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Understanding the enthalpy change of chemical reactions is fundamental in
thermodynamics and plays a crucial role in various industrial, environmental,
and scientific applications. Specifically, analyzing the enthalpy change
involved in reactions such as the conversion of calcium carbide (CaC₂) with
water, and subsequent formation of calcium sulfide, hydrogen sulfide, and
calcium phosphate, offers insights into energy transfers, stability, and
reaction feasibility. This comprehensive guide delves into the thermodynamic
aspects of these reactions, their mechanisms, and their significance in real-
world contexts.

---

Overview of the Reactions Involving Calcium
Compounds

The reactions under consideration involve multiple processes centered around
calcium compounds, water, and sulfide/phosphate formation. The key reactions
include:

- The hydrolysis of calcium carbide (CaC₂)
- Formation of calcium sulfide (CaS)
- Formation of hydrogen sulfide (H₂S)
- Formation of calcium phosphate compounds (Ca₃P₂)
- The overall calcium hydroxide (Ca(OH)₂) formation and its role in the
reactions

Understanding each step is essential for evaluating the enthalpy change
associated with the entire process.

Thermodynamics and Enthalpy Change: Basic
Concepts

Before diving into specific reactions, it’s important to grasp some
fundamental thermodynamic principles:



- Enthalpy (H): A measure of the total heat content in a system at constant
pressure.
- Enthalpy Change (ΔH): The heat absorbed or released during a chemical
reaction at constant pressure.
- Endothermic Reactions: Reactions that absorb heat, characterized by a
positive ΔH.
- Exothermic Reactions: Reactions that release heat, characterized by a
negative ΔH.
- Standard Enthalpy of Formation (ΔHf°): The change in enthalpy when one mole
of a compound is formed from its elements in their standard states.

The goal is to determine the net ΔH for the overall process, considering each
individual step's enthalpy change.

---

Detailed Analysis of Each Reaction Step

1. Hydrolysis of Calcium Carbide (CaC₂ + 2H₂O → C₂H₂ + Ca(OH)₂)

This reaction involves calcium carbide reacting with water to produce
acetylene (C₂H₂) and calcium hydroxide.

Thermodynamics:

- The reaction is exothermic due to the formation of stable products.
- Standard enthalpy of formation values:

| Compound | ΔHf° (kJ/mol) |
|------------|--------------|
| CaC₂ | -60.2 |
| H₂O (liquid) | -285.8 |
| C₂H₂ | +227.4 |
| Ca(OH)₂ (solid) | -986.1 |

- Calculation of ΔH for this reaction:

ΔH = [ΔHf°(C₂H₂) + ΔHf°(Ca(OH)₂)] - [ΔHf°(CaC₂) + 2 × ΔHf°(H₂O)]

ΔH = [227.4 + (-986.1)] - [-60.2 + 2 × (-285.8)]
ΔH = (-758.7) - (-60.2 - 571.6)
ΔH = -758.7 - (-631.8)
ΔH = -758.7 + 631.8 = -126.9 kJ/mol

This indicates the hydrolysis of calcium carbide releases approximately 127
kJ per mole.

2. Formation of Calcium Sulfide (CaS + 2H₂O)



This process involves the reaction of sulfur sources with calcium hydroxide
to produce calcium sulfide.

Reaction:

Ca(OH)₂ + S → CaS + H₂O

Thermodynamics:

- Standard enthalpy of formation:

| Compound | ΔHf° (kJ/mol) |
|------------|--------------|
| CaS | -410.2 |
| S (elemental) | 0 |
| H₂O (liquid) | -285.8 |
| Ca(OH)₂ | -986.1 |

- Enthalpy change:

ΔH = [ΔHf°(CaS) + ΔHf°(H₂O)] - [ΔHf°(Ca(OH)₂) + ΔHf°(S)]
ΔH = [-410.2 + (-285.8)] - [-986.1 + 0]
ΔH = -696.0 - (-986.1) = 290.1 kJ

This suggests the formation of calcium sulfide is endothermic, requiring
about 290 kJ per mole.

3. Formation of Hydrogen Sulfide (H₂S)

Hydrogen sulfide can be generated by the reaction of calcium sulfide with
water or acids, but in this context, it’s likely produced during sulfide
formation or as a byproduct.

Reaction:

CaS + 2H₂O → H₂S + Ca(OH)₂

Thermodynamics:

- Enthalpy of formation:

| Compound | ΔHf° (kJ/mol) |
|------------|--------------|
| H₂S | -20.6 |
| Ca(OH)₂ | -986.1 |

- Calculation:

ΔH = [ΔHf°(H₂S) + ΔHf°(Ca(OH)₂)] - [ΔHf°(CaS) + 2 × ΔHf°(H₂O)]
ΔH = [-20.6 + (-986.1)] - [-410.2 + 2 × (-285.8)]
ΔH = -1006.7 - (-410.2 - 571.6)



ΔH = -1006.7 - (-981.8) = -24.9 kJ

This indicates a slight exothermic process releasing about 25 kJ per mole.

4. Formation of Calcium Phosphate (Ca₃P₂ + 6H₂O → 3Ca(OH)₂ + 2H₃PO₄)

This reaction involves phosphate mineral formation and hydration.

Thermodynamics:

- Enthalpy of formation:

| Compound | ΔHf° (kJ/mol) |
|------------|--------------|
| Ca₃P₂ | Approximate, not standard but estimated around -1600 (for 3 mols) |
| H₂O (liquid) | -285.8 |
| Ca(OH)₂ | -986.1 |
| H₃PO₄ | -1270 |

- The reaction often involves complex equilibria; for estimation, the net
enthalpy change is typically exothermic or close to zero, depending on
conditions.

---

Calculating the Overall Enthalpy Change

To determine the total enthalpy change for the combined process, sum the
enthalpy changes of individual steps, considering reaction stoichiometry.

Estimated total ΔH:

- Hydrolysis of CaC₂: -127 kJ
- Formation of CaS: +290 kJ
- Formation of H₂S: -25 kJ
- Formation of calcium phosphate: variable, approximate as -100 kJ for the
overall process

Total:

ΔH_total ≈ -127 + 290 - 25 - 100 = 38 kJ

This indicative calculation suggests the overall process may be slightly
endothermic, requiring roughly 38 kJ per reaction cycle at 60°C, although
actual values depend on precise conditions and reactant purities.

---



Significance of Enthalpy Changes in Industrial
Applications

Understanding the enthalpy change in these reactions offers practical
benefits across multiple industries:

- Chemical Manufacturing: Optimizing energy consumption during synthesis of
calcium-based compounds and sulfides.
- Environmental Engineering: Managing sulfur and phosphate waste through
controlled thermochemical processes.
- Material Science: Developing thermally stable calcium compounds for use in
construction, agriculture, and electronics.
- Energy Efficiency: Designing processes that maximize heat recovery and
minimize energy input based on reaction enthalpies.

---

Factors Influencing Enthalpy Change of
Reactions

Several factors can affect the enthalpy change of these reactions:

- Temperature: Reaction heat varies with temperature, often requiring
corrections based on the temperature coefficient.
- Pressure: Changes in pressure can influence gaseous reactions, though most
reactions here are at standard conditions.
- Reactant Purity: Impurities can alter thermodynamic properties, affecting
overall enthalpy.
- Reaction Pathway: Different mechanisms or intermediate states can modify
energy profiles.

---

Measuring Enthalpy Change: Experimental
Techniques

Accurate determination of enthalpy change involves:

- Calorimetry: Using bomb or solution calorimeters to measure



Frequently Asked Questions

What is the enthalpy change associated with the
reaction CaC2 + 2H2O → C2H2 + Ca(OH)2?
The enthalpy change for this reaction depends on the formation and breaking
of bonds during the process, typically resulting in an exothermic or
endothermic value that can be determined experimentally or from standard
enthalpy data.

How does temperature affect the enthalpy change of
the reaction involving calcium carbide and water?
Temperature influences the enthalpy change by affecting the reaction kinetics
and equilibrium; generally, higher temperatures can alter the enthalpy value
slightly, but the standard enthalpy change remains constant at a given
pressure and composition.

What is the significance of calculating the enthalpy
change for the reaction Ca(OH)2 + H2S → CaS + 2H2O?
Calculating this enthalpy change helps understand the energy released or
absorbed during sulfide formation, which is important in industrial processes
like desulfurization and production of calcium sulfide.

Why is the enthalpy change important in the context
of the reaction Ca3P2 + 6H2O → 3Ca(OH)2 + 2PH3?
It indicates whether the reaction is energetically favorable and helps in
designing processes for phosphorus recovery or synthesis, as well as
predicting reaction conditions and stability.

What are standard conditions used for calculating
enthalpy changes in these reactions?
Standard conditions typically refer to 25°C (298 K) temperature and 1 atm
pressure, providing a baseline for comparing enthalpy changes across
different reactions.

Can enthalpy change be used to determine reaction
spontaneity in these reactions?
While enthalpy change provides insight into energy exchange, spontaneity also
depends on entropy change; thus, Gibbs free energy is used to determine if a
reaction is spontaneous.



How are enthalpy changes experimentally measured for
reactions like these?
They are measured using calorimetry, where heat transfer is quantified during
the reaction, allowing calculation of the enthalpy change based on
temperature and heat flow data.

What role does enthalpy change play in industrial
applications involving calcium carbide and
phosphorus compounds?
Understanding enthalpy changes helps optimize reaction conditions, improve
energy efficiency, and control product formation during manufacturing
processes involving these chemicals.

Are the reactions involving calcium compounds and
phosphorus compounds typically exothermic or
endothermic?
Many of these reactions are exothermic, releasing energy, which is
advantageous in industrial settings; however, specific enthalpy changes
depend on the individual reaction conditions and compounds involved.

Additional Resources
Enthalpy Change Of Reactions At 60°C: An In-Depth Analysis of Key Chemical
Transformations

Understanding the enthalpy changes associated with chemical reactions
provides critical insights into their energetic profiles, feasibility, and
potential applications. Among the myriad reactions studied in inorganic
chemistry, certain reactions involving calcium compounds, hydrocarbons, and
phosphorus compounds at elevated temperatures have garnered particular
interest. Specifically, examining the enthalpy changes of reactions such as:

CaC₂ + 2H₂O → C₂H₂ + Ca(OH)₂
Ca(OH)₂ + H₂S → CaS + 2H₂O
Ca₃P₂ + 6H₂O → 3Ca(OH)₂ + 2PH₃

at approximately 60°C reveals vital information relevant to industrial
processes, material synthesis, and thermodynamic principles. This article
delves into these reactions, exploring their mechanisms, enthalpy profiles,
and broader significance.

---

Understanding Enthalpy Change in Chemical Reactions



Before analyzing specific reactions, it is essential to understand what
enthalpy change (ΔH) represents. Enthalpy is a thermodynamic quantity
reflecting the total heat content of a system at constant pressure. The
enthalpy change of a reaction indicates whether heat is absorbed or released
during the process:

- Exothermic reactions: Release heat (ΔH negative)
- Endothermic reactions: Absorb heat (ΔH positive)

Accurate determination of ΔH assists chemists in predicting reaction
spontaneity, designing energy-efficient processes, and understanding reaction
pathways.

---

The Reactions Under Consideration: An Overview

The reactions involve calcium compounds reacting with water and other
substances at around 60°C, a temperature significant enough to facilitate
certain chemical transformations without requiring extreme conditions.

1. Calcium Carbide Hydrolysis
Reaction: CaC₂ + 2H₂O → C₂H₂ + Ca(OH)₂

This process, known as hydrolysis of calcium carbide, produces acetylene
(C₂H₂), an important industrial gas used in welding and organic synthesis,
along with calcium hydroxide as a byproduct.

2. Hydrogen Sulfide and Calcium Hydroxide Interaction
Reaction: Ca(OH)₂ + H₂S → CaS + 2H₂O

A typical acid-base type reaction where hydrogen sulfide reacts with calcium
hydroxide to form calcium sulfide, a compound with applications in metallurgy
and chemical manufacturing, and water.

3. Phosphorus Hydrolysis
Reaction: Ca₃P₂ + 6H₂O → 3Ca(OH)₂ + 2PH₃

This hydrolysis of calcium phosphide yields phosphine gas (PH₃), a highly
toxic and flammable compound used in semiconductors and as a fumigant, along
with calcium hydroxide.

---

Thermodynamic Analysis of Calcium Carbide Hydrolysis

Reaction Mechanism and Energetics
The hydrolysis of calcium carbide is a classic exothermic process. The key
steps involve breaking the calcium-carbon bonds within CaC₂, which then
reacts with water to produce acetylene and calcium hydroxide.



Enthalpy considerations:
- The C≡C triple bond formation in acetylene releases energy.
- The formation of Ca(OH)₂ from CaO and water is also exothermic.
- The overall ΔH is influenced by the bond energies and lattice energies
involved.

Estimated Enthalpy Change:
Research indicates that the reaction releases approximately −125 kJ/mol of
calcium carbide under standard conditions, with minimal variation at 60°C,
considering the slight temperature dependence of bond energies.

Industrial significance:
- The exothermic nature facilitates continuous production.
- Efficient heat management is critical in large-scale operations to prevent
runaway reactions.

---

Thermodynamics of Calcium Sulfide Production

Reaction Pathway and Energy Considerations
The reaction of calcium hydroxide with hydrogen sulfide involves proton
transfer and formation of insoluble calcium sulfide.

Key factors:
- The H₂S molecule acts as a weak acid, donating a proton to hydroxide.
- The formation of CaS involves lattice energy overcoming the hydration
energy of water.

Enthalpy change:
Experimental data suggest this reaction is exothermic, releasing roughly −80
kJ/mol of calcium hydroxide. The process is favored thermodynamically at
60°C, which aids in efficient sulfur removal in industrial gas scrubbing.

Applications:
- Removal of H₂S from natural gas streams.
- Producing calcium sulfide for further chemical conversions.

---

Hydrolysis of Calcium Phosphide: Phosphine Generation

Reaction Dynamics and Energy Profile
The hydrolysis of calcium phosphide is more complex, involving multiple
steps:

Ca₃P₂ + 6H₂O → 3Ca(OH)₂ + 2PH₃

Phosphine gas is liberated, which is highly flammable and toxic,
necessitating careful control during production.



Thermodynamics:
- The reaction is exothermic, with ΔH estimated around −250 kJ/mol for
calcium phosphide.
- The release of PH₃ involves breaking P–Ca bonds and forming P–H bonds in
PH₃, as well as hydration of calcium ions.

Temperature effect:
At 60°C, the reaction proceeds efficiently without excessive energy input,
but the high enthalpy release underscores safety concerns due to the
flammability of PH₃.

Industrial relevance:
- Used in semiconductor manufacturing.
- The exothermic nature requires appropriate cooling systems.

---

Broader Implications of Enthalpy Changes in These Reactions

Understanding the enthalpy profile of these reactions is vital for multiple
reasons:

- Energy management: Exothermic reactions contribute to the process’s overall
heat balance, influencing reactor design and safety protocols.
- Process optimization: Knowledge of enthalpy changes guides temperatures and
pressure conditions to maximize efficiency.
- Environmental control: Reactions like H₂S removal benefit from exothermic
profiles, improving pollutant capture.
- Material synthesis: The formation of acetylene, calcium sulfide, and
phosphine involves energy considerations that impact yield and purity.

---

Practical Applications and Industrial Significance

The reactions discussed are cornerstones in various industrial sectors:

- Chemical manufacturing: Production of acetylene and phosphine.
- Environmental engineering: Gas purification and sulfur removal.
- Materials science: Synthesis of calcium-based compounds with specific
properties.
- Energy considerations: Harnessing exothermic reactions for process heating
or energy recovery.

Understanding their enthalpy changes at operational temperatures like 60°C
enables engineers and chemists to design safer, more efficient processes.

---

Challenges and Future Perspectives



While these reactions are well-understood thermodynamically, challenges
persist:

- Safety concerns: Handling toxic PH₃ and flammable gases requires strict
controls.
- Energy efficiency: Optimizing reaction conditions to harness or mitigate
heat release.
- Environmental impact: Managing byproducts and emissions associated with
each reaction.
- Scaling up: Translating laboratory data to industrial scales involves
accounting for heat transfer and reaction kinetics.

Future research aims to develop catalysts and process modifications that can
alter enthalpy profiles favorably, reduce energy consumption, and enhance
safety.

---

Conclusion

The enthalpy changes associated with calcium carbide hydrolysis, sulfur
reactions, and phosphorus hydrolysis at approximately 60°C are critical in
understanding their thermodynamic behavior and optimizing industrial
applications. Exothermic reactions like these not only facilitate efficient
manufacturing but also present challenges in thermal management and safety.
As industrial processes evolve, a deep understanding of enthalpy dynamics
remains essential—guiding innovation, ensuring safety, and promoting
sustainable chemistry.

By elucidating these energetic profiles, scientists and engineers can better
harness these reactions' potential, advancing fields from materials science
to environmental engineering, and ensuring that chemical processes remain
both effective and safe in the modern era.
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