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A Sample Of An Unknown Solid Is Found To Have A Volume Of 24.3 Cm3 And A Mass Of
217.0 Grams. What Is this substance's density, and how can understanding this property help
identify the material? Determining the density of an unknown solid is a fundamental step in material
science, chemistry, and physics. Density provides critical information about the composition and
characteristics of a substance, allowing scientists and students to make educated guesses about its
identity. In this article, we will explore how to calculate the density of a solid, interpret the results,
and understand the significance of density in identifying unknown materials.

Understanding Density and Its Importance

Density is a physical property defined as the mass of a substance per unit volume. It is expressed
mathematically as:

e Density (p) = Mass / Volume

This property is crucial because it remains constant for a pure substance under consistent conditions,
making it a reliable identifier. For example, gold, aluminum, and lead each have characteristic
densities that distinguish them from other metals.

Calculating the Density of the Unknown Solid

Given data:
-Volume = 24.3 cm3
- Mass = 217.0 grams

Step-by-Step Calculation
To find the density (p), divide the mass by the volume:

p=217.0 g / 24.3 cm?

Performing the calculation:

p = 8.93 g/cm3



Thus, the density of the unknown solid is approximately 8.93 grams per cubic centimeter.

Interpreting the Density Result

Once the density is calculated, the next step is to interpret what this number indicates about the
material.

Matching with Known Densities

Many materials have well-documented densities. Comparing the calculated density to standard
reference values can help identify the substance. Here are some examples:

e Aluminum: 2.70 g/cm3

e Iron: 7.87 g/cm3

e Copper: 8.96 g/cm3

e Gold: 19.32 g/cm3

e Lead: 11.34 g/cm3

The calculated density (~8.93 g/cm3) is very close to that of copper, suggesting the unknown solid
could be copper or a material with similar density.

Applications of Density in Material Identification

Understanding the density of an unknown solid has several practical applications:

Material Identification

By comparing calculated density with standard densities, one can narrow down potential materials.
This is particularly useful in forensic investigations, archaeological studies, and quality control in
manufacturing.

Quality Control and Material Purity

Deviations in density from standard values can indicate impurities, alloying, or manufacturing defects.

Design and Engineering

Engineers consider density when designing components to ensure proper weight, strength, and



performance.

Additional Factors to Consider

While density is a powerful identifier, other factors should be considered for accurate material
identification.

Temperature and Pressure Conditions

Density can vary with temperature and pressure. Standard reference densities are usually at room
temperature and atmospheric pressure.

Material State and Purity

Impurities, alloying elements, or different crystalline forms can influence the density.

Summary: How to Determine and Use Density for
Material Identification

To summarize, the process involves:

1. Measuring the mass and volume of the unknown solid accurately.
2. Calculating the density using the formula: p = mass / volume.
3. Comparing the calculated density to known reference values.

4. Using the comparison to hypothesize the material's identity.

This method is simple yet powerful, providing insights that can lead to the identification of unknown
materials with confidence.

Conclusion

Understanding how to calculate and interpret the density of an unknown solid is an essential skill in
many scientific and engineering fields. In the example of a solid with a volume of 24.3 cm3 and a
mass of 217.0 grams, the density is approximately 8.93 g/cm3. This value suggests the material could
be copper or a similar dense metal. By mastering the principles of density calculation and
comparison, students, scientists, and engineers can effectively identify materials, assess quality, and
design better products. Remember, always consider environmental factors and material purity when
applying density for identification, and use it alongside other analytical techniques for the most
accurate results.



Frequently Asked Questions

What is the density of the unknown solid sample with a
volume of 24.3 cm3 and mass of 217.0 grams?

Density = mass / volume = 217.0 g/ 24.3 cm3 = 8.93 g/cm3.

How can the density of the unknown solid help identify the
material?

By comparing the calculated density to known densities of various substances, the material can be
identified.

What is the significance of knowing both the volume and mass
of a solid sample?

Knowing both allows calculation of density, which is crucial for material identification and analysis.

If the density of the solid is approximately 8.93 g/cm3, what
common materials might it be?

It could be materials like aluminum alloys, some silicate minerals, or other metals with similar
densities.

How do you calculate the density of an unknown solid from
given measurements?

Density = Mass + Volume; in this case, 217.0 g + 24.3 cm3.

What units are used for measuring density in this problem?

Grams per cubic centimeter (g/cm3).

Why is understanding the density important in material
science?

Density helps identify materials, determine purity, and assess suitability for specific applications.

If the solid were to be a pure element, which elements have a
density close to 8.93 g/cm3?

Elements like aluminum (2.70 g/cm?3) are lower; however, some metals like nickel (~8.90 g/cm?3) are
close, suggesting the sample might be a nickel alloy or similar metal.



What steps should be taken to further identify the unknown
solid?

Additional tests such as chemical analysis, melting point determination, or spectroscopy should be
conducted.

Can the density be used to determine the purity of the solid
sample?

Yes, deviations from known density values of pure substances can indicate impurities or alloying
elements.

Additional Resources

A Sample Of An Unknown Solid Is Found To Have A Volume Of 24.3 Cm3 And A Mass Of 217.0 Grams.
What Is It?

Introduction

The identification of unknown solid substances is a fundamental task in materials science, chemistry,
and forensic investigations. When faced with a mysterious solid, scientists rely on measurable
physical properties such as mass, volume, density, and sometimes chemical reactivity, to deduce its
identity. In this investigative article, we explore the process of analyzing an unknown solid with a
given volume of 24.3 cm3 and a mass of 217.0 grams, aiming to determine its nature through
systematic reasoning and scientific analysis.

Context and Significance

Understanding the composition of unknown solids is essential across multiple domains:

- Material identification in manufacturing and quality control.

- Forensic analysis in criminal investigations.

- Environmental studies for pollutant detection.

- Educational purposes in teaching principles of density, material properties, and analytical methods.

This scenario exemplifies the classic approach: measuring physical parameters and applying
fundamental principles to infer the unknown.

Initial Data and Calculations
The problem presents two key measurements:

- Volume (V): 24.3 cm3



- Mass (m): 217.0 grams
The first step is to calculate the density (p), a critical property:

\[
\rho = \frac{m}{V}
\]

Substituting the given values:

\[
\rho = \frac{217.0\, \text{g}}{24.3\ \text{cm}~3} \approx 8.93\, \text{g/cm} "3
\]

This approximate density provides a quantitative basis for comparison against known materials.

Significance of Density in Material Identification

Density is often regarded as a fingerprint for material identification because many substances have
characteristic density ranges. For instance:

| Material Type | Typical Density Range (g/cm3) |
| | I

| Aluminum | 2.7 |

| Iron | 7.9 |

| Copper | 8.96 |

| Silver | 10.49 |

| Gold | 19.32 |

| Lead | 11.34 |

| Quartz (Silica)| 2.65 |

Given the calculated density of approximately 8.93 g/cm3, the unknown solid's density closely
matches that of copper.

In-Depth Analysis: Is the Material Copper?

Copper is a widely used metal known for its excellent electrical conductivity, thermal properties, and
distinctive reddish-brown appearance. Its density, approximately 8.96 g/cm3, aligns remarkably with
our calculated value.

Supporting Evidence:
- The density difference is minimal (~0.03 g/cm3), well within measurement uncertainties.
- Copper's commonality in industrial, electrical, and decorative applications makes it a candidate.

Potential Caveats:
- The pure density value assumes a homogeneous sample without porosity or impurities.
- Surface coloration and appearance could aid visual confirmation.



Additional Investigative Steps

While density provides a strong initial hypothesis, comprehensive identification involves further
analysis.

1. Visual Inspection
- Color: Reddish-brown hue suggests copper or copper alloys.
- Surface texture: Smooth, metallic luster typical of metals.

2. Conductivity Tests
- Copper is an excellent conductor; testing electrical conductivity could confirm.

3. Chemical Tests
- Acid reaction: Copper reacts with dilute nitric acid producing characteristic greenish-blue solutions.
- Solubility: Copper dissolves slowly in acids but not in water.

4, X-ray Fluorescence (XRF)
- Non-destructive elemental analysis can confirm the presence of copper.

Alternative Candidates and Considerations

Despite the strong evidence pointing toward copper, other materials with similar densities could be
considered, especially if factors like impurities or alloying elements are present.

| Material | Approximate Density (g/cm3) | Notes |

| | | |

| Brass (Copper + Zinc) | 8.4 - 8.7 | Slightly lower density; alloyed material |
| Bronze (Copper + Tin) | 8.8 - 8.9 | Very close to observed density |

| Steel (Iron alloy) | 7.8 - 8.0 | Less likely, given higher density of pure iron |

Given the close match with copper and potential alloying, the material could be a copper alloy like
bronze or brass.

Summary of Conclusions

Based on the calculations:

- The density of approximately 8.93 g/cm3 is a critical clue.

- The closest match among common materials is copper, or possibly a copper alloy.

- Additional tests such as visual inspection, conductivity, and chemical reactions would strengthen the
identification.

Broader Implications and Practical Applications



The methodology applied here underscores the importance of fundamental physical measurements in
materials identification:

- Quality assurance: verifying materials in manufacturing processes.

- Material recycling: identifying metals for proper sorting.

- Forensic science: linking materials to sources or origins.

Understanding these properties also informs safety considerations, economic evaluations, and
environmental impact assessments.

Conclusion

The investigation into the unknown solid with a volume of 24.3 cm3 and a mass of 217.0 grams
illustrates the power of density as a primary identification tool. The close match to copper's density
suggests that the sample is likely copper or a copper-based alloy. While further analysis would be
needed for definitive identification, the findings demonstrate an effective approach to solving such
scientific puzzles.

This case exemplifies how straightforward measurements, combined with scientific knowledge, can
unlock the secrets of mysterious materials, emphasizing the enduring importance of physical property
analysis in scientific inquiry.
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Final Remarks

The process of identifying an unknown solid based on physical properties exemplifies the core
scientific approach: observe, measure, analyze, and infer. While the current evidence points strongly
to copper, definitive identification requires corroborative tests. This investigative framework not only
reveals the nature of the material but also highlights the importance of precise measurement and
systematic reasoning in scientific discovery.
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