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Abstract. CsH4S+.I3, M r = 7 3 7 . 3 1 ,  triclinic, P1, a 
=13 .185(2) ,  b = 9 . 4 3 3 ( 1 ) ,  c = 7 . 8 3 0 ( 1 ) A ,  a =  
102.99(1), f l=104 .64(1 ) ,  y = 6 7 . 5 6 ( 1 )  °, V =  
861.8 (2) A 3, Z = 2, D x = 2.84 gcm -3, 2(Mo Ka) = 
0.71069 A, g = 63.0 cm -~, F(000) = 678, T =  298 K, 
R = 0.036 for 4001 observed reflections. The cation 
radical and the anion form side-by-side molecular 
coordination pairs with short S. . .I  contacts of 3.651- 
3.868/~ aligning their long molecular axes parallel. The 
cation radicals form face-to-face dimers with mean 
interplanar distance 3.41/~. The adjacent dimers are 
connected to each other making one-dimensional arrays 
along the c axis by side-by-side S.. .S contacts of 
3 .395-3.772/~ between the cation radicals. 

Introduction. Cation radical salts based on the n- 
electron-donor molecule 3,4;3',4'-bis(ethylenedithio)- 
tetrathiafulvalene (BEDT-TTF) and quasi-linear anions 
exhibit superconductivity at ambient pressure and 
temperatures as high as 10 K (Urayama, Yamochi, 
Saito, Nozawa, Sugano, Kinoshita, Sato, Oshima, 
Kawamoto & Tanaka, 1988). Among the linear anions, 
triiodide gives four cation radical salts with BEDT-TTF 
exhibiting superconductivity at ambient pressure: fl- 
(BEDT-TTF)2I 3 (Yagubskii, Shchegolev, Laukhin, 
Kononovich, Kartsovnik, Zvarykina & Buravov, 
1984), y-(BEDT-TTF)6(I3) 5 (Yagubskii, Shchegolev, 
Pesotskii, Laukhin, Kononovich, Kartsovnik & Zvary- 
kina, 1984), 0-(BEDT-TTF)2I 3 (Kobayashi, Kato, 
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Kobayashi, Nishio, Kajita & Sasaki, 1986), and 
x-(BEDT-TTF)2I a (Kato, Kobayashi, Kobayashi, 
Moriyama, Nishio, Kajita & Sasaki, 1987). Since the 
superconductivity of these salts is likely to be due to the 
quasi-two-dimensional character of the electrically 
conducting BEDT-TTF sheet, it is of great interest to 
investigate linear anion salts, in particular triiodide 
salts, of 3,4,3',4'-bis (methylenedithio)tetrathiaful- 
valene (BMDT-TTF) in which the two-dimensional 
interaction is expected to be large compared with that 
of BEDT-TTF (Kato, Kobayashi, Kobayashi & 
Sasaki, 1985). In this paper, we report the crystal 
structure of the triiodide salt of BMDT-TTF. 

Experimental. The crystals were prepared by electro- 
chemical oxidation of BMDT-TTF in a benzonitrile 
solution of tetrabutylammonium triiodide at a platinum 
electrode (2 mm diameter). A constant current of 1 laA 
was passed through a fine fritted-glass separating anode 
and cathode of an electrochemical cell for a month to 
yield black rhombohedral crystals. A Rigaku auto- 
matic four-circle diffractometer with graphite-mono- 
chromatized Mo Ku radiation was used for intensity 
data collection from a crystal of dimensions 0.5 x 
0.5 x 0.4 mm at room temperature [298 (2)K]. 0-20 
scan employed within 20 = 60 ° [(sin0)/2 = 0.704 A-l]. 
Four standard reflections (200, 005, 111 and i21) were 
monitored every 50 reflections and showed no evidence 
of crystal deterioration. 4001 observed reflections with 
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Table 1. Positional parameters and equivalent iso- 
tropic thermal parameters (A2xl0 4) with e.s.d.'s in 

parentheses 

Ueq is defined as one third of the trace of the orthogonalized U u 
matrix. 

x y z Ueq 
I(1) 0.03969 (3) 0.11254 (5) 0.30732 (6) 341 (3) 
I(2) 0.27289 (4) -0.01887 (6) 0.26182 (9) 540 (4) 
I(3) -0.19216 (4) 0.24736 (6) 0.33219 (8) 447 (4) 
S(1) 0.1741 (1) 0.4044 (2) 0.2792 (2) 331 (10) 
S(2) 0.1538 (1) 0.6703 (2) 0.1212 (2) 346 (11) 
S(3) -0.0896 (I) 0.5405 (2) 0.2780 (2) 324 (10) 
S(4) -0.1109 (1) 0.8076 (2) 0.1196 (3) 372 (11) 
S(5) 0.4301 (1) 0.2994 (2) 0.3354 (3) 580 (15) 
S(6) 0.4093 (1) 0.5672 (2) 0.1734 (3) 525 (15) 
S(7) -0.3405 (1) 0.6700 (2) 0.2834 (3) 466 (13) 
S(8) -0.3632 (1) 0.9410 (2) 0.1223 (3) 513 (14) 
C(I) 0.0886 (4) 0.5760 (6) 0.1998 (8) 249 (37) 
C(2) -0.0249 (5) 0.6358 (7) 0.1985 (8) 283 (40) 
C(3) 0.2963 (5) 0.4202 (7) 0.2575 (9) 316 (42) 
C(4) 0.2866 (4) 0.5447 (7) 0.1867 (9) 309 (42) 
C(5) -0.2200 (5) 0.6799 (7) 0.2407 (9) 335 (44) 
C(6) -0.2303 (5) 0.8044 (7) 0.1701 (9) 346 (43) 
C(7) 0.4912 (6) 0.3686 (10) 0.2027 (15) 737 (74) 
C(8) -0.4159 (6) 0.8769 (10) 0.2729 (12) 618 (65) 

IFol>3a(IFol) ( - 1 8 < h < 1 5 ,  - 1 3 < k _ < 0 ,  and 
- 1 0  < l < 10) of 5038 independent reflections were 
used for the refinement. The data were corrected for Lp. 
No absorption correction was carried out. Unit-cell 
dimensions were determined by a least-squares fit for 20 
reflections with 41.3 < 20 < 43.5 °. 

The structure was solved by the heavy-atom method. 
The stoichiometry of the salt was found to be 1:1, 
(BMDT-TTF)I 3. The Fourier map showed the posi- 
tions of S and C atoms. Positions of H atoms could not 
be determined from the difference Fourier map. Thus H 
atoms were not included in the refinement. Block- 
diagonal least-squares refinement, with anisotropic 
thermal parameters for non-H atoms only, gave resi- 
duals R(F)---0.036 and wR(F)---0-039 with w = 0-5 
for weak reflections. S = 3 . 5 0 ,  (A/a)max=O'09 for 
C ( 3 ) ,  Apmax = 1"0 e A -3 and Apmin = --1.2 e A -3. 
Atomic scattering factors from International Tables for 
X-ray Crystallography (1974) were used. All calcula- 
tions were performed on a FACOM M-360 computer 
at the Institute for Solid State Physics with a local 
version of UNICS (Sakurai, 1967). 

Discussion. Positional and equivalent isotropic thermal 
parameters are listed in Table 1.* Interatomic distances 
and angles for the BMDT-TTF molecule are sum- 
marized in Table 2. The atomic numbering schemes and 
the molecular geometries of BMDT-TTF and triiodide 
are shown in Fig. 1. The central C(1)-C(2)  double 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 51080 (9 pp.). 
Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 

Table 2. Interatomic distances (A) and angles (°)for 
the BMDT-TTF cation radical and triiodide anion and 
selected intermolecular contact distances (A) with 

e.s.d. 's in parentheses 

Distances within the molecule 
C(I)-C(2) 1.382 (8) 
C(1)-S(1) 1.727 (6) C(1)-S(2) 1.734 (8) 
C(2)-S(3) 1.741 (8) C(2)-S(4) 1.727 (6) 
C(3)-s(1) 1.727 (7) C(4)-S(2) 1.722 (5) 
c(5)-s(3) i.721 (5) c(6)-s(4) 1.730 (8) 
C(3)-C(4) 1.359 (11) C(5)-C(6) 1.355 (11) 
c(3)-s(5) 1.736 (5) C(4)-S(6) 1.741 (7) 
C(5)-S(7) 1.743 (8) C(6)-S(8) 1.742 (5) 
c(7)-s(5) 1.812 (12) C(7)-s(6) 1.803 (9) 
C(8)-S(7) 1.831 (8) C(8)-S(8) 1-815 (11) 
S(1)-S(2) 2.935 (3) S(3)-S(4) 2.941 (3) 
S(5)-S(6) 2.967 (4) S(7)-S(8) 2.981 (3) 
I(1)-I(2) 2.926 (1) I(1)-I(3) 2.867 (1) 

Bond angles within the molecule 
C(1)-S(I)-C(3) 94.8 (3) C(1)-S(2)-C(4) 94.5 (3) 
C(2)-S(3)-C(5) 94.4 (3) C(2)-S(4)-C(6) 94.8 (3) 
C(3)-S(5)-C(7) 92. I (4) C(4)-S(6)-C(7) 92.4 (4) 
C(5)-S(7)-C(8) 92.3 (4) C(6)-S(8)-C(8) 92.3 (4) 
S(1)-C(1)-S(2) 116.0 (3) S(I)-C(I)-C(2) 122-5 (5) 
S(2)-C(1)-C(2) 121.5 (5) S(3)-C(2)-S(4) 116.0 (3) 
S(1)-C(3)-C(4) 116.9 (5) S(5)-C(3)-C(4) 117.6 (5) 
S(2)-C(4)-S(6) 125.0 (5) S(2)-C(4)-C(3) 117.4 (5) 
S(6)-C(4)-C(3) 117.5 (5) S(3)-C(5)-S(7) 124.4 (5) 
S(3)-C(5)-C(6) 117.9 (6) S(7)-C(5)-C(6) 117.7 (5) 
S(4)-C(6)-S(8) 125.0 (5) S(4)-C(6)-C(5) 116.9 (5) 
S(8)-C(6)-C(5) 118.0 (6) S(5)-C(7)-S(6) 110.3 (4) 
S(7)-C(8)-S(8) 109.7 (4) I(2)-I(1)-I(3) 176.7 (1) 

Intermolecular contact distances within the dimer 
S(1)-S(4 ~) 3.405 (2) C(1)-C(2 ~) 3.403 (8) 
S(2)-S(3 ~) 3.405 (2) C(3)-C(C) 3.633 (9) 
S(5)-S(8 ~) 3.878 (3) C(4)-C(Y) 3.634 (9) 
S(6)-S(7 ~) 3.865 (3) C(7)-C(8 ~) 4.028 (13) 

Intermolecular contact distances between the dimers 
S(1)-S(3 H) 3.772 (3) S(3)-S(3") 3.731 (3) 
S(I)-S(7") 3.625 (2) S(5)-S(7 ~) 3.395 (3) 

Key to symmetry operations: none x, y,  z; (i) - x ,  l - y ,  - z ;  (ii) - x ,  
l - y ,  1-z.  

12 I1 13 

\, ~I/ '~ ~iI \\ 

J ~.~/ ~ , ,  .~, 
J , ,  / 

Fig. 1. Molecular arrangement in a coordination .pair consisting of 
BMDT-TTF and 13 with thermal-ellipsoid plot and numbering 
scheme. The adjacent coordination pair, which forms an eclipsed 
BMDT-TTF dimer with the pair, is shown by shaded ellipsoids. 
The S. . . I  contacts shorter than 4.0 A are represented by broken 
lines. 
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bond is 1.382 (8) A. This bond distance is close to that 
observed for the +l-charged BMDT-TTF cation in 
(BMDT-TTF)AsF 6 [1.388(4)A (Nigrey, Duesler, 
Wang & Williams, 1987)] and somewhat larger than 
that in (BMDT-TTF)SbF 6 (1.361 A; Kato, Kobayashi 
& Kobayashi, 1986). The C - S  and C=C bond 
distances of the inner-ring atoms are also in good 
agreement with those reported by Nigrey et al. (1987) 
within the experimental errors. 

Nigrey et al. (1987) demonstrated that there is 
another criterion to judge the charge of the BMDT- 
TTF cation. This criterion is based upon the ratio of the 

• / • • 

S...S distances of the outer(So)- and mner(St)-rmg S 
atoms. The ratio So/S i gives values of 1.014, 1.007, and 
0.99 for the +1-, +½-, and zero-charged cations, 
respectively. The outer distance is 2.974 (7) and the 
inner distance 2.938 (4) A in the present salt. The ratio 
1.012 (3) is most close to that of the +l-charged 
BMDT-TTF cation radical. 

Since the triiodide is not located at an inversion 
center, it is neither centrosymmetric nor linear. The 
distance I(1)-I(2) is 2 .926(1)A and I(1)-I(3) is 
2.867 (1) A. The angle I(2)-I(1)-I(3) is 176.7 (1) °. 
These distances and angles are close to those observed 
in tetrabutylammonium triiodide (2.941, 2.910 A, and 
174.7 °; Herbstein, Kaftory, Kapon & Saenger, 1981). 
The triiodide in (BMDT-TTF)I 3 would therefore be 
regarded as a -1-charged anion. This finding together 
with the fact that BMDT-TTF is a + 1-charged cation 
radical suggests that almost complete one-electron 
oxidation of BMDT-TTF occurs. 

The structure projection onto the (100) plane is 
...... shown in Fig. 2. The cation radical and the triiodide 

anion are aligned side-by-side and hence their long 
molecular axes are approximately parallel to each 
other. This side-by-side arrangement results in many 
S...I contacts of 3.651 (2)-3.868 (2)A, shorter than 
the sum of the van der Waals radii (4.0 A), and forms a 
coordination pair consisting of BMDT-TTF and tri- 
iodide as shown in Fig. 1. Similar short S...I contacts 
are reported for several iodine salts of BEDT-TTF: 
e-(BEDT-TTF)4(I3)2(I s) (3.562-3.797A; Shibaeva, 
Lobkovskaya, Yagubskii & Kostyuchenko, 1986a), 
~-(BEDT-TTF)I3(C2H3C13)0.333 (3.628-3.824 A; Shi- 
baeva, Lobkovskaya, Kaminskii, Lindemann & Yagub- 
skii, 1986), ~-(BEDT-TTF)2(Is)(I 2) (3.787-3.840A; 
Shibaeva, Lobkovskaya, Yagubskii & Kostyuchenko, 
1986b), and r/-(BEDT-TTF)I 3 (3.697-3.799 A; 
Shibaeva, Lobkovskaya, Yagubskii & Laukhina, 1987). 
r/-(BEDT-TTF)I 3 is not isostructural to (BMDT- 
TTF)I 3 employed here, though both salts have 1:1 
stoichiometry. In these BEDT-TTF salts short S...I 
contacts are not found between the central I atom of 
triiodide and the S atoms of BEDT-TTF. In (BMDT- 
TTF)I 3, however, the central I atom makes short 
contacts with the inner-ring S atoms of BMDT-TTF. 
This discrepancy could be caused by the difference 

between the molecular geometries of BEDT-TTF and 
BMDT-TTF. The distance between the outer-ring S 
atoms is close to that of the inner-ring S atoms in 
BMDT-TTF (So/St= 1.012), whereas the former is 
much longer than the latter in BEDT-TTF (So/S i 
= 1.16; Kato et al., 1985). Therefore, the outer-ring S 
atoms are more prominent than the inner-ring S atoms 
for BEDT-TTF. This would be the reason why the 
inner-ring S atoms of BEDT-TTF do not make contact 
with the central I atom, while those of BMDT-TTF do. 

The cation radicals in a pair form an almost eclipsed 
face-to-face dimer with mean interplanar distance 
3.41 A as shown in Fig. 1. The direction normal to the 
cation plane is oriented nearly along the [012] direction 
as shown in Fig. 2. The closest interplanar S...S 
contact of 3.405 (2)A in the dimer [S(1)-S(4~ and 
S(2)-S(31); see Table 2] is significantly shorter than the 
sum of the van der Waals radii (3.70 A). This contact is 
very short compared to that observed in neutral 
BMDT-TTF (3.80A; Kato et al., 1985) and even 
shorter than that observed in the eclipsed dimer of 
(BMDT-TTF)2Au(CN) 2 (3.635 A; Nigrey, Morosin, 
Kwak, Venturini & Baughman, 1986). The S..-S 
contacts in the dimer of (BMDT-TTF)I a are rather 
close to those observed in the eclipsed dimer of 
tetrathiafulvalenium perchlorate (TTF)C104 
[3.347 (3)-3.555 (3)]k (Yakushi, Nishimura, Sugano 
& Kuroda, 1980)], which exhibits charge-transfer 
absorption between the TTF + cation radicals in the 
near infrared region (Sugano, Yakushi & Kuroda, 
1978). The present compound (BMDT-TTF)I a also 
exhibits an intense absorption band in that region 
(Sugano & Kinoshita, 1988). Therefore, the short S...S 
contacts in the dimers of (BMDT-TTF)I a probably 
cause the charge-transfer interaction between the 

a 

Fig. 2. Projection of the structure onto the (100) plane. The S...S 
contacts shorter than 3.70 A are represented by broken lines. 
Molecules denoted by open ellipsoids lie on the glide plane at 
x = 1 with respect to the shaded molecules. 



T. SUGANO,  S. SATO, M. K O N N O  A N D  M. KINOSHITA 1767 

BMDT-TTF ÷ cation radicals as in the case of 
(TTF)C10 4. 

The dimers are not isolated from each other but are 
connected by the side-by-side S. . .S contacts of 
3.395 (3 ) -3 .772 (3 )A .  As summarized in Table 2, 
some side-by-side contacts between the cation radicals 
in the adjacent dimers are shorter than the sum of the 
van der Waals radii. The side-by-side contacts are 
nearly parallel to the direction along the c axis as shown 
in Fig. 2. Hence a one-dimensional array of the dimers 
extends along the c axis. This makes a marked contrast 
to the two-dimensional network of eclipsed dimers 
observed in (BMDT-TTF)EAu(CN) 2 (Nigrey et al., 
1986). The side-by-side coordination of BMDT-TTF + 
with I~- probably intercepts the extension of the dimer 
network along the b axis as seen in Fig. 2. 

The authors are indebted to Professor Gunzi Saito of 
the Institute for Solid State Physics for kindly pro- 
viding BMDT-TTF. This work was in part supported 
by a Grant-in-Aid for Scientific Research from the 
Ministry of Education, Science and Culture, Japan. 
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CI Pigment Yellow 10, 4-[2',5'-(Diehlorophenyl)hydrazono]-5-methyl-2-phenyl- 
3H-pyrazol-3-one 
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Abstract. CI6HI2CI2N40 , M r = 3 4 7 . 2 ,  triclinic, P i ,  
a = 8.879 (3), b = 9.073 (2), c = 10.021 (2).A,, ~t-- 
95.25 (2), f l =  75.26 (2), y =  94.09 (2) °, V =  
776.5 (5) A 3, Z = 2, D m = 1.478 (5), D x = 
1.485 (1) Mg m -3, F(000) = 356, Cu Ks,  2 = 
1.54184 ]k, g = 3.70 mm-~, room temperature. R = 
6.5% for 2913 independent intensities. The molecule 
exists as the hydrazone tautomer and there are three 
intramolecular hydrogen bonds, one of which is very 
weak. These hydrogen bonds keep the molecule 

0108-2701/88/101767-04503.00 

approximately planar. The molecules are linked by van 
der Waals forces into columns parallel to a. 

Introduction. This paper is concerned with the crystal 
and molecular structure of an azo-pigment and with the 
long-term aim of relating colour and crystal structure in 
pigments. 

The present compound, CI Pigment Yellow l0 (CI 
No. 12710), is a commercially available pigment used 
for printing inks of all types, emulsion paints and 
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