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HIGH THROUGHPUT PERMEABILITY 
TESTING OF MATERIALS LIBRARIES 

TECHNICAL FIELD 

TIle present invention generally relates to the field of 
materials charactcrization. In particular, the invcntion relates 
to high throughput screens for evaluating properties such as 
permeability of polymers or other materials. 

2 
samples it is difficult to design equipment that can properly 
support the relatively small samples. It can also be difficult 
to create instruments that will expose relatively small 
samples to penneation fluids (i.e., fluids that will permeate 
through a sample) in a consistent manner. Moreover, 
samples such as polymer films and other films, may expe
rience intemal conditions such as saturation, which can 
present challenges for creating instruments and meiliods that 
can provide comparable results for samples of different 

10 compositions or thicknesses. 
BACKGROUND OF THE INVENTION 

Currently, there is substantial research activity directed 
toward the discovery and optimization of polymeric and 
other materials for a wide range of applications. Although 15 

the chemistry of many materials reactions has been exten
sively studied, nonetheless, it is rarely possible to predict a 
priori thc physical or chemical propcrtics a particular mate
rial will possess or the precise composition and architecture 
that will result from any particular synthesis scheme. Thus. 20 

techniques to detemline such properties are an essential part 
of the discovery process. 

Combinatorial chemistry refers generally to methods for 
synthesizing a collection of chemically diverse materials and 
to methods for rapidly testing or screening this collection of 25 

materials for desirable performance characteristics and 
properties. Combinatorial chemistry approaches have 
greatly improved the efficiency of discovery of useful mate
rials. For example, material scientists have developed and 
applied combinatorial chemistry approaches to discover a 30 

variety of novel materials, including for example, high 
temperature superconductors, magnetoresistors, phosphors 
and catalysts. See, for example, U.S. Pat. No. 5,776,359 to 
Schultz et al. In comparison to traditional materials science 
research, combinatorial materials research can ejlectively 35 

evaluate much larger numbers of diverse compOlUlds in a 
much shorter period of time. Although such high-throughput 
synthesis and screening methodologies are conceptually 
promising, substantial technical challenges exist for appli
cation thereof to specific research and commercial goals. 40 

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. No.6, 182,499 (McFarland et 
al); U.S. Pat. No. 6,175,409 Bl (Nielsen et al); U.S. Pat. No. 45 

6,157,449 (Hajduk et al); U.S. Pat. No. 6,151,123 (Nielsen); 
U.S. Pat. No. 6,034,775 (McFarland et al); U.S. Pat. No. 
5,959,297 (Weinberg et al), all of which are hereby expressly 
incorporated by reference herein. 

SUMMARY OF THE INVENTION 

In accordance with one preferred embodiment of the 
present invention, a method for screening an array of mate
rials for a material property is provided. According to the 
method a library of at least four sample materials is pro
vided. Each of the at Icast four sample materials is subjcctcd 
to one or more fluids. A response of each of the at least four 
sample materials to the one or more fluids is monitored. 
Moreover, the response of the each of the at least four 
materials is correlated to the permeability of each of the at 
least four sample materials. 

In accordance with another preferred embodiment of the 
present invention, a method for measuring permeability of 
polymer films is contemplated. According to ilie method, a 
single polymer film sample, or a library comprising at least 
four different material samples is provided. Thereafter, per
meability of each of the sample materials is measured. 

In yet another embodiment, the present invention con
templates a method for screening pemleability of a plastic 
film material wherein a sample of the material is smaller 
than about 2 cm2

• 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart of possible steps for methods of the 
present invention. 

FIG. 2 is a block diagram of a potential platform system 
for executing methods and for operating systems. 

FIG. 3 is a schcmatic of a systcm for assisting in detcr
mining permeability of materials in accordance with the 
present invention. 

FIGS. 4A and 4B are respectively a top schematic view 
and a side schematic sectional view of another system for 
assisting in detcrmining permeability of materials in accor
dance with the present invention. 

FIG. 5 is a graphical representation of data resulting from 
samples tested according to aspects of the present invention. 

FIG. 6 is also a graphical representation of data resulting 
from samples tested according to aspects of the present 
invention. 

FIG. 7 illustratcs samples supportcd on a pcnncable 
material according to an aspect of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The term "permeability" herein refers to the tendency of 
a first matcrial to allow a sccond material to pass through an 
article comprising the first material. Both the first and 
sccond matcrials may be solids, liquids, gasscs, fluids or the 
like. It is also contemplated that the first and second mate
rials may be the same as each oilicr or diffcrent from each 

Of particular interest to the present invention are combi- 50 

natorialmethods and apparatuses for synthesizing or other
wise providing polymers and other materials followed by 
screening of those materials for characteristics such as 
permeability. Synthesis and screening of the materials for 
properties presents a multitude of challenges. As an 55 

example, conventional instruments and oilier apparatuses 
lack the ability to screen properties of several materials in 
rapid succession, in parallel, on a single substrate or a 
combination thereof. Thus, challenges are presented for 
building systcms that can quickly process and tcst (cithcr in 60 

parallel or in serial succession) mechanical properties of 
many matcrials. Additionally, challcngcs are prescnted for 
forming, processing or otherwise treating materials so that 
ilic matcrials arc in appropriate condition for high through
put screening of properties. 65 other. 

Additional challenges arc prcsentcd for rapidly mcasuring 
permeability of samples. Particularly, for relatively small 

Thc scvcral aspects ofthe mciliods and systcms discloscd 
and claimed herein can be advantageously employed sepa-
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rately, or in combination to efficiently analyze a variety of research modeL a secondary screen may not be necessary for 
materials, with particular emphasis on solid materials, poly- certain chemical processes where primary screens provide 
meric materials, liquid materials or flowable materials. The an adequate level of confidence as to scalability and/or 
present invention may be employed as part of a high where market conditions warrant a direct development 
throughput research program. It may be also employed for approach. Similarly, where optimization of materials having 
on-line quality control, or for other analytical applications. known properties of interest is desired, it may be appropriate 

to start with a secondary screen. In general, the systems, 
Combinatorial Approaches for Science Research devices and methods of the present invention may be applied 

In a combinatorial approach for identifYing or optimizing as either a primary, secondary or other screen, depending on 
materials or reactions, a large compositional space (e.g., in 10 the specific research program and goals thereof. See, gen-
the context of polymers; of monomers, comonomers, cata- erally, U.S. patent application Ser. No. 09/227,558 entitled 
lysts, catalyst precursors, solvents, initiators, additives, or of "Apparatus and Method of Research for Creating and Test-
relative ratios of two or more of the aforementioned) and/or ing Novel Catalysts, Reactions and Polymers", filed Jan. 8, 
a large reaction condition space (e.g., of temperature, pres- 1999 by Turner et aI., incorporated by reference for further 
sure and reaction time) may be rapidly explored by prepar- 15 discussion of a combinatorial approach to polymer science 
ing libraries and then rapidly screening such libraries. By research. Bulk quantities of a particular material may be 
way of illustration, polymer libraries can comprise, for made after a primary screen, a secondary screen, or both. 
example, polymerization product mixtures resulting from According to the present invention, methods, systems and 
polymerization reactions that are varied with respect to such devices are disclosed that improve the steps necessary to 

factors. 20 characterize mechanical or physical properties of a material 
Combinatorial approaches for screening a library can sample or a plurality of samples. In preferred embodiments, 

include an initial, primary screening, in which materials are in the context of polymer analysis, a property of a plurality 
rapidly evaluated to provide valuable preliminary data and, of polymer samples or of components thereof can be 
optimally, to identifY several "hits"-particular candidate detected in a polymer characterization system with an aver-
materials having characteristics that meet or exceed certain 25 age sample-throughput sufficient for an effective combina-
predetermined metrics (e.g., perfornlilllce characteristics, torial polymer science research program. 
desirable properties, unexpected and/or unusual properties, Referring to FIG. 1, the systems and methods, preferably, 
etc.). Because local performance maxima may exist in start with a library or array of sample materials that may 
compositional spaces between those evaluated in the pri- exhibit one or more predeternlined physical/mechanical 
mary screening of the first libraries or alternatively, in 30 properties such as strength, tack, surface tension interfacial 
process-condition spaces different from those considered in tension or the like. Ultimately, these predetennined proper-
the first screening, it may be advillltageous to screen more ties will be detennined in a detennination step (Step E), 
focused libraries (e.g., libraries focused on a smaller range however, several prior steps may be effected prior to Step E. 
of compositional gradients, or libraries comprising com- The sillnple materials may be prepared such as by heating, 
pounds having incrementally smaller structural variations 35 cooling, or addition of additives. Such preparation is typi-
relative to those of the identified hits) and additionally or cally designed to affect the properties that are ultimately 
alternatively, subject the initial hits to variations in process being determined. The sample materials may also be posi-
conditions. Hence, a primary screen can be used reiteratively tioned in a desirable millmer for property detennination. The 
to explore localized and/or optimized compositional space in materials may be positioned on a substrate, a machine or 
greater detail. The preparation illld evaluation of more 40 otherwise positioned to assist in ultimately detennining 
focused libraries can continue as long as the high-throughput properties of the materials. 
primary screen can meilllingfillly distinguish between neigh- It will be appreciated that one of the advantageous fea-
boring library compositions or compounds. tures of the present invention is that it affords the ability to 

Once one or more hits have been satisfactorily identified screen newly created materials some or all of which are 
based on the primary screening, libraries focused around the 45 uncharacterized or whose properties are unknown prior to 
primary-screen hits can be evaluated with a secondary the time of screening. Thus, previously unidentified and 
screen-a screen designed to provide (and typically verified, uncharacterized new materials can be screened for a com-
based on known materials, to provide) chemical composi- mon selected property. However, this does not prevent the 
tion or process conditions that relate with a greater degree of employment of known references controls or standard as 
confidence to commercially-important processes and condi- 50 among the library members. 
tions than those applied in the primary screen. In many It shall be recognized that sample preparation (Step A) 
situations, such improved "real-world-modeling" consider- and sillnple positioning (Step B) may be optional steps in 
ations are incorporated into the secondary screen at the property determination protocols. Also sample preparation 
expense of methodology speed (e.g., as measured by sillnple and sample positioning may be perfonned in any order if 
throughput) compared to a corresponding primary screen. 55 they are performed. Additionally it should be recognized 
Particular polymer materials, catalysts, reactants, polymer- that sequences other than the order of steps listed above are 
ization conditions or post-synthesis processing conditions possible, and the above listing is not intended as limiting. 
having characteristics that surpass the predetermined met- Typically, however, stimulation of the sample materials 
rics for the secondary screen may then be considered to be (Step C) is needed to effect one or more responses of the 
"leads." If desired, additional polymer or polymerization 60 materials wherein the responses are related to the one or 
product libraries focused about such lead materials can be more physical properties that are being tested. Exemplary 
screened with additional secondary screens or with tertiary stimuli include force, contact, motion and the like. Exem-
screens. Identified materials may be subsequently developed plary responses include flow, or resistance to flow, deflec-
for connnercial applications through traditional bench-scale tion, adhesion, defonnation, rupture or the like. Negative 
and/or pilot scale experiments. 65 forces (e.g., compression as opposed to tension, negative 

While the concept of primary screens and secondary pressure as opposed to positive pressure) or the like may be 
screens as outlined above provides a valuable combinatorial employed. 



US 7,112,443 B2 
5 

TIle responses of the materials are typically monitored 
(Step D) with hardware such as sensors, transducers, load 
cells or other like devices. Properties may be determined 
(Step E) quantitatively or qualitatively by relating the 
responses to the material properties. 

A plurality of polymer samples may be characterized as 
described above in COlUlection with FIG. 1. As a general 
approach for improving the sample throughput for a plural-

6 
without limitation, pure materials, mixtures of materials, 
bulk materials, particles of materials, thin films of materials, 
dispersions of materials, emulsions of materials, and solu
tions of materials are all contemplated as within the useful 
scope of the present invention. 

In a particularly preferred embodiment, the present inven
tion is employed for screening polymer samples, or plastic 
samples including polymers. Accordingly, unless otherwise 
stated, reference to polymers includes plastics incorporating 
such polymers. 

In one embodiment, the polymer molecule of the polymer 
component is preferably, but need not be, a non-biological 
polymer. The polymer molecule of the polymer component 
is, however, not generally critical; that is, the systems and 

ity of polymers, each of the steps (A) through (E) of FIG. 1 
applicable to a given characterization protocol can be opti- 10 

mized with respect to time and quality of information, both 
individually and in combination with each other. Addition
ally or altematively, each or some of such steps can be 
effected in a rapid-serial, paralleL serial-parallel or hybrid 
parallel-serialmailller. 15 methods disclosed herein will have broad application with 

respect to the type (e.g., architecture, composition, synthesis 
method or mechanism) and/or nature (e.g., physical state, 
form, attributes) of the polymer. Hence, the polymer mol-

In preferred embodiments, permeability of a plurality of 
polymer samples or of components thereof can be analyzed 
with an average sample-throughput sufficient for an effective 
combinatorial polymer science research program. 

The samples analyzed herein may be analyzed in a serial 20 

approach (e.g. rapid serial), a parallel approach, or a com
bination thereof. For example, a plurality of samples can be 
characterized with a single instrument in a rapid-serial 
approach in which each of the plurality of samples 
(s), S2' S3 ... sn) are processed serially through the instru- 25 

ment with each of the steps effected in series on each of the 
of samples to produce a serial stream of corresponding 
property information (PI' P2' P3 ... Pn)· 

As another example, a plurality of samples can be ana
lyzed with two or more instruments in a pure parallel (or for 30 

larger libraries, serial-parallel) approach in which the plu
rality of samples (s), S2' S3 ... sn) or a subset thereof are 
processed through the two or more measurement systems (1, 
II, III . . . N) in parallel, with each individual system 
effecting each step on one of the samples to produce the 35 

property information (Pp P2' P3 ... Pn) in parallel. 
In a hybrid approach, certain of the steps of the charac

terization process can be effected in parallel, while certain 
other steps can be effected in series. Preferably, for example, 
it may be desirable to effect the longer, throughput-limiting 40 

steps in parallel for the plurality of samples, while effecting 
the faster, less limiting steps in series. Such a parallel-series 
hybrid approach can be exemplified by parallel sample 
preparation of a plurality of samples (Sll S2' S3 ... sJ, 
followed by measuring with a single apparatus to produce a 45 

serial stream of corresponding property information (PI' P2' 
P3 . . . Pn)· In another exemplary parallel-series hybrid 
approach, a plurality of samples (s jl S2' S3 . . . sn) are 
prepared, measured and correlated in a slightly offset (stag
gered) parallelmarUler to produce the property information 50 

(Pu P2' P3 ... Pn) in the same staggered-parallelmarUler. 

ecule can be, with respect to homopolymer or copolymer 
architecture, a linear polymer, a branched polymer (e.g., 
short-chain branched, long-chained branched, hyper-
branched), a cross-linl<ed polymer, a cyclic polymer or a 
dendritic polymer. A copolymer molecule can be a random 
copolymer molecule, a block copolymer molecule (e.g., 
di-block, tri-block, multi-block, taper-block), a graft copoly
mer molecule or a comb copolymer molecule. 

The particular composition of the polymer molecule is not 
critical. The material may be thermoplastic, thermoset or a 
mixture thereof. It may be a polycondensate, polyadduct, a 
modified natural polymer. Exemplary materials include 
polymers incorporating olefins, styrenes, acrylates, meth-
acrylates, polyimides, polyamides, epoxies, silicones, phe
nolics, rubbers, halogenated polymers, polycarbonates, 
polyketones, urethanes, polyesters, silanes, sulfones, allyls, 
polyphenylene oxides, terphthalates, or mixtures thereof. 
Other specific illustrative examples can include repeat units 
or random occurrences of one or more of the following, 
without limitation: polyethylene, polypropylene, polysty
rene, polyolefin, polyamide, polyimide, polyisobutylene, 
polyacrylonitrile, poly(vinyl chloride), polypropylene, poly 
(methyl methacrylate), poly(vinyl acetate), poly(vinylidene 
chloride), polytetrafluoroethylene, polyisoprene, polyacry
lamide, polyacrylic acid, polyacrylate, poly( ethylene oxide), 
poly( ethyleneimine), polyamide, polyester, polyurethane, 
polysiloxane, polyether, polyphosphazine, polymethacry
late, polyacetals, cellophanes. Polymers also preferably 
include elastomer containing materials. Exemplary elas
tomers include neoprene, latex, butene, f1uoroelastomers, 
f1uorosilicones, silicone rubbers, epdm, foam rubber, polyb
utadiene, combinations thereof or the like. 

Polysaccharides are also preferably included within the 
scope of polymers. Exemplary naturally-occurring polysac
charides include cellulose, dextran, gums (e.g., guar gum, 
locust bean gum, tamarind xyloglucan, pullulan), and other 
naturally-occurring biomass. Exemplary semi-synthetic 
polysaccharides having industrial applications include cel-
lulose diacetate, cellulose triacetate, acylated cellulose, car
boxymethyl cellulose and hydroxypropyl cellulose. In any 
case, such naturally-occurring and semi-synthetic polysac
charides can be modified by reactions such as hydrolysis, 
esterification, alkylation, or by other reactions. 

Optimization of individual characterization steps with 
respect to speed and quality of information can improve 
sample throughput regardless of whether the overall scheme 
involves a rapid-serial or parallel aspect (i.e., true parallel, 55 

serial-parallel or hybrid parallel-series approaches). As such, 
the optimization techniques disclosed hereinafter, while 
discussed primarily in the context of a rapid-serial approach, 
are not limited to such an approach, and will have applica
tion to schemes involving parallel protocols that may be 60 

employed. 
In typical applications, a polymer sample is a heteroge

neous sample comprising one or more polymer components, 
one or more monomer components and/or and an additional 

65 phase which may be a continuous fluid phase. In copolymer 
applications, the polymer sample can comprise one or more 
copolymers, a first comonomer, a second comonomer, addi-

Sample Materials 
The samples for which the present invention is useful for 

screening include polymeric materials or any other liquid, 
f10wable or solid material that is capable of being provided 
as a liquid, solid, gel or other suitable form. Accordingly, 
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Libraries Using Capacitance"; all three of which are 
expressly incorporated herein by reference for all purposes. 

Sample Size 
The sample size is not narrowly critical, and can generally 

vary, depending on the particular characterization protocols 
and systems used to analyze the sample or components 
thereof. However, it will be appreciated that the present 
invention advantageously permits for attaining reliable data 
with relatively small samples. Typical sample sizes can 
range from about 0.1 microgram to about 1 gram, more 
typically from about 1 microgram to about 100 milligrams, 
even more typically from about 5 micrograms to about 1000 
micrograms, and stillmore typically from about 20 micro-

tional comonomers, and/or a continuous fluid phase. The 
polymer samples can, in any case, also include other com
ponents, such as catalysts, catalyst precursors (e.g., ligands, 
metal-precursors), solvents, initiators, additives, products of 
undesired side-reactions (e.g., polymer gel, or undesired 
homopolymer or copolymers) and/or impurities. Typical 
additives include, for example, surfactants, fillers, reinforce
ments, flame retardants, colorants, enVirOl11l1ental pro
tectants, other performance modifiers, control agents, plas
ticizers, cosolvents and/or accelerators, among others. In 10 

this regard, the present invention is particularly attractive for 
the screening of effects of variations of additives upon the 
characteristics of the material. The various components of 
the heterogeneous polymer sample can be uniformly or 
non-uniformly dispersed in the continuous fluid phase. 

In one preferred embodiment, the polymer samples of the 
present invention are melted or otherwise heated to a fluid 
state, with the resulting material constituting a liquid 
sample. Heating may be performed simultaneously while the 
samples are on a conmlon substrate. Alternatively, the 20 

samples might be heated to a liquid state and then transferred 
(e.g., manually or with an automated sampler) to a common 
substrate, where it is heated to maintain its liquid state. In yet 
another embodiment, the sample is heated to liquefY it or 
maintain its liquidity while being transferred to a common 25 

substrate (e.g., while in a probe of an automated sampler). 

15 grams to about 50 micrograms, alternatively individual 
samples occupy no more than about 100 1111112 of area. and 
more preferably no more than about 50 n11ll2

, particularly 
when the samples are supported on a substrate. 

In another embodiment at a point prior to, during, or after 
depositing the sample onto the substrate, the polymer 
sample is preferably, chemically treated to form a liquid 
polymer sample, such as a polymer solution, a polymer 
emulsion, a polymer dispersion or a polymer that is liquid in 
the pure state (i.e., a neat polymer). A polymer solution 
comprises one or more polymer components dissolved in a 
solvent. 

Libraries of Sample Materials 
Libraries of samples have 2 or more samples that are 

physically or temporally separated from each other-for 
example, by residing in different regions of a common 
substrate, in different sample containers of a common sub-
strate, by having a membrane or other partitioning material 
positioned between samples, or otherwise. The plurality of 
samples preferably has at least 4 samples and more prefer
ably at least 8 samples for screening of polymers or other 
materials the number of samples can be 150 or more, 400 or 

30 more, 500 or more, 750 or more, 1,000 or more, 1,500 or 
more, 2,000 or more, 5,000 or more and 10,000 or more 
samples. As such, the number of samples can range from 
about 2 samples to about 10,000 samples or more, and 
preferably from about 8 samples to about 10,000 or more 

35 samples. In many applications, however, the number of 
samples can range from about 80 samples to about 1500 
samples. 

It will be appreciated that in certain embodiments, a 
polymer sample is formed in situ on a substrate, post 
synthesis treated in situ on a substrate, or a combination 
thereof. Examples of such post synthesis treatment steps 
include for instance, heat treating, environmental exposure 40 

(e.g. temperature moisture, radiation, chemicals, etc.), aged, 

In general, however, not all of the samples within a library 
of samples need to be different samples. When process 
conditions are to be evaluated, the libraries may contain only 
one type of sample. The use of reference standards, controls 

or the like. It is also contemplated that an enVirOll1llental 
controller may be employed for controlling enVirOll1llent 
exposure during testing of the samples. 

In other preferred embodiments, polymer or other sample 
materials may be provided as solids or semi-solids. Such 
samples may be provided in a variety of geometric configu
rations such as blocks, cylinders, loops, films and the like. 
Generally, geometric configurations are selected to be 
appropriate for one or more tests that are to be performed 
upon the sanlples. Solid and semi-solid samples may be 
rigid, elastic, gelatinous or otherwise. In one preferred 
embodiment, samples are provided in a tacky state, and thus 
exhibits at least some degree of adhesiveness within the 
range of temperature under examination. Samples may also 
be specifically arranged for testing. For exanlple, samples 
may be interwoven as a fabric, unwoven. machined to shape, 
molded to shape, cut to shape or otherwise physically 
manipulated for testing. 

Other sample types and configurations, both polymer and 
non-polymer, are disclosed in commonly owned patent 
applications Ser. No. 091939,252, filed Aug. 24, 2001, titled 
"High Throughput Mechanical Rapid Serial Property Test
ing of Materials Libraries"; Ser. No. 091939,139, filed Aug. 
24, 2001, titled, "High Throughput Fabric Handle Screen
ing; Ser. No. 091939,263, filed Aug. 24, 2001, titled "High 
Throughput Mechanical Property Testing of Materials 

or calibration standards may also be performed, though it is 
not necessary. Further, a library may be defined to include 
sub-groups of members of different libraries, or it may 

45 include combinations of plural libraries. 
Typically, however, for combinatorial science research 

applications, at least two or more, preferably at least four or 
more, even more preferably eight or more and, in many 
cases, most preferably each of the plurality of polymer 

50 samples in a given library of samples will be different from 
each other. Specifically, a difterent sample can be included 
within at least about 50%, preferably at least 75%, prefer
ably at least 80%, even more preferably at least 90%, still 
more preferably at least 95%, yet more preferably at least 

55 98% and most preferably at least 99% of the samples 
included in the sample library. In some cases, all of the 
samples in a library of samples will be different from each 
other. 

In one embodiment, preferably at least eight samples are 
60 provided in a library on a substrate and at least about 50% 

of the samples included in the library are different from each 
other. More preferably, the library includes at least 16 
samples and at least 75% of said samples included in said 
library are different from each other. Still more preferably, 

65 the library includes at least 48 samples and at least 90% of 
said samples included in the library are different from each 
other. 
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In instances when a substrate is employed for supporting 
a sample, the substrate can be a structure having a rigid or 
semi-rigid surface on which or into which the library of 
samples can be formed, mounted, deposited or otherwise 
positioned. The substrate can be of any suitable material, and 
preferably includes materials that are inert with respect to 
the polymer samples of interest, or otherwise will not 
materially affect the mechanical or physical characteristics 
of one sample in an array relative to another. Organic and 
inorganic polymers may also be suitably employed in some 10 

applications of the invention. Exemplary polymeric materi

10 
molecule is, in some cases, preferably a non-biological 
non-polymer element or compound. Such non-biological 
non-polymer elements or compounds include non-polymer 
elements or compounds other than those having a well
characterized biological activity and/or a primary COl1llller
cial application for a biological field (e.g., steroids, hor
mones, etc.). More particularly, such non-biological, non
polymer elements or compounds can include organic or 
inorganic pigments, carbon powders (e.g., carbon black), 
metals, metal compounds, metal oxides, metal salts, metal 
colloids, metal ligands, etc ... , without particular limitation. 
Other materials, which may be characterized according to 
the present invention include, without limitation, ceramic 
materials, semiconducting and conducting materials, metals 
and composites. Still other materials for which the present 
application finds utility are discussed elsewhere herein. 

a�s that can be suitable as a substrate material in particular 
applications include polyimides such as Kapton™., polypro
pylene, polytetrafluoroethylene (PTFE) and/or polyether 
etherketone (PEEK), among others. The substrate material is 15 

also preferably selected for suitability in connection with 
known fabrication techniques. Metal or ceramic (e.g., stain-
less steel, silicon, including polycrystalline silicon, single- Sampling! Auto-Sampler 
crystal silicon, sputtered silicon, and silica (Si0

2
) in any of In the general case, sample handling can be effected 

its forms (quartz, glass, etc.)) are also preferred substrate 20 manually, in a semi-automatic manner or in an automatic 
materials. Other known materials (e.g., silicon nitride, sili- malmer. 

Handling 
In one embodiment, handling may be done using a 

microprocessor controlling an automated system (e.g., a 
robot ann 20) as shown in FIG. 4A. Preferably, the micro
processor is user-progranmlable to acconunodate libraries of 
samples having varying arrangements of samples (e.g., 
square arrays with "n-rows" by "n-colunms", rectangular 
arrays with "n-rows" by "m-colunms", round arrays, trian-

con carbide, metal oxides (e.g., alumina), mixed metal 
oxides, metal halides (e.g., magnesium chloride), minerals, 
zeolites, and ceramics) may also be suitable for a substrate 
material in some applications. As to form, the sample 25 

containers fonned in, at or on a substrate can be preferably, 
but are not necessarily, arranged in a substantially flat, 
substantially planar surface of the substrate. The sample 
containers can be fornled in a surface of the substrate as 
dimples, spots, wells, raised regions, trenches, or the like. 
Non-conventional substrate-based sample containers, such 

30 gular arrays with ''r-'' by "r-" by "r-" equilateral sides, 
triangular arrays with "r-base" by "s-" by "s-" isosceles 
sides, etc., where n, m, r, and s are integers). as relatively flat surfaces having surface-modified regions 

(e.g., selectively wettable regions) can also be employed. 
The overall size and/or shape of the substrate is not limiting 
to the invention. The size alld shape can be chosen, however, 

Sample handling optionally may be effected with an 
auto-sampler having a heated injection probe (tip). An 

35 example of one such auto sampler is disclosed in U.S. Pat. 
to be compatible with conunercial availability, existing 
fabrication techniques, and/or with known or later-devel
oped automation techniques, including automated sampling 
and automated substrate-handling devices. The substrate is 
also preferably sized to be portable by humans. The sub- 40 

strate can be thermally insulated, particularly for high
temperature and/or low-temperature applications. 

A library of polymer salnples may be prepared in parallel 
polymerization reactors or in a serial fashion. Exemplary 
methods and apparatus for preparing polymer libraries- 45 

based on combinatorial polymer synthesis approaches-are 
disclosed in copending U.S. patent application Ser. No. 
09/211,982 of Turner et al. filed Dec. 14, 1998, copending 
U.S. patent application Ser. No. 09/227,558 of Turner et al. 
filed Jan. 8, 1999, copending U.S. patent application Ser. No. 50 

09/235,368 of Weinberg et al. filed Jan. 21, 1999, and 
copending U.S. provisional patent application Ser. No. 
60/122,704 entitled "Controlled, Stable Free Radical Emul
sion and Water-Based Polymerizations", filed Mar. 9, 1999 
by Klaerner et al. See also, PCT Pat. Application WO 55 

96111878. 

Non-Polymer Sample Materials 

No. 6,175,409 Bl (incorporated by reference). 

Analytical Systems and Methods 
According to the present invention, one or more systems, 

methods or both are used to determine the permeability of 
one or a plurality of material samples, and more preferably 
polymer films. Though manual or semi-automated systems 
and methods are possible, preferably an automated system 
or method is employed. A variety of automatic systems are 
available for automatically or progranllllably providing pre
determined motions for handling, contacting, dispensing, or 
otherwise manipulating materials in solid, fluid liquid or gas 
form according to a predetermined protocol and thus 
enabling rapid throughput analysis of sample materials. 

Referring to FIG. 2, there is a flow schematic diagram of 
an exemplary automated system 50 for rapid determination 
of mechanical properties of several samples of material. 
Generally, the system 50 includes a suitable protocol design 
and execution software 52 that can be progranuned with 
information such as synthesis, composition, location infor
mation or other information related to a library of materials 
positioned with respect to a substrate. The protocol design 
and execution software is typically in conllllunication with 
control software 54 for controlling stimulus application Although several of the primary applications of the 

present invention are directed to combinatorial polymer 
science research and/or quality control for industrial poly
mer synthesis or processing protocols, some aspects of the 
invention can have applications involving non-polymer 
salnples. A non-polymer sample Call be a material that 
comprises an organic or an inorganic non-polymer element 
or compound. For purposes herein, oligomers are considered 
to be polymers rather than non-polymers. The non-polymer 

60 hardware 56 or other automated systems. The protocol 
design alld execution software 52 is also in communication 
with data acquisition hardware/software 58 for collecting 
data from response measuring hardware 60. Preferably, the 
control software 54 conmlands the stimulus application 

65 hardware 56 to apply stimuli to sample materials to evoke a 
response from the materials. At substantially the same time, 
the response measuring hardware 60 (e.g., sensors, trallS-
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such as less than about 1 nnn, and more preferably less thau 
about 0.1 nnn of material. Preferably, a film includes oppos
ing surfaces aud one or more thicknesses therebetween such 
that a fluid may permeate through the film from one surface 
to the other. According to one embodiment, the material 
samples may include coatings such as oil coatings, paint 
coatings, plasma coatings or the like. Moreover, as shown in 
FIG. 7, it is contemplated that the films 30 include or be 
disposed adjacent or proximate to a highly permeable mate-

ducers, load cells aud the like) monitors the responses of the 
materials, the stimuli being applied to the materials or both, 
and provides data on the responses to the data acquisition 
hardware/software 58. Thereafter, the control software 54, 
the data acquisition hardware/software 58 or both trausmit 
data to the protocol design aud execution software 52 such 
that the sample materials or information about the sample 
materials may be matched with their responses to the applied 
stimuli aud transmitted at data to a database 64. Once the 
data is collected in the database, analytical software 66 may 
be used to analyze the data, and more specifically, to 
determine mechanical properties of the sample materials, or 
the data may be aualyzed manually. 

Though not critical to the operation of the present inven
tion, in one preferred embodiment, the system may be driven 

10 rial 32. Such a highly permeable material may act as merely 
a support of the samples for assisting in screening a coating 
disposed on the highly permeable material. Though prefer
ably employed for analyzing films, the invention is not 
limited to films, but may be suitable for analyzing other 

15 masses of materials. 
The material samples may be supplied separately or 

together and the samples may be supported by a plurality of 
substrates or a singular common substrate. The samples may 
be secured to a substrate with one or more adhesives, one or 

20 more fasteners, one or more portions of the substrate or the 
like. According to a preferred embodiment, a plurality of 
samples are provided on a COllllnon substrate by clamping 
the portions of the samples between a first member aud a 
second member wherein the first member is movable rela-

by suitable software, such as LIBRARY STUDIOTM, by 
Symyx Teclmologies, Inc. (Sauta Clara, Calif.); IMPRES
SIONISFM, by Symyx Teclmologies, Inc. (Santa Clara, 
Calif.); EPOCHTM, by Symyx Technologies, Inc. (Santa 
Clara, Calif.) or a combination thereof. Moreover, data 
collected or produced by the system may be viewed using 
other suitable software such as POLYVIEWTM, by Symyx 
Technologies, Inc. (Sauta Clara, Calif.). The skilled artisan 
will appreciate that the above-listed software can be adapted 
for use in the present invention, taking into account the 25 

disclosures set forth in commonly-owned aud copending 
U.S. patent application Ser. No. 091174,856 filed on Oct. 19, 
1998, U.S. patent application Ser. No. 09/305,830 filed on 
May 5, 1999 and WO 00/67086, U.S. application Ser. No. 
09/420,334 filed on Oct. 18, 1999, U.S. application Ser. No. 30 

09/550,549 filed on Apr. 14, 2000, each of which is hereby 
incorporated by reference. Additionally, the system may also 
use a database system developed by Symyx Technologies, 
Inc. to store aud retrieve data with the overlays such as those 
disclosed in commonly-owned and copending U.S. patent 35 

application Ser. No. 091755,623 filed on Jan. 5,2001, which 

tive to the second member. In such au embodiment, it is 
contemplated that the first and second member of the 
substrate may be separable or integral with each other. 

Typically, the samples are secured to a substrate such that 
one or more surface of the samples are exposed (i.e., not 
contacting any solid members particularly of the substrate). 
Preferably, the samples are secured to one or more substrates 
within, adjacent to, or partially covering one or more open
ings (e.g., cavities, chambers, through-holes or the like) 
defined by the substrate. In one preferred embodiment, the 
samples are secured to a substrate with a surface of each of 
the samples exposed to an opening of the substrate (i.e., an 

is hereby incorporated by reference for all purposes. The 
software preferably provides graphical user interfaces to 
permit users to design libraries of materials by permitting 
the input of data concerning the precise location on a 40 

substrate of a material (i.e., the address of the material). 
Upon entry, the software will execute cOllll1lauds to control 
stimulus application hardware for controlling activity at 
such individual address. 

exposure opening) such that the surface of the saulple may 
be exposed to a permeate fluid in the opening. Additionally 
or alternatively, a surface of each of the samples is exposed 
to an opening of the substrate (i.e., a sensor opening) 
wherein permeate fluid that penneates through the saulple 
may enter such opening. It should be understood that each 
exposure openings aud sensor openings may be a portion of 
a singular larger opening or may be separate openings. 

Mauy of such aspects of the invention can be directly 45 

translated for use with parallel, serial or serial-parallel 
protocols. In a most preferred embodiment, for example, a 
rapid serial force system and protocols for that system can 

The penneate fluids to which the material samples are 
exposed are preferably provided as gasses, liquids or a 
mixtures thereof, but may include solids. Preferably, the 
fluids include at least one material that can at least partially 
permeate through the material samples. According to one be used for characterization of materials with very high 

sample throughput. 

Permeability 
The systems and methods of the present invention include 

the ability to determine intrinsic properties exhibited by 
members of a library of materials with a particular ability to 
analyze permeability of a sample, such as fluid penneability 
of a polymer film such as penneability. According to one 
embodiment of the invention, a sample (or library of 
samples) is preferably exposed to one or more fluids. 
Responses of the material samples to such fluids are moni
tored. Permeability of any material samples is correlated 
with the responses of the material samples. Optionally, the 
material samples may be ranked relative to each other based 
upon their responses. 

Preferably, the material samples are films aud more pref
erably the materials are polymeric films. As used herein, the 
term "film" is intended to encompass a relatively thin layer, 

50 embodiment, the fluids are gasses such as air, nitrogen gas, 
hydrogen gas, or another gas (e.g. a relatively smallmolecu
lar gas) or the like. The gasses may be pure or they may 
include one or more vapors (e.g., water vapor). According to 
another embodiment, the fluids may be liquids that include 

55 water, oil, vinegar, sugars, fruit juice, acid (e.g. citric acid, 
phosphoric acid, acetic acid, malic acid), a salt or the like. 
It is further contemplated that the pernleate fluids may 
includes oxygen, nitrogen, argon combinations thereof or 
the like. Other exemplary penneate fluids may include 

60 hydrocarbons such as hexane, heptane, alcohols, ketones 
(e.g. acetone), gasoline or other petrolemn by-products, 
kerosene, alkanes (such as methane, propane, butane or the 
like), combinations thereof or the like. 

Various parameters of the fluid such as composition, 
65 concentration, temperature, pressure or the like may be 

changed with respect to time during testing or from sample 
to sample across a library of samples. Alternatively, all or 
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substantially all of the parameters of the penneate fluid may 
be maintained substantially constant with respect to time 
during testing. The permeate fluid may be substantially 
heterogeneous, but is preferably substantially homogeneous. 

If a plurality of permeate fluids are provided, the permeate 
fluids may be different from each other, but are preferably 
substantially the same or substantially identical. For differ
ent penneate fluids, several parameters such as composition, 
concentration, temperature, pressure or the like of the 
samples may be varied (e.g., increased or decreased) simul- 10 

taneously or in series and may be varied with respect to time 
or otherwise. 

Exposure of the material samples to the fluids preferably 
includes exposing a first surface of each of the material 
samples to a fluid such that the at least a portion of the fluid 15 

is provided an opportunity to pernleate through at least a 
portion of each of the sanlples. Preferably, the permeate 
fluids are allowed to permeate from one surface of each of 
the samples through a thickness of the samples to a second 
preferably opposing surface of each of the material samples. 20 

In one embodiment of the invention, it is preferable for the 
second surfaces of each of the samples to remain substan
tially physically isolated from the permeate fluid until por
tions of the fluid that permeate through the samples contact 
the second surfaces of the samples. According to other 25 

embodiments, however, such second surfaces may be 
exposed to permeate fluid by other sources, under controlled 
circumstances. Of course, it is contemplated within the 
scope of the invention that one or more of the samples may 
be substantially or entirely resistant to permeation by the 30 

selected penneate fluid and may exhibit very limited or no 
permeation during testing or screeuing. 

For exposing the material samples to penneate fluids, a 
variety of techuiques or protocols may be employed. For 
example, permeate fluids, and particularly penneate liquid 35 

fluids may be dispensed to material samples by spraying, 
dripping, squirting, dabbing, bmshing or the like the fluid 
upon a surface of the material sample. According to a 
preferred embodiment, one or more liquid pernleate fluids 
are dispensed to one or more openings (e.g., an exposure 40 

opening) defined by a substrate such that the one or more 
permeate fluids contact a surface of each of the samples. As 
another example, penneate fluids, and particularly gaseous 
permeate fluids may be dispensed to material samples by 
spraying, flowing, pressurizing or the like the permeate fluid 45 

upon a surface of the material samples. According to another 
preferred embodiment. one or more gaseous liquid penneate 
fluids are dispensed to one or more openings (e.g., exposure 
openings), which are defined by a substrate and, which act 
as or co-act with as a gas-tight chamber for maintaining the 50 

gaseous pernleate fluids in contact with a surface of the one 
or more samples. 

It is fhrther contemplated that temperatures of the penne-

14 
lated to) the penneability of the samples to the permeate 
fluids. As examples, the degree of penneation may be 
exhibited as the rate at which a permeate fluid permeates into 
a material sample, through a material sample, or both. 
Alternatively, the degree of permeation may be exhibited by 
the distance to which a penneate fluid penneate into a 
material sample. As still another alternative, the degree of 
permeation may be exhibited by the amount of permeate 
fluid that penlleate to and/or through the material sample. 

One or more sensors (e.g., transducers) are typically 
employed for mouitoring of the responses of the material 
samples to exposure to the pernleate fluids. The sensors may 
mouitor the samples directly. For example, material samples 
may be exposed to one or more penneate fluids for an 
amount of time (e.g., a predetermined period of time) 
followed by directly analyzing the samples to detennine 
how much permeate fluid actually permeated into and/or 
through the samples. Alternatively, the sensors may mouitor 
the samples indirectly. For example, the sensors may moui
tor a fluid or member that will exhibit varying characteristics 
depending upon the degree of permeation experienced by 
the material sample. Combinations of these approaches may 
also be used. 

It is contemplated that a large variety of sensors may be 
employed for the systems and methods of the present 
invention. The sensors may be configured for the detection 
of one or more particular materials (e.g., the penneate fluid 
or a material thereof), such sensors are referred to herein as 
material-specific sensors. Examples of material specific sen
sors include, without limitation, humidity sensors for detect
ing moisture content within a fluid, oxygen detectors, carbon 
monoxide detectors, ion-specific detectors, other electronic 
or chemical sensors or the like. The sensors may also be 
configured for the detection of one or more non-specific 
materials, such sensors are referred to herein as non-material 
specific sensors. Examples of non-material specific sensors 
include, without limitation, pressure sensors, spectroscopic 
detectors, materials such as activated carbon, pH sensors or 
the like. Other chemical sensors include adsorbent or absor
bent materials that adsorb or absorb penneate fluids or other 
materials over time or depending upon concentrations of the 
permeate fluids or other materials. 

Alternative sensors may detect electric properties such as 
impedance, resistant, dielectric constant or the like. Other 
possible sensors may employ magnetic detection, ultrasonic 
detection, infrared (IR) thermography (e.g., fourier trans
form IR thermography). Still, other possible sensors such 
hygroscopicity microbalance, tuning forks or the like may 
be employed in the present invention, particularly where the 
samples have a functionalized surface. Examples of such 
sensors or methods of sensing are disclosed in commonly 
owned patent applications Ser. No. 10/155,207, May 24, 
2002, titled "High Throughput Microbalance and Methods 
of Using Same"; Ser. No. 08/946,135, filed Oct. 7, 1997 
"Infrared Sprectroscopic Imaging of Libraries; U.S. Pat. No. 
6,393,895; both of which are incorporated by reference for 
all purposes. Still other examples of sensors or methods of 

ate fluids may be elevated or lowered before and during 
exposure of the samples to the fluids. For example, the 55 

temperature of a permeate fluid may be elevated about the 
boiling point of that fluid or the temperature of a penneate 
fluid may be lowered below the freezing point of the fluid. 
Moreover, temperatures of the sanlples may be lowered or 
elevated. 60 sensing are disclosed in U.S. Pat. No. 6,393,895, titled 

"Method and Apparatus for Characterizing Materials by 
Using a Mechanical Resonator" also incorporated herein by 
reference for all purposes. 

The response of the material samples to exposure to the 
permeate fluids is typically at least related to the permeation 
of at least a portion of the penlleate fluids into and/or 
through the material sanlples. Preferably, the response of the 
material samples is a degree of permeation allowed by the 65 

material samples wherein the degree of permeation of the 
material samples gives an indication of (e.g., can be corre-

Such sensors may be configured for measuring amounts 
of permeation over time, amount of time to reach a certain 
predetermined level of permeation, changes in rate of per
meation over time, combinations thereof or the like. Fur-
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thennore, the sensor may be openly exposed or partially or 
fully housed (e.g., behind a protective shield, baffle, screen 
or the like). 

In one embodiment, the sensors of the present invention 
may include a penneation responsive material that changes 
visually depending upon the permeation experienced by the 
samples. For example, a sensor may comprise a permeation 
responsive material such as an adsorbent or absorbent mate
rial that changes color or other features at least partially in 
response to adsorption or absorption of penneate fluid such 10 

that the change can be related to an amount or rate of 
permeate fluid passing through a material sample. The 
sensor may also comprise an optical detector such as a fiber 
optic cable connected to an optical spectrometer for moni
toring the changes in the adsorbent or absorbent material. 15 

In an alternative embodiment, a sensor may comprise a 
permeation responsive material such as an adsorbent or 
absorbent material that may be analyzed after a period of 
time of absorption or adsorption. In such an embodiment, 
the penneation responsive material (e.g., the adsorbent 20 

material) is allowed to respond (e.g., adsorb) permeate fluid 
that has pernleated through a material sample over a period 
of time. Thereafter, the permeation responsive material is 
analyzed via a variety of teclmiques to gain data or infor
mation regarding the degree for permeation allowed by the 25 

sample. Techniques for analyzing such materials include, 
without limitation, color measurement, high pressure liquid 
chromatography HPLC, size exclusion chromatography 
SEC, refractive index determination. Alternatively, the per
meation responsive materials may be analyzed by chemical 30 

development (e.g., chemical conversion) of the permeation 
responsive materials into a condition suitable for detecting. 
For example, a penneation responsive material might be 
chemically developed into a colored material, the spectral 
characteristics of which can be related to the amount of 35 

16 
In FIG. 3, each sample 102 is clamped within its own 
opening 116 such that the sample 102 divides its respective 
opening 116 into a first opening and a second opening herein 
referred to as an exposure opening 122 and a sensor opening 
124. As shown, a first surface 128 of each of the samples 102 
is exposed to the exposure opening 122 and a second surface 
132 of each of the samples 102 is exposed to the sensor 
opening 124 of the openings 116. The samples 102 may be 
secured within the openings 116 in a variety of ways. In the 
embodiment shown, the films 102 are clamped between a 
pair of members 136, 138 wherein one member 136 defines 
the exposure openings 122 and another member 138 defines 
the sensor openings 124. The members 136, 138 may be 
formed of a variety of materials, but are preferably formed 
of a plastic or a metal such as alumimnn. 

Preferably, the substrate 104 is in fluid communication 
with one or more fluid sources 140 for exposing the samples 
102 to one or more fluids. As depicted, the substrate 104, 
particularly the first member 136, defmes a manifold 144 
(i.e., an open space substantially enclosed by the substrate) 
in fluid c01lll1lunication with the fluid source 140 for receiv
ing fluid therefrom. Preferably, the manifold 144 is below 
the samples 102 although it may be positioned above the 
samples 102 or elsewhere. It is also preferable for the 
manifold 144 to be in fluid connllllllication with each of the 
exposure openings 122. 

The system 100 also preferably includes at least one, but 
preferably a plurality of sensors 150 associated with the 
samples 102, the sensor openings 124 or both. While it is 
preferable for the sensors 150 to be associated with sensor 
openings 124, it is contemplated that the sensors 150 may be 
in direct contact with the samples 102 and the sensor 
openings 124 may be eliminated or may only provide 
enough space to house the sensors 150. It is filrther con
templated that the sensor may be positioned in a variety of 
locations within the sensor openings 124 such as along a side 
wall defining the opening 124, in opposing relations to the 

permeated material deposited on permeation responsive 
material. As another alternative, the permeate material 
deposited on a permeation responsive material may be 
liberated from the pernleation responsive material into 
another medium followed by detections of the permeate 
material in the new medium. For example, the permeation 
responsive material may be an adsorbent material, which 
releases permeation fluid as a gas when heated such that the 
gas can be quantitatively analyzed in a mass spectrometer. 

40 sample 102, suspended with the opening 124 or the like. In 
the particular embodiment shown, the substrate 104 supports 
the sensors 150 with at least one sensor 150 positioned 
within each of sensor openings 124. For the system 100 of 
FIG. 3, the sensors 150 are adsorbent materials that can 

45 Determination of the penneabilities of the material 
sanlples may be direct from the responses of the material 
samples (i.e., the responses themselves may be an adequate 
quantification of the permeability of the samples). Alterna
tively, the responses may be manipulated according to 
mathematical or empirical equations for correlating the 50 

responses to the permeability of the samples. As used herein, 
determination or correlation of penneabilities is meant to 
include relative penneabilities of the samples with respect to 
each other, relative indications of the permeabilities of the 
samples with respect to each other, and actual quantifica- 55 

tions of permeabilities of the samples. 
Referring to FIG. 3 there is illustrated a schematic dia

gram of one exemplary system 100 for testing the penne
ability of a plurality of material samples 102. The system 
100 preferably includes a substrate 104 for supporting the 60 

plurality of material samples 102. As shown, the material 
samples 102 are films, and particularly polymeric films, 
although it is contemplated that the samples 102 may be 
provided in variety of other configurations. 

In a preferred embodiment, the substrate 104 includes a 65 

plurality of openings 116 such that each of the sanlples 102 
may be at least partially located within its own opening 116. 

adsorb materials of permeate fluids, which penneate through 
the samples 102. 

In operation, the fluid source 140 supplies fluid to the 
manifold 144, which supplies fluid to the exposure openings 
122 for exposing the first surfaces 128 of the samples 102 to 
the fluid. Over time, the samples 102 respond by allowing at 
least a portion of the fluid to permeate from the first surface 
128 through the samples 102 to the second surface 132 and 
into the sensor openings 124. 

In turn, the sensors 150 provide information or data from 
which at least the relative penneabilities of each of the 
samples 102 may be detemlined or, more particularly, the 
amount (e.g., relative amount) of fluid that penneates 
through each of the samples 102 for a given amount of time 
may be determined. For the embodiment depicted, the 
sensors 150 (i.e., the adsorbent materials) adsorb amounts of 
the fluid in proportion to the concentration of the fluid in the 
sensor portions 124 wherein the concentration of the fluid in 
the sensor portions 124 is proportional or empirically cor
related to the amOlmt of fluid that pemleates through the 
samples 102 (e.g., the pemleability). Thus, the permeability 
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of each of the samples 102 may be detennined by analyzing 
the amonnt of penneate fluid adsorbed by the sensors 150. 
Alternatively, the samp 

Thereafter, the amount of penneate fluid adsorbed by the 
sensors 150 may be detennined according to a variety of 
protocols. For example, and without limitation, techniques 
such as material chemical development, through thennal 
emission and mass sensitive detection or the like may be 
used to detennine the amount of penneate fluid adsorbed by 
the sensors 150. The absolute or relative penneabilities of 10 

the samples 102 may then be detennined using standard 
engineering equations for penneability, adsorption, concen
tration or the like. 
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the sensor openings 224, which, in tum, can assist in 
determining the amounts of penneate fluids 240 that per
meate through the samples 202 over time. One exemplary 
humidity sensor is sold under the designation Honeywell 
IH-3602C and is commercially available form the Honey
well Corporation. 

The system 200 of FIGS. 4A~4B also includes a purge 
sub-system 260 having valves 262 (e.g .. solenoid valves, 
which may be switched on and off by mechanical relays or 
otherwise) and COlmectors 264 (e.g., piping) for flowing a 
purge fluid (e.g., dry nitrogen) from a purge fluid reservoir 
268 into the sensor openings 224. Preferably, the valves 262 
and sensors 250 are in signaling communication with a 
controller 270 (e.g., a computer system, a data acquisition 
board of a transistor or the like) for controlling the flow of 
the purge fluid to the sensor openings 224. In the preferred 
embodiment, the purge fluid has a substantially constant 
concentration of permeate fluid 240, which may be a total 
absence of penneate fluid or any other concentration. 

In operation, the one or more penneate fluids 240 are 
dispensed in the exposure openings 222 for exposing the 
first surface 228 of each of the samples 202 to the permeate 
fluids 240. Over time, the samples 202 respond by allowing 
at least a portion of the permeate fluids 240 to penneate from 

Referring to FIGS. 4A and 4B there is illustrated a 
schematic diagram of another exemplary system 200 for 15 

testing the penneability of a plurality of material samples 
202. Ibe system 200 preferably includes a substrate 204 for 
supporting the plurality of material samples 202. As shown, 
the material samples 202 are films, and particularly poly
meric films, although it is contemplated that the samples 202 20 

may be provided in variety of other configurations and as a 
variety of other materials. Also in the particular embodiment 
shown, the samples 202 include a coating 206 (e.g., a 
coconut oil layer) over at least a portion of surface of the 
polymeric film. 25 the first surface 228 through the samples 202 to the second 

surface 232 and into the sensor openings 224. In tum, the 
amount or concentration of permeate fluid 240 in the sensor 
openings 224 increase and such increase is preferably sensed 

In a preferred embodiment, the substrate 204 includes a 
plurality of openings 216 such that each of the samples 202 
may be at least partially located within its own opening 216. 
In FIGS. 4A-4B, each sample 202 is clamped within its own 
opening 216 such that the sanlple 202 divides its respective 30 

opening 216 into a first opening and a second opening herein 
referred to as an exposure opening 222 and a sensor opening 
224. As shown, a first surface 228 of each of the samples 202 
(e.g., of the polymeric film) is exposed to the exposure 
opening 222 and a second surface 232 of each of the samples 35 

202 (e.g., of the coating) is exposed to the sensor opening 
224. The samples 202 may be secured within the openings 
216 in a variety of ways. In the embodiment shown, the films 
202 are clamped between a pair of members 236, 238 of the 
substrate 204 wherein one member 236 defines the exposure 40 

openings 222 and another member 238 defines the sensor 
openings 224. 

One or more penneate fluids 240 are contacted with the 
samples 202 such that at least a portion of the penneate 
fluids 240 can penneate through the samples 202. In the 45 

embodiment shown, the penneate fluids 240 are liquids 
(e.g., water) that are dispensed in the exposure openings 222 
such that the first surface 228 of the samples 202 at least 
partially support the liquids. Preferably, the exposure open
ings 222 are above the samples 202 to assist in contacting 50 

the fluids with the first surfaces 228 of the samples 202 
although they may be positioned below the samples 202 or 
elsewhere. 

The system 200 also preferably includes at least one, but 
preferably a plurality of sensors 250 associated with the 55 

samples 202, the sensor openings 224 or both. While it is 
preferable for the sensors 250 to be associated with sensor 
openings 224, it is contemplated that the sensors 250 may be 
in direct contact with the samples 202 and the sensor 
openings 224 may be eliminated or may only provide 60 

enough space to house the sensors 250. In the particular 
embodiment shown, the substrate 204 supports the sensors 
250 with at least one sensor 250 positioned within or 
exposed to each of sensor openings 224. For the system 200 
of FIGS. 4A~4B, the sensors 250 are penneate fluid sensors 65 

(e.g., hunlidity sensors) that can sense the amount or per
centage of permeate fluids 240, particularly water vapor, in 

by the sensors 250. 
In tum, the sensors 250 provide information or data from 

which, at least the relative pemleabilities of each of the 
samples 202 may be detemlined or, more particularly, the 
amount (e.g., relative amount) of fluid that pemleates 
through each of the samples 202 over time may be deter
mined. 

In a highly preferred embodiment, the valves 262 and 
sensors 250 of the purge sub-system 260 are in communi
cation with the controller 270 during measurements of 
permeability for assimilating a substantially constant con
centration of penneate fluid 240 in the sensor openings 224. 
For the embodiment. a pre-detemlined upper limit is set for 
the concentration of permeate fluid 240 in the sensor open
ing 224. Once enough penneate fluid 240 permeates through 
the sample 202 and raises the concentration of permeate 
fluid in the sensor opening 224 to the upper limit, the sensor 
250 signals the controller 270, which signals the valves 262 
to open. In tum, the purge fluid flows into the sensor opening 
224 thereby replacing the penneate rich fluid in the sensor 
opening 224 with the purge fluid. 

By setting the upper limit for the concentration of per
meate fluid 240 in the sensor openings 224 relatively low 
(e.g., of a permeate fluid concentration no more than 10% 
greater than the purge fluid), a substantially constant con
centration of permeate fluid 240 is assimilated in the sensor 
openings 224. For measuring purposes, the rate at which the 
sensor openings 224 must be purged to assimilate the 
constant concentration in the sensor openings 224 is moni
tored. In tum, the absolute or relative penneabilities of the 
samples 202 may then be determined by relating the rate of 
purging the sensor openings 224 to those permeabilities 
using standard engineering equation for penneability, con
centration or the like. 

As an alternative to setting an upper limit for purging the 
sensor openings, a micro controller, which opens and closes 
the valves based upon a control algorithm may be employed. 
Preferably, the output of the microcontroller, which may be 
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expressed in units of "duty cycle", is proportional to the rate 
at which the penneate fluid diffuses through the sample. 

Advantageously, assimilating a substantially constant 
concentration of penneability in the sensor opening assures 
that penneation through the samples is driven by the con
centration of pernleation fluid in the exposure openings 
rather than being effected by the concentration of penne
ation fluid in the sensor opening. Moreover, the sensors 
don't become saturated such that comparative measure
ments between the permeability of the samples may be more 10 

effectively measured since saturation ofthe sensors does not 
effect the quantification of permeation fluid passing through 
the samples. 

As examples, FIGS. 5 and 6 illustrate graphs of data, 
which might be provided by a system according to the 15 

present invention. For FIG. 5, samples (e.g., dry polymeric 
films) are exposed to high humidity air contained within 
exposure openings. Over time, water (e.g. deionized water) 
vapor penneates through the samples to sensor openings 
thereby raising the relative humidity in the sensor openings. 20 

Thus, FIG. 5 shows a graph of humidity in the sensor 
openings over time. 

For FIG. 6, samples are also exposed to high humidity air 
contained within exposure openings. The particular samples 
are polymeric films coated with variable amounts of coconut 25 

oil. Preferably, measures are taken to level the coconut oil 
the polymeric films such as heating the oil. Over time, water 
vapor permeates through the samples to sensor openings. 
Thus, FIG. 6 shows a graph of humidity is the sensor 
openings with respect to time, film thickness and amount of 30 

coconut oil on the films. 
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in some applications, not more than about 5 seconds per 
sample and not more than about 1 second per sample. 
Sample-throughput values of less than 4 minutes, less than 
2 minutes, less than 1 minute, less than 30 seconds, less than 
20 seconds and less than 10 seconds are demonstrated in the 
examples. The average sample-throughput preferably ranges 
from about 10 minutes per sample to about 10 seconds per 
sample, more preferably from about 8 minutes per sample to 
about 10 seconds per sample, even more preferably from 
about 4 minutes per sample to about 10 seconds per sanlple 
and, in some applications, most preferably from about 2 
minutes per smnple to about 10 seconds per sample. 

Calibration Methods and Standards 

As desired the systems and methods of the present inven
tion may optionally employ a calibration procedure. By way 
of example, a calibration standard is provided having a 
nlUnber of subcomponents that differ with respect to per
meability of a material. Such subcomponents are typically 
referred to as "known standards" or, simply, "standards" that 
are well characterized with respect to the calibrating prop
erty of interest. They are analyzed by the measuring appa
ratus of the present invention and the apparatus is adjusted 
as desired. 

The accuracy and precision of the detennination of mate
rial properties can vary depending on the type of measure
ment being conducted, the purpose of the measurements and 
the like. According to one embodiment the response, the 
stimulus or both applied to each of the material smllples of 
the samples may be rmlked or indexed and the rmlked or 
indexed properties may be compared with each other. In 
such a case, accuracy and precision with regard to deter
mining exact values of the properties of the sample materials 

In addition to combinatorial chemistry, it is also contem
plated that the instruments of the present invention may be 
employed in other applications as well. For example, the 
instruments may be adapted for performing on-line penne
ability measurements at a manufacturing facility for main
taining quality control over industrial films such as cello
phanes, films for plastic bags or the like. As an alternative 
example, the instnunents may be employed for measuring 
permeability of samples over large periods of time to assure 
that certain materials resist deterioration over such time 
periods. 

35 may not be as important as assuring that the tests are 
perfonned consistently upon samples that are compared to 
each other since the object of the testing may be to detennine 
which materials perfonn best rather than detennining exact 
material properties. In other cases, such as when the stimuli 

40 and responses of the sample materials will be used to 
compare the sample materials to known properties of known 
materials, it may be more important to determine values for 
sample material properties such as permeability and the like 

Sample-Throughput 
For methods directed to characterizing a plurality of 45 

sanlples, a property of each of the samples or of one or more 
components thereof is detected-serially or in a parallel, 
serial-parallel or hybrid parallel-serialmmmer-at an aver
age sample throughput of not more than about 10 minutes 
per sample. As used in conuection herewith, the tenn 50 

"average smnple throughput" refers to the sample-number 
nonnalized total (clUnulative) period of time required to 
detect a property of two or more samples with a character
ization system. The total, clUllulative time period is delin
eated from the initiation of the characterization process for 55 

the first sample, to the detection of a property of the last 
smllple or of a component thereo±~ and includes any inter
vening between-sample pauses in the process. The sanlple 
throughput is more preferably not more than about 8 minutes 
per sample, even more preferably not more than about 4 60 

minutes per sample and stillmore preferably not more than 
about 2 minutes per sample. Depending on the quality 
resolution of the characterizing infonnation required, the 
average sample throughput can be not more than about 1 
minute per smllple, and if desired, not more than about 30 65 

seconds per sample, not more than about 20 seconds per 
sample or not more than about 10 seconds per sample, and 

that are closer to the absolute values of those properties for 
the sanlple materials to allow useful comparisons. The 
skilled artisan will recognize that the methods and appara-
tuses discussed above can be configured to more or less 
accurate depending upon the equipment used and that the 
choice of equipment can depend on constraints such as 
monetary constraint and upon the mnount of accuracy 
needed for a particular purpose. 

Other Screens 

The present invention may be employed by itself or in 
combination with other screening protocols for the analysis 
of liquids or their consitituents. Without limitation, 
examples of such screening techniques include those 
addressed in commonly-owned U.S. Pat. No. 6,406,632 
(Safir et al.); U.S. Pat. No. 6,371,640 (Hajduk et al.); U.S. 
Pat. No. 6,182,499 (McFarland et al); U.S. Pat. No. 6,175, 
409 Bl (Nielsen et al); U.S. Pat. No. 6,157,449 (Hajduk et 
al); U.S. Pat. No. 6,151,123 (Nielsen); U.S. Pat. No. 6,034, 
775 (McFarland et al); U.S. Pat. No. 5,959,297 (Weinberg et 
al), U.S. Pat. No. 5,776,359 (Schultz et al.), all of which are 
hereby expressly incorporated by reference herein. 

Screening techniques may also include (without limita
tion) optical screening, infrared screening, electrochemical 
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screening, flow characterization (e.g., gas, liquid or gel
phase chromatography), spectrometry, crystallography, or 
the like. 

It should be understood that the invention is not limited to 
the exact embodiment or construction which has been illus
trated and described but that various changes may be made 
without departing from the spirit and the scope of the 
invention. 

What is claimed is: 
1. A method for screening an array of materials for 10 

permeability, the method comprising: 
providing a library of at least four material samples, each 

of the at least four samples including a first surface and 
a second surface; 

22 
monitoring a response for each of the at least four material 

samples to the exposure to the at least one permeate 
fluid, the monitoring including; 
i. sensing, with the at least one sensor of each sensor 

opening, the amouut of oxygen, water vapor or both 
of the permeate fluid that each of the at least four 
samples allows to pass into the sensor openings; and 

ii. purging, with a purge sub-system, the pemleate fluid 
from the sensor openings when the amount of per
meate fluid in the sensor openings reaches a prede
termined level; 

determining a permeability for each of the at least four 
material samples based upon the response. 

10. A method as in claim 9 wherein the at least four 
exposing the first surface of each of the at least four 

material samples to at least one of a plurality of 
exposure openings; 

15 material samples are provided as polymeric films. 

exposing the second surface of each of the at least four 
material samples to at least one of a plurality of sensor 
openings, each of the plurality of sensor openings 20 

having at least one of a plurality of sensors associated 
therewith; 

introducing at least one permeate fluid into the plurality of 
exposure openings; 

monitoring any amount of the permeate fluid that accu - 25 

mulates in the plurality of sensor openings with the 
plurality of sensors; 

11. A method as in claim 9 wherein the at least four 
material sanlples are clamped to the substrate. 

12. A method as in claim 9 further comprising raising the 
temperature of the at least four material samples such that 
the at least four samples are at an elevated temperature 
during exposure to the permeate fluid. 

13. A method as in claim 9 further comprising lowering 
the temperature of the at least four material samples. 

14. A method as in claim 9 wherein the at least four 
samples are positioned upon a substrate by an automated 
system that includes a robot arm. 

15. A method as in claim 9 wherein each of the at least purging the permeate fluid from the plurality of sensor 
openings when the concentration of the permeate fluid 
rises to a predetermined level; and 

correlating a rate of purging the permeate fluid from the 
plurality of sensor openings to a permeability for each 

four material samples is a film having a thickness less than 
30 0.1 nnll and being supported upon the substrate by a highly 

permeable material. 

of the at least four material samples. 
2. A method as in claim 1 wherein the at least four 

material samples are provided as polymeric films. 
3. A method as in claim 2 wherein the step of providing 

the at least four sanlples includes supporting the at least four 
samples with a substrate. 

16. A method as in claim 9 wherein determining the 
permeability for each of the at least four material samples 
includes monitoring rates at which the purge sub-system 

35 purges the sensor openings for assisting in detennining 
absolute or relative permeabilities of the at least four 
sanlples. 

4. A method as in claim 3 wherein the substrate includes 
the plurality of sensor openings and the at least four samples 40 

are disposed over the plurality of sensor openings. 
5. A method as in claim 1 wherein the at least four samples 

are positioned upon a substrate by an automated system that 
includes a robot arm. 

6. A method as in claim 1 wherein at least one permeate 45 

fluid includes water vapor and the plurality of sensors are 
humidity sensors for sensing the water vapor. 

7. A method as in claim 1 further comprising raising the 
temperature of the at least four material samples such that 
the at least four samples are at an elevated temperature 50 

during exposure to the permeate fluid. 
8. A method as in claim 1 further comprising lowering the 

temperature of the at least four material samples. 
9. A method for screening an array of materials for 

permeability, the method comprising: 
providing a library of at least four material samples, each 

ofthe at least four samples including a first surface and 
a second surface, wherein: 

55 

i. the at least four samples are positioned upon a 
substrate over multiple sensor openings of the sub- 60 

strate, each sensor opening associated with at least 
one sensor selected from an oxygen detector and a 
humidity sensor; 

exposing the first surface of each of the at least four 
material samples to at least one pemleate fluid, the at 65 

least one permeate fluid including at least one of 
oxygen or water vapor; 

17. A method as in claim 9 wherein: 
i. the at least four samples are positioned upon a substrate 

by an automated system that includes a robot arm; 
ii. each of the at least four material samples is a film 

having a thickness less than 0.1 nnn and being sup
ported upon the substrate by a highly pemleable mate
rial; 

iii. detennining the pemleability for each of the at least 
four material samples includes monitoring rates at 
which the purge sub-system purges the sensor openings 
for assisting in determining absolute or relative perme
abilities of the at least four samples. 

18. A method for screening an array of materials for 
permeability, the method comprising: 

providing a library of at least four material samples, each 
of the at least four samples including a first surface and 
a second surface, wherein: 
i. the at least four samples are positioned upon a 

substrate over multiple sensor openings of the sub
strate, each sensor opening associated with at least 
one sensor selected from an oxygen detector and a 
humidity sensor; and 

ii. wherein the at least four samples are positioned upon 
a substrate by an automated system that includes a 
robot arm; 

exposing the first surface of each of the at least four 
material samples to at least one pemleate fluid, the at 
least one permeate fluid including at least one of 
oxygen or water vapor; 
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monitoring a response for each of the at least four material 
samples to the exposure to the at least one permeate 
fluid, the monitoring including; 
i. sensing, with the at least one sensor of each sensor 

opening, the amOlmt of oxygen, water vapor or both 
of the permeate fluid that each of the at least four 
samples allows to pass into the sensor openings; and 

determining a pemleability for each of the at least four 
material samples based upon the response. 

19. A method as in claim 18 wherein the at least four 10 

material samples are provided as polymeric films. 
20. A method as in claim 19 wherein the at least four 

material samples are clamped to the substrate. 
21. A method as in claim 19 further comprising raising the 

temperature of the at least four material samples such that 15 

the at least four samples are at an elevated temperature 
during exposure to the permeate fluid. 

22. A method as in claim 19 nlrther comprising lowering 
the temperature of the at least four material samples. 

23. A method as in claim 19 wherein each of the at least 20 

four material samples is a film having a thickness less than 
O.lllllll and being supported upon the substrate by a highly 
permeable material. 

24. A method as in claim 19 wherein monitoring the 
response includes purging, with a purge sub-system, the 

24 
permeate fluid from the sensor openings when the amount of 
permeate fluid in the sensor openings reaches a predeter
mined level. 

25. A method as in claim 24 wherein determining the 
permeability for each of the at least four material samples 
includes monitoring rates at which the purge sub-system 
purges the sensor openings for assisting in determining 
absolute or relative permeabilities of the at least four 
samples. 

26. A method as in claim 19 wherein: 
each of the at least four material samples is a film having 

a thickness less than 0.1 llllll and being supported upon 
the substrate by a highly permeable material; 

ii. monitoring of the response includes purging, with a 
purge sub-system, the permeate fluid from the sensor 
openings when the amOlmt of permeate fluid in the 
sensor openings reaches a predetermined level; and 

iii. determining the permeability for each of the at least 
four material samples includes monitoring rates at 
which the purge sub-system purges the sensor openings 
for assisting in determining absolute or relative pemle
abilities of the at least four samples. 

* * * * * 
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