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The scheduled talk:

A quantum version of the Brigman formula 

(1923) for thermal conductivity of liquids

describes thermal conductivity of 3He.



This year is a   

bicentennial



The critical point

hydrogen



Critical Opalescence



Charles 

Cagniard de 

La Tour 

discovers a 

thick cloud!



Turbidity near the critical point

• Smoluchowski (1908)

• Einstein (1910)
Early  theories of critical opalescence 

Density fluctuations are proportional to compressibility:
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Density is linked to the refractive index.

Fluctuations of the refractive index  generate turbidity:
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(See H. B. Callen, Thermodynamics 1960)



What drives critical opalescence?
Early theories neglected indirect correlations between particles. 

The Ornstein-Zernike theory integrated them.
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Correlations become long range!



The expected scattering in 

Ornstein-Zernike theory 
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Rayleigh scattering
Brillouin scattering

Diverging compressibility

Refinement by Mathieu Fisher (1964) ℎ 𝑟 =
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𝜂 ≃ 0.9



Experimental verification



Experimental

verification in space

Puglieli data



An undergrad project during the 

pandemic

2021



What is this?



Evolution with 

cooling rate!



• Three configurations of pressure 

and temperature gradients .

• Three different patterns at high 

cooling rate.



Infrared transmittance



New questions

• Why the cooling speed  matters?
Ornstein-Zernike and other theories were conceived for thermodynamic equilibrium.

• Can photons be absorbed by the near-

critical cooling? 
Such a possibility was not considered before.

• If yes, why this is favored by a 

quench?
Spinodal decomposition may play a role.



Quantum confinement?

Can it work in our case?

Díaz-González et al.Topics in Current Chemistry (2020)



SF6: transparent as a solid, a liquid or a gas!

• The band gap of the solid is  as large 

as 7ev!

This wide gap insulator is very different from 

the small-gap semiconductors used for quantum 

dots.



Excitons

They are bound pairs of electrons 

and holes. Their formation 

depends on three energy scales:

• The attractive Coulomb interaction

• The band gap

• The energy of an incoming photon



Polaritons

Excitons can hybridize with photons and form polaritons.





Phase separation in near-

critical SF6

𝜖 − 1

𝜖 + 2
=

𝛼

3𝜖0
𝜌

Large molecular 

polarizability
Large dielectric constant

Clausius-Mossotti

Coulomb attraction is weakly screened.



Excitons in near-

critical SF6

Energy of  Frenkel excitons:

𝑑𝑒ℎ = 𝑎1 𝑒− 𝑎𝑛𝑑 ℎ+ 𝑜𝑛 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒

𝑑𝑒ℎ = 𝑎2 𝑒− 𝑎𝑛𝑑 ℎ+ 𝑜𝑛 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠



Excitons in near-

critical SF6

2.2eV

2eV

Is it a coincidence?

2 eV absorption dip



Excitons in liquids?

Not the first case!

Exciton peaks survive above 

the melting temperature.



Unanswered questions

• What causes  darkness (photon 

absorption&scattering in a wide spectral 

range)?

• Why one needs rapid cooling ? 



A clue from metallurgy!



Cahn–Hilliard equation: ‘uphill’ diffusion

𝜕𝜙

𝜕𝑡
= 𝐷𝛻2 −𝜙 +𝜙3 −𝛾𝛻2𝜙Cahn–Hilliard equation

This parameter has the 

dimensions of a diffusion 

coefficient.

Start homogenous and finish inhomogeneous 

Periodic modulation of composition 
with a diffuse interface!



A challenge to numerical condensed matter

• Can the heterostructural fluid retain photons long enough 

to allow their hybridization with excitons?

• Can droplets/bubbles play the role of micro-cavities?
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Summary

• Opalescence across the critical point depends on the 

cooling rate.  During a quench, the fluid becomes black.

• A proper understanding of this experimental observation 

is missing.

• The binding energy for Frenkel excitons on SF6 molecules 

is 2ev. 

• Thermal quench triggers spinodal decomposition leading 

to a heterostructural fluid with diffuse gas-liquid 

interface.

• Is there boson-boson STIMULATION (think of S in  LASER)? 


