Supplementary Information (Sl) for Materials Chemistry Frontiers.
This journal is © the Partner Organisations 2026

Supporting Information

Tb-Doped MA 3 FA(1:PbBr; Perovskite Single Crystals for

Gamma-Ray Detection

Qian Zhang, '? Lin Ma,*"? Guowei Wang, *3 Yuhang Huang, '° Luyang Du, 'Taifeng Lin, 4, and

Zhengguang Yan*!?

ICollege of Materials Science and Engineering, Beijing University of Technology, Beijing 100124,

China.

E-mail: malin2022@bjut.edu.cn

Beijing Key Laboratory of Microstructure and Properties of Solids, Beijing University of Technology,

Beijing 100124, China.

30rdos Laboratory, Inner Mongolia 017000, People's Republic of China.

4College of Chemistry and Life Science, Beijing University of Technology, Beijing, 100124, China.


mailto:malin2022@bjut.edu.cn

a *  FMPbBry b Ry FMPBBI-0.5Tb (o] > FMPbBry-1Th
51 0% i Fitting curve ;:‘103 3 — (Fitting curve) ; (Fitting curve)
s 71=63.47 ns < 1,=736.46ns Z10°p 71=1584.01 ns
> - 2 z
’E-? 12=254.61ns g , 1=2192.59ns g 7,=5639.02ns

2| - L N

g10 Tavg™ 197.27ns £10 1,,=1857.68ns £ o tayg=4422.520

- o o

8 S 3

T10'¢ ‘10" T

£ £ E. g

S 5] 510"

] z z

1004 o 000 conand 100F @ o
100 200 300 400 10000 15000 20000 25000 30000 15000 30000 45000 60000
d Time (ns) e Time (ns) Time (ns})
, ®  FMPbBr3-2Tb *  FMPbBr3-5Tb
310°4 (Fiingeurve) | 5, (Fitting curve)
A 71=151.26 ns L 1=142.86 ns
2 )
@ 12=1069.33ns i ,=652.34ns
Szl =766.36ns 5] -
210 Tavg = Tayg=484.21ns
E E 02t avg
o o
¥ B
g g
510’ 510! L
2 210
o

2000
Time (ns)

1000

\ \
600 900
Time (ns)

3000 3(50

L
1200 1500

Figure S1. TRPL curves of organic halide perovskite single crystals. (a) MAgoFAq11PbBr;, (b)

MAO.ggFA()_l 1PbBI‘3-0.5Tb,

MAOAggFAOI 1 1PbBI‘3-5Tb.

(C) MAO'39FAO. 1 1PbBr3- 1 Tb,

(d) MA()_ggFAO'l 1PbBI'3-2Tb

and (e)
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Figure S2. Bandgap determination of MAg9FA11PbBr; single crystals using the Tauc plot method
derived from UV-Vis absorption spectra. The extrapolation of the linear region (red dashed line) to the

x-axis (photon energy, hv) provides the optical bandgap energy.
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Figure S3. Elemental mapping and distribution analysis of MAggFAg1,PbBr;: Tb single crystals. (a)
Optical view of the crystal surface captured by the integrated camera of the pu-XRF system. (b—d)
Corresponding X-ray fluorescence elemental maps for (b) Pb La, (¢) Br Ka, and (d) Tb La signals,

respectively.



x 1€3 Counts

T

0.5Th

Distance / mm

“(b) Tb-LA Pb-LA | Br-KA

= o Pb |Br

3007

Figure S4. XRF line-scan and spectral analysis of MA goFA 11PbBr;: 0.5Tb. (a) Line-scan profile of Th
La intensity across the crystal surface. The green arrow indicates the crystal growth direction and the
scanning path (scan length: 3.5 mm). (b) Full-range XRF spectrum showing characteristic peaks of Pb,

Br, and Tb. (c) Magnified spectral region highlighting the Tb La (6.18 keV) emission lines.
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Figure S5. XRF line-scan and spectral analysis of MAg gsFAg1;PbBr;: 1Tb. (a) Line-scan profile of Th
La intensity across the crystal surface. The green arrow indicates the crystal growth direction and the

scanning path (scan length: 2.3 mm). (b) Full-range XRF spectrum showing characteristic peaks of Pb,

Br, and Tb. (c) Magnified spectral region highlighting the Tb La (6.18 keV) emission lines.
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Figure S6. XRF line-scan and spectral analysis of MAggsFAg1;PbBr;: 2Tb. (a) Line-scan profile of Th
La intensity across the crystal surface. The green arrow indicates the crystal growth direction and the
scanning path (scan length: 2.5 mm). (b) Full-range XRF spectrum showing characteristic peaks of Pb,

Br, and Tb. (c) Magnified spectral region highlighting the Tb La (6.18 keV) emission lines.
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Figure S7. XRF line-scan and spectral analysis of MAggsFAg1;PbBr;: 5Tb. (a) Line-scan profile of Th
La intensity across the crystal surface. The green arrow indicates the crystal growth direction and the
scanning path (scan length: 1.8 mm). (b) Full-range XRF spectrum showing characteristic peaks of Pb,

Br, and Tb. (c) Magnified spectral region highlighting the Tb La (6.18 keV) emission lines.



Figure S8. Schematic diagram of the device for SCLC measurement.
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Figure S9. Measurement of Au/Perovskite/Au using the SCLC method; (a) MAgoFA11PbBr:-0.5Tb

single crystal; (b) MAg9FA 11PbBr:-2Tb single crystal; (¢c) MAggoF A 11PbBrs-5Tb single crystal.
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Figure S10. Photograph of the MA(goF A 11PbBr3: Tb single crystal detector device.
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Figure S11. The Energy resolution (ER) of MAgFAq 1 PbBrs: Tb single crystals to 2*!Am y-rays.

(595keV) (a) MAQ_ggFAo,“PbBrg-O.STb; (b) MA0'39FA0‘11PbBr3-2Tb; (C) MAO'ggFAO.“PbBrg)—STb.
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Table S1. Cell parameters resolved from powder XRD patterns of MA ggFAg 1,PbBr3: Tb single crystals.

Samples Tb/Pb Doping Concentration Cell parameters /A
(at%)
MAO‘ggFAO'l IPbBTS 0 5.931
MAoggFAOHPbBr3-05Tb 0.13% 5.927
MA()'ggFAo‘l |PbBr3-1Tb 0.35% 5.923
MAO.ggFAo'l 1PbBI'3-2Tb 0.52% 5914
MAs9FAg 11 PbBr:-5Tb 0.67% 5.899
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Table S2. ICP-AES test results of MA g9F Ay 11 PbBrs:Tb single crystals.

Samples ICP(Tb/Pb)
MAg9FAg 11PbBr3 /
MA,soFAg 11 PbBr3-0.5Tb 0.13%
MAs9FAg 11 PbBr3-1Tb 0.35%
MAg9FAg.11PbBr3-2Tb 0.52%
MA 5oF A 1 PbBr3-5Tb 0.67%
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Table S3. Bandgap determination of MA goFA 11 PbBr; single crystals.

Sample Bandgap (eV)
MAg9FAg 11PbBr3 2.183
MA,soFAg 11 PbBr3-0.5Tb 2.162
MAs9FAg 11 PbBr3-1Tb 2.154
MAg9FAg.11PbBr3-2Tb 2.146
MA 5oF A 1 PbBr3-5Tb 2.138
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Table S4. The electrical performance parameters of MAg goF Ay 1;PbBr; single crystals.

Sample VreL u(cm? V-l Hyrap (€M) Technique
MA g9FAg 1,PbBr3 9.8 55.4 1.0x1010 SCLC
MA soFAg.11PbBr;-0.5Tb 53 76.6 5.4x10° SCLC
MAg9FA11PbBr3-1Tb 3.8 153.6 1.9x10° SCLC
MA goFA11PbBr;-2Tb 4.3 77.5 4.8x10° SCLC
MA g9FAg 11PbBr3-5Tb 5.9 74.8 6.2x10° SCLC
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