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Process of Developing it
Schrodinger Equation
Orbitals
Quantum Numbers
Peridic Table of Elements

Solid State Physics
Structure of Solids
Chemical Classification
Band Theory of Solids
Classification of Solid due to Band Theory
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Quantization of Energy

• Planck’s hypothesis: An object can only gain
or lose energy by absorbing or emitting radiant
energy in QUANTA.

Max Planck (1858Max Planck (1858--1947)1947)
Solved theSolved the ““ultravioletultraviolet
catastrophecatastrophe””
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E

Max Planck
Max Planck mathematically found that a value now called
Planck’s constant and represented by “h” could be multiplied
by f to solve for energy (E) every time an electron gave off
light as it fell.  (This simply means that all wavelengths are
proportional)
So we can use E = hf To find the energy difference

(quanta) for each frequency.
Thus E will tell us the

relative distance apart of

each energy level in a
given

atom based upon

the spectral lines.
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The Electromagnetic Spectrum

V      I      B      G       Y      O      R

E  =  h •

Quantization of Energy (ContinuedQuantization of Energy (Continued……))

Energy of radiation is proportional to
frequency.

where h = Planck’s constant = 6.6262 x 10-34 J•s

Light with large (small ) has a small E.

Light with a short (large ) has a large E.
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Atomic Line SpectraAtomic Line Spectra

• Bohr’s greatest contribution to
science was in building a simple
model of the atom.

• It was based on understanding
the SHARP LINE SPECTRA
of excited atoms.

NielsNiels BohrBohr (1885-1962)

(Nobel Prize, 1922)

Line Spectra of Excited Atoms
• Excited atoms emit light of only certain wavelengths
• The wavelengths of emitted light depend on the

element.

H

Hg

Ne
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Atomic Spectra and Bohr Model

2. But a charged particle moving
in an electric field should emit
energy.

+
Electron
orbit

One view of atomic structure in early 20th
century was that an electron (e-) traveled
about the nucleus in an orbit.

1. Classically any orbit should be
possible and so is any energy.

End result should be destruction!End result should be destruction!

Energy of state = - C/n2 where
C is a CONSTANT
n = QUANTUM NUMBER,   n = 1, 2, 3, 4, ....

• Bohr said classical view is wrong.
• Need a new theory — now called QUANTUM or

WAVE MECHANICS.
• e- can only exist in certain discrete orbits

— called stationary states.
• e- is restricted to QUANTIZED energy states.

Atomic Spectra and Bohr Model (2)
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Bohr’s theory was a great accomplishment and
radically changed our view of matter.

But problems existed with Bohr theory —
– theory only successful for the H atom.
– introduced quantum idea artificially.

• So, we go on to QUANTUM or WAVE
MECHANICS

From Bohr model to Quantum mechanics

Quantum or Wave Mechanics
• Light has both wave & particle

properties
• de Broglie (1924) proposed

that all moving objects have
wave properties.

• For light: E = h =  hc /
• For particles:  E = mc2 (Einstein)

L. deL. de BroglieBroglie
(1892(1892--1987)1987)

for particles is called  the de Broglie wavelength

Therefore,   mc = h /
and for particles

(mass)x(velocity) = h /
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Schrodinger applied idea of e-
behaving as a wave to the
problem of electrons in atoms.

Solution to WAVE EQUATION
gives set of mathematical
expressions called
WAVE FUNCTIONS,

Each describes an allowed
energy state of an e-

Quantization introduced naturally.

E.E. SchrodingerSchrodinger
18871887--19611961

Quantum or Wave MechanicsQuantum or Wave Mechanics

WAVE FUNCTIONS,WAVE FUNCTIONS,
• is a function of distance and two angles.is a function of distance and two angles.
•• For 1 electron,For 1 electron, corresponds to ancorresponds to an

ORBITALORBITAL —— the region of space withinthe region of space within
which an electron is found.which an electron is found.

•• does NOT describe the exact location ofdoes NOT describe the exact location of
the electron.the electron.

•• 22 is proportional to the probability ofis proportional to the probability of
finding an efinding an e-- at a given point.at a given point.



9

Uncertainty PrincipleUncertainty Principle
Problem of defining nature of

electrons in atoms solved by W.
Heisenberg.

Cannot simultaneously define the
position and momentum (= m•v)
of an electron.

x. p = h
At best we can describe the

position and velocity of an
electron by a

PROBABILITY DISTRIBUTION,

which is given by 22

W. Heisenberg
1901-1976
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Heisenberg Uncertainty Principle

An electron’s location and speed cannot be determined
at the same time.  If we cause change to find one
variable, we are no longer looking at the actual e-

situation.  If we need to slow or stop it to locate it or if
we need to locate it to find its speed, then we allow the
chance of change.

So quantum mechanics can tell us the probability that
an electron is somewhere, but it does not tell us how it
got there.
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Quantum NumbersQuantum Numbers

mmll (magnetic)(magnetic) --l..0..+ll..0..+l Orbital orientationOrbital orientation
in spacein space

ll (angular)(angular) 0, 1, 2, .. n0, 1, 2, .. n--11 Orbital shape orOrbital shape or
typetype ((subshellsubshell))

n (major) 1, 2, 3, .. Orbital size and
energy  = -R(1/n2)

Total # of orbitals in lth subshell = 2 l + 1

SymbolSymbol ValuesValues DescriptionDescription
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Nodal Surfaces
A nodal surface is a region that defines the
border of an orbital.  This is where the
probability function equals zero.  Electrons CAN
NOT exist in this area.
Nodal surfaces are
spherical for the “s”
orbitals.

3s orbital

Nodal surfaces are
NOT spherical for
other orbitals.

2p orbital
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SS OrbitalsOrbitals
AllAll ““SS”” orbitalsorbitals are spherical in shape.are spherical in shape.

22

s

Shapes of s and p orbitals

Nodal plane
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A p orbitalA p orbital

pz

py

px
90 o

The three pThe three p
orbitalsorbitals lie 90lie 90oo

apart in spaceapart in space

P orbitals

24

px py pz

2

3

n=

l =
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Boundary surfaces for all orbitals of the
n = 1, n = 2 and n = 3 shells

2

1

3d
n=

3

There are
n2

orbitals in
the nth SHELL
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Aufbau’s Process

1s  2s  3s  4s  5s  6s  7s

2p  3p  4p  5p  6p  7p

3d  4d  5d  6d

4f  5f

Ar 1s22s22p63s23p6

Ag 1s22s22p63s23p64s23d104p65s24d105s1

Can start from
noble gas.
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Periodic Table of Elements
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SolidsSolids

metalmetal polymerpolymer

oxideoxide

polymerpolymer

CaCa1010(PO(PO44))66OHOH22




