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Abstract. The dynamics of propane confined in Na-Y zeolite
was studied using the quasi-elastic neutron scattering tech-
nique at different temperatures. The data were analysed using
a model in which the propane molecules undergo random-
walk diffusion characterised by a Gaussian distribution of
jump lengths inside zeolite cages. The diffusion constant and
root-mean-square jump length were determined in the tem-
perature range of 300–350 K.
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Zeolites are porous aluminosilicate crystals that present some
structural cavities regularly distributed over the crystal lat-
tice. These cavities are connected through pores or windows
whose diameters depend on the nature of the zeolite. These
materials offer an interesting tool for physicists, as the cavi-
ties may be utilized to isolate one or several molecules, and
thus constitute a simple physical model. A better understand-
ing of the molecular diffusion in zeolite is of great theoretical
and technological interest. Technological interest in zeolites
arises from the fact that they are widely used in industrial
processes as catalysts and molecular sieves, where diffu-
sion of various molecules inside these porous materials plays
a crucial role. The molecular sieving property of zeolites is
used in the separation of mixtures of hydrocarbons [1]. For
these reasons, diffusion of hydrocarbons in zeolites has been
studied extensively with various experimental techniques as
well as computer simulations. Macroscopic transport diffu-
sion is measured using techniques such as gravimetry, vol-
umetry, chromatography, etc. Self-diffusion coefficients re-
lated to the diffusivity on a microscopic scale are measured
using two techniques – pulsed field gradient nuclear magnetic
resonance (PFG-NMR) [2] and quasi-elastic neutron scatter-
ing (QENS) [3, 4]. PFG-NMR and QENS have been observed
to give results that are comparable to each other and usually in
good agreement with simulation results [1].
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Here we present the results of QENS measurements that
we have carried out to study the diffusion of propane gas
in Na-Y zeolite. Preliminary studies have been presented
elsewhere [5]. The Na-Y structure is made up of a net-
work of tetrahedrally connected pores (α-cages) of diameter
∼ 11.8 Å. The pores are interconnected through windows of
aperture ∼ 8 Å. Propane (“size” ∼ 6 Å) is one of the simplest
hydrocarbons in the alkane series.

1 Experiment

The Na-Y zeolite (SiO2/Al2O3 ratio (wt. %) = 2.5, as deter-
mined from chemical analysis) used for the experiment was
first thoroughly dehydrated through evacuation to 10−4 Pa at
a temperature of 400 ◦C for 12 h. It was then transferred into
a slab-shaped aluminum container of circular geometry. The
zeolite sample was loaded with propane gas (purity > 99.9%)
to saturation, which amounts to about 4.5 molecules per ze-
olitic supercage [6]. The QENS experiments were performed
using the quasi-elastic spectrometer [7] at the Dhruva reactor
at Trombay. The instrument is based on a double monochro-
mator for variation of incident energy and an air-cushion-
based spectrometer for energy analysis. A double monochro-
mator (pyrolitic graphite crystals) placed inside the pile block
of the reactor provides a closer approach to the source, and
we have used vertically bent crystals to focus the neutrons at
the sample position and thereby enhance the neutron inten-
sity. The spectrometer is used in multi-angle reflecting X-tal
(MARX) mode, where one essentially uses a combination of
a large crystal analyser and a linear position-sensitive detec-
tor, providing larger throughput. This is essential for such
experiments to be carried out in a medium flux reactor. A py-
rolitic graphite crystal is used as an analyser as well. In the
present configuration the spectrometer has an energy reso-
lution of 200 µeV with an incident energy of 5.1 meV cov-
ering an energy transfer range of ±1 meV. The Quasi-elastic
spectra were recorded in the wavevector transfer (Q) range
of 0.67 to 1.8 Å−1 at 300, 323 and 350 K for both bare zeo-
lite and that loaded with propane samples. Spectra on the bare
zeolite sample was recorded in order to estimate the contri-
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bution of bare zeolite to the total spectra. The quantity of the
propane present in the sample was independently estimated
also from a neutron transmission measurement and found to
be in close agreement with the loading amount.

2 Results and discussion

The spectra from bare zeolite did not show any quasi-elastic
broadening at any Q-value within the range covered in
the present experiment. However, the sample loaded with
propane (full saturation) showed quasi-elastic broadening at
all the Q-values, suggesting the presence of dynamical mo-
tion related to the propane adsorbed inside the zeolite cages.
Measurements at higher temperatures showed an enhanced
quasi-elastic component. The typical QENS spectra at room
temperature and at different Q-values are shown in Fig. 1.
The effect of an increase in temperature at a typical Q-value
of 1.32 Å−1 is shown in Fig. 2.

In a neutron scattering experiment the measured intensity
is proportional to the double-differential cross-section, and
for a hydrogenous sample we can write [4]

∂2σ

∂ω∂Ω
∝ k

k0
[σincSinc(Q, ω)] . (1)

Sinc(Q, ω) is known as the scattering law, and “inc” stands for
incoherent part. k and k0 are the initial and final wavevectors
and Q = |k−k0|.

In principle both rotational and translational motion could
contribute to the measured quasi-elastic spectrum. In the first
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Fig. 1. QENS spectra of propane in Na-Y zeolite at 300 K

0

50

100

150

200
T=323 K

0

50

100

150

200
T=350 K

-1.0 -0.5 0.0 0.5 1.0
0

50

100

150

200

S(
Q

, ω
) 

(A
rb

. U
ni

ts
)

Energy Transfer (meV)

T=300 K

Fig. 2. QENS spectra of propane in Na-Y zeolite at 1.32 Å−1 at different
temperatures

instance we tried to separate the elastic and quasi-elastic com-
ponents in the whole spectrum. It was found that there is no
extra elastic component other than that which is present in
the bare zeolite itself, and only a single Lorenzian could de-
scribe the quasi-elastic part, suggesting that the rotation of
the propane does not contribute to the present data. There-
fore, we assumed that only the translational motion of the
propane molecules contributed to the observed dynamics in
the present experiment. Analysis of the QENS spectra from
the propane molecules was attempted using several models
corresponding to the translational motion of the propane
molecules, and it was found that a model of S(Q, ω) proposed
by Hall and Ross [8] is adequate and consistent with the ex-
perimental data. In this model it is assumed that the particles
undergo random translational diffusion with a Gaussian dis-
tribution of jump lengths. The scattering law in this case will
be a Lorentzian as follows:

S(Q, ω) = 1

π

Γ(Q)

[Γ(Q)]2 +ω2
, (2)

with

Γ(Q) = 1

τ

[
1 − exp

(
− Q2

〈
l2
〉

6

)]
, (3)

where τ and 〈l2〉 are the residence time and mean square
jump length, respectively. The QENS data were collected on
both propane loaded samples and dehydrated samples at room
temperature. Analysis of the data involved convolution of the
scattering law with the instrumental resolution function, and
the parameters were obtained by least-squares fitting. A very
good fit was obtained for the whole Q range. The typical
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Fig. 3. Variation of the HWHM of the quasi-elastic lines with Q2

quality of fit and the separated quasi-elastic components are
shown in Fig. 1. Dashed lines in Fig. 1 represent the quasi-
elastic line arising from the diffusion of propane molecules,
and dotted lines represent the instrumental resolution func-
tion. Similarly the fit at different temperatures for a typical
value of Q = 1.32 Å−1 is shown in Fig. 2. Figure 3 shows the
variation of the HWHM of the Lorentzian lines with Q2 as
obtained from the least-squares fit of the model S(Q, ω) (2)
with the measured data at different temperatures.

The solid line was obtained by least-squares fitting using (3)
with τ and 〈l2〉 as parameters. The values of τ and 〈l2〉0.5

obtained from the fit at different temperatures are given in
Table 1. The estimated values of the diffusion constant D,
where

D =
〈
l2
〉

6τ
, (4)

are also given in the table. The activation energy of the jump
diffusion process has been found to be 3.6 (±0.5) kJ mol−1.
The values of the diffusion constant obtained here were
found to be higher than the previous NMR measurements of
Caro et al. [3] in Na-X, a similar system. However, this is ex-
pected, considering the difference in Si/Al ratios of the Na-X
and Na-Y zeolite samples. The variations in residence time
and mean jump length with temperature are consistent with
earlier studies [9, 10].

Table 1. Values of the residence time, mean jump length and diffusion con-
stant of propane in Na-Y zeolite at different temperatures

T (K) τ (ps) 〈l2〉0.5
(Å) D (×10−5 cm2 s−1)

300 4.6±0.5 2.5±0.2 2.3±0.3
323 4.3±0.4 2.9±0.2 3.2±0.3
350 3.8±0.3 3.0±0.3 4.0±0.4

It may be further noted that preliminary results of our re-
cent calculation using molecular dynamics simulation show
very good agreement with the present QENS data.

3 Conclusion

The results of QENS measurements carried out to study the
diffusion of propane gas in zeolite Na-Y at different tempera-
tures have been reported. The experimental data were found
to be consistent with a model in which the propane molecules
undergo random diffusion with Gaussian-distributed jump
lengths inside the zeolite cages. The present results are con-
sistent with PFG-NMR results for the diffusion of propane in
zeolite Na-X, a similar system. The variations in τ and 〈l2〉
with temperature are also consistent with the earlier studied
systems.
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