An Equilibrium Mixture Of H2, I2, And
HI At 458 Degrees Celsius Contains
0.112 Moles Of H2, 0.112 Moles

An Equilibrium Mixture Of H2, I2, And HI At 458 Degrees Celsius Contains
0.112 Moles Of H2, 0.112 Moles and is a classic example of chemical
equilibrium involving diatomic molecules. This particular system exemplifies
the dynamic nature of reversible reactions, where the forward and reverse
processes occur simultaneously, resulting in a stable mixture of reactants
and products under specific conditions. Understanding the behavior of such
equilibrium mixtures at elevated temperatures, such as 458°C, provides
valuable insights into thermodynamics, reaction kinetics, and industrial
applications, especially in the synthesis of hydrogen iodide (HI).

The Hydrogen-Iodine System: An Overview

The reaction involving hydrogen and iodine is represented by the following
reversible chemical equation:

\[ \mathrm{H 2 (g)} + \mathrm{I 2 (g)} \leftrightarrow 2\, \mathrm{HI (g)} \]

This equilibrium reaction plays a significant role in various industrial
processes, including the production of HI, which is used in the manufacture
of acetic acid and other chemicals. The reaction's position at equilibrium
depends on temperature, pressure, and the concentrations of the involved
species.

At 458°C, the system reaches a specific equilibrium point characterized by
the concentrations of Hz, I>, and HI. The fact that 0.112 moles of Hz and I:
are present in the mixture indicates a particular equilibrium state, which
can be analyzed quantitatively using equilibrium constants.

Understanding the Equilibrium Constant (K)

The equilibrium constant (K) for the reaction provides a measure of the ratio
of product concentrations to reactant concentrations at equilibrium:

\[ K = \frac{[\mathrm{HI}]"2}{[\mathrm{H 2}]1[\mathrm{I 2}]} \]
Where:

- \([\mathrm{HI}]\), \([\mathrm{H 2}]\), and \([\mathrm{I 2}]\) represent
molar concentrations of the respective gases at equilibrium.

This constant is temperature-dependent, and for the hydrogen-iodine system,
it increases with temperature, favoring the formation of HI at higher
temperatures.



Calculating the Equilibrium Concentrations

Given that the mixture contains 0.112 moles of Hz and I:, we can determine
the equilibrium concentration of HI and the equilibrium constant, assuming a
known total volume.

Suppose the total volume of the reaction mixture is V liters. Then, the molar
concentrations are:

\[ [\mathrm{H 2}] = [\mathrm{I 2}] = \frac{0.112}{V} \I]

Let \(x\) be the molar amount of HI formed at equilibrium. The initial
amounts of H2 and I> are 0.112 mol each, and as the reaction proceeds towards
equilibrium, the amount of Hz and I:. decreases by \(x\), while HI increases
by \(2x\) (due to the stoichiometry).

Thus, at equilibrium:

- \([\mathrm{H 2}] = \frac{0.112 - x}{V}\)
- \([\mathrm{I 2}] = \frac{0.112 - x}{V}\)
- \([\mathrm{HI}] = \frac{2x}{V}\)

Using these, the equilibrium constant expression becomes:

\[ K = \frac{\left(\frac{2x}{V}\right)"2}{\left(\frac{0.112 - x}{V}\right)~2}
= \frac{4x™2 / V"2}{(0.112 - x)"2 / V*2} = \frac{4x™2}{(0.112 - x)"2} \I

Therefore,

\[ K = \frac{4x”2}{(0.112 - x)"2} \]

If experimental data or additional information about HI concentration at
equilibrium is provided, \(x\) can be computed, and thus \(K\) can be
determined.

Factors Influencing the Equilibrium

Several factors influence the position of equilibrium in the hydrogen-iodine
system:

1. Temperature

Temperature has a profound effect on the equilibrium constant. For the
hydrogen-iodine reaction, an increase in temperature shifts the equilibrium
towards the formation of HI, as the reaction is endothermic at higher
temperatures. Conversely, lower temperatures favor the reactants.

2. Pressure

Since the reaction involves gases, pressure influences the equilibrium
position. Increasing pressure by reducing volume shifts the equilibrium



toward the side with fewer moles of gas, which in this reaction is the side
with 2 moles (HI) or 2 moles of reactants depending on the direction.

3. Concentrations

Initial concentrations or partial pressures determine the reaction's progress
until equilibrium is established. The system seeks to minimize free energy,
adjusting concentrations accordingly.

Industrial Significance of the Equilibrium System

The hydrogen-iodine equilibrium is not just an academic curiosity but a
critical component in chemical manufacturing:

- Production of HI: Industrial synthesis involves careful control of
temperature and pressure to maximize HI yield.

- Thermodynamic Optimization: Understanding how temperature affects
equilibrium allows engineers to optimize conditions for maximum efficiency.
- Catalysis: Catalysts such as platinum or palladium can influence the
reaction rate, helping achieve equilibrium faster.

Practical Applications and Experimental Considerations
In laboratory or industrial settings, controlling the equilibrium involves:

- Adjusting temperature and pressure based on the desired shift toward
products or reactants.

- Monitoring concentrations via spectroscopic or titrimetric techniques.
- Employing catalysts to accelerate the attainment of equilibrium.

Furthermore, the molar ratios and total volume are critical parameters that
influence the equilibrium concentrations and the value of the equilibrium
constant.

Summary and Conclusions

The equilibrium mixture containing 0.112 moles of H2 and I. at 458°C reflects
a dynamic balance governed by thermodynamic principles. The reaction:

\[ \mathrm{H 2 (g)} + \mathrm{I 2 (g)} \leftrightarrow 2\, \mathrm{HI (g)} \]

is highly sensitive to temperature, pressure, and initial concentrations.
Quantitative analysis through the equilibrium constant enables chemists to
predict the composition of the mixture and optimize conditions for industrial
applications. Mastery of such equilibrium systems is essential for efficiency
in chemical manufacturing processes, environmental control, and understanding
fundamental chemical principles.

By carefully managing the conditions, industries can maximize the production
of desired compounds like HI, while scientists continue to explore the
nuances of gas-phase equilibria, contributing to advances in chemical



engineering and sustainable chemistry practices.

Frequently Asked Questions

What is the significance of the equilibrium mixture
containing Hz, I>, and HI at 458°C?

It demonstrates the dynamic balance in the iodine-hydrogen reaction,
illustrating how the concentrations of reactants and products stabilize at a
specific temperature.

How can the equilibrium concentrations of Hz, I:,
and HI be determined from the given data?

Using equilibrium constants and initial concentrations, along with the
reaction's stoichiometry, the concentrations at equilibrium can be calculated
through ICE tables.

What is the balanced chemical equation for the
reaction involving Hz, Iz, and HI?

The balanced equation is Hz + I, = 2HI.

How does temperature affect the equilibrium position
in the Hz + I2 = 2HI reaction?

Increasing temperature generally shifts the equilibrium toward the
endothermic direction; in this case, it affects the concentration of HI
relative to H2 and I:.

Given the moles of H: and I> are both 0.112 mol at
equilibrium, what does this suggest about the
reaction extent?

It suggests that the reaction has proceeded to produce a certain amount of
HI, but without initial data, the extent of reaction can only be estimated
using equilibrium constants.

What is the role of temperature in determining the
equilibrium constant (K) for the mixture?

Temperature influences the value of K, with higher temperatures typically
increasing or decreasing K depending on whether the reaction is endothermic
or exothermic.



How can Le Chatelier's principle help predict the
shift in equilibrium upon changing conditions?

It states that if a system at equilibrium experiences a change in
concentration, temperature, or pressure, the system will adjust to partially
counteract the change and restore equilibrium.

What additional information is needed to fully
analyze the equilibrium state of the mixture?

The initial moles or concentrations of Hz, I., and HI, as well as the
equilibrium constant (K) at 458°C, are needed for comprehensive analysis.

How might the equilibrium composition change if the
temperature is increased from 458°C?

Depending on the reaction's enthalpy change, increasing temperature could
shift the equilibrium toward either more reactants or products, altering the
concentrations of Hz2, I2, and HI.

What practical applications can be derived from
understanding this equilibrium mixture?

Understanding this equilibrium is essential in industrial processes like
hydrogen iodide production and in studies of reaction kinetics and
thermodynamics involving halogen-hydrogen systems.

Additional Resources

An Equilibrium Mixture Of H2, I., And HI At 458 Degrees Celsius Contains
0.112 Moles Of Hz, 0.112 Moles is a fascinating example of chemical
equilibrium involving diatomic gases and their hydrogen halide. The interplay
between hydrogen (H2), iodine (I2), and hydrogen iodide (HI) at elevated
temperatures offers a rich area for exploration, both in terms of theoretical
chemistry and practical applications. This specific mixture, maintained at
458°C, provides insight into dynamic reaction systems, equilibrium constants,
and the factors influencing the position of equilibrium. Understanding such
systems is fundamental for industrial processes such as the synthesis of HI
for hydrogen production, iodine chemistry, and the broader field of gas-phase
reactions.



Understanding the System: Composition and
Conditions

The mixture in question contains equal moles of H2 and I, each at 0.112 mol,
with an unknown amount of HI. The temperature of 458°C (roughly 731 K) is
crucial because it influences the equilibrium position and the reaction
kinetics.

Reactions Involved

The primary reaction at play is:
\[ \mathrm{H 2 + I 2 \rightleftharpoons 2HI} \]

This is a reversible reaction, and at high temperatures, the equilibrium
favors the reactants or products depending on the thermodynamic parameters,
specifically the enthalpy (AH) and entropy (AS) changes.

Key features:

- The forward reaction (formation of HI) is exothermic.

- Increasing temperature tends to shift the equilibrium toward the reactants,
according to Le Chatelier's principle.

- The initial moles of H2 and I» are equal, simplifying calculations of the
equilibrium constant.

Thermodynamics and Equilibrium Constant (K)

Determining the Equilibrium Constant

Given the initial moles and the mixture's state at equilibrium, we can
analyze the system to find the equilibrium constant, K.

Suppose:
- Initial moles of Hz = I, = 0.112 mol
- Moles of HI at equilibrium = x mol

Because the reaction proceeds to produce HI, the change in moles of Hz and I:
will be -x, and moles of HI will be +2x (since 1 mol of H:2 reacts with 1 mol
of I» to produce 2 mols of HI).

At equilibrium:
- \([\mathrm{H 2}]
- \([\mathrm{I 2}]

\frac{0.112 - x}{V}\)
\frac{0.112 - x}{V}\)



- \([\mathrm{HI}] = \frac{2x}{V}\)

Assuming a constant volume and knowing the molarity (0.112 M for initial H:
and I2), the equilibrium constant expression is:

\[ K = \frac{[\mathrm{HI}]1"2}{[\mathrm{H 2}][\mathrm{I 2}1} =
\frac{(2x/V)"2}{(0.112 - x)/V \times (0.112 - x)/V} = \frac{4x"2}{(0.112 -
x)"2} \1

From experimental data, if the concentration of HI at equilibrium is known,
the value of K can be calculated.

Note: The actual equilibrium concentration of HI isn't provided explicitly,
but the data suggests that the mixture has significant amounts of all
species, indicating that the reaction hasn't gone to completion or fully
reversed.

Thermodynamic Data and Temperature Dependence

The equilibrium constant varies with temperature. For the reaction:
\[ \mathrm{H 2 + I 2 \rightleftharpoons 2HI} \]

- AH° is approximately -53.8 kJ/mol, indicating an exothermic process.
- AS° is positive, as the reaction produces more gaseous molecules.

Using Van't Hoff equation, we can analyze how K varies with temperature:
\[ \ln K = -\frac{\Delta H*\circ}{RT} + \frac{\Delta S™\circ}{R} \I]

At 458°C, or 731 K, the K value can be estimated or compared with
experimental data to understand the equilibrium position.

Implications for Industrial and Laboratory
Chemistry

The equilibrium mixture at 458°C has both practical and theoretical
significance. Here are some key points:

Industrial Relevance

- Hydrogen Production: HI is a source of hydrogen; understanding its
formation at high temperatures is critical for thermochemical cycles.
- Todine Chemistry: Iodine compounds are used in pharmaceuticals, dyes, and



as catalysts; controlling equilibrium reactions helps optimize yields.
- Gas-phase Reactions: High-temperature equilibria are common in chemical
reactors, combustion, and materials synthesis.

Laboratory Applications

- Studying this equilibrium helps elucidate kinetic and thermodynamic
concepts.

- Adjusting temperature and pressure allows chemists to steer the reaction
toward desired products.

- Such systems serve as models for teaching principles of Le Chatelier's
principle, equilibrium constants, and reaction thermodynamics.

Analyzing the Equilibrium: Calculations and
Predictions

Given the specific mixture, chemists often employ calculations to predict the
equilibrium composition and understand the system's behavior.

Sample Calculation Approach

Suppose the moles of HI at equilibrium are 0.224 mol, indicating that x =
0.112 mol (since 2x = 0.224 mol). Then:

\[ [\mathrm{HI}] = \frac{0.224}{V} \]
\[ [\mathrm{H 2}] = \frac{0.112 - 0.112}{V} = 0 \]
\[ [\mathrm{I 2}] = 0 \]

This suggests complete conversion, but the initial data indicates a mixture
containing 0.112 mol of H2 and I», so the actual equilibrium is more nuanced,
with partial reaction.

Practical calculation:

- Measuring the concentration of HI at equilibrium (via spectroscopy or gas
chromatography) .

- Using the molarity and volume to determine the extent of reaction.

- Calculating K and comparing with thermodynamic data.

Factors Affecting Equilibrium

- Temperature: Higher temperatures favor reactants due to exothermicity.
- Pressure: Since the system involves gases, pressure changes can shift the
equilibrium.



- Catalysts: Catalysts can increase reaction rate but do not change
equilibrium position.

Pros and Cons of the System

Pros:

- Provides a clear example of gas-phase equilibrium.

- Demonstrates temperature dependence of equilibrium constants.

- Useful for educational purposes in thermodynamics and kinetics.

- Relevant for industrial synthesis of hydrogen iodide and related compounds.

Cons:

- Precise measurement of concentrations at high temperature can be
challenging.

- Equilibrium constants are temperature-dependent, complicating direct
comparisons.

- The reaction involves hazardous materials (e.g., I2, HI), requiring careful
handling.

- Limited by assumptions in ideal gas behavior in calculations.

Conclusion

The equilibrium mixture of Hz, I, and HI at 458°C exemplifies core concepts
in chemical thermodynamics and kinetics. By analyzing the composition and
understanding the reaction dynamics, chemists can optimize conditions for
industrial synthesis or experimental investigations. The interplay of
temperature, pressure, and reaction extent underscores the importance of
thermodynamic principles in controlling chemical systems. While challenges
exist in precise measurement and safety considerations, the insights gained
from such equilibrium systems are invaluable for advancing both fundamental
chemistry and practical applications. Overall, this mixture serves as a
compelling case study illustrating the delicate balance of chemical reactions
in gaseous systems and their dependence on external conditions.
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