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Reaktion kinetics

Basics, describing quantities

Definition of reaction rates

Order of a reaction

influence of temperature
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Some quantities

* molar amount n: number of particles, [mol]
1Mol = 6,022 -10% particles
— Def.: 1 Mol contains as many particles as 12 g of léC
» molar mass M: Mass of 1 Mol of particles [g/mol]
» molar concentration C: particles per volume, [mol/L]
(molarity)

— another: molality, [mol/kg]
* does not change with temperature

Lars Birlenbach birlenbach@chemie.uni-siegen.de 102

More quantities
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reaction rate v

AB+C ——>A+BC

* The higher the educt concentration, the faster the
product is formed
v, « ¢(AB) and: v, o ¢(C)
v, o« c(AB)-¢(C)

» Reactions can proceed in both directions
v, o« ¢(A) and: v, oc ¢(BC)

v, o« c(A)-c(BC)

Lars Birlenbach birlenbach@chemie.uni-siegen.de

104

reaction rate v

*Proportionality is not enough for accurate calculations,
so a constant is introduced:

v, =k, -c(AB)-c(C)
«for 2A —> B
v, =k;-c(A)-c(A)=k;-c(A)’

« Stoichiometric coefficients appear as exponents in the
rate expression
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reaction rate v

Definition of v, example reaction: H,+1, — 2HI

__dp(H,)
dt
L _dp(L,) p= 1 Wa
dt VA dt
,_ Ldp(HI)
2 dt
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Definition of the order of a reaction

» The reaction order is the sum of the exponents of the
concentrations in the rate law

e v=k-c(A)-c(B) 27 Order
v=k-c(A)-c(A)=k-c*(A) 2" Order

de(A)

— =k-c(A st
v 7 c(A) I8t Order
= _de(A) =k 0th Order
dt

Lars Birlenbach birlenbach@chemie.uni-siegen.de 107




Reaction 15t Order: A — Product(s)

* rate law: U= _de(A) =k-c(A)
dt
Integration by separation of the variables
ACA) _ kg
c(A)

Determination of the integration constant C

Inc(A)=—-kt+C from initial conditions

initial condition: c(A)=c,(A)att=0

Inc(A)=—kt +1Inc,(A)
c(A)=c,(A)-e™
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Reaction of first order
NL)
N
Half-life time
N,/2 Quarter-life time
N,/4
N,/8
0
0 r
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Reaction of first order

InN,
InN|
slope —k
0 t
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Reaction of second order:
A + B — Products
de(A dc(B
* rate law: v=- C(Et ):— cht ):k°c(A)-c(B)

_dcétA) =k-c(A)-c(B) one more variable! simplify!

C(A) = c)(A)~x ¢,(A) =c,(B)
¢(B) = ¢,(B) - x

c(A)-c(B)=(c,(B)—x )-(c,(A)—x)

c(A)-c¢(B)= (co (A)—x )2 Ccii)tc =—k(c,(A)— x)2
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Reaction of second order:
A + B — products

dx _ _ e L S
E - k(co (A) X) (CO(A) _ x)2
1 1

6 (A)—x  c(A)

=kt+C

Integrate:

1

boundary conditon: t=0: C=——
co(A)

L1 + kt
c(A)  ¢(A)
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10L First-order reaction 10+ Second-order reaction
a=1;[Al,=10M a=1;[A]l,=10M
0.8 - k=040s"! 038 k=040M 1571
S) )
= z
s s
(a) (b

Active Figure 16-4 (a) Plot of concentration versus time for a first-order reaction. During the first half-life,
1.73 seconds, the concentration of A falls from 1.00 M to 0.50 M. An additional 1.73 seconds is required for

the corrcentration to fall by half again, from 0.50 M to 0.25 M, and so on. For a first-order reaction,

n2 0693
tia = - ak t,» does not depend on the concentration at the beginning of that time period.
(b) Plot of concentration versus time for a second-order reaction. The same values are used for g, [Al,
and k as in Part (a). During the first half-life, 2.50 seconds, the concentration of A falls from 1.00 M

to 0.50 M. The concentration falls by half again from 2.50 to 7.50 seconds, so the second half-life is




example:

NO +0,—>NO, +0,
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Reaction 2" Order: plot 1/p against time
lip
0 i
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Reactions of 0th order

- _de(A) e
dt
LB g do(A) =kt
it
c(A)y=—-kt+C

c(A)=c,(A) att=0! so: C=c,(A)
Reaction rate does not depend on educt concentration!
Example: Reaction at catalyst surface.

Size of the surface determines rate

116
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Reaction mechanismn

* describes how reaction takes place

* often more complex than A + B — AB
e Example: 2CH,COCH; - 2CH, + 2CO + C,H,

1st step:
CH,COCH, -~ CH,=C=0 + CH,

2 step:
2CH,=C=0 -~ CH,=CH, + 2CO
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Energy

Exothermic reaction

Az-=B===B
].'-.e‘ T
forward E,
reaction Patarea

reacton

Reactants

Products
A+B AB+B
Reaction coordinate
(a)
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Endothermic reaction
A---B---B
]_.‘fo
B reverse
50 : .
5 E, reaction Products
5 forward AB+B
reaction A
Reactants AE_
A+B
Reaction coordinate
(b)
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energy in a reaction as a function of the
distance between the educt molecules

reaction energy

N1 s e

activation energy

equilibrium distance

distance
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catalysts

 lower activation energy

* increase reaction rate

» chemical equilibrium is reached faster

* do not influence the composition in chemical
equilibrium

 important, used very much in lab and industry
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Energy

Figure 16-15 Potential energy

diagrams showing the effect of a

catalyst. The catalyst provides a

=~ different mechanism, corresponding

LA to a lower-energy pathway, for the

| formation of the products. A catalyzed
LU reaction typically occurs in several

e steps, each with its own barrier, but

the overall energy barrier for the

net reaction, £, is lower than that

“ron forthe uncatalyzed reaction, £.. The

value of AE,,, depends only on the

states of the reactants and products

Uncatalyzed E,

EQ0
forward

Reaction coordinate -
uncatalyzed reaction

: y (thermodynamics), so it is the same
Reaction n.oordlmnle —_— for either path.
catalyzed reaction

Figure 16-16 When a catalyst

is present, the energy barrier is
lowered. Thus, more molecules
possess the minimum kinetic

energy necessary for reaction. This is
analogous to allowing more students
to pass a course by lowering the
requirements.

| Minimum kinetic energy
for catalyzed reaction
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Kinetic energy

birlenbach@chemie.uni-siegen.de 122

Arrhenius-Equation

+ explains temperature dependence of the rate constant k

,EA

k=A.eRT

+ E,: Activation energy

— Minimal energy necessary for the reaction to happen
— Molecules have to climb an "activation mountain"

— A: pre-exponential factor (probability of reaction)
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e e Figure 16-11 (a) A colhs:fm that
r —i— could lead to reaction of I~ + CH,CI
to give CH:I + CI".TheI” must
o b ¥ @ approach along the “back side” of the
& C— Cl bond. (b) Two collisions that
[ L | are not in the “correct” orientation to
= = cause areaction.
& ]
o
= Ea “ -
LI Ea reverse » @
forward ]
Products
° . Ex ‘ltrzm‘_‘-T'L'.r::;l..’)
4 X
Reactants
(a)
Reaction coordinate —
- &
(b)
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k is a function of temperature

lnklzlnA—ii 1nk2:1nA_il
1 2
k
RIn " 8,3141n;
__ 2 _ ~
E,= 1 1 1 1 51 kJ/mol

T T, 293,15 303,15
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dynamic equilibrium

+ where ends a reaction?
— Composition does not change anymore if the back and forth
reaction rates are equal

v, =k, -c(AB)-¢(C)

v, =k, -c(BC)-c(A)

v, =0,
k-c(AB)-c(C) =k, -c(BC)-c(A)

ki c(BC)-c(A)
k  c(AB)-c(C)

7
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Law of mass action

* constants k, and k, can be combined:

by _e(BO)-c(A)

k¢ c(AB)-c(C)

7

« stochiometric coefficients become exponents
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Experiment in lab course: ferric thiocyanate

3+ -
Fe' +3SCN™ &2 Fe(SCN),

yellowish colourless red

~ c(Fe(SCN),)
© " e(Fe*)-c*(SCN)
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principle of LeChatelier

* asystem (a reaction) evades an external constraint so that K
stays the same

e which constraints?
— concentration
— pressure
— heat
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Effects of changes in concentration on the equilibrium
[Co(OH)s* + 401~ = [Codl,]~ + 6H,0

A solution of Codl; - 6H,0 in isopropyl alcohol and water is purple (not shown) due to the mixture
of [Co(OH,) 2" (pink) and [CoCly2~ (bive). When we add concentrated HC, the excess 1 shifts the
reaction to the right (e, right photo). Adding AgNOx(aq) removes some Cl~ by precipitation of
Agdl(s) and favars the reaction to the left (produces more [CotOH,),**); the resulting solution is
pink {feff photo). Each model shows the structure of the cobalt complex spedes present in higher
concentration; other ions and solvent molecules are not shown.

Lars Birlenbach birlenbach@chemie.uni-siegen.de 131

16



