Chapter 9

The States of Matter

Answers to End of Chapter Questions and Problems

11. An elastic collision transfers energy from one particle to another.  There is no change in the total kinetic energy

12. 460 m/s

13. heat the water

14. Average kinetic energy is zero

15. one-half

16. The random collisions of gas molecules on the surface of an object; pascals (Pa), millimeters of mercury (mm Hg), standard atmospheres (atm).

17. One atmosphere is equal to 760 mm Hg

18. 0.50 atm

19. 2.4 x 103 mm Hg

20. 53 kPa

21. S tandard 
Temperature
and Pressure, 0(C and 1 atm

22. 273 K; 760 mm Hg

23. 0.10 mol

24. a.  The particles of a liquid are held together by attractive forces. The are therefore denser than gases.  Gas molecules have negligible forces between them.  The remain far apart.

b. The molecules of liquids are in contact and cannot be squeezed together because of repulsive electrostatic forces. The molecules of gases are far apart and can be compressed closer.

25. When the molecules leave, the average kinetic energy is lowered and the temperature decreases.

26. A larger percentage of molecules have enough energy to escape attractions within the liquid.

27. No.  Vapor continuously leaves the surface of the liquid, preventing dynamic equilibrium.

28. Increases the kinetic energy which increases the vapor pressure.

29. The boiling point is the temperature at which the vapor pressure of the liquid equals the external pressure.  The normal boiling point is the boiling point when the external pressure is 1 atm.

30. If the external pressure is lowered, less kinetic energy is required to separate the liquid molecules.  They therefore separate at a lower temperature.  At higher external pressure, separation is harder and a higher temperature is needed, because more kinetic energy is required.

31. ~82(C

32. a.  ~76(C

b.  ~50(C
c.  ~62(C

33. ~250 mm Hg

34. Molecules escaping the liquid have energy higher than the average kinetic energy.  This lowers the average kinetic energy.

35. The molecules of a solid at its melting point have sufficient kinetic energy  to overcome the attractive forces holding them in place.

36. The forces between the molecules are weaker

37. The regular, repeating three dimensional pattern of the atoms, ion or molecules ina crystal.

38. Added heat is removed by the molecules escaping the liquid.  The average kinetic energy remains the same.

39. Sublimation is the change of state from a solid to vapor without passing through the liquid state.  Substances can be dried without heating or boiling.

40. a. The heat needed to melt one gram of a solid at its melting point.  

b. The heat needed to boil off one gram of liquid at its boiling point.

Mastery Questions and Problems

41. 1275 cal

42. The average kinetic energy increases

43. Vaporization is the conversion of a liquid to a gas or vapor when the liquid is below its boiling point.  The vapor pressure is the force per unit area exerted by the vaporized particles on the walls of a sealed container.  The boiling point is the temperature at which the vapor pressure of the liquid becomes equal to the external pressure.

44. A substance has sufficient average kinetic energy to disrupt the forces holding the solid crystal together.  

45. The mass of the air pressing on molecules below it causes it.  The mass of air above the mountain is less than the mass above sea level.

46. 2.44 x 104 cal; 1.02 x 105 J

47. 6.72 L

48. A dynamic equilibrium involves a continual exchange of particles even though net amounts stay constant.

49. 819 K

50. 2.85 x 103 cal; 1.19 x 104 J

51. ~77(C

52. 40.0 g water; 960 g ice

Review Questions and Problems

53. a.  V2O5 + 2 H2 ( V2O3 + 2 H2O

b. (NH4)2Cr2O7 ( Cr2O3 + N2 + 4 H2O

c. 4 NH3 + 5 O2 ( 4 NO + 6 H2O

d. 2 C6H14 + 13O2 ( 12 CO + 14 H2O

54.  a.  51.2 g Cl2O7 
b.  30.6 mL H2O

55.  0.00374 g/cm3 Kr

56.  a.  MoCl4 

b.  CH3Cl
c.  Ag2Te

57.  a.  13.9 mol SO2

b.  0.0472 mol NH3 
c.  0.021 mol CO2
58.  a.  exothermic
b.  303 kJ
c.  C2H4
Challenging questions and Problems

59.  a.  4.74 x 104 cal
b.  4.74 x 101 kcal
c.  1.98 x 105 J

60. A unit cell is the smallest group of atoms, ions or molecules that retains the geometric shape of the crystal.  A crystal lattice is the regular, repeating, three-dimensional patter of atoms, ions, or molecules in a crystal.

61. The vapor pressure above the liquid depends only on the kinetic energy of the escaping molecules and, therefore, the temperature.

62. Na+Cl-Na+
Cl-Na+Cl-
Na+Cl-Na+
63.  a.  3200 cal, 3.20 kcal, 1.34 x 104 J
b.  128 g H2O

