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ABSTRACT

Titled homologous series consists of eleven membthyl to pentyl and dodecyl to hexadecyl homadsgare
nonmesomorphic, while; hexyl, octyl and decyl membethe series are mesomorphic. All the threeamesphic
homologues are enantiotropic nematogenic withobthation of any smectogenic character even in tlomotropic
condition. Analytical data supports the moleculaustures of homologues. Transition temperatures datermined
by optical polarizing microscope with heating stagdesomorphism exhibited by the series is very paih short
range mesophaselength varying from 24°C to 26°@rage thermal stability for nematic is 132.6. Thsesries is
partly nematogenic with middle ordered melting typlee texture of the nematic mesophase is threadsdhlieren
type. Mesomorphic properties of titled series asmpared with, structurally similar homologous serie
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INTRODUCTION

Looking to the industrial utility of liquid crystgL.C) materials in present era, the LC materialarfying mesogenic
rang was planned to synthesize new LC materialufitohomologous series. Azoester series of LC nadteyi
synthesized by modifying molecular moiety throuddriation in molecular rigidity and flexibility [1,3,4]. In
present series molecular rigidity is altered byi@oical linking of central group —N=N- to alreadsgter central
group and the molecular flexibility is altered bybstituting highly polar -OCkand poorly polar —Cl group at
middle and third phenyl rings at meta positionhe £N=N- central group respectively. Thus effecswiictural
variation on LC properties are studied. To whicim@lecule is broadened and molecular polarizabdffgct to be
observed.

MATERIALS AND METHODS

Characterization:

Some of the selected homologues of the series emcterized by elemental analysldNMR spectra and IR
spectra. C,H,N, Elemental analysis was performedPerkin Elmer PE 2400 analyzeHNMR spectra were
obtained on Bruker spectrometer using C{e8I solvent. Texture of the nematogenic homologere Wecided by
miscibility method. Transition temperatures anduiéb crystal properties were investigated by optigalarizing

microscopy equipped with heating stage. Thermodymaquantities enthalpy AH) and entropy AS) are

gualitatively discussed instead of DSC scan.
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Synthesis:

4-n- alkoxy benzoyl chloride (X) was synthesizednfr corresponding 4-n-alkoxy benzoic acid using rthio
chloride. 4-n-Alkoxy benzoic acids were prepareahfr4-hydroxy benzoic acid using suitable alkylataggent by
method of Dave and Vora  [5]. 4-Hydroxy 3-meth@henyl azo - 3'-chloro benzene (Y) was prepdrgd#nown
method of Furnis et al. [6]. Final azoesters weeppred by condensing (X) and (Y) in ice cooleddige. Product
were decomposed, filtered, washed, dried and jimakrystallised till constant melting point obtaéh p-Hydroxy
benzoic acid, Alkyl halides, Thionyl chloride, Rdine, KOH, methanol, o-methoxy phenol, m-chloroliaai and
other chemicals required for synthesis are usaga@sved. The synthetic route to the series is imeatl below in
Scheme-1.

+R-X, KOH +SOCl, R coci
—MeSH—> RO-<: :>— COOH ————»
Ho—©— COOH S0, HC
NaNQ, / HCI,,
HZN—Q 0-5C

Cl

Dry Cold O—©—
X) + (Y) =—=——->
X) + (Y) Pyridine R COO

Where R = Cnhlyy, 66'_3[,2,3,4,5,6,7,8,10,&?,14,16
3

Scheme-1: Synthetic route to the series-1

Table -1 Elemental analysis for the hexyloxy and dgoxy derivatives

Elemental % found (Compared with % calculated)

Molecular formula C H N
CoeH2/N,O4Cl 66.57 (66.88) 5.82 (5.79) 5.91(6.00)
CpeH3:N,04 Cl 66.91 (67.09) 6.53 (6.27) 5.84 (5.66

Analytical Data :
NMR: in ppm. Hexyl, 0.911( alkyl group of —O4El;3), 1.805 long -CH chain, 3.915 —OCkl 3.985 -OCH, 6.945
& 6.902 & 8.069 & 8.029 ( p- sub. Benzene)

Octyl, 0.90 (alkyl group of —O4E;7), 1.32 long -CH- chain, 4.05 -OCklof ( -OCH-OC;;Hzs), 1.83 -CH-CH,-O,
3.92 -OCH 6.919 & 7.004 & 8.148 & 8.192 ( p- sub. Benzene)

IR in Cm™, Hexcyl, Vma/cm* 694 & 771 conforms m-sub. Benzene ring, 831 (p-8émzene rings), 1105, 1197,
1681(—COO- group), 1427( -N=N- group), 1359 & 2858lkyl group), 1056( -C-O of ether group), 102&-@!
linkage)

Octyl, Vma/cm® 692 & 802 conforms m-sub. Benzene ring, 827 (p-8#nzene rings), 1064, 1105 & 1687 (-
COO- group), 1419 (-N=N- group), 1031 ¢rizC-O of ether group), 1028 (Ar-Cl linkage)

Texture: confirmed by miscibility method

1. Hexyloxy ——p Nematic threaded
2. Octyloxy —p Nematic threaded
3. Decyloxy —— Nematic schlieren

RESULTS AND DISCUSSION

Transition temperatures of esters molecules areerghy lower than their corresponding n-alkoxy a&cidn
esterification due to disappearance of hydrogerings from dimeric acids. Transition temperaturey mse or fall
of azoester depending upon lateral / terminal aodigs substituted to phenyl ring bonded to =NNcentral
group. The degree of mesomorphism is also reducedinging X and Y in pyridine. Presently investigdt
homologous series consisted of eleven homologueghinh hexyl, octyl and decyl derivatives are ei@nbpic
nematic while the rest of the homologue derivatiaes nonmesomorphic. Transition temperatures ({2plare
plotted versus the number of carbon atoms in ntatkgin of the left n-alkoxy terminal and relatedings are
joined. A phase diagram for the titted homologoasies is obtained as shown in the figure. Solidrgmc or
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nematic transition curve follows partly zigzag pathrising and falling and behave in normal manriéematic-
isotropic transition curve shows descending tengerscseries is ascended without showing up of oddreffect.
Smectic mesophase is totally absent. Mesomorplnigeras relatively shorter [24°C-26°C].Analyticaltdasupport
the structures of molecules.

Lowering of transition temperatures of azoesterenoles is attributed to the disappearance of hyrdgpnding
from dimerised n-alkoxy acids by esterification. thi@ to pentyl and dodecyl to hexadecyl derivatieéshe series
are unable to withstand the thermal vibrations erpaupon them. Therefore they sharply melt at theiting point
without passing through an intermediate state ¢dtemce, called liquid crystal state. Nonmesomarpif@havior of
homologue may be due to very (zero) short phasgtheof the homologues concerned or mainly due éohigh
crystallizing tendency of a sample homologue inclibuitable magnitudes of anisotropic forces afations as a
consequence of its molecular rigidity and flexilyili1,2,3] does not occur. As a result of this, ewlles of a sample
substance under investigation disalign on theelafnthe surface and randomly oriented aimlesslgllipossible
directions in floating condition without any regritg or ordered molecular arrangement, The obsenedatogenic
mesophase formation in case of hexyl, octyl and/Ide@mologue derivative is attributed to the suigalmagnitude
of intermolecular anisotropic forces of attracti@ssa consequence of molecular rigidity and fléitybj1,2,3,4] by
which molecules are disaligned on the plane ofsiimace at angle less than 90° and molecules aa¢irfy with
maintainance of two dimensional array, such thatistically parallel orientational order of moleesllis maintained
resisting externally applied thermal vibrations hiit definite range of temperature at constant pressThus,
present series is majorly nonmesomorphic and paiynatogenic without exhibition of any smectic etuder.
Broadening of molecules of present series occuestduaterally substituted methoxy and chloro gresipmeta
position of middle and third phenyl ring respectyvevith respect to —N=N- central group. Thus, wibnof
molecules causes two opposing effects [8,9] opegatit a time viz (i) widening of a molecule incregas
intermolecular distance, resulting into reductidrend to end intermolecular anisotropic forces tifagtions and,
on the other hand at the same time (ii). Broademifignolecule increases the molecular polarizabityich
enhances intermolecular forces of attractions [8,1,02,13,14,15]. But, looking to the mesophaseatieh of the
series, very few homologues (only three out of egvshows nematogenic mesophase formation withnabsef
smectogenic character. This phase behavior verlysupport the view to conclude that first (i) eff@redominates
out of two opposing effects (i) and (ii) i.e. emdeind intermolecular anisotropic forces of att@ui are weakened
to such an extent that, only three homologues mt#sccould resist exposed thermal vibrations outlefen
homologues to cause mesophase formation with velgtivery short phaselength and middle ordered intelt
behavior.

The mesomorphic or liquid crystal properties vizsophaselength, variation in mesomorphic behavicsaime
series and series to series, commencement of mesopbrmation, average thermal stability (tablde3)smectic
and/or nematic mesophases; based on molecularitpadand polarizability, length to breadth ratiooaraticity,
geometrical shape and size etc. of presently ifgatsd homologous series (1) is compared with siratty similar
homologous series (A) [7b] shown as under in figlire

OO

OCHj,
4-[4'-n-Alkoxy Benzoyloxy]-3-Methoxy phenyl azo-"SChloro Benzenes.

O.@. _©_ _@ Series-A

4-[4’-n-Alkoxy Benzoyloxy]- 3%h|oro phenylazo"SChIoro Benzenes

Where R = GH,n41

Figure-2: Structurally similar homologous series

On comparing the geometrical shape, size, threeyphiags, left n-alkoxy terminal, central bridgeg. —COO- and
—N=N-, laterally substituted —Cl group at the thpbenyl ring; series (1) and (A) are identical gickaterally
substituted —OCEkand —CI group at the central phenyl ring idenljcpbsitioned at meta position to —N=N- central
group of series (1) and (A) respectively. Therefobserved variations in mesomorphic propertiesasirébuted to
the difference in length to breadth ratio, rationadlecular polarity to polarizability, steric eftear hindrance caused
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—OCHKland —CI group, intermolecular distance, extentro$atropic forces of attraction disturbed etc. The
average thermal stability and commencement of ntespare given in table-3 as under.

Table — 2: Transition Temperatures in °C

Compound No| n(for R= +Fla+1) | Smectic| Nematiq Isotropi
1 1 -- - 120.0
2 2 162.0
3 3 160.0
4 4 - 83.0
5 5 77.0
6 6 114.0 140.0
8 8 108.0 132.0
9 10 - 101.0 126.0
10 12 - - 80.0
11 14 87.0
12 16 - - 83.0

Series-1: 4- [4’-n-Alkoxy benzoyloxy] 3-Methoxypheplazo-3"- Chloro benzenes

OCH; Cl
200 -
@ SOLID - ISOTROPIC OR MESOMORPIC
(® NEMATIC - ISOTROPIC
180 -
l @-
160 1 "‘\ ISOTROPIC
\
1
©) ) \
c 140 4 , “
(<} II i
— ) \
2 / | NEMATIC
O 120@ \
o \ .~
\ “‘5
E \ / ‘§~‘~
4 / =
_ 100 ' ; Q\
2 ! ' SOLID AN
= ' . @--
2 o o TTe
< 80 - @ L 3
S
|_
60 -
40 T T T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
No.of carbon atoms in n-alkyl chain-R EE—

Figure — 2- Phase behavior of a series-4- [4’-n-Atiky benzoyloxy] 3-Methoxyphenylazo-3”- Chloro benenes
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Table-3: Average Thermal Stability in °C

Series 1 A
Nematic-isotropic 132.6 130.6

6(€Cio) (& Cu)
Commencement of 6C G
Nematic phase (Nm)

Careful observation of table-3 indicates that, ager thermal stability of series (1) is little bigher than the series
(A), because of the highly polar —OgHgroup in comparison with relatively less polapgp —Cl. Secondly,
commencement of mesophase (only nematic) take ftam sixth homologue of the both series 1 andride
number of homologues exhibited nematogenic meseptuamation in series (1) is only three viz. hexadtyl and
decyl homologues derivatives while, number of hargaks exhibited nematogenic mesophase are fiveaxgl to
tetradecyl homologue derivatives of series (A).sTdifference is attributed to the magnitude ofisteindrance and
space occupied by tetrahedraly shaped penta atmeticoxy group and mono atomic chloro group. In ttase
magnitudes of anisotropic forces of attractionddnbt suit to the molecules of series (A) but itedcsuit little bit
less to the molecules of series (1) for higher menmtof series beyond decyl derivative. Thus, diffiee of
intermolecular distance caused by methoxy groupcoro group affecting molecular polarizability iwh suits
upto tetradecyl derivative of series (A) but, does favorably suit to the molecules of presentlyeistigated series
(1) beyond decyl homologue to form a mesophaséatifig condition. Absence of smectogenic charaictdyoth
the series under comparison is attributed to thgfittnig of intermolecular arrangement due to umfittent of
noncoplanarity caused by molecules [7a] of serl@safd (A). Thermal stability of mesophase deparutn heat
content or enthalpy changaH) of a molecule concerned at a given temperatOre.heating a thermodynamic
system (homologue sample) from surroundings, theogenic sample homologue resists the thermal i@miat

within definite range of temperatures and T, were entropyAS = ATH of a sample molecules under investigation

vary fromAS; to AS, during which molecules are floated with two dimenal array but beyond,Tmolecules are
randomly oriented in all possible directions andjuae isotropic state. Entropy values become mawinat
nematic-isotropic transition temperature. Thusat&n in mesogenic properties from homologue to dlogue in
the same series is attributed to the sequentidtigd methylene unit at the flexible left n-alkoryrhinal end group,
while, the variation in mesogenic properties faxr fame homologue from series to series is attidbtateéhe varied
laterally substituted intact group or groups inggr series.

CONCLUSION

(1) Variation in molecular flexibility keeping moleculaigidity constant by laterally substituted groap groups
may cause richer or poorer mesomorphism dependdog the magnitudes of predominating effect outved t
opposing effects viz. molecular polarizability discewidening of a molecule or intermolecular disanahich are
directly related to magnitude of intermolecular esion.

(2) Group efficiency order for nematic derived on tlasib of average thermal stability is as under

laterally substituted -OCH3 > -Cl group
(3) Variation of mesomorphic properties at constantamoalar rigidity from homologue to homologue in theme
series is due to the sequencially added methylait@uthe flexible part of a molecule.
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