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Magnesium-28 (Mg-28) is a fascinating isotope in the realm of nuclear physics due to its unique
decay properties and the energy it releases during decay processes. Understanding the energy
release, especially in terms of kilojoules per mole (kJ/mol), is crucial for applications in nuclear
science, medical imaging, and radiation therapy. This article delves into the nature of Mg-28 as a
beta particle emitter, its decay pathway to Aluminum-28 (Al-28), and the detailed calculations
involved in determining the energy released during this process.

Overview of Magnesium-28

What Is Magnesium-28?

Magnesium-28 is a radioactive isotope of magnesium with an atomic number of 12 and a mass
number of 28. It is unstable and undergoes radioactive decay to reach a more stable configuration.
Mg-28 is not naturally abundant and is typically produced in laboratory settings through nuclear
reactions, such as neutron activation.

Production of Mg-28

Mg-28 can be produced via nuclear reactions involving neutron bombardment of stable magnesium
isotopes or other particle accelerators. Its short half-life and decay characteristics make it useful in
specific research applications.

Decay Mode of Magnesium-28

Beta Decay to Aluminum-28

Magnesium-28 primarily decays through beta-minus (B—) decay. In this process, a neutron in the
nucleus transforms into a proton, emitting a beta particle (electron) and an antineutrino:

\[
~{28}\text{Mg} \rightarrow ~{28}\text{Al} + \beta”™- + \bar{\nu} e

\]



This decay increases the atomic number from 12 to 13, changing magnesium into aluminum, while
the mass number remains constant at 28.

Decay Characteristics

- Half-life: Mg-28 has a half-life of approximately 20.9 hours.
- Decay energy: The beta decay releases energy, which is partitioned between the emitted beta
particle and the recoil of the daughter nucleus.

Decay to Aluminum-28: Details and Energy
Considerations

Decay Pathway

The decay from Mg-28 to Al-28 involves the conversion of a neutron into a proton, resulting in the
emission of a beta particle and an antineutrino. The process can be summarized as:

\[
~{28}\text{Mg} \rightarrow ~{28}\text{Al} + \beta™- + \bar{\nu} e

\]

The energy released during this decay is the difference in mass-energy between the initial and final
states.

Masses and Atomic Data

To calculate the energy released, we need the atomic masses:

| Isotope | Atomic Mass (u) | Mass Defect (MeV/c?) |
| | | |

| Mg-28 | 27.976926535 u | — |

| Al-28 | 27.98191028 u | — |

Note: These atomic masses include electrons. The mass difference between Mg-28 and Al-28,
considering their atomic masses, accounts for the energy released.

Calculating the Energy Released in Beta Decay

Theoretical Framework

The energy released during beta decay, known as the Q-value, is derived from the mass difference
between the parent and daughter isotopes:



\[
Q = (m_{parent} - m {daughter}) \times c"2
\]

where:
-\(m_{parent} \) and \( m {daughter} \) are the atomic masses,
-\( ¢ ) is the speed of light.

Since atomic masses include electrons, the number of electrons must be considered to convert
between atomic and nuclear masses accurately.

Calculating the Q-value

Using the atomic masses:

\[

m {Mg} = 27.976926535\, u
\]

\[

m {Al} = 27.98191028)\, u

\]

The mass difference:

\[
\Deltam = m {Mg}-m {Al} =27.976926535\, u-27.98191028\, u = -0.004983745\, u

\]

The negative sign indicates that energy is released (since the parent is lighter after decay). To find
the energy in MeV:

\[
Q {nuclear} = [\Delta m| \times 931.5\, \text{MeV/u} \approx 0.004983745\, u \times 931.5\,
\text{MeV/u} \approx 4.644\, \text{MeV}

\]

This is the energy available for the beta particle and the recoiling nucleus.

Energy Partitioning
In beta decay, about 99% of the Q-value is carried away by the beta particle (electron) and
antineutrino, with a small fraction imparted to the recoil nucleus.

- Approximate energy carried by the beta particle:

\[
E {\beta} \approx 4.64\, \text{MeV}

\]



- The recoil of the daughter nucleus (Al-28) carries a negligible amount of energy due to its large
mass.

Converting the Energy to Kj/mol

Step 1: Convert MeV to Joules
1 MeV =\(1.60218 \times 10~ {-13} \) Joules.

So, the energy per decay:

\[

E {decay} = 4.644\, \text{MeV} \times 1.60218 \times 10" {-13}\, \text{]J/MeV} \approx 7.44 \times
107~ {-13}\, \text{J}

\]

Step 2: Convert to Kj/mol
Number of decays per mole:

\[
N A =6.022 \times 10~ {23}\, \text{decays/mol}

\]

Total energy released per mole:

\[

Q {mol} = E {decay} \times N A \approx 7.44 \times 10~ {-13}\, \text{]} \times 6.022 \times
10~{23} \approx 447.8\, \text{K]J/mol}

\]

Therefore, approximately 448 k]/mol of energy is released during the beta decay of Mg-28 to Al-28.

Implications and Applications

Significance of the Energy Release

The substantial energy release of approximately 448 kJ/mol makes Mg-28 decay a noteworthy
process in nuclear physics. This energy can be harnessed in various ways:

- Radioisotope Thermoelectric Generators (RTGs): Though Mg-28 is not used in RTGs, understanding
energy release mechanisms informs the design of such devices.

- Medical Applications: Decay energy can be used in targeted radiation therapy, provided the
isotope’s decay properties are suitable.



- Nuclear Physics Research: Precise energy calculations help in modeling decay schemes and
nuclear reactions.

Safety and Handling Considerations

Due to its radioactive nature and energy release, Mg-28 must be handled with appropriate shielding
and safety protocols to prevent radiation exposure.

Summary and Conclusions

- Magnesium-28 is a beta-minus emitter that decays to Aluminum-28.

- The decay releases approximately 4.64 MeV of energy per atom, primarily carried by the emitted
beta particle.

- When scaled to per mole basis, this amounts to roughly 448 kilojoules per mole.

- Understanding the energy released during decay is essential for nuclear physics applications,
radiation safety, and potential medical uses.

Final Remarks

While Mg-28 is not commonly used in commercial applications due to its short half-life and specific
production requirements, the principles underlying its decay process and energy release are
fundamental in nuclear science. The ability to calculate the energy released accurately provides
insights into nuclear stability, decay mechanisms, and the potential for harnessing radioactive
isotopes in various technological fields.

In conclusion, Magnesium-28’s decay to Aluminum-28 releases a significant amount of
energy—approximately 448 kJ/mol—highlighting its importance as a beta particle emitter in
scientific research and practical applications.

Frequently Asked Questions

What is Magnesium-28 and how does it decay to
Aluminum-28?

Magnesium-28 is a radioactive isotope that decays via beta particle emission, transforming into
Aluminum-28 through beta decay, where a neutron is converted into a proton with the emission of a
beta particle (electron) and an antineutrino.

How much energy is released during the decay of
Magnesium-28 to Aluminum-28?

The decay of Magnesium-28 to Aluminum-28 releases approximately 1,680 kilojoules per mole
(kJ/mol) of energy.



Why is the decay of Magnesium-28 to Aluminum-28 significant
in nuclear physics?

This decay provides insights into beta decay processes, nuclear stability, and helps in understanding
nuclear reactions relevant to astrophysics and nuclear medicine.

What are potential applications of Magnesium-28's decay to
Aluminum-28?

Applications include use in radioactive tracing, nuclear medicine for imaging, and studying nuclear
reaction mechanisms in research laboratories.

How does the beta decay of Magnesium-28 affect its atomic
structure?

Beta decay converts a neutron in Magnesium-28 into a proton, changing its atomic number from 12
to 13, thereby transforming it into Aluminum-28, while the mass number remains unchanged.

Is the energy released during Magnesium-28 decay sufficient
for practical energy generation?

No, the energy released per decay is relatively small and not practical for energy generation; it is
primarily of scientific interest rather than for power production.

Additional Resources

Magnesium-28 is a betta particle emitter that decays to Aluminum-28. How much energy is released
in kJ/mol? This intriguing question touches on the fundamental aspects of nuclear physics,
radioactive decay processes, and energy calculations. Understanding the decay of Magnesium-28
(Mg-28) provides insight into the energy dynamics involved in nuclear transformations, which are
critical in applications ranging from medical isotopes to nuclear power. In this comprehensive guide,
we will explore the nature of Mg-28 as a betta particle emitter, its decay pathway to Aluminum-28
(Al-28), and precisely how much energy is released during this process, quantified in kilojoules per
mole.

Overview of Magnesium-28 and Its Radioactive Decay

What is Magnesium-28?

Magnesium-28 is a radioactive isotope of magnesium, characterized by having 12 protons (as all
magnesium isotopes do) and 16 neutrons, giving it a mass number of 28. It is unstable and
undergoes radioactive decay to reach a more stable state. Mg-28 is not naturally abundant but can

be produced artificially in nuclear reactors or particle accelerators.

The Nature of Betta Particle Emitter



The term "betta particle emitter" refers to isotopes that decay via beta decay, emitting a beta
particle—either an electron (B-) or a positron (B+). In the case of Mg-28:

- It primarily undergoes beta-minus decay (B-), where a neutron in the nucleus transforms into a
proton, emitting an electron and an antineutrino.

- This process increases the atomic number by one, turning magnesium into aluminum, but the mass
number remains unchanged.

Decay Pathway: Mg-28 to Al-28

The Decay Equation

The decay process can be summarized as:

Mg-28 - Al-28 + B—+ v e

Where:

- Mg-28 (mass number 28, atomic number 12)

- Al-28 (mass number 28, atomic number 13)

- B— (beta particle: electron)

- D_e (electron antineutrino)

Decay Characteristics

- Half"life: Mg-28 has a half-life of approximately 20.9 minutes, making it relatively short-lived.
- Decay energy: The energy released during decay is shared between the emitted beta particle and

the antineutrino, with some energy also carried away by gamma rays if the daughter nucleus is in an
excited state, though in this case, the transition is usually direct.

How to Calculate the Energy Released

Fundamental Concepts

The total energy released in a nuclear decay, often called the Q-value, is the difference in the mass
energy between the initial and final states, converted to kinetic energy of the emitted particles. The

standard approach involves:

- Calculating the mass difference (mass defect) between parent and daughter isotopes.
- Applying Einstein’s mass-energy equivalence: E = Am X ¢2

Where:

- Am = mass defect in atomic mass units (amu)
- ¢ = speed of light (= 3.00 x 108 m/s)

Step-by-Step Calculation



1. Identify atomic masses:

- Mass of Mg-28

- Mass of Al-28

- Mass of the beta particle (electron)

2. Calculate the mass difference:

Am = (Mass of Mg-28) - (Mass of Al-28 + Mass of beta particle)
3. Convert mass defect to energy:

E (in MeV) = Am (amu) X 931.5 MeV/amu

4. Convert energy per decay to kJ:

-1 MeV =1.60218 x 103 Joules
- Multiply by the number of decay events per mole (Avogadro’s number: 6.022 x 1023)

5. Express in kJ/mol:

Total energy = Energy per decay (J) x Avogadro’s number, then convert Joules to kilojoules.

Data Needed for Precise Calculation

| Isotope | Atomic Mass (amu) | Notes |

I | I |

| Mg-28 | Approximately 27.9769265 | Precise atomic mass |
| Al-28 | Approximately 27.981910 | Precise atomic mass |

| Electron | 0.00054858 | Atomic mass of electron |

Note: Atomic masses are based on standard atomic weight values and can vary slightly depending on
sources.

Step-by-Step Calculation Example

1. Calculate Mass Difference

Mass of Mg-28 = 27.9769265 amu
Mass of Al-28 = 27.981910 amu
Mass of electron = 0.00054858 amu
Total mass of decay products:

Al-28 + electron = 27.981910 + 0.00054858 = 27.98245858 amu



Mass defect:
Am = 27.9769265 - 27.98245858 = -0.00553208 amu

Since the mass of the parent is less than the total mass of the decay products, this negative value
indicates the mass difference is released as energy.

Note: The negative sign indicates the parent is lighter; for energy release calculations, take the
absolute value.

| Am | = 0.00553208 amu

2. Convert Mass Difference to Energy

Using the conversion factor:

E (MeV) = Am (amu) X 931.5 MeV/amu

E = 0.00553208 x 931.5 = 5.152 MeV

3. Convert Energy per Decay to Joules

1 MeV = 1.60218 x 10-*3 Joules

E per decay:

=~ 5.152 MeV x 1.60218 x 10713 J/MeV = 8.254 x 103 Joules
4. Calculate Energy per Mole

Number of decays per mole:

Avogadro’s number = 6.022 x 1023

Total energy:

E total = 8.254 x 107*3 ] x 6.022 x 10?3 = 4.97 x 10! Joules
Convert to kilojoules:

=~ 4.97 x 108 kJ/mol

Thus, approximately 497 GJ/mol of energy is released during the decay of Mg-28 to Al-28.

Interpreting the Results

The calculation indicates that the decay of Magnesium-28 to Aluminum-28 releases an enormous
amount of energy per mole—on the order of hundreds of gigajoules. This energy corresponds to the
mass defect in the nucleus, converted via Einstein’s mass-energy equivalence.



Significance in Practical Applications

- Nuclear Medicine: Understanding the energy released helps in designing radioisotope therapies.
- Nuclear Power: Although Mg-28 is not used in reactors, similar calculations inform reactor fuel
behavior.

- Research and Education: Quantitative assessments like these deepen understanding of nuclear
stability and decay energy.

Additional Considerations
Effect of Electron Capture and Gamma Emission

While Mg-28 primarily undergoes beta-minus decay, some decays may involve gamma-ray emission
if the daughter nucleus is left in an excited state. These emissions contribute additional energy,
slightly altering total energy calculations.

Isomeric States

Some isotopes have metastable states that decay differently, affecting energy release specifics. For
Mg-28, such states are minimal, simplifying calculations.

Energy Distribution

In actual decay, the energy is divided between the beta particle and neutrino, with the neutrino
typically carrying away a significant portion, meaning the kinetic energy measured as heat in
detectors is less than the total decay energy.

Conclusion

Magnesium-28 is a betta particle emitter that decays to Aluminum-28, releasing a substantial
amount of energy—approximately 497 gigajoules per mole—based on nuclear mass differences. This
energy release is a direct consequence of the mass defect of the nucleus and is fundamental to
understanding nuclear decay energetics. Precise calculations involve atomic mass data, conversion
factors, and an understanding of nuclear physics principles. Whether for scientific research, medical
applications, or educational purposes, quantifying the energy released in nuclear decay processes
offers invaluable insights into the powerful phenomena at the atomic core.
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