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Abstract 
We determine details of the adsorption of O2 or N2 in Li+ exchanged zeolites 

by way of their effect on coadsorbed H2 molecules using inelastic neutron scattering 
(INS) techniques. The results clearly show, for example, the absence of type III 
cations in Li-A and the expected stronger binding of N2 (compared with 0 2 )  and 
thereby provide insight into the relative efficacy of Li-X for 02 /N2  separation. 

Introduction 
Li plays a unique role in modern zeolite absorbents. Among these is its use (in 

the form of Li-X) in the commercial production of oxygen by separation (N2/02). It is 
also known that Li-A is not nearly as effective for this purpose as Li-X despite the 
fact that the extra-fiamework sites are thought to be similar in both systems although 
the relative numbers are different. Gas separation is an enormously important aspect 
of catalysis science and technology but the study of its fundamental aspects appears 
to have been somewhat neglected relative to that of catalytic processes. 

We have previously demonstrated’” the significant potential of using INS 
studies of adsorbed H2 as a local probe of adsorption sites in zeolites. The reasons for 
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this are the small size of the hydrogen molecule and its considerable mobility within 
the cavities and channels of these structures, the nature of the interaction of neutrons 
with hydrogen, and the high sensitivity of the rotational tunnel splitting of the 
librational ground state of the adsorbed H2 This transition is not directly observable 
by optical techniques because it requires a change in the total nuclear spin of the 
molecule. In the present case this barrier to rotation is provided by the interaction 
between the H2 molecule and the cations and Mework  atoms. These hindered 
rotations of the H2 molecule have large amplitudes and therefore strong INS 
intensities. This fact coupled with the more than one order of magnitude higher 
neutron scattering cross-section of H compared with that of virtually any other 
element makes it possible for INS to be in fact a sensitive probe of the dynamics of 
adsorbed molecules even in the presence of a large amount of scattering from the 
zeolite itself. 

We now apply this technique to the study of competitive adsorption of H2 
with either N2 or O2 in Li-exchanged zeolites A and X in order to gain information 
relevant to adsorption and separation of these molecules. Because of the larger 
quadrupole moment of oxygen or nitrogen one would expect those to absorb more 
strongly than hydrogen and thus displace H2 from its most favored adsorption sites. 
0 2  and N2 are, however, essentially “invisible” to neutrons in the presence of 
hydrogen molecules because of the large difference in neutron scattering cross-section. 
Our experiments therefore record the effect on the H2 molecules of the co-adsorption 
of 0 2  or N2. 

Experimental Section 
For the INS measurements the zeolite samples were dehydrated by standard 

procedures, and placed into a sealed A1 sample holder with in-situ access for gas 
adsorption. Adsorption of H2 and/or O2 or N2 to the desired loadmg level (#molecules 
per supercage) was carried out in-situ fiom an external gashandling system with the 
cell at a temperature of about 150K. 

The inelastic neutron scattering spectra were collected at 15K on the QENS 
spectrometer4 at the Intense Pulsed Neutron Source of Argonne National Laboratory. 
Standard data reduction programs were used for normalization of the data and 
conversion to a linear energy scale. 

Molecular Dynamics simulations were carried out with the use of Cerius 
software (Molecu1ar Simulations 1nc.1. our ca~culations~ ofthe rotational states of 
adsorbed H2 in a MC random walk will be reported in a future publication. 

Results and Discussion 
Shown in Fig. la  is the INS spectrum for one molecule H2 per supercage in 

fully exchanged Li-A, which shows a sharp peak at 7 cm-’ and a broad band at 
approximately 68 ern-’. This may be compared with our result? (not shown) for one 
H2 in Na-A for which we find a broad band at approximately 27 cm-’. We interpret 
the latter observation on the basis of MC simulation studies which show the location 
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of the adsorbed H2 molecule to be most of the time at or around the NaIII cation. 
Analysis of the barrier to rotation experienced by the H2 molecule at each location 
along the MC random weak yields a distribution of rotational barrier heights and 
associated transition frequencies with a peak close to that derived fiom experiment. 
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Fig. 1 Inelastic neutron scattering spectra (T = 15K) of (a; left) one H2 per supercage 
in LiA (top); @; right) 2 H2 and 10 0 2  (top), 2 H2 and 10 N2 (bottom) per supercage 
in Lix. 

Since our information about Li' locations in Li-A shows that the type III site 
may not be occupied, we attribute the broad band at 68 cm-' to H2 adsorption near 
type I or 11 sites. The sharp peak at 7 em'' in Li-A is indicative of a much higher 
barrier for the adsorbed H2 than found in Na-A and must therefore correspond to a 
location that has no counterpart in Na-A. Indeed, our MD simulations show that it is 
possible for two Li+ ions to be in the same 8-ring window. If H2 were in fact adsorb 
between two such Li' ions it may well experience a strong barrier to rotation. In fact, 
the intensity of the line at 7 cm-' was found not to increase with coverage beyond 1 
H2hupercage which indicates there the number of such sites is rather small as 
expected. 

The INS spectrum of H2 adsorbed in LiX (not shown) shows two prominent 
peaks that may be attributed to rotational transition, at 14 and 38 cm-' which we 
tentatively assign to Hz adsorption at, respectively, type III' and I1 sites. Addition of 
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four molecules of N2 or 0 2  was not found to perturb the original spectrum as there 
are' at least 7 cations per supercage. The INS spectra of 2 H2 coadsorbed with either 
10 N2 or 10 0 2  molecules per supercage, however, differ substantially ( Fig. lb): while 
coadsorption of N2 preserves a fairly well-defined spectrum for H2, the same is not 
true for O2 added to H2. Instead the INS spectrum for H2 in the presence of 10 
molecules of 0 2  shows only a series of very weak features. 

The results of our coadsorption experiments described above contain 
important implications for the understanding of the well-known N2/02 separation 
efficiency in LiX. It is commonly assumed that type III cations are critical to 
separation as these bind diatomic molecules more strongly than the less-exposed 
cations. This is in fact clearly demonstrated by our MC and rotational studies3 of H2 
inNaA. Based on this observation we can understand that LiA is not suitable for 
separation: there is apparently no occupation of type Iu[ sites by the Li' cation. 
Instead it appears that there is occasional double occupation of an 8-ring window 
where H2 adsorbs very strongly. The consequence of this may well be partial blocking 
of the gas flow through the 8-ring windows. 

In addition, the coadsorption INS spectra in LiX suggest that adsorption of N2 
still allows the hydrogen molecules to occupy sites in close proximity to the cations 
presumably because N2 tends to adsorb strongly near6 the cations as well. 0 2 ,  on the 
other hand, appears to cover the interior surface more uniformly, and thus force H2 to 
adsorb at a wide variety of different sites. This is in qualitative accord with the results 
of MD simulations6 for N2 and O2 in CaLSX where it was noted that N2 molecules 
will cluster around the cation while 0 2  binds less strongly and thus can be located in a 
variety of locations inside the supercage. 
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