BID: Kinetic Energy (average speed) of molecules

The Big Idea
The kinetic energy of an ideal gas (and/or its molecules) is directly proportional to the absolute temperature of
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the gas. (K, = 3/,kgT) From this, average (rms) speed can be found. (v, =
L

More details
Boltzmann’s constant (kg) is simply the Universal Gas Constant (R) divided by Avogadro’s number. It sort of
acts as “R” for single molecules. If the problem involves a mole (or moles) of gas rather than molecules, simply
use R instead of Boltzmann’s constant.

How to recognize it
You will be given the temperature of a gas (in °C or K). For a speed of molecules problem, you’ll also be told
what type of molecule, so you can determine the molecular mass. The problem will either ask you for the
average kinetic energy of a gas or the rms average speed of the molecules in a gas.

How to tackle it
Basically just “plug and chug” using the two formulae listed above.

Pitfalls to watch for
1) Temperature must be in kelvins!!
2) For molecular mass, you need to find the mass in amu and then multiply that by 1.67x10 %" kg.
3) When finding the average speed of the molecules for a mixed gas, you need to find the speeds separately for
each type of molecule.

Example problems
1) What is the average kinetic energy of molecules in a gas at 75 °C?

Solution:
Ky =/ kT
=1.5-1.381073JK - 348 K
=72036x10%"J

= [r20x107

2) What is the average molecular speed of carbon dioxide molecules at 37 °C?

Solution:

_ [3-138x1077J/ K-310K
44167107 kg

17465977



