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lonic Hydrocarbon Surfactants for Emulsification Scheme 1. Synthesis of OVAc-Based lonic Hydrocarbon
and Dispersion Polymerization in Supercritical CO, Surfactant
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Supercritical carbon dioxide (scGDhas been promoted

THF

recently as a sustainable solvent because it is nontoxic, }:o }:O

nonflammable, and naturally abundamt. particular, scC@has Q o 0 9

been shown to be a versatile solvent for polymer synthesis and )J\O/\/P\JJRO/\/OTO\/\N/\/OTO\/\OM\OJK
o o

processing.® A technical barrier to the wider use of sce®

the lack of inexpensive C&soluble (and preferably biodegrad- 3

able) surfactants, ligands, and phase transfer agents. The

majority of systems reported so far have been highly fluorine- _

substituted;* and the associated costs and low biodegradability CHgl /(l

may prohibit industrial-scale use in key applications. The N

discovery of inexpensive C&soluble materials or “C@philes”

is therefore an important challengdnexpensive poly(ether FO %O
carbonate) (PEC) copolymers have been reported to be soluble o o ) o
in CO, under moderate conditiori$.Similarly, sugar acetates )J\owjﬁo/\/o\r(o\/\'ég/o\[(o\/\oJWok
are highly soluble and have been proposed as renewabje CO © o

philes? Such materials could, in principle, function as £0 4

philic building blocks for inexpensive ligands and surfactants,

but this potential has not yet been realized and numerous g, tionated by supercritical fluid extraction (Gpressure 76
praqtlc_al difficulties remain. For exar_nple, @@?IUb'“ty dpes_ 300 bar) to produce a series of end-functionalized OVAc-OH
not in itself guarantee performance in the various applications \o+ariais with number-average molecular weights, ranging
of interest and specific designed molecular architectures may 1 800 to 4000 g/mol (see Supporting Information). The
be required, as in the case of water-based surfactants_. __fractionated OVAc-OH samples exhibited relatively narrow
Recently, we have demonstrated the use of end-functlonal|zedmo|ecu|ar weight distributiongVi,/M,) in the range 1.141.40.
poly(vinyl aceFate) (PVAC)'oIigoimers asa @-@hilic building These fractions were shown to be soluble in ,.C@p to
block 10 Poly(vinyl acetate) is an inexpensive, high-tonnage bulk significant concentrations: for example, a fraction with of

commodity polymer which, unlike most vinyl polymers, is ~ g44 g/mol andw,, of 1048 g/mol was found to be soluble at
moderately biodegradable and has been used in pharmaceuticaj | g \t 94 in liquid CQ (25 °C) at a pressure of 100 bar.

excipient formulations. PVAc has also been shown to exhibit
anomalously high solubility in COwith respect to other vinyl
hydrocarbon polymers;2although the polymer is soluble only
at relatively low molecular weights under conditions of practical
relevance P < 300 bar, T < 100 °C). Previously, we
synthesized a number of nonionic,®tsoluble diblock and
triblock PVAc-h-PEG surfactant architectures and showed that

thetse sCu/r\Esctantsl qoug E.tl‘?b'“.ze hl':ghly ;:orllcentrgted-.rﬁ? converted to the quaternary ammonium cation by reaction with
water ( ) emulsions: Likewise, Fan et al. used a similar methyl iodide under mild conditions to produce a “twin-tail”

me(;hod to prepalre a PVAC'b?SSSEQIUblle ionic s%u'&factaﬁf, oT ionic surfactant4 (M, = 2280 g/mol, PDE 1.25). The structure
and very recently, a twin-tai ¢ analogue of Aerosol- of 4 was confirmed by NMR and GPC (see Supporting

-in- i iond4 . : .
was shown to form water-in-CAnicroemulsions: Information). As such, surfactadtis designed to have CO

h lo? thlsbnew S;fUd)t’, at novel tV\t/;]n-tc?uI guat_ernalr_y ammlonlu:nt philic OVAc tails and a polar ionic headgroup either to interact
ydrocarbon surtactant was synthesizead using oligovinyl acetate,, v, 5 dispersed polymer phase (in the case of dispersion

(OV.A.C) as the CQph'.“C unit. It was then ShF’V.V“ that t.h.'s polymerization) or to impart surface activity (in the case of
stabilizer is an emulsifier for water and an efficient stabilizer emulsification)

forothe dispiﬁrsﬂon ?olilmerizatior:) of pdyrroletihn sce0 i ; Surfactané4 was shown to be soluble in GOand the cloud
urh sgl/n el |fc S tr_a egly VéaSVAaSE fon %. pr:epalra lon 0 pressure point pressure was determined & be 4200 psi
monohydroxyl-functiona’ize C Dy Iree-radical pOlymerl- o 5 concentration of 0.6 wt %. White, milky water-in-g@V/

zation in the presence of a chain-transfer agent, 2-isopropoxy- : . ;
ethanol (IPE}>6 The bulk PVAc-OH material was then OCC): egﬂltlsrﬁgig%lgg ?sr;osrmﬁggwgggzwi ?L/o(j ‘\1/%) IgféufeS

1). However, in comparison with concentrated C/W emulsions

* Corresponding author. E-mail: aicooper@liv.ac.uk. form ina nonioni rf ri&the W mulsions form
T Present address: National Core Research Center for Nanomedical ormed using nonionic surfacta e W/C emulsions formed

Technology A123, Advanced Science research Center, Yonsei University, USing4 showed much poorer stability. Once stirring was ceased,
134 Sinchon-dong, Seodaemun-gu, Seoul 120-749, Korea. the emulsions exhibited partial phase separation aftemin

The OVAc-OH species were modified by using carbonyldi-
imidazole (CDI) coupling, as exploited previously for the
synthesis of dendrimers and hyperbranched polymers (Scheme
1).Y7 First, the OVAc imidazolide esteg, was produced by
reaction of OVAc-OH with an excess of CDI. Next, the
imidazolide ester was coupled withbutyldiethanol amine to
produce polymeB. Last, the tertiary amine functionality was
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Table 1. Reaction Conditions for Polymerization of Pyrrole

pyrrole surfactand methanol FeCk
(mL) (9 (mL) (9
1a 0.5 0.05 0.5 1.164
22 0.5 0 0.5 1.164
3@ 0.4 0.05 0.5 1.164
4p 0.5 0.05 9.0 1.164
5b 0.5 0.05 8.0 1.164

aSynthesis carried out in scGO10 cn? reaction vessel, 2200 psi.
b Reaction carried out using MeOH as the continuous pla3atalyst added
slowly to reaction mixture as a MeOH solutich.Monomer added slowly
to reaction mixture.

solution was added to the vessel at a rate of & imim~! using
an HPLC pump at 150 bar. A homogeneous black dispersion
was formed almost immediately (Supporting Information, Figure
S5) with no clear evidence of bulk precipitation of the PPyr
product. The CQwas vented 90 min after the addition of the
FeCk. The product was recovered as a fine, free-flowing black
powder which was dried by air. As isolated directly from the
reactor, the particles showed a degree of physical aggregation
because they were imbedded in a matrix of stabiliz@figure
S6). It was found however that uniform, separated spherical
PPy patrticles were formed upon washing and redispersing in
MeOH, as evidenced by SEM imaging (Figure 2a). From the
- ! SEM images, the average particle size was in the range- 200
Figure 1. Water.in-CQ (W/C) emulsion prepared using PVAc-QA_ 1000 nm, WhICh agrees We” Wlth the pal’tlde Size dlStrIbUtIOﬂ
PVAc ionic hydrocarbon surfactadt(0.06 g4, 2.0 mL of HO, 8 mL as determined by laser patrticle sizing (Figure S7) for dispersions
of CQ,, 600 rpm stirring, 20C, 4400 psi). (a) W/C emulsion formed i MeOH (average particle size 295 nm; HALO LM10 Nano
gggggd.stlmng. (b) Partial phase separation 1 min after stirring was Partic!e Analysis .System,.NanoSight Limited, UK). By contrast,
no uniform spherical particles were observed when the polym-
erization was carried out in the absencedofFigure 2b), as
observed previously by Armes and co-work&$his confirms
that the ionic stabilizer plays a vital role in preventing particle
aggregation during synthesis.

(Figure 1b), in contrast to the C/W emulsidhsvhich were
stable without stirring for-48 h. Conductivity measurements
confirmed that W/C emulsions rather than C/W emulsions were
formed with 4. While long-term emulsion stability is a .
prerequisite for some applications, the preparation of transiently It was found that the order of addition of the reagents was
stable “breakable” W/C emulsions is of interest for applications Important. Spherical particles could not be formed when the

such as phase-transfer catalysis where subsequent separatidigVerse addition method was used (entry 3; Figure S9), that is,
of the phases is of key importance. when stabilized4, FeCk, MeOH, and CQ were added to the

Conducting polymer particles are of significant recent interest view cell followed by slow injection of pyrrole monomer.

because of their potential in such as optoelectronic devices,
electrochemical displays, electrode coatings, and sek&ars.

In particular, polypyrrole (PPy) has attracted much attention
because of its good electrical conductivity, redox properties,
and environmental stabili§. Conducting polymer nanoparticles
have prepared by surfactant stabilized dispersion poly-
merization?4=26 Typically, these particles are 16200 nm in
diameter. Previously, polypyrrdl&3! and other conducting
polymer$2-35 have been synthesized using sgG a solvent

or processing adjunct. Polypyrrole (PPyr) has been prepared
using scCQ as precipitated aggregates and in fibrillar mor-
phologies’” electrochemically as film&-3°and in composite¥®
There are no reports, however, on the preparation of well-defined
spherical PPyr particles by such methods, and thus the dispersion
polymerization of pyrrole in C@was carried out using stabilizer

4 under a variety of reaction conditions (Table 1, entrieS)L.

As a comparison, the polymerization was also carried out using
methanol as the medium which is also a good solvent for PVAc
and a nonsolvent for PPyr (Table 1, entries %). In the first

case (entry 1), a 10 chstainless steel view cell reactor was
charged with pyrrole (0.5 mL) and stabilizér(0.05 g). The _ - -

reacior was then pressurized wih C@5°C, 100+ Sban).  LQe.%, Secion pleogoete o popyios () podueey
and stirring was commence(_j_(magnetlc_stlr bar, 600 rpm). When Bolymerization in CQin the gresencg of surfaﬁ:tam(TabIeyl, eeltry
all of the monomer and stabilizer were dissolved to form a single 1) "(b) PPyr produced in COn the absence of stabilizet. Both
homogeneous phase, a controlled volume of Betthanol samples were washed with MeOH prior to analysis by SEM.
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