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(57) ABSTRACT 

Methods and apparatus for screening diverse arrays of 
materials are provided. In particular, techniques for rapidly 
characterizing compounds in arrays of materials in order to 
discover and/or optimize neW materials With speci?c desired 
properties are provided. The substrate can be screened for 
materials having useful properties, and/or the resulting 
materials can be ranked, or otherWise compared, for relative 
performance With respect to useful properties or other char 
acterizations. In particular, systems and methods are pro 
vided for screening a library of magnetic materials for their 
bulk magnetization, saturation magnetization, and coercivity 
by imaging their individual optical Kerr rotation, screening 
a library of dielectric materials for their dielectric coef? 
cients by imaging their individual electro-optical rotation 
and screening a library of luminescent materials by imaging 
their individual luminescent properties under a variety of 
excitation conditions. Optical or visible luminescence sys 
tems are also provided as Well as their application to 
screening libraries of different materials. 

CHROMATICITY auras H 

OOD CONTROLLER 

,Mos 
FILTER 
WHEEL f141s 

Emma Em 
/‘ W5 

zxommou 
1403-" SOURCE GPIB 

ns-zaz 
1.1.9 
comm 

14m 

[417 

AUTOMATED STAGE 



Patent Application Publication Oct. 25, 2001 Sheet 1 0f 8 US 2001/0033375 A1 

SELECTIVE 
HEATING 



Patent Application Publication Oct. 25, 2001 Sheet 2 0f 8 US 2001/0033375 A1 

/509 

FIG.‘ 3. 



Patent Application Publication Oct. 25, 2001 Sheet 3 0f 8 US 2001/0033375 A1 

1,401 
A05 

" 11-5.}: AV401 
A 

403 

F764. 

1401 
Y 

403 

F161 5. 



Patent Application Publication Oct. 25, 2001 Sheet 4 0f 8 US 2001/0033375 A1 

/407 

fi7t5l ii 

100 / 
I 2 a 

TM 7m 1m ' _ _ “ " "1m" 

enjfa ‘Sal-“EL EELIdI-l EEDIdEL 
£1 do 633, a» is do 5| do 

im 1w_f MA—‘______JQ 
FIG: 7 

103 cm 



Patent Application Publication Oct. 25, 2001 Sheet 5 0f 8 US 2001/0033375 A1 

907 [?ll 
LIGHT IMAGING 
SOURCE DETECTOR 

LA 

FIG 9. 

9°? fen 
usm mama 
SOURCE DETECTOR 

A_\ 

905 
‘IIIlllllllllllllllllllllllllllllllllllllllllllllllllllllx 

-.----_ 'az'w?qgq mum-“1, _ ., - ---.. 

;;'=."', ‘flag: 1-1 _-'; ~ I: 
90] -',~.-'-_ "win-w- ~-: 

F76- l0 REAGTANT GAS STREQM 
‘ ' 10m 



Patent Application Publication Oct. 25, 2001 Sheet 6 0f 8 US 2001/0033375 A1 

F76 ll 

I205 

IZII ’ 

F761 12. 



Patent Application Publication Oct. 25, 2001 Sheet 7 0f 8 US 2001/0033375 A1 

/ I300 

IZOI 

'._T 

/ 1120s i130; 

FIG. /3. 



Patent Application Publication Oct. 25, 2001 Sheet 8 0f 8 US 2001/0033375 A1 

OCO CONTROLLER 

AUTOMATED STAGE 

FIG: 14. 



US 2001/0033375 A1 

OPTICAL SYSTEMS AND METHODS FOR RAPID 
SCREENING OF LIBRARIES OF DIFFERENT 

MATERIALS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of com 
monly assigned US. patent application Ser. No. 08/898,715, 
?led Jul. 22, 1997, and a continuation-in-part of commonly 
assigned, co-pending US. Provisional Applications Ser. 
Nos. 60/050,949, ?led Jun. 13, 1997; 60/028,106, ?led Oct. 
9, 1996; 60/029,255, ?led Oct. 25, 1996; 60/035,366, ?led 
Jan. 10, 1997; 60/048,987, ?led Jun. 9, 1997; 60/028,105, 
?led Oct. 9, 1996; and 60/035,202, ?led Jan. 10, 1997; the 
complete disclosures of Which are incorporated herein by 
reference for all purposes. 

[0002] This application is also related to commonly 
assigned, co-pending US. patent applications Ser. Nos. 
08/327,513, ?led Oct. 18, 1994, 08/438,043, ?led May 8, 
1995, and 08/841,423, ?led Apr. 22, 1997; commonly 
assigned US. Provisional Application Ser. No. 60/016,102, 
?led Jul. 23, 1996; and PCT Application No. WO 95/13278, 
?led Oct. 18, 1995; the complete disclosures of Which are 
incorporated herein by reference for all purposes. 

FIELD OF THE INVENTION 

[0003] The present invention generally relates to methods 
and apparatus for rapidly screening an array of diverse 
materials that have been created at known locations on a 
single substrate surface. More speci?cally, the invention is 
directed to optical techniques of screening libraries of dif 
ferent materials. 

BACKGROUND OF THE INVENTION 

[0004] The discovery of neW materials With novel chemi 
cal and physical properties often leads to the development of 
neW and useful technologies. Currently, there is a tremen 
dous amount of activity in the discovery and optimiZation of 
materials, such as superconductors, Zeolites, magnetic mate 
rials, phosphors, catalysts, thermoelectric materials, high 
and loW dielectric materials and the like. Unfortunately, 
even though the chemistry of extended solids has been 
extensively explored, feW general principles have emerged 
that alloW one to predict With certainty the composition, 
structure and reaction pathWays for the synthesis of such 
solid state compounds. 

[0005] The preparation of neW materials With novel 
chemical and physical properties is at best happenstance 
With our current level of understanding. Consequently, the 
discovery of neW materials depends largely on the ability to 
synthesiZe and analyZe neW compounds. Given approxi 
mately 100 elements in the periodic table that can be used to 
make compositions consisting of tWo or more elements, an 
incredibly large number of possible neW compounds 
remains largely unexplored. As such, there exists a need in 
the art for a more efficient, economical and systematic 
approach for the synthesis of novel materials and for the 
screening of such materials for useful properties. 

[0006] One of the processes Whereby nature produces 
molecules having novel functions involves the generation of 
large collections (libraries) of molecules and the systematic 
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screening of those collections for molecules having a desired 
property. An example of such a process is the humoral 
immune system Which in a matter of Weeks sorts through 
some 1012 antibody molecules to ?nd one Which speci?cally 
binds a foreign pathogen (Nisonoff et al., The Antibody 
Molecule (Academic Press, NeW York, 1975)). This notion 
of generating and screening large libraries of molecules has 
recently been applied to the drug discovery process. 

[0007] Applying this logic, methods have been developed 
for the synthesis and screening of large libraries (up to 1014 
molecules) of peptides, oligonucleotides and other small 
molecules. Geysen et al., for example, have developed a 
method Wherein peptide syntheses are carried out in parallel 
on several rods or pins (J. Immun. Meth. 102:259-274 
(1987), incorporated herein by reference for all purposes). 
Generally, the Geysen et al. method involves functionaliZing 
the termini of polymeric rods and sequentially immersing 
the termini in solutions of individual amino acids. In addi 
tion to the Geysen et al. method, techniques have recently 
been introduced for synthesiZing large arrays of different 
peptides and other polymers on solid surfaces. Pirrung et al. 
have developed a technique for generating arrays of peptides 
and other molecules using, for example, light-directed, spa 
tially-addressable synthesis techniques (US. Pat. No. 5,143, 
854 and PCT Publication No. WO 90/15070, incorporated 
herein by reference for all purposes). In addition, Fodor et al. 
have developed a method of gathering ?uorescence intensity 
data, various photosensitive protecting groups, masking 
techniques, and automated techniques for performing light 
directed, spatially-addressable synthesis techniques (Fodor 
et al., PCT Publication No. WO 92/10092, the teachings of 
Which are incorporated herein by reference for all purposes). 

[0008] Using these various methods, arrays containing 
thousands or millions of different elements can be formed 
(US. patent application Ser. No. 08/805,727, ?led Dec. 6, 
1991, the complete disclosure of Which is incorporated 
herein by reference for all purposes). As a result of their 
relationship to semiconductor fabrication techniques, these 
methods have come to be referred to as “Very Large Scale 
ImmobiliZed Polymer Synthesis,” or “VLSIPSTM” technol 
ogy. Such techniques have met With substantial success in 
screening various ligands such as peptides and oligonucle 
otides to determine their relative binding af?nity to a recep 
tor such as an antibody. 

[0009] The solid phase synthesis techniques currently 
being used to prepare such libraries involve the sequential 
coupling of building blocks to form the compounds of 
interest. For example, in the Pirrung et al. method polypep 
tide arrays are synthesiZed on a substrate by attaching 
photoremovable groups to the surface of the substrate, 
exposing selected regions of the substrate to light to activate 
those regions, attaching an amino acid monomer With a 
photoremovable group to the activated region, and repeating 
the steps of activation and attachment until polypeptides of 
the desired length and sequence are synthesiZed. These solid 
phase synthesis techniques cannot readily be used to prepare 
many inorganic and organic compounds. 

[0010] In PCT WO 96/11878, the complete disclosure of 
Which is incorporated herein by reference, methods and 
apparatus are disclosed for preparing a substrate With an 
array of diverse materials deposited in prede?ned regions. 
Some of the methods of deposition disclosed in PCT WO 
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96/11878 include sputtering, ablation, evaporation, and liq 
uid dispensing systems. Using the disclosed methodology, 
many classes of materials can be generated combinatorially 
including inorganics, intermetallics, metal alloys, and 
ceramics. 

[0011] In general, combinatorial chemistry refers to the 
approach of creating vast numbers of compounds by react 
ing a set of starting chemicals in all possible combinations. 
Since its introduction into the pharmaceutical industry in the 
late 80’s, it has dramatically sped up the drug discovery 
process and is noW becoming a standard practice in the 
industry (Chem. Eng. News Feb. 12, 1996). More recently, 
combinatorial techniques have been successfully applied to 
the synthesis of inorganic materials (G. Briceno et al., 
SCIENCE 270, 273-275, 1995 and X.D. xiang et al., SCI 
ENCE 268, 1738-1740, 1995). By use of various surface 
deposition techniques, masking strategies, and processing 
conditions, it is noW possible to generate hundreds to 
thousands of materials of distinct compositions per square 
inch. These materials include high Te superconductors, mag 
netoresistors, and phosphors. Discovery of heterogeneous 
catalysts Will no doubt be accelerated by the introduction of 
such combinatorial approaches. 

[0012] A major dif?culty With these processes is the lack 
of fast and reliable testing methods for rapid screening and 
optimiZation of the materials. Recently, a parallel screening 
method based on reaction heat formation has been reported 
(F. C. Moates et al., Ind. Eng. Chem. Res. 35, 4801-4803, 
1996). For oxidation of hydrogen over a metallic surface, it 
is possible to obtain IR radiation images of an array of 
catalysts. The hot spots in the image correspond to active 
catalysts and can be resolved by an infrared camera. 

[0013] Screening large arrays of materials in combinato 
rial libraries creates a number of challenges for existing 
analytical techniques. For example, traditionally, a hetero 
geneous catalyst is characteriZed by the use of a micro 
reactor that contains a feW grams of porous-supported 
catalysts. Unfortunately, the traditional method cannot be 
used to screen a catalyst library generated With combinato 
rial methods. First, a heterogeneous catalyst library synthe 
siZed by a combinatorial chemistry method may contain 
from a feW hundred to many thousands of catalysts. It is 
impractical to synthesiZe a feW grams of each catalyst in a 
combinatorial format. Second, the response time of micro 
reactors is typically on the order of a feW minutes. The time 
it takes to reach equilibrium conditions is even longer. It is 
dif?cult to achieve high-throughput screening With such 
long response times. 

[0014] Another challenge With screening catalyst arrays is 
the loW concentration of components that may be present in 
the reactions. For example, oxidation of ethylene to ethylene 
oxide can be carried out over a silver-based catalyst (S. 
Rebsdat et al., US. Pat. Nos. 4,471,071 and 4,808,738). For 
a surface-supported catalyst With an area of 1 mm by 1 mm 
and the same activity as the industrial catalyst, only about 10 
parts per billion (ppb) of ethylene are converted into the 
desired ethylene oxide When the contact time is one second. 

[0015] Detection of such loW component levels in the 
presence of several atmospheres of reaction mixture is a 
challenge to analytical methods. Many analytical tech 
niques, including optical methods such as four-Wave mixing 
spectroscopy and cavity ring-doWn absorption spectroscopy 
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as Well as conventional methods such as GC/MS, are 
excluded because of poor sensitivities, non-universal detect 
ability, and/or sloW response. Therefore an apparatus and 
methodology for screening a substrate having an array of 
materials that differ slightly in chemical composition, con 
centration, stoichiometry, and/or thickness is desirable. 

SUMMARY OF THE INVENTION 

[0016] The present invention provides methods and appa 
ratus for interrogating an array of diverse materials located 
at prede?ned regions on a single substrate. Typically, each of 
the individual materials Will be screened or interrogated for 
the same material characteristic. Once screened, the indi 
vidual materials may be ranked or otherWise compared 
relative to each other With respect to the material charac 
teristic under investigation. 

[0017] In one aspect of the invention, systems and meth 
ods are provided for rapidly screening dielectric materials in 
a combinatorial library. This aspect of the invention utiliZes 
the electric ?eld dependence of the light output from a layer 
of electroluminescent material applied to the surface of the 
combinatorial library. By applying a sloWly increasing volt 
age to the library While the output from the electrolumines 
cent material is monitored, the dielectric coef?cient of the 
library elements may be directly compared. In an alternate 
embodiment, ferro-electric materials are applied to the 
library and the polariZation of light re?ected from the 
ferro-electric layer is monitored While varying the applied 
voltage. 
[0018] In another aspect of the invention, systems and 
methods are provided for the optical detection of tempera 
ture heterogeneity in a combinatorial library of materials, 
such as thermoelectric and catalysis materials. In one 
embodiment, the library is coated With a liquid crystal layer. 
After applying a voltage across the library elements, the 
re?ectivity/absorption of the liquid crystal layer is moni 
tored With a position sensitive imaging system. The image of 
the liquid crystal layer re?ects any variations in the under 
lying material’s temperature. 

[0019] In another aspect of the invention, Kerr effect 
imaging is utiliZed. A uniform material With a knoWn Kerr 
is ?rst deposited on the library. The deposited material has 
a thickness on the order of the extinction length of the 
optical photon Wavelength of the highest Kerr rotation. Thus 
the Kerr rotation in the deposited layer re?ects the magne 
tiZation of the underlying library element. By applying an 
external magnetic ?eld of variable orientation, a traditional 
B-H curve is generated for each library element from Which 
coercivity may be directly obtained. 

[0020] In another aspect of the invention, a high through 
put screening system is used to characteriZe the relative 
radiance, luminance, and chromaticity of materials With 
respect to excitation energy and spectral output. In one 
embodiment a library of materials is illuminated With a 
suitable source. The resulting photon emission from the 
library materials is ?ltered With a spectral ?lter and com 
pared to standards of knoWn radiance, luminance, and 
chromaticity. 

[0021] In another aspect of the invention, identi?cation 
and characteriZation of gas phase products or volatile com 
ponents of the condensed phase products is achieved using 
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optical spectroscopy. In these embodiments, library ele 
ments are typically activated by a heat source serially or in 
parallel. A ?rst embodiment employs ultraviolet and visible 
emission-excitation spectroscopy implemented in a scan 
ning con?guration by scanning a laser excitation source over 
the catalytic surface and monitoring the emission With an 
energy speci?c, single photon detector. A second embodi 
ment employs a scanning multi-Wave mixing ?uorescence 
imaging system that uses a degenerate four-Wave mixing 
optical technique. This technique relies on the interaction of 
three coherent light beams to induce a nonlinear polariZation 
in a medium through the third order term of the suscepti 
bility tensor. This induced polariZation generates the fourth 
coherent beam. A third embodiment employs photon scat 
tering analysis to monitor relative and time varying differ 
ences in the molecular Weight distribution and average 
molecular Weight of a library. In particular, liquid products 
and reactants of a library of catalysts are monitored by 
changes in the relative intensity of scattered light measured 
as a function of the angle relative to the incident beam. 

[0022] A further understanding of the nature and advan 
tages of the inventions herein may be realiZed by reference 
to the remaining portions of the speci?cation and the 
attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 illustrates a con?guration for selective 
heating of materials on a substrate according to the present 
invention; 

[0024] FIG. 2 illustrates a permeable substrate according 
to the invention, Wherein a reactant gas is driven through a 
supported library; 

[0025] FIG. 3 illustrates a polariZed light imaging system 
according to the invention; 

[0026] FIG. 4 illustrates an embodiment of the invention 
used to screen an array of dielectric materials; 

[0027] FIG. 5 illustrates the uniform electric ?eld gener 
ated in the embodiment shoWn in FIG. 4; 

[0028] FIG. 6 illustrates an embodiment of the invention 
used to screen an array of dielectric materials utiliZing a 
ferro-electric material; 

[0029] FIG. 7 illustrates a simple model of the embodi 
ment shoWn in FIG. 6; 

[0030] FIG. 8 is a graph of luminance output versus 
electric ?eld for a typical electroluminescent material; 

[0031] FIG. 9 illustrates an embodiment of the invention 
used for the optical detection of temperature heterogeneity 
in a combinatorial array of materials; 

[0032] FIG. 10 is an illustration of an alternate con?gu 
ration of the embodiment shoWn in FIG. 9 for screening 
catalysts; 

[0033] FIG. 11 illustrates an embodiment of the invention 
used to measure the magnetiZation of a heterogeneous array 
of materials; 

[0034] FIG. 12 illustrates a system for measuring the Kerr 
rotation of different materials of a library of materials; 
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[0035] FIG. 13 illustrates an alternate con?guration of the 
embodiment shoWn in FIG. 12 in Which a translation stage 
scans the library in front of the source so that data is taken 
point-by-point; and 

[0036] FIG. 14 illustrates an embodiment of the invention 
used to characteriZe the relative radiance, luminance, and 
chromaticity of an array of materials. 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED 

EMBODIMENTS 

Glossary 

[0037] The folloWing terms are intended to have the 
folloWing general meanings as used herein. 

[0038] Substrate: Asubstrate is a material having a rigid or 
semi-rigid surface. In many embodiments at least one sur 
face of the substrate Will be substantially ?at. In some 
embodiments the substrate Will contain physical separations 
betWeen synthesis regions for different materials. Suitable 
physical separations include, for example, dimples, Wells, 
raised regions, and etched trenches. According to other 
embodiments, small beads or pellets may be provided on the 
surface, either alone or Within substrate surface dimples. The 
surface area of the substrate is designed to meet the require 
ments of a particular application. Typically, the surface area 
of the substrate is in the range of 1 cm2 to 400 cm2. HoWever, 
other siZes may be used With the present invention, for 
example surface areas as small as 0.001 cm2 or as large as 
10 m2 are possible. 

[0039] Prede?ned Region: A prede?ned region is a local 
iZed area on a substrate that is, Was, or is intended to be used 
for the formation of a speci?c material. The prede?ned 
region may be referred to, in the alternative, as a “known” 
region, a “reaction” region, a “selected” region, or simply a 
“region.” The prede?ned region may have any convenient 
shape, e.g., linear, circular, rectangular, elliptical, or Wedge 
shaped. Additionally, the prede?ned region can be a bead or 
pellet Which is coated With the component(s) of interest. In 
this embodiment, the bead or pellet can be identi?ed With a 
tag, such as an etched binary bar code, that can be used to 
identify Which components Were deposited on the bead or 
pellet. The area of the prede?ned regions depends on the 
application and is typically smaller than about 25 cm2. 
HoWever, the prede?ned regions may be smaller than 10 
cm2, smaller than 5 cm2, smaller than 1 cm2, smaller than 1 
mm2, smaller than 0.5 mm2, smaller than 10,000 pmz, 
smaller than 1,000 pmz, smaller than 100 pmz, or even 
smaller than 10 pmz. 

[0040] Radiation: Radiation refers to energy With a Wave 
length betWeen 10-14 and 104. Examples of such radiation 
include electron beam radiation, gamma radiation, x-ray 
radiation, ultraviolet radiation, visible light, infrared radia 
tion, microWave radiation, and radio Waves. Irradiation 
refers to the application of radiation to a material or object. 

[0041] Component: Component is used herein to refer to 
each of the individual substances that are deposited onto a 
substrate. Components can act upon one another to produce 
a particular material. Components can react directly With 
each other or With an external energy source such as 

radiation, an electric ?eld, or a magnetic ?eld. A third 
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material or a chemical substance can also act upon compo 

nents. A component can be an element, a chemical, a 
material, or a mixture of elements and chemicals. Compo 
nents can form layers, blends or mixtures, or combinations 
thereof. 

[0042] Source Material: The term source material is used 
herein to refer to the original material from Which a com 
ponent Was derived. Source materials can be composed of 
elements, compounds, chemicals, molecules, etc. that are 
dissolved in a solvent, vaporiZed, evaporated, boiled, sub 
limed, ablated, etc., thus alloWing the source materials to 
deposit onto a substrate during the synthesis process. 

[0043] Resulting Material: The term resulting material is 
used herein to refer to the component or combination of 
components that have been deposited onto a prede?ned 
region of a substrate. The resulting materials may comprise 
a single component, or a combination of components that 
have reacted directly With each other or With an external 
source. Alternatively, the resulting material may comprise a 
layer, blend or mixture of components on a prede?ned 
region of the substrate. The resulting materials are screened 
for speci?c properties or characteristics to determine their 
relative performance. 

[0044] Mixture or Blend: The term mixture or, inter 
changeably, blend refers to a collection of molecules, ions, 
electrons, or chemical substances. Each component in the 
mixture can be independently varied. A mixture can consist 
of tWo or more substances intermingled With no constant 

percentage composition, Wherein each component may or 
may not retain its essential original properties, and Where 
molecular phase mixing may or may not occur. In mixtures, 
the components making up the mixture may or may not 
remain distinguishable from each other by virtue of their 
chemical structure. 

[0045] Layer: The term layer is used herein to refer to a 
material that separates one material, component, substrate or 
environment from another. A layer is often thin in relation to 
its area and covers the material beneath it. A layer may or 
may not be thin or ?at, but once it is deposited it generally 
covers the entire surface such that it separates the compo 
nent or substrate beloW the layer from the component or 
environment above the layer. 

[0046] Heterogeneous catalysts: Heterogeneous catalysts 
enable catalytic reactions to occur With the reactants and 
catalysts residing in different phases. As used herein, het 
erogeneous catalysts include, but are not limited to, mixed 
metal oxides, mixed metal nitrides, mixed metal sul?des, 
mixed metal carbides, mixed metal ?uorides, mixed metal 
silicates, mixed metal aluminates, mixed metal phosphates, 
nobel metals, Zeolites, metal alloys, intermetallic com 
pounds, inorganic mixtures, inorganic compounds, and inor 
ganic salts. 

[0047] Homogeneous catalysts: Homogeneous catalysts 
enable catalytic reactions to occur With the reactants and 
catalysts residing in the same phase. As used herein, homo 
geneous catalysts include, but are not limited to, catalysts for 
the polymeriZation of one or more ole?nic or vinyl mono 
mers. The ole?nic monomers include, but are not limited to, 
ethylene or alpha-ole?ns containing from 3 to 10 carbon 
atoms, such as propylene, 1-butene, l-pentane, l-hexene, 
and l-octene. The vinyl monomers include, but are not 
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limited to, vinyl chloride, vinyl acetate, vinyl acrylate, 
methylmethacrylate, methyl vinyl ether, ethyl vinyl ether 
and acetonitrile. The catalysts employed to carry out a 
polymeriZation of one or more monomers of this type 
include, but are not limited to, radical catalysts, cationic 
catalysts, anionic catalysts, and anionic coordination cata 
lysts. 

Generating Arrays of Materials 

[0048] Generally, an array of materials is prepared by 
successively delivering components of the materials to pre 
de?ned regions on a substrate, and simultaneously reacting 
the components to form at least tWo materials or, alterna 
tively, the components are alloWed to interact to form at least 
tWo materials. In one embodiment, for example, a ?rst 
component of a ?rst material is delivered to a ?rst prede?ned 
location on a substrate, and a ?rst component of a second 
material is delivered to a second prede?ned region on the 
same substrate. Simultaneously With or thereafter, a second 
component of the ?rst material is delivered to the ?rst region 
on the substrate, and a second component of the second 
material is delivered to the second region on the substrate. 
Each component can be delivered in either a uniform or 
gradient fashion to produce either a single stoichiometry or, 
alternatively, a large number of stoichiometries Within a 
single prede?ned region. Moreover, the components can be 
delivered as amorphous ?lms, epitaxial ?lms or lattice or 
superlattice structures. The process is repeated, With addi 
tional components, to form a vast array of components at 
prede?ned locations on the substrate. Thereafter, the com 
ponents are simultaneously reacted to form at least tWo 
materials or, alternatively, the components interact to form at 
least tWo materials. As described herein, the components can 
be sequentially or simultaneously delivered to the prede?ned 
regions on the substrate using any of a number of different 
delivery techniques. 

[0049] Numerous combinatorial techniques can be used to 
synthesiZe the various arrays of diverse materials on the 
substrate according to the present invention. For example, in 
one embodiment a ?rst component of a ?rst and second 
material is delivered to the prede?ned regions on the sub 
strate. Then a second component of the ?rst and second 
materials is delivered to the prede?ned regions on the 
substrate. This process continues for the other components 
(e.g., third, fourth, ?fth, etc. components) and/or the other 
materials (e.g., third, fourth, ?fth, etc. materials) until the 
array is complete. In another embodiment, the array is 
formed as previously described, but the resulting materials 
are formed immediately as the components contact each 
other on the substrate. In yet another embodiment, the array 
is formed as previously described, but after the various 
components are delivered to the substrate, a processing step 
is carried out Which alloWs or causes the components to 
interact to form layers, blends, mixtures, and/or materials 
resulting from a reaction betWeen components. In still 
another embodiment, tWo or more components are delivered 
to the prede?ned regions on the substrate using fast sequen 
tial or parallel delivery techniques such that the components 
interact With each other before contacting the substrate. The 
resulting array of materials, each at a discrete and knoWn 
location on the substrate, comprises layers, blends, mixtures, 
and/or materials resulting from a reaction betWeen compo 
nents. 
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[0050] Essentially, any conceivable substrate can be 
employed in the invention. The substrate can be organic, 
inorganic, biological, nonbiological, or a combination 
thereof. The substrate can eXist as particles, strands, pre 
cipitates, gels, sheets, tubing, spheres, containers, capillar 
ies, pads, slices, ?lms, plates, slides, etc. The substrate can 
have any convenient shape, such as a disc, square, sphere, 
circle, etc. The substrate is preferably ?at, but may take on 
a variety of alternative surface con?gurations. For eXample, 
the substrate may contain raised or depressed regions on 
Which the synthesis of diverse materials takes place. The 
substrate and its surface preferably form a rigid support on 
Which to carry out the reactions described herein. The 
substrate may be any of a Wide variety of materials includ 
ing, for eXample, polymers, plastics, pyreX, quartZ, resins, 
silicon, silica or silica-based materials, carbon, metals, inor 
ganic glasses, inorganic crystals, and membranes Upon 
revieW of this disclosure, other substrate materials Will be 
readily apparent to those of skill in the art. Surfaces on the 
solid substrate can be composed of the same materials as the 
substrate or, alternatively, they can be different (ie., the 
substrates can be coated With a different material). More 
over, the substrate surface can contain thereon an adsorbent 
(for eXample, cellulose) to Which the components of interest 
are delivered. The most appropriate substrate and substrate 
surface materials Will depend on the class of materials to be 
synthesiZed and the selection in any given case Will be 
readily apparent to those of skill in the art. In other embodi 
ments, the substrate can be a series of small beads or pellets. 
As With the single substrate having an array of materials 
thereon, each of the individual beads or pellets can be 
screened for materials having useful properties. 

[0051] Avariety of substrate systems are possible, includ 
ing tWo- and three-dimensional substrate systems. In some 
embodiments, the tWo-dimensional combinatorial catalysis 
library Will be deposited either on a porous substrate, such 
as alumina, or on a non-porous substrate. In some embodi 
ments, the substrate Will further contain a synthesis support. 
The synthesis support can be made of alumina, silicon, 
quartZ, Zeolites, Te?on, silica and other oXides, etc. The 
synthesis support may be in the form of beads, discs or any 
other geometry in, for eXample, one of the folloWing sub 
strate con?gurations: i) a porous support placed in Wells 
Wherein the reactants ?oW through the support from the top 
of the Wells out through a hole in the bottom of the Wells (or 
How may be in the reverse direction); ii) a porous support 
placed in Wells Wherein the reactants do not How through 
from the top to the bottom of the Wells, but only to and from 
the top of the Wells; iii) a non-porous support placed in Wells 
Wherein the reactants ?oW around the support from the top 
of the Wells out through a hole in the bottom of the Wells (or 
How may be in the reverse direction); iv) a non-porous 
support placed in Wells Wherein the reactants do not How 
through from the top to the bottom of the Wells, but only to 
and from the top of the Wells; or v) a porous or non-porous 
support not contained in Wells Wherein the reactants are 
deposited directly onto the substrate surface. 

[0052] For instance, in one possible con?guration illus 
trated in FIG. 1, a sample chamber (not shoWn) is ?lled With 
reactant gas A at a pressure P. Focused IR heating from 
source 103 selectively activates individual catalyst elements 
101 contained on an array substrate 105. Alternatively, 
resistive heating elements (not shoWn) can be incorporated 
into substrate 105. All of the library elements 101 are in 
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contact With reactant gas A; hoWever, only When heated Will 
the catalyst posses signi?cant activity to produce appre 
ciable products. If necessary the library can be cooled to 
avoid any side reactions. 

[0053] In a second possible con?guration illustrated in 
FIG. 2, a permeable substrate 201 is utiliZed. Thus reactant 
gas A at a pressure P on top of the library is driven through 
the supported catalyst library element 203 and then both 
unreacted reactants and products pass through the porous 
substrate into a region of loWer pressure 205 Where the 
products are detected. The How can be directed though one 
element path at a time by sealed conduits or, alternatively, it 
can be directed through all elements simultaneously. Indi 
vidual elements can be selectively heated for serial mea 
surement of the products or the entire library heated for 
parallel characteriZation (e.g., optical emission imaging). 
This method has the advantage that the pressure drop across 
the substrate alloWs the gas detection system to sample a 
loWer pressure stream. In the case of liquid or solid phase 
products, volatile components of the products can be 
sampled identically to the gas phase products. For products 
With insuf?cient vapor pressure, scanned infrared laser heat 
ing or individual resistive element heating con?gurations 
can be used. 

[0054] Generally, physical masking systems can be 
employed in combination With various deposition tech 
niques in order to apply components onto a substrate in a 
combinatorial fashion, thereby creating arrays of resulting 
materials at prede?ned locations on the substrate. The arrays 
of resulting materials Will usually differ in composition, 
stoichiometry and/or thickness across the substrate. The 
components can, for example, be dispensed to the substrate 
in the form of a gas, a liquid or a poWder. Suitable deposition 
techniques include, but are not limited to, sputtering, elec 
tron-beam and thermal evaporation, laser deposition, ion 
beam deposition, chemical vapor deposition, and spray 
coating. In solution phase deposition techniques include, for 
eXample, sol/gel methods, discrete liquid dispensing tech 
niques (e.g. pipettes, syringes, ink jets, etc.), spin coating 
With lithography, microcontact printing, spraying With 
masks and immersion impregnation. Moreover, such dis 
penser systems can be manual or, alternatively, they can be 
automated using, for eXample, robotics techniques. A more 
complete description of representative arrays of materials 
and systems and methods for generating such arrays of 
materials can be found in commonly assigned, co-pending 
patent applications “The Combinatorial Synthesis Of Novel 
Materials”, Publication No. WO 95/13278, ?led Oct. 18, 
1995; “Systems and Methods for the Combinatorial Synthe 
sis of Novel Materials,” patent application Ser. No. 08/841, 
423, ?led Apr. 22, 1997; and “Discovery of Phosphor 
Materials Using Combinatorial Synthesis Techniques,” pro 
visional patent application Ser. No. 60/039,882, ?led Mar. 4, 
1997; the complete disclosures of Which are incorporated 
herein by reference for all purposes. 

[0055] In some embodiments of the present invention, 
after the components have been deposited onto prede?ned 
regions on a substrate, they are reacted using a number of 
different techniques. For example, the components can be 
reacted using solution based synthesis techniques, photo 
chemical techniques, polymeriZation techniques, template 
directed synthesis techniques, epitaXial groWth techniques, 
by the sol-gel process, by thermal, infrared or microWave 
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heating, by calcination, sintering or annealing, by hydro 
thermal methods, by ?ux methods, by crystallization 
through vaporization of solvent, etc. Furthermore, each 
prede?ned region on the substrate can be heated simulta 
neously or sequentially using heat sources such as focussed 
infrared radiation, resistive heating, etc. Reactants can, for 
example, be dispensed to the library of elements in the form 
of a gas or a liquid. Other useful techniques that can be used 
to react the components of interest Will be readily apparent 
to those of skill in the art. Additionally, components can 
react With each other instantly, upon contacting each other, 
or in the air before contacting the substrate. The components 
can also form layers, blends or mixtures, in the air or on the 
substrate, rather than reacting With each other. 

[0056] Once prepared, the array of resulting materials can 
be screened for useful properties using the methods 
described herein. Either the entire array or, alternatively, a 
section thereof (e.g., a roW of prede?ned regions) can be 
screened using parallel or fast sequential screening. In some 
embodiments, a prede?ned region on the substrate and, 
therefore, the area upon Which each distinct material is 
synthesiZed, is smaller than about 25 cm2, less than 10 cm2, 
less than 5 cm2, less than 1 cm2, less than 1 mm2, or less then 
0.5 mm2. In other embodiments, the regions have an area 
less than about 10,000 pmz, less than 1,000 pmz, less than 
100 pmz, or less than 10 pmz. Accordingly, the density of 
regions per unit area Will be greater than 0.04 regions/cm2, 
greater than 0.1 regions/cm2, greater than 1 region/cm2, 
greater than 10 regions/cm2, or greater than 100 regions/ 
cm2. In other embodiments, the density of regions per unit 
area Will be greater than 1,000 regions/cm2, greater than 
10,000 regions/cm2, greater than 100,000 regions/cm2, or 
greater than 10,000,000 regions/cm2. 
[0057] In some embodiments, the screening systems of the 
present invention Will be used to screen a single substrate 
having at least 9 different materials. In other embodiments, 
the screening system scans a single substrate having more 
than 50, 100, 103, 104, 105, 106, or more materials synthe 
siZed thereon. In some embodiments, the substrate Will 
comprise arrays of materials With as feW as tWo components, 
although the substrate can have materials With 3, 4, 5, 6, 7, 
8 or more components therein. The substrate can be screened 
for materials having useful properties and/or the resulting 
materials can be ranked, or otherWise compared, for relative 
performance With respect to useful properties or other char 
acteristics. Resulting materials include, but are not limited 
to, covalent netWork solids, ionic solids and molecular, 
inorganic materials, intermetallic materials, metal alloys, 
ceramic materials, organic materials, organometallic mate 
rials, non-biological organic polymers, composite materials 
(e.g., inorganic composites, organic composites, or combi 
nations thereof), or homogeneous or heterogeneous cata 
lysts. Again, once useful resulting materials have been 
identi?ed using the methods of the present invention, a 
variety of different methods can be used to prepare such 
materials on a large or bulk scale With essentially the same 
structure and properties. Properties Which can be screened 
for include, but are not limited to, electrical, thermal, 
mechanical, morphological, optical, magnetic, chemical, 
conductivity, super-conductivity, resistivity, thermal con 
ductivity, anisotropy, hardness, crystallinity, optical trans 
parency, magnetoresistance, permeability, frequency dou 
bling, photoemission, coercivity, dielectric strength, or other 
useful properties Which Will be apparent to those of skill in 
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the art upon revieW of this disclosure. Importantly, the 
synthesiZing and screening of a diverse array of resulting 
materials enables neW compositions With neW physical 
properties to be identi?ed. 

[0058] Given the chemical complexity of catalytic sys 
tems, the lack of predictive models, the number of possible 
combinations of metals, counterions, ligands, and supports, 
and the time consuming process of evaluating the perfor 
mance of each catalyst formulation utiliZing conventional 
laboratory pilot reactors, it is not surprising that the search 
for the optimum catalyst is a time consuming and inef?cient 
process. Thus, a combinatorial approach to the discovery 
and optimiZation of catalytic systems, Which combines the 
synthesis of catalyst libraries With the screening tools of this 
invention, is useful for accelerating the pace of research in 
this ?eld. The catalyst libraries of the present invention can 
include organic (e.g., catalytic antibodies), organometallic, 
heterogeneous or solid state inorganic array elements. Orga 
nometallic catalyst libraries Which can be screened for 
useful catalytic properties include, but are not limited to, 
those described in co-pending U.S. patent application Ser. 
No. 08/898,715, ?led Jul. 22, 1997, Which is hereby incor 
porated by reference for all purposes. 

[0059] Catalyst libraries comprising inorganic (e.g., het 
erogeneous and solid state inorganic) materials can also be 
screened for useful properties using the methods of this 
invention. Catalyst libraries can comprise poWders, impreg 
nated solid supports, inorganic ?lms and monoliths, or 
crystals that are spatially separated Within a substrate system 
(e.g., Wells, ?at surfaces). Solid state inorganic materials 
useful as heterogeneous catalysts are Well knoWn in the 
chemical industry. Heterogeneous catalysts enable catalytic 
reactions to occur With the reactants and catalysts residing in 
different phases and include, but are not limited to, mixed 
metal oxides, mixed metal nitrides, mixed metal sul?des, 
mixed metal carbides, mixed metal ?uorides, mixed metal 
silicates, mixed metal aluminates, mixed metal phosphates, 
nobel metals, Zeolites, metal alloys, intermetallic com 
pounds, inorganic mixtures, inorganic compounds, and inor 
ganic salts. Heterogeneous catalyst systems typically com 
prise metals, metal oxides, metal sul?des, and other metal 
salts, can be supported on a carrier (e.g., alumina, silica of 
controlled particle siZe and porosity), and can be used in 
bulk. 

[0060] Heterogeneous catalysts can be prepared by a num 
ber of methods Which are Well knoWn in the art and include 
mixing reactive solutions, impregnation of solutions of 
metal salt precursors onto or into solid carriers, coprecipi 
tation, and mixing colloidal dispersions. These methods 
yield chemically complex, multicomponent solid products 
that can be further treated With reducing agents, oxidiZing 
agents and other third components and modi?ers to produce 
optimiZed materials. 

[0061] Once an array of catalysts is formed, the screening 
methods of the present invention can be used to characteriZe 
the catalytic properties of the various compounds by observ 
ing, for example, activity, lifetime and selectivity for a 
variety of catalytic transformations. For purposes of this 
invention, a catalyst is de?ned as any material that acceler 
ates the rate of a chemical reaction and Which is either not 
consumed during the reaction or Which is consumed at a rate 
sloWer (on a molar basis) than the reaction that is being 
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catalyzed. Examples of catalytic reactions/transformations 
include, but are not limited to, total oxidations (e.g., the 
conversion of CO into CO2 using oxygen, or NOX for 
simultaneous reduction of the NOX), selective oxidations 
(e.g., epoxidations of ole?ns), reductions (e.g., hyrdogena 
tion of unsaturated species), polymeriZations (e.g., ethylene 
copolymeriZations), dimeriZation (e.g., ethylene to butene), 
trimeriZation, oligomeriZation, decompositions (e.g., con 
version of NOX into N2 and O2), hydrosilation, carbonyla 
tions, hydrocynation, hydroformylation, isomeriZation, met 
athesis (e.g., of ole?ns and acetylenes), carbon-hydrogen 
activation, cross coupling, Friedel-Crafts acylation and alky 
lation, hydration, and Diels-Alder reactions. 

Optical Spectroscopy Systems for Gas Phase 
Measurements 

[0062] The spectroscopic techniques of degenerate four 
Wave mixing (DFWM) and laser-induced ?uorescence (LIF) 
can be applied to the detection of minor species for com 
bustion diagnostics at high sensitivities (Mann et al., “Detec 
tion and Imaging of Nitrogen Dioxide With the Degenerate 
Four-Wave-Mixing and Laser-Induced-Fluorescence Tech 
miques,” =iApplied Optics, Jan. 20, 1996, 35(3):475-81). In 
degenerate four-Wave mixing the signal is detected as a 
spatially and temporally coherent beam that relies on a 
resonant interaction of the light frequency With a molecular 
transition. Four-Wave mixing relies on the interaction of 
three coherent light beams to induce a nonlinear polariZation 
in a medium through the third order term of the suscepti 
bility tensor. This induced polariZation generates the fourth 
coherent beam. As a result, extreme sensitivity of detection 
is possible. Due to this enhanced sensitivity, degenerate 
four-Wave mixing may be employed to observe trace quan 
tities of products or reactants in a reactor containing a 
combinatorial library of active sites. Instantaneous and spa 
tially resolved measurements of both temperature and spe 
cies’ concentration in a How reactor can be obtained. 

Optical Characterization of Condensed Phase 
Products 

Photon Scattering Systems 
[0063] In yet another aspect of the invention, systems and 
methods are provided for identifying and characteriZing 
condensed phase products based on the optical properties of 
the materials in a combinatorial library or array. In a ?rst 
embodiment, photon scattering analysis is employed to 
monitor relative and time varying differences in the molecu 
lar Weight distribution and average molecular Weight of the 
elements of the library. For example, liquid products and 
reactants of a library of catalysts can be monitored by 
changes in the relative intensity of scattered light measured 
as a function of angle relative to an incident beam. 

[0064] In one embodiment of the invention, a photodiode 
array is positioned around a library element, the library 
element being irradiated With a light source such as a laser. 
This detector array is used to collect the intensity of the 
scattered light as a function of angle. The array of library 
elements is scanned relative to the laser-detector assembly 
for the purpose of mapping the property as a function of 
position on the library. Several sWeeps of the library can be 
used to characteriZe the temporal changes in the scattered 
light distribution, for example to monitor the rate of poly 
meriZation. 
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[0065] Although precise quantitative determination of the 
Rayleigh ratio and average molecular Weight requires care 
ful design of the scattering cell geometry (typically cylin 
drical), for relative measurements, more convenient practi 
cal considerations can be used. Similarly, precise Work using 
only small angle scattering alloWs simpli?cation of the 
scattering-function and use of the straight-forWard Debye 
equation to determine average molecular Weights accurately. 

PolariZed Light Imaging 

[0066] In another embodiment, polariZed light imaging 
systems and methods are provided for characteriZing librar 
ies of materials, such as polymers. The formation of opti 
cally active crystalline domains in solids can give rise to 
optical rotation and/or preferential transmission of polariZed 
light. As illustrated in FIG. 3, a polariZed light source 301 
directs a beam of polariZed light 303 toWards a library 
element 305 contained on a transparent array substrate 307. 
ApolariZed light detector 309 monitors the transmitted light. 
Alternatively, the entire library can be simultaneously illu 
minated With a large diameter beam of polariZed light. In this 
embodiment detector 309 is a CCD array and a polariZer (not 
shoWn) is interposed betWeen array 307 and detector 309. 
This embodiment alloWs characteriZation of the relative 
changes in orientational order to be monitored in real time. 
Thus activity, for example, the rate of polymeriZation in a 
polymer system, can be monitored. 

Dielectric Optical Screening 

[0067] In another aspect of the invention, systems and 
methods are provided for rapidly screening dielectric mate 
rials in a combinatorial library. Speci?cally, one embodi 
ment of the invention takes advantage of the electric ?eld 
dependence of the light output from electroluminescent 
materials. 

[0068] FIG. 4 illustrates a combinatorial library 401 syn 
thesiZed on a conducting substrate 403. If necessary, a 
conducting coating may be applied to substrate 403. The 
library of potential dielectric materials is deposited at a 
uniform thickness of approximately 800 nm to 1200 nm, 
preferably about 1000 nm. After processing the dielectric 
library 401, an optically active layer 405 comprising an 
electroluminescent material (EL), such as ZnSzMn, or a 
ferro-electric material is deposited to a uniform thickness of 
approximately 100-500 nm over library 401. Optically 
active layer 405 is then covered With a transparent conduct 
ing overlayer 407. 

[0069] To monitor the dielectric coef?cient of the library 
elements, a voltage (dc or ac) is applied to conducting layers 
403 and 407 and gradually increased until luminescence is 
observed or until an electro-optic Kerr rotation is observed 
(see FIG. 5). The electric ?eld in the optically active ?lm 
405 directly adjacent to a given library element Will depend 
upon the dielectric coef?cient of the library material. The 
larger the dielectric coef?cient of the library element, the 
higher the electric ?eld in the optically active layer 405 for 
the same voltage. Thus, the EL layer 405 Will luminesce (or 
the ?rst measurable rotation Will occur) at the loWest volt 
ages directly above library elements With the highest dielec 
tric coef?cient, E. 

[0070] As illustrated in FIG. 5, a uniform electric ?eld, E, 
is produced in the gap betWeen the top and bottom conduct 
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ing layers such that E equals the applied voltage, V, divided 
by the separation distance, d. If an EL material of dielectric 
constant GEL is placed in the gap, the material sees a uniform 
?eld and thus should have a nearly uniform luminous output. 
Similarly, if a ferro-electric material is placed in the gap and 
illuminated With polariZed light, a rotation of the optical 
polariZation Will occur uniformly over the surface. If, hoW 
ever, the library of dielectrics is noW inserted into this gap, 
the spatially varying E(r) of the library Will alter the electric 
?eld in the optically active layer 405 and thus alter locally 
the light output (EL) or polariZation change (FE), as illus 
trated in FIG. 6. A simple model of the library is shoWn in 
FIG. 7. In the model, a parallel array 700 of tWo series 
capacitors includes a capacitor 701 representing the active 
layer (e.g., EL) With its dielectric coef?cient GEL. A second 
capacitor, 703, is the dielectric library element With a 
spatially varying dielectric coef?cient EJ-(r). 

[0071] Assuming a uniform area, A0, above each library 
element, and assuming that the thickness of the dielectric 
material, do, and the active layer, dEL, are uniform, the 
charge, Q, is given by: 

Qi=éj'v 

[0072] Where: 

A l 

C": 1 1 
_+_ 
CEL C] 

[0073] therefore: 

v _ v 

Q‘- 1 1 _ dEL do 
—+ 
CEL Ci EELAO EM.) 

[0074] The uniform ?uX density, D, in the tWo series 
capacitors is given by: 

[0075] HoWever, the ?eld betWeen the tWo capacitors 
varies as D/E. Therefore the E ?eld in the EL layer is: 

E D; V/AosEL Vs] 
EL _ 85L _ dEL + do _ dEL5j + dOEEL 

sELAo sj-Ao 

[0076] Examining the tWo limits of the library thickness: 
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[007 7 ] 

Vs] 
EEL ~ dosh 

For dOxEEL<<dEL><Ej 

[0078] 

V8] 

[0079] Thus When the library thickness is very large 
compared With the EL layer the electric ?eld, E, across the 
EL layer depends linearly on the dielectric coefficient of the 
library material. 

[0080] The measurement is performed by sloWly increas 
ing The ?rst regions Where light is detected Will have the 
highest 61-. Quanti?cation is possible by comparison to a 
standard dielectric material. HoWever for screening pur 
poses this is not necessary. The particular sensitivity of the 
method is aided by the typical (log) luminance output versus 
electric ?eld for a typical EL material, e.g., ZnS:Mn, as 
illustrated in FIG. 8. 

[0081] At an approximately 106 volts/m EL threshold for 
a typically 1000 nm library/EL composite thickness, volt 
ages across the composite Will be rather small, typically 
<10-20V. Similar behavior is observed for ferro-electric 
materials. 

Optical Detection of Temperature Heterogeneity 

[0082] In another aspect of the invention, systems and 
methods are provided for the optical detection of tempera 
ture heterogeneity in combinatorial libraries of materials, 
such as thermoelectric and catalysis materials. In one 
embodiment of the invention, the temperature sensitive 
indeX of refraction of various liquid crystals is utiliZed. As 
illustrated in FIG. 9, the thin ?lm library elements 901 are 
deposited on a loW thermal mass substrate 903. Substrate 
903 may or may not have additional electrical contacts. After 
processing the library, the substrate is coated With a liquid 
crystal layer 905. The system is maintained near the liquid 
crystal phase transition temperature and illuminated With an 
appropriate Wavelength source lamp 907. The device is then 
activated by applying a voltage, 909, across the elements. 
The re?ectivity/absorption of the liquid crystal layer 905 is 
then monitored With an image detector 911, such as a CCD 
or other tWo dimensional optical imaging system. The loW 
cost and simplicity of this system has clear advantages for 
high throughput screening applications. 

[0083] In this system, materials With substantially identi 
cal electrical conductivities are preferably screened since the 
thermal poWer through each library element is proportional 
to the current through that element. With the How of current, 
a temperature gradient Will be produced across the layer that 
is dependent upon the Seebeck coef?cient of the element. 
Therefore the higher the Seebeck coef?cient, the higher the 
gradient. The adjacent liquid crystal layer Will undergo a 
phase transition that Will alter its absorption/re?ection coef 
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?cient for the incident light detected by sensor 911. The 
image of the liquid crystal layer Will thus re?ect the under 
lying material’s temperature variation. 

[0084] As shoWn in FIG. 10, similar con?gurations can be 
implemented for the screening of catalysts. In these embodi 
ments, substrate 903 is coated With a liquid crystal layer 905 
and a reactant gas stream 1001 is applied to the loWer 
surface of substrate 903. The system is maintained near the 
liquid crystal phase transition temperature and illuminated 
With an appropriate Wavelength source lamp 907. The device 
is then activated and the re?ectivity/absorption of the liquid 
crystal layer is monitored With image detector 911. 

Kerr Imaging of Non-homogenous Magnetic 
Material 

[0085] One of the problems existing techniques have 
encountered in using Kerr microscopy to measure magne 
tiZation on heterogeneous tWo-dimensional surfaces is the 
variable Kerr coef?cient for different materials. Although 
Kerr microscopy is routinely used to examine materials of 
homogeneous compositions, it generally cannot be used to 
compare magnetiZation in tWo regions of different materials. 
The theory of these differences is poorly understood and 
very little data exists for materials other than the traditional 
ferromagnetic materials. The invention described herein 
eliminates the variability of the heterogeneous materials by 
the addition of a homogenous overlayer such that the Kerr 
rotation from the overlayer re?ects only the underlayer 
magnetiZation. 

[0086] Kerr effect imaging relies on the rotation of light 
polariZation re?ected or transmitted from a surface, Where 
the degree of rotation depends upon the surface material’s 
magnetiZation, M. (i.e., A0=0in—0Out=0KmzKM). Both lon 
gitudinal and polar Kerr effects may be measured depending 
upon the relative orientation of M and K. For a combinatorial 
library of many different materials, K can vary signi?cantly 
Which makes it extremely dif?cult to compare M values 
betWeen different materials. 

[0087] To overcome this problem, the present invention 
provides a method comprising the steps of synthesiZing and 
processing a magnetic thin ?lm library 1101 (see FIG. 11). 
Auniform material 1103 With a knoWn Kerr is deposited on 
library 1101 at a thickness on the order of the extinction 
length of the optical photon Wavelength of the highest Kerr 
rotation, e.g., a super parametric material. Optionally, a 
buffer layer 1105 may be applied to the loWer surface of the 
thin ?lm library 1101. The Kerr rotation in the overlayer 
1103 Will re?ect the magnetiZation of the underlying library 
element 1101. Accordingly, the spatially varying 0Ken(r) is 
used to image the underlying magnetic library M(r). By 
applying an external magnetic ?eld of variable orientation, 
the orientation of M(r,H) is folloWed and a traditional B-H 
curve is then generated for each library element. From the 
B-H curve, the coercivity and remenance is obtained 
directly. 
[0088] FIG. 12 illustrates a system 1200 for measuring the 
Kerr rotation of different materials on a library of materials. 
Optical system 1200 comprises an incoherent, polariZed 
light source 1201 and an optical train 1203 for projecting the 
light from source 1201 onto the library 1205 at a near normal 
incidence angle. Optical train 1203 includes lenses and one 
or more ?lters, the ?lters primarily passing light toWards the 

Oct. 25, 2001 

violet range, thereby optimiZing the sensitivity. The optical 
system also includes a polariZer 1207. The re?ected light is 
passed through collection optics 1209, optics 1209 including 
appropriate lenses and ?lters for imaging the re?ected light 
onto a CCD camera 1211 or other position sensitive optical 
detector. Also included Within the optical train is a second 
polariZer 1213 set near the extinction for the incident beam. 
Acontroller 1215 applies a magnetic ?eld H to library 1205. 
The intensity of the light at each detector pixel is propor 
tional to the Kerr rotation (and thus M) at the corresponding 
point on the sample. A computer 1217 determines the B-H 
curve by varying the direction of the applied ?eld H and 
determining the M for each direction of the ?eld. 

[0089] FIG. 13 illustrates another embodiment of the 
optical system 1200 for measuring the Kerr rotation of 
different materials on a library 1205 of materials. As shoWn, 
system 1300 is similar to the previous embodiment, includ 
ing a light source 1201, optical train 1203 and polariZer 1207 
for directing polariZed, ?ltered light onto library 1205, and 
a second polariZer 1213 and collection optics 1209 for 
imaging the re?ected light onto light detector 1211. In this 
embodiment, light source 1201 is a point source and light 
detector 1211 is a single element detector (e.g., PMT or 
photodiode). The system includes a translation stage 1301 
for scanning library 1205 in front of the beam so that the data 
is taken point-by-point. The advantage to this implementa 
tion is that the beam may be chopped and a lock-in detection 
system 1303 used to increase sensitivity. 

Parallel Screening of Photon Emissions from 
Libraries 

[0090] In another aspect of the invention illustrated in 
FIG. 14, a high throughput screening system 1400 is used 
to characteriZe the relative radiance, luminance, and chro 
maticity of samples With respect to spatial location Within 
the array, excitation energy, and spectral output. Combina 
torial libraries 1401 of luminescent materials or suitably 
tagged or coated samples are excited by a source 1403. 
Source 1403 is selected from a variety of sources including, 
but not limited to, VUV, visible/NIR, x-ray, and electron 
beam sources. In this embodiment the radiation from source 
1403 is directed toWards array 1401 With a beamsplitter 
1405. The resulting photon emission passes through beam 
splitter 1405 and is imaged onto an array detector 1407 by 
an optical train 1409. Array detector 1407 may be a CCD, 
CID, CMOS, or other array. The photon emission passes 
through a spectral ?lter 1411 prior to being detected by array 
1407. Filters 1411 are held Within a ?lter Wheel 1413, 
preferably controlled by a processor 1415. Light emitting 
diodes (LEDs) and/or reference lumiphores (not shoWn), 
With knoWn radiance, luminance, and chromaticty charac 
teristics are used to calibrate the system and calculate the 
sample properties. The LEDs are housed in miniaturiZed 
(e.g., approximately 1/2 inch diameter) integrating spheres; 
for the reference lumiphores standard deep-poWder plaques 
are employed. Translation stages 1417, preferably controlled 
by processor 1415, enable the rapid, segmented analysis of 
large-area samples in a fully automated manner. 

[0091] In the preferred embodiment the entire system is 
automated and controlled by processor 1415. The sequence 

of steps for screening a luminescent library include; detector and stage alignment, (ii) excitation ?eld compen 

sation, (iii) imaging of the reference standards, (iv) library 
alignment, and (v) library imaging/spectroscopy. 
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[0092] The step of aligning the array detector and the stage 
is required in order to determine a scaling factor betWeen the 
pixels of the array and spatial positions Within the library. 
Thus this step provides a mechanism for calculating dis 
tances betWeen tiles and compensating for any possible 
misalignment of the stage With respect to the detector array. 
Due to the fact that the excitation ?eld is generally not 
homogeneous, any nonuniformity of the ?eld is character 
iZed and compensated for With image processing algorithms 
performed in the frequency domain in all subsequent data 
analyses. Reference standards are employed to determine 
the radiance, luminance, and chromaticity of the library 
elements. Exposure conditions (e.g., integration time) for 
various excitation-observation conditions are determined 
based on observation of these reference standards With 
operation of the detector in a suitable regime (i.e., linear and 
unsaturated). 
[0093] Subsequent to library acquisition, a linkage to the 
synthesis map is performed by means of a rotational align 
ment and single-point registration. Table 1 beloW is an 
example of a portion of a property table generated as a result 
of such an acquisition for a discrete library (roW, column 
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[0097] In another embodiment utiliZing a transparent sub 
strate (not shoWn), system 1400 may be used to acquire 
spatially resolved absorption data for elements 1401 of the 
combinatorial library. 

[0098] As Will be understood by those familiar With the 
art, the present invention may be embodied in other speci?c 
forms Without departing from the spirit or essential charac 
teristics thereof Accordingly, disclosure of the preferred 
embodiment of the invention is intended to be illustrative, 
but not limiting, of the scope of the invention set forth in the 
folloWing claims. 

What is claimed is: 
1. A method of characteriZing materials, comprising the 

steps of: 

providing a substrate; 

synthesiZing an array of materials on said substrate; 

illuminating at least a ?rst material of said array With 
polariZed light of a prede?ned Wavelength, Wherein 
said substrate is transparent to said prede?ned Wave 

orientation). length; 

TABLE 1 

#Property Table# 

Radiance Radiance Luminance Luminance 
RoW Column CIE x CIE y (W/m 2sr) Std. Dev. (cd/m 2) Std. Dev. 

Red LED ref. 7.18E-1 2.8OE-1 3.1652E-2 2.3531E-3 —2.9721E—1 1.4025E-1 
Green LED ref. 1.71E-1 6.89E-1 3.1884E-2 2.588OE-3 1.9115E+1 1.6621E+O 
Blue LED ref. 1.28E-1 8.72E-2 6.2998E-2 5.3813E-3 4.073OE-O 3.6883E-1 
White LED ref. 2.91E-1 3.06E-1 2.5318E-2 2.5856E-3 7.0099E+O 9.0734E-1 
YZOZSIELI 5% PoWder 6.54E-1 3.45E-1 2.1902E-1 1.0389E-2 1.3732E+1 1.5324E+O 
1 1 5.43E-1 2.32E-1 3.6204E-2 2.1836E-3 2.0328E+O 3.4037E-1 
1 2 2.63E-1 1.98E-2 4.1475E-2 2.9413E-3 2.4121E+O 4.6172E-1 

1O 12 6.33E-1 2.75E-1 1.6326E-2 9.4503E-4 2.0515E+O 2.7395E-1 

[0094] System 1400 can also be used to determine re?ec 
tance data for a combinatorial library, preferably at 0 degrees 

angle of incidence (i.e., O/D). This determination does 
require changes in the post-processing softWare. Addition 
variables such as temperature may be employed during the 
library analyses. 

[0095] In another embodiment, source 1403 is pulsed (i.e., 
modulated) and used in conjunction With a gated array 
detector to provide time-resolved luminescence information. 
By operating the array detector in a time-correlated manner 
With respect to the excitation source, dynamic data is 
acquired for the combinatorial library being investigated. 

[0096] In another embodiment, automated stage 1417 is 
used to perform rapid, serial scanning across a combinatorial 
library. This strategy is adopted When either the excitation 
source is not amenable to large area illumination (e.g. 
focussed electron beam, IR probe, etc.) or high-resolution 
spectral analysis is required. Processor 1415 can be used in 
conjunction With stage 1417 to provide unattended analysis 
of large area combinatorial libraries in this manner. 

detecting a portion of said polariZed light passing through 
said ?rst material and said substrate; and 

determining an orientational order of said ?rst material 
based on said detected portion of light. 

2. The method of claim 1, further comprising the step of 
introducing at least one reactant to said ?rst material, 
Wherein said reactant causes said ?rst material to undergo a 
reaction, Wherein said detecting step is performed at pre 
de?ned intervals of time, and Wherein said determining step 
determines said orientational order as a function of time. 

3. The method of claim 1, further comprising the steps of 
repositioning said substrate such that each material of said 
array is sequentially illuminated, Wherein the orientational 
order of each material of said array is sequentially deter 
mined. 

4. The method of claim 1, Wherein each materials of said 
array of materials is simultaneously illuminated With polar 
iZed light, and Wherein the orientational order of each 
material of said array is determined. 

5. A system for characteriZing orientational order of an 
array of materials, comprising: 
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a substrate containing said array of materials, Wherein 
said substrate is transparent to light of a prede?ned 
Wavelength; 

a light source providing polariZed light of said prede?ned 
Wavelength, said light source located on a ?rst side of 
said array of materials; 

an optical system for directing said polariZed light at at 
least a ?rst material of said array of materials; and 

a detector located on a second side of said array of 
materials, said detector outputting a signal correspond 
ing to an intensity of said polariZed light passing 
through said ?rst material and said substrate, Wherein 
said intensity provides information on the orientational 
order of said ?rst material. 

6. The system of claim 5, further comprising at least one 
reactant in contact With at least said ?rst rnaterial, Wherein 
said reactant causes said ?rst material to undergo a reaction, 
and Wherein said outputted signal corresponds to said inten 
sity of said polariZed light as a function of time. 

7. The system of claim 5, Wherein said light source 
sirnultaneously illurninates all of said materials of said array, 
and Wherein said detector outputs a signal corresponding to 
said intensity of said polariZed light passing through each of 
said materials of said array. 

8. The system of claim 7, Wherein said detector is a CCD 
detector. 

9. The system of claim 5, Wherein said substrate is moved 
relative to said light source and said detector such that said 
detector outputs a signal corresponding to said intensity of 
said polariZed light passing through each of said materials of 
said array. 

10. A method of characteriZing a dielectric coef?cient of 
each material of an array of materials, comprising the steps 
of: 

providing a conducting substrate; 

synthesiZing said array of materials on said conducting 
substrate; 

depositing an optically active layer onto said array of 
materials, Wherein said optically active layer is corn 
prised of an electrolurninescent rnaterial; 

depositing a conducting layer onto said optically active 
layer; 

applying an increasing voltage betWeen said conducting 
substrate and said conducting layer; and 

detecting an intensity of luminescence emitted by each of 
said materials of said array of materials as a function of 
applied voltage. 

11. The method of claim 10, further comprising the step 
of comparing said detected lurninescence to an intensity of 
luminescence emitted by a standard material. 

12. A system for characteriZing a dielectric coef?cient of 
each material of an array of materials, comprising: 

a conducting substrate, Wherein said array of materials is 
deposited on said conducting substrate; 

an optically active layer deposited onto said array of 
materials, Wherein said optically active layer is corn 
prised of an electrolurninescent material; 
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a conducting layer deposited onto said optically active 
layer; 

a voltage source coupled to said conducting substrate and 
said conducting layer; 

a source controller, Wherein said controller causes said 
source to apply a gradually increasing voltage to said 
substrate and said conducting layer; and 

a detector adjacent to said conducting layer, said detector 
rnonitoring ernitted luminescence from each material of 
said array of materials as a function of applied voltage, 
Wherein said detector outputs a signal corresponding to 
an intensity of luminescence emitted by each of said 
materials. 

13. The system of claim 12, further comprising a proces 
sor coupled to said detector, Wherein said processor corn 
pares said detected lurninescence to an intensity of lurni 
nescence emitted by a standard material. 

14. A method of characteriZing a dielectric coef?cient of 
each material of an array of materials, comprising the steps 
of: 

providing a conducting substrate; 

synthesiZing said array of materials on said conducting 
substrate; 

depositing an optically active layer onto said array of 
materials, Wherein said optically active layer is corn 
prised of an ferro-electric rnaterial; 

depositing a conducting layer onto said optically active 
layer; 

illurninating said ferro-electric material With a beam of 
polariZed light; 

applying an increasing voltage betWeen said conducting 
substrate and said conducting layer; and 

detecting a polariZation change for each of said materials 
of said array of materials as a function of applied 
voltage. 

15. A system for characteriZing a dielectric coefficient of 
each material of an array of materials, comprising: 

a conducting substrate, Wherein said array of materials is 
deposited on said conducting substrate; 

an optically active layer deposited onto said array of 
materials, Wherein said optically active layer is corn 
prised of an ferro-electric material; 

a conducting layer deposited onto said optically active 
layer; 

a voltage source coupled to said conducting substrate and 
said conducting layer; 

a light source, Wherein said light source directs a beam of 
polariZed light at said ferro-electric material; 

a source controller, Wherein said controller causes said 
source to apply a gradually increasing voltage to said 
substrate and said conducting layer; and 

a polariZation sensitive detector adjacent to said conduct 
ing layer, said detector determining a ?rst occurrence of 
a shift in polariZation for each material of said array of 
materials. 






