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Mecanismos complexos — aproximacoes



Para reacoes genericas:
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2A+B=—C->D+E=F
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Relative percentage of compounds

Fig. 8. Esterification of aconitic acid catalyzed by ion-exchange resin, according to
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Intermediario de reacao

A Koy Koy p
Consideret, =0e

[I]lp =0

Encontre

[A](8), [1](¢) e [P](t)

dla]
—r = ~kalA]

dlI]

F — +ka[A] _ kb[l]
4Pl = +kp|I]

[A] = [A]pe™"a!



Intermediario de reacao

- K, K
d[l] = +ka[A] T kb[l] A —_—> | _b> P
dt .

[A] — [A]Oe_kat ® F‘l‘ kb[l] o ka[A]Oe—kat
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ed dt[]] = f el ot | [A]l e *atdt + C



Intermediario de reacao
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Intermediario de reacao
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Intermediario de reacao

k,|lA
[1] = k:[— }j (e kat—e oty p Koy Ko, p
a

Por balanco de massa [4], = [P] + [A] + [I] =0
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[A] = [A]ge *at
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Intermediario de reacao

Considere k, >> k,, A K, Ikb o
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Intermediario de reacao
k, , k

Considere k, >> k. A —3 | —Ls P
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kb T ka
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Etapa determinante da reacao

Reactants Products kp >> K,

{p Slow >O Fast a( ) K
d

A Koy Ko, p

O—>0 >0 lim [P] = [A]o(1 — ™)

(b} kg— 00

Fast Slow S

{D} Fast



Estado estacionario

A Koy Ko, p 4 4l

dt

Consideret, =0e [I], =0 d|l]
dt

Encontre [A](¢), [I1(t) e [P](¢t) d[P]




Estado estacionario

dli
%:O=+ka[,4]—kb[1] A Koy Koy p
kalAl = kpl1] ) [1] =542
P k0] = by e [A] = [Aloe™"
dt kb
U

Vale para k, grande: formagao = consumo
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2 N,O.(g) = 4 NO,(g) + O,(g) d[N,O0_]
N,O: — NO, + NO, k, dt
NO, + NO, — N,0. ky

NO,+NO; —» NO, + 0, +NO K,

NO+N,0.—NO,+NO,+NO, &k

d[NO,]
dt
d[NO]

Decomposi¢cao do N,O;

= + ka[N,04] — k' [NO,][NO5] — kb[NO,][NO,] = 0

= = + kb[NO,][NO,] — kc[NO][N,0:] =0 I

dt
d[N,0;]

dt

— —ka[N,05] — K',INO,]INO,] — kc[NOJ[N,0;]



Decomposi¢cao do N,O;
| k,[N,05] — k' [NO,][NO;] — kb[NO,][NO;] =0 =
» _kb[NOZ] [NOB] — _ka[NZOS] + k’a[NOZ] [NOS]

Il kb[NO,][NO5] — kc[NO][N,05] = 0 mp kb[NO,|[NOs] = kc[NO][N,0s]

Substituindo | e |l na expressao de

d[N,0]
dt

= —ka[N,O0:] — k' [NO,|[NO;] — kc[NO][N,O:]

d[N,05]
dt

= —2k [NO][N,0¢]



| —kb [NOZ] [NOS] — _ka[NZOS] + k,a[NOZ] [NOS]

+ky[N;05] = +kb[NO,]INOs| + k' [NO,|[NO;]

k,[N,05] = (k, + k' )[NO,][NO,] mp [NO,][NO;] =

Il kb[NO,][NO,] = kc[NO][N,Ox]

—k [NO][N,05] = —ka|N,0s] + k',[NO,][NO4]

k,
¢ (k, k’)

—k [NO][N,05] = —ka|N,05] + k' [N,0:]

(k, +



ka

—k [NO][N,0;5] = _ka[NZOS] + k,a (k, +k' ) [NZOS]
k' k
—k.[NO][N,0:] = (—ka + (kb-:k;la)) [N,0]

—ka(k,+k', k' k.
~k [NOJIN,05] = (Gtied + L) [v,0,)

!/ !/
kakb _ k aka _|_ k aka

(k,+k' ) (k,+k')  (k,+k'

—k [NO][N,05] = ( )) [N,0:]

k k
—k [NO][N,0;5] = (_ (kbj_kb, )) [N,05

]\

d[N,04] " a
L5 = 2k [NOJIN,05] _

dIN20s = =2 ((kbk_cll_kli, )) [N,05]




Decomposi¢ao do N,O.

353K 2N,05(g)—> 4NO,(g) + O,(2)
Concentration (M)
Time
(s) N,O; NO, 0,
0 0.0200 0 0

100 0.0169 0.0063 0.0016
200 0.0142 0.0115 0.0029
300 0.0120 0.0160 0.0040
400 0.0101 0.0197 0.0049
500 0.0086 0.0229 0.0057
600 0.0072 0.0256 0.0064
700 0.0061 0.0278 0.0070

Chemistry - McMurray & Fay

Diversos experimentos
Concentracgoes iniciais diferentes

Temperaturas diferentes
Avaliar reacoes elementares
separadamente

d[N,0;] , ka kb -
dt ka' + kb [N20s]
d[N,0.] )
dzt > — _k [NZOS]

¥

Como verificar validade?
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Decomposi¢cao do N,O;

[] vs tempo In[] vs tempo
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--------- Exponencial (N205 / mol I-1)

2 (kakb/ka' +kb) =48107°>s !
298 K exp =3,4107°s71

https://kinetics.nist.gov/kinetics/



Pre-equilibrio

K
A =21, p API_
Ka dt
Se k, e ky >>ky, ) [‘[I]“'Z{;":
[I] praticamente nao ¢ (- K = [A][B] = k|
consumido por K e m - !
condigao de d[P] _ kaks
pre-equilibrio —— = [A][B]
~ dt k,

Pode ser feito pelo estado estacionario?



Pre-equilibrio por estado estacionario
K k d[P]

A+B <T_Z>I—b> P 7:+kb[1]
d[I
% =0 = ka[A][B] — ka’[l] — kb[l]
ke [A1[B]
= h
d[P] . kakb
Gt =k, 1k, VI
Se k, ek, >> k, DP) Kl sy



Potential energy

Como acontece uma reacao quimica?

Formacao de um complexo ativado

Activated Transition
complex state K

N/ g A+B ‘T_a> AB* X2, p
o
A+B I = k,|AB™] |AB*]| = . |A][B]
Reactants t ¢
d|P] Ka
—r Tl P [A][B]
Products I
d|P]
Reaction coordinate —— = KexplA][B]



Mecanismos complexos

e Intermediario
 Estado estacionario
* Pre-equilibrio

* Ver outros tipos: )
- Catalise enzimatica  » Cap. 23 — Atkins
 ReagcOes em cadeia Secao 16.13. 16.16
» Explosoes e 16.17 - Levine

 Polimerizacao
« ReacgoOes oscilantes
 Catalise




