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Understanding reaction rates is fundamental in chemistry, especially when
analyzing the kinetics of chemical reactions. The question at hand involves a
reaction where the rate depends on the concentration of a reactant,
specifically [A], and the rate law is expressed as Rate = k [A]"1l. This
article aims to provide a comprehensive explanation of how to determine the
new rate when the concentration of reactant A changes, including the
necessary calculations, concepts of reaction order, and practical
applications.

Introduction to Reaction Rates and Rate Laws

Reaction rate describes how quickly reactants are converted into products in
a chemical reaction. It is typically expressed in units such as mol/(L-s) or
M/s (molarity per second). The rate law mathematically relates the reaction

rate to the concentrations of reactants, often involving a rate constant (k)
and the concentration raised to a power indicating the reaction order.

The general form of a rate law for a single reactant A is:
““plaintext

Rate = k [A]”n

where:

- k = rate constant (depends on temperature and other factors),
- [A] = concentration of reactant A,

- n = order of the reaction concerning A (can be 0, 1, 2, etc.).

Understanding the order of the reaction is crucial because it determines how
the rate responds to changes in concentration.

Given Data and Problem Breakdown

Let's analyze the specific data provided:

- Initial rate, Rate: = 0.0200 M/s



- Initial concentration, [A]: = 0.100 M

- Rate law: Rate = k [A]”1 (implying first-order reaction)

- Goal: Find the new rate when the concentration of A changes to a different
value, say [A]:.

To proceed, we need to identify the rate constant k based on the initial
data, then use it to calculate the new rate at the new concentration.

Calculating the Rate Constant (k)

Since the rate law is Rate = k [A]"1l, we can rearrange to find k:
““plaintext

k = Rate / [A]

Substituting the known values:
““plaintext

k = 0.0200 M/s + 0.160 M = 0.200 s-1

Thus, the rate constant k equals 0.200 s-?*.

Determining the New Rate Based on Change 1in
Concentration

Suppose the concentration of A changes from 0.100 M to a new value, [A]lz2. To
find the new rate, we use the same rate law:

“plaintext
Rate: = k [A]:2
Given that k remains constant (assuming temperature and other conditions are
unchanged), the new rate depends directly on the new concentration.
Example Scenarios:
1. If [A]l2 = 0.200 M
“plaintext

Ratez = 0.200 s~ x 0.200 M = 0.0400 M/s

2. If [A]2 = 0.050 M



““plaintext

Rate2 = 0.200 s-* x 0.050 M = 0.0100 M/s
3. If [A]l2 = 0.300 M
““plaintext
= 0.0600 M/s

Ratez = 0.200 s-' x 0.300 M

This illustrates how the rate scales linearly with concentration in a first-
order reaction.

Understanding the Effect of Concentration
Changes on Reaction Rate

Since the reaction is first order with respect to A, the rate is directly
proportional to [A]. Therefore, any change in concentration results in a
proportional change in the reaction rate.

Summary of key points:

- For first-order reactions, Rate « [A].

- Doubling [A] doubles the rate.
- Halving [A] halves the rate.

Practical Applications and Examples

Understanding how to calculate the new rate when the concentration changes is
crucial in various fields such as:

- Chemical manufacturing: optimizing reaction conditions to maximize yield.
- Pharmacology: predicting drug reaction rates based on concentration.
- Environmental science: modeling pollutant degradation rates.

Sample problem:

> The initial reaction rate is 0.0200 M/s at [A] = 0.100 M. If the
concentration of A is increased to 0.150 M, what is the new reaction rate?

Solution:
Calculate k as above:

““plaintext
k = 0.200 s-1



Then:

““plaintext
Ratez = 0.200 s-* x 0.150 M = 0.0300 M/s

Conclusion:

The reaction rate increases proportionally with the concentration in a first-
order reaction.

Factors Affecting Reaction Rate Beyond
Concentration

While concentration is a primary factor, other factors influence reaction
rates:

- Temperature: Increasing temperature generally increases rate due to higher
kinetic energy.

- Catalysts: Substances that lower activation energy, speeding up the
reaction.

- Pressure: For gases, higher pressure (or concentration) increases rate.

Summary and Key Takeaways

- The initial rate and concentration allow calculation of the rate constant
k.

- For a reaction with Rate = k [A]"1, the rate changes linearly with
concentration.

- To find the new rate at a different concentration, multiply k by the new
[A].

- Understanding the reaction order is essential for predicting how rate
responds to concentration changes.

- This knowledge is applicable across various chemistry and industrial
scenarios.

Final Thoughts

Mastering how to calculate reaction rates with changing concentrations is
fundamental for chemists, chemical engineers, and students alike. Recognizing
the linear relationship in first-order reactions simplifies the process of
predicting reaction behavior under different conditions. Always ensure



accurate data collection and consider other influencing factors for
comprehensive reaction analysis.
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Frequently Asked Questions

What is the rate constant (k) for the reaction if
the rate is 0.0200 M/s when [A] = 0.100 M?

The rate law is Rate = k[A], so k = Rate / [A] = 0.0200 M/s / 0.100 M = 0.200
s- 1,

How do you determine the new rate if the
concentration of [A] changes?

Use the rate law Rate = k[A], where k is the rate constant. Plug in the new
[A] value to find the new rate.

If [A] increases to 0.200 M, what will be the new
reaction rate?

Using Rate = Kk[A], with k = 0.200 s-*, the new rate = 0.200 s~ 0.200 M =
0.0400 M/s.

What is the order of the reaction based on the given
rate law?

The reaction is first-order with respect to A, since Rate = k[A].

If the initial concentration [A] is doubled, how



does the rate change?

Since the reaction is first-order, doubling [A] doubles the rate. So, the
rate becomes twice the original rate.

What is the significance of the rate constant k in
this reaction?

The rate constant k determines the reaction rate at a given concentration; it
is specific to the reaction at a certain temperature.

How would the rate change if the concentration of
[A] 1s halved?

Halving [A] halves the rate, since the reaction is first-order: Rate = k[A].

What is the initial rate of the reaction at [A] =
0.100 M?

The initial rate is given as 0.0200 M/s at [A] = 0.100 M.

Can you calculate the new rate if [A] decreases to
0.050 M?

Yes. Using Rate = k[A], with k = 0.200 s-!, new rate = 0.200 s-* 0.050 M =
0.0100 M/s.

Additional Resources

Understanding Reaction Rates and the Impact of Concentration Changes

Chemical kinetics is a fundamental branch of chemistry that explores how
reactions occur and at what speed. One of the core concepts in this field is
the rate of reaction, which measures how quickly reactants are converted into
products over time. In this review, we will delve deep into the specific
scenario: given an initial rate and concentration, how does changing the
concentration of a reactant affect the reaction rate? Specifically, we'll
analyze the case where the initial rate is 0.0200 M/s, the initial
concentration of reactant A is 0.100 M, and the reaction's rate law suggests
a first-order dependence on A. We'll then determine the new rate when the
concentration of A changes.



Fundamentals of Reaction Rate Laws

What Is a Rate Law?

A rate law expresses the relationship between the reaction rate and the
concentrations of reactants (and sometimes products) involved in a chemical
reaction. It is generally expressed as:

\[ \text{Rate} = k [A]”™m [B]™n \]

where:

- \( kK \) is the rate constant, specific to a particular reaction at a given
temperature.

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

Understanding the rate law allows chemists to predict how changes in
concentration affect reaction speed.

Order of Reaction and Its Significance

The order of a reaction with respect to a particular reactant indicates how
sensitive the reaction rate is to changes in that reactant's concentration:
- Zero order: Rate is independent of concentration.

- First order: Rate is directly proportional to concentration.

- Second order: Rate is proportional to the square of concentration.

In our scenario, the rate law is given as:

\[ \text{Rate} = k [A]"1 \]

which indicates a first-order reaction with respect to A.

Analyzing the Given Data

Let's organize the provided information:

- Initial rate, \( R 1 = 0.0200\, \text{M/s} \)

- Initial concentration of A, \( [A] 1 = 0.100\, \text{M} \)
- Rate law: \( R = k [A]"1 \)

Because the rate is proportional to the concentration, the rate law



simplifies to:
\[ R =k [A] \]

Our goal is to determine the new rate \( R 2 \) when the concentration of A
changes to some new value \( [A] 2 \).

Calculating the Rate Constant \(k\)

Before predicting the new rate, we need to find the rate constant \(k\) based
on the initial data.

Given:

\[ R.1 =k [A] 1\]

Rearranged to solve for \(k\):
\[ k = \frac{R_1}{[A]_ 1} \]
Substituting the known values:

\[ k = \frac{0.0200\, \text{M/s}}{0.100\, \text{M}} = 0.200\, \text{s}"{-1}
\]

Thus, the rate constant for the reaction is:
\[ k = 0.200\, \text{s}™{-1} \I]

This constant remains unchanged unless the temperature varies or other
conditions change.

Predicting the New Rate for a Changed
Concentration

To find the new rate \( R 2 \) when the concentration of A changes to \(
[A] 2 \), we apply the same rate law:

\[ R.2 =k [A]_2 \]

Since \(k\) is known, the calculation simplifies to:



\[ R 2 = (0.200\, \text{s}*{-1}) \times [A] 2 \]

Key Point: The reaction order being first implies a direct proportionality
between the rate and the concentration of A.

Sample Scenarios of Concentration Changes

Let's consider some typical cases:

1. Doubling the concentration:

\[ [A] 2 = 2 \times 0.100\, \text{M} = 0.200\, \text{M} \]

\ [

R 2 = 0.200\, \text{s}"{-1} \times 0.200\, \text{M} = 0.0400\, \text{M/s}
\1

Interpretation: The rate doubles, consistent with first-order kinetics.
2. Tripling the concentration:

\[ [A] 2 = 3 \times 0.100\, \text{M} = 0.300\, \text{M} \]

\ [

R 2 = 0.200\, \text{s}"{-1} \times 0.300\, \text{M} = 0.0600\, \text{M/s}
\1

Interpretation: The rate triples, again consistent with first-order behavior.
3. Reducing the concentration by half:

\[ [A] 2 = 0.050\, \text{M} \]

\[

R 2 = 0.200\, \text{s}"{-1} \times 0.050\, \text{M} = 0.0100\, \text{M/s}
\1

Interpretation: The rate halves, as expected.

General Formula for Rate Change with
Concentration



When the reaction is first-order with respect to A, the relationship between
initial and new rates and concentrations can be summarized as:

\[ \frac{R 2}{R 1} = \frac{[A] 2}{[A] 1} \]
Thus:
\[ R 2 =R 1 \times \frac{[A] 2}{[A] 1} \I

This proportionality makes it straightforward to calculate the new rate once
the new concentration is known.

Implications of Reaction Order on Rate
Predictions

Understanding the reaction order is crucial because:

- First-order reactions: Directly proportional, making predictions
straightforward.

- Second-order reactions: The rate varies with the square of concentration,
leading to more pronounced effects.

- Zero-order reactions: Rate remains unaffected by concentration changes,
implying other factors control the speed.

Knowing the order helps chemists manipulate reaction conditions to optimize
yields or control reaction times.

Factors That Can Affect the Rate Constant \(k\)

While \(k\) is considered constant under specific conditions, several factors
can influence it:

- Temperature: Increasing temperature generally increases \(k\) due to the
Arrhenius equation.

- Catalysts: Presence of catalysts can lower activation energy, increasing
\ (k\).

- Pressure (for gases): Changes in pressure can affect concentrations and

thus apparent rates.

- Solvent effects: Changes in solvent polarity or viscosity can influence

reaction dynamics.

In our calculation, we assume that temperature and other conditions remain



constant, so \(k\) remains unchanged when concentration varies.

Real-World Applications and Importance

Knowing how reaction rates respond to concentration changes is vital in
numerous fields:

- Industrial Chemistry: Scaling reactions for manufacturing requires precise
control of reactant concentrations to optimize throughput and yield.

- Pharmacology: Drug reactions and metabolic pathways depend on reactant
concentrations, affecting dosage and efficacy.

- Environmental Chemistry: Pollutant degradation rates influence
environmental cleanup strategies.

- Research and Development: Designing new reactions relies on understanding
kinetics to predict outcomes.

A clear grasp of the relationship between concentration and reaction rate
allows chemists to fine-tune processes for efficiency and safety.

Conclusion and Summary

In summary:

The initial reaction rate is 0.0200 M/s with an A concentration of 0.100 M.
- The reaction follows a first-order rate law: \( R = k [A] \).

The rate constant \(k\) is calculated as 0.200 s\(~{-1}\).

When the concentration of A changes, the reaction rate changes
proportionally.

- Specifically, the new rate \( R 2 \) can be calculated as:

\[ R 2 =R 1 \times \frac{[A] 2}{[A] 1} \]

- For instance, if the concentration doubles, the rate doubles; if it halves,
the rate halves.

Understanding these relationships allows chemists to predict reaction
behavior accurately, enabling better design and control of chemical
processes. The principles of reaction kinetics exemplified here underscore
the importance of quantitative analysis in chemistry, bridging theoretical
concepts with practical applications.



Final note: Always remember to verify the order of the reaction
experimentally, as assumptions based on initial data are only as valid as the
reaction's actual kinetic behavior.
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