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Abstract Mixed amphiphilic block copolymers of poly

(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide)

(PEO–PPO–PEO) and polydimethylsiloxane-poly(ethylene

oxide) (PDMS–PEO) have been successfully used as

co-templates to prepare ordered mesoporous polymer–sil-

ica and carbon–silica nanocomposites by using phenolic

resol polymer as a carbon precursor via the strategy of

evaporation-induced self-assembly (EISA). The ordered

mesoporous materials of 2-D hexagonal (p6m) mesostruc-

tures have been achieved, as confirmed by small-angle

X-ray scattering (SAXS), transmission electron microscopy

(TEM), and nitrogen-sorption measurements. Experiments

show that using PDMS–PEO as co-template can enlarge

the pore sizes and reduce the framework shrinkage of the

materials without evident effect on the specific surface

areas. Ordered mesoporous carbons can then be obtained

with large pore sizes of 6.7 nm, pore volumes of 0.52

cm3/g, and high surface areas of 578 m2/g. The mixed

micelles formed between the hydrophobic PDMS groups

and the PPO chains of the F127 molecules should be

responsible for the variation of the pore sizes of the

resulting mesoporous materials. Through the study of

characteristics of mesoporous carbon and mesoporous

silica derived from mother carbon–silica nanocomposites,

we think mesoporous carbon–silica nanocomposites with

the silica-coating mesostructure can be formed after the

pyrolysis of the PDMS–PEO diblock copolymer during

surfactant removal process. Such method can be thought as

the combination of surfactant removal and silica

incorporation into one-step. This simple one-pot route

provides a pathway for large-scale convenient synthesis of

ordered mesostructured nanocomposite materials.

Introduction

Ordered mesoporous silica and carbon with regular

frameworks and high surface areas have received much

attention because of their potential applications in

adsorption, separation, hydrogen-storage, electrode mate-

rials, nanodevice, photonic waveguide, encapsulation of

proteins and catalysis [1–3]. However, the large structural

shrinkage during the pyrolysis and carbonization limits the

potential applications of mesoporous silica and carbon

materials [4]. Nanocomposites can generate remarkable

and complementary properties which cannot be obtained in

a single component [5–8]. For example, the incorporation

of silica into the mesoporous carbon materials not only

results in interesting mesoporous carbon–silica nanocom-

posites, but also may provide materials with improved

thermal, chemical, and mechanical properties [9, 10].

Another implied advantage for the incorporation of a rigid

constituent of silica into carbon materials is the effective

reduction of framework shrinkage [11], which would

facilitate one to prepare carbon–silica nanocomposites with

large pore sizes. Further removing silica can lead to large-

pore mesoporous carbons [12].

The conventional mesoporous carbon–silica nanocom-

posites were prepared by the infiltration of carbon precur-

sors into preformed mesoporous silica followed by

carbonization [13, 14]. The pore blockage often exists in

this method and an extra uneconomic process is necessary

to prepare silica frameworks. Another approach to achieve
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ordered mesoporous carbon–silica nanocomposites is the

direct synthesis of periodic mesoporous organosilicas

(PMOs) [15, 16]. PMOs represent a new kind of ordered

mesostructures derived from surfactant-templated conden-

sation of bridged bifunctional organosiloxane precursors

[17]. Integrating organic groups including methylene, eth-

ane, ethylene, and benzene into inorganic solid pore walls

is achieved in one-step, which leaves pore voids and

improves the smooth accessibility of functional sites [18,

19]. Nevertheless, the bridged bifunctional organosiloxane

precursors make the synthesis uneconomic. Inherent

hydrophobic character in high organic-content precursors

leads to either a phase separation or disordered materials

[20]. Multi-component assembly using inorganic silicate

oligomers and organic resol precursors and subsequent

carbonization is a facile method to prepare carbon–silica

nanocomposites [21, 22]. The final nanocomposites have

an interpenetrating framework with ‘‘reinforced-concrete’’-

like structure. However, all these syntheses are based on

the complicated sol–gel process and adopt relatively

expensive inorganic precursors, such as tetraethoxysilane

(TEOS).

Polydimethylsiloxane-poly(ethylene oxide) (PDMS–

PEO) block copolymers are nontoxic and environmentally

compatible and exhibit properties such as low glass-tran-

sition temperatures and very low surface tension [23–25].

Such polymers have many applications including surfac-

tants, lubricants, water repellents, and antifoaming agents

[26, 27]. Despite wide and extensive industrial usage, very

little information is available in the literature on the fun-

damental surfactant properties of PDMS–PEO in the syn-

thesis of mesoporous materials. To our knowledge, only

three reports on the preparation of mesoporous silica

materials using PDMS–PEO block copolymers [28–30] are

available.

Here we report a new kind of simple and efficient

approach to prepare well-ordered mesoporous polymer–

silica and carbon–silica nanocomposites by using resol as a

polymer precursor, mixed amphiphilic block copolymers of

poly(ethylene oxide)–poly(propylene oxide)–poly(ethylene

oxide) (PEO–PPO–PEO) and PDMS–PEO are used as co-

templates. In this method, PDMS–PEO diblock copolymer

plays a double role. On one hand, PDMS–PEO carrying

hydrophilic PEO head groups and hydrophobic PDMS

chains are clearly amphiphilic molecules and can be used

as a co-structure-directing agent [31–33]. On the other

hand, PDMS–PEO diblock copolymer also contributes as a

silica source. Upon calcination at high temperature, the

organic PEO segments are removed and inorganic PDMS

backbones are directly decomposed into inorganic silicas.

Therefore, silica component can be introduced through

one-step process, the hydrolysis and condensation of silica

precursors are escaped, suggesting a controllable

preparation for silica-containing hybrid materials. To our

knowledge, this is the first report of mixed block copoly-

mer surfactants containing PDMS–PEO block copolymer

being used to synthesize ordered mesoporous materials.

Experimetntal section

Chemicals

Triblock copolymers Pluronic F127 (Mw = 12,600, EO106–

PO70–EO106) was purchased from Acros Corp. PDMS–

PEO (Mw = 3,012, DMS32–EO20) diblock copolymer was

purchased from Shenzhen Meryer Chemical Technology

Co., LTD. Other chemicals were purchased from Shanghai

Chemical Corp. All chemicals were used as received

without any further purification. Millipore water was used

in all experiments.

Preparation of resol precursors

The resol precursor (Mw \ 500) was prepared according to

the literature method [34]. In a typical procedure, 0.61 g of

phenol was melted at 40–42 �C in a flask and mixed with

0.13 g of 20 wt% NaOH aqueous solution under stirring.

After 10 min, 1.05 g of formalin (37 wt% formaldehyde)

was added dropwise below 50 �C. Upon further stirring for

1 h at 70–75 �C, the mixture was cooled to room temper-

ature and the pH value was adjusted to about 7.0 by HCl

solution. After water was removed by vacuum evaporation

below 50 �C, the final product was dissolved in tetrahy-

drofuran (THF).

Synthesis of ordered mesoporous polymer–silica

and carbon–silica nanocomposites

In a typical preparation, 1.0 g of triblock copolymer F127

and 0.5 g of diblock copolymer PDMS–PEO were dis-

solved in 20.0 g of THF and stirred for 10 min at 40 �C to

afford a clear solution. Next, 5.0 g of 20 wt% resols’ THF

solution was added in sequence. After being stirred for

0.5 h, the mixture was transferred into dishes. It took 5–8 h

at room temperature to evaporate THF and 24 h at 100 �C

in an oven to thermopolymerize. The as-made products,

flaxen and transparent films or membranes, were scraped

from the dishes and ground into fine powders. Calcination

was carried out in a tubular furnace at 350 �C for 3 h and at

900 �C for 2 h under N2 flow to get mesoporous polymer–

silica and carbon–silica nanocomposites, respectively,

named as MP-CS-8.2. ‘‘MP-CS-x’’ denotes the mesoporous

polymer–silica and carbon–silica nanocomposite samples,

wherein x represents the percentage of the silica content in

the carbon–silica nanocomposite after 900 �C calcination.
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The heating rate was 1 �C/min below 600 �C and 5 �C/min

above 600 �C. The typical samples denoted as MP-CS-8.2

and MP-CS-17.8 are listed in Table 1.

It is noticed that in this one-step process silica is

incorporated into the mesoporous carbon materials by

including the PDMS–PEO in the original surfactant. Con-

sidering the ratio of total surfactant and PF resin, excessive

PDMS–PEO diblock copolymers may affect the uniformity

and structure of resulting mesoporous materials. Then we

cannot introduce too much PDMS–PEO surfactant, so the

polymer–silica and carbon–silica nanocomposites prepared

in the test have relative lower silica content.

Synthesis of ordered mesoporous carbon and silica

from carbon–silica nanocomposites

After carbon–silica nanocomposites were immersed in

10 wt% HF solutions for 24 h, silicas were removed and

mesoporous carbons were left. Calcination at 550 �C for

5 h in air could burn off carbons and generate mesoporous

silica materials. The mesoporous pure carbon products

were named as MP-C-8.2 and MP-C-17.8, respectively,

and the pure silica products were named as MP-S-8.2 and

MP-S-17.8, respectively, corresponding to their mother

nanocomposites.

Characterization and measurements

The small-angle X-ray scattering (SAXS) measurements

were taken on a Nanostar U small-angle X-ray scattering

system (Bruker, Germany) using CuKa radiation (40 kV,

35 mA). The d-spacing values were calculated by the

formula d ¼ 2p=q; and the unit cell parameters were cal-

culated from the formula a0 ¼ 2d10=
ffiffiffi

3
p

: The Brunauer–

Emmett–Teller (BET) method was utilized to calculate the

specific surface areas (SBET) using adsorption data in a

relative pressure range from 0.04 to 0.2. By using the

Barrett–Joyner–Halenda (BJH) model, the pore volumes

and pore size distributions were derived from the adsorp-

tion branches of isotherms, and the total pore volumes (V)

were estimated from the adsorbed amount at a relative

pressure P/P0 of 0.992. Transmission electron microscopy

(TEM) experiments were conducted on a JEOL 2011

microscope (Japan) operated at 200 kV. The samples for

TEM measurements were suspended in ethanol and sup-

ported onto a holey carbon film on a Cu grid. Fourier

transform infrared (FT-IR) spectra were collected on

Nicolet Fourier spectrophotometer, using KBr pellets of the

solid samples.

Results

Mesostructured polymer–silica and carbon–silica nano-

composites were prepared by using triblock copolymers

F127 and diblock copolymer PDMS–PEO as co-surfactants

and phenolic resol as organic precursor through an EISA

process in THF solution. Physicochemical properties of the

mesoporous polymer–silica and carbon–silica nanocom-

posites and of the corresponding mesoporous silica and

carbon frameworks are shown in Table 2. Here, we take

the mesoporous nanocomposite MP-CS-8.2 as an example.

The as-made products are flaxen membranes without

obvious macrophase separation.

The SAXS pattern (Fig. 1) for as-made MP-CS-8.2

shows three well-resolved diffraction peaks, associated

with 10, 11, and 20 reflections of 2-D hexagonal symmetry

with the space group of p6m [35]. After calcination at

350 �C in N2, the product turns brown and yields a more

resolved SAXS pattern of ordered 2-D hexagonal meso-

structure. The unit cell parameter (a0) is reduced from 15.8

to 14.0 nm upon the calcination, reflecting a 11.4%

framework shrinkage. After being heated at 900 �C in N2,

the nanocomposite becomes black. The SAXS patterns

become less resolved and the diffraction peaks broaden.

The q vectors move to higher values, implying a contrac-

tion of the framework. The unit cell parameter (a0) is

calculated to be 11.2 nm, reflecting a framework shrinkage

of 29.1%. It is much smaller than that of C-FDU-15

(41.2%) with the same p6m symmetry but without silicates

inside the framework after heating treatment at 900 �C.

This phenomenon clearly demonstrates that the presence of

silica in the nanocomposite can efficiently reduce frame-

work shrinkage as compared to pure polymer [36].

Table 1 Preparation conditions and composites of the ordered mesostructured polymer–silica and carbon–silica nanocomposites via the EISA

method

Sample PDMS–PEO F127 Resol Polymer%a SiO2%a C–H–O%b SiO2%b

MP-CS-0 0 1.0 1.0 100 0 100 0

MP-CS-8.2 0.5 1.0 1.0 93.6 6.4 91.8 8.2

MP-CS-17.8 1.0 1.0 1.0 91.3 8.7 82.2 17.8

a Polymer% and SiO2% were the mass percentages in the polymer–silica nanocomposites, determined from TG results
b C–H–O% and SiO2% were the mass percentages in the carbon–silica nanocomposites, determined from TG results
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The TEM images of MP-CS-8.2-350 N and MP-CS-8.2-

900 N, viewed from the [110] and [001] directions together

with the corresponding Fourier diffractograms are shown in

Fig. 2. The calcined nanocomposites at 350 and 900 �C in

N2 show large domains of highly ordered stripe-like and

hexagonally arranged images. The results indicate the well-

ordered hexagonal arrays of mesopores with 1-D channels

of MP-CS-8.2 can be retained after calcination at 900 �C. It

further confirms MP-CS-8.2 nanocomposite has a ther-

mally stable p6m mesostructure.

Representative TEM images of the mesoporous carbon

MP-C-8.2, which was derived from mother nanocomposite

MP-CS-8.2 viewed from the [110] and [001] directions,

respectively (Fig. 3a, b), further confirm a highly ordered

2-D hexagonal p6m mesostructure [35]. TEM images of

MP-S-8.2 indicate a disordered mesostructure. It is sug-

gested that the ordered mesostructure cannot be retained

after the removal of carbon. The possible reason is that the

silica mesostructure has been destroyed during a large

amount of carbon combustion, which may leave small

residue of silica and many voids.

FT-IR spectra of as-made nanocomposite MP-CS-8.2

(Fig. 4a) show the bands at 2,872 and 1,101 cm-1 attrib-

uted to the C–H and C–O stretching of triblock copolymer

F127 [37] and the overlap with Si–O–Si vibration [38]. A

broad band at *3,410 cm-1 and weak band at 1,615 cm-1

assigned to the characteristic stretching modes of phenolic

resins [39, 40]. The decreasing intensity of bands at around

2,900 cm-1 for the nanocomposite calcined at 350 �C in

N2 (Fig. 4b) further suggests template decomposition of

copolymer F127 [37]. The retained vibrations of phenolic

resins and silica indicate the coexistence of polymer and

inorganic silica solids. After calcination at 900 �C in N2,

the characteristic vibration bands of phenolic resins dis-

appear and those of silicas are retained as shown in FT-IR

spectra (Fig. 4c). FT-IR spectrum of mesoporous carbon

(Fig. 4e) and silica (Fig. 4d) clearly indicate the frame-

work is composed of carbon and silica, respectively.

N2 sorption isotherms and pore size distribution curves

of MP-CS-8.2 and MP-CS-17.8 nanocomposites are shown

in Fig. 5, and the corresponding pore characters including

BET surface areas, pore volumes, and pore diameters are

summarized in Table 2. Ideal H1 hysteresis can be

observed for MP-CS-8.2 and MP-CS-17.8 polymer–silica

nanocomposites and carbon–silica nanocomposites, sug-

gesting well-ordered cylinder mesopore channels [41]. It is

coincident with their highly ordered mesostructures, con-

firmed by the SAXS and TEM results. All nanocomposites

exhibit type-IV curves with distinct capillary condensation

steps, suggesting narrow mesopore size distributions [35].

The adsorption and desorption isotherms of mesoporous

polymer–silica nanocomposites are not closed at the low

relative pressures, which are typical isotherms of polymers

[42]. The MP-C-8.2 has a BET surface area of 517 m2/g

and a total pore volume of 0.50 cm3/g. A narrow pore size

distribution with a mean value of 5.4 nm is calculated from

the adsorption branch based on the BJH model. It is larger

than the pore size (2.9 nm) of C-FDU-15 with 100% car-

bon content heated at 900 �C in N2, indicative of a smaller

framework shrinkage of the nanocomposite when using

PDMS–PEO as co-surfactant. As silica contents increase in

Table 2 Physicochemical properties of the mesoporous polymer–

silica and carbon–silica nanocomposites, and of the corresponding

mesoporous silica and carbon frameworks obtained after the removal

of carbon and silica, respectively

Sample name ao

(nm)

SBET

(m2/g)

D
(nm)

V
(cm3/g)

MP-CS-0 As-made 14.8 – – –

FDU-15 12.1 650 6.8 0.63

C-FDU-15 8.7 970 2.9 0.56

MP-CS-8.2 As-made 15.8 – – –

Polymer–silica 14.0 615 8.0 0.67

Carbon–silica 11.2 788 4.9 0.64

MP-C-8.2 Carbon 10.9 517 5.4 0.50

MP-S-8.2 Silica – 34 14.8 0.13

MP-CS-17.8 As-made 15.9 – – –

Polymer–silica 15.8 707 8.0 0.81

Carbon–silica 13.7 756 6.2 0.68

MP-C-17.8 Carbon 13.5 578 6. 7 0.52

MP-S-17.8 Silica – 69 22.6 0.33

The data of MP-CS-0 (FDU-15) came from ref [12]. a0, the unit cell

parameter, was calculated by using the formula a0 ¼ 2d10=
ffiffiffi

3
p

: SBET

is the BET surface area. D is the pore size diameter. V is the total pore

volume
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21
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d

c

b

a

Fig. 1 SAXS patterns of the mesoporous nanocomposites MP-CS-

8.2: (a) As-made sample, (b) that calcined at 350 �C in N2 (MP-CS-

8.2-350 N), (c) that calcined at 900 �C in N2 (MP-CS-8.2-900 N), (d)

MP-C-8.2
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carbon–silica nanocomposites, both BET surface areas and

pore volumes changes little, while the mean pore sizes

gradually enlarge. The mean pore size of MP-C-17.8

remains at a value of about 6.7 nm due to higher silica

content and smaller contraction. However, when the silica

content is raised, the pore size distribution also becomes

wider. This is due to the mesochannels are partially pro-

duced by the voids after the removal of silica. Therefore,

the pore size distribution is relatively wider than the mother

silica–carbon materials. MP-S-8.2 and MP-S-17.8 have

very lower BET specific surface areas (34 and 69 m2/g,

respectively) and larger calculated pore sizes (14.8 and

22.6 nm, respectively) than their mesoporous carbon

counterparts, indicative of a disordered mesostructure.

Because the pyrolysis conversion of the PDMS leads to

thin discontinuous SiO2 interface layers on the pore wall

and that may be destroyed during a large amount of carbon

combustion.

Although ordered mesoporous polymer/silica and car-

bon/silica materials have been synthesized by using mixing

templates of different block copolymers, it is clear that

such mixing templates strategy just leads to a mono-modal

pore system. The main explanation is that the uniform

mixed micelles formed in the EISA stages lead to one kind

of pore structure. So blocked mesopores or irregular pore

windows are not observed from BET results, suggesting

silica is coated on the pore wall of mesoporous carbon

materials.

Discussion

The blends of nonionic amphiphiles F127 and PDMS-PEO

have been used to direct the formation of high-quality

mesoporous carbon–silica nanocomposite materials with

two-dimensional (2D) hexagonal mesostructures. On the

basis of the above results, we propose that the key con-

trolling factors in the synthesis of ordered mesoporous

materials are the compatibility between hydrophilic PEO

blocks of both block copolymers and resol precursors. The

resol polymers possess plenty of hydroxyl groups, which

can form strong hydrogen-bonding interactions with EO-

containing block polymers (F127 and PDMS-PEO) and are

arranged around block copolymer micelles. The continuous

THF evaporation promotes co-assembly of these species

and drives the organization of surfactant–resol composites

into ordered liquid–crystalline mesophase [43, 44].

The ordered mesophase is solidified, and a nanocomposite

with ordered mesostructure can be obtained. Surfactant

removal and subsequent carbonization creates ordered

mesoporous polymer–silica and carbon–silica nanocom-

posites, respectively.

Fig. 2 TEM images of

mesoporous MP-CS-8.2

nanocomposite calcined at

350 �C (a, b) and 900 �C (c, d)

in N2. The TEM images were

recorded along the [110] (a, c)

and [001] (b, d) directions. The

insets are the corresponding

FFT diffractograms
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To elucidate the co-template effect of PDMS–PEO on

the triblock copolymer F127 templating system, we could

analyze the interactions between PDMS–PEO and F127

surfactant. We assume that PDMS–PEO diblock copoly-

mers can interact with F127 surfactant molecules in a more

cooperative manner and result in the formation of hybrid

micellar aggregates. The mixed micelles could be formed

through the van der Waals force and hydrophobic inter-

action between the hydrophobic PDMS groups and the

hydrocarbon tails of the F127 molecules. PDMS–PEO di-

block copolymers with hydrophobic PDMS groups can

better orient themselves around F127 micelle interface and

intercalate these groups to the hydrophobic regions of the

F127 micelles during EISA process, which will enlarge the

hydrophobic core of F127 surfactant [45, 46]. The outer

hydrophilic domains consist of ethylene oxide chains,

which form part of the mesopore volume. The PDMS

chains cannot penetrate into the core of the micelles

formed by Pluronic F127 surfactant, due to the large

moiety of hydrophilic EO blocks located on the outer shell

of the triblock copolymer F127 micelles. The intercon-

nected segment of PEO blocks facilitates the formation of

silica-coating mesostructure after the pyrolysis of the

PDMS–PEO diblock copolymer.

In contrast with FDU-15, which is only templated by

F127, larger pore sized mesoporous materials may form by

using PDMS–PEO block copolymer as co-template.

Because PEO–PPO–PEO structure-directing agents with a

small difference between the hydrophilicity of the PEO

Fig. 3 TEM images of

mesoporous carbon MP-C-8.2

(a, b) and silica material MP-S-

8.2 (c, d). The TEM images of

MP-C-8.2 were recorded along

the [110] (a) and [001] (b)

directions. The insets are the

corresponding FFT

diffractograms

4000 3500 3000 2500 2000 1500 1000 500

1101

804

1261

1478
161528723410

1353

T
ra

ns
m

itt
an

ce
 (

a.
u.

)

Wavenumbers (cm-1)

e
d

c

b

a

Fig. 4 FT-IR spectra of MP-CS-8.2 sample. (a) As-made MP-CS-

8.2, (b) that calcined at 350 �C in N2, (c) that calcined at 900 �C in

N2, (d) mesoporous silica, and (e) mesoporous carbon
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block and hydrophobicity of the PPO block are not so

effective for forming mesoporous materials with a large

amount of PF incorporated. The incorporation of PDMS–

PEO increases the hydrophobocity and also leads to an

enhanced micro-phase separation. Higher hydrophobicity

of PDMS than PPO is believed to be the key factor that

influences the swelling of F127 micelles and their further

self-assembly behaviors into ordered mesostructures,

resulting in an increased pore sized material within the

carbon walls. Another important reason is that the pyrolysis

of resol polymer is typically accompanied by a decrease in

the pore size in as-made materials, and so the frameworks

begin to shrink. However, PDMS condensed around

micelle templates subsequently results in the protective

silica layer upon calcination and reduces this shrinkage to

some extent in mesoporous structure.

Conclusion

We have demonstrated an efficient one-pot approach to

synthesize ordered mesoporous polymer–silica and car-

bon–silica nanocomposites with 2-D hexagonal (p6m)

mesostructures by using triblock copolymers F127 and

diblock copolymer PDMS–PEO as co-templates and phe-

nolic resol as organic precursors through an EISA process.

Wherein PDMS–PEO plays three important roles in the

synthesis of mesoporous polymer–silica and carbon–silica

nanocomposites: (1) as structure-directing agent; (2) as

silica source; (3) enlarge the mesopore size and reduce the

framework shrinkage. During the process of calcination,

the inorganic PDMS segments of PDMS–PEO directly

transform to silica. This simple and reproducible one-pot

pathway presents several advantages, such as high

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

250

300

350

400

450

d

c

b

a
(a) (b)

(c) (d)

V
ol

um
e 

A
ds

or
be

d 
(c

m
3  S

T
P

/g
)

Relative Pressure (P/P
0
)

0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure (P/P
0
)

0 10 20 30 40 50 60 70 80

0.0

0.5

1.0

1.5

2.0

2.5

3.0

 a
 b
 c
 d

dV
/d

D
 (

cm
3 /g

 n
m

)

Pore diameter (nm)

0 10 20 30 40 50 60 70 80

Pore diameter (nm)

0

100

200

300

400

500

d

c

b

a

V
ol

um
e 

A
ds

or
be

d 
(c

m
3  S

T
P

/g
)

0.0

0.5

1.0

1.5

2.0  a
 b
 c
 d

dV
/d

D
 (

cm
3 /g

 n
m

)

Fig. 5 N2 sorption isotherms (a, c) and pore size distribution curves

(b, d) of the mesoporous MP-CS-8.2 (a, b) and MP-CS-17.8 (c, d)

nanocomposites: a calcined at 350 �C, b 900 �C in N2, c the

mesoporous carbon and d mesoporous silica products from the mother

nanocomposites calcined at 900 �C in N2

3606 J Mater Sci (2009) 44:3600–3607

123



modification ratios, homogeneous incorporation, and short

preparation times.

Results show that in the presence of rigid silicas the

framework shrinkage is reduced, and the pore size of

mesoporous carbon is as large as 6.7 nm (MP-C-17.8). The

expansion of hydrophobic volume in the amphiphilic F127

triblock copolymers associated with PDMS–PEO copoly-

mers is also attributed to the large pore size of mesoporous

materials. Further investigation, however, will be required

in order to adequately elucidate the actual formation

mechanisms of complex mesophases formed in the mixed

surfactant-templating systems containing PDMS–PEO

surfactant. Moreover, this simple yet general one-pot route

has some special advantages in providing a pathway for

large-scale synthesis of ordered mesostructured nanocom-

posite materials for many potential applications, such as

electrode materials, adsorbents, catalyst support, and

hydrogen storage, etc.
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