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38 Photothermal conversion efficiency (η) of ZP and ZPA

39 To this aim, 1 mL of the ZP and ZPA was exposed under 808 nm (1 W cm-2) for 10 min. Then, 

40 the temperature was recorded every 30 s in the cooling phase for 10 min. Detailed calculation 

41 was given as following:            

42                                                                  
𝜂 =

ℎ𝑠 (𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟 ) ‒ 𝑄ₒ

𝐼 (1 ‒ 10ˉᴬ808 )

43 Where, h is the heat transfer coefficients, S represents the surface area of the container, 

44   is the difference between the maximum temperature of the NPs after laser 𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟

45 irradiation and surrounding temperature, resulting the η value, Qₒ is the heat associated with 

46 the light absorbance of the solvent, I indicates laser power density. A808 refer to the absorbance 

47 of ZP or ZPA at the wavelength of 808 nm. The time constant heat transfer (τs) was calculated 

48 by linear time data versus –Ln(θ) from the cooling phase, as follows:

49                                                                                     
𝜏𝑠 =

𝑡
‒ 𝐿𝑛(𝜃)

50 The θ value was measured by the following equation:

51

52                                                                                
𝜃 =

𝑇 ‒ 𝑇𝑚𝑖𝑛
Τ𝑚𝑎𝑥 ‒  Τ𝑚𝑖𝑛

53 Where, Τ indicates the temperature in each time point. Then, hs was measured by the following 

54 equation:       

55                                                                                       
ℎ𝑠 =

𝑚ᵢ𝑐ᵢ
𝜏𝑠

56 Where, mᵢ represents the weight of ZP and ZPA, and cᵢ refer to the heat capacity of solvent 

57 which is 4.2 J g-1k-1. Afterward, deionized water (solvent) (1 mL) was exposed under 808nm 
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58 laser for 10 min. Then, the temperature was determined in the cooling phase and all the above-

59 mentioned processes repeated for solvent. Qₒ represents the heat associated with the light 

60 absorbance of the solvent per second. It was measured by the following equation:  

61

62                                                     𝑄ₒ =  ℎ𝑠(𝑇𝑚𝑎𝑥‚𝑤𝑎𝑡𝑒𝑟 –𝑇𝑠𝑢𝑟𝑟)

63 Tmax‚water–Tsurr, was obtained between the maximum temperature of deionized water and 

64 the surrounding temperature.
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68

69

70 Figure S1: (a), (b) Temperature curves of ZPA and ZP nanoparticles through single on/off cycles 
71 under laser irradiation (10 min, 808 nm, 1.0 W/cm2, concentration: 125 µg/mL). (c) , (d) Graphs of 
72 cooling time against the negative natural logarithm of the temperature driving force during the cooling 
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73 phase, along with the associated linear fit curve.
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