At the end of thisunit, you'll be familiar with the following:

6-1

Unit 6 — Kineticsand Equilibrium

Kinetics:

Reaction Rate
Coallision Theory
Reaction Mechanism

Factors Affecting Rate of Reaction:

0 Nature of Reactants
Concentration
Surface Area
Pressure

Catalyst
Temperature

O 0O O0OO0O0o

Thermodynamics:

Potential Energy Diagrams
Heat of Reactions
Endothermic Reactions
Exothermic Reactions
Activated Complex
Activation Energy

Effect of Catalyst on Reaction
Stability (Tablel)

Equilibrium:

Physical Equilibrium
Phase Equilibrium
Solution Equilibrium
Chemical Equilibrium
Le Chatelier’s Principle
0 Temperature Changes
0 Pressure Changes
o Effect of aCatalyst
Enthal py
Entropy
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Unit 6 Kinetics and Equilibrium

Term

Definition

Activated Complex

an intermediate structure formed in the conversion of reactants to
products. The activated complex is the structure at the maximum
energy point along the reaction path

Activation Energy

The minimum energy required to convert reactants into products;
the difference between the energies of the activated complex and
the reactants

Catalyst effect on the rate
chemical of rxn

a substance that is neither a reactant nor a product, but functions
to speed up the rate of a chemical reaction by lowering activation
energy/providing a shorter or “alternate” pathway

Chemical Equilibrium

in a chemical reaction, when the forward and reverse reactions are
occurring at equal rates

Collision Theory

in order for a chemical reaction/effective collision to occur,
particles must collide with proper energy AND proper alignment.

Concentration effect on
the rate chemical of rxn

an increase in concentration of reactants will increase the rate of a
chemical reaction

Endothermic Reactions

chemical reactions that consume or require energy; chemical
reactions in which energy is a reactant

Enthalpy the heat energy absorbed or released during a chemical reaction
a measure of the randomness or chaos associated with a
Entropy : .
chemical reaction
Equilibrium when two opposing processes are occurring at equal rates

Exothermic Reactions

chemical reactions that produce or release energy; chemical
reactions in which energy is a product

Le Chatelier’s Principle

predicts that when a stress is applied to an equilibrium mixture, the
equilibrium will shift to relieve the stress (stresses include
temperature, pressure, concentration)

Nature of Reactants
effect on the rate
chemical of rxn

reactions involving ionic substances tend to have faster rates than
reactions involving covalent substances.

Phase Equilibrium

when the processes of freezing and melting or evaporating and
condensing are occurring at equal rates

Physical Equilibrium

when two opposing physical processes are occurring at equal
rates; ex: phase equilibrium, solution equilibrium (saturation)

Potential Energy
Diagrams

used to illustrated the energy lost or gained (the reaction pathway)
for a given chemical reaction

Pressure effect on the
rate chemical of rxn

an increase in pressure will increase the rate of a chemical
reaction (only for reactions involving GASES!)

Reaction Mechanism

the specific set of steps/reactions involved in an overall chemical
reaction

Reaction Rate

the speed at which reactants are converted into products in a
chemical reaction.
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Unit 6 Kinetics and Equilibrium

Term Definition

when the processes of dissolving and precipitating are occurring at

Solution Equilibrium ) . : .
q equal rates; when a solution has reached its saturation point

Surface Area effect on an increase in the surface area of reactants will increase the rate
the rate chemical of rxn |of a chemical reaction

Temperature effect on the an increase in temperature will increase the rate of a chemical
rate chemical of rxn reaction
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Name Date
Period

Collision Theory

Read and summarize the following
Kinetics
Kineticsis abranch of Chemistry that studies therate or speed of chemical reactions. There are many factors that determine
the rate of reactions including temperature, the naure of reactants, concentration of reactants, pressure, surface area, and the
presence of a catalyst. To understand how each of these factors affects the rate of a chemical reaction you must first
understand the collision theory. The collision theory is one of the basic concepts of kinetics and it statesthat in order for a
reaction to occur, reactant particles must collide. Collisions between particles will result in achemical reaction if they
collide with the proper alignment and amount of energy. The following discusses the various factors what will ater the rate
of achemical reaction. All of these factors affect the rate of areaction by affecting the rate of collisionsthat take place
between particles.

Natur e of Reactants

All reactions involve the breaking of existing bonds and the formation of new bonds. As a general rule covalent compounds
take more time to break down than ionic compounds. Thisis due to the fact that in covalent compounds more bonds must be
broken than in ionic compounds. Relating the nature of reactantsto the collision theory, the breaking of more bonds requires
that particles have more energy when they collide, thus covalent compounds take more time to react.

Concentration of Reactants

The collision theory states that particles must collide with proper alignment and energy. Therefore, it islogical that the more
particles that are present in a given area (which happens when you increase concentration) the more likely particles are to
collide with one another. Therefore, as a general rule chemical reactions will proceed faster if the concentration of one or
more of the reactants are increased.

Pressure

Pressure has little to no effect on the rate of reactions between solids and liquids. However, pressure does play arolein the
rate of reaction among gases. As pressure is increased gases are compressed making gas particles closer together and more
likely to callide. Therefore, an increase of pressure will increase the rate of reaction FOR GASESONLY.

Temperature

Recall that temperature measures the average kinetic energy of particles. Therefore, the higher the temperature the faster the
particles are moving. If particles are moving faster they are much more likely to collide. We can relae thisto the collision
theory (which says that particles MUST collide) by reasoning that a higher temperature will result in more collisions and a
faster rate of achemical reaction. Additionally, a a higher temperature particles are not just moving faster they also have a
greater energy. Therefore, not only will more collisions occur, but the reacting particles will collide with more energy,
making the collisions more effective! For example, milk will sour faster at room temperature than it does in the refrigerator.

Surface Area

When more surface area of areactant is exposed to the air there are more chances for reactant particlesto collide, therefore
increasing the reaction rate. Given this, afinely divided powder will react more rapidly than a single lump of the same mass.
Think about which will dissolve faster - a cube of sugar or individual granules of sugar? The granules of sugar will dissolve
faster because they have more surface area exposed to the air or the solvent that it is being dissolved in.

Catalyst

A catalyst is a substance that is neither areactant nor a product, but functions to speed up the rate of a chemical reaction by
lowering activation energy. Another way of saying thisisthat the catalyst "provides a shorter or aternate pathway" for a
reaction to occur. It isimportant to note that the catalyst does take part in a reaction, but remains unchanged when the
reaction is complete. Y our body isloaded with enzymes, which are natural catalysts that perform several important jobs like
breaking down carbohydrates and proteins in your stomach and small intestine.
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Collision Theory
1. Asthe number of effective collisions between reacting particles increases what will happen to the rate of the

reaction? Explain.

2. Which of the following pairs of reactants will react most quickly? Be sure to give an explanation for your
answer.
a) sodium chloride and silver nitrate
b) ethane (C2H6) and oxygen (O2)

Reason:

3. Giventhereaction: 2 Mg(s) + Ox(g) =2 2 MgO(s)
List four ways that you could speed up the rate of the reaction:

1 3.

2. 4.

4. Why does raising the temperature speed up the rate of reaction?

5. Factorsthat affect the rate of reaction are:

a) , Or the substances used

b) , Or the average kinetic energy of the molecules

C) , or the amount of contact between reactants

d) , which determines how close particles are to one another.
e) , which lowers the activation energy for areaction.

6. Explain how rate determining step and reaction rate are rel ated.
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Name Date
Period

7. What isthe area of chemistry concerned with the speed of reactions?

8. Do all chemical reactions take place at the same speed? Why or why not?

9. Which statement most correctly describes the collison theory?
a) if molecules collide with either proper alignment or enough energy, then a reaction will occur
b) when molecules collide a reaction aways occurs
c) collisions between particles often result in areaction
d) if molecules collide with enough energy and proper alignment, then a reaction will occur
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Heats of Reaction
Use Table | to complete the following.

Reaction AH (kJ) Endothermic
or Exothermic

CHa(g2) + 205(2) — CO(g) + 2H0(0)
2Ha(g) + O2(g) — 2H.0(g)

CaHsOH(€) + 302(g) — 2C02(g) + 3H20(¢)
C3Ha(2) + 502(2) — 3COa(2) + 4H20(()
4H20(() + 3C0O2(g) — C3Ha(g) + 502(g)
Nz(g) + 3H2(g) — 2NH3(g)

CO2(g) — C(s) + Oa(g)

NH4CI(s) — NH4'(ag) + Cl'(ag)

2C0;(g) + 4H20(€) — 2CH30H(() + 302(g)
2A1;03(s) — 4Al(s) + 302(g)

*CO(g) + 202(g) — CO2(g)

*4NO(g) — 2Nz(g) + 20:(g)
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1. If you reverse areaction, what happens to the magnitude of AH?What hgppenstothe sign?

2. If you double the concentration of the reactants and the products, what happens to the magnitude of AH?
What hgppenstothesgn?

3. If the AH for agiven forward reectionispogtive, will the reversereection beendothermic or exothermic?

4. If agiven reaction is exothermic, will heat be found on the reactants side of the equation or the products
side?

5. If agiven reaction is endothermic, what will be the sign for AH for thereversereaction?
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PE Diagrams

1. Write the formula for determining AH

2. A potential energy diagram is shown below Label the X and Y axes as well as the values
indicated by letters a -- e located below the diagram. Also determine the actual values for a -- e in
the space provided.

60.

50.

40,

30.

20.

10.

0

a. activation energy for the forward reaction

b. potential energy of the reactants for the forward reaction
c. potential energy of the products for the reverse reaction
d. activation energy for the reverse reaction

e. heat of the reaction (AH)

f. potential energy of the activated complex

3. Is the forward reaction endothermic or exothermic?

4. Is AH posittive or negative for the forward reaction?
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Name Date
Period

5. Write a possible reaction for the forward reaction below (Use Table I). Include the heat of
reaction in your overall chemical equation:

6. Is the reverse reaction endothermic or exothermic?

7. Is AH positive or negative for the reverse reaction?

8. Write a possible reaction for the reverse reaction below. Include the heat of reaction in your
overall chemical equation:

9. What effect does a catalyst have on a reaction in terms of activation energy?

10. What effect does a catalyst have on a reaction in terms of reaction rate?

11. Which letter(s) would a catalyst change?

12. Draw a dotted line on the diagram that would illustrate the general reaction path of a
catalyst.

Page 2 of 3 6.3 W-1 PE Diagrams.docx



6-11

Name Date
Period

More PE Diagrams
1. Using the graph below please draw a reaction potential energy diagram for areaction with the
following characteristics:

Potential Energy of Reactants = 350 kJ/mole
Activation Energy of Forward Reaction = 100 kJ/mole
Potential Energy of Products = 150 kJ/mole

y (kJ)

(8}
=/

Potential Ener

Reaction Coordmmate (X + Y — 7Z)

2. Isthereaction from question #1 an endothermic or exothermic reaction?
3. Pleaseidentify the following on the diagram you created in question #1. Place this |etter above its
corresponding line segment on the graph and the value in the adjacent column.

Component of Potential Energy Diagram Symbol Value
Potential Energy of Reactants A
Potential Energy of Products B
Potential Energy of Activated Complex L
Heat of Reaction D
Activation Energy ofiForward Reaction E
Activation Energy of Reverse Reaction F

4. Using adotted line, show how the reaction potentid energy diagram would be atered upon the
addition of a catalyst to the reaction in the graph above.

If acatalyst were added, which lettered quantities, if any would change?
How would the addition of a catalyst affect the heat of reaction?

o o
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Date

Equilibrium

1. Which statement must be true for any chemical
reaction at equilibrium?
A) The concentration of the products is less than

the concentration of the reactants.

B) The concentration of the products and the
concentration of the reactants are equal.

C) The concentration of the products and the
concentration of the reactants are constant.

D) The concentration of the products is greater
than the concentration of the reactants.

2. A chemical reaction is at equilibrium. Compared to
the rate of the forward reaction, the rate of the
reverse reaction is

A) faster and more product is produced

B) the same and the reaction continues in both
directions

C) faster and more reactant is produced

D) the same and the reaction has stopped

3. Which factors must be equal in a reversible
chemical reaction at equilibrium?

A) the concentrations of the reactants and
products

B) the potential energies of the reactants and
products

C) the rates of the forward and reverse reactions

D) the activation energies of the forward and
reverse reactions

4. Given the reaction at equilibrium:

Ho(g) + Br2(g) <> 2 HBr(g)

The rate of the forward reaction is

A) independent of the rate of the reverse reaction
B) greater than the rate of the reverse reaction
C) equal to the rate of the reverse reaction

D) less than the rate of the reverse reaction

5. Which type or types of change, if any, can reach
equilibrium?
A) achemical change, only
B) both a chemical and a physical change
C) neither a chemical nor a physical change
D) a physical change, only

Page 1 of 3

6. A chemical reaction has reached equilibrium when

A) the reverse reaction begins

B) the forward reaction ceases

C) the concentrations of the reactants and
products become equal

D) the concentrations of the reactants and
products become constant

. Given the system at chemical equilibrium:

203(g) & 30(g)

The concentration of O3 and O2 must be

A) constant B) equal
C) increasing D) decreasing

. Given the reaction at equilibrium:

2CO(g) + O2g) «<>2COAg)

Which statement regarding this reaction is always
true?

A) The rates of the forward and reverse reactions
are equal.

B) The concentrations of the reactants and the
products are equal.

C) The masses of the reactants and the products
are equal.

D) The reaction occurs in an open system.

. Given the equation representing a system at

equilibrium:
2502(g) + OxAg) <+ 250s(g)

At equilibrium, the concentration of

A) SO2(g) must equal the concentration of
SOs(g)

B) SO:2(g) must be constant

C) 0O2(g) must equal the concentration of SO(g)

D) O2(g) must be decreasing

6.4 W-1 Equilibrium.docx
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10. Base your answer to the following question on the information below.

At 550°C, 1.00 mole of CO2(g) and 1.00 mole of H2(g) are placed in a 1.00-liter reaction vessel.

Tha cnthetancac raant ta farm OOV a) and HH-Wa' Chanaae in tha sancantratinne nf tha raantante
4l DUuUvOLAlIVYD 1W0%WL LU 1vViill \.\JKE) [ef LNy ‘.J._:UI\E)- \_.um_lsha 411 Ul VWG GLIUIGUIVILY VUl Ul 1O LIaLiLy

and the concentrations of the products are shown in the graph below.

Concentrations of
Reactants and Products

1.00 1

Q A '
3 \ CO,(g) or Hy(g)
E | 0734----3 | 1
c ' Reactant '
2 ; :
s | 050- I ‘.
g CO(g) or H,0(g)
E 0274 ----- : -
8 : Product !
0 T T
to Y b

Y

Time

What can be concluded from the graph about the concentrations of the reactants and the
concentrations of the products between time 7 and time 72?
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11. Base your answer to the following question on the information below.

In a laboratory, 0.100 mole of colorless hydrogen iodide gas at room temperature is placed in a
1.00-liter flask. The flask is sealed and warmed, causing the HI(g) to start decomposing to H2(g)
and I>(g). Then the temperature of the contents of the flask is kept constant.

During this reaction, the contents of the flask change to a pale purple-colored mixture of HI(g),
H>(g). and Ix(g). When the color of the mixture in the flask stops changing. the concentration of
I>(g) is determined to be 0.013 mole per liter. The relationship between concentration and time
for the reactant and products is shown in the graph below.

Concentration of Reactant and
Products Versus Time

0.100 4
0.090 4

0.080 -
Reactant

0.0704
0.060
0.050
0.040 +

Concentration (M)

0.030

0.020 +
Each product

0.0104
0.000

Time

State, in terms of concentration, evidence that indicates the system in the flask has reached
equilibrium.
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LeChatlier’s Principle
Le Chatelier’ s Principle says that when a system at equilibrium is subjected to a stress, the system will shift its
equilibrium in order to relieve the stress. Additionally, all the speciesinside the reaction either increase or
decrease in concentration.
Complete the following charts by writing left (<), right (=), or no shift (N/A) for the equilibrium shift that takes
place in each column. For the concentration columns (the ones with brackets) write decreases (-), increases ( + ),
or remains the same ( 0). Remember that [ ] = concentration or amount of substance (the brackets will be seen
surrounding that particular substance.

CHART #1:
Ng(g) & 3H2(9} bt ZNHg(g) + 22.0 kcal

Stress Equilibrium Shift [N2] _ [H2] [NH3]

—

1. Add N2 e

—

. Add H2 e e
. Add NH3 ] T e

. Remove N2 e : .

. Remove H2 e

T

2
3
4
9
6. Remove NH3 T T~
7
8
9

. Increase temperature

. Decrease temperature

. Increase pressure

10. Decrease pressure
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CHART #2:

12.6 kcal + Hg{g)

Date

2HIL )

Stress

Equilibrium Shift

[H2]

(I2]

[HI]

—

Add H2

2. AddI2

. Add HI

. Remove H?

. Remove I2

. Increase temperature

. Decrease temperature

3
4
5
6. Remove HI
1
8
9

. Increase pressure

10. Decrease pressure

CHART #3:

Na" (4 + OH(q + 10.6 kcal

6-16

Stress

Equilibrium Shift

Amount
NaOHs)

[Na’]

[OH]

1. Add NOOH(S}

2 . Add NaCl
(Adds Na")

3. Add KOH
(Adds OH -)

4, AddH"
(Removes OH )

5. Increase
temperature

6. Decrease
temperature

7. Increase
Pressure

8. Decrease pressure
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Date

LeChatlier’'s Principle Q’s

1. In which reaction will the point of equilibrium shift
to the left when the pressure on the system is
increased?

A) CaCOs(s) «» CaO(s) + CO2(g)
B) 2Mg(s) + O2(g) « 2MgO(s)
C) 2Ha(g) + 02(g) < 2H20(g)

D) C(s) + 02(g) « CO2(g)

2. Given the system at equilibrium:

N204(g) + 58.1 kJ <+ 2 NO2(g)

What will be the result of an increase in

temperature at constant pressure?

A) The equilibrium will shift to the right, and the
concentration of NO2(g) will decrease.

B) The equilibrium will shift to the left, and the
concentration of NO2(g) will decrease.

C) The equilibrium will shift to the right, and the
concentration of NO2(g) will increase.

D) The equilibrium will shift to the left, and the
concentration of NO2(g) will increase.

3. Given the reaction at equilibrium:

Cx(g) + D2(g) «» 2 CD(g) + energy

Which change will cause the equilibrium to shift?

A) addition of a catalyst
B) increase in volume
C) increase in pressure
D) addition of heat

4. Given the reaction at equilibrium:

2 SO2(g) + 0(g) «>2S0s(g)

As the pressure is increased at constant
temperature, the number of moles of SOs(g)
produced will

A) decrease B) increase
C) remain the same

Pagelof 5

5. Given the reaction at equilibrium:

Na(g) + 3 Ha(g) «> 2 NH3(g)

Increasing the concentration of N2(g) will increase
the forward reaction rate due to

A) a decrease in the activation energy

B) a decrease in the number of effective
collisions

C) an increase in the activation energy

D) an increase in the number of effective
collisions

6. Given the reaction at equilibrium:
C(s) + CO2(g) + heat «> 2CO(g)
Which stress on the system would favor the

production of CO(g)?

A) an increase in the pressure

B) an increase in the temperature

C) a decrease in the amount of C(s)
D) a decrease in the amount of CO2(g)

7. Given the system at equilibrium:

Ha(g) + F2(g) <+ 2 HF(g) + heat

‘Which change will nof shift the point of
equilibrium?
A) changing the concentration of H2(g)

B) changing the temperature
C) changing the pressure
D) changing the concentration of HF(g)

8. Given the closed system at equilibrium:

CO2(g) «> COx(aq)

As the pressure on the system increases, the
solubility of the COx(g)

A) decreases B) increases
C) remains the same
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9. Given the reaction at equilibrium:

2CO(g) + Oxg) > 2COAp)

When the reaction is subjected to stress, a change
will occur in the concentration of

A) reactants, only

B) products, only

C) both reactants and products
D) neither reactants nor products

10. Given the reaction at equilibrium:

Hx(g) + Ch(g) «> 2 HCI(g)

As the pressure increases at constant temperature,
the number of moles of HC1

A) decreases
C) remains the same

B) increases

11. Given the equation representing a reaction at

equilibrium:

Na(g) + 3 Ha(g) = 2 NH3(g) + energy
Which change causes the equilibrium to shift to
the right?

A) decreasing the pressure
B) decreasing the concentration of H., ( g)
C) increasing the temperature
D) increasing the concentration of N, ( ¢)
12. What occurs when the temperature is increased in
a system at equilibrium at constant pressure?

A) The rate of the forward reaction increases,
and the rate of the reverse reaction
decreases.

B) The rate of the forward reaction decreases,
and the rate of the reverse reaction increases.

C) The rate of the exothermic reaction
decreases.

D) The rate of the endothermic reaction
increases.
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13.

14.

15.

6-18
Date

Given the reaction at equilibrium:

2 SOx(g) + 0x(g) <> 2 SO3(g) + heat

Which change will shift the equilibrium to the
right?

A) decreasing the amount of SO2(g)

B) decreasing the amount of O2(g)

C) increasing the pressure

D) increasing the temperature

Given the equation representing a system at
equilibrium:

N2(g) + 3H2(g) «> 2NH3(g) + energy

Which changes occur when the temperature of
this system is decreased?

A) The concentration of H2(g) decreases and
the concentration of NH3(g) decreases.

B) The concentration of H2(g) decreases and
the concentration of N2(g) increases.

C) The concentration of H2(g) increases and the
concentration of N2(g) increases.

D) The concentration of H2(g) decreases and
the concentration of NH3(g) increases.

Given the equation representing a reaction at
equilibrium:

N2(g) + 3H2(g) <+ 2NH3(g)

‘What occurs when the concentration of Ha(g) is

increased?

A) The equilibrium shifts to the left, and the
concentration of N2(g) decreases.

B) The equilibrium shifts to the left, and the
concentration of N2(g) increases.

C) The equilibrium shifts to the right, and the
concentration of N2(g) decreases.

D) The equilibrium shifts to the right, and the
concentration of N2(g) increases
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16. Given the reaction at STP and at equilibrium: 20. Given the reaction:
Ho(g) + Ch(g) «> 2 HCI(g) A(g) + B(g) «> 4B(g)
Which change will result in an increase in the As the pressure increases at a constant
concentration of Clx(g)? temperature, the rate of the forward reaction will
A) increasing the concentration of HCI(g) A) decrease B) increase
B) decreasing the pressure of the system C) remain the same
© fiecreas'ing the concentrat.ion of HCI(g) 21. The addition of a catalyst to a system at
D) increasing the concentration of Hx(g) equilibrium will increase the rate of
17. Ammonia is produced commercially by the Haber A) the forward reaction, only
reaction:

B) the reverse reaction, only
C) both the forward and reverse reactions

TAR) + I TR £ 2 L D) neither the forward nor reverse reaction

The formation of ammonia is favored by

A) removal of N2(g)

B) removal of H2(g)

C) adecrease in pressure
D) an increase in pressure

18. Given the reaction at equilibrium:

A(g) + B(g) ++ C(g) + D(g)

The addition of a catalyst will

A) shift the equilibrium to the left

B) have no effect on the forward or reverse
reactions

C) increase the rate of forward and reverse
reactions equally

D) shift the equilibrium to the right

19. Given the reversible reaction

A(g) + B(g) «> ((g) at equilibrium.

If the concentration of 4 is increased at constant
temperature and pressure, which will also
increase?

A) the rate of the forward reaction

B) the activation energy

C) the concentration of B
D) the value of the equilibrium constant
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22. Given the balanced equation representing a reaction:

6-20
Date

2HCl(aq) + Na2S203(aq) — S(s) + H2SO3(aq) + 2NaCl(aq)
Decreasing the concentration of Na2S203(aq) decreases the rate of reaction because the

A) activation energy increases
B) frequency of effective collisions decreases
C) activation energy decreases
D) frequency of effective collisions increases

23. Given the reaction:

CO(g) + 5 0xg) <> COxAg) + 67.7 keal

As the temperature increases, the rate of the
forward reaction

A) decreases
C) remains the same

B) increases

24. Which system at equilibrium will be least

affected by a change in pressure?
A) 2 S(s) +3 02(g) «> 2 S03(g)
B) 3 Ha(g) + N2(g) «> 2 NH3(g)
C) AgCl(s) «> Ag*(aq) + Cl-(aq)
D) 2 HgO(s) «> 2 Hg(/) + O2(g)

25. Given the equilibrium reaction:

Na(g) + OxAg) <> 2 NO(g)

An increase in pressure produced by a decrease in
volume at constant temperature would produce an
increase in the concentration of

A) N2, only B) NO, only
C) N2 and O2,only D) N2, Oz, and NO

26. Given the reaction at equilibrium:

Xx(g) + 2Yx(g) & 2XY>(g) + 80kcal
The equilibrium point will shift to the right if the
pressure is

A) decreased and the temperature is decreased
B) increased and the temperature is decreased
C) increased and the temperature is increased

D) decreased and the temperature is increased

Page4 of 5

27.

28.

29.

Given the reaction at equilibrium:
X+ Ye2Z+ heat

The concentration of the product could be
increased by

A) increasing the concentration of ¥
B) adding more heat to the system
C) adding a catalyst

D) decreasing the concentration of X

Given the reaction at equilibrium:

2 A(g) + 3 B(g) <> A2B3(g) + heat

Which change will not affect the equilibrium
concentrations of A(g), B(g), and 42B3(g)?

A) increasing the temperature

B) adding a catalyst

C) adding more A(g)

D) increasing the pressure

Given the equation representing a reaction at
equilibrium:

Ha(g) + I2(g) + heat <+ 2HI(g)
Which change favors the reverse reaction?

A) increasing the pressure

B) increasing the concentration of I2(g)
C) decreasing the concentration of HI(g)
D) decreasing the temperature
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30.

31

32.

33.

34.
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Date

Given the reaction at equilibrium:

Hx(g) + Ch(g) <> 2 HCl(g)

As the pressure increases at constant temperature,
the mass of Ha(g)

A) decreases B) increases
C) remains the same

. Given the reaction at equilibrium:

Alg) + Blg) = AB(g) + heat

The concentration of /1( ¢ ) can be increased by
A) increasing the concentration of /3( )

B) lowering the temperature

C) increasing the concentration of A ()

D) adding a catalyst

Given the reaction at equilibrium:

N2(g) + O2(g) + energy <> 2 NO(g)
Which change will result in a decrease in the

amount of NO(g) formed?
A) increasing the temperature
B) increasing the concentration of O2(g)

C) decreasing the concentration of N2(g)
D) decreasing the pressure

Given the reaction:
Zn(s) + HCl(aq) — ZnCh(aq) + Hx(g)
As the concentration of the HCl(aq) decreases at

constant temperature, the rate of the reaction

A) decreases B) increases
C) remains the same

Given the reaction at equilibrium:

2 SO(g) + Ox(g) «> 2 SO3(g) + heat

The rate of the forward reaction can be increased
by adding more SO2 because the

A) number of molecular collisions between
reactants will increase

B) forward reaction is endothermic

C) temperature will increase

D) reaction will shift to the left

6-21
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More LeChatlier’s Principle Q’s

Match the change to the equilibrium system below with the letter of the
appropriate response. Each letter can be used once, more than once, or not at all.

25054 + Oz S 25053

1) O; is added to the reaction a) The equilibrium shifts to the right
2) SO3 is removed from the reaction b) The equilibrium shifts to the left
3) SOs is added to the reaction ¢) there is no change in the equilibrium

4) The pressure is increased

If the statement is true, write “"true.” If it is false, change the underlined word or
words to make the statement true. Write your answer on the line provided.

NH4Ci(s) + heat S NH3(9) + HCi(g)

5) The above reaction is exothermic.

6) The production of ammonia from ammonium chioride wiii
increase at higher temperature.

7) For the above reaction at equilibrium, an increase in pressure
on the system causes a decrease in gaseous ammonia
concentration.

8) Describe Le Chatelier's Principle.

9) How is changing the concentration of a reactant in a reaction related to a shift in

equilibrium?

10) For the following reaction, what will occur if pressure is increased? Why?

2NO;g) S N0y

Page 1 of 2 6.5 W-3 More Lechatliers Principle Questions.docx



6-23
Name Date
Period

11) Given the reaction at equilibrium A + By S (g + D

The addition of a catalyst will:
a) shift equilibrium to the right
b) shift equilibrium to the left
c) increase the rate of the forward and reverse reactions
d) have no effect on the rate of the forward and reverse reactions

12) Consider the equation of the following reaction at equilibrium:
X + Y 5 2Z + heat
The concentration of the product can be increased by
a) adding a catalyst
b) adding more heat to the system
c) increasing the concentration of Y
d) decreasing the concentration of Z

13) Consider the following equation: Hag) + Clyg S 2HCl,
Which change will result in an increase in the concentration of chloride gas?

a) decreasing the pressure on the system
b) decreasing the concentration of HCI
¢) increasing the concentration of H;
d) increasing the concentration of HCI

14) Consider the following equation:

Nag) + Oz = 2NO)

As the concentration of Ny increases, the concentration of Oy will

a) decrease b) increase ¢) remain the same d) vary directly
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Entropy
Determine whether the following reactions show an increase or decrease in entropy and
specify the phase change or change in # of moles.

1. 2KClOs(s) = 2KCI(s) + 30,(9)

2. H,0(1) >H,0(s)

3. Na(g) + 3H,(g) >2NH;(9)

4. NaCl(s) > Nar(aq) + Cl-(aq)

5. KCI(s) >KCI()

6. CsHg(g) + 50O,(g) 2 3C0O,(g) + 4H,0(1)

7. CO,(s) > CO,(q)

8. H*(aq) + C,H30,.(aq) > HC,H;0,4(1)

9. C(s) + O(g) 2CO4(9)

10. 2CH,OH(1) + 30,(g) =>2CO,(g) + 4H,0(1)

11. Hy(g) + Clx(g) =2HCI(9)

12. Ag+(aq) + Cl-(ag) = AgCl(s)

13. 2N,05(g) >4NO,(g) + O,(9)

14. 2A1(9) + 31,(S) >2Al14(9)

15. C¢H1,04(s) + 60,(g) =6CO,(g) + 6H,0O(1)

16. H+(ag) + OH-(ag) = H,0(1)

17. 2NO(g) > N(g) + O4(9)

18. H,O(g) = H,0(1)

19. 4AI(S) + 30,(g) >2A1,04(9)

20. 2CgH15(1) + 250,(g) = 16CO,(g) + 18H,0(1)
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Review

Fill in the blanks using the word bank provided below. Only one word in the bank is used TWICE.
activated complex Le Chatelier’s Principle entropy
heterogeneous reaction double arrow reaction mechanism
activation energy potential energy exothermic reaction
homogeneous reaction endothermic reaction shift
catalyst rate heat of reaction
kinetics enthal py stress
chemical equilibrium rate-determining step

The branch of chemistry concerned with the rates of chemical changesis called A

chemical changein which al the reactants are in the same phaseis called a(n)

One in which the reactants are in different phasesis called a(n) A

substance that speeds up a chemical change without being permanently altered or affecting the nature of the
reaction is called a(n)

The series of steps by which reacting particles rearrange themselves to form products is called the

. The lowest step in such aseriesisthe

A short-lived, high-energy arrangement of particlesthat is formed when reacting particles collide at the proper

angle with the proper amount of energy is a(n) . The minimum amount of
energy needed to form this arrangement is called the . Because this
energy is stored inside the particles, it is an example of . The reactantsand the

products of any reaction have different amounts of this kind of stored energy. The difference between these two

amounts of energy isthe

The heat content of asubstanceis called its . The change in this quantity that
occurs during achemical reaction is called the , AH. The sign of the quantity AH is
positive in the case of a(n) . Itis negative in the case of a(n)

When forward and backward reactions occur at the same , astate of

exists. A(n) isused in an equation to

symbolize this state.
When conditions such as temperature are changed, achemical reaction is said to be placed under a(n)

. Under such changing conditions, equilibrium can undergo a(n) in direction

that tends to counteract the imposed changes. Thisgeneralization is known as

. The measure of the randomness of a system isits
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1) If you were given the AH value of a reaction, you could determine whether the

reaction was exothermic or endothermic. Explain how you could do so.

2) In an exothermic reaction, Hyroducts Will always be (larger/smaller) than Hreactants

Process AH Exo or Endo | Entropy change |
1. 2Hzg) « Oz > 2H20()

2. Cis) + Ozg) > COx)

3. COzg) 2> Cis) + Oy

a. 2Ci) + Hyg > CiHyy)

5. 2Hyq) + O 2> 2H20(,

6. C()HIQO{)[S) + 603(93 -> 6C02(g) ¥ 6H20(|)

7. Br-ag * Lit@g) > LiBr

8. Hag + Iz > 2HI(,

10. 2€05g) 2> Oz + 2C0)

Enthalpy and Table I

Look in your Reference Tables (Table I) and state whether the following reactions are
exothermic or endothermic.

Exo or Endo

1. Methane (CH4) combining with oxygen to produce carbon
dioxide and water

2. Potassium nitrate dissociating into a positive potassium ion
and a negative nitrate ion

3. Sodium hydroxide dissociating into a positive sodium ion
and a negative hydroxide ion

4. Carbon monoxide combining with oxygen to form
carbon dioxide

5. **A positive lithium ion combining with a negative bromine
ion to form lithium bromide
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Unit 6 Practice Test

____ 1 After being ignited in a Bunsen burner flame, a
piece of magnesium ribbon burns brightly, giving
of f heat and light. In this situation, the Bunsen
burner flame provides
A) heat of vaporization B) activation energy
C) heat of reaction D) ionization energy

__ 2. As the number of effective collisions between
reacting particles increases, the rate of reaction
A) decreases B) increases

C) remains the same

3. A piece of Mg(s) ribbon is held in a Bunsen
burner flame and begins to burn according to the
equation:

2Mg(s) + O, (g) > 2MgO(s).

The reaction begins because the reactants

A) are activated by heat from the burning
magnesium

B) are activated by heat from the Bunsen burner
flame

€) underwent a decrease in entropy

D) underwent an increase in entrapy

4. Increasing the temperature increases the rate
of a reaction by

A) increasing the activation energy

B) lowering the activation energy

C) lowering the frequency of effective collisions
between reacting molecules

D) increasing the frequency of effective collisions
between reacting molecules

5. As the temperature increases, the rate of an
exothermic reaction

A) decreases
€C) remains the same

B) increases

6. If the pressure on gaseous reactants is
increased, the rate of reaction is increased
because there is an increase in the

A) volume B) activation energy

C) heat of reaction D) concentration

Page 1 of 8

7. Given the reaction:

Als) + Bag) > daq) + &s)

Which change would increase the rate of this
reaction?

A) anincrease in pressure

B) a decrease in pressure

C) adecrease in temperature

D) anincrease in temperature

Base your answers to questions 8 and 9 on the table
below, which represents the production of 50 milliliters
of CO, in the reaction of HCl with NaHCO,. Five trials
were performed under different conditions as shown.
(The same mass of NaHCO, was used in each trial.)

Particle
Size of Concentration | Temperature (°C)
Trial NaHCO,4 af HCI of HCI
A small iM 20
B large 1™ 20
Cc large 1M 40
D small 2M 40
E large 2M 40

8. Which two trials could be used to measure the
effect of surface area?

A) trials Aand 8
C) ftrials Aand D

B) trials Aand €
D) trials Band O

9. Which trial would produce the fastest reaction?
A) trial A B) trial 8
C) trial € D) trial O

10. As the number of moles per liter of a reactant
in a chemical reaction increases, the number of
collisions between the reacting particles

A) decreases B) increases
C) remains the same

6-27
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11, Given the reaction:

A+ B—AB

The table below shows student data obtained about

the rate of reaction when the concentration of
solution A is kept constant and the concentration
of solution 8is changed by adding H,0. Based on
the data, the student should conclude that the

Tisl | Solution A |Selution B |Hy0 Added | | ime "

1 10 mL 10 mL O mL 2.8 sec

2 10 mL 5mL 5 mL 4.9 sec

3 10 mL 3 mL 7mL |10.4 sec
A) reaction rate decreased as solution 2was

B)
9
D)

12.

diluted

reaction rate increased when H,O was added
reaction rate increased as solution 8was diluted
concentration has no effect on the reaction
rate

Given the reaction:

Zn(s) + 2 HCI(aq)
Zn*(aq) + 2 CI'(aq) + H,(q)

If the concentration of HCl(aq) is increased, the
frequency of reacting collisions will

A)
B)
9

D)

13.

decrease, producing a decrease in the reaction
rate

increase, producing an increase in the reaction
rate

increase, producing a decrease in the reaction
rate

decrease, producing an increase in the reaction
rate

Four aluminum samples are each reacted with

separate 1 M copper sulfate solutions under the
same conditions of temperature and pressure.
Which aluminum sample would react most rapidly?

A)
0)

Page 2 of 8

B) 1gram bar of Al
1gram of Al powder D) 1gram of Al ribbon

1 gram of Al pellets

Date

14. Which statement explains why the speed of

some chemical reactions is increased when the
surface area of the reactant is increased?

A)
B)
0)

D)

15.

This change increases the concentration of the
reactant.

This change alters the electrical conductivity
of the reactant particles.

This change increases the density of the
reactant particles.

This change exposes more reactant particles to
a possible collision.

Beaker A contains a 1 gram piece of zinc and

beaker 2 contains 1 gram of powdered zinc. If 100
milliliters of 0.1 M HCI is added to each of the
beakers, how does the rate of reaction in beaker 4
compare to the rate of reaction in beaker 5?

A)
B)
9

D)

16.

The rate in A is greater due to the smaller
surface area of the zinc.

The rate in A is greater due to the larger
surface area of the zinc.

The rate in Bis greater due to the smaller
surface area of the zinc.

The rate in Bis greater due to the larger
surface area of the zinc.

Which will eccur if a catalyst is added to a

reaction mixture?

A)
B)

Q)
D)

17.

in
A)

B)
¢

D)

Only the rate of the reverse reaction will be
increased.

The energy change (AH) of the reaction will be
decreased.

The activation energy will be changed.

Only the rate of the forward reaction will be
increased.

Adding a catalyst to a chemical reaction results

an increase in activation energy and a decrease
in the reaction rate
an increase in activation energy and an increase
in the reaction rate
a decrease in activation energy and an increase
in the reaction rate
a decrease in activation energy and a decrease
in the reaction rate
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__ 18, Given the reaction: L 23. Inwhat type of reaction do the products of
the reaction always possess more potential energy
A+ B> C+ D than the reactants?
A) exothermic B) spontaneous

The reaction will most likely occur at the greatest
rate if Aand 8represent

A) nonpolar molecular compounds in the solid phase
B) ionic compounds in the solid phase

€) solutions of ionic compounds

D) solutions of nonpolar molecular compounds

€) endothermic D) redox

| 24. Given the balanced equation:

KNO,(s) + 34.89 k]ﬁbK_(fl(l} + NO,(aq)

—19. Which change is exothermic? Which statement best describes this process?
A) sublimation of iodine A) It is exothermic and entropy increases.
B) freezing of water B) It isexothermic and entropy decreases.
€) vaporization of ethanol €) TItis endothermic and entropy decreases.
D) melting of iron D) It isendothermic and entropy increases.
—20. Salt Aand salt Bwere each dissolved in |__25. Which expression represents the A4 for a
separate beakers of water at 21°C. The chemical reaction in terms of the potential energy,
temperature of the salt A4 solution decreased, and PE, of its products and reactants?
the temperature of the salt 8 solution increased. A) PEof products x PE of reactants
B) PEof products - PE of reactants
Based on these results, which conclusion is correct? €) PEof products + PEof reactants
A) Thle. ga're.r gained energy from both salt A and D) PEof products + PEof reactants
salt &.
B) The water gained energy from salt Aand lost | 26. Given the balanced equation:
energy to salt 8.
€) The water lost energy to both salt 4and salt 8 4Fe(s) + 30,(g) = 2Fe20,(s) + 1640 kJ

D) The water lost energy to salt A and gained

energy from salt 8. Which phrase best describes this reaction?

A) exothermic with A4 = -1640 kT
21. A student observed that when sodium g 3";*2:"““{ WiTEhAg: *151’:20ng
hydroxide was dissolved in water, the temperature Encarhermi. Wi g
of the water increased. The student should D) endothermic with AH/= -1640 kJ

conclude that the dissolving of sodium hydroxide . 27. According to Table I, which salt releases
A) produces an acid solution energy as it dissolves?
B) is endothermic

) i i A) NH,NO, B) KNO,

€) produces a salt solution

C) NaCl D) LiBr
D) is exothermic ) wie

|28 According to Reference Table I, which
statement best describes the formation of HI(g)?
A) It is endothermic, and heat is released.

B) It isexothermic, and heat is absorbed.

€) Tt is endothermic, and heat is absorbed.

D) It isexothermic, and heat is released.

____22. The burning of wood is best described as an
A) endothermic physical change

B) exothermic physical change

C) exothermic chemical change

D) endothermic chemical change
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29. Which statement best describes a chemical

reaction in which energy is released?

A) Tt is exothermic and has a positive AH,
B) It is exothermic and has a negative AH,
C) It is endothermic and has a positive AH,
D) It is endothermic and has a negative AH.

30. According to Reference Table T, which
compound is formed from its elements during an
exothermic reaction?
A) NO(g)

€) HI(g)

B) NO,(9)
D) €O,(9)

31. Given the potential energy diagram for a

reaction:

Potential Energy

k|

Reaction Coordinate

Which interval on this diagram represents the
difference between the potential energy of the

products and the potential energy of the reactants?

A) 3 B) 4
&) i D) 2

32. Inachemical reaction, the difference between
the potential energy of the products and the
potential energy of the reactants is defined as the
A) activation energy B) ionization energy

C) heat of vaporization D) heat of reaction

33. A chemical reaction is at equilibrium. Compared

to the rate of the forward reaction, the rate of

the reverse reaction is

A) faster and more reactant is produced

B) the same and the reaction continues in both
directions

C) the same and the reaction has stopped

D) faster and more product is produced

Page 4 of 8

Date

34. Given the potential energy diagram for a
chemical reaction:

60.
50.
40.
ao| 1 ||

20.

10.

Potential Energy (kJ)

Reaction Coordinate

Which statement correctly describes the energy

changes that occur in the forward reaction?

A) The activation energy is 50. kJ and the
reaction is endothermic.

B) The activation energy is 50. kJ and the
reaction is exothermic.

€) The activation energy is 10. kT and the reaction
is exothermic.

D) The activation energy is 10. kJ and the reaction
is endothermic.

35, Which information about a chemical reaction is

provided by a potential energy diagram?

A) the average kinetic energy of the reactants and
products

B) the change in solubility of the reacting
substances

C) the energy released or absorbed during the
reaction

D) the oxidation states of the reactants and
products

36. Which type or types of change, if any, can

reach equilibrium?

A) a chemical change, only

B) a physical change, only

C) bath a chemical and a physical change
D) neither a chemical nor a physical change

6-30

Unit 6 Practice Test.docx



Name

Date 6-31

Period

__ 37. Given the reaction:

5(s) + O,(g) > SO,(g) + energy

Which diagram best represents the potential
energy changes for this reaction?

A) =
) B
@
| =
w
€
B,
[a]
[« e
e
Reaction Coordinate
=
B) >
@
| =
W
8
-
=
9
o
o
_—
Reaction Coordinate
) =
o
[
| =
w
s
T
2
[=]
a
_—
Reaction Coordinate
D) =
(=)]
b
)
c
w
s
T
g
0
o

Reaction Coordinate

38. Given the reaction system in a closed container
at equilibrium and at a temperature of 298 K:

N,0,(g) ©* 2NO,(9)

The measurable quantities of the gases at
equilibrium must be

A) constant
C) increasing

B) decreasing
D) equal

Page 5 of 8

| 39. Given the potential energy diagram of a

chemical reaction:

Potential Energy

Reaction Coordinate

Which arrow represents the potential energy of
the reactants?
A) A
) ¢

B) 2
D) O

L 40. Inareversible reaction, chemical equilibrium is

attained when the

A) concentration of the products remains constant

B) rate of the reverse reaction is greater than
the rate of the forward reaction

C) rate of the forward reaction is greater than
the rate of the reverse reaction

D) concentration of the reactants reaches zero

41. Ammonia is produced commercially by the

Haber reaction:

N,(g) + 3 H,(g) ¢> 2 NH,(q) + heat

The formation of ammonia is favored by
A) adecrease in pressure

B) removal of N,(g)

C) removal of H,(g)

D) anincrease in pressure

|42, Which list of the phases of H,0 is arranged in
order of increasing entropy?

A) steam, ice, and liquid water

B) ice, liquid water, and steam

C) ice, steam, and liquid water

D) steam, liquid water, and ice
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___45. A potential energy diagram is shown below.

AT T T T F

Potential Energy

Date 6-32

Reaction Coordinate

Which letters represent the activation energy of the forward and reverse reactions, respectively?

A) Aand € B) Aand D

€) Band € D) Band O

___46. Given the reaction at equilibrium:
2 A(g) + 3 B(g) © A,B,(g) + heat

Which change will not affect the equilibrium
concentrations of A(g), &g), and A,8,(g)?
A) adding more A(g)

B) increasing the pressure

€) adding a catalyst

D) increasing the temperature

47. Given the reaction at equilibrium:

N,(g) + 3H,(g) © 2NH,(g) + 91.8kJ

What occurs when the concentration of H,(g) is

increased?

A) The rate of the forward reaction and the
concentration of N,(g) both decrease.

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

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

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

Page 6 of 8

48. Given the Haber reaction at equilibrium:

N,(g) + 3 H,(g) «> 2 NH,(g) + heat

Which stress on the system will decrease the
production of NH,(g)?

A) decreasing the temperature on the system
B) decreasing the concentration of H,(g)

€) increasing the concentration of N,(g)

D) increasing the pressure on the system

49. Given the reaction at equilibrium:

Alg) + B(g) =AB(g) + heat

The concentration of A(g) can be increased by
A) increasing the concentration of B(g)

B) increasing the concentration of A8(g)

€) adding a catalyst

D) lowering the temperature

50. At STP, a sample of which element has the

highest entropy?
A) Na(s) 8) F,(9)
) Br, D) Hg(®

Unit 6 Practice Test.docx



Name Date 6-33

Period

___ 43. When aspark is applied to a mixture of
hydrogen and oxygen, the gases react explosively.
Which potential energy diagram best represents
the reaction?

A) ~a

& |

2|

(=3

=

: ‘

IS

2

(=]

o —
Reaction
Coordinate

B) .
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c |

w |
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T | |
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o
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D |
) 54

T |
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w

E |

=

o

o | |

o S

—_—
Reaction
Coordinate

44. Given the system at equilibrium:
H,(g) + F,(g) € 2 HF(g) + heat

Which change will not shift the point of
equilibrium?

A) changing the temperature

B) changing the pressure

C) changing the concentration of H,(g)
D) changing the concentration of HF(g)
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51. Given the system at equilibrium: | 53. Systems in nature tend to undergo changes
toward
N,0,(g) + 58.1 kT ©> 2 NO,(g) A) higher energy and higher entropy

B) higher energy and lower entropy
C) lower energy and lower entropy
D) lower energy and higher entropy

What will be the result of an increase in

temperature at constant pressure?

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

B) The equilibrium will shift to the left, and the
concentration of NO,(g) will increase.

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

D) The equilibrium will shift to the left, and the
concentration of NO,(g) will decrease.

| 54 Even though the process is endothermic, snow
can sublime. Which tendency in nature accounts for
this phase change?

A) a tendency toward less energy

B) a tendency toward greater energy

C) atendency toward less entropy

D) a tendency toward greater entropy

52. What occurs when the temperature is

increased in a system at equilibrium at constant 1——58. Which phose change representsia:decreasen

>
pressure? enfrop?(. o

A) The rate of the exothermic reaction decreases. A) sal'.d ta glas. B) g.as'fo liquid
B) The rate of the forward reaction increases, €) solid to liquid D) liquid to gas

and the rate of the reverse reaction decreases.
€) The rate of the forward reaction decreases,
and the rate of the reverse reaction increases.

D) The rate of the endothermic reaction increases. A) 2H,0(g) > 2 H,(9) + 0,(9)
B) H,0(g) — H,0(9)
€) H,0(%) — H,0(s)
D) 2 H,0(9 — 2 Hy(g) + O,(9)

] 56. Which reaction has the greatest increase in
entropy?

Page 8 of 8 Unit 6 Practice Test.docx



