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ABSTRACT

A novel homologous series of liquid crystals, ¥i44’-n-alkoxy Benzoyloxy j-Methoxy Ethyl Benzoates has been
synthesized. The series consists of eleven homodlbg methyl to butyl derivatives are not liqargistalline and
the rest of the homologs are enantiotropic liquiystals. The octyl and decyl derivatives of theeseare
enantiotropically smectogenic in addition to nengggieic in character, but the Pentyl, hexyl,dodettadecyl, and
hexadecyl homolog derivatives of the series arg oelmatogenic without the exhibition of a smectiage. The
transition temperatures of the novel substanceswetermined by optical polarizing microscopy egeip with a
heating stage. A plot of transition temperaturesus the number of carbon atoms present in thikoxs terminal
chain represents the phase behavior of the sefiedd-even effect is observed for the nematicepit transition
curve. The textures of the nematic phase aretbfesmded or Schlieren type and those of the sméctjghases are
typical. Analytical and spectral data agree withetmolecular structures. The smectic and nematienthe
stabilities are 179.0 °C and 196.28 °C, respegfivEhe smectic phase commences from the octylorglbgue and
Nematic mesophase commences Pentyl homologue.og§am@ctphase lengths vary from 15.0 °C to 17.@8€
the nematogenic phase lengths vary from 7.0 °83t0 °C. The series is predominantly nematogenét @artly
smectogenic with considerable mesophase lengtlaanididle-ordered melting type. The liquid crystadgerties of
the present series are compared with structuratyilar homologous series.
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INTRODUCTION

The unique properties of the liquid crystallinetstaf a substance is exploited in varying fieldsapplication in
present era. Therefore, it is interesting to sttiay relationship between molecular structure amdlitfuid crystal
state of a substance through homologous seriesseMmolecular rigidity and flexibility [1-3] dictatbe formation

of mesomorphism. Liquid crystal phases are formsdaaconsequence of suitable magnitudes of anisotrop
intermolecular forces of attraction [4,5,6], andaasonsequence of favorable molecular rigidity andéxibility.
The novel series under investigation has a moleaitacture based on two phenyl rings linked thirougOO-
central linking groups, two terminal end groups-@fR and -COOCH2-CH2-OGHhence the structures are linear
with no lateral substituents.
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MATERIALS AND METHODS

Synthesis: p-n-alkoxy benzoic acids were prepared by thehotktof Gray and Winsor (6), Vora and Dave
(7),Vogel (8).p-hydroxg-methoxy ethyl benzoate is prepared by reactingygrdxy benzoic acid with
corresponding freshly distilled 2-methoxy ethyl @iol in presence of concentrated sulphuric acidtumixp-n-
alkoxy benzoic acids dissolved in MDC withp-hydr@xyethoxy ethyl benzoate is in portions with DCC &
DMAP as catalyst by stirring reaction mixture. (8}1Products were decomposed filtered, washedd daied
purified, till the constant transition temperatrebtained. p-Hydroxy benzoic acid, alkyl hadid®-X), ter-
butanol, KOH,DCC, DMAP, MDC etc. required for syatlis were used as received except solvents whicd we
dried and distilled prior to use. The synthetaute to the series is mentioned belovoheme -1

(1) 4— Hydroxy $-Methoxy Ethyl benzoate.

Ho@ COCRP-CH.CH,-OCH; Con.H2S04
HO A@COO-CH}CHZ-OCI—E

2 4 -(4-n-alkoxy benzoyloxyp-Methoxy Ethyl Benzoates

RO @ COOF * Uo @COO-CHZ-CHZ-OCHG

DCC D& urea
MDC (Solvent) AR (catalyst)

RO @ coc —@ COO-CH-CH,-OCHs

R=GHzwi n=1,2,3,45,6,8,10,12,14,16
Scheme -1

Characterization

Some homologs as representative members of thesseere selected for characterization of theircstines by IR
and 1HNMR techniques. IR spectra were recorded ekif® EImer 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.

Analytical Data

Spectral Data

NMR in ppm for Pentyloxy Derivative. 0.9 ( Gléf OGH1; group), 1.28 ( CH, polymethylene group of Q#4),
4.12 ( OCHCH,of OGH;9) , 3.82 ( OCH) , 6.87 to 8.18 (p substituted phenyl ring). THdRIdata are consistent
with the molecular structure.

NMR in ppm for Dodecyloxy Derivative. 0.88 ( GHdf OC,H,sgroup), 1.20(CH), polymethylene group of
OC;2Hzg), 4.01 ( OCH CH, ofOC,H5s5),3.22 ( OCH) 6.90 to 8.13 (p substituted phenyl ring). The RiMdata are
consistent with the molecular structure.

NMR in ppm for Tetradecyloxy Derivative. 0.87 ( €ldf OC,4H,g group), 1.25(CH), polymethylene group of
OCy4H29), 4.01 ( OCH CH, of OC4H,) ,3.52 ( OCH) ,6.81 to 8.13 (p substituted phenyl ring). The Ridata are
consistent with the molecular structure.
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IR in cm-1 for Propoxy Derivative. 760 polymethyée CH), group of OGH,, 885 p substituted phenyl ring,

1200, 1260 and 1700 ( COO ester group), 1600,1pB6nf! ring). The IR data are consistent with theleoular
structure.

IR in cm1 for Octyloxy Derivative. 770 (polymethylene HE)n group of O@H;;), 855 (p substituted phenyl

ring), 1260 and 1605 ( COO ester group). 1605,1(pb@nyl ring). The IR data are consistent with th@ecular
structure.

IR in cm-1 for Dodecyloxy Derivative. 740 (polymgténe ( CH )n group of OGH,s), 840 (p substituted phenyl

ring), 1210, 1260 & 1600 ( COO ester group.)1588QL4phenyl ring). The NMR data are consistent wita
molecular structure.

Table 1. Elemental analysis for some derivatives

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

1 Propyl GoH20s 67.03 | 6.14| 6899 6.5
2 Penty CoH20s | 68.3¢ | 6.7¢ | 69.2¢ | 6.9C

RESULTS AND DISCUSSION

n-Alkoxy Benzoic acids and 4-Hydro3-Methoxy Ethyl benzoate are nonmesomorphic. Howewercondensing
the two nonmesomorphic components through DCCrahkeltant homologous ester derivatives from pemiyho
hexadecyloxy give rise to mesomorphic behavior. Tmethyl to butyl homologs are nonmesomorphic. The
octyloxy, decyloxy homologs are enantiotropicaliyextogenic in addition to nematogenic in charaatet the rest
of the homologs are enantiotropic nematic only (€a®). The transition and melting temperatures lbftte
homologs were determined on an optical polarizingrascope equipped with a heating stage, and arerslin
Table 2. A plot of the transition temperatures usraumber of carbon atoms present in n-alkoxy teamthain
shows the phase behavior of the series (Fig. 1)oddreven effect is observed for a nematic-isotransition
curve, but the effect is missing in the smectic-agatransition curve. The smectic-nematic transitturve initially
rises, passes through maxima and then descendsiesis ascended up to the decyloxy homolog.

Table 2. Transition temperatures of series irC

Sr. | R =n-alkyl group Transition temperature in °C
No. Smectic| Nematic| Isotropic
1. Methyl - 222
2. | Ethyl - 220
3. | Propyl - 192
4. Butyl - 199
5. | Pentyl - 177 202
6. | Hexyl - 188 198
7. | Octyl 162 179 212
8. | Decyl 164 179 188
9. | Dodecyl - 189 196
10. | Tetradecyl - 174 192
11. | Hexadecyl - 176 186

The smectic mesophase formation should occur at0¥B2However, practically it is a solid-nematic trios
temperature, which suggests that the smectic masepteases to form and only the nematic mesopbass.fThe
nematic-isotropic transition curve descends as#es is ascended and behaves in normal mannercurties for
the odd and the even homologs merge into one nedisatropic curve at the eleventh homolog. Thus,dtid-even
effect diminishes as the series is ascended fdrehipomologs from and beyond eleventh homolog. Jdlel
mesomorphic or isotropic curve follows a zigzaghpet rising and falling values as the series isesaded with an
overall falling tendency. Thus, all the three titioe curves behave in normal manner. The textdirth® nematic
mesophase is threaded or Schlieren and that ofezt&mmesophase is of the typical A or C type. Bheectic
mesophase varies from a minimum of@5at the decyloxy homolog to a maximum of-@7at the octyloxy
homolog. The nematic mesophase length varies frommanum of 2C at the dodecyloxy homolog and maximum
of 33C at the octyloxy homolog. The present series égl@pminantly nematogenic and partly smectogenic with
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middle-ordered melting type. The smectic and natnasophases commence from the octyl and Pentybllogm
derivatives, respectively

The Pentyl to hexadecyl homologs are mesomorplectduheir suitable magnitudes of rigidity and flelity. The
octyloxy and decyloxy homologs generate a lamglkgking of the molecules at a transition tempeesati) and
then adopt a statistically parallel orientationedey from and beyond a higher temperatigrédowever, on further
continued heating of the sample, the moleculesamauhy orient in all possible directions without ampolecular
ordering at a higher temperatuge Thus, the samples under microscopic examinatidyibié and show a smectic
mesophase betwedp andt,, and then a nematic mesophase betwgemndt;, and an isotropic liquid beyond
temperaturds. Mesomorphic molecules of homologs other thanlogfyand decyloxy exhibit only nematogenic
mesomorphism. The methyl to butyl homologs of thees are unable to withstand exposed thermal tidms due
to the unsuitable magnitudes of anisotropic intdecwar forces of attraction as a consequence &dvonable
molecular rigidity and flexibility [1-4]. The oddven effect diminishes for higher homologs, becdasger n-alkyl
chain from and beyond decyloxy homolog may coihdelex or couple to lie with the major axis o&thore [4, 9].
The degree of mesomorphism exhibited by the sésiassifficiently high, because the series underugision has
sufficient lateral and terminal end-to-end attraw$ by the linear shape with two central groupsribgaa
conjugating double bond which strengthens rigidifya molecule. The variation in mesomorphic propérom
homolog to homolog is attributed to the sequentiatided methylene unit of the n-alkoxy terminalicha

@)
RO Q COC— COO-CH-CH>-OCHs
—_ N X
RO @ COC @ CC}CH:CH—@—O(C?-@
(Y)
ro () coc— c

Figure 2

The variation in mesomorphic properties is compawvitl other structurally similar homologous ser}$12] and
Y [13], as shown in Fig. 2. Figure 2 shows the ctreally similar series-1 and Y are identical ispect of two
phenyl rings bridged through to central groups-CO@h a common left terminal end group OR. Howewbg
uncommon part is a right handed terminal end gr&gra -Cl, and —COO-GHCH,-OCH,. Homologous series —X
is a differ by right terminal groups with the serk.

Table-(3) Thermal stabilities in °C

Series (1) (X) (Y)
179.0°C | 118.0 104.7
(CeCi)) | (CrCig) | (C1—Cig)
Commencement of Smectic phase 5 C C C
196.28°C| 157.0
(CsCie) | (Cs=Cae)
Commencement ofNematic-phase s C Cs

Smectic-isotropic

Nematic-isotropic

Therefore, the molecular Aromaticity and rigiditgnmains identical, but the molecular flexibility ies due to
polarity and induced polarizability of laterallycnight terminally group. Thus, suitable magn&saf anisotropic
forces or intermolecular adhesion as a consequehogrying molecular flexibility differ accordinglyThus,
mesomorphic properties and the degree of mesonsrphary with changing of the terminal end groupsefies
1,X, and Y respectively. Thermal stability of easbries and commencement of mesophase are giveable T
3.Table 3 indicates that present series-1 and Xmextogenic in addition to nematogenic charaetkile series-Y
chosen for comparison are smectogenic only withedtibition of any nematogenic character. The alsefc
nematogenic character in series- Y chosen for casgpaindicates the absence of lamellar packingiofiecules in
their crystal lattices.
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The commencement of smectogenic property takesepfiemn the octyl homolog of series-1, but it doex n
commence until the last homolog of the series X andThis variation may be attributed to the exterit
noncoplanarity [9] caused by themolecules conceriibé Cl terminal end group is more polar and méoi,
which reduces the extent of molecular noncoplayénin the differing end group —COO-gBH,-OCH, or phenyl
ring . Thus, suitable and favorable extent of mal@cnoncoplanarity facilitates lamellar packingtbé molecules
from the octyloxy to decyloxy homologs of seriebtlt it does not facilitate for any homolog of seri¢and Y. The
nematic mesophase formation commences identicathyn fthe Pentyl homolog of the series-land Xunder
comparison. This indicates that suitable magnituafesnisotropic intermolecular forces of attractias emerging
from molecular rigidity and flexibility, operate eglly on end to end attractions, though the therstability of
series-1 is higher among those under comparisoital#& magnitudes of anisotropic intermolecularcés of
attraction facilitate a statistically parallel ortational order of the molecules which commencesnfithe fifth
homolog of series 1 and X to generate the nematigophase. Thus the variation ofmesomorphic priegeur the
same homolog from series to series is attributedhéo unchanging terminal and/or lateral end gro@igach
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individual homologous series. The group efficielegier derived on the basis of (a) thermal stabditg (b) early
commencement of the mesophase is mentioned beltwe iconclusion.

CONCLUSION

(1) The novel series of 4-[4’-n-alkoxy BenzoylogyWethoxy Ethyl Benzoates is predominantly nematagend
partly smectogenic with a middle ordered meltinggety

(2) High smectic thermal stability and the earlyntbencement of smectogenic mesophaseforming tendsmecy
favored more in group bondedg@arbon of —CHCH,-in isomeric series.

(3) Variations in mesomorphic properties from hoogule to homologue in a same series and from sgrigsries
for same homologue is a direct result of a varyim@ecular rigidity and/or flexibility due to varygnlateral central
or/and terminal group or groups or/and varying nandf aromatic phenyl ring, constituting a molecule

(4) Suitable magnitudes of anisotropic forces téiimolecular attractions can induce mesophase fama
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