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NO2 GAS-DETECTION CHARACTERISTICS OF THE CuTBP AND LizPc 
LANGMUIR-BLODGETT WLMS 
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CHO, AND CHANG-HEE LEE 
Department of Electrical and Control Engineering, Hong-lk University, 72- 1 
Mapogii, Seoul 12 1-791 KOREA 
TAE WAN KIM 
Department of Physics, Hong-lk University, 72-1 Mapogu, Seoul 121 -791 
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Abstract The NO2 gas-detection characteristics were investigated using the 
functional organic Langmuir-Blodgett(LB) films of copper-tetra-tert- 
biitylphtlialocyanines (CuTBP) and dilithium phhlocyonines(lj~R). Optimum 
conditions for a film deposition were obtained through a study of n-A 
isotherms and a stahLs of deposited-film was confirmed by electrical and 
optical methods such as thickness measurement using ellipsometry. A 
response of the LB films to the NO2 gas was measured by a change in 
the electrical conductance when the films are exposed to the gases. The 
CuTBP LB film shows the bigger change in the electrical condiictance 
than the LizPc LB film when they are exposed to the NO2 gases. The 
CuTBP and Li2Pc LB films recover to the original state when the gas is 
evacuated. 

INTRODUCTON 

I t  is expected hat a inoleciilar-electronic devices could be developed near future 
using the organic materials. A manufachire of the ultra-thin film is necessary for 
diese devices to be developed. It is, however, being recognized a limitation of 
ininiatisization of the inorganic devices normally based on silicon. There is a 
growing interest and smdy for a manufacture of the organic devices to overcome 
the limitation of the inorganic ones using different techniques.' The 
Lsngmiiir-Blodgett(LB) technique has the advantage in aligning the molecular 
orientations and easy control of thickness compared to the other methods such as 

physical-vapor deposition(PVD) and chemical-vapor deposition(CVD).2 A basic 
coiicept of the LB technique is transferring the monolayer which is well-oriented 
on the siibphase to the solid subsqrate. 

Phthalocyanines are well-known organic semiconducting materials not only in 
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242 J.-S. KIM et a/. 

the stability of thermal and chemical aspects but also in the optical and electrical 
sensitivities to the gases..' Thus, it is being wed in various electrical and electronic 
devices. It is, especially, under investigation for a potential application as the gas 
sensor, because i t  is very sensitive to the NOx Our research group has 
synthesized several phthalocyanine derivatives, such as copper-tetra-tert- 
burylphthalocyanine (aiIlBP), dilithium phthalocyanine (LitPC), and tetra-3-hemdecyl- 
sulphatnoyl-copperphthalocyanine(HDSM-CuPc). In this paper, the NOz ga!s-detection 
characteristics of the CuTBP and Li2Pc LB film are discussed by measuring the 
electrical conductance at room temperat~re."~ 

EXPERIMENTAL DETAI-LS 

Materials and nTA isotherm 
In this study, CUTBP(CRH~~NII ,  M.W.=800.5 1) and L~~PC(CUHK~NN#L~~, M.W.=526.4 1 )  
moleciiles which are phthalocyanine derivatives are used. Here, M.W. refers a 
niolecular weight. A structure of the CuTBP and Li2Pc molecule is, respectively, 
sliown in Fig. I(a) and (b). Optimum conditions of manufacturing the LB films 
'were mostly determined by a study of surface pressure-area @-A) isotherms. The n 
-A isotherms were measured using the moving-wall type LB deposition 
:ippnralirs(NL-LB-24OS-MWA). And purified water( - 18MQ - cm) was used as the 
subph;ise. 

FIGURE 1 Molecular structures of the (a) CuTBP and (1)) LizPc. 

Film. Depositions 
A xylene(C(,H&H1)z) was used a!! a solvent for CuTBP. And the spreading 
solution of the LizPc was made with a concentration of 10" mol/l by mixing 
chloroform and aceton( 1 : 1 volume ratio). Quartz plate, silicon wafer and 
microscope glass slide substrate were, respectvely, used for a UV/visible absorption 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
28

 1
8 

Fe
br

ua
ry

 2
01

3 



NO, GAS-DETECTION CHARACTERISTICS OF CuTJ3P AND Li,Pc LB FILMS 243 

tncaslirement, thickness measurement by spectroscopic ellipsometry, and a 
gas-detection experiment. Aluminium electrodes were vaccum-deposited at a 
presslire of 10" Torr for a measurement of the electrical capacitance and 
conductance. The CuTBP and Li2Pc LB films were made with a formation of 
Y-type and Z-type, respectively. 

Measiiremen&s 
The thickness of the different number of layers was measured by sTectroscopic 
ellipsometry (ellipsometer: Rudolf S2000). The electrical capacitance of the LB film 
was measured iaing the LCR meter(EDC-1620). Gas-detection characteristics of the 
S-layered LB films were performed using home-made experimental system. A 
change in the electrical conductance along the vertical direction was tneasiired with 
the tiltns exposed to 200 ppm of the NOZ gastr;. The LB films are situated in the 
chamber tilled with the NOZ gases. Current-voltage(1-V) characteristics of the tiltns 
dong the lateral direction were measured using the Keithly 238 electrometer. 
Voltage was applied from 0 to IOV in an interval of 1V (See Figure 2). 

FIGURE 2 Schematic diagram of the current-voltage measurement circuit. 

RESULTS AND. DISCUSS3(ON 

The n-A isotherms tell us the optimum conditions of film deposition. Figure 3 
shows the typical n-A isotherms of the CuTBP and LizPc molecules. A limiting 
area of the CiTBP and LizPc molecule is, respectively, around 72A2 and 14A2. 
The proper siuface pressmres for the film depositions of the CuTBP and LiZPc are, 
respectively, in the range of 20-4OmN/m and 30-35mNlm. These results are in 
agreement with the reported ones.' A summerized optimum conditions for the film 
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244 J.-S. KIM et al. 

tlqwsitiori of each specimen are shown in table 1. 

Barrier speed (mtn/min) 

Dipping speed (mm/min) 

Surface pmwre (mN/m) 

CliTBP LizPc 

14 14 

7 7 

25 30 

Subphae temperature (C) 

PH 

Confirmation of _Film Depsition 
There are several ways of confirming the film depositions such as the transfer 
ratio, electrical capacitance, mechanical and optical properties. Figure 4 shows the 
tilm thickness of the CuTBP and LizPc LB films measured hy spectroscopic 
ellipsometry. The thicknm. increases linearly as the number of layer increases, 
which indicates that the films are well-deposited. The average thickness of one 
layer of CuTBP LB tilm is about 17A, which states that the molecules are 
oriented perpendiciilar to the subsqrate. The overage thickness of one layer of Li2Pc 
LB tilm is about 40A, which implies the formation of multilayers rather than 
inonolayer on the substrate. 

room room 

5.6 5.6 
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NO, GAS-DETECTION CHARACTERISTICS OF CuTBP AND Lipc LB FILMS 245 

Niiiiihrr of Is,w (N) 

(b) 

FIGURE 4 Thickness mewrementx by ellipsometry depending on the number 
ot' layers of the (;I) CuTBP and (b) LilPc LB films. 

Kwpcinse to the NO2 Gases 
I:ipiirc 5 shows the electrical conductance variation of the 5 layercd CuTBP and 
I,ilPc 1.R tilms when the tilms are exposed to the NO2 gases. Voltage was applied 
lroiii 0 to IOV in an interval of IV. Figure 5(a) and (b) show the conductance 
v;iriations of the CiiTBP and LizPc LB tilms, respectively. There are increase of 
coiidiictmce by 40 and 10 times compared to that of gas-free states, respectively, 
when the films are exposed to the NO2 gaw.  Thus, we can say that these films 
iirc sensitive to the N02 gases. And they also show that the films return to the 
oripind state when the gas is evacuated. 

FIGURE 5 
LU tilnis comparing the gas-in and gas-out state. 

Current-Voltage characteristics of the (;I) CuTBP and (b) Li2Pc 
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246 J.-S. KIM et al. 

CONCLUSIONS 

Tlte tollowing conclusions have been obtained from the CuTBP and LizPc LB 
lilins intmcting with the 200 ppm of NO2 gases at room temperature. 

( I )  The proper deposition conditions have been obtained through a study of 

(2) We were able to confirm the status of the deposited films by thickness 
measurement using ellipsometry. 

(3) When the LB films are exposed to the NO2 gases, the phthalocyanine LB 
films show the reproducibility. Thus, the phthalocyanine LB films may be 
used as a NO2 gas sensor. 

n-A isotherms. 

This work was supported by Korea Electric Power Corporation. 

REFERENCES 

I .  Rohrer, H, Jpn. J. Appl. Phys., 32 (1993) 1335. 
2. Abraham U, An Ihtroduction to Ultrathin Organic Films (Academic Press, 

3 .  J .  D. Wright, R. J .  M. Nolte, 0. E. Sielcken and S. C. Thorpe, J. Mater. 

4. John D. Wright, Philippe Roisin, G. Patricia Rigby Thorpe, Roeland J .  M. M. 

5 .  A. W, Snow and W. R, Barger Phthalocyanine: Properties and Application, 

6 .  H. K. Cho, B. H. Yoo, H. S. Kim, T. W. Kim, J. S. Kim, KIEE, annual fall 

7. 11. S. Kim, B. H. Yoo, H. K. Cho, Y. J. Han, T. W. Kim, J. S. Kim, 

Boston, 1991), p. 101. 

chem., 2 131 (1992). 

Nolte, Michild J. Cook, Sensors and Actuators B, 276 (1993). 

(VCH, New York, 1989), p. 346. 

contcrence proceedings C, 1298 (1994). 

KIEEME, annual fall conference proceedings, 79 (1994). 
X. E. Brynda et al, Synth. Met., 37 327 (1990). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
28

 1
8 

Fe
br

ua
ry

 2
01

3 


