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Problem-Set Solutions
7.1
a.
As temperature increases, the average velocity with which particles move increases.

b.
Cohesive forces are a form of potential energy that increases the order and stability of the 

particles of a system.






c.
Increasing temperature increases the kinetic energy of a system and thus increases the 


magnitude of the disruptive forces.






d.
The particles of a gas are relatively far apart and independent of one another indicating that 

in the gaseous state disruptive forces are larger than cohesive forces.

7.2
a.
by colliding with each other
b.
kinetic energy




c.
they hold the particles together
d.
liquid state

7.3
a.
In a liquid, the potential energy (cohesive forces) and kinetic energy (disruptive forces) are 

of about the same magnitude. Cohesive forces are strong enough that the space between 

particles changes very little with 
an increase in temperature (kinetic energy).


b.
Particles of a gas are widely separated because disruptive forces are greater than cohesive 

forces.

7.4
a.
The particles are already close together; increased pressure cannot move them much closer 

together.







b.
In the gaseous state, each particle can act independently of the others; hence, the container 

is always filled. In the liquid state, cohesive forces prevent the particles from completely 

filling the container.

7.5
Use the following relationships to set up conversion factors to complete the conversions:



1 atm = 760 mm Hg = 760 torr







1 atm = 14.7 psi
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7.7
According to Boyle’s law, at a constant temperature, the volume of a gas is inversely 
proportional to the pressure applied to it: P1 x V1 = P2 x V2




Since P1, V1, and V2 are given in the problem, we can solve the equation for P2 and substitute 
the given values to find the value of P2.
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(We can check our calculations by saying: Since volume decreases, P2 should be larger than
 P1, and this is true.)
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7.9
The given quantities are P1 (655 mm Hg), V1 (3.00 L), and P2 (725 mm Hg). We can solve 
Boyle’s law for V2 and substitute the given quantities.
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7.11
Since pressure is constant, we can use Charles’s law, the relationship between temperature (using the Kelvin scale) and volume: V1/T1 = V2/T2





We are given V1 (2.73 L), T1 (27oC converted to 300 K), and T2 (127oC = 400 K). We can solve Charles’s law for V2 and substitute the given quantities.
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7.13
The system is at constant pressure (2.0 atm), so we can use Charles’s law to find the 

temperature (in degrees K) after a volume change. Given quantities are: T1 (25oC = 298K), 
V1 (375 mL), V2 (525 mL). Solve Charles’s law for T2. Convert the Kelvin temperature to oC.
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7.15
The combined gas law (P1V1/T1 = P2V2/T2) is a mathematical combination of Boyle’s law and 
Charles’s law. It is used when pressure, volume, and temperature of the gas are all variable.
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7.17
There are changes in pressure, volume, and temperature in these problems, so the combined 
gas law is used to complete the calculations. The initial conditions for each part of the problem 
are: P1 (1.35 atm), V1 (15.2 L), and T1 (33oC = 306 K)







a.
T2 (35oC = 308 K), P2 (3.50 atm) are given. Rearrange the combined gas law to solve for V2.
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b.
T2 (42oC = 315 K), V2 (10.0 L) are given. Rearrange the combined gas law to solve for P2.
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c.
P2 (7.00 atm), V2 (0.973 L) are given. Rearrange the combined gas law to solve for T2 and 

convert the Kelvin temperature to oC.
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d.
T2 (97oC = 370 K), P2 (6.70 atm) are given. Rearrange the combined gas law to solve for V2. Convert V1 (15.2 L) to mL in order to determine V2 in mL, 



[image: image26.wmf]V

2

 

=

 

V

1

P

1

T

2

P

2

T

1

 

=

 

1

5

,

2

0

0

 

m

L

 

x

 

1

.

3

5

 

a

t

m

6

.

7

0

 

a

t

m

æ

è

ç

ö

ø

÷

 

x

 

3

7

0

 

K

3

0

6

 

K

æ

è

ç

ö

ø

÷

 

=

 

3

.

7

0

 

x

 

1

0

3

 

m

L


	7.18
	[image: image27.wmf]a

.

 

 

P

2

 

=

 

7

3

5

 

m

m

 

H

g

 

x

 

7

.

3

1

 

L

1

3

.

5

 

L

æ

è

ç

ö

ø

÷

 

x

 

6

3

0

 

K

3

1

8

 

K

æ

è

ç

ö

ø

÷

 

=

 

7

8

8

 

m

m

 

H

g



	
	[image: image28.wmf]b

.

 

 

T

2

 

=

 

3

1

8

 

K

 

x

 

1

2

7

5

 

m

m

 

H

g

7

3

5

 

m

m

 

H

g

æ

è

ç

ö

ø

÷

 

x

 

0

.

8

0

0

 

L

7

.

3

1

 

L

æ

è

ç

ö

ø

÷

 

=

 

6

0

 

K

 

 

 

 

 

6

0

 

K

 

-

 

2

7

3

 

=

 

-

2

1

3

o

C



	
	[image: image29.wmf]c

.

 

 

V

2

 

=

 

7

.

3

1

 

L

 

x

 

7

3

5

 

m

m

 

H

g

3

2

5

 

m

m

 

H

g

æ

è

ç

ö

ø

÷

 

x

 

3

1

8

 

K

3

1

8

 

K

æ

è

ç

ö

ø

÷

 

=

 

1

6

.

5

 

L



	
	[image: image30.wmf]d

.

 

 

P

2

 

=

 

7

3

5

7

6

0

 

a

t

m

æ

è

ç

ö

ø

÷

 

x

 

7

.

3

1

 

L

2

.

3

1

 

L

æ

è

ç

ö

ø

÷

 

x

 

5

9

8

 

K

3

1

8

 

K

æ

è

ç

ö

ø

÷

 

=

 

5

.

7

6

 

a

t

m




7.19
Using the ideal gas law (PV = nRT) we can calculate any one of the four gas properties 

(P, V, T, or n) given the other three. R is the ideal gas constant (0.0821 atm ( L/mole ( K).


In this problem, n (5.23 moles), V (5.23 L), and P (5.23 atm) are given. Rearrange the equation 
to solve for T. Convert K to oC.
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	63.7 K – 273 = –209oC
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	20.3 K – 273 = –253oC


7.21
In this problem, n (0.100 mole), T (0oC = 273 K), and P (2 atm) are given. Rearrange the ideal 
gas law to determine the volume in liters.
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7.23
Rearrange the ideal gas law in each of the problems below, and use the given data to determine 
the unknown quantity.
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	     175 K – 273 = –98oC
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7.25
Dalton’s law of partial pressures states that the total pressure exerted by a mixture of gases is 
the sum of the partial pressures of the individual gases present. For this mixture of three gases:



PTotal = PN2 + PHe + PO2 








The total pressure of the gas and the partial pressures of two of the gases are given: 



PTotal = 1.50 atm = 0.75  atm + 0.33 atm + PO2 





Rearrange the equation to solve for the partial pressure of oxygen. 






PO2 = PTotal –  PN2 – PHe  = (1.50 – 0.75 – 0.33) atm = 0.42 atm

7.26
(2.00 – 0.25 – 0.25) = 1.50 atm

7.27
Since the total pressure and three of the four partial pressures are given, rearrange Dalton’s 
law to solve for the unknown partial pressure of the fourth gas:







 PCO2 = PTotal –  PO2 – PN2 – PAr  = (623 – 125 –175 –225) mm Hg = 98 mm Hg

7.28
175 mm Hg; it does not change.

7.29
A change of state is a process in which a substance is transformed from one physical state to 
another physical state. The process may be exothermic (heat energy is given off) or 
endothermic (heat energy is absorbed).








a.
Sublimation is the direct change from the solid to the gaseous state. During sublimation 

heat energy is absorbed, so this is an endothermic process.




b.
Melting is the change from a solid to a liquid; heat energy is absorbed, so this is an 


endothermic process.






c.
During condensation a substance changes from a gas to a liquid; heat energy is given off, so 

this is an exothermic process.







7.30
a.
exothermic
b.
endothermic
c.
exothermic

7.31
a.
No. Sublimation is the direct change from the solid state to the gaseous state; the liquid 


state is not involved.






b.
Yes. Melting is the change from the solid state to the liquid state.



c.
Yes. Condensation is the change from the gaseous state to the liquid state.

7.32
a.
yes
b.
yes
c.
no

7.33
a.
Boiling point is the temperature at which a liquid’s vapor pressure is equal to the external 

pressure on the liquid.






b.
Vapor pressure can be measured by allowing a liquid to evaporate in a closed container.

c.
Boiling is the process in which bubbles of vapor form within a liquid.



d.
Boiling point temperature changes appreciably with changes in atmospheric pressure.

7.34
a.
vapor
b.
volatile
c.
boiling
d.
vapor pressure

7.35
a.
Liquids differ in the strengths of their intermolecular forces, so they differ in their tendency 

to change from the liquid to the gaseous state (vapor pressure).





b.
Boiling point is the temperature at which vapor pressure of the liquid becomes equal to the 

atmospheric pressure. At a lower atmospheric pressure, vapor pressure becomes equal to 

atmospheric pressure at a lower temperature.







c.
In evaporation, the water absorbs heat energy (endothermic process) to change from the 


liquid state to the gaseous state, resulting in a cooling process.





d.
Boiling water always has the same temperature (at a given pressure), no matter how much 

heat is applied to it, so food cooked in boiling water cooks at a constant temperature.


7.36
a.
Increasing the temperature increases the average kinetic energy of the particles, enabling 

more particles to evaporate.







b.
The boiling point is lower; reactions occur more slowly at lower temperatures.


c.
The boiling point is higher; reactions occur more rapidly at higher temperatures.

d.
The particles leaving have higher than average kinetic energy. The particles remaining as 

liquid have a lower average kinetic energy and a lower temperature.

7.37
Molecules must be polar for dipole-dipole interaction to occur. A polar molecule is a dipole; it
has a negative end and a positive end. Negative ends attract positive ends of other molecules 
(dipole-dipole interaction).

7.38
The mere existence of molecules is sufficient for London forces to exist.

7.39
Boiling point increases as intermolecular force strength increases. During boiling, molecules 
escape from the liquid state to the vapor state; for molecules with stronger intermolecular 
forces more heat energy is required for this escape.




7.40
Vapor pressure decreases as intermolecular force strength increases.

7.41
Three types of intermolecular attractive forces act between a molecule and other molecules: 
dipole-dipole interactions (between polar molecules), hydrogen bonds (extra strong dipole-
dipole interactions; a hydrogen is covalently bonded to a very electronegative atom – F, O, or 
N), and London forces (weakest type, between both polar and nonpolar molecules).


a.
London forces. H2 is a nonpolar molecule.






b.
Hydrogen bonding. H is covalently bonded to an electronegative atom, F.


c. 
Dipole-dipole interaction. CO is a polar molecule.





d.
London forces. F2 is a nonpolar molecule.

7.42
a.
London
b.
dipole-dipole
c.
London
d.
dipole-dipole

7.43
a.
No hydrogen bonding. H is bonded to C, not to O.





b.
Yes, there is hydrogen bonding. H is bonded to an electronegative atom, N.


c.
Yes, there is hydrogen bonding. H is bonded to an electronegative atom, O.


d.
No hydrogen bonding. H is bonded to I.






7.44
a.
no
b.
yes
c.
yes
d.
no

7.45
Four hydrogen bonds can form between a single water molecule and other water molecules.
This is depicted in Figure 7.21. 







7.46
four

7.47
a.
Since temperature is constant, use Boyle’s law; rearrange the equation to solve for the new 

pressure (P2). 
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b.
Since pressure is constant, use Charles’s law; rearrange the equation to solve for the new 

temperature (T2), then convert the temperature to oC.
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c.
Since both the pressure and the volume of the gas change, use the combined gas law to 


solve for the final temperature (T2), then convert the temperature to oC.
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7.49
a.
If the number of moles remains constant: Use Boyle’s law if temperature is constant; use 

Charles’s law if pressure is constant; use the combined gas law if pressure, volume, and 

temperature all vary.






b.
Use Charles’s law if pressure remains constant. (Assume moles remain constant.)

c.
Use Boyle’s law if temperature remains constant. (Assume moles remain constant.)

d.
Use Boyle’s law if temperature and moles remain constant.
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7.51
Since V (4.0 L), T (40.0oC = 313 K), and n are given for each of the following problems, use 
the ideal gas law to calculate P.
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7.53
Since n (1.00 mole), T (23oC = 296 K), and P (0.983 atm) are given, rearrange the ideal gas 
law to solve for V.
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	n1 – n2 = (0.0456 – 0.0379) mole = 0.0077 mole N2
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7.55
Using Dalton’s law of partial pressures: PTotal = PHe + PNe + PAr = 3.00 atm




a.
Let x equal the number of moles of each gas present: 3x = 3.00 atm; x = 1.00 atm


The partial pressure of each gas is 1.00 atm.






b.
Since these are all monoatomic molecules, 1 mole of molecules contains the same number 

of atoms for each gas. All gases have the same partial pressure: 3x = 3.00 atm; x = 1.00 atm
c.
If x = PAr, and the ratios of partial pressures are in a 3:2:1 ratio, then: 





3x + 2x + x = 6x = 3.00 atm








x = 0.50 atm








PHe = 3x =1.50 atm; PNe = 2x = 1.00 atm; PAr = 1x = 0.50 atm




7.56
a.
boils
b.
does not boil
c.
does not boil
d.
does not boil

7.57
a.
The vapor pressure of PBr3 will decrease (( 400 mm Hg) when temperature is lowered 


from 150oC to 100oC; the vapor pressure of PI3 will increase (( 400 mm Hg) when 


temperature is raised from 57oC to 100oC. Therefore, PBr3 will have a lower vapor pressure 

and will evaporate at a slower rate.






b.
PI3 has the higher vapor pressure; it will evaporate more readily and have a lower boiling 

point.







c.
PI3 has a higher vapor pressure and a lower boiling point, indicating that it has weaker 


intermolecular forces than PBr3.

7.58
a.
Br2, larger mass
b.
H2O, hydrogen bonding



c.
CO, dipole-dipole
d.
C3H8, larger size

7.59
The correct statement is a. Solids have small compressibilities because there is very little space 
between particles.

7.60
d

7.61
The correct answer is d. Charles’s law involves a system at constant pressure.



7.62
a

7.63
The correct answer is b. PV = nRT is the ideal gas law.





7.64
a

7.65
The correct conditions are found in d. When the molecules of a liquid have sufficient kinetic 
energy to overcome the intermolecular forces in the liquid, they can pass into the vapor phase.

7.66
d

7.67
The correct answer is d. London forces are weak forces that occur between all molecules.

7.68
a

370
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