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Figure S1. 1H NMR spectra recorded at 300K in CDCl3

1H NMR (δ, CDCl3, RT, 300 MHz): 8.10 (m, 1H), 7.98 (m, 1H), 7.73 (m, 1H), 7.58 (m, 1H), 7.45 (m, 
1H), 7.36 (m, 1H), 7.29 (m, 1H), 4.51 (m, 1H), 2.27 (m, 2H), 1.95(m, 2H), 1.17(m, 24H), 0.86 (t, 6H).
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Figure S2. 1H NMR spectra recorded at 300K in CDCl3

1H NMR (δ, CDCl3, RT, 300 MHz): 8.11 (dd, 2H), 7.68 (m, 1H), 7.61 (m, 1H), 7.58 (m, 1H), 7.51 (m, 
1H), 7.38−7.41 (m, 2H), 7.22 (m, 1H), 6.96 (dt, 2H), 4.60 (m, 1H), 2.31 (m, 2H), 1.94 (m, 2H), 1.12−1.26 
(m, 24H), 0.83−0.79 (t, 6H).
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Figure S3. 1H NMR spectra recorded at 300K in CDCl3

1H NMR (δ, CDCl3, RT, 400 MHz): 9.65−9.67 (m, 8H), 8.35−8.37 (m, 8H), 7.73−7.94 (ddd, 4H), 
7.28−7.45 (m, 4H), 7.09−7.12 (m, 2H), 6.66−6.83 (m, 2H), 6.56−6.58 (m, 2H), 5.91−5.94 (m, 4H), 
4.23−4.37 (m, 2H), 2.55 (dt, 4H), 1.70−2.11 (m, 8H), 1.03−1.14 (m, 48H), 0.75−0.84 (m, 12H). 
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Figure S4. Electrospray ionization (ESI) Mass spectra plot of (CBzPho)2-SiPc



Figure S5. Energy level diagram of all materials used in ternary devices.

Figure S6. UV–vis absorption spectra of PCDTBT: PC71BM binary film and ternary films with different



Figure S7: Water contact angle images of pristine films, binary and ternary films with different content of 
(CBzPho)2-SiPc varies from 0 to 20wt.%. 



Table S1. Summary of H2O Contact Angle Measurements on ternary Films (a)

Films (a) Water Contact Angle 
(Deg)

Surface Energy 
(N mm-1)(b)

PCDTBT:PC71BM 90.7 (± 0.6) 28.1 (± 0.7)

3 wt.% (CBzPho)2-SiPc 93.2 (± 0.4) 26.5 (± 0.7)

5  wt.% (CBzPho)2-SiPc 93.8 (± 0.7) 26.1 (± 0.5)

10 wt.% (CBzPho)2-SiPc 94.5 (± 0.6) 25.7 (± 0.4)

20 wt.% (CBzPho)2-SiPc 95.3 (± 0.5) 25.4 (± 0.3)



Table S2: Photovoltaic performance of ternary PCDTBT: PC71BM OPVs prepared by blade coating with 
various (CBzPho)2-SiPc loadings. 

All OPV devices were characterized under AM 1.5G, 100 mWcm-2. Device areas is 1 cm2. All values are average of 
more than 5 devices and the values in parentheses is the standard deviation. Blade coating process were performed 
in air. The base temperature for the blade process is 45 °C. (a)(CBzPho)2-SiPc mass ratio in the blend with respect to 
total mass of PCDTBT: PC71BM. (b)Current density (Jsc) calculated from integration wavelength of EQE curve.

PCDTBT:PC71

BM: 
(CBzPho)

2
-SiPc

(CBzPho)
2
-SiPc

Wt. % (a)

Calibrated J
SC

 

from EQE 

(mA/cm2)b

V
OC

 (V) FF (%) Calibrated 

PCE (%)

1:3:0 0 9.4 (±0.1) 0.842 (±0.001) 56.6  (±0.5) 4.5  (±0.1)

1:3:0.12 3 9.2  (±0.1) 0.835 (±0.001) 53.8  (±0.7) 4.1   (±0.1)

1:3:0.2 5 9.1  (±0.1) 0.842 (±0.001) 51.8  (±0.4) 3.9   (±0.1)

1.3:0.4 10 9.0 ( ±0.1) 0.845 (±0.002) 49.6  (±0.2) 3.8  (±0.1)

1:3:0.6 20 8.4  (± 0.3) 0.862 (±0.002) 48.6 (±0.2) 3.5  (±0.1)



Charge generation and recombination dynamics

In order to further investigate the exciton generation and dissociation process of the binary and ternary 

devices, the exciton generation rates (Gmax) and charge dissociation probabilities (Pdiss) were analysed by 

characterization of photocurrent density (Jph) against the effective voltage (Veff), as shown in Figure S8. 

Jph is defined as Jligh–Jdark, where JLight and JDark are the photocurrent densities under light illumination and 

in the dark, respectively. And Veff = V0 − Vappl, where V0 is the voltage at which Jph = 0, and Vappl is the 

applied bias.[1] The photogenerated excitons were almost dissociated into free charge carriers 

when Veff reached <2 V, and thus Jph could reach saturation (Jsat). We adopted the ratio of Jph/Jsat to evaluate 

the exciton dissociation probability (Pdiss) in the devices.[2] Assuming that all of the photogenerated 

excitons are dissociated and contributed to the current in the saturated regime due to sufficiently 

high electric field, the values of Gmax can be obtained by Jsat = qLGmax, where q is the elementary 

charge and L is the thickness of the binary or ternary organic layer and Jsat is saturation current 

density at elevated Veff (3.8V). Table S3 shows the values obtained for various (CBzPho)2-SiPc 

weight ratio loading. As expected the value of Gmax for various addition of (CBzPho)2-SiPc are 

reduces compare to the baseline devices due to the high density of recombination sites as replicated 

in the performance of J-V curve. Under the short-circuit conditions, the (Pdiss) values were 85.4%, 

80.2%, 80.5%, and 81.5% for the devices with 0, 3, 5, and 10wt.% (CBzPho)2-SiPc, respectively. 

The dynamics of recombination in PCDTBT:PC71BM:(CBzPho)2-SiPc devices were 

investigated through the analysis of JSC and VOC under various light intensities (Plight). The J-V 

characterizations of binary and ternary devices with different content of (CBzPho)2-SiPc as shown 

in the Figure S9. The plot ln (JSC) versus ln (Plight) provides information on the degree of 

bimolecular recombination. The slope (α) implies close to unity means, negligible bimolecular 

recombination associated with the OPV devices.[3], [4] all the ternary devices slope (α) values 



shows higher values than the baseline devices. (Figure S10a). In addition trap assisted 

monomolecular recombination extracted for the binary and ternary devices from the (Voc) versus 

Natural logarithmic (Plight) plot. Typically, a slope (S) equal to kT/q suggests the absence of 

bimolecular recombination, whereas an S ranging between 1 and 2 indicates the presence of 

monomolecular recombination and trap assisted recombination losses.[5], [6] It can be observed 

that the higher Slope (S) value of the PCDTBT: PC71BM: (CBzPho)2-SiPc indicates (Figure S10b) 

that adding a small concentration of (CBzPho)2-SiPc results in a higher trap-assisted 

recombination associated, resulting in lower JSC and FF as compared to those of the binary system. 

Figure S8. Photocurrent density (Jph ) as a function of the effective voltage (Veff) of blade-coated 
PCDTBT:PC71BM:(CBzPho)2-SiPc devices with various (CBzPho)2-SiPc loadings.



Table S3: Charge generation parameters of blade coated PCDTBT:PC71BM:(CBzPho)2-SiPc ternary 
devices with different (CBzPho)2-SiPc contents

(CBzPho)
2
-SiPc

Wt. % 
Jsat  (mA/cm2) Gmax

  (cm-3s-1) Pdiss
 (%)

0 11.8 (±0.1) 8.87 x 1021 85.4
3 11.6  (±0.1) 8.72 x 1021 80.2
5 12.5  (±0.2) 9.20 x 1021 80.5
10 11.5  (± 0.1) 8.65 x 1021 81.5

Jsat  is the saturation current density, P diss is the charge dissociation probability, Gmax is the charge carrier 
generation.

Figure S9. Light intensity dependence J-V curve of PCDTBT: PC71BM devices with various (CBzPho)2-
SiPc loadings a) 0 wt.% b) 3 wt.% c) 5 wt.% and d) 10wt.% respectively. J-V curve measured under 
various light intensities ranging from 100 to 2 mW/cm2.



Figure S10. Light intensity dependence short circuit density and (a) open circuit voltage (b) of blade-
coated PCDTBT: PC71BM :(CBzPho)2-SiPc devices with various (CBzPho)2-SiPc loadings.

Figure S11. (a) J-V characteristics of PCDTBT: CBzPho)2-SiPc Binary BHJ OPV devices fabricated by 
blade coating on ITO/PET substrates, (VOC 0.98 V, JSC 0.56 mA/cm2 FF 0.28 and PCE~ 0.15 %), (b) 
corresponding EQE curves 



Table S4. Energy levels of silicon phthalocyanine and Silicon Napththalocyanine derivatives incorporated 
into OPV devices

SiPc derivatives HOMO (eV) LUMO (eV) Ref.
(CBzPho)2-SiPc -5.1 -3.3 This Work
(HxN3)2-SiPc -5.4 -3.6 [7]
(3XS)2-SiPc -5.3 -3.4 [8][9]
X2-SiPc -5.3 -3.5 [10]
(XF)2-SiPc -5.9 -4.0 [11]
Carboxyl-SiPc -5.4 -3.6 [12]
(Pys-SiPc) -5.3 -3.6 [13]
(3XS-SiNc) -4.8 -3.4 [14]
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