how to calculate delta h in chemistry

how to calculate delta h in chemistry is a fundamental concept that every chemistry student
should master. Delta H, or the change in enthalpy, is a measure of the heat content of a system
during a chemical reaction or a physical process. Understanding how to calculate delta H is crucial
for predicting whether a reaction will occur spontaneously and for determining the energy changes
that accompany reactions. This article will provide a detailed overview of delta H, including its
significance, various methods of calculation, and examples to illustrate the concepts. By the end,
readers will have a comprehensive understanding of how to calculate delta H in chemistry, including
using Hess's Law, standard enthalpy changes, and calorimetry.
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Introduction to Delta H

Delta H (AH) is a thermodynamic quantity that represents the heat content of a system at constant
pressure. It plays a vital role in understanding the energy changes that occur during chemical
reactions. The value of AH can be positive or negative, indicating whether the reaction absorbs heat
(endothermic) or releases heat (exothermic). Accurately calculating AH is essential for chemists to
predict reaction behavior, design chemical processes, and understand the energy requirements for
reactions.

This section will delve into the concept of enthalpy, the different states of matter, and how they
relate to delta H. Understanding these foundational principles is crucial for mastering the
calculation of delta H.

Understanding Enthalpy

Enthalpy (H) is a thermodynamic property that reflects the total heat content of a system. It is
defined as the sum of the internal energy (U) of the system plus the product of pressure (P) and



volume (V). Mathematically, it can be expressed as:
H=U+PV

When a chemical reaction occurs, the change in enthalpy (AH) can be calculated to understand how
much heat is either absorbed or released. This change is particularly important in chemical
thermodynamics, where it can be used to determine the feasibility of reactions and the energy
changes involved.

Types of Enthalpy Changes

There are several types of enthalpy changes that chemists must consider:

e Enthalpy of Reaction (AH,.,.;,): The heat change associated with a chemical reaction.

e Enthalpy of Formation (AH,): The heat change when one mole of a compound is formed
from its elements in their standard states.

e Enthalpy of Combustion (AH,,,,): The heat change when one mole of a substance is burned
in excess oxygen.

 Enthalpy of Vaporization (AH,,,): The heat required to convert one mole of a liquid into

vapor at constant temperature and pressure.

Methods for Calculating Delta H

Calculating AH can be accomplished through various methods, each suitable for different contexts.
The most common methods include Hess's Law, using standard enthalpy values, and calorimetry.

Using Hess's Law

Hess's Law states that the total enthalpy change for a reaction is the same, regardless of the number
of steps taken to complete the reaction. This allows chemists to calculate AH for reactions that may
be difficult to measure directly by using known enthalpy changes from other reactions.

To use Hess's Law:

1. Identify the target reaction for which you want to calculate AH.

2. Find reactions with known AH values that can be added together (or manipulated) to yield the
target reaction.

3. Sum the AH values of these reactions, taking care to adjust their signs if the reactions are
reversed.



Using Standard Enthalpy Values

The standard enthalpy change of a reaction can also be calculated using the standard enthalpy of
formation values for the reactants and products. The formula used is:

AHreaction = Z AI_If (products) ~ Z AHf (reactants)
Where:

e AH; is the standard enthalpy of formation.

e Y indicates the sum over all products and reactants.

Hess's Law and its Application

Hess's Law is a powerful tool in thermochemistry, allowing for the calculation of AH in complex
reactions. A practical example of its application can be illustrated through the combustion of carbon

to form carbon dioxide.

For instance, consider the following reactions:

e 1. C(s) + 0,(g) = CO,(g) AH, = -393.5 k]
e 2.C(s) + 1/2 0,(g) - CO(g) AH, = -110.5 k]

« 3.CO(g) + 1/2 0,(g) = CO,(g) AH, = -283 k]

By rearranging these reactions and applying Hess's Law, one can determine the desired AH for the
overall combustion reaction.

Standard Enthalpy of Formation

The standard enthalpy of formation is a crucial concept in thermodynamics. It is defined as the
change in enthalpy when one mole of a compound is formed from its elements in their standard
states. The standard state is typically 1 atm pressure and a specified temperature, usually 25°C.

To calculate AH using standard enthalpy of formation, follow these steps:

1. List all reactants and products in their standard states.
2. Find the standard enthalpy of formation values for each substance.

3. Apply the formula mentioned previously to compute AH for the reaction.



Calorimetry and Delta H

Calorimetry is an experimental technique used to measure the heat exchange during a chemical
reaction or physical change. A calorimeter is an instrument that provides a controlled environment
to observe these changes accurately.

To calculate AH using calorimetry, one typically follows these steps:

1. Measure the temperature change (AT) of the calorimeter during the reaction.

2. Calculate the heat absorbed or released using the formula q = mcAT, where:

o q = heat absorbed/released
o m = mass of the substance
o ¢ = specific heat capacity

o AT = change in temperature

3. Convert this heat to moles if necessary to find AH.

Practical Examples of Delta H Calculations

To solidify understanding, let’s consider a practical example. If we want to find the AH for the
reaction:

C(s) + 0,(g) = CO,(g)

We can use standard enthalpy values:

e AH; (CO,) = -393.5 kJ/mol

¢ AH; (C) and AH; (O,) = 0 (elements in their standard state)

Applying the formula:
AH = Z AI_]:f(products) - Z AI_:{f(reactants)
AH =-393.5k] - (0 + 0) = -393.5 k]

This indicates the reaction releases 393.5 kJ of energy, confirming it is an exothermic reaction.

Conclusion

Understanding how to calculate delta H in chemistry is essential for anyone studying the subject.



Through the various methods outlined, including Hess's Law, the standard enthalpy of formation,
and calorimetry, one can accurately determine the energy changes associated with chemical
reactions. Mastery of these concepts not only aids in academic understanding but also has practical
applications in fields such as environmental science, engineering, and pharmaceuticals. As energy
considerations continue to play a pivotal role in scientific advancements, the ability to calculate delta
H remains a fundamental skill in the toolbox of chemists.

Q: What is delta H in chemistry?

A: Delta H (AH) represents the change in enthalpy of a system during a chemical reaction or
physical process, indicating the heat absorbed or released under constant pressure.

Q: How do you determine if a reaction is exothermic or
endothermic using delta H?

A: If AH is negative, the reaction is exothermic, meaning it releases heat. If AH is positive, the
reaction is endothermic, meaning it absorbs heat from the surroundings.

Q: Can delta H be calculated for reactions that occur in
multiple steps?

A: Yes, using Hess's Law, the total AH for a reaction can be calculated by summing the AH values of
individual steps, regardless of the pathway taken.

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

A: The standard enthalpy of formation allows chemists to calculate the AH of reactions from the
enthalpy of the reactants and products, providing a standardized method for measuring reaction
enthalpy changes.

Q: How does calorimetry work in measuring delta H?

A: Calorimetry involves measuring the temperature change of a system during a reaction. By
knowing the specific heat capacity and mass, the heat absorbed or released can be calculated, which
can then be converted to AH.

Q: What units are used for delta H?

A: Delta H is typically expressed in kilojoules per mole (kJ/mol), indicating the amount of energy
change per mole of reactant or product in a reaction.



Q: Is it possible to measure delta H directly?

A: While AH can be measured directly in some cases using calorimetry, it is often calculated using
known values from literature, especially for complex reactions.

Q: How does temperature affect delta H calculations?

A: Delta H values can vary with temperature, as enthalpy is dependent on the specific conditions of
the reaction. Standard enthalpy values are typically tabulated at a standard temperature, usually
25°C.

Q: Why is it important to understand delta H in chemical
reactions?

A: Understanding delta H helps predict reaction spontaneity, design chemical processes, and assess
energy efficiency, which is crucial in both academic research and industrial applications.
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