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Supporting Information

The surface tension of water decreases with an increase in SDS concentration until a saturation point is

reached, the critical micelle concentration (CMC) is located at =2.5 mg/mL as a shown in Figure S1.

0.9 =
Ref.
SDS conc.
081 +«  0.01 mg/mL
0.05
0.7 A 0.1
o 0.5
0.6 —_——-1
g i 15
€ 0.5 —i
§ ------- 2.5
—imia3
2 04
.<n ......... 3.5
0.3
0.2
0.1
0 T T T T P — =
200 300 400 500 600 700 800 900
Wavelength (nm)
0.9 75
0.8 i B 70 [ ) C
0.7 1%, 65 %
Eos | * 60 %
3os - s Tss | %
®0.4 Z:0] G
2 03 . é 50 Y
Cisd L _LATTN ®...... P @ ) ";; 45
- 40 - Wi
0.1 - 35 | L TTTRRR, .§ ................. )
° o 05 1 15 2 25 3 35 0 d 2 E OB & B X
* * 0t & 0 2 3 4 5 6 8
SDS Conc. (mg mL?) SDS Conc. (mg mL?)

Figure S1: (A) The UV-vis spectra of the reference (the mixture of 2 mL of MB solution (22.5 uM) and
1 mL of water) and calibration standards (SDS solutions with concentrations 0.01, 0.05, 0.1, 0.5, 1,..,
3.5 mg mL™). Calibration curves: The absorbance at 664 nm (B) and surface tension (C) of SDS solution
vs concentration.

Photographs of P3HT:ICxA NP films with dilution factor of 1-1.2 x 10° and 1-3.1 x 10'° has been shown
in Fehler! Verweisquelle konnte nicht gefunden werden. and Fehler! Verweisquelle konnte nicht
gefunden werden. for crossflow and centrifugal ultrafiltration processes, respectively. It is clear that the
low dilution factor inks form NP films with de-wetting and non-close packing differ from those high
dilution factors due to the balanced difference between electrostatic repulsion, attractive van der Waals
and capillary forces [1,2]. In contrast, those with higher dilution factor have some cavities due to the

change in surface charge density of and between nanoparticles that are varying their surface tensions.
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Figure S2: Photograph of P3HT:ICxA NP films with varying dilution factor centrifugal process.
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Figure S3: Photograph of P3HT:ICxA NP films with varying dilution factor crossflow process.

SEM images of P3HT:ICxA NP film with dilution factor 25 are presented in Fehler! Verweisquelle konnte

nicht gefunden werden., and it can be clearly to distinguish between the NPs and SDS aggregates with

increased SEM maghnification. The EDX spectral analysis of the SDS crystallite and nanoparticle film

region shows sulphur (S), carbon (C), oxygen (O) and sodium (Na) peaks in addition to silicon peak that

belong to silicon substrate. The content of S, C, O and Na in the SDS crystallite was higher than of those

in NP film region due to their association with the SDS surfactant.
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Figure S4: SEM images of P3HT:ICxA NP film with dilution factor 25 on silicon nitride for different
maghnifications (2, 6, 40, 80 and 100 kx). EDX spectra recorded on the SDS crystallite and nanoparticle
film region.
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Figure S5: J-V characteristics curves of dried (A) and annealed (B) masked NP-OPV devices based on
P3HT:ICxA NP with dilution factor of 625—1.2 x 10° for centrifugal process. J-V characteristics curves of
dried (C) and annealed (D) masked NP-OPV devices based on P3HT:ICxA NP with dilution factor of
3.9 x 10°-3.1 x 10" for crossflow process.
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Table S1: The performance parameters of NP-OPVs based on P3HT:ICxA NP with different dilution factor
for centrifugal and crossflow ultrafiltration processes. The averages (terror) of 12 masked devices with
the best masked devices (Av. + error (Best)).

Centrifugal ultrafiltration process

Dried devices Annealed devices
OPVs
(DF) PCE Voc Fill Jsc PCE Voc Fill Jsc
(%) V) Factor |[(mAcm?)| (%) v) Factor |(mA cm?
6.2x102 0.10+0.02(0.3910.05|0.23+0.01| 1.0420.13 [(0.11+0.04 | 0.341+0.03| 0.2210.02 | 1.52+0.46
-2x1 (0.10) (0.40) (0.23) (1.08) (0.17) (0.51) (0.26) (2.93)
3.1x10° 0.18+0.04 | 0.40+0.09 | 0.23+0.01 | 1.8440.35 0.22+0.03 | 0.35+0.06 | 0.24+0.01 | 2.5610.20

©22) | ©41) | 025 | 225 | (©25 | (0.42) | (029 | (262
0.3310.08 | 0.4820.04| 0.32£0.01 | 2.1420.42 | 0.5520.07 | 0.50£0.02 | 0.3520.01 | 3.13%0.41
16x10*| 043y | (0.51) | (0.33) | (2.56) | (0.64) | (0.50) | (0.35) | (3.58)

0.4410.04|0.4920.01| 0.3720.01 | 2.4220.15 ||0.6520.04| 0.5420.00 | 0.37£0.01 | 3.2520.18
7.8x10% | (o50) | (0.49) | (0.38) | (265) | (0.70) | 3(0.53) | (0.38) | (3.46)
0.4110.060.4620.03 | 0.3920.02| 2.2820.14 | 0.4920.05| 0.5420.02| 0.3120.01 | 2.9520.18
3.9x10°| (046) | (0.47) | (0.41) | (2.39) | (0.58) | (0.55) | (0.32) | (3.29)
0.330.04|0.4210.02| 0.4020.01 | 1.9420.14 | 0.3420.05| 0.52£0.02 | 0.2620.02 | 2.47+0.21
2.0x10°| (0.38) | (0.44) | (0.41) | (212) | (0.41) | ©55 | (032) | (3.29)
0.230.04|0.3720.04| 0.39£0.03 | 1.5620.13 ||0.21%0.05| 0.47%0.05| 0.30£0.06 | 1.54%0.39
9.8x10°| (0.30) | (0.42) | (0.41) | (1.74) | (031) | (052) | (0.27) | (2.19)
0.09:0.04|0.3120.02|0.28£0.04| 0.9420.25 |[0.1310.06 | 0.4620.01 | 0.20£0.03 | 1.40%0.34
4.9x107 | (047) | (0.34) | (©37) | (1.37) | (©27) | (049) | (0.28) | (2.04)
0.11£0.03|0.3020.02| 0.3620.02 0.9720.14 [[0.110.06 | 0.42+0.12| 0.24£0.03 | 1.0520.30
24x10°| (016) | (0.39) | (0.41) | (115) | (0.22) | (0.49) | (029 | (1.50)
0.0420.02|0.2320.05|0.29%0.04| 0.6020.13 [|0.0520.01 | 0.3520.08 | 0.23%0.02| 0.58%0.10

9
1.2x10° | 0.08) | (027) | (0.37) | (0.84) 0.07) | (0.44) | (0.22) (0.69)
Crossflow ultrafiltration process
Dried devices Annealed devices
OPVs
(DF) PCE Voc Fill Jsc PCE Voc Fill Jsc
(%) V) Factor |[(mAcm?)| (%) v) Factor |(mA cm?)
3.9¢10° 0.10+0.03|0.305+0.0(0.23+0.02 |1.40 +0.25(0.16+0.02 | 0.33+0.02|0.25+0.01 | 1.95+0.23

©0.14) |6(0.351)| (0.22) | (1.76) | (0.19) | (0.33) | (0.26) | (2.61)
> Ox 106 |0-15%0.03|0.372£0.0| 0.2320.01| 1.7250.28 | 0.2120.03| 0.3620.02| 0.2520.01 | 2.2620.26
0.22) |5(0.409)| (0.23) | (235) | (0.25) | (0.36) | (0.26) | (2.62)
0.19£0.040.36740.0| 0.2520.02| 2.1120.25 | 0.28%0.08 | 0.3720.08 | 0.27£0.02| 2.78%0.21
(0.24) |7(0.418)| (0.23) | (2.43) | (042) | (0.44) | (031) | (3.07)
0.27%0.040.427+0.0| 0.2720.01 | 2.3620.23 | 0.44%0.05| 0.42£0.02 | 0.300.01 | 3.39%0.22
(0.35) |2(0.454)| (0.26) | (2.82) | (0.51) | (0.44) | (0.33) | (3.55)
0.3620.03|0.439£0.0| 0.2020.01| 2.7620.18 | 0.51%0.08 | 0.4520.02 | 0.340.02 | 3.33%0.23
(0.40) |1(0.460)| (0.29) | (2.96) | (0.62) | (0.47) | (037) | (3.5)
0.3520.04|0.44610.0| 0.3020.01| 2.600.19 | 0.54%0.07 | 0.47%0.01| 0.320.02 | 3.51%0.27
12x10°| "042) |2(0.468)| (0.30) | (2.90) | (0.63) | (0.50) | (0.33) | (3.81)
6 1x10° |0-3820.050.45520.0| 0.370.01 | 2.6320.24 [0.6720.04|0.50£0.01| 0.3620.01  3.64%0.22
0.47) |2(0.472)| (032) | (3.06) | (0.73) | (0.51) | (©.37) | (3.95)
0.3920.05|0.459:0.0| 0.3210.01| 2.5710.23 | 0.62+0.05| 0.49%0.03 | 0.340.22 | 3.52%0.26
(0.47) |3(0.470)| (0.33) | (3.00) | (0.68) | (0.50) | (0.35) | (3.94)
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Figure S6: Reflectance measurement of the completed devices prepared from different DF inks purified
by centrifuge ultrafiltration.
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