
SUMMARY OF LECTURES ON THE DISCIPLINE "CHEMICAL KINETICS AND ELECTROCHEMISTRY", 2ND COURSE, 2022-2023 
(15 LECTURES)
1-LECTURE
INTRODUCTION. EMPIRICAL KINETICS. WHY STUDY CHEMICAL KINETICS? MONITORING CHEMICAL CHANGE. RATES 
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2-LECTURE
RATE LAWS. REACTION ORDER. SPECIFIC REACTION RATE 
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LECTURE 3
INTEGRATED RATE LAWS
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HALF-LIFE METHOD 
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LECTURE 5
REACTION MECHANISMS. ASSIGNMENT OF MECHANISM. SIMPLE (ELEMENTARY REACTIONS). OPPOSING REACTIONS
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LECTURE 6
CONSECUTIVE REACTIONS. VARIATIONS OF CONCENTRATIONS WITH TIME .  RATE-DETERMINING STEP.  STEADY-STATE APPROXIMATION. PRE-EQUILIBRIUM
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LECTURE 7
CATALYSED AND ENZYME-CATALYSED REACTIONS. UNIMOLECULAR REACTIONS
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LECTURE 8
COMPLEX REACTIONS. CHAIN REACTIONS. EXPLOSIONS
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LECTURE 9
PHOTOCHEMICAL REACTIONS. POLYMERIZATION KINETICS
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LECTURE 10
CATALYSIS AND OSCILLATION. REACTIONS IN SOLUTION
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LECTURE 11
ELEMENTARY REACTION RATE THEORY. COLLISION RATE THEORY. HARD-SPHERE COLLISION FREQUENCY.  COLLISION RATE CONSTANT.  "HARPOON" REACTIONS
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LECTURE 12
ACTIVATED-COMPLEX THEORY. DERIVATION OF EYRING EQUATION. APPLICATION OF EYRING EQUATION. THERMODINAMIC FORMULATION OF THE EYRING EQUATION. ISOTOPE EFFECTS. 
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LECTURE 13
RATE OF CHARGE TRANSFER. THE DOUBLE LAYER AT THE INTERFACE: HELMHOLTZ, GOUY-CHAPMAN, AND STERN MODELS. THE RATE OF CHARGE TRANSFER UNDER ZERO FIELD: THE CHEMICAL RATE CONSTANT. THE BUTLER-VOLMER EQUATION: TWO LIMITING FORMS, TAFEL PLOTS. CONCENTRATION POLARIZATION. APPLICATION IN POLAROGRAPHY. 
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LECTURE 14
CELL EMF AND ELECTRIC CURRENT
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LECTURE 15
CORROSION
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Scheme 2. Transition-state mechanism, Scheme 3. Diradical machanism
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L8. Summary

* Rate law MUST be arrived at by experiment - NOT
from inspection of the stoichiometric equation

« Have discussed 3 approaches to the elucidation of
rate laws: method of initial rates, fitting with
integrated rate laws, checking concentration
dependence of t;,.

General approach might be:

. Examine products and identify transient
intermediates as much as possible.

. Use Ostwald’s isolation method to examine order
w.r.t. each component - use in conjunction with
method of initial rates,

. Check to see that t,, has correct concentration
dependence or independence.

4. Check reaction order by fitting /c/ vs. ¢ over en
range and get k from the appropriate plot of the
appropriate integrated rate equation,

Shall see that rate laws are useful for predicting and
elucidating reaction mechanisms.
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ON MECHANISMS (Accounting for Rate

w Most reactions can be broken down into a_sequence of
steps.

w Definition: A reaction mechanism is a construct of
elementary step:

- Rate ¢ useful for the elucidation of reaction
mechanisms. Orders determined by experiment provide a
clue:

- non-integral orders indicate that the rcaction mechanism
is complex

- integral orders indicate that the reaction mechanism may
be simple

m Assignment of mechanisms is a diffi

involving lats of experience, imagination, intuition and,
perhaps, clairvoyance AND DATA!

1t 1is usually a trial-and-error procedure.

w Other clues for elucidating reaction mechansim:

- detection of intermediates and minor products

- identification of the nature of the products - geometries,
aptical isomers, degree of excitation etc.

- use of isotopic labelling - distribution of isotopes between
and within products as determined by mass spcctrometry,
NMR, e.g. D, °C, "N, *0

- use of tracers - radioactive isotpes such as *C - sensitive
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11, 1. Simple (Elementary) Reactions

IL 1.1. Three Types

a. Unimolecular Reaction: a single molecule rearranges
into a new configuration or shakes itsclf apart.

A = products

NB: actually need collisions (or photons} to activate, (May
or may not be first order, shall see later).

b. Bimolecular Reaction: a pair of molecules collides and
exchanges energy, atoms, or groups of atoms,

A + B = products

- if reaction is a simple bimolecular process, kinetics will
be second order

(but if kinetics second order, reaction is not necessarily
bimolecular and might still be complex)

A bimolecular reaction is second order b its rate
depends on how often A and B collide

- collision frequency depends on concentration of A and B
- so rale has the form

- d[A)/dt =1, [A]

and therefore the reaction is second order
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c. Termolecular Reaction: a pair of molecules collides and
s stabilized by collision with a third molecule before going
back to reactants or forward to products. M is known as a
“chaperon”

A+B+M-—> AB+ M

and - d[A)/dt =k, [A] [B] [M]

- so actually a sequence of 2 bimolecular steps:

A+ B — (AB)
(ABY + M > AB+ M

11.1.2. Temperature Dependence of the Rates of
lecular Re

The rates of many simple reactions (but not all) increase as
temperature is raiscd.

Rule of thumb: rate doubles every 10 K increase in T
Experimentally the temperature dependence of the rate

constant often is found to fit the Arrhenius expression:

Ink=InA-

(plotlnk vs. 1

T in degrees K, R is the gas constant
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T in degrees K, R is the gas constant
A is known as the pre-exponential factor, or [requency
factor, or simply A factor. Tt has the same units as k.

E,is the experimental (phenomenological) activation
energy in kJ mole™

- more generally it is defined in the following manner
(since E, can be f(T))

nk/d(l/ (dInk/dT)

(since d(1/T) = - I/T*dT)

NB: Often a somewhat better fit is obtained with

Ink =mB+nlnT - E/RT

(plot In (/T vs. 1/T)

- nis a small number {(+ or -) (shall see collision theo:
=1/2)
>RT and the exponential dominates
Once E, and A or E’, n and B arc determined, we can

predictk at any T.
(See example 25.6, p. 878 (5™) or 25.5, p. 776 (6th))
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.33 Sleady- State Approximation
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4. Calalysed & Enggme- Calalyad Reactions
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WHY STUDY CHEMICAL KINETICS?

Practical Importance

- to be able to characterize and predict or 10 control rate of change and approach to
equilibrium

- may {nvolve search for methods to slow down undesired reactions (e.g. corrosion
of metals, oxidation of rubber tires)

- may involve search for methods to speed up desired reactions (e.g. baking bread,
decay of garbage) -
- often lnvolves search for conditions (e.g. T, P, catalyst) that lead to maximum
yield of products

- important in modeling complex chemical systems and sa to predict chemical
change and rate of change

« stratospheric ozone depletion
ozone hole formation (heterogeneous
)

« tropospheric alr polution

« combustion and oxidation chemistry

« plasma chemistry (growth of films etc.)

Fundamental Importance

- To provide information on reaction mechanism.

- Avreliable set of kinetic data allows us to discard various, otherwise plausible,
mechanisms.

NB> Even if we can conjure up a mechanism that agrees in detail with the kinetic
data, we have not proved the mechanism, nor can we ever do 50 on the basis of
Kinetic data alone,
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slows dawn the whole process

In 1986, von Kiedrwrki. 2 pioncer in
the development of kinesic (heory in
this area. derived an empirical ratc
equation for these ‘inhibited” selfrepll.
cating systeas. His SknFit program for
callulating rate constants ROW i used
by many in the field,

In his descriprion. the eate of growth
s propartional to the square roat of the
replicator concenteation rathcr than the
replicator comcentratiun iself, The
equation. when integratcd, displays 2
parabolic growth patern. which is
slower growing than an exponential
patcern. And in this case, the fwo com.
‘peting replicators €, and C,—with auto-

tants k, and k—will

ir concentration fevels
[6311C;] = Gy /hy)* in n “survival of ev
eryhordy™ scemario. & lnge aumber of
die veplicating sysicuns reported 1o date
display such parabolic growih patterns.

A third case, which i the most elusive
and has a even more explosive growth
patiern than the exponentiat case
that ofa iyperbolic system. A hyperbol-
ic growth curve indicates the sysiem is 2
hypereycle—s complex tangle of auo-
and eross-catalytit reactions that all
boost gah other. Hypere:
wecessary fot Darwinian tvolution of
molecular systems, bul some research.
ers believe ey are 4 requirement for
animate chemistry.

The concept was developed more
than 20 vears ago by Manired Eigen.
emeritus professar ar Max Planck Lnsti:
te for Riophysical Cheanistry in Gt
dingen. Gemianty, Hypercyclic systems

bevond survtval of the fttest 1o allow
“survtvad of the common.”

“Whaever specics has been seletted 0
for, it will survive forcver, regardloss of

grated int0 2 hypercyle,” von Kicdrow.
ki explains.“In the chemisery of replicn.
s, we are far away frow the case of 1
Iypereyck:
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