CHAPTER 13 - 14 PRACTICE QUIZ Name

MULTIPLE CHOICE — NO CALCULATOR ALLOWED

lon | lonic Radius (pm)
Na* 116
Mg?* 86

K* 152
Ca?* 114

1. Based on Coulomb’s law and the information in the table above, which of the following cations
is most likely to have the strongest interaction with an adjacent water molecule in aqueous
solution?

(A) Na* (B) Mg?* (C) K* (D) Ca?*

2. Which of the following molecules is least soluble in water?

(A) H3C\ (C) .
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3. One reason that could explain why silver chloride (AgCl) is insoluble in water is

(A) the London dispersion forces between water molecules are very weak
(B) the ion-dipole forces between Ag* ions and water molecules are very strong
(C) the ionic bonds between Ag* ions and CI- ions are very strong

(D) the covalent bonds between H atoms and O atoms are very strong



4. The structural formula of toluene (C7Hs) is shown above. Toluene has a rather low solubility in
water (0.52 g/L @ 20°C). Which of the following best describes the intermolecular forces
of attraction between water and toluene?
(A) Toluene is nonpolar, so there are no attractive forces between toluene and water.
(B) The H atoms in toluene form weak hydrogen bonds with the O atoms in water.
(C) lon-dipole forces are formed between the pi bonds of toluene and polar water molecules.

(D) There are London dispersion interactions between toluene and water.

5. The dissolution of an ionic solute in a polar solvent can be imagined as occurring in three
steps, as shown in the figure above. In step 1, the separation between ions in the solute is
greatly increased, just as will occur when the solute dissolves in the polar solvent. In step 2,
the polar solvent is expanded to make spaces that the ions will occupy. In the last step, the
ions are inserted into the spaces in the polar solvent. Which of the following best describes the
enthalpy change, AH, for each step?

(A) All three steps are endothermic.
(B) All three steps are exothermic.
(C) Steps 1 and 2 are endothermic, and the final step is exothermic.

(D) Steps 1 and 2 are exothermic, and the final step is endothermic.



6. Which of the following substances has the greatest solubility in water?

(A) C2Hs0OH
(B) C10H210H
(C) CsH12

(D) CCla

7. When most gases dissolve in water, the process is normally exothermic. Which of the following
statements best supports this fact?
(A) The solubility of gases in water tends to increase as the temperature is increased.
(B) Energy is released when solvent—solvent interactions are broken.
(C) Separation of solute particles from each other requires little or no energy.

(D) Most gases form strong covalent bonds when they react with water.

8. Which of the following conditions would maximize the solubility of Oz in water?

Partial Pressure

of Os TemE)oeCr?ture
(atm)

(A) 0.5 atm 5°C

(B) 5 atm 5°C

(C) 0.5 atm 50°C

(D) 5 atm 50°C

C2Hs4(g) + H2(g) — C2He(g)
9. Which of the following will most likely increase the rate of the reaction represented above?

(A) Decreasing the temperature of the reaction system
(B) Adding a heterogeneous catalyst to the reaction system
(C) Increasing the volume of the reaction vessel using a piston

(D) Removing some Hz(g) from the reaction system



Experiment | Mass of Zinc | Form of Zinc CZ?(l:_'eglt (r:(t;;) : T(e):][n I-FI) glrgg;e
1 10.0g powdered zinc 1.0M 25.0°C
2 100 g zinc metal strip 0.10 M 25.0°C
3 10.0g powdered zinc 1.0M 50.0°C
4 10.0 g zinc metal strip 1.0M 25.0°C

10. In a certain experiment, zinc metal reacted with hydrochloric acid. Based on the information in
the table above, which of the following lists of experiments is arranged in order of increasing
reaction rate?

A)2<1<4<3
B)2<4<1<3
(C)2 <4 <3<1
D)4 <2<1<3

Ca2sHsoNs*(aq) + OH-(aq) — Ca2sH30N3OH(aq)
violet colorless

The reaction between C2sH30N3*(aq) and OH~(aq), as represented above, is studied to
determine the reaction rate. A 10.0 mL sample of 0.10 M NaOH(aq) is mixed with a 10.0 mL
sample of 2.4 x 105 M C2sH30N3*(aq). A 5.0 mL sample of the reaction mixture is quickly
transferred to a clean cuvette and placed in a spectrophotometer, and the progress of the
reaction is measured. The data are given in the table below.

Time (s) 0
0.62

30
0.54

60
0.47

90
0.41

120
0.36

150
0.31

180
0.27

210
0.23

240
0.20

270
0.17

300
0.15

Absorbance

11. Approximately how long did it take for 75 percent of the initial amount of C2sH3oNs*(aq) to
react?
(A) 60s
(B) 120 s
(C) 150 s
(D) 300 s



X(g) + 2Y(g) — XY2(g)

In order to determine the order of the reaction represented above, the initial rate of formation of
XY2 is measured using different initial values of [X] and [Y]. The results of the experiment are
shown in the table below.

Trial | [X] | [¥] Initial Rate o(fMF(;T;ation of XY2
1 10.50|0.50 8.0x 1073
2 [1.00|0.50 3.2x1072
3 |1.00|1.00 6.4x 1072

12. In trial 2 which of the reactants would be consumed more rapidly, and why?

(A) X, because it has a higher molar concentration
(B) X, because the reaction is second order with respect to X
(C) Y, because the reaction is second order with respect to Y

(D) Y, because the rate of disappearance will be double that of X

2H02 — 2H0 + O

The decomposition of H202(aq) is represented by the equation above. A student monitored the
decomposition of a 1.0 L sample of H202(aq) at a constant temperature of 300. K and recorded
the concentration of H202 as a function of time. The results are given in the table below.

Time (s) | [H202] (mol/L)
0 2.7
200. 2.1
400. 1.7
600. 1.4

13. Which of the following statements is a correct interpretation of the data regarding how the
order of the reaction can be determined?
(A) The reaction must be 1t order because there is only one reactant species.
(B) The reaction must be 2" order because 2 is the coefficient of H202 in the equation.
(C) The reaction is 15t order if the plot of In [H202] versus time is a straight line.

(D) The reaction is 15t order if the plot of 1/[H202] versus time is a straight line.
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14. Based on the potential energy diagrams shown above, which of the following statements is the
best conclusion regarding Reaction A and Reaction B?
(A) Reaction A is faster than Reaction B because it releases more energy.
(B) Reaction A is slower than Reaction B because it has a higher activation energy.
(C) Reaction B is slower than Reaction A because its enthalpy has a smaller magnitude.

(D) Reactions A and B occur at approximately the same rate because they are both
exothermic reactions.

Questions 15 and 16 refer to the information below.
2 N20s5(g) — 4 NO2(g) + O2(g)

A sample of N2Os was placed in an evacuated container, and the reaction represented above
occurred. The value of Pn,o5 , the partial pressure of N2Os(g), was measured during the

reaction and recorded in the table shown below.

1

Time Pnos | | ——

) n( Pn,o PN,o
(min) (atm) (Przos5) (atrrzw—?)

0 150 50 0.0067
100 75 4.3 0.013
200 38 3.6 0.027
300 19 2.9 0.053

15. Which of the following correctly describes the reaction?

(A) The decomposition of N2Os is a zero-order reaction.
(B) The decomposition of N20Os is a first-order reaction.
(C) The decomposition of N2Os is a second-order reaction.

(D) The overall reaction order is 3.



16. Based on the information in the data table above, which of the following best represents the
correct numerical value and the correct units of the rate constant (k) from this experiment?

Numerical Value of k | Units of k
(A) 0.007 min~’
(B) 0.007 atm=" min"
(C) 0.7 min~’
(D) 0.7 atm™" min™’

2NO2(g) + F2(g) — 2 NO2F(g)

17. The rate law for the reaction represented by the equation above is rate = k [NO2][F2]. Which of
the following could be the first elementary step of a two-step mechanism for the reaction if the
first step is slow and the second step is fast?

(A) Fo(g) — 2F(9)

(B) NO2(g) + Fa2(g) — NO2F(g) + F(g)
(C) NO2(g) + F(g) — NO2F(g)

(D) 2NO2(g) + F2(g) — 2NO2F(g)

X2 + Y2 —» XoY2 rate = k [X2]

A reaction and its experimentally determined rate law are represented above. A chemist
proposes two different possible mechanisms for the reaction, which are given below.

Mechanism 1 Mechanism 2
X2 —» 2X (slow) X2 —» 2X (slow)
X + Y2 —» XY2 (fast) X+Y2 - XY +Y (fast)
X + XY2 — X2Y2 (fast) X + XY — XoY (fast)
XY + Y — XaY2 (fast)

18. Based on the information above, which of the following is true?

(A) Only mechanism 1 is consistent with the rate law.
(B) Only mechanism 2 is consistent with the rate law.
(C) Both mechanism 1 and mechanism 2 are consistent with the rate law.

(D) Neither mechanism 1 nor mechanism 2 is consistent with the rate law.



19.

20.

2NO(g) + O2(g) — 2 NO2(9)
Consider the following mechanism for the reaction represented above.
Step1: 2NO <= N202 (fastreversible)
Step2: N202 + O2 —> 2 NOz2 (slow)
Which of the following statements is true?

(A) Step 1 represents a unimolecular reaction.
(B) Increasing the concentration of NO will decrease the overall rate of the reaction.
(C) Raising the temperature will have no effect on the numerical value of the rate constant.

(D) The rate law that is consistent with the mechanism is rate = k[INO]?[Oz].

NO(g) + NOs3(g) — 2 NO2(9g)
rate = k [NO][NO3]

The reaction represented above occurs in a single step that involves the collision between a
particle of NO and a particle of NOs. A scientist correctly calculates the rate of collisions
between NO and NOs that have sufficient energy to overcome the activation energy. The
observed reaction rate is only a small fraction of the calculated collision rate. Which of the
following best explains the discrepancy?

(A) The energy of collisions between two reactant particles is frequently absorbed by collision
with a third particle.
(B) The two reactant particles must collide with a particular orientation in order to react.

(C) The activation energy for a reaction is dependent on the concentrations of the reactant
particles.

(D) The activation energy for a reaction is dependent on the temperature.



XY2 - X + Y2

The equation above represents the decomposition of a compound XY2. The diagram below shows
two reaction profiles (path one and path two) for the decomposition of XY2.
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21. Which of the following most likely accounts for the difference between reaction path one and
reaction path two?
(A) A higher temperature in path one
(B) A higher temperature in path two
(C) The presence of a catalyst in path one

(D) The presence of a catalyst in path two



CHAPTER 13 - 14 PRACTICE QUIZ Name

FREE RESPONSE - CALCULATOR IS ALLOWED
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1. The structures of pyridine (CsHsN) and benzene (CeHs) are shown above.

(a) Identify all of the types of intermolecular attractive forces that could exist between the
solute and solvent for each of the following mixtures. Assume that water is the solvent.

Types of intermolecular attractive forces that

Mixture could exist between the solute and the solvent

pyridine and water

benzene and water

(b) Which substance, pyridine or benzene, should have a greater solubility in water?

(c) Justify your answer to part (b) by giving a specific reason for the difference in the strength
of the intermolecular attractive forces mentioned in part (a).



(d) In the box below, draw one molecule of water and one molecule of pyridine.
Draw a dashed line ( ---------- ) to indicate the strongest type of intermolecular attractive
force that exists between the two molecules.
Each end of the dashed line should be connected to a specific atom on each molecule,
so that the attractive force between the molecules is indicated correctly.

2. The decomposition of hydrogen peroxide to form water and oxygen gas is studied in a kinetics
experiment. A proposed mechanism for the reaction is represented by the three equations

below.
Step #1: H202 — 2 HO- (slow)
Step #2: H202 + HO. — H20 + HOO- (fast)
Step #3: HOOs + HOs — H20 + O2 (fast)

(a) Use the proposed mechanism to write the balanced equation for this decomposition
reaction.

(b) Identify all of the substances that behave as intermediates in the proposed mechanism.

(c) Write the rate law that is consistent with the proposed mechanism.



The rate of the decomposition reaction was studied in an experiment, and the resulting data were
plotted in the graph shown below.
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(d) Information from this graph can be used to determine if the reaction is zero-order,
first-order or second-order with respect to H20-.

(i) Identify the order of this reaction, based on the information in the graph.

(i) Justify your answer, based on the information from the graph.

(e) Is the order of the reaction (as determined from the experimental data)

consistent with the rate law that was written in part (c)?

(f) Use the data from the graph to calculate the value of the rate constant (k) for this reaction.
Include units in your answer.



(g) The decomposition of H202(aq) is slow at 298 K, but adding a suitable catalyst to the
solution increases the rate of the reaction. For each of the following quantities,

indicate whether its value in the catalyzed reaction at 298 K would be
higher than, lower than, or the same as

its value in the uncatalyzed reaction at 298 K.

For each prediction, justify your answer.

(i) The overall enthalpy change for the decomposition reaction, AH

(i) The activation energy for the decomposition reaction, Ea

(iii) The half-life (t,,) of H202

1)

(iv) The rate constant, k



