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Understanding the relationship between the standard enthalpy change (ΔH°) and the standard
internal energy change (ΔU°) for chemical reactions is fundamental in thermodynamics. When
considering reactions involving gases, liquids, or solids, it is especially important to recognize the
specific conditions under which these two thermodynamic quantities are equal. This equivalence
simplifies the analysis of energetic changes, aiding in designing processes, understanding reaction
mechanisms, and predicting reaction spontaneity. This article delves into the thermodynamic
principles governing ΔH° and ΔU°, exploring the conditions that lead to their equality, with a focus on
reactions involving gases, liquids, and solids.

Fundamental Thermodynamic Definitions

Standard Enthalpy Change (ΔH°)
- Definition: The heat absorbed or released at constant pressure during a reaction, measured under
standard conditions (usually 1 bar or 1 atm).
- Expression: ΔH° = ΔU° + PΔV

Standard Internal Energy Change (ΔU°)
- Definition: The total energy change associated with a reaction, accounting for all forms of energy
within the system, including chemical bonds, thermal motion, and potential energies.
- Typically measured at constant volume, where no work is done due to volume change.

Relationship Between ΔH° and ΔU°

The fundamental relationship connecting ΔH° and ΔU° is given by:
- ΔH° = ΔU° + PΔV

This equation highlights that the difference between enthalpy and internal energy changes hinges on
the pressure-volume work associated with the reaction. To understand when ΔH° equals ΔU°, it is
essential to analyze the PΔV term in various contexts.



Conditions for ΔH° and ΔU° to Be Equal

1. When PΔV Is Negligible or Zero
- If the volume change during a reaction is negligible (ΔV ≈ 0), then PΔV approaches zero.
- Under such conditions:
- ΔH° ≈ ΔU°
- This scenario commonly occurs in reactions involving solids and liquids, where volume changes are
minimal.

2. Reactions Occurring at Constant Volume
- Since ΔU° is defined at constant volume, conducting the reaction at constant volume ensures no
work is done through volume change.
- In such cases:
- The measured ΔU° directly corresponds to the energy change, and ΔH° can be approximated as ΔU°
when ΔV is negligible.

3. Reactions with Minimal or No Volume Change (ΔV ≈ 0)
- Reactions involving solids and liquids often involve negligible volume change because these phases
are incompressible.
- Examples:
- Formation of a solid from ions in solution
- Dissolution of a solid in a liquid
- For such reactions:
- PΔV is negligible, and thus ΔH° ≈ ΔU°

4. Reactions Involving Gases Under Specific Conditions
- Gaseous reactions often involve significant ΔV, making PΔV a substantial term.
- However, under certain conditions:
- When reactions involve gases with minimal volume change (e.g., isothermal, ideal gas behavior with
small molar volume change).
- When the reaction occurs at constant volume or under conditions where the change in moles of gas
is zero (Δn_gas = 0).
- In these cases:
- PΔV term becomes negligible or zero, leading to ΔH° ≈ ΔU°.

Special Cases and Practical Examples



1. Reactions in the Solid State
- Solids are largely incompressible; volume changes are minimal.
- Typically, reactions involving solids (e.g., allotrope conversions, synthesis) show negligible PΔV
contributions.
- As a result:
- ΔH° ≈ ΔU°

2. Reactions in Liquids
- Liquids are also nearly incompressible.
- Reactions like dissolution or neutralization often involve minor volume changes.
- Therefore:
- ΔH° ≈ ΔU°

3. Gas Phase Reactions with No Change in Moles of Gas
- When the number of moles of gas remains constant (Δn_gas = 0), the PΔV term cancels out.
- For example:
- N₂(g) + 3H₂(g) → 2NH₃(g): Δn_gas = -2, so PΔV is significant.
- Conversely, reactions with Δn_gas = 0 are ideal candidates where ΔH° ≈ ΔU°.

Implications of the Conditions for Thermodynamic
Calculations

1. Simplification of Thermodynamic Analysis
- When ΔH° ≈ ΔU°, calculations become more straightforward, especially in thermodynamic
simulations and engineering design.
- This approximation is valuable in process engineering where energy balances are critical.

2. Limitations and Cautions
- Relying on the equality of ΔH° and ΔU° can lead to inaccuracies if the volume change is significant.
- For reactions involving gases with large molar volume changes or at high pressures, the PΔV term
must be carefully considered.

Summary of Conditions for Equality

The reaction involves negligible volume change (ΔV ≈ 0).

The reaction occurs at constant volume.



The reaction involves solids or liquids where compressibility is minimal.

In gaseous reactions where Δn_gas = 0, making PΔV negligible.

Conclusion

Understanding when ΔH° and ΔU° are equal is crucial in thermodynamics, especially for reactions
involving gases, liquids, or solids. The primary condition for their equality hinges on the volume
change associated with the reaction: when this change is negligible or zero, or when the reaction
occurs at constant volume, ΔH° and ΔU° coincide. These conditions typically pertain to reactions
involving solids and liquids or gaseous reactions with no net change in moles of gas. Recognizing
these conditions allows chemists and engineers to simplify energy calculations, optimize processes,
and deepen their understanding of reaction energetics. Nonetheless, care must be taken when
volume changes are significant, ensuring that the PΔV term is properly accounted for to maintain
accuracy in thermodynamic assessments.

Frequently Asked Questions

Under what conditions are the activities of gases and liquids
equal to their partial pressures and concentrations
respectively?
Activities of gases are equal to their partial pressures divided by the standard pressure (usually 1
atm), and activities of liquids are often considered equal to their molar concentrations or unit activity
in ideal dilute solutions. They are equal when the system behaves ideally and the activity coefficients
are equal to 1.

When are the activity of a solid and its molar fraction
considered equal in a reaction?
The activity of a solid is considered equal to its molar fraction (or pure state activity) when the solid
behaves ideally, which typically occurs in pure form or under conditions where interactions between
solid particles are negligible.

In what scenarios are the activities of reactants and products
in gas-liquid reactions equal to their concentrations or partial
pressures?
Activities are equal to concentrations or partial pressures when the system is ideal, meaning gases
behave as ideal gases and liquids are dilute enough for activity coefficients to be approximately 1,
such as at low concentrations and pressures.



Under what thermodynamic conditions do the activities of
reactants and products in a reaction become equal,
simplifying the calculation of equilibrium?
Activities become equal when the system is at standard conditions with ideal behavior, typically at
low concentrations, dilute solutions, or low pressures, where activity coefficients approach 1,
simplifying the relation between activity and concentration or pressure.

When can the activity of a liquid be approximated as equal to
its molar concentration in a reaction involving liquids?
This approximation is valid in dilute solutions where interactions between solute molecules are
minimal, and the activity coefficient is close to 1, making activity approximately equal to molar
concentration.

Why do activities of gases and liquids tend to be equal to
their concentrations or partial pressures under ideal
conditions?
Because under ideal conditions, interactions between particles are negligible, and the activity
coefficients are close to 1, so activities directly reflect partial pressures (for gases) and concentrations
(for liquids), simplifying thermodynamic calculations.

Additional Resources
Equilibrium Constants in Reactions Involving Gases, Liquids, and Solids: When Are AH and AU Equal?

In the realm of chemical thermodynamics, understanding the conditions under which different forms
of energy change are equivalent provides critical insight into reaction dynamics and energetics.
Among these, the enthalpy change (ΔH) and the internal energy change (ΔU) are fundamental
concepts, especially when considering reactions involving gases, liquids, and solids. When analyzing
equilibrium constants—specifically, the equilibrium constant in terms of concentration (Kc), activity
(KAU), and partial pressures (Kp)—it becomes essential to understand under what conditions the
associated thermodynamic quantities, such as the changes in enthalpy (AH) and internal energy (AU),
are equal.

This article delves into this nuanced topic, exploring the thermodynamic principles that govern these
relationships, clarifying the conditions under which AH and AU are equal for reactions involving gases,
liquids, and solids, and providing practical insights into their implications for chemical equilibria.

---

Fundamental Thermodynamic Definitions

Before examining the specific conditions, it’s crucial to clarify key thermodynamic concepts:



Enthalpy (H) and Internal Energy (U)
- Internal Energy (U): The total energy contained within a system, including kinetic and potential
energies at the molecular level.
- Enthalpy (H): Defined as H = U + PV, where P is pressure and V is volume. Enthalpy accounts for the
energy necessary to create the system plus the work needed to displace its surroundings at constant
pressure.

Change in Enthalpy (ΔH) and Internal Energy (ΔU)
- ΔH: The heat absorbed or released during a process at constant pressure.
- ΔU: The change in the internal energy of the system during a process, which includes heat exchange
and work done on or by the system.

---

Relationship Between ΔH and ΔU: The Role of PV Work

The fundamental relation linking ΔH and ΔU is:

\[ \Delta H = \Delta U + \Delta (PV) \]

For processes at constant temperature and pressure, the difference between ΔH and ΔU hinges on the
PV term, which depends on the nature of the reaction and the phases involved.

In gases:

- The PV term is significant because gases are highly compressible, and changes in volume can be
substantial.
- The PV work is directly related to the number of moles of gases involved.

In liquids and solids:

- The PV term is generally negligible because liquids and solids are incompressible, and their volumes
do not change appreciably during reactions.

This distinction is critical when evaluating whether AH and AU are effectively equal.

---

When Are AH and AU Equal? Exploring the Conditions

The core question: Under what circumstances do the enthalpy change (ΔH) and the internal energy
change (ΔU) for a reaction become equal?

The answer depends primarily on the behavior of the PV term during the process. The general



condition for ΔH ≈ ΔU is:

\[ \Delta (PV) \approx 0 \]

This occurs under specific scenarios, which we explore in detail:

1. Reactions Involving Only Liquids and Solids

In reactions where all reactants and products are either liquids or solids:

- Incompressibility: Liquids and solids are virtually incompressible, meaning their volume change is
negligible under typical reaction conditions.
- Negligible PV work: Since ΔV ≈ 0, the PV term is essentially zero.

Implication:

\[ \Delta H \approx \Delta U \]

Summary:

> In reactions involving only liquids and solids, AH and AU are effectively equal because the PV term
is negligible.

---

2. Reactions Involving Gases at Constant Temperature and
Pressure with No Change in Moles of Gas (Δngas = 0)

For reactions involving gases, the PV term becomes significant if there is a change in the number of
moles of gas (Δngas), since:

\[ \Delta (PV) = RT \Delta n_{gas} \]

where R is the gas constant and T is the temperature in Kelvin.

Conditions for AH ≈ AU:

- No change in moles of gas:

\[ \Delta n_{gas} = 0 \Rightarrow \Delta (PV) \approx 0 \]

- Constant temperature and pressure conditions.

Implication:

\[
\Delta H \approx \Delta U



\]

Summary:

> In reactions involving gases at constant T and P, AH equals AU if the number of moles of gases does
not change during the reaction.

---

3. Reactions at Constant Volume with No Work Done

In scenarios where reactions occur in closed systems at constant volume:

- No PV work: Since volume is fixed, the PV work term does not change.
- Heat exchange relates directly to ΔU: As no work is performed, the change in internal energy reflects
the heat absorbed or released.

Implication:

\[ \Delta H \neq \Delta U \] generally, because ΔH includes the PV term, but in some cases, the
difference may be minimal depending on phase and reaction specifics.

---

Practical Implications and Examples

Understanding these conditions is essential for chemists and engineers when calculating
thermodynamic parameters, designing reactions, or interpreting equilibrium data.

Example 1: Combustion of a Hydrocarbon (Gaseous Reactants and Products)

- Typically involves a change in moles of gases.
- If Δngas ≠ 0, then ΔH and ΔU differ by RTΔngas.
- But if Δngas = 0, then ΔH ≈ ΔU, simplifying calculations.

Example 2: Dissolution of a Salt in Water

- Predominantly involves liquids and solids.
- Volume change is negligible.
- Result: ΔH ≈ ΔU.

Example 3: Phase Transitions

- Melting or vaporization involves significant volume change.
- PV work is non-negligible.
- Thus: ΔH ≠ ΔU, unless specific conditions limit volume change.



---

Additional Factors Influencing the Equivalence of AH
and AU

Beyond phase considerations, other factors can influence the relationship:

- Temperature: At higher temperatures, the PV term may become more significant if gases are
involved.
- Pressure: Elevated pressures can compress gases, making PV work more relevant.
- Reaction Pathway: The specific mechanism and intermediate steps may alter energetic
considerations.

---

Summary and Key Takeaways

- In reactions involving only liquids and solids, the enthalpy change (ΔH) and internal energy change
(ΔU) are effectively equal because the PV term is negligible.
- For gaseous reactions at constant T and P, ΔH ≈ ΔU if there is no net change in the number of gas
moles (Δngas = 0).
- Reactions involving phase changes with volume or moles of gases changing generally show a
significant difference between ΔH and ΔU due to the PV term.
- Understanding these conditions aids in accurate thermodynamic calculations, simplifying complex
analyses and improving reaction design and control.

In essence, the equality of AH and AU hinges on the reaction's phase composition, the nature of gases
involved, and the thermodynamic conditions. Recognizing these nuances enables chemists and
engineers to make precise predictions and optimize processes effectively.

---

Final Thoughts

Grasping when enthalpy and internal energy changes are equivalent is not merely an academic
exercise but a practical necessity in scientific research and industrial applications. Whether designing
energy-efficient combustion systems, optimizing chemical syntheses, or interpreting calorimetric
data, knowing the conditions that unify AH and AU provides a foundation for accurate thermodynamic
analysis and innovation.

By understanding these fundamental principles, professionals can better anticipate reaction behavior
under various conditions, ultimately leading to more efficient, sustainable, and controlled chemical
processes.
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