
NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



Kinetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
 . . . . . . . . . . . . . .1

 . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . .

 . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . .

 . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . .

Equilibrium  . . . . . . . . . . . . . . . . . . . . . . . 27
 . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . .

 . . .

 . . . . . . . . . . . .

Acids and Bases  . . . . . . . . . . . . . . . . . . . . 49
+ –

 . . . . . . . . . . . . . . . . . . . . . .
 . . . .

 . . . . . . . . . . . . . . . .

 . . . . . . . . . . . .

 . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aqueous Equilibrium . . . . . . . . . . . . . . . . 69
 . . . . . . . . . . . .
 . . . . . . . . . . . .

 . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . .

 . . . . . . . .

Thermodynamics . . . . . . . . . . . . . . . . . . . 91
 . . . . . . . . . .

 . . . . . . . . . . . .
 . . . . . . . . .

 . . . . . . . . . . .

Electrochemistry  . . . . . . . . . . . . . . . . . . 105
 . .

 . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . .

MoLEs  . . . . . . . . . . . . . . . . . . . . . . . . . . 125
 . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . .
 . .

 . . .

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



 . . . . .
 . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . .

 . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . .
 . . . . . . . . . . . .

 . . . .

 . . . . . . . .
 . . . . . . . . . . . . . . .

 . . . . . . . .
 . . . . . . . . . .

 . . . . . . . .

Laboratory Simulations . . . . . . . . . . . . . . .239

 . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . .
 . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . .

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



Kinetics

Equilibrium

Acids and Bases
+ –

Aqueous Equilibrium: 

Thermodynamics

Electrochemistry

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



reaction rate.

(g) (g) (g)

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



average rate instantaneous rate initial rate

C
o

n
ce

n
tr

at
io

n
 (

M
)

Time (minutes)

A

B

C

0

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

5 10 15 20 25 30 35 40 45

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



(g) (g) (g)

C
o

n
ce

n
tr

at
io

n
 (

M
)

Time (minutes)

0

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

5 10 15 20 25 30 35 40 45

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



C
o

n
ce

n
tr

at
io

n
 (

M
)

Time (minutes)

0

0

0.2

0.4

0.6

0.8

1.0

1.2

5 10 15 20 25 30

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



rate expression rate law
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reaction mechanism.
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This DCI consists of a series of experiments that involve interaction between you (the student), your 
instructor and a molecular level simulation.† Log on to the Internet. Type the following address into the 
location-input line of your browser:

http://introchem.chem.okstate.edu/DCICLA/ERGBN.htm 

1.  Open the Graphic Simulation program for the R  BG reaction. Using the Control Bar region, adjust 
the initial conditions of the reaction being studied to those listed in the following table. Use the Re-
sume and Enable Reaction buttons to begin the reaction. When the reaction is completed, pause to 
stop the action. Record the values of the ending concentrations in the following table. Then determine 
the entries for the Concentration Change – C row.

EXPERIMENT #1: R BG RG   B
Initial Concentration – I 2.0 2.0 0 0
Concentration Change – C
Ending Concentration – E   ‡

 

 Notes, observations, and speculations:

†  If you do not have access to this DCI’s website link, your instructor will provide you with the data you will need to complete Ex-
periments 1–5.

‡ If you do not have access to the DCI website link, your instructor will provide the Ending Concentrations for RG and B.
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2. Using the Control Bar region, adjust the initial conditions of the reaction being studied to those listed 
in the following table. Use the Resume and Enable Reaction buttons to begin the reaction. When the 
reaction is completed, pause to stop the action. Record the values of the ending concentrations in the 
following table. Then determine the entries for the Concentration Change – C row.

EXPERIMENT #2: R BG RG   B
Initial Concentration – I 1.0 1.0 0 0
Concentration Change – C
Ending Concentration – E †

 Notes, observations, and speculations:

3. Predict the ending amount for these initial conditions

EXPERIMENT #3: R BG RG   B
Initial Concentration – I
Predicted 

1.5 1.5 0 0

Concentration Change – C
Predicted 
Ending Concentration – E

 After making your predictions, adjust the initial conditions of the reaction being studied to those listed 
in the table. Use the Resume and Enable Reaction buttons to begin the reaction. When the reaction 
is completed, pause to stop the action. Record the values of the ending concentrations below†. Then 
determine the entries for the Concentration Change.

 Notes, observations, and speculations:

† If you do not have access to the DCI website link, your instructor will provide the Ending Concentrations for RG and B.
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4.  Predict the ending amount for these initial conditions

EXPERIMENT #4: R BG RG   B
Initial Concentration – I
Predicted 

0 0 1.0 1.0

Concentration Change – C
Predicted 
Ending Concentration – E

 After making your predictions, adjust the initial conditions of the reaction being studied to those listed 
in the table. Use the Resume and Enable Reaction buttons to begin the reaction. When the reaction 
is completed, pause to stop the action. Record the values of the ending concentrations below†. Then 
determine the entries for the Concentration Change.

 Notes, observations, and speculations:

5. Predict the ending amount for these initial conditions

EXPERIMENT #5: R BG RG   B
Initial Concentration – I 1.0 0.6 1.2 0.8
Concentration Change – C
Ending Concentration – E

 Using the Control Bar region, adjust the initial conditions of the reaction being studied to those listed 
in the table. Use the Resume and Enable Reaction buttons to begin the reaction. When the reaction 
is completed, pause to stop the action. Record the values of the ending concentrations below.† Then 
determine the entries for the Concentration Change.

 Notes, observations, and speculations:

† If you do not have access to the DCI website link, your instructor will provide the Ending Concentration for R.
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EXPERIMENT #1: R

†
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EXPERIMENT #2: Increase reactant R to 2.0 M R

EXPERIMENT #3: Increase reactant BG to 1.0 M R
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EXPERIMENT #4: Decrease reactant R to 0.75 M R

EXPERIMENT #5: Increase product RG to 2.0 M R
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6. In a manner similar to the previous experiments remove RG until its concentration is 1.0 M. Record 
the new initial conditions of all substances in the table below.

EXPERIMENT #6: Decrease product RG to 1.0 M R BG RG   B

Initial Concentration – I 
Concentration Change – C
Ending Concentration – E

 Notes, observations, and speculations:

7.  Summarize your observations of Experiments #3 – #6 by completing the table below. As an example, 
the entries for Experiment #2 have been done for you.

#2 Add reactant [R] 
Concentrations 

decreased
Concentrations 

increased
Left to Right

#3

#4

#5

#6

8. Review the summary of your experimental observations that you prepared in Section IV.A. Write a 
statement(s) that generalizes how stressing a reaction by adding or removing a reactant or product 
shifts the chemical reaction.
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1. The reaction 

H2(g) + I2(g) 2HI(g)

 occurs in a 1.0 L container at a given temperature. Initially the concentration of [H2] and [I2] are both 
0.350 M. In the table below are the results of 6 successive measurements where the concentration of 
each species in the reaction is provided.

 Calculate the magnitude of the reaction quotient, 
HI

2

H I2 2

 for each measurement and enter the value 

into the appropriate cell in the table above. (Show at least one of the calculations here.)

a. What is happening to the value of the reaction quotient moving from Exp. #1 to Exp. #5?
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1.  a.   Hydrochloric acid, HCl(aq), breaks up into ions (a cation and an anion) in a water solution. Write 
a chemical equation that represents this process.

 b.  Nitric acid, HNO3(aq), also breaks up into ions (a cation and an anion) in a water solution. Write 
a chemical equation that represents this process.

 c. Write a definition describing what happens to acids when they interact with water. 

2. a.  Sodium hydroxide, NaOH, breaks up into ions (a cation and an anion) in water solution. Write a 
chemical equation that represents this process.

 b.  Potassium hydroxide, KOH, also breaks up into ions (a cation and an anion) in water solution. 
Write a chemical equation that represents this process.

 c.   NaOH and KOH are classified as bases. Write a definition describing what happens to bases when 
they interact with water.
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(aq) +(aq) + Cl–(aq)
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1. a.  Transfer the pH data you obtained earlier (Acids, Bases and pH, pg. 55 and Salts I, pg. 63) for 0.100 
M HC2H3O2 and for 0.100 M NaC2H3O2 and add this data to the following table.

 

b. Write the equilibrium expression for the hydrolysis (reaction with water) of the weak acid HC2H3O2. 
What is the Ka for this reaction? Use Le Châtelier’s Principle to predict what would happen if you 
added NaC2H3O2 to this solution.    

c. Go to http://introchem.chem.okstate.edu/DCICLA/pHbuffer20.html † and complete the previous 
table for 0.100 M HC2H3O2 / 0.100 M NaC2H3O2. Compare the pH of this solution with your 
prediction in the previous question.

†  If you do not have access to this DCI’s website link, your instructor will provide you with the data you will need.
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(aq) (aq) (l) (aq)

(aq) (aq) (l) (aq) 

(aq) (aq) (aq) 
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2. Using the designated space below sketch the titration curve for each of the following cases. 

a. 50.0 mL of 0.100 M KOH is added to 50.0 mL of 0.100 M HCl

b. 50.0 mL of 0.00100 M NaOH is added to 50.0 mL of 0.00100 M HCl

 Plot both curves on the graph below.

c. Describe similarities and differences of the two curves.
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 2. Using the designated space below, draw the titration curve for each of the following cases. 

a. 50.0 mL of 1.00 M NaOH is added to 50.0 mL of 1.00 M HC2H3O2 

b. 50.0 mL of 0.0100 M NaOH is added to 50.0 mL of 0.0100 M HC2H3O2

c. Describe similarities and differences of the two curves.
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1. a.  A buffer solution is constructed from a weak acid and its conjugate weak base such that both are 
present in substantial concentrations. List two example buffer solutions. Write a chemical equation 
that represents the equilibrium on which the buffer is based.

b. Use one of your examples from the previous question to describe how the pH of the solution would 
be affected by the addition of a small amount of acid. (Hint: use Le Châtelier’s Principle in your 
explanation.) 

c. Use one of your examples from the previous question to describe how the pH of the solution would 
be affected by the addition of a small amount of base. (Hint: use Le Châtelier’s Principle in your 
explanation.) 

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



.

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



.

 

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



–

–

Cl– +

– +

+

+

+

–

+

+

+

+

)

 

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



(g) (l)
(s) (aq)

(aq) ) (aq) 

(aq) (aq) 

) (aq) (aq) 

2 (aq) ) (aq) 

M m(s) m+(aq) (aq)

solubility product constant. 

 

m
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(l) (g)  

(s) (g) (s) 

(s) Cl(s) (aq) (l) (aq) 

(g) + 
1

2
(g) (l) (g) 

(g) (g) (g) (g)

(s) + 3
2

(l) (s)
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H f
0 G f

0 S0 H f
0 G f

0 S0

kJ

mol

kJ

mol
J

K mol

kJ

mol

kJ

mol
J

K mol

Aluminum Iodine
(s) (s) 

Al(s) (g)
(g) 

Barium
(aq) Magnesium

(s) (s)
(aq)

Bromine (s)
(l)

(g) Oxygen
(g)

Carbon (g)
C(s) (g)
C(s) 

(g) Nitrogen
(g) (g)
(g) (g)

(g) (g)
(l) (g)

(g) (aq) 111
(g) (aq)

(g) (g)
C (g) (g)
C (g) (g)

(g) (g)
C (l) (g) –

C (g) (l)
C (g) (aq) –111
C (g) (l)

Cl(s)
Chlorine (s)
Cl (g)
Cl (aq) Silver
Cl–(aq) (s)

(g) +(aq)
(s)

Fluorine (s)
(g)

–(aq) Sulfur
(g)

Hydrogen (g)
(g) (g)

(g) (g)
+(aq)

–(aq) –11 Titanium
(l) TiCl (g)
(g) (s)

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



1. Entropy (S) is a second driving force for chemical reactions. Define the term entropy. How is the sign 
of S for a chemical reaction interpreted?

2. Predict which of the following spontaneous reactions increase the entropy.

a.  H2O(l)  H2O(g)  @25 ºC 

b. 2Mg(s) + O2(g)  2MgO(s) 

c. Ba(OH)2 8H2O(s)  + 2NH4Cl(s)  BaCl2(aq) + 10H2O(l) + 2NH3(aq) 

d. H2(g) + 
1

2
O2(g)  H2O(l) or (g) 

e. CH4(g) + 2O2(g)  CO2(g) + 2H2O(g)

f. Al(s) + 3
2

Br
2
(l)  AlBr

3
(s)

3. A table of absolute entropies (S°) for selected substances is at the end of this DCI. Identify differences 
between S° and H°f as thermodynamic values. 
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(g) (g) 

c. (g) (l) (g) (g)

(g)  +  (g)  Cl(s)
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 i. (s) (aq) (aq) (g) (s)

 i. Cr Cr – +(s) (aq) (aq) (aq) (aq) (s)
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1. a.  What was the cell potential (in units of volts) for the reaction between zinc metal and copper (II) 
nitrate? (The cell potential was measured in the previous DCI on Galvanic Cells.)†

  Zn(s) + Cu(NO3)2(aq) Cu(s) + Zn(NO3)2(aq) 

b. What was the cell potential (in units of volts) for the reaction between zinc metal and hydrochloric 
acid?

  Zn(s) + 2HCl(aq)  H2(g) + ZnCl2(aq) 

c. What was the cell potential (in units of volts) for the reaction between zinc metal and silver (I) 
nitrate?

  Zn(s) + 2AgNO3(aq) Ag(s) + Zn(NO3)2(aq)

2. a. Explain the term electromotive force and the unit volt. 

b. How is the emf in an electrochemical cell measured?

† If you do not have access to this DCI website, your instructor will provide you with the data you will need.
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F2(g) + 2e– 2F–(aq) +2.87 v

H2O2(aq) + 2H+(aq) + 2e– 2H2O(l) +1.77 v

MnO4
–(aq) + 8H+(aq) + 5e– Mn2+(aq) + 4H2O(l) +1.52 v

Au3+(aq) + 3e– Au(s) +1.50 v

Cl2(g) + 2e– 2Cl–(aq) +1.36 v

Cr2O7
2–(aq) + 14H+(aq) + 6e– 2Cr3+(aq) + 7H2O(l) +1.33 v

O2(g) + 4H+(aq) + 4e– 2H2O(l) +1.23 v

Br2(l) + 2e– 2Br–(aq) +1.07 v

NO3
–(aq) + 4H+(aq) + 3e– NO(g) + 2H2O(l) +0.96 v

Ag+(aq) + 1e– Ag(s) +0.80 v

I2(s) + 2e– 2I–(aq) +0.53 v

O2(g) + 2H2O(l) + 4e– 4OH–(aq) +0.40 v

Cu2+(aq) + 2e– Cu(s) +0.34 v

AgCl(s) + 1e– Ag(s) + Cl–(aq) +0.22 v

2H+(aq) + 2e– H2(s) 0.00 v

Pb2+(aq) + 2e– Pb(s) –0.13 v

Sn2+(aq) + 2e– Sn(s) –0.136 v

Ni2+(aq) + 2e– Ni(s) –0.25 v

Co2+(aq) + 2e– Co(s) –0.28 v

Fe2+(aq) + 2e– Fe(s) –0.44 v

Zn2+(aq) + 2e– Zn(s) –0.76 v

2H2O(l) + 2e– H2(g) + 2OH–(aq) –0.83 v

Cr2+(aq) + 2e– Cr(s) –0.91 v

Mn2+(aq) + 2e– Mn(s) –1.18 v

Al3+(aq) + 3e– Al(s) –1.66 v

Mg2+(aq) + 2e– Mg(s) –2.37 v

Na+(aq) + 1e– Na(s) –2.71 v

Ca2+(aq) + 2e– Ca(s) –2.87 v

Ba2+(aq) + 2e– Ba(s) –2.90 v

K+(aq) + 1e– K(s) –2.93 v

Li+(aq) + 1e– Li(s) –3.05 v
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2. Complete the following problems:

 a.  Calculate E˚ for the reaction

Zn(s) + Cu2+(aq)  Zn2+(aq) + Cu(s)

i. Calculate Ecell when the ratio of these concentrations is small, that is, if [Zn2+] =   
1 x 10–4 M and [Cu2+] = 1.0 M.

ii. Calculate Ecell when the ratio of these concentrations is large, that is, if [Cu2+] =   
1 x 10–4 M and [Zn2+] = 1.0 M.

b.  Which of the following oxidizing agents become stronger as the [H+] is increased? Which are un-
changed? Which become weaker? 

i. Br2 

ii. Fe3+ 

iii. MnO4
– 

iv. H+ 

v. Cr2O7
2–

 c.  Calculate Ecell for:

Cu Cu (3.00 M) Cu (0.100 M) Cu2+ 2+(s) (aq) (aq) (ss)
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Cathode 
(graphite rod) 

Anode 
(zinc inner case) 

Paste of MnO2, 
NH4Cl, and carbon

©Hayden-McNeil, LLC

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



 

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



(g)

(l) (aq).

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



(aq)

(aq)

(l)

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



 

 

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



(l) (g) (g)

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



.

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



MoLEs

 

 

Laboratory Simulations
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˙

* Michael R. Abraham & John Gelder, September 2002. Project supported by NSF-CCLI-EMD #0127563 

Molecular Level Experiments (MoLEs) are chemistry laboratory experiments based on computer simula-
tions. There are two types of simulation programs that can be used in these activities: Particulate Simula-
tions and Graphic Simulations.

To begin an activity you must be able to log on to the Internet using Internet Explorer (Microsoft) 4.5 or 
higher or Safari with OSX for Macs.
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Log on to the Internet. Type the following address into the location-input line of your browser:

http://introchem.chem.okstate.edu/DCICLA/K2RM.htm

This will load a Particulate Simulation. Once you have the simulation running, your screen will look like 
what is shown in Figure 1 below. If you haven’t already done so, read the Particulate Simulation section of 
the Introduction to MoLEs Activities to learn how to use the simulation. 
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Log on to the Internet. Type the following address into the location-input line of your browser:

http://introchem.chem.okstate.edu/DCICLA/KRGO1N.htm

This will load a Graphics Simulation. Once you have the simulation running, your screen will look like 
what is shown in Figure 1 below. If you haven’t already done so, read the Graphics Simulation section of 
the Introduction to MoLEs Activities to learn how to use the simulation. 
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Log on to the Internet. Type the following address into the location-input line of your browser:

http://introchem.chem.okstate.edu/DCICLA/KR2BN.htm

This will load a Graphics Simulation. Once you have the simulation running, your screen will look like 
what is shown in Figure 1 below. If you haven’t already done so, read the Graphics Simulation section of 
the Introduction to MoLEs Activities to learn how to use the simulation. 
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Investigate the mechanisms of chemical reactions:  

A. F2 NO2  NO2F F

 Molecular—http://introchem.chem.okstate.edu/DCICLA/KNO2FM.htm 

 Graphic—http://introchem.chem.okstate.edu/DCICLA/KNO2FN.htm

B. RB   R B

 Molecular—http://introchem.chem.okstate.edu/DCICLA/K2RBO2M.htm 

 Graphic—http://introchem.chem.okstate.edu/DCICLA/ K2RBO2N.htm

C. R 2G  RG2

 Molecular—http://introchem.chem.okstate.edu/DCICLA/KRG2M.htm 

 Graphic—http://introchem.chem.okstate.edu/DCICLA/KRG2N.htm

D. For RG  R G

 Molecular—http://introchem.chem.okstate.edu/DCICLA/KCATRGM.htm 

 Graphic—http://introchem.chem.okstate.edu/DCICLA/KCATRGN.htm 

Investigate the rate laws of chemical reactions. (See system 1 for examples.)

There are two possible mechanisms for G2 2B  2GB:

 G2 B  GB G slow

 G B  GB

 G2  G G slow

 G B  GB

A. Use the evidence from http://introchem.chem.okstate.edu/DCICLA/K2GBNa.htm 

 to pick the correct mechanism.

B. Use the evidence from http://introchem.chem.okstate.edu/DCICLA/K2GBNb.htm 

 to pick the correct mechanism.
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Log on to the Internet. Type the following address into the location-input line of your browser:

http://introchem.chem.okstate.edu/DCICLA/ERGBM.htm

This will load a Particulate Simulation. Once you have the simulation running, your screen will look like 
what is shown in Figure 1 below. If you haven’t already done so, read the Particulate Simulation section of 
the Introduction to MoLEs Activities to learn how to use the simulation. 
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Log on to the Internet. Type the following address into the location-input line of your browser:

http://introchem.chem.okstate.edu/DCICLA/ERGBN.htm 

This will load a Graphics Simulation. Once you have the simulation running, your screen will look like 
what is shown in Figure 1 below. If you haven’t already done so, read the Graphics Simulation section of 
the Introduction to MoLEs Activities to learn how to use the simulation. 
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EXPERIMENT #1: R
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EXPERIMENT #2: Increase Reactant R to 2.0 M

R
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EXPERIMENT #3: Increase Reactant BG to 1.0 M

R

EXPERIMENT #4: Decrease Reactant R to 0.75 M

R
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EXPERIMENT #5: Increase product RG to 2.0 M

R
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EXPERIMENT #6: Decrease product RG to 1.0 M

R
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Log on to the Internet. Type the following address into the location-input line of your browser:

http://introchem.chem.okstate.edu/DCICLA/ERGBN.htm 

This will load a Graphics Simulation. Once you have the simulation running, your screen will look like 
what is shown in Figure 1 below. If you haven’t already done so, read the Graphics Simulation section of 
the Introduction to MoLEs Activities to learn how to use the simulation. 
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EXPERIMENT #1: R
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EXPERIMENT #2: R
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EXPERIMENT #3: R
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EXPERIMENT #4: R

NOT FOR DISTRIBUTION - FOR INSTRUCTORS USE ONLY



R

  

EXPERIMENT #5: R
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EXPERIMENT #6: R
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EXPERIMENT #7: R

EXPERIMENT #8: R
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Investigate reactions other than the R BG B RG. 

 For R G RG go to:

  Molecular—http://introchem.chem.okstate.edu/DCICLA/ERGM.htm 

  Graphic—http://introchem.chem.okstate.edu/DCICLA/ERGN.htm 

 For BG B G go to: 

  Molecular—http://introchem.chem.okstate.edu/DCICLA/EBGM.htm 

  Graphic—http://introchem.chem.okstate.edu/DCICLA/EBGN.htm 

 For RB R B go to: 

  Molecular—http://introchem.chem.okstate.edu/DCICLA/ERBM.htm

  Graphic—http://introchem.chem.okstate.edu/DCICLA/ERBN.htm 

Investigate the effect that temperature has on the shifting of exothermic (BG B G) and endothermic 
(RB  R B) reactions (see system 1). Investigate how the value of K is affected.

Investigate the effect that pressure/volume has on the shifting of different reactions (see system 1). Inves-
tigate how the value of K is affected.

Investigate the relationships among K, T, and H. (Hint: use the van’t Hoff equation.)

Investigate the relationships between K and Q for different kinds of concentration, pressure, and tempera-
ture changes.

Investigate the relationships between the rates of forward and reverse reactions as the reaction proceeds 
from initial to final states. 

Investigate any other equilibrium system or investigate a modification of any of the above systems.
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– (aq  (aq)  (aq) – (aq)      (1)

– (aq  (aq) – (aq)  (aq)

– (aq) – (aq)

– –

)
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E. On the following graph, or using a graphing program, plot the relationship between the temperature 
of the reactants and the rate of the reaction in trial 1. What happens to the rate of a chemical reaction 
as the temperature changes? What is the nature of this relationship? Are the changes directly propor-
tional? (Optional: How are they related mathematically? Using a graphing program plot the amount 
of rate vs. the temperature. Then use the curve fitting function of your graphing program to draw the 
best line through all of the points. Try each of the available functions and see which gives you the best 
fit. Record the equation of your best-fit line.) 
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A. Make a generalization of how concentration changes affect the rate of a chemical reaction.

B. Make a generalization of how temperature changes affect the rate of a chemical reaction.
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– (aq)  (aq) + (aq) – (aq) (l)
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On the following graph, or using a graphing program, plot the relationship between the temperature of 
the reactants and the rate of the reaction in trial 1. What happens to the rate of a chemical reaction as the 
temperature changes? What is the nature of this relationship? Are the changes directly proportional? (Op-
tional: How are they related mathematically? Using a graphing program, plot the amount of rate vs. the 
temperature. Then use the curve fitting function of your graphing program to draw the best line through 
all of the points. Try each of the available functions and see which gives you the best fit. Record the equa-
tion of your best-fit line.) 
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 (aq) (l)  (g)
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B. Under the acid solutions, choose HCl. Set the concentration of the solution at 1.00  10–2 M (use the 
slider bar or key in 1.00 and then the radio button). Set the volume at 100 mL (use the slider bar). Click 
on the Insert Probes button on the pH meter. Enter your pH data in the following table.

C.  Remove the probes. Adjust the conditions of your measurements and measure the pH of each of the 
concentrations for the HCl solutions in the above table and enter the pH data you obtain.

A.  pH is defined by the equation:  pH = –log [H+]. Calculate the [H+] for each of the conditions in the table 
in the previous section and record your results in the table.

B.  Compare the [H+] with the original concentration of HCl. What does this tell you about the amount 
of HCl present in the solution? What is the percentage of HCl that has dissociated (ionized) when it 
is dissolved in water? (Acids that have this characteristic are called strong acids.) Enter these values in 
the above table.

C.  Write an equation representing the reaction when HCl is dissolved in water.
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A.  Under the acid solutions, choose HC2H3O2. Set the concentration of the solution at 1.00  10–2 M (use 
the slider bar or key in 1.00 and then the radio button). Set the volume at 100 mL (use the slider bar). 
Click on the Insert Probes button on the pH meter. Enter your pH data in the following table.

B. Remove the probes. Adjust the conditions of your measurements and measure the pH of each of the 
concentrations for the HC2H3O2 solutions in the above table and enter the pH data you obtain.

A.  Calculate the [H+] for each of the conditions in the table in the previous section and record your results 
in the table.

B.  Compare the [H+] with the original concentration of HC2H3O2. What does this tell you about the 
amount of HC2H3O2 present in the solution? What is the percentage of HC2H3O2 that has dissociated 
(ionized) when it is dissolved in water? (Acids that have this characteristic are called weak acids.) Enter 
these values in the above table.

C. Compare the percent dissociation for the 1  10–2 M concentrations of HCl and HC2H3O2. Generalize 
the relationship between the concentration of an acid and the % dissociation: for a strong acid, and for 
a weak acid. 
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A. Go to http://introchem.chem.okstate.edu/DCICLA/voltaicCell20.html and open the Voltaic Cells 
Simulation. Your screen should look like the figure. 

This simulation contains an apparatus for measuring the voltage generated by chemical reactions. This 
apparatus is called a voltaic cell. Pop-out menus will allow you to select metals (electrodes) and ionic solu-
tions to be placed into two beakers that are connected by a salt bridge. You can then connect the metals to 
a voltmeter to measure the cell voltage (E°).
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A. Go to http://introchem.chem.okstate.edu/DCICLA/voltaicCellEMF.html and open the Concentra-
tion Cells Simulation. Your screen should look like the figure. 

This simulation contains an apparatus for measuring the voltage generated by chemical reactions. This ap-
paratus is called a voltaic cell. Pop-out menus will allow you to select metals (electrodes) and ionic solutions 
to be placed into two beakers that are connected by a salt bridge. In this experiment you will be specifying 
the concentration of the solutions being placed in the beakers in order to study how concentration affects  
chemical reactions. You will then connect the metals to a voltmeter to measure the cell voltage (E°).
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A. Go to http://introchem.chem.okstate.edu/DCICLA/electrolysis10.html and open the Electrolysis 
Simulation. Your screen should look like the figure. 

 This simulation contains an apparatus for passing an electrical current through a solution. You can 
control the voltage and current (in amps). You can also measure the amount of time that electricity is 
passed through the solution. 
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