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Fig. S1. TEM image of gold decahedron (scale bar: 20 nm).

Fig. S2. TEM image of Au NBP (scale bar: 500 nm).

Fig. S3. TEM image of Au@MnO2 (scale bar: 50 nm).
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Fig. S4. Digital image of Au NBP (left), Au@MnO2 (middle) and Au@MnO2@PM (right).
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Fig. S5. Calculation of photothermal conversion efficiency (η) of AMP.

Calculation of the Photothermal Conversion Efficiency.

Following Roper’s report (J. Phys. Chem. C 2007, 111, 3636), the total energy balance for 

the system can be expressed by Eq. 1:



4

                                                 (1)
Σ𝑖𝑚𝑖𝐶𝑝,𝑖

𝑑𝑇
𝑑𝑡

= 𝑄𝑁𝐶 + 𝑄𝐷𝑖𝑠 ‒ 𝑄𝑠𝑢𝑟𝑟

Where m and Cp are the mass and heat capacity of water, respectively, T is the solution 

temperature, QNC is the energy inputted by NCs, QDis is the baseline energy inputted by 

the sample cell, and Qsurr is heat conduction away from the system surface by air.

The laser-induced source term, represents heat dissipated by electron-phonon relaxation 

of the plasmons on the AMP surface under the irradiation of 1064 nm laser:

                                                          (2)𝑄𝑁𝐶 = 𝐼(1 ‒ 𝐴 ‒ 1064)𝜂

Where I is incident laser power, η is the conversion efficiency from incident laser energy to 

thermal energy, and A1064 is the absorbance of the AMP at wavelength of 1064 nm. In 

addition, source term, QDis, expresses heat dissipated from light absorbed by the quartz 

sample cell itself, and it was measured independently to be 113.75 mW using a quartz 

cuvette cell containing pure water without any AMP. Qsurr is linear with temperature for the 

outgoing thermal energy, as given by Eq. 3

                                                          (3)𝑄𝑠𝑢𝑟𝑟 = ℎ𝑆(𝑇 ‒ 𝑇𝑠𝑢𝑟𝑟)

Where h is heat transfer coefficient, S is the surface area of the container, and TSurr is 

ambient temperature of the surroundings.

Once the laser power is defined, the heat input (QNC + QDis) will be finite. Since the heat 

output (QSurr) is increased along with the increase of the temperature according to the Eq. 

3, the system temperature will rise to a maximum when the heat input is equal to heat 

output:

                                       (4)𝑄𝑁𝐶 + 𝑄𝐷𝑖𝑠 = 𝑄𝑠𝑢𝑟𝑟 ‒ 𝑚𝑎𝑥 = ℎ𝑆(𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟)

Where the Qsurr-max is heat conduction away from the system surface by air when the 
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sample cell reaches the equilibrium temperature, and Tmax is the equilibrium temperature. 

The 1064 nm laser heat conversion efficiency (η) can be determined by substituting Eq. 2 

for QNC into Eq. 4 and rearranging to get

                                                          (5)
𝜂 =

ℎ𝑆(𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟) ‒ 𝑄𝐷𝑖𝑠

𝐼(1 ‒ 10
‒ 𝐴1064)

Where QDis was measured independently to be 113.75 mW, the (Tmax-TSurr) was 24.4 °C 

according to Figure 1G and 1H, I is 785 mW, A1064 is the absorbance (1) of AMP at 1064 

nm (Figure 1F). Thus, only the hS remains unknown for calculating η.

In order to get the hS, a dimensionless driving force temperature, θ is introduced using the 

maximum system temperature, Tmax

                                                                 (6)
𝜃 =

𝑇 ‒ 𝑇𝑠𝑢𝑟𝑟

𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟

and a sample system time constant τs, 

                                                                   (7)
𝜏𝑠 =

Σ𝑖𝑚𝑖𝐶𝑝,𝑖

ℎ𝑆

which is substituted into Eq. 1 and rearranged to yield 

                                                       (8)

𝑑𝜃
𝑑𝑡

=
1
𝜏𝑠

[
𝑄𝑁𝐶 + 𝑄𝐷𝑖𝑠

ℎ𝑆(𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟)
‒ 𝜃]

At the cooling stage of the aqueous dispersion of the AMP, the light source was shut off, 

the QNC +QDis = 0, reducing the Eq. 9

                                                                   (9)
𝑑𝑡 =‒ 𝜏𝑠

𝑑𝜃
𝜃

and integrating, giving the expression

                                                                  (10)𝜏 =‒ 𝜏𝑠𝑙𝑛𝜃

finally, find the value of photothermal conversion efficiency (η)
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= = 52.07%
𝜂 =

ℎ𝑆(𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟) ‒ 𝑄𝐷𝑖𝑠

𝐼(1 ‒ 10
‒ 𝐴1064)

(20.16 × 24.4 𝑚𝑊 ‒ 113.7 𝑚𝑊)

(785𝑚𝑊 × (1 ‒ 10 ‒ 1.0804)

Fig. S6. Optical microscopy images were taken 24 hours after the addition of PBS (left) 

and AMP (right) to A549 cell culture medium. Scale bar: 100 μm

Fig. S7. Low magnification (left) and high magnification (right) images of AMP uptake by 

A549 cells obtained by transmission electron microscopy. Scale bar: 5 μm.
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Fig. S8. Cell viability of A549 cells and BEAS-2B cells after co-incubation with various 

concentrations of AMP for 48 h.

Fig. S9. Corresponding infrared thermal images (1064 nm laser doses: 1.0 W cm−2)
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Fig. S10. CT images of different concentrations of AMP at 120kV (left) and corresponding 

CT value (right).

Fig. S11. The bioaccumulation of Au in tumor tissue in PBS ,AM and AMP groups. *P < 

0.05.

Fig. S12. (A) Photograph of the RBC solution incubated with 100ug mL-1 of AM or AMP. 

The H2O group and PBS group were used as positive and negative control group, 

respectively. (B) Absorbance at 540 nm of the supernatants of different groups solution. 

****P < 0.0001.
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Table S1. Photothermal performance of recently reported photothermal agents employed 
in NIR-II window.

PTCE, photothermal conversion efficiency.

Photothermal agents PTCE Photothermal agents PTCE

AMPs (this work) 0.520 Ti3C2/CA4@PLEL 

nanohydrogel1
0.414

Au/Ag NRs2 0.288 Au-Au nanocoral3 0.672

Au NPL@TiO24 0.420 anti-STR-CO-GNSs5 0.319

Au@MOF-DOX6 0.302 PLNP-Bi2S37 0.44

Au NSs8 0.130 TA-Si-Au9 0.241
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