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Computational Methods

= Dynamics Methods
» Chemical Kinetics Simlulator
» A+BC: General Trajectory

= Mathematics Methods
> Integral
» Differential

= Graphical Interface Differential Equation
Solvers




Dynamics Methods

Chemical Kinetics Simulator
http://www.almaden.ibm.com/st/msim

= CKS does not integrate differential equations

= CKS performs general, rigorously accurate
stochastic algorithm to propagate reaction

= Speed
» Comparable in efficiency to integration for simple
» Significantly faster for “stiff’ systems

= Models complex reactions
» Explosions
» Changing volumes

= High learning curve
= Research quality
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Dynamics Methods

A+BC: General Trajectory
http:/qcpe.chem.indiana.edu/cgi-bin/catalog/view.pl

= LEPS diagram
= Monte Carlo Collisions
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Mathematics Methods

General

= |Integral Methods
» Use integrated rate laws
» Tables and Graphs

= Differential Methods
» Use computational technique to integrate
differential rate laws
» Tables and Graphs

Review of Rate Laws

Simple First Order Reactions

A—*>B A =aB, =0
dA

- —=kA A= ae™
dt

B _ B:a(l—e’“)

dt




Mathematics Methods--Integral

E| 1000
1

t A B
0 1000 o
0.1904.837418 95.162582
0.2818.730753 181.269247
0.3740.818221 259.181779
0.4 670.320046 329.679954.
0.5 60653066 393.46934.
0.6548.811636 451.188364.
0.7.496.585304 503.414696
0.8 449.328964 550671036
0.9 40656966 593.43034
1/367.879441 632.120559
1.1/332.871084 667.128916
1.2/301.194212 698.805788
1.3/272.531793 727.468207
1.4 246.506964 753.403036
1.5 22313016 776.86984,
1.6 201.896518 798.103482
1.7/182.683524 817.316476
1.8/165.298888 834.701112
1.9/149.568619 850.431381
2/135.335283 864.664717
2.1/122.456428 877543572
2.2110.803158 889.196842
2.3100.258844 899.741156
2.4/90.7179533 909.282047
2.5 82.0849986 917.915001
2

Spreadsheet

1200

1000

—A

—B
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Mathematics Methods--Differential

2

dA=k Adt

Spreadsheet (Based on Euler’s Rule)

1000
1

a-dA B

A
0 1000

1200

1000

-38.74205
-34.86784
-31.38106
-28.24295
-25.41866
-22.87679
-20.56911
-18.5302
16.67718
-15.00946
-13.50852
-12.15767
-10.9419
-9.847709

900
810

729

656.1
590.49
531.441
478.2969
430.46721
387.42049
348.67844
313.8106
282.42954
254.18658
22876792
205.89113
185.30202
166.77182
150.09464.
135.08517.
12157665
109.41899
98.47709
88.629381

-8.862938 79.766443

468.559 — A
521.7031
569.53279 - B
612.57951
651.32156
686.1804
717.57046
745.81342
771.23208
794.10887
814.69798
833.22818
849.90536
86491483
878.42335
89056101
901.52291

800

400

200

911.37062
920.23356
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Mathematics Methods--Integral

Mathcad




Mathematics Methods--Differential

- Mathcad
Given
d " -
Ir\‘!):fk At A(0) = 1000
X
A :=0Odesolve (t,10)
Given
iH(I}:k»\m B(0)=0
dt

B := Odesolve(t, 10)

1000

A1)

50 O

0
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Mathematics Methods--Integral

Mathematica
k=1; T
a=1000;

conc = {avExp[-k+t], an(1-Exp[-k«t1)}:
Plot[Evaluate[conc], {t, 0, 10}]

1000

z £y [ 5 10

- Graphics - j_
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Mathematics Methods--Differential

Mathematica

k= 1; ]

ndsolution = HDSolve[{A'[t] == -k«A[t],
B'[t]=-k+R[t], AL0] -- 1000, B[0] - 0}, {A, B}, {t, 0, 10}]
Plot[Evaluate[{A[t], B[t]} /. ndsolution, {t, 0, 10}]1]

{{A— Interpolatingfunction|{{0., 10.}}, <=1,
B InterpolatingFunction[({0., 10.}}, «=1}}
1080

z a & & 10

- Graphics - 3
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Mathematics Methods--Integral
Matlab

To get started, select "MATLAB Help™ frow the Help menu.

3 2-1000; 1000 ————— ——
= k=1; a00p
> t=0:0.01:10; )
F» A=aTexp(-kTt); ey
»» B=a® (l-exp(-k*t]]; ol |
> plot(t,A,t,B) \
- B0 |
S0t |
am
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Review of Rate Laws

Consecutive First Order Reactions

A—5B—X,C A=aB=C=0

dA
-—=KA A= ae™

a8 _ k,A-k,B B= et — e
d k, - K,
—k,t — kot
d£:k28 Cza[l— ke ke j
dt k, -k, Kk -k,

Mathematics Methods--Integral

Mathcad
kl:=1 k2:=0.5
a:=1000
A(t) ==ae kit 1000/%0

akl —kIt  —k2:t

B(t) :=—\e -e

0 k2—kl( )
k2 —kl- k1 —k2- w

C(l)::a-[lfi-c kl[fic kz‘)*

K2 -kl K-k

Note that k1 must be different than k2 in order
for these integrated equations to work.
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Mathematics Methods--Differential

Mathcad

kl:=1 k2:=1
a:=1000 b:=0 c:=0
T:=10
Given 1x10%, \\

d \

SA(1) = kLA(t) A(0)=a |

@ w0\ 1

N 600

%Bm =KkLA@W -K2B)  BO)=b
dt
)

NC(1)

%cu) = K2B() o =c 0
t

NA A 200l

NB |:=0Odesolve|| B [,t,T {

NC c ]
)

0 t RO

Graphical Interface Differential
Equation Solvers

General

= Model differential rate law

= Software solves differential equations
» Watch “stiff”’

= Tables and Graphs
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Solving of Differential Equations

Taylor Series

2 2 3 3 4 4
Yt s A=y, A(ﬂ) JAv(dty) A (dly) o at(dly)
" "on\d/, o 20 \dt?) o 3rlat’) o 4 ldtt)

=y.. = value of reservoir attime t =t
=y(t, + At) = value of reservoir at time t =t + At
= Methods

> Euler retains first two terms
> Runga-Kutta 2 retains first three terms
» RK4 retains first five terms

21




Commercial Products

Graphical Interface Differential Equation Solvers (GIDES)
=Vensim PLE

= Berkeley Madonna
» Download demo version
» Solves “stiff” differential equations

= STELLA
» Java conversion available from Shodor

= Simile

= Model Maker
=VisSim (Mathcad)
= Simulink (Matlab)
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Review of Rate Laws

Simple First Order Reactions

A—>B A =aB, =0
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Graphical Interface Differential
Equation Solvers

Vensim PLE (www.vensim.com)

108 |
Reactat A |- . - ProduetB—{

{1 F First Order Ato B




Graphical Interface Differential
Equation Solvers

Berkeley Madonna
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Graphical Interface Differential
Equation Solvers

Stella
e —
O»0 8 ¢ QF oAl mCFAS
-;l
. B
._ﬁ:‘-—:f | [0 A= At- d + ¢ Chemical_Reaction) * ot
[ ottt Ruseser IMIT &= 1000

OUTFLOWS
% Chemical_Reaction = K1™A

IMITB=10
IMFLOWYS:
o =X Chemical_Reaction = k1*A
O k=1
M ) 9 ® ]
ams 7 - ]

Graphical Interface Differential
Equation Solvers

[ Bity= Bit- oty + (Chemical_Reaction) * dt

Simile

C——{]

A ‘chemical reaction E

B A (plot agains =lolx
7000 I

300)

rate constant Clear a00|

svare | 700)
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Graphical Interface Differential
Equation Solvers

VisSim (Mathcad)

Graphical Interface Differential
Equation Solvers

Simulink (Matlab)

§§§§

Review of Rate Laws

Dimerization of Cyclopentadiene
2nd Order Diels-Alder Reaction

Q.

— = -kC?

dt
1
C
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Review of Rate Laws

A=B=C
First Order and Reversible First Order
Consecutive First Order and Reversible First Order

(Disequilibrium, Transient Equilibrium, Secular Equilibrium)

(&, ()
o =

| Concentration vs Time

-| /R'x?, 1 r'B_‘fpjas #C ]

1,000
] o o | " H |
0 2 4 6 8 10
Time (Second)
A Quress.
B Qumet
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Review of Rate Laws

Michaelis-Menton
After Len Soltzberg (Simmons College)

E+S < (ES)
(ES)-P+E
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Oscillating Reactions

Belousov-Zhabotinskii

BrO, + HBrO, + H,0" - 2 BrO, + 2 H,0

2BrO, +2 Ce* +2H,0" -
2 HBrO, + 2 Ce*" + 2 H,0

= 18 reversible steps
= 21 different chemical species

35

~60 s intervals




Gentle Stirring

Oregonator after Len Soltzberg (Simmons College)

A+Y-X+P
X+Y - 2P
A+ X~ 2X +2Z
2X - A+P
B+2Z-(fl2)Y

where

A =BrO;
X =HBro,
Z=Ce"

P =HOBr
B = organic
Y =Br-

38
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oregon - Equations M [=] E3

FRun

{Top model} =

{Resenoirs}

didt (9 = + duct
INIT % = 0.0001

didt (&) = + dAdt
INIT & =0.06

drdt (¥) = + d¥dt
INIT ¥ = 0.0001

dedt (B) = + dBdt
INIT B =0.02

dfdt (7) = + oZdt
INIT Z=0.001

{Flows}

dicdt = KITATY-R2RY +hETATK 2 kW2
dAdt = kAT kS ARk W2

dYdt = -kFATY-K2%Y 0.5 KIETL
dBdt = -kO"B*Z

dZdt = 2kEATH-KOTEL

{Functions}

k=1

k2 =Beb

k3i=128

k4 =2e3

k=8 =
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Other Applications

Debye Theory for Monatomic Crystals

D@, /T)= 33 dx
u

42
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Run

Fop model}
{Reservairs}
d/dt (Debye_lntegral) = + Integratar
INIT Debye_Integral =0

{Flows}
Integratar = IF(u=TIMETTHEM{(3/ w3 TIMESAEXPTIME - 11 ELSE(D)

{Functions}

Theta =200
T=200
u = ThetaT

Cw=3"B.314"(d"Debye_Integral-3"u/{exp(u}-1))
Thermal_U = 3"8.314T"Debye_Integral

5= 38.314*(4/3*Debye_Integral-LOGMN(1-expl-u)))
Thermal_& = B 314*T*(3*LOGN(1-exp(-u))-Debye_Integral)
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Vensim PLE Interface
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Vensim PLE Interface

Initial Window

HFEd & sl HE[Current Ji o5 % w &RD
HEM AB P YT R 8w B

of

@

; \ Move/Size

< words and arrows
= (select)

Vensim PLE Interface

Variables

=] Vensm:innamed VarFIRAL TIME
e B yew Uotel Osmons fedews Hew

AFE & Em@ | FE[Cunem Ji % & * &R

HEM AE P Y 2k & W B

\ Variable

Auxiliary/Constant

HOEE® Fes




Vensim PLE Interface

Variables

HFE & Em@® | FE[cunem Je % & *# ERO
HEM AE P Y 2k & W B

\ Box Variable
Level
(stock or reservoir)

HOEE® Fes

B Vel TG Ve Mew Foman 12(b] 5ol ISR
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Vensim PLE Interface

Arrow

HEFE & FWE®  HEuren IEx ] 3 &RO
HEM AB P YT R 8w B

’\ Arrow
(connector)

YOEP® Fas

B vewl T Tewes tew Foman [ 12(b] [l IR S T
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Vensim PLE Interface

Rate

’II"I.I". © Metel Ootoss Medows  Hel
HFE & Em@® | FE[cunem Je % & *# ERO
HEM AE P Y 2k & W B

%Rate
(flow)

HOEE® Fes

B Vel TG Ve Mew Foman 12(b] 5ol ISR
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Vensim PLE Interface

Input Output Object

HEE & Fm@ | ¥ [ * RO
zlﬁﬂ BB T 8 W B

@

B

8 Input Output Object

a

=

L

Vensim PLE Interface

Delete

HEFE & FWE®  HEuren IEx ] 3 &RO
HEM AB P YT R 8w B

A

Delete

YOEP® Fas

B vewl T Tewes tew Foman [ 12(b] [l IR S T
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Vensim PLE Interface

Equations

"'"'"" © Metel Ootoss Medows  Hel
HFE & Em@® | FE[cunem Je % & *# ERO
HEM AE P Y 2k & W B

Equationys\

HOEE® Fes

B Vel TG Ve Mew Foman 12(b] 5ol ISR
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Vensim PLE Interface

Formatting Model

HFE & Em@® | FE[cunem Je % & *# ERO

HEM AE P Y 2k & W B

Set Surround Shape on
Selected Variable
(color, location of text, etc.)

HOEE® Fes

B Vel TG Ve Mew Foman 12(b] 5ol ISR
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Vensim PLE Interface

Setup a Simulation

HEE & LB@®  Fifuren T & F &R0

=<Em anr7.zaa € w b
of

Setup a Simulation

HOEE® fe

B vewl T Tewes tew Foman [ 12(b] [l IR S T
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Vensim PLE Interface

Run a Simulation

e B yew  Metel Dotess Ygesews fee

GDEE & Fm@ | FEfun o & # &RO
zlﬁﬂ Y el kA TS

@

e . .

& Run a Simulation

=]

@

[~]

-2

B Vel TG Ve Mew Foman 12(b] 5ol ISR
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Vensim PLE Interface

Automatically Simulate on Change

HFE & Em@® | FE[cunem Je % & *# ERO

HEM AE P Y 2k & W B

Automatically
Simulate on Change

HOEE® Fes

B Vel TG Ve Mew Foman 12(b] 5ol ISR
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Vensim PLE Interface

Control Panel

HEFE & FWE®  HEuren IEx ] 3 &RO
HEM AB P YT R 8w B

Control Panel /

[setup graphs, etc.]

YOEP® Fas

B vewl T Tewes tew Foman [ 12(b] [l IR S T
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