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Abstract

A series of ionic diblock copolymer nanoparticles was prepared in a typical non-
polar solvent (n-dodecane) via polymerization-induced self-assembly (PISA). A single
cationic repeat unit was incorporated into the poly(stearyl methacrylate) (PSMA) sta-
bilizer of otherwise uncharged poly(stearyl methacrylate)—poly(benzyl methacrylate)

(PSMA-PBzMA) diblock copolymers nanoparticles. By using short PSMA stabilizer
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blocks, it was possible to obtain nanoparticles with the range of morphologies expected
(spheres, worms, and vesicles). For nanoparticles where all stabilizer chains possessed
an ionic group, higher-order morphologies were obtained at lower BzMA degrees of
polymerization than corresponding uncharged particles, and the particles were elec-
trophoretic. For nanoparticles where only a fraction of the stabilizer chains contained
an ionic group, higher-order morphologies were obtained at precisely the same PBzMA
degrees of polymerization, and the electrophoretic response was greater than when the
shell was fully ionic. These particles with a partially ionic shell are a fascinating system,
providing morphologies that can be predicted from existing knowledge of the diblock

copolymer morphology yet with the highest possible electrophoretic mobility.

Introduction

Diblock copolymer nanoparticles are interesting materials that form an assortment of nanos-
tructures in a variety of solvents (water, alcohols, and oils).! Polymerization-induced self-
assembly (PISA) is a versatile method for preparing such diblock copolymer nanoparticles
with a wide range of possible morphologies using a variety of different polymer blocks. Aside
from the typical spheres, worms, and vesicles, more exotic morphologies, such as lamellae,
framboidal vesicles, jellyfish, and yolk/shell particles, can be obtained.* By employing a con-
trolled radical synthesis technique, reversible addition—fragmentation chain-transfer (RAFT)
polymerization,® it is possible to synthesize polymers with well-defined blocks and low dis-
persities. This makes it possible to selectively and precisely insert functional monomers at
specific locations into the block copolymers. An interesting example was recently reported
for series of nanoparticles synthesized using two different pH responsive RAFT chain-transfer
agents (CTAs). These CTAs possessed a single ionizable carboxylic acid group, but never-
theless, it was possible to induce a transition between different morphologies by changing
pH. %8 The concept of pH cannot be extended directly to nonpolar solvents, such as used here,

because the solvents are not autoionizable, and to achieve anything similar to pH-induced



protonation requires the addition of an external ionizing agent.?

This example of changing pH demonstrates the challenge of trying to universalize stimuli
responsiveness between different solvents. Nonpolar solvents provide a particularly challeng-
ing medium to generate particles that respond to electrostatic stimuli. It is very challenging
to introduce ionic moieties into nonpolar solvents, due to their low dielectric constant. Once
introduced, though, the Coulombic interactions are long-range.!? In this study, we have ex-
amined the impact that incorporating a single charged group can have on the morphology
of nanoparticles in a nonaqueous, specifically nonpolar, low dielectric solvent. Nonpolar flu-
ids are not only interesting as potential media for the production of nanoparticles.® They
are relevant media due to their use as industrial solvents for a variety of purposes.!! The
production of charge in nonpolar solvent is of particular interest due the technologically ad-
vanced materials that make use of the response of these ions to applied electric fields, such

1213 and electrorheological fluids. !4

as electrophoretic displays
Using the PISA approach, the model system of uncharged poly(stearyl methacrylate)—
poly(benzyl methacrylate) (PSMA-BzMA) diblock copolymers synthesized in n-dodecane, %16
which is known to produce nanoparticles with a sphere, worm, or vesicle morphologies
for sufficiently low SMA degrees of polymerization, was modified from the simple case
by the incorporation of a polymerizable ionic monomer. The ionic monomer used ((2-
(methacryloyloxy)ethyl)trimethylammonium tetrakis|3,5-bis(trifluoromethyl)phenyl|borate,
[IMOTMA]*[TFPhB] ™) is from a class of functional molecules that is known to produce elec-
trophoretic spheres in nonpolar solvents. "1 Guided by the extensive studies of nanoparticles
synthesized by PISA in water that have shown that nonspherical morphologies can ratio-

nally be generated?° and that ions® ®2!

can be used to control their self-assembly, we have
introduced this ionic monomer into diblock copolymers that should form nonspherical mor-
phologies. RAFT polymerization® provides the precision to locate the ionic monomer into

the stabilizer of the PSMA-PBzMA nanoparticles, so that we can assess the impact that it

has on the morphologies formed as well as on the electrokinetic properties. This is a straight-



forward way to introduce this functional monomer selectively, but as only a single ionic unit
is incorporated into the stabilizer (on average), there will be a population of uncharged sta-
bilizer molecules as well as populations with more than one ionic unit. The full range of
expected pure morphologies (spheres, worms, and vesicles) have successfully been produced
using both uncharged PSMA;3-PBzMA diblock copolymers (Figure 1(a)) and charged shell
[P(SMA;3-stat-MOTMA,)|"[MOTMA]~ (Figures 1(b) and (c)). By placing the ionic groups
in the shell, they can interact at the surface. The effective projected area of the stabilizer
chains then increases. This shifts the critical degree of polymerization (DP) for morphol-
ogy formation as compared to the uncharged case. The charged shell nanoparticles are also

22,23 3 characteristic of charged

electric field responsive, undergoing counterion condensation,
species in low dielectric media.!%?* Nanoparticles were also prepared where only a fraction of
the stabilizer chains were ionic, and these give morphology boundaries that are the same as
the uncharged case but, surprisingly, have a greater electric field response than nanoparticles
with a fully charged shell stabilizer.

The motivation for undertaking this is twofold. Nano-objects synthesized by PISA have
been shown to be promising materials for industrial applications,?® but varying the DP of the
core-forming block is still the primary way of controlling the morphologies that are produced
in a PISA synthesis, as was the case when these type of materials were first reported.26
Charged polymer colloids in nonpolar solvents are employed in industrial technology, such
as electrophoretic displays,!*!3 but conventional latex polymerization has only been used to
resulted in spherical nanoparticles.?” This study addresses both issues. We demonstrate a
new way of influencing the morphology of nano-objects in a nonpolar solvent, using ionic
stabilizer groups, and we show that it is possible to produce electric field responsive non-

spherical nanoparticles in a nonpolar solvent, using PISA.
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Figure 1: The structure of the diblock copolymers used to form nanoparticles. (a)
Uncharged poly(stearyl methacrylate)-poly(benzyl methacrylate (PSMA-PBzMA)
diblock  copolymers. (b) Charged shell [poly((stearyl methacrylate)-stat-(((2-
(methacryloyloxy)ethyl)trimethylammonium))-poly(benzyl methacrylate)] " [tetrakis-
[3,5-bis(trifluoromethyl)phenyl|borate] =  ([P(SMA13-stat-MOTMA;)-PBzMA|*[TFPhB] ")
diblock copolymers. (¢) The [TFPhB]|~ anion that is the counterion for the charged shell
diblock copolymers.



Materials and Methods

Polymer synthesis

Stearyl methacrylate (SMA, technical grade) and benzyl methacrylate (BzMA, 96%) monomers
were purchased from Sigma—Aldrich (UK). BzZMA monomer was passed through a basic alu-
mina column to remove inhibitor prior to use. The ionic monomer (2-(methacryloyloxy)ethyl)tri-
methylammonium tetrakis[3,5-bis(trifluoromethyl)phenyl|borate ((MOTMA]*[TFPhB] ™) was
produced as previously reported.® 2,2'-Azobisisobutyronitrile initiator was purchased from
Molekula (UK), and tert-butyl peroxy-2-ethylhexanoate (Trigonox 218, T21s) initiator was a
gift from AkzoNobel (The Netherlands). Cumyl dithiobenzoate (CDB, 99%) was purchased
from Sigma-Aldrich and used as supplied. Toluene solvent (HPLC grade) was purchased
from Fisher (UK) and used as supplied. n-Dodecane (> 99%) solvent used for synthesis and

to prepare dispersions was obtained from Sigma—Aldrich (UK) and was stored over molecular

sieves prior to use.

PSMA macromolecular chain-transfer agents (macro-CTAs)

An uncharged poly(stearyl methacrylate) (PSMA) macro-CTA with a degree of polymeriza-
tion (DP) of 13 was synthesized and purified using the same method as applied to higher DP
analogs.'® An ionic statistical copolymer of SMA and one [MOTMA|*[TFPhB|~ repeat unit
(on average) was synthesized using the same protocol, but the purification was modified due
to the increased solubility of the polymer in short chain alcohols. There is only an average
of one ionic unit per chain, and so there will be populations of uncharged polymer as well
populations with more than one. It has not been possible to determine this distribution.
It was precipitated from ice cold methanol to remove unreacted [MOTMA]*[TFPhB]~, and
then precipitated in ice cold ethanol to remove unreacted SMA. Characterization of the

macro-CTA polymers are given in Supporting Information (Tables S1 and S2).



PSMA-PBzMA diblock copolymer nanoparticles

Diblock copolymers were synthesized by dissolving the appropriate macro-CTA, BzMA
monomer, and T21S initiator (added as a 10 wt. % solution in n-dodecane; macro-CTA /T21S
molar ratio = 3)) in n-dodecane to give a copolymer concentration of 12.5 wt. %. The re-
action was allowed to proceed for a minimum of 18 hours, and conversions of > 90% were
obtained. Analytical chemistry and purity are provided in the Supporting Information (Ta-
bles S3-S5).

Small-angle X-ray scattering (SAXS)

SAXS measurements were performed on the instrument 122 at Diamond Light Source (Ruther-
ford Appleton Laboratory, UK). The instrument configuration provided a Q-range of 0.0017—
0.2 A~!, where @ is the modulus of the momentum transfer vector, calculated from 6 (half

the scattering angle) and A (the wavelength of the radiation).

B 47 sin 6

Q= A\ (1)

The scattering intensity was collected on a 2D Pilatus 2M pixel detector. Scattering from
samples and solvents were collected in 1.8 mm inner diameter polycarbonate capillaries,
and two-dimensional scattering patterns were radially integrated, normalized, and solvent
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subtracted using instrument-specific software, Dawn,“® using established data reduction

pipelines.?? Details of data analysis and models are given in the Supporting Information.

Dynamic and electrophoretic light scattering

Dynamic light scattering (DLS) was used to determine the solvodynamic size of the nanopar-
ticles. Electrophoretic light scattering, specifically phase-analysis light scattering (PALS)
was used to determine the electrophoretic mobility of the nanoparticles. Both measurements

were performed on a Malvern Zetasizer Nano ZS instrument.



DLS measurements were performed at 25 °C on dispersions diluted to 0.1 wt. % with
n-dodecane. Three measurements of approximately ten runs of 10 s duration were averaged.
From cumulants analysis of the correlogram (in the Malvern Zetasizer software), the solvody-
namic Z-average particle diameter (dy = 2rz) was determined from the diffusion coefficient

3031 where kpT is the thermal energy and 7 is the

(D) via the Stokes-Einstein equation,
solvent viscosity: D = (kgT)/(6mnr). To compare Z-average diameters properly requires
that the dispersion have a monomodal distribution and that particles are nearly-spherical in
shape.?? These conditions will be met for spherically symmetric objects (spheres and vesi-
cles) but not for elongated objects (worms), so in instances where this is the case, the value
of dz is illustrative only. A deconvolution algorithm (in the Malvern Zetasizer software) was
used to determine the intensity-weighted size distribution.??

PALS?3 measurements were performed at 25 °C using a universal dip cell electrode3* on
dispersions diluted to a volume fraction ¢ of 10~*. The volume fraction was kept constant as
the electrophoretic mobility of charged particles in salt-free media in the high-charge limit
does not depend on the charge density but does depend on the volume fraction.34° The

applied field strength was 2 x 10* V m~!. Six runs of 50 measurements were averaged to

give a value of the electrophoretic mobility pu.

Results and Discussion

To understand how the incorporation of ionic moieties into the shell of PSMA-PBzMA
nanoparticles impacts their morphology and their properties, we consider two aspects in
turn. Morphology maps showing how the nanoparticles change as a function of the DP of
the structure-directing PBzMA block were produced. These are the essential way to identify
the rational evolution of morphologies.* The magnitudes of the electrophoretic mobilities
as a function of the nanoparticle sizes were obtained, and these are expected to vary in a

characteristic way for particles undergoing counterion condensation.!®?* Both of these will



reveal if the incorporation of ions into the shell of PSMA-PBzMA nanoparticles impacts

their morphology and properties.

Diblock copolymer morphology

A diblock copolymer nanoparticle morphology map (the diblock copolymer morphology as
a function of core DP) has been produced to show what block compositions are required
to obtain certain morphologies. Figure 2 shows morphology maps for uncharged PSMA 13—
PBzMA, and charged shell [P(SMA13-stat-MOTMA;)-PBzMA.|*[TFPhB]~ diblock copoly-
mer nanoparticles synthesized at 12.5 wt. % in n-dodecane. Morphologies were assigned by
analysis of transmission electron microscopy images, dynamic light scattering diameters and
size distributions, and small-angle X-ray scattering data.DLS intensity distributions and rep-
resentative TEM micrographs for both of these cases (charged shell and uncharged) are shown
in Figures 3 and 4. The uncharged case is very similar to previously reported for a PSMA 3
macro-CTA stabilizer by Derry et al.'® The slight differences arise from batch-to-batch vari-
ations in synthesizing the PSMA macromolecular chain-transfer agent (macro-CTA). Pure
sphere, worm, and vesicle morphologies can be produced with using both macro-CTAs. Be-
tween these pure morphologies are regions where mixtures of morphologies are obtained.
For the charged shell nanoparticles, there is a region at large PBzZMA DPs where PISA
fails to produce well-defined nano-objects. We refer to these large and ill-defined nanostruc-
tures as “compound micelles”, a term used in the literature previously to describe instances
where short stabilizers can no longer maintain colloidal stability and the growing micelles
fuse together.12 The DLS intensity distribution and a representative TEM image of these
compound micelles are shown in Figure 5.
The progression of morphologies for the charged shell [P(SMA13-stat-MOTMA,)|*[TFPhB]~

stabilizer is exactly the same as formed from the uncharged PSMA;3 one. However, the
formation of higher-order morphologies is induced at a lower core DP. The morphology

boundary is shifted by ~ 10-20 BzMA units compared to the uncharged case. This sug-
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Figure 2: Morphology maps for (a) uncharged and (b) charged shell PSMA-PBzMA di-
block copolymers nanoparticles synthesized at ~ 12.5 wt.% % in n-dodecane. The z-axis
is the degree of polymerization (DP) of the PBzMA core, and the y-axis is the precise di-
block copolymer concentration in wt. %. Nanoparticles with pure spherical, worm-like, and
vesicular morphologies are all obtained. The charged shell particles produce higher-order
morphologies at lower PBzZMA DPs than the corresponding uncharged ones. The regions in
the morphology map are labelled with a letter denoting the morphology, with single letters
representing pure morphologies and combinations of letters representing mixed morphologies.
(S (spheres), W (worms), V (vesicles), and CM (compound micelles).)
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Figure 3: Intensity-weighted particle size distributions from DLS for uncharged PSMA 53—
PBzMA nano-objects synthesized at ~ 12.5 wt. % in n-dodecane. The single letters represent
pure morphologies and combinations of letters represent mixed morphologies. (S (spheres),
W (worms), and V (vesicles).) The colors of the curves correlate to the data points in Figure

2. The insets are representative TEM micrographs of each morphology, each with a scale
bar of 200 nm.

11



S
20
0

1 sw

.:g Pt

1w
20
10— i ——
0
e

T wwv
20

Intensity proportion / %

20 e
] S

T T T T LB s
10 100 1000
Diameter / nm

Figure 4: Intensity-weighted particle size distributions from DLS for charged shell [P(SMA ;-
stat-MOTMA;)-PBzMA]"[TFPhB|~ nano-objects synthesized at ~ 12.5 wt. % in n-
dodecane. The single letters represent pure morphologies and combinations of letters rep-
resent mixed morphologies. (S (spheres), W (worms), and V (vesicles).) The colors of the
curves correlate to the data points in Figure 2. The insets are representative TEM micro-
graphs of each morphology, each with a scale bar of 200 nm.
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Figure 5: Intensity-weighted particle size distribution from DLS for charged shell [P(SMA3-
stat-MOTMA)-PBzMA; 5] [TFPhB]~ compound micelles (CM) synthesized at ~ 12.5 wt.
% in n-dodecane. The inset is an illustrative TEM micrograph, with a scale bar of 200 nm.
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gests that the [P(SMA;3-stat-MOTMA,)]"[TFPhB]~ polymer is a poorer steric stabilizer for
nanoparticles, because higher-order morphologies form at a lower DP. Alternatively, one can
consider packing arguments to come to the same conclusion. Coulombic repulsion between
charged groups on the surface of a nanoparticle will increase their effective surface area (ag).
This will decrease the value of the packing parameter (P o< ay'),*® promoting the transition
between spheres-to-worms and worms-to-vesicles at lower core volume v, which is directly
proportional to the degree of polymerization of the structure-directing core block.

As pure morphologies can be produced, small-angle X-ray scattering (SAXS) was em-
ployed to determine quantitative structural parameters to enable a comparison between
nanoparticles stabilized by uncharged and charged PSMA chains. The SAXS data, along
with fits to appropriate models (discussed in the Supporting Information), are shown in
Figure 6. The comparable uncharged and charged shell morphologies can be fit with nearly
identical geometric dimensions. This is only for parameters that can be well resolved in the
accessible @) range, which is related to the real-space length scale (d) through Bragg’s Law
(Q = (2m)/d**). For the instrument used, this corresponds to feature sizes between 370 and
3 nm (3700 and 30 A). Of the fit parameters that can be resolved within the Q-range of
the measurements, the sphere radius, worm radius, and vesicle wall thickness all deviate less
than +1 nm between the uncharged and charged shell cases. Therefore, it appears that the
ionic monomer impacts the critical DP for forming nanoparticles of a certain morphology,
but it does not impact the structure of the nanoparticles that are formed.

From the fit dimensions, it is possible to calculate the nanoparticle volume (v,) and
surface area (SA,). Then, using the volume of a single PBzZMA chain in the core (v.), it
is possible to calculate either the number of chains per surface area (ng) or the aggregation

number of chains in the core (n,4).
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Figure 6: Small-angle X-ray scattering data for uncharged and charged shell particles. Well-
defined nanoparticles can be obtained in both cases, which is clear from the scattering curves
and the quality of the fits to the data. (Note, there is a small population of sphere dimers
present in the charged shell dispersion, and the fit to a sphere model only is shown by the

dashed line.)

14



The determined values are given in the Supporting Information (Tables S9, S11, and S13).
The value of nyg, for the uncharged nanoparticles is less than for the shell charged nanopar-
ticles. This is because the morphologies occur at higher PBzMA DPs and, consequently,
higher v, in the nonionic case. Therefore, fewer PBzMA chains are required to fill the core
volume of the uncharged nanoparticles.

We have established that it is possible to make pure morphologies using both of these
diblock copolymer systems. Referring back to Figure 2, what occurs in the case where
fractional amounts of charged and uncharged macro-CTA are used to prepare nanoparticles?
For larger PSMA stabilizers where only spherical nanoparticles are formed, the size of the
particles changes, but no higher-order morphologies are formed. ' Will the strong interactions
between the charged chains always dominate? A series of nanoparticles were prepared with
10% charged shell macro-CTA to study this.

A morphology map of these nanoparticles is shown in Figure 7(a). DLS intensity distri-
butions and representative TEM micrographs are shown in Figure 8. The pure morphologies
in the morphology maps for the uncharged and charged shell diblock copolymers are shown
in Figure 7(b) as well for reference. It is immediately apparent that the pure morphology
boundaries occur at essentially the same critical PBzMA DPs as for the uncharged case
(Figure 7(b)). Therefore, if the fraction of ion-containing PSMA macro-CTA is significantly
reduced, the evolution of morphologies of the nanoparticles is exactly the same as if stabilized

by the uncharged stabilizer.

Electrokinetics of ionic nanoparticles

The morphology of these nanoparticles stabilized with a fractionally charged shell PSMA
shell evolves the same as in the uncharged case. This raises the question: how does the
electrophoresis of the nanoparticles compare to the fully charged shell or uncharged case?
Are they unresponsive like the uncharged nanoparticles, or are they electrophoretic like the

charged shell nanoparticles? Normalized electrophoretic mobilities of the fully charged shell
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Figure 7: Morphology map for (a) partially charged shell (10%) particles compared to (b)
the fully uncharged and fully charged shell cases. The axes are the same as in Figure
2. Spherical, worm-like, and vesicular morphologies are also all obtained for this mix of
stabilizers. The solid vertical lines in (b) are projections of the pure morphology boundaries
onto the uncharged and charged shell morphology maps. The regions in the morphology
map are labelled with a letter denoting the morphology, with single letters represent pure
morphologies and combinations of letters represent mixed morphologies. (S (spheres), W
(worms), and V (vesicles).) In terms of the morphologies that they form, the partly charged
polymers appear to be similar to the uncharged case.
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Figure 8: Intensity-weighted particle size distributions from DLS for partly charged shell
(0.9)(PSMA3-PBzMA)—(0.1)([P(SMA3-stat-MOTMA; )-PBzMA]*[TFPhB| ") nano-
objects synthesized at ~ 12.5 wt. % in n-dodecane. The single letters represent pure
morphologies and combinations of letters represent mixed morphologies. (S (spheres), W
(worms), and V (vesicles).) The colors of the curves correlate to the data points in Figure

7. The insets are representative TEM micrographs of each morphology, each with a scale
bar of 200 nm.
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and the partially charged shell nanoparticles (10% ionic stabilizer) are shown in Figure 9 for
all particles as a function of the Z-average diameter measured by DLS (dz). These diameters
are not a geometric diameter for the specific morphology, rather they are a sphere-equivalent
solvodynamic diameter. Not all of the size distributions have a monomodal distribution or are
nearly-spherical in shape (Figures 3, 4, 5, and 8), which are the requirements to compare dz
between different particles.?? This means that the DLS-determined sizes cannot necessarily
be compared. However, the electrokinetics of charged particles, particularly shell charged
particles, depends on the solvodynamics around the particle,*® and so the solvodynamic
diameter, as determined by DLS, is appropriate for this purpose. The error bars shown for d
are not experimental uncertainties but instead are the standard deviations determined from
the DLS measurements. If the distribution of decay rates of the autocorrelation functions is
Gaussian, the DLS-determined “polydispersity” index (PdI) can be related to the distribution
of particle sizes. (Strictly this relationship is for the distribution of decay rates, which are
inversely related to the particles sizes.®) The standard deviation (o) can be calculated from

the DLS-determined PdI and the diameter (dz), using Equation 3.4

o = VPdl-dy (3)

The electrophoretic mobilities are normalized by the term pg, equal to e/(6mnAg). (Ap =
e?/(4repe, kpT) is the Bjerrum length,?® e is the elementary charge, 7 is the fluid viscosity,
€0 18 the vacuum permittivity, €, is the relative permittivity, and kg7 is the thermal energy.)

In a previous report in the literature of spheres undergoing counterion condensation in a
salt-free nonpolar solvent, u was found to increase linearly for small particles and plateau for
large particles for particles at the same volume fraction ¢.?* That is indeed what is observed
in the case of both ion-containing PSMA-PBzMA nanoparticles. In this case, however,
the diameters are sphere-equivalent diameters, not actual spherical diameters. What is

particularly remarkable is that the magnitude of the plateau of the electrophoretic mobility is
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greater for the partially charged shell nanoparticles than the fully charged shell nanoparticles.
Therefore, reducing the interactions between charged chains on the surfaces increases their
responsiveness to an electric field. This was previously observed for electrophoretic PSMA—
PBzMA spheres, ' but it would not have been possible to predict that this would also be
observed with nonspherical nanoparticles with only a single ionic monomer unit the PSMA
stabilizer. The ability to explain this observation is beyond current electrokinetic theories,

and a new theory for charged shell spheres in salt-free media will be required.

(a) Charged shell (b) 10% charged shell, 90% uncharged
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Figure 9: Normalized electrophoretic mobility (1/p0) for (a) charged shell and (b) partially
charged shell (10%) nanoparticles as a function of particle size (DLS dz).The error bars
are not experimental uncertainties but represent the standard deviation (o) calculated from
the DLS-determined polydispersity index, as explained in the text. As expected for objects
undergoing counterion condensation, the mobility increases linearly when the objects are
small, and it plateaus when they are large. The partly charged shell particles have a higher
magnitude mobility, despite the fact that they contain fewer ionic units.

Conclusions

Nonspherical nanoparticles have been produced in a nonpolar solvent that respond to an ap-
plied electric field. This was achieved by the incorporation of a polymerizable ionic monomer
into the macro-CTA stabilizer. Due to the low relative permittivity of such solvents, the
presence of an ionic group in the particle shell has a dramatic effect on the morphology,
shifting the onset of nonspherical morphologies (worm-like micelles and vesicles) to lower
DPs than for the uncharged case. Diluting the charged interactions at the surface using

a fraction of ionic macro-CTA chains results in a very interesting system of nanoparticles,
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where the morphologies can be predicted from the uncharged case but the electrophoretic
mobility is greater than for the fully charged shell case. This system, in particular, is very
promising for enabling the rational synthesis of highly electrophoretic nanoparticles. The

extensive knowledge of how to synthesize nonspherical nanoparticles by PISA in nonpo-

26,49,50 51-53

lar solvents using poly(lauryl methacrylate), poly(dimethylsiloxane), poly(lauryl

54,55 15,16,56-60

acrylate), poly(stearyl methacrylate), poly(2-(methacryloyloxy)ethyl oleate),®!

and poly(3-[tris(trimethylsiloxy)silyl|propyl methacrylate)%? stabilizers can be directly ap-
plied to enable the production of electrophoretic nanoparticles. Such systems would offer the
promise of generating interesting charged shell functional nanomaterials. Depending on the
morphology, these could provide a variety of charge functionalized nanoparticles. Further

studies to explore the properties of these and related nanoparticles in nonpolar fluids are

highly warranted.
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