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Understanding the dynamics of chemical reactions, especially those involving metal displacement and
redox processes, is fundamental in the field of chemistry. The reaction between magnesium metal
and ferrous ions exemplifies such a redox process, where magnesium acts as a reducing agent, and
ferrous ions are reduced to metallic iron. In this article, we delve into the detailed analysis of this
reaction at a temperature of 89°C, considering the given concentrations of Fe²⁺ and Mg²⁺ ions. We will
explore the thermodynamics, reaction mechanisms, and the implications of the reaction conditions to
gain a comprehensive understanding suitable for students, educators, and professionals interested in
electrochemistry and redox reactions.

Understanding the Reaction Components and Context

Reaction Equation and Participants
The chemical reaction under consideration is:

Mg(s) + Fe²⁺(aq) → Mg²⁺(aq) + Fe(s)

This is a typical single displacement or redox reaction where magnesium metal reduces ferrous ions
(Fe²⁺) to metallic iron (Fe), while magnesium itself is oxidized to magnesium ions (Mg²⁺). The reaction
can be broken down into two half-reactions:

- Oxidation: Mg(s) → Mg²⁺(aq) + 2e⁻
- Reduction: Fe²⁺(aq) + 2e⁻ → Fe(s)

The electrons are transferred from magnesium to ferrous ions, leading to the formation of solid iron
and magnesium ions in solution.

Significance of Temperature and Concentrations
The reaction occurs at 89°C, which influences the reaction kinetics and thermodynamics. Elevated
temperatures generally increase reaction rates and can affect the equilibrium position. The initial
concentrations are:

- [Fe²⁺] = 3.80 M
- [Mg²⁺] = 0.210 M

These concentrations impact the reaction quotient (Q) and the direction in which the reaction



proceeds, as well as the overall thermodynamic favorability.

Thermodynamics of the Reaction

Standard Electrode Potentials
To analyze whether the reaction is spontaneous under the given conditions, we consider standard
reduction potentials (E°):

- E°(Mg²⁺/Mg) ≈ -2.37 V
- E°(Fe²⁺/Fe) ≈ -0.44 V

The standard cell potential (E°_cell) is calculated as:

E°_cell = E°(cathode) - E°(anode)

In this case, magnesium is oxidized, and iron ions are reduced:

E°_cell = (-0.44 V) - (-2.37 V) = +1.93 V

A positive E°_cell indicates that the reaction is thermodynamically spontaneous under standard
conditions.

Impact of Temperature on Gibbs Free Energy
The spontaneity of the reaction can be assessed using Gibbs free energy change (ΔG°):

ΔG° = -nFE°_cell

Where:
- n = number of electrons transferred (2)
- F = Faraday’s constant (96485 C/mol)
- E°_cell = 1.93 V

Calculating:

ΔG° = -2 × 96485 C/mol × 1.93 V ≈ -372,585 J/mol

This negative ΔG° confirms the reaction's spontaneity at standard conditions. However, actual
spontaneity depends on the reaction quotient Q at the given concentrations and temperature.

Reaction Quotient and Its Role at 89°C



Calculating the Reaction Quotient (Q)
The reaction quotient Q expresses the ratio of product concentrations to reactant concentrations at
any point in time:

Q = [Mg²⁺]/[Fe²⁺]

Substituting the initial concentrations:

Q = 0.210 M / 3.80 M ≈ 0.0553

Since Mg²⁺ is a product and Fe²⁺ is a reactant, the reaction tends to proceed forward if the reaction
quotient is less than the equilibrium constant (K).

Relationship Between Q and K
The equilibrium constant (K) at temperature T can be derived from the standard Gibbs free energy:

ΔG° = -RT ln K

Where:
- R = 8.314 J/(mol·K)
- T = 89°C = 362 K

Calculating K:

ln K = -ΔG° / (RT) = 372,585 J/mol / (8.314 J/(mol·K) × 362 K) ≈ 124.4

K ≈ e^{124.4} ≫ 1

This enormous value indicates that the reaction strongly favors products (Fe solid and Mg²⁺ in
solution) at 89°C under standard conditions, and the reaction will proceed spontaneously to
completion.

Reaction Kinetics and Practical Implications

Rate of Reaction at Elevated Temperatures
Temperature significantly influences reaction rates. According to the Arrhenius equation:

k = A e^{(-Ea/RT)}

Where:
- k = rate constant
- Ea = activation energy
- A = frequency factor



Higher temperature (89°C) reduces the exponential term's denominator, increasing the rate constant
k, thus accelerating the reaction. Consequently, magnesium metal will react more rapidly with Fe²⁺
ions at this temperature than at room temperature.

Practical Applications and Considerations
This reaction is relevant in various industrial and laboratory processes, including:

- Metal extraction and refining
- Corrosion studies
- Electrochemical cell design

Understanding the thermodynamics and kinetics helps optimize conditions for desired outcomes, such
as maximizing the rate of iron deposition or preventing unwanted corrosion.

Environmental and Safety Considerations

- Handling magnesium and iron salts requires caution due to their reactivity.
- Elevated temperatures increase reaction rates but also pose safety risks such as thermal burns and
fire hazards.
- Proper ventilation and protective equipment are essential when conducting such reactions.

Summary and Conclusions

- The reaction Mg(s) + Fe²⁺(aq) → Mg²⁺(aq) + Fe(s) is thermodynamically spontaneous at 89°C, as
indicated by a large equilibrium constant and positive standard cell potential.
- Elevated temperature enhances reaction kinetics, leading to faster reduction of Fe²⁺ to Fe metal.
- The initial concentrations favor the forward reaction, with a reaction quotient much less than the
equilibrium constant.
- Practical applications include electrochemical processes, metal refining, and corrosion studies.

Understanding these factors allows chemists to control and optimize redox reactions effectively,
whether for industrial processes or fundamental scientific research.

---
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Frequently Asked Questions



What is the overall reaction involving magnesium and iron
ions at 89°C?
The overall reaction is Mg(s) + Fe²⁺(aq) → Mg²⁺(aq) + Fe(s).

How does temperature (89°C) influence the reaction between
Mg and Fe²⁺?
Elevated temperature increases reaction rates and can shift equilibrium, potentially making the
reaction more favorable, depending on thermodynamic parameters.

Given [Fe²⁺] = 3.80 M and [Mg²⁺] = 0.210 M, which species is
more likely to be reduced or oxidized?
Fe²⁺ is more likely to be reduced to Fe(s), while Mg(s) can be oxidized to Mg²⁺, based on their
standard reduction potentials.

What is the significance of the concentrations [Fe²⁺] and
[Mg²⁺] in predicting the reaction's spontaneity?
The concentrations influence the reaction quotient (Q) and, through the Nernst equation, determine
whether the reaction is spontaneous under the given conditions.

How can the Nernst equation be used to determine the cell
potential at 89°C for this reaction?
By plugging in the standard potentials and the concentrations of Fe²⁺ and Mg²⁺, adjusted for
temperature, the Nernst equation calculates the cell potential at 89°C.

What is the standard reduction potential for Fe²⁺/Fe and
Mg²⁺/Mg?
The standard reduction potential for Fe²⁺/Fe is approximately -0.44 V, and for Mg²⁺/Mg, it is about
-2.37 V.

At 89°C, would the reaction favor the formation of Fe(s) and
Mg²⁺ under the given concentrations?
To determine this, the cell potential must be calculated; if positive, the reaction favors the formation
of Fe(s) and Mg²⁺, indicating spontaneity.

How does the concentration of Fe²⁺ (3.80 M) impact the
reaction compared to a lower concentration?
A higher concentration of Fe²⁺ increases the likelihood of reduction to Fe(s), making the reaction more
spontaneous under these conditions.



Why is it important to consider temperature when analyzing
electrochemical reactions like this one?
Temperature affects the thermodynamics and kinetics of the reaction, influencing electrode
potentials, reaction rates, and equilibrium positions.

Additional Resources
Consider The Reaction Mg(s) + Fe2+(aq) ⇌ Mg2+(aq) + Fe(s)

In the realm of electrochemistry, understanding the spontaneity and direction of reactions under
specific conditions is essential for applications ranging from corrosion science to battery technology.
One such reaction that garners interest is the displacement of iron metal by magnesium in aqueous
solution:

Mg(s) + Fe2+(aq) ⇌ Mg2+(aq) + Fe(s)

This reaction encapsulates fundamental principles of redox chemistry, including the concept of
standard electrode potentials, reaction quotient, and the influence of temperature and ion
concentrations. Analyzing this particular reaction at 89°C with given ion concentrations ([Fe2+] =
3.80 M and [Mg2+] = 0.210 M) offers valuable insights into the thermodynamic feasibility and the
extent to which the reaction might proceed under these specific conditions.

---

Understanding the Reaction: Components and
Significance

Reaction Overview

The reaction involves magnesium metal acting as a reducing agent and iron(II) ions serving as
oxidizing agents. The process is a classic example of a single replacement reaction where a more
reactive metal displaces a less reactive metal from its compound in solution.

- Reactants:
- Magnesium (Mg(s))
- Iron(II) ions (Fe2+(aq))

- Products:
- Magnesium ions (Mg2+(aq))
- Iron metal (Fe(s))

The reaction's direction—whether it proceeds forward or reverses—is governed by the relative
tendencies of Mg and Fe2+ to gain or lose electrons, as characterized by their standard electrode



potentials.

Why is this reaction important?

- Corrosion Science: Understanding the displacement reactions helps in designing corrosion-resistant
materials.
- Electrochemical Cells: Such reactions underpin the functioning of galvanic cells and batteries.
- Metallurgical Processes: Displacement reactions are crucial in refining and metal recovery
processes.
- Environmental Chemistry: The mobilization or immobilization of metals in natural waters involves
similar redox reactions.

---

Fundamental Concepts: Standard Electrode Potentials
and Thermodynamics

Standard Electrode Potentials

Electrochemical reactions are evaluated using standard electrode potentials (E°), which measure the
tendency of a species to gain electrons (be reduced) under standard conditions (1 M concentration, 1
atm pressure, 25°C). The relevant half-reactions are:

- Magnesium: Mg2+ + 2e- → Mg(s); E° = -2.37 V
- Iron(II): Fe2+ + 2e- → Fe(s); E° = -0.44 V

Since magnesium's standard reduction potential is more negative, magnesium metal is more reactive
and can displace iron from its ionic form under suitable conditions.

Calculating the Cell Potential (Ecell)

The cell potential determines whether the reaction is spontaneous. It is given by:

Ecell = E°cathode - E°anode

For the reaction:

- Oxidation (anode): Mg(s) → Mg2+ + 2e- (E° oxidation = +2.37 V)
- Reduction (cathode): Fe2+ + 2e- → Fe(s) (E° = -0.44 V)

Thus:



Ecell = (-0.44 V) - (-2.37 V) = +1.93 V

A positive Ecell indicates that, under standard conditions, the reaction is spontaneous.

---

Reaction Quotient and Its Role at Non-Standard
Conditions

Understanding the Reaction Quotient (Q)

While standard potentials provide a baseline, actual conditions often deviate from standard,
especially in terms of ion concentrations and temperature. The reaction quotient (Q) is used to
account for these deviations:

Q = [Mg2+] / [Fe2+]

In this scenario:

Q = 0.210 M / 3.80 M ≈ 0.0553

The value of Q influences the cell potential as per the Nernst equation, which adjusts E° for non-
standard conditions.

The Nernst Equation

The Nernst equation relates the cell potential to temperature, standard potential, and reaction
quotient:

Ecell = E°cell - (RT / nF) ln Q

Where:

- R = 8.314 J/(mol·K)
- T = temperature in Kelvin
- n = number of electrons transferred (2 in this case)
- F = 96485 C/mol

Given T = 89°C = 362 K, the equation allows us to determine the actual potential under the specified
conditions, providing insight into the reaction's spontaneity and extent.

---



Temperature Effects on Reaction Dynamics

Impact of Elevated Temperature

Increasing temperature influences reaction thermodynamics in two primary ways:

- Thermodynamic stability: Higher temperatures can shift the equilibrium position depending on the
enthalpy change (ΔH). Reactions that are endothermic may become more spontaneous at elevated
temperatures.
- Kinetic factors: Elevated temperature usually increases reaction rates by providing molecules with
more energy to overcome activation barriers.

In this specific case, 89°C (approximately 362 K) is significantly higher than standard laboratory
conditions, which could enhance the rate at which magnesium displaces iron ions, even if the reaction
is thermodynamically favorable.

---

Analytical Calculation of the Reaction's Spontaneity

Applying the Nernst Equation

Let's perform a detailed calculation:

- Constants:
- R = 8.314 J/(mol·K)
- F = 96485 C/mol
- T = 362 K
- n = 2

- Calculate RT / nF:

RT / nF = (8.314 362) / (2 96485) ≈ (3008.07) / 192970 ≈ 0.0156 V

- Calculate ln Q:

ln Q = ln 0.0553 ≈ -2.895

- Determine Ecell:

Ecell = 1.93 V - (0.0156 V (-2.895))
Ecell ≈ 1.93 V + 0.045 V ≈ 1.975 V

Since Ecell remains positive and is slightly higher than the standard potential, the reaction under



these conditions is thermodynamically spontaneous.

Implications of the Calculations

The positive and increased cell potential at 89°C suggests that magnesium's ability to reduce Fe2+ to
Fe(s) is reinforced at higher temperatures and with the given concentrations. This indicates a strong
thermodynamic favorability for the displacement process under the specified conditions.

---

Practical and Theoretical Implications

Reactivity and Metal Displacement

The analysis demonstrates that magnesium is a potent reducing agent capable of displacing iron from
its ionic state in aqueous solution, especially under elevated temperature conditions. This has several
practical implications:

- Corrosion: Magnesium's reactivity could accelerate the corrosion of iron-containing materials in
environments where magnesium is present and temperatures are high.
- Metallurgical Processes: The displacement reaction could be utilized in processes aiming to recover
or refine iron using magnesium under controlled conditions.
- Electrochemical Devices: Understanding the spontaneity assists in designing batteries where
magnesium can serve as an anode material, with iron or related compounds as cathodes.

Environmental Considerations

In natural aquatic systems, the temperature and ion concentrations influence metal mobility and
redox states. Elevated temperatures could modify the natural equilibrium, promoting or inhibiting
metal precipitation or dissolution.

Theoretical Significance and Limitations

While thermodynamics indicates spontaneity, kinetics also play a crucial role. The actual rate of
reaction at 89°C depends on factors such as surface area, presence of catalysts, and solution
dynamics. Therefore, experimental validation is essential to confirm theoretical predictions.

---



Conclusion: Integrating Thermodynamics and Practical
Insights

The detailed analysis of the reaction Mg(s) + Fe2+(aq) ⇌ Mg2+(aq) + Fe(s) at 89°C reveals a reaction
strongly inclined toward spontaneity under the specified conditions. The elevated temperature
amplifies the thermodynamic driving force, as indicated by the increased cell potential derived from
the Nernst equation.

This understanding not only reinforces the fundamental principles of electrochemistry but also
underscores the
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