To parallele 2. ordens reaktioner Side 1/7 Steen Toft Jorgensen

| To parallelle 2. ordens reaktioner

http://en.wikipedia.org/wiki/Rate_equation#Parallel or_competitive_reactions

NB. Denne reaktionstype findes ikke pa Wikipedia!
A—>BogA—C
2 parallelle 2. ordens reaktioner med reaktionskonstanterne kB og k c

Differentialligningssystem:

AL —— (ke + k) [4]°

dt

dB] _, ;477
g Ryl
diC] _; .1 47
pria ot

¥V Differentialligningssystemet lost direkte med Maple

=> restart

| Differentialligninger:

> DLI = A'(1) = (kg + k) -A(1);

DL2 := B'(t) =kygA(1)*;
DL3 = C'(1) =ko-A(1)°

DLI = D(A) (1) = - (ky + kc) A(t)°

DL2 := D(B) (1) =kg A(1)’
DL3 = D(C)(t) =k A(1)° (1.1)

;Startbetingelser:
> BTI == A(0) =4,

BT2 := B(0) =0;
BT3 :=C(0)=0
BTI == A(0) =4,

BT2 := B(0) =0
i BT3 := (C(0) =0 (1.2)
| Differentialligningssystemet loses:
> dsolve({DL1, DL2, DL3 ,BTI1, BT2, BT3}, {A(t), B(t), C(t) }); simplify( %)
1 kg kg 4y
A(1) = B =- I Yk
. - BT C
Gyt +ket+ ((kB+kC)t+ Aoj(kB—i-kC)
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k, k- A
((kB—i-kC)t-l—A—Oj(kB—i-kC) s the
A thyd, th Ay
0 B0 c“o
A(t) = B(t) = C(t) = 1.3
W= k) i, + 10 PO ey a1 SO kg a1 | Y
;Lasningerne indlegges i funktioner:
> A = unapply(rhs((1.3)[1]), 1) :
B = unapply(rhs((1.3)[2]), 1) :
| C == unapply(rhs((1.3)[3]), 1) :
> A1) =A(1);
'‘B(t)'=B(1);
'C(t)'=C(t)
A
0
A1) =
(kB-I—kC) t4,+1
B0 - thyd,
(kB-I—kC) t4,+1
th A’
c“o
C(1) = (1.4)
i (kB-I—kC) t4,+1
Konklusion:
Losningerne er:
A
— 0
(4] =
Ay (kg + ko)t + 1
2
AO-kB-t
[B] =
Ay (kg + k)t + 1
2
AO-kC-t
[C]=
Ay (kg + ko)t + 1
" B()
>
C(1)
k
B
— (1.5)
Med héndkraft:
2
Ay kgt
(B] Ay (ksthke)t+1  Agkyt  k
B 2 ) T r
[C] Akt Agkeet ke
AO-(kB+kC)-t—|—1
=Konklusion:
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Fast forhold mellem koncentrationerne af B og C:

(B] _ %

(€1 ke

> 'Grenseveerdi af A(t)'= tlgnmA (1);
'Greenseveerdi af B(t)'= tlgnooB( t);
'Greenseveerdi af C(t)'= tli_r}nooC (1)

Greenseveerdi af A(t) =0
. kB AO
Greenseveerdi af B(t) = oy + ke
Greenseveerdi af C(t) = ﬂ 1.e)
kg + ke )

_Konklusion:

Gransevardierne af koncentrationerne for f— « er:

[A]—0
k
A]l—>—5 .4
4] ky + k. °
[A] > €
- — -4
i ky + ko !
V¥ Eksempel
> kyi=103;k.:=0.1;4,:=1
ky =
ke =0.1
A4,=1 (1.1.1)
(> A(0)'=A(1);
'‘B(t)'=B(1);
'C(t)'=C(1)
B 1
A =941
0.3¢
B =54
011t
I C(t)= LY TES] (1.1.2)
| Grensevardier:
> 'Greenseveerdi af A(t)'= tli_r)nooA (1);
'Greenseveerdi af B(t)'= tlglle( t);
'Greenseveerdi af C(t)'= tli_rpooC (1)
Greenseveerdiaf A(t) =0.
Greenseveerdi af B(t) =0.7500000000
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i Greenseveerdi af C(t) =0.2500000000 (1.1.3)
> pA = plot(A(t),t=0..10, color =red, grzdlznes legend=["A(t)"]) :
pB = plot(B(t), t=0..10, color = blue, gridlines, legend=["B(¢)"]) :
pC = plot(C(t),t=0. lO color = green, gridlines, legend=["C(t)"]) :
:> with(plots) :
> display({ pA, pB, pC}, gridlines)
1 —_
0.8
0.6
0.4
0.2
O T T T T 1
0 2 4 6 8 10
t
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V¥ Successiv lesning med Maple

_Differentialligningssystemet kan loses én ligning ad gangen.

=> restart

| Differentialligning 1:
> DLI = A'(t) =- (ky + k) -A(1)”
2.1)

;Startbetingelse 1:
> BTI == A(0) =4,

BTI = 4(0) =4, 2.2)
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| Differentialligning 1 leses:
> dsolve({DLI1,BT1}, {A(t)})
4y
A(t) = 23
i (7) Apkgt +A k-t +1 2.3)
| Indlzegges i en funktion:
> A = unapply(rhs(%), t)
4y
A=t 2.4)
i Ajkgt +A k-t +1
| Differentialligning 2:
> DL2 = B'(t) =kgA(1)’
Ao2 kg
DL2 :=D(B)(t) = 5 2.5
i (AokBt+A0kCt+1)
| Startbetingelse 2:
> BT2 :=B(0) =0
i BT2 :=B(0) =0 (2.6)
| Differentialligning 2 leses:
> dsolve({DL2, BT2}, {B(t)}); simplify( %)
2 2
B(1) = - Ay kg n Ay kg
(1 + (AokB+A0kc) 1) (AokB+A0kc) Apkg + A,k
thyd,
B(t) = 2.7
i 1+A0t(kB+kC)
| Indlegges i en funktion:
> B = unapply(rhs(%), t)
thyd,
B=t 2.8
T U+ Ayt (kg k) (2.5)
;Differentialligning 3:
> DL3 = C'(1) =k A(1)°
Ay ke
DL3 :==D(C)(t) = 5 2.9)
i (AokBt—i-AOkCt—i-l)
| Startbetingelse 3:
> BT3:=C(0)=0
i BT3 :=C(0)=0 (2.10)
| Differentialligning 3 leses:
> dsolve({DL3, BT3}, {C(t) }); simplify( %)
2 2
cl) = - Ay ke n Ay ke
(1 + (A()kB+A0kc) 1) (A()kB-I—AOkC) Ayhkg + Ay ke
tho A}
C(t) = (2.11)
i 1+A0t(kB+kC)
| Indlaegges i en funktion:
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\ 4

> C := unapply(rhs(%), t)

2
Ci=1+> thed, 2.12)
L+Ayt (ky+ke) )
;Lﬂsningerne:
> A(1)'=A(1);
'B(t)'=B(1);
'C(1)'=C(1)
4y
A(t) =
Apkgt +A k-t +1
thyd,
B(1) = B0
1+A0t(kB+kC)
tho A,
C(1) o (2.13)

T 1Ayt (kythe)

| Dvs. samme lgsning som for.

Lesning med handkraft

1. differentialligning:
-A'(t) = (kB + kc) -A(t)2 er som bekendt en alm. 2. ordens reaktion.
1

Lesningen er sa givet ved: A(¢) = 1
(kB + kC) -t+ A_o

2. differentialligning:
Dette kan sd indsettes i 2. differentialligning B'(¢) = k44 (t)2 , som kan lgses ved integration:

B(1) =ky 1 S = B(1) =k 1 s di
1 1
((kB+kC)-t+A—0) [(kB+kC)-z+A—0j
Her anvendes substitutionsmetoden, hvor den nye variabel er
_ A du _ -1
u=(kg+kc)t+ 4, = =ky+ ko < dt= ot ke du
Sa lyder integralet:
1 kg 1 Ky 1 kg
B(t) =k de= == du= -— =
(0 =k N2 kg ke |2 kB-I—kC( u)+c g + ke
((k3+kc)-t+—)
4y
- I 1 +c
kp+ ko)t + —
(B+ C) t 4,
B(0)=B,= B L Y G +c©c=L-A +B
0 0 kB+kC ()_|-L kB+kC 0 0
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B(t) = “ I + i A +B, <
= o= A, )
kB+kC (kB+kC)'t+L kB+kC
4,
k
B 1
B(t) = -lA,— B
O k| k4 k)t i
( B C) A,
3. differentialligning:
C'(t) =kq-A (t)2 kan lgses pa samme maéde.
k
B C . b
(kB + kc) t1+ 4,
|_LSveert at se, at det er samme lesning som ovenfor med Maple!



