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Abstract 

The paper deals with an impact of various organic vapours on electrical parameters of organic humidity sensor element. This 
impact was researched in order to find out a potentially negative impact of organic vapours on sensitive organic layer. The 
sensitive layer of sensor element was deposited from the liquid phase of phthalocyanine on a ceramic substrate with interdigital 
electrode system. The sensor element was exposed to the effect of different analytes. Subsequently, the impedance characteristic 
of the thin film sensitive layer was measured. The comparison of responses to various gases and vapours is discussed in more 
detail as well. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of DAAAM International Vienna. 
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1. Introduction 

In the last decade, there has been enormous interest in the development of a wide range of low-cost electronic 
(RFID [1], sensors [2] [4], displays [8] and batteries [5]). The one of the possible way how to produce a low-cost 
electronic is used organic conductive and semiconductive materials. The organic electronics is also called plastic or 
printed electronics. The prognosis of electronic market development in the area of organic electronic is shown in the 
following picture (Fig. 1.). The OE-A is the leading international industry association for organic and printed 
electronics. The prognosis of OE-A shows the increasing market share of organic and printed electronic. Conductive 
and semiconductive organic materials could not substitute classical inorganic materials in all applications, but they 
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could be very useful in many applications because of their special properties. They can be preferably used in the 
fabrication of flexible and lightweight devices. 

 
Fig . 1. Electronics market, Prognosis 2020. 

 
The difficult preparation of inorganic and high cost of pure base material is the generally problem of inorganic 

materials. The vacuum techniques, which are usually used for the application of inorganic materials, are expensive 
but also time and power consuming. The price of pure organic sensitive material, produced in great volumes, can be 
also lower than inorganic ones. The application of organic materials is easier. Organic conductive and 
semiconductive materials can be applied by screen printing, inkjet printing or other suitable printing techniques [16]. 

2. Phthalocyanines 

The typical example of semiconductive organic materials are phthalocyanines. Phthalocyanines (PCs) are organic 
materials with an intrinsic conductivity. They are quite well known as organic pigments used in paint industries [7], 
photosensitizers in photodynamic therapy [11] and as industrial catalysts [3]. 

There are a lot of possibilities how to use these materials in the other branches [6] [7]. Nowadays, the research 
activities are focused on the use of phthalocyanines in the electrical engineering industry. PCs are usable in optical 
data storage [9], organic solar cells [10], optoelectronic devices [12] [17] and components [13]. 

Molecules of phthalocyanine can exist as multiple stacks based only on a weak mutual bonds or in single 
compact molecular units holding a specific spatial conformation. The central metal atom of molecule is strongly 
bonded to the organic ligand (Fig. 2.) [14]. 

Phthalocyanines could be substituted by different substances. A substitution of a hydrogen atom or hydrogen 
atoms, bonded to benzene rings in phthalocyanine molecule, enables its solubility in dissolving agents. Unsubstituted 
phthalocyanines are insoluble in polar and non-polar dissolving agents. This form of phthalocyanines is very 
difficult to process. Different types of substituents significantly affect the electrical and mechanical properties of 
phthalocyanines as well as their solubility [15]. 
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Fig. 2. Chemical structure of unsubstitued phthalocyanine. 

3. Humidity sensor element 

3.1. Substrate and electrode system 

The humidity sensor element consists of the electrode system and the base substrate. The thin sensitive layer of 
appropriate phthalocyanine is applied on electrode system. The substrate consists of 99.5 % Al2O3.  

The electrode system is prepared by the sequential deposition of NiCr, Ni, and Au layers using a lift of method. 
Thickness of this electrode system is 400 nm. The electrode fingers are 25 μm wide and the wide of insulation gap is 
the same. Figure 3. (a) shows the model of a base substrate with the deposited phthalocyanines layer. 

3.2. Organic sensitive layer 

The electrical properties of phthalocyanine are given by the electron and ion conductivity. The electron 
conductivity of phthalocyanine molecule is ensured by alternating single and double bonds which lead to the broad π 
electron conjugation. A conjugated bond means the alternation of single and multiple bonds. The presence of 
electric charge carrier is the next demand to achieve proper electrical conductivity. It is usually assured by the 
phthalocyanine oxidation.  

 
 

Fig. 3. (a) Humidity sensor element model; (b) Chemical structure of sulphonated nickel phthalocyanine molecule. 
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The ion conductivity could be increased by adding suitable substituents. Substituted phthalocyanines ion 
conductivity can be affected by the environmental conditions. Based on the previous experiments the sensing 
properties of phthalocyanines were observed. The sensitivity of phthalocyanine layer on the level of humidity was 
increased by substitution hydrogen atoms for sulphonated groups. In the case of humidity absorption, the water 
molecules dissociate sulphonated groups SO3Na to SO3- and Na+. This dissociation causes increasing of the ion 
conductivity and the level of humidity sensor impedance will be lower. 

Nickel tetrasulfonated phthalocyanine (NiPc(SO3Na)4) was selected as a material for sensitive layer of the 
humidity sensor element (Fig.3. (b)). The solid phase of the phthalocyanine was dissolved in 0.03 g/ml of water. 
This liquid phase of PC was deposited by spin coating method. In this case, we have used 3000 RPM. 

4. Testing methodology 

High sensitivity of NiPc(SO3Na)4 phthalocyanine to the humidity exposure is known from previous experiments 
(Fig. 4. (a)). The next step is the evaluation of an impact of organic vapours on the sensor layer electrical 
parameters. 

Sensor element was exposed to various organic vapours and the level of its impedance was measured. The 
precision LCR meter (1 kHz, 1 V) in four wire connection was used for the measurement. 

The experiment was done in a special apparatus where the presence of analyte could be regulated. It is done by 
two - state valves. The sample could be exposed to a defined relatively dry air (t = 23 °C, RH = 10 %) or to an 
analyte. Vapours of analyte are produced by the bubbling of dried air in a liquid phase of analyte. The measuring 
cycle consist of rapid changes of dry air and defined analyte (Tab.1). 

5. Experiment results 

Results of experiments are summarized in Tab.1. The impact of water vapour to the level of impedance of 
organic sensor element is also included in table for the comparison. 

                                          Tab. 1. The impact of different chemicals on humidity sensor element. 

 Level of impedance  

Analyte vapours 
Dry air 

(23 °C, 10% RH) 
ZDA (kΩ) 

Analyte 
ZA (kΩ) 

Relative  
impedance change 

ZX (-) 

Water 2450 0,82 -2986,80 
Ethanol 1100 2068 0,47 
Acetone 2600 3500 0,26 
Toluene 1250 1550 0,19 
Chloroform 1560 1843 0,15 

 
The impact of various organic vapours on the level of sensor element impedance may be represented by the 

formula: 

)(
A

DAA

A
x Z

ZZ
Z

ZZ    (1) 

ZX is the relative impedance change; ∆Z is the difference between the level of impedance of sensor element 
exposed to analyte (ZA) and the level of impedance of sensor element exposed to dry air (ZDA).  

The level and orientation of relative impedance change shows the impact of analytes on the electrical parameters 
of humidity sensor element. 
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Tab 1. shows that water vapour has the biggest impact on electrical parameters of thin layer of tetrasulfonated 
phthalocyanine. The response is negative so the level of impedance decreased.  

The impact of ethanol vapour on the level of impedance of organic sensor element is different from other 
analytes. There is gradual increasing of the impedance of sensor element. This fact could be clarified by the theory 
of interaction of ethanol molecules with molecules of phthalocyanine. We expected that this interaction blocks 
charge transfer trough the phthalocyanine molecule. 

 
Fig. 4. (a) Water vapour impact on the level of impedance of humidity sensor element, (b) Ethanol vapour impact on the level of impedance of 

humidity sensor element. 

 

Fig. 5. (a) Acetone vapour impact on the level of impedance of humidity sensor element;  (b) Toluene and chloroform vapour impact on the level 
of impedance of humidity sensor element. 

 
Fig. 5. (a) illustrates relatively small impact of acetone. The marginal impact is increasing of the level of 

impedance. It is caused by decreasing in the level of remaining humidity (10 % RH) in measuring apparatus. 
Acetone has not big impact on sensing properties of organic humidity sensor element.  

a) b) 

a) b) 
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The impact of toluene and chloroform were placed in Fig. 5. (b). Their impacts are very similar. When the sensor 
element is exposed to the analyte for the first time, the level of impedance rapidly decreases. This effect was not 
observed in next measuring cycles. It is probably caused by a presence of residual humidity in apparatus. 

6. Conclusion 

All tested sensor elements were exposed to the impact of relative humidity after their exposure to organic vapour 
analytes. It was done in order to verify the functionality of sensing layer of humidity sensor element. The sensing 
properties were not changed. The impact of tested organic vapours on the sensor element is small in comparison to 
the impact of water vapour. 

The next step in the research of organic humidity sensors is to find out a negative impact of organic vapour 
combined with different concentration of water vapour.  

Acknowledgement 

This research has been supported by the Motivation system of University of West Bohemia, POSTDOC part and 
by the European Regional Development Fund and the Ministry of Education, Youth and Sports of the Czech 
Republic under the Regional Innovation Centre for Electrical Engineering (RICE), project 
No. CZ.1.05/2.1.00/03.0094. 

 

References 

[1] V. Subramanian, P.C. Chang, J. B. Lee, S.E. Molesa, S.K. Volkman, Printed organic transistors for ultra-low-cost RFID applications, IEEE 
Transactions on Components & Packaging Technologies, 28, 2005, pp. 742-727. 

[2] J.B. Chang, V. Liu, V. Subramanian, K. Sivula, Ch. Luscombe, A. Murphy, J. Liu, M.J. Fréchet, Printable polythiophene gas sensor array 
for low - cost electronic noses,  Journal of Applied Physics, Vol. 100, 2006, Issue 2. 

[3] P. Gregory, Industrial applications of phthalocyanines,  Journal of Porphyrins and Phthalocyanines Vol. 04, Issue 04, (2000), pp. 432–437. 
[4] F. Liao, C. Chen,V. Subramanian, Organic TFTs as gas sensors for electronic nose applications, Sensors and Actuators B: Chemical, Vol. 

107, Issue 2, 2005, pp. 849 – 855. 
[5] A.M. Gaikwad, G.L. Whiting, D.A. Steingart, A.C. Arias, Highly Flexible, Printed Alkaline Batteries Based on Mesh Embedded 

Electrodes,  Advanced Materials, Vol. 23, Issue 29, 2011, pp. 3251 – 3255. 
[6] J.C. Bommer, J.D. Spikes, Phthalocyanines: Properties and Applications, Photochemistry and Photobiology,  Vol. 53, Issue 3, 1991, pp. 

419. 
[7] K. Kadish, R. Guilard, K. Smith, The Porphyrin Handbook: Applications of Phthalocyanines, Academic Press, ISBN: 9780123932297. 
[8] R.A. Hayes, B.J. Feenstra, Video-speed electronic paper based on electrowetting, Nature, Vol.  425, pp. 383 – 385. 
[9] P. Kivits, R. de Bont, J. van der Veen, Vanadyl phthalocyanine: An organic material for optical data recording, Applied Physics A, Vol. 26, 

Issue 2, 2005, pp. 101-105. 
[10] Y. Li, P. Lu, X. Yan, Y. Peng, Novel non-aggregated hyperbranched phthalocyanines for efficient dye-sensitized solar cells," Photovoltaic 

Specialists Conference (PVSC), 38th IEEE , ISBN: 978-1-4673-0064-3, ISSN: 0160-8371, pp. 2311-2314, Austin TX. 
[11] P.G. Calzavara-Pinton, M. Venturini, R. Sala, A comprehensive overview of photodynamic therapy in the treatment of superficial fungal 

infections of the skin, Journal of Photochemistry and Photobiology B: Biology, Vol. 78, Issue 1, 2005, pp. 1-6. 
[12] O. Yutaka, H. Kajii, M. Kaneko, Y. Katsumi, O. Masanori, F. Akihiko, M. Hikita, T. Hisataka, T.  Taneda, Realization of polymeric optical 

integrated devices utilizing organic light-emitting diodes and photodetectors fabricated on a polymeric waveguide, Journal of Selected 
Topics in Quantum Electronics, IEEE, Vol.10, No.1, 2004, pp.70-78. 

[13] D. Wöhrle, G. Schnurpfeil, S.G. Makarov, A. Kazarin, O.N. Suvorova, Practical applications of phthalocyanines – from dyes and pigments 
to materials for optical, electronic and photo-electronic devices, Macroheterocycles, 5(3), 2012, pp. 191-202. 

[14] N. Sasa, K. Okada, K. Nakamura, S. Okada, Synthesis, structural and conformational analysis and chemical properties of 
phthalocyaninatometal complexes, Journal of Molecular Structure, Vol. 446, Issue 3, 1998, pp. 163-178. 

[15] S. Nespurek, M. Matyas, Elektroaktivni organicke materialy, Pokroky matematiky, fyziky & astronomie, Vol. 51, No. 1, 2006, pp. 31-50. 
[16] R. Soukup, A. Hamacek, J. Reboun, Advanced screen printing for the fabrication of organic humidity sensors, Electronic System-

Integration Technology Conference (ESTC), 2012 4th , 2012, pp. 17-20. 
[17] J. Ph. Mensing, A. Wisitsoraat, A. Tuantranont, T. Kerdcharoen, Inkjet-printed sol–gel films containing metal phthalocyanines/porphyrins 

for opto-electronic nose applications, Sensors and Actuators B: Chemical, Volume 176,  2013, pp. 428-436. 


