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Figure S1

Figure S1.  (a) Adsorption isotherm of TMPyP on CEHAp, and the linear regression fitting 
plots based on (b) Langmuir and (c) Freundlich equation types (R2 = 0.9944 and 0.9494). 
Specifically, to evaluate the adsorption state, the adsorption isotherms were prepared. In the 
case of monolayer adsorption on the nanoparticle surfaces, the Langmuir adsorption 
equation obtained from the isotherm is shown as the equation (S1).S1
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Here, W is the adsorption amount (mol/g), C is the equilibrium concentration (mol/L), Wmax 
is the maximum adsorption amount, and Keq is the adsorption equilibrium constant (g/L). 
Whereas, in the case of non-uniform adsorption on the nanoparticle surfaces, the Freundlich 
adsorption equation obtained from the isotherm is shown as the following equation (S2).S2

ln W = ln KF ＋ (1/n)ln C                       (S2)

Here, KF and n are the Freundlich coefficient and adsorption constant, respectively. For the 
Langmuir equation, analysis was performed by plotting C and C/W on the on the horizontal 
and vertical axes, respectively. The analysis for the Freundlich equation was by plotting lnC 
and lnW on the horizontal and vertical axes, respectively.
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Figure S2

Figure S2.  XRD patterns of (a) TX-EHAp and (b) TX-CEHAp, and all the patterns can be 
attributed to hydroxyapatite (ICDD No. 00-009-0432).
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Figure S3

Figure S3.  TEM images of (a) EHAp, (b) T50-EHAp, (c) T500-EHAp, (d) CEHAp, (e) T50-
CEHAp and (f) T500-CEHAp.
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Figure S4

Figure S4.  Characteristic absorption bands of (a, c) carbonate and (b, d) phosphate ions 
of (a, b) TX-EHAp and (c, d) TX-CEHAp in the FT-IR spectra. 
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Figure S5

Figure S5.  UV-Vis absorption spectra of the TMPyP powder and solutions (conc. 1 and 10 
μM).
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Scheme S1

Scheme S1.  Illustration of the particle states of TX-EHAp, CEHAp and TX-CEHAp.
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Figure S6

Figure S6.  Excitation spectra of (a, b) TX-EHAp and (c, d) TX-CEHAp for the detected PL 
wavelengths at (a, c) 616 and (b, d) 720 nm.
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Figure S7

Figure S7.  (a) Excitation and (b) PL spectra of the TMPyP powder and solutions (conc. 1, 
10, 100 μM) at the detected PL and excitation wavelengths of 720 and 420 nm, respectively.
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Figure S8

Figure S8.  ηint value changes of (●, ■) TX-EHAp and (○,□) TX-CEHAp at the detected 
excitation wavelengths of (○, ●) 394 and (□, ■) 427 nm with the initial TMPyP concentration.
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Figure S9

Figure S9.  PL intensity decay plots of (a-f) TX-EHAp and (g-l) TX-CEHAp (X=0, 5, 50, 100, 
200, 500), and the excitation/PL wavelengths for the plots were 394/616 nm (red-color), 
394/720 nm (pink-color), 427/616 nm (blue-color) and 427/720 nm (green-color), 
respectively.



ESI-12

Figure S10

Figure S10.  PL lifetime changes of (a) TX-EHAp and (b) TX-CEHAp with the initial TMPyP 
concentration. Here, the excitation/PL wavelengths for the plots were (●) 394/616 nm, (■) 
427/616 nm, (○) 394/720 nm and (□) 427/720 nm. 


