AP Chemistry – Chapter 3, Stoichiometric Relationships Study Guide

· Convert grams to moles, moles to grams, atoms to moles, moles to atoms, atoms to grams, grams to atoms for an element 
· Know the value and definition of Avogadro’s number. 
· Calculate the average atomic mass of an element when given natural abundance of each isotope. 

· Find the molecular mass of a compound. 
· Find the empirical and molecular formulas from grams and from % composition. 
· Explain mole ratio 
· Stoichiometry: Calculate theoretical yields when given the limitng reactant (Convert: moles A to moles B, grams A to moles B, moles A to grams B, grams A to grams B) 
· Explain limiting reactant and excess. 
· Calculate theoretical yields by finding the limiting reactant 
· Calculate percent yield. 
· Calculate stoichiometric problems using density of a gas at STP. 

· List factors that affect solubility 

Sample AP Problems (copyright College Board)

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 

23. How many grams of calcium nitrate, Ca(NO3)2, contains 24 grams of oxygen atoms?

(A) 164 grams
(B) 96 grams
(C) 62 grams
(D) 50. grams
(E) 41 grams 

24. The mass of element Q found in 1.00 mole of each of four different compounds is 38.0 grams, 57.0 grams, 76.0 grams, and 114 grams, respectively. A possible atomic weight of Q is

(A) 12.7
(B) 19.0
(C) 27.5
(D) 38.0
(E) 57.0 

25. The simplest formula for an oxide of nitrogen that is 36.8 percent nitrogen by weight is

(A) N2O
(B) NO
(C) NO2
(D) N2O3
(E) N2O5 

37. __ CH3CH2COOH(l) + __ O2(g) ---> __ CO2(g) + __ H2O(l)

How many moles of O2 are required to oxidize 1 mole of CH3CH2COOH according to the reaction represented above?

(A) 2 moles
(B) 5/2 moles
(C) 3 moles
(D) 7/2 moles
(E) 9/2 moles 

39. When a hydrate of Na2CO3 is heated until all the water is removed, it loses 54.3 percent of its mass. The formula of the hydrate is

(A) Na2CO3 . 10 H2O
(B) Na2CO3 . 7 H2O
(C) Na2CO3 . 5 H2O
(D) Na2CO3 . 3 H2O
(E) Na2CO3 . H2O 

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). 

Stiochiometry Answers:

15) C
23) E
24) B
25) D
37) D
39) B


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 

