Why Atomic Models A
Were Needed

The Post-Dalton Crisis: We found the particles,
but how are they arranged?

The Subatomic Puzzle

The discovery of electrons, protons, and neutrons proved atoms
were divisible. But classical physics could not explain how these
charged particles coexisted. Scientists needed a model to solve
three critical problems.
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Problem 1: Atomic Stability

Rutherford’s planetary model suggested electrons orbit the nucleus.
But classical physics predicted a catastrophic collapse.
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Maxwell’'s Electromagnetic Theory

Accelerated charged particles must emit electromagnetic radiation. An orbiting
electron is constantly changing direction, meaning it is under constant acceleration.

A The Classical Mechanics Trap

If classical physics applied, the electron would radiate energy, its orbit would shrink, and it would crash into the
nucleus in 108 seconds. A new model was required to explain why matter doesn't instantly self-destruct.




Problem 2: Element Properties & Molecule Formation

TopAll

The rich diversity of chemical behavior traces back directly to the internal structure of the atom.
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Why is Helium an inert gas, while Sodium is a highly How do atoms combine? A successful model must
reactive metal? A valid model must explain how internal provide a mechanism for how different atoms interact,
electron arrangements dictate external physical properties. share, or transfer electrons to form stable molecules.

0 Early models (like Rutherford’s) were completely silent on the distribution and relative energies of
electrons around the nucleus, making chemical prediction impossible.
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Problem 3: Radiation Absorb'd & Emitted

When atoms are heated or irradiated, they emit or absorb electromagnetic
radiation—but not in the way classical physics predicted.

Continuous Spectrum (Expected)

Line Spectrum (Obse rvei/l discrete lines = discrete energy states

discrete lines = discrete energy states

The Spectral Riddle

Instead of emitting a continuous spread of wavelengths (like a rainbow),
gas-phase atoms emit light only at very specific, discrete frequencies.

This phenomenon proved that atoms can only take up or radiate energy in discrete
amounts (quanta). All possible energies are not allowed.




Key Takeaways: Beyond the Diagram

Historical Observation Required Model Feature

' Requirement: Stationary energy states & quantized
angular momentum.

A successful model must define specific, stable orbits where
electrons do not radiate energy.

Observation: Atoms don’t collapse in 108 s

| Atoms are observed to be stable over long periods, I::> ‘
- contradicting classical physics predictions of electron spiraling. |

' Requirement: Specific electron distribution, shells, &
| shielding effects.

The model needs to describe electron arrangement in energy
. levels, explaining valence electrons and chemical behavior.

Observation: Diverse chemical bonding occurs
Elements exhibit varied reactivity and bond formation ::}
capabilities (e.g., ionic, covalent).

Observation: Unique line spectra emitted Requirement: Discrete energy transitions (AE = hv).

When excited, atoms emit light only at discrete, I::> " Energy changes occur only in specific quantum jumps, where
characteristic frequencies, not a continuous spectrum. h is Planck's constant and v is frequency.

Models Explain Observations, Not Just Diagrams
Atomic models are not just pictures of an atom. They are rigorous mathematical and conceptual

frameworks. If a model contradicts experimental reality (like Maxwell's Theory or atomic spectra), it
must be discarded or evolved.
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