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Abstract. The device based on surface plasmon resonance (SPR) is used to determine the refraction
index of liquids. At the same time, it is known that the value of this index depends on the temperature of
this liquid. Therefore, this work was aimed at investigation of possibilities to enhance accuracy of such
two-channel SPR devices by using the temperature sensors directly in each measuring cell. It has been
experimentally proved that application of miniature temperature sensors (like to thermistors) in cells
of both channels simultaneously enables to doubly reduce the error of refraction index measurements.
In the case of multi-channel devices, it seams reasonable to use an array of semiconductor thin-film
temperature sensors in the unit cell.
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BUKOPUCTAHHSA CEHCOPIB TEMIIEPATYPHU J1JIA BIOCKOHAJIEHHA ITPUJIALY
HA OCHOBI sABHUIIIA TIOBEPXHEBOI'O IVIASMOHHOI'O PE3OHAHCY

1O. B. Ywenin, I B. Jlopoowcuncoxuii, B. I1. Macnos, T. A. Typy, H. B. Kauyp

AHotauis. [Ipunaa Ha OCHOBI MOBEpXHEBOrO I1a3MOHHOTO pe3oHaHcy (I1I1P) BUKOpUCTOBYIOTH
JUTSI BU3HAYCHHS TIOKa3HUKA 3aJIOMIICHHS piAuH. B Toil ke Jac BioMo, 110 el MOKa3HUK 3aJIeKUTh
BiJ] TeMneparypu 1iei pinuau. Metoro poGotu Oylio JOCTiKEHHS MOXJIMBOCTI M1ABUILIEHHS] TOYHOC-
Ti IBOKaHaJIbHOTO npuiaay Ha ocHoBi [P 3a paXyHOK BUKOPHCTAaHHSI CEHCOPIB TeMIIEPATYpH IJIs
KOHTPOJIIO TeMIepaTypu 0e3nocepeHbo B KOKHIA BUMIpIOBaJIbHIN KioBeTi. ExCiepuMeHTanbHO J0-
BEJICHO, 1110 BUKOPUCTAHHS MiHIaTIOPHUX CEHCOPIB TeMIeparypu (Ha IpUKiIali TEPMOPE3UCTOPIB) IS
BUMIPIOBAHHS TeMIIEpaTypu Oe3MocepeHb0 Ha KOKHOMY KaHalli KIOBETH JUIs BUMIPIOBAHHS IOKa3-
HUKa 32JIOMJICHHSI JO3BOJISIE€ 3MEHILIUTH MOXUOKY BUMIipIOBaHHS Maibke BaBiui. {1 6ararokaHabHUX
npunaniB [P nepcrneKTHBHUM € BUKOPUCTAHHS JIIHINKYA HAaNIBIPOBIIHUKOBUX TUTIBKOBHX CEHCOPIB
TEeMIIepaTypH B KIOBETI NPHUIIAJY.

Ki1r040Bi c/10Ba: moBepXHEBHIA IJIA3MOHHUIN PE30HAHC, CEHCOPU TEMIIEPATyPH, TOUYHICTh BUMIPIO-
BaHHsI, TOKAa3HUK 3aJIOMJICHHS

HNCITOJIBb30BAHUE CEHCOPOB TEMIIEPATYPBI 111 COBEPIIEHCTBOBAHMU A
AIIITAPATA HA OCHOBE ABJIEHUSA IOBEPXHOCTHOI'O IVIASMOHHOI'O
PE3OHAHCA

1O. B. Ywenun, I B. Jlopooxcunckuu, B. Il. Macnos, T. A. Typy, H. B. Kauyp

AnHoTauus. [Ipubop Ha OCHOBE MOBEPXHOCTHOTO IU1a3MOHHOTO pe3oHaHca (III1P) ucnons3yror
JUISL OIIPENENICHUs IIOKa3aress MPEJIOMIICHUs XKUAKOCTeH. B TO ke BpeMs U3BECTHO, 4TO 3TOT IIO-
KazaTellb 3aBUCHT OT TEMIIepaTyphl 3TOH KUAKOCTH. Llenbio paboTel OBUIO MCCIeI0BAHUE BO3MOXK-
HOCTHU TOBBILIICHUSI TOYHOCTU JBYXKaHaJbHOro nmpudopa Ha ocHoBe IIIIP 3a cueT mcmonb3oBaHUS
CEHCOPOB TEMIIEPATYPBI JJII KOHTPOJI TEMIIEPATypbl HENOCPEICTBEHHO B KaXJAOW MU3MEPUTEIILHOU
KIOBETE. DKCIEPUMEHTAIbHO JOKa3aHO, YTO UCII0JIb30BAHUE MUHHUATIOPHBIX CEHCOPOB TEMIIEPATypPhl
(Ha mpuMepe TEPMOPEZUCTOPOB) ISl U3MEPEHUS TEMIIEPATyPbl HEITOCPEACTBEHHO Ha Ka)KJJOM KaHaJje
KIOBETHI U U3MEPEHM TI0KA3aTels IIPEIOMIICHHS II03BOJIIET YMEHBIIUTD IIOTPELIHOCTh U3MEPEHUS
noutu BaBoe. s MHOrokananbHbIX npruOopos I1TTP nmepcrnieKTBHBIM SIBISIETCS UCHOIb30BAHUE JIU-
HEHMKH MMOTyTIPOBOTHUKOBBIX IJICHOUHBIX CEHCOPOB TEMIIEpPAaTyphl B KIOBETE MpHOOpa.

KuroueBble cj10Ba: MOBEPXHOCTHBIN IJIa3MOHHBIN PE30HAHC, CEHCOPBI TEMIIEPATypbl, TOYHOCTh
U3MEPEHHUs], I10Ka3aTellb [IPEJIOMIICHUS
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Introduction

The leading tendencies in development of
analytic devices require implementation of new
physical methods for measurements that are based
on up-to-date achievements in science and tech-
nique. The main requirements to these methods
are as follows: enhancement of their accuracy and
sensitivity, shortening the time for measurements,
reduction of the volume of studied substances. It
is known that optical methods possess a high op-
eration speed and enable to reach high accuracy
and sensitivity in measurements. One of the prom-
ising optical methods for analysis of various com-
pounds and micro-objects as well as processes at
the molecular level is the refractometric method
based on surface plasmon resonance (SPR) phe-
nomenon. The respective devices (SPR-devices)
are mainly designed using chemical and biologi-
cal sensors that consist of a sensitive element and
some physical transducer. As compared with tra-
ditional measuring methods, the SPR-method pro-
vides possibility to study processes of molecular
interaction in micrometer-thickness layers in the
real-time scale; low value of the sample volume
required for measurements (10 pl); the method
does not require any markers or fluorescent labels
for studying the substance (analyte).

The SPR-devices are widely used in scientific
researches, in medicine and ecological monitor-
ing [1-3], therefore, enhancement of accuracy in-
herent to these devices seems to be a topical task.

As shown in the previous works [4-6], account
of the temperature factor is essential for enhance-
ment accuracy of measurements when using the
SPR-device.

This work is aimed at improvement of SPR-
device accuracy due to use of temperature sen-
SOrs.

Devices and methods of investigation

Investigation of the temperature influence on
accuracy of measurement results was performed
using the SPR-device «Plasmon-71». The devices
of “Plasmon” series are computer-controlled op-
toelectronic small-scale two-channel refractom-
eters based on SPR for determination of the SPR
curve shift inherent to the studied analyte. Opera-
tion surface of the “Plasmon” sensitive element
is formed from a gold film with the thickness 48
to 52 nm. As a source for excitation, there used is

p-polarized light from the semiconductor injec-
tion laser diode.

Necessary conditions for plasmon excitation
are reached by changing the angle of incidence of
p-polarized light on the surface of the sensitive ele-
ment. The angular dependence of the intensity of
light reflected from the surface of the sensitive ele-
ment is the main output chacteristic in these mea-
surements and is called as the SPR curve (Fig. 1a).
The optical scheme of the device (Fig. 1b) corre-
sponds to the Kretschmann geometry and consists
of the laser diode 1, sensitive element 11, half-pen-
taprism 13, and two photodetectors 7 and 8.
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Fig. 1. SPR curve (a) and optical scheme of the
device «Plasmon-71» (b).
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The laser diode 1 generates light with the
wavelength 850 nm. This light passes through the
half-pentaprism 13, is reflected from the surface
of the sensitive element 11, from the mirror on
the back face of the prism, from the additional
mirror 9, and falls onto photodetector 7. The gold
film is deposited onto a glass plate joined with
the retroprism by using immerse liquid. Data for
plotting the SPR curve are obtained by rotating
the retroprism and simultaneous measuring the
intensity of light reflected from the sensitive ele-
ment. The channels are formed by the measuring
cell 12 made of polymethylmetacrylate, which is
mounted on the sensitive element via the silicone
spacer. To excite surface plasmons in both chan-
nels, light from the laser diode is separated by two
beams with the prism 5. Control and stabilization
of the light intensity is provided with the photode-
tector 6 and the device electronics, respectively.
Calibration of the absolute angle is performed
with the photodetector 4 and diaphragm 2 (slot
width is close to 100 pm) by measuring the inten-
sity of light reflected from the prism front face.
Measurements of the laser light intensity and cali-
bration of the angle are provided with the separat-
ing plate 3 and diaphragm 10. Except prism, all
the elements of this optical scheme, sensitive ele-
ment and measuring cell form a separate assem-
bly — the optical unit. Angular scanning and de-
termining the minimum position of the SPR curve
are provided within the range of angles 38 to 73
degrees for rotation of the half-pentaprism on the
platform-holder with the step-motor and reducer.

To ascertain the influence of temperature di-
rectly in each channel, the authors mounted con-
tact temperature sensors consisting of platinum
temperature-sensitive elements in each measur-
ing cell (Fig. 1b, pos. 12). Used here are temper-
ature-sensitive elements M222Pt100 (Heraeus
Sensor Technology, Germany) with dimensions
2x2x1.2 mm, linear temperature characteristic
within the range from —203 up to +773 K and
initial resistance 1 kOhm at the temperature 293
K (DIN EN6075 accordingly to IEC 751). These
elements were fixed inside the case of measuring
cells by using a compound in such a way that pro-
vided thermal contact with the studied liquid.

In these experiments, we used distilled de-min-
eralized water in accord with technical conditions
TY V 24.1-31826636-004:2009 (TAB «Txopis-
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ceke», Ukraine). The refraction index and tem-
perature coefficient of distilled water were studied
in detail in [7]. This water was pumped through
the two-channel cell. Temperature of water was
measured separately in each measuring channel.
First, our measurements were performed at room
temperature (297 K). Then, the temperature was
increased up to 309.6 K, using a resistive heater
made of nichrome and installed into the cell.

To reduce the temperature influence on results
of measuring the refraction index of the studied
substance (analyte) with “Plasmon-71", we used
mathematical processing the obtained results with
the aim to compensate the temperature drift of the
operation point (minimum of the SPR curve R(0)).
Compensation of the temperature influence was
reached by multiplication of the measured value
of the angle corresponding to the SPR-minimum
by the correcting coefficient K, determined using
the formula (1):

K, = [y TK (T~ T,)] (1)
where K is the correcting coefficient for the i-th
measurement of the SPR minimum;
vy — feedback coefficient, its optimal value
vy = 0.55 provides minimum overcorrection;

TKn — temperature coefficient of the distilled wa-
ter refraction index;

TKn = —1.15-10* K" (respective shift of the op-
eration point is 34.5 ang. sec/K™");

T. — temperature of distilled water for the i-th
measurement of the SPR minimum, K;

T, — temperature of distilled water before heating
it, T,= 297 K.

Thus, the results of measurements provided
two sets of data: without thermal compensation
and with it, which enabled to determine the aver-
aged value of the SPR minimum position.

Results of experiments and discussion

The results of experiments (Fig. 2) show that
compensation of heating the distilled water when
measuring the kinetics of the SPR minimum (op-
eration point) shift with time (curve 2) essentially
decreases its deviation as compared with that in
the case when thermal compensation is absent
(curve 1).
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Fig. 2. Kinetics of the SPR minimum shift for the

distilled water when its temperature changes from

297 K up to 309.6 K: (1) without thermal compen-

sation; (2) with compensation and (3) the same
with averaging by 10 measurements.

The jump of operational point at the initial part
of the plot (2) is related with inertial character
of processes of heat transfer from liquid to the
thermal-sensitive element: the response of sur-
face plasmons on the temperature change is faster
than that of the thermal-sensitive element, which
causes overcompensation. Elimination of this un-
desired phenimenon was reached using another
(reference) channel in the measuring cell. We de-
termined the difference signal between these two
channels with additional averaging its value (by
10 consecutive values of measurements). This
way not only eliminated overcompensation but,
in addition, enabled to reduce the amplitude of
the noise track by 12 times from 3 , = 31.4 -10°
down to 6, = 2.7 -10”. In this case, the error of
measurements without compensation reached the
value 24 -10*, while in the case of compensation
it was equal to 8.7 -10* or even 2.1 -10™* after
compensation with averaging by 10 consecutive
values of measurements.

The obtained experimental values for the
temperature error are considerable as com-
pared with the detection limit of “Plasmon-71”
(dN__ = 1.8 -107), which can be explained by a
large change in temperature. In real conditions of
experiments, such a change is impossible. There-
fore, in addition we determined the temperature
drift of the operation point in the Multiple regime
for the period of measurements in conditions of

thermal compensation withoutartificial heating the
analyte. For water, the thermal drift of the opera-
tion point reached 40.64 ang. sec/K. The temporal
drift of the refraction index was —7.6:10~° min".
It enabled to determine the speed of changing the
analyte temperature, namely: 0.182 K/min. For
the time of one measurement, the temperature of
distilled water changed by the value AT=0.608 K.
The respective changes in the analyte tempera-
ture caused the absolute error in measurements
of the SPR minimum shift for the distilled water
0, = 0.76°107°, which was considerably lower
than the detection limit of SPR-device.

It means that thermal compensation reduces
the error of measuring the refraction index at least
by 3 times in the case of considerable changes in
temperature of studied substance (12.6 K) and en-
ables to enhance accuracy of measurements with
“Plasmon-71".

When using the device with larger number of
channels (from 8 to 32), it seems reasonable to
apply an array of semiconductor thin-film tem-
perature sensors instead of thermistors that have
larger dimensions and dependence of thermal
conductivity on design solution.

Conclusions

1. Developed in this work is the method that
takes into account the temperature influence
on the results of studying the substance re-
fraction index on the example of distilled wa-
ter.

2. It has been experimentally proved that appli-
cation of a miniature temperature sensors like
to thermistors for measuring the temperature
in each channel of the measuring cell when
determining the refraction index enables to
doubly reduce the error of measurements.

3. In the case of multi-channel SPR-devices, it
seems promising to use linear semiconductor
thin-film temperature sensors in the measur-
ing cell.
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Summary

The device based on surface plasmon resonance (SPR) is used to determine the refraction index of
liquids. At the same time, it is known that the value of this index depends on the temperature of this
liquid. Therefore, this work was aimed at investigation of possibilities to enhance accuracy of such
two-channel SPR devices by using the temperature sensors directly in each measuring cell. To ascer-
tain the influence of temperature directly in each channel, the authors mounted contact temperature
sensors consisting of platinum temperature-sensitive elements in each measuring cell. Used here are
temperature-sensitive elements M222Pt100 (Heraeus Sensor Technology, Germany) with dimensions
2x2x1.2 mm, linear temperature characteristic within the range from —203 up to +773 K and initial
resistance 1 kOhm at the temperature 293 K (DIN EN6075 accordingly to IEC 751). These elements
were fixed inside the case of measuring cells by using a compound in such a way that provided thermal
contact with the studied liquid First, our measurements were performed at room temperature (297 K).
Then, the temperature was increased up to 309.6 K, using a resistive heater made of nichrome and
installed into the cell. Developed in this work is the method that takes into account the temperature
influence on the results of studying the substance refraction index on the example of distilled water. It
has been experimentally proved that application of a miniature temperature sensors like to thermistors
for measuring the temperature in each channel of the measuring cell when determining the refraction
index enables to doubly reduce the error of measurements. In the case of multi-channel SPR-devices,
it seems promising to use linear semiconductor thin-film temperature sensors in the measuring cell.

Keywords: surface plasmon resonance, temperature sensor, precision measurement of the refrac-
tion index
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Pedepar

[Tpunan Ha OCHOBI TOBEPXHEBOT'O MJIA3MOHHOTO PE30HAHCY BUKOPHCTOBYIOTH JJIsi BU3HAYCHHS 0~
Ka3HMKa 3aJIOMJIEHHS piauH. B Toil e yac B1JoMO, IO 11e¥ TOKa3HUK 3aJI€KUTh B/l TEMIIEpaTypH L€l
pinuHU. MeToro poOoTH OYII0 AOCIIHKEHHS MOYKIUBOCTI TiABUIIIEHHS TOYHOCTI JIBOKAHAIBHOTO TIPH-
nany Ha ocHosi I[P 3a paxyHOK BUKOPUCTAaHHSI CEHCOPIB TEMIIEPATYpPH B BUMIPIOBAJIbHIN KIOBETI.
Jiis BU3HAUEHHS BIUIMBY TEMIIepaTypu 0e3mocepeHhO Ha KOKHOMY KaHalli HaMH OyJTd BCTaHOBIICHI
KOHTaKTHI CEHCOpPHU TeMIMepaTypy Ha OCHOBI IJIATUHOBUX TEPMOJAATUYMKIB HA KOKHY BHUMIPIOBAJIbHY
kroBeTy. [InmarunoBi Tepmonaruuku Trmy M222Pt100 (Heraeus Sensor Technology, Himeuunna) ra-
Oaputamu 2x2x1.2 MM 3 JIHINHOIO TemIepaTypHoro Xxapaktepuctukoro Bif -203 K 1o 773 K Ta no-
garkoBuM omopoMm 1 kOwm nipu temmeparypi 293 K (DIN EN6075 3rimno IEC 751). Tepmonaryuku
¢ikcyBanM y KOpIryci BUMIpIOBAJIbHOT KIOBETH KOMITayH/IOM TaKUM YHMHOM, 100 3a0€3MeunTH TeIuio-
BUH KOHTAKT 3 PIAMHOIO, IO J0CiKyBaidu. CrioyaTky BUKOHYBaJM BUMIPIOBAHHS NPU KIMHATHIN
temrepatypi (297 K), a moTiM pe3ucTUBHUM HarpiBaueM, BAKOHAHHM 3 HIXpOMY, BOYJTOBaHHM Y KIO-
BETY, BUKOHYBaJIM puMycoBe HarpiBanHs Bix 297 K 1o 309,6 K. Po3po0iieHo METOHKY sIKa BPaXxOBYy€
BIUTMB TEMIIEpaTypy Ha PE3yNbTaTh JOCITIHKEHHS TTOKa3HUKa 3aJJOMJICHHS Ha MIPHUKIIAIl TUCTHIHOBA-
HOi Bonu. ExcriepuMeHTanbHO JOBEICHO, 10 BUKOPUCTAHHS MIHIATIOPHUX CEHCOPIB TEMIEpaTypu
(Ha MpUKIIAJ1 TEPMOPE3UCTOPIB) I BUMIPIOBAHHS TEMIIEpaTypH O€310CepeIHbO Ha KOXKHOMY KaHai
KIOBETH JUISI BUMIPIOBAaHHSI TIOKa3HUKA 3aJIOMJICHHS JTO3BOJISIE 3MEHIITUTH ITOXHMOKY BUMIPIOBaHHS Maii-
xe BaBiul. [l 6aratokanansHuX npuiaais [P 3anpornoHoBaHO BUKOPUCTAHHS JIIHIAKHA HAIIBITPO-
BiJTHMKOBHX IUTIBKOBHX CEHCOPIB TEMIIEPATYPH B KIOBETI IPUIATY.

Kuio4oBi ciioBa: moBepxHEeBuUH MIIa3MOHHUM PE30HAHC, CECHCOPH TEMIIEPaTypH, TOYHICTh BUMIPIO-
BaHHS, TTOKa3HUK 3aJIOMJICHHS
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