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Supplementary Information

Calculation of Photoluminescence Quantum Yield

Photoluminescence quantum yield (PLQY), or internal quantum efficiency, of dried 

nanopowders synthesized at 300ºC and 315ºC was calculated using: 

𝑃𝐿𝑄𝑌 =  
𝜙𝑒𝑚𝑖𝑡𝑡𝑒𝑑

𝜙𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑

(1)

where  and  is the flux of the emitted and absorbed photons in s-1, respectively. 𝜙𝑒𝑚𝑖𝑡𝑡𝑒𝑑 𝜙𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑

Photon fluxes were calculated using a 3.3” Spectralon coated integrating sphere (LabSphere) 

connected to a spectrometer with CCD detector (Ocean Optics 2000+) via a 600 µm diameter 

visible-NIR fibre optic cable with a numerical aperture of 0.22, and a 375 nm diode laser 

(Coherent OBIS LX) acting as the excitation source. The integrating sphere contained two 0.5” 

diameter ports for the laser and fibre optic connection, respectively. A calibrated tungsten halide 

light source (LS-1-CAL, Ocean Optics) was used to convert detected counts into a spectral 

irradiance . An integration time of 100 ms was used. 𝐼(𝜆)

The response of the integrating sphere, a unitless quantity which accounts for the 

reflectivity of the sphere coating, coupling to the fibre optic cable, and light lost through the 

sphere ports was calculated using:

𝑅𝑠(𝜆) =  
𝐴𝑓𝑖𝑏𝑟𝑒 ∙ (1 ‒ 𝑅) ∙ Ω ∙ 𝜌

𝜋𝐴𝑠𝑝ℎ𝑒𝑟𝑒 ∙ [1 ‒ 𝜌(1 ‒ 𝑓)]
(2)
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Where  is the sphere response,  is the cross-sectional area of the fibre,  is the 𝑅𝑠(𝜆) 𝐴𝑓𝑖𝑏𝑟𝑒 𝑅

reflectivity of the fibre face,  is the solid angle subtended by the fibre (approximated as Ω

),  is the reflectivity of the sphere coating,  is the surface area of 𝜋 ∙ (𝑛𝑢𝑚𝑒𝑟𝑖𝑐𝑎𝑙 𝑎𝑝𝑒𝑟𝑡𝑢𝑟𝑒)2 𝜌 𝐴𝑠𝑝ℎ𝑒𝑟𝑒

the sphere, and  is the port factor, or the ratio of areas of the ports to the sphere surface area. 𝑓

The sphere reflectivity was then fitted to a third order polynomial function. 

Photon fluxes were then determined using: 

𝜙𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 =  
∞

∫
0

𝐼𝑙𝑎𝑠𝑒𝑟(𝜆) ∙ 𝑅𝑠(𝜆) ‒ 1

ℎ𝑐
𝜆

∙ 𝑑𝜆
(3)

𝜙𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =  
∞

∫
0

𝐼𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒(𝜆) ∙ 𝑅𝑠(𝜆) ‒ 1

ℎ𝑐
𝜆

∙ 𝑑𝜆
(4)

𝜙𝑒𝑚𝑖𝑡𝑡𝑒𝑑 =  
710 𝑛𝑚

∫
390 𝑛𝑚

𝐼𝑠𝑎𝑚𝑝𝑙𝑒(𝜆) ∙ 𝑅𝑠(𝜆) ‒ 1

ℎ𝑐
𝜆

∙ 𝑑𝜆
(5)

𝜙𝑠𝑎𝑚𝑝𝑙𝑒 =  
360 𝑛𝑚

∫
380 𝑛𝑚

𝐼𝑠𝑎𝑚𝑝𝑙𝑒(𝜆) ∙ 𝑅𝑠(𝜆) ‒ 1

ℎ𝑐
𝜆

∙ 𝑑𝜆
(6)

Where , , , and  are the fluxes of the laser with no sample in place, 𝜙𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝜙𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝜙𝑒𝑚𝑖𝑡𝑡𝑒𝑑 𝜙𝑠𝑎𝑚𝑝𝑙𝑒

the sample holder (a low density polyethylene bag), sample emission, and scattering of the 

sample in the laser beam respectively. The flux of photons absorbed by the sample was 

determined as: 

𝜙𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 =  𝜙𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 ‒  𝜙𝑠𝑎𝑚𝑝𝑙𝑒 (7)

PLQY was then calculated according to equation (1). 



Figure S1: Sphere response with fitted curve. Data fit to  with [a, b, c, d] 𝑓(𝑥) = 𝑎𝑥3 +  𝑏𝑥2 +  𝑐𝑥 + 𝑑

= [ 3.07721257e-13, -7.06784320e-10,  5.29177847e-07, -6.90925893e-05]. Step function of 

sphere response was due to low resolution in sphere coating reflectivity. 


