Update Log

ITYPE Reaction types in the gas-phase model

0 Gas-grain interaction, Electron-grain recombination
1 Cosmic-ray ionization (direct process) #1,
Cosmic-ray induced photoreactions (indirect process)
2 lon-molecule reactions, Charge exchange reactions
3 Negative ion - neutral species reactions

4 Radiative association

5 Associative ejection

6 Neutral + Neutral — ion + electron (only one reaction)
7 Neutral-Neutral chemical reactions

8 Neutral-Neutral radiative association

9 Dissociative recombination

10 Radiative recombination

11 Positive ion - Negative ion recombination

12 Electron attachment

13 Photo-ionization, Photo-dissociation

ITYPE=0:k=! *(T/300)"" * gas-to-dust-number-ratio ! 2
ITYPE=1:k=! *1 'where! =scaling factor

ITYPE =2-12 : k = ! *(T/300)*" * exp(-#/T)

ITYPE =13 : k =! *exp(-# * Av), where Av = visual extinction

#1 Cosmic-ray ionization (direct process)

C —C+E
CL —CL+E
H —H+E
HE —HE+E
N — N+ E
O — O+ E
CO —CO+E
—HH
—H+HE
— H+ HH2
— H2+ E

# 2 Example: H + H + grain0 — H2 + grain0

Rate of H2 formation = k * n(H)*nd

n(H) is density of H and nd is density of dust in cm-3

k=1 *(T/300)"" * gas-to-dust-number-ratio
gas-to-dust-number-ration = total number of protons density over
grains density

a typical value given in the reference is 7.57E+11

Ref.: Leung et al. ApJS, 56, 231, 1984




Previous version

Network version description

Normal version

Ortho-para version

Name osu.2005 osu.2005.0p
No. of elements 13 13
No. of species 452 532
No. of reactions 4424 4482
Ortho / Para isomer :
C3H2 / C3HH
C3H3+ / C3H2H+
Notel: ‘Normal version’ is used
Cyclic / Linear isomer : o as
C3H2 / H2C3 a basis network, then
Nomenclature C3H/HC3 species/rggzgér?sa ;are added
82:2: ; Eggg: Note2: Assumeonly cyclic
species
(C3H2, C3H3+) are involved in
the
ortho-para reaction.
Normal version
Name osu 01 2007
No. of elements 13
No. of species 452
No. of reactions 4430
Cyclic / Linear isomer :
C3H2 / H2C3
Nomenclature C3H/HC3
C3H3+/ H3C3+
C3H2+ / H2C3+
Current version
Normal version
Name osu 03 2008
No. of elements 13
No. of species 455
No. of reactions 4508
Cyclic / Linear isomer :
C3H2 / H2C3
Nomenclature C3H/HC3
C3H3+/ H3C3+

C3H2+ / H2C3+




Modifications of the database

January 16, 2008

# Reactions removed:
C3H3+ + CH4 ----> C4H5+ + H2 k=1e-9 old
H3C3+ + CH4 ----> C4H5+ + H2 k=1e-9 old

# Rate coefficient modified:
C3H2+ + CH4 ----> C4H5+
H2C3+ + CH4 ----> C4H5+

+ H k=1e-9 old

+ H k=1e-9 old
C3H2+ + CH4 ----- > C3H3+ + CH3 k=5.5e-10 new
H2C3+ + CH4 ----> C4H5+ + H k=8.3e-11 new
H2C3+ + CH4 ----> C3H3+ + CH3 k=4.7e-10 new

August 9, 2007
# Rate coefficient modified:
O+0OH - 02+H 7.50e-11 -2.5e-01 0.00e+00 old

O+0OH " O2+H 3.50e-11 0.00e+00 0.00e+00 new

Measured down to 39K, CRESUS experiment, (3.5£1.0) x 1e-11, no
temperature dependence between 39 and 142K -- Ref: Carty et al. J.
Phys. Chem. 2006, 110, 3101

# New destruction mechanism, by cosmic rays induced photons and He+,
added (30 reactions) for HC,,N and NC,,N (n=2, 3, 4, 5, 6):

HC4N CRP ---> CH C2 CN 2.00e+03 0.00e+00 0.00e+00
HC6N CRP -—> CH C4 CN 2.00e+03 0.00e+00 0.00e+00
HC8NCRP  ---> CH C6 CN 2.00e+03 0.00e+00 0.00e+00
HC10ON CRP  ---> CH C8 CN 2.00e+03 0.00e+00 0.00e+00
HC12N CRP  ---> CH C10 CN 2.00e+03 0.00e+00 0.00e+00
HC13NCRP  ---> CH C11 CN 2.00e+03 0.00e+00 0.00e+00
NC4N CRP -—> CN CN C2 2.00e+03 0.00e+00 0.00e+00
NC6N CRP -—> CN CN C4 2.00e+03 0.00e+00 0.00e+00
NC8N CRP -—> CN CN C6 2.00e+03 0.00e+00 0.00e+00
NC10N CRP  ---> CN CN C8 2.00e+03 0.00e+00 0.00e+00
NC12N CRP  ---> CN CN C10 2.00e+03 0.00e+00 0.00e+00
SIC2H3 CRP  ---> SIC2H2 H 2.00e+03 0.00e+00 0.00e+00
SIC3H3 CRP  ---> SIC3H H2 2.00e+03 0.00e+00 0.00e+00
SIC3H5 CRP  ---> SIC3H H2 H2 2.00e+03 0.00e+00 0.00e+00
SIC4HCRP > S| C4H 2.00e+03 0.00e+00 0.00e+00
SIC6HCRP > S| Co6H 2.00e+03 0.00e+00 0.00e+00
SICBHCRP > S| C8H 2.00e+03 0.00e+00 0.00e+00
C4H4 CRP -—> C3H4 C 2.00e+03 0.00e+00 0.00e+00
C4H6 CRP -—> C3H6 C 2.00e+03 0.00e+00 0.00e+00
HE+ HCA4N -> CN C3H+ HE 7.00e-09-5.00e-01 0.00e+00

HE+ HCO6N --> CN C5H+ HE 7.00e-09-5.00e-01 0.00e+00

HE+ HC8N -> CN C7H+ HE 7.00e-09-5.00e-01 0.00e+00

HE+ HCION --> CN CO9H+ HE 7.00e-09-5.00e-01 0.00e+00

HE+ HCI12N ---> CN CH+ C10 HE 7.00e-09-5.00e-01 0.00e+00



HE+ HC13N ---> CN CH+ C11 HE 7.00e-09-5.00e-01 0.00e+00

HE+ NCA4N -> CN+ CN C2 HE 1.05e-09 0.00e+00 0.00e+00
HE+ NCO6N -—-> CN+ CN C4 HE 1.05e-09 0.00e+00 0.00e+00
HE+ NC8N ---—> CN+ CN C6 HE 1.05e-09 0.00e+00 0.00e+00
HE+ NC1ON --—> CN+ CN C8 HE 1.05e-09 0.00e+00 0.00e+00
HE+ NC12N --> CN+ CN C10 HE 1.05e-09 0.00e+00 0.00e+00

August 2, 2007
# New species added: C10H, C10H+ and C10H2+. Rate coefficients guessed by
Eric Herbst. New reactions:

C10+ + H2 > C10H+ +H 4.1(-11)
C10H+ + H2 -->C10H2+ + H 4.1(-11)
C10H+ + E -—> C10 + H 1.0(-6) -0.3
—> C9H + C 1.0(-6) -0.3
C10H2+ + e > C10H + H 1.0(-6) -0.3
> C10 + 2H 1.0(-6) -0.3
C10 +CRphoto -—-> C9 + C 1000
C10H + CRphoto--—-> C10 + H 5000
C10+ C > C8 + C3 5.0(-11)
C10H + C > C10 + CH 5.0(-11)
C10 + H+ > C10+ + H 4.0 (-9)
C10H + H+ > C10+ + H2 2.16(-8) -0.5
--> C10H+ + H 2.16(-8) -0.5
C10 + He+ > C8+ + C2 + He 1.5(-9)
> C9+ + C + He  1.5(-9)
C10H + He+ > C8H+ + C2 + He 1.17(-8) -0.5
> C10+ + H + HE 1.17(-8) -0.5
C10 + H3+ > C10H+ + H2 2.0(-9)
C10H + H3+ > C10H2+ + H2 2.52(-8) -0.5
C10 + HCO+ ---> C10H+ + CO 1.4(-9)
C10H + HCO+ --> C10H2+ + CO  9.0(-9) -0.5
# Rate coefficient was modified (ITYPE=7):
N+C3H2 — HC3N+H 1.70e-11 0.00e+00 0.00e+00 old
N+ C3H2 " HC3N + H 1.00e-13 0.00e+00 0.00e+00 new
Reference: Smith, Herbst and Chang (2004)
# Rate coefficient was modified (ITYPE=9):
HCO++e- —» CO+H 2.40e-07-6.90e-01 0.00e+00 old
HCO++e- " CO+H 2.80e-07-6.90e-01 0.00e+00 new

Ref: rate coeff from T. Amano, J. Chem. Phys. 1990, 92, 6492 --
Two other minor channels were proposed by Geppert et al. 2004
Faraday Discussions, 127, 425 but two other experiments find no
evidence for these channels. They were removed and 12% added
to the standard CO + H channel.

July 10, 2007
# New branching ration for the N2H+ + e- reaction (contamination of 14N15N+ in the
previous experiment, private communication by Mats Larsson), an erratum is going to



be published .
Rate coefficients were modified (ITYPE=9):

N2H+ E — N2 H 3.60e-08-5.10e-01 0.00e+00 old
N2H+ E — NH N 6.40e-08-5.10e-01 0.00e+00 old
N2H+ E N2 H 9.00e-08-5.10e-01 0.00e+00 new BR 0.9
N2H+ E NH N 1.00e-08-5.10e-01 0.00e+00 new BR 0.1

Ref: Mats Larsson et al. in preparation

Jan 17, 2007

# Uncertainty factor F on the total rate coefficient added in the last column of
each line. See Wakelam et al. (2005, A&A 444, 883) and Wakelam et al. (2006,
A&A 451, 551) for details on this uncertainty factor and how to use it to
estimate the error on the computed species abundances.

# Rate coefficients were modified (ITYPE=9):
OCS+ E - CO S 3.00E-07 0.00E+00 0.00E+00 old
OCS+ E—-CS O 1.50E-07-5.00E-01 0.00E+00 old

OCs+ E" CO S 2.90E-07 -6.20E-01 0.00E+00 new
OCs+ E" CS O 4.80E-08 -6.20E-01 0.00E+00 new
OCs+ E" C SO  1.05E-08 -6.20E-01 0.00E+00 new
Ref : Montaigne et al. 2005, ApJ 631, 653

# Rate coefficients were modified (ITYPE=9):

HCS+ E - CS H 5.20E-07-6.40E-01 0.00E+00 old

From: Aboulaziz et al. 1992, Chem. Phys. Lett. 194, 263 -- measured at
300K -- updated 9 sept 2005

HCS+ E " CS H 1.84E-07-5.70E-01 0.00E+00 new
HCS+ E " CH S 7.86E-07-5.70E-01 0.00E+00 new
Ref : Montaigne et al. 2005, ApJ 631, 653

Main products different from previous measurements

# Rate coefficients were modified (ITYPE=9):
H3+ E — H H H 1.66E-07-5.00E-01 0.00E+00 old
H3+ E - H2 H 9.36E-08-5.00E-01 0.00E+00 old

H3+ E " H H H 4.36E-08-5.20E-01 0.00E+00 new

H3+ E" H2 H 2.34E-08-5.20E-01 0.00E+00 new
Latest! McCall et al. J. Phys. : Conf. Ser. 4, 92, 2005 (for new rate)
McCall et al. Phys. Rev. A. 70, 052716, 2004 (for BR of DR)

(At 23 K, ! =2.6e-7, BR for 3-body break-up = 64%, for 2-body = 36%)
Previous modification in Sept 2005 not done.

# Name of the species H2CN+ was replaced by HCNH+ which is the linear form of
the ion.



# Rate coefficients were modified (ITYPE=9):

CH50+
CH50+

CH50+

CH50+
CH50+
CH50+
CH50+

E —H2CO H2 H
E — CH40 H

" H2CO H2 H
" CH3 H20
CH3 OHH
" CH2 H20 H
" CH40 H

mmmmm

1.50E-07-5.00E-01 0.00E+00 9 388 old
1.50E-07-5.00E-01 0.00E+00 9 389 old

9.10E-08-6.70E01 0.00E+00 new
8.19E-08-6.70E-01 0.00E+00 new
4.64E-07-6.70E-01 0.00E+00 new
1.91E-07-6.70E-01 0.00E+00 new
2.73E-08-6.70E-01 0.00E+00 new

Ref: Geepert et al. 2006, Faraday Discussions 133, 177 -- experiments -- total
rate coefficient : 9.1(0.09) e-7 (T/300)"-0.67(0.02) -- branching ratios : CH3+H20
0.09(0.02) CH3+OH+H 0.51(0.02) CH2+H20+H 0.21(0.02) CH3OH+H2
0.03(0.02) CH30+H2 0.06(0.02) CH20+H2+H 0.1(0.01) -- real uncertainty factor
to compute ??

May 19,

2006

# Rate coefficients were modified(ITYPE=8):

a By

CC2—- C31.00E-13 0 Oold
CC3—C41.00E-12 0 Oold

CC2" C33.30E-16 -1 0 new

CC3" C43.30E-14-10new

Apr 12, 2006

# New reactions were added (ITYPE=8):
apy

CC2" C31.00E-1300

# New reactions were added (ITYPE=7):
apy

CC5" C3C33.00E-1000

CC6" C3C45.00E-1100

CC7" C3C53.00E-1000

CC8" C4C53.00E-1100

CC8" C3C63.00E-1100

# Rate coefficients were modified(ITYPE=7):

aBy

CC4 - C2C31.00E-1300old
C C6 —-» C2C51.00E-130 0 old
CC8 - C2C71.00E-130 0 old

C2 C3 1.00E-10 0 O new

ccCc4"

cCoe"
cecs"

C2 C55.00E-11 0 0 new
C2 C7 3.00E-11 0 0 new

# Rate coefficients were modified(ITYPE=8):

aBy



CC3 — C41.00E-1000 old

CC3" C41.00E-1200 new

# The following reactions were removed(ITYPE=8):
aBy

CC5" C61.00E-1000

CCr" C81.00E-1000

Mar 16, 2006

# New reactions were added(ITYPE=7):
aBy

C2C2H2" C4HH 1.00E-1000
C2C2H4" C4H3 H 1.00E-1000
C2C4H2" C6HH 1.00E-1000
C2C6H2" C8HH1.00E-1000

Mar 13, 2006

# The following reactions were removed:

afy

HCO+ E — OH C 1.00E-08 -6.9E-01 0

— CH O 1.00E-08 -6.9E-01 0

# New rate coefficients used for the following reaction(ITYPE=2):
afy

N2H+ CO — HCO+ N2 2.72E-10 -5.00E-01 0 old

N2H+ CO" HCO+ N2 8.80E-10 0 0 new

Sep 14, 2005
# The cosmic-ray induced photoreaction (i.e. only indirect process in
ITYPE = 1) rate coefficients are reduced by factor of 2.

Sep 13, 2005

# Fluorine(F)-bearing species & reactions are added!
# Ref. : Table 4 in Neufeld et al. ApJ, 628, 260, 2005
# New reactions of cosmic-ray ionization : (ITYPE = 1)

aBy
HF hu" HF 1.74E+0100

# New reactions of ion-molecule reaction : (ITYPE = 2)
aBy

C+HF" CF+H 7.20E-09 -1.50E-01 0

S+ HF" CSI+ H 5.70E-09 -1.50E-01 O

H3+ HF " H2F+ H 1.20E-08 -1.50E-01 0

He+ HF " F+ H He 1.10E-08 -1.50E-01 O

F+H2" HF+H1.00E-0900

HF+ H2" H2F+ H 1.30E-09 00

H3+F" H2F+H 4.80E-1000

# New reactions of neutral-neutral reaction : (ITYPE =7)

aBy
FH2" HF H 1.00E-09 2.26E+0 -2.98E+01



Note : Parameters " and # are obtained by refitting

k = 1.0E-10 * (T/300)"" * exp(-#T)

to the given rate coefficient equation in Table 4, Neufeld et al.(2005)
k = 1.0E-10 * {exp(-450/T) + 0.078 * exp(-80/T) + 0.0155 * exp(-10/T)}
via " and # especially for the temperature range 10-50 K.

aBy

FH20" HF OH 1.60E-1000

FCH" HFC1.60E-1000

FOH" HFO1.60E-1000

# New reactions of DR : (ITYPE = 9)

aBy

CFE" CF 2.00E-07-5.00E-010

SIF+E" SIF 2.00E-07 -5.00E-01 0

HF+E" HF 2.00E-07 -5.00E-01 0

H2F+ E" HF F 3.50E-07 -5.00E-01 0

H2F+ E" F HH 3.50E-07 -5.00E-01 0

# New reactions of photo-dissociation : (ITYPE = 13)

aBy
HF hu" HF 1.17E-10 0 2.21E+00

Sep 9, 2005

# Branching ratios of the dissociative reactions are updated!
# Ref. : Stockholm DR database

# New rate of DR : (ITYPE =9)

aBy

C2E — C C 2.00E-07 -5.00E-01 0 old

C2E" CC8.84E-08 -5.00E-01 O new

Ref. Stockholm DR list: 1.40E-7 at 120 K
McGowan et al. Phys. Rev. Lett. 42, 373, 1979
aBy

CH+ E —- C H 1.50E-07 -4.20E-01 0 old
CH+E" CH 7.00E-08 -5.00E-01 0 new

Ref. Stockholm DR list: 300 K

Takagi et al. J. Phys. B. 24, 711, 1991

aBy

CN+ E — C N 1.80E-07 -5.50E-01 0 old
CN+E" C N 3.38E-07 -5.50E-01 0 new

Ref. Stockholm DR list: 1.5E-6(T/20)"-0.55

Le Padellec et al. J. ChemPhys, 110, 890, 1999
aBy

CO+ E — O C 1.80E-07 -5.00E-01 0 old
CO+E" O C 2.75E-07 -5.50E-01 0 new

Ref. Stockholm DR list: 300 K

Rosen et al. Phys. Rev. A, 57, 4462, 1998
aBy

H2+ E — H H 9.80E-07 -5.00E-01 0 old

H2+ E" HH 2.53E-07 -5.00E-01 0 new

Ref. Stockholm DR list: 4.0E-7 at 120 K
McGowan et al. Phys. Rev. Lett. 42, 373, 1979



aBy

HeH+ E — H He 2.00E-07 -5.00E-01 0 old
HeH+ E" H He 3.00E-08 -5.00E-01 0 new
Ref. Stockholm DR list: 300 K

Mowat et al. Phys. Rev. Lett. 74, 50, 1995
aBy

NH+ E — N H 2.00E-07 -5.00E-01 O old
NH+E" NH1.18E-07 -5.00E-01 0 new
Ref. Stockholm DR list: 1.7E-7 at 120 K
McGowan et al. Phys. Rev. Lett. 42, 373, 1979
aBy

02+ E — O O 2.00E-07 -5.00E-01 0 old
O2+E" O O 1.95E-07 -7.00E-01 0 new
Ref. Stockholm DR list: 300 K

Mitchell, Phys. Rep. 186, 5, 1990

aBy

OH+ E — O H 2.00E-07 -5.00E-01 0 old
OH+E" O H6.30E-09 -4.80E-01 O new
Ref. Stockholm DR list: 300 K

Guberman et al. J. ChemPhys. 102, 1699, 1995
aBy

C2H+ E — C2 H 1.35E-07 -5.00E-01 0 old
C2H+ E — CH C 1.35E-07 -5.00E-01 O old

C2H+E" C2H 1.16E-07 -7.60E-01 0 new
C2H+E" CH C 1.05E-07 -7.60E-01 O new
C2H+E" C CH 4.80E-08 -7.60E-01 0 new
Ref. Stockholm DR list: 300 K

Ehlerding et al., PCCP, 6, 949, 2004

aBy

CH2+ E — C H2 7.60E-08 -6.00E-01 0 old
CH2+ E" CH27.70E-08 -6.00E-01 0 new
Ref. Stockholm DR list: 300 K

Larson et al. ApJ, 505, 459, 1998

aBy

CO2+ E — O CO 4.00E-07 -5.00E-01 0O old
CO2+E" 0O CO 4.20E-07 -7.50E-01 O new
I Latest! Viggiano et al. J. Chem. Phys, 122, 226101, 2005
aBy

H20+ E — O H2 4.00E-08 -5.00E-01 0 old
H20+ E — OH H 8.80E-08 -5.00E-01 0 old
H20+ E — O HH 2.72E-07 -5.00E-01 0 old

H20+ E" O H2 3.90E-08 -5.00E-01 0 new

H20+ E" OH H 8.60E-08 -5.00E-01 0 new
H20+ E" O HH 3.05E-07 -5.00E-01 0 new
Ref. Stockholm DR list: 300 K

Rosen et al, Faraday Disc., 115, 295, 2000

aBy
H3+ E — H H H 5.44E-08 -5.00E-01 0 old



H3+ E — H2 H 1.36E-08 -5.00E-01 0 old

H3+E" HHHA4.61E-08 -5.00E-01 0 new

H3+E" H2H 2.59E-08 -5.00E-01 0 new

I Latest! McCall et al. J. Phys. : Conf. Ser. 4, 92, 2005 (for new rate)
McCall et al. Phys. Rev. A. 70, 052716, 2004 (for BR of DR)

(At 23 K, ! =2.6e-7, BR for 3-body break-up = 64%, for 2-body = 36%)
afy

HCO+ E — CO H 2.00E-07 -7.50E-01 0 old

HCO+E" CO H 2.40E-07 -6.90E-01 O new
HCO+E" HO C 1.00E-08 -6.90E-01 0 new
HCO+E" CH O 1.00E-08 -6.90E-01 0 new
Ref. Stockholm DR list: 300 K

Mitchell, Phys. Rep. , 186, 5, 1990

aBy

HCS E — CS H 5.00E-08 -7.50E-01 0 old
HCS+ E" CS H 5.20E-07 -5.00E-01 0 new
Ref. Stockholm DR list: 300 K

Aboulaziz et al. Chem. Phys. Lett. 194, 263, 1992
aBy

N2H+ E — N2 H 5.95E-08 -9.00E-01 0 old
N2H+ E — NH N 1.11E-07 -9.00E-01 O old

N2H+ E" N2 H 3.60E-08 -5.10E-01 0 new
N2H+ E" NH N 6.40E-08 -5.10E-01 0 new
Ref. Stockholm DR list: 300 K

Geppert et al. ApJ, 609, 459, 2004

aBy

S0O2+ E — SO O 1.00E-07 -5.00E-01 0 old
SO2+E" SO O 2.50E-07 -5.00E-01 0 new
Ref. Stockholm DR list: 300 K

Mitchell, Phys. Rep. 186, 5, 1990

aBy

C2H2+ E — C2H H 2.90E-07 -5.00E-01 0 old
C2H2+ E —- C2HH 1.70E-07 -5.00E-01 0O old
C2H2+ E — CH CH 7.50E-08 -5.00E-01 0 old

C2H2+ E — C2H H 2.90E-07 -5.00E-01 0 same
C2H2+ E —- C2 HH 1.70E-07 -5.00E-01 0 same
C2H2+ E — CH CH 7.50E-08 -5.00E-01 0 same
C2H2+ E" CH2 C 2.89E-08 -5.00E-01 0 new
C2H2+E" C2H2 1.15E-08 -5.00E-01 0 new
Ref. Stockholm DR list: 5.0E-8 (for 2CH), 2.0E-8 (for CH2 + C) at 100 K
Derkatch et al. J. Phys B. 32, 3391, 1999

aBy

H30+ E — OH H H 2.90E-07 -8.30E-01 0 old
H30+ E — H20 H 1.10E-07 -8.30E-01 0 old
H30+ E — OH H2 4.70E-08 -8.30E-01 0 old
H30+ E — H2 H O 1.70E-08 -8.30E-01 0 old



H30+ E" OHHH 2.60E-07 -5.00E-01 0 new
H30+ E" H20 H 1.10E-08 -5.00E-01 0 new
H30+ E" OH H2 6.00E-08 -5.00E-01 0 new
H30+ E" H2H O 5.60E-09 -5.00E-01 0 new
Ref. Stockholm DR list: 300 K

Jensen et al. ApJ, 543, 764, 2000

aBy

HCO2+ E — CO H O 1.00E-07 -5.00E-01 0 old
HCO2+ E — OH CO 1.50E-07 -5.00E-01 0 old
HCO2+ E — CO2 H 5.00E-07 -5.00E-01 0 old

HCO2+E" COH O 8.10E-07 -6.40E-01 0 new
HCO2+ E" OH CO 3.20E-07 -6.40E-01 0 new
HCO2+E" CO2H 6.00E-08 -6.40E-01 0 new
Ref. Stockholm DR list: 300 K

Geppert et al. Chem. Phys. Lett. 194, 263, 1992
aBy

C2H3+ E — C2H H H 2.95E-07 -8.40E-01 0 old
C2H3+ E — C2H H2 3.00E-08 -8.40E-01 0 old
C2H3+ E — C2H2 H 1.45E-07 -8.40E-01 0 old

C2H3+ E — C2H H H 2.95E-07 -8.40E-01 0 same
C2H3+ E — C2H H2 3.00E-08 -8.40E-01 0 same
C2H3+ E — C2H2 H 1.45E-07 -8.40E-01 0 same
C2H3+ E" C2H H2 1.50E-08 -8.40E-01 0 new
C2H3+ E" CH3 C 3.00E-09 -8.40E-01 0 new
C2H3+ E" CH2 CH 1.50E-08 -8.40E-01 0 new
Ref. Stockholm DR list: 300 K

Kalhori etla. A&A, 391, 1159, 2002

aBy

C2H4+ E — C2H2 H H 3.00E-07 -5.00E-01 0 old
C2H4+ E — C2H2 H2 1.50E-07 -5.00E-01 0 old
C2H4+ E — CH2 CH 1.50E-07 -5.00E-01 0 old

C2H4+ E — C2H2 H H 3.70E-07 -7.60E-01 0 same
C2H4+ E — C2H2 H2 3.36E-08 -7.60E-01 0 same
C2H4+ E — C2H3 H 6.16E-08 -7.60E-01 0 same
C2H4+ E" C2H H2 H 5.60E-08 -7.60E-01 0 new
C2H4+ E" CHA4 C 5.60E-09 -7.60E-01 0 new
C2H4+ E" CH3 CH 1.12E-08 -7.60E-01 0 new
C2H4+ E" CH2 CH2 2.24E-08 -7.60E-01 0 new
Ref. Stockholm DR list: 300 K

Ehlerding et al., PCCP, 6, 949, 2004

aBy

CH5+ E — CH H2 H2 9.20E-09 -5.20E-01 0 old
CH5+ E" CH H2 H2 3.00E-09 -5.20E-01 0 new
Ref. Stockholm DR list: 300 K

Semaniak et al. ApJ, 498, 886, 1998

aBy



C3H4+ E — C3H2 H2 1.50E-07 -5.00E-01 0 old
C3H4+ E — C3H3 H 1.50E-07 -5.00E-01 0 old

C3H4+ E" C3H2 H2 2.95E-08 -6.70E-01 0 new
C3H4+ E" C3H3 H 2.57E-06 -6.70E-01 0 new
C3H4+ E" C2H3 CH 2.95E-08 -6.70E-01 0 new
C3H4+ E" C2H2 CH2 1.77E-07 -6.70E-01 0 new
C3H4+ E" C2H CH3 2.95E-08 -6.70E-01 0 new
C3H4+ E" C3H2 HH 1.18E-07 -6.70E-01 0 new
Ref. Stockholm DR list: 300 K

Geppert et al. Int. J. Mass. Spec. 237, 25, 2004

May 18, 2005

# New BR of DR for the protonated methanol turns out only 5% out of total,
so far in the model BR to the methanol has been assumed 50% out of total.
# Ref. : Geppert et al. Proceedings of IAU 231 (2005)

# New rate of DR : (ITYPE =9)
CH50+ E —- H2CO H2 H 1.50E-07 -5.00E-01 0 (50%) old
— CH30OH H 1.50E-07 -5.00E-01 0 (50%) old
(=CH40)

CH50+ E" H2CO H2 H 2.85E-07 -5.00E-01 0 (95%) new
" CH30OH H 1.50E-08 -5.00E-01 0 (5%) new
(=CH40)

Nov 4, 2004

# The new rate coefficient of the RA to form a protonated methanol is
updated!

# Ref. : Luca et al. Proceedings of WDS, 2002

# New rate of RA (ITYPE =4):

apBy

CH3+ H20 — CH30OH2+

(=CH50+)

5.50E-12 -1.70E+00 0 old

CH3+ H20 " CH30OH2+
(=CH50+)
2.00E-12 00 new



