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+ Reference (Solid State Physics)

Comparable level

+ J.S. Blakemore, “Solid State Physics”, Cambridge University Press, 1987
+ H.P.Myers, “Solid State Physics”, Taylor & Francis, London, 1997

+ H.M. Omar, “Elementary Solid State Physics”, Adison Wesley, 1993

+ H.M. Rosenberg, “The Solid State”, Oxford University Press, 1997

Advanced level
E N.W. Ashcroft and N.D. Mermin, “Solid State Physics”, Harcourt, 1976

B P.M. Chaikin and T.C. Lubensky, “Principle of Condensed Matter
Physics”,

Cambridge University Press, 1995
B W.A. Harrison, “Solid State Theory”, Dover, 1980

B H.Ibach and H. Liith, “Solid State Physics”, Springer-Verlag, 1990

I A.Isinara, -condensed mMatter Physics’, OXiord University Press, 1991

B M.P. Marder, “Condensed Matter Physics”, Wiley and Sons, 2000




- Quantization of Energy

Max Planck (1858-1947)
Solved the “ultraviolet
catastrophe”

Spectrum of Radiation from a Heated Body

Hizh termperaturs

Lows ternperature

Increaging ternperature —

“— Inoreasing energy Increasing h —

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

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)

Sowecanuse pE_ps Tofindthe energy difference

. uanta) for each frequency.

Thus E will tell us the (448Nt quency
relative distance apart of

each energy level in a

[ ( (o5
atom based upon E

the spectral lines.




The Electromagnetic Spectrum
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Quantization of Energy (Continued...)

Energy of radiation is proportional to
frequency.

E =hev

where h = Planck’s constant = 6.6262 x 1034 Jes

Light with large A (small v) has a small E.

Light with a short A (large v) has a large E.




Atomic Line Spectra

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

* It was based on understanding

the
of excited atoms.

Niels Bohr (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.

Haw) 40 ] ] m
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Atomic Spectra and Bohr Model

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

Electron
orbit

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

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

nd result should be destruction!

(11

Atomic Spectra and Bohr Model (2)

» 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.

Energy of state = - C/n? where
Cisa CONSTANT
n= QUANTUM NUMBER, n=1,234, ...




From Bohr model to Quantum mechanics

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 atrtificially.

* S0, we go onto QUANTUM or WAVE
MECHANICS

Quantum or Wave Mechanics

« Light has both wave & particle
properties

 de Broglie (1924) proposed
that all moving objects have
wave properties.

L. de Broglie e Forlight: E=hv=hc/A

(1892-1987) _
e For particles:_E = mc2_(Einstein)
Therefore,| mc=h/A
and for

| gmassgxgvelocit¥g =h /k|

particles




Quantum or Wave Mechanics

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

E. Schrodinger WAVE FUNCTIONS, ¥

1887-1961 Each describes an allowed
energy state of an e-

Quantization introduced naturally.

WAVE FUNCTIONS, ¥

W is a function of distance and two angles.
« For 1 electron, W corresponds to an

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

* Y does NOT describe the exact location of
the electron.

e W2is proportional to the probability of
finding an e- at a given point.




Uncertainty Principle

Problem of defining nature of
electrons in atoms solved by W.
Heisenberg.

Cannot simultaneously define the
position and momentum (= mev)
of an electron.

AX. Ap =h

At best we can describe the

W. Heisenberg position and velocity of an
1901-1976 electron by a

\Is2

which is given by T

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.

18
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Quantum Numbers

Symbol Values Description
n (major) 1,2,3, .. Orbital size and

| (angular)

m, (magnetic) -1..0..+1

0,12 ..n1

energy =-R(1/n?)

Orbital shape or
type (subshell)

Orbital orientation
In space

Total # of orbitals in Ith subshell =21 + 1

19

Nodal Surfaces

A nodal surface is aregion 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

10



S Orbitals

All “S” orbitals are spherical in shape.
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P orbitals

A p orbital

900

Py &
The three p

orbitals lie 90°
apart in space
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Boundary surfaces for all orbitals of the
n=1n=2andn=3shells

n=
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Aufbau’s Process

e

Ag 1522522p®3s23p®4523d104p65524d10551 noble gas.

Ar 1s22s522p63s23p6 Can start from

26
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Periodic Table of Elements

Growp [ 1 |2 ] [3 ][« 56 [ 7] & o so]sa][1a][13] 14| 15] 1617 [18]

Period
2
He

5 G T g 9 10
E C M (8] F Me
13 14 15 16 17 18
Al Si F S Cl Ar
21 22 23 24 25 26 27 28 29 30 31 32 5= 24 als a6
SC Ti W Cr || Mn| Fe || Co i Cu || 2n | Ga | Ge || As || Se Br || Kr
39 40 41 42 43 44 45 46 47 48 49 1) 51 52 53 54
A Zr || Mb || Mo | Te || Ru || Rh || Pd | &g | €d | In | Sn | Sb | Te I Ke
71 || 72 || 72 || ¥4 || 75 || 76 || F7¥ || 78 || ¥9 || 60 | 81 || B2 | 83 || B4 || B5 || 86
Lu Hf || Ta || ¥ || Re || Os Ir Pt || Au | Hg | TI Fb Bi Fo | At | Rn

L0 S0 TS S TOE (SO TOSH STASH SETOS (S B d 2 113 |34 f 115 || 116 || 117 || 112
Lr || Rf || Bb || &g || BA || Hs || ME ||Uun | Do | Uub | Lot || Uug || Uup || Uoh || Dos |[Uuo

*

*®
*x

‘Lanthanoids i ..............
“Actinaids v ..............
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Solids

Yy
!

Cay,(PO)OH,
VT

28
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