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1.9.3: Henry's Law

Having a soft drink in outer space poses some special problems. Under microgravity, the carbonation can quickly dissipate if not
kept under pressure. You can't open the can, or you will lose carbonation. So, a special pressurized container has been developed to
get around the problem of gas loss at low gravity.

Henry's Law

Pressure has very little effect on the solubility of solids or liquids, but has a significant effect on the solubility of gases. Gas
solubility increases as the partial pressure of a gas above the liquid increases. Suppose a certain volume of water is in a closed
container with the space above it occupied by carbon dioxide gas at standard pressure. Some of the CO, molecules come into
contact with the surface of the water and dissolve into the liquid. Now suppose that more CO, is added to the space above the
container, causing a pressure increase. In this case, more CO, molecules are in contact with the water and so more of them
dissolve. Thus, the solubility increases as the pressure increases. As with a solid, the CO, that is undissolved reaches an
equilibrium with the dissolved CO,, represented by the equation:

CO, (9) = CO, (aq)
At equilibrium, the rate of gaseous CO, dissolution is equal to the rate of dissolved CO, coming out of the solution.

When carbonated beverages are packaged, they are done so under high CO, pressure so that a large amount of carbon dioxide
dissolves in the liquid. When the bottle is open, the equilibrium is disrupted because the CO,, pressure above the liquid decreases.
Immediately, bubbles of CO, rapidly exit the solution and escape out of the top of the open bottle. The amount of dissolved CO,
decreases. If the bottle is left open for an extended period of time, the beverage becomes "flat" as more and more CO,, comes out
of the liquid.

The relationship of gas solubility to pressure is described by Henry's law, named after English chemist William Henry (1774-1836).
Henry's Law states that the solubility of a gas in a liquid is directly proportional to the partial pressure of the gas above the liquid.
Henry's law can be written as follows:

S1 5

P P
S1 and P are the solubility and the pressure at an initial set of conditions; Sy and P, are the solubility and pressure at another
changed set of conditions. The solubility of a gas is typically reported in g/L.

Example 1.9.3.1

The solubility of a certain gas in water is 0.745 g/Lat standard pressure. What is its solubility when the pressure above the
solution is raised to 4.50 atm? The temperature is constant at 20°C.

Solution
Step 1: List the known quantities and plan the problem.

Known

e 51 =0.745g/L
e P, =1.00atm
e P, =4.50atm

Unknown
Substitute into Henry's law and solve for .Ss.

Step 2: Solve.
_ S1xP,  0.745g/L x4.50 atm
P 1.00 atm

S, =3.35g/L

Step 3: Think about your result.
The solubility is increased to 4.5 times its original value, according to the direct relationship.

https://chem.libretexts.org/@go/page/509467



https://libretexts.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://chem.libretexts.org/@go/page/509467?pdf
https://chem.libretexts.org/Courses/Modesto_Junior_College/Chemistry_142%3A_Pre-General_Chemistry_(Maki)/01%3A_Text_(Maki)/1.09%3A_Solutions/1.9.03%3A_Henry's_Law

LibreTextsw

Summary

1.9.3: Henry's Law is shared under a CC BY-NC license and was authored, remixed, and/or curated by LibreTexts.

e 16.6: Henry's Law by CK-12 Foundation is licensed CK-12. Original source: https:/flexbooks.ck12.org/cbook/ck-12-chemistry-flexbook-
2.0/.

https://chem.libretexts.org/@go/page/509467


https://libretexts.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://chem.libretexts.org/@go/page/509467?pdf
https://chem.libretexts.org/Courses/Modesto_Junior_College/Chemistry_142%3A_Pre-General_Chemistry_(Maki)/01%3A_Text_(Maki)/1.09%3A_Solutions/1.9.03%3A_Henry's_Law
https://creativecommons.org/licenses/by-nc/
https://chem.libretexts.org/@go/page/53854
https://www.ck12.org/
https://www.ck12info.org/curriculum-materials-license
https://flexbooks.ck12.org/cbook/ck-12-chemistry-flexbook-2.0/

