Unit 6 - Kinetics / Equilibrium
Chemistry Review
Unit 6 - Kinetics / Equilibrium

Kinetics, Equilibrium, Spontaneous Reactions
Kinetics and Equilibrium

1. Collision theory states that a reaction is most likely to occur if reactant particles collide with the proper energy
and orientation.

2. The rate of a chemical reaction depends on several factors: temperature, concentration, nature of the reactants,
surface area and the presence of a catalyst.

3. Some chemical and physical changes can reach equilibrium.
4. At equilibrium the rate of the forward reaction equals the rate of the reverse reaction.
5. The measurable quantities of reactants and products remain constant at equilibrium.

6. LeChatelier’s principle can be used to predict the effect of stress on a system in equilibrium.
v' Stresses include a change in pressure, volume, concentration, and temperature.

7. Energy absorbed or released by a chemical reaction can be represented by a potential energy diagram.

8. The amount of energy released or absorbed during a chemical reaction is the heat of reaction.
v’ Heat of reaction equals the PE of the products — PE of reactants.

v Positive heat of reaction implies an endothermic reaction.

v" Negative heat of reaction implies an exothermic reaction.

9. A catalyst provides an alternative pathway for a chemical reaction. The catalyzed reaction requires a lower
activation energy than the uncatalyzed reaction.

v Adding a catalyst increases the rate of the forward and reverse reactions equally, so there is no shift in equilibrium.
10. Entropy is a measure of the randomness or disorder in a system. A system with greater disorder has greater
entropy.

11. Systems in nature tend to undergo changes towards lower energy and higher entropy.

12. Exothermic reactions that result in increased entropy are spontaneous.
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200 Which term refers to the difference between
the potential energy of the products and the
potential energy of the reactants for any chemi-
cal change?

(1) heat of deposition (3] heat of reaction
(2) heat of fusion (4] heat of vaporization

Base your answers to questions 61 through 63 on the information below.

A beaker contains 100.0 milliliters of a dilute aqueous solution of ethanoic acid at
equilibrinm. The equation below represents this system.

HC,H,Oylaq) = H%aq) + C,H 0, (aq)

61 Compare the rate of the forward reaction to the rate of the reverse reaction for this
system. 1]

62 Describe what happens to the concentration of H*(aq) when 10 drops of concentrated
HC,H,0,(aq) are added to this system. [1]

63 In the space in your answer booklet, draw a structural formula for ethanoic acid. [1]
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46 Given the balanced equation representing a
reaction:

Znis) + ZHCHaq) — Hylg) + ZnClfaq)

Which set of reaction conditions produces H,(g)
at the fastest rate?
(1) a 1.0-g lnmp of Zn(s) in 50. mL of
0.5 M HCl(ag) at 20.°C
(2) a 1.0-g lnmp of Zn(s) in 50. mL of
0.5 M HCl(aq) at 30.°C
(3) 1.0 g of powdered Zn(s) in 50. mL of
1.0 M HCl{aq) at 20.°C
(4) 1.0 g of powdered Zn(s) in 50. mL of
L.OM HCl{aqg) at 30.°C

Base vour answers to questions 61 through 63 on the reaction represented by the balanced equation helow.
2H () + Oyp) — ZH,O0E) + 5T1.6 K]
61 Identify the information in this equation that indicates the reaction is exothenmic.  [1]

62 On the axes in your answer booklet, draw a potential energy diagram for the reaction
represented by this equation.  [1]

63 Explain why the entropy of the system decreases as the reaction proceeds. [1]
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17

A 5.0-gram sample of zinc and a 50.-milliliter
sample of hydrochloric acid are used in a
chemical reaction. Which combination of these
samples has the fastest reaction rate?

(1) a zine strip and 1.0 M HCl{aq)
(2) a zine strip and 3.0 M HCl{aq)
(3) zinc powder and 1.0 M HCl{aq)
(4) zine powder and 3.0 M HCl{aq)

For a given reaction, adding a catalyst increases

the rate of the reaction by

(1) providing an alternate reaction pathway that
has a higher activation energy

(2) providing an alternate reaction pathway that
has a lower activation energy

(3) using the same reaction pathway and
increasing the activation energy

(4) using the same reaction pathway and
decreasing the activation energy

44 Civen the equation representing a reaction at

equilibrinm:
N,ig) + 3H,lg) == 2NH,(g) + energy

Which change canses the equilibrium to shift to
the right?

(1) decreasing the concentration of H,{g
(2) decreasing the pressure

(3) increasing the concentration of N, g)
(4) increasing the temperature

54 Explain, in terms of collision theory, why the rate of a chemical reaction increases with

5%

an increase in tem perature. [1]

January 2007

21

Which statement must be true for any chemical

reaction at equilibrium?

(1) The concentration of the products is greater
than the concentration of the reactants.

(2) The concentration of the products is less
than the concentration of the reactants.

(3) The concentration of the products and the
concentration of the reactants are equal.

(4) The concentration of the products and the
concentration of the reactants are constant.

44 Given the system at equilibrium:

2POCL,(g) + energy = 2PClg) + O,lg)

Which changes occur when O,(g) is added to

this system?

(1) The equilibrium shifts to the right and the
concentration of PCL,(g) increases.

(2) The equilibrium shifts to the right and the
concentration of PCl,(g) decreases.

(3) The equilibrium shifts to the left and the
concentration of PCl,(g) increases.

(4) The equilibrium shifts to the left and the
concentration of PCL,(g) decreases.
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39 Explain, in terms of collision theory, why an increase in temperature increases the rate

39

of a chemnical reaction.  [1]

August 2006

16 Which statement best describes how a catalyst

increases the rate of a reaction”

(1) The catalyst provides an alternate reaction
pathway with a higher activation energy.

(2) The catalyst provides an alternate reaction
pathway with a lower activation energy.

(3) The catalyst provides the same reaction
pathway with a higher activation energy.

(4) The catalyst provides the same reaction
pathway with a lower activation energy.

A chemical reaction is at equilibrium. Compared

to the rate of the forward reaction, the rate of the

reverse reaction is

(1) faster and more reactant is produced

(2) faster and more product is produced

(3) the same and the reaction has stopped

(4) the same and the reaction continues in both
directions

June 2006

21 Which factors must be equal in a reversible

chemical reaction at equilibrinm?

(1) the activation energies of the forward and
reverse reactions

(2) the rates of the forward and reverse reactions

(3) the concentrations of the reactants and
products

(4) the potential energies of the reactants and
products

45 Given the reaction at equilibrinm:

N,(g) + 3H,(g) == 2NH,(g) + 91.8 k]

What oceurs when the concentration of H,lg)is
increased?

(1) The rate of the forward reaction increases
and the concentration of N,(g) decreases.

(2) The rate of the forward reaction decreases
and the concentration of N, (g} increases.

(3) The rate of the forward reaction and the
concentration of N, (g} both increase.

(4) The rate of the forward reaction and the
concentration of N, (g} both decrease.
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Base your answers to questions 59 and 60 on the information below.
Civen the reaction at equilibrinm:
ZNO, (g = N O il + 553 K]

589 Explain, in terms of energy. why the forward reaction is exothermic. [1]

60 Explain, in terms of Le Chateliers principle, why the equilibrium shifts to the right to relieve
the: stress when the pressure on the system is increased at constant temperature.  [1]

GO
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43 Given the potential energy diagram for a chemi-
cal reaction:

60.

50.
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Reaction Coordinate

Which statement correctly deseribes the energy
changes that oceur in the forward reaction?

(1) The activation energy is 10. k] and the
reaction is endothermic.
(2) The activation energy is 10. k] and the
reaction is exothermic.
(3) The activation energy is 50. k] and the
reaction is endothermic.
(4) The activation energy is 50. k] and the
reaction is exothermic.
Base your answers to questions 58 and 60 on the information and balanced equation below.

Given the equation for a reaction at equilibrinm:
250(g) + Oylg) == 250,(g) + energy

59 Explain, in terms of LeChateliers principle, why the concentration of SO0,(g) increases
when the temperature is increased.  [1]

60 Explain, in terms of collisions between molecules, why increasing the concentration of
Oylg) produces a decrease in the concentration of SO,(g). [1]
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21 Given the reaction system in a closed container at
equilibrium and at a temperature of 208 K:

N,0,(g) == 2NO,(g)

The measurable quantities of the gases at equi-
librinm must be

(1) decreasing (3) equal
(2) increasing (4) constant

24 In each of the four beakers shown below, a 2.0-centimeter strip of magnesium ribbon reacts with
L00 milliliters of HCl{aq) under the conditions shown,

0.1 MHCI 1.0 M HCI 0.1 M HCI 1.0 M HCI
20°C 20°C 50°C 50°C

Beaker A Beaker B Beaker C Beaker D

In which beaker will the reaction occur at the fastest rate?

1A oo
{2y B 4y
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Base your answers to questions 5.3 through 55 on the potential energy diagram below.
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Reaction Coordinate
53 What is the heat of reaction for the forward reaction? [1]
54 What is the activation energy for the forward reaction with the catalvst? [1]

55 Explain, in terms of the function of a catalyst, why the curves on the potential energy
diagram for the catalyzed and uncatalyzed reactions are different. [1]

53 k]

54 k]

55

June 2005

16 The kinetic molecular theory assumes that the
particles of an ideal gas 19 Adding a catalyst to a chemical reaction results
(1) are in random, constant, straight-line motion m
(2) are arranged in a regular geometric pattemn (1) a decrease in activation energy and a decrease
(3) have strong attractive forces between them in the reaction rate
(4) have collisions that result in the system losing (2) a decrease in activation energy and an increase

Enersy in the reaction rate

158 Which statement must be true about a chemical (3) an increase in activation energy and a decrease
system at equilibrium? in the reaction rate
a . . (A - e 3 aekivea b L ;
(1) The forward and reverse reactions stop. (4] an increase in activation energy and an

(2) The concentration of reactants and products increase in the reaction rate

are equal.
(3) The rate of the forward reaction is equal to 200 Systems in nature tend to undergo changes
the rate of the reverse reaction. toward
(4) The number of moles of reactants is equal to

(1) lower energy and lower entropy
the number of moles of product.

(2) lower energy and higher entropy
(3) higher energy and lower entropy
(4) higher energy and higher entropy
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44 Given the balanced equation:
KNO,(s) + 3450 k] 222 K*{aq) + NO,(aq)
Which statement best describes this process?

(1) It is endothermic and entropy increases.
(2) Tt is endothermic and entropy decreases.
(3) Itis exothermic and entropy increases.
(4) It is exothermic and entropy decreases.

Base your answers to questions 57 and 35 on the information below,

Given the reaction at equilibrium:

INOyig + THyp) == INH,(g) + 4H,O(z) + 1127 K]

45 A 1.0-gram piece of zinc reacts with 5 milliliters

of HCl(aq). Which of these conditions of con-
centration and temperature would produce the
areatest rate of reaction?

(1) 1.0 M HCl{aq) at 20.°C

(2) 1.0 M HCl{aq) at 40.°C

(3) 2.0 M HCl{aqg) at 20.°C

(4) 2.0 M HCl{aq) at 40.°C

37 U the diagram in your answer booklet, commplete the potential energy diagram for the
forward reaction. Be sure your drawing shows the activation energy and the potential

energy of the products. [:e]

38 Explain, in terms of Le Chatelier’s principle, why the concentration of NH(g) decreases

when the temnperature of the equilibrium system increases. [1]

=1

n

2NOg(g) + THa(a)

Potential Ene rgy

Reaction Coordinate

January 2005

43 Which of these changes produces the greatest

increase in entropy?

(1) CaCOy,ls) — CaOis) + CO,lg)
(2) 2 Mgis) + O,lg) — 2 MgOis)
(3) HyOlg) — H,O0€)

(4) CO,lg) — COyls)

46 Given the reaction:

BalOH) laq) + H,50 (aq) —
BaS0 is) + 2 H O] + energy
As the barium hydroxide solution is added to the

solution of sulfuric acid, the electrical conduc-
tivity of the acid solution decreases becanse the

(1) volume of the reaction mixture increases
(2) temperature of the reaction mixture decreases
(3) concentration of ions increases

(4) concentration of ions decreases

-10 -
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Base your answers to questions 56 through 55 on the potential energy diagram and the equation below.
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Reaction Coordinate
2 Cis) + Hyim) + 2274 k) — C_H_(3)
56 The letter B represents which chemical formula or formulas in the equation®  [1]
a7 If652.2 kilojoules are absorbed, how many moles l:d'i'_f,_,.IIgig] are produced?  [1]

a5 Describe how the potential energy diagram will change if a catalyst is added.  [1]

-11 -
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Base your answers to questions 70 through 72 on the information below.
In a laboratory experiment. 10,00 grams of an unlmovwn solid is added to 100.0 milli-

liters of water and the temperature of the resulting solution is measured over several
minntes, as recorded in the table below,

Data Table
Time Temperature

{minutes) (")
0 24.0

0.5 28.5
1.0 4.0
1.5 345
2.0 41.0
2.5 45.5
2.0 45.5

10 Onthe prid provided in gour answer booklet, mark an appropriate scale on the axis labeled
“Temperature (*C)" An appropriate scale is cne that allows a trend to be seen. [1]

71 Plot the data from the data table. Circle and connect the points. [1]

Example: @—@/®

T2 Given the statement:

The unknown solid is either sodium hydroxide or lithivm bromide, and
both of these compounds dissolve in water exothenmically.

@ Explain how the experimental data support the statement.  [1]

b State specific information from Reference Table [ to support the statement.  [1]

-12 -
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Change in Temperature
70 and 71 During the Dissolving of a Solid

Tem perature (°C)

0 05 10 15 20 25 3.0 Aa%

Time (min)

=1
=]
[~]
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15

20

Based on Reference Table I, which change

occurs when pellets of solid NaOH are added to

water and stirred?

(1) The water temperature increases as chemical
energy is converted to heat energy.

(2) The water temperature increases as heat
energy is stored as chemical energy.

{3) The water temperature decreases as chemi-
cal energy is converted to heat energy.

(4) The water temperature decreases as heat
energy is stored as chemical energy.

At STFE which 4.0-gram zinc sample will react
fastest with dilute hydrochloric acid?

(1) lnmp
(2) bar

(3) powdered
i(4) sheet metal

Which information about a chemical reaction is
provided by a potential energy diagram?

(1) the oxidation states of the reactants and
products

(2) the average kinetic energy of the reactants
and products

(3) the change in solubility of the reacting
substances

(4) the energy released or absorbed during the
reaction

A catalyst works by

(1) increasing the potential energy of the reactants

(2) increasing the energy released during a reaction

(3) decreasing the potential energy of the products

(4) decreasing the activation energy required for
a reaction

21

Even though the process is endothermic, snow
can sublime. Which tendency in nature accounts
for this phase change?

(1) a tendency toward greater entropy

(2) a tendency toward greater energy

(3) a tendency toward less entropy

(4) a tendency toward less energy

Given the reaction at equilibrinm:
Nyigl + Oylg) + energy == 2 NO(g)
Which change will result in a decrease in the
amount of NO(g) formed?
(1) decreasing the pressure
(2) decreasing the concentration of N,(g)
(3) increasing the concentration of O,lg)

(4) increasing the temperature

-14 -
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Base your answers to questions 63 and 64 on the information below.

3

{i%

Civen the equilibrimm equation at 295 K

Hy
KNO,(s) + 34589 k] == K*(aq) + NOaq)

63 Describe, in terms of LeChateliers principle, why an increase in temperature increases

the solubility of KNO,.  [1]

G4 The equation indicates that KNO, has formed a saturated solution. Explain, in terms of

equilibrivam, why the solution is saturated.  [1]

June 2004

15 The average kinetic energy of water molecules is

19

areatest in which of these samples?
(1) 10 g of water at 35°C
(2) 10 g of water at 55°C
(3) 100 g of water at 25°C
(4) 100 g of water at 45°C
Civen the reaction at 25°C:
Znis) + 2 HCllaq) — ZnCl laq) + H,(g)

The rate of this reaction can be increased by
using 5.0 grams of powdered zinc instead of a
5.0-gram strip of zinc because the powdered
zine has

(1) lower kinetic energy
(2) lower concentration
(3) more surface area
i4) more zFinc atoms

200 Which statement about a system at equilibrinm

is true?

(1) The forward reaction rate is less than the
reverse reaction rate.

(2) The forward reaction rate is greater than the
reverse reaction rate.

(3) The forward reaction rate is equal to the
reverse reaction rate.

(4) The forward reaction rate stops and the
reverse reaction rate continues,

| A catalyst increases the rate of a chemical reac-

tion by

(1) lowering the activation energy of the reaction
(2) lowering the potential energy of the products
(3) raising the temperature of the reactants

(4) raising the concentration of the reactants

A solution that is at equilibrium must be

(3) saturated
(4) unsaturated

(1) concentrated
(21 dilute

-15-
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43 Given the reaction:
N,lg) + O,lg) + 152.6 k] == 2 NO(g)

Which change would cause an immediate
increase in the rate of the forward reaction?

(1) increasing the concentration of NO(g)
(2) increasing the concentration of Nylg)
(3) decreasing the reaction temperature
(4) decreasing the reaction pressure

44 Which 10-milliliter sample of water has the

areatest degree of disorder?

(1) HyO(g) at 120°C
(2) HyO0€) at S0°C
(3) HyO0€) at 20°C
(4) H,O(s) at 0°C

Base your answers to questions 79 and S0 on the information and equation below:,

Human blood containg dissolved carbonic acid, H OO, in equilibrium with carbon

dicedde and water. The equilibrium system is shown helow,

H,CO {aq) = CO,laq) + HO)

T8 Explin, nsing LeChatelier’s principle, why decreasing the concentration of CO,

decreases the concentration of H,CO,,  [1]

50 What is the oxidation number of carbon in H,CO, {aq)?
79

[1]

80

January 2004
16 Which statement best explains the role of a
catalyst in a chemical reaction?
(1) A catalyst is added as an additional reactant
and is consumed but not regenerated.
(2) A catalyst limits the amount of reactants used.
(3) A catalyst changes the kinds of products pro-
duced.
A catalyst provides an alternate reaction path-
way that requires less activation energy.

(4)

17 Given the reaction at equilibrinm:
Hyigl + Brylg) <= 2 HBrig)

The rate of the forward reaction is

(1) greater than the rate of the reverse reaction

(2) less than the rate of the reverse reaction

(3) equal to the rate of the reverse reaction

(4) independent of the rate of the reverse reac-
tion

30 As the temperature of a substance decreases, the

50

average kinetic energy of its particles

(1) decreases
(2) increases
(3) remains the same

Given the equation:
H,O(€)
KNO,(s) —2— s KNO,(aq)
As H,00€) is added toKNO,(s) to form KNO,(aq),
the entropy of the system

(1) decreases
(2) increases
(3) remains the same

-16 -
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Base your answers to questions 77 through 79 on the information and potential energy diagram below.

5

ik

Chemical cold packs are often used to reduce swelling after an athletic injury. The dia-
gram represents the potential energy changes when a cold pack is activated.

Potential Energy

Reaction Coordinate

77 Which lettered interval on the diagram represents the potential energy of the products? [1]

75 Which lettered interval on the diagram represents the heat of reaction? [1]

79 Identify a reactant listed in Reference Table [ that conld be mived with water for nse in

a chemical cold pack.  [1]

August 2003

22

33

Given the reaction:

Y HED ¢ y ¢ y
AgCl(s) =——= Ag*(ag) + Cl-{aq)
Once equilibrium is reached, which statement is
accurate?

(1) The concentration of Agt{aq) is greater than
the concentration of Claq).

(2) The AgCl(s) will be completely consumed.

(3) The rates of the forward and reverse reac-
tions are equal.

(4) The entropy of the forward reaction will
continue to decrease.

In most agqueous reactions as temperature

increases, the effectiveness of collisions between

reacting particles

(1) decreases

(2) increases

(3) remains the same

45

Based on the nature of the reactants in each of
the equations below, which reaction at 25°C will
ocenr at the fastest rate?
(1) Cls) + 0,(g) — CO,lg)
(2) NaOHlaq) + HCliag) —
NaCllaq) + H,O(£)
(3) CH,OH(£) + CH,COOH(€) —
CH,COOCH,(aq) + H,O0E)
(4) CaCO,ls) — CaOis) + CO,g)

Given the reaction at equilibrinm:
Alg) + Big) =ABi(g) + heat

The concentration of Alg) can be increased by
(1) lowering the temperature

(2) adding a catalyst

(3) increasing the concentration of AB(g)

(4) increasing the concentration of B(g)

-17 -
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43 The potential energy diagram below represents

Reaction Coordinate

Which arrow represents the activation energy of

51 Explain how a catalyst may increase the rate of a chemical reaction.  [1]
51
52 Unthe set of axes provided in your answer booklet, sketch the potential energy diagram
for an endothermic chemical reaction that shows the activation energy and the
potential energy of the reactants and the potential energy of the products.  [2]
52
o
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Reaction Coordinate
June 2003
17 Which change is exothermic?
(1) freezing of water
(2) melting of iron a reaction.
(3) vaporization of ethanol
(4) sublimation of iodine A
22 Which statement correctly describes an
endothermic chemical reaction? =
(1) The products have higher potential energy o
than the reactants, and the AH is negative. w
(2) The products have higher potential energy 3
than the reactants, and the AH is positive. E
(3) The products have lower potential energy g
than the reactants, and the AH is negative.
(4) The products have lower potential energy L
than the reactants, and the AH is positive.
35 A catalyst is added to a system at equilibrium. If

the temperature remains constant, the activa-
tion energy of the forward reaction

(1) decreases

(2) increases

i3) remains the same

51

the forward reaction?

(1) A (30 C

(2 B 4) D

As carbon dioxide sublimes, its entropy
(1) decreases

(2) increases

i.3) remains the same

-18-
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G2 @ In the space provided i your answer booklet, calculate the heat released when
25.0 grams of water freezes at 0°C. Show all work.  [1]

b Record your answer with an appropriate unit.  [1]

62 a

b

Base your answers to questions T4 through 76 on the information below.

A student wishes to investigate how the reaction rate changes with a change in concen-
tration of HClaq).

Given the reaction: Znis) + HClag) — H,ig) + ZnCl,(aq)

T4 Identify the independent variable in this investigation.  [1]

75 Identify one other varable that might affect the rate and should be held constant
during this investigation.  [1]

T6 Describe the effect of increasing the concentration of HCl{aq) on the reaction rate and
justify your response in terms of collision theory.  [1]

=1

]

6
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11 Which type or types of change. it any, can reach

equilibrium? 50 Given the system at equilibrium:

(1) a chemical change, only
(2) a physical change, only
(3) both a chemical and a physical change

N,O,lg) + 5381 k] == 2 NO,(g)

What will be the result of an increase in tem-
perature at constant pressure?

(4) neither a chemical nor a physical change
(1) The equilibrivm will shift to the left, and the

concentration of NO,(g) will decrease.

(2) The equilibrivm will shift to the left, and the
concentration of NO, g/ will increase.

(3) The equilibrinum will shift to the right, and
the concentration of NO, (g will decrease.

(4) The equilibrinm will shift to the right, and
the concentration of NO,(g) will increase.

12 An increase in the average kinetic energy of a
sample of copper atoms occurs with an increase in
(1) concentration (3) pressure
(2) temperature (4) volume

35 Given the reaction:
Sis) + Oylg) — 50O,(g) + energy
Which diagram best represents the potential
energy changes for this reaction?

=
B B
2 g
w w
= =
z 2
g £
Reaction Coordinate Reaction Coordinate
(1) (3)
[+ ]
& G
= =
& g
Reaction Coordinate Reaction Coordinate
(2) (4)

41 Which phase change represents a decrease in
entropy®
(3) liquid to gas

(1) solid to liquid
(4) solid to gas

(2) gas to liguid
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