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Review for Chapter 13                                
AP Chemistry

Essential Questions: You should be able to answer the following essential learning questions at the end of Chapter 13.

· What is a solution? How many different types of solutions are there? 

· How is solubility defined? What are the different factors that affect solubility of a solute in a solvent?

Connections to the real-world and other Chemistry Units

· Understanding solutions, solution concentration will help you understand acids/bases and buffers well. You will be using this knowledge again in Ch 15 and 16. 

Level 1 Problems:  4, 6, 10, 15,  17, 20, 25, 31, 33, 35, 47, 48, 50, 52, 55, 57
Move on to level 2 and 3, after a few level 1 problem, if you feel comfortable with level 1 problems.
Level 2 and 3 Problems

Conceptual Problems 

1. Why does NaCl (s) dissolve in water?  (Draw and rank the IMF’s present.)

2. What is vapor pressure? How does the addition of a solute affect vapor pressure? Why? Draw to illustrate.
Multiple Choice
1. 0.450 moles of NaCl are dissolved in 95.0 mL of water. Calculate the molarity of the NaCl solution.

A. 0.0047 M

B. 0.21 M

C. 2.1 M

D. 4.7 M

E. None of these are correct.

2. How many moles of Ca(NO3)2 are there in 75 mL of 0.25 M solution?.

A. 0.00333 mol

B. 0.0188 mol

C. 3.33 mol

D. 18.8 mol

E. None of these are correct.

3. 15 g of NaCl occupy a volume of 75 mL. What is the molarity of the solution?

A. 3.4 M

B. 0.29 M

C. 0.019 M

D. 0.0034 M

E. None of these are correct.

4. 45.0 g of Ca(NO3)2 was used to create a 1.3 M solution. What is the volume of the solution?

A. 0.21 mL

B. 210 mL

C. 360 mL

D. 4.7 mL

E. None of these are correct.

5. In the reaction, 2 Al (s) + 6 HCl (aq) 
[image: image18.png]aimesaduwal



 2 AlCl3 (aq) + 3 H2 (g), 2.00 g of Al will react with how many milliliters of 0.500 M HCl?

A. 37.0 mL

B. 111 mL

C. 148 mL

D. 444 mL

E. None of these are correct.

6. In the reaction given in problem 5, 80.0 mL of 2.0 M HCl would react with how many grams of aluminum?

A. 1.44 g

B. 4.32 g

C. 1440 g

D. 2030 g

E. None of these are correct.
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7. The cooling curve for a pure substance as it changes from a liquid to a solid is shown above. The solid and liquid coexist at

A. point Q only

B. point R only

C. all points on the curve between Q and S

D. all points on the curve between R and T

E. no point on the curve
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A. 370 kJ

B. 515 kJ

C. 681 kJ

D. 992 kJ
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A. 71.4 kJ

B. 75.2 kJ

C. 80.8 kJ

10. In the reaction given in problem 5, 80.0 mL of 2.0 M HCl would react with how many grams of aluminum?
11. How much heat is absorbed by 2.00 kg of water at 20ºC if it is heated until it is converted completely into water vapor?

A. 5.2 x 103 kJ

B. 5.2 x 103 J

C. 4.52 x 106 J

D. 4.52 x 103 J

12. What of the following is not true?

A. When water vapor at 100ºC condenses to liquid ,the phase change releases a large amount of heat. 

B. Liquid water at 100ºC causes more severe burns than water vapor at 100ºC.

C. When water vapor at 100ºC condenses to liquid, the phase change absorbs a large amount of heat. 

D. Both B and C

13. Which of the following is true of a cooling curve showing the conversion of liquid water to ice cubes?

A. Temperature is shown on the x-axis. 

B. Temperature is shown on the y-axis. 

C. It shows how the temperature of a substance changes as heat is added to it. 

D. The average kinetic energy of the liquid water particles increases.

14. When gaseous water condenses to form liquid water,

A. the kinetic energy of the water particles changes

B. only potential energy changes

C. the temperature increases

D. the temperature decreases

15. Which of the following does not occur when liquid water freezes to form ice?

A. Potential energy changes. 

B. The temperature stays the same.

C. The cooling curve for the change is flat.

D. The average kinetic energy of the particles changes.

16. The flat portion of a heating curve occurs

A. when the temperature is increasing

B. at either the melting point or the boiling point

C. when the kinetic energy of the particles is increasing

D. none of the above

The graph below represents the uniform heating of a substance, starting below its melting point, when the substance is solid. 

17. [image: image1]Which line segments represent an increases in average kinetic energy?

A. AB and CD
B. DE and EF
C. AB and BC 

D. BC and DE
Free Response
1. The following data relate to lithium chloride. 
Standard molar enthalpy change of solution is –37.0 kJ mol–1.

Lattice enthalpy is –846 kJ mol–1.
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Calculate the value of the enthalpy change represented by C for two moles of lithium chloride.

2. (i)
Use the data given below to calculate the standard enthalpy of solution of CaCl2.

Lattice dissociation enthalpy of CaCl2 = +2255 kJ mol–1
Hydration enthalpy of calcium ions
= –1650 kJ mol–1
Hydration enthalpy of chloride ions
= –384 kJ mol–1
(ii)
Using your answer to part (i), deduce how the solubility of CaCl2 changes as temperature is increased.

3. I have two solutions. In the first solution, 1.0 moles of sodium chloride is dissolved to make 1.0 liters of solution. In the second one, 1.0 moles of sodium chloride is added to 1.0 liters of water. Is the molarity of each solution the same? Explain your answer.
SOLUBILITY CURVE QUESTIONS
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1) What mass of solute will dissolve in 100mL of water at the following temperatures? 

a. KNO3 at 70°C = ____________
b.  NaCl at 100°C= ____________
c. NH4Cl at 90°C= ____________
d. Which of the above three substances is most soluble in water at 15°C?
1. a. On a solubility curve, the lines indicate the concentration of a __________________ solution - the maximum amount of solute that will dissolve at that specific temperature.
b. Values on the graph ____________ a curve represent unsaturated solutions - more solute could be dissolved at that temperature.
Label the following solutions as saturated or unsaturated.  If unsaturated, write how much more solute can be dissolved in the solution.

	Solution
	Saturated or Unsaturated?
	If unsaturated:  How much more solute can dissolve in the solution? 

	 a solution that contains 70g of NaNO3 at 30°C (in 100 mL H2O)
	
	

	a solution that contains 50g of NH4Cl at 50°C (in 100 mL H2O)
	
	

	a solution that contains 20g of KClO3 at 50°C (in 100 mL H2O)
	
	

	a solution that contains 70g of KI at 0°C (in 100 mL H2O)

	
	


3. a.  What is the solubility of KCl at 5°C?  _______
    b.  What is the solubility of KCl at 25°C?  _______

c.  What is the solubility of Ce2(SO4)3  at 10°C?  _______

d.  What is the solubility of Ce2(SO4)3 at 50°C?  _______
4.  a.  At 90°C, you dissolved 10 g of KCl in 100. g of water.  Is this solution saturated or unsaturated?

 b.  How do you know?
5. A mass of 100 g of NaNO3 is dissolved in 100 g of water at 80ºC.  


a) Is the solution saturated or unsaturated?______________________________


b) As the solution is cooled, at what temperature should solid first appear in the solution? 

6.  Use the graph to answer the following two questions:


Which compound is most soluble at 20 ºC? ________


Which is the least soluble at 40 ºC?  ________

7.  Which substance on the graph is least soluble at 10°C? __________
8.  A mass of 80 g of KNO3 is dissolved in 100 g of water at 50 ºC. The solution is heated to 70ºC. How many more grams of potassium nitrate must be added to make the solution saturated?  

The boiling point of a liquid is the temperature at which the vapor pressure of the liquid is equal to the pressure on the surface of the liquid. The heat of vaporization of ethanol is 838 joules per gram. A sample of ethanol has a mass of 65.0 grams and is boiling at 1.00 atmosphere. 

9. Calculate the minimum amount of heat required to completely vaporize this sample of ethanol. 
ANSWERS

Multiple Choice

1. D

2. B

3. A

4. B

5. D

6. A

7. C

8. 514 kJ
9. 71.4 kJ
10. 1.44 g
11. A

12. D

13. B

14. B

15. D

16. B

17. A

Free Response

1. -1766 kJ

2. i. -163 kJ/mol

ii. increases

3. The equation for molarity states that the molarity of a solution is equal to the number of moles of solute divided by the number of liters of solution. In the first solution, the molarity will clearly be equal to 1.0M because there are 1.0 moles of NaCl and a solution volume of 1.0 L. In the second solution, the volume of solution is roughly equal to the volume of the water plus the volume of the salt, which is a total of greater than 1.0 L. There is still 1.0 moles of NaCl, so the molarity of the second solution is a little less than 1.0M.

Solubility Curve Questions

1. a. 130g; b. 40g; c. 70g; d. KI

2. a. saturated; b. under

Table Answers

	unsaturated
	~25 g more to saturation

	saturated
	N/A

	saturated
	N/A

	unsaturated
	~60 g more to saturation


3. a. 28g/100 g H2O; b. 32 g/100 g H2O; c. 15 g/100 g H2O; d. 5 g/100 g H2O

4. a. unsaturated; b. the point on the graph lies below the line of saturation

5. a. unsaturated; b. ~35C

6. KI; Ce2(SO4)3
7. KClO3
8. 50g KNO3 
9. 5.45 x 104 J

[image: image7.jpg]&

A

200 q Al] wol Al |8 e Hel]
| 26.9% o ﬂ_\{)&m:ﬂ Al

|

. - 1 el ( ¢
500 mbL Hcl| L R g o g el (2 me

e ,4~_.\“+__ﬂ e
Jlood mb HCl | fef

L Hcl

[ lodd

mb H ]

©.500 wmal Hof | L

b

| 6 wol He

1 26.9% j

T el

vnol

Hc

A

/




[image: image12.jpg]Grams of solute
per 100 g H,0

150
ol J

130 4

120
110 V\o”’ /

-
=3
o

5 S/
80

70
%

60 > / e
50 N e
/

40 > acL/
2oL L

20 >4 ‘4—'\03 g

10 — 1 Ce2(s0y,);

0 [T
0 10 20 30 40 50 60 70 80 90 100

Temperature (C)



[image: image8.jpg]


[image: image9.jpg]5 26 € P
0.1b wmol Hc(] Z md Al [ =01 L
Hej -
I 2 tC ol Al
‘ | 44 A J

(’1) o = m ¢ '(.h_" P "t ? N "QH\,L@,'?
= Qoov ) (4139 ) (1e0 =20) ~+ (111,02 m) (4vr0 3 )

gl /
51% 7)_}_{; )
5.1 0 k5]
.
mc‘?’)b
%cw) h
"]
,@06} L
Z.
F(‘ce aes(pons.c
[ Li*(ﬂ)* Qi—(g)\) 2 LU =246 k) wd”
T O ily) =370 Wl

L) ~U ()=t '(%)«u'(@ -8R Kot ™
27(g) + 207G > U6y )2 ) |72 L |




[image: image10.jpg]2 C‘> AHh‘q&r‘nHon - A H \akn'ce
“\s0 + 2(-384) — 225%

[“hirxi03 M/mﬂ

(‘(]) Since

AH <o | veatton is exotermic, A

‘f'empeml'we herase s, Qolwhr'/ify Thereases.

3. Mo. Molarity of  €irst soluton i higher, cince i+
has the (walle r VolUme but sapme hvmber ot

moles of  solute.

Solubility  Curve Quesd|ons

) 4. !203
b 4og

- To 4

G(‘ /\fa(‘A

) a.catwrared
lo. below

c. Colution

’SM or Unsat? How wauch wore?

NI\NO—}

NHe i
[<C10+

kr

|
Ans aturazed } 25 9

Satuaked |
Saturared e

Unsatyrded 60 g





[image: image11.jpg]28 g/loo mL B
35'3//me
15 g llomt
5 ag/leomlL

la
| \b
| C
d.

4)

a. unfamwared. Yp to 55 g of Kel can be

in W% 4 wukr a+ 9o0°C. B

T

B 5) . Unsaturshted
b 28° [
L | 4 KI ) ) .
6. ce (soyy .
0 kcos - - B
3) 50 4
9 ) 3 [ :Jyy\ Avt o
- = b5 (83%) S
= 8YY%10 7
s usxi0" 3
|























71. 4 kJ, you need to add (150g. 4.184. 25) to 55.7 kJ





9. 





8. 
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[image: image16.png]1. How much energy (in kJ) is required to completely vaporize 200.0 g of 25.00°C liquid water?
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