
CHEMISTRY 17 
Lecture Problem Set 1A 
 

 
A. Concentration of Solutions 
 

1. Calculate the percent by mass of the solute in each of the following aqueous solutions: 
a. 5.50 g NaBr in 78.2 g of solution 
b. 31.0 g of KCl in 152 g of water 
c. 4.5 g toluene in 29 g of benzene 

 
2. Calculate the molality of each of the following solutions: 

a. 2.5 M NaCl solution (soln = 1.08 g/cm3) 

b. 48.2 percent by mass KBr solution 
c. 14.3 g of sucrose (C12H22O11) in 676 g of water 

 
3. What mass of sodium oxalate, Na2C2O4, is needed to prepare 0.250 L of a 0.100 M solution? 

 
4. A 158.5-mg sample of pure Cu metal is dissolved in a small amount of concentrated nitric acid, giving Cu2+ 

ions in solution. This solution is then diluted to a final volume of 1.00 L. 
a. What is the molar concentration of Cu2+ ions in the final solution? 
b. Assuming the density of the solution is 1.0 g/cm3, what is the concentration of Cu2+ ions in parts per 
million? 

 
5. In a solution of acetone and ethanol, the mole fraction of acetone is 0.40. What is the concentration of 

acetone in mass percent? 
 
6. An aqueous antifreeze solution is 40.0% ethylene glycol (C2H6O2) by mass. The density of the solution is 1.05 

g/cm3. Calculate the molality, molarity, and mole fraction of ethylene glycol. 
 
7. The most concentrated aqueous solution of NaOH that can be prepared is approximately 50% NaOH by mass. 

Calculate the mole fraction and molality of NaOH in this solution. 
 
B. Colligative Properties 
 

1. A solution is prepared by mixing 50.0 g of glucose with 600.0 g water. What is the vapor pressure of this 
solution at 25 oC? (At 25 oC the vapor pressure of pure water is 23.8 torr) 

 
2. How many grams of sucrose (C12H22O11) must be added to 552 g of water to give a solution with a vapor 

pressure 2.0 mm Hg less than that of pure water at 20 oC? (The vapor pressure of water at 20 oC is 17.5 mm 
Hg) 

 
3. What is the osmotic pressure (in atm) of a 1.36 M aqueous solution of urea [(NH2)2CO] at 22.0 oC? 
 
4. How many liters of the antifreeze ethylene glycol (C2H6O2) would you add to a car radiator containing 6.50 L 

of water if the coldest winter temperature in your area is -20 oC? Calculate the boiling point of this water-
ethylene glycol mixture. ( of ethylene glycol is 1.11 g/mL) 

 
5. What are the boiling point and freezing point of a 2.47 m solution of naphthalene in benzene? (The boiling 

point and freezing point of benzene are 80.1 oC and 5.5 oC, respectively) 
 
6. A 20.0-mg sample of a protein is dissolved in water to make 25.0 mL of solution. The osmotic pressure of the 

solution is 0.56 torr at 25 oC. What is the molar mass of the protein? 
 
C. Chemical Kinetics 
 

1. State the effect of the following on the rate of reactions: 
a. Increase in concentration of reactants 
b. Decrease in temperature 
c. Addition of catalyst 

 
2. A 10-fold increase in the concentration of a particular reactant translated to an increase in reaction rate by a 

factor of 1000. What is the order of the reaction with respect to that reactant? (3rd order) 



 
3. Draw the potential energy diagram for the following hypothetical reaction: 

K +  2M   KM2; Ea = 40 kJ/mol; ΔH =  -25 kJ/mol. 

 Label your plot accordingly. 
 

4. Using the same reaction as in no 2, how would you compare the rate of appearance of the product and the 
rate of disappearance of reactant, K. Compare the magnitude of disappearances of reactant, K and reactant, 
M. 
 

5. A chemical kinetics assay is carried out toy determine the rate law expression for the reaction: K +  2M   

KM2. 
Using the following data: 

Experiment No. [K], mM [M], mM Rate, mM/min 

1 1.50 2.50 0.21 

2 3.00 2.50 1.67 

3 1.50 7.50 0.64 

a. determine the order of reaction with respect to K. 

b. determine the order of reaction with respect to M. 

c. determine the rate law expression. 

 
6. A certain reactant decomposes via a first-order reaction having a rate constant of 4.65 x 10-3 s-1. If 0.75 M of 

the reactant is present initially, how many seconds will it take for the concentration to drop to 0.400 M?   
 

7. The reaction, 2NO(g)      +     Cl2(g)      NOCl(g)  was carried out at -10C. The following results were obtained 

where rate = - [Cl2]/t 

[NO] (M) [Cl2] (M) Rate (M/min) 

0.08 0.08 0.092 

0.08 0.16 0.184 

0.16 0.16 0.737 

a. What is the rate law? 
b. What is the value of the rate constant?  

 
 
D. Introduction to Chemical Equilibria 

1. Describe a system at equilibrium in terms of the following: 
a. concentration of reactants and products 
b. rate of forward and backward reactions 

 
2. For the equilibrium 2NO (g) + Cl2 (g)  2 NOCl (g) at 300oC, KP = 2.72 at 300oC. A gas mixture consisting of 

0.50 atm NO, 0.50 atm Cl2 and 2.0 atm NOCl is prepared. Calculate the reaction quotient for the system 
and determine the direction of the reaction once the gases are allowed to react at 300 oC.  
 

3. TRUE or FALSE. A reaction with a very large equilibrium constant will have a high percentage completion. 
 

4. Consider the reaction of gaseous water and carbon monoxide to produce hydrogen gas and carbon dioxide. 
a. Write the equilibrium reaction described above. 
b. Give the equilibrium constant expressions Kc and Kp  for the reaction. 
c. If the carbon atom in carbon monoxide is labeled with an asterisk (*CO), and is mixed with gaseous 

water, in what molecules will *C be found when the reaction reaches equilibrium?  
d. This reaction is exothermic. How will the equilibrium position shift in each of the following cases? 

i. gaseous carbon monoxide is removed 
ii. reaction system is cooled 
iii. increasing the pressure by adding He gas 
iv. temperature is increased 
v. condensation of water vapour 
vi. addition of catalyst 

 
5. The Kc for the following reaction is 0.078 at 100oC 

SO2Cl2 (g)  SO2 (g) + Cl2 (g) 

Suppose 0.40 mol SO2Cl2, 0.50 mol SO2 and 0.50 mol Cl2 are added to a 2.0-L container, what will be the 
concentrations of all species at equilibrium? 

 


