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

| To parallelle 1. ordens reaktioner

[ http:// en.wikipedia.org/wiki/Rate law#Parallel or_competitive_reactions

A—>BogA—C

2 parallelle 1. ordens reaktioner med reaktionskonstanterne kB og kC.

Differentialligningssystem:

dlA] __ i
o= (ky k) LA]
d[B

s

diC] _, .

& k.-14]

¥V Differentialligningssystemet lost direkte med Maple

=> restart

| Differentialligninger:
> DLI = A'(t) =- (kB —|—kc) A(t);
DL2 := B'(t) = kg A(1);
DL3 = C'(t) =k A(t)
DLI :=D(4)(¢t) = - (kB —|—kC) A(t)
DL2 = D(B) (1) =kz A(1)
DL3 = D(C) (1) =k, A(1) (1.1)
;Startbetingelser:
> BT = A(0) =4,
BT2 := B(0) =0;
BT3 :=C(0)=0
BTl == A(0) =4,
BT2 := B(0) =0
i BT3 :=(C(0) =0
| Differentialligningssystemet loses:
> dsolve({DL1,DL2, DL3 ,BTI, BT2, BT3}, {A(t), B(t), C(t) }); simplify(%)
t

(1.2)

—(kB~|—kC
(kg ) kydye ky A,
A(t) =A, e (5™ B(1) = - + LC(1) =
0 kg + ke kg + k.
—(kB-l-k )t
ko Aye koA,

Ttk kgthe
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—(k +k )z
B —(kB-f-kC)t - kBAO (e B C _1> )
A(t) =4 e ,B(t)=- PR ,C(t) = (1.3)
~(k +k N\t
koA, (e (5 ™) —1)
i ke + k.
;Lﬂsningerne indlzegges i funktioner:
> A = unapply(rhs((1.3)[1]),¢) :
B = unapply(rhs((1.3)[2]), t) :
L C:= unapply(rhs((1.3)[3]), 1) :
> "A(t)'=A(1);
'B(t)'=B(1);
'C(t)'=C(t)
—(kB+kC)z
A(t) =4 e
-(k +k \t
kg4, (e ) —1)
Bl == ky + ke
-(k +k \t
kCAO(e (5] 1)
C(t) =- Tk 1.4
[ Konklusion:
Leasningerne er:
-(k, +k, \-t
B C
[A]=A,-e ( )
B= 5 4 (1-e )
0
kB + kC
k -(k,+k, \-t
B C
(€= — 7 0-(1—e ( ")
B + C
[ B()
7 cw
kg
— (1.5)
Med handkraft:
k ~(k +k \t
£ .4, (1-¢ (s770)7)
[B] _ kg + ke :k_B
C k ~(k +k N\t k
- < A(l—e(B )) ¢
kg + k¢
=Konklusion:
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Fast forhold mellem koncentrationerne af B og C:
B] _ %
k
[C] &,
=> assume(kB >0, ko> O); interface(showassumed =0) :
[ > 'Greenseveerdi af A(t)'= tli_l’)nQQA (1);
'Greenseveerdi af B(t)'= tli_rpr( t);
'Greenseveerdi af C(t)'= tli_r)nggC (1)
Greenseveerdi af A(t) =0
kg4,
Greenseveerdi af B(t) = o+ ke
ke A4y
Greenseveerdi af C(t) = oy ke (1.6)
[ Konklusion:
Gransevardierne af koncentrationerne for — oo er:
[A]—0
k
B
[B]— -A,
ky + kg
k
[C]——— -4,
] ky + kg
V¥ Eksempel
> ky=03k.=0.1;4,:=1
kg :=0.3
ke =0.1
A,=1 (1.1.1)
> (r)'=4(1);
'‘B(t)'=B(1);
'C(t)'=C(1)
Af) = o041
B(1) = -0.7500000000 ¢~ ** + 0.7500000000
] C(t) = -0.2500000000 e *** + 0.2500000000 (1.1.2)
| Grensevardier:
> 'Greenseveerdi af A(t)'= tli_r)nooA (1);
'Greenseveerdi af B(t)'= tli_glooB( t);
'Greenseveerdi af C(t)'= tli_rpooC (1)
Greenseveerdi af A(t) =0.
Greenseveerdi af B(t) =0.7500000000




To parallele 1. ordens reaktioner Side 4/7 Steen Toft Jorgensen

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)
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V¥ Successiv lesning med Maple

_Differentialligningssystemet kan loses én ligning ad gangen.

=> restart

| Differentialligning 1:
> DLI = A4'(1) =—(kB—I—k ) A(t)
DLI :=D(4)(t) = —(kB—i-kC)A(t) 2.1)
;Startbetingelse 1:
> BTl :=A(0) =4,
BTI == A(0) =4, 2.2)

:Differentialligning 1 loses:
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> dsolve({DLI1,BT1}, {A(t)})
—(kB+kC)z
A(t) =4,e 2.3)
;Indlaegges i en funktion:
> A = unapply(rhs(%), t)
-(k 4k \t
At dge (B C) 2.4)
;Differentialligning 2:
> DL2 := B'(t) =kz-A(?)
—(kB—i-kC)t
DL2 :=D(B)(t) =4,e ky 2.5)
;Startbetingelse 2:
> BT2 :=B(0) =0
i BT2 := B(0) =0 (2.6)
| Differentialligning 2 leses:
> dsolve({DL2, BT2}, {B(t) }); simplify( %)
—(k +k )z
B
Aye k Ak
B =~ T 14
BT *C BT 'c
-(k_ +k \t
AokB<e(B c) 1) -
t)=- 2.7
i kg + ke
| Indlzegges i en funktion:
> B = unapply(rhs(%), t)
—(kB +k )z
Ay kg (e — 1)
Bi=tr - 2.8)
kp + ke
;Differentialligning 3:
> DL3 = C'(t) =k -A(t)
—(kB—l—kC)t
DL3 :=D(C)(t) =4,e ke 2.9
;Startbetingelse 3:
> BT3 = C(0) =0
i BT3 = (C(0) =0 (2.10)
| Differentialligning 3 leses:
> dsolve({DL3, BT3}, {C(t) }); simplify( %)
—(k +k )z
Aye k, k- A
0 c c“0
A A
BT ke BTk
-(k_ +k \t
c koA, (e <B C) —1) @.11)
(1) =~ .
i kg + k¢
| Indlzegges i en funktion:
> C := unapply(rhs(%), t)
21N
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\ 4

_ kCAO (e—(kBJrkC)t_ 1)

C=tr (2.12)
i kg + ke
| Losningerne:
> A(1)'=A(1);
'B(t)'=B(1);
'C(t)=C(1)
—(kB + kc) t
A(t)=A,e
-(k_ +k \t
Ay kg (e ( ) — 1)
B(t) = -
kg + k¢
-(k_ +k \t
- kCAO(e (5] 1) 213
(1) =~ 2.
i kg + ke
| Dvs. samme lgsning som for.
Successiv losning med handkraft
_Differentialligningssystemet kan loses én ligning ad gangen.
1. differentialligning:
A'(t) =- (kB + kc) “A(t)
Er afl. stanzlai(]lctype (seetning 11 i A-bogen): y'=k-y & y= c-eh* , dvs. lgsningen er
— .t
A1) =cve (57%)
—(kB +k )-t
Betingelsen 4(0) = 4, betyder, at losningen er 4(¢) =4 ,-e
2. differentialligning:
B'(t) =kg A(t)
- (kB + kc)~t
Losningen for 4(¢) indsattes: B'(¢) =kgz-A,e
Losningen kan bestemmes ved integration:
_(kB+kC).t 1 —(kB-f—kC)'t
B(t) =|ky A, dr + B(t)=ky Ay ———7 - +
()JB 0 © c < B(t) BO—(kB-I-kC)e c
Betingelsen B(0) = B, betyder, at
1 —(kB + kc> 0 1 kg
kp Ay —————"¢e +c=B, = kyAd—————— +c=B,= c= A
B0 - (kg + k) 0BT - (kg t k) 0 kg +ke 0
+B,
' 1 (TR kyd,
Lesningen er: B(t) =k, A ——————— ¢ + + B
B0 - (kg + k) kg +ke 0

dvs.
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B kB _(kB+kC)t
B(t)—kB—_I_kC'AO'(l—e ) +Bo

3. differentialligning:

C'(t) =k A(2)
Som ved 2. differentialligning fas, at lesningen er:

ke - (l—e_(kB +kc) -t) re,

Clt)=——
Otk




