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Understanding the energetics of chemical reactions is fundamental in chemistry, especially when it
comes to predicting reaction spontaneity and designing efficient chemical processes. One of the key
tools for estimating the enthalpy change (ΔH) of a reaction is the use of bond enthalpy data, also
known as bond dissociation energies. These values, typically provided in tabular form, represent the
energy required to break a specific chemical bond in a molecule in the gaseous state. By summing
the bond enthalpies of bonds broken and subtracting the sum of the bond enthalpies of bonds
formed, chemists can approximate the overall enthalpy change for a reaction.

In this article, we will explore how to utilize molar bond enthalpy data from a table to estimate the
reaction enthalpy for the synthesis of ethyl bromide (C₂H₅Br) from ethylene (C₂H₄) and hydrogen
bromide (HBr). The reaction under consideration is:

C₂H₄(g) + HBr(g) → C₂H₅Br(g)

This reaction involves the addition of HBr across the double bond of ethylene to form ethyl bromide,
a process that is significant in organic synthesis and industrial applications. Estimating the enthalpy
change for this reaction provides insights into its thermodynamic favorability and energy
requirements.

---

Understanding Bond Enthalpy and Its Role in Reaction
Enthalpy Estimation

What Is Bond Enthalpy?

Bond enthalpy, or bond dissociation energy, is the amount of energy required to break one mole of a
specific covalent bond in the gas phase, producing two neutral fragments. These values are usually
measured in kilojoules per mole (kJ/mol). Bond enthalpies are averaged over similar bonds in
different molecules because bond strengths can vary depending on the molecular environment, but
the tabulated values provide a reliable approximation for general calculations.



How Does Bond Enthalpy Help Estimate Reaction Enthalpy?

The fundamental principle involves the concept that breaking bonds requires energy, while forming
bonds releases energy. The overall enthalpy change for a reaction can be approximated using the
following formula:

ΔHₙ ≈ (Sum of bond enthalpies of bonds broken) – (Sum of bond enthalpies of bonds formed)

This approach assumes the reaction occurs in the gas phase, and the energy changes are primarily
due to bond rearrangements. It provides an estimate rather than an exact value, but it is very useful
for quick approximations and understanding the qualitative thermodynamic nature of reactions.

---

Step-by-Step Estimation of ΔH for the Reaction C₂H₄(g)
+ HBr(g) → C₂H₅Br(g)

To estimate the enthalpy change for the reaction, follow these systematic steps:

1. Write the Lewis Structures and Identify Bonds

- Reactants:

- Ethylene (C₂H₄): Contains a carbon-carbon double bond (C=C) and four C–H single bonds.
- Hydrogen bromide (HBr): Contains a single H–Br bond.

- Product:

- Ethyl bromide (C₂H₅Br): Contains a C–C single bond, five C–H bonds, and one C–Br bond.

2. List Bonds Broken and Bonds Formed

- Bonds Broken (in reactants):

- The C=C double bond in ethylene.
- The H–Br bond in HBr.

- Bonds Formed (in products):

- The C–C single bond in ethyl bromide.
- The five C–H bonds in ethyl bromide.
- The C–Br bond in ethyl bromide.



3. Gather Bond Enthalpy Data from the Table

Typical approximate bond dissociation energies (values may vary slightly depending on the source):

| Bond Type | Approximate Bond Enthalpy (kJ/mol) |
|--------------------|-------------------------------------|
| C=C double bond | 612 |
| C–C single bond | 348 |
| C–H bond | 412 |
| H–Br bond | 366 |
| C–Br bond | 276 |

Note: These are average bond enthalpy values, used for estimation purposes.

4. Calculate the Total Bond Enthalpy of Bonds Broken

- Bonds broken:

- 1 C=C double bond: 612 kJ/mol
- 1 H–Br bond: 366 kJ/mol

- Total energy required to break bonds:

Total_broken = 612 + 366 = 978 kJ/mol

5. Calculate the Total Bond Enthalpy of Bonds Formed

- Bonds formed:

- 1 C–C single bond: 348 kJ/mol
- 5 C–H bonds: 5 × 412 = 2060 kJ/mol
- 1 C–Br bond: 276 kJ/mol

- Total energy released upon formation:

Total_formed = 348 + 2060 + 276 = 2684 kJ/mol

6. Estimate the Reaction Enthalpy (ΔH)

Using the bond enthalpy approach:

ΔH ≈ Total_broken – Total_formed

ΔH ≈ 978 – 2684 = –1706 kJ/mol



Interpretation: The negative sign indicates that the reaction is exothermic, releasing approximately
1706 kJ/mol of energy during the formation of ethyl bromide from ethylene and HBr.

---

Discussion and Thermodynamic Implications

Accuracy and Limitations of the Bond Enthalpy Method

While the bond enthalpy method offers a quick estimation, it has inherent limitations:

- Approximate Values: Bond enthalpies are averaged over different molecules, which can lead to
deviations.
- Gas Phase Assumption: The method assumes reactions occur entirely in the gas phase, neglecting
solvent effects, which can significantly influence enthalpy.
- No Entropic Considerations: The approach does not account for entropy changes, which are crucial
for analyzing spontaneity.
- Reaction Pathway Simplification: It assumes a direct bond-breaking and bond-forming process
without intermediate steps.

Despite these limitations, the method is valuable for initial estimates and understanding the
thermodynamic trend.

Thermodynamic Significance of the Estimated ΔH

The estimated large negative enthalpy change suggests that:

- The reaction is thermodynamically favorable, predominantly driven by the formation of strong
bonds.
- The process releases significant energy, indicating it could be exothermic in practice.
- In industrial settings, such energetic considerations influence reaction conditions, safety measures,
and energy optimization.

---

Additional Considerations for Precise Enthalpy
Calculations

For more accurate thermodynamic data, chemists rely on:

- Standard Enthalpy of Formation (ΔHf°): Data from calorimetric measurements.
- Hess’s Law: Summing known reactions to derive ΔH for complex processes.



- Computational Chemistry Methods: Quantum mechanical calculations provide detailed energy
profiles.
- Experimental Data: Empirical measurements through calorimetry.

Using these methods alongside bond enthalpy data can validate and refine initial estimates.

---

Conclusion

Estimating the enthalpy change of chemical reactions using molar bond enthalpy data provides a
practical approach for understanding reaction energetics in organic synthesis. For the specific
reaction:

C₂H₄(g) + HBr(g) → C₂H₅Br(g)

the calculation suggests a highly exothermic process with an approximate ΔH of –1706 kJ/mol. This
indicates that the addition of HBr to ethylene is energetically favorable, releasing a substantial
amount of energy when proceeding in the gas phase.

This method serves as a valuable educational tool, fostering an intuitive understanding of bond
energies and their role in chemical thermodynamics. For precise applications, however, it should be
complemented with experimental data and advanced computational techniques.

---
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Frequently Asked Questions

How can molar bond enthalpy data be used to estimate the
enthalpy change for the reaction C₂H₄(g) + HBr(g) →
C₂H₅Br(g)?
By summing the bond enthalpies of bonds broken in the reactants and subtracting the sum of bond
enthalpies of bonds formed in the products, we can estimate the reaction's enthalpy change.

What steps are involved in calculating ΔH for the reaction
using bond enthalpy data?
First, identify all bonds broken and formed during the reaction, then multiply each bond's bond
enthalpy by the number of bonds broken or formed, sum the bonds broken, sum the bonds formed,
and subtract the total bonds formed from bonds broken to estimate ΔH.



Which bonds are broken in ethene (C₂H₄) during this reaction?
The C=C double bond in ethene is broken, and potentially C-H bonds if they are affected, depending
on the reaction pathway, but primarily the pi bond of the C=C double bond is involved.

What bonds are formed in the product C₂H₅Br in this reaction?
The product contains a new C–Br bond and C–H bonds, which are formed as ethene reacts with HBr
to produce bromoethane.

How does the bond enthalpy data help in estimating whether
the reaction is endothermic or exothermic?
If the total energy required to break bonds exceeds the energy released from forming new bonds,
the reaction is endothermic; if vice versa, it is exothermic. Bond enthalpy data allows for this
comparison.

What assumptions are made when estimating ΔH using bond
enthalpy data?
The main assumptions are that bond enthalpies are average values and that the reaction occurs in
the gas phase without significant other energy changes; this provides an approximation rather than
an exact value.

Why is it important to consider the number of each type of
bond broken and formed in the reaction?
Because bond enthalpy calculations depend on the number of bonds broken and formed, accurately
accounting for these ensures a more precise estimate of the overall enthalpy change.

Can bond enthalpy data be used for reactions in solution or
only for gas-phase reactions?
Bond enthalpy data is primarily relevant for gas-phase reactions; for reactions in solution, solvation
effects and other factors may significantly influence the enthalpy change, so estimates based solely
on bond enthalpies are less accurate in solution.

Additional Resources
Utilizing Molar Bond Enthalpy Data to Estimate Reaction Enthalpy for Ethene and
Hydrogen Bromide Reaction

---

Introduction



Understanding the energetic changes associated with chemical reactions is fundamental to the field
of thermodynamics and chemical kinetics. One practical approach used by chemists to estimate the
enthalpy change of a reaction (ΔHₙ) is through the application of bond enthalpy data. Bond
enthalpies, often tabulated as average bond dissociation energies, provide insight into the energy
required to break specific bonds in gaseous molecules. This article focuses on leveraging molar bond
enthalpy data from standard tables to estimate the reaction enthalpy for the transformation:

\[ \text{C}_2\text{H}_4(g) + \text{HBr}(g) \rightarrow \text{C}_2\text{H}_5\text{Br}(g) \]

The reaction involves the addition of hydrogen bromide to ethene, producing ethyl bromide (also
called bromoethane). Estimating ΔHₙ for this process using bond enthalpy data exemplifies the
practical application of thermodynamic principles in organic synthesis and industrial chemistry.

---

Bond Enthalpy and Its Role in Thermochemistry

What Are Bond Enthalpies?

Bond enthalpy, or bond dissociation energy, refers to the average energy needed to break a
particular type of bond in one mole of gaseous molecules, resulting in the formation of neutral atoms
in the gas phase. These values are typically derived from experimental measurements and tabulated
for common bonds such as C–H, C=C, C–Br, and others.

Why Use Bond Enthalpies?

- Approximate estimation: Bond enthalpies provide a convenient way to approximate the overall
enthalpy change of a reaction without performing detailed calorimetric experiments.
- Understanding bond strength: They reflect the relative strength of bonds and help predict reaction
spontaneity and energy profiles.
- Organic reaction analysis: Particularly useful in organic chemistry where reactions often involve
bond-breaking and formation.

Limitations

- Average values: Bond enthalpy values are averages over different molecules, so they may not
precisely reflect specific molecular environments.
- Gaseous phase: Bond energy data are typically derived from gases, thus, the method is most
accurate for gas-phase reactions.
- Neglect of other factors: Factors such as entropy, solvent effects, and molecular interactions are
not considered in bond enthalpy calculations.

---

The Reaction and Its Context

The Chemical Equation

The reaction under consideration is:

\[ \text{C}_2\text{H}_4(g) + \text{HBr}(g) \rightarrow \text{C}_2\text{H}_5\text{Br}(g) \]



This transformation involves an addition reaction where the double bond in ethene reacts with
hydrogen bromide to form ethyl bromide. It is a typical electrophilic addition reaction common in
organic synthesis.

Significance of the Reaction

- Industrial relevance: Ethyl bromide is used as an intermediate in organic synthesis and in
pharmaceuticals.
- Reaction mechanism: Understanding the energetics helps optimize conditions and predict reaction
outcomes.

---

Step-by-Step Estimation of Reaction Enthalpy Using Bond Enthalpies

The estimation process involves three core steps:

1. Identify bonds broken in the reactants.
2. Identify bonds formed in the products.
3. Calculate the difference between the total bond energies of bonds broken and bonds formed.

Mathematically expressed as:

\[
\Delta H_{reaction} \approx \sum \text{Bond energies of bonds broken} - \sum \text{Bond energies
of bonds formed}
\]

---

Step 1: Analyzing Bonds in Reactants

Ethene (C₂H₄):

- Structure: A double bond between two carbon atoms with two hydrogens attached to each carbon.
- Bonds involved:
- 1 C=C double bond
- 4 C–H single bonds

Hydrogen bromide (HBr):

- Bonds involved:
- 1 H–Br single bond

Step 2: Analyzing Bonds in the Product

Ethyl bromide (C₂H₅Br):

- Structure: An ethyl group (C₂H₅) bonded to bromine.
- Bonds involved:
- 1 C–Br bond



- 5 C–H bonds
- The carbon skeleton now has single bonds only.

Step 3: Identifying Bonds Broken and Formed

Bonds broken (reactants):

- C=C double bond in ethene
- 4 C–H bonds in ethene
- H–Br bond in hydrogen bromide

Bonds formed (product):

- C–C single bond (if applicable, depending on the specific formation)
- C–Br bond
- 5 C–H bonds (from ethyl group)

Note: Since the overall addition transforms the double bond into single bonds and incorporates
bromine, the key bonds involved are:

- Breaking: C=C, C–H (twice per carbon), H–Br
- Forming: C–Br, new C–H bonds (if any rearrangement occurs)

---

Estimating ΔHₙ Using Bond Enthalpy Data

Typical Bond Enthalpy Values (Approximate Averages):

| Bond Type | Approximate Bond Enthalpy (kJ/mol) |
|--------------|-----------------------------------|
| C–H | 412 |
| C=C (double bond) | 614 |
| C–C (single bond) | 348 |
| C–Br | 276 |
| H–Br | 368 |

Note: These values are standard averages; actual experimental values may vary slightly.

---

Calculation

Bonds Broken:

- 1 C=C double bond: 614 kJ/mol
- 4 C–H bonds in ethene: 4 × 412 = 1648 kJ/mol
- 1 H–Br bond: 368 kJ/mol

Total energy to break bonds:



\[
E_{break} = 614 + 1648 + 368 = 2,630 \text{ kJ/mol}
\]

Bonds Formed:

- 1 C–Br bond: 276 kJ/mol
- 5 C–H bonds in ethyl group: 5 × 412 = 2,060 kJ/mol
- (No new C=C bonds are formed; the double bond converts into single bonds)

Total energy to form bonds:

\[
E_{form} = 276 + 2,060 = 2,336 \text{ kJ/mol}
\]

Estimated Reaction Enthalpy (ΔHₙ):

\[
\Delta H_{reaction} \approx E_{break} - E_{form} = 2,630 - 2,336 = 294 \text{ kJ/mol}
\]

Since the energy to break bonds exceeds the energy released upon forming new bonds, the reaction
is estimated to be endothermic with an approximate enthalpy change of +294 kJ/mol.

---

Interpretation and Critical Analysis

The estimated positive ΔH indicates that the reaction requires an input of energy to proceed under
typical conditions. This aligns with the understanding that addition reactions involving double bonds
often release energy (exothermic), but the specific bond energies involved here suggest a net energy
input is necessary.

However, it is essential to recognize the limitations inherent in this estimation:

- Average bond enthalpies are used, which do not account for the specific molecular environment.
- The calculation assumes all bonds are in the gas phase and ignores entropy changes and solvent
effects.
- The actual reaction enthalpy could differ due to reaction pathway energetics, steric factors, and
catalytic influences.

Despite these limitations, such estimations provide valuable insights into thermodynamic tendencies
and help guide experimental conditions.

---

Broader Implications and Applications

Educational Utility



Estimating reaction enthalpies using bond enthalpy data serves as an excellent pedagogical tool in
organic chemistry and thermodynamics, bridging theoretical concepts with practical calculations.

Industrial Relevance

In chemical manufacturing, such estimations inform process optimization, safety assessments, and
energy balance calculations, especially when experimental data are unavailable.

Research and Development

Researchers can use bond enthalpy-based estimations to screen potential reaction pathways, predict
reaction feasibility, and design novel synthetic routes with energy considerations in mind.

---

Conclusion

The use of molar bond enthalpy data to estimate the enthalpy change of the reaction between ethene
and hydrogen bromide exemplifies a fundamental approach in thermochemistry. While approximate,
these calculations provide valuable insights into the energetic profile of chemical transformations.
Recognizing the assumptions and limitations involved, chemists can refine such estimates with
experimental data or computational methods for more precise thermodynamic analysis. Ultimately,
bond energy considerations remain a cornerstone in understanding and predicting chemical
behaviors, guiding both educational endeavors and industrial applications.

---
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