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Quantum yields (QYs) measurements 

We chose rhodamine B (QY=89% at 495 nm excitation in ethanol) as the reference sample to 

measure the QY of the CDs. The QY of the sample was calculated according to the following equation: 

φ = φ′ ×
𝐴′

𝐼′
×

𝐼

𝐴
×

𝑛2

𝑛′2
 

where ϕ is the QY of the testing sample, I is the testing sample’s integrated emission intensity, n is 

the refractive index (1.33 for water and 1.36 for ethanol), and A is the optical density. The superscript 

“´” refers to the referenced fluorescent dyes of known QYs. To obtain more reliable results, a series 

of solutions of CDs and referenced fluorescent dyes were prepared with concentrations adjusted so 

that the optical absorbance values were between 0 – 0.1 at 495 nm. The PL spectra were measured 

and the PL intensity was integrated. After linear fitting, we obtain the slope for the CDs and the 

referenced dye, and we can calculated the QY of the CDs according to the abovementioned equation. 

Calculation of the photothermal conversion efficiency 

The photothermal conversion efficiency, ηT, was calculated using Equation (1) according to 

Roper's method [1]: 

𝜂𝑇 =
ℎ𝐴(𝑇𝑚𝑎𝑥 − 𝑇𝑎𝑚𝑏) − 𝑄0

𝐼(1 − 10−𝐴𝜆)
 (1) 

where h is the heat transfer coefficient, A is the surface area for radiative heat transfer. Tmax is the 

maximum system temperature, Tamb is the ambient surrounding temperature and the (Tmax - Tamb) was 

32.9 ºC according to Figure 3c. I is the laser power (in units of W, 1.5 W) and Aλ is the absorbance of 

GNR-PEG-CDs (0.740) at 808 nm. Q0 was the heat input (in units of W) derived from light absorption 

by the solvent, which was measured independently to be 0.082 W. Further, hA was determined by 

measuring the rate of temperature drop after removing the laser, obtained from Figure 3d. The value 

of hA is based on a dimensionless driving force temperature, θ, and a sample system time constant 

τs, according to Equations (2), (3), and (4). 

θ =
𝑇 − 𝑇𝑎𝑚𝑏

𝑇𝑚𝑎𝑥 − 𝑇𝑎𝑚𝑏
 (2) 

𝜏𝑠 =
𝑚𝐷𝐶𝐷

ℎ𝐴
 (3) 

   t = −𝜏𝑠 ln(𝜃) (4) 

where τs was determined to be 420 s for this composite by applying the linear time data from the 

cooling stage versus the negative natural logarithm of the driving force temperature (Figure 3d). The 

mD and CD are, respectively, the mass (1.5 g) and heat capacity (4.2 J g-1) of deionized water (the 

solvent). Therefore, the photothermal conversion efficiency can be calculated to be 33.5% for GNR-

PEG-CDs. 

 

 

Figure S1. (A) The test curve of Zeta potential: (a) GNR, (b) GNR–PEG400, (c) GNR–PEG600, (d) GNR–

PEG1000. (B) The fit curve of Zeta potential of (a), (b), (c), (d). 



 

Figure S2. UV-vis spectra of GNR and GNR–PEG (molecular weights of PEG are 400, 600 and 1000, 

respectively). 

 

Figure S3. Histograms and Gaussian fittings of particle size distribution of the CDs. 
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Figure S4. UV-vis spectra of GNR, GNR-PEG1000 and GNR-PEG-CDs. 

 

Figure S5. TEM of the hybrid (100 µg mL−1) after irradiation (a) and ultrasonic (b) for 10 min. 
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