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Abstract 
The main reasons for the occurrence of temperature error and perspective di-
rections of decreasing of its value are presented by improving the device de-
sign based on the phenomenon of surface plasmon resonance (SPR) and nu-
merical methods of processing the results of measurements by this device. The 
most essential influence on changes in results of measurements can be ren-
dered by temperature changes in the analyte refractive index. It is shown that 
the application of the integrated temperature stabilization of the device with 
the test substance, and numerical processing of the measurement results for 
compensation of temperature changes of the test substance and the use of film 
heaters it is possible to reduce the measurement error of the refractive index 
of the analyte at least 30 times from 2.4 × 10−4 to 7.6 × 10−6. 
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1. Introduction 

One of the promising directions in developing analytical devices is application of 
surface electromagnetic waves from the optical range in 1D - 3D nanostructures 
as well as observation of surface plasmon resonance phenomena arising in this 
case. Optical measurements based on the phenomenon of surface plasmon re-
sonance (SPR) are widely used in chemical and biological analyses that are found 
on registration of molecular adsorption in different media from gases to liquids 
[1] [2] [3] [4] [5] and the solids (e.g. inorganic solid particles [6] and the organic 
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film Langmuir-Blodgett [7]). Diagnostic devices that operate using the SPR 
phenomenon possess high sensitivity to low concentrations of studied sub-
stances, which enables to use them as precise analytical tools in laboratory inves-
tigations performed in food, chemical and pharmaceutical industry, agriculture, 
medicine and ecology [8] [9] [10] [11]. At the same time to obtain relevant re-
sults of the study should be provided high measurement accuracy of the 
SPR-instrument. The measurement accuracy of the SPR devices is ensured by 
the evaluation of the factors influencing the magnitude of error of the measure-
ment result such devices. The wavelength of excitation of the surface plasmons, 
the topology of the sensitive element of the device and the temperature change 
elements of the optical scheme of the instrument and analyte are the main fac-
tors. The impact of temperature is one of important factors of influence. It de-
termines the half of the size error of the measurement result. Therefore, the 
analysis of mechanisms of temperature influence on the measurement devices 
on the basis of SPR and the development of methods and means of reducing this 
influence is an urgent task. 

Here the authors present the basic causes of temperature error. It is shown a 
promising direction of reducing its size by improving the design of SPR-device 
and numerical methods for processing results of measurements by this device. 

2. Surface Plasmon Resonance Devices 

The most significant advantage of SPR techniques is their capability of label-free 
real-time monitoring of biomolecular interactions that opened up the way to 
develop a new concept for analysis of functional properties of biomolecules, the 
affinity biosensor technology [12]. The SPR based technique can be applied to 
the measurement of the ligand-receptor and enzyme–substrate interactions, for 
label-free immunoassays, in polyclonal antibody characterization, epitope map-
ping, protein conformation studies, DNA hybridization etc. Apart from bio-
medical researches, it can also be used in the field of material science for study-
ing interfacial physical and chemical processes: electrochemical reactions, corro-
sion, adsorption, heterogeneous catalysis and many others. The SPR biosensor 
advantage as compared with more conventional methods, for instance the en-
zyme linked immunoassay (ELISA), consists in the real-time monitoring of in-
termolecular interactions and performing fast analysis without need of enduring 
sample incubation.  

Great advantage of SPR-refractometers “Plasmon” series produced by V. Lash-
karyov Institute of Semiconductor Physics NAS of Ukraine are block-modular 
design, which makes it easy to update the device for various applications and 
possibility investigation gaseous media [13]. This devices provides measure-
ments of the total SPR curve in the angle configuration that corresponds to the 
Kretchmann optical geometry with mechanical scanning the angle of incidence 
within the range 17 degrees in air (12 degrees in glass) and accuracy 5 arc seconds 
as well as the possibility to make absolute calibration by the angle. Excitation of 

https://doi.org/10.4236/***.2018.*****
https://doi.org/10.4236/***.2018.*****
https://doi.org/10.4236/***.2018.*****


H. V. Dorozinska et al. 
 

 

DOI: 10.4236/mi.2018.71001 3 Modern Instrumentation 
 

surface plasmons in thin gold film is realized using the p-polarized laser beam and 
a glass coupling prism. It allows registering SPR curves within the range of inci-
dence angles 56 to 74 degrees (in glass). The wide range of angles for scanning al-
lows performing quantitative measurements of a full reflection curve including the 
total internal refraction and SPR angles for liquids with various refraction index-
es—from 1.33 (water) up to 1.50 (UV-glue). Refractometers Plasmon series allows 
to measure the refractive index over a wide range from 5 RU (relative units) to 
130,000 RU with an accuracy ±3 × 10−6 RIU (refractive index unit) [14]. 

SPR devices “Plasmon” series used two measurement modes: Multiple and 
Slope. In Multiple mode, periodically measuring the angular position of the 
minimum of a characteristic reflection R(θ), and Slope—periodic measurement 
of the intensity of the reflected light at a constant angle of its fall (Figure 1). The 
change in the refractive index of the analyte causes a shift in the characteristics 
of the reflection R(θ) from the starting position (red curve) to the end position 
(black curve). 

In Mode Multiple is determined by this shift, is cycle of angular scanning and 
simultaneous measurement of the intensity reflected from the sensing element of 
light and is measured the amount of angular displacement Δθmin. In the mode of 
Slope is first measured all the SPR curve, and then the change in the reflected light 
intensity (reflectance ΔR) at constant angle of incidence. The magnitude of changes 
in Δθmin or ΔR are calculated change of the refractive index ΔNa of analyte. 

In the series Plasmon devices for decreasing temperature measurement error 
is used complex stabilization: the required temperature as the test sample and of 
the device as a whole. 

In the subsequent sections review the methods and means to improve the ac-
curacy of refractometers Plasmon. 

3. Influence of the Temperature Factor on the Measuring  
Accuracy 

The analysis of literature sources showed that enhancement of measurement  
 

 
(a)                                 (b) 

Figure 1. Ways of measuring the SPR device (a)—the displacement of the Δθ 
minimum characteristics R(θ) (Multiple mode), (b)—intensity changes ΔR 
(Slope). 
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accuracy as well as reliability and efficiency of devices can be provided by tem-
perature stabilization of the measuring cell [15] [16] [17]. The influence of tem-
perature on the accuracy of SPR-devices can be expressed via the absolute error 
of measurement results caused by temperature changes of refractive index inhe-
rent to In the series Plasmon devices for decreasing temperature measurement 
error is used complex stabilization: the required temperature as the test sample 
and of the device as a whole. 

In the subsequent sections review the methods and means to improve the ac-
curacy of refractometers Plasmon. The temperature of studied liquid or gas me-
dium placed above the sensitive element of the analytical device operating as 
based on the SPR phenomenon. When carrying out these measurements, one of 
the problems is to provide an allowable error for the measured value. The error 
value of measurement results is essentially influenced by temperature oscilla-
tions both of the investigated object (liquid or gas) and all the measuring equip-
ment. It is related with temperature changes in ambient medium, heating the 
measuring equipment, and in some cases with chemical processes in the studied 
substances, when the heat energy can be evolved or absorbed. During measure-
ments, this error can change as a consequence of the difference in temperature at 
the beginning of measurements and after their completion. It follows from the 
mentioned above that it is necessary to determine the reasons for temperature 
errors in optical measurements based on SPR and investigate experimentally the 
influence of thermal stabilization that provides reducing these errors when per-
forming measurements in various media. 

The value of this error depends on the range of temperature changes in the 
course of measurements as well as values of refractive index temperature coeffi-
cients of optical elements and analyte. The principal elements of optical scheme 
for exciting the SPR, which have the main effect on the value of this error, are 
the coupling prism and sensitive metal layer [18]. Besides, the result of analyte 
refractive index measurements is influenced by the temperature dependence of 
laser wavelength. The temperature coefficient for the laser wavelength is ap-
proximately (0.12 ··· 0.15) nm/K [19]. Temperature changes of refractive index n 
and extinction coefficient k inherent to sensitive element metal layer are, first of 
all, related with decreasing the density of charge carriers (electrons) in it, which 
is conditioned by thermal volume expansion of the metal layer and thermal vi-
brations of the metal crystalline lattice. The density of electrons in metal layer is 
in inverse proportion to temperature and the coefficient of thermal volume ex-
pansion [17]. Temperature changes of the coupling prism refractive index are 
determined by the value of the temperature coefficient inherent to material from 
which it is made of. In the devices of Plasmon series, coupling prisms are made 
of glasses of К8 (nР = 1.5145) and F1 (nР = 1.6154) types for measuring gas-like 
and liquid analytes, respectively. The temperature coefficients of refraction in-
dexes for these types of glasses are as follows: 1.2 × 10−6 K−1 for type К8 and 3 × 
10−6 K−1 for F1 [20]. For the distilled water (nA = 1.3314), as a liquid analyte, the 
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temperature coefficient of refractive index is equal −1 × 10−4 K−1, while that of 
dried air (nA = 1.00028) is close to −2.5 × 10−5 K−1 [21].  

Being based on the known values of temperature coefficients for the elements 
of SPR-device optical scheme, one can draw a conclusion that the most essential 
influence on changes in results of measurements can be rendered by tempera-
ture changes in the analyte refractive index. 

4. Temperature Influence Decreasing Methods 

All commercial analytical devices based on SPR contain very complex and ex-
pensive systems for thermostatic control. This is not always convenient to pro-
vide the necessary degree of thermal stability, which depends on the rate of en-
do- or exothermic chemical reactions in a measuring cell as well as on an am-
bient temperature. The miniaturization of devices makes them more us-
er-friendly and extends the sphere of their application. However, the miniaturi-
zation worsens temperature schedules of the operation of devices because of lo-
calization that entails overheating and thereby making the temperature errors of 
measurement results more appreciable. Tools used in the past such as contact 
probes and thermocouples could not provide the thermal data quickly or ensure 
cost-effectiveness. Thanks to the availability of thermal imaging systems, today 
an engineer can make the requisite analysis timely without delaying product de-
velopment schedules or interfering in production processes. To improve the de-
vice construction, it is insufficient to have information about temperature coef-
ficients for components of its optical scheme, but it is also necessary to know 
main sources for heat release. With this aim, it was offered and experimentally 
checked the way to determine these sources by using the thermo vision method. 
In work [22] authors were detected thermal sources and study the process of 
spreading the thermal field in the SPR-refractometer Plasmon series, so as to 
make it more precise and reliable. The main heat source in the electronic unit of 
refractometer was microcontroller (Figure 2). 
 

 
Figure 2. The thermal image of the electronic control unit board with 
microcontroller. The main heat source is the microcontroller (temper-
ature equal 70˚C) [22]. 
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Microcontroller temperature has increased from 26˚C to 70˚C over the course 
of 40 min. device operation. Given information make enable to abraded the de-
vice Plasmon series to decrease temperature influence by self heating. The device 
was equipped with air conditioning system for the microcontroller and semi-
conductor laser as well as to perforate the case for the purpose of facilitating heat 
removal. Being based on the previous results of investigations by authors was 
developed and manufactured the thermostat that enabled to keep the set tem-
perature with rather high stability. Was offered thermo stating not only of the 
studied object but also of all the measuring equipment including tanks with the 
studies substances [23]. This approach enabled to minimize the temperature er-
ror in measurement results and, in addition, temperature loading the measuring 
equipment, which was prolonged its functioning term. The SPR-refractometer 
was placed into the thermostat operation chamber where a constant temperature 
was kept, values of which could be regulated within the range +10 up to +40˚C 
with the step 0.1˚C.  

The results of experiments allowed ascertaining that temperature stabilization 
of measuring equipment reduces the absolute temperature error for the analyte 
refractive index: in the case of gas-like analytes by 18 times (from 7 × 10−6 down 
to 3.8 × 10−7), while for the liquid ones—by 3.2 times (from 2.5 × 10−5 down to 
7.6 × 10−6). This decrease of the temperature error due to stabilization of tem-
perature for the device and analyte is explained by reduction of the temperature 
drift observed for the reflection characteristic minimum when measuring the 
kinetics. To decrease the error in measurements of refractive index, which is 
caused by heating the device or by growth of the ambient temperature, it seems 
purposeful to use compensation of this temperature effect [24]. To compensate 
the temperature drift of the SPR curve minimum, by authors was used mathe-
matical processing the measurement results. Compensation was provided by 
taking into account the temperature coefficient of the analyte (distilled water) 
refraction index that is equal to ТКn (Н2O) = -1.15 × 10−4 К−1 as well as temper-
ature changes of water during measurements, which were determined by using 
the thermo resistor built-in into the case of flow-through measuring cell in the 
SPR device. Kinetics of the operation point without any compensation of tem-
perature changes observed in the studied substance (1) and with compensation 
(2) (Figure 3). 

The sharp increase in the operation point position at the beginning of the plot 
(2) is related with inertness of heat transfer processes from the liquid to thermo 
resistor. The SPR response to temperature changes was faster than that of ther-
mo resistor, which resulted in overcompensation. Elimination of this undesira-
ble phenomenon was provided using the second (reference) channel of device by 
determination of the difference signal between measuring channels as well as by 
additional averaging (with account of 10 sequential experimental data). This way 
allows not only eliminating this over-compensation but additional 12-fold re-
ducing the amplitude of the noise track from δNL = 3.14 × 10−5 down to δNL =  

https://doi.org/10.4236/***.2018.*****
https://doi.org/10.4236/***.2018.*****
https://doi.org/10.4236/***.2018.*****


H. V. Dorozinska et al. 
 

 

DOI: 10.4236/mi.2018.71001 7 Modern Instrumentation 
 

 
Figure 3. Kinetics of the SPR minimum shift for distilled water when changing its tem-
perature from 24˚C up to 36.6˚C without thermal compensation (1), with it (2) and with 
additional averaging by the data of 10 sequential measurements (3) [24]. 
 
2.7 × 10−6. In this case, the measurement error without compensation was 2.4 × 
10−4 and with it was 8.7 × 10−5, while with compensation and additional averag-
ing by 10 sequential data of measurements was 2.1 × 10−5. Thus thermal com-
pensation decreases the measurement error for the analyte refraction index at 
least by 3 times, which enables to essentially increase the device accuracy. 

To provide wide range of temperature control and fast response of heaters 
(coolers), one should increase the electric power consumed by them. However, it 
results in increasing dimensions and consumed power as well as time for trans-
fer heat from a heater (thermo delay). Thermal compensation decreases only the 
temperature drift, and it is efficient only for stationary temperature regimes. 
Temperature compensation is effective when we know the nature of the analyte. 
In the work [25] authors proposed to use ITO (indium tin oxide) film heater. 
Composite thin films ITO (In2O3-20%; SnO-80%) were prepared using magne-
tron sputtering onto glass substrates of the thickness 1 mm and dimensions 18 × 
14 mm. The thickness of deposited layer was determined using atomic force mi-
croscopy. At the final stage of formation, this thickness reached the value 50 nm. 
When studying the thin ITO films as heaters, we determined the consumed 
power by using the measured current-voltage characteristics with simultaneous 
measuring the temperature augmentation caused by their self-heating. The vol-
tage on the sample was applied from a power supply (10 W) with fine adjust-
ment of the output voltage within the range 1.5 to 30 V and uncertainty ±0.1 V. 
The same measurements were performed for the glass substrate without ITO 
film but heating the studied substance by using a constantan wire resistive heater 
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(resistance 42 Ohm at the temperature T = 20˚C) built-in into the measuring cell 
of the SPR-device, the supply voltage of the heater being 12 V. Comparison of 
the consumed power as well as the error of measurements caused by the tem-
perature drift of the operation point were performed at the given temperature 
36.6˚C ± 0.2˚C. The error of measurements was determined as the value of op-
eration point drift, which was expressed using the values of refraction index for 
the studied air for the interval of measurements equal to 1 min. When the vol-
tage reached its maximum value 30 V and consumed power—1.5 W, the film 
and substrate were heated from 21.5˚C up to 60.5˚C for only 5 min. At the same 
time, to heat the only glass substrate (without ITO film) with the resistive heater 
up to 55˚C, it requires the power 3.4 W and voltage 12 V. The thin-film heaters 
based on ITO consume more than 2-fold lower power in the case of the same 
heating the studied substance as compared with that for bulk resistive heaters. 
The temperature drift of the SPR-curve minimum was by 1.8 times lower for 
film heater than that for the resistive heater, i.e., 3.6 × 10−6 min−1 against 6.5 × 
10−6 min−1. This fact is related with lower inertness of the processes of heat 
transfer from thin film as compared with that of the bulk heater heat transfer.  

Existing technical solutions for decreasing the effect of the temperature factor 
can improve the accuracy of measurement at least three orders of magnitude by 
reducing the error of measurement of the refractive index of analyte from 2.4 × 
10−4 to 7.6 × 10−6. 

5. Conclusions 

Analytical instruments based on SPR phenomena are highly sensitive to low 
concentrations of studied substances, which allow their usage in laboratory re-
search conducted in the food, chemical and pharmaceutical industry, agricul-
ture, medicine and ecology. The effect of temperature is one of important factors 
of influence and determines the half of the size error of the measurement result. 
Known technical solutions to reduce the magnitude of the temperature error of 
the measuring result SPR-devices, namely: 

1) Integrated thermal stabilization of the instrument and the containers with 
the test substance, to reduce an absolute temperature measurement error of the 
refractive index of analyte: in case of gaseous analytes by 18 times (from 7 × 10−6 
to 3.8 × 10−7), for liquid—in 3.2 times (from 2.5 × 10−5 to 7.6 × 10−6). 

2) The usage of film heaters in the system to maintain the temperature. For 
example, film heaters based on ITO consume more than 2 times less power for 
heating the test substance in comparison with bulk resistive heaters. The tem-
perature drift of baseline for the measurement is 1.8 times less for film heater 
than for a resistive heater, respectively to 3.6 × 10−6 min−1 and 6.5 × 10−6 min−1, 
which is due to the smaller inertia of heat transfer processes in thin films com-
pared to bulk heater. 

3) Application for compensation of temperature changes using numerical 
processing of the measurement result. Compensation reduces measurement er-
ror of the refractive index of the analyte at least 3 times, which increases the 
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measurement accuracy of the SPR-device.  
So, existing technical solutions for reducing the effect of the temperature fac-

tor can improve the accuracy of measurement at least thirty times. 
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