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Abstract

Behavior of Ammonia borane under high pressure up
to 20 GPa and temperature from 80 — 350K has been
studied using Raman spectroscopy/x-ray diffraction
and a diamond anvil cell (DAC). Abundant phases are
found 1n this molecular crystal at this pressure and
temperature range. More changes 1n the feature of
Raman spectroscopy are observed than the crystal
structure changes 1dentified by x-ray diffraction,
indicating Raman spectroscopy may 1dentify bonding
changes 1n addition to crystal structural transitions.
Based on Raman spectra of ammonia borane, four new
phases are observed for the first time at high pressure
and low temperature. Confining the sample into
mesopores of nano-scaffold (SBA-15 with 1:1 ratio to
sample) shifts the pressure induced phase transitions at
~0.9 GPa and ~10.2 GPa to ~0.5GPa and ~9.7GPa
respectively, and the  temperature  1nduced
transformation from 217K to 195K 1n ammonia
borane. Raman spectroscopy study has also been
conducted on lithium amidoborane at high pressures
up to 19 GPa and room temperature. Two new high
pressure phases are observed.

Experimental Method

Raman spectroscopy system and Cryostat that houses the DAC for high pressure
and low temperature experiments.
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X-ray diffraction system at National Synchrotron Light Source of Brookhaven National Lab
and high pressure cell assembly used in the multi anvil press.
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High Pressure Raman Spectra of Ammonia Borane. Numbers next
to the spectra indicate the pressure (difference colors represent
phase change, blue: : [4mm , red and pink: Cmc2,, black: P2,
phase change between red and pink 1s a second order transition)
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High Pressure Raman Spectra of lithium amidoborane. Numbers

next to the spectra indicate the pressure in GPa. Two phase

d eV, transitions are observed at about 3 GPa and 12 GPa respectively.
nergy (ke
2400
. . . . ] n 3500 —
In situ x-ray diffraction patterns of ammonia - . - .
. o 7 I-
borane in DAC (left) and MAP (right) at _ . - " )
. '. [ [ 3450
ambient temperature. Black and red colors ~2300 = < =
& ]
represent the patterns from the /4mm phase s . . m = . . "
. $E2250 - . " d_é' 3400 - . .
and the Cmc2, phase, respectively. 5 . @ - .
c n - n"
S - "
gzzm_ ] &%3350_ . L]
il © a pm " " " g at -
AAUNA ANAANANGGOOOGOONONO 000000 2150 "
350 | g : | 3300 -
— ‘ 2100 T T T T y T T T T T T T T
X 340 =, 0 5 10 15 20 5 10 15 20
— | E ; Pressure (GPa) Pressure (GPa)
@ 230 4 ANAAAAALA, 0O ©OOOGDO0000 O CEEEE
= i : | ! ciq - .
T .3@ a, 5 | Pressure dependence of Raman peaks of lithium amidoborane. The
“é_?’zo 1 i o 5 first phase transition is observed about 3 GPa for peak splitting at
9 310 F?P\\MMMMWQ%O%@DD oboee 2175 cm! and peak merging at 2300 cm!. The second phase
¥ . p2, | transition is observed at about 12GPa for peak splitting at 3375
300 \ :
- l ; } : -1 -1
Luia (MAA AAAROO &0 Om cm and 3450 cm.
290 +——— . . . .
0.0 20 4.0 6.0 8.0 10.0 12.0 Pressure (GPa)
Pressure (GPa) 0 5 4 5 o 10 1o 14
o L | 1 | 1 | 1 | L ] L | L |
Above: Phase boundary of ammonia e e P
. ‘: :. i m  Tefragonal {_Idr_nm}
borane at high pressure and elevated =bae b o 4 e ®  Orthomombic (Pmn2,)
temperature. Solid and open circles 7 U U T e )
g :. ! ew Phase 1
represent [4mm and Cmc2, phases 250 {ek 4 4 lea o« I T o Phasel
. . 7 PO ‘. 4 4 44 @ L . . # New Phase C
respectively, determined by x-ray i A P o i . o o Phasell
. o o . — 7 ‘\\“L \
diffraction. Solid triangles and squares X . A A ¢
. i “ o * . . e
represent [4mm and P2, phases £ 2004 .} R I T Y A N
respectively, determined by Raman £ TNt . oo
o L] v k. L | il:lb\\ L L & & * &
spectroscopy. Open symbols between € N PN o ¢ o e
@ LA Y “. )
[4mm and P2, phases represent Cmc2, © . . A A A
phase. K v » \ . . e e
. Ad 4. » . N * *
Left: Phase boundary of ammonia , AN . e ; .
borane at high pressure and low . \ AN o
. — \ oL ‘. * *
temperature determined by Raman e v v O

spectroscopy

90K
M\.J, Lh,u A -/\A’ et/ St 90 K
210 \/\,\A/L/\
J o X _MM' WA-.“-”
: omasuamtiiN 210
— — _\/\/\_,__
= 217 =
! . 217
S [ -
L 8
> 220 >
= = 220
(/2] J\AA\ N g et e 2 /\/'/\_,
c " c
) Q
I= I=
= 223 = 023
A }L . vt A_WA;N M—m /\/\—-‘
226
226
o Sygn. BH, def. M
BNst. || “B-Nst.
__,,x,ﬁ\( e ﬁww Sym.BH'\ Sym. NHS! [ o
T . BH, def. Asym. BH "NH
N > "Asym. NH, def. Y y Asym
600 800 1000 1200~ 1500 1600 1700 2300 2400 300 3300 3400
Raman shift (cm'1) Raman shift (cm'1)

Raman spectra of ammonia borane as a function of temperature
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Confining ammonia borane in
mesoporous confinement (1.€.
SBA15 silica nanoscaffold) not only
change its dehydrogenation
temperature and kinetics but also
influence 1ts phase equilibrium.
Comparative study using Raman
spectroscopy was conducted to
observed such influence on the
temperature induced body centered
tetragonal (/4mm) structure to low
temperature orthorhombic (Pmn2))
structure. Nanoconfinement shifts
the phase transition from 217 K to
195 K (see figures on the left).

A similar influence of the
nanoconfiement on pressure induced
phase transitions is also observed
using Raman spectroscopy. The
phase boundary between the phase
and high pressure Cmc2, phase at
ambient temperature 1s shifted from
0.9 GPa to 0.5 GPa; and that
between the Cmc2, phase and higher
pressure P2, phase 1s shifted from
10.2 GPa to 9.7 GPa.

More remarkably, confining
ammonia borane makes it possible to
reverse 1ts thermolysis process by
applying high pressure to the system.
Figures below show the comparison
of behaviors of neat and confined
ammonia borane during heating and
subsequent compression.

Dehydrogenation and rehydrogenation of ammonia borane with and without nanoconfinement

Intensity

/\\,_/_/\ — released to ambient pressure, at Room T

e — \J\gf_ decomposed, cooled to room temperature, 17 Gpa after 24 hrs

decomposed, cooled to room temperature, 13.4 Gpa after 1 hr
\— decomposed, cooled to room temperature, 13.4 Gpa

H osfreicking of PAE

decomposed, cooled to room temperature, 1.05 GPa

At %—heatedmwﬂ"c,zﬂwa

2300 3000 33900 4004d 4500

-1
Wavenumber cm

—> —— atroom temeperature, 0.7 GPA

Raman spectra of neat ammonia borane (2250cm ! - 4750cm™) during heating and subsequent compression

\
- MistetctingofAB — released to ambient pressure, at Room T
I — o BHsteigoiAB o _ —tooled to room temperature, compressed with 6 GPa, after 16 rs
‘-.‘-""‘-.- ' - T .
- > — tlecomposed, cooled to room temperature, 6 GPakeptomin
.——F—’_f __-q_—“—h—-.h
. H -~ — — decomposed, cooled to room temperature, 0.7 GPa
: UN ; MHseching ofAB ™ heated to 150°C, after 26min (decomposed), 21 GPa

e

=" BHstretchingof AB___——

..  BH selcing o »___AAN___XN\—heatedtMEDT.EJGF‘a

T T T T T T LI T T T I
4200 2400 il 2600 00 <00 2400 #00 00

i
Wavenimhar rm

—="> —atroomtemeperature, (.7 GPA

Raman spectra of ammonia borane confined in SBA15 (2250cm™! - 4150cm ') during heating and subsequent
compression. NH stretching peaks of ammonia borane reappear during the subsequent compression (after

dehydrogenation) to 6 GPa.

Future Direction

* Expand the 1n situ high pressure study of the
ammonia borane derivative, lithium
amidoborane, from ambient temperature to
both elevated temperature and low
temperature.

* Study pressure influence on
dehydrogenation and rehydrogenation of
lithium amidoborane. Apply the same
experimental protocol used in ammonia
borane system to lithium amidoborane
system to explore reversibility of its
thermolysis process through pressure.

* Synthesize and characterize aluminum
amidoborane.
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