
ENV 5666 – Water Quality 
Management

Lecture 2
Fundamentals of Reaction Kinetics and Rates 



Reaction Kinetics & Rates

 Quantitative definition of the rate of transformation 
(appearance or disappearance) of a contaminant 
(e.g., Hg) or indicator (e.g., BOD) in an aquatic 
environment.

 Found theoretically from the stoichiometry of 
chemical reactions (if available) or experimentally 
(mostly in laboratory-controlled conditions).



Reaction Types
 Heterogeneous reaction (i.e., one, 

two or three phases)
 Homogeneous reaction (i.e., only 

one phase)
 Reversible reaction (A↔B): 

Equilibrium Chemistry
 Irreversible reaction (A→B):              

Main focus on single direction with 
rate of disappearance of a reactant  



Reaction Kinetics
Law of Mass Action:

“rate of transformation is proportional to the 
concentration of reactants ”, as follows:

αA + βB +… → products
dcA/dt = - k f(cA,…cI,…) = - k cA

α cB
β = - kcA

n

c     =    concentration of a single reactant
n     =    (α + β) = order of reaction
k     =    reaction rate constant, a temperature-

dependent rate constant





Zero-Order Rate (n = 0)
dc/dt   =   - k

Which, for data obtained in an experiment in a batch reactor, is the
conservation of mass statement (i.e., “Rate of Accumulation =  Rate
of Transformation”).

Then, after integration over time and boundary conditions yields:

c =  c0 – kt

where:
c = c0 at t = 0 and  k has units of ML-3 T-1
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First-Order Rate (n = 1)
dc/dt   =   -kc

which, after integration of data obtained in a batch 
reactor experiment, becomes

ln c – ln c0 =     kt or
c      =     c0 e – kt

where c = c0 at t = 0 and k with units of T -1 

In other words, concentration halves every half-life.
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Second-Order Rate (n = 2)

dc/dt   =   - kc2

which after integration for data from a batch reactor experiment yields:

1/c          =    1/ c0 +  kt

where c = c0 at t = 0 and k has units of (M T)-1L 3
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Methods to Quantify 
the Rate of Reaction, k

(all should be based on regression analysis or least-squares methods)

 Integral Method (Eq.2.7)
 Differential Method (Eq. 2.22)
 Method of Initial Rates (Eq. 2.24)
 Method of Half-lives (Eq. 2.29)
 Method of Excess (i.e., one reactant 

is in excess)
 Numerical Methods (i.e., hand 

calculations or computer programs, 
including MSExcel spreadsheets 
and regression options)



Temperature Effect On Rates

 Rates of most reactions in natural waters increase with 
temperature.

 Rate approximately double every 10oC of increase.
 Arrhenius Equation

k(Ta) = Ae (-E/RT
a
)

where:
A = pre-exponential frequency factor
E  = activation energy  
R  = the gas constant  
Ta = absolute temperature  



Comparison 
of Reaction Rate Constants 

at Two Different Temperatures

 k(Ta2) / k(Ta1)  = e E(T
a2

-T
a1

)/R(T
a2

-T
a1

) ≈ θ (T
2
-T

1
), 

where θ ≈ E/(RTa2Ta1), because most 
temperature ranges are narrow (273-313K, 
0 to 100 centigrade or 32 to 211 F)



Use of Rates Expressions
 In the quantitative representation of the 

“transformation” components (i.e., 
chemical or biological or both, for instance, 
decomposition, oxidation, reduction, 
hydrolysis, photolysis, chemical 
adsorption, etc.) in the conservation of 
mass statement!
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Lecture 2 – Example 2.5
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