Chapter 17

Reaction Rates and Equilibrium

Answers to End of Chapter Questions and Problems

17. Reactions require collisions between molecules with sufficient energy to break and form bonds.

18. No.  The collisions must have sufficient energy to break and form bonds.

19. The number of atoms, ions or molecules that react in a given time to form products.

20. a.  usually speeds up a reaction
b.  speeds up a reaction
c.  speeds up a reaction

d.  slows down a reaction

21. A catalyst increases the rate of spontaneous reactions by providing a reaction mechanism with a lower activation energy.

22. c.  

23. Gas and oxygen mix readily but do not have enough energy to react at room temperature.  The flame raises the temperature and energy of collision, and the reaction rate increased.  The heat released by the reaction maintains the high temperature and the reaction continues spontaneously.

24. a.  the proportionality constant relating the concentrations of the reactants to the reaction rate.  b.  reaction rate proportional to the concentration of one reactant.  c.  an equation relating the reaction rate to the concentrations of the reactants

25. Rate = k [NO] [O3]

26. 100 minutes

27. a.  converts reactants to products in a single step.  b.  a product of one reaction that immediately becomes a reactant in a second reaction.  c.  the sequence of elementary reactions of a complex reaction.

28. see teacher

29. A measure of the disorder of the system

30. unfavorable

31. a.  completed jigsaw puzzle
b.  50 mL of ice
c.  sodium chloride crystals


d.  house

32. a.  higher entropy

b.  lower entropy
c.  higher entropy
d.  lower entropy

33. 254.7 J/ ( K x mol)

34. 0.7 J/ (K x mol)

35. Spontaneous reactions yield the products under the stated conditions.  The spontaneous reaction chosen might be oxidation-reduction reaction or an acid-base reaction.

36. Change in heat content, change in entropy

37. No.  Endothermic reactions that have an increase in entropy may be spontaneous if the entropy increase is great enough

38. No.  Spontaneous chemical reactions may be slow if the activation energy is high, as in the rusting of iron or other types of corrosion.

39. The potential energy in a system that can become available to do work.

40. Endergonic: free energy is absorbed and the reaction is nonspontaneous.  Exergonic: free energy is released and the reaction is spontaneous.

41. A flame or ignition wire provides sufficient energy for activation. Once started, the spontaneous reaction can proceed rapidly.

42. 130.3 kJ / mol; nonspontaneous

43. a.  98.1 kJ/mol; nonspontaneous

b.  –1457.7 kJ/mol; spontaneous



c.  514.2 kJ/mol; nonspontaneous
d.  66.04 kJ / mol; nonspontaneous

44. Reactants are forming products and products are forming reactants at the same time.

45. The rate of formation of products from reactants and the rate of formation of reactants from products are equal.

46. The rates are equal.

47. a.  Keq = [H2] x [Br2]
 b. .  Keq = [SO2]2 x [O2]  
 c. .  Keq = [CO] x [H2O] 



[HBr]2



[SO3]2


      [CO2] x [H2]

d. .  Keq = [H2O]6 x [NO]4


 [NH3]4 x [O2]5      



48. a.  Keq = [CH4] x [H2S]2
 b. .  Keq = [PCl3] x [Cl2]  
 c. .  Keq =      [NO2]2     


          [H2]4 x [CS2]

            [PCl5]


      [NO]2 x [O2]

d. .  Keq = [H2] x [CO2]



[CO] x [H2O]

49.  1.60 x 10-3
50. 0.786

51.  a.  favorable
b.  slightly favorable
c.  highly unfavorable

52. A system in dynamic equilibrium changes to relieve the stress applied to it.  Carbonated drinks in closed containers have achieved a state of dynamic equilibrium between the carbon dioxide in the liquid and in the vapor.  When opened, carbon dioxide leaves the vapor.  Carbon dioxide from the liquid goes into the vapor to try to re-establish equilibrium, but is lost.

53. Only in reversible reactions that involve gaseous reactants and/or products

54. a.  increase in products
b.  increase in products
c.  increase in products

d.  decrease in reactants
e.  does not affect equilibrium

55. a.  increase in reactants
b.  increase in products
c.  does not affect equilibrium


d.  decrease in reactants
e.  decrease in reactants

Mastery Questions and Problems

56.  c


57.  25 kJ

58. For exothermic reactions, the activation energy must be less than or equal to the  total energy change


    E








Products




 Reactants







Time

59. a.  fanning the campfire increases the oxygen level, increasing the reaction rate.  b.  Small particles have a larger surface area.  Molecular collisions and the reaction rate are increased.  c.  Powdered MnO2 has a lare surface area with properties that make it a catalyst.

60. 

Reactants

E











Products



     Time

61.  a.  yes
b.  yes

c.  no

d.  yes

62.  a.  increase in products
b.  decrease in products
c.  decrease in products

63. Keq = 0.659

64.  a.  Keq =     [ICl]2   
b.  Keq = [NO]2[O2]
c.  Keq =     [SO3]2   
d.  Keq =     [PCl5]   


[I2][Cl2]

     [NO2]2

  [SO2]2[O2]

   [Cl2][PCl3]

65.  Increasing pressure reduces volume and increases density

66. Rate = k[NO]2 ; Rate = k[N2O2][O2]

67.  a.  1.22 x 10-4 mol/ L x s
b.  1.94 x 10-4 mol / L x s

68.  a.  IO-
b.  yes

c.  two

d.  the first reaction
e.  2 H2O2 ( 2 H2O + O2


69. The reaction is never spontaneous if the entropy decreases.  The reaction is endothermic because both absorb free energy.

70. The reaction is slow (activation energy is high)

71. A catalyst will help establish equilibrium more quickly, but it does not change the equilibrium position.

72. –89.8 J / K x mol

73. a.  increases
b.  unchanged
c.  decreases
d.  unchanged

Review Questions and Problems

74.  a.  fluoride ion (anion)
b.  copper (II) ion (cation)
c.  phosphide ion (anion)


d.  hydrogen ion (cation)
e.  sodium ion (cation)
f.  iodide ion (anion)


g.  oxide ion (anion)

h.  magnesium ion (cation)

75.  Crystalline substances have a regular, repeating pattern of atoms, ions, or molecules in three dimensions.  Amorphous substances have an irregular arrangements of molecules.

76. Solid potassium chloride is an ionic compound of K+ and Cl-, not KCl molecules.  Each ion is surrounded by 6 ions of opposite charge in a simple cubic unit cell crystal.

77.  a.  CaCl2 
b.  Al2S3
c.  Mg(NO3)2 d.  Al2(CO3)3
e.  Ba(OH)2
f.  NH4NO3


g.  K2SO4
h.  AlPO4
78.  a.  sodium perchlorate, ClO4-

b.  potassium permanganate MnO4-



c.  calcium phosphate, PO43-

d.  magnesium carbonate, CO32-



e.  sodium sulfate, SO42- 

f.  potassium dichromate, Cr2O72-
79. a.  1s22s22p63s23p63d104s24p2 – Ge with 4 dots

b. 1s22s22p63s23p63d104s2       - Ca with 2 dots

c. 1s22s22p4

       - O with 6 dots

d. 1s22s22p63s23p6
       - Ar with 8 dots

e. 1s22s22p63s23p63d104s24p5  - Br with 7 dots

f. 1s22s22p63s23p3

      - P with 5 dots

80. See teacher for answers

81. a.  1s22s22p63s23p6   

- Ca2+

b.  1s2           


- Li+

c. 1s22s22p63s23p63d104s24p6
- Br-

d. 1s22s22p63s23p6

- S2-
82.  positive ions: b,e,f,g,h,j

negative ions: a,c,d,I

83. Crystalline solids, high melting points, insulators when solid but conductors when molten, not malleable or ductile, soluble in water.

Challenging Questions and Problems

84. Give the person pure oxygen to breathe.  Warm the oxygen.  Encourage rapid deep breaths

85. The additional H+ reacts with the OH- , shifting the reaction towards more products.  As a result, more of the reactant , tooth enamel, is broken down.

