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Supplementary Material
1. Solution of Scheme 3 by the Laplace transform method.

The set of differential equations describing Scheme 3 are

X (t) + (ks +ka)x(t) ~kay(t) = O
y(t)+(k + k4)Y(t) kix(t) =0
Px'(t) — kex(t) =
Py (t) —ka¥(t) =0

Taking Laplace transforms of both sides of each equation and using the initial conditions at
time zerd X]y =a, [Y]o =b, [P], =0, and[R], =0 results in

[$+k +k3 —ko 0 0ofIX(s)d m@C
0 -k s+ky+ky 0 OCHY(s) U [bC
0 —kg 0 s 0l (9)H C
3 o0 - 0 sHp(95

The determinant of the left-hand matrix is
D= (s+ky +ka)(s+ka +kg)s” — kokys™ = (s +y1)(s+Y2)
wherey; +y, =kg +ky +kg+kg andygyp = kiky +kokg + Kgky .

Solving the matrix equation yields

a —k2 00
x(s)—lb s+tko+ks 0 O a(s+ky+ky)+ bk
“Dlo 0 s 0 (s+yi)(s+y2)

0 —ky 0 s



stki+ks a O
1| -k b 0 b(s+ kg +kg) +ak
1925 4 o )
D| ks s (s+ya)(s+v2)
0 0 0O s
S+ k1+k3 —k2 a
0.(9)= 1| -k stko+tky b O akg(s+ky +ky) +bloks
X D| -ks 0 0 I s+y1)(s+y2)
0 k, O
S+ k1+ k3 k2 0
1| -k stko+ks 0 bl bly(s+k +kg)+akgky
py(s) == _ =
D ks 0 s 0 s(s+v1)(s+v2)
0 & 00

From tables of inverse Laplace transforms the time dependent product concentration
functions are given by

bk2k3 + ak3( k2 + k4) Ebk2k3 + ak3(k2 + k4 yl)

[PX](t): Y1y2 D ya(v2 -v1) Bexp( )
[bk2 ks +akg(kp +ky—y2) O
D Vz(Vz Vl) EEXF( Vzt)

(R () = 24+ Dalla ko) P+ bl tlg-va)T

Y1y2 D ya(y2 —v1) 0

Ebkk + bk, (kq + k
aky + bk (kg + kg yz)[exr(—ygt)
A ) 0

The final product ratio at infinite time is then given by

[Px]oo _ ks ko +alko +k4)
[R]., ~[ksOak +b(k +kg)

which is identical to eq. [1].




2. Solution of kinetic schemes in reference 11 by the digraph method using
path divergent trees
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For target PX:
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where

g1 = koka(a+ b) +aks(ks + ko)
g2 = lqky(a+b) + biky (ks +ky)
@ = (a+b)(kikp + kokg + Kaky ) + bkaky, + akgky
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Path divergent trees:
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Scheme S6
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ik B H kB kB H kx Hk B ki f
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[Rl., TkaO(a+b)ky(kx +ky) +kykox |+ bkg(kx +ky) +bkyk_x

3. Solution of kinetic schemes in reference 11 by the modified Chou
digraph method.

Scheme S1
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[Px]oo N a(—1)3+1+1(—k3)(k2 + k4 +kb) + a(—1)3+0+1k1kb +b(—1)3+0+1k2k3

+b(—1)3+1+1(—kb)( ky + kg +Kq)
= afka(ko + kg + k) + kiky | + 1 Kok + K (kg + k3 + )]
- (a+ b)(klkb + k2k3 + kgkb) + bkakb + ak3k4

ki tkatks @ Y X -k Y
- ky Ky
Py Py
X -k Y X @k2+kb+k4
-k, K,
Py Py

[Re],, - b(- D3 k) (kg + ks + k) + b(-2)* ik, +a(-1)% O ik,
( )3+1+1( )(k2+ k4 "'kb)

= b[k4(k1+ kg +ka) + koka |+  kaky +ka(ko + kg + )]
+b )(koka + kiky +Kgkq) +akgky + bkgky

[Px]oo _ (a+b)(kikp + koks +ksky) +bkaky +akgky
[R]., (a+ b)(koka + K1k + kgks) + akakp + bkaky

Scheme S3
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Subgraphs:
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[P~ A(-2)"2(kg) (ke + kg )k + kg + ko) +8(=1) gl (kp + ke + k) +a(=2) O (k)
+b(—1) A M ok (ke + kg ) + b(—1)* T kpke (kg + ks + kq ) + b(=1) 0+ (—kokake)
= ko + kg + k) (Ka(ke + kg ) + kak) + akakpks + blkoka(ke + kg ) + kpke(ky + ks +ka) + kokake)
= (a+ b)(koka(ke +kg) + Kpko (Ka + kg + kg ) + Kokake ) + @ kaka(Ke + Ky ) + Kakake + kakpky)

@ Ky + Ky + ks
ek (D)

@ k1"'ka+k3
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(Rl = B=D*"" (kg )(ke +ka)(ke + kg + ka) +b(-=1)* kg (kg + kg + ka) +b(=1)* 0" ~kokaky)
+a( =1 kg (ke +kg) + (1) kg (ke + kg +ko ) +a(=1) O (<lgkoky)
= blky +kg +ka)(Ka(ke + ka) + Koy ) + bkokaky + a(kaks (ke +Kg) +kaka (Ko + ke +ky) + Kikpky)
= (a+b)(kika(ke + kg) + kaka(k + kg +kp) +kikky ) +b(kaka (ke +kg) +kakpkg +kakake)

[Px]oo — (kc"'kd)sl"'kc(p
(Rl (ke +ka)e2+ ke

where

&= k2k3(a+ b) + ak3(k4 + kb)

€2 = kikg(a+b) +bky (ks +k;)
@ = (a+b)(kikp + koka + Kaky ) + bkakp + aksky

Scheme S4
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Scheme S5
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@k3+k1 kg X
A

BO—P—I—P—OP P
A A

[P, = B(=D) " gy (kg +ka) + a(=D) 0" (—kakaky) = kaf by (ke + k) + akiky]

[P)(]oo _ Eﬁﬂakx(kz + k4) + bkyk2
[R]w l:k4 O bky(kl + k3) + akxkl

Scheme S6
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[Px]oo — a(_1)4+2+1(—k3)(kx + ky)(kz + k4 + k_Y) + a(—1)4+1+1(—k3kyk_y)
+b(—1) 1 kokg (ky + ky) + (—)* O+ —kgkyk_y )
= k3{ a[(kx +ky (ko + kg +koy )+ kYk_Y] + b[kz(kx +ky) + kxk_y]}
= kaf (a+ b)[ka(kx +ky )+ kyky] +aka(ky +ky) +akky}
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: @
- Kk
- kx kg + Ky + Ky
X Y o y
. Pk‘*
Py o,
@
- kl
X B > Y
F- k4
PY

(Rl = B=0*"2"(—kg)(kx +ky)(ke + k3 +kox) +b(=1) ™ (—kgkk_x)
+a(_1)4+1+1k1k4(kx + kY) +a(_1)4+0+1(_k4kYk_X)
= ka{b (kx + ky) (ke + ks +kox) +kxkox] + ka(kx + ky) + kykox]}
= ke{ (a+ b)ka (kx +ky) + kykx] +blg(kx +ky) + bkxk_x }

[P ke H@+ b ko (K +ky) +Kyk_y] + aka(ky +ky) +akek_y
(Rl  CkaO(a+b)ky(kx +ky) +kyko x|+ blg(ky +ky) +bkxk x

4. Solution of Scheme 6 by the modified Chou digraph method.

Digraph:
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Subgraphstargetis R

Contribution from A

kot kgt ky kytkg - ks
A -
|

N <

a{(—l)4+ 2+1(—ka)(k2 +ks +kp) (kg + ko) + (1) 4+1+1(—kak3k4)}
= alke{ (kp + kg + kp) (kg + k) — kaks}
= alk{ (ko + ko) (Ka + kc) + kakc}

Contribution from B
A B @ kg + kg
|

<
_k2
'ka

Pa

b (~1)**** ke (kg + e )} = bkako(kg + k)

Contribution from C
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w
O

()"0 Ik} = ook

Overall contribution to R from A, B, and C is found by summing above individual
contributions:

[Pale, — ka{a[(ko +ka)(ka + ko) + kake] + bka(ky +kc) + choka}

Target product is &.

Overall contribution to @ is found using transposition of variables:
a<_c

ka = ke

Ky = kg

ko = k3

(Rl — e (ke + koo + o) + koka] + bl + k) + alks)

Subgraphs:targetis B

Contribution from A

y L, Qe
A B

af (-1)* ko) (kc + ka)} = ala (ke + k)

Contribution from B
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b (-2)**2** (o ) ke + )k *ka)} = bl (o + i) (e + )

Contribution from C

k1+kaQ B -k,

(0" k) s + ko) = il +o)

Overall contribution to B from A, B, and C is found by summing above individual
contributions:

[Pa]., — kofak (kg +ke) + blks +kc) (kg +ka) + cha (kg + k) x
5. Solution of Scheme 7 by the modified Chou digraph method.

Digraph:



Subgraphs target is R

Contributions from A

Ko + kg + ki OB (:<>k4+k5+kC B Kk, C

a{(—l)4+ 2+1(—ka)(k2 +kg + kb)(k4 +kg + kc) + (—1)4+1+1(—kak3k4)}
= aky{ (ko + kg +kp) (kg +ks + ko) — kaka}
= alke{ (ko + ko) (ka + ks +ke) + ka(ks + ke )}

Contributions from B
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o (~1)* O™ (~kakghks) +(-1)** ko (ks + s + ke )}
= bla{ ko (ks + ks + k) + kaks)

Contributions from C

B C k2+k3+kbOB ¢

o (1)~ kakoky) + (- ks (ko + ks + ko))
= cka{ks (ko + kg + kp) + koka

Overall contribution to R from A, B, and C is found by summing above individual
contributions:

[Pales — Kaf (ko +ko)(Ka + ks + k) +ka(ks + k)]
+Hlka(ke + ks + ke) +kaks] +  ks(ka +ka +kp ) + Koy ]}

Contributions to B from A, B, and C and to®from A, B, and C are found in a similar

fashion.

6. Subgraphs of digraph in Fig. 10.
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Target product is

Contribution from A
Ky + ks Ke + k7 + kyo[HX*]

- k; [ArNH,] Q Q Q kg [ArNH ]
A 1
5 B

- kg[HX*] 's
4 I5
- kq1 [QH] O
kyo [QH]

P1

[A]o(‘1)8+4+1(‘k1k8k9k11k12)[ArNHz]z[ HX*][QH]Z(M + k5)(k6 + kg + klO[ HX ])

= [ Al kkekoky 1k o( ks + |<5)(|<6 + kg + klo[HX* ])[ArNHZ]Z[HX*][QH]Z

_k5
- Ky [ANH,] Q kg [ArNH ]
L
B

- ko[HX"] s T, 2
l4 ls
- kq1 [QH] O
ky2 [QH]

P1

[ Alo(=1)%"™ (—kikskekgkoky 1k 2)| ArNHy ]2[ HX*][QH]2

_ —[A]0k1k5k6k8k9k11k12[ArNH2]2[HX*][QH]Z
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Ky + ks
- k7
_ Ky [ArNH,]
A e—p gl j Q O-
- ko[HX*] '3 2 B
kg [ArNH,]
l4 Is
- ky1 [QH] C)
k H
P 12 [QH]

2 *
[ Alo(-2)%>*" (—kakrkgkoky 1k.0) (kg + ks ) ArNH; | [HX ][QH]2
= ~[ Al gktkrkgkoky kg o (ks + k5)[ArNH2]2[ HX*][QH]Z
Overall contribution to P from A is found by summing above individual contributions:
[A]oklk8k9k11k12(k4k6 * klO[ HX ](k4 * ks))

Contribution from B

A
ky [ANH,] @.

- Kg [HX*]

- kqp [QH]

[Blo(-1) ™ (~kakakskakoki 1k 2) [ ArNHp ] 2[QH]Z[ HX ]
=[B] kikakekgkoky k1o ArN H2]2[QH]2[HX*]

Overall contribution to .

(R, - k1k8k9k11k12[ArNH2]2[QH]2[ HX ]{[A]o(k4k6 + klO[ HX*](k4 + ks)) +[B]0k4k6}

Target product is P

Overall contribution to Pis found using transposition of variables:



[Aly = [Blg

k[ ArNHy] = kg[ ArNH;]
ky < ky

ks = kg

Ky = ks

kg[HX*] - klo[Hx*]
ki[QH] < kio[QH]

”], - klk8k10kllk12[ArNH2]Z[QH]Z[ HX ]{[B]o(ksks + kg[HX*](k4 + k5)) +[A]y ksks}
Dividing the contributions to Pand P leads to eq. [30] for the final product ratio.

7. Subgraphs of digraph in Fig. 12.

Target product is P

Contribution from E
Kg+Kg + Ko + Kyg'

K Q Q “
E I
I Z

- k3'
Is I3 l4
ls O kig®
w O O
Kg'+kqs ST P!
P1

[Elo (-1 k' ka'kig ks kig )(ka +ko +ko +kia')(ks' +ki1)(kio' +Ki2)
=[E]gks' ka ki kis kig (ks + kg +ko +kig') (kg +kia)(kio' +he2)



- Ky
- Ky
E l1
| Z
- ki3 2 kg
I I3 l4
w O O
kg'+Kq1 STRASP:

[E]o(-D°" " k'ks kaki3 kis kig') (ks +kea)(kio' +ha2)
= —[El okt k3" kaki3 ka5 kg (k' +ka1)(kio' +hao)

-k,
k'
E 1
_ I, z
ki3 - kyg
s
- kys'
- kyp

P

0+3+1; | .1 . oL
[E]o(-2)°"" (k' ks kaky 1k ka3 k5 Ky
=[E]pks' k3'kak kg ok 3 ka5 ke g

Kg'+kqs

[Elo(-D%" (k' ks kokeg kiokiz ks kie')(Ke' +ka1)
= —[E]gks ks’ kokig kiokis kis kig (kg +ki1)

ls O kig®

ls O kig®

30



Kg+Kg + Ko + Kyg'

_kl' Q Q k3
E I,
I, 7

) le' - kll
] |6 O k16l
- kis
- k12
Pl

[Elo(=D>**"H~k'ks' kuskiokig ks kig')(Ka + ke + kg +kag)
= —[E] ok ks' k1kioki3 ks kig' (Ka + ks +kg +Kki4')

Overall contribution to P from E is found by summing above individual contributions:

[Eloks ks' ki3 k5 kig {(k6 +ka')(kg' kio' +hao'ke 1+ kg'kio) + kg k9k12}

Contribution from Z

< One

- kyg'
ls
.
kg' + Ky kig' + ka2 Kig"

P1

[Z](-)% " kg’ kekag kas kae (kg +Haa)(kag +ki2)
=[Z] k' ks keka3 ks kg’ (kg +ka1) (ko' +ha2)
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94341, 11 o
[Z]0(-2)”""" Ky ka' Kgky ka ka3 Kis kg
= -[Z]o k' k3'keka 1k ok 3 K5 a6

|5_k13'|1
i One
O

241, 1y ap s A
[Z]0(-2)”"“ ' ka'kg' kokooki3 ks kig
=[Z] k' k3" kg' kokq ki3 kas kg

Overall contribution to P from Z is found by summing above individual contributions:

I5 - kg' Z

[Z]ok' k3'kq3 ka5 kg { ke(ks' kio' +k1o'kag +Kg'kyo) + kg’ k9k12}
Overall contribution to B
[P, ~ ki ks ki3 ks ke {((Elo + [Z]o)a + [Elokua B}

wheren = kg3 +kg' kgkio and = kg'kyg +kig' kg +Kg' Kio.

Target product is 2

Overall contribution to Pis found using transposition of variables:
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[Elo = [Z]o
K kg

ko = Ky

ks = kg

k7 = kg

kg' = kig
ki1 = kg2
kig = kig'
kis < K¢

[P]., - ki'ks'kig ks k16'{([ Elp+ [Z]o)o‘* +[Z]okis l3}

wheren = kg3 + kzkjo' k1 andB = kg'kig +kio' ki1 + kg kio.

Dividing the contributions to Pand P leads to eq. [39] for the final product ratio.

8. Subgraphs of digraph in Fig. 14.

Target product is

[Alo(-D) (k' kg ks ko) (ke' +ko) (k' +kio' +ha1')
=[Alpk' ks'ks' ko' (ks +ko)(kg +kag +ka1')
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k"
- kg ! - Ko
R,
- ks l4 Dy I3
Py @'5

74241, orr o
[Alo(-D) " (~ky ks ks' kokyo' ki2)
= -[Alpks' k3'ks'kgky o' kg 2

P1

[A]o(‘1)7+1+1(‘ k'Kq' ks Kg'Koky2')
=[Alpkt' ka' ks' kg' kokq 2

Overall contribution to P from A is found by summing above individual contributions:

[P, ~ [Alokt' ks ka2 {ks' k' (kg' +kio' +ha1') + ko(ks' kg' +kg'kag +Ky' ks)}

Target product is P

Overall contribution to Pis found using transposition of variables:
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ks' = kg
ks' = kg
k7 < ko

kg' = kg

[R]., - [Algk'ks' k2 {k4'k5' (k' +kag +kag') + kz(kq' ko' +kq' kig' +kg' klo')}

Target product is

ks' + kg

[Alo(-D) (k' Ky’ koka 1 ki2') (ks +ko)
=[Alpk' ke koka1' k12 (ks +k7)



Ke' + ko

[Alo(-D) (k' kg krky1' k1) (ke' +Ko)
=[Alpka' ka'k7ke 1Ky (Ke' +ko)

Overall contribution to g from A is found by summing above individual contributions:
[Rs], = [Alok kuxkaz { ka' kr(ke' +ko) + k4 ko (ks +ko)}

Dividing the contributions to £ P2, and P3 leads to eq. [48] for the final product ratio.
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