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Abstract

A diaphramless<shock tube coupled. with “molecular resonance
absorption spectroscopy (MRAS) was employed to study the kinetics of
the reactions of triplet & singlet methylene with oxygen at 2000 K and
thermal decomposition - of acetaldehyde between 1391 and 1547 K.
Kinetics softwares Chemkin & Senkin were used to fit the experiment
data to obtain the reaction rate constants and branching ratios.

1. Branching channel of **CH; + O, at 2000 K :

Hydrogen atom producing channel ratio is 0.65.

(Channels CO + OH +H, CO,.+ 2H and HOCO + H are included.)
Oxygen atom producing channel ratio-1s0.29.

(Channel CH,O + O is included.)

Carbon monoxide producing is a minor channel with a 0.06 ratio.
(Channels CO + OH + H and CO + H,0 are included.)

Others approach to O ratios.

(Channels CO, + H, and HCO + OH are included.)

2. Branching channel of CH;CHO decomposition at 1391-1547 K :

CHs; + CHO production channel is the major with a 0.72 branching ratio.
CH, + CO is the minor product with a branching ratio of 0.28.

Others approach to O ratios.

(Channels H,CCO + H,, CH3CO + H and CH,CHO + H are included.)



All the experiment data were fitted to the modified Arrhenius form
[ k = T"Aexp(-E/RT) ] and plotted in figure (5-18) with literature values.
We obtained Arrhenius form between 1391-1547 K
K(T, 2 atm) = (6.9 + 4.3) x 10" exp[(-31300 + 5500)/T] s™*.
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#0550 V iz 5L o GHEPFR - EER DA BRS R E AT
BB L T R SR v R o = BRI
B BRI L ERS RO R E S B 55~ 5,8 S5 32 S
Sy A [ 4Bl (3-1)2 R (3-2) “for | &/ FiF - %
e df i B0 B2 T IEW G AR o
3-2 WRAM
3-2-1 Mk £3R%

Bl & 3R B BLI R X S R e hen e & 0 H ORI G

% & % (T F 1 (carrier gas) - 14 et 2 f# (microwave discharge )

G

i BR4e (precursor) m A 4 B R F AL F o TR AGRE T A
fi e ¥ Sk (fluorescence) -

d 3R LR BBt X3 T 1 F BB LR 2.9 5d R
Et Sk R BT EERGIEET S 5T “;’é}mﬁ B2 F%o

R (3-4) PO sk At Npdrsdt Op Tkt » R & 2ok %

21



FVE R B 3T 10T R R iE o ¥ Gk p B g R B I L en
g FIP AP s 3Torm Ml ok A R4 o

SR SRR LY ¥ £EF Y- SUNCE U Y BF - A
B # ey (self-absorption) % ke g b Flpt F B el &b RNE e
AR B R X I AR R DR LB 2
FNEE LG o B (35) Bk okl & o B Rk (18] g =

Jc,%é\)iﬁk'} 50WI% Tjj&/ﬁ»;;ﬁ:}‘ﬁ Pbos B 7 5’,‘5%}:1’1#&1?,: i+

‘-Er

PUIRL G A A el R B R B hE ARSLA T B Rk AR T
FoHREADL IR GRLE VR F A% o T B
( photomultiplier tube ) e i® F &k <

B(3-6) N E M CO A énii d 5o R k? COBPY kil p
¥ B 7w ob kRO (vacuum ultraviolet ) » 7 3 s fo s i Al - Xzten
b A Y RE R 2 R Rk B4 (3) &
Bl (3-7)° 5 7 FEiFf S kR EORrM o b PFA SR AT R Dk
Fl:e 746 > HEFERAHE (3-8)-

d B (38)#FHR > AREEaI0nm (v =1,v'=0)[ ®:#%HiE :
151nm] & 156 nm (v =1,v"=1) [ B#%H E : 157 nm] & 24 ug
#o o Ed R RO TR R 22000 KT oo Ak g
(boltzmann distribution) =>;% » 3+ CO & 3 A #2735 B IR -

22



hcp 6.626X10734%x3%x108x2150%102
exp|l——) = exp| — ~ (0.2128
p ( kT ) p < 8.314 %2000

6.02x1023 %

M = exp (- 22) |1 - exp (—22)| =0.2128[1 - 0.2128] = 0.1675
22000 KRB ™ » a2t V' = 1R FFanCO & F B o3 v =0
feFE o Fpt 156 nm (vi=1,vt=1) A g & F AR o R Bk
# 150nm (v =1,v"'=0) ¥ T CO ¥ kehid plA £ o

£ 44-0.033 % CO,/He #2 0.5 % CO,/He %1 iv/& + 3 Torr enif i
T o A u| 45 W 2 60 W eisk el Bl iE CO, 0 A& 4 e i ¢ CO
A BFEF EDCO LSl £150 nm (vi=1,v'=0) [ =
% B 1151 nm ] s i R e B AR o ST A iR - REIN A B
B N ER T R R ER G Rt F SR TR OELEE

s E R R
ek 1 A

CO, — CO (AT v)+#+0

CO (A[,v') = CO (X', v"'=0) +hv (&%)

322 ExRUELR

ERYF REEE L 127 mm s B A 2 mm i L4 (MgF,) T
BEOENBFRLF RTHoSD FRA L DCOAL F TR F kS
LUBY - QPR E VAT LEERF F R E o2~ kK (Acton

Research Corporation » model VM-502 » 1200 G/mm ) 4 & o d H & ik
23



A ¢ $7 58 (reciprocal linear dispersion) = #2.;¢ : D' =d/nF > #
®od & k42 %= EE (groove spacing ) s n & -+ & #c (order of the
diffraction) » F % ¥ S+&E £ 5E > 3o 5 @ 5| H 51 ¢ feehip# D = (1
mm/1200gr) / (1x 208 mm) =4nm/mme-d >t HE kg r» v 2 I v
RETRY 5350um- > v a8 FH LR f247R 5 4x035=14
nme ¢4 “48 T hEafrd LRz A2y ¢ witjF <2 5 mm x 30
MM &7 PE %> o + PE B¢ $-8 B i fe % F 4 0 S ALY B
ek ¥ il PMT 8GR ﬁd B b PE SRR DL R 0 WA F &
i L A LR e B kMG e B 2 2k 1 RITE R e BEAR LR T

@At gE o F gk B R S B ek e
3-2-3 k¥ BHA

R F EUELMCIE o T Sk T B g RS i AT S
pE ﬁ'»“i'?rii%]/\%%%ii@fﬁi* o 4ol (39) kT BH B iRy kT
BoRTFFEFREATE S ] EFE T RN =D +E F

kFFr M Sl (O) #r8l = eskaris4& (photocathode ) {6 » &

-

PO
—

L g RT3 BETFIXPERRT S eid o B FRF
B % 7483 (dynodes) A # i’ bz X § 3% 0 & 10-50 ns p
A 4 A5 10%-10° B gk o B A F T s iR (anode) o #
Jo B A A (5 e IR EL o K T B F 2 47 3% 5 (spectral response )
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Pt RATHERE HERT2ZHT » AR kT kT BHA G
Hamamatsu R972 %] (MgF, 4% » 2 /& 19mm)- H i & ek 5 980
AW > 5 e & B 5 115 3] 200 nm o d 3+ XA SRiF L PRIk A
BE R R EER SRR R LR RS i
B A& R RF I o
3-2-4 A AR

T RH FTE T AR U B s o A7
B OTH Al gl B A 0 4 B E T e B (Stanford Research
Systems - SR570 ; low-noise: current preamplifier) % 7 /& *x < 2
( Stanford Research Systems » SR560 ; low-noise preamplifier ) - PMT
EPT IR A LB T RS @S 0 TR O H U S TR
W F ot x B SR570 sk =5 A& B 5 1 AV Filter type : low-pass
12 dB ; bandwidth : 1 MHz ; gain-mode : low-noise - @ &% #1718 ch 7
R 5 ﬁ;‘gé TR BLGE- BBt o PR T R AR
SR560 =73k Z_5 *xc =+ & 5 155 filter type : low-pass 12 dB ; bandwidth :
1 MHz ; gain mode : low-noise ; coupling : DC -
3-25 THE

LIRFCRF L AN EARBER AR o J B RERT D
BELAT JUF TGP AR S WIER RAESF FEKE - A
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F % ¢ & % Tektronix TDS 380 z #ci= 7 4 ® (digital real time
oscilloscope ) » 247 & 8 bit » B~ & 5 2 GS/s > #f % 5 400 MHz -
@ F B PFor ok B2o3%k % % ° horizontal scale time scale : 100 ps/# ;
vertical scale : 500 mV/+ ; coupling : DC; trigger level : 780 mV ; coupling :
DC ; trigger source : Ext. o &7 % ks - BRA it pBx o
TRWEL (TR PE KRR p R AT E Y SRR T PP

7L BB 4 1
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-"".‘
P
Ple
,I
20‘_ s RF in Nz —
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,/
/
/7
- /7
g /
[l 15 — , —
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L !
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- /
: /
w 0K RF in Air
x

05

| I |
OCI 5 10 15

Pressure (Torr)

Pressure dependence of the resonance fluorescence in Ny and air, The lower curve gives the
attenuation of the lamp intensity by O, in the fluorescence chamber. Monochromator setting: 151 nm.

B (3-4): § %55 R 2R b 5 H o 19
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Bl (35D B i 4 ¥ A A o
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S. G. TILFORD AND J. D. SIMMONS

E'm

Potential energy curves for the observed
states of CO below 11.77 eV,

The arrow indicates the dissociation energy of CO. The dash
marks on the potential curves indicate the vibrational levels.

B (3-6):CO =i o @ - 1
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2 oo/l 91 02
3 | n f
= 201

Ty

&

k=

30
40

uhw @3

| | |
130 140 150 160 170 180

Wavelength [nm]
Emission spéctium of the OO resonancs lamp. Conditions: ARMCO, (20060/1}, 7 mbar, 10

mil min™ {STF): microwave power: 30 W, speciral resolution: 1 nm. The strongest vibronic bands are
asslgned by v, 27,

W (3-7): @m0 CO £ 3 % F bRtk gp - 1
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142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159

wavelength(nm)
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A nm 3247 &
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Photomultiplier Tube

Incoming
Photon \ Window
to- \

.v.fl ‘_Du» L -
\‘ oltage ro'psplng

~ Power Supply
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AN

2 CO A 3 ehyf sk g & o 18]

% (3-1): BHpaF et

(V=LY =0) ERE AR (KRG 10) AR (37) - i

Excitation Relative Transitions ~ Wavelength  Intensity of [y’ gy «T-e Intensity
transition intensity observed in  (A) fluorescence ' of fluores-
®v'. 0 fluorescence Iy v cence
(Fig. 2) (calculated) observed
(Fig. 3)

(0,0) 7.7 (0,0) 1544 1.9

(0,1) 1597 38 -

(0,2) 1653 36 0.7

(0,3) 1712 2.1 106

(0,4) 1775 0.9 77

(0,5) 1842 0.3 35

(0,6) 1913 0.1 1.6

0,7 1988 0.01 03
total fluorescence intensity (£ Ty’ 5"): 12.7 244 21
(1,0) 10.0 (1,00 1510 10 -

(1,1) 1560 5.9

(1,2 1614 0.0 -

(1,3) 1670 2.9 1.5

(1,4) 1730 59 349

(1,5 1793 4.7 445

(1,6) 1860 24 314

(L7 1932 0.8 13.1

(1,8) 2007 0.2 38

(1,9) 2088 0.04 0.8
total fluorescence dntensity (Eq~ [y p*): 32.8 130 130
(2,0) 5.6 (2,0 1478 7.0 -

2,1 1526 0.1 y

02,2) 1577 2 A

(2,3} 1631 2S5 -

(2,4) 1687 0.0 -

(2,5) 1748 1.2 8.6

(2,6) 1811 27 343

2.7 1879 23 31.6

(2,8) 1950 12 19.1

(2,9) 2027 0.4 7.2

(2,100 2108 0.1 1.8
total fluorescence intensity (Zy" Iy 3"): 20.0 102.6 62
(3,0) 2.7 (3,00 1447 23 -

(3,1) 1494 04 -

(3,2) 1543 1.1

(3,3 1594 0.0 -

(3,4) 1648 0.7 0.1

(3,5) 1705 0.6 21

(3,6) 1766 0.0 -

3,7 1830 0.6 6.2

(3,8) 1898 1.0 13.3

(3,9 1970 0.6 11.4

(3,10) 2048 04 6.0

(3,10) 2130 0.16 21
total fluorescence intensity (24 [y’ ') 7.8 41.2 31

£ PMT 5 4 %
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Fri REHA

4-1 $ Fefe

4-1-1 B HRESp

-~

ML BB R CHoly % (6] > o 2§ %% 2 99 % CHyl,

(Alfa Aesar B3 )& & & L fRPH > Flut 4e » fmdf S11TF 5 48 <0

RO R A B S R CHoly A F it 7 5 iRl R T o
Tﬁ;ﬁﬁ%ﬁﬂﬁ,ﬂ?giﬁ fu ,;’,ﬁ‘u x//Tj.i A P g ﬂﬁ/,,\:} » FE 4R e
B RERE TR T OSE(401) ¢

d 3 RES fe s P Ky x X@ae0 73 il
BT oREEA R TTRER R FPRERE NP S § A RE

B RET 0 @B S TIE RS KA Bk

B Z VGELE R
SER BF I R G F M CHb R MIGA S JE 0 ¥ PPt
IR RE EAFLAHF AL TRIFRAFOFSAES

@ B CH3CHO #& Sepie @4k * 228 ¥ & CHoly4p e e 142 o

4-1-2 R EHFfE
L ek BB (4-2) o o d 4 B2 iR SR 2 B
T % ;&4 2+ (MKS 211BA-25000B, 211BA-01000B, 211BA-00010B )

TS o FEHRTAEFTY AL E E Y SRR B, ¥

=
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dEAs TR AN s o REE 2 R AFA 30 X 107" Torr
AR 12 )P e AFERR R E FHERE BERAIFRE 2
HAFRLF Bt g 2 R kR RR Y EL B R f
PR RIERA T TREAURFER RS ABEN LR

Bafki o =~ FRTE 2R -

& 1 54k 5 @ Fe % 3000 Torr 51000 ppm CHyl, % & » 5 L B B“,ért
7 VIS B bR o Mg S i B VL 22 VAT R 1.2 Torr =1 CHul, i
*mFLl? S MBVIT R 15 st v FHF VIOR » 1
EZHAEFERH O E 2R 72 3.0% 10" Torr 5> B¢ B* VIO I >
=3B VIT R~ A2Torr i CHoLL »t 1 84k sgr » &R 4 3]
e MBF VIEVITR > I i7F VIO - #bk 5y oh % 8 chg
WA 2B (4-2) ¢ LFES Fhda § 25 AL FE30x107
Torr = » BB V1022 V15 R » +=F V13 & V19 § » #3000 Torr 3
BROArE N FES RFnE Y o REBVIOR > B VIR L PFE
¢ REDFR A FHEw 1 BRI PR T TR M
VIR >Ex+F VIOR - #-5R Ar 5 g Fd LRl I
VIOR® » B VIR > Ar £ =i ~wdig? - F Rlic= > B Flap g 4

- BEF

_j

FJ:E 3000 Torr % i > 2RSS #4730 Cx+ X
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ALY hF MR SR 2355 > 7 (7 1000 ppm CHl, # & 0 427 & 34
P g BB kAR F MBS kR o R B R
£ F Wk R FACR (4-3) H1F o

AF BTN LN B SR F AT D Ar: 99.9995 % (AGA
Specialty Gas # % ); He : 99.9995 % & O, : 99.999 % & CO,/He :
1/99 % (35 % Linde Lienfwa ®i ) -
4-2 FRERZ ERGHE

LR A ET Y o F R RA REEER A R 8
AR AR ATHEE R RGBT el AR T S
KERS S FABERELFEE
» S B L e B ARl o N SRR LR Uy o g et B M= un/ay
ik a2 EAEY F WE LB % R a =(yRT, )
He y=CplCy Flz »F & VUArIFSHF R R 04 T o #c e ppm K
B E RS Y E RS 4 F y =58 F k& o
RizH =€ & (kg) ehf #% #& -
11298 K e Ar (8 b3 5 2 g 7 (7

Ar 1 R, = 8.3145/0.039984 = 207.95 m’s K™
a, (Ar) = (5/3 x 207.95 x 298)"2=321.37 ms™
A chE Rigd RREBRER A R EATURIDIOERE L
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Apw BBl AL AFERE R U BEFL R M= ufag
ToRA O SR TP B AR o B ARE N 2 5N (2-9) &
(2-10) > 8- H T8 5 S L BRAGE F W+ PR (Ps)
HEE (Ts)e f@;ﬁﬁiﬁ@ﬁ ¥ o BRI F R4 L ﬁ&ﬁ i

» S R DS AR RCRAR R T IR P R A PR i AT
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HE A4+ =00
1.8/ X3 E A
2. A X BB

< #hibe R
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TR AEF

HRER# <—

10000Torr 1000Torr 10Torr

V10 V0 i\'é& VT

‘-’

000ppm

(6[0)

.\fﬂllluﬂ'/;h

9 8 7
30~15ppm 10~2ppm
(6[0) (¢0)

T

B (4-3): F%WH iR

Wi
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3
ky
s
9
*ﬂ
b
ﬁ\;
‘ggc'

51 CO4A 3+ e M

bF S B ARY o HikYg CO AT HERF X R R T T
AHEER o d B EB TR EER &AM 55\ v Beer-Lambert
TRETFFOMEMER > FIME TR AT HRDEREERFRR
2 7% A A A sor B8 COk R fE b 4 o

e Plags COAS 3 B R0 B8 &4 £ 6000 K e
BB ToHEY Cr O gk 3 BB 16.36 x 10" em’ molecule™ s)>
BT TR Bk en12000 K 2 F R A A > LR X F BT LR B
FH A~ g o Ep Ak B R 99 % CO 4 &+ /(Lkinde LienHwa #
A) WA b R AR RS

Bl (5-1) 5 COAF 4 #mis BB R BB o FHER 25
ppM ~ B HGER 1711 Koo lg % 4~ B8 4 38 48 8 B T w0 3P 17
Kap B oo |y N E N SR E SRR SATRIEFORER o | N A K
bR 3 P R S ATRIIE R R o R R O APFR PR
o loag R P EER ) 0 M2 R BRI ES 0 CO A F AR R L 4
BIFRCFIRACRTERCRNRZ DM R o Fd Lo |

gnt i TV B COAF A kR Tawm TR A (L) <]
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A (t) =In[lo/ 1]
% 1287 K-2528 K g B 42> ¢ * % I ¢h CO jk A (1.51 x 10°-3.38
x 10 molecule cm™®) &7 & > FEOL 1 Pl R 2R RSO (RS0
Bl (5-2) &2 H (5-3) # 5z fek A(L) 7 k& CO T >
Hiph F ok o B4 (5-1) 224 (5-2) d ¥t R EER D
BE % % A Beer-Lambert = 2 > #110 g Bewi FF L 5B o B
% 3ICH, + 0, F ¥ CH;CHO #ufiads 4+ & S 8c2|%r3 & chCO LR
iR 2 o Ry E KRR ITRE VR
# I CO Jk B e Sk ficdp > 2 B - Z =0 3 AR Ve 2 i
CO kA (1.51x 10%-8.95x 10" molecule cm™®) dic i w 4 :
[CO)/10* ( molecule/cm®). =90.797A%- 4.3715A (5-1a)
CO kR (1.13x 10™-3.38x 10" molecule cm™) erte i o 4 :
[CO)/10* ( molecule/cm®) /= 68:589A%=5.9305A (5-1b)
o PR W MRS LS P s N R TR A (t) Ao 3
(5-1a) & (5-1b) @ » v ey I 2 BREFE CO & 3 ak R v it
AP EARRM ade 4 BT o R W R L R 2E 0 J0RT i A
AR FG - o H- RPN REAY TSR TR V- f
WA 7 IR T AT R ERRPT RS BERFFS B
€& cHF o (8- )l A AT 0 TR PRI L TR R duE 2 o
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52 *'CH,+ O, F i3
5-2-1 *'CH,+ O, F B8 #4F3:
MICHy + O F et A I3 5 ch® % 7 il i0F i [T4r T

AH%gg(kcal mol™)

*CH,+ 0, > CO+OH+H (5-2a) 44
— CO, + 2H (5-2b) 19
— CH,0 + 0O (522¢) 41
— CO, +H; (5-2d) -63
— CO+ H,0 (5-2e) 71
— HCO + OH (5-2f) 31
— HOCO + H (5-29) 10

AH%qgs % 77 2+ Dioxirane'( CH,0,) 4p %t 5 & + 4@ (5-4) #+57 o [

JAB IS R TR R i

1. Vinckier £ Debruyn2 Mass Spectroscopy O, + C,H, 1@ 4=
T F R [P=25Torr, T=295-600 K] iE42 ¢ %3] CHO +
OH ¢4 = » e frizy £ R H~H;~ CO, 2 CHOOH # & g’
g o o ptaads (5-2f) F AR F RBIE

2. Moore F % e Plrs 7 843k 2 CH,CO fie & IR Diode Laser & 4c#= 3

P FE R [P=1-25Torr, T=298 K]  #3% Fehg s» 4 Lt -CO:
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0.34 + 0.06 (3-12a) ,CO, : 0.40 + [ 0.07-0.09 ] (3-12b) ,CH,O :
0.16 £ 0.04 (3-12c) 22 &%y 2 OH : 0.30 £ 0.05 -
3. Dombrowsky @ i B CH,I, & T4 5p4 & 4 3'1CH2’7%”§E* Shock

Tube-Atomic Resonance Absorption Spectroscopy ¥+ H &2 O i + &

-~

|

FE4ER [T=1000-1700K] # %2 %87 H B3 &2 % /c

P

(5-2a)~(5-2b) & (5-29) * EEHAF L L1 502;0 R+
A4 kT (5-2c) R kR & st 0.1 o
4. gz H Ao 5 R 4Ry CHl g ies st 24 *'CH,
2 Shock Tube-Atomic Resonance Absorption Spectroscopy % H &2
Or+i2fmef&e#R [P=17-21atm, T=1850-2050K]"> f@%’%
4 ot i MCH, Ak R R S = TR A 4 R4 17 R (5-2a)
(5-2b) & (529) = WEFWMA 4 & £+ %059 £ 0.06 - (5-2¢)
Bk BRE A A 2 V9 028+0.06 T % o
BB 5w Ad iR 423 PICHy + O, 7 i PR Bk IT
BLb o RE T RFRAHELEASF CORFEHZDRIE > 5 K
UHAR L Y'CHy+ O F b » %k R % F 44 CO 7 (p) o
5-22 *'CH,+ O, ¥ % % % #1313
g B W11 20~8 %2 3 ppm CH,ly 22 50 ~ 300 ppm O, 8 & =
LA bleng Bk 2000 K i 74ufE 0 HAphl 7 sk R B 4
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(5-3) &4 (5-4)5d B4R COLFERDEI R b FfAR
£ 84 Bkl > PoiF AR ehds 4 B TR o

i :‘E'J%i/ﬁvév’ﬂﬁx’fff’%gé FoE e e CO A 3 2 di g & 151 nm (v7 =1,
V' = 0) sk e d 2 pe (5-5) Pl O, k54 B enofcpt
£ g #702 f CHaly 22 300 ppm O, iR & ek 5 8 Bcdp 55 4 37 14
I BT A ST B KA Oy £ o B (5-6) 2R (5-7)
“7o0 4 W % 300 ppm £ 50 ppm Oy g & = [ 1613 = 2027 K = jz &
SERE R ch T o Ll VIR G ¥ e PEAE AR CHLl, o7 A 2 o1 ¥ICH,
R v BB e O) A 0 B U Fan B E sy o Ft
51X O,k & 2 50 ppmee

20 F H Ao CHol ek Rk 38 = 2°CH, eh2 & > 9 & *'CH,
21 O F At COAS S Hg2 Hbem @ oW A » iy
A% > 4ol (5-8) I B (5:11) #¢F » %t CH,l, ek B 5.3 ppm
+ 23 8 ppm = 20 ppm v F S ST R g iv AR A5 0 A&
B E_kp > 50 ppm O, cex o fe F & d B (5-12) v $iz 300 ppm O, ~
50 ppm O, £2 2 ppm CO #2000 K w3 Jc B+ e E B o sk (4 4 31 2 ppm
COm Yz R % 5 50 ppm O, g R 12 & > COMELT iv 4t O, LY
Frenfiin a v & X R e

d F % "> 20 ppm-~8 ppm % 3 ppm CO £ 50 ppm O, % 2000 K
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F O ts o wsofc s 4 £ A % 5 0.029+0.030 2 0.027- 4p § *+[CO]<10"
molecule cm®» fe pb % % 2 13t Oy sz, F 42 SIN 7 iF 0 W B
Afpdeeg 2 TR pgEM g FAPcL CO 2 BRFIAELE IR O,
2FES MY o AL AP HECO AT F23CH+ 0, F A
B A - o me e Bl d CO g gmF oA L 034 w3 )
N o

JUS AL CO P ehd Sk Rk ST (TR B R ACE & SRR
(5-13) = I [ fie £ 2 % Blgrst H e O Bpleriilidl > 1% # 4 8 kY
Chemkin & Senkin A 45> 312000 K = *'CHy+ O, F Jip ik = A % 1t
HRa3 222 (5-2a)~(5-2b) #2(52g) A %1t 0.65
O B3 A& 4 e (5-20) kA L1t 0.29

CO~»+ &2 4/ (52) & (5-2e) ks £ 1+.0.06

5-3 CH,CHO & & 3

5-3-1 CH,CHO & b8 #8834

CH3CHO 5 st A3t X chlg % » ¥ il ek g jSde™
AH%gs (kcal mol™)

CH;CHO — CH;3 + CHO (5-3a) 83.2

— CH, + CO (5-3b) -5.9
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— H,CCO + H, (5-3c) 27.7
— CH;CO +H (5-3d) 88.7
— CH,CHO + H (5-3e) 95.5
AH%g5 % 77 22 CH3CHO éidp 4f it & > 4B (5-14) #77 o 12
ﬁ*u@ =~ }I%’% TRt ek ik T R
1. Gupte ¢ Kiefer ™3¢ RRKM 3+ ¥ % 357 Laser-Schlieren [P =1 -
10° Torr, T = 600 - 2500 K] # &-#t#f2 (5 17 ] e H o 5 #cdf a2
F o da % & 25000K 1277 chzk 3 0 (5-3a) BeEd 1 & R Rk T o
LR A 4 o A0 A2 0.93 oL/ A A (5-3d) iEER
AP AL L 7 5] 0.02 o
2. Matthias Olzmann &[5 [1]7%‘% 4 Shock Tube-Atomic Resonance
Absorption Spectroscopy ¥t H i =+ & {7 & & £ RI[ P=1.4 - 4.5 Torr,
T=1250-1650 K] »"igd Adssugierfi g > F 3t 7 R4 0
Arrhenius = #2.5% % k(T, 1.4 bar) = 2.9 x 10"exp(-38120/T) s+ k(T,
2.9 bar) = 2.8 x 10"exp(-37170/T) s™* 2 K(T, 4.5 bar) = 1.1 x
10"exp(-35150/T)s s fe frak £ 4+ & 4 Ao & 1L i d i&— H gt o
3. J. V. Michael ® 1 ™ # * Shock Tube-Atomic Resonance
Absorption Spectroscopy ¥t H r + 27 2 &€ p|[[P=6-31Torr, T
=1405-1790K ] # &% &5 1 COL 3+ A4 /T (5-3b) £ ik
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F A E > CO & Feng 4 = a0 &3k p 3t (5-3b)> pFRF 100 us
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+ 8 H R AR CO A 5 4 R oFRd A 47 1 R S R
f2 B3 > 4@ (5-15) 2B (5-18)» 2 {7 5] & 1547 ~ 1485 ~ 1445
¥ 1391 K 2 F i & % B A ) % k(2 atm) = 3273.12 s ~ k(2 atm) =
2270.69 s™ ~ k(2 atm) = 964.41 s™ 22 k(2 atm) = 403.30 5™ o # {5 R %k
B CHs®#% £ /5(5-3b)A 4 0 CO { bR F oo £ 0.28+0.09 >
8 [22ur 12 @ 0.23+0.09 4p % v & o
WeiT g R Sk B R A Arrhenius > 42.5¢ [ k= T"Aexp(-E/RT) ]
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Fy = 28.581(+3.7726) — 31.358(4+5.5219)xin4l F 21 1 jE18 | n =
0-(E/R) =31300 (#£5500) fv A=6.9 (£4.3) x 10" » #-H 2% & (5 &
4 pt=x @ 2318 0 Arrhenius 25 5% @ K(T, 2 atm) = (6.9 + 4.3) x 10"
exp[(-31300 + 5500)/T] s* > 2R Mk(T, 1.38 atm) = 2.9 x 10*
exp(-38120/T) s 22 Kk(T, 2.86 atm) = 2.8 x 10 exp(-37170/T) st 4p st >
Bk 3= 1,?’%%1’13%% o F SR Bcyy IR A DR 0 LR T A R F)
%A B BERET > ¥4 F B2 E(5-3c)~(5-3d) & (5-3e)
AL g CO At il MO IR Bk 2 2 Rk E s N
L8  EH %h 8 CHCHO £ f3:@ Shp » 1 A3k 8- 2RR
FEPF Mo 2 i 37 PR R PR B R A AT &
N SR L PE SRR LW S b e ;A

P g COTHPLNT %/ % $HPF 7 (Tl B 7 G AR Y SRR
(520) - I pEpe & < p Wleiah Hoplrnticsy > {17 £ 4 S0 a
Chemkin & Senkin i& {7 4 47 » ¥ 3| 7 1391-1547 K /g & #= [¥] - CH;CHO
F Rk Sk o
(5-3a) CH;+ CHO # /% & @s_5, = 0.72

(5-3b) CHs+ CO 2 /% : @c_y, = 0.28

BT Os_3c *Ps_3q *Ps_3. =0
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4 (5-1): BB F 1371 3 2528 K 0 CO fa b o 42 § S dicdf -

COER : 1.51x 10%-8.95 x 10" molecule cm™

CO* | Py(driven)’ | Py(driver)’ | M | T Ts ps(CO)° ps(Ar)°
1] 10 36.7 2770 2.872 | 298 | 1984 7.59197 7.59197
2| 10 36.3 2728 2.815 | 298 | 1911 7.38842 7.38842
3| 10 41.4 2572 2.706 | 298 | 1776 8.14841 8.14841
4 | 10 45.0 2505 2.590 | 298 | 1637 8.50916 8.50916
5| 10 48.5 2480 2.524 | 298 | 1561 8.94656 8.94656
6| 8 15.0 2320 3.265 | 298 | 2525 2.72321 3.40401
7| 8 19.0 2320 3170 | 298 | 2388 3.38241 4.22801
8| 8 22.0 2320 3.100°["298. | 2289 3.85609 4.82011
9| 8 22.0 2320 3.075.| 298 | 2254 3.83397 4.79246
10| 8 24.0 2320 3.031 | 298 | 2194 4.13868 5.17335
11| 8 27.0 2320 2.960-| 298 | - 2099 4.57484 5.71855
12| 8 36.3 2735 2.893 | 298 | 2010 6.04188 7.55235
13| 8 30.0 2320 2.861 | 298 | 1970 4.94986 6.18732
14| 8 41.5 2582 2.736.[.298.| 1813 6.59739 8.24674
15| 8 485 2480 2590 | 298 | 1637 7.33679 9.17098
16| 8 60.3 2320 2.351 | 298 | 1371 8.27321 10.3415
17| 3 36.3 2728 2.902°1298 | 2022 2.27126 7.57085
18| 3 36.3 2728 2.892 | 298 | 2009 2.26509 7.5503
19| 3 36.4 2735 2.850 | 298 | 1955 2.24479 7.48262
20| 3 48.5 2480 2595 | 298 | 1643 2.75687 9.18958
21| 2 36.3 2710 2.888 | 298 | 2004 1.50842 7.54208
22| 2 38.8 2623 2.800 | 298 | 1892 1.57247 7.86235
23| 2 41.5 2570 2.739 | 298 | 1816 1.65074 8.25369
24| 2 415 2582 2.726 | 298 | 1800 1.64379 8.21895
25| 2 485 2410 2.580 | 298 | 1626 1.82783 9.13915
26| 2 475 2350 2.560 | 298 | 1603 1.77718 8.88591

a:ppm b: Torr

c:K

d : 10**(molecule/cm®) e : 10'¥(molecule/cm?)
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4 (5-2): BB 1287 3 2008 K 7 CO f2 b o 42 § o #icdf -

CO LA :1.13x 10— 3.38 x 10** molecule cm™

CO* | Py(driven)’ | Py(driver)’ | M | T Ts ps(CO)° ps(Ar)°
1] 30 61.2 2200 2.327 | 298 | 1346 3.11349 1.03783
2 | 30 68.2 2200 2.271 | 298 | 1287 3.37616 1.12539
3| 25 36.3 2390 2.887 | 298 | 2003 1.88501 0.75400
4| 25 415 2550 2.728 | 298 | 1803 2.05647 0.82259
5| 25 415 2550 2.728 | 298 | 1802 2.05589 0.82236
6 | 25 43.2 2400 2.653 | 298 1711 2.08794 0.83518
7| 25 48.5 2390 2.564 | 298 | 1606 2.27089 0.90836
8| 25 54.8 2300 2.482°(298 | 1514 2.48655 0.99462
9| 25 57.2 2300 2417 | 208 |- 1442 2.52606 1.01042
10| 25 62.2 2300 2:373°| 298 | 1394 2.69364 1.07746
11| 15 36.3 2390 2.891 | 298 | - 2008 1.13224 0.75482
12| 15 415 2550 2.737 | 298 | 1814 1.23736 0.82491
13| 15 415 2550 2.732 |.298 | 1807 1.23527 0.82352
14| 15 43.2 2400 2.645.| 298 | 1702 1.24954 0.83303
15| 15 48.5 2390 2.558 | 298 | 1600 1.35976 0.90651
16| 15 49.3 2300 2.517 | 298 | 1554 1.36092 0.90728
17| 15 54.8 2300 24741298 | 1505 1.48708 0.99139
18| 15 57.2 2300 2421 298 | 1446 1.51791 1.01194
19| 15 62.2 2300 2.372 | 298 | 1394 1.61570 1.07713
a: ppm
b : Torr
c: K
d : 10(molecule/cm?)

: 10"°(molecule/cm?)
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% (53): R & #F 1613 2 2027 K » 300 & 50 ppm O, § = #ch -

0, P,(driven)® | P,(driver)’ | M | T.° TS p5(02)" ps(Ar)°®
300 36.3 2728 2.910 | 298 | 2033 2.27619 7.58731
300 36.3 2728 2.900 | 298 | 2020 2.27002 7.56674
Tavg=2027
300 415 2582 2.745 | 298 | 1824 2.48098 8.26992
300 415 2582 2.739 | 298 | 1816 2.47611 8.25369
Tag=1820
300 485 2410 2577 | 298 | 1622 2.73856 9.12854
300 485 2410 2571 | 298 | 1616 2.73300 9.11001
Tavg=1619
50 36.3 2740 2.897 | 298 |~ 2016 0.37803 7.56057
50 36.3 2710 2.894| 298 {2012 0.37772 7.55441
Ta=2014
50 415 2570 2,734 | 298 | 1809 0.41199 8.23979
50 415 2570 2.733 | 298| 1806 0.41187 8.23747
Tavg=1808
50 485 2410 2571 | 298 | 1616 0.45550 9.11001
50 485 2410 2.566 | 298 | 1609 0.45457 9.09148
Tag=1613
a: ppm
b : Torr
c:K
d : 10'°(molecule/cm?)

: 10"¥(molecule/cm?)
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# (5-4)::F & 2000 K > 20, 8, 3 ppm 2 CHyl, + 50 ppm O, #: j# § 2 #icdy. ©

CHol* [0 P | PP | M | T Ts* | ps(CHzl)! | ps(02)° | ps(Ar)°
20 50 | 36.3 2710 | 2.888 | 298 2004 1.50842 3.77104 7.54208
20 50 | 36.3 2710 | 2.891 | 298 2008 1.50965 3.77412 7.54824
20 50 | 36.3 2710 | 2.887 | 298 2003 1.50800 3.77001 7.54002

Ta0g=2005
8 50 | 36.3 2710 | 2.894 | 298 2012 0.60435 3.77720 7.55441
8 50 | 36.3 2710 | 2.898 | 298 2017 0.60501 3.78131 7.56263
8 50 | 36.3 2710 | 2.897 | 298 2016 0.60485 3.78029 7.56057
Tag=2015
3 50 | 36.3 2710 | 2.893.|7298 2010 0.22657 3.77618 7.55235
3 50 | 36.3 2710 |.2.897 | 298 2016 0.22682 3.78029 7.56057
3 50 | 36.3 2710 .| 2:890 | 298 2007 0.22639 3.77309 7.54619
Toig=2011

a:ppm

b : Torr

c:K

d : 10%*(molecule/cm?)

: 10'¥(molecule/cm?)
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# (5-5) AR #F 1391 & 1701 K » 20 ppm CH3CHO #: j# 7 & ey °

CH3sCHO? | Py(driven)® | Py(driver)’ | M | T TS ps(CH;CHO)* ps(Ar)°
20 49.3 2300 | 2507 | 298| 1542 1.80710 0.90355
20 49.3 2300 | 2.516 | 298 | 1552 1.81349 0.90675
20 49.3 2300 | 2511 | 298 | 1547 1.81030 0.90515

Tag=1547
20 54.8 2300 | 2.453 | 298 | 1481 1.96519 0.98259
20 54.8 2300 | 2.460 | 298 | 1489 1.97104 0.98552
20 54.8 2300 | 2.456 | 298 | 1485 1.96811 0.98406
Tavg=1485
20 57.2 2300 2420 | 298 |/ .1445 2.02267 1.01133
20 57.2 2300 [2.421 | 298 | . 1446 2.02388 1.01194
20 57.2 2300 | 2.420 | 298 | 1445 2.02267 1.01133
Tavg=1445
20 62.2 2300 | 2.372 | 298 | « 1394 2.15426 1.07713
20 62.2 2300 | 2.372 | 298 1393 2.15361 1.07681
20 62.2 2300 || 2.366 /298 | 1387 2.14840 1.07420
Tag=1391

a:ppm

b : Torr

c: K

d : 10*(molecule/cm?)

: 10"%(molecule/cm?)
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7. (5-6): CH;CHO #4129 St 2 & 1%+

Reaction A n Ea

1. CH3CHO<=>CH3+HCO 1.79E+14 0.0 75744.0
2. CH3CHO<=>CH4+CO 5.34E+13 0.0 75744.0
3. CH30H+M<=>CH3+OH+M 5.58E+17 0.0 78314.0
4. CH30H+M<=>CH,(S)+H,0+M 6.20E+16 0.0 78314.0
5. OH+CH30H<=>CH,0H+H,0 1.78E+08 1.4 113.3

6. OH+CH3;0H<=>CH3;0+H,0 9.03E+01 3.0 -193.2
7. CH3+CH3;0H<=>CH,0H+CH, 1.56E+12 0.0 5733.0
8. H+CH30H<=>CH,0H+H, 3.98E+13 0.0 6091.3
9. CH,+CH30H<=>CH,0H+CHj3 3.81E-03 4.2 2337.5
10. CH3+Hp<=>CH4+H 6.86E+03 2.7 9414.0
11. CHy+Hp<=>CH3+H 4.41E+05 2.3 7346.0
12. OH+H,<=>H,0+H 2.14E+08 1.5 34494
13. CH,(S)+M<=>CH,+M 2.41E+10 09 0.0

14. OH+OH<=>0+H,0 4.33E+03 2.7 -1822.0
15. CH3+0OH<=>CH,(S)+H,0 6.92E+14 -0.5 0.0

16. CH3+OH<=>CH,0+H, 2.04E+10 0.6 -1771.5
17. CH,+OH<=>CH,0+H 6.68E+13 0.0 18.1

18. 2CH3(+M) <=>C3Hg(+M) 6.77E+16 -1.2 654.0
19. CH3+CH3<=>C,Hs+H 3.17E+13 0.0 14680.5
20. CH3+CH,<=>C,Hs+H 1.14E+14 -0.1 16.3

21. CH,+CH,<=>C,H3+H 1.44E+14 0.0 34.0

22. CH,+CHy<=>C,H,+H, 1.00E+13 0.0 0.0

23. CH3+0O<=>CH,0+H 6.91E+13 0.0 0.0

24. CH3+0<=>H,+CO+H 1.52E+13 0.0 0.0

25. H+0,<=>0H+0 9.76E+13 0.0 14845.4
26. O+H,<=>0H+H 5.08E+04 2.7 6292.8
27. CH30+M<=>CH,0+H+M 5.40E+13 0.0 13486.8
28. CH,0+M<=>HCO+H+M 6.13E+15 0.0 76908.8
29. CH,0+M<=>H,+CO+M 2.81E+15 0.0 63770.5
30. CH,OH+M<=>CH,0+H+M 4.50E+25 -2.5 34159.0
31. HCO+M<=>H+CO+M 3.61E+13 0.0 15343.6
32. CH,0+0H<=>H,0+HCO 3.43E+09 1.2 -447.1
33. CH,0+CH3<=>CH4+HCO 1.00E+13 0.0 6091.3
34. CH,0+H<=>H,+HCO 2.51E+13 0.0 3995.2

35. CH,0+0<=>0H+HCO 4.17E+11 0.6 2760.5
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36.
37.
38.
39.
40.
41.
42.
43,
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.

OH+CyH4<=>H,0+C;,H;
HO,+0OH<=>H,0+0,
HO,+M<=>H+0,+M
0+C,yHg<=>0H+C;,Hs
20+M<=>0,+M
O+H+M<=>0H+M
0+HO,<=>0H+0,
0+H,0,<=>0H+HO,
O+CH<=>H+CO
0+CH,<=>H+HCO
O+CH,(S)<=>H,+CO
O+CH,(S)<=>H+HCO
O+CH4<=>0H+CH3
O+CO(+M)<=>CO,(+M)
0+HCO<=>0H+CO
O+HCO<=>H+CO,
0+CH,0H<=>0H+CH,0
0+CH30<=>0H+CH,0
0+CH3;0H<=>0H+CH,0OH
0+CH30H<=>0H+CH;50
0+C,H<=>CH+CO
0+C,H,<=>H+HCCO
0+C,H,<=>0H+C,H
0+C,H,<=>C0O+CH,
0+C,H3<=>H+CH,CO
0+C,H4<=>CH3+HCO
0+C,H5<=>CH3+CH,0
O+HCCO<=>H+2CO
0+CH,CO<=>0H+HCCO
0+CH,CO<=>CH,+CO,
0,+C0<=>0+C0O,
0,+CH,0<=>H0O,+HCO
H+20,<=>H0,+0,
H+0O,+H,0<=>H0O,+H,0
2H+M<=>H,+M
2H+H,<=>2H,
2H+H,0<=>H,+H,0
2H+CO,<=>H,+CO,

2.02E+13
1.41E+14
4.58E+14
1.13E+14
1.20E+17
5.00E+17
2.00E+13
9.63E+06
5.70E+13
8.00E+13
1.50E+13
1.50E+13
1.02E+09
1.80E+10
3.00E+13
3.00E+13
1.00E+13
1.00E+13
3.88E+05
1.30E+05
5.00E+13
1.35E+07
4.60E+19
6.94E+06
3.00E+13
1.25E+07
2.24E+13
1.00E+14
1.00E+13
1.75E+12
2.50E+12
1.00E+14
2.08E+19
1.13E+19
1.00E+18
9.00E+16
6.00E+19
5.50E+20
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0.0
-0.2
0.0
0.0
-1.0
-1.0
0.0
2.0
0.0
0.0
0.0
0.0
1.5
0.0
0.0
0.0
0.0
0.0
2.5
2.5
0.0
2.0
-1.4
2.0
0.0
1.8
0.0
0.0
0.0
0.0
0.0
0.0
-1.2
-0.8
-1.0
-0.6
-1.2
-2.0

5938.1
-111.2
44747.0
7844.7
0.0

0.0

0.0
4000.0
0.0

0.0

0.0

0.0
8600.0
2385.0
0.0

0.0

0.0

0.0
3100.0
5000.0
0.0
1900.0
28950.0
1900.0
0.0
220.0
0.0

0.0
8000.0
1350.0
47800.0
40000.0
0.0

0.0

0.0

0.0

0.0

0.0



74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.

H+OH+M<=>H,0+M
H+HO,<=>0+H,0
H+HO,<=>0,+H,
H+HO,<=>20H
H+H,0,<=>HO,+H,
H+H,0,<=>0H+H,0
H+CH<=>C+H,
H+CHy(+M)<=>CH3(+M)
H+CH,(S)<=>CH+H,
H+CH3(+M)<=>CH,4(+M)
H+HCO<=>H,+CO
H+CH,0(+M)<=>CH;0(+M)
H+CH,0OH(+M)<=>CH30H(+M)
H+CH,0H<=>H,+CH,0
H+CH,OH<=>0OH+CHj
H+CH,0H<=>CH,(S)+H,0
H+CH30(+M)<=>CH30H(+M)
H+CH30<=>H+CH,0H
H+CH30<=>H,+CH,0
H+CH3;0<=>0H+CH3
H+CH30<=>CH;(S)+H,0
H+CH30H<=>CH30+H,
H+C,H(+M)<=>C,H,(+M)
H+C,H,(+M)<=>C,H3(+M)
H+C,H3(+M)<=>C,H4(+M)
H+C,Hs<=>H,+C;H,
H+CyHa(+M)<=>CyHs(+M)
H+CyHs<=>C,H3+H,;
H+C,Hs(+M)<=>C,Hg(+M)
H+CyHs<=>H,+C,H4
H+CyHg<=>C,Hs+H,
H+HCCO<=>CH,(S)+CO
H+CH,CO<=>HCCO+H,
H+CH,CO<=>CH3+CO
H+HCCOH<=>H+CH,CO
H,+CO(+M)<=>CH,0(+M)
20H(+M)<=>H,0,(+M)
OH+C<=>H+CO

2.20E+22
3.97E+12
4.48E+13
8.40E+13
1.21E+07
1.00E+13
1.65E+14
6.00E+14
3.00E+13
1.39E+16
7.34E+13
5.40E+11
1.06E+12
2.00E+13
1.65E+11
3.28E+13
2.43E+12
4.15E+07
2.00E+13
1.50E+12
2.62E+14
4.20E+06
1.00E+17
5.60E+12
6.08E+12
3.00E+13
5.40E+11
1.32E+06
5.21E+17
2.00E+12
1.15E+08
1.00E+14
5.00E+13
1.13E+13
1.00E+13
4.30E+07
7.40E+13
5.00E+13
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-2.0
0.0
0.0
0.0
2.0
0.0
0.0
0.0
0.0
-0.5
0.0
0.5
0.5
0.0
0.7
-0:1
0.5
1.6
0.0
0.5
-0.2
2.1
-1.0
0.0
0.3
0.0
0.5
2.5
-1.0
0.0
1.9
0.0
0.0
0.0
0.0
1.5
-0.4
0.0

0.0
671.0
1068.0
635.0
5200.0
3600.0
0.0

0.0

0.0
536.0
0.0
2600.0
86.0
0.0
-284.0
610.0
50.0
1924.0
0.0
-110.0
1070.0
4870.0
0.0
2400.0
280.0
0.0
1820.0
12240.0
1580.0
0.0
75105.0
0.0
8000.0
3428.0
0.0
79600.0
0.0

0.0



112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.

OH+CH<=>H+HCO
OH+CH,<=>CH+H,0
OH+CH,(S)<=>H+CH,0
OH+CH3<=>CH,+H,0
OH+CH4<=>CH3+H,0
OH+CO<=>H+CO,
OH+HCO<=>H,0+CO
OH+CH,0H<=>H,0+CH,0
OH+CH30<=>H,0+CH,0
OH+C,H<=>H+HCCO
OH+C,H,<=>H+CH,CO
OH+C,;H,<=>H+HCCOH
OH+C,H,<=>C,H+H,0
OH+C,H,<=>CH3+CO
OH+C;yH3<=>H,0+C;H3
OH+C,Hg<=>C,Hs5+H,0
OH+CH,CO<=>HCCO+H,0
2HO,<=>0,+H,0;
HO,+CH,<=>0H+CH,0
HO,+CH3<=>0,+CH,
HO,+CH3<=>0H+CH30
HO,+CO<=>0H+CO,
HO,+CH,0<=>HCO+H,0,
C+0,<=>0+CO
C+CH,<=>H+C,H
C+CHsz<=>H+C;H,
CH+0,<=>0+HCO
CH+H,<=>H+CH,
CH+H,0<=>H+CH,0
CH+CH;,<=>H+C;H,
CH+CH3<=>H+C,H3
CH+CH4<=>H+C;H,
CH+CO(+M)<=>HCCO(+M)
CH+CO,<=>HCO+CO
CH+CH,0<=>H+CH,CO
CH+HCCO<=>CO+C;H,
CH,+0,=>0H+H+CO
CH,+CH4<=>2CH3

3.00E+13
1.13E+07
3.00E+13
5.60E+07
1.00E+08
4.76E+07
5.00E+13
5.00E+12
5.00E+12
2.00E+13
2.18E-04
5.04E+05
3.37E+07
4.83E-04
5.00E+12
3.54E+06
7.50E+12
1.30E+11
2.00E+13
1.00E+12
3.78E+13
1.50E+14
5.60E+06
5.80E+13
5.00E+13
5.00E+13
6.71E+13
1.08E+14
5.71E+12
4.00E+13
3.00E+13
6.00E+13
5.00E+13
1.90E+14
9.46E+13
5.00E+13
5.00E+12
2.46E+06
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0.0
2.0
0.0
1.6
1.6
1.2
0.0
0.0
0.0
0.0
4.5
2.3
2.0
4.0
0.0
2.1
0.0
0.0
0.0
0.0
0.0
0.0
2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0

0.0
3000.0
0.0
5420.0
3120.0
70.0

0.0

0.0

0.0

0.0
-1000.0
13500.0
14000.0
-2000.0
0.0
870.0
2000.0
-1630.0
0.0

0.0

0.0
23600.0
12000.0
576.0
0.0

0.0

0.0
3110.0
-755.0
0.0

0.0

0.0

0.0
15792.0
-515.0
0.0
1500.0
8270.0



150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.

CH,+CO(+M)<=>CH,CO(+M)
CH,+HCCO<=>C,H3+CO
CH,(S)+AR<=>CH,+AR
CH,(S)+0,<=>H+0OH+CO
CH,(S)+0,<=>C0O+H,0
CHy(S)+H<=>CHs+H

CHy(S)+H,0(+M)<=>CH30H(+M)

CH,(S)+H,0<=>CH,+H,0
CHy(S)+CH3<=>H+C,H,4
CH,(S)+CH4<=>2CHj;
CH,(S)+CO<=>CH,+CO
CH,(S)+C0O,<=>CH,+CO,
CH,(S)+C0O,<=>C0+CH,0
CH,(S)+CyHg<=>CH3+C,H5
CH3+0,<=>0+CH;30
CH3+0,<=>0H+CH;0
CH3+H,0,<=>H0O,+CH,
CH3+HCO<=>CH4+CO
CH3+CH30H<=>CH30+CH,
CH3+CyHs<=>C,H3+CH4
CH3+CyHg<=>C3Hs5+CH4
HCO+H,0<=>H+CO+H,0
HCO+0,<=>H0,+CO
CH,0H+0,<=>H0,+CH,0
CH30+0,<=>H0,+CH,0
C,H+0,<=>HCO+CO
C,H+H,<=>H+C,H,
C,H3+0,<=>HCO+CH,0
CoHa(+M)<=>H,+CyH,(+M)
CoH5+0,<=>HO,+C,H,
HCCO+0,<=>0H+2CO
2HCCO<=>2C0+C,H,
0+C,H4<=>H+CH,CHO
0+C,;Hs<=>H+CH3CHO
CH+H(+M)<=>CH3(+M)
CH,+0,=>2H+CO,
CH,+0,<=>0+CH,0
CH,+CH,=>2H+C,H,

8.10E+11
3.00E+13
9.00E+12
2.80E+13
1.20E+13
7.00E+13
4.82E+17
3.00E+13
1.20E+13
1.60E+13
9.00E+12
7.00E+12
1.40E+13
4.00E+13
3.56E+13
2.31E+12
2.45E+04
2.65E+13
1.00E+07
2.27E+05
6.14E+06
1.50E+18
1.34E+13
1.80E+13
4.28E-13

1.00E+13
5.68E+10
4.58E+16
8.00E+12
8.40E+11
3.20E+12
1.00E+13
6.70E+06
1.10E+14
1.97E+12
5.80E+12
2.40E+12
2.00E+14
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0.5
0.0
0.0
0.0
0.0
0.0
-1.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.5
0.0
15
2.0
1.7
-1.0
0.0
0.0
7.6
0.0
0.9
-1.4
0.4
0.0
0.0
0.0
1.8
0.0
0.4
0.0
0.0
0.0

4510.0
0.0
600.0
0.0

0.0

0.0
1145.0
0.0
-570.0
-570.0
0.0

0.0

0.0
-550.0
30480.0
20315.0
5180.0
0.0
9940.0
9200.0
10450.0
17000.0
400.0
900.0
-3530.0
-755.0
1993.0
1015.0
86770.0
3875.0
854.0
0.0
220.0
0.0
-370.0
1500.0
1500.0
10989.0



188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.

CH,(S)+H,0=>H,+CH,0
C,H3+0,<=>0+CH,CHO
C,H3+0,<=>H0,+C,H,
0O+CH3CHO<=>0H+CH,CHO
O+CH3CHO=>0OH+CH3+CO
0,+CH3CHO=>HO,+CH3+CO
H+CH3;CHO<=>CH,CHO+H,
H+CH3;CHO=>CH3+H,+CO
OH+CH3CHO=>CH3+H,0+CO

HO,+CH3CHO=>CH3+H,0,+CO

CH3+CH3CHO=>CH3+CH4+CO

H+CH,CO(+M)<=>CH,CHO(+M)

0+CH,CHO=>H+CH,+CO,
0,+CH,CHO=>0H+CO+CH,0
0,+CH,CHO=>0H+2HCO
H+CH,CHO<=>CH3+HCO
H+CH,CHO<=>CH,CO+H,
OH+CH,CHO<=>H,0+CH,CO
OH+CH,CHO<=>HCO+CH,0H

6.82E+10
3.03E+11
1.34E+06
2.92E+12
2.92E+12
3.01E+13
2.05E+09
2.05E+09
2.34E+10
3.01E+12
2.72E+06
4.86E+11
1.50E+14
1.81E+10
2.35E+10
2.20E+13
1.10E+13
1.20E+13
3.01E+13
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0.2
0.3
1.6
0.0
0.0
0.0
1.2
1.2
0.7
0.0
1.8
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-935.0
11.0
-384.0
1808.0
1808.0
39150.0
2405.0
2405.0
-1113.0
11923.0
5920.0
-1755.0
0.0

0.0

0.0

0.0

0.0

0.0

0.0
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