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CONCEPT MAP
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REVIEW:

PHYSICAL CHARACTERISTICS OF GASES

• Gases assume the volume and shape of 

their containers.

• Gases are the most compressible state of 

matter.

• Gases will mix evenly and completely when 

confined to the same container.

• Gases have much lower densities than 

liquids and solids.

NO2 gasCl2 gas



Units of pressure

• 1 pascal (Pa) = 1 N/m2 (SI unit)

• 1 atm = 760 mmHg = 760 torr

• 1 atm = 101,325 Pa

• 1 atm = 101.325 kPa

• 1 atm = 1.01325 bar

• 1 atm = 29.921” Hg

• 1 atm = 14.7 psi

Pressure = 
Force
Area

(force = mass x acceleration)

PRESSURE



PRESSURE VS. ALTITUDE (FIG 9.2)

1 atm

0.5 atm

0.2 atm

Sea level

4 miles

10 miles

(If you actually put a bowling ball on your thumb, the pressure 

experienced would be twice the usual pressure, and the sensation 

would be… unpleasant.)

7.4mi

31mi
50mi

435mi



AMUSING COMPARISONS



QUESTION

The pressure outside an airplane flying at high 

altitude falls considerably below standard 

atmospheric pressure.  Therefore, the air 

inside the cabin must be pressurized to protect 

the passengers… 

What is the pressure in atmospheres in the 

cabin if the barometer reading is 688 mmHg?



QUESTION

The atmospheric pressure in San Francisco on 

a certain day is 732 mmHg... 

What is the pressure in kPa?



INSTRUMENTS TO MEASURE GAS PRESSURE

closed open

Barometers measure atmospheric pressure.

Manometers measure (other) gas pressures.

A manometer can be used to measure the pressure of a gas. The (difference in) height 

between the liquid levels (h) is a measure of the pressure. Mercury is usually used 

because of its large density.
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PUNCH LINE: 2 TYPES OF GAS PROBLEMS

Fill in the blank

• PV=nRT
• MUST use the correct units for R to work

Initial conditions – final conditions

• Since PV = nRT, then PV/nT = constant

• Therefore 
𝑃1𝑉1

𝑛1𝑇1
=

𝑃2𝑉2

𝑛2𝑇2

• Note that at constant n and T, we have Boyle’s law

• At constant n and P, we have Charles’ law

• At constant P and T, we have Avogadro’s law

• Other than T, you can often get away with not converting units



AMONTON’S LAW (~1700)

P a T and thus P/T a 1

P/T = constant

P1/T1 = P2 /T2

P increases with T at constant V and n

(Gay-Lussac ~1800)

Temperature must be in Kelvin

(The origin of absolute 0.)



CHARLES’ LAW

V a T and thus V/T a 1

V/T = constant

V1/T1 = V2 /T2

V increases with T 

at constant P and n

Temperature must be in Kelvin

(The origin of absolute 0.)

https://www.youtube.com/watch?v=ZvrJgGhnmJo

https://www.youtube.com/watch?v=ZvrJgGhnmJo


CHARLES’ LAW (CONT’D)

(Gay-Lussac) (Amontons)



BOYLE’S LAW

P a 1/V and thus PV a 1

P x V = constant

P1 x V1 = P2 x V2

(At constant temperature)

(And constant amount of gas)

http://openstaxcollege.org/l/16atmospressur1

When a gas occupies a 

smaller volume, it exerts a 

higher pressure; when it 

occupies a larger volume, it 

exerts a lower pressure 

(assuming the amount of gas 

and the temperature do not 

change). Since P and V are 

inversely proportional, a 

graph of  
1

𝑷
vs. V is linear.

http://openstaxcollege.org/l/16atmospressur1


In 1783, the first (a) hydrogen-filled balloon flight, (b) manned hot air balloon flight, and (c)

manned hydrogen-filled balloon flight occurred. When the hydrogen-filled balloon depicted in 

(a) landed, the frightened villagers of Gonesse reportedly destroyed it with pitchforks and 

knives. The launch of the latter was reportedly viewed by 400,000 people in Paris.

FIGURE 9.9

Breathing occurs because 

expanding and contracting lung 

volume creates small pressure 

differences between your lungs 

and your surroundings, causing 

air to be drawn into and forced 

out of your lungs.



AVOGADRO’S LAW



AVOGADRO’S LAW (CONT’D)

V a number of moles (n) and thus V/n a 1

V/n = constant

V1 / n1 = V2 / n2

(At constant T)

(And constant P)



(COMBINED) IDEAL GAS LAW

Charles’s law:  V a T  (at constant n and P)

Guy-Lussac’s law: P a T   (at constant n and V)

Avogadro’s law:  V a n  (at constant P and T)

Boyle’s law:  P a (at constant n and T)1
V

PV a nT

PV = constant x nT = nRT

where R is the ideal gas constant

PV = nRT



QUESTION 

Sulfur hexafluoride (SF6) 

is a colorless and odorless 

gas.  

Due to its lack of chemical 

reactivity, it is used as an 

insulator in electronic 

equipment.  

Calculate the pressure (in 

atm) exerted by 1.82 

moles of the gas in a 5.43 

L steel vessel at 69.5°C.



SOLUTION

Use the ideal gas law, converting the 

temperature to Kelvin. 



QUESTION 5.5

An inflated helium balloon 
with a volume of 0.55 L (not 
pictured) at sea level (1.0 
atm) is allowed to rise to a 
height of 6.5 km, where the 
pressure is about 0.40 atm.  

Assuming that the 
temperature remains 
constant, what is the final 
volume of the balloon?

A research He balloon.



The amount of gas inside the balloon 

and its temperature remain constant, but 

both the pressure and the volume 

change.  What gas law do you need?

which is Boyle’s law:  

SOLUTION

Check When pressure applied on the balloon is 

reduced (at constant temperature), the helium gas 

expands and the balloon’s volume increases.  

The final volume is greater than the initial volume, 

so the answer is reasonable.



QUESTION 5.6

Argon is an inert gas used in 
light bulbs to retard the 
vaporization of the tungsten 
filament.  

A certain light bulb containing 
argon at 1.20 atm and 18.0°C 
is heated to 85°C at constant 
V.  

Calculate the final P inside the 
bulb (in atm).



SOLUTION

Strategy The temperature and pressure of 

argon change but the amount and volume of 

gas remain the same.  

What equation would you use to solve for the 

final pressure?

which is Charles’s law [see Equation (5.6)].

(What temperature unit should you use?)

Check At constant volume, the pressure of a 

given amount of gas is directly proportional to its 

absolute temperature (ie- P goes up when T 

goes up).  Therefore, the increase in pressure is 

reasonable.



Depth (ft) Pressure 

(atm)

0 1

33 2

66 3

SCUBA DIVING

760 mm Hg = 33 ft of water (density difference)

Thus:

Since V when P, small bubbles in the bloodstream become a big 
problem when surfacing.



QUESTION 5.7

A small bubble rises from the bottom of a 

lake, where the temperature and 

pressure are 8.0°C and 6.4 atm, to the 

water’s surface, where the temperature 

is 25.0°C and the pressure

is 1.0 atm.  

Calculate the final volume (in mL) of the 

bubble if its initial volume was 2.1 mL.

(Divers, beware!)



SOLUTION

According to the combined gas law:

We assume that the amount of air in the 
bubble remains constant, that is, n1 = n2 

so that:

T1 = (8 + 273) K = 281 K

T2 = (25 +273)K = 298 K



STANDARD MOLAR VOLUME

The conditions 0 °C and 1 atm are called 

standard temperature and pressure (STP).

PV = nRT

R = 
PV

nT
=

(1 atm)(22.414L)

(1 mol)(273.15 K)

R = 0.082057 L • atm / (mol • K)

Experiments show that at 

STP, 1 mole of an ideal gas 

occupies 22.414 L.



QUESTION

Calculate the volume (in L) occupied by 7.40 g 

of NH3 at STP.

Recognizing that 1 mole of an ideal gas 

occupies 22.41 L at STP and using the molar 

mass of NH3 (17.03 g), we write the sequence 

of conversions as:



SOLUTION

So the volume of NH3 is given by

Alternately, the problem can also be solved by 
first converting 7.40 g of NH3 to number of moles 
of NH3, and then applying the ideal gas

equation (V = nRT/P).

Make sense?  Because 7.40 g of NH3 is smaller than 
its molar mass, its volume at STP should be smaller 
than 22.41 L.  Therefore, the answer is reasonable.
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GAS DENSITY, MW, & THE GAS LAWS

Since d = m/V and V=nRT/P and MW = m/n

And thus, the molar mass (MW) of a gas is

where d is the density of the gas in g/L

dRT

P
MW =

d = 
m
V

=
Pm

nRT
=

P(MW)

RT



QUESTION

Calculate the density of carbon dioxide (CO2) 

in grams per liter (g/L) at 0.990 atm and 55°C.

T = 273 + 55 = 328 K

Alternately (preferably),



QUESTION

Chemical analysis of a gaseous 
compound showed that it contained 33.0 
percent silicon (Si) and 67.0 percent 
fluorine (F) by mass.  

At 35°C, 0.210 L of the compound 
exerted a pressure of 1.70 atm.  

If the mass of 0.210 L of the compound 
was 2.38 g, calculate the molecular 
formula of the compound.



SOLUTION

Assume that we have 100 g of the compound, so 
the percentages are converted to grams.

The number of moles of Si and F are given by

Therefore, the empirical formula is Si1.17F3.53, or, 
dividing by the smaller subscript (1.17), we obtain 
SiF3.



SOLUTION (CONT’D)

To calculate the molar mass of the compound, 
we need first to calculate the number of moles 
contained in 2.38 g of the compound.  From 
the ideal gas equation

Because there are 2.38 g in 0.0141 mole of the 
compound, the mass in 1 mole, or the molar 
mass, is given by



SOLUTION (CONT’D)

• The molar mass of the empirical formula 

SiF3 is 85.09 g. 

• Recall that the ratio (molar mass/empirical 

molar mass) is always an integer 

(169/85.09 ≈ 2).  

• Therefore, the molecular formula of the 

compound must be (SiF3)2 or Si2F6.



DALTON’S LAW OF PARTIAL PRESSURES

At constant V and T, the total pressure of a 

mixture of ideal gases is equal to the sum of 

the partial pressures of the component gases.

If equal-volume cylinders containing gas A at a pressure of 300 kPa, gas B at a 
pressure of 600 kPa, and gas C at a pressure of 450 kPa are all combined in the same-
size cylinder, the total pressure of the mixture is 1350 kPa.



Consider a case in which two gases, A and B, are in a 

container of volume V.

PA = 
nART

V

PB = 
nBRT

V

nA is the number of moles of A

nB is the number of moles of B

PT = PA + PB XA = 
nA

nA + nB

XB = 
nB

nA + nB

PA = XA PT PB = XB PT

Pi = Xi PT mole fraction (Xi ) = 
ni

nT

MOLE FRACTION AND PARTIAL P



QUESTION 5.14

A mixture of gases contains 4.46 moles of 

neon (Ne), 0.74 mole of argon (Ar), and 2.15 

moles of xenon (Xe). 

Calculate the partial pressures of the gases if 

the total pressure is 2.00 atm (at constant T).

(or subtract)



2KClO3 (s)           2KCl (s) + 3O2 (g)

PT = PO   + PH  O2 2

COLLECTING A GAS OVER WATER



VAPOR PRESSURE OF H
2
O VS. T



QUESTION

• Oxygen gas generated by the decomposition 

of potassium chlorate is collected over water.  

• 128 mL of gas is collected at 24°C and an 

atmospheric pressure of 762 mmHg.  

• Calculate the mass (in grams) of oxygen gas 

obtained.  

• The pressure of the water vapor at 24°C is 22.4 

mmHg.



Given a balanced equation and the gas laws, it is possible to 

determine the amount  (mass or volume) of any reactant required 

or product produced.

Chapter 3 mantra: grams to moles to moles to grams

Now we are able to use V instead of g to start!

GAS STOICHIOMETRY



QUESTION

Calculate the volume of O2 (in 

liters) required for the complete 

combustion of 7.64 L of acetylene 

(C2H2) measured at the same 

temperature and pressure.

The reaction of calcium 

carbide (CaC2) with water 

produces acetylene 

(C2H2), a flammable gas.



QUESTION

Sodium azide (NaN3) is used in 
some automobile air bags.  The 
impact of a collision triggers the 
decomposition of NaN3 as 
follows:

The nitrogen gas produced 
quickly inflates the bag between 
the driver and the windshield and 
dashboard.  

Calculate the volume of N2
generated at 80.0°C and 823 
mmHg by the decomposition of 
60.0 g of NaN3.



QUESTION 5.12 SOLUTION

First, calculate number of moles of N2 produced by 
60.0 g NaN3 using the following sequence of 
conversions

The volume of 1.38 moles of N2 can be obtained 
by using the ideal gas equation:



QUESTION

Aqueous lithium hydroxide solution is used to 
purify air in spacecrafts and submarines because 
it absorbs carbon dioxide, which is an end product 
of metabolism, according to the equation

The pressure of carbon dioxide inside the cabin of 
a submarine having a volume of 2.4 × 105 L is 7.9 
× 10−3 atm at 312 K.  A solution of lithium 
hydroxide (LiOH) of negligible volume is 
introduced into the cabin.  Eventually the pressure 
of CO2 falls to 1.2 × 10−4 atm.  How many grams 
of lithium carbonate are formed by this process?



SOLUTION

The drop in CO2 pressure is 

(7.9 × 10−3 atm) − (1.2 × 10−4 atm) or 7.8 × 10−3 atm

Therefore, the number of moles of CO2 reacted is given by

From the chemical equation, the ratio of carbon dioxide to lithium 

carbonate is

1 mol CO2 :   1 mol Li2CO3

so the amount of Li2CO3 formed is also 73 moles. 
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Gas diffusion is the gradual mixing of molecules of one gas 

with molecules of another by virtue of their kinetic properties.

NH3

17 g/mol

HCl

36 g/mol

NH4Cl

DIFFUSION

Lighter is faster.



EFFUSION

Gas effusion is the process by which gas 

under pressure escapes from one 

compartment of a container to another by 

passing through a small opening.

=
r1

r2

t2

t1

M2

M1=

Graham’s law of effusion: The rate of effusion of a gas is inversely 

proportional to the square root of the mass of its particles.



EXAMPLE 9.20



QUESTION

A flammable gas made up only 
of carbon and hydrogen is 
found to effuse through a 
porous barrier in 1.50 min.  

Under the same conditions of 
temperature and pressure, it 
takes an equal volume of 
bromine vapor 4.73 min to 
effuse through the same 
barrier.  

Calculate the molar mass of 
the unknown gas, and suggest 
what this gas might be.



SOLUTION

From the molar mass of Br2, we write

Where      is the molar mass of the unknown gas.  
Solving for      we obtain

Because the molar mass of carbon is 12.01 g and 
that of hydrogen is 1.008 g, the gas is methane 
(CH4).



EXAMPLE
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KINETIC-MOLECULAR THEORY (KMT)

1. Gases are composed of particles that are in continuous 
motion, travelling in straight lines and changing 
direction only when they collide with other particles or 
with the walls of a container.

2. The particles composing the gas are negligibly small 
compared to the distances between them. (“Gases are 
point masses.” They possess mass but have negligible 
volume.)

3. The pressure exerted by a gas in a container results 
from collisions between the gas molecules and the 
container walls.

4. Gas molecules exert no attractive or repulsive forces on 
each other or the container walls; therefore, their 
collisions are perfectly elastic (do not involve a loss of 
energy).

5. The average kinetic energy of the gas molecules is 
proportional to the kelvin temperature of the gas. 
(“Hotter is faster.”)
• KE is energy of motion, but is NOT the same as speed...

KE = ½ mu2



KMT EXPLAINS THE GAS LAWS



The distribution of speeds

for nitrogen gas molecules

at four different temperatures

The distribution of speeds

of five different gases

at the same temperature

urms = 
3RT
MW

MOLECULAR SPEEDS



This OpenStax ancillary resource is © Rice University under a CC-BY 4.0 International license; it may be reproduced or modified but must be attributed to OpenStax, 

Rice University and any changes must be noted. Any images credited to other sources are similarly available for reproduction, but must be attributed to their sources.

The molecular speed distribution for oxygen gas at 300 K is shown here. Very few molecules 
move at either very low or very high speeds. The number of molecules with intermediate 
speeds increases rapidly up to a maximum, which is the most probable speed, then drops off 
rapidly. Note that the most probable speed, νp, is a little less than 400 m/s, while the root 
mean square speed, urms, is closer to 500 m/s.

FIGURE 9.32
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1 mole of ideal gas

PV = nRT

n = 
PV

RT
= 1.0

Repulsive Forces

Attractive Forces

DEVIATIONS FROM IDEAL BEHAVIOR

A graph of the compressibility factor (Z) vs. 

pressure shows that gases can exhibit 

significant deviations from the behavior 

predicted by the ideal gas law.

Z = 
PV

RT
measured



DEVIATIONS (CONT’D)

What would be the effect of intermolecular 

(attractive) forces on the pressure exerted by a 

gas?

When would this happen?

Also, at high P (or small V), the volume of the 

particles begins to matter.



Van der Waals equation

nonideal gas

THE REAL GAS EQUATION



QUESTION

Given that 3.50 moles of NH3 occupy 

5.20 L at 47°C, calculate the pressure of 

the gas (in atm) using 

(a) the ideal gas equation, and 

(b) the van der Waals equation.



SOLUTION
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