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Abstract
A serial of mesoporous materials (MS), i.e., rod-liked and spherical SBA-15, spherical MCM-41 and MCM-
48 were successfully synthesized and modi�ed by silane coupling agent KH550 then utilized as a
microreactor for reversible addition–fragmentation chain transfer (RAFT) polymerization of methyl
methacrylate (MMA) using a xanthate as a chain transfer agent and AIBN as an initiator. The structures,
morphologies and properties of the obtained polymers and composites were characterized by Fourier
transform infrared spectroscopy, scanning electron microscopy, nitrogen adsorption and desorption,
thermogravimetry analysis, gel permeation chromatograph, and hydrogen nuclear magnetic resonance.
Results showed that compared with conventional MS, modi�ed MS featured with lower speci�c surface
area and pore volume while maintained the original morphological structure. Owing to con�nement
effects, PMMAs obtained from internal mesoporous channels featured with higher molecule weight and
initial thermal decomposition temperature than these from conventional RAFT polymerization, especially,
the PMMA obtained from the spherical SBA-15 and modi�ed MCM-48 exhibited the highest molecule
weight.

Introduction
Mesoporous materials (MS), notably those made of silica or silicon, are attracting great interest in the
�eld of microreactor [1–3]. Thanks to their excellent porous structure and characteristics such as
tractable surface morphology, consistent and �exible pore size, spacious interior space that can protect
interaction independence from external environment and their compatibility, MS features prominently in
nanodevices [4, 5], drug delivery [6–8], adsorption [9, 10], separation [11, 12], photonic waveguides [13]
and biometrics [14].

It's generally accepted that living free radical polymerization is better than the traditional one under the
constant conditions because the latter one limits the ending polymer’s molecular weight, polydispersity,
and constructive multiplicity. However, the traditional living free radical polymerization suffers from a
series of weakness, including an expensive and noxious irreplaceable reagent, a few viable monomers,
harsh polymerization conditions and quite troublesome post-processing of product [15, 16].

In order to enhance the e�ciency and decrease cost, a new type of the living free-radical polymerization
was emerged: reversible addition fragmentation transfer (RAFT) polymerization which exhibited a
reversible transfer process between the active and dormant chains controlled by a chain transfer agent
with a functional group that can yield a powerful control of the polymerization. After immense
exploration in reaction by the academic circle, RAFT polymerization seems to be the most versatile one
with regard to monomer selection, polymeric con�guration and reaction condition among a great number
of the living free radical polymerization.

MS provides an independent and restrictive space, which can lead free radical to grow smoothly and
better control of the termination of reaction [17, 18]. An enormous deal of modi�able MS was reported in
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literature for diverse living radical polymerization to obtain more superb and relevant products. Xu [19]
selected mesoporous SBA-15 with various pore sizes as microreactors to lead methyl methacrylate
(MMA) reaction by RAFT polymerization for the sake of seeking a novel and pragmatic approach to
create polymer microstructure for a series of application, such as in drug release. Chen [20] utilized
mesoporous silica SBA-15 as carrier to graft polymerization of functional monomer glycidyl methacrylate
(GMA) under the mixed solvents via activators regenerated by electron transfer atom transfer radical
polymerization (ARGET ATRP) method and found that the PGMA brushes grafted SBA-15 were able to
serve as a talented reactive platform for deeper surface modi�cation or functionalization. In the report of
Joshi [21], an extraordinary integration was given to both the mesoporous silica nanoparticles and the
RAFT agent, an alternative stepwise approach for co-condensation in the presence of hexadecyl trimethyl
ammonium bromide was exploited, and further used the mesoporous silica nanoparticles containing
RAFT agent for surface-initiated RAFT polymerization of several monomers.

Owing to the shape-selective and con�nement effect, there is generally accepted that morphology of the
mesoporous is one of the most signi�cant in�uencing factors for the macroscopic application, as each
MS owns its unique advantages, in particular spherical MS invariably has surpass stability and
ruggedness while rod-liked MS possess the order character. Du [10] designed a facile method to control
and fabricate mesoporous carbon materials (MC) with different morphologies and proved that MC with
regular spherical morphology showed noteworthy adsorption capacity engendered attractive prospects in
treating waste water. Dan [22] prepared a class of SBA-15 which were employed to adsorb uranium from
aqueous solution and identi�ed that the platelet-like morphology SBA-15 exhibited absolutely rapid and
high capacity adsorption of uranium. Furthermore, as a microreactor, the type of both the monomer
wrapped internal and the MS which supplied an immune location for the former is fairly important
condition for mesoporous when polymerization happened. Zeng [23] chose three monomers (MMA, GMA
and styrene) with different polarities to react in the interior of SBA-15 in order to probe the con�nement
dimensions on the resulting polymer properties.Moritz[24] synthesized three typical mesoporous (SBA-15,
PHTS and MCM-41) functionalized with a sulfonic acid derivative and were applied successfully as the
carriers for the poorly water-soluble drug.

We are interested in the RAFT polymerization in a con�ned space such as various MS. In order to
comprehend the effect of MS on the polymerization, the solution RAFT polymerization of MMA in
different MS (rod-liked and spherical SBA-15, spherical MCM-41 and MCM-48, and silane coupling agent
KH550 functionalized SBA-15) were carried out. The polymers obtained from the internal channels of the
MS were characterized.

Experimental

Materials
Pluronic P123 (EO20 PO70 EO20, Mn = 5800) and mesitylene (TMB, AR) were purchased from Sigma–
Aldrich Co. (USA). MMA (CP), potassium chloride (KCl, AR), methanol (AR), toluene (AR), sodium
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hydroxide (NaOH, AR), ammonia water (NH3·H2O, 25–28%), tetraethyl orthosilicate (TEOS, AR),
hydro�uoric acid (HF, ≥ 40%) hydrochloric acid (HCl, 36–38%), and tetrahydrofuran (THF, AR) were all
purchased from Xilong Science and Technology Co. in Shantou, Guangdong Province (China). MMA was
treated with 10% aqueous NaOH solution for three times to remove the inhibitor, then washed with
distilled water to be neutral, dried with anhydrous CaCl2, and distilled under reduced pressure. Anhydrous
ethanol (AR) was purchased from Guangdong Guanghua Technology Co., Ltd. (Shantou, Guangdong
province, China). Azodiisobutyronitrile (AIBN, AR), purchased from Tianjin Guangfu Fine Chemical
Research Institute (Tianjing, China), was used after recrystallization from absolute ethanol. Potassium
ethyl xanthate (AR) and ethyl 2-bromopropionate (AR) were purchased from Aladdin Industrial
Corporation (Shanghai, China) and used directly. γ-aminopropyltriethoxysilane (KH550, CP) was
purchased from Nanjing Xiangfei Chemical Research Institute (Nanjing, Jiangsu province, China). Ethyl
xanthate ethyl propionate was synthesized according to the reported work. All other chemicals were used
as received without further puri�cation.

Preparation of rod-liked SBA-15
Typically [25], 2.5 g of P123 was dissolved in 2 mol/L HCl at 35.5°C, stirred at 300 r/min for at least 6 h.
When the dissolution was complete, 5.5 g of TEOS, a silica source, was added (dropwise within 10 min)
and stirred for 24 h. Subsequently, it was put into a hydrothermal reactor and crystallized at 100°C for 24
h. The product was extracted, washed, and dried in a constant temperature drying oven at 40°C. Finally,
the white powder was put into a mu�e furnace and calcined at 2°C/min to 550°C for 6 h. The template
agent was removed by roasting to obtain the rod-liked MS R-SBA-15.

Preparation of spherical SBA-15
In a typical synthesis [26], 4.2 g of P123 and 3.0 g of KCl was dissolved in 2 mol/L HCl at 35.5°C, then
stirred the solution at 300 r/min for at least 6 h. After the P123 was fully dissolved (the solution was
completely clari�ed), cooled to 28°C and added 3.0 g of TMB, continuous stirring for 12 h, then slowly
added 8.6 g of TEOS drop by drop. The white powder was �nally calcined in a mu�e furnace and heated
to 550°C at 2°C/min for 6 h. The spherical MS S-SBA-15 was obtained by roasting to remove the template
agent.

Preparation of spherical MCM-41
In a typical synthesis [27], adding 3.75 g CTAB to 71 ml of water and stirred at room temperature until
completely dissolved, then 25.8 g of ammonia water and 90 g of ethanol was added and stirred at 500
rpm for 30 min, after that, 7.5 g of TEOS was added dropwise within 10 min, and heated the mixture to
25°C with stirring at 500 rpm for 3 h, the product was dried in a thermostat at 60°C for 24 h. Finally, the
white product was calcined in a mu�e furnace at 2°C/min for 5 h at 550°C to obtain spherical MCM-41.

Preparation of spherical MCM-48
In a typical synthesis [28], 2.4 g (6.59 mmol) of CTAB was dissolved in 50 g of deionized water, then 50
mL of ethanol and 12 mL of ammonia was added and stirred at room temperature for 5 h (300 r/min),
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then 3.4 g (16.3 mmol) of TEOS (dropwise in 10 min) was added and stirred at 450 r/min for 2 h, after
that the mixture was crystallized for 24 h, �ltered. The spherical MCM-48 was obtained by slowly
increasing the temperature (2°C/min) to 600°C for 6 h and removing the template agent.

Functionalization of MS
The different MS R-SBA-15, S-SBA-15, MCM-41 and MCM-48 were modi�ed with silane coupling agent
KH550 in a typical synthesis [29], 1.0 g of MS activated by 2 mol/L dilute hydrochloric acid was weighed
into a 50 mL single mouth �ask, 15 mL of toluene was added then ultrasonic treated at room temperature
for 30 min to achieve uniform dispersion. After the reaction, the MS was naturally cooled to room
temperature, �ltered, washed 4–5 times with toluene (to remove the silane coupling agent from the outer
surface of the MS) and dried at 60°C for 24 h to obtain modi�ed MS (denoted as M-MS).

RAFT polymerization of MMA in different MS
Different MS were selected as microreactors and the RAFT solution polymerization of MMA was carried
out inside the pore channels. Mesoporous silica (0.5 g) was added into an 50 ml round bottom �ask,
degassed under vacuum at 150°C for 5 h, then maintained vacuum and cooled down to room
temperature, followed by adding the con�gured mixed solution (toluene 7 ml, MMA 5.2 ml, AIBN 0.0164 g,
CTA 0.111 g), and stirred under vacuum for 3 h to fully immerse the mixture into the pore channel of the
mesoporous silica under nitrogen atmosphere. The reaction was carried out in an oil bath at 80°C for 12
h. After the reaction was completed, it was cooled down to room temperature, THF was added and stirred
for 24 h to fully dissolve the polymer on the surface of the MS, then the mixture was �ltered and washed
3 times with THF, and the crude product was dried at 60°C. The crude product was then extracted with
THF for 12 h to remove the polymer attached to the outer surface of the MS, and dried to obtain
MS/PMMA composites (i.e.R-SBA-15/PMMA, S-SBA-15/PMMA, MCM-41/PMMA, MCM-48/ PMMA). The
composites prepared from silane coupling agent KH550 modi�ed MS were recorded as M-MS/PMMA
(i.e.M-R-SBA-15/PMMA, M-S-SBA-15/PMMA, M-MCM-41/PMMA, M-MCM-48/PMMA).

PMMA obtained inside the mesoporous channels
The composites MS/PMMA and M-MS/PMMA were etched �rstly with aqueous HF solution at a mass
concentration of 5%, followed by centrifugal separation, washing with deionized water and drying, the
PMMAs inside the pores of the MS were obtained, which were noted as PMMA in R-SBA-15, PMMA in S-
SBA-15, PMMA in MCM-41, PMMA in MCM-48, PMMA in M-R-SBA-15, PMMA in M-S-SBA-15, PMMA in M-
MCM-41, PMMA in M-MCM-48, respectively.

Characterization
A �eld emission scanning electron microscopy (SEM, JSM-6380LV from Japan Electronics Co., Ltd) was
used to observe the morphology of the mesoporous silica and MS/PMMA composites at 5–10 KV after
spraying the specimens with gold. Nitrogen adsorption–desorption isotherms curves were obtained using
a Micrometrics TriStar II 3020. Samples were degassed under vacuum at 200°C (for silica) or 120°C (for
synthetic composites) before adsorption measurements. The speci�c surface area was determined using
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the BET method. The total pore volume was calculated from the amount adsorbed at a relative pressure
of 0.99. The pore size distribution was calculated using the BJH method for cylindrical mesopores. The
thermal decomposition behaviors of the MS, MS/PMMA, M-MS/PMMA composites, and PMMA obtained
from MS were examined by means of thermogravimetric analysis (TGA) with a heating rate of 10 K/ min
in nitrogen atmosphere on a TA Q500 (USA). The structures of the samples were characterized on a
Nicolet-205 Fourier transform infrared spectrometer (FTIR) from 400 to 4000 cm− 1 by the KBr tablet
methods and Proton magnetic resonance (1H/13C NMR) spectroscopy were taken on an Avance 500 MHz
spectrometer (Bruker, Switzerland) using CDCl3 as solvent and tetramethylsilane (TMS) as internal
standard. The molecular weight and MWD of the polymers were measured on a Malvern Model 270 gel
permeation chromatograph (GPC) equipped with T6000 microstyragel columns, refractive detector, light
scattering detector and viscosity detector and THF was used as an eluent at a �ow rate of 1.0 mL·min− 1.

Results And Discussion
Morphology

Fig. 1 shows SEM images of the different MS and MS/PMMA composites. As can be seen from Fig. 1,
different morphologies and types of MS are successfully prepared, namely, rod-liked R-SBA-15, spherical
S-SBA-15, spherical MCM-41 and MCM-48. The length of rod-liked SBA-15 is above 1 μm and the width is
around 0.3-0.5 μm, the particle size of spherical SBA-15 is about 3 μm. Whereas the particle sizes of the
spherical MCM-41 and MCM-48 are in the range of 0.2 to 0.7 μm and 0.2 to 0.5 μm, respectively. The SEM
images of the MS/PMMA composites show that the surface are clean and smooth with no obvious
attachments, indicating that the complete removal of outside polymer from the washing step. In addition,
in the images of R-SBA-15/PMMA (A2), S-SBA-15/PMMA (B2), MCM-41/PMMA (C2) and MCM-48/PMMA
(D2), it is obvious that morphologies of the MS/PMMAs obtained after polymerization in the channels of
the MS replicate the framework of MS, which are consistent with previous reports [30,31].

Nitrogen adsorption–desorption isotherms

The nitrogen adsorption–desorption isotherms of the different MS, M-MS, MS/PMMA and M-MS/PMMA
composites are depicted in Fig. 2. Tab. 1 lists the parameters of them. In combination with Fig. 2 and
Tab. 1, comparing the pore parameters and adsorption isotherm curves of the MS and M-MS, we can
pinpoint that the silane coupling agent modi�ed MS (M-MS) have the same type of isotherm adsorption
curves, lower liquid nitrogen adsorption, and reduced speci�c surface areas and pore volumes, indicating
that the silane coupling agent was successfully grafted within the mesoporous pore channel.

As can be seen from Fig. 2(a), the hysteresis loop of R-SBA-15/PMMA is smaller than that of R-SBA-15
and the adsorption desorption temperature line also belongs to type IV with an H1 hysteresis loop,
whereas the adsorption desorption isotherm curves of M-R-SBA-15 and M-R-SBA-15/PMMA belong to
type II with a decrease in both speci�c surface area and pore volume, which indicates that MMA was
successfully adsorbed into the mesoporous pore channel and polymerization took place [32]. In addition,
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from the nitrogen adsorption/desorption curves in Fig. 2(c), the isotherms of S-SBA-15 and M-S-SBA-15
both belong to type IV with H1 lagging loop, and at the same time the isotherms of S-SBA-15/PMMA and
M-S-SBA-15/PMMA also belong to type IV with H1 lagging loop, however the adsorption volumes
decrease and the lagging loop becomes smaller, demonstrating that the mesoporous structure of S-SBA-
15 and M-S-SBA-15 are still retained and some of the pores are �lled with PMMA. Both the S-SBA-
15/PMMA and M-S-SBA-15/PMMA composites show a decrease in speci�c surface areas and pore
volumes, while the average porosity calculated based on the BJH model shows a slight increase, which
could be attributed to the generated polymer �lling the micropores in S-SBA-15 [33].

The isothermal adsorption curves for MCM-48 and MCM-41 are of type IV with a H4 lagging loop, which
are caused by the small pore sizes of these two MSs and the presence of slight defects in the mesopore
channels [34]. Due to the fact that the surfaces of the mesopore channels have been modi�ed by organic
functional groups, the speci�c surface areas and pore volumes of the M-MCM-41 and M-MCM-48 reduce
greatly; in addition, both the speci�c surface areas and pore volumes of the MS/PMMA and M-
MS/PMMA composites decrease further, because the PMMAs are generated in the channels of the MS
and M-MS. Furthermore, the adsorption/desorption isotherms of the modi�ed M-MCM-41, M-MCM-48 and
the MS/PMMA composites belong to type I [35,36].

Tab. 1 Pore structural parameters of MS, MS/PMMA composites and M-MS/PMMA composite
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Samples Speci�c surface area/

BET (m2/g)

Total volume

(m3/g)

Average pore width/

BJH (nm)

R-SBA-15 806.9 1.07 5.72

R-SBA-15/PMMA 79.1 0.20 8.18

M-R-SBA-15 24.4 0.06 6.62

M-R-SBA-15/PMMA 24.0 0.07 7.44

S-SBA-15 365.2 1.21 12.21

S-SBA-15/PMMA 100.8 0.38 12.41

M-S-SBA-15 236.8 0.92 13.80

M-S-SBA-15/PMMA 179.0 0.74 12.97

MCM-41 1286.4 0.74 2.54

MCM-41/PMMA 398.2 0.36 3.92

M-MCM-41 16.6 0.05 7.10

M-MCM-41/PMMA 10.7 0.04 7.90

MCM-48 1336.3 0.78 2.49

MCM-48/PMMA 836.5 0.52 3.00

M-MCM-48 13.8 0.04 7.72

M-MCM-48/PMMA 11.3 0.04 7.52

TGA analysis

TGA and DTG curves for different MS, MS/PMMA and M-MS/PMMA composites are showed in Fig. 3.
With the rise of temperature, the MS, M-MS, MS/PMMA and M-MS/PMMA composites have a small
weight loss around 100°C, which is attribute to the evaporation of water adsorbed in the MS. The MS has
no obvious weight loss after 100°C, while the modi�ed MS, M-R-SBA-15, M-S-S-SBA-15, M-MCM-41 and
M-MCM-48 have a noteworthy weight loss between 100—800°C, these are 15.54%, 13.11%, 15.11% and
12.70%, respectively, which demonstrates that KH550 silane coupling agent has been well grafted onto
different MS.

According to Fig. 3(c, d), by calculating the residual amount at 800°C, the weight loss of the R-SBA-
15/PMMA, S-SBA-15/PMMA, MCM-41/PMMA and MCM-48/PMMA composites are 17.34%, 32.28%,
22.38% and 33.49% respectively. The apparent enormous weight loss of MCM-48/PMMA shows that
MCM-48 adsorbed more MMA monomer. In addition, the termination decomposition temperature of the R-
SBA-15/PMMA is the largest and the thermal stability is the best.
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As we can see in Fig. 3(e, f), according to the same method, the weight loss of M-R-SBA-15/PMMA, M-S-
SBA-15/PMMA, M-MCM-41/PMMA, and M-MCM-48/PMMA composites are 21.6%, 22.81%, 25.48%, and
24.10%, respectively, it can be deduced that the PMMA amounts polymerizated in the pores of M-R-SBA-
15, M-S-SBA-15, M-MCM-41 and M-MCM-48 are 6.06%, 9.70%, 10.37% and 11.10%, individually. When
comparing the amount of PMMA inside the pore channel, due to KH550 modi�cation, the M-MS resulted
in small pore channels, leading to the small amount of PMMA inside the pore channels.

Fig. 4 shows the TG and DTG curves of PMMAs obtained by polymerization inside the channels of the
MS and M-MS after etched with HF, and C-PMMA obtained by conventional RAFT polymerization.
Typically, there are three stages of thermal weight loss peaks for C-PMMA obtained by conventional RAFT
polymerization, the �rst stage of weight loss, between 145°C—210°C, due to double bond breakage
resulting from the termination of radical disproportionation; the second stage of weight loss, between
260°C—350°C, the decomposition of the short chain of PMMA generated by coupling termination; and the
third stage of weight loss, between 320°C—420°C, the PMMA main chain random chain breakage
decomposition. Compared to the C-PMMA, the initial thermal decomposition temperature of PMMA
obtained from internal pore polymerization is obviously higher, especially the initial and termination
thermal decomposition temperatures of the products from polymerization in M-MS are increased by
about 80—100°C. The thermal decomposition of the polymer backbone is mainly present, while the less
weight loss of the short chains of PMMA generated by disproportionation termination occurs due to the
fact that the diffusion of free radicals is inhibited by the restricted effect of the pore channel, thus
suppressing the chain termination reaction of RAFT solution polymerization.

FT‐IR analysis

The structures of the obtained MS and M-MS and their composites were con�rmed by FT-IR spectroscopy
(Fig. 5 and Fig. 6). From Fig. 5(a), comparing pure MS, the M-MS show new characteristic peaks at 3356
and 1577 cm-1 corresponding to —NH2 and —NH— respectively, which proves that KH550 successfully
modi�ed the MS [37]. From Fig. 5(b, c), the MS/PMMA and M-MS/PMMA composites not only retain the
characteristic absorption peaks at 3430, 1080, 796 and 461 cm-1 of the MS corresponding to stretching
and bending vibrations of Si—OH, Si—O—Si, and Si—O bonds, respectively, illuminating the presence of
the SBA-15 framework [38,39], but new characteristic absorption peaks also appear at 2953 and 1731 cm-

1, which are the characteristic absorption peaks of carbonyl —C=O and the stretching vibration absorption
peaks of methyl—CH3 of PMMA in the composites, indicating that the MMA has adsorbed into the pore
and undergone polymerization. [40]

After etching the MS/PMMA and M-MS/PMMA composites, the resulting product PMMA shows the same
characteristic peaks as the PMMA obtained by conventional RAFT polymerization of MMA. In addition,
the FT-IR spectra of polymer obtained from within and external of the pores show no absorbance at 1089
cm−1, which is the characteristic peak to the Si–O–Si group, indicating a complete removal of MS [20,41].

GPC analysis
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Molecular weight and molecular weight distribution of PMMAs obtained by RAFT polymerization inside
the pores of the MS and M-MS, and by conventional RAFT polymerization are showed in Tab. 2. It is
observed that the PMMAs obtained by RAFT polymerization inside the channel of the MS and M-MS
exhibit a several times higher molecular weight than PMMA by the conventional RAFT polymerization,
due to the much lower chance of termination of free radicals within the restricted pore channels [42]. The
largest increase in number-average molecular weight (13.9—fold) is obtained within the pore channels of
spherical SBA-15. The molecular weights of the PMMAs obtained from the R-SBA-15 and S-SBA-15 pores
were larger than those of the modi�ed M-SBA-15, but smaller molecular weight distribution, owing to the
effect of the silane coupling agent on the surface of the modi�ed SBA-15 [43].

The PMMAs obtained inside the unmodi�ed MCM-41 and MCM-48 pores possess lower molecular weight
and larger molecular weight distribution than these from modi�ed MCM-41 and MCM-48, although the
molecular weight distribution was still in the narrow category. [44]

Tab. 2 Molecular weight and molecular weight distributions of PMMAs obtained in the channels of MS
and M-MA, and conventional PMMA by RAFT polymerization

Samples number-average
molecular weight

Mn×104

weight-average
molecular weight

Mw×104

molecular weight
distribution index

PDI

PMMA in R-
SBA-15

6.75 8.91 1.32

PMMA in M-R-
SBA-15

1.69 2.79 1.65

PMMA in S-
SBA-15

8.78 12.72 1.45

PMMA in M-S-
SBA-15

3.33 5.75 1.73

PMMA in MCM-
41

2.79 3.62 1.30

PMMA in M-
MCM-41

4.53 5.45 1.20

PMMA in MCM-
48

4.60 5.72 1.24

PMMA in M-
MCM-48

7.43 8.37 1.13

C-PMMA 0.63 0.82 1.29

1 H NMR analysis
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Typical 1H NMR spectra of PMMAs obtained from conventional RAFT polymerization and PMMA in R-
SBA-15 are depicted in Fig. 7. The peaks at 0.81–1.27, 1.60–1.90 and 3.60 ppm are assigned to the
protons in the methyl, methylene and methoxy group of PMMA, respectively. In addition, triplet peaks at
0.84–1.25 ppm are assigned to proton of syndiotactic, atactic and isotactic in α-CH3 with the direction of
the shift value increase and stereoregularity data of all PMMA are summarized in Tab. 3 [45]. A relevant
nanochannel effect on the polymer stereoregularity is observed in our polymerization system. PMMA in
MCM-48 has the most signi�cant reduction in the proportion of syndiotactic structures, yielding the
highest isotactic PMMA. Whereas the sequence distribution of PMMA in R-SBA-15 does not change much
owing to their large pore sizes and different wall thicknesses[19]. This further con�rms the con�nement
effect of MS on monomer polymerization.

Tab. 3 Con�gurational sequence distribution of PMMA in SBA-15 by RAFT

Samples rr(%) mr(%) mm(%)

C-PMMA 52.08 33.33 14.58

PMMA in R-SBA-15 50.76 33.50 15.74

PMMA in M-R-SBA-15 43.86 25.00 31.14

PMMA in S-SBA-15 48.08 31.73 20.19

PMMA in M-S-SBA-15 40.81 24.90 34.29

PMMA in MCM-41 44.05 29.96 28.87

PMMA in M-MCM-41 55.56 27.78 16.67

PMMA in MCM-48 33.00 19.80 47.19

PMMA in M-MCM-48 42.02 28.15 29.83

Conclusion
RAFT polymerization of MMA inside the pore channels of MS or M-MS was successfully conducted. The
resulting composites still retain their original morphological structure, but the speci�c surface areas and
pore volumes of the M-MS and composites are reduced. Compared with C-PMMA obtained by
conventional RAFT solution polymerization, the molecular weights of the PMMA inside the pore channel
are several times or even a dozen times higher than that of conventional C-PMMA, as an example, the
number average molecular weight of the PMMA obtained inside the S-SBA-15 pore channel increase by
13.9 times. However, the molecular weight distributions keep at s narrow range, and the isotactic ratio of
the polymer increases signi�cantly. The initial thermal decomposition temperature was signi�cantly
increased, especially the decomposition temperature of PMMA obtained in the modi�ed MS was
increased by 80–100°C. This work provided a novel approach to design of polymer microstructure for a
wider application.
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Figures

Figure 1

SEM images of different mesoporous silica, MS-PMMA nanocomposites

(A1: R-SBA-15, B1: S-SBA-15, C1: MCM-41, D1: MCM-48; 

A2: R-SBA-15/PMMA, B2: S-SBA-15/PMMA, C2: MCM-41/PMMA, D2: MCM-48/PMMA)
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Figure 2

Nitrogen adsorption/desorption isotherms and pore size distribution of MS, MS/PMMA composites and
M-MS/PMMA composite
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Figure 3

TG and DTG curves of MS and M-MS (a, b), MS/PMMA (c, d) and M-MS/PMMA composites (e, f)
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Figure 4

TG and DTG curves of PMMA in MS and C-PMMA by RAFT
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Figure 5

FT-IR spectra of MS, M-MS, MS/PMMA and M-MS/PMMA composites
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Figure 6

FT-IR spectra of PMMA obtained in the channels of SBA-15 and conventional PMMA by RAFT
polymerization

Figure 7

1H-NMR of PMMA and PMMA in R-SBA-15


