\

Univerzita Palackého
v Olomouci

Uvod do obecné a fyzikalni chemie
KFC/UOFCH
Struktura atomut a molekul
KFC/SAM

10. Reakce molekul

Karel Berka
karel.berka@upol.cz



mailto:karel.berka@upol.cz

Osnova kurzu

* Uvod — plijdeme ,,odspodu
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- Elementarni Castice
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 Interakce
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Shrnuti z minula

* Spojenim I. a Il. véty termodynamiky Ize odvodit
tzv. volné energie

* \Volné energie davaji informaci o samovolnosti
reakci

e Zdroje energie se aktualné rapidné proménuji a
chemici na to museji reagovat



Chemicka kinetika

rychlost chemickych reakci

reakéni mechanismus
e tranzitni stav

reakeni rychlost
* Ubytek reaktantu, nebo pribytek produktu v Case

rovnovaha — kineticka definice

katalyza
* na pevneé fazi
* enzymaticka



Casova skala chemické reakce

* Oxidace Zeleza: Fe + vzduch - Fe, O,

Nanodastice Zeleza “Iron Pillar of Delhi
RCPTM 6 t, 400 n.l.
29.11.2023



Rychlost chemické reakce

 Reaktant <=> Produkt

Energy (kcal/maole)

* Nadhodnost reakce
~ms az roky

e Rare event vznik/zanik vazeb ~1-
10 fs
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Teorie tranzitniho stavu

vrstevnice
E = konst.

7 2

Molekuly stojici na délici plose a mirici do

P skonCiv P
Neuvazujeme recrossing a t

Za Cas dt zreaguje dn molekul -

pravdepodobnost reakce
dn=-k-n-dt

2 . . -/
~mintmum E~

energeticky minimalni reakéni cesta
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reaction coordinate

Pratul K Agarwa Microbial Cell Factories 2006 5:2 DOI: 10.1186/1475-2859-5-2



Teorie tranzitniho stavu

cdn=-k -n-dt

_Eq
* Arheniova rovnice k = Ae RT
. . kgT AG*
* Eyringova rovnice k=|——)|e RT «

RS Non-productive

;S\Productive

o o (I, TY ant| ast POL iiv |
G 2 (A e o' | & s
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Rychlost reakce vz teplota
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* Empirické pravidlo: . kpT\ _AH?  Ast
= | — RT - R
* Cca co 10°C se rychlost reakce € €
zvetsi 2x



Teorie tranzitniho stavu — dopredna
reakce

A > B
dnA_ dn3_+k
TR na

—dnA = —/'k'nA - dt
Hﬂdn t
j —‘“:—kf dt
nA0 ny 0
ny

In—=—-k-t
Nyo

Concentration (M)

- - [H] 017
ng =ngoe ¥ ¢y =cye™ o

Time (s)
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Teorie tranzitniho stavu — dopredna
reakce

k
A > B
dﬂA _ dﬂB — _k
dt ~ dt A

High concentration = More collisions Low concentration = Few collisions

\ "/
Neni v rovhovaze
il

dnA = —knﬂdt

ny dnA t 9
f —_— —kf dt Eg @ 3000
nA0 ny 0 EE 250“:';
g 5 —[B] 4 2000 g
ny £ —B/A 1 15008
In—2 = k-t i | oo B
Nyo 1 1 500
0 : : . 0
ny = nAne_kt Cyp = CAOE_kt 0 2000 4000 6000 8000 10000

cas [s]
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koncentrace [mol/I]

Teorie tranzitniho stavu
- zvratna reakce

k,
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Reakcni kinetika - pojmy

* Molekularita reakce — pocet molekul v reakci
* Monomolekularni —rozpady, presmyky
* Bimolekularni — vétsina reakci
* Trimolekularni — vzacné, napt. reakce NO,

an

. ﬁé(?zk.nﬁ#nb’ GA+bB <

* nemusi nutné odpovidat stechiometrickym koef.
* Nemusi byt nutné cela Cisla



Reakce 1. radu

k

A > B
s
dCA dCB %
— =——, ="k-cy 5
dt dt 3

Cp = Cpoe M) 112
Reakce pseudo-prvniho radu Time (s

Jedna slozka v nadbytku — relativné ,,skoro neubyva“

A+B->P
dCP
E:klcﬂ'cﬂ
: dfp .
CB>>CA:>k :k-CB :k'CA

29.11.2023 dt



PolocCas reakce

* Cas, za ktery zreaguje polovina latky
* typicky radioaktivni reakce

A A0 Thorium-234
24.5 day . ,B
1.14 minutes Protactinium 234
_nAO =-n e—le/ 2 2.33x10° yezg Q . Uranium-234
2 AQ S St ) ¢ :Alpha radiation
8.3x 10° years . o _\lhO"Um'Bo
1,5%vyears @ o _\:‘di“""zm [ :Beta radiation
ln 2 Radon-222
3.83 days ‘ 94
. Tl/ = Wt Polonium-218
-{é 2 k 3.05 minutes ‘ a —
26.8 minutes () ,B Lead-214
Half_"fe 19.7 minutes . ﬂ Blsmuth 214
1.5 x 10 seconds . (94 _\Polonium -214
22 years . 'B Lead-210
S days @ ﬂ Bismuth-210

140 days O a Polonium- 210
stable () ™ lead-206

29.11.2023 15



Reakce 2. radu

A+B->P

dCP dCA dCB k
dt = dt  dt €a’CB

dx

E:k-(cﬂu—x)-(cm—x)

fx dx —ftk-dt
0 (Cdﬂ_x)'(CBﬂ_x)_ 0

1 cpo(Ch0 — Xx)
In =

29.11.202 Cao — Cpgo CA[](CBO — .’X.')

kt

Cpo >> Cao

Pseudo-prvniho radu



Reakce 0. radu

e A* > P
* nejcasteji tzv. pseudonulty rad
* napt. odbouravani alkoholu

dcy  dcg .
dat  dt

Cqp = CA,O — kt



Srovnan

/7 VvV 7/

| I'a

du reakci

Rovnice

Diferencialni forma

Integralni forma

Polocas

Jednotka
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[A] vs time for a 0 order reaction
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[A] vs time for a 1st order reaction

dCA

dt = =L

1
=—+ kt
Ca,0

1
kCA,O

Ca

T =

[mol-ldm3s1]

[A] vs time for a 2nd order reaction

0.20 0.20
Half life decreases Length of half life is constant. %I
with decreasing 0.5 | 0.15 Length of half life increases
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1st half life 1st 1st
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/7 VvV 7/

Meéereni radu reakce

%:k.cﬁrcb’ GA+bB £ >

* Celkovy rad reakce a™+b’
 Nemusi nutné odpovidat stechiometrickym koef.
* Nemusi byt nutné cela Cisla

 Oswaldova metoda meéreni radu reakce
* Nadbytek vSech slozek kromé jedné

dCP ,
at =k



Reakcni mechanismus

* Sled dilCich elementarnich reakci

2NO+ O,—— 2NoO, Y
=l
rychia  2NO % N,O, M+@—® £ m_ﬁ
A
pomaly N,O, + 02_;. 2NO, %‘W v

Rychlost
limitujici

krok

29.11.2023 20



Nasledné reakce

29.11.2023
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Bocneé reakce

dc,

———klcd—kzcﬂ -
dt :gd
& k C EB
dCC k 31
e C

dt 24 0

8000 10000
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Vratné bocné reakce

k__, p
A %
k, c
dc,
¢ = (katkz)cy
+ k_qcp
+ k_z(fc
dcg
T = kch — k—l'CB
dCC
W = kZCA — k_ch
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kineticky/termodynamicky
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Kineticky vz. Termodynamicky
rizené vratné reakce

SO.H

jOeC

e~

~

160°C

-

o~

c-naphthalenesulfonic
acid
Kinetic product

Teplota Reakéni
[°cl Reakce rovhovaha
80 96% 3% >1000
120 95% 5% 500
160 15% 15% 4
29.11.2023

p-naphthalenesulfonic

acid

thermodynamic product

kineticky/termodynamicky
rizeny déj

Energie
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Briggs—Rauscherova _ |
oscilaéni reakce e

10 CEs
10° ; i -
10, + 2H,0, + CH,(COOH), + H* > ICH(COOH), +20,+3H,0 twwr I ‘3 A
10- i HI
104-+1 +H' ——= HIQ, + HOI HOO™ — HL0;+ 0, p : = S
HOlp + I +H* ———= HOI HIO, — = 104 + HOL + H* ‘°'i == e
HOl + H0, —— I'+0,+H" +H,0 IF+HOL+H® — L+ H0 — =
105 +HIOp + H* —— 105 + 1,0 Iy + CH0{COH), —— ICH(COH) + H' +1 SR ‘1 L8 ¥ o8 9
minutes
: 2 —— 2 —
102+ Mn™ +Hz0 HIO; + Mn{OH) 2+1 I Figure . Oscillations produced by a solution of 0.050M potassium
Mn{OHPE" + Hx(» — Mn?" + H0 + HOO Iy +starch ——= |5 complex + 1

iodate, 0.038M malonic acid, 0.0050M manganese II sulfate, 0.88M
hydrogen peroxide, 0,035M perchloric acid and 0.01% starch.

A ("non-radical process"): slow (high conc.)
|, + malonic acid => I => 105’

B ("radical process"): fast auto-catalytic (low conc.)
Mn2* + H,0, + 105" (+ I)=>1, + O,

https://en.wikipedia.org/wiki/Briggs%E2%80%93Rauscher reaction



https://en.wikipedia.org/wiki/Briggs%E2%80%93Rauscher_reaction

Belousov-Zhabotinsky reaction

Mechanism of the Oscillating Reaction

Component Processes. As a result of the evidence
discussed above, we propose that the mechanism of the
oscillating reaction can be described by ten processes,
each of which is elementary or at least has clearly
defined kinetics. Unless a double arrow is included in
an equation, the process may be regarded as virtually
irreversible under our conditions.

HOBr + Br- + H* 72 Br; + H.0 (R1)
HBrO; + Br- + H* — ZHOBr (R2)
BrO;~ + Br- + 2H* —> HBrO:; +~ HOBr (R3)
2HBr0; — BrO,~ + HOBr + H* (R4)
BrO,~ + HBrO; + H- 22 2BrO,- + H:0 (R5)
BrO;: -+ Ce* - H* == HBrO; + Ce** (R6)

BrO;: + Ce* + H0 —= BrO;- + Ce*™ 4 2H* (R7)
Br: 4- CH,{COOH); —> BrCH(COOH}; + Br~ 4 H™ (R8)
6Cet* + CH{COOH); + 2H.0 —> y
6Ce™ 4 HCOOH + 2C0, + 6H* (R9) H.
4Ce*™ <+ BrCH(COOH); - 2H,0 —>
Br~ + 4Ce™ L HCOOH -+ 2CO; + SH™ (R10)

process A: - Br, (red)
process B: Br, - Br (white)

29.11.2023 26



Fotochemické reakce
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Fotochemické reakce — videni

retinal

Y

o, o,
b Vv, ﬁ 11-cis
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* -
Lo o, (
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¢ f intersaction
), ’\\
[ =

\ All-trans
MWWW“’UC‘
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Isomerization coordinate

rhodopsin
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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.

Feaction
coordmate

29




Typy katalyzy
* Homogenni
* Reakce probiha v jedné fazi (napr. jeden roztok)
H30"+ H,0, = H,0 + H;0,"
2H,0; ——= 0, +2H,0 H30, + I —= Hol + H,0

HOI+ H,0, —= H;0"'+ I'+ 0,

* Heterogenni

* Reakce probihd na/pobliz fazového rozhrani
(adsorbované latky na pevné fazi)

* Hraje rolii difuze latky k fazovému rozhrani
* Reakce na zeolitech, oxidech kovu, nanocastice



Aktivator katalvtické reakce

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.

Priklad:
acidobazicka katalyza

29.11.2023
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/

Vza

Enzymaticka kata

 Katalyza pomoci proteint
* Protein

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

Vstup substratu

Odchod produktu

do aktivniho mista

Enzyme changes shape Products
Substrate slighth@hs substrate binds
Active site

% [

SQbstrgte entering Enzyme/substrate Enzyme/products Products leaving
active site of enzyme complex complex active site of enzyme 32



(Enzymova) kinetika
Michaelis-Mentenova

-
kin k .E
E+S ——ES ——= E+P E
k -
out ad
2
Za predpokladu rovnovahy vazby substratu S 1
kin[E][S] - kaut[ES] [E] + [ES] = CEg
Cg [S] kaut
|ES] K
Km + [S] " kin N
Vrmax
d[P] Vinax|S]
V=g~ KearlESI= 30 TS
Quasi-steady state aproximace SV
kin[E] [5] = kaut[Es] + kcat[ES]
kaut + k(‘.‘ﬂt

m k ) 0 i 2
in Koncentrace



Efektivita enzymu

O

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

Pepsin Phe-Gly->Phe+Gly 3.0x10% 0.5 1.7x103
Tyrosyl-tRNA syntaza Tyrosin+tRNA->tyrosyl-tRNA  9.0x10* 7.6 8.4x103
Ribonukledza Cytidine-2,3 cyclic phospate 7.9x10° 7.9x10%7 1x10°

—cytidine-3"-phosphate
Carbonic anhydrdza  HCO, + H*- H,0 + CO, 2.6x102  4x10°>  1.5x107
Fumaraza Fumarat - malat 5.0x10° 8x102 1.6x108

29.11.2023 34



Meéreni kinetiky reakce

* Sledovani prubéhu reakce
* Pomalé a velmi pomalé reakce

* Méreni signalu

o0 %
oo foad 0 Loa®
Bl % o o
e ® 2% oA S
00000,% 0% .0
e 00
M 0%00,? 900"
. ® 0o _o.°
00 0N
o “g0®

* absorpce/emise \
e UV-Vis, IC,... o \
* Elektrochemicky X

o |~

e vodivost



Meéreni kinetiky reakce

e guenched reaction — metoda zastaveni reakce

— Jednodussi meéreni
—Vhodné pro velmi pomalé reakce

e Zastaveni reakce
— Pridani inhibitoru

, A549 phosphorylation .
Zamrazeni 100%- 100% 4 O pSer37 100"/’ A pSer15 100%+ O pSer33
OpSer37
ApSeris
50%+ 50% - 50% 4 50% 4
O pSer33
0 » 0 bl FD-GR R idS. L | 0 n i RIS | 1 LI ] 0 hSE EEN AR T 1
0 10 20 0 10 20 O 10 20 0 10 20
Time (min) Time (min) Time (min) Time (min)
Continuous NMR monitoring Quenched reaction setups

29.11.2023 36



Meéreni kinetiky reakce

Driving Movable

* Rychlé a velmi rychlé reakce [ i
* Flow (pritokové) metody I é °“amre'

Specvometer

* Stopped-flow metody

Driving

syringes
Mixing Stopping
chamber

syringe
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MAKING CHEMICAL REACTIONS HAPPEN FASTER

There are a number of different things that we can change to make a chemical reaction faster. Here, we explain the concept
of collision theory, and how it can be used to explain the effects of five different factors on the rate of a chemical reaction.

COLLISION THEORY INCREASE CONCENTRATION OF REACTANTS INCREASE TEMPERATURE OF REACTION

T,: ROOM TEMPERATURE T, ROOM TEMPERATURE +20°C
:-#- :-."“‘- z-."“‘- INCREASED INCREASED

CONCENTRATION CONCENTRATION

—

PARTICLES
"WITH ENERGY
REQUIRED TOH

BEACT

-
® © NOREACTION  NO REACTION et

% OF PARTICLES
% OF PARTICLES

EMERGY OF PARTICLES ENERGY OF PARTICLES

Collision theory states that, for a reaction to occur,

particles must collide with the correct orientation and
with sufficient energy for a reaction to occur. Different Increasing the concentration of reactants in solution Increasing the temperature increases the kinetic

factors affect the rate of the reaction by affecting the increases the rate of reaction as there are a greater energy of particles. This increases the frequency of
frequency of particle collisions, and/or the proportion number of particles available to react. This increases particle collisions, and a greater proportion of collisions
of collisions that have enough energy to react. the frequency of collisions between particles. will have the energy required to react.

INCREASE SURFACE AREA OF REACTANTS INCREASE PRESSURE OF REACTION USE A CATALYST IN THE REACTION
INCREASED WITHOUT CATALYST
e ) Y g ‘ G N
—
WITH CATALYST

REACTANTS

Ea=ACTIVATION EMERGY

REACTION PROGRESS

Increasing the surface area of solid reactants increases Increasing the pressure of a reaction involving gases A catalyst provides an alternative route for the
the number of particles that are exposed and available forces the gas particles closer together. This will reaction, with a lower activation energy. This means
to react, and as a consequence this increases the increase the frequency of particle collisions, and that particle collisions need less energy in order for a
frequency of particle collisions, increasing rate. therefore increase the rate of reaction. reaction to occur, increasing the rate of the reaction.

© COMPOUND INTEREST 2016 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @@@@
By NC ND

This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.




Shrnuti chemicka kinetika

Resi rychlost chemickych reakci

* reakéni mechanismus
e tranzitni stav

* reakcni rychlost

* Ubytek reaktantu, nebo pribytek produktu v Case
 Rady reakce 0., 1., 2. Fadu

* rovnovaha je definovana i kineticky

* Katalyza — zména rychlosti reakce zménou
mechanismu



Pozadavky na splnéni

e Zkouska
e online test (>50%)
 Ustni zkousSeni (3 prurezové otazky)

* Otyepka M., Struktura atomu a molekul,
2. opravene a rozsirené vydani, VUP Olomouc 2010

* YouTube kanal prednasky
 Studijni materialy na strankach KFC



Podékovani

* VVytvoreno na zakladé podkladu
* Prof. Otyepka
* Doc. Banas
e Dr. Kihrova
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