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Description
Method for carrying out surface plasmon resonance measurement and sensor for use in the method

The invention relates to a method utilizing surface plasmon resonance phenomenon for analyzing various substanc-
es, being presented in the preamble portion of claim 1, as well as to a sensor for carrying out the method, being presented
in preamble portion of claim 5.

The surface plasmon is a particular kind of electromagnetic wave which propagates along the surface of a metal
(H. Raether, "Surface plasmons on smooth and rough surfaces and on gratings", Springer-Verlag, Berlin, 1988). Optical
excitation of the surface plasmon can be achieved if a p-polarized, collimated light beam undergoes total reflection on
the surface of glass substrate coated with a thin metal film (so-called Kretschmann configuration). The momentum of
photons should match the surface plasmons on the opposite surface of the metal film in order to make this possible.
This occurs for a given wavelength at a given critical angle of incidence of light. The phenomenon is observed as a
sharp minimum in the intensity of the reflected light when the angle of incidence is varied. The angle or wavelength at
which this dip occurs depends decisively on the properties of the surface layer on top of the metal film, and therefore
the phenomenon can be used to monitor changes on this surface layer caused e.g. by a specific chemical or biological
reaction or by the change of concentration of some substance in the immediate vicinity of this surface.

In principle, any material having a negative dielectric function can be used for the excitation of plasmons. Most
metals fulfil this requirement in the range of visible wavelengths. An ideal material (SPR-material) should have a negative
coefficient of the real part of the dielectric constant and as large an absolute value of this coefficient as possible and at
the same time as small an absolute value of the coefficient of the imaginary part as possible. In the previous methods
utilizing the SPR-phenomenon the choice of metals and their thicknesses has been made usually to satisfy the criterion
for the sharpest peak with as total an extinction of the intensity of reflected light as possible. For this reason the metals
most used are silver and gold, silver giving the sharpest peaks. Because of the steep curve the sensitivity of the method
is good when a constant angle of incidence is used. When the aim is to improve the dynamics of the method, several
angles of incidence can be used additionally for carrying out a simultaneous intensity measurement. The method of the
above kind is disclosed for example in GB-Patent Application 2,197,065. It is also possible to observe the location of
the peak, that is, the measurement gives more data which are independent of each other.

The SPR-material is in addition coated with a specific surface layer having certain affinity towards the test material
to attain desired sensitivity. The changes occurring in this layer form the basis for the measurement.

In EP-patent application 0 257 955 a chemically-sensitive surface plasmon resonance device is disclosed. This
device comprises a slab of a light-transmissive material having a first layer of a metal on one side and a plurality of
ridges on the opposite side. A second layer of a chemically sensitive material is formed on the metal layer. White light
incident on the ridges undergoes reflection at the interface of the slab and metal layer and is dispersed as it leaves the
slab. Exposure of the chemically sensitive layer to an analyte causes a change, as a function of wavelength of reflected
light, of a plasmon resonance absorption.

The purpose of the invention is to present an improvement for the above-mentioned methods and to present a
method and sensor making it possible to widen the field of use of the SPR-method. For accomplishing this purpose the
method according to the invention is mainly characterized by what is disclosed in the characterizing portion of claim 1,
and the sensor is characterized by what is disclosed in the characterizing portion of claim 5. By using a catalytically
active material as the material of the single layer, the calatytic properties and the SPR-properties of the material can be
combined in a way that creates new possibilities of analysis.

The method and sensor can also make use of materials having a relatively large optical absorption. This kind of
material, even if it creates a broad peak, can be used in SPR-sensors on the prerequisite that the analyses are carried
out at an angle of incidence and wavelength that are properly chosen.

The invention will be described in the following more closely with reference to the accompanying drawings, wherein

Fig. 1 shows a typical resonance curve obtained using the sensor material of the invention,

Fig. 2 illustrates the principle of the method in accordance with the invention,

Fig. 3 shows a test carried out with a sensor in accordance with the invention,

Fig. 4 shows a test carried out with a traditional sensor, and

Fig. 5 shows a sensor in accordance with the invention and the auxiliary equipment associated therewith.

The success in a SPR-measurement depends mainly on two factors.
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- The material of the material layer must be SPR-compatible as such, that is, it must possess some predetermined
dielectric properties discussed hereinabove. For ensuring good sensitivity the curve illustrating the intensity as a
function of the angle of incidence must have at least one portion that is steep enough so that at this point a small
shift of the curve which takes place owing to the changes on the opposite surface of the material layer would cause
a change of intensity that is as large as possible.

- On the other surface of the material layer the test material must effect a change to cause a sufficiently large change
of intensity. This kind of change can be caused by a change in the dielectric properties of the surface resulting from
the change of concentration of a substance in the vicinity thereof.

Inaccordance with the invention, the material layer for the measurementis so chosen that it on one hand is SPR-com-
patible material as such, and on the other hand its opposite surface facing away from the radiation constitutes an area
in which changes in properties influenced by the test material take place owing to the fact that the material layer is of
catalytic material being capable to act as a catalyst for some chemical reaction in which the test material takes part.
Even if the reaction did not happen on said surface, the catalytic properties of the material towards the test substance
will cause the accumulation of the test material on the surface of the material layer in a concentration being sufficiently
high to make it possible to detect the change in the SPR-conditions using measurement techniques.

It is clear that on one hand there exist several catalytically active materials, such as metals, that at the same time
are SPR-compatible. On the other hand there exist several substances that take part in a reaction that at least one
SPR-compatible material is capable of catalyzing in the heterogenous catalysis, in which the catalyst and the reactive
material are in different phases. The heterogenous catalyst to be used in the method can be chosen according to the
test material and the SPR-compatibility of the catalyst. Examples of some materials commonly used in the heterogenous
catalysis and having a negative real part of the dielectric constant are titanium, cobolt, nickel, platinum, aluminium and
palladium. The properties that have been too poor for traditional SPR-methods (e.g. the lack of a clear peak at the angle
of incidence causing a sharp intensity minimum) are no more a bar when said materials will be applied in accordance
with the present invention. It must also be noted that even if pure metals are listed above, use can be made also of
catalytically active metal alloys and even semiconductors, provided that they have a negative real part of the dielectric
constant. The table below lists the dielectric constants of some metals at given wavelengths.

Table. Optical constants for some metals

Metal wavelength (nm) dielectric SPR-
constant ratio
Ag 632,8 -18,22+i 0,48 37,96
Cu 632,8 -14,67+i 0,72 20,38
Au 632,8 -10,92+1 1,49 7,33
Al 650,0 -42,00+i 16,40 2,56
Pd 620,0 -14,40+1 14,60 0,99
Pt 640,0 -11,10+i 15,70 0,71
Ni 620,0 - 9,60+i 14,09 0,68
Co 617,0 -12,10+i 18,00 0,67
Pb 650, 0 - 8,67+i 13,40 0,65
Ti 617,0 - 6,71+1 19,86 0,34
Fe 632,8 - 1,02+i 17,81 0,06
Ccr 617,0 - 0,84+i 20,92 0,04
\ 617,0 3,41+1i 21,38 -0,16
W 636,0 4,30+1 21,32 -0,20

SPR-ratio = the real part of the dielectric constant
provided with an opposite sign divided by
the coefficient of the imaginary part

The wavelength and the angle of incidence of the electromagnetic radiation used in the measurement can be chosen
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according to the SPR-material and the test material. Light is as a rule mentioned in connection with SPR-methods, but
it should be noted that some suitable wavelengths can be situated outside the visible light within the IR-range.

As shown by Fig. 1, for the metals with a relatively large optical absorption the peak of the resonance curve (intensity
as function of angle of incidence) is broad and the point of minimum is therefore indefinite. According to the invention
the metals having such a broad SPR-response are useful in SPR-measurements if advantage is taken of the catalytic
properties of the metals. Consequently, the measurement can always be carried out with a good sensitivity at such an
angle of incidence for which the curves illustrating the intensity as a function of the angle of incidence are as distinctly
separated from each other as possible in the measurement range for the test material. In this case, for example, the
down-way slope of the resonance curve can be used, said slope being effected most by the changes in the resonance
conditions. The determination of the shape of the whole curve and the location of the minimum point is not necessary
if the measurement is performed within a defined concentration range.

Alternatively, the speed of change of the intensity value can be determined instead of the concentration determina-
tions by means of the absolute intensity values, that is, the time derivative of the intensity starting from the moment
when the surface came into contact with the test material is determined. This will indicate the concentration of the material
even if at the final stage of the measurement the flat portion of the curve had shifted to the range of the used angle of
incidence.

Fig. 2 shows an experiment conducted with one of the materials of the invention, palladium. A 13,4 nm thick palladium
layer was coated with monomolecular Cd-behenate layers in such a fashion that the number of the layers was increased
from 2 to 8. A SPR-measurement was conducted after the addition of each pair of layers and the curves representing
the intensity as a function of the angle of incidence were registered. The thickness of one Cd-behenate layer was 3 nm.
In Fig. 2, a curve obtained with a bare palladium surface is denoted by letter A, the curve of two layers by letter B, the
curve of four layers by letter C, and the curve of eight layers by letter D. It can be clearly seen in Fig. 2 that the changes
taking place on the surface shift considerably the location of the down-way slope portion of the curve. Consequently, as
the measurement is carried out at a suitable angle of incidence that is located within the down-way slope portion in each
of the curves obtained within the measurement range of the test material, the slope portions being well enough separated
from each other, a maximum change of the intensity values and a good sensitivity is obtained as a result. Fig. 2 reveals
that materials not used as SPR-materials because of certain prejudices can well be used also for this purpose if advan-
tage is simultaneously taken of their catalytic properties.

Because palladium can be used as SPR-material it brings some new possibilities for SPR-analysis. The catalytic
properties of palladium towards substances containing hydrogen make it very interesting considering the analysis of
these substances. Palladium dissociates hydrogen on its surface and it has good affinity to some substances containing
hydrogen. This feature has been utilized previously in semiconductor sensors measuring the concentrations of hydro-
gen-containing molecules. Substances that can be measured by means of palladium in these types of sensors are
hydrogen sulphide, alcohols, ethylene etc. (J. Lundstrédm, M. Armgarth, A. Spetz, F. Windquist, "Gas sensors based on
catalytic metal-gate field-effect devices", Sensors and Actuators, 10, 399-421 (1986)).

Fig. 3 shows a SPR-test conducted with palladium. In the test hydrogen gas, air and helium were led to the surface
of palladium in succession. The curve of Fig. 3 indicates the intensity value obtained by means of the method of the
invention as a function of time. As is apparent from the Figure, the sensitivity of palladium to hydrogen is clear and in
addition the phenomenon is reversible. A special phenomenon is the rise of the intensity value caused by hydrogen.
Because hydrogen has a smaller refractive index than air, the intensity values should decrease owing to the gaseous
hydrogen led to the vicinity of the palladium surface. However, the intensity values raise considerably, which indicates
the fact that hydrogen changes the properties of the surface layer of palladium itself owing to the catalytic properties of
palladium. Moreover, only a minor pit caused by helium can be observed in the curve, which illustrates well the selectivity
of palladium towards hydrogen.

Fig. 4 shows in the scale of Fig. 3 the SPR-test conducted with gold, the conventional material. A considerable
difference compared with palladium is that hydrogen causes the decrease of the intensity values, as expected. The
results with other gases, carbon dioxide and helium, are also in conformity with the expectations.

Fig. 5 shows a sensor that is particularly well suitable in the method according to the invention. The sensor comprises
a monochromatic light source 1 and collimating optics 2 provided for making the light beam emanating from the light
source 1 parallel and for directing it through a polarizer 3 to meet the surface 5a of the metal layer in a predetermined
angle of incidence ¢. The metal surface is constituted of the inner surface of a metal film fixed on transparent dielectric
material 4, a glass prism. The total reflection taking place on this surface leads the light beam to a detector 6. The light
beam 1, the optics 2 and the prism 4 are so disposed that the collimated light beam strikes the interface 5 of the prism
and the metal layer at an optimum angle of incidence ¢, which is within the measurement range of the test material in
such a fashion that the steep portions of all the curves corresponding to the concentration values essential for a suc-
cessful measurement are situated at the angle of incidence. In this way it is possible to obtain an intensity value or a
time derivative of the intensity value that is proportional to the concentration.

On the other side 5b of the metal layer 5 is situated the material to be analyzed. In the case of palladium as the
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metal layer the material is some substance containing hydrogen. For example, a through flow cell can be used at this
area and this area can be also isolated from the surroundings by means of a selective isolating layer 8, such as a
membrane that passes only the substance to be analyzed through if the surroundings which are examined contain other
substances towards which the material of the material layer shows catalytic properties. A radiation heater preventing
the condensing of water molecules on the surface of the metal layer, known as such, is denoted by reference numeral
7 in the Figure.

An exact value for the angle of incidence ¢ can be calculated on the basis of several factors such as the thickness
of the metal layer, the wavelength of light and the dielectric constants of the dielectric material 4 and metal 5 at this
wavelength. For example, as palladium serves as the material of the metal layer 5 and He-Ne-laser serves as the light
source at the wavelength 632,8 nm and with a prism of BK-7 optical glass, the thickness of the palladium layer should
be 13 nm and the angle of incidence 42,7°.

The accuracy and selectivity can be improved by using also a so-called differential measurement having two light
beams emanating from the same light source, one of them directed to an active part of the SPR-surface and the other
of them to an inactive part of the same surface. The intensity difference of the reflected light beams is used as the
measurement data rather than the absolute intensity.

The so-called fixed-angle-method has been described hereinabove (only one angle of incidence), which can be
realized with a sensitive and inexpensive sensor. However, the invention can also be applied in a method that utilizes
several angles of incidence simultaneously for a better measurement dynamics. The invention can also be applied for
example in the sensor types disclosed in a previous patent application 901186 by the Applicant.

All the measurement data obtained in the above methods can be processed by means of a microprocessor 9 con-
nected to the detector and being also capable of modulating the light sources and synchronizing the detector.

In all the above cases sensor can be easily miniaturized by using available electro-optical components (LED:s,
detectors, heaters) and fibre optical connections.

The method according to the invention makes it possible to use new sensor material and to analyze new substances
by means of measurements based on the SPR-phenomenon. The invention can be applied in a very wide range, such
as medical diagnosis, wood industry, process control, monitoring the condition of the environment, detecting leaks etc.

Claims

1. Method for carrying out surface plasmon resonance (SPR) measurement wherein a beam (12) of electromagnetic
radiation is directed through a part (4) transparent to it onto a surface (5a) of a material layer (5) which on its opposite
side has been brought in contact with a test material, and the change of intensity of the reflected radiation, caused
by the resonance phenomenon, is utilized for analyzing the test material, characterized in that the material layer
is of catalytic material having a negative real part of the dielectric constant at the used wavelength of the electro-
magnetic radiation for SPR-compatibility and being in addition capable of catalyzing a chemical reaction in which
the test material takes part, the measurement being carried out at such a wavelength and angle of incidence (¢) of
the radiation onto the surface (5a) that a change resulting from the test material concentration accumulated on the
opposite side (5b) of the material of the material layer owing to the catalytic properties of the material itself is detect-
able in the intensity of the reflected radiation.

2. Method as claimed in claim 1, characterized in that a material having an indefinite point of minimum in a typical
resonance curve of the material is used as said material of the material layer (5).

3. Method as claimed in claim 2, characterized in that the material is palladium.

4. Method as claimed in claim 3, characerized in that the test material is material containing hydrogen, such as
hydrogen gas, ammonia, hydrogen sulphide or organic substance, such as alcohol or hydrocarbon.

5. Sensor for carrying out a method in accordance with claim 1, comprising

- asource (1) of electromagnetic radiation

- asurface (5a) of a material layer, on the opposite side of which there are means for bringing a test material in
contact with a layer surface (5b) on this side, the source (1) of radiation being directed relative to said surface
(5a) in such a fashion that the radiation meets the surface at an angle of incidence (¢) enabling a surface
plasmon resonance phenomenon

- adetector (6) for measuring the intensity of the light beam which is reflected from the surface (5a) and has
undergone the resonance, the sensor comprising further a device (9) for treating the intensity values,
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characterized in that the material layer including the layer surface (bb) exposed to the test material is of catalytic
material having a negative real part of the dielectric constant at the used wavelength of electromagnetic radiation
and being capable of catalyzing a chemical reaction in which the test material takes part.

Sensor as claimed in claim 5, characterized in that the material of the material layer (5) is of material having an
indefinite point of minimum in a typical resonance curve of the material.

Sensor as claimed in claim 6, characterized in that the material is of palladium.

Patentanspriiche

1.

Verfahren zum Durchfiihren von Oberflachenplasmonen-Resonanz-Messung (SPR), wobei ein Strahl (12) elektro-
magnetischer Strahlung durch einen transparenten Teil (4) auf eine Oberflache (5a) einer Materialschicht (5) gerich-
tet ist, die auf deren gegenuberliegenden Seite in Kontakt mit einem Testmaterial gebracht worden ist, und wobei
derdurch das Resonanzphanomen verursachte Intensitatswechsel der reflektierten Strahlung zur Analyse des Test-
materials verwendet wird, dadurch gekennzeichnet, daB die Materialschicht, um SPR-kompatibel zu sein, einen
negativen Realteil der dielekirischen Konstante bei der verwendeten Wellenlange der elekiromagnetischen Strah-
lung aufweist und zuséatzlich in der Lage ist, eine chemische Reaktion zu katalysieren, an der das Testmaterial
teilnimmt, wobei die Messung bei einer solchen Wellenlange und einem Einfallswinkel (¢) der Strahlung auf die
Oberflache (5a) durchgefihrt wird, daB ein Intensitatswechsel der reflektierten Strahlung detektierbar ist, der sich
aufgrund der katalytischen Eigenschaften des Materials aus der auf der gegeniiberliegenden Seite (5b) des Mate-
rials der Materialschicht angesammelten Testmaterialkonzentration ergibt.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, daf3 ein Material mit einem undeutlichen Minimumspunkt
in einer typischen Resonanzkurve des Materials als das Material der Materialschicht (5) verwendet wird.

Verfahren nach Anspruch 2, dadurch gekennzeichnet, daf3 das Material Palladium ist.

Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB das Testmaterial Wasserstoff enthaltendes Material
ist, beispielsweise Wasserstoffgas, Ammoniak, Schwefelwasserstoff oder organische Substanzen, beispielsweise
Alkohol oder Kohlenwasserstoff.

Sensor zum Ausfihren eines Verfahrens nach Anspruch 1, mit
- einer Quelle (1) elektromagnetischer Strahlung,

- einer Oberflache (5a) einer Materialschicht, bei der auf deren gegenlberliegenden Seite Mittel zum Kontaktie-
ren eines Testmaterials mit einer Oberflachenschicht (5b) auf dieser Seite vorhanden sind, wobei die Strah-
lungsquelle (1) auf solche Weise relativ zur Oberflache (5a) ausgerichtet ist, daf3 die Strahlung die Oberflache
unter einem Einfallswinkel (¢) trifft, der ein Oberflachenplasmon-Resonanzphanomen erméglicht,

- einem Detektor (6) zum Messen der Intensitat des von der Oberflache (5a) reflektierten und der Resonanz
unterworfenen Lichtstrahls, wobei der Sensor weiterhin eine Einrichtung (9) zur Behandlung der Intensitats-
werte aufweist,
dadurch gekennzeichnet, daB3 die Materialschicht mit der dem Testmaterial ausgesetzten Oberflachenschicht
(Bb) aus katalytischem Material besteht, das einen negativen Realteil der dielektrischen Konstante bei der ver-
wendeten Wellenlange der elekiromagnetischen Strahlung aufweist, und in der Lage ist, eine chemische Re-
aktion, an der das Testmaterial teilnimmt, zu katalysieren.

Sensor nach Anspruch 5, dadurch gekennzeichnet, daB das Material der Materialschicht (5) aus einem Material
mit einem undeutlichen Minimumspunkt in einer typischen Resonanzkurve des Materials besteht.

Sensor nach Anspruch 6, dadurch gekennzeichnet, daB3 das Material Palladium ist.
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Revendications

Procédé d'exécution d'une mesure de résonance de plasmon superficiel (SPR), dans lequel un faisceau (12) d'un
rayonnement électromagnétique est dirigé dans une partie (4) transparente au rayonnement sur une surface (5a)
d'une couche (5) de matiére qui, du c6té opposé, a été mise au contact d'une matiére de test, et le changement
d'intensité du rayonnement réfléchi, di au phénoméne de résonance, est utilisé pour I'analyse de la matiére de
test, caractérisé en ce que la couche de matiére est une matiére catalytique ayant une partie réelle négative de la
constante diélectrique a la longueur d'onde utilisée du rayonnement électromagnétique assurant la compatibilité
SPR et permettant en outre la catalyse d'une réaction chimique a laquelle participe la matiére de test, la mesure
étant réalisée avec une longueur d'onde et avec un angle d'incidence (¢) du rayonnement tombant sur la surface
(5a) tels qu'un changement résultant de la concentration de la matiére de test accumulée sur la face opposée (5b)
de la couche de matiére peut étre détecté dans l'intensité du rayonnement réfléchi grace aux propriétés catalytiques
de la matiére elle-méme.

Procédé selon la revendication 1, caractérisé en ce que la matiére utilisée comme matiére de la couche (5) de
matiére a un point de minimum indéfini dans sa courbe de résonance.

Procédé selon la revendication 2, caractérisé en ce que la matiére est le palladium.

Procédé selon la revendication 3, caractérisé en ce que la matiére de test est une matiére contenant de I'hydrogéne,
tel que de I'hydrogéne gazeux, de 'ammoniac, de I'hydrogéne sulfuré ou une substance organique telle qu'un alcool
ou un hydrocarbure.

Capteur destiné a la mise en oeuvre d'un procédé selon la revendication 1, comprenant :

- une source (1) d'un rayonnement électromagnétique,

- unesurface (5a) d'une couche de matiére, a la face opposée de laquelle est placé un dispositif destiné a mettre
une matiére de test au contact d'une surface (5b) de la couche de ce cbté, la source (1) du rayonnement étant
dirigée par rapport a la surface (5a) de maniére que le rayonnement rencontre la surface avec un angle d'inci-
dence (¢) permettant un phénomeéne de résonance de plasmon superficiel, et

- un détecteur (6) destiné & mesurer l'intensité du faisceau lumineux qui est réfléchi par la surface (5a) et qui a
subi la résonance, le capteur comprenant en outre un dispositif (9) destiné a traiter les valeurs d'intensité,

caractérisé en ce que la couche de matiére formant la surface (5b) de couche exposée a la matiére de
test est une matiere catalytique ayant une partie réelle négative de sa constante diélectrique a la longueur
d'onde utilisée du rayonnement électromagnétique et pouvant catalyser une réaction chimique a laquelle par-
ticipe la matiére de test.

Capteur selon la revendication 5, caractérisé en ce que la matiére de la couche (5) de matiére est une matiére
ayant un point minimal indéfini dans sa courbe de résonance.

Capteur selon la revendication 6, caractérisé en ce que la matiére est le palladium.
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