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Calculation of thermoelectric power

Eqn (2) is numerically integrated.*7-43
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The second form for v, is derived from the following relation.
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The Brillouin zone is divided by a mesh of N, X N, X N, and E(k) is calculated at the respective points.
E(k) is estimated from the tight-binding energy band considering only the highest occupied molecular
orbital (HOMO) or lowest unoccupied molecular orbital (LUMO).3:82 The interval of k contains Ak,
= m/aN,, where Ak, appears not only in the denominator coming from eqn (S2) but also in the
numerator from the integration in eqn (S1). Accordingly, N,N. appears as the number of the
summation, and N, comes from the segment of the v, calculation. In the actual calculation, the
coefficient of eqn (S1) is me3/12 = 1.2867 x 1014 C2 A J! s2 cm2, where (—dfy/dE) is proportional to
inverse temperature and represented in eV~ unit. Eqn (3) is estimated similarly.

For B-(BEDT-TTF),Ls, x-(BEDT-TTF),Cu(NCS),, and a-(BEDT-TTF),NH,Hg(SCN)s, transfer
integrals that are optimized so as to reproduce the observed thermoelectric power are used.*”*8 The
reported transfer integrals are used for other cases.

When the Fermi energy crosses more than two energy bands, Ky and K; are summed for these

bands.
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Here, Ky, represents K, for different energy bands i. Using eqn (5), this is a weighted average of S;

with respect to o;.



K, and K; of TTF donors
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Fig. S1 Calculated K and K integrals, and the Fermi surface of (a) (EDT-TTF),AuBr,, (b)
(DTEDT);Au(CN),, (¢) (BEDT-TTP),I;, and (d) (EP-TTP),Au(CN),.



Table S1 Relaxation time (1) and calculated K, and K, integrals.

Compound axis Tyt Tinax axis 2K/t (rt) K/t (1t)
x10715 (s) x105(C2J 1 s2em)  x105 (C?2s2cem™)
(TTF)(TCNQ) stack 7 70  stack 58 0.49
(TMTSF),PF, stack 1.6 600  stack 310 2.7
B-(BEDT-TTF),l; a 0.3 100 a/b 120/210 -1.2/-1.5
K-(BEDT-TTF),Cu(NCS), c 0.7 130 c/b 14/8 —0.73/0.62
a-(BEDT-TTF),KHg(SCN), c 0.1 1.8 cla 55/560 -0.2/2.1
a-(BEDT-TTF),NH4Hg(SCN)4 c 1.2 700 cla 19/210 -0.17/1.8
o~(BEDT-TTF),l; a 0.3 1.5 alb 56/47 -1.6/0.70
6-(BEDT-TTF),CsCo(SCN),4 c 3 7 cla 12/82 —0.12/-0.46
B-(BEDT-TTF),PFs c 06 072 cla 14/71 —-0.21/0.47
B“-(BEDT-TTF),Pd(CN),H,0O a 0.4 alc 210/400 —0.74/-2.2
(EDT-TTF),AuBr, stack 1.2 2.6  stack 130 -1.4
(DTEDT);Au(CN), c 32 48  cla 470/54 —4.4/0.054
(BEDT-TTP),l; c 2.2 75  cla 470/140 —-0.45/0.30
(EP-TTP),Au(CN), stack 7.2 100 alc 210/84 —1.6/-0.63
(TTM-TTP)(13)3/5 stack 1.8 3.0 stack 140 2.3
(BTBT),AsFs stack 12 43 stack 550 -2.7
Cu(DMDCNQI), stack 8 1600 stack 130 1.3




TTM-TTP and t-phase conductors
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Fig. S2 (a) Resistivity, 1, and thermoelectric power, and (b) So and PF of (TTMTTP)(I5)ss. (¢)
Resistivity, t, and thermoelectric power, and (d) So and PF of t-(EDO-DMEDT-TTF),AuBr, and t-
(EDT-DMEDT-TTF),AuBr;. (e) Resistivity, 1, and thermoelectric power, and (f) So and PF of t-

(EDO-DMEDT-TTF),Aul,, t-(EDT-DMEDT-TTF),Aul,, and 1-(P-DMEDT-TTF),Aul,.

EDO-

DMEDT-TTF: ethylenedioxy-S,S-dimethylethylenedithio-TTF EDT-DMEDT-TTF: ethylenedithio-
S,S-dimethylethylenedithio-TTF, and P- DMEDT-TTF: pyrazino-S,S-dimethylethylenedithio-TTF.



BTBT and DMDCNQI

(a) (BTBT),AsFe

(b) Cu(DMDCNQI), 1D
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(c) Cu(DMDCNQI), 3D (2 bands)
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Fig. S3 Calculated K and K integrals of (a) (BTBT),AsFg, (b) Cat(DMDCNQI), based on the one-
dimensional band, and (c) the three-dimensional two bands. (d) Calculated S along the ¢ and a axes

using the upper one, two, and four bands of Cu(DMDCNQI), with f.: 0.2, #,4: 0.054, and A: 0.3 eV.7°

(d) Cu(DMDCNQI), 3D

a 4 bands

_ 0 a2 bands —
e 20PN T R
3 40 4 bands—
“ 60 a 1 band 7
-80 1 band 2 bands T
00— L L .
0 100 200
T (K)

300

(f) Cu(DMDCNQI), 3D (2 bands)
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t.q dependence of S calculated for (e) upper four bands, and (f) two bands.

Due to the body centered symmetry, a unit of Cu(DMDCNQI), contains four DMDCNQI
molecules and two Cu atoms.”> Considering the LUMO of DMDCNQI and a single 3d orbital of Cu,
the energy bands consist of six bands (Fig. 7(e)). The resulting energy bands are identical to Ref. 77

using the same parameters, #.: 0.2, #,4: 0.054, and A: 0.3 eV.

300



Owing to the 3D character, the upper two bands afford large S, while S of the next two is small
(Table S2). When all four bands are included, the resulting S is small (Fig. 7(f)) because S of a
multiband is a weighted average of S with respect to K, following eqn (S3). Since the conductivity of
a 1D band is larger than that of a 3D band (K, in Table S2), S is small even when a 3D band with large
S participates in the conduction. Even increasing #,4, the overall S decreases (Fig. S3(e)) because S of
the 1D band decreases (Table S2). By contrast, S of the 3D band increases with increasing .4 (Fig.
S3(f)). At the same time, S along the a axis shifts to the positive direction (Fig. S3(d) and (f)).

Even in the 3D band, S decreases with lowering the temperature. The observed increasing
temperature dependence of S is not reproduced even including the Cu d orbital. The observed S is
reproducible when the contribution of the 1D band is lost between 200 and 100 K potentially due to
the 1D instability.

Table S2 §, K,, and K, of each band in Cu(DMDCNQI)s,.

S, (rt) (uV K K/t (rt) X103 (C2 J' s2 cm'!) K/t (rt) X101 (C? 52 cm')

twa (eV) 0.27 0.54 0.80 0.27 0.54 0.80 0.27 0.54 0.80
1 -141 -156 —185 21 14 8.7 0.85 0.66 0.47
2 -100 =71 =56 33 37 38 0.97 0.75 0.62
3 -20 -13 -9 66 73 78 0.39 0.28 0.21
4 -20 —13 -9 66 73 78 0.39 0.28 0.21
sum —47 —35 —28 186 198 202 2.6 1.97 1.51
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