December, 1979]

NOTES

3739

RULLETIN OF THE CHEMICAL SOCIETY OF JAPAN, VvoL. 52 (12), 3739—3740 (1979)

Syntheses and Electrical Properties of a,a,a',a'-Tetracyano-
diphenoquinodimethane Complexes

Minoru MoriNAGA, Takashi NoGgamr,*

and Hiroshi MIKAWA

Department of Applied Chemistry, Faculty of Engincering, Osaka University, Yamadakami, Swita, Osaka 565
(Received June 2, 1979)

Synopsis. Two charge-transfer complexes of o000~
tetracyanodiphenoquinodimethane (TCNDQ), i.e., N-meth-
ylphenazinium (NMP)-TCNDQ and N-methylquinolinium
(NMQ)~-TCNDQ, were synthesized. The electrical resistivi-
ties with pressed pellet samples were 7.1 X 108 Q cm for NMP+-
TCNDQ- and 6.9x 107 Q cm for NMQtTCNDQ; they are
thus much less conductive than the corresponding TCNQ
complexes.

Great attention has been paid to the high electrical
conductivities of tetracyanoquinodimethane (TCNQ)
complexes.?) The highly conductive properties of TCNQ,
complexes were analysed by means of the Hubbard
model.? It was suggested that a large transfer integral
(t) and a small Coulomb repulsion energy (Ugs) are
needed for high conductivity. The large ¢ is realized by
the large overlap of the m-electron cloud between
adjacent TCNQ anion radicals, and the small Ug;
by the distant location of cyano groups in TCNQ and
also by the polarization stabilization caused by the
donor cation.

o<

TCNQ

,CN NC\

SO N

TCNDQ

“CN NC”

The separation of cyano groups in tetracyanodi-
phenoquinodimethane (TCNDQ) is greater than in
TCNQ, thereby possibly resulting in a smaller U,
than in TCNQ. Thus, the TCNDQ complexes are
expected to be good candidates for highly conductive
organic materials. However, no electrical property is
known for TCNDQ.® We have synthesized two
complexes, N-methylphenazinium (NMP)-TCNDQ and
N-methylquinolium (NMQ)-TCNDQ, and measured
their electrical resistivities, electronic absorption spectra,

and ESR spectra.

Results and Discussion

Synthesis of Na+*TCNDQ-. NatTCNDQ:- has
usually been synthesized through several step-reactions
starting from 4,4’-bis(bromomethyl)biphenyl (1).®
However, the yield of 1 was low (49%),9 thus limiting
the total yield of NatTCNDQ:-. On the other hand,
the yield of 4,4’-bis(chloromethyl)biphenyl (2)» was
much higher (60%).2 We succeeded in obtaining
4,4’-bis(cyanomethyl)biphenyl (3) (the second step
material for the synthesis of Nat*TCNDQ-) from 2
(509%, yield). Thus, 2 should be used as a starting
material for the synthesis of NatTCNDQ-. We also
tried another route for the synthesis of TCNDQ:
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However, the attempted dehydrogenation of 4,4'-bis-
(dicyanomethylene)-1,1"-bicyclohexane (7) by N-
bromosuccinimide (NBS) or N-iodosuccinimide (NIS)
was unsuccessful, recovering only 7.

Syntheses of NMP+TCNDQ- and NMQ*TCNDQ-
Complexes. We have succeeded in obtaining
NMP+TCNDQ- and NMQ+TCNDQ- by the following

ion-exchange reactions:

NBS
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We also tried other ion-exchange reactions of several
systems, i.e., the tetrabutylammonium iodide-
NatTCNDQ-, quinolinium iodide~-Na+TCNDQ-, and
N,N,N’,N'-tetramethylbenzidinebromide-Na+TCNDQ~

systems. However, all these systems gave polymer 8:
BV
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CN CN/,
8
The attempt to obtain the complex salt

NatTCNDQ-TCNQ by mixing the methanol solutions
of NatTCNDQ:~ and TCNQ also gave polymer 8.

TaBLE 1. ELECTRICAL RESISTIVITIES OF THE PRESSED PELLET
sampLES OF TCNDQ anp TCNQ GOMPLEXES

TCNDQ® TCNQ®
Na 3.3x103® 3.0 1049
NMP 7.1x 108 5.0 10-19
NMQ 6.9 107 1.0x107®

a) Qcm. b) Ref. 3. c) Ref. 10. d) Ref. 11.



3740

SoTiza

-
d
4

ey

Absorbance (arbitrary unit)

1 1 1
10 15 20 25
Wave number/10% cm™!
Fig. 1. Electronic absorption spectra of TCNDQ com-
plexes. ... NatTCNDQ:~ (in acetonitrile solution);

NatTCNDQ- (KBr); —.—NMP+*TCNDQ-
(KBr); - — - -NMQ+TCNDQ- (KBr).

Properties of NMP+TCNDQ- and NMQ+TCNDQ-
Complexes. Table 1 shows the electrical resistivities
of the pressed pellet samples of Nat*TCNDQ-,
NMP+TCNDQ:-, and NMQ+TCNDQ~-, together with
those of the TCNQ complexes for the sake of comparison.
NatTCNDQ- is one order of magnitude more conduc-
tive than NatTCNQ-. However, NMP+TCNDQ:~ and
NMQ+TCNDQ-~ are much less conductive than the
corresponding TCNQ complexes. Although we have
no crystallographic data of TCNDQ, complexes, one
possibility is that the six-membered rings in TCNDQ
may not be co-planar, thus leading to the poor
conductivity.

The electronic absorption spectra of NatTCNDQ-,
NMP+TCNDQ-, and NMQ+*TCNDQ-, as measured
by the KBr disk method, are shown in Fig. 1. The
spectrum of Nat*TCNDQ: in an acetonitrile solution
is also shown in this figure. The solid-state spectrum of
NatTCNDQ- shows a broad absorption band peaking
at 23.5x103cm~! possibly ascribable to the local
excitation band of TCNDQ-. The 12000 cm-! band
may be a charge-transfer band between adjacent
TCNDQ anion radicals in the crystal. Thus, the
interaction between TCNDQ anion radicals in
NatTCNDOQ is expected to be large, suggesting the
stacking structure of the anion site. NMP+T'CNDQ-
and NMQ+TCNDQ: also have two absorption bands in
the IR and VIS regions, although in the latter spectrum
the peak position of the lower energy band is not clear.

The ESR spectra of the powdered NatTCNDQ-,
NMP+TCNDQ- and NMQ+*TCNDQ- showed strong
single-line signals, with g-values of 2.003.

Experimental

Measurements. The electrical resistivity of the compac-
tion sample was measured by means of a Takeda-Riken 8651
electrometer. The details of the measurements have been
described before.® The electronic absorption spectra were
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measured by means of a Shimadzu MPS 50 L. apparatus.
The ESR spectra were measured by means of a Japan
Electric Optics Laboratory Co., Ltd., JES-ME 2X apparatus.

Materials. 4,4'-Bis(cyanomethyl) biphenyl (3): The title
compound was synthesized by the same procedure as that
used in the synthesis of 1,4-bis(cyanomethyl)-2,5-diisopropyl-
benzene.”

4,4’-Bis(dicyanomethylene)- 1, I’-bicyclohexane (7): The starting
material, 1,1’-bicyclohexane-4,4’-dione was synthesized accord-
ing to the literature.®) 1,1’-Bicyclohexane-4,4’-dione (6 g),
malononitrile (11.5 g), ammonium acetate (0.8 g), and acetic
acid (2.4 ml) were added to benzene (80 ml) in a reaction
vessel, and then the mixture was refluxed using a water
separator until no water came out. The precipitate was
collected, washed several times with water, and finally washed
with ethyl acetate. The white powder product was dried
under a vacuum to obtain 4,4’-bis(dicyanomethylene)-1,1’-bi-
cyclohexane (7) (6g, 67%); mp 229—231 °C; Found: C,
74.55; H, 6.17; N, 19.299,. Calcd for C;gH;gN,: C, 74.49;
H, 6.20; N, 19.319%. IR (KBr) 2200 (C=N), 1580 cm-!
(G=C).

NMP+TCNDQ- and NMQ+TCNDQ-. NatTCNDQ-
(100 mg)® was dissolved in methanol (100 ml), and the solu-
tion was filtered. To the filtrate we then added a methanol
solution of N-methylphenazinium methylsulfate or N-methyl-
quinolinium iodide (509, excess molar ratio) from the
dropping funnel under a nitrogen atmosphere and at the
room temperature. The solution was then stirred for an
additional 2 h under a nitrogen atmosphere. The precipitate
(powder) was collected and washed with diethyl ether.
NMP+TCNDQ-: Found:®» C, 76.32; H, 3.85; N, 17.15%,.
Caled for C,,H,,Ng: C, 78.32; H, 4.00; N, 17.68%,. NMQ*-
TCNDQ:: Found:® C, 78.04; H, 4.22; N, 16.51%,. Calcd
for CysHsN;: G, 79.25; H, 4.25; N, 16.13%,.
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