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Properly functionalized and structurally ordered mesoporous
materials, such as MCM-type silicas and aluminas, with tunable
pore size and narrow pore-size distributions have attracted much
attention for their potential applications as new catalytic scaffolds
to direct and orient the conformation of desired products. For
example, recent interest in encapsulation or synthesis or both of
conducting polymers within the channels of MCM-41 has high-
lighted the future application of these materials as directional
electron/energy transfer nanodeviéeslowever, several funda-
mental obstacles, such as low content and lack of the structural
alignment of these polymer materials within the porous hosts, have
yet to be overcome. Herein, we report the synthesis oftCu
functionalized MCM-41 silica and alumina, with different pore Figure 1. Schematic representation of €ufunctionalized mesoporous
diameters, which can oxidatively catalyze the formation of a highly silica (Cu—MCM ) and aluminaCu-MAL ) catalysts for oxidative polym-
conjugated poly(phenylene butadiynylene) polymer (PP&) erization of 1,4-diethynylbenzene into conjugated oligo(phenylene butadi-
depicted in Figure 1. The alignment and extent of the conjugation ynylene).
of the conducting polymer within the mesoporous materials were co-condensation method yields a more homogeneous distribution
characterized. of the functional groups within the mesopofes.

Previous studies on the electronic properties of polyalkynylene- ~ Thus, we prepared the €uincorporated MCM-41 silica material
based conducting polymers, such as poly(phenylene ethynylene)(Cu—MCM) by co-condensation using a €echelating molecule,
(PPE) and PPB, demonstrated that these supermolecules have verl-[3-(trimethoxysilyl)propyl]ethylenediamine, as the precufstne
high conductivity and charge/weight storage capability, when powder XRD$ BET N, sorption isotherm, and BJH pore-size
suitably doped. Utilizing the mesoporous channels as catalytic distribution measurements indicated that @ie-MCM contains
nano-reactors for the fabrication of highly conjugated polyalky- & typical MCM-41-type of ordered cylindrical porous structure with
nylenes will stabilize their architecture in the desired, aligned form. @ high surface area of ca. 655.¢/gnand a BJH average pore

Clearly, the rate and extent of polymerization within the diameter of ca.25.6 A (Figure 2a,b). A mesoporous alumina catalyst
mesoporous channels of MCM-41 directly depend on (1) the amount Was also synthesized using a method reported e&ftitowed by
and spatial distribution of catalytic sites and (2) the diffusion rate Cu impregnationQu-MAL ). The mesoporous structure of Ct
of monomeric precursors and their local concentration near the alumina catalyst was also characterized with aforementioned
catalytic sites. Both factors can be adjusted by varying the pore Spectroscopic methods and exhibits a surface of ca. 448gend
size and by tailoring the catalytic activity of the surface through @ BJH average pore diameter of ca. 68.0 A (Figure 2c,d). The
proper functionalization. To examine how these factors influence amounts of Cér catalytic sites of botlCu—MCM andCu-MAL
the oxidative polymerization of 1,4-diethynylbenzene, we synthe- were quantified to be ca. 5. 10 and 1.3x 1075 mol/g,

sized two mesoporous silica and alumina materi@s<{MCM respectivelf. ) o )
and Cu-MAL , respectively) with different pore sizes and tested ~ Our studies of 1,4-diethynylbenzene polymerization with the two
two different methods of G surface functionalization. Cw*-functionalized mesoporous catalysts gave very different

Several approaches to surface functionalization of mesoporousresults. In the case d@u—MCM, a 245-nm bathochromic shift
materials have been reported, including direct grafting, impregna- (€missionimax = 643.5 nm) of the fluorescence emission spectra
tion, and co-condensation. Direct grafting and impregnation to the of the PPB polymer was observed after 56 h of refluxing in pyridine
as-synthesized MCM-41 silicas usually give rise to an inhomoge- (Figure 3). The result indicates the effectiveconjugation length
neous surface coverage of the functional graupdost of the of the PPB polymer synthesized within the mesoporous channels
incorporated functional groups are located on the exterior surface 0f Cu—MCM s perhaps comparable to that of PPBs synthesized

or at the opening portion of the porous channels. In contrast, the in homogeneous solutiofdnterestingly, the oxidative polymeri-
zation usingCu-MAL showed two bathochromic-shifted fluores-

*To whom the correspondence should be addressed. E-mail: vsylin@iastate.edu.cence peaksifa= 472.5 and 551.5 nm) under the same reaction

iggggmgﬂ: gﬁ gﬂgm:i;?’éngineering conditions. However, both shifts are significantly smaller than in
§U.S. DOE Ames Laboratory. the case oCu—MCM . This spectral difference is consistent with
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oriented polymer (c) and a polymer that was synthesized with the
Cu-MAL material (b). The former is well resolved and consists of

four resonance lines, which are assigned as shown in the figure.
The spectrum of bulk polymer exhibits considerable line broadening,

/s
%) Pore Volume-dV/dlogD (cm'/g)

2 1 with only two resolved bands at around 80 and 130 ppm,

E e [ N corresponding to sp and %parbons, respectively. The observed

S 00 02 04 06 08 1.0 20 30 40 50 60 70 80 broadening reflects the conformational heterogeneity in the three-
Relative Pressure (P/P,) Pore Diameter-D (4) dimensional arrangements of polymeric chains. The same morphol-

ogy is observed in the case @u-MAL . Additional significant
differences are observed in spectra (b) and (c) with respect to (a):
(i) both resonances are not only broader, but comprise more than
two lines, and (i) the intensities of 3and sp bands do not match
the 3:2 ratio expected for PPB. These spectral features are consistent
N By with considerable polydiacetylene-type cross-linkftthat occurred
40 80 120 160 200 in the bulk polymer ancCu-MAL . In the case oCu—MCM , the
Pore Diameter-D (A) Sy
) ) ] o . sharpness of the observed resonances and lack of cross-linking
gi’gt‘;irsuﬁb nggﬁgguid,acg,‘\)/lt"o%c’je(f))o’rgtr']?jncf_c,\’}lgi@(i)""‘(ndc)‘, ﬁztgfi’;‘fs SIZ€ demonstrate that isolated molecular wires are formed within the
before (solid line) and after (dashed line) PPB polymerization within the Parallel channels of MCM-41.
mesoporous channels. We have demonstrated that a linearly aligned conducting polymer
can be catalytically synthesized within the porous channels of
MCM-41 silica. Fluorescence and solid-state NMR provided
spectroscopic evidence that the synthesis of extended polymeric
chains with a high degree of alignment requires homogeneously
distributed catalytic sites throughout the entire matrix. This type
VRN 8 of homogeneity has been achieved via co-condensation of the
A AL catalytic groups in narrow pores.
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Figure 3. Normalized fluorescence emission spectra of 1,4-diethynylben-

zene (dotted line) and the PPB-containing composite materigls-oflAL work through contract W-7405-Eng-82.
andCu—MCM catalysts (dashed and solid lines, respectively) after 56 h  Supporting Information Available: Experimental details, XRD
of polymerization. measurements, UV/vis absorption spectra, and MALDI mass spectros-
copy measurements (PDF). This material is available free of charge
/_ 2 3_4\ Y N via the Internet at http://pubs.acs.org.
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