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diffractive materials, nore particularly to radiation
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CCA polymerized within the hydrogel The polymers of the hydrogel surrounding the

CCA change conformation in response to a specific external stimulus. For example,
the volume of the hydrogel can change in response to stimuli, including the presence
of chemicals, such as metal ions in solution and organic molecules, such as glucose,
making the devices useful for chemical analysis. In hydrogel-based devices, mono-
dispersed highly charged colloidal particles are dispersed in a low-ionic strength
liquid media. The particles self-assemble into a CCA due to their electrostatic



charges. These ordered structures diffract radiation

according to Bragg's |l aw, wherein the radiation
wore@siont39t he Bragg conditions are refl ected whP@BUS2007/084005

adj acent spectral regions that do not neet the Bragg

conditions are transmtted through the device. [0006]
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[0008] To overcome these drawbacks of hydrogel-based CCAs, one approach has

been to prepare a hydrogel-based CCA, dehydrate the hydrogel matrix surrounding
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[ 0009] However, these prior systens of hydrogel - based
CCAs have significant production and handli ng
wWole@stoasks. A need exists for a nore robust COACTAIRI0011084005
exhibits radiation diffracting properties in response
to applied chemcal stimuli and the |Iike and which
substantially returns to its initial optical
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[0014] Typically, the particles are generally

spherical. For core-shell particles, the dianeter of
W0 b@soo13e7 may constitute 70 to 95% of the totaPCT/US2007/084005

particle dianmeter or 90% of the total particle

di aneter with the shell constituting the bal ance of

the particle dianmeter and having a radial thickness

di mensi on. [0015] In ong)ephogh gent, the particles

with a unitary structure (not core-shell) are produced
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avai | abl e ni croporous sheet4-are sold under the

desi gnation TESLIN by PPG I ndustries, Inc. Oher
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[0021] The dried array of particles (unitary or

core-shell) on a substrate is fixed in a polyneric
woreiosiox73py coating the array of particles w thP@r/fi5290t084005

curable matrix conposition that includes nononers or

ot her polyner precursor materials, followed by curing

of the matrix conposition. As disclosed in U S. Patent
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h
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00§ 5T Do Sap T AL S Rb I B oy A b oM bR the like
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subsﬁh‘é‘f@éﬁd 8cd. MensBighérsiohi ot kAR fes (@Rt PRy ﬂwb%h@st?été“’r‘??éyed%tam
until the matrix conposition is cured. Solvent nmay
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colPThBPEI 214 @ReR! oLRIBTRES G BRI b AR
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e ntd Bt e B e Bl T 2Ty ol By
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T A, X KUY T
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e under st oo { Se SKIi e | t art as
ey ORI R RGN OB A MPRHASRE B e oS ReRaL P EREEpy
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diffractive sensor of resent invention

Subﬁﬁr@éq ISt MR §/hqertrc 596‘@§Xﬁﬂ‘@'§§a9ftm'810@9r%c§h€ﬁ§ are
dls@I%é/diTﬁf ) S. BRidnt Xiow 4 B3597®, 439@156@4 8nd 6511dW2h, RAlM e
and, thus, is substantially solid. The volunetric
mcp@[or@e@he[qr@bb@fere@pgs Cpmm%élabsoawéblerm'prqp@rw sheets are
sol?%% t'hefaggighé{ &f’ft% |]MS BPE | au§tb{é’§¢ | f?th%PQMEab?eSﬂJéole

e ra ration ractive
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sl Phe ST OV PEb S PR b RS PR st
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of. fl u radiati i ff Y
ool S TR Ep SO B b A R SRR GriRaRe
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article. Alternatively, the radiation diffractive

sensor may be applied directly to an article, whereby
the substrate is a surface-8f an article, such as the
packagi ng and/or the housing of an article of

manuf acture. By way of exanple, articles of

manuf acture may i nclude consunmer goods (i ncluding

pharnaceutlcal products or. food |tens) mnth t he

o, - o s



an increase in the interparticle distance (d), changes
the wavel ength (A) of diffracted radiation from an

WO pdosiogd3oor first wavel ength (Al) to a second PCT/US2007/084005
wavel ength (A2) that may be |onger than the initial
wavel ength. Alternatively, in other enbodi nents the
second wavel ength (A2) can be shorter that the initial

[oomvellrea@rtehn (embbdlmﬂms Wﬂéﬁmstshgstﬁite@% A¥n$1assibIe substrates.
t uned hétse ecting t he particle con{JosHlon particle
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[0033] Suitable organic solvents include aliphatic
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[0036] The sensor of the present invention may be used

to authenticate an article, such as to authenticate a
walowale1sd7 or device or to identify the source BET/EHS2007/084005

manuf act ured product. A docunment, such as a security

card, that bears the sensor of the present invention

woul d be considered to be authentic if the sensor
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Exanpl e 2: Curable acrylic matrix [0042] An
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(0.15g) of diphenyl(2,4,6- trinethylbenzoyl)phosphine
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either case, upon complete return or substantial return of the sensor to its original

y return t0 its ofiginal wavelength. In

state, the sensor functions to detect the presence or absence of the activator. The
return of the matrix to at least substantially its original diffraction wavelength upon
removal of the activator can be of any rate ranging from immediate to gradual. In
certain embodiments, the sensor may be of a single use design in which the
activator cannot be readily removed from the matrix to return the sensor to its

original state.
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Sanple Diffraction Wavel ength Initial State 560 nm
Hydrated (H20) 602 nm Dried 558 nm
WO 2008/097397 PCT/US2007/084005

[0032] Other suitable monomers for producing an organic solvent swellable acrylic
polymer matrix may include propoxylateds glyceryl triacrylate, stearyl acrylate,
tetrahydrofurfuryl acrylate, laurel acrylate, 2-phenoxyethyl acrylate, isodecyl acrylate,
isoctyl acrylate, octyl acrylate, decyl acrylate, tridecyl acrylate, caprolactone acrylate,
ethoxylateds nonylphenol acrylate, isobornyl acrylate, butyl acrylate, tetraethylene
glycol diacrylate, triethylene glycol diacrylate, di-trimethylolpropane tetraacrylate,
ethoxylateds pentaerythritol tetraacrylate, ethyl acrylate, 2-ethylhexyl acrylate,
styrene, acrylonitrile, trimethylol propane triacrylate, methylmethacrylate, butyl
methacrylate, cyclohexyl methacrylate, isobornyl methacrylate, lauryl methacrylate,
polypropylene glycol monomethacrylate, propoxylated, allyl methacrylate, allyl
methacrylate, ethoxy cetyl methacrylate, ethoxy stearyl methacrylate, ethoxylated,
hydroxyethyl methacrylate, ethoxylateds hydroxyethyl methacrylate, ethoxylated+o
hydroxyethyl methacrylate, ethoxylateds nonyl phenol methacrylate, ethoxy triglycol
methacrylate, tetrahydrofurfuryl methacrylate, isodecyl methacrylate, lauryl
methacrylate, stearyl methacrylate, 2—phenoxyethyl methacrylate, glycidyl
methacrylate, isobornyl methacrylate, tridecyl methacrylate, cyclohexane dimethanol
dimethacrylate, ethoxylated, Bisphenol A dimethacrylate, ethoxylateds Bisphenol A
dimethacrylate, triethylene glycol dimethacrylate, ethylene glycol dimethacrylate,
tetraethylene glycol dimethacrylate, 1,4-butanediol dimethacrylate, 1,6-hexanediol
dimethacrylate, neopentyl glycol dimethacrylate, 1,3-butylene glycol dimethacrylate,
ethoxylated, Bisphenol A dimethacrylate, ethoxylated,, Bisphenol A dimethacrylate,
ethoxylateds Bisphenol A dimethacrylate, aliphatic urethane acrylates, aliphatic
urethane oligomers, acrylic oligomers, polyether acrylate oligomers, polybutadiene
dimethacrylate oligomers, diacrylate oligomers, triacrylate oligomers, polyester
acrylate oligomers, epoxy acrylates, and aromatic urethane acrylates.

[0033] Suitable organic solvents include aliphatic hydrocarbons (such as petroleum
ether, pentane, hexane, heptane and isododecane); cycloaliphatic hydrocarbons
(such as cyclohexane, methylcyclohexane, ethylcyclohexane, tetrahydronaphthalene
and decahydronaphthalene); terpenes and terpenoids (such as wood turpentine oil,
pine oil, a-pinene, B-pinene, dipentene and d-limonene); aromatic hydrocarbons
(such as benzene, toluene, xylene, ethylbenzene, cumene, mestylene,
pseudocumene, hemellitene, cymol and styrene); chlorinated hydrocarbons (such as
dichloromethane, trichloromethane, ethyl chloride 1,2-dichloroethane, 1,1,1-
trichloroethane, trichloroethylene, perchloroethylene and 1,2-dichloropropane);
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Exanpl e 6: Functional group swellable fixed array
[ 0050] The procedure of Exanple 5 was repeated except

wo b@seser i al from Exanple 2 (containing aci d BCOURRY7/084005
was used in place of material from Exanple 1. The film
exhi bited a green col or when vi ewed perpendi cular or O
degrees to the observer and a bl ue col or when vi ewed
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as ﬁ@ﬂ@l‘ﬁrﬁ@&@@t@&fdrhﬁt@ %@ﬁ@ﬂ)rmaté VWY BB, eyl acetate

diffracted radi ation from560nmto 602nm The pr oduct
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wavel en diffracted radiation nm~ Tabl e
CY@@@EW“@@P# WME@C@MWQPE%@ ﬁ'YP‘?hOH&C@Itat%t RedyEyorieRate,

ethidStoBloRgiel BBV §BRiIoRAe, butyl propionate, pentyl propionate, ethyl
butyrate, propyl butyrate, butyl butyrate, isobutyl butyrate, amyl butyrate, methyl
isobutyrate, ethyl isobutyrate, isopropyl iscbutyrate, isobutyl isobutyrate, methyl
lactate, ethyl lactate, isopropyl lactate, butyl lactate, butyl glycolate, methyl glycol
acetate, ethyl glycol acetate, butyl glycol acetate, ethyl diglycol acetate, butyl diglycol
acetate, methoxypropyl acetate, ethoxypropyl acetate, 3-methoxybutyl acetate, ethyl
3-ethoxypropionate, dibasic ester, ethylene carbonate, propylene carbonate and
butyrolactone); glycol ethers (such as methyl glycol, ethyl glycol, propyl glycol,
isopropyl glycol, butyl glycol, hexyl glycol, phenyl glycol, methyl diglycol, ethyl
diglycol, butyl diglycol, hexyl diglycol, methyl triglycol, ethyl triglycol, butyl triglycol,
butyl tetraglycol, 1-methoxy-2-propanol, ethoxypropanol, isopropoxypropanol,
butoxypropanol, isobutoxypropanol, tert-butoxypropanol, phenoxypropanol, methyl
dipropylene glycol, isopropyl dipropylene glycol, butyl dipropylene glycol, methyl
tripropylene glycol, butyl tripropylene glycol, diglycol dimethyl ether and dipropylene
glycol dimethyl ether); ethers (such as diethyl ether, diisopropyl ether, dibutyl ether,
methyl tert-butyl ether, tetrahydrofuran, dioxane, 2,2-dimethyl-4-hydroxymethyl-1,3-
dioxane and 1,2-propylene oxide); and other solvents (such as dimethyl acetal,
dimethylformamide, dimethylacetamide, dimethylsulfoxide, tetramethylene sulfone,
carbon disulfide, furfurol, nitroethane, 1-nitropropane, 2-nitropropane, N-
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Hydrated (H20 and D MEA) 623 nm Dried (H20 and DVEA)

562 nm Exanple 7: Organic solvent swellable fixed
wW@errapo39052] The procedure of Exanple 5 was rREEES®A7/084005

except material from Exanple 3 was used in place of

material from Exanple 1. The filmexhibited a green

col or when vi ewed perpendi cul ar or 0 degrees to the
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er an diffraction wavel ength was” measure
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[Ooﬁﬁgﬁg%ﬁtﬁep&(&%@gh?E%dp@% @Pﬂ%ﬁtr&'ma); b sgbétfeg %Elﬁ tHat the
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N
anﬁmerfmdvarmmmurqesj ardibodiegifroal vatasesoupen, amhvwskes stich as
HI\}.hEoreéx%%]p?e a pg}ymer l%atrlx that has an acid functional group is reactive to
an activator composition containing a base or vice-versa where the matrix has base
functionality and the activator has acid functionality. The polymer matrix may be
selected such that the matrix swells, shrinks or otherwise changes dimension and/or
refractive index in response to various activators. The matrix may include an
antigen, to which an antibody binds when exposed thereto. Similarly, the sensor
may be based on enzyme and substrate pairs, chelating agents, complexing agents
or aptamers. For certain sensors, the binding of an activator with the matrix may be
sufficiently strong so that the activator remains attracted to, bound and/or within the
matrix with little or no return of the sensor to its original state. In such embodiments,
a covalent or ionic bond may occur between the activator and the matrix. One
skilled in the art will appreciate that the various embodiments disclosed herein, as
well as other embodiments within the scope of the invention, will have numerous
applications in the environmental, medical pharmaceutical, metallurgy and chemical
fields.

[0035] It will be appreciated that by selecting a particular matrix composition and
an appropriate activator, the wavelength of diffraction of the matrix can be tuned.
The radiation diffraction sensor of the present invention can be used for a variety of
applications, including marking or identifying articles (such as on pharmaceutical
packaging to authenticate the source of the pharmaceutical), security devices for
authenticating a document or the like, as a sensor for the presence of a chemical
species or as a novelty article, such as a toy. The radiation diffraction sensor of the
present invention may be provided alone or in a form of a kit, along with an activator
for contacting the sensor, which alters the diffracted radiation to a shifted
wavelength.
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Sanple Diffraction Wavel ength Initial State 556 nm
Hydrat ed (H20) 556 nm Et hanol Exposed 610 nm Et hanol
WE@BOY B Ed PCT/US2007/084005

[0036] The sensor of the present invention may be used to authenticate an article,
such as to authenticate a document or device or to identify the source of a
manufactured product. A document, such as a security card, that bears the sensor
of the present invention would be considered to be authentic if the sensor responds
to an activator. A “security card” includes documents or devices that authenticate
the identity of the bearer thereof or permit access to a facility, such as in the form of
a badge. The security card may identify the bearer of the card (e.g., a photo-
identification card or a passport) or may function as a document or device that
indicates that the bearer thereof is to be permitted access to a secure facility. For
example, a security card may appear to be authentic, and upon application of an
appropriate activator, the sensor on the card will exhibit a shift in the wavelength of
diffracted radiation. A counterfeit security card would fail to exhibit that wavelength
shift. Likewise, consumers of an item (such as a pharmaceutical product) provided
in packaging bearing a sensor of the present invention can test the packaging for its
authenticity by applying the appropriate activator thereto. Packaging which does not
respond to the activator would be considered to be counterfeit, while packaging that
responds to the activator would be considered to be authentic. Other consumer
goods may include the sensor of the present invention, such as on the housing of a
manufactured product (e.g. electronic devices) or on the surface of an article of
clothing (e.g. shoes). The authenticity of the consumer goods may be tested by
applying an activator thereto or activation of the sensor may be a novelty feature of
the article. "Article” includes any product, including but not limited to those
discussed herein, to which the present sensors can be applied.

[0037] An ordered periodic array of particles is formed on a substrate and is coated
with a matrix that is cured as described above to produce a sensor. The substrate
on which the sensor is formed may be a film or sheet which is subsequently applied
to an article or another surface (such as the surface of a microporous sheet or of a
metal foil). Alternatively, a surface of the article may serve as the substrate for
producing the sensor. In that case, the ordered periodic array is formed on the
article surface and the matrix composition is coated thereon. The sensor may be
applied to a portion of the article via a mask to position the sensor at a particular
location. Any remaining portion of the article surface may be coated or substantially
coated with a suitable coating composition to produce a substrate in which the
sensor is exposed, but any of the remaining substrate is coated. For example, a
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564 nm [0053] As denonstrated herein, the radiation
diffraction material of the present invention nay be
wais®d9B9IBense the presence of water or organi BCT/US2007/084005
solvent. [0054] Wiile the preferred enbodi nents of the
present invention are described above, obvious
nodi fi cations and alterations of the present invention
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radi ation diffraction sensor comprising:
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the array of
[0038] The sensor posmoned on the article is contacted with an activator that shifts

the wavelength of diffracted radiation. The shifted wavelength may be in the visible
or invisible spectrum. The sensor returns at least substantially to its original state
upon removal of the activator. For example, a hydrophilic acrylic polymer matrix is
swellable by exposure to water. If an identification card bearing the sensor is
contacted by water, a shift in the diffraction wavelength will occur, thereby
evidencing authenticity of the identification card. When the water evaporates, the
diffraction wavelength returns to substantially its original state.
[0039] As used herein, unless otherwise expressly specified, all numbers such as
those expressing values, ranges, amounts or percentages may be read as if
prefaced by the word "about”, even if the term does not expressly appear. Any
numerical range recited herein is intended to include all sub-ranges subsumed
therein. Plural encompasses singular and vice versa. For example, while reference
is made herein, including the claims, to “an” ordered periodic array, “a” matrix, “an”
activator, and the like, more than one can be used, and although reference is made
to changing the dimensions of the matrix, only one dimension might be changed.
Also, as used herein, the term "polymer" is meant to refer to prepolymers, oligomers
and both homopolymers and copolymers; the prefix "poly” refers to two or more.
[0040] These exemplary uses of radiation diffractive sensors as watermarks are
not meant to be limiting. In addition, the following examples are merely illustrative of
the present invention and are not intended to be limiting.
EXAMPLES

Example 1: Curable acrylic matrix
[0041] An ultraviolet radiation curable organic composition was prepared via the
following procedure. A 50/50 blend (0.15g) of diphenyl(2,4,6-
trimethyloenzoyl)phosphine oxide and 2-hydroxy-2-methyl-propiophenone from
Aldrich Chemical Company, Inc., Milwaukee, Wis., was added with stirring to 5.0 g of
ethoxylated,, trimethylolpropane triacrylate from Sartomer Company, Inc., Exton, Pa.
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wherein the matri x conposition is selected to be

responsive to an activator, such that exposure to the
W@eaoswat3er shifts the wavel ength of radi ati on PCT/US2007/084005

diffracted by the sensor froma first wavel ength to a

second wavel engt h. 2. The sensor of

claim1l wherein the wavel ength of diffracted radiation

substantially r eEkﬁrﬁ@ethduh&@ héglic MawR engt h when t he
activator i s renoved fromthe sensor.
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Example 3: Curable acrylic matrix

[0043] An ultraviolet radiation curable organic composition was prepared via the
following procedure. A 50/50 blend (0.15g) of diphenyl(2,4,6-
trimethyloenzoyl)phosphine oxide and 2-hydroxy-2-methyl-propiophenone blend
from Aldrich Chemical Company, Inc., Milwaukee, Wis., was added with stirring to 5
g of propoxylated, neopentyl glycol diacrylate from Sartomer Company, Inc., Exton,
Pa.

Example 4: Array of core-shell particles
[0044] A dispersion of polystyrene-divinyloenzene core/styrene-methyl
methacrylate-ethylene glycol dimethacrylate-divinylbenzene shell particles in water
was prepared via the following procedure.
[0045] Sodium bicarbonate (4.9 g) from Aldrich Chemical Company, Inc., was
mixed with 4090 g deionized water and added to a 12-liter reaction kettle equipped
with a thermocouple, heating mantle, stirrer, reflux condenser and nitrogen inlet.
The mixture was sparged with nitrogen for 43 minutes with stirring and then
blanketed with nitrogen. Aerosol MA80-I (46.8 g in 410 g deionized water) from
Cytec Industries, Inc., was added to the mixture with stirring followed by a 48 g
deionized water rinse. The mixture was heated to approximately 50° C using a
heating mantle. Styrene monomer (832.8 g), available from Aldrich Chemical
Company, Inc., was added with stirring. The mixture was heated to 60° C. Sodium
persulfate from the Aldrich Chemical Company, Inc. (12.5 g in 144 g deionized
water) was added to the mixture with stirring. The temperature of the mixture was
held constant for 40 minutes. Under agitation, divinylbenzene from Aldrich Chemical
Company, Inc., (205.4 g) was added to the mixture and the temperature was held at

approximately 60° G for 2.3 hours. Brij 35 (polyoxyethylene(23) lauryl ether) from
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8. The sensor of claim7 wherein said surface is a
packagi ng and/or a housing of an article.

w@2008/0Bvhod of produci ng a sensor conpri si ng: PEDORINT084005
an ordered periodic array of particles on a substrate;
coating the array of particles with a matrix; and
curing the matrix to fix the array of particles wthin

thet ABrieREREMica8mBhAy, LIRE (5Rtd inX dosy é@bﬁﬁé&d/ate@ R8s added to
responsi ve to an actlvator such that exp osure to the
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ChammaéCnnuolaey doc.i was addedigpthe seactian nokigiesividh stidringniSipomer
COPS-I (3-Allyloxy-2-hydroxy-1-propanesulfonic acid 82.7 g) from Rhodia, Inc.
Cranbury, NJ., was added to the reaction mixture with stirring and was followed by a
(100 g) deionized water charge. The temperature of the mixture was maintained at
60° C for approximately 4.0 hours.
[0046] The resulting polymer dispersion was filtered through a five-micron filter
bag. The polymer dispersion was ultrafiltered using a 4-inch ultrafiltration housing
with a 2.41-inch polyvinylidine fluoride membrane, both from PTI Advanced Filiration,
Inc., Oxnard, CA., and pumped using a peristaltic pump at a flow rate of
approximately 170 ml per second. Deionized water (2985 g) was added to the
dispersion after 3000 g of ultrafilirate had been removed. This exchange was
repeated several times until 11349 g of ultrafiltrate had been replaced with 11348 g
deionized water. Additional ultrafilirate was then removed until the solids content of
the mixture was 44.8 percent by weight.
[0047] The material was applied via slot-die coater from Frontier Industrial
Technology, Inc., Towanda, PA to a 2 mil thick polyethylene terephthalate (PET)
substrate and dried at 180° F for 40 seconds to a dry thickness of approximately 7
microns. The resulting material diffracted light at 518 nm measured with a Cary 500
spectrophotometer from Varian, Inc.

Example 5: Water soluble fixed array
[0048] Material prepared in Example 1 was applied to the fixed array of
polystyrene-divinylbenzene core/styrene-methyl methacrylate-Ethylene glycol
dimethacrylate-divinylbenzene shell particles from Example 4 using a drawdown bar.
A piece of 2 mil thick PET film was then placed upon the deposited material from
Example 1 so that the material was entirely covered. A roller was used on the top
side of the PET substrate to spread out and force the UV curable coating from
Example 1 into the interstitial spaces of the fixed array from Example 4. The sample
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13. The nmethod of claim 12 wherein the matrix

conprises a polyner responsive to an organic sol vent.
w@a200809s9Tet hod of claim9 wherein the shiftedPCT/US2007/084005

wavel ength is in the visible spectrum

15. The nmethod of claim9 wherein the shifted

wavel ength is outside the visible spectrum
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the sensor fromthe substrate.
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spectrophotometer. Subsequently, the film was exposed to water and the diffraction
wavelength was measured again. The film was measured one final time after the
water evaporated. The results listed below in Table 1 show that the diffraction
wavelength of the material increased with application of water and returned to
essentially its original state upon removal of the water.

Table 1
Sample Diffraction Wavelength
Initial State 560 nm
Hydrated (H.O) 602 nm
Dried 558 nm

Example 6: Functional group swellable fixed array
[0050] The procedure of Example 5 was repeated except the material from
Example 2 (containing acid groups) was used in place of material from Example 1.
The film exhibited a green color when viewed perpendicular or 0 degrees to the
observer and a blue color when viewed at 45 degrees or greater to the observer.
The diffraction wavelength of the film was measured using a Cary 500
spectrophotometer. Subsequently, the film was exposed to water and the diffraction
wavelength was measured again. The film was exposed to a 5% solution of a base
(dimethylethanolamine (DMEA)) in deionized water, and the diffraction wavelength
was remeasured. The film was measured one final time after the DMEA solution
evaporated. The results listed in Table 2 show that the acrylic polymer matrix
material of the film containing acid groups was swellable by both water and a base
and returned to essentially its original state upon removal of the water and base.
[0051] The product of Example 6 differed from the product of Example 5 by the
inclusion of acid functionality in the matrix material of Example 6. Both products
swelled when contacted with water as demonstrated by the change in the
wavelength of diffracted radiation from 560nm to 602nm. The product of Example 6
was further altered when contacted with a base (DMEA) as demonstrated by the
further increase in the wavelength of diffracted radiation to 623nm.
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20. A nethod of authenticating an article conprising:
form ng an ordered periodic array of particles on a
waawsymbe; coating the array of particles w tPCHUS2007/084005

matri x; curing the matrix to fix

the array of particles wthin the matrix to produce a
sensor that diffracts radiation at a first wavel engt h;
appl yi ng the sensor to antaggkiocl e; and

contacting the sensor with an activator such that the
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Example 7: Organic solvent swellable fixed array

(ﬂ)

T

[0052] The procedure of Example 5 was repeated except material from Example 3
was used in place of material from Example 1. The film exhibited a green color
when viewed perpendicular or 0 degrees to the observer and a blue color when
viewed at 45 degrees or greater to the observer. The diffraction wavelength of the
film was measured using a Cary 500 spectrophotometer. Subsequently, the film was
exposed to water and the diffraction wavelength was measured again with
essentially no change. The film was then exposed to 95% denatured ethanol and
the diffraction wavelength was measured. The film was measured one final time after
the ethanol had evaporated. The results listed in Table 3 show that the film was not
swellable by water, yet was swellable by ethanol and returned to nearly its original
state upon removal of the ethanol.

Table 3
Sample Diffraction Wavelength
Initial State 556 nm
Hydrated (H-O) 556 nm
Ethanol Exposed 610 nm
Ethanol Evaporated 564 nm

[0053] As demonstrated herein, the radiation diffraction material of the present
invention may be used to sense the presence of water or organic solvent.

[0054] While the preferred embodiments of the present invention are described
above, obvious modifications and alterations of the present invention may be made
without departing from the spirit and scope of the present invention. The scope of
the present invention is defined in the appended claims and equivalents thereto.
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23. The nmethod of claim20 wherein the substrate is a

filmthat is applied to the article. 24.
The net hod of claim?20 wherein the substrate is a
surface of the article. 25. The net hod

the substrate is a m croporous
THENEERMTORYCLARIED 16 58 STpet 1ot h ot ot ol ai 20
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substrate
an activator, such that exposure to the activator shifts the wavelength of radiation

diffracted by the sensor from a first wavelength to a second wavelength.

2. The sensor of claim 1 wherein the wavelength of diffracted
radiation substantially returns to the first wavelength when the activator is removed

from the sensor.

3. The sensor of claim 1 wherein the matrix comprises a
hydrophilic acrylic polymer that is responsive to water.

4, The sensor of claim 1 wherein the matrix comprises a polymer

that is'responsive to an organic solvent.

5. The sensor of any one of claims 1 to 4 wherein said substrate is

a film.

6. The sensor of any one of claim 1 wherein said substrate is a

microporous sheet.

7. The sensor of claim 1 wherein said substrate is a surface of an
article.

8. The sensor of claim 7 wherein said surface is a packaging
and/or a housing of an article.

9. A method of producing a sensor comprising:

forming an ordered periodic array of particles on a substrate;
coating the array of particles with a matrix; and
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is flexible. is EVA foam 30.The nmethod of claim 20
wherein the substrate is netal.

curing the matrix to fix the array of particles within the matrix,
wherein the matrix is selected to be responsive to an activator, such that exposure to
the activator shifts the wavelength of radiation diffracted by the sensor to a shifted

wavelength.

10.  The method of claim 9 wherein the activator comprises water.

11.  The method of claim 10 wherein the matrix comprises a
hydrophilic acrylic polymer.

12.  The method of claim 9 wherein the activator comprises an

organic solvent.

13. The method of claim 12 wherein the matrix comprises a polymer

responsive to an organic solvent.

14, The method of claim 9 wherein the shifted wavelength is in the

visible spectrum.

15.  The method of claim 9 wherein the shifted wavelength is outside
the visible spectrum.

16.  The method of claim 9 further comprising removing the sensor
from the substrate.

17.  The method of claim 16 further comprising comminuting the

sensor into particulate form.

18.  The method of claim 9 wherein the activator comprises a

functional group reactive with the matrix.

12.  An article having a sensor produced according to the method of
claim 9.
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20. A method of authenticating an article comprising:

forming an ordered periodic array of particles on a substrate;

coating the array of particles with a matrix;

curing the matrix to fix the array of particles within the matrix to
produce a sensor that diffracts radiation at a first wavelength;

applying the sensor to an article; and

contacting the sensor with an activator such that the activator
shifts the wavelength of diffraction, wherein the shifted wavelength of diffraction
indicates the authenticity of the article.

21, The method of claim 20 wherein the shifted wavelength is in the

visible spectrum.

22.  The method of claim 20 wherein the shifted wavelength is
outside the visible spectrum.

23. The method of claim 20 wherein the substrate is a film that is
applied to the article.

24, The method of claim 20 wherein the substrate is a surface of the
article.

25.  The method of claim 20 wherein the substrate is a microporous

sheet.

26. The method of claim 20 further comprising removing the
activator from the sensor so that the wavelength of diffracted radiation substantially

returns to the first wavelength.

27.  The method of any one of claims 20 to 26 wherein the article is
a security card.

28.  The method of any one of claims 20 to 23 wherein the substrate

is flexible.
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29.  The method of any one of claims 20 to 22 wherein the substrate
is EVA foam.

30. The method of claim 20 wherein the substrate is metal.
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