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IR spectroscopy

Low-temperature infrared transmission measurements were performed and analyzed using the approach described in Balan et al. (2011). In the analysis of the 2CO3 band, a baseline has been subtracted by using the interpolation procedure of Stineman (1980).
NMR spectroscopy


Single-pulse 13C and 19F MAS NMR experiments were performed on Avance 300 (7.0 T) and 850 (20.0 T) Bruker spectrometers, respectively. Chemical shifts were referenced to TMS for 13C and CFCl3 for 19F. Spectra were fit with the DMFIT program (Massiot et al. 2002). A two-dimensional 19F homonuclear DQ-SQ MAS correlation experiment was used to probe inter-atomic F-F proximities. It allows to selectively reintroduce the dipolar couplings (which are inversely proportional to the cube of the inter-atomic distances) between spin-pairs and results in a 2D spectrum in which the proximities between two equivalent sites and the proximities between two inequivalent sites are revealed through diagonal and off-diagonal correlation peaks, respectively. The DQ-SQ experiment was performed using the SPIP (SPin-locked symmetry-based double-quantum homonuclear dIPolar recoupling) sequence (Hu et al. 2009) with short rotor-synchronized pulses. A 13C{19F} frequency-selective REDOR experiment (Jaroniec et al. 2001) performed at 9.4 T, which allows the recoupling of the heteronuclear dipolar interactions between 13C resonances and a single selected 19F site, was employed to probe C-F inter-atomic proximities. The trains of rotor-synchronized recoupling pulses were applied on the 13C channel and a single selective inversion SNOB (Selective ExcitatioN fOr Biochemical applications) pulse (Kupce 1995) with a 2.5 kHz bandwidth pulse was applied on the 19F channel.
First-principles calculations

Theoretical stable structure and spectroscopic properties of a model of carbonate-bearing fluorapatite were computed following the procedure described in Balan et al. (2011). The ionic cores were described by ultra-soft pseudo-potentials from the Quantum Espresso library (http://www.quantum-espresso.org). The electronic wave-functions were expanded in plane-waves using a kinetic energy cutoff of 40 Ry. The Brillouin zone sampling for electronic integration was performed using three k-points (-0.5, -0.87, -0.69; 0.5, -0.87, 0.69; -1, 0.0, -0.69). Typical precision of calculated vibrational frequencies is within few relative %. A uniaxial model dielectric tensor was obtained by averaging the x and y diagonal components of the dielectric tensor of the periodic defect model. The IR absorbance spectrum was then calculated assuming that the composite sample consists of small spherical particles surrounded by a homogeneous KBr matrix. 

Theoretical NMR chemical shifts were obtained by calculating the shielding of the nuclei relative to the electronic current induced by the external magnetic field, using the GIPAW (Gauge Including Projector Augmented Waves) method (Pickard and Mauri 2001). In this case norm-conserving pseudo-potentials were used, requiring an increase in the kinetic energy cutoff to 80 Ry. The integral over the Brillouin zone was done using a Monkhorst-Pack grid of 2 ( 2 ( 2 k-points for the charge density and chemical shift tensor calculations. The isotropic chemical shift iso is defined as iso = -[ – ref] where  is the isotropic shielding and ref is the isotropic shielding of the same nucleus in a reference system. Diagonalisation of the symmetrical part of the calculated shielding tensor provides its principal components δ11, δ22 and δ33 defined such as |δ33 – δiso.| ( |δ11 – δiso| ( |δ22 – δiso|, and δiso = 1/3(δ11 + δ22 + δ33). The CSA parameters are defined by CSA = δ33 – δiso and ηCSA = |(δ22 – δ11)/ CSA|.  ADDIN EN.CITE <EndNote><Cite><Author>Pickard</Author><Year>2001</Year><RecNum>1226</RecNum><MDL><REFERENCE_TYPE>0</REFERENCE_TYPE><AUTHORS><AUTHOR>C J Pickard</AUTHOR><AUTHOR>F. Mauri</AUTHOR></AUTHORS><YEAR>2001</YEAR><TITLE>All electron magnetic response with pseudo-potentials: NMR chemical shifts</TITLE><SECONDARY_TITLE>Physical Review B</SECONDARY_TITLE><VOLUME>63</VOLUME><PAGES>245101</PAGES></MDL></Cite></EndNote> Reference systems were calcite for 13C and fluoroapatite for 19F. It should be noticed that for 19F, a scaling factor k = 0.68 was applied since previous GIPAW calculations recommended this correction to obtain accurate predictions. Typical precision of chemical shifts is within few ppm for 19F (Griffin et al. 2010) and 1 ppm for 13C (Johnston et al. 2009).
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