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How Many Grams Of Copper Are Deposited On The Cathode Of An Electrolytic Cell
If An Electric Current is a fundamental question in electrochemistry that combines the
principles of electrical current, chemical reactions, and molar calculations. Understanding
this concept is crucial for industries involved in metal plating, refining, and electrochemical
manufacturing. This article explores the detailed process of calculating the amount of
copper deposited on the cathode in an electrolytic cell, emphasizing the key concepts,
formulas, and practical applications involved.

Understanding Electrolysis and Copper
Deposition

What Is Electrolysis?

Electrolysis is a chemical process driven by an electric current, which causes a non-
spontaneous chemical reaction to occur. An electrolytic cell consists of two electrodes—an
anode and a cathode—immersed in an electrolyte solution that contains ions of the
substance being deposited or dissolved.

How Copper Is Deposited During Electrolysis

In the context of copper deposition, electrolysis involves the reduction of copper ions (Cu?+)
present in the electrolyte to solid copper (Cu) that deposits onto the cathode. The overall
reaction at the cathode can be represented as:

\[
\text{Cu}"~{2+} + 2e”- \rightarrow \text{Cu (s)}

\]

This process is controlled by the flow of electrons supplied by the external power source.
The amount of copper deposited depends on the total electric charge passed through the
cell.

Calculating The Mass of Copper Deposited



Fundamental Relationship: Faraday's Laws of
Electrolysis

The amount of substance deposited or liberated during electrolysis is directly proportional
to the total electric charge passed through the electrolyte. This relationship is described by
Faraday’s first law:

\[

\text{Mass of substance} = \frac{Q \times M} {z \times F}

\]

where:

-\(Q\) = total electric charge in coulombs (C),

- \(M\) = molar mass of the substance (for copper, 63.55 g/mol),

-\(z2\) = number of electrons transferred per ion in the reaction (for Cu?*, z=2),

- \(F\) = Faraday's constant (approximately 96485 C/mol).

Understanding the Variables

- Electric Current (I): The rate at which charge flows (amperes, A).
- Time (t): The duration of electrolysis in seconds.
- Charge (Q): Calculated as \(Q = I \times t\).

Putting it all together, the mass of copper deposited can be calculated once the current and
duration are known.

Step-by-Step Calculation of Copper Deposited

Step 1: Determine the Total Charge Passed (Q)
The total charge is obtained by multiplying the current by the time:

\[

Q =I\timest
\]

where:

-\(\) is in amperes (A),
- \(t\) is in seconds (s).

Step 2: Apply the Faraday’s Law Formula

Using the known values:

t’Eext{Mass of Cu} = \frac{Q \times M}{z \times F}
\s]ubstitute \(QV):

&ext{Mass of Cu} = \frac{l \times t \times M} {z \times F}
\]



Step 3: Insert Known Constants

For copper:

-\(M = 63.55\, \text{g/mol}\),
-\(z = 2\),

- \(F = 96485\, \text{C/mol}\).

Thus:

\[
\text{Mass of Cu} = \frac{l \times t \times 63.55}{2 \times 96485}

\]

Practical Example: Calculating Copper Deposited

Given Data:

- Current, \(I = 2\, \text{A}\),
- Time, \(t = 1\, \text{hour} = 3600\, \text{s}\).

Calculation:

\[

Q = 2 \times 3600 = 7200\, \text{C}
\]

\[

\text{Mass of Cu} = \frac{7200 \times 63.55}{2 \times 96485} \approx
\frac{457,116}{192,970} \approx 2.37\, \text{g}
\]

Result: Approximately 2.37 grams of copper are deposited on the cathode after one hour
with a 2-ampere current.

Factors Affecting Copper Deposition

1. Current Intensity

The higher the current, the greater the amount of copper deposited in a given time,
assuming constant conditions.

2. Duration of Electrolysis

Longer electrolysis times lead to more copper being deposited, directly proportional to
time.



3. Temperature and Electrolyte Composition

Optimal temperature and electrolyte purity influence the efficiency and rate of deposition.

4. Electrode Surface Area

A larger cathode surface area allows more copper to be deposited simultaneously.

Applications and Significance of Copper
Deposition

1. Electroplating

Copper electroplating is widely used to coat objects with a thin layer of copper for
aesthetics, corrosion resistance, or as a preparatory layer for other metals.

2. Copper Refining

Electrolytic refining of copper involves depositing high-purity copper onto the cathode,
removing impurities from raw copper.

3. Manufacturing of Conductive Components

Electrolytic deposition helps produce precise copper layers for electronic circuitry,
connectors, and other electrical components.

Summary of Key Formulas and Concepts

e Charge, \(Q = I \times t\)
e Mass of copper deposited, \(\text{Mass} = \frac{l \times t \times M} {z \times F}\)

e For copper: \(M = 63.55)\, \text{g/mol}\), \(z=2\), \(F=96485\, \text{C/mol}\)

Conclusion

Calculating how many grams of copper are deposited on the cathode of an electrolytic cell
involves understanding the relationship between electrical charge and chemical change.
Using Faraday’s laws, you can precisely determine the amount of copper deposited based



on the current and duration of electrolysis. This knowledge is vital in various industrial
applications, including electroplating, refining, and manufacturing electronic components,
ensuring efficiency and quality control in electrochemical processes.

Remember: Always consider the factors influencing deposition efficiency for optimal results,
and ensure accurate measurements of current and time to perform precise calculations
that meet your specific needs.

Frequently Asked Questions

How is the amount of copper deposited on the cathode
calculated in an electrolytic cell?

The amount of copper deposited is calculated using Faraday's laws of electrolysis,
considering the current, time, and molar mass of copper, via the formula: mass = (current
X time X molar mass) / (humber of electrons x Faraday's constant).

What is the relationship between the electric current
and the amount of copper deposited on the cathode?

The amount of copper deposited is directly proportional to the electric current; increasing
the current results in more copper being deposited over the same time period.

How many grams of copper are deposited on the
cathode if a 3.0 A current is passed for 2 hours in an
electrolytic cell?

Using Faraday's laws, approximately 17.5 grams of copper are deposited; this calculation
involves converting time to seconds and applying the formula for electrolysis.

Why does the amount of copper deposited depend on
the number of electrons involved in the reduction
process?

Because each copper ion gains electrons (reduction) according to its valency, so the total
deposited mass depends on the number of electrons transferred per ion, which is 2 for Cu?+
ions.

How does the molar mass of copper influence the grams
deposited during electrolysis?

The molar mass of copper directly affects the amount deposited; a higher molar mass
means more grams of copper are deposited per mole of electrons transferred.



What factors can affect the accuracy of calculating
grams of copper deposited in an electrolytic cell?

Factors include fluctuations in current, temperature variations, impurities in the electrolyte,
electrode surface area, and measurement errors in current and time.

Additional Resources

How Many Grams Of Copper Are Deposited On The Cathode Of An Electrolytic Cell If An
Electric Current

Electrolysis is a fundamental process in chemistry and industry, facilitating the transfer of
material via electrical energy. Among the most classic and well-studied applications of
electrolysis is the deposition of copper onto a cathode—a process vital in refining, metal
plating, and manufacturing. A core question that often arises is: How many grams of copper
are deposited on the cathode of an electrolytic cell if a certain electric current is passed
through it? This query links directly to Faraday's laws of electrolysis and involves
understanding the interplay between electric charge, molar relationships, and the physical
deposition of metals.

This article provides a comprehensive, investigative review into the quantitative aspects of
copper deposition during electrolysis, emphasizing the fundamental principles, calculations,
and practical considerations involved.

Fundamental Principles of Copper Electrolysis

The process of copper deposition involves passing an electric current through an
electrolytic cell containing a copper sulfate solution, with copper electrodes or inert
electrodes. When the circuit is complete, copper ions (Cu?*) in the solution are reduced at
the cathode to metallic copper (Cu), depositing onto its surface.

The core reaction at the cathode is:
Cu?* + 2e~ - Cu(s)
This reduction process is governed by the flow of electrons supplied by the external power

source, with the amount of copper deposited directly related to the total charge passed
through the cell.



Faraday's Laws of Electrolysis

Faraday's laws form the theoretical backbone for calculating the amount of substance
deposited during electrolysis.

First Law

>The amount of chemical change produced by an electric current is proportional to the
quantity of electricity that passes through the electrolyte.

Mathematically:
- Mass of substance deposited (m) is proportional to the total charge (Q):

m « Q

- Incorporating proportionality constant:
m=(Q x M)/ (n xF)

where:

- M = molar mass of the substance (for copper, 63.55 g/mol)
- n = number of electrons involved per ion (for Cu?+, n=2)

- F = Faraday's constant (approximately 96485 C/mol)
- Q = total electric charge passed (in Coulombs)

Second Law

>Masses of different substances deposited by the same amount of electricity are
proportional to their equivalent weights.

While primarily relevant when comparing different elements, the first law suffices for
calculating copper deposition.

Quantitative Calculation of Copper Deposited

Given a specific electric current (1) and a duration (t), we can determine the total charge:
Q=Ixt

Substituting into Faraday's law:

m=(XxtxM)/(nxF)

This formula allows us to compute the grams of copper deposited based on measurable



quantities: current, time, and known constants.

Step-by-Step Example

Suppose an electrolytic cell operates with:
- Current, | = 2.0 amperes

- Time, t = 1 hour = 3600 seconds
Calculate the grams of copper deposited:
1. Calculate total charge:
Q=Ixt=2.0AX%3600s=7200C

2. Use the formula:

m=(Q x M)/ (n xF)

m = (7200 C x 63.55 g/mol) / (2 x 96485 C/mol)
3. Simplify:

m = (7200 x 63.55) / (192970)

m = (457,260) / (192970)

4. Final calculation:

m = 2.37 grams

Result: Approximately 2.37 grams of copper are deposited on the cathode after one hour of
electrolysis at 2 A.

Factors Affecting Copper Deposition in Practice

While the theoretical calculation provides a clear answer, real-world conditions introduce
complexities that can influence the actual amount of copper deposited.

1. Overpotential and Cell Resistance

- Actual deposition may be less efficient due to overpotentials (additional voltage required
beyond the theoretical minimum) and internal resistance.
- These factors can cause deviations from the idealized calculations.



2. Electrolyte Composition and Concentration

- Variations in copper sulfate concentration affect ion availability.
- Impurities and other ions can compete for deposition, reducing efficiency.

3. Temperature

- Increased temperature generally enhances ion mobility, potentially increasing deposition
rate.
- However, excessive heat may cause side reactions or solution instability.

4. Electrode Surface Area and Geometry

- Larger surface area allows for more deposition.
- Uneven surfaces may lead to non-uniform plating.

5. Current Efficiency

- Not all current contributes to copper deposition; some is lost to side reactions such as
hydrogen evolution.

- Current efficiency (percentage of current used for the desired reaction) typically ranges
from 80% to 100%.

Estimating Actual Deposited Mass Considering
Efficiency

To account for less-than-ideal conditions, the actual mass deposited (m_actual) can be
calculated as:

m_actual = m_theoretical x n

where n is the current efficiency (expressed as a decimal). For example, if the efficiency is
90% (n = 0.9):

m_actual = 2.37g x 0.9 =2.13¢g

This highlights the importance of knowing and controlling process parameters to optimize
copper deposition.



Practical Applications and Industry Significance

Understanding the quantitative relationship between current and copper deposition is
critical in several industrial contexts:

- Electrorefining of Copper: Precise control of current ensures high purity and minimal
wastage.

- Electroplating: Accurate calculations determine coating thickness and quality.

- Recycling and Waste Management: Quantifying recovered copper aids in resource
assessment.

The ability to predict and control copper deposition based on current and time enables
engineers and chemists to optimize processes economically and environmentally.

Conclusion and Future Perspectives

The question—How many grams of copper are deposited on the cathode of an electrolytic
cell if an electric current—can be answered thoroughly through Faraday's laws of
electrolysis. By understanding the fundamental relationships, applying precise
measurements, and accounting for practical efficiencies, practitioners can accurately
predict copper deposition quantities.

As technology advances, real-time monitoring and automation may further refine these
calculations, allowing for even greater precision and efficiency in electrochemical
manufacturing. Continued research into electrolyte compositions, electrode materials, and
process conditions will enhance our capacity to optimize copper deposition processes
across various industries.

In essence, the deposition of copper during electrolysis is a prime example of how
fundamental physical laws translate directly into practical, measurable outcomes—enabling
precise control over a process that is vital to modern industry and technology.
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