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Molecular Orientation of Copper Phthalocyanine 
in Thin Films and their Gas-Sensing Properties 

LIHUA HUO",b, WE1 LI", HAINING CUI" and SHIQUAN XI"* 

'Chungchun Institute of' Applied Chemistry, Chinese Academy of Sciences, 
Chnngchun 130022. China nnd bCollege of Chemistry arid Cheniical Tt.chnology. 

Heilongjiurig University. Hurhin 150080. Chinu 

Copper phthalocyanine derivative Langmuir-Blodgett (LB) films were 
prepared by vertical dipping and horizontal lifting methods. Molecular 
orientation of copper phthalocyanine derivative in thin films was 
studied by polarized UV-Vis spectra. The relationship between the 
molecular orientation of copper phthalocyanine in LB films and their 
gas-sensing properties was investigated. 

Keywords molecular orientation; metallophthalocyanine; thin film 

INTRODUCTION 

Mctallophthalocyanines (MPcs) thin films have been aroused great 

interests in the past two decades'" due to their high sensitivity of the 

tested gases. Thc sensing characteristics, including sensitivity. 

selectivity, and response-recovery time are found to be dependent on 

the central metal ions, substrates, film preparation methods, 
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heat-treatments and doping etc. L22'. It suggests that the properties of 

LB films might be tuned and improved by controlling the surface state 

of films, such as molecular orientation or stacking of molecules in the 

films. In this paper, the effect of orientation of copper phthalocyanine 

in the multilayers on the gas-sensing properties was studied. 

EXPERIMENTAL 

[4-(4'-benzyloxy phenyl sulfonyl) 

phenoxy]-tris-4-(2,4-di-t-amylphenoxy) copper phthalocyanine 

(CuPcAs) was synthesized by the method t41 and purified by column 

chromatography. The chemical structure was shown in Figure 1. The 

concentration of copper phthalocyanine solution in chloroform was 

1 .4x104mol dm". CuPcA3 LB films were deposited onto hydrophilic 

substrate by vertical dipping method as Y-type film at the dipping 

speed of 5mm mid' and onto hydrophobic substrate by horizontal 

lifting method as X-type film under the surface pressure of 30mN m-'. 

Polarized W-Vis spectra were recorded on Shimadzu W-3000 

W-Vis spectrophotometer. The incident light was 0" and 30". Gas 

sensitivity of thin films was measured as before l3], 

R-c 

FIGURE 
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RESULTS AND DISCUSSION 

There are two absorption bands (-330nm, 620nm) in the UV-VIS 
spectra of CuPcA3 films that were transferred by vertical dipping and 

horizontal lifting methods under the surface pressure of 30mN m-l. 

They are assigned to x-x* electron transition from Soret-band and 

Q-band, respectively. The orientation of copper phthalocyanine 

molecules in LB films can be obtained from the tilting angle (0) of the 

phthalocyanine ring axis with the surface normal, which is calculated 

according to Yoneyama's method ''I. The experimental data and 

calculation results of copper phthalocyanine derivative films are listed 

in Table 1. It can be found that the orientation angle of the 

phthalocyanine ring in the films is related to the deposition method. 

The inclined degree of phthalocyanine ring in the horizontal lifting film 

is bigger than that in the vertical one. 

Table 1 
sensitivity of CuPcA3 thin films 

Polarized UV-Vis experimental data, calculated results and 

Notes: &,and A1 is the absorbance of the film for polarized light with 
electric vectors parallel (//) and perpendicular (I) to the dipping 
direction, respectively. Do and Dp is the dichroic ratio with incident 
angles of 0 and 30" respectively. p and p' is incident angle of light and 
reflection angle. Definition of sensitivity is given in detailed ['I. 
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Gas sensitivity of these two films, summarized in Table 1, indicates 

that the orientation of phthalocyanine ring in the films also influence 

the sensitivity of the films to alcohol. The smaller the tilting angle of 

phthalocyanine ring in the film is, the larger the sensitivity of the films 

to alcohol is. This means that gas-sensing properties of the films are 

related to the surface state of the films. The orientation of the copper 

phthalocyanine derivative is important for the gas-sensing properties. 

CONCLUSION 
The research on the polarized UV-Vis spectra and gas-sensing 

properties of thin films shows that the sensitivity of the films to alcohol 

can be affected by the inclined degree of phthalocyanine ring in the 

films. 
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