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CHAPTER 13
Solubility and Colligative Properties



1. A solution contains sucrose in water (C,,H,,0,,) in water. The solution has a total mass of 738g
and the mass percent of sucrose in the solution is 38.4%. Calculate the molality of the solution.
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2. What is the molarity of an aqueous solution of HCl that is 35.0% by mass and whose densityis
1.19g/mL? N
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3. The vapor pressure of pure ethanol (C,H;OH) at 20°C is 39.98mm Hg. What is the vapor pressure of
ethanol over a solution containing 5.0% of mass of iodine?
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4. The freezing point of benzene is 5.50°C. Its freezing point constantis 5.12°C/m. How much p-
dichlorobenzene (C,H,CL) must be added to 50.0g of benzene (C¢H¢) to lower the freezing point of
the solution to that of pure water?
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5. When 6.32 g of an unknown solid is added to 50.0g of camphor, the solution formed has a
boiling point of 212.0°C. Calculate the molar mass of unknown solid.
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True or False

1. The solubility of CO2 in water is less than the solubility of CH;OH in water at 25°C. TRUE

2. The osmotic pressure of a solution at 100°C is equal to the osmotic pressure of the same solution at 0°C.

FALSE

Consider 3 beakers. Each beaker has a solution made up of 1 mol of solute in 100g of solvent. Each of the
solutions has a different density.

a) Beaker 1 has C,H;OH (ethyl alcohol) in water.

b) Beaker 2 has C,,H,,0,, (sugar) in water.

c) Beaker 3 has NaCl in water.

3. All the solutions have the same molality. TRUE
4. All solutions have same molarity. FALSE

5. Each of the three solutions has a different mass percent of solute. TRUE

FALSE

6. The solution in beaker 1 and beaker 3 have the same boiling point.



CHAPTER 14
Kinetics



1. The initial rate of decomposition of a
compound A to its products B and C, was
measured at a series of different
concentrations with the following results.
Using the data, determine the order of
reaction. Calculate the rate constant. What
is the rate of reaction if [A] is 0.50 M?

A(g) — B(g)+C(g)

0.10 0.20 0.30 0.4

RATE 0.20 0.56 1.04 1.60

(M/min)
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2. Paraldehyde (C4H,,0;) decomposes by a first-order reaction at 225°C to acetaldehyde (C,H,0).
The equationis CgH,,05(g)=— 3 C,H,0(g)

The rate constant for this reaction at 225°C is 3.05 X 104 s . If we start with a 0.250M concentration
of paraldehyde , what will its concentration be after 2.00 minutes?
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3. Nitrogen dioxide decomposes into nitrogen oxide and oxygen. At 319°C its rate constant is 0.498
L/mol.s and at 383°C its rate constant is 4.74 L/mol.s. Claculate the activation energy for this
reaction.
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4. The decomposition of phosphine (PH;) is a
first-order reaction with a rate constant of
3.20x1072s 1at 500 K:

PH;(g)>P(s)+3/2H,(g)

The initial concentration of PH; is 0.850 M.

(a) Calculate the concentration of PH3 after
35.0s.

(b) How many seconds will it take for the
concentration of PH3 to drop t0 0.0100 M?
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40. Use the energy diagrams to determine the activation energy, F,. and

enthalpy of reaction, AH, for each reaction.

Reaction A Reaction B
300 4 300
i 200 4 3 200
=100 4 = 100 4
0 ]

Reaction progress Reaction progress

41. Based on the energy diagrams in the previous problem, predict which
reaction proceeds at the higher rate or whether they proceed at the same

rate. Explain the reasoning behind your answer.
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40. Use the energy diagrams to determine the activation energy, F,. and

41.

enthalpy of reaction, AH, for each reaction.

Reaction A Reaction B
300 4 300
g £ 500
‘-E 200 4 3 200
g :
g E
=100 4 = 100 4
0 ]
Reaction progress Reaction progress

Based on the energy diagrams in the previous problem, predict which
reaction proceeds at the higher rate or whether they proceed at the same

rate. Explain the reasoning behind your answer.
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57. Write the rate law and identify the molecularity of the following elementary

reactions:

a. 2 NO,(g) — NOs(g) + NO(g)

b. SO,Cly(g) — SO,(g) + Cly(g)

c. Cl(g) + Cl(g) + Ny(g) — Cly(g) + Na(g)

d. O3(g) + Cl(g) — O2(g) + ClO(g)

Reaction

(@) 2NOs — NO3 + NO

(b) SO:Cly — SOy + Cls

(c) Ol + Cl + Ny — Cly + Ny
(d) O3 + Cl — O, + CIO

Rate Law
Rate = k
Rate = k
Rate = k
Rate = k

NO,J’
S0,Cly]
CI*[Ne]

03][C]

Molecularity
Bimolecular
Unimolecular
Termolecular

Bimolecular



69. The decomposition of acetaldehyde, CH;CHO, in the presence of iodine is

thought to occur by the following two-step mechanism:

Step1: CH3CHO(g) +Is(g) — CHsl(g) + HI(g) + CO(g)
Step 2 : CH;l(g) + HI(g) — CHylg) + In(g)

a. Write the balanced equation for the overall reaction.

b. Identify any intermediates and catalysts.

CH3CHO(g) mmm====) CH,(g)+CO(g)

Intermediates:
Intermediates are species that are produced in one step and consumed in another, meaning they do not appear in the overall
reaction.

*CH;l(g) (formed in Step 1, consumed in Step 2)

*HI(g) (formed in Step 1, consumed in Step 2)

Catalysts:
A catalyst is a species that isused in an earlier step and regenerated in a later step, meaning it appears in the same formin the
beginning and end but does not participate in the net reaction.

*|,(g) (reactantin Step 1, regenerated in Step 2)
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