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¥*the Invention it This invention relft'¢&8308
hol ogr aphi ¢ sensor, and to its production. Background
to the Invention 5 Fblographlt sensors may be used for
t he det ectl on of a vari ety of anal ytes. W095126499 -
di sddids@&HAtin B e HOSIN Gr HE DEREICENEQUSHPRGPERTIES

h sensor conprlses an anal yte-sensitive
Bl of F il optical transducing structure
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gol ogu am di s osed therein, wherein an optical
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mem:p&weyfel lume tobianges ep efuctirs B 8irafgd e aBKRG place in the
aspect of the invention, a nethod for the producCtion

(ﬁméytﬁtﬁeﬁgﬂlé@ Iﬁ?ﬂ&ﬁﬁé 8EE0ESUlb ppintgrastionmer sasfisn ofith e analyte.

feor t gneous support nmedi um by: (a)
nﬁ'{lng Sf 8 noners, wherein at | east one of

the  pRlcwr®ng ﬁﬁé fi aé;?é’éf bf i3 lgi\%lﬂio‘h' %énsér dé%gﬁr%%s a support

during pol ynerisati on; i ntroducing 1nto
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hol ogr aphi ¢ recordi ng terial
hetarggemdnius. i mage. This nethod allows the sensitivity
of the sensor, to be accurately 30 predeterm ned. An

arr ay porgiigrnoihies dseed afjhainventien amethes fortherrroduction
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00 formmg a heterogeneous support medium by:

(a)  polymerisation of monomers, wherein at least one of the
polymerisation reaction conditions is varied during polymerisation;
or

(b)  introducing into a medium a component, reacting the component
with the medium or a second component present in the medium,
and varying the extent of reaction occurring in the medium;

disposing in the support medium & 'hoiographic recording material; and

recording a holographic image.

This method allows the sensilivity of the sensor to be accurately
predetermined. An array of sensors produced by a method of the invention may
comprise sensors having different, scated sensitivities.
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2 Anot her aspect of the invention is a nethod for the

wBlasuptd,on of a sensor which conprises a negi and 02/2007
hol ograr?n di sposed therein, wherein an opti ca&ﬁ%z‘m’” 4o

characteristic of the mediumyvaries as a result of a

change of a property of the #edium the nethod

conpri Si the steps of. 5 formng a support nedi um by
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depdinaeAte Biethorbcampiisingdhe stepsaifiot her conponent

prese 10t ] re. The i optical characteristic,

ey varyig' LSt Miumily mouEie Glce i of peharisable

tr ansidomponenfCal hdhet BoRpbHEdher aspect of the

~inventjion, a nmethod for t%e prodtUcti on of a

i .5 | ;/eﬁimmmﬁﬁ?g isephot neaTisora m?gfrapg;zsfetgﬁdfgg eRstebl: and
or . a er ogenepus support nedi um having a
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PP?%%‘q CEHEP Ededmap yRRHES afTesHi oh thenwerium anderguingarphase
trBRsigyhent of reaction is varied throughout the

medi um The invention provides sensors which nay be

par ti Actarding wedlithet Sspdteof theShvbribn S#dihd Y for Y production
ﬁgg@l@e, the sensitivity of a sensor of the 1nvention

e Rejogeannieisentpdrcompiriess timstepalafng an exact
copy e is virtual] i npossi ble. Brief
Descrﬁg)m%gna gg {é’?ﬁée‘ﬁ% FHRPOR; 'éﬁij'é'%h@é‘”@ ar@lparan disposed
peak tHrdughact trenvonayel g ainst tinme (sec)

i n succinic anhydride cgﬁg%ﬁédgﬁr??ng val ues; 30

Fi gur(d) 2 ilBiredupingtirofighaakheiditmecifiadsvpoighergtfoss-linking
(nm against pH for succinic anhydride (S),

nor mal / untYEERY PRIUGE acetic anhydride (A);

28/ 032P00 feacting the monomer mixture to create a second polymer having a
helographic image recorded therein, where the first and second
polymer form the medium and wherein the extent of reaction is
varied throughout the medium.

The invention provides sensors which may be particularly useful in the
field of security. For example, the sensitivity of a sensor of the invention may be
so varied and complex that making an exact copy of the sensor is virtually |
impossible.

Brief Description of the Drawings

Figure 1 is a graph of peak diffraction wavelength (nm) against time (sec)
in succinic anhydride at different pH values;

Figure 2 is a graph of peak diffraction wavelength (nm) against pH for
succinic anhydride (8), normalluntreated (N} or acetic anhydride (A};
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graph of peak diffraction vvavel ength (nm against pH
under different conditions. 8 Description of the

I nvention The heterogeneity exhibited by a sensor of

t he i figuneilde ammpib ef pealddiffractiéh avelghptreinm) dgatst pH under

PR AR ot ) o
(e, Sl e YA R3PS el ESBRRSABSEh hpinctos

pndelednffem*rceadltmmstl es. A sensor of the invention
referabl y conprl ses a polyneric support nedium

2lidihe Ig¥gntiea achi eved by varyl ng the degree of
pol y ne so,t hat
201 VTS SOl B U LRSI ol 1 SO M0

Ahdrr&tmeﬂyat theel sentsﬁﬁ smeg! wx"ﬁﬁh&? dar QUbSBntAMY t&brﬁzn@:@us or
case, the regions may be such that, at a particular

@*mb@tléteemhar@euoé pragertiesarigus payctinwdne sendr trsaverdenale

t t
& ikSatee By SreCRLniN i cadn ¥ iy roERPam) of difrent
@@b}éﬂgsy,@awhégn conprises functional groups that can
readily nodified. For exanple, it may be forned '

fromfhy&ﬁmny@tfﬁpe imeritaey piederably20ofhpbHEDA'S polymeric support
) and/ or ethyl ene

am,noet hy, rret hacr | at e AE
fa?am:m t&?a(y* WC}WI%&@M yanying ofhg (dagree of
f |
maﬁéatwrgégﬁe@e @%ﬁ% r%ﬂg‘é tﬁ%?t%%rn?m uqs*(”bgﬁhpﬁégs a

be” readi
substamtiatiy pe!ymenseg ra@eamyltérremvelyabssaﬁolmhséﬁ region. Inthis

anhydri de, succinic anhydride or _4-nitrophthalic

%%ﬁ'z q EREIODS Meiveb® SuCkTing, Bf ar eam%@rﬁm Wte geneentration or
r&ﬂ@@; Qp %Qﬁéﬁf@l{é@‘ﬁ%hﬁe}: \f,af;‘[i% %g the ﬁ@ i't%@é%c?%%ﬁ'c 8She same or

sebetmmiibily Brl e iedeh Radi@t.09r aphi ¢ el ement conpri si ng
HEMA/ AEMA nodi fied with succinic anhydri-de replays at

appr GXelestldyythewelsegric medaerrmt@mmms flaEtanalgups that can be

T T

(HEMAM, C apvstnd %@mbﬁﬂi&e AERA 'éi'\d?BPyQtrh e diglycol

nodi f i 'ed regi ons can be ‘used as a pH sensor;

mﬁéfnmiate (‘EMAN emonomenp pAaesukanteoiyiner san‘pnsei;lem amino
e V\(ould knowthahthe His less than 4. A
futietiona group which may be readz modified. Amino groups may be modified,

for example, using an anhydride such as acetic anhydride, succinic anhydride or

4-nitrophthalic anhydride.

The use of different polymerisable components allows different
sensitivities to be obtained, for example, in a single holographic element. Below
pH 4, a holographic efement comprising HEMA/AEMA modified with succinic
anhydride replays at approximately the same wavelength as HEMAJAEMA
modified with acetic anhydride. Thus, an element having a HEMA/AEMA
polymeric medium comprising succinic anhydride-modified and acetic anhydride-
modified regions can be used as a pH sensor; when the colour of each regicn
appears ¢ be the same, the user would know that the pH is less than 4. A
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>8. 5 A hol ogram may be di sposed t hroughout the vol une
of the support nmedium A sendor of the invention may
co ,ri se_a hol ographic elenent having 5 a
Qr elfeely igohaeret " whar eogizatingn ticetity ahbydrideamoaified and

b%f‘*?’r P HEN NPl B 86 ol yror i sat rom 16

gradedA Hbjogramymh b%CB sFé@éﬁ Wrogipﬁgﬁir it b?lbm%x&‘)%g Support

of the nmediumto de) pol yneri satfon condr tions
hﬁleél@#apﬁ sEnsioe ke imentioy meyoosgiraetsd hd)!bFrdphﬁj diégent having

vvav%%g%@?ﬁl Q%Fe%{’fé P-O%w r : ﬁ@g %ﬁsyp% ag{a%ac&am vaingdhe eixtent o

ey n; Enlyiheftc iy 'ﬁ"g reofe®ot B8 deige SERGupistisBton s
n@adeied Thaglnmy betdrhieplayy afifféreatisleRoiaye|#nas rfneeohum to
i ndi cate that each region is subject to

ﬁg?ﬁq@m&%a %F%@tiorl?oncentratl on. Therefore, at a

oiven bPRSPAITH PR DR O A Bl iy e
anglegier sparceivephyi \mwemgﬁafdil %@éﬁ Whngd8f Aalf L{a%acéﬁr?ataon

r adi ent t he same col our w |l e indicative 0
RATBAWith A lese medifiseane. atin dhis Tames if & fsubsieetisity modified

|
TR EEa (AP leR Mo BT R S e !@ﬁ@gfh@&amwwength
lﬁeereﬂ‘ﬂisom fredieabl i?;"aﬂte%chhs% % %gﬁ}efzﬁnto Eraﬁf [Ent analyte

anal yte concentration. 20 A el nven
ﬁﬁ&lc%lﬁilﬁifqﬁse—rhﬁtaf@@u at agaammaaud poindmddng mmmty eradient, a

Bl Rlod Sl B i rowiones ety ecioruBiiines Abg diferent
geipt Qicﬁf@tﬂw@%rédf@hPE%éé?'ﬁe el b@H %}%ggj?%%ﬁfeggpg%naiyte

the pol ynerisation m xt
wmwnt@tmpg rms;:iﬁ aasn%r(cbrﬂmis@&%ib@r@ph)o el8mkAt cdrprising a

rrer|sat|on The 25 pol ymerised m xture
%6?'?%! “f' e&'%’% sanddysisrercacaladr mbqﬁngrmd toaalibrate the

@aié}ﬂ?mt Eﬁ@g%gatg@gg%rs can then be

e ectively depr cte |5'0I ymeri sed. This allows

accuratmetieal iohghefintdiftiore Aty bBhinyisef uﬁt’i‘:@uéi@@sgﬁ additional
Alternailvel , the additional" conponent ma

reeRIEel 19\ khe Polymer flioyedrby Mmrwimefmﬁ IHanlexbiple, the
S e R ShEhY b BTy S Sgnomer
sf;d?gg?igﬁﬁg HZ tH Sg@rﬁ&ﬁé%ﬁé}%ngﬂ rrlbgﬁlg) err‘F'en‘c{jéJ Yo Blotdi&d with
groups such as N-{f-butoxycarbonyl), prior to the initial poiymerisat;on The
polymerised mixture will then comprise polymerised and non-po!ymerssed
regions. The protected monomers can then be selectively deprotected and
polymerised. This allows accurate scaling of the sensitivily of the sensor.
Alternatively, the additional companent may be a cross-linker, the polymer
comprising cross-linkable groups which can be selectively cross-linked. Cross-
linking is another means of precisely controliing the polymer structure and thus

the sensitivity of the holographic element. Particularly preferred s
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desired varied response. The sensitivity of the
hol ographi c el ement can be comtroll ed using an agent
such as a chromate. The use of a chromate with

gehaiochemisss ecbssdpiirg invelviregliie (e opar tarkbiere.ghepsy-scale)
crosg | i nked th f ormal dehyde), may reduce the
BRSK PR YRVSS ?H’@S@fi@ YBHEd TAFONEE.at the same time

incre
21 r oS EentuER e nIBUIPLRBmed? oail e BORERIER Dfipo an
mgerﬁrsusb ablaﬂfedmte aTiselDs¢ bbd ehrofmage hathi fegatatd-Bhdasupport
n \é@ gr is . coated onto a 10 suitable substrate, e.g.
@ @h parfirat thosarerepsiakedb seth fprreakd@ayde) anaayomeduce the

S g, 55 el LoyB I IS i LRETAReRPS 1€y

didfederegth. concentrations of say, chrom umions,
causing a differential cross-1linking and therefore a
di f f ededpis #mbasiment iaiirsysteris to vantea gattinevmmdymar, avhich is

M easink R APt A A el SR Govmisnis cotediato a
BaithbleonliRiifte 2o, o€ sk BF @Tﬁé@}zé UHitH Ps MALD gjel ﬁ‘%/% % aliow

more chrom um’i ons.”. The wh Imis lowere
oeistihetadhesibn HEre gelstins éslaliowadhi®s adul anidwet.sol ut i on.

The f h d f th | ut
o1 owi {186 B dbe BRlstBe e bR alpLnthal ?é’r&”é?cér%a%@b%a say,

e B T R e e

Eensitivity. ZTtiotan bemshievbd irt haubmaehof Way. aDné BgaivPR is to create
g%a%l ne film One is a concentrated chrom um sol uti on
H&tc Vﬂif%?h%mehe getpineURtean balowsredr The athuantains a

o SRS, TP of Bt Bl 9 AR i

@wma ﬁmo ¢lae bt aneURNSAtNdEed m&eashram;&rh %o!tﬁfo% Ofhe film is
chrom um sol ution addition rather than water

heaireised outri Hephramiym @oil@oe Glratly go éi@etgh%taemrm whigh have
W, Soarietih 8 sHEBN et B oroffer Pes LR Paids Sy
|

ot o miaCefeinag Esﬂ*‘?‘ﬁg"%d;?? o P2seliafs Sugage bath

@mitAning tbg@&ﬂmne f¥emsOne imy coaceleritgd edrctm;dnaseluaon and the
action with an anal

ﬁﬁ%ﬁvr\}%t%g efﬁ@% OHrfq?grsﬁ@p pgmignw@ slegrease over%me ifthe rate of

water addition is higher than that of the chromium solution. The gradient canbeg
reversed by increasing the rate of chromium sclution addition rather than water
addition.

This principle is equally adaptable to the use of giutaraldehyde solutions
as the cross-finker rather than a chromium solution. The cross-linked polymer
can then be turned into a hologram, e.g. by diffusion, as described in, for
example, W025/26049.

A holographic sensor may be designed to have an enhanced response
upon reaction with an analyte. in such a sensor, the holographic element
preferably comprises a hydrogel-based support medium which, upon reaction
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preferably conprises a hydrogel -based support medi um

Wwhi f on reaction 28/ 02/2007 WD 2006/ 008523 28/02/2007
wilhasts

5/ 002846 6 with an anal yte, under g8elCE20051062846
phase transition, for exanple towards a glassy state.
Associated with this phase tr@nsition is a shift in an
og}ttbcal characteristic, such as the peak wavel ength
o113 F} PRV Po HNJeTaese Ahesal Bansitiom ok kkampis towards a glassy

d o AL i cul ay.
AT A
ofisaty wedhel pediawaverihgih T WfFRAch N e rﬁﬂ:grbngf the shift is

copolymers to the initial polyner and
RATsensomiie temperatipe rittapartiatlantgeokrallyi devated) temperature,

" - ccurs.can be varied, Therefore a
SIS IS Bhesrypan 1 hesoepnidscougissthat Py agdingisepolymers
desthgrisigas | ' fhat ..
oo P RolE: crirIREL BT RA e MERyls af DRlon wis
s PYRRITTEBROMSS mogus tary benvaridove Veerefdre a e8nsdreto be used at g

J eQus.to produce silver-free hol ographic
% g‘égﬁ%g&n%ﬁa\ygpé)%ge degigase sodhat lisenamdgaimiespanse occurs at
Iﬁgﬁtegémg@fg@@,@s medi umto produce sensors with a scal ed
sensitivity as follows. A sensor polyner is produced

(P1) Mestholsgrapiic spadorsesly oAtsi08r foFofAE MA@, HelRTer it
oss-1inpking nononer m xture (P2) to 15 produce ’

Fa © RPGEIgeORR A RIBryeRsilver ifingetolagraphitesatsorsr ilver-free
SRR b TR B S
surke densitidtyPds fdliows. Wsé@%?bo[yﬂé@lié g@é&%d?ﬁg?é%% cond

the P2 mixture to the UV | aser 'w | exten
RPYRESRYYL i carieidnguiaveing & dressdinkingt menBhepahixtme. (P2) to
I4S; f 20 t.h I i Vi f th
| f?@?ﬁﬁ ﬁﬁgdﬂ E&s%dﬁﬁ%ﬁisp@!%#ggﬁgS%géﬁég@;aﬁ@&logram within
PhsPolymenbaGubEPR & SRAEH AGE LY %déﬁfé‘%fcth?g’%@%%@é! #High has

whereby differing sensitivities are
dtimie Rerea Udilasert he P2 nmixture to the WV
Iaser.rfor different amunts of tinme. A silver-free

t echni UM Of SHEOPYIs Ot e 2 HBbiture todbe A1V dasseillcaffect the
e | el '
Bfeont S gdst Anfehri fadfoss SRR Mot ThiSh tymariects

e sengitidlyef denssuiting Molbgrapht étisbr ahs f@glt:%r@{artlhailansﬁaﬁxem
e pol yner

a cond ensitivity in the fringes o
C?Wg’)et?e W@F‘EF%EQF pAging thjs tashnissiepalersby differing sensitivities are

LRI BIS g B EEREBIRE Bt S o e

apecatsof ttke anayte. The net effect of swelling or
contraction of the P2 fringes will result in
A silver-free technique of the fype described in WO2004/081676 can be

used to create single holograms with two distingt sensitivities. The concept is
based on the use of one sensitivity in the initial polymer (P1) and a second
sensitivity in the fringes of the polymer (P2).

More particularly, by comparison with WO02004/081676, a second
sensitivity is added by creating a P2 mixture which contains ligands for a second
analyte. The net effect of swelling or contraction of the P2 fringes will result in
an alteration of the refractive index difference between P2 and P1, thereby

resuiting in a change in brightness. By conirast, binding of analyte to P1 results
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an alteration of the refractive index difference

ween P2 and P1, thereby resulting in a change in28/02/2007
“ﬁﬁ’"@ﬁ?‘ﬁé‘és By contrast, binding of analyte RQ’ RO2E LG

resul ts 28/ 02/ 2007 WD 2006/ 008524 PCT/ GL32005/ 0028- 96
7 in swelling of the overal I polyner and a change in
t he wavel engt h of the signal wth mniml change in

tih swedingef the @veralepalyMausnd & bhatgs lrghmelvmmgble of the signal
shift versus

%ﬁ?@r BERTR P acarVErnaRe. pTad el Avadialeipan be
Paﬁéﬁ@@ bnSiBe ®al gcﬁ%é%’é}]&%ﬁ?%ﬁﬁ%mé ;BYerFsFi shift.

fraction of 1|1 ogram e visible
u nder Timegrairisocat therpresanirventiogban chphSQ Bthofdgram generated

S A A wgm O e 355 icaton
hi
URHBONART A RO e . el S5 o yRAE gy B

tenpenatdecinagnetisrh ot prdseuenemdiidnec trhehiodrbbiBimadaday be
ght 10 where the neans may conprise a

th | aser [
\Ata’a|°$>.!?°§|<ﬁdﬂa\@y%2- oriFedig@nsionahatiotie H@wsemsmenayocanpnse

h
fie8hy 6 oE RS o 1A e aractitn TS avity e tiont,
wﬁ@tw@;eqﬁeadgtrwmnprgte AW SHEIngMalefL e 1n a sanpl e,

whi ch_conprises contacting the sa e wth the
sensofhe asrnseEt way i bry senpitivhategerotnalyte ophicicab a chemical,

FABARICE] pEbicfaaicel sPEFB, The errssrt misedPl i3tasdd sthod of
dedansn of aMyessert Bfaigted lthesdngai@ %}qweo@gﬁ%ﬁ fecting the

transaction” card nknot e as'spor

sanple vethathe smrs@r, atrd detadting az@ndmnwlafn& otial chareatcistic.
bond,...che che rd, tax banderole, gift.

vouch®t€ B %%%fﬁde\f&giﬂanﬁ sOTg|5te® [0 AN aplickk SOMPrisingpA deEsor
34ing 90 Al A0 0 RS 1o 10 SRbl recton

dard,itandnote, peissporridésitfidation chal, shivet gardpasangiicence, share
di Sti ngw Shl ng genui ne products fromcounterfeit

&q. P, Gheamei Fhedie sarl dax pepdeacte. gifthwusher, qlastage

S 0 O 6 S B o 3580 o oo

card;ltm@m&stcﬁard NBMar Pém UseStin @bnsiRdbE Qirﬁﬂﬁb?ék&fd ct rotect;on
i nformation on quality or environnental 25 ons

faniae Purpesept @@tﬂn@nsmn@ penuinkiprgducth éidim todreedeit products or
[Cgeﬁ‘lgw Prﬂ% .%t—%f al&q@fé | Eﬁe' oagscgas Iﬁ%gls% ggn%e? Seltrﬁftt@%r of intelligent
par i ewggﬁf"g 2 sg'r% gfﬁt o Q%‘F Qﬁgﬂ ﬁﬁ?ﬂakﬁaeggnleemlosure to
mepitpr,i tasigoma mtécaheaprmct lnformatlon on quality or environmental
conditions that will affect product quality, shelf life or safety. Typical applications
include indicators showing time-temperature, freshness, moisture, alcohol, gas,
physical damage and the like.

The article can be an industrial or handicraft item comprising a decorative
element, selected from items of jewellery, items of clothing (inciuding footwear),
fabric, furniture, toys, gifts, household items (including crockery and glassware),
architecture (including glass, tile, paint, metals, bricks, ceramics, wood, plastics

and other internal and external installations), art (including pictures, scuipture,
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el ement, selected fromitens of jewellery, itens of

“Qjﬁh{l’}é{ﬂg%(l ncl udi ng footvvear) 30 fabric, furniture,28 02/2007

toys, househol d itens (including crockeP{BaH§FI0284a
gl assware), architecture (including glass, tile,
paint, netals, bricks, ceranif%s, wood, pl astics and
ot her inter naI and external install ati ons), art

(Wﬂﬂm@m&jigbxi E}Stﬂibﬁqn&)mﬁﬁ#ﬁmﬁrg (inviDdiansEothaioenrds dgiterneads

s arortetut e a8 e opdal et P bepguct o
| @vi&s hrade in t@?ﬁ?ﬂu%‘!@%d?é? leniRESbAL) st @s W{%ﬁ SHeterinary

goods. The ar e can be a product or eV|ce or use
i proggosiicd, therahosttcsdiiagnosivs] trenapnoathatiodl aslydsiwhich can

e R i o
ﬁﬁe{lﬁ)‘é’éht dbpderﬁ%"f f{h'ro K%é’rb ab%églmo?ea ﬂ%ﬂ:f"s%fx{p}mg or

-conj unc er mal

lm%trshaldxesme, cat het er or a fluid sanpling or
anal ysis device. The invention also relates to a

t r ansfEraBrentny age miaes t9 atianstarpbiediolepraphisdifng sprmprising a

35086 aPhrbhel She HERLLET Toalfpibarlhd Bl RRRREEY s18fhping

3864/6F £3n BE UBBd & dhiinee ttbé/séé@ﬂfﬁ besn bR By erahbRrring onto the
article the sensor fromthe film The present

ﬂiﬁi@ﬁﬁh%ﬁeﬂ&mfmtﬁ&eﬂa‘t es to a product conprising a

f h
goner TRIaEIMAEch "SR ar{alRs e ARRL-LGORPiSiae 2 Segsor of
4 ReP@sh WhictPE 888HE 69ﬁe§ér‘é'h AgCaiL A £Q stem whch uses stich

transm ssion, distributi eport| ng
aate fori dafa r@adzngspmceasng,nstbm@ raaipitrioe ttaaflserpi;mms:ﬁstributing,

e P ordup RIS T DI Mg S BPUR (T9R Raesepersonal

Hifiel PSRl A A mgéﬁﬂ?"et OgRBR RS ¢ e
DVPA  iTheZpRowih @Idmptsfs Aupirateyineciatentiten Oﬁﬁzn;b%?@ i0s3 are of

20% (W' v) sodiumthiosul phate in 20 wate @8BS
sensargi erigining silvesy Examplasod and 5P@F@p%di\’@ﬁf¥iﬁ¢ oBMPA is 2,2~

g‘@%ﬁ?&"ﬁ}%ﬁgﬁ%&%mgﬁgpﬂﬁ %ﬁ%?@ysg‘?"gﬁcﬁgﬁr’i%&pham in

whiste QBRIie 1prepsthet2usiMheiddidé.net hoxysi | yl) propyl
mat hacr_yl ate. The poI ymer sol ution sg‘Eer slide)

23 $ eszﬁorrﬁﬁnsomsm Examgke ted), 25 EDMA

2 71“\;?‘%'%% b GPareb '%}3% of pCaiengimers 2ot flites The
RS, e, P 0BE Sing el ORI, Hethaciate.  The
peiyrier auiutirhgueelsiide) contamed HEMA (34 mg), AEMA HCI (4.95 mg),
EDMA (1.52 mg), n-propanol (24.4 ul), and 5% DMPA in MeOH (2.71 pl). The

solution was polymerised on the slides under UV light at 25°C for 50 minutes.

Adter polymerisation, each slide was washed with deionised water and ethanol.

Each slide was then treated with 0.3 M AgCIQ, in 80% n-propano! (200 ul)
for 2 minutes and 15 seconds. The slides were allowed to dry and then agitated
in 40 mi of 3% (wiv) LiBr in 70% methano! with 1 mi 0.1% (wiv) QBS in methanol
for 2 minutes. Each slide was equilibrated in 1.0 M NazS0, with 2% (wiv)
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Each slide was then treated with 0.3 MAgGgCl X in 80%

anol (200 pi) for 2 mnutes and 15 seconds. Tix8/02/2007

n- pr
WQ?’%%‘ BWére allowed to dry and then agit at edCHEBIHAEE6

m of 3% (wv) LiBr in 70% nethanol with! nl 0.1%

(Wv) @BS in nethanol for 2 Mnutes. Each slide was

equilibrated in 1.0 M Na2SO4 with 2% (wWwv) ----

- ascorbic acid-(70-ml) 1@84 02hiR0RE ba@e28qHs0A8HR 4 smgie pulse of a

200 bi d (70 m) f 10
AR e S e RaBisnehpul ce of a
f eTigy ﬁf“’ﬁﬁ g
slrleggs vverse veI 0%%3 @Hg&( 5}&%&%&%&4@@%5&(%&
ONa6vh 1(1\/@()?/} meth@htlifor SYmimitd aoidbwddby Qgﬁatmmﬁtﬁh (vlv) acetic
foII itation in 5% (v/v) acetic acid
wslo}éﬁﬁ%ﬁfnenfh&@ B i%@sﬂ%ﬁ@at%\aw@um& f#Q-im}’@h;ch had

éﬁ%ﬂ ot TP N s iy 3 bRk PSPt Blar e Zanuces.

Exemplede was divided into sections and treated with
succi ni c_anhydride according to the foll ow ng
pr ot odbElid® vmsdivideduists sedions gt ifaﬁewamtraddednmoamydnde

oSl R tolhubdaesel 248 St prepniapnh e Hab Sgharo
\@ﬁﬁreﬁ@&ﬁﬁbﬂ%fb'ﬁ”ﬁ%éﬁz@% HuiHep Scfeﬁrrﬁ pssopgm 2 8&%&8 58?&%9 The

succi ni ¢ anhydride had conple
whde Matiethe dholdgrarmewas iraderiedi xmmﬁeiw;ammmlaﬁ&mtbme the

TN T T T L
ot o S A G oL e
Shingleteddhe eisesevas wgﬁﬁcemo‘r@jgﬁ@y :rﬂ@eaoﬁ%e&@vat@ﬂﬂnm%@%ieiy

aﬁd 510 seconds using this net he response of
e e it Eﬁr%n@‘tﬁe§natregﬁants aingl 5h@ Waehed in7!GBagM NaOH

fc}ﬂ‘a{ﬂ,e[j;tgt% n AN gure 1 shows the peak diffraction

agal N5t time of treatnment with succinic
anhy dgjidteséstionshferbltr@aed Pfcﬁrf(?r*@“%ﬁ@d gqbuggg ahd®10 Spoonds

results show that, the longér the médiumis treat
wag {ie aredinod. nEhe ranpenee ofithest drgtetbsliaes ait pei, phbs.5and pH

égq,%%ﬂ%??%g Exanple 2 25 A section of a slide Waisn

cuvette with acetic anhydride (20 pl)

\(/)va é %%@Fﬁfﬁ?%&%@&%& ion REvéleRYth ddnSaR% 6P Reatment
with succinic anhydride fer the three different pH values. The results show that,
the longer the medium is treated, the greater the range of wavelengths attained
for a given pH range.
Example 2

A secticn of a slide was treated in a cuvette with acetic anhydride (20 i)
in 0.1 M NaH,PO, buffer (500 p1, pH 7.0). The reaction was monitored using a
spectrometer and allowed to go to completion. Another section of the same slide
was then reacted with succinic anhydride (0.0517 g) in NaH.PQ, buffer {500 ui,
pH 7.0) for ten minutes. The slide was then tested in a variety of buffers with an
fonic strength 500 mM.

The sensitivities of the unmodified, succinic anhydride-modified and

acetic anhydride-modified portions are shown in Figure 2. The succinic
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f the sane slide was then reacted with /02/2007
“%e@{):dl’@?czqanhydr de (0.0517 g) in NaH2PO4 buf?@?’fg?%ﬁmg‘
pl, pH7.0) for ten mnutes. The slide was then

‘tested in a variety of buffer®with an 30 ionic

stren % 500 mMM The sensitivities of the unnodifi ed,

saeRY ROTHOR DRhEveR in theawppanite way ée the untreated portlon as the
aﬂﬁ%—%ﬁbﬂﬁgn&dit{é %Hh&%éé 83;%’8&% 85 %\% ] n FI eﬁ'@ﬁ/ Eange of

8Ra0SEAgPR MR Suidcirdc Bnllydfide HBrib WA r'n% t@;?%étb?ﬁan that of the

behaved in the opposite way to the untrea
aRtheniwo petHigne pﬁ@ﬁﬁﬁgigdhe ehireariyidregiongé tres sppesrumn fARSH <4,

e e A TeRE B hoat SRl Shoiinire same
ObRiloh R, ﬁ%lh‘h@?%ﬁe%f’%@ 5&%&% ﬁﬂtﬂhr eCuMBbiel 559'sBBcinic

of the spectrum At e succinic a
amydrigeengslified pnﬁimemwyieda At about the same

%h; a simlar effect was observed for the

d and su00|n|c anhydrlde nodi fi ed portions

at pH \S

w th AoexronStalHcR yle A SiEl VAR SRguf sty e B i dlerro,
(bZIE‘@n{P,SDmﬂ pH G)O)Mh!leﬂaé?}ﬁ; Stgred d:\!éf%é eMBF td r%%orcﬁﬁé; Qholdyram

gnordln g a hol ogram |nthep yne Bef ore
& PRIWTEF. Befarerthe enditioniaf e:fmsthaash@dwaa wiBBedHih 100 mvi

NS B e Sk WS I sirsiee i i oescribed
previsldid eAn@Bot é&%kﬁ%f‘ﬂ‘xé Qro%%}ié %&?E%ﬁﬁ éifet&:]anrﬁ}/éi%dé % mi)

NaH2PO4 buffer (250 m, st
AR, buffer (250 ma) pid 7elhwiiis Hedrey Steesd w@rqr;é eflerd hblcBram

e LR fEorced T bie RoM6l T de artor hol ogram
r ecor fisDeciAkEHHidtde PadiBft O%sofogr‘ﬁgl:! iﬁéﬁsg}g{geﬁf@gﬁ% tge slide

1. The different sections e Sl
aiter 1380grap tecarBihg 4GRrding tanke @%to@@%i@néﬁ in Exampietih The

t 3 sh th
SRIRE el PRl 2 ahote he pilrecpence OF the 7
%Hagpgé%elcgge&ortl ons. The peak di ffract| on

wavel engt the acetic acid-nodified portions

r emaiHiggreaP oW B pH FipBhad tof QMérst%ﬁw:c %{hgehaé nﬁ’é’&fred

range. The succinic anhydrlde portions,
ﬂﬂ%@n%ﬁ“%@ﬁﬁcﬁm @ctcbmotdied eortionsp thetﬂmks:&ﬁﬁscumwwa\xeiengths

qu I%Q" d%g@ﬁrlod of . treatnent 25 with the

an hy (R ES SHMEEed apryexinatelt eonstantpver the
sm@c@cﬁpﬁi f‘ar@%t. VA% succinic anhydride portions, however, were highly
sensitive to changes in pH, the sensitivity increasing with the period of treatment
with the anhydride; this is shown by the large difference in wavelength between
pH 4 and pH 10 for a 240 s treatment, relative to shorter treatment times.
Example 4

A silver-free pH-sensitive holographic sensor was produced using a

sensor polymer P1 and a cross-finking monomer mixture P2. P1{ consisted of a
polyHEMA (85 mol%) co-polymer with 10 mol% methacryiic acid (MAA} ang
5 mol% ethylene glycotl dimethacrylate (EDMA). The P2 mixiure consisted of
20 mg lrgacure 2959, 7 mi methanol, 2 mi EDMA, 200 m! hydroxyethyi
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pH 4 and pH 10 for a 240 s treatnent, relative to

shorter _treatnent tines. Exanple 4 A silver-free 28/02/2007

WOIEUHWET R ve hol ographi c sensor was producedPUHGRYHIEI02846
sensor polynmer Pl and a cross-|inking nonomer m xture

P2. P1 consisted of a 30 poflyHEMA (85 not %
co-polymer with 10 nol % net hacrylic acid (MAA) and 5
i tPaety o éh‘lEN@l)y 2ol mbleﬁwbha@ydc&md(%tmwzaia?h eTwQ separate

Tﬁ@ngg?rﬁ? OnSI 5 E}g\/&\e §@@'se a%gfaé);@{aﬁ%g?e%%geéﬂ for 15 and 30
SRy ‘”f%s&%é%&&%aeﬁ@ L SRR BRI i P tayers

WRbRferingWaréepar ate  sections of the P1 (on the sane
gl ass slide) were exposed for 15 and 30 seconds to

UV | adersecaspdigined, yﬂ?e FEROBEE é’f e %ﬁ%%e'?ﬁﬂf ég%fgﬁgfo pH
B (o ¥ taue Rl SDReMET RanosuiaRe T Boer vas

tvdtHhah 2Ratdf hendams sysieat PhicBAsHly abtier5 8careasfaspokure.
exposure to the UV | aser was | ower than that of the

3l Brsed@vsnﬁrﬁtah that tomisgnaiivity oF theduniegraphicesqnssncan be tuned

IR BRRE e -
%ée ts%ﬁ“@“&?deoﬁeh%rﬁ W'@@suigﬁqb%ﬂ S @ﬁ@eh@or@seﬂ arsingle

e sane slide ntalnln 1resu|t|ng|naser|es
efibsteats avith, tunad sessityities fmpaﬁm@rwpphcatmm a single sensor

sensi tivi t‘i es for a part| cul ar application or a single
YRS 9radeq KegPoii®aded" response. Exanple 5 A

E: I""éﬁi’efsr ee hol ographi c sensor having two distinct

ties was 15 created. The base pol yner (P1)

consi at sivepfre@dhoiobPerits ybasordeavidg twol dtstinct sensnmties was
nmet hacryl am de and 3 nol % net hyl enebi sacryl am

pisiajedr iTbedbase pelveer (PTheansigeilahdrsmale %Céﬂ§ﬂ"t“?%e33 gol%

ey Bl driice TR MaefehRtatifertSppolHetiRBt iy ater.
ﬁ‘ﬁé%“p%iyhﬁ’éfs é‘@dﬁeﬁﬁ@l;\fé RMedi0entsl s &% bwveiharas ey they are very

acid in water, net hanol, 4 m water, 20 500 ni
ﬁy@npmuermdgwyiocmntrm inyther presepPee 265glvest. ngheNEAforgule was

4- Dbis razi
b iyl 26010240 BURS R B kR ot Fhter,
rd URsddung 248D, PS! DMRA, 04 g 1.4-
B0 A Shdy 49555 T Rskang 40 o DU, 04 o
bl@ac@lmmmm arith Dl 48cpbaryho ecidl fBUS craaied asm-l-sgnssttve P2
pol ymer. At pH 9
mixtlre and thus pH-sensitive fringes.
On testing the polymer, a hologram could be observed in pH 3 buffer
{50 mM ionic strength). This wouid not affect the base P1 polymer. At pH 9
(50 mM ionic strength), the hologram disappeared. This is because the acidic
groups in P2 had swelled in response to the pH @ buffer, decreasing the

difference in refractive index between P1 and P2 and causing the hologram fo

vanish.
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25 (50 mMionic strength), the hol ogram di sappeared.

wh¥oRsdeRsRecause the acidic groups in P2 had !s)é/\ﬁ;lgmwo%g/})z/zoo7

response to the pH 9 buffer, decreasing the
difference in refractive index between Pl and P2 and
causi ng the hologramto vani ¥h. WO 2006/ 008524 12

ML A sensor which conprises a support medi um
AlMEo| ogram di sposed therein, wherein an optl cal

Jﬂar aCA%%h%ﬂpv?%f&& rct%ﬁ%égsg ﬁgs%gafikﬁﬁg’dagﬁna%@k qgr@wedisposed

ange o

niberaim whetsdt en Q@ﬁﬁ@i%ra&eﬁéﬁﬁbﬁtﬁéﬁnéd‘&ﬂ%gg %30% result of a

2. A sensor accor

h%pertﬁ/ i s het erogeneous
f aprepaitnotthe mﬁﬂmmmnéwaem {reamediam |Ahetmsgeneous
t he nedi um conprises

aéifagtrtﬁé t&aﬁgg Oglﬁ ﬁdqeé S‘GP%F%‘?”% regions. 4. A
SENSOrA %ﬁﬁr(ﬁcﬂér&ﬁg & éib??g; 3; wﬁ@rrelﬁ e rﬂSH%ﬁi s BmAR

anal yt e wherein, a particular an
cbncerft BENSH raCC@rhi@’\g/t@I ajalm)f wmﬁeprBeaédiammrﬁes%iaﬁwely

s SE boleiseaaaons. 'cPa.e?nCthZ?é?ﬂ the optical
gqhar agf &4rissk éécdrﬁmgﬂg cHif 4 @t‘}rlthg 'aekefci'ﬁ g%ﬁ glggrlt%%lﬁ{em at

refractance or ab ance of "t

asp@ticplas arsrbyte acormediragon, othanyalos e Qﬁle néptRER cRBracteristic is
V\,hgrtel ﬂ‘?‘ ht% hol ogram i s generated by the diffraction
8F°YAg & SRMSRRFACTIEEBINdi ng to any precedi ng

L2t VB84, B Ry AOLAD LBcsab oML el S g

magni fi cation

charasieristierigiine thadt0 g&fahhsce, %@frééfﬁﬁ@e lop g%geﬂfénce of the
iagIJ@eCt or is a 2- or 3-di nensi onal effect. 9.

graptvgelemaity preceding claim further conprising
anspyf I an interference effect, when
O r L sl RPN L s B Bbeding Seive i ey bilagram is
g@w@hmdbﬁthev\ﬁmfa%hﬁnbhﬁ%i@ans conprises a

depol arising |layer 1. A sensor according to any
pr ecpags@ascaidingite anyprebeding lcimawhesein Hehsibam is only

VIBR lr Goonifion ng 10 any of ¢l aim | to 10,

Vier e SRR Sy BT MR B rotooapnc
image is of an object or is a 2- or 3-dimensional effect.

9. A sensor according fo any preceding claim, further comprising means for
preducing an interference effect when iffuminated with laser light.

10. A sensor according to claim 9, wherein the méans comprises a
depolarising iayer.

1. A sensor according to any preceding claim, wherein the hologram is
viewable under white light, UV light or infra-red radiation.

12. A sensor according to any of claims 1 to 10, wherein the hologram is

viewable under specific temperature, magnetism or pressure conditions.

13, A sensor according to any preceding claim, for the detection of a

chemical, biochemical or biological species.




13. A sensor according to any preceding claim for the
ection of a 30 chemical, biochenical or biologic&8/02/2007

det

WQSHEGUEEH 28/ 02/ 2007 WD 20061003524 PCT/ G 92634/ i5BFanEs-6
13 14. A nethod of detection of an analyte in a
sanpl e, which conprises contlacting the sanple with a
sensor according to any preceding claim and
dtt-ectAngethey ehdatpetion oft an aptiytalin @aem@t@rﬂvﬁkh%‘om?ﬂses

AN e "
ot 5" $8nb8 Wih Saichsor ararding & anwgreesdnaidaim, and
Idtetinid ny _éhéhgter@mga(?tgcgpcﬁé}égm%%k note, passport,

i dentification-card, smart car riving licence,

shar e Aveetticls camprisibg adsensohacnoeding i@ aHe of alafhns Hay 13.

b]%nderol Ca: ift vaqucher; postage stanp, rail or air

thccket™ ?é‘F%pﬂ%“r?é Pgria cligy 1% mpidnisc transantioni esitat banknote,
' A i Sy cand, or an item.used

P oaof et SR B8 o, P EADHSR bona

shenos eclifquiOcatids taxn ganddrbrg wﬂém&ﬁerpb?ﬁégé%tétggﬁail or air

roduct s.

go&r}tgfeit products or identifying stolen” p
IokelafRIgRRgNg eargc kitear Ayyck eventdiokell Bredihbrtebis card, itusiness

' (# in as defined herein. 18. An
Ebrd, Bf ShLAENCAACERUNG: b i pEbiEr @t iepose of
distihgnidhi dnuiriee rdegi ' -

S S PSSR SYES Tt o
BIoskRtsag (i ncl uding footwear), fabric, furniture,

S, adi househol d i.te &, (.incl udi ng crocker ]
21% g’?‘gsaf?@@? 85"?0@!“@%&%36%& “%"%h(ﬂﬁ gailteqn aﬂgiageél,lg&n‘% pégkaglﬂg
paustined A&l s, bricks, ceramcs, wood, plastics and
other internal and external installations), art
18-nc| Al erfiplpactarding, tostainpta) mhichpistaraindusiniel bi B8dicraft item

nst al.l ati ns%’_, .20 eit ationery (including greetings
APRISING & 3@9 ehye eiprmenl seuiGiesh Ipmmitewsi el jowelery, items of
' g@@({bs : .l cle according.to clai .
C\?vhsﬁ)ﬁlﬂc‘:rj{hg :@Ca pr og%%[t%e gﬁpc@%éﬂeﬁ?@ﬁﬁ%’sﬁﬁn%@ﬁr F'EH?E%Hﬁ]"gI”emS
(#clidiing crackery anuegisware) dheRiteUPR ISR 8lds8aK%. paint
rognostics, theranostics, diagnostics, therapy or ’
"g?f@%! cRicksn AyaMies, 2uoog plasties tand etharc owdinay amnd exiernal
I | b ] f.e tri chi cartridge, )
I ANchS, MG PobiC s, SrbiBire Py G ot frsapations),
statiohant (incuting gf s&indsaaras lttetterﬁé&?é &’ Mﬁgﬁoﬁﬁ%‘f Wek&far) and

or a fluid sanpling or analysis device
SPRAIRGIINOaSl e fil m conprising a sensor according to any

951 ohP Lol cenicing 1 5kin 15 whisivig 4 aFpalict or Gevics for tse n

agricultural studies, environmental studies, human or veterinary prognostics,

theranostics, diagnostics, therapy or chemical analysis.

20.  An article according to claim 19, which is a test strip, chip, cartridge,
swab, tube, pipette, contact lens, sub-conjunctival implant, sub-dermal implant,
breathalyser, cathster or a fluid sampling or analysis device.

21, Atransferable film comprising a sensor according to any of claims 1 10 13
22,  Afilm according to claim 21, which is present on a hot stamping tape.
23. A method of enhancing the security of an article, which comprises
transferring onto the article the sensor from a fiim according to claim 21 or claim
22,
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30 23. A nethod of enhancing the security of an

‘ﬂ#(jﬂ%@fm\/\hi ch conprises transferring onto the_arti C|2§§é02/200:7
the

sensor froma filmaccording to claim 21 PEICEHYpigp2s6

22. WD 2006A) 0852 4 28/ 0 2/ 2 0 0 7 PCT/CB20051002

36 14 24. Apparatus conprisii a sensor according to
ag\é of .clains 1 to 13 and neans for generating and/ or
r &écor df"ﬁ’&afﬁé't—‘% CPMPMS B2 semsngraccailingh\tes pay efrcidvng M to 13 and

o g A P
rEpor { AngsindihAlciTReE detdgon<raRE by ABEHARd bBErdl o laim 24,

pyoducti on of a hol ographic senso C
t 196 dakg é}ﬁ%a@ﬂ,:Cwmt@xsmummrre;g:aﬁagmdm;pn@jéuml@di um

byt he . | sation. of. nomers, wherein at |east

O%Ge' ofAﬁﬁééHg% f‘ifﬁﬁ? pagduchan g@%@fﬁipa@wnacamm cqraprises the
vgtepe@df:duri ng pol ymerisation; 10 disposing in the

support nedi um a hol ographic recording material; and

recor dPAYINg Bohelgragenieous negport2hedhineyn ase ftilyh&fsation of
production of a hoI.o%r aphi ¢ sensor, which conprises

the <SPRPUNGES: Whsrei afleashenesidor rebymerisaipo reactiod icanditions
by ing j il i:uyma 15 conponent, reacting

t he céfﬁggﬁ%%tag%h?%}%{mé%gﬁﬂnm or a second conponent

pr esewnlisgasingie m:echupportmimra)%d}@gﬁdﬁaﬁi@?@o%?&ipgfnﬁ%reat; and

reaction .occurring i1 n the medium di sposing

suppofecoratRdahalosirite ipeg& recording material; and

: cor gi Ng: r i G ., 20 28. A nethod ]
2T cor o TairPa e} Bt B4 g IR Aol ar by B comprises the
piEpgradr . 29. A nethod according to claim27 or claim

28, wherein the nedium conprises an anmino group and

:he fm ah\ia;eg’ca@n%auwppt ' g_ﬁmmmmg{m;rmbliﬁg%wﬁﬁgmm a
0cC erein the mediumis obtainable by the

pol ynéé'ﬂéért??%th rg?cmélﬂ%r“§”i’%eﬁﬁi"w HO@ r Brysmyar a second
et hagdnip@tent EsaQe LBt [ ebhyl ..
di met hacir)yl at Lt ﬁ%t'ﬂ%%ug%cor d?%’lgﬂiit%ngét%%@% firaction
cl ai nP@WTINghET Hiaynetienconponent is  succi ni ¢ anhydri de

or acetic .an% ride. 32. A nmethod according to claim

27 or'tPEIRe Fs e BRRor Mm@ bprlpgraghis reserding material; and

recording a holographic image.
28. A method according to claim 27, wherein the medium is a polymer.
29. A method according to claim 27 or claim 28, wherein the medium
comprises an amino group and the component is an anhydride.
30.  Amethod according to claim 29, whersin the medium is obtainable by the
polymerisation of monamers including hydroxyethyl methacrylate, aminoethyl
methacrylate and/or ethyl dimethacrylate.
31. A method according to claim 29 or claim 30, wherein the component is
succinic anhydride or acetic anhydride.
32, Amethod according to claim 27 or claim 28, wherein the medium is cross-
linkable and the component is a cross-linker.

33, A method according to claim 27 or claim 28, wherein the component is

polymerisable, the medium comprising a second component which is
polymerisable.
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| i nkabl e and ‘t he ¢onponent is a cr Qiic’ééég%ﬁfenégwﬁébr%/ 2502846 _

met hod according to claim27 or claim th

conmponent is polynerisable, the nmedium conprising a

second conponent which is po% meri sabl e. 13-02-2006

Low 237-02 (Scal ed Sensitivity februa GB0502846

2/ 02/ 2007 rding to i m33,.
reiﬁimti@od?eaqq;ﬁinsgﬁﬁ 53 fPeruthedhedifmetises protected
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