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ABSTRACT:

Hypothesis:

Janus polymeric nanoparticles have attracted much attention for their wide range of applications in various fields
due to the presence of two domains with different chemistries, compositions or functionalities. This type of parti-
cles is obtained by various conventional methods which require several steps (the particle elaboration and the
surface functionalization), sometimes leading to the elaboration of emulsions with large and multimodal sizes
distributions. Various physical and chemical parameters influence the particles size, morphology and stability.
Experiments

In this study, we propose to prepare polymeric Janus nanoparticles (JNPs) by a one-step method from a mixture
of two different polymers and to compare several emulsification-evaporation processes (sonication, shear mixing
and elongational-flow micromixing).

Findings

The possibility to obtain monomodal JNPs (diameter lower than 200 nm) with a hydrophobic domain (poly(lactic-
co-glycolic acid), PLGA) and a hydrophilic charged domain (based on poly(styrene sulfonate), PSS) was demon-
strated only with the elongational-flow micromixer.

KEY WORDS: Janus nanoparticles, biocompatible polymer, emulsification, elongational-flow micromixer,
poly(lactic-co-glycolic acid), poly(styrene sulfonate), interfacial chemistry

L. INTRODUCTION
Particles having biphasic geometry of various composition and properties are called “Janus particles”,}2 in-
spired by the eponym two-faced Roman god. This anisotropic nature gives rise to unique properties, which
made these particles very useful in a wide range of applications, such as biosensing,3# theranostics,>¢ smart
textiles? or dielectrophoresis®®. A well-known example is the bicolored Janus microparticles with electrical ani-
sotropy realized by Torii’s group thanks to a 2D microfluidic technology.l® They generated precursor Janus
droplets subsequently cured into monodispersed bicolored polymeric Janus particles. Although various pro-
cesses such as toposelective surface modification (partially masked particles,!! using reactive directional flux-
es,1213 microcontact printing!415 or partial contact with reactive medial¢), template-directed self-assembly of
particles,!7 controlled phase separation phenomena!819 or controlled surface nucleation2? have been studied for
the fabrication of Janus-like particles. However, difficulties in scaling up the productivity prevented the wide-
spread use of these techniques. Moreover, most of these fabrication methods need several steps: the particles’
formation and the surface functionalization?! and/or are very tricky to control. Nowadays, beside the microflu-
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idic route developed by Torri and coll,, there is only one method allowing quite easily the one-step formation of
Janus microparticles (around 100 um): the dual-supplied spinning disk technique. Two different polymer solu-
tions of two different colors are introduced on opposite sides of a spinning disk where they flow to the edge and
form jets which have two different colors. Due to the Rayleigh instability, they form bichromatic droplets which
solidify in the air. This technique is used, for example, in the Gyricon display medium?2 and for biological imag-
es.z3 However, if the desired application is to further deliver drugs by intravenous injection, it is crucial to have
nanoscale particles (diameter lower than 1 um),24-26 with a hydrophilic and/or charged surface to favor the cells
penetration.27-29

The original approach of this study was based on the combination of the emulsification-evaporation method and
the use of a various emulsification devices. Contrary to previous studies that started from monomers and thus
required a polymerization step,2! two different polymers were directly introduced in the devices. To the best of
our knowledge, there is no one-step method described in the literature that allows the formation of composite
polymeric Janus nanoparticles. In the present study, we compare different emulsification-evaporation methods
(sonication, shear mixing and elongational-flow micromixing) in order to elaborate one-step composite poly-
meric Janus nanoparticles (JNPs). Because process and physical-chemistry parameters highly influence the NPs
size, these various parameters are also varied in order to achieve the elaboration of the smallest and the more
monomodal JNPs.

II. MATERIALS AND METHODS

I1.1. Materials

Poly(lactic-co-glycolic acid) 50:50 (PLGA) (Resomer® RG504 H, Sigma, 50,000 g.mol1), poly(styrene sulfonate)
(PSS) (Sigma, 70,000 g.mol-1), ethyl acetate (Sigma), sodium dodecyl sulfate (SDS) (92.5%, Sigma) as an ionic
surfactant and Pluronic® F-127 (Sigma) as a non-ionic surfactant were used as received to prepare the nano-
suspensions.

The continuous phase was composed of 15 g.L-1 of surfactant (Pluronic® F-127 or SDS) solubilized in deionized
water. The dispersed phases were composed of 1w% of polymer(s) solubilized in ethyl acetate. Since the contin-
uous/dispersed phase (C/D) volume ratio may influence a lot the particles’ size, this parameter was changed in
the presented study. The x value (x=w% of PSS/w% of PLGA) was modified in order to change the solution’s
composition and viscosity.

I1.2. Preparation of nanosuspensions by ultrasonication

Nanosuspensions were first performed with an ultrasonic processor (450W, SONOPULS UW 2200, Bandelin)
used at a given processing cycle (ton/tww) and a frequency of 20 kHz. This device formed nanoemulsions,
nanodroplets of both polymers and solvent dispersed in the continuous phase, due to bubbles implosion. The
continuous phase and the dispersed phase, for a total volume of 5 mL, were introduced in a plastic vial before
being sonicated for a given time. At the end of the operation, the samples were left overnight in a fume hood to let
the polymers’ solvent evaporated resulting in the final obtention of a suspension of composite polymeric nano-
particles (nanosuspension).

I1.3. Preparation of nanosuspensions by shear mixing

The rotor-stator mixer (Ultra-Turrax® T25 basic, IKA®-Werke) allowed the formation of nanoemulsions by
shearing the two phases. In this study, the continuous and the dispersed phases, for a total volume of 15 mL, were
introduced in a plastic vial before being mixed with the rotor-stator mixer at 800W for a given time at a given
speed. At the end of the operation, the samples were left overnight in a fume hood to let the polymers’ solvent
evaporated.

I1.4. Preparation of nanosuspensions by elongational-flow micromixing
The continuous phase and the dispersed phase (total volume of 10 mL) were used as the raw material for the
system. As illustrated in Figure 1, the emulsification system was mainly assembled with two mid-pressure sy-)



ringe pumps (neMESYS® Mid Pressure Module, Cetoni) which can work in opposite phase (withdraw/infuse),
two 25 mL stainless steel syringes (Cetoni) and one PEEK tee (Valco Vici). The system was controlled by the sup-
plier’s software to precisely operate flow rate. The three drilled cylindrical microchannels have a diameter of
150 pm. Two microchannels were connected to the syringes with two PTFE tubes (1.06 mm ID x 1.68 mm OD).
The third microchannel was used to collect the emulsion. During the process, both pumps were operated in op-
posite phases at the same reciprocating flow rate so that the premixed emulsions were transferred from one sy-
ringe to the other one through the microchannels, acting as a restriction to the flow, forming nanoemulsions by
elongational droplet rupture. A back and forth movement of the pump counts for one cycle. At the end of the op-
eration, the samples were collected, poured in a vial and left overnight in a fume hood to let the polymers’ solvent
evaporated.
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Figure 1. Schematic illustration of the elongational-flow micromixing device.

IL.5. Characterization methods

I1.5.1. Diameter, size distribution and zeta potential

The z-average diameter, size distribution and zeta potential of the nanoparticles were assessed by dynamic light
scattering (DLS) using a Malvern Nano ZetaSizer instrument (Malvern, Orsay, France). The helium-neon laser
(4 mW) was operated at 633 nm, the scatter angle was fixed at 173° and the sample temperature was main-
tained at 25°C.

The polydispersity index of the particle size (PDI) is a measure of the broadness of the size distribution and it is
commonly admitted that PDI values below 0.2 corresponds to monomodal distributions.30-32 Analyses of nano-
suspensions size and zeta potential were performed by pouring dropwise 0.02 mL of the nanosuspensions into
1 mL deionized water. Measurements were conducted in triplicates, each measurement being an average of 30
values calculated by the ZetaSizer.

I1.5.2. Transmission Electron Microscopy

To analyze the morphology and shape of the composite nanoparticles, cryo-transmission electron microscopy
(cryo-TEM) experiments were performed. A 5 pL drop of the NPs suspension was deposited onto a lacey-holey
carbon film (Ted Pella) freshly glow discharged (Elmo, Cordouan Technologies). The grid was rapidly frozen in
liquid ethane cooled by liquid nitrogen in a home-made environment-controlled machine. The grids were
mounted onto a Gatan 626 cryoholder and observed in a Tecnai G2 (FEI-Eindhoven) operating at 200 kV and
the images were taken with an Eagle 2k2k ssCCD camera (FEI- Eindhoven) under low dose conditions. The con-
trast was, in that case, directly related to the atomic number of the diffusing atoms.

I1.5.3. Viscosity measurements

The viscosity of the different phases was measured at 25°C by means of an Ostwald viscometer (Categorie I).
This method was based on the determination of the time required for the solution to flow through a capillary.
Each measurement was repeated four times and a mean value for the flow time was taken. This time was then
correlated to the kinematic viscosity v = K (t-H). K was a constant related to the capillary (equal to 0.01 mmzZ.s-2
in our case), t was the average flow time (s) and H was the Hagenbach correction of time (here, H = 0 s).



The values of the dispersed and continuous phase dynamic viscosities, respectively nq and 1, were then easily
determined from their respective density since n = pv.

III. RESULTS AND DISCUSSIONS

II1.1. Formation of polymeric nanoparticles

In this first part, the possible formation of polymeric nanoparticles (NPs) with 1w% PSS or 1w% PLGA-based
dispersed phase was investigated. In this purpose the mixing parameters (MP), the emulsification times and the
C/D volume ratio were varied as indicated in Table 1. 0.3w% of non-ionic surfactant (Pluronic® F-127) was
used, otherwise notified.

I11.1.1. Variation of the processes’ mixing parameter (MP)
The emulsification times were fixed at the following values:

- Ultrasonication: 5 min of emulsification

- Rotor-stator mixer: 10 min of shear mixing

- Elongational-flow micromixer: 80 min (100 cycles)
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Figure 2. Evolution of PLGA and PSS NPs size regarding to the process mixing parameter for a) ultrasonicator
(5 min), b) rotor-stator mixer (10 min) and c) elongational-flow micromixer (80 min). The C/D volume ratio
was equal to 85/15 for all experiments.

In Figure 2.3, the minimum diameter values (140 nm and 80 nm for PSS and PLGA respectively) were obtained
for a power amplitude between 50% and 90%. Moreover, for a cycle value higher than 70%, the colloidal
suspensions were not stable after three days: the NPs diameter increased and sedimentation was observed.

As observed in Figure 2.b, the rotational speed of the rotor-stator mixer highly impacted the PSS and PLGA NPs
diameter that was divided by 3 when the speed was multiplied by 3. It also affected the solutions’ stability that
was stable for several hours at low speed (under 13,500 rpm) to two days at higher speed (= 17,500 rpm).

If for the two previous devices, the size of both PSS and PLGA NPS decreased while increasing the MP, observa-
tions in line with previous reported work for PLGA NPs,33 the flow rate for the elongational-flow micromixer has
virtually no influence on the polymeric NPs (Figure 2.c) over the range investigated (30 to 50 mL.min-1). This
complies well with a previous study3* in which we reported the constant size of methyl methacrylate
nanodroplets size past a given flow rate.

Interestingly, PSS NPs (dashed lines) were always bigger than PLGA NPs (solid lines), probably due to water
penetration in these more hydrophilic NPs.

As reported in Table S1 and Table S3, the PDI values for PLGA NPs were below 0.2 for ultrasonicator and
elongational-flow micromixer, proving the formation of monomodal nanoemulsions. However, the size dispersi-
ty was higher with the rotor-stator mixer (Table S2).

As a conclusion, the mixing parameters were fixed as described in Table 2.

111.1.2. Influence of the emulsification time

[t is well-known that the emulsification time plays a crucial role on the particles’ sizes.3435 This is why the influ-
ence of this parameter on the PSS and PLGA NPs diameter (Figure 3) as well as their PDI values (Table S4, Table
S5) was investigated for the three different devices.

We first observed a PDI close to 0.2 (Table S4, Table S5) and a low variation of the NPs’ diameter with the emul-
sification time for ultrasonication (Figure 3.a). Then, increasing the rotor-stator mixing or elongational-flow
micromixing times decreased the PDI down to 0.17 and 0.15 respectively (for PLGA NPs) and down to 0.26 and
0.23 respectively (for PSS NPs). It also allowed the decrease of the average PLGA NPs size down to 144 nm (ro-
tor-stator-mixer) and 104 nm (elongational-flow micromixer).

It was interesting to observe the increase in the PSS particles diameter past a threshold time of 80 min. This
unusual behavior, mainly due to water penetration inside the PSS NPs, has already been observed and explained
by our team in a previous study.3>
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Figure 3. Evolution of PLGA and PSS NPs diameter regarding to the emulsification time for a) ultrasonicator, b)
rotor-stator mixer and c) elongational-flow micromixer. The mixing parameter was kept constant (Table 2) and
the C/D volume ratio was equal to 85/15 for all experiments.

So, we were now able to determine the optimum conditions to obtain nanoparticles with a low polydispersity
index for each device (Table 3).

As observed in Figure 2 and Figure 3, PSS NPs (dashed lines) were always bigger than PLGA NPs (solid lines)
due to water penetration inside PSS NPs since PSS was a more hydrophilic polymer than PLGA.3> This systemat-
ic difference in size between small PLGA NPs and bigger PSS NPs was confirmed by cryo-TEM (Figure 4).



Figure 4. Cryo-TEM images of PLGA and PSS nanoparticles obtained by a) ultrasonication (50% of amplitude
during 5 min), b) rotor-stator mixing (17,500 rpm during 10 min) and c) elongational-flow micromixing
(30 mL.min! during 60 min). The C/D volume ratio was equal to 85/15 for all experiments.

111.1.3. Effect of the surfactant type

In this part, the mixing parameters (MP), the emulsification times and the C/D volume ratio were fixed as indi-
cated in Table 3. The surfactant was either non-ionic (Pluronic® F-127) or anionic (SDS).

The SDS was an anionic surfactant, leading to more electronegative particles (zeta potential below -40 mV) than
Pluronic® F-127 (zeta potential around -20 mV) for all the three devices.

Moreover, the anionic surfactant led to bigger, less stable PSS particles than the non-ionic surfactant (Table 4)
because of electronic repulsion between SDS and PSS, both negatively charged. This also explained why few size
differences were observed with both surfactants for PLGA NPs, PLGA being a neutral polymer.

111.1.4. Influence of continuous to dispersed phase volume ratio

For this study, the emulsifications occurred as described in Table 3 and the surfactant was non-ionic (Pluronic®
F-127). We investigated the influence of C/D volume ratio, ranging from 90/10 to 70/30, on the NPs diameters
(Figure 5).
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Figure 5. Evolution of the PLGA and PSS nanoparticles’ size regarding to the C/D phase volume ratios. The NPs
were obtained by a) ultrasonication (50% of amplitude during 5 min), b) rotor-stator mixing (17,500 rpm du-
ring 10 min) and c) elongational-flow micromixing (30 mL.min ! during 60 min).

A larger amount of continuous phase led to smaller NPs for all the techniques. Indeed, the change in C/D volume
ratio changed in particular the surfactant/organic phase weight ratio from 14% (C/D = 90/10) to 4% (C/D =
70/30), which has already been shown to be crucial in driving surfactant accumulation at the interface, particu-
larly in the case of the sonication process.3¢ The 70/30 phase volume ratio led to particles stable less than one
day (phase separation). Moreover, particles’ sizes were higher than 150 nm with ultrasonicator (Figure 5.a) and
rotor-stator mixer (Figure 5.b) with this C/D volume ratio because of the high viscosity of the emulsions (na/nc>
4). Indeed, according to Grace’ theory37 viscosity ratios higher than 4 is the limiting value for these devices. This
also explains why, when the C/D volume ratio decreased, the particles size increased less with the elongational-
flow micromixer than with the other two devices.

Compared to PLGA NPs, a more drastic evolution of PSS particles size regarding to C/D volume ratios by ultra-
sonication and shear mixing than with elongational-flow micromixer was observed. A lower C/D volume ratio
means a higher amount of PSS, leading to a more viscous solution and more electronic repulsion inside the par-
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ticles. This is why it came out that poly(styrene sulfonate) was more marked by cavitation and shearing than
elongational forces.

The optimal chemical parameters to obtain polymeric nanoparticles with the lowest size dispersity, determined
by the last two studies, were summarized in Table 5.

I11.2. Formation of polymeric Janus nanoparticles

In this second part, the possible formation of polymeric Janus nanoparticles (JNPs) with PSS and PLGA was in-
vestigated. In this purpose the mixing parameters (MP), the emulsification times, the surfactant type and the
C/D volume ratio were fixed as indicated in Table 3 and Table 5.

I11.2.1. Possible formation of Janus nanoparticles
Various nanosuspensions were elaborated with the three different processes by mixing PSS and PLGA in the
dispersed phases using the optimal parameters (Table 3 and Table 5). In this part, the weight ratio of PSS to

PLGA introduced in the dispersed solution “x” was equal to 1. Size measurements and cryo-TEM images were
carried out in order to investigate the possible formation of JNPs.

Neo-Janus

No Janus

Figure 6. Cryo-TEM images of nanosuspensions obtained with a) ultrasonicator (50% of amplitude during
5 min), b) rotor-stator mixer (17,500 rpm during 10 min) and c) elongational-flow micromixer (30 mL.min-!
during 150 cycles).

For the ultrasonicator (Figure 6.a), one observed the formation of small circular NPs with two different uniform
sizes (diameters around 60 nm and 40 nm), both with a low size polydispersity index (PDI around 0.12). The
bimodal distribution was confirmed by DLS measurements (Figure S1.a). Considering the result obtained for the
emulsification of individual polymers (Figure 4), this difference in size may suggest that the ultrasonicator did
not allowed the production of Janus nanoparticles but led to the emulsification of the polymers (PLGA and PSS)
separately. According to Figure 6.b and Figure S1.b, two populations of particles were also obtained with the
rotor-stator mixer: 200 nm (PSS) and 70 nm (PLGA). These two devices are mainly reported in the literature for
the production of micro- and nano-particles from monomers38-40 but scarcely for polymers. Only two works
could be found and reported larger size distributions of polymer NPs.#142 Therefore, these devices were not
appropriated for the emulsification of viscous dispersed phases (here ng/nc=4.2).37 9



Then, the production of monomodal (PDI = 0.17) Janus NPs with the elongational-flow micromixer was attended
(Figure 6.c). On cryo-TEM images, the contrast between PLGA and PSS was related, as a first approximation, to
the atomic number of the diffusing atoms. So, the two hemispheres observed for each particle were composed of
the two different polymers. The monomodality of the nanoemulsions obtained with the elongational-flow mi-
cromixer was confirmed by DLS (Figure S1.c). Moreover, contrary to ultrasonication and rotor-stator mixing,
the particles’ size was constant for at least one month (Table S6).

This proved, for the first time, the ability of the elongational-flow micromixer to form composite polymeric Ja-
nus-like NPs in one-step from a polymer mixture, i.e. with viscous solutions. Therefore, and from now on, it will
be the sole device employed for the production of Janus NPs.

H1.2.2. Influence of the polymer amount on the nanoparticles’ morphology

Operating the elongational-flow micromixer at a reciprocating flow rate of 30 mL.min! during 60 min, one in-
vestigated the influence of the weight ratio of PSS to PLGA introduced in the dispersed solution “x” (taken equal
to 0.5, 1 or 2) on the variation of the NPs’ size and morphology.

Figure 7. Cryo-TEM images of the nanosuspensions obtained when the weight ratio of PSS to PLGA introduced

in the dispersed solution “x” was equal to a) 0.5, b) 1 and c) 2. For all these images, the emulsifications were
realized with the elongational-flow micromixer at 30 mL.min-! during 60 min.

In Table 6, increasing the weight ratio of PSS to PLGA in the dispersed solution (i.e. “x” value) increased the NPs
size from 164 nm to 228 nm. However, the morphology was surprisingly not the same for all three “x” values.

Interestingly, the ratio between the light area and the dark area was divided by two when the amount of PSS
decreased from 1 (Figure 7.b) to 0.5 (Figure 7.a). So, PLGA-hemispheres were seen as dark grey zones (big ar-
rows in Figure 7) and the PSS-hemispheres as lighter ones (thin arrows in Figure 7). However, when the PSS
quantity was twice that of PLGA (Figure 7.c), a core-shell structure was observed instead of a Janus-like mor-

phology. This can be explained by the possible charge-stabilization of the PSS core by the PLGA shell.

So, it was possible to tune the NPs morphology only by changing the polymer weight ratio introduced in the
dispersed solution.

IV. CONCLUSION 10



Three different devices (ultrasonicator, rotor-stator mixer and elongational-flow micromixer) were used to
produce nanoemulsions from biocompatible polymer(s) by emulsification-evaporation processes.

In a first part, this study demonstrated the possible one-step formation of polymeric nanoparticles with various
size, ranging from 80 nm to 400 nm, depending on the device and their process parameters.

Then, the three devices allowed the production of nanoemulsions from a mixture of two immiscible polymers,
poly(lactic-co-glycolic acid) (PLGA) and poly(styrene sulfonate) (PSS). However, the particles’ chemical compo-
sition, diameter, size dispersity and morphology were different regarding the devices. Indeed, the ultrasonicator
allowed the formation of bimodal nanosuspensions with small particles (60 nm PSS NPs and 40 nm PLGA NPs)
and two populations of particles were also obtained with the rotor-stator mixer (200 nm PSS NPs and 70 nm
PLGA NPs). This proved that these devices were not appropriated for the emulsification of a mixture of viscous
polymeric solutions. However, the production of monomodal composite polymeric Janus NPs with the elonga-
tional-flow micromixer was observed.

Finally, the possible formation of different nanoparticles morphology (Janus and core-shell), depending on the
relative quantity of the two polymers, was also demonstrated.
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FIGURE CAPTIONS

Figure 1. Schematic illustration of the elongational-flow micromixing device.

Figure 2. Evolution of PLGA and PSS NPs size regarding to the process mixing parameter for a) ultrasonicator
(5 min), b) rotor-stator mixer (10 min) and c) elongational-flow micromixer (80 min). The C/D volume ratio
was equal to 85/15 for all experiments.

Figure 3. Evolution of PLGA and PSS NPs diameter regarding to the emulsification time for a) ultrasonicator, b)
rotor-stator mixer and c) elongational-flow micromixer. The mixing parameter was kept constant (Table 2). The
C/D volume ratio was equal to 85/15 for all experiments.

Figure 4. Cryo-TEM images of PLGA and PSS nanoparticles obtained by a) ultrasonication (50% of amplitude
during 5 min), b) rotor-stator mixing (17,500 rpm during 10 min) and c) elongational-flow micromixing
(30 mL.min! during 60 min). The C/D volume ratio was equal to 85/15 for all experiments.

Figure 5. Evolution of the PLGA and PSS nanoparticles’ size regarding to the C/D phase volume ratios. The NPs
were obtained by a) ultrasonication (50% of amplitude during 5 min), b) rotor-stator mixing (17,500 rpm du-
ring 10 min) and c) elongational-flow micromixing (30 mL.min ! during 60 min).

Figure 6. Cryo-TEM images of nanosuspensions obtained with a) ultrasonicator (50% of amplitude during
5 min), b) rotor-stator mixer (17,500 rpm during 10 min) and c) elongational-flow micromixer (30 mL.min-!
during 150 cycles). 13



Figure 7. Cryo-TEM images of the nanosuspensions obtained when the weight ratio of PSS to PLGA introduced

in the dispersed solution “x” was equal to a) 0.5, b) 1 and c) 2. For all these images, the emulsifications were
realized with the elongational-flow micromixer at 30 mL.min"! during 60 min.

TABLES
Table 1. Parameters used in order to produce PLGA or PSS nanoparticles with three different emulsification
devices.
Ti
Process MP 11?1e C/D
(min)
10 to 90%
o of ampli- 70/30 to
Ult t 5to 20
rasonication tude 0 90/10
(%oton)
6,500 to
Rotor-tstator 24,000 S to 20 70/30 to
mixing 90/10
rpm
El tional-
fowmicro- | 30050 | 504250 | 70/30t0
, mL.min-! 90/10
mixer

Table 2. Reference mixing parameters in order to obtain stable NPs with ultrasonicator, rotor-stator mixer and
elongational-flow micromixer.

Process Mixing parameter
Ultrasonication Processing cycle = 50%
Rotor-stator mixing 17,500 rpm
Elongational-flow micromixer 30 mL.min-1

Table 3. Reference conditions in order to obtain polymeric nanoemulsions with ultrasonicator, rotor-stator
mixer and elongational-flow micromixer.

Process Emulsilficatlon MP
time
Ultrasonication 5 min Processing cycle = 50%
Rotor-stator mixing 10 min 17,500 rpm
Elongational-flow 60 mi
Satlom: i 30 mL.min-!
micromixer (150 cycles)

Table 4. Evolution of PLGA and PSS NPs size regarding to the type of surfactant for ultrasonicator (50% of am-
plitude during 5 min), rotor-stator mixer (17,500 rpm during 10 min) and elongational-flow micromixer
(30 mL.min"! during 60 min). P stands for Pluronic® F-127.

PLGA PSS
P SDS P SDS

+

Ultrasonicator | 82+3 | 62 +21 150 748
10 132
R - + + +
0t0r_ stator 192 + 226 215 + 305 + 95
mixer 9 34 26

Elongational- | 104 = 118 + 143 =

290 + 32
flow micro- 5 24 28 14




mixer | |

Table 5. Chemical conditions to obtain stable nanoparticles with PLGA and PSS with the three devices.

Surfactant C/D volume ratio
Pluronic® F-127 85/15

Table 6. Evolution of the PLGA-PSS NPs size and the viscosity ratio ne/n. regarding to the weight ratio of PSS to

“w_n

PLGA “in the dispersed solution “x”.

x | naMme D‘Zf:lf)ter PDI
05| 41 164 0.10
1| 42 156 0.13
2 | 52 228 0.24
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