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Summary

Interfacial-initiated microemulsion copolymerizations of Styrene (St) and N-
vinylpyrrilidone (NVP) by the redox initiation couple of cumene hydroperoxide
(CHPO) and the presence of the base tetracthylenepentamine (TEPA) were carried out
using Tween-80 and n-butanol as the surfactant and co-surfactant, respectively.
Fourier Transform Infrared Spectroscopy (FTIR) and X-ray photoelectron
spectroscopy (XPS) were recorded to analyze the chemical composition of latex
particles. Transmission electron microscopy (TEM) and field emission scanning
electron microscopy (FESEM) were used to observe the particle morphology and
dynamic light scattering (DLS) to determine the particle size. The results
demonstrated that interfacial-initiated microemulsion polymerization prompted the
copolymerization of water-soluble NVP monomer with oil-soluble St monomer to
form core-shell nanoparticles by one-stage.
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Introduction

Microemulsions are multi-component transparent/translucent liquids that exhibit long
term stability, have a low viscosity and are optically transparent and isotropic [1-2],
which appear to be excellent media for facilitating chemical reactions. Polymerization
in microemulsion is an evolved polymerization technique which allows the preparation
of ultrafine polymer particles within in the size range 20nm ~ 200nm and can be used
as a potential way to produce large molecular-weight polymers with narrow molecular-
weight distribution [3-5]. Many applications have been found in a variety of areas,
such as oil recovery, micro-reactors, controlled release of drugs and so on [6-9].
A lot of efforts have been devoted to reveal the characteristics of microemulsion
polymerizations, including the kinetics, nucleation and initiation loci [10-13].



28

Redox initiation pairs have been used extensively in the microemulsion and normal
emulsion polymerization of vinyl monomers [14-23]. Radicals can be produced
rapidly compared with thermal initiators such as persulfate. Among them, some
attentions have been paid on the two-component redox initiator system (one water
soluble, the other oil soluble) in the emulsion copolymerization of hydrophobic and
hydrophilic monomers. It was proposed that the primary radicals would be produced
mainly at the oil-water interface, where the hydrophobic oxidant meets the hydrophilic
reducing agent and both of the hydrophobic and hydrophilic monomers are present
[24-25]. In our previous works, we took advantage of this interfacial-initiated (micro-)
emulsion polymerization to synthesize different polymer particles [26-28]. There have
several other pairs of such redox initiators: tert-butyl hydroperoxide with different
water-soluble reducing agents [29-30], CHPO/tetracthylene pentamine [31-33],
CHPO/ferrous sulfate heptahydrate [34-35]. In this paper, we described the
preparation of one-stage polymerization to prepare hydrophobic PSt core/hydrophilic
PNVP shell nanoparticles microspheres via an interfacial polymerization approach
under mild reaction.

Experimental

Materials

N-vinyl pyrrolidone (NVP, Tokyo Kasei Kogyo) was distillated under vacuum before
use. Styrene (St) was washed with NaOH (10 wt %) aqueous solution and then
with distillated water until PH equaled = 7. After dried with anhydrous MgSQO,, St
was distillated under vacuum before use. Cumene hydroperoxide (CHPO) and
tetracthylenepentamine (TEPA), Polyoxyethylene (n=20) sorbitan monooleate
(Tween-80) and n-butanol are analytical reagents and were used as received.

Interfacial-initiated microemulsion polymerization

The typical procedure for the fabrication of PSt/PNVP nanoparticles is as follows:
CHPO (60.0 mg) and St (2.0 g) were dissolved in hexane (1 ml) and the resulted
solution was emulsified in the aqueous solution of Tween-80 (4.012 g) 30ml and
n-butanol (0.40 g) to form a clear or translucent microemulsion. After being heated to
35°C while being purged with nitrogen, the microemulsion was charged with the
aqueous solution (5.0 ml) of NVP (2 g) and TEPA (50 mg) in batch. The reaction
lasted for another 12 h to result in the composite latex of PSt/PNVP. PSt/PNVP solid
particles were obtained by de-emulsification with ethanol, washing with ethanol and
dried under vacuum.

Chemical composition of PSt/PNVP latex nanoparticles

In order to confirm the copolymerization of St with NVP, PSt/PNVP solid particles
were extracted with water for 3 days and dried under vacuum. Their FTIR spectra
were recorded on Bruker Vector-22 infrared spectrometer with KBr pellets. Also
X-ray photoelectron spectroscopy (XPS) measurement of PSt/PNVP extracted solid
particles was performed on a VGESCALAB MKII X-ray photoelectron spectrometer
wit?1 a nonmonochromatic Al Ko radiation (1486.6 ¢V) under high vacuum of
10" mbar.
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Morphology and size of PSt/PNVP latex nanoparticles

The morphology of PSt core/PNVP shell nanoparticles can be clearly observed under
transmission electron microscopy (TEM, Hitachi Model H-800) at an accelerating
voltage of 200 kV. As for the morphology observation under Field-emission Scanning
Electron Microscopy (FESEM, JEOL JSM-6700) with the acceleration voltage of
10 kV, the solid particles were attached to adhesive tape and coated with gold under
vacuum. Dynamic laser light scattering (DLS) was performed on a modified
commercial LLS spectrometer (ALV/SP-125) equipped with an ALV-5000 multi-t
digital time correlation and a He-Ne laser (output power = 10 mw at 632 nm) at 25°C
to get the size of PSt/PNVP latex particles. Before DLS measurement, the latex was
diluted with distillated water to a given concentration and a filter (0.45 pm) was used
to eliminate any dust. Laplace inversion of the intensity-intensity time correlation
function G(2) (t,q) in the self-beating mode resulted in a line-width distribution G(I').
G(T") was directly converted to the hydrodynamic radius distribution f(Rh) by using
the Stokes-Einstein equation: Rh = kBT/(6mnD) with kB, T, n and the translational
diffusion coefficient being Boltzman constant, absolute temperature, the solvent
viscosity and translational diffusion coefficient, respectively. Polydispersity index
(PDI) of Rh was defined as Eq. 1.

PDI =y, /T and u, = [(I'=T)*G)dl 1)

Results and discussion

Chemical composition of PSt/PNVP latex nanoparticles

CHPO and St are oil-soluble and stay in the micelles and latex particles, whereas NVP
and TEPA are water-soluble and exist in the aqueous medium. The redox reaction
between CHPO and TEPA occurs at the interface where their encounter took place.
Therefore, the primary radicals are formed mainly at the interface. This radical
formation way helps the copolymerization of St and NVP near the interface.
Otherwise, primary radicals are formed in the oil phase or in water phase for other
microemulsion polymerizations.

PSt/PNVP solid particles were extracted with water for three days to remove
homopolymer of NVP and the surfactants. FTIR analysis of the remaining solid was
performed in KBr pellets. As shown in Figure 1, the typical absorption band due to
PSt appear at 700, 757, 1029, 1452, 1493 and 1601 cm’l. The absorption band
attributed to carbonyl stretching vibration and C-N stretching vibration of NVP
appears at 1670 cm™ and 1290 cm™, respectively. Since homopolymer of NVP was
removed by the extraction, this result confirms the occurrence of copolymerization
between St and NVP.

Morphology and size of PSt/PNVP latex nanoparticles

The core-shell morphology of the composite nanpartilces can be confirmed under
TEM observation. After PSt/PNVP solid particles was extracted with water for 3 days,
we get the yield of core/shell particles be about 85% after we put the extracted
powder into oven until constant weight. The remaining solid powder was re-dispersed
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Figure 1. FTIR spectra of PSt/PNVP latex nanoparticle after the extraction with water.
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Figure 2. a) TEM photos of PSt /PNVP, b) FESEM of PSt core/PNVP shell nanoparticles.

in ethanol and one drop of the obtained dispersion was placed onto a copper grid.
After evaporation of ethanol, the copper grid was stained with a solution of RuO,4 (1%
mass fraction) for 15 minutes [36]. The morphology of PSt/PNVP core/shell
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nanoparticles was shown in Figure 2a, which demonstrates the core/shell structure
with PSt (the black region) as the core and PNVP (the pale region) as the shell. The
radius of PSt/PNVP nanoparticles is about 50.4 nm, the averaged shell thickness is
about 8 nm, so the ratio of volumes (the core / shell regions) is about 1.45. Figure 2b
shows us the FESEM image of hydrophobic core/hydrophilic shell amphiphilic
nanoparticles. Those particles showed rough surface, which might be caused by NVP
chains attached to the particle surface.

The hydrodynamic radius (Ry,) of PSt/PNVP nanoparticles and its polydispersity index
(PDI) were shown in Figure 3. The result shows us that the radius of PSt/PNVP
nanoparticles is about 49.8 nm and PDI is 0.176, which is also in good accordance
with TEM result as shown in Figure 2. Those results show that the idea of interfacial-
initiated microemulsion polymerization to synthesize hydrophobic core/hydrophilic
shell nanoparticles in one batch does work.

Figure 4 offers XPS spectrum of PSt/PNVP nanoparticles after the extraction with
water and reveals the existence of the element of N at the electron binding energy of
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Figure 3. Hydrodynamic radius distribution (f(Rh)) and PDI of PSt/PNVP nanoparticles in water
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Figure 4. XPS spectrum of PSt/PNVP nanoparticles after the extraction with water
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423 ¢V, indicating that PNVP was incorporated onto the surface of latex particles. The
above results including FTIR spectra and TEM image confirmed the formation of
core/shell structure in interfacial-initiated microemulsion polymerization.

Mechanism for the formation of core/shell nanoparticles by one-step

PSt/PNVP core-shell nanoparticles were prepared through one-stage interfacial-
initiated polymerization in emulsion and the probable mechanism was suggested as
followed.
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Scheme 1. Schematic preparation of PSt/PNVP core/shell nanoparticles through interfacial-
initiated microemulsion polymerization

In this polymerization initiated by the redox couple, the oil-soluble oxidant component
of CHPO stayed in the micelles and latex particles while the reductive water-soluble
component of TEPA existed in the water phase. Primary cumene hydroperoxide
(hydrophobic) and TEPA (hydrophilic) radicals would be produced only at the oil
water interface where both of them encountered. The primary cumene hydroperoxide
radicals initiated the polymerization of St monomers near the interface to form PSt
propagating chains. PSt propagating chains might be anchored to the interface by
initiate NVP polymerization or coupling with water-soluble PNVP radicals at the
interface. At the same time, the TEPA radicals initiated the polymerization of NVP
monomers near the interface of oil/water to form the shell layer, as demonstrated in
Scheme 1. Also, PNVP propagating chains might be anchored to the interface by
initiate St polymerization or coupling with oil-soluble PSt radicals. Thus copolymer of
St and NVP was formed.
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Conclusions

With CHPO and TEPA as the redox initiation couple, the interfacial-initiated
microemulsion copolymerizations of St and NVP were carried out and resulted in
core/shell latex particles in one stage. FTIR, XPS and TEM results demonstrate that
interfacial-initiated microemulsion copolymerization facilitate the copolymerization of
the oil-soluble St monomer with the water-soluble NVP monomer and the formation
of core-shell morphology of latex particles. The core-shell structure of PSt/PNVP
latex particles can be built in one-stage polymerization via interfacial-initiation.
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