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Obsah - celé kinetiky

Důvod a smysl chemické kinetiky

Plochy potenciálńı energie

Základńı pojmy a koncepty

Rychlostńı rovnice v diferenciálńım a integrálńım tvaru

Typické kroky v reakčńıch mechanismech: paralelńı (bočné) reakce,
následné reakce, reakce bĺıž́ıćı se rovnováze (protisměrné, vratné
reakce)

Typická p̌ribĺıžeńı využ́ıvaná ke zjednodušeńı kinetických rovnic:
aproximace pseudoprvńıho řádu, p̌reďrazená rovnováha, hypotéza
ustáleného stavu

Komplexńı reakce (Lindemannův mechanismus unimolekulárńıho
rozkladu, homogenńı katalýza)
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Přeďrazená rovnováha

pro reakci: A + B
k1

k2
C

k3
D

K = cC
cAcB

= k1
k2

v = dcD
dt = k3cC = k3k1

k2
cAcB

v = kobscAcB, kde kobs = k3k1
k2

Podḿınka p̌reďrazené rovnováhy: k2 >> k3 .
Neńı podḿınkou: k1 >> k3.
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Hypotéza ustáleného stavu

Pro reakci p̌res meziprodukt plat́ı, že po indukčńı době se koncentrace
meziproduktu již nebude měnit a bude podstatně menš́ı než koncentrace
výchoźıch látek.

pro reakci: A
k1

k2
B

k3
C

Podḿınka pro ustálený stav: (k2 + k3) >> k1 .

Neńı podḿınkou: k1 >> k3.

v = dcB
dt = k1cA − (k2 + k3)cB

.
= 0

v = −dcA
dt = k1cA − k2cB

v = −dcA
dt = kobscA, kde kobs = k1k3

k2+k3

Integrované řešeńı:
cA(t) = cA(0)e−kobst ; cC(t) = cC(0) + cA(t)(1− e−kobst)
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Hypotéza ustáleného stavu
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Unimolekulárńı rozklad

Při vysokých tlaćıch bylo pozorováno, že molekula A p̌recháźı na Produkt
podle rychlostńı rovnice:

A→P
−dcA

dt = kapcA

kap je pozorovaná rychlostńı konstanta.

Př. 2 N2O5(g)→4 NO2(g) + O2(g)
v = kapcN2O5
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Lindemannův mechanismus unimolekulárńıho rozkladu
(1922)

A + M k1
k2 A* + M

A* k3 P

p̌ribĺıžeńı ustáleného stavu:
dcA*

dt = k1cAcM − k2cA*cM − k3cA* = 0
pro cA*:
cA* = k1cAcM

k2cM+k3

dosad́ıme pro cP: dcP

dt = k3cA* = k3k1cAcM

k2cM+k3
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Lindemannův mechanismus unimolekulárńıho rozkladu
(1922)

Zjednodušeńı: cM ∼ cA

Pak
dcP
dt = k3k1cAcM

k2cM+k3
=

k3k1c2
A

k2cA+k3

Pro ńızké cA:
k2cA << k3 a tedy dcP

dt = k1c
2
A

Pro vysoké cA:
k2cA >> k3 a tedy dcP

dt = k1k3
k2

cA
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Lindemannův mechanismus unimolekulárńıho rozkladu
(1922)

Definujme: kapp ≡ 1
cA

dcp

dt
Pak
Pro ńızké cA: 1

cA

dcP
dt = k1cA

Pro vysoké cA: 1
cA

dcP
dt = k1k3

k2
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Jak zvýšit rychlost reakce?

2 Fe + 3
2 O2→Fe2O3
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Katalytické reakce
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Katalyzátory(?)
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Biologické katalyzátory: enzymy

Př. Tyrosináza (enzym nutný pro syntézu melaninu), p̌ri normálńı teplotě
těla siamské kočky degraduje.
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Biologické katalyzátory: enzymy

Lock and key (Emil Fisher,
1890) Induced fit (Daniel

Koschland,jr. 1958)
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Enzymová kinetika: rychlost v čase v závislosti na
koncentraci substrátu
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Enzymová kinetika: mechanismus Michaelis-Mentenové
(1914)

Enzym se může reverzibilně navázat na substrát, a když už je navázán,
může substrát p̌reměnit na produkt.
V biochemii jsou reakce témě̌r vždy v rovnovážném stavu, enzymatickou
kinetiku můžeme řešit, bud’ exaktně, nebo za p̌redpokladu p̌reďrazené
rovnováhy nebo podḿınky ustáleného stavu.

pro reakci: E + S
k1

k2
X

k3
P

p̌reďrazená rovnováha: Kdis = cEcS
cX

= k2
k1

celková koncentrace enzymu: cE(0) = cE + cX

cX = cE(0)cS

cS+Kdis

v = dcP
dt = k3cX = k3

cE(0)cS

cS+Kdis

maximálńı rychlost (když jsou všechna aktivńı ḿısta obsazena):
vm = k3cE(0)

č́ıslo p̌reměny (turnover number):k3 [typické hodnoty: (102 − 103)s−1]
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Enzymová kinetika: mechanismus Michaelis-Mentenové
(1914)

pro reakci: E + S
k1

k2
X

k3
P

p̌reďrazená rovnováha: Kdis = cEcS
cX

= k2
k1

celková koncentrace enzymu: cE(0) = cE + cX

cX = cE(0)cS

cS+Kdis

v = dcP
dt = k3cX = k3

cE(0)cS

cS+Kdis

vm = k3cE(0)
v = vmcS

cS+Kdis
= vm

1+Km
cS
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Enzymová kinetika: mechanismus Michaelis-Mentenové
(1914)

v = vm

1+Km
cS

Počátečńı rychlost: v(0) = dcP
dt |t→0

v(0) = vm

1+ Km
cS(0)
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Enzymová kinetika: mechanismus Michaelis-Mentenové
(1914)
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Mechanismus Michaelis-Mentenové, vyneseńı podle
Lineweaver-Burka (1934)

1
v(0) = 1

vm
+ Km

vmcS(0)

Markéta Munzarová, Dominik Heger (MU) Chemická kinetika III C4020 Fyz. chem. II, 2019 22 / 60



Mechanismus Michaelis-Mentenové, č́ıslo p̌reměny
k3 = kcat
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Mechanismus Michaelis-Mentenové, KM
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Mechanismus Michaelis-Mentenové, konstanta specificity
k3/KM
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Mechanismus Michaelis-Mentenové, konstanta specificity
k3/KM
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Fotochemické reakce
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Fotochemické reakce

Paralelńı (bočné) reakce
kobs = kf + kr

Doba života singletu = doba
života fluorescence:
τS = τf = 1/kobs = 1/(kf + kr).

Radiativńı doba života:
τr = 1/kf, je deľśı než doba
života fluorescence.
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Vztah mezi kvantovým výtěžkem a rychlostńımi
konstantami

Φ(λ) = počet pozorovaných děj̊u*
počet absorbovaných fotonů

* nap̌r. zreagovaných molekul, vzniklých molekul, vyzá̌rených
fluorescenčńıch fotonů.

Kvantový výtěžek fluorescence: Φf = kf/(kf + kr) = kfτS

Kvantový výtěžek reakce: Φr = kr/(kf + kr) = krτS
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Časová škála

Markéta Munzarová, Dominik Heger (MU) Chemická kinetika III C4020 Fyz. chem. II, 2019 30 / 60



Technická provedeńı experiment̊u

Odeb́ıráńı vzork̊u

Metoda zastaveńı reakce (quenching)

In situ metody (na původńım ḿıstě)

Flow metody

Stop-flow metody

Relaxačńı metody, využ́ıvaj́ıćı náhlé vychýleńı z rovnováhy, p̌r. teplotńı
skok, skok tlaku, světlem způsobená změna - fluorescenčńı metody,
záblesková fotolýza

Femtosekundové pump-probe metody
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Flow metoda
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Stop-flow metoda
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Mixing-Spraying Devices metoda

Tapu Shaikh: J Struct Biol. 2009 Dec; 168(3): 388–395.
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Mixing-Spraying Devices metoda

9.4 ms 43 ms

Proc Natl Acad Sci U S A. 2014 Jul 8; 111(27): 9822–9827.
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Relaxačńı metody

Metoda teplotńıho skoku

Metoda tlakového skoku

Záblesková fotolýza
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Záblesková fotolýza
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Pump-probe metody
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Pump-probe X-ray

Markéta Munzarová, Dominik Heger (MU) Chemická kinetika III C4020 Fyz. chem. II, 2019 39 / 60



Rychlost let́ıćıho sod́ıku do vody a vytrháváńı elektronů

Pavel Jungwirth
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Některé metody stanoveńı rychlostńıch rovnic a konstant

Metoda počátečńıch rychlost́ı

Izolačńı metoda
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Metoda počátečńıch rychlost́ı (prvńı řád)

2 N2O5(g)→ 4 NO2(g) + O2(g)
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Metoda počátečńıch rychlost́ı (druhý řád)

2 NO2(g)→ 2 NO(g) + O2(g)
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Metoda počátečńıch rychlost́ı (nultý řád)

2 NH3(g)→N2(g) + 3 H2(g)
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Metoda počátečńıch rychlost́ı - obecně

Spoč́ıvá v namě̌reńı rychlost́ı z počátku reakce a jejich vhodného vyneseńı
za účelem stanoveńı mocnin v rychlostńı rovnici.
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Poťreba experimentu
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Poťreba experimentu

Rychlostńı rovnici je ťreba
zjistit experimentálně - nelze
jej vyč́ıst ze stechiometrie
zapsané reakce.
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Některé metody stanoveńı rychlostńıch rovnic a konstant

Metoda počátečńıch rychlost́ı

Izolačńı metoda
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Př. Metoda počátečńıch rychlost́ı pro v́ıce komponentńı
systém

BrO –
3 (aq) + 5 Br–(aq) + 6 H+(aq)→ 3 Br2(aq) + 9 H2O(l)

Pro koncentrace jednotlivých komponent uvedené v tabulce byly stanoveny
počátečńı rychlosti. Jaká je rychlostńı rovnice?
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Michaelis-Mentenové: kompetitivńı inhibice

Inhibitor se váže na stejné ḿısto, jako by se mohl vázat substrát.
v ′m = vm,K

′
M > KM
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Michaelis-Mentenové: kompetitivńı inhibice

E + S
k1

k2
X

k3
P

Inhibitor se váže na stejné ḿısto, jako by se mohl vázat substrát.

E + I
k1I

k2I
EI

KI = cEcI
cEI

Přes p̌ribĺıžeńı ustáleného stavu:
v0 = vm

1+ Km
cS(0)

[1+
cI
KI

]

Vyneseńı Lineweaver-Burk:
1
v0

= 1
vm

+ [1 + cI
KI

] Km
vmcS(0)
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Michaelis-Mentenové: kompetitivńı inhibice

E + S
k1

k2
X

k3
P

Vyneseńı Lineweaver-Burk:
1
v0

= 1
vm

+ [1 + cI
KI

] Km
vmcS(0)

Měńı se směrnice, pr̊useč́ık z̊ustává.

Maximálńı rychlost se nezměńı, když je p̌ŕıtomno hodně substrátu,
všechen inhibitor vytlač́ı.
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Michaelis-Mentenové: nekompetitivńı inhibice

Nejčastěji se inhibitor váže na jiné ḿısto než substrát a ovlivńı enzym
změnou konformace (allostericky).

v ′m < vm,K
′
M = KM
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Michaelis-Mentenové: nekompetitivńı inhibice

E + S
k1

k2
X

k3
P

Inhibitor se váže na enzym, ale ne na aktivńı ḿısto, p̌resto inhibuje reakci.
E + I EI
X + I XI

Předpokládá se, že komplex s
inhibitorem neńı ovlivněn substrátem:
KI

.
= cEcI

cEI
= cXcI

cXI

Přes p̌ribĺıžeńı ustáleného stavu:
v0 = vmcS(0)

[cS(0)+Km][1+
cI
KI

]

Vyneseńı Lineweaver-Burk:
1
v0

= [ 1
vm

+ Km
vmcS(0) ][1 + cI

KI
]
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Michaelis-Mentenové: akompetitivńı inhibice

Inhibitor se váže, až když je navázán substrát.
v ′

m
vm

=
K ′

M
KM
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Řetězové reakce

H2 + Br2→ 2 HBr

v = kobscH2c
1/2
Br2

1 Iniciace - fotoiniciace, termická či chemická iniciace
Br2 + M

k1
2 Br · + M

2 Propagace - kinetická délka řetězce

Br · + H2
k2

HBr + H ·

H · + Br2
k3

HBr + Br ·

3 Terminace
2 Br · + M

k-1
Br2 + M
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Exploze: rozvětvené řetězové reakce

Space shuttle, Challenger, 1986
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Exploze: rozvětvené řetězové reakce

2 H2 + O2→ 2 H2O
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Neboj - v kinetice se dá vše odvodit a vymyslet

Timo
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