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Fig. S1 Atomic structure of β-phase antimony.
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Fig. S2 TEM image of AM nanosheets. 
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Fig. S3 XPS survey spectra of AMQSs. (a) Full scan XPS spectrum of as prepared AMQSs. Partial 

scan of AMQSs for C 1s (b), Sb 3d (c) and NH4 (d).
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Fig. S4 Standard curves of absorbance versus concentration (mg L-1) at different concentrations of 

AMQSs diluted 100 times for λ=400 nm in [Emim]CF3COO.
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Fig. S5 photos of the original supernatant of samples prepared by different solvents, 

[Emim]CF3COO (this work), Isopropanol:Water,1 Ethanol2 and NMP3.
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Fig. S6 XRD spectra of AMQSs and bulk Sb.
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Fig. S7 Enhancement factors of the UV-vis absorption of the ITO/ZnO/PTB7:PC71BM film with 

AMQSs. The difference between the AMQSs-doped film and the reference film is divided by the 

value of the reference film.
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Fig. S8 PL spectra of diferent blend layers. The addition amount of AMQSs is 1 mg ml-1.
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Fig. S9 AFM images (5.0 × 5.0 μm2) measured for the surface of the active film. (a) Pristine 

ZnO/PTB7:PC71BM, (b) ZnO/PTB7:PC71BM/AMQSs (1.0 mg ml-1) and (c) 

ZnO/PTB7:PC71BM/AMQSs (6.0 mg ml-1).
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Fig. S10 Normalized PCE versus aging time measured for PTB7:PC71BM-based OPVs without 

and with AMQSs in air. After measured, the devices are immediately placed in a nitrogen-

protected glove box.
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Fig. S11 J-V curves of the best reference device and the device with optimal concentration of 

AMQSs in active layer based on P3HT:PC61BM.
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Table S1. Summary of parameters of inverted OPVs based on PTB7:PC71BM (95 nm) with 

different concentration of AMQSs in active layer.

OPVs Voc (V) Jsc (mA cm-2) FF (%) PCE (%)

Reference 0.74±0.01 15.72±0.12 66.3±0.7 7.76±0.15

0.5 mg mL-1 0.74±0.01 16.78±0.17 71.2±0.9 8.85±0.18

1.0 mg mL-1 0.74±0.01 18.34±0.16 71.9±0.6 9.75±0.16

1.5 mg mL-1 0.74±0.01 17.45±0.13 70.8±1.0 9.22±0.13

2.0 mg mL-1 0.74±0.01 17.03±0.13 70.3±0.7 8.92±0.10

6.0 mg mL-1 0.74±0.01 16.47±0.11 69.4±0.6 8.45±0.14
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Table S2. Summary of PCEs and the corresponding PCE enhancement of optimal OPVs using 

different additives in active layer.

Additive type PCE (%) Relative PCE
Enhancement (%) Year Reference

AMQSs From 7.76 to 9.75 25.6 / This work

ICBA From 7.35 to 8.24 12.1 2014 4

Au NP-BCNTs From 8.31 to 9.81 18.1 2015 5

GO-TPP From 7.39 to 8.58 16.1 2015 6

N-GCDs From 7.30 to 8.60 17.8 2016 7

FA From 7.25 to 9.04 24.7 2016 8

P(NDI2OD-T2) From 8.02 to 10.1 25.9 2016 9

PS From 7.61 to 8.92 17.2 2016 10

BPQDs From 7.92 to 8.71 10.0 2017 11

CHN From 6.86 to 7.31 6.6 2017 12

DTS From 6.30 to 7.60 20.6 2017 13

Brbh From 7.04 to 8.13 15.5 2017 14

P2VP From 7.37 to 8.67 17.6 2017 15

DPP-TP6 From 6.50 to 7.85 17.2 2017 16

OPVs were based on PTB7:PC71BM with 1,8-diiodooctane.
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Table S3. The values of the fitted α and slopes for the cell with different concentration of 
AMQSs in active layer.

Concentration(mg mL-1) 0 0.5 1 1.5 2 6

α 0.953 0.965 0.982 0.971 0.966 0.960

S 1.14 1.11 1.02 1.06 1.08 1.10

Table S4. Summary of PCEs and the corresponding PCE enhancement of optimal OPVs using 
different additives in active layer based on P3HT:PC61BM.

OPVs Voc (V) Jsc (mA cm-2) FF (%) PCE (%)

Reference 0.57 10.12 61.6 3.55

0.5 mg mL-1 0.57 11.91 64.2 4.32

15



References

1. C. Gibaja, D. Rodriguez-San-Miguel, P. Ares, J. Gomez-Herrero, M. Varela, R. Gillen, J. 

Maultzsch, F. Hauke, A. Hirsch, G. Abellan and F. Zamora, Angew. Chem. Int. Ed., 2016, 55, 

14345.

2. W. Tao, X. Y. Ji, X. D. Xu, M. A. Islam, Z. J. Li, S. Chen, P. E. Saw, H. Zhang, Z. Bharwani, 

Z. L. Guo, J. J. Shi and O. C. Farokhzad, Angew. Chem. Int. Ed., 2017, 56, 11896.

3. L. Lu, X. Tang, R. Cao, L. Wu, Z. Li, G. Jing, B. Dong, S. Lu, Y. Li, Y. Xiang, J. Li, D. Fan 

and H. Zhang, Adv. Optical Mater., 2017, 5, 1700301.

4. P. Cheng, Y. Li and X. Zhan, Energy Environ. Sci., 2014, 7, 2005.

5. J. M. Lee, J. Lim, N. Lee, H. I. Park, K. E. Lee, T. Jeon, S. A. Nam, J. Kim, J. Shin and S. O. 

Kim, Adv. Mater., 2015, 27, 1519.

6. M. M. Stylianakis, D. Konios, G. Kakavelakis, G. Charalambidis, E. Stratakis, A. G. 

Coutsolelos, E. Kymakis and S. H. Anastasiadis, Nanoscale, 2015, 7, 17827.

7. B. J. Moon, Y. Oh, D. H. Shin, S. J. Kim, S. H. Lee, T.-W. Kim, M. Park and S. Bae, Chem. 

Mater., 2016, 28, 1481.

8. Y. Li, Z. Xu, S. Zhao, D. Huang, L. Zhao, C. Zhang, J. Zhao, P. Wang and Y. Zhu, Org. 

Electron.,  2016, 28, 275.

9. K. H. Park, Y. An, S. Jung, H. Park and C. Yang, Energy Environ. Sci., 2016, 9, 3464.

10. L. Wang, S. Zhao, Z. Xu, J. Zhao, D. Huang and L. Zhao, Materials, 2016, 9, 171.

11. S. Liu, S. Lin, P. You, C. Surya, S. P. Lau and F. Yan, Angew. Chem. Int. Ed., 2017, 56, 

13717.

16



12. P. L. Han, A. Viterisi, J. Ferre-Borrull, J. Pallarés and L. F. Marsal, Org. Electron., 2017, 41, 

229.

13. H. Yin, S. H. Cheung, J. H. L. Ngai, C. H. Y. Ho, K. L. Chiu, X. Hao, H. W. Li, Y. Cheng, 

S. W. Tsang and S. K. So, Adv. Electron. Mater., 2017, 3, 1700007.

14. L. Zhou, H. Lin, X. Chen, X. Du, C. Zheng, S. Tao and X. Zhang, Org. Electron., 2017, 50, 

507.

15. W. Lee, S. Jeong, C. Lee, G. Han, C. Cho, J.-Y. Lee and B. J. Kim, Adv. Energy Mater., 

2017, 7, 1602812.

16. W. Zhou, Q. Ai, L. Zhang, X. Liu, X. Hu and Y. Chen, J. Polym. Sci. Pol. Chem., 2017, 55, 

726.

17


