AP/IB  Chem 1st Semester Exam Review Questions                   

Multiple Choice:
1.  When 12 grams of methane (CH4) is burned, the quantity of energy released is most nearly:
Heat of combustion for CH4 is -891 KJ/mol.
a)  0.75 kJ
b)  56 kJ
c)  420 kJ
d)  600 kJ
e)  800 kJ

2.  The reaction of sodium bicarbonate with sulfuric acid is shown below.  

2 NaHCO3   +   H2SO4      Na2SO4   +   2 H2O   +   2 CO2         H  =  + 25 kJ/mol NaHCO3
Which of the following statements about the reaction shown above is NOT true?
a)  The reaction is an acid-base reaction
b)  Bubbles will appear in the reaction vessel
c)  The mass of sodium bicarbonate consumed will be double the mass of sulfuric acid consumed
d)  No precipitate will be present when the reaction is complete
e)  The reaction vessel will be chilled by the reaction
3.  In which flask do the molecules have the highest average velocity?


a)  Flask 3 (O2)

b) All are the same

c) Flask 1 (NH3)

d) Flask 2 (CH4)

e) Flask 2 AND 3 
4.  If solutions of barium chloride and copper(II) sulfate are mixed, which of the following describes the reaction that will occur:

a)  a solid metal will be formed 
b)  a white precipitate will form
c)  a blue precipitate will form
d)  a gas will be formed
e)  no visible reaction will occur

5.  At constant temperature, the behavior of a sample of a real gas more closely approximates that of an ideal gas as its volume is increased because the

a)  collisions with the walls of the container become less frequent
b)  average molecular speed decreases
c)  molecules have expanded
d)  average distance between molecules becomes greater
e)  average molecular kinetic energy decrease

 
6.  When 5 grams of aluminum is reacted with excess hydrochloric acid, the volume of hydrogen produced (measured at STP) is most nearly:

a)  0.18 L
b)  0.28 L
c)  4.0 L
d)  6.2 L
e)  22.4 L

7.                                      2 SO2 (g)   +   O2 (g)    2 SO3 (g)
A mixture of gases containing 0.20 mole of SO2 and 0.20 mole of O2 in a 4.0-liter flask reacts to form SO3.  If the temperature is 25oC, what is the pressure in the flask after reaction is complete?
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8.  How many milliliters of 3 M HCl can be neutralized using 15 grams of calcium carbonate?

a)  0.15 mL
b)  15 mL
c)  50 mL
d)  100 mL
e)  150 mL

9.  Which of the following is a liquid at room temperature?

a)  AgCl
b)  Na
c)  C6H12O6
d)  C2H5OH
e)  CH4
10.  Which of the following correctly identifies the chemistry that occurs when a lump of zinc metal is dropped into a solution of copper(II) sulfate?

a)  a bond forms between zinc ions and sulfate ions 
b)  electrons are transferred from copper to zinc
c)  electrons are transferred from zinc to copper
d)      no reaction occurs

FREE RESPONSE QUESTIONS
For review I suggest you consult all old tests, review sheets and quizzes.  These give you exposure to the types of questions I will as on the semester exam.  Consult your book as a reference as to how to solve problems or to explain something you want to know more about.  

The following is in the format of the exam in order that you would gain some exposure to the format of the exam.  For the sake of review do all the problems given.  On the exam you will be given choice in several sections.

SECTION IIA

Time – 10 minutes

NO CALCULATORS MAY BE USED WITH SECTION IIA.

Part A

1.                  Answer FIVE of the eight options in this part.

Give the formulas to show the reactants and the products for the following chemical reactions.  Each of the reactions occurs in aqueous solution unless otherwise indicated.  Represent substances in solution as ions if the substance is extensively ionized.  Omit formulas for any ions or molecules that are unchanged by the reaction.  In all cases a reaction occurs.  You need not balance.

(a)                A piece of aluminum metal is added to a solution of copper (II) chloride.

(b)               Solid potassium oxide is added to water.

(c)                Excess chlorine gas is passed over hot solid iron filings.

(d)               Solutions of tri-potassium phosphate and zinc nitrate are mixed.

(e)                Ethanol is burned in oxygen.

(f)                 A piece of lithium metal is dropped into a container of nitrogen gas.

(g)                Dilute hydrochloric acid is added to a solution of potassium sulfite.

(h)                A solution of sodium sulfide is added to a solution of zinc nitrate.

 
SECTION IIB

Time – 55 minutes

YOU MAY USE YOUR CALCULATOR FOR SECTIONS IIB-D.

THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS MUST BE SHOWN CLEARLY.  It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if you do not.  Attention should be paid to significant figures.

Consult the attached tables for data, which may be necessary for the solution of the problems.

Part B
Solve the following problem in the space following and on the back of this sheet.

2.                  Water is added to 4.267 grams of UF6.  The only products are 3.730 grams of a solid containing only uranium, oxygen, and fluorine and 0.970 gram of a gas.  The gas is 95.0 percent fluorine, and the remainder is hydrogen.

(a)                From these data, determine the empirical formula of the gas.

(b)               What fraction of the fluorine of the original compound is in the solid and what fraction is in the gas after the reaction?

(c)                What is the formula of the solid product?

(d)               Write a balanced equation for the reaction between UF6 and H2O.  Assume that the empirical formula of the gas is the true formula. 
Part C

Solve EITHER Problem 3 OR Problem 4 on the back of this sheet.  (A second problem will not be scored.  If you start a second problem, be sure to cross out the one you do not what scored.)

3.                  Propane, C3H8, is a hydrocarbon that is commonly used as fuel for cooking.

(a)                Write a balanced equation for the complete combustion of propane gas, which yields CO2(g) and H2O(l).

(b)               Calculate the volume of air at 30oC and 1.00 atmosphere that is needed to burn completely 10.0 grams of propane.  Assume that air is 21.0 percent O2 by volume.

(c)                The heat of combustion of propane is –2,220.1 kJ/mol.  Calculate the heat of formation, Hof, of propane given that Hof of CO2(g) = -393.5 kJ/mol and Hof of H2O(l) = -285.3 kJ/mol. 

(d)               Assuming that all of the heat evolved in burning 30.0 grams of propane is transferred to 8.00 kilograms of water (specific heat = 4.18 J/g.K), calculate the increase in temperature of the water.

 

4.                  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 Celcius 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 300oC 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).

 
Part D
Answer any TWO of the following four questions on the subsequent blank sheets of paper.  Clearly indicate which question you are answering.  (Additional essays will not be scored.  If you start additional essays, be sure to cross out those you do not want scored.) Answering these questions provides an opportunity to demonstrate your ability to present your material in logical, coherent, and convincing English.  Your responses will be judged on the basis of accuracy and importance of the detail cited and on the appropriateness of the descriptive material used.  Specific answers are preferable to broad diffuse responses.  Illustrative examples and equations may be helpful.

5.                  An experiment is performed to determine the empirical formula of a copper iodide formed by direct combination of elements.  A clean strip of copper metal is weighed accurately.  It is suspended in a test tube containing iodine vapor generated by heating solid iodine.  A white compound forms on the strip of copper, coating it uniformly.  The strip with the adhering compound is weighed.  Finally, the compound is washed completely from the surface of the metal and the clean strip is dried and weighed again.

DATA TABLE

Mass of clean copper strip                    1.2789 grams

Mass of copper strip and compound     1.2874 grams

Mass of copper strip after washing        1.2748 grams

(a)                State how you would use the data above to determine each of the following.  (Calculations are not required.)

(1)    The number of moles of iodine that reacted.

(2)    The number of moles of copper that reacted.

(b)               Explain how you would determine the empirical formula for the copper iodide.

(c)                Explain how each of the following would affect the empirical formula that could be calculated.

(1)    Some un-reacted iodine condensed on the strip.

(2)    A small amount of the white compound flaked off before weighing.

 

6.                  A sample of ore containing the mineral tellurite, TeO2 , was dissolved in acid. The resulting solution was then

reacted with a solution of K2Cr2O7 to form telluric acid, H2TeO4 . The unbalanced chemical equation for the

reaction is given below.

. . . TeO2(s) + . . . Cr2O7 2− (aq) + . . . H + (aq) → . . . H2TeO4(aq) + . . . Cr 3+ (aq) + . . . H2O(l)
(a) Identify the molecule or ion that is being oxidized in the reaction.
(b) Give the oxidation number of Cr in the Cr2O7 2- (aq) ion.  

(c)     Balance the chemical equation given above by writing the correct lowest whole-number coefficients on the dotted lines.
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The diagram shows the first ionization energies for the elements from Li to Ne.  Briefly (in one to three sentences) explain each of the following in terms of atomic structure.

(a)                In general, there is an increase in the first ionization energy from Li to Ne.

(b)               The first ionization energy of B is lower than that of Be.

(c)                The first ionization energy of O is lower than that of N.

(d)               Predict how the first ionization energy of Na compares to those of Li and of Ne.  Explain.

Answers to 1st Semester Exam Review Questions
MC Questions:

1.  d    2. c    3. d    4. b    5. d    6. d    7. b    8. d    9. d    10. c

FREE RESPONSE QUESTIONS

Part A: 1 Writing Equations

(a)  Al + Cu2+ --> Al3+  +  Cu

(b)  K2O  +  H2O  -->  K+  +  OH-
(c)  Cl2  +  Fe  -->  FeCl3  (FeCl2 also acceptable)

(d)  PO43-  +  Zn2+  -->  Zn3(PO4)2
(e)  C2H5OH  +  O2  -->  CO2  +  H2O

(f)  Li  +  N2  -->  Li3N

(g)  H+  +  SO32-  -->  H2O  +  SO2  (H2SO3 also possible answer)

(h)  S2-  +  Zn2+  -->  ZnS      (Not the best question since S2- does not exist as such in an aqueous solution; it would exist as HS-)

Part B Problem 2

(a) HF is the gas
(b) %F in solid product = 33.3%;  %F in gaseous product = 66.7%
(c) UF2O2
(d)  UF6  +  2 H2O  -->  UF2O2  +  4 HF

Part C

Problem 3.
(a)  C3H8  +  5 O2  -->  3 CO2  +  4 H2O 
(b)  135 L air
(c)  Hof C3H8 = -101.7 kJ/mol
(d)  T = 45.3 K

Problem 4
(a)  C7H12O2
(b)  molar mass = 257 g/mol
(c)  molar mass = 128 g/mol
(d) This molecule must form a dimer in solution.  This means that two of the basic molecules must stick together in solution.  This could happen through hydrogen bonding with itself.

Problem 5
(a) (1) I would subtract the mass of the clean copper strip from mass of the copper strip and compound (1.2874g - 1.2789g), then divide this answer by the gram atomic mass of I, 126.91g.
  (2) I would subtract the mass of the copper strip after washing from the mass of the clean copper strip (1.2789g - 1.2748g).  Then I would divide this answer by the molar mass of copper, 63.55g.
(b)  I would find the least whole number ratio of moles of Cu and I by dividing the larger of the two by the smaller and finding the whole number ratio equal to that ratio.
(c)  (1) If some unreacted iodine vapor condensed on the strip then the mass and moles of I calculated would be too high thereby resulting in an empirical formula with too much I in it.
  (2) If some of the white copper iodide compound flaked off before weighing then the mass and moles of I calculated would be too small resulting in an empirical formula with too little I in it.

Problem 6.
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Problem 7
(a)  The two carbons in C2H4 are held together by a double bond which means 4 electrons hold the two C nuclei together.  In C2H6 only a single bond, two electrons, hold the C nuclei together.  Therefore, the C=C bond is stronger and shorter.
(b)  In NH3 there are four electron groups around the central nitrogen,3 bonding pair and one lone pair.  These four groups are arranged in a tetrahedral electron group arrangement, giving a basic angle of 109.5 degrees between electron groups.  However, the lone pair of electrons is not as localized between two nuclei as the bonding electrons are.  Because of this delocalization of the lone pair of electrons, they exert a greater repulsion on the bonding electrons forcing the H-N-H bond angles to be 107.5 degrees.
(c)  The lewis structure of SO3 reveals that there are three resonance structures for SO3 which include two single bonds and one double bond. These resonance structures indicate that there are actually 4 pairs of electrons that hold the three O atoms to the central S.  This indicates that the bond order for each S-O bond would be 4/3 (4bonds/3bonded atoms).  This makes each S-O bond stronger than a simple single bond and shorter as well.
(d)  I3- lewis structure has 5 groups of electrons around the central I.  The basic electron geometry would be trigonal bipyramidal.  With three lone pairs and two bonding pairs the lone pairs would orient themselves in the trigonal plane with the bonded I's above and below the plane.  This would minimize the repulsion between the delocalized lone pairs and give a linear geometry of atoms.

Problem 8
(a)  Across a period, from left to right, the first ionization energy of the elements increases.  This is the result of the fact that the atomic radii decrease in the same direction.  If the atomic radii are smaller that indicates that the electrons are held progressively more tightly.  Thus if the electrons are held tighter it would take more energy to remove one.
(b)  The first ionization energy of B is lower than the first IE of Be contrary to the expected trend.  The reason for this can be found in the electron configuration.  Since Boron's 5th electron is first electron in the 2p sublevel it is easier to remove than Beryllium's 4th electron.  Be's valence electrons are in the 2s sublevel.  Since a 2p orbital has higher energy than a 2s orbital it is slightly easier to remove a valence electron from B than from Be.
(c)  The first ionization energy of O is lower than the first IE of N contrary to the expected trend.  The reason for this can be found in the orbital diagram.  Nitrogen's three electron's in the 2p sublevel are evenly distributed one electron to each of the three 2p orbitals as predicted by Hund's Rule.  Oxygen however has 4 electrons in the 2p sublevel.  Therefore, two of O's valence electrons must be paired up in a 2p orbital.  The result of this is greater electron repulsion between O's valence electrons.  This repulsion makes it easier for O's valence electron to be removed.
(d)  Na's first ionization energy will be smaller than both Li's and Ne's.  It will be smaller than Li's because Na's valence electron is in 3s orbital whereas Li's is in 2s.  3s is in a higher energy level and this one valence electron has 10 electrons between it and the nucleus.  These 10 electrons shield the +11 nuclear charge.  Therefore Na's valence electron is farther from the nucleus and less tightly held than Li's valence electron.  Thus Na has a lower first IE than Li.  Na's 3s valence electron is in a higher level than Ne's 6 2p electrons.  Ne's 2 p electrons are shielded by only two electrons whereas Na's one 3s electron is shielded by 10 electrons.  Therefore the nuclear charge felt by the valence in Ne is greater than the electron in Na.  So Na's valence electron is less tightly held and its first IE is much lower.

