
Introduction

Liquid crystalline azomonoethers are new synthe-

sized compounds, potential materials for non-linear

optical applications. These aromatic azomonoether

dyes can be obtained in alkaline medium, by the con-

densation of 4-(phenylazo)phenols with chloro-

methylated derivatives of chlorobenzene (the very

well known ‘Williamson ether synthesis’) [1].

Thermal analysis of 4-[(4-chlorobenzyl)oxy]-

4’-cyano-azobenzene (4CN type liquid crystal) was per-

formed in order to establish its stability and physical

transformations as function of temperature. Recent stud-

ies dealing with the thermal behaviour of other azoic

dyes were also reported [2–4].

One of the main challenges of materials science is

the development and integration of new devices with a

wide area of applications. Thermal stability studies are

however indispensable before attempting any deposi-

tion experiments for obtaining such devices [5–7]. New

requirements, as reducing scale dimensions of inte-

grated systems, in our case – thin films, lead to the im-

provement of new deposition techniques that are pro-

ducing pure, continuous and smooth surfaces. Laser in-

teraction with matter, since the expansion of pulsed la-

sers in the mid ’60, is the most popular starting point for

the development of thin films’ processing techniques.

The most important technique from the technological

point of view is pulsed laser deposition (PLD) tech-

nique, which was used for the deposition of various un-

complicated inorganic thin films [8, 9]. Laser interaction

with matter (solid or liquid materials) implies the ob-

taining of plasma plume, that transports material, with

the formation of a thin film on the substrate. Unfortu-

nately, PLD can not be used as a deposition method as a

simple and raw ablation for more complex compounds

(organic molecules, inorganic coordination compounds,

multi-element oxides, polymers, supermolecules, cer-

tain phases, etc.) or systems. This is due to the relatively

high laser fluences, that induce photochemical decom-

positions, and also to the impossibility of transferring

such great/complicated structures.

In the last years, a new deposition tech-

nique – MAPLE (matrix assisted pulsed laser evapora-

tion), derived from pulsed laser deposition (PLD) concept

(thin films’ processing by laser interaction type), was

set-up to surpass the encountered difficulties [10].MAPLE

technique consists in producing a frozen ‘deposition

phase-solvent’ system and its evaporation when the laser

interacts only with the solvent. Such a non-destructive

technique seems to solve accurately the deposition

problem of complex chemical structures [11–14].
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Experimental

Azoic dye 4-[(4-chlorobenzyl)oxy]-4’-cyano-azoben-

zene with liquid crystalline nature,

was deposited on both Si and SiO2 substrates by

MAPLE technique. ANd:YAG laser, working at a repe-

tition rate of 10 Hz and 266 nmwavelength was used for

an incident fluence in the range of 0.066–0.130 J cm–2.

The experiments were performed for a deposition time

of 45 min. The deposition chamber was vacuumed up to

4·10–3 N m–2. The experimental setup of the MAPLE

method is presented in Fig. 1.

The targets were prepared by freezing a solution

of 0.5% of 4CN type liquid crystal in toluene. Usu-

ally, the solution must be of 0.1–2.0 mass% because

of the hard laser interaction with the solid target; the

chosen solvent is preferable to have a freezing point

as high as possible.

When the laser reaches the target, only the sol-

vent (also named – matrix) is absorbing the radiation.

Thus, the ‘solid’ is ablated, the matrix evaporates and

only the material’s molecules are collected on the

substrate (Fig. 2).

Thermal analysis measurements of 4CN type

compound were carried out in argon flow atmosphere

(150 mL min–1), under isothermal and non-isothermal

conditions. A horizontal Diamond Differen-

tial/Thermogravimetric Analyzer from Perkin-Elmer

Instruments was used during the experiments. Sam-

ples from 0.8 to 1.2 mg, contained in Al2O3 crucibles,

were heated, cooled (�=10 K min–1) and isothermally

kept in the temperature range: 20–1000°C.

The films’ surface aspect and roughness were ana-

lyzed by atomic force microscopy (AFM) with a Nomad

equipment produced by Quesant Instrument Corpora-

tion. The thicknesses were evaluated by Spectro-

ellipsometry, using a Woollam Variable Angle Spectro-

scopic Ellipsometer (WVASE) apparatus from

J. A. Woollam Co., Inc. The system is equipped with a

high pressure Xe discharge lamp, which generates light

in the energy range of 1–5 eV from near-IR to UV.Mea-

surements were performed in the UV and near-IR region

of the spectrum, between the above mentioned energies,

with a step of 0.01 eV, at fixed incident angle of 70°.

The preservation of the obtained structures were

checked by FTIR spectroscopy on a Perkin-Elmer In-

struments Spectrum 100 apparatus in the range of

550–4000 cm
–1.

Results and discussion

Thermal analysis

Figure 3 shows the TG, DTG and DSC curves of the

investigated compound recorded in argon flow, for

the heating rate of 10 K min–1. After melting at 158°C

and a specific liquid crystalline transition at 195°C, it

undergoes endothermic decomposition in the temper-

ature range of 245–350°C (TG curve). The experi-

mental mass loss of the first step (�mexp=91%) indi-

cates as possible only the entire destruction of all

bonds. The remaining 8–9% correspond to the forma-

tion of carbon-based residues. The second endother-

mic process (decomposition of the carbonaceous mat-

ter), takes place between 503–665°C.

To establish phase transitions processes, we pro-

posed heating-cooling (�h=10 K min–1; �c=

10 K min–1) explorations, intercalated with 10 min

isothermal regimes at 210°C (after heating) and 80°C

(after cooling) – Fig. 4.

The heating–cooling cycles reveal two endother-

mic transformations at heating and three exothermic

transformations at cooling, as can be seen in Fig. 5.
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CH2 N NCl CN

Fig. 1 Experimental setup of MAPLE deposition technique for

thin films fabrication
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Fig. 2 Principle of MAPLE deposition technique



A DTA-Optical microscope, as described in [15]

was used to identify the liquid crystalline mesophases

that appear (Fig. 6), first at heating and then at cool-

ing. Between 170 and 220°C, there can be found the

liquid anisotropic phase. The investigated compound

has Smectic A and Nematic mesophases both at heat-

ing and cooling.

DSC thermal parameters for the heating

(�h=10 K min–1) and cooling (�c=10 K min–1) are

listed in Table 1, respectively in Table 2.

Thin films – surface morphology

Thin films of our 4CN liquid crystal were obtained on

both Si and SiO2 substrates, for the following

fluences: 0.066, 0.100 and 0.130 J cm–2. AFM images

of the films, deposited for 45 min time, reveal contin-

uous and smooth surfaces, when Si was used as sub-

strate (Fig. 7). The roughness of the films deposited

on Si increases with the increasing fluence of the laser

radiation (from 13.9 nm at 0.066 J cm–2, up to 22.3 nm
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Fig. 3 TG/DTG and DSC curves of 4-[(4-chlorobenzyl)oxy]-

4’-cyano-azobenzene (1.1 mg) for the heating rate of

10 K min–1
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Fig. 5 Heating-cooling curves of 4-[(4-chlorobenzyl)oxy]-

4’-cyano-azobenzene (1.0 mg) for the heating rate of

10 K min–1

Table 1 DSC thermal parameters for the heating rate of 10 K min–1 (heating)

Change
Maximum temperature,

Tmax/°C
Temperature range,

Ti–Tf/°C
Transferred heat,

�H/kJ kg–1

Melting (Solid�Smectic A) 158 155–170 102

Phase transition (Smectic A�Nematic) 194 191–196 4

First mass loss 320 265–345 81

Second mass loss 600 503–665 2095

Crystalline Smectic A

heating

Nematic

Smectic A

cooling

Solid Crystalline

Fig. 6 Liquid crystalline mesophases of

4-[(4-chlorobenzyl)oxy]-4’-cyano-azobenzene



at 0.130 J cm–2). On a comparison with respect to the

depositions on SiO2 (Fig. 8), the roughness of 4CN

thin films on Si substrate is lower (more than 35 nm of

organic material on SiO2 substrate).

2D images (44 �m×44 �m) indicate uniform and

compact 4CN layers on Si substrates (Fig. 9), while

SiO2 substrate is not entirely covered (Fig. 10).

On the Si substrates, the growth occurs layer by

layer (Frank–van der Merwe mechanism), while on

SiO2 the growth is in patches (Volmer–Weber mecha-

nism) [16]. The crystalline nature and orientation

(1 0 0) of Si substrates could be one of the reasons for

the better deposition on the surface, when crystalline

centres are uniformly attracting the molecules from

the plume. Because SiO2 substrates are amorphous,

growth centres may appear in dissimilar high-energy

points, caused mainly by defects. This new growth

centres (droplets in Fig. 8) are the reason for the at-

traction of material’s molecules and lack of deposi-

tions surrounding them.
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Table 2 DSC thermal parameters for the cooling rate of 10 K min–1 (cooling)

Change
Maximum temperature,

Tmax/°C
Temperature range,

Ti–Tf/°C
Transferred heat,

�H/kJ kg–1

Phase transition (Nematic�Smectic A) 193 194–189 –6

Solidification (Smectic A�Solid) 146 147–138 –71

Crystallization 133 135–129 –9

237.1 nm

10 m

20 m

30 m

40 m
10 m

20 m

30 m

40 m

0

0

0
nm

50

100

150

200

Fig. 7 3D image of 4CN layer on Si substrate for a fluence of

0.130 J cm–2 (after 45 min)
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Fig. 8 3D image of 4CN layer on SiO2 substrate for a fluence

of 0.130 J cm–2 (after 45 min)
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Fig. 9 2D image of 4CN layer on Si substrate for a fluence of

0.13 J cm–2 (after 45 min)
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Fig. 10 2D image of 4CN layer on SiO2 substrate for a fluence

of 0.13 J cm–2 (after 45 min)



The thickness of the thin film, dependent on the

laser energy, can be obtained by spectroellipsometric

measurements; in ellipsometry, the change of the po-

larization state of linearly polarized light is measured

upon reflection at the surface. Although spectro-

ellipsometric measurements are simple to be done,

data analysis is complicated and requires a complex

fitting. In the present work we make use of

WVASE32 software, which is designed to handle

data modelling and fitting from single film to ex-

tremely complex multi-samples and multi-layered

problems.

Because the SiO2 surfaces are not entire covered,

experimental spectroellipsometric data are not to be

trusted. For our best deposition (substrate: Si,

fluence: 0.130 J cm–2, deposition time: 45 min) we

obtained a thickness of 26 nm.

Thin films – chemical profile

FTIR spectra of the obtained thin films were per-

formed in order to identify the compound after the de-

position experiments and the best deposition condi-

tions for the growth. The FTIR spectra of the 4CN

layers deposited on Si for 45 min are compared in

Fig. 11 with the relevant part of the spectra of the

compound.

The FTIR analysis confirms the preservation of

the compound structure after the transfer, when ap-

plying MAPLE technique. For low fluences, the laser

is not able to transfer enough material (low intensity

peaks), while for the higher fluence (0.130 J cm
–1) the

FTIR curve has almost the same profile with the refer-

ence sample.

Conclusions

Thermal analysis of a new synthesized liquid crystal:

4-[(4-chlorobenzyl)oxy]-4’-cyano-azobenzene was per-

formed in order to establish its physical transformations

(repeated heating–cooling cycles) and thermal stability.

MAPLE technique was used to obtain thin films of 4CN

type liquid crystal and to surpass the encountered diffi-

culties of PLD concept and procedure. FTIR spectros-

copy results indicate the preservation of the initial or-

ganic compound on each substrate. On the Si, the

growth occurs layer by layer (Frank–van der Merwe

mechanism), while on SiO2 it follows Volmer–Weber

mechanism (growth in patches). AFM images reveal

continuous and smooth surface for the deposits obtained

on Si substrates (increasing together with the laser en-

ergy, from 13.9 to 22.3 nm).
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