Introduction to the Theory of Lattice Vibrations

and their Ab Initio Calculation
Lecture 10: CDW and Ferroelectric Transitions
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Second-order displacive phase transitions
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Second-order displacive phase transitions
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— High-symmetry phase

Harmonic instability
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CDW transitions in metals

The electronic charge modulates as the lattice distorts
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Ferroelectric transitions in metals

A polarization is created when the lattice distors
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The free energy curvature allows to calculate these

transition in the SSCHA
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where
@ ® are the SCHA auxiliary force-constants

@ The non-perturbative force constants are
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The free energy phonons are needed to describe displacive

phase transitions

Different dynamical matrices:

@ Harmonic dynamical matrix:

har 1 [62 V(R)} 1
Dab = = ¢ab
VMM, [OR:ORs | p_g, MM,

@ SCHA dynamical matrix calculated at Ro:

s 1

b = —=—===Pa
@ Dynamical matrix based on SCHA free energy curvature:
oF 1 [62]-'(72)}
MMy [ORORs | g,

Plotting the phonons as a function of temperature coming from D’ displacive
phase transitions can be predicted
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CDWs in transition metal dichalcogenides
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Absence of CDW transition in N

2H-NbS,
experiment
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Bianco et al., Nano Lett. (2019)
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CDW temperature in bulk and monolayer NbSe;
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CDW temperature in bulk and monolayer NbSe;

(@) (b)
®
80 1 : // + L 80
/
/
60 /.
: f L 60
40 A f » /r ¢
—~ 20 /I +
[N} /i r 40
% ¥/ Teaw = 33K +
/
E 0 J 4.+
~
3 204 J. ,’I ® 20
/’I
—40 /
40 lll 777777 0
/ /—@— Bulk, anhar.
—60 1 / Monolayer, anhar.
o -@- Bulk, har. 20
Monolayer, har. r—
—80 1 @  Exp. bulk Teaw ~ 59K
0 500 1000 1500 0 100 200 300

lon Errea

Temperature (K)

Temperature (K)

Bianco et al., PRL (2020)

Lecture 10

w? (meV?)

12 /20



CDW temperature in bulk VSe,
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Diego et al., Nat. Commun. (2021)
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Record thermoelectric figure of merit in SnSe
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Displacive second order phase transition in SnSe
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Physical phonons in SnSe

o(g,w) = - ; [( ~Im[Z,(q,w)] ]

2m w — Re[Z,(q,w)])? + Im[2,.(q, w)]?

where
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Lattice thermal conductivity with non-perturbative 3rd

order force constants
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Conclusions

@ The SSCHA allows to determine the temperature at which 2nd order displacive
phase transition occur, such as CDW in metals and ferroelectric transitions

@ Thermal conductivity can be calculated in systems with unstable harmonic
phonons, including high-order anharmonic effects in the lifetimes

lon Errea Lecture 10 20/20



	Displacive second-order phase transitions
	CDW transitions in transition metal dichalcogenides
	Structural transitions in ferroelectric and thermoelectric materials
	Conclusions

