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The following is the supporting information related to the
paper entitled”Relaxation dynamics in single polymer micro-
capsules probed with laser-generated GHz acoustic waves”.

1 Microcapsule preparation

PLGA was dissolved into 4 mL of methylene chloride along
with the desired amount of liquid PFOB and placed in a ther-
mostated bath maintained at 20 C to ensure full miscibility
of the PFOB. The organic solution was then emulsified into
20 mL of 1.5% sodium cholate (w/v) aqueous solution using
an Ultraturrax T25 (IKA) operating with a SN25-10G dispers-
ing tool at a velocity of 8000 rpm. Emulsification was per-
formed in a 50 mL beaker placed over ice for 2 min. Methy-
lene chloride was then evaporated by magnetic stirring for
about 3 h at 300 rpm in a thermostated bath (20 C). For fluo-
rescent or confocal microscopy, Nile Red was added to the or-
ganic solution prior to emulsification. Typically, about 100 µL
of a concentrated Nile Red solution (0.057 mg/mL in methy-
lene chloride) was added to the organic solution prior to emul-
sification.1

2 Thickness determination

Samples in water were placed between glass slides and ex-
amined with a Zeiss LSM-510 confocal scanning laser micro-
scope equipped with a 1 mW helium neon laser, using a Plan
Apochromat 63X objective (NA 1.40, oil immersion). Red
fluorescence was observed with a long-pass 560 nm emission
filter under 543 nm laser illumination. The pinhole diame-
ter was set at 71µ m. Stacks of images were collected every
0.42 µm along thez axis. Particle size and shell thickness
were measured directly on the confocal images using either
the Zeiss software or ImageJ (Scion Corporation). Measure-
ments were carried out in the equatorial plane of each capsule
to minimize the error due to the position of the slice. The size
of a pixel was 70 nm. For the sodium cholate concentration
and the rotation speed of the dispersing tool we used, the span
of the distribution of microcapsule size is 0.57, as determined
by laser diffraction granulometry.1
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For each PLGA concentration, the ratio of the capsule ra-
dius to the shell thicknessT/R is constant. The ratioT/R is
estimated from confocal images for several PLGA concentra-
tions, revealing a linear dependence ofT/R vs concentration.
Therefore, in the present opto-acoustic experiment, knowing
the radius of the capsule (estimated optically) and the con-
centration of PLGA used (T/R= 0.25±0.025), the expected
thickness is obtained. The thickness measured by the opto-
acoustic technique is in good agreement with that expected.

3 Beam description

The laser beams are focused using a Nikon EpiPlan Fluor 50X
objective (NA 0.8). The 1/e2 radius of the pump and probe
spot sizes are measured from the Gaussian intensity profiles
recorded by a CCD camera at∼ 2 and 1∼ µm at the focal
point on a bare Ti6Al4V sample, respectively.2

The laser beam propagates at normal incidence in the di-
rection~x. The absorbed electromagnetic energy is expressed
from the Poynting vector3 in the titanium substrate:

Q(x, r,t) = γI0(1−RctRac) f (t)g(r)e−γx (1)

with I0 the incident energy per unit length. Functionsf (t)
andg(r) = exp(−2r2/χ2) are the time and axial Gaussian dis-
tributions of intensity of the mode-locked laser pulses, with
r and χ the radial coordinate and the beam radius at 1/e2.
γ−1 = λ/4πn′′t is the optical penetration depth in titanium,
whereλ andn′′t are the laser wavelength and the imaginary part
of the refractive index in titanium. Typical values ofn′′t yields
γ−1

∼ 15 nm at the pump wavelength.4 Similiar values are ob-
tained at the probe wavelength.Rct andRac are the coefficients
of optical reflection in intensity at the titanium/capsule and
air/capsule interfaces, respectively. Owing to index matching
between the core and the shell, the reflection coefficient at the
core/shell interface is neglected.

References

1 E. Pisani, N. Tsapis, J. Paris, V. Nicolas, L. Cattel and E. Fattal,Langmuir,
2006,22, 4397–4402.

2 J. Higuet, T. Valier-Brasier, T. Dehoux and B. Audoin,Rev. Sci. Instrum.,
2011,82, 114905.

3 L. D. Landau and E. M. Lifchitz,Electrodynamics of continuous media,
Mir, Moscow, 1969.

4 B. Audoin, C. Rossignol, N. Chigarev, M. Ducousso, G. Forget, F. Guille-
mot and M. C. Durrieu,Ultrasonics, 2010,50, 202–207.

1–1 | 1

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2012


