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GASES

1. Gases take up the volume of the container — has no definite shape or volume
2. Gases mix well — diffusion
3. Gases exert pressure

THINGS WE CARE ABOUT FOR GASES

ATMOSPHERIC PRESSURE
* Pressure (P)

* Volume (V) Remember that we are always under the pressure of the

. Temperature (T) atmosphere, which is defined as 1 atm.

* Moles (n)
Any system that is allowed to equilibrate with the pressure

, of the atmosphere will try to obtain atmospheric pressure.
We’ll come back to these in a moment.

This is how balloons work because they can change their
volume to maintain atmospheric pressure inside.
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MIXTURES OF GASES

If you have a mixture of gases, and each gas behaves ideally, then the gases do not interact with each
other and you can apply the ideal gas law to each gas independently.
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If you have a mixture of gases, and each gas behaves ideally, then the gases do not interact with each
other and you can apply the ideal gas law to each gas independently.

This means that you can simply add the partial pressure of each gas together to find the total pressure:

PtotaI=PA+PB+PC---
Ntotal = Na + N + Nc ...

How to calculate partial pressure of gas A in a mixture:

* Determine moles of the gas Na
 Determine the mole ratio Xa = Na/Niotal
« Multiply mole ratio by total pressure Pa = XaPiotal

« Ptotal can be found by using the ideal gas law Piotal = NiotaRT/V
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MIXTURES OF GASES

If you have a mixture of gases, and each gas behaves ideally, then the gases do not interact with each
other and you can apply the ideal gas law to each gas independently.

This means that you can simply add the partial pressure of each gas together to find the total pressure:

PtotaI=PA+PB+PC---
Ntotal = Na + N + Nc ...

How to calculate partial pressure of gas A in a mixture:

* Determine moles of the gas Na

* Determine the mole ratio Xa = Na/Niotal

* Multiply mole ratio by total pressure Pa = XaPiotal

« Ptotal can be found by using the ideal gas law Piotal = NiotaRT/V

* Or apply the ideal gas law on gas A only to find Py
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?

Solve for the partial pressures of each gas using the ideal gas law:

For N,:
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?

Solve for the partial pressures of each gas using the ideal gas law:

For N,: o
nyn
PNZ - IZ/
L - atm
_ (186 mol) (0.08206 . K) (297.15 K)

50.0 L
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?

Solve for the partial pressures of each gas using the ideal gas law:

For N,: o
nn
PNZ - IZ/
L - atm
_ (186 mol) (0.08206 . K) (297.15 K)
50.0 L
Py, = 90.7, atm
For O,: o
no
P02 - ‘2/
L - atm
_ (145 mol) (0.08206 v~ K) (297.15 K)
50.0 L

Po, = 70.7, atm
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?

Solve for the partial pressures of each gas using the ideal gas law:

For N,: o
nn
PNZ - IZ/
L - atm
_ (186 mol) (0.08206 . K) (297.15 K)
50.0 L
Py, = 90.7, atm
For O,: o
no
P02 - ‘2/
L - atm
_ (145 mol) (0.08206 v~ K) (297.15 K)
50.0 L

Po, = 70.7; atm
For total pressure: Pyt = Py, + Pp, = 90.71 atm + 70.7, atm = 161 atm
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?

Alternative Solution: Solve for the partial pressures of each gas using mole fractions.
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?

Alternative Solution: Solve for the partial pressures of each gas using mole fractions.

The total pressure (P:ys) can be determined from the ideal gas law:

~ (nn, + 1o, )RT
Ptotal - v
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?

Alternative Solution: Solve for the partial pressures of each gas using mole fractions.

The total pressure (P:ys) can be determined from the ideal gas law:

(nn, + 1o, )RT
Ptotal v

L- atm) (297..5 K)

_ (186 mol + 145 mol) (0 08206
50.0 L

Ptotal — 1614 atm
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?

Alternative Solution: Solve for the partial pressures of each gas using mole fractions.

The total pressure (P:ys) can be determined from the ideal gas law:

(nn, + 1o, )RT
Ptotal v

L- atm) (297..5 K)

_ (186 mol + 145 mol) (0 08206
50.0 L

Ptotal — 1614 atm

Find mole fractions for each gas:
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?

Alternative Solution: Solve for the partial pressures of each gas using mole fractions.

The total pressure (P:ys) can be determined from the ideal gas law:
(nn, + 1o, )RT

Ptotal v
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ny, 186 mol No, 145 mol
XN = == == 05619 and XOZ == == == 04381

> ny,+ng, 331mol nn, + g, 331 mol
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The total pressure (P:ys) can be determined from the ideal gas law:
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Find mole fractions for each gas:
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XN = == == 05619 and XOZ == == == 04381

> ny,+ng, 331mol nn, + g, 331 mol

Find partial pressures from mole fractions and Py
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A 50.0 L steel tank contains 186 mol N, and 145 mol O, at 24 °C.
What is the partial pressure of each gas in the tank?
What is the total pressure in the tank?

Alternative Solution: Solve for the partial pressures of each gas using mole fractions.

The total pressure (P:ys) can be determined from the ideal gas law:
(nn, + 1o, )RT

Ptotal v
(186 mol + 145 mol) (0 08206 atm) (297.,5 K)
50.0 L
Ptotal — 1614 atm
Find mole fractions for each gas:
ny, 186 mol No, 145 mol
XN = == == 05619 and XOZ == == == 04381

> ny,+ng, 331mol nn, + g, 331 mol

Find partial pressures from mole fractions and Py
Py, = XN,Ptotal = (0.5619)(161., atm) = 90.7 atm

P = Xo0,Ptotal = (0.438;)(161.,atm) = 70.7 atm
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Imagine that both stopcocks were opened so that the
gases mix at 298 K.

H,(8)

What is the partial pressure of each gas after opening?

P=213atm P=086latm P=1.15atm
V=150L V=100L V=200L
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gases mix at 298 K.

H,(8)

What is the partial pressure of each gas after opening?
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V=150L V=100L V=200L

Solve for the number of moles using the pressures of each gas using the ideal gas law:
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Imagine that both stopcocks were opened so that the
gases mix at 298 K.

H,(8)

What is the partial pressure of each gas after opening?

P=213atm P=086latm P=1.15atm
V=150L V=100L V=200L

Solve for the number of moles using the pressures of each gas using the ideal gas law:

PV
Nco, = o4
RT

(2.13 atm)(1.50 L)

(0 08206 = atm) (298 K)
nCO2 = 01307 mOl
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Imagine that both stopcocks were opened so that the

’ ﬁ gases mix at 298 K.
Hy(8) Ar( What is the partial pressure of each gas after opening?

P=213atm P=086latm P=1.15atm
V=150L V=100L V=200L

Solve for the number of moles using the pressures of each gas using the ideal gas law:

PV PV PV
flco, = jr UHz = BT NAr = RT
7 (213am)(1.50 L) (0861 atm)(1.00 L) " (115atm)(2.001L)
(0 08206 = atm) (298 K) (o 08206 - atm) (298 K) (0 08206 = atm) (298 K)

neo, = 0.130; mol ny, = 0.03524 mol nar = 0.0940¢ mol
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Imagine that both stopcocks were opened so that the

’ ﬁ gases mix at 298 K.
Hy(8) Ar What is the partial pressure of each gas after opening?

P=213atm P=086latm P=1.15atm
V=150L V=100L V=200L

Solve for the number of moles using the pressures of each gas using the ideal gas law:

PV PV PV
flco, = jr UHz = BT NAr = RT
7 (213am)(1.50 L) (0861 atm)(1.00 L) " (115atm)(2.001L)
(0 08206 = atm) (298 K) (o 08206 - atm) (298 K) (0 08206 = atm) (298 K)
neo, = 0.130; mol ny, = 0.03524 mol nar = 0.0940¢ mol

If we open the stopcocks, the total volume changes to 4.50 L. Now solve for new pressures:
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Imagine that both stopcocks were opened so that the
gases mix at 298 K.

What is the partial pressure of each gas after opening?

P=213atm P=086latm P=1.15atm
V=150L V=100L V=200L

Solve for the number of moles using the pressures of each gas using the ideal gas law:

PV PV PV
flco, = jr UHz = BT NAr = RT
7 (213am)(1.50 L) (0861 atm)(1.00 L) " (115atm)(2.001L)
(0 08206 = atm) (298 K) (o 08206 - atm) (298 K) (0 08206 = atm) (298 K)
neo, = 0.130; mol ny, = 0.03524 mol nar = 0.0940¢ mol

If we open the stopcocks, the total volume changes to 4.50 L. Now solve for new pressures:

nRT

Pco, = ~
_ (0.130, mol) (0.08206
450 L,

L- atm) (298 K)

PCOZ = 0.710 atm
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Imagine that both stopcocks were opened so that the

’ @ gases mix at 298 K.
Hy(8) Ar What is the partial pressure of each gas after opening?

P=213atm P=086latm P=1.15atm
V=150L V=100L V=200L

Solve for the number of moles using the pressures of each gas using the ideal gas law:

PV PV PV
flco, = jr UHz = BT NAr = RT
7 (213am)(1.50 L) (0861 atm)(1.00 L) " (115atm)(2.001L)
(0 08206 = atm) (298 K) (o 08206 - atm) (298 K) (0 08206 = atm) (298 K)
neo, = 0.130; mol ny, = 0.03524 mol nar = 0.0940¢ mol

If we open the stopcocks, the total volume changes to 4.50 L. Now solve for new pressures:

nRT nRT nRT
Feo, =7~ P, =~y Far =~y
_ (0:130, mol) (0.08206 L 22 (298 K) _ (0.0352; mol) (0.08206 L = 2) (298 K) _ (0.09405 mol) (0.08206 L = 2) (298 K)
450 L 250 L 450 L

Pco, = 0.710 atm Py, = 0.191 atm Py, = 0.511 atm



