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Table S1. List of oxygen bearing complex organic molecules observed in the selective
interstellar sources.

Formula \ Name \ Sources | Abundances (molecule cm™)
Aldehydes and ketones
CH;CHO Acetaldehyde Sgr B2(N)° 1.4 x 10"
TMC-1’ 6.0 x 10"
Galactic Center ° 8.2 x 10"
CH;CH,CHO Propanal Sgr B2 (N)'
Galactic Center’ 1.0 x 10™
CH,CHCHO Propenal Sgr B2(N)'
Galactic Center’ 2.7 % 10"
HC,CHO Propynal Sgr B2 (N)'
TMC-1° 4.0x10"
Galactic Center’ 4.1 x 10"
CH;COCH; Acetone Sgr B2(N)'® 2.9x 10"
c-H,C;0 Cyclopropenone Sgr B2(N)Y’ 1.0 x 10"
Alcohols
CH;CH,OH Ethanol Sgr B2(N)" 4.4 %10
Galactic Center'” 9.0 x 10"
H,CCHOH Vinyl alcohol Sgr B2(N)"? 2.2 x 10"
HOCH,CH,OH Ethylene glycol Sgr B2(N)"’ 2.3 x 10"
Galactic Center’ 3.3x 10"
Acids and Esters
CH;COOH Acetic acid Sgr B2(N)" 7.0 x 10"
HCOOCH; Methyl formate Sgr B2(N)"! 1.9 x 10"
Galactic Center'” 1.1 x 107
HCOOC,Hs Ethyl formate Sgr B2(N)™® 5.4 x 10"
Orion KL" 9.0 x 10"
CH;COOCH; Methyl acetate Orion KL" 42 x 10"
Amide
NH,CHO Formamide Sgr B2(N)* 6.2 x 10"
CH;CONH, Acetamide Sgr B2(N)* 1.6 x 10"
Ether
CH;OCH; Dimethyl ether Sgr B2 (N)"? 6.7 x 10"
Galactic Center'” 9.0 x 10"
C,HsOCH; Methylethyl ether SgrB2 (N)* 1.0 x 10"
W51e2” 2.0 x 10"
Others
c-C,H,0 Ethylene oxide Sgr B2(N)’ 33x10"
Galactic Center’ 8.5x 10"
HOCH,CHO Glycolaldehyde Sgr B2(N)" 1.8 x 10"
Galactic Center’ 2.5x 10"

Note: The abundance in galactic center is an average of the abundances in MC G-0.11-0.08, MC
G-0.02-0.07 and MC G+0.693-0.03




Table S2. List of parameters derived using Monte Carlo simulations (CASINO).

CH;0H CH;0H+CO
Energy of the Electrons 5.0 keV 5.0 keV
Transmitted Energy 0.008+0.001 keV 0.029+0.008 keV
Backscattered Energy 1.06 £0.16 keV 1.10 £ 0.20 keV
Penetration Depth 252+ 10 nm 265 + 10 nm
Total energy transferred 4.65 +0.32 keV 4.60 £ 0.31 keV
Dose per molecule 6.5+0.8 eV 52+0.8eV




Table S3: List of molecules, mass-to-charge ratios of the molecular ion peaks and % of the
premixed vapors are shown for each sample mixture used for the calibration experiments.

Molecules Mass Ice: CH;0H Ice: CH;0H-CO (4:5)
m/z (amu) % sample Vapor % sample

Acetaldehyde

(CH;CHO) 44 1.0+0.2 0.5+0.1

Acetone

(CH3COCH3) 58 1.2+0.2 0.6+0.1

1-Propanol Sample 1 Sample 2

(CH3CH,CH,0OH) 60 1.2+0.2 0.6+0.1

1-Butanol

(CH3;CH,CH,CH,OH) 74 1.0£0.2 0.5+0.1

Ethanol

(CH;CH,OH) 46 1.10.2 0.620.1

Propanal

(CH;CH,CHO) 58 1.2+0.2 0.620.1

Butanal Sample 3 Sample 4

(CH3;CH,CH,CHO) 72 1.0+0.2 0.5+0.1

2-Butanol

(CH;CH,CH(OH)CHj 74 1.2+0.2 0.60.1

Dimethyl Ether

(CH;0CHs) 46 1.0+£0.2 0.5+0.1

Allyl Alcohol

(CH,CHCHOH) 58 1.0+0.2 0.5+0.1

2-Propanol

(CH;CH(OH)CH3) 60 1.2+0.2 Sample 5 0.6+0.1 Sample 6

Butanone

(CH3CH,COCH3) 72 1.0£0.2 0.5+0.1

iso-Butanol

(CH;CH(CHy)CH,oHy | ™ 2.1£0.2 1.120.1

iso-Butanal

(CH;CH(CH;)CHO) 72 1.9£0.2 1.0+0.1

tert-Butanol A | 1202 Sample 7 06201 Sample 8

7 1+0. 630,

((CH3);COH)

Propenal

(CH,CHCHO) 56 2.5+£0.2 Sample 9 6.5+0.5 Sample 10

Ethylene Glycol

(HOCH,CH,OH) 62 4.8+0.4 Sample 11 4.7+0.4 Sample 12
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Figure S1. Infrared absorption spectra of methanol - carbon monoxide mixed ices (CH;OH-CO,
CD;0D-CO, CH;"®0H-C'®0, “CH;0H-CO, CD;0D-"CO, CH;"*OH-CO and CH;OH-C'®*0)
before (dotted trace) and after (solid trace) irradiation at 5.5 K. Newly emerged absorption
features in each ice are shown in 2200 — 1600 cm™ and 1400 — 800 cm™ regions along with the
assignments as listed in Table 2.
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Figure S2. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products C,H40, C;H40, C,HsO and C3H¢O observed in irradiated methanol ices (CH;OH, CD;OD, CH3180H and 13CH3OH).
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Figure S3. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products C;H3zO, C4HgO, C,H40; and C,H50; observed in irradiated methanol ices (CH3;OH, CDs;OD, CH3180H and CH;OH).
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Figure S4. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products C,H,0, C,H40, C;H¢O and C3H4O observed in irradiated methanol-carbon monoxide ices (CH;OH-CO, CD;0D-CO,
CH;'*0H-C'®0, *CH;0H-CO, CD;0D-"*CO, CH;'*OH-CO, CH;0H-C'®0).
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Figure S5. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products C;HcO, C3H3O, C4HgO and C4H;¢O observed in irradiated methanol-carbon monoxide ices (CH;OH-CO, CD;OD-CO,
CH;'*0H-C'®0, *CH;0H-CO, CD;0D-"*CO, CH;'*OH-CO, CH;0H-C'®0).



CH,'*OH CH,"8OH-C'30

45(C,H,"0") 45(C,H,"0")
18+ A ;.\-/.\ﬁ
46 (C,H,70) 46 (C,H,"0")

R (C,H,"0") Ry (C,H,"0")
= =
2 2
S A — S A
S |48(CH 0" S |48(CH 0"
= =
N N
é | AJ ‘é '—N'
; 59 (C,H"0") E 59 (C,H,°0")

65 (CZHS”‘O;)/A 65 (C,H."0,) & |

66 (C,H"0,")

66 kCZHG'“oz*) A

n n 1
50 100 150 200 250 300 50 100 150

" 1 1 n
200 250 300

Temperature (K) Temperature (K)

Figure S6. Sublimation profiles recorded using quadrupole mass spectrometer (QMS) at the mass-to-charge ratios correspond to
C:H;"°0", CHL®0", CH;™0", CH6'*0", C3H;s'0", C,Hs'®0," and CoHs'®0," observed in irradiated CH;'®*OH and CH;'*OH-C'*0
ices.
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Figure S7. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products C,H¢O,, CsH40,, CsHgO, and C;HgO, observed in irradiated methanol ices (CH3;OH, CD;OD, CH3180H and
13

CH;0H).
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Figure S8. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products C,H,0,, C,H40,, C;Hs0, and C,H¢O, observed in irradiated methanol-carbon monoxide ices (CH;0H-CO, CD;OD-
CO, CH;"®*0H-C"*0, *CH;0H-CO, CD;0D-"*CO, CH;'®*0OH-CO, CH;0H-C'*0).
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Figure S9. Sublimation profiles of the calibration samples containing C3H4O isomer [Propenal; m/z = 56 amu] in CH3;0H-CO (4:5)
(Sample 10) ices is compared with the sublimation profiles of m/z = 56 amu recorded in irradiated CH;OH-CO (4:5) ices.
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Figure S10. Sublimation profiles of the calibration samples containing C3;H¢O isomers [Acetone (CH3;COCH3), Propanal
(CH3CH,CHO) and allyl alcohol (CH,CHCH,OH); m/z = 58 amu] in (left) CH;0H (Samples 1, 3 and 5) and (right) CH;OH-CO (4:5)
(Samples 2, 4 and 6) ices are compared with the sublimation profiles of m/z = 58 amu recorded in irradiated CH3;OH and CH3;0H-CO
(4:5) ices.
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Figure S11. Sublimation profiles of the calibration samples containing C;HsO isomers [1-propanol (CH;CH,CH,OH) and 2-
propanol(CH3;CH(OH)CH3;); m/z = 60 amu] in (left) CH3;OH (Samples 1 and 5) and (right) CH;OH-CO (4:5) (Samples 2 and 6) ices
are compared with the sublimation profiles of m/z = 60 amu recorded in irradiated CH3OH and m/z = 68 amu recorded in irradiated
CD;0D-CO (4:5) ices.
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Figure S12. Sublimation profiles of the calibration samples containing C4HgO isomers [Butanal (CH3;CH,CH,CHO), Butanone
(CH3CH,COCH3;) and iso-Butanal ((CH3),CHCHO); m/z = 72 amu] in (left) CH3;OH (Samples 3, 5 and 7) and (right) CH;0H-CO
(4:5) (Samples 4, 6 and 8) ices are compared with the sublimation profiles of m/z = 72 amu recorded in irradiated CH;OH and m/z =
80 in CD3;0D-CO (4:5) ices.
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Figure S13. Sublimation profiles of the calibration samples containing CsH;oO isomers [1-Butanol (CH;CH,CH,CH,OH), 2-
Butanol(CH;CH(OH)CH,CH3), iso-Butanol ((CH3),CHCH,OH) and fert-Butanol ((CH3);COH); m/z = 74 amu] in CH;0H-CO (4:5)
(Samples 2, 4, 6 and 8) ices are compared with the sublimation profiles of m/z = 74 amu recorded in irradiated CD;0D-CO (4:5) ices.
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Figure S14. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products C3H40,, CsHO,, CsHgO, and C4HsO; observed in irradiated methanol-carbon monoxide ices (CH;OH-CO, CD;0OD-
CO, CH;"*0H-C"0, *CH3;0H-CO, CD;0D-"*CO, CH;'*0OH-CO, CH;0H-C"*0).
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Figure S15. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products C4HgO; and C3H¢O5 observed in irradiated methanol ices (CH;0H, CD;0D, CH3180H and 13CH3OH).
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Figure S16. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products C4HgO,, C3H403, CsHgO3 and C4H¢O3 observed in irradiated methanol-carbon monoxide ices (CH;0H-CO, CD3;OD-
CO, CH;"®*0H-C"*0, *CH;0H-CO, CD;0D-"*CO, CH;'®*0OH-CO, CH;0H-C'*0).
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Figure S17. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products C4HgO3, C4H404, C4HsO4 and C4HgO4 observed in irradiated methanol-carbon monoxide ices (CH;0H-CO, CDs;OD-
CO, CH;"®*0H-C"*0, *CH;0H-CO, CD;0D-"*CO, CH;'®*0OH-CO, CH;0H-C'*0).
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Figure S18. Sublimation profiles recorded using ReTOF mass spectrometer at the mass-to-charge ratios correspond to the isotopomer
of the products CsHgO4, CsHgO4, CsHeOs and CsHgOs observed in irradiated methanol-carbon monoxide ices (CH;OH-CO, CD;0OD-
CO, CH;"*0H-C"0, *CH;0H-CO, CD;0D-"*CO, CH;'*0H-CO, CH;0H-C"*0).
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