
EffectsEffects  ofof  thethe  newnew  raterate  constantsconstants
onon a  a darkdark  cloudcloud  modelmodel



N + NO N + NO  N N22 + O + O

O + CO + C22   CO + C CO + C

O + CO + C22H H  CO + CH CO + CH

O + CO + C33H H  CO + C CO + C22HH

DarkDark  cloudcloud  modelmodel
k=3k=3.75x10.75x10-11-11exp(-26/T)exp(-26/T)   8x10 8x10-11-11    ↑↑ k=3k=3.0x10.0x10-11-11(T/300)(T/300)-0.6-0.6   8x10 8x10-11-11    ↓↓
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EffectsEffects  ofof  thethe  newnew  raterate  constantsconstants
onon a  a chemicalchemical  modelmodel

ofof  IRC+10216IRC+10216



IRC+10216IRC+10216: a C-: a C-richrich  circumstellarcircumstellar  envelopeenvelope
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LTE LTE chemistrychemistry
ionion--moleculemolecule reactions reactions

rapidrapid neutral- neutral-neutralneutral reactions reactions



IRC+10216IRC+10216  modelmodel

udfaudfa osuosu

ThereThere are  are notnot  veryvery  bigbig  differencesdifferences  whenwhen  includingincluding  thethe  newnew  raterate  constantsconstants
TheThe reactions  reactions whosewhose  raterate  constantsconstants  havehave  beenbeen  modifiedmodified are  are criticalcritical in  in darkdark
cloudsclouds  butbut  notnot in  in IRC+10216IRC+10216
Reactions Reactions involvinginvolving O  O atomsatoms  andand O- O-bearingbearing  speciesspecies are  are notnot  importantimportant in  in IRC+10216IRC+10216



UncertaintiesUncertainties in  in IRC+10216IRC+10216



500 500 runsruns







C2H2+, C2H3, C2H3+, CH, H2C3Err=2C2 + photon  C2+ + e-10
C8H2, C7N, C8H, HC7N, C6HErr=2C2H + C6H2  C8H2 + H9
C5N, C4N, C5H, C4H2+, HC5NErr=2C4H2 + photon  C2H + C2H8
CNC+, HC3N, HC5N, C5NErr=50%HCN + photon  CN  + H7

13C, CNC+Err=1013C + photon  13C+  + e-6
HC3N, C8H2, C5H2Err=2C2H2 + photon  C2H + H5
C6H2, HC7N, C6H, C7N, C5NErr=2C2H + C4H2  C6H2 + H4

C3N, C2N, C4N, C7H, NErr=10N2 + photon  N + N3
NO, HNO, H2CO, 13C, CNC+Err=1013CO + photon  O + 13C2

C2H + photon  C2 + H C3H3, H2C3, C2N, C4H3Err=101

TheThe  mostmost  criticalcritical reactions in  reactions in IRC+10216IRC+10216

…… perhaps, instead of k perhaps, instead of kphph=A exp(-C*A=A exp(-C*AVV), ), kkph ph = A exp(-B*A= A exp(-B*AVV - C*A - C*AVV
22))

MostlyMostly  photophoto-reactions -reactions andand neutral- neutral-neutralneutral reactions reactions



SomeSome  issuesissues  concerningconcerning
chemicalchemical  networksnetworks

forfor use in  use in 
molecular molecular astrophysicsastrophysics



1)1) NeedNeed  forfor  raterate  constantconstant  expressionsexpressions  throughoutthroughout a a
as as widewide as  as possiblepossible  temperaturetemperature  rangerange ( (e.ge.g. 10 K - 4,000 K). 10 K - 4,000 K)



DarkDark  cloudcloud: T=10 K: T=10 K

Woods & Willacy 2007

…… but, e.g. in the inner regions of but, e.g. in the inner regions of
protoplanetaryprotoplanetary disks:  disks: T~4T~4,000 K,000 K

ItIt  occursoccurs  thatthat  thethe  samesame  astrochemicalastrochemical  networknetwork
isis  usedused in  in bothboth  situationssituations
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udfaudfa &  & osuosu  raterate

BlitzBlitz et al. (2000)  et al. (2000) expressionexpression
k=8.1x10k=8.1x10-11-11 (T/300) (T/300)-1.35-1.35 cm cm33 s s-1-1

udfaudfa &  & osuosu  expressionsexpressions
k=8.6x10k=8.6x10-11-11 cm cm33 s s-1-1

k=8.0x10k=8.0x10-9-9 cm cm33 s s-1-1

propablypropably too  too largelarge
k=8.6x10k=8.6x10-11-11 cm cm33 s s-1-1

k=8.6x10k=8.6x10-11-11 cm cm33 s s-1-1

perhapsperhaps too  too largelarge
k=2.5x10k=2.5x10-12 -12 cmcm33 s s-1-1

T=10 KT=10 K

T=4000 KT=4000 K

a factor 100a factor 100

a factor 30a factor 30

Fair & Fair & ThrushThrush (1969)  (1969) andand  
JourdainJourdain et al. (1979)  et al. (1979) measuremeasure  thethe
raterate at  at roomroom  temperaturetemperature..

ThenThen  BlitzBlitz et al. (2000)  et al. (2000) measuremeasure  thethe  
raterate in  in thethe 295-703 K  295-703 K rangerange  andand  findfind
a a negativenegative  activationactivation  barrierbarrier..

WHICH EXPRESSION WHICH EXPRESSION 
SHOULD ONE CHOOSE ?SHOULD ONE CHOOSE ?

differencedifference

e.ge.g. . thethe OH + SO  OH + SO  SO SO22 + H reaction + H reaction



anotheranother  exampleexample: C: C22 + CH + CH44 reaction reaction

WHICH EXPRESSION WHICH EXPRESSION 
SHOULD ONE CHOOSE ?SHOULD ONE CHOOSE ?



Problems:
 - not all species have known thermodynamic data

Sources of thermodynamic data:
JANAF, NIST, therm files (Alexander Burcat webpage, NASA)

1)1) NeedNeed  forfor  raterate  constantconstant  expressionsexpressions  throughoutthroughout a a
as as widewide as  as possiblepossible  temperaturetemperature  rangerange ( (e.ge.g. 10 K - 4,000 K). 10 K - 4,000 K)
2) 2) ThermochemistryThermochemistry in  in chemicalchemical  networksnetworks

- - UsefulUseful  toto check  check forfor  eothermicityeothermicity  ofof reactions. reactions.
- - ApplyingApplying  detaileddetailed balance  balance itit  isis  possiblepossible  toto  includeinclude
thethe  directdirect  andand reverse reactions.  reverse reactions. 
In In highhigh  temperatretemperatre  andand  highhigh  densitydensity  environmentsenvironments
((innerinner  regionsregions  ofof  CSEsCSEs, , planetaryplanetary  atmospheresatmospheres,,……) ) 
chemicalchemical kinetics should recover  kinetics should recover chemicalequilibriumchemicalequilibrium..



1)1) NeedNeed  forfor  raterate  constantconstant  expressionsexpressions  throughoutthroughout a a
as as widewide as  as possiblepossible  temperaturetemperature  rangerange ( (e.ge.g. 10 K - 4,000 K). 10 K - 4,000 K)
2) 2) ThermochemistryThermochemistry in  in chemicalchemical  networksnetworks
3) 3) ExtrapolationExtrapolation  forfor  analoganalog reactions  reactions withwith  largerlarger  speciesspecies

Clary et al. 1994

C + 1-C + 1-alkenesalkenes
K=8K=8.0xN.0xN1/31/3 -7.8 -7.8

C + 1-C + 1-alkynesalkynes
K=11K=11.9xN.9xN1/31/3 -13.6 -13.6
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Clary et al. 1994

C + 1-C + 1-alkenesalkenes
K=8K=8.0xN.0xN1/31/3 -7.8 -7.8

C + 1-C + 1-alkynesalkynes
K=11K=11.9xN.9xN1/31/3 -13.6 -13.6

e.ge.g..
C + CC + C22HH22    ……
C + CC + C44HH22    ……

……
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