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10.5: Measuring AE for Chemical Reactions- Constant-Volume Calorimetry

Constant-pressure calorimeters are not very well suited for studying reactions in which one or more of the reactants is a gas, such
as a combustion reaction. The enthalpy changes that accompany combustion reactions are therefore measured using a constant-
volume calorimeter, such as the bomb calorimeter(A device used to measure energy changes in chemical processes. shown
schematically in Figure 10.5.1). The reactant is placed in a steel cup inside a steel vessel with a fixed volume (the “bomb”). The
bomb is then sealed, filled with excess oxygen gas, and placed inside an insulated container that holds a known amount of water.
Because combustion reactions are exothermic, the temperature of the bath and the calorimeter increases during combustion. If the
heat capacity of the bomb and the mass of water are known, the heat released can be calculated.
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Figure 10.5.1: A Bomb Calorimeter. After the temperature of the water in the insulated container has reached a constant value, the
combustion reaction is initiated by passing an electric current through a wire embedded in the sample. Because this calorimeter
operates at constant volume, the heat released is not precisely the same as the enthalpy change for the reaction.
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Because the volume of the system (the inside of the bomb) is fixed, the combustion reaction occurs under conditions in which the
volume, but not the pressure, is constant. The heat released by a reaction carried out at constant volume is identical to the change in
internal energy (AE) rather than the enthalpy change (AH); AE is related to AH by an expression that depends on the change in the
number of moles of gas during the reaction. The difference between the heat flow measured at constant volume and the enthalpy
change is usually quite small, however (on the order of a few percent). Assuming that AE < AH, the relationship between the
measured temperature change and AHcomp is given in Equation 10.5.1, where Cpomp is the total heat capacity of the steel bomb and
the water surrounding it:

AHcomp < Qcomb = Qcalorimater = CrompAT (1051)

To measure the heat capacity of the calorimeter, we first burn a carefully weighed mass of a standard compound whose enthalpy of
combustion is accurately known. Benzoic acid (CgHsCO;H) is often used for this purpose because it is a crystalline solid that can
be obtained in high purity. The combustion of benzoic acid in a bomb calorimeter releases 26.38 kJ of heat per gram (i.e., its
AHcomp = —26.38 kJ/g). This value and the measured increase in temperature of the calorimeter can be used in Equation 777 to
determine Cpomp. The use of a bomb calorimeter to measure the AHcomp 0f a substance is illustrated in Example 10.5.4

Example 10.5.4: Combustion of Glucose

The combustion of 0.579 g of benzoic acid in a bomb calorimeter caused a 2.08°C increase in the temperature of the
calorimeter. The chamber was then emptied and recharged with 1.732 g of glucose and excess oxygen. Ignition of the glucose
resulted in a temperature increase of 3.64°C. What is the AH;, of glucose?
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Given: mass and AT for combustion of standard and sample

Asked for: AH_,;, of glucose

Strategy:

A. Calculate the value of g;x, for benzoic acid by multiplying the mass of benzoic acid by its AHcomp. Then use Equation
ref5.5.9to determine the heat capacity of the calorimeter (Cpomp) from qeomp and AT.

B. Calculate the amount of heat released during the combustion of glucose by multiplying the heat capacity of the bomb by the
temperature change. Determine the AH¢omp, of glucose by multiplying the amount of heat released per gram by the molar
mass of glucose.

Solution:
The first step is to use Equation 10.5.1 and the information obtained from the combustion of benzoic acid to calculate Cy g,
We are given AT, and we can calculate g, from the mass of benzoic acid:

qeomb = (0.579 5?) (—26.38 kJ/ g,) — 15.3 kJ (10.5.2)
From Equation 10.5.1,
o Gcomb o —15.3 kJ o o
—~Cbomb = deomb — S22 — 734 kJ/°C (10.5.3)

B According to the strategy, we can now use the heat capacity of the bomb to calculate the amount of heat released during the
combustion of glucose:

Geomb = —Cromp AT = (=7.34 kJ/°C) (3.64 °C) = —26.7 kJ (10.5.4)
Because the combustion of 1.732 g of glucose released 26.7 kJ of energy, the AH_, of glucose is
—26.7 kJ | (180.16 g
AH omp = 7 _ —2780 kJ/mol =2.78 x 10* kJ/mol (10.5.5)
1.732 g mol

This result is in good agreement (< 1% error) with the value of AHcomp = —2803 kJ/mol that calculated using enthalpies of
formation.

Exercise 10.5.4: Combustion of Benzoic Acid

When 2.123 g of benzoic acid is ignited in a bomb calorimeter, a temperature increase of 4.75°C is observed. When 1.932 g of
methylhydrazine (CH3;NHNH,) is ignited in the same calorimeter, the temperature increase is 4.64°C. Calculate the AH_, of
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Methylhydrazine

Answer
-1.30 x 10 kJ/mol
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