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Table S1. ACP samples prepared by chemical precipitation and initial amounts of the precursors.

Samples nCa2* nPO nCO;> CO32'/P04§3'
(mmol) (mmol) (mmol) molar ratio
ACPI 9 6 - -
ACP2 9 6 0.375 0.0625
ACP3 9 6 0.75 0.125
ACP4 9 6 1.5 0.25
ACPS5 9 6 3 0.5
ACP6 9 6 6 1
ACP7 9 6 12 2
ACP8 9 6 24 4
ACP3-HT rop = [Area of v;CO;]/[Area of v,v;PO,]
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Fig. S1. The carbonate weight percentage (w(COs)) was determined using the methodology developed
by Grunenwald et al. [1], which utilizes FTIR spectroscopy for accurate carbonation analysis in CaP
samples including HA and ACP [2,3]. As shown in this figure for ACP3-HT sample, the w(CO;) was
calculated by estimating the ratio r., between the integrated areas of the observed v3;COs bands at
~1590-1350 cm™! and v;,v3PO, bands at ~1300-900 cm! after conducting a baseline correction and
normalization to the v;PO4 mode with the highest absorbance value. Subsequently, the obtained ry,

values were used in the equation w(CO3;) = 28.62 * r, + 0.0843 to determine the overall degree of
carbonation.
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Fig. S2. Standard curve generated from absorbance values at 210 nm, corresponding to the absorption
of citrate ions.
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Fig. S3. FTIR spectra evidencing a band between 2500-2100 cm! attributed to the presence of HPO,*
in as-synthesized samples [4,5].

Table S2. wCOj; estimated by elemental analysis of two representative samples.

Sample wCO; (Wt.%)
ACP3 2.87
ACPS8 27.01
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Fig. S4. (a) TGA curves for the as-synthesized ACP NPs, and (b) their corresponding DTG curves.
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Fig. S5. FWHM of v;3,v4,PO, bands calculated from the FTIR spectra of as-synthesized samples.
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Fig. S6. Excitation spectra for (a) ACP3 NPs and (b) ACP3-HT NPs. The broad and intense bands at
255 nm and 241 nm for ACP3 and ACP3-HT samples, respectively, are attributed to transitions
primarily involving band states [5]. The inset in (a) illustrates the defect states contributing to the
observed PL emission for ACP3 NPs. Conversely, defect states are predominant in the excitation
spectra of ACP3-HT and are distributed across the entire visible spectrum, facilitating the occurrence
of PL emission even with low excitation wavelengths.
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Fig. S7. PL emission spectra of ACP3 and ACP3-HT samples at distinct excitation wavelengths. (a)
Aexe = 405 nm, (b) Aexe = 488 nm, (¢) Aexe = 561 nm, and (d) Aex. = 640 nm.
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Fig. S8. PL emission spectra of all carbonated ACP NPs samples at distinct excitation wavelengths.
(a,b) Aexc = 488 nm, (c,d) Aexc = 561 nm, and (e,f) Aexc = 640 nm.
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Fig. S9. FTIR spectra of ACP3-HT and Cit/ACP3-HT evidencing the successful functionalization of
the NPs with citrate ions.
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Fig. S10. Zeta potential of Cit/ACP3-HT NPs estimated at various pH values.
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Fig. S11. Mean size of Cit/ ACP3-HT NPs measured at different time intervals.
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Fig. S12. Second derivate FTIR spectra for v;PO4 modes of ACP3-HT NPs in water.
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Fig. S13. Second derivate FTIR spectra for vsPO4 modes of Cit/ ACP3-HT NPs in PBS (pH 7.4).



A, =488 nm
B ., = 561 nm

Ll

ACP3-HT Cit/ACP3-HT

Emission Area (a.u.)

Fig. S14. Integrated emission area of ACP3-HT and Cit/ACP3-HT dispersed at Img.mL-! in water.
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Fig. S15. PL emission spectra of Cit/ACP3-HT NPs in distinct aqueous environments and time
intervals, measured at (a) Aexe =488 nm, and (b) Aexe = 561 nm.
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Fig. S16. (a,b) PL emission spectra of Cit/ ACP3-HT NPs dispersed at | mg.mL! in PBS (pH 7.4) at
distinct time intervals, and (c) their corresponding integrated emission areas.
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Fig. S17. (a,b) PL emission spectra of ACP3-HT NPs dispersed at 1 mg.mL"! in PBS (pH 7.4) at
distinct time intervals, and (c) their corresponding integrated emission areas.
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Fig. S18. (a,c) PL emission spectra of Cit/ACP3-HT NPs dispersed at 1 mg.mL"! in Tris-HCI buffer
(pH 7.4) at distinct ionic strengths, and (b,d) their corresponding integrated emission areas.
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