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Kinetics of Potassium Permanganate Oxalic Acid Reaction: Understanding the Science
Behind the Color Change

kinetics of potassium permanganate oxalic acid reaction is a fascinating topic
that

bridges the gap between theoretical chemistry and practical observation. If you?ve ever
conducted a simple redox titration in a chemistry lab, chances are you?ve witnessed the
striking color change that occurs when potassium permanganate (KMnO4) reacts with
oxalic acid (H2C204). But beyond the colorful spectacle lies an intricate dance of
molecules governed by reaction rates, activation energy, and the in?uence of
environmental conditions. This article dives deep into the kinetics of this classic redox
reaction, exploring the factors that control its speed and the mechanisms underlying the
transformation.

Overview of the Reaction

At its core, the reaction between potassium permanganate and oxalic acid is a redox
(reduction-oxidation) process. Potassium permanganate, a strong oxidizing agent, reacts

with oxalic acid, which acts as a reducing agent. The balanced chemical equation in acidic
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medium is:

2 KMnO4 + 5 H2C204 + 6 H2S04 ? 2 MnS0O4 + 10 CO2 + 8 H20 + K2S04

Here, the purple permanganate ions (MnO4?) are reduced to nearly colorless

manganese(ll) ions (Mn2?), while oxalic acid is oxidized to carbon dioxide (CO2). The

disappearance of the purple color serves as a natural indicator of the reaction?s progress,

making it a popular choice for kinetic studies.

Fundamentals of Reaction Kinetics

Before delving into the speci?c kinetics of the potassium permanganate-oxalic acid

system, it?s helpful to recap some fundamental concepts in chemical kinetics.

What Is Reaction Kinetics?

Reaction kinetics is the branch of chemistry that studies the speed or rate at which

chemical reactions occur. This ?eld examines how di?erent factors?such as

concentration, temperature, catalysts, and surface area?in?uence the transformation of

reactants into products over time.

Rate Laws and Order of Reaction

For the potassium permanganate-oxalic acid reaction, the rate law expresses how the

reaction rate depends on the concentrations of the reactants:

Rate = k [KMnO4]"m [Oxalic Acid]*n

Here, k is the rate constant, and m and n represent the reaction orders with respect to

potassium permanganate and oxalic acid, respectively. Determining these orders requires

careful experimental measurements, often involving monitoring the change in absorbance
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of KMnO4 at a speci?c wavelength using spectrophotometry.

Mechanism of the Potassium Permanganate and Oxalic Acid

Reaction

The kinetics of potassium permanganate oxalic acid reaction are not straightforward
because the process involves multiple steps, including electron transfer and intermediate
formation.

Slow Initial Step Due to Activation Energy

Interestingly, the reaction doesn?t proceed rapidly at room temperature in the absence of
heating. This sluggishness is because the direct electron transfer between permanganate
and oxalic acid has a high activation energy barrier. Heating the reaction mixture
increases the kinetic energy of molecules, overcoming this barrier and accelerating the
reaction.

Stepwise Electron Transfer

The generally accepted mechanism involves the stepwise reduction of MNO4? ions.
Initially, permanganate ions oxidize the oxalic acid molecules, producing Mn3?
intermediates before ?nally reducing to Mn2?. Each electron transfer step contributes to
the overall reaction rate and in?uences the observed kinetics.

Factors In?uencing the Kinetics of the Reaction

Understanding what a?ects the speed of the potassium permanganate and oxalic acid

reaction can provide insights into both controlling the reaction in practical applications
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and designing better experiments.

Concentration E?ects

Increasing the concentration of either potassium permanganate or oxalic acid typically
increases the rate of reaction. However, the relationship is not always linear. For example,
at very high concentrations of oxalic acid, the rate may plateau due to saturation e?ects
or changes in reaction mechanism.

Temperature Dependence

Temperature has a profound impact on the reaction kinetics. According to the Arrhenius
equation, the rate constant k increases exponentially with temperature. This is why
heating the reaction mixture is a common method to speed up the reaction during kinetic
experiments.

Acidity (Presence of Sulfuric Acid)

The reaction requires an acidic environment to proceed e?ciently. Sulfuric acid not only
provides the necessary protons but also stabilizes intermediate species. Without su?cient
acidity, the reaction rate drops signi?cantly, and side reactions may occur.

E?ect of Catalysts and lonic Strength

While the reaction is often studied without catalysts, certain metal ions or changes in ionic
strength can in?uence the rate. These e?ects are generally attributed to changes in the
stability of intermediates or the overall reaction pathway.

Experimental Approaches to Study the Kinetics

Studying the kinetics of potassium permanganate oxalic acid reaction involves monitoring
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how the concentration of reactants or products changes over time. Several methods are
commonly employed.

Spectrophotometric Monitoring

Since potassium permanganate has a distinctive purple color with a strong absorbance
peak around 525 nm, spectrophotometry is an excellent technique to follow the reaction
progress. By measuring the decrease in absorbance over time, researchers can calculate
reaction rates and deduce kinetic parameters.

Initial Rate Method

This technique involves measuring the initial rate of reaction immediately after mixing the
reactants, minimizing complications from reverse reactions or secondary processes. By
varying the concentrations of KMnO4 and oxalic acid independently, the reaction orders m
and n can be determined.

Temperature Variation Studies

Carrying out the reaction at di?erent temperatures allows for the calculation of activation
energy using the Arrhenius plot (In k versus 1/T). This gives valuable insight into the
energy barrier the reaction must overcome.

Practical Applications and Importance

Understanding the kinetics of the potassium permanganate and oxalic acid reaction is not
merely an academic exercise?it has practical implications in various ?elds.

Analytical Chemistry and Titrations
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Potassium permanganate titrations are widely used to determine the concentration of
reducing agents like oxalic acid in solutions. Accurate kinetic understanding ensures
precise timing and endpoint detection, improving the reliability of analyses.

Teaching and Demonstrations

The visually striking color change and clear kinetic behavior make this reaction a favorite
in educational settings to demonstrate concepts such as reaction rates, order, and
activation energy.

Environmental Chemistry

Permanganate oxidation reactions are employed in environmental remediation to degrade
organic pollutants. Insights from the kinetics of similar reactions can guide e?ective
treatment processes.

Tips for Conducting Kinetic Experiments with KMnO4 and Oxalic

Acid

For anyone interested in exploring the kinetics of this reaction hands-on, here are some
helpful pointers:

Control Temperature Precisely: Use a water bath to maintain constant

temperature and ensure reproducible results.

Use Fresh Solutions: Both KMnO4 and oxalic acid solutions should be freshly

prepared to avoid decomposition or contamination.
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Measure Absorbance Quickly: The reaction can speed up rapidly, especially at
3.

higher temperatures, so timely measurements are crucial.

Maintain Acidic Conditions: Always add sulfuric acid to provide the necessary
4.

acidic medium for the reaction.

Calibrate Spectrophotometer: Ensure the instrument is correctly zeroed and

5.

calibrated to obtain accurate absorbance readings.

By following these guidelines, one can obtain reliable data to analyze the intricate kinetics

of this classic redox reaction.

The kinetics of potassium permanganate oxalic acid reaction beautifully illustrate how

chemical transformations are in?uenced by molecular interactions, environment, and

energy barriers. Delving into this topic not only sharpens one?s understanding of reaction

rates but also reveals the elegance underlying seemingly simple laboratory observations.
Whether you?re a student, educator, or researcher, appreciating these kinetics enriches

your grasp of redox chemistry and its practical applications.

Question

Answer

What is the overall reaction
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between potassium

permanganate and oxalic acid?

The reaction between potassium permanganate

(KMnO4) and oxalic acid (H2C204) in acidic medium

produces manganese(ll) ions, carbon dioxide, and

water. The balanced equation is: 2 KMnO4 + 5

H2C204 + 3 H2S04 ? K2S04 + 2 MnS0O4 + 10 CO2 +

8 H20.

Why is the reaction between

potassium permanganate and

oxalic acid considered a redox

reaction?

It is a redox reaction because potassium

permanganate acts as an oxidizing agent and gets

reduced from Mn(VIl) to Mn(ll), while oxalic acid is

oxidized to carbon dioxide.

How does temperature a?ect

the kinetics of the potassium

permanganate and oxalic acid

reaction?

Increasing the temperature increases the reaction

Vol. 2021, Issue 2
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rate by providing more energy to the reactant

molecules, leading to more frequent and energetic

collisions, which accelerates the redox reaction.

What is the order of reaction

with respect to potassium

permanganate in its reaction

with oxalic acid?

The reaction is typically ?rst order with respect to

potassium permanganate, meaning the rate of

reaction is directly proportional to the concentration

of KMnOA4.

How can the rate constant for

the potassium permanganate

and oxalic acid reaction be

determined experimentally?

The rate constant can be determined by measuring

the change in concentration of potassium

permanganate over time using titration or

spectrophotometry, and analyzing the data using

integrated rate laws to ?nd the rate constant at a

Vol. 2021, Issue 2



Kinetics of potassium permanganate oxalic acid Latest Edition Vol. 2021, Issue 2

given temperature.

What role does sulfuric acid play

in the kinetics of the potassium

permanganate and oxalic acid

reaction?

Sulfuric acid provides the acidic medium necessary
for the reaction to proceed and can a?ect the
reaction rate; su?cient acidity is required for the
reduction of permanganate ions and the overall
reaction kinetics.

**Kinetics of Potassium Permanganate Oxalic Acid Reaction: An In-Depth Exploration**

kinetics of potassium permanganate oxalic acid reaction form a classic
example in

chemical kinetics, widely studied for understanding redox processes, reaction
mechanisms, and rate laws. This reaction, involving the oxidation of oxalic acid by
potassium permanganate in acidic medium, not only serves pedagogical purposes but
also ?nds relevance in analytical chemistry and environmental studies. The detailed
investigation of this reaction?s kinetics unveils insights into the factors in?uencing rate,
the complex stepwise mechanism, and the practical applications derived from these
fundamental principles.

Fundamentals of the Potassium Permanganate and Oxalic Acid
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Reaction

Potassium permanganate (KMnQO?) is a strong oxidizing agent, characterized by the deep
purple color of the permanganate ion (MnO?7?). When introduced into an acidic solution
containing oxalic acid (H?C?0?), a color change from purple to nearly colorless occurs as
permanganate ions are reduced to manganese(ll) ions (Mn2?), and oxalic acid is oxidized
to carbon dioxide (CO?).

The overall balanced redox reaction can be represented as:

$3$ 2 \text{MnO}_47- + 5 \text{C} 2\text{O} 47{2-} + 16 \text{H}"+ \rightarrow 2
\text{Mn}2+} + 10 \text{CO}_2 + 8 \text{H} 2\text{O} $$

This reaction is highly dependent on acidic conditions, typically maintained by sulfuric
acid, ensuring the availability of protons to facilitate the electron transfer processes.
Kinetic Characteristics and Rate Determination

The kinetics of potassium permanganate oxalic acid reaction are characterized by a
measurable change in permanganate concentration, which can be monitored
spectrophotometrically due to the distinct absorbance of MnO?? at around 525 nm. This
allows continuous observation of reaction rates under varying experimental parameters.
Order of Reaction

Extensive studies reveal that the reaction exhibits complex kinetics, often described by a
rate law that is ?rst order with respect to permanganate ion and fractional order with
respect to oxalic acid concentration. The general rate expression is:

$3$ \text{Rate} = k \text{MnO} 4"-]"m [\text{C} 2\text{O} 4™2-}]"n
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[\text{H}+]"p $$

Where:

\( m\approx 1\) (order with respect to permanganate),

\( n\) varies between 1 and fractional values depending on conditions,

\( p ) is positive, indicating a proton-dependent mechanism.

The fractional order with respect to oxalic acid arises from the complex formation and
intermediate steps in the reaction.

E?ect of Reaction Conditions

Several parameters in?uence the kinetics:

Acidity: Increasing sulfuric acid concentration enhances the reaction rate by

providing protons necessary for the redox process.

Temperature: Higher temperatures increase the rate constant \( k \), consistent
2.

with Arrhenius behavior, allowing calculation of activation energy.

Concentration: Varying concentrations of reactants impact the initial rate;

3.

however, high oxalic acid concentrations may lead to deviations due to intermediate

complex formations.

Stirring and Mixing: Due to the heterogeneous nature of some reaction steps,
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adequate mixing ensures uniform concentration and accurate kinetic

measurements.

Mechanistic Insights into the Reaction Pathway

The reaction between potassium permanganate and oxalic acid follows a multi-step
mechanism involving intermediate species. The overall process is not a simple single-step
electron transfer but encompasses several elementary reactions.

Formation of a Mn(VIl)-Oxalate Complex

One of the key features in the kinetic mechanism is the transient formation of a complex
between MnO?? and oxalate ions. This complex formation is crucial in modulating the
e?ective concentration of reactive species and contributes to the fractional reaction order
observed experimentally.

Electron Transfer Steps

The reduction of permanganate to Mn2? proceeds via a series of electron transfers, with
oxalate ions acting as electron donors. CO? is generated as the end product of oxalic acid
oxidation, and its release can in?uence reaction kinetics by shifting equilibrium states.
Rate-Determining Step

Kinetic analyses suggest that the slowest step in the mechanism is the initial electron
transfer within the Mn(VIl)-oxalate complex. This step governs the overall reaction rate
and is sensitive to pH and ionic strength of the solution.

Comparative Kinetic Studies and Analytical Applications
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The potassium permanganate-oxalic acid reaction serves as a benchmark for kinetic
modeling in redox chemistry. Comparing this reaction with other permanganate
oxidations, such as those involving ethanol or hydrogen peroxide, reveals the unique role
of organic acid structure and reaction environment on kinetics.

Analytical Chemistry and Titration

In analytical laboratories, the reaction is exploited for redox titrations due to the distinct
color change from purple to colorless, acting as an endpoint indicator. Understanding the
kinetics helps optimize titration conditions, minimizing reaction time and ensuring
accurate stoichiometric determinations.
Environmental and Industrial Relevance

The reaction kinetics also have implications in environmental chemistry, where
permanganate is used for the oxidative degradation of organic contaminants. Insights
from the oxalic acid system inform the treatment of wastewater and soil remediation
strategies, where reaction rates dictate process e?ciency.

Pros and Cons of Studying This Reaction's Kinetics

Pros:

Clear spectrophotometric signals allow precise kinetic measurements.

Well-characterized mechanism facilitates theoretical modeling.
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Educational value in demonstrating redox kinetics and rate laws.
3.

cons:

Complex intermediate steps complicate simple kinetic interpretations.

Dependence on acidic conditions may limit applicability in neutral or basic

media.

Gas evolution (CO?) can introduce experimental challenges such as bubble

formation a?ecting absorbance readings.

Advanced Kinetic Modeling and Modern Techniques

Recent advances in spectroscopic techniques and computational chemistry have allowed
deeper exploration of the kinetics of potassium permanganate oxalic acid reaction. Time-
resolved UV-Vis spectroscopy, stopped-?ow methods, and in situ monitoring provide real-
time data on intermediate species and transient complexes.

Additionally, quantum chemical calculations and molecular simulations help elucidate
electron transfer pathways and activation parameters, contributing to re?ned mechanistic

models that account for solvent e?ects and ionic interactions.
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Implications for Teaching and Research

The continuing study of this reaction?s kinetics enriches academic curricula in physical
chemistry, providing a practical example of how experimental data and theoretical models
converge. For researchers, it remains a reference point to develop novel catalytic systems
and redox-based sensors.

The kinetics of potassium permanganate oxalic acid reaction, therefore, encompass a rich
tapestry of chemical phenomena, demonstrating how fundamental research informs
applied sciences. By investigating its mechanism, rate laws, and in?uencing factors,
chemists gain a nuanced understanding of redox kinetics that transcends this speci?c
system and informs broader chemical knowledge.

reaction rate, redox reaction, potassium permanganate, oxalic acid, rate constant,
activation energy, reaction mechanism, concentration e?ect, temperature dependence,

reaction order

reaction between oxalic oxalate and potassium

Reaction Between Oxalic Oxalate And Potassium

Permanganate

Reaction Between Oxalic Oxalate and Potassium Permanganate: A Detailed Exploration

reaction between oxalic oxalate and potassium permanganate is a classic
example
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of a redox reaction frequently studied in chemistry due to its clear visual cues and
signi?cant practical applications. This chemical interaction o?ers fascinating insights into
oxidation-reduction processes, reaction kinetics, and titration methods, making it an
essential topic for students, researchers, and enthusiasts alike.

Understanding the dynamics of this reaction not only deepens one?s grasp of fundamental
chemistry principles but also demonstrates how substances can transform through
electron transfer. Let?s dive into the details and unravel the science behind the reaction
between oxalic oxalate and potassium permanganate.

What Happens in the Reaction Between Oxalic Oxalate and

Potassium Permanganate?

At its core, the reaction between oxalic oxalate (more commonly referred to as oxalic acid
or its salts such as sodium oxalate) and potassium permanganate is a redox process.
Potassium permanganate (KMnO4) is a powerful oxidizing agent, while oxalic acid
(H2C204) or oxalate ions (C204"2-) act as reducing agents.

When these two reactants come into contact, the purple color of potassium permanganate
gradually fades to colorless or pale pink, signaling the reduction of permanganate ions
(MnO47-) to manganese ions (Mn"2+). Simultaneously, the oxalate ions are oxidized to
carbon dioxide (CO2).

This reaction is often conducted in acidic conditions, typically with sulfuric acid (H2S04),
to maintain the proper environment for the redox process. The overall chemical equation

for the reaction can be written as:
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\[ 2MnO_4"- + 5C_20_47{2-} + 16H"+ \rightarrow 2Mn”{2+} + 10CO_2 + 8H_20\]
Here, permanganate ions are reduced, and oxalate ions are oxidized, illustrating a classic
electron exchange.

Why Is This Reaction Important?

The interaction between oxalic acid and potassium permanganate is not just a textbook
example; it has practical signi?cance:

**Analytical Chemistry:** This reaction forms the basis of redox titrations to

determine oxalate or permanganate concentrations.

**Kinetics Studies:** It is widely used to explore reaction rates and mechanisms
because the color change is easy to observe and measure.

**Educational Tool:** The vivid color transition helps students visualize oxidation

and reduction in real time.

Mechanism of the Reaction Between Oxalic Oxalate and

Potassium Permanganate

Understanding the mechanism can clarify why the reaction proceeds as it does and why
certain conditions are necessary.

Step 1: Acidic Medium Requirement

The presence of an acidic environment, usually sulfuric acid, is crucial. Acidic conditions
supply the necessary protons (H"+) to facilitate the electron transfer process. Without

acid, permanganate might not reduce fully to Mn"2+, and the reaction could yield
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di?erent manganese oxides.

Step 2: Electron Transfer and Oxidation States

Potassium permanganate contains manganese in the +7 oxidation state. During the
reaction, it gains electrons (is reduced) to manganese in the +2 oxidation state.
Conversely, oxalate ions lose electrons (are oxidized) to produce carbon dioxide.
**Reduction half-reaction:**

\[

MnO_4"- + 8HM + 5e”- \rightarrow Mn*2+} + 4H_20

\

**Qxidation half-reaction:**

\[

C_20_4nN2-} \rightarrow 2CO_2 + 2eN-

\

Balancing the electrons exchanged leads to the overall reaction described earlier.
Step 3: Visual and Practical Indicators

One of the most striking features of this reaction is the color change. Potassium
permanganate?s deep purple color fades as it is reduced, making it easy to track the
reaction?s progress visually. This property is why it serves as a standard oxidizing agent in
volumetric analysis.

Applications of the Reaction Between Oxalic Oxalate and

Potassium Permanganate
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This reaction isn?t just a laboratory curiosity; it ?nds real-world uses in various ?elds.
Redox Titration in Analytical Chemistry

Because of the distinct color change and well-known stoichiometry, potassium
permanganate is often used in titrations to quantify oxalate ion concentration in samples.
This is particularly valuable in water analysis, food chemistry, and even in measuring
vitamin C content in biological samples.

During titration:

A known concentration of KMnO4 is added to the oxalate solution.

The endpoint is reached when the purple color of permanganate persists, indicating

all oxalate has been oxidized.

This allows precise determination of oxalate concentration.

Studying Reaction Kinetics

The reaction rate between oxalic oxalate and potassium permanganate depends on
several factors:

Temperature

Concentration of reactants

Acid concentration

By observing how the reaction speed changes under di?erent conditions, chemists gain
insights into reaction mechanisms and the energy barriers involved.

Environmental and Industrial Relevance



Kinetics of potassium permanganate oxalic acid Latest Edition Vol. 2021, Issue 2

Oxalic acid is present in natural substances like plants and can contribute to scaling in
industrial equipment. Understanding how it reacts with oxidizers like potassium
permanganate can aid in developing water treatment methods or preventing corrosion.
Tips for Conducting the Reaction Safely and E?ectively

If you?re planning to experiment with the reaction between oxalic oxalate and potassium
permanganate, here are some helpful pointers:

Use dilute sulfuric acid: Concentrated acids can cause unwanted side reactions

and are hazardous.

Control solution concentrations: Too concentrated solutions can lead to rapid

2.

reaction rates, making observation di?cult.

Stir gently: To ensure uniform mixing without splashing or spillage.

3.

Wear protective equipment: Gloves, goggles, and lab coats are essential since
4,

KMnO4 is a strong oxidizer and can stain skin and surfaces.

Dispose of waste properly: Manganese(ll) ions and leftover reagents should be
5.

neutralized or disposed of according to local regulations.

Common Misconceptions About the Reaction
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Despite being a staple topic, some misunderstandings persist regarding this redox
reaction.

Oxalic Oxalate vs. Oxalic Acid

Sometimes, the term ?oxalic oxalate? can be confusing. Most references actually involve
oxalic acid or its salts (like sodium oxalate or potassium oxalate). The chemistry is similar
because they all supply oxalate ions (C204"2-) in solution.

E?ect of pH on Reaction Outcomes

People often overlook the importance of the acidic medium. In neutral or basic conditions,
potassium permanganate tends to form manganese dioxide (MnO2), a brown precipitate,
rather than the clear Mn”2+ ion. This changes the color outcome and complicates the
reaction.

Exploring the Reaction Rate: Factors A?ecting the Speed

The reaction between oxalic oxalate and potassium permanganate is not instantaneous;
its rate can be in?uenced by several parameters.

Temperature In?uence

Increasing temperature generally speeds up the reaction. This is because molecules move
faster, increasing collision frequency and energy. However, too high a temperature might
cause side reactions or decomposition.

Concentration E?ects

Higher concentrations of either KMnO4 or oxalate ions accelerate the reaction by



Kinetics of potassium permanganate oxalic acid Latest Edition Vol. 2021, Issue 2

increasing the number of reactive collisions. Dilute solutions slow down the process,
making it easier to observe gradual changes.

Role of Acid Concentration

As mentioned earlier, su?cient H*+ ions are necessary for the reaction to proceed
smoothly. An optimal acid concentration ensures full reduction of permanganate to
Mn”2+. Too little acid results in incomplete reactions, while too much might cause other
side e?ects.

Visualizing the Reaction: Color Changes and Indicators

One of the most captivating elements of this reaction is its color transformation. Initially,
the solution is a vivid purple due to KMnO4. As the reaction progresses:

The purple color fades to colorless or pale pink as MnO4”- ions are reduced.

Carbon dioxide gas bubbles may form, especially if the reaction is vigorous.

This clear visual feedback makes the reaction ideal for educational demonstrations and
analytical procedures.

Using Starch as an Indicator?

Unlike some redox titrations, the reaction between oxalic acid and potassium
permanganate does not require an external indicator like starch. The self-indicating
nature of KMnO4?s color change simpli?es the process.

Environmental Considerations and Safety

Both oxalic acid and potassium permanganate have speci?c safety and environmental

pro?les worth noting:
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Oxalic acid: Naturally occurring but toxic in high doses; can cause irritation
and

kidney damage if ingested in large amounts.

Potassium permanganate: Strong oxidizer; can cause burns and stains; harmful
if

swallowed or inhaled in powder form.

When performing the reaction or handling these chemicals:

Always work in a well-ventilated space.

Use appropriate personal protective equipment.

Store chemicals securely to prevent accidental exposure.

Dispose of reaction mixtures responsibly to avoid environmental contamination.

The reaction itself produces carbon dioxide, a greenhouse gas, but the quantities involved
in typical lab settings are minimal.

Whether you're a student learning redox chemistry for the ?rst time or a seasoned
chemist applying this reaction in analytical contexts, the reaction between oxalic oxalate
and potassium permanganate o?ers a vivid and instructive example of fundamental
chemical principles in action. Its balance of simplicity, visual appeal, and practical utility
makes it a cornerstone of chemical education and practice.

Question
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Answer

What is the chemical reaction

between oxalic acid and

potassium permanganate?

The reaction between oxalic acid (H2C204) and
potassium permanganate (KMnO4) in acidic medium
is a redox reaction where oxalic acid is oxidized to
carbon dioxide and permanganate ion is reduced to
manganese(ll) ion. The balanced equation is:
2MnO47- + 5C204M2-} + 16H"N+ ? 2Mn™M2+} +
10CO2 + 8H20.

What is the color change

observed during the reaction

between oxalic acid and

potassium permanganate?

During the reaction, the purple color of the
potassium permanganate solution fades and
eventually becomes colorless or pale pink due to
the reduction of MnO4”- to Mn™{2+} ions.

Why is sulfuric acid added in the

reaction between oxalic acid and

Vol. 2021, Issue 2
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potassium permanganate?

Sulfuric acid provides the acidic medium necessary

for the redox reaction to proceed e?ciently. It

supplies H™+ ions that help in the reduction of

permanganate ions to manganese(ll) ions.

How can the reaction between

oxalic acid and potassium

permanganate be used in

titration?

This reaction is commonly used in redox titrations to

determine the concentration of oxalic acid or

potassium permanganate. The end point is

indicated by the persistent pink color of potassium

permanganate as it is added to the oxalic acid

solution.

What is the role of oxalic acid in

the reaction with potassium

permanganate?

Oxalic acid acts as a reducing agent, donating

electrons and being oxidized to carbon dioxide,

Vol. 2021, Issue 2
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while potassium permanganate acts as an oxidizing

agent.

At what temperature should the

reaction between oxalic acid and

potassium permanganate be

carried out during titration?

The titration is typically carried out at a

temperature around 60°C to 70°C because the

reaction rate is slow at room temperature. Heating

speeds up the reaction without decomposing the

reactants.

What are the products formed in

the reaction between oxalate ion

and permanganate ion?

The reaction produces manganese(ll) ions

(Mn~{2+}), carbon dioxide (CO2), and water (H20)

as the main products.

How does the stoichiometry of

the reaction between oxalate and

permanganate ions a?ect the

titration calculations?

Vol. 2021, Issue 2
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The stoichiometric ratio of permanganate ions to

oxalate ions is 2:5, which must be used to calculate

the concentration of one reactant from the volume

and concentration of the other during titration.

Reaction Between Oxalic Oxalate and Potassium Permanganate: A Detailed Analysis

reaction between oxalic oxalate and potassium permanganate represents a
classic

example of a redox reaction widely studied in analytical chemistry and educational
laboratories. This reaction has garnered attention for its clear visual changes, its utility in
guantitative analysis, and the insight it provides into oxidation-reduction processes.
Understanding the underlying mechanisms, kinetics, and practical applications of this
reaction is essential for chemists and students alike.

The Chemical Basis of the Reaction

At its core, the reaction between oxalic oxalate (more accurately, oxalic acid or its salt
forms such as sodium or potassium oxalate) and potassium permanganate (KMnO4) is a
redox reaction where permanganate ion acts as a powerful oxidizing agent. Oxalic acid
(H2C204) serves as the reducing agent and undergoes oxidation to carbon dioxide (CO2),
while the permanganate ion (MnO4”-) is reduced to manganese dioxide (MnO2) or
manganese ion (Mn”~2+), depending on the reaction medium.

In acidic conditions, the reaction proceeds as follows:

\[5H_2C 20 4+ 2KMnO_4+6H_2SO_4 \rightarrow 10 CO_2 + 2 MnSO_4 + K _2S0O_4 +
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8H_201]

Here, oxalic acid is oxidized to carbon dioxide, and the purple permanganate ion is
reduced to the nearly colorless manganese(ll) ion, resulting in a distinct color change that
is often used for titrations.

Reaction Mechanism and Stoichiometry

The mechanism involves the transfer of electrons from the oxalate ion (C204/2-) to the
permanganate ion. Each oxalate ion donates two electrons, being converted into two
molecules of CO2, while each permanganate ion gains ?ve electrons to become Mn”2+.
The process is generally slow at room temperature but accelerates in acidic media,
highlighting the in?uence of pH on the kinetics.

Stoichiometrically, the balanced redox equation in acidic medium is:

\[ 5 C_20_4M2-} + 2 MnO_4"- + 16 H"+ \rightarrow 10 CO_2 + 2 Mn™2+} + 8 H_20\]
This relationship is crucial for quantitative titrations used in determining the concentration
of oxalate or permanganate in solution.

Kinetics and Factors A?ecting the Reaction

The reaction between oxalic acid and potassium permanganate is often used as a model
to study reaction kinetics because the color change can be easily monitored
spectrophotometrically. Several factors in?uence the rate, including temperature, acidity,
concentration of reactants, and presence of catalysts.

Temperature Dependence
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Increasing temperature generally accelerates the reaction rate. Experimental data
indicate that at temperatures above 60°C, the reaction becomes signi?cantly faster,
allowing for more rapid titrations and kinetic studies. The activation energy for this redox
process can be calculated using Arrhenius plots derived from reaction rate data at varying
temperatures.

In?uence of Acid Concentration

Acidity is pivotal, as the reduction of permanganate to Mn"2+ requires protons. Sulfuric
acid is the acid of choice, as it does not interfere with the redox process. Insu?cient
acidity results in incomplete reduction, often leading to the formation of manganese
dioxide (MnO2) precipitate, which complicates the reaction and titration.
Concentration E?ects and Reaction Rate

Both the concentration of oxalic acid and potassium permanganate in?uence the reaction
kinetics. The rate is directly proportional to the concentration of oxalate ions and
permanganate ions under pseudo-?rst-order conditions. This proportionality allows the
use of initial rate methods to study the reaction order and mechanism.

Practical Applications in Analytical Chemistry

The reaction between oxalic oxalate and potassium permanganate serves as a
cornerstone in volumetric analysis (redox titration), providing a reliable means of
determining the concentration of oxalic acid or permanganate in a solution.

Redox Titration Methodology

In a typical titration, a known volume of oxalic acid is titrated against standard potassium



Kinetics of potassium permanganate oxalic acid Latest Edition Vol. 2021, Issue 2

permanganate solution in acidic medium. The endpoint is indicated by the persistence of
the pink color of permanganate, signifying that all oxalic acid has been oxidized.
Key procedural notes include:

Maintaining the reaction temperature slightly elevated (typically 60°C) to speed up

the reaction.

Using dilute sulfuric acid to maintain the acidic environment without introducing

interfering ions.

Careful addition of titrant near the endpoint to avoid overshooting.
3.

Advantages and Limitations

The advantages of using this redox pair include:

Clear visual endpoint due to the distinct purple color of permanganate.

High accuracy and reproducibility in determining oxalate concentration.

Non-requirement of an external indicator, as permanganate acts as its own

indicator.
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However, limitations arise from:

Slowness of the reaction at room temperature, requiring heating.

Potential interference from other reducing agents present in the sample.

Formation of precipitates if acidity is insu?cient.

3.

Comparative Analysis with Other Redox Systems

When compared to other redox reactions involving permanganate, such as those with
iron(ll) or oxalate derivatives, the reaction with oxalic acid is unique due to its dual role as
both a reducing agent and a source of gaseous CO2 as a product, which can in?uence
reaction dynamics.

For example, iron(ll) titrations with potassium permanganate proceed rapidly at room
temperature without heating, contrasting with the oxalic acid system. This di?erence is
attributed to the more complex electron transfer steps and intermediate species in the
oxalate system.

Environmental and Industrial Relevance

Beyond laboratory applications, the reaction is relevant in environmental chemistry,
particularly in the oxidation of organic contaminants. Potassium permanganate is used as
a remediation agent, and understanding its interaction with organic acids like oxalate

enhances the design of treatment processes.
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Industrially, the redox properties of permanganate and its interaction with organic
substrates underpin processes in synthesis and wastewater treatment, where controlled
oxidation is desired.

Safety and Handling Considerations

Both oxalic acid and potassium permanganate require careful handling. Oxalic acid is
toxic and can cause skin irritation, while potassium permanganate is a strong oxidizer and
can cause burns or ignite combustible materials upon contact.

Laboratory protocols emphasize:

Use of personal protective equipment (gloves, goggles, lab coats).

Proper storage away from incompatible substances.

Careful measurement and disposal of reaction wastes in accordance with

3.

environmental regulations.

Awareness of these safety considerations is crucial to prevent accidents during the
demonstration or application of the reaction between oxalic oxalate and potassium
permanganate.

The reaction between oxalic acid and potassium permanganate remains a fundamental

example in redox chemistry, combining clear visual cues with practical utility. Its study
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continues to provide insights into reaction kinetics, mechanism, and analytical techniques,
con?rming its enduring importance in both educational and applied chemical contexts.
oxidation-reduction, redox reaction, potassium permanganate titration, oxalic acid,
manganate ion, permanganate ion, reaction kinetics, color change, analytical chemistry,

reducing agent

Read the full article online: REACTION BETWEEN OXALIC OXALATE AND POTASSIUM



https://managedisa.svssecurities.com/report/uCKMETIHZJHN/ReactionBetweenOxalicOxalateAndPotassium

