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Synopsis. The charge-transfer complex of 2,7-bis- csb
(methylthio)-1,6-dithiapyrene (MTDTPY) with tetracyano-
2,6-naphthoquinodimethane (TNAP) showed an alternated
stacking mode of crystal structure. There are no short inter-
molecular contacts. The ionicity was estimated to be neutral .
based on an analysis of the IR stretching frequency of the
CN groups and the transition energy of the charge-transfer
band.

~

~
1.430,

e,

We recently reported that 2,7-bis(methylthio)-1,6-
dithiapyrene (MTDTPY) produced metallic conduct-
ing charge-transfer (CT) complexes with tetracyano-
quinodimethane (TCNQ), chloranil, and bromanil.?
Among them, the TCNQ complexes formed two dis-
tinct crystalline phases, which contain a segregated
stacking and an alternated stacking mode of the donor
and the acceptor components. The segregated complex
showed a metallic conducting behavior. An extended
conjugated-type acceptor of TCNQ, tetracyanonaph-
tho-2,6-quinodimethane (2,6-bis(dicyanomethylene)-2,
6-dihydronaphthalene), (TNAP), is known to have a
stronger acceptor ability than dose TCNQ (Chart 1).2
Although our efforts to prepare metallic CT complexes

with TNAP by a diffusion method have not been estab- Fig. 1. Molecular dimensions in the MTDTPY and
lished so far, an alternated stacking mode of the com- TNAP molecules. The thermal ellipsoids are drawn
plex (MTDTPY-TNAP) is obtained as black plates. at the 50% probability level. The esd’s are: C-C
Our present report concerns a rare example of the crys- 0.003—0.005 A, S-C 0.003—0.004 A and N-C 0.004
tal structure and some solid state properties for the A. The esd’s of the angles are 0.1—0.3°.

CT complex of TNAP having an alternated stacking
mode.®

Experimental.

Single Crystals. Black needles and plates were ob-
tained by a diffusion method using 2,7-bis(methylthio)-1,6-
dithiapyrene (MTDTPY, 1.0 mg) and tetracyanonaphtho-
quinodimethane (TNAP, 0.8 mg) in dichloromethane (5 ml).
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2 7-MTDTPY The experiments in higher concentrations (1.5 and 2 times,

for example) gave smaller crystals. We used a plate-like
Chart 1. single crystal for the crystal structure analysis.
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Fig. 3. Stereoview of the crystal packing in MTDTPY-TNAP along the a-axis.

Crystal Structure Analysis. The structure
was solved by the Monte-Carlo direct method® using
MULTANT78® program system. Full-matrix least-squares
on Tw(|F,|?—|F.|?) with an analytical absorption correc-
tion were used.®) Anisotropic temperature factors were used
for the refinement of non-H atoms. All of the H atoms
were located from a difference Fourier map, and were re-
fined with isotropic temperature factors equivalent to that
for the bonded carbon atoms. Final values of R and R, were
0.039 and 0.050, respectively. Atomic scattering factors were
used from International Tables for X-ray Crystallography.”
Calculations were carried out on the FACOM M780 com-
puter at the Computer Center of Nagoya University. The
crystal data: C32Hi1sN4S4; M,=586.76; monoclinic; P2, /a;
a=20.177(2), b=9.308(1), ¢=7.245(1) A, 8=93.21(1)°; V=
1358.5(3) A% Z=2; Dp,=1.450, Dy;=1.435 gcm™3; A(Cu
Ka)=1.54184 A; crystal dimensions; 0.25x0.10x0.05 mm?3.
The data collection: Rigaku AFC-5R diffractometer and
graphite monochromatized CuK a:: w-26 scan; 1964 indepen-
dent reflections. Tables of the structure factors, anisotropic
temperature parameters for non-H atoms, positional param-
eter for H atoms, the intramolecular bond distances and
angles have been deposited as Document No. 66026 at the
Office of the Editor of Bull. Chem. Soc. Jpn.

Result and Discussion

The final atomic parameters for non-H atoms are
listed in Table 1. The bond lengths and angles of the
centrosymmetric MTDTPY and TNAP molecules are
given in Fig. 1. Although the methyl group (C(8)) de-
viates by 0.192 A from the least-squares plane of the
MTDTPY molecule, the dithiapyrene skeleton is nearly
planar with a maximum deviation of 0.05 A for S(1).
The TNAP skeleton is also nearly planar with a maxi-
mum deviation of 0.04 A for N(2). The crystal-packing
mode is an alternated stack with a uniform distance be-
tween the donor and acceptor, as shown in Figs. 2 and 3.
The mean separation between the slightly non parallel
components is 3.40 A. The angle between the plane’s
normals for the two components is 4.46°. The inter-
molecular S---S and S---N distances in and between the
alternated stacks are longer than the sum of the van der
Waals radii. Therefore, no special shorter intermolecu-
lar heteroatom contacts were found.

TNAP is an extended conjugated acceptor of TCNQ
and possesses a higher first reduction potential, +0.23
V (vs. SCE),® than that of TCNQ. Generally, the
metallic conducting organic charge-transfer complexes
are characterized by the crystal structures of segregated

Table 1. Final Atomic Coordinates (x10*, for S
Atoms x10°) and Equivalent Isotropic Thermal
Parameters (A2)

Beq = 8/37% Z Z Uijaiajai-a;
i j

T y z Beq
S1 8092(3) 18120(6) 43222(11)  5.19(9)
S2 21548(3) 18359(9) 32912(10)  5.45(9)
N1 7444(1) 7606(3) 11870(4) 6.5(1)
N2 9138(2) 10423(3) 10894(5) 8.1(1)
C1 1476(1) 2900(3) 3823(4) 4.1(1)
C2 1448(1) 4345(3) 3829(4) 4.1(1)
C3 878(1) 5189(3) 4247(3) 3.6(1)
C4 273(1) 4555(2) 4779(3) 3.4(1)
C5 193(1) 3038(3) 4884(3) 3.7(1)
C6 —392(1) 2449(3) 5436(4) 4.3(1)
c7 919(1) 6680(3) 4128(4) 4.2(1)
C8 2782(2) 3162(4) 2956(5) 6.2(1)
C9 9055(1) 6687(3) 10721(3) 3.7(1)
C10 8801(1) 5244(3) 10814(4) 3.9(1)
C11 9188(1) 4101(3) 10499(4) 3.8(1)
C12 9871(1) 4279(2) 10058(3) 3.4(1)
C13 10269(1) 3127(3) 9737(4) 3.7(1)
Cl4 8663(1) 7864(3) 11057(4)  4.1(1)
C15 7986(1) 7732(3) 11509(4) 4.6(1)
C16 8922(2) 9293(3) 10963(4) 5.2(1)

stacks of the donor and the acceptor molecules, and by
the ionicity of a partial charge transfer from the donor
to the acceptor. The partial charge transfer might be re-
alized by matching of the strengths and the sizes of the
donor and acceptor molecules. Matching of the strength
was estimated from the difference (AE®") between the
first oxidation potential (F$*) and the first reduction
potential (E%¢d), i.e., AE®*=EP*— Ef*d. For metallic
conduction, it is required to combine the donor-accep-
tor so as to keep the A E°T values small, near to zero.”
The AE°" value (+0.34—0.23=+0.11 V) for MTDTPY
and TNAP meets such a requirement. Furthermore,
these two molecules have similar sizes. However, we
have so far obtained only an alternated stacking mode
of the CT complex. Most of the metallic conducting
CT complexes with segregated stacking modes contain
shorter intermolecular heteroatom contacts. As men-
tioned above, the crystal structure analysis for MT-
DTPY-TNAP showed no such heteroatom contacts.
Usually, the ionicity for CT complexes can be approx-



July, 1993]

imately and conveniently estimated by analyzing the IR
stretching frequencies or the geometries of the TCNQ
type component molecules. The latter procedure can-
not be applied, since no reliable bond-length data of
the crystal structure containing the TNAP molecule
have been reported. We therefore estimated the ionic-
ity by the former procedure.'® The stretching frequen-
cies of the cyano group of TNAP, itself, MTDTPY-
TNAP and Na-TNAP,? were observed at 2210, 2212,
and 2175 cm ™!, respectively, indicating the neutral na-
ture of the CT complex. Furthermore, the electronic ab-
sorption spectra also suggest a neutral ionicity. Thus,
a V-shape correlation between the CT transition en-
ergy (hvcr) and AE®" is proposed for the alternated
stacking modes of CT complexes.!?) From the equa-
tion hvcr=AE°*+0.5 for neutral complexes (in eV
unit)!*!? we obtained 0.61 eV as an estimated hvcr for
MTDTPY-TNAP. The observed hvet of the complex
is 0.75 eV, measured as a compressed pellet of powders
dispersed in KBr. The difference of 0.14 eV is an allow-
able error, since the equation is an approximate correla-
tion. In addition, we observed a strong absorption band
for the complex at 2.56 eV, which can be assigned to
the local excitation band for TNAP. The correspond-
ing values reported for TNAP, itself, and Na-TNAP are
2.62 and 1.80 eV, respectively.!® All of the data de-
scribed above suggest the neutral nature of MTDTPY-
TNAP, although more data are needed to make any fi-
nal conclusion.
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