
Chem. Mater. 1994,6, 1875-1879 1875 

Charge-Transfer Complexes of 
1,4,5,8=Naphthalenetetrones and 

1,4,9,lO-Anthracenetetrones. Novel Acceptors for 
Electrically Conducting Materials 

Hidemasa Asahi and Tamotsu Inabe* 
Department of Chemistry, Faculty of Science, Hokkaido University, Sapporo 060, Japan 

Received May 3, 1994. Revised Manuscript Received July 13, 1994@ 

The cyclic voltammograms of 1,4,5,8-naphthalenetetrone (NTO), 2,3-dichloro-1,4,5,8- 
naphthalenetetrone (DClNTO), 1,4,9,10-anthracenetetrone (ATO), and 6,7-dichloro-1,4,9,- 
10-anthracenetetrone (DClATO) have indicated that  they have suitable redox potentials as 
an  acceptor component of electrically conducting charge-transfer complexes. They have 
actually been found to form stable anion radical salts with alkali metals and charge-transfer 
complexes with TTF-type donors. The NTO and DClATO complexes are found to be highly 
conductive, while the AT0 and DClNTO complexes are not. The single-crystal X-ray 
structure analysis of TTF-ATO, P2&, a = 11.022(5), b = 13.924(3), c = 12.365(3) A, /3 = 
110.99(2)", V = 1768.5(1) A3, 2 = 4, has confirmed that  the oxidation state evaluated from 
the molecular geometries corresponds to that estimated from the infrared spectra. A partial 
charge-transfer state is found to be achieved in the conductive complexes. 

Introduction 

There has been marked progress in the study of 
organic conductors, and many metallic conductors and 
even superconductors have been produced. The key 
material for the progress is considered TTF-TCNQ1,2 
(TTF, tetrathiafulvalene, TCNQ, 11,11,12,12-tetracy- 
anoquinodimethane). Most of donors or acceptors de- 
signed for molecular conductors are based on the 
molecular framework of TTF or TCNQ. For each of 
them, various chemical modifications have been re- 
p ~ r t e d . ~  On the other hand, so far, there has been only 
a little effort for finding other frameworks than TTF or 
TCNQ for molecular conductors. 
Tetrahalo-p-benzoquinone is a rare example of other 

types of acceptors which provide conductive charge- 
transfer c~mplexes.~ The framework of it, p-benzo- 
quinone, is known to act as an electron acceptor, e.g., 
in quinhydrone. Since the electron affinity of p-benzo- 
quinone is not large enough to form conducting charge- 
transfer complexes, it is required to be modified with 
electron-withdrowing substituents on it for realizing 
electron-transfer between molecules. An extension of 
p-benzoquinone, 1,4,5,8-naphthalenetetrone (NTO), has 
attracted our attention, since it is expected to have 
larger electron affinity than p-benzoquinone. The re- 
ported reduction potential of NTO was indeed largely 
shifted to the positive side by more than 0.5 V compared 
withp-benz~quinone.~,~ The molecule is also interesting 
from some other points of view; namely, its twin-type 
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structure may reveal multiple reduction states, may 
reduce the on-site Coulomb repulsion, and may act as 
a strong proton acceptor for the formation of hydrogen 
bonds. NTO is not a new compound; the synthesis was 
reported in 1928.' However, the charge-transfer com- 
plex with NTO reported so far is only one, pyrene- 
NTO.* 

In this paper, we describe the properties of NTO as 
an acceptor. We also show those of three modifications 
of the framework, DClNTO, ATO, and DClATO. Elec- 
trical properties have been examined for charge-transfer 
complexes and alkali metal salts based on these accep- 
tors. These results as well as the crystal structure of 
TTF-AT0 are presented. 

Experimental Section 

Materials. NTO was synthesized by oxidation of naphtha- 
zarin with lead tetraacetate following the method reported' 
and was purified by recrystallization from chlorobenzene. 
Naphthazarin was commercially obtained. DClNTO, ATO, 
and DClATO were synthesized similarly from commercially 
obtained 2,3-dichloronaphthazarin, quinizarin, and 6,7-dichlo- 
roquinizarin, respectively. 

(7) Zahn, K.; Ochwat, P. Justus Liebigs Ann. Chem. 1928,462, 72. 
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Alkali metal salts of NTO, DClNTO, ATO, and DClATO 
were prepared by reaction with corresponding iodides in dried 
acetonitrile under nitrogen atmosphere. Anal. K-NTO: 
Calcd for 1: l  (CloHZO): C, 52.85; H, 1.77. Found: C, 52.27; 
H, 2.23. K-DClNTO: Calcd for 1:1:1.5H20 (C~OH~KO~.~CIZ) :  
C, 37.17; H, 1.56; C1, 21.94. Found: C, 37.47; H, 1.36; C1, 
21.26. K-ATO: Calcd for 1:l (C14H~K04): C, 60.63; H, 2.18. 
Found: C, 60.07; H, 2.25. K-DCLATO: Calcd for 1:l (C14H4- 
K04C12): C, 48.57; H, 1.16. Found: C, 48.25; H, 1.15. Rb- 
ATO: Calcd for 1:l (C1&04Rb): C, 51.94; H, 1.87. Found: 
C, 52.00; H, 1.86. Cs-ATO: Calcd for 1:l (C14H6CS04): c, 
45.31; H, 1.63. Found: C, 45.22; H, 1.80. All the alkali metal 
salts obtained are relatively stable in the air; the electrical 
resistivities of the pressed pellets did not change with exposure 
to the air for a few days or after storing them in a refrigerator 
for 2 months, though some elemental analyses were indicative 
that the solids absorbed m o i ~ t u r e . ~  

Charge-transfer complexes were prepared by mixing of the 
solutions of donor and acceptor. Solvents used for the prepa- 
ration were benzene or chlorobenzene, since the acceptors are 
less stable in more polar solvents. It was also found that the 
acceptors were not stable when the temperature of the solution 
was near the boiling point. The temperature during the 
preparation was thus kept as low as possible. The donors 
examined are mainly TTF, TMTTF (tetramethyltetrathiaful- 
valene), and TMTSF (tetramethyltetraselenafluvalene) which 
are relatively soluble in benzene or chlorobenzene near room 
temperature. The highest temperature applied was 80 "C for 
the crystal growth of TTF-ATO. Anal. TTF-NTO: Calcd for 
1:l (C16H804S4): C, 48.95; H, 2.05; S, 32.68. Found: C, 48.87; 
H, 2.10; S, 32.53. TTF-DClNTO: Calcd for 1:1:0.33 chlo- 
robenzene (Cl8H7,6604S4C12.33): c, 43.34; H, 1.55; s, 25.72; c1, 
16.56. Found: C, 43.16; H, 1.68; S, 25.87; C1, 16.72. TMTTF- 
ATO: Calcd for 1:l (C24H1804S4): C, 57.87; H, 3.63; S, 25.72. 
Found: C, 57.65; H, 3.85; S, 25.88. TTF-DCMTO: Calcd for 

Found: C, 46.60; H, 1.79; S, 24.66; C1, 14.03. TMTTF- 
DClATO: Calcd for 4:5:4 c, 49.87; 
H, 2.89; S, 19.37; C1,13.38. Found: C, 49.50; H, 2.56; S, 19.39; 
C1, 13.53. 

Measurements. Electrical conductivity measurements 
were performed by a conventional four-probe or two-probe 
method. It was found that the conducting paste, probably the 
thinner, used for making electrical contacts between electrodes 
(20 pm thickness gold wire) and the sample influenced the 
conductivity of charge-transfer complexes. Reliable data were 
obtained for most cases when a silver paste thinned with 
n-butyl acetate was used. The conductivity is much less when 
a silver or gold paste thinned with less volatile solvents was 
used. 

Cyclic voltammograms were recorded on a YANACO po- 
larographic analyzer P-1100 with a platinum working electrode 
and an AgAgCl reference electrode. The infrared absorption 
spectra of Nujol mull specimens were measured using a 
Perkin-Elmer 1650 FT IR spectrometer. 

X-ray Structure Analysis. A single crystal of TTF-AT0 
with the dimensions of 0.52 x 0.22 x 0.12 mm3 was grown 
from a chlorobenzene solution by slow cooling. An automated 
Rigaku AFC-5R diffractometer with graphite monochroma- 
tized Mo Ka radiation (A = 0.710 73 A) was used for data 
collection at  room temperature. Twenty-five reflections with 
20" < 20 < 30" were used to determine the lattice parameters. 
Crystal data are summarized in Table 1. The intensities of 
the three standards monitored every 150 data measurements 
showed no significant deviation; the deviations were within 
1.3%. The structure was solved by a direct method (SHELX 
861°). The positions of the hydrogen atoms were determined 
from difference synthesis maps. A block-diagonal least- 
squares technique (UNICS I IV)  with anisotropic thermal 

1: l  (C~oH805S4C12): C, 46.96; H, 1.57; S, 25.08; C1, 13.86. 

(9) Some discrepancies between calcd and found values in elemental 
analysis for K-NTO and K-AT0 are supposed to be due to this effect. 

(10) Sheldrick, G. M. SHELX-86. Program for crystal structure 
determination. University of Gottingen, Germany. 

(11) Sakurai, T.; Kobayashi, K. Rep. Inst. Phys. Chem. Res. 1979, 
55, 69. 
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Table 1. Crystallographic Data for TTF-AT0 
molecular formula 
molecular weight 
crystal system 
space group 
a/A 
blA 
CIA 

z 
Dcalcdg Cm-3 
p(Mo Ka)/cm-l 
20 range 
range of h, k ,  and 1 

scan widthldeg 
scan mode 
scan rate/@" min-1 
no. of reflections measured 
no. of independent reflections 

observed (F, > 3a(F,)) 
no. of parameters 
R 
R W  

weighting factor (9) 
w-l= 0 2 +k" 

CzoHio04S4 
442.54 
monoclinic 
P21lc 
11.022(5) 
13.924(3) 
12.365(3) 
110.99(2) 
1768.5(1) 
4 
1.662 
5.41 

O s h s 1 5 , O s k s 1 9 ,  

1.3 + 0.3 tan 0 

6 
5609 
3287 

50 < 2e < 600 

-17 5 1s  16 

0-2e 

294 
0.057 
0.052 
0.015 

Table 2. Electrochemical Data 
~~~ ~ 

acceptor E" (vs AglAgCl)aN acceptor E" (vs AglAgClYN 
NTO +0.03 DClATO +0.07 

AT0 -0.04 TCNQ +0.15 

peak potentials, respectively (in acetonitrile with BuN.BF4). 

DClNTO +0.23 p-chloranil -0.02 

aE" = (Ea + EV2, where Ea and EC are anodic and cathodic 

parameters for non-hydrogen atoms and isotropic for hydrogen 
atoms was employed for the structure refinement. The final 
R is 0.057, and R, is 0.052. 

Results and Discussion 

Cyclic Voltammograms. The potentials for the first 
redox process are summarized in Table 2. They are all 
reversible. On the other hand, the second redox pro- 
cesses are not completely reversible; the second reduc- 
tion peaks were observed at 0.5-0.7 V more negative 
side from the first peak, but the peak is smeared for 
the reverse process. The value for NTO is in good 
agreement with that reported b e f ~ r e . ~ , ~  The redox 
potential, +0.03 V, is slightly more positive than that 
ofp-chloranil (-0.02 V) and is more negative than that 
of TCNQ (f0.15 V). The redox potentials of three other 
acceptors are in the range -0.04 V (AT01 to 0.23 V 
(DClNTO). AT0 is therefore considered t o  be slightly 
weaker than p-chloranil and DClNTO is slightly stron- 
ger than TCNQ. Two others are between p-chloranil 
and TCNQ. As mentioned in the Introduction, both 
p-chloranil and TCNQ are typical electron acceptors 
which form electrically conducting charge-transfer com- 
plexes, especially with TTF-type donors. With simple 
application of the guidelines for the combination of 
donor and acceptor for electrically conducting charge- 
transfer complexes,12J3 these acceptors can be consid- 
ered to have potential to form conducting complexes 
with most of TTF-type donors. 

Alkali Metal Salts. The alkali metal salts were all 
obtained as a powdered form. The composition, resis- 

(12) Saito, G.; Ferraris, J. P. Bull. Chem. SOC. Jpn. 1980,53, 2141. 
(13) Torrance, J. B. Ace. Chem. Res. 1979, 12, 79. 
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Table 3. Properties of the Alkali Metal Salts 
salts composition color e(RT)"/R cm EableV 
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108 ; 
Li-NTO 
Li-DClNTO 
Li-AT0 
Li-DClATO 
K-NTO 1:l 
K-DClNTO 1:lC 
K-AT0 1:l 
K-DCIATO 1:l 
Na-AT0 
Rb-AT0 1:l 
CS-AT0 1:l 

dark purple 
dark purple 
dark purple 
dark purple 
bluish green 
dark purple 
dark green 
dark green 
purple 
dark green 
purple 

4 x 102 
5 104 
3 104 
2 105 
2 x 105 
1 105 

9 105 
2 104 
2 107 
1 107 

8 x 106 

0.10 
0.24 
0.23 
0.44 
0.36 
0.49 
0.61 
0.50 
0.23 
0.53 
0.48 

a Resistivity at room temperature for powder compaction. 
Activation energy for conduction. The salt contains crystal 

water. 

tivity at room temperature, and activation energy for 
conduction are summarized in Table 3 for the lithium 
and potassium salts. The composition of the lithium 
salts is not clear, since the weight percent of lithium is 
too small to determine the composition from elemental 
analysis. For the potassium salts, 1:l composition was 
confirmed by elemental analysis. 

The resistivities of the potassium salts are nearly the 
same order as that of the TCNQ simple salt. On the 
other hand, the resistivities of the lithium salts, espe- 
cially Li-NTO, are much lower. Since the measure- 
ments are for the compressed pellets, the resistivity 
along the molecular stacking direction is expected to be 
quite low. This fact also leads the question about the 
stoichiometry of these salts. The sodium, rubidium, and 
cesium salts were prepared for ATO. The resistivities 
at room temperature are 2 x lo4, 2 x lo7, and 1 x lo7 
51 cm, respectively. The compositions are 1:l except the 
sodium salt due to the same reason for the lithium salts. 
The salt with small cation tends to  give low resistivity. 

The preliminary results of the visible-near-infrared 
spectra for Nujol mull specimens of Li and K salts 
clearly indicate the difference between Li-NTO and the 
others; the electronic absorption well extended to  the 
infrared region was observed for Li-NTO, while the 
charge-transfer bands for the others were observed 
between 0.7 and 1.2 eV. 

Charge-Transfer Complexes of NTO. As men- 
tioned before, the redox potentials of these acceptors are 
suitable for constructing conducting charge-transfer 
complexes with TTF-type donors. Among the donors 
examined, only "F gave a complex as a powdered form 
by reaction with NTO . The temperature dependence 
of the resistivity is shown in Figure 1. The stoichiom- 
etry is 1:l based on elemental analysis. Since the 
resistivity at room temperature is quite low, 2.0 x lo-' 
51 cm, it is naturally expected that partial charge- 
transfer from donor to acceptor is occurred in the 
complex. The degree of charge transfer is then esti- 
mated from the CO stretching band of NTO. Although 
it has not been established for NTO-type acceptors, it 
is well-known that the frequency of the CO stretching 
band of p-chloranil-type acceptors can be used for the 
estimation of charge on a~cept0r . l~  Actually, as shown 
in Table 4, the CO stretching band of NTO shows a large 

(14) Torrance, J. B.; Girlando, A.; Mayerle, J. J.; Crowley, J. I.; Lee, 

(15) Cooper, W. F.; Kenney, N. C.; Edmonds, J. W.; Nagel, A.; Wudl, 

(16) Kistenmacher, T. J.; Phillips, T. E.; Cowan, D. 0. Acta 

V. Y.; Batail, P.; LaPlaca, S. J. Phys. Rev. Lett. 1981, 47, 1747. 

F.; Coppens, P. J. Chem. SOC., Chem. Commun. 1971,889. 

Crystallogr. B 1974, 30, 763. 

TMTTF-CCIATO 105 // 

IO' 1, , , , , , , , , 
3 4 5 6 7 8 9 10 1 1  

103~-1/ ~ - 1  

Figure 1. Temperature dependence of resistivity (powder 
compaction). 

Table 4. Peak Position of the CO Stretching Band 
compound vcdcm-l compound vcdcm-l 

NTO 1693 K-AT0 1625 
K-NTO 1615 TTF-AT0 1642 
TTF-NTO 1642 TMTTF-AT0 1668 
DClNTO 1703 DClATO 1700 
K-DClNTO 1631 K-DClATO 1625 
TTF-DClNTO 1630 TTF-DClATO 1644 
AT0 1702 TMTTF-DClATO 1659 

red-shift when it becomes anion radical. The frequency 
of the CO stretching band of TTF-NTO, 1642 cm-l, is 
between those of the neutral and anion radical states. 
By assuming a linear correlation between the shift and 
the charge on NTO, the degree of charge transfer in 
TTF-NTO is roughly estimated to  be 0.6-0.7. The 
value should be verified quantitatively by other methods 
such as X-ray structure analysis. This will be discussed 
in the structures of TTF-AT0 (vide infra). The fact 
that the complex has quite a high conductivity despite 
the stoichiometry of 1:l also supports that the degree 
of charge transfer is between zero and one. 

Charge-Transfer Complexes of DClNTO. The 
TTF complex which has 1:l stoichiometry was obtained 
as a powdered form. The electrical resistivity of this 
complex is relatively high (Q(R!F) = 2 x lo5 Qcm). The 
frequency of the CO stretching mode in the infrared 
spectrum is nearly the same as that of the potassium 
salt, which suggests that the complex is rather a simple 
salt. Since the redox potential of DClNTO is higher 
than that of TCNQ, the acceptor is probably too strong 
to form a partial charge-transfer complex with TTF. 
TMTTF and TMTSF did not give charge-transfer com- 
plexes. 

Charge-Transfer Complexes of ATO. Reaction 
with TTF or TMTTF gave a 1:l complex. As shown in 
Table 5, their resistivities are rather high. In contrast 
to the other complexes and the salts studied, TTF-AT0 
can be obtained as a crystalline form which has a 
suitable size for X-ray structure analysis. The molecu- 
lar structures determined from the X-ray structure 

(17) Scott, B. A.; LaPlaca, S. J.; Torrance, J. B.; Silverman, B. D.; 

(18) Yakushi, K.; Nishimura, S.; Sugano, T.; Kuroda, H.; Ikemoto, 
Welber, B. J. Am. Chem. SOC. 1977, 99, 6631. 

I. Acta Crystallogr. B 1980, 36, 358. 
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Table 6. Properties of the Charge-Ransfer Complexes 
ComDlex eommsition o(RTPK2 an EnbleV 
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TTF-NTO 1:l 2 x lo-' 0.07 
TTF-DCINTO 1:l' 2 x 105 0.32 
TTF-AT0 1:l 1 x lob 0.40 
TMmF-AT0 1:l 2 x 106 0.43 
TTF-DClATO 1:l 6 x lo-' 0.10 
TMTTF-DClATO 45d 4 x 10' 0.08 

L1 Resistivity at Mom temperature for powder compaction. 
Activation energy for conduction. E Crystal eontains solvent 

molecules. Only nominal value (it could be a mixture of two 
phases). a Value for single crystal. 

Figure 3. Crystal structure of Tl'F-AT0 and short inter- 
atomic contacts between the units: thick dotted line, S ( 1 W -  
(1); thick broken line, S(lFS(2); thin dotted line, C(6W(4);  
thin dotted broken line, S(3W(4) in Table 7. 

Table 6. Atomic Parameters for TTF-AT0 
X Y 1 BqalAZ 

Figure 2. ORTEP drawing of Tl'F (top) and AT0 (bottom) 
showing the atom numbering scheme. 

analysis are shown in Figure 2 with the atom number- 
ing scheme. The crystal structure is shown in Figure 
3, and the atomic parameters are listed in Table 6. As 
expected from its high resistivity, donors and acceptors 
do not form segregated columns; the crystal completely 
loses the columnar structure and is constructed with 
the units which composed of a donor and an acceptor. 
In the crystal, the AT0 plane of one unit is faced to 
another related by an inversion center (e.g., two AT0 
molecules centered at (0.5, 0.5, 0.5) in Figure 3). 
Interplanar distance between ATOs, namely, between 
the neighboring units, is however much longer (3.43 A) 
compared with that between TTF and AT0 within the 
unit (3.27 A). Along the other directions, the units are 
arranged in a complicated way and are weakly hound 
to each other; the shortest interatomic contact between 
the units relative to the sum of the van der Waals radii 
is 3.020(3) A for S(3>-0(4). In the unit, there are short 
interatomic contacts as listed in Table 7. It is quite 
reasonable from this structure that this complex is not 
electrically conductive. 

It is meaningful to examine whether the frequency 
of the CO stretching band is really correlated with the 
degree of charge transfer which can he estimated from 
the molecular geometry. The mean bond lengths of lTF 
are compiled in Table 8 together with those in different 
oxidation states. The central C=C bond is known to be 

0.2320(1) 
0.2375(1) 

-0.0002(1) 
0.0040(1) 
0.1729(3) 
0.0745(3) 
0.3407(3) 
0.3431(3) 

-0.1089(3) 
-0.1112(3) 

0.2468(3) 
0.4765(3) 
0.3 2 9 3 ( 3 
0.1555(3) 
0.2366(4) 
0.1389(3) 
0.1154(4) 
0.1839(3) 
0.2864(3) 
0.3592(3) 
0.4697(3) 
0.5 3 8 1 ( 3 
0.6403(4) 
0.6777(4) 
0.6123(3) 
0.5065(3) 
0.4351(3) 
0.3173(3) 

0.1855(1) 
0.2187(1) 
0.3516(1) 
0.3639(1) 
0.2509(2) 
0.3170(2) 
0.1190(3) 
0.1333(3) 
0.4330(3) 
0.4275(3) 
0.5160(2) 
0.4280(2) 
0.4132(2) 
0.5472(2) 
0.5253(3) 
0.5915(3) 
0.5991(3) 
0.5408(2) 
0.4745(2) 
0.4161(2) 
0.3576(2) 
0.3005(3) 
0.2441(3) 
0.2466(3) 
0.3040(3) 
0.3598(2) 
0.4198(3) 
0.4711(2) 

0.4642(1) 
0.2325(1) 
0.4088(1) 
0.1729(1) 
0.3367(2) 
0.3128(3) 
0.4231(3) 
0.3174(3) 
0.2054(3) 
0.3119(3) 
0.0742(2) 
0.1936(2) 
0.5639(2) 
0.4670W 
0.1701(3) 
0.1807(3) 
0.2794(3) 
0.3796(3) 
0.3738(3) 
0.4766(3) 
0.4726(3) 
0.5697(3) 
0.5652(3) 
0.4675(4) 
0.3723(3) 
0.3747(3) 
0.2730(3) 
0.2735(3) 

' B ,  = %ZZ,Bajaj. 

sensitively changed by the charge on TTF. From 
comparison with other compounds, the charge on TTF 
is estimated to be nearly 0.6 in TTF-ATO. The degree 
of charge transfer estimated from the frequency of the 
CO stretching band shown in Table 4 is 0.7-0.8. The 
agreement is considered to be rather good. 

The 1:l TMTTF complex is also a poor conductor. 
Since the degree of charge transfer estimated from the 
frequency of the CO stretching band is 0.4-0.5, the 
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Table 7. Short Interatomic Distances (A) between 
Molecules 
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5 are obtained immediately after preparation of the 
complex, it has been noticed that the resistivity is 
gradually increased during the attachment of probes. 
Therefore, the intrinsic resistivities of these complexes 
are expected to be lower than those listed in Table 5; 
probably the same order as that of TTF-NTO. 

In conclusion, we have found that NTO-type acceptors 
give highly conducting charge transfer complexes with 
TTF-type donors. Since most of the conducting charge- 
transfer complexes found have 1: 1 stoichiometry, the 
acceptors are also expected to form partially charge- 
transferred complexes with other donors than TTFs and 
partially reduced salts with some closed-shell cations, 
as found for TCNQ. Syntheses and properties of 
diquinone-type acceptors were extensively studied by 
Miller et al.576J9 In their compounds, two p-benzo- 
quinone groups are not directly bound but separated by 
aromatic rings. Some conducting solids have been 
obtained,20 though the reduction potentials are slightly 
more negative than those of NTO-type acceptors. Our 
work as well as theirs indicates that a compound in 
which two or more p-benzoquinone groups are fused 
becomes a good acceptor for constructing electrically 
conducting salts or complexes. 

Table 8. Mean Dimensions of TTFh 

3.326(4) 
3.153(4) 
3.332(4) 
3.092(5) 
3.357(4) 
3.394(5) 
3.261(5) 

3.020(3) 
2.960(5) 

TTFa ?TF-TCNQb TTF-BP TTF-C10& TTF-AT0 
a 1.349 1.372 1.393 1.404 1.371 
b 1.757 1.745 1.720 1.713 1.740 
c 1.726 1.739 1.724 1.725 1.729 
d 1.314 1.326 1.332 1.306 1.332 

a Reference 15. Reference 16. Reference 17. Reference 18. 

crystal should be composed of mixed-stack type columns 
or isolated units like TTF-ATO. 

Charge-Transfer Complexes of DCIATO. Both 
TTF and TMTTF form charge-transfer complexes with 
DClATO. The composition of TTF-DClATO is deter- 
mined as 1:l from elemental analysis. On the other 
hand, the composition of TMTTF-DClATO could not 
be determined from elemental analysis. A nominal 
value has been obtained as 4 5 ,  but it is not sure 
whether the powdery material obtained is homogeneous 
or a mixture of two complexes which have different 
compositions. The resistivities at room temperature are 
shown in Table 5. Compared with other complexes 
studied, these complexes show gradual change of resis- 
tivity by time. This effect is more pronounced in 
TMTTF-DClATO. Although the values listed in Table 
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