Quantum Mechanical Model of the Atom

Introduction

The quantum mechanical model is the modern description of the atom based on the principles of
quantum mechanics. This model was developed to explain the limitations of Bohr's model and
incorporates the wave-particle duality of electrons and the uncertainty principle.

1. Dual Nature of Matter and Radiation

Wave-Particle Duality

¢ Light exhibits dual nature: it behaves both as a particle (photon) and as a wave (electromagnetic

wave).
¢ Louis de Broglie (1924) proposed that matter (such as electrons) also exhibits dual nature.

De Broglie’s Hypothesis

e According to de Broglie, a moving particle has an associated wavelength (A) given by:

A= —

muv

Where:

o h = Planck’s constant (6.626 x 10734 s)
o m = mass of the particle (kg)
o v = velocity of the particle (m/s)
e This equation shows that smaller particles (like electrons) exhibit significant wave properties.

Experimental Evidence for Wave Nature of Electrons

1. Davisson and Germer Experiment (1927):

o Verified the wave nature of electrons by observing electron diffraction.
o Electrons, when passed through a nickel crystal, exhibited interference patterns similar to X-

rays.
2. Heisenberg’s Uncertainty Principle
o Introduced by Werner Heisenberg in 1927.
o It states that it is impossible to simultaneously determine both the exact position and
momentum of an electron.
Mathematical Expression:
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Where:
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o Ax = Uncertainty in position
o Ap = Uncertainty in momentum
o h =Planck’s constant
Implications:
o The more precisely we measure the position of an electron, the less accurately we can
measure its momentum, and vice versa.

o This principle disproves the existence of fixed electron orbits, as proposed by Bohr’s
model.

2. Schrodinger Wave Equation

Introduction

e Proposed by Erwin Schrédinger (1926), this equation describes the wave behavior of electrons
in an atom.
e Itis a differential equation that determines the probability distribution of electrons.

Mathematical Form:
HV = EV
Where:

e H =Hamiltonian operator (total energy operator)
e W (Psi) = Wave function
e FE =Energy of the system

Significance of the Wave Function (V)

o U represents the probability amplitude of an electron’s position.
o U2 gives the probability density of finding an electron in a given region.

Quantum Numbers and Atomic Orbitals

e The solutions of Schrédinger’s equation lead to quantum numbers, which describe atomic
orbitals.
e These orbitals define regions in space where the probability of finding an electron is high.

Key Takeaways

1. Dual Nature of Matter: Particles like electrons exhibit both wave and particle properties.

2. Uncertainty Principle: It is impossible to precisely measure both position and momentum of
an electron simultaneously.

3. Schrdédinger Equation: Determines the quantum states of electrons and leads to the concept of
orbitals instead of fixed orbits.

These concepts form the foundation of quantum mechanics and revolutionized our understanding of
atomic structure.
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