Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2018

Supporting information
Enhancing Negative Thermal Quenching Effect via
Low-valence Doping in Two-dimension Confined Core-shell

Upconversion Nanocrystals

Lei Lei,® Jienan Xia,® Yao Cheng,*® Yuansheng Wang,” Gongxun Bai,?
Han Xia,? Shiging Xu*?

2 College of Materials Science and Engineering, China Jiliang University,
Hangzhou 310018, P. R. China.

b Key Laboratory of Design and Assembly of Functional Nanostructures,
Fujian Institute of Research on the Structure of Matter, Chinese Academy

of Sciences, Fuzhou 350002, P. R. China.
%ej Lei and Jienan Xia contributed equally to this work.

*Corresponding authors

E-mail: chengyao@fjirsm.ac.cn, shiqingxu75@163.com

Figure S1-13



Figure S2 (a)-(f) TEM images of core NCs corresponding to the
NaGdFs@xCa/20YDb/2Er: NaGdFs (x=0, 10, 20, 30, 40, 50) core-shell NCs,
respectively. HRTEM images of an individual core (g) and core-shell (h) NCs. (i)
STEM image of NaGdFs@20Ca/20Yb/2Er: NaGdF4 core-shell NCs.
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Figure S3 XRD (a) and EDS (b) patterns of NaGdFs@xCa/20Yb/2Er: NaGdF4 (x=0,
10, 20, 30, 40, 50) core-shell NCs, respectively.
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Figure S4 TEM images of 20Yb/2Er: NaGdFs (a) and 20Ca/20Yb/2Er: NaGdF4 (b)

NCs. Insets are their corresponding size distributions.
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Figure S5 Temperature-dependent UC emission spectra of NaGdFs@20Ca/20Y b/2Er:
NaGdFs NCs. Insets are the corresponding integral UC emission intensity

enhancement degree.
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NaGdFs@xCa/20YDb/2Er: NaGdF, sample under the excitation of a 980 nm laser: (a)
x=0 and (b) x=40.
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Figure S7 Integral emission intensity enhancement degrees for the Ho®* (up) and Tm?**

(down) doped systems.
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Figure S8 XPS full spectra of NaGdF4s@xCa/20Yb/2Er: NaGdF4 (x=0 and 20) NCs.
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Figure S9 TSL spectra of the NaGdFs@20Ca/20Yb/2Er: NaGdF4 core-shell NCs.
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Figure S10 Temperature-dependent UC emission spectra of NaGdFs@20Ca/20Yb/2Er:
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NaGdFs@NaGdFs (a) and 20Ca/20Yb/2Er: NaGdFs@NaGdFs (b) NCs. Insets are
their corresponding integral UC emission intensity enhancement degree. TEM images
of NaGdF:@20Ca/20Yb/2Er: NaGdFs:@NaGdFs (c) and 20Ca/20Yb/2Er:
NaGdFs@NaGdF4 (d) NCs. Insets are their corresponding size distributions.
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Figure S11 EDS spectra of NaGdF:@20Sr/20Yb/2Er: NaGdFs NCs (a) and
NaGdF:@10Ba/20Yb/2Er: NaGdFs NCs (b), respectively. Insets are their
corresponding TEM images. Temperature-dependent UC emission spectra of
NaGdFs@20Sr/20Yb/2Er: NaGdF4 NCs (¢) and NaGdFs@10Ba/20Yb/2Er: NaGdF4

NCs (d), respectively. Insets are the corresponding integral UC emission intensity

enhancement degree.
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Figure S12 Dependence of the Integral UC emission intensity on temperature for

different doping conditions. Insets are their corresponding TEM images.
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Figure S13 Temperature-dependent UC emission spectra respectively normalized to

545 nm (a) and 660 nm (b) for NaGdFs@20Yb/2Er: NaGdF4 NCs.



