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ABSTRACT

Titled homologous series consisting of eleven membersis a liquid crystal in nature pentyl to decyl members of the
series are liquid crystal (LC) while, rest of the members of the series are nonliquid crystals. Enantiotropic
nematogenic mesophase with threaded or schlieren texture persisted for pentyl, hexyl, octyl and decyl derivatives of
the series. Smectogenic character is totally absent. Phase behavior of a phase diagram is normal for transition
curves. Odd-even effect is observed for nematic-isotropic transition curve. Transition temperatures of the
homologues are determined by an optical polarizing microscope, equipped with a heating stage. Analytical data
supported the structures of molecules. Liquid crystal properties of the titled series are compared with structurally
similar homologous series. Nematic-isotropic thermal stability is 171.5°C .Thus;, series is predominantly
nonmesogenic and partly nematogenic without exhibition of any smectogenic character.

Key words: Nematic , Liquid crystal , Mesomorphic , Enantigtyg Smectic.

INTRODUCTION

Homologous series with —-CH=CH-CO- central grougombination with ester central group are rarelyoregd till
the date. Liquid crystal properties of the substarare varied by changing their molecular moityolkihgan directly
affect molecular rigidity and flexibility. Thus, @sent series under investigation is planned byiadfeentral group
linking middle and third phenyl ring as well as legng —H by —N@ group at ortho position to —CO-CH=CH-
central group at third phenyl ring . Thus, variatiof molecular rigidity and flexibility carried odibr the purpose.
This variation can induce mesogenic character @ftries. This will be discussed in terms of eftdctructure on
liquid crystal properties.

MATERIALS AND METHODS

Synthesis: Cis-p-n-Alkoxy cinnamic acid and its correspondiagd chloride (A) was prepared by a modified
method of Dave and Vora .[ 4 d-4-Hydroxy benzoylp-2'Nitro phenyl ethylene (B) was prepared by usual
established[ 6¢ ] method. Component (A)and (B) wenedensed in dry cold pyridine[6,7]p-Hydroxy ag#tenon,
ortho nitro benzaldehyde ,p-hydroxy benzaldehydealgmicacid, Alkyl halides, pyridine, piperidine,
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thionylchloride,KOH,methanol,ethanol and other clets required for synthesis were used as recéibed.
synthetic route to the series is outlined in solrdnas under.
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E=CyHws n=1,2,34,56810,12,14,146.
Scheme:1 Synthetic route of the series.

Characterization

Some selected representative members of the sgees characterized by elemental analysis, infrgrefl and
"HNMR spectra.C,H,N.Analysis was carried out by frefkimer PE 2400 Analyzer,IR spectra were recorded
Perkin Elmer spectrum GX.!HNMR spectra were recorded on Bruker using GD#3l solvent.Liquid crystal
properties were determined through hot stage bhgrimicroscopy. Textures of the nematic mesophese
determined by miscibility method. ThermodynamicpediesAH andAS are qualitatively discussed.

Table: 1 Elemental analysis for Propyloxy,Butyloxy Pentyloxy and Dodecyloxy Derivatives.

Element % found ( % calculated )
Molecular formula C ] N
CorH23NOg 70.83 (70.89) 5.10 (5.03) 3.11 063.
CosH2sNOs 71.38 (71.34)| 5.35 (5.31) 3.03 2.9
CaoHo/NOs 71.80 (71.7) | 55z (557 | 2.8 (2.89
CasHuNOg 7417 (74.10)| 7.10 (7.03) 2.45 (2.40
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Homologous Seriesu-4-[4’-n-Alkoxy Cinnamoyloxy] benzoyl-g-2”- Nitro Ethylenes
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Figure:1 State behavior of the series.
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Analytical data:

NMR in PPM for Decyloxy derivative:

0.806 (-CH of OCH,,),1.708 (-CH-), of OCH,1),3.93 (Triplet-OCH-CH,), ,6.81 to 7.86 (m ,p-sub.Phenyl
rng)7.75-CO —CH=CH- NMR confirms the structure.

NMR in PPM for Tetradecyloxy derivative:
0.941(-CH of OCy4H)1.1721 (-CH-), of OC4Hyg) 3.778(Triplet-OCH-CH, of OCy4H,0) 6.94(broad) (-CH=CH-)
6.96 to 8.14(m ,p-sub.Phenyl ring)7.31-CO-CH=CHVIRIconfirms the structure.

IR in Cm™ for Hexyloxy derivative:
640& 760 (m-sub. Phenyl ring) ,820 (p-sub. Phenmyl), 1160 (C-O of alkoxy-OgHis), 1420 (-NQ group),
1600,1680 (-COO-group)-930 (-CH=CH-) 685(polymeyhel of GH13) IR confirms the structure.

IR in Cm™ for Octyloxy derivative:
680(m-sub. Phenyl ring), 820 (p-sub. Phenyl ring§a (C-O of alkoxy-OgH,7), 1025(-CH=CH-)1210&1600(-
COO group), 1430 (-Ng©group) IR confirms the structure.

Texture: Pentyl - Threaded
Decyl - Schilieren

Table -2 Transition temperatures of series ifC

Transition temperatures i€
Sr.no | n-alkyl group -EHansa ) Nm Isotropic
1 1 - - 15€.0
2 2 193.0
3 3 189.0
4 4 - 207.0
5 5 120.0 164.0
6 6 145.0 180.0
7 8 - 15€.0 18C.0
8 10 - 122.0 162.0
9 12 - - 172.0
10 14 - - 182.0
11 16 - 176.0

S Smectic Nm-Nematic -
RESULTS AND DISCUSSION

On condensing nonliquid crystal components Cis-pAlkoxy cinnnamic acids and their correspondingdaci
chlorides (A) with a 4- Hydroxy benzofl.2'-nitrophenyl ethylene (B) resulted.pentyloxydecyloxy homologues
as liquid crystal substances. Rest of the homolegue nonliquid crystals of the series. A phasgrdia(Figure-1)
showing phase behavior of a titled series is okthiby plotting transition temperatures (Table-2hofmologues
versus the number of carbon atoms present inyi-ahain of left n-alkoxy group. Phase diagram aadés that,
solid-isotropic or nematic transition curve folloasigzag path of rising and falling tendency fromathyl to decyl
derivative of the series and then it adopts oversilhg tendency as series is ascended. Nemati@{so transition
curve initially rises and then it showed descenderglency as series is ascended in normal manitarexhibition
of odd-even effect.

Nonliquid crystal behavior of methyl to butyl anddicyl to hexadecyl derivatives of a series istaited to their
high crystallizing tendency, arising as a conseqaeri their resultant molecular rigidity and fleiity[1,2,3] which
are responsible to cause isotropic or anisotropices of attractions. The molecules of above meatio
nonmesomorphic homologues are unable to resisimglevibrations exposed upon them due to their igade
molecular polarity and polarizability causing urtable magnitudes of anisotropic intermolecular égrof end to
end attractions. Hence, the molecules of nonmesammhomologues are sharply transformed into igdtréiquid

at their melting point without passing through atermediate state of existence , called as “ Liquigstal ”. The
thermodynamically high order of molecular disorderentropy valueAS) occur at which molecules are randomly
oriented in all possible directions disorderly incantrolled manner. Pentyloxy to decyloxy homolagséowed
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nematogenic property because molecules of theselbgoes are able to resist exposed thermal vibratigithin
definite range of temperature ; during which moleslarrange themselves in statistically parall@rdgational two
dimensional order in floating condition due to thatable magnitudes of anisotropic forces of int@eaular end to
end attractions generated. However, beyond celimibh of temperature, molecules acquire isotrogiate after
melting temperature under the influence of extdynaupplied heat from thermodynamic surroundingsoseh
magnitude exceeds the internal energy or enthdlpl ¢alue of a system (homologue). Absence of snyectic
character of a presently investigated series itbated to the absence of lamellar packing of malesin the crystal
lattices of the homologues concerned. The presefeeNO, group in ortho position , widens or broadens the
molecular width[5]. This can reduces the intermolac attractions due to increased width on one heamd
enhances intermolecular attractions due to incteaselecular polarizability on other hand . Thusptepposing
forces are operating at a time. Hence, the obsarsdtant net effect depends upon the predomigatifect out of
two opposing effects. Thus, predominating effectpmesent series must be due to increased intermiatec
distance(width) which reduces intermolecular forokeverall attractions, because present serieesipoor extent
of liquid crystal including absence of smectogeniesophase as well as showing of nematogenic mesepha
formation by only four members out of eleven mershs the series. Nematogenic mesophase ranges2d@
to 40C at the pentyloxy and octyloxy homologue reipely. Thus, series is partly nematogenic and mgjo
nonmesomorphic . Nematic-isotropic transition cuisvextrapolated [6e] to hexadecyl derivative tedict latent
transition temperature ( LTT ) for nematic of norsmorphic dodecyl , tetradecyl and hexadecyl déviga . Thus

, probable LTT for nematic are 1%5, 110C and 94C respectively , though nematic phase is not zahle
practically because before phase appear, substambergo early crystallization due to their high staflizing
tendency. Liquid crystal properties of presentesemcluding average thermal stability (table-3 eompared with
structurally similar ( or isomeric ) series as niemed below in figure-2.

O
RO —@—CH=CH-COD--©—(|L|‘—CH=CH@ Sories - 1
Ndz 2ries -
O
RO ~{(O)-CH=CH-COO -@—g ~CH=CH<)  Series-X
1
- ~CH-COO— _ CH= Jeries-T
RO <()—-CH=CH-C0OO O—c-cH CH@N eries

Oy

Figure-2 Structurally similar / isomeric series

Homologous series 1 ,X [9]and Y[10] contains thggeenyl rings bridged through —CH=CH-COO-and —-CO-
CH=CH- central groups as identical features ofdrigbre and varying left n-alkoxy terminal end gragwell as
laterally substituted Nitro group at ortho or metasitions of fixed polarity as flexible core of darly shaped
molecules of series under comparison.Therefordidjuéd crystal properties and the degree of liqargstallinity
will vary according to variations observed in serle X and Y.

Average thermal stability and the commencement efophase formation of the series under comparisogigen

in table-3 as under.
Table 3 : Average Thermal Stability in°C

Average transition temperatures in°C

Series (1) Series(X) Series(Y)

Smectic-Nematic or smectic-isotropic 141.0

(Cs-Cuo)
Cs

Series

Commencement of smecticphase

Nematic-isotropic 171.5 155.4 156.0
(Cs-Cyo) (Cs-Cye) (Cs-Cye)

Commencement of Nematic mesophase Cs Cs Cs
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Table-3 indicates that, the nematic-isotropic agerthermal stability of present series 1 is thehég among the
series under comparison. Thermal stability of né&naesophase of series X and Y are almost equatjoivalent
which are differing negligibly 0.6 unit. Thus ortlsoibstituted -N@group of presently investigated series shows
stronger intermolecular end to end attractions thaneta substituted -N@roup. Hence ortho substituted —NO
group must be activated more than the meta sutestitdNG in the neighbourhood of —-CO-CH=CH- central group
d.e. inductive effect of same —N@roup varies with the distance from the centraligreurpassing the effect due to
steric hindrance caused by —N@oup. Smectogenic behavior though Nil in caseseries 1 and X but their
nematic thermal stability enhance at the cost acdcdim property. The smectic thermal stability ofieg Y is 141.0
but of other two series 1 and X show Nil value tfog same. This indicates that, lower value of itidecand steric
effect is favourable to induce ( meta substitutéD,- ) lamellar packing of molecules in crystal latticesa
substance. The commencement of mesophase eithetioesand smectic takes place from fifth homolegqf
series 1,X,Y. .i.e. series 1, X and Y are equicoptebut mesophase stabilizes from pentyl to deeyivdtive of
series 1 and it discontinues to prolong up to heggldderivative.l incase of series X and Y it prigs upto
hexadecylderivative. This difference of prolongation of mmphase stabilization can be linked to extent ofiative
and steric effect caused by —pN@roup. The variation in mesomorphic behavior freenies to series for the same
homologue is due to varying terminal or lateralugp® of fixed polarity or varying position of samebstituted
group like—-NO,. The odd-even effect and variation in liquid caygiroperties from homologue to homologue in the
same series is attributed to the sequentially adusttiylene unit in n-alkyl chain of n-alkoxy gro&j[

CONCLUSION

(1) Group efficiency order derived for smectic and ngenan the basis of thermal stability are as under.
Nematic: ortho -NO> -H = meta —N@

Smectic : meta -NO> -H and ortho —NO

(2) Molecular flexibility variation by varying positionf the same functional group from meta to orthcréases
thermal stability for nematic mesophase formation.

(3) Shifting of —-NQ group away from >C=0 group induces smectogenicgntgp

(4) Present series is predominantly nonmesogenic amigt pamatogenic.

Acknowledgement

Authors acknowledge thanks to the Principal Dr.BH&ah and the Head, Chem.Dept Dr. R.B.Patel of KhighS
Jarodwala Maninagar Science college and to theodtids of S. P. T. Arts and Science College-Godbratheir
valuable co-operation and support in present wdtksBow,thanks are due to the Vaibhav laboratony tfeeir
analytical services.

REFERENCES

[1]Marcos,M.,Omenat,A.,Serrano,J.L.andEzcurra 892 .Adv.mater.,4 ,285.
[2] Hird,M., Toyne,K.J., and Gray, G.WL993. Liq. Cryst.,14,741.
[3] Hird,M.,Toyne,K.J., and Gray, G.W., Day, S.&davic Donnell, D.G1993.Liq.Cryst. 15, 123.
[4] (@) Dave, J.S. and Vora, R.A970. “Liquid Crystals and Ordered Fluids”, Plentress, New York, 477.
(b) “Vogel's Text book of practical Organich@nmistry’4" ed.by ‘A.l. Vogel’ Longman,Singapore, publishers
Pvt. Ltd.
[5]G.W. Gray and P. A.WindsotL,ig. Cryst. And Plastic Cryst. Vol. 1.,Ellis Horwood Ltd., Chichester, Halsted
Press., A Division of John Wileyand Sons. Inc.wN¥ork, London. Chept. 41P74.
[6] (&) M.L. Chauhan , R.N. Pandya ,A.V.Doslol.cryst. Lig. Cryst., vol. 548: pp.228- 234,2011.
(b) A.V.Doshi ,N.G.Makwanmlol.cryst. Lig. Cryst., vol. 548:; pp 220-227, 2011
(c) R.B.Patel, V.R.Patel , A.V.DosMol.cryst. Lig. Cryst., vol.552: pp. 3-9, 2012.
(d) A.V.Doshi, D.A.Odedara, R.B.Patbl.cryst. Liq. Cryst., vol. 552: pp 97-103, 2012.
(e) U.C.Bhoya ,N.N.Vyas , A.V.DosWol.cryst. Lig. Cryst., vol. 552: pp 104- 110.2012.
[7] (@)Patel V.R., and Doshi A.\Der pharma Chemica, 2010, vol-2 (6) , pp.429-436.
(b)PatelR.B.and Doshi A.Ber pharma Chemica,2011,3(2)pp.147-155.
[8] Chaudhari R.P. and Doshi A.V. paper entitlegrithesis of novel mesomorphichomologous setidq-4'- n
— Alkoxy Cinnamoyloxy] Phenyl B-3"Nitrobenzoylethylenes”. Communicated tdvil.Cryst. Lig. Cryst.journal
March- April 2012for publication

1118
www.scholarsresearchlibrary.com



Doshi A.V.et al Der Pharma Chemica, 2012, 4 (3):1113-1119

[9] Chauhan H.N. and Doshi A. V. paper entitiedut/ of Novel Liquid Crystal of Styrene Derivagy :o-4-
[4 -n-Alkoxy Cinnamoyloxy]-4"-methoxyB-Benzoyl Styrens”.communicated and acceptedénpharma Chemica
in April 2012

[10]Suthar D.M.and Doshi A.V.paper entitled “Syndteeand Study of Novel Homologous Series of Messgefi+
[4’-n-Alkoxy Cinnamoyloxy BenzoylB-3"-Nitro phenyl Styrene.”communicated and acceptedDer pharma
Chemicain April 2012

1119
www.scholarsresearchlibrary.com



