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An Experiment To Determine The Molar Mass Of A Volatile Liquid Gave The
Result As 60 G Mol-1. The Literature provides valuable insights into the methods used
to measure molar masses of volatile liquids, a fundamental aspect in the fields of
chemistry and chemical engineering. Determining the molar mass is essential for
understanding the composition of substances, preparing solutions, and conducting further
chemical analyses. This article explores the experimental procedure, significance, and
interpretation of results when the molar mass of a volatile liquid is found to be 60 g/mol,
correlating with established literature data.

Understanding Molar Mass and Its Importance

What Is Molar Mass?

Molar mass, also known as molecular weight, is defined as the mass of one mole of a
substance expressed in grams per mole (g/mol). It is numerically equivalent to the
molecular weight but expressed in units of grams. For example, if a compound has a molar
mass of 60 g/mol, one mole of this compound weighs exactly 60 grams.

Why Is Molar Mass Important?

Accurate knowledge of molar mass is crucial for:

e Preparing chemical solutions with precise concentrations

Determining the purity of substances

Identifying unknown compounds through molecular weight determination

Calculating stoichiometric quantities in reactions

Understanding physical properties like vapor pressure and boiling points

Methods for Determining Molar Mass of Volatile



Liquids

Several experimental techniques are employed to determine the molar mass of volatile
liquids, including:

1. Vapor Density Method

This method involves measuring the vapor density of a substance and comparing it to the
molar mass of a reference gas, typically hydrogen or air.

2. Ideal Gas Law Method

Using the ideal gas law (PV=nRT), the molar mass can be calculated by measuring the
volume, pressure, temperature, and mass of the vapor.

3. Ebulliometry

Involves measuring boiling points and vapor pressures to infer molar masses, especially
for compounds with known boiling point data.

4. Gas Chromatography

Advanced techniques like gas chromatography can also determine molar mass through
retention times and calibration curves.

In the context of our experiment, the ideal gas law method is typically used because it
involves straightforward measurements and calculations.

Experimental Procedure to Determine Molar Mass
Using the Ideal Gas Law

The experiment generally involves the following steps:

1. Apparatus Setup

- A clean, dry flask or bulb connected to a pressure-measurement device
- A thermometer to record temperature

- A pressure gauge

- A balance to measure the mass of the volatile liquid



2. Sample Preparation

- Weigh a known quantity of the volatile liquid accurately
- Place the liquid in the flask or bulb

3. Evacuation and Sealing

- Evacuate the apparatus to remove air and moisture
- Seal the system to prevent gas escape

4. Vaporization and Measurement

- Heat the liquid gently to produce vapor
- Record the temperature (T) and pressure (P) of the vapor
- Measure the volume (V) of the vapor space, which is known or measured

5. Data Recording

- Record all measurements meticulously for calculations

Calculations and Interpretation of Results

Using the ideal gas law PV=nRT, where:

- P = pressure of vapor (in atm)

-V = volume of vapor (in liters)

- n = number of moles

- R = universal gas constant (0.0821 L-atm'mol™—1-K~—-1)
- T = temperature (in Kelvin)

The molar mass (M) is calculated as:
\[ M = \frac{\text{mass of vapor sample} } {\text{number of moles (n)}} \]

Since \( n = \frac{PV}{RT} ), then:
\[ M = \frac{\text{mass}}{(PV/RT)} = \frac{\text{mass} \times RT}{PV} \]

By substituting the measured values of P, V, T, and mass, the molar mass M can be
computed.

Result Analysis: Molar Mass as 60 g/mol

The experimental result indicates a molar mass of 60 g/mol for the volatile liquid. This
value closely aligns with literature data for certain common volatile compounds such as:



Propene (CsHs): 42 g/mol (less likely)

Ethylene glycol (C2HsO2): 62 g/mol (close)

Acetone (CsHeO): 58 g/mol

e Some aromatic compounds like Toluene (C-Hs): 92 g/mol

Given the experimental molar mass of 60 g/mol, the compound might be acetone or a
similar molecule with a molar mass in the vicinity.

Factors Affecting the Accuracy of the Experiment

While performing the experiment, certain factors can influence the precision and accuracy
of the molar mass determination:

1. Purity of the Sample

Impurities can alter the mass and vapor pressure, leading to inaccuracies.

2. Measurement Errors

Errors in measuring pressure, volume, temperature, or mass can significantly affect
results.

3. Calibration of Instruments

Calibration errors in pressure gauges, thermometers, or volume measurements can
introduce inaccuracies.

4. Assumption of Ideal Gas Behavior

Real gases deviate from ideal behavior at high pressures or low temperatures.

Comparing Experimental Results with Literature
Data

The obtained molar mass of 60 g/mol should be compared with literature values for known
compounds. A close match confirms the identification of the compound and validates the
experimental method.



For example, if the compound is acetone, literature reports a molar mass of 58.08 g/mol,
which is very close to the experimental value, indicating the method’s reliability.

Applications of Molar Mass Determination

Knowing the molar mass of volatile liquids has several practical and theoretical
applications:

¢ Quality control in chemical manufacturing

e Designing industrial processes involving distillation or vaporization

Analyzing reaction mechanisms and stoichiometry

e Environmental monitoring of volatile organic compounds

Pharmaceutical research and formulation

Conclusion

In conclusion, determining the molar mass of a volatile liquid through experiments such as
vapor density or ideal gas law methods is a fundamental practice in chemistry. An
experimentally obtained molar mass of 60 g/mol, when corroborated with literature data,
can help identify the compound and assess its purity. The process emphasizes precise
measurement, understanding of gas laws, and careful data analysis. Such experiments not
only reinforce theoretical concepts but also serve as essential tools in research, industry,
and environmental sciences.

Remember: Always ensure that all measurements are accurate, apparatus are properly
calibrated, and calculations are carefully performed to obtain reliable and meaningful
results.

Frequently Asked Questions

What is the significance of determining the molar mass
of a volatile liquid in experiments?

Determining the molar mass helps identify the compound, understand its properties, and
verify its purity, which is essential in chemical analysis and research.



How does the experiment to find the molar mass of a
volatile liquid typically work?

The experiment involves measuring the vapor density or vapor pressure of the liquid, often
using methods like vapor density determination or boiling point elevation, and applying
the ideal gas law to calculate molar mass.

What does a molar mass result of 60 g/mol indicate
about the volatile liquid?

A molar mass of 60 g/mol suggests the liquid could be a compound like ethyl acetate or
acetaldehyde, depending on its chemical composition; it helps narrow down potential
identities.

Why is the literature value important in such
experiments?

The literature value serves as a reference to verify the accuracy of the experimental
result, ensuring the method and measurements are reliable and the compound's identity is
confirmed.

What are common sources of error that could affect the
molar mass determination of a volatile liquid?

Errors can arise from inaccurate temperature or pressure measurements, impurities in the
sample, incomplete vaporization, or deviations from ideal gas behavior, all affecting the
molar mass calculation.

Additional Resources

An Experiment To Determine The Molar Mass Of A Volatile Liquid Gave The Result As 60
G Mol-1. The Literature

Understanding the molar mass of a substance is fundamental in chemistry, providing
insights into its molecular structure, composition, and properties. When conducting
experiments to determine molar mass, particularly of volatile liquids, several factors
influence the accuracy and reliability of the results. The statement that an experiment
yielded a molar mass of 60 g/mol prompts a detailed discussion on the methodology,
interpretation of results, and comparison with literature values. This article aims to
analyze such an experiment comprehensively, considering the principles involved, the
experimental procedures, potential sources of error, and the significance of the findings.



Introduction to Molar Mass and Its Importance

Molar mass (also called molecular weight) is the mass of one mole of a substance,
expressed in grams per mole (g/mol). It provides a direct link between microscopic
molecular properties and macroscopic measurements, facilitating calculations in
stoichiometry, chemical reactions, and material characterization.

Key points:

- Molar mass helps identify unknown substances.

- It is essential in calculating concentrations, yields, and reaction efficiencies.

- For volatile liquids, molar mass determination often involves measuring vapor densities,
boiling points, or vapor pressures.

Overview of the Experiment Conducted

The experiment in question likely involved measuring the molar mass of a volatile liquid
via its vapor density or related methods, such as:

- Vapor Density Method: Using the ideal gas law to relate vapor density to molar mass.
- Knudsen Effusion Technique: Measuring the rate of effusion to determine molar mass.
- Boiling Point Elevation or Depression: Using colligative property measurements to infer

molar mass.

Given that the result was 60 g/mol, the experiment probably employed a straightforward
vapor density method, which is a common approach for volatile liquids.

Theoretical Foundations

Vapor Density and the Ideal Gas Law

The vapor density (VD) of a substance is given by:
\[ VD = \frac{\text{Molar mass (M)} }{2} \]

This is because vapor density is typically defined as the ratio of the molar mass of the
vapor to that of hydrogen (Hz), which is approximately 2 g/mol.

From the ideal gas law:



\[ PV = nRT\]

where:

- P = pressure

-V = volume

- n = number of moles

- R = universal gas constant
- T = temperature

Rearranged to find molar mass:
\[ M = \frac{m}{n}\]

But since:

\[ n = \frac{PV}{RT} \]

and the mass m can be measured, the molar mass can be derived from experimental
measurements of pressure, volume, temperature, and mass.

Details of the Experimental Procedure

While specific procedural steps vary, a typical vapor density experiment might include:

1. Preparation of the Apparatus: A gas collection tube or flask is cleaned, dried, and
weighed.

2. Introduction of the Liquid: A known mass of the volatile liquid is introduced into the
apparatus.

3. Evacuation and Sealing: The system is evacuated to remove air and sealed.

4. Heating and Vaporization: The liquid is gently heated or allowed to vaporize at a
specific temperature.

5. Measurement of Pressure and Volume: The vapor pressure, temperature, and volume of
the vapor are recorded.

6. Data Analysis: Using the ideal gas law, the molar mass is calculated.

In the case of the experiment resulting in 60 g/mol, the data collected must have been
consistent with this molar mass value when analyzed.

Analysis of the Result: Molar Mass = 60 g/mol

The obtained molar mass of 60 g/mol can be cross-verified with literature values to
identify the volatile liquid. For example:



- Ethanol has a molar mass of approximately 46 g/mol.
- Acetone has a molar mass of about 58 g/mol.

- Benzene has a molar mass of 78 g/mol.

- Toluene has a molar mass of 92 g/mol.

Given the experimental molar mass is 60 g/mol, the volatile liquid could be a compound
close to acetone, but slightly lighter or perhaps a mixture or a compound with similar
properties.

Possible interpretations:

- The experimental value aligns closely with acetone, indicating that the volatile liquid
might be acetone or a similar compound.
- Deviations could be due to measurement errors or impurities.

Factors Affecting the Accuracy of the Experiment

Several factors influence the precision and accuracy of molar mass determination in vapor
density experiments:

- Temperature Control: Precise temperature measurement is crucial since vapor pressure
varies with temperature.

- Purity of the Sample: Impurities can alter vapor pressure and density, skewing results.

- Calibration of Equipment: Accurate calibration of pressure gauges, thermometers, and
volume measurements is essential.

- Leakages: Any leaks in the apparatus lead to erroneous pressure and volume readings.

- Assumptions of Ideal Gas Law: Real gases deviate from ideal behavior at high pressures
or low temperatures, affecting calculations.

- Measurement of Mass: Accurate weighing of the liquid is fundamental; errors here
directly impact molar mass calculations.

Comparison with Literature Values

Matching experimental results with literature data is vital for validation. For the molar
mass of 60 g/mol:

- Literature Consistency: The result is consistent with acetone (58 g/mol), suggesting the
experiment was well-conducted.

- Discrepancies: Small deviations could stem from impurities, non-ideal behavior, or
experimental errors.

Features of a reliable experimental approach:



- Repetition of measurements to ensure reproducibility.
- Use of pure samples.
- Calibration using known standards.

Advantages and Limitations of the Vapor Density
Method

Advantages:

- Direct measurement of molar mass for volatile liquids.
- Relatively simple and cost-effective.
- Suitable for compounds that are difficult to analyze via other methods.

Limitations:

- Assumes ideal gas behavior, which may not always hold.

- Sensitive to experimental conditions such as temperature and pressure.
- Not suitable for non-volatile or thermally unstable compounds.

- Requires precise measurement of small quantities.

Implications of the Results

The molar mass determination provides valuable insights:

- Identification: Helps identify the compound if the molar mass matches literature data.
- Purity Assessment: Deviations from literature values can indicate impurities.

- Molecular Structure Inference: Combined with other spectroscopic data, it can aid in
deducing molecular structure.

Furthermore, understanding the molar mass facilitates calculations related to reaction
stoichiometry, physical properties, and application-specific parameters.

Conclusion and Final Remarks

The experiment that resulted in a molar mass of 60 g/mol exemplifies a classic application
of vapor density measurements to characterize volatile liquids. While generally effective,
the accuracy hinges on meticulous experimental techniques, strict control of conditions,
and careful data analysis. When compared with literature values, the result aligns well



with compounds like acetone, underscoring the importance of cross-verification in
experimental chemistry.

In the broader context, molar mass determination remains a fundamental skill, combining
theoretical knowledge with practical skills. Future improvements could involve advanced
techniques such as mass spectrometry for more precise measurements, but the vapor
density method remains a valuable educational and analytical tool.

Key takeaways:

- The molar mass obtained experimentally can reliably identify the compound if
experimental precautions are taken.

- Deviations highlight the importance of controlling experimental variables.

- Combining multiple methods enhances confidence in the results.

By understanding the principles, executing precise procedures, and critically analyzing
outcomes, chemists can accurately determine molar masses and deepen their
understanding of molecular properties.
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