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Fig. S1 Annotated photograph of the system for photo-thermal heating experiments. 
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Fig. S2 TEM images and size distribution of Au Nanoseeds. 

Fig. S3 Absorbance (black) and molar extinction coefficient (blue) for Au-Cu2-xSe NCs in chloroform solution plotted against 

wavelength. 
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Fig. S4 TEM and HR TEM of PEGylated Au-Cu2-xSe NPs in water and a photograph of the aqueous dispersion. The inset shows 

results of dynamic light scattering, showing that the hydrodynamic diameter of Au-Cu2-xSe NPs is about 20 nm. 

Fig. S5 (A) Absorbance spectra of PEGylated Au-Cu2-xSe nanocrystals dispersed in HPLC water at concentrations of 10, 20, 50, 100 

and 200 µg/mL. (B) Plot of absorbance of Au-Cu2-xSe NCs dispersions at 980 nm versus concentration, used for obtaining the 

extinction coefficient. 
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Fig. S6 Plot of time versus negative natural logarithm of the temperature increment for the cooling cycle (after 10 min heating) 

for Au-Cu2-xSe NCs (A), Au NRs (B), Au NPs (C) and Cu2-xSe (D) NPs each at a concentration of 200 µg/mL. The linear fit of the data 

points results in a half-life time τs (slope) as shown in the tables shown in the insets.

Sample Element 
Atomic 

(%) 

Weight 

(%) 

Au-Cu2-xSe 

Cu 56.2 41.3 

Se 29.9 27.2 

Au 14.0 31.5 

Table S1 EDS analysis of Au, Cu, and Se composition in the heterogeneous nanoparticles (analysis excludes C and O).  
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Calculation of molar extinction coefficient 

To compare the NIR photoabsorption capability of the Au-Cu2-xSe NCs with that of previously reported 

photothermal agents, such as gold nanorods and nanoshells, the extinction coefficient ε(λ) of the Au-Cu2-

xSe NCs, dispersed in chloroform, was calculated according to eq.1 1  

𝐴(𝜆) = ε(𝜆)𝐿𝐶    (1) 

where A(λ) is the absorbance at a wavelength λ, ε(λ) is the molar extinction coefficient at a wavelength λ, 

L is the path length (1 cm), C (M) is the molar concentration of the nanocrystals. The molar concentration 

of the Au-Cu2-xSe NCs is calculated by eq. 2 

C =
𝑀𝑎𝑠𝑠 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝐴𝑢 𝑖𝑛 𝐴𝑢−𝐶𝑢2−𝑥𝑆𝑒 𝑁𝐶𝑠× 𝐶𝑤𝑡

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐴𝑢 𝑛𝑎𝑛𝑜𝑠𝑒𝑒𝑑𝑠

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐴𝑢 𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙
×𝑀𝐴𝑢×𝐴𝑡𝑜𝑚 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑢 𝑖𝑛 𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙

    (2) 

Volume of Au nanoseeds =
1

6
𝜋𝑑3     (3) 

Volume of Au unit cell = 𝑎𝑏𝑐   (4) 

where the mass ratio of Au in Au-Cu2-xSe NCs is determined from EDS analysis as 31.5%, Cwt is the mass 

concentration of the Au-Cu2-xSe NC dispersion, the volume of Au nanoseeds is calculated by eq. 3, d is the 

diameter of gold nanoseeds (3.5 nm), the volume of the Au unit cell is calculated by eq. 4, a=b=c=0.407 

nm, MAu is the molar mass of gold (197 g/mol), and the FCC unit cell of gold contains 4 Au atoms. The 

calculation showed that the molar extinction coefficient of Au-Cu2-xSe NCs in chloroform was 1.1 × 107 M-

1 cm-1 at 980 nm. For the Au nanorods (r = 10 nm, L = 75 nm) and nanoparticles (d = 10 nm), the mass ratio 

of Au is 1. The volume of Au NRs is πr2L and the volume of Au NPs is πd3/6. 
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