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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: PRESSURE UNITS
● The SI Unit for Pressure is the ______________ (Pa) named after the French mathematician Blaise Pascal.

Pressure
Application

Pressure Formula

Gases are a collection of molecules that move
in random directions in straight lines.

Pressure is the force that a gas exerts on
the wall of its container.

Pressure =

F = ________ in SI Unit of Newton (N).
A = ________ in SI Unit of m2.

EXAMPLE: What happens to the pressure if the same amount of gas molecules is transferred from a 5.0 L container
to a 10.0 L container?
a) It will increase

b) It will decrease

c) No change will be observed

d) Not enough information

Pressure Unit Conversions
● Additional non SI units for pressure used by most chemists are ________, ________, or ________ .
□ These units for pressure have their own pressure value, which can be related to one another.

Pressure Units
Unit Name

Pressure Value

Atmosphere (atm)

______________

Millimeters of Mercury (mmHg)

______________

Torr

______________

Unit Name

Pressure Value

Pascal (Pa)

______________

Kilopascal (kPa)

______________

Bar

______________

Pounds per square inch (Psi)

______________

EXAMPLE: The pressure in Denver, Colorado (elevation 5280 ft), averages about 24.9 inHg. Convert this pressure into
mmHg and atm.
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: THE IDEAL GAS LAW
● The Ideal Gas Law formula relates the behavior of gases under varying conditions of ____, ____, ____, & ____.

Ideal Gas Law
Ideal Gas Law Formula

P = Pressure of the gas in ______.
V = Volume of the gas in ______.

PV = nRT

n = Amount of the gas in ______.
R = Gas constant of all gases in ______.
T = Temperature of the gas in ______.

EXAMPLE: A 500 mL container at a pressure of 600 mmHg possesses 29.3 g nitrogen gas at 50 ºC. Determine the
correct units needed for the Ideal Gas Law.

R Constant
● The gas constant R can have two different values depending on the situation.
□ R = 0.08206 when using atm in the Ideal Gas Law Formula.
□ R = 8.314 when we deal with _____________, _____________, or _____________.
□ The conversion factor between both R values is 1 Latm = ____________ J.

Gas Constant
When using atm

L atm
mol K

Conversion Factor

When using J

J
mol K

EXAMPLE: How many moles of NH3 are contained in a 25.0 L tank at 190 ºC and 5.20 atm?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: THE IDEAL GAS LAW
PRACTICE: How many grams of carbon dioxide, CO2, are present in a 0.150 L flask recorded at 525 mmHg and 32 ºC?

PRACTICE: How many liters of HNO3 gas, measured at 28.0 ºC and 780 torr, are required to prepare 2.30 L of 4.15 M
solution of nitric acid?

PRACTICE: When 0.670 g argon is added to a 500 cm3 container with a sample of oxygen gas, the total pressure of the
gases is found to be 1.52 atm at a temperature of 340 K. What is the mass of the oxygen gas in the bulb?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: THE IDEAL GAS LAW DERIVATIONS
● By rearranging The Ideal Gas Law we can derive new equations connected to ______ , ______, ______ or ______ .
□ These derivations are required when we have variables with 2 sets of different values.

EXAMPLE: A sample of sulfur hexachloride gas occupies 8.30 L at 202 ºC. Assuming that the pressure remains
constant, what temperature (in ºC) is needed to decrease the volume to 5.25 L?

STEP 1: Begin by writing out the Ideal Gas Law Formula.

STEP 2: Circle the variables in the Ideal Gas Law Formula that have two sets of different values.
STEP 3: Cross out the variables in the Ideal Gas Law Formula that are not discussed or are remaining the same.
□ Since the R constant will be the same value we can always ignore it.
STEP 4: Algebraically move all the circled variables to the left side of the Ideal Gas Law Formula.
STEP 5: Make these circled variables equal to the second set of identical variables in order to derive a new formula.
□ If temperature is involved in the calculation, it must be in the SI unit of _______________.
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: THE IDEAL GAS LAW DERIVATIONS
PRACTICE: A sample of nitrogen dioxide gas at 130 ºC and 315 torr occupies a volume of 500 mL. What will the gas
pressure be if the volume is reduced to 320 mL at 130 ºC?

PRACTICE: A cylinder with a movable piston contains 0.615 moles of gas and has a volume of 295 mL. What will its
volume be if 0.103 moles of gas escaped?

PRACTICE: On most spray cans it is advised to never expose them to fire. A spray can is used until all that remains is the
propellant gas, which has a pressure of 1350 torr at 25 ºC. If the can is then thrown into a fire at 455 ºC, what will be the
pressure (in torr) in the can?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: THE IDEAL GAS LAW APPLICATIONS
● By rearranging The Ideal Gas Law we can establish direct and inverse relationships between its variables.

Ideal Gas Law Applications
Ideal Gas Law Formula

Variables Chart

Variable Relationships

PV = nRT

P & V = _________ proportional.

P V n T
__
__

P & n = _________ proportional.

P
V

P & T = _________ proportional.
V & n = _________ proportional.
V & T = _________ proportional.

EXAMPLE: If the number of moles (n) inside a container were tripled while keeping the pressure (P) constant, what
will happen to the volume (V)?
a) It will remain the same

b) It will be cut by a third

c) It will triple

d) It will double

PRACTICE: The relationship between the partial pressure of a gas (P) and the number of moles of that gas (n) is best
represented by which of the following graphs?

a)

b)

c)

d)
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CHEMISTRY - CLUTCH
CH.5 - GASES

CONCEPT: CHEMISTRY GAS LAWS
● Chemistry Gas Laws are laws that relate together the pressure, volume and temperature of a gas.
□ The Ideal Gas Law can be used to determine them.

Chemistry Gas Laws
Ideal Gas Law

Variable Relationships

PV = nRT

Be Great At Chemistry
B = Boyle's Law = _____ & _____ variables
G = Gay Lussac's Law = _____ & _____ variables
A = Avogadro's Law = _____ & _____ variables
C = Charles' Law = _____ & _____ variables

● Boyle’s Law: states that V and P are _________________ proportional at constant n and T.
□ Named after Robert Boyle, illustrates how the volume of a container is greatly affected by pressure changes.

Boyle's Law
Variables

Volume–Pressure Relationship

V

∝

V vs. P Plot

[n and T are fixed]

V

____ = Initial Pressure

(L)

Volume

_______

_______

Pressure _______

_______

Adjusted Formula

____ = Initial Volume

P

(mmHg)

____ = Final Pressure
____ = Final Volume

● Gay-Lussac’s Law (Amonton’s Law): states that P and T are ________ proportional at constant n and V.
□ As temperature

gas particles collide with the walls more rapidly, which _______ the pressure.

□ All Gas Law calculations must use the SI unit for temperature in _____________.

Gay–Lussac's Law
Pressure–Temperature Relationship

P

∝

Variables

P vs. T Plot

[n and V are fixed]

Adjusted Formula

P
(mmHg)

T
Temperature _______

_______

Pressure _______

_______

(ºC or K)

____ = Initial Pressure
____ = Initial Temperature
____ = Final Pressure
____ = Final Temperature
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CHEMISTRY - CLUTCH
CH.5 - GASES

CONCEPT: CHEMISTRY GAS LAWS
● Avogadro’s Law: states that V and n are _____________ proportional at constant P and T.
□ Named after Amedeo Avogadro, shows volumes of gases are connected to their number of molecules.

Avogadro's Law
Variables

Volume–moles Relationship

V

∝

V vs. n Plot

Adjusted Formula

V

[P and T are fixed]

(L)

Volume

_______

_______

moles

_______

_______

____ = Initial moles

n

____ = Initial Volume

(mol)

____ = Final moles
____ = Final Volume

● Charles’s Law: states that V and T are _______________ proportional at constant n and P.
□ Named after Jacques Charles, illustrates how the volume of a container is greatly affected by temperature.

Charles' Law
Volume–Temperature Relationship

V

∝

Variables

V vs. T Plot

Adjusted Formula

[n and P are fixed]

V

____ = Initial Volume

(L)

Volume _______

_______

Temperature _______

_______

____ = Initial Temperature

T

____ = Final Volume

(ºC or K)

____ = Final Temperature

EXAMPLE: A 10.0 L cylinder with a movable piston contains 10.0 g of xenon gas. When an additional 10.0 g of xenon
gas are added the volume increases. Which Chemistry Gas Law can be used to justify this result?
a) Charles’s Law

b) Avogadro’s Law

c) Gay-Lussac’s Law

d) Boyle’s Law
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CHEMISTRY - CLUTCH
CH.5 - GASES

CONCEPT: CHEMISTRY GAS LAWS
PRACTICE: A 10.0 L cylinder with a movable piston exerts 3.00 atm of pressure. What will happen to the pressure if the
volume of the container increases to 20.0 L?
a) It will double

b) It will decrease by half

c) It will increase slightly

d) No change

PRACTICE: A sealed container with a movable piston contains a gas with a pressure of 1380 torr, a volume of 820 mL and
a temperature of 31°C. What would the volume be if the new pressure is now 2.83 atm, while the temperature decreased to
25°C?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: CHEMISTRY GAS LAWS: COMBINED GAS LAW
● The Combined Gas Law: created from “combining” Boyle’s Law, Charles’ Law, and Gay–Lussac’s Law.
□ Highlights the relationships between the variables of pressure, volume and temperature.
□ Boyle’s Law: Pressure is _________________ proportional to volume.
□ Charles’ Law: Volume is _________________ proportional to temperature.
□ Gay-Lussac’s Law: Pressure is _________________ proportional to temperature.
Combined Gas Law Derivation
Boyle's Law

Charles' Law

PV = k

V =
k
T

Gay-Lussac's Law

P =
k
T

Combined Gas Law

EXAMPLE: A sample of gas initially has a volume of 900 mL at 520 K and 1.85 atm. What is the pressure of the gas
if the volume decreases to 330 mL while the temperature increases to 770 K?

PRACTICE: A 4.30 L gas has a pressure of 7.0 atm when the temperature is 60.0 ºC. What will be the temperature of the
gas mixture if the volume and pressure are decreased to 2.45 L and 403.0 kPa respectively?

PRACTICE: A sealed container with a movable piston contains a gas with a pressure of 1380 torr, a volume of 820 mL and
a temperature of 31oC. What would the volume be if the new pressure is now 2.83 atm, while the temperature decreased to
25oC?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: MOLE FRACTION
● Mole Fraction (X) represents the mole component divided by ___________ moles.
□ Mole Component: The element or compound whose mole fraction you must determine.

Mole Fraction Formula
Mole Fraction (X) =

EXAMPLE: 25.0 g dichloromethane, CH2Cl2, are dissolved in 125 g H2O, what is the mole fraction of dichloromethane?

STEP 1: Convert all the masses into _____________.
● To avoid rounding errors, make sure the values have at least 4 decimal places

STEP 2: Place the mole component as the numerator of the mole fraction formula.

STEP 3: Determine the total value of all moles added together and place it as the denominator of the mole fraction formula.
□ Your final answer should have no units because mole fraction (X) is a unitless expression.

PRACTICE: A reaction vessel is composed of 20.3 g Cl2, 4.27 g N2 and 10.8 g Ne. Calculate the mole fraction of nitrogen.

Page 12

CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: PARTIAL PRESSURE
● Partial Pressure (PGas) is the pressure exerted by an individual gas within a mixture.
□ In a container of unreacting gases, total pressure of the container is the sum of the partial pressures of each gas.

Law of Partial Pressures
PTotal = PGas___ + PGas___ + PGas___ + ......

EXAMPLE: A sample of neon gas exerts a pressure of 1.85 atm inside a cylinder. Some nitrogen gas is also
present, at a pressure of 500 torr. What is the total pressure inside the cylinder?

Using moles to determine Partial Pressure
● If you assume that the gases behave ideally, then their partial pressures can be calculated from the Ideal Gas Law.

Partial Pressure (Ideal Gas Law)
PGas___=

n__RT
V

EXAMPLE: If 12.0 g helium and 20.0 g oxygen are placed inside a 5.0 L cylinder at 30 ºC, what is the partial
pressure of the helium gas?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: PARTIAL PRESSURE
Dalton’s Law
● Uses Mole Fraction (X) of a gas to calculate its partial pressure.

Dalton's Law

PGas___ = XGas___ PTotal

EXAMPLE: A container has 16.7 g O2, 8.1 g H2 and 35.2 g N2 and contains a total pressure of 0.83 atm. Calculate
the mole fraction of O2 and its partial pressure.

PRACTICE: A sample of 3.51 g argon and an unknown amount of oxygen are mixed in a container at room temperature.
The partial pressure of argon was calculated as 71.0 torr and the partial pressure of oxygen as 188 torr. What is the mass of
the oxygen within the container?

PRACTICE: A gas mixture contains 72.8% chlorine and 27.2% neon by mass. What is the partial pressure of neon in the
mixture if the total pressure is recorded as 809 mmHg?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: THE IDEAL GAS LAW: MOLAR MASS
Molar Mass
● Recall, molar mass represents the mass of a substance divided by the amount of that substance.

Molar Mass

M=

M = Molar Mass of the gas

m
n

m = Mass of the gas in ______.
n = Amount of the gas in ______.

EXAMPLE: Calculate the molar mass of a gas if 2.50 g occupies 0.995 L at 715 torr and 40 ºC.

Ideal Gas Law Derivation
● Besides finding the moles of a gas sample, the Ideal Gas Law can be extended further to find the molar mass of a gas.
Ideal Gas Law Molar Mass (EASY)

Ideal Gas Law Molar Mass (HARD)

Molar mass Formula

Ideal Gas Molar mass Formula

Molar mass Really Tests our Valuable Patience

M = mRT
PV

Ideal Gas Molar mass Formula

M= m
n

PV = nRT

M

PV =

=

Algebraic
Rearrangement

PV
n=

RT
=

M=

EXAMPLE: An unknown gas with mass of 0.1727 g is placed into a 125-mL flask. If its pressure is 0.833 atm at 20.0
ºC, what is the identity of the gas?
a) N2

b) Ar

c) O2

d) Ne

e) CH4
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: THE IDEAL GAS LAW: MOLAR MASS
PRACTICE: To identify a homonuclear diatomic gas, a chemist weighted an evacuated flask with a volume of 3.9 L then
filled it with the gas at a pressure of 2.00 atm and 29.0 ºC. The chemist then re-weighted the flask and recorded the
difference in mass as 8.81 g. Identify the gas.

PRACTICE: What is the molecular formula of a compound that contains 39.0% carbon, 16.0% hydrogen, and 45.0%
nitrogen, if 0.1576 g of the compound occupies 125 mL with a pressure of 0.9820 atm at 295.15 K?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: THE IDEAL GAS LAW: DENSITY
Density
● Recall, density represents the amount of __________ per unit of ______________.

Density Formula

m
d= V

d = density of the gas in ______.
grams
m = Mass of the gas in ______.
V = Volume of the gas in ______.

EXAMPLE: An unknown gas sample has a density of 1.70 g/L. If the sample has a volume 120.0 mL, what is its
mass in grams?

Ideal Gas Law Derivation
● The Ideal Gas Law can be used to determine the density of a gas under certain pressure and temperature conditions.
Ideal Gas Law Density (EASY)

Ideal Gas density Formula

dreams Push Me over Rough Times

Ideal Gas Law Density (HARD)

density Formula

Ideal Gas density Formula

M = mRT

d= m
V

PV

M=

d = PM
RT

Algebraic
Rearrangement

M

=

d=

EXAMPLE: A gaseous compound of nitrogen and hydrogen is found to have a density of 0.977 g/L at 0.69474 atm
and 373.15 K. What is the molecular formula of the compound?
a) N2H4

b) NH3

c) HN3

d) HN

e) N4H8
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: THE IDEAL GAS LAW: DENSITY
PRACTICE: Consider two containers of gases at the same temperature. One has helium at a pressure of 1.00 atm. The
other contains carbon dioxide with the same density as the helium gas. What is the pressure of the carbon dioxide gas
sample?

PRACTICE: Determine the molecular formula of a gaseous compound that is 49.48% carbon, 5.19% hydrogen, 28.85%
nitrogen, and 16.48% oxygen. At 27oC, the density of the gas is 1.5535 g/L and it exerts a pressure of 0.092 atm.
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: GAS STOICHIOMETRY
● Recall, stoichiometry deals with the numerical relationship between compounds in a balanced chemical equation.
□ Gas Stoichiometry deals with stoichiometric calculations of chemical reactions that produce gases.
Gas Stoichiometric Chart
● The chart uses the Given quantity of a compound to determine the Unknown quantity of another compound.
4 Ag (s) + 1 O2 (g)

2 Ag2O (s)

V = 384 mL
P = 736 mmHg
T = 25 ºC

___
? grams

The Jump
____________

Ions , ________
Atoms , ______________
Formula Units ,
______

of Given

Molecules
or ______________
of Unknown
Moles of Given
_________

Moles of Unknown
_________
Grams of Unknown
_________

Grams of Given
_________

Mole to Mole Comparison
Coefficients in the balanced equation.
Use the _______________

EXAMPLE: What mass of Ag2O is produced when 384 mL of oxygen gas at 736 mmHg and 25 ºC is reacted with
excess solid silver?

4 Ag (s)

+ 1 O2 (g)

2 Ag2O (s)

STEP 1: Map out the portion of the stoichiometric chart you will use.
STEP 2: Convert the given quantity into moles of given.

STEP 3: Do a mole to mole comparison to convert moles of given into moles of unknown.

STEP 4: If necessary, convert the moles of unknown into the final desired units.
STEP 5: Recall, if you calculate more than one final amount then you must compare them to determine the theoretical yield.
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: GAS STOICHIOMETRY
PRACTICE: The metabolic breakdown of glucose (C6H12O6) (MW: 180.156 g/mol) is given by the following equation:
C6H12O6 (s) + 6 O2 (g)

6 CO2 (g) + 6 H2O (l)

Calculate the volume (in mL) of CO2 produced at 34oC and 1728.9 torr when 231.88 g glucose is used up in the reaction.

PRACTICE: The oxidation of phosphorus can be represented by the following equation:
P4 (s) + 5 O2 (g)

2 P2O5 (g)

If 1.85 L of diphosphorus pentoxide form at a temperature of 50.0 ºC and 1.12 atm, what is the mass (in g) of phosphorus
that reacted?

PRACTICE: Determine the mass (in grams) of water formed when 15.3 L NH3 (at 298 K and 1.50 atm) is reacted with 21.7
L of O2 (at 323 K and 1.1 atm).
4 NH3 (g) + 5 O2 (g)

4 NO (g) + 6 H2O (g)
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: STANDARD TEMPERATURE AND PRESSURE
● Standard Temperature and Pressure (STP) is a commonly used term in calculations involving gases.
□ At STP, the temperature is measured as ________ ºC or ________ K and the pressure is ___________.
EXAMPLE: A sample of oxygen gas has a measured volume of 325 mL at STP. How many grams are present?

STP and Volume
● Standard Molar Volume represents the volume of one mole of an ideal gas at STP.

Standard Molar Volume

nRT
V=
=
P

L atm
1 mole 0.08206 mol K

______ K
=

______ atm

□ This relationship between moles and volume gives us the conversion factor of:
__________________

or

__________________

EXAMPLE: How many moles of chlorine gas occupy a volume of 15.7 L at STP?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: STANDARD TEMPERATURE AND PRESSURE
PRACTICE: A sample of dichloromethane gas (CH2Cl2) occupies 32.6 L at 310 K and 5.30 atm. Determine its volume at
STP?

PRACTICE: Which gas sample has the greatest volume at STP?
a) 10.0 g He

b) 10.0 g Ne

c) 10.0 g N2

d) All have the same volume

PRACTICE: Nitrogen and hydrogen combine to form ammonia via the following reaction:
1 N2 (s) + 3 H2 (g)

2 NH3 (g)

What mass of nitrogen is required to completely react with 800.0 mL H2 at STP?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: EFFUSION
● Gases consist of a collection of molecules or atoms that are in constant linear motion.
□ Mean Free Path: The average distance traveled by gas molecules between collisions.
□ Effusion: The escape of gas molecules or atoms through a pinhole.
□ Diffiusion: The motion of a gas mixture from a ________ to _______ concentration.
Molecular Motions
Effusion

Diffusion

Rate of Effusion
● States that the rate of a gas is ________________ proportional to the square root of their mass.
□ In simple terms,  the molar mass of a gas then the ________ its speed and the ________ its rate.
Rate of Effusion

RateGas =

EXAMPLE: Rank the following in order of increasing rate of effusion:
O2

PF5

CO2

Xe

Graham’s Law of Effusion
● Used when comparing the rate of two different non-reacting gases.
□ The effusion rate of a gas and its time to travel are _______________ proportional.
□ The effusion rate of a gas and its molar mass are _______________ proportional.

Graham's Law
RateGas___
RateGas___

time___

= time
=
___

M __
M __

EXAMPLE: Calculate the ratio of the effusion rates of helium to methane (CH4).
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CH.5 - GASES
CONCEPT: EFFUSION
PRACTICE: If H2 has an effusion rate that is 3.72 times faster than a gas, what is the identity of the unknown gas?
a) Cl2

b) CO2

c) N2O4

d) N2

e) O2

PRACTICE: How many times faster will H2 gas pass through a pinhole into an area of vacuum than O2 gas?
a) 32

b) 2

c) 2.5

d) 4

e) 8

PRACTICE: It takes 6.3 minutes for 2.3 L argon to effuse through a semipermeable membrane. How long would it take for
2.3 L of chlorine gas to effuse under similar conditions?

Page 24

CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: ROOT MEAN SQUARE SPEED
● The Root Mean Square Speed (vrms) formula is used to determine the velocity of ______ type(s) of gas molecules.

Root Mean Square Speed
Root Mean Square Speed Formula

vrms =

3RT
M

M = Molar mass of the gas in ___________.
J
8.314
mol K
R = Gas constant of the gas in ___________.

Kelvin
T = Temperature of the gas in ___________.

EXAMPLE: Calculate the rms speed of NH3 molecules at 50 ºC.

PRACTICE: Determine which gas would have a root mean square speed of 515.59 m/s at 405 K.
a) Cl2

b) CO2

c) F2

d) NH3

e) CH4

PRACTICE: The root mean square speed of gas molecules is 283.0 m/s at a given temperature T when the recorded molar
mass is 42.0 g/mol. What would be the root mean square speed for a gas with a molar mass of 152.0 g/mol?
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: KINETIC ENERGY OF GASES
● Kinetic Energy is the energy an object possesses due to its motion.

Kinetic Energy
When we have the mass and velocity of a gas.

Kinetic Energy: Velocity Formula

When we have the moles and Temperature of a gas.

Kinetic Energy: Idea Gas Formula
moles
n = Amount of the gas in ______.

m = Mass of the gas in __________.

K.E. = 1 mv2

2

v = Velocity of the gas in _________.
Kinetic Energy is in Joules (J) or
___________.

K.E. = 3 nRT

2

8.314
R = Gas constant of the gas in ______.
Kelvin
T = Temperature of the gas in ______.
1 L atm = _________ Joules.

EXAMPLE: A 1.56 x 1013 pg gaseous particle travels at 6.21 m/s. Determine its kinetic energy.

PRACTICE: A baseball with a mass of 503 g possesses a kinetic energy of 0.815 kJ. Calculate its velocity in m/s.

PRACTICE: A 10.0 L flask contains a mixture of neon and argon gases at a pressure of 2.38 atm. Calculate the total kinetic
energy of the gaseous mixture.
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: MAXWELL-BOLTZMANN DISTRIBUTION
● The Maxwell-Boltzmann Distribution is a probability distribution that describes the speed of ideal gases at a given T.
□ Probability Distribution: The region of the curve that shows the relative number of gas molecules.
- A distribution function is used to determine its varying velocities, but that is beyond our scope.
Distribution Function (HARD)

æ m ö
r(v) = 4p ç
÷
è 2pkT ø

3/2

v 2e

-

Memory Tool

mv 2
2kT

Just remember: 2, 8, 3 for your velocity.

Maxwell-Boltzmann Distribution
Distribution Curve

_____________________ Speed

The speed at the top of the curve that represents the
largest number of molecules with that speed.

_____________________ Speed

The average speed of gaseous molecules.

v=

RT
M

_____________________ Speed

The speed that is the square root of the average speed-squared.

Probability Distribution

vp =

np

0.0025

RT
M

n rms

0.0020

0.0015

0.0010

0.0005

0.0000
0

v rms =

RT
M kg

v

200

400

600

800

1000

1200

1350

Velocity (m/s)
The varying velocities for a collection of gas molecules.

mol
M = Molar mass of the gas in ___________.
8.314

J

mol K
R = Gas constant of the gas in ___________.

In terms of

velocity: ______ > ______ > ______

Kelvin
T = Temperature of the gas in ___________.

EXAMPLE: Calculate the most probable speed of F2 molecules at 335 K.

PRACTICE: Calculate the molar mass of an unknown gas if its average speed is 920 m/s at 303 K.
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CONCEPT: VELOCITY DISTRIBUTIONS
● The shape of the Maxwell-Boltzmann Distribution curve is dependent on both temperature and molecular weight.

Maxwell-Boltzmann Distribution
Factor 2 – Molecular Weight

Factor 1 – Temperature
0.0025

30 ºC

0.0020

0.0015

Probability Distribution

Probability Distribution

0.0025

330 ºC

0.0010

0.0005

0.0000

He ____________
0.0020

Ne ____________
0.0015

Ar ____________
0.0010

Xe ____________
0.0005

0.0000

0

200

400

600

800

1000

1200

1400

1600

1800
0

Velocity (m/s)

200

400

600

800

1000

1200

1400

1600

Velocity (m/s)

As the temperature ____ the molecules moving at higher velocities ____.

As the molecular weight ____ the molecules moving at higher velocities ____.

As the temperature ____ the curve gets more broad and lower.

As the molecular weight ____ the curve gets more broad and lower.

EXAMPLE: The graph illustrated below shows the distribution of molecular velocities. How many of the following
statements is/are true?
I. At a given temperature, curve A is measured at the highest temperature.
II. For a given gas sample, curve C represents gas molecules with the smallest molar mass.
III. For a given gas sample, curve C represents gas molecules with the highest molar mass.
IV. For a given gas sample, the more narrow the velocity distribution, the lower the temperature.
b) 1

c) 2

d) 3

e) 4
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: KINETIC MOLECULAR THEORY
● An ideal gas: is an imaginary gas that acts as though it is alone by behaving independently of other gases around it.
□ The Kinetic Molecular Theory uses data of real gases to predict how ideal gases would behave if they existed.
EXAMPLE: Which conditions of P and T make for the most ideal gas?
a) High P, high T

b) Low P, low T

c) Low P, high T

d) None of the choices

Kinetic Molecular Theory Postulates

Kinetic Molecular Theory
Postulate 1 – Volume

1

The size of the gas particle is significantly
small and negligible when compared to
the volume of the container.

Postulate 2 – Temperature

Postulate 3 – Forces

2 As the temperature ____ the molecules

3

moving at high velocities ____.

The volume of a gas particle is _______

The collision between gas particles and
the walls of the container are completely
___________.
No ____________or ___________ forces

of the total volume in the container.

between gases and walls of container.
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PRACTICE: Which of the following statements would correctly explain the non-ideal behavior of a gas based on the Kinetic
Molecular Theory (KMT)?
a) At high temperatures the attractive forces between molecules becomes negligible.
b) At high pressure the volume of gas molecules become significant.
c) An increase or decrease in the moles of gas causes the gas constant value to change.
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: KINETIC MOLECULAR THEORY
PRACTICE: Which of the following statements is/are true for gas molecules according to the Kinetic Molecular Theory?
I.

Increasing the amount of gas molecules increases the pressure by increasing the force of the collisions.

II. Decreasing the temperature of a gas decreases the pressure by increasing the force of the collisions.
III. Decreasing the volume of a gas increases pressure by increasing the frequency of the collisions.
a) I only

b) II only

c) III only

d) I and II

e) II and III

PRACTICE: Which statement is TRUE about kinetic molecular theory?
a) A single particle does not move in a straight line.
b) The size of the particle is large compared to the volume.
c) The collisions of particles with one another is completely elastic.
d) The average kinetic energy of a particle is not proportional to the temperature.

PRACTICE: Based on the kinetic-molecular theory, which of the following is/are true?
I.

At a given temperature, all gases have the same average kinetic energy.

II.

At a given temperature, different gases have the same average velocities.

III.

The average kinetic energy is proportional to the absolute temperature.

a. I only
b. II only
c. I & III only
d. I, II & III
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CHEMISTRY - CLUTCH
CH.5 - GASES
CONCEPT: VAN DER WAALS EQUATION
● The Van der Waals Equation combines the effects of attractive forces and gas volume to describe non-ideal behavior.
□ Deviations from this ideal gas behavior happens at ________ pressures and ________ temperatures.
□ Polarity Coefficient: The Van der Waals constant ____ that corrects the attractive forces.
□ Size Coefficient: The Van der Waals constant ____ that corrects the volume of gas molecules.
- The  the molecular weight of a gas then the ____ this Van der Waals constant.

Van der Waals Theory
Van der Waals Equation

Common Gases
Gas

___ Values
2

éæ
êç ___ +
ëè

öù
÷ú ´ ____ - ____ = nRT
øû

Correction for
________________

(

)

Correction for
________________

___ Values

L / mol
atm × L / mol
___________________________________
0.0237
0.034
He
0.0171
0.211
Ne
0.0322
1.350
Ar
0.0398
2.320
Kr
0.0511
4.190
Xe
0.0266
0.244
H2
0.0391
1.390
N2
0.0318
1.360
O2
0.0290
1.171
F2
0.0562
6.490
Cl2
0.0305
5.460
H2 O
0.0427
3.590
CO2
0.0371
4.170
NH3
0.0428
2.250
CH4
2

EXAMPLE: Using the Van der Waals equation, determine the pressure of 20.0 g oxygen gas in 250 mL graduated
flask when the temperature is 50 ºC.

PRACTICE: Which gaseous compound is expected to have the largest value for the Van der Waals constant b?
a) O2

b) CH3CH3

c) HBr

d) S8

e) Ne
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