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Instrumentation

Experimental Setup

In this study, all experiments were conducted in an ultrahigh vacuum (UHV) instrument (with a
base pressure of ~5x10-1° mbar) discussed in detail in our previous literature.!> The instrument
consists of three UHV chambers (namely ionization, octupole, and scattering) and is equipped with
reflection absorption infrared spectroscopy (RAIRS), low-energy ion scattering (LEIS),
temperature-programmed desorption (TPD) mass spectrometry, Cs* ion-based secondary ion mass
spectrometry (SIMS), along with a vacuum ultraviolet (VUV) lamp (Figure 1). Six turbomolecular
pumps maintain the vacuum chambers' base pressure, which is supplemented by several oil-free
diaphragm pumps. The chamber pressure is monitored by a Bayard-Alpert gauge, controlled by a
MaxiGauge vacuum gauge controller (Pfeiffer, Model TPG 256 A).

A highly polished Ru(0001) single crystal was used as the substrate to create thin ice films, which
was mounted on a copper holder. It was connected to a helium cryostat (Cold Edge technology),
which could maintain a temperature as low as 8 K. A resistive heater (25 ), controlled by a
temperature controller (Lakeshore 336), was used to heat the substrate to 1000 K. The substrate
temperature was measured using a K-type thermocouple sensor with an accuracy of +0.5 K.
Repeated heating to 400 K before each vapor deposition ensured a clean surface suitable for the
current study. It is worth noting that the surface has a negligible role in the current study as our

experiments were on multilayer ice films.
RAIRS and TPD-MS Setup

In this study, the thermal processing of vapor-deposited ice samples was monitored using RAIRS
(Reflection-Absorption Infrared Spectroscopy) and TPD-MS (Temperature Programmed
Desorption-Mass Spectrometry). The RAIRS data were collected in the 4000-550 cm™! range with
a spectral resolution of 2 cm!, using a Bruker FT-IR spectrometer called Vertex 70. The ice sample
was exposed to an incident angle of 80° + 7° by focusing the IR beam through a ZnSe viewport.
The reflected IR beam from the sample was detected using a liquid-nitrogen-cooled mercury-
cadmium-telluride (MCT) detector. To prevent absorption by atmospheric moisture, the IR beam

outside the vacuum chamber was purged with dry N,. Each RAIR spectrum was obtained by
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averaging over 512 scans to improve the signal-to-noise ratio. An Extrel quadrupole mass

spectrometer was used for TPD-MS in an out-of-sight configuration.
VUV Source

A deuterium lamp (McPherson, Model 634, with MgF, window, 30 W) of vacuum ultraviolet
(VUV) range 115-400 nm was used as the UV light source (Figure S11). The VUV lamp was
differentially pumped and attached to the UHV chamber through the MgF, window (with a cut-
off at ~114 nm (10.87 eV)). This design enables the source to emit light at incredibly short
wavelengths, reaching as far as 115 nanometers. The UV lamp flux was determined by applying
the widely used ozone method (O, — Oj; conversion), where solid O, was photolyzed by VUV
radiation at 10 K. The average photon flux reaching the ice sample was estimated to be ~6 x10!2

photons cm 25134
SIMS Setup

Cs*-based secondary ion mass spectrometry (SIMS) was used to identify and monitor surface
reactions on DME ice. Cs* ions (m/z = 133) were selected for their high depth resolution (~1
bilayer) and sensitivity to neutral surface species.””’ Reactive ion scattering (RIS) experiments
were performed using 60 eV Cs* ions generated by a low-energy alkali gun. Upon impact, Cs*
ions form adducts with neutral surface molecules via ion—dipole interactions and eject them along
the outgoing trajectory. The resulting Cs*—molecule adducts were analyzed using a quadrupole
mass spectrometer. Neutral photoproducts were identified by subtracting the Cs* mass (m/z = 133)

from the detected adduct masses.

Materials and Sample Preparation

DME (Sigma Aldrich, 99.9% purity) was purchased from Sigma Aldrich and used without further
purification. Water (H,O) (18.2 MQ resistivity) and deuterated water (D,O) (Sigma Aldrich,
99.9% purity) was taken in a vacuum-sealed test tube (with a glass-to-metal seal) and was further
purified by several freeze—pump—thaw cycles. To prepare 150 ML of DME, the chamber was filled
with DME vapor for 5 min at a pressure of 5x10-7 mbar. 300 ML of DME-water/deuterated water
was prepared by backfilling the chamber with vapors of DME and water/deuterated water for 10

min at a pressure of 5x10~7 mbar.
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Figure S1. RAIR spectra of 150 ML of pure DME ice before and after VUV irradiation.
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Figure S2. Reactive ion scattering (RIS) mass spectrum obtained after 90 min of VUV

irradiation of amorphous DME ice. The mass spectrum of the irradiated ice was obtained by

colliding the sample with 60 eV Cs*ions at 10 K. All the RIS photoproducts have been

assigned, as listed in the panel. The mass peaks highlighted in grey are assigned with lower

confidence.
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Figure S3. TPD-MS spectra of photoirradiated 150 ML of DME ice. Sublimation
profiles using integrated ion counts at (a) m/z = 30, in (b) m/z =45, in (¢c) m/z = 16 and
(d) m/z =31 are plotted.
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Figure R1. Gas-phase electron ionization mass spectrum of DME.
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Figure SS5. RAIR spectra of 300 ML of DME-water ice mixture before and after VUV irradiation.
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Figure S6. RAIR spectra of DME CH before and after 90 min of irradiation in the O—
H bending region. Panels (a—) show spectra recorded at 130 K, while panels (d—f)
correspond to 10 K. In panels (a—d), the post-irradiation spectra are deconvoluted into
two components: the red shaded contribution, assigned to formaldehyde (C=O
stretching region), and the blue shaded contribution, assigned to water. At 130 K (a—c),
three different peak centers (1733, 1728, and 1738 cm!) are considered for the
formaldehyde fitting. At 10 K (d—f), three different peak centers (1722, 1717, and 1727

cm!) are considered for the formaldehyde fitting.

S9



Supporting Information 7

(@) 0.003 | 0 min (b) 5005 1 —0 min
—— 10 min T=10K 10 min
—— 20 min 20 min T=130K
30 min 1304 emt 30 min
0.002 40 min 0.002 40 min
8 3 50 min
E § 60 min
5 5 —— 75 min
2 0.001 2 0.001{—— 90 min 1304 cm'?
< <
0.000 - ==\
T T T T T T T T i T T
1328 1320 1312 1304 1296 1288 1328 1320 1312 1304 1296 1288
Wavenumber (cm™) Wavenumber (cm™)

Figure S7. RAIR spectra of CH, in the C-H asymmetric bending mode, photoproduced by VUV
irradiation of DME CH at (a) 10 K and (b) 130 K. DME CH was prepared by annealing a DME—
water mixture at 130 K for 2 h. For panel (a), the system was subsequently cooled to 10 K prior to

irradiation, whereas for panel (b), irradiation was performed directly at 130 K.

S10



Supporting Information 8

(a ) 0 mi ( b) 0 min
— 0min e
0.009 10 min Pure DME 0.003 10 min DME CH 10 min
20 min —— 20 min 0.004 {— 20 min
30 min —— 30 min " —— 30 min
40 min 1304 cm? 40 min 1304 cm 40 min
$ 0.006 $ 0.002 - 8 0.003
c c c
5 § §
2 2 E-]
2 2 2
g g g
2 2 2 0.0024
< 0003 < 0.001 1 <
0.001
0.000 e :s\‘, 0.000 0.000
T T T T T T T 7 T T T T
1328 1320 1312 1304 1206 1288 1328 1320 1312 1304 1206 1288 1328 1320
Wavenumber (cm) Wavenumber (cm™')
0.060 0.012
(d) ——0min (e) ——0min ( ) 0024 {——0 min
— iomin 1098cm?  Pure DME — t0min pmecH | (f 10 min
" 0.010 | ; "
20 min —20 m!n) 1096 cm-! 20 m!n
0.0454 30 min —— 30 min o0tg 30 min
40 min 0.008 - 40 min
§ 50 min § —— 50 min §
i —— 60 min
8 0.030 gg min Sooos oo o £ 00124
] min 8 1090 cm? 5
2 ——90 min 2 —— 90 min 2
< < 0.004-| <
0015 0.006 -
0.002 -
0.000 = 0.000 ] 0,000 e
T T r T T T T r r T :
1125 1110 1095 1080 1065 1125 1110 1095 1080 1065 1125

Wavenumber (cm™')

Wavenumber (cm)

(C) 0005 T—

DME-water mixture

1304 cm!

T T T T
1312 1304 1296 1288
Wavenumber (cm™)

DME-water mixture
1090 cm

: r r r
1110 1095 1080 1065
Wavenumber (cm™)

Figure S8. Time-dependent RAIR spectra of VUV-irradiated pure DME, DME CH, and DME—

water mixtures at 10 K. Panels (a—c) show the RAIR spectra of photoproduced CH,4 from (a) pure

DME, (b) DME CH, and (¢) DME—-water mixtures, monitored via the C—H asymmetric bending

mode. Panels (d—f) present the RAIR spectra of DME for (d) pure DME, (¢) DME CH, and (f)

DME-water mixtures in the C—O antisymmetric stretching region.
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Figure S9. The formation of DME CH was investigated using RAIR spectroscopy. DME-D,0
CH was prepared by vapor co-deposition onto a Ru(0001) substrate at 10 K, followed by annealing
at 135 K for 2 h.(a) RAIR spectra of the DME-D,0 ice mixture in the C—O antisymmetric
stretching region are shown. The broad feature marked by the symbol (#) corresponds to hydrogen-

bonded DME molecules. (d) RAIR spectra of the DME—D,O ice mixture in the O-D stretching

region are shown.
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Figure S10. Time-dependent RAIR spectra of VUV-irradiated deuterated DME CH at 135 K (a,
b) and 10 K (c, d). Panels (a) and (c) show the RAIR spectra in the C—O antisymmetric stretching
region at 135 K and 10 K, respectively. Panels (b) and (d) present the RAIR spectra in the O-D

symmetric stretching region at 135 K and 10 K, respectively.
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Figure S11. Emission spectrum of Model 634 Deuterium lamp, provided by the McPherson.
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