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ABSTRACT

Novel homologous series3-(4'-n-Alkoxy Cinnamoyloxy) pheng3”-nitro benzoyl ethylenes consisted of eleven
homologues. Methyloxy to butyloxy homologues doshotv any mesomorphic behavior, while; the resthef
homologues show mesomorphic behavior. Pentyloxytetadecyloxy homologues exhibit smectogenic and
nematogenic characteristic, while hexadecyl homadogxhibit only nematogenic characteristics. Traosi
temperatures of homologues as observed and detednfiy hot stage polarising microscope are propaiioto
number of carbon atoms in n-alkyl chain of left lkeaxy terminal end group. Odd-even effect is olesrior
smectic-nematic and nematic-isotropic transitiomves showing phase behavior of a series. Smectcnamatic
thermal stabilities are 140°6 and 164.8C respectively. Analytical data support the struetuof the homologue
molecules. A texture of nematic mesophase is tkcead schlieren type and that of a smectic phasé s@nectic-A
type. Liquid crystal properties of a series are pamed with an another structurally similar isometiomologous
series. Mesophase lengths vary frofié 55C with middle ordered melting type.

Keywords: Liquid crystal, mesogen, Smectic, Nematic, Enardjj.

INTRODUCTION

Exhibition of an intermediate state of a mattemisstn crystalline solid state and isotropic liguiats in addition to
three welknown states of matter, termed as Liquigst@l state. The resultant adhering intermolecitdaces of
attractions based upon molecular structure of aemdtas direct relation with molecular rigidity afidxibility
caused by rigid core and flexible core of a moleculrhe present molecular structure of homologues of
homologous series is constructed by linking thrieeny! rings bridged through two central groups v2H=CH-
COO- and -CH=CH-CO- as rigid core and n-alkoxy —@fd —NQ groups which act as a flexible part of a
molecule. Thus, present investigation is planneti wiview to understand , establish and discustafion between
molecular structure and liquid crystallinity of abstance as a consequence of resultant molecgialityi and
flexibility.
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MATERIALS AND METHODS

Characterization:

Representative homologues of a titled novel sesiese characterized by infra red [IRHNMR technique and
elemental analysis. IR spectra were recorded okiP&mer spectrum GX antHNMR spectra were recorded
using CDC} as solvent. Microanalysis was performed on Perklmer PE 2400 CHN analyzer as shown in Table-
1. Liquid Crystal properties i.e. transition andlting temperatures of homologues were investigitedn optical
polarizing microscopy with heating stage. Textuodsthe mesophases were determined by miscibilityhod
Thermodynamic quantities enthalfpil and entropyAS are qualitatively discussed.

Synthesis:

P-Hydroxy cinnamic acid was alkylated by suitableylating agents. 4-n-Alkoxy cinnamic acids and ithe
corresponding acid chlorids [A] were prepared kg thethod of Dave and Vora [4.] using anhydrous SO&B-
Hydroxy phenylB-3’-nitro benzoyl ethylene [B] was prepared by usestablished method [7,4], Component [A]
acid chloride and [B] ethylene derivative were cemged in dry cold pyridine [6,7]. Final productsrevgurified
and recrystallised from alcohol till constantnsdion temperatures were obtained. 4-hydroxy blelergde,
malonic acid, pyridine, piperidine, MeOH, KOH, etiod thionyl chloride, Alkyl halides, 3-hydroxy bealdehyde ,
3-nitro acetophenon etc., required for synthesieewsed as received. Synthetic route to the seriestlined as
below in scheme-1.

- o
HO—={( )~ CH=CH-COOH QC”Q
OH

R-X KOH .
Reflux MeOH LEI—ISDH
— KX 50% KOH
RO—~(O)—CH=CH-COOH j;i}}— COCH;
+ NO,
+ - H,0
Reflux | Freshly distilled QGCI
~HCI
~S0,
! o
- [
rRo—~()-cH=cHcOCI “E;C})—CH%H‘C—"{C.}
b
(ﬁ) OH ®) NO,
Dry cold Pyndine
o {O)-cH=cn.coo =) o

CHe CH C—<{

O,

a-3-[4'-n-Alkoxy Cinnamoyloxy | |1henyl-ﬁ-3”-n|tro benzoyl ethylenes
R=CyHae n=1,2,3,4,5,6,8,10,12,14,16.
Scheme — 1 Synthetic route to the series
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Table-1 Elemental analysis for Butyloxy ,pentyloxy dodecyloxy and hexadecyloxy derivatives.

Molecular formula Element % found ( % calculate

C H N
CoeH2sNOs 71.31 (71.34)] 5.36 (5.31) 3.02 (2.97)
CoeHoNO; 71.79 (71.75) 563 (557) 291 (2.89)
CseHa1NOs 74.05 (74.10)] 6.98 (7.03) 2.38 (2.4D)
CacHagNOg 75.14(75.12 | 7.69 (7.67 | 223 (219

Analytical data:

NMR in PPM for Decyloxy derivative:

0.872 (-CH of —OGH>1), 1.2655(-CH- of -O GHy1), 4.011(Triplet) (-OCHCH,) of -OCH,;),6.9 (broad) -
CH=CH, 6.909 to 6.931(-CH=CH-CO-),6.9 to 8.1 (myb$henyl ring) NMR confirms the structure.

NMR in PPM for tetradecyloxy derivative:
0.88 ('CHg of - OC14H291249(-C|'£' of 'OC]_4H29), 4008(Tr|p|et) (-OCIﬂ'CHz) of 'OC14H29), 6.92 (broad) -
CH=CH, 6.9 to 7.9 (-CH=CH-CO-),6.9 to 8.1 (m-p $eitenyl ring) NMR confirms the structure.

IR in Cm™ for Hexyloxy derivative:
720 (polyethylene of -OgEl;3),650&760 (m-sub. Phenyl ring) ,840 (p-sub. Phemg), 950 (-CH = CH-), 1160-
C-O of -OGH;3 ,1260, 1610 & 1680 (-COO group),1430 & 1390 (INgPoup), IR confirms the structure.

IR in Cm™ for Octyloxy derivative:
650 & 770 (m-sub. Phenyl ring), 850 (p-sub. Pheiryy).1165 (C-O of -OgH,7),1260 , 1610 & 1700 (-COO
group), 1475&1520 (-N@group) IR confirms the structure.

Texture by miscibility method

» Hexadecyloxy homologue Threaded nematic
» Octyloxy homologue Schlieren
* Pentiloxy homologoue Smectic- A

Table -2 Transition temperatures of series iffiC

Sr.no| n-alkyl group -@Hzn+1 | Transition temperatures i€
Sm Nm Isotropic
1 1 - - 191.0
2 2 195.0
3 3 210.0
4 4 - - 214.0
5 5 130.0| 135.0 150.0
6 6 116.0| 138.0 171.0
7 8 109.0 145.0 158.5
8 10 110.0| 143.0 160.0
9 12 120.0| 140.0 160.0
10 14 112.0| 142.0 165.0
11 16 - 170.0 190.0

Sm- Smectic Nm-Nematic
RESULTS AND DISCUSSION

Cis 4-n-Alkoxy cinnamoyl chloride and-3-hydroxy phenylp -3'-nitrobenzoyl ethylene are nonliquid crystal
substances and melt sharply at their melting péiotvever, smectic and/or nematic mesophases aveeéddin a
homologous series synthesized from these two coergsnMethoxy to butyloxy homologues are nonmesepimior
Pentyloxy to tetradecyloxy homologues exhibit snoggtnic property in addition to nematogenic mesgpha
Hexadecyloxy homologue is a enatiotropically nergatic without exhibition of any smectogenic chagactA
phase diagram [Figure-1] is plotted for number afbon atoms present in n-alkyl chain of left n-alkaeerminal
end group versus the transition temperatures ofotlmgoes as observed and determined using an opt¢alizing
microscope equiped with a heating stage, as reddrdéable-2. Solid-isotropic or mesomorphic trdéiosi curve
partly follows a zigzag path of rising and falliag series is ascended with overall descending hegdexcept its
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rise in hexadecyloxy homologue of the series. Simawmatic transition curve initially rises, passbasough
maxima and then adopt a descending tendency asssisriascended. Negligeble rise 8C 2emperatures as
observed for tetradecyloxy homologue. Nematic-tguitr transition curve initially showed descendiegdency and
then ascending tendency from and beyond dodecylexiyative. Thus it behaves partly in abnormal nearfrom
dodecyloxy to hexadecyloxy derivative. Both curwés, Smecti-nematic and nematic-isotropic transitmurves
showed odd-even effect and curves for odd and beemlogues merges into each other at the Octylexivative
of the series Nematic isotropic transition curveeigrapolated to nonmesomorphic butyloxy homolofneen
mesomorphic hexyloxy homologue; taking care toofelitrend of a curve. The nematic-isotropic temperatof
butyloxy derivative and its solid-isotropic tramsit temperature coinsided on extrapolation.Thus,int of
coincidence ,indicate that ,nematic phaselengthbatyloxy homologue should be zero ,proving thagbut
homologue should be nonliquid crystal and pradicalso it is nonliquid crystal . Similarly smecti@matic
transition curve is extrapolated for hexadecylogyivhtive, which showed a probable,latent transitemperature
for smectic 152C.Which is not practically realizable.The mesomaepsroperties are varying from homologue to
homologue in same series because of sequencialgdachethylene unit in n-alkyl-chain of left n-alkoterminal
.0dd —even effect observed for smectic-nematic madhatic —isotropic transition curve is attributea the
progressively added methylene unit at the leftkm@f end group,but such effect diminishes as sésiescended
beyond octyloxy derivative, because , longer ndatkyin beyond octyloxy homologue may coil ,or flex couple
to lie in the line with major axis these of core8band bend in such a manner that , end to enthcowould then
ultimately be the same for odd and even homologliess ,higher homologues may not contribute toadtthd-even
effect. Therefore odd numbered homologues are addid synthesized in the series and not includegdemphase
diagram. Induced liquid crystal property in the fadogues from pentyloxy to hexadecyloxy synthesiftedh two
nonliquid crystal components [A] and [B] is attribd to the added phenyl ring which increases thahbeu of
phenyl ring linked through-CH=CH-CO- central groapd in presence of highly polar —N@roup substituted at
meta position to central brigde, because the mtdecaromaticity , polarity and polarizability , fiity and
flexibility raises controling the suitable magmitu of anisotropic forces of intermolecular attraws to induce
mesomorphism in A-B products. Pentyloxy to hexattegyhomologues could resist the thermal vibratierposed
upon them and showed smectogenic behavior in additi nematogenic behavior except hexadecyloxydtvie
which arranges and maintains its molecules asicaligtparallel orientational order only with absenof lamellar
packing in its crystal lattice which did not allow to float williding layered arrangement of molecules to emerge
smectogenic mesophase under the influence of memge Thus , hexadecyloxy derivative of the seirgesnly
nematogenic without exhibition of any smectogetrtiaracter. Metholoxy to butyloxy derivatives of theries are
unable to resist thermal vibrations exposed upemtdue to high crystallizing tendency and smoo#mg sharply
passes from solid to isotropic state at their mglpoint. This happens because , the resultantami@lerigidity and
flexibility causes unsuitable magnitudes of anigpit forces of intermolecular attractions and moles are
randomly oriented in all possible directions witligh order of disorder or entropyf] at their transition
temperature. Smectogenic phase length vary bet&w&@rito 36C and nematogenic phase length vary between
13.5C to 33C. Overall mesophase length vary minimum ofQa@t the pentyloxy homologue to a maximum of
55°C at the hexyloxy homologue. Thus seven membetseo§eries are nematogenic and six members oftiess
are smectogenic with middle ordered melting typme&ic and nematic mesophase formation commemogs f
pentyloxy derivative of the series .Abnormal riggnematogenic character at the hexadecyl homol@gatributed
to the irregular coiling or bending or flexing o&xadecyl n-alkyl chain which has direct impact ooleoular
rigidity and flexibility[1,2,3]; responsible for termolecular adhesion.

Average thermal stability [table=3] and other lidjwrystal properties of the titted homologous sefies compared
with structurally similar isomeric series-y [9] sisown below in figure-2.
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Figure-2 structurally similar isomeric series

Homologous series (1) and (y) consist of three phengs bridged through identical central bridged,-CH=CH-
COO- and —CH=CH-CO- and identical flexible groug3R-and —N@ substituted at the identical positions at the
first and third phenyl rings respectively. But ttgiffer in the position of linking —-CH=CH-CO- ceatrgroup which
links middle and third phenyl rings. Therefore abed difference in thermal stability and other Ildjcrystal
properties can be linked to the positional diffeeof central bridge —CH=CH-CO- linking middle ahitd phenyl
rings .Table-3 depicts average thermal stability $mectic and nematic mesophases and commencerfient o
mesophases as under.

Table-3: Average thermal stability in C°

Series Average transitionreeratures in °C

Series (1) Series(Y)
Smectic-Nematic or isotropic 140.5 154.6
(Cs-Ca) (Cs-Cy)

Commencement of smecticphase Cs Cs
Nematic-isotropic 164.8 163.8
(Cs-Cae) (Cs-Cie)

Commencement of Nematic mesophase Cs Cs

Table-3 indicates that nematic —isotropic averdgenal stabilities and the commencement of nenmaéisophase
are almost equivalent or nearly equal but smeainatic average thermal stability differ by 2€with identical
commencement of smectogenic mesophase.This differean be linked with intermolecular forces of attions
arising from widening of molecule of series-1 asnpared to the intermolecular closeness of the fipeshaped
molecule of series-y. Molecule of series-1 beingader than a molecule of series-y causes incraadfei
intermolecular distance. As a result of this, twppasing effects viz;(1) molecular widening decrsasie
intermolecular attractions of series-1 as compamderies-y. and (2) broadening of molecule in@esathe
intermolecular attractions due to increased pdddilty of series-1 as compare to series-y. The ltasu
intermolecular attractions may be due to the comkgffects (i) and (ii) or a phenomenon may be dpdrdy
predominancy of any one of the individual effedtBus, two opposing effects are operating at a tifet looking
to the values of average thermal stabilities ofspné investigated homologous series-1 and a seneer
comparison y, the effect (i) due to intermolecullistance predominates in case of smectic —nemé#tiermal
stability as comparised effect (ii) Increased pakdility of series-1 facilates favourably to stgémen lamellar
packing of molecules and exhibition of prolongedestngenic character in series-li.e. from pentyldgy
tetradecyloxy homologoues in floating conditionhile , the lamellar packing in the crystal lattimemolecules in
series-y facilated from pentyloxy to octyloxy homgle only . Thus, lamellar packing in crystal tatican
favourably be affected by a broader molecule mioam ta linear rod like molecule. Hence, moleculapghhas an
important contribution to the molecular rigiditydflexibility[1,2,3] in forming lamellar packing of molecule in
crystal lattices. The nematogenic mesophase foomatmains ineffective irrespective of its molecutaape in
isomeric homologous series. The commencement ott&nmesophase takes place from pentyloxy homaogu
which indicates that extent of noncoplarities areséries-1 and y are equal or the molecules oésdriand of
series-y are equicoplaner , However smectogeniedehprolong to tetradecyloxy homologue in setdeghile it
prolongs upto octyloxy homologue in series-y .Thtise variation in mesomorphic properties fromeeto series
for same homologue in isomeric series is attribatethe positional difference of central group @nfl substituent
groups affecting molecular rigidity and /or flexity .
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Homologous Seriesu-3-[4’-n-Alkoxy Cinnamoylokxy] phenyl-B-3”- Nitrobezoyl- ethylenes
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CONCLUSION

(1) Molecular rigidity and flexibility can be affectday the shape of a molecule.

(2) Lamellar packing of a molecule favorably enhanisgdroadening of a molecule.

(3) Smectogenic character can be affected more tim@matogenic character by broadening of a molecule.
(4) Nematogenic mesophase formation is not affectetthéypositional displacement of group or groups.
(5) Molecular rigidity and flexibility can affect theral stabilities and other LC properties of a molecu
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