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Experimental 

1. The measurement of fluorescence quantum yield.1 

Fluorescence measurements were performed in a 1 cm cuvettes and excitation at 512 nm (20oC). 

The emission slit was 5.0 nm while the excitation slit was 10.0 nm. The fluorescence was 

measured at 90o to the incident excitation beam. The fluorescence intensity at a wavelength was 

calibrated against the detector response and the excitation light intensity. The fluorescence 

quantum yield was measured by using 
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in which F was the integrated fluorescence intensity, A was the absorbance at excitation 

wavelength, n was the refractive index of the solvent used, the subscript 0 stood for a reference 

compound and s represented samples. Rhodamine B in water was used as the reference (Φ
0 

f

=0.31).2 

2. Calculation of the photothermal conversion efficiency. 

The photothermal conversion efficiency of MTHB was determined according to previous 

method.3 Detailed calculation was given as following: 

Based on the total energy balance for the system: 
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where m and Cp are the mass and heat capacity of solvent (water), respectively. T is the solution 

temperature. 

QNPs is the photothermal energy input by MTHB nanoparticles: 
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where I is the laser power, Aλ is the absorbance of MTHB at the wavelength of 808 nm, and η is 

the conversion efficiency from the absorbed light energy to thermal energy. 

Qs is the heat associated with the light absorbance of the solvent, which is measured 

independently to be 2W/cm2 using pure water without MTHB. 

Qloss is thermal energy lost to the surroundings: 

lossQ hA T 
                                                                (4) 

where h is the heat transfer coefficient, A is the surface area of the container, and ΔT is the 

temperature change, which is defined as T-Tsurr (T and Tsurr are the solution temperature and 

ambient temperature of the surroundings, respectively). 

At the maximum steady-state temperature, the heat input is equal to the heat output, that is: 

NPs s loss maxQ Q Q hA T   
                                                    (5) 

where ΔTmax is the temperature change at the maximum steady-state temperature. According to the 

Eq.3 and Eq.5, the photothermal conversion efficiency (η) can be determined: 
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In this equation, only hA is unknown for calculation. In order to get the hA, we herein introduce θ, 

which is defined as the ratio of ΔT to ΔTmax: 
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Substituting Eq.7 into Eq.2 and rearranging Eq.2: 
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When the laser was shut off, the QNPs+Qs = 0, Eq.8 changed to: 
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Integrating Eq.9 gives the expression: 
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Thus, hA can be determined by applying the linear time data from the cooling period vs –lnθ (Fig. 

S20d). Substituting hA value into Eq.6, the photothermal conversion efficiency (η) of MTHB can 

be calculated. 

 

 

 

 

 



 

Scheme S1. (a) Synthesis of ethylenediamine-functionalized hyaluronic acid. (b) (c) Schematic 

showing the preparation of MPs@TPZ and MPs@TPZ@HA-NH2. 

Scheme S2. Schematic showed the synthesis of MTHB. 



Fig. S1. 1H-NMR of ethylenediamine-functionalized hyaluronic acid. 

 Fig. S2. 1H-NMR of compound 1. 

 

 



 

Fig. S3. 13C-NMR of compound 1. 

 +TOF MS: 0.0656 min from Sample 1 (SQYJ20190610P-1) of SQYJ20190610P-1.wiff
a=7.02829808284514170e-004, t0=2.49635947575011290e-001 (DuoSpray ())
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Fig. S4. HRMS spectrum of compound 1. 

 

 



Fig. S5. 1H-NMR of compound 2. 

 Fig. S6. 13C-NMR of compound 2. 

 

 



 +TOF MS: 0.4712 min from Sample 1 (YQSJ2019319-P) of YQSJ2019319-P.wiff
a=7.02879319171458360e-004, t0=2.06563663350319980e-001 (DuoSpray ())

Max. 1.6e5 cps.
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Fig. S7. HRMS spectrum of compound 2. 

 

Fig. S8. 1H-NMR of compound 3. 

 

 



 Fig. S9. 13C-NMR of compound 3. 

 +TOF MS: 0.4144 min from Sample 1 (SQYJ2019516P) of SQYJ2019516P.wiff
a=7.02847179408119370e-004, t0=2.43645822751558580e-001 (DuoSpray ())

Max. 1.3e5 cps.

630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 705 710 715
m/z, Da

0.0

2000.0

4000.0

6000.0

8000.0

1.0e4

1.2e4

1.4e4

1.6e4

1.8e4

2.0e4

2.2e4

2.4e4

2.6e4

2.8e4

3.0e4

3.2e4

3.4e4

3.6e4

3.8e4

4.0e4

4.2e4

4.4e4

4.6e4

4.8e4

I
n

t
e

n
s

it
y

,
 
c

p
s

656.2926

678.2738

655.2944
657.2959

646.3658 679.2768

677.2765

645.3682

 

Fig. S10. HRMS spectrum of compound 3. 

 

 



 Fig. S11. 1H-NMR of compound 4. 

 Fig. S12. 13C-NMR of compound 4. 

 

 



 -TOF MS: 0.1013 min from Sample 1 (SQYJ2019628N) of SQYJ2019628N.wiff
a=7.02841197663760310e-004, t0=-1.97947384398658000e-001 (DuoSpray ())

Max. 3.1e4 cps.
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Fig. S13. HRMS spectrum of compound 4. 

 

Fig. S14. COSY NMR spectrum of compound 4. 

 

 



 

Fig. S15. HMBC NMR spectrum of compound 4. 

 

Fig. S16. HSQC NMR spectrum of compound 4. 

 

 

 



 

Fig. S17. TEM image of MPs. 

 

Fig. S18. (a) The drug loading ratio and encapsulation efficiency of TPZ for MPs. (b) FL spectra 

of BATTMN in THF after 40 scans within 15 min. Excitation wavelength: 512 nm. 

 

Fig. S19. Size distribution of (a) MPs, (b) MPs@TPZ, (c) MTH, and (d) MTHB determined by 

DLS.  



 

Fig. S20. (a) The photothermal response of the MTHB aqueous solution (150 μg/mL) for 780 s 

with an NIR laser (808 nm, 2W/cm2) and then the laser was shut off. (b) Linear time data versus 

–lnθ obtained from the cooling period of Fig. S20a. 

 

Fig. S21. UV-Vis spectra of (a) DPBF + Laser and (b) MTHB+DPBF+Laser with different 

irradiation time, respectively. An ethanol solution of MTHB with DPBF was exposed to white 

light laser illumination. The wavelength range is from 400 nm to 760 nm. The power of the white 

light is 1 W. 

 

Fig. S22. Cell viability of NIH3T3 cells in response to MTHB treatments in normoxia after 

incubation for 24 h (n= 5). 



 

Fig. S23. (a) Cell viability of MCF-7 cells in response to MHB treatments with dark, white light 

irradiation, 808 nm irradiation or dual light irradiation in normoxia after 24 h incubation (n= 5). (b) 

Cell viability of MCF-7 cells in response to TPZ treatment in normoxia or hypoxia after 24 h 

incubation (n= 5).  
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