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Solutions and Solvation

IMF Effects
Unit 11E:  Solubility
Knowledge/Understanding Goals:

· how a solution forms
· how dissolving changes the temperature of the solution

Notes:
solute:  a substance that is broken down and dissolved in another substance.  Solutes can be solids, liquids, or gases.
solvent: a substance that dissolves a solute.  Solvents are almost always liquids.
electrolyte: a solute that dissociates into positive and negative ions in solution.  These ions conduct electricity through the solution.

strong electrolyte:  a solute that completely dissociates in solution

weak electrolyte: a solute that only partially dissociates/ionizes in solution.

solvation or dissolution: the process of a solute dissolving in a solvent.

soluble:  when a solute can dissolve in a solvent.  Because the degree to which a solute can dissolve in a solvent varies, most chemists define “soluble” to mean that the solubility of the solute in the solvent is either at least 3 g solute/100 g solvent, or at least 0.1 M.
insoluble:  when the solubility of a compound is either less than 3 g solute/100 g solvent, or less than 0.1 M.
saturated solution: a solution that holds as much solute as the solvent is capable of dissolving at a given temperature.
A solution forms when solute molecules are dissolved in solvent molecules.  This process involves the following steps:
1. Solvent molecules are attracted to the surface of the solute.  

2. Intermolecular bonds (e.g., ion-dipole bonds, hydrogen bonds, etc.) between solvent and solute particles pull the solute particles (ions, molecules, etc.) apart and into the solvent.
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The energetic “steps” of dissolving are a bit different and will be discussed later in the packet.

Temperature & Solubility

If a solute is able to dissolve, this always means that more energy is released when the solvent-solute intermolecular bonds are formed than it took to pull the solute and solvent particles apart.

If a solute does not dissolve, this means it would have taken more energy to pull the solute and solvent particles apart than would have been released by forming the solvent-solute intermolecular bonds.
Note that this energy can exist in two forms:  enthalpy (heat) and entropy (how much the energy is spread out among the particles).  Note that the entropy change (ΔSsoln) is always positive, because the energy is always more spread out when the solvent and solute are mixed.
If the solution gets hotter as the solute dissolves (ΔHsoln < 0), this means energy was also released in the form of enthalpy (heat).

If the solution gets colder as the solute dissolves, this means heat energy was absorbed  (ΔHsoln > 0).  However, because overall, energy had to be released (or the dissolution would not have happened) this means that more energy was released by the increase in entropy than was absorbed by the increase in enthalpy (heat).

Here is an energy diagram depicting the steps in the process:
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For most solid solutes, ΔHsoln > 0, which means heat is absorbed by the dissolving process.  This means that for most solid solutes, heating the solution will increase the solubility.
For most gaseous solutes, ΔHsoln < 0, which means heat is released  by the dissolving process.  This means that for most gaseous solutes, heating the solution will decrease the solubility.

Pressure & Solubility: Henry’s Law

Henry’s Law states that the partial pressure of gas “i ” above a liquid is equal to the concentration of the gas dissolved in the liquid (ci) times the Henry’s Law constant (kH) that is specific to the particular liquid, gas, and temperature.: 
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Sample problem:

In a typical 2 ℓ soda bottle, the partial pressure of CO2​ is about 4 atm.  If the Henry’s Law constant (kH) for CO2 in water at 298 K is 
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, what is the concentration of CO2 in the soda?

Answer:
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Factors that Affect the Rate of Solvation

· temperature: **most** solutes dissolve faster at higher temperatures because the molecules have more energy to “pull” the solute molecules apart due to increased force and frequency of collisions.

· concentration: as the concentration increases, more and more solvent molecules are occupied with solute particles.  The higher the concentration of the solute, the more slowly the solute will dissolve.

· surface area: because the solvent-solute interactions happen at the surface of the solute particles, the greater the surface area, the faster the solvent dissolves.

· pressure: for gases dissolving in liquids, increasing the pressure will force more gas molecules into the liquid, increasing the rate at which the gas dissolves.

· mixing: the faster a solution is mixed/stirred, the faster the solute will dissolve.  This is because the mixing increases solute/solvent particle collisions, facilitating IMF formation between the two while also evenly distributing the concentration of solute throughout the solution.
Factors that Affect Amount of Solute Dissolution
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Solubility Curves: Graphical depiction of the amount of solute (g) 100 g of a 


        given solute can dissolve.

Saturation: Supersaturated, Saturated, Unsaturated describe the amount of 
         dissolved solute in a given volume of solvent.
Use this space for additional notes.  
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