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What happens structurally when glasses head towards

state function (H, S, V)
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Experimental Relaxation and Nucleation Study: Li,Si,0. glass

1.

Glass synthesis

Melting at 1400 °C for 3h
Splat cooling @ RT
Repeated three times
Colorless, homogeneous
glass

Annealing protocol

2 g pieces, vertical furnace
435 °C(ca. T, — 20°0)
15 minto 60 d
Cooled quickly (ambient
cond.)

Characterization

DSC, XRD
3 Raman
O NMR

MD simulations

Raman + 29Si NMR

Network former

Structural
Rearrangement

Network modifier



The ,,reversing® of relaxation is quantifiable via DSC
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No detectable change in Q" speciation upon annealing
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No detectable change in Q" speciation upon annealing

Q* Li,Si, O
Li,Si,04

29Si MAS NMR
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MD simulations indicate changes in network modifier
distribution mp simulations
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W. Sun, V. Dierolf, H. Jain, J. Non. Cryst. Solids 569 (2021) 120991.



’Li dipolar NMR can measure average Li-Li distances

Network modifier
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Li density / a. u.

MD simulations show some Li* clustering for decreasing T
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’Li dipolar NMR confirms clustering with relaxation

MD
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’Li spin is also sensitive to changes in its local environment

chemical shift
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’Li difference spectroscopy exposes glass nucleation
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Sub 7, annealing of LS2 glass

Relaxation: reorganization of spatial Lithiumion - |
distribution towards more clustering -
’Li spin echo decay spectroscopy Eg‘ 1
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Nucleation: profound change in electric field MA}U\M\AJ\I{AM
gradient distribution MMJUUU\MJM_W
7Li SATRAS difference spectroscopy YT TToA—er
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Most relevant: Changes in electrostatic interactions
network modifier <-> NBOs.
Q" redistribution effects minor

14



Acknowledgements

Dr. Anuraag Gaddam®)
USP - IFSC

Dr. Silvia H.
Santagnelli®aman
UNESP - 1Q

Prof. Hellmut Eckert
USP - IFSC

Prof. Edgar D. Zanotto

N EAPESP

Sub-T, glass relaxation and nucleation in lithium disilicate glass

r N

some Li clusters

random distribution
; % ~

-

equilibrium

Cientifico e Tecnoldgico

@CNPq

Conselho Nacional de Desenvolvimento,

L AMAV Y

treous Materials

L_aboratory

7~ .,
:>ﬁ .y liquid state ) . -
»n Li N T -
-~ density | % . q -
m 5 &° e
N . - L - ] SATRAS difference NMR
g ~~ | fast cooling = =
."S B - ,f’ : = E LN . 15 m
(- l relaxation : ,/' % YT | M AL 1h
= more Li clusters - e S T TTTTTTTTY TR
) MB— 4/' : o1
o N - pr:s supercooled : Eh u “ | l
s = 4 g “ ¢ liquid state ; —---wddj- =t
wn o | o 1 P E ! i h Aul e
" oy 1 ’, - \ 4 al ITH
- . - ’:’ :
‘e, 1 Ak hn. Li,Si.0
J s v('Li)/ kHz
- crystal ; . g
T;—-20°C T ) Ty Tm temperature

@ LLB. Ettps://hbrmn.github.i

Laboratério de Espectroscopia de Materiais Funcionais




Backup Slides



MD Simulations: effect of quenching rate
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