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Abstract. Surface plasmon resonance is used for detecting and measuring various analytes
characteristics by sensitive elements in sensor devices. At this, the problem of wear of the
sensitive elements, contacting with gaseous and liquid environments whose characteristics
are measured, arises during operation of sensor devices based on the surface plasmon
resonance phenomenon. Wear of a surface gold nanolayer may be caused by various factors
such as maintenance (cleaning before measurements), chemical reactions and abrasiveness
of the environment. This problem becomes particularly significant when suspensions are
measured. Solid particles in the suspensions have abrasive properties, which leads to
modifications of the surface, reduction of the thickness and damage of the sensitive gold
layer. As a result, more frequent replacements of sensitive elements are required
significantly increasing the measurements cost. In this paper, influence of water
suspensions of an optical polishing powder “Polarite” on the wear and the associated
changes of the characteristics of a sensitive element is investigated. The need to find
solutions of the problem of improving its wear resistance is highlighted.
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1. Introduction

At present, plasmonics is a cutting-edge research field,
the technological base of which offers a variety of
specific measuring devices, namely spectrometers based
on the surface plasmon resonance (SPR) phenomenon.
The majority of such devices are designed according to
the Kretschmann optical scheme [1]. This scheme usually
uses a fixed-wavelength polarized light in the angle
scanning configuration, which is necessary to observe
excitation in the total internal reflection at the dielectric —
studied metal interface. SPR devices can operate in
different spectral ranges, one of the promising ranges
being the near infrared one (NIR) [2].

Application of SPR in various investigations is
universal. It enables reaching a high accuracy of
determining parameters of liquid and gas-like substances
by measuring their optical refraction coefficients. Use of
SPR devices allows one to study various multicomponent
environments and identify their components. Besides,
such devices enable studying suspensions and deter-
mining nanoparticle sizes and size distributions [3, 4].

It is well known that suspension is a dispersed
system composed of a liquid dispersing medium and a
solid dispersed phase. The latter consists of particles that
are large enough to resist Brownian motion. Such
systems are widely used in medicine and industry.

With the development of nanotechnology and
nanomaterials, suspensions become actively used in
industry for obtaining high-quality ceramic materials. A
polishing powder named “Polarit” (CeO, with rare earth
impurities) is widely applied for producing optical
components. The particle size and uniformity are
particularly important for application of this powder [5].
In the slip casting production technology of ceramic
parts, a slip with added nanoparticles is widely used [6].
For manufacturing high-quality and highly reliable
products, the problem of its control (homogeneity,
particle sizes) arises. Since the slip is a suspension with a
moisture content of approximately 30%, its density is
usually monitored during the production process [7]. For
example, a capacitance sensor that measures the density
of suspension flow in the range of solid volume fraction
from 0 to 29% is installed [8]. A drawback of this
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method is its limited ability to treat suspensions with low
solid content and to measure only the integrated value of
the mixture capacitance without assessing the particle
size distribution. Moreover, optical methods for studying
slips exist, such as the one presented in [9]. This method
applies digital holographic microscopy to investigate
droplets of a slurry. It enables measuring the concentra-
tion and distribution of solid particles in suspensions with
particle sizes of about a micron. Since the SPR method
allows one to measure nanoparticles and is fast and
highly accurate, it may be promising for research related
to its application in this field.

Presence of solid opaque particles in suspensions
causes certain limitations for using SPR devices
operating in the visible spectral range. Therefore, we
performed measurements using an SPR device operating
in the NIR range. The experiments were conducted with
a toothpaste to model multi-component suspensions
containing opaque particles and chemical compounds.
The fundamental possibility of such research was
demonstrated in [10].

Another feature of the SPR phenomenon is that the
frequency of a surface plasmon propagating along the
metal-sample medium interface and its damping rate
depend not only on the change of the refractive index on
the sensitive element surface but also on the nano-
roughness of the metal surface in contact with the studied
medium. The state of the metal surface in turn depends
on the formation technology of the metal layer on the
dielectric as well as the substrate surface state, which is
defined by its processing technique (mechanical,
chemical, etc.). Moreover, metallic coatings (typically
gold) are made relatively thin, around 50 nm [11].
During the measurements, the surface quality and the
layer thickness gradually decrease. Due to the low
hardness of gold and the possibility for nanoparticles to
enter the pores on the gold nanolayer surface, the service
life of the sensitive element decreases. This problem
is particularly significant when suspensions are
investigated.

Table 1. Technical characteristics of the SPR device

“Plasmon-71".

Characteristic Value
Refractive index

measurement range 1.3-15
Resolution of the refractive index

measurements 0.000005
Incident resolution 10 ang. sec
Maximum scanning angle 17°
Measurement time of the

entire SPR curve <10s
Number of optical channels 2
Additional channel for

electrical measurements 5BV
Wavelength A =850 nm

2. Materials and methods

To study the effect of only opaque solid particles, a
water-based suspension for optical polishing was used.
This powder consists of fractions with the particle sizes
ranging from micrometers to nanometers. Therefore, a
certain quantity of the “Polarit” powder was initially
mixed with water and left for 10...20 min to allow the
larger and heavier particles to settle, leaving suspended
only the smaller ones. Then, both suspensions with small
and large particles were investigated using the SPR
method. Additionally, water suspensions with a specific
concentration of ‘“Polarit” without selecting lighter
fractions were also examined. The research was
conducted using the “Plasmon-71” device with the
characteristics at the wavelength of 850 nm presented in
Table 1.

During the measurements, two channels of the
Plasmon-71 device with open cells for the test substance
were used. To clean the sensitive element, a cell was
removed and mechanically cleaned (using cotton swabs)
with ethylene. The quality of cleaning and the sensitive
element state were evaluated through control
measurements after each cleaning with deionized water.
3. Results and discussion
Fig. 1 shows the SPR characteristics of the as-prepared
suspension and after separation of the lighter fractions by
settling during 20 min.

As can be seen from Fig. 1, the influence of the
suspension on the refractometric characteristics is
immediately noticed by the reduction of the dynamic
range Umax— Unmin. The resonance minimum angle is also
significantly shifted relative to the one for the reference
deionized water, namely 0.19° for the freshly mixed
suspension (CeO,:H,0 = 1:16) and 0.88° for the sample
selected from the upper lighter fractions 20 min after
preparation with the reduced average size of solid
particles in the suspension.
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Fig. 1. Refractometric characteristics of SPR for the suspension
with the mass ratio CeO,:H,0 = 1:16. SPR curve for deionized
water (1), the suspension at the specified ratio (2), the
suspension after separating the upper lighter fractions by
settling during 20 min (3).
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During the measurements of the suspension
(Ce0,:H,0 = 1:16, 10 min after preparation for selecting
the lighter fraction, a total of 6 times), both channels of
the device were used alternately. Figs 2 and 3 show the
results of the control measurements with deionized water
before and at the end of the measurements for both
channels. The parameters of the sensitive element were
monitored through intermediate measurements with
deionized water.

The measurements show degradation in both
channels, which is primarily manifested as a reduction in
the response for the channels 1 and 2 as well as a shift in
the resonance minimum angle. Such degradation leads to
a decrease in the dynamic range of the sensitive element
and, consequently, its sensitivity. Moreover, visible
damage of gold and decrease of the gold layer thickness
can be observed at the positions of the measurement
cells.

Suspensions  with different concentrations of
“Polarite” (12.5...100 pg/mL) were also measured. The
data of the intermediate control measurements with
deionized water are presented in Table 2. The maximum
(Umax) and minimum (U,i,) values as well as the angular
position of the minimum 6Ospr Were determined from the
measured characteristics. Furthermore, the resonance
range AU (AU = U — Upyin) and the half-width W of the
characteristic at the 0.5 level were calculated.

3000
2500 =
2000
1500
1000
500

Aout, mV

Before

0
57 58 59 60 61 62 63 64 65 66 67

Angle of incidence, deg

Fig. 2. Refractometric characteristics of SPR for the first
channel.
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Fig. 3. Refractometric characteristics of SPR for the second
channel.

Table 2. Control measurements of deionized water after
cleaning from the suspension for the sensitive element with
concentrations ranging from 100 to 12.5 pg/mL.

Ct:r(;\r:ic(f:- Minimum | Upine | Umax— Uning W,
g /mL, angle, deg mV mV deg
100 59.46 367 3109 1.47
50 59.48 568 2893 1.6
25 59.36 654 2801 1.76
125 59.89 780 2658 1.93

The measurement results showed that the dynamic
range decreased by 451 mV and the angle of the
minimum shifted by 0.21°. At this, the half-width of the
characteristic increased by 0.46°. It may be concluded
therefore that the sensitive element of the SPR device
became significantly weared.

Comparison of the SPR curves for the sensitive
element in the channel before and after the measurements
is presented in Fig. 4.

In this case, significantly more wear of the sensitive
element is observed compared to the experiment with the
selected lighter fractions of “polarite” in the water
suspension. This effect may be attributed to larger sizes
of solid particles settled in the measurement chamber
and their much higher mechanical impact on the gold
surface.

Hence, the potential of using SPR devices for
monitoring suspensions containing opaque particles with
the sizes ranging from micrometers to nanometers in
industrial conditions has been demonstrated. The
research results show that SPR devices are sensitive to
the particle size in the suspension as evidenced by the
shift of the SPR angle with decrease of particle size and
the reduction of resonance range. During the
investigations, negative impact of suspensions on the
sensitive gold layers of such devices has been observed.
Such impact leads to the necessity of frequent
replacement of the sensitive elements. This problem
should be addressed in further studies by exploring and
applying nanoscale protective coatings.
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Fig. 4. Refractometric characteristics of deionized water before
and after measurements of suspensions.
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4, Conclusions

Use of SPR devices for monitoring suspensions
containing opaque particles with the sizes ranging from
micrometers to nanometers in industrial conditions is
relevant. The results of the measurements of wear
resistance of the gold nanocoatings on the sensitive
elements of SPR devices when investigating water
suspensions of “Polarite” have highlighted the
importance of this issue. This problem can be addressed
by applying nanoscale protective coatings.
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IIpo6.ieMu 3HOCOCTIiKOCTI ceHCOPiB HA OCHOBI SIBUINA OBEPXHEBOI'0 MJIA3MOHHOI0 PE30HAHCY
A.B. ®enopenko, H.B. Kauyp, B.I1. Macjios

Amnoraunis. [ToBepxHeBHi MIa3MOHHUN PE30HAHC BUKOPUCTOBYETHCS JUISl BUSBICHHS Ta BUMIPIOBaHHS PI3HUX aHAIITIB
3a JOTMIOMOTOI0 YYTJIMBHX €JIEMEHTIB CEHCOpHMX mpwiaxiB. Ilix wac excriiyaranii ceHCOpHHMX NpHJIAJiB Ha OCHOBI
SIBUILA TOBEPXHEBOTO IUIA3MOHHOIO PE30HAHCY BHHUKAIOTH IPOOJEMH, IOB’s3aHI 31 3HOCOM iXHIX YYTJIMBHX
€JIEMEHTIB, [0 KOHTAaKTYIOTh 3 Ta30NOAIOHMMH Ta pPIIKMMH CEpEJOBHUILAMH, MapaMeTpH SKUX BHUMIPIOIOTHCS.
3HOIIYBaHHS ITOBEPXHEBOTO HAHOWIAPY 30JI0TA MOXe OYyTH CIOpUYMHEHE pIi3HUMH (akTOpaMH, TaKHMH SK
oOcimyroByBaHHS (OYMCTKAa TIepel BHMIipIOBAaHHIMHM), XIMiUHI peakmii Ta abpa3uBHICTH cepemosmmia. Lls roctpa
mpobieMa CcToiTh IPU BUMIPIOBaHHI CYCIIEH31H, OCKUIBKY TBEPIi YaCTHHKH B Hi MalOTh aOpa3wBHI BIACTHBOCTI, IO, B
CBOIO Yepry, MPUBOAUTH A0 3MiHH NOBEPXHi, 3MCHIICHHS TOBIIMHHU Ta PyHHYBaHHS HAHOLIAPY 30JI0Ta YyTIUBOTO
eneMeHTy. B pe3ynbpraTi 4oro BHHHKAaEe HEOOXITHICTH 3aMIiHH YYTIUBUX EIIEMCHTIB, IO 3HAYHO ITiJBHUIIYE BapTICThH
NPOBENICHHs BUMIpIOBaHb. J{OCIIPKEHO BILIMB BOJHHX CYCIICH31H ONTHYHOTO HOJIPYBAILHOTO MOpoIKy «Iloyspur» Ha
3HOLICHHSI Ta MMOB’s3aHy 3 IIUM 3MiHY apaMeTPiB Yy TIMBOTO eIEeMEHTY. BUCBITIIIOETHCS HEOOXIAHICTD MOIIYKY HUISXIB
BUPIIICHHS IPOOJIEMH i JBUILCHHS HOI'0 3HOCOCTIHKOCTI.

KarouoBi ciioBa: nmoBepxHeBUil MIIa3MOHHUI PE30HAHC, 1HPpPauepBOHUN CIIEKTPAIILHUIN Jliala3oH, CeKTPOpOTOMETD,
CyCIICH3151, 3HOCOCTIHKICTb.
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