how to find delta h in chemistry

how to find delta h in chemistry is a fundamental concept in thermodynamics
that describes the change in enthalpy during a chemical reaction or physical
process. Understanding how to calculate delta H is crucial for chemists and
students alike, as it provides insights into the energy changes associated
with reactions, which in turn affects reaction spontaneity, equilibrium, and
thermodynamic stability. This article will explore the definition of delta H,
methods for calculating it, and its significance in various chemical
processes. Additionally, we will discuss practical applications and examples
to solidify the understanding of this important thermodynamic quantity.
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Understanding Delta H

Delta H, represented as AH, refers to the change in enthalpy of a system.
Enthalpy itself is a thermodynamic quantity defined as the total heat content
of a system, which takes into account both internal energy and the energy
required to make room for the system by displacing its environment. In
chemical reactions, NAH indicates whether a reaction absorbs heat
(endothermic) or releases heat (exothermic). The sign of AH is critical: a
positive AH indicates an endothermic process, while a negative AH signifies
an exothermic process.

Enthalpy changes are often measured under constant pressure, which is a
common condition for many chemical reactions. The formula used to express the
change in enthalpy is:

AH = H(products) - H{(reactants)

This equation shows that AH is the difference between the enthalpy of the
products and the reactants. Understanding this concept is vital for
predicting the energy dynamics of chemical reactions and processes.



Methods to Calculate Delta H

There are several methods to calculate delta H, which include using
experimental data, applying Hess's Law, and utilizing standard enthalpy
values. Each approach provides a different perspective on how to find delta H
based on the nature of the reaction and the available information.

Experimental Measurement

One of the most direct ways to find delta H is through calorimetry, where the
heat exchanged in a reaction is measured. A calorimeter is used to determine

the temperature change of a known mass of water or other substances involved

in the reaction. The basic steps to follow include:

1. Conduct the reaction in a calorimeter.
2. Measure the initial and final temperatures of the calorimeter.

3. Calculate the heat absorbed or released using the formula: Q = mcAT,
where m is the mass, ¢ is the specific heat capacity, and AT is the
change in temperature.

4. Convert the heat exchanged to enthalpy change if necessary, considering
the number of moles involved.

Using Hess’'s Law

Hess's Law states that the total enthalpy change for a reaction is the sum of
the enthalpy changes for each step of the reaction, regardless of the pathway
taken. This principle allows chemists to calculate AH for reactions that are
difficult to measure directly by using known enthalpy changes from other
reactions. The steps include:

e Tdentify a series of reactions that lead to the desired overall
reaction.

e Use known AH values for these reactions.

e Sum the AH values, adjusting for the stoichiometry of the reactions as
needed.

This method is particularly useful for complex reactions where direct
measurement may be impractical.



Thermochemical Equations

Thermochemical equations provide a way to express the heat changes associated
with chemical reactions. These equations include the states of matter and the
MAH value, often placed on the right side of the equation. For example:

2 Hy(g) + 0,(g) - 2 H,O(l) + AH = -572 kJ

This equation indicates that 572 kJ of energy is released when 2 moles of
hydrogen gas react with 1 mole of oxygen gas to form 2 moles of liquid water.
Thermochemical equations must be balanced and include physical states, as
these factors influence the enthalpy change.

Standard Enthalpy Changes

Standard enthalpy changes, denoted as AH°f for formation and AH°r for
reactions, refer to the enthalpy change measured under standard conditions (1
atm pressure and typically 25°C). These values are tabulated and can be used
for various calculations to find AH for reactions. The standard enthalpy of
formation of a compound is the change in enthalpy when one mole of the
compound is formed from its elements in their standard states.

To calculate AH®° for a reaction using standard enthalpies of formation, the
formula is:

NH® = YNAH°f (products) - LAH®°f (reactants)

This equation emphasizes the summation of the standard enthalpy values of
products and reactants, which is essential in thermodynamic calculations.

Applications of Delta H

Delta H has wide-ranging applications in chemistry, biology, engineering, and
environmental science. Understanding the enthalpy changes associated with
chemical reactions helps in areas such as:

Predicting reaction feasibility and spontaneity.

Designing chemical processes in industrial applications.

Understanding biological processes like respiration and photosynthesis.

e Assessing energy efficiency in various systems.

Each application relies on accurate calculations of AH to inform decision-
making and improve efficiency.



Examples of Delta H Calculations

To further illustrate the methods of calculating delta H, consider the
combustion of methane as an example. The thermochemical equation for this
reaction is:

CH,(g) + 2 0,(g) » CO,(g) + 2 H,0(l) + DH = -890 kJ

This indicates that the combustion of one mole of methane releases 890 kJ of
energy. To calculate AH for the combustion of 2 moles of methane, one would
simply double the wvalue:

ANH = -890 kJ x 2 = -1780 kJ

This example demonstrates how to apply the principles of thermochemical
equations and standard enthalpy changes in practical calculations.

Conclusion

Understanding how to find delta H in chemistry is essential for grasping the
energy dynamics of chemical reactions. By utilizing methods such as
experimental measurement, Hess's Law, and standard enthalpy changes, chemists
can accurately calculate enthalpy changes and apply this knowledge in various
fields. The significance of delta H extends beyond theoretical chemistry,
influencing practical applications in industry, biology, and environmental
science. Mastery of this concept empowers students and professionals to make
informed decisions based on energy considerations in chemical processes.

Q: What does a positive delta H indicate?

A: A positive delta H indicates that the reaction is endothermic, meaning it
absorbs heat from the surroundings during the process.

Q: How can delta H be measured experimentally?

A: Delta H can be measured experimentally using calorimetry, where the
temperature change of a known mass of water or another substance is recorded
during a reaction.

Q: What is Hess's Law?

A: Hess's Law states that the total enthalpy change for a reaction is the sum
of the enthalpy changes for each step of the reaction, regardless of the
pathway taken, allowing for indirect calculation of AH.



Q: What is the significance of standard enthalpy of
formation?

A: The standard enthalpy of formation is significant as it provides a
reference point for calculating the enthalpy changes of reactions involving
compounds formed from their elements in standard states.

Q: How 1is delta H used in predicting reaction
spontaneity?
A: Delta H is used in conjunction with entropy changes (AS) to determine the

Gibbs free energy change (AG), which helps predict whether a reaction is
spontaneous under given conditions.

Q: Can delta H be negative in endothermic reactions?

A: No, delta H cannot be negative in endothermic reactions; it will always be
positive, indicating heat is absorbed from the surroundings.

Q: What are the units of delta H?

A: The units of delta H are typically expressed in kilojoules per mole
(kJ/mol), indicating the energy change per mole of reactant or product
involved in the reaction.

Q: How do you calculate delta H using bond energies?

A: To calculate delta H using bond energies, you subtract the total energy of
bonds broken in the reactants from the total energy of bonds formed in the
products: AH = % (bonds broken) - Z(bonds formed).

Q: Why is it important to include physical states
when writing thermochemical equations?

A: It is important to include physical states because the enthalpy change
depends on the states of the substances involved (solid, liquid, gas), which
influence the energy content.

Q: What role does delta H play in biological
processes®?
A: Delta H plays a crucial role in biological processes by helping to

understand energy transfers during metabolic reactions, such as respiration
and photosynthesis, which are vital for life.
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