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Understanding the relationship between the rate at which reactants disappear and the rate at which
products form is fundamental in chemical kinetics. This relationship provides insight into the
mechanism of reactions and helps in determining the speed at which a chemical process occurs. In
this article, we will explore the mathematical expressions that connect the rates of disappearance of
reactants to the rates of appearance of products, including the concepts of reaction order, rate laws,
and stoichiometry. By the end, you'll have a comprehensive understanding of how to derive and
interpret these expressions, essential for both academic studies and industrial applications.

Fundamentals of Reaction Rates

Definition of 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:

- Rate of disappearance of a reactant: \(-\frac{\Delta [A]}{\Delta t}\)
- Rate of appearance of a product: \(\frac{\Delta [B]}{\Delta t}\)

The negative sign indicates that the concentration of reactants decreases as the reaction proceeds,
while the concentration of products increases.

Role of Stoichiometry in Reaction Rates

The stoichiometric coefficients in a balanced chemical equation specify the molar ratios in which
reactants are consumed and products are formed. These coefficients are essential when relating the
rates of different species involved in the reaction.

For a general reaction:

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

the stoichiometry indicates that:

- For every \(a\) moles of A consumed,
- \(b\) moles of B are consumed,



- and \(c\) and \(d\) moles of C and D are formed, respectively.

This stoichiometry underpins the relationship between the rates of disappearance of reactants and
the rate of appearance of products.

Expressing Reaction Rates in Terms of Stoichiometry

Rate Law and Its General Form

The rate law expresses the reaction rate as a function of the concentration of reactants, often in the
form:

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

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.

The overall order of the reaction is the sum \(m + n\).

Relating Rate of Disappearance and Rate of Appearance

The key to relating the rates of individual species involves using the stoichiometric coefficients. The
general expression for the relationship is:

\[
\frac{1}{\text{Coefficient of species}} \times \text{Rate of change of concentration}
\]

For the reaction:

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

the rates are related as:

\[
-\frac{1}{a} \frac{d[A]}{dt} = -\frac{1}{b} \frac{d[B]}{dt} = \frac{1}{c} \frac{d[C]}{dt} =
\frac{1}{d} \frac{d[D]}{dt}
\]

This equality expresses that the scaled rate of disappearance of reactants equals the scaled rate of



appearance of products.

Deriving the Expression Connecting Disappearance and
Appearance Rates

Step-by-Step Derivation

Let's consider the general reaction:

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

The steps to derive the expression are:

1. Write the rate of change for each species:

- \(\frac{d[A]}{dt}\): rate of change of A concentration.
- \(\frac{d[B]}{dt}\): rate of change of B concentration.
- \(\frac{d[C]}{dt}\): rate of change of C concentration.
- \(\frac{d[D]}{dt}\): rate of change of D concentration.

2. Express these in terms of the reaction rate (r):

\[
r = -\frac{1}{a} \frac{d[A]}{dt} = -\frac{1}{b} \frac{d[B]}{dt} = \frac{1}{c} \frac{d[C]}{dt} =
\frac{1}{d} \frac{d[D]}{dt}
\]

3. Interpretation:

- Negative signs indicate consumption of reactants.
- Positive signs indicate formation of products.
- The proportionality constants are reciprocals of the stoichiometric coefficients.

4. Final expression:

\[
\boxed{
\text{Rate of disappearance of } A = -a \times r
}
\]

\[
\boxed{
\text{Rate of disappearance of } B = -b \times r
}
\]



\[
\boxed{
\text{Rate of appearance of } C = c \times r
}
\]

\[
\boxed{
\text{Rate of appearance of } D = d \times r
}
\]

This set of equations directly relates the rate of change in concentration of each species to the
reaction rate \(r\), which can be determined from experimental data or rate laws.

Application of the Expression in Different Reaction
Types

Simple A + B → C Reactions

For a reaction where:

\[ A + B \rightarrow C \]

the relationship simplifies to:

\[
-\frac{d[A]}{dt} = -\frac{d[B]}{dt} = \frac{d[C]}{dt} = r
\]

which indicates that the disappearance of each reactant is directly proportional to the rate, and equal
in magnitude.

---

Example:

Suppose the reaction:

\[ 2A + B \rightarrow C \]

has a rate law:

\[
r = k [A]^2 [B]
\]



then, the rates of disappearance and appearance are:

\[
-\frac{1}{2} \frac{d[A]}{dt} = -\frac{d[B]}{dt} = \frac{1}{1} \frac{d[C]}{dt} = r
\]

which leads to:

\[
\frac{d[A]}{dt} = -2r
\]
\[
\frac{d[B]}{dt} = -r
\]
\[
\frac{d[C]}{dt} = r
\]

This demonstrates how the stoichiometry scales the rates of change for each species.

Implications for Experimental Kinetics

Determining Reaction Orders

By measuring the rates of disappearance of reactants and appearance of products over time,
chemists can:

- Determine the reaction order with respect to each reactant.
- Calculate the rate constant \(k\).

Calculating Concentration Changes

Using the derived expressions, the concentration of reactants and products at any time can be
calculated if the initial concentrations and rate law are known:

\[
\frac{d[A]}{dt} = -a \times r = -a \times k [A]^m [B]^n
\]

Integration of this differential equation yields the concentration profiles over time.



Summary of Key Points

- The relationship between the rates of disappearance of reactants and appearance of products is
governed by their stoichiometric coefficients.
- The general expression:

\[
-\frac{1}{a} \frac{d[A]}{dt} = -\frac{1}{b} \frac{d[B]}{dt} = \frac{1}{c} \frac{d[C]}{dt} =
\frac{1}{d} \frac{d[D]}{dt}
\]

links the individual rates directly to the reaction rate \(r\).
- These expressions are fundamental in kinetic studies, enabling the calculation of reaction
mechanisms, rate constants, and concentration changes over time.
- Accurate measurement of concentration changes and understanding of stoichiometry are critical for
applying these principles effectively.

Conclusion

Understanding how to relate the rate of disappearance of each reactant to the rate of appearance of
products is essential in chemical kinetics. The derived expressions based on stoichiometry allow
chemists to analyze reaction mechanisms, optimize reaction conditions, and predict reaction
progress. Whether dealing with simple reactions or complex mechanisms, these fundamental
relationships form the backbone of kinetic analysis and are invaluable tools in both research and
industrial chemistry.

---
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Frequently Asked Questions

What is the general relationship between the rate of
disappearance of reactants and the rate of appearance of
products?
The rate of disappearance of reactants is related to the rate of appearance of products through the
stoichiometric coefficients, with the rate of disappearance of a reactant being proportional to its
coefficient times the rate of the overall reaction.

How can we express the rate of disappearance of a reactant



in terms of the overall reaction rate?
The rate of disappearance of a reactant is given by the negative of its change in concentration over
time divided by its stoichiometric coefficient, typically written as: −(1/coeff) (d[reactant]/dt) = rate.

What is the mathematical expression that relates the rates of
disappearance of reactants to their stoichiometric
coefficients?
For a reaction aA + bB → products, the relation is: (1/a) (−d[A]/dt) = (1/b) (−d[B]/dt) = rate of the
reaction.

Why is the rate of disappearance of reactants expressed as
negative in rate equations?
Because reactant concentrations decrease over time during a reaction, their rate of change is
negative; thus, the rate equations include a negative sign to represent this decrease.

How does the stoichiometry of a reaction influence the
expression relating reactant and product rates?
The stoichiometry determines the proportionality factors in the rate expressions, linking the
disappearance of reactants to the appearance of products via their respective coefficients.

Can you provide an example of an expression relating the rate
of disappearance of reactant A to the overall reaction rate?
Yes, for the reaction 2A → B, the rate of disappearance of A is: (−d[A]/dt) = 2 rate of the reaction.

How do you derive the expression relating the rate of
disappearance of reactants to the rate of reaction from a
balanced equation?
By comparing the change in concentration of each reactant over time and dividing by its
stoichiometric coefficient, ensuring the ratios are consistent with the balanced chemical equation.

What is the significance of relating the rate of disappearance
of reactants to the rate of appearance of products?
It helps in understanding the reaction mechanism and allows calculation of individual reactant or
product rates based on the overall reaction rate, facilitating kinetic analysis.

How do rate laws incorporate the relationship between



reactant disappearance and product appearance?
Rate laws are derived from the stoichiometry and experimental data, expressing the reaction rate as
a function of reactant concentrations, which inherently relate the rates of disappearance and
appearance through their coefficients.

Additional Resources
Give An Expression That Relates The Rate Of Disappearance Of Each Reactant To The Rate Of
Appearance is a fundamental concept in chemical kinetics, providing insight into how reactants are
consumed during a chemical reaction relative to how products are formed. Understanding this
relationship allows chemists and students alike to analyze reaction mechanisms, determine reaction
orders, and predict how changes in concentration influence the overall reaction rate. This guide
delves into the core principles behind these expressions, illustrating how to derive them, interpret
their significance, and apply them across various chemical reactions.

---

Introduction to Reaction Rates and Their Significance

In chemical reactions, the rate describes 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, often in
units like mol/L·s.

- Reaction Rate = -Δ[Reactant]/Δt (for reactants)
- Reaction Rate = Δ[Product]/Δt (for products)

The negative sign indicates consumption of reactants, which decreases their concentration over time,
whereas product formation increases their concentration.

Understanding how the rate of disappearance of reactants relates to the rate of appearance of
products is essential for:

- Designing chemical processes
- Controlling manufacturing conditions
- Studying reaction mechanisms

---

Fundamental Concept: The Rate Law and Stoichiometry

At the heart of relating rates is the rate law, an expression that relates reaction rate to concentrations
of reactants raised to specific powers (reaction orders):

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

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



The stoichiometry of the reaction also plays a pivotal role in establishing relationships between rates
of disappearance and appearance. For example, consider a general reaction:

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

Here, the coefficients \(a\), \(b\), \(c\), and \(d\) represent the molar ratios of reactants and products.

---

Deriving the Relationship Between Disappearance and Appearance Rates

The Basic Principle

The key is that the rates of change of concentrations are proportional to their coefficients in the
balanced chemical equation. Specifically:

- The rate of disappearance of a reactant is proportional to its stoichiometric coefficient.
- The rate of appearance of a product is similarly proportional.

This proportionality ensures that the consumption and formation rates are consistent with the
reaction's stoichiometry.

General Expression

For the reaction:

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

The relationships are:

\[ \frac{1}{a} \left| \frac{d[A]}{dt} \right| = \frac{1}{b} \left| \frac{d[B]}{dt} \right| = \frac{1}{c}
\left| \frac{d[C]}{dt} \right| = \frac{1}{d} \left| \frac{d[D]}{dt} \right| \]

Since reactants are disappearing, their rates are negative:

\[ \boxed{
\text{Rate of reaction} = - \frac{1}{a} \frac{d[A]}{dt} = - \frac{1}{b} \frac{d[B]}{dt} =
\frac{1}{c} \frac{d[C]}{dt} = \frac{1}{d} \frac{d[D]}{dt}
} \]

This expression shows how the rate of disappearance of each reactant relates directly to the rate of
appearance of products via their stoichiometric coefficients.

---

Practical Expressions for Specific Reactions

Let's examine some common reaction types to understand how these relationships are expressed:

1. Simple A + B → C



- Disappearance of A: \( \frac{d[A]}{dt} \) (negative)
- Disappearance of B: \( \frac{d[B]}{dt} \) (negative)
- Appearance of C: \( \frac{d[C]}{dt} \)

The relationships are:

\[ - \frac{1}{1} \frac{d[A]}{dt} = - \frac{1}{1} \frac{d[B]}{dt} = \frac{1}{1} \frac{d[C]}{dt} \]

or simply:

\[ - \frac{d[A]}{dt} = - \frac{d[B]}{dt} = \frac{d[C]}{dt} \]

This indicates that the rate of disappearance of A equals the rate of disappearance of B and both are
equal to the rate of appearance of C.

2. Reaction with different stoichiometric coefficients:

For the reaction:

\[ 2A + B \rightarrow 3C \]

the relationships are:

\[ - \frac{1}{2} \frac{d[A]}{dt} = - \frac{1}{1} \frac{d[B]}{dt} = \frac{1}{3} \frac{d[C]}{dt} \]

which rearranged gives:

\[ \frac{d[A]}{dt} = 2 \times \left( - \frac{d[C]}{dt} \right)/3 \]

and similarly for B.

---

Connecting Rate Laws to Disappearance and Appearance

While the above stoichiometric relationships are based on coefficients, the actual rates often depend
on concentrations through the rate law:

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

The rate of disappearance of each reactant is then:

\[ \text{Rate of disappearance of A} = - \frac{1}{a} \frac{d[A]}{dt} = \text{Rate} \times
\frac{1}{[A]^{m-1}} \]

Similarly, for B and other reactants or products, these relationships can be scaled according to the
specific reaction conditions.

---

Applications and Significance



Understanding how to relate the rate of disappearance of reactants to the rate of appearance of
products has practical uses:

- Kinetic studies: Helps in determining rate laws experimentally.
- Reaction mechanism elucidation: Clarifies the sequence of elementary steps.
- Industrial processes: Optimizes conditions to maximize product yield.
- Environmental chemistry: Assesses pollutant degradation rates.

---

Summary of Key Expressions

| Reaction Type | Expression Relating Disappearance & Appearance | Key Points |
|----------------|--------------------------------------------------|--------------|
| General | \( - \frac{1}{a} \frac{d[A]}{dt} = - \frac{1}{b} \frac{d[B]}{dt} = \frac{1}{c}
\frac{d[C]}{dt} \) | Based on stoichiometry |
| Same coefficients | \( - \frac{d[A]}{dt} = - \frac{d[B]}{dt} = \frac{d[C]}{dt} \) | All coefficients are
1 |
| Different coefficients | \( - \frac{1}{a} \frac{d[A]}{dt} = - \frac{1}{b} \frac{d[B]}{dt} =
\frac{1}{c} \frac{d[C]}{dt} \) | For reactions with varying coefficients |

---

Final Remarks

The ability to give an expression that relates the rate of disappearance of each reactant to the rate of
appearance of products hinges on understanding the stoichiometry of the reaction and the reaction
rate law. These relationships serve as foundational tools for analyzing chemical kinetics, enabling
scientists and students to predict reaction behavior, optimize conditions, and decode reaction
mechanisms.

Mastering these concepts provides a deeper insight into the dynamic nature of chemical reactions
and equips you with the analytical skills necessary for advanced studies or industrial applications in
chemistry.
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