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[0001] This invention relates to printing images using crystalline colloidal
arrays, mpeopastiogul arly, to creating inages in crystalPCirus2ealosisdal
arrays by printing an i naging conposition onto a crystalline coll oidal
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pur poses. A crystalline colloidal array (CCA) is a three-di nensional
ordered array of nono-di spersed colloidal particles.

FIELD OF THE INVENTION

[0001] This invention relates to printing images using crystalline colloidal
arrays, more particularly, to creating images in crystalline colloidal arrays by
printing an imaging composition onto a crystalline colloidal array.

BACKGROUND OF THE INVENTION

[0002] Radiation diffractive materials based on crystalline colloidal arrays
have been used for a variety of purposes. A crystalline colloidal array (CCA)
is a three-dimensional ordered array of mono-dispersed colloidal particles.
[0003] Such colloidal dispersions of particles can form crystalline structures
having lattice spacings that are comparable to the wavelength of ultraviolet,
visible or infrared radiation. These crystalline structures have been used for
filtering narrow bands of selected wavelengths from a broad spectrum of
incident radiation, while permitting the transmission of adjacent wavelengths
of radiation. Prior devices have been created by dispersing particles in a
liquid medium, whereby the particles self-align into an ordered array. The
particles are fused together by mutual polymerization or by introducing a
solvent that swells and fuses the particles together.

[0004] In other uses of CCAs, an ordered array is fixed in a matrix and may
be used as a colorant when the fixed array diffracts radiation in the visible
spectrum. Alternatively, CCAs are fabricated to diffract radiation for use as
optical filters, optical switches, and optical limiters. While these CCAs use
constant inter-particle spacing, a CCA may also function as a sensor when
the inter-particle spacing varies in response to stimuli.

[0005] More recently, CCAs have been used to exhibit images as
described in U.S. Patent Application Publication No. 2009/0155545,
incorporated herein by reference. Animage is produced by exposing one
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composition onto a portion of the array in a configuration of an image; shifting
the wavelength band of radiation diffracted and changing the refractive index
by the printed portion of the array so that the printed portion diffracts radiation
at a different wavelength band and/or reflectivity intensity from a remaining
portion of the array; and fixing the printed portion of the array, such that
theprinted portion of the array diffracts radiation and exhibits the image.
[0007] Also included in the present invention is a method of producing an
image that diffracts radiation comprising printing a dispersion of particles onto
a substrate in a configuration of an image, wherein the particles self-assemble
into an ordered periodic array within the image; and coating the particles with
an overcoat composition to fix the ordered periodic array of particles within the
image, such that the image diffracts radiation at a detectable wavelength
band.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The presentinvention includes a method of producing an image that
diffracts radiation. An imaged member is produced by printing an imaging
composition onto a portion of an ordered periodic array of particles and fixing
the printed array in a matrix material. Any suitable printing technique may be
used, such as xerographic printing, ink jet printing, flexographic printing, silk
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[0011] The particle cores may be produced via emulsion polymerization of
core-precursor monomers in the presence of a surfactant, yielding a
dispersion of the cores. Suitable surfactants for dispersion of organic polymer
particles include, but are not limited to, sodium styrene sulfonate, sodium 1-
allyloxy-2-hydroxypropyl sulfonate (commercially available as Sipomer COPS-
| from Rhodia Corporation), acrylamide propyl sulfonate, and sodium allyl
sulfonate. Particularly useful surfactants are those that are minimally soluble
in the dispersing fluid (e.g., water) of the particle dispersion. Shell monomers
are added to the core particle dispersion, along with a surfactant (as
described above) such that the shell monomers polymerize onto the core
particles. The core-shell particles are purified from the dispersion by
techniques such as ultrafiltration, dialysis, or ion-exchange to remove
undesired materials, such as unreacted monomer, small polymers, water,

initiator, surfactant, unbound salt, and grit (agglomerated particles) to produce



so that the image is detectable in the printed portion as having a
different diffraction wavel ength and/or intensity of reflected radiation.
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The curab ear coat conposition na
65 vol. % of charged particles. The dispersion can be applied to the substrate

by dipping, spraying, brushing, roll-coating, curtain coating, flow-coating, die-
coating or by printing via xerographic printing, ink jet printing, flexographic
printing, silk screening, gravure printing, or intaglio printing to a desired
thickness. The wet coating may have a thickness of 4-50 microns, such as 20
microns. Upon drying, the material contains essentially only the particles that
have self-assembled in an ordered periodic array.

[0014] According to the present invention, in general, printing of an imaging
composition onto the ordered periodic array in the configuration of an image
alters the optical properties of the printed member in the printed portion by
increasing inter-particle spacing and/or changing refraction index difference
between the particles and the matrix. As a result, the wavelength of
diffraction of the ordered periodic array of particles shifts and the intensity of

radiation reflected thereby changes upon printing of the imaging composition



appl i ed by spraying, brushing, roll-coating, gravure coating, curtain
coating, flowcoating, slot-die coating, xerographic printing, ink jet
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recei ved [0MSInad adirsirmpoediment ogttte preiseckigventen.goe imaginghat di d not

G 1 act sooHPaRPBae BEBaTpr kR el 2L GPES G R B bsd B Gr ound
porti on apthyahcladdigréeoftheritempohynte] fo"rgj‘rb@@élh@@ ddimetibendragkgr ound
portion d| fferent wavel ength band or different wavel ength, it is neant

t hat there?{'ﬁsn%lt”dlrﬁ%)épﬂéﬁlﬁ‘l ganicrra wReesHeh @ﬁ@n\mtém@ymebr band of

wavel engt e h The
differ encgaty% );dl r ggﬂfrgﬁtat\lqgvgfkgﬁgr{&ﬁ%éro%% wtésri gll @geﬁt@ﬁﬁﬁan eye or may
be detect pblymdvypellysulﬂde MOWecomamlr;ngdﬂymer aargfiecpolgpieoderetefroar t he
i ke. The |%ed nmenher ma u_ged, in BI ace on_ the substrate or .may be
pbi¢ iM@oi

eroved '« ABAODRSPREENG VB 01CRMRASItiANEINIER SRIGMS i por ¢
[0018] n AnsRaRRCbAREH: BReKrsai) SoARRENRST A aifk ANichmARpEi ol e 1o

printed w an’ina nposut o alter the inter-particle spaci ng
and/ or reﬂrsa)etsecbondtdeodvecﬂwt&eobnenhté’tlepmrtomer emtamrtglnhmingtbove and is

cured prior _to in n bsequent, coatings in order to fix the printed
or t1 o obomnasiBRUS e dnip L5 BRKTPH peRprIs ATy PreTBha it e E
coal esci n@oﬁ afbr bpﬁn‘irhége C%b&ﬁ@#@mbfseﬂlpﬁfetlh@r@tﬂldl pab@%ehﬁ&lﬁﬂ

portion, ren ring the background portion substantially colorless. Sultable

coal esci ngatt@tﬁﬁdslthe@W@yllnémeu@atj@g@ﬁpuntm (teatpsinged pofiionh| vedah anaynei ght

por 1 on abiee A RbET e SN ehiriton bl B ERR LI B Ak HrBER b o

may appearntér- pm@@r@@tanceemetét&gnsmmrngrthe@rag@@qnautudaeendltne régiting he degree
of coal escence. The printed array wi th coal esced _background portion may be

used as awatv%e@eﬂt AiEactisg. .Tsheomonpmea%atﬁe Do aibmednloierpatieesar coal
coating C YJ%tN@ﬁm SthQ ﬁfdlé’fgné‘mﬂ%r dfﬂ?ﬁ %%té@%&le’@&a’i’i‘ée““d in

pl ace on stra € Tenove mas" a Self-supporting
filmfor Ill'tae magmgoedmposatmnpatsb sHiftO ] r,étfraenvmtndealq#fenense@edN@én coal esci ng

t he background portio he cured printed r reated so as to
di'stur b St SerPalieg BBines 419 Pael Rt eind PR TAIRI B EBACKE pr event
the backoRisatfiesi i rtemidl éfrefediedgatiatha tﬁ%%ﬁﬁgegy dipfigil periodic

array of particles t Is n cure may be di stur vari ous techni ques
i ncl udi ng[0G16] eXiffigdien Obynoanppteys m@oahe@lavtmt% trrayttteeeratnarwpdtmat at | east

tially,di th t h Ly di th
or L ol eaheafas ecinbn G RBtaasRurE BlngP BT 8R0s Efteatidi M oa pri nt e
array, Suﬁﬁaélhgfco%déltmﬁntd”fﬁ*@%brﬁ@lesl TheQfmalght®y @ém%sutueﬁmatsausat act. The

cured printed arra removed (or disturbed) background portion nay be
used as aidufigg@go ﬁb@rerdsanos the rate Mob@OW@@Qﬂéﬂ m@namerscl ear coat

coati ng Cﬁﬁ@gm@t}hf&%ﬁ%eo%ﬁa%l bed above. The inmaged nenber may be used in

pl ace on y be renoved therefromas a self-supporting
filmfor [EE7AN a'lh@tmﬁ!ﬂe@alﬁtayﬂfaV|r{90@r20ﬂtége pritieiortdeeyvpodicradd wih gor der ed

periodic gurrabYe clearc%ratt Icglrn%sés:tlsénfslrrnﬁ;r to the composition disclosed in U.S.
Patent No. 6,894,086 (incorporated herein by reference) to interpenetrate the
array of particles with the curable clearcoat composition, which is then cured.
By coating, it is meant that the curable matrix composition covers at least
substantially the entirety of the array and at least in part fills the interstitial

spaces between the particles. The curable clearcoat composition may be



coated with a curable matrix conposition having nononers that are suitable
for diffusion into the particles. The curable matrix conposition nay be
coat ed orwoO 20tp6sa07ay i n any nmanner that does not di srupCTiuseo1anssy4 such
as by spraying, roll-coating, curtain coating, flow coating, die-coating,

xerographic printing, .ink jet printin fl exographi c printing,. silk

scr eani noosates, B sPiind Brisid: rolicedfing: GAVAE ARG Bian NS The. cur abl o
matrix cofpasddatifag, %#d@cd@%gnﬁéro@%mé?ﬂntiﬁ@ﬁn@m}gﬁiwﬁg,&‘ of the curable
matri x conposition may be sel écted to not be diffusible into the particles

wi t hout f fiexegraphicauiniiegt silkrsereaningy gieyare pgnting of untaplie priating.xorconmposi ti on

sol vent  olenif Lk FORBHA i SRRRlaRd P ing G e r e VTahieRed hi ot he
printed ppblynwiizeftht eorfdmens @Meeiimag@@sidrgodditon A ¥ellRay thedgarspaci ng and

refractive index contrast of the printed portion. The printed array is
cured, thEPRBPSHIPR Adtermalivieht suripg of the EnagingicAgINOs tioRast ¢I8B&®3bor ti on as

wel | as fLx it i N1 Liie portions
wthi -t ngSBBsiOR 8] bb Tohtudiekith 3cbafe sl TN L RARKARRIRE PP o
(rjrenber baz m'e;nlmr inal;r?dbe aqsrege@@trzgd)m\ﬂhahragzewe@anhdedmagm I o?mgositim;nnaad; ion as
escri bed aboye. The inage er ma used, in ace on e substrate
or may bearhﬂ%gwnph%rg?'gmﬁt dQOE@OPYV%%BdW?QH@ ‘quﬁﬂ?ef'B‘Pn-ug—beon anot her
support. i ; fdggp,q YRl HRYEeRt4 ek ead of
assenbl i ngﬂgﬁ’gﬁﬂ? gf%éalﬁl cl esbon a@ﬁgg{éﬁgpe@ﬁ\%ﬂi%ﬁlgésu sequent |y
printed, wapelenpitedand fper kiearaakigraind paertioy arideaterediffpearttiintessity of pri nt ed

di tl , b te in th N i ' f ' . Th i nted
i Sper si ofP (<2t TR s ek ount paon. P Hk etaTr Cualilendtibend 06 fer ca”
periodic éﬁfe@é’nthﬁé(&é]@n%}hsmi@ﬁlﬁﬁ'dﬁﬁmd?%@fe i8R dis@gRablEhgrierehss idiR bearing a

printed image i s coate curable matrix conposition that includes
nmononer s vavelengih pobgmnekpf yaselengts dititastedby thexbvalpedionsed tkdove. The

matrix co Lt e X tf - i ' fi f cured

mac i o DR RS FHE S Rrice a olaBlo Ve le e ntel B viiR &

sel f - suppeid hingah @yen dranappeldetadtable dyoamoptitddevidepenuth adld ernativel y, the
filmwth printed inage ma produced directly on an end-use support.

b
[0022] By GREFEPRIGHEE o shdhe BE@-nfr hagmaged memee’ BaYPedsechio Blaee hi nti ng, a
hi ghly detaj i 0 the. i ; t t

cudton gl TotABSE nEYbe oo At fflef dmtdLa SR e Iml B By o

descri bedohaneitrerrsayppbrtcl ude an i maged nenber havi ng nore than one inmage
portion. Eor, exanple, different inmaging conpositions nmay be printed onto an
brder ed” plIET o Tharspons A upBL SO CRACRSTRdG Adrey L PRICTE Rect s on t he
respecti Vg iRidgnki H%'F]‘rgsc p(gm%; biSer tRBGH h4iRd ah readily
di f fuses Hﬁt{)eldt h@ﬁjgart?g S ocrﬁ%(f@él e ugge({ tlﬁﬁ [}r@?ﬁ?ﬂ%@gbéélrgt&l g?rrti on of

t he arr ayrefeadiive imiaonfethie rinted) padioncampdaesaribed ativae anckis auoed pridf ose as

readily into the particles could be used in printing a seco ortion of
he. ar ay SPEVReRRLE R sRatBaf Baines To i e iedt P R RGN g of “t he
particl esawhy! The dire@phtddlatrdgis thehloveesddied withacodlesfifgsecond portion
so that the imaged nenber has two portions that diffract radiation

di f f er ent F9MPPBIkvB4GAL eaalescesAhe @artiales &l the backecumg pwstionoieneeriag arr ay

oot Ui ng. R Baestiafhd BbBonulFRiditefly Boldresh BRlbbBkeRiesdM i one airrors.
t hereby ceempbsigiorsinaidmbrgdinid selobnterorpowpesieteiar weightendrasierBy a

mul ti-col or |ma?e may be created in an imaged nmenber. By controlling the
swel | i ng gebstag '%Jh/rQC?'@ﬂ'%%S,, Itas faant Méheaaskgr@unﬁmvoraﬂae&ngtr @¥Hbit mage nay

be producggoh thAthe alsTBERRI ARG naKkdRPsy & Wit Rty dbdedr transparent, semi-
transparent or opaque depending upon the degree of coalescence. The
printed array with coalesced background portion may be used as an imaged
member as is or it may be overcoated with a clearcoat coating composition as

described above. The imaged member may be used in place on the substrate



color image is visible in the nulti-imged nenber. A nmulti-color inmge as
described hereinis not limted to red, blue, and green inmages to create a
ful | - col owoi2neege120Wul ti - col or images may be used with twoOTASREN/0§8196-t One)
i mges or nore than three-color inmages. Likew se, the inmages nmay be the
positive of an .im negative of an imge. It is also possible to
Payer | magbERya TR ere o e & Se - eHPRoR B T BdPorSS RRGESHH | mmges. ¢ ha
nmove fronbuﬂyd,rs{;l ble to visible when the viewing angle of the itemis

changed. EQOZB] The imaged nmenbers of the present invention may be provided
on a supptdA19]i | rAiggrnaiivelpansiead\ad ¢onlaseing emeskgraundnperian.tdeconm nut ed

on' the or By SRRl BETARRT op R8BI sl tlols FEe mgea -

nenber s rrpatrtmsnhqdymdk@«om@tdoytmmpreaeht BleshadMges FidpartisHffcaee of the
article functions as a substrate onto which the inaged nenber is produced.

[0024] Theifiraetied agiaiienr s“\'b%iﬁﬁ@@@ea@@'@raﬂ&VgOftQﬁﬁ'ﬁ'@sM@sléﬁ@t FHEENt i on al so

may be ap K I A ety of

t echni queg4 dyg%cﬁ%gj;’rﬂgg bB{ @Hgstle(‘\olr]ieiiI eé’ﬁ%@ O?@ e];é']{ {"%@eap %83 ?raged
menber t osalvenrfol thb@r(aqrsthat deleakbt mrtlahgedllsshmasmrne pwrtictgs stypi ng of a film
bearing an |ﬂgged menber  or deliverin er to an article. The

i maged meMSShNIGRYY BSTURENG heRATEE e nt \?@Hgﬁgtﬁaéqrg%s MQYAE as currency)

by weavin r al .

Al ternati \%%*?Y&fﬁénﬁﬁrrggdg}] gdrrgnﬁteérds@grrﬁg %@gﬁ%ﬂggﬁ%F é@ I?Igﬁg a]:% or

_pl)_[]oduc![ ngatrag ramﬁurtsl |e’l[agc$3&'hemlr@d rmmted)aga?rmtlﬁrne@}md\md (puk:imtmrﬂofd ga'éerl al).
e artic nmol de inclu ection- in extrude

('t ud nBFHRATOHER POBIETT tiay iy LSSl as aBymaRed FTRIBRY AR MEVAE ext r uded

with the éf/ér'c%bfécf Wftﬁ“ar@eéi%bﬁf é@étrngTélﬁnbéﬁiﬁ@rﬁa%@@F SecPhbdVtE PRESENt

i nvention may al so be provid on oOr incorporated into heat-shrinkable

sl eevgs f BhagechpsiniReramayihg Ltﬁedllﬁlpé@e PO UTBSUbEIALE PAGRY b@rﬂféi%ecbr gduced
et udi ng el X SRR B LB R ARp SR ™ Thetr packag! no.

and crede[0020]s ¢paun®dembddymost, B8 dqrtersd peridde Bragwepattiziey ieditse t he
i mged nenbers, images may be rapidly custom zed such as to create

cr edent i afeatgAvitha CW%GW%E'X CeHUPosHIoALRAHIE H@@om@{gé@at(%r gawitgBleof a
person's e | s which
may bear tcﬂﬁlﬁrﬁé@%?@% efgl%‘c?ﬂb%l&rj@% oﬁ%hrtlax pre %l?ﬁpﬁﬁ#l??%ﬁﬁféggl ude
drivers' bnt:Jeutne@ray ideantyi fanaer ihat deessof glemmmhelatraypsmdoaabg and

educat i onal ﬂlgorts visas, marri ﬂge certificates, %’pl t al br acel ets,

and di pl oﬁB@Y' FRating. cYialiherAlngdy \olaqq?élngngqeuwt@gn( RVAPRIE edi t
cards, co ds, deeds,
titles or@%’?@?’?‘éﬁ ript fegaﬂe,%(%grél‘ffﬂ J?Tgﬁf]@ﬁe Slnétosﬁp |rgfﬁ1€’e9trézt§laeﬂglrﬁﬁbckets
(e.g., tr awesitaglmfmmtmgoor per IlkhengThe tasabde aghsx cempasifiopasaygemsyanps,

checks and ne tatione lckets chi nd/ or tokens,
control | el® {m%ﬁé e(OLd@e domceﬂaer{@ ?)Jrééﬁdéa r%e%npqsl"%%l ﬁlfygﬁed t racki ng
items, andeRsted ﬂ@mdtluw.ﬁusub@nﬁgﬂm% paMitles Mathoot fUFRY firGikmMERL. OTh@ackagi ng

of artlcles of manufacture may include aircraft parts, autonotive parts
such as véfrpglbearingine cuwaie matmm@msmpﬂa@ ﬁﬁ@@@twlﬁaanpmallms and

vt coe.  FapaRiiBt thacsnd ISR ERudRe S0 2 R Mo RRtaleRerol o7 0 T hks
and pri nt angwiegrutiugibh e$ thevrohbrers i’mbehr@phﬁtedl portioy of trenarrayehdas | uggage

and handbags, sporting goods, software and software packagl ng, tanper
seal s, ar tMLER3SING g i rr@ar89|iegﬁﬁ@éiln9/@?q<§e gctine indexemiiastof theh materi al s,
muni ti ons I s and

i vi ng gogdﬁf&ﬁspor ?’ﬁ’ Thggﬂﬁécﬁ %}/%g%rréﬁe er?tgy ﬂklﬂﬁéﬁ?knt&abgﬁlc@

exti ngui sbpacangmdtrfe ﬂammtedlpcmntlcdeas aedl)gs foang etespantidiestienin the pristedngs,
chem cal s, devi ces, pahlnt and coati nﬂ?() ﬁég w ndows and

di
transpar efit ﬁg’fﬁé@g ROFQR WHhinythe fpatrixdnate Prinied A aREYde only a
sanpl i ng QEeda¥idHSm tm@ﬁ%epﬁérl? 8P nidyaste o freBEEIIWith 9 cﬂé‘é‘rc@%lese”t

i nvention. These exenplary uses an I'mage are not nmeant e limting.
coating composition as described above. The imaged member may be used



EXAMPLES Exanple 1: Array of Core-Shell Particles [0026] A dispersion of

pol ystyrene-di vi nyl benzene core/styrene-nethyl nethacryl ate-ethyl ene glycol
di net hacwgl2at2e6tiovi nyl benzene shell particles in water PARAISPII@HSS164 Vi a
the foll ow ng procedure. [0027] Sodi um bi carbonate (4.9 g) from Al drich
Chem cal nc., was mxed wth 40 oni zed ter nd added to
2 10011t ol PBEE ShoheiRLpel R Syt pedelalRIAn PRI g drcll ment | e,
stirrer, fiphtdpuseanfignstier adgpdttt rogen inlet. The m xture was sparged W th
nltrogen for 43 minutes with stlrrl and t hen bl anketed with nitrogen.

Aer osol wmmu ( eadogrth ﬁrrmlr@edte@fdgemwm@nemsteacb@ﬁ@gae@ablun@oanstr| es,

ooy e B AT alh M TS S SR Bl Co o e

mant | e. Stjbslp@FE?orﬁfbﬂglﬁfﬁrarlymr@ecﬂhart@le@|b@iﬁhﬁ9d dl@éﬁt&'d‘ftb(al‘slﬁw@t@m Conpany,
Inc., was added with stirrin e mxture was heated to 60 C. Sodi um

per sul f at B eQIHiaURRLION @Ifra%Hn@fémealp”CEﬁ?p@ﬁperS!Q’fb'S qriegl 8 Hhat ther44 g
dei oni zed ﬁﬁfc?ers)%é’fﬁgs g ﬁ%nté‘rae érHcf‘ql%FrB@gWg'é‘E qulﬁaﬁﬁﬁBFrature of
e consta m nut es. 7 on,

t he mxtuPe was nt for er a|

di vi nyl beanémegér dimeAudrsirate bbarm@alpn@cmmnnyge isrenated ma curghlewas added to
the m xture and the tenperature was hel d at aﬁ&ro imatel 60 C for 2.3
ry

hours. Br mat@scg@Bp§l(y5?9éh§typglhlg@§@joq0§ﬂ$r§|oré}t OlyMSHP{$&!2Pdri ch Cheni cal
Conpany, H’é‘ienél%e%s Seé& b Bl AR %ﬁ?hsmgﬁd@?%%@léh%xttﬁé m xture

wWith stirring odi um persultate rom em cal Conpany,
I nc. (9. 1pgnied |9@gegn@eﬁllmwfzcwewamairl)< matsriald dete filn triay b serooveeda t h

cthyl ena PYOUE SHRLBHe Br RS U (o SRR ety SrgpR 2 |
avai | abl e AfteeHatOERT iR ®Th %ht&ﬁ%&’g@’m Xlrb‘e pro‘é@ée@@ﬂ@@tl} 8n %ﬂeerfdaaCt Ion
mxture wth stirring. Siponer COPS-I | yl oxy-2- hydr oxy- 1-

pr opanesu_US@ﬁU_@pgr(tl d 82.7 g) from Rhodl a Inc. Cranbury, NJ., was added to
L o 2L AT 0 b B B R SR Al PR A o
appr oxi mahgjhyy detdilb@unage may be produced in the imaged member to create mass

customization of images. It should be appreciated that the embodiments

described herein may include an imaged member having more than one

image portion. For example, different imaging compositions may be printed

onto an ordered periodic array of particles and which have different effects on

the respective printed portions. A monomeric imaging composition that

readily diffuses into the particles could be used in printing a first portion of the

array, and a monomeric imaging composition that does not diffuse as readily

into the particles could be used in printing a second portion of the array, either

at the same time or sequentially. The swelling of the particles will be greater

in the first portion than in the second portion so that the imaged member has

two portions that diffract radiation differently from each other. Alternatively, a

second portion of an array may be printed at a later time than a first portion so

that the amount of swelling of the particles between the first and second

portions differs, thereby creating different diffraction properties. In this

manner, a multi-color image may be created in an imaged member. By

controlling the swelling of the particles, a red image, a blue image, and a

green image may be produced in the imaged member. Upon curing, a full-

10



[0028] The resulting polyner dispersion was filtered through a five-mcron
filter bag. The pol yner dispersion was ultrafiltered using a 4-inch

ul trafil twetomwewasi ng with a 2.41-inch pol yvi nyl i di nePCiraseed®ssresnbr ane,
both from PTI Advanced Filtration, Inc Oxnard, CA., and punped using a
peristaltic

t t d.
Dei oni zed® M?gpngng%‘gs'&; ¢ eldlg {j&ﬁé Ebe%‘sﬂ"&lﬁ %94?'5%3@%8%303 of

ul trafilt gat&idrarh&efNisiRIMKREd tEfFéé @I&éhé‘ﬁwgré’@ﬁlrﬁaﬁq%%%%eét%@ﬂﬁﬂ times
until 11349 g of ultrafiltrate had been replaced with 11348 g dei oni zed

wat er . Adaelor snage. uMuHaf:oIOtrnraa@ewytbﬁeuse@wdhéwomlw twpdor®) i ds cont ent

[0029) The S PEolE Ut B FER0GP ImdFoe e, F05 Mragh BAYRY B naust 1 af

Technol ogposititg of ahomagear tAnk ata/e’zomd irhddge Kt iRl y@pbysiBreotigyapht hal at e
(PET) substrate and dried at 18 2 C) for 40 seconds to a dry thickness

of appr oximegdes 9f diffaiieg eplors nth@reua& Ilr¢cﬂ@r imRAes Iimgoes thakreave frgm at 518
nm measur pgg{ | nc. Exanple 2:
Cur abl e A@B’)‘/ I%H Sﬁéwrg%g%%ﬁ nI%t gferfér'té |%ﬁ1¢%r abl e or gam)c

comﬁom t |( {002&]5 ﬁmepmagldgvnambbﬁs cbeﬂhbcmes@tpnw&mmrmay be provided on a
Di pheny1(2, enzo osp
oxi de/ 2- h?HFPF?B& &“ REDMRYIR %F%&%Eﬁ%sk’@p%ﬁﬂ&‘ angdhesePBIMEHECE i/ Al dri ch

ggle;netcﬁlyl ene g“%(lieloh&%}ggo@%dﬁﬂﬁéé%i(farg%?ﬁggn%ég@?%ﬁgr@hﬁ%@éﬁ% bﬁggé 0 Exoo% °
order of 1-10 mm) or smaller flakes. Alternatively, the imaged members may
be produced directly on an article, wherein a surface of the article functions as
a substrate onto which the imaged member is produced.

[0024] The imaged members produced according to the present invention
also may be applied to an article or other physical structure by a variety of
techniques, such as using adhesives to attach a film bearing an imaged
member to an article (as a decal or the like) or by hot stamping of a film
bearing an imaged member or delivering an imaged member to an article.
The imaged members may be incorporated into woven articles (such as
currency) by weaving threads bearing the imaged members into the woven
material. Alternatively, the imaged members may be compounded into
material for producing the article (such as a resinous material or pulp-type
material). The article may be molded (including injection-molding) or extruded
(including hot melt extrusion), whereby the imaged member is co-extruded
with the article forming material. The imaged members of the present
invention may also be provided on or incorporated into heat-shrinkable
sleeves for wrapping around articles.

[0025] The imaged members produced according to the invention having
an image may be used in marking devices, including documents of value,
articles of manufacture and their packaging, and credentials documents. By
using printing techniques to produce the imaged members, images may be
rapidly customized such as to create credentials and the like that require
customized images (such as of a person’s face) which are not readily copied.
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Exanmple 3: Curable Acrylic Matrix [0031] An ultraviolet radiation curable
organi ¢ conposition was prepared via the foll ow ng procedure.

D phenyl(p29/asaiomet hyl benzoyl ) phosphi ne PCT/US2011/058164

oxi de/ 2- hydr oxy- 2- met hyl - pr opi ophenone (0.15 g), 50/50 blend from Al drich

Chem | ) M | W, .added with sti i 5 f
ool aEaATPe g Eanolas SIS ey Bear SR iBSgeS piteibed kbt by P
Ext on, PAtheEﬁﬁr%@Bh?in(’rént'i:éﬁ(%Iu‘c\fer&ﬁ/verQ%%hsé_é!QdéMijé:éﬁéﬁ|c§rd?§at i ng conposition

prepared in Exanple 2 was deposited to the particles from Exanple 1. A
pi ece of avemBENEcoRmrate, [amovegticatienalpl passgolipovisahenaisiggsi t ed coati ng

covered.  sorgpREs TESE et dietndhe Hbafs LR PR il o <y ead
out and f oake ihdlade eatrendy,cRBEi0 8htds) Bomphandex asmfieatdsi ddlectdre’ itdrher stiti al
spaces of the array from Exanple 1. The sanple was heated at 250F (121 QO

until col 8ndérRsiHEECaESs. dprds idas ghaegisthaliPns r Gy Alostotivadi GMRIIANEEr ed usi ng
100 W : h ; . Thi
B e R R

resulted rna fi reen ndicul ar or 0O
degr ees t etanies, cheeky and anghey diidees, Gtdtimnenwdottaryeaisketsachips aregorees or

g;?? ;[ §|r e;?ol}eﬂg, ggr?t%ll\é%rifem%?evg.l,eev%.enlgreg, teiync%r sn kaer)]/sﬁrra[lgi%g %fndc’fParc insghel !
items, and as a portion of barcodes. Articles of manufacture or packaging of
articles of manufacture may include aircraft parts, automotive parts such as
vehicle identification numbers, pharmaceutical products and personal care
products, recorded media, clothing and footwear, electronic devices, batteries,
ophthalmic devices, alcohol, food items, printing inks and printing
consumables, writing implements, luxury items such as luggage and
handbags, sporting goods, software and software packaging, tamper seals,
artwork (including original works of art), construction materials, munitions,
toys, fuel, industrial equipment, biological materials and living goods, jewelry,
books, antiques, safety items (e.g., fire extinguishers and filtration devices),
carpets and other furnishings, chemicals, medical devices, paint and coatings,
and windows and transparencies. These examples are not meant to be
limiting and are only a sampling of devices that may bear an image according
to the present invention. These exemplary uses of an image are not meant to

be limiting.
EXAMPLES
Example 1: Array of Core-Shell Particles

[0026] A dispersion of polystyrene-divinylbenzene core/styrene-methyl
methacrylate-ethylene glycol dimethacrylate-divinylbenzene shell particles in
water was prepared via the following procedure.

[0027] 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
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[ 0033] The UV curable coating conposition prepared in Exanple 3 was
injected wwth a syringe into a piezoelectric ink jet cartridge. The ink jet
cartri dgewoasiZtee297pl aced in a printer system (a Materi &C3/UBRéMIFEIg4 Syst em
FujifilmDi mati xTM nodel #DMP-2800, Santa C ara, CA ) An i rrage consi sting

of a | ogo, text son rait in a.l- or mat, was
Pbaded | weauphed e BerEleini, BRRIAG beriR. Suretren DLl dRBnsaL ABL 1 og
picoliter nﬁ@%ﬁﬁle@f Th@?n&&!ﬂ@‘?\fdstépﬁ? &4 mﬁﬁ%ﬂﬂb@e@fdr%ﬁ MehUtes Wtﬁt' tial
spaces of thé substrate described in Exanple to create an inmage. A piece

of 2 nil 6hirgE avlgnhemtrhammecﬂmtﬁ pitragen A@tmsoﬂ MAG(EH . 8@dn|4rh§)@ The

sanpl e wa 2 o] fit and t hen
ul travi ol §§%?1 rE) @% (t(ﬂy]%% l%%usgpé%dn%/\l W%isﬁ#{?d tgﬁﬁé n%{ ?‘% \‘/\\Etﬂl ayers of
PET were éhﬁ:mgsenxan@d ed.a 48 glddidrgzed warageief iThe mhherd Wagﬁebt:-&j @ green
col or and bl ue background en viewed perpendicular or O degrees to the

observer 8REroximaiedy 07 crusitgiadeiagng erantisackiyrenmaonpaier«Beddm)at 45

d t 3 Th ti

Compos t | BrAIEES hahAideR AR IcAECampanE ey (e BSeh BRbSERY 1Bl A b cce
of 2 ml Hiwkicke Wad Helaken t@ﬁ@oqberSd&@ﬁ%rS{m%etﬂfdﬁn ﬂ@R@rbﬁQ?t@ﬁ'@@ﬁ' tion from
Exanple 3 so that the material was entirely covered. A roller was used on

the top sCospsinyt he. PET.Squinst44g eleianizgs watbrpwas aidied!| tb dhe nristur@t eri al from

Exanpl e 3 t netr he film T a hnuI vjol et radiation
cured usi H Hrf?ﬁ vfﬁé#écfﬂ%r%“érﬁpo”&%éﬁf‘% %V\?g?%a g 592 «9 t hen

separ at ed mlﬁ'th't@sl Rfer @@ﬁaﬁomﬁnylbbﬁﬂé@e ﬁbﬁﬁﬂld@l@h@heﬁfﬁldabd')émpbﬂ‘}kgr ound
when V|ewed perEendlcuIar or O degrees to the observer and blue col or and

col or | essINfaclR§psuadwaneqdded dodte BYXtue geg hectenapergiamas heJdidie obser ver.

curabi o caRbioRlraBRBE; Elohsiodts. B A8 AANG ) aktal Guflahily .

syringe i fibf mewaﬂelelcnfétrmbsl @@ﬂﬁgﬁﬁy |ﬁ@r(5®ggﬁ1ow Qéﬁoﬁ@%dtvbﬁer)ﬂh@s“/ed in
the printer systemwith a 1-bit bitrmap format as used in Exanple 5. The

printer sfgddedieiBpoFixiee Witféétlrrmr M@ﬁum@umfpefﬁu@ateéromhh he 3 to

penetrate

pi ece of 9%'&%.8%1 rﬁﬁé@rqﬁ ‘iin bpo?&ggh &’g%%r %%Sa%g%%@ﬁfhgal mage The
sanpl e wamikesd thh%ttlrrﬂ‘fg)FA(rﬂJRﬂJré?)of erytrerhe @noag mtﬁw meﬂwaabﬂatrevadsemd t hen
ultraviolet radiation cured usin Wrrercur The two | ayers of

PET were Qh@rﬁhﬁlﬁﬁ%ﬂwhdmﬂﬁbéwb%ﬁé% Q%QP@%\@”Y'%@@W% 30 9}idlm had a green
col or anda@%\’aﬁol%ﬂﬁe co |'3ﬂ (‘éﬁr}ﬁﬂlc‘é aﬂ?r ﬁ’\%n%%égé%ﬁfo fhedegefss to the

observer an bacKgroun en viewed at 45
degr ees omnguww&h sttlmngneSrp)bsrmT\ié@PSEIO(G?AI]yId’XyeQWdomxyabJ e coating

corrposition epared in s deposited on th ilm A piece
of 5 w1 Sfaroeaior S Tndior FRo 6 C e e 005 vER SakeEO Al fr om
Exanpl e 3th'9é3rédéﬁéntrrﬁ]%tu?@%ﬂh's%'rnﬁ@ﬁné'ﬁdsr BlIdwWE G £ 00 ) Ribfkedas used on
the top side of the PET substrat®e to spread out "and al owthe material from

Exanpl e 3waterpehaege all etterperdture dhibeguixplre wassmaldainedtat£0° & & radi ati on
cured usi n a 100 X)\é rcur | anp. The two | ayers of PET were then
separ at ed 2PRIQXINALE m)re i ntense green color and bl ue background

when vi ewsha®" p%@'@gulﬁhg%lﬁn&eﬂéﬁ@r%ldrﬂmwﬁlté’ﬁéﬁechy gtkﬁé‘ﬂvéﬂnﬁl@rd?f)' or and
col orl ess background when“vi ewed at 45 degrees or gredter to the observer.
[0038] It fiit¢nbag: Thadolynappspersoanedapylttaitsedsksing add-incht Hisatitratiomat

housing with a 2.41-inch polyvinylidine fluoride membrane, both from PTI

Advanced Filtration, Inc., Oxnard, CA., and pumped using a peristaltic pump

at a flow rate of approximately 170 ml per second. Deionized water (2985 @)

was added to the dispersion after 3000 g of ultrafiltrate had been removed.

This exchange was repeated several times until 11349 g of ultrafiltrate had

been replaced with 11348 g deionized water. Additional ultrafiltrate was then

removed until the solids content of the mixture was 44.8 percent by weight.
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nodi fications may be nade to the invention w thout departing fromthe
concepts disclosed in the foregoing description. Such nodifications are to
be consi depedi2zasiioncl uded within the foll ow ng clai ns uRCEAS201hes5816b4i ns, by
their | anguage, expressly state otherw se. Accordingly, the particular

i ti g [9%Hie J68J0atsraf HeSiARPURR o R plerPqetst BoBe fan Yerherer el |
breadt h ofrethigo NE%@QHGGCI' oWa%U&BPW"t@ @Ehlﬂﬂﬁ’d@ﬂ)él @MVIe\h@t@Fép‘htﬁQQfeeOf THE
| NVENTI ON CLAI A nmethod of printing an image that diffracts

radi at i on(RBRpsibstrage and'dnedams@%m @p° &) for d@rsedoms toodi drydhickyess

P adi at | onol AP HATRLA FicbRa he eriisd mate A ARG S S1B3M D ot ng

an i magi “Ewefa%UF&fMth@‘CQWm@s@é&thﬁ?fbt&ﬁefe’Mo% 'V%Yah”ln% configuration of an
I mage; shifting the wavel ength band of radiation diffracted and/ or

changing the refractive index by the printed portion of the array so that
the printed portion diffracts radiation at a different wavel ength band and
reflectivity intensity froma remaining portion of the array; and

Example 2: Curable Acrylic Matrix

[0030] An ultraviolet radiation curable organic composition was prepared
via the following procedure. Diphenyl(2,4,6-trimethylbenzoyl)phosphine
oxide/2-hydroxy-2-methyl-propiophenone (0.15 g), 50/50 blend from Aldrich
Chemical Company, Inc., Milwaukee, W1, was added with stirring to 5.0 g of
polyethylene glycol (600) diacrylate from Sartomer Company, Inc., Exton, PA.

Example 3: Curable Acrylic Matrix

[0031] An ultraviolet radiation curable organic composition was prepared
via the following procedure. Diphenyl(2,4,6-trimethylbenzoyl)phosphine
oxide/2-hydroxy-2-methyl-propiophenone (0.15 g), 50/50 blend from Aldrich
Chemical Company, Inc., Milwaukee, W1, was added with stirring to 5 g of
propoxylated (2) neopentyl glycol diacrylate from Sartomer Company, Inc.,
Exton, PA.

Example 4: Fixed Array

[0032] The UV curable coating composition prepared in Example 2 was
deposited to the particles from Example 1. A piece of 2 mil thick PET film was
then placed upon the deposited coating composition from Example 2 so that
the array of Example 1 was entirely covered. A roller was used on the top side
of the PET substrate to spread out and force the coating composition from
Example 2 into the interstitial spaces of the array from Example 1. The

sample was heated at 250°F (121° C) until color change was observed and
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fixing the printed portion of the array, such that the printed portion of
the array diffracts radiation and exhibits the imge. 2. The nethod of
claiml, wbhepeimwizhe i magi ng conmposition changes the di REMAiSeL1M68164
refractive index of the particles in the printed portion of the array,

t her eby s Ien th band d ract ed b t he printed ortion of
the. art ay et Raios Poieuans o I e e ey The BsrEUER | on
conpri sesoffPRINRER thBﬁtse%B?eﬂGG ths réémlh%fll?m%a& ﬁfaﬂaepéﬂe‘éﬁ ddltS’reX of the
particles in the printe ortion of the array. WO

2012/ 06120/PT M &Y82D per i@4ar or. 0 fagraestthde obselver and,a blbercelar t he i magi ng

par 11 ol es whel Vil pEARRIEaRESs & GRS N ahe BhaStRE Far T Cl o5 have o

core-shel|l structure and the imaging conposition changes the di mension and
refractive index ofxdhglePRErirtingG ¢th&h Aray of Core-Shell Particles

[0033] The UV curable coating composition prepared in Example 3 was
injected with a syringe into a piezoelectric ink jet cartridge. The ink jet
cartridge was then placed in a printer system (a Materials Printing System,
Fujifilm Dimatix™ model #DMP-2800, Santa Clara, CA.) Animage consisting
of alogo, text, and a person’s portrait in a 1-bit bitmap format was loaded into
the printed system software. The printer system deposited picoliter amounts
of the composition of Example 3 to the interstitial spaces of the substrate
described in Example 1 to create an image. A piece of 2 mil thick PET film
was then placed upon the deposited image. The sample was heated at 250°F
(121° C) until color shift was observed and then ultraviolet radiation cured
using a 100 W mercury lamp. The two layers of PET were then separated,
yielding an imaged film. The image had a green color and blue background
when viewed perpendicular or O degrees to the observer and a blue color and
colorless background when viewed at 45 degrees or greater to the observer.
[0034] The UV curable coating composition prepared in Example 3 was
deposited on the cured image. A piece of 2 mil thick PET film was then placed
upon the deposited composition from Example 3 so that the material was
entirely covered. A roller was used on the top side of the PET substrate to
spread out and allow the material from Example 3 to penetrate the film. The
sample was then ultraviolet radiation cured using a 100 W mercury lamp. The
two layers of PET were then separated. The image had a more intense green
color and blue background when viewed perpendicular or 0 degrees to the
observer and blue color and colorless background when viewed at 45 degrees

or greater to the observer.

15



6. The nethod of claim2, further conprising heating the array to enhance
the changing of the dinension of the particles by the inmagi ng conposition.
7. The nawbadiaafe1297ai m 2, further conprising coating theCausaginsgias an
overcoat conposition. 8. The method of claim7, wherein the overcoat

conposition is rabl e, met hod furt n ri t he overcoat
conposition to IRiE 64 f'ngﬂg é’i‘l‘ﬁrbf‘friaﬁé’ ?H@Cfﬁa'&eghﬁﬁpﬁg Cﬂﬁ nted portion
and a background in the remaining portion. 9. The nmethod of claim?7,

wherein t pgharyer §paty g QIRass tchf‘n Béh%BE@BPfg?SQﬁ%gtuhcé@?nq]@ 3Wgs array that

are in the prirnted portlonto ucea tin I mage in the
printed pm]ected vatinda sirengesimio alpn@zqmed:tnomlbjet ngrtrs;dgrstvdncm stytheol orl ess.

1O, e e 0l G bR o U DGy e B AR 8 0
The printer system deposited picoliter amounts of material in Example 3 to
penetrate the substrate described in Example 4 and created an image. A
piece of 2 mil thick PET film was then placed upon the deposited image. The
sample was heated at 250°F (121° C) until color shift was observed and then
ultraviolet radiation cured using a 100 W mercury lamp. The two layers of
PET were then separated.

[0036] The resulting image in the film had a green color and blue
background when viewed perpendicular or O degrees to the observer and a
blue color and colorless background when viewed at 45 degrees or greater to
the observer.

[0037] The UV curable coating composition prepared in Example 3 was
deposited on the imaged film. A piece of 2 mil thick PET film was then placed
upon the deposited material from Example 3 so that the material was entirely
covered. A roller was used on the top side of the PET substrate to spread out
and allow the material from Example 3 to penetrate the film. The sample was
then ultraviolet radiation cured using a 100 W mercury lamp. The two layers
of PET were then separated. The image had a more intense green color and
blue background when viewed perpendicular or O degrees to the observer and
blue color and colorless background when viewed at 45 degrees or greater to
the observer.

[0038] It will be readily appreciated by those skilled in the art that
modifications may be made to the invention without departing from the
concepts disclosed in the foregoing description. Such modifications are to be
considered as included within the following claims unless the claims, by their
language, expressly state otherwise. Accordingly, the particular embodiments
described in detail herein are illustrative only and are not limiting to the scope
of the invention which is to be given the full breadth of the appended claims
and any and all equivalents thereof.
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11. The method of claim 1, further conprising coating the array with an
overcoat conposition prior to printing with the imaging conposition. 12.
The net hosloab12alesiom 11, wherein the fixing step conpri s@STUS2MYSE1he
printed portion, the remaining portion, and the overcoat conposition. 13.

The net ho =Y i he printing step conprises delivering the

i magi ng cgh@%@f%éﬂﬁkéﬂéﬂgﬁbﬁhﬂﬂ r. 14. The nethod of claim11, wherein the
printing step conprises delivering the inmaging conposition via xerographic
printing, ink jet printing, flexographic printing, silk screening, gravure
printing, or intaglio printing. 15. A nethod of producing an inmage that
diffracts radiation conprising: printing a dispersion of particles
onto a substrafemethod af@irntipy raat ineyeothaadiffractg eadiatien eomptibimgpar ti cl es
self-assenble into an ordered periodic array within the image; and

coating the particles with an overcoat conposition to fix the ordered

peri odi c arr ayasserpeling an @sdetedmeatioditeanangepardigsls ahasubaisatenage diffracts

radiation,ab 4,46 3%9%%&‘@0‘(@4 804 8s P2dtion in a wavelength band

dependent on viewing angle;

printing an imaging composition onto a portion of the array in a

configuration of an image;

shifting the wavelength band of radiation diffracted and/or changing the
refractive index by the printed portion of the array so that the printed portion
diffracts radiation at a different wavelength band and reflectivity intensity from
a remaining portion of the array; and

fixing the printed portion of the array, such that the printed portion of
the array diffracts radiation and exhibits the image.

2. The method of claim 1, wherein the imaging composition changes the
dimension and refractive index of the particles in the printed portion of the
array, thereby shifting the wavelength band diffracted by the printed portion of
the array.

3. The method of claim 2, wherein the imaging composition comprises
monomers that change the dimension and refractive index of the particles in
the printed portion of the array.
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16. The method of claim 15, further conprising printing a second di spersion
of particles onto the substrate in a configuration of a second i nmage,

wherei n twe 28edomd7i mage diffracts radiati on at a secondCaaiSectiabdies

wavel ength band. 17. The nethod of claim 15, further conprising printing

an imaging conppsition ontp.a portion of .the array of .particles in the
mage, wher i n' IREPRAGIH sTAB D P NemASNG FIMBPSHPREIHRN vavel engt h of
the portiesmpliséHa RVt that dhaRgbsRIEmnsinesk e tiarfidies.i magi ng conposi tion,
so that the portion of the array in the inage printed with the inmaging
conposition diffracts radiation at a different wavel ength from a renai nder
of the image. 18. The nethod of claim 15, wherein the particles have a

core-shell structure and the imgi ng conposition changes the dinension of
the particle shells. e nmethod of claim 15, wherein the printing step

19. Th ,
conpr i sesdel i VBRIMRINPRS! §lalmer. sYhaTer theRariicee dayacrarashellbst rate via a
printer. Rﬁiﬁ N méﬁ L LAt L CONPri ses
xerographls‘%g%tyl;@ngpﬁgﬁgl n Pg%b@rqar?ﬁ%r?g g%)%‘ggéap ?@élgb iaﬁtair%]igr,g&éﬁ)k
scr eeni ngindgixaof dne particte sihgjls. or i ntagli o printing.

6. The method of claim 2, further comprising heating the array to enhance
the changing of the dimension of the particles by the imaging composition.

7. The method of claim 2, further comprising coating the array with an

overcoat composition.

8. The method of claim 7, wherein the overcoat composition is curable,
said method further comprising curing the overcoat composition to produce a
film exhibiting the image in the printed portion and a background in the

remaining portion.

9. The method of claim 7, wherein the overcoat composition coalesces
the particles in the array that are in the printed portion to produce a film
exhibiting the image in the printed portion and the remaining portion being
substantially colorless.

10.  The method of claim 2, further comprising removing the remaining
portion of the array.
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11.  The method of claim 1, further comprising coating the array with an
overcoat composition prior to printing with the imaging composition.

12.  The method of claim 11, wherein the fixing step comprises fixing the
printed portion, the remaining portion, and the overcoat composition.

13.  The method of claim 1, wherein the printing step comprises delivering

the imaging composition via a printer.

14.  The method of claim 1, wherein the printing step comprises delivering
the imaging composition via xerographic printing, ink jet printing, flexographic
printing, silk screening, gravure printing, or intaglio printing.

15. A method of producing an image that diffracts radiation comprising:

printing a dispersion of particles onto a substrate in a configuration of
an image, wherein the particles self-assemble into an ordered periodic array
within the image; and

coating the particles with an overcoat composition to fix the ordered
periodic array of particles within the image, such that the image diffracts

radiation at a detectable wavelength band.

16.  The method of claim 15, further comprising printing a second
dispersion of particles onto the substrate in a configuration of a second image,
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wherein the second image diffracts radiation at a second detectable
wavelength band.

17.  The method of claim 15, further comprising printing an imaging
composition onto a portion of the array of particles in the image, wherein the
imaging composition shifts the diffraction wavelength of the portion of the
array in the image printed with the imaging composition, so that the portion of
the array in the image printed with the imaging composition diffracts radiation

at a different wavelength from a remainder of the image.

18.  The method of claim 15, wherein the particles have a core-shell
structure and the imaging composition changes the dimension of the particle
shells.

19.  The method of claim 15, wherein the printing step comprises delivering

the dispersion of particles onto the substrate via a printer.

20.  The method of claim 15, wherein the printing step comprises
xerographic printing, ink jet printing, flexographic printing, silk screening,

gravure printing, or intaglio printing.
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