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Understanding the stability of isotopes, especially those of gold, provides valuable insights into nuclear

physics and the mechanisms governing radioactive decay. While Au-197 is a stable isotope, Au-202 is

unstable and undergoes decay processes to reach a more stable configuration. Among the various

decay modes, positron emission (β+ decay) and electron capture are the most relevant for Au-202.

This article explores why Au-197 remains stable, why Au-202 does not, and what the most likely decay

mode for Au-202 is, with a focus on positron emission and electron capture.

Understanding Atomic Stability and Radioisotopes

The Basics of Nuclear Stability

Atomic nuclei consist of protons and neutrons. The stability of a nucleus depends on the ratio of

neutrons to protons (N/Z ratio), nuclear forces, and energy considerations. Stable isotopes have a

balanced ratio that results in a nucleus with a low energy state, preventing spontaneous decay.

Unstable isotopes, or radioisotopes, have an excess or deficit of neutrons, making them energetically

favorable to undergo decay processes to reach stability.



Gold Isotopes: Au-197 and Au-202

- Au-197: The only stable isotope of gold, with 79 protons and 118 neutrons. Its nuclear configuration

is energetically stable, and it does not undergo radioactive decay.

- Au-202: An unstable isotope with 79 protons and 123 neutrons. Its excess neutrons make it

energetically favorable for the nucleus to undergo decay to attain a more stable state.

Why Is Au-197 Stable While Au-202 Is Not?

Stability of Au-197

Au-197 is a stable isotope because its neutron-to-proton ratio is optimal for gold's atomic number. This

ratio minimizes the nuclear energy, making spontaneous decay unnecessary and energetically

unfavorable.

Reasons for Instability in Au-202

- Neutron Excess: Au-202 has five more neutrons than the stable Au-197. Excess neutrons lead to a

higher nuclear energy state.

- Nuclear Energy Considerations: To lower its energy, Au-202 will undergo decay processes that

reduce its neutron number, moving toward a more stable configuration similar to Au-197.

- Nuclear Decay Pathways: The nucleus can change via various decay modes, such as beta decay,

positron emission, or electron capture, depending on the energy differences and nuclear

configurations.

Most Likely Decay Mode of Au-202: Positron Emission or



Electron Capture?

Understanding Beta Decay Modes

Beta decay involves the conversion of a neutron to a proton or vice versa within the nucleus, often

accompanied by the emission of a beta particle (electron or positron) and neutrinos. The primary types

are:

Beta-minus (β−) decay: Neutron converts into a proton, emitting an electron and an antineutrino.

Beta-plus (β+) decay or Positron Emission: Proton converts into a neutron, emitting a positron

and a neutrino.

Electron Capture: An orbital electron is captured by the nucleus, converting a proton into a

neutron and emitting a neutrino.

Why Is Positron Emission Likely for Au-202?

- The atomic number remains the same or decreases by one, and the mass number decreases by

one.

- Au-202, with excess neutrons, tends to undergo decay that reduces neutron number, favoring

processes that convert a proton into a neutron.

- If the energy difference (Q-value) for positron emission is positive and sufficient, positron emission

becomes the most probable decay mode.



Electron Capture as an Alternative

- Electron capture is favored when the energy difference is small and the nucleus can lower its energy

by capturing an inner orbital electron.

- Both positron emission and electron capture often coexist, with the dominant mode depending on

nuclear energy considerations.

Most Likely Decay Mode for Au-202

Analysis of Decay Mode

- The decay of Au-202 primarily involves the conversion of a proton into a neutron to achieve a more

stable nucleus.

- The possible decay modes are positron emission (β+) and electron capture.

- The most likely decay mode depends on the energy difference (Q-value) and nuclear structure.

Expected Decay Pathway for Au-202

- Positron Emission (β+) Decay: When the energy difference is sufficient, Au-202 is most likely to

undergo positron emission, emitting a positron and transforming into a more stable isotope.

- Electron Capture: If the energy difference is small or just below the threshold for positron emission,

electron capture becomes the dominant decay mode.

Conclusion: Most Probable Decay Mode for Au-202

Based on nuclear physics principles and the typical behavior of isotopes with excess neutrons, Au-202

most likely undergoes positron emission (β+ decay). This process reduces the number of protons

while increasing neutrons, moving the nucleus toward the stable isotope Au-197. Electron capture may

also occur, especially if the energy difference favors this mode, but positron emission is generally the



primary decay pathway for Au-202.

Summary

- Au-197 is stable due to its optimal neutron-to-proton ratio.

- Au-202 is unstable because of neutron excess, leading to decay.

- The most probable decay mode for Au-202 is positron emission (β+ decay), where a proton converts

into a neutron, emitting a positron and a neutrino.

- Electron capture can also occur but is typically less dominant unless specific nuclear conditions favor

it.

Implications and Applications

Understanding decay modes like positron emission is essential in various fields:

- Medical Imaging: Radioisotopes emitting positrons (like Fluorine-18) are used in PET scans.

- Nuclear Physics Research: Studying decay modes helps comprehend nuclear forces and stability.

- Radioactive Dating and Tracers: Decay pathways inform the use of isotopes in environmental and

biological studies.

Final Thoughts

The decay modes of isotopes such as Au-202 exemplify the dynamic nature of atomic nuclei striving

for stability. Recognizing whether positron emission or electron capture dominates provides critical

insight into nuclear behavior, aiding scientists in fields ranging from medicine to fundamental physics.

As research advances, our understanding of these processes continues to deepen, revealing the

intricate dance of particles within the atomic nucleus.



Frequently Asked Questions

Why is Au-197 considered a stable isotope while Au-202 is not?

Au-197 is stable because it has a balanced ratio of protons and neutrons, making it energetically

favorable. Au-202 is unstable due to an imbalance that leads to radioactive decay to reach a more

stable configuration.

What is the most probable decay mode for Au-202?

The most likely decay mode for Au-202 is positron emission (beta-plus decay).

What is positron emission, and how does it relate to Au-202?

Positron emission is a type of radioactive decay where a proton in the nucleus is converted into a

neutron, emitting a positron and a neutrino. Au-202 undergoes this decay to become more stable.

Why does Au-202 undergo positron emission rather than electron

capture?

Au-202 favors positron emission because it results in a more energetically favorable transformation,

especially when the mass difference between the parent and daughter nuclei supports this decay

mode.

What is the typical half-life of Au-202 undergoing positron emission?

The half-life of Au-202 is approximately a few days, depending on the specific isotope and conditions,

as it decays via positron emission.

How does the stability of Au-197 compare to Au-202?

Au-197 is stable because its nuclear configuration is energetically favorable, while Au-202 is unstable

and decays through positron emission to reach a more stable state.



Can Au-202 decay by electron capture, and if so, which is more

likely?

While electron capture is possible for some isotopes, in the case of Au-202, positron emission is more

likely due to the energy considerations and nuclear structure.

What particles are emitted during the decay of Au-202?

During positron emission, a positron (beta-plus particle) and a neutrino are emitted.

Why is understanding the decay mode of Au-202 important in nuclear

chemistry?

Understanding the decay mode helps in applications like radiometric dating, medical imaging, and

nuclear medicine, where knowing the decay characteristics of isotopes like Au-202 is crucial.

What is the significance of the stability difference between Au-197

and Au-202?

The stability difference highlights how nuclear composition determines whether an isotope is stable or

radioactive, influencing their uses in industry, medicine, and research.

Additional Resources
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Introduction



Noble metals like gold (Au) are renowned not only for their aesthetic and industrial applications but

also for their intriguing nuclear properties. Among these isotopes, A. Au-197 stands out as a stable

isotope, whereas Au-202 exhibits radioactivity, prompting scientific curiosity about its decay

mechanisms and nuclear structure. Understanding why Au-197 is stable while Au-202 is unstable is

fundamental to nuclear physics, with implications spanning from nuclear medicine to astrophysics.

This comprehensive review delves into the nuclear characteristics of gold isotopes, with particular

emphasis on Au-202’s decay mode. The discussion encompasses isotope stability, nuclear structure

considerations, decay processes, and the most probable decay pathways, especially focusing on

positron emission, as suggested by the keyword.

---

Background: Gold Isotopes and Nuclear Stability

The Isotopic Landscape of Gold

Gold (Au) has an atomic number (Z) of 79, meaning each atom contains 79 protons. Naturally

occurring gold is overwhelmingly composed of the isotope Au-197, which is stable. However, synthetic

isotopes such as Au-198, Au-199, Au-200, and Au-202 can be produced in laboratories or nuclear

reactors, each with distinct nuclear properties.

Stability and Radioactivity in Isotopes

- Stable isotopes have a balanced ratio of neutrons (N) to protons (Z), resulting in nuclei that do not

undergo decay over observable timescales.

- Unstable isotopes are radioactive, tending to decay toward more stable configurations via various

decay modes such as alpha decay, beta decay (β− or β+), electron capture, or spontaneous fission.

The key question is: Why is Au-197 stable, while Au-202 is not? To answer this, we must explore

nuclear binding energy, nuclear shell effects, and neutron-proton ratios.



---

Nuclear Structure and Stability: Why Is Au-197 Stable?

Neutron-Proton Ratio and the Valley of Stability

The stability of an isotope depends largely on its neutron-to-proton ratio (N/Z). For gold (Z=79), the

most stable isotope, Au-197 (N=118), sits comfortably within the "valley of stability." This balance

minimizes the nucleus's overall energy, making decay energetically unfavorable.

Nuclear Shell Model Considerations

Nuclei with "magic numbers" of protons or neutrons tend to be more stable. While 79 protons is not a

magic number, the overall nuclear configuration of Au-197 benefits from a balanced N/Z ratio and

closed shells in neighboring nuclei, contributing to its stability.

---

The Instability of Au-202: Analyzing the Causes

Isotopic Composition of Au-202

Au-202 has 79 protons (Z=79) and 123 neutrons (N=123). Its neutron excess compared to Au-197

(N=118) increases the likelihood of beta decay, as the nucleus seeks a more stable neutron-proton

ratio.

Nuclear Binding Energy and Decay Tendency

- The excess neutrons in Au-202 result in a higher total energy state.

- The nucleus can lower its energy by transforming a neutron into a proton, reducing N and increasing

Z, moving closer to the valley of stability.



Shell Effects and Neutron Excess

While the shell closure at Z=82 (lead) and N=126 are distant, the proximity of Au-202 to these "magic

numbers" influences decay modes. The neutron-rich nature favors beta decay pathways to reach a

stable configuration.

---

Probable Decay Mode for Au-202

Beta Decay: The Most Plausible Pathway

Given the nuclear composition, the most likely decay mode for Au-202 is beta-minus (β−) decay,

where a neutron is converted into a proton with the emission of an electron (beta particle) and an

antineutrino. This process reduces the neutron number by one and increases the proton number,

transforming Au-202 into a more stable isotope.

Possible Decay Mode Summary:

| Decay Mode | Description | Typical Outcome | Energy Considerations |

|--------------|--------------|-------------------|------------------------|

| Beta-minus (β−) decay | Neutron → Proton + Electron + Antineutrino | Hg-202 (mercury) |

Energetically favorable if Q-value > 0 |

| Electron Capture | Proton + Electron → Neutron + Neutrino | Hg-202 | Less likely unless conditions

favor captured electrons |

Given the neutron excess, beta-minus decay is the dominant pathway.

---

Evidence from Nuclear Data and Half-Life Measurements



Empirical data supports these predictions:

- Au-202 has a measured half-life of approximately 3.5 days, consistent with beta decay

characteristics.

- Decay products are observed to be isotopes of mercury (Hg), consistent with a β− decay pathway.

---

Detailed Decay Scheme for Au-202

Step-by-Step Decay Process

1. Initial Nucleus: Au-202 (Z=79, N=123)

2. Decay Mode: β− decay

3. Decay Reaction:

Au-202 → Hg-202 + e− + ν̄_e

- The nucleus emits an electron (e−) and an antineutrino (ν̄_e).

- The resulting nucleus is mercury-202, with Z=80, N=122.

4. Subsequent Stability:

- Hg-202 is itself unstable, often decaying via further beta decay or electron capture, ultimately

approaching stable isotopes of mercury.

---

Implications for Medical and Scientific Applications

Understanding the decay mode of Au-202 has practical implications:



- Radiopharmaceuticals: The beta emission from Au-202 can be harnessed for diagnostic imaging or

targeted radiotherapy.

- Nuclear Physics Research: Studying its decay helps elucidate nuclear structure and the forces

governing nuclear stability.

---

Conclusion

In summary, A. Au-197 is stable because its neutron-to-proton ratio and nuclear shell configuration

confer a minimal energy state. Conversely, Au-202 is unstable primarily due to its neutron excess,

which favors beta-minus decay to reach a more balanced and stable nucleus.

The most probable decay mode for Au-202 is beta-minus (β−) emission, transforming it into

mercury-202. This process aligns with experimental observations, including its half-life and decay

products. Understanding these nuclear processes not only enriches our knowledge of nuclear stability

but also enhances applications across medicine, industry, and fundamental physics.

---
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This detailed analysis underscores the intricate relationship between nuclear structure and decay

pathways, exemplified by the contrasting stabilities of Au-197 and Au-202.
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