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1. Compound | has a composition of 46.7 mass % of element A and 53.3 mass % of element B. A
and B also form a second binary compound {compound 2). If the compositions of the two
compounds are consistent with the law of multiple proportions, which of the following

compositions could be that of compound 27
A.  23.4 mass % A; 76.6 mass % B. 30.4 mass % A; 69.6 mass % B

C. 33.3 mass % A; 66.7 mass % B D. 533 mass% A;46.7mass % B
E. 73.3mass% A;26.7mass % B

2. Atoms X, Y, Z, and R have the following nuclear compositions:
410 410 412 a2
186 X s Y 186 Z 185 R

Which two are isotopes?
A X&Y B. X&R C. Y&R
D. Z&R E X&Z

3. Select the incorrect statement about elements and compounds.
A.  All ionic compounds are neutral.
B Some elements exist as molecules.
C.  The bonding in compounds may be covalent or ionic.
D.  The molecular formula of a compound provides more information than the structural

formula.
E. Among the elements, there are more metals than non-metals.

4. Which, if any, of the following properties applies to weak acids?
A.  They are strong electrolytes.

They are excellent conductors of electricity.

When dissolved in water, they do not ionize completely.

All of these choices are correct.

None of these choices is correct.
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5. At very high pressures (~ 1000 atm), the measured pressure exerted by real gases is greater than
that predicted by the ideal gas equation. This is mainly because
A.  such high pressures cannot be accurately measured.
real gases will condense to form liquids at 1000 atm pressure.
gas phase collisions prevent molecules from coltiding with the walls of the container.
of attractive intermolecular forces between gas molecules.
the volume occupied by the gas molecules themselves becomes significant.
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6. A system which undergoes an adiabatic change (i.e., ¢ = 0) and does work on the surroundings has:
A, w<(0,AE=0 B. w>0AE>0 C. w>0,AE<(
D. w<0,AE>0 E. w<0,AE<0

7. Which one of the following relationships is always correct?
A.  potential energy + kinetic energy = constant B. E=g+w
C. AE=AH-PAV D. H=E+PV E. Af=g,

8. Atomic orbitals developed using quantum mechanics
A.  describe regions of space in which one is most likely te find an electron.

B describe exact paths for electron motion,

C give a description of the atomic structure which is essentially the same as the Bohr model.
D.  allow scientists to calculate an exact volume for the hydrogen atom.

E are in conflict with the Heisenberg Uncertainty Principle.

9. Which one of the following statements about orbital energies is incorrect?
A.  Inthe hydrogen atom, the energy of an orbital depends only on the value of the quantum
number n.
B.  In many-electron atoms the energy of an orbital depends on both » and /.
C.  Inner.electrons shield outer electrons more effectively than do electrons in the same
orbital.
D.  The splitting of sublevels in many-electron atoms is explained in terms of the penetration

effect.
E. The energy of a given orbital increases as the nuclear charge Z increases.

10. Which of the following electron configurations is not possible for an atom in an excited state?
A 1525%2p%35%3p%3d' s 4p’ B. 1s25%2p%s'3p°
C. 1525%2p°35s%3p%3d" D. 1s2s%2p°3s73p°%3d %45’
E.  1525%2p%5%3p%3d'%s"p

11. When two atoms form a covalently-bonded diatomic molecule, the distance between the nuclei at
which the potential energy is at a minimum is called
A. the bond energy. B. the bond length. C. the molecular diameter.
D. the covalentradius. E. the covalent diameter.

12. When PClI; solidifies it forms PCl," cations and PCl, anions. According to valence bond theory,
what hybrid orbitals are used by phosphorus in the PCl," cations?
A sp B. s’ C. sp
D. sp'd E. sp’d

13. Which of the following statements relating to molecular orbital (MO) theory is incorrect?
A.  Combination of two atomic orbitals produces one bonding and one antibonding MO.
A bonding MO is lower in energy than the two atomic orbitals from which it is formed.
Combination of two 2p orbitals may result in either o or 1 MOs.
A species with a bond order of zero will not be stable.
In a stable molecule having an even number of electrons, all electrons must be paired.
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14. What types of forces exist between molecules of CO,?

A.  hydrogen bonding only. B.  hydrogen bonding and dispersion forces.
C.  dipole-dipole forces only. D. dipole-dipole and dispersion forces.
E.  dispersion forces only.

15. Which of the following ions will be expected to have the most negative heat of hydration, AHpy?
A Na' B. Cs' C. Ca”
D. F E I

16. Which of the following pairs of elements exhibit similar physical and chemical behaviors
("diagonal relationships")?
A. HandBe B. NaandBe C. Beand Al
D.  Band Mg E. Liand Al

17. Which compound, if any, will not be optically active?

H H B H H H H H H
PN S 0 S N O N A A
A T T S A A A
H H H H H H
H-—-é—-c—-c'r—-éwc a—c———c’:—é—m
C. }li I!I H (’)H D. }l{ l’ir I~|!

E. They are all optically active.

18. The reaction of bromine with an alkene such as cyclopentene is a good laboratory test for the
presence of a double bond in a compound. What type of reaction is it?
A, addition B.  elimination C.  substitution
D.  displacement E. reduction

19. When the reaction A — B + C is studied, a plot 1/[A], vs. time gives a straight line with a positive
slope. What is the order of the reaction?
A zero B.  first C.  second

D. third E.  More information is needed to determine the order.

20. Which of the following has an effect on the magnitude of the equilibrium constant?
A.  temoving products as they are formed B.  adding more of a reactant
C.  adding a catalyst D. increasing the pressure, in a gas-phase reaction
E.  change in temperature
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21. Given: H,O(ag) + HO() == H,0"(ag) + OH (ag), AH®, > 0
When the temperature of a sample of pure water is raised above 25°C,
A.  the hydronium ion concentration will be greater than the hydroxide ion concentration.
B the hydronium ion concentration will be less than the hydroxide ion concentration.
C the value of K,, will increase.
D. the hydronium ion concentration could change to 1.0 x 10" M.
E the hydroxide ion concentration could change to 1.0 x 107'° M.

22. Which, if any, of the following aqueous mixtures would be a buffer system?
A.  CH,COOH, NaH,PO, B. H,CO; HCO;™
C. H,PO,,HCO; D. HSO,,HSO;
E.  None of these choices is correct.

23. Which of the following statements about voltaic and electrolytic cells is correct?
A.  The anode will definitely gain weight in a voltaic cell.
B Oxidation occurs at the cathode of both cells.
C.  The free energy change, AG, is negative for the voltaic cell.
D.  The electrons in the external wire flow from cathode to anode in an electrolytic cell.
E.  None of these choices is correct.

24. An isotope with a high value of N/Z will tend to decay through
A. o decay. B. P decay. C.  positron decay.

D.  electron capture. E.  vydecay.

25. Identify the principal organic product of the reaction between butane and chlorine.

light
CH,(H,GL,CH; + G —_—

A.  CH)Cl B. CH,CH,ClI C. CH;CHCICH;
D.  CH;CH,CHCICH;, E. None of the above '
= JEEFA

1. What is meant by the capacity of a buffer? How do the following buffers differ in
capacity? How do they differ in pH? (12%)
a. 0.01 M acetic acid and 0.01 M sodium acetate
b. 0.1 M acetic acid and 0.1 M sodium acetate
¢. 1.0 M acetic acid and 1.0 M sodium acetate
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2. Hydrogen cyanide is produced industrially by the following exothermic reaction.
which is under 1000 °C and catalyzed by Pt-Rh:

2NH;(g) + 302(g) + 2CHa(g)
—  2HCN(g) + 6H,0(g)
Is the high temperature needed for the thermodynamic or for kinetic reason?

Account for your answer. (10%)

3. Consider the following half-reactions:

Pt +2e - Pt E°=1.188V
PtCL% + 2¢ — Pt + 4CI E°=0.755V
NO; +4H + 3¢" — NO + 2H,0 E°=0.960 V

Explain why platinum metal will dissolve in aqua regia ( a mixture of
hydrochloric acid and nitric acids) but not in either concentrated nitric acid or
concentrated hydrochloric acid individually. (10%)

4. Does the complex ion [Co(NH;)Br(en),] exhibit geometrical isomerism? Does it
exhibit optical isomerism? (10%)

5. Draw the following incorrectly named compounds and name them correctly. (8%)
a. 2-ethyl-3-methyl-S-isopropylhexane
b. 2-ethyl-4-tert-butylpentane
¢. 3-methyl-4-isopropylpentane
d. 2-ethyl-3-butyne






