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Abstract 
Particle-impact electrochemistry is employed to study spherical polyethylene microparticles suspended in an aqueous solution. This 
electrochemical method detects polyethylene microparticles impacting on a carbon fiber electrode generating a transient current 
response or “spike”.  We interpret the physio-chemical origin of the spikes and accurately identify particle size distributions and 
concentrations for microparticles of sizes 1–10 μm. 
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1. Introduction 

The particle-electrode impact method has 
been widely and diversely applied to study 
nanoparticles suspended in aqueous 
solution. Fundamental aspects and 
potential applications have been reviewed 
previously.1–6  The technique involves a 
conventional three-electrode setup for an 
electrochemical analysis with a working 
electrode held at a suitable potential to 
observe an electrochemical reaction at, or 
of, individual particles that are suspended 
in an aqueous or other solutions such as 
ionic liquids.7  Collisions of the particles 
with the electrode occur by virtue of their 
Brownian motion which may result in a 
charge transfer between the colliding 
particle and the stationary electrode. This 
can be due to either Faradaic (charge 
crosses the electrode-solution interface) or 
non-Faradaic (capacitive) processes 
depending on the applied potential and 
physicochemical properties of colliding 
particles.  Such processes are recorded as 
transient current signals or spikes in a 
chronoamperogram. In the case of 
Faradaic collision, which may involve 
reaction of the particle (for example 
dissolution of an impacting silver 
nanoparticle8 , reduction of hematite 
particles9) or mediated reaction at the 
particle (proton reduction on impacting Pt 
nanoparticle10), through analysis of spikes 
or steps the information regarding the size 
and physicochemical properties of the 
impacting particle can be extracted.5,8,10,11  
The method is also applicable to 
characterizing Faradaically inert 
conductive particles as demonstrated in a 
study which determined the potential of 
zero charge of graphene platelets and 
complements the use of cyclic 
voltammetry in such cases.12,13  The 
present work is concerned with the 
detection and physio-chemical aspects of 
collisions of electrically insulating micro-
particles. 
Specifically we study collisions resulting 
from suspension of small insulating 

polyethylene particles in aqueous 
electrolyte. In this case there is no 
possibility of direct Faradaic electron 
transfer to and from the polyethylene 
particles themselves due to the fact that 
polyethylene is an insulator. Nevertheless 
as will be reported, current transients 
(‘spikes’) correlated with the impacts were 
observed. An initial aim of the present 
paper is to explore the physiochemical 
origin of these spikes. In addition 
electrode-particle impacts may be a 
potential tool for environmental detection 
of microplastics given the particular 
concern in recent years due to unknown 
dangers to aquatic environment and the 
associated human health hazards, 14–16 
since the frequency of the impacts is 
shown to scale directly with the particle 
concentration.  
2. Experimental 

2.1. Chemicals and Materials 

Three distinct size groups (1-4 µm, 3-16 
µm, and 10-22 µm in diameter) of 
spherical polyethylene microparticles were 
purchased from Cospheric (density: 0.95 – 
0.99 g cm-3, Santa Barbara, USA) and used 
after dispersion in 20mM sodium chloride 
solution.  Sodium chloride was purchased 
from Sigma-Aldrich (≥ 99.0 %, Steinheim, 
Germany).  Nitrogen gas used to degas the 
solution was supplied by BOC Gases plc 
(99.998%, Guildford, UK) and was 
humidified by passing through traps of 
ultrapure water and 0.1 M NaOH.  A 
glassy carbon macro electrode (3.0 mm in 
diameter) and a saturated calomel 
reference electrode (saturated KCl, SCE, 
0.242 V vs. normal hydrogen electrode) 
were purchased from ALS Co. Ltd. 
(Tokyo, Japan).  The glassy carbon 
working electrode was polished to a mirror 
finish prior to the use on aqueous slurries 
of 1, 0.3, and 0.05 µm alumina in 
descending order of size.  Thereafter, in 
order to remove alumina residue, the 
electrode surface was rinsed with excess 
ultrapure water and wiped with a wet 
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tissue.  A platinum wire used as a counter 
electrode was purchased from Goodfellow 
Cambridge Ltd. (Huntington, UK).  
Carbon fiber micro-wire electrodes (7.0 
µm in diameter, approximately 1 mm in 
length) were prepared in-house according 
to a method described previously.17 
Briefly, the micro-wire electrode was 
fabricated in the following manner: single 
carbon fiber (XAS grade, Goodfellow 
Cambridge Ltd.) was first attached to the 
tip of a silver wire using a silver loaded 
epoxy (RS Components Ltd., Northants, 
UK).  The epoxy was then dried in an oven 
at 60 °C for 15 min.  The wire was 
thereafter inserted through a 200 µL 
pipette tip (VWR International Ltd., 
Lutterworth, UK).  The carbon fiber/silver 
wire connection and the pipette tip was 
sealed using cyanoacrylate adhesive 
(Grade 102, Permabond Engineering 
Adhesives Ltd., Common, UK).  Finally, 
carbon fiber was cut to the length of 
approximately 1 mm using a scalpel.  The 
micro-wire electrodes were briefly 
sonicated for 5 s in ultrapure water prior to 
use.  

2.2. Physical characterization of small 
polyethylene microparticles 

The morphology and shape of 
polyethylene microparticles used in this 
work was examined by scanning electron 
microscopy (SEM) using a Zeiss Evo 
MA10 microscope with an accelerating 
voltage of 10 kV using secondary electron 
imaging mode.  For SEM imaging, the 
particles pre-dispersed in ultrapure water 
were pipetted onto a glassy carbon 
substrate and dried under ambient 
condition.  Subsequently the samples were 
coated with gold film to provide sufficient 
electrical conductivity which is important 
to reduce the imaging artefacts. Optical 
microscopy was performed using bright 
field imaging mode with a Zeiss Axio 
Examiner.A1 equipped with an air 
objective with 20 x magnification.  

The size measurement of microparticles 
was carried out using ImageJ software (v. 
1.51a, imagej.nih.gov/ij/) and size 
distributions were determined using Origin 
Pro 2015 software (OriginLab Co., 
Northampton, USA) under the assumption 
of spherical geometry.  Zeta potentials of 
microspheres suspended in 20 mM NaCl 
were analyzed using Zetasizer Nano ZS 
(Malvern Instruments, Ltd. Malvern, UK) 
equipped with a 638 nm laser source.  Pre-
dispersed particles were introduced into 
the folded capillary cell using a disposable 
syringe.  Measurements were repeated six 
times during which the suspension was re-
dispersed by brief ultrasonic agitation. 

2.3. Electrochemical analysis 

All electrochemical experiments were 
conducted using a conventional three-
electrode setup in a Faraday cage while the 
electrochemical cell was kept under a N2 
atmosphere and the temperature 
maintained at 25 °C.  Measurements were 
made using a Metrohm µAutolab II 
potentiostat (Utrecht, the Netherland) with 
Nova (v.1.11.2) as an operating interface.  
The charge measured in this way resulting 
from a particle-electrode collision is fully 
conserved in the current transients 
recorded using the potentiostat despite 
possible distortion of the current-time 
response as validated previously in the 
literature.18,19  
For cyclic voltammetric analysis, a 4 µL 
aliquot of micro-plastic spheres dispersed 
in ultrapure water was placed onto the 
surface of glassy carbon electrode and 
dried under ambient condition.  The 
amount of the microplastic spheres 
deposited was 0.28 mg cm-2 or equivalent 
to the average of two close-packed 
monolayers on the working electrode.  
Once dried, the modified electrode was 
thoroughly rinsed with ultrapure water and 
placed in a deoxygenated 20 mM NaCl.  
The potential was swept between 1.0 V 
and -1.0 V vs. SCE at the scan rate of 
0.010 V s-1. 
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Particle-impact chronoamperometry was 
conducted using the in-house prepared 
carbon fiber micro-wire electrode as a 
working electrode.17 Chronoamperograms 
were recorded for the duration of 50 s with 
a 0.5 ms measurement interval at the bias 
potential of between -1.0 V and 0.8 V vs. 
SCE.  The dispersion of the polyethylene 
microspheres in 20 mM NaCl solution was 
achieved by sonicating the electrochemical 
cell for 10 s every 2-4 measurements. The 
need for this is illustrated by optical 
microscopy imaging using the large 
particles (10-22 µm) which demonstrated 
the sticking of the particles to the carbon 
fiber within ca 60 s after the particles were 
introduced into the cell. The resultant 
images are shown in Figure 1 and clearly 
demonstrate the adsorbed particles on the 
electrode surface. This observation 
suggests adsorption of particles to the 
electrode upon impact and sonication 
allows re-suspension of the adsorbed 
particles. 

 
Figure 4: Optical microscopy images of the carbon 
fiber electrode (a) in the absence of microparticles, 
(b) after 60 s of introduction of microparticles to 
the chamber 
Transient current responses or “spikes” 
resulting from microparticles colliding 
with the micro-wire electrode  were 
analyzed using Signal Counter software 20 
and the impact charge distributions were 
calculated using Origin 2015 software. 
 
3. Results and Discussion 

In the following sections we first examine 
the morphology (size and shape) of the 
particles using scanning electron and 
optical microscopy.  Then we report the 
zeta potential of micro-plastics and their 
colloidal stability.  Possible electroactivity 
of the microparticles is subsequently 

assessed via cyclic voltammetry. 
Thereafter, particle-impact 
chronoamperometry is conducted for the 
detection of the micro-plastics.  We 
discuss the nature of the observed impacts 
and the importance of the observed spike 
shape. 

3.1. Physical characterization of micro-
plastics 

The morphologies of polyethylene 
microspheres in three different size groups 
as supplied by the manufacturer (1-4 µm, 
3-16 µm, and 10-22 µm in diameter) are 
shown in Figure 2.  Images of the smaller 
two size groups were captured using a 
scanning electron microscope whereas that 
of the largest size group was taken with an 
optical microscope.  The diameters of the 
near-spherical particles captured in the 
microscopic images were determined using 
ImageJ software and are summarized in 
the histograms (Figure 2), least square 
fitting was used for the Gaussian curves.  
It was found that the mean diameter of the 
smallest size group is 2.3 (± 1.1) µm after 
87 individual particles were measured.  
The mean diameters of the medium size 
and the large size groups are 4.9 (± 1.1) 
µm and 19.8 (± 3.8) µm, respectively.  
These results were in good agreement with 
the manufacturers’ specifications and the 
particles were used for subsequent 
electrochemical experiments. 
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Figure 2: Size distributions of spherical 
polyethylene microparticles of a) 1-4 µm size, 
inset SEM image of the particles, b) 3-16 µm 
size, inset SEM image of the particles c) 10-22 
µm size, inset optical microscopy image of the 
particles 
In order to assess the likely colloidal 
stability of the polymer microparticles in 
the electrolyte solution, zeta potential 
measurements were performed.  The 
resultant zeta potentials are shown in Table 
1 for the three different ranges of 
microparticles assessed according to size. 
The zeta potential was negative for all 
particle size ranges. This indicates that the 
surface of the particles is negatively 
charged. This observation is consistent 
with previous literature reports which state 
that the although bulk polyethylene itself 
is neutral, the charge may arise due to: (i) 
surface impurities due to manufacturing 
procedure, (ii) specific adsorption of 
anions, (iii) hydroxyl ion adsorption.21 It is 
found that the polyethylene microparticles 
of all size groups are negatively charged in 
20 mM NaCl solution with a magnitude of 
greater than 20 mV. This is generally 
considered a requirement for the stability 
of a colloidal suspension.22  Nevertheless, 
for large particles, slow flotation of 
particles was observed after tens of 
seconds.  In comparison, the particles in 
the smallest size group, which showed the 

most negative zeta potential value of -50.8 
(± 10.0) mV, formed the most stable 
colloidal suspension.  
Particle diameter range 
(d) 

E
Zeta

 (mV) 

1 – 4 µm -50.8 ± 10 
3 – 16 µm -27.8 ± 8 
10 – 22 µm -25.8 ± 10 
Table 1: Zeta potential (Ezeta) measurements for the three 
size groups of polyethylene microparticles used in the 
present work 

3.1. Cyclic voltammetric characterization of 
microplastics 

It is important to clarify any intrinsic 
electrochemical activity of microparticles 
in order to successfully design the particle-
impact experiment. A survey of possible 
electrochemical activity of the micro-
plastics was initially conducted by cyclic 
voltammetry.  Plastic particles were first 
drop-cast onto a glassy carbon electrode 
(surface area of 0.071 cm-2) with the 
surface coverage of 0.28 mg cm-2 or 
approximately equivalent to the average 
thickness of two monolayers.  Thereafter 
the modified electrode was placed in 20 
mM NaCl solution and the potential was 
cycled between +1.0 V and -1.0 V vs. SCE 
at the rate of 0.010 V s-1 while recording 
the current generated at the working 
electrode.  This experiment was conducted 
under a N2 atmosphere and the solution 
was de-oxygenated prior to the 
measurement in order to avoid oxygen 
reduction reaction which takes place at a 
glassy carbon electrode at a potential near 
-0.40 V vs. SCE in pH neutral media23 and 
was repeated using a bare glassy carbon 
electrode for comparison.  The resulting 
voltage-current curves are shown in Figure 
3.  The voltammogram of the bare 
electrode, which is indicated by the red 
line, shows the capacitative response of the 
macroelectrode. The voltammetric 
response of modified electrode, which 
indicated by the blue line, shows almost 
identical result to that of the bare electrode 

a) b) 

c) 
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suggesting that polyethylene 
microparticles are intrinsically 
electrochemically inert in the applied 
potential region. However it is important 
to consider the effect of the background 
capacitance in the voltammogram which 
arises due to double layer charging and 
will be proportional to the area of an 
electrode. The magnitude of the 
capacitative current (icap) is given by 
Equation 1.24–26 

𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐 = 2𝐴𝐴𝐴𝐴𝐴𝐴 
where A is the area of an electrode (m2), C 
is the electrode capacitance (µF m-1) and v 
is the scan rate (V s-1). The glassy carbon 
electrode used in the present work has 
macroscopic dimensions (r=1.5 mm) and 
as a result low-magnitude Faradaic 
currents from the particles can be obscured 
by this large capacitative response. As a 
result the chronoamperometry based 
electrode-impact method can be 
advantageous as the double layer charging 
effects are minimized and charge transfer 
resulting from the collision of individual 
microparticles can be detected.  

-1.0 -0.8 -0.6 -0.4 -0.2 0.0

-8.0x10-7

-6.0x10-7

-4.0x10-7

-2.0x10-7

0.0

2.0x10-7

4.0x10-7

6.0x10-7

C
ur

re
nt

 (A
)

Potential (V vs. SCE)

 
Figure 2: Cyclic voltammograms of (red) bare and 
(blue) micro-plastic modified glassy carbon electrode 
recorded in de-oxygenated 20mM NaCl solution at the 
scan rate of 0.01 V s-1 at 25 °C.  The surface coverage 
of micro-plastics of the small size group was 0.28 mg 
cm-2 or approximately equivalent to the average 
thickness of two monolayers.  The arrow indicates the 
direction of scan, which started at 0 V vs. SCE.   

 

3.2. Detection of micro-plastics by particle-
impacts 

The electrode-particle impact experiment 
was first carried out using 0.74 g L-1 of 
polyethylene microparticles of the smallest 
size group suspended in 20 mM KCl as the 
electrode potential was varied from -0.8 V 
to +0.0 V vs. SCE.  Responses in form of 
short current spikes were observed at -0.2 
V vs. SCE or more negative potentials.  
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Figure 4. Characteristic chronoamperogram recorded in 
deoxygenated aqueous suspension of the polyethylene 
microparticles in 20 mM NaCl using carbon fiber micro-
wire electrode and at an applied potential of -0.5 V vs. 
SCE (blue line) and a solution in the absence of particles 
(black line).  The inset provides an enlarged view of a 
transient current-time signal resulting from a collision 
event.  

The magnitude of the charge transferred 
upon particle-electrode collision is 
determined by integrating the area under 
the spike. It has been demonstrated 
previously that although the spike shape 
would be dependent on the filters used in 
the potentiostat design, the spike charge is 
conserved and as result individual spikes 
can be used for charge-based analysis, 
irrespective of their shape.19  The 
distribution of observed integrated charges 
is revealed by a histogram.  Figure 5a 
shows such histogram of the integrated 
cathodic charges obtained from the 
particle-impact measurement carried out at 
-0.5 V vs. SCE. The mean impact charge 
as a function of applied potential is 
depicted in Figure 5b.  The figure shows 
that the magnitude of charges transferred 
upon impact is roughly constant between -
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0.8 V and -0.5 V vs. SCE.  No impact 
responses were observed at potentials 
between -0.2 V and +0.0 V vs. SCE. 
 
 

  

 
Figure 5 a) Histogram showing the distribution of 
integrated charges extracted from spikes resulting from 
chronoamperometric measurements in deoxygenated 20 
mM NaCl at -0.5 V vs. SCE using a carbon fiber micro-
wire electrode.  A total of 187 spikes are analyzed, and 
the log normal average charge found to be 0.29 (*/ 0.77) 
pC.  b) The log-normal average of charges from 
polyethylene microparticles as a function of the applied 
potential.  The mean diameter of the particles is 2.3 (± 
1.1) µm. Error bars indicate the standard deviations. 

3.3. Understanding the nature of the spikes 

 
The cyclic voltammetry analysis above 
demonstrated that the particles do not 
show intrinsic Faradaic electroactivity on a 
macroelectrode, yet in the presence of 
particles exclusively reductive collision 
events were observed at potentials from -
0.80  to -0.20 V vs SCE. It is important to 
consider the origin of the impacts as it 
provides important physical insights into 
the electrode-particle collision. In order to 
understand the nature of the observed 
spikes it is important to note that after 
prolonged degassing (nitrogen bubbling >5 
hours) no spikes were observed, while for 
the normal degassing procedure (nitrogen 

bubbling ≈ 15 min duration) clear 
reductive spikes were observable. Hence a 
potential explanation for the observed 
reductive reaction based on the potential 
dependence of the observed spikes and the 
effect of the degassing is that due to 
solubility of oxygen in polyethylene an 
impacting particle can act as an oxygen 
carrier and upon impact the contained 
oxygen can be reduced to hydrogen 
peroxide. The particle itself does not react. 
The following overall reaction (reaction 1) 
can take place27,28upon impact: 
𝑂𝑂2 + 2𝐻𝐻+ + 2𝑒𝑒− → 𝐻𝐻2𝑂𝑂2𝑎𝑎𝑎𝑎.   (1) 
As shown in Figure S4, solution phase 
oxygen reduction takes place on a bare 
microwire electrode at a more negative 
potential in comparison to the  potential 
for spikes in Fig. 5b which is close but 
more positive than required for the 
reduction of oxygen in aqueous solution. 
Since the initial electron transfer is likely 
due to the oxygen dissolved in the plastic 
sphere this difference would be due to the 
stability of 𝑂𝑂2−. within the sphere. 
If oxygen dissolved in the sphere is the 
cause of the reductive spike, the magnitude 
of the spike would be proportional to the 
amount of dissolved oxygen in a given 
particle. The estimated maximum 
theoretical charge transferred per 
impacting particle based on the assumption 
of spherical geometry with a radius of 1.15 
µm (taken from SEM imaging of the small 
microparticles used in the present work), 
solubility of oxygen29,30 of 0.5x10-3 
mol/kg , and a 2 electron charge transfer 
per oxygen molecule27,28 was 6.1x10-13 C. 
Hydrogen peroxide is the intermediate 
product and does not get readily reduced at 
carbon electrode in the potential range 
employed in this study.28,31,32 In any case, 
it is not feasible to detect the reduction of 
the molecule to water because of the rapid 
dissipation of the molecule upon 
completion of Eq. 1 as reported by 
Neumann et al.23  A reasonable agreement 
was observed between the theoretical 
prediction and experimentally observed 
mean charge of 3.0x10-13 C. The potential 
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explanation for the discrepancy could be 
due to the fact that not all oxygen is 
accessible for the reaction on the timescale 
of an impact and/or that the particles are 
incompletely saturated with oxygen. The 
lack of the faradaic current for the 
electrochemical reduction of oxygen 
during the cyclic voltammetric analysis 
shown in Figure 2 is because the oxygen 
concentration is too low to generate a 
significantly large faradaic current 
response in comparison with the intrinsic 
capacitive response of the working 
electrode. 

3.3. Analysis of spike shapes 

Having established the possible nature of 
the observed spikes is due to the dissolved 
oxygen within the particles it is important 
to consider the factors affecting the 
observed spike shape. Recent literature has 
revealed that the analysis of current spikes 
observed in nano-impacts may also yield 
important information on the charge 
transfer mechanism beyond the detection 
of an impact event and the overall charge 
transferred.19,33 The analysis of the 
measured spike shapes may however be 
complicated as the employed analogue 
measurement equipment may drastically 
alter or even entirely mask the actual spike 
shape.1,18 Importantly however, the overall 
charge of the spike is conserved even 
though the spike shape may be altered 
drastically6,15 which for instance has been 
previously demonstrated for a potentiostat 
similar to the one used in this study20. It is 
hence crucial to consider the effect of the 
potentiostat on the measured spike shape.  

In order to investigate the information 
content of measured spike shapes, we have 
numerically modelled the spike shapes that 
arise from a signal much faster than the 
bandwidth of the potentiostat. Subsequent 
comparison with the measured spikes then 
reveals whether shape information can be 
retained from the experimental data or all 

shape information is removed through 
bandwidth limitations imposed by the 
potentiostat. A detailed explanation of the 
theoretical model is provided in the 
electronic supplementary material. In 
short, the analysis first performs an 
automatic baseline subtraction of the 
experimental data. Thereafter individual 
spikes are overlaid with a theoretically-
modelled current-time response of the 
analogue circuitry to a signal that is far too 
short to enable a recovery after the signal 
processing of the potentiostat. This 
theoretical spike features the same integral 
as the corresponding experimental spike 
and hence enables a direct comparison 
between the theoretical model of an 
entirely bandwidth-limited spike and the 
actual measurement.   

Figure S3 compares the measured spike 
shapes with the theoretical pulse 
responses, which is the computationally 
determined response of the potentiostat to 
a pulse featuring the length of one 
sampling interval and the same integral as 
the measured spike. Since the duration of 
one sampling interval far exceeds the 
bandwidth of the potentiostat, the 
modelled spikes resemble the limiting case 
of the amplifier's response to a spike that is 
too fast to be resolved. The figure shows 
that measured spike shapes are close to the 
corresponding pulse responses and 
therefore likely affected by the 
potentiostat’s bandwidth, though spike 
onsets are slower and longer tails are 
observed. While the onsets likely reflect 
the particles Brownian motion inside the 
double layer during its approach to the 
electrode and possibly additional 
capacitive effects in the measurement 
equipment, the only slightly longer tails 
may indicate an actual spike length of the 
order of the potentiostat’s bandwidth. It is 
however noted, that our analysis can only 
consider larger spikes as the experimental 
data is affected by the bit noise of the 
potentiostat's analogue-digital converter 
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masking the smaller ones. In addition we 
did not observe any ‘reverse-spikes’ in the 
oxidative direction, which further suggests 
that the observed collisions are Faradaic in 
nature. 

3.3. Experimental Charge Distribution and 
Sizing of the Particles 

We believe the impacts to be due to the 
dissolved oxygen within the particles and 
as a result provided that oxygen 
concentration within a particle does not 
change on the timescale of the experiment 
other than due to electrolysis by virtue of 
the impact, we can estimate the size of the 
impacting particles. If there is full 
consumption of the oxygen in each 
impacting sphere, the charge transferred 
per impact is directly proportional to the 
concentration of oxygen within a particle 
and as a result the radius of the particle can 
be estimated under assumption of spherical 
geometry and uniform density of a 
particle.34 Figure 6 shows the comparison 
between the size distributions obtained via 
SEM imaging (µradius=1.15 µm, σ=0.50) 
and the calculated radii (µradius=1.03 µm, 
σ=0.75) from the impact experiments. 
Reasonable agreement is observed, thereby 
allowing the sizing of the impacting 
particles. A larger standard deviation is 
observed for the in situ impact experiments 
in comparison to ex situ electron 
microscopy which is potentially indicative 
of the clustered particles being present in 
the solution during the experiment. 

 
Figure 6: Comparison between the radii distributions 
obtained via electrode-particle impacts (black bars) and 
SEM imaging (red bars).  

3.4. Impact Frequency 

It is desirable for an analytical tool to be 
able to find the concentration of plastic 
microparticles in situ.  Herein, it is 
demonstrated that the concentration can be 
roughly estimated based on the frequency 
of observed impact events during the 
particle-impact experiment.  The particle-
impact experiment was conducted in the 
20 mM NaCl solution at the bias potential 
of -0.5 V vs. SCE with concentration of 
polyethylene microparticles ranging from 
3.6 × 109 particles L-1 to 1.4 × 1011 
particles L-1.  Eight to 43 
chronoamperograms were recorded; a 
greater number of measurements was 
needed for the system with lower particle 
concentrations.  Thereafter, the total 
number of observed cathodic spikes was 
divided with total measurement time to 
obtain the collision frequency.  It is 
insightful to compare the experimentally 
observed number of impacts and the 
theoretical prediction based on the mass 
transport of the particles. The theoretical 
values are derived from the Szabo equation 
shown below,17,35,36 considering the 
collision frequency as function of the 
dimension of the stationary electrode and 
diffusion coefficient of the particles in 
addition to the particle concentration. This 
expression is derived using the 
concentration of particles at the electrode 
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surface to be zero (celec=0). In effect there 
is a reduction in the local concentration of 
the oxygenated particles and the 
concentration of freely diffusing oxygen 
filled particles at the electrode surface is 
effectively zero. As a result the modified 
Szabo expression17,35 (Eq.1) can be used to 
estimate the flux (moles m-2 s-1) to the 
electrode surface for the irreversibly 
adsorbing particles. 

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝐷𝐷𝐷𝐷
𝑟𝑟0
𝑓𝑓(𝜏𝜏)  Eq.1 

𝑓𝑓(𝜏𝜏) = 2𝑒𝑒−
√𝜋𝜋𝜋𝜋
20

√𝜋𝜋𝜋𝜋
+ 1

ln�(𝑒𝑒−𝛾𝛾𝜏𝜏)0.5+𝑒𝑒
5
3�

 

Eq.2  
 𝜏𝜏 = 4𝐷𝐷𝐷𝐷

𝑟𝑟02
      Eq. 3 

 𝐷𝐷 = 𝑘𝑘𝐵𝐵𝑇𝑇
6𝜋𝜋𝜋𝜋𝜋𝜋

 Eq. 4 
where r0 is the radius of the electrode, C0 
is the concentration, t is the time of the 
chronomaperogram, γ=0.57721 and is a 
constant derived from the limits of the 
Bessel function and D is the diffusion 
coefficient that is calculated using the 
Stokes-Einstein-Sutherland37,38 equation 
(Eq.4), in which kb is the Boltzmann 
constant, T is the temperature, η is the 
viscosity of the solution and r is the radius 
of a particle.  Figure 7 shows the 
experimentally obtained collision 
frequency (indicated by the black square 
symbols) and theoretical estimates 
(indicated by red circles) as a function of 
particle concentrations.  Good correlation 
between the two parameters is observed 
with the goodness of the fit (R2) of 0.96 
covering approximately three orders of 
magnitude of particle concentrations. The 
experimentally obtained collision 
frequencies however appears to be lower 
than the theoretically estimated values. 
The discrepancy could be due to the fact 
that negatively charged particles are being 
repelled by an electrode held at a negative 
potential, which would result in lower 
probability of collision taking place and as 
a result lower number of impacts would be 
observed.  
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Figure 7: Comparison between the theoretically 
predicted number of impacts by the Szabo equation 
(red line) and the experimentally observed 
frequency (black line).  

The results described in the present study 
are a promising proof-of-concept of the 
application of the particle-impact 
technique to study and have potential for 
fast quantitative size and approximate 
concentration analysis of micron-sized 
non-conductive particles. 

 
4. Conclusions 

The particle-impact technique has been 
successfully extended to study collisions 
of microplastics of variable sizes. The 
current spikes allow determination of the 
amount of oxygen carried by an individual 
impacting particle and also provide 
information regarding the nature of 
particle-electrode interaction. The 
proposed method holds significant 
advantages over the conventional methods 
due to high reliability, accuracy and 
applicability to a wide range of particulate 
systems. In addition the technique is less 
affected by polydisperse samples and is 
clearly capable of detecting wide particle 
size ranges and could be extended to other 
types of microparticles. The method is 
general and can provide further insights 
into particle-electrode interactions, which 
are difficult to determine using the 
conventional techniques.  
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