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1,4,7,10,13,16-Hexaazaoctadecane (hexacyclen; 
Hex) proved to be an excellent complexation agent 
and extragent for different metal ions [l-9]. Our 
recent studies have proved that because of the flex- 
ibility of the ligand molecule, complexes with dif- 
ferent geometrical structures are formed, some of 
them being temperature dependent [8,9]. 

Ni(II)-hexacyclen complex formation has been 
already studied [ 1,2] and, on the basis of electronic 
spectral data (d-d bands at 11980, 18 850 and 
28980 cm-’ [2]), an octahedral structure was 
assumed. Taking into account, however, the forma- 
tion of temperature-dependent structures for 
Cu(Hex)*2TBP and Fe(Hex)*2TPB (TPB = tetra- 
phenylborate) [8,9], the aim of the present study 
was to perform EPR and magnetochemical investiga- 
tion of Ni(Hex)*2TPB in the temperature range 
100-370 K, in order to obtain more detailed struc- 
tural information. 

Experimental 

The complex Ni(Hex)‘+ was synthesized from 
NiClZ+4HZ0 (Merck) and hexacyclen*3HzS04 (Al- 
drich), as described in the literature [2] and was 
precipitated with NaTPB (R. de Haen). 

The magnetochemical measurements were per- 
formed in an argon atmosphere, according to the 
Faraday method. EPR spectra were taken on an 

ERS-220 X-band EPR spectrometer (GDR) in the 
range loo-370 K, as already described [7-91. 

Results and Discussion 

The magnetochemical measurements proved that 
Ni(Hex).2TPB is paramagnetic with p,fr = 2.8 BM 
at ambient temperature. In Fig. 1 the temperature 
dependence of p,fr of the complex is represented. 
These data indicate an octahedral symmetry @,rr = 
2.8-3.1 BM) as the square-planar complexes are 
diamagnetic, and for the tetrahedral ones higher 
p,fr values (3.2-4.0 BM) are expected [lo]. The 
rather surprising fact should be noted that above 
280 K the perr values become lower and also the 
observed significant temperature dependence of 
/_terr in the range 130-260 K. 

Additional structural information was obtained 
by a study of the EPR spectra of the system at dif- 
ferent temperatures. Typical EPR spectra are shown 
in Fig. 2. It should be noted that the increase and 
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Fig. 1. Dependence of /+ff with temperature for Ni(Hex)* 
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Fig. 2. EPR spectra of Ni(Hex)*ZTPB at different tem- 

peratures. 
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decrease of the signal intensities and the high- 
frequency signal resolution of the g’ signal are totally 
reversible, no hysteresis effects being obsetved. 

It is evident that over the whole temperature 
range studied (loo-370 K) two EPR signals are 
observed: a two-component anisotropic EPR signal 
Ggll = 2.242, gl = 2.165), the intensity of which 
decreases with temperature, and a singlet line (g’ = 
2.004) showing increasing intensity with tempera- 
ture. It should be noted that at 370 K the latter 
shows resolved high-frequency signals of at least 
seven components (A = 12 Oe). 

The unusual temperature dependence of peff 
(Fig. 1) and the presence of two different signals 
in the EPR spectrum indicate the existence of two 
paramagnetic species. The anisotropic signal is typical 
of octahedral Ni(I1) complexes [ 111, thus con- 
firming the hypothesis of an octahedral structure 
for Ni(II)-Hex [2] at ambient temperature. 

The presence of the EPR signal with g’ = 2.004 
might be attributed to a free radical formed as a 
result of reverse partial charge transfer from ligand 
to metal in the complex Ni(II)-Hex 

Ni”(Hex) + Ni’-R’ (1) 

The formation of similar metal-stabilized ligand 
radicals (g = 2.002-2.008) of this type has already 
been proved, the latter resulting from reduction of 
Ni(II)-N,-macrocyclic complexes [12, 131. The 
formation of some Ni(1) species might not be ob- 
served in the EPR spectrum of the system, taking 
into account that its anisotropic signals (gll = 2.22 
and gl= 2.006 [ 12, 131) overlap with the signals 
of Ni(II) and the stabilized radical, and the con- 
centration of the latter should be relatively low. 

The assumption that process (1) takes place in 
the system studied is also in agreement with the 
observed pelf-T dependence: the formation of 
Ni(1) species characterized with peff = 1.85 BM 
(d9) should lead to a decrease in the peff value. 

The possibility of the stabilization of Ni(1) in 
the presence of hexacyclen was checked separately. 
For this purpose Ni(Hex)*+ was reduced with NaBH4 

(three-fold excess) in a H2 atmosphere. In the course 
of the reduction the green colour of Ni(Hex)*+ 
changed to blue, and in the EPR spectrum of the 
frozen reaction mixture (77 K) a singlet isotropic 
line dg = 2.029) was observed, which might be as- 
signed to the Ni(1) species. 

Acknowledgement 

This study was carried out as part of Contract 
138/ 1988-89 sponsored by the Bulgarian Committee 
of Science. 

References 

1 R. Hay, B. Jeragh, S. F. Lincoln and G. H. Searle, Inorg. 
Nucl. Chem. Left, 14 (1978) 435. 

2 A. Bencini, L. Fabbrizzi and A. Poggi, Inorg. Chem., 20 
(1981) 2544. 

3 M. Kodama, E. Kimura and S. Yamaguchi.J. Chem. Sot., 
- 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Dalton Trans., (1980) 2536. 
K. Mivoshi. H. Tanaka. E. Kimura. S. Tsubovama. Sh. 
Murata, H.‘Shimizu anh K. Ishizu; Inorg. C&m. Acta, 
78 (1983) 23. 
M. Mitewa, P. R. Bontchev, E. Zhecheva, D. Mechandjiev, 
K. Kabassanov and D. Vassileva, Proc. 11th Con5 Co- 
ordination Chemistry, Smolenice, U.S.S.R., 1987, p. 
235. 
S. Arpadjan, M. Mitewa and P. R. Bontchev, Talanta, 34 
(1987) 953. 
M. Mitewa, P. R. Bontchev, E. Zhecheva, D. Mechand- 
jiev, K. Kabassanov and D. Vassileva, Inorg. Chim. Acta, 
I34 (1987) 17. 
M. Mitewa, P. R. Bontchev, K. Kabassanov, D. Vassileva, 
E. Zhecheva and D. Mechandjiev, J. Coord. Chem., I7 
(1988) 287. 
M. Mitewa, P. R. Bontchev, V. Russanov, E. Zhecheva 
and D. Mechandjiev, Polyhedron, in press. 
B. N. Figgis and J. Lewis, Progress in Inorganic Chem- 
istry. Vol. 6, Wiley, New York, 1964, p. 37. 
J. R. Lancaster, Jr. (ed.), The Bioinorganic Chemistry 
ofNickel. VCH, New York, 1988, p. 56. 
F. V. Lovecchio. E. S. Gore and D. H. Busch. J. Am. 
Chem. Sot., 96 (i974) 3109. 

.^_. 
3 R. R. Gagne and D. M. Ingle, Inorg. Chem., 20 (1%~) 

420. 


