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Introduction to Chemistry Kinetics



Definition of Chemical Kinetics

Study focus
Examines the speed or rate at which chemical reactions occur. Tem peratu re

|dentifies the effects of variables like temperature, concentration,
and catalysts.
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Practical applications

-Utilized in industries such as pharmaceuticals, energy, and
materials engineering.
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® Influencing factors
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Importance of Chemical Kinetics .

Mechanistic understanding@

Industrial applications

Provides insight into how chemical bonds
are formed and broken, crucial for
controlling chemical processes.

Enables optimization of reaction conditions
for efficient production in industries such as
pharmaceuticals, energy, and materials.
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Environmental impact

Aids in understanding processes like ozone
depletion, greenhouse gas reactions, and
~_ pollutant degradation.

Biochemical relevance

Helps explain enzymatic reactions,
metabolic pathways, and drug interactions
in biological systems.




Historical Development _—

Early concepts

Initial ideas on reaction rates emerged in the late 18th century, with the law of mass action proposed by Guldberg and
Waage in 1864.

Modern advancements

The development of transition state theory and collision theory in the 20th century refined understanding of reaction
mechanisms.

Advancements in spectroscopy and computational chemistry have allowed precise analysis of reaction intermediates and
rate constants.

Interdisciplinary influence

'I:h;ifﬁtégi’at-ion,qf chemical kinetics with physics, biology, and engineering has expanded its applications across
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scientific disciplines.

i
; Experimental breakthroughs
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Core Concepts of Chemical Kinetics



Homogeneous Reactions ——

o1 | Single phase

These reactions take place in a single, uniform phase, such as

all reactants beingin a gas or liquid state, ensuring intimate
molecular interactions.

02 | Molecular dynamics

The rate depends primarily on temperature, concentration,

and kinetic energy of molecules, as there are no interfacial

e barriers to reaction.
~y Water Hydrogen

2H,0()) 2H,(9)



Heterogeneous Reactions S

Phase boundaries

These reactions occur at the interface of different phases, such as a gas reacting with a

solid catalyst or a liquid with a solid surface.

Surface phenomena

The reaction rate is heavily influenced by surface area, adsorption, and diffusion of

reactants to the reactive interface.

Catalytic role

Catalysts often help facilitate these reactions by lowering energy barriers specifically at
the interface, dramatically increasing reaction efficiency.



Simple vs Complex Reactions R

Simple reactions

These proceed directly from reactants to products in a single step (e.g.,
decomposition of hydrogen peroxide), typically following straightforward rate
laws.

Complex reactions

Involve multiple stages or intermediates, such as chain reactions or catalytic
cycles, and often require detailed mechanisms for understanding rate-
determining steps.

Reaction mechanisms

g Complex reactions necessitate breaking down the overall reaction into
elementary steps to study intermediate species and their roles in the kinetics.
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Reaction Rate



Definition of Reaction Rate e

Measurement Units Factors
Quantifies the speed at which Typically measured in moles Depends on concentration,
reactants are converted to per liter per second (mol/L - s). temperature, surface area, and
products. catalyst presence.
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Ineffective collision NO




Determinants of Reaction Rate | .

Concentration

Increasing the concentration of reactants generally raises the reaction rate due to more frequent collision
opportunities.

Temperature

Higher temperatures accelerate reactions by providing molecules with more energy to overcome activation barriers.

Catalysts

—— The presenceofcatalysts lowers the activation energy, enabling reactions to proceed faster without the catalyst being
consumed. =,



Law of Mass Action |

The rate of a reaction is directly proportional to _ _
. These powers, often derived experimentally,

the product of the concentrations of the :
_ . - correspond to the reaction order and may not

reactants, each raised to a reaction-specific : . , .
directly match stoichiometric coefficients.

® Proportionality principle ® Reaction-specific exponents
i power. i
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Experimental Methods in Chemical
Kinetics



Concentration Monitoring

01 | Spectroscopy

Techniques such as UV-Vis and IR spectroscopy allow real-time tracking of reactants/products by

measuring changes in light absorption at specific wavelengths.

02 | Chromatography

Gas or liquid chromatography separates and quantifies components in a mixture, providing detailed

insight into concentration changes over time.

03 Titration

_I=—Periodic sampling and chemical titration reveal concentration shifts during reactions, particularly in

aqueous systems.



Temperature Control

Controlled heating
systems

Instruments like water baths or
thermostated reactors maintain
precise temperatures, ensuring
accurate study of temperature-
dependent rate changes.

Cooling
mechanisms

Cryogenic or external cooling
systems slow reactions,
enabling analysis of rates for
fast processes or exothermic
reactions.

Temperature
gradients

Use of temperature ramping
methods evaluates activation
energy by monitoring rate
behavior at varying

temperatures.



Pressure and Volume Analysis TN

Manometers and pressure sensors

Direct pressure measurements in closed systems provide insight into gas-phase
reaction kinetics, especially for reactions involving a change in moles of gas.

Volume analysis

Relating gas volume changes to reaction progress using the ideal gas law aids in
tracking transformation in real-time.

Reaction vessel design

High-pressure reactor vessels ensure safe and accurate study of reactions occurring

under pressurized conditions.
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Reaction Order
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Zero-Order Reactions f -

1 Constantrate
In zero-order reactions, the reaction rate remains constant over time, regardless of Zero order
the concentration of the reactant. 4
J
2 Rateequation N
The rate can be expressed as ( text{Rate} =k ), where (k) is the rate constant. '<_:| slope :

3 Examples

Commofn"'e'Xample‘vsr include the photochemical decomposition of hydrogen .
peroxide and saturation kinetics in enzyme-catalyzed reactions. Time




First-Order Reactions | . -

Linear dependence

The rate of first-order reactions is directly proportional to the concentration of one

First order
reactant, as expressed by ( text{Rate} = k[A] ).

Sl()pe The concentration of the reactant decreases exponentially over time, leading to a

characteristic half-life independent of initial concentration.

Examples

Radioactive decay and the hydrolysis of esters under acidic conditions are typical first-

order reactions.

.
® Exponential decay
.

Time



Second-Order Reactions = ———

\ :

- Concentration Il N <3 Examples
relationship
The rate depends either on These reactions require more The reaction between
the product of the detailed tracking of both hydrogen and bromine and the
concentrations of two reactants, often resulting in saponification of carboxylic
reactants (( text{Rate} = k[A][B] more intricate rate laws. esters with alkali follow
)) or the square of one reactant second-order kinetics.
(( text{Rate} = k[A]*2)).
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Molecularity of a Reaction



Unimolecular Reactions

01.

Reaction type

Involves the transformation of a
single reactant molecule into
products.

02.

Mechanism

Proceeds through an
intermediate or activated
complex formed within a single
molecule.

03.

Examples

Isomerization reactions,
radioactive decay, or
decomposition of compounds like
N205.



Bimolecular Reactions

Molecular collision

Two molecules must collide
and interact effectively to
result in product formation.

Common occurrence

These reactions are the most
typical in chemical processes
due to the high probability of
two-particle collisions.

Rate dependence

The rate is proportional to the
product of the concentrations
of the two reacting species,
corresponding to second-
order kinetics.

Examples

The reaction of hydrogen and
iodine to form hydrogen
iodide (H, +1, = 2HI) is a
bimolecular reaction.
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Trimolecular Reactions B

Simultaneous collisions

Three molecules must collide simultaneously at a specific geometry to form products, making these the least
frequent reactions due to low probability.

Rare nature

The likelihood of three-particle collisions occurring with sufficient energy and correct alignment is extremely low,
limiting their practical occurrences.

The reaction rate is proportional to the product of the concentrations of the three reactants, typically following
third-order kinetics.

Examples

Thé 'r;ééc'ti‘onbetvween two NO molecules and O, to form 2NO, is an example of a trimolecular reaction.

—

T
; Rate dependence
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Catalysis and Chemical Kinetics



Definition of Catalysis
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Catalyst function
Substances that increase reaction rate without being
consumed.
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Process efficiency

Enhances reaction efficiency and selectivity.
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Activation energy reduction

Lowers the energy barrier required for a chemical reaction.

Dynamic activation




Applications in Biochemistry

Enzyme action

Enzymes serve as biological catalysts,
enabling essential reactions such as
digestion (e.g., amylase breaking down
starch into sugars) and energy
production (e.g., ATP synthesis).

Metabolic regulation

Enzyme-catalyzed reactions are tightly
regulated to ensure efficient metabolic
processes, such as maintaining blood
glucose levels.

Drug interactions

Biocatalysis plays a role in how the
body metabolizes drugs, affecting their
activation or deactivation within the
system.



Industrial Catalysis T

T —— Petroleum refining

s

Catalysts like zeolites are used to crack long-chain hydrocarbons into shorter, more
useful fuels and chemicals.

o

Ammonia synthesis

In the Haber-Bosch process, iron catalysts accelerate the reaction between nitrogen and
hydrogen to produce ammonia, a key component in fertilizers.

g

Environmental protection

Catalysts in catalytic converters help reduce harmful emissions by converting carbon

]

monoxide and nitrogen oxides into less toxic substances.

tmonis synthesis N
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Chemical Equilibrium and Kinetics



Dynamic Nature of Equilibrium

Reaction balance Constantratio
At equilibrium, the forward The equilibrium state is
and reverse reactions occur characterized by a fixed
at the same rate, ratio of product and
maintaining constant reactant concentrations,
concentrations of reactants described by the

and products. equilibrium constant (K).




Le Chatelier's Principle

External changes

Changes in concentration, temperature, or
pressure cause the system to shift
equilibrium to minimize the disturbance.

Predicting outcomes

Increasing reactants, for example, generally
shifts equilibrium toward product formation;
raising temperature can favor endothermic

reactions.



Kinetic and Thermodynamic Control | e

Reaction speed

Kinetic control favors products that form fastest, often under

low temperatures or short reaction times.

Stability priority

Thermodynamic control favors more stable, lower-energy

products, typically dominant at higher temperatures over

longer durations.

Reaction progress
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Challenges and Applications in
Chemical Kinetics



Reaction Mechanisms -

b Environmentally

Identify pathways | Light
Examine possible reaction steps to determine plausible —S— Au
mechanisms. Substrate Source—N/C
. E, ey H
. - v
Measure intermediates
@ """ ¢ Use spectroscopic and experimental methods to track transient Sl B
species. 5 /
>
—-S— Drain é
- Au
Validate against data B
g o \
==~ Compare proposed mechanisms with experimental rate laws and ]
 results.




Environmental Impacts

01

02

03

Ozone dynamics

The kinetics of ozone-depleting reactions involving
chlorofluorocarbons (CFCs) highlight the devastating
effect of slow atmospheric recovery.

Pollution chemistry

Studying the rate of photochemical smog formation
informs strategies to combat air pollution in urban
environments.

Carbon cycles

Analyzing reaction rates in carbon sequestration
processes su p\pb‘rtscljmate mitigation efforts by
improving efficiency and scalability.

solar
energy




Industrial Applications R

@ Optimized reactors

Kinetics-based models are critical for designing reactors that maximize
yield while minimizing energy consumption and waste.

@ Catalystefficiency

Understanding the role of kinetics in catalyst-driven reactions allows for
the development of more effective and sustainable catalysts.

@ Pharmaceutical synthesis

Reaction optimization based on kinetic studies accelerates drug discovery

and large-scale manufacturing processes.
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Case Studies in Chemical Kinetics



Catalytic Converters in Vehicles e

Emission reduction

. System Catalytic converters facilitate reactions that transform harmful

Catalytic
Convertor gases like CO, NOx, and hydrocarbons into less harmful substances

Air Injection
such as CO,, N5, and H,0.

e RN Reaction mechanism
Resonance L\/ ' (| came Platinum, palladium, and rhodium within the catalytic converters

Chamber /o\‘
Flpe. o //&g enable oxidation and reduction processes at high efficiency.

Extension

Environmental impact

e The controlled kinetics of these reactions significantly reduce air

“ pollution and contribute to cleaner transportation technologies.



Photosynthesis Kinetics

Light absorption

The energy transfer in chlorophyll molecules during light-
dependent reactions follows distinct kinetic pathways determining
photosynthetic efficiency.

Processes like enzyme-bound carbon fixation in the Calvin cycle
often dictate the overall speed of photosynthesis in varying
environmental conditions.

Calvin Cycle

6 mei_
1,3-Bisphosphog p

Environmental adaptation

==

es in light intensity, CO, concentration, and temperature e o
directly influe inetic constraints, helping plants optimize

am—
~ Glucose and Other
g ro Wt h o g Organic Compounds

Output

f
® Rate-limiting steps
H



Drug Dissolution Rates R

Controlled release

Understanding the kinetics of drug solubility ensures active ingredients are released at

optimal rates for therapeutic effectiveness.

Particle size effects

Smaller particles with higher surface area dissolve faster, highlighting the kinetic

principles applied in pharmaceutical formulations.

Stability

Kinetic studies ensure drugs maintain efficacy over time by identifying factors that may
accelerate degradation or chemical changes.






