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Understanding how chemical reactions occur and how to balance equations is fundamental in
chemistry. One of the essential tools chemists use to predict whether certain reactions will happen is
the Activity Series. This series ranks metals and certain nonmetals based on their reactivity, helping
determine whether a single displacement reaction will occur when two elements or compounds are
combined. In this article, we'll explore how to complete and balance chemical equations using the
activity series, providing a comprehensive guide suitable for students and enthusiasts alike.

What Is the Activity Series?

The Activity Series is a list that ranks elements—particularly metals—according to their reactivity. The
most reactive metals are at the top, and the least reactive are at the bottom. This ranking helps
predict the outcome of displacement reactions, where a more reactive metal displaces a less reactive
metal from its compound.

Key Points About the Activity Series

- Reactivity Ranking: Elements are ordered based on their ability to lose electrons and form positive
ions (cations).
- Displacement Reactions: If a metal is placed in a solution containing ions of a less reactive metal, a
reaction occurs only if the metal is higher in the activity series.
- Predicting Reactions: It helps determine whether an equation will proceed spontaneously and guides
the process of balancing chemical equations.

Commonly Used Activity Series

While various activity series exist, a typical one includes:

| Metal | Activity Rank | Example of Reactivity |
|---------|----------------|------------------------|
| Potassium (K) | 1 | Very reactive, reacts vigorously with water |
| Sodium (Na) | 2 | Reacts readily with water and acids |
| Calcium (Ca) | 3 | Reacts with water, less vigorously |
| Magnesium (Mg) | 4 | Reacts with acids and hot water |
| Aluminum (Al) | 5 | Less reactive, reacts with acids |
| Zinc (Zn) | 6 | Reacts with acids, less reactive than aluminum |
| Iron (Fe) | 7 | Reacts with acids, even less reactive |
| Copper (Cu) | 8 | Reacts very slowly with acids |
| Silver (Ag) | 9 | Slight reactivity |



| Gold (Au) | 10 | Very low reactivity |

Note: The exact placement can vary slightly depending on the source, but the relative order remains
consistent for predicting reactions.

---

Understanding How to Use the Activity Series in
Equations

Using the activity series involves two main steps:

1. Identify the Reactants and Products: Recognize which elements or compounds are involved.
2. Determine if a Reaction Will Occur: Use the activity series to assess whether the reaction is
spontaneous.

Example of a Displacement Reaction

Suppose you are asked to complete and balance the following unbalanced equation:

\[ \text{Zn} + \text{Cu}^{2+} \rightarrow ? \]

Here, zinc (Zn) is a metal, and copper ions (\(\text{Cu}^{2+}\)) are in solution. To determine
whether zinc will displace copper:

- Check the activity series: Zinc (Zn) is above copper (Cu), indicating zinc is more reactive.
- Since zinc is more reactive, the reaction will occur, and zinc will displace copper.

The complete and balanced reaction:

\[ \text{Zn} + \text{Cu}^{2+} \rightarrow \text{Zn}^{2+} + \text{Cu} \]

---

Step-by-Step Process for Completing and Balancing
Equations Using the Activity Series

Let's walk through the process with a detailed approach.

Step 1: Identify the Reactants

Determine whether you are dealing with a single displacement, double displacement, synthesis, or
decomposition reaction. Focus on displacement reactions involving metals and ionic solutions.

Step 2: Consult the Activity Series



Compare the reactivity of the metals involved:

- For metal-metal reactions, see if the metal in the solid form is above the metal ion in the activity
series.
- For reactions involving halogens or nonmetals, other series or reactivity tables may be necessary.

Step 3: Decide if the Reaction Will Occur

- If the metal is higher in the activity series than the metal ion or the other metal involved, the
reaction proceeds.
- If not, the reaction does not occur, and the equation remains unreacted.

Step 4: Write the Correct Products

Based on the reaction type, write the products:

- For metal displacement: the more reactive metal displaces the less reactive metal.
- For reactions with acids: metal reacts with acid to produce hydrogen gas and a salt.

Step 5: Balance the Equation

Adjust coefficients to ensure the number of atoms for each element is equal on both sides of the
equation.

---

Practical Examples of Completing Equations Using the
Activity Series

Let's analyze some typical equations, complete them, and balance them step by step.

Example 1: Zinc Displacing Copper

Unbalanced Equation:

\[ \text{Zn} + \text{Cu}^{2+} \rightarrow ? \]

Step 1: Zinc and copper ions are involved.

Step 2: Consult the activity series: Zinc (Zn) is above copper (Cu), so zinc can displace copper.

Step 3: Write the products:

\[ \text{Zn} + \text{Cu}^{2+} \rightarrow \text{Zn}^{2+} + \text{Cu} \]

Step 4: Balance the equation:

- Zinc atoms: 1 on both sides.



- Copper atoms: 1 on both sides.
- Charge balance is maintained.

Final Balanced Equation:

\[ \text{Zn} + \text{Cu}^{2+} \rightarrow \text{Zn}^{2+} + \text{Cu} \]

---

Example 2: Iron Displacing Zinc

Unbalanced Equation:

\[ \text{Fe} + \text{Zn}^{2+} \rightarrow ? \]

Step 1: Check reactivity: Iron (Fe) is below zinc (Zn) in the activity series, meaning zinc is more
reactive.

Step 2: Since zinc is more reactive, iron cannot displace zinc.

Conclusion: No reaction occurs; the equation remains unreacted.

---

Example 3: Magnesium Reacting with Hydrochloric Acid

Unbalanced Equation:

\[ \text{Mg} + \text{HCl} \rightarrow ? \]

Step 1: Magnesium reacts with acids to produce magnesium chloride and hydrogen gas.

Step 2: Write the products:

\[ \text{Mg} + \text{HCl} \rightarrow \text{MgCl}_2 + \text{H}_2 \]

Step 3: Balance the equation:

- Magnesium: 1 on both sides.
- Chlorine: 1 on the reactant side, but 2 in magnesium chloride, so coefficients need adjusting.

Balanced Equation:

\[ \text{Mg} + 2 \text{HCl} \rightarrow \text{MgCl}_2 + \text{H}_2 \]

---



Common Challenges and Tips in Completing Equations
with the Activity Series

- Incorrect Reactivity Assessment: Always double-check the position of elements in the activity series
before concluding whether a reaction occurs.
- Balancing Complex Equations: Focus on balancing elements one at a time, starting with the most
complex molecules.
- Recognizing Non-Reactions: Not all equations will proceed; understanding why can save time and
clarify concepts.
- Use of Oxidation States: Tracking oxidation states can help determine electron transfer, especially in
complex reactions.

---

Additional Applications of the Activity Series

Beyond predicting displacement reactions, the activity series is instrumental in:

- Corrosion Prevention: Understanding which metals are more reactive helps in designing corrosion-
resistant materials.
- Electrochemical Cells: The activity series guides the construction of electrochemical cells,
determining which electrode acts as an anode or cathode.
- Recycling Processes: Knowing reactivity informs the methods of metal extraction and recycling.

---

Conclusion

Using the activity series to complete and balance chemical equations is a fundamental skill in
chemistry that combines theoretical knowledge with practical application. By understanding the
relative reactivity of elements, especially metals, chemists can predict reaction outcomes, write
correct formulas for products, and ensure equations are properly balanced. Practice with various
examples enhances comprehension, making the activity series an invaluable tool in both academic
and industrial chemistry.

Remember, always verify the position of the elements involved in your reaction within the activity
series before proceeding. This step ensures accurate predictions and successful balancing of chemical
equations.

Frequently Asked Questions



What is the first step in balancing an unbalanced chemical
equation using the activity series?
The first step is to identify the reactants and products, then determine which elements are involved
and use the activity series to predict possible reactions before balancing.

How does the activity series help in completing and balancing
chemical equations?
The activity series ranks elements by their reactivity, allowing you to predict if a single displacement
or reaction will occur, which guides you in completing the equations accurately.

Given the unbalanced equation: Zn + HCl → ZnCl₂ + H₂, how
can the activity series be used to confirm this reaction?
Since zinc is higher than hydrogen in the activity series, it can displace hydrogen from hydrochloric
acid, confirming that the reaction occurs and can be balanced accordingly.

Complete and balance the unbalanced equation: Fe + CuSO₄ →
?
Since iron is more reactive than copper, it displaces copper from copper sulfate. The balanced
equation is: Fe + CuSO₄ → FeSO₄ + Cu.

Why is it important to consider the activity series when
completing equations involving metals and acids?
Because the activity series indicates which metals can displace others from their compounds,
ensuring the reaction is possible before completing and balancing the equation.

Complete the unbalanced reaction: Mg + H₂O → ?
Magnesium reacts with water to produce magnesium hydroxide and hydrogen gas. The balanced
equation is: Mg + 2H₂O → Mg(OH)₂ + H₂.

What clues from the activity series can help you determine if
a reaction between calcium and water will occur?
Since calcium is higher than hydrogen in the activity series, it can react with water to produce calcium
hydroxide and hydrogen gas, confirming the reaction is possible.

Complete the following unbalanced equation: Al + HCl → ?
Aluminum reacts with hydrochloric acid to produce aluminum chloride and hydrogen gas. The
balanced equation is: 2Al + 6HCl → 2AlCl₃ + 3H₂.



How does understanding the activity series help in predicting
the products of a reaction?
It helps identify which elements can displace others from compounds, allowing you to predict the
likely products before completing and balancing the equations.

Given the unbalanced equation: Sn + AgNO₃ → ?, how can the
activity series be used to complete and balance it?
Since tin is more reactive than silver, it displaces silver from silver nitrate. The balanced equation is:
Sn + 2AgNO₃ → Sn(NO₃)₂ + 2Ag.

Additional Resources
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In the realm of chemistry, understanding how elements interact and react is fundamental to
deciphering the complexities of chemical processes. One vital tool in predicting and analyzing these
reactions is the activity series of metals, a ranked list that indicates the reactivity of metals with other
substances. This article offers an in-depth exploration of how to complete unbalanced chemical
equations using the activity series, emphasizing the importance of reactivity trends, the principles
behind single and double displacement reactions, and the systematic approach to balancing chemical
equations.

---

Understanding the Activity Series: What It Is and Why
It Matters

Definition and Significance of the Activity Series

The activity series is a vertical list of metals arranged according to their reactivity from most reactive
at the top to least reactive at the bottom. It provides a quick reference to determine whether a
particular metal can displace another metal from its compound, especially in aqueous solutions. The
series is based on experimental observations of reactions involving metals and their compounds, and
it plays a pivotal role in predicting the outcomes of chemical reactions.

For example, in the activity series, elements like potassium, calcium, and sodium are at the top,
indicating high reactivity, while metals such as gold, platinum, and copper are at the bottom,
signaling lower reactivity. This ordering is crucial when predicting whether a reaction will proceed,
especially in displacement reactions where a more reactive metal can replace a less reactive metal
from its compound.



How the Activity Series Guides Reaction Predictions

The primary utility of the activity series lies in its ability to predict single displacement reactions.
When a metal is introduced into a solution containing ions of another metal, the series helps
determine if the reaction will occur:

- Reaction occurs if the metal is more reactive than the metal ion in the compound.
- Reaction does not occur if the metal is less reactive than the metal ion.

For example, if zinc metal (which is higher in the series) is placed in a solution of copper sulfate, zinc
will displace copper due to its higher reactivity, resulting in zinc sulfate and metallic copper.
Conversely, placing copper into a zinc sulfate solution will not result in any reaction because copper is
less reactive.

---

Completing Unbalanced Equations: Step-by-Step
Approach

Step 1: Identify the Type of Reaction

The first step in completing an unbalanced equation is recognizing the reaction type:

- Single Displacement Reaction: A metal displaces another metal from a compound.
- Double Displacement Reaction: Exchange of ions between two compounds.
- Redox Reactions: Transfer of electrons involving oxidation and reduction processes.
- Synthesis and Decomposition: Formation or breakdown of compounds.

Most equations involving metals and their compounds are single displacement reactions, where the
activity series is most applicable.

Step 2: Consult the Activity Series

Using the activity series, determine whether the displacement is feasible:

- Check if the metal on the reactant side is more reactive than the metal ion in the compound.
- If yes, proceed to complete the reaction.
- If no, the reaction cannot occur as written.

Step 3: Write the Unbalanced Equation

Identify the chemical formulas for all reactants and products. For example, if zinc reacts with copper



sulfate, the unbalanced reaction is:

\[ \_\_ + \_\_ \rightarrow \_\_ + \_\_ \]

Ensure the formulas are correct before proceeding.

Step 4: Predict the Products and Write the Complete
Unbalanced Equation

Based on reactivity:

- The more reactive metal displaces the less reactive one.
- The displaced metal will be released as a free element.
- The new compound formed will contain the displaced metal cation and the original non-metal or
anion.

For example:

Zinc displaces copper from copper sulfate:

\[ \text{Zn} + \text{CuSO}_4 \rightarrow \text{ZnSO}_4 + \text{Cu} \]

Step 5: Balance the Equation

Ensure the same number of atoms for each element on both sides:

- Balance metals first.
- Balance non-metals next.
- Balance oxygen and hydrogen if present, often via water or acids.
- Use coefficients to balance, avoiding fractions.

For the above example, the balanced equation is:

\[ \text{Zn} + \text{CuSO}_4 \rightarrow \text{ZnSO}_4 + \text{Cu} \]

---

Application of the Activity Series in Completing
Equations

Case Study 1: Metal Displacement Reactions



Unbalanced Equation:

\[ \_\_ + \_\_ \rightarrow \_\_ + \_\_ \]

Suppose you are asked to complete:

\[ \_\_ + \text{AgNO}_3 \rightarrow \text{Ag} + \_\_ \]

Given the activity series, silver (Ag) is relatively low in reactivity compared to many other metals but
more reactive than gold and platinum.

- Since the reaction involves silver nitrate and a metal, check if the metal can displace silver.
- Metals like copper, zinc, and iron are higher than silver in the activity series and can displace silver
from AgNO₃.

Possible completion:

\[ \text{Cu} + \text{AgNO}_3 \rightarrow \text{Cu(NO}_3)_2 + \text{Ag} \]

Here, copper displaces silver, forming copper nitrate and metallic silver.

Balancing the equation:

- Copper: 1 atom on both sides.
- Nitrate: 2 nitrates on the product side, so balance accordingly.

Balanced:

\[ \text{Cu} + 2\,\text{AgNO}_3 \rightarrow \text{Cu(NO}_3)_2 + 2\,\text{Ag} \]

---

Case Study 2: Recognizing Non-Reactive Metal Equations

Unbalanced Equation:

\[ \_\_ + \_\_ \rightarrow \_\_ + \_\_ \]

Suppose:

\[ \text{Au} + \text{FeCl}_3 \rightarrow \_\_ \]

Using the activity series, gold (Au) is very low in reactivity, below iron (Fe). Therefore, gold cannot
displace iron from its chloride.

Conclusion:

- No reaction occurs; the equation remains unreacted or shows no change.



---

Beyond Single Displacement: Double Displacement and
Redox Considerations

While the activity series is primarily used for predicting single displacement reactions, it also informs
about redox reactions involving metals and their compounds.

Double Displacement Reactions

These involve the exchange of ions between two compounds, often in aqueous solutions, leading to
precipitates or gas formation. The activity series influences whether a reaction can occur indirectly,
especially when combined with solubility rules.

Example:

\[ \text{Na}_2\text{SO}_4 + \text{BaCl}_2 \rightarrow \]

- Barium sulfate (\(\text{BaSO}_4\)) is insoluble and precipitates.
- The reaction proceeds regardless of activity series considerations because it's driven by solubility.

Redox Reactions and Electron Transfer

The activity series also helps identify which species are oxidized or reduced:

- Metals higher in the series tend to lose electrons (oxidized).
- Metals lower tend to gain electrons (reduced).

In completing equations, recognizing these electron transfer processes helps balance both atoms and
charges.

---

Common Challenges and Tips in Completing Equations
Using the Activity Series

- Misidentifying Reactivity: Always verify the position of metals in the activity series before
proceeding.
- Incorrect Formulas: Ensure chemical formulas are accurate before balancing.
- Ignoring Reaction Conditions: Some reactions require specific conditions (heat, acids, etc.) that
influence whether they occur.



- Balancing Complex Equations: Use systematic methods—balance elements in order, and double-
check coefficients.

Tips:

- Create a reactivity checklist for common metals.
- Practice with various unbalanced equations to develop intuition.
- Use solubility rules alongside the activity series for double displacement reactions.

---

Conclusion: Mastering the Art of Completing Equations

The process of completing unbalanced chemical equations using the activity series is a cornerstone
skill in chemistry, bridging theoretical knowledge with practical application. By understanding the
reactivity trends, correctly identifying the reaction type, and systematically balancing equations,
students and practitioners can predict and verify chemical reactions with confidence. This approach
not only enhances problem-solving skills but also deepens comprehension of underlying chemical
principles such as electron transfer, reactivity, and the behavior of elements in different contexts.

In the evolving landscape of chemical sciences, proficiency in using the activity series to complete
equations remains an essential competency—paving the way for innovations in materials science,
industrial processes, and environmental chemistry. As you continue to explore the diverse reactions
in chemistry, remember that mastering the activity series is key to unlocking the predictive power
and elegance of chemical equations.
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