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Comment 
Over the last decade, organic semiconductors have at- 
tracted renewed interest owing to their potential appli- 
cations as active layers in electronic and optoelectronic 
devices such as light-emitting diodes (Cimrova & Neher, 
1996; Kalinowski et al., 1996; Burrows et al., 1996). 
Since its discovery in 1960, tetracyanoquinodimethane 
(TCNQ) has been among the most extensively stud- 
ied semiconductors, owing to its ability to form small- 
band-gap charge-transfer complexes and organic metals 
suitable for technological uses (Epstein & Reiff, 1988; 
Bozio & Pecile, 1991; Miller, 1981-1983; Ferraro & 
Williams, 1987; Marks, 1990). Here we report the syn- 
thesis and the crystal structure of the hydrogenated form 
of TCNQ, namely the tetracyano-p-xylene (TCNX) ob- 
tained for the first time as a single crystal. As indi- 
cated by optical studies, TCNX seems to be a promis- 
ing candidate for the realization of optoelectronic de- 
vices. The results of absorption measurements indicate 
that TCNX is a semiconductor with a direct optical ab- 
sorption threshold below 450 nm, comparable to that of 
TCNQ. The most striking difference between the optical 
behaviour of TCNQ and TCNX is that TCNX shows 
an intense photoluminescence spectrum when excited 
with light of wavelength lower than 450nm. Prelimi- 
nary measurements of luminescence versus  temperature 
show the presence of at least two emission bands, cen- 
tred at approximately 480 nm and 530 nm, characterized 
by different mean lifetimes. 
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Abstract 
The title compound, C I 2 H 6 N 4 ,  may be considered as the 
hydrogenated form of tetracyanoquinodimethane. The 
main property shown in the solid state is luminescence 
(blue-green emission) and it is due to the stacking 
interaction established between molecules along the z 
axis related by a c glide plane. 

t IUPAC name: 2,2'-(p-phenylene)bis(propanedinitrile). 

CN CN 

CN CN 

TCNX 

It is well known (Melby et al., 1962) that AgTCNQ 
microcrystals can be easily obtained by dipping a 
metallic plate into a saturated solution of TCNQ. 
According to the literature (Duan et al., 1993), the 
microcrystals form as a result of a corrosion process 
that the metal undergoes in the presence of the highly 
oxidizing TCNQ. We have noticed that when a silver 
plate is immersed in a TCNQ solution in ethanol in 
the presence of 1 mM 1,8-octanedithiol, AgTCNQ 
does not form and needle-shaped TCNX single crystals 
(mean dimension 0.1 ×0.3x5 mm) grow in a few days. 
This result can be explained as a consequence of the 
presence of self-assembled dithiol layers that, according 
to the literature (Ulman, 1996), grow on silver when 
it is dipped in alcoholic solutions containing alkane 
dithiols. The dithiol layers act as an anti-corrosion 
film, preventing the metal oxidation and thus preventing 
the formation of the AgTCNQ complex. At the same 
time, the dithiol layers behave as a substrate for the 
spontaneous growth of the TCNX crystals. 
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Fig. 1. A view of the title compound showing the atomic numbering 
scheme and displacement ellipsoids at the 50% probability level [or 
non-H atoms. 

The molecule lies on an inversion centre so there is 
only half  a molecule in the asymmetric  unit. It was ex- 
pected that an sp2-C atom would join the cyano groups 
to the phenyl  ring. The hydrogen at C4 may show some 
tendency to be lost. Geometrical  parameters show such 
a situation [Co4-----C5 1.475 (1), C 4 - - C 6  1.476 (1), C4--- 
C1 1.531 (1) A, C 5 - - C 4 - - - C 6  108.89 (8), C6- -C4- - -C1  
111.99(7), C 5 - - C 4  C1 112.28(8)°].  They also testify 
to a slight electronic delocalization involving the C - - C  
single bonds close to the cyano groups and the C - -  
C single-bond character for C 4 - - C 1 ,  in contrast to the 
bond lengths measured for all the TCNQ molecules 
where a wide electronic delocalization has been ob- 
served (Viossat et al., 1995; Corfield & La Placa, 1996). 

C4 is only 0.057 (1)~,  out of the plane of the arylic 
ring and C5 and C6 are on the opposite side of the 
same plane by 0 .316(1)  and 0 . 8 0 7 ( 1 ) A  with respect 
to C4, respectively. The CN triple bond assumes its 
typical value [ C 5 - - N  1 1.137 (1), C6---N2 1.133 (1) .~]. 
The most interesting feature found is the crystal pack- 
ing which may just ify the physical properties of the 
compound. The crystal may be viewed as a stack of 
(001) planes with a stacking distance of 3.823 (1) ~,. 
Such graphitic interaction between the molecules that 
form piles along the z axis may be the reason why, 
unlike the most common organic materials, the optical 
spectrum of the crystal phase of TCNX is substantially 
different from that of the constituting individual mol- 
ecule (Rinaldi et al., 1998). 

Experimental 

Crystals suitable for X-ray diffractometric analysis were 
obtained as described in a recent paper (Rinaldi et al.. 1998). 

Crystal data 

CI2H6N4 Mo Ka radiation 
Mr = 206.21 A = 0.71073 ,~, 
Monoclinic Cell parameters from 48 
C2/c reflections 
a = 18.4255 (16) A 0 = 5.5-13.5 ° 
b = 7.2396 (6) A /,1 = 0.088 mm-- 
c =  7.6466 (5) A T = 293 (2) K 
/3 = 101.126 (6) ° Prismatic 
V= 1000.83 (14),~3 0.8 × 0.8 x 0.4 mm 
Z = 4 Yellow 
D, = 1.369 Mg m -3 
Om not measured 

Data collection 

Siemens R3m/V diffractom- 
eter 

w-20 scans 
Absorption correction: 

zl, scan (Kopfmann & 
Huber, 1968) 
Tm,n = 0.902, T,~,~ = 0.965 

1936 measured reflections 
1467 independent reflections 

1073 reflections with 
I > 2o-(/) 

Rint = 0.010 
0 .... = 30.06 ° 
h = 0 ~ 2 5  
k = - 2  ~ 10 
1 = - 10 ~ 10 
3 standard reflections 

every 197 reflections 
intensity decay: 0.43% 

Fig. 2. A view of the crystal packing along the b axis. 

Refinement 

Refinement on F 2 
R[F 2 > 2o.(F2)] = 0.037 
wR(F:) = 0.107 
S = 0.966 
1467 reflections 
86 parameters 
H-atom parameters 

constrained 
w=  1/[o.2(F,~) + (0.0713P):] 

where P = (F,~ + 2F, Z)/3 
(AllY) ...... < 0.001 

Apm~ = 0.337 e .~-3 
Apmi, = -0.201 e A- 
Extinction correction: 

SHELXL97 (Sheldrick. 
1997a) 

Extinction coefficient: 
0.004 (3) 

Scattering factors from 
h~ternational Tables for 
Cr3"stallography (Voi. C) 
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Table  1. Selec ted  geometr ic  parame te r s  (,4, °) 

CI--C4 1.531 11) C5--NI 1.136 (1 
C4--C5 1.475 (I) C6--N2 1.133 (I 
C4--C6 1.476 11) 
C5- - -C~6  108.9 (8) NI - -C5~4  177.2 (I 
C5--C4~1 112.3 (8) N 2 ~ 6 ~ 4  179.5 (1 
C6---C4--C 1 112.0 (7) 

Reflection intensities were evaluated by profile fitting of a 
96-step peak scan using a 20 shell procedure (Diamond, 
1969) and then corrected for Lorentz-polarization effects. 
Standard uncertainties, or(/), were estimated from counting 
statistics. H atoms have been treated isotropically [U,~,, varies 
from 0.035 (3) to 0.061 (4)A,2]. C - - H  bond lengths range 
from 0.95(1) for C4 H4 to 1.01 (2)A for C3--H3.  All 
calculations were performed on a /.t-VAX 3400 and on an 
AXP DecStation 3000/400. 

Data collection: P3/V (Siemens, 1989). Cell refinement: 
P3/V. Data reduction: XDISK (Siemens, 1990). Program(s) 
used to solve structure: SHELXS97 (Sheldrick, 1997b). Pro- 
gram(s) used to refine structure: SHELXL97 (Sheldrick, 
1997a). Molecular graphics: X P W  (Siemens, 1996). Software 
used to prepare material for publication: PARST95 (Nardelli, 
1995) and SHELXL97. 

Siemens (1989). P3/V. Release 4.21/V. Siemens Analytical X-ray 
Instruments Inc., Madison, Wisconsin, USA. 

Siemens (1990). XDISK. Data Reduction Program. Release 4.21/V. 
Siemens Analytical X-ray Instruments Inc.. Madison, Wisconsin, 
USA. 

Siemens (1996). XPW. Release 5.05. Siemens Industrial Automation 
Inc., Analytical Instrumentation, Madison, Wisconsin, USA. 

Ulman, A. (1996). Chem. Rev. 96, 1533-1554. 
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2'-(1,3-Dithiolan-2-ylidene)-4'-(1,3-dithiol- 
2-ylidene)spiro[ 1,3-dithiole-2,5'-(4'H- 
5',6'- dihydro- l',Y-dithiapentalene) ], the 
Self-Condensation Product of an Extended 
Tetrathiafulvalene Derivative 

We w o u l d  l ike to express  our  gra t i tude ,  for  suppor t  
and aid, to the I tal ian M U R S T  and to the 'Cen t ro  
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Abstract 
Si l ica-gel  t r ea tmen t  of  the e x t e n d e d  te t ra th ia fu lva lene  
der iva t ive  2 , 3 - b i s ( 1 , 4 - d i t h i a f u l v e n - 6 - y l ) - 6 , 7 - d i h y d r o -  
t e t ra th ia fu lva lene ,  bear ing  two  1 ,4 -d i t h i a fu lven -6 -y l  
g roups  in vic inal  posi t ions ,  a f forded  the title c o m p o u n d ,  

C14HIOS8, as a cyc l i za t ion  product .  W h i l e  one  di thia-  
fu lvenyl  g roup  is still con juga t ed  wi th  the tetrathia-  
fu lva lene  moiety ,  the o ther  one  g ives  rise to a s t rongly  
fo lded  1,3-dithiole g roup  l inked  to the m o l e c u l e  th rough  
a sp i ro-C atom.  T w o  short  n o n - b o n d i n g  i n t r amo lecu l a r  
1 , 5 - S . . - S  contac ts  are also ident i f ied in the title c o m -  

pound.  

Comment 
E x t e n d e d  te t ra th ia fu lva lene  der iva t ives  such as (1) (see 
s c h e m e  be low)  have  p roved  to be in teres t ing cand ida te s  
as p recursors  for  the synthes is  o f  novel  o rganic  conduc t -  
ing mater ia ls  (Sall6 et al., 1996). We recen t ly  repor ted  
that  the e lec t roc rys ta l l i za t ion  of  (1) in the p resence  o f  
n -Bu4NC104 affords  a I:1 salt wi th  C104- (Sall6 et al., 
1993). This  salt exhibi ts  a nove l  m o d e  of  over lap ,  w h i c h  
a l lows  the ou te r  d i th ia fu lveny l  g roups  of  (1) to inter- 
leave in a d i rec t ion  pe rpend icu l a r  to the s tacking axis. 
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