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Figure 6. Retrosynthetic approach to the formation of dimethyl ether in extraterrestrial ices via retro-insertion (red rectangles) and simple bond rupture processes (blue
rectangles).
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Table 8
Possible Carriers of Higher Molecular Weight Products
m/z Name Molecular Formula IE (eV) Structure
100 Heptane C,;H;¢ 9.93
100 Hexane, 2-methyl- CsHy6 N/A
100 Pentane, 2, 4-dimethyl- CsHi6 N/A
100 Pentane, 2, 2-dimethyl- C;H¢ N/A
100 Pentane, 2, 3-dimethyl- C;Hy¢ N/A
100 Hexane, 3-methyl- C;H N/A
100 Pentane, 3, 3-dimethyl- CsHy6 N/A
100 Butane, 2, 2, 3-trimethyl- C;H6 N/A
100 Pentane, 3-ethyl- C;Hy¢ N/A
100 (S)-(+)-3-methylhexane C;H,g N/A J
100 2H-pyran, tetrahydro-2-methyl- CgH 20 N/A
100 Methyl isobutyl ketone CeH 120 9.30
100 3-buten-2-ol, 2, 3-dimethyl- CgH 20 N/A o
100 Cyclohexanol CeH 20 9.75/10.0 "
100 Propane, 1-(ethenyloxy)-2-methyl- CgH/ 20 N/A o
100 Butane, 1-(ethenyloxy)- CeH,,0 N/A 5
100 4-methylpentanal CeH ;20 9.80
0
100 Cyclopropane, 1-methoxy-2, 3-dimethyl- CgH ;20 N/A
100 2, 2-diethyl-oxirane CgH 20 N/A
100 Ocxirane, 3-ethyl-2, 2-dimethyl- CgH /20 N/A
100 Oxirane, 2-methyl-3-(1-methylethyl)- CeH ;0 N/A >
100 Pentanal, 2-methyl- CeH 1,0 9.70 o
100 Oxirane, butyl- CgH,,0 N/A
‘()

100 Cyclopentanol, 1-methyl- Cg¢H ;20 N/A

HO
100 Tetrahydrofuran, 2, 2-dimethyl- CeH 1,0 N/A &
100 Furan, 2-ethyltetrahydro- CgH/ 20 N/A
100 Furan, tetrahydro-2, 5-dimethyl- CgH /-0 N/A  “
100 1-propene, 3-propoxy- CgH ;20 N/A o
100 trans-1-butenyl ethyl ether CgH ;20 N/A P SN
100 4-penten-2-ol, 3-methyl- CgH,,0 N/A .
100 Pentanal, 3-methyl- CeH 20 9.68/9.90 °
100 2-penten-1-ol, 2-methyl- Cg¢H ;20 N/A HO
100 Cyclopentanol, 3-methyl- CeH ;20 N/A "
100 4-penten-2-ol, 4-methyl- CeH,,0 N/A i
100 1-penten-3-ol, 2-methyl- CeH ;20 N/A
100 Butanal, 2, 2-dimethyl- CgH,,0 N/A
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Table 8
(Continued)
m/z Name Molecular Formula IE (eV) Structure
100 1-methoxy-3-methyl-2-butene CeH 2,0 N/A
¥
100 3, 3-dimethyl-1, 2-epoxybutane CeH |0 10.04 A
100 2-hexen-1-ol CeH,,0 N/A Ho
100 Cyclopentanol, 2-methyl- CeH 20 N/A i
100 5-hexen-1-ol CgH 0 N/A Ho
88 1-butanol, 3-methyl- CsH,,0 N/A
88 3-pentanol CsH;,0 9.76 i
88 2-butanol, 3-methyl- CsH,,0 9.75/10.01 o
88 2-pentanol CsH,,0 9.78 ok
88 Propane, 2-ethoxy- CsH;,0 9.38 o~
88 Butane, 1-methoxy- CsH,,0 9.54 o
38 Propane, 1-ethoxy- CsH,,0 9.5 O
88 Butane, 2-methoxy- CsH,,0 921 P25
88 1-pentanol CsH;,0 10.0/10.38 OH
88 1-propanol, 2, 2-dimethyl- CsH,,0 9.72
OH
88 Amylene hydrate CsH,,0 9.8/10.16 on
88 Butanal, 3-hydroxy- C,H;0, N/A . .
88 Formic acid, propyl ester C4Hg0, 10.54 Y -0
88 Ethyl acetate C4Hg0, 10.01 i
A~
88 Methyl propionate C4HgO, 10.15 ¢
88 2-propanone, 1-methoxy- C4HgO, 9.66 ~o” #°
88 Formic acid, 1-methylethyl ester C4HgO, 10.44 I
~o”
88 Ethanol, 2-(vinyloxy)- C,H30, N/A o7 O\
88 Propanoic acid, 2-methyl- C4Hg0, 10.24 oM
88 Ethene, 1, 1-dimethoxy- C,Hg0, N/A ‘ T
88 Oxirane, (methoxymethyl)- C4HgO, 9.5/10.08 ! \
88 1, 3-dioxolane, 4-methyl- C4HgO, N/A 2 ‘
88 Butanoic acid C4HgO, 10.17 11
oMn
88 2-butene-1, 4-diol C,H30, N/A N\ Y
88 1, 4-dioxane C4Hg0, 9.19/9.4 d e
88 Propanal, 3-methoxy- C4HgO, N/A 1
SN
88 3-furanol, tetrahydro- C,Hg0, 9.77 wid 1
88 3-butene-1, 2-diol C4Hg0, N/A HO
oM
88 1-hydroxy-2-butanone C,H50, N/A OH
[¢]
88 Acetoin C,H50, N/A C
88 Methylolacetone C,H30, N/A N
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Table 8
(Continued)
m/z Name Molecular Formula IE (eV) Structure
88 Propanoic acid, 2-oxo- C3H403 9.9/10.42
88 Acetic formic anhydride C3H,03 N/A T 1
o “H
88 Methyl glyoxylate C;H,0, N/A ]
88 1, 3-dioxolan-2-one C3H403 10.40 % .
o
86 Oxirane, propyl- CsH;,0 N/A
(o)
86 Trans-1-methoxy-1-butene CsH;00 N/A ~o7
86 3-buten-2-ol, 3-methyl- CsH;00 9.61 "o,
86 2-pentanone CsH;,0 9.38 T
86 Pentanal CsH;00 9.74 0
86 3-buten-2-ol, 2-methyl- CsH;00 9.90 -
86 Furan, tetrahydro-3-methyl- CsH,,0 9.25 o
86 Oxirane, (1-methylethyl)- CsH,,0 N/A S— 4
0~ \
86 3-penten-2-ol CsH,00 9.56 H,? ~
86 2-penten-1-ol, (Z)- CsH,,0 N/A / on
86 2-penten-1-ol, (E)- CsH, 0,0 N/A NN
86 (S)-2-methylbutanal CsH;00 N/A A‘ No
ol
86 1-propene, 3-methoxy-2-methyl- CsH; 00 N/A ‘ ~o”
86 2-methoxy-1-butene CsH,,0 N/A o
86 Trans-2-methoxy-2-butene CsH,,0 N/A '
86 Cyclopropaneethanol CsH;0,0 N/A >\
——O0H
86 Butanal, methyl- CsH,,0 N/A Y\:
86 1-methylcyclopropanemethanol CsH,0,0 N/A N —oH
86 Oxirane, 2-ethyl-2-methyl- CsH,00 N/A I~
| >
(8] \
86 Oxirane, 2-ethyl-3-methyl- CsH,,0 N/A A
'
86 Prop-1-en-1, 2-dimethyl-1-ol CsH;00 8.15 {
OH
86 Trans-3-penten-2-ol CsH,40 N/A OH
86 3-penten-1-ol CsH,,0 N/A N
86 Cyclobutanemethanol CsH; 0,0 N/A |
HO—_
86 3-buten-1-ol, 2-methyl- CsH, 0,0 N/A
A _OH
86 2-buten-1-ol, 2-methyl- CsH; 00 N/A )
HO™
86 Ethyl-1-propenyl ether CsH;,0 N/A N N
86 1-butene, 4-methoxy CsH,,0 N/A AN TN
86 Oxirane, trimethyl- CsH,,0 N/A o—"
86 2-buten-1-ol CsH,00 9.13 ~-"
86 Allyl ethyl ether CsH;,0 N/A NN
86 2-butanone, 3-methyl- CsH,,0 9.31 \ s
86 1-ethylcyclopropanol CsH;00 N/A G
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Table 8
(Continued)
m/z Name Molecular Formula IE (eV) Structure
86 Butanal, 3-methyl- CsH,,0 9.72 ~A°
86 2-methylcyclo propanemethanol CsH,,0 N/A -
86 1-penten-3-ol CsH,,0 9.6 ik
86 4-penten-2-ol CsH,00 9.38 o
86 2-methoxybut-2-ene CsH,,0 N/A
86 Oxetane, 3, 3-dimethyl- CsH;00 N/A o
86 3-buten-1-ol, 3-methyl- CsH,,0 N/A o
86 Cyclopropyl methyl carbinol CsH;00 N/A .
86 4-penten-1-ol CsH,00 9.42 ~OH
86 Propane, 2-(ethenyloxy)- CsH;00 8.90 °
86 2-ethoxypropene CsH;,0 N/A
86 Butanal, 2-methyl- CsH;00 9.59 0
86 3-pentanone CsH,,0 9.31
86 Cyclopentanol CsH,00 9.72 HO
86 Furan, tetrahydro-2-methyl- CsH,00 9.22 o
86 Propanal, 2, 2-dimethyl- CsH;00 9.51
86 Formic acid, 2-propenyl ester C4HeO, N/A o i
86 1, 2-dioxin, 3, 6-dihydro- C4HgO, 9.5
86 1-propen-2-ol, formate C4HeO, N/A P 70
86 Crotonic acid C,He0, N/A 1
OH
86 2, 3-butanedione C4He0, 9.3 2
86 4-methylene-1, 3-dioxolane C4HgO, N/A
86 Isocrotonic acid C4Hs0, 10.08 ) .
86 2-butenoic acid, (B)- C,Hs0, 9.9 &
OH
86 Acetic acid ethenyl ester C4HgO, 9.2 N
86 2-butyne-1, 4-diol C,Hs0, N/A o
\OH
86 1, 3-dioxole, 4-methyl- C,HeO, N/A o
-
86 1, 4-dioxin, 2, 3-dihydro- C4HeO, 8.07 d o
86 3-butenoic acid C4HgO, 9.75 ™
86 2-propenoic acid, 2-methyl- C4H¢O, 10.15 .
86 2-propenoic acid, methyl ester C4HeO, 9.9 g
86 Butyrolactone C4HgO, 10.26 £
O~
72 1-propene, 3-methoxy- C4HgO 9.6 -0~
72 3-buten-2-ol C4Hs0 9.5 e
72 3-buten-1-ol C,H;0 9.56 ZH
72 1-buten-2-o0l C4HgO 8.6
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