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The complexes of 1,5,8,12-tetraazacyclotetradecane with
transition-metal cation-TCNQ salts were synthesized.
Their electrical resistivities were measured with the
compacted samples at room temperature. Thev were found
to be semirconductors with the resistivities of 31 to

1.0 x 10/ Qem.

INTRODUCTION

We have synthesized many cation-TCNQ-¢crown ether complexes.l’z’3
Cations we used are alkali-metal ions, alkaline-earth metal
ions, alkyl- and aryl-ammonium ions, and rare-earth ions.
Alkaline-earth metal comlexes were much more conductive than
alkali-metal complexes. These facts were explained by the
closer distance between the TCNQ molecules for the former
complexes than for the latter ones. Thus, transition-metal-
TCNQ crown ether complexes are expected to be highly

conductive. However, crown ethers do not include transition-
metal ions so strongly as alkali-metal and alkaline-earth

metal ions. Instead of crown ethers, we used 1,5,8,12-
tetraazacyclotetradecane (usually called cyclam), which is known
to include transion-metal ions strongly, and synthesized
transition-metal-cation-TCNQ-cyclam complexes in expectation

of highly conductive materials.

SYNTHESIS OF TRANSITION-METAL-CATION-TCNQ-CYCLAM COMPLEXES

Cyclam was synthesized according as the reported procedures.
Transition-metal-cation-TCNQ-cyclam complexes were synthesized
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as follows. Cyclam-inorganic salts were first synthesized.

The cyclam complexes with Ni, Cu, Zn, Rh, C°’5L%’ Mn, and Pd
ions were obtained by the reported procedure.”’  The following
inorganic salts were used: Ni(Cl0,)9, Cu(Cl04)26H,0, Zn(ClO,),,
RhC1433H,0, CoCl,6H,0, La(N03)36H20, Mn(ClOA)ZGHZO, and PdClz.
The cyclam-inorganic salts thus obtained were reacted with

Li TCNQ in the next step. This step is subdivided into two:
(1) the cyclam-inorganic salt (Ni or Cu salt) was dissolved
into acetonitrile, and an ethanol solution of Li "CNQ
(equimolar amount) was added from a dropping funnel at room
temperature. The precipitate was collected, washed with
ethanol, and dried in vacuum; (2) cyclam-inorganic salt (Zn,
Rh, Co, La, Mn, or Pd salt) was dissolved into water, and
aqueous solution of Li TCNQ (1.1 molar ratio) was added from

a dropping funnel. The precipitate was collected, washed with
a large amount of water, and dried in wvacuum.

Table 1 summarizes the complexes isolated, their yields,
and analytical data. The complexes having La, Mn, and Pd
ions have respectively four, six, and four TCNQ molecules,
judging from the analytical data. Figure 1 shows the diffuse
reflection spectra of these three complexesg. The absorption
bands at the lower wavenumber than 10 x 103 cm” measured in
these complexes correspond to the charge-transfer transition
from TCNQ anion radical to neutral TCNQ. Thus, these
complsxes are so-called complex salts, which possess neutral
TCNQ.

ELECTRICAL RESISTIVITIES OF THE COMPLEXES

Electrical resistivities of the complexes were measured with
the compressed samples at room temperture, which is summarized
in Table 2. The resistivities are in the range of 31 to

107 Qem. In the cases of Rh complexes, the resistivities
differ about 32 folds for the complexes of cis- and trans-
cyclams. Relatively high conductivities were found for La-,
Mn-, and Pd-complexes, all of which are assumed to be complex
salts from the reflection spectra. These facts arise from
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the reduced Coul mb repulsion among mobile electrons.
The best conductor was the ammonium-type complex (31 {lcm).

TABLE 1. Transition-metal Cation-TCNQ-Cyclam Complexesa

Complexes Yields/% Analytical Data/%,(Calcd)
C H N
2+ -
Cyc Ni“ (TCNQ )2 45 60.87 4,98 25.20
2+ _ (61.11) (4.83) (25.27)
Cyc Cu” (TCNQ ) 2H20 59 57.62 4,81 23,61
2+ _ (57.66) (5.12) (23.73)
Cyc Zn~ (TCNQ )2H20 54 59.48  4.69 24,49
34 o (58.96) (4.80) (24.29)
cis-Cyc Rh™ TCNQ (Cl )2 87 45.10 4,93 18.93
3t _ (45.69) (4.88) (19.38)
trans-Cyc Rh™ TCNQ (Cl )2 74 45,97 4,65 19.57
3t _ _ (45.69) (4.88) (19.38)
trans-Cyc Co™ (TCNQ )ZCl 32 57.24 4,49 23.11
N _ (58.08) (4.53) (23.91)
(Cyc)zLa (TCNQ )3TCNQ - 60.41 4,61 24,61
(60.21) (4.76) (24.78)
(Cyc)zMn TCNQ6 74 65,89 4 32 26.27
(65.75) (4.32) (26.67)
(Cyc)de TCNQ4 - 62.52 3.63 25.34
+ _ (62.01) (3.59) (24.93)
Cyc-2H (TCNQ )2(TCNQ)2 26 68.11 4.13 27.03
(68.35) (4 15) (27.49)
aCyc=cyclam. Cyc-ZH+ = diprotonated cyclam at the nitrogens
TABLE 2 Electrical Resistivities of the Complexes
Complexes Resistivities/Qcm
Cyc N12+(TCNQ )9 1.0 x 107
Cyc Cu2 (TCNQ )27H20 5.5 x 102
Cyc Zn?* S§Q ) H,0 4.2 x 10
cis-Cyc Rh EENQ %01 )y 2.8 x 102
trans-Cyc Rh> TCNQ (Cl )2 8.8 x 10
trans-Cyg Co>" (TCNQ) ci? 1.8 x 103
(Cyc)oLa (TCNQ ) TCNé 2.4 x 102
(Cyc)zMn TCNQg 5.1 x 10
Cyc Pd TCNQ, 78
Cyc- 2H+(TCNQ )5 (TCNO) 5 31




Downloaded by [Tomsk State University of Control Systems and Radio] at 11:56 21 February 2013

158/[1898] K. MATSUOKA, T. NOGAMI and H. MIKAWA

Reflectancearbitrary scale

1

5 10 15 20 25 30

Wavenumber / x 10°cm’™

FIGURE 1. Diffuse Reflection Spectra of the Complexes.
----{Cyc)zLa3+(TCNQ‘)3TCNQ,-—-(Cyc)ZMn TCNQ6f---—(Cyc)2Pd TCNQ4
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