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METHOD FOR DETECTI NG SURFACE PLASMON RESONANCE
Techni cal Field The present invention generally

w0 edoaer3s o a surface plasnon resonance det ect POTSG2007/000404
met hod and to a systemfor inplenenting the sane. In

or avi nEFROD ceon DR BREHENG SuRE AR, BraSHON R Sgface

Surface Pl asnobn Resonance (SPR) and m crogravinetric
sensi ng techni ques, such as Cpartz Cryst al

M crobal ance (QCM) ', dechaiead iFigdsbndently as
met hogds, S;g]fé%é%@ SR(TehEJS. B“ en ehf ereefae@éé ”g Qd surface
anaIyS|s i ndi ng Feact €Nsadrs Usl NG

fXMrtay e rbeenansed d@tm@iq{sen@toio@gl ead, tbmo:aheﬁysadam for
and chem cal sanples. Conventional QCM devic
Jefeﬂﬂrﬁmegetwqquéhez 298t al [ MafBF h%’@Pﬂal’PﬁBtpl a?]%?h surface

ﬁﬁﬁkoﬁ'%&% P oped Qe g tad: SW{acess ana@@taken

waf er. The sanple to be anal ysed is adsorbed onto the
surface of one of the el ectrodes. The change in the
guartz crystal can be exgltgd t 0_pechani cal resonance
by an alternating electricotrerd due to the inverse

pi ezayletddd cpehémch . REBenasck! | egproN éhdquﬁl’m:}bgr%v1metric
dependent ugon the mass and the viscoel astic_praopert
Scﬁnmgar ESFhRASHPBed DHED e SURFhEe O ¥etabddilgrpbalance

asner alard he, 'M@ég)&aaéﬁfﬂyeggymgﬁ%sés%%1Lt5bq@85for in-

accunul ates and increases if mass reduces. |In some
dinst ,anc és:ibefloif reeanpbenswhgr e ahe adsorbesli$ ayerf | s binding

i gi.d. the shift in th | | at f b
s oBeRBbbs P sull ol P S AP Wb co
AR ONSi.o W dmEsL | gaddEnitdhear defer®f c@bosimdles.

ng/cm 2 can be detected. SPR is a known method for the
- det eI AR ¢ FMe GRS D ARTFHF at 2t hgUaLkf acgystal

vg;fe?rtﬁé{l]hﬂ%t lyof 141y ﬁpﬁng@%fueq%&%@%%s dfsp8ed on the
ptica kness (cal cul ated by _
two surfaces of the wafer. The sample to be analysed is

adsorbed onto the surface of one of the electrodes. The
change in the quartz crystal can be excited to mechanical
resonance by an alterﬁatiﬁg electric field due to the
inverse piezoelectric effect. The oscillation frequency is
dependent upon the mass and the viscoelastic property of
material adsorbed onto the surface electrode. 1In 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 frequency can be related- to the adsotbed
mass using analytical equations. A mass loading in the

2 can be detected.

order of about 1 ng/cm

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

assuming a reasonable refractive index for the absorbed
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laygrs acBay ATl akiss c &M akav ECi stRfenGeamsF

assum ng a reasonable refractive index for the
absor bedl ayer, may not be equal to the geonetri cal

wa tog/kesass) arising from nol ecul ar adsor pti on BIT/$GE®07/000404
metal surface. In SPR, an evanescent wave (which is an

exponenti al -decayi ng wave resents at the sensor
; AR AN et ; shaFkness)

af&gﬁﬁ?nQ&t&gﬁd%gédybfﬁaéégiﬁ%ggn|éﬂhﬁh90ﬁ5£§lagukhgce. In
interface of a substance with a high refractive index
SPand an serostescenof whuw rlefdadt i e éndexppaegtial-decaying
| ass-air interfa of a prism. .SPR occurs _un
wa¥gy t A1AFIIHA ¢ FBnd Nhert A Thi ﬁrq’ tRFCof %’r?et%Ya?%%?nt wave
15904 &h&F aBéd Vaiher stptaced e dhel beboscefioa pf sineddent
one side of a planar substrate of the sanme nateyi al .
lighss@wpposi te §hge intathachedt 18 heBoEm bt ha high
re&rh%@fGéifh&%ﬁnﬁhéyg{ Qfpans hodexrmatgheds Fi QUi fye | fndex
the incident Tight is nonochromatic, the free
(eelgecta ankasd-4ie metakfack| ofsa |pmtsn)i . 8PRsacface under

Pl asnmon Po].ar.itons are excited).and absorb.light '
coiandy ant A dhgt e b | hb BeRbenorAb dRgPe SgLd of
s108%/r8d it g SRR @Ngh et hdh@oBRBrSicgnal psi deteet éfebyide of

measuring the intensity of the reflected light using a.

a phbeoal odakditor oW the arfamspr ’iﬂﬁF?af—élnéfgfmse opposite

.t hi ckne - n 0 ol - 0 Llver: divin
R T
laR@iorEt errs)indest-mostcladd lighidi si€otpkedntadenti téght is

Surface Pl.asnon Pol aritons ich "illum nate" at the .
MOBAAPECBEAF /pr dﬂh"gaté‘%\? o.n%wﬁter%rﬁﬁfaeg] ai‘%f}hemetali will
osc@3anaRce (angl e. s Ac£onsedRcepol heitehked tevi kxcited)

drops to ~0 The position of the SPR angl e depends on

anchelygnikzal ighbpener vhanges clentidsesdtryy ofir fiagddence.
due _t he, bi ndi f |l e e he rf f .
Threengegﬁgofl%)hg%n%%é?i éclws% f?g!ﬁrw ﬁni&s%"rfgﬁ%. %ﬁg gﬁ#@ o
dedfecti} anglmeaunr reg cone eilatedsivyt hé aheumefdfcted light
nol ecul es, adsor bed/ desor bed at _t.he surface ba/ assum ng
ﬁg an appropriate metal

usg N% a8 oAb EOA PG ctIE T itfex. H

thickness- (~47 nm for gold and ~50 nm for silver) and a
satisfied flatness (roughness less than a few nanometers),
almost all 1light - is coupled to excite Surface Plasmon
Polaritons which “illuminate” at the surface and propagate

along the surface at the Tresonance angle. As a

‘consequence, the reflectivity drops to ~0

The positibn of the SPR angle depends on the optical

property changes of the sensing surface due to the binding

~of molecules to the surface or the removal of the

materials from the surface. The shift of SPR angle can be

correlated to the amount of molecules adsorbed/desorbéd 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 their own specific

'strengths, weaknesses and have assumptions that are
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detection limtation of SPRis approximately 1 ng/cm

2. SPR and QCM techni qgues each have their own specific
waraengibs, weaknesses and have assunptions thBIT/SG2007/000404

arei nherent in data collection and anal ysi s.

Accordingly, each technique is sensitive to different
ingregpantt | 69 oflagat hFAliprhieBmpRed ARAliTn democsddngly,

{ Rat ' bat.h P{‘fjvsg:M:t : 'Q}é‘?rct ;l)(é‘ﬂy\fb
eal‘%‘estegggnn‘ggﬁgt ?%ns,%rl%)v\ever, ge%ggyt e conp ]g?u ties s of a
thiii cihi Iressdiplien. | naccurate or irreproducible

experimental results. For exanple, .when a pie of

met A&t Tde C\“el]’rlrﬁeﬁ}e&h@y}ar £omPANS; aPoﬁﬁf e‘éi‘;l?ﬁ{s and  QCM
cdlreRfhidd a QM sanpla .cel thukbh acshBnsPes &id, sealdw@er,

w ndow (e.g., glass), interference of the reflected
gayearat of f conplesitiopndowighd of¢suHe quRrt 2naFgerate or
. waf er surface ffe [ nsi f.th
RIS, BB ALY SEAIAE | PEEISL Rl Monen o
pidetecsd Drmofal hel SPRradal yrenishAedaquestiizt. criyls¢a$PRafer is

spectrum i.e. a su ry of the,reflectivité dat

0

Pltadr al @ Okt SHEPL® ookl HeRke @ vbEFBSHRE BabeFGH in

bwfﬁﬁbﬁe§8l§?ptg§HB§?Lm%ﬁﬂéﬂﬂH}éﬁcéh@fueﬁ@n&%@lected beams

reflected”l1ght off the cell w ndow (glass) and the
offesithed ceflllecviendpighanadf fofithe tégar HRatEgst @y skdler wafer

sur face, .thereby rqugheni ng, the spect.r d Ki
A LR e A S i
15g castihatemwulrbquotiani | shey phitterdierde widtedther of the
‘desired reflected |ight also pose a Br obl em for these
SRy brans vt i & SysTETELthor EBGer SPRheSRBE PR 1-©- @
st hyprife apakyLEei oY sl emBral bl GeMRldtatedle of

and requires the presence  of other conponents such as
imcidakeé n eopldfber bageghonodibhed e atotldeirgr s uwpedaimmsasgt ion

: tar, a frequency ul,ator {a |ight gchopper) da._ .
O’ﬂ)gtﬁ?é po?%"f?%e?é]( ssen%e%%ecgr eis:'é?’l t fefnéz){‘re}ge f ocrea]t e%”LnOlow

(Presencenel ehéardyss iaralintedi eatixid | At yghtormgfdnebhs quartz
crystal wafer surface, thereby roughening the spectrum and
making accurate detection barely possible. Other stray
lightlsources that would potentially interfere with the
desired reflected 1light also pose a problem for these
hybrid analytical systems.

A Moreover, the setup of these hybrid analytic systems
are fairly cbmplicated and requires the presence of other
components such as a lock-in amplifier, a photodiode
detector, a detector motor, a frequency 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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al so portends a higher |ikelihood of achieving

i naccurate results due to the increased nunber of
wQahsMé3asal paraneters that have been i ntroducl/SG2007/000404

Furthernore, the el aborate setup which foll ows when

onbi nij d .SPRmakes it i cal | .
oL e SRU I SERTBSS, L BPROMA et ypy ene
1 PG eIt i rs Yt &R Shyiot i & as@emd his ends @omeend. t o

provi de a surface plasnon resonance sensing net hod
t hatThew& cohes, 2or Nged ed? dMEPYHF Gt €8, She ICEpRlasmon
reogontgl?}%ed' %%%‘égmgag%tﬂ'?é&r 'ﬁ'ﬁﬂz aROME-cordlef € 48 S0 Peast
nee 0 provide a nethod and system for conbining _
ansilrifcace g ,asona resonanee ahd tgreaviieadivantegssnglescribed
such as QCM which avoids, or at |east aneliorates,
aHE -or nore of the disadvantages described above .
Summ@farACLOr i Be 0 @eddl b PRAGIe themnethsdplaad degstem
a method for detecting surface plasnon resonance | .
fasseenbiadng tPRBLAFRI PR, TERONREFod2BE MY HEetric
(he 5f epssQLy Pravi dppg a Riezgel egLpigssubsirater  least
Sennawnr% at S\geast Two tegF&ec':tro es thereon, Sher el|En at
anedasir aarees ,0f onai el ectneodes ithecodpbadvaotagkbuidescribed
sanple; transmtting a |ight beamtoward the fluid
a arfpl e to induce an oscillation frequency in the
pi ezoel ectric substrate; and neasuring the oscillation
frequency fromsaid el ectrodes during transnmttance of
said light to detect surface plasnon resonance
associated with the fluidg - . Advant ageously, the
surface pl asnon resonance nmeasurenent is -
det exgdoetlfg omd he ef éest odespeoupl ethdme t He provided a
. piiezoelectric substrate._Advan
mé%hod for detectgng surfaggapigggggs@%sgﬂg%ggﬂggggciated
with a fluid sample, the method comprising the steps of:
providing a piezoelectric substrate having at least
two electrodes thereon, wherein at least one of said
electrodes is coupled to a fluid sample;

transmitting a light beam toward the fluid sample to

»iﬁduCe an oscillation frequency in the piezoelectric

substrate; and

measuring ‘the .oscillation frequency from said

.electrodes during transmittance of said light to detect

surface plasmon resonance -associated with ‘the fluid
sample. _
o Advantageously, the sUrféce plasmoh resonance (SPR)
measurement isbdetermined from the electrodes coupled to
the piezoelectric substrate. Advantageously, the method
does  not rely on reflected light to determine the SPR
signals, thus eliminating the need for a photodiode and
related auxiliary components from conventional SPR

equipment, such as lock-in amplifiers and choppers. More
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does not rely on reflected light to determ ne the SPR
signals, thus elimnating the need for a photodi ode

wamis/helid ed auxiliary conponents from conventREFISG208PR0404
equi prent, such as lock-in amplifiers and choppers.

Mor eadvant ageousl y, the nethod does not need to filter
a‘i‘)‘ﬁ“’ﬁ]‘ée%‘%iyg‘{ar?li%dmﬁ’@ﬂ? gPEsSaRgy PeFF?eFé’b)fllter off the

s8R PRI DY) POhAT i 28T ankh OMERPEN! icAN@Hi ndeRng polarizers
equl pnent. In one enbodinent, there is provided a
et hooheetorehaly $RR tdeuipment aspect furt her

co ising the step of  usi the nmeasured _oscillatiaon

fregibncito GBPERATRGtA grati et r1e meaghtangnt Sof Hethod
adderding desampke.f iAdtand ageouskirthde dospkosedgnehbodtep

may aid in the generation_of a single experinental .
ob| &t e ntreuBR2BYTgdpPECd 1dR PRt FRAGINERFYr €@ determine a

L PERCLLEL Lo bSO Che LIAL FBY; 8% 4ol a5 a basi s

g%)r otﬁ% suar ace pl asnon resonaﬁceS neasur enent and a
gr avhdeni agemasly enthe afigdieo sahenbthdid ngayeacitd oan the
at substantially the.sane surface. ]n_one_enbodi nent,

I LT TR 8 ol b AP Ba O ST cROAEEGR (e "as a

plEayi B I geafBagureaRircdRyphez6btatbedci Ns@strate) that
conti nuous tandem manner. | n another enbodi nent, the

mayr feR e PI&S o r esortes nelt®@ur it ey SHeEfaineai pd@smon

.régoﬁﬁﬁgéaﬁéé %gmégg §§aeﬁsbqgv§ﬁgkggfgﬁ@ Egg%ﬁ%gtwg§ the

neasur enent . Advant ageous the di'sclose
saubbadind | yeattomaite $est@edidbly noie tdren soneface.
"~ measur enent deVi%F" one of which is use
s

d
conveht i Gfal IFPRE TR e BSurTHTR T adHiiFPSs orfgROR2nCe

néa Geém@ie t BadOt hede | S gaQ@Enbe rABAS Uled P IRl hAG  be
signal independently of the first measurenent device. -
ogREMRAgebls|d, ML iHang ortandge fiAnet-hat Byr another

erhﬁcg&‘fsﬁgﬁ{,i ”Qlﬁé s, hegm o &u%@é%é’rﬁé&%&%%uremnt may
substrate, the oscillation frequency of the

b@i ezbebentdi casubstubatteantially the same time as the
gravimétric measurement.

Advantageously, the discloéed method may
substantially eliminate the need for more than one
measurement device, one of which is used cbnveﬁtionally to
measure a surface plasmbn resonance signal and the other
is used to measure a gravimetric signal independently of
the first measurement device.

Advantageously, the inventors have found that by
ttansmitting a light beam onto a piezoelectric substrate,
the oscillation frequency of the piezoelectric substrate
can be manipulated by changing the conditions of the light
beam transmitted thereon.

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

comprising the steps of:
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can be mani pul ated by changi ng the conditions of the
light beamtransmtted thereon. In one enbodi nent,

WaQ 298/863139 provi ded a nethod for detecting sur fREESG2007/000404
pl asrnon resonance and a gravinmetric paraneter
associated with a fluid sanple, the method conpri si n%
t he PROFISI8YF p? oWidiZeG 1@ PirdFoeP BREFFRtubSiRGe at least

tw%ﬁvgﬁgcﬁgoh @Stt AQeéheCt%Hgﬁéiﬁhe£€0”1e¥@@fQhﬁaagm' said

l'east one of said elecfrodes is coupled to a flui
elsanploglest r ansncotpheda tid ght Heabhdt vl ¢ Herdrdanidkting a

.sanpl e coupled to said piezoelectric,substrate t .
Liguc @R oSS | or'¥ r eliahly PRERLSpi E20BMEG  Fe  Said
pitellealtsii AnshyPasitd NG t hedessi hhabken1ikeqeangtequency

~fromsaid electrodes .during transmttance of said
intihgh o ity agdtesdtr isu rruded 1 tes i d esonance and t he
gr ayj I.c par ter ' W L ui ;
e T i s
elretthedesor ddeirgt ingarsiniftacnqe asffiorsaisdodagheé to detect

~associated with a fluid sanple, the method conprisi A
SUTE 6 BLaBRON ERACHHRFS BRE obNEct ] A7 ULt Eoraheter

ashAdiRE Af WidastcHavor 18l REtdRfA% thereon, wherein at
| east one of said electrodes is coupled to a fluid
sanpire anatdrestir enbodieen ghtheeani s opapuidhd | geghod for
l.e toJ ce a illati frequencyin. . »

1o B0 ko e 0 SRR g SRR g R el attich @

f Ifuriel eyl o, r arhes adet el cianqdess iy itige tetassaidfiance of
said light to detect surface plasnon resonance

assEEHEE t A BHE ZAsdisF tapl BIPHFFATEh& Yo st least
twidak1keliheelad khehbohl om/aatdihragem tdesk | i RFAMsaid .

I's not detected. According to a second aspect, there
eliectmosigsddd aypshtasmtiora ddtudst isashaf ace pl asnon

res QQHESﬁ.ﬁ%gﬁquegight beam toward the fluid sample to
induce an oscillation frequencyin the piezoelectric
substrate; and ‘

measuring the oscillation frequency from said
electrodes during transmittance -of .said light to detect
surface plasmon resonarice associated with the fluid
sample, with the proviso that reflected light from said
transmitted light beam is not detected.

According to a second aspect, there is provided a
system for detecting surfdace plasmon resonance associated
with a fluid sample, the syStem comprising:

a piezoeléctric substrate having - at least two
electrodes disposed thereon; '

an enclosed chamber for retaining a fluid sample.
therein, wherein said enclosed chamber is arranged such

that at least one of the electrodes is coupled to said

fluid sample-in use;
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with a fluid sanple, the system conprising: a

pi ezoel ectric substrate having at | east two el ectrodes
wal2meposash t her eon; an encl osed chanber for retBITSEMOE00404

fluid sanple therein, wherein said enclosed chanber is

arrangeg. such, that _at | east one aof .the el ectrodes.i
couptLa 1IHERPEAR sl sEnara ol s trRgR T bagmi iont beam
SO asd bdgethidDdt reampidé afdd ghindieaimd owar d osiid 1ation
fluid sanple for inducing an oscillation frequency on

IEH WP P 321 cpé‘%%??%?%’f landuks ey fapd

measuf i e [ r e ; [

ol oty olearur ag T anby ee Bp LI AT P8 frpguency fron
etk cte lagtfrapte pl gBnoimg edorasge tisscei abed swid saight to
l.ui d sanple. Advant ageous| t he di scl osed system .
ot d o THRIIE st it TP aheheth  said

Slelettethdr®mM t he group consisting of a lock-in

amplifier, a photodiode detector, a detector nmotor, a

f r eqehedn g @t by (Bhei gheCenspPepyshfl dorFgRPt require

R AldZeor( sk 1 ddb O eMDobaRO, LOPLELS PEGK! €RE Yroup
system for detecting surface plasnon resonance -

agsucitatrey oft b dddkiich sampl fi¢he syphenmpdandestdengctor,
ssenti al | a piezoelectric s(ilbtrate hayi, n

of : t _
3 STt hOT eTEEPFodds o CRIETY tRRTRLA Oan (@ndf 8Bkq chopper)

ghanberi dioxr getanpeg(a) fluid sanple therein, wherein
sai d encl osed chanber is arranged such that at | east
one offnt Reee| erbpdivsnts ddiffiediso metdidadii @ sanpiem for

IOt ORISR AR LANES AN wien o
fiiveistirdamgp Idie tsei $yateoncénensienay dsommtsialdly of:
el eCtar Odgie‘dzgglre]%ttrri%nsrrsi;&kgsa{]faeté)f girgmlgbi glgtt toleast two
electrodes disposed thereon;
an enclosed chamber for retaining a fluid sample
therein, wherein said enclosed chamber is arranged such
that at least one of the electrodes is coupled to' said-
fluid sample in use;
" a light beam source arranged to transmit a light beam
toward said fluid sample; and
means for measuring the oscillation frequency from
said électrodes during transmittance of said light to
_ detect surfaéeAplasmon resonance associated with the fluid
sample.‘ |
“In another embodiment, there is provided a system for
detecting surface plasmon resonance associated with a
fluid sample, the system comprising: |
a piézoelectric substrate having at least two
electrodes disposed thereon;

an enclosed chamber for iretaining a fluid sample

therein, wherein said enclosed chamber is arranged such

7
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detect surface plasnon resonance associated with the

fluid sanple . In another enbodinent, there is
werooshesash a system for detecting surface pl asnmrr/sG2007/000404

resonance associated with a fluid sanple, the system

conprising: .a piezoel ectric_substrat.e .having l.east

t Wo @I"ec?%88t8§g8i sPBRBRCT hef¥on: T it BHA s &d ?h&r‘r@errsample

therdiet,al Ph8geanf Isdidh sanpl eséderdiamberhel i 1irs@ined such

encl osed chanber is arranged suchan encl osed chanber )

thait rataileasg £1¢ uPd SEipl elerbrefas vifer 6PHP4gAd to said

fﬁﬂﬁkp§ﬁﬁgﬁﬂﬁqgehsEs arranged such that at |east one of
ec

thé el rodes i's Coupled to said fluid sanple in use;

a | i ghtlikgamiseur ceowardaangeadcriged ransttdnsni t gt 1bgham beam-
toward said sanpl e; and neans for neasuring the

tovard £a16h SBREdGEn@P % r om sai d el ectrodes during

tr an%i@atntsanﬁgro_fme%%j&i!ri%h‘:hbo set ecta st aG8 RIRIEN from
resonance associated with the fluid sanple with the
spicvi sdechapdesf | derdud| i gransmoisangel tafans@iick edight to

| ; i t ecte ccordi b t.hi | .
Ll GRS PR AR AL A ene riuia
samplle swhgh ahe epoelbesdr ithasubskfacetkdvi niglat |faast said

two el ectrodes di sposed thereon; an encl osed chanber
trgnsmdtdiedt ARt PeRR d8nprE EREFETRI-wherei n sai d

encl 380 Chaibel IS @liaNebsuchidal 8 pesstaaetRE use

the el ectrodes is coupled to said fluid sanple in use;
of |a ghysbeamswvdes imaangyepireoedansmit subgfinatseahaving

SO AL LAELR Bhemason
for measehicigsthe osambéat i for f nequantynd rem faudd sample
t%L?%EﬂSgeShggéiﬁgféﬁﬁfsgléfggg§ %%Saﬁe% lighgkranged. such
that at least one: of the electrodes is coupled to said
fluidvsample in use;

a light beam source arranged to transmit a light
beam toward said sample for inducing an oscillation
frequency on said piezoelectric substrate; and |

| means - for measuring the oscillation frequency from
said electrodes during transmittance of said light;
wherein said system is-ﬁsed to detect surfacé plasmon
resonance associated with said fluid sample based on said
- measured oscillation frequency.
According to .a fourth aspect there 1is provided a
system for detecting light intensity comprising:
' a piezoelectric substrate having at least two.
“electrodes disposed thereon; a light beam source arranged
to transmit a light beam toward said electrode on said

piezoelectric substrate for inducing an oscillation

vfrequency thereon; and
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wherein said systemis used to detect surface plasnon
resonance associated with said fluid sanpl e based on

we a00d/06masur ed oscillation frequency. Accordi NnECT/SGE07/000404
fourth aspect there is provided a system for detecting
light intensity conprising: a piezoelectric substrate
havi Agags | £a5t MSRSEI G r 688s AW Shbset ehefeGuency from

Li. ght ce :ange [ : pe
Pdr 8L Sh o0 Sot faa . Cal B e boir] ot fagRt to
deterimidecithg & gbsciilntatnisart yf dqsency lilgbrtedeam source.

d f i ng. illatign f f i
a4 ErREAObet GUA nb-tTanSRPEFhncc TR Safl A 46 the
vdet ermang yherd iciMpriiensi ty of said Iight beam

source. According to a fifth aspect, there is provided
t he @se pezoaleckericonpubsitigiea prarod ectti c least two

e?%%%&%@%% qﬁgﬁﬁgﬁ? Jigast, two el ectrodes di sposed

ereon; a eam sourcde arranged to transmt a
i ghtt Baamtt dwemd s@uxkeieroaiest ric tSudstmat eaf bight beam

i nduci ng an, oscillation frequen t her eon; and. neans
tPBATRbacift 1ty PREZBELPFFAFon SPPEGEEREY Fiodm SWgCing  an

088q1hedes FWdferidyanlddomcanaf said light; to
determ ne the Iight intensity of said I'ight beam :
sour geanBef £Qrt inegRs PG olthew PRCivblaisieamd fireawengsed from

rei |1, havg t. [ i.ndi ca : e L .
B N o g T
any frouidbtedeinal tae Might eimferdditiy oft ea@ial slidiat beam
contains one or nore conponents of interest for a
S84 f&ce pl asnon resonance anal ysis and, in sone
enbodi nents, surface plasnon resonance anal ysis and

Definitions

The following words énd terms used herein shall have
the meaning indicated: .

The term “fluid sample” is to be interpreted broadly
to include any fluid material or mixture of flﬁid
materials that contains one or more components of interest
for a surface plasmon resonance analysis and, in some
embodiments,  surface plasmon resonance vanalysis ~and
gravimetric analysis. ~ The fluid'material or mixture of
fluid materials can either be in a 1liquid phase or a
gaseous phase. The fluid sample may be a biological
sample, a biochemical sample or a chemical sample. The
fluid sample may be undergoing a reaction during the
detection process. The reaction may include rigid‘ or
viscoelastic layer film formation, £film layer removal,
‘affinity  binding, 1ligand-receptor binding, competitive
binding and chemical reaction. Exemplary- chemical

reactions occurring in the - fluid sample which may be
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gravinetric analysis. The fluid material or m xture of
fluid materials can either be in a |iquid phase or a
w@aegoaddphase. The fluid sanple nay be a bi ol BQ/£Gd007/000404
sanpl e, a biochem cal sanple or a chem cal sanple. The
fluid sanple may be undergoi ng a reaction durln the
mQﬁﬁQﬁﬁdoﬁnﬁﬂgéésgﬂﬂmﬂ#¢@aéﬁioﬂmﬁ§9|9ﬁ9%we fungitd omalized
SRORLAS! 1 I YR 1D OBHALp 0Py i £h 601 | 8YCTa T Yoyl i
nity binding, 11gand-receptor Blndlng, conpetitiv

'gﬂﬁunhﬂgrﬁﬂdat@@nbuataceawubonumEweanaryschemhnﬂermediate

reacti ons occ rrlng inthe fluid L e which
(%ré\gﬁjr e8Pt B EBGp! IAHIET San g'?%’rtb i and’ DCC/NHS
cdupctdpnaki zed naplacpless m%HﬂHE&f&ﬂﬂes or epledidiR&tion

to a carboxylic: group term nated surface via an active
p@s}tmrlmfemmdaa e Phebe-RAS yeedgizatg onorohgibgusomponents

ndi tion m&% coupling for non-aqueous
Vﬁtg%dltsal 5§Ig [ catlon pol yneri zati on and
munmh@olywetdzauimnmétaﬂmnabnpbnenweemttumpsaldexclude
fluid sanple. The word substantla# does .no L
Qﬁﬂﬂkﬁkﬁt%npﬁeﬁelya EJPPagddiiib F%H wht ch SHpstantially
fraabstapthalyy free " péropbpiByeh9 cowBket ¢hynflr&8  where
fron1Y Wher e necessary ﬁe word "substantially" may
néree oAty ed theormad déﬂbmttam@nadflyt”hemimv@m|@mltted from

Unl eC|f|§9 t herwi s the ternms "conprising" and
the §%§%% gt Y CR Phr i ant s thereof, are

i nt andesk 4 0 spRpiFSe beperwise," i thé ust eneis | anguggd sing"”
such that they |nclude recited el enents but al so

angdr m SO -on A1 adiamRaCalyn @i s el dhsheet A are
i 45884 hebelBprbhent emyo ROy . i Rci g 680t €4hglhge such

concentrations of conponents of the formul ati ons,
thatpi cahey néapdude- 5%ajfteche stenwntvyal bet meiso permit

1y 4@6of t e stated valu typically

lr#%’/fu%% f: R R u%re%loreeé y%néaﬂg + - 2% of
the<§§ah§édvﬁb¢éan, the term "about", in the context of
concentrations of components of the formulations,
typically means +/- 5% of the stated value, more typically

+/— 4% of the stated value, more typically +/- 3% of the

~stated value, 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.understood
that the  description in range format 1is 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 range.shOUld be
considered to have specifically disclosed all the possible
sub—ranges as well as individual numerical values within
that range. For example, description of a range such as

from 1 to 6 should be considered to have specifically
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even nore typically +/- 1% of the stated val ue, and

even nore typically +/- 0.5% of the stated val ue.
wdabooswehieut this disclosure, certain enbodi mentGI/8E300LY00404

di sclosed in a range format. It shoul d be understood

that the description in range format. is nerely for
iCEh cEURAEP YRV SYCANFShEEPH ot PBe tonstPlled ake 4-

b Nf 1exi §l erkbpi batdom onetdie scepee0f fhgy di sebogedec.,
ranges. Accordingly, the description of a range should
dse weddi depedindinadeaspeaviniberg | widilsigl oddtal Iramge, for
ossi.bl e subs; ranges as wel | i.ndi vi dual . nunerica
TEFRUE viThi 2 (Rt Tt ange anEoP el GPBLLER| FrPaRdspoS of
thd dGARUCIH AT H aanket.0 6 shoul d be considered to
have specificallydi scl osed sub-ranges such as from1l
to 3, fromlto4, fromlto5, from2 to 4, from
2to6, from3to 6 etc., as well as individua
nunbers within that range, for exanple, 1, 2, 3, 4
, 5, and 6 Dighlesumpl|ofLptipnal Enbedineértyr eadt h
of the range. D sclosure of tional Enbodi pents
Ecerm e LT | Rt HG eHEBAEIBRES SIS ribk hdd Fephod - for
ddeleretinky Swifface plhaskpbdnr eseBanaacassasisakadtwd hwath a
- fluid sanple wi|ll now be disclosed. The net hod o
Aot issep knevsl bpnel BRodilgicAgS&dpi eZ0wt sRethed comprises
e _havi . at east. | . . , .
e S A R
lelasitd tsenptrectOneded theredect wbdesimaptbd dagthednasof the

Lhe "front electrode". The front, el ectrode may be
PEHIBT wich. SOPELPHd BS e alt uthd acE itk vy Hicon of  the
(H AR ShayClBY erefmbigs beam® i srtspnsEtd@d-ode”. The

toward the fluid sanple that may be residing on the
fmogt eleetrede dgfax hbesafwripidrst| wéthi casusstiadic t getal

SRGUEL. LASAIGA AP (GFEOHEIFYSHPLUBELLD [0E 1ight beam is
pi ezoel ectri ¢ substrate. osci[Tation frequency
Hramwrgditeede| eowaxdleshes fiilwmen measpiredtbdati mpy be residing
vgdiéﬁgr¥¥gnr1é{ectrode of the said piezoelectric substrate
to induce a oscillation frequency defune in the
piezoelectric substrate; The oscillation frequency from
Said eléctrodes is then neasured 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, tﬁe fluid sample may reside on
_the electrode or the piezdelectric substrate or both.
Surface plasmon resonance (SPR).measurement refers to
the measurement of a resonance condition that occurs when
the tangential component of the wave vector of a 1light
incident on the electrodes of thé'éiezoelectric substréte
matches the wave vector of the surface plasmons. At this

condition, energy. is transferred from the incident 1light

to the surface plasmons.
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~the quartz crystal (kg/pgR)=,-4

the light when the angle of incidence varies to detect
the surface plasnon resonance associated with the

w0 2008/d6333pl e. 1 n one enbodi nent, the fluid sanpl/eGaeay000404

reside on the electrode or the piezoelectric substrate
or both. Surface plasnon resonance (SPR) neasure

CF¥FERS (BLEHRP %?eﬁﬁﬂsQﬁGQPWESO Condi VS e wave
méQ%r@ﬁEHESattfaeﬁutneakengeatcl @l veomeeReHemehtt.he wave
vector of l'ight incident on the el ectrodes of the
pi ez@ebettzr |Q3fy§0;k@§t rlat@rﬂhtlbh@§et HEGKAY eneazermept t efers
surfacevp

et?rﬁngfgrﬁgﬁ%Froit agq nm tg%téofl?f&e%gMg%gfgggn placed

ofll aseaster ystyaltam.cr mbsérartaee nehsid esample sisf pteced onto
acousti c wave neasur enment and bul k aco stlc wave
ofpagerevest . fRR t ZtRF ysEHFLACEr ol arld¥® ( Rtz crystal
?F gsﬁﬂﬁek retges Bgc§lg5§¥bﬂEtEk% ﬁ%ﬁ%?reggnttﬁg Aquartz
when pl aced on a quartz crystal. Wen the
ctyatdlsammo;qbahamm%d whtb orheaseyeddaandirely - This
surface of the q rtz rystal I c th
LREaPPPSYI S é#% no? Pﬂetaﬁ%r%gggrygtﬁvue Fluid sample
offl Cle@a|§lﬁ€ﬁdé I lanchange aeﬂ@tdenghylcTtpso;téemmcpf the
change depends on _the mass of the fluid sanple on the
fivifdaceampder he vFeEoelfaEMpEignopefti 8s 6f9tAe fRYPG, the
ré???&gnsﬁgp E%E%%%ho%égsEéﬂdg%ﬂhﬁéaefm tPEquency is shown
relationship between mass and change in frequency is
bghohe BuukthbrSguedpréyoaguati on: where nf is the mass
density of the fluid sanple adsorbed on the surface of
Iﬁ the frequency
change of the quartz cryst anLHg fqis the initia
frequency of the quartz, pq is the density of the
quarWhemeySMal1@2660ekgmn$3 atehaig it s ofhethdedl wigh e sample

afRg8Pary oM TG BCEREER HEn( HETe T AR R Lm0/ AF

l\

nent sur
1%e&ﬂﬁﬁnﬁﬁbquency change of the quartz crystal (Hz), fq 1is

the initial frequency of the quartz, pg is the density of
the quartz crystal (2650 kg/m3) and vg4 is the shear wave
velocity within the quartz (3340 m/s for an AT-cut

_c;ystal).

In one embodiment, the surface plasmon resonance
{SPR) couples different amounts of 1light energy at
different angles of incidence onto a grating electrode,

thereby leading to a temperature difference betWeen two

‘sides 'of the quartz crystal wafer. Such a slight

temperature difference may deform the wafer, and result in
é frequency increase which can be easily read out by the
QCM device.

The piezoelectric substrate may comprise a material
selected from the group consisting of quartz (S107),
lithium tantalite (LiTaOs;), lithium niobate (LiNbOs),
’potessium niobate (KNbO3), Li»B407, Berlinite (R1PQ,4),
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(SPR) couples different anmbunts of |ight energy at
different angles of incidence onto a grating

weetoegva3osde, thereby | eading to a tenperature ddTSEWOT@0404
bet ween two sides of the quartz crystal wafer. Such a '

sligh erature djfference may deformthe wafe
And ABEUIR L ST0GL 5 Hton Y DPLER EBe dvihi ERMBATho Sabptyrial

sefadtut Brothe tReM deviupe. chheikitazee! @&t lighartz  (Si0;),

substrate nmay conprise a material selected fromthe
1gtddprcortsingtd g of  Gub¥fas)(-Si qgehthiwmhi nkebateal i 1elNbOs) ,

e R A D P, L OB PoC BRI BLOP o)

g&qhaﬁmat eo Falyo SINOPHih See a rm:bevohal sdlcantnedl frfem t Nangasite
roup consnstmfghcof quartz (Si O2 lithiumtantalite

pFAEHOm| t hEdREnPEEEEe 3/ Plt;ﬂ)’f%’slr%rﬁﬁ%ﬁaf‘étrldes
s(l}élﬁba%)s i1 B4Qts Bekl i pint;e GAIRYHnu®al §h¥Mum  silicate,
ort hophosphate (GaPO4), Tourmaline, |angasite
POLta3EiE8si O SKIC)dltzm nctextdetand/ dsmramm axFarppageown(BaTios),

ni L as Al, m gal].i

B@izf\]? gi e’ p asé? Um'e |r81rr%1)t At t lr_ﬁ? !{mﬁ%r"? um |EtéaIBr?at 03,
1eBaTi @ﬁcor@@é\lathE@tesrﬁZ'lQ 3ThEb(plreli g &t Ph2KMabsOrate
5, BiFeO 3, NaxWOB, |ead zirconate titanate PZT. The
Hﬁ}’ez’i‘éeﬂoeé%er % %w@la%t% R SG%e %tu‘ﬁ]i‘ e?dePedtviipylidene
AR such as polyvinylidene fluoride. Any netal

that i's capable of resonating with light at a

par t iAoyl mnﬂvsjratguls taﬁgﬁhd@crsf argsphiacengl wihbn llght at
resonance rm&y be uz gl Ee el ect.rodes. Furt errm ’1

3 h&3gltecit6de L] OcoREOEP Ry 8 eBPFERS S gPLasmon
rSeRALACR @déaye|kﬁ§tds!éﬁ fdelthd s De@hrddies pi eEQQtﬁéﬁrfnb@"e, the

substrate or to receive an electric field generated by
etllﬁFv?tEOé‘foe}%cFFPébéabé%fr FNUGE G SAESHIPET , L hgenerate

?he&%@@xgﬁ Wﬂeﬁa CLiNe poctBE18Rvent Wibbifate or
t ui sanple a e non-reactive to oxygen,

twatemgcelve electrlc field generated by the
piezoelectric substrate. In one embbdiment, the

electrodes may be non-reactive to the solvent within the
fluid sample and may be non-reactive: to oxygen, water,
methanol ethanol and the like. In another embodiment, the
electrodes may be fabricatéd from non-metal conductive
materials such as Indium Tin Oxide (ITO). Advantageously,
the electrodés are chemically inert to the fluid sample,
to ensure that they are stable for.analysis thereof

The metal may be selected from the group consisting
"of Group IB, Group VIB, Group VIIIB, Group IVA, Group IVB,
Group IIB and Group IIIA of the Periodic Table of
Elements, as well as their alloyé 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,
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nmet hanol ethanol and the like. In another enbodi nent,
the el ectrodes may be fabricated from non-netal

- wazngesiswe material s such as | ndium Tin Oxi deP@1/9@)007/000404

Advant ageously, the electrodes are chemcally inert to
the fluid sanple, to ensure that they are stable for
tamal ysitanhemeoft Mheshetal zh@f bende| utid atinRs hdhereot.

roup consi sting of B,. & VIB, Goup VIIIB,
I%é’dge Ie\r}g\),o%nbedgi’l \;é% %ugpl I—JfSB-gg%gl'G oup | HApof t he
Peri ogiec mabhe @fayEleeedieposdsedeldntas thei isualflames of the
and conbi nations thereof. |n one enbodi ment, the et al
mEZ AR e 6G e FURDMAHR grQupt@BRsi Ri ng ﬁ?tﬁPaﬁi nihth 2
ﬁﬁ¥§ﬂ%ﬁ$§ ct 89! Hroh NEHAMy -8R YBERBUBY iAGCKEl about 20nm
pal T'adium platinum silver,fin, ‘titanium tungsten,
tzi reband 200imatndénsbower 80f nm| hoopkoBRbAAP B, dhels to

nmetal is gold., The tal _na e [ ted on t

Reur PREES q?_tteﬁe g*.‘% o€l egterrlxggsu%gﬁ)%%ée :161 f%fr??n ;bﬁrt would
Beatfagdel Wi thae thheknessisel estedtheonthhiekgessp of the
consisting o f about 20nmto about 20Q0nm and about 8

FiRctoreddut deBENHEN. Mt i t BUBReEppPdci ¥t Pt guch  @s
Pxﬁa[x%%é#‘érk%@doﬁnl{;%ﬁt apl, vRH! d16pdepakandokhabst e metal
choice of the thic f

ess 0 the el ectrode depends on a
andrbeespohsfigeness suththe torisrstacinde osubsghatpy within

t he el ectrode, .cost f th I d ' :
dhe SLeskrate, o5, oyt bhe, ™l AL CPROBRLIERRIEL 1o
M t hen magsceepasibad ifseguepeyt i emal the clpdrgedlrectric

osciTlation frequency of the piezoelectric substrate.
JHesxrt@ce o f the piezoelectric substrate may b e

r Oqufr?gd's&%Jeoug@ Sﬁ%agﬁé%l@&ﬂi% t BersEeatkOM&y be

f surtace asnons on I ezoel ectric substrate.
dhighemydbe die twoudie suffacet ney e@fid iightthat greation of

DLObero OLHSaaaS bh €RE BGLICLRBEONAN BHLEaGEe. N IS may
bé due to the diffraction of light intovhigher orders as
it contacts the rough surface. 1In one embodiment, the
surface of thé piezoelectric substrate may be roughened
via a periodic surface corrugation. In one embodiment,
- the surface vof the piezoelectric substrate Iﬁay comprise
Vgrating_ formations. - The grating formations may be a
series of parallel disposed grooves or slit formations
prbvided on the surface of the piézoelectric substrate.
The grating formations may be in tﬁe nano~-scale range.
. The grating formations 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
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surface o f the piezoelectric substrate may be

roughened via a periodic surface corrugation. In one
wemogdésrent , the surface o f the piezoel ectri cPCT/SG2007/000404

substrate nmay conprise grating fornations. The grating

formations may b e a series o f parallel djsposed

sgrlesFes ?r%mlﬂijrﬂﬁPPBn CORDYP oP Tt h@PelFf atdd om to
SRR PIRARE IREL Mo SUbEd 6 ahR- tdhapdial i7xd e MBbONS 250 nm
may be in the nano-scal e range. The grating fornations
twayeliow fbPORdnon Ehd saakdulcedB) amrgichoabget eef@dnm. In
fron1the consi st ho t hagr p
PEact TR Pt B bt GG hor 308 Baft o T ARG apHgD i to
agReamso tHkagr aphyanditie beambdd ihegt Aptlye gﬂ@tmgl ﬁgnstant
I|thograph§ -and conbi nations thereof. The grating

isoraaite 6ROt HE-grhti AG o nREl ARPTRCINeE uFPéEe gHf person

t]aql%'dezﬁ)lelt %t LG SRS abfud By 8 | thdheche choui%oof the

rangesel ected fromthe group consisting of about
grattimga bourts 1000 dﬁpeadeutomO@ mmtb@rab@ﬁt fasgomy such as

yelensds FE e den i e ofeafag Efkban wnicn

the a%%l%ﬁ@tﬁm pasae@ut tKEQu@Fﬂ Iatanahmeh the incident
enmbodi ment, the grating constant is about 520 nm It

angles baTrgppridci tdt9e fersoncake | | eff i aligengpt and

-l 4 sunderstand that the choice of the grating

constant depends on a nunber of factors such as
'maveWa@gmmlgmchmﬁLmnmdd|qﬁuthﬂubidmﬂm®df@nmahl@mghmay be
whi ch the wavel % ses t.hr ou

ﬁg epn

it RfenfFaRagl &8 Sih r%}h%egg 8hPe é:é)élsd'fshcdﬂgg renPout

et ecdban: 16 hei ght/ appltt vde mef tdieargsat i 99 nm. The
formations may be in the range selected fromthe group

medrasi stekrCigfodourayo hm t olemeBitado mmtand dhdut 928ting
%?EJ %ngt ?5 gﬁk-ngéln%é% é&Ctéﬁgg n@Mebeglezoelectrlc

eposite o) grating natlons or

sstbestpreit eontsd nighe moelmeilecstubs:trate precoated with a metal
layer. The polymer may compr_lse a material selected from
the Qroup_ consisting of -po‘lymethylmethacrylate (PMMA) and
its deri\fatives, such as- polyethYlmethacrYlate (IPEMA),
polypropylmethacrylate (P‘PMA) ’ polybutylmethacrylate:-
(PBMA) or'a'v 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, th;‘e surface of the metal
electrodes may also be roughened in the same manner as the
piezoelectric substrate as described above. In one
embodiment, the metal electrodes have a periodic surface
corrugation structure and are capable- of detecting surféce
plasmon resonance when a light beam, such as laser light,

is transmitted onto the piezoelectric substrate surface.

The metal electrode is also capable of acting as a common
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substrate using a polynmer substrate precoated with a
netal |ayer. The polyner may conprise a materi al

wazlogod3ash from t he group consi sting of PCT/SG2007/000404

pol ynet hyl met hacryl ate (PMMA) and its derivatives,

such as poly ethyl nethacryl ate (PEMA)

por ??J‘F%pﬁor%t ﬁgér yﬂi%\?%cﬁ-%‘ﬂ/A)Of, FUFFBGEY| bR fEePy| REPnance
hEEMY eREne bl @Rdh mMdge 0& rh¥Ra €L oADN € Jeher egf . Ei}eavimetric

metal el ectrode may be deposited such that the shape
nadsgrememy. chastahigbht bhemgist itrgrsoitdeidoentar £he metal

S bs%an Lally the sanme after deposiity of the .net al .
BTet ]f%ée. I%d%n%c%rrbool rrena{n, thoescslulr Hee Bf t leezr?e?laefCtrlc

shiest roges (sny . ahsoabectoughaned icryishalygnnarvwiidsation
the piezoelectric substrate as descri bed above. In_one
Erpduement oft neherefubPsErater ddesdRhvBed - pethodpeplitude of

S6 f R GRIJ UgRLLABRSY! YRt BeaNdeBERIEAPARYE &f pumber of
detecting surface plasnon resonance when a |1 ght beam
factons | aseh |iaght, lightr angrhiansidont oligbt wavelength,
?i ezoeltectri C sutistzr aﬁe’e %l%r.face. STr}:eatrreet I eéec%r ode, . 'an
SRAFED %’é%aBFepofe & |'ﬁg as asuc,bo nsur f f8F ffetum *
dehegtt onieh stiéaga eploagmst riies osapseraeas Ui Al tive
determination of a gravinetric nmeasurenent. As a |ight

peakite PrhASHRLt €8 &heo Maie net keCler¥de r oflECsur Pacietailed
.oscil|ating,pi ri trat g
T O T P FrOT AL ErTHRN, BRP G Hegerences
thespebstrat Bigereet uned. The anplitude of the detuned
frequency may, be, dependent. on nunher of factors _sych
s TR YR Erarty SBRPIRE 1oRy el e « SnpePar ey BEofine AT-
ehezgaheekr ceysuhst kat e&hd ypegd edhdihhPisgnbactits front
W th the piezoelectric substrate, non-reflective .
robd l nelraterads dif t hbaket Bheel 2Bptbbadeetef Ahe detuned

P o L : |
.%S%ﬁiirgflgﬁsffé@ﬁéﬁ ‘é\%lé ngg?BEQYbHﬂAfﬁBir%l%{ tag%tu%vt\.’ of the

erences’'to s I gur es.
togict ushemglyr cnramef eespbnseonf tthwe Alcutlegvarlizght- to the
fgé asi alelte%ttr%%el.i gjﬂgiisl lalﬁrgonataip?) i%g | g _ftrhoent case of the
surface Plasmon resonance which is generated by coupling
the 1incident laser beam to the metal—coated-i periodic:
corrugation surface when the. momentum matching condition
is fulfilled. The frequency response strictly correlates
with the amount of reflec_:tivity loss, and thus appearing
as an inVe'rsed image of the conventional gratiﬁg coupled
surface Plasmon épectra. in this way, by measuring the
change in the oscillation frequency of the piezoelectric
substrate as a function of the angle of incidence, én
optical signal (correspondihg to the surfac_:e plasmon
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 frequency
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netal electrode is that the anplitude of the detuned
oscillation frequency is proportional to the anount of

wa eshe3ght energy transferred fromthe i nci denC1/$GHM7/000404
to the netal electrode. This also applies to the case

of the surface Plasnon resopance which i ener at ed by
mRBupPe ngReRBIFHEI et theer fprdaredtehe ﬁ%‘%‘&‘l’e—%@ét Yt~ the
pr§£6%Fé5tfPér%%ﬁ%%gﬁt%Hrf§Eetﬂﬂ?nBUheOGQF?BﬁHﬁ‘at, the 5%

mat ching condition is fulfilled. The frequency
ovesponseostat cthy ¢38r paleatenesi t h t he amount of -

reflectivity |oss, . and thus appegati n i .

i mag nofar{%%‘ecron\?%ﬂdgﬁ“éﬁnl{gr af’ ngrggggﬁéaggur?%lgfefge@ratlon
n& ABEDAsERCEL Bouplet Rihe WAV fde MEREMMOM ddtnahange the
in the oscillation frequency of the piezoelectric, )
piepeetaceris SYRAiEatth of The aKgrPESShMPRR o“e?f&él,g%tlon

t] Lgn eskerdi 0 fae 1

ng ke o b S e e A o e e blaced
adhhaened. to ordheenbddiuieht , s lescil | at Tha f rikegleselymann

of the piezoelectric substrate be .used to. .detect
CBBEfIRELLanT BEd AT T cbbRRhe EOUPdRLT i disposed
bt RYEARIHL &t H8ALatkdsUhsStaNt irdlfiledthiensas®uple®. ahkde the
~oscillation frequencymay be nmeasured at the
sauplamsot dublstegidrdyl ofmateh pEhgosleddpatd veudddes £ the

t he d on 5t ne : :

o8hahl52h’, RUERINER AR RAYLENCHRE b heetbbensc
sapstirgueati on nmay be used to couple the surface

pl asnon resonance to the piezoglectric substrate. The

Kretgéﬁna%ﬁt%’b‘ﬁ?‘?%‘gjra‘i? e TP i P SEnulpdg Pe 2
ptotaRl haehihgChi QRapRURIAle JHAL ef-Gidlj e NG ré@p t&6n i s Thg of

sanpl e. Thé Kretschmann configurati on may conprise
shbghantoapliyng headispirediingdoed PErvEERt1hEL At t ERAGRRRIULIAT,
total reflection.coupler, R . .
sufsBeakirarsy SRR Trlh, SpBerARAT  C Mgl
att emuat etligbt alcowbl e i omedoupl erayandepi engel erénpparent
1§%B§5r%%%t has a refractive index in the range selected .
from the group consisting of 1.50 to 1.60, 1.51 to 1.59,
1.52 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 piezQelectric

substrate is quartz, the light coupling medium may have a

'refractive index of about 1,54 at wavelength of 633 nm.

A cavity méy exist between the piezoelectric

substrate and the atténuated' total reflection coupler,

which may be filled with the 1light coupling medium and .

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

the density may be within the range selected from the
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The attenuated total reflection coupler may be a prism
having a shape sel ected fromthe group consisting of
waemshed1sd al | y hem spherical, substantially  PCT/SG2007/000404
rectangul ar, substantially square, and substantially
cylindrical. The |ight coupling nmedium nmay be any
greuns parsis 1L aft HatOnas/ @ eFPaé't'i%/eg%/‘ﬁ‘Be'x il gdcmto

range sgpbected {rom rhe groypoceneksting of 1.50 to
112§O§/§.51 to 1.59?é%.52 to 1.5%? 1.52 to 1.57, 1.52
to 1TH6, 11952 tcoublSHhgamediui8 nay é5an| agegeus medium or

enbodi nent where the piezoelectric substrate is .
AquAZ 2XREIT gH?e‘lgloﬂ& i ngnrreaf]ﬁm r?a“;#)%&alvnéena , ~ the light
cbabli el weedndexief _aabﬂgara;céébah weyvel engthrobn63dxoms in

nm A Cavity may exist between the piezoelectric
thebsenaee sg@ctiee finosn e PEBIRI CoRF1BeIRIEolipFer 22, 2

cWnien “?%%c?eléi | heqd wiith tde Light cauplg ng, megli uehandignt
Seal éd. e distance bet'ween the piezoelectric
ceupstihat emeandint heayt bensafiedtedt dromeftleet goaupogpheisting

may be in the range selected fram the group, consistin
ot BLERfTEo 2“SMAT" Y 75%{}%)81 2 IR A ¢ GubypeRdene,

tEQQah&QQBn%QHQh%ﬁ@n@QdiUm'ﬁﬁé Boh®W densbeyzonitrile,
relative to that of water, the density may be within

 dibeomamgs healegct edberayd &bl oup coryskdimprgthamsl, 2-
/ . to 1.3 g/ — gl . cnB, and 1.1
m%/ﬂ@ﬁbteélsz‘f“%fgﬁg’af“%é Ipi%g@t%'&qé%cl}p |r%’ medi um may be
aﬂbagw@ouhgﬁdl Wwean anayonbaqueoassmidiarh fromnea halogen
enbodi nent, the light coupling nedi i's a hydrocar bon
1R8I ng2 car BB afBit HHR%t h l?%%ge asel%g]é]tog(?sﬁf%‘% tﬁ%mp or 4
AP £nsi sti #fe0f iHH0 Hanm 2nh ¢ 8@, ih thdB8vidible light
15, 5 to-12, and 5 to 10. The light coupling medium
negyione Sdice cirddr 1sd tng?rwprc@h‘srérm@leg gegiepeof the
ene, benzy ”
n

_ '%ltcr §ﬁ’§/dd"rgor$apl_hclt h%%%&od%bgtn %g%g:%% ) 'Egﬁg’é‘nf‘%&r"i e @ laser
pdizlar. onoTRE harese hangath amiage be3- qyi t dededfetmarol| Jager light
;gﬂggg.ben%gge?ggg%n%gg%?nkupqggygg g gggiélly 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. V

The intensity of the light beam may be in the range
of about 0.01 mW/mm’® to about 100 mW/mm’. In one
embodiment, the intensity of the light beam in the form of
a laSer.beam may be selected from the group cdhsisting of
about 0.014 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 Iight beam may be transmtted from a hal ogen | anp,
a light emtting diode, a fluorescent |anp or a diode
wo 2880631Fhe | i ght beam may be in the visible |RQH$G2007/000404
region, the infra-red region or uItra vi ol et region of
the El ectromagnetic Spectrum The ht . beam
andgsEreqaneVahed| 5@89%&%%%@1%%“% ‘P‘i’]e%isfroﬁﬁé FS‘é‘&F of
1Aé Qﬁ%ntc‘ogﬁ Bes THE ) ASET PRAM W bersHbshantiddal in the
olarize substantially p-polarized or
plsmosaadt maJnluﬁ u@poeatmea, The faosl evd’h tof €0e lmgmhlch
ﬁa be in .t ran of abput 500 nm b %gg
m%ﬁﬁoqn geEnBB&I §§Ien€tﬁs (%heg 3 Bted
tiReamn ise @@&vtsﬁﬂiﬁ@m uabente 294 ﬂlmulalbmmﬁe&%&amm mhat the
about 1150 nm The |nten3|ty of .the |ight beam na
chgiahecfatge ofargRuPo.die ninrifiento 2WdeS 19%P ﬂnPn a
e t t I
b oS OFRS SRR R, 'S AR e R LolpLalE, | MITEIEREmn of
tmﬁoubaseﬂ3|§ngmg(ﬁammouth@ OhﬁdﬂNmnnthr@®@®t ghdgh the

about 057 2, about 0.0111
w ‘b%%ﬁn%“m rﬂﬂ‘/srﬁﬁsz &E‘W ugé"zzs SHAPrm ﬁ% ab%u’tg‘ﬁ“%%t and
AN Zn, aDO Ui (13350 A 8N B1a slent r&sdndrceW smaeh baded .
about 0. 568 MV mm 2. The transmtted |ight beam nmay be

| nC|’He¢1t spleeR sOVEHCE offange gPAt i Hyc¥4g; sRegles may be
ciri ub, a f.
T deée Ek Vi %ée trogﬁggm?flﬁ?pﬁlegﬁgr oo dlmoYing means

l'es. nci dent angl es may be
maa}bou;torr@(}lfsreonat etrar mahaicn nde pleusatibachedudo either a

directions, or_f 60 to
LEGRY ROl ERE 14T G109 betBB or LhTBk oty O - o the

- pPesSOTeskiit edspsichatart woulyhdindeeskand i tbeam is

choi ce of the range of the incident angles depends on
teamembetedf tactdes pierogd egtatiingsebrsranre,; the movmg

LS, FRRLD, 8| R G Sathideore i (e ceric

gnnment
s@bslt det ectedatriat wbl@mchnéthmmptasnbarebsomaﬁ@étl9n the
1f§Q{eV§gam hlttlng the surface of the piezoeleCtric_
substrate at a plurality of incident angles.

The moving means may comprise a motor coupled to at
least'bne light reflective méterial provided between the
light source and the piezoelectric substrate. When a
light beam is transmitted from the light source to- the
piezoelectric substrate, the moving méans moves .the light
reflective material such that the light beam hits the
surface of the piezoelectric substrate at a plurality of
incident angles. 1In one embodiment, the light reflective
material is a mirror. In another embodiment, as will be
discussed in detail further below, two mirrors may be
placed between the 1light source and the piezoélectric

substrate with one of the mirrors being attached onto a

motor.
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The sweep over a range of incident angles may be

generated by the use of noving neans. The novi ng neans
WOrEWS/0631F | Se a notor that may be attached to EIT/$GI0AH000404

light source for emtting the |ight beamor to the

pi ezoel ectric substrate. Wien the light beamis

trandyh teaeht SVERP e oefed®ie seibstPgieenthanbhfisy the

s%&%%%%ﬁﬁ?ﬁ%ﬁ%ﬁhgésbﬁgnkégghd?%&%%%d&fﬂﬂgaheasurements of

- pirezoel ectric substrate relative to each other to
thiee paley aedsadtir iin stubs triadglet magaehimeaismgeche surf ace

fot i | i bstrate at ity of
Phet 4B STe e et bl e5hbre tath et o The
noRUHEd e iate |RAStadiNGndy HY W£id eed i MesoBbethdl energy of

- provi ded between the |ight source and the )
- thieez dapbEt r PEaBUb3RAAtBAY WHAPWL Y | gt hd@heirs response in

AT TR | GO SOML o1 0,500 PLPZOC BRbEL Eate,
substrate, the nbving neans noves the light reflective
atathenighl $tuchmayhatot hesdritghitoureant bi tthe hempliifade aff the

the piezoel.ectric substrate at lurality of incident
detird GaFIgHa b TR Phe T | GHRCTHRFEET | having an AT-
Jmteringdrts achysian. lihdareiderpgnbedicerdurasced | blasmon

be discussed in detail further below, two mrrors may
resoplaaced bét wegreiindiq ghuraee ce€cqryddaidon presents and

I ezo0 | ¢ substr i.th qne o LLrors bging -
2oL S S BBPERL oML 000 uiPELILEL 0TS D0 non
rieffdiedgritveanghesace hamasurbac eopltasinoont@s chancel extdcodes or

gravimetric neasurenents of the pi ezoghectri

"SyhRF afB P HeaBEPRITE ¥ hE el € %,C:Frﬁ?gﬁavqu’e non-

RN T NRCtd e S TRGE bThe Rk 186186t sYEn SHET BEECRRY The
be used to absorb the energy of the I|ight beam and ma)l/_
nogswlef ligethivighegor etpangetienisdcindat ben sfiddggerry silica-

bta@%doi %zxﬁ)ecluﬁﬁcc}%i ¢ ﬂ%’sé{f{d{?a-t?é%{é’u%‘ f:in agg-% '._al. may be
St r ibute 0 the anplitude o e det uned oscifiation
useegueschiold emgchrments baviingearesATcuhat are present in
the fluid sample. and hence, adheres the components of
intefest~to the surface of the piezoelectric substrate.

In one embodiment, the reflective surface' of the
_electfode may be diminished as the result of binding
reactions that occurs between the components of interest
that are present in the fluid sample and the electrodes.
.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 jjl a higher response in oscillation ffeQuency of -
"the piezdelectric 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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quartz crystal induced by the surface plasnon
resonance if a periodic surface corrugation presents
w@eashbE3y esonance conditions are fulfilled. TPEr/SG2007/000404
nonrefl ective surface nay be coated onto the
el ectrodes or may be an inherent. property of the
tled esamodeingherndarefie Qb baingd f He ed nhyngemaMgarer, that

'i?ﬁ,glt gixlezlléct#f;lrs phack nEhe noiri?\%ef Setd Ve 598LhBA resonance

be Sillca or silicabased conpounds. The
asd | g £&v haseti coathagrameetsabbimynbd asedubstbingdally the
conponents of interest that are esent in the fluld _. .
SPPILAMEn M REN LS 58Hé?€§e9hét%oﬁ%%ﬁgﬁ?% RF°rRtdred, “o+nd

rntere

surfaggiaf tdie phszephest rigioyagisr aten |brase to
a%%%%%ﬁﬁent the reflective surface of the el ectrode

d hsiyi togu TS Ipé heen ashe hewe elsings op £ PReRFWEETEHEL | ons
that occurs between the conponents of interest that
are present in the fluid sanple and the el ectrodes. An
i ncreased anount of absorption of the energy of the

light beammay result. as nore |layers arge being
deposi ted on t@?’e‘%ﬁe‘%‘f?‘éﬂ’e@tmﬁ'i%ﬁ H"BihHi ng

reacﬁﬁgnsachﬁpEnghHinH%E%Qn@%f!QQHh%kEﬁteTh% disclosed
i ncreased absorption~may result in a higher response
embodsmént atdnsh Beeyaencho ofexriaipi etbel dgtimcdples of the

substrate i gher hasel.ine) _a S h
EURTARe A le P aar T B, GG EeBa.  mowever,
thsactigms. Thewudace giasnoesignedanconeaspmepeses  of

and the gravinmetric nmeasurenment nm be_obtain§d t o

q i#ﬁ? limits

iglpstaatian| pray saRd PRk 67 hy BB RbtEhe

o%agﬁgn&gggggEOHQhat is, one after ;he o;her. The
surf-ace plasnon resonance and gravi nmetric nmeasurenents

obt abg d %{ | §$bsat aQI:fié’xké%iEh%i%Qﬁ%nI | 5B "R b@etup of the
subj ectéd to further processing using analytical tools
sgbtenf t Ware Puadears ilamder tReshmrigrguiatd bedygehmetric

mégg“%ggggkngg ggsgﬁggg&eggg%ingrief Description O

Fig. 2 is a schematic diagranl of the setup of an
altefnatiVe‘ system for Surface ‘Plasmoﬁ Resonance and
Gravimetric measurement.as.disclosed herein.

Fig. 3 is a graph of the frequency change of the
quartz crystal vefsu3'ihtensity of 1light incident on the
Qold electrode of the crystél surface at normal inqidénce.

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

Fig. b5 ére- graphs of the phenomena observed for
frequency change of a quartz crystal versus time when
different pulsev frequencies of the 1light source_'are
transmitted to a piezoelectric substrate.

Fig. 6 are graphs of the amplitude of frequency

change of quartz crystal versus time when different

.polarizatiohsvof light are used.
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The acconpanying drawings illustrate a discl osed
enbodi nent and serves to explain the principles of the
wal2eshessd enbodinment. It is to be under st ood, PGUSE0QT/000404
that the draw ngs are designed for purposes of
illustration only, and not as a definition of the
| i mi®sg of Theisnvent goaphFi ghovipg atdehewhivinged agfamthe
of .the setup_of .the.systemfor Surf Pl
f‘ﬁé%adﬁearh%%i ﬁa%%?&%ﬁﬁre asur né%gj %35 1 BYeg?nd the
3Rer ebpenFicgcls)s Bdtachespéhc ug agriamgifed)heasét aphof(open
an alternative systemfor Surface Plasnon Resonance
dowrl Grelanetesk mhsut eitidHRalied| &P Her &5 SHRly, upon

i&é&i%%r@puigﬁ the d eguensy oshadger Ofedhewdvaibigths at

cryst versus intensity of light incident on the gold
10 ek rofléned, tfhel@p9P8ral surface at normal incidence:

Fig. 4 is.a.schematic drawi ng of -
xpionPs i o4l JERR DA oS 8P v alne or e eney

rdfisnosenadabaenyed)f of T4 egoeasyostedgeeabod @udistal upon
crystal versus tinme when different pulse frequencies :
temoerturghehaegeete( 3P bidrhiR® tted to a piezoel ectric

subsg{ate.qFig. 6 e qiaphs ofqddieaimy i tyfle Fscillation
frequehcy change of quartz crystal versus tine when

fedienent rpspanseabiforrs gbldighdted esasedrFigpartzi srystal
raph shqw ng the changes of .the f.undanent al -

uERR| FFAEAOACEPRQGENCY ToRER L4k dB) G PRESSPES(8fefit:

cENEhEB) an®t Maf OPENr&Ppd &t 2@l ¢S) and 7th (open down
triangles) of a gold-coated sensor crystal upon )
i rraBiati ohOwi 8Kl abBE behastsf @hordlent LR elQsfdtiHation

f]?(% 1}e=19C 41:@@%% g?zjazogg%sogi gqu§r1£§ T E’:\Ilh ith the
SROW ng’ t ie 6scill atr on f requency’r esponse (%as & ne)
swf facgolod- chabred sderstrodeydb@ingipgrld; silica and black
_painting, respectively. '

Fig. 11 is a schematic diagram of the configufation
of the experimental set-up in which quartz crystal is
demonstrated as a detector for- a home—built' surface
plaémon resonance spectrometer. |

“Fig. 12 is a graph that shows the experimental curve
for an optical scan recordedvby a quartz crystalAinstead
of a con&ehtional photodiode detector.

Fig. 13 is a schematic drawing of a grating~c0u§led
surface plasmon resonance spectrometer and quartz crystal
microbalance combination set-up used in comparative
example 1 described below. |

Fig. 14 is a graph‘ of frequency response (solid
curve) of é sensor quartz crystal with a g:ating'structure
(A=520nm) to the excitatioﬁ of a surface plasmon (open
circles and solid straight line) by light of A =633nm, p-
polarized, I = 0.14 mW /mm®, Fp=1200Hz.
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tenperature changes (solid line) . Fig. 9 are bar
charts depicting the oscillation frequency response of

wa2mehesisoat ed sensor quartz crystal upon irr aiE$GION7/000404

of a. Xenon lanmp in the presence of air, ethanol and

wat er, respectively. Fig. 10 are bar charts show ng
the &G 1% ibhH #r 8gaehc Phoddpanddiordepeesiin quafe ©f 2

ppntMadl/ pist hptihe yeuif agge8f 11y Al AR PAe RIS £
gol d, s/i l'ica andy%I ack pai nt%ng, greslpect}?vel y. Fig. spirace
resoaxdechendty ¢ dilagr anPptichelnoedrguedt i oBuatrtzhe Crystal

xperimental set-up in.which quartz crystal is
Ngg)ﬁéj&l)@?]%é‘tcgd as a detector for a hone-built surface
pl asal.r espgangeespetiapdbet ehovhirgy l@ptScal 9r apffiormation

t hat shows the experinental curve for an optical scan
qoaysrded byrem qiider 20PNt MinekdCeatP ot - aSEanverisBhaltaken
b%%tr%d !a%@le a‘%‘%teqzﬁ He cfe'g%s ilfidns Joid %%thrfﬁvqrd%\@fana%;er.

a grating-coupled surface plasnon resonance ,
spectfignetEf ame quane zcbaytsalshuwimgbaslanfes in angle of

.conbj nation set-up used in cqnparati exanple 1
BeaQT6Ed BEROW L FIGECHP TR 4Mgr ARt b aF} Quudreuency  for
thesSpeees(tQlbind 4 Vehdafidusensakyawart arcr ¥abal pwithers:
a grating structure (L=520nm to tt}{e excitation oip a
P@@%P%eaﬁldafﬁé;n (open circles and solid straight |ine)

by i =63 . PP, f . A
Ph=1 500k 184, TH5 0 SPRSERAChl, hedvifo il (e ghemical
stractuake 2 PHADNMAESS/Dih ayles Ssioal b aonrgativrby (chloride
.charged surface recorded py the Optics-Integrated

1@9§r)_t Aed. §_tré‘ltel§jf!yc:|°8}i§| i'ce . Fig. 16 are graphs

showipg .optdrak si RO Bt & Hfr SOV aegwﬁﬁgmotﬂﬂeu% Elemical
kinetic data. Scans were taken before and after the
sgepesuricor fofP SSac i Hii telughal hyepunterions (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 u.sed to contain a fluid sample and a
pie‘ioe'lectric substrate in the form of an AT-cut sensor
quartz crystal 3. The sensor quartz crystal 3 was modified
by a periodic surféce corrugation (a grating structure)
via photolithography plus ion 'milling. The gratings are
prepared by developing a photoresist layer precoated on a
quartz 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 of the other half of same laser beam off a
mirror. After the UV laser development, the substrate with

photoresist grating structure is further etched using ion-

23



10

15

20

25"

30

Fig. 17 are line charts showing shifts in angle of
i nci dence agai nst decrease in oscillation frequency

wda zospése3deposi tion of individual |ayers of tweCT/SG2007/000404
pol ynmers: PDADMAC and PSS. Fig. 18a is an illustrative

draw ng.of .the chem cal structure of ,PD C..wth the
m O SIS Y cror EHELEBHER Gtcbarts apyarts (Sfenea
intbt trd. ghhgtz18bthsaadeplkhusitr 20i-8@ @mawi ng of the
chem cal structure of PSS, with the snall counterions
(sodi [ . del i omj tt ! il .
Desc?#%li%ﬁg%%g% a%)vl&%%ts%ﬁ/e'f e%'i ngijetfolqﬁ%(g. T, tthﬁergllsgance
bstwanna tHeR adiph M ( gnami bet rdrc) varlkbsys enmeah dpstiamaéd by

. A flowcell 9.s used to cqontain a fluid sanpl.e and
Varpikdocihst rainr91§ub§?r At | AU oFfh o?%%n OE'F-Q&EP% laser

bSEASOITHIIANHhZee! Y@l shibsthhift Sepsen tquvakt ZafE YHidled3 The
was nodified by a periodic surface corrugation (a

MFFEeF ng Sstplrted e}nvida vt i tthisyrlaphylpl @f idre original

_12%&%' Wear " JHLINGS FL gcfoetpaaéeedj by, dgyel,opi F‘Eea rating
phot oresi st |layer precoated on a quartz crysta waf &t

colssgnt heakntfdrdeer ancen-e$2@ohmr €otr [tadsercdreasrsieride of the
whi ch one beamis the direct illumnation of |aser

MeAARFeBFDEhe G5 gifRaSOBealty 1AAd T4t fEr R hdor common

Cl:] of . t hg qt her /half,,of sane | gser Db of -
HEFLOBANLAR, Fed ndaivh adtr saaver Bt s HESEInur, gelotant
aW blis plblorast Bicqr plaBgost migddii#hds Anglber fetchetth air
usi ng ionmlling to transfer the structure onto the
?‘a‘aa? EeEeP€ﬁ§8_rPHt18 &G M YR _rF’%Ftble?ﬁ hw%'??e?o-%@ffersr
al@ho1dhecgtat ing £ONSt Ao thedghicAedn?s A Jistaferr -
bet ween two adj acent summts or valleys, can be tuned
2@ydegrygeng tohe ardg@reds t hehiathr ds te@svhef @r i gl haiment and
Jaser.bea The | aser. and, suhstrate paositi.ons are
‘deigl&;(% }oﬁ’he W r o | gthp? acit l{:lq'h é’a"\[/va)y%teo BrEERYhaf Lt the
atbesoibPenalngle of the incidence is often limited). If
laser wavelength is changed, a ‘change of the grating

constant is also needed.

The sensor quartz crystal 3 was cOated-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 quartz crystal 3. The flow cell 9

comprises an inlet conduit 4  and outlet conduit 5 for
respectively allowing the inflow.and outflow of the fluid

1$ample to be analyzed.

The flow cell 9 is connected to a moving means in the

- form of motor-equipped 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 quartz crystal 3 are coupled to a
frequency measurement means in the form of a QCM measuring

device 6, which in turn 1is connected to a personal
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| aser beam and can be rotated as need. The grating
constant was fixed to L=520 nm for the conveni ence of

wa es/m&sasur emrent . The reason using 520nm i s t htT/$&2007/000404

conmon Hel i um Neon-red | aser (1=633 nn) such grating

constant allows the surface plasnon_resonance_angles
FIPWh &G ahd BEReFCpf et drabfe pLEFETRBAFAML Ysddfrked to

@t WAL S x Q%E%&ﬁ Qie%qm! S0 et&. 148ntaldedtobhEe in the
i ncident angle range of - 20 degreeS to 20 degrees,

fhircho§ sa edggefoheali gnmtsm@ei ertﬂalontléfduélow tkdl and

dept h of e ndow cel | acceSS|bIe f the
eofet [E cpPeR” SR 45 st talbraf o frvige (not
dHwnged, Th?e cbangeeokethp @halli me cadddd | Soahs@eafter as
needed. The sensor quartz crystal 3 was coated by gold
%Wunogﬁb%ﬁjl%ﬁe%é?hegl8é§rt?h@rg§¢@kxﬂ&QWﬁﬁﬁ%ﬂQF%.I@r 0-
act as electrodes for detecting changes in the
oscillating frequency of the sensor quartz crystal 3.

The ff I%%Lét?%f}o”%' St '8 ets.a ?qui ggge%il through

outl et’ conduit for respectively altow ng th
uhuiInﬂéﬁomomﬁuihe4flMM@esammgaunwdnteﬂu%@mpﬂesThéll exit
nmeans .in the f

| ow cel | is cqonnected to a novin or
LIt - B0 pFEd b i oy ¢ BBFe B LAL CCOrBHds Shodben Laser
neald | ealer Sedit¥en byighe wekar Sfeehkndrdayi e 19. 1aser
The gol d el ectrodes (not shown) that are present on

laqhtert@w@ed@f thige ssammler. glike t 2aseystlalghy apessesapltégdough
thoe 9 fre n(%i/ sngaé rc\%}@ ;%] Jeals k]r:]a}xls%argrrlg‘ gfam%%géjwprlor

easur inturn onnect e
tpﬁrﬁ@a&athnwpuher s(uci&)acé .offheh®CstFons ajdlal electrode (not
electronically linked to the notor steering device 10.

SﬁQW’HhtO%eEH?SWH 4% of FYBF2h PasdriHHadenergy from

ﬁﬂélﬁﬁé@&nﬁﬁéhﬁhgsfEQWn%%hEt@Hdﬂé5ééHE&f”é&%&@¥ érystal 3
separate |l aser controlling device (not shown) .

et idet wwupthe | Pspbl ket kon etirequénreradt ethas sansor quartz
q,r%acf’ |3nt egfﬁé edax%'f‘ tt.ud r yglg al tﬁ%”SQ’E‘ gnge o%cz_llatlon

frequency is recorded via a QCM measuring dev1ce 6. When
an 1n-terf_a01'al event occurs, i.e., deposition of a layer
of samp_le on the surface of the substrate -sehsor quartz
cfystal'3, a change in mass on the sensor quartz crystal 3
surface results in the shift in the oscillation frequency
of the sensor quartz crystal 3. This shift is recorded in
the QCM measurihg device 6. This meésurement of 'depositioh
of a layer of sample on the substrate ‘sensor <quartz
crys-tal” 3 is recorded as an “acoustic" signal. The PC 7
then activates the motor steering device 10 w»hiéh' 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 range of incident angles. Hence the PC 7
indirectly controls the angle of incident 1light on the
sensor quartz crystal 3. As -the sample stage 1is moved

through a series of different angles, the angle of
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In operation, an anmount of sanple is passed through
the inlet conduit 4. Excess or unwanted sanples w |
waexios/oéxsm t he flow cell 9 via the outl et conded/SG2007/000404
The | aser head 1 then emts a Iight beam i n the forn1v
of a | aser ht towards _the saq? The | aser ht

1@@%%%%¢?hﬁ8%g ?héi§gﬁflﬁégala3% Yk Fi¥l o O ?%%‘t -20% to
aﬂi@’@sﬁﬁﬁenﬁkss%ﬂgl &ndlld foti)m'ifééx'%@gchgﬁ 8yrbaeefves in
e front gold el ectrode (not shown) %e sensor
amdiacht cofsttale 3surfaght reirempn f F@ﬁpﬂhéCBaSéTY | Ngeh one
transmtted tpo sens arhz cr t
V?ﬁ%e%sgﬁf1a?@%ﬂngréﬁﬂegé§ 0 qé sé%%g& tfggrgg?% the
métalT@&e@%&kaUdﬁfthbheﬁdﬁkuﬂedrpstalkatAOﬁoEd&qgewcy'the
Is recorded via a neasurlng device 6_. an
ampl bk vdei oL eVidift i o8c11d@sdent | Sﬁea\ﬂeacyam the
rt;séénahgrgg tc}lgls%érlf afefé’il&p§ sHBShahgeSeR8¥se changes
quartz crystal a change in mass on the sensor
ofjuaftrequenstiab 3aser f scdsegsigintd vi n dete odleidf t hﬁwtﬂh? oCM
oscillatio freque of, the senso yartz cr al .
MGRAPErLRPf ¥ngco? ed"h £REC dLegSurlﬁb dé%%ce  Inis
mébsﬁraﬁéﬁﬂrQﬁ?n&hgﬁgégpwﬁtf@@q@énalé@yahdw sieepbagae of
the substrate sensor quartz crystal 3 is recorded as
inpidgmefsifcvasigrals TReopeed BfencRELFFhT eS1gRRLS-
not or steering device 10 which results in the rotation
of tﬂbes@mﬂlefer omm«;ew age zrepeﬁfeeq ofary didBeaept layers

ot at es [ i |
oL BhET LS B8RS LB SO Bof e L RATER 1ryscan
3ladrfa©blyﬂxwmrtﬂé ¢M8n@®ghﬁ d&eqnendgnweksgbtummdtgraph

sensor quartz crystal I t,
tPﬂFo&éhggne?éralt@ngfy otrt?ef el?%n?' aﬁ?jlsggp pt%lélgﬁ%l Ié% TBiHin a

ceﬁbeﬁt%ﬂ% okpkhe chgser ldrght avard&srdmyimraloutoer®0 curve
to about 20. As the angle of incidence changes one

' cqnvesrentémd out of the surface plasnon resonance, by

whi ch one varies the anount of the l|ight energy
coupReflerntiogt m@w to Fig. 2, there is shown a schematic

diagram of an apparatus 8’ having a number of technical
features that are the same as the apparatus 8 described

above which are indicated by the same reference numeral

. but with a prime symbol (’). For example the system 8’

comprises of a laser head 1’, flow cell 9’ (with a flow
cell inlet 4’ and a ’flow_ cell outlet 5’), a sensor quartz
crystal 37, a_Q_CM measuring device 6 and a PC 77, all of
which are also present in t_h_e system 8. However, systefn 8’
does not require the -preéence of a motor steering device
10 and a rotary table 2. 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 8’ serves the same purpose as the
rotary table 2 of system 8. When the rotary mirror 12 is

rotated through various angles, the angle of incidence of
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netal electrode of the sensor crystals. Accordingly,
the anplitude of the detuned oscillating frequency of
wa essensor quartz crystal 3 foll ows the changeCT/IGmeB000404
changes of frequencies are subsequently detected by
nmeasuri ng device 6 and recorded_in the

7 .
tmﬁ|etWﬁHeupemﬁheoﬁeﬁﬁﬁﬁgé?%ﬁt?rgﬁﬁéﬁéﬂeétﬂhéHﬁﬁﬁge also

A8 gfs # cidenge i $dLd o reperdednads soBtemal 87 to

Si g e entire process is repeated for dlfferent
rkayeds bbthamnlhes t'logtt imad "depost t dhamatie'Sensgnals  is

quartz rys urfac m t he change. i.,n
STBRAGE EPravarah Tt S Ge YRR heBr ) the T i WfpE¥ion
thatPass b&@cé oht a+Or a1gonventdinadd SPiRstdade odnth arotary
conventi onal curve concurrently . Referring nowto
tebge 2-, there is shown a schematic diagram of an
apparatus 8 ' having a nunber of technical features
that are the sane as the apparatus 8 descri bed above
whi ch are indicated by the sane reference nuneral but
wth a prine synbol (). Eﬁ@mmé*ahple the system 8

conpr.i-s | aser,.head 1 ' w I h
flomﬁgélﬁmﬁ th FudiEg ao?loﬁp%elgl%ﬁﬁl {%%Ct(mkg Suartz
c¥9REaN sqUAEtL coysitieked), , Whizﬂﬂﬂﬁaiuﬁe&g'd@yl&@s©onse of
and a. PC 7" , all of which are also present:. :

thpst GARBLZ HowmewkRl siydt & -cheaee n8f réaam:e %%enSltyr

a ri t
peﬁgﬁggé%lg%hstggggi§§ §§n13gl further conprlégg gﬁ¥ light

sootraky i1 migcHzhiaradl ky s chbppeslsy mldr dth4 chiffnge of the
conblnatlon qof .the s |on y mrr d the ro
RPFIBR T3 UBr I8 d Cberad ot L pUrhoeh BalfhEhd) or
th@ﬁ%rYthﬁgkﬁeESOfoﬁysiﬁﬁn5$ICHMhe@lbﬁQrtQkﬁr¢fﬂlth@r ddartz
is rotated through various angles, the angle of

cirysitadnea @ﬁﬂﬁ@lqﬁﬁnlkﬁ¥Qiﬂ?%%ﬂﬁﬂﬁ Rarte %r?%t%?elghange
Borb6e AELEOIIES. SR LNE SAGEnL T AR TR ehe
qEiagital eriystal .
Furthermore,va QCM with a window cell was also used
- as detectdr for a surface plasmon resonance (SPR)
measuremént as shown in Fig. 4. Most of these experiments
were ‘carried out in air in order to minimize the
disturbance of the vehvironment,' unless the medium in
contact with the quartz crystal Waé-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 Q-Sense AB (Sweden).
Linearly polarized laser beams 'with similar intensities
from Helium-Neon lasers with waveiengths of A%543 nm
(Research Electro-Optics, Inc., LHGP-0101), A=594 nm
(Melles Griot, 25-LYP-173-230), A=633 nm (JDS Uﬁiphase,
1125P), or A=1150 nm (Research Electro-Optics Inc., LHIP-
0201-115), respectively, ineident-on the front electrode
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simlar to system 8 as descri bed above, with the
exception that the rotary mrror 12 is rotated instead

wmtoosos3nsary table 2 . Exanpl es Systenatic st URBSGIINT/000404

the light-effect to quartz crystals were conducted,
whi ch includes the response of the quartz crystal to
qmeacmﬁv@@roqugm: icASRSilt yrowored | A& jdnwindow cell at

:-Y@ﬁ%l ({S] eqH% se frequency if the light source is
nechani ca opped; and the change of the coating

mat erdtal a (cgnisd:,arm Iteropena('trdse llifackS pdiegrierg)Caksius the
their thickn nthef | ectrode of the quartz
A4ded Bh wificht PRESPPERE | AN s S To e gHe OF the

Fhange+af tQﬁdnEﬂi}Umo(v@ﬂton%tshaQ@ke V\@é@cﬁﬁdécﬂl C@'kt(ﬂﬁit for
to the quartz crystal. Furthernore, a QCM wi

afpRioWmeIdld imswhieh GbedOs¥ demaebrag op ah@laiaflaél@tector
Al @@Qogsggn%n0§lﬁl§?ﬁ> cOFASYT GIERL A% Shaun i, Fi gseé and

ese ‘experi nen e carried out inair In
arixdertied gtigrial zef ttﬂﬂe ditdt urdsancmeofwasherermrideghnent ,

unl ess the nediumin contact w h t he qua

was ST ridhdsing | ¢¥ cexPEr it ntesxpeaﬁé'feté ‘%//]si]gl gow be
MK Eh A - il s SAsiv ched betyesp agpehil of pgol deference to
el ectrodes wwth a gold or silicon oxide surface

gpediuted @K@E@@%e gl (Svedeerifig n€gmpp rpsliae z8gample,

|.as ea im]lar e -i fr [

"flbls(ﬁ} vvavel z’ngt %’oﬂfﬂ% Cg % (f:t?ﬁ (alﬁlg;snear hyﬁ&\l@%g the
HGsd roF Q‘ﬂe Ghvdmcion LHGP-A A), =594 nm (Mel | es

Giot, 25-LYP-173-230) , |=633 nm (JDS Uni phase,

1125P), or |=1150 nm (Research El ectro-Optics Inc.,

LH P- 0201-115) , respectgapie ilnci dent on the front

el ectrodeof a sensor quartz crystal nounted in a

wi ndow cel | at nbiaht inteénehte. dapendennast ant

tenp%ga&g%gégfa%g % '5%%&%%5%&5%&iE%terpretatiOn for this

effect would be an energy-related phenomenon, and the

‘shift in oscillation frequency could be laser intensity

dependent. In order to test this hypothesis, light from a
red_Helium—Neon laser (A = 633 nm) with intensities of O,

0.014, 0.029, 0.057, 0.111, 0.228, 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 1laser
spot was about 3.0 mm) was incident on the front gold
electrode of the same quartz crystal at normal incidence
and the frequency shifts were recorded adcordingly. The
temperature of the quartz érystal was constant (T~25°C).
All measurements were performed in 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
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changes of the fundanmental frequency as well as of the

3rd, 5th, and 7th overtones were recorded, except for
wexpenesents in which the QCM served as a photBIT/SG2007/000404

detector. In this case a silica coated quartz crysta

was used and only the si naI the 7th oyertone .

the GHad TGN | B ERHGENanPt BET o ATAN G JF Fiten S LotEing

tﬂ@l|ff€ﬂﬁ$ﬁbfL”iﬁ@¥eﬁ%ﬁ@r|9§ i h &t grepgéerigetasicPy of the
reference to specific Exa es and a specific

r@mbem’at ﬂvelhgxdﬁlpuee ‘tahrehleabipd Aod ROOishe ueepBiering
any y_Limti SC t e
%% tﬁa CtHFlln ens§i SEPEL Sht gﬁeﬁagigg%1 éﬁfd on the

y ‘dependence

: q@&fat gh&f:psmxd wag ermoet atlear f ornoheseef f ect weibgld be

be an energy rel at ed, phenonenon, and, t;k shift

PHRRPTEEONBR ftPedUhciNESHPR L TLRILL G enélﬁ}ralght line
?§Pfagﬁat EB oggler,ita %%%etglfbﬂﬁ“&%*ﬁﬁ%ibné'&ﬂﬂch could
rom a re Hel'i um Neon laser (I 633 nm wth

b$nﬂBBSHK1eBOD$eOOf 01014QCM.OZ@E ol msgcupaay 10£0.thgg, Light
337, 0.452. a 568 vely ned
PRy e P et A potar oAt 81 BOREnFELR SR of Shzgny"
pol arhzer SndﬂdaﬁébClﬂrﬁtﬁﬁefq@méh@téaselff[aowerlnofwt&qh the
0.1, 0.204, 0.404, 0.785, 1.61, 2.38, 3.192, 4.011
owsbb&ﬁw jregpenayafBiét dF MFeRAIOott %a‘éh%b%%ﬁ’lled
e ggp) was incident on the front gold el ectrode of
-t%e me quartz crystal at normal incidence and the
frequency shifts were recorded accordingly. The
tenperature of the quartz, cr sla, was constant (T~25C)
. Al neasurenents were pertorned in air without the
presence of d.a%@ip@ﬁﬂ.seAfr@cﬁﬁiﬁﬂwdépdrﬁiende was found
that with the increase of the light input/intensity,
t he Bhpl icondd avrakd ogs @F | Abros heddimaitly €avf cup8cdihipt 2

ééﬁg%Eom”‘“édﬁg&ﬁ&&héf§89§8ﬁ¥Né88f§E%%tiﬂ%ﬁé&ﬁ t¥ugh a

Intensity of
chopper (tuning the pulse frequency if necessary) and two

polarizers (tunlng the intensity and controlling the
polarization of the final 1light if necessery), was
incident on the front electrode of a quartz crystal with a
fundamental frequency of ~5 Megaherz (MHz), mounted in a

“w1ndow cell produced by O-Sense AB (Sweden) at normal

’in01dence (Fig. 4).

The 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 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 = 0.28
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incident light (due to reflection and possible

scattering | osses the actual anmount of |ight energy
walzpssesizd on the quartz crystal was not cl earBCT/SG2007/000404

however, it should be proportional to the incident

intensity) , a straight line was found (Fig. 3 ) with
m@dmm’ s| LghtadeWbieatdents ttthieokliid Be duem olHdiBe bp 1600

t he t i naccur.acy e | i ght ;
HireaddTondhe T B8 el 1 e SORe Crk Sanrt Teagsad Cappystal in
oskdngatesnart enrpicgicy ebas edeatfl gctunide twhiteibitche At a pulse
oscillation fre uenlcl:%1 shift is proportional to the

fagptieagyenef gy32®atf-e 2 LaSEINpuldRETTRfuedp observed,

rdeaendence sThe jconfiigyr ik @A nOfr nehe rderidryy. was
such that - a beam from a conti nuous Hel i um Neon | aser

p?ssedlt hrtewegh meshbpperppPlean ke t hadpghse fileguehley pulse
i f necessar and two, .pol arji.zers (tuni e nsi,t
TERAUEHTYr oY g e "ot 4% olnm(% gﬂhggﬁéﬁa#ﬂpgght hla%ﬁ not
P18SESSAVY) key WaS lidIClidenthen iheréasat f eattreodesefilaation
gquartz crystal wth a fundanental frequency of ~5

fivegaeacy EfHERAr b GRYSEals -a wi ndow cel | produced by
Q Sepse @gsggf@de&) Plnd0i ol sincidgrcer k&l Go - elketrode
orse e 3200

| aser p requency was varied from100 HzZ to
1y e(Thes pul ser§r ggudnthewns 1t wredlugtidn tded | bBer epeagy it

was bl ocked. Due tq limtatjons of the ch er._hig .
aARoLL st r EqlerRT egu\?v&kéyno?sé?ﬁg?’éd)tl?a%n&Qfeﬁ‘ec?ggpgﬁé% the
WigHde Plarde rapiaicy asssdledy areong) ngliysipagedSinto all
The pul se frequency of the |aser (chopper frequenc

digrs athanged v iy t e pePilgdei t ddas ‘b‘l‘%ck@él?c’FH@dé)- with
SRBES oy ke R ShA doe KByt ion
dfhethat ensddy bbamhe a edtiHdliiomaryeohlbuserf (lea@3yynnyith a
<§$%ﬁ$%bgd§?g§ggqg@ggégﬁdiﬁgC?ﬂib%h%eefiéﬁ€tAiﬁ%éﬁé&é&y was
established through the electrode. As soon. as the light
was blocked, this flow disappears and the oscillation
frequency of the quartz crystal returns back to the

baseline level.

Examéle 3
Laser pola:ization dependence

The energy could be coupled to the quartz crystal as

heat, br 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 quartz__crystal was  set as

constant (T~25°C). All the measurements were performed in
air.

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

nm) I = 0.14 mW/mm® and pulse frequency Eb=1200Hz, the
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Hz, the difference in response of the quartz crystal

in oscillation frequency was nearly undetectable. At a
weios/ec3iseequency of 3200 Hz, a slight decreasePGmESG2007/000404

observed, however, this was still within the error

range. Al these results appear to indicate that the
o ]zgsleatf:‘rclghuéﬁ&g}leé’tcﬂ e8ét WRTA FW%W?StfPé:at gg and p-
pdi ¥ ed ti Pt PhRYsBANikEeY EekBelRilBEy, NGHEAATROfresults

the oscillation frequency of quartz crystals. A
ammshdire oxflianatéon is that the gold el ectrode |ayer

IS very gopd t | conductor, an ener '

ads P dhncBE Uty Taor b PR e ehar Farbbpge of
qudghestripdkse faegueneprrusedseed. etmendi dsfpatedt modes
~into all directions within the plane of the el ectrode.

(fyndpnendit} nbBES eRRRgPBE: I HETIRNGUI 88 PPEYEERC L Terent
ovdfadialy on of t<§§mio@§%r) bgal) B-sbahipreay f1aws

energy wth a certain density (depending on the I|i
sdeart eisi tindwes theabddmhedhamgeughnt Hdieel seme ogwciddlation

soon as th i ght _was bl ocked,, thj.s. fl ow di sappear
£ o0k Fhir BBREEroaty ot T oapfLPRPYERGT for o
pl£inr §aback g sicha ,based i negheveltfdow@nme 3olasesference

pol ari zati on dependence The energy could be coupled to -

light
ght

- famesyuer trRIVETAChs HBMt, or any other form of

energy. In this case, a change of the polarization of

the laser |ight should not cause any noticeabl e

response, if the intensiBxamgle e beamis kept

constant. Laser_ beans w th s- .or,p- | ari zati on was

used. The tenpdAith &DEHRGHY %%)%es‘%gﬁnc\’/\?as set as
const@t 2Bt o | £ dtfudTRas UresEpdiss averer pardeor nitthre z

inair. Wth intensity of the red HeliumNeon |aser _
cyysizal, however, was found to be irradiation wavelength

dependent, if laser beams. of different wavelengths with

same intensity (as-anvexample, an intensity of 0.14 mi /mm?

- was used in the experiments described here) were incident

on the same sensor quartz crystal, respectively (Fig. 7).
From Fig. 7, one can see that from A =543 nm to A

%594 nm 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
fdielectric constant) of the gold layers. from their index
-of refraction at different wavelengths at 25 degrees

Celciué, it can be seen that f:om'l=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 wvalue 1is as large as

4.0664 (Table 1). The frequency response of the sensor

-quartz crystal upon irradiation with light of A=1150 nm is
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nm | = 0.14 MV mm 2 and pul se frequency Fp=1200Hz,
theoscillation frequency o f quartz crystal for s- and

w@2008PeB13w i zed | i ght was studi ed, respectivel ypcEsGR00NIE@0404

results are shown in Fig. 6 . Though the differences
in the frequency res e o.f quartz cgryst ar .
reaJrﬁ/aéJeae Pt e#i ifefréernéchtwqarr‘{)e eesn?ctf usn'dgifr%%t §Fnetratlon
ferRAUENSy Bhgheventeneas meitdidtaleafegidderemt the wavelength
overtones) , s- (synbols) and p-polarized, (lines) _
afi gite skt o FhReugatiRe ofatbccH@ffe 3 t HBaghpRry part of
oscillation frequency o f the quant crystal. This
RN d TR dthatc f@ins alai ot ﬁ%&ﬁistabs wbe1l bghthe real
effect has no preference for s - or p-polarized |ight.
ga e thd asierl smvelengidsidependence The oscill ation
frequency response of the quartz crystal, however, ~was
foundakd g e itheadi FTRH hodkl enfEREEPRNIeAPT j f MiCrowave
| aser beans o f different wavel engths with sane
pemeansittiyor( ad, & , @ antansesyimatiOnlion®V mem see
2 was used in tlterp f&ﬂments descri bed here) were
i ncident on the sane sensor quartz crystal,

. .

thedpedid vegne R gioy lengh olmereasgs  whhle tha dmerease of

AR beptladoR R iR by OB B adf T o B0 by

requency Creases gradua

’é*é’i‘fééﬁrng WehB fagddebed n%@&ageouf"')t hgveavelgngblnte rhtion

= 1150 nm the anplitude of the frequency 'shift

Jengtdasevendui rfor f cank dalddvighed twave elk- As can be
ermttivit | el.ectric co ant ) f o) | qy:

%)erecg.lm Al ’?&r‘}%g% o f Helf% r a%{llls'l‘tc')engatcogirfe f tglrll%nt‘(';jagl VIR the

el gt hse glordie digreehi galpjiads,id tFican h e seen

that froml=54 3 nmto | =633 nm the imaginary part o

f the dielectric constant (e"), nainly corresponding

t4hitde) aReprRii Ak dest £888S JrdMekeB86 &P LB 1ayers at
while for [=1150 nmthis value is as |arge as :

different wavelengths.

e=¢’ +ig”

A/ nm n X & £” dp / mm  e/d,
543 0.41 2.30 -5.1219 @ 1.886 103.8 0.01817
594 0.24 2.90 -8.3524 1.392 196.4 0.00709
633 0.20 3.32 -10.9824 1.328 251.6 0.00528

1150 0.26 = 7.82 -61.0848 4.0664 351.8 0.01156
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4.0664 (Table 1). The frequency response o f the
sensor quartz crystal upon irradiation with |ight of

wo 2008663180m i sfor irradiation of different wavealErgting/000404

The penetration length of light into a miteria

depends on the wavel ength of the light, the ratio of

the real and inmagi nary d%ﬁ?m ethe dielectric constant

(t Ul - 6 fphbrha? éf\é\é%ltl b?s htea%l&@altheaetequ the

di el ectric constant (e’ aking the enpirica
equaThencborehatlomavé thpeﬁgenaﬁmaw ¢hi fgs wa thawhe laser

.estjmati hat t trat t
R cend Wi PRYSIRERESE SPoTe. Foght CMAREF argt Rhegmal

etpetber HapRReX, rratd ass €RAE MhaAWRED: Ngethewas heated, .
absorbed energy (e" ) over the penetration |ength

apy OFPPSHEe SeRIPHE vi ﬂuéﬁrwcéfng‘fl%cr%%ebaﬂaﬁe aksgtve
%‘ (g b.l eTt]rls 1'?1%1 tlé%s Eeli.g‘fee Wﬁ!ﬂhgw tJ}E tg F sensor
frequency response data dis aye in Fig .
cfahtalaﬁadxpgnknalupdeanéh&ﬁﬁ:01trgdhdthayenssanot 51mple
di fferent vel t e, e' dp
cherial o9 (o 6a 0 179C0Pisy <heatizdyy Gongiefind” the
g8o8 -tHEA 586n@uct2€‘e pr&fertP of35¢4id (3392 #PR/K at
4 0. 00709 633 0 . 20 3 32 -10 9824 1. 328 251 . 6

-repmooszesnpley:amre)lza vhe gposaibibug 40f066a 35(1lat€8ral->

BnpcDILBOEX TR A, THer Rl AL T et DY IGAIR L8 8Ll side

correlfatron o equen t wt he | aser
1snpateand the wavel engt hs seens to suggest a thermal

ef f ect in.case that t cell was ..
heat@ﬁveﬁﬁh% ﬁ%§1t§*¥%s$5ﬁg qﬁr gﬁ8§m8icﬁ§ﬁ§3¥t1V1ty

oy RPsghyed: (Ergstd1) (lérhb‘% | 108 cat/aykt hedr t PRrallel or
change of the sensor crystal frequency under |1 ght

perpadfacibdari sondthesi qpheisherimal campelseyy to gold makes
&'SBBEQEBEE h%gtlHQVeCOQS'%ﬁ“dﬂltigémperature difference

between the two sides of the quartz crystal, leadlng to
some mechanical stress and thus a frequency increase. An
enlarged effect was seeﬁ by applying light irradiation -of
high power (a few Watﬁs) onto the quartz crystal: in the

experiment the crystal sensor stopped oscillating as soon

‘as such strong light reached its front electrode surface.

Example 5
Medium in contact with the crystal

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 air. 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 frequency response for sensor crystals in three

different media upon irradiation with the same input were
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good thermal conductive property of gold (317 Wm K at
roomtenperature), the possibility of a (lateral)

w0 zopes3ature di fference on the gold el ect rode RIT/SGE07/000404
side is rare. Nevertheless, the nuch snmaller thernma

.conductivity of.the_quartz crystal (12 or_6,8 W -
ot Earoaﬁc#ee]%/’ ogrfaﬁér Beﬁdi%cu Zaryt&oﬂtt}‘fé‘”c ax? s? 3 7 Baver
5CQMEBS .1 STINi § 0cgal dbarakesl i indessitbbd ten heNe ®asliisghdf the
tenperature difference between the two sides of the .
t&ﬁé@?% c??%@%FFlYé%H?ﬁg‘¥%_§éﬁe neEhaRPLalangd r ¥asegngbeing

ol BYs22 breguenny bNeo9ash/miR, erkapeed igbhgct was seen
by applying light irradiation of high power (a few
Wat t §heonteatbe quaemviremysttal ;. With he tdyeper bpent t heermal

crystal. _sensor _stopp oscillati as_soon_as such
B PHBRE L REN: CPEREREG T ST ol RASHIL SGhf achenperature
dEx@spkace Medith® iIneREtadxtddt) thmerisdediMprehe lowest

evi dence _for the tenperature difference induced stress
mgehasifrpém &kgericner®sli n M wathe ofmethambl fyequency

a U iR 418 ey 1 fq ahdas
et TaPe ThE pRSTamss or e el ety S SRt Thg 1O the
shafgee ener ghei npertsdr omrysXedonis atprges used the t beermal

di at i, , .. JTh ul 'sh in Figq. 9 ..
CHREOPE BNy cROhLEE f (i atort L1 SPhl § TR ee Hith
sfbfl fierenbamdiia WmdY aélélggé&ﬂ@y wi(_t%fe&ggolsm iAW/ g/K <

z >

werein the order: Dfair = 8, ethanoi 6.3 H z
Cp,wBfevater 4=1384 HI/97hRi s cHie b tempayatyiter shgs@eonof the

N6 hashs the. | dyct i yiti i
ARSI, P BOSCHR OIOURT YLELES oLyl case or
eYhahK]l kespestireementThehiat drs envigomieadrednént heith the

best ther conductj.vity anong the three_|owered th '
IBERBEPL UMt df PREr e THNEN ar oSt Text SRE, (s Targer
fireguehty thedRwest (Echani€akost e@ssindnd. ihefGfpat®on to
smal | est frequency _

0.36x10 for water) corresponding to a more pronounced

decrease in the viscosity.

Example 6
Surface coating materials

If a solid material (e.g., Si02) is coated onto the
quartz crystal, the reflection of the beam is reduced. In
this case, more energy accumulates on the ffont electrode
of the sensor quartz crystal. Corresbondingly, 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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shift. The heat absorbed by the |iquid nediumclose to
the surface o f the sensor crystal is larger if the

wa tes/maliz3conductivity is smaller (in the case BCT/SG2007/000404
ethanol) . Wth a smaller specific thermal capacity
(CP ethanoi = 2.48 J/g/K < , water - 4.1784 J/ g/ K) ,
t he FeRpeat B tchakg@Ictat Medidi d thedi drPPsihistnedt 2

séf(glo[g&i 81gen oyl 1t N&Gase,L of _a‘?L%@%B?l 1H-RVETRN B et rode .

In go agreement wth thé decrease o f the
40 ssidpad on4Pad0dr ror of hgydlat geasf deqeeridyed espofibe same

%O.t72*10.~6 for. ethanol in gonggri son t. O.t36 c 1D 6
CYgrtImt et cSHEESSSHE g ¥ a MBPe SPSHOUREEE dectEaeenceyY
ré8pdhge Visic0shky . giexatp! ec By Susf ace £oatiuag edmt 8Ftaks each

If a solid material (e.g., SiO) is coated onto the
depesitienr ysial thefe r eRPeELMEALS f Whfe beBRfrature of the

ah§PLE e ybPalNiA LA TIHE §025EYC ACGHIV YL N M iinent s

ron ctrode of the sensor quartz crysta
wé&pe r gspofudinegl yina séver avithneshd arigarerrsdgponed wae red

observed (Fig. 10) .. This applies to |ight 0,f :
Hﬂf*?%?%%?émgg8?5nd@ﬁ§gggl?%gugh'To¢'}%egpéﬁm¢a§8? it pulse
fﬂ@éuéﬁgyng§k propguenced) . It is noteworthy that the

responses o f the silicon oxide surface to light o f

di f f8¢ entakehpsladdgt hsdaféergnger syas| acbsgivedshodnd the
otk - cli c c f ilic .

eBEa el rLABoRgY, SELECLHYRCACLELL. | IR A | Blacing

thangelBuré hert t@dd Soforduqtiadtveraxridta ldepdsht bdackf paint

second gold | ayer .onto the alyeady. gol d- coat ed
Leflect? odth AV Hhd N0+ 405 hhF o 1081 dEheRUTRPhsi TeRponse

(Phghhe s codstalsigpbSHEE®s TN RPPothesosCidHAL T an less
‘frequency response of the quartz crystal was studied )
raflectbaeh depbsrei oresid tshest exper hdghes, tiRsponse in

ol EIPLLAL o ALl D6C JUBE L Engr 4RL 2L "BR GRS ANt (T725C)
Example 7
QCM as a detector for surface plasmon resonance
| spectroscopy

Fig. 11 is a schematic 'dié_gram of an apparatus 100
having a number of technical features that are the same as
the apparatus 8 describédj abdve which are indicated by the
same reference numeral but with é double prime symbol (”).
As shown in Fig. 11, a Héliinh—Neon—Laéer 17 (1105P, A =
633 nm, Uniphase) with a power of 5 mW was used as the
light source. The laser ‘be}a'm,was modulated by a mechanic
chopper 21, and paésed through two pola_risérs 29 (PGT28,
Halle), before it reached the highly refractive coupling
LaSFN9 prism 24 (S-pindier & Hoyer) and the index-matched
sample LaSFN9 slide. The prism 24 which is in contact with
a layer of inuﬁersion 0il 25, is coupled to glass substrate

26 which rests on a metal layer 27 with dielectric
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were perfornmed in air, wth the intensity of the red
Hel i um Neon |l aser (1=633 nm | = 0.14 n"Wmm 2 and a

- weios/esfisequency Fp = 1200Hz. No noti ceabl e di F¢BE$GW0B000404

was observed in the frequency response for these two

: i d. el uar
cERShgp Ot oy PR 00 LH AL AL G By 9 fore

coyethlawidh fireguency mespbnset ( B gloekiD) amphifier 22 is
supported the hypothesis that | ess_reflective

kgﬁgf 8e ercesjtﬁ’tﬁxi f E%V&?&ﬁqn@@poﬂé%f?%e ogi?ﬂ“‘a’f‘i gffsonance
speequeney e, L QUAHACIHS) FunEXEHR! &n 7t REMiBRoRst rated
detector for surface plasnon resonance spectroscopy

mepgurenept paychenfgield agdamleteahonppdegss 409 mounted
- hayi a_n er . ical f r t ha th
S RS et T g

i ndi Tat etliby etaepdene asfarencecspseriad duglyi b dncidence

d [ nbol (") . As sh Fig 11 :
f?lglu%% %E%Lié@f“ofn( ( ﬁmﬁlém@%@%{%ﬁi @haggjé ‘base of

thkt beatRAYAN a8l p? iRM) WS 4s athas ddise | 4 ghs 1 spyr 6§ déggees,

| aser beam was nodul ated by a mechani c chopper 21, -a
thEsg e @ tagesu e wbd pbeartiseisl 29 BPBIRS thidal¢eitical angle

RETEAE X e i -

towdedsnht ghed sagpke lLiaSE¥R:s|Idde.tdhehrinsprdd whEthction
is.in contact with a-layer of imersion oil 25, is

P¥oliPifed't oyl d8¥SSuter e 28 WHithsHBStEasR a dtet 8¢ total
ihB¥Bha 7 M BdeCllki-ecat hRgs d& p%%l%%ftlfis%t(ﬁg reaches

beam was nonitored by a quartz crystal wth ncy

ifpadnaxgimuny | oglkove Sl i fther 22filecidptitas istays | ata the

GRHEH K021, U 80 L AT SAGE SIEELY e pon
theasexefeatiberr eof Satpé e antfdeéecbdashbagesedbfance. The
rfgg n%:t?gv:lLtnya rtev'avoc:_hcelsr Cligsg%ll’]ilnoinr?&n?r ’atOpt?lrrlgt ?cdeslo%aarllc(g Zgng_le
(8r) and increases again for incident angles larg_er than 6,
as shown in Fig. 12. All three stages are clearly visible,
proving the successful applicétion of quartz crystal as

photo~-detectors. It is to be appreéiated that the angle

" sweep may be in the range bf 20 to 80 degrees in other

examples.

Example 8

Measuring the frequency response on QCM upon surface

plasmon resonance from periodic surface corrugation

'structure on AT-cut quartz crystal electrode surface
The configuration for the combination of a grating
cbupled surface plasmon resonance (SPR) spectrbmeter 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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In this exanple, as one sweeps the angle of incidence

for the | aser beamon the sanple (substrate at the
whaeg06e¥3% he rectangul ar prisn) over the rangeP@if/S@D01/@0404

28 degrees, three stages should be visible. Bel ow the

critical angle a reflectivi of, abput .80 percen

the& hagpéxﬁait??ér eggg té?ﬁﬁvégdsﬁﬁ gfftggr/s%eég ia§°§’§enwg‘r}é: are
{rRiitdha 8 ypreief bagti earlyehbe MRiRirahaysit GeatiedaoBriple
the substrate; at qc total internal reflection occurs
ramidnet weymbefll eétDvity reaches its nmaxi num above qc,

the reflectivi tays . t he. paxi for '

beforlgn ac?néé%lr{ e%lﬁeg}sse t%ses gﬁgﬁpgﬁﬁ %ggex%%%#)gﬁtg%)scof)y
itrhewisliel a¢ @ gRkasmncoepbaanceoml heha ebheksidét wf the gold
reaches its mninmumat the resonance an (

le r) and
fiddhreakRs 9EG&IRI of PR ndiGaeiR) anties CPHPgéPgt Fssstakes

SN 4 Fi G- £l8nt ALk qbhbge (AR Areaydearty a G-sPR/QCM

visible, proving the successful "application of quartz

ampsiralt imn photovdet ddt oks. the i Sront belappredeatvdtbre the
t .the angle,sweep may.be in_the.range of 20 80

o 2ebSr G niP YRR 08 e e alberhgtnes aveo

tHHee pENCHo e SPENFRion Qedosien osideaceppliasMt a layer or
resonance from periodic surface corrugation structure ,
BheAT- RHT R4 Y9y @l 2kl c€VPBHE siPkSce PRREe and  are

) : tion o comhi ; | ng.ge 0
e o A A S e oadlof Jagegebation.
Tuay t zammyst alsur frabal @hceinkbsresed atldepi cfed i an  easy

[ 3. Fi 13 .is.a schepatic, diagr of an _apparat us
C%G%C]tﬁé\ﬂ ﬁ% af)%d}rbsé& o?o? Jc%‘?]f)ca?n?e ?ﬂﬂrégc?ﬂgggﬁge&gnals
dike 1R AasiIRe apparatus 100 (Fig 11) described above-
whi ch are indicated by the sanme reference nuneral but

wi th 1@ t EPBI PTRTFME s BHRATIMEnt, | RhgonPaf 5ot t 1 the
L COPLES TR DRSSP pho i | G Sving. mach
higher laser intensity (in comparison to the standard -SPR
nkasurement) was performed.rThe refiectivity detected by
the photodiode detector 31 and the responses of the quartz
crystal (frequency change) were recorded.

The laser beam intensity used was about 30 times of
what is used in a conventional surface plasmon resonance
‘'spectroscopy and the scanned angle range was from -20 ° to
205 .(in gfating—coupled SPR two resonance dips appear
éymmetrically to normal incidence). The simultaneously
recorded SPR curve and thé frequency change are shown in
Fig. 14.

- It was found that the frequency response correlated
strictly with thé surface plasmon reflectivity loss at all
angle bf 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 ~1st/+1lst diffraction order,
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film in grating SPR (G SPR) the coupling process

takes place at the front side of the gold layer. In a
WAR@BPBREM conbi nation set-up, it is the frontPCT/SG2007/000404

el ectrode where the SP.R detection happens. The sane

front, electrode.is also the platform aon iC
r?ﬁﬁﬁﬁﬁ%Y%#yﬁesgﬁﬁgioﬁiofcgn g?g%a§% o?%%%ysugF reflected
iracaidider fanial, everivertaktodqd anetanedsarne prresentadngs in

changes in the frequency and/ or dissipation. This
thnfiBROSHtPECc SR FIY nPEest NGRFBns W5 LRSEYE)CY response

- c éﬁ&%icylﬁg Dot ;SRR ARt I §ak) e@nds QM EAGAUSE | Yradually
si gha I t he

, s similtaneously. I'n the present experiment,
rezmhimonnthe cfutfecguplasnony stegonvmscai (stantiing at ~ -

gul ar, scan_usi much hi.gher laser .intensity (in
132J<}r{par %ESn t%s‘f%lgigasﬁla%ar gggﬁﬁeﬁggsurbee Tt wgg increase
vikendof medvt Theer efbechantt yartgtect@ed .y the reaches the
phot odi ode detector 31 and the responses of the quartz
masFiain FOF eg0OREFT change) feer é’hﬁég‘ort&é’d.llﬁﬁé Wagefplocked
m.i BtegNSi u S 3 ' f j e
o camidnt  aal T arPPac o Aok Poehndnch Jppde 560 A
syspet rios cgmanandtt hehes c posdd ianegl eegange (S fr oa®2 R0 gave

to 20 (in grating-coupled SPR t resqnance dips
S | SSACE calTy | 6 RGRRAIS | PEThondd) Surface plasmon
reddRdd@eauging e Cordierk SRR, Tty Ve oaB] tdih f bequeiitsented
change are shown in Fig. 14. It was found that the

byf r denchre@sprrise BRI et 1@ y Mt tgnabling  the
ré%gE%ﬁ$ pk%sm%br§§k§§&évpg%éﬂ$%5{Eséﬁén5@9b§ﬁﬂfa oustic
or gl es

1 ncidente, except I ncrdent an arger than the

siggndlisal angle §l3ci@byeandiiths mirr dnvienege: (s2ape3) to a

respectively. In.these two angular regions light is
N GETRAL | AFBUERE S AACS (DL FFPhct Pofinance curve, but
wiXKlerr£QeP8EY T v8l ¥im¥i hB axeenaeitkant doshedfconventional
- reflected intensity. This, however, does not result in
reflkeahbyeltyl vhe thepadidled @hetpyidpace hehegethfe with the

iJ{f¥H§§@ya£8§QQE§edetectionAof the QCM, one can furnish a
'sét—up Qith full fuﬁction of a G-SPR/QCM combination set-
up, but in a much simpler configuration (Fig. 1l)which may
‘be named as “optics—integrated quartz crystal

microbalance”, or in short “OQCM”.

Example 9

» .De;ﬁonstrating'the utility of th'e -OQCM Set—up ﬁs_ing well-

documented PDADMAC/PSS bilayer 1foma.ti6n system

Poly(diallyl dimethyl ammonium chloride) (PDADMAC),
pbly(étyrene sulfonate sodAium) (PSS), - 3—mer¢apto—propyl—
sulfonate sodium (MPS), conéentrated sulfuric acid (99%),
'hydropeioxide aqueous solution (30%) were all Aldrich
products. The concentration for both polymers were 0.01 M
with extra added ion strength of 0.18 M, prepared by.
'dilutiﬁg 0.1 M polymer agqueous solution with 9 times (v/v)
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changed little. Wth the angle of incidence gradually
reachi ng the surface plasnon resonance (starting at ~

wo 2008)¢318she oscill ati on frequency begi ns to i NCTESGE07/000404
visibly. At the resonant angle (-9.7) it reaches the

maxi num For e for whi ch_t he
op| dtied™( -BBD) g%#]ﬁ%fch?\ﬂ‘g St hg* ?‘F’éh‘ﬂ%‘ﬁ% (%‘oppeatf)g as
sBownAi§YPRBL 11 GaSCaRoBteline pOSItlve region (0 20)

gave simlar results. This suggests that the surface

pl ashoaoldsenated sugEiizs crvstirdc il @ 19D s gicture
Repregggt?ﬁgbngge &@ggg n 1ﬂﬂmge%ﬁ909%dgj%ié55@r for 5

enabl recor |ng 0 e surface plasnon
mnﬁee@ance‘omﬂbheacwsta d:zsaag:m&lrs:, in 61,584 fuCpe (Wit afror 10
i nversed shape to a conventional grating surface
mphesAdA ?\éfy@ﬁaﬁéélsé-unigvé’lttsutmwlﬂh‘% wafifdn ol 82 1M m)s and

q2%es i nst ea h t| ct v,
a3¥iha’ R Fndr gkl DU %#ﬁ{t£§§.%%%%%%<§*94“51 was
maaausti ¢ defttect i atheof thﬁn&ﬁmA ooeltan fwndni skma - in-situ

set-up with full fuynction of a conbi atlon
fupetipnapyeabney Wolh YEdpés éﬁﬁépgwggyl&no get a

nzp@tgbemyycﬁsra@aegu§§a captics-integrated quartz
ystal m crobal ance", or in short "OQCM'. Exanple 9

Denoﬁgteat|r@psing¢n|auqnplofreﬂ@r@£pmﬂs@miuﬁtasrﬁg Laser

TRGhY rart g oarifet RyPOARRSAE S bt o) M pERERG T Ter the

b@@blﬁﬁby&eﬁbiidbﬁﬁﬂ%he s0diiw afde3psr scan from 0° to 25°
3- mer capt o- yylsulfonate sodj um ( concentrate

($tePEiFE:a 61099W@S HelfSper 8R4 42 5ﬁﬁ%bu%h%oPG?F8ﬁ“9 and
E)x h@; e abk A §cl9a19§ OgUGt ot CANGRRIFURNLYN foiture

po ynmers were 0.01 Mwith extra added ion
wsthergt hape 0 ibgeMse ﬁﬂepare@gu}aMISRRnguovq NMFigure 15,

%B§QE%qa€UGO%St§%lﬂlon %% WHT%%(QMQ)QEaﬁ %ﬁg%f was

exper i REnt; the Setup as s
drriigeh WB&C&dO@&EdﬂKz'startingb position (0°) quickly, ‘a

narrow and sharp peak with a lower frequency response was
seen. This can be seen as a repetition of the»angular scan
but with a much faster scan rate. After a few minutes, the-
0.01 M aqueoﬁs PDADMAC solution with an ionic strength. of
0.18 M was'injected into the cell via a periStaltic pump
at a flow rate of 0.5mL/min. A fast decrease of the

frequenéy was observed as. soon as the PDADMAC reached the

" quartz crystal surface. About 15 minutes after the PDADMAC

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 1liquid environment of the quartz  crystal
unchanged (in - order to avoid any buffer (exchange)
effects).

Then, another angular scan was performed. Through. the

- PDADMAC deposition, the surface of the quartz crystal
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A gol d-coated quartz crystal with a grating structure
(L ~ 520 nm) was treated with a UV-ozone cl eaner for 5
wonrasn&d39 fol | onwed by a treatnent in H2SO4/ H2QRC/SGDP7/000404
for 10 minutes. After rinsing with mlli-Qwater (18.2
MV cnm) and drying in a streamof dry nitrogen, the
begare zPepyEL P LashabdRtledhifho ORI dAT ddie dgRpsi-1on
EN-Si NGt [ i L4 h [
O Bor D% g0 T aagart Vel y har 360 U ade ey { pciBase of
thenoOAY, sigral. rBfoedi R§Swasawimar dedosibsen, | ithlet afgular
| - =633nm_p-.polarized, | = 0.50 /nrmR2 . After th
SH3kel irﬁ§°§ptd&6’i€ﬂ i 255 onfegef‘gﬁg‘am arsg‘é%]ﬁa#roﬁﬁyﬁﬁetso of
a2befBh€RSipByel ekl roagteakiposiiendot hilhe strartiMmtially
and ending tinme of the scans was noted. A frequency

apgafdgpéraft hd cdmgss iGaferke PBeRaFedul AF SPReg@mpde, the
| 5, o Ei gur MaS: ﬂllpgs hle t
déé%%f%%?%r %éétorlgeﬁ%ba%keq%f‘%%le stlfart ng \gg%?“ti“éggh two
PPAPMAQY BEEybhi hapar s ovn atide sb@Cy psakhewbhia Fogerls.
freguency. response was seen. This can ,be seen as a
Fepeb I TRhEOE COEE S ng I Lr SEkn L BUEE v SFPRS P T der been
w8EBN JtdlBedN H88 YRt Esndt RBUG. OdaM BAUGHEN as a
PDADVAC solution with an ionic strength of 0.18 M was

ciahjleraktonntfert Hbheenewyisysieper iBal reespoap fer g£hoosing
9 ate of Ln.. A fast_ decr f .

PRRAE S B o lia 1L SR ERR IR, cnmesi te1y

chheggdaningd cysikh) asualadableAbdut) 1bhaynpbeseabt etififferent

PDADMAC feedj ng a new stabl e haseli ne was reached. , PBS |
PRGKIRE WP HWY i dfifc stRehgt IPhAMICals MOASTIREn 9iven in

FPYIPerBd Ntdid heigel | 1819) Ordars t ¢ inARYEerdBY ex§esdifferent

amount of free PDADMAC whil e keeping the liquid _
apavitEsneént irgfonrr afisd t vakey suplonurchanigedl ¢phler @ér high
SERATLOTAN DI EE HETCOMIAN, 8L S s corences
between the acoustic and the optical signals.

‘ The acoUstic information; i.e. the frequency decrease
Af, upon the deposition of each individual layer cén be
directly fead_from Fig. 15 and yields Af=57.6, 38.1, 37.7
and 43.9 Hz for the depdsition éequence of PDADMAC-PSS-
PDADMAC-PSS layers, respectively. It seems that the
reproducibility  of the frequency change for each
deposition. of the same poiyélectrolyte laYer_was'not very -
good, wifh»not much difference between PDADMAC and PSS.

Extracting the frequency 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 optical information,

was obtained. Since the peak positidn (corresponding to
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PDADVAC deposition, the surface of the quartz

crystal becane positively charged which allowed for the
walepemstison of a |layer of PSS, nonitored as a PCESGENTY00404

decrease of the OQCM signal. After PSS | ayer

depositign, . the_angqul ar,_scan.r .hg te
e P 8RB0 r APy ofe BI° arPifat BEE BT ook FoPEEEE for the
opdaResi tdaans, afaly®i of xLit Gabhyenny dashnged tfurckhieSRerent
. can be prepared. ' As an exanple, the deposition
SOt R oPORMPL gefledProlRATE 91 | FRMRh g~ Data for all
J-ngffl\é[%q L | S pAb il QIMireshoynrig. Fng. 1% Fig.
f ol ye ecstprsg %ee gyf/lep- %}}:-tl ayer ‘deposition hgs been 9
16y4el ithsteedi ééndedcdesunemeedvandbibus tan detenkespely film
calibration for the new system The.reasons far
de&?&dﬁ%ﬂj‘@ﬁﬂma@ﬁ dogs ér i Sﬁﬁéfg S%p'o Qe gnates
ofoppasiiehteChpsgrd and easi syrpyaidmaniie; coirelsp@nds to a
possess di fferent packing density (cf. their chem cal
lafigrucoafrergPoeR i FEge 1od Eith I §atasmeImiegi Png oM/
ijIS%hEO 9ﬁ£%€rQHhhaQEH§FSlQQeEnQQfDQﬁﬁgegawgtgﬁaHQPQal is

ormng coils at high tonic strength which may result

 siinni liaver esid ngi ili f f etkaceshhétwedort h&hacowsnissmndacking

t he optical si ls. T ic,.inf [ i,..e.
5 P £ 9050510 S2HHC A HOLTBY Mg e 1000

pRaAGhg neind Pual pesMacan be directly read fromFig.
15 and yields Di=57.6, 38.1, 37.7 and 43.9 Hz for the

depdsindon detpbhed éatPDADRATSPSSERRBRAChEPIS ugferQf, the
arlfRPCCHE ¥Ry £b) S§RITE 41 hiaﬁddixt‘fdﬁe?P“i% 2 L byaplat hepss,
r%‘grequency change for each deposition of the sane
praMpat ecthndl e irayesShasasot Ovedy,gdbh 6w t .86, mEtb6°.
di fference between PDADVAC and PSS. tracting_the d
Trflr%que%§lﬁﬂ. nge 1Bk@ &ltolnma dHEIOr® t he?angdi®d  9°°
réSAud oM @ ohS, t1iadsspkt i ngydhedepbRitebnt.hea plot of
starting point of each scan ast =0 . The tinme - i
theo| ephsCakr 81gnaAsngrdnstedhamiCaus Pl PBESDhY St hown in
F%ﬁg;?iéﬁgn?pgﬁgﬁafgﬁnqggl(gé %geEhHﬁuﬁ95€ﬂe'd%%d?fﬁlon of
PDADMAC and PSS can be fitted with two different slopes
(same slope was used for the same polyelectrolyte in
different deposition cycles). However, the slope for
PDADMAC deposition is much flatter in comparison to that
of'PSS, suggesting a less densely packed film with larger
amounts of solvent incorporated. This fits well into the

image drawn from the molecular structure (cf. Fig. 18 a

and Fig. 18 b).

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

biologics or microorganisms for food safety or security
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 PEFERNFPom t FlRat B0 sPF uEtar
- obit@indd it tlﬁp%uﬁﬂié@n@fﬂﬁﬁed|ﬁ@ﬁ(ﬁ@c&i&rﬁ@0§ubstrate or

angl e conversion) the frequency response as a function
of the angle of incidence, i.e. the optica

WO mgnesatd on, was obtai ned. Since the peak poskRaT/$G2007/000404
(corresponding tothe SPR dip) is the sole inportant

ar anet er for %he optical data analysis él fre ueng .
SRR of Shrbr et BigneheeRia mivubteTebsher cty  in

eﬁmnﬁﬂmmymtalaﬁdmﬂhwrﬂﬂd flmﬁé§@am§pM£&£ti@ﬁ§ phot tethprise
together in Fig. 16. In Fig, 16, three tendencies are
Ligsind e spryeggﬁg, eaEMMYRP IR Eep0siddlon, PR L9k of Signal

ﬂfﬁ%éﬁﬁ %%o%h'ft%ﬂeﬁgcaﬂgheﬁn§895@§lghs'ncbqancenﬁﬁﬁggtlde—

as In SPR) , whi corresponds to a later occurrence
numhamzuma,glnamuqbtatléeﬂpdedeon,OQOquu©1n+nxqﬂaﬁn and

fo% each.l a ern% c% .sanme material is simlar; and
_ B59 flﬁh lgﬁ 67 Ad “dEnser packing material PSS is

appareRt | y dizdgeysddhan dditadeor theasmoser paskhfice  and
materi al PDADVAC. A nore detail ed data anal ysis gives

9ﬂ%¥Lmﬁt§é§ oﬁeﬂﬁénangm%tgﬁﬁft%@¢cw5¥4ﬁ?m1|WRMV¢EUaP39d as
%%%rn%o(rEDAPMCA' %1 tP\PADMAge ang anlgh%glgs ofo ggindlng

6, 0.25, 0.56. IS optlca ornatl suggests a
regof igned reprodu0|b|I|ty on the sane | ayer

depo L tion ot of the tical nal s agai nst the
acou? c oﬁiel?‘ﬁqé? S&own ﬁ%foﬁpcge 17915‘_1‘%“%i chg??ma%ﬂcﬁe and
528N el ct h§eﬁl§i?ﬁ?l thfthed BRADMVAGs@Bf ReSyCcatk b&ised for
fitted with two different slopes (sare slope was used

degectiads A nadihyial er@tq:\éil ey rmation eepssrevah, such
2 OHFR oL IR s tord 8P Jthu PP e 1B rbanic,

oxdaeds,’ ¢mmaﬂqmgmnﬂdxidrIpmMymérbaagemmhmnwﬁSonfelevated

sol vent incorporated. This fits- mgll into the ina
16/e T P I LR gan be

pl asnmon resonance and
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 wvacuum or at ambient pressﬁres,
chémically bénded to the surface as a resultlbf a chemical
reaction occurring at the surface or as a result of
'electroétaticAinteraction.

The disclosed surface .plasmon réSonance and
gravimetric sensing method and system may be used as an
analytical tool for stuinng the formation énd behavior of
.viSCOelastic layers of a sample material in a liqhid
environment in order to determine‘both the surface plasmon
resonance (optical) measurement and 'gravimetric (mass)
measurement. | |

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

monitoring of same interfacial phenomena at exactly the
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gravinetric sensing nethod and system may be used for
a variety of applications in pharnmaceutica
WO msséses, research, nedical diagnostic testRrEE$G2007/000404
detection of biologies or mcroorgani sns for food
safety or securitypurposes (such as bio-terrorism
saoni sorfagk osing dwo riomvamealt aldnd tdrf frremheseasurement

a i cations onprige i gand. screenin
t?ﬁﬁ%ﬁ%?%ﬁy,S&&Pﬁtﬁngpggi sf%hal transduc%ﬂ&? mode.  The
céhsTéraht hRyekagtthess padmaunc lreeidrdertic|aa i gtavimetric or

nucl eoti de-protein, protein-protein and protein-Ilipid
AYRERE acErBREal THRiAT SR baREe sUFE aRal Dl adRBRiFedonkRer the

h
aSQ%:Qiéc‘é‘cE"EE“ bSEPSERT tARE %in%‘?x?;rayésanal Y ?%&%&le of

Iosensors for i1n-situ, |abel
edcmdsemsipgcteohsiqlihe dlsclosed surface plasnon :
resonance and gravi netric sensi hg nmethod and system
nmay heviasedgbonsdel eatiengdibtlasbin ndtgiodi | ayer system may
formation or(%Eanal such as thin film gep03|t|on or
} and

%roﬁPHanenet S g?ﬂ%?@%h?% sPEEhREL B dYeo “or

%9 LYSRESHAE anBikeRt ifknehgvat 8¢ RNRSSUT &5 Thfom ared. to
etection of rigid layer formation can be obtalned at

cemeesyidnad @feqhtmeqpueeszoel Eer r praspbsi r dine @re agmpp@iment,

tﬂgterf é%lag% er g%htwg_fIUId q%%%%nyx$e Saémrgsult
rla nay “be “a sorbe onto X e surface

oPi Qécfaleemerd clsyhst riatom tleposiamed eontell hd nsucd@eentional
vi a vapour deposition in_vacuumor at ambjent
LorRRLGRRS, thefUbAtPPtAGAded ebiPhRAkedf ddk 5§ea disclosed

,mé@ﬁ&&t a?fa asf@@é%‘?é's rigact i 0?10‘%0%&%1%} the nﬁéHstﬁ%e the
or as a result of electrostatic interaction. The

reif betbeddlsghtace pl asnon resonance and gravinetric
ST HJSEL e R SRR e gl RE RS D, SR S o
rodetoel ahki askayd adefi td os@lpledmpmiresrtal dutia d¢ gui Dock-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 require 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-tovdetect the reflected light. .Theréfore, the
disclosed methqd‘»and system 1is less .complicatéd than
conventional techniqueé,' ﬁore cost effective and is
substantially easierifor an end-user to operate.

-MOreovéf, 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 results obtained
from the disclosed method and system may be more accurate

than conventional techniques.
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environment in order to determ ne both the surface

pl asnon resonance (optical) neasurenent and
w@rmsnesesy i ¢ (mass) neasurenent . The di scl oserCBsSGIan@E0404

pl asnmon resonance and gravi netric sensing nethod and

syst evpf]pllt ebé hg ngrgleh%r Itrk]‘n%tOfv P Bud né'gtqéfcrlngldifications

phenonmena a exacPPy thesane surtace using Two

drihdadmst ot 1 ynsli bFernert iresstisrentilecbei Gpgmrent to the

simultaneously or in a tandem node. The conplenentary
RARAceShLddRBn tRsdMifhc@tdndafFari a3t dr gar f2regoing
ArSiul GrhalancaeshoPahs 2eOM t8E fdOMitheind scope of
" piezoelectric substrate take advantage of the

tdter engbhenbiorachmsknsiiig tkehniigendadvantiageousilyl, such

t he di s¢cl.osed net ho nd system may be capabl e of :
A SRR R AT S ST e HE Oy GdtcrarRe of the
- dpReldderialimsasul ts as conpared to conventiona

techni ques. For exanple, in one enbodi nent, the

probl em associated with light interference as a result

of reflected light fromthe sanple cell in

conventional techniques is substantially elimnated in

the di scl osed nethod and systemas it is not necessary

to measure the reflected light. Furthernore, the

di scl osed nethod and system do not require the use of

addi ti onal conponents such as a lock-in anplifier, a

i ght detector such as a photodi ode detector, a

frequency nodul ator {a Iight chopper) and a |ight

pol ari zer (s) . Advantageously, the disclosed nethod

and system nmay not require the need to neasure

reflected light fromthe fluid sanple. Accordingly,

the di sclosed nethod and system may not require the

use of a photodi ode detector to detect the reflected

| ight. Therefore, the disclosed nethod and systemis

| ess conplicated than conventional techniques, nore

cost effective and is
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substantially easier for an end-user to operate.
Mor eover, due to the need for a smaller nunber of

w@eovpoesBsd s, i ntroduction of error into the NMEBSISEIBND00404

systemas a result of additional conponents that are
normal |y present in conventional techniques is
substantial ly mni m zedla@®ordingly, the results

obf ainegd fr di 0S an
mk))ir'e ac)gur ar?(ge%lilﬁgn c%%enﬁ%o%%ﬁ%hn%q%g%%n makég“ém
res@ppacentadswati atard ows tot har fAbdifli cadmphs, anche method

adaptations of the invention will be apparent to the
Comﬁﬁﬂ§§ﬁ95???l%ﬁeP% ?te art after reading the foregoing

di S L84 £g Wat BaW; sdaRanttiikg Jurdethe SRhvihgand sieepe
of the invention and it is intended that all such _
two nediefdtamidesns thegeqoapt @¢onsn cone Wiedsitn phe sebpesagid

eleét*h??é‘é’?e{‘?ego& AL, G 2l PR3l - a;gffé,ho.d for detecting
surface plas resonance associated with a fluid
satpdesmi tieingt hodli gbupbésimngotvhedstaps fafui dprsawipdiendo
. .a piezoelectrjc substrate having at |east two .
1ndufect3DdedSThet2olP? wetSIUEnAY | édbt Wife sriegaedectric
sub$t £5t& 0desqi s coupled to a fluid sanple; transmtting
a light beamtoward the fluid sanple to induce an
oswedsuaring frtégueneycihlathieoni efoeaemndye stbemr atserid

nd asuring the aosci.llation frequency, fr.omsaid
eLediRFoa8s AR g TP Tidnce! of g ot 19'ght Tpo etect
surfledectpsashane pkasABNcéesasabetadsgociwatdd whieh tfheid
fluid sanple. 2 . A nethod according to claim1
samplg ¢ her conprising the step of using said neasured
oscillation frequency to determ ne a gravinetric

paraneter of said fluid sanple.
2. A method according to claim 1, further

comprising the step of using said measured oscillation
frequenéy to determine a gravimetric parameter of said

fluid sample.

3. A method according to claim 2, wherein said
gravimetric parameter is a quartz crystal microbalance

parameter.

4. A method  acecording to claim 1, wherein said
transmitting step comprises the step of directing said
transmitted light at a plurality of incident angles onto

said fluid. sample.
5. A method according to claim 4, wherein said-

measuring step is undertaken at each of said incident

angles.
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3 . Anethod according to claim2 , wherein said
gravinetric paraneter is a quartz crystal m crobal ance

w@a0oa0etiey. 4 . A nethod according to claim1l PCREIBT/M00404

said transmitting step conprises the step of directing
said transmitted light at a plurality of incident .
anft es Bnt BeEhPE f PGCOTSEMS e tS Cl&iFbt od atR@FEHMHg @
[ : N ' ri st ' degt ak
oLubfLELE TR (atPTALT EAREPaY" ! B8 * ShorfaRdcoh aken.
surfigcor dinghéopteapal &ctriiesebataapkural ity of grating
formations are provided on the surface of the
pi ezoel ectric substrate. 7 . A nethod according to
claim6a, NOEK&HN RIS DRY | 88 foramhi @)s haveean said
grating constant of 300-ran to 750 nm 8 . A nethod
grahiéoer dioggatad ogisailmave | awgerdiinds fngtagHt peaflls mp to

750I er light beam 9 . A nethod according to claim8 ,

A efein the intensity of said laser is selected from
the range of 0.01 mMWmm 2 to 100 mMN mm 2. 10. A nethod
according to claima8 |, erein the wavel ength of said,
| a8er If*gHi’et?l%O‘gelaé:&o lfrf%mtf’hecf%\ﬂ&e f ggﬁrﬁr]nnt o°aid

1igh208ehAm 141a PagBLhOdgRCBEdNg to claim 1l , further
conprising the step o? applying an electric field to
said electrodes to thereby generate said oscillation
frequengy. 'S, eCli syrfa | asnmop
re§Onan§e %%é%%ﬁ;x%%éﬁf%%gg Sﬁ%i ]égﬁblgf tﬁgegégﬁen?he

int6ABPEYSIORY: saifi ezosdectisi Cselbst¢dt €rbavi tige atranegst of

t wo :
0.01 mW/mm? to 100 mW/mm’.
10. A method according to claim 8, .wherein the
wavelength of said laser light is selected from the range

of 500 nm to 1200 nm.

11. A method according to claim 1, further

~compriSing the step of applying an electric field to said

electrodes to thereby generate said oscillation

-frequency.

12. A system for detecting surface plasmon
resonance associated with a fluid sampie, the system
comprising: .

a piezoelectric substrate having at least two
eléctrodes disposed thereon;

an enclosed chamber for retaining a fluid sample
therein, wherein said enclosed chamber is arranged such
that at least one of the electrodes is coupled to said

fluid sample in use;
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flug

el ectrodes di sposed thereon; an encl osed chanber for
retaining a fluid sanple therein, wherein said

wenob/ossesh chanber is arranged such that at | eatT/SGm®0DO00404

the electrodes is coupled-to said fluid sanple in use;

a light beam source arranged .to transmt a |ight beam

t owarld gei dbsamplsymwre | aduenggdantesditaninigh a light

frequency on.said_piezoelectr.ic, suhstrate: a Ean
beap o toHA rﬁﬁddthgaﬁgg?rl%?€061¥¥g%35%cy Pon?g%?% on
fre%h@ﬁ&%ogﬁssgﬂﬁjﬁﬂeié@ﬂ@@tfi@nQEbQﬁrsabd bight to

etect surface plasnpn resonance associ ated with sakd

f | ai mesnAplfer Tgasardngt dkeadSGidiifF AP cHEF@EraRcy trom

s 4heL £l SGiulidlyl oprihsHYeRaHcES speddi detighm neo
Saléhé?gvgﬁ%?%Fg %gfg% terro§ sai d sgnplez 14. A sygtem
detaeeor ginfate® glaismdB, relseneincesaindsgcaritest r wéth said
araneter is a quartz crystal mcrobal ance paraneter
g. SAMBYEt em according to claim 12, conprising means
for nmoving said |light beamand said fluid sanple

relative to each other. 16. A system according tq

cl aBm 1B, sweren n aoferdEaRds £6r Fb¥Rent? sW&‘%&ﬁlléld the

at . L east [ ref | "RY rdals h tric
oscfappEEEh TR of T ghe SRR § (§ Ay meted
parbfetdenbfasglidssamphesai d fluid sanpl e when said

reflective material is noved. 17. A system according

to claim 15, wherein the neans for novenent conprises

a At or af oL, oouh Ngcabrhgast e afaihelB ghdisaim said

source and the piezoelectric substrate. 18. A system
grazdeetdiicg paraheies 14s canpluatity &FYated r pdcrpRpdance
enerat or for applying an electric field -

par%

15; A system -according to claim 12, comprising
means for moving said light beamland said fluid sample

relative to each other.

16. A system according to claim 15, wherein the
means for movement is coupled to at least one 1light
reflective material tb thereby reflect said transmitted
light at a plﬁrality of incident angles onto said fluid

sample when said reflective material is movedT

17. A system according to claim 15, wherein the
means for movement comprises a motor for moving at least
one of the light beam source and the piezoelectric

substrate.

18. A system according to claim 12, comprising an

electric field generator for applying an electric field

to said electrodes.
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to said electrodes.19. A system according to claim12,
wherei n said encl osed chanber has an inlet conduit and
wamosnddiet conduit for transmttance of said sSEITHI$SG2007/000404
t heret hrough. 20. A system according to claim12,
wherei n said piezoelectric substrate has a plurality
of grating formati ons di sposed on the surface thereon.
21.19A syst epsaemorgid@rdingl &iom 2Daimhagi nwhakrdin said
_Cgkfting formati ons have a_ grating constant of from 300
englpsesl 75 age22hag s¢8t eiftdBEor @PRGUED Ard m3p, outlet
comélﬁé%&ﬁﬂﬂ%é@-r@tém a1 gratd NG Reb g S
0 rom10 nmto 100 nm 23. A system according to
claim 20, wherein said el ectrodes have thickness of
fr 20nm to 2000nm 24.. A system accor.ding to claim_.
20 Pytorthl FYSEPE 1T Bt Sour Chatt oy hergth Baid
pidAsaledtigl . 28sthetof  aasystem gpapPalstYY: of grating
pi ezoel ectric substrate having at |east two el ectrodes
forafpeed At oh Wit YsetRehadmefed®r retaining a
fluid sanple therein, wherein said enclosed chanber is
arranged such that at |east one of the electrodes is
cod .ed A osgaktdmf |lagabisdinpd e tion abajma 20,ghthbeaim said

_source_arranged to transmt _a light beamt d saj
GrSHHT o STt S i G oBER F 381 LAMPFaReRdy ToRToady o
to Pimzaglectric substrate; and neans for neasuring the
oscillation frequency from said el ectrodes during
transmttance of said |ight;wherein said systemis
us to de ur . r n as I d..;
.3 ﬁ%};gﬁ Jcazfcgrcgiarg%n%% Sfé?%ﬁ‘ % é@&ké‘iﬁ said

wi th said- sanp d on said neasure

graﬁﬂﬁdlﬁﬁimﬁtiwmguhmtg.gZﬁtiAgSWﬁmghﬁSNOﬁefsamimg nm to

lOI ht intensity conprising: a piezoelectric substrate
4 ng at |east two electrodes disposed thereon;

23. A system accbrdingb,to claim 20, wherein said

electrodes have thickness of from 20nm to ZOOOnm.

24. A 'syStem. according to claim 20, wherein said

light beam source is a source of laser light.

'25. Use of a system comprising: a piezoelectric

substfate having at least two electrodes disposed

thereon; an enclosed chamber for retaining a fluid sample .
therein, wherein said enclosed chamber is arranged such
that at least one of the electrodes is coupled to said
fluid sample in use; a light beam source arranged to

transmit a light beam toward said sample for inducing an

oscillation frequency on said piezoelectric substrate;

and means for measuring the oscillation frequency from

said electrodes during transmittance of said light;
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a |light beam source arranged to transmt a |ight beam

toward said piezoelectric substrate for inducing a
w®zosMhé3asd on frequency thereon; and neans for MEESGRINTIE0404

the oscillation frequency fromsaid el ectrodes during

transmttance of said light to determ ne the |ight

i ntbaseiy obasdi dsiisghm bdsm svedke t@7 dakactof girface

stem co [ 0 tr I at
PLalGbs TPRg B0t FOdes A Soosa t Ra s e L D e
on §Qﬂ60ﬁeaéﬁaégedstollaamen1fraqbeghy beam t oward said
pi ezoel ectric substrate for inducing a oscillation

frequency thereon; and neans for neasuring the

26. Oﬁcg E@Eh°?o§rSQH§8EYnPrQ s dnebgsieodesn Hiéﬂﬂ
mttance of said |g . to determ ne t %t

|naengﬂaﬁamieﬁmnid|gﬁub$ﬁ¥ﬂﬁ%ouhéélng at leaSt two
electrodes disposed thereon;

a light beam source arranged to transmit a light
_beam toward said piezoelectric substrate for inducing a
osc1llatlon frequency thereon; and

means for measurlng the osc1llat10n frequency from
said electrodes during transmittance of said light to

determine the light intensity of said light beam source.

27. Use of a system comprising: a'pieioelectric substrate
ha?ing at least two electrodes disposed thereon; a light
beam source arranged to transmit a light beam toward said
piezoelectric subStrate‘ for inducing a oscillation
frequency thereon; and means = for measuring the
oscillation frequency from said electrodes during
transmittance of. said light;

to determine the light intensity of said light beam

source.
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