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Materials and Methods

Experimental
Experiments were conducted in an ultrahigh vacuum chamber evacuated to a base pressure

of a few 10 torr using turbo molecular pumps backed by dry scroll pulrfgBo prepare each

ice mixture, gases of methane (£H9.95% Sigma Aldrich) and nitrogen monoxide (NO;
99.95% Sigma Aldrich) were premixed and deposited at 8%a0 via glass capillary onto a

silver substrate which is mounted on a cold finger made from oxygen free high conductivity
copper. The temperature of the cold finger was maintained at 4.9 + Qs closed cycle
helium refrigerator (Sumitomo Heavy Industries, RBK5E) during deposition of the gases.

The ice mixtures of*C-methane 6CH,) and nitrogen monoxide (NO) as well as deuterated
methane (CL) and NO were prepared in the similar wahe thickness of each ice of 743 + 50

nm was determined in situ via laser interferometry (for details see Figure S5). The infrared
spectra of the ice mixtures were collected in the 680@cm' region using a Fourier Transform
Infrared Spectrometer (Nicetl 6700) operated at a resolution of 4 crifhe ratio of nitrogen
monoxide (NO) to methane (GHin the ice mixture was found to be 1.1 + 0.4 :1, based on the
column densities of NO and Gldalculated using a modified Lambdxer law equatiod.The

column densities of nitrogen monoxide (NO; 1.29 + 0.3 x 1017 molecul®} and m¢hane

(CHgs; 1.23 + 0.2 x 1017 molecules & wer e determined wabandng i nt
(1860 cmt) o f N ©Obarml 11897 cn of CHs with their absorption coefficients of 9.2 x

1018 and 1.40 x 18’ cm moleculé, respectively: ® Then, each ice mixture was exposed to 5
keV energetic electrons at an angle of 70° to the normal of the substrate at an electron current of
20 £ 2 nA for 15 min. IR spectra of thees were measured in situ during irradiation to monitor

the changes induced by ionizing radiation. Using Monte Carlo simulations via CASINO 2.42
software® the average penetration depth of the electrons in the ice mixture was found to be 317 +
30 nm and the average energy deposited was calculated to be 0.44 + 0.04 eV thébecule
methane and 0.82 + 0.08 eV molectfer nitrogen monoxide (Table S6Hereafter, ices were
annealed at a rate of 1 K mfinand molecules subliming from the substrate were ionized and
detected using photoionization along with reflectron tofilight mass spectrometry (Pl
ReTORMS). Pulsed VUV light s utilized for the photoionization of the molecules. Five VUV
energies at 10.49 eV, 9.95 eV, 9.92 eV, 9.50 and 9.00 eV were used to differentiate between



isomers of oxaziridine (Table $7The ions formed are extracted and eventually separated based
on ther massto-charge (m/z) ratio before reaching to microchannel plate (MCP) detector. The
MCP detector generates a signal when ions reach to the detector. This signal is amplified using a
preamplifier (Ortec 9305) and shaped with a 100 MHz discriminatordiBeeminator sends the

signal to a computer based multichannel scaler, which records the signal in 4 ns bins triggered at
30 Hz by a pulse delay generator. 3600 sweeps were collected for each mass spectrum per 1 K

increase in the temperature during tiRDTphase.

Computational
The reactior between carbene (GHand nitrosyl hydride (HNOproceeding on the triplet

and singlet potential energy surfac@ESs) areinvestigated. Collision complexeswere
identified, their mutual conversion and subsequent isomerizatioyatd-ECONH (1) were
characterizedThe geometries of these species and transition stagesoptimized along with
the harmonic frequenciedy utilizing coupled clusterCCSDcc-pVTZ cakulations. Ther
CCSD(T)/cepvDZ, CCSD(T)/cepVTZ, andCCSD(T)/cepVQZ energes were computed and
extrapolated to complete basis set limits, CCSD(T)/CB®&, @CSDcc-pVTZ zercpoint energy
corrections These energies are expected to be accurate Witiirmol®.” The triplet- singlet
minimum energy crossing points (MSXjere located with CPMCSCHZVPP method with
energy refined via CCSD(T)/CBS. The intrinsic reaction coordinate (IRC) calculations at
CCSD/cepVTZ//ICCSD(T)/CBS level were carried out fwobethe entranceof singlet Ch +
HNO A 1, 2, 7 channes. The GAUSSIAN 16 prograni was employedn coupled cluster

calculations, and MOLPRQwas used for the surfaggossing

Generatiorof VUV light

1. 10.49 eVi The third harmonics (355 nm) of a pulsed ND:YAd3er (Spectra Physics,
PRO250-30; 30 Hz) is exploited for generating 10.49 eV VUV light. The 355 nm light was
focused on pulsed jet of Xenon (80 us, 30 Hz) which results in generation of 118 nm light (10.49

eV) via nonlinear mixing. The 10.49 eV lighivas separated from 355 nm light by a LiF
biconvex lens (ISP Optics) and directed 2 mm above the sample to ionize the subliming

molecules.



2. 9.95 eVi The second harmonics (532 nm) of a pulsed ND:YAG laser (Spectra Physics,
PRO250-30; 30 Hz, 10 ns) wasised to pump a dye laser (Sirah Cobra Stretch) having
Rhodamine 610/640 dye mixture. The fundamental output of the dye laser (606.948 nm)
undergoes frequency tripling to generate 202.
to access the resonardansition of Krypton. The third harmonics (355 nm) of a second ND:YAG
laser (Spectra Physics, PRAB0-30; 30 Hz, 10 ns) was used to pump another dye laser (Sirah
Cobra Stretch) containing Coumarin 540 A dye
ard 537.550 nm lights were spatially and temporally overlapped on pulsed jet of Krypton (80 ps,

30 Hz) which actasandni near medi um. Di fference frequenc
and one photon of2¥Y¥2reauKtygptoht®@EBrwlyma@Sy ati on
eV) light. A LiF biconvex lens is used to separate the 124.61 nm light from residual 202 and
537.550 nm lights.

3. 9.92 eVi Thel24.981m (9.92 eV) light was generated ddference frequency mixing
of two photon®of 202.316nm (¥ 1gnd one photon of 532 nm (¥2) |
of producing 202.316m lighthas been discussed in the generation of 9.95 eV light. The 532 nm
light is generated by frequency doubling the fundamental output (1064 nm) of a pulsed ND:YAG
laser.The 202.316m( ¥1) and 532 nm (¥2) |l ights were spa
pulsed jet of Krypton for difference frequency generation of 9.92 eV light, which is eugntual
separated fromtheresidmall and 2 t hr ough a ndrated#9.92 e\light v e x |
is directed at about 2 mm above the sample to ionize the subliming molecules.

4. 9.50 eVi Difference frequency mixing of two photons of 202.316 ( ¥ 1) and on:¢
photon of 449.794 m ( ¥2) i n Krypton r esubtT0=sV)iight. Theener at
process of producing 202.316n is identical to that of described in the generation of 9.95 eV
light. To generate 449.794 nm light, a dye laser containing Coumarin 450 dye was pumped by
the third harmonics (355 nm) of a ND:YAG lasertBb ¥1 and Y2 were spatie
overlapped on the pulsed jet of Krypton for difference frequency generation of 130.51 nm light.

The 130.51 nm light generated is eventually separated from the residual 20@2.3h6 449.794
nm lights by the helpf LiF biconvex lens and directed at about 2 mm above the sample to

ionize the subliming molecules.



5. 9.00 eVi Thel124.98nm (9.92 eV) light was generated v#ference frequency mixing
of two photonsof 222.566nm (¥ 1) and one photon of 579.014
produce ¥1, the fundament al out put of a dye
third harmonics (355 nm) of an ND:YAG laser (Spectra Physics,-P50EB0; 30 Hz, 10 ns),
was frequency doublethrough a BBO crystal. The second harmonics (532 nm) of a pulsed
ND: YAG |l aser was used to pump another dye | as
(579.014 nm). The ¥1 and ¥2 |l ights were
jet of Krypton for difference frequency generation of 124r8 light. The 124.98hm light
generated is eventually separated from the residual 222rs68hd 579.014 nm lights by the
help of a LiF biconvex lens and directed at about 2 mm above the sampi&#othe subliming

molecules.
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Fig. S1.Schematic top view of the ulttdigh vacuum chamber including the electron source,
analytical instruments (FTIR, UVIS, ReTOF), and cryogenic target (point of convergence
lines)- 1°
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Fig. S2. (a) FTIR spectra of the methane (§Hnd nitrogen monoxide (NO) igerixture before

and after the irradiation. Spectral regions 32000 and 2004400 cm' are magnified in (b)

and (c) respectively for better visibility. Detailed assignments of the bands are provided in Table
S2. New bands observed after irradiation adéceted in red color.
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Fig. S3. (a) FTIR spectra of th&C-methane ¥CH,4) and nitrogen monoxide (NO) ice mixture
before and after the irradiation. Spectral regions 380 and 2004400 cm! are magnified in

(b) and (c) respectively for better visibility. Detailed assignments of the bands are provided in
Table S3. New bands observed after irradiation are indicated in red color.



0.7
—— Before irradiation (a)
0.6 4 — Afterirradiation =
- Z
0.5 - S
') 1 T
o
2 ) -
0.4 - S 3
© ¥ o
el T 2
S 0.3 3 S5
.9 (@)
(7] :
205 3 :
~ _
0.2 1 a; o —= a?r y gr
o € g o o
0.1 - (31 i— f | > >
- 2 g
0.0 M o3t Lam_._i__.
—
6000 5000 4000 3000 2000 1000
Wavenumber (cm™)
0.20 — —— 0.20 m 4..
(b) 8 B il g g e
0.15 1 N 0.15 . e (C)
3 g g
c c - €
8 0.10+ g, 8010 S B
] = 3 = g 5
< 2 < o > 2
0.05 -] g 0.05 - gg 5 g :
0.00 A 0.00 - AU '
2400 2300 2200 2100 2000 2000 1800 1600 1400
Wavenumber (cm™) Wavenumber (cm™)

Fig. $4. (a) FTIR spectra of the Dehethane (CkL) andnitrogen monoxide (NO) ice mixture
before and after the irradiation. Spectral regions Z2@ID and 200400 cm' are magnified in

(b) and (c) respectively for better visibility. Detailed assignments of the bands are provided in
Table S4. New bands obsedsafter irradiation are indicated in red color.
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Fig. Sb. Interference pattern measured during the deposition ofsar@HD gas mixture for a

632.8 nm laser at an angle of incidence of 4°. Number of fringes are labelled below the signal
minima.

The thickness of the ice (d) was determined using laser interferometry-Me Heeser of 632.8

nm wavelength( ehhas been wused at an angle of i ncide
interferenceThree interference fringes (m = 3) walsserved duringhe deposition otheice as

shown in Figure &

The averageefractive inegx of the ice mixture (g = 1.28) was determined from the refractive
indices of the neat nitrogen monoxiffe= 125)* and methane isg(n = 1.33 reported in the
literature. Using the equation given below

the thickness of the NO + Ghte mixture was determined to be 743 + 50 nm.
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Fig. S6. PI-ReTOF mass speetmeasured taphoton enerngs of (a) V5 eV and (b) 9.92 eV
during the TPD phase of irradiated methane Giid nitrogen monoxide (NO) ice mixture
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Fig. S7. PI-ReTOFmass spectrum measured at a photon energy of 10.49 eV during the TPD
phase of noiirradiated methane (G and nitrogen monoxide (NO) ice mixture i.e. blank
experiment.
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