AP Chemistry study guide for Solutions (Chapter 12)
 & Solution Stoich (Chapter 4b)

Students should be able to... 

· Define: 

HYPERLINK "http://dbhs.wvusd.k12.ca.us/Solutions/Intro-to-Solutions.html"
solute, solvent, solution, electrolyte, nonelectrolyte, types of solutions (combinations of matter states), suspension, colloid, Brownian movement, saturated, unsaturated, supersaturated, miscible, immiscible, Tyndall effect, hypertonic, hypotonic, isotonic 

· Know the factors that affect solubility 

· Calculate % composition 

· Calculate Molarity. 
· Calculate molality. 
· Calculate mole fraction.
· Calculate % by mass 

· Convert % by mass to Molarity. 
· Calculate changes in freezing point and boiling point in molecular solutes 
· Calculate changes in freezing point and boiling point in ionic solutes 
· Calculate the vapor pressures of solutions (Raoult's Law) 

· Calculate osmotic pressure 

· Calculate titration data
· Explain the nonideal behavior of solutions 

Sample AP problems

15. The weight of H2SO4 (molecular weight 98.1) in 50.0 milliliters of a 6.00-molar solution is

(A) 3.10 grams
(B) 12.0 grams
(C) 29.4 grams
(D) 294 grams
(E) 300. grams 

26. How many milliliters of 11.6-molar HCl must be diluted to obtain 1.0 liter of 3.0-molar HCl?

(A) 3.9 mL
(B) 35 mL
(C) 260 mL
(D) 1,000 mL
(E) 3,900 mL 

27.

I. Difference in temperature between freezing point of solvent and freezing point of solvent and freezing point of solution
II. Molal freezing point depression constant, Kf, for solvent

In addition to the information above, which of the following gives the minimum data required to determine the molecular mass of a nonionic substance by the freezing point depression technique?

(A) No further information is necessary.
(B) Mass of solute
(C) Mass of solute and mass of solvent
(D) Mass of solute and volume of solvent
(E) Mass of solute, mass of solvent, and vapor pressure of solvent 

36. Appropriate laboratory procedures include which of the following?

I. Rinsing a buret with distilled water just before filling it with the titrant for the first titration
II. Lubricating glass tubing before inserting it into a stopper
III. For accurate results, waiting until warm or hot objects have reached room temperature before weighing them 

(A) II only
(B) I and II only
(C) I and III only
(D) II and III only
(E) I, II, and III 

43. Which of the following does NOT behave as an electrolyte when it is dissolved in water?

(A) CH3OH
(B) K2CO3
(C) NH4Br
(D) HI
(E) Sodium acetate, CH3COONa 

67. BrO3¯ + 5 Br¯ + 6 H+ <===> 3 Br2 + 3 H2O

If 25.0 milliliters of 0.200-molar BrO3¯ is mixed with 30.0 milliliters of 0.450-molar Br¯ solution that contains a large excess of H+, the amount of Br2 formed, according to the equation above, is

(A) 5.00 x 10¯3 mole
(B) 8.10 x 10¯3 mole
(C) 1.35 x 10¯2 mole
(D) 1.50 x 10¯2 mole
(E) 1.62 x 10¯2 mole 

71. A solution of toluene (molecular weight 92.1) in benzene (molecular weight 78.1) is prepared. The mole fraction of toluene in the solution is 0.100. What is the molality of the solution?

(A) 0.100 m
(B) 0.703 m
(C) 0.921 m
(D) 1.28 m
(E) 1.42 m 

72. How many moles of solid Ba(NO3)2 should be added to 300. milliliters of 0.20-molar Fe(NO3)3 to increase the concentration of the NO3¯ ion to 1.0-molar? (Assume that the volume of the solution remains constant.)

(A) 0.060 mole
(B) 0.12 mole
(C) 0.24 mole
(D) 0.30 mole
(E) 0.40 mole 

Free Response Question (1991)

2) The molecular formula of a hydrocarbon is to be determined by analyzing its combustion products and investigating its colligative properties.

(a) The hydrocarbon burns completely, producing 7.2 grams of water and 7.2 liters of CO2 at standard conditions.  Find the empirical formula.

(b) Calculate the mass in grams of O2 required for the complete combustion of the sample of the hydrocarbon described in (a).

(c) The hydrocarbon dissolves readily in CHCl3. The freezing point of a solution prepared by mixing 100. grams of CHCl3 and 0.600 gram of the hydrocarbon is -64.0 °C. The molal freezing-point depression constant of CHCl3 is 4.68 °C / molal and its normal freezing point is -63.5 °C. Calculate the molecular weight of the hydrocarbon.

(d) What is the molecular formula of the hydrocarbon?
1998. 2) An unknown compound contains only the three elements C,H, and O. A pure sample of the compound is analyzed and found to be 65.60 percent C and 9.44 percent H by mass. 

(a) Determine the empirical formula of the compound. 

(b) A solution of 1.570 grams of the compound in 16.08 grams of camphor is observed to freeze at a temperature 15.2 Celsius degrees below the normal freezing point of pure camphor. Determine the molar mass and apparent molecular formula of the compound. (The molal freezing-point depression constant, Kf, for camphor is 40.0 kg-K-mol¯1.) 

(c) When 1.570 grams of the compound is vaporized at 300 °C and 1.00 atmosphere, the gas occupies a volume of 577 milliliters. What is the molar mass of the compound based on this result? 

(d) Briefly describe what occurs in solution that accounts for the difference between the results obtained in parts (b) and (c). 

Chapter 12/4b AP Sample Problem Answers

15. C

26. C

27. C

36. D

43. A

67. B

71. E
72. A

1991  2) 

a) three points

7.2 g H2O ÷ 18.0 g/mol = 0.40 mol H2O

0.40 mol H2O x (2 mol H / 1 mol H2O) = 0.80 mol H

7.2 L CO2 ÷ 22.4 L/mol = 0.32 mol CO2
0.32 mol CO2 x (1 mol C / 1 mol CO2) = 0.32 mol C

OR

n = PV ÷ RT = [(1 atm) (7.2 L)] ÷ [(0.0821 L atm mol¯1 K1) (273 K)] = 0.32 mol CO2
0.80 mol H ÷ 0.32 = 2.5

0.32 mol C ÷ 0.32 = 1

2.5 x 2 = 5 mol H

1 x 2 = 2 mol C

empirical formula = C2H5

b) two points

mol O2 for combustion = mol CO2 + 1/2 mol H2O = 0.32 + 0.20 = 0.52 mol O2 

0.52 mol O2 x 32 g/mol = 17 g O2
alternate approach for mol O2 from balanced equation

C2H5 + 13/4 O2 ---> 2 CO2 + 5/2 H2O

other ratio examples:
1, 6.5 ---> 4, 5
0.25, 1.625 ---> 1, 1.25

mol O2 = 0.40 mol H2O x (13/4 mol O2 / 5/2 mol H2O) = 0.52 mol O2
Note: starting moles of C2H5 = 0.16 mol C2H5

c) three points

MM stands for molar mass.

T = (Kf (g/MM)) / kg of solvent

0.5 °:C = ((4.68 °:C kg mol¯:1) x (0.60 g / MM)) / 0.1 kg

MM = (4.68 x 0.60) / (0.5 x 0.1) = 56 or 6 x 101
an alternate solution for (c)

molality = 0.5 °:C / (4.68 0.5 °:C/m) = 0.107 m
mol solute =( 0.107 mol / kg solvent) x 0.100 kg solvent = 0.0107 mol

MM = 0.60 g / 0.0107 mol = 56 or 6 x 101

d) one point

(56 g/mol of cmpd) / (29 g/mol of empirical formula) = 1.9 empirical formula per mol

OR

6 x 101 / 29 = 2.1

empirical formula times 2 equals molecular formula = C4H10
1998.

2) 

(a) Assume a 100 gram sample ( not necessary for credit ): 

65.60g C x (1 mol C / 12.01 g C) = 5.462 mol C 

9.44g H x (1 mol H / 1.0079 g H) = 9.366 mol H 

mass O = [100 - (65.60 + 9.44)] = 24.96 g O 

24.96 g O x (1 mol O / 15.9994 g O) = 1.560 mol O 

C5.462H9.366O1.560 ---> C3.5H6.0O1.0 ---> C7H12O2 

One point earned for determining moles of C and moles of H
One point earned for determining moles of O
One point earned for correct empirical formula 

(b) m = T / Kf = 15.2 °C /40.0 K kg mol¯1 = 0.380 mol / kg 

0.01608 kg x (0.380 mo / 1 kg) = 0.00611 mol 

molar mass = 1.570 g/ 0.00611 mol = 257 g / mol 

One point earned for determination of molarity
One point earned for conversion of molarity to molar mass 

OR, 

moles solute = (T x kg solvent) / Kf = 0.00611 mol (one point) 

molar mass = 1.570 g / 0.00611 mol = 257 g / mol (one point) 

OR, 

molar mass = (mass x Kf) / (T x kg solvent) = 257 g / mol (two points) 

empirical mass of C7H12O2 = 7(12) + 12(1) + 2(16) = 128 g/mol 

128 g/mol = 1/2 molar mass ---> molecular formula = 2x ( empirical formula) -----> molecular formula = C14H24O4 (one point) 

One point earned if molecular formula is wrong but is consistent with empirical formula and molar mass
No penalty for simply ignoring the van't Hoff factor
Only one point earned for part (b) if response indicates that T= (15.2 + 273) = 288 K and molar mass = 13.6 g / mol 

(c) n = (pV) / (RT) = [(1 atm) (0.577 L)] / [(0.0821 L atm mol°1 K°1) (573 K)] = 0.0123 mol (one point) 

molar mass = mass of sample / moles in sample = 1.570 g / 0.0123 mol = 128 g/mol (one point) 

Only one point can be earned for part (c) if wrong value for R is used and/or T is not converted from C to K 

(d) The compound must form a dimer in solution, because the molar mass in solution is twice that it is in the gas phase, 

OR, 

the compound must dissociate in the gas phase ( A (g) --> 2B (g)) because the molar mass in the gas phase is half that it is in solution. 

One point earned for a reference to either or both the ideas of dimerization and dissociation -No point earned for a " non - ideal behavior " argument 

AP Chemistry – Solutions, Chapter 12/4b FAQ

Q:  What are hydrophobic and hydrophilic?

A:  Hydrophobic is a “fear of water”.  Nonpolar substances are typically hydrophobic.  They are not attracted to water.  Hydrophilic on the other hand are “water lovers”.  These compounds are attracted to water, and therefore are commonly ionic or polar.

Q:  Can you explain how vapor pressure causes solute to come out of solutions and what that does to Molarity & Pressure?

A:  Vapor pressure doesn’t cause solute to come out of solutions.  Liquids, when they evaporate, change into the gaseous state of matter.  Gases have much higher pressure than liquids.  So, when more molecules are in the gas state, the pressure is increased.  Since the solvent is being lost, and the solute remains the same, the Molarity will increase.  The only way to get the solute out of solution is to allow ALL of the solvent to evaporate.  Then, it’s no longer a solution.

A solute decreases the vapor pressure because it lowers the surface area of the liquid exposed to the air.

Q:  How do you determine is a substance will act as an electrolyte in a solution?

A:  Electrolytes must have a difference in electronegativity.  The bigger the difference, the better it can conduct.  Usually, nonpolar substances are considered nonelectrolytes.  These are commonly organic (carbon based) molecules.  Polar substances are usually fair electrolytes.  These substances would have lone pairs on one end of the molecule, and a shortage on the other end.  Ionic substances are very good electrolytes.  Ionic substances have large electronegativity differences, and may contain polyatomic ions of course.

Q:  What’s up with i?
A:  The van’t Hoff factor, i, is the number of particles that will be present when a solute breaks apart.  For covalent compounds, this number is one, since covalent compounds cannot split into ions.  For ionic compounds, this number is equal to the number of ions that would be present if you split the compound up into individual ions.

Examples:  C​4H4O :  1
NaOH :  2

CaF2 : 3  
(NH4)2SO4 : 3

