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Chapter One
Introduction

1.1 Liquid Crystals

Many materials exhibit a series of phasesdhamneither truly ordered
nor fully disordered”. Materials that flow moderately easily but have
long range orientational order are called liquigistals. Liquid crystal
materials generally have several common charatiestisAmong these
are a rod-like molecular structure, rigidness & kbng axis, and strong

dipolesand / or easily polarizable substituents.

The distinguishing characteristic of the ldjwrystalline state is the
tendency of the moleculesnésogensto point along a common axis,
called thedirector (/ﬁ). This is in contrast to molecules in the liquid
phase, which have no intrinsic order. In the scldte, molecules are
highly ordered and have little translational fremdolhe characteristic
orientational order of the liquid crystal statebistween the traditional
solid and liquid phases and this is the originh&f term mesogenic state,
used synonymously with liquid crystal state. Therage alignment of
the molecules for each phase is shown in Figure 1.1
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Figure 1.1 Alignment of the moleculesfor solid, liquid crystal and liquid
phases.



Chapter one Introductic

To quantify just how much order is presentaimmaterial, arorder

parameter(S) is defined as follow?s:

=
fat

S =(1/2) (3 cosz8 - 1)

where9 is the angle between the direct,/r\l')(and the long axis of each
molecule. The brackets denote an average ovef @leanolecules in the

sample. In an isotropic liquid, the average ofdbsine terms is zero, and
therefore the order parameter is equal to zeroedept crystal, has an
order parameter equal to one. Typical values feraitder parameter of a
liquid crystal range between 0.3 and 0.9, with eékact value depending
on the temperature, as a result of kinetic molecuiation as shown in

Figure 1.2.
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Figure 1.2 Typical temperature dependence of theliquid crystals order
parameter with temperature. Ty isthe nematic- isotropic transition
temperature.
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The tendency of the liquid crystal moleculegoint along the director
leads to a condition known amisotropy This term means that the
properties of a material depend on the directionwimch they are
measured. The anisotropic nature of liquid crystalsesponsible for the

unique optical properti€s

1.2 Characterization of Liquid Crystals

The following parameters describe the liquigstalline structure:

Positional Order
Orientational Order
Bond Orientational Order

Each of these parameters describes the extentith whe liquid crystal

sample is orderedPositional orderrefers to the extent to which an
average molecule or group of molecules shows @maonslal symmetry

(as crystalline material showedPrientational order represents a
measure of the tendency of the molecules to aligmgathe director on a
long-range basiBond Orientational Ordedescribes a line joining the
centers of nearest-neighbor molecules without regua regular spacing

along that line.

Most liquid crystal compounds exhilpiblymorphism or a condition
where more than one phase is observed in the loystalline state. The
term mesophasas used to describe the "subphases" of liquidtalys
materials. Mesophases are formed by changing tloeiainof order in the
sample, either by imposing order in only one or wwmensions, or by

allowing the molecules to have a degree of tralsiat motion.
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1.3 Liquid Crystal Phasé®

Liquid crystal phases are formed by a wideetarof molecules. They
can be divided into two classes, thermotropic gotrdpic. Transitions to
thermotropic phases are initiated by changes ipésature, while those

to lyotropic phases can also be initiated by chamge&oncentration.
1.3.1 Thermotropic Phases

Thermotropic liquid crystals can generally fiemed by prolate
(calamitic) molecules or oblate (discotic) molesuld.iquid crystal
phases formed by calamitic molecules fall into fdifferent categories:

nematic, chiral nematic, smectic and discotic.

1.3.1.1 Nematic Liquid Crystal Phase

The simplest liquid crystal phase is calleel tlematic phase (N). It is
characterized by a high degree of long range aimmtal order but no
translational order. Molecules in a nematic phgsentneously order
with their (for calamitic molecules) long axes rblg parallel. A

schematic diagram of a nematic phase is showngur€&il.3

Figure 1.3 Molecular arrangement of nematic phase.
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1.3.1.2 Chiral Nematic Liquid Crystal PhaSe

Chiral molecules can also form nematic phasdéied chiral nematic
(or cholesteric) phases (N*). This phase showedatierordering but the
preferred direction rotates throughout the samfe. axis of this rotation
Is normal to the director. The shape of this typkguid crystal is shown

in Figure 1.4.
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Figure 1.4 Schematic of chiral nematic liquid crystal.

1.3.1.3 Smectic Liquid Crystal Phases

Smectic phases have further degrees of oaitapared to the nematic
phase. Nine smectic structures have been desdribieraturé®. They
are identified as smectic A through smectic I. Shplest is the smectic-
A (Sa) phase, in which the molecules order into layeesmal parallel to
the director. Within the layers, liquid like struot remains and the
system is optically uniaxial. In smectic C eachelays still a two-
dimensional liquid but the material is opticallyakial, as shown in

Figure 1.5.

o

Smectic A Smectic C

Figure 1.5 Molecular arrangement of different types of smectic phases.
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1.3.1.4 Discotic Liquid Crystal Phas@s

Liquid crystal phases formed by discotic males fall into three
different categories: discotic nematic, discoticirah nematic, and
columnar. The discotic nematic is similar in sturet to the calamitic
nematic, although in this case the short axes @iblecules tend to lie

parallel. The same holds for the discotic chirahagc phases.

Columnar phases are the discotic equivalenthef smectic phase.
Here the molecules form columns as shown in Figugeln the simplest
case the short axes of the molecules lie paralléghe axis of the column
and the columns are randomly distributed in spiere complicated
discotic phases exist, where the short molecules & at an angle to the
column and translational order exists between tilentns, analogous to

the more complicated smectic phases.
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Figure 1.6 Schematic representation of columnar discotic liquid crystal phase.
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1.3.2 Lyotropic Liquid Crystal Phasés

These are formed by amphiphilic molecules.s€heften consist of a
polar head group attached to one or more non-mblains and are often
known assurfactantg(surface active agents). A schematic of this plese

shown in Figurel.7.
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Figure 1.7 Schematic patterns of lyotropic mesophase.
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1.4. Characteristic of Liquid-Crystal as StationaBhases in

Gas Chromatography (GC)

Thermotropic liquid crystals have drawn the at@mmtiof the
chromatographers to be used as stationary phaggs ichromatography
follows from their unique separating properties,icihare due to the
structure and ordering of their moleciiiesAt a certain temperature
range ( from the melting point to the point of gdion to the isotropic
liquid phase ) thermotropic liquid crystal have sondegree of
orientational molecular ordering, and thus havepertes that are

intermediate between the solid and the isotropjiaidf*.

The liquid crystal compounds that are usestasonary phases belong
to many chemical-groups such as Schiff bases, azd azoxy
compounds, esters, isothiocyanates, and biphenyd &rphenyl
derivative§. These are the rod-like liquid crystals whose muoles
have a shape that resembles a flattened cigar.

Like other phases, liquid-crystal stationahages should demonstrate
high thermal stability; they should not decomposenarmal column
operating temperatures and should have low vapesspres so that the
guantity of the phase in the column is not reducea degree that affects
chromatographic reproducibilities. Many liquid dals meet these
requirements, and their properties were studieghaoked column for
many years?. Liquid-crystal stationary phases have been deeeldo
be used at temperaturedove300°C™. It is desirable, especially in
capillary chromatography, that liquid crystals usedstationary phases

demonstrate a wide mesophase temperature rangetsenaable column
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temperature programmift§. Nematic liquid crystals reveal the widest

mesophase temperature ranges.

1.5. Physico-Chemical Studies of Liquid-Crystalline
Stationary Phasef CSP's)

The ordering of the liquid crystal structuseknown to be of decisive
importance in the separation of components of medly distinguishing
the shape of their molecules. However, investigation the effect of
other physico-chemical properties of liquid crystah their behavior as
stationary phases in a chromatographic columntidr@ecessary®. The
results of such investigations should facilitateearch for liquid crystals
of good separation properties to meet the genermlirements best set
for stationary phases. It is also important to deamnore about the
relationships between general physico-chemical gut@s of liquid
crystals and their separation ability. The seldgtiof liquid crystals in
relation to substances of different molecular shegoe be determined by
the dependence of the selectivity coefficiemf ¢f test substances on
temperature: I =f (1/T ). On the basis of the dependences ln-A(AG
a,b)/RT), it is possible to determine quantitatively difieces of partial
molar free energies of the substances a and b etognaphed on liquid
crystal. UsingAG = AH —TAS, and from the slope of straight linesaf
(1/T) for each pair of isomera(AH a, bR )was calculatedf.

The retention of chromatographed isomers subssarconsiderably
depends on the type of the mesophase of the ligystalline stationary
Phas&”. It results from the fact that the type of mesaghaffects the
diffusion of isomers of the chromatographed sulzstato a different
degree. Medid& studied the influence of the type of mesophasthef
liquid-crystalline stationary phase on the diffusiof xylene isomers on
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4,4 -bis(Heptyloxy)azoxybenzene (BHOAB) as statignaphase
deposited on glass beads. The order of elution’sytédne isomers was
typical of liquid-crystalline stationary phaseseta, para and ortho .
However, the diffusion coefficients in the smectiematic and isotropic
phases decreased in the orgexylene, o-xylene andm-xylene. The
diffusion coefficient of p-xylene compared ton and o—xylene was
disproportionately larger in the smectic phase timathe other phases.
Medina concluded, from the comparison of the valoeésdiffusion
coefficients of xylene isomers with their polaritiie length to width ratio
and the molar volume that the diffusion coefficieftpara-isomer was
larger tharm- ando-isomers was associated with its smaller polang a
the larger molecule length to width ratio than thiathe other isomers.

The described behavior péra- xylene isomers could accoufdr its
larger retention on liquid-crystalline stationgyases than that of time
xylene isomer. The retention on conventiorstationary phases is
reversed and attributed to their boiling pointscl@arly great difference
in the activatiorenergy of the diffusion of xylene isomers in smeetnd
nematic mesophases as well as in isotropic liquid resuftedn the
ordered structure of a smectic and a nematic mesastand from the
disorder of the isotropic liquidMolar diffusion coefficients of selected
polyaromatic hydrocarbons in the sicleain liquid-crystalline polymer
determined by gas chromatography confina influence of the shape of
molecules on its behavior in nematic and isotrgpiase?.

The non-planas—terphenyl diffused more easily in the nematic phas
of this liquid crystal than planar fluordff In the isotropic phase molar
diffusion coefficients for fluorene anotterphenyl did not differ much.
Activation energies of the diffusion of naphthaleméh (length-to-
breadth) L/B = 1.24 and that of fluorene with L/BL52 in the isotropic

10
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phase did not differ much and were (32 and 30 ki)/mespectively,
whereas in the ordered nematic phase they werealclé&ager and
different for naphthalene (40 kJ/mol) and for fleloe (68 kJ/mof3®.

The separation effect of components of miduomn LCSP's was
associated with the different energy of the inteoas of the components
with liquid crystal§?. Therefore, the determination of these interastion
in different systems could be contributed to adyekinowledge of the
nature of liquid crystal-chromatographed substamteractions. The
values of excess molar thermodynamic functionsh@py, entropy and
Gibbs free energy) and of the activity coefficiemtghe liquid crystal -
Cs- Gy alkanes systems: (linear, branched and cyclicewafculated by
@3 The two liquid crystalsp-pentylo-triphenyl p” -ethoxyazoxybenzene
and p-(n-hexyloxy)phenyp’-methoxybenzoate were chosen for the
investigations. The activity coefficients ofalkanes dissolved in both
liquid crystals decreased in the order: nonane tangc > heptane >
hexane > pentane. Excess molar enthalpies of th&tasces dissolved in
liquid crystals were positive, which accounted ttoe endothermic effect
of their mixing. Excess molar enthalpies of the imgxwere found to be
higher in the mesophase than in the isotropic digwhich meant that the
dissolution in the anisotropic liquid needed momeergy, i.e. the
dissolution of molecules in the ordered structuirehe mesophase was
made more difficult. The effect of steric factons ihe separation af-
and p-xylene isomers on liquid crystalpara—azoxyanisole PAA and 4-
methoxy-benzylidene-4-butylaniline MBBA was repdfté. The ratio of
dissolution activity factors ofm-xylene to p-xylene was smaller than
unity and in practice it did not change in theigpic phase while it was
larger than unity in the nematic phase and depeodethe structure of

the liquid crystal. The dissolution activity coefénts of m-, o-and p-

11
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nitrotoluene in the liquid-crystalline phase ;Kzs-O-CeH;-COO-GH,-
COO-GH;-0O-CGH;5), PBHPB, were calculated on the basis of theckatti
model for anisotropic systems as given by Ffdkyere consistent with
the experimental data obtained from the chromapigca
measurements).

The diffusion and dissolution of chromatogragphsubstances in
stationary phases were determined by the masddramsistance which
affects the efficiency of chromatographic colummbe efficiencies of
columns with liquid-crystalline stationary phasesrev generally lower
than of those columns with conventional stationamse$”. Therefore,
it could be advisable to mix liquid-crystalline wb@ary phases with
conventional phases. This has been shown by exagnmixtures of 4-
propoxy-4"-ethoxyazoxy-benzene, PEAB, with polym#tidrogen-
siloxane, PMHS, in capillary columf® Xylene isomers were
chromatographed on these phases. With the suitatdure ratio,
LCSP's and the small mass transfer resistance efctinventional
stationary phase resulted in the separation ofctponents of the
mixture. The mixture of PEAB and PMHS in the ratb 83:17 had
showed good separation properties. It was noted ttiea film of the
stationary phase mixture coated on the wall ofasglicapillary column
was more homogenous than the film of the liquidstaiine stationary
phase itself. Little attention was paid to the efffef polarity of LCSP's
on their separation properties. It was justifisddethe effect of polarity of
LCSP's on obtaining the separation of componentsnitures was
smaller than the effect of the ordered structurghef stationary phase.
The effect of polarity should not be neglected,utfio because in some
cases it could be positive and might improve th@assion of

components of mixtures. The investigation of th@apty of three liquid-

12
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crystalline stationary phases, azoxydiphenetole, PAD
bis(metoxybenzylidineanil-chloraniline), (MBC4) and
bis(methoxybenzylidineanil-bi-toluidine), (MBJ) was reported by
Betts?®. Depending on the method used, the first two phasge found
to be strongly polar than the third one, which wasderately or weakly
polar. Like in conventional stationary phases,tthekness of the film of
a liquid crystal should be thick enough not totlet support affect its
interaction with chromatographed substances, homvetvshould be as

thin as possibf&”.

1.6.The Separation Mechanism on Liquid-Crystalline

Stationary Phases

The chromatographic separation of componeftsnigtures using
most of the conventional stationary phases is &ssacwith the polarity
of these phases and with the polarity and polatigabof the
chromatographed substances as well as the subseqtemmolecular
interaction§®. The mechanism of the chromatographic separation
LCSP's is mostly connected with the differentiatminthe structure of
molecules of chromatographed substances. This tedsurom the
ordering of the liquid crystal structure and depshdn the type of
mesophase and thermodynamic effects of dissoluabnsolutes in
LCSP®*. In the case of nematic liquid crystals, the Isegtarations were
obtained at the lowest temperatures of their exegte usually slightly
above the melting point, but also below it, in Hupercooled mesophase.
However, the mass transfer resistances in theyhgered supercooled
mesophase were very strong and the efficiencieshobmatographic
columns with such mesophases were low. The effigésnof columns

with LCSP's were generally lower than those of twdumns with

13



Chapter one Introductic

conventional stationary phases and, therefore,ntheéure of a liquid
crystal with the conventional stationary phase.(téhg silicon one) could
be advantageolfd. This kind of mixture has been found to incredse t
efficiency of the column by improvinthe homogeneity of the coated
stationary phase film upon tall of a capillary column. The mixture of
two liquid crystalscould also prove advantage8ffs Apart from non-
ideal solutionsof such mixed stationary phases, there were systems
which the liquid crystal dispersed in the convemostationarphasé&®.

In such systems both stationary phases intew@bt chromatographed
substances independently, accordimglifferent mechanisms; the liquid
crystal by the orderestructure and the conventional stationary phase by
polarity. This system could show better properties thanithed crystal
alone due to two different mechanisms. With a aerc@mposition of
mixture being separated, disadvantageous effecégmdration could not
be excluded.

Monomeric liquid crystals were successfullyedismostly for the
separation of volatile organic compounds, (VOC),erdas polymeric
ones for the separation of high-boiling compoundg.( polyaromatic
hydrocarbons}®. Some monomeric LCSP's, of high molecular weights,
have been found to contribute to the separation hgh-boiling
compounds at temperatures corresponding to thel salia liquid
crystaf*”. In such conditions, separation was obtained @#harter time
than in the mesophase range. Small differenceshan structure of
molecules of liquid crystals related to terminallateral position of the
same functional group were also found to affect ordly the range of
their mesophase but also their separation prog€ftie
The mesophase of the liquid crystal existing aiftermelting could be

cooled when the temperature of a column decred$esstability of the

14
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cooled mesophase depended on the kind of liquidtainand on the
support on which it was deposited. The separationthe cooled
mesophase took place according to the same meahaass in the
conventional mesophase at stronger mass trans$estamces in the
cooled phase.

The effects that explaining the separatiomahponents of mixtures,
including isomers, on LCSP's at temperatures béhav melting points,
as well as within the mesophase temperature raregge difficult. The
explanation that given by Betts et . seemed very probable. The
chromatographed solute moving down in the chromaggc column
could produce locally a liquid eutectic mixture kv liquid crystal. If the
liquid crystal has been previously heated abovertbking point, it could
then retain the ordered structure of the mesoph#se being cooled
below the melting point and solidified. Such ordgridid not occur in a
liquid crystal which has been not molten earlietheiiefore, the
interaction of the liquid crystal melted earlierthvthe chromatographed
substance in the eutectic mixture could be strotiggar that of the liquid
crystal which has not been molt®h It appeared that the separation of
components of the same mixture could be differemd &ook place
according to different mechanisms related to therntfal history of a
chromatographic column. Considering the separatpyoperties of
LCSP's, the interactions in the chromatographi¢esys connected with
polarity, could not be completely omitted althoutjey were not large
compared with the separation mechanism resultiogn fthe ordered
structure of these stationary pha$eslt is noticeable in the case of
separatingn- andp-xylene isomers on conventional stationary phaes,
separated, were eluted in the orgara and meta, whereas on LCSP's

they were eluted in the orderetaandpara™®®.
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The two isomers were very frequently used deeas the separation
abilities of LCSP's. However, according to Keikpet af*®. the use of
saturated cyclic compounds for assessing the satgadf LCSP's was
better than the use of xylenes. It was justifiedhsy fact that the polarity
of cyclic compounds was smaller than that of xykeaerd the influence of
their polarity on the selectivity of the separatioould be minimized. It
could thenbe assumed that, like in the case of conventiotaiosary
phases, the polarity of LCSP and the polarity ofoofatographed
substances were likely to affect the separatiamigfure components.

The different separation of the same mixtumegifferent types of the
mesophase of liquid crystals (smectic, nematidragac) could be related
to different diffusion coefficients of the same stamces in individual
types of mesopha$@.

16
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1.7. Factors Effecting the Separation of Mixture Componts
on LCSP's

1.7.1.Kind of Mesophase of the Liquid Crystal

A nematic liquid crystal would be expectedhow a selective affinity
for linear molecules, since these should be abldittbetter into its
“lattice”. On this basis, one might expect colunofsnematic to retain
selectivity p-disubstituted benzene, relative to the ortho anetam

isomers.

In general it is assumed that nematic liqurglsials have better
separation properties than those of smectics, laatdstmectics with a low
degree of ordering of the mesophases( &) have better separation

properties than those of a high degree of ord&rifg

A possible explanation of this seems to be 8mectic stationary
phases may not, like normal liquids, operate unéeguilibrium
conditions. The viscosity of a smectic liquid cajstis extremely
anisotropic, being very great for shear across phenes of two-
dimensional liquiéf®. This is a consequence of the layered structhee, t
mechanical properties of a smectic phase beinglainid those of
graphite. It therefore, seems possible that difiusinrough a smectic
stationary phase may be slow enough to affectébglence time. In this
case two factors could operate in the transitiomfismectic to nematic;
the decrease in order would lead to an increasetention time, while

the viscosity effect should lead to a decrease.
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1.7.2. Molecular Structure of the Liquid Crystal ah of the
Chromatographed Substances

A fact of intermolecular reactions or interans between the liquid
crystal and the chromatographed substances is temgorfor the
understanding of the phenomena taking place inctivematographic
column. The structure of the molecules and theidanty and
polarizability affect, as well as, the solubility the chromatographed
substances in the liquid crystal plays an importafiuence on the

separation.

The process of dissolution dominate in the ucwl during
chromatography on a liquid crystal. However, asiitigcrystals are
usually phases of medium polafff}; the mechanism of the retention of
the substances chromatographed on them is accoedphyiadsorption.
Nevertheless, the contribution of adsorption to tb&al retention is

usually much smaller that of dissolution.

The properties of the liquid crystal stationphases depend both on
the structure of the main chain of the molecule andthe terminal
substituents which strongly affect the polarity thfe molecules?.
However, an equally important or even greater eéffem the
chromatographic properties of liquid crystals iemad by the lateral
substituents. These substituents not only affee thtermolecular
reactions between the liquid crystal and the chtographed substance
but also the liquid crystal — liquid crystal intetians. The lateral
substituents also affect the selectivity of thauiligcrystal owing to the
changes they produce in the distance between itecmie$™. This

relates not only to monomers but also polyti@rs
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The direct quantitative correlation betweere tretention of the
chromatographed substances and their moleculactsteu has been
studied in several studie® It is generally assumed that the ratio of the
length to the smallest transverse dimension ofribkecule, (L/D) (shape
factor), is a decisive quantity for the retentioh ahromatographed
substance on liquid crystal stationary phases.

1.7.3. Effect of the Support

Although great attention has been paid to the walcapplications of
liquid crystal stationary phases, relatively littencern has been devoted
to fundamental studies of interactions of the liguirystals with the

surface of the supp&i?.

The effect of the surface of the substratevbich the liquid crystals is
deposited in the chromatographic column is rareigoanted for in
analytical practice. This is also the case witheotktationary phases.
However, this effect may be important on separatioalthough
sometimes this effect may be positive

The surface of the support or the column wally not only contribute
substantially to the retention of the chromatogesplubstances but may
also influence the orientation of the liquid crystaolecules in various
ways. The distribution of the liquid crystal on thepport and hence the
properties of the whole system are affected no dmlythe chemical
characters (silanized or non-silanized) and porstrsicture of the
support, but also by the amount of the liquid alysteposited on its
surfac&®. The effect of the support surface also manifésedf by the
changes in the phase transition temperatures ofddposited liquid

crystal. This effect is related to the conditionsler which the column
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filling is heat treated. During heating, a redlsition of the liquid crystal
on the support takes place and as a result theegirep of the system are
changef°®. In some instances conditioning at high tempeestleads
to a more advantageous ordering of the liquid afgsin the column.
Therefore, if this treatment is not long enoughi®rconducted at an
insufficiently high temperature, sometimes the cetgy of the column
may change in the course of its @8 The occurrence of this
phenomenon is related to the kind of liquid crysisgd and the properties

of the surface on which it has been deposited.

The selectivity of the system depend stroraglythe kind of support
used and on the amount of the liquid crystal depdson it*®. The
selectivity also depends on the thickness of tpaidi crystal layer on the
column wall and the character of the wall surfdteThe reproducibility
and reliability of the retention data are betterewlthe surface of the
column wall is inactive and the thickness of thguid crystal layer is
relatively thick ( 140 nm%.

The liquid crystal molecules may be introducedthe support in two
states as a film on the surface or in bulk formthe columns. The
proportion of the two states influences the properof the system and
depends on the kind of the support and the kind amdunt of the
deposited liquid crystal.

The interaction of the support surface with liquid crystal stationary
phase may give specific effects. One is lowerirgyrtielting point of the
liquid crystal by 7°C owing to its contact withasiized surfac&®. The
lowering of the melting point is due to the fornaaij under the influence
of the support, of a layer phase with a crystalitrecture different from
that of the bulk liquid crystal beyond the suppdrhis effect is not
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related to the kind of substance chromatographéddpends on the kind
and amount of the liquid crystal deposited on tnygpsrt and is a feature
of the liquid crystal-silanized support system.alipears when the
amount of the liquid crystal on the support exce8¥s and manifests
itself by a new phase transition not observed tbewoptically. Hence this
effect differs from the normal interactions of thhguid crystal with the

support at small converges which manifest themsebyea shift of the

phase transition connected with the liquid crystlting point and not

by a new phase transition.

The nature of the surface of the support dmrably affects the
relative retention of the chromatographed substar@e silanized
chromosorb P, the relative retention are greatempawed with the same,
small converges of the supports with the liquidstai/stationary phase on
the silanized support. The observed differenceeadsas with increasing

converge of the support.
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1.10.Literature Survey

The use of liquid crystals as stationary phasegas liquid
chromatography (GLC) for hydrocarbon analysis beigab963. Kelker-
%4 used the mesophase 4-4-azoxyphenetol [1] as id ktationary phase
GLC for the separation of some aromatic compoumndsxglene isomers.
In his work benzene was eluted first then toluestbyl benzene and
finally o-xylene. The phase showed a pronouncecease in efficiency

of resolution at temperatures above the transgmnt.

RO—@—N:NO—@—OR

[1]
R= CH3, C2H5, n-C5H13, n-C7H15.

Dewar and Schroed® used the mesophase 4-azoxyanisole [2] to
separate some positional isomers o-, m-, and prglevhich have very

close boiling points.

CH30_©_N:NO_©_OCH3

[2]

Barrall et al®® studied the effect of temperature on the behavior o
some hydrocarbons using cholesteric liquid cryatalstationary phase,
were noted that, sharp changes in the elution efsthdied solutes at or

near the liquid crystal transition temperature. ldg@r, aromatic
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compounds exhibited shorter elution time than thimsecorresponding
aliphatic compounds of equal carbon number.

Grushka and sols®{ tried to expand the temperature range of the
mesophase by using a mixed phase capable of foranewgectic mixture
and also pointed o changes in the height equivalent of a theoretical
plate ,H, as a function of changes in the tempezatf the nematic
crystal. The enantiomers of N-perfluoroacyl denved of 2- aminoethyl
benzene, 2-amino-3-phenylpropane and 2-amino-4yphautane were
separated on optically active esters of carborgAvialine and carbonyl-
bis-leucin&?.,

On high melting liquid crystalline stationgppases, 1,2,3-phenylene
tri [4-(4-decyloxyphenylazo)benzoate], whef:=C,oH,; [3], Hall and
Mallen® separated benefin and trifluralin and the isomefs

benzoxaproferté”.

(0]
(0]
QKO/E;LOJKQ
N N
AN
RO OR

.

N:N

:

OR

[3]
Pailer and Hlozé® separated azo heterocyclic compouaéginene,
eucalyptol, fenchone, 4-terpfenchone, 4-terpinew @terpineol using

the mesophase bismethoxy-benilidinebitoluidine [4].
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CH30-©-CH=N.©—CHZ-CH2_©— N=CH—©—OCH3

[4]

Kraus et a"® showed the optimization of stationary phase seigct
for GLC separation ofCs cyclic and aromatic hydrocarbons using
squalane and liquid crystal glass capillary columns

Sojak et.al’® studied the separation of diastereomesic,, alkanes
using mesogenic stationary phases (dfn-pentylactophenone-o-4-n-

pentyloxybenzoyloximeand [5] in glass capillary columns.

H15C7O-©—N=N—©— OCHys
[5]

Coca et df’™ discussed the thermodynamic properties of 22 eslat
infinite dilution in the mesophases 4,4-heptoxylsewene [5] in relation
to solute-solvent(liquid crystal).

Eight cyclic monoterpene volatile oil constifiis of short retention
time were studied using three liquid crystals as ghromatographic
stationary phases in packed colufffisTwo phases azoxy diphentole
[6], bismethoxy-benilidinebitoluidine [7] exhied a different solute
elution sequence after melting and supercooling fhird bis-(methoxy-
benilidineanilchloroaniline) [8], did not, but d$tishowed fairly good
resolution.
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0O

|
el pmocn

[6]

CH30—©—CH=N»©—CH2—CH2—©— N:CH-@—OCHQ,

[7]

CH3O-©—CH:N:CH—@—OCH3

[8]

Monomeric liquid crystals containing transitionetals in organic
complexes were described by Hudson and M4tlisThe synthesis of
polymeric liquid crystals were complexes of zing@hd nickel(ll) with
4-(dec-9 -en-1-oxy)dithio-benzo&® which were bound to the
polysiloxane chain. The formula of such a liquigstal is given below
[9]

i
(CHa)sSi—F S—0—mSi(CHy;

T

(FH2)n

AN
{ s
N
< s
\ _/

-

(CH),

T
T
CHg

[9]
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Very often polymers with liquid-crystalline qperties have a
polysiloxane backbone. Among the polymeric liquystals were the
ones in which molecules possessing alkoxyl grétigs4-biphenylene-

bis(4-butyloxybenzoate) [10] and crown ettf8s4-(allyloxy)-4'-@'-

carboxybenzo-15-crown-5)-biphenyl [11] were bound t the

polysiloxane chain.

ch4o—©—coooc—©—oc4H9

[10]

a
O[:o\_/ SD—OOCOCHZ—CH =CH

[11]

The liquid-crystalline stationary phase whaosaecule contains both
crown ether and a cholesterol fragnt&HtL2] was also obtained.

o M
@) O>©_C_
Lo 0 |

I
o)

[12]

Liquid crystals with a polyglutamine skeleton wemete-worthy
among polymers with no polysiloxane skeleton. Deayldn -hexadecyl

groups [13,14]? were connected with this skeleton.
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— NH— (|3H— co—)

CH,

CH,

COO_(CHz)g_ CH3

[13]

(0]
_'\\ /\)\ /CnH2n+1
C (0]
\H

[14]

Synthesis, analytical performances, thermodyoaand surface
properties of two new liquid crystals substituteathwpoly(ethylene
oxide) chains were described by Judeinstein, aed&ju&®. The first
one was N,N-diphenyl-[4-{2,3,4-tri[2-(2-metoxyethoxy) ethoxy]
benzylidene}imine]piperidine and the second wasy@roxy-3-methyl-
4-{4-[2-(2-butoxyethoxy)ethoxy]}4{4-[2-(2-butoxyethoxy)ethoxy]styr-
yl}azobenzeneComparison of the analytical performances showed a

better efficiency in the nematic state.

In another work¥’) the LCSP's 4-(4ranspentyl cyclo
hexanecarboxyloxy)-2 -methoxy-4 -{dans-pentylcyclohex-anecarboxy
loxy)-trans-azobenzene [15] and  4-{renspentylcyclohexane

carboxyloxy)-2"-butoxy-3"-methyl-(4-butoxybenzoylgxrans-azoben-
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zene [16] and their properties were found usefuhe chromatographic
separation of composite mixtures of aromatic compisu like

polyaromatic hydrocarbons, chlorobenzenes, andyhesters.

e A ol
Ot = Y o—C CH,
7 ¢ ° A /> N I e NN
ch/\/\/

[15]

HsC

3

[16]

The chromatographic behavior of liquid cryis@ compounds
[17,18] as stationary phases for the separatiahméthylphenol isomers
was also studié®. It was found that isomer separation was obtained
with 20% loading for both liquid crystal materigls] and [18].

@ CH=N— \_/ COOH

[17]

ch@ CH=N=\ /)~ COOH

[18]
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1.8. Aim of the work,

Gas chromatography is of great importance iodenn chemical
analysis and physico-chemical investigation. Se, dims of this work

are.

* Synthesis and characterization of liquid crystallioompounds
with related structural properties.

» Study the effect of heterocyclic unit on the liquatystal
properties.

» Study the properties of gas-chromatographic colupatked with
the synthesized liquid crystal compounds.

* Study the interaction and elution characteristié¢spositional
iIsomers and poly aromatic hydrocarbons by determimathe

thermodynamic and physical properties.
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Chapter Two
Experimental
2.1 Chemicals

The following chemicals were used directly from ithe

mentioned suppliers, without further purification:

Table 2.1 Chemicals and their manufactures.

Supplied from

p-aminobenzoic acid BDH
Anisic acid Fluka
Anisaldehyde BDH
n-alkyl bromide Fluka
Butyric acid BDH
Calcium chloride Hannover
Chloroform Hopkin and Williams
Carbon disulfide BDH
Dimethylformamide(DMF) BDH
Ethanol BDH
Hydrochloric acid Merck
Hydrazine hydrate BDH
p-Hydroxybenzoic acid Fluka
Potassium hydroxide BDH
n-Propanol BDH
Pyridine Merck
Phosphorous oxychloride(PQLI Fluka
Petroleum ether (40-60 °c) BDH
Sodium hydroxide Fluka
Sodium bicarbonate BDH
Sulphuric acid Fluka
Thionyl chloride Merck
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2.2 Instruments and Equipments

e Fourier Transform Infrared Spectrometer (FTIR)
FTIR spectra in the range (4000-400) tmere recorded using

potassium bromide disc dATIR instrument Model 8300 Shimadzu

Spectrophotometer, Japan.

eProton Nuclear Magnetic Resonance Spectrometer

(*HNMR)
'H spectra were recorded on Briker ACF 300 spectrometer

operating at 300MHz, in the university of Exetengiand.

e Melting Points
Uncorrected melting points were recorded on taggesGallen kamp

melting point apparatus (U.K.)

e Differential Scanning Calorimeter (DSC)
All DSC measurements were made witRaxkin-Elmer DSC-6in

unsealed aluminum pans in a dry nitrogen atmospivérean empty
aluminum pans as reference. Indium (156.6 °C) afitypu9.999
standards was used for temperature calibrations& lamalyses were

carried out the in university of Exeter, England.

® Hot-stage Polarizing Microscope
The optical behavior observations were madeguSlympus BX40

microscope equipped with a Link — AmMTH600 hot stagel PR600
controller. These analyses were carried out in emity of Exeter,
England.
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® Gas Chromatograph (GC)
The gas chromatograph used in this work vs-Unicam

England, which has been equipped with flame ioronadletector.

e Rotary Evaporator

The rotary evaporator used in evaporating gsses of organic

solvents, was Buchi 461.
e VVacuum Pump

Vacuum pump type Edwards, 50 Hz, (England)s waed for

packing the columns.

e Shaker
Shaker type national, 110V, (Japan) was usedoacking the

columns.

® Flow meter

The flow rate of the carrier gas have beenswesl using soap

bubble flow-meter.
e Hydrodynamics Syringe
Samples were injected using a calibrated hydrodynamics

syringe type Hamilton 7002 NCH.

e Column

The dimensions of the glass column were 1.75 nength, 3.0 mm

internal diameter (i.d).
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2.3 Preparation Procedures

2.3.1 Preparation of compound 2-thiobutanoyl-5-[4-(4"-
methoxybenzylideneamino)phenyl ]1,3,4-oxadiazolg:(1

This compound was prepared as shown in thewwslg scheme and

as described below:-

H5CO \ /—CHO + HoN \ /—COOCZHS

\ (1a)

ch0—©—%= N@—COOCQHS

(1b)

\ NH>NH»
H3COOCH= N—i/ »—CONHNH,

(1c)

CS,/ KOH

N—N
Y S SH
H3CO—QCH= N—‘/ B /Ao }

(1d)

| CH3CH,CH,CO—CL

N—N
chO—QCH: N«@—//\ )—scoc}kcHZCH3
(0]

(le)

Scheme 2.1 Preparation of compound 2-thiobutanoyl-Bt-(4"-
methoxybenzylideneamino)phenyl ]1,3,4-oxadiazole
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2.3.1.1 Ethyl-4-amino benzoate(3}):

This compound was prepared according to the metlesdribed in
literaturd®®, as follows:

Dry hydrogen chloride was passed, (which wespared by the
reaction of conc. t60, with fused ammonium chloride in a Kipp's
apparatus), through 80 mL of absolute ethanol 5@ mL conical
flask equipped with a two-holed cork and wash-kotilibes until
saturated, the increase in weight was about 20gd&dietion was
transferred to a 250 mL round bottomed flask, @Pg-aminobenzoic
acid (0.08 mol)introduced, and the mixture wasupedtl for 2 hrs. The
hot solution was poured into excess of water amluso carbonate was
added to the clear solution until it is neutralitmus. The precipitated
ester was filtered off at the pump and dried. Tieddyof ethylp- amino
benzoate, (m.p. = 88- 90°C) was 70 %.

2.3.1.2 4-(21-methoxybenzylideneamino)ethyl benzoate (X

Compound g was prepared by the condensation reaction between
anisaldehyde(1.36g, 0.01 mol) and compoupdq1165g, 0.01mol) in
boiling absolute alcohol (20mL), two drops of gllcacetic acid were
added. After reflux for 3hrs., the solid productswidtered and dried.
Recrystallization from alcohol gave colored crysta5% vyield,
(m.p.=66-68°C).

2.3.1.3 4-(21-methoxybenzylideneamino) phenyl acid hydrazide

(Lo):
Hydrazine hydrate 15 ml were added (@.41g ,5mmol)of 1

The mixture was reflux for 4 hr., then 30 mL ofabl were added and
the reflux continued over night. The ethanol weistilted off and the

mixture was cooled to room temperature. The obthiselid was

34



Chapter two experimenijl

filtered, and washed with cold water. Recrystati@a from ethanol
yielded 90%, (m.p.= 223-226°C).

2.3.14 5-[4-(21—methoxybenzylideneamino)phenyl]-Z-mercapto
1,3,4-oxadiazole (J):

Compound 1(1.34g ,5 mmol) was dissolve in 15 mL ethanol &0
and (0.3g, 5 mmol) of KOH was added. The reactiurture was
stirrered for 15 min. then (0.375 mL, 5 mmol) of C®as added. The
reaction mixture was refluxed for 7 hr. The ethawals distilled off
using rotary evaporator, then 25mL of cold watersvealded to the
mixture and 15mL 10% HCL. Crystals were precipiatefiltered ,
recrystallized from ethanol yield 75%, (m.p.= 234%2C).

2.3.1.5 2-thiobutanoyl-5-[4-(4-methoxybenzylideneamino)phenyl]
1,3,4-oxadiazole (J:

Compound g(1.55g, 5 mmol) was dissolven 20mL dry benzene
and 10mL triethyl amine were added. Then (0.7mlmrhol) butyryl
chloride in 10mL dry benzene was added dropwise r@m
temperature. The mixture was stirred for 10 hentft was poured into
100 mL of 10% HCL. The precipitate was filtered gshied with 10 %
NaHCGQ; solution and then with water for several times, dnéd to
yield 75% product, (m.p.= 140-147°C).
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2.3.2 Preparation of compound 4-[4"-(4"-
methoxybenzylideneamion)benzoyloxy]propyl benzdage

This compound was prepared as shown in thewolg scheme and
as described beldt:-

H3CO@—CHO 4+ HN @—COOH

\ Ethanol

o

(2a)

| SOCL2

@=_©_

(2b)

O CHy
Ho—
o

propyl-4-hydroxybenzoate
(2c)

HSCOOE=N_®4OO_® coccr

(2d)

Scheme 2.2 Preparation of compound 4-[4"-(4"-
methoxybenzylideneamino)benzoyloxy]propyl benzoatg,
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2.3.2.1 4-(4-methoxybenzylideneamino)benzoic acid (2

Compound 2 was prepared as in section (2.3.1.2) using 4-
aminobenzoic acid instead of ethyl-4-aminobenzadate product have
(m.p.= 255-258°C).
2.3.2.2 4-(4-methoxybenzylideneamino) benzoyl chloride ¢:

The acid chloride was prepared by refluxing a nrixtof 1.25g of 2
(0.01mol) with excess of thionyl chloride 5mL iretipresence of one
drop of DMF. After 3hr. the excess thionyl chlormas removed under
reduced pressure and the product was filtered aied do give 99%
yield, (m.p.= 175-178°C).
2.3.2.3 Propyl-4-hydroxybenzoate (%

4-hydroxy benzoic acid (1.38g, 0.01mol) mixedth 1.8mL
propanol , 5mL of dry benzene and 0.54mL cons$S® were refluxed
for 10 hr. Then poured into 25mL of water and asted with ether.
The organic layer then treated with saturated sodhicarbonate
solution.  The resultant solid washed with waterjedl under

magnesium sulphate which gave 95% vyield, (m.p-8GRL).

2.3.2.4 4-[4 -(4 -methoxybenzylideneamino)benzoyloxy]propy!
benzoate(3):

To a stirred solution of;Z20.9g, 0.005 mol) in 20mL dry benzene
and 10mL triethyl amine, (1.44g, 0.005 mol) qof i 10mL dry
benzene was added drop wise at room temperatuge mikture was
stirred for 10 hr., then poured into 100 mL of 10%CL. The
precipitate was filtered , washed with solution1l®f % NaHCQ, and
water several times, then dried to yield 65%, (mi52-153°C).
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2.3.3 Preparation of Compoung,5-bis-[4-amino phenyl]-1,3,4-
oxadiazole 3

The route adopted for the synthesis of comgo8nis given in
scheme 2.3 and as described below:

HZN—< >—COOCZH5
Hy COOH

j Benzoyl chloride
(0]

I
HsCo— GN—@—COOQH5
; |
HsCo— %@COOH (3a)

(3a) lNHzNHz

HsCo— c—w@commz

S P (3b)

v

l Benzoyl chloride

N—

N
/N
1 0 i
H5Cg— GH NH—C— CgHs

(3c)

Hydrolysis
H,SO,

N—N
o\
O
H,N NH,

(3d)

Scheme 2.3 Preparation of compound 2,5-bis-[4-amirghenyl]-1,3,4-
oxadiazole 3

38



Chapter two experimenijl

2.3.3.1 4-carboxybenzanilide (3):

4-aminobenzoic acid (1.37g, 0.01 mol) wasaligd in 5mL of
10% NaOH, 1.2 mL cold benzoylchloride (0.01mol) veakled to the
mixture slowly with constant stirring. The reactiomnxture was poured
onto cold water, the solid product was filtered athd dried.

Recrystallization from ethanol yielded 95%, (m.g89 °C).

2.3.3.2 4-N-benzoyl ethyl benzoate £3.

Compound J1(1.65g, 0.01 mol) was dissolved in 5 mL pyridimal a
(1.2 mL) benzoylchloride. A (0.01mol) was addedthie mixture and
stirred for 1lhr. in ice bath. The reaction mixtwas poured in cold
water, the solid was separated, filtered and diRedtrystallization from
ethanol yield 95%, (m.p. = 138-140 °C).
2.3.3.3 4-N-benzoyl phenyl acid hydrazide (3:

The same procedure as in part 2.3.1.3 werdedaout, using
compound F instead of g to yield 3.
2.3.3.4 2,5-bis-[benzanilide]-1,3,4-oxadiazole.)3

Compound 3(1.27g, 0.005mol) and 1.205g of; 30.05mol) with
5mL POC} were refluxed for 24 hr.. The cold mixture was malion
crushed ice and made basic by adding Naki€&ution. The resulting
solid was filtered, dried and recrystallized frohlaroform to give the
oxadiazole with yield of 70-80%,( m.p. = 200-203°C)
2.3.3.5 2,5-bis-[4-amino phenyl]-1,3,4-oxadiazo(8;):

Compound 3 (1g, 0.04mol) was refluxed with 15 mL of
70%sulphuric acid for 30 min. The mixture was akao to cool.

benzoic acid produced during the reaction was whshth hot water.
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The remaining solid benzoic was filtered off andcdrded. Render the
filtrate alkaline with 10-20% sodium hydroxide sidum, cooled, and
extracted with ether to yield 65% aof, m.p.= 196-201°C).

2.3.3.6 4-alkoxy benzaldehyd&®:

A mixture of 2.22g 4-hydroxybenzaldehyde (0.01 matd 5.52¢g
anhydrous KCGOs; (0.04 mol) were dissolved in 8 mL cyclohexanone, t
which a (0.016 mol) of appropriatealkyl bromide was added. The
mixture was refluxed with vigorous stirring for oweght. The reaction
mixture was filtered and the solvent was distiltgl The product was
extracted by adding 25 mL of aqueous 10% KOH abdnh ethyl
acetate. The organic layer was dried over anhydidg$QO, after
evaporation the ethyl acetate we obtained theretbgproduct was
obtained with 67% yield.

2.3.3.7 2,5-bis-[4-(4'-aIkoxybenzylideneamino)phenyl]-1,3,4-
oxadiazole :

Compound 3(1.269,0.005 mol) was dissolved in 15 mL ethanol,
and 4-alkoxy benzaldehyde (0.01 mol) was added aandified with
two drops of glacial acetic acid. The mixture waBux for 6 hr. then
was allowed to cool at room temperature. The gmiodiuct was filtered
and recrystallized from alcohol and glacial acedmd to gave(75-
80%)yield. Table 2.1 show the melting point and 9ldy of the

prepared compounds.
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Table 2.2 Melting point and %yield of compounds & 11,g1,n1,i1

Melting point || % Yield
CH3 31 80

165-167
CzHs 3 157-159 76
C3H7 301 153-155 78
CaHo 31 145-148 80
CsHus 31 135-138 75

2.3.3.8 4-n-alkoxy benzoic acid:

These compounds were prepared as describédraturé® and as
follow:

p-Hydroxybenzoic acid (5 g, 0.01 mol) was dissolned20 mL
ethanol, 5.1 g KOH (0.09 mol) was added with stgriThe mixture
was cooled to room temperature, then (0.165 mo§ppiropriate alkyl
bromide was added drop wise. The solution was xefluover neight.
Then 1.12 g of KOH (0.02 mol) dissolved in a litsount of water ~5
mL was added to the reaction mixture and heate@ fos.. The solvent
was evaporated and equal volume of water was addedsolution was
heated till it became clear. Acidification with @orHCL yielded white

precipitate ofp-n-alkoxybenzoic acid.

2.3.3.9 4-alkoxy benzoyl chloride

The same procedure as in part 2.3.2.2 wemedaout, usingp-n-

alkoxybenzoic acid instead of compound 2
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2.3.3.10 2,5-bis-[4-('4-alkoxybenzaniIide)phenyl]-1,3,4-oxadiazole
(30):

Mmpound 3 (1.26g, 0.005 mol) was dissolved in (15 mL) dry
pyridine, and 4-alkoxy benzoyl chloride (0.01 melas added. The
mixture was stirred for 4 hrs. in ice bath. Thecteen mixture was
poured in cold water, the solid which separated filteyed off and
dried. Recrystallization from ethanol yielded (834). Table 2.3 show
the melting point and % yield of prepared compoumgghis method:

Table 2.3 Melting point and %yield of compounds & 2 g2,n2,i2

CHs 3e2 139-141 90
CoHs 32 135-138 86
CsHy 3g2 121-123 85
C4Hog 32 123-125 88
CsH11 32 119-121 85

2.4 Stationary phase preparation

The stationary phase was prepared by coating etd¢heoliquid
crystal compounds on chromosorb W/Aw DMCS 60-80 hmeslid
support. A (2 g) of the liquid crystal compound gBdg) of the solid
support were used. The liquid crystal compound fivas dissolved in
(50 ml chloroform), the solid support was then atidé&owly to the
solution with stirring to form slurry. The stirringas continued for 24
hours to ensure complete homogeneity and uniforettig of the
liquid crystal on the solid support particles. Thelvent was then
evaporated using rotary evaporator. The resultiajopary phase was
then dried at 100°C for two hrs. the coating pegn was 20% for
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each (liquid crystal) stationary phase. The colunwese packed with
these stationary phases and conditioned as folldwe. column was
maintained at (10-15°C) below the liquid crystalltmg point with a
stream of nitrogen gas passing through the colufhe. column was
kept for 10 hrs at these conditions. The above itionthg procedure
was repeated for about 1.5-2 hrs. prior each amsatgsensure good
reproducibility as indicated from the base lineogiy. In addition the
column was weighted before and after packing taensomplete and

consistent packing.

2.5 The Packing Process and the Working Condition Tests

The glass column were packed by 20% (loading p&roédrithe two
different liquid crystal stationary phases. the lmoeblogy of packing
process is as described below.

A glass wool was inserted at one end of thkinon, were it
connected directly to a vacuum pump. A plastic &liwas fixed on the
top of the other end. After drying the freshly paegrd stationary phases,
they were added into the column through the funioelensure a
complete and homogeneous packing. A vibration vesl un addition
to the vacuum pump. This would reduce the pordsgtyveen particles
of stationary phases and eliminate all dead spaci® column. At the
completion of packing process, a glass wool was theerted at the
other end of the column.

Soap-bubble flow meter was used to measurdldinerate of the
carrier gas, by connecting it to the outlet forma tietector.

Before making any analysis in the newly packetumn, a heat

conditioning process for at least two days has lmened out. This
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column conditioning was vital to discard the renmagn solvent,
humidity and any other volatil€&?,

Each stationary phase was examined separdiglyincreasing
column temperature 20°Metweeneach run to cover the whole
transition temperature ranges of the specific tigenystal. A 1uL of
each sample was introduced to gas chromatographirégt injection,

the injector temperature was 275°C with flow redevd./min.
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Abstract

This thesis consists of the synthesis of hgwd crystalline compounds

2-thiobutanoyl-5-[4-(4-methoxybenzylideneamino)phenyl]1,3,4-oxadiazole

1le, 4-[4 -methoxyben- zylideneamion)benzoyloxy]propylbeneo&; and
two new homologous series derived from 2,5-bis+jir phenyl]-1,3,4-

oxadiazole 3 these are 2,5-bis-[4-(4alkoxybenzylideneamino)phenyl]-

1,3,4-oxadiazole 33 and 2,5-bis-[4-(4alkoxybenzanilide)phenyl]-1,3,4-

oxadiazole 3-3;.
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The characterization of the synthesized comgsuusing FTIR and
'HNMR spectroscopy and the liquid crystalline prdiesr of the prepared
compounds which were verified using differentialarsging calorimeter
(DSC) and hot-stage polarizing microscope wereudsed. The relation
between the liquid crystalline behavior with chemhiconstitution was
discussed on the basis of introduction of the betalic unit, i.e., 1,3,4-
oxadiazole. It was found that the replacement admetic rings by
heterocyclic moiety play an important role in effeg the planarity,
polarizibility and linearity which in turn effectin the thermal liquid
crystalline stability. Compounds &nd 2 were used as stationary phases in
gas chromatography for separation of positionamesohydrocarbons (o-,
m-, p-cresol) and poly aromatic hydrocarbons ( naphtigleflourene,
phenanthrene and anthracene).

Stationary phases for gas chromatography wespared by loading the
above compounds on solid support ( chromosorb W/BMB0 mesh) at
20%. These stationary phases were packed on géssshgomatographic
columns. A gas- liquid chromatographic study of ithiteraction and elution
characteristics of positional isomer hydrocarbonsd gooly aromatic

hydrocarbons using liquid crystalline phases anddidterent column
temperatures of 140°C-300°C for 2-thiobutanoyl-§44
methoxybenzylideneamino)phenyl ]1,3,4-oxadiazoleathid 140°C -260°C

for 4-[4 -methoxybenzylideneamion)benzoyloxy]propyl benedat

XI




The best chromatographic conditions for theasation of hydrocarbons
were characterized by measuring column efficiengy, Kesolution R, and
selectivity factorsy in order to assess the performance and sepakiibty
of these columns. It was found that best chromatagc performance can
be achieved with operating temperature at whichthibemal stability of the
nematic mesophase starts to form. Specific retent@ume Vx calculated
from the experimental retention time. Abnormal Ghatographic behavior,
has been observed, an increase ip &d an important separation of
aromatic hydrocarbons above the nematic temperatuoen the plots of In
V'r versus 1/T (K), it is concluded that this behavior may be atitél to
the penetration of solutes (aromatic hydrocarbahspugh the ordered
structure of the mesophase and the rod-like madscof liquid crystals
stationary phases. The study also included measuntsmof activity
coefficient at infinite dilution and thermodynamfanctions, Gibbs free
energyAG, enthalpyAH and entropyAS of the separated hydrocarbons at
the optimum chromatographic condition. The resuibvged that the
dissolution of solutes (cresol isomers and polynatic hydrocarbons) on

the stationary phases were spontaneous.
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Chapter Three Result and dission
Chapter Three

Results and Discussion
3.1 Synthesis and Characterization of Compoundhibutanoyl-5-[4-
(4"-methoxybenzylideneamino)phenyl ]1,3,4-oxadiaz(l):
The compound was prepared as previously shiowocheme 2.1.

Ethyl-4-amino benzoatk, was prepared by condensation reaction of 4-amino
benzoic acid with HCL saturated ethanol:

Ethanol
HoN —COOH HoN —COOGH5
HCL

(1a)

The melting point of the compound was 88-90tP€ reported melting point 92
oC®) It was also identified by FTIR spectroscopy.

Figure 3.1 shows the FTIR spectrumlgfusing KBr disc which showed the
following characteristic absorption bands: 3413'cand 3334 ci that could be
attributed to NH asymmetrical and symmetrical stretching, respeltjvand
bands at 2975 cfmand 2891 cim due to aliphatic C-H stretching. The carbonyl of
the ester appeared at 1683 twhile the stretching of C-H aromatic appeared at
840 cnf.

The compound 4—'(41nethoxybenzylideneamino)ethyl benzoagevas prepared

by the condensation reaction between anisaldehyd#&,an boiling alcohol:
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H3CO @_CHO + HN @—cooosz

Ethanol (%a)

(L)
35 , : : , : : :
%T | i '= i i i i i
L S B, S ISURRRN. N— - . O W—
. N —CODCsz s s s
s Yl TR S SNSRI 3 WO
e e e R et
TS B L R e SR L L S 5_ _____________________________________________________ _;L __________________________
2891.1
10 Asertrrremnmemnremmnsdid b ecfer i e T o |11 0 CRRE L kL 1 Rt e
15063
S | '''''''''''''''''''''''''''''''''''' 16316+ ""1{1%;1"9 """""""""""""""
34137 : ; ; ) ; :
3:334.6 E E ::1682.8 11581.1 ! \12?29 E
0 T T T T T T T
3900 3400 2900 2400 1900 1400 900 400
Testscan Schimadzu FTIR 8000 series
1/cm

Figure 3.1 FTIR spectrum of compound ethyl-4-amindenzoate (1)

Figure 3.2 shows the FTIR spectrum ptiding KBr disc which showed the
disappearance of the NHbands and the appearance of band at 1587.6fom

C=N stretching.
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Figure 3.2 FTIR spectrum of compound 4-(4methoxybenzylideneamino)ethyl benzoate

(1o)

The 4—(4methoxybenzylideneamino) phenyl acid hydraZidevasprepared by

the condensation df, with excess hydrazine hydrate in the presence¢hainel as

solvent.

HaCO @CH= N—(/ \>—COOCZH5

(1)

+
NH,NH,

HsCO @CH= N—~(/ \>—CONHNH2

(1c)
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The product was verified by FTIR spectral dathe spectrum is shown in
Figure 3.3. The appearance of bands at 3456 &272 cni and 3165 ci that
are due to Npland N-H stretching. A new stretching band appeatedb85 cri
which could be attributed to C = O stretching ofidangroup (amide |) and a band
at 1598 crit due to N-H bending (amide ).

9%T 4z :
40 4---i
35 Lo
04|

5 et

o913 | |
[ i N 1 T S R 11 I Ay
: | : 3055.0 ! : : A ! :
- 32729 : ; L1685, 1506.3 ;
I T S 3450:4---t---o 3T S * ------- - -;-----1L2-£1-5-§-------: -------------------
1643.2 \15:98 5
0 T T T T T T T
3900 3400 2900 2400 1900 1400 900 400
Testscan Shimadzu FTIR 8000 series 1/cm

Figure 3.3 FTIR spectrum of compound 4-(4methoxybenzylideneamino) pheny! acid
hydrazide (1)

Compound 5-[4-('4methoxybenzylideneamino)phenyl]-z-mercapto 1,3,4-

oxadiazolely was prepared by the reaction of compodpaith carbon disulfide

in the presence of potassium hydroxide.
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H3COOCH= N—(/ \>—CONHNH2

(1c)

The structure of this compound was elucidamd FTIR and ‘HNMR
spectroscopy. The FTIR spectrum of this compounsh®wn in Figure 3.4. The
spectrum revealed a sulphohydryl absorption banH &t 2740 crif and an
absorption N-H stretching band at 3201'@nd a new band at 1350 ¢mue to
C=S was observe due to the Thiol - Thion equilimft®:

8 g8
. gt
(Thiol) | (Thion) I

TheHNMR spectrum of compountl;, is shown in Figure 3.5. The following
characteristic chemical shifts (DMSO, ppm) wereesgppd: two pairs of doublet at
o 7.26- 8.1 that could be attributed to the fourtgng of the alkoxy phenyl ring
while the other two doublet &t 6.6- 7.25 suggesting the attribution of the four
protons of the benzene nucleus attached to thedogtdic ring."HNMR spectrum

also showed a singlet &9.9 that could be assigned to the thio proton|enthie
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40
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Figure 3.4 FTIR spectrum of compound 5-[4-(4methoxybenzylideneamino)phenyl]—Z-
mercapto 1,3,4-oxadiazold1y)

vinylic proton appear ab 8.6. A three proton singlet & 3.8 ppm might be
assigned to the —OGHjroup. Therefore, thtHNMR spectrum of this compound
together with the FTIR spectrum were good eviddiocdhe structure suggested
for compound 4.

The reaction ofly with butyryl chloride yielded 2—thiobutanoyl—5—[4|-'—

methoxybenzylideneamino)phenyl ]1,3,4-oxadiaZRjeas shown below;
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N—N
Hsco—QCH= N—(/ \>—4 >—SH
_— O

(1q)

+
CH4CH,CH,CO- CL

N—N
H300—©~CH= N—@*& )"SCOCHZCHZCHQ,
O

(L)
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Figure 3.5 "HNMP spectrum of compound 5-[4-(4methoxybenzylideneamino)phenyl]-2-
mercapto 1,3,4-oxadiazole @)
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The product was characterized by FTIR &iNMR spectroscopy. The FTIR
spectrum ofl, is shown in Figure 3.6 which showed the disapgeae of the
absorption bands due to S—H stretchingoBesides this, a band at 1720 e
to C=0 stretching was appeared.

The'HNMR spectrum ofl is shown in Figure 3.7. The following charactedsti
chemical shifts (Acetone, ppm) were appeared: dlédwf doublets leaning on
each other ad 7.6- 8.06 that could be attributed to the fourtpmns of the alkoxy
phenyl ring while the other two doubletda6.57- 7.07 suggesting the attribution of

the four protons of the benzene nucleus attach#tetbeterocyclic ring.

50— , , : ; ; :
wr | | ' | a
. § H3COH_N —& /LSECOCHQCHQCHg § Py
T v T W I
: : : : : : 829.6
2 ) G I e o R B S R | PR AR AR R
: : 5 1018.4
5 : | : | | 1?203 | 5
1029?6528316 ----------- i -5-05-7------- AR
: 29219 : : 1589.2 |
: 16779 1294 2 |
1166.8
3800 3400 2500 2400 1900 1400 500 400
Testscan Shimadzu FTTIR 8000 series 1/em

Figure 3.6 FTIR spectrum of compound 2-thiobutanol5-[4-(4"-methoxybenzylidene
amino)phenyl ]1,3,4-oxadiazole (@

The spectrum also showed a single$ &34 that could be assigned to the vinylic
proton . A three proton singlet &3.8 ppm could be assigned to the —QQ@¥kbup.
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The '"HNMR spectrum also showed two protons tripletdal.9- 2.1 could be
assigned to CHprotons which was due to the splitting causedhieyadjacent CH
protons. A two protons multiplet &t1.39- 1.41 due to CHvere also observed in
this spectrum, while the GHjroup appeared as a three protons triplétGa®- 1.1.
The'HNMR spectrum is in agreement with the proposeatsire.
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Figure 3.7 *HNMP spectrum of compound 2-thiobutanoyl-5-[4-(4 -nethoxybenzylidene
amino)phenyl ]1,3,4-oxadiazole @
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3.2 Synthesis and characterization of Compound 44 -methoxy-
benzylideneamino)benzoyloxy]propyl benzoaie 2

This compound was prepared as shown in scRene
The preparation 02, involve the reaction of 4-amino benzoic acid with

anisaldehyde in boiling ethanol:

H3CO@—CHO + HaN @—COOH

| Ethanol

w@k.:_@_

(2a)
This compound was verified using FTIR, as smom Figure 3.8. It shows an
absorption band for the OH stretching at 3345, bands at 1679 and 1633 could
be attributed to the stretching of C=0 and C=N.

Reaction of2, with excess of thionyl chloride in dry pyridine @\4—(4

methoxybenzylideneamino) benzoyl chloridg Reaction of2, with propyl-4-
hydroxybenzoat@,, yielded?2, .

@= N_.O_m

(%)

O™ CgHy
HO—< —
o)

propyl-4-hydroxybenzoate

()

H@@CMN_Q%OO_Q coo

(24)
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Compound®. was characterized by its melting point 94-96 (€ 95-98 °C%®).
It was also verified by FTIR shown in Figure 3The following characteristic
absorption bands (KBr disc ¢l 3249 for O-H stretching, 2975 due to C-H
stretching were clearly identified . Bands at 16¥276 and 846 that were due to
C=0 stretching, C-O-C stretching and out of plam&ding of p—disubstituted

benzene ring, respectively.

40

%T ,
35 Afieoeeeeees

HiC O

30 | C— T—— — . R 7 e W
25 ol A A
20 {fg e g e T | S —

R L e o T

10 ------------------- A 29?96'5 -------------------- -------------------- pneses { ----------- o -------------------

3900 3400 2900 2400 1900 1400 900 400
Testscan Shimadzu FTIR 8000 series 1/cm

Figure 3.8 FTIR spectrum of compound 4-(4"-methoXyenzylideneamino)benzoic acid (2
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Figure 3.9 FTIR spectrum of compound Propyl-4-hydoxybenzoate (2

The FTIR andHNMR spectra of compoun®; are shown in Figure 3.10 and
3.11 respectively. FTIR spectrum showed the disagmee of O-H stretching at
3249 cn.
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35
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Figure 3.10 FTIR spectrum of compound 4-[4"-(4"-m@oxybenzylideneamino)benzoyloxy]
propyl benzoate(2,)

The'HNMR spectrum of the compound is shown in Figutel3The following
features (CDC}, ppm) were appeared: three pairs of doublet obkdats 6.6-
6.9,0 7.7-7.8 and 7.9-8.3 which could be attributed to the thpesubstituted
benzene rings having different substituents attjppsi 1 and 4. ThéHNMR
spectrum also showed a triplet @4.13-4.25 that could be assigned ttCH,
protons due to the splitting caused by the adjat@ht protons. A two protons
multiplet ato 1.67-1.79 due to*CH, were also observed in the spectrum. The
3CH; group appeared as a three protons triple @t93-0.99 . A three protons
singlet aty 3.8 that could be assigned to the —QCdtoup, and sharp singletéat
8.33 that could be assigned to the vinylic protwhijle the sharp singlet at 9.8
could be attributed to phenolic proton of some aored materials ThtHHNMR
spectrum of this compound together with the FTIBcsium were good indication
for the suggested structure gf 2
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Figure 3.11 'HNMR spectrum of compound 4-[4"-(4"-methoxybenzylidneamino)benzoy-
loxy]propylbenzoate (2)

3.3 Synthesis and Characterization of Compou&-bis-[4-amino
phenyl]-1,3,4-oxadiazole ¢}

The route adopted for the synthesis of comd@gms given in scheme 2.3.

Compound 4-carboxybenzanilidg was obtained from the reaction of benzoyl
chloride with 4-aminobenzoic acid in 10% NaOH soltin ice bath:

Cl
O
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3al

The synthesized compound was characterized by FRKBR, cmi’) are shown
in Figure 3.12. It showed the appearance of bah8460, and 3326 that were due
to N—H and O-H stretching. A stretching bands apgxkat 1678, 1650.8 and 1517
which could be attributed to C = O stretching ofdaamide group (amide ) and
N—-H bending (amide II) respectively.

60
T — e e e e ——
IR S— R— S— S— ZRu— ST -
T . S— S T — SO S SIGHEC G 3 —
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Figure 3.12 FTIR spectrum of compound 4-carboxybezanilide (3,1)

Compound 4-N-benzoyl ethyl benzo&g was obtained by the reaction of

ethyl 4-aminobenzoate with benzoyl chloride in gyyidine:
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Cl
H N—< :}—COOCZHS + >—®
i @)

o)
E;-r\|| @—cooczH5
H

(32

The synthesized compound was characterized=ThR. The characteristic
(KBr, cmi') as shown in Figure 3.13. A stretching bands amukeat 3265, 1676,
1605 and 1512 which could be attributed to N-Htslvag, C = O stretching of
ester, amide group (amide I) and N—H bending (ai)despectively.

i) ; ; T ; ; ; ;
%T | ! ; ! : i !
| 0 — | | |
: 1 @: 4 : ; ;
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Figure 3.13 FTIR spectrum of compound 4-N-benzoythyl benzoate(3;,)

4-N-benzoyl phenyl acid hydrazidg has been prepared by the reaction of
compound3,, with excess hydrazine hydrate in the presencehainetl as solvent:
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0
11
<::>fGﬁ 00GHs + NH,NH,
H

(3. I

0
@—I(,}-II\I—Q—CONHNHZ

H

(3p)

The constitution of this product was suppotigd=TIR spectral data. The FTIR
spectrum (KBr, cil) for the compound is shown in figure 3.14. A sliif the
carbonyl stretching band from 1676 to 1652 (amwmtae} clear. Other bands at
3315, 3274 and 1512 could be attributed to N—Hj; Blifetching and N—-H bending

(amide II), respectively.
Compound 2,5-bis-[benzanilide]-1,3,4-oxadiazdB, was

refluxing compound,; and3,, in phosphorous oxychloride :

o) o)
] 1
H5Cg— C—H COOH =+ HsCe— C—HN—@CONHNHZ

(3al) (3b)

POCkL

N—N
o B .
| O ]
H5Ce_ GH NH—C _CBHS

(3¢)

synthesized by
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Figure 3.14 FTIR spectrum of compound 4-N-benzoyshenyl acid hydrazide (3,)

The characteristic bands (KBr, ©mof 3. is shown in Figure 3.15 which
showed a stretching bands appeared at 1658, 15®8.%19 which could be

attributed to C = O stretching of ester, amide gr¢amide I) and N-H bending
(amide 1) respectively.

Hydrolysis of3. with 70% HSQO, yielded compound 2,5-bis-[4-amino phenyl]-
1,3,4-oxadiazol&y:

N—N
/\ .
ﬁ 0 1l
H5C6— GH NH—C — C:GH5

(3c)

Hydrolysis
H,SO,

N—N
/N
o)
HoN NH;

(3d)
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Three stretching bands appeared at 1676, H@b 1512 which could be
attributed to C = O stretching of ester, amide gr@amide I) and N-H bending

(amide II) respectively, as shown in Figure 3.16.

50
2T

e T T T L L Ly A LR s S
LT MR SRR R D | SRS (U SRS UYL NPT D R S SURY. | RS UUURTP URP, | SRR,
0 T T T T T T T

3900 3400 2900 2400 1900 1400 200 400
Testscan Shimadzu FTIE 2000 zenes licm

Figure 3.15 FTIR spectrum of compound 2,5-bis-[beranilide]-1,3,4-oxadiazole3.
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Figure 3.16 FTIR spectrum of compound 2,5-bis-[4+aino phenyl]-1,3,4-oxadiazole(3y)

3.4 Synthesis and Characterization of Compound®-Bis-[4-(4"-
alkoxybenzylideneamino)phenyl]-1,3,4-oxadiazoBg; -3j;:

The compounds (3 3;;) were synthesized by refluxing compoundadh two

equivalents of the appropriate 4- alkoxy benzaldehy

N—N
;N\
o + OHG OR
H,N NH,

(3e)

N—N
I\
o)
RO—@— CH=N N =CH©—OR

( 3e1,f1,91,h1,iD)
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The synthesized compounds were characterige8TR and*HNMR. The

characteristic bands for compound 8 shown in Figure 3.17 (KBr disc, cinas a

typical example for the compounds. It showed theagipearance of absorption

band of NH and the appearance of typical absorption of CxBkating at 1643.
Bands at 2977-2847 assigned to the stretching Chphatic. Table 3.1
summarizes the FTIR spectral data of compoupgs33

45
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40 188
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30 f-ob
25 oot
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3900
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1400

S00

licm

400

Figure 3.17 FTIR spectrum of compound 2,5-bis-[4-(4butoxybenzylideneamino)phenyl]-

1,3,4-oxadiazole (@)

Table 3.1 FTIR spectral data (cnt) using KBr disc for the synthesized compoundseg-3..

m

Comp uc H UC—
group No Asym sym. Arom

M

2979,2856 | 3040 1643 1257.5| 1026
C,H: 3fl 20229, 2856.4 3038 1650 1267.1 1056.9
C:H- 31 2954.7-2869.d 3030 1651 12556 1074.3
C.Hg 3 2977-2847 3035 1643 125304 1022.2
C:Hy, 3, 2925- 2858 3034 1641 12536 10345
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The'HNMR spectrum of compound.3is shown in Figure 3.18. The following
characteristic chemical shifts (DMSO, ppm) wereesgypd: A doublets leaning on
each other ai 7.0-8.3 could be attributed to the eight protohthe alkoxy phenyl
ring while the other two doublets &t6.57-7.07 suggested the attribution of the
eight protons of the benzene nucleus attachedetbéterocyclic ring. ThHEHHNMR
also showed a sharp two proton singlet & 36 which could be assigned to the
vinylic proton. Six protons appeared as sharp sisghtd 3.8 that are attributed to
—OCH; group.
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Figure 3.18 *HNMR spectrum of compound 2,5-bis-[4-(4"-methoxy-bezylideneamino)
phenyl]-1,3,4-oxadiazole (&)
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'HNMR spectrum of compound 43 in Figure 3.19 shows the following
features(DMSO, ppm): two pair of doublet of doukdét 7.08-7.5 and 7.94-8.2
leaning on each other which could be attributeth® two p-substituted benzene
rings which have different substituents at positloand 4, thus comprising an AB
system. ThéHNMR spectrum also showed a triplet&a#.05- 4.1 that could be
assigned to GCH, protons due to the splitting caused by the adjat@iH protons.
A four protons multiplet a 1.4-1.8 due to°CH, are also observed in this
spectrum. The vinylic protons appeared as a simg&8.5, while the’CH; group
appeared as a six protons tripled &.9-1.0.
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Figure 3.19 "HNMR spectrum of compound 2,5-bis-[4-(4"-propoxy- knzylideneamino)
phenyl]-1,3,4-oxadiazol&(341)
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3.5 Synthesis and Characterization of Compounds-Bis-[4-(4"-
alkoxybenzanilide)phenyl]-1,3,4-oxadiazole;3Bj,:

The compounds (33;,) were synthesized by refluxing compoundwh two

equivalents of the appropriate 4- alkoxybenzoybale in dry pyridine:
N—N
I\
/@AO)\Q\ + cmC—@—OR
HoN NH;

(3e)

Dry pyridine

O o

(Be2.2,g2,n2,2

@)

The synthesized compounds were characterized HR and ‘HNMR. A
Typical FTIR spectrum for these compounds is shawnFigure 3.20 for
compound g using KBr disc, cm. It showed the appearance of an absorption
band at 3276 which could be assigned to N-H stiregchinstead of the two
absorption bands for the NHtretching of compoundy3A new stretching band
appeared at 1726 which could be attributed to Ct#&ching of amide group
(amide I) and a band at 1527 due to N-H bendingdah). Table3.2 lists FTIR
spectral data of compounds-33;.
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Figure 3.20 FTIR spectrum of compound 2,5-bis-[44( -propoxybenzanilide)phenyl]-1,3,4-
oxadiazole 3»

Table 3.2 FTIR spectral data (cnt) using KBr disc for the synthesized compoundse3-3..

v C-H
M-“mmu

CHs 3280 3030 2940-2820 1715
C,Hs 3f2 3300 3050 2920-2840 1720
CsH; 3 3276 3033 2960-2877 1726
C4Ho 32 3285 3040 2940-2880) 1710
CsH1; 3. 3275 3040 2940-2860 1700

Compound 2,5-bis-[4-(4"-methoxybenzanilide)pHel,3,4-oxadiazole 3was
also studied byHNMR spectral data. The spectrum in Figure 3.21lw&fbthe
following features (DMSO, ppm): two pair of doublst doublet at 6.4-7.4 and
7.7-8.2 leaning on each other which could be atte® to the twg-substituted
benzene rings having different substituents attioosiL and 4, thus comprising an

AB system. The spectrum also showed a sharp siraglét3.8 that could be
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attributed to —OCklgroup, while the amidic proton appeared as shiagiet ato
10.5.
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Figure 3.21'HNMR spectrum of compound 2,5-bis-[4-(4"-methoxyberanilide)phenyl]-
1,3,4-oxadiazole (&)

The'HNMR spectrum for compound,3is shown in Figure 3.22. It showed the
following features (DMSO, ppm): two pair of doubtdtdoublet ab 6.95-7.5 and
7.59-8.3 leaning on each other could be attribtaetie twop-substituted benzene
rings having different substituents at position rid &, thus comprising an AB
system. It also showed a triplet &B3.78- 3.91 that could be assigned ttC&,
protons due to the splitting caused by the adjat@Hi protons. A four protons
multiplet at$ 1.9-1.96 due to’CH, were also observed. The amide protons

appeared as a singlet&9.8, while the’CH; group appears as a six protons triplet
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at§ 1.09-1.14. TheHNMR spectrum of this compound together with thedFET
spectrum give positive evidence for the structuiggested for compoung_3
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Figure 3.22'"HNMR spectrum of compound 2,5-bis-[4-(4"-propoxybenanilide)phenyl]-
1,3,4-oxadiazole (@)
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3.6 Liquid Crystalline Properties of the Synthesiz

Compounds
The introduction of an oxadiazole ring into thenpiple structure of
heteroaromatic systems opened the possibility ohegdging new
mesogenic units. The hetero atoms could causedmmafile changes of
polarity, polarizability and geometry of the molésiand influenced the

type and the phase transition temperature of treoptase®’.

3.6.1 Mesomorphic Properties of the 2-thiobutand4-(4"-
methoxybenzylideneamino)phenyl]1,3,4-oxadiazolg) @nd 4-

[4”-(4”-methoxybenzylideneamino)benzoyloxy]propy!
benzoate (9 :

The tendency of a compound to show one typene$ophase or
another is determined by linearity, rigidity, patability and by the
direction of dipole moment(perpendicular or obliqgueethe molecular
axis). These properties are indispensable for alspd liquid
crystallinity®?.

Liquid crystalline properties of compouthgwas examined by means
of differential scanning calorimeter (DSC) and tsthge polarizing
microscope. Compound, showed a nematic mesophase of a typical
thread- like texture as shown in Figure 3.23. TH&CDthermogram of
compoundl, is shown in Figure 3.24, which shows two transsiothe
temperature at the maximum of the first transigg@aks was chosen as
the actual transition temperature, Crystal to Nan@ — N), at 143°C,
and the second one is the transition from Nematlsdtropic (N— ).
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Figure 3.23 Nematic texture of model compound 2-tbbutanoyl-5-[4-(4"-
methoxybenzylideneamino)phenyl ]1,3,4-oxadiazole d)1
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Figure 3.24 DSC Thermogram of compound 2-thiobutanyl-5-[4-(4"-
methoxybenzylideneamino)phenyl ]1,3,4-oxadiazole dj1
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Compound2; showed in Figures 3.25 a and b displayed a nematic

mesophase with monotropic smectic mesophase S

Figure 3.25a Nematic texture of model compound 4-[44"-

methoxybenzylideneamino)benzoyloxy]propyl benzoaté)

ﬂ";

LN

)

Sy

Figure 3.25b Smectic A texture of model compound @ -(4"-methoxybenzylide-
neamino)benzoyloxy]propyl benzoate (@
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Figure 3.26 showed the DSC thermogram of twmpound. The

endotherms at 152°C and 255°C are assigned toryetalc— nematic
and nematic— isotropic transitions, while the exotherms at ©Cl2thd
84°C are assigned to the isotropicsmectic A and smectic A crystal

transitions.

Figure 3.26 DSC Thermogram of compound 4-[4"-(4"-ethoxybenzylidene-

amino)benzoyloxy]propyl benzoate (&

It is well known that the type of mesophas@dstic or nematic) is
determined mainly by the intermolecular attractionbich operate
between the sides and planes of the moleculesthe strengths of the
lateral and terminal attraction foré®S It appeared that a relatively small
or compact group situated terminally in a moleowtsuld enhance the
nematic properties of the compound. For the oxadkazontaining
compound, the lateral attractions could arise ftbendipolar parts of the

molecules {I}, one might predict that compoufigdwould be a smectic
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compound. In fact compountl, is considered as purely nematic, the

nematic- isotropic transition temperature being -200°C. Our
prediction should of course have taken into accdbattwo terminal
methoxy and 2-thiobutanoyl groups which lied highhe order of group
efficiency for nematic mesophase formation, pogsiby their influence

on terminal intermolecular attractions.

{1}

Monotropic smectic properties for compoudwas observed. This
molecule has a relatively short alkoxy group, alldoaigh there was no
dipole moment acting across the molecule in a aképtsition, there was
a strong dipole moment of the methoxy group andtilarizability of the
propyl chain of the ester group {1}, both of whietould lead to increase

lateral attractions.

/\X@=®%@%

{11}
The two compound$. and2; were not therefore, different, and the

nematic behavior of the oxadiazole compound andsthectic behavior
of the ester might be determined, in the firstanse by the crystal lattice
types adopted by the compounds. The oxadiazolepgnalli cause some
deviation from linearit§®, this may make it difficult for the molecule to

be assumed a layer crystal lattice conducive tacBmbehavior, also the
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bend in the molecular shape was reduced to a wedegree if the

oxadiazole ring was shifted to the terminal positad the rigid aromatic
core and the oxadiazole ring might be looked up®ra golar terminal
substituents.

Comparing compound,. with 2-alkyl-1,3,4-oxadiazole derivatives
{1} did not show liquid crystalline propertié¥). We must conclude,
therefore, that 1,3,4-oxadiazole derivative migtttileit liquid crystalline

properties only if the rigid core contained morarttiwo rings.

RO—@—CH=N —@—Z;&—CE,H 1

(i
R= ChH2n+1
n=5-9

3.6.2 Mesomorphic Properties of the 2,5-bis-[4-(4"-
alkoxybenzylideneamino)phenyl]-1,3,4-oxadiazole:

The Mesomorphic properties of two compounds of Haries3.; and
341 Were studied by means of DSC and hot stage paiarinicroscope.

Individual thermal microscopic observationtlos series revealed that
compound3,; did not show liquid crystal properties, while compd 34;
displayed a nematic mesophase of typical threadékéure, on further
heating these threads shrinks to form nematic dtsphear isotropic
transition temperature as shown in Figure 3.27]eMRigure 3.28 shows

the DSC thermogram of this compound.
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Figure 3.27 Nematic texture of model compound 2,543[4-(4"-propoxybenzylid-
eneamino)phenyl]-1,3,4-oxadiazole (3

e ' dothermal

Figure 3.28 DSC Thermogram of compound 2,5-bis-[{#4"-

propoxybenzylideneamino)phenyl]-1,3,4-oxadiazole {3
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The absence of mesomorphicity of compo8adnight be due to the

length of alkoxy group which is less than half kegth of the molecules.
Herberf®” found that mesophase formation ability starts wtienalkyl

chain is almost half the length of the whole molec@This could be due
to two reasons: Firstly, the number could repressntonset of chain
rotation or a change in angle of till within plarefsamolecules, Secondly,
this change would favor the usual parallel fashobthe molecular axis

leading to mesophase formation.

3.6.3 Mesomorphic Properties of the 2,5-bis-[4-@koxybenzanilid-
e)phenyl]-1,3,4-oxadiazole:

Liquid crystalline properties of these two gmunds were studied by
means of (DSC) and hot stage polarizing microscopBcroscopic
observations of compoundg; and 3,,, revealed that compourf}, did
not show liquid crystal properties, while compouye showed nematic
mesomorphism, Figure 3.29 shows the texture appear under
polarizing microscopy, while Figure 3.30 shows B®C thermogram of

this compound.
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Figure 3.29 Nematic texture of model compoun@,5-bis-[4-(4"-propoxybenzanil-

ide)phenyl]-1,3,4-oxadiazole ()
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Figure 3.30 DSC Thermogram of compoun@,5-bis-[4-(4"-propoxybenzanilid-
e)phenyl]-1,3,4-oxadiazole (33)
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3.7 Column Chromatography
3.7.1 The packing ratio

Gas-liquid chromatography were obtained with n a
chromatograph Pye-Unicam using nitrogen as cagés and a flame
lonization detector.

The column packing contained 20 wt.% of liquigstal stationary
phase deposited on the solid support, Chromoso®OW() mesh). The
column were conditioned at 15°C above the nemstitrapic (N-I)
transition temperature of the crystal phase statywriquid for 24 hr.
before use. Table 3.3 list the liquid crystal stadéiry phases used in this

work.

Table 3.3 The liquid crystal stationary phases

Stationaryl] Molecular Chemical name and structural

formula

1, 381 g e @ﬁj\}w 300

2 d 4 17 H3COOC =N —(/ \—coo—@ COOGH, 2 60

HO-CH,CH,0),-H
PEG 6000 255
Polyethylene glycol

We choose 20% coating percentage as repartpcevious studies to
give best chromatographic performance, thereforattemtion was made
to use other coating percent&ge’®. The retention time is affected by
several factors such as column length, nature gpd bf stationary

phase, how well the column is packed the speedadafet gas, the
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pressure as well as the nature of the analyzed @ongs. In order to be
more accurate, we calculage(Adjusted) retention time, by measuriig
the time of unretened species (ethanol ) in thseand calculatingr
using this equation:

tIR =t_-tn .. 3.1

Table 3.4 shows the times for unretened speciethéothree columns.

Table 3.4 The time of unretened specieg, {min.) of Ethanol

3.500| 3.450} 3.400| 3.350| 3.300| 3.250| 3.200| 3.150| 3.100

2 5.520) 5.400| 5.350| 5.200| 5.150| 5.000| 4.950| - -

PEG

0% 2 449 2.403| 2.352| 2.301| 2.251| 2.203| 2.155| 2.102| 2.063

3.7.2 Column performance evaluation

The effect of the flow rate on the plate heéighve been studied, to
evaluate the optimum flow rate as shown in Figurdl3 The van
Deemter curve shows the existence of an optimuracitgl at which a
given column exhibits its highest number of theioedtplate§®". The
flow rate was varied from 5 — 40 ml/min, for eacllue the retention

time was measured and the corrected retention tignevas calculated
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using equation 3.1. The effective plate numbigs was calculated for
each value oft' g using:
N¢ = 16 (/W) ... 3.2
The length element of a chromatographic colunacupied by a
theoretical plate is the plate heidtht
H=LUN .. 3.3

(]
I
L
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o
o

0.08

006 |

0.04 4

0.02

0 5 10 15 20 25 30 35

Linear velocity (cm/s)

Figure 3.31 Effect of mobile phase flow rate on pta height for positional
isomers (cresols). Column dimension: 1.75 m 3mm i.d. Stationary phase: 2-
thiobutanoyl-5-[4-(4"methoxybenzylideneamino)phenyl]1,3,4-oxadiazole coated
on Chromosorb [ 6080 mesh, 20%]; Carrier gas: nitrogen; Injection volume:

1pl; Injuctor temperature: 275°C; Detector: FID; Oven temperature 140- 300°C.

3.7.3 2-thiobutanoyl-5-[4-(4"methoxybenzylideneam)jphenyl
]11,3,4-oxadiazold, as a stationary phase:

The analysis of positional isomer o-, m- gactesol (mixture A) and
poly-aromatic hydrocarbons (PAH) naphthalene,rine, phenanthrene

and anthracene (mixture B) were performed on 20%efabove liquid
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crystal column. The retention time of each compounthe mixtures was
measured at the mesophase transition range 390°C.

The analysis of mixture A is shown in Figur82Z3 while the analysis
of mixture B is shown in Figure 3.33. The datalwd tetention times are
listed in Tables 3.5 and 3.6. In order to make camspn with the
separation on the traditional column, the sepamatib mixture B was
done on column 20% PEG and at the same conditmnseparation was
obtained, this work is assessed the importanceiqefidl crystal as

stationary phase. Figure 3.34 show the separationxbure B on column
20% PEG.

405 =
633 w

518 =

Detector Respond (mV)

START
STOP

e

1 2 2 4 =] G 7 2 9

Time (min.}

Figure 3.32 Chromatogram of positional isomers (creols) of 2-thiobutanoyl-5-[4-
(4’methoxybenzylideneamino)phenyl ]1,3,4-oxadiazolde). Condition oven
temperature 18°C; F. 25 ml/min and detector temperature 250°C, peak:
o -cresol 1p-cresol 2, m- cresol 3.
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Figure 3.33. Chromatogram of PAHs mixture B of 20%2-thiobutanoyl-5-[4-

(4’methoxybenzylideneamino)phenyl ]1,3,4-oxadiazolde). Condition oven

temperature 18)°C; F. 25 ml/min and detector temperature 250°C, peak,
naphthalene 1, fluorine2, phenanthrene 3, anthracene 4.
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Figure 3.34. Chromatogram of PAHs mixture B on 20%PEG Condition oven
temperature 18°C; F. 25 ml/min and detector temperature 250°C, peak,

naphthalenel, fluorine 2, phenanthrene 3, anthracen4.

Table 3.5 Adjusted retention times (& / minute) for mixture A on 20% 2-
thiobutanoyl-5-[4-(4"-methoxybenzylideneamino)phenly]1,3,4-oxadiazole (J)

mp.°C Retention Time (t'r /min.)

Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C | 280°C | 300°C

o-cresol| 4.060f 4.05] 3.81B 3.447 3.388 3.206 2022663 | 2.381
p-cresol | 5.191] 5.184 4.838 4.349 4.2B9 3.961 3.6411913] 2.712
m-cresol | 5.721}) 6.337 5.828 5.145 5.182 4.451 4.831881 | 3.255
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Table 3.6 Adjusted retention times (& / minute) for mixture B on 20% 2-
thiobutanoyl-5-[4-(4"-methoxybenzylideneamino)phenly]1,3,4-oxadiazole (J)

(0]
Temp.“C Retention Time (t /min.)

Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C | 280°C | 300°C

Naphthalene| 3.421| 3.688| 2.731 2.128 1.897 1582 1401 1.B98 531|3

Fluorene 9.812 | 12.621 8.322 | 6.455| 5.824 4.349 4.042 3.998 3.§73

Phenanthre | 16.33

ne 5 21.812| 11.511} 8.457 | 7.531] 4.977 4.89]1 4.043 3.997
Anthracene 165'18 22.993| 11.759| 8.612 | 7.553] 5.021 4.928 4.123 4.1B82

Better separation was obtained at the temperad®@eC, this related
to the higher order of the liquid crystal stationg@hase which makes it
easier for molecules of substances are retainedger and stay longer in
the column. As the temperature increase the retenitmne decrease this
arise as the fact that with increase in temperatieeorder of a liquid
crystal decreases which result in a smaller infbgeof substances which
molecules are of the shape hindering their intevaatith the structure of
liquid crystals of lower order.

The order of elution’s of cresol isomers ( tare A) wasortho, para
and meta, this could be explained to the ability of therogten atom of

imine group to form inter molecular hydrogen bomgdas shown below:
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. = Carbon , & =Hydrogen - @ -itrogen . @ =Oxygen O = Sulfur

Because of the presence of methyl group otthahe phenolic
hydroxide, it cause a steric effect inhibit the nfiation of hydrogen
bonding, soortho- isomer eluted first. According to this explanatio
para- isomer should eluted finely, this not happen hseathe liquid
crystal molecule have a banana shape and it iplaoar, so it doesn't
have affinity to the planar molecule igara- isomer.

The elution of PAHs (mixture B) were naph#md, fluorine,
phenanthrene and anthracene. Chang et al. reptrsdthe elution
patterns of PAHs were almost consistent with tHeB (length to
breadth) rati6® and their boiling point.

ResolutiorRs is the term used to describe the degree of separait
successive solute peaks. The chromatograms usdilaim the resolution

Rsof mixture A and B on columt, using'®**

R = 2(t|RB -t RA)/(WA + WB) ..... 3.4
Where s and tyg are the retention times of peaks 1 and 2 andawd
Wg are the widths of the peaks at the baseline. TheaRies for the two

mixtures on columngare listed in Tables 3.7 and 3.8.
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Table 3.7 Resolution Rfor mixture A on 1.

Temp.cC .
Resolution R
(0] (0]

Comp. 1‘(‘:0 16C° 180°C | 200°C | 220°C | 240°C | 260°C | 280°C | 300°C
pcresolfo- | 3 571 189] 128 1268 113 118 1143 112 1p9
cresol
m-cresolfp- | g 35| 103] 116| 121 104 107 106 1.00 1.00
cresol

Table 3.8 Resolution Rfor mixture B on 1. .
Temp.°C _
Resolution R

Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C | 280°C | 300°C
Flu/Naph. | 1558 | 21.78| 1363 1056 962 687 637 6B4 6|14
Phen/Flu. | 16.30 | 20.42| 797| 320 284 106 143 0088 0lo7
Anth/Phen| 086 | 112| 062| 060 044 042 040 038 0B3

The separation

is also dependent

on

the wvelatretention

characteristics of the solute characteristics ef sblute componenis,

often called the selectivity facttt".
a=V' B/VIA

where Wi, V'z are the adjusted specific retention volumes aiteo

components A and B respectively.
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The selectivity factor were calculated for leacljacent peaks. Tables

3.9 and 3.10 show the values of the selectivityolafor mixtures A and
B respectively.

Table 3.9 Selectivity factor ) for mixture A on 1.

3

20

Temp.°C ..
Selectivity factor a
(o] (o]
Comp. 14(120 1?:0 180°C | 200°C | 220°C | 240°C | 260°C | 280°C | 300°C
pcresolfo- | 50 ) 108| 126] 1220 124 128 14 119 1
cresol
m-cresol/p- | 1 90| 1221 120 117 119 116 118 121 1
cresol
Table 3.10 Selectivity factor ¢) for mixture B on 1. .
Temp.°C .
Selectivity factor a
Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C | 280°C | 300°C

Flu./Naph. | 2.86 3.42 3.04 3.03 3.1 2.88 2.97 2.85 2.

Phen./Flu. | 1.66 1.72 1.38 131 1.2¢ 1.14 1.21 1.00 1

L7

Anth./Phen | 1.03 1.05 1.02 1.01 1.0( 1.0 1.00 1.02 1

.03

The best selectivity factors were obtainethattemperature of 15°C
above the formation of the nematic mesophaseat.460°C. This has
been attributed to the nematic lattice layer amed in its optimum
structural configuration system. This mesophaseesgmt the actual
nematic phase planes compared to that at highgretexture, in which its
properties are closer to the isotropic liquids ehtien to the solid state.
This phenomenon has also been noticed previgtrly
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In order to assess the performance and sepagdficiency of column
it is necessary to determine the effective platmiver Ny of column,
which is defined by equation 3% ) The plate number shows a
maximum at temperature 160°C, we therefore conghldsrtemperature

to be the optimum.

The N value of 1 column for mixtures A and B are listed in Tables
3.11 and 3.12, respectively.

Table 3.11 The effective plate number () for mixture A on 1,

Temp.°C Neft

Comp 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C | 280°C | 300°C

o-cresol | 1826 | 2143 | 1529  148¢ 145 1388  11)15 9?6 740

p-cresol 879 2691 | 2593 192¢ 183p 158 13P5 1018 785

m-cresol | 1239 | 1909 | 1723 126§ 125p 1043 892 716 5P3

Table 3.12 The effective plate number (M) for mixture B on 1

Temp.°C

Neff
Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C | 280°C | 300°C
Naphthalen

e 967 1507 616 374 291 193 162 161 131

Fluorene | 10667 | 17649 7673 461¢ 3755 2095 17P2 1771 1p62

Phenanthre

ne 220441 39319 10950 5910 46%9 20%5 1977 1337 1819

Anthracene | 27027 50320, 13161 7059 544‘9 23%9 23‘P6 1618  1p25

3.7.4 4-[4"-(4"methoxybenzylideneamino)benzoyloxy]propyl
benzoate(q:
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This liquid crystal has a nematic transitiemperature range ( 155-
260°C). The analysis of mixtures A and B were pentxl on 20% of the
above liquid crystal column. The retention timeeath compound in the
mixtures was measured at the mesophase transdimopetrature range
140-260°C.

The analysis of mixture A is shown in Figur833 while the analysis
of mixture B is shown in Figure 3.36. The dataldd tetention times are
listed in Tables 3.13 and 3.14 for Mixture A and&pectively.
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Figure 3.35. Chromatogram of positional isomers (@&@sols) mixture A of 20% 4-

[4”-(4"methoxybenzylideneamino)benzoyloxy]propylberoate(2):Condition oven

temperature 18)°C; F. 25 ml/min and detector temperature 250°C, peak, m-
cresol 1, o-cresol 2p-cresol 3.
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Figure 3.36 Chromatogram of PAHs mixture B of 20% 4[4"-
(4"methoxybenzylideneamino)benzoyloxy]propylbenzoa{2;). Condition oven
temperature 180°C; F. 25 ml/min and detector temperature 250°C, peak,
naphthalene 1, fluorine 2, phenanthrene 3, anthrace 4.

Table 3.13 Adjusted retention times (k / minute) for mixture A on 20% 4-[4"-
(4"methoxybenzylideneamino)benzoyloxy]propyl benze (2)

Temp.°C Retention Time (tg /min.)

Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C

m-cresol 7933 | 7.328| 7.273 6.712 6523 5.825 5.187

0-cresol 8.128 | 7.570| 8.721 7.133 6.827 5917 5.544

p-cresol 9.323 | 8.732| 10.39% 8.082 7.734 6.791 6.188
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Table 3.14 Adjusted retention times (k / minute) for mixture B on 20% 4-[4"-
(4"methoxybenzylideneamino)benzoyloxy]propyl benze (2)

Temp.°C Retention Time (& /min.)
Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C
Naphthalene | 2.230 | 2.331| 2.432 1.42] 1.347 0.820 1.199
Fluorine 7.745| 6.827| 8.727 4.496 3.998 3571 3.435
Phenanthrene| 19.918| 18.183| 22.998| 8.752 | 6.352] 5.693 5.578
Anthracene | 19.928| 18.291| 24.812| 8.835 | 6.531| 5.921 5.89]

The order of elution of ( mixture A) on columg\®asmeta, ortho and

para. The larger retention gfara- cresol isomer, could be account to the

larger diffusion coefficient opara-cresol compared toneta and ortho-

cresol. Because the planarity of compougdisbmers whose molecules

are more planar, or whose length to breadth ratiarger, are eluted from

a column later than molecules less planar or ofsimaller length to

breadth ratio even if their molecular weights andiihg points favor the

reverse order of elutidi{”.

The selectivity factors were calculated foclteadjacent peaks at all

the separation temperatures . Tables 3.15 andli8tlhe values of the

selectivity factor for mixtures A and B respectivel

Table 3.15 Selectivity factora for mixture A on 24 .

emp.°C .
Selectivity factor a
Comp. 140°C | 160°C | 180°C | 200°C | 220°Cc | 240°C | 260°C
o-cresol/ m- 1.02 | 1.03 1.20 1.06 1.04 1.01 1.0
cresol
p-cresol/o- 114 | 115 | 1.19 1.13 1.13 1.14 1.1
cresol
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Table 3.16 Selectivity factora for mixture B on 24 .

Jemp.°C ..
Selectivity factor a
Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C
Flu./Naph. 3.47 2.92 3.59 3.15 2.88 2.93 2.86
Phen./Flu. 2.57 2.66 2.63 1.94 1.58 1.5¢ 1.62
Anth./Phen | 1.00 1.00 1.07 1.00 1.02 1.0 1.0"

Tables 3.17 and 3.18 list the values of ttsoltdion for mixtures A

and B respectively.

Table 3.17 Resolution Rfor mixture A on 24 .

emp.°C :
Resolution R,
Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C
o-cresollm- | 57| 033| 201| o058 043 0.1 0.51
cresol
p-cresolfo- | 465 | 161 232| 131 100 o097 08%
cresol
Table 3.18 Resolution Rfor mixture B on 24 .
JTemp.°C _
Resolution R,

Comp.No. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C
Flu./Naph. 0.14 11.52 16.14 7.86 6.69 6.42 5. 7B
Phen./Flu. | 20.30 | 26.40 33.18 0.89 5.47 4.98 4.91
Anth./Phen 0.02 0.25 3.64 0.16 0.35 0.3 0.24
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The Ng values of g column for mixtures A and B are listed in Tables
3.19 and 3.20,respectively.

Table 3.19 The effective plate number (M) for mixture A on 24

Temp.°C
Neff

Comp. 140°C| 160°C | 180°C | 200°C | 220°C | 240°C | 260°C

m-cresol 2054 | 1753 1727 147 1389 11Q7 87

0-cresol 1737 | 1507| 2000 133§ 122% 920 808

p-cresol 3291 | 2887 4092 2473 226% 174"6 1450

Table 3.20 The effective plate number (M) for mixture B on 24

Temp.°C

Neff
Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C
Naphthalen | 4o, | 490 | 536 | 184| 174 61 130

e

Fluorine 7010 5447 8901 2367 1868 1490 1379

Phenanthre
ne

Anthracene | 24429 | 20580] 37895 4801 2623 215%5 2134

26437 | 22032 35245 5104 2688 21%9 2078

3.7.5 The Thermodynamic Properties of G C.

Gas chromatography can used to provide suttassormation on
the solute — solvent interaction at low solute @mti@tions. The special
texture of the liquid crystal compounds leads te #pecific solvent

behavior with respect to the another stationaryspba This behavior
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depends upon the specific molecular interactiommg tor volume ) on
these liquid crystal compourtf§.

Specific retention volumes,gVwere calculated from the corrected
peak retention times and column operating conditiasing the well

known equation derived by Littlewood et&f).
Ve (Mg = (Rtr/w).d ... 3.6

Where \4 is the specific retention volumeg t5 the corrected retention
time, w is the weight of the solvent (liquid cryi¥td is the corrected

flow rate which is equal 5%
R=K(TJTy).(P-R/P) ... 3.7

Where F is the outlet flow rate, J T, are the ambient and column
temperature, respectively, P, 5 the atmospheric pressure and water
vapor pressure at ambient temperaturg I is the mobile phase
compressibility correction factor, which is estiedtfrom James and

Martin equatioft*?.
J=@BR)[(RPoY-LPR/IPY-1] ... 3.8

P, P, are the inlet and the outlet column pressure (ngh.kespectively.
The adjusted specific retention timgi$ given in equation 3.1, and
the adjusted specific volumegV/for a solute i§*?*
Ve=Vg-V(y L 3.9
where ,, Vi, are the hold — up time and volume, respectivehe data of
V'r are listed in Tables 3.21 — 3.24.
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Table 3.21 Adjusted specific retention volume () for mixture A on 20% 2-
thiobutanoyl-5-[4-(4"-methoxybenzylideneamino)phenly]1,3,4-oxadiazole (J)

Temp.°C

Comp.

Retention volume (V& /ml.g™)

140°C

160°C

180°C

200°C

220°C

240°C

260°C

280°C

300°C

o-cresol

31.830

32.144

31.453

29.140

29.336

28.443

26.69p

24.91

7 22.907

p-cresol

40.697

41.165

39.908

37.104

37.138

35.142

33.260

29.85

0 29.092

m-cresol

44.852

50.284

48.033

43.664

44.437

42.177

39.568

36.31

4 31.3[16

Table 3.22 Adjusted specific retention volume () for mixture B on 20% 2-
thiobutanoyl-5-[4-(4"-methoxybenzylideneamino)phenly]1,3,4-oxadiazole (J)

Temp.°C

Comp.

Retention volume (V& /ml.g™)

140°C

160°C

180°C

200°C

220°C

240°C

260°C

280°C

300°C

Naphthalene

26.820

29.264

22.528

17.99

16.252

13.591

12.798

13.081

13.017

Fluorine

76.926

100.1479 68.648

54.5

160.412

38.584

36.740

37.409

37.262

Phenanthren

e

128.042

173.07§ 94.95¢

71.4

65.210

44.244

44.079

37.643

38.455

Anthracene

132.111

182.443 96.99p

72.8

b565.401

46.223

44971

38.578

39.753

Table 3.23 Adjusted specific retention volume () for mixture A on 20% 4-[4’-
(4"methoxybenzylideneamino)benzoyloxy]propyl benzie (2)

Retention volume (V& /ml.g™)
Temp.°C
140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C
Comp.
m-cresol 90.912 | 82.579] 84.934 79.3(037.890| 73.494| 66.554
o-cresol 03.140 | 87.372|] 101.18484.278| 83.501| 74.654| 71.135
p-cresol 106.841| 100.784| 121.392| 95.491| 94.594| 85.682| 79.398
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Table 3.24 Adjusted specific retention volume (\4) for mixture B on 20% 4-[4"-
(4"methoxybenzylideneamino)benzoyloxy]propyl benzie (2)

e Retention volume (Vg /ml.g™?)

Saii 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C
Nagﬂteha' 25555 26.904 28.400 16.860 16.960.345| 10.251
fluorene | 88.757| 78.850] 101.91353.120 | 48.899 45.055| 44.074
Phreer;]ae“th 228.26 | 209.868 268.570| 103.404 77.691| 71.828| 71.571
A“‘Eg"ce 228.374| 211.114) 289.850) 104.385| 79.880| 74.705| 74.003

Plots of the logy' against the reciprocal absolute temperatures
(Kelvin) for the 20% coating columns shown in Figsi8.37- 3.40.
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Figure 3.37 Natural logarithm retention volume (InV'R) versus reciprocal

absolute temperature for mixture A on 20% 2-thiobutanoyl-5-[4-
(4" methoxybenzylideneamino)phenyl ]1,3,4-oxadiazolde).
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Figure 3.38. Natural logarithm retention volume (InV'R) versus reciprocal
absolute temperature for mixture B on 20% 2-thiobutinoyl-5-[4-
(4’ methoxybenzylideneamino)phenyl 11,3,4-oxadiazolés).
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Figure 3.39 Natural logarithm retention volume (InV'R) versus reciprocal
absolute temperature for mixture A on 20% coating 4[4"-
(4"methoxybenzylideneamino)benzoyloxy]propyl benzie(2).
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Figure 3.40. Natural logarithm retention volume (InV'R) versus reciprocal
absolute temperature for mixture B on 20% coating 44" -
(4"methoxybenzylideneamino)benzoyloxy]propyl benzie(2).

The retention volumes of each compounds wasdao decreased
with increasing temperature accept at the nematigpérature 180°C or
160°C the retention volumes increase. This may thabueied to the
Increase in the solutes interaction with the stetig phase. Below these
nematic temperature (the temperature at which geeghration was
achieves) the solute — stationary phase interacicadsorption on the
solid crystalline phase. As the temperature in@gdbe adsorptivity of
these phase decreases. Above the nematic temgeast@brupt increase
in specific retention volumes was recorded, andplloé between In ¥
against 1/T was no longer linear.

Many studiés"®**'¥ using differential thermal analysis (DTA) and x-
ray technique showed that changes occur at tenypera the vicinity of
the nematic temperature. These changes include ssmetural

rearrangement of the stationary phases at thiseeatyre and molecular
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chains are packed together in the crystal as paredds. At higher
temperature such molecular chains become morebféeerind the helical
chains are also to more locally, maintaining aaerdegree of order.
However, the percentage increase in specific netentolumes differs
from one solute to another on the same station&igse to another
towards the same solute.

The negative values of the slope representntbéar heat of the
enthalpy of the solutidf?® according to:

Log \k ={-AH / 2.303.R.T} + constant  ..... 3.10

The constant values were estimated using ctenpkeast-square
analysis method program.

Solute activity coefficients at infinite dilah (y) has been determined
using the equatiét®

y=1.704x 10/P>,MV .. 3.11

where M is the solvent (liquid crystal) moleculaeight and B is the
pure saturated vapor pressure (mm.Hg).ytkalues are shown in Tables
3.25 - 3.28.

Table 3.25 The solute activity coefficienty) for mixture A on 20% 2-
thiobutanoyl-5-[4-(4"-methoxybenzylideneamino)phenly]1,3,4-oxadiazole ()

(o]
Temp.°C Solute activity coefficient §)

Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C | 280°C | 300°C

o-cresol 0.308 | 0.270] 0.240 0.232 0.194 0.172 0.142 0.120 9200

p-cresol 0.315| 0.277) 0.274 0.268 0.2283 0.193 0.158 0.135 960.0

m-cresol | 0.743 | 0.574] 0.473 0.420 0.352 0.342 O.2F4 0.257 0402
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Table 3.26 The solute activity coefficienty) for mixture B on 20% 2-

thiobutanoyl-5-[4-(4"-methoxybenzylideneamino)phenly]1,3,4-oxadiazole (J)

Temp.°C » »
emp Solute activity coefficient )
Comp. 140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C | 280°C | 300°C
Naprr]‘éha'e 0122 | 0096 | 0108 0.118 0113 0.119 0.109 0.094 8400
Fluorine | 0245 | 0.152| 0209 0231 0220 0264 0436 0.p06 840[1
Pheé‘:‘e”thr 0404 | 0277 | 0.410 0476 0487 0591 0587 0.540 6904
A”th;ace” 0.467 | 0308 | 0477 0558 0538 0667 0602 0.551 8304
Table 3.27 The solute activity coefficienty) for mixture A on 20% 4-[4’-
(4"methoxybenzylideneamino)benzoyloxy]propyl benze (2)
Solute activity coefficient )
Temp.°C
140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C
Comp.
m-cresol | 0.108 | 0.099| 0055 0.075 0.070 0.062 0.460
o-cresol | 0125 | 0120 0.061] 0.085 0.077 0.0F1 0.064
pcresol | 0285 | 0.257| 0.103] 0199 0173 0.165 0.155
Table 3.28 The solute activity coefficienty) for mixture B on 20% 4-[4’-
(4"methoxybenzylideneamino)benzoyloxy]propyl benze (2)
Solute activity coefficient )
Temp.°C
140°C | 160°C | 180°C | 200°C | 220°C | 240°C | 260°C
Comp.
Nagﬂteha' 0.117 | 0.105| 0.067 0.134 0.142 0.125
fluorene | 0.193 | 0.170| 0.113] 0.217 7 0199 0.180
ther:]ae”th 0207 | 0.199| 0.161  0.300 )50.332 | 0.294
amhreace” 0.447 | 0231| 0.181 0.357 3 0347 0301
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For solute in columns &nd 2, y < 1; which represent negative
deviation from ideality and weak solute-solventenactions, as well as
the y values of each compound was found to decrease imstieasing
temperatures, i.e. in the nematic phase than thesmonding isotropic
liquid state.

On careful inspection of the plots of lpgverses 1/T (K) Figures
3.41-3.44 illustrates that at the transition terappge both discontinuity
and a change in slope occur, indicating that hyahman molecules
experience a marked change in environment as they a new phase.
l.e. interaction of solutes with the solvent in tligiid crystalline region
differs from the interaction in the isotropic ligui This has been
attributed to that the nematic lattice layers amgeced in its optimum
structural configuration system. This mesophaseaesgmts the actual
nematic phase planes compared to that at highereterurée™®),

1

0.5 4

Logvy

1.6 1.7 1.8 18 2 21 22 2.3 2.4 25
UT (K x 10-3)

Figure 3.41. The logarithm of solute activity facto (log y) versus reciprocal

absolute temperature for mixture A on 20% 2-thiobutnoyl-5-[4-
(4" methoxybenzylideneamino)phenyl ]1,3,4-oxadiazolk.
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m Naphthalene
+ Fluorene

05 o Phenanthrene
Anthracene

05

\
J

17 18 1.9 2 21 22 23 24 25
UT (K x 10-3)

Figure 3.42. The logarithm of solute activity facto (log y) versus reciprocal
absolute temperature for mixture B on 20% 2-thiobuainoyl-5-[4-
(4’methoxybenzylideneamino)phenyl ]1,3,4-oxadiazolk.

024

044

064

Logy

084

1.8 1.8 2 21 2.2 2.3 24 25
UT (K x 10-3)

Figure 3.43 The logarithm of solute activity factor(log y) versus reciprocal

absolute temperature for mixture A on 20% 4-[4"-
(4"methoxybenzylideneamino)benzoyloxy]propyl benzie(2).
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02
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i 4
. 4 X
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08 t//Jf/‘-g__—*k—k_k_*\\\\\\\“/////////~-«,;H_H_,«~*

Logvy

18 19 2 21 22 23 2.4 25
UT (Kx 10-3)

Figure 3.44. The logarithm of solute activity facto (log y) versus reciprocal
absolute temperature for mixture B on 20% 4-[4"-
(4"methoxybenzylideneamino)benzoyloxy]propyl benzie(2).

The free energy were calculated from the rel&tén

AG=RTIoy - 3.12

All calculated free energies for the two cdatkquid crystal
compounds have negative values. These results dedrated that the
dissolvation process with these liquid crystal coomds were
spontaneod¥®. In addition, these values are increased neggtigsl
temperature increasing which indicated the decrigafee order of solute
molecules with nematic lattices with increased terafure.

The entropy is also calculated using:
AG=AH-TAS - 3.13

For the two studied column, the calculatecha&lpies, entropies and
free energies presented in Tables 3.29 — 3.32.

The results in Tables 3.29 — 3.32 show thatahthalpy change\Q)
are in both phases negative which indicate a stexgghermic mixing

effect. It is also clear from these tables thAtin the mesophase regions
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are greater than that in the isotropic liquid pkasfich means that the
dissolution process in liquid crystalline state rgming some
translational and rotational energy because ofitfieulty of dissolving
molecules in a highly ordered structure. The negaéntropy AS) for
almost all process are normally accompanied by thegaenthalpy

changes.
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Table 3.29 The Gibbs free energyAG kj/mol ™), Enthalpy (AH kj/mol %) and entropy (AS kj/mol™. k™) of mixture A on 20% 2-
thiobutanoyl-5-[4-(4"-methoxybenzylideneamino)phenly]1,3,4-oxadiazole ()

140°C 160°C 180°C 200°C
Compound
AG AH AS AG AH AS AG AH AS AG AH AS
o-cresol -4.043 | -11.327) -17.638 -4.718 -12.349 -17.436 4%.37-13.359| -17.624 -5.74% -14.095 -17.613
p-cresol -4.158 | -10.316 -14.912 -4.621 -11.068 -14.891 -3.90-11.640| -14.873 -5.17¢ -12.208 -14.863
m-cresol -1.020 | -5.722| -11.38] -1.998 -6.917 -11.362 -2.§197.956 | -11.341) -3.411 -8.788 -11.369
continue:
220°C 240°C 260°C 280°C
Compound
AG AH AS AG AH AS AG AH AS AG AH AS
o-cresol -6.721 | -15.398 -17.601 -7.50f -16.5p9 -17.488 B.¢4-18.022| -17.584 -9.748 -19.471 -17.583
p-cresol -6.150 | -13.474 -14.856 -7.016 -14.6P9 -14.842 8.17-16.095| -14.859 -9.204 -17.421 -14.857
m-cresol -4.279 | -9.875| -11.352 -4.576 -10.397 -11.347 -5.4241.470) -11.345 -6.244 -12.517 -11.341
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Table 3.30 The Gibbs free energyAG kj/mol ™), Enthalpy (AH kj/mol %) and entropy (AS j/mol™.k™) of mixture B on 20% 2-
thiobutanoyl-5-[4-(4"-methoxybenzylideneamino)phenly]1,3,4-oxadiazole (J)

140°C 160°C 180°C 200°C
Compound
AG AH AS AG AH AS AG AH AS AG AH AS
Naphthalene -7.223 | -8.189| -2.340 -8.436 -9.4 2332 -8.354 408 | -2.319| -8.394] -9.489 -2.31p
Fluorine -4.829 | -5561| -1.773 -6.78] -7.535 -1.742 -4.662 448 | -1.738| -5762 -6.58] -1.73p
Phenanthrene -3.112 | -2.752) 0871] -4713 -4339 0842 -3.357 7@9 0853 | -2.919| -2517  0.84
Anthracene -2.614 | -2.087| 1.274] -4239 -3.688 1271 -2.787 122 1268 | -2.329| -1730 1.26
Continue:
220°C 240°C 260°C 280°C
Compound
AG AH AS AG AH AS AG AH AS AG AH AS
Naphthalene -8.936 | -10.073 -2.307 -9.08% -10.263 -2.298 -9.7841.013| -2.297| 10.870| -12.139 -2.296
Fluorine -6.206 | -7.058| -1.729 -5.844 -6.720 -1.726 -6.308 .31 | -1.724| -7.263] -8214 -1.72
Phenanthrene 3209 | -2791] 0847 -2243 -181p 0844 2360 1.9 0841 | -2.833] -2.369  0.83
Anthracene -2.540 | -1.917| 1.262| -1.72] -1.081 1299 -2.248 785 1.257 | -2.740] -2.04§  1.25f
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Table 3.31 The Gibbs free energyAG kj/mol ™), Enthalpy (AH kj/mol %) and entropy (AS kj/mol™.k™) of mixture A on 20% 4-[4"-
(4"methoxybenzylideneamino)benzoyloxy]propyl benze (2)

140°C 160°C 180°C 200°C
Compound
AG AH AS AG AH AS AG AH AS AG AH AS
m-cresol -7.642 | -11.656 -9.721 -8.32% -12.525 -9.700 -10.9235.302| -9.698| -10.186 -14.771 -9.695
o-cresol -7.140 | -10.6220 -8.433 -7.632 -11.281 -8.428 -10.5334.349, -8.426| -9.694 -13.675 -8.418
p-cresol -4310 | -6.092| -4.315 -4.89]1 -6.758 -4.3]12 -8.5600.548| -4.309| -6.348 -8.400 -4.304
Continue:
220°C 240°C 260°C
Compound
AG AH AS AG AH AS AG AH AS
m-cresol -10.899| -15.675 -9.689 -11.899 -16.8P3 -9.6/8 A2}Y-17.624| -9.676
o-cresol -10.509| -14.657 -8.414 -11.241 -15.596 -8.413 4PR[1-16.662| -8.409
p-cresol -7.191 | -9.310] -4.299 -7.684 -9.882 -4.286 -8.2567 0.539| -4.283
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Table 3.32 The Gibbs free energyAG kj/mol ™), Enthalpy (AH kj/mol %) and entropy (AS kj/mol™.k™) of mixture B on 20% 4-[4"-
(4"methoxybenzylideneamino)benzoyloxy]propyl benze (2)

140°C 160°C 180°C 200°C
Compound
AG AH AS AG AH AS AG AH AS AG AH AS
Naphthalene -7.367 | -8.253| -2.147| -8.113 -9.0 -2.145 -10.1801.272| -2.141| -7.904 -8.91% -2.1
Fluorene -5.648 | -6.297| -1.573 -6.378 -7.058 -1.571 -8.198 908 | -1.568| -6.008) -6.748 -1.56
Phenanthrene -5.408 | -4.853| 1.343| -5.811 5229 1.344 -6.878 7®.2 1342 | -4.734) -4.099 1.34]
Anthracene -4.801 | -4.217| 1.412| -5.27% -4.668 1.413 -6.437 9B.7 1.411 | -4.106 -3.439 1.41(
Continue:
220°C 240°C 260°C
Compound
AG AH AS AG AH AS AG AH AS
Naphthalene -8.058 | -9.111| -2.136| -8.32% -9.419 -2.134 -9.2140.380| -2.132
fluorene -6.455 | -7.226| -1.564 -6.879 -7.680 -1.562 -7.589 .428 | -1.560
Phenanthrene -4.297 | -3.636| 1.339| -4.702 -4.015 1.338 -5.4p4 0.7 1.340
anthracene -4153 | -3.457| 1411 -4514 -3.789 1413 5320 645 1.412
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3.8 Suggestion for Future Work:

1- Characterize other liquid crystal compounds sucBygzand 3, as
stationary phases.

2- Synthesis of bis-[4-(4'-propoxybenzilidene)biphgr)l) and bis-
[4-(4'-propoxybenzamide)biphenyl](B) and compare their
chromatographic performance with above liquid @lst
compounds.

H7C3O—©—C= N—@-—@—N =C—©— OC4Hy
(A)

o

(0]
Il I
H7C30_©— C—H O O NH — C—@— OC3H7

(B)

3- Use mixed liquid crystal compounds as stationaryasps to
increase the selectivity of separation and to caahg operation
column temperature.

4- Study the ability of the prepared liquid crystahgmounds for the
separation of different hydrocarbons such as noaitahols, fatty
acid, cis and trans isomers such as cis/ tranalidesgind cis/ trans

stilbene.
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