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[0005] Recently, such sensors have been produced from hydrogels containing a
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 patrticles self-assemble into a CCA due to their electrostatic
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[0007] In a hydrogel-based CCA, when the volume of the hydrogel changes, the
diffraction wavelength of the CCA changes. Such CCA devices that are based on
hydrogels typically contain a large percentage of water, such as about 30% by
volume. These hydrogel-based CCAs are fragile and have a propensity for
significant changes in their optical performance when the water content of the CCA
changes.

[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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shifts the wavelength of diffraction, wherein the shifted wavelength of diffraction
indicates the authenticity of the article.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The present invention includes radiation diffractive sensors, where the

sensors diffract radiation in the visible and/or non-visible spectrum, and methods for
making the same. The radiation diffractive sensors include an ordered periodic array
of particles held in a polymeric matrix. The array includes a plurality of layers of
particles and satisfies Bragg’s law of:
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diameter and having a radial thickness dimension.

[0015] In one embodiment, the particles with a unitary structure (not core-shell) are

produced via emulsion polymerization in the presence of a surfactant, yielding a

dispersion of charged particles. Suitable surfactants for dispersion of latex particles

include, but are not limited to, sodium styrene sulfonate, sodium 1-allyloxy-2-

hydroxypropyl sulfonate (commercially available as SIPOMER COPS-1 from Rhodia

Corporation), acrylamide propy! sulfonate, and sodium allyl sulfonate. Particularly

useful surfactants are those that are minimally soluble in the dispersing fluid (e.qg.,
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disSlBS&Y AU 40 Paidht RIBS: 4, 8990787 ¥/ 86644 and 6,114,023, which are

incorporated herein by reference. Commercially available microporous sheets are
sold under the designation TESLIN by PPG Industries, Inc. Other suitable flexible
substrates include natural leather, synthetic leather, finished natural leather, finished
synthetic leather, suede, vinyl nylon, ethylene vinyl acetate foam (EVA foam),
thermoplastic urethane (TPU), fluid-filled bladders, polyolefins and polyolefin blends,
polyvinyl acetate and copolymers, polyvinyl chloride and copolymers, urethane
elastomers, synthetic textiles and natural textiles.
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core-shell particles, which then form an ordered array on a substrate when applied
thereto.

[0021] The dried array of particles (unitary or core-shell) on a substrate is fixed in a
polymeric maitrix by coating the array of particles with a fluid curable matrix
composition that includes monomers or other polymer precursor materials, followed
by curing of the matrix composition. As disclosed in U.S. Patent No. 6,894,086
(incorporated herein by reference), the particles that have self-aligned in the dried
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[0024] The radiation diffractive sensor may be applied to an article in various ways.
The radiation diffractive sensor may be produced on a substrate and then removed
from the substrate and comminuted into particulate form, such as in the form of
flakes. The comminuted radiation diffractive sensor may be incorporated as an
additive in a coating composition, such as paint or ink for applying to an article.
Alternatively, the radiation diffractive sensor may be applied directly to an article,
whereby the substrate is a surface of an article, such as the packaging and/or the
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the radiation diffractive sensor may produced i n
charpigalfspeaiessf sueh as water or organic solvents, or a Ilqwd containing a solute

or a gas. The matrix is chosen to be responsive to a particular activator.
"Responsive to" an activator means that the activator changes the dimensions of the
matrix and/or changes the refractive index of the matrix. In certain embodiments,
when an activator contacts the matrix of the sensor, the activator becomes
associated with the matrix and increases the matrix volume. This increase in matrix

volume causes the layers of the particles to spread apart. According to Bragg’s law,
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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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di met hacryl ate, triethyl ene di net hacr
cyciaheyylaretaje ymzym%é&tﬁ,a@ pmlara%gly@@twmmw r@aéybwrpgl@nate
et B SREIEY B! ol BUIGEBhioRRE boRST foPbRare, ety
bulgliatetimeey Pubraie, dutg-tmiralee isebylyl/edlrate, s yh Autyyatat reethyl

isofiyI Bty dth e obu B ABTERGHoOM ICOdTRIHRL IS0 Fis B o
Iacttatehe’nmtl freentate) iao@opwllagiatat bmyUaetatmbatyhglwdﬂateemethyl glycol
aceg% DB éﬁy(goégygtgibe 0By g@g@ a}etag %ﬂ]@/ BighicoPSERAR; buty! diglycol
aceianeenfeﬂm)qubgl aetagionhsxypto @yt ayétaiteeswhetgoxmxuaﬂ acetate, ethyl
BRI AT O
Ao o g o
SORBRAHETCq iU B oah dore Bish0 R Sl ms Hiicob ethy
cigfyeel @ggr@gmol ﬁéb@iﬂdi@ﬁlcéb{ﬁ{éﬂh\ﬁ&@ﬂ@ol G, B ol

cycl ohexane, tetrahydron hal ene” and

butabteﬁﬁwrﬁ%nhmﬁtmy&@)opaﬂ@lr BBRRPIaRANAL. ¢ SRR B QREeh
oufdRy3tBshd S SEISRForRibr. 1dH-BtoR)dropandh] SRSy PoBAreR Hetny

di pentene and d-Ti nonene); aromatic hydrocarbons ('such

dipaDylase-ives), IsasToRvhEIDTomM asieelyaal iyt sty epdena giieaiemethy
tnp?&ﬁﬁéﬁeegr?fcol, 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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pseudocunene, henellitene, cynol and styrene);
chl ori nated hydrocarbons (such as dichl or onet hane,
wa eioshdeDEt hane, ethyl chloride 1, 2-di chl or oRCTIESI®N7/084005
1, 1, 1 - trichloroethane, trichloroethyl ene,
perchl oroethyl ene and 1, 2-di chl or opropane) ; al cohol s

(such as net hanol, ethanol, propanol, isopropyl
me%war%ll.dorhzyM@m}/lpyﬁsw&b%anc&ymohs)éyTp;m&.aar% N-g1Y |
al’'cohol , isoany | cohol”, héexanol’, "heptanol, octanol,

nydineaNpyFreidaRes bEcl el Bﬂmaazolzﬁ@qmrm anol ,
heXah® h}’llené’p}%%@ﬁ&nc téaﬁﬁc{ééalml ich ’anlcC ohexanh}/ also be used to

ISO ecano I11SO

swelba matidy ef the éwéqrrcﬂoluhje omxdﬁgwmlytww@mwer benzyl
[00?%][ nﬂérap @&Qﬂ)&‘?ﬁé%{, ggelh@(ﬁﬂﬂ!ar m‘;afofrH be %I‘é?tléalsth that the

uryl and di ac one a
makret d)iﬂr@sts(zsdlﬁhrem waeelengib,in rasphpse @tmpartlmaoa@watmtmph as

e GRS o TR Hoyd R S s 18 oML A
antigeinb ylom wmmlsobmeenmtlbddesmwm kartcusespustekyandovitusies such as
ity RS e e Siter EBRdRas o By ) S s sersee to

an dcmdndoawzismba xanwieng & roaﬁ@bhyb@yeis@hmme @Eem atﬂishatrs]yjase
esters SucC

i sophor gne, and acet ape
funQRorTabt 10 PO ATl B BT R HED: ST AoI B HaRED Ay be
seléc&@é@b&% tHa® tHEBh Birix SRtehy | shABRS @ﬂ&herﬂ%@&%ar’@@@*dﬂh@nswn and/or
i sQpropyl  acetate, butyl acetate,_isobutyl acetate

ref@gqu)|@p9>|< InJeEpRise, toé(ﬁWUSa%@'tVaioés TRYARIX Ageingtuge an

an o WRieh ah&ntibSRt Uhd@ﬁ/ﬁéﬁbﬁpos%d%é%kd“ eXiflilaA¢ 8h&k8nsor
cycl ohexyl acetate, benzyl acetate, propylene glycol

mayibgdasad @n angymglangsepsisiamairs ahejating eepnisnearaplelng ggents
or ﬁﬁtglﬁ’l’e@ ¥ & ceHHFnyéenQBt‘%p{h‘ér@ﬁ ng BF&“ YEiBIRRYPNAL ‘?natﬁ% 4 be

utyrate, propyl butyrate, butyrate, isobut
sufb@ewyaﬂt@ngea@ythaﬁbeyaph\taéor regtaing attra@bdtth rotiag asdioy wnthm the

ma:tréf)\@im i %{bgno 'rect?m(ﬂw %rgst%g'tg Pef{ ﬁﬁﬁn?lg g?eryétljcgoembodlments,
a cbmjelattcar Jjorbeibgihd hmytoat:ler bdiwegn thel aatightat end tfmmylrlxgl@maol
S o B RS Ao A b . o
welira bthey pnmmdlmemet/vahm thesbmpalqn‘gb@mveam antiléhavé numerous

et nat e

b t t i
PR 4Rt B BT 2o AP AT 8o B LA Bt bshcal
ficlagd but yrol actone); glycol ethers (such as net hyl
ooy SR B eyl B oBYL Al ycel, L sooroml alycol,
an dbﬁr‘o}bﬂ@ﬂe acﬁt'itw tlﬁ’e% ﬁrhVél@hgth WHE(ﬂlgacﬁlbtﬁ |0Y€H|é| ma{ﬂ&)é)gh tbe tuned.
rig e rig yco u

Th@ chbaty@dlffrang$eqs§{ pi %p)p&ﬂent VAR NGa. B2 ﬁq%ghgwarlety of
apSicA e irRRANY mafk%f{{’éﬂ@@mwﬁé’ﬁﬁﬁ@s s@éﬁ £X¥PpREAEReutical

| sobut oxypropanol ert-bu r opanol
PagKasINEX @Nlﬂ?@ﬁ@ﬁlte tfﬂﬁsSWPe at t@e@ﬁ@r@ﬁ@e@p%aecunty gevieps for
autlbRERNY SR CAMERLER thBYke | as BERBY IR M5 Ble¥ERte of FLibhical

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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tripropylene glycol, butyl tripropylene glycol,

di gl ycol dinethyl ether and di propyl ene glyco
waleowednsb7 et her); ethers (such as diethyl ethePCT/US2007/084005

di i sopropyl ether, dibutyl ether, nethyl tert-butyl

et her, tetrahydrofuran, dioxane,

2, 2-di met hyl - 4- hydr oxynet hyl -1 , 3- di oxane and

[00?’6]2 ﬁh@%ﬁhﬁi%f hd ﬂ%);ent@rﬁ\ﬂen%ﬁ‘ﬁfaysd@ YRS AUBHPRCRE an article,
dimet hyl acetal, dinethylformamde, dinethylacetam de,

suclh areloraHilReNticale; a:i@OCLtnéQth aneevise ente 'gmtfbm@ SOEEFLRIR
maﬂb%‘é Jrédjﬁrodﬁb‘tr fAIBLy é}?tté i oaféaé@ecu}innéér&,otﬂép@@aﬂ@the sensor

opane, Nmet done,

of the@lreganpwe@mqmwdd bﬁ@p@lﬂ@@ﬂylbsmmmia diribe sppgapresponds

to :SP/ gcgt&éi”orq h%ééjﬂ?’f}(ﬂ&%]gz &%R@Fa documents or devices that authenticate
thehéarameohmb@leapﬂmlwhofrmrqoelrmltamm)to dlfaeily, sudeas io the form of

= opfdy ThE s 0 i BRARY b B oCngBRT 2 Bl

idehtification bamd @ rdopatispen) or mapfmotlmm ardnbmmnnmﬁeb&e that

. h that th trix di t

ncBSbAgnR b DEseioS B hefiullod ebREh TodRbdiedhdil, e

exe&lﬁplé’f—‘é gécuripnsard nn@péppliemm b@bgiehiic, @mb ?:xpuh @ppkd#tibn @san
0se, asses I n sol utl on, 11 | S varl ou

A Bl e Gt o Do Po e/ BULOT 2 Sat TAIH YaTengtn o

diffedeset RlidtloN. A@fun@f@”f@e@urlt? cBf] Wo®H faRfordxkidithpat Wid@latiyth

acid functional group is reactive to an activator
shiflo k6 wisS: BANHMrarhanjerd (BeEasf POACRACLEHEA PIRicH Arpdded

in ﬂ%ké@ﬁg RagHRAS %eﬁéﬁﬂ%tf 'trfén&leéér}’[ iR tibh Baf fdst Mt ﬁckﬁ@ﬁ? for its

acid functionality. The polyner matrix maz be selec
autggelicity ey tapPlEn e |PRropRials activaier theketooPagka@ingwvdieh does not

res?Bﬁ‘d‘ﬂ)eﬁledchéiér‘ \QBula%‘é/ébhﬁl'a@Fé’d%tdch%uhfé%ﬁ \}vgnc—f gazo%aiﬁﬁ that

o various activators mat ri x rraylnc1u
respnpdsyierihe aotivetdramouis bagohsiderediit he auittestic.e s egnsumer

qobdihE fcyuFlThb 3bhty of e HELARTnIRNoR S BRBE L 9Fe REIAB or 2

rat e pairs, et
maagkactused pr(ﬂpcia(lem select?omccobmcas)mrsn'nthe rssrfad:ehef i articlegpf

f. . f . .
clofind b & ol el SRhE elindie St i P Rslot by
apfiging dinaaatyator \vetdio or adtvation of Dhe\aehi;brl méy be agrovalty feature of
e ilhBiek " PeR RS ahe hibodyt i Bl ok A e krdse "
dlstbtgﬁs\éﬁeiérélhlalo&ﬂmwmb%?ﬁﬁ?ﬁérltisi‘)trf]f@éﬂi b& apfiel. ?rtlil Idl ed l n

e r W a recl at e e varil ous e odl nen
(00871 ¢ AD<utie el RO 2 Aa PAISIes (S M MENGB & STl foated

W|th b&nétﬁ% Bat & curb@ ak esEtdc@bbove td FJ’@@M@e ﬁ%ﬁé@rusl' he substrate
lications in the environnmental, nedical

on RIGi8 SRS 43 1OTREE A1ANRaS GHEr SRSk IBIGh 6 SupsESUepiBoasRied

to art aMitlel or RRoARPEEGAGRE (%gcﬂ BathdMUreRhb 8 himBroBoRRkishel &of a
matri x conposition and an appropriate activator, the

mejid Jeil) e Agetmabyelyi g surteeeiod nearticlRenaisarvg ag e wStraWefar
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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The radiation diffraction sensor of the present
i nvention can be used for a variety of applications,

WO p@Boehi3ay mar ki ng or identifying articles (SurtI/ES200T1084005
phar maceuti cal packaging to authenticate the source of
the pharmaceutical), security devices for
aut henticating a docunent or the like, as a sensor for

serdof aBEREIRE &S pr@séﬁi@rﬁﬂe‘hﬂbn %9@% ?pﬁ&d t@sa @ldﬂé’bﬁﬁb&é’ sheet,
article, Such as a toy. The radiation diffraction

ang B}%féfnadeer ﬁéh?r&@?@h@aq bﬁ/@@ﬁte@ﬁawt%orﬁh@vk@ efl seryity card
caPbe PFbg%réd’lh iQfmahriek t in ﬁ] §brf§8r %%BH@%QJ‘T bfei?ig

con e sensor, ters the racte
COf‘rta@IB@th(ﬂﬁe a@orap@atefap@\catwav@lléﬂm enayBRe of theecase issyptegied
r MA ut henticate an
fro'tnh?eé? a‘?‘qﬁ‘?é‘ér éhd?j t t'k@BYJ?% Fﬁ%g'flg%aﬁaglggunent or device
[0038] t & he 6en$orfppsi1|beec$ ou theeartitleas aentadtad Withexh gntigatoc that ghifts
r

e G ofisRRLRuBRGI She stedusk AR dBALro g veipre
or |be|sm>u1 $ymetrum. | Thet Semsseresons nekpsigldstantially @dtsi or@immt staﬁe
U secung ard: |tncl des do&un&&%s g devi.ces, th i

PYLRTEN 8 ARty AT EXGMBEe. ATYIERL P'8@°{W8P8l¥ﬂ‘eéf“a rix is
swlRion by exeRsike foovadef. alt bh identificatioh cagd lbélartrl@ethé eemdfis a

bad The sec rlt may identify e bearer of
coRtAdo by v § St Sae sl melERnotiil Qe ofhetoy
evipesHRPAlthe Micity®Y tHeUBEHtiflRBtickScatd d QERETERE vRitedBMberitdd) e
i ndi cates that the bearer thereof is to be permitted

dlff%gggva{\/glegg@ergw%s foubsianyiallydky originatsiade: a security

[0039 d AGRYKc8RBRA, Unfos3@tReHWRExnfessRikbediien, APRIrhSEisabh as
of ' an appropriate activator, the sensor on the card

thoip IeXPISRANGVAIUSS STRNGES, IAMQUAS Waﬁzﬁéc%rﬁg@% raay QEW&C&@% d
preﬁé’(%'daf}y' A8 wod Cé?ibrﬂjf L& tff]quHﬁ IdElegievvl P Lf%'alr AR

i bit that wavel engt ners o
numgri¢al eangesacitechizeraings aﬁﬁmﬁ@dpllmmdepalbmhzltaﬁgp$ evhsieeed n

thepé}ﬁkf’ﬂlrgl rﬁgﬁrghg%a85|@§ﬁ%°§naqflcé hee?%; ?lieé(;%a}rﬁ;}ﬂ%,smiie%ference

Its au
is rapqie lpéneq, irctudigptheidims ctodan’i ardered aelmedietanrayP‘évfi keagiixgan”

ol ofEPER 1R8 mboRAPob Pah PO iR LR Aol e lag 1o mace

to a'mmgmgdse tindristoraaif |thamatr|xv\on|||yabnbejlmemmord aigd bba:hbaged
cons e _sen

Aisgr b iSbd ferel e eGRB0lTer 35 SRl elel fa BisBalyoed oG ers

andvBotitRpidpoBNdrE @AY Cbpbigmers; Eleesrielio Nidly"deiers BSivoldr ridre.
rface of an article of shoes

h h
00le THEfEatarania) uses on e fRciis ks hisis il iaaaisg are

notYe @R RAb Wbk Menitdly. a6 UMiEbA! thé FGIoRiry Sfandsiéd a@tm@ﬂélwﬂuétmﬁve of
sensor may be a novelty feature of the article.

thepipggry invent '%ﬁ%é%e RAYBARELG e iMiENGdi ng but not
limted to those di scusgsgh\iergegn, to which the

present sensors can be appl1 ed.
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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[0037] An ordered periodic array of particles is
formed on a substrate and is coated with a matrix that
WO 2008009807 as descri bed above to produce a senspeT/UI107/084005
substrate on which the sensor is forned may be a film
or sheet which is subsequently applied to an article
or another surface (such as the surface of a

m croporous sheegyghpiefe: @urmii@hchfd atrixAl ter natively,
a surface of the article may serve as the substrate

(002} _ Anodivrvielet rﬁﬁ@“@’éﬁ@r@p'e Qrﬁa'ﬁ'ﬁﬁpn@ﬁgéon M3e PrrRAse@dWia the
foIItBﬁféfgggbé‘eo%?é 3y 56/80 oI BH.138) biEipReryi(8l4s-sur f ace and

) trix co ositioni1s oat ed t er eon The sensor
trimeslylpenzephphasehine axidsoand 2RYOXY-Renethykpeiophenaneniend

froh%&r‘?éd éh&ﬂlchpéorﬁﬁg@prln@t MW ! s 2lvab A68Ld piih g@ﬁ%ﬁg lo

artircle’surface nay
4. ch ofselbsXycbatedzaItrllryet@galatpeobamettha@ry@m iramlé‘fartwmrﬂtgnpany, Inc.,

si a pro . [ Q
o RR 6 ab B PE i Al S SR tBlopy b g bR Hacea
to thoairire With stirxiagpl e, asensor according to the present

i nvention can be_appliedto nmc ous sheet, and

the remai nder of &¥ plgﬁegyracbi%a%rgﬁ%%gi | ani nat ed or
[0ot ke Wnkﬁtrawbléta@dranbry ca@bré @rganubeommegaoted/ab Prédarsd via the

le of b
ol espeailes Riao/ Dped o o B iear Bt buni e the
trmﬁeﬂﬁﬁbé}%m Mogphme@m; arid :phgaar@ﬁy aném9|nme@bh@ﬂbi1d éid

é a coating or |amnation 0038] The
fro@e‘ng&h ﬁb%mtcﬁb QAP it Mivaes, Vs eWﬁ?&éfj%WWtSW”ﬁﬁ 05

g o@ﬁﬁdpﬁi‘y‘l@l‘édE Radperiyi Tgty%oFcﬁ]&cr‘?@‘t’eﬂr@rﬂ%aﬂtoﬂfer@d‘rﬁﬁa@@t RR., Exton,

radi ation. The shift'ed wavel ength may be in
Payi sible or invisible spectrum The sensor returns at

| east subst ant E;\érh%otépAl”ra o%br%'sﬁ%'ll S Le% upon renoval

of the activator r exa rop Ilic acrylic
[00p4]l vy Aedtispession of p@ystmnewb\h@ylbgnzempagm%@yrte@emetbvl | f

e LG e S BB B DB S0y L il
wa_e(ompa,r(;‘d henf@gplle\mr‘@enoa:e@r@ut henticity of t he )
ooy F { ERRbAEHERRoERE s oS TR AR e RRT Ay by e
mixadi witm4d90s¢ geuenlzbdmr agﬂfatmzjgd tg lel:m@rlmer rgfld;t&ﬂ&ettle equipped

i R MR BEeh o G Siriad B SRS Spd Hi8o8 niet
Th@amam\ﬁ@%parrggd heh rn&m@eaw 43 mireiterwith bwmh@anwm
even

oiapRglor i itagery nese VAR ARG & o 18 haREkie WRFG T rom
CyicRGhdle®icd), IncS Utay adtieto SHPSHARE withesdtRiiny foﬁ’b\Hé@by a48g

enconpasses S|nﬂular and vi ce versa. For exanp
de'@ﬂlﬂﬁ@ watsr gingaic d Ne SNiNHERWAR Peatrd to ﬁ@WQd'm?ée'V 1€ & léﬁ”?ﬁsa

heét rﬁgrgtloe? ré*gk%%ﬁ&ﬁﬂ% (8328 lgzytvt?g%blgﬁ@wé}g?éngh @rﬁem dpal
Compdnya,l lhdowgh adéédaw&hsEerrung rhadeamixture 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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to changi ng the dinensions of the matrix, only one
di mensi on m ght be changed. Al so, as used herein, the

W@ 20081097301 yner" is neant to refer to prepol ynePGI/US2007/084005
ol i goners and bot h honopol yners and copol yners; the
prefix "poly" refers to two or nore. [0040] These
exenpl ary uses of radiation diffractive sensors as

theWRb BENBh&ical @omﬁhnrﬁﬁ@t (50% A€l do'd”'@jélblﬁﬁﬂed vaterphd | h@cﬂbd to
the foll owi ng exa es are nerely illustrative of

theﬁ?%%ﬁﬂ"”thﬁ\‘}‘gmr d\*ﬁ%rﬁﬂ’dmpﬁ@ﬂ”@tﬁﬁ@ﬁdm Aléﬂ%Chemicgl ng
Co % o]g? d&BRRBY Wa?é‘rf Whé 60884 1d the %G whiR
u traV| oI et di

on curabl e or gani ¢ conposi tion was
stirgn@pArneidtuse af wreenf—:dla%m ety mu@mwate/meﬁm elhglege glycol
. I ne
it 38 AU et 302 BB H A
Chainghal ChmPasyyiloal wasapdeq/to thaa:eactwhlnwawk@w;th Bifrsing. Wwagomer

BRI IR el S8/ iy o .
Crdtinpa ™NJ,, wascaddelxo dimg re‘aatlcﬁxmlmwe vith striregpared was yoliowed by a
trj 0042 | t I t di bl
R
60%5&%@1@@@;@03‘10@@9 of di phenyl (2 4, 6-
nmet hyl benzoyl ) phosphi ne oxi de and

[0026]hy dheX§sUtingsR M erFHieRareiph das e rsddRtp uah GrfivaraicT hfilter
ba@"‘?ﬁé B@I&m@@ﬂﬁ@@h@on‘ W&s uItrMnkéi‘@é‘E? ﬁg aW fheh unesiltafies fousing

stirring

wntQ@t& 4hﬁlch>nob4vwb@aﬁéuwd°a@embaaré bpwrffmﬂ%ﬁﬁvanced Filtration,
f
e PR, O4 i oyt pusiif A 84 tdwrdlel 10"
approximately uv @ ml per se¢q11gl Deeniptcewater (AR8ald) avascadgeddo the
cisfiBsloareV 300h oA it ANl RAFhed AelnlloB T SRhEn L A0 ©

pared oW ng~procedure.
repéat'e@i/ Vet emds (u0t|I11 153@}9 gadif ultrgitteaiy haa ,béemeplaced with 11348 g

el B SRR IR0 B v ihRE P Sies i e sl eqptent o
the@ﬁmremas@@rmmentlbmelgm I Waukleet Ws. vvazn?dded

ti a
00g1 o TFe i med ctpfledl iR o B rorrtﬁee Mliyiet
Tecﬂmol@yam@l erodvanearlay t®h 209l ﬁncsmwetmérﬁe @r@@qtlﬁﬂ%@m

di spersi on of yr ene-di vi nyl benzene
SugayPLS 819 Frarsa ik 1ol 88 RRGaAAe 5. Uy kRSl geptoxmately 7

mi&bﬁ@tﬂh@%é’uIﬁ“gem%iéh'apbﬁ'ff%fgoﬂb@]t aD81d nRahEdLHES with W8 £ 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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was prepared via the follow ng procedure. [0045]
Sodi um bi carbonate (4.9 g) from Al drich Chem cal
w@oopayis97 | nc., was mxed with 4090 g dei oni ZePCTHEHSBN7/084005
and added to a 12-liter reaction kettle equipped with
a thernocoupl e, heating mantle, stirrer, reflux
condenser and nitrogen inlet. The m xture was sparged
wa%"'uhfévfblétrré?&ﬁfbrf Qred3sify A RBWhERU I\/ﬁl I'aﬁfp' nl@heatW@ Iéﬁ:@!&‘ of PET
bl anketed with nitrogen. Aerosol 30 8 gin
wenethgngepaigiced water) from Oytec Indust r| es I nc. vvas
[oogﬂde%é @irh BeniBhed H%;F“eé’h" ddiorStndn \hé\gec\ﬁl\gérlp@}"iﬁgulgb’oﬁo éégr%es to
oni zed water ri The m xture was heated to
thezghsetuer aad @lbjusseola whemyewen @hfd Agoiegaor greaginte grobserver.
; ' ' cal
g REERon iigichoflor (2 in) Res Faces PRl £ LA N
spaddophetametert GubdeienBydiha il erasidxpased forwatet ared edliffrabtion

i.cal ) . ' d

waglE i o TRERALY pbf; The i el sl fhd i Tieider tne
watee epap@hiede Ofie tdsaltsristed belowas Thabled! sloovs thea thd diffragfion

m . nut Unde tation, .divinyl.ben enefr m Al dr.i.ch
waGBIBHE 21 e fialen Bt RS s aPaalioR AL ¥aknahd Fardinite'tS
esIBNKAIY i Gritindl Beaté apperemhevagofme vigbd at approxi mately

60 C for 2.3 hours. Brij ?5 %qol yoxyet hyl ene( 23)

| auryl ether) fronmthe Ad IR Tcheni cal Conpany, I nc.

(5.0 in-100 g deionized ai_eﬁrmas_added_Lo_Lh&
m Xt ure_with Semplg ng. Nex sEHfrastiondNVavelengt fr gm

the Al drich WfiahS®#® compahy, Inc. G801y in 900
dei onj_zed \ivdeated (@eO)added| t o t he ni6RRUR with
stirring. A mRtede of styrene (200 S9B.nmret hyl
nmet hacryl ate (478.8 g), ethylene glycol dinethacrylate
(48 g) and Etampieys:Famzeoreal gRupXSvgpliablalfixedaarlabl e from

100PE  TTE R HERb i SRR b et e T g aFrom

Exérﬁplélﬂ bcbmawri?g amd geolpsiwapluepamesiatd oinatedial ftbrl Exdanmg)e 1.

The B3E bramIS 4 Oiee8 Colar BTy P ARG s 0 SeREeTiP e

obé'é?@erga)nddeﬁblgé icaRd wheh @rev@ajadt% de ;Qﬁ’@est @rpese 1 the @bsémer.
was mai nt ai ned at or approximately 4.0

Th%u‘r %{“0[‘ oEY6iengHEct B fiim Wﬁ@ ”iﬁﬂsy'??é’r Qs%@laé\{ P was

spédtﬂobﬁét%ﬁwetté}r @%Be@édtly erhBififih %sféxbb%d RAateT Ay PRl JifEtion
di spersion was ultrafiltered using a 4-inch

wayvglenpgip ,qurrg@a%emg@@nﬂa hq,,ﬂ{m, wgs 2xpaseq te@Ehd% solution of a base
dnﬂ%ﬁ%hé‘tﬁ%o‘l |H§ b MERG) H%e déWﬁer I%Cgl?hé Hlﬁgﬁcﬁgﬁ wavelength
and punped

nced I'tr t|on
waaserngas»r@érT@tf&rmwas rpaawra@ oge fln@lwnneaaféerdhe DMEA solution

i . r 85
o aRAEY, MRS TR e SR B b k0
materiat af thetfilmaicentasindoaaeith graame wexs. swithiabledaydindim gratansead 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.

-18 -



repeated several times until 11349 g of ultrafiltrate

had been replaced with 11348 g dei oni zed wat er.
wedasnyserl ultrafiltrate was then renoved untPCT/UR®07/084005

solids content of the m xture was 44.8 percent by

wei ght. [0047] The material was applied via slot-die

coater from Frontier Industrial Technol ogy, Inc.,

Towanda, PA to a 2 m| thiglepol yethyl ene

t erepht hal ate (PET) substrate and dried at 180 F for

40 seconds 10 &5f{gfe U1 CKNESS 8, ;}{Wél\,g@hsﬂhy 7
m crons[ The [ StdEY materiat UI ed |gn[ at 5
18 nm neasut AEh (IHﬁ\.,dl y1 500 prL,édsz,]lUL oneter| from
Vari an, dr | c Watetr—sol 'u xet—arra
[ 0048] Nat P | a?’édd i h Exanmpl e % "WBs appliefd to
the fix aff AP "°*y'ene eH--berzene
cor e/ st II'Q'A@ '{f&‘]rndJ yl at e-FEtY @He glye |

cl

CO+
f

wn <

ul- | |

di met hacryl te I benz ne . she e rom

Exanpl e 4 ‘?%\5 OlgaTsOpe 3 |'%9'€ﬁéedo’rl”%y m | thick
[oofl?ﬁT fr% md@ut&amqum@ehmpémed @Q@mlnﬁadnmrtom Erdmple 3

rom e 1 so that the erjal _was entjrel

wag 4568 BpIage SigirgnalEn Gxamolnt-+ KBS fishogitd Seba opler
whén b%We@tpérééhoﬁdQﬂa?Qﬁ OQiégré’éyioftlﬁ)é 68sdriiér ddd £oluakbr when

coatlnggfrom Exanmp linto the interstitial spaces of

viewgrd of R 880 RCE &Y gfqa@% ieibgpeerver Tihe diffapiiawavelength of the

fllrﬂi\lrvhz‘, ?rfé'a@bt%ﬁ Lfsﬁ“ﬁbI @Cb%@%ﬁé@tr%h&gm@téOgug\ééaﬂe‘hw Mthe film was
anp. The two ers of were then separat ed

eXF[C@@dQ(]’ Wﬂtﬁ? aiﬁidlﬂf\ﬁE ébﬁffﬁ%lpﬂ d@valegpteMac Beasurap again; ke d
esé?e%'h&ﬁ%ﬂ@’&1 %ﬁ%gsq{jén EQndd2B 189581 é(&i’atf?r@g eﬂméﬂo\“&nd
col or en |eme

egrees or greater
theghibractiar waviengin wausanea&unedAa\helf@ng\tas noea&ur@i ®m¢ hma/l/ame after

thersgj Y1 gd lé%ﬁ‘&?%dcaﬂ(e 5e(§glts$ F?sq‘éa {rp?déﬁé %@%E}Wthat tHe flpl*n was not

quentl
sweliafole e tvaten, ymmlsamglhblams erhfmmhaedi redgaied to mearlyf itd eniginal

st T ATE e pbielPl o 1 1St bet ow i1 Tabl e 1 show

that the diffraction waveTasigi3h of the materi al
increased with application of water and returned to
essentijal l'y 1tSamplegl nal st at pifg@idnVesRIegtef 1 he
wat er . [Tabl e |diiiExaa® € 6: Functionggggrpup swell abl e
fixed arrayH,GRedY (HLG§ Pr ofedure obsEranPl € 5 Was
Eepeat_*d_ eXERR ol & ofgg erial from eXgmp{ € 2 I
cont aifmi ' |ié%’ S used i ce of teria
from an;ﬁ?gqul%?lﬁugl rmexhibited 5?14&”{36” cotor when

[Oogé]emﬁg &%&?ﬁ%‘t omthelrg) rthg %%%n%ﬁ JTr%cfl(;he 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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observer and a bl ue col or when viewed at 45 degrees or
greater to the observer. The diffraction wavel ength of

wao b@s0913a1 was neasured using a Cary 500 PCT/US2007/084005
spectrophot oneter. Subsequently, the filmwas exposed
to water and the diffraction wavel ength was neasured
again. The fil mwas exposed to a 5% sol ution of a base

TH(;quEt[\hy@ﬁtaqu@ngqe (DVEA)) in deionized water, and
the diffraction wavel ength was reneasured. The film

was neasur edA%&uaEbrﬁ‘aiffrédtﬁﬁ s@ﬁ&&%po%sHUEA sol ution
evaporated. The results listed in Table™2 show t hat
the acrylic QGIOWﬁed RALQJIK array ef parficles farmedian aypubstrate; and

cont ai ni ng agig IBSo I
a base and rgtur nFen?Tl toC essesmlaﬁac%ol% rﬁ@%ﬁ&#@ﬁ#;@@%@
upon r enoval wherdimhenatadix acvm;amm ls[me’cl@d Thee pegehnsive to
an %ﬁ:tl\%mlugh @hﬁ' %)I %Eﬁ% go fa &(ﬁlﬁa I:%Hllfltgtth fwe@é?e{fﬁ?ﬁheois ra@l’ation
& 4 e PUET ORoF PRE) unctlon ty in The matrPrx
diffresctext byathecdenBaraingrh @ fist vmelrer;gltmtdm: secaetdvetbngtien
contacted with water as denonstrated by the change in
the wavel ength of diffracted radiation from560nmto
602nm THhe pﬂ'hdusdnsof obxaipl @ @haamn i tvlfwreleiﬂgtreroecblffracted

when cont act wth a base s denpnstrat ed
rad o PR Freiie o 1 TR AT PR T AP RGE sotpmoved
fromade abhgyp. t 0 623nm Tabl e 2 Exanple 7: Organi c sol vent

swel labl e fixed array [0052] The procedure of Exanple

5 was repeated except material from Exanple 3 was used

in place of "I‘ﬁée%étﬁ’éorf bPR&EXAMP! ®hdreinlNBef hdMix comprises a
exhi bited a (ﬁreen col or when vi ewed perpendi cular or 0O

hydreghilieacryls RReMehkal iseesRangiva teWgéercol or when vi ewed
at 45 degrees or greater to the observer. The
diffraction wavel ength of the filmwas neasured using
a Cary 300 sﬁé@tsﬁﬁmf&fcﬁ‘@iﬂei Wheiigjs dge ematiiy compeses arpolymer

tha%eeﬁéggﬁ;%ea tQ dﬁ‘@ér‘ﬁé S@UQ ghe diffraction wavel ength

h essentially no change. The
filmwas then exposed to 95% denat ured et hanol and the

diffractdo t

nmeasur e onewﬁg%ﬁ% Oﬁﬁmﬁt e;E”%i g'lhes% Olwan%frgiwe 'g]a%

evapor at ed The results listed in Table 3 showthat

the fil ot _swe

by et hatbl - aRASETaT R RS Risad Shos)le B8 rip@pbrous
shagpon renoval of the ethanol. Table 3 [0053] As

denonstrated herein, the radiation diffraction

materi al of the present invention may be used to sense

the presenceTpé seRt@T of Wai@r O dhekei 8hid&Stlbstrate 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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[0054] Wile the preferred enbodi nents of the present

i nvention are descri bed above, obvious nodifications
w@anwsad13er ati ons of the present invention nay PET/DsNe7/084005

wi t hout departing fromthe spirit and scope of the

present invention. The scope of the present invention

is defined in the appended cl ai ns and equi val ents

thereto. THE bWNHOMafrbNoMEPHeSarrdy of phARIcat Wdiin the matrix,

diffracti on sensor conprising: an ordered periodic
whereipiegnatpaig sRIe@sd fQPerERPPOASHE 2,81 AEAaECr, By akgiqogure to
the! tiR/hfér%HLﬁEQﬁét\/\'/aQ/@Ie‘ﬁ i Sﬂra‘aib‘tien.td?@raéil%aéﬂ/ Pk LA 1 &Shifted

erein the matrix conmposition is selected to be

wayelepdihsi ve to an activator, such that exposure to the

activator shifts the wavel ength of radiation

diffracted by the sensor froma first wavelength to a

second Widvel éhgneth@ oftamse mhereinfhecdcivatol comprisssrvater.

t he wavel ength of diffracted radiati on substantially

returns to the first wavel ength when the activator is

r enoved 1filt omThbemstgiorof GainThid seesein tfe ahatrixn domprises a

erein the trix conprises a hydrophilic acrylic

hy%?@ﬁ%?ﬂ’&a‘?oﬁ ®responsive to water. 4. The sensor of

claim1 wherein the matri x conprises a polyner that is

responsi ve tq an organi olvent. 5, The sensor of

ol ai m 1 \her A T8I0 plb M, & WaerBin {imactyaiqgomprises an
orgafitsRivedf. claim 1 wherein said substrate is a

m croporous sheet. 7. The sensor of claim1l wherein

said substrate is a surface of an article. 8. The

sensor Qqf3 Cl Fh8 N etMOEbEEIRINS 8 dheklid ﬁféemhﬁix%oﬁﬂﬁigégh%lymer
9. A nethod of

and/or a housing of an article.
resppPRRYR @) erogeisseivedbnpri si ng: formng an ordered
periodic array of particles on a substrate; coating
the array of particles with a matrix; andcuring the
mat ri x tlg. f i Xhe teethed af clafm Pawhérelreevihiflidhwayeiength is in the

visiRd Sdkyruherein the matrix is selected to be
respdonswé to an activator, such that exposure to the

activator shifts the wavel ength of radiation
diffr act1%<_j b*hé rﬂr?etﬁ&%%laﬁn% @vh%tr]éiﬁ 'ﬂ?edsﬁl?ﬁé/oe\llvg\r)gérqgth 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.

19.  An article having a sensor produced according to the method of
claim 9.
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10. The nethod of claim9 wherein the activator
conprises water. 11. The nethod of claim 10 wherein
wao h@sieseT x conprises a hydrophilic acrylic poP@mES2007/084005
12. The nethod of claim9 wherein the activator
conprises an organic solvent. 13. The nethod of claim
12 wherein the matrix conprises a pol yner responsive

to an organi @ Heinye o autiaéntlc-&l'ﬂﬁg 'ﬁﬁté'r‘ﬁt,q’e @(f)mﬁ |§h€‘
wherein the shifted wavelength is in the visible

spectrum 15f0”ﬂ'ﬂg %P%&%Wer@d& Y W@'Qﬁ @ma substrate;
shi fted wavebeagiyfing Srysh bfollGiizbhblrg; spect rum

16. The net hod her conprising renmoving
the sensor ffding e Batixtte dixdhe amay Phearistasodiion the aiaiix to

nsor into

pro%jgcr:% Ficul;l?ér tﬁ?t'(;ﬁr?ﬁr’aéffgﬂdl ﬁ F%‘Lt‘gﬁ@g%&%p@ﬁm 9 wherein

the acti vat oepplpngrthessnser faiat titicleakngr oup reactive

with the matr I

pr oduced accgérﬁaﬁﬂh%t %é{she%tﬁdg? %cﬂ%é&ng L3%2@1"’1’[ ,Lb e activator
shiﬂsatthe)dNayfelemgtmentdlftractldmg vehreraint ihel ghitedpravelength of diffraction
. form an or.der eriodic array of particles on a
'nd%[ﬁ;“ttﬁgﬁg{he@gﬂg’iﬁgh$ﬂ@°%rray of %arti I([:)I es with a

matrix; curing the matrix to fix the array of

partlclesvvl in t trix r oduce nsortht..

T Fracd 1 adnareRonp i 28 iR M aiined Rapiphel] s in e
visboltesgeeftga, to an article; and contacting the sensor

with an activator such that the activator shifts the

wavel ength of diffraction, wherein the shifted

wavel engbh Ofl'hé“ﬁfefr%t bp%ldnﬂdiz@a\hﬁérehh%@%lﬁ%t Wﬁi/éléngth is
of the article. 1. The nethod of claim20 wherein

outsigle tB%V'ﬁtbéQjSWéﬂ‘engt his in the visible spectrum 22.
The method of claim20 wherein the shifted wavel ength
S
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 claim 20 wherein the article is a security card.

28. The method of claim 20 wherein the substrate is flexible.

29. The method of claim 20 wherein the substrate is EVA foam.
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outsi de the visible spectrum 23. The nethod of claim
20 wherein the substrate is a filmthat is applied to

wo b@sas13ptl e. 24. The nmet hod of cl aim 20 wher ePET/UR®07/084005
substrate is a surface of the article. 25. The nethod
of claim 20 wherein the substrate is a m croporous
sheet. 26. The nethod of claim20 further conprising
renmovi ng the activator fromthe sensor so that the
wavel engt h of diffracted radiation substantially
returns t Aeemetaed plslaimedwhereprythemypsiiaienp et
claim20 wherein the article is a security card. 28.
The nethod of claim 20 wherein the substrate is
flexible. 29. The nmethod of claim 20 wherein the
substrate is EVA foam 0. The nmethod of claim 20
wherein the substrate is netal.
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