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Fig. S1 'H NMR spectrum of Lu-1 (400 MHz, CDCls).
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Fig. S5 °F NMR spectrum of Lu-1 (377 MHz, CDCl3).
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power density of a 561 nm incident laser for Lu-2/BPEA in degassed toluene (the threshold
excitation power density = 120 mW-cm™). ([Lu-2] = 0.5 uM, [BPEA] = 60 UM, Aex = 561 nm)
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Fig. S32 Decay spectra of the delayed fluorescence boserved in TTA upconversion systems
with Lu-2 and M-1 (M = Gd, Pd, Zn) as sensitizers and BPEA as acceptor in degassed toluene.
(Excited by a 561 nm laser, Aem = 480 nm)



f e Lu-3(53.1ps)
] ° Lu-4(49.8 ps)
10004 &
PRy
9 100 3y
c °¢ .
3 : LR N
© A )
o:::- °?‘
10+ ° som -:“? 4
© coommmmananese 0®ace oo P00 oW Sy, N, 8° 8% S0y
1 Lo S0 semmmsscsssomens emes oo emese emme
0 500 1000
Time (us)

Fig. S33 Decay spectra of the delayed fluorescence boserved in TTA upconversion systems
with Lu-3 and Lu-4 as sensitizers and rubrene as acceptor in degassed toluene. (Excited by
639 and 659 nm lasers for Lu-3/rubrene and Lu-4/rubrene systems respectively, Aem = 561

nm)
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Fig. S34 Upconversion efficiencies (@uc) as a function of BPEA concentration with the sensitizer at
fixed concentration (0.5 pM) in degassed toluene.(Aex = 561 nm, 480 mW-cm?)
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Fig. S35 Stability of the TTA upconversion emission of different upconversion systems upon
continuous irradiation with excitation power density of 480 mW-cm™ in degassed toluene.
(Systems with Lu-3 and Lu-4 as sensitizers were excited at 639 and 659 nm respectively, while
others at 561 nm)
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Fig. $S36 (a) Transmission electron microscopy (TEM) image and (b) size distribution of UC-NMs
loaded with Lu-2/BPEA at room temperature.
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Fig. $S37 (a) Major and (b) minor axis lengths distributions of UC-MSNs loaded with Lu-1/BPEA at
room temperature measured by TEM.



20

20

Frequency (%)

10

Frequency (%)

10+

140 20

90 45 70
Length of Major Axis (nm) Length of Major Axis (nm)

Fig. S38 (a) Transmission electron microscopy (TEM) image at 25kx magnification, (b) pore channel
structure in bright field (left) and dark field (right) TEM image at 60kx magnification, (c) Major axis
lengths distribution and (d) minor axis lengths distribution of UC-MSNs loaded with Lu-2/BPEA at
room temperature.
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Fig. $39 Dynamic light scattering (DLS) of Lu-2/BPEA loaded UC-NM.
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Fig. $40 Dynamic light scattering (DLS) of Lu-2/BPEA loaded UC-MSN. (27444 and 58548 nm)
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Fig. S41 Normalized absorption (solid) and emission (dash) spectra (Aex = 561 nm, 480 mW-cm2)
of UC-NMs loaded with Lu-2/BPEA pair in water under ambient atmosphere.
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Fig. S42 Normalized absorption (solid) and emission (dash) spectra (Aex = 561 nm, 480 mW-cm2)
of UC-MSNs loaded with Lu-2/BPEA pair in water under ambient atmosphere.
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Fig. S43 Confocal fluorescence image of living HelLa cell with BPEA only (no sensitizer) by 455 - 525
nm channel under laser excitation at (A) 405 nm (red, prompt fluorescence); (B) 543 nm (green,
upconverted fluorescence); and (C) merged images of (A) and (B). Row a, b: image of (a) NMs
(incubated for 15 min) and (b) MSNs (incubated for 4 h). (Scale bar presents 20 um)



