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Figure S1. a) Current density-voltage (J-V) curves of pDPP5T-2:PyF5 and pDPP5T-2:FAP1; 

PCE (b) and FF (c) as a function of D:A ratios;

Table S1. Photovoltaic properties of pDPP5T-2 : fullerenes organic solar cells

Active layer Weigh
t 
ratios

VOC 
[V]

JSC 
[mA/cm2]

FF 
[%]

PCE 
[%]

1:0.8 0.67±0.01 4.9±0.1 38±0.5 1.2±0.1
1:1 0.66±0.01 6.1±0.1 43±0.5 1.7±0.1
1:1.5 0.66±0.01 8.5±0.5 48±2.0 2.7±0.2
1:2 0.67±0.01 9.5±0.4 52±1.4 3.3±0.1

pDPP5T-2 : PyF 5

1:3 0.65±0.01 7.8±0.3 60±0.6 3.0±0.1
1:0.8 0.65±0.01 6.8±0.5 43±2.1 1.9±0.1
1:1 0.66±0.01 7.1±0.5 44±0.7 2.1±0.2
1:1.5 0.67±0.01 9.5±0.3 51±2.0 3.2±0.3

pDPP5T-2 : FAP1

1:2 0.67±0.01 9.3±0.4 57±1.5 3.6±0.1



1:3 0.66±0.01 8.4±0.1 60±0.2 3.4±0.2

Figure S2. The dark J-V characteristics of (a) PCBM, PyF5 and FAP1 pristine electron-only 

devices and (b-g) PTB7-Th: fullerenes electron-only devices. The solid line represent the best 

fitting using the space-charge-limited current (SCLC) modified Mott-Gurney model.

Table S2. Electron mobilities of pristine fullerenes and PTB7-Th: fullerene composites 

determined from SCLC measurements

Materials Weigh
t

ratios

Electron mobility
[cm2 V-1 s-1]

0:1 4.5×10-3

1:1.5 9.0×10-5
PTB7-Th:PCBM

1:1 9.8×10-5

PTB7-Th : PyF5 0:1 4.0×10-3

1:3 8.8×10-5

1:1 8.5×10-7

PTB7-Th : FAP1 0:1 4.4×10-3

1:3 9.3×10-5

1:1 4.4×10-7



Figure S3. (a) 2D GIWAXS patterns of PTB7-Th; in-plane (b) and Out-of-plane (c) cuts of 

pristine PTB7-Th, PCBM, PyF5 and FAP1 films.

Figure S4. 2D patterns of GIWAXS of PTB7-Th:PCBM, PTB7-Th:PyF5 and PTB7-Th:FAP1 

blends at 70 °C and 150 °C.



Figure S5. 1D GIWAXS patterns of measured out-of-plane for pure donor and acceptor 

components and their 1:1 blend before and after annealing: a) PTB7-Th:PCBM;b) PTB7-

Th:PyF5; c) PTB7-Th:FAP1.
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Figure S6. Absorption spectra of ~80 nm thick PTB7-Th:PCBM (1:1.5),  PTB7-Th:PyF5 (1:3) 

and PTB7-Th:FAP1(1:3) thin films.



Figure S7. (a) and (c): Solubility of GEN-2 and TQ1 in mixed solvents using chlorobenzene as 

the good solvent; (b) and (d): Hansen Space and a sphere-fit matching the solubility limit of 10 

mg mL-1 of GEN-2 and TQ1.



Table S3. Hansen solubility parameters (d, p, and hb) and Hildebrand solubility parameter () 

of representative polymers and fullerenes

Materials d (MPa1/2) p (MPa1/2) hb (MPa1/2) (MPa1/2)a) References
PCPDTBT 19.60 3.60 8.80 21.78 1

MDMO-PPV 19.06 5.62 5.28 20.56 2

MEH-PPV 19.06 5.38 5.44 20.53 2

TQ1 19.20 4.50 4.80 20.30 b)

pDPP5T-2 19.00 3.00 2.00 19.30 3

GEN-2 18.50 3.90 3.10 19.16 b)

PffBT4T-2OD 18.56 4.07 2.31 19.14 4

P3HT 18.50 4.60 1.40 19.11 5

PTB7-Th 18.56 2.30 3.21 18.98 6

PCBM 20.6 4.93 4.23 21.60 7

PC71BM 20.95 2.80 1.64 21.20 7

PyF5 20.92 2.15 0.19 21.03 6

FAP1 20.75 2.60 0.33 20.91 6

a) 𝛿𝑇 =  2 𝛿2
𝑑 + 𝛿2

𝑝 + 𝛿 2
ℎ𝑏

b) The Hansen solubility parameters (δd, δp, and δhb) of GEN-2 and TQ1 were determined via the 

binary solvent gradient method, which was employed to probe the surface of the Hansen sphere 

for a set of four different solvent mixtures.5, 8 First the solubility of each polymer was measured 

stepwise from good solvent to non-solvent. Therefore, chlorobenzene was employed as good 

solvent, while acetone, propylene carbonate, 2-propanol and cyclohexane were used as non-

solvents (low solubility of the polymers). Because of different weak forces of the non-solvents 

(propylene carbonate highly polar or cyclohexane less polar), blends with altered interaction 

relative to the solute are created. This results in a controlled change in solubility (Figure S7). 

Next, the Hansen solubility parameters of each solvent blend were calculated by following 

equation:

  (S1.1)
𝐻𝑆𝑃𝑏𝑙𝑒𝑛𝑑 = 𝜙𝑆1

∙ 𝐻𝑆𝑃𝑆1
+ 𝜙𝑆2

∙ 𝐻𝑆𝑃𝑆2

with ϕS1 and ϕS2 as the volume fraction of chlorobenzene and non-solvent, respectively. This 

allows us to transfer the solubility data into HSP data, which are then plotted in the Hansen-space. 

By using a solubility limit of 10 mg mL-1, a 0-1 scoring of the HSP data was made, whereby 

blend with higher solubility were marked as 1, otherwise 0. Finally a sphere fit was performed by 



the software HSPiP. The program evaluates the input data using a quality-of-fit function with the 

form:

                       (S1.2)𝐷𝐴𝑇𝐴𝐹𝐼𝑇 =  (𝐴1𝐴2⋯𝐴2)1 𝑛

With n as the number of solvents and 

                                (S1.3)𝐴𝑖 =  𝑒
‒ (𝑒𝑟𝑟𝑜𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒)𝑖

where the error distance is the distance of the solvent in error to the sphere boundary. 5

The center of the sphere represents then the Hansen solubility parameters of the polymers.



Table S4. Interaction parameters of polymer:fullerenes and the corresponding Acceptor:Donor 

ratios from literatures

Polymer:fullerene 𝑥12/𝑣0 (𝛿1 ‒ 𝛿2)2 Optimized devices

 (10-3· cm-3 · mol)  (MPa) A:D ratio Reference
s

PCPDTBT:PCBM 0.014 0.034 3.6:1 9

MDMO-PPV:PCBM 0.44 1.08 4:1 10

MEH-PPV:PCBM 0.45 1.13 5:1 11

TQ1:PCBM 0.69 1.70 3:1 12

pDPP5T-2:PCBM 2.06 5.11 2:1 13

GEN-2:PCBM 2.40 5.96 1.5:1 14

PffBT4T-2OD:PCBM 2.44 6.05 1.2:1 15

P3HT:PCBM 2.49 6.18 1:1 16

PTB7-Th:PCBM 2.78 6.89 1.5:1 this work
PCPDTBT:PC71BM 0.14 0.34 3:1 18

MDMO-PPV:PC71BM 0.16 0.41 4:1 10

TQ1:PC71BM 0.33 0.82 3:1 12

pDPP5T-2:PC71BM 1.40 3.46 2:1 13

PffBT4T-
2OD:PC71BM

1.71 4.24 1.2:1 15

P3HT:PC71BM 1.75 4.35 1:1 16

PTB7-Th:PC71BM 2.00 4.95 1.5:1 17

pDPP5T-2: FAP1 0.98 2.44 2:1 this work
PTB7-Th: FAP1 1.49 3.70 2:1 this work
pDPP5T-2: PyF5 1.11 2.76 2:1 this work
PTB7-Th: PyF5 1.65 4.10 2:1 this work
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Figure S8. Fullerene acceptor: polymer donor ratios as a function of polymer-fullerene 
miscibility
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