EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

An investigation into the structure and position of organic
bases in ZSM-5-type zeolites by high-resolution solid-state
carbon-13 NMR spectroscopy

Citation for published version (APA):

Boxhoorn, G., Santen, van, R. A., Erp, van, W. A., Hays, G. R., Huis, R., & Claque, D. (1982). An investigation
into the structure and position of organic bases in ZSM-5-type zeolites by high-resolution solid-state carbon-13
NMR spectroscopy. Journal of the Chemical Society, Chemical Communications, (4), 264-265.
https://doi.org/10.1039/c39820000264

DOI:
10.1039/c39820000264

Document status and date:
Published: 01/01/1982

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 16. Nov. 2023


https://doi.org/10.1039/c39820000264
https://doi.org/10.1039/c39820000264
https://research.tue.nl/en/publications/44f3561a-bd97-4565-a613-2db52a36d5d7

264

J. CHEM. SOC., CHEM. COMMUN., 1982

An Investigation into the Structure and Position of Organic Bases in
ZSM-5-type Zeolites by High-resolution Solid-state *C N.M.R.

Spectroscopy :

Gosse Boxhoorn,* Rutger A. van Santen, Wilbert A. van Erp, Gary R. Hays, Rob Huis,

and Derek Clague

Koninklijke/Shell-Laboratorium (Shell Research B.V.), Amsterdam, Netherlands

Cross-polarization magic-angle-spinning '2C n.m.r. spectroscopy has been used for the first time to investigate
the structure and position of organic bases occluded in ZSM-5-type zeolites.

ZSM-5-type zeolites are synthesized from mixtures of silica,
alumina, sodium oxide, water, and an organic base. In
addition to the relative concentrations of the ingredients, and
the temperature and duration of the reaction, it is the nature
of the organic base that has a. particularly important bearing
on the structure and properties of the product. We have studied
a number of ZSM-5 and ZSM-11 zeolites, prepared with a
wide variety of bases, by both 3C and 2°Si solid-state n.m.r.
spectroscopy; the results will be published in full elsewhere.
Tetrapropylammonium hydroxide (TPAH), however, seems
to take a special place among the bases in that it yields ZSM-5
zeolites over a wide range of synthetic conditions. We therefore
present our preliminary findings from solid-state cross-
polarization magic-angle-spinning (CPMAS) 13C n.m.r. studies
on a selected number of ZSM-5 zeolites prepared with TPAH,
TPABr (tetrapropylammonium bromide), and TPACI (tetra-
propylammonium chloride) as the organic base.t
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Figure 1. *C N.m.r. spectra of the tetrapropylammonium ion in
various physical states: (a) TPABr [(*CH,®CH,°CH,),NBr]
occluded in ZSM-5 (CPMAS spectrum); (b) crystalline TPABr
(CPMAS spectrum); (c) TPAH (aqueous solution; conventional
Fourier transform spectrum).

T An ‘Andrew’ type rotor made from boron nitride was used*
on a Bruker CXP-300 spectrometer.

The spectrum of ZSM-5 prepared with TPABr is given in
Figure 1(a); for comparison, the spectra of crystalline TPABr
and TPAH (aqueous solution) are presented in Figures 1(b)
and 1(c), respectively. The spectra show that the TPA* ion
has remained intact during the zeolite synthesis. This indicates
that these ions are present at the intersections of the ZSM-5
channels. The deviating line shapes and intensities in the
spectrum of the crystalline TPABr are typically features
associated with specific solid-state interactions, both inter-
molecular and intramolecular, and need not concern us here.
It is, however, known from X-ray crystallographic studies that
TPABr has tetrahedral symmetry? and this is borne out by
its *C spectrum.

In view of the inherent symmetry of the TPAT ion it is
intriguing to see the splitting into a doublet of the methyl
signal of TPABr ZSM-5 [Figure 1(a)]. Such splittings in
solid-state CPMAS spectra can be due to conformational® or
crystallographic effects.? In our case a simple crystallographic
effect can be discounted as the pure TPABr does not exhibit
a doublet [Figure 1(b)]. We feel that the origin of this splitting
must be sought in the environment of the ion, i.e. in the
chemical composition or in the pore structure of the zeolite.
As it is only the outer, methyl, carbon atom of the TPA ion
that experiences this splitting, such an environmental effect
must be weak. It is not induced by the counter-ion of the
organic base, since similar zeolites such as TPAH ZSM-5 and
TPACI ZSM-5 demonstrated the same doublet of the methyl
group [see Figure 2(a) for TPAH ZSM-5]. Subsequent
elemental analysis of TPABr ZSM-5 proved that there is in
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Figure 2. CPMAS C n.m.r. spectra of TPAH ZSM-5: (a)
following heat treatment at 200 °C; (b) following heat treatment
at 350 °C (the 28 p.p.m. signal is probably due to an impurity).
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Figure 3. CPMAS ¥C n.m.r. spectrum of (*CHBCH,°CH,?CH,),-
NOH in ZSM-11.

fact no Br— occluded in the zeolite. The hypothesis that the
presence of Al~ sites is an influence in this respect was quickly
dismissed as the spectrum of silicalite (Al-free ZSM-5; not
shown) was essentially identical with those of Figures 1(a)
and 2(a).

Another possibility is that the normally tetrahedral TPA
jon loses its symmetry in the pore structure of the zeolite,
leading to different chemical shifts. This argument is dis-
proved by the effect of heat-treating the samples at a variety
of temperatures: the spectrum of TPAH ZSM-5 recorded
after 4 h heat treatment at 350 °C, for example [Figure 2(b);
sample as in Figure 2(a)], does not show a doublet. Further-
more the methyl signal shifts slightly to lower frequency (high
field), suggesting that we are dealing with TPA ions in dif-
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ferent sites. ZSM-5 possesses two types of channels: one
straight with elliptical ten-membered rings and the other
zigzag-shaped with circular ten-membered rings. It is possible
that these channels constitute slightly different chemical en-

" vironments for the methyl groups leading to the observed

splitting. Methyl group splitting has, however, been observed
only in the case of the TPA jon. It is of interest to note that
other bases do not remain chemically intact during the zeolite
synthesis. ZSM-11 has only one type of channel, viz straight
channels, and we have only observed methyl group singlets
for organic bases occluded in ZSM-11 as shown for tetra-
butylammonium hydroxide ZSM-11 (see Figure 3).

In conclusion, we have seen that the tetrapropylammonium
jon is occluded, chemically intact, into ZSM-5-type zeolites
during their synthesis. In addition splitting of the BC signal
of the methyl carbon atom points to the presence of at least
two dissimilar sites within the zeolite. This clearly demon-

strates that the CPMAS C n.m.r. spectrum is sensitive to

weak interactions between organic molecules and the frame-
works of zeolites, and is therefore a powerful tool in the
investigation of the structure of such bases occluded in
zeolites. '
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Insertion of Carbon Dioxide and of Unsaturated Carbon Compounds
into the Platinum—Nitrogen Bond: the X-Ray Crystal Structure of

Pt{ON(Ph)C(0)O}(PPh;),

Pier Luigi Bellon, Sergio Cenini, Francesco Demartin, Maddalena Pizzotti, and Francesca Porta
[stituto di Chimica Generale and CNR Center, Via Venezian 21, 20133 Milano, Italy

Pt(PhNOQO)(PPh3)2 reacts with unsaturated carbon compounds such as carbon dioxide, carbon disulphide,

alkenes, and dimethyl acetylenedicarboxylate to give 1:1

adducts; X-ray studies on the adduct formed with

[
carbon dioxide, Pt{ON(Ph)C(O)d}(PPhg)z, show that the entering molecule is inserted into the

platinum-nitrogen bond of the n2-bonded nitroso ligand.

Much interest has recently been focused on the reactivity of
unsaturated carbon compounds such as carbon dioxide and
alkenes with complexes having a metal-nitrogen bond.'® The
activation of carbon dioxide by transition metal complexes
is of obvious interest in the search for alternative chemical
feedstocks.t In addition the metal-promoted C-N bond
formation is a major achievement in the field of hydrocarbon
functionalisation.® In the reactions of molybdenum® and
niobium? aryl- and alkyl-nitroso derivatives with alkenes, the
transfer of the RN residue of the n>bonded nitroso ligand
to the olefin was observed. Our interest in the reactivity and
in the structural aspects of the metal-nitrogen bond®® has

led us to examine the reactions of the complex Pt(PhINO)-
(PPhy), (1), having an n*-bonded arylnitroso ligand, with
unsaturated carbon compounds. Compound (1), which can
be obtained from Pt(C;H)(PPh,), and nitrosobenzene,’
readily reacts with gaseous carbon dioxide, to give the one-
to-one adduct (2)1 [equation (1)]. Analogously, compound @
reacts with carbon disulphide to give the corresponding one-

1
to-one adduct, Pt {ON(Ph)C(S)S }(PPh,); (3); no reaction is

+ Satisfactory elemental analyses have been obtained for all the
compounds reported here. P



