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Electrical Properties of the Dialkyldimethylammonium-Au(dmit), LB Films
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 The resistance of the Langmuir-Blodgett films based on ditetradecyldimethylammonium-Au(dmit),
(2C, 4~Au(dmit),) salt was measured along the film plane using electrode gaps of 0.5 mm and 5 pm in a wide
temperature range of 27-290 K. In case the electrode gap is 0.5 mm, the LB film shows a weak metallic
behavior from room temperature down to around 200-250 K with a positive temperature derivative of the
resistance, but it shows a negative temperature derivative of the resistance below the temperature. However,
in case the electrode gap is 5 pm, the metallic temperature dependence of the resistance extends down to the
lower temperature range of 58-106 K. The atomic force microscopy (AFM) has revealed that the LB film
consists of crystallites, which are 1-5 um in lateral sizes and 4-20 nm in thickness. We hypothesize that the
broad minimum of the resistance vs. temperature plot emerges in a crossover region, where metallic nature
inside the crystallites are competing with the random potentials set up by grain boundaries and/or defects, and
then, the metallic temperature dependence extends down to the lower temperature by narrowing the electrode
gap.
Key words: Langmuir-Blodgett films, Au(dmit), complexes, Electrochemical oxidation, Electrical
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. 1. INTRODUCTION
Since the Langmuir-Blodgett (ILB) techmique s s S s
allows us to assemble organic molecules into tailored C"Hm”\N<CH3 s=< I p4 I >=S
two-dimensional (2D) molecular sheets with fairly low CoHansf” “CH, S ¢ Vg —~g
energy cost, the technique has attracted a great deal of
attention [1].  Among various functions of 2D

assemblies of organic molecules, realization of highly
conductive LB systems is one of the important subjects

Fig. 1. Molecular structure of the 2Cn-Au(dmit), salt.

[2]. of the introduction of alkyl chains in the molecular

The metal(dmit), complex, where metal=Au, Ni, systems. Thus, in order to evaluate the intrinsic
Co, Zn, Pt or Pd and Hydmit=4,5- electrical properties of the LB films, the resistance
dimercapto-1,3-dithiole-2-thione, has been regarded as a should be measured using an electrode gap equal to the
good candidate for fabricating the conductive LB domain size or even smaller one. So far, in our series
systems because the bulk salts exhibit a wide variety of of works on the conductive LB films of the
electrical properties ranging from semiconductors to 2C-Au(dmit), =8, 10, 12, 14, 16, 18) salts, the
superconductors [3]. We have already reported that the electrode gap for measuring the conductivity is 0.5 mm.
Langmuir-Blodgett (LB} films of In this paper, we report on the resistance of the
dialkyldimethylammonium-Au(dmit), (2C,-Au(dmit),, 2C-Au(dmit), LB films measured using an
n=8, 10, 12, 14, 16, 18, Fig 1) salts show high in-plane inter-digitated electrode gap of 5 pm in the temperature
conductivity of 10°-10* S/cm. Among them, the LB range of 27-290 K together with the morphological
systemn based on ditetradecyldimethyl- studies by atomic force microscopy (AFM).

ammonivm-Au(dmit), [2Ci,-Au(dmit),] salt exhibits a
high lateral conductivity of 40-100 S/em at room
temperature with a metallic temperature dependence of 2. EXPERIMENTAL
the conductivity in the range of 230-300 K after

electrochemical oxidation [4]. Furthermore, the ac 2.1 Sample Preparation

magnetic susceptibility and resistance suggest the The 2CAu(dmit), salt (Fig. 1, n=14) was

existence of a superconducting phase below 4 K [5-7]. synthesized following the procedure of Steimecke et al.
In general, charge-transfer (CT) complexes and [8] and spread on the surface of pure water (17°C) using

radical salts tend to form domains, which are several

. . . . . hadhe a 1:1 mixture of acetonitrile and benzene. After
microns in lateral sizes, at the air/water mterface in spite

keeping the salts on the water surface for five minutes,
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they were compressed up to 25 mN/m and transferred
onto a 0.5-mm thick electrode-coated quariz plate,
0.1-mm thick poly(ethylene terephthalate) (PET) film or
Si(100) substrate. A NIMA Type 622 trough was used.
Twenty layers were deposited unless otherwise stated.
The electrode-coated quartz plate is a BAS Type 011064
Mirco-Electrode with an inter-digitated gap of 5 pm
[Figs. 2(a) and 2(b)]. The PET-film substrate was a
sample batch (Type S100) provided by Mitsubishi
Polyester GmbH.  The Si(100) substrate was cut from a
commercially available wafer (n-type, 1-10 Q ‘cm).
The PET substrate was hydrophobized by five layers of
the LB film of cadmium arachidate. Then, gold was
vacuum-evaporated through a mask to form four
electrode strips separated by a gap of 0.5 mm, as shown
in Fig. 2(c). The electrode-coated quartz plate and the
8i(100) substrate were hydrophobized by keeping them
in a container filled with the vapor of 1,1,1,3,3,3-

@ ©

(b)

Fig. 2. (a) The electrode-coated quartz plate with an
inter-digitated electrode gap of 5 um; the
inter-digitated area is surrounded by the open
circle and the arrow (BAS Type 011064). (b)
The area with the inter-digitation. (c¢) The
0.1-mm thick PET substrate coated by four
gold strips with a gap of 0.5 mm.

hexamethyldisilazne for more than a day.

The as-deposited films were immersed in an aqueous
solution of LiClO, (0.1 M) and electrochemically
oxidized by a constant cumrent of 0.8 pA. The gold
electrode undemeath the 2C;,-Au(dmit), layer was used
as the working electrode. The counter electrode was
platinum. The details of the sample preparation are in
our previous papers [4-7, 9].

2.2 Measurement of electrical resistance

For monitoring the resistance during the
electrochemical oxidation process, the samples were
taken out from the electrolyte and dried by nitrogen gas,
and then, the resistance were measured by a dc two
probe method using a SANWA AU-32 multitester or
Keithley Type 2001 digital multimeter at room
temperature.

The temperature dependence of the resistance was

measwred by an ac four-probe method using a
LakeShore Model 370 AC Resistance Bridge combined
with a LakeShore Model 3716 Scanner or by a dc four
probe method using Keithley Type 2001 digital
multimeter combined with a Keithley Type 220
programmable current source. The resistance was
measured along the film plane using the gold electrode
strips underneath the LB films.

2.3 Morphological observation

The surface of the 2Cy-Au(dmit); film at the
air/water interface was observed by Brewster angle
microscopy (BAM) using a USI BAM system.

The surface structure of the 2C,~Au(dmit), films
transferred on the hydrophobized 8i(100) substrate was
observed by a JEOL Model JSPM-4210 atomic force
microscope (AFM) using a contact mode,

3. RESULTS AND DISCUSSION
In case the electrode gap is 0.5 mm, the conductivity
at room temperature gradually increases with the
oxidation until T,y (oxidation time) in the range of
150-180 min but it tums to decrease with further
oxidation [9]. However, in case the inter-digitated
electrode gap of 5 pm is used, the conductivity increases
until Ty in the range 60-80 min and it turns to decrease
with further oxidation. The difference of T. values
that realize the maximal conductivity is considered to be
partly due to the difference of the areas of the LB films
immersed in the electrolyte” but further characterization
is nOW in progress.
Figure 3 shows typical temperature dependence of
the resistance measured by the electrode gaps of 5 um
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Fig. 3. Typical temperatre dependence of the
2C~Au(dmit), LB films measured with
the electrode gaps of 5 um (Sample 1) and
0.5 mm (Sample 2).

* The film areas immersed in the electrolyte are 13 X
10 mm® and 2 X3 mm? as for the samples of the
electrode gaps of 0.5 mm and 5 pum, respectively.
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(Sample 1) and that of 0.5 mm (Sample 2). The values
of the oxidation time (T,) were T=60 min and

(b)

(d)

Fig. 4. Brewster angle microscopy (BAM)
images of the 2C;,~Au(dmit), film at the
air/water interface recorded at the surface
pressure of 0 mN/m (a), 10 mN/m (b), 25
mN/m and 40 mN/m.

To=150 min, for Sample 1 and Sample 2, respectively.
As shown in Fig. 3, the metallic behavior of the
resistance of Sample 1 extends down to 106 K while that
of Sample 2 is down to around 215 K. The broad
minimum of the resistance vs. temperature plot differs
from sample to sample but they were in the range of
200-250 K in case the electrode gap is 0.5 mm, while
they were in the range of 58-106 X in case that is 5 pm.

Figures 4 shows Brewster angle microscopy
(BAM) images recorded with increasing the surface
pressure 1n the range 0-40 mN/m.  As shown in Fig.
4(a), even at 0 mN/m, some domains, which are 5-30
um in lateral sizes, are seen. It appears that the surface
coverage by the domains increases with increasing the
surface pressure up to 25 mN/m, as shown in Figs. 4(a),
4(b) and 4(c). We currently assume that the darker flat
regions in Figs. 4b) aud 4(c) are also filled with the
relatively thin film of the 2Cy;~Au(dmit), salt because
the diffusion speed of the domains at the air/water
interface is extremely slow in case the surface pressure
is in the range 10-40 mN/m.

Figure 5 shows a typical atomic force microscopy
(AFM) image of the 2C4-Au(dmit), film transferred on
the Si(100) wafer by “one single transfer”. The film
consists of thin plate-like crystallites, which are 1-5
microns in lateral size and 4-20 nm in thickness. Thus,
the electrode gap of 0.5 mm is two orders of magnitude
larger than the lateral size of the crystallites, and the
resistance measured by the 0.5-mm gap is possibly
influenced by the random potentials set up by the grain
boundaries and/or defects. We currently hypothesize
that the narrower electrode gap of 5 pm allows us fo
detect the intrinsic electronic properties of the LB
system and that the metallic behavior extends down to
around 106 K.

Fig. 5. Typical atomic force microscopy (AFM)
image of the 2C;pAu(dmit), film
transferred on the Si(100) wafer by “one
single transfer”.

During the electrochemical oxidation, we postulate
that the ClO, anions are incorporated in the film for the
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compensation of the charge as follows:

D[Au(dmit),] + (1—8)CIO; — Ds[Au(dmit),]”°
+(1—8) D" Clo, +(1—-8),

where D'=ditetradecyldimethylammonium  and &=
charge transfer ratio (0<8<1) [9]. The morphology of
the film may change because of the rearrangement
during the post treatment. In fact, we have already
reported on the studies by the infrared (IR) spectroscopy
that the order of the alkyl chains changes remarkably
during the electrochemical oxidation [9]  Further
studies on the  morphology of  the
electrochemically-oxidized film are now in progress.

4. CONCLUSION

The resistance of the Langmuir-Blodgett Films based
on ditetradecyldimethylammonium-Au(dmit), (2Cys-
Au(dmit),) salt was measured along the film plane using
electrode gaps of 0.5 mm and 5 pm in a temperature
range of 27-290 K. In case the electrode gap is 0.5
mm, the LB film shows a weak metallic behavior from
room temperature down to around 200-250 K with a
positive temperature derivative of the resistance, but it
shows a negative temperature derivative of the
resistance below the temperature. However, in case the
electrode gap is 5 pm, the metallic temperature
dependence of the resistance extends down to the lower
temperature range of 58-106 K. The atomic force
microscopy (AFM) has revealed that the LB film
consists of crystallites, which are 1-5 pm in lateral sizes
and 4-20 nm in thickness. We hypothesize that the
broad minimum of the resistance vs. temperature plot
emerges in a crossover region, where metallic nature
inside the crystallites are competing with the random
potentials set up by grain boundaries and/or defects, and
then, the metallic temperature dependence extends down
to lower temperatures by narrowing the electrode gap.
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