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To 1. ordens reaktioner efter hinanden

http://en.wikipedia.org/wiki/Rate law#Consecutive reactions

A—>B—>C

To 1. ordens reaktioner efter hinanden med reaktionskonstanterne kB 0og

k..
C
Antag, atk, + k!

Differentialligningssystem:

d4] __, .

& ky-1A]

d[B] _
%—kB-[A]—kC-[B]
d[C] _
[

V¥ Direkte losning af differentialligningssystemet med Maple

=> restart

| Differentialligninger:
> DLI == A'(t) == kg A(1);
DL2 := B'(t) =kg-A(t) — k- B(1);
DL3 = C'(t) =k, B(t)
DLI :=D(A4) (1) = -kz A(?)
DL2 := D(B) (t) =kg A(t) — k. B(?)

DL3 = D(C) (1) =k¢ B(1) (1.1)
;Startbetingelser:
> BTI = A(0) =4,
BT2 == B(0) =By
BT3 = C(0) =C,
BTl == A(0) =4,
BT2 == B(0) =B,
BT3 :=C(0)=C, 1.2)

;Differentialligningssystemet loses:
> dsolve({DL1,DL2, DL3 ,BTI, BT2, BT3}, {A(t), B(t), C(t) }); simplify(%)
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-k t+k t
k1 kydje B € kA +B k,—k.B, | k.
A1) =dye ®,B(1)=| -2 I e et
kB_kC kB_kC
-k t

C
1 k! © (kgdy+ Bykg — ke By) ky

= Ak —
— ¢ 0"°C kB_kC

e (kBA0+BOkB—kCBO) kc

kB_kC
—kct -t (kB - kc)
—kBt e (kBAoe + (—AO—B{)) kB-i-kCBO)
, C(1)

kB_kC

-k ¢ -k ¢

((‘Ao_Bo) kB—i-kCBO) e ¢ +e B Aokc+(k3_kc) (A0+B0+C0)

kB_kC

+ (Ag+ By + Cp) kg — (Ag+ By + Cp) ke

(1.3)

| Losningerne indlaegges i funktioner:
> A = unapply(rhs((1.3)[1]), 1) :

B = unapply(rhs((1.3)[2]), ¢) :

C = unapply(rhs((1.3)[3]), ¢) :

| Losningerne er:

> A1) =A(1);
'‘B(t)'=B(1);
'C(1)=C(1)

kB _kc

-kt -kt
C B
((—AO—BO) kB—i-kCBO)e +e AOkC-I-(kB—kC) (AO-I-BO—l-Co)
kg — ke
B assume(kB >0, ko> O); interface(showassumed =0) :
> 'Greenseverdi afA(t)'= tli_I}looA (1);

(1.4)

'Greenseveerdi af B(t)'= tli_rpwexpand (B(1));
'Greenseveerdi af C(t)'= tli_r)nooC (1)
Greenseveerdi af A(t) =0
Greenseveerdi af B(t) =0
Greenseveerdiaf C(t) =A4,+ B, + C, (1.5)

_Konklusion:

Graenseveardierne af koncentrationerne for 1 — « er:
[A]—0
[B]—0
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[[C]1—>4,+B,+ ¢,

V¥ Eksempel
> kg =03k, =0.1;4,=1;B,:=05;C,:=0
ky =103
kp = 0.1
Ay=1
B, =05
C,=0 (1.1.1)
;Lﬂsninger:
> A(t)'=A(t);
'B(t)=B(1),
'C(1)'=C(1)
A1) =e 031
B(t) = -5.000000000 ¢ *'* (0.3 ¢ 2" —0.40)
i C(t) = -2.000000000 ¢ '’ +0.5000000000 ¢ °*’ + 1.500000000 (1.1.2)
| Grensevardier:

> 'Greenseveerdiaf A(t)'= tli_r}lwA (1);
'Greenseveerdi af B(t)'= tlgan( t);
'Greenseveerdi af C(t)'= tli_gle (1)
Greenseveerdi af A(t) =0.
Greenseveerdi af B(t) =0.
i Greenseveerdi af C(t) =1.500000000 (1.1.3)
;Plot af lesningerne:
| > with(plots) :
| Plot medz € [0;10] :

> pAIl0 == plot(A(t), t=0..10, color =red, gridlines, legend=["A(t)"
pBI10 = plot(B(t),t=0..10, color = blue, gridlines, legend = ["B(t)
pCl10 := plot(C(t),t=0. (

1) :
H]) .
.10, color = green, gridlines, legend=["C(t)"]) :

B display({pA10, pB10, pC10}, gridlines)
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0..100, color =red, gridlines, legend=["A(t)"]) :
0..100, color = blue, gridlines, legend=["B(t)"]) :
0. 100 color = green, gridlines, legend=["C(t)"]) :

> pAl100 == plot(A(t), t

pB100 := plot(B(t), t

| pCl100 := plot(C(t),t
| Plot medz € [0;100] :

> display({pA100, pB100, pC100}, gridlines)
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V¥ Successiv lesning med Maple

_Differentialligningssystemet kan loses én ligning ad gangen.
;> restart

| Differentialligning 1:

> DLI == A'(t) == kg A(1)

DLI :==D(4) (1) = -kgz A(?)

;Startbetingelse 1:

> BTI = A(0) =4,

BTI == A(0) =4,

;Differentialligning 1 loses:

> dsolve({DLI1,BTI}, {A(t)})

;Indlaegges i en funktion:
> A = unapply(rhs(%), t)

100

2.1)

(2.2)

2.3)

24
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| Differentialligning 2:
> DL2 := B'(t) kg A(t) — k- B(?)

DL2 = D(B) (1) =kgd e * —k.B(1) 2.5)
;Startbetingelse 2:
> BT2 := B(0) =B,
BT2 := B(0) =B, (2.6)
;Differentialligning 2 loses:
> dsolve({DL2, BT2}, {B(t)}); simplify( %)
—t(k —k )
kydje € Agkg | k.t
B(1)=|-—2 + Byt —— ¢
kp — ke kp — k¢
( -t (kB - kC) —kCt
kgAye +(-4,— B, kB-i-BokC)e
B(t) = - (k s ) 2.7
i B~ "c
| Indlzegges i en funktion:
> B = unapply(rhs(%), t)
( —t(kB—kC) ) —kct
kpA,e +(-4,—B)) ky+B,k-| e
Bim s - A BT0 (~Ay—By) kg + Bykc 2.8)
i kg — k¢
| Differentialligning 3:
> DL3 = C'(t) =k."B(?)
-t (kB - kC) —kCt
k(kAe +(-4,—B k-I—Bk)e
DL3 = D(C) (1) = - ——2-" (Ao =50) %+ Bl 2.9)
kg — k¢
;Startbetingelse 3:
> BT3 :=C(0) =C,
BT3 = C(0) =C, (2.10)
;Differentialligning 3 leses:
> dsolve({DL3, BT3}, {C(t)}); simplify( %)
-kt -kt
A ke © B kye © k1 k1
kc'oi —oi +B0eC+AOeB
c C
C(t) = +C
kg — k¢ 0
Ak Bk
0" 0"B
k| - — +B,+4
B (¢ kC kC 0 0
kp — k¢
—kCt —kBt
-A,—B)) k,+B k) e +A,e 7 ko+ (ky—k-) (4,+B,+C
Clr) = ((~4y—By) kg + Byke) 0 ct (kg —ke) (gt By 0) @.11)

kB_kC

;Indlaegges i en funktion:
> C = unapply(rhs(%), t)
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-k .t -k t
~A,—By) ky+Byk)e € +dye P ko+ (ky—k.) (4)+B,+C
Comto ((~4p—By) kg 0kc) 0 ct (ks C)(O 0 0) 2.12)
i kg — k¢
| Losningerne:
> 'A(t)'=A(1);
'B(t)'=B(1);
'C(1)'=C(1)
—kBt
A(t) =A,e
-t (kB - kC) —kCt
Bl - - (kBAOe +(‘A0—B()) kB+B0kC) e
kg — k¢
-kt -k t
c B
B ((—AO—BO) kB—i-BOkC)e +4,¢ kc+(k3_kc) (A0+B0+C0)
C(t) = (2.13)
kg — k¢
[Er samme lesning som for?

Y Successiv losning med handkraft

_Differentialligningssystemet kan loses én ligning ad gangen.

Vi ngjes her med begyndelsesbetingelserne: 4A(0) =4,0g B(0) =00g C(0) =0.

=1. differentialligning:

A1) = kg A1)

-k -t
Er af 1. standardtype: y'=ky < y=c-ek'x , dvs. lesningen er A(¢) =c-e B
-k -t
B

Betingelsen 4(0) = A4, betyder, at losningen er 4 (¢) =4 ,-e

2. differentialligning:

B'(1) =k A(t) — kq-B(1)

Losningen for A (¢) indsattes:

B'(1) =kB-A0-e_kB.t—kC-B(t)

Denne er en lineaer type: y'=-a(x)-y+b(x) <y —e 4 -Jb(x) 1 dy + ¢ ™™ hvor
A(x) er en stamfunktion til a(x).

Herera(t) =k.ogb(t) = kB-Ao-e_kB.t (husk at variablen x hedder ¢ her).

Sa bliver (1) =[a(r) dr=| ke de =kt

og
-k -t k -t k —k\t k.-A k —k\t
Jb(t)-eA(’) dt=JkB~A0~e B € dt=kB~A0-Je(C DR SRR
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\ 4

Hermed kan man finde B(¢) :

-kt koA k_ —k )t -k -t k -k -t -k -t
B(t) =e c B0 -e(c B) +c-e < B(t) = 5 Aye +c-e
ke — kg ke — kg
DaB(0) =0, gelder at
k -k -0 -k -0 k k
L dye ® e © =0 —L— A tc=0oc=——"—14,
ke — kg ke — kg ke — kg
Losningen bliver derfor:
kg -k -t ky k.t kg kgt kot
B(t) = dye P -—F—4¢ © =Bt)=—"—-4 (e —e )
ke — kg 0 ke — kg ’ ke =k 0
NB: Udtrykket for B(¢) er altid positivt!
-k -t -k -t
* Hvis k. > kj s er nevneren positiv, og sé ere Bse €

. . . o B
* Hvis kC < kB sa er nevneren negativ, 0g sa er € <e

3. differentialligning:

C'(t) =k B(1)
Lesningen for B(¢) indsattes:

kB —kB't —kC't kB'kC —kB~t —kC~t
C(t)—kC'H'AO'(e —¢ )—kc_kB -A0~<e —¢€ )

C(t) kan findes ved integration.
k -k -k -t -k -t k .k -k -t k k -k -t
C(1) J s AO'(e e € )dt+k=J 2L dye ® dt—J £ dye © dr

k=, ke —ky ke — kg
+ke
ko k -k -t -k -t ko k -k -t -k -t
C(t)zﬁ-AO-Ue B dt—Je < dtj +h=—2"C Ay L-e 5 _ 1L e +k
ke — kg ke — kg Ky ke
~
ket k1
ke —kye
C(1) =A, | - £ +k
ke — kg
Betingelsen C(0) =0 betyder, at
k0 k10
ke —kpe k-—k
4, | =< z +h=0 o A, | 2 | +k=0 = k=4,
ke — kg ke — kg
Losningen bliver derfor:
—kB-t —kC-t —kB-t -k -t
koe —kge ki-e —kg-e
t) =4 —A =A,-|1-
=4 ke = ky 0= B ke — kg

Tilfeldetk =k
B C
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=> restart

| Differentialligninger:
> DLI == A'(t) == kg A(1);
DL2 := B'(t) =kg-A(t) — kz'B(1);
DL3 = C'(t) =kg B(t

—_— ~—

DLI = D(4) (1) = -ky A(1)
DL2 := D(B)(t) =kgz A(1) —ky B(1)
DL3 = D(C) (1) =k B(1)

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

;Differentialligningssystemet loses:
> dsolve({DL1, DL2, DL3 , BT1, BT2, BT3}, {A(t), B(¢t), C(¢)})

-k t -kt
{A(z) =dye U, B(1)=(Agkyt+By)e ', Clt) = (-Aykyt—A4,—By) e
+A0+C0}

| Losningerne indlzegges i funktioner:
> A = unapply(rhs((4.3)[1]),1) :

B = unapply(rhs((4.3)[2]), 1) :

C = unapply(rhs((4.3)[3]), 1) :

| Losningerne er:

> A(1)'=A(1);
'‘B(t)'=B(1);
'C(1)'=C(1)
-kt
A(r)=4ye *
-kt
B(t) = (Agkyt +By) e *
-k t
Clt) = (~Agkgt—Ay—By) e ° +By+4,+C,
V¥ Eksempel
> ky=103,4,=1,B,=05,C;=0
ky = 0.3
A,=1
B,=0.5
C,=0

Steen Toft Jorgensen

@.1)
@4.2)

-k t
5 +B, 4.3)
4.4)
4.1.1)
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> 'A(t)'=A(1);

‘B(t)'=B(1);
'C(1)'=C(t)
A() =e 03
B(r)=(031+05) ¢
C(t)=(-031—15)e " +1.5 (4.1.2)

| Plot af lesningerne:

| > with(plots) :

| Plot medz € [0;10] :

> pAl0 = plot(A(t), t=0..10, color =red, gridlines, legend=["A(t)"]) :
pB10 = plot(B(t), t=0..10, color = blue, gridlines, legend=["B(t)"]) :
pCl10 = plot(C(t),t=0. lO color = green, gridlines, legend=["C(t)"]) :

> display({pA10, pB10, pC10}, gridlines)

1.21

.
0.8
0.6-
0.4-

0.2

—— C(t) —— At) —— B(1)

> pAI100 = plot(A(t), t=0..100, color =red, gridlines, legend=["A(1)"]) :
pB100 = plot(B(t), t=0..100, color = blue, gridlines, legend=["B(¢)"]) :

L pCl00 = plot(C(1),t=0. 100 color = green, gridlines, legend=["C(t)"]) :

| Plot medz € [0;100] :

> display({pA100, pB100, pC100}, gridlines)
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