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1. Measurements of Electrochemical Cyclic Voltammetry:

The electrochemical cyclic voltammetry (CV) was conducted with Pt disk, Pt
plate, and Ag/AgCl electrode as working electrode, counter electrode, and reference
electrode, respectively, in a 0.1 mol/L tetrabutylammonium hexafluorophosphate
(BuyNPFy) acetonitrile solution. The polymer films were coated on a glassy carbon
electrode from a DCB solution of polymer (~4 mg/mL). The potential of Ag/AgCl
electrode is located at 4.4 eV. The energy levels of the highest occupied (HOMO) and
lowest unoccupied molecular orbital (LUMO) were then calculated according to the
equations:

Erumo = -e(Erea +4.4) (€V)

Enomo = -e(Eox +4.4) (eV),
where E,.; is the onset reduction potential vs Ag/AgCl, and E,, is the onset oxidation
potential vs Ag/AgCl.
2. Measurements of the charge mobility by the space-charge limited
current (SCLC) method:

The hole mobility were carried out using the space charge limited current method
(SCLC), employing a device architecture of ITO/PEDOT:PSS(30nm)/ PBDT-
TT:polymer (~100 nm for PNDIBTH and ~120 nm for PNDIBTOCS) /Au(600nm)
and ITO/TIPD (30nm)/PBDT-TT:polymer(~100 nm for PNDIBTH and ~120 nm for
PNDIBTOCS8)/Au(600nm) for the hole and electron mobility, respectively. The active
layers were spin-coated under the conditions that afford the best photovoltaic results.
The following equation was applied to estimate the hole and electron mobilities:

J =9/8¢eequy,V/L3exp[0.89(V/E,L)" ] (1)
where ¢ is the average dielectric constant of the blended film (here, ¢ is taken as 3.0
typically for polymers), the permittivity of the vacuum, u, the zero-field mobility, £y
the characteristic field, J the current density, L the thickness of the films, and V' =V,
- Vvi; Vappi the applied potential, and V4, the built-in potential which results from the
difference in the work function of the anode and the cathode (in this device structure,
Vi = 0.2 V). The results are plotted as In(JL3/V?) vs (V/L)*3. The charge mobility of

the blending films was deduced from the intercept value of In(9¢eguy/8).

3. GPC results of PNDIBTH and PNDIBTOCS



MW Averages

Mp: 33669 Mn: 24094 Mv: 42044 Mw: 46532
Mz: 94334 Mz+1: 188533 PD: 1.9313
Distribution Plots
100
1.15—] |ag
11 a0
1,05 -
1 s
0.95 80
0.9 |75
0.85— 70
0.8 |65
0.75
i |60
= 085 | 55
g s 30
3 055 a5
0.5 40
0.45] 35
0.4 iR
0.35 }Jj |30
0.3 |25
0.25- / B
0.2 74 15
: / |z
Obl_i: ,—/ / 10
0.05 —~ _’4_,./ s
0 i i R T T T TTTT T i
1000 10000 100000 1e6
AT
MW Averages
Mp: 105992 Mn: 66669 Mw: 131477 Mw: 147527
Mz: 310121 Mz+1: 554140 PD: 2.2128
Distribution Plots
100
1.05— 35
e
1 // | a0
0.05— i
0.9 P | 2n
0.85— v/ e
0.8 f \ e
7F ] —fc
ao_ / g -5
0.85 ’/ / X a0
= 06 / ‘nl |55
2 055 ( i |50
E 054 | as
® pas / ./ \ | a0
04— J \ :
i —35
0.25 / ___-" \ | a0
0.3 / _
0.25— f 4 ‘\ o
0.2 f ; 20
015 / l,-’ 15
0.1 o o 10
0.05— » /‘__/ = -5
2 I T T TTTTT I I TTTTTT I I T TTTTTI I T TTTTI o
1000 10000 100000 128 1e7
MW

Fig. S1 GPC results of polymer PNDIBTH (upper) and PNDIBTOCS (below).

4. Thermogravimetric properties of PNDIBTH and PNDIBTOCS
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Fig. S2 TGA plots of PNDIBTH and PNDIBTOCS with a heating rate of 10 °C/min
under N, atmosphere.



5. DFT Calculation

NDIBTH- LUMO‘;‘, 7

Fig. S3 DFT-calculated (B3LYP/6-31G(d)) molecular geometries and molecular
orbitals of the trimmers of NDIBTH and NDIBTOCS.

Table S1. The electrochemical data of PNDIBTH and PNDIBTOCS calculated from
DFT calculation and cyclic viltammograms.

Molecules Methods LUMO (eV) HOMO (eV) E; (eV)
Calculation -3.51 -5.36 1.85
PNDIBTH
Cv -3.93 -5.94 2.01
Calculation -3.37 -5.28 1.91
PNDIBTOCS

Cv -3.72 -5.82 2.10




6. Mobility measurement.
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Fig. S4. Plots of In(JL3/V?) vs (V/L)> of blend films based on PNDIBTH and
PNDIBTOC8 processed with 1% DIO. Hole mobility and electron mobility
characteristics extracted from the hole-only SCLC curves and electron-only SCLC
devices in optimal conditions.

7. Out-of-plane data of grazing incidence X-ray scattering pattern.
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Fig. S5. Out-of-plane grazing incidence X-ray scattering pattern of both polymer
films in pure films (a) and blend films (b). Pure films were spin-coated on
PEDOT:PSS/Si substrates.



