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Interplay of disorder and fluctuations…
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Interplay of disorder and fluctuations…
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Geometrical [Topological] & Chemical Order

Geometrical disorder / Topology Chemical disorder
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Geometrical [Topological] & Chemical Order

Geometrical disorder / Topology Chemical disorder
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Materials structure at different scales
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29Si - Silica based materials

Glass Mesoporous Silica SiO2-surfactant
Mesophase Zeolite

D.Massiot, R.J.Messinger, S.Cadars, M.Deschamps, V.Montouillout, N.Pellerin, E.Veron, M.Allix, P.Florian, F.Fayon
Accounts Chem. Res. 46 1975–1984 2013

Resolution is gained by averaging out anisotropic signatures
Magic Angle Spinning MAS
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27Al AlO5 - Locally Favored Structures

D.R.Neuville, L.Cormier, D.Massiot 'Al coordination and speciation in calcium aluminosilicate glasses : effects of composition 
determined by 27Al MQ-MAS NMR and Raman spectrocospy' Chem. Geol. 229 173-185 (2006)

AlO5 is present in most
of the glass 

compositions

C
aO

-A
l 2O

3
G

la
ss



© Dominique Massiot – USTV – Rennes 18 Novembre 2021 9

Unexpected local structures in Glasses
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Locally Favored Structures LFS

Takeshi Kawasaki, Takeaki Araki, and Hajime Tanaka
PRL 99, 215701 (2007)

defects, chemical, geometrical and 
topological order / disorder

D.Massiot, R.J.Messinger, S.Cadars, M.Deschamps, V.Montouillout, N.Pellerin, E.Veron, M.Allix, P.Florian, F.Fayon
Accounts Chem. Res. 46 1975–1984 2013

Stebbins et al.
Mc Millan et al.
Sen et al.
Neuville et al.
…
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Selective observation – spectral edition

? Ca close to Si-Onb (modifier)
? Ca close to Si-O-Al (charge compensator)

36.5 CaO – 51 SiO2 – 12.5 Al2O3

Lee et al., Geochim. Cosmochim. Acta 70 4275-4286 (2006)

S.Sukenaga, P.Florian, K.Kanehashi, H.Shibata, N.Saito, K.Nakashima, D.Massiot – J.Phys.Chem. Lett. 8, 2274, 2017
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Percolation Channels
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Ch. Le Losq, D.R.Neuville, W.Chen, P.Florian, D.Massiot, Z.Zou, G.N.Greaves, Scientific Reports | 7: 16490 2017
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PO4
3- clustering in bioactive glasses

Silicate  chains

Q0 (PO4
3-)

F.Fayon, C.Duée, T.Poumeyrol, M.Allix, D.Massiot, J. Phys. Chem. 117 2283-2288 2013

0 2 4 6 8 10 12 14
0

1

2

3

4

5

6

7

8

N
 (s

pi
ns

)
T (ms)

N≈5.5

Highest coherence order ≈ 4Q

Coherence order
0 2 4 6 8 10 12 14

0.0

0.2

0.4

0.0

0.2

0.4

0.0

0.2

0.4

0.6

0 2 4 6 8 10 12 14

0 2 4 6 8 10 12 14

T = 4.0 ms

T = 7.2 ms

T = 12 ms

In
t.

In
t.

In
t.

BioGlass – 2.6%P2O5

2.6 P2O5

3.8 P2O5

5.0 P2O5

Ca/Si = 1.11

P 2
O
5

-30-20-100102030

Q0 Q1 Q2

31P
Q0



© Dominique Massiot – USTV – Rennes 18 Novembre 2021 13

Reaching Maximal transmission from disorder in ceramics

Þ New phases within the SrAl2Si2O8 - SrAl2O4 binary system Þ Sr1+x/2Al2+xSi2-xO8

K.Al Saghir, S.Chenu, E.Veron, F.Fayon, M.Suchomel, C.Genevois, F.Porcher, G.Matzen, D.Massiot and M.Allix
Chem. Mater. 27 508-514 (2015)
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Reaching Maximal transmission from disorder in ceramics

K.Al Saghir, S.Chenu, E.Veron, F.Fayon, M.Suchomel, C.Genevois, F.Porcher, G.Matzen, D.Massiot and M.Allix
Chem. Mater. 27 508-514 (2015)

DFT
Comp. Dn
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From fluctuations to phase separation
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Accounts Chem. Res. 46 1975–1984 (2013)

D.Massiot, R.J.Messinger, S.Cadars, M.Deschamps, V.Montouillout, N.Pellerin, E.Veron, M.Allix, P.Florian, F.Fayon
Accounts Chem. Res. 46 1975–1984 2013

http://dx.doi.org/10.1021/ar3003255
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Correlation spectroscopy

Chemical Exchange

Chemical bond or spatial proximity

Dmfit ~8000 reg. users ~3000 citations
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23Na Chemical Exchange - Na2MgSiO4

Laser beam

Mirror

Diode laser, 
980nm, 200W

Optic Fiber

MAS
T <  700°C

Jointly patented with



© Dominique Massiot – USTV – Rennes 18 Novembre 2021 20

15 20 25 30 35 40 45 50

25 oC

500 oC

 

 

In
te

ns
ity

 (a
.u

.)

Temperature (oC)

750 oC

Pna21

0 100 200 300 400 500 600 700 800
5.25

5.30

5.35

5.40

7.05

7.10

7.15

7.20

7.25
 

b,
 c

 la
tti

ce
 p

ar
am

et
er

s

Temperature (oC)

10.7

10.8

10.9

11.0

11.1

a 
la

tti
ce

 p
ar

am
et

er

b

a

c

0 100 200 300 400 500 600 700 800
406

408

410

412

414

416

418

420

 

 

U
ni

t c
el

l v
ol

um
e 

(Å
)

Temperature (oC)

0 100 200 300 400 500 600 700 800

2.30

2.35

2.40

2.45

2.50

 

 

 Na1-O
 Na2-O

av
er

ag
e 

N
a-

O
 b

on
d 

le
ng

th
 (Å

)

Temeprature (oC)

Na2MgSiO4 - NMR and XRD f(T)

Sodium site exchange
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Fernández-Carrión, Rakhmatullin, Yang, Pitcher, Massiot, Porcher, Allix, Kuang,
'Sodium Site Exchange and Migration in a Polar Stuffed-Cristobalite Framework Structure', Inorg. Chem., 60 4322–4331 (2021)
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23Na 2D EXSY NMR spectra and model 
100 ms mixing time, at room temperature [RT] and 100 C
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a) <010> view of the sodium site exchange at low 
temperatures. Si, Mg, Na1 and Na2 are 
represented as green, navy blue and yellow 
spheres, respectively. 

b) <010> view refined structure emphasizing the 
voids along (010) direction. 

Fernández-Carrión, Rakhmatullin, Yang, Pitcher, Massiot, Porcher, Allix, Kuang,
'Sodium Site Exchange and Migration in a Polar Stuffed-Cristobalite Framework Structure', Inorg. Chem., 60 4322–4331 (2021)

23Na 2D EXSY NMR
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100°C

100 ms mixing
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Chain length distribution?
Chemical disorder

Chain geometries?
Topological or geometrical disorder
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Phosphate Glasses : 31P MAS NMR

P-O-P chemical bonds can be viewed from J based P-P experiments



© Dominique Massiot – USTV – Rennes 18 Novembre 2021 23

Chemical and Geometrical Disorder

D.Massiot, R.J.Messinger, S.Cadars, M.Deschamps, V.Montouillout, N.Pellerin, E.Veron, M.Allix, P.Florian, F.Fayon, 'Topological, 
Geometric, and Chemical Order in Materials: Insights from Solid-State NMR', Accounts Chem. Res., 46 1975–1984 (2013)
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