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Understanding the thermodynamic principles that govern chemical reactions is
fundamental to grasping how reactions proceed, reach equilibrium, and how
their spontaneity is determined. The Gibbs free energy change, denoted as ΔG,
is a key thermodynamic parameter that predicts whether a chemical reaction
will occur spontaneously under constant temperature and pressure. When ΔG is
positive, it indicates that the reaction is non-spontaneous in the forward
direction under the given conditions. This article explores what this
positive ΔG signifies about the equilibrium state of a reaction, clarifying
common misconceptions and providing a comprehensive understanding of the
thermodynamics involved.

Fundamentals of Gibbs Free Energy and Reaction
Spontaneity

Definition of Gibbs Free Energy (ΔG)

Gibbs free energy is a thermodynamic potential that measures the maximum
reversible work obtainable from a thermodynamic system at constant
temperature (T) and pressure (P). It combines the system's enthalpy (H),
entropy (S), and temperature into a single quantity:

ΔG = ΔH – TΔS

where:
- ΔH is the change in enthalpy,
- T is temperature in Kelvin,
- ΔS is the change in entropy.

This relationship underscores the balance between energy content and disorder



in a system, influencing whether a reaction proceeds spontaneously.

Spontaneous Reactions and the Sign of ΔG

The sign of ΔG determines the spontaneity of a reaction:
- ΔG < 0: Reaction is spontaneous in the forward direction.
- ΔG = 0: System is at equilibrium.
- ΔG > 0: Reaction is non-spontaneous in the forward direction; the reverse
reaction is favored.

This criterion is valid for processes occurring at constant T and P, which
are typical conditions in most chemical systems.

Implications of a Positive ΔG on Reaction
Equilibrium

Understanding the Equilibrium State

When ΔG is positive, it indicates that the system is not in a state of
thermodynamic equilibrium favoring the forward reaction. Instead, the
equilibrium position lies predominantly on the side of the reactants, meaning
the reaction tends to favor the formation of reactants rather than products
under the current conditions.

In terms of the reaction quotient (Q) and the equilibrium constant (K), this
can be expressed as:
- Q > K: The current state favors reactants.
- The reaction will tend to shift to the left, converting some products back
into reactants until equilibrium is established.

The Relationship Between ΔG and the Equilibrium
Constant (K)

The link between free energy change and the equilibrium constant is given by:
- ΔG = ΔG° + RT ln Q
- At equilibrium: ΔG = 0, and Q = K, leading to:

ΔG° = – RT ln K

For a reaction where ΔG is positive:
- ΔG > 0 implies:



ΔG° + RT ln Q > 0

- If the reaction is at equilibrium, then:

ΔG° = – RT ln K

and since ΔG > 0 for the current conditions, it follows that:

Q > K

This indicates that the current concentrations favor the reactants, and the
reaction will proceed in the reverse direction to reach equilibrium where ΔG
= 0.

Correct Statement for the Equilibrium When ΔG
Is Positive

Reaction Direction and Equilibrium Position

The correct statement regarding the equilibrium state when ΔG is positive is:
- The equilibrium favors the reactants over the products.
- The reaction will shift in the reverse direction to minimize free energy
and reach equilibrium.

This can be summarized as:
- "The reaction is non-spontaneous in the forward direction under current
conditions and will shift toward the reactants until equilibrium is
attained."

Visualizing the Thermodynamic Landscape

Imagine a reaction coordinate diagram:
- The free energy of the reactants is lower than that of the products under
current conditions.
- The system will tend to move toward the reactants to reduce the overall
free energy.
- The equilibrium position is therefore shifted toward the reactants, with a
lower concentration of products.

Practical Examples and Applications



Example 1: Endergonic Reactions

Reactions with positive ΔG are often called endergonic and require energy
input to proceed. For example:
- Photosynthesis (when considering the initial steps) involves energy
absorption, resulting in a positive ΔG for some reactions.
- Such reactions do not occur spontaneously; they need coupling with
exergonic processes or external energy sources.

Example 2: Chemical Equilibrium in Industry

In industrial processes:
- Adjusting conditions (temperature, pressure, concentration) can shift the
equilibrium toward desired products.
- A positive ΔG under certain conditions indicates that the process, as it
stands, is not thermodynamically favorable, and modifications are necessary
to drive the reaction forward.

Application of Le Châtelier's Principle

When ΔG is positive:
- The system responds by shifting in the direction that reduces the free
energy change.
- For instance, removing reactants or adding products can shift the
equilibrium toward the reactants, consistent with the reaction's
thermodynamic tendency when ΔG > 0.

Conclusion: The Significance of ΔG in
Thermodynamics and Equilibrium

Understanding the implications of a positive ΔG is crucial:
- It signifies that, under prevailing conditions, the forward reaction is not
thermodynamically favored.
- The system will tend to shift toward the reactants, moving away from the
formation of products.
- Achieving a shift toward product formation requires changing
conditions—such as temperature, pressure, or concentration—to make ΔG
negative and thus favor the forward reaction.

In summary, when the change in free energy (ΔG) for a reaction is positive,
the correct statement for the equilibrium is that the reaction favors the
reactants, and the system will shift in the reverse direction until
equilibrium is reached. This understanding is vital for controlling chemical
processes, designing chemical reactors, and predicting reaction behavior in



both natural and industrial settings.

Frequently Asked Questions

What does a positive change in free energy (ΔG)
indicate about a chemical reaction at equilibrium?
A positive ΔG indicates that the reaction is non-spontaneous under the
current conditions and will not proceed spontaneously toward products at
equilibrium.

When ΔG is positive for a reaction, what is the
direction of the reaction relative to equilibrium?
The reaction favors the reactants and will tend to proceed in the reverse
direction to reach equilibrium.

How does a positive ΔG relate to the position of
equilibrium in a chemical reaction?
A positive ΔG suggests that the equilibrium lies toward the reactant side,
meaning the formation of products is not thermodynamically favored.

Can a reaction with a positive ΔG reach equilibrium
spontaneously?
No, a positive ΔG means the reaction is non-spontaneous under the given
conditions; external energy input is required to drive the reaction forward.

What is the significance of the sign of ΔG in
predicting the spontaneity of a reaction?
A negative ΔG indicates a spontaneous reaction, while a positive ΔG indicates
non-spontaneity under the specified conditions.

Does a positive ΔG imply that the reaction cannot
occur at all?
No, it means the reaction is not spontaneous under current conditions; it can
still occur if energy is supplied or if conditions change to make ΔG
negative.



How does temperature influence the sign of ΔG for a
reaction at equilibrium?
Temperature can affect ΔG by changing ΔH and ΔS; thus, a reaction with
positive ΔG at one temperature might become spontaneous (negative ΔG) at
another temperature.

What is the correct statement for the equilibrium
position when ΔG is positive?
The equilibrium favors the reactants, and the reaction will tend to shift
toward the reactant side to reach equilibrium.

In the context of free energy, what does the
reaction quotient (Q) indicate when ΔG is positive?
A positive ΔG corresponds to Q being greater than the equilibrium constant
(K), indicating the reaction mixture has more products than at equilibrium,
favoring the reverse reaction.

Why is understanding the sign of ΔG important in
chemical thermodynamics?
It helps predict whether a reaction will proceed spontaneously and how to
manipulate conditions to favor desired reactions or reach equilibrium.

Additional Resources
When The Change In Free Energy For A Reaction, (ΔG), Is Positive, The Correct
Statement For The Equilibrium is a fundamental concept in thermodynamics and
chemical kinetics that helps scientists and students understand how reactions
behave under different conditions. Grasping this principle is essential for
predicting whether a reaction will proceed spontaneously, reach equilibrium,
or require external energy input. This article provides a comprehensive guide
to understanding the implications of a positive ΔG, clarifies common
misconceptions, and explores how this thermodynamic parameter influences
chemical equilibria.

---

Introduction to Free Energy and Chemical Equilibrium

Gibbs free energy (G) is a thermodynamic function that indicates the maximum
reversible work obtainable from a system at a constant temperature and
pressure. The change in Gibbs free energy for a reaction, ΔG, provides
insight into the spontaneity and equilibrium position of that reaction.



- Negative ΔG: The reaction proceeds spontaneously in the forward direction.
- Positive ΔG: The reaction is non-spontaneous under the given conditions.
- Zero ΔG: The system is at equilibrium.

Understanding these relationships is vital for chemists, chemical engineers,
and anyone involved in reaction design or analysis.

---

The Relationship Between ΔG and Equilibrium Constant (K)

One key concept linking thermodynamics to chemical reactions is the
relationship between ΔG and the equilibrium constant (K):

ΔG = ΔG° + RT ln Q

Where:
- ΔG° is the standard Gibbs free energy change.
- R is the universal gas constant.
- T is the temperature in Kelvin.
- Q is the reaction quotient, which equals K at equilibrium.

At equilibrium, Q = K and ΔG = 0. The standard free energy change, ΔG°,
relates to the equilibrium constant as:

ΔG° = -RT ln K

This fundamental relationship tells us that:
- When K > 1, ΔG° is negative, favoring products.
- When K < 1, ΔG° is positive, favoring reactants.

---

What Does a Positive ΔG Mean?

When ΔG > 0, it indicates that under the current conditions, the reaction is
non-spontaneous in the forward direction. This means:

- The reaction does not naturally proceed to produce more products.
- External energy input is necessary to drive the reaction forward.
- The reaction mixture favors the reactants at equilibrium.

Important Clarification: A positive ΔG does not mean that the reaction cannot
occur at all; rather, it indicates that under the current conditions, the
reaction is thermodynamically unfavorable to proceed spontaneously.

---

Correct Statements for Equilibrium When ΔG is Positive

Given that ΔG > 0, the correct statements for the equilibrium are:



1. The reaction favors the reactants over products at the current conditions.

2. The equilibrium constant (K) is less than 1.

3. The reaction will tend to shift toward the reactants if left undisturbed.

4. External energy must be supplied for the reaction to proceed toward
products.

5. At equilibrium under these conditions, the concentrations of reactants are
higher than those of products.

6. If conditions change (such as temperature or pressure), the sign of ΔG may
change, potentially making the reaction spontaneous.

---

Practical Examples and Implications

Understanding the meaning of a positive ΔG is critical in various contexts:

- Industrial Processes: Many industrial reactions, such as the synthesis of
certain chemicals, require continuous energy input because their ΔG is
positive under standard conditions.
- Biological Systems: Some biochemical reactions are coupled with energy-
releasing reactions (like ATP hydrolysis) to drive unfavorable reactions
forward.
- Chemical Equilibrium Adjustments: Changing temperature, pressure, or
concentrations can shift the equilibrium position, affecting ΔG and K.

---

Factors Affecting the Sign of ΔG and Equilibrium

Several factors influence whether ΔG is positive or negative, thereby
determining the direction and extent of reaction:

- Temperature: Alters ΔG°, especially for reactions involving enthalpy
changes.
- Concentrations: Changing reactant or product concentrations affects Q, thus
influencing ΔG.
- Pressure: Particularly relevant for gases, where pressure changes influence
the reaction quotient.
- External energy input: For non-spontaneous reactions, energy must be
supplied (e.g., heat, electrical energy).

---

Visualizing the Concept: Graphical Representation

A useful way to understand the implications of ΔG is through free energy



diagrams:

- Downward slope: Indicates a spontaneous reaction (ΔG < 0).
- Upward slope: Indicates a non-spontaneous reaction (ΔG > 0).
- Flat at the minima: Represents equilibrium (ΔG = 0).

In reactions where ΔG is positive, the diagram shows that the reactants are
at a lower free energy state compared to the products under the given
conditions. To get from reactants to products, energy must be added.

---

Summary: Key Takeaways

- When ΔG is positive, the reaction tends to favor reactants and does not
proceed spontaneously in the forward direction.
- The equilibrium constant (K) is less than 1.
- External energy input is necessary to drive the reaction forward.
- The reaction will reach an equilibrium where reactants predominate, unless
conditions change.
- Adjusting temperature, pressure, or concentration can influence ΔG and
shift the equilibrium position.

---

Final Thoughts: The Importance of Context

While a positive ΔG indicates non-spontaneity under current conditions, it's
essential to recognize that reaction spontaneity is context-dependent.
Changes in temperature or concentration can alter the sign of ΔG or change
the equilibrium constant, potentially making an energetically unfavorable
reaction spontaneous under different circumstances.

Understanding when the change in free energy for a reaction (ΔG) is positive
is crucial for controlling chemical processes, designing efficient reactions,
and interpreting biological pathways. Recognizing the significance of this
thermodynamic parameter enables scientists to manipulate reaction conditions
to achieve desired outcomes, whether in industrial manufacturing,
environmental chemistry, or biochemistry.

---

In conclusion, the correct statement for the equilibrium when ΔG is positive
is that the reaction favors the reactants, and the system is not spontaneous
in the forward direction at the given conditions. External energy input or
changes in conditions are necessary to shift the equilibrium toward products,
highlighting the fundamental role of free energy in understanding and
controlling chemical reactions.
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