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To Determine The Number Of Moles Of Cu In The Sample Of The Mixture, The Students
Measured The Absorbance as part of their analytical chemistry experiment. This method relies on
the principles of spectrophotometry, a technique used to quantify the concentration of a substance in
a solution by measuring how much light it absorbs at a specific wavelength. In this context, the
students aimed to find out how much copper (Cu) was present in a complex mixture, using
absorbance data to determine its molar quantity. This process is fundamental in analytical chemistry,
especially when dealing with trace elements or components in heterogeneous mixtures.

Understanding the Relationship Between Absorbance
and Molar Concentration

The Beer-Lambert Law

The core principle that enables the determination of molar amounts from absorbance measurements
is the Beer-Lambert Law. This law states that:

e Absorbance (A) is directly proportional to the concentration (c) of the absorbing species in the
solution.

e The relationship is given by the equation: A = €lc

where:

* £ is the molar absorptivity coefficient (L mol™ cm™), a measure of how strongly the substance
absorbs light at a specific wavelength.

e | is the path length through which the light passes, usually expressed in centimeters.

¢ ¢ is the molar concentration of the solution.

By measuring the absorbance (A), and knowing € and |, the concentration c can be calculated, which
then allows the determination of the number of moles.

Applying Absorbance Data to Find Moles of Copper

Once the concentration of copper in the solution is known, calculating the number of moles involves:

1. Calculating the molar concentration (c) from the absorbance data.



2. Multiplying the concentration by the total volume of the solution to find the total moles of Cu
present.

This approach requires precise measurements and calibration to ensure accuracy.

Experimental Procedure Overview

Preparation of the Sample
Students typically start with:

¢ A known mass of the mixture containing copper.

¢ A digestion or dissolution process to convert the mixture into a solution suitable for
spectrophotometric analysis.

The solution must be clear and free of particulates to avoid scattering light, which can distort
absorbance readings.

Calibration with Standard Solutions

Before measuring the unknown sample, students prepare standard solutions of known copper
concentration:

e Serial dilutions are made to generate a calibration curve.

» Absorbance of each standard is measured at the selected wavelength.

This calibration curve plots absorbance against concentration, providing a reference for the unknown
sample.

Measuring Absorbance of the Sample

The sample solution is then measured:

¢ Using a spectrophotometer set to the appropriate wavelength (usually around 800 nm for Cu
complexes).

e Ensuring consistent cuvette positioning and baseline correction.

The resulting absorbance value is compared to the calibration curve to find the molar concentration.



Calculating the Moles of Copper

Step-by-Step Calculation

To determine the number of moles, follow these steps:

1. Identify the absorbance (A) of the sample from the spectrophotometer.

2. Use the calibration curve to find the corresponding molar concentration (c) of cupper in the
solution.

3. Calculate the total moles of Cu by multiplying concentration (mol/L) by the total volume of the
solution (L):

\[
\text{Moles of Cu} = c \times V

\]
where:

e ¢ = molar concentration obtained from calibration curve.

¢ V = volume of the solution in liters.

Example Calculation
Suppose:

e Absorbance of the sample = 0.650
 From the calibration curve, this corresponds to a concentration of 2.5 x 10 mol/L.

¢ The total volume of the solution = 50 mL = 0.050 L.

Then:

\[

\text{Moles of Cu} = (2.5 \times 10" {-4}\ \text{mol/L}) \times 0.050\ \text{L} = 1.25 \times
107~ {-5}\ \text{mol}

\]

This value indicates that there are approximately 12.5 micromoles of copper in the sample.



Factors Affecting Accuracy and Precision

Calibration Curve Quality

A well-constructed calibration curve with multiple standards ensures more reliable concentration
determination. It should be linear within the range of interest.

Instrument Calibration and Maintenance

Spectrophotometers must be properly calibrated and maintained to avoid errors in absorbance
readings.

Sample Preparation

Proper digestion and filtration are critical to minimize scattering and interference that can distort
measurements.

Path Length and Wavelength Selection

Using cuvettes with a consistent path length and selecting the correct wavelength for maximum
absorption of Cu complexes enhances accuracy.

Applications of Quantitative Copper Analysis

Determining the molar amount of copper in mixtures has broad applications:
e Environmental testing, such as assessing water quality.
e Industrial processes, including alloy manufacturing and catalysis.

e Biological studies, monitoring copper levels in tissues or fluids.

Conclusion

Measuring absorbance to determine the number of moles of Cu in a mixture exemplifies the practical
application of spectrophotometry in analytical chemistry. By understanding the principles of Beer-
Lambert Law, preparing reliable calibration standards, and carefully performing measurements,
students can accurately quantify copper content in complex samples. This technique highlights the
importance of precise laboratory practices and the power of spectroscopic methods in chemical
analysis.

In summary, the process involves measuring absorbance, constructing or referencing a



calibration curve, calculating molar concentration, and finally determining the total moles
of copper in the sample. Mastery of these steps is essential for accurate quantitative
analysis in chemistry and related fields.

Frequently Asked Questions

What is the purpose of measuring absorbance in determining
the number of moles of Cu in a mixture?

Measuring absorbance allows students to determine the concentration of copper ions in the sample
using Beer-Lambert law, which relates absorbance to molar concentration.

How is Beer-Lambert law used to calculate the number of
moles of Cu in the sample?

By measuring the absorbance at a specific wavelength, then using the molar absorptivity and path
length, students can calculate the molar concentration and hence the number of moles of Cu.

What equipment is typically used to measure the absorbance
of the sample?

A spectrophotometer is used to measure the absorbance of the sample at a specific wavelength
corresponding to copper's absorption peak.

Why is it important to prepare a calibration curve in this
experiment?

A calibration curve allows students to relate absorbance measurements to known concentrations of
Cu, enabling accurate determination of the unknown sample's copper concentration.

What assumptions are made when using absorbance
measurements to find the number of moles of Cu?

It is assumed that Beer's law applies (linear relationship between absorbance and concentration), the
sample is homogeneous, and no interfering substances affect the absorbance at the chosen
wavelength.

How do students convert the concentration obtained from
absorbance to the total number of moles of Cu?

By multiplying the molar concentration (mol/L) by the volume of the sample (L), students can
calculate the total moles of Cu present.



What are some common sources of error in measuring
absorbance for this experiment?

Errors can stem from improper calibration of the spectrophotometer, pipetting inaccuracies, sample
contamination, or deviations from Beer’s law at high concentrations.

Why is it necessary to account for the path length in
absorbance measurements?

Because absorbance is directly proportional to the path length through which light passes; accurate
measurement ensures correct calculation of concentration.

Can this method be used for other metals and why?

Yes, as long as the metal forms a solution that absorbs light at a specific wavelength and a suitable
calibration curve is prepared, this method can be applied to other metals.

What steps should students follow to determine the moles of
Cu accurately in their sample?

Students should prepare and measure a calibration curve, measure the absorbance of their sample,
use the curve to find concentration, and then calculate the total moles based on the sample volume.

Additional Resources

Absorbance-Based Quantification of Copper in Mixtures: An Expert Overview

Introduction: The Significance of Copper Quantification
in Mixtures

In analytical chemistry, accurately determining the composition of metal mixtures holds paramount
importance across industries, including environmental monitoring, pharmaceuticals, metallurgy, and
quality control. Copper (Cu), a transition metal with extensive industrial applications, often appears in
complex mixtures where precise quantification is essential. Traditionally, methods like titration or
atomic absorption spectroscopy (AAS) have been employed. However, spectrophotometric
analysis—measuring absorbance—has gained popularity due to its simplicity, cost-effectiveness, and
rapid results.

This article delves into the methodology used by students to determine the number of moles of
copper in a mixture by measuring absorbance. We explore the scientific principles involved, the
critical steps, and the underlying assumptions that ensure accuracy and reliability. Whether you are
an educator, student, or professional, understanding this process provides valuable insights into
practical analytical techniques.



Fundamental Principles: Beer-Lambert Law in Action

Central to spectrophotometric analysis is the Beer-Lambert Law, a fundamental principle that relates
absorbance to concentration. It states:

\[ A = \varepsilon \times | \times c \]

Where:

- A = Absorbance (unitless)

- € = Molar absorptivity or molar extinction coefficient (L mol-1 cm-1)
- | = Path length of the cuvette (cm)

- ¢ = Concentration of the analyte (mol L-1)

In the context of copper analysis, this law allows us to determine the concentration of Cu ions in a
solution based on measured absorbance, provided € and | are known.

Preparation and Calibration: Building the Foundation
for Accurate Measurement

Before measuring the unknown mixture, students must establish a calibration curve. This involves:
1. Preparation of Standard Copper Solutions

- Dilute a pure copper salt (e.g., CuSO4) to create solutions with known concentrations.

- Ensure precise volumetric measurements to minimize errors.

- Cover a range of concentrations that encompass the expected concentration in the mixture.

2. Measuring Absorbance of Standards

- Use a spectrophotometer set at the appropriate wavelength—typically around 800-900 nm for
copper complexes.

- Record the absorbance for each standard solution.

- Repeat measurements to ensure reproducibility.

3. Plotting the Calibration Curve

- Plot absorbance (Y-axis) against concentration (X-axis).

- The resulting linear graph validates Beer-Lambert Law applicability within the concentration range.

- Determine the slope (¢ x |) and intercept, which should ideally be near zero.

This calibration curve serves as the reference for calculating the copper concentration in the unknown



mixture.

Sample Analysis: Measuring Absorbance of the Mixture

Once the calibration curve is established, students proceed to analyze the mixture:
1. Sample Preparation

- Dilute the mixture appropriately to fall within the calibration range.

- Use consistent procedures to ensure comparability with standards.

- Filter or centrifuge if necessary to remove particulates.

2. Spectrophotometric Measurement

- Transfer the prepared sample into a cuvette with a known path length.
- Measure the absorbance at the specified wavelength.

- Record multiple readings for accuracy and compute the average.

3. Calculating Copper Concentration

Using the calibration curve:

- Find the absorbance value on the Y-axis.

- Draw a horizontal line across the graph to intersect the calibration line.
- Drop a perpendicular to the X-axis to read off the concentration.
Alternatively, for a linear calibration curve:

\[ ¢_{sample} = \frac{A_{sample}}{\text{slope}} \]

Where the slope is derived from the calibration graph.

Calculating the Number of Moles of Copper

Knowing the concentration allows students to compute the total moles of copper in the original
sample:

1. Determine Total Cu in the Diluted Solution
\[ \text{Moles of Cu} = c_{sample} \times V_{diluted} \]

Where:



- csample = concentration obtained from absorbance
- Vdiluted = volume of the diluted sample (L)

2. Back-Calculate to the Original Mixture

If the sample was diluted from the original, accounting for dilution factors:

\[ \text{Moles in original} = \text{Moles in diluted sample} \times \text{dilution factor} \]

This step is crucial to accurately determine the amount of copper initially present in the mixture.
3. Expressing in Moles

The final value represents the total moles of Cu in the original mixture, allowing comparison to other
components or calculating percentage composition.

Assumptions and Limitations in the Methodology

While spectrophotometric measurement is powerful, it relies on several assumptions:

- Linearity of Beer-Lambert Law: Valid only within a certain concentration range; deviations can cause
inaccuracies.

- Pure Absorbing Species: The method assumes the copper complex is the only species absorbing at
the selected wavelength.

- No Interfering Substances: Other components in the mixture should not absorb significantly at the
measurement wavelength.

- Consistent Path Length: The cuvette’s path length must be accurately known and constant.

- Stable Temperature: Variations can affect € and the absorbance readings.

Violations of these assumptions can lead to errors, so rigorous calibration, proper sample preparation,
and control experiments are essential.

Advanced Considerations: Enhancing Accuracy and
Reliability

To improve the precision of the determination, students and analysts should consider:

- Using Blank Solutions: To zero the spectrophotometer and account for background absorbance.

- Replicate Measurements: To identify and minimize random errors.

- Appropriate Wavelength Selection: Ensuring maximum absorption and minimal interference.

- Validation of Calibration Curve: Confirming linearity and repeatability.

- Accounting for Matrix Effects: If other substances are present, methods like standard addition may



be necessary.

Conclusion: The Power of Absorbance in Quantitative
Analysis

Measuring absorbance to determine the number of moles of copper in a mixture exemplifies how
fundamental physical principles translate into practical analytical techniques. By leveraging the Beer-
Lambert Law and meticulous calibration, students can accurately quantify copper, gaining insight into
mixture composition and concentration. Though simple in concept, this method requires attention to
detail, understanding of underlying assumptions, and careful execution to ensure reliable results.

This approach not only provides a cost-effective and rapid means of analysis but also enriches
students’ comprehension of spectrophotometry’s role in chemistry. As analytical technologies evolve,
mastering these foundational techniques remains essential for scientific inquiry and industrial
application, illustrating that even straightforward measurements can unveil complex chemical
information.
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