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Figure S1. Temperature-dependent UV-vis for DPP-based and IID-based polymer solution in o-DCB. 
(0.1 mg/ml)

Figure S2. 1H NMR spectra of DPP-based and IID-based polymer solution in o-DCB-d4 (5 mg/ml).
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Figure S3. Kratky plots for (a) DPP-T-C2C6C8 and (b) IID-T2-C2C10C10.

For SANS curves measured below 130 °C, we used a combined model of flexible cylinder 

model (for single chains) and parallelepiped model:

in which ,  are the scaling factors corresponding to the volume fraction of the particles;  and 𝐴1 𝐴2 𝐾𝑐𝑦𝑙

 are the scattering contrast; A, B, C are the thickness, width, and length of the parallelepiped; 𝐾𝑝𝑎𝑝𝑎

 is the contour length, persistence length and radius of the flexible cylinder, respectively.𝐿𝑐,𝑙𝑝,𝑅

Persistence length calculation in MD

We performed the persistence length lp calculation by considering the center-of-mass of 

consecutive functional groups (i.e., DPP-core and thiophene ring for DPP based polymers, and 

isoindigo unit and thiophene ring for IID based polymers) along the backbone chain contour. vs was 

denoted as the tangent vector connecting two segments s and s+1, and the lp was determined from the 

tangent-tangent correlation function  with the average taken over all trajectories1,2:〈v0 ∙ v𝑠〉

where np is the persistence length measured in the number of monomers. lp is taken as lp = l0np, in 

which l0 is the average monomer repeat unit length.

 （1）𝐼(𝑞) = 𝐴1𝐾 2
𝑝𝑎𝑟𝑎𝑃𝑝𝑎𝑟𝑎(𝐴,𝐵,𝐶,𝑞) + 𝐴2𝐾 2

𝑐𝑦𝑙𝑃𝑐𝑦𝑙(𝐿𝑐,𝑙𝑝,𝑅, 𝑞) + 𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

 （2）〈𝑣0 ∙ 𝑣𝑠〉 = 𝑒
‒ 𝑠/𝑛𝑝
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Figure S4. The lp was determined from the tangent-tangent correlation function. 

Figure S5. DPP-thiophene dihedral angle distributions from AA-MD simulation.

Figure S6. (a) Schematic definition of the bending angle. Grey beads denote the center of mass of 

each functional group. (b) Averaged bending angle between DPP-thiophene rings. (b) Averaged 

bending angle between thiophene-thiophene rings. 
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Furthermore, we also studied the averaged bending angles along the backbone chain, as 

measured by the angle formed by three consecutive center-of-mass of functional groups, including 

 and  (as labeled in Figure 6c). An increased averaged bending angle  has 𝜃𝑇 ‒ 𝑇 ‒ 𝑇 𝜃𝑇 ‒ 𝐷 ‒ 𝑇 𝜃𝑇 ‒ 𝑇 ‒ 𝑇

been found with increasing side-chain length (Figure 6e), indicating that the growth of the side-

chain length favors less bending and leads to more planar conformations of the polymer backbone.

Figure S7. DFT calculated optical absorption based on the optimized ground-state electronic 

structure of DPP dimers.

Figure S8. DFT calculated UV-vis spectrum of DPP-T-C2C6C8 backbone with twisted  and 𝜙T - T

 dihedral angles.𝜙D - T
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Figure S9. Dihedral potential for a DPP-based trimer.

 and  dihedral angles potential energy surfaces were calculated (Figure S8). The 𝜙T - T 𝜙D - T

dihedral potential between DPP-thiophene units shows a sharper increase than the dihedral potential 

between thiophene-thiophene units when deviating coplanar conformations, which indicates the 

formation of oxygen-sulfur and oxygen-hydrogen interactions.3 Such nonbonding interactions are 

expected to reduce the conformational disorder and promote the planar conformation.4

Table S1. Values calculated for the dihedral angles (in degrees) of DPP-based dimers.

𝜙𝑇 ‒ 𝑇 𝜙𝐷 ‒ 𝑇

DPP-T-C2C6C8 171 162
DPP-T-C2C8C10 173 161

DPP-T-
C2C10C12

179 158

DPP-T-
C2C12C14

176 154
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Figure S10. IID-thiophene dihedral angle distributions from AA-MD simulation.

Figure S11. (a) Schematic definition of the bending angles. Grey beads denote the center of mass of 

each functional group. (b) Averaged bending angle between IID-thiophene rings for IID-based 

polymers. (c) Averaged bending angle between thiophene-thiophene rings for IID-based polymers.
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Figure S12. DFT calculated optical absorption based on the optimized ground-state electronic 

structure of IID trimers.

Figure S13. DFT calculated UV-vis spectrum of IID-T2-C2C10C10 backbone with twisted T-T 

dihedral angles.

Figure S14. Dihedral potential for a IID-based trimer. 

Dihedral potential between IID-thiophene units has global minimum at 0° and a local minimum 

at 170°. Dihedral potential between thiophene-thiophene units shows a global minimum at the trans 

state (180°) and a local minimum at the cis state (0°). , , and  dihedral angle potential 𝜙T - T 𝜙I - T 𝜙I - I

energy surfaces were also calculated (Figure S12). Our calculations show that intra-acceptor 

dihedral potential ( ) has a global minimum of around 165°. Thanks to the double-bond 𝜙I - I

connection, as well the interactions between O atom in the electron-deficient lactam core and a 

proximal H atom, the rotational energy barrier inside the isoindigo unit is high. Such a high 
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rotational energy barrier is expected to reduce the conformational disorder and promote the planar 

conformation.

Table S2. Values calculated for the dihedral angles (in degrees).

𝜙𝑇 ‒ 𝑇 𝜙𝐼 ‒ 𝑇 𝜙𝐼 ‒ 𝐼

IID-T2-C2C10C10 171 165 164
IID-T2-C3C10C10 163 163 160
IID-T2-C4C10C10 170 169 161
IID-T2-C5C10C10 164 166 163
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