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The supporting information contains relevant data related to the characterization of the 

synthetized ZTO nanostructures. In the Figures S1, S4 and S9 Raman spectroscopy of the 

samples related to the studies of volume, temperature and reaction time, respectively, is shown. 

Figures S2, S3, S6, S7 and S11 show SEM images and EDS element analysis, which is used to 

assist in phases identification of each structure. Figures S5, S8 and S10 show FTIR spectra of 

reaction time, synthesis temperature and all reagents used in the syntheses, respectively. 
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1. Reaction mixture volume 
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Figure S1.  Raman shift of different reaction mixture volumes, 7.5 ml, 11 ml and 15 ml, using 
(a) ZnCl2 (Zn:Sn molar ratio of 2:1) and (b) ZnAc (Zn:Sn molar ratio of 1:1) as zinc precursor, 
at 200 °C, for 24 h. Where: vibrational band at 631 cm−1 is associated with the expansion and 
contraction of the Sn−O bond peak, peaks at 538 and 676 cm−1 correspond to internal vibrations 
of the oxygen tetrahedron in Zn2SnO4 and to characteristic Raman M−O bonds stretching 
vibration mode in the MO6 octahedron of ZnSnO3 and/or Zn2SnO4, respectively; and peaks at 
437 cm-1 and 574 cm−1 are attributed to vibrational modes of ZnO [1–3]. 
 

 

          

Figure S2. SEM image and EDS element quantification of ZnSnO3 nanowires produced by 
synthesis using ZnCl2, a Zn:Sn molar ratio of 2:1, a volume 15 ml at 200 °C for 24 h. This 
analysis shows Zn:Sn ratio of 1:1, supporting identification of the ZnSnO3 phase. The higher 
than expected atomic concentration of oxygen can be atributted to the carbon tape.  
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Figure S3. SEM image and EDS element quantification of isolated Zn2SnO4 nanostructures 
produced by synthesis using ZnAc, a Zn:Sn molar ratio of 1:1 using a volume of 11 ml at 200 °C 
for 24 h. 
 

2. Synthesis temperature 
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Figure S4.  Raman shift for syntheses using (a) ZnCl2 (Zn:Sn molar ratio of 2:1) and (b) ZnAc 
(Zn:Sn molar ratio of 1:1) as zinc precursor, with a volume of 15 ml, for 24 h at different 
temperatures: 150 °C, 180 °C, 200 °C and 220 °C. Where: vibrational band at 631 cm−1 is 
associated with the expansion and contraction of the Sn−O bond peak, peaks at 538 cm−1 and 
676 cm−1 are corresponding to internal vibrations of the oxygen tetrahedron in Zn2SnO4 and to 
characteristic Raman M−O bonds stretching vibration mode in the MO6 octahedron of ZnSnO3 
and/or Zn2SnO4, respectively; and the peak at 437 cm-1 is attributed to vibrational mode of ZnO. 
The peaks at 299, 372, and 603 cm-1 correspond to ZnSn(OH)6, from the breathing vibrations 
of long M–OH bonds and M–OH–M (bridging OH group) bending modes [1–4]. 
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Figure S5.  FTIR spectra of the obtained nanostructures using (a) ZnCl2 and (b) ZnAc, at 
different temperatures (150 °C, 180 °C, 200 °C and 220 °C). 

 

 

 

 
 
 
 
 
 
Figure S6. SEM image and EDS element quantification of isolated Zn2SnO4 nanostructures 
produced by synthesis using ZnAc,  Zn:Sn molar ratio of 1:1 and a volume of 15 ml at 150 °C 
for 24 h. 
 

 

Figure S7. SEM image and EDS element quantification of isolated Zn2SnO4 octahedrons 
produced by synthesis using ZnAc and Zn:Sn molar ratio of 1:1 and a volume of 15 ml at 180 °C 
for 24 h. 

Element 
Atomic 

concentration (%) 

Zn 21 

Sn 13 

O 66 

Element 
Atomic 

concentration (%) 

Zn 26 

Sn 11 

O 63 



S-5 

4000 3000 2000 1000

4000 3000 2000 1000

W aven u m b er (cm -1)

A
b

s
o

rb
a

n
ce

 (
a.

u
.)

  

Z n Ac

  

Z n C l2

  

S n C l4.5H 2O

  

E tylen a d iam in e

 

 

 

N aO H

 

Figure S8. FTIR spectra of all reagents used in the syntheses: the zinc and tin precursors (ZnCl2, 
Zn(CH3COO)2 and SnCl4·5H2O), the mineralizer (NaOH) and the surfactant (ethylenediamine). 
 

3. Reaction time 
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Figure S9. Raman shift for synthesis with different reaction times using as zinc precursor (a) 
ZnCl2 (Zn:Sn molar ratio of 2:1) and (b) ZnAc (Zn:Sn molar ratio of 1:1), with a volume of 15 
ml, at 200 °C. Where: vibrational band at 631 cm−1 is associated with the expansion and 
contraction of the Sn−O bond, peaks at 538 cm−1 and 676 cm−1 correspond to internal vibrations 
of the oxygen tetrahedron in Zn2SnO4 and to characteristic Raman M−O bonds stretching 
vibration mode in the MO6 octahedron of ZnSnO3 and/or Zn2SnO4, respectively; and the peak 



S-6 

at 437 cm-1 is attributed to vibrational mode of ZnO. The peaks at 299, 372, and 603 cm-1 
correspond to ZnSn(OH)6, from breathing vibrations of the long M–OH bonds and M–OH–M 
(bridging OH group) bending modes. [1–4] 
 

 

Figure S10. FTIR spectrum of samples with different reaction times for (a) ZnCl2 and (b) ZnAc. 

 

Figure S11. SEM image and EDS element maping of nanostuctures produced by synthesis 
using (a) ZnCl2 (Zn:Sn molar ratio of 2:1) and (b) ZnAc (Zn:Sn molar ratio of 1:1), both at 
200 °C for 2 h and a volume of 15 ml. 
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