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1. Additional Experimental Details 

Table S1. Overview of the reaction parameters used in this study as well as the respective resulting dominant morphology 
and size as well as crystalline phase of the obtained materials. A reaction temperature of 290 °C and a Na-to-Ln ratio of 0.5:1 
was applied for these samples. 

Reaction Temperature: 290 °C / Na-to-Ln Ratio: 0.5:1 

Sample Code 
Reaction Time 

[min] 
Ln-to-S Morphology 

Size ± Standard 
Deviation 

[nm] 

Crystalline 
Phase 

20minNa0.5-Ln1-S0.5 

20 

1:0.5  
 

42 ± 12 
5.6 ± 1.0 

Ln2O2S 

20minNa0.5-Ln1-S1 1:1  52 ± 11 Ln2O2S 

20minNa0.5-Ln1-S2 1:2  
+ irregular shape 

53 ± 11 (triangles) Ln2O2S 

20minNa0.5-Ln1-S4 1:4 
 

41 ± 8 (berries) 
8.4 ± 1.6 (spheres) 

Ln2O2S 

20minNa0.5-Ln1-S8 1:8 
 

31 ± 5 (flowers) 
10.4 ± 1.8 (petals) 

Ln2O2S  
+ S-induced polymer 

20minNa0.5-Ln1-S15 1:15 
  

52 ± 12 (flowers) 
Ln2O2S  

+ S-induced polymer 

15minNa0.5-Ln1-S0.5 

15 

1:0.5  
 

29 ± 7 (triangles) Ln2O2S 

15minNa0.5-Ln1-S1 1:1  
 

36 ± 8 (triangles) Ln2O2S 

15minNa0.5-Ln1-S2 1:2  
+ irregular shape 

51 ± 11 (triangles) Ln2O2S 

15minNa0.5-Ln1-S4 1:4 
  

58 ± 8 Ln2O2S 

15minNa0.5-Ln1-S8 1:8 
  

46 ± 7 
Ln2O2S  

+ S-induced polymer 

15minNa0.5-Ln1-S15 1:15 
  

35 ± 5 
Ln2O2S  

+ S-induced polymer 

10minNa0.5-Ln1-S0.5 

10 

0.5  

 

13 ± 4 (triangles) NAa 

10minNa0.5-Ln1-S1 1  

 
13 ± 3 (triangles) NAa 

10minNa0.5-Ln1-S2 2 
 

33 ± 6 Ln2O2S 

10minNa0.5-Ln1-S4 4 
 

 
+ irregular shapes 

 51 ± 11 (berries) 
20 ± 6 (triangles) 

Ln2O2S 

10minNa0.5-Ln1-S8 8 
  

41 ± 8 
Ln2O2S  

+ S-induced polymer 

10minNa0.5-Ln1-S15 15 
 

47 ± 12 
Ln2O2S  

+ S-induced polymer  

a XRD patterns (Figure S16) did not show any characteristic reflections, either due to poor crystallinity or the small amount 

of material obtained. 
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Table S2. Overview of the reaction parameters used in this study as well as the respective resulting dominant morphology 
and size as well as crystalline phase of the obtained materials. A reaction temperature of 290 °C and a Na-to-Ln ratio of 1:1 
was applied for these samples. 

Reaction Temperature: 290 °C / Na-to-Ln Ratio: 1:1 

Sample Code 
Reaction Time 

[min] 
Ln-to-S Morphology 

Size ± Standard 
Deviation 

[nm] 

Crystalline 
Phase 

20minNa1-Ln1-S0.5
 

20 

1:0.5  71 ± 17 
Ln2O2S  

 
20minNa1-Ln1-S1

 1:1  82 ± 19 Ln2O2S  

20minNa1-Ln1-S15
 1:15 

 
43 ± 12 

Ln2O2S  
+ S-induced polymer 

15minNa1-Ln1-S0.5
 

15 

1:0.5   27 ± 6 Ln2O2S  

15minNa1-Ln1-S1
 1:1  

+ irregular shapes 

57 ± 16 
(triangles) 

Ln2O2S  

15minNa1-Ln1-S4
 1:4 

 
53 ± 10 

Ln2O2S  
+ unidentified phase 

15minNa1-Ln1-S15
 1:15 

 
45 ± 10 

Ln2O2S  
+ S-induced polymer 

10minNa1-Ln1-S0.5
 

10 

1:0.5 lamellar structures NA NAa 

10minNa1-Ln1-S1
 1:1  

+ irregular shapes 

51 ± 12 
(triangles) 

Ln2O2S 

10minNa1-Ln1-S4
 1:4   

+ irregular shapes 
72 ± 14 Ln2O2S  

10minNa1-Ln1-S15
 1:15 

 
46 ± 6 

Ln2O2S  
+ S-induced polymer 

a XRD patterns (Figure S18) did not show any characteristic reflections, either due to poor crystallinity or the small amount 

of material obtained. 

 

Table S3. Overview of the reaction parameters used in this study as well as the respective resulting dominant morphology 
and size as well as crystalline phase of the obtained materials. The reaction time and temperature were 10 min and 300 °C, 
respectively. A Na-to-Ln ratio of 1:1 was applied for these samples. 

Na-to-Ln Ratio: 1:1 

Sample Code 
Reaction 

Temperature 
[°C] 

Reaction 
Time 
[min] 

Ln-to-S Morphology 
Size ± Standard 

Deviation 
[nm] 

Crystalline 
Phase 

300°CNa1-Ln1-S1
 

300 10 
1:1  

 

62 ± 10 
5.1 ± 1.4 

Ln2O2S 

300°CNa1-Ln1-S4
 1:4 

 
69 ± 13 Ln2O2S 
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Figure S1. XRD before and after washing to remove secondary crystalline phases such as, e.g., NaGdO2. References: NaGdO2, 

ICSD 97542; Gd2O3, ICSD 48238. 
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2. Estimation of the Thickness of the Platelet-like Gd2O2S:Er3+/Yb3+ Nanostructures 

 

 
Figure S2. TEM images with overlaid profile measurements (orange lines) of A) triangular, B) berry-, and C) flower-shaped 

Gd2O2S nanoparticles, along with their corresponding thickness distributions (the numbers are the average thickness ± 

standard deviation). The thickness of these two-dimensional structures was determined by measuring the length of the 

darkest intensity value along each profile line. 
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3. High-Resolution TEM of Gd2O2S:Er3+/Yb3+ Nano-Triangles 

 

 
Figure S3. A) High-resolution TEM image of nano-triangles obtained at a Na-to-Ln-to-S ratio of 0.5:1:1. Reaction time: 20 min; 
reaction temperature: 290 °C. B) Zoom-in TEM image of a region of interest of a single nano-triangle shown in (A). C) Fast 
Fourier transform (FFT) of (A), showing crystal information from multiple nanoplatelets rotated with respect to each other. 
D) Gaussian filtered FFT of the region shown in (B), showing a single crystal with indexing identified by CrysTBox.  
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4. Effect of the Ln-to-S Ratio on Morphology and Phase 

 

 
Figure S4. Additional TEM images of powders obtained at a Na-to-Ln-to-S ratio of 0.5:1:0.5. Reaction time: 20 min; reaction 
temperature: 290 °C. A) Lower magnification TEM image showing triangles and spherical NPs. B) Zoom-in on spherical NPs. 
The size distribution ± standard deviation of triangles and NPs, respectively, are provided in the insets of (A) and (B).  

 

Figure S5. Additional TEM images of A) lower and B) higher magnification of nano-triangles obtained at a Na-to-Ln-to-S ratio 

of 0.5:1:1. Reaction time: 20 min; reaction temperature: 290 °C. 
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Figure S6. A) Additional TEM image of powders obtained at a Na-to-Ln-to-S ratio of 0.5:1:2. Reaction time: 20 min; reaction 
temperature: 290 °C. B) Corresponding size distribution ± standard deviation.  

 

 

 
Figure S7. Additional TEM images of powders obtained at a Na-to-Ln-to-S ratio of 0.5:1:4. Reaction time: 20 min; reaction 
temperature: 290 °C. A) Lower magnification TEM image showing raspberry-like agglomerations of smaller NPs. B) Higher 
magnification TEM image. The size distribution ± standard deviation of the nano-berries and NPs, the latter are built of, are 
provided in the insets of A) and B), respectively.  
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Figure S8. A) Additional TEM image of powders obtained at a Na-to-Ln-to-S ratio of 0.5:1:8. Reaction time: 20 min; reaction 
temperature: 290 °C. The inset shows the self-assembly of flower-like platelets into stacks. B) Corresponding size distribution 
± standard deviation of nanoflowers and “petals”. 

 

 

Figure S9.  A) Additional TEM image of powders obtained at a Na-to-Ln-to-S ratio of 0.5:1:15. Reaction time: 20 min; reaction 
temperature: 290 °C. The white rectangles highlight the self-assembly of flower-like platelets into stacks. The size distribution 
± standard deviation of the nano-flowers is provided in the inset. B) Higher magnification TEM image.  
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Figure S10.  XRD patterns of materials obtained via microwave-assisted synthesis at 290 °C for 20 min, using Ln-to-S ratios of 
1:8 and 1:15 (Na-to-Ln ratio: 0.5:1), unveil the formation of crystalline by-products such as stearic hydrazide and carnauba 
wax. References: carnauba wax (dark grey, PDF 00-072-1406), stearic hydrazide (light grey, PDF 00-034-1786).  

 

 

Figure S11. A) TEM images of nanoparticles obtained at a lower Na content, i.e., a Na-to-Ln ratio of 0.5:1, and a Ln-to-S ratio 

of A1) 1:1 and A2) 1:4. Reaction Temperature: 290 °C; reaction time: 20 min. All scale bars are 100 nm. EDS elemental mapping 

on B) nano-triangles shown in A1) and C) nano-berries shown in A2). Amounts of detected elements in the area imaged are 

provided in atom-% on the right-hand side of the EDS images. 
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Figure S12. A) Extended range (100-3500 cm-1) room temperature Raman spectra for Ln2O2S nanostructures obtained at 
different Ln-to-S ratios of 1:0.5, 1:1, 1:2, 1:4, 1:8, and 1:15. The Na-to-Ln ratio was kept constant at 0.5:1. Microwave reaction 
conditions: T = 290 °C, t = 20 min. *: Raman band attributed to C=C stretching vibrational mode (ca. 1660 cm-1); **: Raman 
bands attributed to C-S stretching vibrational mode (700-800 cm-1 range). B) Room temperature Raman spectra for Na-oleate 
and oleylamine. 

 

 

Figure S13. Size distributions of nano-triangles obtained at a Na-to-Ln-to-S ratio of 0.5:1:1 after A) 10 min, B) 15 min, and 
C) 20 min of microwave-induced heating at 290 °C. The corresponding TEM images and XRD patterns are shown in Figure 4 
of the main text.  



Electronic Supplementary Information – C. Homann et al. 
 

- S12 - 

5. Effect of Reaction Time and Sulphur Content on Ln2O2S Formation 

 

 
Figure S14. TEM images of materials obtained via microwave-assisted synthesis at 290 °C for (1) 10 min, (2) 15 min, and (3) 
20 min, using Ln-to-S ratios of A) 1:0.5, B) 1:1, C) 1:2, D) 1:4, E) 1:8, and F) 1:15. Scale bars are 50 nm. (4) Respective size 
distribution histograms as well as average sizes ± standard deviation. The Na-to-Ln ratio was 0.5:1 for all samples. The 
corresponding XRD patterns are shown in Figure S16. 
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Figure S15. TEM images of materials obtained via microwave-assisted synthesis at 290 °C for A) 12 min and B) 30 min, using 

an Ln-to-S ratio of 1:4. The Na-to-Ln ratio was 0.5:1 for both samples. 

 

 

 

 

 
Figure S16. XRD patterns of materials obtained via microwave-assisted synthesis at 290 °C for A) 10 min, B) 15 min, and 

C) 20 min using Ln-to-S ratios of (from bottom to top) 1:0.5, 1:1, 1:2, 1:4, 1:8, and 1:15. The Na-to-Ln ratio was 0.5:1 for all 

samples. XRD patterns of materials obtained after 20 min are also shown in Figure 2G and are added here for comparison 

reasons. References: Gd2O2S (dark grey, ICSD 48237), Gd2O3 (grey, ICSD 48238), and NaGdO2 (light grey, ICSD 97542). 

Reflections at 2θ-values of ca. 22° and 24°, observed at Ln-to-S ratios of 1:8 and 1:15, indicate the presence of stearic 

hydrazide and similar S-polymeric species, such as carnauba wax (see also Figure S10). The corresponding TEM images are 

shown in Figure S14.  
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6. Effect of Na-to-Ln Ratio on Ln2O2S Formation 

 

 
Figure S17. TEM images of materials obtained via microwave-assisted synthesis at 290 °C for (1) 10 min, (2) 15 min, and 

(3) 20 min, using Ln-to-S ratios of A) 1:0.5, B) 1:1, C) 1:4, and D) 1:15. (4) Respective size distribution histograms as well as 

average sizes ± standard deviation. The Na-to-Ln ratio was 1:1 for all samples. E) Proposed Ostwald-ripening process. The 

corresponding XRD patterns are shown in Figure S18. 
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Figure S18. XRD patterns of materials obtained via microwave-assisted synthesis at 290 °C for A) 10 min, B) 15 min, and 

C) 20 min using Ln-to-S ratios of (from bottom to top) 1:0.5, 1:1, 1:4, and 1:15. The Na-to-Ln ratio was 1:1 for all samples. 

References: Gd2O2S (dark grey, ICSD 48237), Gd2O3 (grey, ICSD 48238), and NaGdO2 (light grey, ICSD 97542). Reflections at 

2θ-values of ca. 22° and 24°, observed at Ln-to-S ratios of 1:8 and 1:15, indicate the presence of stearic hydrazide and similar 

S-polymeric species, such as carnauba wax (see also Figure S10). The corresponding TEM images are shown in Figure S17. 
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7. Effect of Reaction Temperature on Ln2O2S Formation 

 

 
Figure S19. TEM images of materials obtained via microwave-assisted synthesis at (1) 290 °C (pink) and (2) 300 °C (dark cyan) 

for 10 min, using Ln-to-S ratios of A) 1:1 and B) 1:4. The Na-to-Ln ratio was 1:1 for all samples. C) Lower magnification TEM 

image of the sample shown in A2). D) XRD patterns of samples obtained at 300 °C. Reference: Gd2O2S, ICSD 48237. 
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8. NIR Emission of Gd2O2S :Er3+/Yb3+ Nano-Triangles in Powder Form 

 

 
Figure S20. Room temperature (300 K) NIR emission of Gd2O2S:Er3+/Yb3+ nano-triangles in powder form under 980 nm 
excitation showing well-defined Stark-splitting of the Er3+ 4I13/2 → 4I15/2 transition. The nano-triangles were obtained using a 
Na-to-Ln-to-S ratio of 1:1:0.5. The corresponding TEM image and XRD pattern are shown in Figures S17 and S18. Microwave 
conditions: T = 290 °C; t = 20 min. The room temperature photoluminescence spectrum was recorded using the close-cycle 
helium cryostat (CS202*E-DMX-1AL, Advanced Research Systems) controlled by a LakeShore335 temperature controller of 
the QuantaMaster spectrometer. The sample was drop-casted on a small glass substrate and mounted inside the vacuum 
chamber on the solid-state sample holder. Excitation power density: 33 Wcm−2. 
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9. Tb3+-doped Gd2O2S Nanostructures 

 

 
Figure S21. TEM images of A) Gd2O2S nano-triangles doped with 2 mol% Tb3+ and 20 mol% Yb3+ (Na-to-Ln-to-S ratio: 1:1:0.5; 
microwave conditions: T = 290 °C; t = 20 min) and B) Gd2O2S flowers doped with 2 mol% Tb3+ (Na-to-Ln-to-S ratio: 1:1:8; 
microwave conditions: T = 290 °C; t = 20 min). The size distributions ± standard deviation of the nano-triangles and flower-
like structures are provided in the inset of A) and B), respectively. C) XRD patterns for the nanostructures shown in A) and B). 
Reference: Gd2O2S, ICSD 48237. 


