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Comment 

Perylene is an electron-donor molecule which has been 
widely used in the preparation of several molecular 
compounds exhibiting high electrical conductivity and 
even metallic properties. Different acceptor counterions 
have been employed to produce these materials, from 
I3- to several metal-dithiolate complexes (Almeida & 
Henriques, 1997). Our group has investigated exten- 
sively the (per)[M(mnt)2] (mnt is maleonitriledithiolate 
or cis-2,3-dimercapto-2-butenedJnitrile) family of molec- 
ular conductors (Gama et al., 1993). The specific redox 
properties of [M(mnt)2] anions make them particularly 
good acceptor counterions and the possible use of dif- 
ferent metals allows manipulation of the physical prop- 
erties of those materials. As part of an effort to obtain 
new molecular conductors based on perylene, we modi- 
fied the (per)2[M(mnt)2] materials by substitution of the 
acceptor anion with other planar metallic complexes. 

Complexes of quinoxaline-2,3-dithiolate (qdt) are 
analogous to metal-bis(dithiolenes) and include pyrazine 
rings which can also undergo redox reactions and pro- 
vide advantageous interactions with an electron donor. 
They therefore appear to be good candidates for combi- 
nation with perylene. 
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Abstract 

A new perylene salt, (C20H12)2[Cu(C8H4N2S2)2], 
(per)2[Cu(qdt)2], has been prepared by electrocrys- 
tallization and characterized by single-crystal X-ray 
diffraction. The crystal structure consists of tetramer- 
ized stacks of perylene species along the c axis, with 
three crystallographically independent interplanar dis- 
tances, 3.50 (1), 3.42 (1) and 3.55 (1)A. These tetramers 
are flanked by a centrosymmetrically related pair of 
[Cu(qdt)2]- anions. 

j" Current address: Departamento de Engenharia Qufmica, Instituto 
Superior T6cnico, P-1096 Lisboa Codex, Portugal. 

s /  \ s  
(per) 2[Cu(qdt) 2] 

The crystal structure of (per)2[Cu(qdt)2] (Fig. 1) 
consist of tetramerized stacks of perylene units along 
the c axis, separated by centrosymmetrically-related 
pairs of [Cu(qdt)2]- anions (Fig. 2). The unit cell 
contains two independent perylene species [per(A) and 
per(B)] and one independent [Cu(qdt)2]- anion, which 
are at general positions. The two perylene units are 
planar and have, within experimental uncertainty, the 
same bond distances and angles. The charge of the 
[Cu(qdt)2]- anion can be assigned by comparison 
of the Cu---S bond distances (2.18,~ average) with 
those in (PPh4)2[CulI(qdt)2] and (PPh4)2[Cum(qdt)2] 
(Boyde, Garner & Clegg, 1987). Consequently, the 
charge balance indicates one positive charge for every 
two C20HI2 units in the stacks. The perylene stacks, 
consisting of the repeat B - - A - - A i - - B  i [symmetry code: 
(i) l - x ,  l - y ,  l - z ] ,  are well separated in the ab 
plane by anions and no interstack contacts exist in the a 
direction. The two perylene units are planar and almost 
parallel [their normal makes an angle of 2.44 (6)"] and 
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the dihedral angles to the [Cu(qdt)2] species are per(A)-  
[Cu(qdt)2] 74.29 (5) ° and per(B)-[Cu(qdt)2] 71.90 (5) °. 
The perylene species have a normal at ca 26 ° to the 
c axis [per(A) 25.94 (5) and per(B) 26.07 (5) °] and the 
[Cu(qdt)2] species has a normal at 80.50 (5) ° to the same 
axis. Within the stacks, the three crystal lographical ly 
independent  interplanar distances are A - - B  3.50(1) ,  
B - - B  i 3.42 (1) and A - - A  i 3.55 (1),~. The [Cu(qdt)2]-  

anion is essential ly planar, the angle between the 
C u S 4  and C8N2S2 planes is 1.51 (8) ° {cf. 20 ° in 
(PPh4)2[Cum(qdt)2]} (Boyde, Garner & Clegg,  1987). 

Interactions between the anions and the perylene mol- 
ecule exist, as denoted by several N - . - H  and S . . . H  con- 
tacts below or in the range of the sum of the van der 
Waals radii. Those contacts may favour the tetrameriza- 
tion of the perylene stacks, a quite different situation 
from the a -phase  of the family of one-dimensional  con- 
ductors (per)2[M(mnt)2], where the disposition of the 
acceptor counterions as segregated stacks favours the 
regular perylene stacks and consequent ly the metallic 
properties of the material  (Domingos et al., 1988). 

E x p e r i m e n t a l  

Single crystals of (perh[Cu(qdt)2] were obtained on the anode 
of an electrochemical cell where oxidation of perylene is 
carded out in a dichloromethane-THF (1:1) solution (10-2 M) 
containing (PPha)[Cum(qdt)2] (50 mg in 40 ml of solution). In 
turn, this reagent was prepared according to the procedure 
described in the literature (Theriot, Ganguli, Kavamos & 
Bernal, 1969; Boyde, Garner & Clegg, 1987). Elemental 
analysis was in good agreement with the crystallographically- 
determined stoichiometry. 

N4 $3 $2 N2 

C16 C5 

Fig. I. Views of the 'A' perylene molecule and the [Cu(qdt)2]- anion 
with the atomic numbering scheme and displacement ellipsoids at 
the 40% probability level. The 'B' perylene molecule is very similar. 
H atoms are shown as spheres of arbitrary radii. 

llt 

Fig 2. Projection of the crystal structure along the a axis. 

Crystal data 

(C20H12)2 [Cu(C8ILIN2S2)2] 
Mr = 952.64 
Triclinic 
/ , i  
a = 11.1451 (12)/~, 
b = 12.5674 (8) ~, 
c = 15.5207 (12) ,4, 

= 95.374 (8) ° 
/3 = 105.384 (8) ° 
3' = 92.095 (9) ° 
V = 2082.5 (3) ,~3 
Z = 2  
Dx = 1.519 Mg m -3 
D,, not measured 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

w-20 scan 
Absorption correction: 

empirical via ~b scans 
(North, Phillips & 
Mathews, 1968) 
Tram = 0.969, Tmax = 1.000 

10 409 measured reflections 
10 041 independent 

reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2tr(F2)] = 0.055 
wR(F 2) = 0.147 

Mo K a  radiation 
A = 0.71069 ~, 
Cell parameters from 25 

reflections 
0 = 10-15 ° 
# = 0.773 mm-I 
T = 293 (2) K 
Plate 
0.14 × 0.10 × 0.05 mm 
Black 

4012 reflections with 
I > 2or(/) 

Rim = 0.050 
0ma~ = 27.97 ° 
h = - 1 4  + 14 
k = - 1 6 - - ~  16 
l =  - 2 0  ~ 0 
4 standard reflections 

every 200 reflections 
frequency: 60 min 
intensity decay: none 

(Z~/O')max = -0.001 
Apmax = 0.625 e ,~-3 
Apmin = -0.413 e ,~-3 
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S = 1.128 
10 035 reflections 
587 parameters 
H atoms const ra ined 
w = l/[rr2(Fo 2) + (0.0143P) 2 

+ 3.8414P] 
where  P = (Fo 2 + 2F~)/3 

Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table 1. Selected geometric parameters (,4, °) 
Cu--S4 2.175 (2) Cu--S3 2.179 (2) 
Cu--S2 2.178 (2) Cu--SI 2.179 (2) 

S4---Ctr---S2 178.17 (9) S3--Cu--S1 177.00 (9) 
S4--Cu---S3 92.79 (7) CI--SI--Cu 104.6 (2) 
S2---Cu--S3 87.20 (7) C2--S2---Cu 103.8 (2) 
S4----Cu---SI 87.18 (7) CI0---S3--Cu 104.2 (2) 
S2---Cu--SI 92.74 (7) C9----S4---Cu 104.3 (2) 

Table 2. Contact distances (,4) 
S 1. • -H3B i 2.87 C9- • • H9B ii 2.78 
$4- • • H 12B ii 2.94 C i 6- • .H 18A ~" 2.79 
N 1- • • H9Aiii 2.63 

Symmetry codes: (i)x, l+y, z; (ii) 1 -x ,  l--y,--z;  (iii) I - x ,  I - y ,  I - z ;  
(iv) x , l + y , z - -  1. 

Data collection: CAD-4 Software (Enraf -Nonius ,  1989). Cell 
ref inement :  CAD-4 Software. Data reduct ion:  MolEN 
PROCESS  (Fair ,  1990). Program(s)  used to solve structure:  
SHELXS86 (Sheldrick,  1990). Program(s)  used to refine struc- 
ture: SHELXL93 (Sheldrick,  1993). Molecular  graphics:  OR- 
TEPII (Johnson,  1976). Software used to prepare material  for 
publication: SHELXL93. 
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Abstract 
The title compound, [Ni(C15H32N4)][ZnCh], has a 
tetradentate diamine--diimine ligand in a tetrahedrally 
twisted square-planar coordination to singlet ground- 
state nickel(II), with a mean Ni--N distance of 
1.909 (3)A. The cation has approximate mirror sym- 
metry, apart from the axially oriented C6 methyl 
substituent. 
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Comment 
Compounds with amine-imine ligands have been pre- 
pared by reaction of a variety of amine compounds 
of copper(II) and nickel(II) with 4-amino-4-methyl- 
pentan-2-one (Morgan & Curtis, 1980; Morgan, Martin 
& Curtis, 1979). The yellow diamagnetic title com- 
pound, [Ni(pnda)][ZnC14], (I), was prepared by reac- 
tion with tris(propane-1,2-diamine)nickel(II) tetrachloro- 
zincate. The structures of (2,4-dimethyl-5,8-diazadec-4- 
ene-7,10-diamine)copper(II) tetrachlorozincate, formed 
from (3-azapentane-l,5-diamine)copper(II) (Gladkikh, 
Curtis & Heath, 1997), [Cu(pnda)](C104)2 and the 
pentadentate ligand compound (2,4-dimethyl-5,8,11- 
triazatridec-4-ene-2,13-diamine)copper(II) perchlorate, 
formed by reaction with 3,6-diazaoctane-l,8-di- 
amine)copper(II) perchlorate (Curtis, Gladkikh & Turn- 
bull, 1997) have been described. 
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O NH 2 [[ [ ~Me 
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