JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

CO as a Supramolecular Assembly Agent: A Route for
Lamellar Materials with a High Content of Amine Groups
Johan Alauzun, Ahmad Mehdi, Catherine Rey, and Robert J. P. Corriu

J. Am. Chem. Soc., 2005, 127 (32), 11204-11205- DOI: 10.1021/ja051518b « Publication Date (Web): 23 July 2005
Downloaded from http://pubs.acs.org on March 25, 2009

sobgel amorphous material
(Me0)sSi N N, Ordered material
n
n=1and3 NH S| O o
H,N
2 g o OOS'\/\, H‘(~/\)nNH2
. NH
1) CO, bubbling H,N \/\/ \\ _gi NH
o /Sl\/\, ‘(\/‘)nNHz

NH O,
2) sol-gel and CO, removal H, NN \/\/ \\ S NH
O_SI\/\/ MNH
2

More About This Article

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

. Supporting Information

. Links to the 10 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/ja051518b

JIAIC[S

COMMUNICATIONS

Published on Web 07/23/2005

CO, as a Supramolecular Assembly Agent: A Route for Lamellar Materials
with a High Content of Amine Groups

Johan Alauzun, Ahmad Mehdi,* Catherine Reyé, and Robert J. P. Corriu*
Laboratoire de Chimie Mdleulaire et Organisation du Solide, UMR 5637 CNRS, dgnsite Montpellier 11,
Sciences et Techniques du Languedoc, Place E. Bataillon, F-34095 Montpellier Cedex 5, France

Received March 9, 2005; E-mail: mehdi@univ-montp2.fr

Ordered amine-functionalized silida8 have received consider-  Scheme 1
able attention in recent years due to their numerous potential , H
. . . . . . . (MeO)3S|v\/NM
applications in catalysis, adsorption, separations, and biomolecules WNH2  1n=1,2n=3

immobilization. These functionalized hybrid materials were pre- Al 0o, (ga)

pared mainly according to two methods. The first consists of z

grafting an aminoalkyltrialkoxysilane onto the pore surface of Hay o co®

ordered mesoporous siliéd:8° The second approach is a direct MEOISIN A ABL Ry 000, N~ SiOMe)s
synthesis method, which involves the co-condensation of an co® Hoo"

. . . . - . ; H .
aminoalkyltrialkoxysilane Wlth. tetrgethyl orthosilicate (TEOS) in (MeO)3Si_~_N @NH3@ooc\N Ngz\/\/SI(OMe)a
the presence of a structure-directing agent>”°However, both dnetdncs H N

. .. . . . . n=14n=
methods have their own limitations, that is, irregular repartition of Hydrolysis and
amino groups by grafting and low content of organic groups when polycondensation
the direct synthesis method is used. ' »

Here, we _repor_t an or_iginal r_:md easy method to synthesize highly oo, N“ ;%Nﬁ:cm R ;%M
amine-functionalized silica with lamellar structure under neutral et M oo " RN, coo "
conditions. Interestingly, the amino centers of these materials are ‘u*\)fn” _ M \u’an” , M
fully acgessible, as shown by adsorption of transition metal and RN ;1/%"&'::&” g EMNH
lanthanide salts. H / " X3n=1Xdn=3

First, we used C@ggs as _the supramolecular assembly a&ér\t. Siloxanes A | removing co,

Indeed, CQ reacts with primary and secondary amine to give
ammonium carbamate salst? We used the reversibility of this H H H H
: : : o o NN NEdnm, HNAEN NL3 N,
reaction to prepare ordered and highly amine-functionalized silica. " g n, yoom
We show that thé\-(2-aminoethyl)-3-aminopropyltrimethoxysilane HN AN NEFaH, NN NL) N,
-(6-ami -3-ami i i i H H H H
1 andN-(6-aminohexyl)-3 am|nopropyltnmethox_ysuaﬁeeact W|th_ WL N, N,
CO; to afford a supramolecular network of silylated ammonium
X1n=1;X2n=3

carbamate salts (Scheme 1), the hydrolytic polycondensation of
which gives rise to structured hybrid materials. Subsequent loss of
CQ;, is readily achieved upon heating, thus generating hybrid
materials in which the structure is maintained (well-defined lamellar
structure from2) and contains free amino groups.

Experimentally, C@Qwas bubbled through pure precurstrand
2 at room temperature. The reaction was exothermic, and CO

the formation of a supramolecular network of silylated ammonium
carbamate salts, as proposed in Scheme 1.

As carbamates are not stable in water, the hydrolytic polycon-
densation of the network of silylated carbamates was performed at
30°C in a 1 Mpentane solution in the presence of the stoichiometric
_ et ; k amount of water at pH 1.5. This heterogeneous mixture was stirred
bubbling was maintained until the temperature of the mixture returns vigorously to afford a precipitate after about 24 h. It was aged 48
to room temperature (about 2€C), affording very viscous and 1, 5t 30°C, then filtered, and washed successively with acetone,
translucent physical geBand4 (see Supporting Information). The  athanol, and ether (8 25 mL). After drying carefully for 30 min
mass increase in both cases approaches a molar uptake;@e€O 5t 10-1 mbar without heating, the white powdex8 andX4 were
mole of precursod or 2. To measure exactly the uptake of €O (gjlected in high yield.
loss of CQ was achieved by treating the g&land4 with a mixture It is very important to note that no solid was obtained by
of EtOH/H,O at room temperature. The volume of £@leased  hydrolysis and polycondensation under the same experimental
was stored in a gas buret and measured very accurately, confirmingconditions starting froni. or 2 instead of3 or 4.
that 1 equiv of CQ combines with 1 equiv of the precursdrr The nitrogen adsorption measurements indicate that all materials
2. This result corresponds to the theoretical value for,CO X1 to X4 are nonporous solidsS{er < 10 n? g-3).
sequestration involving both primary and secondary amino groups.  The solid-staté3C CPMAS NMR spectra oK3 and X4 (see
Gels 3 and 4 were characterized byH, **C, and #°Si NMR Supporting Information) revealed that the ammonium carbamate
spectroscopies. New resonances observed iffh&MR spectra salts remained intact during the sael process. That is chiefly
of 3 and 4, respectively, at 163.8 and 163.6 ppm are mostly indicated by the resonances at 164.3 and 165.0 ppm, respectively,
prominent and attributable to a carbamate carbonyl groups. Thosefor X3 and X4, which were attributed to the carbamate carbonyl
at 52.1 and 49.2 ppm fa and4, respectively, were assigned to  carbon in addition to the other $parbon atoms.
the methylene groups attached to the carbamate nitrogen atom, in The 2°Si MAS NMR spectra (see Supporting Information)
addition to the other Spcarbon atoms. The overall data suggest indicated that the material$3 and X4 are very well condensed.
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corresponding material€3 and X4, in agreement with a higher
%! mobility of the chains. In addition, the degrees of polycondensation
were not affected by the decarboxylation, while #¥& MAS NMR
spectra ofX1 and X2 are very similar to these of3 and X4.
Interestingly, the X-ray powder diffraction patterns Xt and

X2 showed that the structure of the materials was maintained after
removal of CQ. The XRD pattern oiX2 (Figure 1) exhibits an
1 _ _ intense peak at 2.90 nm followed by peaks at higher angles (1.48,
002 0.99, 0.75, and 0.59 nm) attributed, respectively, to second, third,
fourth, and fifth order, which corresponds to a well-ordered layered
structure. It is worth noting that these five peaks were very slightly
shifted in comparison to those of the matedka. This shift can
X4 be explained by the narrowing of the layé?dhe XRD pattern of
0 . ; = : ; . — X2 . X1 (see Supporting Information) exhibits only a peak at 1.64 nm

0.0 0.5 1.0 1.5 2.0 in addition to the broad peak at 0.45 nm, indicating a low order of

q (4 regularity forX1.

Figure 1. X-ray diffraction patterns oK4 (black) andX2 (red). The inset The accessibility of the amine functional groupsXh and X2
shows the amplified higher ordex ). was investigated by testing their ability to complex transition metal
or lanthanide salts. The solidsl and X2 were treated with an
ethanolic solution of CuG] Eu(NGs)s, or GAd(NQ)s under reflux
for 12 h. The resulting solids, termé&dX1 andMX2, were copi-
ously washed with EtOH to eliminate the noncomplexed salts. The
filtrate containing the excess of salts was titrated by complexometry

angle diffraction peaks (Figure 1). The first intense peal at measurements for lanthanide salts and by conductimetry fr Cu

0.20 A-lindicates that the interlayer distance is 3.15 nm. The peaks The ratio of metal cations per diamine moietiesX1 was found

I'll i i
observed at higher angles corresponding to 1.54, 1.03, 0.78, andtg Ee exc?clt;)z/ .lllt;or OUandeéIJ andd g]dl\l/lxé’ llllt n zthel case tOfI
0.62 nm are attributed to second-, third-, fourth-, and fifth-order u’, an In the case of Euan - Results or elementa

diffractions, indicating a material with well-ordered layered struc- analyses_ofM()Z'ru Eu', Gd", CI, and N gave rise to exaétly the
ture. The broad peak at 0.43 nm can be attributed to alkylene cha\insaﬂrﬂe ratl_o ’d'a”?'_“e as that found by t|trat|qn. The Cand
packing within the layer$® The X-ray powder diffraction pattern Eu" loading capacities foK1 and X2 are very high (6.5 mmol/

of X3 (see Supporting Information) shows that long-range order is gram 0fX1 and 4.8 and 2.4 mmol/gram 012). .
less well defined than fox4; the peak ag = 0.38 A corres- In summary, we have de;crlbed anew methc_x_:i for the fqrmatlon
ponding to a distance of 1.60 nm is broader with lower intensity of ord_ered and hlghI‘y gmme-functlonqllzed silica by using the
than the first peak observed fa. At higher angles, fox3, only reversible covalent binding of GQo amines. The fast and high

the first order is observed at 0.90 nm in addition to the broad peak f':lCCESSIblllty of the amino groups makes these organosilicas prom-

at 0.42 nm. It is worth noting that the XRD patterns of the :j‘_mt_g mz;tetrlals for C@upt?kle ?nd SLO[)Qge, (lenvwonr_nentatl)_lr_erntg-
precursordl and?2 exhibit a broad peak centered at 0.54 nm Xor 1ation, heterogeneous catalysis, and blomolecules immobilization.

and 0.53 nm fog attributed to the interchain distances. The XRD ~_Acknowledgment. The authors thank Dr. Philippe Dieudorene
patterns of the networks of ammonium carbamate Shtmd 4 (GDPC, UniversiteMontpellier Il, France) for XRD measurements,

display also a broad peak characteristic for the interchain distancesNe CNRS and the Universitdontpellier 1l for financial support.

A further peak at 2.10 nm is observed in the XRD patternJor Supporting Information Available: **C solid NMR spectra oK1~
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Indeed, the spectrum of4 exhibited only a signal at-68.2 ppm
assigned to theTsubstructure, while that of3 displayed a major
resonance at66.0 ppm (P) in addition to a very weak one (5%)
at —58.5 ppm assigned to the? Bubstructure.
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