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A Study on the Dielectric Relaxation Time of 
Arachidic Acid Monolayers by MDC Measurement 

SU-YOUNG CHOa, KYUNG-SUP LEEa, JIN-WON SONGa, 
YOUNG-KEUN KIMa, YOUNG-IL CHOIb, YICHUN LIUc and 

MITSUMASA IWAMOTO~ 

aDept. of Electrical & Electronic Eng., Dongshin University, 252 Daeho-dong, 
Naju Chonnam, 520-714, Korea, bDept. of Electronics, Chosun College of 

Science & Technology, 290 SeoSuk-dong Dong-gu, Kwangju, 510-759, Korea, 
'Institute of Functional Material Chemistry, Northeast Normal University and 

dDept. of Physical Electronics, Tokyo Institute of Technology, 2-12-1 
0-okayama, Meguro-ku, Tokyo 152-8552, Japan 

Maxwell displacement current (MDC) measurement has been employed to study the dielec- 
tric property of Langmuir-films, A method for determining the dielectric relaxation time of 
floating monolayers on the water surface is presented. MDC flowing across the monolayers is 
analyzed using a rod-like molecular model. It is revealed that the dielectric relaxation time of 
monolayer in the isotropic polar orientational phase is determined using a linear relationship 
between the monolayer compression speed and the molecular area A,,,. Compression speed a 
was about 30,40,50mm/min. 

Keywords: dielectric relaxation: arachidic acid; organic 

INTRODUCTION 
MDC measurement has been employed to study the dielectric ro rty 
of Langmuir-films. Using this technique, we have s t u l e p t h e  
piezoelectric property of Langmuir-films, the phase transition of 
monolayers and so on. We experimentally investi ated the dielectric 
relaxation phenomenon of a 11 uid crystal monokayer by the MDC 
measurement. It is essential to !evelop a method for determining the 
dielectric relaxation time rof monolayer, because the relaxation time 
carries one of the basic hysicochemical properties. In this paper, we 
examine the dielectric reLation time of organic monolayers by MDC 
measurement.[ 1-41 

ANALYSIS 

Figure 1 shows a model of floating monolayer on a water surface. For 
simplicity, we confine our discussion to monolayers in the isotropic 
polar orientational phase. Briefly, the monolayer consists of rodlike 
polar molecules with a length 1. Each molecule has a permanent electric 
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192 SU-YOUNG CHO et a / .  

dipole moment f l  in the direction along the molecular long axis, and it 
stands at a tilt angle 6 away fiom the normal direction to the water 
surface. The motion of rodlike olar molecules is restricted within O< 6 
<6 A, where 8, = sin-’ && (A,  = d’) . Here A is the molecular 
area and A is the critical molecular area. The monolayer film is 
sandwiched getween Electrodes 1 and 2. 

4 / Hk.moda 2 

FIGURE 1. Molecular model on the water surface. 

Electrode I is sus ended in the air parallel to and at a distance d from 
the water surface. h e  orientatjonal order parameter S (4 of the organic 
monolayers on Electrode 2 is gwen by 

Here f (cos8,t) denotes the orientational distribution function at t=t. 
Assuming that the orientational motion of molecules satisfies the 
Debye-Brownian motion equation, we obtain the following rate 
eauation. 

Here T is the dielectric relaxation time of monolayer films, and given 
by 

(3) 
Where < > represents the thermal average, k is the Boltzmann constant, 
E, is the fiictional constant of monolayer, R is the external stimulation, 
and U(4 IS a step function. 

In the MDC measurement, monolayers are compressed at a monolayer 
compression speed of a fiom the molecular area A = A,. Electronic 
charges are induced on Electrode 1 due to the presence of polar 
molecules on the water surface, and the ma nitude of these electronic 
charges b monolayer compresslon. As a re&, h4DC flows through an 
ammeter. ‘h~ is expressed as 

6 <(case- <case >)’ > 
T = -  

kT 1- < cos’ 8 > 
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A STUDY ON THE DIELECTRIC RELAXATION TIME ._..,. I93 

aP with K = B .Here B is the working area of electrode 1. 
U 

Therefore the following relation is easily obtained by integrating the 
MDC wth respect to the molecular area 

Substituting Eq. (5) into Eq. (4), the following equation is obtained 

(6) 
s 1 A  

I = - j  I d + K L - - J  I d 4  
ta 4 ta A 4 

assuming S, (A , )  = 0 .  It should be noted here that rod-like polar 
molecules lie on water surface at the molecular area A>A due to the 
Coulomb attractive force working between polar molecJes and the 
water surface. That is S , ( A , )  = 0 for A>Ao. Usually in the MDC 

EXPERIMENT 

Monolayers of arachidic acid were 
spread fiom dilute chloroform 
solutions (0.5 mmol) onto the 
surface of ure water. 
The woring p e a  of Electrode 1 

was 45.6 cm . The distance d 
between Electrode 1 and the water 
surface was 1 mm. The 
displacement current I was 
measured b an electrometer 
(Keithley.65 17). 
Arachidic acid was spread on 

pure water@H 6.0, 18.2 MQ cm) 
and maintained at 20 'c. After a 
monolayer was rested for 5 
minutes, the monolayer was 
compressed at a compression 
speed of 30, 40, 50 mdmin. 
MDCs were measured during 
monolayer compression. 

FIGURE 2. x -A, I-A, D-A of barrier compress 
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RESULTS AND DISCUSSION 

Figure 2 shows a typical example of MDCs, where MDCs were 
initiated to flow.at the molecular area A=&, due to the phase transition 
from the isotro ic planar alignment phase on water surface Range 1) to 
the polar orie&tional isotropic phase (Ran e 2). MM: &s appear in 
the range of molecular area A between 51 w2 and 25A (Range 2 by 
monolayer compression. We plotted the vertical component md=p of 
the di ole moment of monolayers determined by Eq. (5  , assuming S,, 

relationship between a and Am is obtained.(Figure 3 )  
(A,)=8 Figure shows the relationship between a an d A,,,. A linear 

a (rndrnin) 

FIGURE 3. Relationship between 
a andAm 

Am. p Hd.oul. (A? 

FIGURE 4. Dielectric relaxation 
time 

From this liner relationship between a and ,fP in Figure 3, the 
frictional constant 5 Js. Atter that, we 
calculated the dielectric relaxation time of monolayers from E (3) 
The results were plotted in Fi re 4. It is found that the die?ectnc 
relaxation times are a few 

is calculated as 0.68~10- 

depenrlmg on the molecular area A .  

CONCLUSION 

We presented a method for determining the dielectric relaxation time 
7 of floating monolayers on the water surface using MDC across 
monolayers. .It is revealed that the dielectric relaxation time 7 of 
monolayers in the isotropic polar onentational phase ives a liner 
relationship between the monolayer compression s p d a  and the 
molecular area A,,,. 
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