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Overview of the talk

o Introduction (bioglasses & NMR)

o Methodology:
o MD-GIPAW to simulate NMR spectra
o Application:
o 4555 Bioglass (1P, 27Si, 170, 2Na)
o Fluorinated bioglasses (7F, 2°Si, 23Na)

o Conclusions
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Structure-bioactivity relationships

The crucial issue for the development of bioglasses is an improved
understanding of  their fundamental  structure-bioactivity
relationships.
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Nuclear Magnetic Resonance spectroscopy is
extremely sensitive to chemical environment of .
active nuclei :

o Topological disorder (bond distances and angles,
coordination numbers etc..)
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NMR of amorphous systems B-CasSiO; glass

Topological disorder Q@

29Si MAS
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Our Approach

GLASS SAMPLE
3D structure GLASS MODEL
unknown 3D structure
from MD
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Charpentier, T. Menziani, M. C., Pedone A. RSC Advances 2013, 3 (27), 10550 - 10578




Glass Generation: Molecular Dynamics Simulations

:

b initio MD
ar-Parinello

Temperature (K)
:

g
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Time (ps)

 Models of crystalline (or random) systems dre melted; the
melts are then quenched , freezing the structure into @
disordered glassy phase.

Pedone, A. J. Phys. Chem. C 2009, 113, 20773.



NMR Calculations

DFT-PBE calculations NMR parameters
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GIPAW: c.J. Pickard, F. Mauri, Physical Review B 63 245101 (2001)

MAS

¢==  fpNMR

(90°,MAS) 2D NMR Vin =(M[Hg|m)—(n|H|n)

Pedone, A.; Charpentier, T.; Menziani, M. C.
Phys. Chem. Chem. Phys. 2010, 12, 5064.
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General Microscopic Structure

XX

4585 16.1%si0,, 24.4% Na,O, 26 9%CaO, 2.6% P,O. Q? Q!

- very open silicate network dominated by Q2and Q3 species

« phosphate groups are predominantly isolated Q° units associated
with modifier cations.

» bioactivity appears for glasses with network connectivity (NC) < 3




Bioglasses

General Microscopic Structure

CaF,

!

CaO

Network
connectivity
increases

A5S5F: 46.1% 510, 24.4% Na,0, 16.9%Ca0, 10CaF, 2.6% P,O;

» Fluoride prefers to form FM, moieties (M=Na/Caq)

» The high affinity of F for Na and Ca modifier cations determines the
separation of a highly polymerized phosphosilicate matrix from an
ionic phase richin Na, Ca and F.

Lusvardi et al. J. Phys. Chem. B 2008, 112, 12730. Christie et al. J. Phys. Chem. B 2011, 115, 2038-2045.




Open Questions on the structure

o Bi- or Trinomial Q"(Si) distributionse
o Are P-O-Si bonds present in the glasse

o Nature of Cation Mixing around NBO:s.
Random or Non-Random distributions?

o Fluorine environmente Are Si-F bonds
present in the glasse

o Does Fluorine prefer to bond with Na or
Caze




PHOSPHOROUS ENVIRONMENT

EXp.

4585 Theor
Stitlc B
m 8o = 8.7 ppm, CSA=-11.2 ppm

ppm

Intensity (Arb. Units)

8, = -0.7 ppm, CSA=-70.2 ppm

»No Si-O-P bonds are present in the real structure

Pedone, A.; Charpentier, T.; Malavasi, G.; Menziani, M. C. Chem. Mater. 2010, 22, 5644.



SILICON ENVIRONMENT
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Pedone, A. et al. Chem. Mater. 2010, 22, 5644,



Direct fitting of the 29Si MAS specirum

Compositional constraints:

Si—NBO (30 +2Q%+ Q%)
Si—BO —Si (0.5Q0' + Q2 + 1.503)

— Experiment
-—-- Simulation

Q! = —0.1087Q2 + 0.7890Q3

Error (x10)
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Pedone, A. et al. Chem. Mater. 2010, 22, 5644,
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29Si diso i1s @ good probe of the Bond Angle Distribution (BAD).

170

* o faa4deg Q™ Analysis
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170 NMR

Good agreement between the experimental and theoretical VO
NMR spectra
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‘ Analysis of the 7O NMR parameters for each oxygen species



Oxygen sites

MD-GIP AW
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MD-GIPAW assisted the deconvolution of 7O NMR




:
E
g
:

Experiment

Si-O-P sites

lsotropic dimension / pprm




.._l! OXYGEN ENVIRONMENT

The theoretical calculations have been used to guide the fitting
of the experimental 70 3QMAS spectra

— Experiment
— Simulation
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Site Populations

Site MQMAS
P-O(Ca,Na) 14.7%
P-O(Na) 5.9%
P-O(Ca) -
Si-O(Ca,Na) 37.3%
Si-O(Na) 6.5%
Si-O(Ca) 71%
Si-O-Si 28.1%

NON RANDOM DISTRIBUTION OF Na & Ca AROUND OXYGEN
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45S5F Bioglass

F[Ca,Na,] A A

19F MAS NMR

(b) Theory

F[Ca,Na,]

F[CazNam]

F[Ca1 Na1,2,3]

Si-F[Ca Na ]

(a)

Experiment

chemical shift (ppm)

The calculated spectra of the wvarious F sites fall within the
experimental isotropic chemical shift ranges denoting a satisfactory

agreement. Pedone et al. J. Mater. Chem. 2012 22 12599




F[CaNa,] 12% FICa,Na,] 24% F[Ca;Na] 8%

High —)  [OW

Siso diso

v de-shielding due to the partial covalence of the Ca-F bonds.




Contribution of Si-F bonds to ''F MAS spectira...
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v it is difficult to assess the presence of Si-F bonds by means of the
MAS NMR spectra only.
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Conclusions

NMR speciroscopy + MD-GIPAW is a powerfull tool to
improve amorphous system structural characterization

P is present as orthophosphate units (No Si-O-P bonds in
the compositions studied)

Trinomial distribution of Q"(Si) species

Non-random distribution of Na/Ca around NBO

Si-F bonds are not detectable by means of 27Si MAS
NMR but REDOR experiments must be used

F atoms are coordinated to the modifiers in a mixed

state
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