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Catalytic chain transfer polymerization (CCTP) has emerged as an efficacious method to
produce low-molecular weight polymers. In this paper, we reported the first controllable
synthesis of nanosilica surface-grafted poly(methyl methacrylate) (PMMA) (SI-PMMA)
macromonomers by using bis(aqua)bis((difluoroboryl)-dimethylglyoximato)cobalt(II)
(CoBF) as a chain transfer catalyst via CCTP. In a typical run, we firstly prepared function-
alized nanosilica by using 3-(trimethoxysilyl)propylmethacrylate (MPS) as the coupling
Keywords: agent, allowing naosilica containing unsaturated double bonds in end groups. Subse-
Catalytic chain transfer polymerization quenFly, S}-PMMA macromonomers were prepared by PMMA surface—graftgd onto the
(CCTP) functionalized nanosilica via CCTP. The as-prepared products were characterized by Fou-
Poly(methy! methacrylate) (PMMA) rier transforms infrared (FT-IR) spectrum, thermogravimetric analysis (TGA), scanning
Nanosilica electron microscopy (SEM), Fourier transforms Raman (FT-Raman) spectrum and gel per-
Grafting polymerization meation chromatography (GPC). We also investigated the dependence of macromonomers
on CoBF concentrations.
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1. Introduction

During the past decade, controllable fabrication of inor-
ganic-organic polymer hybrid composites based on the
molecular level has been extensively investigated due to
their potential applications, such as electrochemical sen-
sors, drug carriers and nanocomposites materials [1-7].
However, it seems to be difficult to obtain well-dispersed
inorganic-organic nanocomposites owing to the strong
tendency of aggregation among inorganic nanoparticles,
which may serve to depress properties of nanocomposites.
To this end, considerable efforts have been devoted to the
design and controlled fabrication of well-defined inor-
ganic-organic polymer hybrids. There are two principle
approaches for attaching polymer chains onto surfaces of
nanoparticles, involving chemisorptions [8], covalent
attachment of end-functionalized polymers to a reactive
surface (“grafting to”) [9] and in situ monomer polymeri-
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zation with monomer growth of polymer chains from
immobilized initiators (“grafting from”) [10,11]. Among
these methods, the “grafting from” approach offers the
most promising method in the synthesis of inorganic-or-
ganic polymer hybrids with high grafting density. Recently,
several research groups have reported the synthesis of
inorganic-organic polymer hybrids via “grafting from”
method, such as anionic [12-15], cationic [16-18], radical
[19,20], ring-opening polymerization (ROP) [21-24], atom
transfer radical polymerization (ATRP) [25-29], reversible
addition-fragmentation chain transfer polymerization
(RAFT) [30-33] and frontal polymerization (FP) [34-39].
Dubois and co-workers [21] reported the ring-opening
polymerization of €-caprolactone initiated from amine or
hydroxyl groups spreading over the surface of silica. Fuku-
da et al. [25] developed a useful route to the modification
of silica particles by surface-initiated ATRP and synthe-
sized hybrid nanoparticles with a monodisperse silica core
and a well-defined concentrated PMMA brush. Most re-
cently, Pan et al. [30] presented a method for preparation
of RAFT agent anchored nanosilica surface, and synthesized
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polystyrene (PS) grafted silica particles through RAFT poly-
merization. Chen et al. [34,35] reported a facile method for
fabrication of nanosilica-polymer nanocomposites via FP
and positional assembly [40].

Although a wealth of methods have been applied on
incorporating polymer onto silica surface, there are few
reports on preparation of nanosilica-polymer nanocom-
posites by using the method of catalytic chain transfer
polymerization (CCTP). CCTP has emerged as a very effi-
cient technique for producing vinyl end-functionalized
low-molecular weight polymers via free-radical polymer-
ization [41-43], which based upon the property of cer-
tain low-spin Co(Il) complexes to catalyze the chain
transfer to monomer reaction. Up to now, CCTP has been
only applied in the synthesis of graft or block copolymers
with low-molecular weight, which can be used in a bulk
or conventional emulsion process. However, the utiliza-
tion of CCTP to fabricate nanosilica surface-grafted poly-
mer macromonomers has not been described. Our
preliminary works on nanosilica-polymer nanocompos-
ites focused on how to obtain well-dispersed polymer
nanocomposites by the assembly between nanosilica
functionalized with low-molecular chemical agents and
polymers [34,35,40,44,45]. We believe nanosilica macromo-
nomer hybrids containing vinyl end-functionalized
groups prepared by CCTP may have numerous potential
applications, such as further preparation of well-defined
high performance inorganic-organic network hybrids.

In the present paper, we first described the synthesis
of nanosilica surface-grafted poly(methyl methacrylate)
(PMMA) (SI-PMMA) macromonomers via CCTP. Since silica
nanoparticles are easy to aggregate in the polymer matrix
owing to their high surface area and surface energy, we
firstly use 3-(trimethoxysilyl)propylmethacrylate (MPS)
as the coupling agent to prepare vinyl-functionalized
nanosilica. Subsequently, dangling double bonds to some
extent remain on the surface of functionalized nanosilica
particles, allowing them to further graft into PMMA matrix
in situ. Finally, controllable synthesis of well-defined SI-
PMMA macromonomers with terminal unsaturated double
bond via CCTP has been successfully carried out. FT-IR, FT-
Raman, TGA, SEM and GPC results of SI-PMMA macromo-
nomers prepared by CCTP were thoroughly characterized.

2. Experimental
2.1. Materials

Methyl methacrylate (MMA) (Aldrich, 99%) was purified
by the distillation under reduced vacuum to remove inhib-
itor. The initiator, 2,2’-azoisobutyronitrile (AIBN) (Aldrich),
was purified by recrystallization from methanol. The cou-
pling agent 3-(trimethoxysilyl)propylmethacrylate (MPS)
(Aldrich) were used as received. The monomer MMA and
toluene (Aldrich) were sparged with high purity nitrogen
(BOC Gas) at least 2 h prior to use. Spherical silica nanopar-
ticles (diameter = 35 nm, BET = 160 m?, Mingri) were dried
at 110 °C under vacuum for 8 h prior to use. The cobalt cat-
alyst  bis(aqua)bis((difluoroboryl)-dimethylglyoximato)-
cobalt(Il) (CoBF, as seen in Scheme 1) was prepared as
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Scheme 1. Structure of cobalt catalyst CoBF.

the literature [46]. CoBF was analyzed using elemental
analysis (C: 22.86%, N: 13.4%, H: 3.89%).

2.2. Synthesis of MPS functionalized nanosilica (SI-MPS)

Five grams of dried spherical nanosilica (SI) was firstly
dispersed in 150 g of toluene and stirred vigorously for
2 h, and then the mixture was mixed with 5.0 g MPS at
110 °C for 12 h with vigorous stirring under nitrogen. After
isolation and wash with fresh toluene for five times, the
free MPS was completely removed. Finally, the nanosilica
functionalized with MPS (SI-MPS) containing double bonds
on the surface of nanosilica, which can further polymerize
with MMA monomers, were done.

2.3. Synthesis of nanosilica surface-grafted PMMA (SI-PMMA)
macromonomers via CCTP

In a typical run, SI-MPS (0.6 g), AIBN (0.15 g), MMA
(30g), CoBF (0Omg, 0.13 mg, 0.38 mg, 0.63 mg, respec-
tively) and toluene (70 g) were placed in a flask equipped
with a magnetic stirrer under oxygen-free conditions by
six freeze-pump-thaw cycles. The flask was consecutively
evacuated and purged with nitrogen for six times. Then,
the reaction mixture was placed in water bath maintaining
isothermal reaction condition at 60 °C. After 1h, the
reaction was quenched in an ice bath and followed by
the addition of methanol (10 mL). The products SI-PMMA
macromonomers were then isolated by centrifugation
and washing recycles, twice with toluene, twice with ace-
tone and four times with toluene/acetone (1/1 v/v) mix-
tures. After dried under vacuum at ambient temperature
overnight, the SI-PMMA macromonomers were done.

2.4. Characterization

The chemical structure of SI-PMMA macromonomers
was analyzed by Fourier transform infrared (FT-IR) spec-
trum in the range of 400-4000 cm ! using a Nicolet 6700
spectrometer (KBr disk, 64 scans, 4cm™' resolution).
Fourier transforms Raman (FT-Raman) spectra were per-
formed on a NXR FT-Raman Module by sharing interferom-
eter installed in the FT-IR bench. The Raman optics system
is comprised of Nd: YVO, laser operating at 1064 nm, sam-
ple holders, an InGaAs detector and a CaF, beam spliter.
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Spectra of fine powder samples pressed in a suitable sam-
ple holder were then collected with a laser power of 1.0 W,
a mirror velocity of 0.3165 cm s~!, and 128 scans at a res-
olution of 8 cm™!. The grafting percentages of SI-MPS and
SI-PMMA macromonomers were determined by thermo-
gravimetric analysis (TGA) on a Shimadzu TGA-50 with a
heating rate of 10 °C/min from 38 to 700 °C. The morphol-
ogy of SI-PMMA macromonomers was characterized by
scanning electron microscopy (SEM) using a HITACHI-S-
2150 at 15.0 kv. The samples were prepared by dispersing
in toluene and applying drops of hybrids onto SEM stubs,
followed by drying at ambient temperature. Molecular
weight distributions were analyzed by gel permeation
chromatography (GPC) using a Waters 1515 isocratic
pump, a Waters 717 plus autosampler, a column set con-
sisting of three  Waters Styragel®  columns
(7.8 x 300 mm) HR4, HR3, HR1 and a Waters 2414 differ-
ential refractive index detector. Tetrahydrofuran (TEDIA,
HPLC grade) was used as eluent at 0.6 mL/min. Calibration
of the GPC equipment was carried out with narrow poly-
styrene standards (Shodex® Standard, peak molecular
weights range 1200-538,000 g mol ).

3. Results and discussion

3.1. Synthesis of SI-PMMA macromonomers and
characterization

The synthesis of SI-PMMA macromonomers involves
functionalizing nanosilica and graft polymerization as de-
scribed in Scheme 2. To gain complete encapsulation of
silica nanoparticles with PMMA macromonomers, the
amount of MPS used here was excess, ensuring the silanol
groups of nanosilica to completely react with the alkoxylsi-
lane groups of MPS. The maximum functionality of nano-
silica is favorable to further obtain high-density SI-PMMA
macromonomers via CCTP. Over the past two decades,
CCTP of methacrylates derivatives using cobalt complexes
has been now well-established as a powerful synthetic
route to functionalized oligomers [47,48]. CoBF complex

MPS % J
—
110°C,12 h

OCH;
(): sio, wve —?i—(CH2)3—
OCHj
: —OH
OCH;
+ : —C=CH; VWMt :

OCH;

AIBN, CoBF

(53 A2 BT

was demonstrated to catalyze the chain transfer to mono-
mer reaction, producing a dead polymer chain with a ter-
minal double bond and a monomeric radical [41].
Therefore, we can make use of this characteristic of CCTP
to prepare SI-PMMA macromonomers via the graft poly-
merization between SI-MPS and MMA monomers. In this
case, these macromonomers could contain the multi-car-
boxyl and terminal unsaturated carbon-carbon double
bonds in polymer chains.

In order to investigate chemical structure of SI-MPS and
SI-PMMA macromonomers, we use FT-IR to characterize
the samples of SI-MPS and SI-PMMA macromonomer,
along with the control sample for comparison (as shown
in Fig. 1). Fig. 1a, b and c present the FT-IR spectra of pure
nanosilica, SI-MPS and SI-PMMA macromonomer, respec-
tively. As seen in Fig. 1a, it exhibits strong absorption peaks
at 3440cm~! (Si—OH), 1110cm™' (Si—0—Si) and
810 cm™! (Si—0) in the FT-IR spectrum of pure nanosilica,
respectively. However, as shown in Fig. 1b and c, the
absorption peak of Si—OH group in the spectra of SI-MPS
and SI-PMMA becomes weaker, respectively, since hydro-
xyl groups on the surface of nanosilica have been partially
reacted with methoxy group of MPS via condensation reac-
tion. Also, Fig. 1b shows that there are new absorption
peaks in the spectrum of SI-MPS appeared at 1700 cm ™"
(C=0) and 2920 cm™! (CH,), respectively, indicating that
the functionalized nanosilica contains the acrylate group
after MPS modification. Comparing Fig. 1b with ¢, we have
found that the absorption peaks in the spectrum of SI-
PMMA macromonmer occurred at 1730 cm™! (C=0) and
2950 cm™! (CH,) become stronger than those in the spec-
trum of SI-MPS, correspondingly, which may attribute to
the formation of the nanosilica surface-grafted PMMA.

The grafting percentages of SI-MPS and SI-PMMA
macromonomer were determined by TGA measurement
under a nitrogen atmosphere. In order to obtain exact re-
sults of TGA, all the samples were washed and isolated
completely for several times, allowing free MPS or free
PMMA homopolymers to be completely removed. Fig. 2
presents the TGA curves of SI-MPS and SI-PMMA
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Scheme2. Schematic formation of SI-PMMA macromonomers.
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Fig. 1. FT-IR spectra of (a) pure nanosilica, (b) SI-MPS, MPS/nanosilica =
1/1 wt%; nanosilica wt% = 3 wt%; solvent, toluene; reaction time, 12 h; (c)
SI-PMMA macromonomers, SI-MPS wt% = 0.6 wt%; MMA wt% = 30 wt%;
AIBN/MMA = 0.5 wt%; [CoBF]/[MMA] =3.0 x 10~® mol mol™'; solvent,
toluene; reaction time, 1 h.
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Fig. 2. TGA curves of (a) SI-MPS, MPS/nanosilica = 1/1 wt%; nanosilica
wt% =3 wt%; solvent, toluene; reaction time, 12h; (b) SI-PMMA
macromonomers, SI-MPS wt% =0.6 wt%; MMA wt% =30 wt%; AIBN/
MMA = 0.5 wt%; [CoBF]/[MMA] = 3.0 x 10~ mol mol~"; solvent, toluene;
reaction time, 1 h.

macromonomers. As shown in Fig. 2, the weight losses of
SI-MPS and SI-PMMA macromonomer are 4.2% and 14.6%,
respectively. According to following Eq. (1) [49], the indi-
vidual grafting percentages of SI-MPS and SI-PMMA
macromonomer are 4.4% and 17.1%, respectively. These
TGA results are in good agreement with the FT-IR spectra
results, showing that MPS and PMMA macromonomer
chains have been successfully grafted onto the surface of
nanosilica.

__ polymer-grafted (g)

Percentage of grafting (%) = silica used (2) x 100%

(1)

High resolution SEM is employed to investigate the sur-
face morphology of SI-PMMA macromonomer. Fig. 3a and
b present SEM images of SI-PMMA macromonomer with
low-magnification and high-magnification, respectively. It
can be observed that nanoparticles of SI-PMMA macromo-
nomer presents well-uniform and narrow distribution
without any aggregation, and the average particle size of
SI-PMMA macromonomer is about 40 nm. Typically, silica
nanoparticles have high surface area and surface energy,
and are easy to aggregate in the polymer matrix. After
PMMA grafting onto the surface of nanosilica via CCTP
technique, the structure of SI-PMMA macromonomer
may present core-shell structure, allowing particles of SI-
PMMA macromonomer to behave well-dispersed and uni-
form without aggregation.

In order to gain an insight into the process of MMA
monomers grafting onto the surface of nanosilica via CCTP,
we measured FT-Raman spectra in the region of 1000-
3500 cm™! for the sample of free PMMA homopolymers
produced during the synthesis of SI-PMMA macromono-
mer via CCTP (seen in Fig. 4b), along with the control sam-
ple via free-radical polymerization for comparison (seen in
Fig. 4a). In comparison Fig. 4a with b, most of characteristic
peaks are similar, such as they all exhibit the characteristic
peaks at 1450cm~! (CH, deformation vibration),
2850cm™! (CH, stretching vibration), 2950cm™' and
3000cm™! (CH; asymmetry stretching vibration),
1730 cm ™! (C=0 in the ester carbonyl group), respectively.
For the distinct difference between Fig. 4a and b, there is
new characteristic peak appeared at 1630 cm™! in Fig. 4b,
which is attributed to the characteristic peak of C=C
stretching vibration. It can be explained by that the as-pre-
pared polymers via CCTP contain a vinyl end-functional-
ized groups in the polymer chains. This result also
indicates that the as-prepared polymers with vinyl end-
functionalized PMMA chains are successfully prepared
via CCTP.

Fig. 3. High resolution SEM images of SI-PMMA macromonomers. (a)
Low-magnification and (b) high-magnification, SI-MPS wt% = 0.6 wt%;
MMA wt% =30 wt%; AIBN/MMA = 0.5 wt%; [CoBF]/[MMA]=3.0 x 10°°
mol mol~'; solvent, toluene; reaction time, 1 h.
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Fig. 4. FT-Raman spectra of free PMMA homopolymers produced during
the synthesis of SI-PMMA macromonomers. (a) SI-MPS wt% = 0.6 wt%;
MMA wt% =30 wt%; AIBN/MMA = 0.5 wt%; solvent, toluene; reaction
time,1 h; (b) SI-MPS wt% = 0.6 wt%;MMA wt% =30 wt%; AIBN/MMA =
0.5 wt%; [CoBF]/[MMA] =3.0 x 10~ mol mol~'; solvent, toluene; reac-
tion time, 1 h.

3.2. Effects of the CoBF complex concentrations on CCTP

The Co(Il) complexes act as very efficient catalysts for
the chain transfer to monomer reaction and only ppm
quantities of these catalysts are requited to obtain signifi-
cant molecular weight reduction. In this study, we use BF,-
bridged cobaloximes CoBF as the catalyst to carry out
CCTP. To investigate effects of CoBF concentrations on
CCTP, different molar ratios of COBF/MMA were performed
in the synthetic process of PMMA grafting onto the surface
of nanosilica. Fig. 5 presents FT-IR spectra of SI-PMMA

3500 2800 2100 1400 700
Wavenumbers (cm-1)

Fig. 5. FT-IR spectra of SI-PMMA macromonomers prepared with differ-
ent CoBF concentrations. (a) SI-MPS wt% = 0.6 wt%; MMA wt% = 30 wt%;
AIBN/MMA = 0.5 wt%; [CoBF]/[MMA]=5.0 x 10~ mol mol~'; solvent,
toluene; reaction time, 1h; (b) SI-MPS wt%=0.6 wt%; MMA wt% =
30 wt%; AIBN/MMA = 0.5 wt%; [CoBF]/[MMA] = 3.0 x 10~ mol mol~';
solvent, toluene; reaction time, 1h; (c) SI-MPS wt% = 0.6 wt%; MMA
Wt% =30 wt%; AIBN/MMA = 0.5 wt%; [CoBF]/[MMA]=1.0 x 10-® mol
mol~!; solvent, toluene; reaction time, 1h; (d) SI-MPS wt% = 0.6 wt%;
MMA wt% =30 wt%; AIBN/MMA = 0.5 wt%; solvent, toluene; reaction
time, 1 h.

macromonomer samples with different CoBF concentra-
tions. As shown in Fig. 5, characteristic absorption peaks
appeared at 1730 cm™! (C=0), 2920 cm™~! and 1440 cm™!
(CHy), 2970 cm™! and 2850 cm™! (CHs) are clearly ob-
served, respectively. Also, we have found that the strength
of these characteristic absorption peaks is decreased with
higher concentration of CoBF. This may be attributed to
the result that the molecular weight and/or the grafting
degree of SI-PMMA macromonomer are decreased with
the increase of CoBF concentrations.

The TGA curves of SI-PMMA macromonomer samples
prepared with different CoBF concentrations are shown
in Fig. 6. As seen in Fig. 6, there are two main degradation
steps in TGA curves of SI-PMMA macromonomer samples.
It may be caused by that the as-prepared products pre-
pared by CCTP exist the non-uniform of molecular weigh
distributions. Also, it can be barely seen that the grafting
degrees of SI-PMMA macromonomers are changed from
the range of 20.9-11.6% with varying CoBF/MMA molar
ratios from 0 to 5.0 x 107%. This result is also in good
agreement with the FT-IR spectra results of SI-PMMA
macromonomers as shown in Fig. 5.

For CCTP technique, it not only can produce vinyl end-
functionalized polymers, but also can prepare different
low-molecular weight macromonomers. Fig. 7 shows typi-
cal molecular weight distributions of free PMMA homo-
polymers prepared during the synthesis of SI-PMMA
macromonomers with different concentrations of CoBF. A
shift of the distributions towards lower molecular weights
at higher CoBF concentrations can be clearly seen. As
shown in Table 1, in the absence of CoBF, the number aver-
age molecular weight (M,) of free PMMA homopolymer is
7.72 x 10* g mol~'. However, with the addition of CoBF,
the M, data of free PMMA homopolymers are linearly de-
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Fig. 6. TGA curves of SI-PMMA macromonomers prepared with different
CoBF concentrations. (a) SI-MPS wt%=0.6 wt%; MMA wt% =30 wt%;
AIBN/MMA = 0.5 wt%; [CoBF]/[MMA]=5.0 x 10-® mol mol™!; solvent,
toluene; reaction time, 1h; (b) SI-MPS wt%=0.6 wt%; MMA wt% =
30 wt%; AIBN/MMA = 0.5 wt%; [CoBF]/[MMA] = 3.0 x 10-° mol mol;
solvent, toluene; reaction time, 1h; (c) SI-MPS wt% = 0.6 wt%; MMA
wt% = 30 wt%; AIBN/MMA = 0.5 wt%; [CoBF]/[MMA] = 1.0 x 10~% mol mol~';
solvent, toluene; reaction time, 1h; (d) SI-MPS wt% = 0.6 wt%; MMA
wt% =30 wt%; AIBN/MMA = 0.5 wt%; solvent, toluene; reaction time, 1 h.
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Fig. 7. Molecular weight distributions of free PMMA homopolymers
produced during the synthesis of SI-PMMA macromonomers with differ-
ent CoBF concentrations. (a) SI-MPS wt% = 0.6 wt%; MMA wt% = 30 wt%;
AIBN/MMA = 0.5 wt%; [CoBF]/[MMA]=5.0 x 10~ mol mol™'; solvent,
toluene; reaction time, 1h; (b) SI-MPS wt% = 0.6 wt%; MMA wt% =30
wt%; AIBN/MMA = 0.5 wt%; [CoBF]/[MMA]=3.0 x 10~% mol mol~!; sol-
vent, toluene; reaction time, 1h; (c) SI-MPS wt%=0.6 wt%; MMA
wt%=30wt%; AIBN/MMA =0.5wt%; [CoBF]/[MMA] = 1.0 x 107 mol
mol~!; solvent, toluene; reaction time, 1h; (d) SI-MPS wt% = 0.6 wt%;
MMA wt% =30 wt%; AIBN/MMA = 0.5 wt%; solvent, toluene; reaction
time, 1 h.

Table 1

Molecular weights and PDI data of free PMMA homopolymers prepared
during the synthesis of SI-PMMA macromonomers with different CoBF
concentrations via CCTP.

[CoBF]/[MMA]/(mol mol~')  M,/(gmol~")  M,/(gmol~')  PDI

0 77219 129220 1.673
1.0x10°° 57826 96569 1.670
3.0x10°° 18550 30747 1.658
5.0 x 10°© 4211 5833 1.390

creased from 57826 to 4211 gmol~' corresponding with
varying CoBF/MMA molar ratios from 1.0 x 107 to

5.0 x 1075, respectively. Additionally, similar trend of
polydispersity index (PDI) of free PMMA homopolymers
can be clearly observed. It also indicates that the molecular
weight distributions of free PMMA homopolymers become
narrower with higher concentration of CoBF.

3.3. The mechanism on synthesis of SI-PMMA
macromonomers via CCTP

The assumed mechanism on synthesis of SI-PMMA
macromonomers via CCTP is shown in Scheme 3. In cata-
lytic chain transfer polymerization, initiation, propagation
and termination are thought to occur by a free-radical pro-
cess [41-43]. The Co(Il) complex abstracts a hydrogen
atom from the polymeric radical on the surface of vinyl-
functionalized nanosilica, resulting in the formation of
dead PMMA chain with terminal unsaturated double bond
and a Co(Ill)-H complex. This Co(lll)-H complex is very
reactive and can react with a MMA monomer molecule
by a hydrogen transfer reaction, resulting in a monomeric
radical and the regeneration of the original Co(II) catalyst.
As a result, when increasing the concentration of CoBF, the
tendency for Co(Il) complex abstracting hydrogen atoms
from polymeric radical is intensified. It may further re-
strain the process of polymer chain propagation, thus lead-
ing to the reduction of the grafting degree and molecular
weight of PMMA grafted onto the surface of nanosilica.
These deduce was also confirmed by the results of FT-IR,
TGA and GPC.

4. Conclusions

A new available strategy for fabricating nanosilica sur-
face-grafted PMMA macromonomers via CCTP technique
has been successfully achieved. Firstly, we employed MPS
as the coupling agent to prepare vinyl-functionalized
nanosilica. Subsequently, dangling double bonds to some
extent remain on the surface of functionalized nanosilica
particles, allowing them to further graft with PMMA
macromonomers via CCTP in situ. Finally, controllable syn-
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Scheme 3. The assumed mechanism on synthesis of SI-PMMA macromonomers via CCTP.
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thesis of well-defined nanosilica surface-grafted PMMA
macromonomers with terminal unsaturated double bond
has been produced via CCTP.

A thorough study on the effects of the CoBF complex
concentrations on the grafting degree of SI-PMMA
macromonomer and molecular weights of free PMMA
homopolymers prepared during the synthetic process of
nanosilica surface-grafted PMMA was performed. We can
control the molecular weights of PMMA macromonomer
chains through adding proper amount of CoBF complexes.
The FT-IR, TGA and SEM results indicate that PMMA
macromonomers have been successfully tethered onto
the surface of nanosilica. The FT-Raman spectra show that
PMMA macromonomer chains are terminated with vinyl
groups. Moreover, GPC results indicate that molecular
weights of free PMMA homopolymers prepared during
the synthetic process of nanosilica surface-grafted PMMA
macromonomers dramatically decreases with an increase
of CoBF complex concentration. This similar trend from
TGA results of SI-PMMA macromonomers can be drawn.
The assumed mechanism on nanosilica surface-grafted
PMMA macromonomers may gain an insight into the pro-
cess of MMA monomers grafting onto the surface of nano-
silica via CCTP. A parallel approaches to that of this
investigation constitutes a promising way to fabricate
inorganic-organic macromonomers via CCTP technique
may follow.
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