Cerium–Selenium Co-Substituted Hydroxyapatite Nanoparticles with Enhanced Bio-functional Performance for Bone Substitute Applications
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S1. Experimental Details 
XRD
X-ray diffraction (XRD) was used to analyze the phase composition, crystallite size, lattice parameters, unit cell volume, lattice strain, and crystallinity of the synthesized nanoparticles. The lattice parameter a was determined from the (300) reflection, while the c parameter was calculated using the (002) and (004) reflections according to the following relation:

Where d is the interplanar spacing and (hkl) are the Miller indices.
The unit cell volume (V) was calculated using the expression:

To determine the crystallite size, the Debye-Scherrer’s formula was used:
Xs=0.94λ​/βcos θ
Where Xs is the crystallite size (nm), λ is the wavelength of the X-ray beam, FWHM is the full width at half maximum for the diffraction peak under consideration (rad), and θ is the Bragg angle. Diffraction peaks (002), (211), and (300) were used for calculation, and the average crystallite size was reported. 
The Williamson–Hall method was applied to determine lattice strain. Crystallinity was reported based on the sharpness of diffraction peaks and FWHM values. Crystallinity was classified as high for FWHM ≤ 0.1°, moderate for 0.1° < FWHM ≤ 0.2°, and low for FWHM > 0.2°.
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Figure S1. FTIR spectra of as-prepared and calcined Hap, demonstrating increased crystallinity and reduction of adsorbed water upon calcination
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Figure S2. XRD spectrum of synthesized pure HA index against JCPDS 09-0432
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