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Synthesis, characterization and retention behavior of
4-(tetradecyloxy)-N-(4-hexyloxyphenyl)-2-
hydroxybenzalimine

F. CAKAR, C. YORUR, O. CANKURTARAN*, B. BILGIN ERAN, F. KARAMAN
Yildiz Technical University, Department of Chemistry, Davutpasa Campus, 34220, Esenler, Istanbul, Turkey

A liquid crystalline compound, 4-(tetradecyloxy)-N-(4-hexyloxyphenyl)-2-hydroxybenzalimine (THPHBI) has been
synthesized and characterised. Phase transition temperatures of 4-(tetradecyloxy)-N-(4-hexyloxyphenyl)-2-
hydroxybenzalimine were determined by polarizing microscopy, differential scanning calorimetry and inverse gas
chromatography technique (IGC).

The retention diagrams of n-butyl acetate (nBA), iso-butyl acetate (IBA), benzene (B), toluene (T) and ethylbenzene (EB)

were plotted between 40 and 160 °C by IGC. Specific retention volume, Vg, weight fraction activity coefficient, Q}°, Flory

Huggins polymer-solvent interaction parameter, 75, equation of state polymer-solvent interaction parameter, 7, and

effective exchange energy parameter, X ., were determined for studied solvents. Then, the exchange enthalpy parameter,

X,, and entropy parameter Q,, were determined by using a relation for the enthalpy interaction parameter, y; of the

equation of state theory, which was arranged for the IGC.
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1. Introduction

The natural progress of development of liquid
crystals (LC) in physics and chemistry gave rise to the
production of new mesogenic materials, which have
unusual structural and physical properties. Mesogenic
salicylaldimine compounds are very interesting materials
for the physical investigations. Depending on the carbon
number of the terminal alkoxyl and/or alkyl groups in
the salicylaldimine core, these materials display various
mesomorphic properties [1, 2].

Some years ago, liquid crystalline materials were
suggested as stationary phases for analytical gas
chromatography where the molecular ordering of the
liquid crystals should allow discrimination between
closely related isomeric analytes [3]. For each of these
applications, knowledge of the interactions between the
components is important in designing and formulating
new systems.

In this paper the synthesis, characterization and
mesomorphic properties of a salicylaldimine compound
4-(tetradecyloxy)-N-(4-hexyloxyphenyl) -2-
hydroxybenzalimine (THPHBI) are presented and the
retention diagrams of some solvents on this liquid crystal
compound were obtained by inverse gas chromatography
(IGC). Although IGC has been widely used to
investigate the interactions and phase transition

temperatures of polymeric materials with various solvents
[4-6], it is a new method determination of interactions and
the phase transition temperatures of a liquid crystals with
solvents and there is only a few study in the literature [7,8].
Then, some thermodynamic parameters in the Flory-
Huggins theory and equation of state theory of the THPHBI
were determined in the range of 40 °C and 160 °C. The

exchange enthalpy parameters, X ,, and entropy parameters,

Q,», in the equation of state theory are assumed to be
independent on temperature and composition of the mixture,
but this situation is not confirmed yet. It was the first time,
we have determined exchange enthalpy and entropy
parameters of poly(dimethylsiloxane) and
methylhydrosiloxane-dimethylsiloxane copolymer with
some solvents directly from IGC measurements earlier [9-
13]. The parameters X, and Q;, of these polymer-solvent
systems were comparable with those determined earlier by
other techniques at lower polymer concentrations. There is
no any other data in the literature related to the
determination of parameters X,, and Q, of THPHBI In

this study, it is the first time it is determined the parameters
X, and Q, by IGC measurements, also investigated the

dependence of X, and Q,, parameters on temperature for
THPHBI at temperature range in between 125 and 160 °C.
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2. Experimental

2.1. Materials and instrumentation

The characterization of the liquid crystalline
compound THPHBI synthesized here are based on
various spectroscopic data, e.g., 'H-, *C-NMR (Varian
Unity 500 and Varian Unity 400 spectrometers, in
CDCl; solutions) with tetramethylsilane as internal
standard, MS [AMD 402 (electron impact, 70 eV)].

Transition temperatures were measured using a
Linkam THMS 600 hot stage and a Linkam TMS 93
temperature control unit in conjunction with a Leitz
Laborlux 12 Pol polarizing microscope (PM), and these
were confirmed using differential scanning calorimetry
(Perkin-Elmer DSC-7 (DSC), heating and cooling rate:
10 K min™).

The solvents butyl acetate (nBA), iso-butyl acetate
(IBA), benzene (B), toluene (T), ethylbenzene (EB) and
support material being Chromosorb-W (AW-DMCS-
treated, 80/100 mesh) were supplied from Merck AG.
Inc. Silane treated glass wool used to plug the ends of
the column was obtained from Alltech Associates, Inc.

A Hewlett-Packard 5890 Model, series II gas
chromatography with a thermal conductivity detector
was used to measure the retention time of the solvents.
Data acquisition and analysis were performed by means
of HP-3365 software. The column was stainless steel
tubing with 3.2 mm o.d. and 1m in length.

2.2. Synthesis of the NBAM

The THPHBI were prepared in the usual way [14]
by a p-toluensulfonic acid (40 mg) catalyzed
condensation of 4-tetradecyloxy-2 hydrobenzaldehyde (5
mmol) with 4-hexyloxyaniline (6 mmol) in toluene (25
mL) and purified by crystallization  from
acetone/ethanol.

The THPHBI was characterized by various
spectroscopic methods. The spectroscopic data are given
below.

Yield: 1.91 g (75%) of yellow crystals. '"H-NMR: &
(ppm) = 13.84 (s; OH), 8.48 (s; HC=N), 7.22, 7.20, 6.90
(3d, J = 8.5 Hz each; 1, 2 and 2 arom. H, respectively),
6.45-6.30 (m; 2 arom. H), 3.97, 3.95 (2t, J = 6.5 Hz; 2 x
OCH, groups). BC-NMR: & (ppm) = 164.18, 163.15,
158.01, 141.10, 119.03 (5s; 5 arom. C), 159.33 (d;
HC=N), 133.15, 121.99, 115.16, 107.53, 101.37 (5d: 1,
2,2, 1 and 1 arom. CH, respectively), 68.34, 68.22 (2t; 2
x OCHj; groups). C33Hs51NO5 (509.77); MS (EI): m/z (%)
=509 (100) [M]", 313 (36) [509-C ,Hzq].

2.3. Inverse Gas Chromatography Theory

The specific retention volume, V; is determined

experimentally from inverse gas chromatography
measurements as follows [15,16].
V., =Q(ty -t,)1273.2/(T,w) (1)

where Q is carrier gas flow rate measured at the room
temperature Tr; ty and t, are retention times of the
solvent and air, respectively; J is pressure correction factor,
w is weight of liquid crystal in the column.

Q) is the weight fraction activity coefficient of solvent
at infinite dilution, defined by the following equation,

InQ" =1In (273.2R/V,piM,)-p;(B,, - V/)/RT (2)

where R is the universal gas constant; p, B,, and V are

11
saturated vapor pressure, gaseous state second virial
coefficient and molar volume of the solvent at temperature
T; M, is the molecular weight of solvent, respectively.
According to the theories of Flory-Huggins and
equation-of-state interaction parameters, y}, and y;, are

defined in the Eq.(3) and Eq.(4), respectively:

e [2732Rv, | [ V) ) pl(B,-V)) 3)
xlz_ln 0+x,0x,0 1
plvgv1 M,v, RT

* * 0 _ 0
%, =In 2703'2% 1= Vi . _pi(By—Vi) 4)
P Ve Vi M,v, RT

where v, and V) are specific volume and specific hard-

core volume of the liquid crystal respectively.
v, is molar hard-core volume of the solvent.

The effective exchange energy parameter, X,, in the
equation of state theory is defined as follows,

RTyj, =py V3T, In[(v,,” - /(v -1)]

-1 -1 *
+ Vlr - V2r + Xeff/Pl VZr}

®)

where pj is characteristic pressure, V, and V, are

reduced volume of the solvent and liquid crystal,
respectively. T, is reduced temperature of the solvent.

The enthalpic interaction parameter , can be obtained
from the slope of the plot y, versus 1/T from IGC
measurements according to its definition [9-13]

an =[0xn/0(1/D]/T (6)
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According to the equation of state theory,
approximated as under the gas
conditions.

T i
chromatographic

% = OIVIRDI(V; Vi) + (@ TV, )T, - T (g
+V; (14 a,T)X ,/(v4,RT)

where X, is the exchange enthalpy parameter. X,
combines the parameters of exchange enthalpy X,, and
entropy Q,, as follows:

Xegr =X12-T vy Qpy (8)

3. Results and discussion

The THPHBI was prepared under a nitrogen
atmosphere and in two step process. It has been purified
by several recrystallization from acetone/methanol. The
pure product obtained as yellow crystals was
characterized by various spectroscopic methods, e.g., 'H,
C NMR (CDCls) and mass. The proposed molecular
structure of

THPHBI presented in Fig. 1 is in full agreement

with these spectroscopic data (see Experimental
Section).
HzgcmoAQ_\\
N4<j>7OC6H13
OH
Compound I

This new compound THPHBI exhibits liquid
crystalline  properties and shows thermotropic
enantiotropic mesophase. The investigations by PM and
DSC show that it exhibits smectic C (SmC) mesophase.
On cooling of THPHBI from isotropic phase, smectic
phase with broken fan-shaped and schlieren textures can
be observed (see Fig. 2a and 2b, respectively).

Fig. 1. Molecular structure of the THPHBI.

(b)
Fig. 2. Optical texture of SmC phase of THPHBI observed

at (a) 107°C (b) 125°C

isotropic phase.

on cooling from

THPHBI shows similar mesomorphic properties with
the previously synthesized analogs [2,14]. During heating,
the crystal (Cr)-SmC phase transition occurs at 79.5 °C and
the SmC — isotropic liquid (Iso) phase transition occurs at
121.3 °C, in this case, the SmC mesophase exists in the
temperature interval as 41.8 °C. During cooling, 1s0-SmC
phase transition occurs at 117.5 °C and SmC-Cr phase
transition occurs at 47.1 °C; in this case, the SMC mesophase
exists in the temperature interval as 70.4 °C degree. In Fig.
3, DSC scan can be seen in during heating process.

Aen = 47450 mi
Bella i = 144837 Jig

Pesk=121.147C

L ,J) \ A

P Cse 7T 09 Qrest = 11E287C

Fig. 3. DSC scan of THPHBI during the second
heating process

The phase transition between SmC mesophase and 150
phase by cooling of the THPHBI takes place at lower
temperatures than the temperatures by heating, i.e., the
thermic hysterezis takes place for the phase transitions
between SmC and Iso phase. The thermic hysterezis has
been also observed by number of researchers, which used
different experimental methods, for the first order phase
transitions between liquid crystalline mesophase and
isotropic liquid in various liquid crystals [17-19].

The specific retention volume, Vv, of the studied

solvents on the THPHBI was obtained from IGC
measurements between 40 and 160 °C using Eq.l.
According to retention diagram in Fig. 4., Cr-SmC and SmC-
Iso transitions for THPHBI were found to be 73 °C and 118
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°C, respectively, as the point from which the deviation
from linearity was first seen. The Cr-SmC and SmC-Iso
transition temperatures obtained by inverse gas
chromatography technique are in good agreement with
the ones obtained by DSC.
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Fig. 4. The retention diagrams of EB(1), nBA(2),
T(3), IBA(4) and B(5) on THPHBI.

According to Guillet [4], the solvent is good if Q7

is lower than 5 and poor if it is higher than 10. The
values between 5 and 10 indicate moderately solubility.
The values of Q) suggest that all studied solvents given
in Table 1 are good for the THPHBI at the studied
temperatures.

Table 1. The weight fraction activity coefficient at
infinite  dilution of the solvents, Q3 of THPHBI
with studied solvents at various column temperatures.

t°C) | nBA | IBA B T EB
125 | 415 | 441 | 348 | 280 | 3.4
130 | 396 | 421 | 335 | 272 | 3.5
135 | 353 | 391 | 319 | 257 | 297
140 | 374 | 393 | 322 | 254 | 2.96
145 | 375 | 397 | 323 | 259 | 2.96
150 | 3.63 | 3.82 | 3.60 | 2.54 | 2.88
155 | 3.60 | 3.78 | 3.10 | 244 | 2.80
160 | 358 | 3.77 | 3.10 | 250 | 2.87

The polymer-solvent interaction parameters, y;, and
x;, were determined from Eq.(3) and Eq.(4) and their
values were given in Table 2 and Table 3, respectively.
The values of yp; greater than 0.5 represent
unfavourable liquid crystal-solvent interactions while the
values lower than 0.5 indicate favourable interactions in
dilute liquid crystal solutions. The wvalues of the
parameters in Table 2 and 3 suggest that all solvents are

good for THPHBI. The trends of all sets of data are similar,
showing a decrease of the interaction parameter as the
temperature is increased. This indicates that the solvent
quality increases with temperature.

Table 2. Flory-Huggins liquid crystal I- solvent inter
action parameters, x5 of THPHBI with studied
solvents at various column temperatures

t°C) [ nBA [ IBA | B T EB
125 | 052 | 053 | 024 | 006 | 025
130 | 047 | 048 | 020 | 0.03 | 0.25
135 | 036 | 040 [ 0.15 | -0.03 | 0.16
140 [ 041 | 040 | 012 [ -0.04 | 0.15
145 | 041 | 041 | 015 | -0.03 | 0.15

150 0.37 040 | 0.09 | -0.05 | 0.12
155 036 | 0.35 0.10 | -0.10 | 0.09
160 0.35 034 | 0.10 | -0.08 | 0.11

Table 3. Equation of state liquid crystal- solvent
interaction parameters, y;, of THPHBI with
studied solvents at various column temperatures.

t°C) [ nBA [ IBA | B T EB
125 [ 066 | 067 | 041 | 0.19 | 035
130 [ 061 | 062 | 036 | 0.15 | 035
135 | 050 | 055 | 031 | 0.10 | 0.26
140 | 055 | 055 | 028 | 0.08 | 0.25
145 | 056 | 056 | 031 | 0.11 | 0.26
150 | 052 | 052 | 024 | 0.08 | 0.23
155 | 051 [ 051 [ 025 | 0.05 | 0.20
160 | 052 | 051 | 025 | 0.07 | 022

The effective exchange energy parameters, X . in the

equation of state theory were obtained from Eq.(5) and
results were given in Table 4. It was determined that X . of

THPHBI in all solvents is changeable depending on
temperature.

Table 4. The effective exchange energy parameters,
X (fem®) of THPHBI with studied solvents at

various column temperatures

t°C) | nBA | IBA B T EB

125 | 689 | 5.02 | 062 | -7.99 | 3.35
130 | 599 | 3.10 | -1.89 | -7.19 | 2.56
135 | -0.15 | 0.18 | -3.95 | -10.94 | -0.67
140 | 401 | 029 | 459 | -11.13 | 042
145 | 2.63 | 1.60 | -1.81 | -12.82 | -1.39
150 | 1.03 | -0.80 | -2.96 | -11.82 | -3.44
155 | 0.64 | -1.05 | -1.57 | -1472 | -4.17
160 | 0.83 | -1.69 | -2.36 | -14.37 | -2.70

The parameters X, were obtained by means of the

Eq.(7) using the values of y; found from slopes of the plots
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according to Eq.(6). Then, parameters Q,, were

calculated from Eq. (8). Results were given in Table 5
and Table 6, respectively. Although the parameters X,,

and Q,, have very slightly changed for studied solvents,
the temperature dependences of X,, and Q, are
negligible.

Table 5. The exchange enthalpy parameters, X,

(/em®) of THPHBI with studied solvents at
various column temperatures

t°C) | nBA | IBA | B T EB
125 | 53.06 | 61.87 | 100.91 | 61.58 | 59.52
130 | 52.27 | 62.43 | 99.48 | 59.19 | 60.58
135 | 54.37 | 62.93 | 98.45 | 60.41 | 60.07
140 | 52.37 | 63.18 | 97.20 | 59.81 | 59.78
145 | 54.36 | 62.22 | 96.21 | 62.79 | 60.77
150 | 54.90 | 63.60 | 92.85 | 60.36 | 61.79
155 | 55.23 | 63.69 | 91.65 | 61.49 | 61.22
160 | 55.70 | 64.71 | 92.98 | 62.37 | 60.63

Table 6. The exchange entropy parameters, Q,, 102

(Iem®KY) of THPHBI with studied solvents at
various column temperatures

t°C) | nBA | IBA B T EB
125 1 0.096 | 0.12 | 021 [ 0.14 [ 0.8
130 [ 0.095 [ 0.12 | 021 [ 0.14 | 0.12
135 | 0.11 [ 013 | 021 | 0.14 | 0.12
140 [ 0.096 [ 0.12 | 020 [ 0.14 | 0.12
145 [ 010 [ 012 [ 019 [ 015 [ 012
150 [ 010 [ 012 | 0.19 | 0.14 | 0.13
155 | 010 [ 012 | 0.8 [ 0.15 | 0.12
160 | 0.10 [ 012 | 018 [ 0.14 | 0.12

4. Conclusions

The liquid crystal THPHBI has been synthesized
and characterized. Phase transition temperatures of
THPHBI were determined by PM, DSC, and IGC. The
transition temperatures of THPHBI obtained by IGC are
in good agreement with the ones obtained by DSC and
PM. The values of interaction parameters found in this
study suggest that studied solvents are good for
THPHBI. It was seen that the temperature dependences
of X, and Qy, are negligible.
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