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ABSTRACT

Conductivity and paramagnetic susceptibility of N-alkyl-isoquinolinium-
-TCNQ complexes were measured. In the case of isopropyl derivative the simul-
taneous appearance of two compounds was found: one of metallic (1:2 composi-
tion) character, the other of semiconducting (2:3) thermally activated char-

AHHOTALWA

Mbl M3MEPSIIN 3/IEKTPONPOBOAHOCTb W MapaMarHUTHY BOCMPUUMMUMBOCTb N-ankui-
-N30KBUHOMMHNYM-TLHX KOMn/ieKcoB. B criyyae W30MNponuioBbLIX MPOU3BOAHLIX Mbl Ha60-
Janu ogHoBpeMeHHoe o6pas3oBaHue MeTannnueckoro (l:2)cocTtaBa U TEpMUUYECKU aK-
TUBMPYEMOTO MOJIYNpPOBOAHMKOBOTO (2:3) KOMpPJIEKCOB.

KIVONAT

N-alkyl-isoquinolinium-TCNQ complexek vezet6képességét és paramagneses
szuszceptibilitasat vizsgaltuk. Az isopropyl lanccal szubsztitualt donor mole
kula esetén egyedidejlileg egy fémes viselkedésl (1:2 Osszetételt!) és egy ter-
mikusan aktivalhat6é félvezetd (2:3) komplex jott Ilétre.



In recent years a large number of highly conducting CT com-
plexes have been found. Because their physical and chemical pro-
perties leading to high conductivity are not fully understood,
in a previous paper we investigated the effect of donor on a se-
ries of N-alkyl-quinolinium (TCNQ)2 complex salts [1].- In this
series the methyl and ethyl derivatives show a distinct solvent
effect [2,3] i1f the chain length is iIncreased an alternating
structure 1is built up [4] and as a consequence the paramagnetic
susceptibility and conductivity show an activated character [5] .
The activation energy of ESR intensity progressively grows with
the chain length in the N-propyl-isopropyl-N-butyl Q-series.

Here the ESR susceptibility and d.c. conductivity of TCNQ
complexes with the N-alkyl derivatives of the isoquinolinium (IQ)
donor are discussed.

The alkyl derivatives were prepared by the well-known method,
quaternizing the I1Q donor with the appropriate alkyl-J. The com-
plexes were obtained by the diffusion method.

The I1Q-series shows different features from the complexes of
N-alkyl-Q donors: the composition of the complexes are not always
1:2, the propyl complex has a stoichiometry of 2:3, whereas the
isopropyl one crystallizes iIn two distinct forms with different
composition (see Table 1). The crystal structure has not been
determined for these complexes.

The temperature dependence of the paramagnetic susceptibi-
lity was measured by integrating the area under the ESR spectra
taken at X-band by a JEOL spectrometer. The ESR intensities are
normalized to the static room temperature susceptibility (cor-
rected for diamagnetic contribution) of the Q(TCNQ)2 reference
powder sample. The d.c. conductivity was measured by the four
probe method.



Only the methyl-1Q product is analogous with the me-Q com-
plex: the susceptibility does not change with temperature
(Fig- 1a), the ESR linewidth has a relatively low and constant
value (Fig. 2a). The d.c. conductivity at room temperature has a
slightly higher value than Q(TCNQ)2 and shows metallic behaviour
(Fig. 3a) .

The n-propyl-1Q 2:3 complex has a reduced susceptibility
slowly decreasing with temperature (Fig. 1b), the narrow line-
width changes iIn the same manner (Fig. 2b). Its conductivity 1is
relatively high (50-100 alem? at room temperature), showing a
definitely activated character (Fig. 3b).

In the case of the N-butyl IQ complex the composition is not
well defined, the susceptibility is nearly constant till 200 K,
below this temperature a small activation can be detected and the
linewidth is slightly increasing (Figs 1,2c). This is In accor-
dance with conductivity measurements where the slope changes at
this temperature giving a relatively large gap (0.25 eV) at lower
temperatures (Fig. 30) .

Characteristic polymorphism was found by the isopropyl-1Q
complex: the needle-like crystal form A, With stoichiometry 1:2,
shows high conductivity (10 #1cm? ) and metallic behaviour
(Fig. 3d), in accordance with the temperature independent suscep-
tibility (Figs 1,2d).

Whereas the small platelets of form B, with a stoichiometry
2:3, are semiconducting: ORT =5*10 t cm , with a gap oi
0.27 eV (Fig- 4). ESR intensity shows an activation energy
E 0.1 eV above room temperature, with a linewidth change cha-
racteristic of the fast exchange region (Fig. 2e) . Fine structure
was not detectable at lower temperatures because of the samll
size of the single crystal samples.

Summarizing the experimental results (Table 1) the most
striking feature 1is the high room temperature conductivity -10
to 100 ! cm (except e) - of the complexes with these sizable
asymmetrical donors.



The metallic behaviour iIn the case of the methyl and the
isopropyl A-complex can be ascribed to a disorder, which is be-
lived to play a role in preventing the development of a semi-
conducting structure.

Table 1. Electric and magnetic properties of N-alkyl-1Q-TCNQ
complexes
Composition XTéVEa °T, E eV
a. methyl 1:2 const. metallic
b. propyl 2:3 const. 0.08
Cc . butyl 1:1.8 0.05 0.25 -200 K
d. isopropyl A 1:2 const. metallic
e . isopropyl B 2:3 0.1 0.27

Samplex of n-propyl and n-butyi complexes showing activated cha-
racter need further investigation for solvent effect and suscep-
tibility measurements at lower temperatures.

The simultaneous appearance of metallic and semiconducting
species - from isopropyl A and B complexes - has also been evi-
denced by aminopyridine complexes [6].- Radical salts with me-
tallic behaviour were synthesized in a number of cases by a rapid
cooling of the reaction mixture after mixing together the rea-
gents. ITf heating was continued only nonconducting materials were
produced. The authors suggested that complexes with metallic be-
haviour tend to be Kkinetic products and can be transformed into
semiconducting thermodynamic compounds by heating in a solvent.
This supposition may hold also for our isopropyl complex, prepa-
red by a slow diffusion method.

FIGURE CAPTIONS

Fig. 1. Relative susceptibility as a function of temperature,
normalized to the static susceptibility of Q(TCNQ,:
complex salts

Fig. 2. ESR linewidth as a function of temperature



Fig. 3. log of normalized d.c. conductivity as a function of
103/KT
Fig. 4. Activation energy of susceptibility and conductivity

of (N-isopropyl-isoquinolinium). (TCNQ, . complex salt
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