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Introduction to Born-Haber Cycle and Its
Significance

The Born-Haber cycle is a vital thermodynamic tool used in inorganic
chemistry to analyze and calculate the lattice enthalpy (or lattice energy)
of ionic compounds. It provides a systematic method to understand the energy
changes involved in the formation of an ionic solid from its constituent
elements in their standard states. Specifically, for compounds like sodium
iodide (NaI), the Born-Haber cycle helps chemists determine the lattice
energy, which is a measure of the strength of the ionic bonds within the
crystal lattice.

Understanding the lattice energy is crucial because it influences the
compound's stability, solubility, melting point, and overall chemical
behavior. The cycle integrates various enthalpic steps, including ionization,
electron affinity, sublimation, and bond dissociation energies, to give a
comprehensive picture of the formation process.

In this article, we will draw a detailed Born-Haber cycle for NaI, utilizing
the provided lattice energy of +684 kJ/mol, and then proceed to calculate the
standard enthalpy of formation (AHf) for NaI. This approach not only
clarifies the thermodynamic principles involved but also demonstrates
practical applications for students and professionals working in physical and
inorganic chemistry.

Understanding the Components of the Born-Haber
Cycle for NaI

Before constructing the cycle, it’s essential to identify all thermodynamic
steps involved in the formation of Nal from its elements:

1. Sublimation of Sodium (Na): Converting solid sodium to gaseous atoms.

2. TIonization of Sodium (Na): Removing an electron from gaseous sodium atoms
to form Na® ions.

3. Dissociation of Iodine (I,): Breaking the diatomic iodine molecule into
individual iodine atoms.

4. Electron Affinity of Iodine (I): Gaining an electron to form I ~ ions.

5. Formation of Ionic Lattice (NaI): Combining Na® and I~ ions to form the
solid ionic lattice, which releases the lattice energy (given as +684



kJ/mol) .
Let's define the thermodynamic quantities associated with these steps:

— Sublimation energy of Na (AH_sub): The energy required to convert solid Na
into gaseous atoms.

— Ionization energy of Na (IE): The energy to remove one electron from
gaseous Na.

- Bond dissociation energy of I, (D): Energy needed to split I, into two I
atoms.

— Electron affinity of I (EA): Energy released when I gains an electron to
form I .

- Lattice energy (U): The energy released when gaseous Na® and I~ ions come
together to form the solid lattice.

Constructing the Born-Haber Cycle for Nal

The cycle connects the elements in their standard states through a series of
energetic steps, summing to the overall enthalpy change of formation (AHf) of
Nal.

Step-by—-step process:

1. Start with the elements in their standard states:

— Sodium in solid form (Na(s))

- Todine in diatomic form (I, (g))

2. Sublimate solid sodium to gaseous atoms:
- Na(s) - Na(g); energy = AH_sub

3. Ionize gaseous sodium to Na':
- Na(g) - Na'(g) + e ; energy = IE

4. Dissociate iodine molecules into atoms:
- I,(g) - 2 I(g); energy =D

5. Gain an electron to form iodide ion:
- I(g) + e - I (g); energy = EA

6. Form the ionic lattice:
- Na'(g) + I (g) - NaI(s); energy = -U (lattice energy, negative because
energy is released)

Note: The overall formation reaction from elements is:

Na(s) + 1/2 I,(g) - NaI(s)

Drawing the Born-Haber Cycle Diagram

While a visual diagram is ideal, here is a textual representation of the



cycle:

- Starting point: Elements in standard states
— Step 1: Sublimate Na(s) - Na(qg)
- Step 2: Ionize Na(g) - Na'(g) + e~
- Step 3: Dissociate I,(g) - 2 I(g)
- Step 4: Electron affinity: I(g) + e - I (g)

- Step 5: Combine Na®(g) and I (g) to form NalI(s), releasing lattice energy

The total enthalpy change (AHf) for the formation of Nal can be expressed as:
AHf = AH_sub + IE + (1/2)D + EA - U
Where:

- NHf: Enthalpy of formation of NaIl
- U: Lattice energy (given as +684 kJ/mol)

Calculating the Enthalpy of Formation (AHf) of
NaI

Given the data:

- Lattice energy, U = +684 kJ/mol (note: in many contexts, lattice energy is
considered as a negative value because energy is released upon formation;
here, the positive sign indicates the magnitude, so the actual energy
released is -684 kJ/mol)

— To accurately calculate AHf, we need the following known or approximate
values:

| Parameter | Typical Value (kJ/mol) | Description |

|~ | e | |

| AH_sub (sublimation of Na) | 107 | Energy to convert Na(s) to Na(g) |

| IE (ionization energy of Na) | 496 | Energy to ionize Na(g) to Na®(g) |
| D (dissociation energy of I,) | 149 | Energy to dissociate I, into 2 I
atoms |

| EA (electron affinity of I) | 295 | Energy released when I(g) gains an
electron |

Note: These values are approximate and can vary slightly depending on source.

Step-by-Step Calculation of AHf

Using the above wvalues, the enthalpy of formation is:
NMHf = AH_sub + IE + (1/2)D + EA - U
Plugging in the numbers:

MAHEf = 107 + 496 + (1/2) (149) + 295 - 684



Calculate each term:

- (1/2)D = 149/2 = 74.5
— Sum of steps before subtracting lattice energy:

107 + 496 + 74.5 + 295 = 107 + 496 + 74.5 + 295 = 107 + 496 = 603; 603 + 74.5
= 677.5; 677.5 + 295 = 972.5

Now, subtract the lattice energy:
AHf = 972.5 - 684 = 288.5 kJ/mol

Since lattice energy is typically considered as an energy released (negative
value), the calculation should be:

AHf = (107 + 496 + 74.5 + 295) - 684

= 972.5 - 684 = +288.5 kJ/mol

Interpreting the Results

The calculated enthalpy of formation (AHf) for Nal is approximately +288.5
kJ/mol based on the provided data and typical thermodynamic values.

Key points:

— The positive value indicates that the formation of NalI from its elements is
endothermic under standard conditions.

- Actual experimental AHf values for Nal are around -56 kJ/mol, indicating
that the approximate values and assumptions used here might not perfectly
match experimental data, but the methodology is wvalid.

— The discrepancy highlights the importance of accurate thermodynamic data
and the consideration of all factors in real calculations.

Factors Affecting the Accuracy of the Born-
Haber Cycle Calculation

While the process outlined provides a clear methodology, several factors
influence the precision of the results:

- Exact values of ionization energy and electron affinity: These can vary
slightly depending on sources.

- State of elements: Standard states are assumed; any deviation affects
energy calculations.

— Temperature effects: The values are typically at 298 K; different
temperatures can alter enthalpy wvalues.

— Assumptions in dissociation energy: The bond dissociation energy for I, is
an average value; actual energy may vary.



Applications of Born-Haber Cycle in Chemistry

The Born-Haber cycle is instrumental in various areas of chemistry,
including:

— Predicting lattice energies: Essential for understanding compound
stability.

— Designing new materials: Helps in estimating the stability of novel ionic
compounds.

— Understanding solubility and melting points: Since lattice energy
influences these properties.

— Educational purposes: A foundational concept in inorganic and physical
chemistry curricula.

Conclusion

Constructing a

Frequently Asked Questions

What is a Born-Haber cycle and how is it used to
determine the enthalpy of formation of NaI?

A Born-Haber cycle is a thermodynamic diagram that illustrates the steps
involved in forming an ionic compound from its constituent elements. It uses
Hess's law to relate lattice energy, ionization enerqgy, electron affinity,
and other enthalpies to calculate the enthalpy of formation (AHf) of NaI by
summing the energy changes involved in each step.

What data is needed to draw the Born-Haber cycle for
NaI besides lattice energy?

To draw the Born-Haber cycle for Nal, you need ionization energy of sodium,
electron affinity of iodine, sublimation energy of sodium, bond dissociation
energy of iodine molecules, and the enthalpy of atomization of iodine, in
addition to the lattice energy.

How do you interpret the given lattice energy of +684
kJ/mol for Nal in the Born-Haber cycle?

The positive lattice energy value indicates the energy required to separate
one mole of Nal solid into its gaseous ions, or more accurately, it reflects

the energy released when gaseous Nat+ and I- ions form the solid lattice. In
calculations, it is used as a negative value to represent energy release.

How do you convert the lattice energy wvalue into the



appropriate sign for the Born-Haber cycle
calculations?

Since lattice energy is the energy released during the formation of the ionic
lattice, it is considered negative in the cycle. Therefore, if given as +684
kJ/mol, you use it as —-684 kJ/mol in calculations to reflect energy release
during lattice formation.

What is the step-by-step process to calculate the
enthalpy of formation (AHf) of NaI using the Born-
Haber cycle?

The process involves: (1) Sublimate Na(s) to Na(g), (2) Ionize Na(g) to
Na+(g), (3) Atomize I2(g) to I(g), (4) Add electron affinity of I(g) to form
I-(g), (5) Combine Na+(g) and I-(g) to form NaI(s) lattice. The sum of all
these enthalpy changes, including the lattice energy, gives AHf of Nal.

Given the lattice energy of +684 kJ/mol, how would
you proceed to calculate AHf for NaI?

First, convert the lattice energy to -684 kJ/mol. Then, add or subtract the
ionization energy of Na, electron affinity of iodine, and other relevant
energies according to the Born-Haber cycle steps. Summing these values will
yield the enthalpy of formation AHf for Nal.

What are common sources of error when drawing the
Born-Haber cycle and calculating AHf for NaI?

Errors can arise from inaccurate or approximate thermodynamic data,
neglecting phase differences or experimental conditions, assuming ideal
behavior, or misapplying signs and magnitudes of energies. Precise values and
consistency in units are essential for accurate calculations.

Additional Resources

Born-Haber Cycle for Nal and Enthalpy of Formation Calculation: An Expert
Breakdown

The Born-Haber cycle is a fundamental thermodynamic tool that allows chemists
to understand and quantify the various energy changes involved in the
formation of an ionic compound from its constituent elements. In this
article, we will explore the detailed steps involved in constructing the
Born-Haber cycle for sodium iodide (NaIl), elucidate each component, and
ultimately calculate its enthalpy of formation (AHf). We will also analyze
the significance of the provided lattice energy value of +684 kJ/mol and
interpret how it integrates into the overall cycle.

Understanding the Born-Haber Cycle: Foundations



and Significance

The Born-Haber cycle is an energy cycle that combines different thermodynamic
steps to determine the lattice energy of an ionic compound indirectly. It
leverages Hess's Law, which states that the total enthalpy change for a
reaction is independent of the pathway taken, provided initial and final
states are the same.

Why Use the Born-Haber Cycle?

Direct measurement of lattice energy—the energy released or absorbed when
gaseous ions combine to form an ionic solid—is challenging. Instead, the
cycle allows us to calculate this quantity indirectly using measurable or
tabulated data such as ionization energies, electron affinities, sublimation
energies, and bond dissociation energies.

Basic Components of the Cycle:

1. Sublimation energy of the metal (Na): Energy required to convert solid
sodium into gaseous atoms.

2. Ionization energy (IE) of Na: Energy needed to remove an electron from
gaseous Na atom to form Na“'.

3. Bond dissociation energy (D) of I,: Energy to break iodine molecules into
iodine atoms.

4. Electron affinity (EA) of I: Energy released when iodine atoms gain
electrons to form I .

5. Lattice energy (U): Energy released when gaseous Na®' and I~ ions come
together to form the solid NalI lattice.

Step-by-Step Construction of the Born-Haber
Cycle for NaI

Let’s break down each component involved in the formation of NaI from its
elements in their standard states (Na(s) and I, (g)).

1. Sublimation of Sodium (Na(s))

In its standard state, sodium exists as a solid metal. To form gaseous Na
atoms necessary for ionic bonding, we must provide sublimation energy:

\[ \text{Na(s)} \rightarrow \text{Na(g)} \]

Sublimation energy (AH_sub): Typically around +107 kJ/mol for Na.

This step requires energy input, as it involves overcoming metallic bonding.
2. Ionization of Sodium

Next, gaseous Na atoms are ionized to form Na':

\[ \text{Na(g)} \rightarrow \text{Na}~{+}(g) + e™{-} \]

Ionization energy (IE): The energy needed to remove one electron from Na(g).
For Na, IE =~ +496 kJ/mol.



This process is endothermic, requiring energy input.
3. Preparation of Iodine Atoms

Todine exists as diatomic molecules (I,). To form I~ ions, iodine must be
dissociated into atoms:

\[ \text{I}_2(g) \rightarrow 2 \text{I}(g) \]

Bond dissociation energy (D): Approximately +149 kJ/mol for breaking one I-I
bond. Since one I, molecule yields two I atoms, the energy per atom is 149/2
~ +74.5 kJ/mol.

This step consumes energy to break the covalent bond.

4. Electron Affinity of Iodine

Iodine atoms gain electrons to form I :

N[ \text{I}(g) + e”—- \rightarrow \text{I}"-(g) \]

Electron affinity (EA): Approximately -295 kJ/mol (the negative sign
indicates energy release).

This step releases energy, stabilizing the ions.

5. Formation of the Ionic Solid (NalIl)

Finally, gaseous Na' and I~ combine to form the ionic lattice:

N[ \text{Na}l"{+}(g) + \text{I}"{-}(g) \rightarrow \text{NaI (s)} \]

Lattice energy (U): Given as +684 kJ/mol in the problem statement.

Note: The positive value indicates energy released (in thermodynamic tables,

lattice energy is often assigned a negative sign because it is exothermic).
For consistency, we will treat it as an energy released of -684 kJ/mol.

Constructing the Complete Born-Haber Cycle

Now, we combine all these steps to derive the enthalpy of formation (AHf) of
Nal:

\ [
\text{Na(s)} + \frac{1}{2} \text{I}_2(g) \rightarrow \text{NalI(s)}
\1

The overall enthalpy change (AHf) can be expressed as:

\ [
\Delta H_f = \text{Sum of all steps} = \text{Sublimation} + \text{Ionization}
+ \text{Bond dissociation} + \text{Electron affinity} + \text{Lattice energy}
\]

Expressed mathematically:



\ [

\boxed{

\Delta H_f = \Delta H_{sub} + IE + \frac{l1l}{2} D + EA + U
}

\]

Where:

- AH sub = +107 kJ/mol

- IE = +496 kJ/mol

- D = +149 kJ/mol (per I, molecule, so per atom: +74.5 kJ/mol)
- EA = -295 kJ/mol

- U = -684 kJ/mol

3. Calculating the Enthalpy of Formation

Plugging in the wvalues:

\
\Delta H_f = 107 + 496 + 74.5 - 295 - 684

\1]
Performing the calculations step-by-step:
— Sum of positive terms:

\
107 + 496 + 74.5 = 677.5 \text{ kJ/mol}

\1]
- Sum of negative terms:

\ [
-295 - 684 = -979 \text{ kJ/mol}
\1

- Final AHf:

\ [
\Delta H_ f = 677.5 - 979 = -301.5 \text{ kJ/mol}

\]
Result:

\ [

\boxed{

\Delta H_f \approx -302 \text{ kJ/mol}
I3

\1

This negative value indicates that the formation of Nal from its elements is
exothermic, releasing approximately 302 kJ/mol of energy.

Implications and Significance of the Calculated



AHE

The calculated enthalpy of formation provides valuable insight into the
stability of NaI. An exothermic AHf signifies a thermodynamically favorable
formation process, which aligns with the known stability of sodium iodide.
The magnitude (~-302 kJ/mol) is consistent with typical ionic compounds,
reflecting strong ionic bonds stabilized by lattice energy.

Comparison with Experimental Data:

Literature values for AHf of Nal are typically around -287 kJ/mol, which
shows our calculation slightly overestimates the exothermicity but remains
within reasonable bounds considering the approximations in tabulated
energies.

Critical Evaluation of the Lattice Energy Value

The given lattice energy of +684 kJ/mol (interpreted as -684 kJ/mol in the
cycle) plays a pivotal role. Lattice energy reflects the strength of the
ionic bonds:

— A higher magnitude indicates stronger ionic interactions.
— It directly influences the stability and melting point of the compound.

In our calculation, the lattice energy's substantial magnitude offsets the
endothermic steps, resulting in an overall exothermic formation.

Conclusion: The Power of the Born-Haber Cycle

Constructing a Born-Haber cycle for Nal illuminates the intricate interplay
of various thermodynamic processes that culminate in the formation of an
ionic compound. By systematically accounting for sublimation, ionization,
bond dissociation, electron affinity, and lattice energy, chemists can
accurately estimate the enthalpy of formation, a key thermodynamic property.

The calculated AHf of approximately -302 kJ/mol confirms that Nal formation
is thermodynamically favorable, supported by the significant lattice energy
and electron affinity. This approach exemplifies the elegance of
thermodynamic cycles in bridging measurable atomic and molecular energies
with the macroscopic stability of ionic solids.

In summary:

— The Born-Haber cycle provides a comprehensive framework for understanding
ionic compound formation.

— Accurate energy data for each step are essential for reliable calculations.
— The lattice energy greatly influences the overall stability and energetics
of ionic compounds like Nal.

This detailed analysis not only reinforces the fundamental principles of
thermodynamics but also exemplifies their practical application in inorganic



chemistry, fostering a deeper understanding of ionic bonding and stability.

Note: The actual lattice energy for Nal is often reported as negative in
thermodynamic tables, indicating energy released during formation. Here, the
value was provided as +684 kJ/mol, so care was taken to interpret it
correctly within the cycle.
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