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relates to an optical sensor and to a nethod of optical sensing. 5Sensors
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sensitivity and in real-tinme are of cbnsiderable inportance within both
life science research and industry. Several sensors exist which nonitor
changes in refractive index (or other optical properties) of a biological
sanple as a result of nolecular interactions. Such changes in the optical
properties of the sanple may be GREKABSENSQRchange in a 10property of the
| i ght passing through the sanple, such as the intensity. In a typical
sensor, light is coupled into a guided node of an optical wavegui de. An
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change. This change of the refractive index is experienced by the

evanescent ingustay. axyeel sensarsvixist wiieh guainited changes irCredrageve mdexiren ofjel n t he
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cont am naniBanges i henejtREL probedies of Pl $antple aidyybd HRasuddead Oichaideria-pur e
wat er, which may for exanpfe be used for chem cal assays or intravenous
25i nj et® i oReoperty of Hiedighbpassing giropgd) the sppRieuchas thgtidensly- free from
bi ol ogi cal agents such as bacteria, but it should also be free of the
endo-toxi ns whi ch they produce.

In a typical sensor, light is coupled into a guided mode of an optical waveguide. An

evanescent wave associated with the guided mode extends into a biological sample,
which may for example be held in a gel or be in liquid form. In some sensors it is
15  possible to tune the depth to which the evanescent wave extends into the biological
sample by altering the incident angle at which the light is coupled into the waveguide.
If a change occurs in the biological sample then the refractive index of the biological
sample will change. This change of the refractive index is experienced by the
evanescent wave associated with the guided mode. Changes occurring in the
20  biological sample may therefore be observed by monitoring light output from the

guided mode of the optical waveguide.

It is desirable to detect contaminants within water. This is particularly the case for
ultra-pure water, which may for example be used for chemical assays or intravenous
25  injections. In this case, not only should the water be free from biological agents such

as bacteria, but it should also be free of the endo-toxins which they produce.

Some methods of detecting bactenia in water detect the action of live bacteria and
hence are insensitive to endo-toxins. They are also insensitive to dead bacteria or
30  broken-down bacteria. Other methods detect the action of enzymes which indicate the

recent presence of bacteria. However, in order for this to work the enzymes must not



Some net hods of detecting bacteria in water detect the action of live
bacteria and hence are insensitive to endo-toxins. They are al so

i nsensi tiWe200/638W8 bacteria or 30broken-down bact eri a. POIK&R20 10 S
detect the action of enzymes which inélicate the recent presence of
bacteria. However, in order for this to work the enzynmes nmust not WO
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sensor conprising a wavegui de having a sensing |ayer which is nolecularly
inmprinted such that it will receive and retain target entities to be

sensed, .t he, optical .sens further conprisi a. det ect jon
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ineffective in some circumstances. Furthermore, they do not lend themselves to

continuous monitoring of water for contaminants.

It is desirable to overcome or mitigate at least one of the above disadvantages.
15
According to a first aspect of the present invention there is provided an optical sensor
comprising a waveguide having a sensing layer which is molecularly imprinted such
that it will receive and retain target entities to be sensed, the optical sensor further
comprising a detection apparatus arranged to detect a change of an optical property of
20  the waveguide which occurs when the target entities are received and retained in the

sensing layer.

The sensing layer may comprise reception sites having shapes which are suitable for

receiving the target entities.

25
The sensing layer may comprise reception sites having functional groups which are
complementary to functional groups of the target entities.
The sensing layer may be porous.

30

The optical property in which a change is detected may be the refractive index.



20t he wavegui de whi ch occurs when the target entities are received and
retained in the sensing |ayer. The sensing |layer may conprise reception
sites hawAgosHepws whi ch are suitable for receiving t h&CT&RE10/02467t | es.
The sensing |ayer may conprise receptdon sites having functional groups
whi ch are conplenentary to functional groups of the target entities. The
sensing | ayer may be porous. The optical property in which a change is
detected may be the refractive index., WO 2011/ 058308PCT/ GB2010/ 002067 3
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node wavegui e may include a layer of material having a
refractive index which is higher than the refractive index of the sensing
| ayer. The |ayer of material may be a netal |ayer. 10The sensing | ayer may
be a pol ynghe vayeguideneayen /leaky mage Waveguidsr bon or silicon based pol yner.
The sensor nmay formpart of a contam nation detector which is part of a
wat er purification system

The waveguide may include a layer of material having a refractive index which is

higher than the refractive index of the sensing layer. The layer of material may be a

metal layer.

10  The sensing layer may be a polymer layer The polymer may be a carbon or silicon

based polymer.

The sensor may form part of a contamination detector which is part of a water
purification system.

15
According to a second aspect of the invention there is provided a method of optical
sensing using an optical sensor comprising a waveguide having a sensing layer which
is molecularly imprinted such that it will receive and retain target entities, the method
comprising locating a portion of the sensor in a fluid flow path, the fluid flowing so as

20  to contact at least a surface of the sensing layer, coupling light into a guided mode of
the waveguide such that the sensing layer receives at least some of the light, and
monitoring a property of light output from the waveguide, the property changing in
the event that target entities are received and retained in the molecularly imprinted
layer.

25
The sensing layer may be porous with respect to the flowing fluid, thereby allowing

the fluid to flow into the sensing layer.

The sensing layer may comprise reception sites having shapes which are suitable for

30  receiving the target entities.



15 According to a second aspect of the invention there is provided a nethod
of optical sensing using an optical sensor conprising a wavegui de having a
sensi ng 1NMQPE@PINMIIBYB i s nolecularly inprinted such that PCTIGE210/M2®ve and
retain target entities, the nethod cotprising locating a portion of the
sensor in a fluid flow path, the fluid flowng so as 20 to contact at | east
a surface of the sensing |ayer, coupling light into a guided node of the
wavegui de such thaﬁ t he sensiq? . receives al |east sonme of the |ight,
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nmol ecul arly 1'nprin | ayer. he sensfng [ayer may be porous with
respect to the flowing fluid, thereby allowing the fluid to flowinto the

sensing layer. WD 2011/ 058308PCT/ GB2010/ 002067 4 The sensing | ayer may
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| i ght whi is nonitore e Intensity of light and/or 5the angle at
which light is output fromthe wavegui de. The entities to be sensed may be

ri bonucl eage, which may be inactive. The flujd .be water. The entities
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preferred and advant ageous features of the various aspects of the present
invention will be apparent fromthe foll ow ng description. Specific
enmbodi ment heofluid memydheesaert i nvention will now be described, by way of

exanplﬁ)only, with reference to the acconpany draw ngs, in which:
Figure™ is a schematic cross-sectional view of an optical sensor in

accor danceTné &diitiddrbeaehad mBfbe Hork LiRinit &S @ProdudV e ¢ddiminant.

Other preferred and advantageous features of the vanious aspects of the present
invention will be apparent from the following description.

15
Specific embodiments of the present invention will now be described, by way of

example only, with reference to the accompany drawings, in which:

Figure 1 is a schematic cross-sectional view of an optical sensor in accordance with

20  an embodiment of the present invention;

Figures 2 and 3 are schematic cross-sectional views of a waveguide of the optical

sensor shown in figure 1;

25  Figures 4a, 4b and 4c are diagrams of a process used to create a molecularly imprinted

polymer in accordance with the present invention;

Figure S is a diagram of a process by which a target entity is received by a molecular
polymer cavity created by the process shown in Figures 4a to 4c;

30
Figure 6 1s a graph showing a first general scheme of the relationship between the

reflectivity of a waveguide and the angle at which light is incident on the waveguide;



Figures 2 and 3 are schematic cross-sectional views of a wavegui de of the
optical sensor shown in figure 1; 25Figures 4a, 4b and 4c are diagrans of a
process MWO@0t1YP5808ate a nol ecularly inprinted pol yner PRTEIROIINRAWE Wit h
the present invention; Figure 5 is a 8iagramof a process by which a target
entity is received by a nolecular polymer cavity created by the process
shown in Figures 4a to 4c; 30 WD 2011/ 058308PCT/ GB2010/ 002067 5 Figure 7
is a graph showi ng a second general schene of the relationship between the
reflectivity of a wavegui de and the angle at which light is incident on the
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rel ati onship betwe ectivi a wavegul de an he angl e at which
light is imfledeity odn waheguidwagutheenglé&atgulieh Belitds mcgieagdn thh oy egnidehe

di fference between the position of a peak pixel and a baseline pixel as a
function of concentration of a target entity to which a waveguide is 10

exposed ke ¢ 10y SERRLALE WY B H55k 08nA oL SHaSARD RETed) the

nmol ecul™ar I'y®inprin yner sensi ayer 1 n accordance wth an

enbodi mentrefléctivitg of Bwanegnide anidhe beglotthetiiclofighthis aitideangr ths egveguidm

nmol ecul arly inprinted polyner sensing |ayer; Figure 10 is a graph show ng,
as a function of concentration of a target entity 15 exposure, the

i1 er encereluaen dilh A3k AR Sk iRAkthy Bbaiio] 5% GrakGYEhdlg whi ch

conpri ses a-nolecul y 1 npr mer sensing [ayer according to the

present i nivaelirieqrixeng a fisicgn af vencegwatoe offaitaigetaityatonarichm hegeduadd 1y

' pr n]toed epx%lo er;rle{o §(§arn£sve]0ngel)la?g{g I’vi/aveguides, one of which comprises a molecularly
imprinted polymer sensing layer in accordance with an embodiment of the invention

and the other of which comprises a non molecularly imprinted polymer sensing layer;

Figure 10 is a graph showing, as a function of concentration of a target entity
15 exposure, the difference between the position of the peak pixel using a waveguide
which comprises a molecularly imprinted polymer sensing layer according to the
present invention and using a waveguide which has a non molecularly imprinted

polymer sensing layer;

20  Figure 11 is a schematic cross-sectional view of the waveguide of the optical sensor

shown in figures 2 and 3 and a corresponding graph of refractive index;

Figure 12 is a schematic cross-sectional view of an alternative waveguide of the

optical sensor and a corresponding graph of refractive index;

25
Figure 13 is a graph showing a first response of several waveguides which may form
part of an optical sensor according to the invention, each of the waveguides having a
molecularly imprinted polymer layer which has been spin coated using different
parameters;

30

Figure 14 is a graph showing a second response of the waveguides of figure 13;



20Figure 11 is a schematic cross-sectional view of the wavegui de of the
optical sensor shown in figures 2 and 3 and a correspondi ng graph of
refracti WEO2AHIER830Bi gure 12 is a schematic cross-secti oR&I/GB2814/092063n

al ternative wavegui de of the optical $ensor and a correspondi ng graph of
refractive index; Figure 13 is a graph showing a first response of several
wavegui des which may form part of an optical sensor according to the

i nvention, each of the wavegui des having a nol ecularly inprinted pol yner

| ayer whi ch has been spin coated using different paraneters 6 Figure 15

is a graph.sho a f|r response of a Uld formgart of
an opti cal Fighiss o lgg ﬂ@" fﬁzrqsﬁ%ﬁf)}l\la avegide, cﬁ‘lm%nﬁ%f“t fp and

SFigure 164 §pt@ag§eﬁ§m a88RWNB Yo theSAERNEN, r@%mmaa%o@dmmeaﬂ@vegw de of figure
15 in said several conditions. Referring to Figure 1, an optical sensor 10

conpri ses a waveguide 12 located on a prlsn114 nght froma Ilght source
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figure 1). The risml14 may be used to couple I|i into a out of the
waveguide 26.a Senorybn@a@&ﬁbéﬁl\’fm@h i qmemﬁuvelt@mﬁ@wﬂwea% tAndkptegss of

20nm Howe r 0 ed. The
t hi ckness %{, e%tﬂlawrrejﬁ\gra %B{or % 2%5 ﬂlﬁl&lﬂggﬁﬁt réeé%g&a%“CA ??\%\e&&‘gﬁ %%‘Pné%?z 200nm
30The sensangy.| Ayesuitidle mdlan@ohq,tamm hayee ysedhile honmymfmhmemamm secdrel car bon

or silicon :
polariser 28 may be omitted.

20  Figure 2 shows part of the waveguide 12 in more detail. The waveguide 12 comprises
a sensing layer 34 provided on a metal layer 38. The waveguide 12 is situated in flow
communication with a conduit 32 through which a fluid 31 flows (flow denoted by
arrow A). The metal layer 38 is provided on a substrate 36. The substrate, which may
for example be formed from quartz, may be bonded to the prism 14 (see figure 1). The

25 prism 14 may be used to couple light into and out of the waveguide 12. In some
embodiments the metal layer 38 has a thickness of 20nm. However, any appropnate
thickness of metal layer 38 may be used. The thickness of the metal layer 38 may be

for example between 0.5nm and 200nm.

30  The sensing layer 34 is a polymer layer, which may for example be carbon or silicon
based. An advantage of silicon-based polymers, compared to similar carbon based

ones, is that they can be produced in the presence of air. This is not possible using



based. An advantage of silicon-based polyners, conpared to simlar carbon
based ones, is that they can be produced in the presence of air. This is
not possiWPeOUASBYWS WO 2011/ 058308PCT/ GB2010/ 002067 7 c&EB&B2OHEWA6H0! yner s
because they react with oxygen in the7air. In particular, if the carbon
based polyner is fornmed by a free radical polynerisation process, then the
oxygen will react with the free radicals. Silicon-based polyners nmay
conprise, for exanple, linear si|oxanes or a lattice-like sol-gel. 5 1In
order to as¥bat bislerkms SGgusSTth e s PXYES b fherpit e PEBRRiER T Gy er 34
works, it LSpd [ t; Lt Sit ' b y j si ng
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before it eetgeh valtread hvethriteafred myenals38ilicDutbiastg mpdymers owdyi cxgmpriser face
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of the senStAMPledpe3r s8axqnes e p té‘ﬁ‘t]ﬁ‘élsf’ 8¢l at. This hel ps to mnimse noise
or lossgs in signals returned fromthe wavegui de 12 during use (noise or

| osses may be caused by scattering due to surface inperfections in the
sensi ng | alreorfer tAl asgstnalersandiag lvd dise menrtenat wbichshé sensiogtayeg34mprkseitused to
apply a polyner layer_to the tal layer. 38 Such alternativ t hods

i ncl ude di B BSEEtKG© st e3nstdsh ey aidvhisk BlecisAsipg fayes 1§ gnade §LHD Fa to 4c
show schenplicRlshi @afRIaGHE #] a NIRS iRk I1G RENE AStsyBhB IhOREHI Fayen38.he
sensing layér 34 during its formation. In a first stage, shown’in figure
4a, entiti Bsriog spinsoatiigasurfaceiteheitn indhe Sudumiymer migturh belpsitd ¢rises thy be

sensed, are m xed wi,th 20 nononer nj xture, a assolvent ., such.t.hat the
m xt urb&i stl}ens_uégf;? ﬂb d)fgli‘%ts@.smﬁhg?’%ﬂ%)%?Ubﬁ{wpﬁlyeﬂétoh%}s?}é%%s t UELYS one
type of fuReké oNRssdIBAGIFRALs REEMEBY oAl &R WARBHIUS @2 Aurih@asd (n813€ of Ydreesof
crosslink nononer. The purpose of a functional nononmer within the nononer

m xture i smayfbeceused thy sqaiering dae dp ouislace kmpgiestians inptheg sengingclagedd in

nore detail I t L i.ch.ar ' i .t m xt ure
are et er r CHeTsPE pEIBIS R it 8F M cER R Ba il Sl oA pOTpRE R e,
appropri at eéherattablalpyr I ssichfaltemapeonsrtiodoindide diprosaie, spray wpaingsant: 4: 20
tenplate entities : functional nononmer : crosslink nononer; and that an
appr opt? at ETFRRHURS mass of nonomer mixture to solvent is 3:4. However, it

wi |l be appreciated by those skilled in the art that any other appropriate

rati os of constituents of the nononer 30m xture and sol vent may be used.
Figures 4a to 4c show schematically a molecular imprinting process which occurs in

the sensing layer 34 during its formation. In a first stage, shown in figure 4a, entities
of a similar or identical structure to the entities to be sensed are mixed with a
20 monomer mixture and a solvent, such that the mixture is in a fluid state. The
monomer mixture comprises at least one type of functional monomer and may also
comprise at least one type of crosslink monomer. The purpose of a functional
monomer within the monomer mixture is different to that of a crosslink monomer, as
is discussed in more detail below. The entities which are mixed with the monomer
25 mixture are referred to here as template entities 42. It has been found that an
appropriate ratio by mass of components of the monomer mixture is 1:4:20 template
entities : functional monomer : crosslink monomer; and that an appropriate ratio by
mass of monomer mixture to solvent is 3:4. However, it will be appreciated by those
skilled in the art that any other appropriate ratios of constituents of the monomer

30  mixture and solvent may be used.



WD 2011/ 058308PCT/ GB2010/ 002067 8 As nenti oned above, the nonomer m xture
contains functional nononers 44, each of which includes a functional group
46. The rM¥AAAEOSBIORt ure may contain nore than one type @CTIGR010/09R00[
mononer. Each type of functional nonober has a different functional group
46 (these are represented schematically in Figure 4a by different 5
shapes). The functional groups 46 are conplenentary to functional groups 48
of the template entities 42. Although three types of tenplate entit
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bondi ng, WA WeFighier4aa theysma o ety May haye ane RtmbseiBesRf fanttiondhdi ng i s
non- coval ep},,,&0The functional groups 46 of the nmononers 44 interact with
correspondi"ng functional groups 48 of the tenplate entities 42, causing a
plurality of nmononers 44 to arrange thenselves around each tenplate entity
42 (as 's ggomn in Fi ure oner s av for. anm no
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am nes, aryl, carboxylic aci esters or ethers; or by property including
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bonding, when the initial bond formed i1s covalent and subsequent bonding is non-

covalent.

20  The functional groups 46 of the monomers 44 interact with corresponding functional
groups 48 of the template entities 42, causing a plurality of monomers 44 to arrange

themselves around each template entity 42 (as is shown in Figure 4a).

The monomers 44 may have, for example, amino and/or carboxylic acid functional
25  groups. Possible functional monomers can be classified by type, including acrylics,
alcohols, saturated alkynes, amines, aryl, carboxylic acids, esters or ethers; or by
property including acidic (i.e. methacrylic acid), neutral (i.e. Styrene) or basic (i.e.
4-vinylpyridine). Below is a list of some common functional monomers which may be
suitable for use in manufacturing a molecularly imprinted polymer matrix: acrylates
30 (acrylic acid (AA), methacrylic acid (MMA), tnifluoromethyl acrylic acid (TFMAA),
methylene-2-succinique acid (MSA), N,N’-dimethylamino-ethyl methacrylate
(DMA)), acrylamides (acrylamide (AAm), 2-acrylamido-2-methyl-1-propane



sul phoni que acid (AMPSA), N-(2-am noethyl)-nmethacryl am de (2AEMA)

di et hyl am noet hyl net hacryl ate (DAEMA)), styrenes (4-vinyl benzoic acid
(4VBA), W0O201/3§30Bhenyl ) - 1, 3- propanedi ol (4ES), (4-vi nPCHKERY10(00ST hy |

am ne MN' diacetique acid (VPMADA), NN -diethyl-(4-vinyl phenyl) amidine
(DAVPA), 4- 5 (1,4,7-triazacycl ononane-nethyl) styrene (4TCMS), 4-vinyl
phenyl bori que acid (VPBA)), Pyri dines and im dazol es (4-vinyl pyri di ne
(4VP), 2-vinyl pyridine (2 B(LF - Vi nyI i mdazagl e V1), 4-vin dazol e
(4V1)) . Assulitteniavas| gcifent(AHSd): t hY-@omanesthyh- WW@WH&W &l st ‘%@\4(\2: n at

or ovent - aryou aftpyf HRRCH LSS TRATIRA, [ RoEE PP e P BERCH BN Rer oby
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process. Common crosslink e used in cre
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(MBA), p,p'-diisocyanatodi phenyl met hape DI DM, Bisacryloyl piperazine
(BAP) and NYvNY! peidagaletd 1yidadpyl IHHﬁi%?@le((ﬂ&ﬂ vyl enebi sacryl ani de). 20The
sol vent, which may al so be known as a porogen, nay dissolve all the
constituents of the nonomer nixture. One of the solvent's roles is to
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chl or of or m)ol%& AhGx $Q!5Y §OUSITRAY akd Sh LS hé194 u@n@amtaé fﬁ%t Mpeng £Hl ori de,
chl or of or acetonitrile, acetic acid, méthanol, ethanol
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conbi nation with one anothe rta Odl on,
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For exanpl gthy&enpl asdlidi serdlmhmylaml u@BMRg, r epudoenibzedeass (DVBRSI ti on
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nonomer m xture 44 | neri sed and cross-linked wt he ten‘g)l ate
entities 48,pi- dnsmyanatddnplsnﬁlhxmﬂmna $o(D1BMe| Fisearylewk miperaznec GRAR) indg a

plurality %f, (-:r%\e/tlhyiegg dg%ry\(\z@mﬁg (r%cr:tﬁyl%neblsacry%amf?in)(.j configuration that is

20  The solvent, which may also be known as a porogen, may dissolve all the constituents
of the monomer mixture. One of the solvent’s roles is to generate pores within the
fabricated polymer. As such, the solvent can affect the structure of the resultant
polymer. For example, acetonitrile as a solvent in acryalate networks leads to a more
macro-porous structure than chloroform. Suitable solvents may include: toluene,

25 methylene chloride, chloroform, acetonitrile, acetic acid, methanol, ethanol,
dimethylformamide, and water. These can be used individually or in combination

with one another.

In certain embodiments of the invention, it may be desirable to include additional
30 additives in the monomer mixture. For example, a plasticiser may be included to
reduce the glass transition temperature of the resultant polymer and hence decrease

the internal viscosity, thereby increasing its bulk flexibility.



5 capable of receiving the tenplate entities 42, and hence the entities to
be sensed. An exanple of a polynerisation process which my be used is free
radi cal p¥PRAEVES3NBI on. However, any appropriate pol ynePCI&B20H/92¢ess nmay
be used, as will be appreciated by a ¥erson skilled in the art. 10ln the
case of free radical polynerisation, polynerisation is initiated by the
addition of an initiator conpound, which under specific conditions gives
rise to free radicals. The conditions required may, for exanple, be a
thermal change or photochem cal change as a result of irradiation of the

nitiator eLe Lhg, LALLAAh Halh S As0HR! G0 AnRICLACHG SRl ask] on due

to irradi a cases

change in &@Mlﬁ}de@ﬂ&t}f ﬂ}%uhﬂhglatdﬁemﬂies ARl . aFhid Goithsel @Ndaeeymdr hiteix
initiator to yield free radicals. In other cases, the initiator is involved

in a bi onod@eentapingemplarabity ahewratiesnsewhichage of asize and cpwfigusatiqnathay s
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radi cal’s. exa ree |caI I ni

al pha' - Azoéxzatplé ysfori tgolyraerisaliGN) proaasd am@xaﬂw ebqohosbd) isni fideatradicdls
2,2-Di nethoxy 20 2-phenyl acet ophenone (DMPA). The range of free, radical
i ni tiat or sPAI¥MERFALINE] PaWersTe ann FPRIOP 86 rHORMETISANQN RIOSESSCBAY B8 useh s The

choi ce of %nlgéaﬁggnﬂgy 9§88@ ggpgpﬂxhgﬁgtors including the initiator’

solubility I'na artlcu ar solvent or 1ts deconposition process. The
deconposition 25 process may be of particular relevance if the

deconp05|t|on proce is . sepsitive to tenperatures which are sim)ar to
et Bi0 whircihe Fess Sires FHBAb R S Ry q?'ﬁen%a&ﬂww&laé?ﬁwﬁ@ dgon

per formed. fgf 1nﬁmm&npduhdtwﬁcﬂ%ﬁe éelﬁbeand%&cseg%esqiseae ﬂé@'rﬁ&@él?r has an
activation energy which is too low, then premature free radical production,

and hence Phb¢ gomtifiemst teqnlredtwyo&ruqrxabmifmb@ 4 Hermainchapgs ohahetogitinmcdr act ed
with the t | at e entlt r.emat.ur e. pol |sa i an. 1 undes bl e since
' ey e a R RERS £ TS b Rragletid S M B BN e B W HRA MR E ©ho
pol ymer i spkbchei¥idal Qdaktion &0 8bGia&RRH & 802064 dsla |pmromﬁza@|r Whtsbmfehe
tenplate entltles 42. This may result in the cavities 52 being unable to

recei v& t heasentlhg sheage i %@dgéwéé?fultsrweumﬁml?fa'ﬂ%rboﬁyl%éagew&%mgm that it
has a Weaktob%ﬂi Wk GlqiciReth %'[lﬁ%%ses, the initiator is involved in a biomolecular

reaction where an excited state of the initiator interacts with a second molecule (a co-

initiator) to generate free radicals. An example thermal free radical initiator is alpha,

alpha'-Azoisobutyronitrile (AIBN), and an example photo-initiator is 2,2-Dimethoxy-
20 2-phenylacetophenone (DMPA).

The range of free radical initiators is extensive, and any appropriate initiator can be
used. The choice of initiator may depend on many factors including the initiator’s
solubility in a particular solvent or its decomposition process. The decomposition
25  process may be of particular relevance if the decomposition process is sensitive to
temperatures which are similar to that at which mixing of monomers 44 with the
template entities 42 is performed. For example, if the decomposition process of an
initiator has an activation energy which is too low, then premature free radical
production, and hence polymerisation, may occur before the monomers have
30 interacted with the template entities. Premature polymerisation is undesirable since it

may mean that the cavities 52 are not properly formed, and hence the polymer is not



5 produces free radicals (the term'weak bond" should be interpreted as
meani ng a bond which is weaker than bonds (or other interactions) between

t he tenplN¥O2OEMSBIBes 42 and nononers 44). \Were this i £CHEHR01049206Gy used
to initiate the polynerisation by producing the free radicals wll not
break any of the bonds (or other interactions) between the nononers 44 and
the tenplate entities 42. 10 As will be appreciated by those skilled in the
art, there are many free radical types which may be used. Once the free
radi cal s amgripted dwitte theotemphate jentitiesa#dr  Thihmapokyulein thet ¢avitieprdclesing pr oceeds
in a conventti)lonal rranrt}gere. i'IlThe fbreee rgdi cals turn sone of the nononmers into
radi cal s (BgCIF AP 6 BUPFOI0LFF Bt hen), which can 15 then bond with

ot her nmononers to create larger chain radicals. These in turn nmay then
further react with other nononers or chain radicals, and so on in a
cascade- t yihe mitiater ma¥he cwsemdech e it bascri weaknbgndpowhichy mihgntbeokdnn a
nunmber _of ways, fhe S 0 n. of ich.is the reactiion of .two,ragicals
wth orfe At e RERElHRIFRY Greiqtiad saBie e e A webh bRl
known W t RiKich Rewadider A BoNAS ESUSRET Wtdratifoherbedlet @k lterhSlat@dntitie h21ded

here. The above description relates to the use of orggnl C nononmers in

creating tand merlozuas 44) Whenpthintsetpnpoingragruseddo miteare tigiojymesseiionbe, it is

al so possible to greate the, pol r, usi ng i noy gani ngner.s,. for exanple
silicon aIHE%‘%CHEg ﬁ?gn er?errasdl.caguvgﬁyggtsbrs?glf tag%log(?l?r%ﬁ%n r@Pioncef d%ltgr:acgons?

Tet r aet hy GepsédnaR@mbA&E) 44 3nd @ ©OPragPtities £2.hoxysi | ane (APTES),
3-net hacryl oxypropyl tri net hoxysil ane and 3-(Tri nmet hoxysilyl) propyl
net hacllyl ate (MEMO TMBM), Methyl tri net hoxysil anes (MIMOS), phenyl

Ly merh . i ' | -si |
(Ao (8% YR SRTNERL ebbRTBLIRL b e TR g PRt ane
et hoxysi | anacl \EOSE, usedeBcer theefrboxydicdlanee (pfddesyd bt thel tmitiatet, bxysi | anes

ETMOS) and Butyl tri net hoxysi |l anes (BTMOS).. The pol r roduced by these
ooy s LTI, rsi s B & oy emlonal peatier S fusthears Y
2011/ 058303RCTH TR QRBRAORTo klidahathybme O ddiloRg flbhethid) aRBick Qhnime  of

sol vent (generally water) used in the nononer mxture, it is possible to
af f ect!5t hehgobaui wigh ether engraerg[te enigetedarergbpin rEdicalaxhept i tumanysihenf a

monomer m byl e GaNGah U9 Rodtdlls V2 cggﬁ ;%pic@@t gﬁd WigGh,! ?.ciéca&-gipgh pH
wi |l produce a nore porous naterial. anpl es of nononer m Xtures swhich
may be useafanngndlHeh@sdadé-itypeheicivamguisnteirhine®d of a @aasbenivagst )heimadt ude:

TECS = Hzoco:rnrrlngnhgp \QzLic{\ ]fs thAé r:eac@o’n oemgo-gaEdcx)cSalsi w'iA{ 12)%% anot ;:rrMPﬁé cf\grgi:strgl' of 1.5).
free radical polymerisation is well known within the art and consequently further

20  detail is not included here.

The above description relates to the use of organic monomers in creating the
molecularly imprinted polymer. As previously mentioned, it is also possible to create
the polymer using inorganic monomers, for example silicon alkoxide monomers. Such
25  suitable monomers include: Tetraethyoxysilane (TEOS),
3-aminopropyltriethoxysilane (APTES), 3-methacryloxypropyltrimethoxysilane and
3-(Trimethoxysilyl)propyl methacrylate (MEMO/TMSM), Methyltrimethoxysilanes
(MTMOS), phenyl trimethoxysilane (PTMOS), Tetramethoxysilane (TMOS),
methyltriethoxy-silane (MTEOS), (3-glycidoxypropyl) trimethoxysilane (GPTMS),
30  Vinyltriethoxysilane (VTEOS), Phenyltrimethoxysilane (TMPS),
Ethyltrimethoxysilanes (ETMOS) and Butyltrimethoxysilanes (BTMOS). The

polymers produced by these monomers are referred to as sol-gels. It has been found



To create a sol-gel, the nmononer m xture is nmade to undergo a hydrol ysis
reaction and a condensation reaction. A catalyst may be used as part of the
hydr ol ysiWOrR8HASBWA. 10 The type of catal yst used may PRTIGRATOR(M6E
structure of the resultant sol-gel. F8r exanple, using HF instead of HCL as
the catal yst pronotes faster gelation tinmes and/or |larger pores in the
resul tant sol-gel. Any appropriate solvent may be used in the nononer

m xture. Suitable solvents 15 include: water, n-heptane, tetrahydrofuran
(THF), metthahdy ¢neolipg themthianth w@mmfd@l‘(mmgmerallﬁt Wetepeusednisl theet hanol |
Dodecyl benzene. Acefonitr.ile, eto d th t sol gel
has been c‘P“8a?‘88‘ ”{mre glsbvé)saﬁﬁet r}%ﬁﬁﬁlr rgsd p?o s rse?uggant (ﬁavgg] I'h%

ef fect on &uenpié theakebLa AlonbMer fixtade c%@ﬂanﬁh@é a highnentk¥ ¥f WeteRYich asuae
shrinkage. |f the shrinkage is substantial, it may affect the sol -gel’

ability toamegiepﬂewﬂbpg:évcwtmpr%sorousamawgﬂ aammmwegf FEOOMET AH¥EEest o the
nonomner e Lo,cont f dr ereb du & .he
likeli I"?ood E"nc tm?ﬁ tlge %{f& @her |ran :%eg A uan%f :}} ne érrnf/ﬁnlacl ieses

addi ti ves, Tmmqmzer.@tgmw(a! 4 y4KapdMmMESS .Dmmlmy; mUspBoGhenn ®al Additives
25 (DCCAs), may for exanple be formam de, dinethylformam de (DW),
acetonitrile or oxalic acid. Surfactants may al so be used. Drying may be

carried Ou’ggtcﬁea?e S%E‘Lt e‘?' n.‘hgqn&{o%?é%&m?@\@ pQE‘J’Fo“BndéA%%L mﬁhroﬁs?s%% (‘T/M%Ch s

conmbn to or gani ani c ure 4c.

In this fiaaa sdraigesanbnheeatmsmIpamalgmtmatyllﬁsusédza@pam dSiBBDM@&l’o(\,@Lsgeachynrl nsi ng)
fromthe polynmer matrix 50. This nmay be done in various wa For __exanpl e,

a sol vkht ??hfy e fsertalyst WSedanay B‘@ﬁ%ﬂel the FEupyrey FheS’G’fs‘éH’aytsﬂe&eéf kore
i ncrease ft geusﬁﬁoﬂ%oﬁ'lyegé%:?%gz{s%gg%ggggé%l%té@ fer [ARiGAMIhdsES 52,

t her eby al ng the tenplate entities rinse out Upon drying

(renoval oa’mct/brela@tmﬁnshnfthomstlmapojkgpﬁrer 50), the cavities 52 may return to
their original size (i.e. their size before the pol yner was caused to swell
by the solvent). Alternatively, the tenplate entities 42 may be broken down

and ri nsedAaytappfbp%a&usdla&k @ns e BERREd P thY aRoMeWmiRiusd. eduitablé PR Ieatsget
entities 42 qd%é prot ease. A stronfg aci d which does not danage the
e Watr

struct re bl yn”élﬁp‘@Bﬁl @trpleydng I:Pnt @}H?)ea‘keﬂéﬁmh (W@Pbaﬁg@m@m ties
42. One r eﬁgﬁgﬁu&f qf;g-h%)l-fn)ypﬁt é(ﬁlh lﬂﬁlt e p 1f OBBQC R)CYI\%HE ﬁc&or?lltraem xture

of acetic a and yer trix 50 I's allowed to
soak for twoetooeiasi DicBloromethane.

Once the sol-gel has been created, it must be dried. The drying process may have an
20  effect on the structure of the final sol-gel, since drying may cause shrinkage. If the
shrinkage is substantial, it may affect the sol-gel’s ability to receive target entities.
Various additives may be added to the monomer mixture to control the rate of drying,
and thereby reduce the likelihood that substantial shrinkage takes place during drying.
Theses additives, which are generally known as Drying Control Chemical Additives
25 (DCCAs), may for example be formamide, dimethylform amide (DMF), acetonitrile
or oxalic acid. Surfactants may also be used. Drying may be carried out in a

controlled pressure environment.

A final stage which is common to both organic and non-organic polymers 1s shown in
30 figure 4c. In this final stage, the template entities 42 are removed (e.g. by rinsing)
from the polymer matrix 50. This may be done in various ways. For example, a

solvent may be used in order to swell the polymer 50 and therefore increase the size



O her nethods which may be use to renove the tenplate entities 42 fromthe
polymer matrix 50 include: washing the polyner 50 with a fluid which
conpet es WORB11/IS§HWBy for at | east one of the functional PGTERIE104102G6Me
tenplate entities 42 than the pol ynert3 exposing the polyner 50 to an agent
whi ch causes the bond between the tenplate 15 entities 42 and the pol yner
matrix 50 to cl eave; and exposing the polyner 50 to an agent which causes

t he bond between the tenplate entities 42 and the pol )éme,r trix 50 to be
dest r oyed. ofgiheicauitieh 3. chiersby yHewing e demplalseentisiegi4¢ 10 g JWsgh Py IPoPess

el astic an&{,yl@s(?r%l%\%ioplﬂ% 303‘(‘%?%"?%“% %quglagdaogheb%ﬁﬁgs g@lrf{gagf;eimﬂqg for

this reason”i y be nore icu nse ‘but e tenp e entities 42

from sili cogirbaipechl podey(iRr shdihaiae fiefure ahe Polyntrased gmmbksdrer swelHdyether , t he
| ength of the chains used to formthe silicon-based c}ool ymer s ‘gf b
sel ect ed stRiYenthAdtemanyslyitbaterinla eaities dy may berhagksrdowy andaing ‘g’f’re/r? to

al I ow tebl af,f1cEL idnt €5 vidk! Qovitf Jté]ﬁ%?@é | L00R: dntiri g 4 A b g?otéa%éfpkate .

entiti€s have lSeen rem)vee(??fromphe po mat ri x ol ynmer matrix
may be dri @ebnfaid ehotipleesatot rdaiage el ethature ef uhel@plywae wonld. be usedftoer t he

tenpl ate entities 42 have been renoved, the_polynmer 50 js left. with a
30pl ur al i t Yreak dewniths @eget snplies 44 Insgeagenb et ﬁ?ﬁbé’ﬁémh‘& L?SLP‘FEP ife¥d g1 oups

46 which i I : i | groups
of the ont ieiERY EIMNERYeh REas R ATl BB b heL REEY SER.
cavity 52 alhelvédits scak foespoheurng functional groups 46 is referred to

hereafter as a reception site 54. The nol ecular inprinting process,
particm arly nonomer m xing and polynerisation, 5 may be perforned at a

t enper at ur gyiinfdthdds whihf hey BabidtolrEot@E tdnh ik @ndtiesR fdigEHEBIoIRRET QY 'S
available to reverse interactions once they have occurred between the

f unct i onal matmobeimslude: washinghéetpehmhetS with aﬂmétwmzh cp@v@psmorg)higb}yese
| nteract ops, |5, 4ndect e abhe ShaAS L e EERUAE ol 08 L MRLLRRS

reception abl'e” of *sel ective recervrng target
entities 56xpdsig thBipslynrsiiNto aheagdolwhigh cantd e Hddehethenn thkaspplatde
initiated using W | ight i nstead of using an increase _of Een‘épe at ure.
15  entities 42 and the polymer matrix 50 to cleave; and exposing the polymer 50 to an
agent which causes the bond between the template entities 42 and the polymer matrix

50 to be destroyed.

Silicon based polymers tend to be harder, less porous, less elastic and less flexible
20 than similar carbon based polymers and for this reason it may be more difficult to
rinse out the template entities 42 from silicon based polymers than from carbon based
polymers. However, the length of the chains used to form the silicon-based polymers
may be selected such that sufficient flexibility is present in the polymer to allow
template entities 42 to be rinsed from it.
25
After the template entities have been removed from the polymer matrix 50, the

polymer matrix may be dried (for example at room temperature under vacuum).

After the template entities 42 have been removed, the polymer 50 is left with a
30  plurality of cavities 52 containing an arrangement of functional groups 46 which 1s

complementary to the shape and arrangement of functional groups of the entity to be



The follow ng are specific exanples of techniques for fabricating a

nol ecul arly inprinted polynmer sensing layer: 15 I n each of the foll ow ng
exanpl es, WORB11/38MB | ayer 38 is cleaned prior to form nGCTKSB2pHY00s7
sensing layer. Ceaning is a nulti-stldge process in which the substrate 36
and netal |layer 38 is sequentially washed in baths containing different
solutions, each for a period of 30 m nutes. The sol ution sequence used is:
2% by vol ume neutral cleaner 20 (such as SODOSIL 8) in aqueous sol ution,
dei oni sed vaset EdcBopvopdloind deicorrespeddingt fangtiamah groops 4deis ofesed teat er i n
an ultrasopi c bath, sodium. hyg%r oxi de, dei onised water, 1M hydrochloric acid
and final | JTERTDAP & EFEEY T Fhe substrate 36 is then dried in a nitrogen
at nosphere. 25Exanple 1 A stanp substrate (not shown) is cleaned according
to the nmethod descri bed above. The stanp substrate is then incubated in a
sol uti on cdhe aiohécnlpr itprintergoprates erariculaly @onomer mhiing andaprdymendason,enpl at e

entities are RNase. A The RNase sol yti.on is.a phas te. 30 buffered saline
S0l Ut | o WAV ABHPE S 21c: (SBRETAHES O NSO Rt agh Bt SRBRfis
exposed toeﬁé?gy RNa$ 8180 W ir@RrdeOintdrii@iol® Wnse ahey BNE bEMPRE HekEen e coated
stanp substrate is then dried in a nitrogen atnosphere. In sone

enbodi ment §ynctibral MADoRES14405RIZDES ROTH EB20t!Gs(32 BEVersd oRMgseintasaatiods st anp
substrate may sulhseguently, be further coated.w th.a protective sugar |ayer.
A'sul t abl e SGUREFOIF ot wih ol 4 MecomraaE R iR FETPE ST R R i e
for exanpl gapabRoilieletidly fRfvitth @RI elthRs BYABE: thiseasdhothe pbiynferisatgar | ayer
hel ps to nmaintain the shape of the RNase, thus inproving the structure of

any rebQlt my Bwpeaswlabeyinitged vsiag Bl yigbt insteadpabmsing nik ingrease sofer eat ed
in which CE?:f}i'rlt{xrréki ng nononers EGDMA, TEGDVA PEGA00DVA and/ or PEGS500DNVA

. (& [ s
are m xed w uncti onal nononers 4VP, MVA

The following are specific examples of techniques for fabricating a molecularly
imprinted polymer sensing layer:
15
In each of the following examples, the metal layer 38 is cleaned prior to forming the
polymer sensing layer. Cleaning is a multi-stage process in which the subs;rate 36 and
metal layer 38 is sequentially washed in baths containing different solutions, each for
a period of 30 minutes. The solution sequence used is: 2% by volume neutral cleaner
20  (such as SODOSIL ®) in aqueous solution, deionised water, isopropanol, deionised
water, ethanol, deionised water in an ultrasonic bath, sodium hydroxide, deionised
water, 1M hydrochloric acid and finally deionised water. The substrate 36 is then

dried in a nitrogen atmosphere.
25  Example |

A stamp substrate (not shown) is cleaned according to the method described above.
The stamp substrate is then incubated in a solution containing the template entities 42.
In this example the template entities are RNase A. The RNase solution is a phosphate
30  buffered saline solution which contains 0.05mg/ml of RNase A. The stamp substrate
is exposed to the RNase solution for two hours at room temperature. The coated

stamp substrate is then dried in a nitrogen atmosphere. In some embodiments, the



and/or SM Photo initiator DMPA is then added to the m xture such that it
is about 10 0.5% of the nononmer m xture by weight. Four mcro litres of

t he nonor¥P 280/038308n i s pi petted onto a suitably cl eane@CEEHFHR2800267g. t hat
of a glass slide cleaned according tolSthe nethod descri bed above. The
coated stanp substrate is then brought into contact with the nononer
mxture, first at a small angle (less than 15.) to prevent entrapping

bubbl es, apd then flattened. In this way e omer xture nerges with
Che t ar get RNEES Giod P qhb LR may cobeeirrants LHBoeaify ibe Fraeeterne

glass slidg ampanwsu%mt«;lsﬁgar%ﬂm%st;ﬁfmosé@&Eﬁ&h&&rslwg?utpdra&fe\ah,bm a spin

coating machi ne"and rotated at speeds of up to appfoxi mately 8500 rpmto
produce a foerexamhplas caulbe a:cm-co:itedl beerrtbe BiNase. rﬂl‘hetpm@ctw‘ﬁmlgmpiayerc}mps tog of the

nmononer m xture aopto.the lide is perfornmed in a ni t nosphere.
The stanp SdB¥E? éB% shaps ﬁgﬁWW’X%F SMPERMIR R STRLUIG) s%” i?ﬁugﬂ%e are
then expos gléé@gm/& ,,ﬁgn%g baiyhitet light source (W Afiltered) at an

intensity of for a“period of 10 m nutes, in order cause the
nmononer m xture to polynerise so as to produce the nol ecul arly |rrpr|nted

pol ymer | ayer After pol yrrerl ati o t he.gl.ass slide

mol ecul ar | 9’?‘%9{{%‘6% 1sfﬁ‘§‘r’e ey ql%rofshléﬂ“%ﬁ P&B%ﬂSﬁ@MgmM ayer 38
on the SubsEGANEDRA MRYAPEGEIDMAI e MBIGAGH Hictional mBASHeFaVPheAAdhesi ve.
The stanp substrate is then renopved, exposing the inprinted surface.

Al t er nat i ved/or $M. Pbote leniawllhfdxﬂﬁsmtth@ added dalthe myxtumﬁupmlml ipislapoetr | ayer

may be oa g wth nmet al sybst r.at ei n ached to
thrs b ar 05t o e ribgSRe Sty velgusE R reRed e e B RO BhiRg 677
done, t he pReaidd britb MsGRISY cledh@Bsulfabe, ¥R &at bﬁygrass?ﬂlde/&&aae& sdcoRifg to
alternative, the mononer m xture may be 30 pipetted directly onto the

metal | ayetheggethed dersnbedhaliqvat Eheeoatqdrﬁt%rm §ufa,sér§t@ is thea hj@@&hﬁ) iRfQleentaglt e i s
brought i nt, o, GRNLAEEMY %Rrﬁﬁaegﬁp&o I xﬁe{gﬁss‘%ﬁant TSQ%{BE‘;% bent g%t?e{ptp %ea“d the

nmononer mXxture I's spin coated ont ["ayer and
WO 2011/ OSBﬁiﬂﬂé%CInimzﬁ)ﬂ@lt@&ﬂO&?thiﬁwaubl&emumémp:mrymgesedt}aﬂlebagare Once

pol ynerj sation i npl ete, the, stanp bstr renoved, .| eaving the
ol Scul b 1 6P IES PTHTOEE SO AaPId s SEMP OB JR s Rt P aYEr Mg 1 he
substrate 3@ stathp ssd@ie drOtHeBPPICEA tNEsNSRin g&mﬂhﬁ{e%e Rétatel Q6 speRds Grgueous

el uting solution of 0.8% sodi um hydroxi de and 2% sodi um dodecyl sul phate is

used. The pnm/mrox@aw;l»sw TR 19 mduw agferyt et surfaes quhmpmm@rrmmtursoc for
30 mn. Ongg,t Bfé}ecda%n egﬂhgtn‘?&h tnR &‘&!ré! 'ﬂ?e %%%ﬁ% c[e 868k 1Y Mashed

three times in ter abricati én of the
nol ecul ar | gitiogpt amt@ﬁhepal "y}maftaﬂnﬁ)sebstraté aridhaoﬁ(ﬁﬂei mxnirayested 0h Sheglasst 0 be

ol ut  dh.. BAaT Bieb CxBIO SACE) ParHarr 66 G SHITELIY b DHRETLA ATHOIBEN ar |y
i mprinted BPRYAR/ch@¥8&' a iperiod of 10 minutes, in order cause the monomer mixture to
polymerise so as to produce the molecularly imprinted polymer layer.. After
polymerisation, the glass slide is removed. The molecularly imprinted polymer layer
is then attached to the metal layer 38 on the substrate 36 using a suitable refractive
25  index matched adhesive. The stamp substrate is then removed, exposing the imprinted
surface. Alternatively, in some embodiments the molecularly imprinted polymer layer
may be coated with a metal film, the substrate 36 then being attached to this metal
film using a suitable index matched adhesive. Where this is done, the metal film
constitutes the metal layer 38. As a ﬁlnhér alternative, the monomer mixture may be
30 pipetted directly onto the metal layer 38 on the substrate 36. In this case, the stamp
substrate is brought into contact with the monomer mixture on the metal layer 38 and

the monomer mixture is spin coated onto the metal layer of the substrate and



formed as an inorganic polymer. A polysiloxane |ayer (which may be referred
to as a scaffold) is fabricated in a two-step process and coated on to the
met al | ay¥p 28B1/638308 substrate 36. First, a pre-hydrol ysiPETEH20t0/192067s m xed
whi ch conprises 1.32ml of TEGS (crosslolink nononer), 0.235ml of deionised
water (solvent), 0.33mL of 0.1M 20 HCl (catal yst) and O.4nl of absolute

et hanol (co-solvent). The pre-hydrolysis solution is allowed to stand at
room tenperature for 24 hours. Subsequently, the pre-hydrolysis mxture is
ni xed wit hsubsemiently pplyownised @b rbgfqy@sgme oplymesisatinapisop RISt §ot§BP| ane

APS) (f ' I : ' ¥ SDS
(1 oam ng_ SGEATAg SOy BGekdrap b holBed PN ARRLMTLAG G 7 s BAP (D0

vortex 25 fHex@salssyenss bR tHetdubstidte36.he sil ane conponents and to foamthe
sol. After the m xture has been nerged with the target entities and coated

on to the glass slide or netal layer (e.g. as described above in Exanple

1), 918! BRSNSy eSS B O BB typor, 2

hours and en dri or | 'es oroughly

washed W t fbdokid $9bkRlelumbi 1206 eadisml dodecyl RBphatefikusedd The polyaieevewdddabris. |f
the sensing layer is not for inmmediate use, it may be stored in the dark

(this has B8O BlAf theeelpting slatoropedBE BrA0 Mitn (BgF this oF camletedntdieng

ol or hat Ve SR REARRT L e RO B uehls LR G B M Tl i o

pol yrmer whighplets fabriestidnasfl the mopgculatle dmpfihted pafyher heyer. Af thoRamRIE layett ure is
5 created which contains Q.03g of caffeine (tenplate %ntit%ﬁﬁ 0.%4 of

met hactq| i & BRY @ pavuesd stFausfiit 3¥valit 8K difeftpredsinga phasphatenRyfised &w@m
dinethacryggggb4£11ﬂ0 (crosslink nonomer), 0.1g of DMPA (photo initiator)
and Im to mL of chl orof orm (porogenic solvent). The nononmer mxture is
then allowed to stand for at |east 48 hours. Following this the mxture is
degassed ig a sogicating bath for 30 m nutes and 10t hen flushed with
nitrogen f&*¥BPlimutes. Since the monomer mxture is mxed directly with
the tenplate mxture, there is no need to use a stanp substrate (although
this nmethod woul d al so work). Instead, two hundred mcro litres of the
nonometS ni Xt @pealiesnative rexapple. ditatRiNpsend gnelscarlyimpayted polymer layer is

formed as an inorganic polymer. A polysiloxane layer (which may be referred to as a
scaffold) is fabricated in a two-step process and coated on to the metal layer 38 on a
substrate 36. First, a pre-hydrolysis solution is mixed which comprises 1.32m] of
TEOS (cross link monomer), 0.235ml of deionised water (solvent), 0.33ml of 0.1M
20  HCI (catalyst) and 0.4ml of absolute ethanol (co-solvent). The pre-hydrolysis solution
is allowed to stand at room temperature for 24 hours. Subsequently, the pre-hydrolysis
mixture is mixed with a solution containing 0.33ml of c-aminopropyltriethoxysilane
(APS) (functional monomer) and Im! of 0.1M and sodium docecylsulfate (SDS)
(foaming agent used to generate macroporosity). The resultant mixture is vortex
25  mixed so as to both mix the silane components and to foam the sol. After the mixture
has been merged with the target entities and coated on to the glass slide or metal layer
(e.g. as described above in Example 1), gelation occurs. The polymer is then aged at
room temperature for 24 hours and then dried at 40°C for 48 hours. All samples are
then thoroughly washed with phosphate buffered saline (PBS), pH 7.4, to remove
30  debris. If the sensing layer is not for immediate use, it may be stored in the dark (this

has been found to increase operational longevity of the sensing layer).



15 38 on the substrate 36 at 3600 rpmfor a period of 1 mnute. Wilst the
nonomer m xture is being spin coated, U illumnation at 360 nmis used to
initiate WRa0PHIS§W8ri sati on process. Once the pol yner | &¢EGHAY/ 9217
forned, the tenplate entities are renmdved using a 20 mixture of nethanol
and acetic acid in the ratio 4:1 by volunme, with which the polymer is
washed for up to 24 hours. The tine that it takes for the tenplate entities
to be washed out of the polyner |ayer is dependant on the thickness of the
pol yner | akeamplaBe thinner the layer, the less time it will take to wash
out the tenplate entities. For exanple, the polyner |ayer produced in this
exanpl e requires washing for a 25 period of 10 m nutes. Another method of

renovi ng theatRrptrabieerediivet bRnple Y MEleB@aseduprihical podassi Ngewiid lan
i ndi vi dual solvents such as acetic acid, acetonitrile, phosphoric acid,

net hanol , @@waﬁ@plyn@nwht@tlﬁmwm@nﬂnwﬁeﬂmﬂﬁa@é AMIMeH FIYWES Snay have

a flnal 30l n
this exarrp rgat@q bﬁéctﬂl %ﬁaa}]%b % 4 &acﬂ%tl %eq?ﬂye ﬁggv\? ?/fall%ﬁ%rgl ngpm yner
w th caf f efM® A gaeotionalt ﬁlloyiomeﬁ)ustﬁggfcsfoahplh@e tg\yyd:bbgeﬂetamyrmf (Rl A)ar boxyl
group of MVA form ng a hydrogen hond with the o en atom of the_ carbonyl
group of {(sysslinkimosgnedptig eEPhiRy 06‘2’036’71“1380%8\“%/ glﬂ‘h@ 2Qmp\@h\rbloroferRer

el ect oSt aldofodefe (Bfe dTnx%&ﬁn&?Iﬂs&xM i %pa&&a 9&§mn@§oraétslgas?%t“ but e.

Exanpl e 4 r exa rrnte | ayer is
an inor ganh@r@&%‘oﬂlewn%tihmphe mhetdrqoraldyegassed fﬁha @nncsmﬁgabmhcfa:t mzlmhmtcsramat ing a
nonomer m xture canpr wat er (solvent) with added hydrochloric
aci d tH)es@ﬁBﬂPgwdd”&Hung?’é’gZU“WSSTECS (monomer) and 14. 4g et hano
(co-solvent). The nonomer mxture is mxed 10 with caffeine and stirred for
24 hours to allow the reaction to take place. Since the nononer m xture is
m xed di r eSinky thei mbndrg mxtweas eixddditaedy wilethe templats medetes thengsie n@ st anp

vonomer  m AF0rS haIAh A RrFar e i 3Paleh by E88y, AR om0

the nmetal haydedd AkrONtrds 50 bRt hed@nedtmixtie By BFih costed bR tdrmadl lafera seal ed
oven for 24 hours at 1560 C. _After drying, the polyner is allowed to stand
at roohit e%@pébgp@)sfrgt'e 3§ ay 36{l0; rpm for”a penod of 1 minute. Whilst the monomer

mixture is being spin coated, UV illumination at 360 nm is used to initiate the

polymerisation process.

Once the polymer layer has been formed, the template entities are removed using a
20  mixture of methanol and acetic acid in the ratio 4:1 by volume, with which the
polymer is washed for up to 24 hours. The time that it takes for the template entities to
be washed out of the polymer layer is dependant on the thickness of the polymer
layer. The thinner the layer, the less time it will take to wash out the template entities.
For example, the polymer layer produced in this example requires washing for a
25  period of 10 minutes. Another method of removing the template entities is by using
sequential washing with individual solvents such as acetic acid, acetonitrile,
phosphoric acid, methanol, ethanol, and tetrahydrofuran. The surface of the polymer

may have a final wash with a buffer solution or distilled water as required.

30 In this example, functional binding within the molecularly imprinted polymer with
caffeine predominately results from the hydrogen atom of the carboxyl group of

MMA forming a hydrogen bond with the oxygen atom of the carbonyl group of



12 hours so that it stabilises. It has been found that the performance of
the resultant polyner is enhanced if the nonomer m xture is acidic (pH
1-6). Thevaeoegyssiwee of caffeine into the resultant 20 BOMGHRA10MNZ0Been
found to decrease with increasing sol¥ent polarity. This is thought to be
because polar additives can interfere with the hydrogen bond interactions
between the tenplate entities and the functional nononmers within the
mononer mi xture. 250nce the polyner has been formed, the tenplate entities
are el ut edcabigingasloweger lethepslogtrestatin faseesaangd| hydspphebigar-mvistejactiphfemagnpl at e
entities be rbermved by cal cination at 600 C. The porosity of the

i npri nted”%%qg/r%rl’ %y be i nproved by washing it with lactic acid (it is

t hought that this may | oosen the silica network). WO ‘

2011/ 058308PCT/ GB2010/ 002067 19 In a further exanple, the nolecularly

i mprinted buimped | ayer is a paraoxon inprinted sol-gel. The nononer

m xture. is created as follows: 3mlL of TECS (nononer), equivalent to
13.5mmol, is mxed with 200gl of PTMOS (nononer), equivalent to 1.2muol,

and 3nl of [net hahed examPieStBk wMdchlaiytinlpriaie@ 9ol ynldd Ogkr RfanGedtgaiit estene-5
hydrochloric acid is then added in order to make the m xture acidic. 200gl

of APTES (imishesh polyequi Uit dnfabrigated diynepatingsa mMBRmEH AEYUE] 6OTBPINIRE 1 ml  of
Som n, and” EReHTH BRNERS o oHeR, bRLARAER° B ] a8 Bl 81 2P e, 7 1

monomer m YE@Se(mdhoffieXeshdM 4 hg 20dgbl &ohahehi)c The Imtnoter afixtfues &omined
equi valent to 0.02mml. The mxture is 10 a dto stang fo ,n24 hour s.
C.t

) |
Next, Hbg1wsh caHeint aae segedrdtiottb POV 19 a’rl%With g%ﬂ%ﬁorbah%a Pl ¢ st al
layer 38 o o;ﬁ/(r)rrér Hn?r%‘? 5x Al diALRP WilRThE Rimptle SRLAR fherd Rind nBd J fnd to

create a po m of thickness 534 +/- "6nm The coated substrate is
t hen al | owedtarp ghbytrat (aldoogh dnpercdiadr wodldral@4wbilirlsstedhe ppatierorbdthei s

extracted fromthe.inprinted sol-gel using a Soxhlet extractor wt
othanol - 150RRB e An S Aine SR senBl sin et sF AL AT ohe thédl car o
usi ng a NORYBETS & X bels@aRS3E Tht PBSmel iy en Btitd i 4 §daRl @En TR Konaner) ,
equi valent to 20.3mmol, is m xed

15 60 °C. After drying, the polymer is allowed to stand at room temperature for at least

12 hours so that it stabilises.

It has been found that the performance of the resultant polymer is enhanced if the
monomer mixture is acidic (pH 1-6). The acceptance of caffeine into the resultant
20  polymer has been found to decrease with increasing solvent polarity. This is thought
to be because polar additives can interfere with the hydrogen bond interactions
between the template entities and the functional monomers within the monomer

mixture.

25  Once the polymer has been formed, the template entities are eluted by washing the
polymer in ethanol. Alternatively, the template entities may be removed by
calcination at 600 °C. The porosity of the imprinted polymer may be improved by

washing it with lactic acid (it is thought that this may loosen the silica network).

30 Example S



20 with 3nml of 2-ethoxy ethanol (co-solvent), 370g1 of PTMOS (nononer),

equi valent to 2.2mmol, and 420gl of TMOS- CTAC (nononer), equivalent to

0. 6nmol , WA2011/5BWEr. One millilitre of 0. 1M hydrochl or PET&H28104192061 1  of
wat er (co-solvent) are then added. Th® mixture is then stirred for 2 hours
at room tenperature and degassed in a sonicating bath for up to 30m n, and
then flushed with nitrogen for 5 mnutes. 25 Subsequently, 2ml of the
nmonomer mxture is mxed with 200111 of 0, 1M ethanolic solution of

par aoxon. BubBudeesiemple. fiprmelegylanly, unprinted polymenianes APRO¥Q IMPrigifdn coat ed

on a ol eanggl 1Pt Ale bkBheA% A 1S WPEKIRLE il 4000 TR Phopnspconds.

It has been fou I's creates a polyner Imvmthat of 534
+/ - 6nm  Tegicoated 1SSasholaiemied weh 200jled RTMOSo(mdremee), at;uiweleﬁtouo 24
hours. Again, the paraoxon 30is extracted fromthe inprinted sol by
Soxhl et exi 2B qlorindi s tfhahano! (Res2emy) Gssbmé@mﬂ@éo%/mmm eﬁo 7 has

been fofi"ndh%n@gﬂ&r@ac-[@%hpﬁ%fﬁqﬁ lordieho lg%é ﬁ{eyﬁ@lrm 18&3&@’&/&}5{ u%?ﬁﬁésr acidic

hydr ol ysi s ctondi ti ons than ased s
al ternati venomtno)] dgaivapmododd.rgmal, pmrtaaxcaddedmmngt\enh dall- gfeivates (to use a

nmonomer m xture cqQnsi sting. the foll om ng subst ances; PhTMOS
APTES: et hadl¥mt) rﬁmraeﬁwar .scgegessad ekt PPEANS, DR B o %&?ﬁ find cshef 0. 1:
4. 0.003: Ay AGHmANtE PB'n‘ﬁn%L l#‘HeR”zn‘PlfofRﬁé ﬁ%ﬁ&ﬂeﬂﬂ&hﬁ@%%@%ﬂth the

react ed nononer m xturé can O spin coated on to a metal [ayer 38 on a
substrat e 260dt e4(00lia pniuhon abpﬁﬁomccnqdyalemce @ Gdmmsol. -Hel mhsteredns ed, the

tenpl a K aox can extract ed ano A.ternatively,
they mi bGP Tend By ZEBRMRS P 10uG8% B9 ot atiine nbids Repbh of
net hanol ceéut@dmfwa anem Myef 39@5@83%5%&13/@5@00@%&1% g@sé&naél TheUwgs 15
Exanple 8 In a further exanple, the nolecularly inp rlntedg yner |ayer is

a chol estefwndltm@maemplmglaﬁlr@omw 53fhid- panhblee Gogted sbsteate isgh¢ny t he

same as th V. r omer

m xture co?rﬁp?‘?és?gsoadrg%gé% ?e;%)peﬁ r% g?%ﬁ&( ?eﬂ?ﬁnéﬁ atﬁ(%éyg)@%nfeyk? acrylic
acid MVA (impaitedsddgehmsinon®Spxhlét. e_p’(ﬂ'ﬁﬂlor)\f\lltEGBMQol(Cr oss link rmnorrer) 0. 05¢
Al BN (i?ermal initiator) or DMPA (UV initiator); and 7.5m of chloroform

(sol ve Al ternative solvents nay be used, such as ethanol, toluene,
hept ane, ogxhgypme. The chol esterol solvent mxing may be

A similar paraoxon imprinted sol-gel can be created using a monomer mixture as
follows: Three millilitres of TMOS (monomer), equivalent to 20.3mmol, is mixed
20 with 3ml of 2-ethoxy ethanol (co-solvent), 370ul of PTMOS (monomer), equivalent
to 2.2mmol, and 420ul of TMOS-CTAC (monomer), equivalent to 0.6mmol, until
clear. One millilitre of 0.1M hydrochloric acid and 1ml of water (co-solvent) are then
added. The mixture is then stirred for 2 hours at room temperature and degassed in a
sonicating bath for up to 30min, and then flushed with nitrogen for 5 minutes.
25 Subsequently, 2ml of the monomer mixture is mixed with 200ul of 0.1M ethanolic
solution of paraoxon. Subsequently, 30pl of the reacted monomer mixture is spin
coated on a cleaned metal layer 38 on a substrate 36 at 4000 rpm for 20 seconds. It
has been found that this creates a polymer film with a thickness of 534 +/- 6nm. The
coated substrate is then dried at room temperature for 24 hours. Again, the paraoxon

30  is extracted from the imprinted sol-gel by Soxhlet extraction with ethanol.



25 perfornmed for exanple at up to 60C (this may help to ensure that the
chol esterol is conpletely dissolved). Alternative functional nononers that
may be us¥@20HAS8W8 4- vinyl pyridine, styrene, and Cycl 86&GB201)/002067

Al ternative crosslink nononers that My be used include Ethylvinyl benzene,
di vi nyl benzene, trinethylol propane, and trinethacrylate. After the

pol yneri sation, the chloroformis renoved and the polynmer 30is dried in a
vacuum oven for 12 hours at roomtenperature. Exanple 9 WO

2011/ 058308F@EF b ued 0bat by TEDSAbaskd selsged hydrolyspy mpteetowbi ungisr agrdie be

fabricated,wth the f.ollow n ner mni re: 41.7g of TECS (equivalent to
200n’lm)l) ahg\érﬁ@.ﬁgéo%élgg%setpﬂ?%ﬁlm%ﬁe%éoq}gé:&3i val ent '?o 400mm|§ %u;(\éd at

140C for 12 hours, followed by 7.73g of 5chol esterol (equivalent to
20m01). These conponents are mxed for a tine period of up to 2 days and
t hen al | onEdampledet dry at up to 60C. Exanple 10 10Alternatively, a
chol estgerol inprinted sol-gel may be fabricated with the foll ow ng nononer
m xture? 10.4g TECS (equivalent to 50mmol), 50nml of THF, 9ml of distilled

water and Q. fihldr aterfiieabsthad i@ prads s ip@okab i pintaeidie) i9® wataal yst,
foll owed by 1.93g of Chol esterol, equivalent to 5mol. 15The ten]EI ate
entity mayMesomenmErciconnising ohthe felloming piseaeesi SMGSFHTMQS: ABTGSer by
Y’?‘ih' ng the ROl G oMbk 9%1{?;‘ %Stglf i éjlan%? ‘?édocofaﬁ'd.jl:gﬁﬂ 4 g&@%hx%me%an at

. volumetric rat1 o, or chliorororm and acetic ‘aci at . vol umetric

ratio. Altethaadlicvehgivpsifaeasomthas Beatbaddbd, ths edhcfed mdnomel aiieturesanvisd
i nclude _acetonitrile, tet ram/drof uran, nethanol, acetic_ acid, acetone and
et hanoll0 28piRepaed PRJO dgastal fayerm&on a sbstigly 3 ats4G80rmefon <8¢0 sseandge

adhesi on ofycPgpd %’l[ée‘?theag dried, the template paraoxon molecules can be extracted in
ethanol. Alternatively, they may be extracted by washing in a 50% by volume
aqueous solution of methanol containing 1.0 M of potassium hydroxide for up to 24
~ hours.
15
Example 8

In a further example, the molecularly imprinted polymer layer is a cholesterol
imprinted organic polymer. The method is substantially the same as that explained
20 above for other organic polymers. The monomer mixture comprises: 0.387g of
cholesterol (template), 0.682ml of methacrylic acid MMA (functional monomer),
4.72ml of EGDMA (cross link monomer), 0.05g AIBN (thermal initiator) or DMPA
(UV initiator); and 7.5m] of chloroform (solvent). Alternative solvents may be used,
such as ethanol, toluene, heptane, or hexane. The cholesterol solvent mixing may be
25  performed for example at up to 60°C (this may help to ensure that the cholesterol is
completely dissolved). Alternative functional monomers that may be used include 4-
vinylpyridine, styrene, and Cyclodextrin. Alternative crosslink monomers that may be
used include Ethylvinylbenzene, divinylbenzene, trimethylolpropane, and
trimethacrylate. After the polymerisation, the chloroform is removed and the polymer

30  isdried in a vacuum oven for 12 hours at room temperature.

Example 9



pol ymer layer 34 to the nmetal |ayer 38. For exanple
3-(Trinmethoxysilyl)propyl nethacrylate (MPS) may be used to aid in netal to
pol yrmer (WP 28114583080 pol yner) 25 adhesion. O her sil an@€T/GR0H/@M067

Vinyl trinet hoxysilane (VTS), aid w tHhlcorrosion resistance properties of
the resultant polyner. A nmethod of applying silanes conprises adding a
smal |l portion to a suitable solvent, for exanple to a m xture of 95%

et hanol and 5% water m xture by volune. This m xture can then be added to

t he nononer m xture. Another nethod invoI ves an extra producti on step,

wh inth te d t |
36, The mofiecllarTy! PHBITES a B0l oer™ Stpkandcosy ab JiPvSpeCu S | ane
ETIR A AN AME A SQQLfEQdéharahMydrmér i nt ed

pol ymer has been forned, it may be used as a sensing |ayer. ure 5 shows
t he manner (agnivalent fto 409mmaly iBxedfatt O Fofasc i emugs |fnﬁ@wm &y Z)gﬁgrﬁa‘r 50
recei ve Ins .a.tar ent The cay 52..a COf I 0) g
functi onal &eﬁl‘asu%@ G%uwﬁleat tﬁ%&ﬁ‘é’f?ltﬁ%ﬁ? er?% "0 g%r 3 t’mgggndrlg%fgptl on

site 54. Ayptd 2EgRtane MdntatloBRd td se@dr)ad]u?m& BO3C.t o be sensed) fits within the
reception site 54, and in addition has tunctional groups 57 which are

conplenentary to those of the reception site 54 in terns of both their type
and rel atiﬁelg ilgi oning. O her entities which do not have the required
combi nat i o8 §h pe and reception sites will not be received and retained
in the cavity (the entities will either pass through the cavity or will not
enter 10the cavity is not necessarily the cg)se t hat. each_reception

site 540 |sA|1‘Gé‘r‘1‘f1V%‘éi=I a Ch?nle%‘ﬁ’@l popesd spy g%ﬂ‘@hb?ﬁ ricaed pyithhthesiollewings are
pormed (Seeobfidf Sniftike, n@ W@:@(@dég}% asﬁn;o@er%ﬁhvesmﬁ;omﬁ she

tenpl ate entity rando govern y interactions 15 between
functi onal dgribupszatef anch@. Oﬂrmhoﬁeqts:ozﬂsqalamdnm@phmspm thy Waiglt} asoredlys§y oups on
the tenpl ate, ent,iti exa ) ze and shape of the cavity

52, as wel g’éefjt}i’é( 1393333%%%}? e%ﬁrﬁ(’iem %‘ﬁma%B Oype of corresponding

functional groups 46 which forma partlcular reception site 54 nay vary.
20In order for the reception sites 54 to function so as to receive a target
entityl$n dhe template entity may be removed from an inorganic cholesterol imprinted polymer
by washing the polymer with a mixture of acetic acid and tetrahydrofuran at 1:1
volumetric ratio, or chloroform and acetic acid at 4:1 volumetric ratio. Alternative
substances which may be used for template removal include acetonitrile,

tetrahydrofuran, methanol, acetic acid, acetone and ethanol.

20

Referring again to Figure 2, silanes may be used to aide adhesion of the imprinted
polymer layer 34 to the metal layer 38. For example 3-(Trimethoxysilyl)propyl
methacrylate (MPS) may be used to aid in metal to polymer (or glass to polymer)
25 adhesion. Other silanes, such as Vinyltrimethoxysilane (VTS), aid with corrosion
resistance properties of the resultant polymer. A method of applying silanes comprises
adding a small portion to a suitable solvent, for example to a mixture of 95% ethanol
and 5% water mixture by volume. This mixture can then be added to the monomer
mixture. Another method involves an extra production step, wherein the silane layer is
30  separately provided on top of the metal layer 38. The molecularly imprinted polymer

is then coated on top of the silane layer.
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as the position, orientation and type of corresponding functional groups 46 which

form a particular reception site 54 may vary.

20 In order for the reception sites 54 to function so as to receive a target entity in a
retainable manner, it is desirable that the cavity 52 is large enough to receive the
target entity 56 and that the relative position and type of functional groups 46 of the
reception site 54 correspond with functional groups 57 of the target entities 56. For
this reason it may be possible to use a template entity 42 which is different to the

25  target entity 56 when forming the molecularly imprinted polymer (and hence the
reception sites 54). However, where this is done, the reception sites thereby created
should have a size capable of receiving the target entity 56 and have functional groups
46 of a relative positioning and type that they may interact with corresponding
functional groups 57 on the target entity.

30
In one particular embodiment, the target entity 56 is ribonuclease (also known as

RNase). However, the target entity may be any chosen bio-molecule. For example, the
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the form part of a purification system that is used to produce very pure water (for
example to be used in chemical assay applications). The optical sensor may for
20  example be configured to monitor for the presence in the water of contaminants such
as biological agents (including bacteria), or the endo-toxins which they produce.
In order to detect a wide variety of bacteria, even if they are no longer living, it is
possible to detect entities which are constituents of bacteria. One such example is
RNase. RNase is an enzyme used by bacteria to catalyse the hydrolysis of nibonucleic
25  acid, or RNA, into smaller components. The bacteria both secrete RNase whilst living
and release RNase when they decompose. As such the presence of RNase is an
indicator as to the presence of live bacteria or bacteria which has died. The optical

sensor may be configured to detect the presence of RNase in the water.

30 Referring again to figure 2, a waveguide 12 of an optical sensor comprises a
molecularly imprinted polymer layer 34 provided on a metal layer 38. The waveguide

12 is situated in flow communication with a conduit 32 through which a fluid 31
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Figure 3 corresponds to figure 2, but shows several reception sites 54 which have

15 received and retained RNase 56. Although not shown in figure 3, RNase 56 may also
be received and retained by reception sites 54 which are at the surface of the
molecularly imprinted polymer layer 34. If the molecularly imprinted polymer layer is
not porous enough to permit the RNase to pass into the layer via the surface 40 then
the RNase may only be received and retained by the reception sites 54 which at the

20  surface 40 of the layer 34.

The retention of target entities 56 by the molecularly imprinted polymer layer 34
alters optical properties of the molecularly imprinted polymer layer. This affects the
way in which the propagating light travels through the waveguide 12, thereby
25  allowing modification of a parameter of the light to be measured. For example the
refractive index of the molecularly imprinted polymer layer 34 may change, which in
turn may modify the intensity of light seen by a detector 30 (see figure 1). In one
example, RNase 56 is retained by a reception site 54. This causes water which was
previously present within the reception site 54 to be displaced. Since the refractive
30 index of the RNase 56 is different from the refractive index of water, the refractive

index of the molecularly imprinted polymer layer 34 is changed. This allows the
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10  mode may be referred to as the resonant incident angle.

The guided mode is centred within the molecularly imprinted polymer layer 34. The
guided mode is a leaky mode, and consequently some light couples out of the guided
mode. The light is coupled out of the guided mode with an exit angle C which is equal
15  which is equal to the resonant incident angle B. The value of the resonant incident
angle B at which light couples into the guided mode (and hence the value of the exit
angle C) will change if the refractive index of the molecularly imprinted polymer

layer 34 changes.

20  Light incident on the waveguide 12 which is not coupled to the leaky guided mode
may be reflected from the waveguide 12.

When light is coupled into the guided mode at the resonant incident angle B, and then
subsequently coupled out again, it undergoes a phase shift. The metal layer 38 acts to
25  convert this phase shift into a change of intensity. This allows the presence of

resonant coupling into the waveguide to be detected using an intensity detector.

The metal layer 38 has a refractive index which is considerably higher than that of the
polymer layer 34. This higher refractive index of the metal layer 38, compared with
30 the polymer layer 34, causes light travelling within the polymer layer 34 to be

reflected from the boundary between the polymer layer and the metal layer. Thus,
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20  Although the waveguide shown in Figures 2 and 3 has a metal layer, any appropriate
material layer may be used instead of the metal layer 38. The material used should
have a higher refractive index than the polymer layer 34. The material layer should be
sufficiently thin that it allows a significant portion of the light directed at the
waveguide 12 to pass into the polymer layer 34. Examples of suitable matenals

25  include dyes and carbon nanotubes (in addition to metals).

Metals tend to have a high refractive index over a large range of wavelengths,
whereas dyes tend to have a high refractive index for a relatively narrow range of
wavelengths. Consequently, a waveguide having a metal layer may be used in
30  conjunction with light over a wider range of wavelengths than a waveguide having a

dye layer.
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Figures 6 to 8 are graphs which show different schemes of reflectivity of the
waveguide 12 depending on the refractive index of the metal layer 38. The graphs,
which were generated using simulations, show the reflectivity (R) of the waveguide

20 12 as a function of the incident angle B (denoted here by 6). Other variables are kept
constant, including the thickness of both the metal and sensing layers, and the
refractive index of the sensing layer. Figure 6 shows the relationship between the
reflectivity and incidence angle for a metal layer 38 with a real component of
refractive index which is less than about 0.7 (e.g. gold). Figure 7 shows the

25  relationship between the reflectivity and incidence angle for a metal layer 38 with a
real component of refractive index which is between about 0.7 and about 1.4 (e.g.
aluminium). Figure 8 shows the relationship between the reflectivity and incidence
angle for a metal layer 38 with a real component of refractive index which is greater
than about 1.5 (e.g. titanium).

30
The peaks and troughs of the graphs shown in figures 6 to 8 are indicative of the

resonant incident angle B of the waveguide 12, since there is a fixed relationship
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the resonant incident angle of the wavequi de node vver& meas#r ed b
measur g Abismeeps ihat theereserseqf SiNase (qriodher asegicRBlY) W PRV é(@dﬁi_ :%fr_ray
whi ch masﬂﬁﬁ?nﬁggegﬁﬁ%&ﬁlﬁyéeﬁﬁ%§ bf%e?%sohmh'irq&&@m Lﬁ@?ﬁ rh(ﬁlme% tQleX&le 1S

hereafter referr to as the peak pixe The shift of the position of the
peak pi xel alaky geids uroald in theavdveguitle t he position of the peak pixel that was
seen when no caffeine was present in the ethanol. 20The position of the
peak pixel was measured using the waveguide with the NI P polymer |ayer.

Bef or e measué ichghgk R th@sésohant iatidéanpRal mpdyx Bt sednhigy Bir&tingllignerat kimyer 34
of the wavegui de was exposed for a period of 10 m nutes tqo one of a group
of sol 2 i oWaveguideak aygia ¥pes of gugles, Andmeasnsingghe bight whighas evwuefrat i on.

The concen{hre%z\;ég,?ﬂggvgraaf L6l a6t %ﬁ%t WaESath P M m%?bé %en]@'&géctiﬁgnéh\ﬂ and

10-2M Since ere are no ion sites 54 for the'cafferhe within
t he NI P polnorthe vayguide 12 acthemg®nam indidence aingle tang exonitdeng e ligheowphty mer

| ayer (and_hence no chapge.in the resonant .incident angle) shoul e seen.
The posi 11 BAE BF PRYSE da el EheRTEHDTY FhEo et Bgtr e If (68 N P
pol yner | ayetsnBXRPE6H {PeRPSHhe ARCeslidat WaRrOhiCAtQIcRes s@UUieQRaN RS €
conpared with the peak pixel position neasured when no caffeine was
25  inrefractive index of the sensing layer 34 will reduce the amount of light coupled into
the guided mode, since the angle at which the light is directed towards the waveguide
will no longer be the resonant angle. This will be seen as a change of intensity of light
reflected from the waveguide (or a change of intensity of the light transmitted from an
end of the waveguide).
30

Figure 9 is a graph which shows movement of the angle at which a peak of reflected

intensity is seen from a waveguide which embodies the invention. The movement of



30present in the ethanol. WD 2011/058308PCT/ GB2010/ 002067 30 The position
of the peak pixel was neasured using the wavegui de having the caffeine
sensiti vewvaePHAIBYBl y i nprinted pol yner |ayer 34 in acc8Cd&R2B104i0207 an
enbodi ment of the present invention. Again, before the position of the peak
pi xel was neasured, the polyner |ayer 34 was exposed for 10 mnutes to one
of a group of solutions of 5 caffeine dissolved in ethanol with different

concentrat j,ons. . Agai t he concentrations. of caffeine used,were - 6M
T0-SM 0 ek i e TR AR et 4F AT P ol er 1 ayer
was nade UgmioRén&afdfeineepeak ik hBedsaraal f esafipldst Withiaah hieh N@ffemedhdsabagat entity
for the polynmer layer 34. It is believed that 10 minutes is sufficient tine
for a signéissadeadt innethirel voth ddfereit eenpaitrationse $nshadeil rskai inhfigre % argept i on

it 54 | t.hi. o t h th ti b d
(tor - exampleat ottefe 55 i b HRE wiRF 878 b IREE el kb BRUTPbE, ved by
the recept {ptinied ©fh edif@hd @roduRed eddcadhhdtavitNSnpRs 3 iltvepShyderdidi@yer 34

and hence change the resonant incident angle B at which Iight is coupled
into the wivBguE Qearg 2esufts obnedevitle erwavegiie haiabriadaipel yates keyeowhichgur e 9,

t he neasurged ition,of .the. peak pixel increased as the 15cqncentrati on of
Lhe cart ol i Bk oiuid DS Blred ASRERRAS 830k IFpARERIRARET L

concent r at (\IP)The afaheduide ith NIPQTas producddl irf &dcBrfafcdRitveeiinples dpese,t i on of
t he pi xel Bea for the waveguide with the caffeine sensitive nolecularly

i mprinted pelWithout theyeqlusierdok aéfenssn thegnonemer ia xyredeaforg palymsrisatina. 20
waveguide with the NIP polyner layer. The line which joins the points is a
best fit Iine which was generated using a 3 paraneter signoid fit. The
graph of f ThersulliOwsieabsaihdibby dinecting\izhuinte emshtwaviepedersieg theaappyratuspr i nt ed
pol ymer |ayer exhibits a npasurapl e veprent of the peak pixel if it is
exposed t oSN ehﬁggﬁenbaklggbé@_sgﬁmego aétﬂq%&ﬁa%wﬁ%w rfs TEe A oifidenty 104M
and above Broggesam@aa@aopio 4R BULEED aby! @magég if RGredohahiiatiagntRBRYT bl e
noverment of the peak pixel may also be achieved by exposing the polymner

| ayer 34 tof thel eawgnide omedenwerst inessucid yafrfeasunaglpushift on tiee pesifigdobfhet i me
whi ch s | onger.tha inutes,. A sensar .according to . the. present
Mvent 1 5n Ray habiicts CoB Spien GRS (B BN OR Skl R Rk .

the case ofthiadigdl is hérekitdrgefefred tobhde feak pidel)eMht khifi dfahelpbsidodf the t he
water, then the water is known to be contam nated. In_this case the water
i s di sposeBeakPIxe pstrrasyad relptive todhe BYpetiatRidepeak 1l that Yrag peenwliedr i s

cl eaned in,orgesind Qas present in the ethanol.

in

20  The position of the peak pixel was measured using the waveguide with the NIP
polymer layer. Before measuring the position of the peak pixel, the NIP polymer layer
34 of the waveguide was exposed for a period of 10 minutes to one of a group of
solutions of caffeine dissolved in ethanol of different concentration. The
concentrations of caffeine used were 10'6M, 10°M, lO'AM, 10>M and 10M. Since
25  there are no reception sites 54 for the caffeine within the NIP polymer layer, no
change in the refractive index of the polymer layer (and hence no change in the
resonant incident angle) should be seen. The positions of the peak pixel measured for
the waveguide with the NIP polymer layer exposed to each concentration of caffeine
solution were compared with the peak pixel position measured when no caffeine was

30  present in the ethanol.



WD 2011/ 058308PCT/ GB2010/ 002067 31 renove the contamnation. It should be
noted that the sensor may be used as part of a purification system which
purifies WAOLHBE8WA | i quid. The change in refractive i n@€X/(@2010/92458] yrrer
| ayer 34 due to the presence of entiti’es 5 to be sensed results fromthe
di spl acenent fromthe reception sites 54 of the liquid, which has a
particular refractive index, by the target entities which have a different
refracti ve,|_| ndex.

bed embo th d th
1 Sl i el P e g Wi e et Ve b

target ent

such, whenhigvdRloRiculafy ¥npRhRE Pdlyaver 1hR: B@ﬁﬂﬁ&co@dhhbé R ahhenboafmagt i ve
|ndex of the polyner |ayer 34 increases. 10 However, if the I|qU|d were to
have a gr etzftthc prasémtanydntieni AgeR, hdfene thhpostitergef therpenk pie] wah mepsirefl

entities

duct the refract dex. of the pol
ayer 34 W RoDRE B8 el SRHor J0aREPER G Tbe & A %04%051?.082 of a

reduct ison Ll deedifseived sl 'et\hﬁnélrkdi@d( di#erérh%orﬂféhtfﬁ‘fﬁfns' ARYSh, B4 comenk@ioiet ect ed
in an anal ogous way to that of defection of ap I'ncrease in the

refract i veofi qufifeineoised werqbl) 3Mre10 I‘dyb@ N410°Mg amphd 0Nk Styicedhe mptdcelarlysensor

to detect conta nts wthin a water i fi stem pr i des two
benef 1 15, FIPLTR OIS Brora Frdd e Sneat v e el e e o
bacteri a, talvgtet eAfty if5he I yRY & r§4V\l|t€i£béh%OQf~‘th@f1@ﬁa¢ﬁtﬁé§1§sﬁﬁic&¢18um% senses
products of their existence and/or deconposition). As such, not only can a

wi de rangefonfa hgrifieant auméer ofcafifsineonelgeulito bindyvithathe a¢estioesitistécined i f

t hey hgy ecent| ase IVI K ty for
RNase €9ni et Fe%{ ?tyeregiallg th[%ﬁ Pegn gggn%&d%yhs@f\%}glﬂ% éa’t)e acﬂg\?(z faor it to
be det ect egourUTheBAffdiRS hﬁ)ld’c&ley vﬂﬂc}usm neceived Bcthe occepfiorbiaes S4viltehibe a
reaction in order to show its presence. However, enbodi nents of the

i nvention Eﬁﬁfaﬁté)‘te ipderuetrthe paloMRRAYST $Hansehence change dheyesonapt ingidght|apglene shape
and rel at' “é%a gh%tgtgogb% iBlo tt,@evatégtﬁté oNals Gh BERSnWbf thd Snshsfded i n

order for seto recel ved he reception sites 54 and hence

det ect ed. d&sksuxfhﬁglﬂbta%,e thehaneaswred epraitiome df cthe mkd%elctumeﬁgd resatliel y as
acti vehﬁNase Thi s hﬁ gfadv .age that, the RNase can be detected in a
wi de rahgeSYreRRHOP CInE SPIUdR fﬁﬂeé’s%\/er a range of tenperature and pH
val ues. The RNase may al so be detected in a variety of sol vent 30t ypes.

This elimnates the need for additional reagents such_as buyf fefr and
enabl es t hBigget Kbshowis, a2 IRRetion efghpeensentiasomed caffpipggodption, figditference

2011/ 05830@? énGﬁn%aj%Q{tQQ%%}?e g&el g&kafgﬁ%%& Rle WaUNE ARG kositveagent s

and speci al environnmental conditi en detécting RNase provides the
addi ti onal mokweekily inaintedheokyeres dayet Oarciathef positigrarof thé raxd opeek nefothe

detecty0n, ST b DS PSR 58 i BB TFoh B, B
cont i nuousli¥e which was generated using a 3 parameter sigmoid fit. The graph of ﬁgure 10
shows that the waveguide with the molecularly imprinted polymer layer exhibits a
measurable movement of the peak pixel if it is exposed to the caffeine target entity at
concentrations of about 5 x 10™*M and above for a period of 10 minutes. It is believed
25  that a measurable movement of the peak pixel may also be achieved by exposing the
polymer layer 34 to a lesser concentration of caffeine but for a period of time which is

longer than 10 minutes.

A sensor according to the present invention may be used as part of a purification
30 system. For example, in the case of water, if RNase (or other target entity) is detected
in the water, then the water is known to be contaminated. In this case the water is

disposed of, and the purification system used to purify the water is cleaned in order to



5fl ows. The detector provides a continuous output signal which indicates in
real time the presence (or otherw se) of a target entity in the fluid. The
st rengt h ¥ 20HYSBXWBt i on(s) between target entities 56 aRE@TARROMWYI2WE] ar | y
imprinted reception sites 54 may be hilgh. Consequently, it nmay not be
possible in sone 10 instances to renove the target entities 56 once they
have been retained in reception sites 54. In this situation the optical
sensor 10, _or at, |east the vequj de 1 rtion of it, will, be i ngl e use
devi ce and MRyl FRiTRRaYP, %527%81(51%{%{}%%‘792@?'& eﬁ%{?(’rb’@g%ba@feéjcqséﬁ% Zin some
i nstances pirifi@on Syseds ShheuriFies &ﬁ’@msérhﬁqdi@.r get entities 56 using a
process simlar to that used to renove the tenplate entity 42 during the

nol ecul ar inprinting process. Wiere this is done, the optical sensor 10 may

be reused. Ih rocess for renpving the targe ntjties may c j.se

b event | nTHT CHEEE Sh iR S meay §renbmer S0oF 14 1P R pire o FhEb Sens o
10, andst hgybd sepmbdEbsalfs fbinethB AidpkRebiti fforR A rechRionaMEPB4 02 @hel Rquidhe
alternative fluid contains a reagent suitable for renoving bound target

entities 5¥hichdies arpariadarpefraeiive index, by thOrrget tenbitiesavhieh hare atdiderentr e
renoved, the flow. of the alternatjve.fl.uid i,s stopped. Normal.operation of
the sensor'" C':"ée f'ﬁjg’ﬁ' ?neéhuengﬁs.cn% gﬁ 38 ‘ET“%H&P %ﬁmgclﬁevﬁ%t?ri’ c‘%? It?/e E?fg\% t wo

al ternati ventivey havedla wiilactivd in@e\@HRB N Eeaterthard ¥aldRYA R KOS HE Wafds isl N
figure 11 the wavegui de 12 conprises a netal |ayer 38, a nolecularly

i mprinted PigPlpssk by thgdargguensitigs thedefientive imtextaf thsupympn lebert 14uinereasesmay | ow
i th i i \er ' T it 32
ke 10 f BoGROR e BONE ide JERRI PhreaBTerlainbothild e AR Offity, 52 ™

mol ecul ar | theitanget entieids pall yame il aydoctdoh innharefiadtivi-ihid@héf thapsiemer Bygui ded

node 59 is_centred on 30the nolecularly ipprinted polyner |ayer 34, which
has a hi ghé‘f PP S0t 1 TSRO REARIPR SIS U erAtSRBoB B AFeschen in fis
20111 05B3O0RREE BRALO6PARGT RS 1hity Hlbhyeocldorcd RENRUPINLOR A CORWY | SeS a
metal |ayer 38, wavegui ding Tayer 58, nolecularly inprinted pol yner |ayer
34 and cond{ithe dgRctiofhef anavergasedn Hyg refigative Hglek of thegml yawkerdatendén t he net al
| ayer ?? and the nolecularly inprinted polynmer |ayer 34, and has a hi gher
refractive index than the nolecularly inprinted polymer |ayer. A

The use of an optical sensor to detect contaminants within a water purification system

provides two benefits. Firstly, it is not limited to detecting a specific type of bacteria,
but can instead detect a wide range of bacteria (since it senses products of their
existence and/or decomposition). As such, not only can a wide range of bacteria be
20  detected, but they can also be detected if they have recently ceased to be living.
Secondly, unlike many tests for RNase which currently exist, the RNase does not
have to be active for it to be detected. Current tests rely on using the action of RNase
within a reaction in order to show its presence. However, embodiments of the
invention do not require the RNase to be active, since it is only the shape and relative
25  orientation of the functional groups which is needed in order for the RNase to be
received in the reception sites 54 and hence detected. As such, RNase that is
denatured can be detected as readily as active RNase. This has the advantage that the
RNase can be detected in a wide range of environments, for example over a range of
temperature and pH values. The RNase may also be detected in a variety of solvent
30  types. This eliminates the need for additional reagents such as buffers, and enables the

detection of RNase to be performed in water.



5gui ded node is centred on the wavegui ding | ayer 58, and an evanescent
conponent of the guided node extends into the nolecularly inprinted polyner
| ayer. TH¥O2D1145838i ve wavegui de constructi ons shown i nPET&R28H/00206dnd 12
function in simlar ways. A differenc® between themis that the sensitivity
of the waveguide 10 shown in figure 11 is higher than that of the
wavegui de shown in figure 12, since nore |ight passes into the nolecularly
i mprinted %olyner ayer 34. In other words, in the enbodlnent shown in
figure 11, The nl@sgn@ mq@mwrfv rieaﬂ@mswmédpwlymronw&l coudifignsgiieenand t he

same as t hge 1n.§r ggoggg aégﬁtlbpaq be éfﬁrtﬁﬁttg%?eng&l }’69&[?1 fton'ﬁ QR'O?%“' arly

i nprinted poly e I ncldent i's stronger, resulting in

15a great ecoipRshd HMbétbbnt Rgimé& That g&itinadtd Hete&ionAgitieHeodtnbyr I scimssed,
t he resonant incident angle of a wavegui de which forns part of an optical

sensor in SBOUAEAG Wit ?W@né‘ﬂlé%ﬁbrquﬁbé’rﬁ‘iﬂbrﬂ“ids(Qi&p‘éﬁﬁ'érﬁonﬁﬁuqqﬁ]é/
refractyve Qdei‘heoéetéc{%ﬁ e{%bfa‘éé‘h %)}nYndogPoht?h éﬁ?ag' md?éé?er n Ie: d%%’ff actors

may al sO 2 Cnf1 uEhce resonhant 1 nciden Igures are

gr aphs whi ¢fe ;sbened (o€ othesned)f adhrgtthuneiey withé Au@nt wavegui des. I n
particular, figures 13 and 14 show graphs of neasured radiation intensity
as a function of incident angle for the three wavegui des. The results shown

in these &[glﬁ gvﬁ{e?ac%a@ ea@egytfﬁgeﬁggme@% ah§ Me m&%@lat 3 Y&QU' de

using the appara own 1'n ure was directe wavegui de
over a rangaxpﬁm1@nuﬁsmhn@n@bdmghl@ohhhﬂmﬂb@&trﬁ@mnMJghmosdueae ummﬁ was a

| aser and the intensity of the lig ed in arbjtrary units by the
det ect &Y. 3EBACES ©fremqxe ey BEaR! &%‘é‘“ﬁaﬁfya ﬁ [)‘Fvértﬁ?“ AR R EFCRYY  whi ch

was a caff ejnesd, th'l§1§1ﬁlqt1§rp{hegﬁlncil%¥ﬁ§or TG REGANHE MaviRidd e pRrESPSr
detailed in Exanple 4 above.
it, will be a smg]e use device and may be replaced once contamination has been

detected.

15 In some instances it may be possible to remove the target entities 56 using a process
similar to that used to remove the template entity 42 during the molecular imprinting
process. Where this is done, the optical sensor 10 may be reused. The process for
removing the target entities may comprise preventing fluid containing target entities
from flowing past the sensor 10, and then flowing an alternative fluid past the sensor

20  10. The alternative fluid contains a reagent suitable for removing bound target entities
56 from the reception sites 54. Once the target entities are removed, the flow of the

alternative fluid is stopped. Normal operation of the sensor 10 is then resumed.

Figures 11 and 12 schematically show two alternative ways in which the waveguide
25 12 may be constructed. In figure 11 the waveguide 12 comprises a metal layer 38, a
molecularly imprinted polymer layer 34 and a conduit 32 through which fluid 31 may
flow (in use the conduit contains water or some other fluid). The conduit 32 may take
the form of a flow cell (not shown) which may be attached to the molecularly
imprinted polymer layer 34 in a fluid-tight manner. A guided mode 59 is centred on
30 the molecularly imprinted polymer layer 34, which has a higher refractive index than

the fluid in the conduit 31.



Each wavegui de was the sanme except that each was formed by spin coating the
WO 2011/ 058308PCT/ GB2010/ 002067 34 nol ecul arly inprinted polyner |ayer onto
t he net alWP29H/058308a di f f erent speed and/or for a diffePERGRIOIVWHABT ti ne.
Spin coating the nolecularly inprinte®# polyner onto the nmetal |ayer under
different conditions (e.g. different spin speed and/or for a different
period of time) may affect the thickness of the formed nol ecularly
inprinted 5 | ayer and/or the extent and/or severit

of any,. surfac
i nper f ect i bnBsws I2ndheswpyeguideok? coaPHsss ﬁe‘ée%laé(éﬁﬁ%rwveﬂ\‘r‘ﬂmgnl%ﬂ %ol ymer
| ayer. O her I ' ugl iy S;sof the
netal | aye'?".0 l%ﬁtﬁﬂ?%ﬁﬁrﬁ?é&f@%phyﬁgygrgc?‘[éof dgﬁgb'sghé;ﬁg\\t/véé? ﬁg@r%gﬁsés of
t hr ee sepaloaited bameghititemethDlaybi §8 aldithe heleculirhp impattetpdlymeplayercdt i ng t he

nol ecularly inprinted palynmer |ayer for 30 seconds at 8000 rpm for 20
seconds atamob®& 2 prghenprirachye Weéé]é‘ﬁ‘ng@ meleatey F%ﬂﬁ"?tggﬁﬁlé’megé‘?ﬁf' 'gr he

FeSponses Jidédqﬁo?%}é%g%&e&] AL &30 e g?ﬁaglér 38{'}9? L9 Qv Hes @t &nfi¥nem#P! 1 Ng

angl e. Referring figure 1, the coupling angle 1s the angle

bet ween t htherpaidedmdde ekterdsintd the enadécutanly impriegdipdynie? layad t he direction at
whi ch the 15input light fromthe |ight source 16 is incident on the prism
14. Wthin figure 14, lines 83, 84 and 85 show the responses of the sane

vwavegui destgs aLtE'mBﬁ %vé%ﬁdev@&{sﬁ{laimesh%ﬁeﬁuﬁ s havgndbeemudaubrigat ed by
spin coating the nolecularly inprinted polymer Tayer for 30 seconds at 8000
rpm for 2finskcovays. At difereno®betwren therd if dhat3Be sewsitindty of theogavegpide

respectjvely. The_respqnses .of the wavequi des are shown a netion of

inter nfa(} 08{%‘{‘1 H’gﬁﬁ‘ﬁﬁllg. ‘S%é@ff rﬂi"ﬂ’gthf’bofﬁﬁu‘?’%veﬂldf ﬁgo‘fv?lt‘%?]sﬁgf Li(;usf) ®ng angl e
i s the angh@rbrimeatet o MR HBlectify hepriiéd gagmef 1ab&esanay e@er wlerdiZnand t he
direction at which the input light Tromthe I1ght source 16 passes through

the prism the embodiment shawrsintfeanae d sinee theavelgenlardy mprimsl mlyperdayverd4and 14
show that the resonant incident angle. V, ' : ' i.s..el at ed
to the posl%P¥h 888 tgeacsr%m{g e%spgh%t i“\%‘llé g%{ﬁév&%ﬁl %Qtﬁgbﬁé%g%ﬂéweg\bfp f teh(rsj't ed by

t he condi t neR&ulaslgdmbanepipdlyaealayehsd and deuhaddny lightis ismoegr, peduytirey inl ayer .

In particular, the graphs show that the wavegui de which has a nolecularly

i npri nted pErSpEsesHY Y tathelmggtidespi n coated for a shorter time (20
seconds) has a resonant incident angle which is | ess by approximately 2
degrees than the resonant incident angles for the wavegui des which are spin
coat ed f or Aa prongesty diseuesed3theseonandg)cident angle of a waveguide which forms part

of an optical sensor in accordance with the present invention is dependent on the
refractive index of the molecularly imprinted polymer layer. Other factors may also

20  influence the resonant incident angle.

Figures 13 and 14 are graphs which show the response of three different waveguides.
In particular, figures 13 and 14 show graphs of measured radiation intensity as a
function of incident angle for the three waveguides. The results shown in these
25  graphs were obtained by directing light into each waveguide using the apparatus
shown in figure 1. Light was directed at each waveguide over a range of incident
angles. In this case, the light source used was a laser and the intensity of the light was

measured in arbitrary units by the detector.

30 Each of the waveguides had a molecularly imprinted layer which was a caffeine
imprinted sol-gel layer made according to the method detailed in Example 4 above.

Each waveguide was the same except that each was formed by spin coating the



WO 2011/ 058308PCT/ GB2010/ 002067 35 The graphs of figures 13 and 14 al so
show that the neasured intensity of light which is output fromthe

wavegui deverRPuNSBW8 a nol ecul arly i nprinted pol yner | ay®@CTH2819/G02063pi n
coated for a shorter tine (20 seconds¥* is less than the neasured intensity
of 5light which is output fromthe wavegui de which has a nolecularly
inprinted polymer layer which is spin coated for a Ionger tirre (30

d Th t. t dent d t put
Cntanai 1y BIcHan R PG A GO NS ek oaeLbE AR otk f b o AR ong
Lime may sy diffcAThbiS) beGie, $0nldatyd BENRABLINY hﬁpmedﬂp&gaa Bikot | Me

decreases the extent and/or severity of any surface inperfecfions on the
surface of thehmefabiayed wndeledlffemdtwonmponmt(egi pidfeyamt rspinaspeed ﬁyl/orefducal ng the

ext ent and/ sever of .an ce i mper f i.ons IS Il result in
t he surfacg{%{?fenf H%”‘?m‘{)%/fé%?)d?%ﬁl eﬁ}ﬂlé eﬁ%f’@?fﬁfomé’?‘ﬂ 'mb"fnlp&f‘{e r. By
maki ng § he]a%xr §70& B ebdog JHHV&%J«@H& ¥f blgsgwrf‘afc@%ﬁ&fe)é{'{&{s ér@bﬁ%rsuxffﬁ&téfer this

may 15 reduce the anount of |ight 1ncident on the surface of
mol ecul ar | thei fapnédunettcpletly moprintag @olywrer ddyer. Otheratariables wote kdpe cerur(dnace.

| ncr easi ng. cqgatin i me al so reduce the thickness of the of
t he formed’ rff@‘i%érhgﬁth“&ﬂ?@“]e (?fith?@&tag%' r layer. Figures 15 and 16 are
graphs whi ch show the response of a waveguide in four 20 different

conditions. In particular, the graphs show neasured radiation intensity as
a functi onW)lfhm nﬁgmelﬁt hemgﬂoe8f and Shdlqmanhegtspdeses af thnee separatedvdvEgndest

condlt ul t Were btaJ ned di recti,n nto e

Covagul GoS ubidihal f Dbkt TrEdEa BB oind 1 b Sy N ed PP ERERY 2t each
wavegui de O30 s%cdirﬁﬁgi@ 8000 ipi6,i AL DO seddgli£s. 7000 rhil Snd RSB0 skéddh kghdoosour ce
used was a laser and the intensity of the |ight was_25neasured in arbltrary

units by t FEndetReEd Y. THe waneyet aé thihivenesindesuae shoyn aist %ufhmttlﬁé esul ts
shown i n fk%ﬁﬁﬁc nf’i‘ggnggé? Fé‘férrﬁlgﬁg c@sw ﬁrn'lé’e)étém&'cg[:ﬁﬂ]g' %gl g\as a

caffeine inprinte ayer accordin Iled in
Exanpl e 4 a&toxen th‘Eh@ﬁhalrtstthc:mdacb iob thei wawepuid 12 and the dlrectlon at Wthh the

15  input light from the light source 16 is incident on the prism 14,

Within figure 14, lines 83, 84 and 85 show the responses of the same waveguides as
in figure 13, wherein the waveguides have been fabricated by spin coating the
molecularly imprinted polymer layer for 30 seconds at 8000 rpm, for 20 seconds at

20 7000 rpm, and for 30 seconds at 7000 rpm respectively. The responses of the
waveguides are shown as a function of internal coupling angle. Referring to figure 1,
the internal coupling angle is the angle between the normal to the surface of the
waveguide 12 and the direction at which the input light from the light source 16
passes through the prism 14 as it travels towards the waveguide 12.

25
Figures 13 and 14 show that the resonant incident angle of the waveguides (which is
related to the position of each respective peak within the graphs) is affected by the
conditions used to spin coat the molecularly imprinted polymer layer. In particular,
the graphs show that the waveguide which has a molecularly imprinted polymer layer

30  which is spin coated for a shorter time (20 seconds) has a resonant incident angle
which is less by approximately 2 degrees than the resonant incident angles for the

waveguides which are spin coated for a longer time (30 seconds).



30 the response of the wavegui de was neasured was when the nol ecularly

i nprinted polyner |ayer of the wavegui de had been washed with water after

t he wavegliP@e11{@80Been created. The second conditi on i nPaRIEH0tHE206€sponse
of the wavegui de was WO 2011/ 058308F&T/ GB2010/ 002067 36 neasured was when
the nolecularly inprinted polyner |ayer had been washed with water and then
ethanol. The third condition in which the response of the wavegui de was
measured was that the nmolecularly inprinted polynmer |ayer had been washed
with water, then ethanol, and had then been exposed to a caffeine solution

for a peripg g v@s s Of Péétl% anbif1 LISy S ﬁx‘&(‘@x‘e%éﬁ@urh&ﬁ’f@ﬂsﬁ? o?ﬁﬁghtr\@ﬁgﬁ’”se of

t he wavegui de neasured was that the nol ecu I nprinted polyner |ayer
had been viashgadt mmhhwaeegulddwkmcthmIo]eca]radyhm;inmtb@polbeenlagmhiehl to a
caffeine solution fo es 15 and 16, . lines 86 and 90

nut es thin r
Chow the T BBl st op A hETUinE €D beopd i IS Rrapatne BUATIE BHHENSY ts B9 and
91 ShOW t Ny GSRARBuhr R WEVSOLLA &fich NSs 35RARUAI Il polyrfigs B8 and
uide in the t

92 show t he response t he waveg ion an i nes 89
and 93 sholy¢rhehiclesppmswaefl forhelongerdgne (36 seeondkle fourth condi ti on. The

responses of the waveguide in different conditions shown in figure 15 are
shown 15 as a function of external coupling angle. Referring to figure 1,

the externphe GR&HRE RAoRNE| Rcident hRgRNEAE gb@artweﬁ?mt Iaetpnpnﬁﬁhsﬁw ofhesur f ace
of the waveguide 12 and the direction at he input light fromthe

| i ght sourwavegBides whrabi ate spinmeated dompg r%:mvzky lomp ¢éimegsmoresels frofn thhdastavegui de

in dlffc rerﬁt copdlltlo gsshowntmn tfnln UJe a at'il P }g/n (?(s a functlon of
i nterna ﬂﬁofrlc egfsgﬁ SPRer &ty Fre Peq, e 4 8u6’1n?'ng
20angl e |Ssdrﬂnee axlﬂgér(ﬁechﬁﬁs\/\ﬁﬁﬂhé I@@rfmrdf&hetf@miémemawexﬁmy llﬁf)l‘lflﬂ@@ poRegui de 12
and the direction at which the |n}o ht fromthe |ight source 16 passes
t hr ough t hBYgir Bynieducing-the gxgent Fﬂdézhde‘fﬁl sabont maface papsréassppnthis valldent

angl e of th LflEl Wi ni e BB ihelned AR RESIaLEOBEIRE RGN BgsPecti ve
peak within tnwg%gp ﬁ)c i's greateer lgrl the t yH a% elé ' By
making the surface of the molecularly imprinted polymer layer flatter, this may
15 reduce the amount of light incident on the surface of the molecularly imprinted
polymer layer which is scattered by the surface. Increasing the spin coating time may

also reduce the thickness of the of the formed molecularly imprinted polymer layer.

Figures 15 and 16 are graphs which show the response of a waveguide in four
20  different conditions. In particular, the graphs show measured radiation intensity as a
function of incident angle for the waveguide in the four different conditions. The
results were obtained by directing light into each waveguide using the apparatus
shown in figure 1. Light was directed at each waveguide over a range of incident
angles. In this case, the light source used was a laser and the intensity of the light was

25  measured in arbitrary units by the detector.

The waveguide which was used to obtain the results shown in figures 15 and 16 had a
molecularly imprinted layer which was a caffeine imprinted sol-gel layer made
according to the method detailed in Example 4 above. The first condition in which
30  the response of the waveguide was measured was when the molecularly imprinted
polymer layer of the waveguide had been washed with water after the waveguide had

been created. The second condition in which the response of the waveguide was



25 conditions (third and fourth conditions) of the wavegui de where the

nol ecul arly inprinted polyner | ayers have been exposed to the caffeine,
conpar ed WO 20HAIS8WB t he conditions of the wavegui de in RET&EB20H02067

mol ecul arly inprinted | ayer has only ¥een washed with water, or w th washed
with water and ethanol respectively. In particular, the conditions (third
and fourth conditions) of the wavegui de which have nolecularly 30

i nprinted polyner |ayers which have been exposed to the caffeine have

resonant i mepEss wanyhers thrnelscaty ypprinsd ﬁ@.lmeylad%hwebﬁeeé&a%%y@tér t han
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| ndex t{;‘ﬁln;ﬂln%?em %yfohm?enfn‘&ﬁgn 99' h@Y&honse. cgut'hl SF 18e wids can be

seen t hat e resonan incid angl e he waveqgui ater or the
fourth congiehdubed ahs thetmmgmukiﬂy(mpmfedlmlméraltapd Had tides vashed with of t he
peak of each of lines 89 and 93) than it js for_the thir condltlon of the
wavegui de ("W{Wéheq thangl, apd had H‘CPrl?ée"pWO??dotﬁ agpifgige polyton ﬁ’é‘&R@S of |ines
88 and 92). It is thought 10 that this is because the waveguide in the
fourth condition was exposed to the target entity (caffeine) solution for

| onger t haWithie fighes Mwa@ﬂﬁﬁhdsmétdné 90hihoot the ndponsen! tiBeeauegeidofin thei s,

t here S rea unity for the tar tltles caf ein to bind
ut et o Bedsordonibs el sie s ssborneiordhs e R oRME L Gndonpar ed
to the vavegiitls; lifed 8 atd107 e Jewase 50the WvEgdi @a50Me tHIRT Sonlddidget
entities (caffeine) may 15 bind with the waveguide in the fourth condition

than with aiklingsB8gail §é show theaesponsaiofdbasiav¢guide in thesfoprle cerktliong t he
refractive index of the waveguide in the fourth condition to a greater
extent than that of the waveguide in the third condition. In the above
descri pti offhe repoizantf howplvepddoin diffgfent taridtichs Iskaldy igfipded s apdehohas been
20 used to provide detectjon of a change of th refractive index, of the
sensi n& | agef fu qcﬁ"%{ﬁfﬁﬁ‘?’éﬁaL%‘ﬂp\I}EgéP%]Sn pe &y g‘HEé c£HfbRRl P@%I;]H‘&nce may
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surface el e romagneti c waves that propagate along an interface between a
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direction at which the input light from the light source 16 passes through the prism 14.

Figures 15 and 16 show that the resonant incident angle of the waveguide (which is
related to the position of each respective peak within the graphs) is greater for the two
25  conditions (third and fourth conditions) of the waveguide where the molecularly
imprinted polymer layers have been exposed to the caffeine, compared to that of the
conditions of the waveguide in which the molecularly imprinted layer has only been
washed with water, or with washed with water and ethanol respectively. In particular,
the conditions (third and fourth conditions) of the waveguide which have molecularly
30  imprinted polymer layers which have been exposed to the caffeine have resonant
incident angles which are approximately 0.5 degrees greater than those in which the

molecularly imprinted polymer layer has only been washed with water (first



A wavegui de which provides a | eaky gui ded node allows the use of materials
with a relatively lowrefractive index to formthe nolecularly inprinted
pol ymer 1NQap113¥8¥B wavegui di ng | ayer 58 conpared w th PRELB20HEN2G6Gr
surface plasnmon resonance. This may ndke it easier to use a wide variety of
materials, including for exanple polyner, 5sol-gel, or hydro-gel. A further
advant age of using a | eaky guided node is that, because there is a
relatively small difference between the refractive index of the. sensing
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| ayer, theBHiH ¥MEEIa%Hi ch cannot easily be selected. The metal |ayer

15 thickness in conbination with the angle of at which incident light falls
on the surface plasnon resonance sensor determ nes the penetration depth of
an evanescé&ntthanavee, 60 ko e Meew fthdt Hbe sesohaeinnideet avplc bf itit enacgwdemst h t he

nmol ecul arly inprinte I t..layer. Varying the angl e of the incident
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2011/ 058308PCT/ GB2010/ 002067 ) .
condition to a greater extent than that of the waveguide in the third condition.

In the above description, resonant coupling of light into a leaky guided mode has been
20  used to provide detection of a change of the refractive index of the sensing layer. In
an alternative arrangement surface plasmon resonance may be used to detect the
change of refractive index. Surface plasmons are surface electromagnetic waves that
propagate along an interface between a metal and a dielectric. Since the
electromagnetic waves are on the boundary of the metal and the dielectric, they are
25  very sensitive to any change at this boundary. A waveguide may be constructed in
which the molecularly imprinted polymer layer is located on the metal layer, and
surface plasmon resonance is used to detect changes of an optical property of the

molecularly imprinted polymer layer.

30  Other optical detection mechanisms may be used to detect the change of refractive

index (or other optical property) of the molecularly imprinted polymer layer.



39 penetration of the light into the nolecularly inprinted polyner |ayer to
be controlled. The use of a thick waveguiding |layer is particularly

advant agesQ201#1ep30feasuri ng a change in refractive i ndeRCHGR2ZAV/WN6Ecul arly
i mprinted polyner |ayer (the wavegui di8ng | ayer and nol ecul arly inprinted
pol ynmer |ayer being one and the same 5 in this case). This is due to the
fact that, in general, the greater the thickness of the waveguiding | ayer,

t he hlgher the order of node which can be carried by t wavegui dj ng | ayer.
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used. A |i ghurfaeii&SnckbreYdhatée wsresau&ﬁ&sané dakionthapshisanat i c my be used.
Exanpl es of monochronatic |ight sources include LASERs and RCLEDs (resonant

cavity light emtting diodes). WD 2011/058308PCT/ GB2010/ 002067 40 Al t hough
he ap0us, SRALL AhLAh fEhEhS, L APhealhal Bl (ARG nkh WRLEL vl e
target entities ‘nay ?e target entities ma ein uid
ot her t hanthianeatal ]ayer the thlckness of which cannot easily be selected. The metal layer
15  thickness in combination with the angle of at which incident light falls on the surface
plasmon resonance sensor determines the penetration depth of an evanescent wave
component of the surface mode which interacts with the molecularly imprinted
polymer layer. Varying the angle of the incident light typically allows the penetration
depth of the evanescent wave to be tuned from several microns to several tens of
20 nanometers. Since the metal layer thickness cannot be easily varied, the range of

penetration depths of the evanescent wave and hence the detection depth cannot be

easily selected.

In contrast to this, when a leaky waveguide is used it is predominantly the thickness
25  of the waveguiding layer which controls the penetration of the evanescent light. Since
the molecularly imprinted polymer layer 34 is relatively thick compared to that of the
metal layer in surface plasmon resonance, its thickness, and hence the evanescent
wave penetration depth above the waveguiding layer, can be more easily controlled.
In general the thickness of the waveguiding layer of a leaky waveguide is around ten
30  times thicker than the metal layer used in a surface plasmon resonance construction.
The element of control of the penetration of the evanescent wave is useful when a

construction such as that shown in figure 12 is used, since it allows the degree of



Al t hough the nol ecularly inprinted polyner |ayer is described as being
porous, it 5 may be possible to use a non-porous nolecularly inprinted
pol ynmer 14Qap11/03pWBe this is done, the target entities RCIIGH21K/82W1ved
only at the upper surface of the nole¥ularly inprinted polyner |ayer, and
the resulting signal will therefore be | ess strong than that which is
provided by the illustrated enbodi nents of the invention. Wether the

nol ecul arly inprinted polyner |ayer na{ be considered to be porous.is
dependant benetrationplthpdight inte thy madecudasly; impsniedpplanerlgyss 9 he sengTeliethe
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in size or Waxggyedng fayer enbmolgcyletly dmpripted polymerdpner SeingCGE aPY S ¥PYS nt ed
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nol ecularly 1rnprin pol %yer w’l appén a e surface o

nmol ecul ar | waveguiding ddyepo thembighkayler orden duslodei whiel icamshe carmedybybehe
desirabl e to have a wavegui din nmol ecul arly inprinted polyner .l ayer) |ayer
which is oa¥cqWipg ABeE ﬁh*ﬁ Ewh?rst af’dg‘[’:ﬂ %fa @PX%anES}E 7 BnFyriad yitkdn ghem)de.
This will gaxlHigo iy, SHEPRIEP Me HOIRNABEBE 1ight hBBedticathe WACEHEIM than the
20maveguidggaﬁghﬁg%éggFﬁé? as% Pﬁéﬁsgﬁgitiv“gylof %he se%sor o target
entities whémsdinamathat thehwaeggaling layer eod dienlee theegreaterethai tnsigvitiapéithe

Al t hou descri bed enbodi nents of , the .inventian relate to a wavegui de

havi ng?Q nﬁ?’ﬁemoa?r?@ngcrfﬁrrgﬁ?cé’de;‘J‘?ﬂ%l‘r&hel‘?@’é’g?lgf%éaxeﬁventi on may
alternatively conprise a non- 25pol yner |ayer which has been nol ecularly
inmprinted. WD 2011/ 058308PCT/ GB2010/ 002067 41 Clains 1. An optical sensor
conpri si ngla thencesfuiof Surtage jasnae Resongnrayde Wit cdirdetedngd] Eeupasery is

i nprinted ch that, it w recei .and retain target entities to be 5
sensed, th§¥%3¥?é%km éﬁggkkpdgﬁﬁg%$ggﬁprising a detection apparatus
arranged to detect a change of an optical property of the wavegui de which
occurs when the target entitkﬁs arg recei ved and retained in the sensing

| ayer. 15 A diadvaptageof kngwnslegky, mode Wavsgides 15 Hapiiom e insigpess deirciqne

sensi ng | aygficCarPrdgefied 18T 8GERTA Qffp ShiME Mesnsg oF N Srelhhéd Hdke i tabl e
for receiving the target entities. 3. An optical sensor as clainmed in Caim
1 or O ai mwzyvegiids, gind toh@llewnsrigwipr| mgemeand phrthatedipr Ehegbsaane if thedt kavi ng
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target enti
38 to provide a peak in light intensity when a leaky waveguide mode is excited may

20  thus be advantageous.

Dimensions of the waveguide may selected such that they excite a variety of numbers
of modes. Dimensions of the waveguide may be selected so as to determine the
penetration depth of an evanescent wave. Selection of appropriate dimensions for the
25  waveguide may depend upon the wavelength of light used. A light source 16 which is
substantially monochromatic may be used. Examples of monochromatic light sources

include LASERs and RCLEDs (resonant cavity light emitting diodes).

Although specific examples of waveguide structures have been given in the above

30  description, other suitable waveguide structures may be used.



15 4. An optical sensor as clained in any preceding claim wherein the
sensing | ayer is porous. 5. An optical sensor as clained in any

pr ecedi ngvOI2811/583Ber ei n the optical property 20i n whi cRCA/(@RaHYE2(63
detected is the refractive index. 6. #n optical sensor as clained in any
preceding claim wherein the target entities are ribonucl ease. 257. An
optical sensor as clained in any preceding claim wherein the target
entities are inactive. 8 An optical sensor as i med in any preceding
clai m ahetdhepie MAVEIGFAWio8 refersda iy %meomg@a?w Wat\?b0¥her target
2011/ 058 30FRGES (RERL AeQORAOThAred: crfiflORlal b8! 2RORRING il wdieied 11 any

C he wave I dpe

pr ecedi ng alm erein the gui de 1 ntludes a | ayer of material having
a refractive index which is higher than the refractive index of the sensing
cl.aim9, wherein the | ayer of
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part of a walvhenthaatded entitetsedt be redeivel only g0 dlret upper surface of the atdlamlaslyst em
imprinted polymer layer, and the resulting signal will therefore be less strong than that
which is provided by the illustrated embodiments of the invention. Whether the
molecularly imprinted polymer layer may be considered to be porous is dependant on
10  whether the target entities can diffuse through the molecularly imprinted polymer
layer. One factor which is relevant in determining whether this is the case is the
relative size of the cavities 52 and the target entities. In general, the molecularly
imprinted polymer layer is more likely to be porous if the cavities 52 are of the same
order in size or larger than the target entities. If the molecularly imprinted polymer
15 layer is not porous then any trapping of target entities by the molecularly imprinted
polymer layer will happen at the surface of the molecularly imprinted polymer layer.
In such situations, it may be desirable to have a waveguiding (molecularly imprinted
polymer layer) layer which is of a thickness which is capable of carrying only a single
mode. This will maximise the evanescent component of the light incident on the

20  waveguide and hence increase the sensitivity of the sensor to target entities which are

at the edge of or outside the waveguiding layer.

Although described embodiments of the invention relate to a waveguide having a
molecularly imprinted polymer layer, the invention may alternatively comprise a non-

25  polymer layer which has been molecularly imprinted.



13. A method of optical sensing using an optical sensor conprising a
wavegui de 15havi ng a sensing layer which is nolecularly inprinted such that
it will reOadUOSBNE retain target entities, the method ®6XEB2810A92067ocat i ng
a portion of the sensor in a fluid fldw path, the fluid flowing so as to
contact at |east a surface of the sensing |ayer; coupling Iight
into a gui ded node of the wavegui de such that the sensing | ayer 20receives
at | east segpmgf the light; and nonitoring a property of |ight output from
t he wavegui et he property changing in the event that target entities are
received and retained in the nolecularly inprinted | ayer. 2514. A method of
optical sensing as clainmed in Caim13, wherein the sensing |ayer is porous
with respebt Anooptigal fSepsr rePTIAriSing, atWevespidehaving Agsensing flpysr gwhigh disf f use
into the sensj ayer. .15 A d opt i.cal S| ¢l al in
either Caim (gg:&iar lg?prﬂn%ezft, Sl\l/%lg&’ é{]ﬁ gﬁ[ ﬁeecglé}gnaglldn% a@%&@%ﬁ%&ﬁﬂ@
receptipn si tsekedathe ngptisilafeasoratter eonbprisitid aldeecfiar apefiy bvghdebeot ar get
entities. WD 2011/ 058308PCT/ GB2010/ 002067 43 16.. An optical sensor as

clai med in afgtegta ehaigao! B3 qpiicalopropgiby ef therwavegede Mhich eapurs Washptheses
reception si j. i . i onpl enentary to

functi onal g?%gggﬁﬁb&%ﬁéH%%ﬁ%@?&%ﬁ%¥%#@§Fmg%ggnghﬁgfhod of optical sensing
as claimed in any of Clains 13 to 16, wherein the property of output |ight
which is nonitored is the intensity of Iight and/or the angle at which
light is ofit filt oPHGEsenser aaekgueden Claim 1, wherem st 58U 12YEHCPRBIISSensi ng

as clajgred i '}ec%géfoxpgiteghg@igg sHapel Qhich ard B aBleTof 126ei HAg Me thigtPerditicbe Sensed
are ribonucl ease.
3. An optical sensor as claimed in Claim 1 or Claim 2, wherein the sensing layer
comprises reception sites having functional groups which are complementary to

functional groups of the target entities.

1S5
4. An optical sensor as claimed in any preceding claim, wherein the sensing layer is
porous.
5. An optical sensor as claimed in any preceding claim, wherein the optical property
20 in which a change is detected is the refractive index.

6. An optical sensor as claimed in any preceding claim, wherein the target entities

are ribonuclease.

25 7. An optical sensor as claimed in any preceding claim, wherein the target entities

are inactive.

8. An optical sensor as claimed in any preceding claim, wherein the waveguide is a
leaky mode waveguide.

30



19. A method of optical sensing as clainmed in any of Clains 13 to 18,
wherein the ribonuclease is inactive. 1520. A nethod of optical sensing as
cl ai med iWO2011/6583081 ai ns 17 to 19, wherein the fluid isPaiGE2010200206A net hod
of optical sensing as clained in any 8f Clains 17 to 20, wherein the
entities to be sensed are a contam nant or a product of a contam nant.

9. An optical sensor as claimed in any preceding claim, wherein the waveguide
includes a layer of material having a refractive index which is higher than the

refractive index of the sensing layer.

5 10. An optical sensor as claimed in claim 9, wherein the layer of material is a metal

layer.

11. An optical sensor as claimed in any preceding claim, wherein the sensing layer is
a polymer layer.
10
12. An optical sensor as claimed in any preceding claim, wherein the sensor forms

part of a contamination detector which is part of a purification system.

13. A method of optical sensing using an optical sensor comprising a waveguide
15 having a sensing layer which is molecularly imprinted such that it will receive and
retain target entities, the method comprising:
locating a portion of the sensor in a fluid flow path, the fluid flowing so as to
contact at least a surface of the sensing layer;
coupling light into a guided mode of the waveguide such that the sensing layer
20 receives at least some of the light; and |
monitoring a property of light output from the waveguide, the property changing
in the event that target entities are received and retained in the molecularly

imprinted layer.

25  14. A method of optical sensing as claimed in Claim 13, wherein the sensing layer is
porous with respect to the flowing fluid, thereby allowing the fluid to diffuse into

the sensing layer.

15. A method of optical sensing as claimed in either Claim 13 or Claim 14, wherein
30 the sensing layer comprises reception sites having shapes which are suitable for

receiving the target entities.
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16.

17.

18.

19.

20.

21.
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An optical sensor as claimed in any of claims 13 to 15, wherein the sensing layer
comprises reception sites having functional groups which are complementary to

functional groups of the target entities.

A method of optical sensing as claimed in any of Claims 13 to 16, wherein the
property of output light which is monitored is the intensity of light and/or the

angle at which light is output from the waveguide.

A method of optical sensing as claimed in any of Claims 13 to 17, wherein the

entities to be sensed are ribonuclease.

A method of optical sensing as claimed in any of Claims 13 to 18, wherein the

ribonuclease is inactive.

A method of optical sensing as claimed in any of Claims 17 to 19, wherein the

fluid is water.

A method of optical sensing as claimed in any of Claims 17 to 20, wherein the

entities to be sensed are a contaminant or a product of a contaminant.



