Plasma-Based Dry Reforming: A Computational
Study Ranging from Nanoseconds to Seconds

Timescale

Ramses Snoeckxl, Robby Aertsl, Xin T’ and Annemie Bogaerts *
'Research group PLASMANT, University of Antwerp, Department of Chemistry

Universiteitsplein 1, B-2610 Wilrijk-Antwerp, Belgium

* Department of Electrical Engineering and Electronics, University of Liverpool, Liverpool L69

3GJ, United Kingdom

Overview of the reactions included in the model.

Table 1: Electron impact reactions with the various molecules and radicals, included in the
model. These reactions are treated by energy-dependent cross sections, and the references where
these cross sections were adopted from, are also included. For the vibrational and electronic
excitations, several individual excitations are included, as indicated by the number between

brackets.
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Momentum Transfer CH, e CH,
Vibrational Excitation CH, e CH," (2) !
lonization CH, 2e CH," 2
Dissociative lonization CH, 2e° CHy + H 2
CH, 2e° CH,Y + H, 2
Dissociation CH, e CH; + H 3.4
CH, e CH, + H, 3.4
CH, e CH + H, 4
CH, e C + 2H, 4
lonization CH, 2¢ CH," 2
Dissociative lonization CH,4 2e CH,Y + H 2
CH; 2¢° CH" + H, 2
Dissociation CH, e CH, + H 84
CHj e CH + H, 4
lonization CH, 2¢ CH," 2
Dissociation CH, e CH + H 3.4
lonization CH 2e CH" 2
Dissociation CH e C + H 3.4
Momentum Transfer CoHg e CoHg !
Vibrational Excitation C,Hg e C,Hg" (3) !
lonization C,Hs 2e C,Hg' 2
Dissociative lonization C,Hg 2e CHsS + H 2
CaHs 2¢° CH," + H, 2
C,Hs 2 CHs* + H, 2
C2Hs 2e CH," + 2H, 2
CaHs 2¢° CH;" + CH;, 2
Dissociation C,Hg e CHs + H 56
C;Hs e CH, + H, >0
lonization C,Hs 2e C,Hs* 2
Dissociative lonization C,Hs 2e CH,  + H 2
CaHs 2¢ CHs" + H, 2
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CoHs 2e CH,' + H,
Dissociation C,Hs e CH, + H 5,6
CzHs e CHs + H, >0
Momentum Transfer C,H, & C,H, 1
Vibrational Excitation C,H, e CoHy 2 '
lonization C,H, 2¢ C,H," 2
Dissociative lonization C,H, 2e C,Hs" + H 2
CoHa 2¢ CH, + Hy ’
Dissociation C,H, & CH; + H 5.6
CoH, e CH, + H, 56
lonization C,H; 2¢ C,Hs" 2
Dissociative lonization CoHs 2¢° CH, + H 2
Dissociation C,H; e CH, + H 56
CoHs e CH + H, >0
Momentum Transfer C,H, & C,H, !
Vibrational Excitation CoH, e CoHy ©) !
lonization C,H, 2¢ C,H," 2
Dissociation C,H, & CH + H 56
Dissociation C,H & C + CH 56
Momentum Transfer CsHg e CsHg !
Vibrational Excitation CsHg e CsHg™ 2) 1
Dissociative lonization CsHg 2¢” C,Hs* + CH; 2
C;3Hg 2 C,Hs + CH, 2
Dissociation C;3Hg & CH;, + H 56
CsHs e CiHe + H, *°
CsHs e CH, + CH, >0
Dissociative lonization CsH, 2¢ C,Hs* + CH, 56
CsH; 2¢" CH, + CHs >0
CsH; 2¢" CHs" + CH, >0
C;sH; 2e CHy* + GC,H, 56
Dissociation CsH- & CHs + H 56
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CsH; e CH, + CH;, >0
CsH; e CH; + CH, 56
Dissociative lonization CsHg 2¢ C,Hs + CH >0
CsHs 2e° CH," + CH, >0
C3He 2e C,Hst + CH, 5.6
CsHs 2¢° CH," + CH, 56
CsHs 2¢° CH;" + CyHs 56
Dissociation CsHg e C,H, + CH, 5.6
Momentum Transfer H, & H, !
Vibrational Excitation H, e H," (3) 8
Dissociation H, e 2H o
Momentum Transfer o, e 0, 1o
lonization 0, 2¢ o, 1
Dissociative Attachment 0, (e} o 1o
Dissociation 0, e 20 (2) 1o
Momentum Transfer o) e o) 12
Electronic Excitation 0 e o (2) 18
Attachment 0 0, o 0, 1o
Momentum Transfer co, e Cco, 14
Vibrational Excitation CO, e Cco,” (3) 1
Electronic Excitation co, e Cco," 2) 15
lonization CO;, 2¢° Co," "
Dissociative Attachment CO, o) Cco 14
Dissociation co, e cCO + O 14
Momentum Transfer (6{0] e (6{0)] 8
Vibrational Excitation co e co” (1) 8
Electronic Excitation co e co’ (5) 1
Dissociative Attachment co o C 16
Dissociation co e c + O 7
Momentum Transfer H,O e H,O 18
Vibrational Excitation H,O e H,0" (2) 18
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18

Dissociative Attachment e’ H,O o H,
e H,0 OH" H 18
Dissociation e H,O e OH H 18
) H,0 e @) H, 18
Dissociation e OH e 6] H 19
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Table 2: Electron-ion recombination reactions included in the model, as well as the
corresponding rate coefficients for 300 K and the references where these data were adopted

from.

e + CHsY — CHy + 2H 2.57x 10" cmist 3%
e + CHY —> CH, + H, + H 610x10% cm®st 3%
e + CHSf —> CH; + H 1.18x 10 cmist 3%
e + CH,f —> CH, + 2H 2.42x10% cmist 3%
e + CHY' —> CH + H, + H 141x10%® cmist 3%
e + CHsY —> CH, + H 2.25x 10% cmist 3%
e + CHY —> CH + H, 7.88x 10%° cmist 3%
e + CHsY —> CH + 2H 9.00 x 10%° cmist 3%
e + CHY —> C + H, + H 169x10%® cmist 3%
e + CHY —> CH + H 1.00 x 10% cm®st 3%
e + CHY —> C + H, 482 x 10 cm®st 3%
e + CHY —> C + 2H 253x 100 cm®st 3%
e+ CH* —- C + H 3.23x10% cm®st 3%
e + GCHe —> CHg + H 2.19x10% em®st °®
e + GCHe —> CH, + 2H 3.36x 100 em®st °®
e + GCHs —> CH, + H 7.70x 100 em®st °®
e + GCHs —> CH; + 2H 1.92x 10 em®st  °®
e + CHSf —> CH, + H, + H 19x10%® cmist  ®
e + GCHS —> CH, + 3H 8.98 x 10 cm®st  ©
e + CHs* — CHy + CH, 9.62 x 100 cm®st  ©
e + CHf — CH; + H 8.29 x 100 cmist  ©
e + CHf — CH, + 2H 3.43x10% cmist ®
e + CH+Y —» CH + H, + H 553x10® cmist  ®

e + GCHf —> CH, + H 1.34x10% em®st  ®




2.74x10%

C,Hs" C,H 2H cm’s
C,H," C,H H 1.87 x 10 em®st  ©
C,H," 2CH 4.87 x 10 em®st  ©
o, o 0 1.94 x 10%° cmist 2
0,' + 0, 0, 0, 1.00 x 10%° cmist 2
co,' co 0 2.71x 10" cmist ®
H;O" H,0 H 2.45x10% cmist @
H,O" OH H, 6.58 x 10° cm®st 2@
H,O" OH 2H 4.02 x 10 cm®st 2@
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Table 3: Neutral-neutral reactions included in the model, as well as the corresponding rate

coefficients for 300 K and the references where these data were adopted from. Note a means that

this value is an estimated value; note b means that the rate coefficient is adjusted in the model for

a three-body collision by dividing by 2.446 x 10" cm™, i.e., the density of the background gas.

22

CH, CH, CH, CH; 3.01x10%" com’s
CH, CH C,H, H 9.74x 10" cm’s? =
CH, C,Hs C,Hs CH, 1.83x10%* cm®s? 2
CH, C,H; C,H, CHj 228x10% cm’s? 2
CH, C,H C,H, CHj 1.31x10% cm’s? z
CH, CsH; CiHg CH; 438x10% cm®s? 24
CH, H CH, H, 8.43x10% cm’s? =
CH, CH, C,Hs 271x10% cm’s? %
CH, CH, C,Hs M 1.56 x 10 cm°s? =
CH; CH, C,H, 7.00x10"  cm’s? =
CH; C,Hg C,Hs CH, 721x10% cm’s? =
CH; C,Hs C,H, CH, 1.91x10% cm3s? =
CH; C,Hs C;3Hg M 1.00x10%® cm®s? a
CH, C,H, C,H; CH, 1.94x10% cm®s? 2z
CH, C,H, C,H, CH, 651x 10" cmist 2z

1.20x 10" cm3s? %
CHs C,Hs, C;Hs M

491x10%° cm°s?t b
CH, C,H, CH, C,H 7.65x10% cm’s? z
CH; C3Hs C;3H; CH, 1.02x10%° cm3s? %
CHs CsH; CsHs CH, 3.07x 10" cm’s?t =
CH, H, CH, H 9.9x10% cm’s?t =
CH, H CH, H, 9.96x10%2 cm’s? z
CH, H CH, M 297x10%® cmPs? z
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5.27 x 101

23

CH, CH, C,H, 2H cm®s
CH, C,Hs C,H, CH, 301x10 cmist 2z
CH, C,H, C,H, CH, 3.01x10M cmis? 2
CH, C,H C,H, CH 3.01x10 cmist 2
CH, C3Hs CsH; CH, 1.02x10% cm®s? 2
CH, CsH, C,H, C,Hs 3.01x10M cmist 2
CH, CsH, C3Hs CH, 3.01x10% cmist 2
CH, H, CH, H 500x 10 cm®s? 2z
CH, H CH H, 201x10% cmist z
2.78x 10 cm®s? 2z

CH C,Hs CsH, M
1.14x10% cmPs? b
CH H, CH, H 6.80x 10" cm’s? z
CH H C H, 1.00x 10 cm®s? 2
C H, CH H 150x 10 cm®s? 2
C,Hs C,H, C,Hs C,H, 339x10% cmist 2z
CoHe C,H C,H, C,Hs 599x 102 cm®s? 2
C,Hs CsH, C3Hg C,Hs 316x10%? cm®s? 2
C,Hs H C,Hs H, 496 x 107 cm®s? 2z
C,Hs C,Hs C,Hg C,H, 241x10? cmis? 2
C,Hs C,H C,H, C,H, 3.01x10? cmist 2z
C,Hs C3Hg C,Hs CsH; 3.62x10%2 cmist 2
C,Hs CsH, C3Hg C,H, 191x102 cm®s? 2
C,Hs CsH, C3Hs C,Hs 241x102 cmist 2
C;Hs H, C,Hg H 297x10% cmis? 2
C,Hs H CH, CH, 599x 10 cm®s? 2z
C,Hs H C,H, H, 301x10? cmis? 2
225x10°% cm’s? 2

C,Hs H C,Hs M
9.20x10% cmPs? b
C,H, C,H C,H, C,H, 1.40x 10 cm®s? 2%
C,H, H C,H; H, 492x10% cm3st 2
C,H, H C,Hs M 366x10%° cmfs? 2z
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1.9x 10"

22

CH; + C,H; C,H, + C,H, cm®s
CH; + C,H C,H, + CyH, 19x10%? cm’st 2z
CH; + CsHs C,H, +  C3Hy 3.40x 102 cm®s? 2
C,Hy + CsH; CsHg + C,H, 201x10%? cm’s? 2
C,Hy + CsH; CsHg +  C,H, 201x10%2 cm’s? 2
C,Hy + H, C,H, + H 9.78x10%° cm’s? 2
C,Hy + H C,H, + H, 201x101" cm’s? z
202x10° cm’s? 2

CHs; + H + M C,H, + M
8.26x10%° cmPs? b
CH, + CH C,H, + H 150x10° cmds? 30
C,H, + H C,H + H, 6.12x10% cm’s? 2
C,H, + H + M C,H; + M 281x10° cm®s? z
C,H + CsHg C,H, +  CzH, 599x 102 cm’s? 2
C,H + CsH; CsHg + C,H, 1.00x 10 cm®st 2
C,H + H, C,H, + H 152x 108 cmist 2
231x10° cmis? 2

CH + H + M C,H, + M
9.44x10%° cmPs?! b
CsHg  + H CsH; + H, 515x 10 cm®s? 2
CsH;, + CsH; CsHg +  CiHg 2.81x10%2 cmis? 2
CH, + H, C3Hg + H 712x10%  cmist 2
CH, + H C3Hs + H, 3.01x10% cmist 2
9.68x 10 cm’s? 2

CH, + H + M CsHg + M
3.96x10%° cmPs? b
926 x 10 cm®s? 81

CiHg + H + M C;3H; + M
3.79x10% cmPs? b
H + H + M H, + M 6.00x 10 cm®s? z
0 + [6) + 0, + 509%x10% cm®s? 32
0 + [6) + M 0, + M 7.19x10% cm®s? 32
CH4 + o) CH, + OH 554x 10 cm3s? z
CH3 + [6) CH,O0 + H 1.12x10%® cm®st 32
CH3 + ) co + H, 280x 10 cmis? 38
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553 x 101

33

CH, O CcO + H, cm®s
CH, 0 CcO + 2H 829x 10 cmis? 3
CH, 0, CO, + H, 1.42x10*2 cm®s? 23,34
CH, 0, Cco + H,0 1.42x 10 cmist 2,5
CH, 0, CH,O0 + 0 539x10° cm’s? 2,5
CH [6) Cco + H 69x10  cmist z
CH 0, co, + H 1.20x 10" cm®st 3
CH 0, CcO + OH 8.00x 10 cm’s? 3
CH 0, CHO + 0 8.00x 10 cm’s? 3
CH 0, Cco + H 1.20x 10" cm®s? 3
C 0, CcoO + [¢) 245x 108 cm®s? %
C,Hq [6) C,Hs + OH 511x 10 cm’s? z
C,Hs [6) CH,CHO + H 8.80x 10 cm’s? 3
C,Hs [6) CH,O0 + CHs 69x10  cmist 3
C,Hs [6) C,H, + OH 440x 10 cmdst? 3
CoHs 0, C,H, +  HO, 380x 10 cmis? 36
C,Hs 0, CH, C,HO0, + CH, 575x10%° cm®s? %
C,H, ) CH,CHO + H 263x10° cm’s? 3
C,H, [6) CHO +  CH, 451x 10 cmis? 3
C,H, o) C,H, + OH 1.25x 10" cm®s? 3
C,H, o) CcoO +  CH, 1.25x 10" cm®s? 3
C,H, o) CHO + CH, 1.25x 10" cm®s? 3
C,H, o) CH,CO + H 1.25x 10" cm®s? 3
C,H, 0, CH,O0 + CHO 9.00x 102 cm®s? 2z
C,H, o) CH, + CcO 6.75x 10 cm®s? 2z
C,H, [6) C,HO + H 6.75x 10 cm®s? 2z
C,H 0 CH + co 1.70x 10" cm®st z
C,H 0, CHO + co 3.00x 10" cm’s? z
C,H 0, C,HO + 0 1.00x 102 cm®st 2
CsHs 0 CsH; + OH 273x10%  cmist 2
H, 0 OH + H 9.32x10® cm’s? 2z
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433x10%

22

H + 0 + CH, OH + CH, cm®s
H + 0, OH + 0 1.87x10%2 cm®s? z
H + 0, + CH, HO, + CH, 540x10% cmP®s? 87

CH, + OH CH, +  H,0 6.62x10" cm’s? %

CH, + HO, CH, +  H0, 8.76x10%" cm’s? 2

CH, + CHO CH, + CH,0 6.07x10% cm’s? 2

CH, + CH;0 CH,OH + CH; 9.42x10% cm’s? 2

CH, + co + CH, CH,CO + CH, 419x10% cm®s? %0

CH, + H,O CH, + OH 1.82x10% cm®s? 2z

CH; + OH CH, + H,0 1.13x10%? cm’s? %

CH; + OH CH,OH + H 1.31x10"  cm’s? %

CH, + OH CH,O0 + H 1.9x10" cm®s?t %

CH, + OH + M CH,OH + M 230x10% cm®s? %

CH, + HO, CH, O + OH 3.00x10™" cm’s? =

CH, + HO, CH, + 0, 599x10% cm’s? 2

CH; + CH,0 CH, + CHO 6.14x10%® cm’s? %

CH; + CHO CH, + CO 2.00x 10" cm’s?t 2

CH; + CH;0 CH, + CH,0 4.00x10™ cm’s?t 2

CH; + CH,CHO CH, + CH;CO 495x 10" cm’s? =

CH, + co, CH,O0O + CO 3.90x10™ cm’s? 2

CH, + H,O CH, + OH 19x10%® cm?st 2z

CH, + OH CH,0 + H 3.00x10™" cm’s? 2

CH, + HO, CH,0O + OH 3.00x10™" cm’s? 2

CH, + CH,0 CH, + CHO 1.00x 10 cm®s? 2

CH, + CHO CH, + CO 3.00x 10 cm’s? 2

CH, + CH;0 CH, + CH,0 3.00x 10 cm’s? 2

CH + co, CHO + CO 9.68x 10" cm’s? s
CH + co, 2CO + 9.68x 10" cm’s? s
CH + co + M C,HO + M 4.04x10% cmbs? s
CHs + OH C,Hs + H,0 246x 108 cmist %
CHg + HO, CHs + H)0, 6.36 x 10%* cm’s? 2
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2.19x10%

22

C,Hs CHO C,Hs + CH,0 cm®s
C,Hs CH,0 C,Hs + CHyOH 272x10%® cmis? 2z
C,Hs OH C,H, + H,0 400x 10 cmis? 2
C,Hs HO, CHy + 0, 5.00x10% cm’s? 2
C,Hs HO, CH, + H0, 5.00x10% cm’s? 2
C,Hs CH,0 CH¢ + CHO 447x 108 cm®st 2
C,Hs CHO CH¢ + CO 2.00x10% cm’s? 2
C,Hs CH,0 C,Hs + CH,0 400x 10 cmis? 2z
C,H, OH C,H; + H,0 154x 10 cm®s? 2z
C,H, HO, CH,CHO + OH 1.62x10%° cm’s? z
CoH; H,0 CH, + OH 1.82x10% cm’s? 2
C,Hs OH CH, + H,0 5.00x10" cm’s? 2
C,Hs CH,0 CH, + CHO 441x 108 cm®s? 2
C,Hs CHO CH, + CO 1.50x 10" cm’s? 2
C,H; CH,30 CH, + CH,0 400x 10" cm®s? 2
C,H, OH C,H + H,0 1.77x10% cm’s? 2
C,H, HO, CH,CO + OH 1.62x10% cm®s? z
C,H OH CH, + CO 3.00x 10 cm’s? 2
C,H OH CH, + 0 3.00x 10 cm’s? 2
C,H HO, CH, + 0, 3.00x10™" cm’s? 2
C,H HO, C,HO + OH 3.00x10™" cm’s? 2
C,H CHO CH, + CO 1.00x 10" cm’s? 2
C,H CH,0 C,H, + CH,0 400x 10 cm3st 2
CsHs OH CsH, + H0 3.76x10° cm’s?t =
C;sHg CH;0 CsH; + CH;OH 1.42x10Y cm3s? %
CsH; CH,0 CsHg + CHO 410x 108 cm®st %
[ CHO C3Hg + CcoO 1.00x 10 cm®s? 2
[ CH,0 C3Hg + CH,0 400x 10 cm3st 2

H, OH H +  H0 7.02x10% cm’s? s

H, CHO H + CH,0 2.78x10% cm’s? z

H co, co +  OH 1.40x10% cm®s? z
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1.54 x 10°%

30

H + CO CHO + M cm’s

H + H,O H, + OH 586x 102 cm®s? z

H + OH H, + 1.05x 10 cm®s? 2

H + OH H,0 + M 433x10% cmbst =

H + HO, H, + 0, 59x10%  cm’s? s

H + HO, H,0 + 0 240x10% cm’s? s

H + HO, OH +  OH 7.20x 10" cm’s? s

H + CH,0 H, + CHO 572x 10" cm®s? %0

H + CHO H, + CcO 150x 10 cm®s? z

H +  CHZ0 H, + CH,0 232x10"  cm’s? %

H +  CH30 CH, + OH 9.93x 10" cm’s? 8

H + CH4CHO H, + CH,CO 8.98x 10 cm’s? =

H + CH,CO CH, + CO 1.04x 10" cm’s? =

H +  C,HO CH, + CO 250x10% cm’s? =
0 + co co, + M 1.11x10% cm®s? 2
o + H,0 OH +  OH 448x10% cm®st 2
o} + OH H + 0, 3.46x 10 cm’s?t i
e} + HO, 0, +  OH 570x 10 cm’s? &
o +  CH,0 OH + CHO 1.73x 108  cm3s? =
o + CHO co +  OH 5.00x 10" cm’s? =
o + CHO H +  CO, 5.00x 10" cm’s? =
o) + CH,0 CH3 + 0, 220x 10 cmist z
o) + CH,0 OH + CH,0 3.00x10 cmist 2z
o} + CH,CHO OH + CH;CO 468x10" cmis?t =
e} + CH,CO CH, +  CO, 229x10% cm’s? 2,39
o + CH,CO CHO + CO 7.88x 10 cm’s?t 2%
o + CH,CO CHO + CO 433x 10" cm®s? 2,39
o + CH,CO CHO + CHO 433x 10" cm®s? 2,39
o + C,HO co + CO 1.9x10" cm®s?t =
0, + CHO co +  HO, 510x 10" cm’s? %
0, +  CH;30 CH,O0 + HO, 1.97x10% cm’s? %
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3.00x 10"

23,40,41

0, + CH,CHO CHO + CO + OH cm®s
0, + C,HO CcO + CcO + OH 646x10° cm’s? z
co + OH CO, + H 1.25x 108 cm®s? 2
CO + CH;0 co, +  CHjs 6.56x10%° cm’s? 2
H0O + CH;0 CH,OH + OH 1.67x10" cm’s? 42
OH + OH H,0 + 1.47x10% cm’s? s
OH + OH H,0, + M 6.86x10°% cm°s? s
OH + HO, 0, + H,0 1.10x 10 cm®s? 37
OH + CH,0 H,O + CHO 8.47x10? cmis? %
OH + CHO co +  H,0 1.70x 10 cm3s? =
OH + CH;0 CH,O + H,0 3.00x 10 cm’s? 2
OH + CH;CHO CH,CO + H,0 1.49x 10 cm’s? %
OH + CH,CO co + CH,OH 1.14x 10" cm’s? 2,43
HO, + HO, H,0, + 0, 1.63x10% cm’s? s
HO, + CH,0 CHO + H,0, 1.05x10%° cm’s? 2
HO, + CHO OH + H + CO, 500x10™" cm’s? 2
HO, + CH3;0 CH,O + H)0, 5.00x 10 cm’s? 2

CH,O0 + CH;0 CH;OH + CHO 1.14x10% cm’s? z

CHO + CHO CH,O + CO 5.00x 10 cm’s? =

CHO + CH,0 CH,OH + CcoO 150x 10 cm®s? 2z

CH,O0 + CH;0 CH,0 + CH,OH 1.00x 10 cm®s? 2z
CH, + CHsCO CH,CHO +  CH, 1.14x10% cm®s? 2z
CH, + CH,0OH CH,OH + CH;, 255x10% cm®st 4
CH, +  H,0, CH, + HO, 546 x 10 cm’s? 2
CH; + CH3OH CH, + CH;0 1.01x10%° cm’s? 4
CH; + CH,OH CH, + CH,0H 2.66x10%° cm’s?t “
CH;, + CH,0OH CH, + CH,0 400x 10 cmist 4
CH, + H,0, CH, +  HO, 1.00x 10" cm®s? 2
CH, + CHsCO CH,CO + CH, 3.00x 10 cmist 2
CH, + CHZOH CH,O + CH, 1.01x10% cm®s? 4
CH, + CHZOH CH,OH +  CHjs 2.66x10% cm’s?t “
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2.00x 10"

44

CH, + CH,OH CH,0O + CH;, cm®s
CH, + CH,0OH C,H, + OH 400x 10 cmis? a“
CHs + H,0, C,Hg +  HO, 283x10% cm’s? 2
C,Hs + CHZOH C,Hg + CH;0 350x10% cm’s? 4
C,Hs + CHZOH C,Hg + CH,OH 9.49x10% cm’s? 4
C,Hs + CH,0OH C,Hg + CH,0 400x 10 cmdst 4
C,Hs + CH,0OH CH,OH + C,H, 400x 10 cmdst 4
CH; + H,0, C,H, +  HO, 546x 10 cm®s? 2z
C,H; + CH,OH C,H, + CH30 1.01x10% cm®s? a“
C,H; + CH;OH C,H, + CH,OH 266x10%° cm’s? a
C,H; + CH,0OH C,H, + CH,0 500x 10 cm®s? 4
C,H, + CH,0OH C,H; + CH,0 3.32x10° cm’s? a4
C,H + CH;OH C,H, + CH;0 200x 102 cm’s? a4
C,H + CH;OH C,H, + CH,OH 1.00x 10 cm®st a4
C,H + CH,0OH C,H, + CH,0 599x 10 cm’s? a4
CH, + OH CsHs + H,0 400x 10 cmis? 2
CH, + H,0, C3Hg +  HO, 7.08x 107 cm®s? 2
CH, + CH,OH CsHg + CH30 351x10%2 cm’s? 2
CH, + CH;OH CsHg + CH,0OH 8.45x10% cm’s? 2
CH, + CH,OH C3Hg + CH,0 19x10%? cmist 2
CH, + CH,OH C3Hs + CH,OH 8.00x 10" cmdst 2
H + H,0, H,O + OH 420x 10 cmdst? z
H + H,0, H, +  HO, 515x 10 cm’s? z
H + CHZOH CH,OH + H, 1.27x 10" cm’s?t a“
H + CHZ0H CH, O + H, 3.18x 10 cm®s? a
H + CH,OH CH,O0 + H, 1.00x 10" cm®s? a4
H + CH,OH CH, + OH 19x10% cmist 4
289x 10 cm’s? ®

H + CH,OH CH;OH + M
1.18x10%® cmPs? b
0 + H,0, HO, + OH 8.91x 10 cm’s? 3
o) + H,0, 0, + H,0 8.91x 10 cm’s? 38
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8.75x 1011

33

(0] + CH3CO OH + CH,CO cm®s
o) + CHsCO CO, + CH, 263x10° cmist 3
0 + CHZOH OH + CH,0OH 1.12x10* cm®s? 4
0 + CH;OH OH + CH;0 1.68x 10" cm’s? 4
0 + CH,OH CH,O0O + OH 7.00x 10" cm’s? 4
0, + CH,OH CH,O0 + HO, 9.70x 10" cm’s? %
OH + H,0, HO, +  H,0 1.70x 10" cm’s? s
OH + CHsCO CH,CO + H,0 200x 10 cmis? 2z
OH + CH,CO CH, + CcO OH 500x10" cm’s? 2z
OH + CHOH H,0 + CH,0OH 767x10% cm’s? %
OH + CHZOH H,0 + CH30 1.35x 10"  cm®s? %
OH + CH,OH CH,O0 + H,0 400x 10" cm®s? 4
HO, + CH,CO CH, +  CO, OH 5.00x10™ cm®s? 2
HO, + CH;OH CH,OH + H,0, 1.10x10% cm’s? 4
HO, + CH,OH CH,O0 + H,0, 2.00x10™" cm’s? a4
CH,0 + CH;CO CH,CHO + CHO 1.17x10% cm’s? 2
CH,0 + CH,0OH CH;OH + CHO 422x 108 cm®st 4
CHO +  H,0, CH,O + HO, 1.50x 10%  cm®s? 2
CHO + CH;CO CH,CHO + CO 1.50x 10" cm®s? 2
CHO + CHZOH CH,0 + CH,0OH 6.85x 102 cm’s? 4
CHO + CH,OH CH,0 + CH,0 3.00x10% cm’s? 4
CHO + CH,0OH CH,OH + CcoO 200x10° cmist 4
CH,O0 + CH,CO CH,OH + CH,CO 1.00x 10" cm®s? 2
CH,O + CH;OH CH;OH + CH,OH 538x10%° cm’s? “
CH;O0 + CH,0OH CH,0 + CHOH 4.00x10™ cm’s?t 4
H,0, + CH,CO CH,CHO +  HO, 3.05x10" cm’s?t 2
H,0, + CH,0OH CH,OH + HO, 656 x 107 cm®s? 4
CH,CO + CHZOH CH,CHO + CH,0OH 222x10%2 cmist 4
CH,0OH + CH,OH CH,0 + CHyOH 8.00x 10 cmis? 4
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Table 4: Ion-neutral and ion-ion reactions included in the model, as well as the corresponding

rate coefficients and the references where these data were adopted from.

CHg' CH, CH,' CH, 99x10" cm’s? a7
CHg" CH CH," CH, 6.90x 10" cm’s? a7
CHs' C CH* CH, 1.20x10%° cm®s? &
CHs" CzHs CoHs' H, CH, 225x10° cm’s? B
CHs' C,H, C,Hs" CH, 1.50x10% cm®s? “7
CHg" C,H, C,Hs" CH, 1.9x10% cm®s?t a7
CHg" C,H C,H," CH, 9.00x10% cm’s? a7
CHg' H CH,' H, 1.50x 10" cm3s? a7
CHg' 0 H;O* CH, 220x10% cm’s? a7
CHs' H,0 H;O" CH, 3.70x10% cm’s? “7
CH, CH, CHs' CH, 1.50x10% cm®s? “7
CH,* C,Hs C,H," CH, H, 1.91x10% cm’s? 48
CH,* C,H, C,Hs" CHj 423x10%° cm®st 47
CH," C,H, C,H," CH, 1.38x10% cm’s? a7
CH," C,H, C,H;* CH, 1.23x10% cm®s? &
CH," C,H, C,H," CH, 1.13x10%  cm’s? a7
CH," H, CHs' H 330x 10 cmist R
CH," H CH,' H, 1.00x 10" cm3s? 4
CH, 0 CH;" OH 1.00x10% cm®s? “
CH, 0, 0, CH, 3.90x 10 cm’s? “
CH, H,O H;O" CH, 29x10%  cm’st 4
CH,' CH, CH,* CH, 1.36x10° cm®s? a
CH,' CH, C,Hs* H, 1.20x10% cm®s? &
CH,' CH, C,H;* H, 9.90x 10 cmis? &
CH,' CH C,H,* H, 710x 10 cmis? 4
CH* C,Hs C,Hs" CH, 1.48x10% cm’s? 47
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CHyY + GCyH,

S C,H5" CH,
o - i 350x 10" cm’s? a7
o - i 3.00x10%° cm’s? 4
o - ' 1.38x10%° cm’s? %0
CH,” + CH, - . s 47
o i . 8.40x 10 cmds? 4
o i - 231x10°% cmist %0
. - i 397x10°% cmist %0
oo - i 1.9x10% cm’s?t &
o il . 6.50x 10" cm’s? 4
4 7
o - . 1.09x10% cm’s? “7
- - ' 1.43x10%° cm3s? 4
C,Hs* + C,H, - : e 47
C,Hs* + C,H, - - e 47
oo i i 1.15x10% cm’s? a7
oo i . 247x10%0 cm’s? a7
oo - - 1.00x 10 cm3s? “7
o - . 295x10% cm’s? “7
C,H,5 + GC,H; - o e 47
C,H,5 + GC,H; - . e 47
o - - 5.00x10% cm’s? a7
o - . 5.00x10% cm’s? a7
CHs + CuH, - i e 47
C,Hs* + C,H, - o e 47
CHy + CyHs - - . 47
oo - - 8.90x 10 cm’s? “
oo i - 5.00x10° cm®s?t ar
oo i . 3.30x10% cm’s? a7
i - - 6.80x 10" cm’s? a7
CH,t + CoH, o i — 47
i - 410x10%° cm®s? %0
1.31x 10 cm’s? 48
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248 x 101

47

CH," + CyHe CH,” + CyH, cm’s
CoH,"  + CoHy CH,S + CH, 414x1070 cmPs? 7
CoHy" + CoHs CHy  + CyH, 330x 10 cm’s? 7
CH,” + H, CHsY + H 1.00x 10 cm’s? a7
C,H," + H,0 HO* + C,H 220x10% cm’s? a7
0, + CH, CH,Y + O, 430x 10" cm®st a7
0, + CH CH" + O, 3.10x 10" cm’s? a7
0, + GC,H, CH,5 + O, 6.80x10° cm®s? &
0, + GC,H, CH," + O, 1.11x10%° cm®s? &
o, + O o + O 29x10%  cm’st 5
o, + O o + 0 29x10%  cm’st 5
O + CH, OH + CH, 1.00x 10" cm’s? a7
O + C CO + ¢ 5.00x10% cm’s? a7
O + H, HO + ¢ 7.00x10% cm’s? a7
O + H, OH + H 3.00x10™" cm’s? a7
O + H OH + ¢ 5.00x 10 cm’s? “7
O + O 0, + € 230x 10" cm’s?t 5
o + 0, ¢) + 0O k = f(E/N) 10
O + CO co, + € 6.50x 10 cm’s? 4
CO,Y + CH, CH,” + CO, 550x 10" cm’s? a7
CO,' + CyH, CH,” + CO, 1.50x 10" cm3s? a7
CO,Y + CH, C,H,” + CO, 7.30x10% cm’s? a7
Co,y + O, o,b + CO, 530x 10" cm’s? a7
co,” + O o,f + CO 1.64x10%° cm3s? 47
H;O* + CH, CH; + H,0 9.40x 10 cm’s? “
HO* + CH CH,” + H,0 6.80x 10 cm’s? 47
H,O" + C,H, CH,5 + H,0 200x10%® cmis? &
OH + CH;, CH,OH + € 1.00x10% cm®s? &
OH + CH CH,O + ¢ 5.00x10% cm’s? a7
OH + C CHO + ¢ 5.00x10% cm’s? a7
OH + H HO + ¢ 1.40x10% cm’s? 47
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