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19F and 1H Chemical Environment and Connectivity in Fluoridated Hydroxyapatite
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Introduction

Calcium hydroxyapatite (HAP) is used to lower fluoride in water to levels healthy for consumption, as many aquifers contain toxic levels1. There is potential to increase HAP’s sorption capacity, yet, little understanding of how HAP removes fluoride from water2 exists.  We need to understand the removal mechanism(s) in order to rationally synthesize more effective materials. The strength of ssNMR for this project is its sensitivity to both 1H and 19F nuclei to help quantify and distinguish their chemical states and their connectivity within or on HAP nanoparticles.
Experimental


19F and 1H DP and 19F{1H} and 1H{19F} CP MAS ssNMR experiments were performed on two fluoridated HAP samples (one heat treated at 500 °C prior to fluoridation) at the NHMFL’s headquarters in Tallahassee, FL using Bruker 600 MHz 89 mm magnet #2. The 4.0 mm 1H-19F-Y CP MAS probe was used for all experiments, spun at 15 kHz. Larmour frequencies of 564.69 and 600.13 MHz were used for 19F and 1H, respectively. Finally, a 1H{19F} REDOR experiment measured the internuclear distance (dH-F) of F- and OH- nearest neighbor lattice sites.
Results and Discussion


19F DP revealed three fluoride species at δiso = -83.3, -103.4, and -114.4 ppm respectively. The majority of the fluorides belong to the broad (LW ~8 ppm) 103.4 ppm peak, associated with fluorapatite (FAP). Normalized to sample mass, the heat treated sample contained significantly less fluoride. High power proton decoupling had no effect on peak width. A t2 measurement revealed a spin-spin relaxation incommensurate with the peak width, indicating heterogeneity of fluoride species in the FAP lattice (i.e. local disorder). In contrast to the FAP peak, the equally broad -114.4 ppm and sharp -83.3 ppm peaks (unassigned) exhibited rapid spin-lattice relaxation times, indicative of more mobile environments. 19F{1H} and 1H{19F} CP spectra demonstrate a connection between some FAP-F- species and a sharp 1H peak at 1.4 ppm, which only appear upon fluoridation of HAP particles, and is thought to be HAP lattice OH···F hydrogen bonds. A set of REDOR measurements with various dephasing periods reveals a strong dipolar coupling. A calculated curve with the best fit corresponds to a dH-F = 2.08 Å.
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Fig.2 REDOR data & calculations for 1H{19F} 1.4 ppm peak.





Fig.1 19F DP of HAP samples & 19F CP of non-heat-treated sample displaying only FAP peaks.








