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Leil de velocidade

* Do que depende a velocidade de reacao?

v = f( T, |Reagentes], molecularidade, etc)

* Normalmente, para aA + bB = produtos

v = k(T)[A]*|B]’

Engloba / Avaliar

dependéncia de j> comportamento
temperatura de k(T)




Efeito da temperatura
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K, Efeito da temperatura
A+tB &= P

K, ; Qual usar pra "modelar” esses dados?
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Do equilibrios quimico temos:
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Laidler & King J. Phys. Chem. 1983, 87, 2657-2664



Efeito da temperatura
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Potential energy

Origem da barreira energética

Activated Transition
complex state
Ny
AB*
A+B
Reactants
Products

Reaction coordinate

E

k(T) = Ae RT
N

Limite minimo de
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ocorrer

Colisoes aumentam
comT(AxT)

Formacao de um complexo ativado!



Modelando por pre-equilibrio

Experimental: Considerando complexo ativado:
Kexp Ka k
A+B — P A+B — AB* =2 P
K,
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Equacao de Eyring

Pela mecanica A+B

k / estatistica

’ka\k
\h kg

kTﬂ

kT s kT 86"
h h

I
AHO \ E

——e R e RT | — Ae RT

ka AS‘F Aparar com

R experimento ?



240 — 1

103k/s™1

120 —

| |

25°C 45°C 65°C

Temperature

_E,
k(T) = Ae RT

Efeito da temperatura

15

10

6.0 — (—5.0)

Slope =
OP¢ = 10,0014 — 0.0034) K-!

= -3500 K

0.002 K™! 0.004 K|
/T

E
T) = InA — =2
Ink(T) = In T




Comparacao Eyring vs. Experimental

A / cm3 molls!

Reagdo Experimental Calculado
H+H, >H,+H 5,4 x 1013 74 x 108
Br+H, > HBr+H 3 %105 10 x 1013
H+CH; »> H, + CH; 1 x 1013 2 x 1013
CH;+H, > CH,+H 2 x 1012 1 x 102
ClO + ClO - Cl, + O, 6 x 1010 10 %10

_E,
k = PAe RT

!

Fator de
Arrhenius



Comparacao Eyring vs. Experimental

Synoptic table 24.1* Arrhenius parameters for gas-phase reactions

A/(dm?® mol ' s

Experiment Theory E_/(k] mol™) N
2NOCl—2NO+2Cl 9.4 x 10 5.9 % 1010 102 0.16
H, + C,H, — C,H, 1.24 x 10° 7.4 % 10" 180 1.7 x10°%
K+ Br, — KBr+ Br 1.0x 10" 210% 10" 0 4.8

* More values are given in the Data section.

Mecanismo do arpao
K— K— KF —



Coordenada de reacao
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Coordenada de reacao

F+CH,Cl —> F---CH,---Cl'—>FCH, + CI

k, =596,30cm™1 =1,81013 s71



Potential energy

Estado de transicao vs. Complexo ativado
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Enargy

Hipersuperficies

Nature Chemistry 4, 169-176 (2012) doi:10.1038/nchem.1244
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T(HH), a.u.
[

http://tyr0.chem.wsu.edu/~kipeters/Chem537/PES/figs1.html




Controle cinético vs. termodinamico

Energy coordinate for 1,2- versus 1,4- additions to butadiene

A
B
N
Energy
A -, 1
4 2
- 1,2 product
NG ” /r
butadiene )
" C!W 1.4 product

-
Reaction coordinate

The energy of C and C (and therefore the height of transition states B and B)
is related to carbocation stability (secondary more stable than primary here)

The energy of E and E is related to the greater stability of the 1,4 alkene
in this case (disubstituted versus monosubstituted)

http://www.masterorganicchemistry.com/2012/02/09/can-opener-economics/



Energy

Superficies de energia

E, (no catalyst)

E, (with catalyst)

Reaction Progress



Mudanca da energia dos elétrons

A Energia dos elétrons pode ser ajustada
para induzir processos quimicos
A
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Energia dos “reagentes” permanence inalterada

http://okbu.net/chemistry/mrjordan/inorganicl/electrochem/ECHEM1.HTML
https://sop4cv.com/chapters/ElectronTransferAtTheElectrode.html



Mudanca dos orbitais promovida por luz
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https://pt.wikipedia.org/wiki/HOMO/LUMO/SOMO#/media/File:Molecule_ HOMO-LUMO _diagram.svg .



Fotons como reagentes

Natureza dos reagentes € alterada!

Adiabatic Diabatic

reaction reaction %
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O que aprendemos com a dependéncia da temperature?

* Sabemos calcular k(T)

* Criamos um modelo para explicar a
maioria das reagoes quimica — E_ e
colisoes

* Complexo ativado e do estado de transicao

* Superficies de energia:
« Comparacao de mecanismos
* Ponte entre cinética e termodinamica
» Caminhos de reacdo mais favoraveis



