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Supplementary Figures and Tables
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Fig. S1 SEM images of ANF films with different dispersion concentrations
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Fig. S2 Transmittance of ANF film
[image: ]
[bookmark: OLE_LINK11]Fig. S3 AFM images of active layers with and without ANF
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Fig. S4 a 2D and b 1D GIWAXS diffraction patterns of neat PM6, BTP-eC9, ANF-fresh and ANF-aged films
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Fig. S5 Normalized absorption spectra of PM6:BTP-eC9 blend films without and with ANF before and after heating at 130 °C for 3 h
Table S1 Photovoltaic parameters decay of PM6: BTP-eC9-based OPVs with ANF of different dispersion concentrations heated at 130 °C for 0, 10, 20, 30, 60, 120, and 180 min
	ANF dispersion concentration (mg mL-1)
	heating time (min)
	remaining VOC ratio a)
	remaining 
JSC ratio a)
	remaining 
FF ratio a)
	remaining 
PCE ratio a)

	0
	0
	1.00
	1.00
	1.00
	1.00

	0
	10
	0.957
	1.01
	0.945
	0.907

	0
	20
	0.943
	1.02
	0.941
	0.899

	0
	30
	0.940
	1.02
	0.939
	0.897

	0
	60
	0.921
	1.02
	0.923
	0.865

	0
	120
	0.903
	1.02
	0.912
	0.837

	0
	180
	0.894
	1.01
	0.909
	0.820

	0.23
	0
	1.00
	1.00
	1.00
	1.00

	0.23
	10
	0.985
	1.01
	0.963
	0.954

	0.23
	20
	0.981
	1.02
	0.975
	0.971

	0.23
	30
	0.978
	1.02
	0.972
	0.970

	0.23
	60
	0.974
	1.03
	0.971
	0.971

	0.23
	120
	0.965
	1.03
	0.964
	0.951

	0.23
	180
	0.962
	1.02
	0.959
	0.938

	0.46
	0
	1.00
	1.00
	1.00
	1.00

	0.46
	10
	0.987
	1.00
	0.968
	0.955

	0.46
	20
	0.982
	1.01
	0.975
	0.965

	0.46
	30
	0.979
	1.01
	0.977
	0.966

	0.46
	60
	0.975
	1.02
	0.974
	0.960

	0.46
	120
	0.970
	1.01
	0.970
	0.946

	0.46
	180
	0.967
	1.00
	0.964
	0.933

	0.91
	0
	1.00
	1.00
	1.00
	1.00

	0.91
	10
	0.989
	1.00
	0.970
	0.959

	0.91
	20
	0.982
	1.01
	0.972
	0.960

	0.91
	30
	0.979
	1.01
	0.973
	0.960

	0.91
	60
	0.976
	1.01
	0.969
	0.951

	0.91
	120
	0.972
	1.01
	0.968
	0.945

	0.91
	180
	0.970
	1.00
	0.962
	0.931


a) Average value of eight independent devices
Table S2 Average and best device data based on PM6: L8-BO, PM6: PC71BM, and PTB7-Th: IEICO-4F blend films without and with ANF before and after heating at 130 °C for 180 min
	active layer
	ANF
	heating time (min)
	VOC (V)
	JSC 
(mA cm-2)
	FF (%)
	PCE (%)

	
	
	
	
	
	
	best
	average a)

	PM6:L8-BO

	w/o
	0
	0.878
	24.6
	76.4
	16.5
	16.1

	
	w/o
	180
	0.790
	24.8
	65.3
	12.8
	13.0

	
	w
	0
	0.875
	24.9
	74.4
	16.2
	16.0

	
	w
	180
	0.843
	25.2
	68.9
	14.6
	14.5

	PM6:PC71BM

	w/o
	0
	0.872
	12.9
	61.8
	6.93
	6.55

	
	w/o
	180
	0.816
	11.7
	57.3
	5.46
	5.05

	
	w
	0
	0.861
	12.8
	54.6
	6.01
	5.55

	
	w
	180
	0.826
	11.8
	52.7
	5.15
	5.03

	PTB7-Th:IEICO-4F

	w/o
	0
	0.725
	24.3
	58.8
	10.3
	9.87

	
	w/o
	180
	0.588
	23.6
	48.4
	6.71
	6.87

	
	w
	0
	0.727
	23.9
	57.8
	10.1
	9.65

	
	w
	180
	0.712
	24.0
	52.6
	9.01
	8.65


a) Average value of eight independent devices
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