


Temperature

When working with gases, we almost always do our calculations in
Kelvins, not in degrees Celsius. Thus, you should definitely
memorize the following:

Kelvins = degrees Celsius + 273



As you likely know, both solids and liquids
have distinct volumes. Liquids’ shapes
conform to that of their containers.

Although gases also conform to the shapes
of their containers, gases do NOT have
distinct volumes. Instead, gas molecules
typically spread out to fill whatever container
they are placed in. Thus, their volumes can
change considerably. Furthermore, gases
can be compressed or expanded to occupy
much larger or much smaller volumes.
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Volume

For example, the volume (size) of a balloon is
caused by gas molecules pressing, colliding, or
hitting against the walls of the balloon. This is also
true of all expandable containers that are filled with

gases.

The S.I. unit for volume is liters. You should
definitely memorize the following:

1cm® = 1mL




1cm® = 1mL

A cubic centimeter is also called a “cc’,
which is the unit typically used to convey the
volume size of a motorcycle’s engine.

By Rich Niewiroski Jr. - http://www.projectrich.com/gallery, CC BY 2.5,
https://lcommons.wikimedia.org/w/index.php?curid=1452479



Pressure

As | mentioned a moment ago, gases are much more compressible than liquids or
solids. In other words, if you impose pressure on a gas, you can decrease its volume
and place it in a much smaller container.

Pressure = Force/Area
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To increase the pressure, you can either increase the force, or decrease the
area.

Pressure = Force/Area

"Q Pressure

By A.Spielhoff - Own work, CC BY-SA 3.0
https://commons.wikimedia.org/w/index.php?curid=30872330



Pressure Units

| finish this section by telling you that you should definitely memorize the
following:

1atm = 760 torr = 760 mmHg






Using a Hg Manometer

We often measure a gas’s pressure by using a mercury
(Hg) manometer.

mercury (Hg) manometer



Using a Hg Manometer

We often measure a gas’s pressure by using a mercury
(Hg) manometer.

If the pressure of the gas and the
atmosphere are equal (1 atm), then the =——9>
Hg height will be the same in both tubes.

mercury (Hg) manometer



Using a Hg Manometer

We often measure a gas’s pressure by using a mercury
(Hg) manometer.

1 atm

If the pressure of the unknown gas is greater than the

atmosphere’s, then the gas will push down the tube of
mercury.

We can use this information to help us identify the gas.

mercury (Hg) manometer



Using a Hg Manometer

Say the unknown gas pushes down the tube of mercury by 40mm. What is the
pressure of the gas?

The change in height is equal to 40mm, and if we're using mercury, we also know
760 mmHg = 1 atm. So the pressure of the gas is equal to whatever atmospheric
pressure is, in this example 760 mmHg, plus the extra 40mm, so the pressure of the
unknown gas is 800 mmHg






What is an Ildeal Gas?

An ideal gas is a theoretical gas whose behavior can be perfectly
predicted by the ideal-gas law (which I'll explain in a later video).

In real life, most gases behave pretty much like an ideal gas (they
behave “ideally”) within a certain range of temperatures and pressures.
Gases begin to behave non-ideally under extreme temperatures and
pressures.

In order for a gas to behave ideally (that is, like an ideal gas), there are
three things that it must do. We call these the three "assumptions™ of an
ideal gas.



Ideal Gas Assumptions

These assumptions simplify gases’ real-life behaviors in order to make easier predictions
about them. In other words, we assume that:

1.  Gas particles’ volumes are insignificant compared to the massive space between them.
2. Gas particles experience zero intermolecular forces with each other and their containers.
3. Gas particles are always in continuous, random motion

4. Gas molecules’ collisions with each other are perfectly elastic, so there is zero loss or
gain of kinetic energy when they collide with each other.

5. The average kinetic energy (E,) of a gas depends only on the system’s temperature.



1.  Gas particles’ volumes are insignificant compared to the massive space between them.

Exam Tip: This assumption is most accurate at LOW pressures.




Exam Tip: This assumption is most accurate at high
temperatures and for gases with weak intermolecular forces

2. Gas particles experience zero intermolecular forces with each other and their containers.



Recap

These assumptions simplify gases’ real-life behaviors in order to make easier predictions
about them. In other words, we assume that:

1.  Gas particles’ volumes are insignificant compared to the massive space between them.
2. Gas particles experience zero intermolecular forces with each other and their containers.
3. Gas particles are always in continuous, random motion

4. Gas molecules’ collisions with each other are perfectly elastic, so there is zero loss or
gain of kinetic energy when they collide with each other.

5. The average kinetic energy (E,) of a gas depends only on the system’s temperature.






Boyle’s Law

Imagine that you have a balloon filled with gas molecules. Those gas
molecules will, of course, exert a pressure against the walls of the

balloon.

Now, imagine that the volume of the
balloon suddenly decreases.




Boyle’s Law

Imagine that you have a balloon filled with gas molecules. Those gas
molecules will, of course, exert a pressure against the walls of the

balloon.

Now, imagine that the volume of the
balloon suddenly decreases.

What will happen to the pressure inside
the balloon?




Boyle’s Law

It's going to increase! We see, then, that as long as everything else
remains constant:

v «fp




Boyle’s Law

It's going to increase! We see, then, that as long as everything else
remains constant:

1
Ve 3

This is called Boyle’s Law.




Charles’ Law

Charles’ Law states that as long as everything else remains constant,
volume (V) is directly proportional to temperature (T):




Avogadro’s Law

Avogadro’s Law states that as long as everything else remains
constant, volume (V) is directly proportional to the number of gas moles

(n):




Combined Gas Law

The Combined Gas Law puts pressure (P), volume (V), temperature (T),
and number of moles (n) together:

PV, P,V,
n,T, n,T,

If we change P, V, n, or T, this law lets us
calculate what the new P, V, n, or T will be.




ldeal Gas Law

If we know all but one of the following: P, V, n, or T, then the Ideal Gas Law
enables us to calculate the one that we don’t know.

PV = nRT

Where P is the gas’s pressure, Vis the gas’s volume, n is the number of moles of
the gas, T is the gas’s temperature, and R is the ideal gas constant.

The accuracy of the ideal gas law increases as a gas behaves more “ideally.”
Gases behave more ‘“ideally” at high temperatures and low pressure. Gases
behave less ideally under extreme temperatures or pressures.



Things You Should Memorize

e Ideal gas constant: R = 0.0821 L-atm/mol-K

You should definitely memorize these units! In any ideal gas question,
you will want to make sure to convert to these units (L-atm/mol-K).

e STP stands for “Standard Temperature and Pressure.” STP is 0°
Celsius (273 K) and 1 atm (760 mmHg or 760 Torr)

« At STP, 1 mole of anygas =224 L



Question

A flask contains 2.0 mol of He gas at 25°C and 1.00 atm. How much He

gas, in grams, must be added to increase the pressure to 2.00 atm at
constant temperature and volume?

40¢
8.0g
12

16 g
E. 20¢

O o = »



Question

A 0.02 mol sample of an ideal gas in a sealed 1.0 L container was heated
from 27 °C to 227°C. What is the pressure of the gas at this new
temperature?

A. 0.044 atm
B. 0.37 atm
C. 0.40 atm
D. 0.82 atm

E. 1.3 atm



Question

Consider the gaseous reaction

A@ ¥ B@ H AB@

A mixture of 0.04 mole of gas A and 0.1 mole of gas B was allowed to react at 300 K
in a 1 L sealed container. At the end of the reaction, what is the total pressure of the
mixture? (The temperature and volume remain constant during the reaction.)

A. 0.99 atm
B. 1.3 atm
C. 1.5 atm
D. 2.5 atm
E. 3.4 atm






A Gas’s Density

Generally speaking, density is how heavy a certain amount of a
substance is. To be more technical:

.. mass
density = volume
Styrofoam
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A Gas’s Density

A gas’s density is technically the same thing: its mass divided by its
volume. However, with gases, there is another way to calculate density:

P x molar mass
RxT

density =

Where P is the gas’s pressure, R is the ideal gas constant (0.0821
L-atm/mol-K), and T is the gas’s temperature.



A Gas’s Density

A gas’s density is technically the same thing: its mass divided by its
volume. However, with gases, there is another way to calculate density:

P x molar mass
RxT

density =

This equation is helpful if a problem gives you pressure, temperature,
and gas density, and then asks you to identify which gas it is. Here, you

would simply use these values to calculate the molar mass and then
identify the gas.



Dalton’s Law of Partial Pressures

Dalton’s Law of Partial Pressures says that the total pressure inside a
container filled with multiple gases is equal to the sum of all of those
gases’ individual pressures.

Pressure of gas A=1 atm

Pressure of gas B = 0.5 atm

Total Pressure=1+ 0.5+ 0.25
=1.75 atm




Dalton’s Law of Partial Pressures

Dalton’s Law of Partial Pressures says that the total pressure inside a
container filled with multiple gases is equal to the sum of all of those
gases’ individual pressures.




Dalton’s Law of Partial Pressures

Alternatively, you can calculate P,, P, P, etc., as follows:

PA = (XA) X I:,total

Let’'s pretend that %4 (25%) of all the gas moles in this
balloon are gas A. Because of this, the pressure of
gas A (P,) equals: (0.25) x P,




Example Question

You have an expandable container whose total pressure (P, ) is 100

atm. Contributing to that system are the following gases, with ?he given
numbers of moles (n):

°*Nn,,= 5 mol Total moles =5+ 10 + 15 = 30 moles
* N —10mol %C02=15/30=50%
o n =15 mol
What is the partial pressure of CO, (P_,,)?
Pcoz = mole fraction x P

total
= 0.50 x 100 atm = 50 atm



Graham’s Law of Effusion

When gases escape through a narrow slit, the lighter gases (gases with

lower _molecular_weights) escape (or “effuse” more quickly. Heavier

gases (gases with higher molecular weights) effuse more slowly. This is
called Graham’s Law of Effusion.

If a balloon is filled with O, and He, which gas will effuse first?



PERIODIC TABLE OF THE ELEMENTS

M.W. of He = 4.0 g/mol
M.W. of O, = 32.0 g/mol
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Graham’s Law of Effusion

When gases escape through a narrow slit, the lighter gases (gases with

lower _molecular_weights) escape (or “effuse” more quickly. Heavier

gases (gases with higher molecular weights) effuse more slowly. This is
called Graham’s Law of Effusion.

If a balloon is filled with O, and He, which gas will effuse first?

The lighter one! (The one with the lower molecular weight) He



Graham’s Law of Effusion
(Takeaways)

 Both gases (in this case, O, and He) have the same average kinetic
energy. Recall average kinetic energy depends only on temperature.
both gases are at the same temperature, then they have the same
kinetic energy.

 In order to have the same average kinetic energy, the lighter
molecules have to move faster.

Kinetic energy = %2 mass x (velocity)?



Graham’s Law of Effusion

Mathematically, Graham’s Law is:

effusion rate of gas 1 \/ molecular weight 2

effusion rate of gas 2 molecular weight 1



Graham’s Law of Effusion

Gas A has a molar mass of 50 g/mol and Gas B has a molar mass of 2
g/mol. Which gas escapes faster and how much faster does it effuse
than the other gas at the same temperature?



