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GAS PROPERTIES and DEFINITIONS

Volume
of gas, V

Temperature
of gas, T

Fills its container
Variable volume (e.g. balloon)
Fixed volume (e.g. glass container)
Usual unit m3 or dm3 (L)

Measure of direction of heat flow 
‘How hot is something’
Units issues:
K essential unit for all relationships
K = °C + 273.15

Pressure
of gas, p

isothermal –
temperature 
remains constant

isochoric – volume 
remains constant

isobaric – pressure

remains constant

adiabatic process – a thermodynamic process which occurs 

without transferring heat or mass between the system and its 

surroundings. (Other work can be done by or to the surrounds.)



GAS PROPERTIES
Pressure of gas P 
Pressure is defined as force per area
Force of gas particles colliding with any 
object that can experience this pressure
Barometer is used to measure external 
pressure

Hight of column associated with pressure
Water = 30 feet at sea level
Mercury = about 30 inches or 760 mmHg

Manometer (open-ended)

P from 
atmosphere

h is the difference between the pressure 
of the gas sample and that of the 
atmosphere

h

mmHg (torr)
Atmospheres (atm)
1 atm = 760 torr

gas P = P (atm) + h

Bar (kg(m-1s-2))
1 bar = 100,000 Pa

Various Units of P

Pascal (kg(m-1s-2)) Pa
101,325 Pa = 1 atm

In this case, as gas pushes mercury further, 
gas has more pressure



SAMPLE PROBLEM 

EXAMPLE 1: The air pressure for a certain tire is 109 kPa. What is this 
pressure in atmospheres? 

EXAMPLE 2. An experiment at Sandia National Labs in New Mexico is 
performed at atmospheric pressure of 758.7 mm Hg. What is this pressure 
in atm? 

EXAMPLE 3: A bag of potato chips is sealed in a factory near sea level. The 
atmospheric pressure at the factory is 761.3 mm Hg. The pressure inside the 
bag is the same. What is the pressure inside the bag of potato chips in Pa? 

1 atm = 101.3 kPa = 101,325 Pa = 760 mm Hg = 760 torr = 14.7 lb/in2 (psi)



PRACTICE PROBLEMS:

PROBLEM 1: The weather news gives the atmospheric pressure as 1.07 
atm. What is this atmospheric pressure in torr? 

PROBLEM 2: The same bag of potato chips from Problem 3 is shipped to 
a town in Colorado, where the atmospheric pressure is 99.82 kPa. What 
is the difference (in Pa) between the pressure in the bag and the 
atmospheric pressure of the town? 

1 atm = 101.3 kPa = 101,325 Pa = 760 mm Hg = 760 torr = 14.7 lb/in2 (psi)



GAS LAWS - RELATIONSHIPS BETWEEN V, T AND P

Boyle’s Law

P related to V
?

P proportional to 1/V
P = constant x T x 1/v

The pressure of fixed amount of gas at constant 

temperature is inversely proportional to the volume



RELATIONSHIPS BETWEEN V, T AND P

Charles’ Law

absolute 0
-273.15 °C

Limit of temperatures
0 Kelvin

V proportional to T
V = constant x T 
T in Kelvins

V proportional to T
V = constant x T + another constant

The volume of a fixed amount of gas at 

constant pressure  is directly proportional 

to the absolute temperature



RELATIONSHIPS BETWEEN V, T AND P

Boyle’s Law: Volume and Presasure
inversely proportional (constant T) 

Charles’s Law: Volume and Temperature
proportional (constant P) 

Gay-Lussac’s Law: Temperature and Pressure
proportional (constant V)

G-L Law: At the same temperature and pressure the volumes of 

gases react with one another in ratios of small whole numbers. 

T up V up
T down V down

P up T up
P down T down

P up V down
P down V up



SAMPLE PROBLEM

A gas occupies a volume of 3.5 L at 25 °C
and 1.2 bar pressure. Calculate the volume 
when the temperature is lowered to 10 
degC at the same pressure.

Charles’s Law:  T down V down  
so smaller temp on top

new volume = old volume x
283

298

new volume = 3.5 L x
283

298

new volume = 𝟑. 𝟑𝟐 𝐋

A gas occupies a volume of 3.5 L at 25 °C
and 1.2 bar pressure. Calculate the volume 
when the pressure is lowered to 0.90 bar 
at the same temperature.

Boyle’s Law:  P down V up
so bigger pressure on top

new volume = old volume x
1.2

0.9

new volume = 3.5 L x
1.2

0.9

new volume = 𝟒. 𝟔𝟕 𝐋

25 °C = 298 K
10 °C = 283 K



SAMPLE PROBLEM

A gas occupies a volume of 3.5 L at 25 °C and 1.2 bar pressure. Calculate the pressure when 
the temperature is lowered to 10 °C and the gas is compressed to a volume of 2.5 dm3.

Boyle’s Law: 
V down then P up so bigger volume on top

Gay-Lussac’s Law: 
T down then  P down so smaller temp on top

new pressure = old pressure x
3.5

2.5
x

283

298

new pressure = 1.2 x
3.5

2.5
x

283

298

new pressure = 𝟏. 𝟓𝟕 𝐛𝐚𝐫

25 °C + 273.15 = 298 K
10 °C = 283 K



PRACTICE PROBLEMS

PRACTICE PROBLEM 1: A gas occupies 0.81 litres at 0.887 bar pressure. What is the volume when the 
pressure is changed to 0.815 bar at a constant temperature?

PRACTICE PROBLEM 2: A 7.41 L sample of dry air is cooled from 68.1 °C to 10 °C while the pressure is 
maintained at 285 kPa. What is the final volume in L to 2 decimal places?

PRACTICE PROBLEM 4: A gas occupies 3.74 liters at 0.540 atm
pressure and 317 K temperature. What is the volume when the 
pressure is changed to 0.431 atm and the temperature becomes 
261 K. 

PRACTICE PROBLEM 3: A small cylinder of helium gas has a volume of 2.0 L and a pressure of 10.0 atm
at 26 degC. If all the gas in the cylinder is used to fill a single large balloon at 2.0 atm and the same 
temperature, to what volume does the balloon inflate?



AVOGADRO’s HYPOTHESIS

For a fixed temperature and pressure, equal volumes of gases contain 
the same number of molecules

Volume of any gas is proportional to number of moles at a given T and P

Avogadro V   n

Boyle V   1/P V   nT/P PV   nT

Charles V   T

PV = nRT

IDEAL GAS LAW

• ideal gas is a gas that obeys this law under all conditions

• there are no interactions between gas molecules

• it is a good approximation of the behaviour of many gases 

under many conditions



GAS CONSTANT

PV = nRT

P Pa
V m3

P bar
V m3

P bar
V dm3 (L)

P atm
V dm3 (L)

P torr
V dm3 (L)

R = 8.314 x 10-5 bar m3 mol-1 K-1

R = 0.08314 bar dm3 mol-1 K-1

R = 0.08206 atm L mol-1 K-1

R = 62.36 torr L mol-1 K-1

Value of R depends on units of P and V

R = 8.314 Pa m3 mol-1 K-1

R = 8.314 J mol K-1

SI base units: kg⋅m2⋅s−2

1 Pa = 1 N/m2

https://www.google.com/search?rlz=1C1RBHS_en-gbGB1004GB1005&sxsrf=ALiCzsYg4ia9ikAzEhvxZ9B9sBIXrhwbmQ:1657175498373&q=joule+si+base+units&sa=X&ved=2ahUKEwjjr6Tnk-b4AhX9SUEAHTpyABgQ6BMoAHoECFoQAg


MOLAR VOLUME

PV = nRT

Standard Temperature and Pressure 

STP  0 °C (273.15 K) 1 atm

(1 atm) V = (1 mol) (0.08206 atm L mol-1 K-1) (273.15 K)

Molar Volume = 22.4 L (dm3) 

Standard Ambient Temperature and Pressure       

SATP   25 °C (298.15 K) 1 bar

(1 bar) V = (1 mol) (0.08314 bar dm3 mol-1 K-1) (298.15 K)

Molar Volume = 24.8 L (dm3) 



SAMPLE PROBLEM 

EXAMPLE 2: Consider the reaction, 2 C2H6 (g)  +  7 O2 (g) → 4 CO2

(g)  +  6 H2O (g). How many g of O2 (g) would react with 20.0 L of 
C2H6 (g) at 25 °C and 740 torr pressure?

PV = nRT

STEP 1: Calculate moles of C2H6

STEP 2: Find the corresponding moles of oxygen
STEP 3: Find the mass of O2

EXAMPLE 1: Calculate the volume occupied by 10.0 g of NH3 gas at STP 

EXAMPLE 3: What mass of CO2 will exert the same pressure as 12 g of 
hydrogen sulfide, H2S, in the same container under the same conditions. 



PRACTICE PROBLEMS

PRACTICE PROBLEM 1: A 100 mL flask contains argon at 1.3 atm and 
77 degC. What amount of Ar is present (in grams)?

PRACTICE PROBLEM 2: What volume will 0.361 g of air with an average 
molar mass of 28.97 g/mol occupy in the troposphere when the pressure is 
1.22 atm at 25 degC.

PRACTICE PROBLEM 3: Nitroglycerin is a shock-sensitive liquid 
that detonates by the reaction 
4 C3H5(NO3)3 (l)  → 6 N2 (g)  +  10 H2O (g)   +  12 CO2 (g)  +  O2 (g)
Calculate the volume of CO2 gas produced at 150 kPa and 100 
degC from the detonation of 1.0 g of nitroglycerin



DALTON’S LAW OF PARTIAL PRESSURES

In a mixture of non-reacting gases, the total pressure exerted is equal to 
the sum of the partial pressures of the individual gases      OR
The partial pressure of each gas is equal to the total pressure  multiplied 
by the mole fraction of that gas. 

PV = nRT n can represent moles of mixed gases !!!

Calculate the pressure for each of the following gases: 32.0 g O2 (g), 56.0 g N2 

(g), and 28.0 g of He (g) in a 10.0 L flask at 293 K.

(0.08206 atm L mol-1 K-1)P =
nRT

V
=
1mol x 0.08206 atm L mol

_1 K
_1 x293 K

10.0 L

32.0 g of O2 = 1.0 mol O2 (g) P O2 (g) = 2.41 atm = (1/10) x 24.1 

56.0 g of N2 = 2.0 mol N2 (g) P N2 (g) = 4.82 atm = (2/10) x 24.1 

28.0 g of He = 7.0 mol N2 (g) P He (g) = 16.84 atm = (7/10) x 24.1 

total 10.0 mol total 24.1 atm

For O2



PRACTICE PROBLEMS

PRACTICE PROBLEM 1: calculate the partial pressure of each gas and the 
total pressure of the following mixture that occupies 500 mL at 0 degC: 
0.020 mol N2 and 2.33 g of O2.

PRACTICE PROBLEM 2: A sample of dry air of total mass 1.0 g consists of 
0.76 g of nitrogen and 0.24 g of oxygen. 
a) Calculate the partial pressures of these gases and the total pressure in 

atm when this sample is in flask of volume 1.00 L at 20 degC
b) The sample of air is heated until the total pressure is 1.00 atm. What 

are the partial pressures of oxygen and nitrogen in the heated sample. 



DALTON’S LAW

The partial pressure of each gas is equal to the total pressure multiplied 
by the mole fraction of that gas

In a mixture of non-reacting gases, the total pressure exerted is 
equal to the sum of the partial pressures of the individual gases 

𝐏 𝐭𝐨𝐭𝐚𝐥 =  P (partial)

𝐏 𝐩𝐚𝐫𝐭𝐢𝐚𝐥 = 𝐏 𝐭𝐨𝐭𝐚𝐥 x   (gas)

 (gas) = mole of gas /  all moles of gases

The mole fraction is the number of moles of a specific component in 

the solution divided by the total number of moles in the given solution.



GRAHAM’S LAWS

EFFUSION: gas escapes through a holeDIFFUSION: different gases mix

Average velocity of gas is inversely proportional to the square root of the 
molar mass 

average velocity  1 /  sqrt (MM)



GRAHAM’S LAWS - EXAMPLES

How much faster will methane 
diffuse than sulfur dioxide?

molar mass of CH4 is 16.0 g/mol
molar mass of SO2 is 64.0 g/mol

What do you expect?

CH4 to be faster, 

but how much faster?

Ratio of molar masses = 16/64 = 1 /4
Ratio of sqrt (molar mass of the gas) = 1 /2
Ratio of velocity = 1 / (1 /2) = 2

For any two gases A and B: 

vA
vB

=
molar mass of B

molar mass of A

v
A

v
B

2 = (
molar mass of B

molar mass of A
) 2

𝐦𝐨𝐥𝐚𝐫 𝐦𝐚𝐬𝐬 𝐨𝐟 𝐀 𝐯𝐀
𝟐

= 𝐦𝐨𝐥𝐚𝐫 𝐦𝐚𝐬𝐬 𝐨𝐟 𝐁 𝐯𝐁
𝟐

Kinetic energy of any gas is 
equal at a given temperature 

KE of any gas is proportional to 
temperature 

v
A

v
B

2 =
molar mass of B

molar mass of A



IDEAL GAS - ASSUMPTIONS

KE of any gas is proportional to temperature 

Gas particles have no volume

Gas particles do not attract each other

All collisions must be perfectly elastic 

Graham’s law as discussed on previous slide

@ SATP: 1 mole of liquid water (18.0 g) occupies 18 mL (approximate volume 

of all particles)

@ SATP: 1 mole of gas water (18.0 g) occupies 24.8 L

1378 times more !!!

Pressure would depend upon nature of molecules

Dalton’s Law

Graham’s Law


