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Aluminosilicate zeolites have recently been recognized as
interesting alternatives to other media such as activated carbons
for the sequestration and conversion of halocarbons, for example,
methyl chloride! trichloroethylené, and various hydrofluorocar-
bons? Aluminosilicates and related molecular sieves offer a range
of potential advantages, including the possibility of fine-tuning
separation processes by utilizing polarity differences between
various halocarbons and of tailoring separation processes by har-
nessing chemically specific hesguest interactions. In contrast to
the situation with hydrocarbons in zeolites, relatively little experi-
mental data concerning the behavior of halocarbons in zeolitic
materials have been reported so far. Nevertheless, calorifraatidc
isotherm measuremert8,FTIR/Ramaf and NMR' spectroscopy
studies, diffraction work,and generalized force field simulatiéns
have been reported on a variety of systems. In view of the growing
interest in these systems, we have undertaken a program aimed at
developing a better understanding of hegtest interactions in
some model zeolite/halocarbon systéftid# In the case of chloro-
form in zeolite NaY, a variety of interactions appear to be important:
Cls‘"b"’“é"_O”amew"_”‘van der Waals interactions, &has--Na* glec- Figure 1. Typical binding geometry of CHGladsorbed in the supercage
trostatic interactions, andsbats**Orramework Nydrogen bonding (H of NaY according to our computer simulatiofsCarbon: turquoise;
bonding). Diffraction studies on this systéimave had difficulty chlorine: blue; hydrogen: gray; sodium: black.
in establishing the precise location of chloroform in the supercage
of NaY because of substantial disorder arising from the relatively
flat conformational energy surface of the system. Experimental
evidence for the importance ofskbate**OframeworkH bONding in this
and other systems containing halocarbons withHbonds there-
fore relies on indirect observations by vibrational spectroscopy. This
conclusion is supported by our computer simulations, which draw
attention to the substantial positive charge on the H atom in chloro-
form and the resultant H bonding (Figure!®)n the present study,
we show how the differential H pair distribution function (pdf)
obtained from neutron scattering contrast measurements on hy-
drogenous and deuterated chloroform in NaY provides direct sup-
port for H bonding and other facets of the hoguest interactions.

A sample of NaY (NgsSii30Al530384 ) Was dehydrated for 24 h . ‘ . . ‘ . ‘ .
at temperatures up to 40TC. Approximatey 2 g each of the 0 5 10 15 20 25 10 15
dehydrated NaY was loaded on a vacuum line with two molecules Hementum Transfer : @ (Af*oi)
of CHCL; or CDCk per supercage and subsequently sealed in Figure 2. StructureSQ) for two molecules of chloroform in NaY, CDgI

. . . . (top), and CHJ (bottom).
vanadium cans under a helium atmosphere. Neutron diffraction
patterns were collected @t= 20 K using the GLAD instrumentat ~ of programs®> Data from all detectors were combined after
the Intense Pulsed Neutron Source, Argonne National Laboratory. corrections for scattering from the empty cell, the instrument
The complete data treatment leading up to and including the background, and normalization to a vanadium sample in the standard
derivation of G(r) was carried out using the programs available manneri® After making corrections for inelasticity and self-
for the GLAD diffractometer which are based on the ATLAS suite scattering, the total structure fact§{Q) was obtained out to &
of 37 A% itis shown in Figure 2 for both the normal and deuterated

$(Q) for Chlorofarm in Nay
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ihosstitﬁ'tag‘\’;i';'igtr'ona' Laboratory. sorbate in NaY (an approximate correction for H scattering was
§ University of California, Santa Barbara. applied to the CHGldata). As usual, the total structure factors
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l ' ‘ parison with the experiment&(r).2° Previous work, for example

on coordination complexéed glasse® and polymer electrolyte®,

has demonstrated the efficacy of isotope contrast pdf methods with
neutrons for the study of local structure in disordered systems. The
success of the present experiment, and that of a recent study in
which isotopic substitution was carried out within the zeolite Rbst,
show that variants on this method can be used to address difficult
problems in catalytic and related systems. The method should be
especially valuable where the local structure at an adsorption site
or catalytically active site is not accessible to structural analysis
based on long-range ordered structures, or to EXAFS techniques
! . L ‘ ! ‘ ! ‘ because the absorption edge is at too low an energy.

Gin
3

¢ LANGSTROM) Acknowledgment. Supported by the U.S. Department of Energy
under Grant No. DE-FG03-96ER14672. We thank J. A. Johnson
for her assistance with the data collection on the GLAD instrument,
Q) have been normalized to oscillate about a value of 1 at large and C. J. Benmore for help with data analysis. This work has
Q. While the two diffraction patterns appear to be rather similar, penefited from the use of the Intense Pulsed Neutron Source, a
the influence on the diffraction peak intensities of the isotopic National User Facility funded as such by the U.S. Department of
substitution on the sorbate is quite evident upon close inspection Energy. Work at Los Alamos National Laboratory was supported

Figure 3. Differential G(r) for the chloroform hdyrogen in NaY (see text).
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