
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 11:56
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Synthesis and Electrical
Resistivities of Transition-
Metal Cation-TCNQ-Cyclam
Complexes
K. Matsuoka a , T. Nogami a & H. Mikawa a
a Department of Applied Chemistry, Faculty of
Engineering, Osaka University, Yamada-oka, Suita,
Osaka, 565, Japan
Version of record first published: 14 Oct 2011.

To cite this article: K. Matsuoka , T. Nogami & H. Mikawa (1982): Synthesis and
Electrical Resistivities of Transition-Metal Cation-TCNQ-Cyclam Complexes, Molecular
Crystals and Liquid Crystals, 86:1, 155-158

To link to this article:  http://dx.doi.org/10.1080/00268948208073679

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948208073679
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
56

 2
1 

Fe
br

ua
ry

 2
01

3 



Mof. Crysf. Lig. Cryst., 1982, Vol. 86, pp. 155-158 
Oo268941/82/8601-O155$06.50/0 
0 1982 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

(Proceedings of the International Conference on Low-Dimensional Conductors. Boulder, 
Colorado, August 1981) 

SYNTHESIS AND ELECTRICAL 
METAL CATION-TCNQ-CYCLAM 

* 
K. MATSUOKA, T. NOGAMI , 

RESISTIVITIES OF TRANSITION- 
COMPLEXES 

and H. MIKAWA 
Department of Applied Chemistry , Faculty of Engineering , 
Osaka University, Yamada-oka, Suita, Osaka 565, Japan 

Received for publication December 1 ,  1981 

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.  the:^ were found 
to be sernir.onductors with the resistivities of 31 to 
1.0 x 10 Qcm. 7 

INTRODUCTION 

1 , 2 , 3  We have synthesized many cation-TCNQ-crown ether complexes. 
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 
4 Cyclam was synthesized according as the reported procedures. 

Transition-metal-cation-TCNQ-zyclam complexes were synthesized 
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cyclam TCNQ cation-TCNQ-cyclam complex 

as follows. Cyclam-inorganic salts were first synthesized. 
The cyclam complexes with Ni, Cu, Zn, Rh, Coy L Mn, and Pd 
ions were obtained by the reported procedure. 5’”The following 
inorganic salts were used: Ni(C104)2, Cu(C104)26H2OY Zn(ClO4)2, 
RhC133H20, CoC126H20 , La(N03) 36H20, Mn (C104) 26H20 , and PdC12. 
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 di.;solved 
into acetonitrile, and an ethanol solution of Li 7CNQ 
(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, Coy 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. 
a large amount of water, and dried in vacuum. 

and analytical data. The complexes having La, Mn, and Pd 
ions have respectively four, s ix ,  and four TCNQ molecules, 
judging from the analytical data. Figure 1 shows the diffuse 
reflection spectra of these three complexes, The absorption 
bands at the lower wavenumber than 10 x lo3 cm- measured in 
these complexes correspond to the charge-transfer transition 
from TCNQ anion radical to neutral TCNQ.8 Thus, these 
complexes are so-called complex salts, which possess neutral 
TCNQ . 

The precipitate was collected, washed with 

Table 1 summarizes the complexes isolated , their yields, 

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 
l o 7  Qcm. 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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9 
the reduced Coulmb repulsion among mobile electrons. 
The best conductor was the ammonium-type complex (31 Rcm). 

TABLE 1. Transition-metal Cation-TCNQ-Cyclam Complexes a 

Complexes Yields/% Analytical Data/%,(Calcd) 
C H N 

45 60.87 4.98 25.20 Cyc Ni (TCNQ-I2 

Cyc Cu2+(TCNQ-) 22H20 59 57.62 4.81 23.61 

Cyc Zn2+(TCNQ-) 2H20 54 59.48 , 4.69 24.49 

cis-Cyc Rh3+TCNQ-(C1-)2 87 45.10 4.93 18.93 

trans-Cyc Rh3+TCNQ-(Cl-), 74 45.97 4.65 19.57 

32 57.24 4.4'3 23.11 trans-Cyc co (TCNQ-) 2~1- 

- 60.41 4.61 24.61 

(CycI2Mn TCNQ6 74 65.89 4 32 26.97 

(Cyc) Pd TCNQ4 - 62.52 3.63 25.34 

26 68.11 4.13 27.03 Cyc-2H (TCNQ-) (TCNQ) 

2+ 

(61.11) (4.83) (25.27) 

(57.66) (5.12) (23.73) 

(58.96) (4.80) (24.29) 

(45.69) (4.88) (19.38) 

(45.69) (4.88) (19.38) 

(58.08) (4.59) (23.91) 

(60.21) (4.76) (24.78) 

(65.75) (4.32) (26.67) 

(62.01) (3.59) (24.93) 

(68.35) (4 15) (27.49) 

Cyc=cyclam. Cyc-2H = diprotonated cyclam at the nitrogens 

3+ 

(cyc) 2La 3+ (TCNQ-)~TCNQ 

2 
+ 

a + 

TABLE 2 Electrical Resistivities of the Complexes 

ComDlexes Resistivities/Rcm 

Cyc Ni2+(TCNQ-) 2 
Cyc Cu2+(TCNQ-) 22H20 
Cyc Zn2+(T(jIjQ-)2H 0 
cis-Cyc Rh J$NQ-?G1-)2 
trans-Cyc Rh TCNQ (C1-)2 
trans-Cy Co3+(TCNQ-) C1- 
(Cyc) 2La'+(TCNQ-) 3TCN$ 
(CYC) 2Mn TCNQ6 
CYC Pd TCNQ4 
CYC-~H+(TCNQ-) 2 (TCNO) 2 

1.0 x 10; 
6 5.5 x 10 

4.2 x 10 
2.8 x 10; 
8.8 x 10 

3 2.4 x lo2 
5.1 x 10 

78 
31 

1.8 103 D
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I 

FIGURE 1. Diffuse Reflection Spectra of the Complexes. - - - --(Cyc) 2La3+(TCNQ-) 3TCNQ, - (Cyc) 2?ln TCNQ6r - -(Cyc) 2Pd TCNQ4 
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