Solutions











Name: _______________________
AP Chemistry Lecture Outline
solution: homogeneous mixture; solid, liquid, or gas

solvent: substance present in the greatest amount

solute: also present;

Intermolecular forces (IMFs) operate between solvent and solute particles. Solutions form when solute-solvent IMFs are comparable to solute-solute IMFs.


-- 


-- then solvation: 

Energy Changes and Solution Formation


(1) solute particles are separated from the crystal lattice;


(2) solvent particles separate to make room for solute particles;
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(3) solvent and solute particles are attracted to each other;




--


For polar/nonpolar, (3) isn’t (–) enough, and (1) and (2) lead to a Hsoln that is too (+).



Spontaneous processes tend to occur...




(A) when Hsoln is (–), (i.e., _____)




(B) when the disorder of the system increases





** NOTE:

Sometimes it is not readily apparent whether a solution has been formed or
whether a chemical reaction took place. To help you decide, consider the following:

If the product is evaporated to dryness, a solution would give you what you started with.

e.g., 

Solubility


Crystallization is the opposite of the solution process.


-- When the rates of solution and crystallization are equal, ____________ is established.
solubility: the amount of solute needed to form a saturated solution in a given quantity of 




solvent under given conditions of temperature and pressure

saturated: soln is in eq. w/undissolved solute

unsaturated: more solute could dissolve

supersaturated: the amount of dissolved solute exceeds the solubility
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 -- for solids, as T    , sol. ___


 -- for gases, as T   , sol. ___
Factors Affecting Solubility

Solute-Solvent Interactions



-- As IMFs between solute and solvent increase, solubility _____________.
 




miscible: describes pairs of liquids that mix in all proportions (v. immiscible)


Low molar mass alcohols are completely miscible in water, due to H-bonding of 



hydroxyl group (–OH); as molar mass increases, the polarity of the alcohol 



molecule...



-- Substances with similar IMFs tend to be soluble in one another;




-- Some network solids aren’t soluble in either polar or nonpolar solvents 





because of strong forces within the solid.


Pressure Effects



-- Pressure has no effect on the solubility of solids in liquids, but as P increases, 



gas solubility ____.



-- Henry’s law:




Sg = solubility of the gas in the solution (M)




k = Henry’s law constant; it depends on solute, solvent, and temp. (M/pres.unit)



Pg = partial pressure of the gas over the solution (pres. unit)
EX. 
A bottled soft drink at 25oC has CO2 gas at a pressure of 5.0 atm over the liquid. If 



the partial pressure of CO2 in the atmosphere is 4.0 x 10–4 atm and the Henry’s law 



constant for CO2 over water at 25oC is 3.1 x 10–2 M/atm, calculate the solubility 



of the CO2 both before and after the bottle is opened.
Ways of Expressing Concentration




qualitative: 








quantitative:


EX. 
A 5.5-g sample of well water contains 0.75 g of lead ions. In ppm, find the 


concentration of lead ions.

EX.

If a commercial bleach is 4.35% sodium hypochlorite by mass, calculate the bleach’s


mole fraction and molality of the sodium hypochlorite.

Colligative Properties
-- these depend on the concentration of particles in a solution, but not...

(A) Adding a volatile/nonvolatile solute to a solvent increases/decreases the solution’s 

     vapor pressure (VP).


Raoult’s law:










   PA,mix = VP of particle type “A” above the mixture










 XA = mole fraction of particle type “A” in the mixture










PoA = VP of “pure A”

Ideal solutions obey Raoult’s law.

Such solutions have...



-- a low concentration



-- solute and solvent particles that are
   similar in size and have similar IMFs

EX. 
A solution of sodium chloride and water has a vapor pressure of 0.854 atm at 100.oC.


Find the mole fraction of sodium chloride.

EX. 
A solution contains 89.7 g ethanol and 241.4 g water. What is the vapor pressure  



above the mixture at 100.oC, if ethanol’s vapor pressure at this temp. is 1694 torr?


(B) Adding a nonvolatile solute to a solvent decreases the solution’s freezing point (FP)

 and increases its boiling point (BP).




       




Phase diagram
The freezing point depression and boiling point elevation are given by:



     Tx = FP depression or BP elevation




Kx = Kf (molal FP depression constant) or Kb (molal BP elevation constant)





-- they depend on the solvent






-- for water: 



m = molality of solute



   i = van’t Hoff factor (accounts for # of particles in solution)





In aq. soln., assume that…






-- i = __ for nonelectrolytes






-- i = __ for KBr, NaCl, etc.






-- i = __ for CaCl2, etc.

EX.

Find the freezing point and boiling point of a solution containing 360 g barium 



chloride and 2.50 kg of water.
EX.

Camphor, C10H16O has a normal freezing point of 179.8oC and a Kf = 40.0oC/m.



When 0.186 g of a nonelectrolytic substance is dissolved in 22.01 g of camphor,



the mixture’s new freezing point is 176.7oC. Find the unknown’s molar mass.

(C) Adding a nonvolatile solute to a solvent increases the solution’s osmotic pressure.

Osmosis is the net movement of solvent away from a soln. w/a lower solute [ ] toward a soln. w/a higher solute [ ]. Another way to say this is that osmosis is the diffusion of a solvent – i.e., from an area of higher solvent [ ] to an area of lower solvent [ ] – through a semipermeable membrane.



osmotic pressure, : the external pressure

req’d to prevent osmosis

A soln’s osmotic pressure  can be thought of as a negative pressure; that is, the greater a soln’s , the greater is the tendency for solvent to flow ______ the solution.





hypertonic solutions: 





 hypotonic solutions: 


osmotic pressure equation:
















n = # of moles of particles











V = solution volume, in L












R = 8.314 L-kPa/mol-K = 0.08206 L-atm/mol-K












T = absolute temp. (i.e., in K)











i  = van’t Hoff factor

EX. 
1.5 mg of a certain protein are dissolved in water to make 10.0 mL of 



solution. The soln’s osmotic pressure was found to be 2.35 torr at 25oC. 



Calculate the protein’s molar mass.

T (oC)





Solubility


(g/100 g H2O)





Sol. Curve for a Typical Substance


Dissolved in a Liquid





Unlike molarity, molality doesn’t change 


with temp. because...





To go between molarity and molality, you need...





T





  P





solid





liquid





gas





1 atm





pure solvent





In reality, the van’t Hoff factor isn’t always an integer. Use the guidelines unless given information to the contrary. 





solvent tends to flow	     ;





application of …





Solvent A


(pure solvent)





Solution B


(mixture)
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