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way analogous to S,2 mechanism usually occurring
at sp® hybridized carbon [11]. However, our recent
DFT (density functional theory) calculations [12]
failed in prediction of a transient state, instead they
predict formation of the tetravalent transient prod-
uct (Fig.4) that seems stable in vacuum an solvent
cage as well. This makes the case slightly more com-
plicated, therefore further clarification of the me-
chanism requires additional experimental and com-
putational effort.

The work was sponsored by the State Com-
mittee for Scientific Research (KBN) — grant No.
3 TO9A 066 26.
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ELECTRON PARAMAGNETIC RESONANCE STUDY
OF ETHYL RADICALS TRAPPED IN SYNTHETIC H-rho ZEOLITE

Marek Danilczuk, Hirohisa YamadaV, Jacek Michalik

Y National Institute of Material Science, Tsukuba, Japan

Depending on the adsorption pressure, two types of
ethyl radicals were observed in y-irradiated H-rho
zeolite exposed to C,H,. The first type of ethyl radi-
cal has shown hyperfine couplings with a and B
protons very similar to those observed for ethyl
radicals in liquid hydrocarbons at low temperature.
The hyperfine coupling with a-protons (A,=1.47
mT, A;=2.7mT, g,,,=2.0029) of second ethyl radi-
cal is significantly reduced suggesting a strong in-
teraction of ethyl radical with zeolite through the
methylene group.

The primary radiolytic processes of small or-
ganic molecules have been one of the most funda-
mental subjects in radiation chemistry. A number
of EPR (electron paramagnetic resonance) and
optical absorption studies have been reported for
organic radicals stabilized in different halocarbon
matrices at low temperature. Also inert gas matri-
ces have been utilized for that purpose very suc-
cessfully. Synthetic zeolites because of the crystal-
line lattice structure, variable pore size and ion
exchange properties, are unique to study the chem-
istry of reactive intermediates in heterogeneous
systems. The EPR technique and related methods
like ENDOR (electron nuclear double resonance)
aswell asNMR (nuclear magnetic resonance) spec-
troscopy are among the most appropriate methods
for the investigation of molecules or radicals trapped
in different zeolites [1,2].

The EPR spectra of ethyl radicals generated in
liquid or solid phase or trapped on solid surfaces
at low temperature are well known. In liquids, ethyl
radicals have been characterized by isotropic hy-
perfine parameters. In contrast, radicals adsorbed

on a surface have an asymmetric line profiles typi-
cal for axially symmetric spin Hamiltonian param-
eters [3,4].

The NaCs-rho zeolite synthesized by the modi-
fied Robson’s method in cationic form was ex-
changed three times with 20% solution of NH,NO,
followed by calcination at 573 K in air for 20 h to
prepare the protonic form of zeolite [5].

The samples of H-rho zeolite were placed into
Suprasil EPR tubes and dehydrated in vacuo, whilst
gradually raising temperature to 473 K. Then oxi-
dation with static O, at 573 K was carried out for
2 h. The oxygen was pumped off at the same tem-
perature for the next 2 h. The adsorption of ethyl-
ene was carried out at room temperature at a press-
ure of 0.4 and 8 kPa for 24 h and then the zeolite
samples were irradiated in a “’Co source at the
liquid nitrogen temperature (77 K) with a dose of
5 kGy. The EPR measurements were carried out
with an X-band Bruker ESP-300E spectrometer
equipped with a Bruker ER 4111 VT variable tem-
perature unit operating in the temperature range
110-370 K. The g-value was determined using a
DPPH specimen for field calibration.

The EPR spectrum of y-irradiated H-rho/C,H,
zeolite exposed to 0.4 kPa of ethylene at room tem-
perature and recorded at 110 K consists of two sets
of lines: A —relatively intensive multiplet (A,=2.7
mT, A,=2.15mT, g,,=2.0028) of ethyl radicals and
triplet B —representing *CH, radicals (A,,,=2.0 mT,
g.,=2.0027) (Fig.1). The hyperfine coupling con-
stants are independent of temperature and are very
similar to hyperfine constants of ethyl radicals in
other matrices — in frozen hydrocarbons or at the
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Fig.1. The EPR spectrum of y-irradiated H-rho zeolite ex-
posed to 0.4 kPa of C,H, recorded at 110 K.

surface of silica gel at low temperature. The EPR
spectrum of the ethyl radicals was observed in the
temperature range 110 to 250 K. Isotropic hyper-
fine parameters and high thermal stability sug-
gest that ethyl radicals are trapped in the middle
of a-cages and do not interact with surface of zeo-
lite. The observed line broadening of "C,H; lines
can originate from hindered rotation of the CH,
group at lower temperatures. It is worthy of men-
tion that we did not observed the EPR spectrum
of vinyl radicals although the radiolysis of liquid
ethylene leads to the formation of that radical prod-
uct.

The EPR spectrum of H-rho zeolite with ethyl-
ene adsorbed under a pressure of 8 kPa and re-
corded at 230 K is shown in Fig.2a. Spectrum of
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Fig.2. The experimental (a) and simulated (b) EPR spectra
of y-irradiated H-rho zeolite with ethylene adsorbed
under a pressure of 8 kPa.

this radical is observed in the temperature range
150-310 K and is completely different from the
spectrum of ethyl radicals presented in Fig.1. It

consists of two overlapping EPR spectra of two
different radicals: B — triplet of ‘CH, radical with
EPR parameters (A,,=2.0 mT, g;,,=2.0027) simi-
lar to those in rho zeolite exposed to 0.4 kPa of
C,H, and C — multiplet with anisotropic spin Ha-
miltonian parameters (A,=1.47 mT, A;=2.7 mT,
g,=2.0026, g;;=2.0029) similar to the spectrum of
ethyl radicals adsorbed on VYCOR glass surface
[6]. That spectrum was assigned to the ethyl radi-
cal strongly interacting with the surface of zeolite.
The spectrum in Fig.2b presenting the sum of two
EPR spectra simulated with the following param-
eters: A — A;,=2.0 mT, g=2.0027 and AH ,=0.15
mT; B — A,=1.47 mT, A,=2.7 mT, g,=2.0026,
g);=2.0029 and AH,,,=0.75 mT is in good agreement
with experimental spectrum.

Itis interesting that a hyperfine constant of *C,H;
(C) is distinctly different from a hfc of typical ethyl
radical (A), while B hfc constants in both types of
ethyl radicals are nearly the same. It might be due
to the strong interaction of ethyl radical with trap-
ping sites (Bronsted acid sites and/or exchangeable
cation sites) through the methylene group. Another
possible origin of the large difference in a hyper-
fine constant of both types of "C,H, radicals might
be related to the pressure of adsorbed gas. It is
postulated that at higher pressure C,H, molecules
migrate to the less accessible sites in zeolite frame-
work. Then methylene groups could be trapped in
octagonal windows or prisms while CH, groups
would stay outside and not participate in the strong
interaction with zeolite.

It has been proved that H-rho zeolite shows
unique properties for stabilization of small alkyl
radicals. Those radicals, usually very reactive, in
H-rho lattice are stable even at 310 K. Depending
on the adsorption conditions, two different types
of ethyl radical were observed. The first type is char-
acterized by isotropic spin Hamiltonian parameters
and corresponds to freely tumbling radical stabi-
lized in electrostatic field of zeolite. The second
type strongly interacts or even is chemically bonded
to the aluminasilica framework. In y-irradiated
zeolite rho containing ethylene, the EPR spectra
of ion-radicals were not observed. Thus, it seems
reasonable to assume that ‘CH, radicals are formed
as aresult of fragmentation of ethylene molecules.
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