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Deuterium lamp details and broadband dose determination. The continuous wave vacuum
ultraviolet photolysis source consisted of a deuterium lamp coupled to a monochromator and
light collimation chamber to supply either broadband or selective photon energies to the methane
ice (c.f. Sect. 2 Experimental Details). The flux output of the photolysis source for these two
experimental setups of broadband and narrowband output are shown in Figure Al. In order to
calculate the dose of the broadband photolysis experiment the VUV absorption cross section of
methane ice from 120 to 160 nm (10.33-7.75 eV)!°! was first used to calculate the penetration
depth for each region of the VUV output from the deuterium lamp in increments of 0.3 eV from
7.75 to 10.33 eV. The absorption cross sections for methane ice at photon energies less than 9 eV
are relatively negligible and 95 % of the impinging photon energy was absorbed from photons
with energies greater than 9 eV. By determining the contribution of each section of the deuterium
lamp output, in the same VUV region as above, to the overall flux a weighted average can then
be determined for the penetration depth as well as for the overall dose absorbed by the methane

1ce.
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Figure S1. The photon flux profile of the continuous wave VUV photolysis source coupled to a monochromator and
light collimation chamber at high (black) and low (red) resolution from 7.3-11.0 eV using a NIST calibrated
photodiode.
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Figure S2. Sublimation profiles recorded during temperature programed desorption via the RGA for
ethane (C,H¢/C,Dg), propane (C;Hg/CsDg), the CsH;* fragment, and butane (C4H;o/C4D;) from the
electron irradiation (first and second columns), Lyman a photolysis (third column), and broadband
photolysis (fourth column).
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Figure S3. TPD profiles recorded after Lyman o photolysis via PI-ReTOF-MS for masses with the
generic formula of C H,,., (alkanes).
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TPD profiles recorded after Lyman a photolysis via PI-ReTOF-MS for masses with the

generic formula of C H,, (alkenes and/or cycloalkanes).
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Figure S5. TPD profiles recorded after Lyman a photolysis via PI-ReTOF-MS for masses with the
generic formula of C,H,, ., (alkynes, dienes, and/or cycloalkenes).
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Figure S6. TPD profiles recorded after Lyman o photolysis via PI-ReTOF-MS for masses with the
generic formula of C,H,, . 4 (yne-ene, trienes, cyclodialkenes, bi-cycloalkenes).
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Figure S7. TPD profiles recorded after Lyman o photolysis via PI-ReTOF-MS for masses with the

generic formula of C,H,, . (yne-diene, diynes, tetraenes, cyclotrialkenes, tri-cycloalkenes).
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Figure S8. TPD profiles recorded after Lyman a photolysis via PI-ReTOF-MS for masses with the

generic formula of C,H,, _g (yne-triene, diyne-
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Figure S9. Overlay of TPD profiles after electron irradiation of products from methane (CH,; black) and
D4-methane (CDy; green) ices with prospective 13C isotopologues (red and yellow, respectively).
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Figure S10. TPD profiles after electron irradiation of ions corresponding to fragments from methane
(CHy; black) and D4-methane (CDy; green) ice from a larger parent molecule (red and yellow,

respectively).

S13



50 100 150 200 250 300

30.8 : : ,
o ——m/iz65 (C,H,) |
154 . ——m/z66 (C,H,) |
12t 1
0 e N SAALNAD AN
36| m/z 77 (C,H,) ]
o4l ——miz78 (CH,) ]
12 : il
0 A P 2Cesn par oA i ~2ANN e S, B g
33| ——miz79 (CH,) |
ol ——m/z80 (C,H,) ]
ik 1
. 0 pa i aAPOS O e n L) oA
3 200 ——miz 81 (CH,) ]
1941 —m/z 96 (C,H,,) ]
% 9.7+ 1
O 00 SAAPE Ny, AN N
8 165} m/z 83 (C;H,,) ]
% 1.0} —m/z84 (CH,) ]
£ 55- :
0.0 W W SNV /
195 —miz 91 (C,H,) ]
13.0} ——miz92 (C,H,) ]
6.5 1
0.0 s A ONAY AN
. ——m/z 93 (C,H,)
15.4 | —m/iz94 (CH,)) |
7.7} ]
0.0 |ne22 AN PN
13.5] m/z 95 (C7H11) 8
5 ——m/z 110 (CH,,)]
45
0ol A WAl
Bk m/z 97 (C.H,,)
15l ——miz 110 (CH,,) ]
6.4
0.0

Temerature (K)

Figure S11. TPD profiles after broadband photolysis of ions corresponding to fragments from methane
(CHy; black) ice from a larger parent molecule (red).
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Figure S12. TPD profiles after Lyman a photolysis of ions corresponding to fragments from methane
(CHy; black) ice from a larger parent molecule (red).
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