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Size dependent continuous microparticle separation is important for various applications in sensing and
drug-delivery to particle manufacturing. Several invasive, non-invasive, active and passive methods have
been developed spanning operation across a wide range of system scales, from bulk macroscale devices to
precise microscale systems. However, devices in these wide system scales have contradictory benefits. Bulk
methods have limitations with the size of particles that can be manipulated, while microscale methods have
limitation with processing volumes. Here, we present a new method to continuously separate micron and
sub-micron sized particles using low frequency vibrations (of the order of 10 Hz). We generate capillary
waves in an open channel with a continuous particle laden flow perpendicular to the vibration direction. The
size-based response of the ensuing flow field aligns particles above a critical size along the center of the
channel, while the remaining particles remain in the bulk and undergo downstream separation. A key feature
of this mechanism is that the separated particle sizes can be controlled by changing the vibration amplitude.
The proposed mechanism and design provides a semi-bulk method to distinguish sub-micron sized particles
with robust in-situ control using a simple mm-scale setup and operation.

I. INTRODUCTION

Micro/nano particles have diverse industrial
applications: from droplet emulsions in cosmetics,
agriculture and paint, to micro-nano-capsules and
lipid nanoparticles for coatings, bio-tagging, drug
delivery and therapeutics. An example of their
immense industrial demand is that the global market
for nanoparticles in biotechnology, drug development
and drug delivery is estimated to grow from £60.3
billion in 2020 to £89.4 billion by 2025 at compound
annual growth rate (CAGR) of 8.2%1. In all these
applications, particle size is critically important in
determining the functionality and process efficacy. For
example, nano-particle size is important for timely
targeted drug-delivery and surface finish in coatings. As
particle manufacturing is a low fidelity process2, control
of particle size is reliant upon downstream enrichment
and sorting processes.

Current particle processing technologies fall into two
broad categories: industrial scale bulk processing and
microscale precise manipulation. Bulk technologies such
as filtration and centrifugation offer high processing
volumes but are limited by particle sizes that can be
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manipulated, especially for sub-micron particle sizes3.
Microscale methods using electric4–6, magnetic7–9 and
optic10–12 fields are extremely precise in handling micron
and sub-micron sized particles for sensing applications
but often require tagging, have limited processing
volumes and are commercially expensive. In this
regard, passive hydrodynamic methods13–16 and active
vibration based methods17–23 are label free as they rely
on physical properties of particles (size, density and
compressibility). For instance, amongst hydrodynamic
methods Dynamic Lateral Displacement (DLD) employs
the size-based interaction of particles with obstacle
arrays24, Pinched Flow Fractionation (PFF) employs
laminar flow near a channel wall25 and Inertial
microfluidics employs lift forces on particles in high
Reynolds number flows to separate particles26. While
such passive methods offer a simple and fast operation,
issues with channel clogging and limited control over
particle movement limit their wide application. In
this regard, vibration-based techniques offer a versatile
platform for particle manipulation across a wide-range
of operating frequencies and system scales.

High frequency acoustic wave based devices,
operating in the kHz-MHz frequency range, utilise
second-order time-averaged effect of acoustic fields
to segregate particles based on their size, density and
compressibility. These second order effects are observed
in the form of acoustic radiation force27,28, acoustic
streaming29,30 or Bjerknes force31,32 on the particles
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and can be used to collect33–36 and sort17,37–39 particles
using bulk acoustic waves (BAW)40,41, standing surface
acoustic waves (SSAW)42,43 and travelling surface
acoustic waves (TSAW)21,44. However, due to operation
in the sub-mm scale and high shear forces, challenges
with scalability, throughput and particle viability still
remain45.

On the other end of the operating frequency spectrum,
low frequency vibrations have shown to be a viable
bridge between the bulk macroscale and precise
microscale operating scales. As opposed to high
frequency acoustics, in this low frequency regime, first
order effects of the oscillating flow field can collect
particles floating at a liquid-air interface46 at the nodes or
antinodes depending on their wettability, while sediment
particles collect underneath the nodes or antinodes
of a capillary wave, depending on the direction of
vibration23,47. Second order effects are also present at
such low frequencies, which can either aid collection
via boundary layer streaming on a particle’s surface48,49

or inhibit particle collection by trapping particles in
vortical flows50,51. As continuous particle processing
is an important requirement in industrial applications, a
crucial challenge with these open systems is to develop a
system with continuous particle sorting capabilities.

In this work, we present a continuous size-based
particle sorting system using capillary waves at sub-sonic
frequencies. We exploit the interaction of particles with
first order collection forces and second order streaming
forces50 to either collect in defined locations or remain
dispersed in the bulk field. We introduce particles of
different sizes in an open channel subjected to capillary
wave vibrations in the direction perpendicular to the
vibration. As particles traverse from the inlet to the
outlet, particles are sieved based on their size. A unique
feature of this sieving mechanism is that the particle
sieving size can be controlled by the vibration amplitude,
which provides an operation flexibility without altering
the device design; such a control over particle collection
is not possible in high-frequency acoustic systems52.
This work demonstrates a mm-scale, label free method
to sort and sieve particles across a wide range of sizes,
with a simple mm-scale setup and significant operational
control.

II. METHODOLOGY

A. Copper nanoparticle preparation

The synthesis of copper nanoparticles used in this
work has been adapted from the work of Bhanushali
et al53. Two equal volume aqueous solutions (0.01M)
of cetyltrimethylammonium bromide (CTAB) with one
containing hydrazine (1 M) and other containing cupric
chloride (0.1 M) were prepared, where the pH of

the cupric chloride solution was adjusted to 9.5 using
aqueous ammonia solution. The two solutions were
mixed under ambient conditions on a magnetic stirrer.
The color of the solution turned from dark blue,
due to the copper ammonia complex, to yellowish to
yellow-orange to brick red, indicating the formation of
the copper nanoparticles. The obtained solution was then
centrifuged at 5500 rpm for 15 min. The supernatant was
decanted and stored for ICP-AES analysis. The residue
was washed with deionized water at 45 ◦C by vortex
mixing. The mixing was followed by centrifugation to
remove reaction byproducts. The solution was flushed
with nitrogen gas to avoid oxidation of the copper
nanoparticles and was stored in a tightly capped glass
bottle. The particle sizes obtained from this synthesis
method spanned 2 orders of magnitude, ranging from
approximately 20 nm to 2 µm in diameter.

B. Experimental setup and operation

An open channel design is used to separate particles
(Figure 1), which consists of an inlet, a central outlet
and side outlets where the side outlets share a common
outlet tubing port. The main channel and the inlet and
outlet blocks are fabricated individually using PDMS
molding (PDMS to curing agent ratio is 10:1 by weight).
The molded components are cured at 70◦C on a hot
plate and thereafter aligned and joined together using
additional uncured PDMS. The channel dimensions are:
length 30 mm, width 8 mm and depth 200 µm. The
channel width corresponds to one capillary wavelength
at vibration frequency of 10 Hz, for a channel depth of
200 µm.

The channel is mounted on an electromagnetic shaker
(Brüel and Kjaer, LDS V406/8) and is vibrated laterally
(in the x-direction) driven by a signal generator (Agilent
33220A) through a power amplifier (Brüel and Kjaer,
PA 200E). The actuation amplitude is measured using
a Laser Doppler Vibrometer (Polytec MSA-500). A
syringe pump (NE-1000, New Era Pump Systems) is
connected to the channel’s inlet and outlet ports to
simultaneously infuse and extract particle suspensions.
If an equal input and outlet flow is applied then the
volume of the open liquid remains stable, excluding
the evaporation rate54,55. Before starting the flow, the
inlet and outlet ports are flooded with DI water and the
channel is pre-filled with 200 µL of DI water, to avoid
bubbles in any of the liquid connections54. In these
experiments we did not measure the vibration amplitude
of the ater-air interface because across this entire length,
the curvature of the interface in each cross-section will
change under a continuous flow due to the imposed
pressure differential between the inlet and the outlet54.
As a result, visualising a consistent displacement of
the interface across the entire interface is challenging.
Although knowledge about the interface displacement is
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important from a characterisation perspective, however,
from an application and operation perspective, the
actuation amplitude (and frequency) is more crucial as
these are the only two parameters a user can actively and
easily control. After the experiments, the filtrates from
the central and side outlets are collected separately and
sonicated for 5 minutes to separate any potential particle
aggregates, especially for the gelating capped particles.
The sonicated particle solutions are analyzed using
Dynamic Light Scattering (DLS, Malvern Zetasizer
Nano ZS) to measure particle size distributions in the
separated filtrate streams.

FIG. 1. Experimental setup for continuous separation of
particles.

III. RESULTS AND DISCUSSION

A. Working principle

When a solid particle is placed in a flow field, it
will experience a drag force and its motion can be
simplistically obtained from the Stokes equation56:

mẍp = 6πµr(v f − ẋp), (1)

where, xp is the position of the solid particle, m is the
mass of the particle, r is the particle’s radius and µ is
the dynamic viscosity of the surrounding fluid. When
the fluid oscillates [v f = v0 cos(ωt), ω is the angular
frequency of the periodic field], the motion of the solid
particle can be obtained as ẋp = Acos(ωt + φ), where
A is the displacement amplitude and φ is the particle’s
inertial phase lag given by50,52 (Figure 2 (a)):

tanφ =−
2ρpr2ω

9µ
, (2)

where, ρp is the particle’s density. When spatial
gradients are introduced in this oscillating flow field [e.g.
v f = v0 sin(kx)cos(ωt)], the particle motion obtained
from equation 1 is solved numerically, where it is

observed that the solid particle migrates to the region
of slower velocity fields (Figure 2 (b)). The particle
encounters a flow field with different amplitudes at
different instances in the cycle due to the inertial lag. As
a result, the particle undergoes a net displacement over
each cycle and migrates to a stable position in the region
with weakest flow field strength over multiple cycles47.
Such a spatially and temporally varying flow field can
be obtained underneath a capillary wave (Figure 2 (c)),
where the above mentioned particle collection occurs due
to the first order flow field response from the capillary
wave vibrations50.

FIG. 2. Depiction of particle motion (red) in a (a) spatially
uniform time-periodic and (b) spatially and temporally periodic
flow field. Blue lines are trajectories of fluid. φ is the
particle inertial lag; (c) Depiction of capillary waves of one
wavelength in a horizontally vibrating chamber (vibrating in
the x-direction); (d) Simulation of flow field in a horizontally
vibrating chamber52. Surface plot is the velocity field at time
t = 0, arrows represent streaming field, red particles depict
particles that collect stably, black particles depict particles that
follow the streaming field.

In addition to the linear response of the capillary wave
actuation, the liquid inertia gives rise to a second order
flow field component, which is significantly weaker in
magnitude than the first order flow field. However, the
time-averaged effects of these second order fields are
observed as vortices in the liquid bulk, known as acoustic
streaming. These streaming fields follow the following
equations50:

∇ · 〈u2〉= 0, (3)

µ∇
2〈u2〉= ∇〈p2〉+ρ0〈(u1 ·∇)+u1(∇ ·u1)〉, (4)

where, 〈a〉 represents the time-averaged value of the
variable a, the subscripts represent the order of the
respective pressure (p) or velocity (u) field. The flow
field ensuing from these equations is depicted in Figure
2 (d) and is obtained from the simulation procedure
by Agrawal et al54. Although the viscous drag force
in x-direction due to these streaming fields enhances
particle migration towards the collection positions, the
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drag force in z-direction can overcome the particle’s
weight and lift it away from the collection location
such that the particle remains swirling in the liquid
bulk (Figure 2 (d)). This lift-off tendency depends on
the particle’s weight [Fw = 4πr3(ρp− ρw)g/3] and the
drag force due to the z component of the streaming
field (Fd = 6πµrw2). When the force Fd exceeds the
particle’s weight Fw, the particles do not collect but rather
swirl in the liquid bulk. The above mentioned force
balance indicates conditions for a cut-off particle size,
wherein, particles above this cut-off radius collect stably
(underneath the capillary wave nodes), while smaller
particles remain swirling in the bulk. We utilize this
difference in particle motion around the cut-off radius to
sort and separate particles. This difference also implies
that at higher actuation amplitudes and frequencies,
cut-off particle sizes will be larger.

B. Continuous particle separation

Side outlet

Central outlet
(c)

(b)

(a)

FIG. 3. Separation of red polystyrene particles (d =1 µm)
from white silica particles (d =5 µm). (a) Experimental image
of collected silica particles (red circle indicates the point at
which particles converge after entering from the inlet); Typical
particle size distribution in the filtrate from (b) side outlet, (c)
central outlet. N is the percentage number of particles in the
sample. Corresponding supplementary video SV1.

We introduce a mixture of red polystyrene particles
(ρp= 1050 kgm−3) of diameter d =1 µm and white silica
particles of diameter d =5 µm in the inlet at a flow rate of
200 µLmin−1. The channel is vibrated at a frequency of
10 Hz, which corresponds to one capillary wavelength,

and at an actuation amplitude of 225 µm. The actuation
amplitude is chosen such that the polystyrene particles
remain dispersed in the bulk while the silica particles
collect stably54. As the particles enter the channel,
the silica particles migrate towards the center of the
channel to collect underneath the node of the capillary
wave, whilst traversing in the y-direction54. As a
result, a collection line stretching from the inlet to
the outlet is observed after a few seconds of actuation
(Figure 3 (a) and Supplementary video SV1). These
silica particles collected in the center are simultaneously
dragged along the length of the channel (y-direction) and
exit the channel via the central outlet only. The smaller
polystyrene particles remain dispersed in the bulk for
the whole time and exit the channel via both the central
and side outlets. As a result, the samples from the
side outlets contain only the smaller polystyrene particles
(Figure 3 (b)), while the central outlet contains both the
silica and polystyrene particles (Figure 3 (c)). Repeated
processing of the sample through the central outlet can
further separate more particles from the mixture.

The dependence of the cut-off particle size on the
second order flow field w2 implies that the vibration
amplitude and actuation frequency can be varied to
control the particle sizes that collect stably. An
example of the amplitude control is shown in a batch
system in Figure 4 and Supplementary video SV2.
The sequence shows the movement of polystyrene
particles (d =30 µm) in a chamber (dimensions: 5 mm
x 4 mm x 0.2 mm) vibrated at 200 Hz at different
actuation amplitudes (indicated by actuation voltage).
The actuation frequency corresponds to a wave of two
wavelengths for the given chamber dimensions, and
larger particles are chosen in this example to better
visualise their motion. At 1 V most of the particles keep
swirling in the liquid bulk (Figure 4 (a)-(c)). However,
when the actuation amplitude is reduced to 0.5 V, at the
same frequency, the particles converge to the collection
locations (Figure 4 (d)-(f)).

C. Continuous separation of polydisperse solutions

Based on the amplitude control of size-based batch
collection observed in Figure 4, we demonstrate
the continuous size based separation of particles
by controlling the actuation amplitude. We insert
poly-disperse copper particle solutions (fabricated as
detailed in section II) in the open channel (Figure
1) vibrated at 10 Hz at different actuation amplitudes.
Similar to Figure 3 we see a collection convergence point
and a central collection line (Figure 5 and Supplementary
video SV3 and SV4), underneath the capillary wave
central node. As expected, the collection convergence
point (or collection length) increases with increased flow
rate (Figure 5 (a) and (b))54.
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t=0 s	

(a) (b) (c)

(d) (e) (f)

t=3 s t=7 s

t=8 s	 t=9 s t=17 s

FIG. 4. Particle distribution in a chamber (dimensions: 5 mm
x 4 mm x 0.2 mm), vibrated at 200 Hz, at different times and
different actuation amplitudes. (a), (b), (c) are at 1 V and (d),
(e), (f) are at 0.5 V. Corresponding supplementary video SV2.

Typical particle size distributions of the source sample
and the filtrate from the side outlets at different
amplitudes are shown in Figure 6 (a)-(c) for the CTAB
and gelating coated copper particles. Figure 6 (d)
shows the average particle diameter obtained from the
DLS measurements at different actuation amplitudes.
It is important to note here that the filtrate from the
side outlets will also contain particles smaller than the
average size depicted in Figure 6 (d). As discussed
previously, the cut-off radius increases with actuation
amplitude implies that larger sized particles start swirling
in the bulk liquid due to streaming flows, which results in
a higher average particle diameter extracted from the side
outlets. Figure 6 (d) also shows that the average particle
diameter is larger at higher continuous flow rates. This is
because apart from increase in the distance at which the
particles collect (i.e., the collection length indicated by
the red circle in Figure 5 (c)), the continuous flow rate is
also expected to alter the cut-off characteristics at a given
flow frequency and amplitude54.

Considering the particle motion mechanism under
oscillatory flow, particle wettability is unlikely to affect
a single particle’s motion. However, we observe that
for the same flow rate and amplitudes, the size of
hydrophobic gelatin capped copper particles, extracted
from the side outlets, is smaller compared to the
hydrophilic CTAB capped copper particles (Figure
6 (d)). The hydrophobic gelatin capped copper
particles tend to aggregate and form bigger particle
clusters, effectively increasing the particle size being
manipulated. This aggregation is observed in the form
of a faster sedimentation of gelatin capped copper
particles (within 5 minutes after sonication) compared

(a)

(b)

(c)

FIG. 5. Experimental image of collected copper
particles (red circle indicates the point at which particles
converge after entering from the inlet): (a) CTAB
capped copper at q̇ =200 µLmin−1; (b) CTAB capped
copper at q̇ =300 µLmin−1; (c) Gelatin capped copper at
q̇ =200 µLmin−1; Corresponding supplementary video SV3
and SV4.

to the CTAB capped copper particles (approximately 20
mins after sonication) under low frequency actuation.
The oscillatory flows are not strong enough to break
these aggregates. Therefore, under actuation, particle
aggregates with sizes smaller than the cut-off radius are
extracted from the side outlets. As the filtrate samples are
sonicated before the DLS measurements, the sonication
breaks these aggregates which results in the detection
of smaller particle sizes compared to the CTAB capped
copper particles.

The amplitude dependency of the cut-off particle
size is a distinct design advantage of capillary wave
vibrations compared to high frequency acoustics, where
cut-off particle sizes are independent of the actuation
amplitude52. The actuation frequency for a given channel
design is fixed to accommodate a fixed number of
wavelengths in the channel. Therefore, in high frequency
acoustics there is limited flexibility to alter the cut-off
particle sizes in a channel of a given width, which limits
the range of parameters across which particle separation
can be controlled. However, with the amplitude control
of the cut-off particle sizes, the same channel design can
be used to separate a wider range of particle sizes, at the
same actuation frequency.

Finally, it is important to place the performance of
our capillary wave based separation technique in context
to existing particle manipulation methods. Figure 7
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(d)

(b)

(c)

(a)

FIG. 6. Typical particle size distribution in the source and filtrate for different actuation amplitudes: (a) CTAB coated copper
particles at an inlet flow rate of q̇ =200 µLmin−1; (b) CTAB coated copper particles at an inlet flow rate of q̇ =300 µLmin−1; (c)
Gelatin coated copper particles at an inlet flow rate of q̇ =200 µLmin−1; (d) Average particle diameter in the filtrate from side
outlets.

compares the flow rate and particle sizes that the current
device can separate compared to reported acoustic,
dielectrophoresis and inertial microfluidic systems. The
flow rate is indicative of particle solution processing
volumes or device throughput. The device is capable
of separating particles down to the 100 nm size range
at flow rates better than or comparable with existing
techniques. The device can also separate larger particle
sizes at even higher flow rates, due to higher collection
forces and larger amplitude cut-off limits50. Multiple
passes of the filtrate through serialised devices from
the central outlet can increase sample refinement for
increased throughput.

IV. CONCLUSION

In this work we presented a new method to continuously
separate micron and sub-micron particles in a mm-scale
device using low frequency vibrations. We employ
capillary waves in an open channel and separate
particles based on their size-based interaction with

the first-order periodic fields and the time-averaged,
second order streaming fields. Under the presence
of a continuous particle-laden flow perpendicular to
the vibration direction, large particles align along the
center of the channel, while the smaller particles
remain swirling in the bulk. The separation size
can be controlled by changing the vibration amplitude,
something that is not possible in high frequency acoustic
devices. The proposed device is scalable and provides a
semi-bulk method to separate particles with flexibility to
control the separated particle sizes.

V. ACKNOWLEDGEMENTS

The work was supported by the U.K. Engineering
and Physical Sciences Research Council (EPSRC)
NetworkPlus in Digitalised Surface Manufacturing
EP/S036180/1. The authors would like to thank
Professor Rochish Thaokar of the Department of
Chemical Engineering, Indian Institute of Technology,
Bombay for providing access to Zetasizer Dynamic



7

FIG. 7. Comparison of the flow rate and particle sizes
that can be sorted and separated using different microfluidic
particle collection methods. The data has been obtained
from the following references: inertial microfluidics57–72,
acoustics18,34,35,73–84 and dielectrophoresis (DEP)85–95

Light Scattering equipment. The authors would also like
to thank Prof Murali Sastry for the fruitful discussions.
1BCC Publishing Staff, “Nanoparticles in Biotechnology, Drug
Development and Drug Delivery Systems,” (2021).

2J. F. Richardson, J. H. Harker, and J. R. Backhurst, Particle
Technology and Separation Processes (Butterworth Heinemann,
Woburn, MA, 2002) p. 153.

3J. Richardson and J. Harker, Design 40, 9823 (2001).
4M. P. Hughes, Biomicrofluidics 10 (2016).
5H. R. Nejad, O. Z. Chowdhury, M. D. Buat, and M. Hoorfar, Lab on
a Chip 13, 1823 (2013).

6E. Samiei, G. S. Luka, H. Najjaran, and M. Hoorfar, Biosensors and
Bioelectronics 81, 480 (2016).

7N. Pamme and A. Manz, Analytical Chemistry 76, 7250 (2004).
8B. Ngamsom, M. M. N. Esfahani, C. Phurimsak, M. J.
Lopez-martinez, J.-c. Raymond, P. Broyer, P. Patel, and N. Pamme,
Analytica Chimica Acta 918, 69 (2016).

9N. Bohmer, N. Demarmels, E. Tsolaki, L. Gerken, K. Keevend,
S. Bertazzo, M. Lattuada, and I. K. Herrmann, ACS Applied
Materials & Interfaces 9, 29571 (2017).

10A. Ashkin, Proceedings of the National Academy of Sciences 94,
4853 (1997).

11M. Dienerowitz, M. Mazilu, and K. Dholakia, Journal of
Nanophotonics 2, 1 (2008).

12A. H. J. Yang, S. D. Moore, B. S. Schmidt, M. Klug, M. Lipson, and
D. Erickson, Nature 457, 71 (2009).

13J. A. Hernandez-Castro, K. Li, A. Meunier, D. Juncker, and T. Veres,
Lab on a Chip 17, 1960 (2017).

14D. Di Carlo, Lab on a Chip 9, 3038 (2009).
15D. R. Gossett, W. M. Weaver, A. J. MacH, S. C. Hur, H. T. K. Tse,

W. Lee, H. Amini, and D. Di Carlo, Analytical and Bioanalytical
Chemistry 397, 3249 (2010).

16H. L. Richard, C. E. C., A. R. H., and S. J. C., Science 304, 987
(2004).

17Y. Chen, M. Wu, L. Ren, J. Liu, P. H. Whitley, L. Wang, and T. J.
Huang, Lab on a Chip 16, 3466 (2016).

18J. Shi, D. Ahmed, X. Mao, S. C. S. Lin, A. Lawit, and T. J. Huang,
Lab on a Chip 9, 2890 (2009).

19C. Devendran, I. Gralinski, and A. Neild, Microfluidics and
Nanofluidics 17, 879 (2014).

20D. J. Collins, M. Zhichao, and Y. Ai, Analytical Chemistry 88, 5513
(2016).

21A. Fakhfouri, C. Devendran, A. Ahmed, J. Soria, and A. Neild, Lab
on a Chip 18, 3926 (2018).

22J. W. Ng and A. Neild, Microfluidics and Nanofluidics 25, 16 (2021).
23J. Whitehill, A. Neild, T. W. Ng, and M. Stokes, Applied Physics

Letters 96 (2010), 10.1063/1.3298741.
24J. A. Davis, D. W. Inglis, K. J. Morton, D. A. Lawrence, L. R.

Huang, S. Y. Chou, J. C. Sturm, and R. H. Austin, Proceedings of
the National Academy of Sciences 103, 14779 (2006).

25M. Yamada, M. Nakashima, and M. Seki, Analytical Chemistry 76,
5465 (2004).

26K. Choi, H. Ryu, K. J. Siddle, A. Piantadosi, L. Freimark, D. J. Park,
P. Sabeti, and J. Han, Analytical Chemistry 90, 4657 (2018).

27A. Lenshof, C. Magnusson, and T. Laurell, Lab on a Chip 12, 1210
(2012).

28H. Bruus, Lab on a Chip 12, 1014 (2012).
29M. Wiklund, R. Green, and M. Ohlin, Lab on a Chip 12, 2438 (2012).
30S. S. Sadhal, Lab on a Chip 12, 2771 (2012).
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