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Understanding the thermodynamics of chemical reactions is essential in
chemistry, especially when analyzing reactions involving the formation and
dissolution of compounds. The given reaction,

Al^3+ (aq) + 3 OH^- (aq) ⇌ Al(OH)_3 (s),

has an associated reaction quotient (Q) of -55 kJ/mol, indicating the
spontaneity and energy change during the process. This article offers an in-
depth exploration of this reaction, focusing on what the value of Q reveals,
how to interpret it, and how to determine the amount of aluminum hydroxide
involved based on this data. It is ideal for students, educators, and
professionals seeking a comprehensive understanding of thermodynamics in
aqueous systems.

---

Understanding the Reaction and Its
Thermodynamic Parameters

The Chemical Equation

The reaction in question involves the formation of aluminum hydroxide from
its ions:

Al^3+ (aq) + 3 OH^- (aq) ⇌ Al(OH)_3 (s).

This is a typical precipitation reaction where aluminum hydroxide
precipitates out of solution when the ionic product exceeds the solubility
product (Ksp). The reaction's direction and extent depend on various factors,
including ion concentrations, temperature, and the equilibrium constant.

Reaction Quotient (Q) and Standard Gibbs Free Energy



(ΔG°)

The reaction quotient, Q, compares the current state of the reaction mixture
to the equilibrium state. It is calculated using the concentrations or
activities of reactants and products at any moment:

Q = [Al^3+][OH^-]^3 for the aqueous ions (assuming activity coefficients are
close to 1).

The provided value, -55 kJ/mol, corresponds to the change in Gibbs free
energy (ΔG) during the reaction at a specific point, usually under non-
standard conditions. A negative ΔG indicates a spontaneous process, favoring
the formation of solid Al(OH)_3.

---

Interpreting the Q Value of -55 kJ/mol

Significance of ΔG and Q

- A negative ΔG (here, -55 kJ/mol) suggests the reaction tends to proceed
forward, forming more solid aluminum hydroxide under the given conditions.

- The magnitude of ΔG provides insight into the reaction's driving force;
larger negative values indicate more spontaneity.

Relation to Equilibrium Constant (K)

The relationship between ΔG and K at temperature T is given by:

ΔG° = -RT ln K,

where R is the gas constant (8.314 J/(mol·K)) and T is the temperature in
Kelvin.

Given ΔG°, you can calculate the equilibrium constant K, which indicates the
ratio of products to reactants at equilibrium:

K = e^(-ΔG° / RT).

In this case, since ΔG° is provided, calculating K helps understand the
position of equilibrium and how much solid forms under specific conditions.



Implication for Reaction Conditions

- The reaction's spontaneity under current conditions suggests that the
solution is undersaturated with respect to Al(OH)_3 if Q < K, or
supersaturated if Q > K.

- Understanding Q relative to K helps determine whether more precipitate will
form or dissolve.

---

Determining the Amount of Aluminum Hydroxide
Formed

Calculating the Reaction Quotient (Q)

To find the amount of Al(OH)_3 precipitated, one must relate Q to the
concentrations of ions:

Q = [Al^3+][OH^-]^3.

Given the reaction quotient and initial concentrations, the amount of
precipitate can be deduced.

Using Solubility Product (Ksp)

The solubility product, Ksp, for Al(OH)_3 at a specific temperature defines
the maximum ionic concentrations before precipitation occurs:

Ksp = [Al^3+][OH^-]^3.

Assuming the solution is at or near equilibrium, the value of Q indicates how
much additional precipitate can form or dissolve.

Step-by-Step Calculation Approach

1. Identify Known Variables:

- ΔG° or Q value: in this case, the thermodynamic data.

- Initial concentrations of Al^3+ and OH^-.



2. Calculate K from ΔG°:

Using ΔG° = -RT ln K,

K = e^(-ΔG° / RT).

3. Compare Q with K:

- If Q < K, more Al(OH)_3 can precipitate.

- If Q > K, the system will tend toward dissolution.

4. Determine the Amount of Precipitate:

- Use the difference between current ionic product (Q) and K to estimate how
much solute precipitates or dissolves.

- Convert ionic concentrations into moles based on solution volume.

Example:

Suppose you have a solution with initial concentrations: [Al^3+] = 0.01 M,
[OH^-] = 0.1 M.

Calculate Q:

Q = (0.01) (0.1)^3 = 0.01 0.001 = 1e-5.

Compare this with K (obtained from ΔG°). If the calculated K is greater than
1e-5, precipitation will occur until Q reaches K, and vice versa.

---

The Role of Temperature and Other Factors

Impact on Solubility and Reaction Equilibrium

Temperature influences both ΔG° and K:

- An increase in temperature may increase or decrease solubility depending on
whether the dissolution is endothermic or exothermic.

- Accurate calculations require temperature-specific data for Ksp and
thermodynamic parameters.



Effect of pH and Ionic Strength

- pH affects the concentration of OH^- ions, directly impacting Q and the
extent of precipitation.

- Ionic strength affects activity coefficients; higher ionic strength can
alter the effective concentrations, influencing the reaction quotient.

Practical Considerations in Laboratory and
Industrial Settings

- Controlling temperature and pH is crucial for precise control of aluminum
hydroxide precipitation.

- In water treatment processes, understanding these parameters ensures
efficient removal of aluminum ions.

---

Applications and Broader Implications

Environmental Significance

- Aluminum hydroxide precipitation plays a vital role in water purification,
removing aluminum contaminants.

- Understanding thermodynamics helps optimize conditions for maximum removal
efficiency.

Industrial Relevance

- Aluminum hydroxide is used as a flame retardant, in paper manufacturing,
and as a filler.

- Precise control over its formation depends on thermodynamic insights like
those discussed.

Educational Importance

- Analyzing the reaction provides a practical example of thermodynamics,



solubility equilibria, and chemical kinetics.

- It reinforces critical concepts such as Q, K, ΔG, and their interrelations.

---

Summary and Key Takeaways

- The reaction involving Al^3+ and OH^- ions leading to Al(OH)_3 precipitate
is governed by thermodynamic principles, with the reaction quotient (Q)
serving as a predictor of the reaction's direction.

- A ΔG of -55 kJ/mol indicates a spontaneous process favoring precipitate
formation under the specified conditions.

- Calculating the equilibrium constant K from ΔG° allows prediction of how
much aluminum hydroxide will form.

- The amount of precipitate depends on initial concentrations, temperature,
pH, and ionic strength.

- Practical applications span water treatment, industrial manufacturing, and
environmental chemistry, making understanding this reaction vital for both
academic and practical purposes.

---

Final Remarks

Grasping the thermodynamics of aluminum hydroxide formation enables chemists
and engineers to optimize processes involving aluminum compounds. The
reaction quotient, ΔG, and other parameters are interconnected tools that
help predict and control the extent of precipitation, ensuring safety,
efficiency, and environmental compliance. Whether in laboratory experiments
or large-scale industrial processes, a solid understanding of these
principles guarantees better outcomes and innovations in chemical management.

---
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Frequently Asked Questions

What does a reaction Q value of -55 kJ/mol indicate
about the spontaneity of the Al(OH)₃ formation
reaction?
A negative Q value of -55 kJ/mol indicates that the reaction is exothermic
and spontaneous under the given conditions.

How does the reaction quotient (Q) relate to the
equilibrium constant (K) in this context?
Since Q is negative and the reaction is releasing energy, it suggests that Q
is less than K, and the reaction will proceed forward to reach equilibrium,
forming more Al(OH)₃.

What is the significance of the given reaction
involving Al³⁺ and OH⁻ ions in aqueous solution?
It describes the precipitation of aluminum hydroxide from aluminum ions and
hydroxide ions in solution, which is important in water treatment and
aluminum metallurgy.

How can the amount of Al(OH)₃ precipitated be
calculated from the given reaction data?
The amount can be calculated using the reaction's stoichiometry and the
reaction quotient (Q), along with initial concentrations and conditions, to
determine the extent of precipitation.

What role does temperature play in determining the
value of Q and the formation of Al(OH)₃?
Temperature affects the reaction's enthalpy and equilibrium position; since Q
is given, understanding temperature helps predict whether the reaction will
proceed forward or reverse to reach equilibrium.

Additional Resources
The Q of the reaction shown below is -55 kJ/mol of Al(OH)₃. Al³⁺ (aq) + 3 OH⁻
(aq) → Al(OH)₃ (s) What amount?

Understanding the thermodynamics of chemical reactions is fundamental to
predicting their spontaneity, equilibrium position, and practical
applications. The given reaction involves aluminum hydroxide precipitating



from aqueous ions, and the provided reaction quotient (Q) of -55 kJ/mol
indicates the change in Gibbs free energy under specific conditions. This
review aims to analyze the significance of this reaction, interpret the
thermodynamic data, and explore the implications for chemical processes
involving aluminum hydroxide.

---

Introduction to the Reaction and its Context

The reaction:

Al³⁺ (aq) + 3 OH⁻ (aq) → Al(OH)₃ (s)

is a classic example of a precipitation reaction, where soluble aluminum ions
react with hydroxide ions to form an insoluble solid aluminum hydroxide. Such
reactions are critical in various industrial and environmental processes,
including water treatment, mineral formation, and chemical synthesis.

The key thermodynamic parameter provided is the Q value of -55 kJ/mol. While
Q typically denotes the reaction quotient, in this context, it appears to
refer to the Gibbs free energy change (ΔG) for the reaction per mole of
aluminum hydroxide formed. This distinction is crucial because it influences
how we interpret the reaction's spontaneity and the equilibrium position.

---

Interpreting the Thermodynamic Data: The
Significance of ΔG = -55 kJ/mol

Understanding Gibbs Free Energy (ΔG)

Gibbs free energy change (ΔG) determines whether a reaction proceeds
spontaneously under given conditions:

- ΔG < 0: Reaction is spontaneous.
- ΔG = 0: Reaction is at equilibrium.
- ΔG > 0: Reaction is non-spontaneous under the given conditions.

In our case, ΔG = -55 kJ/mol suggests that, under the specified conditions,
the formation of Al(OH)₃ from Al³⁺ and OH⁻ ions is thermodynamically
favorable.



Implications for Reaction Direction and Equilibrium

A negative ΔG indicates the reaction tends toward forming solid aluminum
hydroxide from aqueous ions, favoring precipitation. However, the magnitude
of ΔG (-55 kJ/mol) also provides insights into the reaction's spontaneity and
how far the system is from equilibrium.

- The reaction is strongly spontaneous.
- The system will tend to produce more solid Al(OH)₃ until equilibrium is
reached.
- The value also hints at the position of equilibrium in relation to the
concentrations of ions and the solubility product (Ksp).

Relation to the Equilibrium Constant (K)

Using the thermodynamic relation:

ΔG° = -RT ln K

where:

- R = 8.314 J/(mol·K),
- T = temperature in Kelvin,
- ΔG° = standard Gibbs free energy change (here, approximate to the provided
ΔG).

Assuming standard conditions (around 298 K), we can estimate the equilibrium
constant:

K = e^(-ΔG° / RT) = e^(55,000 / (8.314 298)) ≈ e^(55,000 / 2477.772) ≈
e^(22.2) ≈ 4.4 x 10⁹

This very high K value indicates the reaction strongly favors the formation
of solid Al(OH)₃, consistent with its low solubility.

---

Calculating the Amount of Aluminum Hydroxide
Formed

Given the thermodynamic data, a natural question is: What amount of Al(OH)₃
precipitates under these conditions? To answer this, we need to connect the
thermodynamic parameters with concentrations or quantities of reactants.



Relating ΔG to Reaction Conditions

The general relation:

ΔG = ΔG° + RT ln Q

where:

- ΔG is the Gibbs free energy change under actual conditions,
- ΔG° is the standard Gibbs free energy change,
- Q is the reaction quotient.

Since ΔG is given as -55 kJ/mol, and assuming standard conditions, we can
infer the reaction quotient (Q) at this point.

Rearranged:

Q = e^{(ΔG° - ΔG) / RT}

But because ΔG is provided as -55 kJ/mol, and assuming standard ΔG°, the
reaction is proceeding toward product formation. If we consider the reaction
at equilibrium, ΔG = 0, and Q = K.

Therefore, the amount of Al(OH)₃ formed depends on the initial concentrations
of Al³⁺ and OH⁻ ions, as well as the solubility product (Ksp).

Using Solubility Product (Ksp) to Determine
Precipitate Quantity

The solubility product expression for Al(OH)₃:

Ksp = [Al³⁺][OH⁻]³

Given the high K (~4.4 x 10⁹), the solution's concentrations of Al³⁺ and OH⁻
at equilibrium are extremely low, indicating that almost all Al³⁺ ions
precipitate as Al(OH)₃.

Suppose we start with a known initial concentration of Al³⁺, say C₀ mol/L,
and excess OH⁻ to drive the reaction. The amount of precipitated Al(OH)₃ will
be approximately equal to the initial amount of Al³⁺ present because the
solubility is minimal.

If, for example:

- Initial Al³⁺ concentration: 0.01 mol/L
- Excess OH⁻ ensures the reaction proceeds to completion.

The precipitate formed per liter would be approximately 0.01 mol of Al(OH)₃,



considering the molar ratio of 1:1 with Al³⁺ ions.

---

Practical Implications and Applications

Industrial Relevance

The thermodynamic favorability of aluminum hydroxide formation makes it a
vital process in:

- Water treatment: Aluminum salts are used as coagulants to remove
impurities.
- Mineral synthesis: Controlled precipitation informs the production of
alumina and related materials.
- Pharmaceuticals and cosmetics: Aluminum hydroxide is used as an antacid and
in topical applications.

Environmental Considerations

Understanding the thermodynamics helps in designing processes that minimize
waste and maximize efficiency, especially where aluminum salts are involved
in environmental remediation.

Advantages of the Reaction's Thermodynamics

- High K value: Ensures complete precipitation under proper conditions.
- Predictability: Facilitates control over the process by adjusting pH and
concentrations.
- Cost-effectiveness: Favorable thermodynamics reduce need for excessive
reagent use.

Limitations and Challenges

- Kinetic factors: The thermodynamic favorability does not guarantee rapid
precipitation; kinetic barriers may exist.
- pH dependency: Since hydroxide concentration influences precipitation,
precise pH control is necessary.
- Impurities: Presence of other ions can shift equilibrium and affect yield.

---



Features and Critical Analysis

Pros:

- The reaction is thermodynamically highly favorable, facilitating efficient
precipitation.
- The high equilibrium constant ensures near-complete conversion under
suitable conditions.
- Valuable in diverse industrial and environmental applications.

Cons:

- The process can be sensitive to pH, temperature, and ionic strength
alterations.
- Kinetic factors may slow down the precipitation despite favorable
thermodynamics.
- Excessive use of reagents or improper conditions can lead to incomplete
reactions or impurities.

Features:

- The reaction exemplifies classic solubility and precipitation chemistry.
- Thermodynamic data allows for precise control and optimization.
- The high K value indicates robustness for industrial processes.

---

Conclusion

The thermodynamic insight provided by a ΔG of -55 kJ/mol underscores the
strong spontaneity of aluminum hydroxide formation from Al³⁺ and OH⁻ ions.
This reaction's favorable energetics ensure that, under suitable conditions,
precipitation of Al(OH)₃ proceeds efficiently and extensively. The high
equilibrium constant derived from the data confirms the low solubility of
aluminum hydroxide and its utility across various sectors. However, practical
applications must consider kinetic factors and process parameters like pH and
concentration to harness the full potential of this reaction. Overall,
understanding the thermodynamics not only illuminates the reaction's
feasibility but also guides effective process design and optimization in
industrial and environmental contexts.
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