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NMR & Melts: What Can We Learn?

“Structure” of the Melt High-Temperature Dynamics
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/Two types of relaxation process:

Spin-lattice relaxation. Involves exchange of energy with the lattice and requires transitions
between Zeeman levels.

Spin-spin relaxation. Involves loss of the x,y-components of the magnetization. Does not
require energy to be exchanged with the surroundings and does not necessarily result in
changes in the populations in the nuclear spin energy levels.

7~ ~\

~

/

In Solids:
T, #T,# T,*




The Autocorrelation Function

- Relaxation is caused by fluctuating local magnetic fields
- Fluctuations at the Larmor frequency cause spin-lattice relaxation

- Local fields which are almost static are effective for the spin-spin relaxation.
The autocorrelation function of the
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The Spectral Density

- The highest the spectral density at a given frequency, the more efficient the relaxation
- AT, minimum may appear as a function of temperature
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T, and T, Relationships

= “Brownian motion in a liquid or noncrystalline
solid” (autocorrelation function a exp(-t/t.) )

= Relaxation dominated by the fluctuation of the
(quadrupolar) interaction
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Alumino-Phosphate Glasses
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The Silicate Glass Transition Dynamics
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29Si HT NMR
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The Silicate Glass Transition Dynamics
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Probing Slow Motions in Silicates

Georges, Am Miner 1995 80 878-884 [?3Na albite]
Stebbins, J. Phys Chem Miner 1989 16 763-766 [>Na nepheline]
Farnan, Science 1994 265 1206-1209 [%°Si silicates]
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The Boro-Silicate Decoupling Case

44.5 Na,O * 11 B,0O; * 44.5 SiO, Line Widths as Transverse Relaxation Time
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Na,S1,0,—NaAlS1,0;4 : 27Al NMR
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23Na Position vs Temperature
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23Na & 27Al Relaxation Times

(25-) Na,O * x Al,O, * 75 Si0,
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The Borate Liquids Dynamics

0.33 Na,O ¢ 0.67 B,0O4 Line Widths as Transverse Relaxation Time
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The Borate Liquid Dynamics

0.09 Na,O + 0.91 B,0,4 Line Widths as Transverse Relaxation Time
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From Liquid to Glass: CaAl,O,
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Adding Silica: Effects on Dynamics

NMR Viscosity
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Alkaline-Earth AluminoSilicates
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Structure of the SrO-Al,0,-S10, Melts

Melts at 2000°C
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Novikov et al (2017), = R = 1: distribution of Si/Al is random in the melt
Chem. Geol. 461 115 . )
Charpentier et al. (2018), = R = 3: presence of NBOs on Al in the melt, not always in the glass
J. Phys. Chem. B 122 9567-9583 = R<1: lex behavi ith f hani
Florian et al, (2018), : complex behavior with competing mechanisms

Phys Chem. Chem. Phys., 20 27865-27877



Dynamics of Viscous Flow

NMR Viscosity _
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Dynamics ot the SrO-Al,0,-S10, Melts
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Florian et al. (2018), = reduces the activation energy = oxygen diffusion made easier

Phys Chem. Chem. Phys., 20 27865-27877
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