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ሾTPሿ When 1 mol of Hଶሺ𝑔ሻ is added to a cylinder of volume 𝑉 and at temperature 
𝑇 the pressure is 1 bar.  Then an additional 0.5 mol of gas COଶሺ𝑔ሻ is added to the 
same cylinder keeping the temperature the same. What is the new pressure in 
the cylinder? 

1. ൏ 1 bar
2. ൌ 1 bar
3. Between 1 and 1.5 bar
4. 1.5 bar
5. Between 1.5 and 2 bar
6. ൌ 2 bar
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Lecture 9 CH131 Fall 2020
Thursday, October 8, 2020

• Complete: Gas density
• Dalton’s law of partial pressures
• Gas law calculations in chemical reactions

Next lecture: Kinetic molecular theory; Why the gas law does not 
depend on mass; Distribution of molecular speeds; Real gases; Gas law 
for real gases: van der Waals equation; Ch10: Solids, liquids and phase 
transitions

Gas law calculations
At 100.0℃ , the density of water vapor is 0.000588 g/mL and that of liquid 
water is 0.958 g/mL. How much farther apart of water molecules in the gas 
phase than those in the liquid phase?

The ratio of the densities, 
଴.ଽହ଼ ୥/୫୐

଴.଴଴଴ହ଼଼ ୥/୫୐
ൌ 1630. ,

is how many more liquid water molecules there are in a given volume than 
there are gaseous water molecules in the same volume.
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Gas law calculations
This means the same volume can hold 1630 times as many liquid water 
molecules as gaseous water molecules.

Since volume is the cube of distance, the cube root of the ratio, 

1630ଵ/ଷ ൌ 11.8

means the gas particles are about 11.8 times farther apart than liquid particles.

So, about a factor of ten farther apart than in liquids or solids.
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Partial pressures
We have seen that the ideal gas law is the same for all gases, since it depends 
only on the number ሺmolesሻ of particles but not what kind of particles they are.

This means each kind of gas contributes to the total pressure only in 
proportion to its relative number of moles,

𝑃 ൌ ௡ೌோ்
௏

൅ ௡್ோ்
௏

൅ ⋯ ൌ 𝑃௔ ൅ 𝑃௕ ൅ ⋯

where 𝑃௔ , 𝑃௕, …, are the partial pressures of gas 𝑎, gas 𝑏, etc.,

𝑃௔ ൌ
௡ೌோ்
௏

, etc.

Lecture 9 CH131 Fall 2020

8

Copyright © 2020 Dan Dill dan@bu.edu

Partial pressures
A convenient way to calculate partial pressures is to use mole fractions,

𝑥௔ ൌ
௡ೌ
௡

, 𝑥௕ ൌ
௡್
௡

, …
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Partial pressures
Since

𝑃 ൌ ௡ೌ
௡
௡ோ்
௏
൅ ௡್

௡
௡ோ்
௏
൅ ⋯ ൌ 𝑥௔

௡ோ்
௏
൅ 𝑥௕

௡ோ்
௏
൅ ⋯ ൌ 𝑥௔𝑃 ൅ 𝑥௕𝑃 ൅⋯

we see that the partial pressure of each kind of gas is
𝑃௔ ൌ 𝑥௔𝑃,𝑃௕ ൌ 𝑥௕𝑃, …

This is known as Dalton’s law of partial pressures.
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ሾTPሿ When 1 mol of Hଶሺ𝑔ሻ is added to a cylinder of volume 𝑉 and at temperature 
𝑇 the pressure is 1 bar.  Then an additional 0.5 mol of gas COଶሺ𝑔ሻ is added to the 
same cylinder keeping the temperature the same. What is the new pressure in 
the cylinder? 

1. ൏ 1 bar
2. ൌ 1 bar
3. Between 1 and 1.5 bar
4. 1.5 bar
5. Between 1.5 and 2 bar
6. ൌ 2 bar
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Partial pressures
A mixture consisting of 0.513 g of Hଶሺ𝑔ሻ and 16.1 g of Nଶሺ𝑔ሻ occupies 10.0 L at 
20.0℃. Calculate the partial pressures of each gas in atm.

First step, calculate the moles of each gas and the total moles.
𝑛ୌమ ൌ 0.254 mol,𝑛୒మ ൌ 0.575 mol, 𝑛 ൌ 0.254 mol ൅ 0.575 mol ൌ 0.829 mol
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Partial pressures
A mixture consisting of 0.513 g of Hଶሺ𝑔ሻ and 16.1 g of Nଶሺ𝑔ሻ occupies 10.0 L at 
20.0℃. Calculate the partial pressures of each gas in atm.

𝑛ୌమ ൌ 0.254 mol,𝑛୒మ ൌ 0.575 mol, 𝑛 ൌ 0.829 mol

Second step: Use the total moles to calculate the total pressure.

𝑃 ൌ ௡ோ்
௏

ൌ 0.829 mol ൈ 0.0820575 ୐ ୟ୲୫
୏ ୫୭୪

ൈ ଶଽଷ.ଵହ ୏
ଵ଴.଴ ୐

ൌ 1.99 atm
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Partial pressures
A mixture consisting of 0.513 g of Hଶሺ𝑔ሻ and 16.1 g of Nଶሺ𝑔ሻ occupies 10.0 L at 
20.0℃. Calculate the partial pressures of each gas in atm.

𝑛ୌమ ൌ 0.254 mol,𝑛୒మ ൌ 0.575 mol, 𝑛 ൌ 0.829 mol,𝑃 ൌ 1.99 atm

Final step: Calculate the partial pressures.

𝑃ୌమ ൌ 𝑥ୌమ𝑃 ൌ
଴.ଶହସ
଴.଼ଶଽ

ൈ 1.99 atm ൌ 0.612 atm

𝑃୒మ ൌ 𝑥୒మ𝑃 ൌ
଴.ହ଻ହ
଴.଼ଶଽ

ൈ 1.99 atm ൌ 1.38 atm

Check:
𝑃 ൌ 𝑃ୌమ ൅ 𝑃୒మ ൌ 0.612 atm ൅ 1.38 atm ൌ 1.99 atm
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Gas law calculations in chemical reactions
CଷH଼ሺ𝑔ሻ and Oଶሺ𝑔ሻ are placed in a sealed, rigid container. After the container 
has been heated to 125℃, the partial pressures are 𝑃େయୌఴ ൌ 1.00 atm and 
𝑃୓మ ൌ 1.00 atm. A spark then initiates the complete combustion of the mixture, 
forming COଶሺ𝑔ሻ and HଶOሺ𝑔ሻ. What is the total pressure in the container at the 
end of the reaction at 125℃?

Write the balanced chemical equation.
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Gas law calculations in chemical reactions
CଷH଼ሺ𝑔ሻ and Oଶሺ𝑔ሻ are placed in a sealed, rigid container. After the container 
has been heated to 125℃, the partial pressures are 𝑃େయୌఴ ൌ 1.00 atm and 
𝑃୓మ ൌ 1.00 atm. A spark then initiates the complete combustion of the mixture, 
forming COଶሺ𝑔ሻ and HଶOሺ𝑔ሻ. What is the total pressure in the container at the 
end of the reaction at 125℃?

CଷH଼ 𝑔 ൅ 5 Oଶ 𝑔 → 3 COଶ 𝑔 ൅ 4 HଶOሺ𝑔ሻ

Determine the limiting reagent
1.00 atm CଷH଼ → 3.00 atm COଶ

1.00 atm Oଶ → 0.600 atm COଶ
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Gas law calculations in chemical reactions
CଷH଼ 𝑔 ൅ 5 Oଶ 𝑔 → 3 COଶ 𝑔 ൅ 4 HଶOሺ𝑔ሻ
1.00 atm Oଶ → 0.600 atm COଶ

Determine all partial pressures and the total pressure.
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CଷH଼ 𝑔 Oଶ 𝑔 COଶ 𝑔 HଶOሺ𝑔ሻ 𝑃୲୭୲ୟ୪

Initial 1.00 1.00 0 0 2

Change

Final

Gas law calculations in chemical reactions
CଷH଼ 𝑔 ൅ 5 Oଶ 𝑔 → 3 COଶ 𝑔 ൅ 4 HଶOሺ𝑔ሻ
1.00 atm Oଶ → 0.600 atm COଶ

Determine all partial pressures and the total pressure.
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CଷH଼ 𝑔 Oଶ 𝑔 COଶ 𝑔 HଶOሺ𝑔ሻ 𝑃୲୭୲ୟ୪

Initial 1.00 1.00 0 0 2

Change െ0.200 െ1.00 ൅0.600 ൅0.800

Final

Gas law calculations in chemical reactions
CଷH଼ 𝑔 ൅ 5 Oଶ 𝑔 → 3 COଶ 𝑔 ൅ 4 HଶOሺ𝑔ሻ
1.00 atm Oଶ → 0.600 atm COଶ

Determine all partial pressures and the total pressure.
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CଷH଼ 𝑔 Oଶ 𝑔 COଶ 𝑔 HଶOሺ𝑔ሻ 𝑃୲୭୲ୟ୪

Initial 1.00 1.00 0 0 2

Change െ0.200 െ1.00 ൅0.600 ൅0.800

Final 0.80 0 0.600 0.800 2.20
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ሾTPሿ CHସሺ𝑔ሻ and Oଶሺ𝑔ሻ are placed in a sealed, rigid container. After the 
container has been heated to 125℃, the partial pressures are 𝑃େୌర ൌ 1.00 atm
and 𝑃୓మ ൌ 1.00 atm. A spark then initiates the complete combustion of the 
mixture, forming COଶሺ𝑔ሻ and HଶOሺ𝑔ሻ. What is the total pressure in the 
container at the end of the reaction at 125℃?

1. 0.50 atm
2. 1.00 atm
3. 1.50 atm
4. 2.00 atm
5. 2.50 atm
6. 3.00 atm
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Gas law calculations in chemical reactions
CHସ 𝑔 ൅ 2 Oଶ 𝑔 → COଶ 𝑔 ൅ 2 HଶOሺ𝑔ሻ
1.00 atm CHସ → 1.00 atm COଶ

1.00 atm Oଶ → 0.500 atm COଶ

Determine all partial pressures and the total pressure.
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Gas law calculations in chemical reactions
CHସ 𝑔 ൅ 2 Oଶ 𝑔 → COଶ 𝑔 ൅ 2 HଶOሺ𝑔ሻ
1.00 atm Oଶ → 0.500 atm COଶ

Determine all partial pressures and the total pressure.
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CHସ 𝑔 Oଶ 𝑔 COଶ 𝑔 HଶOሺ𝑔ሻ 𝑃୲୭୲ୟ୪

Initial 1.00 1.00 0 0 2.00

Change

Final

Gas law calculations in chemical reactions
CHସ 𝑔 ൅ 2 Oଶ 𝑔 → COଶ 𝑔 ൅ 2 HଶOሺ𝑔ሻ
1.00 atm Oଶ → 0.500 atm COଶ

Determine all partial pressures and the total pressure.
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CHସ 𝑔 Oଶ 𝑔 COଶ 𝑔 HଶOሺ𝑔ሻ 𝑃୲୭୲ୟ୪

Initial 1.00 1.00 0 0 2.00

Change െ0.500 െ1.00 ൅0.500 ൅1.00

Final
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Gas law calculations in chemical reactions
CHସ 𝑔 ൅ 2 Oଶ 𝑔 → COଶ 𝑔 ൅ 2 HଶOሺ𝑔ሻ
1.00 atm Oଶ → 0.500 atm COଶ

Determine all partial pressures and the total pressure.
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CHସ 𝑔 Oଶ 𝑔 COଶ 𝑔 HଶOሺ𝑔ሻ 𝑃୲୭୲ୟ୪

Initial 1.00 1.00 0 0 2.00

Change െ0.500 െ1.00 ൅0.500 ൅1.00

Final 0.50 0 0.500 1.00 2.00

Kinetic molecular theory
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