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SEM images of UCNPs at different hydrothermal reaction times and temperatures

Fig. S1. SEM images of NaYF4:Yb*"/Er** UCNP synthesized at 180 °C as a function of
different hydrothermal reaction times, (a) 2 h, (b) 3 h, (c) 5h, (d) 7 h, (e) 8 h, (f) 10 h, (g) 15

h, and (h) 24 h.

Fig. S2. SEM images of NaYF4:Yb*"/Er’* UCNP synthesized at 190 °C as a function of
different hydrothermal reaction times, (a) 2 h, (b) 3 h, (c) 5h, (d) 7 h, (e) 8 h, (f) 10 h, (g) 15

h, and (h) 24 h.
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Fig. S3. SEM images of NaYF4:Yb*"/Er’* UCNP synthesized at 200 °C as a function of
different hydrothermal reaction times, (a) 2 h, (b) 3 h, (c) 5h, (d) 7 h, (e) 8 h, (f) 10 h, (g) 15

h, and (h) 24 h.

Fig. S4. SEM images of NaYF4:Yb*/Er** UCNP synthesized at 210 °C as a function of

different hydrothermal reaction times, (a) 2 h, (b) 3 h, (c) 5 h, (d) 7 h, (e) 8 h, (f) 10 h, (g) 15

h, and (h) 24 h.
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Particle size distribution of UCNPs at different hydrothermal reaction times and
temperatures
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Fig. S5. Particle size distribution of NaYF4:Yb*/Er** UCNP synthesized at 180 °C as a

function of different hydrothermal reaction times, (a) 2 h, (b) 3 h, (¢) 5 h, (d) 7 h, and (e) 8 h.
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Fig. S6. Particle size distribution of NaYF4:Yb*"/Er'* UCNP synthesized at 190 °C as a

function of different hydrothermal reaction times, (a) 2 h, (b) 3 h, (c) 5 h, and (d) 7 h.
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Fig. S7. Particle size distribution of NaYF4:Yb*"/Er'* UCNP synthesized at 200 °C as a

function of different hydrothermal reaction times, (a) 2 h and (b) 3 h.
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Fig. S8. Particle size distribution of NaYF4:Yb*/Er** UCNP synthesized at 210 °C as a

function of hydrothermal reaction time of 2 h.
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Fig. S9. Comparison of the particle size distribution of NaYF4:Yb*"/Er** UCNP synthesized

at different hydrothermal reaction temperatures and times.
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Increase reaction time
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Fig. S10. SEM images show the reproducibility of the particles at different HR times and

Increase temperature

temperatures.
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XRD patterns of UCNP at different hydrothermal reaction times and temperatures
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Fig. S11. XRD patterns of the synthesized NaYF4:Yb**/Er** UCNP (a) 180 °C, (b) 190 °C,
(c) 200 °C, and (d) 210 °C. The particles corresponding to both a-NaYFa4, PDF 00-027-0688

and B-NaYF4, PDF 00-016-0334.
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STEM images of UCNPs at different hvdrothermal reaction times and temperatures

Fig. S12. STEM images of NaYF4:Yb*"/Er** UCNP synthesized at 180 °C for (a) 5 h and (b)

24 h, 190 °C for (c) 5 h and (d) 24 h, 200 °C for (e) 5 h and (f) 24 h, 210 °C for (g) 5 h and

(h) 24 h.
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Fig. S13. High angle annular dark field-STEM images of NaYF4+Yb*"/Er’* UCNP
synthesized at 180 °C for (a) 5 h and (b) 24 h. Mapping of elements in synthesized UCNP; Y,

Yb, Na, Er, F.

(a) (b)

Fig. S14. High angle annular dark field-STEM images of NaYF4+Yb*"/Er** UCNP
synthesized at 190 °C for (a) 5 h and (b) 24 h. Mapping of elements in synthesized UCNP; Y,

Yb, Na, Er, F.
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Fig. S15. High angle annular dark field-STEM images of NaYF4+Yb*"/Er** UCNP
synthesized at 200 °C for (a) 5 h and (b) 24 h. Mapping of elements in synthesized UCNP; Y,

Yb, Na, Er, F.

Fig. S16. High angle annular dark field-STEM images of NaYF4+:Yb*"/Er** UCNP
synthesized at 210 °C for (a) 5 h and (b) 24 h. Mapping of elements in synthesized UCNP; Y,

Yb, Na, Er, F.
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UC luminescence spectra of UCNPs at different

hydrothermal

temperatures
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Fig. S17. NIR to visible UC luminescence spectra of NaYF4:Yb*/Er** UCNP synthesized at

different hydrothermal reaction temperatures and times. Maximum peaks corresponding to
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green (527, 540 nm) and red (655 nm) emission under 980-nm laser diode excitation.
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Time-resolved emission spectra of UCNPs at different hydrothermal reaction times and

temperatures
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Fig. S18. Photoluminescence emission spectra of UCNPs (a, b) solution and (c, d) powder

samples observed at (a, ¢c) 540 nm for green emission bands, and (b, d) 655 nm for red

emission bands under 980-nm laser excitation with different HR times and temperatures. The

red solid lines highlighted the best fits to the time-resolved spectra.
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Characterization of UCNP and UCNP@PAA
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Fig. S19. SEM images of (a) UCNP (b) UCNP@PAA and (c) UV/Visible absorbance spectra
of UCNP, PAA!? and UCNP@PAA; insets show the more detailed UV/Vis spectra of

UCNP, PAA, UCNP@PAA (left) and bared UCNP (right).

S14



Dispersibility test of UCNP and PAA-UCNP in different solvents
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Fig. S20. Long-term stability of as-prepared UCNP and UCNP@PAA in different solvents

after (a) one day and (b) one month after 5-s sonication.
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In vitro cytotoxicity analysis of UCNP@PAA with different concentrations
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Fig. S21. Cell apoptosis and necrosis analysis of different cancer cell lines using flow

cytometer after treatment with different concentration of UCNP@PAA. The different letters

embedded in spectra described as L; live, N; necrosis, L-A; late apoptosis, E-A; early

apoptosis.
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Fluorescence image of HelL.a cells

Bright field DAPI

Fig. S22. Fluorescence images of HeLa cells treated with 100 pg/ml of UCNP@PAA and

incubated for 4 h: (a) bright field, (b) DAPI staining, (¢c) UC luminescence, (d) merged.
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Fig. S23. Drug releasing efficacy of UCNP@PAA-DOX at different pHs and incubation

times.
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Dose response analysis

(a)150 Dose-Response Curve-DOX only (b) Dose-Response Curve-PAA@UCNP only
2 150+
P Logl C5p=0.4878ug . L0glCgo=0.3397pg
T T ICsp=2.1861g
© 1004 1C50=3.075ng O 100 25 1047 2
= R?=0.9975 = o
o
§. 23 'g'. 500 F
= =
0 o 0 3
0.0 02 0.4 0.6 0.0 02 0.4 0.6
Log dose concentration(pg/ml) Log dose concentration(pg/ml)

Fig. S24. ICso of different cell lines in the presence of (a) DOX and (b) UCNP@PAA.
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