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Introduction (Times New Roman 11 pt for section headlines and main text) 
In this short introduction to your 2-page abstract for Acoustofluidics 2019, you should briefly introduce the 
context of your study. Describe the aim of the work, and mention whether this is an experimental and/or 
theoretical and/or numerical study. A few references to important prior work in the literature could be given 
[1,2]. End by highlighting the most important results.  
 
Length and formatting of the abstract 
An abstract for Acoustofluidics 2019 is limited to two A4 pages with 2-cm-margins on all sides, and written 
in font size 11 pt. For uniformity of the abstract book, please use the abstract templates for Word or Latex 
provided at the conference website https://cbmsociety.org/conferences/acoustofluidics19. For Word users: 
The main text is set in "Times New Roman 11 pt", and under "Paragraph" all spacings are set to "0" and "Line 
spacing" is set to "Exactly" and "At 11 pt".  Be careful not to change this during edits. 
     The abstracts for Acoustofluidics 2019 are limited to two pages. If a longer abstract is submitted, the extra 
pages will be discarded and only the first two pages are submitted to the scientific committee for review. All 
abstract will be reviewed by at least two reviewers. 
     In terms of contents, the abstract should contain a Title-Authors-Affiliation section in the form and style 
defined by this template, then a section entitled Introduction as described above, followed by any number of 
main sections, and ending with two sections entitled Conclusion and References. Besides these few rules, no 
further restrictions apply. 
     See Fig. 1 and its four sub-figures for an interesting observation, which seems to contradict other published 
data [3,4]. A paragraph with more words. A paragraph with more words. A paragraph with more words. A 
paragraph with more words. A paragraph with more words. A paragraph with more words. A paragraph with 
more words. A paragraph with more words. A paragraph with more words. A paragraph with more words. 
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Figure 1: Perhaps you want the 
caption to the right of the figure, 
then follow the setup defined here. 
Note that the font size of the 
caption is 10 pt which is smaller 
than the 11 pt of the main text. (a) 
Description of the first sub-figure. 
(b) The next sub-figure. (c) The 
third sub-figure. (d) Last but not 
least, the fourth sub-figure. 
     For Word users: This figure 
is placed in a 1×2 Table with 
invisible borders. Be careful not to 
delete this table environment 
during edits. 

output from the PVDF sensor was amplified with 5! gain (SR445A, Stanford Research
Systems) before being recorded with an oscilloscope (Waverunner 62 Xi, Teledyne LeCroy).

It was found that the PVDF film sensor externally-coupled to the 500 kHz lLAR device was
capable of detecting harmonic, ultra-harmonic, and broadband emissions from clinical ultrasound
contrast agent SonoVueVR microbubbles (Bracco, Switzerland) and polymeric nanocups (see Fig.
5). The acoustic emission results and fibre-optic hydrophone pressure measurements obtained
from the acoustofluidic device are in good agreement with the acoustic emissions thresholds
reported in the literature18 for SonoVueVR at 500 kHz and obtained using a conventional water-
tank apparatus. Harmonic emissions at low ultrasound pressure, followed by widening of har-
monic peaks and leakage of energy into ultra-harmonics as the ultrasound pressure increased, and
finally broadband emissions at high ultrasound pressures were observed (Fig. 5).

Acoustic emissions from gas-trapping polymeric cups are decidedly different. Notably, the
acoustic emission data from polymeric cups in the 500 kHz lLAR agree with the previously
described5 broadband emissions threshold for these cavitation nuclei. Upon increasing the
acoustic pressure, the polymeric cups exhibit a step-change from producing only modest acous-
tic emissions to producing substantial broadband noise. This threshold is hypothesised to be
associated with the pressure required to elicit a bubble from the cup, which is coincident with
the inertial cavitation threshold.63

D. Monitoring of biological effects

Fluorescence microscopy for visualising and quantifying interactions between US-RAs and
cells remains an indispensable modality for understanding the interplay between such experi-
mental parameters and the resultant biological effects. It has been used to quantify changes in
intracellular calcium,64 reactive oxygen species generation,65 actin cytoskeleton integrity,66

membrane lipid ordering,14 and vesicular activity,15 among others.13,24 The lLAR devices pre-
sented herein enable simultaneous control of ultrasound excitation and fluorescence microscopy

FIG. 4. Streak velocimetry performed on videos of fluorescent tracer beads moving in cavitation microstreaming flows
induced by SonoVueVR microbubbles (top), gas-trapping sub-micron polymeric cups (middle), and phase-shift droplets (bot-
tom) under ultrasound exposure inside the lLAR (511 kHz and "145 kPa PRFP from 40 V driving voltage). Figures show
a brightness and contrast enhanced still from the videos analysed (left), and a pseudo-coloured composite of the headless
velocity vectors for each streak analysed in the respective video (right). Colour bars are in lm/s. Scale bar¼ 350 lm.
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Figure 2: This is an example of a figure, which covers the entire width of the page, and which has the figure caption 
underneath. If you prefer this, then follow the setup defined here. For Word users: This figure is placed in a 2×1 Table 
with invisible borders. Be careful not to delete this table environment during edits (Times New Roman 10 pt). 
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Conclusion 
We have found some amazing results, which we are looking forward to presenting for the international 
acoustofluidics community at Acoustofluidics 2019 at the University of Twente, Enschede, The Netherlands 
on 25 - 28 August 2019. 
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exposure is an important transport mechanism following the
release events27. The axisymmetric velocity field resulting from
simplified non-spherical bubble oscillations was calculated before
by Marmottant and Hilgenfeldt40 by assuming the bubble motion
to be a superposition of a volumetric oscillation and an oscillatory
translation perpendicular to the substrate and with a crucial phase
difference Δφ between the two. The resulting flow field, u(r, z), see
Fig. 1, is given by a combination of three Stokes singularities: a
stokeslet (stk), a dipole (dip), and a hexadecapole (hexdp)41.

The streamlines calculated for a 2.5 μm radius bubble exposed
to a burst of 100 cycles at 1 MHz are shown in Fig. 4 and explain
the trajectory followed by the released material: the phospholipids
detach due to the local oversaturation near the substrate (see

subsection Lipid oversaturation) and are dragged along the
microbubble surface with the local flow field. Once at the top of
the bubble, the material is transported along the centerline (z-axis
in our nomenclature) and away from the bubble as illustrated in
Fig. 4a. The experimental evidence of this unintuitive behavior is
captured in a side view recording using high-speed fluorescence
imaging at a frame rate of 50,000 frames per second. Figure 4b
shows a typical example of fluorescent material transported
during several tens of microseconds. In about one third of the
cases, a secondary pinched-off bubble, itself carrying some
fluorescent material, was traveling along the central streamline
together with the shed material without, however, having a
measurable effect on the transport. The velocities observed were

t = 0 µst = –20 µs t = 20 µs t = 40 µs t = 60 µs t = 120 µs
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Substrate

Fig. 4 Release and bubble streaming mechanism. aSchematics of the shedding process of the released material (red) with the calculated streamlines (solid
black lines). b Experimental recording of the release of the fluorescent material from a targeted oscillating microbubble driven at a pressure of 331 kPa
showing a clear transport over a distance several times larger than the bubble size. The fluorescence high-speed recording was taken in a side-view at
50,000 frames per second. Scale bar indicates a length of 10 μm. See Supplementary Movie 7 for a compilation of four high-speed fluorescence recordings
showing the release and subsequent transport for different bubble sizes and different driving pressures
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Fig. 3 Lipid oversaturation. a Shape of the cusp in the collapse phase for increasing pressures showing how the bubble (R0= 2.4 μm) deforms and the
phospholipids oversaturate. b Reduction in the surface area for the phospholipids in the compression phase for the same bubble size and for the same
pressures as in (a) as a function of the elevation angle. c gives the simulated shape of the bubble in the compression phase for a targeted bubble with
different initial radii driven at a pressure of 210 kPa. See Supplementary Movie 6 for an animation of the cusp formation and the corresponding surface area
decrease
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