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Figure S1. The new type of bilayer structure, where two layers of donor molecules
stack with a head-to-head mode between triiodide anions via C-N---H interaction
along c-axis in (a) B"-phase CT salt and along a-axis in (b) k-phase CT salt,
respectively.

Figure S2. The denser inter-stack interaction networks consisting of S--:S and C-N-:-H non-covalent
interactions in B"-phase CT salt. The unit of the values in the figure is angstrom A.
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Figure S3. The valance band and conduction band of B"-phase CT salt calculated by
HSEQ6 functional compared with that calculated by PBD-D3 functional. The zero of
energy is given at the Fermi energy. The p-type degenerate characteristic is confirmed
by the HSEO6 functional and the valance band profile are coincident with that of PBE-
D3, especially the profile of the valance band that dominates the hole TE transport
properties. Besides, the valance and conduction bands have similar width with those
of PBE-D3. The band gap at HSEO6 level is 0.663 eV, which is larger than the band gap
calculated by PBE-D3 (0.164 eV).

E-Eformi (eV)
E-Efermi (eV)

gt —
TG X|Y GZz|R G TIU G %
(a)

Figure S4. Elements-resolved band structures of (a) B"-phase and (b) k-phase CT salts. The bands
projected onto C, S, N, and | element are highlighted in orange, blue, purple, and red respectively.

The line width reflects the weight of each element to the band. The zero of energy is given at the
Fermi energy.
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Figure S5. The band structures and total DOS (TDOS) of the donor layers for (a) (c) B"-phase and (b)
(d) k-phase CT salts. The zero of energy is given at the Fermi energy. The high-symmetry k-points in
the first Brillouin zone can be found at Figure 2. The TDOS of the B"- and k-phase CT salts, i.e., the
crystal structures consisting of the donor and triiodide anions layers, are also shown represented by

gray curve in (c) and (d) to compare with the TDOS of the donor layers (blue curve), i,e, the crystal
structures that remove the triiodide anion layers.
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Figure S6. The parabola relations between the total energy Eq:a Of the crystal and the deformation

degree of the lattice I/ly for (a) pristine 5-CNB-EDT-TTF, (b) B"-phase and (c) k-phase (5-CNB-EDT-
TTF),4l5 CT salts.
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Figure S7. The linear relations between the band energy (or Fermi level) and the deformation
degree of the lattice I/lo. The energies are VBM Eygy, for (a) pristine 5-CNB-EDT-TTF and the Fermi
level Esermi for (b) B"-phase and (c) k-phase (5-CNB-EDT-TTF)4l5 CT salts with respect to the core

level Ecore, respectively.
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Figure S8. Temperature dependence of the Seebeck coefficient S for B"-phase (5-
CNB-EDT-TTF)4l;3 CT salt in the range of 50 K to 500 K calculated with PBE-D3
functional. Due to the significant counteraction of negative contribution of Scg, the
nonmonotonic behavior is found along b- and c-axes.

Table S1. Calculated electrical conductivity o, Seebeck coefficient S, and power factor PF
of B"-phase (5-CNB-EDT-TTF),l5 CT salts along a-, b-, and c-axes at intrinsic region at RT,
using the PBE-D3 band gap 0.164 eV and HSEQO6 band gap 0.663 eV, respectively.

B"-phase axis o (103Qcm) S (LV/K) PF (LWcm™1K2)
a 7.688 98.3 74.29
Band gap = 0.663 eV b 0.995 50.8 2.568
0.040 60.2 0.241

The electrical conductivity, Seebeck coefficient, and power factor of B"-phase CT salt
using bandgap obtained by HSEO6 functional are calculated as shown in Table S1.
Almost identical values computed by HSEO6 functional at the room temperature (RT)

can be found compared with those computed by PBE-D3 functional.
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Figure S9. The temperature dependence of electrical conductivity, Seebeck
coefficient, and power factor for B"-phase (5-CNB-EDT-TTF)4l3 CT salt calculated with
bandgap obtained by HSE06 functional. The profiles obtained by bandgaps of HSE06
functional exhibit the similar trends as the temperature varies compared with those
of PDE-D3 functional, which verifies the reliability of PBE-D3 functional in evaluating
TE transport properties of CT salts.



