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T
he world today is facing increasing
energy demands and simulta-
neously a demand for cleaner and

more environmentally friendly technolo-
gies. The development of new nanomateri-
als is expected to have a major impact on
the development of novel sustainable en-
ergy technologies.1,2 Here we introduce a
new concept, nanoconfined chemistry, as a
means to improve the reversibility, stability,
kinetics, and possibly also the thermody-
namic properties of chemical reactions in-
volved in reversible release and uptake of
hydrogen. Hydrogen is recognized as a pos-
sible energy carrier, but its large-scale utili-
zation is mainly hampered by insufficient
hydrogen storage properties.3,4 Lithium
borohydride, LiBH4, and magnesium hy-
dride, MgH2, have been studied intensively
in the past due to their high theoretical hy-
drogen densities of �m � 18.5 and 7.6 wt %,
respectively.5,6 However, the use of LiBH4

as a solid-state hydrogen storage material
is hampered by its unfavorable high ther-
mal stability; that is, release of H2 takes
place at temperatures above �400 °C and,
importantly, uptake of H2 only occurs under
extreme conditions.7 Similarly, application
of the abundant and cheap metal magne-
sium is also impeded by unfavorable ther-
modynamic properties, �Hf � �75 kJ/mol
H2 (i.e., bulk MgH2 must be heated to �300
°C in order to release hydrogen at p(H2) � 1
bar).3,6

Fortunately, both the kinetic and ther-
modynamic properties of potential hydro-
gen storage materials can be significantly
improved by combining exothermic and
endothermic chemical reactions. A more fa-
vorable total enthalpy change may be ob-
tained by the introduction of a new dehy-
drogenated state which may facilitate

hydrogenation.8,9 This concept is referred
to as reactive hydride composites (RHC),
and it helps to preserve a high gravimetric
hydrogen storage capacity.8 An illustrative
example is given by the reaction scheme
depicted below.

Due to the formation of MgB2, the reaction
enthalpy is reduced to �Hf � �46 kJ/mol H2

and the hydrogen absorption occurs under
more moderate conditions,8�15 and further-
more, this reaction also has a high poten-
tial hydrogen storage capacity, �m � 11.6 wt
%. However, the reactants must be thor-
oughly mixed and be in intimate close con-
tact over large surface areas in order for re-
action 1 to proceed. This has previously
been achieved only by mechanical top-
down approaches such as extensive ball
milling, which unfortunately contaminates
the sample with material from balls and vial.
Furthermore, metal hydride nanoparticles
tend to agglomerate, sinter, and grow into
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ABSTRACT Hydrogen is recognized as a potential, extremely interesting energy carrier system, which can

facilitate efficient utilization of unevenly distributed renewable energy. A major challenge in a future “hydrogen

economy” is the development of a safe, compact, robust, and efficient means of hydrogen storage, in particular, for

mobile applications. Here we report on a new concept for hydrogen storage using nanoconfined reversible

chemical reactions. LiBH4 and MgH2 nanoparticles are embedded in a nanoporous carbon aerogel scaffold with

pore size Dmax � 21 nm and react during release of hydrogen and form MgB2. The hydrogen desorption kinetics

is significantly improved compared to bulk conditions, and the nanoconfined system has a high degree of

reversibility and stability and possibly also improved thermodynamic properties. This new scheme of nanoconfined

chemistry may have a wide range of interesting applications in the future, for example, within the merging area

of chemical storage of renewable energy.

KEYWORDS: nanoconfinement · reactive hydride composite · hydrogen
storage · lithium borohydride · magnesium hydride

2LiBH4(l) + MgH2(s) f 2LiH(s) +

MgB2(s) + 4H2(g) (1)
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larger particles upon hydrogen release and uptake

cycles at elevated temperatures.1,16

Here we introduce an alternative bottom-up ap-

proach where nanoparticles of hydrides are synthe-

sized or melt infiltrated in a nanoporous inert scaffold

material,17�21 which has several advantages: (i) in-

creased surface area of the reactants, (ii) nanoscale dif-

fusion distances, and (iii) increased number of grain

boundaries, which facilitate release and uptake of hy-

drogen and enhance reaction kinetics.2,17�22

RESULTS AND DISCUSSION
Infiltration of Reactive Hydride Composites. Chemically in-

ert nanoporous resorcinol formaldehyde carbon aero-

gels with an average pore size of Dmax � 21 nm and sur-

face areas SBET � 722 m2/g were used as nanoscaffold

materials in this study. The texture parameters are in

good agreement with previous results for materials pre-

pared under similar conditions (see Table 1).17 Mono-

liths of aerogels (�0.4 cm3) were infiltrated with dibu-

tylmagnesium (MgBu2) in heptane solution.23,24 This

approach offers the advantage that surface excess

white crystalline MgBu2 can easily be removed me-

chanically from the black aerogel monoliths. Further-

more, the density of MgBu2 is significantly smaller as
compared to the density of MgH2, which results in
“empty space” in the pores after evaporation of bu-
tane where other reactants can be infiltrated.24 The
amount of nanoconfined MgBu2 can conveniently be
calculated from the weight gain of the aerogel mono-
liths, and the quantity of magnesium hydride obtained
by hydrogenation can be calculated stoichiometrically.
In the following, samples of aerogel X loaded with MgH2

are denoted X-Mg. Subsequently, lithium borohydride
was melt infiltrated in monolithic samples of X-Mg in a
hydrogen atmosphere, p(H2) � 50 bar, in order to pre-
vent partial decomposition of the hydrides and sup-
press a possible chemical reaction between the two hy-
drides. The amount of infiltrated LiBH4 is calculated
gravimetrically, and the volumetric uptake of MgH2 and
LiBH4 is calculated from the total pore volume of aero-
gel X to be �10 and up to 45 vol %, respectively. Experi-
mental details about the investigated samples are listed
in Table S2 in Supporting Information. The molar ratio
of LiBH4 and MgH2 was adjusted to approximately 2:1 in
accordance with reaction 1. The sample of aerogel
loaded with MgH2 and LiBH4 is denoted X-Mg-Li. A
bulk sample of LiBH4 and MgH2 (2:1) was prepared in a
similar manner and used as a reference using crystalline
MgBu2 physically mixed with LiBH4. This bulk sample is
denoted Mg-Li. The direct synthesis of nanoconfined
magnesium hydride, MgH2, from crystalline dibutyl-
magnesium, MgBu2, embedded in the aerogel and the
process of melt infiltration of LiBH4 was studied by in
situ synchrotron radiation powder X-ray diffraction, SR-
PXD (see Figure 1A).

TABLE 1. Texture Parameters for the Pristine Nanoporous
Carbon Aerogel Scaffold Materials

RF-aerogel SBET (m2/g) Vmeso (mL/g) Vtot (mL/g) Vmicro/Vtotal Dmax (nm)

X 722 1.1 1.27 0.15 22
Xa 722 1.0 1.22 0.14 20

aSame batch as X but slightly different pyrolysis conditions were applied.

Figure 1. In situ synchrotron radiation powder X-ray diffraction (SR-PXD) data of a sample of bulk LiBH4 mixed with MgBu2-embedded
aerogel. (A) Synthesis of MgH2 from MgBu2 and the melt infiltration of LiBH4 to obtain nanoconfined 2LiBH4-MgH2 (sample X-Mg-Li). The
sample was initially heated from room temperature to 330 °C and kept at a fixed temperature of 330 °C for 25 min and subsequently
cooled to room temperature (heating and cooling rates 5.4 and 20.0 °C/min) under a hydrogen pressure of p(H2) � 50 bar (A). The ex-
periment presented in panel A was continued, heating the sample (X-Mg-Li) from room temperature to 614 °C (heating rate 7.1 °C/min)
under a hydrogen pressure of p(H2) � 5 bar (B). This in situ SR-PXD data in panel B illustrates the first hydrogen desorption from sample
X-Mg-Li. (C) Enlargement of a selected area (the square) shown in panel B (� � 1.072 Å).
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Diffraction from crystalline MgBu2 is observed in
the temperature range from room temperature to 140
°C, and the direct conversion of MgBu2 to MgH2 occurs
within a few minutes at 140�150 °C (heating rate 5.4
°C/min, p(H2) � 50 bar). Lithium borohydride transforms
from an orthorhombic to a hexagonal polymorph at T
� 112 °C, and the diffraction disappears in the temper-
ature range of 272�277 °C due to melting and reap-
pears upon cooling. After melt infiltration, the LiBH4 dif-
fraction peaks are broader; that is, an increase in fwhm
parameters from 0.23 to 0.33° is observed (see Figure S1
in Supporting Information), which indicates a reduc-
tion of the average crystallite size and maybe increased
stress and strain in the diminished particles of LiBH4

due to nanoconfinement. However, crystal growth is ex-
pected upon melting and cooling LiBH4, but the pres-
ence of a nanoporous scaffold clearly introduces melt
infiltration and nanoconfinement. We observe no indi-
cations of any chemical reactions between the aerogel
scaffold material, MgH2, Mg, and LiBH4 due to the el-
evated hydrogen pressures of p(H2) � 50 bar. However,
diffraction from aluminum appears at T � 253 °C due
to reduction of triethylaluminum present in the used
MgBu2 solution.

Nanoconfined Chemical Reactions. The hydrogenated
sample X-Mg-Li prepared in situ (Figure 1A) was used
in a continuation of the experiment for a study of the
dehydrogenation mechanism displayed in Figure 1B.
The polymorphic phase transition and subsequent
melting of nanoconfined LiBH4 is again observed. Dif-
fraction from MgH2 fades out during formation of an in-
termediate phase, Al1�xMgx. Dissolution of magnesium
in solid aluminum is observed as an expansion of the
aluminum unit cell. Diffraction from Al1�xMgx and MgH2

is observed to vanish simultaneously at T � 365 °C,
where Mg and Al12Mg17 crystallize (see Figure 1B,C), in
agreement with previous studies.25 Diffraction from Mg
and Al12Mg17 fades simultaneously with the formation
of an aluminum containing magnesium boride phase,
Mg1�xAlxB2 (MgB2 and AlB2 are isomorphous). The for-
mation of MgAlB4 has been suggested in previous stud-
ies of the system 4LiBH4-MgH2-Al.26 Lithium hydride
has diffraction peaks overlapping with both the MgB2

and Al. Furthermore, the experiment illustrated in Fig-
ure 1 was repeated with another sample from the same
batch studying also the first hydrogen absorption,
which is shown in Figure S3 in Supporting Information.
Diffraction from Al and MgH2 appears at T � 330 °C and
p(H2) � 120�150 bar with a simultaneous drop in dif-
fracted intensity from the Mg1�xAlxB2 phase.

Hydrogen desorption from nanoconfined carbon
aerogel 2LiBH4-MgH2 composite and bulk 2LiBH4-MgH2

was studied by simultaneous differential scanning calo-
rimetry, thermogravimetric analysis, and mass spec-
trometry (DSC/TGA/MS) under the exact same physical
conditions, which provided valuable insight into the hy-
drogen desorption mechanism (see Figure 2).

The DSC analysis reveals four distinct endothermic
desorption peaks denoted A, B, C, and D for both
samples but observed at significantly different temper-
atures. Peaks A and B are observed at 113 and 267 °C
and at 117 and 290 °C for the nanoconfined and the
bulk hydride composite, respectively (peak tempera-
ture values are given). These events, A and B, are as-
signed to the orthorhombic to hexagonal transforma-
tion and the melting of LiBH4, respectively. Interestingly,
the peak temperature for melting of LiBH4 is shifted sig-
nificantly to a lower value (�T � 23 °C) for the nanocon-
fined hydride composite as compared to the bulk
sample. This is consistent with a previous observation
for LiBH4 confined within small pores.17

The thermal events C and D are observed at 332
and �351 °C and at 364 and �462 °C for the nanocon-
fined and the bulk composite hydrides, respectively.
Events C and D reveal a mass loss from the hydride
composites in the form of hydrogen gas and are as-
signed to the dehydrogenation of MgH2 and LiBH4, re-
spectively. There was no indication of any release of bo-
rane gases. The nanoconfined hydride sample releases
4.7 wt % hydrogen in the temperature range of 260 to
470 °C, which is in good agreement with the calculated

Figure 2. Simultaneous differential scanning calorimetry (DSC),
thermogravimetric analysis (TGA), and mass spectrometry (MS)
showing the hydrogen release reactions from nanoconfined and
bulk 2LiBH4-MgH2. (A) Nanoconfined 2LiBH4-MgH2 (sample X-Mg-
Li) and (B) bulk 2LiBH4-MgH2 (sample Mg-Li). Both samples were
heated from room temperature to 470 °C (heating rate 5 °C/min,
argon flow 50 mL/min). Two cycles of hydrogen release and up-
take in magnesium were conducted prior to addition of LiBH4 in
the samples.
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mass loss of 4.3 wt % H2 based on the measured MgH2

and LiBH4 uptake (see Table S2 in Supporting Informa-

tion) and the observed intensity of the H2 signal (m/e �

2) in the mass spectrometer. Peak D for the bulk sample

of 2LiBH4-MgH2 also includes a minor event at �440

°C in addition to the major event at �462 °C. Pure LiBH4

is known to release hydrogen in several steps.5 The

bulk sample releases a total of 9.2 wt % H2 in the tem-

perature range of 260 to 470 °C. Hydrogen desorption is

clearly not completed at 470 °C and does not reach

the calculated mass loss of 11.5 wt % H2. The results

for bulk 2LiBH4-MgH2 (Figure 2B) compares well with
previously reported data for similar ball-milled samples
revealing peaks C and D, temperatures in the DSC pro-
files of 346, 414, and 443 °C (peak D was split up), and
onset temperature for hydrogen release at �300 °C.10

The onset temperatures for hydrogen release for the
nanoconfined and the bulk sample are �260 and 350
°C, respectively. Figure 2A,B clearly shows that nano-
confinement of 2LiBH4-MgH2 significantly improves hy-
drogen desorption kinetics; that is, the onset tempera-
ture for hydrogen release is reduced by 90 °C according
to TGA, and peaks C and D temperatures in the DSC
profiles are reduced by 32 and 89�111 °C, respectively.
These results may also indicate thermodynamic im-
provements; however, this needs further investigations.
A significant reduction of hydrogen release tempera-
tures has previously been observed for the individually
nanoconfined hydrides MgH2 and LiBH4.24,27 Therefore,
the results depicted in Figure 2A clearly illustrate that
both hydrides are nanoconfined inside the nanoporous
aerogel scaffold in the present study. Furthermore, the
results also suggest that the mechanism for hydrogen
release for the nanoconfined reactive hydride compos-
ite has been altered as compared to the bulk system.

Kinetic Properties and Reversibility. The reversible hydro-
gen storage capacity and desorption kinetics of the
nanoconfined and bulk 2LiBH4-MgH2 composite were
studied by the Sieverts’ method. A total of four hydro-
gen release and uptake cycles were measured, and the
desorption profiles are depicted in Figure 3A. The nano-
confined sample X-Mg-Li desorbed 3.9 wt % H2 at 390
°C, p(H2) � 2 bar after 20 h, in accordance with the cal-
culated hydrogen content of 3.9 wt % H2 (see Table S2
in Supporting Information). The first hydrogen absorp-
tion was performed under relatively mild conditions, T
� 370 °C, p(H2) � 70 bar for 35 h, and therefore, the sec-
ond desorption released only 2.8 wt % H2. A more com-
plete second hydrogenation reaction was obtained at
390 °C, �98 bar H2 for 68 h; therefore, the third desorp-
tion released 3.6 wt % H2 (see Figure 3A). The third hy-
drogenation was performed at 390 °C, �93 bar H2 for
88 h, and the fourth desorption released 3.0 wt % H2.
These results reveal that nanoconfined 2LiBH4-MgH2

stores hydrogen reversibly and that the storage capac-
ity depends on the conditions for hydrogen uptake (in
this case 74% of the capacity is preserved over four
cycles). For comparison of reversibility and storage ca-
pacity, the bulk 2LiBH4-MgH2 sample (Mg-Li) was also
investigated using the Sieverts’ method.

Clearly, higher temperatures are needed in order to
release and absorb hydrogen (see Figure 3B). The first
hydrogen desorption from sample Mg-Li released 11.5
wt % H2, in accordance with reaction 1 (see also Table
S2), but was achieved under more harsh conditions,
with temperatures up to 450 °C, p(H2) � 2 bar for 74 h,
as compared to the nanoconfined 2LiBH4-MgH2. Hydro-
genation was performed at T � 450 °C, p(H2) � 91 bar

Figure 3. Sieverts’ measurements showing hydrogen desorp-
tion profiles for nanoconfined and bulk 2LiBH4-MgH2. (A) Melt
infiltration of LiBH4 in nanoconfined magnesium hydride was
performed during the first hydrogen desorption to obtain
sample X-Mg-Li. Hydrogen desorption was performed at fixed
temperatures of 320 and 390 °C. (B) Bulk 2LiBH4-MgH2 (sample
Mg-Li) desorbed at fixed temperatures of 320, 390, and 450 °C
(heating rates 0.5 °C/min and p(H2) � 2 bar).

Figure 4. Normalized Sieverts’ hydrogen desorption profiles
(data from Figure 3A,B). The hydrogen release kinetics from
nanoconfined (solid line) and bulk 2LiBH4-MgH2 (dashed line) is
compared.
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for 54 h, and the second desorption released 9.6 wt %

hydrogen. The physical conditions for hydrogen uptake

may be further optimized to achieve faster absorption.

In Figure 4, normalized hydrogen desorption pro-

files are utilized to compare the kinetic properties of

nanoconfined and bulk 2LiBH4-MgH2 samples. The hy-

drogen desorption rate is significantly higher for the

nanoconfined sample as compared to bulk 2LiBH4-

MgH2. For both samples, the hydrogen desorption rate

decreases during cycling with hydrogen release and up-

take. We find that 74% of the total hydrogen content

in nanoconfined 2LiBH4-MgH2 is released at T � 320 °C

after 15 h, for the bulk sample only 26% is released,

which clearly demonstrates a considerable improve-

ment in the hydrogen desorption kinetics for the nano-

confined 2LiBH4-MgH2 and possibly also of the thermo-

dynamic properties. Furthermore, Figure 4 shows that

the hydrogen desorption kinetics from the nanocon-

fined 2LiBH4-MgH2 has been considerably improved as

compared to the bulk sample even after four hydrogen

release and uptake cycles. According to the Sieverts’

measurements, �92% of the initial hydrogen storage

capacity is available through three cycles, which is sig-

nificantly higher than that reported for the nanocon-

fined LiBH4 without MgH2 (i.e., �40% over three cycles

in 25 nm aerogel).17 Furthermore, the measured revers-

ible hydrogen storage capacity of �4 wt % for nano-

confined 2LiBH4-MgH2 is significantly higher than that
for nanoconfined MgH2 without LiBH4 (i.e., �1.40 wt %
in 22 nm aerogel).24 Furthermore, considering that the
nanoconfined 2LiBH4-MgH2 occupies only �55 vol % of
the accessible pore volume (see Table S2 in Support-
ing Information), the gravimetric hydrogen content
may be increased even further by utilizing more im-
pregnation cycles of the respective hydrides.

CONCLUSIONS
This work shows that nanoconfined 2LiBH4-MgH2

possesses a high degree of reversible stability, im-
proved hydrogen desorption kinetics, and possibly
also improved thermodynamic properties. The nano-
confined hydride has a significant hydrogen storage po-
tential, considering that only �55 vol % of the free ac-
cessible pore volume in the nanoporous scaffold
material is utilized. The physical and chemical condi-
tions for hydrogen release and uptake may also be fur-
ther optimized. Thus, nanoconfinement may signifi-
cantly improve the properties of reactive hydride
composites in the future. Nanoconfinement may influ-
ence or alter the reaction mechanism for hydrogen re-
lease and uptake. Furthermore, the concept of nano-
confined chemical reactions may develop to become
an important tool within the emerging area of nano-
technology for the improvement of the properties and
reaction yield of a wide range of chemical reactions.

METHODS
Sample Preparation. The resorcinol formaldehyde aerogels, de-

noted RF-gels in the following, were prepared and character-
ized according to previously published procedures.17,24,28 How-
ever, two different batches of RF-gel X are used. The pyrolysis
time of batch X was 6 h at 800 °C and 3 h for X* in a flow of ni-
trogen. Selected gels were activated at 400 °C in vacuum for sev-
eral hours in order to remove moisture and gases from the po-
rous structure.

Monoliths of RF-gel (ca. 0.4 cm3) X or X* (see Table 1) were
covered with excess amounts of a solution consisting of 1 M
dibutylmagnesium (MgBu2) in heptane (Aldrich). This procedure
was performed under a purified argon atmosphere in a glove-
box. The gels were left to dry for several days, and as the hep-
tane evaporated, the dibutylmagnesium crystallized in the pores.
The monoliths of gels were easily distinguished and separated
from the excess amount of dibutylmagnesium. White crystalline
dibutylmagnesium deposited on the surface of the rigid aerogel
material was carefully removed mechanically. The uptake of
magnesium hydride in the RF-gels was calculated by measuring
the mass of the aerogels before and after loading them with Mg-
Bu2 (see Supporting Information Table S2). Samples of RF-gels
loaded with both MgH2 and LiBH4 were prepared in two differ-
ent ways.

The samples to be studied by synchrotron radiation powder
X-ray diffraction (SR-PXD) experiments and Sieverts’ measure-
ments were prepared by grinding monoliths of aerogel loaded
with dibutylmagnesium together with LiBH4 (�90%, Aldrich), ob-
taining a powder. LiBH4 is expected to infiltrate the nanoporous
scaffold material by melt infiltration during the measurements
when the temperature exceeds the melting point, Tm � 275 °C.
The molar ratio of MgH2 and LiBH4 in the mixture was approxi-
mately 1:2. A sample of crystalline MgBu2 physically mixed with

LiBH4 (without aerogel) was also prepared and used as a
reference.

Samples to be studied by DSC/TG/MS experiments were pre-
pared by a different route. Monoliths of aerogel loaded with Mg-
Bu2 were first hydrogenated, forming nanoconfined MgH2. Dibu-
tylmagnesium reacts with hydrogen to form magnesium hydride
and butane at a temperature of 170 °C and a hydrogen pressure
of p(H2) � 50 bar. The samples of aerogel-MgH2 composite were
then cycled twice with hydrogen release and uptake at a fixed
temperature of 380 °C and hydrogen pressures of 10�2 or 90 bar.
Subsequently, the samples were placed in a stainless steel cylin-
der together with LiBH4. Nanoconfined LiBH4 was then obtained
by melt infiltration at 300 °C and a hydrogen pressure of p(H2) �
50 bar. A molar ratio of MgH2 and LiBH4 close to 1:2 was ob-
tained by adding adequate amounts of LiBH4 (see Table S2). The
uptake of LiBH4 was calculated by measuring the mass of the
aerogel-MgH2 composites before and after melt infiltration (see
Table S2). A sample of magnesium hydride was prepared by hy-
drogenation of crystalline dibutylmagnesium (without aerogel)
and cycling twice with hydrogen release and uptake using the
same procedure as described above. The freshly prepared mag-
nesium hydride was physically mixed with LiBH4. This sample is
denoted Mg-Li and was used as a reference. These procedures
were carried out under inert conditions in either a PCTpro 2000
apparatus from Hy-energy or a custom-made manual hydroge-
nation station. All handling of samples was performed under a
purified argon atmosphere in a glovebox.

Sieverts’ Measurements. The cyclic stability of MgH2 and LiBH4

embedded in aerogel was studied by Sieverts’ measurements
(PCTpro 2000), and a total of four hydrogen uptake and release
cycles were performed. The ground mixture of aerogel loaded
with crystalline dibutylmagnesium and LiBH4 was transferred to
an autoclave and sealed under argon in a glovebox. The esti-
mated quantity of MgH2 in the mixture was 23.2 mg, and the
amount of LiBH4 was 38.3 mg. The autoclave was attached to
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the PCTpro 2000 apparatus, and the synthesis of MgH2 was per-
formed under similar conditions as described above. Hydrogen
desorption data were collected in the temperature range from
room temperature to 390 °C and with the temperature kept fixed
at 320 °C for 5 h. The heating rate was 0.5 °C/min. Hydrogen ab-
sorption was performed at p(H2) � 50�100 bar in the tempera-
ture range of 370�390 °C for several days. A sample of dibutyl-
magnesium physically mixed with LiBH4 was used for reference,
and similar conditions were applied. However, in order to fully re-
lease the hydrogen from this sample, it was necessary to heat it
to 450 °C.

Thermal Analysis. Differential scanning calorimetry and thermo-
gravimetric (TG) measurements were performed simultaneously
in a Netzsch STA 409 C in an argon atmosphere with the entire
apparatus placed in a dedicated glovebox under a purified argon
atmosphere. One monolith of aerogel loaded with nanocon-
fined MgH2 and LiBH4 was transferred to the sample holder and
heated from room temperature to 475 °C. The heating rate was 5
°C/min, and a continuous argon flow of 50 mL/min was applied.
The concentration of H2, B2H6, and Ar in the exhaust gas was con-
tinuously recorded by a Hiden HPR-20 QIC mass spectrometer.

In Situ SR-PXD Measurements. In situ synchrotron radiation pow-
der X-ray diffraction (SR-PXD) data were collected at beamline
I711 at MAX-lab, Lund, Sweden. The ground mixture of aerogel
loaded with crystalline dibutylmagnesium and LiBH4 was placed
in a sapphire capillary tube with an inner diameter of 0.79 mm.
A ca. 10 mm long powder sample was mounted in the tube and
placed in an airtight sample holder. The sample holder was
moved from the glovebox to the diffractometer under inert con-
ditions. The selected X-ray wavelength was � � 1.072 Å, and in
situ SR-PXD data were collected using a MAR CCD detector. The
sample was heated in the temperature range from room temper-
ature to 614 °C with heating rates from 5 to 15 °C/min, and the
hydrogen pressure was varied from 10�2 to 150 bar.
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