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Version 42-0186-00-02


Review the safety materials and wear goggles when  
working with chemicals. Read the entire exercise 
before you begin. Take time to organize the materials 
you will need and set aside a safe work space in 
which to complete the exercise.


Experiment Summary: 


You will perform redox reactions and identify 
oxidizing and reducing agents. You will investigate 
the reactivity of metals and develop an activity 
series.


EXPERIMENT


 © Hands-On Labs, Inc. www.HOLscience.com 1








Learning Objectives
Upon completion of this laboratory, you will be able to:


 ● Discuss oxidation-reduction reactions and identify oxidizing and reducing agents.


 ● Summarize the rules for assigning oxidation numbers.


 ● Describe single displacement reactions, spectators ions and activity series.


 ● Perform single displacement reactions on metals to develop an activity series. 


 ● Write redox reactions based on experimental results. 


 ● Apply the appropriate rules for assigning oxidation numbers. 


Time Allocation:  2.5 hours
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Materials
Student Supplied Materials


Quantity Item Description
1 Pair of scissors
1 Pencil
1 Pocket knife, disposable nail file, or sandpaper
1 Roll of paper towels
1 Sheet of white paper
1 Timer or clock


HOL Supplied Materials


Quantity Item Description
1 Pair of gloves
1 Pair of safety goggles
1 Plastic tweezers
1 Test tube, 13 x 100 mm
1 Test tube cleaning brush
1 Well plate - 24
1 Experiment Bag:  Oxidation/Reduction Activity Series:


     1 - Copper (II) sulfate, 1 M - 3 mL in pipet
     1 - Copper foil, 4 pieces in bag 2” x 3”
     1 - Lead metal, 4 pieces in bag 2” x 3”
     1 - Lead (II) nitrate, 0.2 M - 2 mL in pipet
     1 - Mossy zinc, 6-8 pieces in bag 2” x 3”
     1 - Silver nitrate, 0.1 M - 6 mL in dropper bottle
     1 - Zinc nitrate, 2 M - 3 mL in pipet


Note: To fully and accurately complete all lab exercises, you will need access to:


1. A computer to upload digital camera images.


2. Basic photo editing software such as Microsoft Word® or PowerPoint®, to add labels, leader 
lines, or text to digital photos.  


3. Subject-specific textbook or appropriate reference resources from lecture content or other 
suggested resources.  


Note: The packaging and/or materials in this LabPaq kit may differ slightly from that which is listed 
above. For an exact listing of materials, refer to the Contents List included in your LabPaq kit. 
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Background
Chemical Reactions


An oxidation-reduction reaction, or redox reaction, is a chemical reaction that occurs when 
electrons are transferred from one reactant to another. For example, hydrogen (H2) and fluorine 
(F2) react to produce hydrogen fluoride (HF). In the reaction, there is a partial transfer of one 
electron from the hydrogen atom to the fluorine atom, causing a chemical bond. The chemical 
equation for the redox reaction is shown in Equation 1. 


The oxidation number, often referred to as the oxidation state, represents the charge an atom 
would have if electrons were completely transferred. In truth, hydrogen only partially donates an 
electron to fluorine, but for purposes of understanding the movement of the electron, charges 
can be assigned to each element. In hydrogen fluoride, the hydrogen atom has an oxidation 
number of +1 because one negative electron was lost, and the fluorine atom has an oxidation 
number of -1 because one electron was gained. It may be said that the hydrogen atom is in 
the +1 oxidation state, while the fluorine atom is in the -1 oxidation state. For the purpose of 
visualization, oxidation numbers can be written under each atom of the chemical equation, as 
shown in Equation 2. Notice that the charge for each of the reactants, elemental hydrogen and 
elemental fluorine, is 0.  


Oxidation and Reduction


Oxidation is the loss of electrons by a substance undergoing a chemical reaction. During 
oxidation, the oxidation number of the element increases and becomes more positive. Reduction 
is the gain of electrons by a substance undergoing a chemical reaction. During reduction, the 
oxidation number of the element decreases and becomes more negative. In Equation 2, hydrogen 
is oxidized, it loses an electron, and its oxidation number increases; fluorine is reduced, it gains an 
electron, and its oxidation number decreases. Hydrogen may be referred to as the reducing agent 
because it donates electrons and reduces fluorine. Conversely, fluorine may be referred to as the 
oxidizing agent because it accepts electrons and oxidizes hydrogen.  


A mnemonic device for remembering whether electrons are lost or gained is “OIL RIG”:


Oxidation Is Loss, Reduction Is Gain.
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During a reaction, electrons are neither created nor destroyed; they are merely transferred 
among atoms. Oxidation and reduction always occur together: oxidation does not occur without 
reduction, and reduction does not occur without oxidation. Therefore, the sum of the oxidation 
numbers left of the reaction arrow equals the sum of the oxidation numbers right of the reaction 
arrow. In Equation 2, the oxidation numbers of the reactants total 0, and the oxidation numbers 
of the products also total 0. 


Figure 1. Walnuts are one of the most antioxidant-rich food sources available. © Pakhnyushcha


As a natural 
consequence of cellular 


metabolism, oxidative processes 
cause damage to the cells and 


tissues of the human body. Oxidation 
is widely believed to be one of the 


primary causes of aging. Foods such 
as walnuts, artichokes, and blueberries 


contain antioxidants, chemical substances 
that inhibit oxidation. See Figure 1. 


Scientists are currently working to fully 
understand the role of oxidation in the 


aging process and the effectiveness 
of consuming antioxidant-rich 


foods.
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Assigning Oxidation Numbers


Many chemical compounds are composed of more than one of the same type of atom, and the 
oxidation numbers of each atom can be summed to find the total contribution to charge. For 
example, the compound magnesium chloride (MgCl2) is composed of one magnesium ion and 
two chloride ions. The chlorine ions each have an oxidation number equal to -1, which results in a 
total contribution of -2. The magnesium atom has an oxidation number equal to +2. Therefore, the 
MgCl2 formula unit has a total charge of zero. The oxidation numbers and the total contribution 
to charge can be designated simultaneously. In the following, the formula is listed in the first line, 
the oxidation numbers are listed in the second line, and the total contribution to charge is listed 
in the last line:


Molten magnesium chloride (MgCl2) can be decomposed into the pure elements magnesium 
(Mg) and chlorine (Cl) through electrolysis. Equation 3 shows the redox reaction. Notice that the 
sum of the total contribution of charge for the reactants is 0 and the total contribution of charge 
for the products is also 0. 


The rules for assigning oxidation numbers follow. Although there are some exceptions, the rules 
generally work well and should be applied in the order they are listed. 


Rules for Assigning Oxidation Numbers


1. When a substance is in its elemental form (existing alone without bonds to other elements), 
the oxidation number is 0. 


2. A monoatomic ion has an oxidation number equal to its ionic charge.


3. A hydrogen atom is in the +1 oxidation state when it is combined with a nonmetal.


4. A hydrogen atom is in the -1 oxidation state when it is combined with a metal.
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5. The alkali metals of Group IA on the periodic table have the +1 oxidation state in a compound. 


6. The alkaline earth metals of Group IIA on the periodic table have the +2 oxidation state in a 
compound. 


7. Nonmetals in Group VIIA on the periodic table often have the -1 oxidation state in a compound.


8. Oxygen usually has an oxidation number of -2 in compounds. Exceptions are rare but can 
occur in compounds that contain more than one oxygen atom.


9. The sum of the oxidation numbers within a formula is equal to the overall charge of the 
formula. (In a neutral molecule, such as CH4, no charge is written next to the molecule, and 
the sum of the oxidation numbers is zero.) 


10. The most electronegative element in a compound (the element that most attracts electrons) 
will have a negative oxidation number. 
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Redox and Single Displacement Reactions


In this lab, single displacement reactions will be performed to demonstrate the process of 
oxidation and reduction. In a single displacement reaction, an element reacts with a compound 
and part of the compound is released to become a free molecule. For example, when iron (Fe) 
is placed in a solution of copper (II) sulfate (CuSO4), iron takes the place of copper to form iron 
(II) sulfate (FeSO4) solution; pure copper (Cu) is released as a free element. Fe is oxidized and 
acts as the reducing agent; Cu2+ is reduced and acts as the oxidizing agent. The sulfate ion (SO4) 
is considered a spectator ion because it is neither oxidized nor reduced. Equation 4 shows the 
chemical reaction with oxidation numbers and total charge contributions. 


When an iron nail is placed in a beaker of CuSO4 solution, iron displaces copper, producing FeSO4 
and pure Cu. The Cu accumulates on the outside of the nail, as shown in Figure 2. 


Figure 2. Iron nail and copper (II) sulfate (CuSO4) solution. Iron reacts to displace copper in 
CuSO4. Pure copper accumulates on the outside of the nail.


The reaction between iron and copper (II) sulfate occurs because iron metal is more easily oxidized 
than copper. In other words, iron atoms are more apt to lose electrons, thus iron is more “active” 
than copper and replaces copper ions in solution. Electrons move from iron atoms to copper ions 
forming iron ions and copper atoms. These atoms have moved from a higher energy, less stable 
location (the active iron atoms) to a lower energy, more stable location (the less active copper 
atoms).
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Metals can be ordered from most active (easily oxidized) to least active (not easily oxidized) in a 
list called an activity series. Figure 3 is an activity series for a small selection of metals. 


Figure 3. Activity series of five metals. 


Note that iron is listed higher than copper because it is more active and more easily oxidized. 
Figure 3 confirms that a reaction occurs between solid iron and copper ions in solution. On the 
other hand, iron is listed below chromium in the activity series. What would you expect if solid 
iron was placed in a solution containing chromium ions? Based on what you know, will the iron 
displace the chromium ions? That is, will iron atoms transfer electrons to chromium ions? In this 
laboratory experiment, you will create an activity series based on your observations of chemical 
reactions. 
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Exercise 1: Describing an Oxidation-Reduction 
Reaction 
In this exercise, you will add a solution that contains silver ions to elemental copper to elicit 
a redox reaction. You will observe the reaction and then write an equation that describes the 
movement of electrons.  


CAUTION! You must wear your gloves and goggles during both exercises. 


Procedure


1. Gather a test tube, the silver nitrate (AgNO3) solution, the copper foil pieces (Cu), and the 
plastic forceps (tweezers). 


Note: Use plastic forceps, as metal forceps may react with the other metals in the experiment.


2. Record initial observations of the appearance of the AgNO3 and Cu in Data Table 1 in your Lab 
Report Assistant.


Note: To observe the AgNO3, place a small drop on a folded piece of paper towel, plastic wrap, or a 
plastic baggie. Then, discard in the trash. Be careful, as AgNO3 causes stains.


3. Use the plastic forceps to add 2 pieces of Cu to the test tube. 


4. Add the entire contents of the AgNO3 bottle to the test tube. Discard the empty bottle in a 
trash bin. 


Note: Take care to avoid any skin contact with the silver nitrate. 


5. Observe the reaction for about 1 minute. Describe the appearance of any solids, liquids, and 
gases in the test tube. Record observations in Data Table 1. 


6. Allow the reaction to continue for 30 minutes, and again record observations of the appearance 
of liquids, gases, and solids in Data Table 1. 


Note: As you wait, continue with the final steps of the exercise and complete the questions at the end 
of the exercise.


7. In Data Table 1, write a balanced chemical equation for the redox reaction. Include oxidation 
numbers and total charge contributions for the elements involved in the reaction.


8. Identify the element that is oxidized and the element that is reduced. Identify the spectator 
ion, the ion that exists in the same form in both the reactants and the products. Record each 
in Data Table 1.  


9. Identify which element acted as the oxidizing agent, and identify which element acted as the 
reducing agent. Record each in Data Table 1. 
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Cleanup:


10. Properly dispose of the reactants.


11. Clean the test tube with soap and water, dry, and place the test tube back in your kit for future 
use.


Questions
A. Define oxidation, reduction, and oxidation number. Describe how oxidation and reduction 


affect the oxidation number of an element.


B. Define oxidizing agent, reducing agent, and spectator ion. 


C. In the reaction of copper and silver nitrate, a new substance appeared in the test tube. 
Describe the physical appearance of the substance and identify its chemical formula. 


D. Given an activity series in which the most active metals are at the top of the list and the least 
active metals are at the bottom of the list, would copper be listed above silver or would silver 
be listed above copper? Support your answer with data from Data Table 1.


E. Solid copper sulfide and silver nitrate react to form copper (II) nitrate and solid silver sulfide. 
Write a balanced chemical equation that describes the reaction. Identify the oxidation number 
of each element in the reaction. (You do not need to include the total contribution of charge.) 
Is this reaction a redox reaction or a non-redox reaction? Explain your answer. 
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Exercise 2. Creating an Activity Series 
In this exercise, you will make observations of copper, lead, and zinc and determine if a successful 
chemical reaction has occurred. Use your observations to order the metals in an activity series. 


CAUTION! Make sure that you are wearing gloves and goggles. In this lab, you will handle solid 
lead, which can be hazardous. Handle with caution, and keep children and pets away from this and 
any experiment.


Procedure


1. Locate a 24 well plate. See Figures 4 and 5 for examples of labeling. 


Note: Row and column labels for each well are etched in the plastic of the well plate, as shown in 
Figure 4. Labeling a white piece of paper and placing it under the well plate can help you accurately 
add the chemicals to each well. See Figure 5 for an example of labeling. In this lab, you will only need 
to label wells A1, A2, B1, B2, C1, and C2.


Figure 4. Labeled 24-well plate.


Figure 5. Examples of well plate labels. A. Drawing rows and columns of the well plate. B. Well 
plate over a hand-labeled sheet of white paper.
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2. Locate the copper foil pieces (Cu) and plastic forceps. 


3. Place a piece of copper in well A1 and well A2 of the well plate.


4. Locate the lead (II) nitrate (Pb(NO3)2) pipet, and snip the tip off with scissors. Add 15 drops of 
Pb(NO3)2 to well A1.


5. Observe well A1 for about 1 minute and record any immediate signs of a chemical reaction in 
Data Table 2 in your Lab Report Assistant. 


Note: Some examples of indicators of a chemical reaction include darkening of the metal and 
formation of bubbles. A chemical reaction may or may not occur. 


6. Note the time, as observations will again be made after 30 minutes. 


7. Locate the zinc nitrate (Zn(NO3)2) pipet, and snip the tip off with scissors. Add 15 drops of 
Zn(NO3)2 to well A2.


8. Observe well A2 for about 1 minute and record any immediate signs of a chemical reaction in 
Data Table 2. 


9. Gather 2 lead squares (Pb) and a paper towel. Use the forceps to place the 2 pieces of lead 
on the paper towel. 


10. Locate a pocket knife, nail file, or piece of sandpaper. Carefully scrape the surface of the lead, 
removing any rust that may have accumulated. 


CAUTION! Always keep the lead on top of the paper towel, as lead shavings can be hazardous. 
Scrape the surface of the lead until it looks shiny, as shown in Figure 6. Gently wipe each square on 
the paper towel to remove any lead shavings.


Figure 6. Lead square (left) and prepared lead that has been cleaned of rust (right).


11. Place the prepared lead squares in wells B1 and B2 of the well plate. 


12. Carefully dispose of the paper towel and all lead particles. If using a nail file or piece of 
sandpaper, dispose of the item in a trash bin. If using a pocket knife, thoroughly wash the 
knife with soap and tap water. Alternatively, you may take the lead to a waste disposal station. 
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13. Remove your gloves, carefully turning them inside out and placing them in the trash. Wash 
your hands with soap and water; dry them with paper towels. Dispose of the paper towels in 
the trash bin.


14. Put on a new pair of gloves before continuing the exercise.  


15. Locate the copper (II) sulfate (CuSO4) pipet and snip the tip off with scissors. Add 15 drops of 
CuSO4 to well B1. Record observations after about 1 minute in Data Table 2. 


Note: Forceps may be used to lift the lead from the copper solution for closer examination. Rinse the 
forceps with tap water. See Figure 7. 


Figure 7.   Using the forceps to examine lead. 


16. Add about 15 drops of Zn(NO3)2 to well B2. Record observations after about 1 minute in Data 
Table 2. 


17. Locate 2 pieces of mossy zinc (Zn). Place a piece of zinc in well C1 and well C2. 


18. Add about 15 drops of CuSO4 to well C1 and record observations after about 1 minute in Data 
Table 2. 


19. Add about 15 drops of Pb(NO3)2 to well C2 and record observations after about 1 minute in 
Data Table 2. 


20. After 30 minutes have passed, again record observations for all reactions.


21. Use the observations recorded in Data Table 2 to determine whether a chemical reaction 
occurred in each instance. Use Data Table 3 of your Lab Report Assistant to record “yes” or 
“no” to indicate whether or not a reaction occurred. 
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22. In Data Table 3, for each instance that you recorded “yes,” write a balanced chemical equation 
that represents the reaction. Include oxidation numbers and the total contribution of charge 
for the elements involved in the reaction underneath each element or compound (as 
demonstrated in the Background). For each instance you recorded “no,” write “no reaction” 
in place of the chemical equation. 


Cleanup: 


23. Properly dispose of remaining reactants and pipets.


24. Wash and dry the equipment and return to the kit for future use. 


Questions
A. List each of the metals tested in Exercise 2. Indicate the oxidation number when each element 


is pure and the oxidation number when each element is in a compound. 


B. Which of the metals in Exercise 2 was the strongest oxidizing agent? Was there an instance 
when this metal also acted as a reducing agent? Explain your answer using data from Data 
Table 3. 


C. Which of the metals in Exercise 2 was the strongest reducing agent? Was there an instance 
when this metal also acted as an oxidizing agent? Explain your answer using data from Data 
Table 3. 


D. How does ease of oxidation correlate with activity? Do highly active metals tend to donate 
electrons or accept electrons from other metals?


E. Create an activity series for copper, lead, and zinc. Place the most active metal at the top of 
the list.
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