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Introduction

Understanding the energy levels of electrons in atoms and molecules is
fundamental to gquantum mechanics and atomic physics. The question of whether
the energy of a state characterized by quantum numbers \( N = 4 \) and \(
\ell = 2 \) 1s greater than that of a state with \( N = 5 \) and \( \ell = 0
\) i1s an intriguing one. It involves concepts like quantum numbers, energy
level ordering, and the influence of electron interactions.

This article delves into the principles governing atomic energy levels,
analyzing the specific case of these two states. We'll explore the gquantum
numbers involved, the factors affecting energy levels, and the common
misconceptions surrounding this topic. By the end, you'll understand whether
the statement is true or false, grounded in the principles of gquantum
mechanics and atomic physics.

Quantum Numbers and Atomic Energy Levels

Principal Quantum Number (N)

The principal gquantum number, denoted by \( N \), determines the energy level
or shell of an electron in an atom. It is a positive integer (\( N =1, 2, 3,
\ldots \)).

- Higher \( N \) generally indicates a higher energy level.

- The energy associated with \( N \) increases as \( N \) increases, but not
always in a strictly linear manner due to electron-electron interactions and
other effects.

Azimuthal Quantum Number (\( \ell \))

The azimuthal (or angular momentum) quantum number, \( \ell \), defines the
shape of the orbital and its subshell:

- \( \ell \) ranges from 0 to \( N-1 \).
- Commonly, \( \ell = 0 \) corresponds to s—-orbitals, \( \ell =1 \) to p-



orbitals, \( \ell = 2 \) to d-orbitals, and so on.

Energy Level Ordering and the Role of \( \ell \)

In multi-electron atoms, the energy of a state depends not only on \( N \)
but also on \( \ell \):

- For a given \( N \), states with lower \( \ell \) tend to have lower energy
because they are more tightly bound closer to the nucleus.

— The energy ordering of orbitals in multi-electron atoms is governed by the
"Aufbau principle" and the effective nuclear charge experienced by electrons.

Analyzing the States: N=4, \( \ell=2 \) vs.
N=5, \( \ell=0 \)

State 1: N=4, \( \ell=2 \) (a 4d orbital)

— This state corresponds to an electron in the 4d orbital.
— The energy largely depends on the principal quantum number \( N=4 \), but
also on the \( \ell=2 \) value.

State 2: N=5, \( \ell=0 \) (a 5s orbital)

— This state corresponds to an electron in the 5s orbital.
— The energy depends mainly on \( N=5 \), with \( \ell=0 \).

Comparing the Energies: Which Is Greater?

In Hydrogen-like Atoms

- For hydrogen or hydrogen-like ions, the energy levels depend solely on \( N
\), with no influence from \( \ell \).
— Therefore, in such cases:

\ [

E_{N} \propto —-\frac{z"2}{N"2}

\]

— The 4d and 5s orbitals would follow:
\ [

E_{4} \text{ (for N=4)} > E_{5} \text{ (for N=5)}
\1



— The 4d level has higher energy than 5s because a lower \( N \) corresponds
to a more tightly bound (more negative) energy level.

In Multi-electron Atoms

— Electron-electron interactions and screening effects lead to a more complex
energy ordering.

— Generally, the energy ordering of orbitals in many-electron atoms follows
the Aufbau principle, which suggests:

\ [
\text{Energy Order} : 1s < 25 < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d \ldots
\1]

— Notably, in many atoms, the 4d orbital is higher in energy than the 5s
orbital.

Therefore:

- The 4d (\( N=4, \ell=2 \)) state typically has a higher energy than the 5s
(\( N=5, \ell=0 \)) state because 4d is filled after 4p and before 5s, but
generally, 5s is lower in energy than 4d in neutral atoms.

Summary:

| State | Quantum Numbers | Approximate Placement in Energy Order | Expected
Relative Energy |

| N=4, \( \ell=2 \) | 4d orbital | Higher than 4p, lower than 5p | Generally
higher than 5s in many atoms |
| N=5, \( \ell=0 \) | 5s orbital | After 4d and 4p | Lower in energy than 4d

Factors Influencing Energy Level Ordering

Electron—-Electron Interactions

— Electron repulsions cause shifts in energy levels.
— Shielding effects mean electrons in outer shells experience less nuclear
attraction.

Effective Nuclear Charge (Z_eff)

- The net positive charge experienced by an electron.
— Variations in Z_eff influence orbital energies.



Orbital Penetration and Shielding

— Orbitals with greater penetration (like s-orbitals) experience higher
Zz_eff.

- d and f orbitals are less penetrating, often resulting in higher energy
compared to s and p orbitals in the same shell.

Conclusion: Is the Statement True or False?

Based on the principles outlined:

- In hydrogen-like atoms, the energy for \( N=4, \ell=2 \) (a 4d state) is
greater than that for \( N=5, \ell=0 \) (a 5s state) because energy depends
solely on \( N \).

— In multi-electron atoms, the typical energy ordering shows that the 5s
orbital is lower in energy than the 4d orbital in neutral atoms.

Therefore:

- The statement "The energy for N=4 and \( \ell=2 \) state is greater than
the energy for N=5 and \( \ell=0 \) state" is generally false in typical
multi-electron atoms.

— It can be true in hydrogen-like systems, but for most real atoms, the 5s
state has lower energy than the 4d state.

Summary and Final Remarks

— The energy comparison between different gquantum states depends heavily on
the type of atom and the specific electron configuration.

— In multi-electron atoms, the ordering is influenced by shielding, electron-
electron interactions, and penetration effects.

— Understanding these concepts helps clarify why certain orbitals are filled
in a particular order, and how energy levels compare across different quantum
states.

In conclusion:

The statement "The energy for N=4 and \( \ell=2 \) state is greater than the
energy for N=5 and \( \ell=0 \) state" is generally false in the context of
real, multi-electron atoms.

This understanding is crucial for students and professionals working in
atomic physics, spectroscopy, and related fields, providing insight into
atomic structure and the behavior of electrons within atoms.
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Frequently Asked Questions

Is the energy of the N=4, /=2 state greater than that
of the N=5, ¢=0 state?

False

Does the energy increase with higher principal
quantum number N for fixed angular momentum ¢7?

Not necessarily; it depends on the specific system, but generally energy
increases with N.

In a hydrogen-like atom, is the energy for N=4, ¢=2
higher than for N=5, ¢=0?

False; the energy for N=4, ¢=2 is lower than for N=5, ¢=0.

Is the energy for a state with higher N always
greater than that with lower N?

False; in many systems, energy levels can be higher or lower depending on
other quantum numbers.

Does the angular momentum quantum number ¢ affect the
energy levels in a hydrogen atom?

Yes, due to fine structure and other effects, ¢ can influence energy levels
slightly.

In the context of quantum states, is the N=4, {¢=2
state lower in energy than the N=5, ¢=0 state?

Yes, typically the N=4, ¢{=2 state has lower energy than the N=5, ¢{=0 state.

Is the statement 'The energy for N=4 and /=2 is
greater than for N=5 and ¢=0' true?

False

Can the energy difference between different quantum
states be used to determine spectral lines?

Yes, the differences in energy levels correspond to spectral line
wavelengths.



Additional Resources

The Energy For N = 4 And L = 2 State Is Greater Than The Energy For N = 5 And
L = 0 State. True False

Understanding the nuances of atomic and quantum energy states is fundamental
to grasping the principles of guantum mechanics and atomic physics. The
statement "The energy for N = 4 and L = 2 state is greater than the energy
for N =5 and L = 0 state" touches directly on how energy levels are
structured within atoms, especially within the context of the hydrogen-1like
model. This guide aims to dissect this statement thoroughly, providing a
comprehensive breakdown of the concepts involved, including the quantum
numbers, energy level calculations, and the physical principles underpinning
these states.

Introduction to Quantum Numbers and Atomic Energy Levels

At the core of understanding atomic energy states are the quantum numbers.
These numbers uniquely identify the energy, shape, and orientation of an
electron's orbital within an atom.

Quantum Numbers Overview:

— Principal Quantum Number (N): Indicates the energy level or shell in which
the electron resides. It is a positive integer (N =1, 2, 3, ...). Higher N
values correspond to electrons farther from the nucleus and generally higher
energy.

— Azimuthal Quantum Number (L): Describes the shape of the orbital and the
angular momentum of the electron. It can take values from 0 to N-1 for each
enerqgy level.

- L = 0 corresponds to s-orbitals
- L = 1 corresponds to p-orbitals
- L = 2 corresponds to d-orbitals
- L = 3 corresponds to f-orbitals

— Magnetic Quantum Number (M): Defines the orientation of the orbital in
space, with values from -L to +L.

While M is essential for detailed spectral analysis, the energy calculations
primarily depend on N and L.

The Relationship Between Quantum Numbers and Energy Levels

In hydrogen-like atoms (single-electron systems), the energy levels depend
mainly on the principal quantum number N, with slight modifications
introduced by other factors such as fine structure or external fields. The
basic energy formula for an electron in a hydrogenic atom is:

E(N) = - (13.6 eV) / N?

This indicates that energy levels decrease (become more negative) as N
increases, implying higher N corresponds to higher energy (less negative).

Important Implication:



- Energy decreases with increasing N.

— The L gquantum number (or orbital shape) does not significantly affect the
energy in a hydrogenic model unless considering fine structure, spin-orbit
coupling, or external perturbations.

However, in multi-electron atoms, energy levels are influenced by electron-
electron interactions, and the dependence on L becomes more pronounced,
leading to phenomena like spectral line splitting (e.g., in the Lyman and
Balmer series).

Clarifying the Statement: Is the Energy for N=4, L=2 Greater Than For N=5,
L=07

Given the foundational principles, the question hinges on understanding how
quantum numbers influence energy and whether the specific L value has a
significant energy impact compared to N.

Key points to consider:

1. In hydrogen-like systems:

- Energy depends primarily on N.

— The L quantum number does not significantly alter energy unless
relativistic or fine structure effects are considered.

2. In multi-electron atoms:

— The energy depends on both N and L due to electron-electron interactions
and shielding effects.

- Generally, for a fixed N, states with lower L (like s-orbitals) are lower
in energy than higher L states (like d or f orbitals).

- For fixed L, increasing N raises the energy.

Applying this to the statement:

, L=2 (a 4d orbital)
L=0 (a 5s orbital)

In multi-electron atoms, 5s (N=5, L=0) is typically lower in energy than 4d
(N=4, L=2) because:

— The n=5, 1=0 orbital (5s) is closer to the core electrons in energy, often
more stabilized due to shielding effects.
— The n=4, 1=2 (4d) orbital is higher in energy owing to its higher principal

quantum number and its shape.

Therefore, the energy for N=4, L=2 is generally greater than the enerqgy for
N=5, L=0.

Visualizing the Energy Hierarchy
To better understand, consider the following:

| State | Principal Quantum Number (N) | Orbital Type (L) | Approximate
Energy (multi-electron atom) |



| d | Higher energy (less stable) |
s | Lower energy (more stable) |

Conclusion:

- Because the N=5, L=0 state typically resides lower in energy than the N=4,
L=2 state in multi-electron atoms, the statement "The energy for N=4 and L=2
is greater than for N=5 and L=0" is True in such contexts.

Additional Factors Influencing Energy Levels

While the simplified models provide a general understanding, real atomic
systems involve complexities:

— Fine Structure: Small splittings caused by relativistic effects and spin-
orbit coupling can slightly modify energies.

— Electron-Electron Interactions: In multi-electron atoms, electrons repel
each other, leading to energy shifts that depend on L and N.

- External Fields: Magnetic or electric fields can cause Stark or Zeeman
splitting.

In most basic quantum mechanics assessments, however, the dominant factor for
the energy ordering is N, with L playing a secondary role in multi-electron
systems.

Summary and Final Verdict

— In hydrogenic atoms:

The energy depends solely on N, so N=4, L=2 and N=5, L=0 states would follow
the same N-dependent trend. Since N=5 corresponds to a higher principal
quantum number, it is at a higher energy (less negative), meaning the energy
for N=5, L=0 is less than for N=4, L=2.

— In multi-electron atoms:

The L gquantum number influences energy levels, with lower L states generally
being more stable at the same N. For different N, the energy tends to
increase with N, but the L dependence can shift the ordering.

Therefore, the statement:

"The energy for N=4 and L=2 state is greater than the energy for N=5 and L=0
state" is generally True in multi-electron atoms, because:

— The N=4, L=2 state is at a lower principal energy level than N=5, L=0.

— Since energy levels increase with N, the N=5, 1L=0 state is lower in energy
than N=4, L=2.

Hence, the statement as posed is:

False.

The energy for N=4 and L=2 is not greater than the energy for N=5 and L=0; it
is actually less.



Final Thoughts

Understanding atomic energy levels requires careful consideration of quantum
numbers and the context—hydrogenic or multi-electron systems. The nuances of
electron interactions, shielding, and fine structure often influence real-
world observations, but the foundational principles provide clear guidance in
classifying and comparing states.

In conclusion, when analyzing the statement, considering the typical energy
ordering in multi-electron atoms, the correct answer is False. The energy of
the N=4, L=2 state is less than that of the N=5, L=0 state, making the
original statement incorrect in most realistic scenarios.
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Disclaimer:

The analysis here primarily pertains to multi-electron atoms where electron-
electron interactions influence energy ordering. For hydrogen atoms, the
dependence on L is negligible, and energy depends solely on N.
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