Topic 2: Atoms, molecules and ions Free Response Practice

1. The two stable isotopes of chlorine have masses of 34.969 amu and 36.966 amu.

a. What are the mass numbers of the two isotopes of chlorine?

b. Calculate the % abundance of the lighter isotope.

c. How many types of molecules with different masses exist in a sample of chlorine gas if the sample exists entirely as diatomic molecules?  Explain your answer.

d. Calculate the mass of the chlorine molecule having the largest molecular mass.

e. What is the mass of the most abundant molecule?  Calculate its % abundance.

2. Like chlorine, iodine is a halogen and forms similar compounds.  Write the names and formulas of the four oxyanions and the four oxyacids of iodine.

Topic 3 Stoichiometry Free Response Practice

1. Combustion of 8.652 grams of a compound containing C, H, O, and N yields 11.088 g of CO2, 3.780 grams of H2O and 3.864 grams of NO2.

a. How many moles of C, H, and N are contained in the sample?

b. How many grams of oxygen are contained in the sample?

c. What is the simplest formula of the compound?

d. If the molar mass of the compound lies between 200 and 300, what is its molecular formula?

e. Write and balance a chemical equation for the combustion of the compound.

Topic 4 Solution Stoichiometry Free Response Practice

1. Phil accidentally spills a 1.00 L bottle of concentrated 18.0 M sulfuric acid on the floor.  He attempts to neutralize the spill by pouring a 5.00 kg box of baking soda onto the acid.

a. Write a balanced net ionic equation for the reaction.  Assume the concentrated sulfuric acid is 100% pure and not in aqueous solution.

b. What is the limiting reactant?

c. How many grams of baking soda are required to neutralize the acid?

d. How many moles of excess acid remains after all the limiting reactant has been consumed?

e. Would a floor consisting of bare concrete require more, less or the same amount of baking soda to neutralize the spill?  Explain.

2. Three unknown acid solutions are labeled A, B, and C.  One is sulfuric acid, one is hydrochloric acid, and the other is nitric acid.  Each has a concentration of approximately one molar.  Using only aqueous reagents of 0.20 M lead (II) nitrate and 0.50 M calcium nitrate write a short, concise experimental procedure, the results of which will be sufficient to identify each of the unknown acids.  Tell what you would expect to see and what it means.  Write net ionic equations to illustrate your answers.
Topic 5 Thermo-chemistry Free Response Practice

1. The heat of combustion of gaseous butane is -2658 kJ/mol and the heat of combustion of liquid butane is – 2635 kJ/mol when in both cases, all products are gases.

a. Write a balanced chemical equation for the combustion of gaseous butane.

b. How many grams of gaseous butane combust when 1550 kJ of heat are produced?
c. What is the magnitude and sign of the molar heat of vaporization of butane?  Explain your reasoning using Hess’s law.  Is your sign for the heat of vaporization realistic?  Explain.

2. When 15.0 grams of propane are combusted in air to produce all gaseous products, 73.00 kJ of heat are produced.

a. Calculate the molar heat of combustion of propane.

b. When 15.00g of propane are combusted in air to produce gaseous carbon dioxide and liquid water, 790.0 kJ of heat are produced.  Explain why the amount of heat available from the combustion of propane depends on the phase of the products

c. Calculate the heat of vaporization of water in units of kJ/g.

Topic 6 Electronic Structure of Atoms Free Response Practice

1. A line having a wavelength of 656 nm exists in the atomic emission spectrum of hydrogen.
a. For the line, calculate the following values and specify their units:

i. Frequency

ii. Energy of a photon

iii. Energy of a mole of photons

b. What color is the line?  Explain your reasoning.

c. Discuss the origin of the line in terms of the Bohr theory of the atom.  Specify any energy transitions that are applicable.

2. Molecules of oxygen are converted to atomic oxygen in the upper atmosphere by absorbing photons having wavelengths of 240 nm and shorter.

a. Write the electron configuration of oxygen and tell why atomic oxygen is diamagnetic or paramagnetic.

b. Write the electron configuration for the oxide ion.  Assign a set of four quantum numbers to each of the electrons in the oxide ion.  Correlate the sets to the electron configuration.

c. Calculate the energy equivalent of a photon of wavelength 240 nm in units of kJ/mol.

Topic 7 Periodic Properties of the Elements Free Response Practice

1. Use details of the modern atomic theory and periodicity to explain why:

a. Atomic radii become larger as the atomic number within a family gets larger.

b. Atomic radii become smaller as the atomic number within a period gets larger.

c. The radius of an oxide ion is larger than the radius of an oxygen atom.

d. The first ionization energy of aluminum is smaller than the first ionization energy of magnesium

e. The third ionization energy of an element is always larger than its second ionization energy

2. Write the formulas to show the reactants and products for the following laboratory situations.  Balance the resulting chemical equation and answer the question about each.  Be sure to write substances as ions if they are extensively ionized in solution.
a. Solid lithium nitride is added to water.  What would be the effect on pH paper held over the vessel?

b. Solid calcium is placed in water.  What would you observe?

c. Solid strontium is heated in the presence of bromine gas.  Would you expect the reaction to be endothermic or exothermic?  Explain.

d. Sulfur dioxide is bubbled through water.  Is this a redox reaction?  Explain.

e. Magnesium is heated in dry air.  Write the equation that represents another possible reaction for this mixture.

f. Sodium hydride is mixed with water.  Write the chemical equation for the spontaneous ignition of one of the products with air.

Topic 8 Basic Concepts of Chemical Bonding Free Response Practice

1. Consider the following chemical species:  the nitrogen molecule, the nitrite ion, and the nitrate ion.
a. Write the chemical formulas for each of the species and identify the oxidation number of the nitrogen atom in each formula.

b. Draw Lewis structures for each of the species.  Where appropriate, draw resonance structures for each.

c. List the chemical species in order of increasing N-O bond length, the formula with the shortest bond first.  Justify your answer.

d. Write a balanced net ionic equation for the reaction of nitrogen dioxide with water.  Comment on the molecular and/or ionic species that are formed.

e. Draw each of the resonance structures for nitrogen monoxide and assign formal charges to each atom of each structure.

2. Carbon dioxide gas is bubbled into water.

a. Write and balance a chemical equation to describe the process.

b. Draw the Lewis structures of the reactants and products.  Include any valid resonance structures.

c. Given the following bond enthalpies, estimate the enthalpy of the reaction.

	Bond
	Bond Enthalpy (kJ/mol)

	H - H
	436

	H - O
	463

	O - O
	146

	C - O
	358

	C = O
	799

	C = O 
	1072


d. Are the C – O bonds in the reactant shorter or weaker than those is the product?  Explain.  Is your explanation consistent with the sign of the enthalpy change you estimated?  Explain.

e. Excess aqueous sodium hydroxide is added to the solution.  Write and balance a net ionic equation for the resulting reaction.

Topic 9 Molecular Geometry and Bonding Theory Free Response Practice

1. Consider the chemical species IF5 and IF4+.
a. Draw the Lewis structure and make a rough three-dimensional sketch of each species.

b. Identify the orbital hybridization, the electron-domain geometry, and the molecular geometry of each.

c. Identify the approximate bond angles of each species.

d. Predict which, if any, are polar species?  Justify your answer.

e. Predict the most probable oxidation number of the iodine atom is each species.  Give an example of another chemical species having the same oxidation number as IF4+.

f. Would you expect the conversion of IF5 to IF4+ to be exothermic of endothermic?  Explain.
2. Consider each of these molecules:  C3H4, C3H6, C3H8.

a. Draw the Lewis structure for each molecule and identify the orbital hybridization of each carbon atom.

b. Specify the geometry of each central carbon atom.

c. Write a balanced equation for the complete combustion of each molecule.

d. Use the following bond enthalpies to determine the heat of combustion of each molecule.  Specify your answer in kJ/mol.

	Bond
	kJ/mol
	Bond
	kJ/mol

	C –H
	413
	O – H
	463

	C – C
	384
	O=O
	495

	C = C
	614
	C = O
	799

	C = C
	839
	C – O
	358


Topic 10 Gases Free Response Practice

1. Equal masses (0.500g each) of hydrogen and oxygen are placed in an evacuated 4.0 L flask at 25.0° C.  The mixture is allowed to react to completion and the flask is returned to 25.0° C and allowed to come to equilibrium.  The vapor pressure of water at 25.0° C is 23.76 torr.
a. Write and balance an equation for the reaction.

b. What is the total pressure inside the flask before the reaction begins?

c. What is the mass of water vapor in the flask at equilibrium?

d. How many grams of which reactant gas remains at equilibrium?

e. What is the total pressure inside the flask at equilibrium?

f. After the reaction, is there any liquid water present?  If so, how many grams?  If not, why not?

2. A 2.00 L flask at 27° C contains 3.00 grams each of Ar, SO2, and He.  Answer the following questions about the gases and in each case, explain your reasoning.

a. Which gas has particles with the highest average kinetic energy?
b. Which gas has particles with the highest average velocity?

c. Which gas has the highest partial pressure?

d. Which gas will deviate most from ideal behavior?

e. Which substance will have the highest boiling point?

f. What changes in temperature and pressure will increase the deviations of all gases from ideal behavior?

Topic 11 Intermolecular forces, liquids, and solids Free Response Practice

1. Use concepts of chemical bonding and/or intermolecular forces to account for each of the following observations.

a. The boiling point of water, ammonia, and methane are 100° C, - 33° C, and -164° C, respectively.

b. At 25.0° C and 1.0 atm, chlorine is a gas, bromine is a liquid, and iodine is a solid.

c. Calcium oxide (2615° C) melts at a much higher temperature than does potassium chloride (770° C).

d. Propane is a gas and ethanol is a liquid, even though they have similar masses.

2. Answer the following questions about water using the principles of solids, liquids, and gases and intermolecular forces.

a. Why does water boil at a lower temperature in Denver, Colorado, than in New York City?
b. For substances of similar molar mass, why does water have unusually high values for boiling point, heat of vaporization, and surface tension?

c. What structural features of ice cause it to float on liquid water?

d. Why does calcium chloride dissolve exothermically in water?

Topic 13 Properties of solutions Free Response Practice

1. Answer the following questions about these laboratory observations.
Solid ammonium chloride dissolves in water with a marked decrease in temperature.  Calcium chloride solid dissolves in water with a marked increase in temperature.  Little or no temperature change is observed when solid sodium chloride dissolves in water.

a. Write an equation that describes the dissolving process of ammonium chloride.

b. Is the dissolving of calcium chloride endothermic or exothermic?  Explain.

c. Describe the opposing forces of attraction that are at work in the dissolution of calcium chloride.  Which are greater?  Why?

d. What can be said about opposing forces of attraction when sodium chloride dissolves in water?

e. Use the observation for ammonium chloride to discuss these seemingly contradictory statements:

Thermodynamically, exothermic processes tend to be spontaneous.

Most processes occur spontaneously when there is an increase in entropy.

2. The molecular formula of an unknown compound is determined by combustion analysis and freezing point depression.  A solution containing 0.496 g of benzoic acid, C6H5COOH, and 25.0 g of camphor, C10H16O, freezes at 173.3° C.  The freezing point of pure camphor is 179.8° C.  An unknown molecular compound is found to contain 80.77% C, 3.846% H and 15.38% O.  A solution consisting of 0.243 g of unknown compound and 15.1 g camphor melts at 176.7° C.
a. What is the empirical formula of the unknown compound?

b. What is the freezing point constant for camphor?

c. What is the concentration of the unknown compound in camphor in units of molality?

d. What is the molar mass of the unknown compound?

e. What is the molecular formula of the unknown compound?

Topic 14 Chemical kinetics Free Response Practice

1. The overall chemical equation for the reaction of nitrogen oxide, NO, with chlorine, Cl2, is:
2NO + Cl2 → 2NOCl

The initial rates of reaction for various concentrations of the reactants were measured and recorded at constant temperature as follows:

	Experiment
	[NO](M)
	[Cl2](M)
	-Δ[Cl2]/Δt (M/hr)

	1
	0.25
	0.50
	0.75

	2
	0.25
	1.00
	3.02

	3
	0.50
	2.00
	24.10


a. Determine the rate law for this reaction.

b. Calculate the numerical value for the rate constant and specify the units.

c. What is the order of this reaction with respect to each reactant and what is the overall order of the reaction?
d. What is the rate of disappearance of Cl2 when the initial concentrations of the reactants are: [NO] = 0.50 M and [Cl2] = 0.10 M?

e. When Cl2 is disappearing at 4.5 M/hr, what is the rate of appearance of NOCl?
f. What is the rate of appearance of NOCl when the initial concentrations of the reactants are: [NO] = 0.20 M and [Cl2] = 0.30 M?

No calculations are permitted for question 2.

2.   Consider the proposed mechanism for the reaction between nitrogen monoxide and hydrogen gas.  Assume the mechanism is correct.

Step 1:  2NO → N2O2
Step 2:  N2O2 + H2 → N2O + H2O

Step 3:  N2O + H2 → N2 + H2O

a. Use the steps in the mechanism to determine the overall balanced equation for the reaction.  Clearly show your method.

b. If step 2 is the rate-determining step, write the rate law for the reaction.  Explain your answer.

c. If the observed rate law is rate = k[NO]2[H2]2, which step is rate determining?  Explain your reasoning.
d. Identify all the intermediates in the mechanism.

e. If the first step is the rate-determining step, what is the order of the reaction with respect to each reactant?

Topic 15 Chemical equilibrium Free Response Practice

1. A 50.0 gram sample of solid ammonium carbonate is placed in a closed evacuated 3.00L flask and heated to 400° C.  It decomposed to produce ammonia, water, and carbon dioxide.  The equilibrium constant, Kp, for the reaction is 0.295 at 400° C.

a. Write the balanced equation.

b. Write the Kp equilibrium constant expression for the reaction.

c. Calculate Kc at 400° C.

d. Calculate the partial pressure of NH3(g) at equilibrium at 400° C.

e. Calculate the total pressure inside the flask at equilibrium.

f. Calculate the number of grams of solid ammonium carbonate in the flask at equilibrium.

g. What is the minimum amount in grams of solid (NH4)2CO3 that is necessary to be placed in the flask in order for the system to come to equilibrium.

2. Hydrogen gas reacts with solid sulfur to produce hydrogen sulfide gas releasing 20.17kJ/mol:

a. Write the balanced equation.

An amount of solid Sulfur and an amount of gaseous H2 are placed in an evacuated container at 25° C.  At equilibrium, some solid Sulfur remains in the container.  Predict and explain each of the following.

b. The effect on the equilibrium partial pressure of H2S gas when additional solid sulfur is introduced into the container.

c. The effect on the equilibrium partial pressure of H2 gas when additional H2S gas is introduced into the container.

d. The effect on the mass of solid sulfur present when the volume of the container is increased.
e. The effect on the mass of solid sulfur present when the temperature is decreased.

f. The effect of adding a catalyst to initial amounts of reactants.

Topic 16 Acid – base equilibria Free Response Practice

1. Sulfurous acid, H2SO3 is a diprotic acid.  Ka1 = 1.7 e-2.  Ka2 = 6.4 e-8.

a. Write an ionic equation for the aqueous ionization that corresponds to Ka1.  Write an ionic equation for the aqueous ionization that corresponds to Ka2.  Identify the conjugate acid - base pairs in each of your two equations.

b. Identify any amphoteric species, other than water, in your equations.

c. Assume the amphoteric species you identified in part b is a base.  Write an ionic equation for its aqueous ionization and calculate the corresponding Kb.
d. Is an aqueous solution of NaHSO3 acidic or basic?  Explain your reasoning.

e. Calculate the pH of a 0.50 M solution of Na2SO3.

2. It is found that a 0.30 M solutions of the three salts XCl3, YCl2, and ZCl have pH’s of 5.5, 7.0, and 3.7, not necessarily in order.  (X, Y, and Z are metal ions.  Cl is the chloride ion.)

a. Explain how metal ions can act as acids in aqueous solution.

b. Which pH goes with which salt?  Explain.

c. What is the approximate pH of a 0.100 M solution of ZOH?  Explain your reasoning.

d. If a 0.5 M solution of copper(II) sulfate is added to a 1.0 M solution of sodium hydrogen carbonate, significant effervescence is observed.  If the same copper(II) sulfate solution is added to a 1.0 M solution of sodium carbonate, little or no effervescence is observed.  Explain these observations.
Topic 17 Additional aspects of aqueous equilibria Free Response Practice
1. Solid NaCl is added slowly to a solution containing 0.10 M AgNO3 and 0.20 M Pb(NO3)2.  Ksp for AgCl is 1.8 e-10.  Ksp for PbCl2 is 1.6 e-5.

a. Write a net ionic equation and corresponding Ksp expression for the dissolution of solid

i. Silver chloride

ii. Lead(II) chloride

b. Calculate the [Cl-] required to form each precipitate.

c. Which precipitate forms first?  Explain your answer.

d. What is the concentration of the first metal ion to precipitate when the second one just begins to precipitate?

e. If 100 mL of 0.05 M NaCl is added to 200 mL of solution containing 0.005 M AgNO3 and 0.10 M Pb(NO3)2, does a precipitate form?  If so, which one(s) form?  Explain.

2. 0.450 moles of hydrazoic acid, HN3, (Ka = 1.9 e-5) are added to enough water to make 1.55 liters of solution.
a. Write a chemical equation for the reaction of hyrazoic acid with water and write the corresponding equilibrium expression.

b. Calculate the pH of the solution.

c. Calculate the pH of the solution after 0.350 moles of sodium azide, NaN3, is added.  Assume no volume change.

d. Calculate the pH of the solution in Part c after 0.0150 moles of HCl are added.  Assume no volume change.

e. What is the pH of a 0.350 M solution of NaN3?

