Chem 116 POGIL Worksheet - Week 2
Gas Laws - Part 2

Why?

The fundamental relationship PV = nRT can be extended to understand the densities of gases
under various conditions and to understand how non-reacting gases behave when mixed
together. This and all of the behaviors represented by PV = nRT can be understood on the basis
of a model called the Kinetic Molecular Theory.

Learning Objectives

*  Understand the relationships between gas parameters and gas density

*  Understand how molecular weight is related to the parameters of a gas

*  Understand Dalton’s Law and the concept of partial pressures in a gas mixture

*  Understand the fundamental tenants of Kinetic Molecular Theory

»  Understand the relationship between Kinetic Molecular Theory and Graham’s Law of
Effusion

Success Criteria

*  Be able to calculate density of a gas from pressure, temperature, and molar mass data
*  Be able to calculate molar mass of a gas from P, V, T, and sample mass data

*  Be able to carry out partial pressure calculations

*  Be able to calculate molecular velocities and kinetic energies of gases

* Beable to apply Graham’s Law to predict rates of effusion and molar masses of gases

Prerequisite
Have read Chapter 10

Useful Constants
R =0.08206 L-atm/K-mol K=°C+273.15

Information (Gas Densities)

From PV = nRT we can see that if two gas samples have the same pressure, volume, and
temperature, they must have the same number of moles. This is Avogadro’s hypothesis. But if
the two gases are chemically different, the masses of the samples will be different. This means
that their densities must be different, too. Recall that density is mass per volume, so if the
volumes are the same the densities are proportional to the molecular masses of the gases. From
your book or the lecture you may have seen that density of a gas can be calculated from the
equation,

d=M

RT

where M is the molar mass. But it is unnecessary to memorize this equation. Just calculate the

volume of one mole of the gas from V = nRT/P, and then divide the result into the known molar
mass.



Key Questions

1. Taking a breath of He(g) makes your voice sound like Mickey Mouse. Taking a breath of
SF(g) makes your voice sound like Darth Vader. Explain the difference.

2. What is the density of methane gas (m.w. = 16.04 u) at 3.00 atm when the temperature is 32
°C?

Information (Calculating Molar Mass from Gas Data)

From your book or the lectures you may have seen the following equation for calculating the
molar mass of a sample gas from P, V, T data:

_ mRT
PV

where m is the sample’s mass in grams. As with the special equation for density, it is not
necessary to memorize this equation. With P, V, T data for a gas sample whose mass is known,
simply calculate the number of moles, n, for the sample. The molar mass, then, is the sample
mass divided by the number of moles. Don’t waste your time memorizing these useless special
equations! All you need is PV = nRT .

Key Question

3. A 1.365-g sample of a pure, unknown gas in a 1.000-L vessel at 22.15 °C has a pressure of
965.4 torr. What is the molar mass of the gas?

Information (Partial Pressures and Dalton’s Law)

In a mixture of gases, each gas behaves as if it alone occupied the entire volume. Therefore, we
can assign a pressure to each gas in a mixture, called its partial pressure, p,. Dalton's Law sates
that the total pressure of a gas mixture is the sum of the partial pressures of all its component
gases; i.e.,

Po=p,tp,t...+p, = Zp

For a mixture in a fixed volume at constant temperature, by PV = nRT the total pressure is
proportional to the total number of moles of all the gases, n,. Likewise, the partial pressure from
an individual gas in the mixture, say gas A, is proportional to its number of moles, n,. If we
define the mole fraction of A as y,_ n,/n,, then from the proportionality between moles and
pressures it follows that y,_ pJ/p,. We can write a similar expression for every component gas in
the mixture, so

Yt yst..=2x=1

In other words, the sum of all the mole fractions, which can be calculated from either the moles
or pressures, adds up to one.



Key Questions

4. A mixture containing 0.226 mol He, 0.342 mol Ne, and 0.128 mol Ar is confined in a 4.00-
L vessel at 25 °C.
1.  What is the total pressure of the gas?
ii.  What are the mole fractions of all the gases in the mixture?
iii. What is the partial pressure of each gas in the mixture?
iv. What is the sum of the partial pressures. How does it compare to the total pressure you
calculated in part i. Explain any difference.

Information (Collecting a Gas Over Water)

Sometimes in the laboratory we collect a gas by displacement of water from an inverted water-
filled bottle.
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A sample collected in this way contains the gas of interest and water vapor; i.e., it is a gas
mixture. When the collected gas expels all the water from the bottle, the sample's pressure is the
same as the atmospheric pressure in the laboratory. Therefore, the total pressure of the sample is

Pt = pgas + pwv = Patm

To determine the partial pressure of the gas, the vapor pressure of water at the temperature of the
sample must be subtracted from the observed total pressure, P, = P,,,. Values of vapor pressure
of water at various temperatures are tabulated in standard chemical handbooks.

Key Question

5. A 97.6-mL sample of hydrogen gas is collected by water displacement at 20.0 °C. The
atmospheric pressure in the laboratory is measured to be 769.5 torr. How many milligrams

of hydrogen does the sample contain? The tabulated value of the vapor pressure of water at
20.0 °C is 17.5 torr.



Information (Kinetic Molecular Theory)

The observed behavior of gases, as expressed by the empirical gas laws, can be understood on
the basis of the kinetic molecular theory, which developed over many years up to 1857, when
Rudolf Clausius (1822-1888) published it in its most complete and elegant form. This theory is
based on the following assumed model of the nature of a gas sample.

*  No attractive forces exist between gas molecules.

*  Molecules' volumes are negligible compared to the volume of the gas sample as a
whole.

*  Gas molecules are in constant, rapid, straight-line motion.

*  Collisions between molecules or the container walls are elastic; i.e., no loss of kinetic
energy or momentum.

*  QGas pressure arises from molecules striking the walls of the container.
*  The average kinetic energy is proportional to the absolute temperature.

From these considerations, it can be shown that for one mole of ideal gas, the root-mean-

squared velocity, V., 1S
_ | 3RT
Vims = M

where R =8.3143 J/K'mol (gas constant in joules)
T = temperature in kelvin (K)
M = molar mass in kg-mol

rms>

Because kinetic energy is proportional to velocity squared, the average kinetic energy of the
population of molecules is proportional to the average of the squares of all the individual

velocities; i.e., V.. 2. For a mole of ideal gas, the mean Kinetic energy, K, is

s [
M

K = 3RT
2

ms

2

or

Note that this indicates that the mean kinetic energy of the gas molecules is only proportional to
absolute temperature, and has nothing to do with the identity of the gas molecules. Key
Questions



6. Two gas tanks have the same volume. One containing N,(Q) at 25 °C has a pressure 25 atm.
The other containing CO, at 0 °C has a pressure of 50 atm.
1. Which vessel has more molecules of gas?
ii. In which tank is the root-mean-squared (rms) velocity of molecules higher?
iii. In which tank is the average kinetic energy of the molecules higher?

Information (Graham’s Law of Effusion)

Effusion is the escape of a gas from a pinhole leak (an orifice) in a container. The rate of escape
is related to the speed of the molecules — faster molecules move more quickly and slower
molecules move more slowly. As we have seen from the kinetic molecular theory, the rms
velocity is directly proportional to the square root of the absolute temperature and inversely
proportional to the square root of the molar mass. If we compare the escape of two different
gases from identical apparatus under constant temperature and pressure conditions, their relative
rates of effusion will be inversely proportional to the square root of the ratio of their molar
masses:

Key Question

7. 1f3.62 mL of an unknown gas effuses in the same time it takes 6.91 mL of argon (at. wt. =
39.95 u) from identical apparatus, what is the molar mass of the unknown gas?



