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Table S1. Effects of solvents, i.e., water and 1,4-dioxane, on reaction free energies and activation energies in eV of all the elementary reaction
steps in the HDO of propanoic acid over Pd(100) and Pd(111) at a temperature of 473 K, a propionic acid gas phase partial pressure of 1 bar, a
CO gas phase partial pressure of 1x10- bar, and a hydrogen partial pressure of 0.01 bar using +10% of the default COSMO palladium cavity

radius.
Water Water 1,4-dioxane 1,4-dioxane
# Facet | Surface reactions (+10%) (10%) (+10%) (10%)

AAG™ETeT | AAGVHET | AAGYWIET | AAGMHET | AAGr,, | DAGrg | AAGg,, | AAGp

(eV) (eV) (eV) (eV) V) (eV) (V) (eV)

0 100 CH;CH,COOH(g) + * - CH;CH,COOH* 0.33 N/A -0.28 N/A -0.19 N/A -0.19 N/A
111 CH;CH,COOH(g) + * > CH;CH,COOH* -0.22 N/A -0.15 N/A -0.15 N/A -0.10 N/A

{ 100 CH;CH,COOH* + 2* - CH;CH,CO** + OH* -0.09 -0.01 -0.19 -0.10 -0.02 0.01 -0.10 -0.04
111 CH;CH,COOH* + 3*> CH3CH,CO*** + OH* 0.01 -0.03 0.04 -0.06 0.04 0.02 0.08 0.00

) 100 CH;CH,COOH* + 2* - CH;CHCOOH** + H* -0.15 -0.05 -0.30 -0.05 -0.06 0.01 -0.17 0.00
111 CH;CH,COOH* + 2* > CH;CHCOOH** + H* -0.03 -0.05 -0.05 -0.07 0.01 0.00 0.02 0.00

3 100 CH;CH,CO** - CH3CH,* + CO* -0.12 -0.01 -0.11 0.01 -0.07 -0.01 -0.08 0.00
111 CH;CH,CO*** - CH3CH,* + CO* + * -0.17 -0.01 -0.28 0.00 -0.11 0.00 -0.21 0.02

4 100 CH;CH,CO** + * >CH;CHCO** + H* -0.17 -0.02 -0.29 -0.05 -0.10 0.00 -0.21 -0.02
111 CH;CH,CO*** - CH;CHCO** + H* -0.08 -0.05 -0.14 -0.08 -0.05 -0.03 -0.08 -0.03

5 100 CH;CHCOOH** + * &> CH;CHCO** + OH* -0.11 -0.01 -0.19 -0.02 -0.05 0.00 -0.14 -0.02
111 CH;CHCOOH** + * &> CH3;CHCO** + OH* -0.04 -0.02 -0.05 -0.09 -0.01 -0.01 -0.02 -0.08

p 100 CH;CHCOOH** + 2* - CH,CHCOOH*** + H* -0.17 -0.06 -0.33 -0.04 -0.10 -0.03 -0.23 -0.02
111 CH;CHCOOH** + 2* > CH,CHCOOH*** + H* -0.06 -0.05 -0.10 -0.04 -0.03 0.00 -0.06 0.00

; 100 CH;CHCOOH** + * > CH;CCOOH** + H* -0.16 -0.04 -0.32 -0.13 -0.13 -0.04 -0.25 -0.09
111 CH;CHCOOH** + 2* - CH;CCOOH*** + H* -0.09 -0.06 -0.17 -0.10 -0.08 -0.03 -0.14 -0.05

g 100 CH3;CHCO** - CH;CH* + CO* -0.09 0.06 -0.10 0.13 -0.05 0.04 -0.07 0.09
111 CH;CHCO** + * > CH;CH** + CO* -0.13 0.02 -0.21 0.06 -0.09 0.02 -0.15 0.04




Water Water 1,4-dioxane 1,4-dioxane
(+10%) (-10%) (+10%) (-10%)

# Facet | Surface reactions AAG™RET | AMGYSST | AAG™RET | AAGYGST | DAGR,, | BAGrs | AAGg,, | AAGpg
(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV)

9 100 CH;CHCO** + * &> CH3CCO** + H* -0.11 0.00 -0.23 0.00 -0.06 0.02 -0.15 0.02
111 CH;CHCO** + 2* - CH;CCO*** + H* -0.04 -0.03 -0.10 -0.06 -0.03 -0.01 -0.06 -0.03

10 100 CH;CHCO** + 2* &> CH,CHCO*** + H* -0.15 -0.06 -0.32 -0.02 -0.09 -0.02 -0.21 0.03

111 CH;CHCO** + 2* - CH,CHCO*** + H* -0.02 -0.06 -0.03 -0.03 0.00 -0.03 0.00 0.01

T 100 CH,CHCOOH*** + * - CH,CHCO*** + QOH* -0.10 0.04 -0.17 -0.04 -0.05 -0.01 -0.12 -0.06
111 CH,CHCOOH*** + * - CH,CHCO*** + QH* -0.01 -0.04 0.03 -0.07 0.02 -0.01 0.05 -0.03

1 100 CH,CHCOOH*** + * &> CHCHCOOH#*** + H* -0.17 -0.04 -0.31 -0.09 -0.13 -0.03 -0.26 -0.08
111 CH,CHCOOH*** + * > CHCHCOOH*** + H* -0.06 -0.02 -0.10 -0.01 -0.03 -0.01 -0.06 0.00

A 100 CH;CCOOH** + * & CH;CCO** + OH* -0.06 0.04 -0.10 0.05 0.01 0.06 -0.04 0.04
111 CH;CCOOH*** + * > CH;CCO*** + QH* 0.01 0.03 0.02 -0.02 0.04 0.04 0.06 0.02

" 100 CH;CCO** - CH;C* + CO* -0.15 -0.03 -0.20 -0.06 -0.10 -0.04 -0.16 -0.05
111 CH;CCO*** > CH;C* + CO* + * -0.14 0.02 -0.18 0.05 -0.09 0.02 -0.12 0.04

s 100 CH,CHCO*** + * > CH,CH*** + CO* -0.19 -0.02 -0.31 -0.04 -0.13 -0.02 -0.26 -0.05
111 CH,CHCO*** + * - CH,CH*** + CO* -0.18 -0.01 -0.28 -0.02 -0.13 0.00 -0.21 -0.01

16 100 CH,CHCO*** > CHCHCO** + H* -0.18 -0.04 -0.34 -0.07 -0.12 -0.02 -0.27 -0.05
111 CH,CHCO*** + 2% &> CHCHCO**** + H* -0.05 -0.02 -0.11 -0.05 -0.04 -0.01 -0.07 -0.05

17 100 CHCHCOOH*** > CHCHCO** + OH* -0.10 0.01 -0.21 -0.05 -0.04 0.01 -0.12 -0.03
111 CHCHCOOH*** + 2* > CHCHCO**** + OH* 0.00 0.01 0.02 -0.03 0.02 0.02 0.03 -0.02

18 100 CHCHCO** + * &> CHCH** + CO* -0.13 0.03 -0.22 0.02 -0.09 0.01 -0.18 0.00
111 CHCHCO**** &> CHCH*** + CO* -0.15 0.04 -0.24 0.05 -0.11 0.03 -0.18 0.02

19 100 CH,CH*** >CHCH** + H * -0.12 -0.01 -0.25 -0.04 -0.08 -0.01 -0.19 -0.02
111 CH,CH*** + * 5> CHCH*** + H * -0.03 -0.02 -0.06 -0.03 -0.02 -0.01 -0.04 -0.02

0 100 CH,CHy** +2* - CH,CH*** +H * -0.18 -0.01 -0.35 0.04 -0.11 0.00 -0.26 0.04
111 CH,CH,** +2* - CH,CH*** + H * -0.05 -0.02 -0.09 -0.02 -0.03 0.00 -0.06 -0.01




Water Water 1,4-dioxane 1,4-dioxane
. (+10%) (-10%) (+10%) (-10%)
# Facet | Surface reactions
AAGWI?;ZT AAGW%"T AAGV"I?;ZT AAGW%‘” AAGR,., AAG AAGy,., AAG
(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV)
o1 100 CH,CH*** > CH,C* + H* + * -0.08 0.00 -0.15 0.00 -0.06 0.00 -0.11 0.00
111 CH,CH*** &> CH,C** + H* -0.01 0.00 -0.06 -0.04 -0.01 0.00 -0.04 -0.02
2 100 CH;C* + * > CH,C* + H* -0.16 -0.08 -0.36 -0.14 -0.11 -0.05 -0.27 -0.12
111 CH;C* + 2* > CH,C** + H* -0.03 -0.04 -0.10 -0.05 -0.03 -0.03 -0.08 -0.04
’3 100 CH;CH* + 3* & CH,CH*** + H* -0.25 -0.13 -0.53 -0.23 -0.16 -0.08 -0.41 -0.17
111 CH;CH** + 2* - CH,CH*** + H* -0.06 -0.07 -0.10 -0.06 -0.05 -0.04 -0.06 -0.03
24 100 CH;CH* + * > CH3C* + H* -0.17 -0.07 -0.33 -0.17 -0.11 -0.05 -0.24 -0.13
111 CH;CH** > CH;C* + H* -0.05 -0.02 -0.07 -0.01 -0.03 -0.01 -0.02 0.00
55 100 CH;CH,* + * > CH;CH* + H* -0.14 -0.04 -0.28 -0.08 -0.08 -0.02 -0.19 -0.05
111 CH;CH,* + 2* >CH3CH** + H* -0.05 -0.04 -0.07 -0.03 -0.02 -0.01 -0.02 0.01
26 100 CH;CH3* + * > CH;CH,* + H* -0.15 -0.07 -0.29 -0.17 -0.09 -0.03 -0.20 -0.12
111 CH;CH;* + * > CH3CH,* + H* -0.03 -0.04 -0.05 -0.04 -0.01 -0.02 -0.01 0.02
. 100 CH;CH,* + 2* & CH,CH,** + H* -0.21 -0.09 -0.47 -0.16 -0.13 -0.04 -0.34 -0.10
111 CH;CH,* + 2* - CH,CH** + H* -0.06 -0.05 -0.09 -0.02 -0.03 -0.02 -0.02 0.03
28 100 CH;CH,COOH* + 2* - CH;CH,COO** + H* -0.11 0.02 -0.33 -0.05 -0.07 0.00 -0.25 -0.05
111 CH;CH,COOH* + 2* - CH3CH,COO** + H* 0.04 -0.01 -0.06 -0.08 0.03 0.02 -0.06 -0.03
29 100 CH;CH,COO** - CH;CH,* + CO,* 0.01 -0.04 0.22 -0.05 0.05 -0.03 0.21 -0.03
111 CH;CH,COO** - CH3;CH,* + CO,* 0.01 -0.07 0.10 -0.07 0.02 -0.04 0.08 -0.02
30 100 CH;CH,COO** + 2* > CH;CHCOO*** + H* -0.20 -0.06 -0.35 -0.04 -0.11 0.00 -0.22 0.03
111 CH;CH,COO** + 2* > CH;CHCOO*** + H* -0.19 -0.15 -0.27 -0.21 -0.08 -0.06 -0.11 -0.07
31 100 CH;CHCOOH** + 2* &> CH;CHCOO*** + H* -0.16 0.01 -0.38 0.01 -0.11 0.02 -0.30 0.00
111 CH3CHCOOH** + 2* > CH3;CHCOO*** + H* -0.12 -0.04 -0.27 -0.12 -0.06 -0.01 -0.18 -0.09
” 100 CH;CHCOOH** + * > CH3;CH* + COOH** -0.12 -0.04 -0.09 -0.05 -0.05 -0.03 -0.03 -0.04
111 CH;CHCOOH** + 2* - CH;CH** + COOH* -0.12 -0.04 -0.17 -0.06 -0.06 -0.02 -0.11 -0.05
# Facet | Surface reactions Water | Water | 1,4-dioxane | 1,4-dioxane |




(+10%) (-10%) (+10%) (-10%)

AAG™ATET | AAGWHET | AAGYST | AAGYHET | AAGp,, | AAGrg | AAGg,, | AAGps

(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV)

13 100 | CH;CHCOO*** - CH;CH* + CO,* + * 0.07 0.04 0.29 0.11 0.07 0.02 0.23 0.10
111 CH3;CHCOO*** - CH3;CH** + CO,* 0.15 0.00 0.30 0.02 0.09 -0.02 0.17 0.00

34 100 CH;CHCOO*** &> CH;CCOO** + H* -0.27 -0.11 -0.45 -0.15 -0.18 -0.05 -0.33 -0.08
111 CH;CHCOO*** + * - CH;CCOO*** + H* -0.14 -0.10 -0.20 -0.14 -0.09 -0.06 -0.14 -0.10

3 100 | CH;CCOOH** + * = CH;CCOO** + H* -0.27 -0.05 -0.52 -0.11 -0.16 0.01 -0.38 -0.03
111 CH3;CCOOH*** + * & CH;CCOOQO*** + H* -0.17 -0.06 -0.31 -0.12 -0.08 0.00 -0.18 -0.03

36 100 CH;CCOOH** + * - CH;C* + COOH** -0.13 -0.04 -0.11 0.00 -0.04 0.02 -0.03 0.01
111 CH3;CCOOH*** - CH;C* + COOH** -0.07 -0.01 -0.06 -0.01 -0.01 0.02 0.00 0.02

. 100 gl(—)lgléﬁOOH*** 2% > CH,CH** + -0.21 -0.02 -0.29 -0.03 -0.12 -0.03 -0.21 -0.04
111 ggg:;EOOH*** +2% > CH,CH*** + -0.12 -0.04 -0.16 -0.09 -0.07 -0.02 -0.10 -0.06

38 100 | CH3CCOO** - CH;C* + CO,* 0.17 0.16 0.41 0.28 0.14 0.11 0.31 0.20

111 CH;CCOO*** - CH3C* + CO* + * 0.24 0.22 0.43 0.33 0.15 0.13 0.28 0.20

39 100 | COOH** - CO,* + H* 0.04 0.02 0.00 0.03 0.02 0.01 -0.03 -0.01
111 COOH** »> CO,* + H* 0.14 0.01 0.19 -0.01 0.08 -0.01 0.10 -0.02

10 100 | COOH** - CO* + OH* -0.08 -0.04 -0.19 -0.07 -0.05 -0.01 -0.17 -0.04
111 COOH** - CO* + OH* -0.06 -0.02 -0.09 -0.04 -0.04 0.00 -0.06 -0.02

Al 100 | H,O* +* > OH* + H* -0.08 -0.10 -0.32 -0.27 -0.07 -0.05 -0.25 -0.18
111 H,0* +* - OH* + H* 0.04 -0.03 0.00 -0.14 0.03 -0.01 0.00 -0.10

0 100 | CH3CHj(g) + * >CH;CH;* -0.12 N/A -0.02 N/A -0.05 N/A -0.01 N/A
111 CH;CHj;(g) + * > CH;CH;* -0.05 N/A -0.01 N/A -0.03 N/A -0.02 N/A

1 100 | CH,CHy(g) +2* - CH,CH,** -0.20 N/A -0.22 N/A -0.09 N/A -0.13 N/A

111 CH,CH,(g) +2* > CH,CH,** -0.10 N/A -0.06 N/A -0.05 N/A 0.00 N/A

100 | H,O(g) + * > H,0O* -0.21 N/A -0.17 N/A -0.10 N/A -0.09 N/A

ol gégtg) S tIi{;?izui dem) 014 NA | 008  NA 008  NA | -001 N/A

# Facet | Surface reactions Water Water | 1,4-dioxane | 1,4-dioxane




(+10%) (-10%) (+10%) (-10%)
AAGYSET | AAGY ST | AAG™ET | AAGYSST | AAGpy, | AAGrg | AAGg,, | AAGpg

V) V) (eV) (eV) (eV) V) V) (eV)

45 100 | COx(g) + * > CO,* -0.16 N/A -0.07 N/A -0.07 N/A -0.03 N/A
111 | COx(g) + * > CO,* -0.09 N/A -0.05 N/A -0.06 N/A -0.04 N/A

4 100 | CHCH(g) + 2*> CHCH** -0.23 N/A -0.26 N/A -0.10 N/A -0.15 N/A
111 | CHCH(g) + 3*> CHCH*** -0.14 N/A -0.12 N/A -0.07 N/A -0.05 N/A

100 | CO(g)+* > CO* -0.25 N/A -0.33 N/A -0.15 N/A -0.24 N/A

4 111 | CO(g)+* > CO* -0.23 N/A -0.33 N/A -0.16 N/A -0.23 N/A
48 100 | H, (g) + 2*>H* + H* -0.27 N/A -0.56 N/A -0.18 N/A -0.42 N/A
111 | Hy (g) +2* > H* + H* -0.04 N/A -0.09 N/A -0.03 N/A -0.05 N/A

100 | C4HgO; () + * > C4HgO,* -0.37 N/A -0.27 N/A -0.18 N/A -0.15 N/A

Pl | CaHO2(9) +* > CiHO:* 20,27 N/A -0.16 N/A 0.17 N/A -0.10 N/A

(1,4-dioxane: solvent in liquid env)




Table S2. CO and H lateral interaction coefficients, Aco and aH, of surface intermediates on Pd(100)

and Pd(111) at a temperature of 473 K.

Pd(100) Pd(111)

Species Aco ay Species Aco ay
CH,C* 1.084 0.301 CH,C™" 0.374 0.318
CH,CH™ 1.469 -0.071 CH,CH™ 0.231 0.330
CH,CH,™ 0.517 -0.135 CH,CH,™ -0.061 0.257
CH,CHCO™* 1.502 -0.232 CH,CHCO™* 0.512 0.390
CH,CHCOOH™* 0.133 -1.131 CH,CHCOOH™* -0.176 0.317
CH;C* 1.114 0.324 CH5C* -0.023 0.057
CH;CCO™ 2.225 0.102 CH;CCO™ 1.577 0.628
CH;CCOO0™ 2.059 0.247 CH;CCOO™* 2.282 0.813
CH;CCOOH™ 0.853 0.700 CH;CCOOH™" 0.910 0.613
CH;CH" 0.913 -0.389 CH;CH™ 0.136 0.228
CH;CH," 0.300 0.311 CH;CH," -0.050 0.225
CH;CH,CO™ -0.381 0.583 CH;CH,CO™ 0.321 0.358
CH;CH,COO™ -0.160 0.018 CH;CH,COO™ 0.088 0.235
CH;CH,COOH" 0.648 0.359 CH;CH,COOH" -0.753 0.188
CH;CHj5” -0.169 0.094 CH;CHj5* -0.121 0.043
CH;CHCO™ 0.138 -0.749 CH;CHCO™ 0.254 0.276
CH;CHCOO™* 1.248 -0.707 CH;CHCOO™* 1.160 0.477
CH;CHCOOH™ 0.939 -0.983 CH;CHCOOH™ 0.882 0.877
CHCH™ 1.684 -0.525 CHCH™ 0.857 0.536
CHCHCO™ 0.607 0.105 CHCHCO™™* 1.276 0.742
CHCHCOOH™* 0.505 -0.266 CHCHCOOH™* 0.452 0.640
Cco* 1.545 -0.169 co* 0.583 0.387
CcO," -0.016 0.076 COy" -0.043 0.003
COOH™ 0.973 0.418 COOH™ 0.004 0.317
H* 0.484 0.339 H* 0.260 0.113
H,0" -0.723 -0.077 H,0" -0.507 0.026
OH" 0.729 0.344 OH" 0.140 0.318
C4Hz0," 0.077 -0.474 C,Hz0," 0.374 0.467
(1,4-dioxane) (1,4-dioxane)
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Figure S1. TOFs (s*!) of various elementary steps in water with +10% increased palladium COSMO

cavity radius at a temperature of 473 K, a propionic acid gas phase partial pressure of 1 bar, a CO

gas phase partial pressure of 1x10- bar, and a hydrogen partial pressure of 0.01 bar. Black arrows

are the adsorption/desorption steps, blue arrows are DCN steps, red arrows are DCX steps, and gray

arrows are the steps involved in both DCN and DCX steps. Bold letters indicate rates of elementary

steps on Pd(100) and italic letters for the rate of elementary steps on Pd(111). Dominate pathways

over Pd(100) and Pd(111) are shown in dashed arrows and double line arrows, respectively. Gray

double and dashed line arrows demonstrate an overlapped dominant pathway for Pd(100) and

Pd(111).
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Figure S2. TOFs (s!) of various elementary steps in water with —10% decreased palladium COSMO

cavity radius at a temperature of 473 K, a propionic acid gas phase partial pressure of 1 bar, a CO

gas phase partial pressure of 1x10- bar, and a hydrogen partial pressure of 0.01 bar. Black arrows

are the adsorption/desorption steps, blue arrows are DCN steps, red arrows are DCX steps, and gray

arrows are the steps involved in both DCN and DCX steps. Bold letters indicate rates of elementary

steps on Pd(100) and italic letters for the rate of elementary steps on Pd(111). Dominate pathways

over Pd(100) and Pd(111) are shown in dashed arrows and double line arrows, respectively. Gray

double and dashed line arrows demonstrate an overlapped dominant pathway for Pd(100) and

Pd(111).
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Figure S3. TOFs (s!) of various elementary steps in 1,4-dioxane with +10% increased palladium

COSMO cavity radius at a temperature of 473 K, a propionic acid gas phase partial pressure of 1

bar, a CO gas phase partial pressure of 1x10- bar and a hydrogen partial pressure of 0.01 bar. Black

arrows are the adsorption/desorption steps, blue arrows are DCN steps, red arrows are DCX steps,

and gray arrows are the steps involved in both DCN and DCX steps. Bold letters indicate rates of

elementary steps on Pd(100) and italic letters for the rate of elementary steps on Pd(111). Dominate

pathways over Pd(100) and Pd(111) are shown in dashed arrows and double line arrows,

respectively. Gray double and dashed line arrows demonstrate an overlapped dominant pathway for

Pd(100) and Pd(111).
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Figure S4. TOFs (s!) of various elementary steps in 1,4-dioxane with —10% decreased palladium

COSMO cavity radius at a temperature of 473 K, a propionic acid gas phase partial pressure of 1

bar, a CO gas phase partial pressure of 1x10- bar, and a hydrogen partial pressure of 0.01 bar. Black

arrows are the adsorption/desorption steps, blue arrows are DCN steps, red arrows are DCX steps,

and gray arrows are the steps involved in both DCN and DCX steps. Bold letters indicate the rate of

elementary steps on Pd(100) and italic letters for the rate of elementary steps on Pd(111). Dominate

pathways over Pd(100) and Pd(111) are shown in dashed arrows and double line arrows,

respectively. Gray double and dashed line arrows demonstrate an overlapped dominant pathway for

Pd(100) and Pd(111).
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Figure S5: (a-d) Different shapes of cluster sizes cut from Pd(100) surface, which are used in
solvation calculations for HDO of propanoic acid on Pd(100). A MxN cluster size notation
indicates that the top layer contains M Pd atoms and the bottom layer contains N Pd atoms. (e) Plot
of CO adsorption energy on Pd(100) surface in liquid water vs. number of metal atoms in the
respective cluster. A 32x32 cluster model represents a converged reaction energy in water with
cluster size. (f) 30x21 cluster model (consists of 51 Pd atoms) cut from Pd(111) surface used in

solvation calculations for HDO of propanoic acid on Pd(111).°!

References:
1. S.Behtash, J. Lu, E. Walker, O. Mamun and A. Heyden, Journal of Catalysis, 2016, 333, 171—
183.
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Sample MATLAB code for microkinetic modeling for Pd(100)

format long

close all

%ochange according to the number of species

M=zeros(29.29);

M(29.29)=1;

optode = odeset( NonNegative',1:29 'Abstol’, 1E-25 'RelTol' | 1E-25); % 'Mass' M

Yooptlsq = optimset(TolFun' 1E-50,'TolX' 1E-30);

Yoyl =drchrnd([1111111111111117111111211111111],1)

“patom sites—[13233122211221123222311211111};

Yov02=y01 /atom _sites;

Yov = v02';

y0=zeros(29.1);

v0(28)=1;

[t.v] = odel3x(@PAC_function [0,50000000].30.0ptode);

Yoy = lsgnonlin(@LAtoGVLODElsq,v0,zeros(1,29).ones(1,29)) Yenumber 28 equals to the species
number

loglog(t.y(:.1).0".t.y(-.2). b t.y(:.3).' b .t.y(.4). 0"ty (=.5). D Ly(.6). T .ty (. 7). b Ly(-.8). b ..y(.9). V'
Ay 10D tvCID Y A vC I Y v (13 D (L 14, D e v 15D by (L 16). D (- 1T ) by
8.0 tv(:, 19,0 tv(-. 2000 v (. 21), bty (L 22, C ey (L2300 v (L2440, b (L 29),) g v (. 26), "D L,
y(=.27).0't.y(:.28). 'b'.t.y(:.29). k).

title(' Solution of balance Equation”);

xlabel("time t"); vlabel('solution v");

l=legend('y 'y 2y 3.y 4, vy 3.y O. vy Iy 8.y 9y 10y 11"y 12 'y 13" 'y 14" 'y 15"y 16y
17, v 18, v 19 v 20y 21" 'y 22" 'y 23"y 24" 'y 25" 'y 26" 'y 27" 'y 28", 'y 297);

set(l.'Edgecolor',[1 1 1]);

y=v(end.-);

v site balance=v*[1323312221122112322231121111 1]; %update after first
code run

sum{yv_site_balance)

KB =8.6173303e-5;

H=4.135667662e-15;

Pch3ch?cooh=1;

Pco2=1:
Ph2o=1;
Pch2ch2=0;
Pch3ich3=0;
Pchech=0;
Pco= le-03;
Ph2 = 0.01;
Pcdhfo2=10;
T =473;
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kOf = ((CONV3*sqrt(NA))/(NO*sqrt(2*pi*MASS_gas 0*KB*T))):

K0 = exp(-(Gr0)/(KB*T)):

kOb = kOFKO;

klf = (KB*T/H)"exp(-(Gal)/(KB*T)):
K1 = exp(-(Gr1)/(KB*T)):
klb=k1fKI;

k2f = (KB*T/H)"exp(-(Ga2)/(KB*T)):
K2 = exp(-(Gr)/(KB*T)):

k2b =k2fK2;

k3f = (KB*T/H)"exp(-(Ga3)/(KB*T)):
K3 = exp(-(Gr3)/(KB*T)):
k3b=Kk3£K3;

kdf = (KB*T/H)"exp(-(Ga4)/(KB*T)):
K4 = exp(-(Gr4)/(KB*T)):

k4b = k4fK4;

kof = (KB*T/H)"exp(-(Gad)/(KB*T)):
K5 = exp(-(Gr3)/(KB*T)):

k5b = k5£KS5;

kéf = (KB*T/H)*exp(-(Ga6)/(KB*T)):
K6 = exp(-(Gr6)/(KB*T)):

k6b = k6£K6;

k7t = (KB*T/H)*exp(-(Ga7)/(KB*T)):
K7 = exp(-(GrT)/(KB*T)):
k7b=k7fKT;

k8f = (KB*T/H)*exp(-(Ga8)/(KB*T)):
K8 = exp(-(Gr8)/(KB*T)):

k8b = k8fKS;

k9f = (KB*T/H)*exp(-(Ga%)/(KB*T)):
K9 = exp(-(Gr9)/(KB*T)):

k9b = k9FK9;

k10f = (KB*T/H)*exp(-(Ga10)/(KB*T)):

K10 = exp(-(Grl0)/(KB*T)):
k10b = k106K 10:

k11f = (KB*T/H)*exp(-(Gal1)/(KB*T)):

K11 = exp(-(Grl1)/(KB*T)):
kllb=k11fK11:

k12f = (KB*T/H)*exp(-(Gal2)/(KB*T)):

K12 = exp(-(Gr12)/(KB*T)):
k12b=Kk126K12:

k13f = (KB*T/H)*exp(~(Gal3)/(KB*T)):
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K13 = exp(-(Gr13)/(KB*T)):
k13b=kl13£K13;

k14f = (KB*T/H)*exp(-(Gal4)/(KB*T));

K14 = exp(-(Gr14)/(KB*T));
k14b = k146K 14;

k15f= (KB*T/H)*exp(-(Gal5)/(KB*T));

K15 = exp(-(Gr15)/(KB*T));
k15b =k156K15;

k16f = (KB*T/H)*exp(-(Gal6)/(KB*T));

K16 = exp(-(Gr16)/(KB*T));
k16b = k166K 16:

k17f = (KB*T/H)*exp(-(Gal TV/(KB*T)):

K17 = exp(-(Gr1 7)/(KB*T)):
k17b=k17HK17;

k18f = (KB*T/H)*exp(-(Gal8)/(KB*T));

K18 = exp(-(Gr18)/(KB*T)):
k18b=KkI8FK18;

k19f = (KB*T/H)*exp(-(Gal9)/(KB*T));

K19 = exp(-(Gr19)/(KB*T));
k19b = k196K 19;

k20f = (KB*T/H)*exp(-(Ga20)/(KB*T));

K20 = exp(-(Gr20)/(KB*T)):
K20b =k206K20;

k21f= {KB*TIm*gxp(_(Gaz 1)_,-‘(KB&T}};

K21 = exp(-(Gr21)/(KB*T)):
K21b=k21£K21;

K22f = (KB*T/H)*exp(-(Ga22)/(KB*T));

K22 = exp(-(Gr22)/(KB*T)):
k22b = k22K 22;

K23f = (KB*T/H)*exp(-(Ga23)/(KB*T)):

K23 = exp(-(Gr23)/(KB*T)):
k23b =Kk236K23;

k24f = (KB*T/H)*exp(-(Ga24)/(KB*T));

K24 = exp(-(Gr24)/(KB*T)):
k24b = k241K 24;

k25f= (KB*T/H)"exp(-(Ga3)/(KB*T));

K25 = exp(-(Gr25)/(KB*T)):
k25b = k256K 25-

k26f = (KB*T/H)*exp(-(Ga26)/(KB*T)):

K26 = exp(-(Gr26)/(KB*T)):
k26b = k261K 26;
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k27f = (KB*T/H)"exp(-(Gal7)/(KB*T)):

K27 = exp(«(Gr2T)/(KB*T)):
K27b=k276K27:

k28f = (KB*T/H)"exp(-(Ga28)/(KB*T)):

K28 = exp(-(Gr28)/(KB*T)):
k28b = k28£K28:

k29f = (KB*T/H)*exp(-(Ga29)/(KB*T)):

K29 = exp(«(Gr29)/(KB*T)):
k29b = k29£K29:

k30f = (KB*T/H)*exp(-(Ga30)/(KB*T)):

K30 = exp(-(Gr30)/(KB*T));
30b = K30£K30:

k31 = (KB*T/H)*exp(-(Ga31)/(KB*T));

K31 = exp(«(G3D/(KB*T)):
k31b=Kk31fK31-

k32 = (KB*T/H)*exp(-(Ga32)/(KBT):

K32 = exp(«(Gr32)/(KB*T)):
k32b =k326K32:

k33f = (KB*T/H)"exp(-(Ga33)/(KB*T)):

K33 = exp(«(Gr33)/(KB*T)):
k33b =Kk336K33:

k34f = (KB*T/H)"exp(-(Ga34)/(KB*T)):

K34 = exp(-(Gr34)/(KB*T)):
k34b = K34fK34:

k35f = (KB*T/H)*exp(-(Ga35)/(KB*T)):

K35 = exp(«(Gr35)/(KB*T)):
k35b = k35£K35:

K36f = (KB*T/H)*exp(-(Ga36)/(KB*T)):

K36 = exp(«(Gr36)/(KB*T)):
k36b = k36£K36:

k37f = (KB*T/H)*exp(-(Ga37)/(KB*T)):

K37 = exp(«(Gr3T)/(KB*T)):
k37b =k376K37:

k38f = (KB*T/H)*exp(-(Ga38)/(KB*T)):

K38 = exp(<(Gr38)/(KB*T)):
k38b = k3ISFK38:

K39 = (KB*T/H)*exp(-(Ga39)/(KB*T)):

K39 = exp(<(Gr39)/(KB*T)):
k39b = k39£K39:

k40f = (KB*T/H)*exp(-(Ga40)/(KB*T));

K40 = exp(-(Gr40)/(KB*T)):
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k40b = k40£K40;

kd1f= (KB*T/H)®exp{-(Gad 1)/ (KB*T));

K41 = exp(-(Gr4 1)/(KB*T));

kdlb=k41fK41;

k42f = ((CONV3I*sgqrt(NA))/ (N0 *sqrt(2*p1*MASS _gas 42*¥KB*T)));
K42 = exp(-(Grd4 2)/(KB*T));

kd2b = k42 K42;

k43f = ((CONV3I*sqri(NA))/ (N0 *sqrt(2*pi*MASS _gas 43*KB*T)));
K43 = exp(-(Gr43)/(KB*T));

k43b = k43£K43;

kd4f = ((CONV3I *sqri(NA))/ (N0 *sqrt(2*pi*MASS _gas 44*¥KB*T)));
K44 = exp(-(Grdd)/(KB*T));

kddb = k44K 44

k45f = ((CONV3*sqri(NA))/ (N0 *sqrt(2*p1*MASS _gas 45*¥KB*T)));
K45 = exp(-(Grd2)/(KB*T));

kd5b = k45fK45;

kd6f = ((CONV3I*sqri(NA))/ (N0 *sqrt(2*p1*MASS _gas 46¥KB*T)));
K46 = exp(-(Gr46)/(KB*T));

kd6b = kd46fK46;

k471 = ((CONV 3 *sgri(NA))/ (NO*sgrt( 2*p1*MASS _gas 47¥KB*T)));
K47 = exp(-(Grd )/ (KB*T));

kd7b =k47HK4T;

k48f = ((CONV 3 *sgrt(NA))/ (N0 *sqrt(2*p1*MASS _gas 48*¥KB*T)));
K48 = exp(-(Grd48)/(KB*T));

k48b = k48K 48;

k49f = ((CONV 3 *sqrt(NA))/ (N0 *sqrt( 2*pi*MASS _gas 49*¥KB*T)));
K49 = exp(-(Gr49)/(KB*T));

k49b = k491K 49;

r0=k0f*Pch3ch2cooh®*v(28)-k0b*yv(14);
rl1=k1f*v(14)*(28)"2-k1b*v(12)*v(27);
2=k2f*%(14)*(28)"2-k2b*v(18)*v(25);

3=k3 (1 2)- 13 b (1 1) *(22);
rd=kdf*v(12)*v(28)-kdb*v(16)*v(25);

3=k5 (1 8)*v(28)-kSb*(16)*v(27);
r6=k6f*v(18)*(28)"2-k6b*v(5)*v(25);

7=k 75 (1 8)*v(28)-kTb*v(9)*v(25);

r8=k8f*v(16)-k8b*y(10)*v(22);

9=kO*v(16)*v(28)-kIb*+(7)*v(25);
r10=k10f*v(16)*v(28)"2-k10b*v(4)*v(25);

r11=k1 1f*%v(5)*v(28)-k11b*v{4)*v(27);
r12=k12f*%v(5)*v(28)-k12b*v{(21)*v(25);



r13=k13£%(9)*v(28)-k13b*y(7)*y(27):
r14=k14£%(7)-k14b*v(6)*v(22):

r15=k1 5855 (4)*v(28)-k15b*y(2)*v(22):
r16=k168%(4)-k16b*v(20)*y(25):
r17=k178%(21)-k1 Tb*y(20)*v(27):
r18=k18F*v(20)*v(28)-k18b*v(19)*v(22):
r19=k19F%v(2)-k19b*v(19)*y(25):
£20=k208%(3)*v(28)"2-k20b*v (2 v(25):
£21=k214(2)-k2 1b*y(1)*v(25)*v(28):
£22=k22 P (6)*v(28)-k22b*y(1)*v(25):
£23=k23 P45 (10)*y(28)"3-k23b*y(2)*v(25):
£24=k24 55 (10)*y(28)-k24b*v(6)*v(25):
£25=k25 P55 (11)*y(28)-k25b*y(10)*v(25):
£26=k268%(15)*y(28)-k26b*yv(11)*¥(25):
£27=k27F5(11)*y(28)"2-k2 Tb*v(3)*v(25):

£28=k28 Py (14)*y(28) " 2-k28b*y(13)*v(25):

£29=k29F%(13)-k29b*y(11)*y(23):

£30=k308%(13)*y(28)"2-k30b*y(17)*v(25):
£31=k31 £ (18)*y(28)"2-k3 1b*y(17)*v(25):

r32=k32f*y(18)*v(28)-k32b*v(10)*v(24);
r33=k33*v(17)-k33b*y(10)*y(23)*v(28);
£34=k34*v(17)-k34b*v(8)*v(23);
35=k35*v(9)*v(28)-k35b*v(8) *v(25);
r36=k36*v(9)*v(28)-k36b*v(6)*v(24);
37=k37*v(5)*v(28)"2-k37b*v(2)*v(24);
r38=k38*y(8)-k38b*y(6)*v(23);
39=k39*y(24)-k39b*y(23)*v(25);
r40=k40*v(24)-kd0b*v(22)*v(27);
r41=k41*v(26)*v(28)-kd 1b*v(27)*v(23);
r42=k42f*Pch3ch3*v(28)-k42b*y(15);
r43=k43*Pch2ch? *y(28)"2-k43b*v(3);
r44=k44*Ph20*y(28)-kd44b*v(26);
r45=k45f*Pco2*yv(28)-kd 5b*y(23);
r46=k46*Pchch*y(28)"2-kd46b*y(19);

4 7=k47*Pco*y(28)-kd To*y(22);
r48=k48*Ph2*v(28)"2-kd48b*v(25)*y(25);
r49=k49f*Pc4h8o2 *v(29)-k49b*y(1);

0 = kOf*Pch3ch2cooh™y(28);

b0 = k0b*y(14);

f1 = k1f*y(14)*(28)"2;

bl = kl1b*y(12)*yv(27);
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£2 = K2 PRy (14)*v(28)"2-
b2 = K2b*v(18)*v(25):

f3 = k3f*y(12);

b3 = K3b*y(11)*v(22):
£ = kA Py (12)*5(28):

b4 = k4b*y(16)*y(25):

£5 = k5P (18)*v(28):

b3 = kSb*v(16)*v(27):
£6 = K654y (18)*v(28)"2:
b6 = k6b*v(5)*v(25):

£7 = kT8 (18)*v(28):

b7 = KTb*v(9)*v(25):

£8 = k8P45(16):

b8 = k8b*v(10)*v(22):
£9 = K9Py (16)*v(28):

b9 = k9b*v(T)*v(25):
£10 = k10P45(16)*v(28)"2:
b10 = k10b*y(4)*v(25):
F11 = k1 1£45(5)*y(28):
bl1 = k11b*y(4)*v(27):
£12 = k126%(5)*y(28):
b12 = k12b*v(21)*v(25):
£13 = k13£45(9)*y(28):
b13 = k13b*y(7)*y(27):
£14 = k14P45(7):

bl4 = k14b*y(6)*y(22):
£15 = k15F45(4)*y(28):
b15 = k15b*y(2)*v(22):
£16 = k168%(4):

b16 = k16b*v(20)*v(25):
£17 = k17845 (21):

b17 = k17b*v(20)*v(27):
£18 = k18F4v(20)*v(28):
b18 = k18b*y(19)*v(22):
£19 = k198%(2):

b19 = k19b*v(19)*v(25):
£20 = kK20F4v(3)*y(28)"2:
520 = k20b*y(2)*y(25):
£21 = k21845(2):

b21 = k21b%y(1)*y(25)*y(28):
£22 = kK22F4(6)*y(28):



522 = K22b*v(1)*y(25):
£23 = k23P4v(10)*y(28)"3:
23 = k23b*v(2)*v(25):
£24 = kK24F5(10)*y(28):
b24 = K24b*v(6)*y(25):
£25 = k25Fy(11)*y(28):
b25 = K25b*v(10)*y(25):
£26 = k2684y(15)*y(28):
526 = k26b*v(11)*y(25):
£27 = K27P55(11)*y(28)"2:
527 = K27b*y(3)*y(25):
£28 = k28 (14)*y(28)"2:
b28 = K28b*v(13)*y(25):
£29 = k29P4v(13):

529 = k29b*v(11)*y(23):
£30 = k30845 (13)*y(28)"2:
30 = k30b*y(1 T)*y(25):
£31 = k3 1Fy(18)*y(28)"2:
b31 = K3 1b*v(1TY*v(25):
£32 = k32P45(18)*y(28):
532 = k32b*v(10)*y(24):
£33 = k33Fy(17):

33 = k33b*y(10)*v(23)*y(28):

£34 = K34f(17):

b34 = K34b*y(8)*y(25):
£35 = k355%%(9)*v(28):
b35 = k35b*v(8)*y(25):
£36 = k365(9)*v(28):
36 = k36b*v(6)*y(24):
£37 = K378 (5)*v(28)"2:
b37 = K3 Tb*v(2)*y(24):
£38 = k38F4y(8):

b38 = k38b*v(6)*y(23):
£39 = k39*y(24):

39 = k39b*v(23)*y(25):
£10 = k40F*y(24):

540 = k40b*v(22)*v(27):
41 = k4 1F5v(26)*v(28):
b41 = k41b*v(2T)*y(25):

f42 = k42f*Pch3ch3*y(28);

bd2 =k42b*y(15);
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f43 = kd3f*Pch2ch2 *v(28)"2;

b43 = k43b®v(3);

44 = kd4*Ph2o*y(28);

bd44 = k44b*v(26);

45 = kd 3f*Peo2 *y(28);

b45 = k43b%v(23);

f46 = kd6f*Pchch*v(28)"2;

bd6 = kd6b*v(19);

47 = kd7*Pco™*y(28);

b47 = k4Tb%v(22);

f48 = k48f*Ph2*y(28)"2;

b48 = kA48b*v(23)*v(23);

f49 = kd49f*PcdhBo2 *v(29);

b49 = k49b*y(1);

=0l 23 e 567 B 0010011 £12 013 114 r15 r16 017 £18 £19 120 121 £22 123 124 125 126
127 128 129 130131 r32 133 r34 135 136 137 138 139 40 r41 42 143 rdd 145 46 47 48 9]
f=[f0 1 £2 £3 £ £5 fio £7 £8 9 £10 £11 £12 £13 f14 £15 £16 £17 £18 £19 £20 £21 £22 £23 £24 £25 £26
f27 £28 £29 £30 £31 £32 £33 {34 £35 £36 37 £38 £39 £10 £11 £42 43 £14 £45 f16 £17 f18 £19];
b=[b0bl b2 b3 bd b3 b6 b7 bEbOb10 b1l bl12bI3b14blo bl6b17 b1E bI9 b20 b21 b22 b23 b24
b25 b26 b27 b28 b29 b30 b31 b32 b33 b34 b35 b36 b37 b3E b30 b40 bd1 b42 b4d3 bdd b4 bd6
b47 b48 b49):

=r’;

Uecoverage

fileID = fopen('coverage'.'a’);
fimt = "%5d'r'n’;
fprintf{filelD. fmt.y):
felose(filelD);

“oR.ate for each iteration
rate = fopen('rate’.'a");
frate=fopen('frate’'a");
brate=fopen('brate'.'a");
fmt = "%5d'\r'n’;
fprintf{rate fint r);
fprintf frate_fmt f);
fprintf(brate fint b);
fclose(rate);
felose(frate):
fclose(brate);
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2oTOF for each iteration
PAC rate=fopen('TOF"'a"});
PAC TOF=rl+r2+r2§;

fimnt = "%5d'r'n’;

fprintfilPAC_rate fmt PAC_TOF):

fclose(PAC rate);
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Sample MATLAB code for microkinetic modeling for Pd(111)

format long

close all

Yochange according to the number of species

M=zeros(29.29);

M(2929) =1;

optode = odesetNonNegative',1:29 'Abstol’, 1E-25 'RelTol | 1E-23); %% Mass' M

Dooptlsg = optimset( TolFun' 1E-50,"TolX' 1E-30);
%oy0l=drchrmd([11111111111111111111111111111].1)%

Spatom sites=[13233122211221123222311211111];

Loy(2=y01 /atom sites;

D0 = vw02';

vl=zeros(29.1);

v0(29)=1;

[t.¥] = odel3s(@PAC_function.[0.50000000].y0.0ptode);

Yoy = lsgnonlin((@LAtoGVLODElsq,v0.zeros(1.29).0nes(1.29)) Yenumber 29| equals to the species
number

loglog(t,

¥(-.1).0.ty(.2). b 4y (. 3). bty (4. . ty(:,5), bty (1.6). Tty (. 7). bty (-.8). b 4. y(:.9).'b .t.y(:.10)
Sty (I v (A (13,0 v (L 1D By (L0 Ay (L 16), 0 v (1T (L 1E) Y Ly
(=19).b.t.y(:.20).'b' t.y(.21), 0" £.y(:.22), v 1. y(:.23), 0 .t.y(.24). D" t.y(:.25). )2 .t ¥(-.26).'b .t.y(-.27).
b'.t.y(:.28).'b' t.y(:.29).k);

title('Solution of balance Equation");

xlabel('time t"); vlabel('solution v");

l=legend('y ')y 2' 'y 3" 'y 4 vy 3 v 6 vy Iy 8 vy Oy 10y 11"y 12 'y 13' 'y 14''y 15" 'y 16y
17y 18"y 19y 200,y 21''y 22" 'y 23" 'y 24",y 25"y 26/, v 27" 'y 28"y 29");

set(l. ' Edgecolor' 1 1 17);

y=v(end.:):

v _site balance=w*[1323312221122112322231121111 1]; %update after first
code run

sum(v_site_balance)

KB =8.6173303e-5;

H=4.135667662e-15;

Pch3ch?cooh=1;

Pco2=1;

Phlo=1:

Pch2ch?=10;

Pch3ch3=0;

Pchch= 0;

PcdhBo2=10;

Pco= le-05;

Ph2 = 0.01;

23



24



T=473:

kOf = ((CONV3*sqrt(NA))/(NO*sqrt(2*pi*MASS_gas 0(*KB*T))):

K0 = exp(-(Gr0)/(KB*T)):

kOb = k0£KO;

k1f = (KB*T/H)*exp(-(Gal)/(KB*T)):
K1 = exp(-(Gr1)/(KB*T)):
klb=kIfK1;

k2f = (KB*T/H)*exp(-(Ga2)/(KB*T));
K2 = exp(-(Gr2)/(KB*T));

k2b = k2£K2;

I3 = (KB*T/H)*exp(-(Ga3)/(KB*T));
K3 = exp(-(Gr3)/(KB*T)):
k3b=k3£K3;

kd4f = (KB*T/H)"exp(-(Ga4)/(KB*T)):
K4 = exp(-(Gr)/(KB*T));

k4b = k4fK4:

k5f = (KB*T/H)*exp(-(Ga3)/(KB*T)):
K5 = exp(-(Gr5)/(KB*T)):

k5b = k5£KS5;

k6f = (KB*T/H)*exp(-(Ga6)/(KB*T)):
K6 = exp(-(Gr6)/(KB*T)):

k6b = k6£K6:

k7f= (KB*T/H)*exp(-(GaT)/(KB*T));
K7 = exp(-(Gr)/(KB*T)):
k7b=Kk7£K7;

k8f = (KB*T/H)*exp(-(Ga8)/(KB*T));
K8 = exp(-(Gr8)/(KB*T)):

k8b = k8KS;

k9f = (KB*T/H)*exp(-(Ga9)/(KB*T)):
K9 = exp(-(Gr9)/(KB*T)):;

k9b = k9FK9:

k10f = (KB*T/H)*exp(-(Gal0)/(KB*T));

K10 = exp(~(Gr10)/(KB*T)):
k10b = k10K 10-

k11f = (KB*T/H)*exp(-(Gal 1)/(KB*T));

K11 = exp(-(Gr1 1)/(KB*T)):
kllb=k11fK11:

k12f = (KB*T/H)*exp(-(Gal2)/(KB*T)):

K12 = exp(-(Gr12)/(KB*T)):
k12b=k12{K12;

k13f = (KB*T/H)*exp(-(Gal3)/(KB*T)):;
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K13 = exp(-(Gr13)/(EKB*T)):
k13b=k13fK13;

k14f = (KB*T/H)*exp(-(Gal4)/(KB*T)):

K14 = exp(«(Gr1d)/(KB*T));
kl4b=k14fK14;

k15f = (KB*T/H)*exp(-(Gal5)/(KB*T));

K15 = exp(«(Gr15)/(KB*T));
k15b=k15£K15;

k16f = (KB*T/H)*exp(-(Gal6)/(KB*T)):

K16 = exp(-(Gr16)/(KB*T)):
kl16b = k165K 16:

k17f= (KB*T/H)*exp(-(Gal7)/(KB*T)):

K17 = exp(«(Gr1T/(KB*T));
k17b =k17£K17;

k18f= (KB*T/H)*exp(-(Gal8)/(KB*T));

K18 = exp(«(Gr18)/(KB*T));
k18b=kI18FKI18;

k19f = (KB*T/H)*exp(-(Gal9)/(KB*T));

K19 = exp(-(Gr19)/(KB*T)):
k19 =kI9£K19;

k20f = (KB*T/H)*exp(-(Ga20)/(KB*T));

K20 = exp(«(Gr20)/(KB*T)):
kK20b = k208K 20;

k21f = (KB*T/H)*exp(-(Ga21)/(KB*T));

K21 = exp(«(Gr21)/(KB*T)):
K21b=k21fK21:

k22f = (KB*T/H)*exp(-(Ga22)/(KB*T));

K22 = exp(-(Gr22)/(EB*T));
K22b=k22{K22;

k23f = (KB*T/H)*exp(-(Ga23)/(KB*T)):

K23 = exp(-(Gr23)/(KB*T));
k23b = k23£K23:

K24f = (KB*T/H)*exp({(Ga24)/(KB*T)):

K24 = exp(-(Gr24)/(KB*T));
k24b = k244K 24;

k25f = (KB*T/H)*exp(-(Ga25)/(KB*T)):

K25 = exp(«(Gr23)/(KB*T)):
k25b = k25 K25;

K26f = (KB*T/H)*exp(-(Ga26)/(KB*T)):

K26 = exp(-(Gr26)/(KB*T)):
k26b = K268K26;
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k27f= (KB*T/H)*exp(-(Ga2 ) (KB*T));

K27 = exp(-(Gr27)/(KB*T)):
k27b =k27HK27;

k28f = (KB*T/H)*exp(-(Ga28)/(KB*T)):

K28 = exp(-(Gr28)/(KB*T)):
k28b = k28fK28;

k29f = (KB*T/H)*exp(-(Ga29)/(KB*T));

K29 = exp(-(Gr29)/(KB*T)):
k29b = k29£K29:

K30f = (KB*T/H)*exp(-(Ga30)/(KB*T)):

K30 = exp(«(Gr30)/(KB*T)):
k30b = k306K 30:

k31f = (KB*T/H)*exp(-(Ga3 1)/(KB*T));

K31 = exp(-(Gr31)/(KB*T)):
k31b=Kk31£K31;

k32 = (KB*T/H)*exp(-(Ga32)/(KB*T)):

K32 = exp(-(Gr32)/(KB*T)):
k32b=Kk32£K32;

k33f = (KB*T/H)*exp(-(Ga33)/(KB*T)):

K33 = exp(-(Gr33)/(KB*T)):
k33b=Kk33£K33;

k34f = (KB*T/H)"exp(-(Ga34)/(KB*T));

K34 = exp(-(Gr34)/(KB*T)):
k34b = k34£K34:

k35f = (KB*T/H)*exp(-(Ga33)/(KB*T));

K35 = exp(<(Gr35)/(KB*T)):
k35b =Kk35FK35;

k36f = (KB*T/H)*exp(-(Ga36)/(KB*T));

K36 = exp(-(Gr36)/(KB*T)):
k36b = k36£K36;

k37f = (KB*T/H)*exp(-(Ga37)/(KB*T));

K37 = exp(«(Gr3T)/(KB*T)):
k37b =Kk37£K37;

K38f = (KB*T/H)*exp(-(Ga38)/(KB*T)):

K38 = exp(-(Gr38)/(KB*T));
k38b = k38fK38;

K39 = (KB*T/H)*exp(-(Ga39) (KB*T):

K39 = exp(«(Gr39)/(KB*T)):
k39b = k39£K30:

k40f = (KB*T/H)*exp(-(Ga40)(KB*T)):

K40 = exp(-(Grd40)/(KB*T)):
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k40b = k40£KA40:
k41f = (KB*T/H)*exp(-(Gad 1)/(KB*T)):
K41 = exp((Grd1)/(KB*T)):
k41b=k41FK41:

k42 = ((CONV3*sqrt(NA))/ (NO*sqrt(2*pi*MASS_gas 42*¥KB*T))):

K42 = exp(-(Grd2)/(KB*T)):
k42b = k42FK42-

k43f = ((CONV3*sqrt(NA))/(NO*sqrt(2*pi*MASS _gas 43*KB*T))):

K43 = exp(-(Grd3)/(KB*T)):
k43b = k43FK43:

k44f = (CONV3*sqrt(NA))/ (NO*sqrt(2*pi*MASS_gas 44*¥KB*T))):

K44 = exp(-(Grdd)/(KB*T)):
k44b = k44FK 44

k45f = ((CONV3*sqrt(NA))/(NO*sqrt(2*pi*MASS_gas_45*KB*T))):

K45 = exp(-(Grd3)/(KB*T)):
k45b = k45FK45-

K46 = ((CONV3*sqrt(NA))/(NO*sqrt(2*pi*MASS _gas 46¥KB*T))):

K46 = exp(-(Grd6)/(KB*T)):
k46b = k46£K46:

k47f = ((CONV3*sqrt(NA))/(NO*sqrt(2*pi*MASS_gas 47*KB*T))):

K47 = exp(«(GrdT)/(KB*T)):
k47b = k4TFKAT-

K48 = ((CONV3*sqrt(NA))/(NO*sqrt(2*pi*MASS_gas 4S*¥KB*T))):

K48 = exp(-(Gr48)/(KB*T)):
k48b = k48FK4S:

k49f = ((CONV3*sqrt(NA))/ (NO*sqrt(2*pi*MASS _gas 49*¥KB*T))):

K49 = exp(-(Gr49)/(KB*T));

k49b = k49£K49;
r0=k0f*Pch3ch?cooh®v(29)-k0b*v(15);
rl1=k1f*(15)*v(29)"3-k1b*v(13)*v(28);
r2=k2P*y(15)*y(29Y"2-k2b*v(19)*v(26);
3=k3 4 (13)-k3b*y(12)*(23)*v(29);
rd=kdf*v(13)-kdb*v (1 7)*v(26);

5=kS5 Py (19)*v(29)-k5b*v (1 7)*v(28);
6=k6f*v(19)*v(29)"2-k6b*v(6)*v(26);
7=k 7P (19)*v(29)"2-KTo*v(10)*v(26);
8=k 8*v (1 TY*v(29)-k8b*v(11)*v(23);
=k (1 T)*v(29)"2-k9b*v(8)*v(26);
r10=k10f*v(17)*v(29)"2-k10b*v(5)*v(26);
r11=k11f*v(6)*v(29)-k11b*y(5)*v(28);
r12=k12f*v(6)*v(29)-k12b*v(22)*v(26);



r13=k13P45(10)*y(29)-k 1 3b*y(8)*v(28):
r14=k14f45(8)-k 14b*v(7)*v(23)5v(29):
£15=k 1585 (5)*5(29)-k 1 Sb*v(3)*v(23):
r16=k168%(5)*v(29)"2-k16b*y(21)*v(26):

r17=k178*y(22)*y(29)"2-k1Tb*y(2 1)*y(28):

£18=k18F%5(21)-k18b*y(20)*y(23):

£19=k 194y (3)*v(29)-k 19b*v(20)*v(26):
£20=k20845(4)*v(29)"2-K20b*y(3)*y(26):
£21=k21F%5(3)-k2 1b*5(2)*v(26):

£22=k22 P45 (7Y y(29)"2-k22b%y(2)*v(26):
£23=k23P45(1 1)*y(29)"2-k23b*v(3)*v(26):
£24=k24%5(11)-k24b*y(7)*v(26):

r25=k25f*y(12)*y(29)"2-k25b*y(11)*y(26):

£26=k268%v(16)*y(29)-k26b*v(12)*v(26);
£27=k2 7P (12)*v(29)"2-k2 To*y(4) *y(26):

£28=k28 % (15)*y(29)"2-k28b*y(14)*y(26):

£29=k29%(14)-k29b*y(12)*y(24):

£30=k30F%5(14)*y(29)"2-k30b*y(18)*y(26):
£31=k31 P45 (19)*y(29)"2-k3 Ib*v(18)*y(26):
£32=k328%5(19)*y(29)"2-k32b*y (1 1) *y(25):

r33=k33*v(18)-k33b*y(11)*v(24);
34=k34*v(18)*y(29)-k34b*v(9)*v(26);
35=k35*v(10)*v(29)-k3 5b*y(9)*v(26);
r36=136*y(10)-k36b*y(7)*v(25);
r37=k37*v(6)*v(29)"2-k3 To*v(3)*vy(25);
r38=13 8 () -3 8b™* v (7)) *v(24)*v(29);
r39=k39*v(25)-k39b*y(24)*v(26);
r40=k40£*y(25)-k40b*y(23)*v(28);
1=k 4 1 Py (27*v(29)-k4 1b*v(28)*v(26);
r42=k42f*Pch3ch3*v(29)-k42b*v(16);
r43=k43*Pch2ch2*v(29)"2-k43b*y(4);
r44=k44*Ph20*v(29)-kd44b*y(27);
r45=k45*Pco2*y(29)-kd5b*y(24);
r46=k46*Pchch*v(29)"3-kd6b*v(20);

4 7=k47f*Pco*y(29)-kd Tb*y(23);
r48=k48*Ph2*y(29)"2-k48b*v(26)*v(26);
r49=149f*Pc4h8o2*v(29)-k49b*y(1);

f) = k0f*Pch3ich?cooch®*v(29);

b0 = k0b*v(15);

f1 = k1f*y(15)*y(29)"3;

bl = klb*y(13)*yv(28);
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£ = K2P45(15Y*5(29)"2;
b2 = kK2b*y(19)*3(26):

£3 = k3(13):

b3 = I3b*y(12)*y(23)*y(29);
£4 = kdfry(13):

b4 = kdb*y(17)*y(26);

£5 = k5P (19)*y(29);

b3 = kSb*y(17)*v(28):
£6 = k6P5(19Y*5(29)"2:
b6 = k6b*y(6)*y(26):

£7 = KTF*y(19)*v(29)"2:
b7 = kTb*y(10)*3(26):

£8 = k8P (17)*v(29):

b8 = k8b*y(11)*y(23):
9 = kOPy(17y*5(29)"2:
b9 = kOb*y(8)*y(26):

£10 = k10855 (17)*5(29)"2:
b10 = k10b*v(5)*v(26):
F11 = k11P5(6)*v(29):
bl1 = k11b*v(3)*v(28):
£12 = k12P5(6)*v(29):
b12 = k12b%v(22)*y(26):
£13 = k13f4y(10)*y(29);
b13 = k13b*v(8)*v(28):
£14 = k14P45(8):

bl14 = k14b*y(7)*y(23)*v(29):
£15 = k15P5(5)*v(29):
b15 = k15b*v(3)*v(23):
£16 = k168 (5)*y(29)"2:
b16 = k16b*v(21)*v(26):
£17 = k1785 (22 5(29)"2:
b17 = k17b*v(21)*y(28):
£18 = k18F4y(21):

b18 = k18b*y(20)*y(23):
£19 = k19F*y(3)*y(29):
b19 = k19b*v(20)*y(26):
£20 = K20f*y(4)*y(29)"2:
520 = K20b*v(3)*v(26):
£21 =k2185(3):

b21 = K2 1b*v(2)*v(26):
£22 = k228557 v(29)"2:



522 = k22b%y(2)*v(26):
£23 = k23F*y(11)*v(29)"2:
b23 = k23b*y(3)*v(26):
£24 = K24f*y(11):

524 = K24b*y(7)*v(26):
£25 = kK25P5(12)*y(29)"2:
525 = K25b*y(11)*y(26):
£26 = k26F*y(16)*v(29):
526 = K26b*y(12)*y(26):
£27 = K27Fy(12)*v(29)"2:
527 = K27b*y(4)*v(26):
£28 = k28 (15)*v(29)2:
b28 = K28b*y(14)*y(26):
£29 = kK29f*y(14):

529 = k29b%y(12)*y(24):
£30 = k30F*y(14)*v(29)"2:
30 = k30b*y(18)*v(26):
£31 = k31F*y(19)*v(29)"2:
b31 = k3 1b*y(18)*y(26):
£32 = k32F*y(19)*v(29)"2:
532 = k32b*y(11)*y(25):
£33 = k33F*y(18):

33 = k33b*y(11)*y(24):
£34 = k34P*y(18)*v(29):
b34 = k34b*y(9)*v(26):
£35 = k35£*y(10)*v(29):
b35 = k35b*y(9)*v(26):
£36 = k36£%y(10):

b36 = k36b*y(7)*v(25):
£37 = K37E*y(6)*y(29)"2:
b37 = k37b*y(3)*v(25):
£38 = k38F*y(9):

b38 = k38b*v()*v(24)*v(29);

£39 = k39F*y(25):

539 = k309b*y(24)*y(26):
£40 = k40F*v(25):

b40 = k40b*y(23)*y(28):
£41 = k41 Py (27)*v(29):
b41 = k4 1b*y(28)*y(26):
£42 = k42£*Pch3ch3*y(29):
b42 = k42b*y(16):
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f43 = k43f*Pch2ch2 *v(29)"2;

b3 = k43b*v(4);

144 = k44*Ph2o*v(29);

bdd = kddb*v(27);

f45 = kd5f*Pco2 *v(29);

bds = kd5b*y(24);

46 = kd6f*Pchch*v(29)"3;

bd6 = kdbb*y(20);

47 = kd7f*Pco™*y(29);

bd7 =kdTb*v(23);

48 = k48*Ph2*v(29)"2;

b48 = kd48b*v(26)%v(26);

49 = k49f*Pc4hBo2 *y(29);

b49 = k49b*y(1};

0l 23 567 890101011 12 013 114 £15 016 117 118 £19 1020 £21 22 123 124 £25 126
27 28 29 (30 131 132 133 34 135 136 037 w38 139 140 141 £42 £43 r44 145 146 147 r48 r49];
£=[{0 f1 £2 £3 f4 £ fb £7 8 2 £10 £11 £12 £13 f14 £f15 fl6 £17 f18 £19 £20 £21 £22 £23 £24 £25 26
f27 £28 £29 30 £31 £32 {33 34 {35 {36 37 £38 {39 f40 41 £42 £43 44 £45 46 47 48 £49];
b=[b0bl b2 b3 b4 b5 b6 b7 bEBIb10b11 b12b13 b14 b15bl6bI7 bI8 b19b20 b21 22 b23 b24
b23 b26 b27 b28 b29 b30 b31 b32 b33 b34 b35 b36 b37 b3E b39 b40 b4l b42 b43 bdd bd> bd6
b47 b48 b49];

=r'’;

Yecoverage

filelD = fopen('coverage''a");
fmt = "%5d\r'a’;
fprintf{filelD_fint.v);
felose(filelD);

%eRate for each iteration
rate = fopen('rate’.'a");
frate=fopen('frate'.'a");
brate=fopen("brate'.'a");
fint = '"%5d'r'n’;
fprintfirate fmt r);
fprintf(frate fmt 1);
fprintf{brate fint_ b);
felose(rate);
felose(frate);
fclose(brate);
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%2TOF for each iteration
PAC rate=fopen(TOF' 'a'});
PAC _TOF=rl1+r2+128;

fmt = "%%5d'r'n’;

fprntf(PAC _rate fmt PAC_TOF):

felose(PAC rate);
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