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1. Which of the experiments listed below did not provide the information stated about the 
nature of the atom? 
A) The Rutherford experiment proved that the Thomson "plum pudding" model of the 

atom was essentially correct. 
B) The Rutherford experiment determined the charge on the nucleus. 
C) Millikan's oil-<irop experiment showed that the charge on any particle was a simple 

multiple of the charge on the electron. 

D) The cathode-ray tube proved that electrons have a negative charge. 


2. Which pair of ions would not be expected to form a precipitate when dilute solutions of 
each are mixed? 
A) Cu2+, S2- B) Ag+, cr C) 
E) Mg2+, sol 

3.. Ihe kinetic-molecular theory of gases does not assume that 
A) gases are made up of tiny particles in constant chaotic motion. 
B) gas particles are very small compared to the average distance between the 

particles. 
C) gas particles collide with the walls of their container in elastic collisions. 
D) the average velocity of gas particles is directly proportional to the absolute 

temperature. 
E) All of these are correct. 

4. For the reaction 2Hz(g) + 02(g) ~ 2H20(g), what is the relationship between K and Kp 
at temperature 11 
A) K =Kp B) K =Kp(RT)2 C) Kp = K(RT)z D) K =Kp(RT) 
E) Kp=K(RT) 

5. Which of the following represents a conjugate acid-base pair? 
A) H2P04 and pot
B) HS04 and S03 ­
C) HN03 and N03­

D) HCI and NaOH 
E) none of these 

6. As water is heated, its pH decreases. This means that 
A) the water is no longer neutraL 
B) [H+] > [aIr]. 
C) [OH-] > [H+]. 
D) Two of these are correct. 
E) None of these is correct. 

7. You are given a solution of the weak base Novocain, Nvc. Its pH is 11.00. You add to the 
solution a small amount of a salt containing the conjugate acid of Novocain, NvcH+. 
Which statement is true? 
A) The pH and the pOH both increase. 
B) The pH and the pC)H both decrease. 
C) The pH and the pOH remain unchanged. 
D) The pH increases and pOH decreases. 
E) The pH decreases and the pOH increases 

8. Which of the following ionic compounds has the largest lattice energy; that is, which has 
the lattice energy most favorable to a stable lattice? 
A) CsI B) Lil C) LiF D) CsF 
E) MgO 
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9. Which of the following are state functions? 
A) work, heat B) work, heat, enthalpy, energy C) enthalpy, energy 
D) work, heat, enthalpy E) heat, enthalpy, energy 

to. Which statement is true of a process in which 1 mol of a gas is expanded from state A to 
state B? 
A) When the gas expands from state A to state B, the surroundings are doing work on 

the system. 
B) The amount of work done in the process must be the same, regardless of the path. 
C) It is not possible to have more than one path for a change of state. 
D) The final volume of the gas will depend on the path taken. 
E) The amount of heat released in the process will depend on the path taken. 

11. Which of the following result(s) in an increase in the entropy of the system? 

tlO~iiiiliii" 
I. (See diagram.); II. Br2(g) ~ Br2(l); III. NaBr(s) ~ Nat(aq) + Br-(aq) 

IV. O2(298 K) ~ O2(373 K); V. NH3(1 atm, 298 K) ~ NH3(3 atm, 298 K) 

A) 	 I B) II, V C) I, III, IV D) I, II, III, IV 

E) 	 I, II, III, V 

12. Which statement is true? 
A) All real processes are irreversible. 
B) A thermodynamically reversible process takes place infinitely fast. 
C) In a reversible process, the state functions of the system are always much greater 

than those of the surroundings. 
D) There is always more heat given off to the surroundings in a reversible process 

than in an unharnessed one. 
E) All these statements are true. 

13. The following two half-reactions take place in a galvanic cell. 	 At standard conditions, 
what species are produced at each electrode? 
Sn2 

+ + 2e-~ Sn EO =-0.14 V; Cu2 
+ + 2e-~ Cu EO =0.34 V 


A) Sn is produced at the anode, and Cu2 
+ is produced at the cathode. 


B) Sn is produced at the anode, and Cu is produced at the cathode. 

C) Sn is produced at the cathode, and Cu2 is produced at the anode. 

D) Cu is produced at the cathode, and Sn2 

+ is produced at the anode. 

E) Cu is produced at the anode, and Sn2 

+ is produced at the cathode. 


14. Which of the following shows these molecules in order from most polar to least polar? 
A) CH4 > CF2Ch > CF2H2 > CCl4 > CClzH2 
B) CH4 > CF2H2 > CFzCh > CC14 > CClzH2 

C) CF2Clz > CF2H2 > CClzH2 > C~ =CC14 
D) CF2H2 > CChHz > CF2Ch > CH4 = CCl4 

E) CF2Clz > CF2H2 > CC4 > CC12Hz > CH4 
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15. Consider the hydrogen-oxygen fuel cell where 
H2(g) + 02(g) :;r::=:!!: H20(l) tJ.GO = -237.18 kllmol Hz 

Which of the following statements is(are) true? 

I. At standard conditions, the maximum work the fuel cell could do on the 

surroundings is 237.18 klIma 

II. In the real world, the actual amount of useful work the cell can do is less than 

237.18 kl. 

III. More energy is dissipated as waste heat in the fuel cell than in the reversible 

pathway. 

A) I B) II C) III 

D) I, II, and III E) None of the statements is true. 


16. Which of the following statements is(are) true? 
1. An excited atom can return to its ground state by absorbing electromagnetic radiation. 

II. The energy of an atom is increased when electromagnetic radiation is emitted from it. 

III. The energy of electromagnetic radiation increases as its frequency increases. 

IV. An electron in the n == 4 state in the hydrogen atom can go to the n = 2 state by 
emitting electromagnetic radiation at the appropriate frequency. 

V. The frequency and wavelength of electromagnetic radiation are inversely 

proportional to each other. 


A) II, III, IV B) III, V C) I, II, III D) III, IV, V 
E) I, II, IV 

17. Consider the following Lewis structure. (Lone pairs are not drawn in.) 
H 0 H H 
I II I I 

H-C-C-C=C-H 
I 

H 

Which statement about the molecule is false? 

A) There are 10 sigma and 2 pi bonds.' 

B) C-2 is Sp2 hybridized with bond angles of 120. 

C) Oxygen is Sp3 hybridized. 

D) This molecule contains 28 valence electrons. 

E) There are some H-C-H bond angles of about 1090 in the molecule. 


18. For which order reaction is the half-life of the reaction independent of the initial concentration of 
the reactant(s)? 
A) zero order B) first order C) second order 
D) all of these E) none of these 

19. Which of the following is the smallest hole in a closest-packed lattice of spheres? 
A) trigonal B) tetrahedral C) cubic 
D) octahedral E) none of these 
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20. Which of the following is optically active (that is, chiral)? 
A) diethylamine B) difluoromethane C) 2-bromopropane 
D) 2-chloropentane E) l-chlorohexane 

21. A salt solution sits in an open beaker. Assuming constant temperature and pressure, the vapor 
pressure of the solution 
A) increases over time. B) decreases over time. C) stays the same over time. 
D) We need to know which salt is in the solution to answer this. 
E) We need to know the temperature and pressure to answer this. 

22. Which of the following is best explained by the fact that the SO molecule is very unstable, 
whereas O2is stable. 
A) The S-O bond is inherently unstable. 
B) Sulfur lacks the ability to form double bonds. 
C) The difference in electronegativity between the sulfur atom and the oxygen atom 

makes it unlikely for the s-o bond to form. 
D) There exists much stronger 1t bonding between oxygen atoms than between a 

sulfur atom and an oxygen atom. 
E) none of these 

23. Which of the following are structural isomers? 

1. coordination isomers II. linkage isomers 

II. geometric isomers IV. ptical isomers 
A) I, III B) II, IV C) I, III, IV D) II, III 

E) I, II 


24. What is the most likely decay for the Fe-53 nucleus? 
A) [3 decay B) positron emission C) a decay 
D) y-rayemission E) two of these 

25 Which of the following is paramagnetic? 
A) [Zn(H20~6f+ B) [Co(NH~)6]3+ (strong field) 
D) [Mn(en)31 + (strong field) E) [Fe(enh1 + (strong field) 

1. Consider the titration of generic weak acid HA with a strong base that gives the 
following curve: (10%, 2% each) 

5 10 15 20 25 

mL base 

On the curve indicate the points that correspond to the following. 
a. the equivalent point b. pH = pKa c. the maximum buffering region 
d. pH depends only on [HA] e. pH depends only on [A-] 
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2. Consider the following half-reactions: 

Pt2+ + 2e - ---)- Pt EO = 1.188 V 


PtCIl- + 2e - ---)- Pt + 4C( EO = 0.755 V 


N03 + 4H+ + 3e- ---)- NO + 2H20 EO:: O.96V 


Explain why platinum metal will dissolve in aqua regia ( a mixture of concentrated 
HCI and HN03) but not in either concentrated HN03 or concentrated HCI individually. 
(10%) 

3. Experimental data for the reaction, A ---)- 2B + C, have been plotted in the following 
three ways (with concentration units in mol/L): 

< 

(I.O~ 

ll.~ 

i).()~ 

- (1.02 

l>.Ill 

a. 	 What is the order of the reaction with respect to A, and what is the initial 

concentration of A? (3%) 


b. What is the concentration of A after 9 seconds? (4%) 
c. 	 What are the first three half-lives for the experiment? (3%) 

4. a. Compounds of copper(II) are generally colored, but compounds of Cu(I) are not. 
Explain. (atomic number of Cu: 29) (5%) 

b. Would you expect Cd(NH3)4Ch to be colored? Explain. (5%) 

5. The mass ratios of Ar40 to K40 can also be used to date geological materials. 
Potassium-40 decays by two processes: 

t1l2 == 1.27 X 109 yr 

a. Why are Ar40/ r O ratios rather than Ca 40/ K40 ratios used to date materials? (4%) 
b. A sedimentary rock has a Ar40/ K40 ratio of 0.95, what is the age of the rock? (6%) 


