseate-CH=CH- unit )due to a twist obtained, as thggen
atoms of the —-CH=CH-COO- group bump into the nomlednadjacent hydrogen atoms of aromatic phenyl frg
account of this difference, the extent of molecutancoplanarity induced by —CH=CH-COO- central grasl
relatively (in series 1 and A ) more than the saméffect caused by a shorter central bridge —C@Cseries B). On
account of this difference[4,6,7] of extent of noplanarity a smectic mesophase (formation of sfidmyered
arrangement of molecules from lamellar packing meeences earlier from decyloxy homologue in serigdsuBit
does not commence till the last hexadecyl derieati’the series 1 and A. Thus smectic phase od¢dheaost of
nematic phase in series B. Hence, nematic-isotrbgional stability of series B is relatively lowtran the seriesl
and A as realized from present investigation. Thgation of mesomorphic properties for the same d¢logoue
from series to series is attributed to the righinieal end group of fixed polarity, But the righgriinal of fixed
polarity for all the homologous series 1, A and mier present comparison is identically same i.e. Hherefore,
such variation of mesomorphic properties for th@edomologue from series to series is attributethéovarying
central groups —CH=CH-COO- and —COO- only.

CONCLUSION

Presently investigated homologous novel series is :

(1) Entirely nematogenic without exhibition of smectoigecharacter.

(2) Vinyl carboxy group is favorably nematogenic wherearboxy group is favorably smectogenic.

(3) A molecule consisted of three phenyl rings, thespnee of —CO- group directly linked to last phemyly i.e. —
CH=CH-CO gives rise to a nematogenic homologuekwfthermal stability and thermal stability increason
shifting of -CO- group from third phenyl ring ight to left ) to middle phenyl ring i.e. —-CO-CH=Cldentral
group, i.e. Nematogenic group efficiency order loa basis of thermal stability is -CO-CH=CH- > -CH+CO-.
(4) Shifting of >CO group causes variation of moleculigidity and flexibility which affects to the phigsl
properties of a substance.
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