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Figure S1: Neutron—powder diffraction measurement and associated Rietveld refinement of perdueter-
ated biurea within a vanadium can at ambient pressure and temperature. The black crosses indicate the
data, the red line the fit to the data, vertical pink tick marks show the expected positions of the reflec-
tions and the blue trace shows the difference between the data and fit. Data have been collected on the

PEARL instrument.
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Figure S2: Neutron—powder diffraction measurement and associated Rietveld refinement of perhydro-
genated biurea within a vanadium can at ambient pressure and temperature. The black crosses indicate
the data, the red line the fit to the data, vertical pink tick marks show the expected positions of the re-
flections and the blue trace shows the difference between the data and fit. Data collected on the PEARL
instrument. Note the high background charcteristic high incoherent scattering of hydrogen.
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Figure S3: Rietveld refinements of perdeuterated biurea at pressure in phase | and Il. The change in
diffraction patterns is clearly seen between between phase | and Il between 9 and 10 tonnes applied

load (0.5 and 0.62 GPa respectively).
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Figure S4: Rietveld refinements of phase Il of perdeuterated biurea at pressure.
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Figure S5: Rietveld refinements of phase Il of perdeuterated biurea at pressure and subsequent recov-
ery to phase | at 1 and 0 tonnes.
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Figure S6: Variation in the three hydrogen bond D- - - O distances of perdeuterated biurea with increas-
ing pressure. The dashed line indicates the pressure at which the phase transition from phase | to Il
occurs.



1414
1.40 -
1394 7 | } }

<138 m

Z 137

1.36 -
1354
134 -
T

-
-
-
-
N
-

Pressure(GPa)
28

26 =

24 - .‘I
22
20 -
18 4
16 4
14
12
10 4

% Void

Pressure (GPa)

Figure S7: Top: Variation of the N—N distance in perdeuterated biurea with increasing pressure. Bottom:
Variation in the % void of biuerea with increasing pressure as determined by Mercury CSD 3.9 using
0.2 Aprobe radii.The dashed line in both frames shows the pressure at which the phase transition from
phase | to Il is occurs.
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Figure S8: Values of N-N and N=N bond distance as reported in the CCDC database. The dashed line
shows the value determiend for biurea at ambient pressure.
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Figure S9: Values of H---O bond distance for N-H-.-- O hydrogen bond lengths as reported in the
CCDC. The dashed line shows the value of biurea at ambient pressure.
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Figure S10: Variation in molecular configurational energy with torsion angle. Ab-initio, single point
energy calcualtions in Gaussian, at the MP2 level, on a series of gas-phase molecules.S? Each molecule
was fixed to have identical geometry (informed by the ambient-pressure crystal structure), except for
the flexible torsion angle, which was systematically varied in steps of 5° between 40 and 180°. The
calculations were performed with N-N distances of 1.341 and 1.396A.
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Figure S11: Raman spectra of biurea with increasing pressure. Left: Raman of perhydrogenated biurea
around the region of the C—N stretch (o) and C—N-N (+) bending modes. Left: Same region of the
Raman spectra for of perdeuterated biurea, the modes are shifted to lower wavenumber as a result of
mass effects. In the two panels spectra in black are from the phase | and red from phase Il
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Figure S12: Experimental (red) and theoretical (blue) INS spectra of perdueterated(a) and perhydro-
genated(b) biurea. The spectrum from the perdeuterated sample is intrinsically noisier compared to the
perhydrogenated sample as a result of the significant difference in scattering cross section of deuterium

(7.64 barn) compared to that of hydrogen (82.03 barn).



Intensity (Arb. Units)

Intensity (Arb. Units)

Hydrogenated
(a) yarog
4.61 GPa
‘e
[&]
°
0.78 =
0.72 GPa &
[
©
IS
<
o
|[Ambient f
T [ T [ T [ T [ T [ T
3000 3100 3200 3300 3400 3500 3600
) -1
Raman Shift (relcm ')
Deuterated
(c)
5.13 GPa
i
[$]
°
=
<
n
c
5]
1S
]
o
0.58 GPa
0.49 GPa
0.24 GPa
T ‘ T ‘ T ‘ T ‘ T ‘ T
2100 2200 2300 2400 2500 2600 2700
. -1
Raman Shift (rel cm ')
16

3400

3350

3300

3250

3200

3150

2550

2500

2450

2400

2350

2300

2250

2200

1

1

1

1

1

1

Hydrogenated
-
e =Y
- @__. %
T T T T T T
20 25 30
Pressure (GPa)
I
L .. Deuterated
(d) 1
|
R
|
I - - =
B skl -E---|
|
|
|
|
|
I
Bk |
I BEEE - ]
I
I
L R
| B = U
1 B--mme P
I
N
! B
! Tha.
I .
| E""{E._
| H._
: Eem B
I
I
I
I
T T T T T T T T : ‘
1 2 3 4 5

Pressure (GPa)

Figure S13: Raman spectra of biurea with increasing pressure. a: Variation in spectra around N-H

stretching vibrational modes region for perhydrogenated sample . b: Determined peak potions as a

function of pressure determined from a. c: Variation in spectra around N-D stretching vibrational modes

region for perdeuterated sample. d: Determined peak positions as a function of pressure determined

from c.
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Figure S14: Lattice energy of experimental determined structures of Biurea with increasing pressure.
Calculated using Gavezzotti's PIXEL method (A. Gavezzotti, The Journal of Physical Chemistry B, 107,

10, 2344-2353 (2003)).
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