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Ce_rnbg Statique = MAS haute résolution % L3
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The 2’Al point of view
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% 6iso(pprn) A6iso CQ(MHZ) ACQ nQ T2 (mS)
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GIPAW: (Si,Al)-O-(Si,Al) J scalar coupling @@ +=

Coll. J.Yates, Tim Green — Oxford UK .
L? t
8 I | 1 ’b I
// ‘::;IL
AQAN| =232 7 # ¢ =
7 = /'l ," oy L=
Si-0-Al(2) e
Tl : Al'slnAl(4_n) 6 | ""l' ,_’\Q/A|J| = 3 34’// | T2 : (AIOS,SIOS)
"I D "l
Al(1)-0-Si * x *
¥ st b o w8 .
= D o
: ,/ + '/ (m]
X o4l - MoK, T & Vi |
O| + %(-Q— +)¢- /,1 an’ 1
5 l‘.;q.):'fk.’. - ’,/' Y /D@
3 o3l ﬂ’*’g‘zf e |
g 7t e S 7 siosi
* &x*‘ l'l ”/ / -~
2+ L MK AQ/A|J| = 1.91 |
x ¥k
*/1 &* /Il ,'r’
1+ * % AI(1)-0-Al(2) .
0 | | f,”' 1 | |
110 115 120 125 130 135 140

Bond angle X-O-X

= Experimental J(AI-Si): Tl ~ 1.5 =35 Hz, T2 ~ 4.0 Hz

= Experimental J(Si-Si) ~ 2.8 Hz £ 0.2 Hz

= | is (again) correlated to the bond-angle

= No obvious differences between J(*’Al) or J(2Si)

= Slope close to the one obtained on clusters (3.41 for 130°-170° range)
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29Si MAS NMR
Q(n): Si(OSi)n(O_) g 29Si MAS NMR:

Direct access to silicon Q" speciation
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29GSi MAS NMR: Direct access to silicon Q") speciation
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F. Fayon, I.J. King, R.K. Harris, J.S.0. Evans, D. Massiot Comptes Rendus de Chimie 7 351-361 (2004)
F.Fayon, C.Roiland, L.Emsley, D.Massiot, Journal of Magnetic Resonance 179 50-58 (2006)
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Crystalline & Glass

J.Hiet, M.Deschamps, N.Pellerin, F.Fayon, D.Massiot
"Probing chemical disorder in glasses using silicon-29 NMR spectral editing" Phys. Chem. Chem. Phys. 11 6935—6940 2009
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J.Hiet, M.Deschamps, N.Pellerin, F.Fayon, D.Massiot
"Probing chemical disorder in glasses using silicon-29 NMR spectral editing" Phys. Chem. Chem. Phys. 11 6935-6940 2009
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"Probing chemical disorder in glasses using silicon-29 NMR spectral editing" Phys. Chem. Chem. Phys. 11 6935—6940 2009
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Cemn Structure of CaO-Si0,-P,0; Bioglasses

Silicate (phosphate) network: Q" units
(SiO,, PO, tetrahedra with n bridging oxygen atoms)

1D MAS spectra of CaO-SiO,-P,0; glasses

Broad chemical shift distribution Q"
(disordered materials) 31p
Ca/Si=1.11
2.6 P,0, N~
oln
2" M 3.8 P,0; F
5.0 P,Oq
-40 -60 -80 -100 -120 -140 30 20 10 0 -10 -20 -30
Lack of resolution: Q" units Mainly orthophosphate units
quantification ? (Q":PO,*) and ?

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



g:emht“ i Probing phosphate clustering : TEM - XRD @ vz

Chemical contrast in TEM — XRD of amorphous materials : Z contrast
Ca phosphate vs Ca silicate : very weak Z-contrast

Ca51 2.6P,0; Ca51_5.0P,0;

28|

20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 90
20 (°) 26 (%)

TEM

Homogeneous ?? or CaP clustering ?? HR-TEM : modification of the glass

sample under the beam

F.Fayon, C.Duée, T.Poumeyrol, M.Allix, D.Massiot, J. Phys. Chem. 2013
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enmhty Spin Counting: Ca,P,0, @ o=

Statistical model (A. Pines et al.)

 Excitation efficiency of all coherence orders are equal / T=08 ms \
== All dipolar couplings are the same ] )
== Differential relaxation of MQC is ignored ]
é 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
* Time dependant system size N(t) with T=2.4ms
binomial distribution of MQC intensities
2N! n?
(N+n)!(N—n)' ~ & p(,_N() 2 10 12 14 16 18 20 22 24 26 28 30 32 34
Ef‘ 3
T T=5.6 ms
250 7 N(T) § ]
. 170 P atoms = 3
200 7 (21 unit CCHS —17 nm3) 10 12 14 16 18 20 22 24 26 28 30 32 34
170 @ ;
@ 1507 =7.2ms
s
& ]
prd 100 A -
7] 10 12 14 16 18 20 22 24 26 28 30 32 34
50 1 .
) T =8.8ms
0 = T T T T T 1
0 2 4 6 8 10 12
T (ms)
-246810121416182022242628303234

Measurement of the system size O~32 K Coherence Order /
limited by transverse relaxation ~J.2m

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




MAS 14 kHz

46.1Ca0-52.3Si0,- 2.6P,0, Glass @

* Ditribution of 85, : 7.5 ppm (1.2 kHz)
* 3P CSA: =14 ppm (2.3 kHz)
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Statistical model analysis

T=10.4 ms

0 2 4 6 8 10 12 14 16 18
Coherence order

Nicely fitted with a single Gaussian function

= ‘Well

-defined’ time-dependant cluster size

= No interaction between clusters
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7
61 N=5.5
2 4
3 47 ¢
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Z 37 }
14
11
0 T T T T T T !
0 2 4 6 8 10 12 14

Tau (ms)

Saturation at N=5 -6

Clusters containing S to 6 P atoms

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



Cemhtf 46.1Ca0-52.38i0,- 2.6P,0; Glass @ =

Statistical model analysis

* Ditribution of 4, : 7.5 ppm (1.2 kHz) o
o 31 o~ 04
P CSA: =14 ppm (2.3 kHz) - T 104 me

60 40 20 0

14 16 18

g o4 @ n function
&
00 @ nt cluster size

0
0.6
0.4
02
0.0
0
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Int.

Phosphate clusters of 1 nm size !!

14

Tau (ms)

Saturation at N= 5 - 6
Clusters containing 5 to 6 P atoms

Highest coherence order = 4Q

0.0 -
0 2 4 6 8 10 12 14
Coherence order

F.Fayon, C.Duée, T.Poumeyrol, M.Allix, D.Massiot, J. Phys. Chem. 2013
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-=— Nanoworld —

1,000 ramometers =
1 mcromeer (i

Glass structure at different scales
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Merci de votre attention

Avez vous des questions ???

@ T,G IRR M N » Access High Field NMR (750 & 850 MHz)

... http://www.tgir-rmn.org/




