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HIGH THROUHPUT MECHANICAL PROPERTY
TESTING OF MATERIALS LIBRARIES USING A
PIEZOELECTRIC

TECHNICAL FIELD

[0001] The present invention generally relates to the field
of materials characterization. In particular, the invention
relates to high throughput screens for evaluating mechanical
or physical properties of libraries of polymers or other
materials.

BACKGROUND OF THE INVENTION

[0002] Currently, there is substantial research activity
directed toward the discovery and optimization of polymeric
materials for a wide range of applications. Although the
chemistry of many polymers and polymerization reactions
has been extensively studied, nonetheless, it is rarely pos-
sible to predict a priori the physical or chemical properties
a particular polymeric material will possess or the precise
composition and architecture that will result from any par-
ticular synthesis scheme. Thus, characterization techniques
to determine such properties are an essential part of the
discovery process.

[0003] Combinatorial chemistry refers generally to meth-
ods for synthesizing a collection of chemically diverse
materials and to methods for rapidly testing or screening this
collection of materials for desirable performance character-
istics and properties. Combinatorial chemistry approaches
have greatly improved the efficiency of discovery of useful
materials. For example, material scientists have developed
and applied combinatorial chemistry approaches to discover
a variety of novel materials, including for example, high
temperature superconductors, magnetoresistors, phosphors
and catalysts. See, for example, U.S. Pat. No. 5,776,359
(Schultz, et al). In comparison to traditional materials sci-
ence research, combinatorial materials research can effec-
tively evaluate much larger numbers of diverse compounds
in a much shorter period of time. Although such high-
throughput synthesis and screening methodologies are con-
ceptually promising, substantial technical challenges exist
for application thereof to specific research and commercial
goals.

[0004] The characterization of polymers or other materials
using combinatorial methods has only recently become
known. Examples of such technology are disclosed, for
example, in commonly owned U.S. Pat. Nos. 6,182,499
(McFarland, et al); 6,175,409 B1 (Nielsen, et al); 6,157,449
(Hajduk); 6,151,123 (Nielsen); 6,034,775 (McFarland, et
al); 5,959,297 (Weinberg, et al), all of which are hereby
expressly incorporated by reference herein.

[0005] Of particular interest to the present invention are
combinatorial methods and apparatuses for screening poly-
mers and other materials for physical or mechanical char-
acteristics. Screening of the materials for mechanical prop-
erties presents a multitude of challenges. As an example,
conventional instruments, such as conventional stress or
strain testing machines and other apparatuses traditionally
lack the ability to screen mechanical properties of several
materials in rapid succession, in parallel, on a single sub-
strate or a combination thereof. Thus, challenges are pre-
sented for forming systems that can quickly process and test
(either in parallel or in serial succession) mechanical prop-
erties of many materials.
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SUMMARY OF THE INVENTION

[0006] The present invention provides instruments and
methods for screening combinatorial libraries that addresses
many of the problems encountered when using conventional
instruments. For example, the disclosed instruments can
measure mechanical properties of library members in rapid
serial or parallel test format, and can perform tests on small
amounts of material, which are easily prepared or dispensed
using art-disclosed liquid or solid handling techniques.
Compared to conventional instruments, the disclosed instru-
ments afford faster sample loading and unloading, for
example, through the use of disposable libraries of material
samples.

[0007] Thus, one aspect of the present invention provides
instruments for measuring mechanical properties of a com-
binatorial library of materials. The instruments include at
least one mounting member to which the library of material
samples is removably secured for testing; at least one source
selected from the group consisting of a fluid, a voltage, a
piezoelectric and a combination thereof for delivering one or
more forces to each library member; and at least one sensing
device for monitoring the response each library member to
the one or more forces.

[0008] Another aspect of the present invention provides
methods of screening a combinatorial library of materials. In
a preferred embodiment, the methods include providing a
combinatorial library of materials comprising at least four
different samples, and delivering one or more forces to at
least two of the samples simultaneously by a source selected
from the group consisting of a fluid, a voltage, a piezoelec-
tric and a combination thereof. The methods further include
monitoring the response of each library member to the one
or more forces. In another preferred embodiment, the
method includes providing a combinatorial library of mate-
rials having at least four different samples; delivering one or
more force to each of the samples serially by a source
selected from the group consisting of a fluid, a voltage, a
piezoelectric and a combination thereof; and monitoring the
response of each library member to the one or more forces
at a throughput rate no greater than about 10 minutes per
sample. Depending on the type of force applied, the methods
can screen libraries of materials for a variety of mechanical
properties related to Young’s modulus (e.g., flexure, uniaxial
extension, biaxial compression, and shear), failure (stress
and strain at failure, toughness), adhesion, or others.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 shows a flowchart of possible steps for
methods of the present invention.

[0010] FIG. 2A shows a block diagram of a potential
platform system for executing methods and for operating
systems of the present invention.

[0011] FIG. 2B shows a flowchart of the general steps for
the methods of the present invention.

[0012] FIG. 3 shows a perspective view of one embodi-
ment of a bulge test instrument that can be used for high
throughput mechanical property screening.

[0013] FIG. 4 shows a perspective view of one embodi-
ment of a vessel that can be used in the bulge test instrument

shown in FIG. 3.
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[0014] FIG. 5 shows a perspective view of one embodi-
ment of a substrate that can be used in the bulge test
instrument.

[0015] FIG. 6 shows a perspective view of one embodi-
ment of a capacitive pull-in instrument that can be used for
high throughput mechanical property screening.

[0016] FIG. 7 shows a perspective view of one embodi-
ment of a piezoelectric instrument that can be used for high
throughput mechanical property screening.

[0017] FIG. 8 shows a view of one end of an embodiment
of a piezoelectric bender that can be used in the piezoelectric
instrument shown in FIG. 7.

[0018] FIG. 9 shows a side view of one embodiment of a
piezoelectric bender that can be used in the piezoelectric
instrument shown in FIG. 7.

[0019] FIG. 10 shows the response of the piezoelectric
bender shown in FIG. 9 when voltage is applied to it.

[0020] FIG. 11 shows a schematic view of one embodi-
ment of a bulge test instrument with an environmental
chamber.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0021] Glossary

[0022] The following terms are intended to have the
following general meanings as they are used herein.

[0023] 1. Fluid: The term “fluid” refers to a gas or a
liquid.

[0024] 2. Mixture: The term “mixture” refers to a
collection of molecules, ions, electrons, chemical
substances, etc. Each component in the mixture can
be independently varied. A mixture can consist of
two or more substances intermingled with no con-
stant percentage composition, wherein each compo-
nent 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.

[0025] These and other aspects of the invention are to be
considered exemplary and non-limiting, and are discussed in
greater detail below. The several aspects of the character-
ization instruments and methods disclosed and claimed
herein can be advantageously employed separately, or in
combination to efficiently characterize a variety of materials,
with particular emphasis on solid materials and polymeric
materials. In preferred embodiments, these features are
employed in combination to form a materials characteriza-
tion system that can operate as a high-throughput screen in
a combinatorial materials science research program directed
to identifying and optimizing new materials. Such materials
appropriate for combinatorial research may include, for
instance, polymers, catalysts, products of various polymer-
ization reaction conditions, lubricants, gels, adhesives, coat-
ings and/or products of new post-synthesis processing con-
ditions. Other materials appropriate for combinatorial
research according to the present invention may include, but
are not limited to, foodstuffs, cosmetics, beverages, lotions,
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creams, pharmaceuticals, inks, body fluids, fuels, additives,
detergents, surfactants, shampoos, conditioners, dyes,
waxes, electrolytes, fuel cell electrolytes, photoresist, semi-
conductor material, wire coatings, hair styling products and
the like.

[0026] Combinatorial Approaches for Science Research

[0027] In a combinatorial approach for identifying or
optimizing materials or reactions, a large compositional
space (e.g., in the context of polymers; of monomers,
comonomers, catalysts, catalyst precursors, solvents, initia-
tors, additives, or of relative ratios of two or more of the
aforementioned) or a large reaction condition space (e.g., of
temperature, pressure and reaction time) may be rapidly
explored by preparing libraries and then rapidly screening
such libraries. By way of illustration, polymer libraries can
comprise, for example, polymerization product mixtures
resulting from polymerization reactions that are varied with
respect to such factors.

[0028] For example, in the context of polymers (but also
applicable to other materials), combinatorial approaches for
screening a polymer library can include an initial, primary
screening, in which polymerization products are rapidly
evaluated to provide valuable preliminary data and, opti-
mally, to identify several “hits”—particular candidate mate-
rials having characteristics that meet or exceed certain
predetermined metrics (e.g., performance characteristics,
desirable properties, unexpected and/or unusual properties,
etc.). Such metrics may be defined, for example, by the
characteristics of a known or standard polymer or polymer-
ization scheme. Because local performance maxima may
exist in compositional spaces between those evaluated in the
primary screening of the first libraries or alternatively, in
process-condition spaces different from those considered in
the first screening, it may be advantageous to screen more
focused polymer libraries (e.g., libraries focused on a
smaller range of compositional gradients, or libraries com-
prising compounds having incrementally smaller structural
variations relative to those of the identified hits) and addi-
tionally or alternatively, subject the initial hits to variations
in process conditions. Hence, a primary screen can be used
reiteratively to explore localized and/or optimized compo-
sitional space in greater detail. The preparation and evalu-
ation of more focused polymer libraries can continue as long
as the high-throughput primary screen can meaningfully
distinguish between neighboring library compositions or
compounds.

[0029] Once one or more hits have been satisfactorily
identified based on the primary screening, polymer and
polymerization product libraries focused around the pri-
mary-screen hits can be evaluated with a secondary
screen—a screen designed to provide (and typically verified,
based on known materials, to provide) chemical composi-
tion or process conditions that relate with a greater degree of
confidence to commercially-important processes and condi-
tions than those applied in the primary screen. In many
situations, such improved “real-world-modeling” consider-
ations are incorporated into the secondary screen at the
expense of methodology speed (e.g., as measured by sample
throughput) compared to a corresponding primary screen.
Particular polymer materials, catalysts, reactants, polymer-
ization conditions or post-synthesis processing conditions
having characteristics that surpass the predetermined met-
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