
For The Following Reactions At
Constant Pressure, Predict IfH&gt; E,
H&lt;E,or H= E. Explain The Reasoning
For The Following Reactions At Constant Pressure, Predict If H> E, H<E,or H=
E. Explain The Reasoning in the first paragraph. Understanding the
relationship between enthalpy (H) and internal energy (E) during chemical
reactions is fundamental in thermodynamics. When reactions occur at constant
pressure, the change in enthalpy (ΔH) provides valuable insight into the heat
exchanged with the surroundings, whereas the change in internal energy (ΔE)
reflects the total energy change within the system. By analyzing these
thermodynamic quantities, we can predict whether H is greater than, less
than, or equal to E for specific reactions, and understand the underlying
reasoning based on molecular interactions, work done, and heat transfer
processes. This article explores the principles behind these predictions,
offering comprehensive explanations suitable for students, educators, and
professionals interested in thermodynamics.

Understanding Key Thermodynamic Concepts
Before diving into the specific predictions, it is essential to understand
the fundamental definitions and relationships among thermodynamic variables.

Internal Energy (E)

Represents the total energy contained within a system, including kinetic
and potential energies of molecules.

Changes in E (ΔE) occur due to heat transfer (Q) and work done (W) on or
by the system, expressed as ΔE = Q + W.

Internal energy is a state function, meaning it depends only on the
current state, not the path taken.

Enthalpy (H)

Defined as H = E + PV, where P is pressure and V is volume.

In processes at constant pressure, the change in enthalpy (ΔH)
corresponds directly to heat exchanged with the surroundings (Qp).



ΔH = ΔE + PΔV, linking energy change to volume work during reactions.

Work Done During Reactions

At constant pressure, the primary work considered is expansion or
compression work, W = -PΔV.

If the system expands (ΔV > 0), it does work on the surroundings,
affecting the relationship between ΔH and ΔE.

Understanding the sign and magnitude of ΔV is crucial for predicting the
relationship between H and E.

Predicting the Relationship Between H and E
The key to predicting whether H is greater than, less than, or equal to E
during a reaction at constant pressure lies in analyzing the volume change
and the nature of the reaction.

Case 1: Reactions with No Volume Change (ΔV = 0)
When a reaction occurs without any change in volume, the relationship
simplifies significantly.

Since ΔV = 0, the relation ΔH = ΔE + PΔV reduces to ΔH = ΔE.

Therefore, H = E in such reactions.

This scenario often occurs in reactions involving only change in the
internal energy without expansion or compression, such as some
rearrangements or phase changes at constant volume.

Case 2: Reactions with Expansion (ΔV > 0)
Reactions involving gas formation or expansion of the system lead to positive
ΔV.

Since ΔH = ΔE + PΔV, and PΔV is positive for expansion, ΔH > ΔE.

Thus, H > E for reactions where the system expands at constant pressure.



Examples include combustion reactions producing gases, or any process
where gases are formed or gases expand during the reaction.

Case 3: Reactions with Compression (ΔV < 0)
Reactions involving contraction or phase changes where the volume decreases
cause negative ΔV.

Since ΔH = ΔE + PΔV, and PΔV is negative, ΔH < ΔE.

Thus, H < E for reactions where the system compresses or volume
decreases at constant pressure.

Examples include condensation reactions or reactions involving gases
that contract or are compressed.

Additional Factors Affecting the Relationship
Between H and E
While volume change is the primary factor, other considerations can influence
whether H is greater than, less than, or equal to E.

Nature of the Reaction

Endothermic reactions tend to absorb heat, affecting ΔH and ΔE
differently depending on volume change.

Exothermic reactions release heat, which also impacts the relationship
based on the work done during the process.

Phase Changes

Phase transitions (e.g., melting, boiling) involve latent heat, which
influences ΔH directly.

In phase changes at constant pressure, ΔH often reflects the latent
heat, while ΔE may vary depending on internal energy changes of the
phases involved.



Type of Work Done

In addition to expansion work, other forms such as electrical work or
surface work can influence the energy relationship, but typically, in
simple reactions, volume work dominates.

Practical Examples Demonstrating the
Relationship
Real-world examples help solidify understanding by illustrating how the
relationship between H and E manifests.

Example 1: Combustion of Hydrocarbons

In combustion reactions involving gases, significant volume expansion
occurs.

Since ΔV > 0, H > E during the reaction at constant pressure.

The heat released (ΔH) is greater than the internal energy change (ΔE)
due to the work done to expand gases.

Example 2: Condensation of Vapor

Vapor condenses into liquid, decreasing volume (ΔV < 0).

In this case, H < E at constant pressure because of the negative PΔV
term.

Example 3: Isothermal Reactions in a Closed System

Reactions with no volume change (ΔV = 0) occur in a rigid container or
at constant volume.

Here, ΔH = ΔE, so H = E.



Conclusion: Synthesizing the Predictions
In summary, predicting whether enthalpy (H) is greater than, less than, or
equal to internal energy (E) during reactions at constant pressure depends
primarily on the volume change and the nature of the process:

H = E when ΔV = 0 (no volume change).

H > E when the reaction involves expansion (ΔV > 0).

H < E when the reaction involves compression or contraction (ΔV < 0).

Understanding these relationships enables chemists and engineers to better
predict heat exchange, energy efficiency, and process design in thermodynamic
systems. Recognizing the interplay between internal energy, enthalpy, work,
and volume change is essential for interpreting reaction energetics
accurately and applying thermodynamic principles effectively in practical
scenarios.

If you want to deepen your knowledge, consider studying specific
thermodynamic equations and analyzing various reaction types to see how these
principles manifest in real-world applications.

Frequently Asked Questions

For reactions at constant pressure, how does the
change in enthalpy (ΔH) compare to the change in
internal energy (ΔE) when gases are involved?
When gases are involved, ΔH is typically greater than ΔE because ΔH includes
the work done to expand or compress gases (PΔV). Specifically, ΔH = ΔE + PΔV,
so if there is significant volume change, ΔH > ΔE.

In exothermic reactions conducted at constant
pressure, is ΔH greater than, less than, or equal to
ΔE? Why?
In exothermic reactions at constant pressure, ΔH is greater than ΔE because
the release of heat corresponds to a decrease in enthalpy, and any volume
change further contributes to making ΔH larger than ΔE.



For an ideal gas reaction at constant pressure,
which is larger: ΔH or ΔE? Explain the reasoning.
For an ideal gas reaction at constant pressure, ΔH is greater than ΔE because
ideal gases have PΔV work associated with volume changes, making ΔH = ΔE +
PΔV, with PΔV being positive when volume expands.

What is the general relationship between ΔH and ΔE
for reactions involving liquids and solids at
constant pressure?
For reactions involving liquids and solids, volume changes are minimal, so
PΔV is negligible, leading to ΔH being approximately equal to ΔE (ΔH ≈ ΔE).

Why can we predict whether ΔH is greater than, less
than, or equal to ΔE for a reaction at constant
pressure by examining the reaction's volume change?
Because ΔH = ΔE + PΔV, if the reaction involves an increase in volume
(positive PΔV), then ΔH > ΔE; if volume decreases, ΔH < ΔE; and if volume
remains unchanged, then ΔH ≈ ΔE. Therefore, the volume change directly
influences the relationship.

In the context of thermodynamics, how does the sign
of ΔH relate to whether a reaction is exothermic or
endothermic, and how does this influence the
relationship between ΔH and ΔE?
A negative ΔH indicates an exothermic reaction (releases heat), often with a
volume decrease, making ΔH close to or less than ΔE. A positive ΔH indicates
an endothermic reaction (absorbs heat), which may involve volume expansion,
often resulting in ΔH > ΔE. The sign and magnitude depend on both heat
exchange and volume change.

Additional Resources
For The Following Reactions At Constant Pressure, Predict If H > E, H < E, or
H = E. Explain The Reasoning.

---

Introduction

In thermodynamics, understanding the relationship between enthalpy (H) and
internal energy (E) during chemical reactions is fundamental to grasping



energy transfer mechanisms. When examining reactions at constant pressure,
chemists and physicists often need to predict whether the change in enthalpy
(ΔH) exceeds, is less than, or equals the change in internal energy (ΔE).
This prediction hinges on the nature of the reaction, the types of work
involved, and the conditions under which the reaction occurs.

This article aims to explore the thermodynamic principles behind these
predictions, providing a comprehensive analysis of scenarios where ΔH > ΔE,
ΔH < ΔE, or ΔH = ΔE. The discussion integrates theoretical considerations,
practical implications, and illustrative examples, making it a valuable
resource for researchers, students, and professionals engaged in
thermochemistry.

---

Fundamental Thermodynamic Relationships

Internal Energy (E) and Enthalpy (H): Definitions and Significance

- Internal Energy (E): The total energy contained within a system, including
kinetic and potential energies of molecules, atomic vibrations, electronic
energies, and chemical bonds.
- Enthalpy (H): Defined as H = E + PV, where P is pressure and V is volume.
It is a useful thermodynamic potential when dealing with processes occurring
at constant pressure because changes in enthalpy directly relate to heat
exchange under such conditions.

Relationship Between ΔH and ΔE

During a chemical reaction or physical process, the changes in these
quantities are interconnected. For a process at constant pressure:

\[
\Delta H = \Delta E + P \Delta V
\]

This fundamental relation indicates that the difference between ΔH and ΔE
hinges on the PΔV term, which accounts for work associated with volume
change.

---

Analyzing the Significance of PΔV in Reactions

To predict whether ΔH > ΔE, ΔH < ΔE, or ΔH = ΔE, it is critical to analyze
the nature of the reaction, specifically focusing on the volume change at
constant pressure.

1. Reactions with No Volume Change (ΔV = 0)

- Scenario: The reaction involves no net change in volume, such as certain



phase transitions or reactions where the number of moles of gas remains
constant.
- Thermodynamic implication:

\[
\Delta H = \Delta E + P \times 0 = \Delta E
\]

- Conclusion: ΔH = ΔE

Reasoning: Since there is no volume change, the work term PΔV is zero, making
the change in enthalpy equal to the change in internal energy.

2. Reactions with Volume Expansion (ΔV > 0)

- Scenario: The reaction results in an increase in volume, typical in
processes like gas formation or expansion.
- Thermodynamic implication:

\[
\Delta H = \Delta E + P \Delta V
\]

- Since ΔV > 0 and P > 0, PΔV > 0, leading to:

\[
\boxed{\Delta H > \Delta E}
\]

- Conclusion: H > E

Reasoning: The positive work term (PΔV) adds to ΔE, making ΔH larger than ΔE.

3. Reactions with Volume Contraction (ΔV < 0)

- Scenario: The reaction leads to a decrease in volume, common in processes
like gas compression or reactions where gases are consumed.
- Thermodynamic implication:

\[
\Delta H = \Delta E + P \Delta V
\]

- Since ΔV < 0, PΔV < 0, and thus:

\[
\boxed{\Delta H < \Delta E}
\]

- Conclusion: H < E



Reasoning: The negative work term (PΔV) subtracts from ΔE, resulting in ΔH
being less than ΔE.

---

Additional Factors Influencing the Relationship

While the PΔV term predominantly determines the relationship between ΔH and
ΔE, other factors may influence the precise magnitude of these changes.

1. Electronic and Vibrational Energy Changes

- Electronic energy levels and vibrational modes can shift during reactions,
affecting ΔE without directly impacting PΔV.
- These changes are generally reflected in the internal energy but do not
influence enthalpy unless accompanied by volume change.

2. Phase Changes and Reaction Conditions

- Phase transitions (solid to liquid, liquid to gas) often involve volume
changes, thus affecting whether ΔH is greater than, less than, or equal to
ΔE.
- Temperature fluctuations can also influence the energetic contributions,
especially if heat capacities vary with temperature.

---

Practical Examples and Case Studies

Example 1: Combustion of Hydrocarbons

- Reaction:

\[
\mathrm{CH_4 (g) + 2 O_2 (g) \rightarrow CO_2 (g) + 2 H_2O (g)}
\]

- Analysis:
- Gas molecules are produced; thus, ΔV > 0.
- At constant pressure, PΔV > 0.
- Prediction: ΔH > ΔE.

Example 2: Condensation of Water Vapor

- Reaction:

\[
\mathrm{H_2O (g) \rightarrow H_2O (l)}
\]

- Analysis:



- Volume decreases as vapor condenses to liquid; ΔV < 0.
- Prediction: ΔH < ΔE.

Example 3: Isothermal, No Volume Change Reactions

- Reaction:

\[
\mathrm{N_2 (g) + O_2 (g) \rightarrow 2 NO (g)}
\]

- Analysis:
- Assuming reaction occurs at constant temperature and pressure with no net
volume change (e.g., equal molar gases), then ΔV ≈ 0.
- Prediction: ΔH ≈ ΔE.

---

Summary of Predictions

| Reaction Characteristic | Relationship Between ΔH and ΔE | Explanation |
|-------------------------------------|------------------------------|-------
-------------------------------------|
| No volume change (ΔV = 0) | ΔH = ΔE | No work done via volume change |
| Volume expansion (ΔV > 0) | ΔH > ΔE | Work done by system (PΔV positive) |
| Volume contraction (ΔV < 0) | ΔH < ΔE | Work done on system (PΔV negative)
|

---

Broader Implications and Applications

Understanding whether ΔH exceeds, is less than, or equals ΔE at constant
pressure is essential in various fields:

- Chemical Engineering: Accurate energy accounting in processes like
distillation, reactor design, and energy optimization.
- Environmental Science: Assessing energy changes during phase transitions or
atmospheric reactions.
- Material Science: Evaluating energy profiles during phase changes, alloy
formation, or surface reactions.
- Thermodynamic Modeling: Developing predictive models that incorporate
volume and work considerations.

---

Final Remarks

Predicting the relationship between enthalpy and internal energy during
reactions at constant pressure requires a nuanced understanding of the
reaction's volume change and work interactions. The fundamental thermodynamic



relation:

\[
\Delta H = \Delta E + P \Delta V
\]

serves as the cornerstone for this analysis. Recognizing whether a reaction
involves expansion, contraction, or no volume change allows scientists and
engineers to anticipate how energy quantities compare, thereby informing
safer, more efficient, and sustainable reaction designs.

---

References

- Atkins, P., & de Paula, J. (2010). Physical Chemistry. Oxford University
Press.
- Truhlar, D. G., & Garrett, B. C. (1980). Thermochemistry and
Thermodynamics. Annual Review of Physical Chemistry, 31, 25-54.
- Moran, M. J., & Shapiro, H. N. (2008). Fundamentals of Engineering
Thermodynamics. Wiley.

---

This comprehensive exploration underscores the importance of volume change
considerations in thermodynamic predictions, providing clarity on when ΔH
surpasses, falls short of, or equals ΔE during reactions at constant
pressure.
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