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1 LAURDAN FLUORESCENCE

Summary

The Supporting Information provides detailed descriptions on the experimental methods em-

ployed, the analysis protocol used and the results obtained.

In the first section, the Laurdan molecule is described, and the fluorescence emission spec-

trum, as well as the principle of photoselection, is discussed. For reference purposes, a steady–

state spectrum at 25 ◦C of Laurdan in dimethyl sulfoxide (DMSO) is provided, Fig. S3. More-

over, we provide an extension of the DMSO GP as a function of temperature, together with

a unification of the use of instrument dependent GP correction factors as reported by others

to alleviate confusion in the numerical values. We also present a convenient and sensitive GP

based method to track the presence of water in the hygroscopic DMSO.

Next, section 2 provides details on the microbubble preparation protocol employing a two–

step sonication method.

Section 3, Microscopy imaging, explains in detail the illumination and detection conditions

of the laser scanning microscope set–ups.

In the fourth section, the generalized polarization (GP) analysis protocol is presented with

the phasor approach for a compact and more intuitive comparison of resulting GP histograms.

The transition to a shell with high GP values and with the left–right photoselection may

occur gradually, i.e. all parts of the shell will continuously increase in GP, without ever going

through a distinct, spatially separated two–phase situation. A time series is presented in Fig. S9

to illustrate this behavior.

However, an alternative explanation is also discussed. Section 6 provides an example of a

microbubble containing simultaneously the rigid and fluid–like phase. This data set shows that

the transition towards the rigid phase may start locally, creating a time span in which both

phases can exist.

1 Laurdan fluorescence

A schematic model of the fluorescent molecule Laurdan is shown in panel (a) of Fig. S1. The

fluorescence spectrum is red–shifted in the presence of a polar environment, with the emission

peak wavelength changing from 440 nm to 490 nm.1 This property, together with the photose-

lection effect illustrated in panel (b), makes Laurdan suitable for probing the lipid organization

in shells and membranes. The several models proposed for the T–B and the L–R photoselection

effect are illustrated in Fig. S2.

Calibration of GP measurements with the microscopy setup is done by measuring the steady–
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1 LAURDAN FLUORESCENCE

(a) (b)

Polarization plane of incident light

Figure S1: (a) Model of the Laurdan molecule. The green ellipse marks the naphthalene chromophore.
The black arrow indicates the orientation of both the absorption and emission dipole mo-
ment.2,3 The red and blue color represent respectively oxygen and nitrogen atoms. (b) The
fluorescence intensity depends on the angle θ between the Laurdan dipole moment and the
polarization plane of the incident light, indicated by the red arrow. The photoselection
effect follows a cos2 θ relationship for 1–photon excitation and a cos4 θ angular dependence
for 2–photon excitation. The brightness of the green ellipse reflects the fluorescence inten-
sity. The intensity distribution across the shell surface of a microbubble therefore provides
information on the orientation of the chromophore.

state fluorescence spectrum of Laurdan in DMSO and comparing this reference result with the

GP calculated in the two–channel microscopy setup using the same sample. Discrepancies caused

by different sensitivities of the two detectors, the filter properties or any other optical effect are

taken into account by computing a correction factor for the lipid measurements. The section

GP analysis protocol further elaborates on this calculation.

Steady–state fluorescence spectra were obtained by an L–format Horiba Fluorolog Tau–3

photon counting spectrofluorimeter (Acal BFi, Eindhoven, The Netherlands). The tempera-

ture was controlled by a circulating refrigerated water bath (Neslab RTE–100, ThermoFisher-

Scientific, Gent, Belgium) and, unless otherwise indicated, kept at 25 ◦C in a stoppered fused

silica cuvette with internal miniature calibrated NTC temperature probe. Quinine sulphate

system spectral sensitivity calibration was carried out according to the NIST protocol.4,5 For

Laurdan in DMSO, excitation was performed with a 450 W Xe arc lamp at 378 nm and the

spectra were recorded in the range of 380 nm to 700 nm. The excitation and emission slit

widths were 5 nm, the step size was 1 nm, the integration time was 1 s / step. The photon

counting detector was operating in the linear response range. Spectra were blank corrected i.e.

subtracting the contribution of DMSO without Laurdan. Each sample was measured at least
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1 LAURDAN FLUORESCENCE

Figure S2: 3D view of a microbubble with the focal plane indicated. The cross section panels show
in detail the proposed configurations for the Laurdan and DPPC molecules across the shell
surface, both for a large microbubble with a T–B photoselection pattern and a smaller mi-
crobubble with an L–R fluorescence intensity pattern. The arrows indicate the polarization
plane of the incident light. In model I and model II, the Laurdan chromophores are aligned
with the shell surface and consequently the top and bottom part of the microbubble will
produce the most intense fluorescence signal. In the smaller microbubble, the lipid density
has increased, and therefore the lipid tails must be pointing radially, despite the lipopho-
bicity of the PFB gas. Consequently, the Laurdan molecules will adopt the elongated shape
and most of the fluorescence light will be produced by the left and right side of the bubble,
see the L–R model.

in triplicate and averaged. Blank corrected concentrations were checked with similar settings

and scan speed on a dual beam LS–45 spectrometer (Perkin Elmer, Waltham, MA, USA). The

Laurdan fluorescence spectrum in DMSO is shown in Fig. S3.

Additional remark on the Laurdan in DMSO calibration

Optical arrangement and emission path filter choice and specification as well as detector gain

influences the instrument dependent G correction factor for GP calculation. The factor is deter-

mined by measuring the GP of a Laurdan containing DMSO sample in the linear concentration

dependent detection response range6 and comparing this result with a reference value as mea-

sured with a steady–state spectrofluorimeter. Calibration samples must have been sufficiently

temperature equilibrated and must have the same temperature as the samples under investiga-

tion. Illustrating the use of different microscope measurements and filter choice conditions, GP

reference values of 0.0067 and 0.2078 can be found in the literature. A second concern of the

calibration is the storage method and handling of the hygroscopic DMSO.

Therefore, we measured the temperature dependent reference GP as explained in the section
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2 MICROBUBBLE PREPARATION
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Figure S3: Corrected Laurdan fluorescence spectrum in DMSO at 25 ◦C. The colored regions cor-
respond to the wavelength ranges of the blue and green channel filters of the microscopy
setup. The red lines indicate 440 nm and 490 nm, used for the GP reference calculation, as
explained in Section 4.

Laurdan fluorescence, resulting in the left panel of Fig. S4. Good agreement exists with Fig. S3

in Kaiser et al..9 Upon further examination, the literature reference value of 0.207 could be un-

derstood assuming the use of rather old color glass filters with limited transmission and a sloping

broad and partially overlapping spectral band pass.8,10–12 Once steep cut–on optical interference

based emission filters with a limited spectral bandwidth of (10 ± 1) nm or (12 ± 1) nm7,13

became commercially available, instrument optical characteristics improved. The reported 0.006

value at room temperature for the correction factor was found to correspond with our photon

counting spectrofluorimeter data within the tolerances as provided by the filter manufacturer.7

Technological improvements have recently realized wider optical passband interference filters

with a guaranteed transmission efficiency of 95 % or more.

Spiking the chromophore solution with small quantities of MilliQ water showed a visually

nearly imperceptible red shift. However, as demonstrated in panel (b) of Fig. S4, the retrieved

GP is highly influenced by the presence of small quantities of water.

2 Microbubble preparation

1,2–dipalmitoyl–sn–glycero–3–phosphocholine (DPPC) with a 16 carbon tail length was pur-

chased from Avanti Polar Lipids (Alabaster, AL, USA). Spectroscopic grade chloroform (as-

say 99.3% stabilized with about 0.6% ethanol) was obtained from VWR (Haasrode, Belgium).

HEPES buffer (pH 7.4) consisting of 10 mM HEPES from Alfa Aesar (assay 99%) and 150 mM

NaCl from Sigma Aldrich (assay > 99.5%) was used to hydrate the lipid film. Perfluorobu-

tane (PFB) gas was obtained from F2 Chemical Ltd (Lea Lane, Lea Town, UK). Laurdan

(6-Dodecanoyl-N,N-dimethyl-2-naphtylamine) and dimethyl sulfoxide anhydrous (DMSO) (>
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2 MICROBUBBLE PREPARATION
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Figure S4: (a) Laurdan in DMSO calibration for various temperatures. (b) Laurdan in DMSO calibra-
tion at 25 ◦C for various amounts of water added. Small quantities of water present in the
hygroscopic DMSO significantly influence the obtained correction factor.

99.9%) were purchased from Sigma Aldrich (Diegem, Belgium). DMSO was kept in the dark

under vacuum before use, handled in a dry nitrogen gas filled glove box and was regularly spec-

troscopically checked using Laurdan for any presence of water. Deionized water obtained from

a Sartorius Stedim biotech machine was used throughout the experiments.

For the microbubble preparation, in order to avoid debris (unwanted lipid aggregates), a

two-step sonication method was developed: in the first step, indirect sonication (using Cup

Horn sonicator 450 W digital sonifier, Branson, Danbury, USA) was applied to generate larger

PFC-filled microbubbles in a closed vial enclosing the formulation. Subsequently, in the second

step, using direct sonication (probe sonicator 450 W digital sonifier, Branson, Danbury, USA)

the larger microbubbles (> 50 µm) were broken down into smaller ones (< 50 µm) in an open

vial.

Briefly, the formulation protocol used was the following: DPPC lipid was first dissolved in

chloroform (10 mg/mL) in a scintillation vial, blown dry with a mild flow of nitrogen (2 bar) in

a closed vial, and further dried overnight under vacuum. The lipid film was then hydrated to

5 mM with HEPES buffer, swirled and sonicated at 60 Hz in a VWR ultrasonic cleaner for 120 s

at room temperature (21 ◦C) to detach the lipid, as well as to promote its dispersion. Next,

the vial was incubated for 90 min in an oven (Binder, Model BD 56, Tuttlingen, Germany) at

sufficiently high temperature - around 20 ◦C above the main phase transition temperature of

DPPC (Tm,DPPC = 41.4 ◦C). Thereafter, a mild stream (1 bar) of PFB gas (F2 Chemicals Ltd,

Preston, UK) was applied for 150 s, followed by indirect sonication in a closed vial using the Cup

Horn sonicator (employing an amplitude of 70 %) for 90 s ensuring the efficient encapsulation of

PFB gas in larger microbubbles. Then, the larger microbubbles were broken down into smaller

ones (< 50 µm) in an open vial by the probe sonicator employing a 1
4” tip and an amplitude
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3 MICROSCOPY IMAGING

of 35 % for 30 s. The sonication frequency of the cup horn sonicator and the probe sonicator

is 20 kHz. Finally, the Laurdan (0.5 mM solution in DMSO) was added to the microbubble

sample in a 1:500 molar ratio and incubated for 30 min at room temperature.

All microbubble samples were washed before imaging or spectroscopic measurements to

remove excess probe and debris. To this extent, the microbubble solution was diluted with

buffer solution (5x), shaken for a few seconds, and centrifuged for 2 min (using the refrigerated

centrifuge Sigma 3–30K and rotor number 12154H) at 300 rpm (RCF = 8 g). Subsequently, the

preparation was left for settling for around 3 min during which the floatation of microbubbles on

top of the solution occurred. This procedure was repeated three times. After each centrifugation

step, the subnatant was removed and fresh HEPES buffer (pH 7.4) was added to the microbubble

sample. Afterwards, the preparations were immediately inspected with respect to microbubble

morphology, dispersity, and colloidal stability using an Axiovert 40 MAT optical microscope

(Carl Zeiss, Oberkochen, Germany). Clean preparations were stored in the dark and at 4 ◦C

until further use.

3 Microscopy imaging

Microscopy images were obtained with a Zeiss LSM510 META (Carl Zeiss Microscopy GmbH,

Jena, Germany) confocal microscope system mounted on an inverted Axiovert 200 M. Unless

mentioned otherwise, imaging was performed with a 40x/1.1 water immersion objective (LD

C-Apochromat 40x/1.1 W Korr UV-VIS-IR, Carl Zeiss).

7 µL of the sample suspension was poured in a spacer (Grace Bio-Labs SecureSeal imaging

spacer, diameter 9 mm, height 0.12 mm) mounted on a microscope slide. A cover slip (thickness

#1.5) was pressed onto the spacer. The complete assembly was positioned on the thermostated

microscope stage. Measurements were collected on temperature equilibrated samples. Due to

the large diameter, most microbubbles were lying still during the acquisition time of an image,

which took typically about 15 s. If the microbubble had moved during acquisition, another

image was taken. For the long time series measurement, refocusing during the imaging process

was necessary to correct for axial drift.

Two photon excitation (2PE) was performed with a femtosecond pulsed laser (Mai Tai

DeepSee, Spectra–Physics Inc., Santa Clara, CA, USA) tuned to a central wavelength of 780 nm.

Incident laser power at the sample was kept sufficiently low to avoid heating effects or other

imaging–induced artifacts such as photobleaching. For photoselection measurements with a

rotating excitation polarization plane, LSM510 emission signals were detected with an analog

photomultiplier tube in non–descanned, transmission mode after passing through a condenser
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4 GP ANALYSIS PROTOCOL

lens, a 470 nm beam splitter and a bandpass filter BP475− 565 nm. The sample temperature

was controlled using a cage incubator built around the microscope stage and a temperature

controller (Tempcontrol 37-2 digital, PeCon GmbH, Erbach, Germany). Mechanical stability

of the microscope setup was ensured by prior incubator warmup. Temperature at the sample

position was checked with a calibrated NTC sensor.

A home built polarization device containing a rotatable half wave and quarter wave plate was

installed under the objective. The orientation of the half wave plate was automatically adjusted

with stepper motors (Trinamic PD-110-42, Hamburg, Germany) before the start of each image

scan to make a series of images with different orientations of the linearly polarized illuminating

laser light see Fig. S5.

Figure S5: Excitation polarization dependence of the fluorescence of Laurdan in the equatorial plane
of a DPPC–PFB microbubble at 25 ◦C. White arrows indicate the plane of excitation
polarization which is varied in steps of 18 ◦. Emission bandpass filter 475− 565 nm. Zeiss
Plan–Apochromate 20x/0.75 objective. The scale bar in the upper left image represents
50 µm.

For GP imaging, Fig. S6, the polarization device was exchanged for a short pass 725 nm

dichroic beam splitter under the objective to measure the signal in backward mode. The emission

signal was split by a 470 nm beam splitter and detected with two analog photomultiplier tubes.

As indicated in Fig. S3, BP405− 455 nm and BP475− 565 nm emission bandpass filters were

used for the blue and the green channels respectively. Simultaneously, the transmission signal

was detected in forward mode after passing through a condenser lens.

4 GP analysis protocol

The generalized polarization (GP) is defined as1,14–20

GP =
IB − IR
IB + IR

, (1)

where IB and IR are the fluorescence intensity at 440 nm and 490 nm respectively. Limiting

values are +1 (highest GP) and -1 (lowest GP). High GP values in a lipid environment correspond

to a rigid, ordered shell phase. Low GP values indicate a more fluid, disordered phase.
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4 GP ANALYSIS PROTOCOL

Figure S6: Photoselection and Generalized Polarization (GP) observed in Laurdan stained DPPC–PFB
microbubbles imaged with 2PE laser scanning microscopy. From left to right, column 1 (a,
e, i, m): transmission images. Column 2 (b, f, j, n): blue Laurdan fluorescence emission
channel (BP 405 − 455 nm). Column 3 (c, g, k, o): green Laurdan fluorescence emission
channel (BP 475 − 565 nm). Right column (d, h, l, p): GP calculated pixel wise from the
blue and green images. Most transmission images show multiple microbubbles. However,
because of the optical sectioning effect intrinsically present in 2PE fluorescence microscopy,
only the sections of the microbubbles that are in focus are clearly visible in the blue and
green fluorescence channels. Top and third row images show bright top (T) and bottom
(B) shell regions, while the left (L) and right (R) side emit less fluorescence. The apparent
shell thickness is influenced by the photoselection effect, creating the illusion of thicker TB
shell segments compared to the L and R sides, top row. The second and fourth row exhibit
an opposite pattern. GP values are indicated by the upper right color bar. The excitation
polarization is horizontal, as indicated by the white arrows. Illumination wavelength is
780 nm. Scale bars are 50 µm and hold for the first three columns. The microbubbles in the
GP panels are set to the same diameter. Brightness and contrast are individually adjusted
for all images for visualization purposes.
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4 GP ANALYSIS PROTOCOL

Transmission channel
Blue channel with

dark current subtraction (Ib)

Green channel with

dark current subtraction (Ig)

GP = (Ib - G Ig) / (Ib + G Ig) Ib + Ig Threshold based mask

GP with mask - cropped GP histogram + Gaussian fit Phasor plot

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S7: Generalized Polarization (GP) analysis protocol illustrated with a DPPC–PFB microbubble
at 42 ◦C.
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4 GP ANALYSIS PROTOCOL

Each step in the GP protocol is illustrated by a panel of Fig. S7. Analysis of the acquired

microscopy data was performed with in-house developed Matlab scripts (Matlab R2017b, The

Mathworks, Inc., Eindhoven, The Netherlands).

First, microbubble microscopy images in the transmission, blue and green channels are shown

in panels (a)–(c). The dark current signal was subtracted from each pixel value. From both

images, the GP was calculated pixel wise, panel (d), using the formula

GP =
IB − GIR
IB + GIR

, (2)

with IB and IR the fluorescence intensity, i.e. the pixel value, in the blue (405-455 nm)

and green (475-565 nm) channel, respectively. The parameter G is a correction factor7 used to

calibrate the instrumental spectral response, since the absolute GP value is strongly affected

by instrument specific factors. This G factor also compensates for the effect of using band pass

filters instead of measuring at single peak wavelengths.21

Calibration experiments were performed by comparing microscopy images of Laurdan in the

reference solution DMSO with steady-state fluorescence spectra of the same sample recorded

on a thermostated Fluorolog Tau–3 photon counting spectrofluorimeter. Applying Eq. 1 to the

measured spectrum at room temperature (21 ◦C) yields a GP value of Laurdan in DMSO of

0.068. The G factor for the microscopy setup is then calculated by plugging in this reference

value in the following formula:

G =
IB(1−GP )

IR(1 +GP )
. (3)

IB and IR are the average intensity values measured with the fluorescence microscope in the

blue and green channel, respectively.

For optimal signal–to–background, the sum of the fluorescence signal in the blue and the

green channel, panel (e), was used to create a mask, panel (f), by setting pixel values above

a user defined threshold to 1 and background pixels to 0. A smoother mask was created by a

median filter. This filter was then applied to the GP image, panel (g), removing the background

signal from the microbubble shell.

A histogram of the remaining GP values was calculated, panel (h). Instead of solely evalu-

ating the peak location by fitting the top of the histogram with a Gaussian function, as shown

with the black line, we used the phasor calculation.20,22 This method does not only analyze the

histogram peak, but instead, all bins are taken into account. The result is a single point in

Fourier space, panel (i).
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5 DYNAMICS OF THE MICROBUBBLE SHELL STRUCTURE

Phasor calculation produces a coordinate set (G,S) in two dimensions by applying the fol-

lowing transformation:

G =
∑

#(GP ) cos (2πnGP/L)∑
#(GP ) , (4)

S =
∑

#(GP ) sin (2πnGP/L)∑
#(GP ) , (5)

where #(GP ) is the bin height in the histogram with center value GP, n is the number of

the harmonic, set to 1 for the first order phasor used here, and L is the difference between the

maximum and minimum GP value possible, i.e. 2. Summation runs over all GP bins.

The presented protocol is a novel way for mapping the shell structure of lipid microbubbles.

Instead of calculating the phasor coordinates based on a complete spectrum20,22–24, our imple-

mentation only requires the measurement of the fluorescence intensity based image in two optical

channels. The shape of the resulting GP histogram obtained over the monolayer related pixels is

analyzed with the phasor calculation. The phasor approach is appealing since it is a model–free

transformation that produces a single coordinate in Fourier space. Interpretation of the data

and comparison of several conditions becomes convenient and intuitive. Data points located in

the lower left quadrant of the phasor plot correspond to the least rigid and most water molecule

accessible shell structure. By rotating counterclockwise, one enters regions with a higher and

more ordered shell structure and reduced access of water molecules to the chromophore. The

width of the GP distribution can be derived from the distance to the origin; the higher the

modulus (S2 +G2), i.e. the distance from the center, the narrower the GP distribution.18 The

phasor approach is used in Fig. S8 to compare the shell rigidity of 21 individual microbubbles.

GP values cluster in two regions. A majority of the microbubbles has a low, negative GP, at

room temperature and at 42 ◦C. A small fraction has a positive GP. A single microbubble was

imaged during its transition from the former to the latter group.

5 Dynamics of the microbubble shell structure

We measured the temporal evolution of the shell rigidity of a single microbubble in a time series

experiment, shown in Fig. S9. In a time span of several hours, the microbubble drastically

changes from a low GP shell structure with a top–bottom photoselection towards a high GP

structure with a left–right selection. During this process, the microbubble shrinks about 35 %

in diameter, see Fig. S10 (a), which corresponds to a reduction in the surface area of about

58 %. It can be concluded from panel (b) of Fig. S10 that the transition is accompanied by large

13



5 DYNAMICS OF THE MICROBUBBLE SHELL STRUCTURE
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Figure S8: Phasor plot of 11 DPPC–PFB microbubbles at 25 ◦C and 10 microbubbles at 42 ◦C. Three
classes of microbubbles can be found using a hierarchical cluster algorithm in Matlab. The
first class, class I, represented by the squares, corresponds to lipid shells with negative GP
values and a top–bottom photoselection effect. Shell structures that became more rigid
after the shrinking process constitute a second group, class II, with much higher GP values,
indicated by the positions of the triangular data points, and a left–right fluorescence intensity
pattern under horizontally polarized laser light. The diamond shape (center right) refers
to a microbubble in a third group, class III, undergoing the transition from the first to the
second class during the shrinking process. The lower left quadrant of the plots corresponds
to a low overall GP, close to −1, as indicated by the red colored circle segments. Data points
located counterclockwise from this quadrant have continuously increasing GP values up to
+1 in the upper left quadrant, as illustrated with the color gradient in the circles. The
larger the distance from the center of the circle, the narrower the GP distribution.

Figure S9: First frame of a time series video (Fig S9 time series.mp4 ) showing the transition from
a low GP lipid monolayer to a more rigid, high GP shell structure during the shrinking
process. Top row: transmission channel, blue fluorescence channel and green fluorescence
channel respectively. Bottom row: pixelwise calculated GP, GP histogram and phasor plot
respectively. Between minutes 120 and 180, the bubble moves partially away from the
focal plane. The effect is much more conspicuous in the fluorescence channels compared
to the transmission images due to the optical sectioning effect in two–photon fluorescence
microscopy as compared with Mie scattering effects. The sample was refocused several times
during acquisition to account for this axial drifting. No significant lateral movement, nor
tumbling, was observed.
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6 SHELL PHASE SEPARATION

fluctuations in the fluorescence intensity. Shedding sections visible at a given image scan have

disappeared in the next scan 2 minutes later. These ubiquitous shedding shell sections display

a high GP and may be related to reported zippering effects resulting in bilayer structures.25–30

Shedding events disappeared during the final hour of observations, Fig. S10 (b). The stability

of the resulting rigid shell structure can be derived not only from the high GP values, but

also from the very stable fluorescence intensity starting 4 hours after the beginning of the

measurement. Simultaneously collected transmission images show a persistent gas fill since the

imaged circumference water–gas interface displays for the length of the recording a black rim

due to refraction at the interface.
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Figure S10: (a) Microbubble diameter as a function of time for the shrinking microbubble in Fig. S9
and Fig. 2 (main text), measured by manually selecting the white microbubble border in
each frame of the transmission channel. (b) Corresponding fluorescence intensity in the
blue and green channel, normalized to the average intensity per pixel for the first time
point.

6 Shell phase separation

Even though most microbubbles show a top–bottom angular dependence with low GP values or

a left–right selection with high GP values, we also imaged a microbubble with a clear spatial

phase separation, see Fig. S11. The left side of the microbubble has a positive GP, indicating

a local rigid domain in an otherwise negative GP shell. This image shows that the transition

towards a rigid shell structure can start locally, and does not need to happen in all sections

of the bubble simultaneously. It cannot be excluded, however, that this peculiar arrangement

resulted from a merger of two neighboring microbubbles. Enhanced resolution microscopy tech-

niques, such as structured illumination microscopy31 and single molecule techniques32,33, may

be helpful as a future guideline to check the effect of possible dye clustering on the observed
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GP values. This requires that proper laser excitation is available for the Laurdan dyes and that

probe concentrations are validated for absence or presence of concentration quenching. This

observation resembling Ostwald type ripening seems to be a very rare event.

Figure S11: From left to right: transmission image, blue fluorescence channel, green fluorescence chan-
nel, GP image and GP histogram of a DPPC–PFB microbubble at 42 ◦C showing phase
separation. The scale bar represents 20 µm.
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