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Abstract

Methylamine borane and dimethylamine borane haes ls#udied under compression to 3 GPa using Raman
spectroscopy and synchrotron powder X-ray diffactiBoth undergo reversible pressure-induced strakt
changes in this pressure range. The structuralgefsaim the case of methylamine borane may be itidécaf a
second-order phase transition, taking place betwaet8-1.2 GPa, which does not result in a changgpate-
group symmetry. In the case of dimethylamine bordwavever, a reversible, reconstructive phase itians
(monoclinic— orthorhombic) occurs below 0.7 GPa. This new hpgbssure phase was successfully indexed,
with a possible space group assignmerRafnor Pbcn

Keywords: hydrogen storage, phase transition, high presSymchrotron X-ray Powder Diffraction
Introduction

With increasing demands on fossil fuels, many itdkalssed nations are turning towards
alternative sources of energy. The “hydrogen ecoripmn which hydrogen is used as a
“green” feedstock in fuel cells to power motor \@&&s, homesetc. has been highlighted as a
potential solution to the energy problem. Challentgebe faced before this becomes a reality
include the development of sustainable methodsydfdgen production that do not involve
fossil fuels, and the safe and reversible stordgeydrogen [1-4]. Several promising areas
have been identified, especially in the use ofdsbifdrogen-containing materials. Although
these materials contain substantial amounts of dgalr by weight percent, release of
hydrogen gas is often difficult to achieve on acgtoof the high stability of these materials
with respect to decomposition. Experimental effate therefore focussed on catalytic or
chemical-doping methods to destabilise these hgdrising a range of empirical approaches
[5-7]. An important step in developing an underdiag of the chemical properties of such
materials is the study of structure, with a patdcdocus on the structural response as a
function of both temperature and pressure. In adib developing an understanding of the
relationship between structure and the potentialhfglrogen-storage, variable temperature
and pressure studies may also result in the foomati new phases with enhanced properties
that may be recovered in bulk quantities at amlsentlitions [8-9].

Experimental mapping of polymorphism for light higlirs using X-rays is not a trivial task
due to the presence of weakly scattering hydrogems Furthermore, many of these
materials are polycrystalline and highly hygroscopivhich makes obtaining good quality
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powder diffraction data challenging. Using powderay diffraction to identify and solve
polymorphism of light hydrides under pressure igher complicated by the possibility of
multiple fits to the resulting pattern, which makibe use of complementary techniques
indispensable. Neutron powder diffraction studies also hindered by strong absorption
from the 20% abundance 8B nuclei and incoherent scattering frdh, thereby requiring
the synthesis of both'B and ?H isotope-enriched samples [10]. This can be bute-t
consuming and expensive. On the other hand, Ramectrescopy can help reveal crucial
structural information at the molecular level [1Theoretical modelling also yields structural
information, but it may also prove to be rather ligmging as seen from the apparent
disagreement between the observed and theoretwalicted structures for LiBH12-14]
and Mg(BH). [15-18].

In this work, we present a study combining intesgachrotron powder diffraction and
Raman spectroscopy, aimed at exploring the stralchwoperties of methylamine borane and
dimethylamine borane. First-principles simulatiavere performed to aid the assignment of
the Raman spectra. Ammonia borane has been higgdigas a promising material for
chemical hydrogen-storage applications [19-23]. t&mmg three protic N-H and three
hydridic B-H bonds and having a low molecular weigh has the potential to meet the
rigorous gravimetric and volumetric hydrogen-steracppacity requirements for mobile
applications. It has therefore been extensivelydistl It is known that thermal
decomposition results in the release of hydrogeseiveral steps between 100-500 °C [24].
Infusion of NHBH3; in mesoporous silica, carbon cryogel, and metgéoic frameworks
was found to increase the dehydrogenation kineincs also to suppress borazine formation
(a toxic by-product) [25-29]. Dissociation of NBH3 is also reported to be activated by the
addition of cation exchange resins, zeolites angtitiquids [30-32].

Because of the presence of B-H-N bonds in solid-state ammonia borane, its behavi
under pressure has also been investigated with riztwaof methods, such as Raman
spectroscopy [33-36], X-ray [37-39] and neutronfrddtion [39-41], and computational
methods [42-45]. It should be noted that owinghe intrinsic softness of ammonia borane
most studies did not use any pressure-transmittiadium except for that by Custalceeain

al. [47], in which hydrostatic conditions were thusered. Raman studies have suggested
phase transitions at 2.0, 5.0 and 12.0 GPa, andicech data from neutron and X-ray
diffraction have found a body-centred tetragoihm ambient phase that undergoes a
transition into aCma; orthorhombic phase aa. 1.2 GPa, which subsequently transforms
into aP1 triclinic phase at approximately 8.2 GPa [37;8050].

N-substituted ammonia borane derivatives, such dabytaeine borane and dimethylamine
borane [CHNH,BH3; and (CH),NHBH;] have theoretical hydrogen capacities of 17.9 and
17.0 wt%, respectively, of which 9.0 and 6.8 wt%liogen is experimentally available [51-
53]. Furthermore, Sun and co-workers have pointatl that N-methyl substitution of
ammonia borane enhances the reversibility of tretegy and prevents the formation of
diborane and ammonia — two major contaminants @ dase of ammonia borane [54].
Dimethylamine borane is also of great interestt & known to undergo dehydrogenation in



the presence of transition-metal catalysts to givgdrogen gas and the cyclic
(dimethylamino)borane dimer, (M¥BH>),, as final products [55-67].

Despite the high hydrogen content, the presenasopfclassical B-H-H-N bonds in solid
methylamine and dimethylamine borane [68], andefif@t invested in the study of ammonia
borane, there has been only one Raman-spectrostogy published on the behaviour of
dimethylamine borane under pressure using [69]thla paper, we report the structural
changes occurring in the methylamine borane MyNddimethylamine borane systems under
guasi-hydrostatic pressure up to 3 GPa.

Experimental

All chemicals were purchased from Sigma Aldrich arete used without further purification
before syntheses.

Synthesis of Methylamine Borane

0.4266 g (11 mmol) sodium tetrahydridoborate waseohi with 0.8381 g (12 mmol)
methylammonium hydrochloride in 20 &nanhydrous THF under Natmosphere in a
reaction vessel equipped with a gas bubbler, sirtoléhe procedure explained by Bowdsn

al. [51]. Formation of H gas was observed immediately after the additiothefreactants
into the vessel. The reaction mixture was stirreden constant Nflow at 45 °C for 2 hours,

the heating and gas-flow were then stopped andnixéure was left stirring overnight at
ambient temperature. The resultant slurry was thieered off and washed with 3 ém

anhydrous THF under Matmosphere. The filtered solution was then evapdrainder

vacuum and white, polycrystalline methylamine berawas obtained, which was
characterised by Raman spectroscopy.

Synthesis of Dimethylamine Borane

Dimethylamine borane was prepared using the sawmteqml as for the methylamine borane
by the use of 0.4744 g (12 mmol) sodium tetrahysbatate and 1.0093 g (12 mmol)
dimethylammonium hydrochloride. The resulting whpgelycrystalline material was also
characterised by Raman spectroscopy.

High-pressure Measurements: General Procedures

High-pressure Raman spectroscopy and X-ray difraatxperiments were performed using
a Merrill-Bassett diamond-anvil cell (40° half-opeg angle), equipped with 60 culets

and a tungsten gasket with a 308 hole [70]. The sample and a chip of ruby (asessure

calibrant) were loaded into the diamond-anvil ceith Fluorinert (FC-77) as a pressure-
transmitting medium. This was chosen as the samptre found to be soluble in other
media such as mixed pentanes, glycerin and metiehahol mixtures. Furthermore, they
decompose in methanolic solutions. The inducedspreswas determined by monitoring the



ruby crystalR; fluorescence wavelength by fitting Lorentzian $hapes to th&; line: the
resulting uncertainty is +0.04 GPa [71].

Raman Spectroscopy

Raman measurements were conducted at ambient @umgeion the powdered samples.
Spectra were recorded on a LabRam instrument egdimppth a 50 mW He-Ne laser of
wavelength 632.8 nm.

Synchrotron X-ray Powder Diffraction (SXPD) Datall@otion

Diffraction data was collected on beamline 111 te¢ Diamond Light Source [72] using a
monochromatic X-ray beam of= 0.48512 A. A mar345 image plate was used to cblle
angle-dispersive diffraction patterns. The samplddtector distance and the wavelength
were calibrated using a Ce@owder standard. The pressure was measured exssiig ruby
fluorescence lines from small embedded crystalgh& sample before collecting each
diffraction pattern. The data was integrated usimgprogram Fit2D [73] with masks to avoid
integration of regions of the detector shaded leyibdy of the pressure cell.

Structure Analysis, Reduction and Refinement

Space groups and unit cells of the materials ustiely were determined from the powder
patterns by indexing software Crysfire [74], vetfiby LeBail refinement in GSAS [75]
analytical software. Single-crystal structures aternined by Bowden and co-workers [51]
for the methylamine borane and by Aldridgeal. [68] for the dimethylamine borane were
used as models in FOX 1.7.7.7-R1013 [76]. This detsa then re-loaded into GSAS and
Rietveld refinements were carried out on the heatoyns, first with constraints applied on
the bond lengths and angles which were gradudigdli Hydrogen atoms were then added in
the structure, in accordance with the moleculamgsoy calculation in WinCrystals 2000
[77]. The resulting crystallography informationefilvas re-loaded into GSAS and the final
Rietveld refinement carried out by first handlifge tmolecular structure as a rigid body (in
effect fixing the hydrogen atom positions). All sbraints were then gradually released as the
least-squares fitting procedure converged on amuim structure.

Computational Methods

Structure optimisations were performed using dgrisitctional theory (DFT) and the plane-
wave pseudopotential method as implemented in CASVErsion 5.5 [78]Following
geometry optimisation, phonon frequencies wereutaed using the finite displacement
method, as executed within the CASTEP code. Visaatin of individual wave-vectors,
which allowed mode assignment, were performed usiagmol software package [79].



Results and Discussion

|. Methylamine Borane

Raman Spectroscopyhe Raman spectrum of methylamine borane at ampressure (Fig.

1) shares many features with that of solid ammdwieane [80]. To aid interpretation, the
spectrum was compared with the computationallyutated eigenvalues, where agreement
was observed for all modes to within 4%. The majdterence between the spectrum of
methylamine borane and that of ammonia borane safigen the presence of the methyl
group in the formerln addition, the characteristic bands for the Btitshing mode with
isotope splitting are at somewhat lower wavenumisetise case of methylamine borane (738
and 753 cnt) than for ammonia borane [80] (784 and 800'knA full listing of assigned
vibrational modes is available in Table Al of thegBlementary Information.
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Figure 1 Ambient-temperature Raman spectrum of;8H,BH;

On increasing the pressure, spectral changes, aiimBc of structural variation in the
condensed phase of methylamine borane were obséeedFig. 2a and c). In general, all
modes blue-shifted (hardened) with respect to eatguressure, but those involved with the
intermolecular dihydrogen bonds (the N-H stretchamgl deformation modes) red-shifted
(softened). The same pressure-induced phenomenanodé softening was observed for
ammonia borane and it was interpreted as beingcatide of the strengthening of the
dihydrogen bonds in the solid state, which consetipeesults in the weakening of the N-H
bonds [34;47]. In addition, for the N-H scissorimgde we note that the corresponding band
does not split into two at higher pressures, asmiesl for ammonia borane.
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Figure 2 Changes in the Raman spectra for methylamine leoséth respect to pressuf@) 3130-3350 cm
region A NH, asymmetric stretch, NH, symmetric stretch, arl BH; symmetric stretch + NfHBH;-CHjy
wag, (c) 1430-1620 cri region 4 NH, scissor* CH; scissoring, and CH; twist, (b) and(d) pressure range
(in GPa): a:0; b:0.04; c:0.4; d:0.6, €:0.8, f:p1,.2; h:1.4; i:1.6; j:1.8; k:2.1; 1:2.2; m:2.4;320

The evolution of Raman modes as a function of adgtiressure shows some changes taking
place in the 1-1.5 GPa region. Close to linearsplsere obtained fodv/dp with slight

divergence at pressures above 1.5 GPa for modes in the regib88350 crit and 1430-
1620 cni (see Fig. 2b and d). This discrepancy between the Raman peak ra&tiradow-
and high-pressure regions may be indicative of pressure-indtrcetural changes.

Structural Characterisation: Synchrotron X-ray Diffractiolhe structure of methylamine
borane was first determined by M. E. Bowden and co-workers at 11S8ng single-crystal
diffraction [78]. The authors found that the compound crystalliiseéhe orthorhombi®nma
space group and also identified the presence of intermolecularHBM dihydrogen bonds
(2.218 A). Visualisation of the molecular packing in Mercury][8dveals interchain B-
H---H-C interactions of 2.764 A and C-HH-C interactions of 2.800 A [51]. Single-crystal
data (150 K) were collected on the compound by S. Aldredgd. (Fig. 3). They found that
molecules of the methylamine borane adduct are linked in riblmmng along thd-axis
and within these ribbons pairs of molecules are aligned in an akgbdashion, with the B-
N bonds along the-axis. Visualisation of their single-crystal data shows #aath pair of
molecules is linked by two B-HH-N dihydrogen bonds of 2.130 A and that the ribbons are
linked in a layer through B-HH-N contacts of 2.504 A, and B-+H-C interactions of 2.763
and 2.979 A which hold the layers together [68].



Figure 3 Crystal packing of CENH,BH; at ambient pressure highlighting the B-H-N contacts.

SXPD data were collected on polycrystalline methylamine borane agmstntémperature, as
a function of pressure up to 3.0 GPa. The resulting pattergs4Findicate that peaks shift
to higher 2 values with increasing pressures, as expected. As no peaks apgisappear
upon changing pressure, we can safely conclude that there ressue-induced first-order
phase transition taking place in the condensed phase of methylaonaee at ambient
temperature conditions, up to 3.0 GPa.

Intensity, a.u
E E

20,°
Figure 4 Powder X-ray patterns of GNH,BH; at pressures of (a) 0.7 GPa, (b) 1.5 GPa and{dpBa

In order to verify whether second-order phase transitions have tékes ip methylamine
borane system each of the diffractions patterns was fitted to nsbdsltures. Lattice
parameters for all the patterns have been successfully refined usoghtbdombic Pnm3g
structure of the ambient-pressure form as the starting structural (sedelable 1).



Table 1 Refined structural parameters for the SIHIBH; as a function of pressure

Pressure, GPa a, A b, A c, A oy A

0 [51] 11.099 6.584 4919 359.460

0[68] 11.135 6.558 4919 359.204
0 11.164(2)  6.7384(7)  4.9708(7) 373.927(2)
0.4 10.972(1)  6.6681(2)  4.9247(4) 360.317(1)
0.7 10.718(3)  6.584(2)  4.871(1) 343.743(3)
0.8 10.664(3)  6.558(1)  4.854(1) 339.467(3)
12 10516(7)  6.555(3)  4.817(2)  332.035(7)
15 10.489(2)  6.4963(9)  4.8036(6) 327.319(2)
18 10.361(4)  6.439(2)  4.771(1)  318.302(4)
23 10.285(9)  6.390(4)  4.743(4)  311.715(9)
3 10.128(9)  6.343(4)  4.698(3)  301.783(9)

Compression plots of the lattice parameters and the cell volume5(Fstpow some changes
in their gradients betweena. 0.8 and 1.5 GPa. This suggests that, while there is no
reconstructive first-order phase transition occurring in the systeno 8 GPa, pressure-
induced structural changes or even a second-order phase transitiomveaycburred over

this pressure range.
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Figure 5(a) Compression plot of cell parameters for 8IH,BH; as a function of pressure: black squaegag,
red circle:b/by and blue triangle €/c,. Note data points are connected by straight lasea visual guide€b)
Variation of the unit cell volume of GNH,BH; as a function of pressure

Taking a closer look at the compression plots of the lattice paran(Eigr$a), we observe
that the low and high-pressure trends differ the most alonig-éixés. This coincides with the
direction of the N-H-H-B dihydrogen bonds, as determined by Aldridge and co-workers
[68]. It is also worth noting that the N-H and B-H stretchand deformation modes were
found to undergo the most significant changes in the Raman spduike 1 GPa. In
addition, up to 3.0 GPa, tleeaxis was found to be around 1.65 times more compressible than
both theb andc axes. The difference in compressibility along éh&xis can be explained by
close inspection of the crystal packing of methylamine borane (Fi§683. The nearest
intermolecular heavy-atom distance occurring along the directidreafaxis in the ambient
pressure structure &&..n=4.239 A, while for thé>- andc-axes they are substantially shorter:
ds-n=3.509 A andis.n=3.448 A, respectively [68].



Compression plots of the cell parameters thus suggest that thgréenpressure-induced
structural changes in the 0.8-1.2 GPa range. The compressioof phat cell volume (Fig.
5b) also suggests that the compressibility of the unit cell diifietise low-pressure and high-
pressure regions.

It should be noted that at these pressures the pressure-trangsmigdium used should no
longer be hydrostatic (Fluorinert FC77 is hydrostatic upnly .0 GPa) [82], which implies
that its use may have introduced pressure-related stress gradigmtsthe diamond-anuvil

cell. However, no signs of broadening of the diffraction peaks cademing of the ruby
fluorescence line were observed, suggesting that, at least for thepeeksmres, the intrinsic
softness of the sample retains hydrostatic conditions.

The Raman spectroscopic and SXPD data all suggest the existencessiirg-induced
structural changes in the methylamine borane system at ambienta&un@around 1.2 GPa.
These changes may also be indicative of a second-order phase transition.

ll. Dimethylamine borane

Raman Spectroscopyhe Raman spectrum recorded of dimethylamine borane at ambient
temperature and pressure is presented in Figure 6. First-principtedatiahs were again
used to aid spectral interpretation, with all calculated modes foubeé in agreement with
experimental modes to within 5%. The characteristic Raman shifthdoB-N stretching
modes (712 and 723 & are somewhat lower than what was published previously [89] an
they are significantly lower than those observed for methylamirenbof738 and 753 ch

this work) and ammonia borane (784 and 800'd®0]) due to the different B-N bond
lengths 1.596 A [68] for the dimethylamine, 1.594 A [51]tfee methylamine and 1.58 A for
ammonia borane [83]. For mode assignments refer to Table AReinSupplementary
Information.

Intensity, a.L
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Raman shift, cm

Figure 6 Raman spectrum of (GHNHBH; recorded under ambient conditions

Similar to the cases of ammonia borane and methylamine bofamecompression of
dimethylamine borane resulted in shifts to higher wavenumberost bands, except for the



N-H stretching modes that were red-shifted upon the applicatiopregsure (Fig. 7b),
indicative of the strengthening of intermolecular contacts [33736;4

Intensity, a.u
%
Intensity, a.u.
%

2100 2200 2300 2400 2500 2600 3160 3180 3200 3220 3240
Raman shift, cih Raman shift, crh

Figure 7 from left to right:in the 2150-2600 cthand in the 3150-3250 chregions at a: ambient, b: 0.7 and c:
1.0 GPa pressure

However, in contrast with the case of methylamine borane, increagmydssure to 0.7 GPa
results in apparent changes in the Raman spectrum of dimethylaorareelisee Fig. 7a).
For example the peak af. 2298 cni (a B-H stretching vibration) collapses at 0.7 GPa,
together with the peak at 2345 ¢nwhich is assigned to a complex combination of the CH
deformation, NH-wagging, C-N stretching and BBnd CH deformation modes. These
differences may indicate that the material undergoes a phase tranmtmm 0.7 GPa.
However, this observation has been previously explained by ehtf@ressure dependencies
of the Fermi resonance between fundamental/overtone pairs and thug basmattributed
to a phase transition [69]. In addition, the N-H and B-Hation modes display a significant
shift upon pressure increase to 0.7 GPa. It is interestingtethat in the case of ammonia
borane a B-N bond shifted by 1.3% for every GPa applied [47], whéyedanethylamine
borane a staggering 2.7% shift was observed. In addiierB4N stretching mode remained
in the Raman spectrum as one doublet, displaying¥®e'B isotope splitting. Given the
extreme sensitivity of this band frequency to the B-N bondtkerjg4;37;47], we can
therefore safely assume that there is only one dimethylamine confonnpaéisent when the
sample is compressed.

Structural Characterisation: SXPDThe structure of dimethylamine borane was first
determined by S. Aldridge and co-workers at 150 K using sioigt&tal diffraction (Fig. 8)
[68]. They found that the compound crystallises in the aatinic P2;/c space group, which

is built up from chains of the adduct molecules running aloadp-txis. They demonstrated
that H--H bonding links the molecules head-to-tail, shown as a bifurcBidg--HN
interaction, with H'H distance of 2.083 and 2.202 A [68]. The chains are relativebelsio
packed, with the interchainHH linking distances being 2.562 and 2.684 A for the shortes
BH---HC and CH-HC distances, respectively [68].
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Figure 8 Crystalpacking of (CH),NHBH; at ambient pressure.

In order to determine the high-pressure phase of dimethylamine beyahyotron powder
X-ray data were collected on polycrystalline dimethylamine ®&@nambient temperature,
as a function of pressure up to 3.2 GPa. On raising the presfuB&Pa (see Fig. 9a and b)
a dramatic change was observed in the pattern indicating the formationesf phase. This
persisted up to 3.2 GPa although with broadening of peaksieberted to the ambient-
pressure phase on decompression. Inspection of the two-dimendifiredtion images
showed that the degree of texture (preferred orientation) of the saragleswbstantially
reduced on passing through the phase transition, indicatatgatineconstructive transition
had taken place. This is also reflected in the observation fromreé=8ythat the two patterns
recorded at ambient pressure show some peaks with very differenttiegeridimethylamine
borane is very hygroscopic and decomposes in air, thus in ordeinimise this effect, the
sample was only lightly ground before loading into the diadr@mvil cell. However, as a
consequence of this, powder averaging for the first ambient-presswempaéts poor. This
resulted in anomalous intensities for some Bragg peaks.

ol
O

=

<

ES |

wnn |C

(e}

Q

==

w_LM
L
3 6 9 12 15 18

20 °

Figure 9 Powder X-ray diffraction pattern of (GHNHBH; at a: ambient; b: 0.8 GPa; c: 1.0 GPa; d: 3.2 GPa
and at e: ambient pressure after decompression

It proved possible to index the pattern for the high-pressure peesaled at 1.0 GPa to an
orthorhombic crystal system with lattice parametars 14.98,b = 5.83,c = 9.96 A.
Systematic absences suggested two possible space gRagmsor Pbcn (Fig. 10a and b,
Table 2). For the initial Rietveld refinements, atomic parameters were fixed
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line: difference of the observed and calculatedepas

From Table 2 we observe that the cell parameters, as well as theagmdtgactors of the
two high-pressure powder refinements, are very similar.

Table 2 Refined lattice parameters for the (MHBH; at ambient pressure and 1 GPa, usingPitenand
Pbcnorthorhombic models

Space a A b, A c, A B° Ve & zZ
group
150 K, ambient | P2,/c  7.0452 5.8368 12.2335 104.65 486.708 R=0.0
Single crystal [68] 42
Room temperature, Pccn 14.98(5) 5.83(2) 9.96 (4) 90 870 8va*:
1.0 GPa 0.2201
Room temperature, Pbcn 14.98(6) 5.83(3) 9.96 (6) 90 870 8va*=
1.0 GPa 0.2207

"Background corrected

In an attempt to resolve the identity of the space group, we guiigigh-pressure single-
crystal diffraction experiments, since this would provide a more atxdetermination of the
crystallographic systematic absences. In addition, high-quatigtescrystal data may also
provide some information that could contribute to the determinatiohydrogen atom
positions. Suitable single crystals of the dimethylamine l@vesre thus obtained and loaded
into diamond-anvil cells using Fluorinert as the pressure-tratisghinedium. The pressure
was then increased to 1.2 GPa, somewhat above the transitioor@rddewever, it was
found that the reconstructive phase transition caused the singlal€rys completely
disintegrate and so no useful X-ray data could be collected. Bedbitur efforts, to date we
have thus been unable to resolve the ambiguity betwedtctimandPbcnspace groups.

Conclusion

We have described the effect of pressure on the crystal structure oftéméigddrydrogen-
storage materials methylamine borane and dimethylamine borane as diydRdman
spectroscopy and SXPD up to 3 GPa, at room temperature. Tlyeistido supported by a
DFT study, which permitted the assignment of the Raman spejgrn 0.6 GPa the crystal
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structures remain in their ambient pressure phdsee the molecules pack so that ribbons of
adducts held togethefia BH---HN bonds run along thb-axis of the unit cells, which are
linked by weaker HH interactions between them, directed in dleglanes.

Between 0.8 and 1.2 GPa, methylamine borane undergoes revensikurp-induced
structural changes, with a possibility of the existence of a seaquledohase transition in the
same space group. Both, our Raman and SXPD data suppottehgtisening of the N-
H--H-B dihydrogen bonds upon compression and in the 0.8-1.2 ga&ssure range in
particular.

At 0.7 GPa, dimethylamine borane undergoes a reversible, recons&rpbiise transition
from the monoclinicP2;/c space group. Powder X-ray diffraction allowed indexing of the
resultant patterns to orthorhombic symmetry. However, despitefiour @d extensive use
of complimentary methods such as SXPD, single-crystal X-iffyaction and Raman
spectroscopy, we have been unable to solve the high-pressure ydmane-borane
structure, due to the insufficient quality SXPD data caused éfemped orientation of the
material. We can thus only conclude that a reversible pressure-indugeel fpansition takes
place as follows: monoclinid?@,/c, a = 7.0452,b = 5.8368,c = 12.2335 = 104.648)—
orthorhombic & = 14.98,b = 5.83,c = 9.96).

Finally, we would like to emphasise the necessity of usingombination of various
experimental techniques and theory to be able to identify peegsiuiced phase transitions
in soft materials.
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Highlights

High-pressure behaviour of ammonia borane anal ogues was studied.

Combining theory & experiments structural changes are shown under pressure.
MeNH,BH3; undergoes 2nd-order phase change between 0.8-1.2 GPa.

Me;NHBH3 undergoes a monoclinic — orthorhombic phase transition below 0.7 GPa.

The high-pressure phase was indexed with a possible space group of Pccn or Pben.



