


Nickar Dynamics and adiabatic approximation
considered welei fixed . They justprovide a-

So fa weaternalprinte
- However molei more , like : Their eq.bey schroedinger eg.
itis the interaction between - & uclei whatdetermines
The

eg
. positions ofuclei.

-Fill Many Body Hamiltonians
↑

=Teen
* Partition into : Hist = in (R) + Te (r) + V (r, R)

R = pr= 3 u = (5: 3 Tall zorlaub

allnuclear words alle crorls interactions

& May body Sch . eg : energy of
combined

(Tr(R) + Te(r) + V(r, R)] Y(r, 2) = We unde
I

vibronic waveIn.



*In it Text
hance the static lattice approx.

we have been being
& Electronic "adiabatic" Hamiltonian :

He (rid) = Te + V (r , q)

He (v ; R) = 4n(r; R) = En (R) In (u : R)
parametric dependence on Rn i

. e , R in a parameter,
nota variable.

· If we sohre for En (2) vorous & weget en multidimen-
zional P-5

. (potential energy surface)
↑ E

E-(R)
E

. (a)
Eo(d)

7
R

-Crider Po (V;R) for gorndstate nor degenerate Pes
Gar from other En(R) ·

Here we can define the classical



for wes an wei : MR = -Our))
ORy "Forces are

If we Treaturelei as classical, The negative
ThereEOM give their dynamics gradientsof potential

energyourfaces determined
grou electronic energies

at

- Whatif we treatThe wolei fixed R

grautum mechanicaly ?
* still assuming a non degenerate PES
↑ Approximate full vibronic wavefr with

Trial (, 2) =X(a) Ym(r; a)
par ↳ electronic partatfixeR

-> This partitioning assumes thati are in instantamcore

ground state for every R , even if nuclei are allowed
To more

-> Adiabatic approximation.



&Take expectation value of Hooral with Uprial
XYm/Tr + He 124m >> =

where 4103) =(4*r,2) & (r, R) dodR
<Y 19 -Spi, 1) P(r, r)drEn of R
· XYm/Tw(XYm> + <X4m)He(24n]]
I -

- =<X(fm(r)1X]

·<XI(X) -XIX
- <XYmoM

= [Em(r)]X(R)+(a) = wX()
P

Dropping S gives Born-Oph. approx .
Contains all terms involving

=>Nuckar dynamicsdescribed
which

can often be chosento

By sch . eg . with effective potential[() vanise if It is sal



LatticeVibrationsandguous
· Now we are going

to "ignore"
- and concentrate

on the lattice of ions.

But everything we have learned so far still
applies => I an a crystal are block states,
which are granized waves withThe Translational
symmetry ofthe lattice.

->Phonous => Quantized lattice vibrations , guariparticle
excitations of the harmonic lattice.

· They must obbey Block's Theore = they have
a care rector i wave packete can be constructed, which
Travel with group velocit

(often very efficiently-
. Theya
&= ek-> C velocity

in Crystals .

· Probes of Thomans :

A : que Canterof Brillovin zone)
? -Infrared absorption
-Light scattering (Raman)



B.. get J p Cath- The not BE)
% Inelastic neutron scattering
? -Inclastic X-Ray Scattering (X-Ray Roma
3

.

-Frelastic e sattering (usually need forsurfaces)
4
: Irlastic atou scattering (surface vibrations)

· Back to the full Hamiltonian :

Haappl
2

Zil
=> HY Pa

,
Pi
,
Ra

, ril

·
We have soled the the Ech · eg

. for e withinThe

independent 2 approximation.
· In electronic sales room T[ = 300 , Th zo met
is very small =>Z2 im grand state Ermin).

(



· Lets now look of the isnic hamiltonian
, treating is

clasically = (classical nuclei approximation # Adiabatic
or Born-Oppenheimer approximation.

H-EER
um

Potentialwergy , I in groundsite

Too all ios Euclei +core) sit at lattice pointed-

cequilitorium)
-u all harmonic approximatea

->Taylor expansionof UCRna)
in powers of v(rn,)

-> stop atsecondorder .
-> Save (ex.) The atomic potential in~ Lennard-Jones,

&

[pair-likepotential) VCRo --- - Rua)-

= V(Rna-nia))
.
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