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The structure of the Langmuir-Blodgett (LB) films based on the dioctadecyldimethylammonium-Au(dmit)2 

(2Cis-Au(dfnit)2) salt has been investigated by infrared spectroscopy and atomic force microscopy (AFM). 
Although we normally utilize electrochemical oxidation process as the post-treatment to render the LB film 
conductive, the infrared spectra in the fingerprint region suggest that the oxidation of the Au(dmit)2 moiety 
already seems to start at the air/water interface. The morphology of the LB films changes from a 
quasi-three-dimensional (Q-3D) structure to a two-dimensional (2D) one during the time for which the salt is 
kept at the air/water interface before compression. 

Key words: LB films, Au(dmith, infrared spectroscopy, atomic force microscopy (AFM) 

1. INTRODUCTION 
A great deal of attention has been paid to the 

fabrication of the mono- and multi-layered systems using 
the Langmuir-Blodgett (LB) technique, which allows us 
to assemble organic molecules into organized 
two-dimensional molecular sheets utilizing the interface 
adsorption phenomena. Among the research activities 
for fabricating LB systems with various functions, the 
development of conductive LB films has become a 
growing area over the past two decades [1,2]. As the 
film-forming material, the sulfur-rich anion, metal(dmit)2 
(where H2dmit = 4,5-dimercapto-1,3-dithiol-2-dithione 
and metal = Ni, Au, Pd, Pt) is one of the intriguing 
candidates because its salts exhibit wide varieties of 
electronic properties ranging from semiconductors to 
superconductors (3-5]. 

We have already reported that the 
dioctadecyldimethylammonium-Au( dmith 
(2Cis-Au(dmit)2, Fig. 1) salt forms Langmuir films of 
good quality at the air/water interface without using 
matrix molecules and that the electrochemically-oxidized 
LB film of the 2C18-Au(dmit)2 salt shows the 
room-temperature conductivity (cr11u) as high as 2 S/cm 
along the film plane [6]. 

Since the macroscopic conductivity of the LB system 
is often limited by the grain boundaries and/or defects, 
the improvement of the higher-order structure is 
important to increase the conductivity. In general, for 
optimizing 'the film-forming conditions in the LB 
technique, several key conditions should be taken into 
account (e.g., species of ions, pH, subphase temperature, 
spreading solvent, compression speed of the film forming 
materials). Furthermore, some earlier works suggest 
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Fig. 1. The structure of2C18-Au(dmit)2 salt. 

that these film-forming parameters should be carefully 
treated in the time-domain because the film-forming 
materials do not always reach their 
thermodynamically-stable states immediately after the 
application of the spreading solution at the air/water 
interface [7-9]. Ikegami and coworkers also utilized the 
air/water interface as an active reaction field for the 
DCNQI (N, N'-dicyanoquinodiimine) LB systems, and 
pointed out that the air/water interface may provide an 
active reaction field for the CT complexes and radical 
salts in general [10-12]. 

As for the metal(dmit)2 LB systems, Gupta and 
coworkers have already reported that the occupied areas 
of the dialkyldimethylammoniun-metal(dmith (metal = 

Pt, Pd, or Ni) salts increase with increasing the "waiting 
time (Tw)'' [13, 14], which is defmed as the time for 
which the salt is kept at the air/water interface, and the 
quality of the LB films is greatly improved in terms of 
the surface roughness. The effect of T w upon the 
structure, however, has not been investigated 
comprehensively and the origin of the "spreading effect" 
has not been touched upon in these works. In this paper, 
we focus on the structure of the 2C18-Au(dmit)2 LB films 
fabricated with various values of Tw and report the 
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analyses by infrared spectroscopy and atomic force 
microscopy (AFM). 

2. EXPERIMENTAL 
The dioctadecyldimethylarnmonium-Au( dmit)z 

(2C 18-Au(dmit)z, Fig.1) salt was synthesized following 
the procedure of Steimecke et al [15]. The 
2C18-Au(dmit)z salt was twice recrystallized in a mixture 
of acetonitrile and benzene and dried under reduced 
pressure for 12 h. 

A KSV 5000 trough or a homemade trough whose 
dimension is the same as that of KSV-5000 was used. 
The 2C18-Au(dmit)z salt was applied at the air/water 
interface from a I : 1 mixture of acetonitrile and benzene 
solution. The film at the air/water interface was 
compressed to 25 mN/m and· transferred onto solid 
supports by the horizontal lifting method. The surface 
pressure (n) vs. area per molecule (A) isotherms were 
measured at a compression speed of 0.067 A 2/(s • 
molecule) at 17-20 °C. For both of the film deposition 
and n-A isotherm measurements the floating compounds 
were kept at- the air/water interface for 5 - 180 min after 
applying the solution at the air/water interface and then 
the compression was performed. 

A 1-nm-thick CaF2 plate was used for infrared 
spectrum measurements. The CaF 2 plates were 
hydrophobized by the coating of 5-layered LB films of 
cadmium arachidate. An Si wafer hydrophobized by 
1,1,1,3,3,3-hexamethyldisilazane was used as the 
substrate for the AFM observation. The AFM images 
were obtained by a SEIKO SPA-300 atomic force 
microscope (AFM) using a tapping mode with a force 
constant of 1.5 mNm-1

• Infrared transmission spectra 
were recorded using a JASCO FTIIR-300 spectrometer. 

3. RESULTS AND DISCUSSIONS 
3.1. Then-A isotherms 

Figure 2 shows the n-A isotherms of the 
2Cls-Au( dmit)2 salt measured at 17 °C. "Waiting time 
(Tw)", which is defined as the time for which the salt was 
kept at the air/water interface before compression, is 
varied in the range from 5 to 180 min. The area per salt 
at 25 mN/m, where the film deposition was performed, is 
12 A 2 when Tw = 5 min (curve a). Since the 
dioctadecyldimethylarnmonium moiety is known to 
occupy 40-50 A 2 in a monomolecular films at the 
air/water interface, the occupied area of 12 A 2 is 
unexpectedly small, suggesting the formation of a 
quasi-three dimensional (Q3D) structure. However, the 
n-A isotherm of the 2C18-Au(dmit)z salt is found to 
expand remarkably with increasing T w, as shown in Fig. 2. 
In case Tw = 180 min, the occupied area at 25 mN/m 
reaches 30 A 2 and the limiting occupied area is in the 
range 40-50 A 2 [16], which is in good agreement with 
the cross section of the dioctadecyldimethylammonium 
moiety in a monomolecular film at the air/water interface, 
indicating a formation of a two-dimensional (2D) 
structure. 

3.2. The infrared spectra 
Figure 3 shows the infrared transmission spectra of 

the as-deposited 2C18-Au(dmith LB films of 20 layers 
fabricated with various values ofTw (Tw = 5, 60, 90, 120, 

e -z 
.§. 

f 
j 
fl) 
fl) 

f 
0. 
Cl) 
u 
~ 
j 

U) 

70 

60 

50 

40 

30 

20 

10 

0 
0 10 20 30 40 50 60 

Area per molecule (A2
) 

Fig. 2. The surface pressure (7t) vs. area per molecule 
(A 2

) isotherms of the 2C18-Au(dmit)z salt 
measured at 17 °C, where "waiting time 
(Tw)" =(a) 5 min, (b) 30 min, (c) 60 min, (d) 
90 min and (e)Tw= 180 min. 
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Fig. 3. The infrared transmission spectra of the 
2CwAu( dmit)2 LB film fabricated with 
various values of Tw. Assignments of the 
key bands: 2918 cm·I, CH2 antisymmetric 
stretching, v.(CH2); 2850 cm·\ CH2 

symmetric stretching, v.(CH2); 1055 cm·I, 
C=S stretching, v(C=S). 
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and 180 min). Assignments for the infrared bands of the 
2CwAu( dmit)2 LB film have not yet been fully 
established, however, some key bands for the LB film are 
as follows: 2918 cm·1, CH2 antisymmetric stretching; 
2850 cm·l, CH2 symmetric stretching; 1056 cm·\ C=S 
stretching. 

The band intensities of the CH2 antisymmetric 
stretching and the CH2 symmetric modes do not change 
significantly until Tw = 60 min. however, they fall off 
markedly in the Tw range of 60-90 min, reaching roughly 
the half of those in case T w < 60 min. On the other hand, 
the band shapes of the CH2 antisymmetric stretching 
mode and CH2 symmetric one and the intensity ratio of 
these bands do not change as a function ofTw, suggesting 
that the mobility and the orientation of the alkyl chain of 
the 2C18-Au(dmit)z LB film remain constant. The 
wavenumbers of the antisymmetric stretching and the 
CH2 symmetric modes also do not change appreciably 
with changing Tw. 

It should be also noted here that the infrared spectrum 
in the fmgerprint region changes markedly as a function 
of Tw, as shown in Fig. 3. One of the distinct spectral 
changes is the intensity decrease of the C=S stretching 
band observed at around 1055 cm-1

• The band intensity of 
the C=S stretching mode compared with that due to the 
CH2 antisymmetric and symmetric stretching modes 
drastically decreases with increasing Tw. Figure 4 
shows the full width of the half height (FWHH) and the 
wavenumber of the C=S stretching mode, plotted against 
Tw. The FWHH of the band due to the C=S stretching 
mode is 14, 14, 17, 17, and 18 cm-1 for Tw== 5, 60, 90, 120, 
and 180 min, respectively, as shown by the open circles 
in Fig. 4; the FWHH increases appreciably in the Tw 
range of 60-90 min. Furthermore, the broadening is 
accompanied by the appreciable red-shift of the band, 
which is from 1055 to 1053 cm·I, as shown in Fig. 4. 
The earlier works suggest that the broadening 
accompanied by the slight red-shift is due to the 
oxidation of the metal(dmit)z moiety [15]. In fact, the 
infrared spectrum of the 2C18-Au(dmith salt oxidized by 
iodine coincides well with that of the as-deposited LB 
films fabricated in case Tw =180 min. Thus, we 
consider that the chemical process proceeding at the 
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Fig. 4. The full width of the half height (FWHH) and 
the wavenumber of the C=S stretching mode, 
plotted against Tw. 
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Fig. 5. Typical AFM images of "single-layered" LB 
films of the 2C18-Au(dmith salt deposited on 
hydrophobized Si wafers;(a) Tw=5 min, (b) 
Tw=l80min. 
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