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1. Introduction 

Phthalocyanine and porphyrin dyes [1] have been 
attracting much interest for developing many kinds of 
electrical and electronic devices. Many studies have been 
reported for organic solar cells, field effect transistors, 
organic light emitting diodes, gas sensors, secondary 
batteries. Certain conducting polymers [2] have achieved 
limited success in electronic nose applications, and 
phthalocyanines and porphyrins have attracted interest as 
organic sensors [3-6]. The electrostatic layer-by-layer 
(LbL) deposition technique [7] of electrolytes is quite 
useful for fabricating ultrathin films with nanometer order 
thickness. This technique can be applied for various kinds 
of charged materials such as polyelectrolytes, clay, 
nano-particles and so on. Ultrathin films of phthalocyanine 
derivatives with proper ionic groupes can also be fabricated 
using the technique [8]. 

In this study, alternate LbL films of positively and 
negatively charged copper phtalocyanine (CuPc) dyes were 
fabricated and the electrical properties were investigated. 
The response to NO2 gas was also examined. 
 
2. Experimental Details 

Figure 1 shows the chemical structures of two kinds of 
CuPc dyes used for the preparation of CuPc alternate LbL 
films. Alcian Blue, pyridine variant (AB) and copper (II) 
phthalocyanine-3,4',4'',4'''-tetrasulfonic acid, tetrasodium 
salt (CuPcTs) molecules were positively and negatively 
charged in the aqueous solutions, respectively, and can be 
deposited using LbL deposition technique [8]. 3-amino- 
propyltriethoxysilane (APS) [9], polystyrenesulfonic acid 
(PSS) and poly (diallyldimethylammonium chloride) 
(PDADMAC) [10] were also used for fabricating the 
precursor film which contributes to an excellent deposition 
of CuPc bilayer films of CuPcTs and AB dyes. Aqueous 
solutions of the AB and CuPcTs with the concentration of 
1mM were prepared for the deposition. The ultrathin films 
of n bilayers of CuPcTs and AB dyes were fabricated on 
glass substrates covered with APS monolayer and 1 bilayer 
of PSS and PDADMAC. CuPc alternate LbL films were 
deposited by immersion to the aqueous solutions of AB and 
CuPcTs for 30 min. 

Au electrodes were deposited on the CuPc alternate 
LbL film surface by a vacuum evaporation method in order 
to measure the electrical properties. The gap between the 
electrodes was 20 µm and the electrical properties in the 

direction parallel to the surfaces of the CuPc alternate LbL 
films were measured. 
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Fig. 1. Chemical structures of AB and CuPcTs dyes used for the 
preparation of CuPc alternate LbL films. 
 
3. Results and Discussion 

The optical absorption spectra of the 1, 3, 5, 10, 20 
bilayers of CuPc LbL films on glass substrates were 
measured and are shown in Fig. 2. The absorption peaks of 
B and Q bands were observed at around 330 and 620 nm, 
respectively. The both peaks increase with the number of 
bilayers. It was found that the alternate LbL deposition of 
CuPc dyes was successful.  

Figure 3 shows the current versus electric field 
characteristics measured in N2 and after 15 min exposure to 
100 ppm NO2 gas for the 20-bilayer CuPc LbL film. It was 
found that the conduction current increased by a thousand 
times after exposure to 100 ppm NO2 gas. The plots of the 
logarithm of the current versus electric field show a linear 
relationship in the high electric filed region. The properties 
of the current suggest the hopping conduction of carriers 
due to Poole effect. The hopping lengths of the carriers 
estimated from the slopes were about 0.15 µm in N2 and 
0.44 µm after exposure to NO2 gas. 
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Fig. 2. Absorption spectra of CuPc LbL films with various number 
of bilayers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Current versus electric field characteristics for the 
20-bilayer CuPc LbL film in N2 and after 15 min exposure to 100 
ppm NO2 gas. 
 

The temporal change of the current after exposure to 
100 ppm NO2 gas for the 20-bilayer CuPc LbL film applied 
at 2 V is shown in Fig. 4. Initially, the response seemed to 
be fast but the current considerably increased with time and 
did not saturate even after 30 min exposure to the NO2 gas. 
The magnitude of the current after 30 min exposure to the 
NO2 gas is about a thousand times as large as that in N2. 
This is thought to be because the gas concentration was 
high. After switching off the NO2 gas, the current decreased 
very slowly at room temperature and the recovery time was 
found to be long. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Response of the current to 100 ppm NO2 gas for the 
20-bilayer CuPc LbL film applied at 2 V. 
 
4. Conclusions 
   CuPc alternate LbL films were prepared and the 
electrical properties were investigated. The mechanism of 
the electrical conduction was thought to be due to the 
hopping of carriers due to Poole effect. The response to 
NO2 gas was also measured. The conduction current  
increased by a thousand times after 30 min exposure to 100 
ppm NO2 gas. The response of the current was also 
measured. The response initially seemed to be fast but the 
current considerably increased with time and did not 
saturate even after 30 min. This was thought to be because 
the gas concentration was high. The results in this work are 
useful for the development of a highly sensitive gas sensor. 
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