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INTRODUCTION


Nitrogen dioxide(NO2) gas is released into the atmosphere through the combustion of fossil fuels and causes many problems, such as acid rain and photochemical smog. It is extremely toxic and immediately dangerous to life at concentrations of around 50 ppm. An extensive study has been done on the chemical sensors for NO2 gas and especially on  sublimed-film gas sensors, but they suffer form a lack of selectivity and perform best at elevated temperatures. Recently, Langmuir-Blodgett(LB) films of Metallophtalo-cyanines(MPcs)[1] and sensor system using LB film coated quartz crystal microbalance(QCM)[2,3] have also been investigated.


In this study, we attempted the fabrication of various sensing materials membrane with LB technique, and investigated their sensory performance. The sensor was designed to employ conducting materials such as MPcs deposited onto the 9 MHz Gold coated QCM. 


It was our purpose to study the possibility of fabricating a reusable environmental monitoring sensor system for NO2 with QCM device deposited with MPc sensing membranes.





MATERIAL AND METHOD


As we adapted LB technique for the film fabrication, metallophthalocyanines with substituted side chains were used. The structures and the synthetic scheme of octa(2-ethylhexyloxy) metallophthalocyanines(MPcs) used in this study were introduced in another paper[4].


For the film deposition of MPcs, KSV-3000 and constant-perimeter type Langmuir trough[5] were used. The dipping system for the film deposition is designed to move up and down(5 mm/min) vertically to the water surface(18.2 M( /cm) covered by monolayer. During the film deposition process, the  surface pressure was 25 mN/m for H2Pc, CoPc, and CuPc, 20 mN/m for PbPc and PtPc, and 10 mN/m for SnPc. The pH was 9 at R.T. The substitued MPcs were deposited onto the 9 MHz gold coated QCM with gold electrodes(Leybold Inficon).


The standard gas generator used in this study was shown in another paper published by the authors[4]. In this system, we adapted dynamic dilution by flowing excess pure nitrogen whose rate was controlled by MFC( 5l/min) and a small amount of nitrogen dioxide(1.ll%) also controlled by MFC( 50ml/min). NO2 gas of very low concentration was generated by the cascade method with N2 gas. 


Once the sensing membrane was exposed to the NO2 gas, the frequency underwent changes irreversibly and was not recovered to the initial frequency perfectly. So we tried to select the reversible portion of the sensing membrane, which could be applied to reusable NO2 gas sensors. The membrane was pretreated in orther to exclude irreversibly adsorbed site by exposing on the NO2 gas for a long time at R.T. The membrane was saturated with NO2, and the NO2-saturated sensing membrane was purged with N2 until there was no more frequency change.


In other to study the NO2 sensing site with H2Pc solved in CDCl3, the NMR(Nuclear Magnetic Resonance) spectra and FTIR(Fourier Transform Infra Red) spectroscopy were used. The NMR spectra were recorded on a Bruker AM 300 spectrometer at 300 MHz for H1,  and Bomem(MB102) was used for the FTIR experiment. Since the LB films were very thin, a membrane with 230 layers was used as the sample membrane. 100 ppm NO2 was exposed to the pure CuPc membrane deposited onto the Si wafer in the sensor cell for 10 hours, and then those NO2 molecules which had interacted with the sensing membrane was desorbed by a flow of pure dry N2 for 1 day.





RESULTS AND DISCUSSION


The surface pressure-area(�SYMBOL 80 \f "Symbol"�-A) isotherms of substituted MPcs at R.T. have already been reported[2].  The monolayers of MPcs produced high quality membranes of the Y-type, and each layers of the membranes were deposited with almost the same amounts.


The increase and decrease of mass resulted from the amount of NO2 molecules were detected from the frequency shift of the QCM. It is known that the central metals of MPcs give some effect on the MPc [6]. Figure 2 shows the preparation of the pretreated sensing membrane. The mechanism of NO2 desorption on the H2Pc sensing membrane was analyzed from the H1- NMR spectra as in Figure 3. We concluded that the peak at 9.2 ppm related to the hydrogen of the bingo ring was not changed, not because of the reaction, but because of that the sensing sites for the NO2 gas were the core metal site(-0.4 ppm) and hydrocarbon side chain(ether group; 4.15 ppm). From the H1-NMR results, the changes in the core metal site and side chain were shown. 


For some detailed results, the structure of the membrane of MPc was confirmed by FTIR spectroscopy in Figure 4. When the sensing membrane was exposed to the NO2 gas, the peak at 1111cm-1 concerning the ether group disappeared, but a peak related to the ether group complexed with NO2 sprang out at 1540 cm-1. From these results, therefore, it can be concluded that the ether group was desorbed of NO2 and didn(t recover by pursing with pure N2.


	Figure 5 shows the perfect recovery of the initial frequency. In this study, when the reversible portion of the sensing membrane was prepared, the initial frequency was perfectly recovered by just purging with pure N2 gas at R.T. without any additional action or process.


	Figure 6(a) shows the plot of the initial slope versus concentration, and it was observed that the initial slope of the sensor response increased linearly with concentration. Figure 6(b) shows the output strength versus concentration. In this case the sensor was exposed to the NO2 gas for 10 min. The output strength increases, but for highly sensitive sensor systems it is necessary to obtain great output signal in short time. The initial slope and output strength for quantification were investigated at 4,10,30,50, and 150 ppm. As long as the initial slope and output strength vary linearly with concentration, the quantification of concentration for the NO2 sensing can be obtained.





CONCLUSION


For the reusable sensor, we made a reversible sensing membrane through the pretreatment process. The membrane was pretreated to exclude the irreversibly adsorbed site from the substituted MPc by exposing to NO2 until equilibrium reached and desorbing the NO2 gas until there was no desorption. The initial frequency of the pretreatment membrane was perfectly recovered by just purging with pure N2 gas at R.T. The NMR and FTIR results describe that the sensing sites for the NO2 gas were the core metal site and side chain(ether group), and the site of MPcs were not recovered by N2 purging. While the initial slope means the speed of detection, the frequency change during an arbitrary time means the sensitivity. As the initial slope and output strength vary linearly with concentration, the quantification of concentration for the NO2 gas sensing can be obtained. Form these results, we want to present the probability of using this system on real sensors. 
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      Figure 1.   Scheme of making reversible portion                Figure 2.   H1-NMR srectra of H2Pc in CDCl3,


                       of the sensing membrane on 100 ppm                               (a) pure membrane, (b) exposed membrane


                       NO2 at R. T.                                                                       on the NO2
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       Figure 3.  FTIR spectra for the CuPc 230 layers               Figure 4.    Perfect recovery of initial frequency


	     on Si Wafer, (a) pure membrane, (b) NO2                           with reversible sensing membrane 


	     exposed membrane,(c) recovered membrane                      exposed to 30 ppm NO2 at R. T.


                      with pure N2
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Figure 5.	(a) Initial slopes vs. concentration with reversible sensing membrane, 


                 (b) Output strength vs. concentration with reversible sensing membrane














(b) exposed membrane on the NO2











