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Table of contents: This supporting information includes figures depicting the characterization of 
ball-milled and separated nanoparticles, in terms of X-ray diffraction, spectroscopy, electron 
microscopy and DLS.  
 
Figure S1: XRD and x-ray luminescence spectra of long term ball-milled commercial 8 
micron Gd2O2S:Eu particles. Structural characterization of the commercial 8 mm Gd2O2S: Eu 
microparticles before and after ball-milling using (a) X-ray diffraction, (b) crystallite size and 
strain calculated from Rietveld analysis. (c) Corresponding luminescence intensity of the 
commercial and ball-milled particles as a function of emission wavelength. The double y-axis 
represents the luminescence intensity of the following: 0 h ball-milled (Com 8 µm) particles (right 
axis), and the 1-8h ball-milled particles (left axis).                          p3 
 
Figure S2: Electron microscopy and EDX of long term ball-milled commercial 8 micron 
Gd2O2S:Eu particles. STEM images of the commercial 8 µm Gd2O2S: Eu microparticles before 
(0h) (a) and after (3h) ball-milling (b) using STEM. (c) Energy dispersive X-ray (EDX) of the 
commercial 8 µm Gd2O2S: Eu microparticles.              p4 
 
Figure S3: Photograph showing the separation process of nano and submicron sized particles 
from commercially available phosphors in DI water simply via spontaneous sedimentation under 
normal gravity in a 1000 mL graduated cylinder.             p5 
 
Figure S4: Energy dispersive X-ray (EDX) analysis of separated nanoparticles from 
commercial Gd2O2S:Eu 2.5 mm particles. (a) SEM image shows possible Si-coating on the 
nanoparticles. (b) Elemental analysis using EDX confirming the presence of Si. (c) EDX elemental 
mapping on the same cluster of nanoparticles confirming the presence of Gd, Eu, S, O, and Si. 
(starting from left to right).                p6 
 
Figure S5: Dynamic light scattering size distribution plot weighted by scattering intensity for 
separated nanophosphors in DI water of the F1 layer (a) with well-dispersed suspension of diluted 
nano sized particles (0.024 mg/mL), (b) showing aggregation after evaporative concentration to 1 
mg/mL.                        p7 
 
Figure S6: Figure S6: Polydispersity index (PdI) obtained through DLS measurements for the 
F1 layers of the separated (a) Gd2O2S:Eu and (b) Gd2O2S:Tb nanophosphors. The insets show the 
PdI values calculated for just peak 1 from the square of the standard deviation divided by the 
square of the mean, for the separated Gd2O2S:Eu and Gd2O2S:Tb particles, respectively.          p8 
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Figure S1: XRD and x-ray luminescence spectra of long term ball-milled commercial 8 
micron Gd2O2S:Eu particles. Structural characterization of the commercial 8 µm Gd2O2S: Eu 
microparticles before and after ball-milling using (a) X-ray diffraction, (b) crystallite size and 
strain calculated from Rietveld analysis. (c) Corresponding luminescence intensity of the 
commercial and ball-milled particles as a function of emission wavelength. The double y-axis 
represents the luminescence intensity of the following: 0h ball-milled (Com 8µm) particles (right 
axis), and the 1-8h ball-milled particles (left axis). 
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Figure S2: Long term ball-milling of commercial Gd2O2S:Eu 8 micron particles. STEM 
images of the commercial 8 µm Gd2O2S: Eu microparticles before (0h) (a) and after (3h) ball-
milling (b) using STEM. (c) Energy dispersive X-ray (EDX) of the commercial 8 µm Gd2O2S: Eu 
microparticles. 
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Figure S3: Photograph showing the separation process of nano and submicron sized particles 
from commercially available phosphors in DI water simply via spontaneous sedimentation under 
normal gravity in a 1000 mL graduated cylinder. 
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Figure S4: Energy dispersive X-ray (EDX) analysis of separated nanoparticles from 
commercial Gd2O2S:Eu 2.5 µm particles. SEM image (a) shows possible Si-coating on the 
nanoparticles. Elemental analysis using EDX (b) confirming the presence of Si. EDX elemental 
mapping (c) on the same cluster of nanoparticles confirming the presence of Gd, Eu, S, O, and Si 
(starting from left to right). 
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Figure S5: Dynamic light scattering size distribution plot weighted by scattering intensity for 
separated nanophosphors in DI water of the F1 layer (a) with well-dispersed suspension of diluted 
nano sized particles (0.024 mg/mL), (b) showing aggregation after evaporative concentration to 1 
mg/mL. 
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Figure S6: Polydispersity index (PdI) obtained through DLS measurements for the F1 layers of 
the separated (a) Gd2O2S:Eu and (b) Gd2O2S:Tb nanophosphors. The insets show the PdI values 
calculated for just peak 1 from the square of the standard deviation divided by the square of the 
mean, for the separated Gd2O2S:Eu and Gd2O2S:Tb particles, respectively. 
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PdI for peak 1
= (90.3/301.6)^2 = 0.09

PdI for peak 1 
= (83.9/376.0)^2 = 0.05




