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Abstract Frequency-dependent dielectric properties of Czz-Quinolinium(TCNQ) 
Langmuir-BlodgettFB) films were investigated in a frequency range of 10 Hz 
- 13 MHz along a perpendicular direction to the films. The films were 
heat-treated in a temperature range of 20 - 240 “c. Frequency-dependent 
dielectric constants show that there are two characteristic dispersions; one is a 
dispersion occurring near 1 MHz coming from the orientational polarization of 
the molecules and the other one is probably due to an interfacial polarization 
below 1 kHz when the annealing temperature is above 80 “c. The annealing 
temperature-dependent dielectric constants show that there are two maxima, one 
at near 80 “c and the other one at near 180 C.  The first peak seems to be 
related to a disorder of the all@ chains. The second peak may be due to a 
chemical structure change of the TCNQ-molecules. Several other methods were 
employed to understand between the dielectric constants and the internal 
structure change of the films. DSC (differential scanning calorimetry) data of 
the Cz&umolinium(TCNQ) molecules shows that there is an endothermic 
process near 120 “c and a weak exothermic process near 180 C. Thickness 
measurement by ellipsometry shows that there is a thickness drop near 100 “c, 
which is supposed to be due to a softening of the alkyl chains. The film 
thickness above 120 “c becomes around 20 I of the room-temperature value. 

INTRODUCTION 

Semiconductor technology has been successively grown up in miniaturization, 
reliability, and economic aspect of devices for the last 3 decades. We are, 
however, currently facing a processing limit in miniaturization of devices even 
though about 10’’ number of devices per unit area (m’) on a silicon wafer is able 
to be produced. Thus, there is a study to develop new materials and new 
processing techniques. For instance, more than 10l6 number of devices per unit 
area is needed to produce an artificial intelligent machine like a human brain. This 
kind of size is a molecular level. Recently there is a study for a development of 
devices using organic materials such as a molecular diode, electron-tunneling switch, 
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molecular transistor, FET (field effect transistor), and etc. These molecular-level 
devices are called the molecular-electronic devices. There are several ways of 
producing ultra-thin organic films; Mgmuir-Blodgett (LB), physical-vapor deposition 
(PVD), chemical-vapor deposition (CVD), molecular-assembly method, and so on. 
The LB method is becoming popular among these methods, because this one has 
the advantage in its simplicity of the system, easy control of thickness and 
orientation of the molecules, and low costs.[l] Even though there is a weakness 
such as a mechanical strength, this kind of problem is expected to be solved sooner 
or later. 

A compound of TCNQ-complex is, in general, well-known as a good 
conductor, and there is a material with a conductivity of around I d  S/cni.[2] We 
have been studying physical properties of the Czz-Quinolinium(TCNQ) LB films such 
as the anisotropic electrical conductivities, temperature dependent current-voltage 
(I-V) characteristics,[3] and UV/visible (300 - 800 nm) absorption depending on 
the annealing temperatures (20 - 240 “c). This paper presents the results of the 
annealing temperature-dependent dielectric properties of the Czz-QuinoliniumwNQ) 
LB films in a frequency range of 10 Hz - 13 MHz. To supplement the dielectric 
properties of the films, DSC (differential scanning calorimetry), and ellipsometry 
measurements were carried out as well. 

EXPERIMENTAL 

Preparation of the Specimen 
Optical micrwope slide glass (76~26xlmm) was used as a substrate. Its surface 
was made to be hydrophilic by cleaning ultrasonically three times in an aceton and 
ultra-pure water ( - 18 MR.cm), and then dipping in a HzSO4 solution saturated by 
KzCrzQ for 12 hours. It was rinsed again in an ultrasonic cleaner (Branson 2400) 
three .times for 40 minutes each and then dried in an oven. Aluminum electrodes 
were vacuum-deposited on the suhstrate and then the Z-type LB films were made. 

Optimum conditions for a manufacture of the LB films were obtained from a 
n-A isotherm, relating a surface pressure n and an effective area A occupied by one 
molecule on a subphase. Since 
the n-A isotherm depends not only on the kinds of molecules but the environments 
of surroundings, it was studied by varying a temperature of the subphase, pH, 
compression speed and so on. The n-A isotherm and the films were made using 
Kuhn type apparatus (Kyowa, HBM-H) which has a trough area of about 570 cm’. 
The film deposition was carried out under the surface pressure of 45 mN/m at room 
temperature. And then top aluminum electrodes were vacuum-deposited again. An 
area of the electrcde is 9 mm’. 

The ultra-pure water was used as the subphase. 
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Measurements 
DSC (Stanton Redcroft DSC 700) measurements of the Czz-Quinolinium(TCNQ) 
molecules were done in the temperature range of 20 to 220 'c. Thermal annealing 
was performed in air with a heating rate of 2 C/min. Frequency- dependent 
dielectric constants were measured using HP 4192A LF impedance analyzer. 
Conductance G and susceptance B were measured at each frequency and then 
complex dielectric constants &*(a) = E ' -  ie" of the specimen were calculated using 
the following equations. 

Here, a is an angular frequency, EO is a dielectric permittivity of vacuum, d and A 
are the thickness and the area of the electrode respectively. The thickness d of the 
film was measured by ellipsometry (Gaertner LllK, h=632 nm). For the thickness 
measurement, several 10 layered LB Films were made on a silicon-wafer substrate. 

RESULTS AND DISCUSSION 

Figure 1 shows a DSC data of the Czz-Quinolinium(TCNQ) molecules at a heating 
rate of 2 "Clmin. There is a strong endothennic process near 120 "C and a weak 
exothermic process near 180 "c. The endothermic process near 120 "C seems to be 
due to a softening of the alkyl chains, and this agrees to a result of thickness 
measurement which will be described later. The exothermic process near 180 "c 
seems to be related to a decomposition of TCNQ molecules, which was confinned 
by UV/visible absorption spectra and FTIR measurement. The W/visible absorption 
spectra show that there is a peak at 494 nm, which is from the absorption of 
TCNQ molecules. When the films were heat-treated to near 180 "c, this peak was 
disappeared. The lTR measurement also shows that the TCNQ peak at 2181 cm-' 
disappears near this temperature range. We are going to publish the optical 
properties later. 

Figure 2 is the thickness and the refractive index of the CZZ- 
Quinolinium(TCNQ LB films depending on the annealing temperatures measured by 
ellipsometry technique. Figure 2(a) shows that the thickness of the one monolayer is 
around 38 A at mom temperature. The thickness decreases slowly as the 
temperature increases, and there is an abrupt drop near 100 'c. The thickness at 120 
"C becomes 20 I of the mom-temperature value and it stays almost constant upto 
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240 "c. 
alkyl chains as they become soft. 
figure 2@). 
is similar to that of fatty acid. 
almost constant up to around 80 "C and then increases to the value of about 2.7. 

A reason of thickness drop near 100 "C may be due to a disorder of the 
The corresponding refractive index is shown in 

The room-temperature value of the refractive index is about 1.6, which 
As the annealing temperature increases, its value is 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 50 100 150 200 250 300 

Temperature C) 

Figure 1 DSC measurement of the C~-Quinolinium(TCNQ) molecules. 

. . . . . . . . . . . . . . . . . . . . . .  
0 50 100 150 200 250 

A n n a  Temperature ("C] Annealing Temperature ("C) 

Figure 2 
of the C&uinolinium(TCNQ) LB films using ellipsometry measurement. 

The annealing temperature-dependent thickness and refractive index 

Frequencydependent complex dielectric constants are shown in figure 3 
measured at several annealing temperatures in the range of 20 - 220 "C. Figure 
3(a) shows that a real part of dielectric constant E' is about 6.5 in the 
low-frequency range at room temperature and is decreasing slowly upto 16 Hz or 
so. A dielectric dispersion of the orientational 
electric polarization seems to be occurred in this frequency range. The 
corresponding imaginary part of dielectric constant E" shows a peak near 1 MHz. 
A general behavior of the annealing temperature-dependent dielectric constant is as 
follows. As the annealing temperature increases, the dielectric constant generally 
increases upto - 80 C and then decreases continuously down to 140 C. When 
the temperature increases further, it again starts to increase very slowly. When the 

It decreases abruptly near 1 MHz. 
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annealing temperature is above SOC, we can clearly see another dielectric dqersion 
occurring in the low-frequency region below - 1 kHz. This can be interpreted in 
tenns of an interfacial polarization. The effect of interfacial polarization seems to be 
related to the softening of alkyl chains. After the alkyl chains are becoming 
disordered state near 80 "C, the interfacial pxarization effect is shown up. 

Resuencs (W Frenuev (W 

Figure 3 Frequency-dependent complex dielectric constants of the Cz- 

Qumolinium(TCNQ) LB films; (a) the real part of dielectric constant E' ,  and 
(b) the corresponding imaginary part of dielectric constant E " .  

Figure 4 indicates the annealing temperature-dependent dielectric constants at 
It shows that there are two maxama at near 80 "C and 180 

These two characteristic temperatures are supposed to be associated with the 
several frequencies. 
"C. 
internal structural and chemical change of the molecules. 

3 j . . . . . . . . . . . . . . . . . . . . . . . . .  1 
.9 0 
Cl 0 50 100 150 200 250 

Annealing Temperature (" C) Annealing Temperature ('C] 

Figure 4 The annealing temperature-dependent dielectric constants of the 
C~-Quinolinium(TCNQ) LB films at several frequencies. 

Figure 5 is a Cole-Cole plot representing a relation between E' and E". In 
this plot, we can see one or two semicircle depending on the annealing 
temperatures. Using a 
Debye formula on dielectric relaxation, a relaxation time z of the orientational 
polarization is found to be the order of 10" s.  

The bigger circle is due to the orientational polarization. 
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0 1 2 3 4 5 6 7 8  
Permittivity (e') 

Figure 5 
complex plane (E'VS E"). 

Cole-Cole plot of the C22-QumoliniUm (TCNQ) LB films on the 

CONCLUSIONS 
Dielectric properties of the C~-Quinolinium(TCNQ) LB films were investigated 
depending on the frequency (10 Hz - 13 MHz) and the annealing temperatures (20 
SC - 240 "c). Frequency-dependent dielectric constants show that there are two 
major dispersions. One is a dispersion of the orientational polarization occurring 
near 1 MHz and the other is a dispersion of the interfacial polarization below 1kHz. 
The relaxation time of the orientational polarization is the order of lod s. The 
annealing temperature dependence of dielectric constants shows that there are two 
characteristic temperatures; 80 "C ad 180 "C. The behavior near 80 C is related 
to a disordering of the alkyl chains, and the one near 180 "C is supposed to be 
related to a chemical structure change of the TCNQ molecules. 
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