Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2016

Electronic Supplementary Information (ESI)

Exploring Mn?*-Location-Dependent Red Emission from (Mn/Zn)-
Ga-Sn-S Supertetrahedral Nanocluster with Relatively Precise

Dopant Position

Qian Zhang,? Jian Lin,® Yun-Tao Yang,® Zhen-Zhen Qin,* Dongsheng Li,’> Shuao

Wang,® Yipu Liu,d Xiaoxin Zou,! Yan-Bo Wu*¢ and Tao Wu*?

@ College of Chemistry, Chemical Engineering and Materials Science, Soochow University,
Jiangsu 215123, China.

b College of Materials and Chemical Engineering, Key Laboratory of Inorganic Non-metallic
Crystalline and Energy Conversion Materials, China Three Gorges University, Yichang
443002, China.

¢ School for Radiological and Interdisciplinary Sciences (RAD-X), Soochow University,
Jiangsu 215123, China.

4 State Key Laboratory of Inorganic Synthesis and Preparative Chemistry, International Joint
Research Laboratory of Nano-Micro Architecture Chemistry, College of Chemistry, Jilin
University, Changchun 130012, P. R. China.

¢ The Key Laboratory of the Materials for Energy Storage and Conversion of Shanxi

Province, Institute of Molecular Science, Shanxi University, Taiyuan 030006, Shanxi, China.

* Corresponding author: E-mail: wutao@suda.edu.cn; wyb@sxu.edu.cn



mailto:wutao@suda.edu.cn

GaLa

Zn : Mn

Average 346 : 0.54

Zn i Mn

Average 322 : 0.78

Snla

GaLa

Average 3.06

Zn : Mn

Average 289 : 1.1

Fig. S1 EDS of four batches of Mn?*-doped OCF-40-ZnGaSnS samples.



—Zr|46a145n2335

2N ggMn4 11Ga14Sn,S35
=—2n3 g6Mng,94G2145n,535
=—2n3 3;Mng 75Ca,45n;S35

====2n3 46Mng 54Ga14Sn;3S;5

Intensity (a.u.)
]

. . T

A
[ S W
e v

5 10 ' 1'5 ' 20 25 30
2 Theta (degree)

Fig. S2 PXRD patterns of Mn2?*-doped samples at room temperature.
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Fig. S3 EPR signals of OCF-40-MnGaSnS and Mn?*-doped samples under room temperature.
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Fig. S4 Tauc plots of OCF-40-ZnGaSnS, OCF-40-MnGaSnS and Mn?*-doped samples.
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Fig. S5 Singe-crystal PL of OCF-40-ZnGaSnS excited at 365 nm.



PL Intensity (a.u.)

638 nm

i L < 1 i ] o ) | 1
600 650 700 750 800

L) 1 1
400 450 500 550
Wavelength (nm)
900 - .
(b) 623 nm : 648 nm
800 Ex=365nm i
3 700+ —— 293K
: —— 263K
= 800 —— 233K
>
-"5 500 4 —— 203K
< 173K
@ 400
- —— 143K
—, 300+ —— 113K
% 2004
100
0+
1 L] v 1 v 1 N 1 v 1 M 1 N L)
400 450 500 550 600 650 700 750 800
Wavelength (nm)
700 (C) 623nm : : 650 nm
~ieen- Ex=365nm
& 500- —— 293K
> —— 263K
'@ 400 4 k= 20AR
= —— 203K
£ 300- 173K
wd
Q. 200
100
0 -
b ] b L] L) ] L 1 ] 1 b 1 T ] N
400 450 500 550 600 650 700 750 800

Fig. S6 Single-crystal PL spectra of Mn?"-doped OCF-40-ZnGaSnS: (a) Zns 46Mng 54Ga;4Sn,Sss;

Wavelength (nm)

(b) Zn3 ,Mng 73Ga14Sn,S35; (¢) Zn3 0sMng 94Ga 4Sn,S;s.
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Fig. S7 Mn?* concentration-dependent decay time of Mn?>*-doped samples monitored at 642 nm

upon the excitation of 474 nm at room temperature.
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Fig. S8 The variable-temperature (2-300 K) magnetic susceptibility of the heavily-doped NC
Mn4Ga4SnZS35.
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Fig. S9 Optimized structure of the bare and protonated NCs.



Table S1 The molar ratio of Zn : Mn in the Mn?*-doped samples.

Actual Molar ratio of Zn : Mn
Zn(NO;),6H,O Mn(Ac),4H,0 Raw molar ratio

(mg) (mg) of Zn : Mn

EDS ICP-OES
76.9 28 2.78:1.22 2.89:1.11 3.01:0.99
76.9 21 3.00:1.00 3.06:0.94 2.98:1.02
76.9 14 3.28:0.72 3.22:0.78 /

76.9 7 3.60:0.40 3.46:0.54 /




Table S2 PL Lifetime of OCF-40-MnGaSnS monitored at the emission wavelength of 642 nm
under different temperature.

Temp. Ay (%) 71 () Az (%) 72(s) Tave (5)
296K 45.01 1.064058E-05 54.99 6.849213E-05 4.24528E-05
273K 35.35 9.669258E-06 64.65 7.679196E-05 5.26773E-05
243K 28.95 1.072045E-05 71.05 9.039018E-05 6.73258E-05
213K 21.01 1.235974E-05 78.99 1.122783E-04 7.39960E-05
183K 15.26 9.668174E-06 84.74 1.304276E-04 1.11999E-04
153K 12.21 1.26764E-05 87.79 1.622251E-04 1.43965E-04
123K 15.89 1.417034E-05 84.11 1.76324E-04 1.50558E-04
93K 26.75 2.898245E-05 73.25 1.95354E-04 1.50849E-04
63K 26.65 6.311241E-05 73.35 2.240722E-04 1.81176E-04

Table S3 PL Lifetime of Mn?*-doped samples (Zn4.,Mn,Ga;4Sn,S35) under room temperature.

x A1 (%) T Az (%) T2 Tave (5)

4 45.01 1.064058E-05 54.99 6.849213E-05 4.24528E-05
1.11 17.39 1.79328E-05 82.61 2.003149E-04 1.68599E-04
0.94 14.87 1.644032E-05 85.13 1.969501E-04 1.70108E-04
0.78 17.12 9.2786E-06 82.88 2.089991E-04 1.74807E-04
0.54 25.34 1.188928E-05 74.66 2.378971E-04 1.80627E-04
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