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NOTES

Improved Hydrogen Absorption of SmMg; and Mg,Ni Intermetallics
upon Complexation with Large Aromatic Molecules

In earlier papers (I, 2) we reported the
first study on the rare earth intermetallic
compound SmMg; modified with con-
densed ring compounds. The material
formed when SmMg; was treated with an-
thracene readily absorbed hydrogen at
room temperature, although there was no
indication of hydrogen uptake by SmMg;
alone under similar conditions. We specu-
lated that the treatment with aromatic mate-
rials provided a novel way of improving the
characteristics of hydrogen absorption by
the intermetallics as a hydrogen storage me-
dium.

It has been shown that Mg,Ni can absorb -

hydrogen to produce the hydride to an ex-
tent exceeding the capacity of liquid hydro-
gen by up to a factor of 1.3 on a per unit
volume basis (3). The hydrogen density of
Mg,NiH, is comparable to that of LaNi;H,
(4, 5) considered an excellent hydrogen
host. However, the pressure and tempera-
ture applied in the H, absorption process
are too high to be practical.

In light of the information just described,
we were interested in the general behavior
of the intermetallic compounds (SmMgs
and Mg,Ni) treated with aromatic com-
pounds in terms of hydrogen storage mate-
rials. Characterization of the present mate-
rials was also conducted using NMR and
ESR.

The intermetallic compounds used in this
work were SmMg; and Mg;Ni. Details re-
garding the preparation of SmMg; are de-
scribed in earlier publications (/, 2). Mg,Ni
was commercially available from Nippon
Yttrium Company. Confirmation of the de-
sired structure in these samples was ob-

tained by X-ray diffraction analysis. The
condensed ring compounds (anthracene,
phenanthrene, chrysene, and perylene) ob-
tained from Tokyo Kasei Company were
used without further purification. Hydrogen
as an absorbate was purified by passage
through a molecular sieve and liquid nitro-
gen trap. In a typical preparation of the
samples based on the alloys and the aro-
matic compounds the intermetallic com-
pounds were crushed to a fine powder be-
fore being placed in a 50-ml Schlenk reactor
flushed thoroughly with dry N,. The reac-
tion of equimolar amounts of the alloys and
the aromatic materials was carried out in
the presence of trace amounts of C;H;Br! in
a 10-ml anhydrous tetrahydrofuran (THF)
solvent (freshly distilled over sodium wire)
at room temperature. The suspended mix-
ture was stirred for a week, followed by
evacuation to provide dark-green products.
The mixture thus prepared was transferred
to the sample chamber, connected to a
high-vacuum system, and evacuated to ca.
10~% Torr prior to each run. The products
were sensitive to air turning into nonreac-
tive materials by oxidation. Thus, these op-
erations were carried out under dry N, . Hy-
drogen uptake measurements were made
using volumetric equipment (212 ¢cm?®) and
the quantity of hydrogen absorbed was cal-
culated from the change in pressure of a
mercury manometer. ESR studies of the ar-
omatic additives were carried out at room

! Although precise reasons for the addition of
C;HgBr are not clear, it is possible to see similar expe-
riences elsewhere (B. Bogdanovic et al., Angew.
Chem. Int. Ed. Engl. 19, 818 (1980).
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temperature with a JEOL-JES-ME X-band
spectrometer under 100-kHz modulation
and the field was calibrated with Mn?* ion
doped in magnesium oxide powder.

The materials derived from the interme-
tallics (SmMg; and Mg,Ni) and different ar-
omatic compounds instantaneously ab-
sorbed hydrogen at room temperature when
exposed to high-purity hydrogen at 630
Torr. For various systems the variation of
hydrogen uptake with time is illustrated in
Fig. 1. The intermetallic compounds em-
ployed gave rise to a capability of absorbing
copious quantities of hydrogen under mild
conditions upon complexing. For compari-
son it is informative to note that SmMg; or
Mg,Ni alone hardly showed any indication
of hydrogen uptake under similar condi-
tions: below atmospheric pressure at room
temperature. Preliminary Kkinetic studies
showed that the rate of hydrogen uptake
was almost proportional to the hydrogen
pressure under initial conditions. Regarding
the SmMg;—-anthracene and Mg,Ni-anthra-
cene systems, apparent activation energies
for the initial absorption process were
found to be 8.6 and 7.3 kcal/mol in the
range of 0 to 40°C, respectively.

Few studies have been reported for the
hydrogenation of SmMgjs, but it is clear by
X-ray analysis that SmMg; is decomposed
to SmH,, and Mg when contacted with hy-
drogen (6). With regard to Mg,Ni, there has
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FiG. 1. Time courses of hydrogen absorption by
SmMgs and Mg,Ni combined with various aromatic
compounds. Open symbols: Mg;Ni; solid symbols:
SmMg;. O: Anthracene; O: phenanthrene; O: chry-
sene; A: perylene.
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Fi1G. 2. Desorption isotherms for the Mg,Ni-H sys-
tem (3).

been a valuable report by Reilly and
Wiswall (3) in regard to the hydrogen stor-
age capacity of Mg,Ni. It was shown that
Mg,Ni reacted readily with hydrogen at
about 21 atm and 325°C. Desorption iso-
therms were determined, from which pres-
sure—composition isotherms (Fig. 2) were
obtained for the Mg,Ni—-H system in the
range of 1.77 to 9.71 atm and 298 to 349°C.
One plateau pressure region was found.
This indicates the existence of two crystal-
lographically  distinguishable  hydrides
which can be designated as a and 8. On the
basis of thermodynamic considerations
they represented the relationship between
the dissociation pressure P (atm) and tem-
perature 7 (K)

log Py, = —3360/T + 6.389. (1)

According to simple arithmetic using eq.
(1), the Mg,Ni—-H system without the aro-
matic materials possesses a plateau pres-
sure of (a + B) 1.3 x 107% atm (9.9 x 1072
Torr) at 25°C. Consequently, even taking
into account hysteresis between absorption
and desorption processes, it seems that hy-
drogen absorption by Mg,Ni itself is possi-
ble at a low pressure and temperature ap-
plied in this study, which is not possible
with observable rates without the aromatic
compounds. It is apparent that the treat-



ment of SmMg; and Mg,Ni with the aro-
matic materials led to superior properties as
a hydrogen container, indicating a lowering
of the pressure and temperature for hydro-
gen absorption.

The qhul-hz of hvdrogen absorntion varied

1vdrogen absorp
cormderably among the complexing sys-
tems with change in the partner materials.
The nature of the aromatic compounds with
which MgzNi or SmMg; is combined is im-
portant in determination of this capability.

We believe that the difference is a conse-
quence of variation of electronic interaction
between the intermetallic compound and
the aromatic materials. For the THF-solu-
ble part of the SmMgz—anthracene system,
for example, attempts have been made to

narfarm electranic enpnfrnm measurements

perform electronic spectrum measurements
(2) which showed that an additional elec-
tron donor-acceptor complex is formed
and appears at 598 nm. Figure 3 shows an
ESR signal of the powdery sample obtained
when per 'yléi‘le was added for comprexauuu
with Mg,Ni. The resulting material devel-
oped a vellowish-green color and gave an
unresolved spectrum of perylene anion rad-
icals with a g value of 2.0036 (perylene an-
ion radical in solution, 2.0026 (7)) and over-
all width of ~40 G. These imply the

occurrence of charee transfer to form aro-
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matic anion radicals to some extent and
production of materials similar to com-
plexes (8) formed when alkali metals are
combined with condensed ring compounds.
Au,t:puug that the electron uonar—acceplor
complexes derived from alkali metal-aro-

matic adducts possess the ability to activate
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FiG. 3. ESR signal of organic radicals obtained by
addition of perylene to Mg,Ni.
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specifically hydrogen (8) in the present sys-
tem the complexes formed on the alloy sur-
face are likely involved in breaking of the
hydrogen bond, followed by entry of hydro-
gen into the alloys by spillover. Hence, the

roles of the r'nmnlpvpc mloht be similar to

those of elemental Ni generated in the sur-
face to dissociate molecular hydrogen into
atomic hydrogen in the model which Wal-
lace et al. (9, 10) proposed concerning hy-
drogen absorption by LaNi;.

To establish the action of hydrogen oc-
cluded in the material NMR studies were
conducted. NMR measurements using a
JEOL MH-100 model were made on the
sample after hydriding and dehydriding
without exposure to air, although all the
samnles were not very soluble in a C.D.
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solvent. The hydrrdmg samples showed
small proton peaks corresponding to hydro-
genated aromatic compounds. For exam-
ple, the Mg,Ni (or SmMg3) anthracene—H
system yielded a
monohydroanthracene (9-H NMR absorp-
tion at 3.68 ppm). This finding is in accord
with that obtained from the Na-anthra-
cene—H system (8). Quantitative details are
not available at present, but it is deduced
that most of the hydrogen reacts with
Meo.Ni or SmMg. to nrndnr-p its hvdride

Vig,IN1 O >mivligs roquce Iis nyariae

(/1). Moreover, it was also confirmed by
NMR analysis that the reacting hydrogen
was readily detached from the aromatic ma-
terials after brief evacuation

bUlllplCA bUllldlllllls 7'

tive means of storing hydrogen, reversible
hydriding and dehydriding are required un-
der favorable conditions. The samples after
hydrogenation were subjected to degassing
to ca. 107° Torr for 2 h at room temperature,
followed by rehydrogenation by introduc-
ing hydrogen (630 Torr). In a series of ex-
periments, the Mg,Ni—anthracene system
exhibited the best recovery of hydrogen
with good reproducibility (Fig. 4). Revers-
ibility of other systems was not as efficient

aq that far tha Mo Ni_anthrasrana Mangid_
as ulav IO N MgauNi—aninraclnd. Lonsia

ering that the obtainable pressure (<107°
Torr) in vacuo is much lower than the pla-
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F1G. 4. Recovery of hydrogen for the Mg,Ni-an-
thracene system. The solid line represents the time
course of the first absorption and the broken line the
second absorption after evacuation.

teau pressure (at 25°C) for Mg,NiH,, and the
NMR results, it is presumed that dehydrid-
ing of Mg,NiH, at room temperature is Ki-
netically difficult and that its behavior is ul-
timately dependent upon the type of
interaction of the intermetallics and the aro-
matic materials.
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