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Calculation of the photothermal conversion efficiency

The photothermal conversion efficiency of CuS@mSiO,-TD/ICG nanoparticles
was measured according to the references 1. The CuS@mSiO,-TD/ICG
nanoparticles with the Cu@mSiO, concentration of 200 ug/mL and ICG 10 ug/mL
underwent continuous irradiation of 808 nm laser (1.5 W/cm?) until steady state
temperature was reached. Then the laser was shut off, and the aqueous solution was
naturally cooled to the environment temperature. The temperature change of the
aqueous solution was recorded immediately (Fig. 4c). The n value was calculated as

follows:

hS(Tmax - TSurr) - QS
= % 100%
[(1-10-A808) (1)

n
here h is the heat transfer coefficient, S is the surface area of the container, and the
value of hS is obtained from the Eq.4 and Figure S6b. The maximum steady
temperature (T,,,x) and environmental temperature (Ts,) were 58.8°C and 23.6°C,
respectively. The laser power for irradiation was 1.5 W/cm?. The absorbance of the
CuS@mSiO,-TD/ICG nanoparticles at 808 nm Agys was 1.306. Qs was heat

dissipated from the light absorbed by the solvent and container. A dimensionless

parameter 0 was calculated as followed:

T - TSurr
0 = x 100%
Tmax - TSurr )

A sample system time constant T, coul be calculated as Eq.3.
t =T, In(0) (3)

According to Fig.db, 1, was determined and calculated to be 196.40 s.
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In addition, mp was 0.5 g and Cp was 4.2 J/g-°C. Thus, according to Eq.4., hS was
calculated to be 10.69 mW/°C.

Qs was heat dissipated from the light absorbed by the container itself, which was
determined independently to be 3.5 mW using a container containing pure water.
Thus, substituting according values of each parameters to Eq.1, the 808 nm laser
photothermal conversion efficiency (1) of the CuS@mSiO,-TD/ICG nanoparticles
could be calculated to be 26.2%.

10, quantum yields determination by chemical method

10, quantum yields determination was performed with a slightly modified version
of chemical method using DPBF reported by Zhou Jiang et al 2. Phthalocyanine zinc
(ZnPc), whose '0, quantum yield is 0.56 in DMF 3, was used as the reference. When
the mixture of DPBF and free ICG was irradiated at 808 nm and the mixture of DPBF
and ZnPc was irradiated at 670 nm for 10 min, respectively, the absorbance of the
formulations at 410 nm were measured every 2 min for a 10 min period with an UV-
visble spectrophotometer. The decreasing rate of DPBF absorption (Kppgr) depended
on the irradiation time interval following the first-order kinetics (Eq.1) % 3. (t:
irradiation time, A(: absorbance at t= 0, A,: absorbance at different times)

In(AO /At) = KDPBF x t (1)

The absorption rate of photos by photo sensitizers (K,) under irradiation was

calculated by Eq.2 (P: the irradiating laser power (mV), A: absorbance, per cm, of the

sensitizer at particular A, A: irradiation wavelength (nm), L: light path length of beam



(cm), V: sample volume (mL), 0.97: correction coefficient of reflected light from

laser in air and on glass contact surface, 0.1197/A: energy of 1 mol photo).

0.97xPx(1-10-AxL)
Kpho = x 100%
(0.1197/0) xV )

10, quantum yields ® is proportional to the rate of the target’s disappearance to
the rate of absorption of the photos by the sensitizers, Kppgr to Kpno (Kppar /Kphno). As
the value of the ®z,p. is known, @i can be calculated from Eq.3, and ®cy@msion-

To/icG can also be obtained with the same methods.

®ICG  KDPBF, ICG/Kpho, ICG
®ZnPc KDPBF, ZnPc / Kpho, ZnPc 3)

The absorption intensity of DPBF at 410 nm reduced over time and the
relationship between In(Ay/A;) and time was plotted (Fig. S8a). The slope Kppgr, ica

derived from linear fitting is 2.838 X 102 min'!. Based on all the information above,

the @ was calculated as 0.31. Likewise, ®cy@msio>-toicg Was calculated as 0.24 (Fig.

S8b).
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Fig. S1 EDX line scan with Si Ka signal, O Ka signal, S Ka signals and Cu Ka signals of the

core-shell CuS@mSiO, nanoparticles.
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Fig. S2 Size distribution of CuS nanoparticles.
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Fig. S3 Zeta potential of different formulations of CuS, CuS@mSiO,, CuS@mSiO,-TD/ICG,
respectively.



Fig. S4 Photographs of CuS@mSiO, (left) and CuS@mSiO,-TD/ICG (left) and CuS@mSiO,
(right), respectively, at an equivalent CuS@mSiO, concentration.
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Fig. S5 Fluorescence emission spectra of free ICG and CuS@mSiO,-TD/ICG (Ex: 650 nm).



-~ 37C/pH 7.4
A - 37°C/pH 6.5
= g
2, -+~ 37C/pHS.0
Y o
§ =¥ 45C/pH 7.4
T:: -~ 45°C/pH 6.5
=% 45° 3
0 45°C/pH 5.0
B

Time (h)

Fig. S6 Cumulative released ICG from the CuS@mSiO,-TD/ICG under different pH values and

temperatures.
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Fig. S7 (a) In vitro PA images of CuS@mSiO,-TD/ICG aqueous solutions with increasing
concentrations of ICG. (b) Linear relationship between PA intensity and ICG concentrations in

CuS@mSiO,-TD/ICG nanoparticles aqueous solutions.
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Fig. S8 (a) Plots of In(A¢/A¢)~t for the photobleaching of DPBF by ZnPc (A=670 nm), ICG (A=808
nm). (b) Plots of In(A¢/A¢)~t for the photobleaching of DPBF by ZnPc (A=670 nm) and

CuS@mSiO,-TD/ICG (A=808 nm).
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Fig. S9 The quantitative ROS generation analyses of different formulations (Saline, free ICG,
CuS@mSiO, and CuS@mSiO,-TD/ICG, respectively). The data were shown as mean = SD (n =
3).
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Fig. S10 (a) CLSM images of 4T1 cells treated with saline and CuS@mSiO,-TD/ICG+NIR in the
presence and absence of NAC. NIR laser irradiation at 808 nm (1.5 W/cm?) for 5 min. Scale bars:
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100 pum. (b) The quantitative analysis of the ROS generation of 4T1 cells treated with saline and
CuS@mSiO,-TD/ICG+NIR in the presence and absence of NAC. The data were shown as mean +
SD (n = 3).
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Fig. S11 Cell viability of 4T1 cells treated with saline, CuS@mSiO,, CuS@mSiO,-TD/ICG and
CuS@mSiO,-TD/ICG+NAC under laser irradiation (808 nm, 1.5 W/cm?, 5 min). The data were

shown as mean £+ SD (n = 3).



PTT/PDT effect

[

Before treatment Alfter treatment

Fig. S12 Representative photos of CuS@mSiO,-TD/ICG injected mouse at day O before
PTT/PDT treatment and at day 15 after treatment.
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Fig. S13 Body weights of different treatment groups.
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