JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Preparation and Characterization of Unique Inorganic-Organic
Hybrid Mesoporous Materials Incorporating
Arenetricarbonyl Complexes [-CHM(CO)-] (M = Cr, Mo)

Takashi Kamegawa, Takahiro Sakai, Masaya Matsuoka, and Masakazu Anpo
J. Am. Chem. Soc., 2005, 127 (48), 16784-16785+ DOI: 10.1021/ja055851r « Publication Date (Web): 11 November 2005
Downloaded from http://pubs.acs.org on March 25, 2009

Physically adsorbed Cr carbonyl  [-C;H,M(CO);-] (M=Cr, Mo) complexes
complexes on MCM-41 incorporated within the HMM-ph frameworks
desorbed desorbed — S0 Sk
707>
at 373 K\ or &\ atank —si-0- 5T o
in vacuum oc-5" Oin vacumm

—si-0 N~ O~ SF
CcoO
oC o

Stable even at 473 K in vacuum

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 2 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja055851r

JIAIC[S

COMMUNICATIONS

Published on Web 11/11/2005

Preparation and Characterization of Unique Inorganic ~ —Organic Hybrid
Mesoporous Materials Incorporating Arenetricarbonyl Complexes
[—C5H4M(CO)3—] (M = Cr, MO)
Takashi Kamegawa, Takahiro Sakai, Masaya Matsuoka,* and Masakazu Anpo

Department of Applied Chemistry, Graduate School of Engineering, Osaka Prefecturersilyi
1-1 Gakuen-cho, Sakai, Osaka 599-8531, Japan

Received August 25, 2005; E-mail: matsumac@chem.osakafu-u.ac.jp

In recent years, many studies have been devoted to the synthesis
of inorganic-organic hybrid porous materials and their various (@)
applications. The development of functional hybrid mesoporous
materials (HMM) containing organic moieties, such-a€;H,—

23 —C,H,—,34 and —CgH,4—5, within the silica framework has
attracted much attention for their potential in the fields of catalysis
and separation chemistry. At present, HMMs functionalized by the
addition of a sulfuric acid group have been applied in solid acid
catalysts for esterification reactiohis’. Another approach is the
incorporation of organometallic complexes within the HMM

framework, although there are yet few studies on this. The present k w
study deals with the successful incorporation of arenetricarbonyl ‘ ‘ , : .
complexes +phM(CO)%—] (ph = CgH4; M = Cr, Mo) within the 0 10 20 30 40 50

organosilica framework of phenylene-CsH,—)-bridged HMM 20/degree

(HMM-ph) by a simple chemical vapor deposition (CVD) method. Figure 1. XRD patterns of (a) HMM-ph, (b) HMM-phCr(CQ@) and (c)
The incorporation of variations of an arenetricarbonyl complex MCM-41 measured at 298 K in air.

within the HMM framework and their stability under thermovacuum
treatment were investigated by FT-IR and buis analyses. "Ae (A)

HMM-ph were synthesized by a method reported by Inagaki et
al5 using 1,4-bis(triethoxysilyl)benzene and octadecyltrimethylam-
monium chloride. Inorganic siliceous MCM-41 was synthesized 2020
using fumed silica and cetyltrimethylammonium bromide as precur- (b)
sors® HMM-ph incorporating arenetricarbonyl complexes, HMM- To81
phM(CO), was prepared by CVD treatment of HMM-ph with
Cr(CO) at 398 K or Mo(COy at 348 K for 40 min in vacuum.
MCM-41 deposited with Cr(CQ)or CsHgCr(CO) (denoted as Cr-
(CO)/MCM-41 and GHgCr(CO) /MCM-41) were prepared at 398
and 343 K, respectively, by a physical vapor deposition (PVD)
method for 40 min in vacuum. Prior to the introduction of the metal
carbonyl compounds, HMM-ph and MCM-41 were degassed at 473
K for 2 h. After CVD or PVD treatment, the samples were
transferred to the cells for FT-IR and W\Wis measurements under
nitrogen, and spectral measurements were carried out in vacuum
at 298 K. . 1 . 1 .

Figure 1 shows the XRD patterns of HMM-ph, HMM-phCr- 2100 2000 1900 1800
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(CO), and MCM-41. HMM-ph shows three XRD peakb= 44.6, TR V:?/:e";"(‘:b(eééa;n\;l;'\ﬂ 4L . 4 HPC
i i < _di ; Figure 2. -IR spectra of (A, a) Cr -41, (B, a -phCr-
ﬁs.z, 21'8| A)in the e = 10" due toslt\g%dl'\T ensional =6\ (8, d) HMM-ph deposited with Cr(CQJat 353 K, and (C, a) G-
exagonal structure with a lattice constagit= S1. - Moreover, Cr(COR/MCM-41, and the effects of the evacuation temperature on the

HMM-ph exhibits additional small sharp peald+ 7.6, 3.8, 2.5 FT-IR spectra (A, b; B, bc; C, b). Evacuation temperature: (A, b) 373
A) in the region of 10 < 20 < 50°, showing that the periodicity K; (B, b) 473 K; (B, c) 503 K; (C, b) 373 K. All spectra were recorded as
of the O sSi—CgH4—SiO; 5 units exists within the wall of the the difference in the spectrum before and after CVD or PVD treatment.
mesoporous framework, although the wall crystallinity is rather low

compared to previous repoftsAs shown in Figure 1b, the XRD ~ 14.6 A) in the region of & < 10° due to a two-dimensional
pattern of HMM-phCr(COjscarcely changed from that of HMM-  hexagonal structured = 44.7 A). The BET surface areas of HMM-
ph, indicating that the mesoporous structures as well as the ph and HMM-phCr(CO) were estimated at 806 and 77%/g)
molecular scale periodicity were maintained even after CVD respectively.

treatment of HMM-ph with Cr(CQ)at 398 K. The XRD pattern Figure 2A (a) shows the FT-IR spectrum of Cr(GMCM-41,

of MCM-41 exhibited four typical peaksd(= 38.7, 22.5, 19.6, and the peaks observed at 1991 and 2020'anere assigned to

16784 m J. AM. CHEM. SOC. 2005, 127, 16784—16785 10.1021/ja055851r CCC: $30.25 © 2005 American Chemical Society



COMMUNICATIONS

—
E] (a)
= 315 .
c =1
2 — @
Q ~
i S
€ 276 §
= 3
2 © | 2
Q
2 275
2
320
(d)
" 1 1 1 1 1 n
220 300 400 500

Wavelength / nm
Figure 3. (a, b) Transmission and (c, d) diffuse reflectance-tiNé spectra
of (a) Cr(CO} in chloroform, (b) GHsCr(CO) in chloroform, (c) HMM-
ph, and (d) HMM-phCr(CQ)

the Ty, and E vibrational modes, respectively, of the physically
adsorbed Cr(CQ)on the amorphous SiGsurface® As shown in
Figure 2B (a), the FT-IR spectrum of HMM-phCr(C{}¥ quite
different from that observed for Cr(C@MCM-41, with one sharp
peak at 1981 cm' and broad peak at 1941840 cnt'. These two
bands correspond well to the 61981 cnm?) and e (1911, 1884
cm1) vibrational mode of the physically adsorbegHgCr(CO)
on the amorphous SiOsurface (Figure 2C (af).These results
clearly indicate that arenetricarbonyl complexephCr(CO}—]
are formed by the reaction of Cr(CQyith the phenylene moieties
of HMM-ph, accompanied by the evolution of CO (eq 1).
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The evolution of CO during CVD treatment was confirmed by
GC analysis. The difference in the splitting of the e vibrational
mode (1946-1840 cm?) observed for HMM-phCr(CQ)and GHe-
Cr(CO)R/MCM-41 can be ascribed to the different perturbations in
the local structure of the chromium carbonyl complexes from an
ideal C3, symmetry? The Cr loading of HMM-phCr(CQ) was
determined at 3.9 wt % as Cr metal by atomic absorption analysis,
which showed that 15.0% of the phenylene moieties within HMM-
ph was transferred into the arenetricarbonyl complexes. It should
be noted that the FT-IR spectrum of HMM-ph deposited with Cr-
(CO) at 353 K (Figure 2B (d)) shows two peaks due to the
physically adsorbed Cr(C@pt 2020 and 1991 cm, suggesting
that the preparation of HMM-phCr(C@jequires CVD treatment
above 353 K.

The thermal stability of HMM-phCr(CQ)was also investigated,
and the—phCr(CO}— complexes within HMM-phCr(CQ)were
found to exist stably even under thermovacuum treatment at 473

K and to decompose at a temperature range between 473 and 503 (8) %;

K (Figure 2B). However, Cr(CQ)or CsHsCr(CO) deposited on

MCM-41 completely desorbed as low as 373 K in vacuum (Figure
2A,C). Although only a few studies have been carried out on the
synthesis of nonordered amorphous organosilica gels, including

arene metal carbonyl moieties by wet processes using organic

solventslo here, the direct and stable incorporation of arene metal
carbonyl complexes within highly ordered hybrid mesoporous
materials could be achieved by applying simple CVD treatments.
Figure 3 shows the U¥vis spectra of HMM-ph, HMM-phCr-
(CO)s, and chloroform solutions of Cr(C@and GHeCr(CO)%. An

intense band at around 276 nm for HMM-ph can be assigned to
ther—a* transition of the framework phenylene moietiésyhile

the band at around 315 nm and long-tailed absorption beyond 400
nm for GHeCr(CO); can be assigned to a charge-transfer band from
Cr to the benzene ring and the ligand field absorption of Cr,
respectivelyt2 However, Cr(CQ) exhibits no strong absorption band
above 300 nm. The U¥vis spectrum of HMM-phCr(CQ)involves

the superimposed absorption of both HMM-ph angHgCr(CO,
confirming the formation of arenetricarbonyl complexephCr-
(CO)—] within the framework of HMM-ph. Furthermore, HMM-
phCr(CO} was found to exhibit typical Cr2p XPS peaks for
CsHeCr(CO)x (Cr2py, 586.0 eV; Cr2p,, 576.5 eV), confirming

the formation of—phCr(CO}— complexes3

It should be noted that the incorporation of Mo carbonyl
complexes £ phMo(CO}—) within HMM-ph can also be achieved
by the simple CVD treatment of HMM-ph with Mo(C@at 348
K. In fact, thus prepared HMM-phMo(C@kxhibits typical FT-

IR bands at 1984 and 1941840 cnt! due to GHgMo(CO),**
and these bands were found to exist stably even under thermo-
vacuum treatment at 523 K (data not shown).

In summary, highly ordered HMM incorporating arenetricarbonyl
complexes has been successfully developed by a simple CVD
method, and a high thermal stability has been achieved. This novel
HMM can be utilized in the development of unique heterogeneous
catalysts since arenetricarbonyl complexes exhibit effective catalytic
activity for such reactions as the hydrogenation of polyunsaturates
into cis-unsaturated producdsHMM-phCr(CO} also can undergo
various transformations of their arene moieties due to high electron-
withdrawing ability and stereocontrol effect caused by the CrgCO)
moietiest® which can be applied for the preparation of various
functionalized hybrid mesoporous systems.
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Note Added after ASAP Publication. After this paper was
published ASAP on November 11, 2005, a typographical error in
the last sentence of the text was corrected. The corrected version
was published ASAP November 14, 2005.
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