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The synthesis and analysis of inorganic material combinatorial libraries by the split-pool bead method were
demonstrated at the proof-of-concept level. Millimeter-size spherical beads of peatuisina, a commonly

used support material for heterogeneous catalysts, were modified wig®,&DH),4(H,O);,’* cations in

order to promote irreversible adsorption of the anionic fluorescent dyes Cascade Blue, Lucifer Yellow, and
Sulforhodamine 101. The compositions of individual beads were easily determined through three split-pool
cycles using a conventional fluorescence plate reader. Small split-pool material libraries were made by
adsorbing noble metal salts {PtCk, H.IrCls, and RhCJ) into the beads. Analysis of these beads by micro-
X-ray fluorescence showed that quantitative adsorption of metal salts without cross-contamination of beads
could be achieved at levels (0.3 wt % metal loading) relevant to heterogeneous catalysis. The method offers
the potential for synthesis of rather large libraries of inorganic materials through relatively simple benchtop
split-pool chemistry.

Introduction backs, however. One is that the size of a planar array of
materials is usually limited in the practical sense to a few
established tools for the discovery of solid-state inorganic Nundred members. A second problem is that the cost of the
materials. In a sense, this is the oldest application of the SYNthetic equipment can be high, particularly if lithographic
combinatorial method, dating back over 90 years to the work ©F Nigh-vacuum vapor deposition techniques are needed to
of Mittasch on catalysts for ammonia synthesigis experi- fabricate the array. Third, it can be difficult, particularly with
ments systematically explored combinations of catalysts, 9€NS€ arrays, to incorporate materials in the physical form
supports, and promoters using macroscale reactors. Th

Combinatorial synthesis and screening are now well-

dn which they are used in the “real world”. For example,
method was later refined in the continuous phase Spreadheterogeneous patalysts are often made as peIIetizeq, highly
approach of Hanaland in the discrete combinatorial libraries porous composﬁes that do ”Pt Iepd themselves particularly
developed by several groupall of these groups used planar  Well t0 synthesis and screening in planar arrays.
arrays of microscale samples, enabling more rapid searches Bead libraries have been widely used in bioorganic
through |arger numbers of Compositions_ These h|gh_ combinatorial Chemistrgl.Their synthesis is straightforward,
throughput methods have been used in the past several yeargnd very large libraries can be made quickly and inexpen-
to search for better superconductd?d® heterogeneous  Sively. In the split-pool metho#, a collection of small
catalytic material§ 94 electrocatalystdphosphor$,dielec- ~ Ppolymer beads is split into vials and a different component
trics; and sensor materiatsCombinatorial methods are (€.9., an amino acid) is added to each vial. After all the
likely to continue to be used in areas of materials researchreactions are complete and excess reagents have been
in which improvements and new discoveries are most removed, the beads are mixed together and then split again
effectively made by combining heuristic chemical ideas with into separate vials. The whole process is repeated several
an Edisonian mapping of the relevant parameter space. times to construct the library. A chemical or physical tagging
Until now, almost all combinatorial work on inorganic ~Process often accompanies the split-pool steps to aid in later
materials has employed spatially addressable libraries. Thesddentification of individual beads or of collections of beads
are continuous or discrete arrays in which composition and/ that are processed together in each step as a “tea bag.” An
or synthetic parameters are systematically varied. An im- important property of the split-pool method is that only one
portant attribute of these libraries is that every member is compound (e.g., a single polypeptide sequence) is synthesized
uniquely identified by its position in the array. Correlating ©n a particular bead or in a particular tea bag.
the performance of a given material with its composition or  In bioorganic libraries, the identity and properties of these
processing history is therefore quite straightforward. Spatially combinatorially synthesized molecules depend on the order
addressable material libraries have three important draw-in which components are added to the beads. The number
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of unique compositions in the library is therefar® where removed by filtration and centrifugation. The resulting
n is the number of components (the same as the number ofaqueous solution contained 41" and B&" at approximately
vials) andm is the number of split-pool operations. For 1.8 and 3.8 mM concentrations, respectively.

material libraries, the order of addition of reagents may or  Modification of y-Alumina Beads with Al;s’*. The
may not be important because postsynthesis thermal treatsurface of they-alumina beads was made cationic by
ments can effectively mix all the components. Planar material adsorption of Al ions. They-alumina beads (0.150 g)
arrays are therefore normally prepared and screened withoutvere reacted overnight with 15 mL of Al* solution (ca.
regard for the order of addition of reagents. In the simplest 1.8 x 103 M). The solution was then removed, and the
case, in which the order of addition does not matter, the beads were thoroughly rinsed with water and then dried at

number of different bead compositiohsis given by room temperature in air.
Synthesis of Dye Libraries.In a typical procedure, 15
N(n,m) = _(nftm=2)! 1) Al modifiedy-alumina beads were equilibrated in a small
(n—1)!(m—1)! vial with 2 mL of Cascade Blue (4.% 108 M), Lucifer

Yellow (5.5 x 108 M), or Sulfornodamine 101 (8.8 10°°

It is apparent from eq 1 that the number of different M) solutions in water. The adsorption step took 40 min, and
members of a split-pool material library can become larger, after that the beads were rinsed with water, they were dried
in a relatively small number of simple steps, than that at room temperature fol h and then dried in vacuo
accessible in a very sophisticated planar array. For example overnight. The beads were then combined (pooled) and
with 10 different components and 8 split-pool steps, one distributed equally into three vials (split). The adsorption
obtainsN(10,8) = 11 400 discrete compositions. A caveat steps were repeated until the desired loading was achieved.
in preparing such a library is that the inorganic reagents and|n directed sorting experiments, the fluorescence intensity
tags (if a tagging scheme is used) must be adsorbed uniformlyof the individual beads was measured between split-pool
and irreversibly onto the beads in each synthetic step. Furthersteps (see below).
one needs a techniqug for rapidly identifying and screening Synthesis of Noble Metal Libraries. In split-pool syn-
the beads for the particular property of interest. theses, 350 mg of unmodifiedalumina beads were reacted

In this paper, we describe the split-pool synthesis of an gyernight in small vials with 1 mL of BPtCk, H,IrCle, or
inorganic material library. For this proof-of-concept example, RhC}, aqueous solution in sufficient concentration to make
we chose components (noble metals) and bead supportshe final loading 0.1 wt % in metal. The extra solution was
(porous y-alumina) that represent realistic choices for a then withdrawn and was colorless, meaning that most of the
library of heterogeneous catalysts. In addition, we have metal jons had been adsorbed onto the beads. The beads were
examined the adsorption of fluorescent dye tags, which might 4ried at 120°C for 2 h and then at 30%C for 3 h. The latter
be used for postsynthesis bead identification, on the samethermal treatment was needed with these particular metal
supports by the split-pool approach. salts in order to minimize desorption in subsequent steps.
The beads were allowed to cool to room temperature and
were then collected together, mixed, and divided into three

Materials. H,lrClg:xH,O, RhCk, HAuCl,, H,PtCl, and parts. The adsorption and thermal treatment steps were
RuCk were purchased from Alfa Aesar and used as received.repeated until the desired loading was achieved.
Cascade Blue, Lucifer Yellow, and Sulforhodamine 101  In control experiments used to calibrate analytical proce-
fluorescent dyes were purchased from Molecular Probes, Inc.dures for metal-loaded beads, individual beads were impreg-
and used as received. The support beads were composed afated with measured amounts of agueous metal salt solutions
y-alumina and had a surface area of 200gwand an average  delivered by a robotic plotter. Five metal halide solutions
diameter of 1 mm. The average mass of the support beadgH.IrCls, RhCk, HAUCl,, H,PtCl, and RuCj) were prepared
was 2.3 mg. All other chemicals were analytical grade and so that 9uL of solution (the total amount delivered to each
were used as received from commercial sources. bead) contained 0.0113 mg of metal. Each metal salt was

Solutions of the aluminum Keggin ion, AD4(OH).4- dissolved in approximately 20 mL of water and 0.531 mL
(H20)12"" (Al13™"), were prepared by reaction of the sulfate of concentrated hydrochloric acid. The solutions were heated
salt with aqueous Bagt An amount of 50 mL of an  to boiling for 15 min, cooled to room temperature, and then
aqueous 0.25 M NaOH solution (12.5 mmol) was added diluted to 25 mL. The plotter (Cartesian Technologies,
dropwise to a solution of 1.2 g of AlgbH,O (5 mmol) in PixSys 3200) was programmed to deliver the metal salt
50 mL of water. The resulting solution was heated td85 solutions into two 384-V-bottom-well plate (Nalge Nunc
in an oil bath with constant stirring. After 20 min, 80 mL of International) arrays. One alumina sphere was placed manu-
aqueous 0.12 M N8O, (10 mmol) was added. The solution ally into each well. The plotter delivered 1l of water to
was kept at room temperature for 1 day to yield crystals of each well. A total of 2L of metal salt solutions was added
the sulfate salt NaAO4(OH)24(SOy)4xH20. The crystals  to each well to make 715 distinct compositionsN(5,10))
were separated by suction filtration, washed with deionized at a resolution of 10 compositions along each binary edge
water, and dried. The dry crystals (0.25 g, 0.18 mmol) were in the pentanary composition m&#® The remaining 53
resuspended in 100 mL of deionized water. BaZH,O wells were programmed as duplicates of a single pentanary
(0.28 g, 1.1 mmol) was added to the suspension, which wascomposition, RRusAuilr;Rh. The two 384-well plate arrays
stirred for 4 h. The BaSOproduced in the reaction was were dried overnight on an orbital shaker.

Experimental Section
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Fluorescence of Dye-Tagged BeadBEluorescence mea- ) o}
surements were made with an HTS 7000 Plus bioassay reader °*° ocH, Cascade Blue
(Perkin-Elmer). The beads were first loaded into a 96-well ‘ N Dex = 399, Do = 421 nm
V-bottom plate. Measurements were then carried out using ‘ 5 Na*
the appropriate excitation/emission filter set for each of the O Filter set:
three dyes. In this mode of operation, the plate reader took -o.s SOy Aex = 360 £ 35, Aoy = 465 35 nm
approximately 25 s to record the emission intensities of a
single dye on 96 beads. Ci\_ )

Elemental Analysis. Metal loadings on representative HN NHNF, Lucifer Yellow
beads were determined using micro-X-ray fluorescence O N_0O hex = 428, hem = 536 nm
spectroscopy. The samples were analyzed using a Ther- 2 L .
moNORAN Omicron system, which consisted of a micro- OO Filter set:
focus X-ray source operating at 100 W with a molybdenum 0,8 SOg° hex =430 £ 35, hem = 535 £ 35 nm
target X-ray tube, a selection of eight filters, and a 175 eV NH,

liquid-nitrogen-cooled Si(Li) detector, coupled to an ADC.
A 100 um collimator was used. Samples were presented to
the X-ray beam using a custom tray mounted on an
automated precisioXYZstage. A PC controlled the setup,
automation, and data analysis through a Windows-based
software. No special sample preparation was necessary.
However, to minimize geometrical effects, care was taken
to mount the beads on a level surface and to measure each
bead at its center. The source was operated at 40 kv, 2.0Figure 1. Molecular structure, absorbance and emission maxima,
. . o . and filter sets used to measure fluorescence intensities of anionic
mA, ”,1 a vgquum with an achISIt'IOI’l time O_f 600 s. '\,Ieft dyes adsorbed onto Af-modified y-alumina beads.
peak intensities were extracted using Gaussian peak-fitting
together with digital background correction, which decon- \yas then determined using a Perkin-Elmer HTS 7000
volutes overlapping peaks such as those of Ir, Pt, and Au. pjpassay reader. This loading corresponds to saturation of
The absolute con.cent.rations were determined using a linearapproximately 0.002% of the available:4l" sites with dye
least-squares calibration. molecules. Using V-bottom 96-well plates, the beads were
reliably located in the center of each well, which is critical
for reproducible detection of fluorescence intensities.

Dye Libraries on y-Alumina Support Beads. The split- Table 1 shows the raw fluorescence intensity signals
pool principle can be demonstrated for catalyst support beadsobtained from rows of beads loaded with the three dyes and
using fluorescent dyes as the adsorbate. In principle, theseexamined with the filter set appropriate for Sulforhodamine
and other anionic dyes could be used in tagging schemes tal01. The mean value is 334 counts, and the standard
represent the metal ions adsorbed onto the beads in the saméeviation is 23. Only one of the intensity measurements is
split-pool cycle. The prerequisite for use of these fluorescenceoutside the range of 2 standard deviations, which is 14% of
dyes is that they should have distinct excitation/emission the mean. Similar results were obtained for the second and
signatures and that their adsorption must be quantitative ancthird rows using appropriate filter sets. For beads loaded with
irreversible. dyes that did not match the filter set used, the detected

Three commercial anionic dyes (Figure 1) were used in fluorescence was not significantly different from that mea-
these experiments. These dyes have previously been usegured with control beads containing no dye. This implies
in combination for three-color mapping of neuronal pro- that the resolution offered by these dyes as tags is sufficient
cessed? Adsorption of these dyes onto unmodified beads to discriminate approximately 334/(2 23) = 7 concentra-
gave easily detectable fluorescence at loadings in the rangdion levels of each “active” component delivered in the same
of 1.8 x 10~ mol per bead (or approximately 3:8 1015 split-pool step. Since a tag is not needed in the last step,
mol per cn? of support area). However, an unacceptable level libraries could be made in up to eight split-pool steps with
of desorption was observed in subsequent split-pool stepsfluorescent identification of most of the beads.
with unmodified beads. To increase the affinity of the dyes  The error in the fluorescence measurements can be

Sulforhodamine 101
Aex = 586, Aem = 605 nm

Filter set:

Aex = 590 £ 20, Aem = 635 + 35 nm

SOzH

Results and Discussion

for the beads, the beads were first modified with 8- attributed primarily to the variability in bead size, as shown
(OH)24(H20)12™* (Al 13) cations. The coverage of Alt ions in Figure 2. In this experiment, a selection of large, small,
was 4.3x 107 mol per bead (approximately 9.0 10-* and average size beads was chosen; that is, the distribution
mol per cmd of support area, or roughly/s monolayer of weights shown in the figure is not representative of the
coverage, assuming that the diameter of the/Alion is 7 entire sample, which had a higher proportion of average-

A). Beads with different dye loadings were then prepared size beads. The plot shows the expected trend of increasing
by adsorption of the dyes from aqueous solutions. The fluorescence intensity with bead mass. The optical micro-

optimum loading (ca. 7 107'2 mol per bead), which is  graph of the beads confirms that there is some variability in

high enough for detection while low enough that concentra- bead diameter. This problem could be partially addressed
tion quenching and energy-transfer quenching do not occur,by sorting the beads manually.
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Table 1. Raw Fluorescence Intensities of Rows of Beads Loaded with a Singlg Dye

bead no.
dye 1 2 3 4 5 6 7 8 9 10 11 12
SR 101 307 329 328 334 357 320 344 321 341 310 330 391
Cascade Blue 0 0 7 1 0 1 0 2 3 2 3 4
Lucifer Yellow 2 2 2 5 0 0 2 2 2 1 3 1
none 0 0 3 2 2 0 1 1 0 4 2 1

aThe excitation/emission filter set for detection of Sulforhodamine 101 was used for all beads. Comparison with a reyitef Al
modified beads containing no dye shows that the background signal from Cascade Blue and Lucifer Yellow loaded beads is minimal.

3000 —r—r— — —— — ——— Normalized intensity data for this type for a 45-bead, three-
E ] step split-pool library are shown as three-digit numbers in
g 0L §— Table 2. Note that for each of the 45 beads, the total is 3,
£ 2000 F Eﬁé . indicating that each one is unambiguously identified. Because
% 1500 % L & this is a_.random library, there is a random distribution of
2 3 3 3 compositions, the most common (10 beads) being the ternary
g 1000 3 (111) and the least common being the single dye composi-
§ s00 E ] tions (300), (030), and (003), with 2, 3, and 1 beads,
respectively.
. o, . . o8 One problem with the split-pool technique is that a large
Mass of bead, mg number of beads must be used to ensure that the whole range

of compositions is represented by at least one bead. A
random library generates many redundant beads, as illustrated
by the binary and ternary combinations shown in Table 2.
A more economical library, with fewer redundancies, can
be designed by directed sorting. This method involves
identification of each bead by fluorescence intensity mea-
surements after the second and subsequent split-pool steps.
The directed sorting scheme is illustrated in Figure 4 for a
36-bead library prepared in three steps, and the resulting
fluorescence data are shown in Table 3. For 35 out of 36
beads, the fluorescence data match the library design. These
data show that the desired number of beads of each
composition can be prepared with a precisely controlled
degree of redundancy.

Noble Metal Libraries. Dye libraries are convenient for
Figure 2. (Top) Fluorescence intensity of Al*-modified y-alu- illustrating the idea of sequential synthesis on inorganic
mina beads loaded with Lucifer Yellow as a function of bead weight support beads, and they can in principle be used as
(in mg). (Bottom) Optical micrograph of-alumina beads. fluorescent markers for inorganic substances adsorbed in the

A proof-of-concept split-pool library was prepared by same split-pool cycle. However, dye libraries themselves are
adsorbing the three dyes into three separate vials, rinsing,not particularly interesting as materials. On the other hand,
drying, and pooling the beads, and then repeating until threetransition metals and metal oxides supported on alumina
adsorption cycles had been completed. Figure 3 showsbeads resemble the materials used in heterogeneous catalysis
normalized fluorescence intensities from this small dye and other applications. Typically, these materials are prepared
library using the Sulforhodamine 101 (red) filter set. The from metal halide salts by adsorption or impregnation. We
rows in this small library are color-coded according to the therefore prepared several bead libraries by these techniques
dye adsorbed in the last split-pool cycle; that is, each color and used single-bead X-ray fluorescence (XRF) to analyze
corresponds to a set of 15 beads that were pooled in the lasthe results.
adsorption step. For beads onto which the last dye adsorbed Table 4 shows single-bead XRF results for ternary
was Cascade Blue or Lucifer Yellow, the number of possible compositions selected from a 715-member pentanary bead
Sulforhodamine 101 adsorption steps was 0, 1, or 2. library prepared by simple impregnation. The nominal
Likewise, for beads onto which Sulforhodamine 101 was compositions in this (spatially addressable) array are known
adsorbed in the final step, the possibilities are 1, 2, and 3. a priori, and the purpose of this experiment was to gauge
The normalized intensity data in Figure 3 are consistent with the accuracy of the single-bead analysis. The agreement in
these expectations, showing “0” values only in the blue and the Pt, Rh, and Ir columns is generally quite good, and
yellow rows and “3” values only in the red row. certainly good enough to be able to identify individual bead

By repetition of this analysis with the blue and yellow compositions. The scatter in the Au analysis was traced to
filter sets, each of the beads can be identified with the numbernonuniform impregnation.
of red, blue, and yellow adsorption steps. The total should Supported Pt, Rh, and Ir are widely used in heterogeneous
equal the total number of split-pool cycles for each bead. catalysis and therefore represent interesting candidates for
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S e —
|

Normalized Fluorescence - Red Filter Set

Bead Number 13 14

Figure 3. Normalized fluorescence intensities for a dye-loaded bead library prepared in three split-pool cycles and analyzed using the
Sulforhodamine 101 (red) filter set. The color code indicates the dye adsorbed in the final split-pool cycle. The data were obtained from
45 beads arranged in three lanes of 15 beads each.

Table 2. Fluorescence Data for a 45-Bead Library after Three Split-Pool Cycles

bead composition (red, blue, yellow)

final dye adsorbed

SR 101 (red) 1112 120 111 201 300 201 210 102 210 300 111 210 210 111 111
Cascade Blue 030 210 021 012 120 120 030 111 012 030 210 111 012 120 210
Lucifer Yellow 012 102 111 012 102 102 102 021 012 003 102 102 012 111 111

a Sulforhodamine 101, Cascade Blue, and Lucifer Yellow were adsorbed in the last cycle onto beads in the first, second, and third rows,
respectively. Three-digit numbers indicate the normalized intensities using the red, blue, and yellow filter sets. For example, “210” indicates
two adsorption steps with Sulforhodamine 101, one with Cascade Blue, and zero with Lucifer Yellow.

l l l Table 3. Bead Compositions for a Directed Sorting Library
A B c Prepared in Three Split-Pool Cycles
A02) B2 caz experimental experimental
l compositions design results
Redistribute, 4 «> 3 ggg % %
003 2 2
l A i B cw 210 4 4
AAM) BB (4) ccw 201 4 3
BA @) AB@) AC ) 20 . a
CA4) CB (4) BC 4 102 4 4
A o 012 4 4
Measure fluorescence intensity and redistribute 111 6 6
i A i aThe target distribution of beads matches the normalized
B ¢ fluorescence data with one exception.
ABA (3); ACA(3) BAB (3); BCB 3) CAC (3); CBC (3)
AAA(2); BCA(2) BBB (2); ACB (2) CCC (2); ABC(2) ; indi ; i
BBA (1 CCA (1) AAB (1): CCB () AAC (1): BBC (1) scripts indicate the number of adsorption steps in each metal

ion solution). XRF analysis of representative beads from this
library are shown in Table 5. With this simple library, and
with more complex compositions (as shown in Table 4), the
the synthesis of split-pool bead libraries. As with the dye- XRF technique is sufficiently accurate to determine the total
loaded beads, we prepared a small random library in threenumber of adsorption steps of each metal on each bead. It is
split-pool steps. The concentrations of the metal solutions worth noting that, within the detection limits of XRF, none
(H2PtCh, HalrClg-xH,0, and RhGJ) were sufficient to add  of these beads contain all three elements. From the absence
a loading of 0.1% metal to the beads in each adsorption step,of the third element, we can conclude that there is minimal
meaning that the theoretical total loading was 0.3%. This desorption and mixing of metal ions after three split-pool
library should give 10 different compositions: ;PRhg, Irs, steps, provided that the beads are heated to decompose the
PLRhy, Ptlry, Ptlry, PuRhy, IriRhy, IrRhy, IriP4yRhy (sub- adsorbed metal chlorides between steps.

Figure 4. Directed sorting split-pool scheme. The numbers in
parentheses indicate the number of beads of each type.
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Table 4. X-ray Fluorescence Analysis of Individual
y-Alumina Beads Prepared by Impregnation with Metal Salt
Solutions in V-Bottom Well Plates

expected experimental
composition composition

Pt Au Rh Ir Pt Au Rh Ir

0 4 2 3 0.1 2.4 13 2.3
3 0 2 4 3.1 0.9 1.6 3.8
5 2 2 0 4.5 3.2 1.3 0.2
0 5 1 3 0.1 5.7 0.7 2.2
6 2 1 0 5.0 2.7 0.9 0.2
7 1 0 1 7.2 1.2 0.1 1.2
3 0 3 3 3.0 1.1 25 2.8
0 3 3 3 0.3 2.1 2.2 2.7
7 0 1 0 5.9 1.2 0.7 0.3
4 0 2 3 3.8 1.2 1.1 3.1
1 5 3 0 1.4 5.9 2.2 0.2
6 0 0 2 5.3 1.1 0.0 2.2
5 0 2 2 4.8 1.2 1.2 2.1
5 0 3 1 4.5 1.0 1.7 1.2
4 0 3 2 54 1.1 2.6 2.4
2 5 2 0 1.7 6.5 1.5 0.2
3 5 1 0 3.4 3.8 0.5 0.3
4 2 3 0 3.5 1.8 2.2 0.3

Table 5. X-ray Fluorescence Analysis of Individual
y-Alumina Beads Selected from a-At—Rh Bead Library
after Three Split-Pool Adsorption Cycles

XRF analysis
bead number % expected composition

1 Pt 0.08 0.1% RRh,

Ir

Rh 0.2 0.2% RRh,
2 Pt 0.23 0.3% Rt

Ir

Rh
3 Pt

Ir 0.09 0.1% l§Rh,

Rh 0.14 0.2% Rh,
4 Pt 0.05 0.1% Rlr,

Ir 0.19 0.2%

Rh

Conclusions

We have demonstrated at the proof-of-concept level that
the split-pool method is a viable approach to the synthesis
of combinatorial libraries of inorganic materials. The key to
success in this method is to ensure uniform, irreversible
adsorption of the inorganic components onto chemically and

thermally stable support beads. Porous alumina support beads

work well for this purpose with acid salts of noble metals

and are also attractive because alumina is frequently used
as a catalyst support. We have also demonstrated the viability

of dye tagging with alumina beads. Dye tagging permits
directed sorting between split-pool steps and allows one to
control the composition of the library precisely without the
statistical redundancy of the random split-pool synthesis. This
modification can be particularly important in the design of
material libraries containing many components.

Only small libraries of supported transition metal oxides

(three components and three split-pool steps) were synthe-

sized in this work because of the length of time needed for
XRF analysis of each bead. One can imagine that it should
be possible to make much larger libraries by using a larger
variety of inorganic precursor salts. For example, a split-

Sun et al.

pool library made in 8 steps from 10 components would
contain over 10 unique compositions, according to eq 1.
Both dye tagging and XRF appear adequate to differentiate
the compositions of beads prepared in eight split-pool steps.
In this case, we anticipate that analysis of the bead composi-
tions, rather than library synthesis, will be the bottleneck in
combinatorial materials discovery. The micro-XRF technique
used here gives reliable bead compositions, but the analysis
time is approximately 10 min per bead. Even at this low
level of throughput, the synthesis and analysis protocols
developed here could be useful if only selected beads (e.g.,
the most active catalysts) from a large library are analyzed.
An alternative strategy would be to combine dye tagging
and metal adsorption to minimize the need for XRF analysis.
This requires that we find conditions for irreversible metal
adsorption that do not involve heating to high temperatures
between split-pool cycles. Research along these lines is
currently in progress.
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Note Added after ASAP Posting.This manuscript was
released ASAP on 8/24/2002 with errors in Table 5 for the
expected composition of bead 2 and the Ir analysis result of
bead 3. The correct version was posted on 8/28/2002.
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