
In An Experiment To Determine The
Empirical Formula Of Magnesium Chloride,
0.50 G Of Magnesium Ribbon
In An Experiment To Determine The Empirical Formula Of Magnesium Chloride, 0.50 G Of
Magnesium Ribbon, students and chemists alike engage in a fundamental laboratory procedure
that illustrates the principles of stoichiometry, chemical reactions, and empirical formula
determination. This experiment not only enhances understanding of chemical formulas but also
emphasizes the practical application of theoretical concepts in real-world laboratory settings.

Introduction to Magnesium Chloride and Its
Significance

Magnesium chloride (MgCl₂) is an inorganic compound widely used in various industrial and medical
applications. It plays a vital role in the production of magnesium metal, as a de-icing agent for roads,
and as a supplement in medical treatments. Understanding its empirical formula is crucial for
chemists to accurately determine its molecular structure, molar mass, and stoichiometric ratios in
reactions.

The empirical formula of a compound represents the simplest whole-number ratio of atoms present.
For magnesium chloride, establishing this ratio involves reacting magnesium with chlorine and
analyzing the resulting compound's composition.

Objective of the Experiment

The primary goal of this experiment is to determine the empirical formula of magnesium chloride by
reacting a known mass of magnesium ribbon with excess hydrochloric acid (HCl), then calculating
the molar ratios based on the mass of magnesium consumed and the amount of chloride ions
incorporated into the compound.

Materials and Equipment Needed

Magnesium ribbon (clean and cut into known lengths)

Hydrochloric acid (HCl), dilute solution

Distilled water

Beakers and flasks



Evaporating dish

Filter paper and funnel

Crucible and cover

Balance (accurate to 0.001 g)

Stirring rod

Test tubes

Safety goggles and gloves

Fume hood (recommended for acid reactions)

Theoretical Background

Understanding Empirical Formulas
The empirical formula provides the simplest ratio of atoms within a compound. For magnesium
chloride, the ratio of magnesium to chloride atoms is deduced from experimental data: the mass of
magnesium reacted and the amount of chloride incorporated.

Reaction of Magnesium with Hydrochloric Acid
When magnesium reacts with hydrochloric acid, the following chemical reaction occurs:

Mg (s) + 2 HCl (aq) → MgCl₂ (aq) + H₂ (g)

This reaction indicates that one mole of magnesium reacts with two moles of hydrochloric acid to
produce one mole of magnesium chloride and hydrogen gas.

Step-by-Step Procedure

1. Preparation of Magnesium Ribbon
- Clean the magnesium ribbon to remove any oxide layer using abrasive material or by briefly
burning it in air and then quenching in water.
- Cut a known length of magnesium ribbon (e.g., 2-3 cm) and record its mass using a sensitive
balance.



2. Reaction with Hydrochloric Acid
- Place the magnesium ribbon in a clean beaker.
- Add an excess of dilute hydrochloric acid to the beaker to ensure complete reaction.
- Gently stir the mixture to facilitate reaction.
- Continue until bubbling (hydrogen gas evolution) ceases, indicating the reaction's completion.

3. Isolation of Magnesium Chloride
- Filter the mixture to separate the magnesium chloride solution from any unreacted solids.
- Evaporate the filtrate to dryness using an evaporating dish or by gentle heating to obtain solid
magnesium chloride.
- Cool and dry the solid product thoroughly.

4. Weighing the Product
- Once dried, weigh the magnesium chloride sample accurately.
- Record the mass for calculation purposes.

Calculations and Data Analysis

Determining Moles of Magnesium Reacted
- Use the initial mass of magnesium ribbon:

\[
\text{Mass of Mg} = \text{measured value}
\]

- Calculate moles of magnesium:

\[
\text{Moles of Mg} = \frac{\text{Mass of Mg}}{\text{Atomic mass of Mg} (24.305\, \text{g/mol})}
\]

Determining Moles of Chloride Ions
- The mass of magnesium chloride obtained corresponds to a certain amount of chloride ions.
- Calculate moles of MgCl₂:

\[
\text{Moles of MgCl}_2 = \frac{\text{Mass of MgCl}_2}{\text{Molar mass of MgCl}_2 (95.211\,
\text{g/mol})}
\]



- Since each MgCl₂ contains 2 chloride ions, the moles of chloride ions are:

\[
\text{Moles of Cl}^- = 2 \times \text{Moles of MgCl}_2
\]

Empirical Formula Determination
- Calculate the mole ratio of magnesium to chloride:

\[
\text{Ratio of Mg to Cl} = \frac{\text{Moles of Mg}}{\text{Moles of Cl}}
\]

- Simplify this ratio to the smallest whole numbers to establish the empirical formula.

Interpreting Results and Confirming the Empirical
Formula

Based on the calculations:
- If the ratio of magnesium to chloride is close to 1:2, the empirical formula is MgCl₂.
- Minor deviations may occur due to experimental errors, such as incomplete reactions, impurities,
or measurement inaccuracies.

Factors Affecting Accuracy

Purity of magnesium ribbon

Complete reaction of magnesium with acid

Accuracy of weighing equipment

Proper drying of the magnesium chloride sample

Loss of material during transfer or evaporation

Applications and Importance of Determining Empirical
Formulas



Understanding the empirical formula of magnesium chloride has multiple scientific and industrial
implications:
- Chemical Manufacturing: Accurate formulas enable precise formulation of products.
- Educational Purposes: Reinforces theoretical concepts of stoichiometry and empirical formula
calculation.
- Research and Development: Assists in designing experiments involving magnesium compounds.
- Medical and Nutritional Uses: Ensures correct dosages in supplements and treatments.

Conclusion

The experiment to determine the empirical formula of magnesium chloride from a 0.50 g magnesium
ribbon provides valuable insight into chemical reactions, stoichiometry, and analytical techniques.
By reacting magnesium with hydrochloric acid, isolating the product, and performing calculations,
students can confirm that the empirical formula is MgCl₂, representing the 1:2 ratio of magnesium to
chloride atoms. Such experiments form the foundation for advanced chemical analysis and synthesis,
highlighting the importance of precise measurement and careful laboratory practice.

Summary

- The reaction between magnesium and hydrochloric acid produces magnesium chloride and
hydrogen gas.
- The experiment involves quantitative analysis to find the mole ratio.
- Proper laboratory technique ensures accurate determination of empirical formulas.
- The empirical formula MgCl₂ reflects the simplest whole-number ratio of the atoms involved.
- Understanding these principles is essential for various scientific, industrial, and medical
applications.

By mastering this experiment, students develop a deeper understanding of chemical composition,
reaction stoichiometry, and the importance of empirical formulas in chemistry.

Frequently Asked Questions

What is the purpose of using magnesium ribbon in this
experiment?
The purpose is to determine the empirical formula of magnesium chloride by reacting a known mass
of magnesium ribbon with chlorine and analyzing the resulting compound.

How do you prepare magnesium ribbon for the experiment?
The magnesium ribbon is cleaned by wiping with a damp cloth or abrasive to remove oxide layers,
then weighed accurately before use.



Why is it important to measure the magnesium ribbon
accurately to 0.50 g?
Accurate measurement ensures precise calculation of the molar ratios, which is essential for
determining the empirical formula correctly.

What role does excess chlorine gas play in this experiment?
Excess chlorine ensures complete reaction with magnesium, allowing for accurate determination of
the magnesium chloride formed.

How do you ensure the reaction between magnesium and
chlorine is complete?
The reaction is usually carried out with constant heating until no more magnesium reacts, often
indicated by a change in mass or the cessation of gas evolution.

What are the key observations during the formation of
magnesium chloride?
A bright white flame or bright light is observed as magnesium reacts with chlorine, producing
magnesium chloride as a white crystalline solid.

How do you determine the empirical formula of magnesium
chloride from the experiment?
By calculating the molar ratio of magnesium to chlorine atoms from the masses obtained, then
expressing it in the simplest whole-number ratio.

What safety precautions should be taken during this
experiment?
Safety precautions include working in a well-ventilated area or fume hood, wearing safety goggles
and gloves, and handling chlorine gas carefully due to its toxicity.

What are common sources of error in this experiment?
Errors can arise from impure magnesium, inaccurate measurements, incomplete reaction, or loss of
product during handling.

Why is it important to understand the empirical formula of
magnesium chloride?
Understanding the empirical formula helps in comprehending the composition of compounds,
stoichiometry calculations, and the nature of chemical bonding.



Additional Resources
Magnesium Chloride: An In-Depth Experimental Analysis for Determining Its Empirical Formula

---

Introduction

In the realm of inorganic chemistry, understanding the composition of chemical compounds is
fundamental. Magnesium chloride, with its widespread industrial and biological applications, serves
as a prime candidate for empirical analysis. This article delves into a meticulous experiment
designed to determine the empirical formula of magnesium chloride using 0.50 grams of magnesium
ribbon. By exploring each step of the process, the underlying principles, and the scientific reasoning,
we aim to provide an exhaustive understanding of this classic chemical investigation.

---

The Significance of Empirical Formulas in Chemistry

Before diving into the experimental procedure, it’s crucial to comprehend the importance of
empirical formulas:

- Definition: An empirical formula represents the simplest whole-number ratio of atoms in a
compound.
- Purpose: It provides fundamental insight into the compound's basic composition, aiding in
understanding its properties, reactivity, and molecular structure.
- Application: Empirical formulas are essential in fields like pharmaceuticals, materials science, and
environmental chemistry, where precise knowledge of composition informs practical applications.

---

Overview of Magnesium Chloride

Magnesium chloride (MgCl₂) is an inorganic salt composed of magnesium and chloride ions. It is
notable for:

- High Solubility in Water: Making it useful in de-icing, textiles, and as a dietary supplement.
- Biological Importance: Magnesium is vital for numerous physiological processes.
- Industrial Uses: Magnesium chloride is employed in the production of magnesium metal, cement,
and as a catalyst.

Understanding its empirical formula is essential for quality control in manufacturing and research.

---

Experimental Objective

The goal is to determine the empirical formula of magnesium chloride by reacting a known mass of
magnesium with an excess of hydrochloric acid, then analyzing the resulting magnesium chloride.

Materials and Reagents



- Magnesium ribbon (0.50 g)
- Hydrochloric acid (HCl), dilute (approximately 1 M concentration)
- Distilled water
- Beaker, crucible, or porcelain dish
- Bunsen burner or hot plate
- Tongs
- Filter paper and funnel
- Analytical balance
- Stirring rod
- Safety equipment (gloves, goggles)

---

Theoretical Background

Chemical Reaction:
Magnesium reacts with hydrochloric acid as follows:

\[ \mathrm{Mg (s)} + 2 \mathrm{HCl (aq)} \rightarrow \mathrm{MgCl_2 (aq)} + \mathrm{H_2 (g)}
\]

This reaction is a classic example of a metal-acid reaction, where magnesium displaces hydrogen
from hydrochloric acid, forming magnesium chloride and releasing hydrogen gas.

Key Concepts:
- Law of Conservation of Mass: Mass of magnesium used will be conserved in the magnesium
chloride formed.
- Mole Calculations: Knowing the molar masses of Mg and Cl allows calculation of the ratio of atoms
in MgCl₂.
- Limiting Reactant: In this experiment, magnesium is the limiting reagent; excess acid ensures
complete reaction.

---

Step-by-Step Experimental Procedure

1. Preparation of Magnesium Ribbon

- Cleaning: To ensure accurate results, the magnesium ribbon must be cleaned of oxide layers. This
is achieved by gently scraping the surface with a file or sandpaper.
- Measuring: Use an analytical balance to measure exactly 0.50 g of magnesium ribbon. Record the
precise mass.

2. Reaction Setup

- Place the magnesium ribbon in a clean beaker.
- Add a measured excess of dilute hydrochloric acid to the beaker. The acid volume should be
sufficient to react completely with the magnesium, typically around 50 mL.
- Note: Excess acid guarantees complete reaction, ensuring all magnesium is converted to
magnesium chloride.



3. Reaction Observation

- The mixture will produce hydrogen gas, evident by bubbling or effervescence.
- Gentle stirring facilitates the reaction.
- Continue until the magnesium ribbon is completely reacted, which can be confirmed by the
cessation of bubbling.

4. Isolation of Magnesium Chloride

- Filtration: The solution contains dissolved magnesium chloride. To isolate it, filter the mixture if
necessary.
- Drying: Evaporate the solution carefully, preferably by gentle heating, until crystallization occurs.
- Crystallization: Allow the solution to cool and crystals to form, which contain magnesium chloride.

5. Weighing the Product

- Collect the magnesium chloride crystals.
- Dry thoroughly to remove any residual moisture—this is crucial for accurate mass measurement.
- Weigh the dried crystals using an analytical balance to determine the mass of magnesium chloride
produced.

---

Calculations and Data Analysis

1. Moles of Magnesium Used

\[
\mathrm{Moles\, of\, Mg} = \frac{\text{Mass of Mg}}{\text{Molar mass of Mg}} = \frac{0.50\,
g}{24.305\, g/mol} \approx 0.0206\, mol
\]

2. Moles of Magnesium Chloride Formed

Given the reaction's stoichiometry:

\[
\mathrm{Mg} : \mathrm{MgCl_2} = 1 : 1
\]

- The moles of MgCl₂ formed are equal to the initial moles of magnesium reacted:

\[
\mathrm{Moles\, of\, MgCl_2} \approx 0.0206\, mol
\]

3. Calculating the Empirical Formula

- The mass of magnesium chloride obtained (say, from the weighings) is recorded.
- The molar mass of MgCl₂:



\[
\mathrm{MgCl_2} = 24.305 + 2 \times 35.453 = 95.211\, g/mol
\]

- The theoretical mass of MgCl₂ from 0.0206 mol:

\[
0.0206\, mol \times 95.211\, g/mol \approx 1.963\, g
\]

- If the actual mass of magnesium chloride obtained matches closely, the empirical formula is
confirmed as MgCl₂.

---

Interpreting Results and Confirming the Empirical Formula

Expected Outcome:
The experiment should confirm that magnesium chloride's empirical formula is MgCl₂, with a 1:2
ratio of magnesium to chloride atoms.

Possible Deviations:
- If the measured mass of magnesium chloride is less than expected, some magnesium may not have
reacted or was lost during handling.
- Impurities or incomplete drying of crystals could affect mass readings.
- Experimental errors such as weighing inaccuracies or acid excess can influence results.

Validation:
Consistency between theoretical calculations and experimental data reinforces the empirical
formula's correctness.

---

Critical Analysis of the Experiment

Strengths:
- Clear Stoichiometry: The reaction provides a straightforward pathway to determine the ratio of
atoms.
- Quantitative Approach: Precise measurements facilitate accurate empirical formula determination.
- Educational Value: Demonstrates fundamental principles like mole concept, stoichiometry, and
reaction mechanisms.

Limitations:
- Purity of Reagents: Impurities can skew results.
- Measurement Errors: Small inaccuracies in weighing or volume measurement can impact
outcomes.
- Sample Handling: Loss of material during transfer or drying stages.

Improvements:
- Use of more precise analytical instruments such as gravimetric analysis or titration for chloride ion
quantification.



- Employing controlled drying methods such as desiccators to ensure moisture removal.

---

Practical Applications and Broader Implications

Understanding the empirical formula of magnesium chloride has multiple real-world applications:

- Industrial Manufacturing: Ensures correct formulation in products like de-icing salts.
- Pharmacology: Proper dosing relies on knowledge of molecular composition.
- Environmental Chemistry: Monitoring magnesium chloride levels in water sources.

Furthermore, the methodology exemplifies classic experimental techniques that form the basis of
analytical chemistry, emphasizing accuracy, safety, and scientific rigor.

---

Conclusion

The experiment to determine the empirical formula of magnesium chloride using 0.50 g of
magnesium ribbon is a quintessential demonstration of fundamental chemical principles. Through
careful measurement, controlled reaction conditions, and precise calculations, it confirms that
magnesium chloride's empirical formula is MgCl₂, reflecting a 1:2 atomic ratio. This process not only
reinforces theoretical knowledge but also illustrates the importance of meticulous laboratory
practice in chemical analysis.

By understanding each step and potential pitfalls, students and researchers can appreciate the
intricacies involved in empirical determinations, which underpin advancements across scientific
disciplines and industrial sectors.
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