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Fig. S1 SEM (top) and TEM (bottom) images of (a) HMSS10, (b) HMSS12, (c) HMSS14, and (d) 
HMSS16. Inset shows a magnification TEM image.
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Fig. S2 Nitrogen adsorptiondesorption isotherms and pore size distributions of (a) HMSS10, (b) 
HMSS12, (c) HMSS14, and (d) HMSS16.

Table S1 Specific surface area and average pore size of the HMSS materials based on the 
Brunauer–Emmett–Teller (BET) adsorption.
materials surface area (m2/g) pore size (nm)
HMSS10 967 2.6
HMSS12 1029 2.6
HMSS14 887 2.6
HMSS16 870 2.6
APTMS-modified HMSS12 749 2.0
HMSS12-S-S-COOH 661 2.0
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Fig. S3 Small-angle powder XRD patterns of HMSS10, HMSS12, HMSS14, and HMSS16.
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Fig. S4 FTIR spectra of (a) HMSS12 before removal of CTAB, (b) HMSS12, (c) APTMS-
modified HMSS12, and (d) HMSS12-S-S-COOH.
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Fig. S5 Nitrogen adsorptiondesorption isotherms and pore size distributions of (a) HMSS12, (b) 
APTMS-modified HMSS12, and (c) HMSS12-S-S-COOH.
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Fig. S6 Zeta potentials of (a) HMSS12, (b) APTMS-modified HMSS12, (c) HMSS12-S-S-
COOH, and (d) ZnO-capped HMSS12 presented in different forms A and B.
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Fig. S7 Hydrodynamic diameter distributions of (a) HMSS12, (b) HMSS12-S-S-COOH, and (c) 
ZnO-capped HMSS12.
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Fig. S8 (a) SEM and (b) TEM images of HMSS12-S-S-COOH and TEM images of (c) aminated 
ZnO QDs, (d) ZnO-capped HMSS12, (e) ZnO-capped HMSS12 after trigger of pH in the HEPES 
buffer solution at pH 5.0, and (f) ZnO-capped HMSS12 after trigger of GSH (10 mM) in the 
HEPES buffer solution at pH 7.4.
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Fig. S9 Fluorescence spectra of (a) ZnO QDs, (b) aminated ZnO QDs at the excitation 
wavelength of 340 nm, and (c) aminated ZnO QDs at the excitation wavelength of 472 nm.

S10



500 550 600 650 700
0

100

200

300

400

500

600A

55
8

Fl
uo

re
sc

en
ce

 in
te

ns
ity

 / 
a.

u.

Wavelength / nm

 4.0 105 M
 3.6 105

 3.3 105

 3.0 105

 2.8 105

 2.6 105

 2.4 105

 2.2 105

 2.0 105

 1.8 105

 1.6 105

 1.4 105

 1.2 105

 1.0 105

 8.0 106

 6.0 106

 4.0 106

 2.0 106

 1.0 106

0.00 0.01 0.02 0.03 0.04 0.05
0

100

200

300

400

500

600
B

R = 0.9997

y = 20523 x e24x + 27840 x  / (1 + 80 x)

Fl
uo

re
sc

en
ce

 in
te

ns
ity

 / 
a.

u.

DOX concentration / mM

Fig. S10 (A) Fluorescence spectra of DOX in HEPES buffer solutions (pH 7.4) with different 
concentrations. (B) Emission intensity at 558 nm as a function of DOX concentration. (C) 
Fluorescence spectrum of final washing solution containing unloaded DOX in 40 mL of HEPES 
buffer solution from the ZnO-capped HMSS12 system.
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Fig. S10 (continued)
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Fig. S11 pH-triggered time-dependent fluorescence spectra of DOX released from the ZnO-gated 
HMSS12 system in the HEPES buffer solution at pH 3.0 at the excitation wavelength of 472 nm.
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Fig. S12 pH-triggered time-dependent fluorescence spectra of DOX released from the HMSS 
system without ZnO capping in the HEPES buffer solution at pH 3.0 at the excitation wavelength 
of 472 nm.
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Fig. S13 Time-dependent fluorescence spectra of DOX from the ZnO-gated HMSS12 system in 
the HEPES buffer solutions at pH 7.4 at the excitation wavelength of 472 nm: (A) premature 
release; (B) GSH (10 mM)-triggered controlled release; (C) DTT (10 mM)-triggered controlled 
release.
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Fig. S13 (continued)
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Fig. S14 Time-dependent fluorescence spectra of DOX from the ZnO-gated HMSS12 system in 
the presence of GSH (10 mM) in the HEPES buffer solutions at different pH at the excitation 
wavelength of 472 nm: (A) pH 6.0; (B) pH 5.0.
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