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Synthesis of IR-808 dye

The IR-808 dye was synthesized by adapting the method which was previously reported by
Prasad’s group, and the reaction process was shown in the Scheme 1 [S1]. First, 0.134 mmol of IR-783
and 0.520 mmol of 4-mercaptobenzoic acid were added to 5 ml of DMF under nitrogen atmosphere,
followed by reaction for 24 h. After the completion of the reaction, dichloromethane was added to the
reaction solution to precipitate the IR-808. The precipitated dark green powder was collected by
centrifugation, and the obtained power was washed with ether and dried under vacuum and stored in
dark condition.
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Scheme S1. Schematic illustration showing the synthesis of IR-808 dye.
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Figure S1. Partial 'H NMR spectra (400 MHz, DMSO-d6) of (a) 4-mercaptobenzoic acid (b) IR-783 and
(c) synthesized IR-808. At 7~8.5 ppm, the peaks were observed due to the benzene ring in the 4-
mercaptobenzoic acid and IR-783. All peaks observed in the 'H NMR spectra of the precursors were also
observed in the "H NMR spectrum of the synthesized IR-808 dye. Since the electronic environment in
the IR-808 dye is different from those in the 4-mercaptobenzoic acid and IR-783 due to structural changes
of the compound, the positions of the aromatic peaks of the precursor were shifted from 8.25 ppm to
8.55 ppm. In the "H NMR spectrum of the IR-808 spectrum, the two doublets at 6.40 and 8.54 ppm (J =
14 Hz) can be assigned to alkenyl protons, and the significant downfield shift of the 8.54 ppm doublet

indicates a change in the electronic environment due to the introduction of the mercaptobenzoic acid
[S2].



Figure S2. Scanning electron microscopy images of (a) Li(Gd, Y)Fa:Yb,Tm core, (b) Li(Gd,Y)F4+:Yb,Er core,
(c) Li(Gd,Y)F4Yb, Tm@LiYF+Nd,Yb C@S, and (d) Li(Gd,Y)Fs:Yb,Er@LiYF4+Nd,Yb C@S UCNPs.

Figure S3. High resolution TEM images of (a) Li(Gd,Y)F+Yb,Tm and (b) Li(Gd,Y)F4Yb,Er UCNPs.
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Figure S4. XRD patterns of blue-, green-, and red-emitting C@S UCNPs. The LiYF4 (JCPDS No.81-2254),
LiGdF4 (JCPDS No. 27-1236), and B-NaGdFs (JCPDS No. 27-0699) are shown.
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Figure S5. FT-IR spectra of OA-C@S UCNPs (red line) and BF+-C@S UCNPs (green line).
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Figure S6. FT-IR spectra of IR-808 dye-conjugated C@S UCNPs (magenta line) and IR-808 dye (blue
line).
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