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The cobalt(HI) complexes, [(~s-CsHs)(L)(ArN3- 
Ar)Co]’ with L = PEt,, PPh3, P(OMe)3 and P(OPh), 
and ArNyLir = diaryltriazenido anion can be rever- 
sibly reduced in a one electron step to the neutral 
cobalt(H) species at about -0.2 to to.1 V vs. a Ag- 
AgCl electrode in acetone solutions. 

The iron complexes, ($-C,H,)(L)(ArN&)Fe 
with L = PPh3, P(OMe),, P(OPh), and CO could be 
oxidized in the potential range 0.25-0.65 V vs. a 
Ag-AgI electrode in dichloromethane solutions. The 
new complex, [(r,“-CsHs)(CO)(NO)(ArN&)Fe] PF, 
was obtained by reaction of ($-CsHs)(CO)(NO)- 
(ArN3Ar)Fe with NOPF,. 

Introduction 

Recently a series of isostructural transition 
metal triazenido complexes, [($-&H&L)Ar- 

NW]“, z = 0, +I, has been reported for iron 
and cobalt [I, 21. The same structure, which 
comprises a chelating triazenido ligand, was shown 
for the paramagnetic intermediate of the fluxional 
complex, ($-CsHS)(PPhs)(ArNsAr)Ni [3], and appa- 
rently exists for metal complexes with several elec- 
tronic configurations. Whereas, in a single case, M = 
Co, L = PPhs, both members of the Co(II)/Co(III) 
redox couple could be synthesized and characterized, 
in general only the iron(I1) and cobalt(II1) complexes 
were prepared and isolated. 

In order to demonstrate the existence of redox 
couples for all compounds we examined the electro- 
chemical properties of the available complexes. More- 
over it would be of interest to observe the substi- 
tuent effect on the redox potentials of the d6/ds 
and the d7/d6 couples for iron and cobalt, respec- 
tively. 

TABLE I. Electrochemical Data for the Reduction of the Cobalt Compounds.* 

Normal Pulse 
Voltammetry 

Alternating Current 
Voltammetry 

El12 E3/4 - El/r) 

(v) (mV) 

Ep AEl/z 
c 

09 (mV) 

Cyclic Voltammetry 

cath 
Ep AEpd icathodic 

(VI (mV) ianoac 

la [(C,Hs)(PEt,)(DpTT)Col PFe -0.230 63 -0.225 115 -0.250 12 1.1 
lb [(C,Hs)(PEt,)(DpCIT)Col PFe -0.125 50 -0.120 115 -0.150 14 1.1 
2a [(C,H,)(PPh,)(DpTT)Col PFe -0.135 61 -0.130 115 -0.170 62 1.2 
2a’ I(C,Hs)(PPh,)(DpTT)Cole -0.130 60 -0.120 100 -0.095f 81 O.gf 
2b [(C,Hs)(PPhs)(DpCIT)ColPFe -0.010 59 -0.005 109 -0.040 7s 1.1 
3a [(CSHS)(P(OM~)~)(D~TT)C~IPF~ -0.105 66 -0.065 120 -0.160 100 1.0 
3b [(CSHS)(P(OM~)~)(D~CT)C~IPF~ +0.015 48 +0.025 105 -0.050 12 1.0 
4a [(C~HS)(P(OP~)~)(D~TT)C~IPF~ +0.065 70 +0.065 107 +0.025 76 1.1 
4b [(CsHs)(P(OPh)3)(DpC1T)ColPFg +0.125 58 +0.120 123 +0.165 19 1.2 

% acetone vs. Ag-AgCI electrode. bDpTT = p-MeCeH4NsCeH4Me-p; DpClT = p-CICeH4NsCeH4C%p. ‘Width at half peak 
height. dCathodic to anodic peak separation. eOxidation of the cobalt(I1) complex with fGnod. 
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TABLE II. Electrochemical Data for the Oxidation of the Cobalt Complexes.a 

Compoundb Normal Pulse Voltammetry AC Voltammetry Cyclic Voltammetry 

b/2 h/4 - h/4 

09 (mV) 

EP 
(VI 

Ah/z= 
@VI 

ianodic 
icathodic 

la 1.340 53 1.345 100 1.380 65 1.0 

lb 1.550 65 1.550 113 1.600 14 1.0 

2a 1.330 63 1.330 125 1.340 61 1.2 
2a’ 1.285 67 1.320 160 1.345 e _ 

2b 1.545 70 1.555 135 1.590 16 1.2 

3a 1.330 1.320 125 1.425 111 1.1 

3b 1.550 52 1.550 100 1.580 11 1.1 

4a 1.430 50 1.430 108 1.460 71 1.1 

4b 1.575 58 1.585 125 1.610 82 1.1 
~-- .~ 

‘In acetone vs. Ag-AgCl electrode. bFor abbreviations and numbering of the complexes see Table I. ‘Width at half peak 
height. dAnodic to cathodic peak potential separation. eNo cathodic wave observed. 

Results and Discussion 

Cobalt Complexes 
The electrochemical redox behaviour of the 

cobalt(II1) compounds, [($-C,H,)(L)(ArN,Ar)Co]‘- 
PF,, has been studied at a platinum electrode vs. 
a Ag-AgCl electrode in acetone solutions. The 
various techniques used (pulse, AC and cyclic volta- 
metry) show that all these complexes are easily 
reduced to the neutral cobalt(I1) compounds in the 
potential range -0.2 to to.1 V (Table I). The experi- 
mental data obtained with these various techniques 
are in good agreement with each other. In the cyclic 
voltammograms corresponding anodic peaks were 
observed indicating that the formed cobalt(H) 
complexes can be re-oxidized. The ratio of the 
cathodic to the anodic peak currents, being nearly 
one, indicates the occurrence of a chemically rever- 
sible redox couple. This is further supported by the 
electrochemical oxidation carried out on one of the 
synthesized cobalt(I1) compounds, [($-C,H,)(PPh,)- 
CDPTT)Co] [2]. Identical half wave potentials for 
ioth the reduction of the cobalt(II1) and the oxida- 
tion of the cobalt(H) complexes were found. 

Thus it may be concluded that this series of cobalt 
triazenido compounds exhibits a chemically rever- 
sible one-electron transfer according to 

[($-C,H,)(L)(ArN,Ar)Co]’ + e z 

Apparently all cobalt(I1) species are stable com- 
pounds in acetone solutions. We anticipate that the 
phosphite complexes, ($-C5H5){P(OR)&ArN3Ar)- 
Co(II), can be synthesized by chemical reduction of 

the cobalt(II1) complexes. These compounds could 
not be prepared before [2] because CO{P(OR)~}~X~ 
as required starting material is not known. 

The influence of the ligand L on the half wave 
potentials irrespective of the substituents on the 
triazenido ligands comprises a potential range of 0.3 
V. 

Increasing E112 values are observed in the order L 
= PEt3 < PPh, < P(OMe)3 < P(OPh)3, which is in 
accordance with the increasing positive charge on 
the metal atom due to the decreasing basicity of the 
ligands in that order. 

The influence of the substituents present on the 
aryl groups of the triazenido ligand on the Eli2 values 
is about 120 mV going from the para methyl (DpTT) 
to the para chloride (DpClT) substituted ligand. 

Comparing for both ligands, ArN3Ar and L = PR3, 
their influence on the charge of the central metal 
atom, the triazenido ligand seems to be the most 
effective, although the para substituent on this 
ligand exerts its influence over six bonds, vs. the two 
bonds for the groups R on the ligand L. So we 
conclude tentatively that the valency electron is 
mainly located on the cobalt-nitrogen four- 
membered ring. 

In the potential range studied to -2.0 V no indica- 
tion was obtained for a further reduction of the 
formed cobalt(I1) compounds. 

For the oxidation of the cobalt(II1) complexes 
well defined pulse polarographic and AC voltam- 
metric waves were recorded and the data are sum- 
marized in Table II. Limiting currents per unit con- 
centration were the same for these oxidations as 
those observed for the reductions of these cobalt- 
(III) complexes indicating that here also one electron 
processes are operating. In the cyclic voltammograms 
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(NO)(DpTT)Fe]PFe was prepared by addition of 
solid NOPF6 to a solution of (CsHs)(CO)(DpTT)Fe 
in CHsCN at 0 “C and subsequent precipitation by 
addition of excess diethyl ether. Anal.: C, 42.1; 
H, 3.57; F, 20.4; N, 9.78. CZeH19F6FeN402P 
requires: C, 43.8; H, 3.50; F, 20.8; N, 10.2. 

The electrochemical measurements were made 
with a three electrode Bruker E3 10 instrument with 
platinum working and auxiliary electrodes. Measure- 
ments were made on ca. 10F3 mol dmd3 depolarizer 
in 0.1 mol dmB3 Bu4NC104 in acetone or dichloro- 
methane solutions. Potentials are referred to a Ag- 
AgCl (0.1 mol dme3 LiCl-acetone) electrode [S] 
or a Ag-AgI (0.42 mol dmp3 Bu,Nldichloro- 
methane) electrode [6] . 

Normal pulse voltammograms (2.0 pulses per 
second) and AC voltammograms (amplitude 10 mV 
peak to peak, frequency 77.5 Hz) were recorded at a 
scan rate of 5 mV second-‘, using a X-Y recorder 
(BD 30, Kipp, Delft). Cyclic voltammograms were 
taken with a scan rate of 200 mV second-‘. All 
measurements were made in an inert atmosphere (Na) 
in a glove box. 
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