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Generation of combinatorial libraries has become an essential

tool in synthetic organic chemistiyut only recently have these

methods been used for rapid screening of materials propertie

of inorganic substanceés. The initial report described the use

of vapor deposition and masking techniques to vary the

composition of multi-metal superconducting materfatspre

recently, a similar mask-driven approach to spatially-selective
vapor deposition led to discovery of materials exhibiting colossal

magnetoresistanée Compared to traditional routes to property

optimization in mixed-metal systems, e.g. preparation of separate

samples with varying metal ratidscombinatorial methods

potentially offer significant advantages in speed and cost. We
recently described a new approach to fabrication of macroscopic
Au surfaces that is based on self-assembly of nanosized Au

particles from solutioi:f Reductive deposition of Ag onto these
substrates leads to Ag-clad colloidal Au arragisat exhibit an

increased enhancement factor (EF) for surface enhanced Rama

scattering (SERS). We describe herein a new, solution-based

combinatorial strategy for synthesis of surfaces exhibiting
nanometer-scale variation in mixed-metal composition and
architecture. With this method, continuous or stepped gradients
in the size and number density of surface features can be
generated simultaneously over different regions of a single
substrate. To demonstrate this approach, we have optimized.
the SERS response of a glass slide upon which the coverage of
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Scheme 1.Solution-Based Combinatorial Surfaces
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colloidal Au and the extent of Ag coating were varied. Over a
2 cmx 2 cm sample area, changes in EF spanning almost three
orders of magnitude were realized, and the changes in nano-
structure responsible for these effects were elucidated using
atomic force microscopy (AFM). Our results show significant
changes in SERS EFs over small alterations in surface morphol-
ogy, demonstrating the power of solution-based combinatorial
approaches for synthesis of mixed-metal materials.

The general combinatorial assembly approach is described
in Scheme 1. Prior work has shown that the number of colloidal
Au particles bound to functionalized surfaces can be predicted
from immersion times in colloidal solution using initial (tiMé&)
kinetics? Thus, when a (3-mercaptopropyl)trimethoxysilane
(MPTMS)-coated glass slide attached to a motorized translation
gtage is immersed at a fixed rate into a 17 nM aqueous solution
of 12-nm diameter colloidal Au, a gradient in particle coverage
is generated in the direction of immersion. After sample rotation
by 9C°, fixed-rate immersion into a Agcontaining solution
designed to specifically deposit Ag on Rleads to a gradient
in particle size over the new immersion direction. The resulting
surface exhibits a continuous variation in nanometer scale
morphology-as defined by particle coverage and particle
ize—that results from known, repeatable immersion condi-
ions10 In our apparatus, a stepper motor with’asgep yields
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possible to generate adifferent, 9x#m? nanostructures. Mac-
roscopic regions with uniform morphology can be prepared by
very rapid successive steps followed by a long delay; these
stepwise gradients are especially useful to probe bulk changes
in physical properties. For example, optical changes linked to
growth of the characteristic Ag plasmon band at 400 nm with
increasing Ag coverageevident to some degree in continuous
gradient samples, are clearly visible as square regions with
uniform color (supporting information).

The SERS signal for adsorbgsanitrosodimethylaniline (p-
NDMA) was measured ovea 2 cmx 2 cm sample exhibiting
continuous gradients in Au coverage and Ag cladding thickness.
The immersion times for sample preparation-@h for the
Au gradient, 822 min for the Ag gradient) were established
by determination of the most enhancing region from an initial,
large gradient SERS screen a 2 cmx 2 cm sample (612
h for Au, 0—30 min for Ag). Figure 1 shows a spatial map of
the background-corrected SERS intenSitfor the phenyt-
nitroso stretch at 1168 cri1? Intensity trends from 15 initial
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Figure 1. Background subtracted SERS intensity in counts per second
(cps) for the 1168 cmit phenyknitroso stretch of p-NDMA as a

function of sample position. Each shaded box represents one SERSefficient than the laborious boint-bv-boint mappind method
spectrum collected in a 0.1 cm 0.1 cm area. Regions-AD correspond p y-p ppIng

to AFM images in Figure 2. Experimental conditions: [p-NDM#A] described herein. With Funable f||te.r imaging spectrqmé@ers

2.5 mM; 30 mW of 647.1 nm photons focused tezd@ mm diameter and charge-coupled device detethrE,shouId be F’Pss'b'e to

spot at the sample; 1 cthstep 1 s integration, 5 cm band pass. probe up to 1@sample structures simultaneously. (i) The ready

availability of dispersible metal-containing nanoparti¢fend

spots at 0.4-cm intervals were used to locate the most SERS-the numerous routes to metal deposition from complexed metal

active area on the sample. Further interrogation at smaller cation® should allow extension of this method to a variety of

intervals revealed a region that was greater th&Afdd more other metals. These hypotheses are currently being tested.
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