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PREPARATION OF METALLIC CRYSTALS BY LANGMUIR-
BLODGETT TECHNIQUE

HONG LIN*, NOBUHIRO KUROIWA, WON-SEON SEO, KATSUMI
KUWABARA AND KUNIHITO KOUMOTO

Department of Applied Chemistry, School of Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya 464-01, Japan, *Institute for Chemical Research,
Kyoto University, Uji, Kyoto-fu 611, Japan

Abstract  Preferentially oriented Ag crystals with platy surface morphology
were prepared under appropriate Langmuir monolayers by using
electrodeposition plating method at a small current. On the other hand, randomly
oriented Ag crystals with needle-like morphology grew at the air/subphase
interface in the absence of a monolayer, or under a monolayer at a relative large
current. It was noted that two dimensionally oriented Langmuir monolayers
promote the two dimensional crystallization of metallic crystals through chemical
interactions at inorganic-organic interfaces.

INTRODUCTION

It is well known that it is the functionalized surface of the organized organic matrix that
serves as a template for inorganic nucleation and controls the kinetics and direction of
crystal growth due to their interactions in natural biomineralization processes.' Recent
studies’ have shown that the orientation and the architecture of inorganic crystals can be
controlled under ambient conditions by manipulating surface energies through chemical
modification of the biomimetic organic surfaces, such as the use of Langmuir-Blodgett
(LB) technique. Oriented crystallization of glycine,® PbS,* etc. takes place under
Langmuir monolayers floating on the surface of aqueous subphases containing
corresponding molecules or ions. These clearly suggest that the structural information
of LB films can be transferred to three-dimensionally growing crystals. We have
synthesized preferentially oriented hydroxyapatite crystals from supersaturated
simulated body fluid due to the presence of Langmuir monolayers at 309.5 K.*> On
the present study, we prepared metallic Ag crystals under oriented organic matrices of
Langmuir monolayers by using electrodeposition plating method. The effect of
Langmuir monolayers on the crystallization of metallic crystals in terms of chemical
interactions at inorganic-organic interfaces was investigated.
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EXPERIMENTAL

Monolayers of stearic acid were prepared in a moving-wall LB trough. AgNO, was
added in distilled water subphase to form an aqueous solution with the ionic
concentration of 1.7x10* M. A platinum (Pt) electrode was fixed just at the air-solution
interface. Then chloroform solution (5x10? M) of the surfactant molecules was spread
onto the aqueous subphase. The monolayer was kept under the surface pressure of 25
mN/m at 293.5 K for a certain period of time. A constant current flow produced by DC
voltage current standard (Auwano SV-261) resulted in metal reduction under the
monolayer. The slide glass substrate was used to horizontally transfer a monolayer and
a metal crystal layer together from the subphase with smallest damage to the deposited
crystal layer. Characterization of the deposited films was carried out by X-ray
diffraction (XRD; Rigaku Rad-C) measurements and scanning electron microscope
(SEM; Hitachi S-510) observation.

RESULTS AND DISCUSSION

In the absence of a monolayer (a general electrodeposition plating method), some
needle-like crystals of Ag were observed around the Pt electrode (see Figure 1 (a)). The
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FIGURE 1 (left) SEM photographs of Ag deposited for 2 h at 25 pA (a) in
the absence of a monolayer; (b) under a stearic acid monolayer.

FIGURE2 (right) XRD patterns of Ag deposited for various periods of time
(a) in the absence of a monolayer; (b-e) under a stearic acid
monolayer. Current was 25 pA except (b) which was at 50 pA.
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current was maintained at 25 pA and the growth time was 2 h. This kind of morphology
does not change with the changes in current and growth time. The morphology of
deposited Ag under a stearic acid monolayer was found to be similar when the current
was relatively large (i.e. 50 pA). While a small current of 25 pA resulted in a very
different growth mode of Ag crystals under the monolayer. Figure 1 (b) shows a typical
SEM image of deposited Ag crystals grown for 2 h under a stearic acid monolayer.
Platy crystals of micro meter or submicron meter size indicate a two-dimensionally
spreading growth mode.

XRD patterns of Ag crystals deposited with and without a monolayer are shown
in Figure 2. In the absence of a monolayer, Ag crystals deposited were not
preferentially oriented (Figure 2 (a)). The orientation of deposited Ag crystals under a
stearic acid monolayer was similar as above at 50 pA (Figure 2 (b)). While
crystallization of Ag under a stearic acid monolayer at 25 pA resulted in the growth of
preferentially oriented Ag crystals with a sharp reflection of the (111) plane (Figure
2(c)), which increased with an increase in growth time (Figure 2 (c-¢)).

Two more experiments were carried out in which the amphiphilic molecules were
uncompressed (in a gas-state), and the compressed monolayer was damaged. In both
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FIGURE 3 (left) SEM photographs of Ag deposited for 2 h at 25 uA under
(a) uncompressed stearic acid molecules, (b) damaged
monolayer.

FIGURE 4 (right) XRD patterns of deposited Ag crystals. The conditions
were the same as in Figure 3.
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cases, crystals deposited showed almost a needle-like growth mode as that in the
absence of a monolayer but had a little higher density (Figure 3), and were randomly
oriented as confirmed by XRD (Figure 4).

The above results strongly indicated that it is the compressed organized
monolayer which promote the oriented nucleation of Ag crystals. This crystallization
process should be carried out at a small current to arrange deposited crystals. The
interfacial interaction between the carboxy! group and Ag ions in the subphase resulted
in the formation of a Stern layer® which is reduced preferentially, and it appeared a two-
dimensionally grown architecture of Ag crystals. No special lattice matching existed
between the inter-headgroup spacing of stearic acid molecules (0.481 nm) and Ag-Ag
distance (0.289 nm) on the (111) plane of Ag. Electrostatic interactions inducing the
formation of a layer of Ag-stearic acid salt molecules are considered to be responsible
for the preferred orientation of the crystals grown under a monolayer. These factors can
override the structural mismatch at the interface in most cases.®

SUMMARY

Orientation and morphology of the prepared Ag crystals were different depending on
whether the appropriate oriented organic matrices existed or not under the present
conditions. The growth rate depending on the amount of electrolytic current seems also
critical for the growth mode. Two dimensionally oriented Langmuir monolayers
promote the two dimensional crystallization of metallic crystals through chemical
interactions at inorganic-organic interfaces.
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