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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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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 

© 1988 International Union of Crystallography 



1768 CI PIGMENT YELLOW 10 

distempers, paper coating and styrene resins. It is an 
azo-pigment and is usually given the azo-hydroxy 
formula (I). For other azo-pigments of this group 
infrared evidence variously favours the azo-hydroxy 
form (I) (Pelz, PiJschel, Schellenberger & Lfffler, 
1960), the azo-keto form (II) (Snavely, Trahanovsky & 
Suydam, 1962) and the hydrazone form (III) (Jones, 
Ryan, Sternhell & Wright, 1963; Parent, 1976). It is 
interesting to note that although the Colour Index 
(1971) prefers form (I), Lewis (1985) prefers form (II). 
On the other hand, the crystal structures of two 
members of this group have been determined (Golinski, 
Reck & Kutschabsky, 1982; Whitaker, 1988) from 
which it was concluded that, in the solid state, the 
hydrazone structure was preferred. 

CI OH. C N \ ~ /  

cl (I) CH~ 

CI . 0 C N~,~C~? 
' ' N=NHfXc,~N 

cl ( I I )  CH3 

; ,  O..c 
~ - ~ - -  N-- N ~ C N 

o (111) cH3 

Experimental. The crystals were obtained by the slow 
cooling of a saturated hot (358 K) toluene solution of 
the commercial pigment Hansa Yellow R. 

The crystal used for intensity measurements was 
0.53 x 0.45 x 0.35 mm. The intensity data were 
collected using an Enraf-Nonius CAD-4 automatic 
four-circle diffractometer of the National X-ray Dif- 
fractometer Service, filtered copper radiation and o3/20 
scans. Cell dimensions from least-squares analysis on 
25 reflections with 0 range 24.47 to 39.42 °. Observed 
density by flotation. 

The intensities were corrected for Lorentz-polari- 
zation and absorption factors (North, Phillips & 
Mathews, 1968) (maximum and minimum trans- 
mission factors 1.00 and 0.81 respectively) to give 
2913 independent intensities with 0 _< h < 10, -11  < 
k _ < l l  and -12_<l_<12.  Maximum 2 0 =  140.0 ° . 
Three standard reflections were measured periodically 
(015, 143 and 460). The variations in normalized 
intensities for 35 sets of measurements were 0.99 to 
1.02, 1.00 to 1.02 and 0.96 to 1.02 respectively; the 
average normalized intensities varied from 0.990 to 
1.013. 

The structure was partially solved using direct 
methods, the remainder of the structure being obtained 
from a difference Fourier synthesis. The full-matrix 
least-squares refinement was based on F with a 
weighting function w such that 1/w = 02+ 0.03F2; tr 
was obtained from counting statistics. The atomic 
scattering factors used were those given in SHELX76 
(Sheldrick, 1976). No corrections for anomalous 
dispersion. 

After anisotropic refinement of the heavy atoms, the 
H atoms were found from two successive Fourier 
syntheses; their positions indicated the hydrazone 
tautomer. They were included in the refinement at a 
distance of 1.05 A from and riding upon the appro- 
priate heavy atom. Refinement continued until the shifts 
were less than one tenth the corresponding standard 
deviations (Mason, 1964). For the final refinement the 
methyl group was freed from positional restraint. 
R = 6.5%, wR = 8.3%. The comparatively high wR 
value is attributed to the use of all data, which is 
considered to be methodologically more satisfactory 
than imposing an arbitrary cut-off value (Hirschfeld & 
Rabinovich, 1973; Wilson, 1976, 1978). No attempt 
was made to refine the parameters of the other H 
atoms. The final coordinates, together with the iso- 
tropic temperature factors, are given in Table 1.* The 
maximum and minimum electron densities on the final 
difference Fourier synthesis were 0.50 and - 0 . 7 2  e A -3 
respectively. 

Inspection of the observed and calculated structure 
factors indicates that several reflections (e.g. 210, 
212) were affected by extinction; one (212) partic- 
ularly so. However, no corrections were applied for 
extinction and these structure factors were included in 
the refinement. 

The following programs were used: SHELX76 
(Sheldrick, 1976) for data processing, solution of the 
structure, Fourier synthesis and least-squares refine- 
ments, BONDLA (Doherty, Stewart & Hall, 1983) for 
the calculation of atomic distances and angles, and 
PARST (Nardelli, 1982) for calculation of weighted 
least-squares planes of the molecule. Figs. 1 and 2 were 
drawn by PLUTO (Motherwell & Clegg, 1978). 

Discussion. The bond lengths and angles are given in 
Table 2. Comparison of the observed bond lengths with 
the accepted values (International Tables for X-ray 
Crystallography, 1968) confirms that the hydrazone 
tautomer is the better model, agreeing with previous 
determinations (Golinski, Reck & Kutschabsky, 1982; 
Whitaker, 1988). Fig. 1 gives the molecular structure 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters and intermolecular distances < 3.50A have 
been deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 51097 (16 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
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Table 1. Coordinates and e.s.d.'s after anisotropic 
refinement, temperature factors after isotropic 

refinement 

The isotropic temperature factor is defined by expl[(-8z?Usin20)/ 
221 x 10 -3} (Cruickshank, 1956). 

x y 
Cl(1) 0.9954 (1) 0.6123 (1) 
C(l) 1.0492 (2) 0.4442 (2) 
C(2) I. 1723 (3) 0.3735 (3) 
C(3) 1.2160 (2) 0.2405 (3) 
C(4) 1.1354 (2) 0.1798 (3) 
Cl(2) I-1890 (l) 0.0122 (1) 
C(5) 1.0129 (2) 0.2485 (2) 
C(6) 0.9679 (2) 0.3837 (2) 
N(I) 0.8450 (2) 0.4576 (2) 
N(2) 0.7662 (2) 0.4006 (2) 
C(7) 0.6509 (2) 0.4749 (2) 
C(8) 0.5503 (2) 0.4347 (2) 
C(9) 0.5580 (3) 0.2997 (3) 
N(3) 0.4484 (2) 0.5332 (2) 
N(4) 0.4733 (2) 0.6443 (2) 
C(10) 0.5955 (2) 0.6161 (2) 
O 0.6482 (2) 0.6891 (2) 
C(l 1) 0.3814 (2) 0.7706 (2) 
C(12) 0.2845 (3) 0.7889 (3) 
C(13) 0.1970 (3) 0.9130 (3) 
C(14) 0.2020 (3) 1.0162 (3) 
C(15) 0.2960 (3) 0.9963 (3) 
C(16) 0.3853 (2) 0.8737 (2) 

Z 

0.6754 
0-7133 
0.6231 
0.6542 
0.7761 
0.8145 
0.8678 
0.8360 
0.9232 
1.0395 
.1148 
.2453 
.3173 
.2954 
.2007 
.0885 

0.9876 
1.2370 
1.3698 
1.4064 
1.3123 
1.1808 
1.1414 

U(A 2) 
(1) 69(1) 
(2) 46 (1) 
(2) 50 (1) 
(2) 52 (1) 
(2) 46 (1) 
(1) 76 (1) 
(2) 46 (l) 
(2) 39 (l) 
(2) 43 (l) 
(2) 44 (1) 
(2) 38 (1) 
(2) 44 (1) 
(3) 64 (l) 
(2) 46 (1) 
(2) 44 (1) 
(2) 41 (1) 
(1) 53(1) 
(2) 39 (1) 
(2) 53 (1) 
(3) 63 (1) 
(3) 64 (1) 
(3) 59 (1) 
(2) 52 (2) 

Table 2. Interatomic distances (A) and angles (o) 

Cl(1)-C(l) 1.732 (2) 
C(1)-C(2) 1-384 (3) 
C(2)-C(3) 1-378 (4) 
C(3)-C(4) 1.389 (3) 
C(4)-C1(2) 1.729 (3) 
C(4)-C(5) 1.378 (3) 
C(5)-C(6) 1.396 (3) 
C(6)-C(1) 1.400 (3) 
C(6)-N(1) 1.388 (2) 
N(I)-N(2) 1.327 (2) 
N(2)-C(7) 1.298 (2) 
C(7)-C(8) 1-445 (3) 
C(8)-C(9) 1.492 (4) 
C(8)-N(3) 1.293 (3) 

CI(I)-C(I)-C(2) 119.8 (0.2) 
C(2)-C(1)-C(6) 121.0 (0.2) 
C(6)-C(l)-Cl(l)  119-2 (0.1) 
C(1)-C(2)-C(3) 119.7 (0.2) 
C(2)-C(3)-C(4) 119.2 (0.2) 
C(3)-C(4)-C1(2) 119.3 (0-2) 
C1(2)-C(4)-C(5) 118.6 (0.2) 
C(5)-C(4)-C(3) 122. ! (0.2) 
C(4)-C(5)-C(6) 118.7 (0.2) 
C(5)-C(6)-N(I) 121.8 (0.2) 
N(1)-C(6)-C(1) l l9.0 (0-2) 
C(1)-C(6)-C(5) 119.2 (0.2) 
C(6)-N(I)-N(2) 119.8 (0.2) 
N(1)-N(2)-C.(7) 116.5 (0.2) 
N(2)-C(7)-C(8) 126.1 (0.1) 
C(8)-C(7)-C(10) 105.5 (0.2) 
C(10)-C(7)-N(2) 128.4 (0.2) 
C(7)-C(8)-C(9) 126.5 (0.2) 

N(3)-N(4) 1.415 (3) 
N(4)-C(10) 1.369 (2) 
C(10)-O |.231 (2) 
C(10)-C(7) 1.474 (3) 
N(4)-C(1 l) 1.421 (3) 
C(11)-C(12) 1.392 (3) 
C(12)-C(13) 1.382 (4) 
C(13)-C(14) 1.379 (4) 
C(14)-C(15) 1.373 (4) 
C(15)-C(16) 1.381 (3) 
C(16)-C(11) 1.391 (3) 
N(1)-CI(I) 2.933 (2) 
N(I)-O 2-755 (2) 
C(16)-O 2.981 (3) 

C(9)-C(8)-N(3) 122.5 (0.2) 
N(3)-C(8)-C(7) 111.0 (0.2) 
C(8)-N(3)-N(4) 107.6 (0.2) 
N(3)-N(4)-C(I 1) 118.3 (0.1) 
C(I I)-N(4)-C(10) 129.2 (0.2) 
C(10)-N(4)-N(3) 112.2 (0.2) 
N(4)-C(10)-O 129.2 (0.2) 
O-C(10)-C(7) 127.1 (0.2) 
C(7)-C(10)-N(4) 103.7 (0.2) 
N(4)-C(11)-C(12) 118.9 (0.2) 
C(12)-C(11)-C(16) 120.1 (0.2) (-d 
C(16)-C(1 i)-N(4) 121.0 (0.2) 
C(11)-C(12)-C(13) 119.1 (0.2) 
C(12)-C(13)-C(14) 120.9 (0.2) ,A 
C(13)-C(14)-C(15) 119.7(0.2) L 
C(14)-C(15)-C(16) 120.7 (0-2) 
C(15)-C(16)-C(11) 119.5 (0.2) 

projected on to the plane containing the atoms C1(2), 
N(2) and C(1 I). 

The interatomic distances N(1)-CI(1) and N ( 1)-O 
suggest that there is a bifurcated hydrogen bond from 
N(1) to CI(1) and O. According to Pimental & 
McClellan (1960) the average distance for a hydrogen 

bond from N to C1 is 3.21 A. N - H . . . C 1  bonds with 
similar lengths to the present one have been found in 
other pigment structures (Whitaker, 1977, 1983, 1988). 
There would appear to be another hydrogen bond from 
C(16) to O; although this is weak, it is nevertheless 
significantly shorter than the sum of the van der Waals 
radii given by Bondi (1964). These hydrogen bonds 
inhibit rotation about neighbouring bonds and tend to 
hold parts of the molecule in the same plane. 

Although the molecule is almost planar, most atoms 
show significant deviation from this plane (Fig. 1). Both 
phenyl groupings are planar, the substituted one within 
3.6a and the unsubstituted one [C(11)-C(16)]  within 
3. la; the pyrazolone grouping is planar within 2. l a. 
However, the unsubstituted phenyl group [C(11)-  
C(16)] is inclined at an angle of 11.02 (7) ° with respect 
to the weighted least-squares plane through the mole- 
cule whereas the inclinations of both the other groups 
are each less than 1 o. 

14) 
. ' -  ~ I~. c(la) 

/O 

c,., l 

~-1 HI91) 
C1{2) 

Fig. 1. Structure of the molecule projected on to the plane 
containing C1(2), N(2) and C(11). The deviations of the atoms 
(in 10 -3/~,) from the weighted least-squares plane of the molecule 
are also given. The errors in the atomic coordinates correspond 
to a mean of 0.001 A for the CI and a mean of 0-002 A for the 
other atoms. The intramolecular hydrogen bonds are indicated 
by broken lines and involve the following hydrogen-atom 
contacts: CI(I) . . .H(101) 2.45, O. . .H(101)  1.94 and O. . .H(16)  
2.31 A. 

Fig. 2. The packing of CI Pigment Yellow 10 molecules in the unit 
cell, a-axis projection. The molecules at a higher level in the cell 
(i.e. those with larger x coordinates) are indicated by solid bonds. 
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There would appear to be no abnormal bond lengths. 
The molecules lie in columns parallel to the a axis, and 
adjacent molecules within each column are antiparallel 
(Fig. 2). The normal to the weighted least-squares 
molecular plane is 41.20 (1) ° offset with respect to the 
column axis; this plane makes an angle of 3.18 (3) ° 
with the (212) plane. The interplanar spacing for (212) 
planes is 3.306 A and because there are substantial 
deviations from the molecular plane, all molecular 
distances (excluding those involving hydrogen) below 
3 .50A were calculated; there are 16 of these. The 
intermolecular linkages are due to van der Waals forces 
and there are no abnormal intermolecular distances. 

The author thanks Dr M. Hursthouse and the 
Science and Engineering Research Council National 
X-ray Crystallographic Service for collecting the data 
and Hoechst (UK) Limited for providing the pigment. 
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The Structure of 3,3',4,4'-Tetrakis(ethyltelluro)-2,2',5,5'-tetrathiafulvalene (TTeC2_TTF) 
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Abstract. C 14H2oS4Te4, tetra(telluroethyl)-TTF (TTeC 2- 
TTF), .Mr = 826.4, monoclinic, P21/n, a - 9.242 (2), 
b =  9.039 (3), c =  14.787 (6)A, t =  112.92 (2) ° , V 
= 1137.8 (6) A 3, Z = 2, D x = 2.41 g cm -3, 2(Mo Kct) 
=0.71069 A, /~=50.7  cm -1, F(000)=752, T=293 K, 
final R = 0.062 for 2026 independent observed reflec- 
tions, wR = 0-065. The ethyl groups which are directed 
out of the TTF-moiety plane prevent close approach of 
the molecules. The shortest Te...Te distance is 3.99 A 
which is 0.35 ]k longer than that reported for TTeC1- 
TTF. 

* To whom all correspondence should be addressed. 
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Introduction. Te-TTF derivatives are promising molec- 
ular n donors for a number of reasons. On the one hand 
they are expected to stabilize further (compared to the S 
and Se analogs) the metallic state of radical cation salts 
derived from them owing to increased intrachain 
coupling; on the other hand they may increase 
interchain interactions owing to short intermolecular 
Te...Te distances analogous to the Se...Se distances 
found in Se-TTF derivatives (Williams et al., 1985) and 
the interchain Te...Te distances in elemental tellurium 
(Cherin & Unger, 1967). 

The chemistry of organic tellurium donors has been 
developing in recent years since the synthesis of 

© 1988 International Union of Crystallography 


