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ABSTRACT

A novel homologous series of 11 ester derivatiesshieen synthesized and evaluated for mesogerawibeh. The
methoxy to butyloxy homologues are nonmesomarpliereas the pentyloxy to hexadecyloxy derivatares
enantiotropically mesomorphic in character. Thexlexy to dodecyloxy homologues exhibit smeciogeamd
nematogenic both character but pentyloxy, tetrgltety and hexadecyloxy homologues exhibit ontgategenic
character .An odd-even effect is not observed fg#sition curves. The average smectic and nematicntal
stabilities are 194.5 °C and 197.1°C, respectivBlyectogenic phase lengths vary from 17 2g(®29 °C(G@) and
the nematogenic phase lengths vary from 10 (@ 27 °C(G) . The series is predominantly nematogenic and
partly smectogenic with considerable mesophasettieagd a middle-ordered melting type. The liquigstal
properties of the novel series are compared witteostructurally similar Series. The texture of tiematic phase
is a threaded or Schlieren type, and that of sroephiase shows the smectic A type as determinecptigalo
polarizing microscopy. Analytical data support thelecular structures in all cases.

Keywords: Mesomorphism; nematic; smectic, Liquid Crystalsamiotropy.

INTRODUCTION

The exhibition of liquid crystal (LC) [1] properSaequires suitable magnitudes of anisotropic imtdecular forces
of attraction. These attractions are as a conseguehfavorable molecular rigidity and flexibilifg—4] resulting
from the molecular structure of a substance by @muate substitution of lateral, terminal, and cahgroups with
phenyl rings. The LC state is exploited in a humdfeelectro-optic, biological, and thermo graphjgplications,
hence the synthesize of novel LC substancesedeéthe present work is aimed to understand ofctsffef
molecular structure on LC properties, or synthasigel compounds, which exhibit liquid crystallineoperties. The
novel molecules are constructed with three pheimgsrbridged through —COO- and Phenyl ring agal rtore,
and n-alkoxy( OR) group as a flexible core. Thtg, combined effect of the two highly polar alkceayd phenyl
groups on LC properties with the variation of themiber of carbon atoms in the right and left terhaein can be
studied and evaluated. Proposed investigation iwdlude synthesis, characterization, results emahparative
study of present novel series with structuraltyilar series.
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MATERIALS AND METHODS

Experimental :

Synthesis Experimental :

(a) p-n-alkoxy benzoic acids were prepared by the owetf Gray and Winsor (4),Vora and Dave [5], Vo[§g!

(b) p — HydroxyB-phenyl ethyl benzoate is prepared by reactingqrdxy benzoic acid with corresponding freshly
distilled 2-phenyl ethanol in presence of conceattaulphuric acid mixture.

(c) p-n-alkoxy benzoic acids dissolved in MDC withp ydtoxy B-phenyl ethyl benzoate is in portions with DCC
& DMAP as catalyst by stirring reaction mixture.,§] Products were decomposed filtered, washedd cand
purified, till the constant transition temperatubtained. p-Hydroxy benzoic acid, alkyl hadidR-X)$ -phenyl
ethanol, KOH, DCC,DMAP, MDC etc. required for syasis were used as received except solvents whica we
dried and distilled prior to use. The synthetoute to the series is mentioned belovoheme -1

(@Y p — HydroxyB-phenyl ethyl benzoate

B2
HO @ COOF * HO CH; CH, @ Con.RSQ,
HO —@‘coo-cw CH, @

2) p -(p-n-alkoxy benzoyloxyB-phenyl ethyl benzoates.

DCC -HO& urea
MDC (8eht)] DMAP (catalyst)

« B
RO @— coc @oo-cw CHy @

Scheme -1

Characterization

Some homologs as representative members of thessedre selected for characterization of theircstines by IR
and HNMR techniques. IR spectra were recorded on Pegkimer spectrum GX and NMR were recorded using
CDCl; as solvent. Microanalysis was performed on PeBtmer PE 2400 CHN analyzer. Transition and melting
temperatures and liquid crystal properties werestigated by using optical polarizing microscopy.

Table 1.Elemental analysis for some derivatives

Sr. | R=n-alkyl | Molecular | Calculated % | Observed %
No. chain Formula C H C H

1 Propy! CpsH240s 742 | 5.9 | 74.0¢ | 6.12
2 Octyl GoH340s 75.94 | 7.17| 75.18 7.49
3 Decyl GoH3e05 76.49 7.56 77.01 8.0
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Analytical DataH'NMR: in ppm. Butyl. 1.01 &0.98 — CH3, 3.98 — OCH.01 — OCH2 of-OCHlof -C,;H, 6.89,

6.92,mono-sub. phenyl 8.10, and 8.03 —p-sub. ph@ylp-sub .benzene, 7.24 and 8.02 — p-sub phamylptsub
benzene,

Decyl. 0.88-CH, 1.21 -CH, 2.49-CHph., 3.5, 3.31 — O C}bf- CoH>;,, 6.80 and 6.83 two p-sub phenyl ring, 7.75
and 7.78, two p-sub phenyl ring.

IR in cm-1.Octyl. 2880 alkyl group, 1080,1180, an®é8@,1720 —COO- group, 1580,1450 Aromatic ring, 3000
aromatic ring, , 860 p-sub phenyl ring , 670, menb phenyl ring 720 polymethylene oftG-

Dodecyl. 2840.0 alkyl group, 1050,1200, and 1710@GCgroup, 3080 aromatic ring , 1550,1480 phenygd,660
mono sub. phenyl ring,850 p-subphenyl ring, 76@methylene of -GH,s,

Table : 2 Transition temperatures

Sr. | R=n-alkyl| Transition temperature in °C
No. | group Smectic| Nematiq Isotropi¢
1. Methyl - - 192
2. Ethyl - - 17z

3. Propyl - - 182
4. Butyl - - 174
5. Pentyl - 142 160
6. Hexyl 162 180 207
7. Octyl 172 20z 21¢

8. Decy! 172 20C 21z

9. Dodecyl 179 196 209
10. | Tetradecyl - 172 196
11. | Hexadecyl - 170 180

RESULTS AND DISCUSSION

Dimerization of 4n-alkoxybenzoic acids disappears on the esteriingbrocess. Phenyl ethyl benzoate homologue
derivative is not liquid crystalline. However, dnking it with n-alkoxy benzoic acid , the resultgmoduct exhibits
LC properties from the Pentyl to the hexadecyl himgees, while the methyl to butyl homologues do exttibit

LC propertieqTable 2). A plot in a phase diagram of the transition terapge versus the number of carbon atoms
present im-alkyl terminal chain consists of three transiticurves,Fig. 1) solid isotropic or mesomorphic curve,
(Cr-l/M)smectic—nematic curve (Sm-N), and nemasotiopic curve (N-l),as shown Kig. 1. The solid—isotropic

or mesomorphic transition curve(Cr-M/l)rises anlists the series is ascended in a zigzag mannkranitoverall
descending tendency. The smectic—-nematic transitiove initially rises from the hexyl homologue ahdn passes
from a maxima at the octyl derivative and thensfalp to the dodecyl derivative of the series. Tdusve is
extrapolated to the tetradecyl homologue and itge®iinto a point where the smectic phase ceasagpear and
only the nematic phase appears. Thus, the smedtogaperty is exhibited by the hexyl to the doddeymologues

of the novel series. The nematic—isotropic traositurve initially rises and then descends as ¢hiesis ascended
without the exhibition of an odd—even effect. Thalsthree transition curves of the phasediag(gig. 1) behave in
the usual established manner. The mesomorphic péiagth ranges from minimum to maximum 10 °C t@®@5at
the Hexadecyl and hexyl homologues. The seriggaily smectogenic and predominantly nematogenib i
middle-ordered melting type. The mesomorphic progeivary from homologue to homologue in the sasrées
with different magnitudes of phase length includsmectic and nematic phase lengths. An odd—eveatteif
absent in the smectic—nematic transition curve dinserved for nematic—isotropic transition curvBise smectic
mesophase commences from the hexyl homolo@able 2). All the mesogenic members of the series are
enantiotropic mesomorphic. The breaking of hydrogending due to the esterification process gives td esters
with lower transitions than the corresponding alkaxids. Even membered N-I transition curve xisapolated to
Csmember of a series which merges into isotropiafpGi indicating impossibility of mesophase formation.

However, the addition of a third phenyl ring bondetbugh a —COO-CHCH,-Phcentral group increases molecular
rigidity and flexibility and raises transition tematures. Non-mesomorphic behavior of the methythto butyl
homologue derivatives is attributed to their higistallizing tendency due to their relatively shalityl chain- R or
—OR group. Hence, the corresponding homologue mt#ea@re unable to resist exposed thermal vibratishich
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results in the sudden breaking of the crystal stinecand converts the substance sharply into igmdgquid state
from solid state without exhibition of a liquid atalline mesophase. Such a situation also arisesnfiesomorphic
(LC) substance from and beyond the mesomorphigeigiat transition temperature. The exhibition of gsnic
properties from the Pentyl to the hexadecyl homadsgis attributed to the suitable magnitudes ofarapic
intermolecular forces (4) of attraction caused hyofable molecular polarity and polarizability, Araticity,
electronic—electronic interactions, length-to-btbadatio, and the ratio of the polarity to polabidy as a
consequence of the resultant molecular rigidity #iexibility (1-3). The exhibition of only nematoge character
by the Pentyl, tetradecyl, and hexadecyl homologaesn addition to smectogenic character by theyhto the
dodecyl homologues, is attributed to the statiljiqgaarallel orientational order of molecules ifl@ating condition
due to favorable intermolecular end-to-end adhesiathich molecules appear to lie at an angle lieas B0 on the
plane of a floating surface, with the thermal sifwn resisting under the influence of applied heigin definite
temperature range. The exhibition of smectogenaraitter by the hexyl to dodecyl homologues is dug¢he
presence of lamellar packing of the molecules ®irtbrystal lattices which on heating graduallylgia sliding
layered arrangement of molecules in a floating @@ resisting thermal vibrations within a defmitange of
temperature. Thus, the presently investigated hoguols series is predominantly nematogenic and ypartl
smectogenic without showing an odd—even effect. ditmence of an odd—even effect in either of thgesuin the
phase diagrar(Fig. 1) is due to the absence of mesophase formationebsttbrter n- alkyl homologue of the series.
The disappearance of the smectogenic characteeitetradecyl and hexadecyl homologues indicaesalisence of
lamellar molecular packing due to the longer teahiwhains, which may coil, bend, flex, or coupldieowith the
major axis of the core adversely affecting the rowlar rigidity and flexibility (1-3), which hinderkamellar
molecular packing. The variation of mesogenic proge from homologue to homologuein the same sésidsie to
the sequential addition of methylene unit (4) ie terminal alkoxy chain, which causes variationmolecular
polarity and polarizability affecting the intermoldar attractions. Mesomorphic properties of presiovel series-
1 are compared structurally similar series-X anasYunder idigure-2.

Fig. 2. Structurally Similar Series

Table-(3) Thermal stabilities in °C

Series > 1 X Y
Smectic — isotropic or smectic-nematic 19450 114.0 106.66
(Ce—G) | (Coo—GCie) | (Ci0Cira)
Commencement of smactic phase s C Cio Cic
Nematic - Isotropic 197.14 138.54 119.8
(CS_ClE) (Cl - Cle) (CS - c1e))
Commencement of nhematic ph Cs Ci Cs

Figure-2 shows structurally similar homologous eefvith minor variations in their central bridgekiing the third

and middle phenyl rings. Such variations cause fierdnce in the mesomorphic behavior in terms o th
commencement of the smectic and/or nematic phasesition temperatures, magnitudes of intermolecula
anisotropic forces of adhesion, thermal stabiljitietg., as recorded ifiable 3. The homologous Series 1 of the
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present investigation and Series X and Series-fferdin their central bridge, vizCOO-CH-CH, —N=N-and —
CH=CH-CO- linking the third and middle phenylgi The ethyl carboxylat€ OO-CH-CH,- group is relatively
longer than the -N=N-and -CH=CH-CO-except conjugiateuble bond. Homologous Series-1, X and Y are
identical in all respect except their central baddinking, middle and third phenyl ring. The paladue to the
three phenyl ring central groups - COO-and teatnend group are the same, but their moleculdaripp and
polarizability varies with the central bridge, whits reflected in the magnitudes and degree of megghism due
to intermolecular distanc&able 3 indicates that the smectic—-nematic thermal stghigi highest of Series-1 in
comparison with Series-X and Y chosen for compariSeries-1 and Series X contains the —N=N--&@O-CH-
CH,-central group, which increases the molecular lerigt comparison with the —CH=CH-CO-central bridge.
Hence, the length to breadth ratio and the molequitarizability of the molecules of Series-1 andade greater
than the molecules of Series Y. Thus, suitable ntages of anisotropic intermolecular forces of albe are
higher in Series -1 than in Series X and Y, angl téflects the smectic—nematic thermal stabilitperies-1 and X.
The smectic—nematic thermal stability of Seriesis-¥lso lower than the molecules of Series -1. Thitsecause the
molecules of Series -Y are lathlike while the males of its isomeric Series-1 of present invesiigaare nonlinear
and broader than the Series -Y. Broadening of secubé raises the intermolecular attractions by nadility
factor. But at the same time, broadening of a mdéceduces intermolecular attractions due to emeein the
intermolecular distance. Thus, two opposite effeltie to molecular broadening operate at a timer{4jase of
Series Y. The net resultant effect of intermolecatiractions depends upon the predominating effettof two
opposing effects operating at a time. The secoffectefi.e., the reduction in intermolecular attracs due to
broadening of a molecule, predominates in case esfeSY, while closer packing of molecules of Sefle
strengthens the suitable magnitudes of anisotriopgemolecular forces of attractions in comparisorseries-Y of
present investigation. Therefore, the smectic—nienthermal stability of Series-1 is higher than feeries Y.
Similarly, the nematic—isotropic thermal stabiktief Series-X and Y are lower than that of Series{iresent
investigation. The commencement of the smectic plesse takes place from fifth or sixth member of 4bdes,
which indicates that the flexible identical molemupart, viz., theCOO-CH-CH,-central bridge groups, causes an
almost equivalent extent of molecular non-coplagpasf Series-1, X, and Y. Similarly, the magnitud#sthe end
to-end intermolecular attractions result in thenfation of the nematogenic mesophase irrespectivbeodliffering
features of the central group or the linearity ahalecule. Thus, the variation in mesomorphic proee for the
same homologue from series to series is attribtdearying features due to central group linkingtfiand middle
phenyl ring and the molecular shape or linearity.

Homologous Series :p(p’-n-Alkoxy Benzoyloxy) g-Phenyl Ethyl Benzoates
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Figure :1 Phase Behavior of Series

CONCLUSION

1. Group efficiency order derived on the basis of

(a) Thermal stability is:

For smectic:-COO-CH-CH,->—N=N->-CH=CH-CO-
For nematic:COO-CH-CH,->—N=N-> —CH=CH-CO-
(b) Early commencement of:

For smectic:-COO-CH-CHy->—N=N-= —CH=CH-CO-
For nematic: - N=N>-COO-CH-CH,- >—CH=CH-CO-

93



Chauhan M. L. et al Der Pharma Chemica, 2016, 8 (11):88-94

2. The novel homologous series is predominantlyategenic and partly smectogenic.

3. Variations in mesomorphic properties from hongol® to homologue in the same series and from skerigsries
for the same homologue depend upon sequentialiawaldif a methylene unit and varying with the cahtrridge
linking middle and last phenyl ring the terminabegroup of fixed polarities respectively.

4. Extension of a phenyl ring (Aromaticity) enhasitbe mesogenic tendency and the early commenceshéme
mesophase.

5. Favorable molecular rigidity and flexibility féitate suitable magnitudes of anisotropic interewllar forces of
attractions.
6. Molecular rigidity and flexibility determineseaHormation of the liquid crystalline
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