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Overview

* Why use 1t?
 Installing
e Compiling and running
e Editing parameters
* Recent changes: treatment of 1R effect
e Test of 1R effect



Motivation

* Free software
e Tested against D1giSim
e Can include multiple sinusoids (unlike D1g1Sim)
e Allows for complicated DC ramp parameters

e Includes any number of charge transfer
(A + e = B), catalytic (B = C) and chemical
(A + B = C + D) reactions

e Output files 1n “DigiPot” format



Installation

e Install “CygWin” so similar Linux emulation
software which supports Fortran 77
(freeware available from
http://www.cygwin.com/ )

* Make sure these are added when you 1nstall
(check “gcc-g77” under “Devel”)

e Additional documentation on this exists and 1s
available on request



Compiling and running MECS1m

e Extract files from zip (available on request)
to desired directory. Will assume this 1s
“c:/directoryname” here

e Start “CygWin” (e.g. from 1con on desktop)

 Type “cd /cygwin/c/directoryname”

e Type “./comp1

* To run ty;

e” 1f this 1s the first time

pe “./MECSim.exe”



e Screen should look similar to this

4 cd scygdrivesc/DirectoryName./

4 ./compile

S _/MECSim.exe

and after you hit enter...

3 t.Eapp.,1 - - - -
Done iﬂB/, t.Eapp.i 13E+BE B SHE+BH B 61E BE C_err= —B EBE 11

Current minsmax ¢A> = -1.18018663E-685 1.684742881E-6%

Average number of iterations at electrode surface = 18.2367554
Average numher of iterations for second order chem = 1.
Maximum number of iterations used at electrode = 1008

DEC_Model.txt: done.

Final Concs at mt, time, Eapp= 16384 13.4217728 8.5808178898

c1i 8.999968445 ©O.992295%468 6. 9973223271 B8.999798598

c 2 3.1555494FE-A5 A.00A7A4531833 B.002677673121 1.40280939E-85

C_err (=0 if Diff equald = -2.@3156375E-12 -2.831563V5E-12 -2.03144733E-12:
3.67523165E-13

Output file weritten th DEC_Model.txt

Output file (DigiPot format)



Editing parameters

e Not really a general purpose simulator 1f you
can’t change the parameters

e All input files are text format with extension
*.1np
e Cautionary note: make sure all *.inp files end 1n
a blank line (Fortran thing)



Editing general simulation parameters

Filename is ‘“Parameters.inp”’

Linear d Parameters - WordPad |Z||E|E|
R o t Archivd camon Wer  Insertar  Formato  Ayuda
1 r -
€SIS10 e && # &
] I' Temperature (K]

|[ 0. odo uncompensated resistance [(olons)

SS— ! E start (V)
“ ' E rev (V)
DC I nuwber of cyoles

| 0,10 | scan speed (Vi3]
Ramp IG ! 2%%X points in time across n cycles (int)
"l correct for V scan (1 = yes, 0 for no)
o EC type: 0 = Butler-Volner, 1 = Marcus-Hush theory

Fre-ecpn switch: O==stay with user entered, 1 = apply ecin (default)
use advanced wvoltage ramp (0 = E start=E end, 1 = use "Ramp.inp"]

Time Res G
2N —_— 214 Fgra obtener Avu resiane F1

points

Note cursor at end of Use DC ramp as above if set to 0
blank line Use complicated ramp if set to 1



Concentrations
iEix

File Edit View Insert Format Help

D22 S s 0 le-] &

' number of species (need n lines below)

' EEPEAT: initial concentration of i (rw) mM, Diffygsi —_— Lema /3]
! REPEAT: initial concentration of i (W) Diffusion coeff for i, D i jcsz

For Help, presg F1 \ I_W p
Total number of active species Diftfusion coetticient

(make sure there are the same number of lines following)

Non-linear capacitor

Bl capDL - WordPad - O] x|

File Edit View Insert Format Help

D[ & S s &= &

0.0d0 I Epze (Volts)
2.403924d-6 ' E*Q term in capacitor fit acap(0...) (Ffcm™2)
-5.7713184-7 ' E*1 term - rest = 0 for const cap (default)
=-7.89411424-7 ' E*2 term

e ~ C(V) = ... -9.4%107 V4 (F/em?)

For Help, press F1 | MUM 2




AC Signal added to DC ramp

B Acsignal - WordPad O] =|

File Edit “iew Insert Format Help

% |E|@a] | =)

' AC =2in wave: amp (mV), freg(H=)

5.0d1, 18.040040

For Help, press F1

[ o
Sinusoid of S0mV @ 18.04Hz

>

LE

More complicated DC ramp

_imixi 1]

File Edit View Insert Format Help

DB S sl 5wl &)

.1 1 E_start (V) Lo
0.1 ! E end (V) O'l&
-0.7 ! E rev — REPEAT for more complicated ramps "
1.4 ! E rev — REPEAT for more complicated ramps

For Help, press F1 MUM 2



Electrode surface geometry

B Geometry - WordPad - 10| x|
File Edit View Insert Format Help

L8| SR a &2elo]

Standard/ |1 ! GeomA\try type (l=planar, 2Z2==spherical, 3=cylinder (internal))
.490d4-2 f Planar: surface area of electrode (cm™2)
0.00349cm2 2.840d9 ' Humber of spherez (can be fractional)
1.04-8 ! Radiu=s of =ingle sphere (cm)
0.50d0 !' Number of cylinders (can be fractional)
0.0010d0 ' Radius of =ingle cylinder (cm)
. 370d ! Length of =ingle cylinder (cm)
20.0 ! Spacial Resolution (>20)
For Help, press F1 I_W y

If type set to 3 then uses 72 of a cylinder (hemi-cylinder)
of length 0.37c¢cm and radius 10um



Marcus-Hush Theory

Switched on in Parameters.inp
i1

File Edit View Insert Format Help

| 2 |E|eo| B

! lambda and P for each charge transfer reaction (make sure same number of lines as CT reactions in ReactionsForaAll.inp)

20.0dof)1.0do

For Help, pyess F1

[T 4

)" is a scaled quantity given by Rl

A" =/ (k, T) where J is the dependent on the type
e of electrode
solvent reorganisation energy

For more information on the physical definitions of P and A
refer to Steve Feldberg’s lecture series given at Monash
University over February and March 2008.




Format of reactions input file

Mechanism:

* A+e=B;E'=0.2V, k, = 1000 cm/s, @ = 0.5
e B=C;k;=10,k, =1

* A+ B=C+D;k;=1000, k, =100

Bl ReactionsForall - WordPad —10] x|

File Edit View Insert Format Help

D|E| SR s 5|

a, -1, i, 0, 0, 1.0do, 1.0d0, 0.20d0, 1.0d3, 0.50 ! type, reactions (nsp times): kf,kb, E0O (V),ksreal (cm/s),alpha
1, o, -1, 1, 0, 1.0di, 1.0d0o, ©0.207d0, 0.07d0, 0.50 ! type, reactions (nsp times): kf,kb, E0 (V),ksreal (cm/=),alpha
2, -1, -1, 1, 1, 1.0d3, 1.0d2, 0.207d0, 0.07d0, 0.50 ! type, reactions (nsp times): kf, kb, EO0 (V),ksreal (cm/=),alpha

For Help, press F1 MUM

One line per reaction




Reactions input file (cont.)

Reaction type: (0 = charge transfer, CT parameters:

1 = catalytic, 2 = chemical EY% kg, @
/(ignored by chem)

1.0d0, 1.odo,|[o.20do, 1.0d3, 0.50 !|type,
1.0d1, 1.0do,||0.207d0, 0.07d0, 0.50|! tyr

\1.0d3, 1.0d2,||lo.207d0, 0.07do, 0.50]!' tyg

Reation matrix: note that the \
number of columns must

-1 is left of reaction, +1
equal the number of is right hand side (0 is

concentrations | not involved). So this

Forward/Backward translatesto: A +e=B
rates (ignored by CT)




Reactions input file (cont.)

CT:A+e=B; E'=0.2V, k, = 1000 cm/s, @ = 0.5

/ AN

g, -1, 1, 0, 0, 1.0d0, 1.0d0,|0.20d0, 1.0d43, 0.50 !|type,
i, o, -1, 1, o,|/|1.0d1, 1.0d0,| 0.207d0, 0.07d0, 0.50 ' tyg
2, -1, -1, 1, 1,|[1I.0d3, 1.0dZ2,[\0.207d0, 0.07d0, 0.50 ' tyy

Catalytic: B=C; k;=10,k, =1

Chemical: A + B = C + D; k, = 1000, k, = 100

Note that the previous concentration example only had
two species whereas this needs four



Advanced settings

Manually set the number of timesteps to 4000 if set to 1 here
(=]

H Advanced - WordPad |Z

archivo/ Edicion  wer Insertar Formato  &yuda

X]

ﬁ

B

= EH &G # &
o ' fix nuwber of timesteps (1 = ves)
4000 ' nurbber of points Lo simulate [(not Z%%n)
D S0dcy | heta . .
| Dstar min Exponential grid
@ l_Lime resolution experimentally [(us) o
_ . . _ spacing
J how debfsgutput files as well as DEC Model.txt [l=yes)

Link between space and time grids
Time resolution of experiment

Para u:nbtene)\{'.':.-'uda, presione F1
\

Set to 1 if require the output of concentration at electrode etc.

Note: Typically this input file is best left unaltered




1R effect

e Feedback between current and voltage by:
V=K 1R

app

VE(V — EO o o (Vv _ EO
1= F Ak, [(,"B exp ((lF(IRT E )) — 'y exp ( ( (1?;{;(1 E ))]

* Has to be solved iteratively: (1) guess 1
(2) above equations give new V
(3) new V gives next iteration of 1 when
combined with surface concentrations.
Go back to (2) with new 1. Stop 1 doesn’t change



New 1R method

e Difficulty making sure iteration at each timestep
converges (left) and doesn’t diverge (right)

Current Current

Bounding current

Bounding current

lterations lterations



New 1R method

e Solved by constraining min/max bounds

Current

A

Largest difference
set to imax

TT/""/{

.

| Bounding
ﬂ current set
g 1
by imax

L o—
Poor

current
estimate

Previous timesteps

Previous points
grouped



Advantages of new 1R method

Tighter bounds on imax/min lead to less
iteration required. Up to a factor of 5 quicker.

Insensitive to inaccurate current values for
previous timesteps (due to averaging).

If 1R were to be a problem it 1s expected to be
easily fixed by increasing the time resolution
(2N steps in “Parameters.inp”

More robust even for very high resistance
(and current) values.




Affect of resistance 1s as expected

0

W)

-

)
Current (mA)

-5%x1072

Voltage (V)



Summary

Have covered
1. Installation
2. Compiling and running
3. Editing parameters for any mechanism

of the MECS1m software

Treatment of 1R effect far more robust and
works as expected from theory

Will be contactable by email at:
gareth.f.kennedy @ gmail.com
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