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Abstract 

 

Detecting Single-Particle Insulating Collisions in 

Microfluidics as a Function of Flow Rate 

 

Elizabeth Grace Nettleton, M.A. 

The University of Texas at Austin, 2012 

 

Supervisor: Richard M. Crooks 

 
 

This work presents the first electrochemical 

observation of single polystyrene microbead collisions with 

an electrode within a microchannel. We have observed that 

detecting single microbead collisions is facile with this 

system. Additionally, we have shown that by increasing flow 

within the channel, one can increase both the frequency and 

magnitude of collision signals. This technique may provide a 

means of signal amplification in future sensing work. 
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Chapter 1: Introduction and Background 

1.1 Purpose of Research 

The aim of this work is to correlate both the 

electrochemical signal frequency and magnitude when single 

polystyrene microbeads collide with a microband electrode in 

a microfluidic device as a function of flow rate. To that 

end, we present our experimental findings, which show a 

trend toward more collisions of greater magnitude with 

increasing flow rate.  

 These experiments are part of a larger effort to 

develop a well-understood system capable of single particle 

detection. Ultimately we aim to use our technologies to 

create a sensor capable of single-biomolecule detection, 

which is the holy grail of both chemical/biological threat 

screening systems as well as clinical detection systems 

seeking to diagnose disease.  

 Specifically, we are working in a microfluidic system 

because it offers practical advantages. First and foremost, 

it requires a very small sample volume (about 200 µL). Our 

microfluidic devices are also easily fabricated, easy to 

use, and disposable. These attributes are advantageous for 

potential application in a clinical setting. Finally, 

because we can integrate flow into these devices they 
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provide a means to study the effects of mass transfer on 

detection limits.  

1.2 Existing techniques: Single NP Detection through 

Electrochemistry 

Important work, primarily completed by the Bard 

research group, sets precedent for this study. They have 

extensively studied real-time electrochemical single-

particle detection systems.
1-12

 In their experiments, Bard 

and coworkers take advantage of electrocatalytic 

amplification (ECA). In a chronoamperometric experiment, 

they poise the potential of a working electrode at a value 

at which little faradaic current flows, even with a high 

concentration of a kinetically-slow redox molecule present. 

When nanoparticles (NPs) catalytic for the reaction of this 

molecule are added to the solution, individual current 

transients can be observed on the i-t curve. Figure 1 shows 

a scheme of this system as well as representative data.
1
 

Bard and coworkers have studied many variations on this 

principle, using assorted NPs, electrodes, and redox 

molecules. All of these systems display similar 

characteristics. 

The Compton group has also studied ECA extensively.
12-19

 

Their focus has primarily been on obtaining a fundamental 

understanding of nanoparticle collisions using 

electrodeposition
17-18

 and electrodissolution
14-15

 methods. 
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Additionally, They have performed collision experiments 

involving nanoparticles tagged with electroactive groups.
12
  

Unwin and coworkers studied single nanoparticle 

collisions in a scanning electrochemical cell microscopy-

based study.
20
 The technique uses micropipettes to create a 

micro- or nanoscopic electrochemical cell in which to 

observe single NP collisions via ECA. The advantage here is 

based on the departure from a UME system, which requires 

time-consuming fabrication and limits the accessible 

materials. Virtually any substrate can be used in Unwin’s 

technique, including TEM grids, which presents the 

possibility of optical studies following the collision 

experiments.  

Our group has also studied ECA, extending Bard’s and 

Compton’s fundamental studies to an application within a 

microchannel. We presented the real-time electrochemical 

detection of DNA hybridization through the same concepts 

presented above. We observed the binding using a Au 

electrode modified with single-stranded-DNA, Pt NPs labeled 

with target DNA, and N2H4 as the redox molecule for ECA.
21
 

Further refinement and study of this system continues. 
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 Figure 1: ECA Collision System
1
 

In electrocatalytic amplification (ECA) experiments, the 

working electrode is poised at a potential where it is not 

active for a redox reaction. When an active nanoparticle 

collides with the electrode, the reaction is catalyzed, and 

current flows. A signal corresponding to this collision 

event can be observed in the i-t trace.   
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 In addition to using catalytic NPS, it is also possible 

to observe the interaction of individual insulating spheres 

with a microelectrode, introduced by Lemay and coworkers in 

2004.
22
 The group used carboxylated latex beads (diameters = 

500 and 150 nm) in a solution of ferrocene methanol 

(FcMeOH). Instead of the beads catalyzing a reaction at the 

electrode, causing an increase in current, the beads block a 

portion of the electrode and cause a current decrease. In 

their experiments, Lemay and coworkers poised the potential 

of a 2.5 µm Au working electrode such that steady-state 

oxidation of FcMeOH occurred. When the negatively charged 

beads struck and were irreversibly immobilized on the 

electrode, a decrease in current was observed in the i-t 

trace. The beads were attracted to the electrode via 

electromigration. Therefore, when the supporting electrolyte 

concentration was lowest, and the electric field extended 

furthest into solution, more distinct collisions were 

observed. Figure 2a shows representative Lemay group data. 

The group also noted that the bead flux, and thus step 

signal, was proportional to the limiting current, ilim, and 

that the beads formed closely packed structures on the 

electrode surface. 

 The Bard group further studied this system,
23
 using Pt 

UMEs, FcMeOH, and silica and polystyrene spheres (diameters 

310 nm and 530 nm, respectively). They observed the same 

trends as Lemay (see Figure 2b), but also expanded upon the 
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system. Specifically, they studied the frequency and 

magnitude of the current transients with time. They also 

studied how the attachment of the beads at different 

locations on the UME influences the size of the current 

transients as well as how different interactions of the 

beads with the electrode surface (i.e. adsorbing and 

desorbing, rearrangement, etc) impacted the i-t signal. They 

used COMSOL modeling to confirm their experimental findings. 

It is important to note that these experiments lead to a 

smaller signal than the previous ECA work presented by Bard 

and Compton. Using large beads and small electrodes is 

essential.  
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Figure 2: Polystyrene Collision Systems
22-23

 

Analogous to the ECA experiments, the electrode is poised 

such that steady-state oxidation of FcMeOH occurs. When an 

insulting bead collides, and blocks, the electrode, a 

corresponding decrease in current can be observed. Because 

this is an electrostatic effect, the effect is maximized at 

low concentrations of supporting electrolyte.  
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1.3 Experimental Design 

 In this work, we have extended the insulating particle 

collision system, as studied by Lemay and Bard, to within a 

microfluidic device. Monitoring polystyrene bead collisions 

at a microband electrode offers many advantages over 

monitoring the collision of catalytic NPs. First, the 

concentration of polystyrene beads is provided by the 

manufacturer. As such, it is straightforward to vary the 

concentration of beads used within our experiments. When 

using NPs, however, one must consider yield of the 

experiment, atomic packing, and other factors in order to 

estimate concentration. Second, when dealing with catalytic 

NPs, we have found that varying electrochemical activity 

occurs between batches. The polystyrene collision system, 

however, does not rely on catalytic amplification. 

Therefore, this variability is eliminated. Finally, because 

the polystyrene beads are large, small imperfections in our 

microband electrodes matter less. All of these factors 

should combine to provide a simpler and more reproducible 

system.  

Scheme 1 shows a representation of our microfluidic 

device fabrication and implementation. We begin with glass 

slides coated with 100 nm of Au, pattern our microband 

electrodes and contacts via photolithography, and attach a 

PDMS monolith containing our microchannel. Next we add 

solution containing 4 mM FcMeOH, 2.5 mM potassium nitrate 
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(KNO3), and 50 fM of unmodified polystyrene spheres (PS). We 

control the solution flow rate by varying the solution 

height in our channel reservoirs, where the reference 

electrode is placed in the inlet reservoir. We collect i-t 

curves at a potential where i = ilim of FcMeOH oxidation and 

monitor the traces for current decreases signifying the 

attachment of a single PS bead with the microband electrode.
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Scheme 1: Microfluidic Cell Design  
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Chapter 2: Experimental 

2.1 Materials 

The following chemicals were purchased and used as 

received: ferrocene methanol (97%, Acros Organics BVBA, 

Belgium), potassium nitrate (EM Science, Gibsstown, NJ), 

HPLC Grade Acetone (Fisher Scientific, Fair Lawn, NJ). 200 

proof ACS/ISP Grade Absolute Anhydrous Ethanol (Pharmco-

Aaper, Shelbyville, KY) and Flourescein Disodium Salt 

(Avocado Research Chemicals Ltd., Lancashire, UK). 

Unfunctionalized polystyrene beads with a diameter of 1.0 µm 

were purchased as monodisperse aqueous suspensions from 

Bangs Laboratories, Inc. (Fishers, IN, catalog number: 

PS04N/5749), and were also used as received. 

Deionized water from a Millipore filtration system 

(Milli-Q gradient system, Millipore, Bedford, MA) having a 

resistivity of 18.2 MΩ∙cm was used for all experiments. 

Prior to electrochemical experiments, the FcMeOH/KNO3 

solution was passed through a 0.2 µm PTFE syringeless filter 

device (Whatman, Piscataway, NJ) to remove particulates from 

the solution.  

2.2 Microfluidic Device Fabrication 

The Au microband electrodes were prepared on glass 

slides using standard photolithographic methods, as 

described previously.
9
 A positive photoresist layer (~10 µm 
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thick, AZ P4620) was spin-coated onto Au-coated glass (100 

nm Au layer, EMF Corp., Ithaca, NY) and then exposed to UV 

light through a positive photomask (CAD/Art Services, Inc., 

Bandon, OR). The photomask, and ultimately the device 

pattern, consisted of two 10 µm x 6 mm microbands separated 

by 4 mm; each with a 3 mm
2
 square contact pad. After removal 

of the UV-exposed photoresist using a developer solution (AZ 

421 K, AZ Electronic Materials, Somerville, NJ), the 

unprotected Au was removed using an aqueous solution of 2% 

I2 and 8% KI (for ~ 1 min). Next, the remaining photoresist 

was removed by rinsing the slide thoroughly with HPLC grade 

acetone and high purity ethanol (pipetted directly from 

glass bottles). After which, the device was thoroughly 

rinsed with DI water and dried with N2. It was then exposed 

to an air plasma (60 W, model PDC-32G, Harrick Scientific, 

Ossining, NY) for 5 min.  

 The microfluidic channel was prepared via soft 

lithography using poly(dimethylsiloxane) (PDMS, Slygard 184, 

Dow Corning, Midland MI). The dimensions of the channel were 

6 mm long, 14.5 µm high, and 20 µm wide. Two reservoirs were 

punched at either end of the channel using 6.0 mm Harris 

Uni-Core coring punches (Ted Pella, Redding, CA). The 

monolith was then rinsed with ethanol and dried under N2.  

To assemble the completed device, the PDMS monolith and 

patterned Au slide were then exposed to the air plasma for 
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45 s. Then, the PDMS monolith was joined to the glass slide-

supported Au microband, so that the microchannel was 

orthogonal to the microband. The completed device was then 

heated on a hotplate at 85 °C for 5 min before immediately 

adding solution to both reservoirs.  

 Finally, electrical contact to a potentiostat was made 

to the patterned slide using copper tape with a conductive 

adhesive (3M, #1181). The tape was wrapped around the 

contact pad such that the electrode lead could be clamped 

directly to the slide. Figure 3 shows a photograph of the 

assembled device and a micrograph of the channel and 

electrode.  
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 Figure 3: Assembled Microfluidic Device 

(a) Assembled glass/PDMS microfluidic device showing Cu 

tape on bonding pad 

(b) Micrograph of assembled device showing the 7.6 µm 

wide microband electrode within the 20 µm channel  

a b 
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2.3 System Characterization 

Prior to device assembly the height and width of the 

silicon channel molds were evaluated via the vertical 

scanning interferometry mode of an optical profiler (Veeco 

Wyko NT9100). Line profiles were collected at three 

different points on each mold, and the channels were found 

to be 20.1 ± 0.3 µm x 14.3 ± 0.2 µm. 

The gold microband electrodes were sized using a Nikon 

Eclipse TE 2000-4 inverted microscope. From a sample size of 

20 electrodes, they etched to size of 7.6 ± 0.4 µm. 

The unmodified polystyrene beads were evaluated for 

size. Using SEM (Quanta 650 FEG), the beads were found to 

have a diameter of 1.04 ± 0.03 µm. (200 beads were sized 

using ImageJ software.) Figures 4a and 4b show the SEM image 

and resulting histogram. Using dynamic light scattering 

(DLS) (Malvern Zetasizer nano ZS), however, the beads were 

found to have a diameter of 1.56 µm. (For these 

measurements, the polystyrene beads were suspended at a 50 

fM concentration in 2.5 mM KNO3 synthesized in HPLC grade 

water.) This size discrepancy likely exists because of 

drying effects. Since DLS measures hydrodynamic radius, the 

beads will appear larger when their layer of hydration is 

present. Additionally, it is possible that the polystyrene 

swells in solution. 
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Figure 4: Polystyrene Bead Characterization 

(a) SEM image of 1 µm polystyrene beads as received from 

Bangs Lab Inc. The white crystalline features are 

stabilizing salts present in solution. 

(b) Histogram showing the average size of the particles 

to be 1.04 ± 0.03 µm, from a sample size of 200 

measurements. 

  

a b 
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Zeta-potential of the unmodified beads was also evaluated 

using the Malvern Zetasizer, and a value of -79.1 ± 6.71 mV 

was obtained. (For these measurements, the polystyrene beads 

were suspended at a 50 fM concentration in 2.5 mM KNO3 

synthesized in DI water.) Although the beads were not 

intentionally modified, residual sulfonate groups exist on 

the surface, which result in an overall negative charge. The 

ζ-potential is important for two reasons. First, because the 

absolute value of -79.1 mV is greater than 61, the colloid 

is extremely stable. Secondly, it is important that the 

beads be negatively charged in this experiment since 

migration is responsible for the attraction of the beads to 

the electrode surface (which is held at a positive 

potential, at the limiting current of FcMeOH oxidation).  
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2.4 Electrochemical Measurements 

Cyclic voltammetry (CV) and i-t curves obtained using 

Au microband devices were measured using a potentiostat and 

Faraday cage similar to that described by Zhang and 

coworkers.
24
 A Chem-Clamp voltammeter-amperometer (Dagan 

Corp., Minneapolis, MN) served as the potentiostat, while 

the voltage signal was generated by a PAR 175 (Princeton 

Applied Research, Oak Ridge, TN) universal function 

generator. This setup was interfaced to a Dell Optiplex 380 

computer through a PCI-6251 data acquisition board (National 

Instruments, Austin, TX) via a BNC-2090A analog breakout 

accessory (National Instruments, Austin, TX). Two-electrode 

cell connections from a preamplifier were housed in a 

Faraday cage constructed of copper plate and mesh. The 

voltammetric data and i-t curves were measured using custom 

software written in LabView 2011 (National Instruments, 

Austin, TX). The sampling rate for measuring both CVs and  

i-t curves with this instrument was 10 measurements s
-1
. 

CV measurements using these microfludic devices were 

obtained using 4 mM FcMeOH in 2.5 mM KNO3. The potential was 

swept from 0.0 V (v. Ag/AgCl) to 0.450 V (v. Ag/AgCl) at a 

scan rate of 20 mV/s. I-t curves were collected by stepping 

the potential from 0.0 V to a potential where i = ilim (v. 

Ag/AgCl). The potential was held here (v. Ag/AgCl) for 10 

min, unless otherwise noted. All potentials reported herein 
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were referenced to a Ag/AgCl (saturated) reference electrode 

with a diameter of 1 mm.  

The flow was controlled by varying the solution height 

in each 6 mm reservoir. Unless otherwise noted, the flow 

conditions in all experiments are denoted as Vinlet-Voutlet, 

where Vinlet is the volume of the inlet (which also contains 

the reference electrode), and Voutlet is the volume of the 

outlet.  
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Chapter 3: Results and Discussion 

3.1 Flow Rate Studies 

Initial proof-of-concept experiments were performed 

under two different flow conditions. The faster flow rate 

had the flow configuration 110-20, and the slower flow rate 

had a configuration of 60-30. In both experiments, the 

potential of the working electrode was poised at 0.450 V (v. 

Ag/AgCl). The i-t curves for each experiment show the 

staircase collision trend as observed by both Lemay and 

Bard. The faster flow conditions, however, show collisions 

that are both more frequent and larger in magnitude. These 

data are shown in Figure 5. As Lemay noted,
22
 a higher 

current at the working electrode leads to both of these 

trends, and, as the Levich equation predicts, raising the 

flow rate of a solution subsequently increases the limiting 

current. 
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Figure 5: Flow Rate Trends 

I-t curves under two different flow conditions (in each, the 

black trace is the background). At the higher flow 

condition, 100-20, a larger decrease in signal is observed 

because the collision signals are both larger and more 

frequent than at the slower flow condition, 60-30. 
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We have previously shown that the relationship between 

ilim and flow rate in a microchannel closely obeys the Levich 

equation:
25
 

               
 
   
 

 
   

   

 
 

  
  

   
   

 

where n is the number of electrons transferred, F is the 

Faraday constant, cb and D are the bulk concentration and 

diffusion coefficient, respectively (For FcMeOH cb = 4.0 mM, 

DFcMEOH = 7.4 x 10-6 cm
2
s
-1
),

26
 Vf is the volumetric flow rate, 

xe and w are the length (in the direction of flow) and the 

width of the electrode, d is the width of the microchannel 

(here, equal to w), and h is the height of the microchannel.  

 As explained above, the values of xe, w, d, and h for 

this system were measured via optical profilometry and 

optical microscopy. Thus, we intended to calculate the 

volumetric flow rate under different flow conditions for our 

devices. Ultimately we wanted to obtain collision frequency 

and magnitude data as a function of flow rate.  

 Measurement of flow rate within our devices, however, 

proved to be more complicated. When CVs were collected in 

different devices under the same flow conditions, the 

limiting currents varied up to 100% between devices. Since 

the volumetric flow rate is calculated from ilim, this trend 

prevented the calculation of reliable flow rate data. Figure 

6 shows CVs for two different devices collected under the 

given flow conditions.  
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 Figure 6: Inconsistent Limiting Currents 

Between two different devices, different limiting currents 

are observed under identical flow conditions. 
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It is possible that this discrepancy exists because of 

variation in reservoir dimension. The reservoirs at either 

end of the channel were created using a punching technique 

with intrinsic variation in reservoir shape. In an effort to 

improve reproducibility, the same channel mold was used for 

each given flow condition. Additionally a very rigorous 

electrode cleaning procedure was adopted, as described in 

Chapter 2.2. 

In order to rule out the possibility of leaking, an 

experiment was performed with 10 µM fluorescein in the 

channel. The fluorescence from the channel was monitored as 

a function of time under similar flow conditions as used in 

the above experiment. Even after 45 min, no fluorescence 

intensity was visible outside of the channel, which 

indicates that no leaking was occurring in the region of the 

electrode. Figure 7 shows these fluorescent micrographs.  
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 Figure 7: No Leaking 

To exclude the possibility of leaking, the channel was 

filled with 10 µM 10 µM fluorescein. After 45 minutes, no 

fluorescence was observed outside of the channel, indicating 

that no leaking occurred.   
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An additional study was undertaken to determine whether 

the limiting potential remained constant within the device 

as a function of time. In the first experiment, a CV was 

collected immediately after the solution was introduced to 

the channel, after the solution had been allowed to 

equilibrate for 10 min, and after the solution had been 

allowed to equilibrate for 20 min. A 30% increase in 

limiting current was observed after the first time-point, 

but increased by only 4% between the second and third 

points. This demonstrated that after an equilibration time 

of 10 min, the conditions could be considered fairly 

constant. Figure 8a shows this data. To determine the 

accuracy of this finding, a second experiment was performed 

to test whether solution could be removed and replaced under 

the same conditions without a change in signal, if allowed a 

10 min equilibration time. This proved to be the case. 

Figure 8b shows that ilim before and after solution exchange 

in the same device vary by only 5%. These results were 

verified in triplicate, and when allowed an equilibration 

time, ilim always varied less than 10% under the same flow 

conditions in the same device. Unfortunately, even with 

these considerations, the limiting current at the same flow 

conditions between devices still varied up to 100%. So, 

instead of reporting flow rates, we report flow conditions. 
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Figure 8: Current Equilibration 

(a) Flow was allowed to equilibrate in a device over 20 

minutes. Although a current increase was observed 

after the first 10 minutes, it held relatively 

constant until the next time point. 

(b) Within the same device, the solution was removed and 

replaced under the same flow conditions. A CV was 

collected before and after this exchange, after the 

flow was allowed to equilibrate for 10 minutes. It 

remained unchanged after solution exchange. 

  

a b 
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A new flow configuration was tested in order to induce 

higher flow rates. In this configuration, 4 mm reservoirs 

were used, and the reference electrode was placed in the 

outlet along with 40 µL of solution. The outlet was fitted 

with a 1000 µL pipette tip in order to increase its volume. 

A photograph of this configuration is shown in Figure 9a. 

Under 1200-40 flow conditions, an extreme drift was observed 

in the i-t trace. This drift masked most collision signal, 

and is shown in Figure 9b.  

 It was determined that this drift is actually a factor 

of applied potential. At high flow rates, as low as 150-30, 

ilim shifts to much more positive potentials. For a flow 

configuration of 60-30, 0.400 V is well into ilim, while for 

150-30, one has to hold the potential at 0.550 V to be in 

the ilim regime. Figure 10a shows this trend. For devices 

that are treated identically, if the potential is held at 

0.400 V, the i-t baseline is nearly flat, whereas at 0.550 

V, drift is evident. Figures 10b and 10c show this data at 

two different flow conditions. Because the supporting 

electrolyte concentration must be low for these experiments, 

this shift is attributed to resistance at higher currents. 

This is a fundamental limitation of this device.  
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Figure 9: Baseline Drift 

(a) Cell configuration for data collected at the flow 

condition 150-30. The reference electrode is in the 

oulet while the inlet solution volume has been 

increased by inserting a 1000 µL pipette tip. Here 

the reservoirs are 4 mm. 

(b) At high flow rates, the current-time trace drifts 

positive with time, both when beads are present 

(red) and when they are not (black). 

  

a b 
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Figure 10: Resistive Problems at High Flow Rate 

(a) CV showing FcMeOH oxidation in the channel at two 

different flow rates. At high flow rates, the 

potential where i = ilim shifts positive. 

(b) When the potential is held at 400 mV, the i-t 

baseline is flat. 

(c) When the potential is held at 550 mV, the baseline 

severely drifts to more negative values.  

a 
b 

c 
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This problem can be somewhat circumvented by poising 

the potential more negative of the point where i = ilim. In 

another experiment the flow configuration was 150-30. 

Instead of holding the potential at 0.550 V, it was held at 

0.400 V, where i = 0.85ilim. Using this method, the i-t 

baseline no longer increased with time, and stepwise 

collisions were clearly visible. The baseline is shown in 

Figure 11a whereas zooms of different time points are shown 

in Figures 11b, 11c, and 11d.  

Although the potential is not being held at i = ilim at 

high flow rates, one can compare the data collected under 

three different flow conditions, 60-30, 120-30, and 150-30. 

There is a clear increase in collision frequency as the flow 

rate increases, as expected. The trend for the collision 

signal magnitude is less clear, although both 120-30 and 

150-30 show larger step sizes than 60-30. Table 1 shows this 

data, collected in three different devices under each flow 

condition. Large standard deviations exist for these data 

because at lower flow rates several collisions may occur as 

a burst within a short time point, and then not again for 

tens of seconds. Similarly, for collision signal magnitude, 

one often sees several small collision transients grouped 

together with only the occasional larger step interspersed. 

These trends are as expected and support the hypothesis that 

higher flow will lead to increased signal for collision 

events. It also provides the basis for the assertion that 
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lower concentrations of beads may be detectable at high flow 

rates.  
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Figure 11: Collisions at 85% ilim 

(a) Under the flow condition 150-30, when the potential 

is held at 400 mV, the baseline does not drift 

positive. 

(b) (c) (d) Zooms of data shown in (a), demonstrating 

that the signature staircase is present in the data.  

a b 

c d 
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Table 1: Flow Rate-Based Comparisons 

 Collision Frequency Collision Magnitude 

60-30 0.24 ± 0.34 s
-1
 2.2 ± 1.7 pA 

120-30 0.41 ± 0.55 s
-1
 10.7 ± 5.1 pA 

150-30* 1.11 ± 0.09 s
-1
 8.3 ± 4.9 pA 
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3.2 Sensing Considerations 

Other interesting features can be observed in the 

current transients when beads are present in solution. 

First, bead desorption events that are signified by a 

decrease in current followed by a similarly-sized increase 

in current shortly afterward are observed. One of these 

signatures can be observed in most 10 minute i-t traces. Two 

adsorption-desorption events are shown in Figure 12. These 

signatures may prove useful in future endeavors to develop 

this technology into a sensor.  

Second, it is important to note that both signal 

frequency and magnitude decrease with time. Figure 13 shows 

i-t traces between two different time traces of the same 

experiment. From 50-100 s the signal size is 7 ± 5 pA with 

an average frequency of 0.52 s
-1
 while from 550-60 s, the 

signal size is 4 ± 2 pA with a frequency of 0.36 s
-1
. This 

is not unexpected. As described above, the current decrease 

occurs as an individual bead blocks a portion of the active 

area of the electrode. At longer time points, less of the 

electrode is exposed. This trend is also important to keep 

in mind while developing this in a platform for sensing. It 

is most efficient to collect data within the initial phases 

of the experiment. Bard and coworkers noted these features 

in their work as well.
23
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Figure 12: Bead Desorption 

Bead adsorption and desorption events observed at the flow 

condition 150-30. The adsorption and desorption is 

characterized by a decrease in signal quickly followed by an 

increase.  
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Figure 13: Decrease in Signal at Long Time Points 

At long time points, the collision signal decreases in 

frequency and magnitude because less of the electrode 

surface is accessible for blocking. 

(a) Time 0-50 s: signal size is 7 ± 5 pA with an average 

frequency of 0.52 s
-1
  

(b) Time 550-600 s: signal size is 4 ± 2 pA with a 

frequency of 0.36 s
-1
.  

a b 



 38 

Chapter 4: Summary and Conclusions 

In conclusion, this work presents the first 

electrochemical observation of single polystyrene microbead 

collisions with an electrode within a microchannel. We have 

observed that, even though the limiting current is not 

ideally reproducible, observing single microbead collisions 

is facile. Additionally, we have shown that by increasing 

flow within the channel, one can increase both the frequency 

and magnitude of collision signals. This may provide a means 

of signal amplification in future sensing work. 

Although complications exist because of the highly 

resistive nature of the experimental cell, it is possible 

that improvements may be made. For instance, integrating an 

on-chip reference electrode in close proximity to the 

working electrode should help with resistance and 

reproducibility in limiting current. It is also possible 

that concentrations of a redox molecule and supporting 

electrolyte could be optimized without being detrimental to 

signal observation. These considerations may make it 

possible to carry out the flow rate study proposed in this 

work. 

Additionally, other advantages exist for this system 

that makes it a potential candidate for future sensor 

development. First, as mentioned above, controlled flow may 

provide an amplification factor for analytes at low 
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concentration. Secondly, since this system is controlled by 

electrostatics, it is highly reliable, and does not depend 

on complicated variables such as NP catalytic activity. 

Thirdly, clear signals for both adsorption and desorption 

can be observed in current transients. Finally the necessity 

of using large microbeads presents the exciting possibility 

of pursuing studies in the future that will correlate 

electrochemical signals with optical measurements of bead 

movement.  
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