
S1 

 

Supplementary Information 

A real-time naked-eye recognizable temperature monitoring based on Ho3+, 

(or Tm3+)-activated NaYF4 upconversion nanowires via visual multicolor al-

teration 

Dongdong Li, Wen-Yong Lai*, Xiaoqin Shen, Qiyue Shao and Wei Huang  

Dr. D. D. Li, Prof. W.-Y. Lai, Dr. X. Q. Shen, and Prof. W. Huang 

Key Laboratory for Organic Electronics and Information Displays & Jiangsu Key Laboratory for Bio-

sensors, Institute of Advanced Materials (IAM), Jiangsu National Synergetic Innovation Center for Ad-

vanced Materials (SICAM), Nanjing University of Posts and Telecommunications, 9 Wenyuan Road, 

Nanjing 210023, China. 

E-mail: iamwylai@njupt.edu.cn 

 

Prof. W.-Y. Lai, and Prof. W. Huang 

Shaanxi Institute of Flexible Electronics (SIFE), Northwestern Polytechnical University (NPU), 127 

West Youyi Road, Xi'an 710072, Shaanxi, China. 

 

Associate Prof. Q. Y. Shao  

Jiangsu Key Laboratory of Advanced Metallic Materials, Department of Materials Science and Engi-

neering, Southeast University, Nanjing 211189, China. 

  

Electronic Supplementary Material (ESI) for Materials Chemistry Frontiers.
This journal is © the Partner Organisations 2019



S2 

 

Materials Characterization 

The morphology of upconversion nanowires was recorded on a FEI Talos F200x high resolu-

tion transmission electron microscopy and a Hitachi S-4800 scanning electron microscope. A 

temperature-controlled heating system was used for temperature-dependent UCL spectra meas-

urements. The solid powder samples were put into a copper sample cell, which is 10 mm in di-

ameter and 2 mm in depth. The temperature was monitored by a thermocouple embedded on the 

copper surface near the sample cell. In the measurements of the UCL spectra, a continuous 975 

nm diode laser was used as the excitation source. The UCL signals were collected and analyzed 

by a portable spectrometer (Maya 2000, Ocean Optics Co.). The photographic images were taken 

by a digital camera (Canon 600D, Japan). 
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Figure S1 (a) Temperature-dependent UCL spectra of NaYF4:20%Yb3+, 0.3%Ho3+, 0.7%Tm3+ upcon-

version nanowires (synthesis temperature: 180°C). (b) The corresponding integrated UCL intensities at 

different wavelengths as a function of temperatures. Integrated intensities at various temperatures were 

normalized to that at 40°C. 
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Figure S2 (a) Temperature-dependent UCL spectra of NaYF4:20%Yb3+, 0.5%Ho3+, 0.5%Tm3+ upcon-

version nanowires (synthesis temperature: 180°C). (b) The corresponding integrated UCL intensities at 

different wavelengths as a function of temperature. Integrated intensities at various temperatures were 

normalized to that at 40°C. 
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Figure S3 (a) Chromaticity coordinate shifts of NaYF4:20%Yb3+, 0.3%Ho3+, 0.7%Tm3+ upconversion 

nanowires (synthesis temperature: 180°C) with increasing temperatures. The corresponding color change 

of upconversion nanowires at (b) 40°C, (c) 200°C and (d) 300°C.   

 

Figure S4 (a) Chromaticity coordinate shifts of NaYF4:20%Yb3+, 0.5%Ho3+, 0.5%Tm3+ upconversion 

nanowires (synthesis temperature: 180°C) with increasing temperatures. The corresponding color 

change of upconversion nanowires at (b) 40°C, (c) 200°C and (d) 300°C.   


