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The Rate of a Reaction

Decomposition of Hydrogen Peroxide

If one of the products or reactants is a gas, 

we can use a manometer to find the reaction rate. 

2 𝐻2𝑂2(aq) → 2𝐻2O (l) + 𝑂2(g)

The oxygen pressure can be readily converted to 
concentration by using the ideal gas equation:

PV = nRT

Or   P = 
𝑛

𝑉
RT or [𝑂2]RT

[𝑂2] = 
𝑃

𝑅𝑇



The Rate of a Reaction

The reaction rate = 
∆[𝑂2]

∆𝑡
or 

1

𝑅𝑇

∆𝑃

∆𝑡

The instantaneous rate 

for the decomposition 

of hydrogen peroxide 

at 400 min is given by 

the slope of the tangent 

multiplied by 1/RT



Reaction Rates and Stoichiometry

Stoichiometry – is the measure of the quantitative relationship between the

products and reactants of a given chemical reaction in terms of their relative ratios

of mass or volume

2A → B 
Two moles of A disappear for each mole of B that forms

Rate = 
1

2

∆[𝐴]

∆𝑡
or 

∆[𝐵]

∆𝑡

In general, for the reaction
aA + bB →cC + dD

rate = -
1

𝑎

∆[𝐴]

∆𝑡
or -

1

𝑏

∆[𝐵]

∆𝑡
or  

1

𝑐

∆[𝐶]

∆𝑡
or   

1

𝑑

∆[𝐷]

∆𝑡
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Rate Law
Rate law - expresses the relationship of the rate of a reaction to 

the rate constant and the concentrations of the reactants raised to 

some powers.

For the general reaction 

aA + bB → cC + dD

the rate law takes the form

x and y are numbers that must be determined experimentally. 

In general, x and y are not equal to the stoichiometric 

coefficients a and b.

The exponents x and y specify the relationships between the 

concentrations of reactants A and B and the reaction rate. 



reaction order : defined as the sum of the powers to which all reactant 

concentrations appearing in the rate law are raised. 

For Equation 

the overall reaction order 

is x + y. Alternatively, we can say that the reaction is xth order in A, yth

order in B, and (x + y)th order overall.

Rate Law

let us consider the reaction between fluorine and chlorine dioxide:
𝐹2(g) + 2Cl𝑂2 (g) → 2FCl𝑂2 (g)

One way to study the effect of reactant

concentration on reaction rate is to determine

how the initial rate depends on the starting

concentrations.



Rate Law

the rate is directly proportional to [𝐹2].

the rate is also directly proportional to [Cl𝑂2].



Rate Law

We can summarize our observations by writing the rate law as 

rate = k[𝐹2][Cl𝑂2] 

Because both [𝐹2] and [Cl𝑂2] are raised to the first power, the reaction is 

first order in 𝐹2 , first order in Cl𝑂2, and (1 + 1) or second order overall.

[ClO2] is raised to the power of 1 whereas its stoichiometric coefficient 

in the overall equation is 2.

k = 
rate

[F2][ClO2]

= 
1.2 ×10−3 M/s

(0.10 M)(0.010 M)
= 1.2/M.s



Rate Law

rate = k[A][B]2

rate = k[A]0[B]

= k[B]

The rate of this reaction is independent of the concentration of A

Reaction order can also be a fraction.

1. Rate laws are always determined experimentally. From the

concentrations of reactants and the initial reaction rates we can

determine the reaction order and then the rate constant of the reaction.

2. Reaction order is always defined in terms of reactant (not product)

concentrations.

3. The order of a reactant is not related to the stoichiometric coefficient

of the reactant in the overall balanced equation.



Rate Law

Rate = k[NO]𝑥[𝐻2]
𝑦



Rate Law



Rate Law

Note that the reaction is first order in H2, whereas the stoichiometric coefficient 

for H2 in the balanced equation is 2. The order of a reactant is not related to the 

stoichiometric coefficient of the reactant in the overall balanced equation


