
Two Students Conducted An Experiment,
Where They Mixed 6 Ml Of 0.002m
Fe(no3)3 With 3 Ml Of 0.050 M Hno3.
Two Students Conducted An Experiment, Where They Mixed 6 Ml Of 0.002m
Fe(NO₃)₃ With 3 Ml Of 0.050 M HNO₃.

This experiment provides valuable insights into chemical reactions involving iron(III) nitrate
and nitric acid, highlighting concepts of molarity, solution mixing, and reaction
mechanisms. By carefully analyzing the process, the students aimed to observe the
interactions between the iron(III) ions and the acid, potentially leading to precipitate
formation, color change, or other observable phenomena. Understanding this experiment
requires a thorough comprehension of molar concentrations, dilution principles, and
chemical reactivity.

Understanding the Reactants and Their
Properties

Iron(III) Nitrate (Fe(NO₃)₃)

Iron(III) nitrate is an inorganic salt composed of iron in the +3 oxidation state and nitrate
ions. It is typically used in various chemical reactions, including as a precursor for other iron
compounds, in laboratory preparations, and in industrial processes. Its properties relevant
to this experiment include:

Solubility: Highly soluble in water, dissociating into Fe³⁺ and NO₃⁻ ions

Color: Usually appears as a yellowish solution due to the Fe³⁺ ions

Reactivity: Fe³⁺ can undergo various reactions, including hydrolysis and reduction
under specific conditions

Nitric Acid (HNO₃)

Nitric acid is a strong acid and oxidizing agent, commonly used in laboratory and industrial
applications. In this experiment:



Concentration: 0.050 M (molarity)

Role: Acts as a proton donor and potentially influences the oxidation state of iron or
causes dissolution effects

Reactivity: Can lead to complex formation with metal ions or promote oxidation-
reduction reactions

Calculating the Moles of Reactants

Before analyzing the interaction, it is crucial to determine the number of moles of each
reactant involved.

Fe(NO₃)₃ Solution

Given data:
- Volume = 6 mL = 0.006 L
- Molarity = 0.002 M

Calculation:
\[
\text{Moles of Fe(NO}_3)_3 = \text{Molarity} \times \text{Volume} = 0.002\, \text{mol/L}
\times 0.006\, \text{L} = 1.2 \times 10^{-5}\, \text{mol}
\]

HNO₃ Solution

Given data:
- Volume = 3 mL = 0.003 L
- Molarity = 0.050 M

Calculation:
\[
\text{Moles of HNO}_3 = 0.050\, \text{mol/L} \times 0.003\, \text{L} = 1.5 \times
10^{-4}\, \text{mol}
\]

Analyzing the Possible Reactions

This step involves hypothesizing what reactions may occur when these solutions are mixed,
based on their chemical properties.



Potential Acid-Base Reactions

Since Fe(NO₃)₃ is a salt and HNO₃ is a strong acid, their mixture could lead to:

Protonation of water molecules, increasing the acidity of the solution

Possible hydrolysis of Fe³⁺ ions, leading to iron hydroxide formation under certain
conditions

Redox Reactions

Given that nitric acid is an oxidizing agent, and Fe³⁺ is already in a high oxidation state, the
likelihood of reduction is minimal. However, under certain conditions, other redox processes
could occur if reducing agents are present, but they are not in this experiment.

Precipitation Reactions

Iron(III) hydroxide, Fe(OH)₃, is insoluble in water and can precipitate if the solution's pH is
increased. The presence of nitric acid tends to keep iron in solution by suppressing
hydrolysis. But if the acid concentration is reduced or if the pH shifts, Fe(OH)₃ could form.

Estimating Changes in Solution Composition

By understanding the initial concentrations and volumes, students can predict whether the
conditions favor precipitation or other reactions.

Calculating Final Concentrations After Mixing

Total volume after mixing:
\[
6\, \text{mL} + 3\, \text{mL} = 9\, \text{mL} = 0.009\, \text{L}
\]

Final molarity of Fe(NO₃)₃:
\[
\frac{1.2 \times 10^{-5}\, \text{mol}}{0.009\, \text{L}} \approx 1.33 \times 10^{-3}\,
\text{M}
\]

Final molarity of HNO₃:



\[
\frac{1.5 \times 10^{-4}\, \text{mol}}{0.009\, \text{L}} \approx 0.0167\, \text{M}
\]

This indicates that after mixing, the solution contains a lower concentration of both
reactants but remains acidic.

Expected Observations and Experimental
Outcomes

Based on the chemical principles, several outcomes are possible.

Color Changes and Precipitation

- The initial yellowish color of Fe(NO₃)₃ may persist unless a reaction occurs.
- If the pH increases (which is unlikely here given the acid presence), Fe(OH)₃ might
precipitate, forming a brownish solid.
- No significant color change is expected unless reduction or complex formation occurs.

pH Changes

- The addition of nitric acid will keep the solution strongly acidic.
- If any hydrolysis occurs, the pH may decrease slightly, but likely remains below 1-2.

Formation of Complex Ions

- Under high acidity, iron ions tend to stay dissolved as Fe³⁺.
- No complex formation is expected without additional ligands.

Implications and Significance of the Experiment

This experiment helps students understand several core concepts in inorganic chemistry:

Molarity and dilution principles

Reactivity of metal ions in solution

Role of acids in stabilizing metal ions



Precipitation and solubility equilibria

Redox behavior of iron and acids

Furthermore, it provides practical experience in handling solutions, measuring reagents
accurately, and observing chemical changes.

Potential Variations and Further Investigations

To deepen understanding, students could modify the experiment:

Vary the volume or concentration of Fe(NO₃)₃ or HNO₃ to observe threshold effects1.

Add other reagents, such as sodium hydroxide, to induce precipitation of Fe(OH)₃2.

Adjust temperature to study its effect on solubility and reaction rate3.

Introduce reducing or complexing agents to observe different reaction pathways4.

These variations would offer insights into equilibrium shifts, redox reactions, and complex
formation.

Conclusion

The experiment conducted by the students, involving the mixing of 6 mL of 0.002 M
Fe(NO₃)₃ with 3 mL of 0.050 M HNO₃, exemplifies foundational principles of inorganic
chemistry. It emphasizes the importance of molarity calculations, solution behavior, and the
predictability of chemical reactions based on solution conditions. While the initial
concentration of iron(III) nitrate is quite low, the strong acidity provided by nitric acid
maintains iron in solution, preventing immediate precipitation under the given conditions.
However, alterations in pH or the addition of other reagents could lead to observable
changes such as precipitate formation, providing a practical demonstration of solubility
equilibria and reactivity. Overall, this experiment serves as an excellent teaching tool to
illustrate key concepts in solution chemistry, redox reactions, and the behavior of transition
metal ions in aqueous media.

Frequently Asked Questions



What is the purpose of mixing Fe(NO3)3 with HNO3 in
this experiment?
The purpose is to observe the chemical interactions between ferric nitrate and nitric acid,
which can include complex formation, solubility changes, or pH effects relevant in analytical
or inorganic chemistry studies.

How do you calculate the number of moles of Fe(NO3)3
used in the experiment?
Using the concentration and volume: Moles = concentration (M) × volume (L). For 6 mL of
0.002 M Fe(NO3)3, convert 6 mL to liters (0.006 L): 0.002 M × 0.006 L = 1.2 × 10^{-5}
moles.

What is the significance of adding 3 mL of 0.050 M
HNO3 to the Fe(NO3)3 solution?
Adding HNO3 adjusts the acidity of the solution, which can influence the solubility,
complexation, or redox behavior of Fe3+ ions, and is often used to control experimental
conditions.

What potential chemical reactions might occur when
Fe(NO3)3 is mixed with HNO3?
Fe(NO3)3 dissociates into Fe3+ and NO3- ions. In the presence of HNO3, which is a strong
acid, there may be no immediate redox reaction, but complex formation or stabilization of
Fe3+ ions could occur, depending on conditions.

How does the ratio of volumes and concentrations
affect the outcome of this experiment?
The ratio determines the molar amounts of each reactant, influencing the extent of any
reactions or complex formations. Precise control allows for reproducibility and
understanding of the chemical interactions involved.

What safety precautions should students follow while
conducting this experiment?
Students should wear gloves, goggles, and lab coats to handle acids and metal salts safely,
work in a well-ventilated area, and dispose of chemical waste properly to prevent hazards.

Additional Resources
Experiment Analysis: Mixing 6 mL of 0.002 M Fe(NO₃)₃ with 3 mL of 0.050 M HNO₃

---



Introduction

In the realm of chemistry experiments, precision and understanding of chemical
interactions are paramount. Recently, a pair of students undertook an experiment involving
the mixing of two solutions: 6 mL of 0.002 M Iron(III) nitrate [Fe(NO₃)₃] and 3 mL of 0.050 M
Nitric acid (HNO₃). This experiment, seemingly straightforward, offers a wealth of insights
into solution chemistry, acid-base reactions, and coordination chemistry.

This article delves into the intricacies of this experiment, analyzing the chemical principles
involved, the expected outcomes, and the broader implications. Whether you're a student,
educator, or chemistry enthusiast, understanding the details of such an experiment
enhances appreciation for the meticulous nature of chemical investigations.

---

Background and Purpose of the Experiment

Understanding the chemical constituents:

- Fe(NO₃)₃: Iron(III) nitrate is a soluble salt where iron exists in a +3 oxidation state. It
dissociates in aqueous solution into Fe³⁺ ions and nitrate ions (NO₃⁻). Iron(III) ions are
known to form various complexes with ligands, especially in the presence of acids or other
coordinating molecules.

- HNO₃: Nitric acid is a strong acid and a strong oxidizing agent, commonly used to adjust
pH, provide protons, or as a solvent for dissolving metal ions. Its presence can influence the
speciation of metal ions in solution and promote certain reactions.

The core objectives of this experiment might include:

1. Observing the interaction between Fe³⁺ ions and nitric acid.
2. Investigating potential complex formation, such as the formation of iron nitrate
complexes.
3. Examining the effects of acid concentration on the solubility and stability of iron species.
4. Noting any visible changes like color shifts, precipitate formation, or evolution of gases,
which can indicate specific chemical reactions.

---

Quantitative Analysis of the Mixture

Calculating the Moles of Each Reactant

1. Fe(NO₃)₃:

- Volume: 6 mL = 0.006 L
- Concentration: 0.002 M

Moles of Fe(NO₃)₃:

\[



\text{Moles} = \text{Concentration} \times \text{Volume} = 0.002\, \text{mol/L} \times
0.006\, \text{L} = 1.2 \times 10^{-5}\, \text{mol}
\]

2. HNO₃:

- Volume: 3 mL = 0.003 L
- Concentration: 0.050 M

Moles of HNO₃:

\[
\text{Moles} = 0.050\, \text{mol/L} \times 0.003\, \text{L} = 1.5 \times 10^{-4}\,
\text{mol}
\]

Molar Ratio and Stoichiometry

The molar ratio of HNO₃ to Fe(NO₃)₃ is:

\[
\frac{1.5 \times 10^{-4}}{1.2 \times 10^{-5}} \approx 12.5
\]

This indicates that, in the mixture, there are roughly 12.5 moles of nitric acid per mole of
iron(III) nitrate. Such an excess of acid suggests a strongly acidic environment, possibly
influencing ligand exchange, complexation, or hydrolysis reactions.

---

Chemical Interactions and Expected Outcomes

1. Dissociation and Complex Formation

- Dissociation of Fe(NO₃)₃:

\[
\text{Fe(NO}_3)_3 \rightarrow \text{Fe}^{3+} + 3\, \text{NO}_3^-
\]

- Influence of HNO₃:

HNO₃ supplies free protons (\(H^+\)), which can influence the hydrolysis of Fe³⁺ ions,
potentially forming hydrated or hydrolyzed species like Fe(OH)²⁺, Fe(OH)₂⁺, or even
precipitates such as Fe(OH)₃ if the pH drops sufficiently.

2. Hydrolysis and Precipitation

At high acidity (due to excess nitric acid), Fe³⁺ ions tend to remain soluble, stabilized by the
high concentration of nitrates. However, if the acidity decreases (e.g., through dilution or
reaction with other species), hydrolysis can lead to formation of insoluble iron hydroxides.



3. Potential Redox Reactions

While HNO₃ is a strong acid, it also has oxidizing properties, especially under certain
conditions. However, in this specific mixture, with Fe³⁺ already in a high oxidation state,
significant redox activity is unlikely unless other reducing agents are present.

---

Observations and Interpretations

Visual and Physical Changes

- Color: Iron(III) solutions typically display a yellow to reddish-brown hue due to their
characteristic charge transfer bands.

- Precipitation: If the pH shifts or hydrolysis occurs, a reddish-brown precipitate of Fe(OH)₃
could form.

- Gas Evolution: Under certain conditions, reactions might produce nitrogen oxides (NO₂,
NO), especially if reduction of nitrates occurs, but this is unlikely here given the mixture's
composition.

pH Considerations

Using the concentrations and volumes, the approximate pH can be estimated, which
influences hydrolysis:

\[
\text{Total volume} = 6\, \text{mL} + 3\, \text{mL} = 9\, \text{mL} = 0.009\, \text{L}
\]

- Initial concentration of HNO₃ in the mixture:

\[
\text{HNO}_3\, \text{in mixture} = 1.5 \times 10^{-4}\, \text{mol}
\]

- Initial pH:

\[
\text{pH} \approx -\log [H^+] \approx -\log \left(\frac{\text{moles of HNO}_3}{\text{total
volume}}\right)
\]

\[
[H^+] = \frac{1.5 \times 10^{-4}\, \text{mol}}{0.009\, \text{L}} \approx 0.0167\,
\text{M}
\]

\[
\text{pH} \approx -\log(0.0167) \approx 1.78



\]

This acidic environment favors keeping Fe³⁺ ions in solution, preventing hydrolysis and
precipitation under these initial conditions.

---

Broader Implications and Educational Value

This experiment serves as an excellent demonstration of fundamental principles:

- Solution Chemistry: How concentration, volume, and dilution influence ion behavior.
- Acid-Base Reactions: The role of strong acids in stabilizing metal ions.
- Coordination Chemistry: Potential for complex formation between Fe³⁺ and nitrate ions,
which might be non-coordinating but influence solubility.
- Precipitation and Hydrolysis: Conditions under which insoluble iron hydroxides form.
- Redox Considerations: The stability of nitrate ions and the oxidative environment.

By meticulously analyzing the mixture, students can deepen their understanding of solution
equilibria, pH effects, and the delicate balance governing solubility and complex formation.

---

Potential Extensions and Variations

To expand upon this experiment, students or researchers could:

- Adjust the pH: Introduce bases like NaOH or KOH to observe hydrolysis and precipitation.
- Introduce Ligands: Add other ligands such as SCN⁻ or EDTA to study complex formation.
- Conduct Spectroscopic Analysis: Use UV-Vis spectroscopy to monitor changes in
absorption spectra indicative of complexation or hydrolysis.
- Vary Concentrations: Test different molarities to observe threshold effects for
precipitation.

---

Conclusion

The experiment involving mixing 6 mL of 0.002 M Fe(NO₃)₃ with 3 mL of 0.050 M HNO₃
exemplifies the nuanced interplay of solution chemistry, acid-base reactions, and complex
formation. The detailed analysis reveals that under these conditions, iron remains
predominantly in solution due to the high acidity, with potential for hydrolysis and
precipitation if conditions change.

This scenario underscores the importance of precise calculations, understanding of
chemical principles, and careful observation—cornerstones of effective experimental
chemistry. Whether for educational purposes or further research, such experiments deepen
our grasp of the dynamic behavior of ions in aqueous environments.
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