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Novel composites of highly ordered and stable biphenyl-bridged periodic mesoporous organosilica

(PMO) materials confined within the pores of anodic alumina membranes (AAM) were successfully

synthesized by evaporation-induced self-assembly (EISA). 4,40-Bis(triethoxysilyl)biphenyl (BTEBP)
was used as a precursor in combination with the ionic surfactant cetyltrimethylammonium bromide

(CTAB) or triblock-copolymer F127 as structure-directing agents. The resulting mesophases were

characterized by small angle X-ray scattering (SAXS) and transmission electron microscopy (TEM).

With ionic CTAB as a structure directing agent, samples with a mixture of the 2D-hexagonal columnar

and a lamellar mesophase were obtained within the AAM channels. When using the nonionic

surfactant F127, mesophases with a 2D-hexagonal circular structure were formed in the AAM

channels. Additionally, a cubic Im�3m phase could also be obtained with the same nonionic surfactant

after the addition of lithium chloride to the precursor solution. The stability of both the circular and

cubic biphenylene-bridged PMO against calcination temperatures of up to 250 �C was confirmed by

NMR spectroscopy. Nitrogen sorption in the porous composite membrane shows typical type IV

isotherms and narrow pore size distributions. All the biphenyl PMO/AAM composites show

fluorescence due to the existence of biphenyl chromophores in the stable organosilica framework.
Introduction

The synthesis of periodic mesoporous organosilica (PMO)

materials has attracted much interest since their discovery in

1999.1–3 These materials can be synthesized from alkoxysilyl

precursors (RO)3SiR’Si(OR)3 in the presence of surfactants such

as tetraalkylammonium halides or nonionic copolymers acting as

structure directing agents. To date, numerous organic groups

such as ethylene, thiophene, benzene, biphenylene, naphthalene,

or divinylbenzene have been successfully incorporated in the

framework of PMOs.4–6 By varying the organic linker group R0,
mesostructured materials tailored towards specific applications

can be prepared. Such applications include catalysis,7
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adsorbents,8 and optical9,10 and electrical devices.11 Recently,

several PMO materials with optical properties have been repor-

ted, and among them, PMO thin films show interesting potential

for use as fluorescent materials.12–15 For example, Goto et al.

investigated the fluorescence properties of aromatic-bridged

PMO films and found that biphenyl-bridged PMO exhibited

exceptionally high fluorescence quantum yield (0.45) compared

with benzene-, naphthalene-, and anthracene-bridged PMO films

(0.03–0.09).12 A number of studies on biphenyl-bridged PMOs in

powder form have been published.16–23 Biphenyl-bridged PMO

was also reported to exhibit excellent light-harvesting antenna

properties24 and to be applied to photocatalysis systems for

hydrogen evolution from water25 and CO2 reduction to CO.26

As the biphenyl-bridged PMO materials have such promising

catalytic and optical properties, preparing biphenyl PMO as

films on surfaces or at interfaces would be beneficial for appli-

cations in fields such as nanoscale catalysts, gas sensors, and

optical devices. In thin films, which are usually prepared on glass

or silicon substrates, the alignment of the mesopore channels is

most often parallel to the substrate surface.12,27 However, for

certain electrical or optical devices, further control over the

mesopore orientation would be desirable.28,29 Thus, there have

been great efforts during the past few years to control the mes-

oporous domain size and orientation in mesoporous systems.

These efforts include application of external electric30,31 or

magnetic fields,32,33 or use of chemically34,35 or lithographically29
This journal is ª The Royal Society of Chemistry 2011
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treated substrates. Among those methods, a feasible approach is

to utilize anodic alumina membranes (AAMs) as host for mes-

oporous materials. For example, by incorporating mesostruc-

tured silica into the large channels of AAM, vertical alignment of

the mesopores relative to the alumina membranes was ach-

ieved.36–39 Moreover, these types of hierarchical nanostructures

can offer significant advantages over self-supporting thin films,

such as higher mechanical stability and high aspect ratios of the

mesophase system. While inorganic mesoporous silica has been

studied extensively in the confinement of AAM pores,36–42 there

are only a few reports on the synthesis of mesoporous organo-

silicas confined in AAM channels. Some of us have recently

reported the synthesis of ethane-bridged PMO in anodic alumina

membranes.43 The observed mesophases include the 2D hexag-

onal circular, the lamellar, and the cubic Im�3m phase. They are—

except for the lamellar phase—stable against surfactant removal

by solvent extraction or mild calcination protocols. It turned out

to be far more challenging to obtain ordered mesostructures of

siloxane precursors with the larger biphenylene bridges. This

type of precursor shows low solubility and a high hydrolysis rate

leading to almost instant precipitation under common synthesis

conditions. While there are only a few reports on biphenylene-

bridged PMO (Bp-PMO) thin films in the literature, we note that

Bp-PMO thin films made with the ionic surfactant CTAB can

show high order and stability.44,45 However, thin films synthe-

sized with block-copolymers under acidic conditions are usually

not very stable against surfactant removal and are not highly

ordered.12 Given the favorable interaction of silica species with

AAM channel walls found in inorganic silica/AAM systems, we

reasoned that combining the biphenyl PMO system with AAMs

might lead to different phase behavior and phase stability and

thus open the way to designing novel hierarchical nanosystems

which might move us closer to the application of Bp-PMO

materials as optoelectronic devices.

In this study, we successfully synthesized highly ordered and

stable Bp-PMO materials within AAM host systems. The

synthesis was based on the evaporation-induced self-assembly

(EISA) process.46 Thus, 4,40-bis(triethoxysilyl)biphenyl (BTEBP)
was used as organosilica source in combination with CTAB and

F127 as structure directing agents. The resulting hierarchical

Bp-PMO systems were characterized by small angle X-ray scat-

tering (SAXS), transmission electron microscopy (TEM),

nitrogen sorption and nuclear magnetic resonance (NMR)

spectroscopy. In contrast to Bp-PMO thin films, which were

reported to be not highly ordered and also electron beam-sensi-

tive,12 Bp-PMO confined within AAM channels was found to be

stable against calcination temperatures of up to 250 �C. The
composite materials also showed good stability in the electron

beam of the electron microscope. Furthermore, all the oriented

Bp-PMO/AAM hierarchical materials showed fluorescence due

to the existence of biphenyl chromophores in the stable orga-

nosilica framework.
Experimental section

Synthesis of siloxane precursor

4,40-Bis(triethoxysilyl)biphenyl (BTEBP) was synthesized

according to a procedure reported by Shea et al.47 A dry and
This journal is ª The Royal Society of Chemistry 2011
argon-flushed Schlenk-flask, equipped with a magnetic stirring

bar and a septum, was charged with 4,40-diiodobiphenyl (8.12 g,

20 mmol) and 40 mL THF. After cooling to 0 �C, iPrMgCl$LiCl

(33.2 mL, 1.32 M in THF, 44 mmol) was added dropwise and

stirred for 0.75 h. Then, the reaction mixture was cannulated to

neat Si(OEt)4 (20.8 g, 100 mmol) at 0 �C under argon. The

mixture was allowed to warm up to 25 �C within 1.5 h. The crude

reaction mixture was diluted with pentane (250 mL) and washed

with NH4Cl solution (5%, 100 mL). The organic layer was dried

(MgSO4), filtered, and concentrated under reduced pressure.

Purification by flash chromatography (pentane/Et2O, 9 : 1)

yielded 4,40-bis(triethoxysilyl)biphenyl (3.92 g, 41%) as a color-

less oil. IR (ATR) n (cm�1) ¼ 2974, 2925, 2886, 1600, 1389, 1295,

1165, 1128, 1094, 1070, 1004, 956, 807, 776, 732. 1H NMR

(300MHz, CDCl3) d¼ 7.74 (d, 3J(H,H)¼ 8.3 Hz, 4H, ArH), 7.62

(d, 3J(H,H) ¼ 8.3 Hz, 4H, ArH), 3.89 (q, 3J(H,H) ¼ 7.0 Hz, 12H,

6 � CH2CH3), 1.26 (q, 3J(H,H) ¼ 7.0 Hz, 18H, 6 � CH2CH3).
13C NMR (75 MHz, CDCl3) d ¼ 142.7, 135.3, 129.9, 126.6, 58.8,

18.3. HRMS (EI, m/z): calc. for [C24H38O6Si2] 478.2207, found:

478.2202.
Preparation of biphenylene-bridged PMO in AAM channels

The synthesis of Bp-PMO confined in AAM channels was ach-

ieved by the evaporation-induced self-assembly (EISA)

approach. Whatman Anodiscs (47 mm and 25 mm diameter,

nominal pore diameter 0.02 mm) were used as porous alumina

substrates. SEM measurements showed that these membranes

have an effective pore diameter between 150 and 250 nm. 4,40-Bis
(triethoxysilyl)biphenyl (BTEBP) served as organosilica

precursor. The ionic surfactant cetyltrimethylammonium

bromide (CTAB, Aldrich) as well as nonionic triblock-copol-

ymer Pluronic F127 (Aldrich) were used as structure directing

agents (SDA). All chemicals were used without further purifi-

cation. In the following, the samples are named with the

surfactant used followed by the description of the mesostructure

formed, e.g. CTAB-columnar-lamellar indicates that the Bp-

PMO within AAM channels is synthesized using CTAB as

template and that it has a mesophase mixture of 2D-hexagonal

columnar and lamellar structure.

For the preparation of the CTAB-columnar-lamellar sample,

0.060 g (0.125 mmol) of precursor BTEBP was mixed with 0.6 g

of a 3.5 wt% ethanolic solution of CTAB (0.060 mmol) and

stirred for 10 min. Then, 0.016 g (0.900 mmol) of distilled H2O

was added and the solution was stirred for an additional 10 min.

Next, 2.75 mL of 0.1 M HCl (2.75 � 10�4 mmol) were added and

the resulting solution was stirred for another 2 h. Finally, the

AAM was placed on a Teflon plate and soaked with the above-

prepared precursor solution by distributing 0.75 mL of the

solution over the whole membrane surface (47 mm diameter).

During the EISA-process, the ambient conditions were kept at

45–55% relative humidity and 25 �C.
For the preparation of the F127-circular hexagonal sample,

the following, slightly altered protocol was used. First, Pluronic

F127 (0.024 g, 0.002 mmol), ethanol (0.459 g), distilled H2O

(0.036 g, 2.0 mmol), and 1 M HCl (2.63 mL, 2.63 � 10�3 mmol)

were added into a small glass vial and stirred for 1 h. Then,

0.060 g BTEBP (0.125 mmol) was added to this solution and

stirred for 3 min. Afterwards, a volume of 0.2 mL of the above
J. Mater. Chem., 2011, 21, 17338–17344 | 17339
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Fig. 1 (A) 2D-SAXS pattern and (B) plane-view TEM micrograph of

the as-prepared CTAB-columnar-lamellar sample representing a meso-

phase mixture of the columnar and lamellar structure.
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prepared solution was cast onto the AAM surface (25 mm

diameter) and left to dry. During this EISA-process, the ambient

conditions were kept at 25–28% relative humidity and 25 �C. The
synthesis conditions of the F127-cubic sample followed the same

protocol as above, except that 0.0024 g LiCl (0.056 mmol) was

additionally added to the F127 solution and only 0.10 mL of

solution were cast onto the AAM surface (25 mm diameter).

If samples were calcined, the heating rate was 0.5 �C min�1

below 200 �C and 0.25 �C min�1 from 200 �C to 250 �C. The
annealing periods were 5 h at 120 �C, 5 h at 200 �C and finally

10 h at 250 �C.

Characterization

The samples were characterized with 2D small-angle X-ray

scattering (SAXS) using the SAXSess system by Anton Paar in

combination with a CCD detector system (Roper Scientific). The

wavelength of the incident beam is 0.1541 nm (Cu Ka), the

sample–detector distance was set to 308 mm. Samples were

measured with a tilt angle of 10� with respect to the primary

beam. Transmission electron microscopy (TEM) was performed

using a JEOL 2011 with an acceleration voltage of 200 kV.

Nitrogen sorption measurements were carried out at �196 �C
using an Autosorb-1 by Quantachrome Instruments and before

the measurements, the samples were degassed at 150 �C for 12 h

in vacuum. The Brunauer–Emmett–Teller (BET) surface area

was calculated using experimental points at a relative pressure

range of p/p0 ¼ 0.05–0.20. The total pore volume was calculated

by the N2 amount adsorbed at the highest p/p0 (p/p0 ¼ 0.95).

DFT pore size distributions were calculated using a SiO2 kernel

assuming a cylindrical pore geometry for the F127-circular

hexagonal sample and a cylindrical/sphere pore geometry for the

F127-cubic sample. Solid-state 13C and 29Si NMR measurements

were performed using a Bruker Avance III 500 spectrometer. The

fluorescence spectra were measured with a fluorescence spec-

troscopy system (PTI 814 from Photon Technology interna-

tional) with a xenon arc lamp.

Results and discussion

CTAB-columnar-lamellar Bp-PMO

Using the ionic surfactant cetyltrimethylammonium bromide

(CTAB) as structure directing agent, a phase mixture of the

hexagonal columnar and the lamellar phase was obtained within

the AAM channels. This can be contrasted to our previous

results on CTAB/ethane-bridged PMO/AAM composites that

form a 2D-hexagonal circular mesophase.43 This difference could

be related to the different character of the organic bridges of the

siloxane precursor, such as the hydrophobicity, the flexibility and

the size of the bridges, which might lead to different interactions

between the SDA (structure directing agents) and the organo-

silane precursor and thus lead to the formation of different

mesophases. 2D small angle X-ray scattering (2D-SAXS) and

transmission electron microscopy (TEM) were performed to

characterize the mesostructure of the CTAB-columnar-lamellar

system. The 2D-SAXS diffraction pattern for this confined Bp-

PMO system (Fig. 1A) shows only in-plane diffractions that

correspond to either the hexagonal columnar phase or the

lamellar structure.
17340 | J. Mater. Chem., 2011, 21, 17338–17344
The observed d-spacing covers a wide range from 3.7 nm to

5.2 nm. According to previous studies, it is generally possible to

distinguish between in-plane diffraction corresponding to the

hexagonal phase or to the lamellar structure, as their d-values

differ by a factor of sin (120�).40 The diffraction spots corre-

sponding to a larger d-spacing (closer to the primary beam) can

be assigned to the lamellar phase, and the smaller d-spacing is

assigned to the columnar phase, respectively. Additionally, TEM

micrographs of the as-prepared CTAB-columnar-lamellar

Bp-PMO system confirm the formation of the phase mixture of

columnar and lamellar structures. Plane-view TEM micrographs

of such samples show that the lamellar phase is preferentially

located at the AAM channel wall surrounding the columnar

hexagonal phase in the center of the channel (Fig. 1B). Because

of the lamellar structure existing in the system, the mesophase of

the CTAB-columnar-lamellar system is not stable after surfac-

tant removal due to the lack of 3-dimensional connection of the

lamellar phase. In this case, obtaining good micrographs was

difficult because of the shrinkage of the lamellar structure caused

by electron beam irradiation (Fig. S1†).
F127-circular Bp-PMO

A second mesophase configuration was realized by using the

nonionic surfactant pluronic F127 as structure directing agent.

Bp-PMO with a 2D-hexagonal circular mesostructure was

formed in AAM channels. The diffraction pattern recorded from

2D-SAXS measurements (Fig. S2A†) for the as-prepared

F127-circular sample shows both in-plane and out-of-plane

reflections that can be assigned to a circular hexagonal struc-

ture.42,43 In order to obtain an open pore system, the sample was

calcined in air at 250 �C for 10 h to remove the surfactant

template molecules from the mesophase. After calcination, the

F127-circular-250 Bp-PMO (F127-circular sample calcined at

250 �C) features a highly ordered mesostructure as observed by

2D-SAXS (Fig. 2A). The average d-spacing calculated from the

diffraction pattern is 12.8 nm, which is in agreement with cor-

responding TEM results (Fig. 2B). TEMmicrographs of calcined

samples also confirmed the preservation of the highly ordered

and stable Bp-PMO with a minor shrinkage in the AAM chan-

nels after calcination (Fig. S2B†).

The nitrogen sorption isotherms (Fig. 3) of F127-circular-250

Bp-PMO show the typical type IV isotherm shape commonly

observed for mesoporous materials, as well as a hysteresis loop.

The BET surface area calculated from these isotherms is 58 m2

g�1 and the pore volume is 0.072 mL g�1 (the mass includes the
This journal is ª The Royal Society of Chemistry 2011
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Fig. 2 (A) 2D-SAXS pattern and (B) plan-view TEM micrograph

showing the highly ordered circular structure of a calcined sample F127-

circular-250.

Fig. 3 Nitrogen adsorption (C) and desorption (B) isotherms of the

sample F127-circular-250 Bp-PMO with an inset showing the corre-

sponding pore size distribution calculated by a DFT model from the

adsorption branch.

Fig. 4 (A) 13C-MAS NMR and (B) 29Si NMR spectra of the calcined

F127-circular-250 Bp-PMO sample.
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AAM membrane), which are both similar to other previously

reported values for PMO/AAM composites.43 The isotherm

shape (hysteresis loop) suggests the existence of ink-bottle sha-

ped pores. This can be confirmed by comparing the DFT pore-

size distribution from the adsorption branch (av. pore diameter

�10.5 nm) and the desorption branch (av. pore diameter�5 nm),

both of which show sharp pore size distributions with no

significant distribution of the pore entrance sizes visible

(Fig. S3†). The 13C-MAS NMR spectrum (Fig. 4A) shows that

the biphenylene groups are intact in the calcined material. The

four aromatic resonances and their side bands are consistent with

the results reported for the plain Bp-PMO system.16,19 In addi-

tion, there is a weak signal that can be assigned to residual F127

molecules, indicating that the removal of the template is not yet

fully completed after these calcination conditions. In the 29Si

NMR spectrum of the calcined F127-circular-250 sample

(Fig. 4B), we observe strong resonances with high intensity

attributed to T2-silicon species (CSi(OSi)2(OH)) at �70.8 ppm

and T3 species (CSi(OSi)3) at �78.8 ppm. We note that only

a minor resonance appears around �99.7 ppm; this signal can be

assigned to Q3 sites,48 indicating that most of the Si–C bonds in

the framework of the Bp-PMO material are still intact after

calcination in air at 250 �C. Compared to Bp-PMO thin films,

which were reported to be not highly ordered and electron beam

sensitive,12 the F127-circular Bp-PMO system within AAM
This journal is ª The Royal Society of Chemistry 2011
channels shows a well-ordered mesopore system with high

thermal and electron beam stability. We note that the same

synthesis mixture did not result in an ordered mesostructure

when deposited as thin film on a glass substrate.
F127-cubic Bp-PMO

Several recent reports have pointed to the profound impact of

metal salts on the phase behavior of the surfactant-templated

mesoporous silica, which was described as ‘‘salt-induced phase

transformation’’.49–54 In an effort to study this effect in our Bp-

PMO/AAM systems, we added inorganic salt to the synthesis

solution for the F127-circular Bp-PMO system in order to

possibly induce a transformation of the hexagonal circular to

another mesophase. Lithium chloride was chosen as the inor-

ganic additive because of its significant effect on the micellar

hydration and gelation behavior of PEO–PPO–PEO triblock

copolymers in solution.55,56 The added LiCl indeed had a striking

impact on the phase behavior, as the resulting PMO/AAM

composites now showed a mesophase with the cubic Im�3m

structure (body centered cubic), which is different from the

original 2D hexagonal circular mesophase obtained without salt

addition. The 2D-SAXS pattern of F127-cubic-200 Bp-PMO

(F127-cubic sample calcined at 200 �C) shows the typical

reflections assigned to the cubic Im�3m phase (Fig. 5A), similar to
J. Mater. Chem., 2011, 21, 17338–17344 | 17341
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Fig. 5 (A) 2D-SAXS pattern and (B) plan-view TEM of the F127-cubic-

200 sample representing a highly ordered cubic structure with the absence

of shrinkage after calcination at 200 �C.

Fig. 7 Fluorescent spectra (excited at 266 nm) of as-prepared Bp-PMO

phases within AAM channels and a diluted BTEBP precursor solution in

isopropanol (10�5 M) (the intensities are not to scale).
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recent observations with other PMO and mesoporous

polymer phases in AAM hosts.43,57 The formation of a cubic

mesostructure was also confirmed by the following TEM

micrographs. A plan-view TEM micrograph obtained from

F127-cubic-200 Bp-PMO is displayed in Fig. 5B. Two orienta-

tions, one along [111] (Fig. S4A†) and the other along [110]

(Fig. S4B†), can be observed. It is noteworthy that even after

calcination at 200 �C, the sample shows no shrinkage, which is

consistent with the low shrinkage of other cubic mesophases

confined in AAM.43 Another reason for the absence of shrinkage

might be the added inorganic ions, which have been observed to

increase the chemical interactions between organic silica meso-

phases and the AAM channel surface.55 The nitrogen sorption

isotherm (Fig. 6) of F127-cubic-250 Bp-PMO (F127-cubic

sample calcined at 250 �C) shows the type IV shape with a broad

hysteresis loop that is attributed to the existence of bottlenecks

connecting pores in the cubic system. The F127-cubic-250 sample

shows a BET surface area of 44 m2 g�1 and a pore volume of

0.053 mL g�1, comparable with the values obtained from the

circularly structured system F127-circular-250 described above.

The pore-size distribution peaks at a pore diameter of 13.8 nm.

The 13C and 29Si NMR data (Fig. S5†) of the sample F127-cubic-

250 Bp-PMO are consistent with those obtained from the sample

F127-circular-250 Bp-PMO. The cubic Im�3m structured Bp-

PMO material shows a well-ordered mesophase and thermal

stability up to 250 �C, which is advantageous for possible
Fig. 6 Nitrogen adsorption (C) and desorption (B) isotherms of the

F127-cubic-250 Bp-PMO with an inset showing the corresponding pore

size distribution calculated by a DFT model from the adsorption branch.

17342 | J. Mater. Chem., 2011, 21, 17338–17344
applications of these Bp-PMO materials. We attribute the phase

transformation from the 2D hexagonal circular phase to the

Im�3m cubic phase upon the addition of LiCl to the following

mechanism. The presence of Li+ ions and Cl� ions can change the

micellar hydration behavior of the pluronic F127 solution and

thus change the curvature of the micelles.55,56,58,59 Specifically, on

the one hand, the Cl� ion has the effect of dehydrating hydro-

philic groups of F127 micelles and thus decreasing the curvature

of F127 micelles. On the other hand, hydrated Li+ ions can form

complexes with the PEO chains in the micellar corona region,58–60

which can enlarge the hydrophilic head groups of the F127

micelles. In general, the effect of hydrated Li+ is stronger than

that of Cl�, such that the size of the hydrophilic head groups of

F127 micelles can be increased, which can lead to more hydro-

philic F127 micelles with higher curvature. Thus, we propose that

the body-centered cubic Im�3m structure with a higher micellar

curvature was obtained after addition of LiCl to a solution that

originally would result in the 2D hexagonal (circular) structure.

Fluorescent properties

Fig. 7 shows fluorescence spectra of all the Bp-PMO phases

within AAM channels and of a diluted solution of the BTEBP

precursor. The fluorescence bands of all the Bp-PMO phases are

shifted significantly to longer wavelengths compared to the

emission wavelength of the diluted pure precursor solution. This

emission behavior is consistent with that of the Bp-PMO thin

film on quartz surfaces reported by Goto et al.,12 indicating

strong electronic interactions between the aromatic biphenyl

groups that exist in the Bp-PMO phases in the AAM channels.

Conclusions

In summary, different PMO mesophases based on the bipheny-

lene-bridged ethoxysilane BTEBP were successfully synthesized

through an evaporation-induced self-assembly (EISA)-process

within the pores of anodic alumina membranes. Depending on

the surfactant used, different mesophases (Bp-PMO) could be

observed. Using CTAB as the structure-directing surfactant,
This journal is ª The Royal Society of Chemistry 2011

http://dx.doi.org/10.1039/c1jm12023a


D
ow

nl
oa

de
d 

by
 L

ud
w

ig
 M

ax
im

ili
an

s 
U

ni
ve

rs
ita

et
 M

ue
nc

he
n 

on
 2

5/
04

/2
01

3 
13

:4
2:

04
. 

Pu
bl

is
he

d 
on

 0
6 

O
ct

ob
er

 2
01

1 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

1J
M

12
02

3A

View Article Online
2D-SAXS experiments and TEM images showed that a phase

mixture of the 2D-hexagonal columnar and the lamellar meso-

structure was formed (sample CTAB-columnar-lamellar Bp-

PMO). The lamellar phase appears to be preferentially located

close to the alumina walls, while the hexagonal columnar phase is

dominant in the center of the channels. This result contrasts with

earlier findings for CTAB/ethane-bridged PMO/AAM compos-

ites, where a hexagonal circular phase was the only mesophase

obtained. When using the block-copolymer F127 as structure

directing agent, the hexagonal circular PMO structure was found

in the confined environment of the AAM pores. The addition of

LiCl to the precursor/F127 solution leads to a striking structural

transformation from the hexagonal circular to the body centered

cubic (Im�3m) mesophase. The resulting composites with circular

and cubic mesophases were both structurally stable against

calcination in air at temperatures of up to 250 �C, which was also

confirmed by 13C and 29Si NMR measurements. All the prepared

Bp-PMO/AAM hierarchical nanostructures showed fluorescence

due to the biphenyl chromophores in the organosilica frame-

work. The energy shift of the fluorescence emission with respect

to the precursor molecules points to strong electronic interac-

tions of the chromophores in the confined organosilica network.

We therefore anticipate that the stable and oriented Bp-PMO/

AAM composites and similar ordered chromophore-containing

mesoporous hierarchical nanostructures will offer promise as

optoelectronic systems.
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