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METHOD FOR DETECTING SURFACE PLASMON RESONANCE
Technical Field The present invention generally relates to a surface
5 plasmon resonance detection method and to a system for implementing

W&t 3 one embodiment, both surface plasmon reson&hdé Ghtp7/000404

gravimetric detection is undertaken. Background 10Surface Plasmon
Resonan€elt8RER Fafd PAEESH VN SHB SeREi ngLissHal uRE Souaias
Quartz Crystal Microbalance (QCM), are known independently as
methods suitable for in-situ, label-free sensing and analysis of binding
reactions. Sensors using SPR&FOERRhafé BE€n used to 15 analyse
biologigal. bieghentical andshemicalzamples: v [Lanventiopal QCMrface
devices comprise a quartz crystal wafer having two planar metal
EILEHBHES JRBBBETGR i RS SiAcER BTG WARY. The sAmAETSTR o7
amalysedis adgorhéd:ontetize surfacerakonenddhie etectrodes:tThe 20r face
e in the rtz.crystal can be excited to,mechanical resonance, b
e L SR en.
oscillation frequency is dependent upon the mass and the viscoelastic
property of material adsorbed opig.thg.swfage electrode. In general, 25
the oscillation frequency decreases if mass accumulates and increases if
mass redbcass n%%ﬁ?é“ﬁ%t%%@?{?d?%%a%?&’w%‘?@ tHe EdS6rbRY 1afert 1 ©
isetigith dhetehiftdn dhe: oscillaiion frequepey can be related tothe robalance
rbed mass using analytical equations. A mass lgading.in the 30,order,
e P re o R S R e g o
détaction dfedpsticaf thangeswteuning agtite suFaed v athin afetal fllmding
%&H@%YGS@@Q@% in therppticalghicknessgalelated Dy assyming o
a reasonable refractive index for the absorbed layer, may not be equal to

i G ¥ S itk Adss) MG ROAT mdtecuIgh a8dsiptioR BIPtR metal

- surfacediv@RRi anavagescertawave: (vhiclnisarsexpanemtial-tdecayingstal

waye) presents at the sensor surface. An eyanescent waye 5 is geperate
o A thal P bt o iR A It B R P REacE o the
Substanee adth=a igh kéfractivé mdexTdrm sssatstancecoffow refealctived is

index (e-g aglass-aikinterfageeta pisM), SPRAOCEHES UDMer CRHAIN: . The
ggggggn?;\é\'h‘f@ea tc?zllgfslltrrzl Oggnyeégg e.géaggldbgr excited to mechanical
resonance by an alternating electric field due to the
inverse piezqelectric effect. The oscillation freguency is
dependent upon the mass and the viscoelastic property of
material adsorbed onto the surface glectrede. In general,
the oscillation frequency decreases if mass accumulates
and increases if mass reducés. In some instances {(for
example, where the adsorbed layer is rigid), the shift in
the oscillation frequencyr can be related.to the adsofbed
mass using analytical equations. A mass loading in the
order of about 1 ng/cm® can be detected.

SPR is a known method for the detection of optical
changes occurring at the surface of a thin metal f£iim. SPR
measures changes in the optical thickness (calculated by

assuming a reasonable refractive index for the absorbed
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10 silver) is placed on the bottom of a prism or one side of a planar
substrate of the same material whose opposite side is attached to the
Wb{g%’t‘]osgr} gf}tt})e prism via a thin layer of an index-matched liquid. If the
hcident ﬁg%t is monochromatic, the free electrons of the mefdi Wiff 3% 7/0e0404
oscillate (i.e. surface Plasmon Polaritons are excited) and absorb light

lemergy atayertait arigde ofincidente. Theecangledsicalied die SPRAEMypess)

aF98 SRR sigha! jx.detegted by, ingthe dntepsity,of the refleeted. 1,
light using a photodiode detector. With an appropriate metal 20 thickness
SEBY i fo? GO ARER50 WY for SierYanda sHtisfedP ARFESSYtodTess"d
Wess thanradewmangmetars), akmest-alldight isceoupled towexciteSwfaceave
_Plasmon Polarijtons which "illuminate" at the surface and propagate alpn
ifhe SRR A the TRSBnaniRHngiel KU 425 cofeadiencer e reffeiifiy ™
ldrgps tocBurs The position of the SPR arigle depéndsiond¢heropticad high
roperty.change t nsin ce due to t indj f cu
r?oéi aeéiﬁr?aéce%gratﬁ% rg%%o%j og fllféeg r%%%alsgfgotr%%ﬁe g%%gm 'Ift%sr%iexf?% *
(SPR arfigle tane30 coftbRiéd ¢ thefamomitishoelegBiksoccurs under
cadsarpedidaserhed atthe siyface- by assuming.a reasanable refraciivea or
‘index. The detection limitation of SPR is approximately 1 ng/cm2.  SPR
SENd TEMRRTRGES e88h haFe eiF 8RinSpedifit stidhgths, Weakntdged*
aangdihave-assuptioas ¢hat aretinherentén data colledtiomangeanalysissite
Accordingly, each technique js sensitive to different properties of a thin__, .
s |I§r(1"3 sajfrﬁpléxj: ﬁ&yt%f?; Egvi%égthg%)]ccé'r% ingtgo'ﬁlgP LS%(’J“Q(%%IES @ thin
Tesehniciesadre KndorT THeSeasbmbigaiions, Howwdverigedgiens light is
mSARRIEHes which regult i@g@écu@g&ggg@rodg@iblecgépeg@ggy_al will
results. For example, when a piece of metal-electrode furnished quartz :
ogfystdiatarer (¢ plceFHFETSEM BaATHIS el RUR BitFsha’it sedfing ey
awthdemse:g., glass), intadetenceaof thedetleated beagis: ofé theierll dence .
~window and off the rtz,crystal r surface adversely affects.the :
R the fenem ot el rattis the Bhotsdisde ddiiitor -
det#et SPReandyzsru Asradrelsinit, et SPRLSpectiint . tef3 egndaryight
uthateflectivity daja measured-ateach angle af ingidepge  wauldke baseds 1

on the resultant superimposition of the unwanted reflected light off the cell
o T5iads) Shd e 48%iredrEfiecRd lighCot e toiart? thi&a warks 2
sstifaca, dhecshytroaighening tharspectruas and 2Ormakifgw@acsuraiee ters) ,
etection harely possible. Other stray light sources.that would potental
e T o S red eSO Tt 2 Pt e ot T et o
Physrid bpaiytichlisysterhs INpiaevsr tHe-sdthp of sy iy araigiegate
ad¥ems 2haare faithgemplicated angdhrequites i presengesetotherns a

components such as a lock-in amplifier, a photodiode detector, a detector

ARG EGue P mbahiRG (a tdht é%?fb%r)tgnd” 4 light polarizer(s) to

be pregentpdbe thieed forthepreserceaakd arge aameimt of aukidiakypt ical

camponents 30 also partends a higher likelihgod of achieving iplac urate.
:p%reoué a/ueci%at%%es oqg ec%;e S n%l %0 ad%e \éo \E.he %1!1 ing

increased number of additional parameters that have
opeeriitretiuice®l. Fupthefere, 3He Bhalsoratersetbpsvhigkfoliciws when the

meeEbining @W%@Pgurface. The shift of SPR angle can be

correlated to the amount of molecules adsorbed/desorbed at

‘the surface by assuming a reasonable refractive index. The

detection limitation of SPR is approximately 1 ng/cm?.
SPR and QCM techniques each have theilr own specific

strengths, weaknesses and have assumptions that are

™~
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makes it economically undesirable. This explains why the implementation
of such hybrid systems is not common. There is a need to provide a
surface plasmon resonance sensing method that overcomes, or at least

, WELHEHY) d?gs, one or more of the disadvantages described SBG(REA007/000404

. There is also a need to provide a method and system for combining
isuréacenplashmon desenanrce apd giayvimetric sensing;such asQGMingly,
ewgg:h 9&’8%9;?18 & t |§%St§]qugg'|§llgreater% 053¢ Pf&%[f%:()fpmgperties of a
(%sadve}ntages escribed above. Summary According to a first aspect,
tihere fSlprovidetrasls method for detecting surface plasmon resonance

associgfed with-a fluid sample, thesmethod gomprising the staps oknd  ocm
providing a piezoelectric substrate having at least two electrodes thereon,

YHRBRe At feastdife of §aid"BlectrodBETE couffEb™S HuRf §ampl&owever-
RetEansmittingoanight-hedraat awplaeality afdpcitlent angles tewandssthe or
ﬂ%%ég%ﬁﬁggfgﬁ§”8§%§¥9%gﬁ%§P results. For example, when a
pilece of metal-electrode furnished quartz crystal wafer is

placed in a QCM sample cell with a transparent sealing

window (e.g., glass}, interference of the reflected beams

off the cell window and off the gquartz crystal wafer
surface adversely affects the intensity of the reflected
light ultimately reaching. the photodiode detector of the
SPR analyzer- As a result, the SPR spectrum, 1.e. a
summary of the reflectivity data measured at each angle of

incidence, would be based on the resultant superimposition

‘of the unwanted reflected light off the cell window

(glass} and the desired reflected light off the guartz
crystal wafer surface, thereby roughening the spectrum and
making accurate detection barely possible. Other stray
iight' sources that would potentially interfere with the
desired reflected 1light also pose a problem for these
hybrid analytical systems.

| Mereover, the setup of these hybrid analytic systems
are fairly cémplicated and requires the presence of other
components such as a lock-in amplifier, a photodiode
detector, a detector motor, a freguency modulator (a light
chopper} and a light polarizer(s) to be present. The need
for the presence of a large amount of auxiliary components
also portends a higher likelihood of achieving inaccurate
results due to the increased number of additional
parameters that have been introduced. Furthermore, the

elaborate setup which follows when combining QCM and SPR
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electrodes at each of said incident angles during transmittance of
light to detect surface plasmon resonance associated with the flui
sample. Advantageously, the surface plasmon resonance (SPR)

m ment is determined from the electr ges , upledgto Q{tbe y
pié_zo‘e_e%ctriLcLsu@bcls?PaCf{enf iiégéﬁta‘gfé%uér‘iﬁ g“ Fn'et%%& does %f?eﬁ/ off ¥ the
refléGtedlight &5 deferfdfing the SPRSignalss s efimimating-thenneed for

a photodiogerand related auxdliary companents from gonventional SPA - 1o
qujﬁpsr)nelntIL sychsa:s ISolcrI%in ar@plgfciers %gd Lchoppers. More Amended N
Sheet [PEATAU advantagedusly. the méthod d0es 7ot higed {0 filtér-off 17& =
s- poRarizetAight (if any), therebyelinffatingspolariets from conveltiomal bed
SRR equipment. In one embodiment, there is provided a method
according?@t&the Sfirsth:scpegt further com risiwnjgdthe step of using the
measured oscillation frequency detuneto'determine b §rauiiReuic>d sy sten

. méasuretient-ofithe flaid-Samplerlaspdvartageoaslysthe disclosedimetric

10

b3
Ut

methed imay aidsinthe generation,of a,single expegmental platform. (sugh. . <+
as a | %lﬂ:_grla(% of graéqug-f%agureg rQgezggIekcltjrézc Sélpstrg_te) tbgt may beq u§g% .
as a basis for both a stirface plasmon fesonance measarement arid 2~ =~
gra&vifmetric measurement of the same binding reaction at substantially the
same surface. In one embodiment, the surface plasmon resonance 15
measurement and the gravimetric %%%%rement may be obtained in a
continuous tandem manner. In another embodiment, the surface plasm=
resonanGechteasurémént niay besttained atsubstartizily the samertigred

astbergravimetrigmeasurenenty race plasmon resonance associated
with a fluid sample, the method comprising the steps of:

providing a piezoelectric substrate having at least

o+

wo electrodss thereon, whearsin at lesast one of said

lectrodss is coupled to a fluid sample;

63}

transmitting & light beam at & plurality of incident
angles towards the piezoelectric substrate to induce an
| oscillation frequency detune in the piezeelectric
substrate; and ‘

measuring the oscillation freguency detune from said
electrodes at each of sald incident angles during
transmittance of said light to detect surface plasmon
resonance associated with the fluid sample.

Edvantageously, the surface plasmon resonance (3SPR)
measurement is determined from the electrodes coupled to
the piezoelectric substrate. Advantagscusly, the method
doss not rely on reflected light to determine the SPR
gignals, thus eliminating the need for a rphotodicde and

lated auxiliary components freom conventional SPR

eguipment, such as lock-in amplifiers and choppers. Mors

4
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need for more than one measurement device, one of which is used . d 2T 5G2007/0604(
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other is used to measure a gravimetric signal ind_epepdep,tlyhofwthpejlrs;%m ,
mEASIeRERt device. TEAIVARAGEOUEly the MVEhtors have FouRd that By ™
tramshaitting & lightbedmfat axplurdlity oftincident angles oo @ rizers from
piezageleclric.substrate the:escillation frequency detune of the

piezoelediric substrate can be manipylated by chanaing. the conditions, of.
the light Geam transmitted Y0thereon. ~ Ih one embodiment. there is 2
prévidéda ﬁ?é%ﬁ%daﬁ%?%‘é*teéﬁﬁé%%ﬁa%@“ﬁﬁs?ﬁﬁﬁ ré86nance and &s+ng the
gravimetrieparametel associateth witheafluid sample, theanethedsrmine a
copyyrising the steps.of: Amended Sheet{REA/ALL.,, . providing a
piezoelectric substrate having at least two electrodes thereon, wherein at

least one”6F &&icf 8fstiFodes ig‘%%upﬁéa%oi i Sample; Fafsniittihga® ¢
lightbeant ata plurality ofiheidetits slanglestowardsote flgid-samplé piece
coypleg-to- said piezaelestric substrate to induce ansesgillatien freguencyusec
detune, in the, piezoelectric substrate; and,, . measuring the oselllation . ...«
frequency detune ?rom said electrodes during transmittance of said light at

eathbfthe EoiHtfdertan§es tocdstect Surfade Pa¥mbnTesbhanteand™ 2~
the pravimetiiclparameterasseciated with the fluid sample. In another

embodimgnt, there is.provided-a methed fordetecting surfage plasmoRnance
resonance associated with a fluid sample, the method comprising the . .

neaspurement and the gravimetrlic measuremant

stéps ot
in a continuous tandem mannsr. . In another embodiment, the
surface plasmon resonance measurement may be obtained at

substantially the same time as the gravimeiric measuﬁem@nt.

Advantageously, the disclosed method may substantially
=liminate the need for more than ong measurement device, one
of which is used conventionzlly to measure a surface plasmon
resonance signal and the o¢other iz used 0 measure a
gravimetric signal independently of the first measurement
device.

Advantageously, the inventeors have found that by
transmitting & light bzam at a plurality of incident angles
onto & pilezoelectric ‘substrate, the oscillation freguency
detune of the piezcelectric substrate can be manipulated by
changing. the conditions of the light beam transmitted
Therecn.

In one embodiment, there i1is provided a method for
detecting surface plasmon resonance and a gravimetric
parameter associated with a fluid sample, the method

comprising the steps of:

tn

Amended Sheet
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15providing a piezoelectric substrate having at least two electrodes

thereon, wherein at least one of said electrodes is coupled to a flyid | PgTISGZO{}‘?/m}Mﬁ
sample; transmitting a light beam at a plurality of incident angi&&¢ived 24 September 204

towards the piezoelectric substrate to induce an 20oscillation frequency
detune irPHe’ pieZteléckic sabstrate; dnd = Smeasuritity tHe oscillation . ©v°
freguencywietenerfrorrsaid-electrodes at eaghtofsaid inCiderittanglestrodes

during transmittance ofsaid light.te detect surface plasmon 25 resonance

associated with the fluid sample with the proviso that reflected light from .
said tranSmitteéd tight beam it detested At ¢ Rebording‘to 2'secdnd” = "
aspect. thefe iz provided & systerdrfor deteeting Surfacespladnidizoelectric
resonance assaciateshwith a.30fluid saraple; ther susteM comprising: in ane

pieDzogl%%t£iegc ybstrate having at least two electrodes .disposed thereon;

et A

‘3“ " - : . - -
an enclosed ¢ amber for retaln!n%a fluid sample therein, wherein said _
enclosed™@idmberds aftanged stich that 354t 98481 6he 6f the'Bledtrodes® @+
is edupled-tozsaidfhildosample i usené: o f shght Beahrseurcesairanded e
to fransmit a light heam at aoplurality of incident anglgs towards:said =ng the
piezoelectric substrate for mducmg an oscnla'ggn jpeqq%n_cy‘de'gunq on
%FaylmETzlc.ba:ameLﬂ; a%io i1ated with the’ Tilulc sample.
sard piezoelectric substrate; an
In another embodiment, there is provided a methocd forx
detecting surface plasmon resonance associated with a fluid
sample, the method comprising the steps of:
providing a plezoelectric substrate having at least two
s2lectrodes thereon, wherein at least one cof saild elsctrodes
1s coupled to a fluild sample;
transmitting a light beam at a plurality of incident
angles towards the pilezoelectric substrate to induce an

..'C

rt
5

!
n
s
o
in
e
H
i1
C
o

oscillation frequency detune in The plezoelec
and

measuring the oscillation frequency detuns from said
electrodes at each of said incident angles during
cransmittance of sald light to detect surface plasmon
rescnance associated with the fluld sample, with the proviso

31

it
o

r reflected light from said transmitted light beam 1s not

fn

(S

tected.

{

hocording to a second aspect, there is provided a system
for derecting surface plasmon resoconance associated with a
filuid sample, the system comprising:

a piezoelectric substrate having at least two electrodes
disposed thereon;

an enclosed chamber for retaining a fluid sample
therein, wherein said enciosed chamber 1s arranged such that
=t least one of the elzctrodes 1s coupled to said fluid

sample in use;

L HDED SHEET
IPEAIAL



5a means for measuring the oscillation frequency detune from said
electrodes at each of said incident angles during transmittance of said ~ PCT/SG2007/66040
light to detect surface plasmon resonance associated with said fldigceived 24 September 26(
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sample. Advantageously, the disclosed system does not require 10 the
use of atleastlone-eempanentselected; from the Group: coRSIsting Of@eam at

logk-in.amplifier, aphotadiode, detector,.a detector mofor, & frequency, -« . s -
modulator (a Iquht chopper) and a light polarizer(s). _ Inone
emBBTIMENE, thére isProvidéy o°systein for 15dstectingBirrtace plastish
resehaneesassociated with:afhuid sampled the systeM consisting

essentially ofane o piezeslectic-substate having at leasttwo electrodes une
disposed thereon; an enclosed chamber for retaining a fluid sample 2

I S . a5  a acn of in T BNGLeS uring
therein, W%ereln Sala encloseé cﬁam%er IS arrangeél SUCIH that gt‘“least 5ne g

ofitherétaefrotfessis coupléd s said fiid s&mplé'rase; Suriadightbeadmon
saueerartangeddodransmita light beant at adpkuatityof incident angles

towards said piezoelectric 25substrate;and 3 msans formeasyring the; . .
oscillation frequency detune from said electrodes at each of said incident

argiés ﬂﬁ?inﬁ%raﬁ%mﬁ?ﬁﬁée 618aid TGRT 6 dotetct Stiface piagfon™e 97°uP
resonaneeiassoeiated wWith the flaigbsarhple. 30In mnothet efsbotiiertor,
there is-provided-a systemdor detecting susface lasmankesenanger; and a
aﬁgloqg%tepdowétpig glyi& sample, the system comprising: a piezoelectric

su

[Ss

strate having at least two electrodes disposed thereon; 35an enclosed_
chamber for fétainiig & fitid Samplg?e=2 2 provided & cystem  for

detecting surface plasmon resonance associated with a fluid
zample, the system consisting essentially of:

a plezoelectric substrate having at least two electrodes

an enclesed chamber for retaining & fluid sample
therein, wherein said enclosed chamber is arranged such that
at least one of the electrodes 1s coupled to said fliuid
sample in use;

& light beam scurce arrangsd to tranamit a light beam at
a pluraiity of incidant angles fowards said plezoslectric
substrate; and

means for measuring the oscillation frequency dstune
from said =lectrodes zt each of ssaid incident angles during
transmittance of =said light <o destect surface plasmon
resonance associated with the fluild sample.

In ancther embodiment, there 1s provided a system for
detecting surface plasmon resonance associated with a fluid
samples, the system comprising:

a piezocelectric substrate having at lsast two electrodes
disposed therecn;

an enclosed chamber for retaining a fluid sample
therein, wherein said enclosed chamber 1s arrangsed such

!

Amended Sheet
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therein, wherein said enclosed chamber is arranged such 7 Amended
Sheet IPEA/AU that at least one of the electrodes is coupled to said flui
sample inuse;  a light beam source arranged to transmit a light 5&aM
at a plurality of incident angles towards said piezoelectric substrate; and
means foF MEastrintg the bséilativheffégtenéy et roif seid sa1d fluid
eleettpdes:at eaeh of said incident angles during transmittance of said

ight to deteet urtace plasmon resengnes assocpd MLING Il pezn o
sample with the proviso 10 that reflected light from said transmitted light
béantisndt detected. +*CARTONdiIAG 10 Fthird 4sipett thiete iprovided the *©
use:df arsystenecomprising: a piezoelectric substrate having at least two
electrodgs disposed thereon; 1.5an enclosed:chamber for retaininga fluid,ne
sample therein, wherein said enclosed chamhey is arranged such that at .
T e S S e ing
bédirs$ourcerafFangéd to trafsmit’s#light bBEam=20 &t a pleiralitysf inBid@Aton
angles-iowards said piszoelectric sitestrate far ingucing anwoscilationrovise
frequency detune on said piezoglectric spbsiraje.and 1 gnMeans fars noe
measuring the oscillation frequency detune from said electrodes at each

of $Hi6Fhcitent angles during 25transmittance of said light; wherein

said systemdisdisenl tordetectisuiface ptasimonrresonanteragsecisited with ©f
said flyidsamplehased: og said measwerkescillation. frequency detuney  at
Acgarding 1o anolhet emodiment Jhets s provided a 0system for

. WO o
detecting |g:ht|nten5|ty comprising: o
‘ an enclosed chamber for retaining a fluid sample

therein, wherein said enclosed chamber 1is arranged such that
at least one of the elsctrodes 1is coupled to said flaid
sample in use;

a light beam source arranged to transmit a light beam
at a plurality of incident angles towards said pieroelectric

substrate for inducing an oscillation freguency

‘<
(e}
(T
(3
-
3
i
Q
i

said plezoelectric substrate; and

means for measuring the oscillation fregquency detune
from said electrodes at each'of zzid incident angles during
transmittance of said light;

wherein saild system is used to detect surface plasmon
rescnance associated with said fluid sample bkased on said
measursd oscillation frequency detune.

According te another embodiment, there 1s provided a
systemn for detecting light intensity comprising:

a piszoelectric substirate having at least two electrodss
disposed thereon;

a light beam source arranged to transmit a light beam at

a plurality of incident angles towards saild electrode on sald

Amended Sheet
IPEA/AU

CT/SG2067/06040
24 September 200



-
<

20

a piezoelectric substrate having at least two electrodes disposed thereon;
a light beam source arranged to transmit a light beam at a pluralitf[l¥ of .
incident angles towards said electrode on said 8 Amended Shee
IPEA/AU piezoelectric substrate forinducing an oscillation frequency

détiifié tRefsorE ghd S UomeahsHor measuriiyithel 6scillation fregjtieheytion
detune froim said elecirades-at.each ©f said incident angles 5during
transmittance of said light to determine the light intensity_of said light .
peam, SEs o ACKART T, Trinel SmbsAnan, e eI provided "=

" théiise ofalsysterecompesing: & pieZoélecthic substrateihavingat angles

leastiwe electiodes dispesed therepn: i @lightbeam source.aganged ;-

to_transmit a Iig-)hft beal afa pL_uraIit;(l cd incident angles towards said
AnTensit 581 Llgnt . oeam SoOunCe .,

pisZoelectiic stbstrate Tor |n§u0|ng an oscillation frequency detune

thereon;7arith I8ATeANs forméasuring tikeoseiliation fregueney deturee v ided

fremcsaid glectrades, ateach afsaid incident angles during transmittance

of said light;

piezoeslectric substirate havirng at least TWOo
electrodes dispocsed thereon;

a light bheam scurce arranged to tranemit a light beam
at a. pluralicy of  incident angles towards said

piezoelectric substrate for inducing n oscillartion

it}
o3

freguency detune thereon; and

means for measuring the coscillation frequency dstune
from said electrodes at each of said incident angles
during transmittance of said light:

to determine the light intensity of said light beam

Definitions

The following words and tferms used hsrein shall have

the meaning indicated:
The term “fluid sample” is to be interpreted broadly
to  include any fluid material or mixture of £luid

materials thet contains onz or more components cf interest
for 2z surface plasmon resonance analysis and, 1in some
embodiments, surface plasmon resonance analysis and

gravimetric analysi

n

The fluid material or mizxture of
fivid materiasls can either be in a l1iquid phase or a
gasacus phase. The fluid samples may be & biclogical
sample, a Dbiochemical sample or a2 chemical sample. The

fluid sample may be undergeolng a reaction during the

2

Amended Sheet
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to determine the light intensity of said light beam. source. 20 Definitions :

The following words and terms used herein shall have the meaning ~ PCT/SG2067/0604(
indicated: 25The term "fluid sample" is to be interpreted broadly t& fgitige 24 September 204
any fluid material or mixture of fluid materials that contains one or more

compenents:of interest far a surface plasmonresenance.analysis angdi in or

some embodiments, surface plasmaqn resonance analysis and_ 30

= L1le | laver I3 rIREL LA, g Tayer ~ removal
§1y5|s. The fluid material or mixtufe of fluid materials can '

gravimetric an
eith&f belinva liguitphisse orta GuseoisPRaseE Thefud sampledhaybea e
biglegical samples a bieshemical sample-or achemicaksample: The fleich 21
samg}lg@ma&be undergoing a reaction during the %QAmgyg.ngShe%t:IF
PCT/562007/0004( Received 24 September 200 detection process. The
reaction may include rigid or visccelastic layer film formation, film layer
removal, affinity binding, ligand-receptor binding, competitive binding and
chemical reaction. Exemplary chemical reactions occurring in the fluid

sample which may be 93

Amended Sheet
IPEA/AU
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measured include coupling of amino group functionalized molecules,

macromolecules or particles to a carboxylic group terminated surface via

an active ester intermediate (EDC/NHS coupling for aqueous condition
WP BEBIRMHS 5 coupling for non-aqueous condition), esterfficHiGrRi0 7000464

polymerization and photo-polymerization of the components within said
rftuidhsamplei ddawerd subhstantially o e sadtaxclugesigompletely’t erg: lai zed

composition which is "substantially 10 free" from,Y may be completely. free
TR AW Here FSCOaany The Word "sUBSNLATY” ay Be Grmitted fiof - ©

 ghewefibitioniokthednventiorce  vialess spedifisd offraisel tHetrariate

(EBMAFIEING” ang, camprises and grammatical yagantstherepf qare k. /ms
intended to represent "open” or "inclusive” language such that they ‘
SRERHESCitdd Elenfistits Bt aRG perfMAREILSIIN of additiBRAE thredfid- o
RIeMents .z at A% Uusethheyett dhe darpmeabolsdt, iindhegonted ofomponents
C.org:.entratio sfgf Coénporllnerits of the formulations, 20 typically means +/-
e

"Boo o th& &t N

valte >fore ?y‘pically +/- 4% of the stated value, more
typicaliype/- 3% @fdhe statetbwdlaetmolé ypicalloes 2% ofcthe stated Lude
Valye even Ofeet.yfglca'év Hohpodithe statedvalue, andeyenmore ;.11 y
typically +/- 0.5% of the stated value. .25Throughout this disclosure, -

f&&tain ehilBdiment&ifay BE diseyettihs range®fmat TP8hould beere

riRderstoog thatthe deseriptioniha tangs format iswnerelydforgonvesienggom
E‘Qd %revjt ,%n,d should not be construed as an inflexible limitation on the
op e&f"f%% di8Bl03&d BtFratiyes™ At ESrdingly, the description of a range

shoultihbesconsideeed toi kave speeificaly disclbosed adlithe possiblerising”
5%&%ﬁugg§§§§ggﬂtasggﬂwdggg%ﬂgggggnggg§y@@@g7 thereof, are
intended to represent "open® oﬁ "inclusive" language such
that they include recited elements put also permit
inclusion of additional, unrecited elements. |

As used herein, the term "about”, in the context of
concentrations of components of the formulations,
typically means +/- 5% of thelstéted value, more typically
¥/— 4% of the stated value, more typically +/- 3% of the

stated wvalue, more typically, +/- 2% of the stated value,

even more typically +/- 1% of the stated value, and even
more typically +/~ 0.5% of the stated value.

Throughout this disclosure, certain‘ embodiments may
be disclosed in a range format. It should be understcod
that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a xange.should be
considered to have specifically disclosed all the possible
subﬁxanﬁes as well as individoal numerical wvalues within
that range. For example, description of a range such as

from 1 to © should be considered to have specifically
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that range. For example, description of a range such as from 1 to 6 should
be considered to have specifically disclosed sub-ranges such as from 1 to
3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well
VES2HE03EH numbers within that range, for example, 1, 2, 324 TH GG B00404
This applies regardless of 5 the breadth-of the range. Disclosure of
Qpenakkmbedimanisdxemplary, nen-liniing embediments afa methed 4,
f&[ C;LIQ c{et %ting quJf'face pga morn respnance ag,so%'ateg with a fluid .
sample wil how be distlosed”Thé methtd compriSes e Step of® © ete-»
providiagia prezoelectiiv substrateyhabingsat leashtivo eigetrodesdhgrgon,for
uhalgin ol least one of e electiades 1 couplarl g Iulcsample, el o
the 15 electrodes may be termed as the "front electrode”. The front
elertronearay b%ﬁuﬁ%@hédﬂﬂfﬁ»a periodic metal surface corrugation
(grating) structure. A light beam is transmitted toward the fluid sample that
may be residing on the front electrode of the said piezoelectric substrate
20 to induce a oscillation frequency detune in the piezoelectric substrate.
The oscillation fregaehoyfrom séidogliedtrodds Buthedimeasured during
numington,gh s Johhwhenthe angle alnSKIENCE sariesloJelectng,  ¢o
surface plasmon resonance associated with the fluid 25 sample. In one
gRfeimeat, tREFERFSanple i reside endneelectisdecéethed with a

piezoglestiigsubsiate opbathee oSUHAEE DiASMEMESRRANEE; (SRR ri ses
measurement refers to the measurement of a resonance condition that

68EurE Wifertthe RARJ Al LofpBheRE B e Wale F8ABF bR ATigheygny at
irecident omncthe electmtessofithe piezgelectte siibstaate Taatehes the wave he
uedlor ol e suface plasmons. ALhis coprlfion. encrgy Is raggfered, ),
from the incident light to the surface p?asmons. Gravimetric

rlesuredentraferstocg classefeamhalytical hfeasurementsahardetesaine The
themasseta fluidisample updergeing Akeaction: This termincludes: netraz

uartz ’
gurface corrugation {grating} structure. A light beam is

transmitted toward the fluid sample that may be residing
on the front electrode of the said piezoelectric substrate
to induce a escillation frequency deﬁune in the
piezoelectric substrate. The oscillation freguency from
said electrodes is then ﬁeasured during illumination of
the light when the angle of incidence varies to detect the
surface plasmon resonance associated with the fluid
sample. In one embodiment, the fiuid sample may reside on
the electrode or the piezoelectric substrate or both.
Surface plasmon resonance (SPR}.measurement refers to
the measurement of a rescnance condition that occurs when
the tangential component of the wave vector of a light
incident on the electrodes of thé'éiezoeiectric substrate
matches the wave wvector of the surface plasmons. At this
condition, energy is transferred from the incident light

to the surface plasmons.



crystalrebalance measurement, surface acoustic wave measurement and® CT/5G2007/0064¢
bulk acoustic wave measurement. Quartz crystal microbalancBg¢e3&wy 24 September 201
measurement refers to a gravimatric measurement of a fluid sample when

placed on a quartz crystal. When the fluid sample is placed onto or i

removed frof tRé Sttface Bf fife §EaR2 crystaf 10 nicrdbalante, the2ss ot

oscillation: fregueney of the guastzeerystak mierobalancawilkehangg = fiuid
accordingly.This depends on the mass of the fluid sample and.th N

vis%gglggtelc 1E)“r“d‘|c‘"):’e’*r(€'|%e§Iﬂ(‘)gf the ﬁﬁi”d%alrﬁb‘lé.Fc?Ff formation of a“r?éi“d gf/er?“a* -

the~I5 félatiorshiiF bEtWEER Mess Hhd clidnge in fregtenty i3 Shewri by Wave
therSauerbigy equation: it -past.'fa wherewaf issthe mass:density of the

fluid sample, adsorbed.on the surfage of the quarz, crystal (kaima), ef 20is, .

{n

the frequendy change of the quartz crystaIC(Hz),a%%ls the initial frequency

of the quartz ‘P is-thecd@nsifyr 6t Guariz erysial (2686 kgl m3) &iid mgaced

is the shean wvave veloeity withinrthe quarz{3340 ms-fer anseuterystad). onto

25In one embodiment, the surface plasmon resanance (SPR) couples .. .,

difféfent armounts of light energy at different angies of incidence ontoa ~ -

10 gratihgeleetrode sthereby leading tbed temperatafe differeneé betlienzuartz
two-sides.of the guasiz-crystal wafen Suchrassight accordingly. This

freguency change depends on the mass of the fluld sample

on  the surface and the viscoelastic properties of  tThs
fluld sample. For formation o©f a rigid layer, the
15 relationship bstween mess and change 1n freguency is shown

by the Sauerbrzy eguation:

My =577
£7,
where ms 13 the mass density of the £luld sample
adsorbed on the surface of the quartz crystal (kg/m"), af
29 is the freguency change cof the quartz crystal (Hz), Iy 1s

the guartz crystal (2650 kg/m’) and vy is the shear wave

velocity within the gquartz (3340 wm/s Zor an AT-cut

crvstal)

25 In one embodimsnt, the surface plasmon resonancs
{SPR) couples different amounts of light energy at
different angles of incidence onto a grating slectrode

thereby lzading to a temperature difference Detween IwWo
sides of the guartz crystal wafer. Such a slight
30 temperature difference may deform the wafer, and result in
a2 freguency increase which can be easily read out by the

OCM device.
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30 temperature difference may deform the wafer, and result in a frequency
increase which can be easily read out by the QCM device. 12 Amended

Sheet IPEA:/AU The piezoelectric substrate may comprise a material
VL8 % B m the group consisting of quartz (Si02), lithium tBhEfEe07/600404
(LiTa03), lithium niobate (LiNb03), potassium

niobate(Ki b3y LieBUBT Bedinite(A1P@4); 5 galliumwnthopimsphateterial
(GaROLL J ouppaline langagiie (LasGapBlol4) zing.exidgandlor (5.0,

epitaxially grown nitrides such as Al, Ga or Ln; Lanthanum gallium silicate,

potalsim sédithPiatirate, balitAPatanatd {BATES), Ba2RaNP505,L1ND03) «

PEHO3:s Rh{ZrTi0sp Pb2KNLG0IS, BiFe3 , Nasyy03, dd-lead zitconate: po,) ,
titanate PZT. The pi zoeI%ctric substrate may also be a ﬁi_ezoelec_rip .
RS ciPRSTACRINGRE UARED™ « Any SITARAAL & capdBIBHH> 02

refsofat iy @ith Jightiatca partidelarnwiivetergth tepieduce asufaceritrides
RIgsmon 15 regpnanee may, be yged aié%%ﬁgex‘%&r&de%a@irﬁ&%[m%‘%i é?a-te,
electrode is capable of conducting electrons to generate an electric field

PREAGH e pie26sieBic stbstrafs-Br to ree&ven dlddtabdieRl geferates! -

by JRemicaoelectriesuhstrate, inoneembodimenttine 20 elegtredes mayhewo.,,
non-reactive to the solvent within the fluid sample and may be

y D€
AEATeactive I8 DG gen: ARk Sméthanol Btfansl &Ad tHE fiké iR anbferrate
sapodinmentythe:elettrodes anay be fabligated fromrmoasmetal gondydtiveene
%ﬁ%@alégpch as Indium Tin Oxide (ITO). Advantageously, 25 the
electrodes are chemically inert to the fluid sample, to ensure that they are
stable forvariafjsid tHdrasf 1 Ta@aidtal may besselastbadrom the il at

gongigting of BIeUPkavEIeURMIB, GI0UR MHB-GToUP VA S1euP I¥Bs smon

Group 1IB and Group llIA of the Periodic_Table of 30 Elements, as well as
AR attfdombinations therddt. ©19fibhRmbodiftrit heneta the
rieyce salected froap e group consisting of aluatinumy cobalt; coppelerate

ggld.ipdiym,; molybdenurp, nickel, palladiym, platinum, SIVery \potrate or
to receive an electric field generated by the
piezoelectric substrate. In one embodiment, the
electrodes may be non—reactive'to the sclvent within the
fluid sample and may be non-reactive to oxygen, water,
methanol ethanol and the like. In another embodiment, the
electrodes may be fabricated from non-metal conductive
materials such as Indium Tin Oxide (IT0). Advantageously,
the electrodes are chemically inert to the f£fluid sample,
to ensure that they are stable fof.aﬁalysis thereof

The metal may be selected from the group consisting
‘of Group IB,. Group VIB, Group VIYIB, Group IVA, Group IVB,
Group IIB and Group IIIA of the Periodic Table of
Elements, as well as their alloys and combinations
thereof. '

in one embodiment, the metal may be selected from the
group consisting of aluminum, cobalt, copper, gold,

indium, molybdenum, nickel, palladium, platinum, silver,

13



10

15

20

25

30

WO 2008/063139PCT/SG2007/000404 tin, titanium, tungsten, zinc and
combinations thereof. In one embodiment, the metal is gold. The metal
may be deposited onto the surface of the piezoelectric substrate to form

- VEhEIBLHYdR with a 5 thickness selected from the group con8fsTi§p7/000404

about 20nm to about 2000nm and about 80 nm to about 150 nm. It is to

ke appreciated that a perspnsilledinthe akwouddnmderstangthatibe ot .
choice of the thickness of the electrﬁde deegcen%s on a number of factors
JcrPRS 18R HIRR e DFRgREDS the B1¥Srode, cost of the metal and
responsivenesstefithenpiezbelecteipssibstrateanithin tireeraage At aghichithg he
mass deposited is proportional to changg in gscillation. reguepay. of thee,
ﬁezoé)lecﬁlc Substrate. 15The surface of the piezoelectric substrate may

bé ioughrereds Theabagh SupfacEmag afd i thegéationof sirfagout 20nm

RIgsmons O heRigZslackissubsiatenT his maywbe dusptofhe diffractien to
of light into higher orders as it contacts the rough surface. In one
BAbRRRERE TS sttt f tHeSRIBeISdkAc bibstrHte iy be ™t ould
rengbenedvin a pesiodiccsiarfacehedieggatich. Inione emtodinesrs, thef the
surface of the piezoelectric substrate may, comprise grating formati .

'f%’ee aFaI;[Pndg;efomc%t?gr?s(f f?}ay%% a Series 0 garralIe?ﬁisp%%g%%%t%vegsﬂgrhslit i
formatens 261providéd bioihe durfadecofthe PiessslectiiesubsfratdaTHaetal
waing formations may be fthe pang-scalerange-i c thegrtng: within
formations may be formed on the surface by a method selected from the _
Grefip EBRSIRIIRSF ofPHtBIithbGraBRY SdiPrRatlee ot b &RRIGHAGR3d +°
halagraphicilithography: etheam lithegraphy.siondipam tithogsaphynelectric
imprinting lithography and combinations thereof. The grating constant

of }ﬁgiffjfgﬁr?g" formations on the surface of the piezoelectric substrate may

be in thetrangeusékecteddiomtie growfresdsisting of apdus10@ttm @ay be
%Q@&QQQ&M apout 100 am tq,abqut.750,3M -about 250 amdeabotltn of

1000 nm, and about 400 nm to about 600 nm. In one embodiment, the
GFAffG EBNELAETRCRSo RSP RMALS 8BOGE TS0 nt HRHRfer  This mey
embediment; the:grating censtantis aboutiag:nninkds toibeapprecisted as
that a person skilled in the art would ynderstand that the choice of t

i - : h
g]rgtin(gpoc%%%?atnﬁ dé:%léendg %ﬁ%nu?huggnra ocfefactggé Sl?éheasevr\s%\?e é%ﬁg&%& £he
the fdserdigltfantitke medinm througtowhiglystrate may be roughened

via a periodic surface corrugation. In one embodiment,

- the surface of the piezoelectric substrate may comprise

grating formations. " The g¢grating formations may be a
53erieé' of parallel disposed grooves or slit_ formations
prbvided’ on the surface of the piézoelectric substrate.
The grating formations may be in the nano-scale range.

The‘gréting'formatidns may be formed on the surface

by a method selected from the group consisting of

photolithography, deep reactive ion beam etching,
holographic lithography, e-beam lithogfaphy, ion—beam
lithography, imprinting lithography and combinations
thereof.

The grating constant of the grating formations on the

surface of the piezoelectric substrate may be in the range

14
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10 the wavelength passes through, at which the incident angles are in the
range for ease of alignment and detection. The height/amplitude of the

rating formations may be in the range selected from the group consistin

“%? g%gﬂfsfgglo rim to about 100 nm and about 20 nm to aboﬁ?%@(ﬁ?r?ﬁwl"’ﬁg‘“

metal electrode may be deposited onto the grating formations or may be
staipetdnt6 the: pieheclerticipubstrate asinga pofymebsubstiad® nm  to
pissoatad withg.metal Javer; Ihe ReIumermay CoMpiish A Matelial H5o
selected from 20 the group consisting of polymethylmethaérylate (PMMA)
&7d R&AeFivaires, Blich a8 polgEmiimétacifatd- PEMARL 600 nm.  In

pRl¥prepyknethacrylate{PPVA): palybulylmethacrylate (RBMA) aba blgpd+ o

made of two or more thereof. The metal electrode may be deposited such

3t te SR8pBaNd gratiAg 25 Eonsta St HE Yrating forfafibne Gronstant

substantially ¥ same after depositiorbef themetal eleetiode:dn oae person
bogiment,thg surface ofthe m EP?&&!».%%QQ&S{H%& also be.roudhened in,

the same manner as the piezoelectric substrate as ESCHEE above. In

Gr@ Boremiseaifiat thé sRet 8lebfodes Have e peribdif atiface such as

cRrdgation stryeturaand.are capaplg-otdetecting sudacs,Plasmeiyh which
resonance when a light beam, such as laser light, is transmitted onto the

bisZoellttfic SUBSatd 8HTace. THE ML elettrodd 5 a0 dfablddFdent
aelifig=as ase@mmon WB=2008/063133RET/SG2007/600404 syrfasator and

" the detection of surface plasmon resonance measurement and
etection.

etermination of a gravimetric measurement. As a light beam is
transmiteed bt arrdlidlactrode sitigccoobar oacilfatimp piexoelevtric be

in,the.range selected from the group consisting of about
10 nm to about 100 nm and about 20 nm to about 35 nm. The
metal electrode may be deposited onto the grating
formations or may be stamped onto the piezoelectric
subStrate using a polymer substrate precoated with a metal
layer. The polymer may cbmprise a material selected from
the Qroup.consisting of polymethylmethacrylate (PMMA) and
its deri#atives, such as- polyethylmethacrylate {PEMA) ,
polypropylmethacrylate (?PMA}, polybutylmethacrylate:
(PBMA) or a blend made of two or more thereof. The metal
electrode may be deposited such that the shape and grating
constant of the grating formétions are substantially the
same after deposition of the metal electrode. |
In one embodiment, the surface of the metal
electrodes may also be roughened in the same manner as the
piezoelectric substrate as described above. In cne
embodiment, the metal electrodes have a periodic surface
corrugation structure and azre capable-of detecting surface
plasmon rescnance when a light beam, such as laser light,
is transmitted onto the plezoelectric substrate surface.

The metal electrode is also capable of acting as a common

15



5 substrate (e.g. an AT-cut quartz crystal), the oscillation frequency of the
substrate is detuned. The amplitude of the detuned frequency may be

derg(endent on a number of factors such as light intensity, light Wa\(elength,
WEHIEYEIR of piezoelectric substrate, type of medium in 10FETMGEETAH404
the piezoelectric substrate, non-reflective coating material on the metal

efecticde:; ettoA detadledddeseription wilkbesprovised fusthesthelow:withnance
ref Q. specifi¢ figures impartant conclusign from the response, .

o%&'%g %%I%fll% cut quajrnfz crys%%%@ﬁ@%ﬁﬁ&minaﬁr%g on fis frort metal etric
efsciFsteTscihat tHsamphtt@ietofthetictinddroscitdticreflequdncytise metal

peapertionabto the,amoupt of the lightenergy transferred from the incident . ;

light to the metal electrode. This also applies to the case of the 20 surface
> PIRSMbhTESonEnde WhTEHYS eher a3t caipimbhé inGBenagsés tation
beasatethey metal-coated: periadicteorrugatipn-siiface when theplitude of
entum matching condition is fulfilled. The frequency response strictl
(%%f%la%s &vﬁﬁéheﬂ%%ﬁﬁ%‘ of) refrgc‘fivitg;/elos{?gﬁgg%%ﬂ% ap%near?ng Ié‘g“é?s? gn of
ifRstsedimage of thedfonveéritibial gretibgreolipled suifegetPlasmurlength,

spesBar - this way, by, measueingthe chapge in the oscillatiop frequengy, ;5
10 R RO e s e T O M e ve
coating material on the metal electrode, etc. A detailed
description will be prowvided further below with references

to specific figures.
An important conclusion from the response of the AT-
'15 cut quartz crystal to the light illuminating on its front
metal electrode is that the amplitude of the detuned
~oscillation freguency is proportional to the amount of the
light energy transferred from the incident light- to the
metal electreode. This also applies to the case of the
20 surface Plasmon resonance which is generated by coupling
the incident laser beam to the metal-coated periodic
corrugation surface when the momentum matching condition
is fulfilled. The frequency response strictly correlates
with the amount of reflectivity loss, and thus appearing
25 as an invérsed image of the conventional gratiﬁg coupled
surface Plasmon spectra. In this way, by measuring the
change in the oscillation freguency of the piezoelectric
substrate as a function of the angle of incidence, an
cptical signal {correspondiﬁg te the surface plasmon
30 resonance detection) of the fluid sample can be obtained.
In one embodiment, the oscillation frequency of the
piezoelectric substrate may be used to detect both the
surface plasmon resonance signal and a gravimetric signal

at substantially the same time. The oscillation freguency
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optical signal (corresponding to the surface plasmon 30 resonance
detection) of the fluid sample can be obtained. In one embodiment, the
oscillation frequency of the piezoelectric substrate may be used to detect
Yot g 4dtrace plasmon resonance signal and a gravimetr%’:56’1;"?5?%{"l"’Bﬁ4{'4
substantially the same time. The oscillation frequency WO
r2008/863138RET1$G2087/000464 rfiay bamasasiredfaeiredfunsantwhtalkhe

dteauency of the 'pfgﬁ@&%ﬁ@%?ub&fa@h@t thes3'd pverigpe, atihe st s

overtone or at the 7th overtone. In another embodiment, a Kretschmann
confiarsions atay:be used ¥ BdipRShe surface plasmon resonance to
the pigzoelgglriersubsteatgo Ehadkietschinarp coafigreation mayraempEseon
an attenuated total reflection coupler g(lgaced ad#'acent to the fluid samiple.th
"he Rfetdciflahf CoRNGGratioR Ay eompTisk TigRt cBu iy Medium —© =7°
mlispased:10 betweentthe mdteauated Total r&ftectiorhooupler andithguration
sample o substagia 3&9&%*%&%@@&&!9 i%%%fttbgna%edu?‘iot%@ ek ced

“F%ﬁe&%m courﬁer and piezoelectric substrate. The attenuat
Feflectivrtcoupler mapde a 15pHEm hadifRt& shape séleéted fiéRTtenmann

AR §QPsisting of.sybstantiallyhemisghericab.pbstantialiy rectanguldssed
substantially square, and substantially cylindrical. , The li tcoupli%(; X

DREHERTM&) Be %HFH?%B%?%FF?&% that ha8 A retfactive” iffe e
dange selesteshi2B tfsomithe groumcansisting o<l 58 40 1v@0, InBE 10 259 he

219,198, 1.5210 %-57ﬁéé%E%1-§Q’.1§§ 1125 aNh1-53 40 158910 5
one embodiment where the piezoelectric substrate is quartz, the light
povplimg veedium may have a refractive index of about 1.54 at wavelength

of 633p8. 23 AccavityJnay & st betwgendhe pigzoeleciicsubsirate apd o
the attenuated total reflection coupler, which may be filled with the light

RbUPing AtedidnPariP 388 HhE tiarlceBetibe i Re 208 E I 19 ©F
substrate-aad the atienuatetdetat saflectionicoupterimay pe intheangular,

substahtiaily square, and substantially cylindrical.

| The light coupling medium may be any transpafeﬂt
liguid that has a refractive index in the range selected
from the group consisting of 1.50 to 1.60, 1.51 to 1.59,
1.532 to 1.58, 1.52 to 1.57, 1.52 to 1.56, 1.52 to 1.55 and
1.53 to 1.55. In one embodiment where the piezoelectric

substrate is quartz, the light coupling medium may have a

- refractive index of about 1.54 at wavelength of 633 nm.

A cavity may exist between the piezoelectric

substrate and the attenuated total reflection coupler,

which may be filled with the light coupling medium and

sealed. The distance between the piezoelectric substrate
and the attenuated total reflection coupler may be in the
range selected from the group consisting of 0.5mm to
2.5mm, 0.75mm to 2.25m, and I&m to.2mm_ The light coupling
medium may have a low density relative te that of water,

the density may be within the range selected from the
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30 range selected from the group consisting of 0.5mm to 2.5mm, 0.75mm
to 2.25m, and Imm to 2mm. The light coupling medium may have a low
density relative to that of water, the density may be within the range

VELTEREG I the WO 2008/063139PCT/SG2007/000404 & G200 7/000404
consisting of 1.05 g/cm3 to 1.3 g/cm3, 1.1 g/cmato 1.25 9/cm3, and 1.1
gfenad tacbisg/emdig  oFhellight couplinly mediun® may de’an qliecuéem’to

@%um/%gﬂa noanﬁgq%e9u§%%‘diug’g. lﬂ%n%;ag;pqdiment, the light 5
céuplir?g medium is a hyd ocarbon havingcarbon atoms in the range
select&dh frobri tHe-grerpdortistifePef Iy, P 20, 385128V 1898180 T

42, and 54940, Jdhe light corpling mediye may:be aelestad fromrbe 1ighc
group consisting of styrene, toluene, benzyl alcohol, and butglbenzenem 10,
ﬁwgnéﬁgﬁ@néﬁce&fop%ﬂﬁﬂgﬁﬁh nifiig g carbon atoms in

giromamethasedenzylafioe, :pyridinemethans 2sting of 1 to 25, 2
retyybenzanemgghanapine, phenylodrane. e ighy beam iay b8 gne
fansmitted from a halogen lamp, a light emitting diode, a fluorescent lamp

orapls dindedddert ThaYightbesm enay Be T tie isiblelightPegiBRsthe- 119

I ra‘é%%%gjr@[‘ or-Wirgaviglet regionaf theyElegtiomagnetic peciivis zene,
The light beam may be a laser beam. The laser beam may be emitted

HohT 8IS SOLFdE e laser %%Eﬁ%@%stantiaﬁ?%mmtr ile,

gipolaneat 2 sy stantisdy pypalarized or substantiadlyrmpotéized. 2-
 The,wayelength of the light beam may be in the range of about 500 nm to
ALY 1560 T TR b el T e

Wavefeaﬁréet:ﬁ of the light beam is
- about 548 mi, givoutSot N MaEhour6 33 PANEMABGE 150 ¢ifn. 25Thelogen

intgnsity of the light heam may,bejnthe range ¢haQUIQ.ALMWERL0 or
abouf 100 mW/mma2.In one embodiment, the intensity of the light beam in
fHefrmicrst Bser B&%m hia) be B8RRI o he GrotPcoRsistingrf L9t
abgut,8.014HaW/AMR2 ~akeut::929:m\Wma; abeui 61057 mddinm2o80the
about 0.0111 mW imzrbnz about 0.14 mW /mm2, abput 0.228 mW/mm2, ...
%Sﬁtt@%’rﬁar%}(}\ﬁrﬁﬁq ,%%%ufb%’?»? mWimii2? about 0.452 mWw/mm?2 an

about 0.5 mW/asmL. beam may be emitted from a laser light
source. The laser beam may be substantially s-polarized,
substantially p-polarized or substantially unpolarized.

The wavelength of the light beam may be in the range
of about 500 nm to about 1200 nm. In oﬁe embodiment, the
wavelength of the light beam is about 543 nm, about 594
nm, about 633 nm or about 1150 nm. '

The intensity of the light beam may be in the range
of about 0.0l mnW/mm’ to about 100 W/’ . In one
embodiment, the intensity of the light beam in the form of
a laser beam may be selected from the group cohsisting of
about ¢.014 mW/mm®, about 0.029 mW/mm?, about 0.057 mW/mm®,
about 0.0111 mW/mm?, about 0.14 mW/mm®, about 0.228 mW/mm’,
about 0.30 mW/mm?, about 0.337 mW/mm?, about 0.452 mW/mm’

- and about 0.568 mW/mm®.

The transmitted light beam may be incident on a

surface of the grating-furnished piezoelectric substrate
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The transmitted light beam may be incident on a surface of the
grating-furnished piezoelectric substrate WO
2008/063139PCT/SG2007/000404 and sweeps over a range of incident
WINGIEOPHE range of incident angles may be about 60 from Hye REAMHE 404
the plus and minus directions, or from -60 to 60 in which mirror images will
abeiobtaired: Ibisde be appreeiated 5 that depersenskiled inThe artavgsdd of
sydersiand fyatibe choie ol theange ghthedngident.angles fagends obhe
ARumber of tattors such as grating constant, wavelength of the laser light
pénththendedidmuthrotighasiiich e wavelEgth passes firouth, edge phich
«Alignment and 10 detection. atymhigh suiface plagmon sesonanesiseciated
achieved. The sweep over a range of incident angles may be
thereratRPB e 66 bt fitbviry MRBn& " Fhé dving METE ATy domipride™®
chB10ter that may be atipehed towithen adightaauree joremifting:thedight a
beam or tq the 15 piezoelectric substrate. When the light beam i
r’t‘?g%serﬁ itt%g tc]}e ﬁ%:e% é)llé%og ecgf]ricassu bgﬁgéel, e Fnoo@?%l gn}ge’anmga%rgégsn g’ﬁﬁerc’f
tthe lighkseurce bi te: piezodlectlib substesteyelativé ¥eedieh oered  the
Jherehy.resylt inghe light beam Bittipg the sydace of the piezoelgetic 20 ang
substraté at a plurality of incident angles. The moving means may
IfifideBmstor Pl AAEEsEIRE TGt refiRiivd ntatbRaPiidbidee -
betweepdheslighisouree:and the piezoelectric subsisate. \Mheheaslighty be
beam is trarr\’%mitte%ﬁfrom the Ii?ht source to rr}é\g 255 pie._z&elecéri% %bst@é%,ns
IRBFAGVIRG nteans Hovedtné fight Perieclive material such that the Hght
nssamchitethiessurfacenotttre pidzetlectriy sttsstratecataplurdlity ofither a
iggident angles. In epe embadiment, theight feflegtivangterialis aco  the
mirror. In another embodiment, as will be 30 disCussed in detail further -
HaeRehs Fifers iy beisiaced betwdlifthe liABsoutddRhd theam 15
Riazeeleskricsuhsiratenuithone-efdhe mirss haing aitacbed aie a moving
motor. At each sWeeEhove&a range of incident an&FI]gs, tq%gtigi%gtric
85 RoA PESShaRt s MY gr3Timetrit meaSirenients of the piezoelectric
substrate mayie measuted. each  Jhieceledtrodemragtiyavesgult in the

nopstefleglivg surfaee, The Snan-reflective surfage maybe ysedd@ectric

absorb the energy of _the light beam and may result in higher
FeR§bnsd th dscifatioritfrédééncyof theiezoéleditt Siibstrate, although it

may ngheontEbutastotbeamplitudefripe detunedrescdlation denpeney ofat
embodiments_having an AT- éé){cut quartz crystal induced hy the, surface‘th

R RS hor TESOhBALE e Lhr il A P oaat LretB s Sl - cre
Iregbnancewconditiemsiard fudfilled cRwehonireflectivalbakfaeémay béihen a

oaed enig.the glecitodesarmay be agidnhatent prgpertyQfifbee to- the
eléctrode. The non- : : ,

piezoelectric substrate, the moving means moves .the light
reflective material such that the light beam hits the
surface of the piezoelectric substrate at a plurality of
incident angles. In cne embodiment, the light reflective
material is a mirroxr. In another embodiment, as will be
discussed in detail further below, two mirrors may be
placed between the light source and the piezoelectric

substrate with one of the mirrors being attached onto a

motor.
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15 reflective surface may be a dark color such as black. The non-reflective

coating material may be silica or silica-based compounds. The

silica-based coating material may be used to bind components of interest
ViHat dadrésent in the fluid sample and hence, adheres the BERiHoHEg0404

of 20 interest to the surface of the piezoelectric substrate. In one

embodiaendattie reflective susface ofrtherlectroda mayibe dininished,ast he

the resul of binding reacions that ogeurs between the components of ¢
-interest that are present’inthe filid samp?e Snd e electroaeg s RA -°

inecre asetzambant of.gabsevptionadfehmandrgy o thesligiat-beam may result

as morgayers.ate ksing ﬂ%?oﬁﬁ%@, o the electredes.during.thedipding rpe

reactions, due to diminished reflectivity. The increased absorption may
FERITR Tl Righér FespontRaR deriiafiBn Yitftiehey 8P 30%He Piezoensdny ©f

- substrateqhighesdaselingy anthRay:seiveas a seniiquantitaiv&ponse  in

indic‘ieit'fgtf%the ginginlgegecaction; The syrface Elasyqn resorgnge .
Mieasurémentand feigravimetric mextirentait iy be dbtained = crate:

sitvstangally 1W/02608/068136PCT/ $G2007/000404:thesaine tinke ovfayhe
beobtaped 1 atandem.manner, Mhat is, ene aflss ihe iher, 1he SYrage aqp—

plasmon resonance and gravimetric measurements obtained at

Stibstartidily the s&métfhé may'Be<tBjected to firther Pigdesiing sipgmon

banahdicebtogls of seltware progsamsdpordes 1o-gistingsishhaetweepdhe ng
two kinds of measurement, Brief Description Of Drawings 10The

588ompERING ArsninGS THISHETE R digtiGsed BMbddinfeht and séRfRs t8°7~
exfilagrthevprinsiptés obthedisclesed emizatimento It ihto belwnderstood, or

havever, that tlﬂgrygégvmgsp%fsp%%%%ng forpurpeses.efillystration,only, .,

and not as a definition of the limits 1 the invention. Fig.lisa

seAdmatié dmgiamiarthesBtup df theldydtefrfor Sutiiee Riasiorck. The

Resopance apdaravimetiggneasirement as disglosed hew@in.or  s:ihifea-
2 is a schematic djagram of the setup of an 20 alternative system for

Stfade PIEERBR Reson=htednd Gratifmstic fdstfmBAt 58 tiscifésn ©©
hemin.to WA isangrapinofithe frequercyechangeadf thecguastzecrystal in

¥ﬁ|§usf|m%'2§ltysgtnlﬂ:gﬁg ingi'g:e nth%?xgl:% 90&%%'8938"et?Iethec%WﬁE?Aents of
surface at noimal incidence.
interest to the surface of the piezoelectric substrate.

In one embodiment, the reflective surface of the
electﬁode may be diminished as the result of binding
reactions that occurs beftween the components of interest
that are present in the fluid sample and the elecﬁrodes.
An.increésed amount of absorption of the energy of the
light beam may result as more layers are being deposited
on the electrodes during the binding reactions, due to
diminished reflectivity. The increased - absorption may
result in a higher response in oscillation ffeﬁuency of -

"the pilezoelectric substrate {(higher baseline) and may
serve as a semi-quantitative indication for the binding
reactions.

The surface plasmon resonance measurement and the

gravimetric measurement may be obtained at substantially
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25 Fig. 4 is a schematic drawing of the setup used in the experiments

disclosed below. Fig. 5 are graphs of the phenomena observed for

frequency change of a quartz crystal versus time when different pulse

W e’%ﬁ% E¥ of the light source are 30 transmitted to a piezo&fetffgz007/000404
substrate. Fig. 6 are graphs of the amplitude of frequency change of

+HdArZ gryStal e rsys tinag When slifferent golasizatiansmaklightane eised.that

Fig. 7 is a graph showing the changes of the fundamental oscillation
requhicy %gﬁpﬁfsqﬁé?esjj}éﬁ%’ihe 3rd (Opén’ gly%gg), grP:]a WO Up- - onance

open up
driangles) andrithqdopen sonentrianglesh o argold-cbatedosérsur erydtdl the
4o S gpdiafiog with lasgreams el diferent wayeleaghe Al I8l 4using
MW/mm , Fp:ﬁ’OOHz. ig. 8 is a graph showing the oscillation
AfredudricAresp&nsa. task fine )T YokEcoaks 98ATST crydtal (pioic ™ t©

dempsigiurerchangss 450lidh inek.d Okich Bsarerbaiehartsdenicting the
oscillation frequency response of a gold-coated sensor quartz crystal upon
irradiation of a Xenon lamp in the presence of air, ethanol and water,
respectively. Fig. 10 are bar charts showing the oscillation 15 frequency

response of a Sensgr QUG GYSIAL VNG SLEiagE GIior! electrode

being gold, silica and black painting, respectively. Fig. 11 is a schematic
diagrdineof the configuraiion of tHeewssiimenthl Setup 18 which §datt osed

Shysial is-20 demansirated as a deteglor far-a haree-puiltrsurfacesplasmonhe
resonance spectrometer. Fig. 12 is a graph that shows th

Basekingntal THRRSHSIEN optiddl séah réCord& bwaﬁaﬁg%?s}staﬁmwever ’
dpstead eha conyeatianalphotadiode detectpre@5FigEd3 is @schesmtic  of

fy'&@%%gggéga%%¥§qﬂg%% not as a definition of the limits
of the inventi@n,

Fig. 1 is a schematic diagram of the setup of the
sysﬁem for Surface Plasmon Resonance and Gravimetric

measurement as disclosed herein.

Fig. 2 1s a schematic diagraﬂl of the setup of an
altetnative' system for Burface Plasmoﬁ Resonance and
Gravimetric measurement‘as.disclosed herein.

Fig. 3 is a graph of the frequency change of the
quartz crystal vetsuS'ihtensity of light incident on the
Qold electrode of the crystél surface at normal incidence.

Fig. 4 is a schematic drawing of the setup used in
the experiments disclosed below.

Fig. 5 ére graphs of the phenomena obéerVed for
fregquency change of a gquartz crystal versus time when
different pulse‘ freguencies of the light source are
transmitted to a piezoelectric substrate.

Fig. 6 are graphs of the amplitude of freguency

change of quartz crystal versus time when different

pelarizations of light are used.
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surface plasmon resonance spectrometer and quartz crystal microbalance
combination set-up used in comparative example | described below.

Figa. 14 is a graph of frequency response (solid 30 curve) of a sensor
WA RSt with a grating structure (A=520nm) to the excitERGaPE7/ 000404
surface plasmon (open circles and solid straight line) by light of A

=633nMgn- pofarized, |z 044N /MmLy Fing 120087, chanfids 1548 @ the
raph showing the d%;])%ositi‘on trace of 2 PDADMAC/Pss bilayers onto a

HIER CHarget: ddrtade PetoldetiBy B offesthieifarttlatpd the
Leystabphierobglance ) SFigr 16 aregeraphs shewingzaptical ifarnation (open
onyerted,fiom fhe O-QGM Kinefig data. Seans were taken beforeapd
atter the dJépogltion of each individua layer. |—Slg. T7are Tind charts P
ishowding Shifts i alle lof nciddreraganist dedreaserin oselfationgths at

frequencyyfordo the depesjtign of individual layers of two polymers:
PDADMAC and PSS. Fig. 18ais an illustrative drawing of the

chemitaPstrittutd of PEABAC R tHe SMaIl EctiitetiBha BhidhgaRencyY
despkaaiiberatehhomitted) 16Figaldh isiandhlustativefrwingofdhal upon
chemical structure of PSS %/viT.the smabl, counterions (sodium ions) '

tféi%%]rrgte\i/rgmlct &d: %%?)e&al ed %ejé}éﬂ% ion of Drawings Referring to
Fig. 1Fthere i$shewn a BPR antQCM (gravibdtiiogmeaisarement systenen:

ﬁ.é%_lﬂgwcﬁiﬂ|&Wet0&§n§i%@f&1l%§§€@4§ %@%Qor guartz crystal
upen irradiation of a Xenon lamp in The presence of air;
éthanol and water, respectively.

Fig. 10 are Dbar charts showing the oscillation
_frequency response of a sensor guartz crystal with the
surface of front electreode being gold,rSilica and black
;painting, respectively. '

Fig. 11 is a schematic diagram of the configuration
of the experimental set-up in which. quartz crystal is
demonstrated as a detector for. a home-built surface
plaémon resonance spectrometei.

Fig. 12 1is a graph that shows the experimental curve
for an optical scan recorded by a guartz crystalrinstead
of a conventional photodiode detector. .

Fig. 13 is a schematic drawing of a gratiquCOuﬁled
surface plasmon resonance spectrometer and quartz crystal
microbalance combination set-up used in comparative
example 1 described below.

Fig. 14 is a graph of fregquency response {soiid
curve} of a sensor quartz crystal with a g;ating'structure
(A=520nm) to the excitatioh of a surface plasmon (open
circles and solid straight line) by light of A =633nm, p-
polarized, I = 0.14 mW /mm’, F,=1200Hz.

P2
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piezoelectric substrate in the form of an AT-cut sensor 25 quartz crystal 3.

The sensor quartz crystal 3 was modified by a periodic surface

corrugation (a grating structure) via photolithography plus ion milling. The

Wé?&ﬁ?% W8 prepared by developing a photoresist layer predSaieG R 7400404
quartz crystal wafer using the interference of coherent 30 laser beams, in
which @fiersbea® is theaditgetplifursinationof taser daglbefi thicoriginalce of 2

Q er is the reerchn of the oth L. haI{ of same laser bea
g’% mirror. A%ter the UV Taser deve velopment f_ﬁe Su §frate Wlﬁ’?p otGrEsis

Gragpgostelcturers further etched bsihgliohe amitlirgito tr@wsfecthe Crystal
struGturg, epin-the quartz (etched into the quartz with a depth of 20-30
nm). The grating constant, A, defined as the distance between two
adjaceft-8umnits or‘—i‘lﬁﬁzeysgﬁﬁﬁ}b% tuABA By S varitlg télangié bp et ion
Riroetorthe ofigmeal laser hpapnl heilaser andisubstrate-pesitions-are taken

Ié%%é@“%nd after the deposition of each individual layer.

ce

Fig. 17 are line charts showing shifts in angle of
incidence against decrease in oscillation frequency for
the deposition of individual layers of two polymers:
PDADMAC and PSS.

FPig. 18a 1is an illustrative drawing of the chemical
structure of PDADMAC, with the small counterions {chloride
ions) deliberately omitted. '

Fig. 18b is an illustrative drawing of the chemical
structure of. PSS, with the small counterions {sodium ions)

deliberately omitted.

Detailed Description of Drawings
Referring to Fig. 1, there is shown a SPR and QCM

(gravimetric) measurement system 8.

A flow cell 9 is used to contain a fluid sample and a
piezoelectric substrate in the form of an AT-cut sensor
guartz crystal 3. The sensor quartz crystal 3 was modified
by a pericdic surféce corrugation {a grating structure)}
via photolithography plus ion milling. The gratings are
prepared by developing a photoresist layer precoated on a
cquartz crystal wafer using the ‘interférence of coherent
laser beams, in which one beam is the direct illumination
of laser (half of the original beam) and the other is the
reflection o©f the other half of same laser beam off a
mirror. After the UV laser development, the éubstrate with

photoresist grating structure is further etched using ion-
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mirror is placed in a way to block half of the original laser beam, and can
be rotated as need. The grating constant was fixed to A=520 nm for the
convenience of the 10 measurement. The reason using 520nm is that for

VMR HElium-Neon red laser (X=633 rim) such grating coaRE AR

the surface plasmon resonance angles for both air and other preferable
el friadliuke, stepnawatetNBUffErSUAIEBRG!s OBtk Ctotiadt intbans incledisthed

angle rngeRils 20dagreesitg,2Q degrees,whigh js easy for alignment
and detection (due to the depth of the window cell, the accessible angle of

the incidenceyissefien limiedd i laser waveleagthvis changed;-change Hice
the grating constant is also needed. 20The sensor quartz crystal 3 was

RohtEBy 81 (RGP &SI o%uBBthts?de%? THE Gofd Coatiiftfs 46 ab'gs oY
actaselectradesdfandeteciihg changes it the ascillating freguepay Of theser
sensor gpartz crystal 3. The flow cell 9,comprises an inlet conduit 4 and

%%éti[rgf cgﬁﬁ%it § %refS r%ls]%‘;cﬁ\l%i%aﬂ%ﬁnggﬁg nflow and outflow of the The
Mk sample 1@ becathlyied aTHeaflbwE eelP3 isdonmetfedad athevingiginal

Taeans inthaformetimatomnequippedpiary dables? thatietatepaboyt,a y 5 g
vertical axis driven by the motor steering device 10. The 30 gold

e (FBF sHOwfthaPafspreSetort Bithdr$id& BRHRISENSTT difartze
erysiab-3ace coupiec toe=eguency MeasureEment meansitthe formd@fmanon

QCM measuring device 6, which.in turn is connected to a personal ,
Helium-Neon "red laser (A=633 nm) such grating constant

allows the surface plasmon resonance angles for both air
and other preferable fluid medium,'such as water, buffers,
alcohols, etc, to fall into the incident angle range of -
20 degrees to 20 degrees, which is easy for alignment and
detection .(due to the depth Qf the window cell, the
accessible angle of the incidence is often limited). If

laser wavelength 1is changed, a _change of the grating

constant is also needed.

The sensor quartz crystal 3 was c¢oated by gold {not
shown) on both sides. The gold coatings are able to act as
electrodes for detecting changes in the oscillating
frequency of the sensor guartz crystal 3. The flow cell 9
comprises an inlet condulft 4 and outlet conduit 5 for
fespectively allowing the inflow and outflow of the fluid

‘Sample to be analyzed.

The flow cell 8 is connected to a moving means in the

- form of motor~eqgquipped rotary table 2 that rotates about a

“vertical axis driven by the motor steering device 10. The

gold electrodes (not shown) that are present on either
side of the sensor guartz crystal 3 are coupled to a
frequency measurement means in the form of a QCM measuring

device 6, which in turn is connected to a personal
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computer (PC) 7. The PC 7 is also electronically linked to the motor
steering device 10. A light beam source in the form of a laser head 1 is
situated near the flow cell and is controlled by a separate laser controlling

WERAE- Y% shown). The entire setup will be referred to he Pzt M8 7410404

"optics-integrated quartz crystal microbalance" or "0- QCM". In operation,
arcapoust of sample istpassed thrdughathesintel conduit 4o £XTeSI Ohked to

%hwante sam Jces will eX|t 0 from th@ flqu (iell via the outlet conduu 5

£ o he

¢ laser hea ﬁ’]e%lgl%lts a Ilg(f'ut beam in the ?orm of & laser f“:n%
t@W?ﬁ}easa?ﬁﬁl%rThéﬂa?sér ligiat E&§S@§ﬁﬁo@@lﬁithéib@ahﬁgcgfa$sell and

wdewxﬁ%mwarﬁpaée@%m@eepﬂ% Ltoreaghing the surfage of the (¢

front gold electrode (not 15 shown) of the sensor quartz crystal 3. Light
ERETYY Front Bife I%’%Eﬁﬁ&hﬁ?*ﬁ%sﬁﬁ&éd Wse‘?ﬁ"s%‘?ﬁ’if%fﬁztd’yé?&f?éﬁ&er as

deiuresthecesdiliation-frequenpysefithe sepsor guatizepisial Sndbe or “o-
litude of the detuned oscillation frequency is recorded via a QCM
easuring device 6. When 20 an interfacial event occurs, i.e., deposition

of a laygy, of,sample; an the,surfage ofithe su fée%orﬁélégtéoﬂva@ough
3, a change in mass on the sensor quartz crystal 3
the inlet conduit 4. Excess or unwanted samples will exit
from the flow cell 9 via the outlet conduit 5. The laser
head 1 then emits a light beam in the form of a laser
light towards the sample. The laser light passes through
the sealing glass window and the transparent‘sample, prior
to reaChihg the surface of the Ffront gold electrode (not
shoan of fhe sensor quartz crystal 3. Light energy from
the,laSer‘light is transmitted to sensor guartz crystal 3
and detunes the oscillation frequency of the sensor guartz
crystal 3. The amplitude of the detuned oscillation
freguency is recorded via a QCM measuring device 6. When
an interfacial event occurs, i.e. deposition of a layer
of sample on the surface of the substrate sensor quartz
crystal 3, a change in mass on the sensor quartz crystal 3
- surface results in the shift in the oscillation freguency
of the€ sensor quartz crystal 3. This shift is recorded in
the QCM measuring device 6. This meésurement of‘depositioh
of a laver of sample on the substrate sensor <quartz
crystal.3 is recorded as an “acoustic" signal. The PC 7
then activates'thé motor steering device 10 which results .
in the rotation of the.sample rotary stage 2. The rotary
table 2 rotates the sample flow cell 9 that is mounted on
it over a vrange of incident angles. Hence the PC 7
indirectly controls the angle of incident light on the
sensor guartz crystal 3. As -the sample stage is moved

through a series ef different angles, the angle of
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surface results in the shift in the oscillation frequency Of the sensor quartz
crystal 3. This shift is recorded in 25 the QCM measuring device 6. This
measurement of deposition of a layer of sample on the substrate sensor
WA/ tal 3 is recorded as an -acoustic” signal. The PC FXiREf2007/000404
activates the motor steering device 10 which results in the rotation of the
isamplerrotaryostagen2. Thesrotary 391abler 2 rotatesibessaripte:flow-e6lt 9 to
that i unted on if over a range-of.incident angles. Hence the P .
aingi{rleéc':%/%cdn(talrglo‘oisr’k‘hl%earélagr}g io? ir%%deﬁ%éﬁte on t egggﬁsstgrgqu%q}t% c%/égf&m
sl-thrasangyfle stage BUmbved thrdagiarseriesofdiffietentangles e one

Al of ingidence of thedaser fjght vargs fosm.algut 2040 aBOW RPoAS he
the angle_of incidence changes one moves in and out of the surface

tASrhort ESOaE, IRFwich oRgVarEs tHe&ifblint of thedight aergy the
sepplediino the 5 metal electiade of dhe senaerierystdlscAceordinglyftheche

amplitude of the detune cillat] reque of the sensor.quartz crystal
sff(‘)%%\ﬂﬁﬁg T gngcé:.yﬁggzlz &aﬁ%&%@?re@ggn&gg E gSuggggfen%yanges
detedied ByetheI@EM measufing tevite 6 brd rdedrdedei theyPC PhEhisQCH

L measHremantqf changes gf drequengiesamhen the apgle gfdncidencejs; 5
varied is recorded as "optical" signals.
measurement of changes of fregquencies when the angle of

incidence is wvaried 1s recorded as “"optical™ signals,

The entire process is rtepeated for different layers
of samples that are deposited on the sensor quartz crystal
3 surface. From the change in frequency versus time graph
that is generated by the PC 7, it is possible to obtain a

conventional SPR curve and a conventional QCM curve

" concurrently.

Referring now to Fig. 2, there is shown a schematic
diagram of an apparatus 8’ having a number of technical
features that are the séme as the apparatus 8 described
above which are indicated by the same reference numeral
but with a prime symbol (’). For example the system 87
comprises of a laser head 17, flow cell 9 {(with a flow
cell inlet 47 and a.flow cell outlet 5'), a sensor guartz
crystal 37, a QCM measuring device 6f and a PC 77, all of
which are also present in the system 8. However, system g’
does noit reguire the preéence of a motor steering device
10 and a rotary table 2ﬂ Instead, system 8° further

comprises a rotary mirror 12 and a stationary mirror 14.

" The combination of the stationary mirror 14 and the rotary

mirror 12 of system B8 serves the same purpose as the
rotary table 2 of system 8. When the rotary mirror 12 1is

rotated through wvarious angles, the angle of incidence of
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The entire process is repeated for different layers of samples that are
deposited on the sensor quartz crystal 3 surface. From the change in

frequency versus time graph 15 that is generated by the PC 7, it is
WibEEH P dbtain a conventional SPR curve and a conventiBRAIGHF/ 000404
curve concurrently. Referring now to Fig. 2, there is shown a schematic

dingram ghan apparatis 8chawing gutiaber of jeahical 20 featifesdhadiso
e the same as the agggratus 8 descrlb%d above Vo\élhICh are m%c%%te by to

e Sefe refdrdhcd numerafbitvith a [?rlmeo b ](WFO?%%mple he
systeri8’ tompriseshef a lager healdl', flovdcell @ qwithta 16w celldnket 4’  is
gﬂaﬁﬁgwtcg"ggg@&é')ea SENSRIAYANE. 35 ghvfal 3,2 QCMmeasuing ; on
device 6' and a PC 7r, all of which are also present in the system 8.
Hutevehesystnt BY dBES K6t redtiré the'Pledbfite 6P&Hi60r Steefingotary
demice X0 and a rotary table 2. Instead, system 8' further comprises a

rotary mirror 12 and a stationary mirror 14. 30 The combination of the
stationary mirror 14 and the rotary mirror 12 of system 8 serves the same

purpose as the rotary table 2 of system 8. When the rotary mirror 12 is
Examples _

Systematic studies on the light-effect fto quartz
crystals were conductsd, which includes the résponse oF
the quartz c<rystal to the change of light intensity,
polarization, wavelength, pulse freguency 1f the light
source 1is rmechanically chopped; and- the change of the
coating materials {(gold, silicon oxide, black painting)} or
their thickness on the front electrode of the quartz
crystal on which the light incident, as well as the change
of the medium (air, ethanol, water) in contact to the

guartz crystal.

Furthermore,-a QCM with a window cell was also used
as detector for a surface plasmon resonance {SPR)
measurement as shown in Fig. 4. Most of these experiments
were -carried out in air in order to minimize the
disturbance of the ehvironment, unless the medium in
contact with the guartz crystal was of'interest“

In some experiments, quartz crystals were AT-cut,
sandwiched between a pair of gold electrodes with a gold
or silicon oxide surface produced by (-Sense AB (Sweden).
Linearly polarized Jlaser beams with similar intensities
from Helium-Neon lasers with waveiengths of A%543 nm
{Research Electro-Optics, inc., LHGP-0101), A=594 nm
(Melies Griot, 25-LYP-173-230), A=633 nm {JDS Uniphase,
1125P), or A=1150 nm (Research Electro-Optics Inc., LHIP-

0201-115}, respectively, incident'on the front electrode
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rotated through various angles, the angle of incidence of the light on the
sensor quartz crystal 13 surface also changes. Hence the process of
operating system 8' to record both the "optical" and "acoustic" signals is
‘@#ﬁﬁ‘ﬁ?%‘%vstem 8 as described above, with the exception SPfhtHiae7/000404
rotary mirror 12 is rotated instead of a rotary table 2. Examples Systematic
studigs qrthelightreifectto Gugeizal0 eysiatswergrcondugtiediovhiee11  at
includes the response of the quartz crystal to the change of light intensity,
&?gﬁ‘?;i&rﬁ% \?é?gﬁg'th, pulse frequency it the light source is
mechanitally choppédpandttimeshangeref the coatingimateralS¢galdyis the
silicon exide, black paipting).or 15 theirthickness on the frontelectrodg of.
the guartz crystal on which the light incident, as well as the change of the
rRedium &t etidanbl, WaterPiviccoitaesto tHerGuarte eRfsigr Furisifitdre, for
2 Q0 with awindowrceliwanhalsatised 20,as detector fora sHrfaeg ector.
plasmon resonance (SPR) measurement as shown in Fig. 4. Most of
thBsd-BxSerfifgfits et thrfed Sat icaifih ortiér o ifititzeths used and
distiybanee of thes@nwiforirhenf] tinless:thieomeditans in-eontadedith the
quartz gyete) 1as of interes, 2p(0 Soie GYeUEDIS, AUALE GYSRIS o e
were AT-cut, san ch%eéa}f)et een a pair of gold electrodes with a gold or

divcoreside depfacelsdduéed by GSerse AB{Siedeh). Lingagyence to
RQlariaed laser hgams with-similag intgpsities from diglim-Neon:lasgismpi e,
with wavelengths of A=543 nm 30 (Research Flectro-Optics, Inc.,, .

B0 AL 582 nP VM ERSSEHBE 2535y P11 782501 =633 @B st he
\Jdaiphaser11R2eP), orArlkh0 nm (Research Electro-Optics Inc.,
LHIP0201-115), respectively, incident on the front electrode of a sensor
quartz crystal mounted in a window cell at normal incidence. Ata
constant temperature of 25 degré&eemsigs the changes of the

fundamental frequency, agnwell s dhew dnathsand./th overtones

were recorded, except for experiments in which the QCM served as a

photon®efSct6 in tHiS cadd 8 S CFRAUARE THPREFRAS Weed Hnd thES
ey ¢he sigral pf thegthavertonerwasretanded. phenomenon, and the

.~ shift in oscillation frequency could be laser intensity

dependent. In order to test this hypothegisr light from a
red Helium-Neon laser (A = 633 nm) with intensities of G,
0.014, 0.029, 0.057, 0.111, ©.228, 0.337, 0.452, and 0.568
- mW/mm®, respectively  (tuned by the relative polarization
orientation of two polarizers and calculated from the
laser power of 0, 0.1, 0.204, 0.404, 0.785, 1.61, 2.38,
3.192, 4.011 mW, respectively; the diameter of the laser
spot was about 3.0 mm) was incident on the £front gold
electrode o0f the same quartz crystal at normal incidence
and the frequency shifts were recorded accordingly. The
temperature of the guartz crystal was constant (T~25°C) .
All measurements were performed 1in air without the

presence of a chopper.
As a general rule, it was found that with the

increase of the light input/intensity, the amplitude of

28



o 10

15

20

25

30

Non-limiting examples of the experiments will now be 10 further described

in greater detail by reference to specific Examples and a specific

Comparative Example, which should not be construed as in any way
MR HHE Scope of the invention. 15Example 1 Light intendifyt/5G2007/000404

dependence A direct and straightforward interpretation for this effect
weulddee anlencrgy-refatedyphenomenonandeghershift imogeitlatiohlot ting
frequepcy could be laser intensity 20 dependent, In or. his
oS T hon S e HELm N Hr (R 638 iy | oF e
intehdities of 0910701400207 0/0571 6CEER™ . 228] 03375 452, 3#itf- 6 56879

pwimm?2, respectively (wnedby the relative polatization opisatation Qfifwene

polarizers and calculated from the 25 laser power of 0, 0.1, 0.204, 0.404,

| QPSS GEIYHE R 1929 082 MW T8EFEctiVRRIINE tiameter GTIRE tHser®

Spebyasiahoul 3manavasnngident on thesfientgold electsede oflthe line
same_quartz crystal af,normal incidence.and the frequency shifts were
"‘F%gor%% n::{lgf:cg%ﬁ@jI;g )I'h‘éHB teﬁ%neerafulré q? eGl ag%ﬁf %%ls?alwéég
wonstaat (T6256) AH nrdastremeiiy werd periorasstitiregiy withoutthe 1ight
PIEENGR-9LR LHARRRY. o5 ARA geperal e, Inas fpund-that yith the

increase of the light input/intensity, the amplitude of the oscillation
frequeRey Shif BECathE TargBr. PIGHRY ThE HetR@n&fitrément agdkifiét the
dheintensityaf thedpcident lighti(gue 1o reflegiiontanchpassibletscattepingied
losses the actual amount of light energy deposited on the 5 quartz crystal
WaS H6t clear; however, it should be proportional to the incident intensity),

a straight line was found (Fig. 3) with some slight deviations which could

be due to noise of the QCM, the jnaggLyacy,of the light power

measurement, as well as some unknown reasons. 10_This indicates an
energy-related effetEFF W fheF S&IRATGTIrEFRGTRGAR is proportional
to the appliegbanrargy - Exaswlae-2 1ohases ppise; frequency depepdentaat a
The c_:or&ij(b;uration of the exBerir}QeTt wa§Nsuch tiiat a bearg from qi rouah a
ORBNdUE HEIUR NS %8 P5sdet throigh & choppsr (tuning REoug
Pulgesfrequenoyiifkgecdssapy) lar tivoegelarizers {funirg-thesimtensityrehdtwo
soLupling the 2&%91'%&“%@‘ the fingl ight If necessand, was NEIeNt ¢ he
on the front electrode of a quartz crystal with a fundamental frequency of ~
PrNVdgARBIE MMHZ )P fouriEd intd Window L8R prodticed BYGSaTE AB Was
{8weden} abRownal incigence (Eigi dbde of a quartz crystal with a

fundamental freguency of ~5 Megaherz (MHz), mounted in a

could

window cell produced by Q-Sense AB (Sweden) at normal

incidence {Fig. 4}.

The laser pulse frequency was varied from 100 Hz to
3200 Hz {The pulse freguency was tuned while thé laser
beam was blocked. Due to limitations of the chopper higher
ﬁulse-frequencies were not studied), and the response of
the quartz crystal recorded accordingly (Fig. 5). The
pulse frequency of the laser {chopper frequency) was
changed during the period it was biocked. The temperature
of the quartz  crystal was kept constant (T~25°C). All

measurements were performed in air, with the intensity of

the red Helium—Neon laser (A=633 nm) set at I = (.28
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25The laser pulse frequency was varied from 100 Hz to 3200 Hz (The
pulse frequency was tuned while the laser beam was blocked. Due to

limitations of the chopper higher pulse frequencies were not studied), and
WHSHEYSHEe of the quartz crystal recorded accordingly (FigFS§/Strau3(eo4o4
pulse frequency of the laser (chopper frequency) was changed during the

Rerashit was blogkede The demperaturerofithe qyarz seystal yvaskento 1600
constant (T-25C) All measurements were performed in air, with the

Pitansit) of thetetrBBRTm -Neoh T30 RE657 nih) Set BiF £ 28 WRF2L in
2008/0631 39R CEiSGReA P04 MM/, hodn becseanithat mtFig Spulse

Lom 190 L7 10, 1000 g, the difference ifiespanse ok e ayauz eysialin.q,
oséiffation Vrequency was nearly Undetectable. At a pulse frequency o
3260 Hz; a $light decreadal Whsrobiseved:'B:hewesvsr, TIfsYFas still within

the errgr fangg. s AlLthesesesyi-anpeaas to ingicate thatthe pulse pulse

frequency, at least within the investigated range, did not play any key role

PRBUREfase ™ the BREINEGR HRqbBRCY BY Gty ‘RIS 216R poddbidot

explanaiinn isthat thexgeld electrade layesisasery goodthermsicilliation
onductor, andftheugnecrgyég:ads%(%rf)s can be quickly (shorter than the case

or e %I?ﬁes? puci%e requency 056d-:0.16 ms) dissipated into all

directigns with#ri tHeeplanwdfithetdlestrotie. With 5 tdontirgold" electrode

(neglecting the pulse frequency) iradiation afitheJaser-beamia statiopaty i«
flow of energy witha certain density (depending on the lightintensity) was
astapisedtRFOUR the'Ete&tode (AR LBbH as thé ight Vs Gd8Red fifis the

flawdisappaars andtbgassitiation 20-frequencysof the guapawsystabto all

returns hack to the haseline Jevel. Example 3 Las olarizatign .
géﬁgﬁ&éﬁ&SZSﬂ%étqéﬁgrgytco%ld E%E(%%ﬁple%fto tt%guar?zig@%feﬁ%@s'heagg,l,th
Or-any bthenfefm ofiepérgyt inghis basaywlsitanfjecftke pylarizatiGrioption:

‘ﬁt}e laser light shouldnat cause @@mq;i&aee@'ef%qpné% ifdhe infensityaf o
the beam is kept constant. Laser beams with s- or p- polarization was 30

Gead-aThe tefpetatire GIRRRBEEFstaab st a%lébﬁf*s stamPEEBBE YAl Was
thermeasyraments wargiperdgemesiidcdikode. As soon as the light
was blocked, this flow disappears and the oscillation
-frequency of the quartz crystal returns back to the

baseline level.

Example 3
Laser polanization dependence

The energy could be coupled to the quartz crystal as.
heat, or any other form of énergy. in this case, a change
of the polarization of the laser light should not cause
any noticeable response, if the intensity of the beam is
kept constant. Laser beams Qith s- or p- polarization was '
used. The temperature of quar'tzr _.crystal was set as
constant {T~25°C). Rll the measurements were performed in
air.

With intensity of the red Helium-Neon laser (A=633

cnm) I = 0.14 mW/mw® and pulse freguency E’p=12GOHz, the
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With intensity of the red Helium-Neon laser (X=633 nm) | = 0.14 mW/mm?2
and pulse frequency Fp=1200Hz, the oscillation frequency of quartz
crystal for s- and p-polarized light was studied, respectively, and the

Ve a#&38hown in Fig. 6. Though the differences in th&@§EgGieapoodsd
response of quartz crystal are clearly seen between different modes

ddunderaeniah frepieneymng oyertogas of betwegsudifferentovertonaski s-p-
symbols .p-polarized (lines) light seem to induce the same, change i
ikise s e ploH s ekt kit e i e LS
2ar &0 preinrguartZdrystal,- the light effect has no preference for s- or
p-polasized fight. Example 4 Laset wayglength depepdence, 15T onse of
oscillation frequency response of the quartz crystal, however, was found
Qpeitradintishnaveehgifldepehdefc fasBEBESRR of differasrt modes

\Wwavplanathsavithrsamedntensity (s example, an ijeasiteaf Gidrerent
mW/mm2 was used in the exrferiments described here) Weﬁ:zjncident %gght

T e 85Re serfsor qEATS Erydtal, Pekhe&tiBR Eig2A"  HIBFPig.
aamngancseéztwatc&omw@:m tchAnrg84 nm taﬁe:GSQMﬁn,ctlse_:illation
%%MQH&P%‘}G f{ﬁgu%l'&%%‘}'ﬂ&?%%? grgdually, fowever. Wit £, 4
further increase of the wavelengthto A 25 = 1150 urn, the amplitude of the

Ftéguengy 3hiftineresses agalri$f ohksdlcutdtes the EafmpleX peRARBVER,CS

: f(gjplgctriglcoggsggmggm}gqulgdgxgrs from their index of refraction at

different wavelengths at 25 degrees Celcius, it can be seen that from
X=543 nm to X=633 urn, 30 the imaginary part of the dielectric constant
(E"), mainly corresponding to th&sdspigtioh, decreases from 1.886 to

1.328; while for X=1150 nm this e\/gé%egi&aéi@%%% 8s,4.0664 (Table 1). The
S

frequency response of the sensor quartz crystal upon irradiation with light
of 2=14159 nmsiS1Adeas Siyniffciesli®ylargesrenggest8t The keaseividit

dhissequld bedhe-erenceapenstiation-gngibs for inadiationof differaningtn
quavelengihs. The penetratin lenglh of ightinio & material dependson, .
same intensity {(as an example, an intensity of 0.14 W /mm?
Qés used in the experiments described here) were incident
oﬁ the same sensor guartz crystal, respectively (Fig. 7).

From Fig. 7, one can see that from A =543 mm to A
=594 nn to A =633 nm, the amplitude of the frequency shift
decreases gradually.

However, with further increase of the wavelength to A
= 1150 nm, the amplitude of the frequency shift increases
—again. If one calculates the complex permittivity
idielectric constant} of the gold layers. from their index

of refraction at different wavelengths at 25 degrees
Celciué, it can be seen that from A=543 nm to A=633 nm,
the imaginafy part of the dielectric constant (g”), mainly
corresponding to the absorption, decreases from 1.886 to

1.328; while for A=1150 nm this walue is as large as

4.0664 ({Tabkle 1). The freguency response c¢f the sensor

~quartz crystal upon irradiation with light of A=115%0 nm is
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50f the light, the ratio of the real and imaginary. part of the dielectric

constant ( tanc5=), as well as the real

PCTISG2007/00040

10 that the penetration length,
Recetved 24 September 2030

increases with the increase of the light wavelength. A further
approximation is done by averaging the absorbed energy (s.") over the

penetratioh leagth évenlyforrsachindividiabwaveléngtr: Asscanbe seem son
from, Table i1, the,values corrglate-welk with-the 15freguency LeSPONSe e gt hs

data displayed,in,F,i . 7. Table 1 Calculated optical parameters of gold

for S R Yk eyel T o1 ffo s PERGA o Pa ’T/b .. metetration
layelrsS ar diffor=At wavel@ngths: - %35 AmelideaSheet iPEA/ATI ©
length cof light into a materizl depends on the wavelsngth
of the light, %he ratio of the real and imaginary part of
§
—— ’ : -
the dielectric constant (tangmlﬁ/gﬁ), as well z2s the real
part of the dieslsctric constant (e’).
Taking the empirical equation for mnicrowave
‘ , A .
penstration o, = - &8 & raw estimation, one can ses
2w tan 8. Jle)
that the penstraztion length increzses with the increase of
the light wavelength. A further approximation is done by
zveraging the absorbed energy (87} over the penetration
length evenly for each individual wavelength. As can be
seen from Table I, the valuss correlates well with ths
freguency response data displayed in Fig. 7
Table 1 Calculated optical paramsters of geld layers at
different waveleangths
g=g’ +1g”

A S onm n ® £’ e Cp / nm S"/‘dp

543 .41 2.30 -5.1219 1.88% 143.8 £.01817

594 0.24 2.80 -B8.3524 1,382 1%6.4 0.00709

5633 0.20 3.32  ~10.328Z24 1.328 251.%6 0.00528

1150 0.286 7.82 -61.0848 4.0¢64 351.8 0.0115%

ke

Amended Sheet
IPEA/AU
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Example 4 Thermal effect by heating the cell The correlation of the
frequency shift with the laser input and the wavelengthsseems to suggest
a thermal 5 effect. However, in case that the whole cell was heated, an

YippYsitededponse (a frequency decrease) was observed (FREBFGRfig/000404
indicates that the change of the sensor crystal frequency under light

irradiation is not simple thermal efeeigne(isbtropic) heating. Considering

the 10 good thermal conductive property of gold (317 W/ at room
temperature), th&egﬂ[%ss:}"bl Iif?/%ﬁeaé}ia eta ?ea‘rg%g?atﬁj}:lee dﬁfygnce on the

gold elBetrotdemredns side isfrardisNdverthetessy thsé pdiichwdmialléhe laser
thermal conductivity 15.0tthe quartz cuystal(12,0r 6.8 Wik for pargllel . ;

orgerpendicular to the ¢ axis) in comparison to gold makes it possible to
Pal8 E-slighPteiipératird diffsianés Bbtwideh tHE WS sieslofRe qigzed:

srystaheading te sopemechaniealsiiassanddbus afsequensy. cbserved
increase, An 20 enlarged effect was seen by applying light irradiation of
éi%‘r?pov? r'(a élwliNa%ls%Jo%‘% e qUkHz c?’;%%efal:ci)éﬁﬁg%x drinfelit thesSoF
crystaksensorestopped os@ﬂaﬁnglas;wonmmwong light reaiched itp 1o
{@@{ﬁ%tr%@fé%ﬂcﬁf5%f@glﬂi%éi'@?d'%é%ﬁat.ac%mE'Efe:‘%@/ééa' the
More evidence for the temperature difference induced stress comes from-

EXPErNtERETR- WhitPrRateT ‘ofethaRoPRIlised 35 nfetigh ibthe cBifm/K  at
irstead efaipdpordeeto, 30 ilustrate,thespenaraena mpre glearly; lightr- 1 )
with a Iqraﬁgr energg%ilggut from a Xenon lamp was used as the irradiation

SOUPEE A1 Festift RGEN I Fig’D. IO FheHEGIETS P re@Bordior 1de

Bsensarerystals in three different media upon irradiation with the same

Input were, 118 grder- AfRlr = &,8/H2 541 &thanghz 8:3 17 2 AMAEL Ts oy
of the quartz crystal (12 or 6.8 W/m/K for parallel or
perpendi¢ular te the ¢ axis) in comparison toe gold makes
it possibla to have a =slight temperature difference
between the two sides of the guartz crystal, léading to
some mechanical stress and thus a frequency increase. An
enlarged effect was seeﬁ by applying light irradiation .of
high power {a few Watts} onto the quarti crystal: in the
experiment the crystal sensor stopped oscillating as soon

‘as such strong light reached its front electrode surface.

Examplse 5
Medium in contact with the erystal

More evidence for the temperature difference induced
‘stress comes from experiments in which water or ethanol is
used as medium in the cell instead of ai;. In order to
illustrate the phenomena more clearly, light with.a larger
energy input from a Xenon lamp was used as the irradiation
source. The results are shown in Fig. 9.

The freguency response for sensor crystals in three

different media upon irradiation with the same input were
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5.2 Hz. This can be well understood on the basis of the thermal
conductivities of air, ethanol and water being 0.0262, 0.169 and 0.6071
W/m/K, respectively. 5The water environment with the best theLai

W HEBCAME among the three lowered the temperature differBRES %0404

largest extent, thus inducing the lowest mechanical stress and, hence, the
smallést fragirency &hift: The thetit Bbsorbéldeysthe luid hedium clbbate =

the,1Q;surfage; of the sepsor grystal iz lrget B e Bermalconduetvityds e
smaller (in the case of ethanol). With a smaller specific thermal capacity
B BN RnSASLIYAK E85) | Watet = 4.1 PaNaRMK), tetertpérur@eing
change of the kiguidimediupn isiassuwyied te bejargerva the case of 15
ethano%gs envirotnment, This is in oc;cd agree@ent ith the decrease, of 1
the disSipation”factor for The Targar Fraquendy résponds (0.72%1b-6 f&f*S<™2
etivahot in eomparisorig 0.36)4 0-6 forewatelpesrresponding tocampereature

pranqunced.decrease. imthe viscosity, 20.Example 6 SUrface £oating  oye st

materials If a solid material (e.g., Si02) is coated onto the quartz

BRISIAN e feflet iR OF the*B8am iB8FBEGeced. 125 tAlkddSRS oreresargycy

aseymulates ondhe front electiodsofithe sengok guadz ciystaliose to the
Corr;ﬁesgondi gI)é, a several times larger response was observed Figs. 10). -
ria *?wml

IS a5plies To Iight of GiftERENt WaVBlehgths TalthdtighiTor the 18d Ia
wascthetmestproneurmea) 1331t isindDtewerthyathat the respansds of théth a

siigen axide swface-todiahtef dfieleatuavelengine are rathsr sigfy /x «

This should be due to the non-selective charactér 6T g silicon oxide

Serface 15 light Withth the/ Sd&ve waikdengiimamteture Fohhegtesgt the

coRpdueiedanerethe depasitioneha second gold layer ontg thealreadye of
old-coated electrode. 40 and 80 (40+40) nm of gold was deposited_on

d88e GYsEP N S00ERRIon afd the BsciffatiPRe GRS s REsforide She

theguarz crysfal wasestudidd aftes ehch depesition. In these experimentger
e [rippetpyieAldne Aughz vl avas cony AR 236) A 1 son o

measurements were performed in air, with the intensity of the

ettt NeorfRBer{AE633 nfey1re BoPAFIVIIMME ard apdise Pgonounced

fregpensy For 12Q0H2.scod\@ poticeable difference was observed in the
frequency response for these two cases. However, coating the gold

electrode of a quartz crystal with black paint led to an even higher
oscillation frequency response Exampie & :

Surface coating materials

If a solid material {e.g., S5i03)} 1is coated onto the
guartz crystal, the reflection of the beam is reduced. In
this case, more energy accumulates on the front electrode
of the sensor quartz crystal. Correspondingly, a several
times larger response was observed (Fig. 10). This applies
to light of different wavelengths {althbugh for the .red
laser it was the most pronounced) .

It is noteworthy that the responses of the silicon
oxide surface to light of different wavelengths are rather
similar. This should be due to the non-selective character
of the silicon oxide surface to light within the above

wavelength range.
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15 (Figure 10). This supported the hypothesis that a less reflective surface
results in a higher response in oscillation frequency of the quartz crystal.

Example 7 20QM as a detector for surface plasmon resonance
WhEFEsaBy Fig. 11 is a schematic diagram of an apparatuCHSTRHeY 404
a number of technical features that are the same as the apparatus 8

describedabove whichsarecindioatedBy thezd same rei@gﬂmetrlwner@f a

but wit ble prime symbol ") As show in F|

Heium- I\%o%gLafsag’fel ﬁ%)P,t 6%]3 3(Jrﬁ’pcfhas.e Wlﬁﬁeg p%]\?veecfto]f%d

MWarpas ed &a@th@qbghnsowée G’hédaseabeaﬁ%mashmﬁulated:byﬁ asame
mechanic chapper,21, and;passed through dwo &Qm%%g&z(%&%é&cy

Halle), before it reached the highly refractive coupling LaSFN9 prism
¥sprittéEs PYerfBRd tHEIRGEX-Fatthbd sartiple LaSeNegideftge each

i 24:1which isin epstact with arlayeh 0kimmersiongibes.48 coupled ta he

lass substrate 25 which fests on.a mefal Jaxe 2L with dieledt o urements
1were performed in air, with the intensity of the red
Helium~-Neon laser (A=633 nm) T = 0.14 mW/mt’® and a pulse
frequency Fp = 1200Hz.

No noticeable difference was observed in  the
fregquency response for these two cases. However, coating
the gold eléctrode of a quértz crystal with black paint
led to an even higher oscillation frequency response
(Figure 10}. This supported the hypothesis that a less

reflective surface vresults 1in a higher response in

oscillation frequency of the quartz crystal.

Example 7
QCM as a detector for surface plasmon resonance
| spactroscopy

Fig. 11 is a schematic diéQram of an apparatus 100
having a number of technical features that are the same as
the apparatus 8 describédjabdve which are indicated by the
same reference numeral but with a double prime symbol (7).
As shown in Fig. 11, & HéliﬁmmNeonmLaQer 17 {1105P, A =
633 nm, Uniphase) with a power of 5 mW was used as the
light source. The laser beém was modulated by a mechanic
chopper 21, and paésed through two polarisers 29 (PGT28,
Halle), before it reached the highly refractive coupling
LaSFNY prism 24 (Spindier & Hoyer) and the index-matched
sample LaSFNY% slide. The prism 24 which is in contact with
a layer of immersion oil 25, is coupled to glass substrate

26 which rests on a metal laver 27 with dielectric
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| sweep ‘may be

W02008/063139PCUSG2007/00004 Coatings 28. The reflected beam

was monitored by a quartz crystal with frequency read out. A lock-in

amplifier 22 is kept as it is in a conventional surface Plasmon resonance
%%W&ﬁ&%r, but without any function in the demonstrated FfeH8GrEPHE ]84

here. Sample and detector stages are mounted in a two-circle goniometer,

EpefatBdTn 220 Rtodes T Lefii s Bampléass BB Lirsepd they anglevefrtz
ingjdence for the faseqbeasy ordhe sample fsubstrate: at thg hase;afithe, ;¢
{(ect n %Ia& @rism) qver the range of 21 tq 28 degrees, 10 three stages
ShBuldBe visible® Below tHe QHticat ARG R0, efREhvit Graikgut Bpsonance
peecentwittt slow increasettowardsthightvangles:s seer duededbe Mot ed

flecti the 'l te the substrate; at 0, total internal
Z?%f%ﬁ%%%c%rsﬁg%? ih:grgef %%%vi%i?gaccf%ésel its mg%ﬁl‘r%?rﬁ; above't;” nted
e feflettivity Stdys SomeaRakifiumdoeaaitie before 8128 destease is

seen upondheexeitatipn of thessurfaceRlasgonfesonanse. e jncidence
£eflecé%\l/ity r;l[eache its minimum at the resonance angle (0,) and increases
again1or inciagnt A%18s MhgsPhafte PG ad SRBRATA B a2, Wirthkese of
‘Shag esareacigaily wisiblé sprovingthetsuccessigk apglication of ggadzgrees,
stal to-d tors. It is to.be reciated that the angle sweep
%é?%ea%%%% %nae}é%é %%S té)j %O%Sé%égegsg ino eg’roé"‘fxalrcnhpﬁfes? tlé)?aar%pléé@le
‘Seadurirfthectdqudnty ¥éspensetorB SCMeupomsurfaicepladmen increase

YesannCe:rgrEReriomie surface ceuyaatian strugtire gn AlseuUtauartz. . ;

crystal electrode surface 30 The configuration for the combination of a

bg‘?atﬁ%ecorﬂf)Feadlsu]rfaa%%rpIé%?ﬁ&ﬁ?esﬁﬂalﬁée(spﬁi%%éﬁﬁFnefé"i'f afid atotal
ipestzoerystalefiicsobdlanceanas sedhasidepigtedrn Figd8; Figk 13 isaches
schematic. diagram_of an apparatus, 100' having a number of technical

' %gtu:%%%%%%,e th%%ggrﬁe agsc'thetakb%argf%% (Fig ) deseHBeq®t the
mEboVBIRthiER Breindibated] Byethesante réferencéaqumerat butwitiearripleon

ﬂHHneéHHﬂﬁﬂﬁibn_ &ﬁCOHHEUBgﬁﬂﬁéggF”@ﬁég&%@edfﬂggnanca_ The
s§) ctroscopy in which light is coupled from the backside of the gold film,
g fglrsﬁ&@ é% (GSBRY e E6GpIRGHIBEESs kel Pracs af HiEBAt side 1e

(f:-thesgold 1ayere 45 aGSRRIQEMcambinatian seiypek i theglsontchan o,
glectrode where.the SPR detection happens. The same front electrode, js
éalso 10 the plat?o:zr’n' og%a\ihi%}fge%g%iﬁgn/%@eggrep%ioﬁro? a %%lr or ofheF 018 ,

RPhRTceinteacidvaiets fake plaveland aiepreséntenias thangessindhe as

drequency-anrd/or dissipations This C%mgﬁéy%@fst%m%ﬁ%& alloys Q61 ¢
an easy detection of both SPR (opticap and QCM gacoustic) signals
in the range of 20 to 80 degrees in other

examples.

Example B

Measuring the frequency response on QCM upon surface

plasmon resonance from periodic surface corrugation

structure on AT-cut guartz orystal electrode surface
The configuration for the combination of a grating
coupled surface plasmon resonance {BPR) spectrbmetér and a
quartz crystal microbalance was used as depicted in.Fig
13. Fig. 13 is a schematic diagram of an apparatus 100°

having a number of technical features that are the same as
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15 simultaneously. In the present experiment, the environment of the
quartz crystal was air, and an angular scan using much higher laser
intensity (in comparison to the standard SPR measurement) was

WEHBHEA  The reflectivity detected by 20 the photodiode detE&(8FB 74804

the responses of the quartz crystal (frequency change) were recorded.

The lasgrrkaamustensity userliwas BbputBisiimesad whaldsaiseshng are
conventional surface plasmon resonance spectroscopy and the scanned.
e B o SN a6 i e b ePR G & riple
rSsoRanesies-appéar symmetrically to normal incidence). The
simultapeouglyrecqrded SRR ¢wye gpddhe freguenay @WQS%S@QMW

in Fig. 14. It was found that the frequency res‘gonse correlated 30 strictly

With tHe strfabkdMasmn fetieeticit) 16588t APEndte DF ridGerict, Sheprold
ot irgideiw anglesiargestran the-sitival angle £53( 3 20) apd-KsMiF Ot akes
image (-2 , respectively. In these two angular, regions light is
FH3Ged oo ST tiifhctin bHfor fotnd £ o-ser/gon

O LG ] o
St raction order; respecﬁ efy, with a

. comdomadnidosssefrefieeted intersity.HENiS, however, eltesoist resuitria athe

ehanggdndhe fdeposited energy and, henge, the JIaQUERCY.IGSPANSE s 43 5o
changed little. With the angle of incidence gradually 5 reaching the

shitade piashich reRomaHcE (sBiRAG BE L envajeffersdcimationtfreuepeps or
begies to increase visily Abtheaesorantangle (9x0) it repshes thehd  are
maximum. For angular range, for which the Iight was blgs%ed -2 - 2), the,
BREGE 6F the Frequshey Hropped 180, W6 e fRYcRR aT 58 pBaLvEe™ -
fdgion (C208pgavesimdarresolls. Thissuggestsahatthe suitace an  easy
plastan (eonanes Sionaws (elsathdyjosa) an B TARIESERIALDY Nnay s
frequency increase on QCM, thus enabling the recording of the surface
BREBHdR RESUHahEe with acoustic 15 signals, i.e. a curve with an inversed
shape i@a eprRveptienal grating suHaeePlasmaresQRANCEGINNE, bYE  the.
with frequg?% Vs time as axes instead of the conventional reflectivity vs
0

e a5Gle OF Fieidencd 2Fogatier witHthe htrifRR dEusiE 8Bte o 8f thach

- Qe oné zanfurnigtea 20cset-Uprwitlofkfuhstion oba :SPRIQEMrd SPR

fRTbination,sstup, Lut in.a pych.ymplag.configuration.(Fig, 1iwhich may v,
be named as "optics-integrated quartz crystal microbalance”, or in short
qgecﬁ@qtodiode detector 31 and the responses of the quartz
crystal (frequency change) were recorded.

The laser beam intensity used was about 30 times of
what i1s used in a conventiocnal surface plasmon resonance
spectroscopy and the scanned angle range was from -20 ° to
20° .(in grating-coupled SPR two resonance dips appear
symmetrically to normal incidence). The simultaneously
recorded SPR curve and the frequency change are shown in
Fig. 14.

-1t was found that the frequency response correlated
strictly with thé surface plasmon reflectivity loss at all
angle of incidencé, except for incident angles larger than
the critical angle (13° - 20°) and its mirror image (-20°
- 13°), respectively. In these two angular regions light

is diffracted into the ~1lst/+1lst diffraction order,

37



10

15

20

05

30

25Example 9 .Demonstrating the utility of the 420QCM set-up using well-
documented PDADMACMS bilayer formation system Poly(dially1l
dimethyl ammonium chloride) (PDADMAC), poly(styrene sulfonate
WRHIFAPIESS), 3-mercapto-propyl- 30 sulfonate sodium (MPPER/SG2007/000404
concentrated sulfuric acid (99%), hydroperoxide aqueous solution (30%)
ngereeglAlgrith productd The concamteaticrafor bottrgslymefs weref(.6¢ted
Madthextya addadionistienath of QJ8Mprepated by dilyfing 0.4 M, 5 5,

polymer aqueous solution with 9 times (v/v) of 0.2 M PBS buffer. In this
e MPRAE thE Setfp HeRhodds FigaWas addpted: e M YHfd coegonse
dattreerystal withea grating struetureatfy1 82041m) wasitteated Witk @dualily
-UV-q0zpne clgzi\ner for55 mimktess, followed by a treatment in H2504/§20§ B
J:(%:aﬁ 6 10 Minutés A fiecreringin% With' mﬁl?—ﬁjw% &e(lé.itﬁlffclnﬁ])ganad
1d§ing in alstreamsafidryatitrtogen, theequartz grystadgiassmoaiated intothese
windowcell apd an,in-sity functipnalization with MRS was perfarmed - ¢,
order to get a 10 negatively charged surface. After rinsing, signal
TR OFRg WERSIAREN PAseTafyBE of R=69BHAR J-polatkizedt | ¥assh hawked
Lmm2.Afterjthe baselne:siabilizatiopnha fine angutarscapdised te250. a
?xtn%psti:ze; 0.1%Was takgn,tv%/lhile both the starting and 15 ending time of the
SRR WAS noted A flequéhcy AT With a'shabinvefse 6 a fégdlard®Ve
sSRRIcurver({&mguredl5, Bh also Higurestd) walssfounchaVhikertfieseamlasmon
Dol Hes, crivep ack 19 e placing positian () quigkly. aNATON AN, g

sharp peak with a lower frequency response was 20 seen. This can

bseerrd§ a répeich 67 thel BAGHIAF Scadbut With-a nileksfast@asdaiatethe
At few minutes, dhesQ HdaMaqyequnstPALRMAG selution with 28JeBiC; ¢

strength of 0.18 M was in%eje%ed into_the cell via a peristaltic pump at a flow
SR B G 5mLndin. ATastdici8asd'dfthe 28 redUdRicy ffas cHEENed 58 2
csooreas fhenRPDADMA Crigached theequdrizscrystat surfaeecAbauirkte, but

JIies glistine POADMAC feedinganensiagie aseline uasiraehesa:
PBS buffer with an ionic strength of 0.18 M was then pumped into the ce
LR oraet i icmovesanihéxceRg einstint SR fre@sPDADMARGSRiIRE3ith the

ikeeping the liguid environment of the guartz erystal unghanged (IPQrgesto a
- avoid any buffer exchaqg%) effects). Then, another angular scan was

S5 oTed: ThroUgh tha ﬁbﬁA@%eﬁogﬁgﬁ%%C%rﬁ% oftRE R3St~

ugrystab:t in a much simpler configuration {(Fig. 1l)which may
be named as “optics~integrated' gquartz crystal

microbalance”, or in short “OQCM”.

Exaﬁple S
Demonstrating the utility of the OQCM set-up ﬁsing well~

documented PDADMAC/PSS bilaver formation system

Poly({diallyl dimethyl ammonium chloride) (PDADMAC),
éoly{styrene sulfonate sodium} (PSS), 3-mercapto-propyl-
sulfonate sodium (MPS), concentrated sulfuric acid (99%),
hydropercxide agueous solution (30%) were all Aldrich
products. The concentration for both polymers were (.01 M
with extra added ion strength of 0.18 M, prepared by
‘diluting 0.1 M polymer aqueous solution with & times (v/v)
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became positively charged which allowed for the deposition of a layer of
PSS, monitored as a frequency decrease of the OQCM signal. After PSS
layer deposition, the angular scan recording was repeated. By several
W&Eﬁégﬂtﬁ?%lternate polyelectrolyte depositions, films of virt&&ik/S&{e7/000404

desired thickness can be prepared. As an example, the deposition

pfotdcat ofva prieldotrbiige filntwith-ivic PRARDMAG!RSES bilhgersenthe as

E%%%M '!Lsssl'hqv%n in Fig, 15, g&)éggctrolyte layer-by-layer deposition has

stu

een 10 we ied and documented and thus can be taken as a
calibratiofidéFitrReAERSyStEN FPhE Faados f6F EhoBsiigPDAD MAC Hid = ¢
PSS.argsip these polymers-ara-eppasitely chaigedh-ane gasily-availablest) s
they possess different packing density (cf. their chemical strucéqrf}given in,

B5GST8a ARG FYSEsbhis GRAGTHER o tfrdehtditins of )~ *oF 19
HGorperated water une:farming eailsnat highdopigerstrengtlh whisltnay, and
result in interesting differences between the acoustic and the optical
LigFdle TH BcOUSHETRIOTmatB, e theaHuETEy JRLFEREe SOVAR Ofio ™S
ife:depdsitiodwt each indwvidualdayemcan be tirectharehd frem Figilbsitu
nd vields Af=57.6, 38.1,.37.7 43, t posit Cc

B R B S R g °
resivauEbility ot B frégaenép€Range for each 25 deposition of the same
polyelegtiQlyte layet was, nok ygn,A300de WitAnQimuehdiffergnee hetwegRe
PDADMAC and PSS. Extracting the frequency change and the time

st forthe arighia Sbark WEM G 28, afd SettingtHehin@For thé te= the
starting peintilepch-scancas t 3 Of The tmeubiimns 40 Weredtheh to 25°
normalized, and muyltiplied by the widths,of angles,scanned (25.in thi :
égégf %lyzglJ'chgtr'gat?neﬁta &im% oﬁ-%rrllglewc%%%rsl?o% thet r%ql%%}:f/élgg and
eosporse o funétiorhef theanglews sncigdred, i.é theopieacy feature

jnfermation, was obiajned.Since the peakinositigpr correspongding;to-the; 5,
SPR dip) is the sole important parameter for the optical data analysis, all

frequénciP cHaHgesFor differgAf scEmeWere Horhfalizld fof Geeriotor was
eempatisare Datatfor aliiive scanstwere thensplotied together ipRigkl, a
In Fig. 5 16, three tendencies are visible: i) after. iIm depositi e _
B A R S T s e SO e

gerfch cdfréspords teea keRoecurferitPrtthbisiyinal data reesidkaorscan

LRCME i) the shift-for gaeh Jayerof the sameymaderial igdf simWaeand the
iii) the shift for the denser packing material PSS is apparently larger than
GhikoPthEB6SE pA N et BOADMACP 7 Adhora detaiad i

analysis gives the Matuesiofitheangtesshi#td forthe 4andigidist yeis pump
PDADMA, PSS, 16PDADMAC, and again BSS) as: 0.24, .56, 0.2, 4,
%)F56.(3T@8€tica an?]%rmaation s'ugge%%s avery go§§ reproJu§bi ity on the ©

Saftaiiyer depositdrre pist ot thesgpticat Sighats 4GAiRERtheRaekEg the
Qnes4s showndn Fig. L/ dnavhigh i cambe sean that thedaposHion:aiapuac
feeding a new stable baseline was reached. PBS buffer with
an ionic strength of 0.18 M was then pumped into the cell
in order to remove any excess amount of free PDADMAC while
keeping the 1liguid environment of the quartz  crystal
unchanged {in orxder to avoid any buffer (exchange)
effects).

Then, ancther angular scan was performed. Through the

FDADMAC deposition, the surface of the quartz crystal

39



10

15

20

25

30

20 PDADMAC and PSS can be fitted with two different slopes (same
slope was used for the same polyelectrolyte in different deposition cycles).

However, tbe slope for PDADMAC deposition is much flatter in
VELIEAIEEH to that of PSS, suggesting a less densely packdd filfiFgitpto0404

larger-25 amounts of solvent incorporated. This fits well into the image
icraam<ram she nelegulansirgetiire {dickig 1Bcvand fig. 18ib).deposition

gipplcations S0Thedisglosqdsyiaceplasimontespnancegng oiavmelle, o
sensing n¥etﬁo and system may be used for a varie 0 a%pllcations In
PrrardactuticAbimaitstribs treselfch, hidtheal diigpostic assting detettionar

QQP'OQJE%QEHEJE@OFQ%Sm%&QJJQQQ&?fe%QV Secility- WO cycles of
2008/063139PCT/SG2007/000404 purposes (such as bio-terrorism
?ﬁ&ﬁﬁé}ﬁ@oﬁﬁ}e‘fﬁﬁ%ﬁmgﬁnoﬁ%ﬁﬁﬁ?ﬁﬁﬁ%fap%ﬁ%ﬁﬁor%fmé@rrtuauy
aompiiseiligandiscreeniagsmmunaleg\peelphiotagy, signaln  example, the
ransduction,chemicalinteractionsandnucleptide- 5 . ,
B S e Y i e s T
AR ld Sds Urfabeprasmenresonaeelind s gravimmettic S&rsing Method
and syste 2y-De-u asll%;%gnws{gg}@;sittaé@g@ﬂ‘@%gnalygs Obeen

binding 10 reactions. The disclosedsurfaceplasmonresonanceand

Hevimeted&ssifPhehod Rl sfSteAliday He Bsethhor Bételfiip 25 @
aitrathin tigishlayerformationear regnoval sughas thindimdeposition®@sing

%g%gfrg%tgls,éggrg%@& i} these polymers are oppositely
charged and easily available; ii) they possess different
packing density {¢f. their chemical structure given in
Fig. 18a -and Fig. 18b} thus givimng vrise to different
amounts of incorporated water upon forming coils at high
tonic strength which may result in interesting differences
between the acoustic and the optical signals.

The acoustic information; i.e. the freguency decrease
Af, upon the deposition of each individual layer cén be
directly read from Fig. 15 and yields Af=57.6, 38.1, 37.7
and 43.3 Hz for the deposition Sequence cf PDADMAC-PSS-
PDADMAC-PSS layers, respectively. It seems that the
reproducibility  of  the frequency  change for each
depesition. of the same polyélectrolyte layer was not very
good, wiéh,not much difference between PDADMAC and PSS.

Extracting the freguency change and the time data for

the angular scans from Fig. 15, and setting the time for

the starting point of each scan as t = 0. The time columns
were then normalized, and multiplied by the widths of
angles.scanned {25 in this case}. By such treatment (time-
to—ahgle conversion} the frequency response as a function
of the angle of incidence, i.e. the opﬁical information,

was obtained. Since the peak position (corresponding to
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15 organic, bio-compounds or polymers at ambient or elevated pressures.
The detection of rigid layer formation can be obtained at the surface of the
piezoelectric substrate or at the interfacial layer between two fluid
YhAYELFHE sample material may be adsorbed onto the surfcE SA#HE/ o404
piezoelectric substrate, deposited onto the surface via vapour deposition
tinevaciRRn atiglambenttpresserelsz chempicaitysbonded teuthe: surfateas ahe
Jgsult of aghemigalreaction ogeyrringat e SUrage o83 alesull Of e v ont
electrostatic interaction. 25Thedisclosedsurfaceplasmonresonanceand
SRR etfiE SeRSghédRd it syetdrhthay BERBEdEs an Badtidafosi1l
ffog stuglyingsthedformatien, apd behavior ohisgeelastic Iayers af@ sample; 5.
material in a liquid envirpnment in order to determine both the surface
T0asmdi 56 reSERATEE (OpticalThealifemdfitand Yradifnetric (fask) fHim
depasureiment. Thediselosedsuriaecptasmenrgsbnaadeand grayimetringles
sensingmefhod and system.enaple Uigmonilgring of samedateriacial o
phenomena at exactﬁ/t e same surface Using.two funé)amen%(ﬁy different
Imeasurenfart ¥eetifiques siiGitaRgdasihyaor infa tanderrmbded The:  0QCHM;
igompiementary:surface-plasman resppance and geavimetc Qrauartz. ;g
crystal microbalance signals acquired from the 5 piezoelectric substrate
SRR AntdG¥of the’strengtis of8ddit sefdifg tédthiquienser  packing
mAdearnitageegsly ithexdigclosed methad @nd syistem thay: be capable dfooser
_p%%q&rgtin _ g@bsg%rgiag}s fate and reproducible expe_rimental results as
compared to 16 conventiona techniques. For example, in one
embodimente titeproblef absoeiatad Withilight itederdnee estaessudtioft he
redlected light trom the sample;cell i conyentionalieehaiquasigpma; pss,
substantially eliminated in the disclosed method and system as it is not
FREGEYary 0o e thePES feflédted fight * ~ @urﬁ%rmo%,%ﬁé’ r 0.56°.
Tdiselosedpgtbad and systemasloiret requiesthestse of additionaty  good
companents.such as a lock-in amplifier, a light detectar,such as a
rgﬁgt% iode (%fet}éc?: or,oanfré%(‘?zj%ngf %%dé Iaa%a%(a ﬁS ﬁto&lotplp%rr")f anpg1 zflllg% of
the pekirizen’). Advantagevishy: dhe Hiselosedunéthod amessystensheap in
Fagtrequire the npeddp measuge reflectegddightram the, fuidsagleson of
Accordingly, the disclosed method and system may not require the use of

. PRSRSi s detector et i etetéd Hiyht™ Therdforéetiads siopes

{disgloseslmpethod-and system isdess eamplisated thanicarventiobdlte in
d%éggggkﬁé’ MQIS cost efigetive a9d I, substantially easier for an gnduser
PDADMAC deposition is much flatter in comparison teo that
of PSS, suggesting a less densely packed film with larger
amounts of solvent incorporated. This fits well intoe the
image drawn from - the molecular structure (cf. Fig. 18 a

and Fig. 18 bj}.

Bpplications
The disclosed surface plasmon resonance and
gravimetric sensing method and system may be used for a
variety of applications in pharmacewtical industries,
research, medical diagnostic testing, detection of

biclogics or microorganisms for food safety or security
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Moreover, due to the need for a smaller number of components,

introduction of error into the measurement 30 system as a result of

additional components that are normally present in conventional
WeCHAt§GéSTs substantially minimized. Accordingly, the resul® atarienieodos

from the disclosed method and system may be more accurate than

conventional tdchmijuesas  bbwil-beappatent thatvatiousotleer or  in

oRdiieations anl aapiations,gf heJprepiof Wiline, aBRIENIQ MEono s e
person skilled in the art after reading the foregoing disclosure without '
depEriflg frémPRIsift-and S88pe ot Sthe inveAtidn anediipkdintondedignal

thak all suebimpdificatioas apd adaptatiens cemerwithinthe scopg of dhe 5 e~
a%%nded, laims. Claims . 1. methodfordetectingsurfaceplasmon
e

SRE& KRsociated witt? & HlfTRART the metiod Bomprishigthe  and
steps ofnpreypg @ piezeeslectriccsiubstrate having at least two electrodes

thereon,wherei Qne o say electrodes is coupled to a fluid
sample; transm#t%%%hz iéht beafII’rh1 at %1C|§"Iuralﬁ)3‘;L ofcident an]éiae%sot%{\f/‘v%?gs theand

giezgametic subsraripdndues erosaligtiors fregeencyrdetuiein theed  as

piezaelecyic substraterand +u, measufingadhe OscllalipnRIUERCY 15 ngi ng
- detuhe from said electrodes at each of said incident angles during
fr5R&hittAHte of said light to detect surface plasm= 150L4CLLt aooiated

with the'ilid samptelosed2. A methedaccogslingiaciaim kéwthence and
gravimetric sensing method and system may be used for
detecting ultrathin rigid laver formation or removal, such
as thin film deposition or growth of metals, inorganic;
organic, bio-compounds or polymers at ambientror elevated
pressures. The detection cf rigid laYQI formation can be
" obtained at the surface of the plezoelectric substrate or
at the interfacial layer between two fluid phases. The
sample material may be adsorbed onto the surface of the
piezoelectric substrate, deposited onto the surface via
vapour deposition in vacuum or .at ambient pr@ssﬁres,
chémically bonded to the surface as a resultkéf a chemical
reaction occurring at the surface or as a result of
electroétatic'interaction,

The disclosed surface plasmon resonance and
gravimetric sensing method and system may be used as an
analytical tool for studying the formation and behavior of
viscoelastic layers of a sample material in a liquid
environment in order to determine both the surface plasmon
resonance (optical) measuremént and gravimetric {mass}
measurement. | '

The disclosed surface plasmon resonance and
gravimetric sensing method and system enable the

monitoring of same interfacial phenomena at exactly the
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comprising the step of using said measured oscillation frequency detune
to determine a dravimetric parameter of 20said fluid sample. 3.A

method according to claim 2, wherein said gravimetric parameter is a
Vit At/ ¢434¢hl microbalance parameter, 25 A method QEEERHTY o0
claim 1, wherein a plurality of grating formations are provided r'T, the

Skifface of e riezqelestric sHbsliale.30n Avngthedaccording o plaiM dent.

wherein said grating formations have a grating constant of 300 nm to 750

TRMDARRHRRD SHEBHWERGRLSLY  6°A méthodPacchfdifgto cBffe;, The

ahgreneaid dght beam-sa Ipserstght beagdnancé. Amaetjed aneotding or
rto clai m 0, wherearllohe mten%t%lof said laser is elected from the rfa e of
BY

%N/r%rrfﬁstO 0 TWHARZ 2R g° WRdtiod AceSHiig to &lait 6,5
Wemﬂthem\mlmgmﬂ;faéa@d lozer Ilgmrsm@ﬁeéfrohhmes@n@mgm of

@&”@éﬂéﬁ?@ rH@z:hnlque

Advantageously, the disclosed method and system may
be capable o©f generating substantially accurate and
reproducible experimental results as . compareéd to
conventional techniques. For example, in one embodiment,
the problem asscciated with light interference as a result
of reflected 1light from the sample cell in conventional
techniques is substantially eliminated in the disclosed
.ﬁethod and system as it is not necessary to measure the
reflected light.

Furthermore, the disclosed method and system do not
reguire the use of additional components such as a lock-in
amplifier, a light detector such as a photodiode detector,
a frequency modulator (a 1light chopper) and a 1light
polarizer(s); Advantageously, the disclosed method and
system may not reguire the need to measure reflected light
from the fluid sample. Accordingly, the disclosed method
and system may not require the use of a photodiode
detector to detect the reflected 1igﬁt. .Theréfore, the
disclosed method and system is less complicatéd than
conventional technigues, ﬁore cost effective and is
substantially easier for an end-user to operate.

Moreover, due to the need for a smaller number of
components, introduction of error into the measurement
system as a result of additional components that are
normally present in conventional techniques is
substantially minimized, Accordingly, the resulﬁs obtained
from the disclosed method and system may be more accurate

than conventional techniques.
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9. A method according to claim 1,further comprising the step of applying

an electric field to said electrodestotherebygeneratesaidoscillation

15frequency. 10. Asystemfordetectingsurfaceolasmon resonance
VLA Nith a fluid sample, the system comprising: 20a BlezG&labv404

substrate having at least two electrodes disposed thereon; an

encloseéd:-chamberfor rpamisg & fltidisampleitheseintivheremvdaifications

englosesehamberis arranggd sugh thatiatlegstoneof the slecrodes is ¢y

coupled to said fluid sample in use; a light beam source arranged to
PETSIAR a FdHtBesn dita piiralit? 6F indldéfrangRatbidardsaid foregoing
Rigzealgsiricesubstiats: for dRglicing & oseilationdreguency detpeibpe of
said piezoelectric substrate; and 30 a means for measuring the oscillation
fréuendy GeRineftom %393 elédtrodds at ¢4 5FSAId inclient arfgids  SUCh
auritigf transmittencerof said fight-toodetecbmsuace itasmion resgpancé the
%%slg)&%ggg with,said fluid sample. .16 Amended Sheet WEA/AU 11.
A’system according to claim 10, wherein the oscillation frequency detune

is used to determine a gravimetric parameter of said sample. 12. A
system according to claim 11, wherein said gravimetric parameter is a

quartz crystal microbalance parameter. 1013. A system according to claim
10, comprising
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means for moving said light beam and said fluid sample relative to each

other. A system according to claim 13, wherein the 15 means for ~ TCT/5G2007/00046
movement is coupled to at le one light reflective material to theregi?‘f%‘ﬂ’éﬁ 24 September 200

said transmitted light at a plurality of incident angles onto said fluid sample
when said reflective materiel is nuaveich2015. A system according to claim
13, wherein the means for mayement, comarises a moto J%emov'ﬂ%%on
least one of he Iié‘ht%eam source and the piezoelectric substraté. 2515: A
syttt attordifgib dairt 107 compising-an eleéfeield geéreratdifor o<

apphying anelestricsfield 4osaid electrodes. 17. A system according
to claim 10, wherein said 30 englosed chamber has. an inlef, conduitand, .

an outfet conduit for transmittance of said sample therethrough: 47
Affiendéd SHestaPEA/RY 2o, 181 A'§ystent Accofdihg toBrainP 1o, s214
avherein-said piezeelestricisubstsate:has asplurality of grating formations
disposed on the surface thereon.,  _ 19 A system according t im_1{
whereﬁﬂrs‘?eﬁdmg*'riégﬁﬁ%f‘mgtT s have A :ag“rat%ngp ggﬁs%g%fggf r%r%r% Ig!(t)a}(L)%r]lerlﬁgC
49 750NNt ova r A0 AlsyRISTAECCOTAMG to BT 18 -Whérein S&id~F0 &7
gsating farmationsshave grating heights=of fram 10tmm to 20081 ectal ¢
Aulsoyss%g@t%c_cqrdgg to claim 18, wherein said electrodes have thickness of
fom 20nm to 2600nm. 15

om
measuring the oscillation freguency detune from said

iy

electrodes at each of said incident angles during

to detect surface plasmon

-
T

transmittance of said ligh

(1

resconance associated with the fluid sample.

2. A method according to t =
comprising the step of using sald measured oscillation
freguency detune to detsrmine & gravimetric params o

said fluid sample.

3, 3 metrhod according to claim 2, wherein said
gravimetric parameter is a dJuartz crvetal microbalancs
parameter,

4. A method according to c<laim 1, wharein a

-

plurality of grating formations are provided on The

surface of the plezoelectric substrate.

5. 2 method according to claim 4, wherein said

agrating formaticns have a grating constant ol 300 nm to

750 nm.

,4;
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22 A system according to claim 184 wherein said light beam source is a

source of laser light. 23. Use of a system comprising: a piezoelectric 20 PCT/5G2007/00040
yed 24 September 200

et
N

20

™
[zl

30

substrate having at least two electrodes disposed thereon; an enti658
chamber for retaining a fluid sample therein, wherein said enclosed
chamber is stranged suchethat:atleast one oflthéerelectrodes isscoupledito
fé‘é%@“i}ge%ﬁ‘rm?@ in yse;.a Iigggpgag]ecsjgyrce arranged to 25 transmit a
light beam at a plurality of incident angles towards said piezoelectric
substrate for inducing an oscillation freqUency detune on said
piezoetectriczsubstrated ane-means-for measuringthe ©scillatiorefrequeney
detnne from said electyodes at each o)t said 30incident angles during .
transmittance of said light;  wherein said system plasmpn resonance
GsSociateddn s8idimeaBliféd oscillation  used to detect surface with
said fluid sample based frequency detune. 48 Amended Sheet IPEA/AU

-~

A method according to claim &, wherein the

0

wavalength of said laser light is selected from the range.

9. pay method according o claim i furthe
comprising the step of applying an electric
electrodes e’ thereby generate said oscillaticon

frequency.

0. A system for detécting surface plasmon
rescnance asscciated with a fluid sample, the system
Comprising:

a plezoelectric substrate having at lsast  two
elactrodes disposed thereon;

an enclosed chamber for retaining a fluid sample
therein, wherein s=saild enclosed chambesr is arranged su
that at lgast cne of the elecirodses is coﬁpled to said
fluid sample in use;

a light beam source arranged %o transmit a light
beam at a plurality of incident angless towards sald
piezoelectric substrate for inducing an ostillation
frequency detune on said pilezoelectric substrate; and

a means for measuring the oscillation freguency

detune from sald electrodes at each of said incident

1
]
e

angles during transmittance of said light to det

1

ty
[

-
83

surface plasmon resonance associlated with said

sample.
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11. A system according to claim 10, wherein the

cscillation Ifreguency detune 1s used to determine a
m

5
i2. A system according te colaim 11, wherein said
gravimetric parameter 1s a guartz crystal microbalance
parameter.

10 13. A system according to clalm 10, comprising
means for moving said lighrt beam and said fluid sample
relative Lo each other,

14, A system according to «¢laim 13, wherein the

5 means for movemsnt Lls coupled to at lesazst one light

reflective materizl to thereby reflect said transmivted

light &t a plurality of incident angles onto sald fluid
sample when said reflective materizl is moved.

20 15. A system according to claim 13, whereiln the
means for movement comprises a motor for moving at least
cone of the light beam source and the piezoelactric
substrate.

25 16. A& svstem according to claim 10, comprising an

electric field generator for zpplyving an electric field

17. A system according to claim 10, wherein said

30 enclosed chamber has an inlet conduit and =an ocutlet

conduit for transmittance of said sample therethrough.

47
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18. A system according

piezoelectric substrate has

formatiocns disposed on

12, A system according
¢ formations have a gra

& system accordling

L
&

1
o
o w
5

rt

e

E
'e

formations have grati

according

[2%]

1. A system

the surface

ng

te <laim

a plurality of grating

ting constant of

Lo

claim 18,

PCT/SG2067/0004(
Received 24 September 20(

10,

thereon.

wharein sai

from 10 nm to

wherein said

electrodes have thickness of from 20nm to 2000nm.

22. R system according to claim 18, wherein

light beam scurce 1s a

(2

23, Use of a system

substrate having at

ther enclosed chamber

1]

on;  an

wherein said

use; &
at a
towards

oscillaticn frequsncy

substrate; and means for

freguency detuns from said

the electrodes

light

detune

comprising:

Two

for revaining & fluid s

plurality of

substrate
on

mezsuring

electrodas

electrodes dispos
a

is

beam source

said

said

source of laser light.

enclosed chamber is arranged such

coupled to s=aid

arranged to

ingident angles

for inducing an

plezoelectric

the oscillation

at each of said

incident angles during transmittance of said light;

wherein said systenm
plasmon

on said

i3

resonance associated with

used
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to

detect surface

said fluid sample hased

measured oscillatlion freguency detune.



