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Understanding how to determine the rate law and rate constant from experimental data is
fundamental in chemical kinetics. This process provides insights into the reaction
mechanism and the influence of reactant concentrations on the reaction rate. In this
article, we will walk through the steps involved in analyzing experimental data to find the
rate law and rate constant for the reaction involving nitrogen monoxide (NO) gas,
illustrating key concepts with detailed explanations.

Introduction to Reaction Kinetics and Rate Laws

Before delving into the specifics of the data, it's essential to grasp what a rate law is and
why it matters.

What is a Rate Law?
The rate law expresses the relationship between the reaction rate and the concentrations
of reactants. It is typically written 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 of individual orders, i.e., m + n.

Why Determine the Rate Law?
Knowing the rate law helps:
- Predict how the reaction rate changes with concentration,
- Understand the reaction mechanism,
- Calculate the rate constant, which is temperature-dependent.



Analyzing Experimental Data to Find the Rate Law

The core methodology involves examining how the initial reaction rates change with
varying initial concentrations of reactants.

Step 1: Collect and Organize Data
Suppose you have experimental data similar to the following:

| Experiment | [NO] (M) | Initial Rate (M/s) |
|--------------|-----------|---------------------|
| 1 | 0.100 | 2.00 x 10^-4 |
| 2 | 0.200 | 8.00 x 10^-4 |
| 3 | 0.300 | 1.80 x 10^-3 |

This data indicates that the initial rate varies with the concentration of NO.

Step 2: Determine the Order with Respect to NO
To find the reaction order concerning NO, compare experiments where [NO] changes
while other variables are held constant.

Method:
- Take two experiments with different concentrations but the same conditions.
- Use the rate law ratio:

\[
\frac{\text{Rate}_2}{\text{Rate}_1} = \left( \frac{[NO]_2}{[NO]_1} \right)^m
\]

Calculation:
Using experiments 1 and 2:

\[
\frac{8.00 \times 10^{-4}}{2.00 \times 10^{-4}} = \left( \frac{0.200}{0.100} \right)^m
\]

\[
4 = (2)^m
\]

\[
m = \log_2 4 = 2
\]

Result:
The reaction is second order with respect to NO.



Step 3: Confirm the Reaction Order
Check with other pairs of data points (if available) to confirm that the reaction is
consistently second order. Consistent results strengthen confidence in the determined
order.

Calculating the Rate Constant (k)

Once the reaction order with respect to NO is established, calculating the rate constant
involves selecting a single data point and rearranging the rate law.

Step 1: Write the Rate Law
Given the order m = 2, the rate law becomes:

\[
\text{Rate} = k [NO]^2
\]

Step 2: Solve for k
Using data from any experiment, for instance, experiment 1:

\[
2.00 \times 10^{-4} = k \times (0.100)^2
\]

\[
k = \frac{2.00 \times 10^{-4}}{(0.100)^2}
\]

\[
k = \frac{2.00 \times 10^{-4}}{0.0100}
\]

\[
k = 0.0200\, \text{M}^{-1} \text{s}^{-1}
\]

Result:
The rate constant, k, is 0.0200 M\(^{-1}\)s\(^{-1}\).

Summary of Findings
- The reaction involving NO (g) is second order with respect to NO.
- The rate law is:



\[
\boxed{\text{Rate} = 0.0200\, [NO]^2}
\]

- The rate constant, k, is 0.0200 M\(^{-1}\)s\(^{-1}\).

Additional Considerations and Experimental
Checks

While the above calculations are straightforward, several factors should be considered to
ensure accuracy and reliability.

Verifying Reaction Orders
- Use multiple pairs of experiments to verify the order.
- For reactions involving multiple reactants, similar comparisons can determine their
respective orders.

Effect of Temperature
- The rate constant k is temperature-dependent, following the Arrhenius equation:

\[
k = A e^{-\frac{E_a}{RT}}
\]

where:
- A is the pre-exponential factor,
- E_a is the activation energy,
- R is the gas constant,
- T is temperature in Kelvin.

- Performing experiments at different temperatures allows the calculation of activation
energy.

Limitations and Assumptions
- The calculations assume the reaction is elementary and follows simple kinetics.
- Experimental data should be precise, and initial rates must be accurately measured.
- The effect of side reactions or reversibility is not considered here.



Practical Applications of Determining Rate Laws

Understanding the kinetics of NO reactions is vital in various fields:

- Environmental Chemistry: NO is a significant pollutant involved in smog formation and
acid rain; understanding its reaction kinetics helps in designing pollution control
strategies.
- Industrial Processes: In nitric acid production, controlling reaction rates impacts
efficiency.
- Atmospheric Science: Kinetics inform models of nitrogen oxide behavior in the
atmosphere.

Conclusion

Determining the rate law and rate constant from experimental data involves systematic
analysis of how reaction rates vary with reactant concentrations. By comparing
experimental rates at different concentrations, the reaction order can be established.
Using a representative data point, the rate constant can then be calculated, providing a
comprehensive understanding of the reaction's kinetics.

In our example with NO (g), the reaction is second order with respect to NO, and the rate
constant is 0.0200 M\(^{-1}\)s\(^{-1}\). Such analyses are fundamental in chemical
kinetics, underpinning the development of models that predict reaction behavior under
various conditions, ultimately aiding in the optimization and control of chemical processes
across numerous industries.

---
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Frequently Asked Questions

How do you determine the rate law from experimental
data involving NO (g) reactions?
You analyze the initial rates of reaction at different concentrations of NO (g) to find the
order with respect to NO by comparing how the rate changes as the concentration varies.



What is the typical approach to find the rate constant
from experimental data for NO (g)?
Once the rate law is established, you substitute known initial concentrations and rates into
the rate law equation to solve for the rate constant k.

How can you identify the reaction order with respect to
NO (g) from the data?
By comparing the initial rates at different NO concentrations, plotting log(rate) versus
log[NO], and determining the slope, which indicates the order.

What are common methods to analyze experimental
data to find the rate law for NO (g) reactions?
Methods include the initial rate method, method of concentration ratios, and plotting data
to determine the reaction order through linearization techniques.

Given a set of initial rates and concentrations of NO (g),
how do you calculate the rate constant?
Use the rate law with the determined order, plug in the initial rate and concentration
values, and solve for k.

How does changing the concentration of NO (g) affect
the reaction rate, based on experimental data?
If the rate increases proportionally with NO concentration, the reaction is first order; if it
squares, it is second order; and if it remains unchanged, it is zero order.

What role does temperature play when calculating the
rate constant for NO (g) reactions?
Temperature affects the rate constant according to the Arrhenius equation; an increase in
temperature generally increases k, which can be determined from data at different
temperatures.

Can you determine the overall reaction order from a
single set of experimental data for NO (g)?
Typically, multiple data points are needed to accurately determine the overall reaction
order; a single data set can suggest but not definitively confirm it.

What is the significance of the units of the rate constant



when analyzing NO (g) reactions?
The units of k depend on the overall reaction order; they help verify the reaction order
(e.g., s^-1 for first order, M^-1 s^-1 for second order).

How do experimental errors impact the determination
of the rate law and rate constant for NO (g)?
Experimental errors can lead to incorrect estimation of reaction order and rate constant;
careful data collection, replication, and statistical analysis are essential to minimize
errors.

Additional Resources
Given The Following Experimental Data, Find The Rate Law And The Rate Constant For
The Reaction: NO (g)

Understanding how to determine the rate law and rate constant from experimental data is
a fundamental skill in chemical kinetics. When analyzing a reaction such as the
decomposition or formation of nitric oxide (NO) in the gaseous phase, precise
interpretation of experimental data allows chemists to elucidate the mechanism and
predict how the reaction will behave under various conditions. In this guide, we will walk
through the detailed process of deriving the rate law and calculating the rate constant
based on provided experimental data for NO (g) reactions.

---

Introduction to Reaction Kinetics and Rate Laws

Reaction kinetics involves studying the speed or rate at which chemical reactions occur.
The rate law mathematically expresses the relationship between the reaction rate and the
concentrations of reactants (and sometimes products). It typically takes the form:

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

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

Determining the rate law from experimental data involves analyzing how the reaction rate
changes with variations in reactant concentrations.

---

Step 1: Collecting and Organizing Experimental Data

Suppose you have experimental data for the reaction involving nitric oxide (NO) in the gas
phase at various initial concentrations and corresponding initial rates. The data might look



like this:

| Experiment | Initial [NO] (M) | Initial Rate (M/s) |
|--------------|------------------|--------------------|
| 1 | 0.010 | 2.0 × 10⁻⁴ |
| 2 | 0.020 | 4.0 × 10⁻⁴ |
| 3 | 0.015 | 3.0 × 10⁻⁴ |
| 4 | 0.010 | 1.0 × 10⁻⁴ |

(Note: The actual data should be provided; here, an example is used for illustration.)

Your first task is to organize this data systematically, which will help you analyze how the
rate depends on the concentration of NO.

---

Step 2: Determining the Reaction Order with Respect to NO

Comparing Experiments to Find the Order

The key idea is to compare experiments where only the concentration of NO changes,
while other conditions are held constant. For example:

- Compare Experiment 1 and Experiment 2:

- Initial [NO]: 0.010 M (Exp 1) and 0.020 M (Exp 2)
- Initial Rate: 2.0 × 10⁻⁴ M/s (Exp 1) and 4.0 × 10⁻⁴ M/s (Exp 2)

Since the rate doubles when the concentration doubles:

\[
\frac{\text{Rate}_2}{\text{Rate}_1} = \frac{4.0 \times 10^{-4}}{2.0 \times 10^{-4}} =
2
\]

and

\[
\frac{[\text{NO}]_2}{[\text{NO}]_1} = \frac{0.020}{0.010} = 2
\]

Assuming a rate law of the form:

\[
\text{Rate} = k [\text{NO}]^m
\]

then,

\[
\frac{\text{Rate}_2}{\text{Rate}_1} = \left( \frac{[\text{NO}]_2}{[\text{NO}]_1}



\right)^m
\]

\[
2 = 2^m \implies m = 1
\]

- Conclusion: The reaction is first-order with respect to NO.

Confirming the Order

To verify, compare other experimental pairs, such as Experiments 1 and 3:

| Experiment | [NO] (M) | Rate (M/s) |
|--------------|----------|------------|
| 1 | 0.010 | 2.0 × 10⁻⁴ |
| 3 | 0.015 | 3.0 × 10⁻⁴ |

Calculate ratios:

\[
\frac{\text{Rate}_3}{\text{Rate}_1} = \frac{3.0 \times 10^{-4}}{2.0 \times 10^{-4}} =
1.5
\]

\[
\frac{[\text{NO}]_3}{[\text{NO}]_1} = \frac{0.015}{0.010} = 1.5
\]

Since the rate increases proportionally with concentration, this confirms that \(m = 1\).

---

Step 3: Determining the Rate Law

Based on the analysis:

\[
\boxed{\text{Rate} = k [\text{NO}]^1}
\]

or simply,

\[
\boxed{\text{Rate} = k [\text{NO}]}
\]

This indicates a first-order reaction with respect to nitric oxide.

---



Step 4: Calculating the Rate Constant \(k\)

With the rate law established, use any experimental data point to solve for \(k\):

\[
k = \frac{\text{Rate}}{[\text{NO}]}
\]

Using Experiment 1 data:

\[
k = \frac{2.0 \times 10^{-4} \text{ M/s}}{0.010 \text{ M}} = 0.020 \text{ s}^{-1}
\]

Verify with other data points:

- Experiment 2:

\[
k = \frac{4.0 \times 10^{-4}}{0.020} = 0.020 \text{ s}^{-1}
\]

- Experiment 3:

\[
k = \frac{3.0 \times 10^{-4}}{0.015} = 0.020 \text{ s}^{-1}
\]

Consistent values confirm the accuracy of the rate constant.

---

Summary:

- The reaction is first-order with respect to NO.
- The rate law is:

\[
\boxed{\text{Rate} = 0.020\, \text{s}^{-1} \times [\text{NO}]}
\]

- The rate constant \(k\) is 0.020 s\(^{-1}\) at the given temperature and conditions.

---

Additional Considerations

Effect of Temperature

The rate constant \(k\) depends on temperature via the Arrhenius equation:



\[
k = A e^{-\frac{E_a}{RT}}
\]

where:
- \(A\) is the pre-exponential factor,
- \(E_a\) is the activation energy,
- \(R\) is the gas constant,
- \(T\) is the temperature in Kelvin.

To determine \(E_a\), conduct experiments at different temperatures and plot \(\ln k\)
versus \(1/T\).

Reaction Mechanism Insights

Knowing the order helps infer the reaction mechanism. A first-order dependence suggests
a process involving a single molecule in the rate-determining step, possibly a unimolecular
decomposition or a step involving NO radicals.

---

Final Remarks

Deriving the rate law and rate constant from experimental data is a critical step in
understanding chemical reactions. Accurate data collection and systematic analysis enable
chemists to predict reaction behavior, optimize conditions, and develop mechanistic
models. In the case of NO (g), the first-order kinetics imply straightforward dynamics, but
always consider other experimental factors such as pressure, temperature, and potential
side reactions.

By mastering these analytical techniques, you can confidently interpret experimental
kinetics data for a wide array of reactions, facilitating deeper insights into chemical
processes both in the lab and in real-world applications.
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