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Understanding how to express the rate of a chemical reaction in terms of the
concentration changes of the involved reactants is fundamental in the study
of chemical kinetics. Determining the rate law provides insight into the
reaction mechanism, helps predict how the reaction will proceed under
different conditions, and is essential for industrial applications where
controlling reaction rates is crucial. This article explores how to express
the rate of a reaction based on the change in concentration of each reactant,
emphasizing the concepts, methods, and practical examples relevant to
students and professionals in chemistry.

Introduction to Reaction Rate and Rate Laws

What Is Reaction Rate?

The reaction rate quantifies how quickly reactants are converted into
products over time. It is typically expressed as the change in concentration
of a reactant or product per unit time. The reaction rate depends on various
factors, including concentration, temperature, catalysts, and surface area.

Mathematically, the rate can be written as:

- For a reactant A:
\(\text{Rate} = -\frac{1}{\text{coefficient}} \times \frac{\Delta [A]}{\Delta
t}\)

- For a product B:
\(\text{Rate} = \frac{1}{\text{coefficient}} \times \frac{\Delta [B]}{\Delta
t}\)

The negative sign indicates the consumption of reactants, whereas products
are formed with a positive rate.

What Is a Rate Law?

A rate law expresses the relationship between the reaction rate and the
concentrations of reactants:



\[
\text{Rate} = k [A]^m [B]^n
\]

where:

- \(k\) is the rate constant,
- \([A]\) and \([B]\) are the molar concentrations of reactants,
- \(m\) and \(n\) are the reaction orders with respect to each reactant.

Determining the rate law involves experimental data, typically by measuring
how the reaction rate changes when the concentration of each reactant varies.

Expressing the Reaction Rate in Terms of Change
in Concentration

General Approach to Deriving Rate Expressions

The process involves:

1. Monitoring Concentration Changes Over Time: Record how the concentrations
of reactants change during the reaction.
2. Calculating Instantaneous Rates: Use the slope of concentration vs. time
graphs.
3. Relating Rate to Concentration Changes: Express the rate as a function of
the changes in concentrations, normalized by their coefficients in the
balanced chemical equation.

Step-by-Step Method

Suppose we have a generic reaction:

\[
aA + bB \rightarrow cC + dD
\]

The steps to express the rate are:

1. Write the Rate Expression:

\[
\text{Rate} = k [A]^m [B]^n
\]

2. Determine the Reaction Orders (m and n):
- Conduct experiments varying the initial concentrations of A and B
independently.
- Measure the initial reaction rates.
- Analyze how changes in concentration affect the rate (see section on
experimental determination below).

3. Express the Rate in Terms of Concentration Changes:



\[
\text{Rate} = -\frac{1}{a} \times \frac{\Delta [A]}{\Delta t} = -\frac{1}{b}
\times \frac{\Delta [B]}{\Delta t}
\]

This approach links the rate directly to the rate of decrease in
concentration of each reactant, normalized by their stoichiometric
coefficients.

Expressing the Rate for a Specific Reaction

Let's consider a specific example:

\[
\mathrm{A} + 2\mathrm{B} \rightarrow \text{Products}
\]

The rate law might be:

\[
\text{Rate} = k [A]^m [B]^n
\]

If through experiments, we find:

- Doubling \([A]\) doubles the rate (\(m=1\)),
- Doubling \([B]\) increases the rate by a factor of four (\(n=2\)).

Then, the rate law becomes:

\[
\text{Rate} = k [A]^1 [B]^2
\]

Expressed in terms of concentration changes over time:

\[
\text{-} \frac{1}{1} \times \frac{\Delta [A]}{\Delta t} = \frac{1}{2} \times
\frac{\Delta [B]}{\Delta t}
\]

which simplifies to:

\[
\frac{\Delta [A]}{\Delta t} = -k [A]^1 [B]^2
\]

Similarly, for B:

\[
\frac{\Delta [B]}{\Delta t} = -2k [A]^1 [B]^2
\]

This demonstrates how the rate of change in concentration of each reactant
relates to the overall rate law.



Experimental Determination of Reaction Orders
and Rate Constant

Methodology for Experimental Determination

To determine the reaction order with respect to each reactant and the rate
constant:

1. Conduct a Series of Experiments:
- Vary the initial concentration of one reactant while keeping others
constant.
- Measure the initial rate of reaction in each case.

2. Analyze Data:
- Use the rate law in logarithmic form:

\[
\log \text{Rate} = \log k + m \log [A] + n \log [B]
\]

3. Plot Data:
- Plot \(\log \text{Rate}\) versus \(\log [A]\) to find \(m\).
- Plot \(\log \text{Rate}\) versus \(\log [B]\) to find \(n\).

4. Calculate \(k\):
- Use known concentrations and rates to determine the rate constant \(k\).

Practical Example

Suppose initial experiments show:

| Experiment | \([A]\) (M) | \([B]\) (M) | Initial Rate (M/s) |
|--------------|--------------|--------------|--------------------|
| 1 | 0.1 | 0.1 | 1.0 × 10⁻³ |
| 2 | 0.2 | 0.1 | 2.0 × 10⁻³ |
| 3 | 0.1 | 0.2 | 4.0 × 10⁻³ |

From experiments 1 and 2:

\[
\frac{\text{Rate}_2}{\text{Rate}_1} = \left( \frac{0.2}{0.1} \right)^m = 2^m
\]

\[
\frac{2.0 \times 10^{-3}}{1.0 \times 10^{-3}} = 2 \Rightarrow 2 = 2^m
\Rightarrow m=1
\]

From experiments 1 and 3:

\[
\frac{\text{Rate}_3}{\text{Rate}_1} = \left( \frac{0.2}{0.1} \right)^n = 2^n
\]



\[
\frac{4.0 \times 10^{-3}}{1.0 \times 10^{-3}}=4 \Rightarrow 4=2^n \Rightarrow
n=2
\]

Calculating \(k\) using experiment 1:

\[
\text{Rate} = k [A]^m [B]^n
\]

\[
1.0 \times 10^{-3} = k \times (0.1)^1 \times (0.1)^2
\]

\[
k = \frac{1.0 \times 10^{-3}}{0.1 \times 0.01} = \frac{1.0 \times
10^{-3}}{1.0 \times 10^{-3}} = 1
\]

Thus, the rate law is:

\[
\text{Rate} = 1 \times [A]^1 [B]^2
\]

Interpreting the Rate Expression and Its
Applications

Implications of the Rate Law

- The reaction is first order in A, indicating a linear dependence.
- It is second order in B, indicating a quadratic dependence.
- The overall reaction order is 3.

Applications in Industry and Research

Understanding and expressing reaction rates in terms of concentration changes
enables:

- Optimization of reaction conditions to maximize yield.
- Development of catalysts to increase reaction rates.
- Design of chemical reactors with appropriate residence times.
- Prediction of reaction behavior under varying concentrations.

Summary and Key Takeaways

- The rate of a reaction can be expressed in terms of the change in
concentration of each reactant over time.
- The rate law relates reaction rate to concentrations via reaction orders



and the rate constant.
- Experimental determination of reaction orders involves varying
concentrations and measuring initial rates.
- The stoichiometry of the reaction influences how concentration changes
relate to the overall rate.
- Applying these principles allows for control

Frequently Asked Questions

How do you express the rate of a reaction in terms of
the change in concentration of reactants?

The rate is expressed as the negative change in concentration of a reactant
divided by the change in time, typically written as rate = -Δ[Reactant]/Δt.

What is the significance of the negative sign in the
rate expression for reactants?

The negative sign indicates that the concentration of reactants decreases
over time during the reaction.

How can the rate of reaction be written in terms of
multiple reactants?

The overall rate expression can be written as a sum of the individual rates,
for example, rate = k [A]^m [B]^n, where the exponents m and n are reaction
orders with respect to each reactant.

How do you determine the rate of change of
concentration for each reactant from experimental
data?

By measuring the concentrations of reactants at different times and
calculating the slope of the concentration vs. time graph, the rate of change
for each reactant can be determined.

Why is it important to express the reaction rate in
terms of each reactant's concentration change?

Expressing the rate in terms of each reactant's concentration change helps in
understanding the reaction mechanism and calculating the rate law accurately.

How does the rate expression change if the reaction
involves multiple steps?

For multi-step reactions, the overall rate law is determined by the rate-
determining step and is expressed in terms of the concentrations of the
reactants involved in that slow step.



Additional Resources
Express The Rate Of This Reaction In Terms Of The Change In Concentration Of
Each Of The Reactants is a fundamental concept in chemical kinetics, enabling
chemists to quantify how quickly reactions proceed and understand the
relationships between reactant concentrations and reaction rates. Grasping
this idea is essential for designing chemical processes, optimizing reaction
conditions, and predicting reaction behavior under various scenarios. In this
comprehensive guide, we'll explore how to express reaction rates based on
changes in concentrations, analyze the rate law, and interpret the
significance of these expressions in real-world chemistry.

---

Understanding Reaction Rate and Its
Significance

Before diving into the mathematical expressions, it’s critical to clarify
what we mean by reaction rate. Broadly, the reaction rate measures how fast
reactants are converted into products over a specific period. It is typically
expressed as the change in concentration of a reactant or product per unit
time.

Why Express the Rate in Terms of Concentration Changes?
Expressing the rate in terms of concentration changes allows chemists to:

- Quantify how quickly each reactant is consumed.
- Understand the influence of reactant concentrations on the overall reaction
speed.
- Develop rate laws that can predict how the reaction will proceed under
different conditions.
- Design experiments and industrial processes with optimized efficiencies.

---

Fundamentals of Rate Expressions

The general form of a rate expression (or rate law) relates the rate of a
reaction to the concentrations of the reactants involved. For a reaction:

aA + bB → products

the rate law can be written as:

Rate = k [A]^m [B]^n

Where:
- k is the rate constant (depends on temperature and other conditions).
- [A] and [B] are the molar concentrations of reactants A and B.
- m and n are the reaction orders with respect to A and B, respectively.

Note: The exponents m and n are determined experimentally and indicate how
sensitive the reaction rate is to changes in each reactant’s concentration.



---

Expressing the Rate in Terms of Concentration
Changes

When analyzing a reaction’s kinetics, we often measure how concentrations
change over time. These changes are expressed as derivatives:

- Rate of disappearance of reactant A:
\[
\text{Rate} = -\frac{1}{a} \frac{d[A]}{dt}
\]
- Rate of disappearance of reactant B:
\[
\text{Rate} = -\frac{1}{b} \frac{d[B]}{dt}
\]

The negative sign indicates that the concentration of reactants decreases
over time. The factors 1/a and 1/b normalize the rates relative to their
stoichiometric coefficients, ensuring that the reaction's rate is represented
consistently regardless of the coefficients.

Why normalize by stoichiometric coefficients?
Because in a balanced reaction, multiple reactants may be consumed at
different rates. Dividing by their respective coefficients allows for a
standardized measure of the reaction rate that applies equally to all
reactants.

---

Deriving the Rate Expressions for Each Reactant

For a general reaction:

aA + bB → products

the reaction rate based on concentration changes can be expressed as:

Rate = - (1/a) d[A]/dt = - (1/b) d[B]/dt = ...

This equivalence comes from the stoichiometry of the reaction—each reactant's
rate of consumption relates proportionally to the overall reaction rate.

Step-by-step derivation:

1. Identify the reaction and its stoichiometry.
For example, consider the reaction:

2A + B → C

2. Write the differential rate expressions for each reactant:

- For A:
\[



\text{Rate} = - \frac{1}{2} \frac{d[A]}{dt}
\]

- For B:
\[
\text{Rate} = - \frac{1}{1} \frac{d[B]}{dt} = - \frac{d[B]}{dt}
\]

3. Connect the concentration changes to the overall rate:

If you measure how [A] and [B] change over time, you can determine the
instantaneous rate for each reactant. These should be consistent with the
above relations.

4. Express the rate in terms of concentration changes:

For reactions where concentration data over time are available, the rate of
reaction at a particular moment is:

\[
\text{Rate} = - \frac{1}{a} \frac{\Delta [A]}{\Delta t} \quad \text{and}
\quad \text{Rate} = - \frac{1}{b} \frac{\Delta [B]}{\Delta t}
\]

where \(\Delta [A]\) and \(\Delta [B]\) are concentration changes over a
small time interval \(\Delta t\).

---

Practical Approaches to Determine Rate
Expressions

In laboratory settings, determining how to express the reaction rate in terms
of concentration changes involves experimental design and data analysis.

1. Monitoring Concentration Changes Over Time

- Use spectroscopic, chromatographic, or titrimetric methods to measure
concentrations at various time points.
- Plot concentration versus time graphs for each reactant.
- Calculate the slopes (derivatives) at different points to find
instantaneous rates.

2. Calculating the Rate of Reaction

- For each time interval, compute:

\[
\text{Rate} \approx - \frac{1}{a} \times \frac{\Delta [A]}{\Delta t}
\]
or
\[
\text{Rate} \approx - \frac{1}{b} \times \frac{\Delta [B]}{\Delta t}
\]

- Verify that these rates are consistent across reactants to confirm the



reaction's stoichiometry.

3. Establishing the Rate Law

- Conduct experiments varying initial concentrations of reactants.
- Record the initial rates for each set of conditions.
- Use the method of initial rates to determine reaction orders (m and n).

4. Formulating the Rate Expression

Once the orders are known, the rate law is written as:

\[
\boxed{
\text{Rate} = k [A]^m [B]^n
}
\]

- Express the rate in terms of the initial concentration changes, which can
be linked back to the derivatives of concentrations over time.

---

Interpreting the Rate Law and Concentration
Changes

The rate law encapsulates how the reaction proceeds and how sensitive it is
to changes in reactant concentrations. Here's what it tells us:

- Order of reaction (m, n):
- Zero order: rate independent of concentration.
- First order: rate directly proportional to concentration.
- Second order: rate proportional to the square of the concentration.

- Effect of changing concentrations:
- Doubling [A] in a first-order reaction doubles the rate.
- Doubling [A] in a second-order reaction quadruples the rate.

- Designing reactions:
- Understanding these relationships helps in controlling reaction speed,
optimizing yields, and scaling up processes.

---

Example: Applying the Concepts to a Specific
Reaction

Reaction:
A + 2B → C

Experimental Data:

| Experiment | [A] (M) | [B] (M) | Initial Rate (M/s) |



|--------------|---------|---------|---------------------|
| 1 | 0.1 | 0.2 | 1.0 × 10⁻³ |
| 2 | 0.2 | 0.2 | 2.0 × 10⁻³ |
| 3 | 0.1 | 0.4 | 2.0 × 10⁻³ |

Analysis:

- Comparing Experiments 1 and 2 (same [B]):

\[
\frac{\text{Rate}_2}{\text{Rate}_1} = \frac{2.0 \times 10^{-3}}{1.0 \times
10^{-3}} = 2
\]

\[
\frac{[A]_2}{[A]_1} = \frac{0.2}{0.1} = 2
\]

Since the rate doubles when [A] doubles, reaction is first order in A (m=1).

- Comparing Experiments 1 and 3 (same [A], different [B]):

\[
\frac{\text{Rate}_3}{\text{Rate}_1} = \frac{2.0 \times 10^{-3}}{1.0 \times
10^{-3}} = 2
\]

\[
\frac{[B]_3}{[B]_1} = \frac{0.4}{0.2} = 2
\]

The rate doubles when [B] doubles, indicating reaction is first order in B
(n=1).

Rate law:

\[
\boxed{
\text{Rate} = k
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