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Understanding the interaction between photons and atoms is fundamental in fields such as
quantum physics, spectroscopy, and atomic chemistry. When a photon encounters an
atom, the outcome depends on various factors including the photon's energy, the atom's
electronic state, and the nature of the interaction. In this article, we will explore what
happens when a photon with an energy of 4.50 electronvolts (eV) strikes a mercury atom in
its ground state, providing a comprehensive overview supported by scientific principles.

Basics of Atomic Structure and Photons

Atomic Energy Levels
Atoms consist of a nucleus surrounded by electrons that occupy specific energy levels or
orbitals. These energy levels are discrete, meaning electrons can only exist at certain
energies. For mercury (Hg), a heavy metal with atomic number 80, the energy levels are
well-studied, especially the valence and excited states relevant to photon interactions.

Photon Energy and Its Significance
Photons are particles of electromagnetic radiation characterized by their energy, which
correlates directly to their wavelength and frequency via the Planck-Einstein relation:

E = h × ν

where:
- E is the photon energy,
- h is Planck's constant (~6.626 × 10⁻³⁴ Js),
- ν (nu) is the frequency of the photon.

Alternatively, the energy can be expressed in electronvolts (eV) when considering the
photon’s wavelength:

E (eV) = 1240 / λ (nm)



Given a photon energy of 4.50 eV, its wavelength is approximately:

λ ≈ 1240 / 4.50 ≈ 275.56 nm

This wavelength falls within the ultraviolet (UV) range of the electromagnetic spectrum.

Interaction of a 4.50 eV Photon with Ground-
State Mercury Atom

Understanding Mercury's Ground State
Mercury atoms in their ground state have electrons configured as [Xe]4f¹⁴5d¹⁰6s². The most
relevant energy levels for photon interactions are the valence electrons in the 6s² orbital
and the excited states involving the 6p, 5d, and other higher orbitals.

Possible Outcomes of the Photon-Atom Interaction
When a photon with 4.50 eV of energy interacts with a ground-state mercury atom, several
scenarios are possible:

Absorption leading to electronic excitation1.

Elastic scattering (Rayleigh scattering)2.

Ionization of the atom3.

Non-radiative processes (less common at this energy)4.

Each process depends on whether the photon energy matches the energy difference
between the initial and possible excited states, or if it exceeds ionization thresholds.

Does the Photon Have Enough Energy to Excite
Mercury’s Electrons?

Energy Levels in Mercury Relevant to 4.50 eV Photons
Mercury's first excitation energy from the ground state to the first excited state (such as
the 6s² to 6s6p transition) is approximately:



- Around 4.9 eV, corresponding to a wavelength near 253 nm.

Since the photon energy in question is 4.50 eV, which is slightly less than this 4.9 eV
threshold, it is unlikely to excite the mercury atom to the lowest excited states directly.

Implications of Sub-Threshold Energy
Given that the photon energy (4.50 eV) is just below the excitation energy (~4.9 eV):

The photon cannot promote an electron from the ground state to the lowest excited
states (e.g., 6s to 6p).

It might interact with higher energy levels if they are accessible, but typically, the
probability is low unless the atom has such states at slightly lower energies.

The photon may be reflected or scattered without absorption.

Possible Outcomes in Detail

1. Elastic Scattering (Rayleigh Scattering)
- The photon interacts with the atom's electrons and is scattered without any energy
transfer.
- The atom remains in the ground state.
- This process is predominant when photon energy does not match any allowed electronic
transition.

2. Absorption and Electronic Excitation
- Since the photon energy (~4.50 eV) is slightly below the first excitation threshold (~4.9
eV), direct excitation to the lowest excited states is unlikely.
- However, if the atom has higher excited states at energies near 4.50 eV, absorption could
occur, leading to excited states.
- Alternatively, multi-photon absorption could happen if the photon density is high, but this
is less probable under normal conditions.

3. Non-Radiative Processes and Ionization
- Ionization requires removing an electron, which in mercury involves energies exceeding
the ionization potential (~10.4 eV).
- Since 4.50 eV is well below this, ionization is not expected.
- Non-radiative processes are typically less relevant here unless through collisional de-
excitation with other particles.



Implications for Spectroscopy and Practical
Applications

Mercury Emission and Fluorescence
- Mercury vapor lamps often emit UV light at wavelengths corresponding to higher energy
transitions (~253.7 nm, 4.89 eV).
- A photon at 275 nm (4.50 eV) would most likely be scattered rather than cause
fluorescence under typical conditions.

Use in UV Light Sources
- Understanding the interaction at this energy helps in designing mercury-based UV lamps,
where specific excitation energies determine emission spectra.

Relevance to Photodetectors and Sensors
- Photodetectors sensitive to UV can detect photons at 4.50 eV, but the efficiency depends
on whether the photon causes excitation or scattering.

Summary and Conclusion

To summarize, when a 4.50 eV photon hits a mercury atom in its ground state:

The photon’s energy is insufficient to directly excite the atom to its first excited
states, which require approximately 4.9 eV.

Most interactions will result in elastic scattering, where the photon is deflected without
energy transfer, leaving the atom in the ground state.

In the unlikely event that higher-lying states are accessible near 4.50 eV, absorption
could occur, leading to excitation, but such states are generally at higher energies.

Ionization or other non-radiative processes are not expected at this photon energy
due to the high ionization energy of mercury (~10.4 eV).

Understanding these interactions is crucial for applications ranging from spectroscopy to
the development of UV light sources. The slight energy deficiency relative to mercury’s
excitation energy underscores the importance of photon energy tuning in atomic and
molecular physics experiments.

In essence, a 4.50 eV photon incident on a ground-state mercury atom predominantly



results in scattering, with minimal probability for excitation or ionization at standard
conditions. This knowledge helps scientists and engineers optimize devices and
experiments involving mercury atoms and UV photons.

Frequently Asked Questions

What is the significance of a 4.50 electronvolt photon
interacting with a mercury atom?
A 4.50 eV photon can excite electrons in a mercury atom if its energy matches or exceeds
the atom's excitation energies, leading to possible electronic transitions or emissions.

Would a 4.50 eV photon be sufficient to ionize a ground-
state mercury atom?
No, since the ionization energy of mercury is approximately 10.4 eV, a 4.50 eV photon does
not have enough energy to ionize the atom, only to excite it to higher energy levels.

What electronic transitions in mercury can be triggered
by a 4.50 eV photon?
A 4.50 eV photon can induce electronic transitions from the ground state to excited states
that lie within that energy range, potentially causing the atom to emit photons of
characteristic wavelengths upon relaxation.

What observable effects could result from a 4.50 eV
photon incident on a mercury atom?
Possible effects include excitation of the atom to higher energy levels, subsequent
fluorescence or photon emission at characteristic wavelengths, and no ionization or
damage due to insufficient energy.

How does the energy of a photon relate to the
wavelength in the context of mercury's spectral lines?
The photon energy (4.50 eV) corresponds to a specific wavelength (around 275 nm), which
may or may not match mercury's known spectral lines, influencing whether the photon can
induce specific transitions.

Would the incident photon cause fluorescence in the
mercury atom?
Yes, if the photon excites the mercury atom to a higher energy state, the atom can
subsequently fluoresce, emitting photons at characteristic wavelengths as it returns to
lower energy levels.



What practical applications or phenomena could involve
a 4.50 eV photon interacting with mercury?
Such interactions are relevant in mercury vapor lamps, fluorescent lighting, and
spectroscopic studies where specific photon energies excite or probe mercury atoms to
produce or analyze characteristic emissions.

Additional Resources
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When exploring the interaction between photons and atoms, one of the most fascinating
questions involves understanding what transpires when a photon of a particular energy
strikes an atom in its ground state. In this case, we examine what would happen if a 4.50
electronvolt photon was incident on a mercury atom in the ground state. Mercury, with its
unique electronic configuration, has specific energy levels that determine how it responds
to incident electromagnetic radiation. This analysis will delve deep into the atomic physics
involved, exploring energy levels, possible interactions, and the broader implications of
such an event.

---

Understanding the Basics: Photons and Atomic Energy Levels

What is a Photon?

A photon is a quantum of electromagnetic radiation, characterized by its energy, frequency,
and wavelength. The energy of a photon, E, is directly related to its frequency (ν) by the
relation:

E = hν

where h is Planck’s constant (~6.626 x 10^-34 Js).

In this case, the photon has an energy of 4.50 eV, where 1 eV (electronvolt) is the amount
of kinetic energy gained or lost by an electron when it is accelerated through an electric
potential difference of 1 volt.

Atomic Energy Levels and Transitions

Atoms have discrete energy levels, and electrons can transition between these levels by
absorbing or emitting photons matching the energy difference between initial and final
states. For a photon to be absorbed, its energy must exactly match the energy gap
between two energy levels in the atom.

---

Mercury Atom: Electronic Structure and Energy Levels



Ground State of Mercury

Mercury (Hg) has an atomic number of 80. Its ground state electronic configuration is:

[Xe] 4f^14 5d^10 6s^2

This configuration indicates that the outermost electrons occupy the 6s orbital, and the
atom is in a stable, lowest-energy state.

Relevant Excited States

Mercury’s energy levels involve complex arrangements, but some key transitions include:

- The 6^1P_1 state, which is an excited state with an energy approximately around 4.9 eV
above the ground state.
- The 6^3P_1 state, roughly 4.7 eV above ground.
- Other excited states are higher or lower, but the critical point is that the energy
differences for many important optical transitions are near or above 4.5 eV.

Known Spectral Lines of Mercury

Mercury’s prominent spectral lines include:

- The Hg green line at 546.1 nm (~2.27 eV)
- The blue line at 435.8 nm (~2.85 eV)
- The UV lines around 254 nm (~4.88 eV)

The 4.88 eV line corresponds to the transition from the 6^3P_1 level to the ground state,
indicating that the excitation energy required to reach this state is close to 4.88 eV.

---

What Happens When a 4.50 eV Photon Strikes a Mercury Atom?

Key Considerations

- The photon energy (4.50 eV) is less than the energy difference to the prominent excited
states like 6^3P_1 (~4.88 eV).
- The photon energy is close to the energy of certain transitions, but not sufficient to cause
excitation to the 6^3P_1 state directly.
- The atom is in the ground state, and thus initially has the lowest possible energy.

Possible Outcomes

1. No Absorption (Elastic Scattering)

Since the photon’s energy (4.50 eV) does not match any of the known transitions in
mercury, the most probable outcome is no excitation. The photon may scatter elastically,
retaining its energy but changing direction, a process called Rayleigh scattering.

2. Inelastic Scattering (Raman or other processes)



Although less likely at this energy, the photon might undergo inelastic scattering, where it
loses or gains a small amount of energy due to interactions with vibrational or rotational
modes (more common in molecules than atoms). In atomic gases, this process is rare
unless the photon’s energy matches an actual transition.

3. Absorption and Subsequent Emission

For absorption to occur, the photon must have an energy matching an actual transition in
the atom. Since 4.50 eV is below the critical transition energies (~4.7–4.9 eV), the atom
cannot absorb the photon directly to reach those excited states.

4. Off-Resonant Processes and Virtual Excitations

The photon might temporarily induce a virtual excitation, but without matching the energy
difference, the atom does not settle into an excited state. This is a second-order quantum
process and generally results in scattering without permanent excitation.

---

Deep Dive: Why the Photon Cannot Excite the Mercury Atom

Matching Energy Levels

The key to absorption is resonance: the photon must have energy matching the energy gap
between the ground state and an excited state.

- The closest excited states are around 4.88 eV (e.g., 6^3P_1).
- The photon energy is 4.50 eV, which is ~0.38 eV less than the required energy.

Implications of Mismatch

- The mismatch means the photon cannot be resonantly absorbed.
- The atom remains in the ground state, and the photon either passes through, is scattered
elastically, or is absorbed via non-resonant processes with very low probability.

Quantum Mechanical Perspective

In quantum mechanics, the probability amplitude for absorption is governed by the
transition dipole moment and the energy matching condition. Since the photon’s energy
does not match a real transition, the transition probability is negligible.

---

Broader Implications and Related Phenomena

Elastic vs. Inelastic Scattering

- Elastic scattering: The photon is deflected by the atom, changing its direction but not its
energy.
- Inelastic scattering (Raman): The photon exchanges energy with the atom, leading to a
shift in photon wavelength. However, such processes require specific energy level matches,



which are absent here.

Non-Resonant Absorption and Virtual States

Even in non-resonant conditions, photons can induce temporary, virtual excitations. These
processes are typically weak and contribute to phenomena like the index of refraction but
do not lead to permanent excitation.

Possible Minor Effects

- Slight polarization changes or phase shifts due to scattering.
- Induction of weak, off-resonant polarization in the atom.

---

Summary: The Likely Scenario

Given the incident photon energy of 4.50 eV and the energy structure of mercury:

- The photon will most likely be scattered elastically, passing through without causing
excitation.
- No electronic transition will be resonantly excited because the photon energy does not
match the energy difference to any excited state.
- The atom remains in its ground state, and the photon continues with reduced probability
of absorption.

---

Final Thoughts: The Significance of Photon Energy in Atomic Interactions

This scenario underscores a fundamental principle in atomic physics: resonant absorption
depends critically on the matching of photon energy and atomic transition energies. When
the photon energy is below the threshold required, the atom remains largely unaffected,
and the photon can be scattered or pass through unabsorbed.

In practical applications, such as spectroscopy, understanding these energy thresholds
allows scientists to select the appropriate photon energies to excite specific atomic
transitions. For mercury, the 4.88 eV transition is key for its UV emission lines, and photons
with energies below this level, like 4.50 eV, won't produce direct excitation but can
influence the atom’s behavior through scattering.

In conclusion, if a 4.50 electronvolt photon was incident on a mercury atom in the ground
state, the most probable outcome is elastic scattering, with the atom remaining in its
ground state and no excitation occurring. This behavior exemplifies the importance of
resonance conditions in photon-atom interactions and highlights how atomic energy
structures govern the fundamental processes of absorption and emission.
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