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Scheme I 

ether, thiocyanate, and sulfide derivatives at the substrate: 
catalyst molar ratios, temperatures, and reaction times 
shown in Scheme I. The C-alkylation of a nitrile, oxi- 
dation of an alcohol, and dehalogenation of a vic-dibromide 
represent additional facile conversions, as also shown in 
the scheme. 

Finally, we note that organo clays are members of a 
much larger class of layered materials capable of being 
intercalated by alkylammonium ions.19 Onium ion ex- 
change forms of layered phosphates, titanates, vanadates, 
and niobates, for instances, might also form interfacial 
assemblies and exhibit useful triphase catalytic properties. 
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Molecular organization of ultrasmall colloidal particles 
is an intensively active, current area of research.4+ The 
assembly of individual molecules to small clusters, size- 
quantized particles, and larger crystallites having solid- 
state properties is inherently interesting and provides an 
entry to novel materials that have desirable chemical, 
mechanical, electrical, and electrooptical properties. 
Molecular beam epitaxy has been used primarily to con- 
struct desired structures by atomic, layer-by-layer de- 
position in ultrahigh vacuum? An alternative "wet" colloid 

~~~ 

-(I) Participant in the National Science Foundation's Research Expe- 
rience for Undergraduates Program at Syracuse university, summer 1990. 

(2) Syracuse University. 
(3) Texaco Research Center. 
(4) Fendler, J. H. Chem. Reu. 1987,87, 877. 
(5 )  Henglein, A. Chem. Aeu. 1989,89, 1861. 
(6) Ploog, K. Angew. Chem., Int. Ed. Engl. 1988, 27, 593. 

120 

6 0  

0 

t 

I 
120 

6 0  

0 

215 

0 5 50  500 0 5 5 0  500 0 10 100 
D,, nm D,, nm D,, nm 

Figure 1. Hydrodynamic diameters, presented in terms of size 
distributions, or reversed micelles prepared from 1.0 X M 
AOT and 1.0 X M H20 (w = 20) in heptane in the absence 
(a) and in the presence of 7.3 X M Ag+ (b) prior (a and b) 
and subsequent to exposing sample b to 60 min of repetitive laser 
pulses (c). 
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Figure 2. Absorption spectra of reversed micelles prepared from 
1.0 X lo-* M AOT and 1.0 X 10-1 M HzO (w = 10) in heptane in 
the presence of 7.3 X lW3 M Ag+ prior and subsequent to expasure 
to increasing times of laser pulses. A plot of absorbance at 450 
nm vs irradiation is shown in the insert. 

chemical approach was launched in our laboratories some 
years ago. Surfactant vesicles, bilayer lipid membranes, 
monolayers, and Langmuir-Blodgett f i i  have been used 
as templates in the in situ generation of nanosized semi- 
conductor and magnetic particles? These organized as- 
semblies have not only provided a passive size and di- 
mensionality control but, by virtue of electrostatic and 
hydrophobic interactions, have profoundly influenced the 
physical and chemical behavior of the given system. We 
report here that silver particles, in situ formed in the 
aqueous pools of reversed micelles, can be transferred as 
a "monolayer" of metal-island particulate films onto solid 
substrates. 

Sodium bis(2-ethylhexyl)sulfosuccinate, aerosol-0T or 
AOT (Aldrich), and calcium alkylarylsulfonate surfactant, 
1 (Texaco),' was used to prepare reversed-micelle solutions 
in heptane in the absence and in the presence of appro- 
priate concentrations of aqueous silver nitrates (Matheson, 
Coleman and Bell Co.). Heptane (Aldrich, HPLC grade) 
was used as received. Water was purified by using a 
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Figure 1. STM images of silver islands on HOPG. Samples were prepared by the slow vertical transfer of heptane-diluted (ten-fold), 
irradiated (60 min), 1.0 X M Ag+ in heptane containing 1.0 X IO-' M H 2 0  (w = 10). The insert gives a bird's-eye 
view of the same area. 

M 1 and 7.0 X 

Millipore, Milli-Q filter system provided with a 0.2-pm 
Millistack filter a t  the outlet. Absorption spectra were 
taken on a Hewlett-Packard 8450 A diode-array spectro- 
photometer. Reversed-micelle-entrapped silver ions were 
photoreduced by irradiation by 3-mJ, 20-ns, 353-nm rep- 
etitive (10 Hz) laser pulses using a Lambda Physik EMG 
101 MSC excimer-FL-2002 dye laser system." Hydro- 
dynamic diameters of reversed micelles were determined 
by dynamic light scattering using a Brookhaven BI 2030 
AT system. Samples, placed in a thermostated (25.0 "C) 
and refractive-index-matched compartment, were illumi- 
nate'd by a continuous-wave (CW) argon-ion laser (Spectra 
Physics, Model 2020; 514.5 nm, 200 mW). Fluctuations 
of the scattered light intensity, determined at  90' to the 
incident light, were autocorrelated. The data were ana- 
lyzed by an exponential sampling program to present mean 
particle size and size distributions. Standard polystyrene 
particles were used to verify the system. The determined 
sizes and size distributions agreed well with accepted 
values. Scanning tunneling microscopic images were ac- 
quired by means of an Angstrom Technology (Mesa, AZ) 
TAK 2.0 instrument operated in the constant-current 
mode. A Bt-Ir wire was used for the tunneling tip. Images 
were scanned at 5 lines/s with a 0.5-1.0-V tip bias. Images 
were plotted on a CP 200U Mitsubishi video processor. 
Images were taken on samples in 50-100 different areas. 

Size distributions, in terms of hydrodynamic diameters 
(DH values), of reversed micelles formed in 1.0 X M 
AOT in heptane in the presence of 1.0 X lo-' M 

([H,O]:[AOT] = w = 10) and 2.0 X lo-* M ([H,O]:[AOT] 
= w = 20) H20 were determined by dynamic light scat- 
tering. Typical light scattering data, presented in terms 
of size distributions, are shown in Figure 1. The obtained 
mean DH values (7.0 f 0.2 nm for w = 10 and D H  = 11.0 
f 0.2 nm for w = 20) agreed well with corresponding values 
reported for AOT reversed micelles in isooctane (DH = 7.4 
nm at w = IO; DH = 10 nm at w = 20).12 Introduction of 
7.3 X M AgN03 increased DH values of the w = 10 and 
w = 20 AOT reversed micelles to 10.0 f 0.1 and 14.0 f 0.1 
nm, respectively. Irradiation of reversed-micelleentrapped 
silver ions resulted in silver particle formation, which 
manifested in the development of a broad absorbance with 
a maximum at  around 450 nmI3 (see Figure 2 for typical 
development of silver particle absorption). Absorption 
maxima at  wavelengths longer than 400 nm are indicative 
of colloidal silver particles that are in the 8-10-nm range 
and which may have relatively broad size distributions. 
Reduction of silver ions to silver! particles changed the 
hydrodynamic diameters of their reversed-micellar hosts 
to 13.0 f 0.1 nm for w = 10 and 13.0 f 0.2 for w = 20. 
However, sizes of silver-particle-containing reversed mi- 
celles remained stable for days if kept in the dark. 
Silver-particle-containing reversed micelles were trans- 

ferred to freshly cleaved, highly oriented, pyrolytic graphite 
(HOPG, [Jnion Carbide Corp.). The transfer was effected 
by vertically pulling the HOPG substrate from the sil- 
ver-particle-containing, reversed-micellar solutions a t  a 
slow speed (1 mm/min). Slow deposition was found to be 
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Figure 5. Schematic diagram (not drawn to d e )  of the proposed 
mode of transfer of reversed-micelle-entrapped silver particles 
to a solid support. 

critical for good deposition of one layer of reversed micelles. 
STM images of reversed-micelle-coated HOPG substrates 
were taken subsequent to drying in air for 1 h. 

STM images revealed the presence of silver islands on 
atomically smooth HOPG (Figure 3). Concentrations of 
reversed micelles affected the interisland separation dis- 
tance. In undiluted (1.0 X M AOT) samples, the 
substrate was fairly completely covered by interconnected 
silver islands (not shown). Ten-fold dilution of the sil- 
ver-particle-containing reversed micelles by heptane (prior 
to transfer) appeared to be optimal for assessing interisland 
distances (Figure 3). At further dilutions, it became in- 
creasingly difficult to find images. Most significantly, 
heights of silver islands were consistently the same (4.0 f 
0.5 nm; see z-x plots in Figure 3a,c), thus indicating the 
effective transfer of only one layer of reversed micelles on 
HOPG. A similar behavior was observed for the transfer 
of silver particles, in situ generated in reversed micelles, 
prepared from 1 (Figure 4). Hydrophobic interactions 
between HOPG and the surfactant tails appear to be 
stronger than the reversed micelle-reversed micelle in- 
teractions. Interisland distances (5.5-6.5 nm for w = 10 
and 4.5-5.5 nm for w = 20) were, however, smaller than 
the hydrodynamic diameter of the reversed micelles. 
Apparently, the hydrocarbon tails of the micelles are well 
intercalated. The proposed mode of transfer is illustrated 
in Figure 5. 

The convenient preparation of ultrathin metal-island 
films, described in the present report, opens the door to 
a new approach for solid-state device construction. Ad- 
ditionally, STM images of particles generated in the cav- 
ities of reversed micelles could provide important infor- 
mation on the structure of the surfactant-aqueous inter- 
face. This is particularly important for the characterization 
of the complex surfactant systems used in the lubricant 
industry. 

Acknowledgment. Support of this work by grants from 
the National Science Foundation and Texaco, Inc. is 
gratefully acknowledged. 

Registry No. AOT, 577-11-7; Ag, 7440-22-4. 

0897-4756/91/2~03-021~~02.50/0 

Third-Order Nonlinear Optical Properties of 
Thin Films of Polyanilines and 
Poly( o-toluidines) 

John A. Osaheni and Samson A. Jenekhe* 

Department of Chemical Engineering 
University of Rochester, Rochester, New York, 14627 

Herman Vanherzeele and Jeffrey S. Meth 

E.I. Du Pont de Nemours and Co. 
Central Research & Development Department 

P.O. Box 80356, Wilmington, Delaware 19880-0356 

Received November 26, 1990 
Revised Manuscript Received January 10, 1991 

Organic nonlinear optical (NLO) materials with large 
third-order electronic susceptibility x ( ~ )  are currently of 
interest for diverse applications in photonic switching 

The third-order nonlinear optical properties 
of some of the well-known conjugated polymers have thus 
been investigated, including p~lyacetylene,~ polydi- 
acetylenes? polythiophenes,5P6 poly@-phenylene vinyl- 
enes)," poly(thiophene vinylene),4d conjugated rigid-rod and 
ladder polymers,78 and their derivatives and 
Although polyanilines"13 represent a versatile family of 
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