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a  b  s  t  r  a  c  t

We  have  measured  inelastic  neutron  scattering  (INS)  spectra  from  Ti-doped  polycrystalline  alanates
(NaAlH4 and  Na3AlH6),  at low  temperature,  in  the  energy  transfer  range  3–500  meV,  both  for  thermally
treated  and  untreated  samples.  From  the  spectral  range  corresponding  to  the  fundamental  vibrational
bands  of these  aluminohydrides,  accurate  one-phonon  spectra  and  hydrogen-projected  densities  of
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phonon  states  have  been  extracted  and  analyzed  using  ab initio  lattice  dynamics  calculations.  Satis-
factory  agreement  has  been  found  for  the  untreated  samples.  In the  case  of  thermally  treated  samples,
due to thermal  decomposition,  different  ionic  species  are  present  and  the  sample  composition  could  be
quantitatively  evaluated.  No  evidence  for  the  existence  of intermediate  species  such  as  AlH3 or  AlH5

2−

has  been  found.

FT

. Introduction

The possibility of using hydrogen as an environmentally friendly
nd efficient fuel is very actively investigated [1,2], but an effi-
ient way of storing hydrogen is still an unsolved problem. In
act, applications such as on-board storage for automotive uses
r hydrogen fuelled portable electronics will require new materi-
ls that can store large amounts of hydrogen (more than 5 wt.%,
2) at ambient, or close to ambient, temperature and relatively

ow pressures with small volume, low weight, and fast kinetics for
harging/discharging. Metal hydrides [3] carbon-based nanomate-
ials (such as metal-doped carbon nanotubes) and MOFs have been
tudied [4],  but there are still many problems associated with their
ractical implementation, including cost, low specific uptake, unfa-
orable thermodynamics and/or kinetics etc. Binary ionic hydrides
f the elements of groups 1, 2 and 13 such as M(EH4)x, (M = Li, Na,
, Mg  or Ca, and E = Al or B) have been studied as promising mate-
ials. In particular, sodium alanates (i.e. NaAlH4 and Na3AlH6) have
ttracted a great deal of interest since Bogdanović and Schwickardi
5] have shown that the hydrogenation reaction can be kinetically

nhanced and rendered reversible, under mild conditions, after
oping with transition metal halides such as MX3 (M = Ti, Zr, Co,

∗ Corresponding author.
E-mail address: Alberto.Albinati@unimi.it (A. Albinati).

925-8388/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2012.01.094
© 2012 Elsevier B.V. All rights reserved.

Ni, or Fe; X = F, Cl, or I). The relevant reversible reactions involved
in the process are:

3NaAlH4 � Na3AlH6 + 2Al + 3H2(3.7 wt.%) (I)

Na3AlH6 � 3NaH + Al + 3/2H2(1.8 wt.%) (II)

These reactions occur at moderate pressures (p < 100 bar) and
temperatures (T < 438 K), so the doped NaAlH4-plus-Na3AlH6 sys-
tem exhibits characteristics not too far from those required for
practical applications. However, much work is still necessary to
improve the storage properties of the alanates, and to this aim a
detailed understanding of the H2 absorption/desorption process
is crucial. A microscopic mechanism of the catalytic processes in
Ti-doped NaAlH4 has been recently suggested [6–8], but not yet
experimentally validated. Moreover, recent “anelastic relaxation”
measurements [9] have shown that after thermal activation (at
temperatures in the range 370–436 K) a new species appears in
Ti-doped sodium alanates (and to a very much less extent also in
those undoped). This species gives rise to a thermally activated
relaxation at T ≈ 70 K and � = 1 kHz, with an activation energy of
E = 0.126 eV, and a pre-exponential factor of � = 7 × 10−14 s, typical
values for a point-defect relaxation. This reactive species shows a
fast dynamics and, according to the deuterium isotopic effect found,
involves hydrogen. These observations are consistent with the for-

mation, upon thermal treatment, of a distorted octahedral defect
of type AlHx

n− (x < 6), causing a local vacancy dynamics. The forma-
tion of such defects appears to be catalyzed by the presence of the
Ti dopant [9].

dx.doi.org/10.1016/j.jallcom.2012.01.094
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:Alberto.Albinati@unimi.it
dx.doi.org/10.1016/j.jallcom.2012.01.094
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Table 1
Sample description, including doping amount, thermal treatment temperature, experimental temperature T, Integrated Proton Current (IPC), and mass. One hour of counting
time  corresponds approximately to 150 �A h IPC.

# Sample Ti doping (mol.%) Thermal treat. (K) T (K) IPC (�A h) Mass (mg)

1 NaAlH4 4 – 16 (2) 543.7 762
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Fig. 1, spectra #1 and #3) may  be compared with the results
reported in the energy transfer range 35 meV  < E < 250 meV  in Ref.
[11]. Despite an evident similarity in the band positions and inten-
sities, some care is needed in comparing the spectra, since the two
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The present work aims at extending the microscopic investiga-
ion of the effect of the thermal treatment on the proton dynamics
n doped NaAlH4 and Na3AlH6, (before and after thermal treatment)
y using high-resolution inelastic neutron scattering (INS). Com-
ared to Raman and infrared spectroscopy, INS allows, more easily
nd reliably, the separation of the various contributions stemming
rom different atoms. Moreover, neutron vibrational mode intensi-
ies can be accurately reproduced by lattice dynamics simulations
10].

Previously, inelastic neutron scattering studies have been per-
ormed on NaAlH4 (pure and 2% Ti-doped) and on Na3AlH6 [11],
ith an energy resolution of 2–4.5% in the energy transfer range

50–250) meV; an INS study on NaAlH4 was also carried out by Fu
t al. [12], using a larger energy transfer range (3 meV  < E < 500 meV)
nd greater energy resolution (1.5–3%). While the former work
as been aimed at providing some microscopic understanding of
he role of the Ti-additive in NaAlH4 and its specific occurrence
n the material, the latter work has been mainly focused on the
pectral modifications of doped samples after several H2 charg-
ng/discharging cycles of NaAlH4 only. In contrast, our work is
ocused on the search for spectral evidences for the H-containing
xtra-species or defect structures responsible for the observations
y “anelastic relaxation” experiments [9] after thermal treat-
ent of both NaAlH4 and Na3AlH6. Additionally, some essential

mprovements of the instrumentation used regarding resolution,
ackground levels and sensitivity have been achieved since the
revious work [12].

. Experiment description

The neutron scattering measurements were carried out on the TOSCA-II inelastic
pectrometer at the ISIS neutron source. TOSCA-II is a crystal-analyzer inverse-
eometry spectrometer [13] spanning a broad energy range transfers (E = E0 − E1,

 meV  < E < 500 meV), with an energy resolution �E/E0 ∼= 1.5–3%.
Special care was  taken to prevent possible wetting and decomposition of the

lanates, during the sample loading, in a flat Al scattering-cell that was performed
n  a glove box under He atmosphere. Four samples were used for the data collections:

1) NaAlH4, recrystallized from tetrahydrofuran, and doped with 4 mol.% TiF3 by
ball  milling (30 min  at 350 rpm) [14].

2) NaAlH4, recrystallized from tetrahydrofuran, doped with 4 mol.% TiF3 by ball
milling (30 min  at 350 rpm), and thermally treated (1 h at T = 435 K).

3) Na3AlH6, produced and purified via the standard Huot et al. method [15], and
doped with 4 mol.% TiF3 by ball milling (30 min  at 350 rpm).

4)  Na3AlH6, produced and purified via the standard Huot et al. method [15], doped
with 4 mol.% TiF3 by ball milling (30 min  at 350 rpm), and thermally treated (1 h
at  T = 435 K).

The most important experimental details are given in Table 1; further details
n  the synthesis, purification and treatment can be found in Ref. [14]; the phase
urity of all untreated samples was checked by X-ray powder diffraction using part
f each sample batch. Before the neutron data collection, the empty cell was  cooled
own to the temperature of the experiment: (16 ± 2 K). The INS spectra of the four
amples were then measured in the same conditions. The experimental time-of-
ight spectra were transformed into energy transfer data by using the standard
OSCA-II data reduction routines. Further details are given in Appendix A.

The resulting INS spectra, proportional to S(Q,E), are reported in Fig. 1.
. Computational details

Periodic density functional theory calculations were car-
ied out using a plane wave basis-set and pseudopotentials as
16 (2) 453.1 698
16 (2) 818.8 725
16 (2) 1146.3 811

implemented in the CASTEP code [16–18] The PBE [19] version
of the localized density approximation within DFT was used in
conjunction with optimized norm-conserving pseudopotentials.
The Brillouin zone sampling for the electronic calculations used
a 3 × 3 × 2 grid of k-points generated using the Monkhorst–Pack
method. A full geometry optimization (with a plane-wave cut-
off energy of 770 eV) of the internal atomic co-ordinates was
performed to reduce the residual atomic forces to less than
1.5 meV/Å. This procedure converged to the following lattice cell
parameters: a = 5.038 Å, c = 11.300 Å for NaAlH4 and a = 5.413 Å,
b = 5.546 Å, c = 7.765 Å,  ̌ = 89.87◦ for Na3AlH6. These values are
in agreement with those obtained by powder diffraction [20] for
tetragonal NaAlH4 (a = 5.02508(6) Å, c = 11.3571(2) Å) and for mon-
oclinic Na3AlH6 (a = 5.4145(3) Å, b = 5.5402(3) Å, c = 7.7620(4) Å,

 ̌ = 89.871(4)◦).
Phonon modes were calculated using density functional

perturbation-theory [16,21] on a 5 × 5 × 3 grid to calculate the
dynamical matrix; the Brillouin zone was  sampled on a 9 × 9 × 6
grid, using the interpolation algorithm included in CASTEP to
obtain a smooth density of phonon states and calculated spectra
as described in [10]. The INS spectrum was generated using the
program ACLIMAX [22]. Calculations were performed on the com-
plete unit cell using the experimentally determined structural data
as input [20]. The corresponding calculated INS spectra are shown
together with their experimental counterparts in Fig. 2. The excel-
lent agreement between theory and experiment further confirms
the phase purity of the untreated samples.

4. Discussion

The neutron spectra from Ti-doped NaAlH4 and Na3AlH6 (see
E (meV )

Fig. 1. Examples of raw neutron spectra from samples #1, #2, #3 and #4 as from
Table 1 plus the empty cell (e.c.), all recorded in backscattering at T = 16 K. Spectra
have been vertically shifted.
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Fig. 2. Calculated (black lines) and experimental (red lines) INS spectra of untreated
NaAlH4 – #1 and Na3AlH6 – #3. For both compounds, shaded peaks represent the
fundamental transitions broadened by dispersion effects and instrumental resolu-
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Fig. 3. Generalized self inelastic structure factor from the Ti-doped thermally
treated NaAlH4 and Na3AlH6 samples (#2 and #4, cf. Table 1), recorded in backscat-
ion. (For interpretation of the references to color in this figure legend, the reader is
eferred to the web  version of this article.)

pectrometers used differ both in energy resolution and instru-
ental geometries. TOSCA has approximately 3 to 4 times better

nergy resolution than that in Ref. [11] (FANS spectrometer [23])
nd, moreover, to each energy transfer point on the TOSCA trajec-
ory corresponds just one exact value for the momentum transfer

odulus, Q, which on FANS is averaged over a relatively large scat-
ering angle range. This makes the measured intensities to appear
lightly different in the various parts of the spectra accessed by the
wo instruments. Thus, using these advantages of TOSCA and the
utput of our DFT calculations, focusing on the H-dynamics, we
ave been able to identify all of the observed vibrational features

or both NaAlH4 and NaAl3H6.
Four main bands due to proton vibration modes domi-

ate the spectrum of the untreated NaAlH4, Fig. 2 (see also
ig. A4 in Appendix A):

a) lattice collective motions (Na+ and AlH4
− sublattices vibrating

against each other, transverse and longitudinal vibrations) with
the most intense feature centered at 24 meV;

) AlH4
− rigid body librations in the region 43–69 meV;

c) Al–H bending and H–Al–H scissoring modes between 74 and
116 meV;

) Al–H stretching vibrations with maxima at ca. 217 and 225 meV
for the symmetric and antisymmetric modes, respectively.

The spectrum of the untreated Na3AlH6 sample shown in Fig. 2

panel 3, see also Fig. A4 in Appendix A) is similar to that of the
etra-hydride: the major difference being the absence of clearly
esolved Al–H stretching vibrations. Thus, the assignment of the
eatures seen in the spectrum of the Na3AlH6 sample is similar to
tering at T = 16 K (error bars). In addition their best fits using a linear combination
of  thermally untreated data (namely #3 and #1 and NaH spectrum [24]) have been
added as full lines.

that of the tetra-hydride analogue. The lattice collective modes are
again observed in the region 6.2–27.8 meV. In contrast to the tetra-
hydride, the librations around the three principal axes of the AlH6

3−

moiety are well separated at 42, 51, and 64 meV. The Al–H bend
and H–Al–H scissoring modes appear between 82 and 120 meV, fol-
lowed by a rather wide spread of Al–H stretch bands between 140
and 195 meV. The highest energy feature in the spectrum, found
at about 195 meV, originates from the AlH6

3− ion breathing mode
(symmetric Al–H stretches).

As far as the thermally activated NaAlH4 and Na3AlH6 sam-
ples are concerned, in Fig. 3 we  report their fits showing how
the �s(Q,E) (see also Appendix A) spectra from samples 2 and 4
can be quite satisfactorily reconstructed by a simple linear com-
bination of their thermally untreated components: Na3AlH6 plus
NaAlH4 or NaH [24] (�2 = 0.61 and 0.62, respectively), leaving no
unaccounted vibrational features. Thus, under the conditions of our
experiments, after our thermal treatment we  have found no evi-
dence for the recently discovered by 27Al NMR  [25] highly defective
AlH5

2-species. However, these may  exist only locally, as an out-of-
equilibrium short-lived species near defects created by Ti atoms,
for instance. This would certainly render the observation and char-
acterization of such structures very difficult. We  note that in the
region around 130 meV, both the tetra- and hexa-hydrides spectra
are virtually featureless and therefore we might expect quite high
sensitivity of the method towards extra species such as AlH5

2− con-
taining large H-molar fraction (of the order of 1–2 wt.% for the used
samples).

5. Conclusions

We  have collected high resolution incoherent inelastic neu-
tron scattering data from polycrystalline Ti-doped NaAlH4 and
Na3AlH6 (both thermally treated and untreated), and carried out
ab initio lattice dynamics calculations to interpret the vibra-
tional spectra. The remarkable differences between the thermally
treated and the untreated NaAlH4 and Na3AlH6 samples can be
explained by the transformations outlined in Eqs. (I) and (II)

(cf. Table 1).

From the spectral region corresponding to the fundamen-
tal vibrational bands of both (thermally untreated) alanates
(3 meV < E < 250 meV), we  were able to self-consistently estimate
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Fig. A1. Hydrogen component of the self inelastic structure factor from the Ti-
A. Albinati et al. / Journal of Alloy

he respective multiphonon terms and to extract accurate and
ell-resolved one-phonon spectra and hydrogen-projected den-

ities of phonon states.
The experimental data were compared to the results of ab initio

attice dynamics calculations. The overall agreement is quite satis-
actory. A further comparison was set up between the experimental
ydrogen-projected densities of phonon states and frequencies,
imulated through ab initio lattice dynamics which also included
ispersion effects. These frequency values give a clear physical

nterpretation to the main neutron spectral bands, and, in some
ases, even to few intra-band features. These analyses, however,
id not reveal the presence of any other stoichiometric or non-
toichiometric species other than the ones given in Eqs. (I) and
II), i.e. NaAlH4, Na3AlH6, and NaH. Thus, we do not find any evi-
ence of the formation of the thermally activated species found in
i-doped alanates by “anelastic relaxation” spectroscopy [9] even
hough the mean activation energy of this process at Ea ∼= 126 meV
s well in the instrumental spectral energy range. This observation
an be explained by the different sensitivity of the two techniques
s the “anelastic relaxation” spectroscopy is a much more sensitive
echnique which can detect intermediates that are only present
n catalytic amount, and thus our results indirectly support the
defect-catalyzed” mechanism of activation of Ti-doped alanates.
imilarly, we cannot confirm the presence in the activated sam-
les of the recently suggested AlH3

2− defects which are expected
o lead to the formation of AlH5

2− anions whose vibrational fea-
ures are predicted in the energy region between Al–H bending
tretching modes of the AlH4

− anion in the defect free NaAlH4
attice [26].
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ppendix A.

.1. Data reduction

Spectra were grouped into two distinct data blocks (i.e. forward-
cattering and backscattering data, respectively). This grouping
rocedure is justified by the narrow angular range spanned by the
etectors of each block, since the corresponding full-width-at-half-
aximum, ��,  was estimated to be only 8◦ [13]. In this way, we

roduced double-differential cross-section measurements along
he TOSCA-II kinematic paths Q=QF,B(E) (for forward-scattering and
ackscattering spectra, respectively) of each sample-plus-can sys-
em, plus the empty can. Data were then corrected for the (E1/E0)1/2

inematic factor, and the empty-can contribution was  properly
ubtracted [27] taking into account the E0-dependent sample trans-
ission.

.2. Data analysis details

.2.1. Thermally untreated samples
Standard corrections for self-absorption attenuation and mul-

iple scattering contamination were carried out, even though
amples #1 and #3 have a quite large transmission (T = 94.3% and
5.8% at E0 = 100 meV, respectively) and hence a modest scattering
ower. These procedures were performed through the analytical

pproach suggested by Agrawal and by Sears in the case of a flat
lab-like geometry [28]. This method needed two important inputs,
hich are related to the microscopic dynamics of the measured

ample, namely: (a) the total scattering cross-section of the sodium
doped thermally untreated NaAlH4 and Na3AlH6 samples (#1 and #3, cf. Table 1),
recorded in backscattering (B) and forward scattering (F) at T = 16 K. Spectra have
been vertically shifted.

aluminohydrides, �t(E0), known to be largely dependent on E0
because of H; (b) an estimate of the sample scattering law to be
folded with itself in order to generate multiple scattering contribu-
tions. Both procedures (i.e. self absorption and multiple scattering
corrections) were accomplished in the framework of the incoherent
approximation [29], justified by the preponderance of the proton
scattering and by the polycrystalline nature of the samples.

The sample total scattering cross-section, �t(E0), was estimated
adding the small metal contribution (i.e. bound cross-section, con-
stant in E0) to the large, E0-dependent, H part. Multiple scattering
contributions were found to be quite modest, but not entirely neg-
ligible, in the energy transfer interval 3–250 meV, containing the
single-phonon scattering. These contributions were carefully eval-
uated and finally subtracted, together with the (simulated) small
metal signal. The resulting spectra are reported in Fig. A1 as inco-
herent inelastic protons (H-atoms) structure factor, S(H)

s (Q, E), for
samples #1 and #3.

A.2.2. Thermally treated samples
Samples #2 and #4 were treated as homogeneous mixtures of

NaAlH4, Na3AlH6 and NaH in order to correct for self-absorption
attenuation and multiple scattering contaminations. The concen-
trations of these three species in the two  samples were estimated,
approximately, via a simple fit on raw data making use of a linear
combination of the uncorrected spectra 1 and 3 plus the equiv-
alent low-temperature measurement on NaH [24]. The following
molar compositions were found: for 2: [NaAlH4] = 30%, [Na3AlH6]
for 4: [Na3AlH6] = 85%, [NaH] = 15%. These values were employed
for the data reduction as in the previous subsection, yielding
the following average estimates of the generalized self inelastic
structure:

˙s(Q, E) =
∑

n

xn�nS(n)
s (Q, E), (A1)

where xn is the molar concentration of the nth species, �n is the
total scattering cross-section of the nth species, and the sum over n
is running on all the non-equivalent atomic species. These neutron
spectra are shown in Fig. A2.  The fitting procedure making use
of �s(Q,E) yielded an excellent spectral reconstruction for both

thermally activated samples and more accurate compositions:
[NaAlH4]#2 = 31.3(9)%, [Na3AlH6]#2 = 68.7(9)%, [NaH]#2 = 0.0(9)%,
and [NaAlH4]#4 = 0.0(6)%, [Na3AlH6]#4 = 86.7(6)%, and
[NaH]#4 = 13.3(6)%.



112 A. Albinati et al. / Journal of Alloys and Compounds 523 (2012) 108– 113

250200150100500

0.0

0.2

0.4

0.0

0.2

0.4

0.6

2

S
s
(Q

B
,E

) 
(a

rb
. 

u
n

it
s
)

E ( meV)

4

Fig. A2. Generalized self inelastic structure factor from the Ti-doped thermally
treated NaAlH4 and Na3AlH6 samples (#2 and #4, cf. Table 1), recorded in backscat-
tering at T = 16 K. In addition, NaAlH4 and NaH contributions to the thermally
activated spectra (i.e. to #2 and #4, respectively) have been also added as dashed
lines. Spectra have been vertically shifted for graphic reasons.

A

c

S

w
a
ω

m
r
s
t
t
T
d
s
i

250200150100500

0.0

0.3

0.6

0.9

1.2

0.0

0.2

0.4

0.6

1

E (m eV)

S
s

(H
) (Q

B
, E

) 
(a

rb
. 
u

n
it
s
)

3
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lines) terms of the hydrogen self inelastic structure factors from Ti-doped NaAlH4

(#1) and Na3AlH6 (#3) samples measured in backscattering (see Table 1). The two
.3. Calculation of the phonon contribution.

The one-phonon proton component in the spectra, S(H)
s,+1(Q, E),

an be obtained [28] from the following equation:

(H)
s,+1(Q, E) =

〈
exp[−2WH(Q)]

∑
q

r∑
j=1

h̄
∣∣∣Q · �(H)

j
(q)

∣∣∣2

2MHωj(q)

×[1 + nj(q)]ı[E − h̄ωj(q)]

〉
, (A2)

here exp[−2WH(Q)] is the Debye–Waller factor for the hydrogen
tom; r is the number of phonon branches labeled by j; while q,
j(q), and nj(q) are the phonon wave-vector, frequency, and ther-

al  population, respectively; �(H)
j

(q) is the H polarization vector
elated to the phonon mode (q, j), MH is the proton mass; and finally
ymbol 〈· · ·〉  stands for the powder average over the Q orienta-

ion. When dealing with Na3AlH6, however, a further average over
he three non-equivalent types of protons also has to be assumed.
he physical quantity reported in Eq. (A2) still retains a depen-
ence on Q(E) (i.e. on the spectrometer) through 2WH(Q) and the
quared modulus, but while the latter can be extracted by a triv-
al Q2 product, the former remains rather complex considering
total terms in panels 1 and 3 are equivalent to plots 1 and 3 in Fig. 2 of the main text,
respectively.

the exact definition of 2WH(Q) [30]. Approximating Eq. (A2)
with:

S(H)
s,+1(Q, E) ∼= h̄2Q 2

2MHE
exp

(
−1

3
Q 2〈u2

H〉
)

×
〈∑

q

r∑
j=1

|Q̂ · �(H)
j

(q)|2ı[E − h̄ωj(q)]

〉
[1 + n(E)], (A3)

after some algebraic manipulations, one finds:

S(H)
s,+1(Q, E) ∼= h̄2Q 2

2MHE
exp

(
−1

3
Q 2〈u2

H〉
)

ZH(E)[1 + n(E)] (A4)

where 〈u2
H〉 is the mean squared displacement of the H atom and

is related to the so-called “isotropic thermal factor” in diffraction,
BH,iso, through: 〈u2

H〉 = 3BH,iso/8
2. To determine the multiphonon
contributions in the TOSCA-II neutron spectra, we have used
a self-consistent procedure [31] successfully applied in a num-
ber of cases [24]. Despite the approximations involved (i.e. a
purely harmonic, isotropic and single-site treatment of the mul-
tiphonon terms), the results for both NaAlH4 and Na3AlH6, see
Fig. A3,  show a satisfactory convergence of the procedure allow-
ing a reliable extraction of the one-phonon component of the
two  spectra using the Eq. (A4). Relying on the internal self-
consistent estimate of the H mean squared displacement and

employing both backscattering and forward-scattering S(H)

s,+1(Q, E)

data, one can assume 〈u2
H〉 = (0.072 ± 0.005) Å

2
and (0.073 ±

0.001) Å
2
, respectively for NaAlH4 and Na3AlH6 (both at T=16 K).
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ig. A4. Experimental hydrogen-projected density of phonon states from Ti-doped
aAlH4 (panel 1, full line) and Na3AlH6 (panel 3, full line) samples. The simulated
ydrogen-projected densities of phonon states (dashed line) are also shown.

sing these 〈u2
H〉 values one can finally obtain the ZH(E), shown

ig. A4.

.4. Calculation of the scattering section

The total scattering section, �t(E0) was calculated adding the
etal contribution to the E0 dependent H-scattering part. The latter
as estimated from the simulated one-phonon neutron inelastic

pectra, see below for NaAlH4 (#1) and Na3AlH6 (#3), making use
f Eqs. (3), (11) and (12) of Ref. [31]. A similar choice was made for
he model self scattering laws, S(n)

s (Q, E), (n ≡ Na, Al, H) to be used
or the multiple scattering estimate.
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