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1. Which of the following does not affect the rate of a chemical reaction?
A. Physical state of the reactants

B. Presence of a catalyst

C. Concentration of the reactants

D. Shape of the container

E. Temperature

2. Chlorine atoms photochemically derived from Freons help destroy stratospheric ozone in the two-step mechanism below.  We classify the respective species Cl and ClO for the overall balanced reaction as


Cl  +  O2    ClO  +  O2


ClO  +  O    Cl  +  O2
A. both Catalysts
B. both intermediates
C. catalyst and intermediate
D. intermediate and catalyst
E. both activated complexes
3. The second-order rate constant for the disappearance of BrO- in the reaction 

3BrO-(aq)[image: image1.emf]








¾® ¾

BrO3-(aq) + 2Br-(aq)

was found to be 0.056 M-1s-1.  What is the rate of appearance of Br- during this interval?

A. 0.019 M-1s-1
B. 0.037 M-1s-1
C. 0.056 M-1s-1
D. 0.084 M-1s-1
E. 0.11 M-1s-1
4. The reaction, A [image: image3.png]


 B, is second-order with respect to A with k = 1.0 ( 10-2 M-1s-1.  What is the concentration of A after 100 s of reaction if the initial concentration was 0.100 M?
A. 0.000 M

B. 0.011 M

C. 0.037 M

D. 0.091 M

E. 0.099 M
5. Using the initial rate data in the table for the reaction shown, determine the rate law.

X + Y  ((( Z
	X (M)
	Y (M)
	Initial rate (M/s)

	0.10
	0.10
	2.3 × 10–5

	0.20
	0.40
	7.4 × 10–4

	0.30
	0.80
	4.4 × 10–3

	0.15
	0.80
	2.2 × 10–3

	0.20
	0.20
	1.8 × 10–4


A. rate = k[X]

B. rate = k[X][Y]

C. rate = k[X][2Y]

D. rate = k[X]2[Y]
E. rate = k[X][Y]2
6. Which of the following 0.1M solutions would have a pH of 7.0 at 25oC?

A. NaOCl
B. KCl
C. NH4Cl
D. Ca(C2H3O2)2
E. None of these would have a pH of 7.0
7. What is the pH of a solution that is 0.010 M in acetic acid (Ka(HC2H3O2) = 1.8 ( 10-5)             

   and 0.010 M in sodium acetate?

A. 2.74

B. 3.74

C. 4.74

D. 5.74

E. 6.74

8. Which of the following combinations is suitable for making a buffer? 

1. HCl and NaCl

2. HF and NaF
3. HCl and NaOH

A. 1 only

B. 2 only

C. 3 only

D. 1 and 2 only
E. 2 and 3 only

9. What is the coefficient of the permanganate ion when the following equation is correctly balanced? 

MnO4-  +  I-  ------>  Mn2+  +  I2  

ACIDIC SOLUTION

A. 1

B. 2

C. 3

D. 5

E. None of these

10. Which of the following statements referring to the following reaction is correct?

N2(g)  +  3Cl2(g)  (  2NCl3(g)
A. The N2 acts as the oxidizing agent and the Cl2 as a reducing agent
B. The Cl2 acts as an oxidizing agent and the N2 as a reducing agent
C. Both N2 and Cl2 are oxidizing agents.
D. Both N2 and Cl2 are reducing agents.

E. No oxidation or reduction occurs in this reaction
11. A closed system of three gases is governed by the reversible reaction shown. Kp = 4 ( 10-7 at the current temperature of the mixture, PNO2 = 4.1 ( 10-2 atm, PNO = 8.9 ( 10-4 atm, and        PO2 = 8.5 ( 10-3 atm.  In order to reach equilibrium, how must the system adjust?

2 NO2(g) [image: image4.wmf] 2 NO(g) + O2(g)
A. The system is already at equilibrium.

B. More NO2 must be formed from NO and O2.

C. More NO and O2 must be formed from NO2.

12. Given that the molar solubility of Cu(OH)2 is 3 ( 10-7 M, what is the value of Ksp?

A. 3 ( 10-20 M

B. 1 ( 10-19 M

C. 9 ( 10-14 M


D. 2 ( 10-13 M

E. 3 ( 10-7 M

13. Consider the following reaction:

2NO2(g) [image: image5.emf]ﬂ









 N2O4(g)

A 1.0-L vessel was filled with 3.0 mol NO2.  After equilibrium was established, 0.75 mol of N2O4 was formed.  What is Kc for the reaction?

A. 0.083

B. 0.15

C. 0.25

D. 0.33

E. 0.50

14. Calculate G˚ for the following reaction at 500 K.

Cu(s) + H2O(g) [image: image6.wmf] CuO(s) + H2(g)


H˚f (kJ/mol)
S˚ (J/mol-K)
Cu(s)
0
33.3

H2O(g)
-241.8
188.7

CuO(s)
-155.2
43.5

H2(g)
0
130.6
A. -86.6 kJ

B. -62.6 kJ

C. +23.9 kJ

D. +110.6 kJ

E. +301 kJ

15. The enthalpy change for a certain reaction at 25˚C is -15.0 kJ/mol.  The entropy change under these conditions is -7.2 J/mol K.  What is the free energy change for the reaction?

A. -12.9 kJ/mol

B. -14.8 kJ/mol

C. -15.2 kJ/mol

D. -17.1 kJ/mol

E. -18.7 kJ/mol

16. Given the tabulated data, what is H˚ for the reaction shown in kJ?
 [image: image8.png]N,0,(g) + 3C0(g) = N,0(g) + 3C0,(g)



 

CO(g)
CO2(g)
N2O(g)
N2O4(g)
Hf˚, kJ/mol
-110
-393
  81
  9.7
A. -211

B. -385
C. -412

D. -778

E. -1418
17. What is the pH of a 0.20 M HF solution?  (Ka = 6.7 ( 10-4 for HF.)

A. 1.59

B. 1.94

C. 3.17

D. 3.87

E. 6.74
18.  A typical cup of black coffee has a hydroxide concentration of 1.17 ( 10-9.  Based on this, 

A. coffee is basic since the pH is 8.9

B. coffee is neutral since the pH is very close to 9.

C. coffee is acidic since the pH is 8.9.

D. coffee is basic since the pH is 5.1.

E. coffee is acidic since the pH is 5.1.

19. The equilibrium constant for a certain reaction is 5.0 ( 108 at 25˚C.  What is the value of G for this reaction?

A. -50 kJ/mol

B. -25 kJ/mol

C. -22 kJ/mol

D. -4.2 kJ/mol

E. 22 kJ/mol

20. The best criterion for the spontaneity of a chemical reaction is the sign of

A. (H°

B. (H

C. (G°

D. (G

E. T(S 

21. Which process would be expected to have S very close to zero? 

A. N2(g) + O2(g)  ((( 2 NO(g)

B. H2O(s)  ((( H2O(l)

C. H2O(g)  ((( H2O(s)

D. OF2(g) + H2O(g)  ((( O2(g) + 2 HF(g)

E. 2H2(g) + O2(g)  ((( 2H2O(g)

22. At a given temperature, Kc = 0.020 for the equilibrium

PCl5(g) [image: image9.wmf] PCl3(g) + Cl2(g)

What is Kc for 
2 Cl2(g) +  2 PCl3(g) [image: image10.wmf] 2 PCl5(g)

A. 0.020

B. 50

C. 100

D. 500

E. 2500

23. Ksp for Pb3(PO4)2 is 10-44.  Two solutions are mixed, one containing Pb2+ and the other PO43-.  If, at the instant of mixing, [Pb2+] = 10-6 M and [PO43-] = 10-8 M, which statement is true?

A. A precipitate forms because Qsp > Ksp.

B. A precipitate forms because Qsp < Ksp.

C. No precipitate forms because Qsp = Ksp.

D. No precipitate forms because Qsp > Ksp.

E. No precipitate forms because Qsp < Ksp.

24. Given the following standard reduction potentials, which species is the strongest oxidizing agent?

Cr3+(aq) + e-  ((( Cr2+(aq)
E˚ = -0.41 V

Ni2+(aq) + e-  ((( Ni(s)

E˚ = -0.28 V

A. Cr3+(aq)

B. Cr2+(aq)

C. Ni2+(aq)
D. Ni(s)

E. None of these are oxidizing agents.
25.  The respective standard reduction potentials in V (volts) for Zn2+ and Fe2+ are –0.76 and –0.44, 

        respectively.  Determine the value of E°cell for a voltaic cell in which the overall reaction is

Zn  +  Fe2+  ------>  Fe  +  Zn2+
      A)    0.32 V

B)  –0.32 V

C)    1.20 V

D)  –1.20 V

E)  –0.76 V

26. Which statement is true about the following reaction?  (Ka(HC2H3O2) = 1.8 ( 10-5, Ka(H2S) = 8.9 ( 10-8)

H2S(aq) + C2H3O2-(aq) [image: image11.wmf] HS-(aq) + HC2H3O2(aq)

A. The equilibrium lies to the right, toward the stronger acid.

B. The equilibrium lies to the right, toward the weaker acid.

C. The equilibrium lies to the left, toward the stronger acid.

D. The equilibrium lies to the left, toward the weaker acid.

E. None of the above is correct.

27. When a 1 liter flask initially containing 0.5 mole of I2 and 0.5 mole of Br2 comes to equilibrium, the flask is found to contain 0.84 mole of IBr.  What is the value of Kc for this reaction?
I2(g)  +  Br2(g)  ( (  2IBr(g)
A. 11
B. 4.0
C. 110
D. 601
E. None of these
28. Methylmercury, a toxic compound that can occur in contaminated fish, is eliminated from the human body in a first-order process with a half-life of 70 days.  After a fish-eating contest, the champion had a blood concentration of methylmercury of 0.200 mg/L.  What would be the expected blood concentration after 350 days?

A. 0.006 mg/L

B. 0.010 mg/L

C. 0.050 mg/L

D. 0.065 mg/L

E. 0.195 mg/L

29. Which of the following indicates that a reaction is first order?

A. The reaction is faster at higher temperatures.

B. The reaction has only one type of reactant.

C. The rate remains constant when the reactant concentration is doubled.

D. The reaction slows down as time goes on.

E. The half life remains constant as time goes on.

30. The decomposition of di-t-butyl peroxide is a first-order reaction.

C8H18O2(g) ((( C3H6O(g) + C2H6(g)

di-t-butyl peroxide
acetone
ethane
The half-life at 135˚C is 320 minutes, and the half-life at 145˚C is 100 minutes.  What is the activation energy (Ea)? (hint: Use half life to find the k’s)
A. 165 kJ/mol

B. 181 kJ/mol

C. 203 kJ/mol

D. 211 kJ/mol

E. 244 kJ/mol

31. What is the product "X" from this reaction?

[image: image12.wmf]  
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C. [image: image15.wmf]  
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D. [image: image16.wmf]  

56

141

Ba


E. [image: image17.wmf]  
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32. The radioactive nuclide, [image: image19.png]


, decays by beta particle emission.  The resulting heavy nucleus is also radioactive and decays to [image: image21.png]23y



.  What small particle is emitted simultaneously with the formation of [image: image23.png]23y



?

A. an alpha particle

B. a beta particle

C. a gamma particle

D. a neutron

E. a positron

33. The fusion reaction below has been of great interest as a potential energy source.  How much energy is released in the fusion of one mole each of deuterium and tritium?  (The speed of light is 2.9979 ( 108 m/s.  The masses of the atoms and neutron are shown below.)
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2.0140
3.01605
4.002603
1.008665


amu
amu
amu
amu

A. 56.3 J

B. 5.63 ( 108 J

C. 8.44 ( 1011 J

D. 1.69 ( 1012 J

E. 7.84 ( 1044 J
34. The "belt of stability" refers to 
A. the pattern of neutrons-to-protons ratios that lead to stable nuclei.
B. the VSEPR equatorial plane in the trigonal bipyramidal geometry.
C. the intermediate pH range where neither [H+] nor [OH-] are very high.
D. the band of coinage metals in the periodic table, which are electrochemically inert.
E. the set of H and S values that prevent any reaction from occurring.
35. One method can provide rates for processes having half-lives of at least 2.0 ns, but a particular first-order reaction was too fast to be detected by this method.  What is the minimum value of k for this reaction? (1ns = 1 x 10-9s)

A. 2.2 ( 104 s-1
B. 1.3 ( 106 s-1
C. 7.1 ( 107 s-1
D. 3.5 ( 108 s-1
E. 5.0 ( 108 s-1
36. Why are nuclear transmutations that are induced by neutron impact easier to accomplish than those induced by impact of protons or alpha particles?

A. Protons and alpha particles, being positively charged, are shielded from the nucleus by electrons.

B. Protons and alpha particles are more massive than neutrons and therefore harder to accelerate.

C. Protons and alpha particles have smaller cross-sections than neutrons and are therefore less likely to collide with the nucleus.

D. Protons and alpha particles, being positively charged, are repelled by the nucleus.

E. Protons and alpha particles are more massive than neutrons and therefore more likely to cause undesired reactions upon impact with the nucleus.

37.  Alpha-decay produces a new nucleus whose

 than those respectively of the  

       original nucleus.

A)
atomic number is 2 less and mass number is 2 less

B) atomic number is 1 less and mass number is 2 less

C) atomic number is 2 less and mass number is 4 less

D) atomic number is 2 more and mass number is 4 more

E) atomic number is 2 more and mass number is 2 less

38. Which compound can occur as cis-trans isomers?

A. CH3CH=CH2
B. CH3CH=C(CH3)2
C. CH3CH=CHCH2CH3
D. (CH3)2CHCH2CH3
E. CH3CH(Cl)CH2CH3
39. Which functional group is most likely found to be in a polyester suit?
A. -COOH
B. –COO-
C. –CO-
D. –NH2-
E. none of the above
40. How many hydrogen atoms are needed to complete the following structure?


[image: image25.wmf]C
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A. 6

B. 8

C. 10

D. 12

E. 14

41. What is the correct name for

CH3CHCH2CH=CH2
        |

        CH3
A. 2-methyl-4-hexane

B.  2-methyl-4-pentene

      C.  2-methyl-cis-4-pentene

      D.  4-methyl-2-hexene

      E.  4-methyl-1-pentene

42. 2-Ethylheptane is not a standard IUPAC name.  The correct name for this compound is

A. 3-ethylheptane.

B. 2-pentylbutane.

C. 3-pentylbutane.

D. 2-methyloctane.

E. 3-methyloctane.

43. What is the IUPAC name for this compound?


CH2CH2CH3


(

CH3CHCHCH2CH3


(

CH3

A. 2-methyl-3-propylhexane

B. 3-ethyl-2-methylhexane

C. 4-methyl-3-propylpentane

D. 4-ethyl-5-propylhexane

E. 1,1-dimethyl-2-propylbutane
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