HOLOGRAPHI C SENSOR HAVI NG HETEROGENEQUS PROPERTI ES
Field of the Invention This invention relates to a

wheloe®osaphi ¢ sensor, and to its production. BaPROGB2VE/002846
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to the Invention Hol ographic sensors nay be used for
the detection of a variety of sqanal ytes. W05/ 26499
di scl oses a hol ographi ¢ sensor, based on a vol une
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mononers, wherein at |east one of the polynerisation

r nis varied durl ng pol yneri sati on;
or (b) [ nt o i onent, reacti
Che  copairEo 4 st Aidedoffie BreRi Rk mds hatinaaes & Support
Pi@8RM ahB 4 H@lo@?ﬂh%p@é&i theref hn@géhﬁn%?\ caq’fcnaracterlstic of
reaction occurring in the nedium disposing In the
shtnppmedlummchauas aasnalregualaph iacchanger ofi agropery iohlthe amstium, and

it JRe jmeiReS BelionoResiss SHek uPal dig changs of property is

heterogeneous.

According to another aspect of the invention, a method for the production

of a holographic sensor comprises the steps of:

forming 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 a holographic recording material; and

recording a holographic image.

This method allows the sensitivity of the sensor to be accurately

predetermined. An array of sensors produced by a method of the invention may

comprise sensors having different, scaled sensitivities.
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predeterm ned. An array of sensors produced by a
nmet hod of the invention nay conprise sensors having

waledobeosset , scal ed sensitivities. Anot her aspeckCDGBRI18/002846

invention is a nmethod for the production of a sensor
whi ch conprises a nedi um and @ hol ogram di sposed
therein, wherein an optical characteristic of the

medi u %H&hb?ésﬁéct%tf H%Si‘rﬁlvlenﬁ’én R SRR B tlge Béc%b?ﬁﬂib% oP% sensor

the nmedium the method conprising the steps

fwinichcgmprses anedivedandathol pgraymeis pessedithereing iviveesintn optical
onent s .and anot her conponent;
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physi darmimgoa esubporcmatitin dydsgigmeeningod nikire 6T Wilydbrisable
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p
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furt ey SShaM B St et hiBHaeiERI G 8t Ratrial; ana
pr oduq’ebgmj@g achaibgrephid Tn%ge_f,*O' ogr aphi ¢ sensor
conprises the steps of: form ng a heterogeneous

Suprein thedempearaiave ay whidhothegrhamoeiof tue pily sinakprgbetty occurs is

AR B 0 By DGR merarn.
RSt Chavechsisieaapvar) 88 & Rsultdf theé#ddit® difergoing a phase

nmononer mxture to create a second pol yner having a
Heansiieiphi ¢ i nage recorded therein, where the first

d d,pol th di.um and wherein th _
o R BB g BAS P ML AN, WL e o octcion
e o B A o I R AR 8E o
exanplfermingea betesbgenesys stippors eesiiumdfavirigailotegran disposed

may be so varied and conpl ex that making an exact copy
of thgh%%WX‘SPtF \’/&Hfﬂ?a@ﬁiﬂei%%m BY:e. Brief

oSk 1 o fbabORa AR FRpidndof APy e soss i
monomer mixture;

(2)  reacting the monomer mixture to create a second polymer having a
holographic 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 (S), normal/untreated (N) or acetic anhydride (A);
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i n succinic anhydride at different pH values; Figure 2
is a graph of peak diffraction wavel ength (nm agai nst

wW@Rboboe853ucci ni ¢ anhydride (S), normal/ untreatBCr/GB006/002846

acetic anhydride (A);Figure 3 is a graph of peak

di ffracti on wavel ength (nm against pH under different
conditions; and Figure 4 is another graph of peak
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pescaiption aftthe dnestioh di f f er ent
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erent” sensitivities t e obtained, for exanple,
in a $refrablyolhepayherdc elediemtconi@eisew/fyrdtidnal groups that can be

hol c el nt conprising HEMA AENMA nodified with
g%@@ﬁ{{?wgmﬂced? F%rrrgxampleﬁ.ﬁ)t may bg formed from hydroxyethyl methacrylate

("HEMA"), aminoethyl methacrylate ("AEMA") and/or ethylene diglycol

methacrylate ("EDMA") monomers. A resultant polymer comprises an amino

functional group which may be readily 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 element comprising HEMA/AEMA modified with succinic
anhydride replays at approximately the same wavelength as HEMA/AEMA
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 region

appears to be the same, the user would know that the pH is less than 4. A
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anhydri de replays at approxi mately the sanme wavel ength
as HEMAN AEMVA nodified with acetic anhydride. Thus, an

webk@aeess2havi ng a HEMA/ AEMA pol yneri ¢ nedi um cPOpGB2008§02846

succi ni ¢ anhydride-nodified and acetic
anhydri denodi fi ed regi ons cangbe used as a pH sensor;
when the col our of each region appears to be the sane,
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qdepctymerisatior cm@@hamsvvavel ength for a given range of
anal yte concentration conpared with a | ess nodified

one. Ihhplpgsaphiselementhayinga ﬁnbstantl9llmmdifie@brnedg4nmmay have
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bl b0y DR 0 R0 Pt B S bgraton
rophEretSwishia Re6 redifiedidricr enthisntlsel 6 a substantlally modified
concentration. Therefore, at a particular point along

gegionand grelativelydessmodifiediregiandsitio teplay bt thessame wavelength,

e aBlsFadinioB R it ket HBdIdh s Thisda o oifasent anaiyte
WohkeR@afidHl] Cﬁféré‘ﬁ)r@fataa giafrtf cﬁﬂ@rnbonﬂf‘%'ldﬁdaa sensitivity gradient, a

concentration. Thus, sensor conprise
lpiveryeelphr wnbtb@mdmatwerqﬁ pipsrticular sreaiyie ccondemtrgtlamll Aird different

aglnt gﬁé e{]glfaé#e‘ﬂc Csoa{n;?]eu Esg%ﬁ@wﬁf béﬂ%"%@% éfoa different analyte
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i nt roduci n anad|t|onal nomer to

fsehbibiwiiy gb@dléut ehstangerdyeferésed calour ¢an b@ampﬂdyed té b&librate the
addi ti nal nononer nay be obtai ned by deprotecting a

SFaeignt KutermsRtamnaiyt ?@H?eW@%ht in the
S?loﬁg?[ 'Srlﬁjéﬁo@n oﬂl‘_tﬁ% lbg?%t)i@ﬂgﬁ%{)ﬁoﬁ'ﬁ% 5 Ilrg( &i ﬁidaHMatajaltlonal
inmbrioradr tmﬂmelym@‘r ifel lowethisy rlmhéfﬁfdl?rﬂénﬁétxdmf Eolekample, the
then conpri se pol ynerised and non neri sed
additional monomer may be obtained by deprotec‘ung a protected monomer
already present in the polymerisation mixture. Monomers may be protected with
groups such as N-(t-butoxycarbonyl), prior to the initial polymerisation. The
polymerised mixture will then comprise polymerised and non-polymerised
regions. The protected monomers can then be selectively deprotected and
polymerised. This allows accurate scaling of the sensitivity of the sensor.
Alternatively, the additional component may be a cross-linker, the polymer
comprising cross-linkable groups which can be selectively cross-linked. Cross-
linking is another means of precisely controlling the polymer structure and thus

the sensitivity of the holographic element.  Particularly preferred is
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regi ons. The protected nononers can then be
sel ectively deprotected and pol ynerised. This allows

wa@ewanessed scal i ng of the sensitivity of the sePSDGB2005/002846

Al ternatively, the additional conponent may be a
cross-linker, the polynmer congrising cross-I|inkable
groups which can be sel ectively cross-1inked.
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not cross | i nked on a substrate. 03e| atine sol ution
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di fferent concentrations of, say, chrom umions,

c ausi rignee 8¢t tha eeletiag can bedraateqwith differenhecnseniratians of, say,

o T 0, L T b RBG B ST A rerence
Vé@n@hwﬁtvem:ﬁ B@bé‘ﬁﬂe‘@édfﬁ é RufRfdr B?wb YeDRR ex Pﬁfﬁ)@?stta create

contains a cold chrom um sol uti on, 1-5% 0

¢hbatii inte woith thehgheoleedatind fitm can bwéowelrednt 76he Ibatihadhtains a

and,then immersed in.th hromi um sol ufi on. film

7 KA SoGan. Bithe % ht BIRFG FPSOMUT dons | SapywaRle fim is

tlB@érédWﬁt@?rﬁé b N iRRNS sREGR tﬁé’@#ﬁr%‘?mbﬂ'n écgﬁtlon. The film is

sol ution | onger have a greater cross |inking density.

Ahan naibed oef bEihie crapmiem asothlemesIb\bM dd thiat trge sections which have
ol utions ,i.nto thg{tbath containing the gelatine film

nj s0aked A the spittion IeRgYRANG 3 STRAEHAMOSSdINKIRG densty.
ooy | SHUSOBEEC gl (R0 aBhieGla B i 2 SRR fro the bath

tdoatainihgtthe gefatin film.s Onetis @mon&ﬂtmt@ﬂtmlgm@mlon and the

reversed by increasing the rate of chrom um sol ution
S walsr.r %hﬁ epnegntratian efrchromium will decrease over time if the rate of

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

This principle is equally adaptable to the use of glutaraldehyde solutions
as the cross-linker 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, W095/26949.

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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addition. This principle is equally adaptable to the
use of gl utaral dehyde solutions as the cross-Iinker

WO 200600852han a chrom um sol uti on. The cross-| i PEEAGB2005/002846

pol ymer can then be turned into a hologram e.g. by

di ffusion, as described in, fgr exanple, WD»25/26949. A

hol ographi ¢ sensor may be designed to have an enhanced

"AEPERSAANREn uh@éﬁg}de‘ér‘a InbBe abrRNtRY 6t eké\ngl&tbﬁards a glassy

sensor, hol ographi c e ement prefera y conpri ses
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I
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\dpecmcttbrrmerstwp@can depdesigried €0 lﬂlﬁ@t |tsamab¢n0wﬂrreg|§bnse occurs at
'[Igerefore a sensor to be used at a specific
®rean be designed so that its maximum

hi
CenoonabsdftibRnhle alfbors R BRANRE o 4 hia ABISRROAP Haiyever, it
©an tt@aadmageca@w predudensities-fdd M@lbgférﬂﬁc fs@hegfsapml\?er-free
sensors. Silver-free sensors can be nade wt

[FENEPEeaTER SassIviliathetpicgenesus sredive taj nrndace sansafs with a

SRR B A A BEP R B ¥ BFbalp oA 57 socons
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cross-linked polyner fringes and th ere% create a
m@@ﬁ'eal’n@rm cmsns IPkedrpsilymer fringes andcblnerléby iceeate arhobmgram within

t t he P2 ure, whic
By ER SRS of b oo ik by SkhaSilieral ths P2psbueavhich has
t t |aser wll affect the
g?tegﬁaggd?htg Fcﬂ ggsé)Pm%s%{g and hardness of the P2
pol ymdihe flthiesofi exptasure af flee P2 trmdum:ttsthe UM 1esefr wiheaffect the
a virtual

o o CCSATANS Fh IPETIeE Rt Prpamer t'eEBﬁriFéldf@ affects
WS ARt 455 Al U igpnrmen
lcaalel bé avardifédtarehtising this technique whereby differing sensitivities are
achieved by exposing the sensor with the P2 mixture to the UV laser for different
amounts of time,

A silver-free technique of the type described in W02004/081676 can be
used to create single holograms with two distinct 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 WQ02004/081676, 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

resulting in a change in brightness. By contrast, binding of analyte to P1 resuits
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amounts of time. A silver-free technique of the type
descri bed in WO2004/ 081676 can be used to create

W@ emgloasskol ograns with two di stinct sensitivitPEEGBIINS/002846

concept is based on the use of one sensitivity in the
initial polymer (P1) and a segond sensitivity in the
fringes of the polyner (P2). Mre particularly, by
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RRATIS foaQFOGHClnmﬁm éntﬁrfgfﬂncew%wgme@nllum.rnam with laser light,

IOl B B HRBE PR e ot e
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3-di nensi onal effect. The sensor nmay conprise neans

mcmeamrrtyo@glqahs@em@s enbe presenitinvérdion rielates taameethod of

MR M A T e
BBAPIS YithithelehSoA dHdedetedling Bh?%ﬁg E3kit8 rop'ﬂb@L@r?r%?ﬂenstlc

speci es. The present invention tel s to a
det ectTmnpmsemhynMIQnaabbyltaﬂkahea ta aargtiele mbmphsmg a sensor

tacti.ng th h the sensor,
GePBldiRe I 5% el wiiererB8 st B fafias SURhGs & Mansaction
EBRY, pRABte, IP248Hb, qaeﬁilﬁ%tfoﬁl @éras Qrt%%r&”drﬁ\ﬁlll%cence, share
conpri sing a sensor’ accor Beo el On GHST S
chdifimate, dbend, cheodey cbeqselaiar@,stazx baraderald, igifh v@ﬁabder postage

b nknot assport entification card, snmart card,
PG MI’%ér et stﬁhﬁpgoe@mm loHery, cq;snaveratrt@ﬁ@b credlt or debit

EQP& Lb%s?r?é# céréxopéﬁ‘%bﬂf@ecg 9‘| &Srhone Caf@&’??{)?o%‘iyct protection

or alr tic
@cmtde pevpose bf distihguishiedi dervingl plfbduot@frdm dVitegeis products or

ﬁ%ﬁ@@% o%glelnt ?)rrgclijusc(tesd | ?hg oanrtslglge{:an bglgg dbeo ;np{tgr?lugit’ intelligent
packaging which is a system that comprises a container, wrapper or enclosure to
monitor, test or indicate product information 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 (including 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, sculpture,
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intelligent packaging which is a systemthat conprises
a container, wapper or enclogure to nmonitor, test or
i ndi cate product information on quality or
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sc U' pt'ﬂ’ﬁéerrﬁ/@hﬁ@rﬁ Yisandidit it a irBAsRKAIsEINIIS)raphlcHtiinavenprising a
(i ncluding greetings cards, |etterheads and

memsot Bocaidimg teetheanyentien. sﬂibﬁtfilmgmgbfé%l@resﬁﬁ‘é o5y @ het gtamping
G6baRBsan B seHRehNaNce i Shrtty it affic il dtisfring onto the
ﬂgl'éotﬁfa's%?rsoF% Sfics, di agnostl cs, therapy or

em cal” analysis |ch can be a test strip, chip,
car tr |'ﬂg@pr@mib;nmhen fmrpm'trekatestma @cq)dulcéﬁgmpnsmg a sensor of
sub- conjunctlv

ah@ammtw ichis {;é%’qg?e ok g%nqqadpg %%HE ﬁgsyg;ergwg %tﬁsses such
h(i%’tba‘gr dé r#éﬁ\fﬁé‘t br%eé‘élﬁﬁ ERFASSTIMr R framdaisSiorP Idflistrlbutlng,

rap risi a sensor accordlng to the

i rfé\b@ﬂing)andlﬁhmdddnmgc eﬁudhmystems imiclode endivile teliephpnesg, personal
or can be used to enhance the security of an

adlglt@l assigtants and pEer inogtasif 8lecHanie 48\EeS ¢ he sensor

fromt h

1570 eI IS Tl R PRefioh] Sehfas 30 o aro o
Wtk §dbrs ScoPRBARIe siferd ERanplénd dad & arel silveykeem DNIRA is 2,2-
uses such data for data readi nag processing, stora

cdimetobxy-2rehenyiacstephenans: ri¥HD iK@0% éwblr)tSiOH{jﬂ%Hag%lr"Phate in
del | S t 88, i NCl: le tel eph
e g S BT cPahET g, © Lr ahremeS
hgééél%ﬁ'o?\ o£8iiags foEr Senéelré RYEreniplesnl ws3i | | ustrate
t alre o Sensors

cont ai Ai ;D\@)/melr\xms pl@pmn@di elslng a:zdmenelraf spnemers peeslide. The
DgﬁjAesl wezre presubbed using 3-(trimethoxysilyl)propyl methacrylate. The
polymer solution (per slide) contained HEMA (34 mg), AEMA.HCI (4.95 mg),
EDMA (1.52 mg), n-propanol (24.4 pl), and 5% DMPA in MeOH (2.71 ul). The
solution was polymerised on the slides under UV light at 25°C for 50 minutes.
After polymerisation, each slide was washed with deionised water and ethanol.
Each slide was then treated with 0.3 M AgCIO, in 80% n-propanol (200 pl)

for 2 minutes and 15 seconds. The slides were allowed to dry and then agitated
in 40 ml of 3% (w/v) LiBr in 70% methanol with 1 mi 0.1% (w/v) QBS in methanol

for 2 minutes. Each slide was equilibrated in 1.0 M Na;SO4 with 2% (w/v)
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di met hoxy- 2- phenyl acet ophenone. HYPO is 20% (W v)
sodi um t hi osul phate in water. @BS is 1,1

WO 2@i6e0439d - 2, 2' - cyani ne i odi de. Preparation of P&/G82®5/002846

for Sensors in Exanples 1 to 3 A polyner was prepared

using 0.3 mmol of nononers peg slide. The slides were
presubbed using 3-(trinmethoxysilyl)propyl

TERICOASIE M €70 THE 1BPHDTRINLEN BEFdB dRRIsuRS EQ) singl

cont ai ned HEI\/A (@4 ny) mrel/QEI\/A HCI M)be)éSuﬂgﬁ%me(pulse of a
frespiangy doubpec NantAG(Rdset lase) (53hdnH% DVPA i n MeOH

nder U SR wEie daxelpard B2 S [ A dgccuinone and 675% (wi)
e D Pk rRenafiarRr Sheafintles (AR RE LY Bbllafi il o) acetic

Gackd (e Gp Qe veloBsntn Tieshides wefd Geatdd with HYP Oi(A0#swhich had
nd 15 seconds. The slides were allowed to dry and )

(HRER URRARIEXPUSHY 1962 mindiesnd thed)rasnid YPR fepgfurther 2 minutes.

I’g‘,&nﬂgfg,lvmth 1m 0.1 %(wv) @BS in nethanol for 2

— Each slide was equilibrated in 1.0 M Na2SO4
Wi th 2eslidé was epiided irtei séclidAs Mnd freatetOwith iceic anhydride

before exposure to a single pulse of a frequency
@seerding te thentollpwing prefeel: 2:53@ ohayccimisartlydrde was added to a

SENBEAGT o I RO HOBBEIRDAS 199 B3 . o
&b afittPthd RoloYrdviwas meettbd imﬁhéﬂié@&ﬁﬁﬁ@ tl?ﬁ%%hﬁf%ﬁ?%fore the
The slides were treated with HYPO (40 m) i ch had

IseieaINIG eanipdsidieo Unsidy dompletely ndisssivedd tTea $lidss hwadPOwered

AL GBS s BT St o S,
i 3 | 1 . . .
gﬁﬁ%@ﬂeﬂg R slides {vak!\padHeY %?618@'2%|m %.e%rﬂs{ﬁ &%Tﬁlh‘l%édlately

ride was added to a stirre ution o
il POTIOVET, do rebdvarany pehdtaf)s and ahgh asssheshiren 00 ThMl NaOH

lid ' [ ted i diately int
Folvied by B BB o the succinic. anhydr: de had
conpl @l%‘&ﬁ%&iﬁlﬁglvﬁ?@'tré@@d? ! §le u{a@,"f’(c?dsso and 510 seconds

i ncrenent a nto the reacti dn So i'on dt se

Risirignithés metiwe. t The rdspbnbe ontresenfeited sliidésaspH depHERS and pH
:yashed t horoughly in deionised water inmedi ately after
e

Was en est9@nove any reactants and then washed in

treat £00Er o AR Ny T8 At o emen

with succinic anhydride for 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 section of a slide was treated in a cuvette with acetic anhydride (20 ul)
in 0.1 M NaH,PO, buffer (500 pl, 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 pl,
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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using this nethod. The response of these treated
slides at pH4 , pH5.5 and pH 7 was then tested.

wo-2@anessi4 shows the peak diffracti on wavel engt PCEHGBRGVSN02846

time of treatnent with succinic anhydride for the
three different pH values. Thggresults show that, the
| onger the nediumis treated, the greater the range of

VERHldeiaet gt tian 'b@hﬁ@é‘d fnr?fhé‘o?b%é?fe WaY "t@ﬂ%eun#éét{éﬁ' Sorfioftas the

section of a slide was trea in a cuvett
dirg-bpeningyofr thie ahh@dritiy JgemebatisMa Nedd2 BEH IgudSuimr TEH0Pange of
n.was nonitored using

3&%@?%5%? o t@éﬁ.ﬁ%i@bﬁy@@d@ BORIONABIMEEN ShSaig iarinat of the

STELY IR PbE, PR T BT VISR EBRE R e bhebipupont pH <4
rthe, smelﬁcoaandoacet(m anhydtids . pdttiens| replayes éthebout the same

t est a var, of buffers with an ionic strength
%i%ﬁg h& &M %@Q.\@@S sbseneed, frrotner uemode‘tﬁ,d:aﬁdcsuccmlc

F.ag%gaﬂgﬁg\%ﬁ@gd A5qLiges anhydr i de- modi f i ed

portions are s |gure The succi ni canhydri de

rExamgre Behaved in the opposi te way to the untreated
portion as_the ring-opening of the anhydri de generates
a fred\ aestirnyelouplidawasrteaaied mthme@pamgwugdefm nwigin NaH.PO,

e SR PEC B BoPe Pl S vt doir e 8 e dirgrhetogram
flﬁ@h@po@fmérh@é‘@%mei%dlﬂbnI‘E)'f*sﬁ%r HHE SRS R \ﬁaé‘HléH |n 100 mM

aceti c anhydride portions replayed at about the s
Wig@Heart f;mid HNRI z;irhaaSlfcte:wamrsembxpmmm Na2$®e as descnbed

BB SR D S5 B BN 8o
\é‘gg\fg&ﬁpﬁﬁﬁlﬁg@%hﬂ%lﬁgl Hsllte: t?lerlgg'élg&gra Q%F & after ahologram

rfmctbebm;pcerdieﬂ m@hmﬂherpdltnmepol ymer . Before the

addi tion of si the slide was washed in 100
NaCH &h W@'wﬁwr'deﬁa iENbwagdrmackin mhgr'e%pthn of the slide

Y
SRS =PRI KSR el G PR g e
méﬁﬂsbwdrw of( Pelsiide wpré Vreéﬁed/\ﬂaiﬂiﬁob@w@g 150 N2ed90 and 60
over ice after a hol ogram had been recorded within the

SECORES respectively.

Figure 3 shows the pH response of the succinic anhydride-modified
portions and the acetic acid-modified portions. The peak diffraction wavelengths
of the acetic acid-modified portions remained approximately constant over the
selected pH range. The 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-linking monomer mixture P2. P1 consisted of a
polyHEMA (85 mol%) co-polymer with 10 mol% methacrylic acid (MAA) and
5 mol% ethylene glycol dimethacrylate (EDMA). The P2 mixture consisted of
20 mg Irgacure 2959, 7 ml methanol, 2 ml EDMA, 200 ml hydroxyethyi
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A succi ni c anhydride gradient was forned in anot her
section of the slide after hol ogram recording

w@ewmeneiseyg to the protocol given in Exanpl e 1.PdneB2005/002846

different sections of the slide were treated for 360,
240, 150, 120, 90 and 60 secqnds respectively. Fi gure
3 shows the pH response of the succinic
e f BirQshe@g cbhan@ et mtwater. Two separate
ﬁ%mdégr%%ﬁef (FZ%MAgr?OQﬁS r?he egggk di ffraction
seotignengt tre &1 (dnetl’m:esarrte glass- shiste) fwee pypeseshdor 15 and 30

5SS 9IRS PP POl P eSS B o BT S Y2 evers
b gl v t h [ H th Ptivi
Pl EenORERIGNT e porioa of trentment wiih the

anhydpsdgentihiFgie éhthmebpommw ﬂneg@sultalﬂbssm system to pH
wavel engt h between pH 4 an H 10 f a 240

(GO srandin; Ja g bASIoT SreqrshRapSHig Bhe UV laser was
I8 A 0 g o oo

ThizSGembhtrstes thaoiier sensitivityeofRAe rﬁlogmphlcmmcmfca@ be tuned
pol yHEMA (85 nol 9% co-pol ymer with 10_|EH) % et hacr

atmmly (uyxwtr@ﬁm%th@oam@e&ﬂr@ﬂ WVexgrsids diiweysigtt 9?'&58 used on

g'g%- ﬁr \nlér ﬁfé&%@ﬁj&eﬂhgosé@e%f IS6H86H €on a single

EMgét?éﬂé%lhﬂdF@d"'@&ﬁe(ﬂl\ﬂilés fdrizMbarticdlar rdppﬁtdmtytbreoeagilr}gielsensor

water. Two separate sections of the P 1 (on
Mh@aégradgda&‘sp@hsee) wer e exposed for 15 and 30

3econds 50 a UV | aser respectively to create

&3 ee hol ograns with P2 |ayers of differing
har dnes i\, diS &8 Hblédra Eh&%éné’or hé&\an n%ecmoﬁﬁﬁneﬂ‘ sthsitivities was
resul tan{ sensor systemto pH (25 i oni ¢ strength,
3e8Mtedaf Ties bade quext;onds(ibf) eormsiade:ftﬁﬂ m@é%mpwlﬁ@deméa mol%

em whi ch, on

&m@%@é@'df@xh%%@fé S0 e RRURL LB A es PolpiEtietlin water.
5[‘?]%% %Iyﬁ%ré)fare E%&ﬂl@(@@&nweneea;&{ a8athBRolt H9QHey are very

contr ol t he anount exposure. This

@b”hlﬁ@@nba/vlumtmt immespmseabedﬁ smdmm,l AihegPR fermula was
resultlng in a series of sensors,

soade bafronwi 00 Ml die vy ASEATPIR aqdin vafere Bﬂmeﬂeam' 4 ml water,
R i52hiedy h%f‘@?g&g@ A§RGhcibt Boga," 8" AjFBMPA, 0.4 g 1,4-

[es
bisacryloylplperazme and 0.148 g acrylic acid. This creates a pH-sensitive P2

mixture and thus pH-sensitive fringes.

On testing the polymer, a hologram could be observed in pH 3 buffer
(50 mM ionic strength). This would 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 9 buffer, decreasing the

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

vanish.
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A silver-free hol ographi c sensor having two distinct
sensitivities was created. The base pol yner (Pl)

weonsistsed of 64 nol % acryl am de, 32 nol % PCT/GB2005/002846

nmet hacryl am de and 3 nol % net hyl enebi sacryl anm de
polymerised in water. These pgepyners are sensitive to

sol vents such as ethanol as they are very hydrophilic
adammg ! contract in the presence of solvent. The P2
fornmulra was nmade up from 100 ml 2% (w' v) ascorbic acid

iTn watfesengoen whish lcamprise$ arsupdreé mediOd arld diheldyraendisposed
| ycol , 5 | rgacure 2959, 5. A 0.4 g 1,4-

S e RRR PrcCHaTaClsaie B e Machum oS amp gesult of a
8 e L ey T o o Ry iedimis heterogeneous
isoich ghaintheainadigbeof glospente s hetepddehdoukf er (50 nmM i onic

tren th%. Thi s \é@u'? not affect the base P 1 polyner.
R pHASERRPNAKCPEING ta Climt iyhereirathednegiuanis 4 polymer.

8, SSERERE S R SERRHOE o P ol e
nheredarid kesepodymeriseaf regidmsie | ndex between P 1 and P2

nd causing the hologramto vanish. CLAIMS 1. A sensor
vaﬂhi ch AeBRRTAr ssording ihelaim detarife datectionsif egranalyte wherein, at

' t i ' ical i Sti f.o.. .
4 BRS04 col B RANSLYAB y HEB) L e v

subpkintigllpthd semeadicath réﬁi@bn\!\her ein the nmediumis
het erogeneous such that the change of property is _
Fet er 4y eSR55@E . agcordinge t@ oRNwceisceding tokrinl, amimergin the optical

i, 0L , [ i S 3 A di
RBER e Ao PRI Jop Ao BBEE 45SEEN0 of e
relcyrapkicl @emepe! ynerised regions. 4 . A sensor
according to claim3, for the detection of an anal yte

®her eiPn,Seasoraamdingutmanamby@@in_goci_ahamt wheieon the trelogram is
BBl o e BB Bhn SRR o) SLlcr s substantally
Tt et sksbrdc) 8Pl SHRIBERS A Gais oy
slsiiole hendee meEgnifieatiool ogr aphi ¢ el enent. 6. A sensor

ggcor %I ggnggr gggor@{ngc’?odiaﬂg ;grlcegieé?ngmggirrrii vr\]/htepeein ht(l?mleor%lggr;r}aphic
image is of an object or is a 2- or 3-dimensional effect.

9. A sensor according to any preceding claim, further comprising means for
producing an interference effect when illuminated with laser light.

10. A sensor according to claim 9, wherein the means comprises a
depolarising layer.

11. 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.
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generated by the diffraction of light. 7. A sensor
according to any preceding claim wherein the hol ogram

WO 2006/008524/1 si bl e under magnification. 8. A senBOI/GB2005/002846

according to any preceding claim wherein the
hol ographic image is of an objygct or is a 2- or
3-dinensional effect. 9. A sensor according to any

pt&cedAngethad Bf detesi o‘F%Wrain%i){?Aﬂ e!n Téll lﬂﬁn@ ,{¥hich .camprises

produci ng an interference ect
|@)§gacu|n@me sample\\/\ﬂéhaoserw@cmartorrgng docdry preéxeding claim, and
a depol arising layer. 11.

8?1@%9 5&@85%89%’?%8 OQHfjag‘F'@f@B’ieﬁ@t'@F -aim wherein the
hﬁk ogr AMNdrcl¥| Wﬁﬁisﬁr#ﬁ%@hs&‘héé&rbir}gﬂ g ofJ %IQ%S ?rt

infra-red radiation sensor 0 any
cl&i nmsAn artici@é@ccarding it cldim 16 Ivigjcians aSraﬁs@‘aﬁbh %artmdﬁnknote

TP AEA TR Sa on Sk Bt casA g Boanep, phaapriots, bond

gc%h(;@q?gel ‘;cgrlé Esr%:c(ﬁ?gts%b&j}\ié% eﬁ‘ égﬁ@rﬂugﬂ%r C:ﬁ%}sg%&? gﬁ%ﬁp, (4il or air
atrn:dxbyttelepmoaresc&amj eitenhcat, event tisiest, e@Mits détsit I:Qr‘%i business
le with a sensor according to ar(%gfrecedr ng clai m

ngogt%ktf?fﬁgisgﬁyn EABRFHYBEGPOrANGE OHPHG protection for the purpose of
SRRl detine BrodWBte bty G TRl pRo GRS of ik Biying stolen

groductsng to claim 15, which is a transaction card,
b nknot e, passport identification card, smart card
drfi vi iy Britcienaecorgingr te claim 15, which js aoitem eflietgliigent packaging

%{% ?r rﬁax banderol e, gift voucher, postage
anp, T ai L air ticket, tel ephone card lottery

c® d, Avariclé la@&ﬂﬁrng%eb%?n 95, Whightis ‘éﬁrrﬂduQHél &?%ndicraft item

card, or an itemused in consumer, bran
@pmnfarng)@ teconative pziepest sxflediesit irorgrurtemsrrg‘ jeavalieng items of

BRI TrGhRRE SIS e A SEe, i it hCsenend ems
el gl ol PRS0 PR G e i,
arnetalﬁd ubmcr;ksal cenanties) divoodf tplastion @iipbttsarn i:h_ternal and external

sgﬁ@a }énvss art ?rncpud’rngs S#cﬁ,‘r:rtegdséurlgtrgrlet S&tsergfanjd Irghtlrr(rastgllatrons)
statronery (including greetings cards, letterheads and promotional material) and
sporting goods.

19.  An article according to claim 15, which is a product or device for use in
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, catheter or a fluid sampling or analysis device.

21.  Atransferable film comprising a sensor according to any of claims 1 to 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 film according to claim 21 or claim
22,
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clothing (including footwear), fabric, furniture,
toys, gifts, household itens (including crockery and

w@b@ssosseeL) , architecture (including glass, tiP&[/GB2005/002846

pai nt, netals, bricks, ceramcs, wood, plastics and
other internal and external iggtallations), art
(i ncluding pictures, sculpture, pottery and |ight

2 SRS ot S 5 R 10 an

goealss fargentnating ant/er aecardiigndatadrarh ahenséhsomhi ch i s
roduct or device for use in agricultural studies,

i r dhFEFER] WRidhdses datrganerated Ry apparatys according to claim 24,

PSR o g, R BN J s e O TRPSAG peyoh AN, 1
8. Wh nfethsd forttre predudtipn of Bildlographid s&ior, sV#éh comprises the
tube, pipette, contact |ens, sub-conjunctival inplant,

*€¥mal inplant, breathal yser, catheter or a fluid

sanpl i n j [C Agdransferable fil.m,.
comor 1 ormble, 2 BetSodefBllCSupbod mAghii Y HiéPdvpeifition o
22.  Arhohomers; Withreig dt feadt an@of tHe p¥lhictisalioR FE&S&IBn RRditions
a hot stanping tape. 23. A nethod of enhancing the

secur 1§ yagedsiyringtpalyreerisgtiarth conpri ses transferring

onto t g the sensor.fro filmaccording to .

ol ai mSaSGh6 Bt e Pty A loianhs reehging matBrial and
sensorredsgaMblégrapRik iffagel ai ms 1 to 13 and neans

for generating and/or recording data fromthe sensor.

23. AAetked fanithéprosistidapia delegrapkid sensap pdiieh comprises the
according to claim 24, for data storage, control,
s ssi on, reporting and/ or nodelling. 26. A nethod

for t h@rrﬁih?%tb%“géﬂ‘eo@s;égbﬁ?ﬁg@iﬁgxtstg}r‘iﬁ%du%é‘ﬁﬂoa medium a

conprises the steps of: ogeneou

supporcomEatiant) byadting (e yooempceent owitiof theo mewiurs, or a second
wherein at | east one of the g&l nmeri sation reaction

condi (GOBIRONEE! Pkpse] igihegepbimnend yatyioe theiexiriiafgeaction
in th%c%UH’ﬂ%ﬁ\ %%g&hﬁ“hol ogr aphi ¢ recordi ng
;o a

mat eri al recording a hol ographic inmage. 27. A
met hodiigpositdén thecslyppioriomedfuna alriograpblt ©coediagmaterial; and

whi ch rggg;e:!riri)gsgshotlggiagﬁi%%%a%fei

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, wherein the medium is obtainable by the
polymerisation of monomers 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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medi um and varying the extent of reaction occurring
in the medium disposing in the support medium a
hol ographic recording material; and recording a

%A.Ogrﬂp 'e?héggﬁlg:%orgiﬁg ép(%ﬁng%fég\gﬂéﬂéiﬁg&% Orlﬁé&hm Zbmprises

erein e mis-a

gootecled g nienarhaisin thé atongpe@nent® 8 beiter monotriees meliaimable by
conprises an am no group and the conponent is an
Aeprateciien Qf@roﬁcﬁ%?ﬁ@ﬂoﬁl%%rdi ng to claim29, wherein

t i ' j I t lgat, i ; ;
Somaetad RSB IE Sar TRnC RIS SRS Mitefl the image is

oSy conrtdetprintiage and/ or ethyl dinethacrylate. 3
1. A nethod according to claim?29 or claim

C . 30, wherein
t32 coPpen@tofidiseratesansersaaainable iy a mathed according to any of
anhydr i 2. A nmethod according to claim27 or claim
8K 26 3o 75

the nmediumis crosslinkable and the

CYNPONAAt arrgy BcebREifig tbndlaim 383 whergh thd sermsorslinaget Qifferent
claim 27 or claim 28, wherein the conponent is

pegnpitiMiiienbl e, the nedi um conprising a second

C onent i,¢h .is pol ri sable. 34. A net hod .
20y dmep PGSR S0eTRE AR isd el F BB iass agoiumanda
PRAbEEE HiSHESURE Kferel) SYHBROBR N 5tidae IcREr4BE898RY 8f the medium
obt arnabl e by deprotecti on of protected nononers. 35.
Mearfesd ascaoresiuligot @ elngngsf of |aiprepedy taf the, mesiursj the method

t he irrafg]e 'hs recorf(_jed by contact-printing. 36. An
2FARISNINE SISO ensor s, obtainable by a net hod

accor diJagh: ' o r .
ccor d AN AYURE (R RO pETeint a AN SPpolymerisable
di f f er emhperasistand anatber S@mpdnemt hod for the

productjon of a sensor which conprises a medi um and a .
hol ogr QifPAFEFIE et FHAPOTIMEHIvE aNelagraghia gording material; and

char aci el ghb% RbIoGRGHHIE Fhde:
wherein the temperature at which the change of the physical property occurs is
dependent on the amount of the another component present in the mixture.
39. A method according to claim 38, wherein the medium comprises a
hydrogel.
40. A method according to claim 38 or claim 39, wherein the optical
characteristic varies as a result of the medium undergoing a phase transition.
41. A method according to claim 40, wherein the component is a copolymer.
42. A method according to claim 38 or claim 39, wherein the component is
N-isopropylacrylamide.
43. A method for the production of a silver-free holographic sensor, which
comprises the steps of:
forming a heterogeneous support medium having a hologram therein, by:
(1)  introducing throughout the volume of a first polymer a cross-linking

monomer mixture,



varies as a result of a change of a property of the
medi um the nethod conprising the steps of: formng a

W@ appoegs2sredi um by pol ynerising a m xture of PCT/GB2005/002846
pol yneri sabl e conponents and anot her conponent;
di sposing in the support nedi ym a hol ographic
recording material; and recording a hol ographic image;
wher ei ('QI)t hercdaBiTRg e HoRofferMhix@ et B%réé}é@ﬁe&fnot ;'S’cﬂyme{, which
physi cal property occurs is depen ent on t amount o
t he anot herfowaﬁmiegﬂapbr%pemnemfrmgesnwhene ghe 3Bst and second
nmet hod accor o cla wherein the
conpri ses aD %63 thﬁ) meﬁgﬂ@tm"‘g@é@ﬂd hﬁge’ftﬁrr‘rtpfar?ﬁc’“on is
38 or clai v@&, ical characteristic
vari es as ni}a:ﬁeésu @”ﬁwetm@ I um under goi ng a phase
transition. 4 1. A nethod according to claim 40,
wherei n the conponent is a copolyner. 42. A nethod
according to claim38 or claim39, wherein the
conponent is L/-isopropylacrylamde. 43. A nethod for
the production of a silver-free hol ographic sensor,
whi ch conprises the steps of: form ng a heterogeneous
support nedi um having a hol ogram therein, by: ( 1)
I ntroduci ng throughout the volume of a first polyner a
cross-linking nononmer m xture; (2) reacting the nonomner
m xture to create a second pol yner, which forns
hol ogr aphi ¢ pol yner fringes, where the first and
second polynmer formthe nmedi um and wherein the extent
of reaction is varied through the nedi um



