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The Model: Phases and Strength of Intermolecular (IM) Forces
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1. As asubstance changes from a gas to a liquid to a solid, particles move (apart,
closer together).
| - . ____higher .
2. Gases experience few to no IM forces, so liquids and solids must experience (higher,

lower) IM forces.

3. Rank the strength of IM forces for each phase, from strongest to weakest.

solid > liquid ~ |gas

Increase

4. General Rule: Phases become more condensed as IM forces (increase, decrease) and

decrease

less condensed as IM forces (increase, decrease).

The Model: Phase Changes

5. Itis easier to remove a penny from the top
contact with fewer pennies in the stack.

(top, middle) of the stack because the penny is in



surface

6. It 1is easier for a (surface, interior) water molecule to escape the liquid because it is in

contact with fewer water molecules in the sample. This means that it takes less energy to remove

surface

(surface, interior) molecules.

. More

(More, Less) kinetic energy would be needed to remove more molecules. This means that

Increasing

(increasing, decreasing) temperature would increase evaporation.

8. General Rule: Evaporation and sublimation Increase (increase, decrease) with increasing

temperature; condensation and deposition INCrease (increase, decrease) with decreasing

temperature.

The Model: Dynamic Equilibrium

9. The number of molecules in the gas phase INCrE€ases from a to c. After ¢, the number of

remains the same
gas-phase molecules .




10. The up-and-down arrows at the surface of the liquid signify that molecules

Stop moving after a phase change

a.
b. Continue moving from liquid to gas and from gas to liquid
c. Move from liquid to gas but not gas to liquid
d. Move from gas to liquid but not liquid to gas
11. General Rule: At dynamic equilibrium, the molecules continue (stop, continue) changing phases,
remain the same
but the number of molecules in each phase (change, remain the same), meaning

the same

that the rates of evaporation and condensation are (different, the same).

The Model: The Energetics of Phase Changes
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Increasing temperature —>

Increases

12. As temperature increases, the number of molecules in the gas phase
decreases).

(increases,

13. Vapor pressure is the pressure exerted by a gas that is associated with a liquid. As temperature increases,

Increases

vapor pressure (increases, decreases).

14. Molecules move more quickly with increasing temperature, which means the molecules experience

|Owe|’ (lower, higher) IM forces.




15. When molecules in a substance experience low IM forces, it is easier (easier, harder) for the

Increases

molecules to change phase. This means that vapor pressure (increases, decreases)
with lower IM forces.

16. General Rule: Vapor pressure Increases (increases, decreases) with increasing temperature
because IM forces decrease (increase, decrease).
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17. When heat is added to a liquid, the temperature (increases, decreases) until it reaches the
boiling point.
18. The temperature at the boiling point because all of the energy added to the
sample is .

a. Increases, heating i

b. Increases, breaking IM forces

c. Remains constant, heating it

d. Remains constant, breaking IM forces

endothermic

19. Since energy is added to a sample to boil it, boiling is an (endothermic, exothermic)

exothermic

process. This means that condensation is (endothermic, exothermic).




20. The heating curve for ice melting has the same shape, just at lower temperatures. This means that the

Increases

temperature of ice (increases, decreases, remains constant) until it reaches the

. . ) ) remains constant )
melting point. At the melting point, the temperature (increases, decreases, remains

constant).

endothermic exothermic

21. Melting is an (endothermic, exothermic) process, and freezing is

(endothermic, exothermic).

Increases

22. General Rule: As heat is added to a sample, temperature (increases, decreases,

constant

remains constant) until the sample changes phase with a(n) (increasing, decreasing,

constant) temperature.

endothermic

23. General Rule: Moving from a more condensed to less condensed phase is

(endothermic, exothermic), while the change from a less condensed to more condensed phase is

exothermic

(endothermic, exothermic).

Skills Practice: Energy Changes during Phase Changes
24. How much energy, in kJ, does it take to melt 95 grams of ice? AHgs = 6.02 kJ/mol 3 2 kJ

95 g * (1 mol/18.02 g) * (6.02 kd/mol)

Two sig figs from the mass measurement.




25. How many mL of water would boil if 255 kJ of energy were applied to a sample? AHyap = 40.7 kJ/mol
113 ml.

255 kJ * (1 mol/40.7 kJ) * (18.02 g/1 mol) * (1 mL/1 g)

Three sig figs from the 255 kJ.

26. What is the energy change associated with the condensation of 15.2 mL of water? AHss = 6.02 kJ/mol

-5.08 kJ

15.2 mL * (1 g/1 mL) * (1 mol/18.02 g) * (-6.02 kJ/1 mol)

Three sig figs from the volume measurement.
**This should have used the heat of vaporization, but | typed the wrong one! You are being
graded on what | gave you.**

27. You accidentally left your soda out of the refrigerator, so it is at room temperature (23.7°C). How many
grams of ice starting at 0.0°C do you need to add to cool your drink to refrigerator temperature (4.0°C)?
AHpus = 6.02 kJ/mol; Cyater = 4.184 J/g°C

87.6 :

First, calculate how much energy the soda must lose to cool from 23.7 C to 4.0 C:
g=mC(delta T)
g = 355 g(4.184 J/gC)(4.0 - 23.7) =-2.926 x 10" J [sign is negative because energy is lost]

Next, calculate how much ice would be needed to absorb that much energy:
2.926 x 1074 J * (1 kJ/1000 J) * (1 mol/6.02 kJ) * (18.02 g/1 mol) [sign is positive because

the ice is absorbing energy]

Three sig figs because the temperature difference still has three. Also, we neglected the
warming of the liquid water from the ice to 4.0 C to simplify the problem.

28. Equal volumes of each substance are Heat of Vaporization
poured onto a Countertop_ Which Liquid Chemical Formula (kJ/mol) at 25 °C
substance would cool the countertop the water H,0 44.0
most after complete evaporation? Write isopropy! alcohol C3Hg0 45.4
the name of the substance. {rubking aiconol)

acetone CsHgO 31.0
d|ethy| ether C‘;HwO 2701

Isopropyl! alcohol
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