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Figure S1. XRD powder pattern of DPP-(CF), melt-cooled with the rate of 50

°C/min.
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Figure S2. X-ray powder patterns of DPP-(CF), recrystallized using various solvents.
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Figure S3. X-ray specular patterns of DPP-(CF), thin films spin coated using various

solvents on PEDOT:PSS coated SiO, substrate.
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Figure S4. 2D GIXD patterns of DPP-(CF), thin films fabricated on
SiO,/PEDOT:PSS (a) and Si/Si0,/BCB (b) substrates.
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Figure S5. XRD patterns of DPP-(CF), thin films spin coated using various

concentrations on PEDOT:PSS coated SiO, substrate.
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Figure S6. 2D GIXD patterns of DPP-(CF), thin films thermally annealed at various

temperatures for the separation of thermally active phases.

XRD Pattern of Both the Powder and Thin Films of DPP-(CF) -§ (a) DPP-(CF),-y Phase obtained by annealing at 166 °C (b)
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Figure S7. Comparison between the XRD patterns of DPP-(CF),-B and

DPP-(CF),-y thin films with the corresponding powder patterns obtained by annealing
the amorphous DPP-(CF); at 116 and 166 °C..
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Figure S8. XRD patterns of DPP-(CF), methanol vapor annealed at 27 °C (a) and

DPP-(CF), SVA using CHCI; (b) for various times.
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Figure S9. ATR-FTIR spectra of DPP-(CF), SVA using methanol (for 10 minutes)
and chloroform (for 10 minutes), inset depicts the spectral range from 675 to 850 cm™.
Absence of any absorption at 750 cm™ (C - Cl stretching of CHCLs) and 3337 cm™
(O-H stretching of methanol) confirms the absence of incorporation of either
methanol or chloroform during the solvent vapor annealing, respectively.
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AFM Analysis of Various Polymorphs of DPP-(CF),

It has been well established in the literature that the SVA tend to dewet the films,
which is detrimental for the charge transport due to the augmentation of voids and
grain boundaries.'™ So, efforts have been taken to optimize the morphology of the
films by optimizing the duration of SVA. AFM height images of four various
polymorphs that are patterned on the SiO,/PEDOT:PSS and Si/SiO,/BCB substrates
are shown on the top and bottom row of Figure S10, respectively. Except
DPP-(CF),-a, the morphology of other three phases does not vary much with respect
to the underlying substrate. On the one hand, the DPP-(CF),-a phase patterned on the
SiO,/PEDOT:PSS substrate results in wide platelet shaped crystallites between 100 —
300 nm (Figure S10a), on the other hand, the DPP-(CF),-a phase patterned on the
Si/Si0,/BCB substrate results in wavy and ill-defined morphology (Figure S10¢). The
AFM height images of DPP-(CF),-f phase patterned on the SiO,/PEDOT:PSS and
Si/Si0,/BCB substrates via CHCl; vapor annealing are shown in Figure S10b and
S10f, respectively. The DPP-(CF),-f phase patterned on the SiO,/PEDOT:PSS
substrate results in 200 - 500 nm wide crystallites whereas the DPP-(CF),-f
phase patterned on the Si/SiO,/BCB substrate results in the agglomerations of very
small crystallites (= 20 nm). The size of the agglomerates is found to be nearly equal
to the size of the crystallites obtained via CHCl; vapor annealing on the
SiO,/PEDOT:PSS substrate. Among the four phases, DPP-(CF),-y results in bigger
domains that ranges between 0.3 — 1 pum (Figure S10c and S10g). The morphology of
both the films patterned on both the SiO,/PEDOT:PSS and Si/SiO,/BCB substrate is
found to be the same. The AFM height images of DPP-(CF),-» phase patterned on the
SiO,/PEDOT:PSS and Si/SiO,/BCB substrates are shown in Figure S10d and S10h,
respectively. As stated earlier, both the DPP-(CF);-a and DPP-(CF),-o phases are
obtained via methanol vapor annealing for various time (i.e. initial five minutes of

methanol vapor annealing supports the crystallization of DPP-(CF),-a phase and
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further increase in time supports the crystallization of DPP-(CF),-® phase which is
fabricated on the SiO,/PEDOT:PSS substrate). Interestingly, the crystallite size of 5
minutes of methanol vapor annealed film (i.e. DPP-(CF),-a) is found to be nearly four
times higher than the film undergone 10 minutes of methanol vapor annealing (i.e.
DPP-(CF);-®) (Figure S11). This confirms the crystallization of DPP-(CF),-» from
the DPP-(CF),-a phase via recrystallization process with the initiation of new
nucleates.®” Further increase in SVA duration initiates the unnecessary dewetting of
thin films and produces more than 2pm long crystallites (Figure S11). Such serious
dewetting may be caused by the condensation of methanol vapor on top of the films,
which can help the crystallites to migrate and cluster together."** Independent of the
underlying substrate, both the films patterned on the Si/SiO,/BCB and
SiO,/PEDOT:PSS substrates are noticed to dewet on increasing the duration of
methanol vapor annealing (Figure S11 and S12). Since the XRD analysis conducted
on the thin films fabricated on the SiO,/PEDOT:PSS and Si/SiO,/BCB substrate
confirms the complete transformation of DPP-(CF),-a to DPP-(CF),-® within the
initial 10 minutes and 5 minutes of methanol vapor annealing, respectively, these
films are used further for the device analysis. On the contrary to the methanol vapor
annealing, CHCl; vapor annealing (Figure S13) does not dewet the films on
increasing the duration of SVA. Therefore, the films undergone 10 minutes of CHCl;
vapor annealing are used for both the solar cell and OFET analysis. The dark colored
areas present in the films are not corresponding to the voids. Instead they are the
depressions present in the films, because depths of those depressions are less than the

thicknesses of the films.
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Figure S10. AFM height images of four various polymorphs of DPP-(CF), thin films
prepared on the SiO,/PEDOT:PSS substrates (top row) and Si/SiO,/BCB substrates

(bottom row).

Figure S11. AFM height images of DPP-(CF), thin films fabricated on

SiO,/PEDOT:PSS substrate and undergone methanol vapor annealing at 27 °C for

various times.
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Figure S12. AFM height images of DPP-(CF), thin films fabricated on Si/Si0,/BCB

substrate, which undergone methanol vapor annealing at 27 °C for various times.

Figure S13. AFM height images of DPP-(CF), thin films SVA using CHCI; for

various times.
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Figure S14. Specular diffraction patterns of DPP-(CF), thin films prepared on the

Si/Si0,/BCB substrate: (a) SVA using methanol for various times and (b) diffraction

patterns of DPP-(CF),-B (SVA using CHCl; for 10 minutes) and DPP-(CF),-y

(annealed at 160°C for an hour) phases.
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Figure S15. (a) Integrated GIXD patterns of various polymorphs of DPP-(CF),

fabricated on the Si/SiO,/BCB substrate, (b) photograph of the corresponding thin

films.
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Figure S16. Ultraviolet photoelectron spectra of four different polymorphs of
(DPP-CF), films and substrate (SiO,/ITO). (a) and (b) correspond to the low and high

kinetic energy part, respectively. The black dotted line in the high kinetic energy part

indicates the Egomo onset.
Fabrication and Testing of Solar Cells

The planar heterojunction (PHJ) solar cells with the following device architecture
ITO/PEDOT:PSS/DPP-(CF),/C¢o/LiF/Al were fabricated. DPP-(CF), thin films were
first spin coated on the poly(3,4-ethylene dioxythiophene):poly(styrene sulfonate)
(PEDOT:PSS, Baytron P AI4083) coated indium tin oxide (ITO) striped (3x15 mm?)
Si0, (1.5%1.5 sz) substrate inside the N, filled glove box. Solar cells were
fabricated by sequentially depositing ~50 nm thick Ceo (acceptor), = 6A thick lithium
fluoride and 80 nm thick aluminum (cathode) on top of the DPP-(CF), thin films,
which underwent various postgrowth treatments, via thermal evaporation technique
under vacuum. The current density—voltage curve was measured using Keithley 2400
at RT in air (clean room). The photocurrent was measured under a calibrated solar
simulator (Abet 300 W) at 100 mW/cm” The mobility of charge carriers (hole
mobility) perpendicular to the substrate was measured using the space-charge-limited
current (SCLC) technique. To that end, hole only devices were fabricated using the
following device architecture ITO/PEDOT:PSS/DPP-(CF),/MoO3 (10 nm)/Al. The
device characteristics were extracted by modeling the dark current under forward bias

using the SCLC expression described by the Mott-Gurney law.°
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The photovoltaic performances of four various polymorphs are summarized in
Table S1. DPP-(CF),-B depicts the highest PCE of 0.39% in a PHJ architecture. But
the same molecule was reported to have the highest PCE of 5.37% in a bulk
heterojunction architecture due to presence of more heterointerface for the exciton
dissociation and collection of charge carriers as compared to the PHJ solar cells.®”’
Although the DPP-(CF),-» covers wide solar spectrum (Figure 7 and S17b), which is
one of the important characteristics of solar cells, as compared to the other three
phases, it results in poor PCE (0.05%). Such decrement in PCE of DPP-(CF),-» could
be attributed to the decrement in its Voc of the solar cell due to the upshifting of its
HOMO level (Table 3). On the contrary to the DPP-(CF),-» phase, the DPP-(CF),-a
results in better performance due to increase in Voc of the solar cell, although it has

less Jy. as compared to the DPP-(CF),-00.%”
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Figure S17. (a) and (b) are the current density-voltage characteristics and EQE curves

of various polymorphs of DPP-(CF),. Inset of “a” depicts the device structure.

Table S1. Summarizes the solar cell performances of various polymorphs of
DPP-(CF)s.

Polymorphic Vo Jse FF PCE Hole mobility
Phases V) (mA/cmz) (%) (%) perpendicular to the
substrate (x 107 cmZ/Vs)
DPP-(CF)-a  0.73 0.48 36 0.13 2.14+0.48
DPP-(CF),-p  0.53 1.68 43.9 0.39 3.47+£0.95
DPP-(CF),-y  0.61 -0.86 31.2 0.16 432+1.40
DPP-(CF)-00  0.18 1.07 27.5 0.05 4.44 +1.68
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Figure S18. Transfer characteristics of four different polymorphs of DPP-(CF);.

Table S2. Summary of the on/off ratio and threshold voltage of various polymorphs
of DPP-(CF), based TFT.

Polymorphs On/Off ratio Threshold voltage (V)
DPP-(CF),-a 5.19*10* 62.8
DPP-(CF),-B 1.53*10* 46
DPP-(CF),-y 1.6*10* 39.3
DPP-(CF),-0 4%10° 28.2
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