UNIT 2: STRUCTURE OF ATOM

2.4.2 Limitations of Bohr’s Model

THE BLUEPRINT

THE REALITY




Why Fixed Circular Orbits Became Problematic A

Fine Spectra (Doublets)

AN ~ 8.876 nm
Ha doublet

Fails to explain the finer details (doublets) of the
hydrogen spectrum observed with high-
resolution spectroscopy.
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Field Splitting

Zeeman Effect (B-field)
Stark Effect (E-field)

Cannot explain the splitting of spectral lines
under magnetic fields (Zeeman effect) or electric
fields (Stark effect). AE ~ E
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Multi-Electron Atoms

H (1e”) He (2e7)

Only works for H and H-like single-electron ions.
Completely breaks down for atoms with two or

He = H + e” + e=  Li%* Bed*

Chemical Bonding

Provides no mechanism to explain the ability of
atoms to form molecules via chemical bonds.

H+H- H;: wmolecule




Conflict with the Wave Nature of the Electron Yol
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Bohr's Classical View (1913) de Broglie's Reality (1924)
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Treats the electron strictly as a macroscopic Matter exhibits dual behavior (particle and wave).
particle on a well-defined trajectory. An electron cannot be confined to a 1D rigid track.

= : . Ma opic objects have undetectable elengths. Microscopic
Formula Highlight Strip A = — L DI KO wavelengths. Microscopi

electrons have significant wavelengths that dictate their behavior.
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Conflict with Heisenberg Uncertainty Principle

Step 1: Bohr's Requirement (The Setup)

To define an orbit, Bohr
requires knowing the
exact location () and
exact velocity (v) of the
electron simultaneously.

.\

”

Step 3: The Contradiction (The Breakdown)

If Bohr's exact orbit is true
(Az = 0), momentum
becomes infinitely uncertain.

Step 2: Heisenberg's Law (The Blockade)

h It is impossible to
Az - Ap > — determine exact
41 position and exact

momentum

Ax: position uncertainty simultaneously.

Ap: momentum uncertainty

4

¥

Exam Tip

Key Takeaway: The Uncertainty Principle rules out the existence
of definite paths or trajectories for sub-atomic particles.
Therefore, Bohr's fixed orbits are physically impossible.




Final Recap: Bohr was useful, but not final A
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" Synthesis Matrix
Keep (The Legacy)

* Energy levels are quantized (represented by
integers, n).

» Electrons can transition between discrete energy
states.

» A useful baseline for the Hydrogen atom spectrum.

Discard (The Failures)

* Fixed, circular 2D paths (orbits).
* Treating the electron purely as a classical particle.
* The concept of a definite, measurable trajectory.
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The New Paradigm (1926)
Hvy = Ev

The Quantum Mechanical Model of
Atom. Replaces fixed paths with
mathematical wave functions.

b =

Paradigm Shift: We must abandon the classical Orbit (a definite path) and embrace the

quantum Orbital (a 3D region of probability density).
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