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B2O3 modifies the structural role of Na+… and 
of other cations
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• When adding B
2
O

3
, new BO4 units are 

progressively charge-compensated by 
Ca2+ and/or Nd3+ 

• Progressive B-enrichment around BO4 
units is also possible
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the TEM scale!
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depend on local Nd 
concentration

Nd3+ local concentration increases 
with B
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 content

This effect is obvious even at low 
B

2
O

3
 and is not due only to Ca/Na 

substitution around Nd3+
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Spectroscopic data can not discriminate 
between :
- Nd clustering and change of Ca/Na 
distribution around Nd
- Formation of BO4 units within a B-enriched 
borosilicate phase
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Phase 
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B27 after slow 
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Implications on the glass thermal stability

EFTEM at the B and Si K-edges on B27 glass cooled at 1°C/min

Si B

Contrast at the Si K-edge, not at the B K-edge !
Si in excess is expelled outside the Nd- and Ca-rich phase 
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A polymerized SiO
2
 component appears at a very small scale (< TEM scale)

Nd3+ and Ca2+ cluster within a borosilicate, Si-depleted, depolymerized phase.
This is not exactly what could be inferred from extension of the Dell and Bray 
model (formation of a B-enriched depolymerized phase).



Questions and perspectives

What medium-range structure for this complex inhomogeneous glass ?
→ What about the remaining boron in BO

3
 units ? How are they 

accomodated in the silicate polymerized component ? Does CaO and Nd
2
O

3
 

also depolymerize BO
3
 units ?

→ Are there borate rings or superstructural units ?

Is the reaction of Nd
2
O

3
 with B

2
O

3
 (forming BO

4
 units and maybe 

depolymerized BO
3
 units) only due to the lack of modifier ions in this particular 

composition range?
...Or is it a preferential reaction occuring even at larger Na

2
O, CaO contents ?

Need for « medium-range order sensitive tools » (simulations, 
NMR...) for the study of rare earth-rich alkali borosilicate 
glasses...



Thank you for your attention !

Thanks to 
Thibault Charpentier, HASYLAB staff, Patrick Aschehoug and Jean-François 

Engrand (LCMCP), Philippe Vermaut (ENSCP), Jean-Michel Guigner and 
Nicolas Menguy (IMPMC), Daniel Neuville (IPGP) and the NCM11 organizers
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