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Some optical and electrical properties of 3-diethylamino-1-propylsulfonamide substituted zinc and 
metal-free phthalocyanines are presented. These materials are sensitive to NO2 even at concentrations as 
low as 0.1–2.5 ppm. Electrical conductivity and photoconductivity were used as the detection methods.  
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1. Introduction  

Phthalocyanines (Pcs) are organic molecules consisting of a planar π-conjugated 
skeleton with a metal or two hydrogen atoms at the centre. They are solid under usual 
conditions, stable (up to 400 °C) organic semiconductors, used in many electronic and 
photonic applications, like photodetectors, gas sensors, transistors, solar cells, non-
linear optical media, etc. [1]. Pcs are coloured, absorbing light mainly in two regions, 
250–350 nm (Soret band) and 600–700 nm (Q-band) [2-4]; therefore, visible light can 
be used for photoelectronic applications [5]. Phthalocyanines have already been pro-
posed as active layers for NO2 detection. The majority of authors studied copper 
phthalocyanine sensitivity under various conditions. Cadmium, cobalt, aluminium  
[6, 7], plumbum [8] and lanthanide phthalocyanines [9] were also studied as NO2 sen-
sors. There is little information available about the use of Zn and metal-free Pcs for 
NO2 sensor application.  

 _________  
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Very often the method of vacuum evaporation is used for Pc thin film preparation. 
For non-soluble Pcs, vacuum evaporation seems to be one of the simplest methods for 
the deposition of homogeneous thin films of controlled thicknesses. This method has 
some shortcomings, among others the high cost for industrial applications. When ex-
posed to NO2, the conductivity of such vacuum evaporated thin films increases. It is 
hard to compare absolute values of the increase, as presented by various authors, be-
cause of different deposition conditions, temperature, etc. Generally, according to the 
literature, responses are slow and not easily reproducible. The reverse part of the ki-
netic process is very often longer than 3 h [10, 11]. The increase in temperature im-
proves the reversibility. Usually temperatures between 150 and 200 °C are necessary. 
However, this limits the application possibilities of the sensor. 

Several approaches such as use of modified sample substrates have been applied 
to improve the sensor reaction speed and recovery, as well as to simplify the deposi-
tion conditions. The use of porous silicon with pores filled with Pc reduces the recov-
ery time to 10 min [6], while the sensitivity to NO2 remains the same. Another ap-
proach is to use substituted Pc as a sensing layer. These Pcs are often soluble, which 
makes it possible to use cold wet technologies for layer deposition, like spin coating, 
dipping, drop-casting and ink-jet printing. Although electronic properties of non-
soluble phthalocyanines have been very well established, only limited information 
about substituted soluble derivatives is available. In this paper, we present some opti-
cal, photoelectrical and gas sensing properties of two soluble phthalocyanines, viz.  
3-diethylamino-1-propylsulphonamide-Zn-phthalocyanine (ZnPcSu) and its metal-free 
(H2PcSu) analogue. Sulfonamide substituent acts as a relatively strong electron accep-
tor; thus, a semiconductor of n-type is available [12]. Optical and electrical gas detec-
tion is discussed in the paper. In this paper, the terms “optical gas detection” and 
“electrical gas detection” mean the change of optical properties and electrical proper-
ties of the material under the influence of the studied gas, respectively. 

2. Experimental 

2.1. Materials 

Two 3-diethylamino-1-propylsulphonamide substituted phthalocyanines were 
studied in this work: one with a Zn atom and the other with two hydrogen atoms at the 
centre of the Pc skeleton. 

Synthesis of metal-free phthalocyanine (H2Pc). Metal free phthalocyanine was pre-
pared according to the US Pat. 3.297712. 300 g of 1,2-dicyanobenzene was suspended in 
270 g of quinoline and subsequently heated under a hydrogen blanket in an autoclave 
(volume 2000 cm3, pressure 10 MPa, temperature 200 °C) for 8 h. After the reaction had 
been completed, the dark blue suspension was taken out from the autoclave and filtered. 



Electronic and gas sensing properties of soluble phthalocyanines 783

The filtered cake was thoroughly washed with acetone and dried until a constant weight 
had been achieved. This way, 106,4 g of dark blue product was obtained. 

Synthesis of metal-free phthalocyanine sulfochloride. 10 g of H2Pc was dissolved 
in 56 g of chlorosulfonic acid and heated in a 500 cm3 Keller flask, equipped with 
an agitator, thermometer, dropping funnel and reflux cooler, at the temperature of 
100 °C for 30 min. The reaction mixture was cooled down to a temperature of 85 °C 
by agitating and subsequently 14.5 g of thionyl chloride was gradually added with 
a dropping funnel into the reaction mixture at the temperature between 80 and 85 °C. 
When thionyl chloride was charged, the reaction mixture was heated for 2 h at 100 °C. 
The reaction mixture was cooled down by agitating to the laboratory temperature and 
gradually added into the agitated mixture of 1000 g ice and 1500 cm3 water. Precipi-
tated H2Pc sulfochloride was filtered and washed with ice-water until the analytical 
test with BaCl2 solution on sulfate anion was negative. 62 g of wet H2Pc sulfochloride 
filter cake was obtained. Small sample, ca. 10 g of the wet filter cake, was dispersed in 
methanol, filtered, washed with methanol, filtered and dried. The hydrolysable chlo-
rine content was determined by argentometric titration, after alkaline hydrolysis of the 
dry sample. The content of hydrolysable chlorine was found to be 11.2%. The average 
number of SO2Cl groups on each H2Pc molecule was 2.2. The rest of wet filter cake 
was kept in a freezer box at –18 °C. 

Synthesis of metal-free phthalocyanine sulfonamide (H2PcSu). 52 g of the frozen 
filter cake of H2Pc sulfochloride was crushed and fully dispersed by agitation in 
26 cm3 of water. The temperature of the mixture was 3 °C. After H2Pc sulfochloride 
had been fully dispersed, 10 g of N,N-diethyl-1,3-propanediamine was added into the 
dispersion at once. The temperature of the mixture immediately reached 16 °C. The 
mixture was then subsequently agitated at 60 °C for 6 h. The reaction mixture was 
then filtered and the filter cake of sulfonamide was thoroughly washed with water and 
dried until a constant weight of 4.5 g of dry product had been obtained. 

Synthesis of zinc phthalocyanine (ZnPc). 43 g 1,2-dicyanobenzene, 15.6 g anhy-
drous zinc chloride, 45 cm3 ethanol and 25 cm3 ethanolic solution of sodium etha-
nolate (0.01 g of Na per cm3) were placed in a 500 cm3 flask equipped with an agita-
tor, thermometer, dropping funnel and a cooler. The mixture was agitated and heated 
in order to remove ethanol by distillation. Ethanol was gradually changed for  
1-octanol, which was gradually added into the mixture through a dropping funnel. The 
reaction mixture was agitated at 175 °C for 3 h. Then the mixture was cooled down to 
110 °C, the distillation cooler was changed for the reflux cooler and 250 cm3 of etha-
nol was added into the reaction mixture through the dropping funnel. The dark blue 
product was isolated by filtration, thoroughly washed with ethanol, water and dried to 
a constant weight. 36.4 g of zinc phthalocyanine was obtained this way. Its purity was 
95.5 %, as estimated from the quantity of Zn, which was found to be 10.8 %. 
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Synthesis of zinc phthalocyanine sulfochloride. 20 g of ZnPc was dissolved in 
112 g of chlorosulfonic acid and heated in 500 cm3 Keller flask, equipped with an 
agitator, thermometer, dropping funnel and reflux cooler, at 100 °C for 30 min. The 
reaction mixture was cooled by agitation to 85 °C and subsequently 20 g of thionyl 
chloride was gradually added through a dropping funnel into the reaction mixture at 
the temperature between 80 °C and 85 °C. After all the thionyl chloride had been used, 
the reaction mixture was heated for 2 h at 100 °C. The reaction mixture was then 
cooled by agitation to room temperature and gradually added into the agitated mixture 
of 1000 g ice and 1500 cm3 water. The precipitated ZnPc sulfochloride was filtered 
and washed with ice-water until the analytical test with BaCl2 solution on sulfate anion 
was negative. 80 g of wet ZnPc sulfochloride filter cake was obtained. A small sam-
ple, ca. 10 g of wet filter cake, was dispersed in methanol, filtered, washed with 
methanol, filtered and dried. The hydrolysable chlorine content was determined by the 
argentometric titration, after alkaline hydrolysis of the dry sample. The content of 
hydrolysable chlorine was found to be 8.1 %. The average number of SO2Cl groups on 
each ZnPc molecule was 1.5. The rest of the wet filter cake was kept in a freezer box 
at –18 °C. 

Synthesis of zinc phthalocyanine sulfonamide (ZnPcSu). 70 g of frozen filter cake 
of ZnPc sulfochloride was crushed and fully dispersed by agitation in 40 cm3 of water. 
The temperature of the mixture was 3 °C. After the ZnPc sulfochloride had fully dis-
persed, 20 g of N,N-diethyl-1,3-propanediamine was charged into the dispersion at 
once. The temperature of the mixture immediately reached 28 °C. The mixture was 
then subsequently agitated at 60 °C for 6 h. The reaction mixture was then filtered and 
the filter cake of sulfonamide was thoroughly washed with water. The washed filter 
cake was dried until a constant weight had been achieved. 16 g of dry product was 
obtained. The chemical structures of Pcs under study are shown in Scheme 1. 

Scheme 1. Structural formula of phthalocyanines  
under study. M = 2H or Zn 
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2.2. Samples 

Samples with various structures were used in the experiments. UV-grade fused sil-
ica glass substrates were used for optical transmittance measurements. Samples for 
optical gas detection in transmittance mode were prepared using UV-grade fused silica 
spectroscopic cuvettes (Fig. 1). 

 
Fig. 1. Modified cuvette with Pc layer 

for optical gas sensitivity measurements 

Thin films of Pcs were deposited on the inner sides of the cuvette from the solu-
tion by drop-casting. After drying, the cuvette was closed with a modified plug con-
taining thin tubes for gas supply and gas extraction. The atmosphere inside the cuvette 
was controlled by the gas flowing through these tubes. The design of the cuvette al-
lowed the measurements of optical spectra during the exposure of the samples to the 
analyte gas. For the electrical and photoelectrical measurements, ceramic substrates 
with interdigital gold electrodes were used. Pcs were deposited over the electrodes. 
The distance between electrodes was 30 μm. A schematic diagram of the substrates 
used in this study is shown in Fig. 2. 

 

Fig. 2. Substrate with interdigital electrode system 
for electrical and gas sensitivity measurements 

Substrates made of fused silica glasses were washed in hot peroxysulfuric acid for 
15 min, then rinsed thoroughly with distilled water and dried. Ceramic substrates were 
cleaned in isopropanol vapours for 10 min and then dried. Thin films were deposited 
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by the spin-coating technique and by drop-casting from chloroform solution onto 
freshly cleaned substrates. The films were homogeneous; their thicknesses were ap-
proximately 20–30 nm. The thicknesses of the films were measured using a Taylor 
–Hobson Talystep profilometer . 

2.3. Measurements 

Optical absorption spectra were measured using a Perkin-Elmer Lambda 950 UV 
-VIS-NIR spectrometer. IR spectra were recorded with a Perkin-Elmer Paragon 
1000PC FTIR spectrometer using a single-bounce, attenuated total reflection method.  

Electrical measurements were performed in a dc regime, using a Keithley 6517A 
electrometer. Red light emitting diode (λ = 670 nm) or quartz tungsten halogen lamp 
equipped with a Corner Stone monochromator from Lot Oriel Gruppe Europa were 
used for the sample illumination in photoconductivity studies. 

The electrical response to gas exposure was tested in a 62.8 cm3 sample chamber, 
made of stainless steel (Fig. 3). Gas exposure was realized using a continuous flow of 
a carrier gas mixed with the analyte in a predefined proportion and at a constant flow 
rate. Atmospheric air was used as a carrier gas, a 100 ppm mixture of NO2 with syn-
thetic air was used as the analyte gas. The presence of oxygen in the mixture prevents 
the transformation of NO2 to other nitrogen oxides NxOy. 

 
Fig. 3. Scheme of the chamber for gas sensing measurements 

The amount of the gas passing through the sample chamber as well as the content 
of NO2 were controlled by two gas mass flow controllers. Carrier gas flow was con-
trolled using an Alicat Scientific MC 16 series flow controller, while the analyte gas 
flow was regulated by an Omega FMA3703 flow controller. Carrier and analyte gases 
were mixed and supplied to the sample chamber. All electrical gas sensing measure-
ments were performed according to the following scenario: First, the chamber was 
purged with a pure carrier gas until the electrical current was stabilized. Then, the in-
flow of the mixture of a given concentration of NO2 was applied for 50 min. After that 
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the sample was exposed to pure carrier gas for 50 min. The procedure was repeated for 
several NO2 concentrations.  

3. Results and discussion  

3.1. Optical properties 

Absorption spectra of ZnPcSu thin films (Fig. 4) are characterized by two main 
bands: the Soret or B-band with a maximum at 338 nm, and the Q-band with a maxi-
mum at 680 nm. The former band is related to d–π* electronic transition, the latter one 
to π–π* electronic transition of the phthalocyanine skeleton [13]. The spectrum of 
H2PcSu thin film is also shown in Fig. 4 (curve 2). The character of the spectrum is 
similar to that of ZnPcSu. The Soret and Q-bands show maxima at 334 and 626 nm, 
respectively. Energy gaps Eg were determined from the low-energy onset of Q-band 
absorption in the (hνα)2 vs. hν plot (α is the absorption coefficient, h is the Planck 
constant and ν is the wavenumber). For both Pcs, Eg = 1.7 eV. It is worth noting that 
the absorption coefficient of H2PcSu is higher than that of ZnPcSu. 

 

Fig. 4. Absorption spectra of ZnPcSu (curve 1) and H2PcSu (curve 2) thin films 

Infrared spectra of studied materials are shown in Fig. 5. The peaks at 3284 cm–1 
and 1016 cm–1 (curve 2) can be assigned to central N–H stretching and bending vibra-
tions, respectively. These bands are missing in the ZnPcSu spectrum (curve 1), which 
corresponds to the structural difference between ZnPcSu and H2PcSu. All other peaks 
characteristic of non-substituted phthalocyanines [14, 15] are present in the spectra. 
There are unassigned peaks present in both spectra: 475(sh), 487(w), 500(w), 516(w), 
552(m), 564(m), 576(sh), 611(w), 651(w), 661(sh), 720(vs), 807(m), 836(w), 849(w), 
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923(vw), 951(m), 1046(s), 1075(sh), 1137(s), 1185(m), 1254(s), 1387(s), 1451(s), 
1653(w), 1714(w), 2549(m), 2806(m), 2965 cm–1(s). 

 
Fig. 5. Infrared spectra of ZnPcSu (curve 1) and H2PcSu (curve 2) 

3.2. Optical gas detection 

We have found minor changes in the absorption spectrum of ZnPcSu during NO2 
exposure. The changes are presented in Fig. 6 in the form of the differential transmit-
tance spectrum.  

 

Fig. 6. Differential transmittance spectra of ZnPcSu thin film 
in the presence of NO2; concentrations from 0.12 ppm to 2.50 ppm. 

The reference is the spectrum of neat ZnPcSu 
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The positive values in the picture correspond to increases in the transmittance, 
whereas negative values correspond to decreases in the transmittance upon exposure 
to NO2. The main changes are: the decrease in the absorption in the Q-band region, 
and the increase in the absorption around 500 nm. This increase of the absorption can 
be associated with an exciplex band. Some changes were also observed around 233, 
307 and 380 nm, which is consistent with the reports of other authors [9, 16, 17]. 

 

Fig. 7. Differential transmittance spectra of ZnPcSu after the NO2 exposure  
(concentration 2.50 ppm, 10 and 20 min) and their relaxation on air 

In order to investigate the reversibility of the changes described above, the cuvette 
previously filled with NO2 mixture was purged with clean carrier gas for 1 h. During 
this time, the absorption spectra were measured at 10 min intervals (Fig. 7). It was 
found that the band in the region 400–600 nm almost disappeared after 1 h of purging 
(reversibility 92 %). The value of the Q-band differential transmittance also decreased, 
but the reversibility at 637 nm was only 85%.  

There was no change in the absorption spectra of H2PcSu under the NO2 exposure. 

3.3. Electrical properties 

Dark current–voltage characteristics were ohmic for both the studied Pcs. The 
dark current of the ZnPcSu sample was 4 orders of magnitude lower than that of the 
H2PcSu sample. The activation energy of the dark current, measured in the tempera-
ture range 15–80 °C, was 0.77 eV for both the phthalocyanines under study. These 
values are close to the halves of the energy gaps determined optically (see above), 
which suggests that there is practically no dopant present in the material. 



S. POCHEKAILOV et al. 790

Under illumination with monochromatic light at the maximum of photocurrent in 
the region of Q-band (λ = 596 nm for H2PcSu and 598 nm for ZnPcSu, see Fig. 8), 
a strong current increase was observed; three orders of magnitude for ZnPcSu and 
1.5 order of magnitude for H2PcSu (photon flux φ = 0.76 W/m2). The spectrum of the 
photoelectrical response roughly followed the absorption spectrum (Fig. 8). The shift 
of the photoresponse maximum to the blue region, in the comparison with the absorp-
tion spectrum, could be caused by long-time processes (the spectra were recorded in 
the red to blue region). 

 

 
Fig. 8. Photoresponses and absorption spectra of thin films of phthalocyanines 

under study: a) spectra of ZnPcSu, b) spectra of H2PcSu 

The photocurrent kinetics showed a stable behaviour in the dark and under illumi-
nation (Fig. 9). Immediately after the sample illumination a quite fast current increase 
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was observed. However, the steady state conditions were not reached even after 
30 min. After switching off the light, the current returned to the dark value after ca. 
30 min for ZnPcSu and after a few hours for H2PcSu.  

 

 
Fig. 9. Photocurrent kinetic of studied phthalocyanines: a) – ZnPcSu, b) – H2PcSu.  

Light intensity scenario is plotted with thin curves, photoelectric response in thick ones 

This behaviour seems to be unusual because the electrical conductivity of H2PcSu 
is four orders of magnitude higher than that of ZnPcSu. One reason for this behaviour 
could be the formation of deep traps. This supposition is supported by the shape of the 
dependence of current I on the light intensity φ, which is of the type I = φn, n = 0.8. 
This suggests the influence of traps on charge carrier transport. However, the shapes 
of long time kinetics do not show behaviour consistent with the space charge forma-
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tion, i.e., the current decrease after the current saturation (see Fig. 9b). This behaviour, 
which is not important from the point of view of sensor design, needs additional study. 

3.4. Electrical gas detection 

Electrical sensitivity of ZnPcSu to NO2 exposure is shown in Fig. 10. Electrical 
response could be detected even for concentrations of several hundred ppb at room 
temperature. At the concentration of 2.50 ppm, the dark current increase was already 
two orders of magnitude. The response consisted of a fast and a slow part. The signal 
did not reach saturation even after 40 min. However, the duration of the fast response 
could be estimated to be about 5 min. The characteristic time of the slow reverse proc-
ess was much longer still. It explains the gradual increase of the current at the end of 
clean carrier gas exposure following each step of NO2 exposure (shift of baseline). 
Under the NO2 exposure, the photocurrent response shows behaviour similar to that of 
the dark current under the NO2 exposure. However, the photocurrent sensitivity was 
significantly lower (see Fig. 10, curve 2).  

 

Fig. 10. Kinetics of the current of ZnPcSu thin film during NO2 exposure  
of various concentrations: 1 – dark current, line 2 – photocurrent. The dashed line  

shows the scenario of the NO2 exposure and concentration 

A qualitatively different behaviour was found for H2PcSu, investigated under the 
same conditions as ZnPcSu. Kinetic curves are shown in Fig. 11. The basic differences 
were: both dark and photocurrent response under the NO2 exposure were opposite, ie. 
the current decreased upon exposure to the gas. The dark current change was much 
smaller. The dark current responses were smaller at higher NO2 concentrations. Con-
versely – with the sample under illumination, the photocurrent response during the 
NO2 exposure was fast, the slow component was missing, and the response was fully 
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reversible. Photocurrent stabilization was achieved in about 15 min under the exposure 
to NO2, the reverse process was complete after about 15–20 min. 

 

Fig. 11. Kinetics of the current change of H2PcSu thin film during NO2 exposure  
of various concentrations: 1 – dark current change, 2 – photocurrent change. 
The dashed lines show the history of the NO2 exposure and its concentration 

 
Fig. 12. Electrical sensitivity of ZnPcSu to NO2 in the dark (filled dots), under 

illumination (empty dots), and of H2PcSu to NO2 under illumination (stars) 

The comparison of the above described sensitivities to NO2 for both investigated 
materials is shown in Fig. 12. The sensitivity curve of H2PcSu in the dark has not been 
shown because of the instability of the response at higher NO2 concentrations. The 
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response of H2PcSu under illumination is quite stable and seems to be useful for prac-
tical applications. The relative response magnitude S here is defined as 

exp before

before

100 [%]
R R

S
R
−

= ×  

where Rbefore is the resistivity before the gas exposure, Rexp – resistivity during the ex-
posure.  

4. Conclusions 

We have observed that sulfonamide substituted phthalocyanines have quite high 
absorption coefficients and photoconductivities. Photoconductivity relaxation is slow; 
it can be explained by charge carrier trapping in deep traps. The Pcs under study are 
prospective materials for NO2 sensors, capable of operating even at room temperature. 
Transmittance optical spectroscopy can be also used as a detection method but re-
sponses are weak. The electrical response in the dark is higher but its reaction and 
recovery times are slow. This leads to the shift of the baseline between the successive 
exposures. This problem can be overcome by sample illumination during the detec-
tion. The photoelectrical responses of H2PcSu thin films under the NO2 exposure are 
stable, quite fast and fully reversible. The profiles of the current changes for H2PcSu 
and ZnPcSu are completely different, which suggests different mechanisms of the 
sensitivity to NO2. 

Acknowledgements 

This work was supported by the Grant Agency of the Academy of Sciences of the Czech Republic 
(grants No. KAN400720701 and KAN401770651). 

References 

[1] FORREST S.R., Nature, 428 (2004), 911. 
[2] WALZER K., TOCCOLI T., PALLAORO A., VERUCCHI R., FRITZ T., LEO K., BOSCHETTI A., IANNOTTA S., 

Surf. Sci., 573 (2004), 346. 
[3] POCHEKAILOV S., RAIS D., NEŠPŮREK S., RAKUŠAN J., KARASKOVÁ M., J. Optoel. Adv. Mat., 9 

(2007), 479.  
[4] DJURIŠIĆ A.B., KWONG C.Y., LAU T.W., LIU Z.T., KWOK H.S., SZE L., LAM M., CHAN W.K., Appl. 

Optics, 42 (2003), 6382.  
[5] POCHEKAILOV S., NEŠPŮREK S., RAKUŠAN J., KARÁSKOVÁ M., Mol. Cryst. Liq. Cryst., 468 (2007), 

375. 
[6] CHAKANE S., GOKARNA A., BHORASKAR S., Sensors Actuat. B, 92 (2003), 1. 
[7] MALEYSSON C., BOUCHE-PILLON D., TOMAS O., BLANC J.P., DOGO S., GERMAIN J.P., PASSARD M., 

PAULY A., Thin Solid Films, 239 (1994), 161. 
[8] BOTT B., JONES T.A., Sensors Actuat. B, 5 (1984), 43. 
[9] DE SAJA J.A., RODRIGUEZ-MENDEZ M.L., Adv. Colloid Interface Sci., 116 (2005), 1. 



Electronic and gas sensing properties of soluble phthalocyanines 795

[10] VIRICELLE J.P., PAULY A., MAZET L., BRUNET J., BOUVET M., VARENNE C., PIJOLAT C., Mater. Sci. 
Eng. C, 26 (2006), 186. 

[11] LEE Y.-L., CHANG C.-H., Sensor Actuat. B, 119 (2006), 174. 
[12] LIU G., KLEIN A., THISSEN A., JAEGERMANN W., Surf. Sci., 37 (2003), 539. 
[13] BOHRER F.I., SHARONI A., COLESNIUC C., PARK J., SCHULLER I.K., KUMMEL A.C., TROGLER W.C., 

J. Am. Chem. Soc., 129 (2007), 5640. 
[14] SEOUDI R., EL-BAHY G.S., EL SAYED Z.A., J. Mol. Struct., 753 (2005), 119. 
[15] JIANG J., BAO M., RINTOUL L., ARNOLD D.P., Coord. Chem. Rev., 250 (2006), 424. 
[16] BALDINI F., CAPOBIANCHI A., FALAI A., PENNESI G., Sensor Actuat. B, 51 (1998), 176. 
[17] BORTCHAGOVSKY E.G., KAZANTSEVA Z.I., KOSHETS I.A., NEŠPŮREK S., JASTRABIK L., Thin Solid 

Films, 460 (2004), 269. 

Received 26 September 2008 
Revised 29 March 2009 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [481.890 680.315]
>> setpagedevice


