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Plan for Lecture 23:

Jahn-Teller Effect
Section 7.7 in DDJ

1. Static Jahn-Teller distortion
2. Dynamic Jahn-Teller distortion

3. Example systems
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Quantum Theory of materials Electrpnlc
coordinates

i . Atomic
Exact Schrodinger equation: ordinates

H({r )R DY, (I} R =E, ¥, (Ir},{R})
where
(i} (R = FOS (R + H (fn L (R

Born-Oppenheimer approximation
Born & Huang, Dynamical Theory of Crystal Lattices, Oxford (1954)

Approximate factorization:
W, ({6}, (R = X0 (RODY™ ({1}, {R"})
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Quantum Theory of materials -- continued

Electronic Schrodinger equation:
ﬂElcc(mm({rl } R {Ra})YElcc(mnS({rI }’ {Ra}) — Ua ( {RLI})YEICCUOHS({'_‘ } s {Rﬁ})
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Nuclear Hamiltonian:
%Nucle\ ({Rn })X:‘:Acle\ ({Rn }) - WavX:vude‘ ({Ru })

Nuclei a P ?
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Effective nuclear interaction
pwroYiqeoiby electrons
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Consider electronic Hamiltonian

Electronic Schrodinger equation:
S RODYE ({1, (R =U, (R DY ({1}, (R*})

Electrons a 777172 2 A &
A R =TT L

o T i</‘r[7r/"

!

Electron-electron
interaction term
prevents exactly
separable electron
wavefunction

3/20/2017 PHY 745 Spring 2017 -- Lecture 23

Estimate of the error in the Born-Oppenheimer approximation:
(0 (e e (] (R o e )
:WRVX::LM ({Ra})YI;mm..s ({r’}’{Ra}) +A, ({l‘l},{R"})

where  FCN ({R”}) =y zl;j;

and where A, ({r }{R*}) = 2 ({R7}) (40, (R} rese (e (R} ))
(e )

Because of the electron/nuclear mass ratio, A, is relatively
small. However, the approximation breaks down when
the electronic states are degenerate.
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Proceedings of the Royal Society of London. Series A.
161, 220-235 (1937).

Stability of Polyatomic Molecules in Degenerate
Electronic States

I—Orbital Degeneracy

By H. A. Janx, Davy-Faraday Laboratory, The Royal Institution
AND E. TELLER, George Washington University, Washington, D.C.*

Static and dynamic Jahn-Teller distortion
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From Grosso and Pastori Parravincini, Solid State Physics
textbook:

cracy point Ry in nuclear coondinate space. In (a} we report the typical
intersection”, with the presence of linear terms in £ — Ry, In (b) we report
nce of linear terms in K = K. and positive
al, terms linear in cenain symmetry-breaking distonions
neracy (except for Kramers degeneracy and some levels

or negative second deri
are always possible for any type of de
in lincar molecules),
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PHYSICAL REVIEW | 95, 0141080301 T}

First-principles study of the dynambe Jahn-Teller distortion of the neotral vacancy in dizmond

Bartomeu Monserat.
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the pristiee dismond latice and pssible
¥ fa) shows & sive in the pristine battice and its
1 shows the meanest meighbors of the vacancy
wmmetry, and (c) shows the vacancy st
with Dy, symimetry. The tengths indicate the distances bewess stoms
i the relsinend structianes. “The four asoms in (¢) farm e pairs,
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Ty (43m) E 8C; 3C, 6oy 6S;

A,
h=24 A1 1 1 =1 -1
El2 -1 2 0 0
(R Ry RT3 0 -1 -1 1

(z,4,2) | 3 (I | 1 =1
Doy (42m) E C» 25, 20} 204
! A1 1 1 1 1
R, Al 1 1 o=l =1
h=8 By | 1 1 =1 1 -l
2 Byl1 a1 =1 =1 i

(r,y) = | 9 _p
(R, R,) } E|2 =2 0 ] 0

=>3 equivalent D, distortions

Represent the energy of the vacancy in terms of principal
components:

1
E()=EO) + Y Vilu)+ 5 3 Valuup). (1)
- 2

it
u, represents amplitude of vibrational mode for

wavevector and mode (q, V).

()

Representation of

H oo
the pote_ntlal energy son
surface in the two 308
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Probability density of “dynamic” Jahn-Teller distortion
corresponding to lowest energy configuration of this system.
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Probability densi
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PHYSICAL REVIEW B 91, 214506 (20151

Anharmonicity and phase stability of antiperovskite Li; OCl

i Chen, " Alexandra Emly," and Anton Van der Ven™"
| Deparmuent of Maserialy Science and Engineering, University of Miciigan, Ann Arior Mickigon 45106, LS4
“Materily Departmens, University of California, Sante Barhars, California 93106, {154
{Received 20 Aprid 2015: revised mansscript received 2 Jurse NH3: published 18 June 2005)

dynamics stody of the cubic LOCT antiperovsbite, 8 candidste solid electrolyte i bum-son
wals the presence of dy i balitiies: with respect 1o Fotat f thee Lip) cetabseddra. Cabeulated
dscapes in I sisbspace of unssable octahedral mtational mides are very shalkow with s most o 1 meV
tion in energy upon breaking the cubic symmesry. While M1 is ot sawhle relative
10 decompesition inee Lig0 and 1301 ut 0 K, estimates of the vibmtioea free energy sugpest that 15,0C)

antiperavskite should b ily stabilized ahove immtely 480 K.
EICH: 0L 110/ Py sRevE 91, 214506 BACS numberisy 63,20.dk, 63,3 4h, 63, 20 Ry
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Phonon dispersion
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Example of one possible distortion and
corresponding energy diagram.
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