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Supplementary Figure 1. Resistive heating of deuterium in diamond anvil cell. During the heating

cycle pressure was increasing from 3 to 6 GPa. After quenching pressure was increased to 30 GPa at room

temperature to compare the frequencies of the synthesised product with those of deuterated methane (see

Supplementary Figure S2).
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Supplementary Figure 2. Comparison of the Raman frequencies of the synthesised products in our

experiments during compression with data from literature. (a) Methane and hydrogen. (b) Ethane. (c)



Deuterated methane. The literature data for comparison are taken from: Wu, et al [1] and Pruteanu, et al.

[2] for CDg4; Borstad, et al. [3] and Proctor et al. [4] for D, and CH4; Howie, et al. [5] for H,.
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Supplementary Figure 3. Raman spectra of H; during a heating cycle at 3 GPa using a coated
gasket with an insulating Al,0s layer. In this experiment the rhenium gasket was coated with Al,03

chemically vapour deposited 500 nm thick on both sides.
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Supplementary Figure 4. Comparison of resistive heating of hydrogen in DAC. From bottom to

top: H: in the chamber, hydrogen with graphite and glassy carbon with hydrogen.

Supplementary Table 1. Summary of the experimental runs

. . . Pressure
N: ﬂ‘;’: Ig‘;g'(r;% to protect max T °C ;-g;f Oc))(f. heating run, during Product
experiment

H, |Re | Au 705 °C Kept for 10 min 705 °C 2-4 GPa CH,

H> |Re | Au 605 °C Kept for 1 hour 605 °C 2-4 GPa CH4

H |W |Au 375°C Kept for 20 min 375 °C 2-4 GPa CH4

H, |Re | Au 550 °C Kept for 2 hours at 550 °C | 1-3 GPa CH.

H> | W | None 600 °C Kept for 10 min 600 °C 1-3 GPa CH4

H. | Re | None 730 °C Kept for 2 hours at 500 °C | 1-3 GPa %t';agne)_

H> | W | None 550 °C Kept for 2 hours at 400 °C | 1-3 GPa CH4

H> | W | None 550 °C Kept for 2 hours at 400 °C | 1-3 GPa CH4

H> | Re | None 550 °C Kept for 2 hours at 400 °C | 0.5-1.8 GPa | CH4

H> | Re | None 400 °C Kept for 3 hours at 400 °C | 1-3 GPa CH4

H> | Re | None 400 °C Kept for 3 hours at 400 °C | 1-3 GPa CH4

H, | Re | None 330 °C Kept for 3 hours at 330 °C | 1-2 GPa CH,
Diamonds coated Traces of
with Al,O; and ] . methane

H. | Re gasket coated with 500 °C Kept for 3 hours at 360 °C | 3-4 GPa after_ the
ALO, coating

peeled off
H, | Re Gasket coated with 350 °C Kept for 3 hours at 350 °C | 1-4 GPa CHa

Al,O;




Traces of
Diamonds coated methane
H> | Re . 500 °C Kept for 3 hours at 350 °C | 2-4 GPa after the
with A|zo3 .
coating
peeled off
[
o Kept for 1 hour at 325 C.
D. | Re | None 750 °C T was increased to 750 °C 2-4 GPa CDs
D, |Re |Au 500 °C Kept for 1 hour at 300 C | 2-4 GPa CDq
D, |Re |Au 480 °C Kept for 2 hours at 480 C | 2-4 GPa CDq
D, |W |none 750 °C Kept for 1 hour at 300 C 2-4 GPa CDs4
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