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Ķ̄ımisko reakciju ātrumi

Vispār̄ıgi reakcijas ātrums tiek definēts:

ātrums =
[C]t2 − [C]t1

t2 − t1
=

∆[C]

∆t
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Ķ̄ımisko reakciju ātrumi

Praktiski noder̄ıgāks ir momentānais ātrums:

r = lim
t2→t1

(
[C]t2 − [C]t1

t2 − t1

)
=

d [C]

dt
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Ātruma vienādojumi reakcijām

Vispār̄ıgā gad̄ıjumā reakcijai αA→ βB + γC

Ātruma vienādojumi tiek definēti sekojoši

r = − 1
α

d [A]
dt = 1

β
d [B]
dt = 1

γ
d [C]
dt
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Akt̄ıvo masu likums

Eksperimentāli ir noteiks, ka reakcijas ātrums ir atkar̄ıgs no iesaist̄ıto vielu
koncentrācijas, ko parasti var izteikt ar sekojošu vienādojumu:

r = k ∗ [A]α ∗ [B]β...

r - reakcijas ātrums

k - reakcijas ātruma konstante

α, β, ... - reakcijas pakāpes attiec̄ıbā pret A un B

α + β + ... - reakcijas kopējā pakāpe

Reakcijas pakāpēm nav jābūt veseliem skaitļiem
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Akt̄ıvo masu likums; Piemēri

Noteiktie ātruma vienādojumi dažādām reakcijām.

2 H2O −−→ 2 H2 + O2

r = k[H2O]2

H2 + Br2 −−→ 2 HBr

r = ka[H2][Br2]1/2

[Br2]+kb[HBr]
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Vienādojumu vienkāřsošana dažādos gad̄ıjumos

r =
ka[H2][Br2]1/2

[Br2] + kb[HBr]

Reakcijas sākumā

[Br2]� kb[HBr]

∴

r = ka[H2][Br2]−1/2

Reakcijas beigās

[Br2]� kb[HBr]

∴

r = ka
kb

[H2][Br2]1/2[HBr]−1
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Koncentrāciju atkar̄ıba no laika

Kā noskaidrot vielas A koncetrāciju laikā?

A −−→ B + C
Izmantojot akt̄ıvo masu likumu un reakcijas ātruma vienādojumu:

r = k[A]α = −d [A]

dt

k[A]α = −d [A]

dt

redzams, ka sakar̄ıba ir atkar̄ıga no reakcijas pakāpes un konstantes.
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Nultās un pirmās pakāpes reakcijas

Nultās pakāpes reakcijai:

k[A]0 = −d [A]
dt

k = −d [A]
dt

−kdt = d [A]

−
∫ t=t

t=0
kdt =

∫ [A]=[A]t

[A]=[A]0

d [A]

−kt = [A]t − [A]0

[A]t = [A]0 − kt

Pirmās pakāpes reakcijai:

k[A] = −d [A]
dt

−kdt = d [A]
[A]

−
∫ t=t

t=0
kdt =

∫ [A]=[A]t

[A]=[A]0

d [A]

[A]

−kt = ln[A]t − ln[A]0

[A]t = [A]0e
−kt
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Otrās pakāpes reakcija un [A] atkar̄ıba no t grafiski

Otrās pakāpes reakcijai

1

[A]t
=

1

[A]0
+ kt

Nultās pakāpes
Pirmās pakāpes Otrās pakāpes
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Reakcijas ātruma konstantes mērvien̄ıbas

Nultās pakāpes

r = k[A]0

r = k

[k] = [r ] = m s−1

Pirmās pakāpes

r = k[A]

k =
r

[A]

[k] =
[r ]

m
= s−1

Otrās pakāpes

r = k[A]2

k =
r

[A]2

[k] =
[r ]

M2
= m−1 s−1
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1. Uzdevums

A
k−−→ B + C

Sākotnējā vielas A koncentrācija ir 5 m, noteikt cik ilgi notikusi reakcija, ja
[A] = 2.5 m, un

1 k = 10 m s−1

2 k = 15 s−1

3 k = 13 m−1 s−1
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Reakciju pusperiods atkar̄ıbā no pakāpes

Nultās pakāpes

[A]t = [A]0 − kt

[A]0
2

= [A]0 − kt

[A]0
2

= kt

t1/2 =
[A]0
2k

Pirmās pakāpes

[A]t = [A]0e
−kt

[A]0
2

= [A]0e
−kt

1

2
= e−kt

− ln 2 = −kt

t1/2 =
ln 2

k

Otrās pakāpes

1

[A]t
=

1

[A]0
+ kt

2

[A]0
=

1

[A]0
+ kt

1

[A]0
= kt

t1/2 =
1

k[A]0
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2. Uzdevums
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Atgriezeniskās reakcijas

A
k1−−→←−−
k−1

B

d [A]

dt
= −k1[A] + k−1[B] = −d [B]

dt

l̄ıdzsvara gad̄ıjumā ātrums ir 0

−k1[A]eq + k−1[B]eq = 0

[B]eq
[A]eq

=
k1

k−1
= K
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Ātruma konstantes atkar̄ıba no temperatūras
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Ātruma konstantes atkar̄ıba no temperatūras
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3. Uzdevums
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Reakcijas pakāpes noteikšana

Vienkāřsākais (teorētiski) veids

r = k ∗ [A]α

logaritmē abas puses

ln(r) = ln(k) + α ∗ ln([A])

Uzz̄ımējot grafiku ln(r) no ln([A]) iegūst ln(k) kā krustpunktu ar y asi un
α kā virziena koeficientu taisnei.
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Reakcijas pakāpes noteikšana

Grafiskā metode

Z̄ımē tr̄ıs grafikus:

1 [A] pret t

2 ln([A]) pret t

3 1/[A] pret t

Pie kura labāka taisne (R2 tuvāk 1) ir attiec̄ıgi 0., 1. vai 2. pakāpes
reakcija.
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Reakcijas pakāpes noteikšana

Koncentrāciju metode

Nosaka kā mainās reakcijas ātrums, ja maina sākotnējo koncentrāciju.

[A],m [B],m r , m s−1 ātruma vienādojums

2.0 4.0 0.125 0.125 = k(2.0)α(4.0)β

2.0 8.0 0.503 0.503 = k(2.0)α(8.0)β

4.0 4.0 0.726 0.726 = k(4.0)α(4.0)β
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4. Uzdevums
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Stacionārā stāvokļa postulāts

Kopējo reakciju sastāda vairākas elementārreakcijas

A + B
k−−→ C

Hipotētiski eksperimentāli iegūst, ka reakcija sastāv no šādām
elementārreakcijām:

A
k1−−→ A∗

A∗ + B
k2−−→ C

Ritums Cep̄ıtis Ķ̄ımisko reakciju kinētika 05.10.2019 24 / 33



Stacionārā stāvokļa postulāts

A
k1−−→ A∗

A∗ + B
k2−−→ C

Ar kādu ātrumu rodas C?

Pieņemam, ka A∗ rodas un patērējas ar vienādiem ātrumiem:

Rodas:

(
d [A∗]
dt

)
r

= k1[A]

Patērējas:

(
d [A∗]
dt

)
p

= k2[A∗][B]

∴ k1[A] = k2[A∗][B] ∴ [A∗] =
k1[A]

k2[B]

d [C]

dt
= k2[A∗][B] = k1[A]
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Stacionārā stāvokļa postulāts
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5. Uzdevums
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6. Uzdevums
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7. Uzdevums
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Enz̄ımu kinētika

Vienkāřsākais modelis

E + S
kf−⇀↽−
kr

ES
kcat−−→ E + P

Produkta veidošanās notiek caur enz̄ıma kompleksu ES
Kur E - enz̄ıms; S - sākuma materiāls (substrāts) un P - produkts.
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Enz̄ımu kinētika

Produkta veidošanās ātruma noteikšana

E + S
kf−⇀↽−
kr

ES
kcat−−→ E + P

Pieejamā informācija:
[E ]0 - sākotnējais enz̄ıma daudzums,

[S ] substrāta koncentrācija

d [ES ]

dt
= 0 = kf [E ][S ]− kr [ES ]

Pieņemam, ka enz̄ıma kompleks ir stacionārajā stāvokl̄ı.
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Enz̄ımu kinētika

Produkta veidošanās ātruma noteikšana

E + S
kf−⇀↽−
kr

ES
kcat−−→ E + P

[E ]0 = [E ] + [ES ] - masas bilances vienādojums, no kura seko:

d [ES ]

dt
= 0 = kf ([E ]0 − [ES ])[S ]− kr [ES ]

[ES ] =
kf [E ]0[S ]

kr + kf [S ]
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Enz̄ımu kinētika

Produkta veidošanās ātruma noteikšana

E + S
kf−⇀↽−
kr

ES
kcat−−→ E + P

V =
d [P]

dt
= kcat [ES ] =

kcatkf [E ]0[S ]

kr + kf [S ]
=

kcat [E ]0[S ]
kr
kf

+ [S ]

Nosaucam kcat [E ]o = Vmax un kr
kf

= KM .

V =
Vmax [S ]

KM + [S ]
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