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The planar, macrocyclic metal complex nickel-l,4 8,l l-  
t etraaza-5,7,12,14-t etram ethyl(l4)annulene [Ni(TATM A)] has 
been ed as an-donor to  form new IT-D-A compounds of the 
type Fi(TATMA)]2A where A=TCNQ and NiSqCqH4. Mag- 
netic susceptibility and conductivity measurements have been 
obtained for both compounds and the structure of the 
NiS C H derivative has been elucidated by x-ray diffractio 
m e  fro% .go h compounds are semiconductors with 0250=10Si 
1 0 - b f c m - '  and Ea=0.1-c0.25eV). The NiS4C4H derivative 
contains 1-D stacks of the n-donor which consist of metal- 
metal bonded [Ni(TATMA)+] dimers separated by uncharged 
Ni(TATMA) units. The Nd4C Hi ions are unstacked and 
presumably are responsible for the  observed Curie-like spin 
fusceptibilitl; Magnetic susceptibility measurements on the 
Ni(TATMA) TCNQ compound show no net spin suscepti- 

bility indicating either no net charge transfer in this case or 
an intermolecdfr association in the solid state involving - both 
the Ni(TATMA) and TCNQ' units, 

INTRODUCTION 

n-donor acceptor compounds (TPD~A) have aroused strong current 
scientific interest, mainly because of their high conductivity.lj2 
However, other than TTP, TCNQ and their close relatives there are 
only few n-donor or acceptor systems which seem t o  meet the 
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required criteria for the formation of these stacked l-D systems. 
Two kinds of criteria may be used to evaluate prospective 

candidate molecular systems for use in preparing conductive n-D A 
compounds: 

1. - Structural: Overall planar geometry; molecular structure 
conducive to close l-D stacking with good n-orbital overlap; 
relative sizes of donor and acceptor molecules; etc. 

2. - Electronic: Extended n-electron systems with n-orbitals 
of the appropriate symmetry and spatial extent; facile oxidation 
(for the donor) or reduction (for the acceptor); approximate match- 
ing of redox potentials of D and A to provide partial charge 
transfer and non-integral oxydation states; etc. 

We have been exploring394 the use of metal  complex systems 
as a potential source of n-donors or acceptors which meet these 
criteria. Among the prospective systems selected as possible 
n-donors are the metal-1,4,8,11-tetraaza-5,7,12,14-tetramethyl 
(14)annulenes, M(TATMA): 

M-Ni,Cu,Pd, ... 

Figure 1. M(TATMA) 

They can be reversibly oxidized5 from the 16-electron neutral 
species and the half-wave potential for the first oxidation of the 
nickel complex (0.11 V vs. SCE) is very close to the half-wave 
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potential for the reduction of both the nickel ethylene bisdithiolene 
NiS4C4H4 (0.09V) and TCNQ (0.13V), 

NICKEL ETHYLENE BlSDlTHlOLENE TCNQ 

Figure 2. Nickel ethylene bisdithiolene and TCNQ 

suggesting that the neutral [Ni(TATMA)] may be an effective 
n-donor toward both these acceptor species. 

EXPERIMENTAL 

Ni(TATMA) and [Ni(TATMAIBF4 were prepared following a multi- 
step procedure as indicated in Ref. 5. 

Reaction under inert atmosphere of hot (60°C) saturated 
acetonitrile solutions of Ni(TATMA) and A (A = TCNQ or NiS4C4H4), 
yield on cooling, sparingly soluble, black, microcristalline powders. 
In both cases a compound of stoichiometry [Ni(TATMA)12A, as 
determined by elemental analysis, was obtained. The compound 
with A = NiS4C4H4 is of particular interest as apparently the first 
n-D*A compound which contains metal complexes as both the 
.rr-donor and 7r-acceptor. 

Single crystals of both compounds suitable for conductivity 
measurements and x-ray diffraction studies were obtained by 
solution diffusion techniques, starting with either neutral com- 
ponents, or, by metathesis, with appropriate salts (i.e., 
LNi(TATMA)]BF4 and Li TCNQ or NEt4(NiS4C4H4). Four probe 
conductivity measurements along the neede axis were carried out: 
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Both compounds are semi-conductors ( ~ 3 0 0 K =  1.4 10  -3 $2 -1 cm -1 ; 
Ea=O.leV for [Ni(TATMAf12TCNQ and a300K=6.10 -5 n -1 cm -1 ; 

Ea = 0.23 eV for [Ni(TATMA)l 2NiS4C4H4 ). 
Magnetic sysceptibility measurements were performed: 

[Ni(TATMAd TCNQ exhibits no net spin susceptibility; 
[NiTATMA)I2 NiS4C4H4 is paramagnetic with a Curie Law constant 
appropriate for one electron per formula unit. 

The structure was determined from automatic diffractometer 
data for 1169 reflections with as3.0. The solution of the 
structure was made from interpretation of Patterson syntheses. 
Least squares refinement with anisotropic thermal patterns gives 
R = 0.05 but with large standard deviations for many of the atoms 
(0.001 to  0.002 in atom coordinates). One of the Ni(TATMA) 
molecules is disordered and the precise nature of the disorder is 
still under investigation. 

DISCUSSION 

Since the Ni(TATMA)+ and NiS4C4H4-, species should each carry a 
single unpaired electron, the observation of just a single unpaired 
spin in the case of the [Ni(TATMAj],NiS4C4H4 compound suggests 
the existence of magnetically coupled dimers or extended magnetic 
interactions in the solid state. It should be noted that the 
Ni(TATMA)+ ion has been observed by Holm and coworkers6 t o  
occur in the form of a spinpaired cationic dimer. 

NiS4C4H4 provides quite satisfactory interpretation of the unusual 
magnetic properties of this compound. The arrangement of the 
molecules shows l-D chains of Ni(TATMA) units stacked along the 
z axis and comprised of [Ni(TATMA)$ dimers separated by un- 
charged NKTATMA) molecules. 

The 3-D structure determination of the [Ni(TATMAj 
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Figure 3. (a) Unit cell of Ni(TATMA) 2NiS4C H show- 
ing the stacked arrangement of alternating &+ATMA) 
dimers and monomers and also the nonstacked distribu- 
tion of NiS4C4H4 molecules. The molecule sandwiched 
by the dimers is actually disordered with respect t o  
rotation around 001 . Only one orientation is shown here. 

The NiS4C4H4- species are unstacked and lie in 2-D sheets 
parallel to the (100) face. The remaini neutral Ni(TATMA) units 
are found alongside the [Ni(TATMAj''l chains with their molecu- 
lar plane oriented perpendicular to  the y axis, i.e. to  both the other 
bi(TATMAfloil+ and NiS4C4H; units. 

Y 

+ a  

Figure 4. The arrangement of the nonstacked Ni(TATMA) 
molecules in the unit cell, whose centers are displaced 
by 0 l / 2  0 from the centers of the dimers in a. 

The single paramagnetic unpaired and magnetically uncoupled 
electron per [Ni(TATMA&NiS4C4H4 formula unit is then probably 
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- 
on the unstacked NiS C H ion whereas in the [Ni(TATMA)+], 
dimers the Ni(TATMA) electrons are paired in a bonding molecu- 
lar orbital. A similar situation has been encountered previously for 
the  compound TTF2 NiS4C4H4 where the arrangement of the 
D (TTF) and A (NiS4C4H4) units is quite similar t o  that found for 
ki(TATMA))2 NiS4C4H4 

$ 4  

Figure 5a - Projection of 
the 2TTF*NiS4C4H4 struc- 
ture on the ac plane. (ref. 7) 

Figure 5 b - A  view of the 
PTTF-NiS C C structure nor- 
mal  to the 4 4 4  bc p ane. (ref. 7) 

- 
and where again the NiS4C4H4 electrons are magnetically non- 
interacting and the spins on the TTF+ ions are paired in a singlet 
ground state due to  the formation of (TTF+12 dimers. 

the thermally activated conductivity observed for the 
[Ni(TATMAf12NiS4C,H4 compound probably arises from excitation 
of electrons from the bound electron pair associated with the 
hi(TATMA)+], intermolecular "bond" into conduction band states 
associated with the 1-D stacks of the @i(TATMAq 

In the case of the [Ni(TATMA)12 TCNQ compound only x-ray 
powder diffraction data is available, at present, and these data 
indicate that the structure of this compound is different from that 
of either [Ni(TATMA)]NiS4C4H4 or TTF2NiS4C4H4. On the basis 

a As concluded in the case of the (TTF)2NiS4C4H4 system 

0,1+ . 
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of redox potentials of NiS4C4H4 (0.09 V) and TCNQ (0.13 V), charge 
transfer between the  Ni(TATMA) and TCNQ units in this compound 
would appear at least as likely as in the NiS4C4H4 case. Therefore 
the diamagnetic character of this compound suggests, again, the 
existence of some sort of magnetic coupling process in the  solid 
state, in this case presumably involving both the Ni(TATMA)+ and 
TCNQ- species. 
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