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ABSTRACT: Current step signals related to single entity collisions in blocking impact electrochemistry were analyzed by
computer-assisted processing for estimating the size distribution of various particles. In this work, three different types of
entities were studied by single blocking impact electrochemistry: polystyrene nanospheres (350 nm-diameter) and micro-
spheres (1 pm-diameter), phospholipid liposomes (300 nm-diameter) and two different strains of Gram-negative bacillus
bacteria (Escherichia coli and Shewanella oneidensis). The size estimations of these different entities from the current step
signals analysis were compared and discussed according to the shape and size of each entity. From the magnitude of the
current step transient, the size distribution of each entity was calculated thanks to a new computer program assisting in the
detection and analysis of single impact events in chronoamperometry measurements. The data processing showed that the
size distribution obtained from electrochemical data agreed with the dynamic light scattering and atomic force microscopy
data for nanospheres and liposomes. In contrast, the size estimation calculated from electrochemical data was underesti-
mated for microspheres and bacteria. We demonstrated that our computer program was efficient for detecting and analyz-
ing the collision events in single blocking impact electrochemistry for various entities from spherical hard nanoparticles to

micron-sized rod-shaped living bacteria.

INTRODUCTION

Electroanalytical chemistry greatly evolved with the
continuous improvement of instrumentation sensitivity
and especially with the development of the electrochemi-
cal detection of individual entities.!*# In this context, sin-
gle-entity electrochemistry, namely discrete collisions
technique or nano-impacts method based on stochastic
events, is a useful tool for the detection via single impacts
of various micro- and nano-entities such as nanoparticles,
cells, bacteria, vesicles, viruses, proteins in solution at a
polarized ultramicroelectrode (UME).>-14 Single-entity
electrochemistry method can provide unique information
on various individual entities through the detection of
discrete events in contrast to ensemble (bulk) measure-
ments.!>-1° For each impact event, the chronoamperometry
measurement (i—-t curve) shows a specific signal corre-
sponding to an “impact” of the entity onto the UME surface.
Subsequent analysis of electrochemical impact events in
the i-t curve can provide useful data, such as the concen-
tration and the size of the colliding entities.20-23

A great advantage of single-entity electrochemistry is
the possibility to detect and analyze various targets at the
single-cell scale, especially insulating entities by using the
blocking impact method.?101322.24-26 Because of its easy-to-
perform principle, versatility and efficiency, blocking im-
pact electrochemistry was quickly extended to the detec-
tion of various micro- and nano-entities, with a specific

interest in single collisions of bio-targets such as proteins,
viruses, and bacteria.”1321.2427-29 Blocking impact electro-
chemistry deals with single collisions of insulating
(bio)entities on the UME surface polarized at the redox
potential of the electroactive probe in solution, involving in
most cases a “current step” signal in the i-t curve, corre-
sponding to an impact event. Usually, the UME is biased at
a potential where the electron transfer reaction is at a
diffusion-limited steady state in a solution containing the
target entity and a redox species. As an entity adsorbs onto
the UME, it locally hinders the diffusive flux of redox spe-
cies to the electrode, causing a drop of faradaic current
(step-shaped transient).21.2526 The current step magnitude
in blocking impact experiments depends on the size of the
adsorbed entity, the size and the shape of the UME, the
type and the concentration of the redox probe, the applied
potential and the location of the entity adsorbed onto the
UME surface.?124-2630-32 Several studies showed a signifi-
cant enhancement of the entity sizing precision in single
blocking impact electrochemistry by using a hemispherical
UME rather than a disk UME or by applying lower
overpotentials for mitigating edge effects.2530

A simple estimate of the radius of the disk surface occu-
pied by a single spherical entity adsorbed (rads) onto the
UME disk surface can be calculated from the following
equation.1333
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Figure 1. Schematic representation of a single impact of a
spherical insulating particle on the polarized UME disk sur-
face (left) and the resulting current step signal observed in the
i-t curve (right).

In Eq. 1, re is the UME disk radius, Aiss is the current step
magnitude, and iss is the steady-state current before the
analyzed current step (Figure 1) °. Because Eq. 1 does not
take into account the edge effect inherent in electrochemi-
cal blocking experiments on disk UMEs and the shape of
the entity, estimating the size of non-spherical entities
such as bacteria with this equation is questionable.?253132
To the best of our knowledge, Eq. 1 was mainly used for
the radius estimation of different entities in the work of
Dick et al. dealing with single blocking impacts of antibod-
ies, enzymes, DNA and polystyrene nanospheres!® and
also, for determining the volume of red blood cells.3* The
radius values estimated from the current steps' magni-
tudes and Eq.1 for these different species had the same
order of magnitude as those obtained from their crystallo-
graphic data.’® Nevertheless, this size estimation method
was not repeated and extended to various entities such as
liposomes and bacteria.

We present herein a comparative study aiming to detect
and analyze current step signals related to single collisions
of three different entities usually studied in our lab (poly-
styrene spheres, liposomes and bacteria), based on block-
ing impact electrochemistry. We propose a computer pro-
gram for detecting and analyzing each current step transi-
ent in the i-t curves recorded at the oxidation potential of
the ferrocyanide redox probe (+0.8V vs Ag/AgCl) on a
10 um-diameter Pt disk UME in the presence of different
entities (Figure 2): 350 nm-diameter and 1 pm-diameter
polystyrene spheres (sizes provided by the supplier),
300 nm-diameter phospholipid liposomes (hydrodynamic
diameter estimated by dynamic light scattering) and two
different strains of Gram-negative bacillus bacteria (Esche-
richia coli and Shewanella oneidensis) with a length of
about 2 um and a width of about 0.5 pum.>2627 The radius
estimation of these three different targets using Eq. 1 is
also discussed in this work. Indeed, our study aims to
clearly show that Eq. 1 is only suitable for estimating the
size of spherical entities whose diameter is sufficiently
smaller than the disk UME diameter. The development of
this computer program is interesting in the context of high
throughput data processing like the electrochemical detec-
tion of impact events, where the study of single entities
one by one is more advantageous than measuring numer-
ous entities as a whole.35 In addition, the availability of a
computer program in open and free source is a great ad-
vantage for a systematic and an accurate data processing
of various blocking impact experiments. In contrast, this
study is not focused on the impact event frequency related
to the entities concentration in solution because several
previous reports already reviewed this point?273336 and it
is not the aim of this present work.

< ! Nanospheres 294" Liposomes 602 Escherichia coli
T si16 . \
‘;_:7 514 L_ 492 ~— - 60.0 T
T 512 — . 490 “""“»-.1 50.8 SN
- - —
S s o 488 . 50.6 -
= rﬁﬁ'“ﬂwwrm-{\r - WWMWVWJ T w\/‘“’”‘-"ww’v‘v\f‘v
I I I | 1 | 1 I 1 | I ]
60 80 100 120 140 60 80 100 120 130 140 150
Time (s) Time (s) Time (s)
N . ) ; ‘.l{“ * 0
AlgorlthmlC - Nanospheres - ) PR
steps detection - .
ives
& - Liposomes - ;‘_-?-.3’ N
e
I E. coliq ':.1 B P
0 250 500 750 1000

Computed diameter (nm)

Figure 2. Computer-assisted processing of current step signals related to collisions of three different entities (polystyrene
spheres, phospholipid liposomes and Gram-negative bacillus bacteria) in single blocking impact electrochemistry.



MATERIALS AND METHODS

Materials and Reagents

All chemicals were reagent grade and used as purchased
without further purification. Water used in each experi-
ment was deionized water. Chloroform (>99%) was pur-
chased from Fisher Scientific. Potassium ferrocyanide
trihydrate (98.5%) was purchased from Acros Organics.
Phosphate buffer (PB) solution at 1.0 M and pH 7.4 (25 °C)
was purchased from Sigma Aldrich and stored at 3 °C.
Potassium and sodium chloride were purchased from
Sigma Aldrich. Iron(IlI) nitrate nonahydrate was pur-
chased from Acros Organics. Phosphate buffered saline
(PBS) used for experiments with bacteria was composed of
0.1 M commercial phosphate buffer solution, 50 mM KCI
and 50 mM NacCl (pH 7.4 at 25 °C) and was stored at 3 °C.
1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC)
lipids were purchased as a powder from Sigma Aldrich
(Avanti Polar Lipids) and stored at -18 °C. Luria-Bertani
(LB) medium, LB agar plates and glycerol were obtained
from Sigma Aldrich. Polystyrene spheres were obtained
from Polyscience Europe GmbH.

Liposomes preparation

As we previously reported,® liposomes suspensions were
prepared by dissolving 10 mM DMPC lipid (powder) in
chloroform (1 mL) for the complete dissolution of lipids.
The homogeneous mixture was placed under a nitrogen
(N2) flow for 30 minutes for the complete evaporation of
chloroform. The dry lipid film was hydrated by the addi-
tion of an aqueous solution (1 mL of 0.5 M KsFe(CN)s as a
redox probe), then the mixture was sonicated for 1 minute
and heated on a hot plate at 50 °C for 30 minutes under
stirring. The DMPC liposome solutions were extruded
using 400 nm diameter polycarbonate membranes from
Avanti Polar Lipids. The extrusion of liposomes was car-
ried out with the extruder set from Avanti Polar Lipids
including a mini-extruder, 2 syringes of 1 mlL, polycar-
bonate membranes of 0.4 pm and filter supports. The lipo-
somes suspension was passed through the extruder
9 times, which was kept warm at 50 °C, to obtain DMPC
liposomes suspensions. Then, size-exclusion chromatog-
raphy (PD-10 Desalting Columns, Cytiva) was performed
to remove the redox probe that was not encapsulated in-
side the liposomes. By using a 0.1 M PB aqueous solution at
pH 7.4, the first fraction containing the liposomes was
kept. The end is detected by the precipitation of a Prussian
blue compound upon contact with an iron(IlI) nitrate
aqueous solution, indicating the presence of ferrocyanide
ions in the eluate. This final step for redox DMPC lipo-
somes (encapsulating ferrocyanide ions) typically yields a
nanomolar range DMPC liposomes suspension that is
stored at 3 °C for 3 days. The size distribution of the lipo-
somes was determined by dynamic light scattering (DLS)
carried out on a Vasco Kin™ Particle Size Analyzer using
the NanoKin® software. These redox liposomes encapsu-
lating ferrocyanide ions are mainly used for electrolysis
collisions where they are studied in our group for bacterial
toxins detection®, but in this study, their redox property
was not a relevant parameter.

Electrochemical measurements

The electrochemical experiments were performed at room
temperature (21 * 2 °C) using a SP-300 potentiostat (Bio-
Logic) with an ultra-low current module and with a three-
electrode cell placed in a Faraday cage (BioLogic FC-45)
and using the EC-Lab software. The 10 pm diameter Pt disk
UME purchased from CH Instruments (CHI107) was used
as the working electrode. Pt wire was used as a counter
electrode and pseudo-reference electrode. For checking
the stability of the Pt pseudo-reference, all the potentials
were controlled and reported with an Ag/AgCl (3 M NaCl)
reference electrode (Figure S1). The electrochemical aque-
ous solution was composed of 0.5 M KsFe(CN)s without PB
or 50mM KisFe(CN)s with 0.1M PBS pH7.4. For all
chronamperometry i-t curves recorded, the sample inter-
val (in sampling time) was 100 ms. Before each electro-
chemical experiment, the Pt UME was mechanically pol-
ished using wetted fine grit silicon carbide paper from
Struers (4000-grit SiC) and washed in water.

Computer-assisted processing of electrochemical data

An algorithm was developed with Python to perform cur-
rent steps detection and measurements from the raw i-t
curves. First, the expected transient current caused by the
growth of the diffusion layer was subtracted. The Shoup-
Szabo equation for a disk-UME was fitted to the signal
during the specific period 0.1 s - 20 s (not at the very be-
ginning to avoid saturation caused by the charging of the
double-layer capacitance and not too long to avoid taking
into account too many current steps) by adjusting the
electrode radius.3” This results in a theoretically flat cur-
rent between the steps. Then, a differentiation method was
applied to convert downward steps into negative peaks:
for every signal value, the average of the next five values
(which correspond to a 0.5 s period with our 10 Hz sam-
pling rate) was subtracted to the average of the previous
five values, resulting in a transformed signal T. The result-
ing peaks were detected with the signal.find_peaks() func-
tion of Scipy, and the prominence value required for this
function was evaluated for each sample. We chose to set
this value to the magnitude of the signal’s background
fluctuations, which was estimated by a measurement of the
standard deviation of the signal over a 5s period (Ta-
ble S1).

Integration of the peaks gives the step’s magnitude. For
each peak, the integration was not calculated down to zero
but to a line connecting the two bases of the peak. These
points were obtained by calculating the difference with
neighboring values, starting from the middle of the peak,
until they fell below a threshold of 10-1* A - indicating a
stable signal. We found that the value of 10-1* was a satis-
factory compromise for detecting the settling of the noisy
signal. This gives the positions of the left and right feet of
the peak, which were used as baseline’s extremities for the
integration. Figure S2 illustrates each of these algorithmic
steps. Steps with a calculated magnitude below 3 times the
standard deviation of the background signal were not
considered significant and were ignored. Graphs and sta-
tistical plots were done using the Veusz software3® and
RStudio.?® A copy of the Python script is available in the
following repository: https://gitlab.univ-
nantes.fr/E17E952C/steps-detection
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RESULTS AND DISCUSSION

All blocking impact experiments presented in this study
were performed by recording a chronoamperometry
measurement at the steady-state current oxidation poten-
tial of ferrocyanide ions (+0.8 V vs Ag/AgCl) in an aqueous
solution composed of 0.5M KsFe(CN)¢ (for nanospheres
and liposomes) or 50 mM KiFe(CN)s and 0.1 M PBS at
pH 7.4 (for microspheres and bacteria) in the electrochem-
ical cell. The different suspensions of entities were directly
added into the electrochemical solution, either from the
commercial sample for polystyrene spheres, or from those
previously prepared with liposomes and bacteria (sus-
pended in a phosphate buffer solution as described in the
Experimental section). Before the blocking impact meas-
urements, cyclic voltammetry and i-t curves were record-
ed in an entities-free solution in order to check the steady-
state current of the working electrode (10 pm-diameter Pt
UME) according to its size and the concentration of the
redox probe.l® Once these control experiments were per-
formed, several i-t curves were recorded at room temper-
ature in the presence of different target entities (between
10° and 100 entities mL-1) added in the electrochemical
cell containing the aqueous redox solution. The three dif-
ferent types of entities studied by single blocking impact
electrochemistry were polystyrene spheres, liposomes and
bacteria: 350 nm-diameter nanospheres and 1 pm-
diameter microspheres, 300 nm-diameter liposomes and
two different strains of Gram-negative bacillus bacteria (E.
coli and S. oneidensis). In this study, the linear relationship
between collision frequency and entity concentra-
tion13283640 were not investigated because we focused on
the analysis of current step signals in the blocking impact
experiments with various entities. Also, different 10 pm
diameter Pt disk UMEs were used as working electrodes
for recording all i-t curves presented in this study, conse-
quently the baseline current differed slightly from one
measurement to another.

Typical i-t curves recorded on 10 pm-diameter Pt UME
in the presence of nanospheres (blue), liposomes (red),
microspheres (blue), E. coli (green) and S. oneidensis (or-
ange) are shown in Figure 3. As expected in these electro-
chemical blocking impact experiments, several current
step signals were observed, corresponding to single entity
impact events onto the Pt UME surface.?1326:3336 Generally,
current transients have the shape of a step with stable
edges (Figure 3 and Figure S3), indicating that most of the
impacting entities hit and remain adsorbed onto the Pt
UME surface after a collision. A significant difference in the
stability of the background current over the entire dura-
tion of the measurement was observed for these different
entities, especially for bacteria collisions (Figure S3). This
phenomenon is inherent to living entity collisions, which
involve a specific activity of biological species adsorbed
onto the polarized UME. Such behavior is exemplified by
the S. oneidensis bacteria, where the outer membrane re-
dox proteins play a crucial role in the cell’s mobility and
adhesion onto a polarized surface, as demonstrated by our
previous work.??
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Figure 3. i-t curves recorded on a 10 um-diameter Pt UME at
+0.8V vs Ag/AgCl in (a) 0.5M KsFe(CN)s and (b) 50 mM
K4Fe(CN)s 0.1 M PBS at pH 7.4 at room temperature, in the
absence (black) and in the presence of (a) ~109 liposomes mL-
1 (red), ~1010 nanospheres mL-1 (blue) and (b) ~109 cells mL-1
of E coli (green), S. oneidensis (orange),
~109 microspheres mL-! (blue).

In order to have a representative sampling, the analysis
of current step transients was carried out for three i-t
curves recorded in the same experimental conditions for
each target entity (Figure S3) and the collected data were
reported in a spreadsheet file provided in Supporting In-
formation (Appendix: Current steps analysis). The average
diameter of an adsorbed entity with its standard deviation
provided in the first row of Table 1 was calculated from
Eg. 1 for each current step signal reported in the Appendix
file. Note that, in this work, only current steps with a cur-
rent drop at least three times higher than the noisy current
fluctuations were considered as collision events.

The values reported in the first row of Table 1 for
nanospheres (360 nm) and liposomes (310 nm) show a
good correlation between the average diameter calculated
from electrochemical data and the size distribution ob-
tained from DLS data (Figure S4 and Figure S5) reported in
the third row. These two entities are quite similar in size
and shape because nanospheres are spherical hard nano-
particles (350 nm-diameter) while liposomes are spherical
soft entities (300 nm-diameter). Also, the ratio between
the projected area of the adsorbed entity and the disk UME
is about 0.1% (as observed in AFM imaging reported in
Figure S7), which seems an optimal value for reaching a
good estimation of the entities’s size from Eq. 1.



Table 1. Average diameter with its standard deviation of adsorbed entities estimated from Eq. 1 for the current step signals
of the i-t curves recorded on a 10 um-diameter Pt UME at +0.8 V vs Ag/AgCl reported in Figure S3 (dads) and from the out-
put of the program (dprog) compared to the average hydrodynamic diameter determined by DLS reported in Figures S3, S4

and S5 (dbs).

Nanospheres Liposomes Microspheres E. coli S. oneidensis
dads (nm) 360 + 180 310+ 100 680 £ 230 570 + 280 640 + 160
dprog (NmM) 310+ 190 270+ 110 570 + 450 420+ 520 650+ 270
dpis (nm) 400 300 1200 1600 1700

In contrast, the average diameter of spherical micro-
spheres calculated from electrochemical data in the first
row of Table 1 (680 nm) is underestimated in comparison
to the values obtained from DLS data (1.2 pm) reported in
the third row of Table 1 and the AFM measurements (Fig-
ure S8). This result can be explained by the ratio between
the projected area of the adsorbed particle and the disk
UME surface (1%), which is 10 times higher for micro-
spheres than with nanospheres. Therefore, the larger size
of these particles increases the likelihood of stacking in-
coming microspheres on top of already adsorbed ones
onto the UME (as observed in AFM imaging, Figure S8). In
this case, the current step magnitude measured for a single
impact is lower than expected if the microsphere is
stacked. Moreover, particles colliding onto the glass
sheath, near the conductive surface of the electrode, would
slightly restrict the diffusive flux, resulting in a lower cur-
rent step. This signal would be interpreted either as a
small particle, or be buried below the noise level and in-
terpreted as experimental noise. In these conditions, the
use of Eq. 1 for estimating the size of the colliding entity is
only limited to giving an order of magnitude of the size
with a significant underestimation. This observation is
extended to the case of bacteria where the average diame-
ter reported in the first row of Table 1 is about 570 nm and
640 nm for E. coli and S. oneidensis, respectively. The aver-
age hydrodynamic diameter determined by DLS (Fig-
ure S6) is about 1600 nm and 1700 nm for E. coli and S.
oneidensis, respectively (the third row of Table 1). These
rod-shaped bacteria have a length of about 2 pm and a
width of about 0.5 um,?2627 therefore a single adsorbed
bacterium occupies theoretically about 1 um? onto the Pt
UME surface (see AFM imaging in Figure S8). For these
living and non-spherical entities, Eq. 1 seems quite unsuit-
ed for calculating an average diameter, especially because
bacteria behave differently onto the polarized UME surface
according to their specific properties and surface
charge.?62829 The broad size distribution obtained with
single impact measurements for all entities is probably due
to the edge effect inherent to the UME disk, as the current
density at the edge is ten times higher than at the center of
the electrode. This observation was previously reported in
different studies dealing with single blocking impacts of
polystyrene spheres and bacteria.2627.31.33

Because of the time-consuming and repetitive aspects of
manual data processing for each current step signal in i-t
curves, we developed a data processing program for de-

tecting and analyzing the collision events in single blocking
impact experiments. To the best of our knowledge, most of
the computer programs reported in the literature for sin-
gle collision data processing deal with current spikes anal-
ysis corresponding to the electrolysis impact method.#142
The details of the method and algorithm used for our pro-
gram were reported in the Materials and Methods section,
and in the Supporting Information file. All it curves pre-
sented in Figure S3 were processed by our program and as
an example, Figure 4 shows an extract of the computer-
assisted data processing for liposomes and E. coli. The data
processing performed with our program for nanospheres,
microspheres and S. oneidensis is reported in Figure S9.
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Figure 4. Computer-assisted processing of current step sig-
nals detected in i-t curves and related to single impacts onto
the Pt UME surface of liposomes (a) and E. coli bacteria (b).
Overlaid bold curves indicate the time span used for the inte-
gration of a detected step.

As presented in Figure 4, each current step signal corre-
sponds to a peak in the differentiate curve T, facilitating
the detection and visibility of single impact events in i-t
curves. Also, with the computer-assisted processing, the
number of current step signals detected in all i-t curves
were significantly higher than with the manual processing



reported in the spreadsheet (Appendix: Current steps
analysis). The calculation parameters of the program were
chosen so that they could be adapted for all different target
entities from spherical hard nanoparticles to micron-sized
rod-shaped living bacteria in order to propose a relevant
overall procedure.

Computer-assisted analysis of the current steps’ magni-
tudes uses Eq.1 to calculate the diameter of entities ad-
sorbing onto the Pt UME. The diameter values of each enti-
ty are reported in Figure 5 and computed average sizes are
indicated in the second row of Table 1. Compared with the
average diameters reported in the first row of Table 1, the
computed average sizes are overall lower and with a
broader size distribution. This result can be explained by a
higher number of current step signals detected in i-t
curves with the computer-assisted processing, especially
more current steps with a lower magnitude. This trend is
particularly visible in Figure 5 where a wide size distribu-
tion is observed for the five entities studied. Only in the
case of liposomes, a normal distribution can be observed
on the computed average diameter, in contrast to the other
entities, particularly microspheres, where the size distri-
bution is significantly larger and dispersed (Figure 5). The
diagram presented in Figure 5 shows that the use of Eq. 1
to estimate the entities’ sizes is only suitable for
nanometric and spherical particles but not for micrometric
and non-spherical ones in our experimental conditions
(10 pm diameter Pt disk UME), in agreement with our
previous observations with the manual processing.
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Figure 5. Distributions of diameter values of adsorbed enti-
ties estimated from Eq. 1 for the current step signals detected
and analyzed by our computer program in i-t curves for lipo-
somes, nanospheres, microspheres, E. coli and S. oneidensis.

As demonstrated, the computer-assisted processing for
current steps analysis in i-t curves is an efficient and low-
time-consuming strategy for blocking impact experiments
with various entities. Regardless of the method used for
detecting the steps, a large spread in steps magnitudes are
converted to surprisingly broad size distributions. This
highlights that, not only the size, but also the aspect and
location of the entity on the UME surface during its impact
are all parameters shaping the step of current. In contrast,
the number of previous collisions and entities adsorbed
seem to have little to no effect on the magnitude of the

current step corresponding to a blocking impact event in
our experimental conditions (Figure S10).

CONCLUSIONS

In this work, we focused on the detection and analysis of
current step signals corresponding to single impact events
onto the disk UME surface for estimating the size of vari-
ous entities in blocking impact electrochemistry experi-
ments. Ferrocyanide ions were used as a redox probe in an
aqueous solution and a 10 pum-diameter Pt disk UME was
used as a working electrode for all chronoamperometry
measurements. The three different types of entities stud-
ied by single blocking impact electrochemistry were poly-
styrene nanospheres (350 nm-diameter) and micro-
spheres (1 um-diameter), phospholipid liposomes
(300 nm-diameter) and two different strains of Gram-
negative bacillus bacteria (E. coli and S. oneidensis). First,
an estimation of the average diameter was performed from
the current step transients’ magnitudes by using the equa-
tion linking the radius of the disk UME to the radius of the
disk surface occupied by the adsorbed entity. This size
estimation proved to be relevant for nanospheres and
liposomes but significantly less efficient for microspheres
and bacteria with an underestimation of their size. This
difference could be related to the ratio between the pro-
jected area of the adsorbed entity and the disk UME, and
also the non-spherical shape of bacteria. We also devel-
oped an efficient computer program for assisting the de-
tection and analysis of current step transients in i-t curves,
avoiding the time-consuming and repetitive aspects of
manual data processing. The size distribution obtained by
this processing agreed with our previous results, showing
a larger and more dispersed distribution for microspheres
and bacteria than liposomes and nanospheres. Our com-
puter program was efficient for detecting and analyzing
the collision events in single blocking impact electrochem-
istry for various entities from spherical hard nanoparticles
to micron-sized rod-shaped living bacteria. In the near
future, it could be extended to other types of single impact
electrochemistry such as catalysis and electrolysis events
with a relevant overall procedure for these types of colli-
sions.
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Cyclic voltammograms; standard deviations of the back-
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