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A new class of liquid crystalline acetylide-imine system was successfully synthesized, char-

acterized and deposited on indium tin oxide (ITO) coated substrate via electrochemical depo-

sition method for potential organic film application. The relationship between liquid crystal

molecular structure, phase transition temperature and electrical performance was evaluated.

The mesomorphic properties were identified via polarized optic microscopy (POM) which dis-

played fan-shaped texture of smectic A phase and their corresponding transition enthalpies

are in concurrence with DSC and TGA studies. The findings from the conductivity analy-

sis revealed that the fabricated film exhibits good electrical performance where it displayed

linear current-voltage relationship of I-V curve. Therefore, this proposed type of molecular

framework has given an ideal indication to act as transporting material for application in

optoelectronic devices.
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I. INTRODUCTION

Almost since its inception, the notion of or-

ganic optoelectronics has ignited the imagina-

tion towards ultra-lightweight, flexible and large-

∗corresponding author:wmkhairul@umt.edu.my

area devices. Translating imagination into exis-

tence has been further fortified when solution-

processed emerged as a low-cost and easy-

processable thin-film fabrication technique [1].

While a plethora of solution-based deposition

techniques have been developed, morphological
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defects remains the biggest technological hur-

dle mainly due to the structural disorder of

molecules on both local (amorphous) and macro-

scopic (grain boundaries) length scales which

limits the charge carrier mobility [1],[2]. This

technical drawback is particularly pronounced

for electron transporting layer, which attends as

the major charge transport carrier in multilayer

stack device. In this sense, electrochemical de-

position (ECD) is one of the alternative solution-

processing route to deposit thin-film with device

efficiency complementary to typical solution or

vapour deposition [2],[3]-[5]. Into a closer look,

ECD can fabricate continuous and ordered thin-

film that facilitates intermolecular charge trans-

fer where the thickness of the film can be easily

modulated by controlling the amount of charge

passes through the electrochemical cell, and a

smooth surface morphology of the thin-film is

feasible by optimizing the scan rate of cyclic

voltammetry [6]. Despite of these morpholog-

ical advantages offered by ECD, electrodeposi-

tion of organic small molecules for use in opto-

electronics are still limited to the conventional

perylene-based compound [2]. Further synthetic

research of novel molecular systems may afford

greater understanding of structure-morphology

relationships of electrochemical deposited thin-

film.

In this contribution, acetylide-imine system

has become our subject of interest for liquid crys-

talline materials as new ECD-processable elec-

tron transporting materials as shown in Figure

Figure 1. 4-[(4-heptyloxyphenyl)methylene]-4-

(phenylethynyl)toluene

(HMPT)

1. Discussing on its structural-property rela-

tionship, electrochemically robust and stablil-

ity, imine (-HC=N-) moiety is anticipated to

transform into new materials with liquid crys-

talline properties [7]-[8]. In these sense, imine

bond (-HC=N-) is incorporated into the molec-

ular structure to increase the length and polar-

isability anisotropy of the compound core and

consequently enhance liquid crystal phase sta-

bility [9]. Moreover, imine group is very inter-

esting class of organic compounds in the inves-

tigation of their liquid crystal properties from

the point of view of their rich polymorphism.

By evidence that Schiff Bases undergo electro-

chemical single-electron-transfer to produce rad-

ical imine nitrogen, extension of conjugation has

been demonstrated via acetylene functionaliza-

tion to fine-tune the electrochemical behaviours

through resonance stabilization of the electro-

chemical radical species [10],[7]-[8]. To opti-

mize the communication between electrochem-

istry and morphology, alkoxy chain has been in-

corporated not only to manipulate the redox po-

tential shift through its electron donating abil-

ity, but also to achieve good solubility that could
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assist in the formation of pinhole-free and high-

density ECD thin-films [11]-[12]. This electron

donating nature of alkoxy function also extended

to the photophysics, whereby it could generate

electronic push-pull effect with electron deficient

Schiff Base π-system to form a unique photo-

chemically active intramolecular charge transfer

complex, which is an intriguing feature of elec-

tron transporting material [7],[12]. Remarkably,

the combination of rigid acetylide-imine core and

flexible has afforded the liquid-crystalline prop-

erty which could self-aligned into an ordered

phase at elevated temperature, thus retain the

film shape and favor the charge mobility [13].

To integrate all desirable properties into one

goal, in this study acetylided-imine were synthe-

sized and fabricated as electrodeposited electron

transporting layers, which the current-voltage

characteristics and charge transport behaviours

were evaluated.

II. MATERIALS AND METHODS

A. Materials and instrumentation

All chemicals and solvents were purchased

from standard commercial suppliers namely

Sigma Aldrich, Merck, Fisher Scientific and

R&M Chemical and were used as received with-

out any special precautions taken during the ex-

perimental work-up. The infrared (IR) spec-

tra were recorded on Perkin Elmer 100 Fourier

Transform Infrared Spectroscopy in the spectral

range of 4000-400 cm−1 using potassium bro-

mide (KBr) pellets. The NMR spectra were

recorded using Bruker Avance III 400 spectrome-

ter 1H (400.11MHz) and 13C (100.61MHz) by us-

ing deuterated chloroform (CDCl3) at room tem-

perature as solvent and internal standard in the

range between δH 0-15 ppm (1H) and δc 0-200

ppm (13C). Thermogravimetric analysis was per-

formed using PerkinElmer TGA Analyzer from

30 ◦C to 900 ◦C at a heating rate of 10 ◦C/min

under nitrogen atmosphere. The thermal prop-

erties like phase transition temperatures and en-

thalpy values of liquid crystal mesogens were in-

vestigated by modulated DSC Q2000 where the

heating and cooling rate at a scanning rate 10

◦C/min under nitrogen atmosphere. The liquid

crystal phase transitions were investigated by

an Olympus polarized light microscope (POM)

equipped with Mettler Toledo FP90 hot stage

FN82HT. The temperature scanning rate for

heating was determined at 10 ◦C/min while cool-

ing 5 ◦C/min.

B. Synthesis of 4-Heptyloxybenzaldehyde

(1)

The preparation of 1 was accomplished via

Williamson ether synthesis through equimolar

ratio of heptyl bromide (3.42 g, 19 mmol), 4-

hydroxybenzaldehyde (2.32 g, 19 mmol) potas-

sium carbonate (2.63 g, 19 mmol), and KI (1.00

g, 6 mmol) in 70 ml DMF were added into round

bottom flask and heated under reflux with con-

126



ASM Science Journal Special Issue 2018(1)

stant stirring at 80 ◦C for overnight (ca. 24

hours) afforded a mixture of orange solution and

white precipitate of inorganic salt by-product.

Once the reaction adjudged completion via thin

layer chromatography (TLC), the mixture was

allowed to cold to room temperature and filtered

to remove inorganic salt by-product. The col-

lected organic phase was extracted using diethyl

ether (3 x 100 ml). Later, 5% of NaOH was

added into the mixture, extracted with distilled

water until the solution reached pH 7. The col-

lected organic phase was then dried over mag-

nesium sulphate, filtered and the solvent was re-

moved in vacuo to attain a pale yellowish oil of

title compound 1 (3.57 g, 85 %). The synthetic

approach applied for 1 is as shown in Scheme 1.

C. Sonogashira Cross-Coupling Reaction:

Synthesis of

4[(4-aminophenyl)ethynyltoluene] (2)

Reaction work-up details with respect to the

synthesis of 2 following previously reported lit-

erature [14]-[15]. 4-iodoaniline (3.00 g, 13.5

mmol) was added into a 250 ml three necks

round bottom flask, followed by 5 mmol% CuI

and 5 mmol% Pd(PPh3)2Cl2. After that, 4-

ethynyltoluene (3.18 g, 27 mmol) was added into

the mixture, followed by 50 ml of distilled water

and 50 ml of triethylamine. Then, the mixture

was heated under reflux with a constant stirring

at 80 ◦C for overnight (ca. 24 hours) to obtain

a two layers mixture. Once the reaction was ad-

judged completion by thin layer chromatography

(TLC), it was allowed to cool to room tempera-

ture. Later, the mixture was then filtered, and

the collected organic phase was extracted by us-

ing DCM (3 x 100 ml). The organic phase was

dried over magnesium sulphate and the solvent

was removed in vacuo. The solid residue was

purified over silica gel column chromatography

(hexane: CH2Cl2; 60: 40) which gave a pale

brown solid of title compound 2 (1.63 g, 57 %).

The synthetic work for the synthesis of 2 is as

shown in Scheme 2.

D. Synthesis of

4-[(4-heptyloxyphenyl)methylene]-4-

(phenylethynyl) toluene

(HMPT)

The synthesis of HMPT was taken place

by adding 2 (0.10 g, 0.48 mmol) into a 250

ml two necks round bottom flask fitted to a

dean-stark apparatus, followed by addition of

50 ml of ethanol. Next, the mixture was

stirred vigorously until 2 was fully dissolved

in ethanol to obtain a brown solution. 4-

Heptyloxybenzaldehyde, 1, (0.10 g, 0.48 mmol)

in 5 ml ethanol was added dropwise into the

round bottom flask. The reaction was contin-

ued by stirring the mixture for about 15 minutes

before heat was applied. Once the reaction was

adjudged completion by TLC, the temperature

was increased for distillation to take place and

to remove excess ethanol from the round bottom
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Scheme 1. Synthetic approach for the synthesis of 4-heptyloxybenzaldehyde (1)

Scheme 2. Synthetic approach for the synthesis of 4[(4-aminophenyl)ethynyltoluene] (2)

flask (ca. 20 ml). After that, the mixture was

cooled to room temperature. The crystallization

was induced when the mixture was added into

ice-bath to obtain pale yellow solid precipitate.

The obtained precipitated was then filtered, re-

crystallized over hot acetonitrile to attain a pale-

yellow solid of 3 (0.17 g, 86 %). The synthetic

pathway of 3 is as shown in Scheme 3.

E. Fabrication of Organic Thin Film

The thin films were prepared by using

electrochemistry method via Electrochemical

Impedance Spectroscopy (EIS) in the follow-

ing conditions: 0.05 V, 0.05 V/S, and potential

range -3 V until 3 V in tetrahydrofuran (THF).

Figure 2 shows the general illustration arrange-

ment of HMPT/ITO.

F. Electrical Characteristic Study

HMPT/ITO thin film was prepared by us-

ing electrochemistry method and these thin films

were investigated on their performance by plot-

ting I-V curve to investigate the potential and

tendency to be applied as an active layer or-

ganic thin film transistor. I-V curve was plot-

ted by using Four Point Probe system consist

of the Jandel Universal Probe combined with a

Jandel RM3 Test Unit. In this study, the for-

ward voltage and reverse voltage were measured

by setting the current as manipulation variable

so that by changing the current, the voltage can

be measured. Two outer probes supply a volt-

age difference that drives a current through the

film. Meanwhile the two-inner probe pick up a

voltage difference and the forward voltage and

reverse voltage were recorded.

III. RESULTS AND DISCUSSIONS

A. Infrared (IR) Spectroscopy Analysis

Infrared spectrum of HMPT revealed all

the expected bands of interest namely ν(C-H

aromatic), ν(CH aliphatic), ν(C≡C), ν(C-O),

ν(C=N). The broad IR band at 3447 cm−1 was

assigned as stretching vibrations of v(C-H aro-

matic) in the phenyl ring. The band was shifted

to a higher wavelength with increasing band

broadness compared to its precursor due to the

effect of charge resonance in regularly stacked of
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Scheme 3. Synthetic approach for the synthesis of 4-[(4-heptyloxyphenyl)methylene]-4-(phenylethynyl)

toluene (HMPT)

Figure 2. The general illustration of

HMPT/ITO layers

multiple aromatic groups. The absorption bands

of ν(C-H aliphatic) and ν(C-O) were observed

respectively in the range of 2922 cm−1 to 2858

cm−1 and 1169 cm−1 [16]. The assignments of

these stretching modes were made by compar-

ing to their precursor and shifting wavenumbers

were associated with the conjugation effect as

HMPT has relatively greater extent of conjuga-

tion as compared to its precursor. The ν(C≡C)

of the tolane moiety occurred at 2212 cm−1 as

weak intensity peak where a diminished absorp-

tion intensity of ν(C≡C) was observed due to

the effect of the inter-stacking interaction and

dipole moment of the molecule [17]-[18]. Addi-

tionally, the presence of ν(C=N) stretching vi-

bration can be observed at 1621 cm−1 in which

it is highly indicated to the imine formation

and molecular structure of HMPT [19]-[20]. The

ν(C=N) can be noticed at a low frequency due

to the conjugation of π-electrons caused by the

effect of tolane and para-substituted phenyl ring

along with delocalization of nitrogen pair into

imine double bond that eventually lowered the

ν(C=N) wavenumber [21].

B. 1H and 13C Nuclear Magnetic Resonance

(NMR) Analysis

The 1H NMR spectrum for HMPT showed

methyl resonance at δH 0.90 ppm while protons

for the alkoxy group were observed in the range

of δH 1.30-1.83 ppm. For R-O-CH2, the sig-

nal was detected at δH 4.02 ppm due to the

contribution of electronegativity of the oxygen

atom. Meanwhile, the aromatic protons of the

para-substituted aromatic rings can be clearly

observed as pseudo-doublet resonances in the

range of δH 6.98-7.85 ppm. In addition, azome-

thine proton (NH) was observed as a singlet at

downfield, δH 8.38 ppm. The disappearance of

amine and aldehyde protons that accompanied

with the appearance of azomethine proton con-

firming that the amine was reacted with alde-

hyde to produce imine moiety [22]. The 13C

NMR data of HMPT was consistent with the

proposed molecular structure. The methyl res-

onance can be clearly observed at δc 14.09 ppm

and carbon resonances for alkyl were detected

in the range of δc 21.53-31.78 ppm, which re-

vealed a good agreement with the previous re-
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ports on the similar systems. Whilst, the chem-

ical shift for R-CH2-O- can be found at δc 68.25

ppm due to the deshielding effect in the pres-

ence of oxygen atom. Meanwhile, the acetylide

carbons of the tolane moieties can be clearly ob-

served as two resonances at δc 88.82 ppm and δc

89.73 ppm where the splitting is due to the influ-

ence of their non-symmetrical structure, which

revealed a good agreement with the previous re-

ports on the similar systems [15]. In addition,

aromatic carbon resonances were also observed

in the range of δc 114.75-160.00 ppm which at-

tributed to their para-substituted aromatic sys-

tems. The resonance of C=N was observed at δc

162.10 ppm.

C. Thermal, Mesogenic and Microstructure

Studies

Thermal stability of HMPT was investi-

gated via thermogravimetric (TGA) and differ-

ential scanning calorimetry (DSC) analysis. The

molecule is stable up to 300 ◦C and the degra-

dation process showed two stages of major mass

loss as depicted in Figure 3a. The initial degra-

dation took place at around 305 ◦C (Tonset) and

ended at around 390 ◦C (Toffset) with maximum

degradation (Tmax) of 360 ◦C. Meanwhile, sec-

ond stage started to degrade at 415 ◦C (Tonset)

and ended at 505 ◦C (Toffset) with maximum

degradation (Tmax) of 450 ◦C. During the de-

composition of these stages, the total mass loss

was about 75%. Generally, this thermal be-

haviour are in agreement with the previously

reported related compounds [14]. Considering

Td is above its LC phase transition temperature,

HMPT could maintain good thermal and mor-

phological stabilities when thermally annealed at

its LC phase transition temperature to allow in-

situ self-organization during the device fabrica-

tion step.

On the other hands, the POM studies of

HMPT imply nematic phase reflected the mar-

bled texture upon heating between 80-130 ◦C

(Figure 4) before clearing to the isotropic liq-

uid at 270 ◦C. The material was cooled from the

clearing at 10◦C per minute to 132-122 ◦C, where

the formation of a fan-shaped texture occurred

and assigned as a smectic A phase. Upon fur-

ther cooling to 80 ◦C a transition occurs which

leading to a nematic phase identified by its char-

acteristic of marbled texture as depicted in Fig-

ure 5. In this present case, the combination

of C≡C bond and a flexible tail suggests that

HMPT exhibited liquid crystalline phases at el-

evated temperatures [23]-[24]. Additionally, the

imine (CH=N) linking group is one of the factors

influencing the target compound exhibit nematic

phase as expected since this ligand has long

molecular lengths coupled with extension of the

conjugation through aromatic rings. DSC anal-

ysis is concurrence with POM studies. During

heating mode two anomalies are visible, which

correspond to the phase transitions. At 80◦C,

the transition from the crystal phase to nematic

phase takes place. Next, the peak at about 130
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Figure 3. (a) TGA and (b) DSC thermograms of HMPT

◦C corresponds to the transition nematic phase.

Then, upon cooling, there are three anomalies

are presence which showed isotropic → smec-

tic A transition temperature (TL → SmA) at

132◦C and 122◦C, yet the transition smectic →

Anematic transition is present on the relevant

diagram at 80◦C as shown in Figure 3.

Figure 4. (a) and (b): Marble texture of

Nematic phase at 80◦C and 130◦C on heating

Figure 5. (a) fan-shaped texture of smectic A

phase at 132◦C ; (b) fan-shaped texture of

smectic A phase at and 122◦C ; (c) Marble

texture of Nematic phase at 80◦C on cooling

Considering the molecular assembly of π-

conjugated aromatic molecules is largely domi-

nated by the π-π interaction between the planar

π-system (in cooperation with the hydrophobic

interactions between the alkoxy chains), HMPT

is anticipated to produce similar intermolecu-

lar arrangement and therefore approximately the

same morphology of the final assembled ma-

terials as indeed disclosed by the SEM imag-

ing displayed in Figure 6. The amphiphilic

property of HMPT is highly favourable for self-

assembly through π-π stacking in hydrophilic

solvent, where the hydrophilic Schiff base core

tends to stretch out into the solvent, while the

hydrophobic alkoxy chains tend to interdigitate

to hold the HMPT scaffolds, hence facilitating

the π-π stacking growth [13]. In short, based on

the SEM analyses, HMPT can be readily assem-

bled into well-structured that promise in fabri-

cating well-ordered thin film.
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Figure 6. SEM images of HMPT material

D. Electrical Conductivity Studies

The electrical conductivity (EC) study of

HMPT thin film in the Au/HMPT/ITO metal-

organic conductive layer-metal oxide configura-

tion was evaluated by using Four Point Probe.

The EC of the thin film was measured based on

the voltage values, while the current was set as

constant. The current value was applied only

from the range of 1 mA to 10 mA due to limita-

tion of the available instrumentation. Both for-

ward biased voltage and reverse biased voltage

were recorded and the I-V curve was plotted as

depicted in Figure 7 (left). From the data anal-

ysis, I-V curves measurement displayed ohmic

current-voltage relationship where the electrical

conductivity of HMPT increased proportional

with the applied voltage. The asymmetry of I-V

curve is caused by the different top and bottom

electrodes work functions, φ for ITO layer and

Au electrode of 4.8 eV and 5.1 eV, respectively

at the electrode-film interface. The schematic

diagram of an energy band for Au/HMPT/ITO

configuration is depicted in Figure 7 (right) with

the energy band gap of HMPT (3.61 eV) calcu-

lated from density functional theory. In short,

the preliminary study of electrical conductivity

of HMPT showed positive and satisfactory re-

sults for this material to be applied as conduc-

tive film due to its properties, in which the sys-

tem possesses fair conjugation in the molecular

framework.

IV. SUMMARY

In conclusion, the role and performance of

new liquid crystalline semiconductor material of

acetylide-imine has been successfully synthesized

and eventually deposited on ITO substrate via

simple electrochemical deposition method. This

material possesses thermal stability at high tem-

perature and displayed fan-shaped smectic A

during the cooling processes. The fabricated

films also exhibited good electrical performance

under various current values. Thus, the results

revealed that this liquid crystalline material can

be employed as ECD-transporting material in

conductive film application.
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