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Abstract

The aim of this project is to study PAH (Polycyclic aromatic hydrocarbon }formation in the winds of carbon stars, using a detailed

chewmical kinetic schewme, to be implemented into the code used to describe the winds of evolved stars. The combination with
results from evolutionary wmodels of carbon stars will lead to the determination of the PAH yields expected. This will allow to
analyze the production rate of PAHs as function of the mass and metallicity of the stars.
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REACTION MECHANISM

Y / R r / R Nod Reaction?€ Forward Rate Coefficientd References/ TABLE 1—Continued
. .

A n E Comments Nod Reaction®.c Forward Rate Coefficientd References/
A n E Comments
1 H+ H+ Hy =Hy + H 9.7(+16) -0.60 Warnatz 1984
2 CHy +M=CH+H+M 4.2(+16) 448 Tanzawa and Gardiner 1980 60 CgHg + H = CgHsU + Hy 1.5(+14) 427 kg0 = k15
3 CaH2 + M = HCC + M 3.2(+16) 159 k_3=1.2(+15); 61 CgHsU + H = CgHy + Ha 1.5(+13) kg1 = 0.5 k1o
Durén, Amorebieta and Colussi 1988 62 C4HsU +M — CH3 + CoHy +M k62 = k29 Kg2
4 HyCC + CpHy — C4Hy 32(+12) 8.4 Durén, Amorebieta and Colussi 1988 63 CgHs + H+ M = CHsU + M 1.0(+14) kg3 = kg
S CaHg + M o> CHy + CoHy + M 27(+17) 266 Kicfer et al. 1988 64 CgHsU + H + M = CeHe + M 25(+15) 39.7 ko=karz
6 CqHg + M=CgHp + Hp + M 2.7(+16) 266 ke = 0.1 ks; Kiefer et al. 1988 65 CeHly + H = CeHsU + Hy 15619 pict o
O ‘] 2 L A L O ‘] 2 r R B R B T v 7% HaCC + Hy - CyH3 + H 2.0(+13) 80 estimated, see text 66 CgH3U + H + M = CgHa + M 25(+15) 397 ses i
3 4 9 4 g d 67 CgH2 + H+ M = CgH3U + M 1.0(+14) kg7 =k 9
. . T CyoH3 + H —» H2CC + Hj 1.5(+13) k7, =0.5k)9 68 C4Hy + CoH + M = CgH3U + M 3
1 1 1 8  CaH + CaH3 = CoHp + CoHp 1.0(+13) Frenklach et al. 1986a 69 CgH3U + CaHp = AJCoH* 1.5(+10) see Lext
4 9 - 9 CHz3 + M =CHy + H+ M 12(+39) -7.17 212 Kiefer et al. 1985b 70 C4H3U + C4Hz = AjCoH- 1.5(+10) see text
L N - 10 CaH3z + H = CaHy + Hp 3.0(+13) Heinemann,Hofmann-Sicvert 71 A-+H+M=A +M 2.5(+15) 39.7 k71 =k.12
and Hoyermann 1988 72 A+ H=A-+H 2.5(+14) 66.9 T=21000 K; Klel.eret_al. 1985a
* 1 1 * 1 11 CaH3 + CoH3 = CoHg + CoHp  10(+12) estimated 3.0(+12) 339 T<I000K; Nicovch and
s ‘ ! 12 CHy + M= CHz + H+ M 4.0(+17) a1 Just, Roth and Damm 1976 e R
1 1 ! 13 CaHy +M=CoHy + Hp + M 25+17) 332 Just, Roth and Damm 1976 B A+ GH = A= + Gl 20(+13) F Yuan and R 1988
14 CHy + H = CHs + H 15(:14) 427 Wamatz 1984 M AL+ Gl = A+ Gl 20613) k74 = k73
e b s 356 Aj- + CoHp — AjCoHp* 10(+13) 1
™ - ™ - 15 CaHg4 + CoH = CaH3 + CoHp 2.0(+13) Frenklach, Yuan and Ramachandra 1988 1 2H2 = Aoty O+ see tex
i . 3 1 N . - 1 16 CpH + Hy = CoHy + H 1.1(+13) 120 Gardiner et al. 1985 5t AICoH! o Aj- + CoHy 33¢-06) 571 k5r = ksor
s ) i ! ) 17 CaH + CoHp = C4Hp + H 4.0(+13) Tanzawa and Gardiner 1980 76 A1CoHa" —» AJCoH + H 26(-08) 584 k76 = ks3
S 18 C4H + M=CH + H + M 3.5(+17) 335 Tanzawa and Gardiner 1980 77 ACHZ* + M o AJCHoU + M 68(+12)  0.51 k77 = ksa
1 ~— b 1 19 C4H + Hp = C4Hp + H 1.1(+13) 12,0 K19 =kig 78 A~ + CoHy +M = AjCoHU +M e
— O O 6 - — O O 6 - - 20 C4Hz + CH = C4H + CoHj 2.0(+13) Frenklach et al. 1985, 1986b 79  A1CoH + H +M = AjCoHU + M 10(+14) k79 =k9
e 4 ; - b ' 21 C4Hga + H = C4H3S + Hp 1.5(+14) 427 ko1 =ky4 80 AjCH2U + H = AjC2H + Hp 1.5(+13) kgo = 0.5 k10
U P 22 C4Hg + H = C4H3U + Ha 1.5(+14) 427 ka2 =kj4 81 AjCH + H = AjCoH- + Hy 2.5(+14) 66.9 T21000 K; kgy = k72
1 1 1 " 23 C4Hg + CH = C4HsS + CoHp  4.0(+13) Tanzawa and Gardiner 1980 30¢+12) 39 TLO0 K; T =k
me— : 1 ) - : 24 C4Hg + CoH = C4H3U + CoHy  40(+13) Tanzawa and Gardiner 1980 e I e P xg = k73
0N - - . N 25 C4Hs + C4H = C4H3S + CqHp  20(+13) Frenklach e al. 1985, 1986b 8 ACH +H e MO 2'5}:1 4; e 100 e k
" 26 C4Hg + C4H = C4H3U + CgHy  20(+13) Frenklach et al. 1985, 1986b L =Mtz 2 30612) 39 TeI000K: ks ks
N . 3 O . s : 27 CsHy + H+ M= CqHsS + M 1.0(+14) k27 = k_g 85  A\CH + CiH = AICH" + CoHy 200113) - Kes kg
O 3 4 - 4 28 C4Hy + H+ M = C4H3U + M 1.0(+14) kg =kog 86 AJC2H* + H + M = AjCoH + M 25(+15) 39.7 kg6 = k71
: 1 . : 29 CaHz + CH + M = C4H3U + M e 87  ACoH* + CoHp = Ap-X 5.0(+10) see text
- - . N 30 C4H3S + H = C4Hz + Hy 3.0(+13) k30 =k10 88  AjC2HU + CoHpy — A\CaHaU*  1.0(+13) see text
. ! ) . . 2 OCHS e MaCHEs M 10418 Tanzav an Gt 1980 B AU = hg+ B w16
= K # =
b ; ! ) 33 C4H3U + H+ M =CqHg + M 1.0(+15) Tanzawa and Gardiner 1980 3(1) ::Sdi{‘gﬁ;ﬂ?ﬂc:“ﬁ?gf}f;{?n ‘1152:?; i 431 " i B
34 CoHg + G4l = CoH3 + GgHy  2.0(+13) k34 = ki 92 Aj- + CoHg = A\CoH3 + H 86(+11) 165 Fahr, Mallard and Stein 1988
1 1 . 35 C4Hs + CH = C4Hp + CoHa 1.0(+13) Frenklach, Yuan and R dra 1988 93 Ay + CoHy = AjCoHz + H 1.0(+11) estimated
O O O — — O O O — — 36 CyHg + CoH3 = C4Hg + H LO(+11) estimated 94 ACaH3 + H = A|CoHU + Hy  1.5(+14) 42.7 kgq = k5
- S p - s ' 37 C4Hg + H = C4HsS + Hy 1.5(+14) 42.7 k37=kiq 95 ACH3 + H = A\CoH3* + Hy  25(+14) 66.9 T21000 K; kgs = k72
o 1 o = L 1 o L o 3 - . L 2 . - - _ Y - N - 3 N - N 'Y - N - 3 _ - N 38 C4Hg + H = C4HsU + Hy 1.5(+14) 427 k3g =ki4 3.0(+12) 339 T<1000 K; kos = k72
39 C4HsS + H = C4Hg + Hy 3.0(+13) k3o =kjo 96 AjCaH3* + CoHp = A + H 5.0(+10) kgg = kg7
40 C4HsU + H = C4H4 + Hp 1.5(+13) kqp = 0.5 k10 97 AX+H+M=A+M 2.5(+15) 39.7 kg7 =k71
41 C4Hg + H+ M = C4HsS + M 1.0(+14) ka1 =kog 98 Az + H = Ay-X + Hy 2.5(+14) 669 T21000 K; kog = k72
2 4 6 8 1 O 2 4 6 8 1 O 42 CsHs + H+ M= CsHsU + M 1.0(+14) ka2 =kog 3.0(+12) 339 T<1000 K; kog = k72
43  CaH + C4Hp = CgHa + H 4.0(+13) Tanzawa and Gardiner 1980 99 Az + CQH = A)-X + CoHy 2.0(+13) kgg = k73
44 C4H + CoHp = CgHy + H 40(+13 Tanzawa and Gardiner 1980 100 A2-X + C2Hz > A; + H 1.0(+12) see text
45 C4H + C4Hy = CgHy + CH LOE+13; Frenklach er al. 1985, 1986b 101 Aj + H = Ai- + H 2.5(+14) 66.9 T21000 K: k101 = k72
r R r R 46 CoH + C4Hy = CgHy + H 1.0(+11) kas = k3 S 30+12) . T<I1000 K; k101 = kr
* ¢ 47 C4H3U + CoHz = CgHy + H 1.0(+10) Westmoreland 1987 102f Aj- + CoHz — AiCoHy 1.0(+13) kj02f = k751
48f C4H3U + CaHz — benzyne + H  1.5(+10) Westmoreland 1987 102r A-ngz: - :.; + CoHy 2‘3(_40%;; :; kk102r=1k‘52r
48r nzyne + H — g 103 AiC2H2" - AiCoH + H 60 E 103 = ks3
D b Hoomeen 2a e b byl 108 ACH® + M > ACHIU + M 6812 051 K104 = ksa
50 benzyne + H = Aj- 2 105 AjC2HaU + H = ACoH + Hy 1.5(+13) k105 = 0.5 k1o
51 C4H3U + CoHp = Ap- h 106 AjC2H + H = AjC2H* + Hy §.5(+i;) ggg ?:% ﬁ: :|o¢§=:n
: < H =
S2f  CaH3 + CaHz — C4Hs 6.2(+11) 203 Durén, Amorebieta and Colussi 1988 107 AjC2H* + CHz = Ajy- 5&:103 k|07=}3167 iy
s . N . . . S CqHs* —» CoH3 + CoHy 33(-06) 5.71 Duréin, Amorebieta and Colussi 1988 108 ACHaU + CaHy — ACaHsU'  1.0(+13) k108 = ksg
Radial profiles of Temperature (top left panel), velocity (top right panel), grain size of SiC (bottom left panel) and C (bottom ] s D M D Ambi i 5 o Newr A L s
) » 54 C4Hs'" + M - C4HsU + M 68(+12) 0.1 Durén, Amorebieta and Colussi 1988 110 AiC4HsU¥ +MoACoHU+CoH2+M  L1(+13)  0.48 k110 = ksg
] ] s ] 55 C4Hs* + CaHy — C4Hg + CoHy  S58(+14) 6.5 Duréin, Amorebicta and Colussi 1988 11 Ajy + H = Ajy- + H 2.5(+14) 66.9 T21000 K; ky1; = k72
rlg ‘l. pa“el l“ ‘l‘ e Wl“d expa"d|"g rom ‘r e sur ace 0 MOde 56  C4HsU + CoHz — CgHq* 6.2(+11) 203  Durén, Amorcbicta and Colussi 1988 30(+12) 339 T<1000 K; k111 =k72
@ 57 CeH* > Ap + H 35(+09) 149 Durdn, Amorebieta and Colussi 1988 112 Ajy- + CoHz > Aj + H 1.0(+12) k112 = k100
58 C6H7" + M - CgHU + M 1.1(+13) 0.48 Durin, Amorebieta and Colussi 1988

59 CgH7U + H = CgHg + Hp 1.5(+13) ks9 = 0.5k0



L Next Steps
Onagoing: Analysis of the PAH o :
yields produced during the 5 g/x?m( i ® Evaluate the PAH formation rate of carbon stars
AGB star evolution of a model] _ J/ : of various mass and chewmical composition, during
of initial mass 1.0 M, and| . @ - the AGB litetime
metallicity Z= 0.004 S o :
< 5F e e N e (alculate synthetic spectra for some selected
3t : points alomt the evolutionary tracks that we
_1oL - compare with the observational data
e L ca E e Improve the wmodel of stellar wind, taking into
e H T R account the effect of periodic shocks which are
2 4 6 8 10 known to be present in the inner wind of AGB
/R stars

: e The PAH formation and more generally of the main
E evolutionary properties of the carbon stars will be
reconsidered, based on the updated determination
of the wmass loss rate and thermodynawic
structure of the wind

Critical issves Expenses

N ® Cowputing Time e Hardware ~3000 euros

2 4 6 3 10
/R e Difficulty to find out the real and complex L
refractive index for each wolecule and||® mgi‘:lpa;(;g"eu:oos STARS
compound g~

Concentration profiles of main hydrocarbon (top panel) and swmall PAH molecules (bottom panel



