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For Each Pair Of Isotopes Listed, Predict Which One Is Less Stable:1. 6/3Li Or 9/3Li2. 23/11Na Or
25/11Na3. Understanding the stability of isotopes is fundamental in nuclear chemistry and physics. Isotopes
are variants of chemical elements that have the same number of protons but different numbers of neutrons.
Their stability depends on various factors, including the neutron-to-proton ratio, nuclear forces, and magic
numbers. In this article, we analyze the stability of the given pairs of isotopes—lithium and sodium
isotopes—by examining their nuclear properties, binding energies, and nuclear models to predict which

isotope in each pair is less stable.

Understanding Nuclear Stability: Basics and Concepts

Before delving into specific isotope pairs, it's important to grasp the foundational concepts that influence

nuclear stability.

Neutron-to-Proton Ratio (N/Z Ratio)

- The ratio of neutrons (N) to protons (Z) is a critical factor in nuclear stability.
- Light elements tend to have N/Z ratios close to 1, while heavier elements require more neutrons than
protons for stability.

- Deviations from the optimal N/Z ratio often lead to radioactive decay as the nucleus seeks stability.

Magic Numbers and Nuclear Shell Model

- Certain numbers of protons or neutrons (2, 8, 20, 28, 50, 82, 126) confer extra stability; these are known as
magic numbers.

- Nuclei with magic numbers tend to be more stable due to closed nuclear shells.

Binding Energy and Stability

- The binding energy per nucleon indicates how tightly nucleons are held together.

- Higher binding energy per nucleon corresponds to greater stability.



- Isotopes with lower binding energy are more prone to decay.

Radioactive Decay Modes

- Unstable isotopes undergo decay modes such as alpha, beta, or gamma decay to reach a more stable
configuration.

- The decay process influences the isotope's stability ranking.

Analyzing the First Pair: 6/3Li Or 9/3Li2

This pair involves isotopes of lithium, with the notation indicating mass number over atomic number.

Overview of the Isotopes

- 6/3Li: Lithium-6, with 3 protons and 3 neutrons.
- 9/3Li2: Lithium-9, with 3 protons and 6 neutrons; the notation "Li2" indicates the isotope with mass

number 9.

Neutron-to-Proton Ratio

- Lithium-6: N/Z = 3/3 = 1.0
- Lithium-9: N/Z = 6/3 = 2.0

A N/Z ratio of 1 is optimal for light elements, indicating high stability. As N/Z increases significantly

beyond 1, the nucleus becomes less stable due to neutron excess.

Stability Considerations

- Lithium-6 is a stable isotope, widely used in various nuclear applications and naturally occurring.
- Lithium-9 is unstable and radioactive, undergoing beta decay to convert a neutron into a proton, moving

toward a more stable configuration.

Empirical Evidence and Nuclear Data

- According to nuclear data tables, Lithium-6 has a half-life so long that it is considered stable for all practical

purposes.



- Lithium-9’s half-life is approximately 178 milliseconds, indicating it is unstable and decays via beta

emission.

Conclusion for the Pair

- Lithium-9 (9/3Li2) is less stable than Lithium-6 due to its neutron excess and known radioactivity.

- Prediction: 9/3Li2 is less stable than 6/3Li.

Analyzing the Second Pair: 23/11Na Or 25/11Na3

This pair involves sodium isotopes, with mass numbers 23 and 25.

Overview of the Isotopes

- 23/11Na: Sodium-23, the most abundant and stable isotope of sodium.

- 25/11Na3: Sodium-25, with 14 neutrons, is an isotope with a higher neutron count.

Neutron-to-Proton Ratio

- Sodium-23: N/Z = (23 -11) / 11 =12/ 11 = 1.09
- Sodium-25: N/Z = (25 - 11) / 11 =14/ 11 = 1.27

The stable isotope of sodium, Sodium-23, has an N/Z ratio close to 1.09, which is typical for stable isotopes of

elements in this mass range.

Stability Factors

- Sodium-23 is stable, naturally abundant, and has a high binding energy.
- Sodium-25 is radioactive, with a half-life of approximately 58.6 seconds, decaying via beta decay to

magnesium isotopes.

Empirical Evidence and Nuclear Data

- The stability of Sodium-23 is well-established.
- Sodium-25’s radioactivity indicates it is less stable, with excess neutrons leading to beta decay to reach a

more stable N/Z ratio.



Magic Numbers and Shell Model Considerations

- Neither isotope has a magic number of neutrons or protons; however, the neutron excess in Sodium-25
makes it less stable.

- The increased neutron number pushes the N/Z ratio beyond the stable zone for sodium isotopes.

Conclusion for the Pair

- Sodium-25 (25/11Na3), with a higher neutron count and known radioactivity, is less stable than
Sodium-23.
- Prediction: 25/11Na3 is less stable than 23/11Na.

Summary of Predictions and Underlying Principles

| Pair | Less Stable Isotope | Reasoning |

el

| 6/3Li vs 9/3Li2 | 9/3Li2 | Higher neutron number, radioactive decay, neutron excess |

| 23/11Na vs 25/11Na3 | 25/11Na3 | Excess neutrons, beta decay, known isotope half-life |

Key Takeaways:

- Isotopes with neutron-to-proton ratios significantly deviating from 1 for light elements tend to be
unstable.

- The presence of magic numbers enhances stability; their absence often correlates with instability.

- Empirical data, such as half-lives and decay modes, are essential for confirming theoretical predictions.

Additional Factors Influencing Isotope Stability

While the above analysis provides a solid basis for predicting stability, several other factors can influence

nuclear stability.

Nuclear Shell Closures

- Nuclei with closed shells (magic numbers) exhibit higher stability.

- For lithium and sodium, neither isotope in the pairs has a magic number of neutrons, but the stability



trend still holds based on N/Z ratios.

Pairing Effects

- Nuclei with even numbers of protons and neutrons tend to be more stable due to pairing effects.

- Lithium-6 (even N and Z) is more stable than Lithium-9, which has an odd number of neutrons.

Energy Calculations and Binding Energy

- Theoretical models like the semi-empirical mass formula can quantitatively predict nuclear stability based
on volume, surface, Coulomb, asymmetry, and pairing terms.
- These calculations consistently show that isotopes with higher neutron excess have lower binding energy

per nucleon, indicating less stability.

Implications of Isotope Stability Predictions

Understanding which isotopes are less stable helps in various scientific and industrial applications:

- Nuclear Medicine: Stable isotopes are preferred for medical imaging, while unstable ones are used in
radiotherapy.

- Nuclear Energy: Stability influences the longevity and safety of nuclear fuels.

- Research: Identifying unstable isotopes guides experimental searches in nuclear physics, especially in

studying nuclear reactions and decay pathways.

Conclusion

Predicting isotope stability involves analyzing their neutron-to-proton ratios, nuclear shell effects, and

empirical data. For the pairs examined:

- 6/3Li vs 9/3Li2: Lithium-9 is less stable due to neutron excess and known radioactivity.

- 23/11Na vs 25/11Na3: Sodium-25, with more neutrons, is less stable and undergoes beta decay.

These predictions align with nuclear physics principles and data, illustrating how fundamental nuclear

properties dictate isotope stability. Such analyses are crucial for advancing our understanding of nuclear



matter and its applications across various fields.
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Frequently Asked Questions

Which isotope, 6/3Li or 9/3Li, is less stable and why?

9/3Li is less stable because it has more neutrons relative to protons, making it more likely to undergo

radioactive decay to reach a more stable configuration.

Between 23/11Na and 25/11Na, which isotope is less stable and what is

the reason?

25/11Na is less stable because it has a higher neutron-to-proton ratio, which makes it more prone to beta

decay to achieve stability.

How does neutron-to-proton ratio influence the stability of isotopes like
lithium and sodium?

A neutron-to-proton ratio close to 1 for light elements generally indicates stability; ratios significantly

higher or lower tend to make isotopes radioactive and less stable.

Why are some isotopes like 9/3Li less stable than their lighter
counterparts like 6/3Li?

Because adding more neutrons beyond the optimal ratio disrupts nuclear stability, leading to increased

radioactive decay in isotopes like 9/3Li.

What general trend can be observed about isotope stability within the



same element, such as sodium or lithium?

Isotopes with neutron numbers far from the stable isotope's neutron number tend to be less stable and more

radioactive, often undergoing decay to reach a stable configuration.

Additional Resources

Predicting the relative stability of isotopes is a fundamental aspect of nuclear science, offering insights into
nuclear structure, decay mechanisms, and the forces at play within atomic nuclei. In this comprehensive
review, we analyze two pairs of isotopes: 6/3Li versus 9/3Li, and 23/11Na versus 25/11Na. By examining
their nuclear configurations, binding energies, decay modes, and stability indicators, we aim to determine
which isotope in each pair is less stable and understand the underlying reasons behind their nuclear
behavior.

Understanding Isotopes and Nuclear Stability

What Are Isotopes?

Isotopes are variants of a chemical element that share the same number of protons (atomic number, Z) but
differ in the number of neutrons (N). This difference in neutron count affects the nucleus's mass and
stability. For instance, both 6/3Li and 9/3Li are isotopes of lithium with 3 protons, but they differ in their

neutron numbers—3 and 6, respectively.

The Concept of Nuclear Stability

Nuclear stability hinges on the balance of nuclear forces—primarily the strong nuclear force—and the
electrostatic repulsion among protons. An isotope is stable if it does not undergo spontaneous radioactive
decay within observable timescales. Factors influencing stability include:

- Neutron-to-proton (N/Z) ratio

- Nuclear binding energy

- Magic numbers (numbers of nucleons that confer extra stability)

- Decay modes (alpha decay, beta decay, spontaneous fission)

A nucleus with an optimal N/Z ratio tends to be more stable, whereas deviations often lead to instability

and decay.



Pair 1: 6/3Li vs. 9/3Li

Overview of Lithium Isotopes

Lithium, with atomic number Z=3, has a relatively simple nuclear structure that makes it an ideal
candidate for studying nuclear stability. The two isotopes in question are:

- Lithium-6 (6/3Li): 3 protons, 3 neutrons

- Lithium-9 (9/3Li): 3 protons, 6 neutrons

Both are naturally occurring, but their stability and decay characteristics differ significantly.

Examining Lithium-6 (6/3Li)

- Nuclear configuration: 3 protons, 3 neutrons

- Binding energy: Approximately 31.99 MeV

- Stability status: Stable isotope

- Decay modes: Does not undergo radioactive decay; it is naturally stable

- Physical properties: Lithium-6 is used in nuclear fusion research and as a tracer in scientific studies.

Lithium-6 is considered stable because its N/Z ratio is 1, which, for light nuclei, is close to the ideal ratio.

The nuclear forces effectively bind its nucleons, and it does not spontaneously decay.

Examining Lithium-9 (9/3Li)

- Nuclear configuration: 3 protons, 6 neutrons

- Binding energy: Approximately 45.34 MeV

- Stability status: Unstable, radioactive isotope

- Decay modes: Undergoes beta decay to beryllium-9 (9/4Be)
- Half-life: Approximately 178 milliseconds

- Decay process: Beta-minus decay (neutron converts to proton, emitting an electron and an antineutrino)

Lithium-9 is a classic example of an isotope in the neutron-rich region of the nuclear chart. Its N/Z ratio is
2, which is significantly higher than the stable ratio for light nuclei (close to 1.5). This neutron excess causes

the nucleus to be unstable, leading to beta decay to achieve a more stable configuration.

Analysis and Conclusion for Pair 1

The key factors influencing stability here are the neutron-to-proton ratio and nuclear binding energy.
Lithium-6's N/Z ratio of 1 aligns well with the stable isotopic line for light nuclei, resulting in a stable and

non-radioactive nucleus. Conversely, lithium-9's N/Z ratio of 2 deviates significantly from the stable range,



making it unstable and prone to beta decay.

Therefore, among the pair, 6/3Li is stable, and 9/3Li is less stable (radioactive).

Pair 2: 23/11Na vs. 25/11Na

Overview of Sodium Isotopes

Sodium, with atomic number Z=11, has several isotopes, with their stability influenced by their neutron
count:

- Sodium-23 (23/11Na): 11 protons, 12 neutrons

- Sodium-25 (25/11Na): 11 protons, 14 neutrons

Sodium-23 is the only stable isotope naturally occurring, while sodium-25 is radioactive and exists only as a

short-lived isotope.

Examining Sodium-23 (23/11Na)

- Nuclear configuration: 11 protons, 12 neutrons

- Binding energy: Approximately 192.4 MeV (total)
- Stability status: Stable isotope

- Decay modes: None; stable

- N/Z ratio: 12/11 = 1.09, close to the ideal for light to medium nuclei

Sodium-23's stability is primarily due to its N/Z ratio being near 1.09, which is within the stable zone for
elements in this mass range. It is the sole stable isotope of sodium and is used as a reference in various

scientific studies.

Examining Sodium-25 (25/11Na)

- Nuclear configuration: 11 protons, 14 neutrons

- Binding energy: Approximately 198.7 MeV (total)

- Decay modes: Undergoes beta-minus decay to magnesium-25 (25/12Mg)
- Half-life: About 21.6 seconds

- N/Z ratio: 14/11 = 1.27

Sodium-25 has a higher neutron count than sodium-23, resulting in a neutron-rich nucleus. Its position on



the nuclear chart indicates it is unstable, with beta decay serving as the primary decay mode to reach a

more stable configuration.

Analysis and Conclusion for Pair 2

The stability of isotopes generally correlates with their proximity to the line of beta stability, which
depends on the N/Z ratio. Sodium-23's N/Z ratio of approximately 1.09 aligns with the stable zone, making
it stable. Sodium-25's higher N/Z ratio of about 1.27 indicates neutron excess, leading to instability and beta
decay.

Thus, 23/11Na is stable, and 25/11Na is less stable (radioactive).

Broader Implications and Insights

Role of N/Z Ratio in Stability

The analysis emphasizes the importance of the neutron-to-proton ratio in nuclear stability. Light nuclei
tend to be stable with N/Z ratios close to 1, while heavier nuclei require a higher neutron count to offset
proton-proton repulsion. Deviations from these ratios often lead to radioactive decay as the nucleus seeks a

more stable configuration.

Binding Energy as a Stability Indicator

Higher binding energy per nucleon generally correlates with greater stability. The isotopes analyzed show
that stable isotopes have binding energies conducive to resisting spontaneous decay, whereas unstable

isotopes have lower or less favorable binding energies for their configurations.

Decay Modes and Their Significance

Understanding decay modes provides insight into why certain isotopes are unstable:
- Beta decay: Common in neutron-rich nuclei (e.g., lithium-9, sodium-25), where neutrons convert into
protons.

- Alpha decay or spontaneous fission: More prevalent in heavier, highly unstable nuclei.



Summary and Final Thoughts

In summary:
- Lithium isotopes: 6/3Li is stable; 9/3Li is unstable.
- Sodium isotopes: 23/11Na is stable; 25/11Na is unstable.

This comparison underscores the delicate balance of nuclear forces, the significance of neutron-to-proton
ratios, and the role of nuclear shell effects in determining isotope stability. These principles are foundational

in nuclear physics, influencing fields from nuclear medicine to astrophysics.

Understanding which isotopes are less stable helps scientists predict decay pathways, synthesize new
elements, and interpret cosmic phenomena, making this knowledge essential for advancing both

fundamental science and practical applications.
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