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Solid—liquid interfaces provide a unique environment for sur-
factant assemblyMicelles can form at the interface even when
the surfactant concentration is lower than the critical micelle
concentration (cmc) due to surface forces. The assembly patterns
of the surface aggregates are mainly determined by the substrate
properties (i.e., hydrophobicity, surface charge density) and are
frequently different from those in free solutidniThis makes it
possible to separately control the surfactant assembly at the interface ; i
b appling a bas voliage [0 the subsisae and uning he surface 5, 1, S5 meges o e Sirce norhoiogy o 0 200 fire
charge densities. Burgess et al. demonstrated potential-controlled,; o, 5ps.
transformation of hemimicellar aggregates of dodecyl sulfate (SDS)
aggregates into a condensed monolayer at the gold electrode surfacgjith various weight percents (0-20 wt %) of cationic surfactant,
by inducing rearrangement of surfactant molecules that can matchety| trimethylammonium bromide (CTAB), or anionic surfactant,
the surface charges on the electréde. sodium dodecyl sulfate (SDS).

We postulated that these potential-controlled surfactant as-  Tnq surface morphology of the ZnO films imaged by scanning
semblies at the interface can be utilized as templates for the 4joctron microscopy (SEM) is shown in Figure 1. ZnO films
production of thin semiconducting and metallic nanostructured films deposited both without surfactant and with CTAB are composed

when they are combined with an electrodeposition process. In our crystalline particles and show similar surface features, suggesting

strategy, the working eIeptrode .Immerse.d in & plating solution that the positively charged headgroups of CTAB cannot strongly
containing surfactant and inorganic metal ions serves as a substrate

. . . ~~coordinate zinc species (i.e., [Znf®),]?")” and fail to form
for both surfactant aggregation and film deposition. When potentials . P ( [ ni Dd] ).
) . S o . organized nanostructured surfactaimtorganic aggregates on the
required to reduce inorganic ions lie within the range of potentials

. : . electrode surface. The smaller size and the well-defined faces of
required to induce a desired surface assembly of surfactant

. ! . . the particles in Figure 1b is due to the adsorption of CTAB on the
inorganic aggregates (i.e., bilayers to template lamellar structure), . . )
the inorganic species will be deposited as organized by surfactants9' °W'N9 surface of the ZnO particulates, which affects crystal
on the surface, resulting in the formation of nanostructured films. growth patterns. . . .

Our approach is conceptually and strategically different from The film deposited V\{'th SDS, however, shows dramatlc changes
the previous approach of using liquid crystalline phases of surfac- I shapes and crystallinity of the ZnO deposits, which no longer

tants as a direct physical cast to electrodeposit mesoporou films SNOW the X-ray diffraction pattern expected for crystalline ZnO.
in that we manipulate only a thin interfacial region to organize This and the following results indicate that the anionic headgroups

surfactant-inorganic aggregates by electrochemically controlling ©f SPS cooperatively interact with the inorganic species under our
surface interactions. Therefore, our method efficiently utilizes dilute deposition condition to form effective in situ templates on the
surfactant solutions for the production of various nanostructured electrode for the production of nanostructures films. Increasing or
films without forming corresponding liquid crystalline phases in decreasing the content of either CTAB or SDS in the solution<0.1

the rest of the solution. We report here the electrochemical synthesis20 Wt %) does not influence the surface morphology of the resulting
of high-quality nanostructured ZnO films templated from extremely films, suggesting that the interfacial structure is not significantly

dilute SDS solution (0.1 wt %). affected by bulk surfactant concentration when the surfactant
ZnO films can be cathodically deposited from a nitrate bath by concentration is above surface micelle concentration.
reduction of nitrate ions (N + H,O + 2e- — NO,~ + 20H").5 The nanostructure of the ZnO film deposited with 0.1 wt % SDS

The generation of OHat the working electrode increases the local was examined by small-angle X-ray diffraction (XRD) (Figure 2).
pH and provides for the cathodic deposition of ZnO. To investigate The diffraction patterns are unambiguously indexed as two different
the effects of surfactant types and concentrations on the micro- lamellar phases, one witho; = 31.7 A and the other witldgg;- =
structure and nanostructure of the deposits, ZnO films were 27.5 A, implying two slightly different pathways to form stable
deposited from 0.02 M aqueous solution of Zn(#HBH,O mixed surfactant bilayers under our deposition condition. Identital
spacings were obtained in multiple repeat experiments. The presence
*To whom correspondence should be addressed. E-mail: stucky@chem.ucsb.eduof high-order 00 peaks for both phases are indicative of well-
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IN 47907. defined nanostructures with long-range order.
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the electrode and by the mechanism of the deposition processes
(i.e., growth pattern of particles, deposition rate, redox mechanism).
This results in orientations and forms of nanostructures not
accessible by other means.

The ZnO films deposited from more concentrated SDS solutions
(5, 10, and 20 wt %) show no observable difference in TEM images
and XRD patterns. This indicates that 0.1% of SDS, which is below
the cmc of pure SDS solutidhgan fully cover the electrode surface
under the deposition condition and effectively templates nano-
P W S S RS structures in the ZnO films.

26 (Degree) . Analysis for carbo&hydrogen—nif[rogen. in the as-depgsi.ted

films shows 2.4% carbon content, indicating that the majority of
Figure 2. XRD pattern of the ZnO film deposited with 0.1 wt % SDS.  gyrfactants can be removed by thoroughly washing the films with
water and ethanol. This implies another unique feature of electro-
chemical methods. When the charged zinc species is deposited as
neutral ZnO particles by the redox reaction, the electrostatic
interactions between the inorganic ions and the surfactant head-
groups disappear. Therefore, the surfactant molecules that are only
physically adsorbed on the nanostructured walls can be washed
away without disrupting the structures. The lamellar structure,
however, is not thermally stable and collapses upon heating at 500
°C for 2 h.
o ] ) In summary, we electrodeposited nanostructured ZnO films
Figure 3. (a) TEM image and (b) 2D-giSAXS pattern of the ZnO film iji7ing cooperative surface assembly of surfactants and inorganic
deposited with 0.1 wt % SDS. ] . . . )
species under the influence of an electrostatic potential. This
approach effectively manipulates surfactaimorganic aggregates
at low concentration in solution to generate high-quality nanostruc-
tured films. The unique synthetic mechanism of this approach is
expected to generate other metallic and semiconducting nanostruc-
tured films of technological importance with architectures, which
cannot be assembled by other means.
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Transmission electron microscopy (TEM) images of the same
ZnO film confirmed that each ZnO particle is composed of a
lamellar nanostructure (Figure 3a). The interlayer spacing and the
inorganic wall thickness are estimated to 45 and~15 A,
respectively, which corroborates well with small-angle XRD results.
Comparing the particle orientations on the surface (Figure 1c) and
the stacking directions of the layers in each particle shown in Figure ~ Acknowledgment. This work was supported by the U.S.
3a suggests significant regions of the film with the layers stacked National Science Foundation under Grant DMR-96-34396 and the
not parallel to the substrate. This arrangement, which will allow DOE Hydrogen Program under Grant DE-FC36-01G011092. It
facile access of guest molecules or analytes to the interlayers butmade use of the Materials Research Laboratory central facilities
has never been assembled through other approaches, was confirmegupported by the National Science Foundation under Award DMR-
by two-dimensional grazing-incidence small-angle X-ray scatterring 00-80034.
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