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Understanding the chemical interaction between dichromate ions and bromide
ions is fundamental in inorganic chemistry, particularly in redox reactions.
This reaction not only exemplifies oxidation-reduction principles but also
finds applications in analytical chemistry, industrial processes, and
environmental chemistry. In this comprehensive guide, we explore the reaction
mechanism, the conditions under which it occurs, applications, safety
considerations, and related concepts to deepen your understanding of this
important chemical process.

Overview of the Reaction

The reaction between dichromate ions (Cr2072-) and bromide ions (Br-)
involves the reduction of dichromate to chromium (III) ions (Cr3*) and the
oxidation of bromide ions to bromine (Brz2). The process is a classic example
of a redox reaction, where electrons are transferred from bromide ions to
dichromate ions.

Key points:
- Reactants: Dichromate ions (Crz2072-), bromide ions (Br-)

- Products: Chromium (III) ions (Cr3*), liquid bromine (Br:2)
- Type of reaction: Oxidation-reduction (redox)

Chemical Equation and Balanced Reaction

The overall reaction can be represented as:
““plaintext

Cr2072- + 14H* + 6Br- -» 2Cr3+* + 7H20 + 3Br:

Breakdown:

- Oxidation half-reaction:

6Br- - 3Br2 + 6e-



- Reduction half-reaction:
Cr2072- + 14H* + 6e- - 2Cr3+ + 7H20

By combining these half-reactions, the balanced overall reaction is obtained,
showing the transfer of electrons and the formation of products.

Reaction Conditions and Mechanism

Understanding the conditions under which this reaction proceeds is essential
for practical applications and laboratory procedures.

Acidic Environment

The reaction typically occurs in an acidic medium, usually provided by dilute
sulfuric acid (H2S0s), which supplies the necessary protons (H*). The acidity
is crucial because:

- It facilitates the reduction of dichromate ions.
- It stabilizes the chromium (III) ions formed.
- It influences the oxidation state changes.

Reaction Mechanism Steps

1. Preparation of the Reaction Mixture:
Add dilute sulfuric acid to a solution containing dichromate ions.
Introduce bromide ions into the acidic solution.

2. Electron Transfer:
Bromide ions are oxidized to bromine, losing electrons.
Dichromate ions are reduced to chromium (III) ions, gaining electrons.

3. Formation of Bromine Liquid:
Bromine (Brz2) formed in the reaction may be released as a reddish-brown
liquid, which can be observed during the process.

4. Visual Indicators:

- The color change from orange dichromate to green chromium (III) ions
indicates the progression.

- The appearance of reddish-brown liquid bromine confirms oxidation.



Applications of the Reaction

This redox process has a variety of practical applications across different
fields.

1. Analytical Chemistry

- Redox Titrations: Used to determine the concentration of bromide ions or
other halides in a sample.

- Qualitative Tests: Detecting the presence of bromide ions via their ability
to reduce dichromate.

2. Industrial Processes

- Bromine Production: Industrial synthesis of bromine involves oxidation of
bromide ions using dichromate.

- Disinfection: Bromine produced can be used as a disinfectant in water
treatment.

3. Environmental Chemistry

- Pollution Control: Understanding the redox behavior aids in assessing how
bromide compounds react in natural waters and wastewater.

Safety Considerations

Working with dichromate and bromide solutions involves safety precautions due
to their hazardous nature.

e Dichromate ions: Toxic, carcinogenic, and strongly oxidizing. Handle
with gloves and eye protection. Dispose of waste properly.

e Bromine: Corrosive and irritant. Bromine vapors are harmful if inhaled.
Conduct reactions in a well-ventilated area or fume hood.

e Acidic solutions: Corrosive; avoid skin contact and inhalation of fumes.

Proper lab protocols, including wearing PPE and working in controlled
environments, are essential to prevent health hazards.



Related Concepts and Further Study

This reaction ties into broader inorganic chemistry themes and concepts.

Oxidation States

- Chromium changes from +6 in dichromate to +3 in chromium (III) ions.
- Bromine changes from -1 in bromide to © in bromine molecules.

Redox Titrations

- This reaction forms the basis of titrimetric methods to analyze halide
concentrations.

Electrochemical Series

- Bromide is a good reducing agent, and dichromate is a strong oxidizer, as
seen in their positions in the electrochemical series.

Environmental Impact

- Understanding the reaction helps in assessing the environmental fate of
bromide compounds and their oxidation products.

Summary and Key Takeaways

- The reaction between dichromate and bromide ions is a classic redox process
involving the reduction of dichromate to chromium (III) and oxidation of
bromide to bromine.

- It requires an acidic environment, typically supplied by sulfuric acid.

- The process is visually characterized by color changes and the formation of
liquid bromine.

- Applications span analytical chemistry, industrial bromine production, and
environmental chemistry.

- Safety precautions are vital due to the toxic and corrosive nature of
involved chemicals.

- The reaction illustrates fundamental principles such as oxidation states,
electron transfer, and redox titrations.

Understanding this reaction provides a foundation for exploring more complex



inorganic reactions, and it exemplifies how oxidation-reduction principles
are applied in real-world scenarios. Whether in laboratory analysis or
industrial manufacturing, mastering the reaction between dichromate and
bromide ions is a valuable part of an inorganic chemist’s knowledge base.
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- Safety Data Sheets (SDS) for Dichromate and Bromine.

Frequently Asked Questions

What is the overall chemical reaction between
dichromate ions and bromide ions?

The reaction involves dichromate ions (Cr2072-) being reduced to
chromium(III) ions (Cr3*) while bromide ions (Br-) are oxidized to bromine
(Brz2), typically represented as: Cr207%2- + 14H* + 6Br- - 2Cr3+* + 7H20 + 3Br:.

What role do acids play in the reaction between
dichromate and bromide ions?

Acids, such as sulfuric acid, provide the H* ions necessary to facilitate the
reduction of dichromate to Cr3+ and help maintain the reaction environment's
acidity, which is essential for the reaction to proceed efficiently.

What are the observable changes during the reaction
between dichromate and bromide ions?

The reaction typically results in a color change from orange (dichromate) to
green (chromium(III) ions), along with the formation of brownish bromine
liquid, which may produce fumes or a distinct smell.

Why is liquid bromine formed in this reaction, and
what are its safety considerations?

Liquid bromine is formed as bromide ions are oxidized to bromine molecules,
which are liquid at room temperature. Bromine is toxic and corrosive, so
proper safety measures, such as using gloves and working in a fume hood, are
essential.



How can this reaction be used as a qualitative test
for bromide ions?

The formation of bromine liquid with its characteristic brown color and
pungent smell indicates the presence of bromide ions when treated with
dichromate in acidic conditions, serving as a qualitative test.

What is the significance of the reaction in
analytical chemistry?

This redox reaction is useful for detecting and quantifying bromide ions in
samples, as the formation of bromine can be monitored spectrophotometrically
or visually.

Can the reaction between dichromate and bromide ions
be used to produce chromium(III) compounds?

Yes, the reduction of dichromate ions results in chromium(III) ions, which
can be isolated and used to synthesize various chromium(III) compounds for
industrial or research purposes.

What are the conditions required for the reaction
between dichromate and bromide ions to occur
effectively?

The reaction requires acidic conditions, typically provided by sulfuric acid,
and appropriate temperature control to ensure complete oxidation of bromide
ions and reduction of dichromate to chromium(III).

Additional Resources

Consider The Reaction Between Dichromate Ions And Bromide Ions To Give
Chromium (III) Ions And Liquid — this reaction exemplifies a classic redox
process fundamental to inorganic chemistry, illustrating how oxidizing and
reducing agents interact to produce new chemical species. Understanding this
reaction not only deepens our grasp of oxidation-reduction mechanisms but
also offers practical insights into analytical chemistry, industrial
processes, and environmental chemistry. In this comprehensive guide, we will
explore the detailed chemistry behind the reaction, the underlying
principles, step-by-step calculations, and real-world applications.

Introduction to Redox Reactions and Key Players

What Are Redox Reactions?



Redox reactions involve a transfer of electrons between substances, leading
to changes in their oxidation states. They are fundamental to many natural
and technological processes, including metabolism, corrosion, and chemical
manufacturing.

The Main Participants in Our Reaction

- Dichromate Ions (Cr207%2-): Strong oxidizing agents, often used in
titrations and cleaning agents.

- Bromide Ions (Br-): Typical reducing agents, present in various compounds
and often involved in halogen chemistry.

- Chromium (III) Ions (Cr3+): The reduced form of chromium in this reaction,
often forming aqueous complexes or precipitates.

- Liquid (Water): The solvent medium and sometimes a product, depending on
the reaction conditions.

The Chemical Equation and Its Significance
The Overall Reaction

In an aqueous solution, when dichromate ions react with bromide ions, the
products are chromium (III) ions and liquid (water). The balanced chemical
equation can be represented as:

\[ \mathrm{Cr 20 7~{2-} + 14\,H™+ + 6\,Br™- \rightarrow 2\,Cr~{3+} + 7\,H 20
+ 3\,Br 2} \]

Note: In some cases, the reaction may be written emphasizing the formation of
bromine (Brz) as a liquid product, which is significant in analytical and
industrial contexts.

Step-by-Step Breakdown of the Reaction
1. Identify Oxidation States

- Chromium in Cr2072-:

Let x be the oxidation state of Cr.

\( 2x + 7 \times (-2) = -2 \)

\( 2x - 14 = -2 \)

\( 2x = 12 \)

\( x =46 \)

Chromium is in the +6 oxidation state here.

- Bromide (Br-):
Oxidation state is -1.

- Chromium in Cr3~+:



Oxidation state is +3.

- Bromine in Brz:
Oxidation state is 0 (elemental form).

Conclusion:
Chromium is reduced from +6 to +3, while bromide is oxidized from -1 to 0.

2. Write the Oxidation and Reduction Half-Reactions

Oxidation (Bromide to Bromine):

\[ 2\,Br”- \rightarrow Br 2 + 2\,e"- \]

Reduction (Dichromate to Chromium III):

\[ Cr 20 7~{2-} + 14\ ,H™+ + 6\,e”- \rightarrow 2\,Cr~{3+} + 7\,H 20 \]
3. Balance Electrons and Combine

- The reduction consumes 6 electrons; oxidation releases 2 electrons per
bromide molecule.

- To balance electrons, multiply the oxidation half-reaction by 3:

\[ 6\,Br™~- \rightarrow 3\,Br 2 + 6\,e”- \]

- Now, combine with the reduction:

\[ Cr 20 7°{2-} + 14\ ,H™+ + 6\,e”- \rightarrow 2\,Cr*{3+} + 7\,H 20 \]
\[ 6\,Br™~- \rightarrow 3\,Br_2 + 6\,e”- \]

Combined overall reaction:

\[ Cr_ 20 7~{2-} + 14\ ,H™+ + 6\,Br™- \rightarrow 2\,Cr™{3+} + 7\,H 20 +
3\,Br_2 \]

Practical Aspects and Conditions of the Reaction

Acidic Medium

The presence of \( H*+ \) ions is essential for the reduction of dichromate.
Typically, sulfuric acid is used to provide an acidic environment—this is
common in laboratory titrations involving dichromate.

Liquid Product: Bromine (Br2)

Bromine formed is a liquid at room temperature, appearing as a reddish-brown



liquid with a pungent smell. It can be separated and characterized
analytically, making this reaction valuable for qualitative and quantitative
analysis.

Applications and Significance
1. Analytical Chemistry: Redox Titrations

This reaction forms the basis of the Dichromate-Bromide titration, a standard
method for determining the concentration of substances capable of being
oxidized.

2. Industrial Processes

- Bromine Production: Bromine is an important industrial chemical used in
flame retardants, disinfectants, and dyes.

- Chromium Recycling: Understanding the reduction of dichromate to chromium
(IIT) aids in waste management and recycling processes.

3. Environmental Chemistry

The reaction demonstrates how chromium compounds can be reduced or oxidized
in natural waters, impacting environmental toxicity and remediation
strategies.

Step-by-Step Laboratory Procedure
Materials Needed

- Potassium dichromate (\(K 2Cr 20 7\))
- Sodium bromide (\(NaBr\))

- Sulfuric acid (\(H 2SO0 4\))

- Distilled water

- Beakers, burettes, and pipettes

Procedure

1. Prepare an aqueous solution of potassium dichromate.

2. Add an excess of sodium bromide to the solution.

3. Acidify the mixture with sulfuric acid to ensure an acidic medium.

4. Observe the formation of bromine (liquid) — reddish-brown vapor or liquid
layer.

5. Confirm the presence of chromium (III) ions through precipitation or
spectroscopic methods.

Safety Precautions



- Bromine is toxic; handle with care in a well-ventilated hood.
- Potassium dichromate is carcinogenic; avoid skin contact and inhalation.
- Use gloves and eye protection throughout.

Quantitative Aspects: Calculations and Stoichiometry
Example Calculation

Suppose you have a 0.02 M solution of potassium dichromate, and you add an
excess of sodium bromide. How much bromine (in moles) would be produced?

Given:

- Concentration of \(K 2Cr 20 7\): 0.02 M
- Volume of solution: 100 mL (0.1 L)

Calculate moles of dichromate:

\[ \text{Moles of } Cr 20 77{2-} = 0.02\, \text{mol/L} \times 0.1\, \text{L}
= 2 \times 107{-3}\, \text{mol} \]

Moles of bromine produced:

From the balanced equation, 1 mol of \(Cr 20 77{2-}\) produces 3 mol of
\(Br 2\).

\[ \text{Moles of } Br 2 = 3 \times 2 \times 107{-3} = 6 \times 10"{-3}\,
\text{mol} \]

This calculation allows chemists to estimate the amount of bromine formed
during the reaction, which can be useful in process control or analysis.

Environmental and Safety Considerations

- Bromine is corrosive and toxic; appropriate disposal procedures are
essential.

- Chromium (VI) compounds are carcinogenic; waste must be treated to reduce
Cr(VI) to less harmful Cr(III) before disposal.

- Proper protective equipment and ventilation are mandatory.

Summary and Key Takeaways

- The reaction between dichromate ions and bromide ions is a classic example
of a redox process involving a strong oxidizer and reducing agent.
- It involves the reduction of chromium from +6 to +3 and oxidation of



bromide to bromine (liquid).

- The reaction is acid-dependent, requiring an acidic medium typically
provided by sulfuric acid.

- It has practical applications in analytical chemistry, manufacturing, and
environmental chemistry.

- Understanding the stoichiometry and balancing of this reaction is crucial
for quantitative analysis and industrial processes.

Final Thoughts

The chemistry of dichromate and bromide ions exemplifies the elegance of
redox reactions, showcasing how electron transfer leads to the formation of
new substances with significant utility. By mastering the detailed steps of
balancing, understanding reaction conditions, and recognizing applications,
chemists can harness this reaction for innovation, safety, and environmental
stewardship. Whether used in titrations or industrial synthesis, this
reaction continues to be a cornerstone in inorganic chemistry education and
practice.
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