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Rychlost chemické reakce
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Energie

A < > B

Molekuly stojici na délici plose a mifici do P skonciv P
NeuvazZujeme recrossing a tunelovani
Za cas dt zreaguje dn molekul - pravdépodobnost reakce

Eyringova rovnice  Arheniova rovnice

Teorie tranzitniho stavu

vrstevnice " P m
R
“a L
2 c 8
o=
1 = 0
o 8
0 X XY c
- @
17§ R
< 0
2 M =
E -
4
R
I
v
cas
K

/
s\l"roductive

R s Non-productive

AGH _Eq
e RT k = Ae RT
dn = -k -n-dt -

reaction coordinate


http://www.microbialcellfactories.com/content/5/1/2/figure/F5

Teorie tranzitniho stavu
A < > B

vrstevnice
E =konst. ™

—
=
1
»
")

Energie

reakéni koordinata
rozsah reakce

A cas
= K
s\liroductive

B i Non-productive

viiv
entropie

enthalpie

(energie) —— ||e RT je R

\

reaction coordinate


http://www.microbialcellfactories.com/content/5/1/2/figure/F5

Teorie tranzitniho stavu

o L
A > B \ “; » ’: %OQ
| s
dnA . dnB . k Low cc:1tr;tc>n=Few collisions  High éoncentratioon=Mg:ollisions
at dt ™

dnA:—k'nA'dt

jnAd"“ - kftdt
N0 ny - 0 s
lnﬂ —k-t %
Nyo 5
ng =nge ¥  cy4=cye ™ [Hp] 12

Time (s)



Teorie tranzitniho stavu"t 2

k 2 do » ‘5
A > B Ry, p"\o
o @ °F%

dnA . dnB . k n Low concentration = Few collisions ngh concentratlon More collisions
— T — ——— T — . A
dt dt
kgT\ _AG*
dnA:—k'nA'dt k = T e RT
ngy dn, t Neni v rovnovaze
—A = k| dt 9
f ny °
ngo 0 =7
£6 —IAl
ny g5 — 8] 2000 %
In—=—-k-t ! (B1/[A] [
Nyo §; 1 1000 &
kt kt E .
Ny =Nyp€ Cq = Cho€ 0 0
A AO A AO 0 2000 4000 6000 8000 10000

cas [s]



koncentrace [mol/I]

Teorie tranzitniho stavu

dea _ +k

—_— = — C _ C

dt 1 A 1 B
dCB
— = +k1 Ca k_1 "Cp

d
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Reakcni kinetika

* Molekularita reakce — pocet molekul v reakeci
— Monomolekularni — rozpady, presmyky
— Bimolekularni — vétsina reakci
— Trimolekularni — vzacne, napt. reakce No,

dn .
d—;):k-nﬁn” aA + bB - > P

 Rad reakce a’+b’
— Nemusi nutné odpovidat stechiometrickym koef.
— Nemusi byt nutné cela Cisla




PolocCas reakce

* Cas, za ktery zreaguje polovina latky

nA — nAOe_kt 4.5 x 10’ years . o Uramum 238
24.5 day . ﬂ Thorium-234

nAO kT 1.14 minutes ’ ﬂ Protactinium-234
— 1/
Y 2 2.33x 10’ years Uranium-234
nAOe ; . a : ! :Alpha radiation
2 83x10°years @ ¢ _\lhonum-zao
1,59 years @ \:adium-zzs [ :Beta radiation
ln 2 3.83 days ‘ s O Radon-222
1 - by Polonium-218
/2 k 3.05 minutes ‘ a oloniu
26.8 minutes . ﬂ Lead-214
Half-life 19.7 minutes . ,B Blsmuth 214

1.5 x 10 seconds ‘ (94 _\Polomum -214

22 years . ,B Lead-210
S days . ﬂ Bismuth-210
140 days O a Polonium- 210
Stable O—\ Lead-206



Reakce 1. radu

A - > B
s
dcy dcg " 5
ZTA_ B L. F
dt dt 4
Chp = CAoe_kt

Time (s)

* Reakce pseudo-prvniho radu

— Jedna slozka v nadbytku — relativne ,,skoro neubyva“

A+B - > P
dCP
W=k'CA'CB
’ de ,
CB>>CA:>k :k'CB _=k'CA

dt



Reakce 2. radu
A+B - > P

dCP _ dCA _ dCB — _k
dt dt dt €a' ‘B

dx

E=k'(CA0—x)'(CBo—x)

fx dx —ftk-dt
0 (CAO_x)'(CBO_x)_ 0

1 Cpo(Ca0 — X)
In =
Ca0 — Co Cao(Cpo — X)

kt

Cgo > Ca0

Pseudo-prvniho radu



Nasledné reakce

k,
A—5 . g . C

dcy 6
— = —kqcy
dt =
3
dCB k k E4
— =kqcyq — kycp 8
dt 1“4 2B g 3
g 2
dCC k 2 1
— =k,

0 2000 4000 6000 8000 10000
cas [s]

Stacionarni stav

Ale ne v rovhovaze




BocCné reakce
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Vratné bocné reakce

1 S B o kineticky/termodynamicky
- — 5 .. Fizeny déj
A - k_1 k :TJ: .': .‘-
N
k, C t
dcy R
dt = _(k1+k2)CA ; B reakeni koordinata
-+ k_ch
+ k_z Cc 6
_s —IA]
dCB k k 34
—. — K1€4 — K_1Cp
dt £
g 2
8
dCC 1
0

—_— = kZCA — k_zCC
dt 0 2000 4000 6000 8000 10000
cas [s]




Kineticky vs. Termodynamicky rfizené
rea kce kineticky/termodynamicky

rizeny déj

U
BD
g
SO.H i
SO.H
80°C 160°C N
+ H.SO, —<—% - | t
ct-naphthalenesulfonic p-naphthalenesulfonic
acid acid g T
Kinetic product thermodynamic product _ freaeet
a B reakéni koordinata
6
—I[A]

Teplota a-naftolsulfon. kys Reakéni
doba [hod]

[°cl Reakce rovnovaha %4
80 96% 3% >1000 gi _
120 95% 5% 500 2,1
160 15% 15% 4 0

0 2000 4000 6000 8000 10000
cas [s]



Briggs-Rauscherova reakce

10," + 2H,0,

104+ +H*
HOL, + I +H*
HOl + Hy0,

105 +HIO; +H*
105 + Mn?* + H0
Mn{OHP** + Hy0,

+ CH,(COOH), + H* > ICH(COOH), + 20, + 3H,0
—_— HI02+HCII HOO®X —= H2()2+02
—= HOl HIO, ——» |05 + HOl + H*
— |'+02+|-["+H20 IF+HOl +H* — l,+H0
— 102+ H0 I + CHy{COH), — ICH(COH), + H* + I
—_— H|02+ MI{G‘I]E'- Iz"‘ F— |3_
— Mn?* + H,0 + HOO' Iy +stach ——= |5 complex + I
Prozess I: C[|‘P‘Ckﬁt
al=+ [0y + GHLO —_— Sl + SHL

3lp+ ICHZLCOOH), + 3H,40

—_—

ACHICOOH ), + 3-+ 3HO+

—_—

3CH,ICOOH]), + 10, + 21+ 3H,0* 3ICH(CO OH), + 6H,0
4 \
105+ HIO,+ 2MA(DH ™ + Hyot

ZHIO, + H0

Prozessll: cfj=c,

FHIC; + 2H0 + 2[Mn(OH OH]2

||

HIO + 105+ Hyo+

/ 10+ MO ) + Hy0-

Prozess ik

2H D5 + 2MAOH A O0H]2 + HIO ———= 205+ 2MnOHg) ] + 17+ Hzo*

HIO + 10, + H 0" + 4[Mn(OH ) OH]>




Fotochemickeé reakce

repulsive walls | N Qnﬂd;gbaﬂ{' .......
around molecule . Reachon .
: - 8 o R* o > Adiabatic
¢ i i EReaction Sl
P
Vs .3
e
> C
&
& Infers
Lo ; 4 o
\‘ | conical || hv
\\\Q“ intersection ;;:-g S(j
\‘}‘g}‘ . — L, & Avoided
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B e

UV light/sunlight

HO
Ergosterol Ergocalciferol
Vitamin D,

Animal

UV light/sunlight

HO

7-dehydracholesterol Cholecalciferol
Vitamin D,

Plants do not directly synthesize vitamin D, lacking the necessary precursors.



Fotochemickeé reakce

retinal

ﬁ1 1-cis
rhodopsin

0,
Conical
intersection

All-trans
d/ photoproduct

rhodopsin



Rychlost reakce vs. teplota
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katalyza

IUPAC: Catalyst is a substance that increases
the rate of a reaction without modifying the
overall standard Gibbs energy change in the
reaction; the process is called catalysis. The
catalyst is both a reactant and product of the
reaction.

E

Re ac_tion
coordinate




katalyza

* Homogenni

— Reakce probiha v jedné fazi (napr. jeden roztok)

+
H30 '+ H,0, H,0 + H50,

2H,0, 0, +2H.,0

+ -
H;0, 4+ I ——= HoI + H,0

HOI4 H,0, — Hz0 + I + O,
* Heterogenni

— Reakce probiha na/pobliz fazového rozhrani
(adsorbované latky na pevné fazi)

— Hraje roli i difuze latky k fazovému rozhrani
— Reakce na zeolitech, oxidech kovl, nanocastice



Acidobazicka katalyza

Keto Transition State Enol
R R ] R
(Y [, g |
uncatalyzed <|3:0 —— cC =0 — w» C—O—H
1ok : |l
CHy CHp,% CHa
| !
H H6+
. - R
iy X ) '
generalacid ¢ Zq  p A C=O-"H-—A |=™ ||
catalyzed v | || & H+ CHy + A-
&(lez CHy 2
i H,O l
H H6+
Hai 2 H-A + OH-
R R R
| Y | |
generalbase C—=0O cC=—=0 C—0—H
— ! e ual
catalyzed - | [ . Vas I
&?Hz CHy i CH,
- H |:|6+ +
+ : H H*
= g% | — +
B Bt .-
B

IUPAC

The term catalysis is also
often used when the
substance is consumed in
the reaction (for example:
base-catalysed hydrolysis
of esters). Strictly, such a
substance should be
called an activator.



Acidobazicka katalyza

* Specificka acidobazicka katalyza

— Reaktant je plné protonovany/deprotonovany v reakci
— Vyzaduje silnou kyselinu/zasadu

O

OH o) ||
H,C CH; + HO ——= H3C+CH3 + HO —= H3C/\CH3 + CN + H,0

C C

1] 1]

N N

* Obecna acidobazicka katalyza

— Proton transfer probiha v pribéhu reakce
— Proton (H* ion) je ¢asteCné prenesen v tranzitnim stavu

— Vyzaduje spiSe slabou kyselinu/zasadu

----- base base base
(o) (o) o
7N 'l-l
a N /\
N NH — Holn :N NH
(I)/-o H 2 (')fo H O\M92 (I;/-o H 2
o—FI>=o -o—F|>=o ?:lr=o
' o
HN” SN—H c|) H B—H ‘|) BSH | HaN



Enzymaticka katalyza

» Katalyza pomoci protein
— Protein — 21 aminokyselin

— Kofaktor — neproteinova skupina v aktivnim misté
napf. heme nebo NADP/NADPH*

Vstup substratu
do aktivniho mista

Enzyme changes shape
Substrate slight@ks substrate binds

Active site

Substrate entering Enzyme/substrate Enzyme/products Products leaving
active site of enzyme complex complex active site of enzyme

Odchod produktu

Pro-ducts‘
o ('

=

&y




Enzymaticka katalyza

i H o H 0
H H 0 H3N+—é—c// H3N+—J:—c/’
0 O mnt——? - e,
b el o-
HaN*— —C\o_ N =t o= R Hy H3C—CH
H CH3 C/ N\ CH Hy
H3 CH3 /\C
H3C H3 H3
Glycine (G) Alanine (A) Valine (V) Leucine (L) Isoleucine (1)
Nonpolar Gly Ala Val Leu lle
side chains
L y
V4 (o]
H3N+—C—C H
i H N+—&—c//o H3N+—+~c/< 1 AP
CHy 3 = ey O H2N+—C—C\
&Hz CHz H Ic (I.'H o
L NH L
| CHz
CH3
Methionine (M) Phenylalanine (F) Tryptophan (W) Proline (P)
Met Phe Trp Pro
H H
(o]
| /0 H o | Vi
H H H HaNt—Cc—c? | H3N*—C—C
[ 22 L B I s g L o
H3N+—c-c\ H3N+—?—C\ H3N —?—C\ Ha (I:H 0~ |Hz
. = o D 2
Polar side e © /C{I 2 CHy Ic f“z
chams éH HO CH3 SH o’ N/ \\0 /c\\
OH 2 HoN O
Serine (S) Threonine (T) Cysteine (C) Tyrosine (Y) Asparagine (N) Glutamine (Q)
Ser Thr Cys Tyr Asn Gin
Acidic Basic
H H
o} H | 0
4 0 + 7
| H3N*t—C—C 7 H3Nt—C—C
H3N+—c—c/<o 2 i o H3N+—C—C< % éH Ly T g
: Ha i b © : HaN*—c—c7
Electrically : CHa 15 H o No—
charged {\\0 ‘l:\ T Ha 2H
side chains o 7 CHy |
d- o l NH fNH
?Hz ¢l.‘=+NH2
+
NH3 NH2
Aspartate (D)  Glutamate (E) Lysine (K) Arginine (R) Histidine (H)
Asp Glu Lys Arg His

Figure 3-5 Biological Science, 2/e © 2005 Pearson Prentice Hall, Inc.



Enzymy - halogenalkandehalogenazy
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RNA enzymy — RNA katalyza
%—7 k—7 %—7 * malé ribozymy
k—7 k—? @ — 30-200 nts

— Replikace viru

L= o %_7  Velké ribozymy

Ox i 0('0" o= oy — Self-splicing
)d J@ Jd — Alternativni splice
e o o * Peptidyl transfer
ll—é b jl"éuw ﬂ_éw, — Syntéza proteinu
s —e s - — Katalyzovdno pouze RNA

c'xa'-tRNA) (‘)(3.4RN A) O(3'-tRNA)



RNA katalyza — acidobazicka rovnovaha

* Obecna acidobazicka katalyza

1] fA (PKa =5.2) B (pKa = 8.6) ‘fA (pKa = 6.0)

1
107 fo 1071
A 02 fg 1021
B 100 103
104 104

18 (pKa = 10.0)

4x10 fa. fa

fa.fs /\ M.

-4 |
&;x10 ] fa.f8

6x 10751

2x101

2x10%
0 . y v - 3
4 5 6 7 8 9 10
pH

pK,(base) > pK,(acid)

4 5 6 7 8 9 10

pH

104 1

fA/fB\

pK,(base) < pK,(acid)

<

B(pKa=5.2) fA (pKa=8.6)

4 5 6 7 8 9 10
pH

£y 1071

fs 1027
1073 1

104 1

0.15 4

a1 410

0.05 -

| fA(pKa=52) 1B (pKa=5.5)

fa.fs

4 5 6 7 8 9 10
pH



(Enzymova) Michaelis-Mentenova

kinetika

kin k

E+S =——ES —=—> E+P

out

Za predpokladu rovnovahy vazby substratu

kin[E] [S] — kout[ES] [E] + [ES] = CEg
. CE[S] _ kout
B = kv T,
_d|p] _ Vinax|S]
V=g~ el ESI= R )

Quasi-steady state aproximace

kin[E] [S] — kout[ES] + kcat[ES]
Kout + Kcat

m
kin

Concentration




Enzymaticka katalyza

Efektivita enzymu

@)
m

Chymotrypsin Ac-Phe-Ala—>Ac-Phe+Ala 1.5x102 0.14

Pepsin Phe-Gly—=>Phe+Gly 3.0x104 0.5 1.7x103
Tyrosyl-tRNA syntaza Tyrosin+tRNA—>tyrosyl-tRNA 9.0x10*# 7.6 8.4x103
Ribonukledza Cytidine-2’,3 cyclic phospate 7.9x103 7.9x10% 1x10°

—>cytidine-3"-phosphate
Carbonic anhydraza  HCO; + H* - H,0 + CO, 2.6x1072 4x10° 1.5x107

Fumaraza Fumarat > malat 5.0x10° 8x102 1.6x108



Reakcni mechanismus

 Sled dilc¢ich elementarnich reakci

2NO+ O, 2NO, —

rychla  2NO I:l N,O, 90 +0-O »0-0-0-6
pomali N,0, 40, > 2NO, M;@'ﬁ . ) ©

) 0@

Rychlost 6\@/@

limitujici

krok




Meéreni kinetiky reakce

* Sledovani prubéhu reakce
— Pomalé a velmi pomalé reakce
* Mereni signalu e
_ Spektrofotometricky G e o
* absorpce/emise
* UV-vis, IC,...
— elektrochemicky
 pH
* vodivost




Meéreni kinetiky reakce

* quenched reaction — metoda zastaveni reakce

— Jednodussi mereni

— Vhodné pro velmi pomalé reakce

e /Zastaveni reakce

— Pridani inhibitoru

— zamrazeni

A549 phosphorylation

100%
OpSer37
ApSeri5s

50%-
0O pSer33

0 10 20
Time (min)

100% -

50%4 H

0 —»> o+~
0

Continuous NMR monitoring

zastaveni enzymatické reakce
denturace enzymu

O pSer37 100°/.. A pSer15 100%+

50% 50% -

0O pSer33

0- 0

Time (min) Time (min)
Quenched reaction setups

el

10 20 O 10 20 0 10 20

Time (min)



Meéreni kinetiky reakce

* Rychlé a velmi rychlé reakce
— Flow (prutokové) metody

Driving Movable
syringes  spectrometer
Mixing

chamber

Spectrometer
Driving
syringes
Mixing | Stopping
chamber syringe




Meéreni radu reakce

%:k.cz’cb’ aA + bB - > p

e Celkovy rad reakce a™+b’

— Nemusi nutné odpovidat stechiometrickym koef.
— Nemusi byt nutné cela Cisla

e Oswaldova metoda meéreni radu reakce
— Nadbytek vsech slozek kromé jedné

— T Kk -c?
dt A



