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Why use CATKINAS?

e Simple, but powerful:

1. Generalized framework, simple inputs, easy to use

2. Efficient handling of large reaction mechanisms

3. Multi-level efficient and stable solver for steady-state

4. Multi-functional analyzer for reaction mechanisms and paths

5. Multi-dimensional simulation for catalyst descriptor and reaction condition

Free for educational and academic purposes



Getting Started

* How to install?
Run in MATLAB (version >R2014a)
No additional installation is required!

 How to run?

1. Start MATLAB, and at the prompt type: CATKINAS INPUT

2. Run in the background, save command "CATKINAS INPUT" to the file: Main.m
and run the following command in the shell and cmd window, respectively:

nohup MATLABPATH/matlab <Main.m> print-out &
"MATLABPATH\matlab.exe" -nodesktop -nodisplay -nosplash -r "run('Main")"
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Input/Output files

o CATKINAS Dbasic input files:

1. CATKINAS.In: parameters for simulation, solution and visualization
2. Thermodynamics.data (optional): Thermodynamics data for energy correction

o CATKINAS basic output files:

1. log: run result log in text format (log_parsum for parallel)

2. data.mat: run result data in matrix format

3. fig: visualization result for activity, coverage, reversibility, degree of rate control,
energy profile, flow chart, etc.
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% run with the command: CATLAB('INCAR'), CATLAB INCAR or Main
%
%% Input
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INCAR is the innut file which contains the reaction mechanisms and reaction conditions

rand 1 SOMPLER "o seperation R AE 22 /1 AR

From the reaciion mecnanism equations to the kinetic equations

examples :

i Enengp—imputt [ Ea G0  ]/[Ea(scaling);G@(scaling)]/[ Ea(BEP) GB(scaling)]
01}: H2 + 2#1 <-> 2H#1 [ .27 -0.20 ]/[ A1 B ;al b 1/[ A1 B al b ]
02}: 02 + 20#2 <-> 20#2 [ 0.85 0.47 ]/[ for one Energy mode ]/[ for one Energy mode ]
©3}: H#1 + O#2 <-> #1 + OH#2 [ 1.18 1.09 /[ Al A2 B ; al a2 b ]J/[ Al B al a2 b ]
04%}: H#1 + OH#2 <-> #1 + #2 + H20 [ 1.18 1.09 ]/[ for two Energies mode ]/[ for two Energies mode]

L TUl DJ.I.E L, E-E-, #J. ol DJ.LE 4L
forward and reverse reaction are separated by <-> ,

and use it as an identifier for the reaction mechanism equations
H2, 02, H20 for gas species
H#1, O#2, OH#2 for adsorbed species
Species(p) : relative pressure item of Species in rate equation
Species(c) : relative concentration item of Species in rate equation
format : variable = value; Or matlab command;

Istart : start from a previous run with new parameters setting or not :

npar : process number for parallel computing

runid : assign to the runid-th run : 1... , the last unfinished %gﬂ*]ﬁﬁﬂ

Ndigits : digits for calculation in modified Newton Methods

TryMode : try modified newton Method in Mupad/Matlab: ©/1

MaxTime : maximum time for each newton try : s

MaxOdeTime : maximum time for each ode simulation try : s

TimeMode : auto increase the MaxTime for each PSO generation iteration or not : 1/@

SaveMode : save all the data in double or sym : 0/1

SaveFreq : save frequency for every N sample runs : 1

SkipMode : never skip the solution found by modified Newton Methods, or skip if it contains any/all zeros : 0/1/2

CheckMode : check the reaction thermodynamics, none/first/always : 0/1/2

TryOrderList : try order list of methods to get the initial guesses for modified Newton Method :
initial state(and neighbor state if available)/hybrid Newtomn and time-integation procedure(alternately)/
particle swarm optimization/reaction boundarv condition/numeric::solve method : Init/ODE(2)/PSO/Boundary/solve
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_Species : eaction 1 1n equilibrium to solve X 5Species, X: Q/!l

Energy input ways :
1. provide matlab function for calculating Ea/G® by setting fun2GetGE = @funName
2. provide Ea/GO beside reaction mechanism [Ea, G@]/[Ea(scaling) GO(scaling)]/[Ea(BEP) GB(scaling)]
3. provide Ea/G@ directly by setting Ea = [Eal, Ea2...]/[Ea(scaling)’'...]/[Ea(BEP)'...], GO = ...
CalMode : calculate mode : @ for single, >= 1 for curve, >= 2 for map
E1/E2 : energy (range) for descriptor
Available ranges : E(1/2)/T/P/C/Vgt/V1t : energy(1l/2)/temperature/pressure/concentration/gas/liquid volume flow rate
range for descriptor, which are labeled 0/1/2/3/4/5, respectively
fun2E1/fun2E2 : A provided matlab function for calculating new E1 based on origin E1(for coverage effect etc.) :
fun2El1 = @funName,i.e. E1 = funName(El), or fun2El = @(E1l) E1 + 0.2*Q1_I directly
when CalMode »>= 1, curve: E1 : 1.0; T : 1.1; P : 1.2; C : 1.3; Vgt: 1.4; Vit: 1.5
when CalMode >= 2, map: El, E2 : 2.00; E1, T : 2.01; E1, P : 2.02; E1, C : 2.03
E1l, Vgt: 2.04; E1, V1t: 2.05; T , P : 2.12; T, C : 2.13; T, Vgt: 2.14; T , Vlt: 2.15
P, C :2.23; P, Vgt: 2.24; P, VIt: 2.25; C , Vgt: 2.34; C , Vlt: 2.35; Vgt,Vlt: 2.45
fun2GetGE : A provided matlab function for calculating Ea and GO : fun2GetGE = @funName,i.e. [Ea, GO] = funName(varl,var2), ﬁlﬁ%ﬁ)\
where [Ea, GO] = funName() for single, [Ea, GO] = funName(E1l) for curve and [Ea, G®] = funName(El, E2) for map; B “
Ea : energy barriers of each reaction for single, v » eaction) and map(3/2*Nreaction);
GO : Gibbs free energy of each reaction for single ﬁh%%ﬁ\ mﬁ#&m ction) and map(3*Nreaction);
BEPMode : barrier input mode in scaling/BEP relat........ > seee ot eemymapres ca, o« weew OF @alpha*G@ + beta : 1/0

B Readm

ThermoMode : thermodynamics correction mode for reactant/product species with
none/dH/dH-TdS/dH-TdS+ZPE/-TdS/-TdS+ZPE/ZPE/dH+ZPE : ©/1/2/3/4/5/6/7
BarrierMode : barrier correction mode for adsorption/desorption reaction by none/
thermodynamics(TD)/transition-state theory(TST)/collision theory(CT) : -2/-1/0~1/2
ConsMode: mode for barrier constained, i.e. larger than none/©/E0Q/GO/(©,EQ)/(0,G0)/(E0,GO)/All : ©/1/2/3/4/5/6/7
: : Z,
Mr_Species : relative molecular mass for CT calculation, the value shoud be set
when species with a nonstandard chemical formula, or set the value to be -2/-1/0~1
to shift the species adsorption/desorption to none/TD/TST procedure
Thermo_Species : thermodynamics parameters for the Species, which is not in the database or overwrite it
Thermo_Species [dGc]; n = 1; dGc : free energy correction for species
[G, HO, ZPE]; 1 < n <= 3; G = H® + CpT - TdS; dGc = G - HO;
[H, HO, CpT, TdS, ZPE, Ef]; 3 < n <= 6; Ef : formation energy
[A, B, C, D, E, F, G, H, freqi, Ef]; n > 7; A-H : shomate equation parameters,
fregi : frequency (cm”~-1) for calclating ZPE
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SimValue : cut off value of reaction rate to simplify the reaction energy profile and flow dlagram :
CompMode : compare the reaction energy profile and flow diagram in same/self ranges : 1/0

Q0 : initial coverage state
T : temperature of the reaction
CalcDRC : calculate the degree of rate control or not : 1/0

set the reaction condition or freeze all the reactant and product pressure/concentration
Ns : number of active site : mol;

Ps : total relative pressure of gas : bar }iE\Z%rf&F
Ng : total number of the gas molecular : mol N
Vgt: rate of gas volume flow : m”~3/h

Cs : total relative concentration of liquid : mol/L

N1 : total number of the liquid molecular : mol

V1t: rate of liquid volume flow : m”*3/h

P_Species : relative pressure of the Species

C _Species : relative concentration of the Species

Qi_Species : relative coverage of the Species at site i, v for vacancy

Q_Species : relative coverage of the Species for only one site case (#)

X_Species_INIT : the initial Species parameters X: P C Q/Qi

X_Species_FROZ : freeze the Species parameters X: P C

X Species RATE : sampling rate among pressures/concentrations for the Species parameters X: P C

X:Species:EQUI : deal with Reaction i in equilibrium to solve X_Species, X: Q/Qi ﬁm%ﬂ
Energy input ways

o . - - - b NI N
1. provide matlab function for calculating Ea/G@® by setting fun2GetGE = @funName B i&ﬂl N

2. provide Ea/G@ beside reaction mechanism [Ea, GO@]/[Ea(scaling) G@(scaling)]/[Ea(BEP)

3. provide Ea/G@® directly by setting Ea = [Eal, Ea2...]/[Ea(scaling)'...]/[Ea(BEP)'...] %ﬁ‘ ﬁﬁ&;é‘ﬁ:&

CalMode : calculate mode : @ for single, >= 1 for curve, >= 2 for map

E1/E2 : energy (range or descriptor
Available ranges : E(1/2)/T/P/C/Vgt/V1t : energy(1l/2)/temperature/pressure/concentration/gas/liquid volume flow rate

range for descrlptor which are labeled 0/1/2/3/4/5 respectlvely

ZEL/TUNZEZ |

e d
fun2El = @FunName i.e. FunName(El), or Fun2E1 @(El) E1 + 0.2%Q1_I dlrectly
when CalMode »>= 1, curve: E1 : 1.0; T : 1 1; P :1.2; C : 1.3; vgt: 1.4; V1t: 1.5
when CalMode >= 2, map: El, E2 : 2.00; E1, T : 2.01; E1, P : 2.02; E1, C : 2.83
E1l, Vgt: 2.04; E1, VIt: 2.05; T , P : 2.12; T, C : 2.13; T, Vgt: 2.14; T , VIt: 2.15
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Istart : start from a previous run with new parameters setting or not : 1/0

npar : process number for parallel computing

runid : assign to the runid-th run : 1... , the last unfinished one for default

Ndigits : digits for calculation in modified Newton Methods

TryMode : try modified newton Method in Mupad/Matlab: @/1 -

MaxTime : maximum time for each newton try : s mﬁ%*%

MaxOdeTime : maximum time for each ode simulation try : s

TimeMode : auto increase the MaxTime for each PSO generation iteration or not : 1/@

SaveMode : save all the data in double or sym : 9/1

SaveFreq : save frequency for every N sample runs : 1

SkipMode : never skip the solution found by modified Newton Methods, or skip if it contains any/all zeros : 0/1/2

CheckMode : check the reaction thermodynamics, none/first/always : 0/1/2

TryOrderList : try order list of methods to get the initial guesses for modified Newton Method :
initial state(and neighbor state if available)/hybrid Newtomn and time-integation procedure(alternately)/
particle swarm optimization/reaction boundary condition/numeric::solve method : Init/ODE(2)/PSO/Boundary/solve
TryOrderList = {'Init','ODE','ODE2','PSO', 'Boundary', 'solve'};

: [0 1]
PlotType : plot the reaction curve/map, energy profile, flow diagram and ode simulation,
none/[curve/map]/profile/diagram/ode simulation/all/[1 ... 4] : ©/1/2/3/4/5/[specific]
PlotMode : plot the reaction energy profile, flow diagram and ode simulation, none/first/always/[1 ... n] : @/1/inf/[specific]

ProfMode : plot the reaction energy profile in types of reaction total energy, standard free Gibbs energy, free Gibbs energy,
steady free Gibbs energy or all, ©/1/2/3/4

PlotList : assigned reaction results to plot : The reaction Rate/Select’ - T rerage/Apparent barrier/
Degree Rate Control of Barrier/Intermediate/[Pressure/Concen %ﬁﬁﬂm% L/E2] :
Ri/Si_j/Zi/Yi/Xi_j/Ii_j/PCi_j/Gi_j, i/j are assigned index/T! inations, e.g.
PlotList = {'R1+1/2%2-3",'S1+42 3+4','Z-2-0.3*1+5"','Y1+2+3',"'E3", 'X-2-3*1+5 1+2%*2-3",'I5 2','PC1_3',,'G1l_3'};

PathOrder : assign reaction path orders list for energy profiles: PathOrder = {[1 2 3],[1 4]}

PathCoord : assign reaction path coordinations list for energy profiles: PathCoord = {[1 2 3],[1 3]}

PathScale : assign reaction path scales list for energy profiles: PathScale = {[1 2 1/2],[1 -1]}

FigMode : save the output figures format as .fig/.png/both : 1/2/3

SimMode : simplify the reaction energy profile and flow diagram with and without reaction sites : 1/0@

SimValue : cut off value of reaction rate to simplify the reaction energy profile and flow diagram : ©.05

CompMode : compare the reaction energy profile and flow diagram in same/self ranges : 1/0

Q0 : initial coverage state

T : temperature of the reaction %ﬁj%ﬁ
CalcDRC : calculate the degree of rate control or not : 1/0 22>
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. 3 + O = 0. J. OO O,
[2500 00 6000. 00], AH = [ 43 413560 -4,293079, 1.272428, -0.096876, —20 533862 —38 515158 162 081354 0 000000],
Or set Thermodynamlcs_data cell in file Thermodynamics_data.mat,
such as Thermodynamics data{l} with fields of
ChemForm: 'H2'
form_energy: [ -0.272839]
frequencies: 4401

%

%

%

%

%

%

% temperature: [3x2 double] ﬁﬂji{q:*ﬂﬁ%

% parameters: [3x8 double] Name -

% All the input energy in eV unit i+ figl

% parl

of Output
% | all results are in result_INCAR directory doneid_1

%) logi : run log file INPUT_WD4_1

% | datai.mat : calculation output results file Togl

% | you can load the data by matlab command: load('datai.mat') logl finished

% | where R : the reaction forward/reverse/net rate, size : Nsample*Nreaction*3 logl parsum

% Rnet : the reaction net rate, size : Nsample*Nreaction EOMH:mt

% Z : the reaction reversibility, size : Nsample*Nreaction '

% y : the coverage of species, size : Nsample*Nspecies S L =
% dF : the logl@(residue) of steady-state equation, size : Nsample*Nspecies EName Value

% Eapp : the apparent reaction barrier, size : Nsample*Nreaction ©TRnet <121x14 double> ~
%| Eao/Ean : the original/corrected reaction barrier, size : Nsample*Nreaction HERnets {121x4 double>

% G@o/GOn : the original/corrected reaction Gibbs energy, size : Nsample*Nreaction @R <121x14x3 double>

% kf/kr : the reaction forward/reverse rate constant, size : Nsample*Nreaction B7 ¢191x14 double>

% DRC_X : the degree of rate control of barrier, size : Nsample*Nbarrier*Nreaction my (191x14 double>

% DRC_I : the degree of rate control of intermediate, size : Nsample*Nsurspecies*Nreaction = Eapp <191x14 double>

% DRC_PC : the degree of rate control of pressure/concentration, size : Nsample*Nglspecies*Nreaction = Eapps 19154 double>

% DRC_G : the degree of rate control of descriptor E1/E2, size : Nsample*NEdescriptors*Nreaction

% | Base on reactants/products a0 <121x14 double>

% Rnets : the reaction net rate, size : Nsample*Nglspecies HG00 K121x14 double,

% Eapps : the apparent reaction barrier, size : Nsample*Nglspecies EiEan <121x14 double>

% DRC_Xs : the degree of rate control of barrier, size : Nsample*Nbarrier*Nglspecies E60n <121x14 double>

% DRC_Is : the degree of rate control of intermediate, size : Nsample*Nsurspecies*Nglspecies BkE {121x14 double>

%] DRC_PCs : the degree of rate control of pressure/concentration, size : Nsample*Nglspecies*Nglspecies Bkr <121x14 double>

% DRC_Gs : the degree of rate control of descriptor E1/E2, size : Nsample*NEdescriptors*Nglspecies fparams <121x4 double>

% | pari : parallel computing folder 17/18 HdrF {121x14 double> v
% | figi : figure folder for calculating reaction curve/map, energy profile, flow diagram and ode simulation




Example: Ammonia synthesis

() %WD

OIOxCYLCD.

Requirements

1. Reaction mechanism

2. Reaction energy

3. Reaction condition

4, Control parameter (Optional)



Reaction mechanism

Reaction Energy

P _H2 FROZ = 75;
P_N2_FROZ = 25;
P_NH3 _FROZ = 1,
Q_v_INIT = 1,

% H2 pressure
% N2 pressure
% NH3 pressure,

ThermoMode = 4;
BarrierMode = 1;
Mr NH3 = -2;
npar = 8;

%(x) :_for note Energv input: [ Ea | HO ]

(1):| H2 + 2#  <-> 2H# [ 1.209 -0.757 ]

(2) | N2 + 2t <> ON# [ 0.658 -1.175 ]

(3):| N# + Ht <> NH# + # [ 1.429 -0.083 ]

(4) ;| NH# + H# <—> NH2# + # [ 1.592 -0.158 ]

(5) ;| NH2# + H# <—> NH3 + 2# [ 1.986 1.435 ]
CalcDRC = 1; % calculate the degree of rate control
T = 673; % reaction temperature

Reaction condition
1% coversion

% initial coverage of free site

% only include entropy correction

%
%
%

deal the adsorption with collision theory
the barrier of the NH3 desorption is used by given
the process number for parallel computing
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03} :
04} :
05;:
06 :
07;:
08; :
09; :
0} :
: Obr0 minusz2 + hole(c) <—> 02(p) + Ovacz2
: H20(c) + Ovac#2 <—> H20#2

35
4; :

%% S AILER

%{xx) :

for note
H20(c) + #1 <—> OH minustl + proton(c)
OH minus#l + hole(c) <> OH rad#l
OH rad#l <-> 0 _minusZl + proton(c)
0 minus#l + O minusZl <-> 02 2minusZl + Z1
02_2minus#l + hole(ec) <-> 02_minusl
02 minus#l + hole(c) <=> 02(p) + #1
#2 + hole(e) <> Obr_minus#2
Obr_minus#2 + OH_rad#l <—> ObrOH minus#2 + #1
ObrOH_minusz2 + hole(c) <-> ObrOHZ2
ObrOHE2 <-> Obr0_minus#2 + proton(c)

H2022 <-> OH minus#2 + proton(c)
OH minus#2 <-» 22 + proton(c)

Energy input:

JS2 N HE A R N A

[Ea(scaling) ;GO(scaling)]/[ Ea(BEP)
L11
.19

[ 1.00 0.00; 0.00
[ 0.00 0.25; 0.00
[ 0.00 0.41; 0.00
[ 0.00 0.24; 0.00
[ 0.00 0.25; 0.00
[ 0.00 0.25; 0.00
[ 0.00 0.25; 0.00
[ 0.00 0.32 0.00
[ 0.00 0.25; 0.00
[ 0.00 0.23; 0.00
[ 0.00 0.25; 0.00
[ 0.00 0.00; 0.00
[ 0.00 0.32; 0.00
[ 0.00 0.37 0.00

S

-
9]

w
[$2 ey |

(o]

.13

.62
.22
.18
.27
.91
.11
.25

S T T T TN T

GO(scaling) ]

W S WA

T = 300;
Q0 = [1 1];
C _H20 INIT = 0;

C_hole_INIT = 1E-9;
C_proton_INIT = 0;
C_H20_FROZ = 1;
C_hole_FROZ = 1E-9;

C proton FROZ = le-T;
P_02_FROZ = 1le-T7;
Q1_v_INIT = 1;
Q2_v_INIT = 1;

% 17 ] 2 H

npar = 32;
Ndigits = 1000;
MaxTime = 30;
CalcDRC = 0;

CheckMode = 1;
ThermoMode = 0;
BarrierMode = -2:
ConsMode = 5;

E1 = [0:0.15:1.5];
C=10. " [-10:1:0];

PlotMode = [1:5:121];

PlotType = 5;
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103 Keaction : 1l : holelliqg) + %2 <=2 Ubr_minusiZ ||
104 + RT ~

105 Q2_Obr _minus = C_hole*Q2_vizT+Keq(7)

106 Reaction : 12 : H20(lig) + 4 hole(liq) + 82 <-> 02(gas) + 2 proton(liq) + Ovac#2

107 + Rl + R2 + R7T + R8 + R9 + R10 + R11

108 Q2_Ovac = (C_H20%C_hole 4#Q2_v#zl#z2¥zTHz 8%z 94z 10%z11 %égﬁ\\ﬁ Keq (9) #Keq (10) #Keq (11) ) / (C_proton” 2:#P_02)
109 Reversibility relations Summary: .

110 zt(1) = z1 2:#z2 2%z3 2#zd#zh#z6 = (C_proton 4#P_02)/(C_H20 2:#C_hole 4#Keq (1) “2:#Keq(2) "2:#Keq(3) “2:#Keq (4) #Keq (5) #Keq (6) )
RS L L AN ARV ARV ARE APAACAE T SIT RUDI T EE I LI M e 5 a5 s E NES / E

113 Coverage relations Summary:

114 Q1_02 2minus = (C_H20 2#C_hole 2#Q1_ vzl 2:#z2 2%z3 2#z4#Keq (1) "2#Keq (2) "2#Keq (3) "2#Keq (4)) /C_proton 4

114 Q1_02 minus = (C_H20 2#C_hole 3#Q1_vi#zl 2%z2 2:#z3 2#zdizbsKeq (1)  2:#Keq(2) "2:#Keq(3) "2:#Keq (4)#Keq(5)) /C_proton 4

114 QI_OH minus = (C_H20#Q1_v#*zl*Keq(1))/C_proton

114 Q1_OH rad = (C_H20%C_hole*Ql v*zl#z2*Keq(1)*Keq(2))/C_proton

114 Q1_0 minus = (C_H20#C_hole*Ql_wvizl#z2#z3#Keq (1) #Keq (2)#Keq(3))/C_proton 2

114 Q2_H20 = (C_H20 2#C_hole 4#Q2_vi#zl#z2#zT#z8#z9%z10%z11%2z12%Keq (1) #Keq (2) #Keq (7) #Keq (8) #Keq (9) #Keq (10) #Keq (11) #Keq (12) ) / (C_proton 2#P_02)

119 Q2_O0H minus = (C_H20 2:#C_hole 4:#Q2 vizl#z2#zTHz8kz9#z10%z11%z12%213%Keq (1) #Keq (2) #Keq (7) #Keq (8) #Keq (9) #Keq (10) #Keq (11) #Keq (12) #Keq(13) ) / (C_proton 3#P_02)
120 Q2_0brOH = (C_H20%C_hole 3#Q2_vi#zl#z2:#zT#z8%z9*Keq (1) #Keq (2) #Keq (7) #Keq (8) #Keq (9) ) /C_proton

120 Q2_0ObrOH minus = (C_H20%C_hole 2#Q2_vi#zl#z2:#zT#z8#Keq (1)#Keq (2)#Keq(7)#Keq(8))/C_proton

124 Q2_0br0 _minus = (C_H20#C_hole 3#Q2_vi#zl#z2:#zTHz8%kz9%z10#Keq (1) #Keq (2) #Keq (7) #Keq (8) #Keq (9) #Keq (10) ) /C_proton 2

124 Q2_Obr _minus = C_hole*Q2_vizT+Keq (7)

124 Q2_Ovac = (C_H20#C_hole 4:#Q2_ vi#zl#z2:#zTHz8%kz9%z10%z11%Keq (1) #Keq (2) #Keq (7) #Keq (8) #Keq (9) #Keq (10) #Keq (11) ) / (C_proton 2#P_02)

124 Coverage expressions:

12 Q1 v = 1/((C_H20#z1#Keq (1)) /C_proton + (C_H20#C_hole*zl#z2#Keq(1)#Keq(2))/C_proton + (C_H20#C_hole¥zl#z2%z3%Keq (1)#Keq(2)#Keq(3))/C_proton 2 + (C_H20 2#C_hole 2%zl 2:#z2 2%z3 2#z4#Keq (1) "2#Keq(2) "B#Keq(3) "2
120 Q2_v = 1/(C_hole*z7#Keq(7) + (C_H20%C_hole 2%z1%z2%zT#z8%Keq (1)#Keq(2)#Keq(7)#Keq(8))/C_proton + (C_H20%C_hole 3#zl#z24zT#z8%z9%Keq (1)#Keq (2)#Keq(7)#Keq(8)#Keq(9))/C_proton + (C_H20%#C_hole 3#zl#zpszT4z84%z<
i i .

129 zl = (C_proton®*Ql_OH minus)/(C_H20%Q1_v+*Keq (1))
130 z2 = Q1_OH rad/(C_hole*Ql_OH minus*Keq(2))

131 z3 = (C_proton*Ql_0_minus)/(Ql_OH_rad*Keq(3))
132 z4 = (Q1_v#Q1_02_2minus)/(Q1_0_minus 2#Keq(4))
133 25 = Q1 02 minus/(C hole*Ql 02 2Zminus#Keq (5)) v
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128 JReversibility expressions: 181 The rate equations of every reaction : A
129 fz1 = (C_proton*Ql_OH_minus)/(C_H20+Q1_v#Keq (1)) 182 r(1) = C_H20%Q1_v#kf (1) — C_proton*Ql_OH_minus#kr (1)
130 §z2 = Q1_OH_rad/(C_hole*Ql_OH_minus*Keq(2)) 183 1(2) = C_hole*Ql_OH_minus#*kf (2) — Q1_OH_rad#kr(2)
131 §z3 = (C_proton*Q1_0_minus)/(Q1_OH_rad*Keq(3)) 184 1(3) = Q1_OH_rad+#kf(3) — C_proton*Ql_0_minus#kr (3)
132 §z4 = (Q1_v*Q1_02_2minus)/ (Q1_0_minus” 2#Keq (4)) 185 r(4) = Q1_0_minus " 2#kf(4) — Q1_v#Q1_02_2minus¥kr (4)
133 |25 = Q1_02_minus/ (C_hole*Ql_02_2minus*Keq (5)) m‘iﬁgg /L\\ﬁ 186 r(5) = C_hole*Ql 02 2minus*kf(5) — Q1_02_minuskr (5)
134 §z6 = (P_02#Q1_v)/(C_hole*Q1_02_minus*Keq (6)) 187 1(6) = C_hole*Ql_02_minus#*kf (6) — P_02#Q1_v#kr (6)
135 §z7 = Q2_Obr_minus/ (C_hole*Q2_v#Keq (7)) 188 1(7) = C_hole*Q2_v#kf (7) — Q2_Obr_minus¥kr (7)
136 §z8 = (Q1_v+Q2_0ObrOH_minus)/(Q1_OH_rad+Q2_Obr_minus#Keq(8)) 189 r(8) = Q1_OH_rad#Q2_Obr_minus#kf (8) — QI_v#Q2_ObrOH_minus#kr (8)
137 §z9 = Q2_0brOH/ (C_hole*Q2_ObrOH_minus*Keq(9)) 190 1(9) = C_hole*Q2_ObrOH_minus#*kf (9) — Q2_ObrOH#kr (9)
138 §z10 = (C_proton*Q2_0br0_minus)/(Q2_ObrOH:*Keq (10)) 191 1(10) = Q2_ObrOH#kf (10) — C_proton*Q2_0br0_minuskr (10)
139 Jz11 = (P_02#Q2_Ovac)/ (C_hole*Q2_Obr0_minus*Keq(11)) N \ 192 r(11) = C_hole*Q2_0br0_minus#kf (11) - P_02#Q2_Ovac#kr (11)
140 | z12 = Q2_H20/ (C_H20#Q2_Ovac*Keq(12)) ﬁ%i@ﬁﬁ 193 r(12) = C_H20%Q2_Ovac+kf (12) — Q2_H20%kr (12)
141 §z13 = (C_proton*Q2_0H_minus) / (Q2_H20%Keq (13)) 194 r(13) = Q2_H20%#kf(13) - C_proton#Q2_OH_minus#kr (13)
142 fz14 = (C_proton*Q2_v)/(Q2_OH_minus+*Keq(14)) 195 r(14) = Q2_OH_minus¥kf (14) — C_proton*Q2_vikr (14)

143 Reaction rates:

144 fr(1) = —C_H20+Q1_v+kf (1)*(zl - 1)

145 Jr(2) = —(C_H20%C_hole*Ql_v*zl#Keq (1)#kf (2)*(z2 — 1))/C_proton

146 fr(3) = —(C_H20%C_hole*Ql_v#zl#z2+Keq (1) *Keq(2)#kf (3)*(z3 — 1)) /C_proton

147 fr(4) = —(C_H20 2%C_hole 2#Ql_v 2%zl 2%z2 2%z3 2#Keq (1) "2#Keq (2) "2#Keq (3) "2%kf (4)*(z4 - 1))/C_proton 4

148 fr(5) = —(C_H20 2%C_hole 3#Ql_v#zl 2%z2 2%z3 2#zd*Keq (1) “2#Keq(2) "2#Keq(3) "2#Keq (4) *kf (5)*(z5 — 1)) /C_proton 4

149 fr(6) = —(C_H20 2#C_hole 4#Ql_v#*zl 2%z2 2%z3 2kzd*z5+Keq (1) "2#Keq(2) “2#Keq (3) “2#Keq (4) *Keq (5) #kf (6)* (z6 — 1)) /C_proton 4

150 Jr(7) = —C_hole*Q2_v+kf (7)=*(z7 - 1)

151 fr(8) = —(C_H20%C_hole 2#Q1_v#Q2_v#zl#z2%z7+Keq (1) *Keq (2) #Keq (7)#kf (8)* (28 — 1)) /C_proton

152 fr(9) = —(C_H20%C_hole 3#Q2_v#zl#z2#zT+z8+Keq (1) *Keq (2)*Keq (7) *Keq (8) #kf (9)*(z9 - 1)) /C_proton

153 Jr(10) = —(C_H20%C_hole 3#Q2_vkzl*z2%z7+z8%z9*Keq (1) *Keq (2) *Keq (7) *Keq (8) *Keq (9) *kf (10) *(z10 — 1)) /C_proton

154 Jr(11) = —(C_H20%C_hole 4#Q2_v¥zl*z2%zT+z8%z9%z10%Keq (1) *Keq (2) #*Keq (7) #Keq (8) *#Keq (9) #Keq (10) #kf (11) * (z11 - 1)) /C_proton 2

155 fr(12) = —(C_H20 2%C_hole 4#Q2_v#zl#z2+zT+z8%z9%z10%z11%Keq (1) *Keq (2) #Keq (7) #Keq (8) *Keq (9) #Keq (10) #Keq (11) #kf (12)#(z12 - 1)) /(C_proton 2#P_02)

156 Jr(13) = —(C_H20 2%C_hole 4#Q2_v#zl#z2#zT+z8%z9%z10%z11%z12+Keq (1) *Keq (2) #Keq (7) #*Keq (8) #Keq (9) #Keq (10) #Keq (11) #Keq (12) #kf (13)* (z13 - 1))/ (C_proton 2#P_02)
157 fr(14) = —(C_H20 2%C_hole 4#Q2_v#zl#z2+zT+z8%z9%z10%z11%z12%z13%Keq (1) #Keq (2) *Keq (7) #Keq (8) *Keq (9) #Keq (10) #Keq (11) *Keq (12) *Keq (13) #kf (14) #(z14 — 1))/ (C_proton 3#P_02) v
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157 1(14) = —(C_H20 2%C_hole 4#Q2_v#zl#z2+zT#z8*z9%z (2) *Keq (7) *Keq (8) *Keq (9) #Keq (10) *Keq (11) #Keq (12) #Keq (13) *kf (14) % (z14 - 1))/ (C_proton 3*P_02) N

RSTE

159 Try to generate the kinetic rate equations in myl _ Voo

160

161 JThe equations based on rate of every reaction :

162 §dQ1_02_2minus/dt = r(4) - r(5)

163 §dQl_02_minus/dt = r(5) - r(6)

164 §dQl_OH minus/dt = r(1) - r(2)

165 |dQ1_OH_rad/dt = v(2) - r(3) - r(8)

166 §dQ1_0 minus/dt = r(3) - 2%r(4)

167 §dQl_v/dt = r(4) - r(1) + r(6) + r(8)

168 Jdq2_H20/dt = r(12) - r(13)

169 §dQ2_OH minus/dt = r(13) - r(14)

170 |dQ2_0brOH/dt = r(9) - r(10)

171 §dQ2_ObrOH_minus/dt = r(8) — r(9)

172 §dQ2_0br0 minus/dt = r(10) - r(11)

173 §dQ2_0Obr_minus/dt = r(7) - r(8)

174 §dQ2_Ovac/dt = r(11) - r(12)

175 |de2_v/dt = r(14) - r(D)

176 §dC_H20/dt = —(Cs* (Nss#r (1) + Ne#r(12) + CO=NA%VIts* (C_H20 — Co_H20))) /N1

177 §dC_hole/dt = —(Cs* (Ns#r(2) + Ns#r(5) + Ns#r(6) + Ng*r(7) + Ns*r(9) + Ns#r(11) + CO*NA*V1t*(C_hole — Co_hole))) /N1
178 §dC_proton/dt = (Cs* (Ns#r(1) + Ns#r(3) + Ns#r(10) + Ns*r(13) + Ns#r(14) - CO*NA#VIt*(C_proton — Co_proton))) /N1
179 §dP_02/dt = (Ps*(Ns#r(6) + Ne*r(11) — (PO*Vgt#(P_02 — Po_02))/(T*kB))) /Ng

180
181 The rate equations of every reaction :

182 r(1) = C_H20#Q1_w#kf (1) - C_proton*Ql OH minus#*kr (1)

183 r(2) = C_hole*Ql_OH minus*kf(2) — Q1_OH_rad#kr(2)

184 r(3) = Q1_OH rad+kf(3) - C_proton*Ql_0 minus¥kr(3)

185 1r(4) = Q1_0_minus 2#kf(4) — Ql_v#Q1l_02_2minus#kr (4)

186 r(5) = C_hole*Ql_02_ 2minus*kf (5) - Q1_02_minus*kr (5) v
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480 The maximum available cpu in this computer is only 8, reset npar = 8 R

48
484 fSolve the reaction kinetics ...

489 lProgress : [ ] ﬁﬁ#*ﬁg
484 fRatio . 121/ 121; Percent : 100%; Used Time : 00:02:47; Left Time : 00:00:00

487
48@ | Plot the reaction result ...

487 | Progress : [ : Aﬁ%ﬂﬁ‘ri %%g m‘ﬁ}:@
48 Ratio : 32/ 32:; Percent : 100%; Used Time : 00:00:30; Left Time : 00:00:00 - h) ) X

48
49 The possible reaction pathways :
499 fTotal Rection(s):

498 NReaction : 1 : 2 H20(liq) + 4 hole(lig) <> 02(gas) + 4 proton(liq)

49 +2RIL+2R2+2R3+R4+Rb+R6 ﬁj%}iﬂz%%
494 NReaction : 2 : 2 H20(liq) + 4 hole(lig) <> 02(gas) + 4 proton(liq)
493 + Rl + R2 + R7 + R8 + R9 + R10 + R11 + R12 + R13 + R14
494
499 IPlot the reaction energy profile ...
494 | Progress : [ ] %f_ﬁu }i}i\Z%‘ ﬁ% @
49 Ratio : 11/ 11; Percent : 100%; Used Time : 00:00:07; Left Time : 00:00:00 .
50
50 Plot the reaction flow diagram ...
504 fProgress : [ ] é%%lj}i&ﬁﬁ@
20 Ratio : 25/ 25; Percent : 100%; Used Time : 00:00:19; Left Time : 00:00:00 .
504
504 | Plot the ode simulation result ...
| 1| asixsmwE
507Q fRatio : 25/ 25; Percent : 100%; Used Time : 00:00:51; Left Time : 00:00:00 .
50
509 Elapsed time: 00:04:51.239
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New Open Save =

T AR RERA0HE, RAERIE o

1
2 _Rup_the sample 1 now @ E1/eV. 0 and C/mol/[: Jo-10 8
3 || Type Original Corrected Corrected TS mode
4 § Reactions Ea/for Ea/rev GO Ea/for Ea/rev GO k/for k/rev Keq forward reverse
5§ {01} :H20 (c) +#1<—>0H_minus#1l+proton(c) 0. 00 -0.11 0.11 0.11 0. 00 0.11 §.87e+10  6.2betl2  1.42e-02 ORI TST
6 § {02} :0H_minus#1+hole (c) <—>0H_rad#l 0.25 0. 44 -0.19 0.25 0. 44 -0.19 3.95e+08  2.54e+05 1. 56e+03 ORI TST
7 § {03} :0H_rad#1<->0_minus#l+proton (c) 0. 41 0.95 -0. 54 0. 41 0.95 -0. 54 8. 10e+05  6.87e-04 1.18e+09 ORI TST
§ § {04} :0_minus#1+0_minus#1<->02_2minustt1+#1 0.24 1.59 -1.35 0.24 1.59 -1.35 5.8le+08  1.22e-14  4.78e+22 TST TST
9 § {05} :02_2minus#l+hole (c) <->02_minus#1 0.25 1. 80 -1.55 0.25 1. 80 -1.55 3.95e+08  3.61e-18  1.09e+26 ORI TST
10 § {08} :02_minus#l+hole (c) <—>02 (p) +#1 0.25 1.38 -1.13 0.25 1.38 -1.13 3.95e+08  4.10e-11  9.62e+18 ORI TST
11 § {07} :#2+hole (c) <->0Obr_minus#2 0.25 0.20 0. 05 0.25 0.20 0. 05 3.95e+08  2.73e+09  1.45e-01 ORI TST
12 | {08} :Obr_minus#2+0H_rad£1<->0brOH_minus#2+t1 0.32 1.94 -1. 62 0.32 1.94 -1. 62 2.63e+07  1.60e-20 1.64e+27 TST TST
13 § {09} :0brOH_minus#2+hole (c) <—>0brOH#2 0.25 1. 47 -1.22 0.25 1. 47 -1.22 3.95e+08  1.26e-12  3.13e+20 ORI TST
14 § {10} : ObrOH#2<—>0br0_minus#2+proton (c) 0.23 0. 41 -0.18 0.23 0. 41 -0.18 §.5be+08  8.10et05 1. 06e+03 ORI TST
15 § {11} :0br0_minust2+hole (c) <->02 (p) +Ovac? 0.25 1.52 -1.27 0.25 1.52 -1.27 3.95e+08  1.82e-13 2. 16e+21 ORI TST
16 | {12} :H20 (c) +Ovac£2<{->H2082 0. 00 0.91  -0.91 0. 00 0.91  -0.91  6.25e+12 3.23e-03 1.94e+l5 ORI TST
17 § {13} :H2042<->0H_minus#2+proton (c) 0.32 0.43 -0.11 0.32 0.43 -0.11 2.63e+07  3.73et05  7.05e+01 ORI TST
18 § {14} : OH_minus#2<{->#2+proton (c) 0. 37 0. 62 —0. 25 0. 37 0. 62 —0. 25 3.80e+06  2.40e+02  1.58e+04 ORI TST
19 nner cvcle(s):
20 §d6 = -0.32 eV : -Rl -R2-2R3-R4-R5-R6+R7+RB+R9 +RIO + RI1 + RI2Z + R13 + R14
21 | Total rection(s):
22 B Reaction : 1 : 2 H20(lig) + 4 hole(lig) <—» 02(gas) + 4 proton(lig)
23 dG = 5.27eV: + 2Rl +2R2+ 2R3 +R4+Rb+R6
24
25 Try numeric::fsolve now ...
26 Elapsed time: 00:00:00.607. Converged, r Yy J —a "= 10"-1014. Succeed!!
27 Extract individual solutions by numeric: }iﬁzm@\ mﬁ# I‘E‘ﬁ
28 Q1_02_2minus = 2.16135564174e-01
29 Q1_02_minus = 2.16135564174e-01
30 Q1_OH minus = 5.6772106404e-01 o
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15 {11} :0br0_minust2+hole (c) <->02 (p) +Ovac? 0.25 1.52 -1.27 0.25 1.52 -1.27 3.95e+08  1.82e-13 2. 16e+21 ORI TST T

16 {12} :H20 (c) +Ovac£2<{->H2082 0. 00 0.91  -0.91 0. 00 0.91  -0.91  6.25e+12 3.23e-03 1.94e+l5 ORI TST

17 {13} :H2042<->0H_minus#2+proton (c) 0.32 0.43 -0.11 0.32 0.43 -0.11 2.63e+07  3.73et05  7.05e+01 ORI TST

18 {14} :OH_minus#2<{->#2+proton (c) 0.37 0. 62 -0. 25 0.37 0. 62 -0. 25 3.80e+06  2.40e+02 1. 58e+04 ORI TST

19 Inner cvcle(s):

20 d6 =-0.32 eV : -Rl -R2-2R3-R4-R5-R6+R7+RB+R9 +RIO +RIl + RI2Z + R13 + R14

21 Total rection(s)'

22 Reaction : © 2 HIN(1in) + 4 hala(lin) <—» 02(gas) + 4 proton(liq)

23 dG = —5.27 eV %E +R5 + R6

24 %% I %

25 Try numeric::fsolve now ...

26 Elapsed time: 00:00:00.607. Converged, return with the residue |dy/dt| "= 107-1021, dlog(y)/dt| = 10"-1014. Succeed!!

27§ Extract individual solutions by numeric::fsolve

28 | Q1_02_2minus = 2.16135564174e-01

29 | Q1_02_minus = 2.16135564174e-01

30 § Q1_OH_minus = 5.6772106404e-01

31§ Q1_OH_rad = 2.1068556868e-08

32§ Q1_0_minus = 3.8314828689%e-06

334 Ql_v = 3.9999224308e-06

34 Q2_H20 = 3.1351918608e-19

35§ Q2_OH_minus = 6.3123318995e-12

36 | Q2_ObrOH = 2.8594856082e-20

37 | Q2_0ObrOH_minus = 2.0310744146e-10

38 | Q2_0Obr0_minus = 2.0310744146e-10

39 | Q2_Obr_minus = 1.4455660365e-11

40 | Q2_0vac = 1.2820811b45e-24

414 Q2_v = 9.9999999957e-01

42 “Elapsed Time: U0 0000, 170, Lonverged, Teturn with the residue dy/dt| ~= 10"-1028, dlog(y)/dt| ~= 10"-1018. Succeed!!

43 Extract individual solutions by numeric::fsolve

44 No. Rforward Rreverse Rnet Reversibility Reactions Ea GO Eapp kf v

ar 1 A CannOAfTATAAAANT AT A CannOAsanTATACAT AT 4 mAC,AnCAAAATANT 4 A A AAAAAATTIANTANATA A A1) 1tend N oma s SoATn . i M FARY A 1 A 1 n oo A AToLan -
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40 Q2_0Ovac = 1.2820¢ 5 : » 2 N ~
41 Q2_v = 9,9999¢ ;Ulm‘ﬁz\ n] :@E

42 Elapsed time: 00:00:00. 128. Coivesscu, soiuii i e tcoivuc | uy/ ue £ 107-1028, |dlog(y)/dt "= 107-1018. Succeed!!

43 ) Extract individual solutions by numeric::fsolve

44 No. Rforward Rreverse Rnet Reversibility Reactions Ea GO Eapp kf

450 1 3. b488206107043097e+05 3. b488204401373595e+05 1. 7056695000973014e-02 9. 9999995193700419e—-01 {01} :H20(c) +#1<->0H_minusZl+proton (c) 0.11 0.11 0.25 8.87e+l0 ¢
464 2 2.2401325002549349e-02 5. 3446300015763367e-03 1. 7056695000973014e-02 2. 3858544085977501e—01 {02} :0H_minus#l+hole (¢) <->0H_rad#l 0.25 -0.19 0.25 3.9be+08 =
474 3 1. 7056694992958994e—02 2. 6304902345782641e-16 1. 7056694992958733e—02 1. 5422039472852921e-14 {03} :0H_rad#1<->0_minus#1l+proton(c) 0. 41 —0. 54 0.25 8.10e+05 ¢
4384 4 8. 5283474964793667e—03 1. 0517999539519397e-20 8. 5283474964793667e—03 1. 2332986600113785e-18 {04} :0_minus#1+0_minus#1<->02_2minus#1+§1 0.24 -1.35 0.25 5.8le+08 1
4904 5 8. 5283474964793667e—03 7.7990357346324256e-19 8. 5283474964793667e—03 9. 1448381270251805e-17 {05} :02_2minus#l+hole (c) {<->02_minus#l 0.25 -1.55 0.25  3.9be+08 =
50 6 8. 5283474964793667e—03 1. 6407696965098282¢-23 8. 5283474964793667e—03 1.9239010807042787e-21 {06} :02_minus#l+hole (c) <->02 (p) +#1 0.25 -1.13 0.25 3.95e+08 ¢
5Ly 7 3. 9458329824163557e-02 3. 9458329816149273e-02 8.0142804183078196e-12 9. 9999999979689258e—01 {07} :#2+hole (¢) <->Obr_minus#2 0.25 0. 05 0.21  3.9be+08 =
52 8 8.0142804183078196e-12 1. 3037620858027414e-35 8.0142804183078196e-12 1. 6267986865351352e-24 {08} : Obr_minus#2+0H_rad#1<->0brOH_minus#2+#1 0.32 -1.62 0.21  2.63e+07 1
53] 9 8.0142804183078196e-12 3.6087122795186601e—32 8.0142804183078196e-12 4, 5028525221988976e—21 {09} : 0brOH_minus#2+hole (c) <->0brOHZ2 0.25 -1.22 0.21  3.9b5e+08 1
54§ 10 2. 4457464930239748e-11 1. 6443184511931928e-11 8.0142804183078196e-12 6.7231761586219074e—01 {10} : ObrOH#2<~>0br0_minus#2+proton (c) 0.23 -0.18 0.21 8.5be+08 ¢
55 11 8.0142804183078196e-12 2.3389330733540554e—44 8.0142804183078196e-12 2.9184567438032203e-33 {11} :0br0_minus#2+hole (c) <->02 (p) +Ovac2 0.25 -1.27 0.21 3.95e+08 1
56 12 8.0142804193191755e-12 1.0113548926576328e-21 8.0142804183078196e-12 1. 2619409850192749¢-10 {12} :H20(c) +Ovac#2<{->H2082 0.00 -0.91 0.21  6.2be+l2 =
574 13 8. 2500376889244972e-12 2. 3575727061667662e—13 8.0142804183078196e-12 2. 8576508315007555e-02 {13} :H2022<->0H_minus#2+proton (c) 0.32 -0.11 0.21  2.63e+07 =
58 14 2.4011515494393395e—-05 2.4011507480112977e—05 8.0142804183078196e-12 9. 9999966623179537e—01 {14} : 0H_minus#2<{->#2+proton(c) 0.37 -0. 25 0.21  3.80e+06 :
59

60 [ Base on reactants/products :

61 No. gasl liql lig2 1liaq3

62 | Rate : 8.5283475044936469e-03 —1. 7056695008987294e—02 —3.4113390017974587e—02 3.4113390017974587e-02

63 f Eapp : 0.25 0.25 0.25 0.25

64

65 Elapsed time: 00:00:02,604. Try numeric::fsolve finished ...

66 v

67 Calculate the degree of }i}ﬁ%%ﬂ #%ﬁ% A %m ﬁ%ﬁ (e))

68 Elapsed time: 00:00:00, 124, vunvergeu, reLurinl willl LIe LesSLuue | Uy/ UL — 1u —1uzl, jutopiyssul = 107-1014. Succeed!!

69 Extract individual solutions by numeric::fsolve v

I( >

plain text file Ln 69 Col ..



i ST

= G:\CATLAB\oxygen evolution reaction\result WD4\log1_parsum

I:E:I - E @ g FindFies mset =, f& o v | <8

[i) Compare ~ = Comment . .. 5 GoTo ~

New Open Save Source Breakpoints
v v = Control v (=Print v Indent || w3 = ( Find ¥ -

FILE eniT NAVIGATE | BREAKPCINTS

134 0.00 0.00 -0.00 -0.00 -0.00 -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0} : ObrOH#2<->0br0_minus#2+proton (c)
135 0.00 0.00 -0.00 -0.00 -0.00 -0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1} :0br0_minus#2+hole(c) <->02 (p) +Ovac#2

{10}
{11}
136 0.00 0.00 -0. v .00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 {12} :H20(c)+Ovac#2<—>H2042
137 0.00 0.00 -0. ﬁbﬁ@@ﬁ .00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 {13} :H2082<->0H_minus&2+proton (c)
Lwu {14}

138 0.00 0.00  —0.vv u uy u. Uy J. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0.00 4} : OH_minus#2<->#2+proton (c)

139 | Base on reactants/products :

140 gasl ligl lig2 lig3

1410 1.92e-13 1.92e-13 1.92e-13 1.92e-13 {01} :H20 (¢) +#1<—>0H minus#l+proton(c)

142 § 4. 32e-01 4.32e-01 4.32e-01 4.32e-01 {02} :0H_minus#1+hole (c) <->0H_rad#1

143§ 1.35e-01 1. 35e—01 1. 35e—01 1. 35e—01 {03} :0H_rad#1<->0 minus&l+proton (c)

144 § 1. 92e-06 1. 92e-06 1. 92e-06 1. 92e-06 {04} :0_minus#1+0_minus#1<->02_2minus#1+#1
145 2. 16e-01 2. 16e-01 2. 16e-01 2. 16e-01 {05} :02_2minus#l+hole(c) <—>02 minusZl

146 § 2. 16e—-01 2. 16e-01 2. 16e-01 2. 16e-01 {06} :02_minus#1+hole (c) <->02 (p) +#1

147§ 1.50e-19 1. 50e-19 1. 50e-19 1. 50e-19 {07} :#2+hole (¢) <->0br_minus#2

148 § 7. 37e-10 7.37e-10 7.37e-10 7.37e-10 {08} :0br_minus#2+0H_rad#1<->0brOH_minus#2+#1
149§ 1.50e-19  1.50e-19  1.50e-19  1.50e-19 {09} : 0brOH_minus#2+hole (c) <->0brOHZ2

150 | 6.90e-30 6. 90e—-30 6. 90e—-30 6. 90e—-30 {10} : ObrOHE2<{->0br0_minus#2+proton(c)

151§ 1.50e-19 1. 50e-19 1. 50e-19 1. 50e-19 {11} :0br0_minus#2+hole (c) {—>02 (p) +Ovaci?

152 9.44e-34  9.44e-34  9.44e-34  9.44e-34 {12} :H20 (c) +Ovac#2<{->H2042

153 2. 24e-28 2. 24e—-28 2. 24e—-28 2. 24e—-28 {13} :H2022<{—>0H_minus#2+proton(c)

154 | 1.55e-27 1. 55e-27 1. 55e-27 1. 55e-27 {14} :0H_minus#2<{—>#2+proton(c)

1565 Simplification :

156 gasl liql lig2 lig3

157§ 0.43  0.43 0.43  0.43 {02} : OH_minus#1+hole (¢) <->OH_rad#l

s8fo.14 014 014 014 (03):0H rad#1<0 ninus#lproton c) %%ﬁ&i%
159§ 0.22 0.22 0.22 0.22 {05} :02_2minus#1+hole (c) <-—>02_minus#l

160§ 0.22 0.22  0.22  0.22 {06} :02_minus#l+hole (c) <->02 (p) +£1

161

162 Calculate the degree of rate control of intermediate of species (Q1 02 2minus)

163 Elapsed time: 00:00:00.131. Converged, return with the residue |dy/dt| “= 107-1028, dlog(y)/dt| ~= 10°-1014. Succeed!!

1o - . PR R 1 1 1 : o
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plain text file Ln .. Col ..



an H A _ x

= G:\CATLAB\oxygen evolution reaction\result WD4\log1_parsum

I:E:I - E @ g FindFies mset =, f& o v | <8

[i) Compare ~ = Comment . .. 5 GoTo ~

New Open Save Source Breakpoints
v v = Control v (=Print v Indent || w3 = ( Find ¥ -

FILE eniT NAVIGATE | BREAKPCINTS

230 -0.00 -0.00 .0 0.00 0.00 0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 QZ_ObrO_minus
Y]

0.00
231 -0.00 -0.00 0 \ .00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Q2 _Obr_minus
232 -0.00 -0.00 0 I:I:I IEJ %@ IAR, g )00 -0.00 -0.00 -0.00 -0.00 -0.00 -0.00 Q2 Ovac
233 —0.00 —0. 00 0. yu U. Uy U. Uy U. Uy —1. Uy —1.00 —1.00 —1. 00 -1.00 —1.00 -1.00 -1.00 Q2 v
234 | Base on reactants/products :
235 gasl ligl lig2 lig3
236 —2.16e-01 —2.16e—01 —2.16e-01 -2.16e—-01 Q1_02_2minus
237 —2.16e-01 —2.16e—01 —2.16e—01 —2.16e—-01 Q1_02_minus
238 -5.68e-01 —5.68e—01 —5.68e—01 —5.68e—01 Q1 _OH minus
239 —2.11e-08 —2.11e-08 —2.11e—08 —2.11e-08 Q1 _OH_rad
240 -3.83e-06 —3.83e—06 —3.83e—06 —3.83e—06 Q1_0 minus
241 —4.00e-06 —4.00e—06 —4.00e—06 —4.00e—06 Ql_v
242 —2.31e-28 —2.31e—28 —2.31e-28 -2.31e—28 Q2_H20
243 —4.65e-21 —4.65e—21 —4.65e-21 —4.65e-21 Q2_OH minus
2440 -2.11e-29 -2.11e29 —2.11e-29 -2.11e—29 Q2 _ObrOH
245 -1.50e-19 -1.50e-19 -1.50e-19 -1.50e-19 Q2 _ObrOH_minus
246 | -1.50e-19 -1.50e-19 -1.50e-19 -1.50e-19 Q2_Obr0_minus
247 -1.06e-20 -1.06e—20 -1.06e—-20 —1.06e—20 Q2_Obr_minus
248 9.44e-34 -9.44e-34 -9.44e-34 -9.44e-34 Q2 _Ovac
249 -7.37e-10 -7.37e-10 -7.37e-10 —7.37e-10 Q2_v
250 Simplification :
251 gasl liql lig2 lig3
2624 -0.22 -0.22 -0.22 -0.22 Q1 02 2minus \
2634 -0.22 -0.22 -0.22 -0.22 Q1 _02_minus %% I:I:I IHj %
2640 -0.57 -0.57 -0.57 -0.57 Q1 _OH minus
2b5
256 Calculate the degree of rate control of concentration of species (C_H20)
257 Elapsed time: 00:00:00.126. Converged, return with the residue |dy/dt| ™
258 Extract individual solutions by numeric::fsolve
259 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00

Yo S T R T i1 1 ~ s &) ~ s s ~ : Fnoa N
I( >
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= 107-1028, dlog(y)/dt| ~= 10"-1018. Succeed!!



i ST Y

G:\CATLAB\oxygen evolution reaction\result WD4\log1_parsum -
© =

I:E:I ™~ E @ g FindFies msert L f& ) v <@
=licos ~ G t (T

1] compare omment . i e Breakpaints

= * = Control v [Print = Indent |- o = & - -

New Open Save Source

FILE DT NAVIGATE | BREAKPCINTS
o

v - -
269 Elapsed time: 00:00:00.123. Converged, return with the residue |dy/dt| "= 107-1028, dlog(y)/dt| "= 10"-1018. Succeed!! ~

270 Extract individual solutions by numeric::fsolve

271 4. 16e-22 4, 16e—22 4, 16e—22 4, 16e—22 4, 16e—22 4, 16e—22 4, 16e—22 4, 16e—22 4, 16e—22 4. 16e—22 4. 16e—22 4. 16e—22 4. 16e—22 4. 16e—22
272  Summary

273 ROl RO2 RO3 RO4 RO5 RO6 ROT RO8 RO9 R10 R11 R12 R13 R14

274 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 C_H20

275 -1.00 -1.00 -2,00 -2.00 -2.00 -2.00 -2.00 -2.00 C_hole

276 0.00 0. 00 }i&%\ FE%@@}Q 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 C_proton

277 0. 00 0.00 [VRVIV] [VAVIV] [VRVIV] [VRVIV] [VAVIV] [VRVIV] 0. 00 0. 00 0.00 0. 00 0. 00 0.00 P_02

278 | Base on reactants/products :

279 gasl liql liq2 1liaq3

2808 0. 00e+00 0. 00e+00 0. 00e+00 0. 00e+00  C_H20
2810 —-1.00e+00  —1.00e+00 —1.00e+00 -1.00e+00 C_hole
2828 0. 00e+00 0. 00e+00 0. 00e+00 0.00e+00  C_proton
283§ 4. 16e-22 4, 16e—22 4, 16e—22 4, 16e-22 P _02

284 Mlification : -
285 gasl ligl liq2 1liaq3

286 -1.00 -1.00 -1.00 -1.00 C_hole %%%ﬁ
287

288 Calculate the degree of rate control of energy descriptor El

289 Elapsed time: 00:00:00.127. Converged, return with the residue |dy/dt
290 Extract individual solutions by numeric::fsolve

291 1.92e-13 1.92e-13 1.92e-13 1.92e-13 1.92e-13 1.92e-13 1.92e-13 1.92e-13 1.92e-13 1.92e-13 1.92e-13 1.92e-13 1.92e-13 1.92e-13
292 Summary :

293 ROl RO2 RO3 RO4 RO5 RO6 ROT RO8 RO9 R10 R11 R12 R13 R14

294 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 El

295 Base on reactants/products :

= 107-1021, dlog(y)/dt| "= 10"-1014. Succeed!!

296 gasl liql liq2 1liaq3
297 1.92e-13 1.92e-13 1.92e-13 1.92e-13 El
298 Simplification : v
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Name

'y

ammonia decomposition
ammonia synthesis

benzyl alcohol oxidation
carbon dioxide hydrogenation
carbon dioxide reforming
carbon monoxide methanation
carbon monoxide oxidation
hydrogen evolution reaction
iodine reduction reaction

nitric oxide oxidation

nitric oxide selective catalytic reduction
oxygen evolution reaction
syngas conversion

two step reaction

two_site reaction

water gas shift reaction

- CATLAB

B+ R BRE
BOTPRTL A
BULIRFEAS KA

Name

tutt#tttttt

result WD1
result_ WD2
result_ WD3
result WD4
INCAR_WD1
INCAR_WD2
INCAR_WD3
INCAR_WD4
myRatefun
odefun_WD1
odefun_WD2
odefun_WD3
odefun_WD4
ReadMe

timelimit

Y ST

3 doneid_1
 INPUT_WDA4_1
O log1

_ log1_finished
] log1_parsum

RMEEE

Product: loglrg, ..}

10°

ODE Simulation

Reversibility

Standard Free Gibbs Energy Profile

5 - Coverage_Q1_02_2minus
1Y Coverage_Q1_02_minus
S - Coverage_Q1_02_minus

1 Coverage_Q1_OH_minus

ClmallL

Name 6
1074 1
Activity Rate 1Y r_H20_liq 2
Coverage “ r_H20.liq g |:
Flow Chart % r_hole_lig 5 - 4
ODE Simulation “ r_hole_lig | :
Reversibility B r_.02_gas 1041!: %
!_ 12
Standard Free Gibbs Energy Profile 1 r 0O2_gas 0] = , .
= = ——. .

Name % % gg o Iog(Q@1_0_minus)

Activity Rate *~ Coverage_Q1_0O_minus
102 &

Coverage RY Coverage_Q1_O_minus o
Flow Chart 1 Coverage_Q1_02_2minus 10°*
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Coverage
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Name

ammonia decomposition
ammonia synthesis

benzyl alcohol oxidation
carbon dioxide hydrogenation
carbon dioxide reforming
carbon monoxide methanation
carbon monoxide oxidation
hydrogen evolution reaction
iodine reduction reaction

nitric oxide oxidation

nitric oxide selective catalytic reduction
oxygen evolution reaction
syngas conversion

two step reaction

two_site reaction

water gas shift reaction

%> CATLAB

FHRATR

Name

I I S T S T S R

'L|_‘\

result WD1
result_ WD2
result_ WD3
result WD4
INCAR_WD1
INCAR_WD2
INCAR_WD3
INCAR_WD4
myRatefun
odefun_WD1
odefun_WD2
odefun_WD3
odefun_WD4
ReadMe

timelimit

IR ST

Y ST

] doneid_1
| INPUT_WD4_1

| log1

| log1_finished

| | log1_parsum

R MR

Name 8 Coverages
Activity Rate i OdeResult_001 10"-"'; :
Coverage *" OdeResult_001 n"""é e
Flow Chart * OdeResult 006 o a1 o e
ODE Simulation “ OdeResult_006 L Ei::m”‘
Reversibility * OdeResult 011 i o
Standard Free Gibbs Energy Profile “ OdeResult_011 -o*wé Eg:%%:r
% OdeResult 016 ol , =
. OdeResult 016 A
Name - . Name ol
CIpU; 3 :
Activity Rate 7 Reversibility_z1
Coverage 13 - Reversibility_z1 .50
Flow Chart * Reversibility_z2 L i
ODE Simulation = Reversibility_z2 :E -m
Reversibility “ Reversibility_z3

Standard Free Gibbs Energy Profile . Reversibility_z3
1 Reversibility_z4

b - Reversibility_z4

ElleV

Name &E\Z%E E
Activity Rate *. SimProfile-001
Coverage “ SimProfile-001
Flow Chart 1 SimProfile-016
ODE Simulation “ SimProfile-016
Reversibility * SimProfile-026

Standard Free Gibbs Energy Profile " SimProfile-026

* SimProfile 036
" simProfile-036
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&
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