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Abstract

Single crystals of 4,5-ethylenedioxy-4’-iodotetrathiafulvalene (EDO-TTF-1) with iodine bonding ability
were obtained by recrystallization from acetonitrile and crystallized in the orthorhombic system with
the space group Pbca. Bent EDO-TTF-I molecules formed the dimer structure, and a short I---O contact
was observed between dimers. Electrocrystallization of EDO-TTF-I in absolute ethanol containing
tetrabutylammonium hexafluorophosphate, (TBA)PFs, afforded single crystals of (EDO-TTF-I).PFe.
An X-ray structural analysis revealed that EDO-TTF-I molecules form dimerized stacking columns in a
head-to-tail manner, which is referred to as a f'-type arrangement. lodine bonds between EDO-TTF-I
and PFg anions and short I---S contacts between EDO-TTF-1 molecules were observed. Tight-binding
band calculations indicated that the strong molecular dimerization splits the energy band into upper and
lower bands with a small energy gap, where the upper band is effectively half-filled. It was found that
(EDO-TTF-I),PFs is semiconducting (orr = 5.3 S cm™ and E, = 0.17 eV) and exhibits magnetic
properties reminiscent of a low-dimensional localized spin system. The magnetic data were analyzed by
the Bonner—Fisher model incorporating interchain interactions: |J|//ks = 67.1 K and zJ'/kg = —61.1 K. No
splitting of the C=C stretching modes was observed in the range of 5-300 K by Raman spectroscopy,
indicating a homogeneous charge distribution of EDO-TTF-1°%*. Therefore, (EDO-TTF-1),PFs is

considered as a dimerized Mott insulator.

Introduction

The concept of crystal engineering is attractive for controlling molecular arrangements. Supramolecular
noncovalent interactions such as hydrogen and halogen bonds have been effectively utilized in order to
develop molecular conductors since the bulk physical properties are dominated by the crystal structure.
A halogen bond is formed in the manner of C—Hal---B (Hal = F, CI, Br, or I; B = Lewis base) when a
Lewis base comes close to a halogen. This originates from the anisotropy of the electron density around
the atomic nucleus of a halogen, around which electron-rich and -poor regions exist in the directions

across and along bonding axis, respectively. As a result, the electron-poor region (a so-called o-hole) of
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a halogen electrostatically interacts with the electron-rich region of a Lewis base. Therefore, the halogen
bond is highly directional, and iodine, which is the most polarizable, forms the most directional and
strongest halogen bond.? In addition to these characteristics, the electronegativity of iodine is smaller
than that of carbon, unlike the other halogens according to the Allred—Rochow scale: | (2.21) < C (2.50)
< Br (2.74) < Cl (2.83) < F (4.10). The low electronegativity does not cause a noticeable decrease in
the electron donation properties, even if iodine is introduced into some donor molecule. On the basis of
such characteristics, iodine-containing molecular conductors have been developed to construct unique
structures and physical properties.*>®

Previously, we reported that 4,5-ethylenedioxytetrathiafulvalene (EDO-TTF) affords a radical
cation salt that undergoes a thermal metal—insulator transition accompanied with distinct molecular
deformation, which is driven cooperatively by the Peierls, charge-ordering, and anion-ordering
mechanisms.’*“ Furthermore, an ultrafast and highly efficient photoinduced phase transition in this salt
was discovered,” and a detailed picture of the dynamic process in a nonequilibrium state,” which is
different from the thermal equilibrium state, is being clarified by time-resolved spectroscopies’®“*" and
electron diffraction.”"" In order to develop another functional system based on an EDO-TTF derivative,
we focused on 4,5-ethylenedioxy-4’-iodotetrathiafulvalene (EDO-TTF-1) with the iodine bonding
ability mentioned above. EDO-TTF-I is a known donor molecule, as is the diiodonated derivative EDO-
TTF-I2. Although various complexes with EDO-TTF-I, have been investigated, %% those with EDO-
TTF-1 have not been well-studied. Only semiconducting (EDO-TTF-I)2(TCNQ) has been reported to
the best of our knowledge, where TCNQ stands for 7,7,8,8-tetracyanoquinodimethane.®®® Here, we

report the crystal structure and physical properties of a radical cation salt based on EDO-TTF-I.

Results and discussion
Crystal and band structures
EDO-TTF-I was prepared through the iodination of EDO-TTF according to a slightly modified method

in the literature.® EDO-TTF was lithiated with a slight excess of lithium diisopropylamide (LDA) in

3/20



tetrahydrofuran (THF), followed by reaction with perfluorohexyl iodide to afford EDO-TTF-I. Single
crystals of EDO-TTF-I suitable for X-ray structural analysis were obtained by recrystallization from
acetonitrile. EDO-TTF-I crystallizes in the orthorhombic system with the space group Pbca (Table 1).
One EDO-TTF-I molecule is crystallographically unique, and bent EDO-TTF-I molecules form a dimer
structure (Figs. 1a and S1). Regarding the short atomic contact of an iodine atom, short 115---012
contacts of 3.324(2) A [3.429(4) A] with a C8-115---012 angle of 160.36(8)° [160.1(1)°] and a
115---012—-C9 angle of 115.0(1)° [112.1(3)°] were observed at 100 K [300 K] between the dimers (Fig.
1b).

The galvanostatic electrocrystallization of EDO-TTF-I in absolute ethanol containing
tetrabutylammonium hexafluorophosphate, (TBA)PFs, afforded black crystals of (EDO-TTF-I),PFe.
(EDO-TTF-I),PFs crystallizes in the triclinic system with the space group P1 (Table 1). The PFs anion
is located at the center of inversion, and one EDO-TTF-I molecule and one half of a PFs anion are
crystallographically unique (Fig. S2). The arrangement of EDO-TTF-1 molecules and the notation of the
intermolecular overlap integrals between the highest occupied molecular orbitals (HOMOSs) are shown
in Fig. 2. EDO-TTF-I molecules form a dimerized stacking column along the b axis in a head-to-tail
manner (Figs. 3a and S3). In the face-to-face stack, ring-over-bond (s1) and ring-over-atom (s2)
overlapping modes alternate (Figs. 3a and S4); this molecular arrangement is known as ' type in BEDT-
TTF conductors.” Focusing on the iodine-mediated intermolecular interaction, short 115---F19 contacts
of 3.102(2) A [3.202(5) A] with a C8-115---F19 angle of 172.25(9) [172.0(1)°] and a 115---F19-P16
angle of 114.56° [114.9°] were observed, and 115---S6 contacts of 3.6617(8) A [3.712(1) A] with a
C8-115---S6 angle of 91.52(8) [91.9(1)°], a 115---S6—C2 angle of 165.2(1) [164.1(1)°], and a
115---S6—C10 angle of 85.3(1) [85.6(2)°] were observed at 100 K [300 K] (Fig. 3b). A similar manner
of short atomic contacts has been reported for (EDT-TTF-I)Ag(CN); and (EDT-TTF-I),Br.”° Therefore,
the monoiodinated tetrathiafulvalene skeleton seems to induce the C—I--anion and C—I---S interactions
and the dimerized stack with a ring-over-bond stacked dimer as a structural unit, although it is absolutely

necessary to intensively research the crystal structures of monoiodinated tetrathiafulvalene radical cation
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salts.
From the intradimer and interdimer overlap integrals s1 and s2 (s1 > s2), the degree of molecular

dimerization along the stacking direction (As/(s)) is defined as™*

As/{(s) = 2(s1 —s2)/(s1 + s2) Q

The degree of molecular dimerization in (EDO-TTF-1),PF¢ is summarized in Table S1. Judging from
the values of As/(s) without the sulfur 3d orbitals, the molecular dimerization is comparable to those in
(TMTTF),PFs and (TMTTF),AsFs, which are in the dimerized Mott state.* In the case of (TMTTF),PFe
and (TMTTF),AsFs, the degree of molecular dimerization decreases as the temperature decreases,
whereas that in (EDO-TTF-1),PFg increases. The energy band structure and Fermi surface are shown in
Figs. 4 and S5. The strong molecular dimerization splits the energy band into upper and lower bands,
although the energy gap (Eg) is very small (Table S1). Considering only the upper band, an effective
half-filled band is realized. The Fermi surface calculated without the sulfur 3d orbitals is slightly open
along the ka direction, indicating a quasi-one-dimensional nature. However, the direction of opening in
the Fermi surface is quite different from that calculated with the sulfur 3d orbitals (Fig. S5). The

anisotropic nature will be examined in the future.

Electrical and magnetic properties
The electrical resistivity of (EDO-TTF-1),PFs was measured along the b axis corresponding to the
stacking direction. The temperature dependence of the electrical resistivity is shown in Fig. S6. (EDO-
TTF-1),PFs exhibits semiconducting behavior with an electrical conductivity of 5.3 S cm™ at room
temperature with an activation energy E, = 0.17 eV.

The temperature dependence of the magnetic susceptibility () of (EDO-TTF-I),PFs is shown in
Figs. 5 and S7. The value of y is 7.1x10 % emu mol ™ at 300 K, increases as the temperature decreases,

and decreases through the maximum at 85 K. The magnetic behavior is reminiscent of some type of
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low-dimensional localized spin system. Below 13 K, the value of y increases again, probably owing to
a paramagnetic impurity. Assuming that the paramagnetic impurity obeys Curie’s law, the amount of
paramagnetic impurity was estimated as 0.76%. The magnetic data were analyzed by the Bonner—Fisher
model (Eg. 2),"* which describes an antiferromagnetic uniform chain with S = 1/2 spins, and by a

modified model incorporating interchain interactions (Eq. 3):*

0.25 + 0.14995X + 0.30049X?

= 2

Xsr = [ 1+ 1.9862X + 0.68854X2 + 6.0626X3 @)
___XBF

X = f ZZ]’XBF ®3)

Nag?up

where X = |J|/ksT, J’ is the interchain interaction term, and z is the number of nearest neighbors. The
best-fit parameters are |J|/kg = 70.5 K and f = 0.742 by Eq. 2 (Fig. S7) and |J|/ks = 67.1 K, zJ'/kg =—61.1
K, and f =0.799 by Eq. 3 (Fig. 5), where the value of g was fixed as 2 during the fitting process. Eq. 3

implies that both intrachain and interchain magnetic interactions (J and J') are antiferromagnetic.

Normal-mode analysis and vibrational spectroscopy

At the B3LYP/Aug-cc-pVTZ(-PP) level of theory, a full geometry optimization and normal-mode
analysis for neutral EDO-TTF-I° and monocationic EDO-TTF-1"* were conducted, and the calculated
C=C stretching modes (vs, v7, and ve modes) are illustrated in Fig. 6. In EDO-TTF-I° the vs mode is
considered to be the C=C stretching of a 1,3-dithiole ring with an ethylenedioxy group, while the v; and
vg modes are the out-of-phase and in-phase C=C stretching of a 1,3-dithiole ring and bridge, respectively.
According to Fig. 6, the manner of mode mixing slightly changes upon one-electron oxidation, and the
C=C stretching modes of the 1,3-dithiole rings with and without the ethylenedioxy group are mixed in

the v mode. Moreover, the frequency shifts upon oxidation are not the same among the vg, v7, and vg
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modes. However, the outstanding frequency shifts upon oxidation can be utilized to estimate the
molecular charge as well as the other molecular conductors.*

The infrared and Raman spectra of EDO-TTF-I along with the theoretical spectra are shown in Fig.
S8. The present theoretical calculation reproduces the observed spectra well when a frequency scaling
factor of 0.969 is applied. The assignments of the experimentally observed bands are summarized in
Table S2. In both the infrared and Raman spectra of EDO-TTF-I, the CH; scissoring and wagging modes
are observed in addition to the C=C stretching modes of vs, v7, and vg in the spectral region. However,
these modes are observed at much weaker intensities than the C=C stretching modes. Therefore, we can
confidently distinguish the C=C stretching modes from the other modes.

The temperature-variable Raman spectra of (EDO-TTF-1),PFs are shown in Fig. 7. Three intense
bands are observed at 1587, 1507, and 1465 cm* at 300 K. Compared with the theoretical spectra of
EDO-TTF-1° and EDO-TTF-1", these bands are assignable to the vs, v7, and vs modes, respectively. No
spectral splitting of the ve, v7, and vg modes indicates that all EDO-TTF-I molecules have a homogeneous
charge of +0.5 based on the chemical composition, or the molecular charge difference is so small that
Raman spectroscopy cannot detect it. Therefore, we rule out charge disproportionation in (EDO-TTF-
1).PFe. This is also consistent with the result that one EDO-TTF-I molecule is crystallographically
unique. As the temperature decreases, the vs, v7, and ve modes exhibit slight shifts that are less than 5
cm ! to 1589, 1512, and 1470 cm™?, respectively, at 5 K, accompanied by spectral narrowing. These
results suggest that the molecular charge remains unchanged down to 5 K without charge
disproportionation. The strong molecular dimerization is regarded to be the origin of the suppression of
charge disproportionation by analogy with the abovementioned results for (TMTTF),PFs and
(TMTTF).AsFs." Taking into account the results of the calculated band structure, electrical conductivity,
magnetic properties, and Raman spectroscopy, (EDO-TTF-1),PF¢ is considered to be a dimerized Mott

insulator.

Conclusions
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An X-ray structural analysis and tight-binding band calculations revealed a strongly dimerized columnar
structure with a S'-type molecular arrangement in (EDO-TTF-1),PFs, where the iodine atom showed
effective short I---F and I---S contacts between an EDO-TTF-I molecule and a PF¢ anion and between
EDO-TTF-I molecules. The band consisting of the HOMOs split into two bands owing to this strong
molecular dimerization, and the upper band is effectively half-filled. The salt showed semiconducting
behavior and magnetic properties characteristic of a low-dimensional localized spin system, which was
analyzed by the modified Bonner—Fisher model with interchain interaction. Along with the results
obtained by temperature-variable Raman spectroscopy, (EDO-TTF-I1),PFs is considered to be a

dimerized Mott insulator in the range of 5-300 K.

Experimental and computational

General

Dry THF was obtained from Kanto Chemical. Perfluorohexyl iodide and 2.0-M LDA in
THF/heptane/ethylbenzene were purchased from Aldrich. EDO-TTF was prepared according to the
literature.® For electrocrystallization, ethanol was distilled from Mg/l in an argon atmosphere, and
(TBA)PF¢ was purified by recrystallization from ethanol. *H and **C NMR spectra were measured using
a JEOL JNM-ECA600 spectrometer. The chemical shift was recorded relative to an internal TMS
standard. X-ray diffraction images were acquired by the use of a Bruker SMART Apexll CCD
diffractometer with graphite monochromated Mo Ka radiation at 300 and 100 K. Data reduction was
performed by the Bruker SAINT program, and the multiscan absorption correlation was applied. The
space group was determined by the Xprep program. The structural solution was obtained utilizing the
Yadokari-XG interface.'® The structures were solved by SIR-2014"" and refined by SHELXL-2014."
Hydrogen atoms were introduced at the calculated positions (riding model). The electrical resistivities
of (EDO-TTF-I),PFs single crystals were measured by the four-probe method. The gold wires were
bonded to the sample surface by using carbon paste (DOTITE XC-12). The magnetic susceptibilities of

the polycrystalline samples were measured in a 5000-Oe field by a Quantum Design MPMS-XL system.
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The raw data were corrected for both the magnetization of the sample holder alone and the diamagnetic
contribution of sample itself. The diamagnetic contribution was estimated by using Pascal’s constants:
xdia = —378.74x10°° emu mol ™. Infrared spectra of KBr pellets were acquired with a Perkin-Elmer
Spectrum 400 spectrophotometer. Raman spectra were measured using a Renishaw Raman microscope
system in the 180° backreflecting geometry. The sample was irradiated by a 633-nm laser. The intensity

of the excitation light was reduced below 100 uW to avoid sample heating and radiation damage.

Synthesis of 4,5-ethylenedioxy-4’-iodotetrathiafulvalene (EDO-TTF-I)

To a solution of EDO-TTF (1.00 g, 3.81 mmol) in dry THF (100 mL), 2.0-M LDA in
THF/heptane/ethylbenzene (2 mL, 4.0 mmol) was added for 4 min in an argon atmosphere at —78 °C.
After stirring at =78 °C for 1 h, perfluorohexyl iodide (3.0 mL, 13 mmol) was added for 17 min. The
resulting mixture was stirred at =78 °C for 1.5 h and then allowed to room temperature. Saturated
NH4Claq (150 mL) was added to the resulting mixture, which was extracted with CS, and washed with
saturated NaClag. The organic layer was dried over MgSOs, and the solvent was evaporated. The residue
was chromatographed on silica gel with CS, as eluent, where purification by chromatography was
performed twice, to afford a brown oil. Acetonitrile was added to the oil and cooled. A black powdery
solid was removed by filtration, and the filtrate was evaporated to afford EDO-TTF-I as a red solid (1.07
0, 72%). EDO-TTF-I was further purified by recrystallization from acetonitrile and used for the
following experiments. mp 81-82 °C (decomp.) (lit.,* 7879 °C (decomp.)); *H NMR (600 MHz,
CDCls) & 4.37 (4H, s), 6.46 (1H, s); **C NMR (150 MHz, CDCls) & 63.7, 66.2, 100.7, 116.8, 123.1,
123.2, 124.0 (Only seven signals were observed, probably owing to the overlap of two signals assigned
to C—I and CH; at 66.2 ppm. This is supported by the fact that the signal at 66.2 ppm is stronger than
that at 63.7 ppm and by the literature,® which indicates that diiodonated EDO-TTF-I, shows two signals
assigned to CH; and C—1 at 66.1 and 77.2 ppm.); Calc. for CgHs10,S4: C, 24.75; H, 1.30; 1, 32.68; O,

8.24; S, 33.03. Found: C, 24.81; H, 1.29; |, 32.49; O, 8.28; S, 33.15%.
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Electrocrystallization of (EDO-TTF-1)2PFs

(EDO-TTF-1),PFs was prepared by the electrocrystallization of EDO-TTF-I in an H-shaped
electrochemical cell with a glass frit separating the anode and cathode arms. Typically, EDO-TTF-I (ca.
16 mg) was placed in the anode arm of the cell and (TBA)PFs (ca. 32 mg) in each arm, which was then
filled with absolute ethanol (18 mL). The mixture was stirred to give a homogeneous solution. Using Pt
electrodes (2 and 1 mm in diameter for the anode and cathode, respectively), galvanostatic electrolysis
(0.5 pA) for less than two weeks at room temperature afforded black platelets on the anode electrode.

The most developed crystal face was the (001) surface elongated along the b axis.

Computational

The HOMO of the EDO-TTF-I molecule and the intermolecular overlap integrals between HOMOs
were estimated on the basis of the extended Huckel method. The transfer integral (t) was assumed to be
proportional to the overlap integral (s) between HOMOs and estimated as t = Es (E = —10 eV). Using
these transfer integrals, the band structure was calculated within the tight-binding approximation. The
parameters of the atomic orbitals were taken from the literature.®*° The calculations were carried out
without and with the sulfur 3d orbitals in order to investigate the parameter dependence. The program
developed by Mori et al.”® was used.

Density functional theory calculations based on the B3LYP functional®* were performed using the
Aug-cc-pVTZ (C, H, O, and S atoms)* and Aug-cc-pVTZ-PP (I atom)® basis sets. For the full geometry
optimizations and frequency calculations for EDO-TTF-1° and EDO-TTF-I"*, both “Opt = Tight” and
“Int = UltraFine” were specified. All density functional theory calculations were performed using the

Gaussian 09 program package.”
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Fig. 1 Short atomic contacts at (a) z=0.5 and (b) x =0 in EDO-TTF-I at 100 K.
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Fig. 2 Molecular arrangement in (EDO-TTF-I):PFs at 300 K and the notation for the intermolecular
overlap integrals between HOMOs.
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Fig. 3 (a) Dimerized stacking column in a head-to-tail manner and (b) short atomic contacts in (EDO-

[ c2

TTF-1),PFs at 300 K along with the atomic numbering. The ring-over-bond and ring-over-atom
overlapping modes correspond to the s1 and s2 interactions, respectively (s1 > s2).
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Fig. 4 Energy band structure and Fermi surface at 300 K. The contribution of the sulfur 3d orbitals is
not included in the calculation.
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Fig. 5 Temperature dependence of the magnetic susceptibility () of (EDO-TTF-1),PFs. The solid curve
represents the best fit to the Bonner—Fisher model with interchain magnetic interactions (See text).
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Fig. 6 C=C stretching modes of (a) EDO-TTF-1° and (b) EDO-TTF-I"* at the B3LYP/Aug-cc-pVTZ(-
PP) level of theory. The calculated frequencies (cm™?) are shown below the corresponding vibrational
modes, where the scaling factor is 0.969.
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Fig. 7 Temperature dependence of the Raman spectra in (EDO-TTF-1),PFs: calculated Raman spectra
for (a) EDO-TTF-1° and (c) EDO-TTF-1"* at the B3LYP/aug-ccpVTZ(-PP) level of theory. The numbers
correspond to j for the v; mode, and the frequency scaling factor is 0.969.
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Table 1 Crystallographic data of EDO-TTF-1 and (EDO-TTF-1),PFe.

EDO-TTF-I (EDO-TTF-1),PFs
Empirical formula CsHs10,S4 Ci6H10Fsl204PSs
Formula weight 388.26 921.49
Crystal color deep orange black
Crystal dimensions 0.24x0.20x0.04 0.12x0.11x0.03
Temperature (K) 100 300 100 300
Crystal system Orthorhombic Orthorhombic Triclinic Triclinic
Space group Pbca (#61) Pbca (#61) P1 (#2) P1 (#2)
Lattice parameter
a(A) 8.1944(5) 8.3903(6) 6.4961(6) 6.5423(9)
b (A) 14.4974(8) 14.7805(11) 7.4115(7) 7.5209(11)
c(A) 19.7587(11) 19.6241(15) 14.3958(13) 14.593(2)
a (°) 90 90 92.1840(10) 91.270(2)
£(°) 90 90 76.2630(10) 76.695(2)
y (° 90 90 110.4120(10) 110.167(2)
V (A% 2347.3(2) 2433.6(3) 630.24(10) 654.65(16)
Z value 8 8 1 1
Deatc (g cm ) 2.197 2.119 2.428 2.337
Fooo 1488 1488 441 441
u(Mo Ka) (mm?) 3.414 3.293 3.293 3.170
Radiation (A) 0.71073 0.71073 0.71073 0.71073
20max (°) 58.706 58.468 58.22 54.04
No. independent reflections 13608 14141 2999 3116
No. reflections observed 3036 3161 3925 4072
No. parameters 127 136 169 169
Rint 0.0344 0.0496 0.0131 0.0161
R (I > 2.00) 0.0246 0.0419 0.0239 0.0341
RwP (all data) 0.0542 0.1043 0.0570 0.0724
Goodness-of-fit indicator, S¢ 1.038 0.991 1.019 1.014
Max. shift/error in final cycle 0.000 0.000 0.000 0.000
in'\]f'ii’;'l Zrl‘gfr:‘r:gp"gagss) 0.83, -0.68 1.10,-0.71 1.02,-0.48 0.70, —0.54
CCDC 1590291 1590292 1590293 1590294

AR = Y|IFo| — [Fell/SIFo|- °RwW = [XW(|Fo| — [Fe)?/SW|Fo| 12 ¢S = [SW(|Fo| — [Fe])(No — Np)]*? , No: number of reflections observed, Np: number of
parameters.
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(@)
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Fig. S1 (a) Crystal and (b) dimer structures of EDO-TTF-I at 100 K.



Fig. S3 Molecular packing viewed along molecular short axis in (EDI-TTF-I)2PFs at 300 K. The boxes in black
and red indicate the ring-over-bond and ring-over-atom stacking manners, respectively.

(@) (b)

Fig. S4 Stacking manners viewed along stacking axis in (EDI-TTF-I)2PFs at 300 K. (a) Ring-over-bond and (b)
ring-over-atom manners.



Table S1 Overlap integrals (10 %) calculated without and with sulfur 3d orbitals, degree of molecular dimerization
(As/(s)) and energy gaps between upper and lower bands

Without sulfur 3d orbitals With sulfur 3d orbitals

300 K 100 K 300 K 100 K
sl 11.9 13.2 22.9 25.8
s2 79 75 7.6 6.0
al 1.0 1.4 4.0 5.2
pl 5.8 6.9 14.1 15.7
p2 2.0 2.1 6.9 7.4
As/(s)? 0.40 0.55 1.00 1.24
Eg/eV 0.002 0.019 0.013 -

& As/(s)= 2(s1 —s2)/(s1 + s2).
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Fig. S5 Energy band structures and Fermi surfaces calculated (a, b) without and (c, d) with sulfur 3d orbitals.
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Fig. S6 Sample dependence on electrical resistivity measured along b axis in (EDI-TTF-1)2PFs. Two samples
showed almost the same behavior.
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Fig. S7 Temperature dependence of the magnetic susceptibility (y) of (EDO-TTF-1)2PFe. The solid curve
represents the best fit to the Bonner—Fisher model.



Wavenumber / cm™!
1300 1400 1500 1600 1700

L1 1 1 ‘ L1 1 | | L1 1 1 | | I I -
6
=
c
=1
a
[
®
S
Q =
8 |
© (@]
% é
e =
< -~
i
£
x
=
c
=]
g .
& £
—
- ©
= <
7] o<
5 —
= &
- Q
L ©
L c
I - ©
T 17T ‘ T II LI | LI | 1T 1T _0 %
h s

1300 1400 1500 1600 1700
Raman shift / cm™’

Fig. S8 (a) Observed infrared spectra of neutral EDO-TTF-I dispersed in KBr at room temperature. ()
Observed Raman spectra of neutral EDO-TTF-I excited by a 633-nm laser at 300 K. (b) Infrared spectra and
(d) Raman spectra EDO-TTF-I° molecule calculated at the B3LYP/Aug-cc-pVTZ(-PP). The numbering j
denotes the v; mode. The frequency scaling factor is 0.969.



Table S2 Observed and calculated frequencies (cm™) of EDO-TTF-I

% Infrared Raman Calc.2 Assignment
6 1650 1650 1646 C=C stretching
7 1535 1535 1548 C=C stretching
8 1507 1508 1519 C=C stretching
9 1464 1463 1449 CHz2 scissoring
10 1451 1454 1447 CH: scissoring
1443 1445
11 1369 1369 1354 CH:2 wagging
12 1366 1365 1352 CH2 wagging

2B3LYP/Aug-cc-pVTZ(-PP), frequency scaling factor = 0.969.



