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7.3: Exothermic and Endothermic Reactions

&b Learning Objectives

o Use bond dissociation energies to calculate enthalpy change or heat of reaction.
e Determine if a chemical process is exothermic or endothermic.

Endothermic and Exothermic Reactions

Endothermic and exothermic reactions can be thought of as having energy as either a reactant of the reaction or a product.
Endothermic reactions require energy, so energy is a reactant. Heat flows from the surroundings to the system (reaction mixture)
and the enthalpy of the system increases (AH is positive). As discussed in the previous section, heat is released (considered a
product) in an exothermic reaction, and the enthalpy of the system decreases (A H is negative).

In the course of an endothermic process, the system gains heat from the surroundings and so the temperature of the surroundings
decreases (gets cold). A chemical reaction is exothermic if heat is released by the system into the surroundings. Because the
surroundings is gaining heat from the system, the temperature of the surroundings increases. See Figure 7.3.1.
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Figure 7.3.1: (A) Endothermic reaction. (B) Exothermic reaction.

Endothermic Reaction: When 1 mol of calcium carbonate decomposes into 1 mol of calcium oxide and 1 mol of carbon dioxide,
177.8 kJ of heat is absorbed. Because the heat is absorbed by the system, the 177.8 kJ is written as a reactant. The AH is positive
for an endothermic reaction.

Heat is a reactant

g
CaCO; (s) + 177.8 kJ — Ca0 (s) + CO, (g)

CaCO;, (s) = CaO(s)+CO,(g9) AH=-+177.8kJ (7.3.1)

Exothermic Reaction: When methane gas is combusted, heat is released, making the reaction exothermic. Specifically, the
combustion of 1 mol of methane releases 890.4 kilojoules of heat energy. This information can be shown as part of the balanced
equation in two ways. First, the amount of heat released can be written in the product side of the reaction. Another way is to write
the AH information with a negative sign, —890.4 kJ.

Heat is a product

y
CH, (g) + 20, (g) — CO, (2) + 2H,0 (1) + 890.4 kJ

CH, (9)+20, (9) — CO, (9) +2H,0(I) AH =—890.4kJ (7.3.2)

v/ Example 7.3.1

Is each chemical reaction exothermic or endothermic?

a. CHy(g) + 20,(g) ~ CO,(g) + 2H,0(£) + 213 keal
b. Ny(g) + Oy(g) + 45 kcal — 2NO(g)

Solution
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a. Because energy (213 kcal) is a product, energy is given off by the reaction. Therefore, this reaction is exothermic.
b. Because energy (45 kcal) is a reactant, energy is absorbed by the reaction. Therefore, this reaction is endothermic.

? Exercise 7.3.1

Is each chemical reaction exothermic or endothermic?

a. Hy(g) + Fo(g) — 2HF (g) + 130 kcal
b. 2C(s) + Hy(g) + 5.3 kecal —» C,H»(g)

Answer

a. The energy (130 kcal) is produced, hence the reaction is exothermic

b. The energy (5.3 kcal) is supplied or absorbed to react, hence, the reaction is

endothermic

Energy Diagrams

Endothermic and exothermic reactions can be visually represented by energy-level diagrams like the ones in Figure 7.3.2. In
endothermic reactions, the reactants have higher bond energy (stronger bonds) than the products. Strong bonds have lower
potential energy than weak bonds. Hence, the energy of the reactants is lower than that of the products. This type of reaction is
represented by an "uphill" energy-level diagram shown in Figure 7.3.2A For an endothermic chemical reaction to proceed, the
reactants must absorb energy from their environment to be converted to products.

In an exothermic reaction, the bonds in the product have higher bond energy (stronger bonds) than the reactants. In other words, the
energy of the products is lower than the energy of the reactants, hence is energetically downhill, shown in Figure 7.3.2 B Energy is
given off as reactants are converted to products. The energy given off is usually in the form of heat (although a few reactions give
off energy as light). In the course of an exothermic reaction, heat flows from the system to its surroundings, and thus, gets warm.
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Figure 7.3.2A: Endothermic Reactions Figure 7.3.2B: Exothermic Reactions
Table 7.3.1: Endothermic and Exothermic Reactions
Endothermic Reactions Exothermic Reactions
Heat is absorbed by reactants to form products. Heat is released.
Heat is absorbed from the surroundings; as a result, the Heat is released by the reaction to surroundings; surroundings feel
surroundings get cold. hot.
AH,,, is positive AH,,, is negative
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Endothermic Reactions Exothermic Reactions
The bonds broken in the reactants are stronger than the bonds The bonds formed in the products are stronger than the bonds
formed in the products. broken in the reactants.
The reactants are lower in energy than the products. The products are lower in energy than the reactants.
Represented by an "uphill" energy diagram. Represented by an "downhill" energy diagram

Concept Review Exercises
1. What is the connection between energy and chemical bonds?
2. Why does energy change during the course of a chemical reaction?
3. Two different reactions are performed in two identical test tubes. In reaction A, the test tube becomes very warm as the reaction
occurs. In reaction B, the test tube becomes cold. Which reaction is endothermic and which is exothermic? Explain.
4. Classify "burning paper" as endothermic or exothermic processes.

Answers
1. Chemical bonds have a certain energy that is dependent on the elements in the bond and the number of bonds between the
atoms.
2. Energy changes because bonds rearrange to make new bonds with different energies.
3. Reaction A is exothermic because heat is leaving the system making the test tube feel hot. Reaction B is endothermic because
heat is being absorbed by the system making the test tube feel cold.
4. "Burning paper" is exothermic because burning (also known as combustion) releases heat

Key Takeaways

e Atoms are held together by a certain amount of energy called bond energy.

o Energy is required to break bonds. Energy is released when chemical bonds are formed because atoms become more stable.
o Chemical processes are labeled as exothermic or endothermic based on whether they give off or absorb energy, respectively.

7.3: Exothermic and Endothermic Reactions is shared under a CC BY-NC-SA 3.0 license and was authored, remixed, and/or curated by
LibreTexts.
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