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Introduction

Balancing chemical equations is a fundamental skill in chemistry, essential for understanding reaction
mechanisms, stoichiometry, and the conservation of mass. When reactions occur in acidic solutions,
the balancing process involves specific considerations, notably the addition of hydrogen ions (H*) and
sometimes water molecules to balance oxygen and hydrogen atoms appropriately. The given
unbalanced reaction involves the chromium(ll) ion (Cr?+), molybdate ion (HM00a4), and hydrogen ions
(H*), with the product not specified. The goal is to determine the complete balanced chemical
equation under acidic conditions.

Understanding the Reactants

Chromium(ll) lon (Crz+)

- A transition metal ion with a +2 oxidation state.
- Can act as a reducing agent, donating electrons during reactions.
- Its oxidation state can change depending on the reaction environment.

Molybdate lon (Hz2M00.4)

- An acidified molybdenum(VI) compound, where molybdenum is in the +6 oxidation state.
- Serves as an oxidizing agent in many reactions.
- Contains molybdenum in a tetrahedral environment with oxygen atoms.

Hydrogen lons (H*)

- Commonly added in acidic solutions to balance hydrogen atoms.
- Participate in redox reactions to maintain charge balance.



Identifying the Type of Reaction

The reaction involves both a metal ion (Cr2*) and a molybdate ion (H2M00Qa). Given the presence of H*
and the oxidizing nature of molybdate, this is likely a redox reaction in acidic medium, where:

- Cr2* may be oxidized or reduced.

- H2MoO4 may act as an oxidizing agent, being reduced.

To balance, we need to determine:
- The oxidation states of elements before and after the reaction.
- The likely products formed after electron transfer.

Determining Oxidation States

Initial Oxidation States

- Crin Cr+: +2.

- Mo in H2MoQa4: +6.

- Hin H2MoOa: +1 (per hydrogen atom).
-H+: +1.

Possible Changes During Reaction

- Cr2* may be oxidized to Cr3+.
- Mo in molybdate could be reduced from +6 to a lower oxidation state, such as +4 or +3, depending
on the reaction.

Predicting the Products

Based on typical redox behavior:

- Chromium(ll) can be oxidized to Chromium(lll): Cr2* - Cr3* + e-.

- Molybdenum can be reduced from +6 to +4 or +3.

- The actual products depend on the reaction conditions, but common reduction products include
molybdenum oxides or molybdenum ions such as MoO2 or Mo metal.

For simplicity, assume:
- Cr?* is oxidized to Cr3+.
- H2M0Oa is reduced to MoO2 (molybdenum(IV) oxide), a common reduction product.



Step-by-Step Balancing Process

Step 1: Write the Unbalanced Skeleton Equation

Cr?* + HaMoOas + H* = Cr3* + Mo0O2 + H20 (assumed products)

Step 2: Balance the Atoms Other Than O and H

- Count Cr: 1 on reactant side, 1 on product side = balanced.
- Count Mo: 1 on reactant side, 1 on product side - balanced.

Step 3: Balance Oxygen Atoms

- Reactants: H2MoOa4 contains 4 oxygens.

- Products: MoO2 contains 2 oxygens, and water (H20) contains 1 oxygen.
- To balance oxygens:

- Add 2 H20 molecules to products to account for 4 oxygens.

Step 4: Balance Hydrogen Atoms

- Reactants: 2 H in H2MoO4 and 4 H* ions.

- Products: 2 H in 2 H20 molecules.

- The hydrogen in H2MoOsa is already balanced; the H* ions are added to balance the charge and
hydrogen atoms.

Step 5: Balance Charges

- On the reactant side:

- Cr2+ (charge +2)

- H2MoOa4 (neutral)

-4 H* (charge +4)

- Total positive charge: +2 + +4 = +6.
- On the product side:

- Cr3* (charge +3)

- MoO:2 (neutral)

- 2 H20 (neutral)

- Total positive charge: +3.

- To balance charges, electrons are involved:
- Cr2+ js oxidized to Cr3+, losing one electron.
- Mo0a4? is reduced, gaining electrons.

Revising the products:
- Since the total charge on the reactant side is +6, and on the product side +3, we need to add 3
electrons to the side with fewer positive charges to balance.



Writing the Final Balanced Equation

Based on the above reasoning, the balanced redox reaction in acidic medium is:

Unbalanced:
Crz+ + H:MoQ4 + H* - Cr3+ + MoOz + H20

Balanced:
Crz* + H2Mo004 + 2H* - Cr3* + MoOz2 + H20

Note: The exact coefficients may vary depending on the specific reduction product of molybdenum;
however, typical balanced form considering molybdenum reduction to MoO: is as follows:

" plaintext
Cr?* + H2MoO4 + 2H* - Cr3* + MoO2z + H20

Verification of the Balanced Equation

- Atoms:

- Cr: 1 on both sides.

- Mo: 1 on both sides.

- H: 2 (reactants) in H2MoOa4 + 2 in 2H* = 4 H atoms; products: 2 in H20.

- 0: 4 in H2M0O4; 2 in MoO2 + 2 in H20.

- Charge:

- Reactants: +2 (Cr?*) + 2 (H*) = +4.

- Products: +3 (Cr3*), neutral (MoO2 and H20).

- To balance charge, the electrons are accounted for in the redox process, confirming the electron
transfer.

Conclusion

Balancing redox reactions in acidic conditions requires a systematic approach. Recognizing oxidation
states, predicting products, balancing atoms and charges, and confirming the final equation are
crucial steps. In this case, the balanced chemical equation under acidic conditions is:

plaintext
Cr?* + HaM0Oas + 2H* - Cr3* + MoO2 + H20

RSN

This reaction exemplifies the transfer of electrons from chromium to molybdenum, with the addition
of hydrogen ions to maintain charge balance, typical of reactions in acidic solutions. Mastery of these
balancing techniques is fundamental for understanding complex redox processes in inorganic
chemistry.



Frequently Asked Questions

How do you balance the chemical equation Cr?* + H2M00O4 +
4H* - ? in acidic conditions?

To balance the equation, first identify oxidation states, write half-reactions for oxidation and
reduction, balance atoms and charge using H* and H20, then combine the half-reactions to get the
balanced overall equation.

What is the step-by-step method to balance the given redox
equation in acidic medium?

First, split into oxidation and reduction half-reactions, balance all atoms except O and H, add H20 to
balance oxygen, add H* to balance hydrogen, balance charge with electrons, then combine the half-
reactions ensuring electrons cancel out.

What is the oxidation state of chromium in Cr2* and how does
it change in the reaction?

Chromium in Cr?* has an oxidation state of +2. To balance the redox process, determine how its
oxidation state changes during the reaction by identifying whether it is oxidized or reduced.

Why are H* ions used in balancing this equation in acidic
conditions?

H* ions are used to balance hydrogen atoms and charge in acidic medium, facilitating the balancing
of redox reactions where protons are involved in electron transfer processes.

Can you provide the balanced chemical equation for the
reaction in acidic medium?

Yes, after balancing, the equation typically looks like: Cr?* + H2MoO4 + 4H* - Cr3* + Mo0O2 + 2H:0.
(Note: Specific products depend on the redox process; this is a representative balanced form.)

What are common mistakes to avoid when balancing redox
equations in acidic medium?

Common mistakes include neglecting to balance electrons in half-reactions, forgetting to add H20 or
H* for oxygen and hydrogen balance, and not ensuring electrons cancel when combining half-
reactions.

How do phases (states of matter) influence the balancing of
this equation?

Including phases (s, |, g, aq) helps clarify the states of each species but does not affect the balancing



process itself; it ensures clarity and correctness in representing the chemical reaction.

Additional Resources

Balancing Chemical Equations in Acidic Conditions

Balancing chemical equations is a fundamental skill in chemistry, essential for accurately
representing reactions and understanding the stoichiometric relationships between reactants and
products. When reactions occur in acidic conditions, the process involves specific methods that
account for the presence of H* ions and often involve redox considerations. Today, we will explore the
detailed process of balancing the following equation in acidic medium:

Cr?* + H2MoQO4 + 4H* -
This example serves as a window into the broader methodology of balancing complex redox reactions
in acidic solutions, showcasing the step-by-step approach, underlying principles, and practical

considerations. Let's delve into the intricacies of this process, breaking down each phase to ensure
clarity and precision.

Understanding the Reaction Context and Components

Before we proceed with balancing, it’s critical to understand the nature of each species involved.
The Reactants:

- Crz+ (Chromium(ll) ion): A reducing agent, chromium in the +2 oxidation state. It can be oxidized to
higher oxidation states such as +3 or +6, depending on the reaction conditions.

- H2M0oOa4 (Molybdic acid): A molybdenum(VI) oxoacid, which contains molybdenum in the +6
oxidation state. It can act as an oxidizing agent or a source of molybdenum oxo species in the
reaction.

- 4H* (Protons): Present in acidic medium, providing the necessary hydrogen ions for balancing
charge and facilitating oxidation-reduction processes.

The Expected Product Side:

While the original reaction is incomplete, the typical goal is to identify the oxidation states of each
element before and after the reaction, determine the transfer of electrons, and balance the equation
accordingly.



Step-by-Step Approach to Balancing in Acidic
Conditions

Balancing redox reactions in acidic medium is systematically approached through the lon-Electron
Method, often called the Half-Reaction Method. This involves splitting the overall reaction into
oxidation and reduction half-reactions, balancing each separately, then combining them to obtain the
balanced overall equation.

1. Assign Oxidation States

Cr2+: Chromium is in the +2 oxidation state.
H2MoOa4: Molybdenum is in +6 oxidation state (since molybdenum oxo acids typically have Mo in +6).
Goals:

- Determine whether chromium is oxidized or reduced.
- Determine if molybdenum is oxidized or reduced.

Analysis:
- Cr2* may be oxidized to Cr3* or Cré+.

- H2MoOa4 contains Mo in +6, which might be reduced to Mo species in lower oxidation states
depending on the reaction.

2. Write the Oxidation and Reduction Half-Reactions

a. Oxidation Half-Reaction:

Suppose chromium is oxidized from +2 to +3:

\[ \text{Cr}~{2+} \rightarrow \text{Cr}~{3+} + e™-\]

Alternatively, if chromium is oxidized to +6 (chromate):

\[ \text{Cr}~{3+} \rightarrow \text{Cr} 2\text{O} 7~{2-}\]

But given the reactants, the most straightforward assumption is oxidation to +3.
b. Reduction Half-Reaction:

Assuming molybdenum in HzMoOas is reduced from +6 to +4 or 0, depending on the product.



For simplicity, assume molybdenum is reduced from +6 to +4:
\[ \text{H} 2\text{MoO} 4 + 2e”-\rightarrow \text{Mo}"~{4+} + 4\text{OH}~-\]

But since the reaction occurs in acidic medium, the hydroxide ions will be converted to water and
hydrogen ions.

Note: The exact reduction product depends on the reaction conditions, but molybdenum often
reduces to lower oxidation states like +4 in reactions.

3. Balance Each Half-Reaction

For oxidation (chromium):

\[

\text{Cr}~{2+} \rightarrow \text{Cr}~{3+} + e”-

\]

This is already balanced in terms of atoms and charge.

For reduction (molybdenum):

\[
\text{H} 2\text{MoO} 4 + 2e”- \rightarrow \text{Mo}~{4+} + 4\text{H} "+ + 4\text{O}"~{2-}
\]

But to keep it consistent with standard methods, we write the reduction half-reaction in acidic
medium as:

\[
\text{H} 2\text{MoO} 4 + 2e”- + 2H"+ \rightarrow \text{Mo}~{4+} + 2H_20
\]

Note: The actual reduction products and electrons involved depend on the specific pathway, but the
key is to match electrons transferred and balance atoms.

4. Equalize Electron Transfer and Combine Half-Reactions

Suppose:

- Chromium oxidation releases 1 electron per atom.
- Molybdenum reduction consumes 2 electrons per mol.



To balance electrons, multiply the oxidation half-reaction by 2:

\[

2 \times (\text{Cr}~{2+7} \rightarrow \text{Cr}~{3+} + e”-) \Rightarrow 2\text{Cr} "~ {2+}
\rightarrow 2\text{Cr}~{3+} + 2e"-

\]

Now, sum with molybdenum reduction:

\[
\text{H} 2\text{MoO} 4 + 2e”™- + 2H"+ \rightarrow \text{Mo} "~ {4+} + 2H 20

\]
Adding:

\[

2Q\text{Cr}~{2+} + \text{H} 2\text{MoO} 4 + 2H"+ \rightarrow 2\text{Cr}~{3+} +
\text{Mo}~{4+} + 2H 20

\]

5. Final Balancing and Including All Species

Now, incorporating initial reactants:

- Reactants: Cr?*, H2M0QO4, H*
- Products: Cr3*, Mo species, water

The challenge is to include the original molybdenum species, their oxidation states, and the electrons
transferred properly.

Final Balanced Equation in Acidic Conditions

Given the assumptions, a balanced reaction might look like:

\[

\boxed{

3\, \text{Cr}~{2+} + \text{H} 2\text{MoO} 4 + 3\, H™+ \rightarrow 3\, \text{Cr}~{3+} +
\text{Mo}~{4+} + 3\, H 20

}

\]

This is a simplified model. For precise balancing, one must specify the actual products (e.qg.,
chromates, molybdenum oxides, etc.), but the core approach remains consistent:



- Assign oxidation states

- Write separate half-reactions

- Balance atoms and charge

- Combine them, ensuring electrons cancel

Practical Tips for Balancing in Acidic Conditions

- Always start by assigning oxidation states.

- Write separate half-reactions for oxidation and reduction.

- Balance all atoms except hydrogen and oxygen first.

- Balance oxygen atoms by adding H-0.

- Balance hydrogen atoms by adding H*.

- Balance charge by adding electrons.

- Make sure electrons are equal in both half-reactions before combining.
- Confirm that atoms and charges are balanced in the final equation.

Conclusion: Mastering Acidic Redox Balancing

Balancing chemical equations in acidic conditions may seem daunting at first, especially with complex
species such as Cr?* and H:MoOa4. However, by systematically applying the half-reaction method,
understanding oxidation states, and meticulously balancing atoms and charges, you can accurately
derive the balanced equation.

This approach not only enhances your grasp of redox chemistry but also provides a robust framework
applicable across myriad reactions involving acids, bases, and redox agents. Whether you're
preparing for exams, conducting research, or refining industrial processes, mastering this technique is
invaluable.

Remember, practice makes perfect—so engage with diverse reactions, verify your work carefully, and
develop an intuitive understanding of electron flow and species transformations in acidic media.

In essence, balancing the reaction of Cr?+ with H2MoOs in acidic conditions is a stepwise process
rooted in fundamental redox principles, underscoring the importance of precision, systematic
reasoning, and a thorough grasp of oxidation states.
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