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Electrochemical reduction of cobalt(II) complexes containing π�acceptor ligands (L = bpy,
Ph2Ppy) proceeds through three consecutive reversible steps: one�electron transfer to form a
more stable CoIL complex, transfer of two electrons at more negative potentials to form an
anionic [СоL]– complex, and reduction of the ligand to the radical anion. The stability of the
cobalt complexes with different ligands decreases in the series Ph2Ppy > Ph3P > bpy.
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Products of cathodic reduction of the Co(BF4)2•6H2O
cobalt salts are unstable, and ligand stabilization of low�
valent cobalt compounds is required to develop related
electrocatalytic processes. In this respect, π�acceptor
ligands are of interest because they are efficient in electro�
catalytic reactions involving the NiII/Ni0 pair1—3 and in
classical catalytic processes involving transition metals.
The valent electron shells of nickel(II) and cobalt(II) are
different (3d84s0 and 3d74s0, respectively). This results in
different stabilities of compounds of these metals and dif�
ferent stoichiometries of electrochemical reactions. There�
fore, it is doubtful to expect that the influence of ligands
on the regularities of reduction of the cobalt and nickel
complexes would be similar. In this work, we considered
the low�valent cobalt compounds capable of π�acceptor
interaction with metals in order to choose appropriate
ligands for generation of simultaneously stable and suffi�
ciently reactive low�valent cobalt complexes.

The task of this work is to reveal the ability of phos�
phorus� (Ph3P) and nitrogen�containing (Py, bpy) ligands
and solvents (DMF, MeCN) to coordinate cobalt in dif�
ferent oxidation states and stabilize the complexes that
formed, to compare the properties of the mono� and
bidentate ligands, and to study the influence of other
factors on the reactivity of intermediates of catalytic cycles
with respect to substrates (organic halides, white phos�
phorus, etc.). For this purpose, we studied the cobalt and
nickel complexes with different π�acceptor ligands, viz.,
PPh3, pyridine (Py), 2,2´�bipyridine (bpy), and diphe�
nyl�2�pyridylphosphine (Ph2Ppy), in aprotic solvents us�
ing polarography and cyclic voltammetry (CV).

Experimental

Polarographic studies. Polarograms were detected on a PU�1
polarograph with a cell connected by the three�electrode scheme.
A silver Ag/AgNO3 electrode (0.01 М solution in MeCN) served
as reference. A mercury dropping electrode with a droplet de�
tachment period of 0.5 s and a velocity of 0.7 mg s–1 was the
working electrode. The curves were detected at a linear potential
sweep rate of 10 mV s–1 with a two�coordinate recorder. Mea�
surements were carried out in a cell with a constant temperature
maintained at 25 °С in argon.

A solution used for the polarographic study of the cobalt(II)
complexes contained 5•10–3 mol L–1 Co(BF4)2•6H2O and
0.5—2•10–2 mol L–1 ligand. The background was 0.1 М Et4NBF4
in DMF or MeCN.

Cyclic voltammetry. CV curves were recorded using plati�
num (diameter 1.5 mm), gold (diameter 1.0 mm), and glassy�
carbon (diameter 1.5 mm) electrodes. A silver Ag/AgNO3 elec�
trode (0.01 М solution in MeCN) served as reference. A plati�
num wire 1 mm in diameter was used as auxiliary electrode.
Measurements were carried out in a cell with a constant tem�
perature maintained at 25 °С in argon. Voltammograms were
detected using a PI�50�1 potentiostat with a PR�8 programmer
and an electrochemical cell connected by the three�electrode
scheme. The CV curves were recorded with a linear potential
sweep rate of 50 mV s–1 on a two�coordinate recorder.

Tetraalkylammonium tetrafluoroborates were used as back�
ground salts. Tetraethylammonium tetrafluoroborate Et4NBF4
was synthesized by the reaction of HBF4 with Et4NOH, triply
recrystallized from aqueous EtOH, and dried in vacuo for 72 h at
30 °С. Solvent MeCN was triply distilled over Р2O5 and KMnO4,
using medium fractions for voltammetry. Commercial DMF
was distilled in vacuo, and dried for 3 days above molecular
sieves 4А, which were pre�calcined in vacuo at 100 °С, and dried
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for 1 day above anhydrous К2О prepared by thermal decomposi�
tion of К2СО3. Then the solvent was decanted and doubly frac�
tionally distilled in vacuo.

Results and Discussion

The polarograms of the CoII ions (Co(BF4)2) solvated
by DMF contain one irreversible two�electron peak (num�
ber of electrons was estimated by comparison with the
current of the first wave of benzophenone reduction).
The peaks of ligand reduction lie in the more negative
potential region.

The reduction potentials of the π�acceptor ligands in
DMF on a mercury dropping electrode vs. Et4NBF4
(0.1 mol L–1) are presented below.

Compound PPh3 Py bpy

–Е1/2/V 3.16 2.84 2.47

Reduction of cobalt—Ph3P complex. The reduction po�
tential of the СоII salt in DMF (E1/2 = –1.68 V) on the
polarograms does not change when a fourfold amount of
PPh3 is added. Only a decrease in the peak height (ilim)
from 7.0 to 5.3 µA is observed. This indicates that only an
insignificant fraction of cobalt(II) binds with PPh3 (con�
firmed by the CV data). It is most likely that mixed or
heteroligand complexes containing a Ph3P molecule in
the internal sphere are formed in this system along with
the СоII(DMF)х complex. When E1/2 of these mixed com�
plexes are close to E1/2 of the СоII(DMF)x complex pre�
vailing in the solution, minor amounts of such complexes
cannot be detected polarographically. In this case, the
decrease in ilim can be related to a change in the diffusion
coefficient and partial transition from the two�electron
CoII(DMF)x reduction to the one�electron reduction of
CoII(PPh3)n.

The electrochemical behavior of a solution of the CoII

salt in DMF in the presence of PPh3 on the gold and
glassy�carbon (GC) electrodes was studied by the CV
method. The cathodic peak at the potential Eр

c = –1.69 V
(iр

c = 21 µA) and the oxidation peak at Eр
a = –0.48 V

(iр
a = 26 µA) are observed in measurements on the Au

electrode. Under similar conditions, the cathodic peak
with Eр

c = –1.72 V (iр
c = 66 µA) was detected for the GC

electrode, and the conjugated oxidation peak was de�
tected at Eр

a = –0.51 V (iр
a = 49 µA). A decrease in the

height of the reduction peak of CoII
solv on the GC and Au

electrodes in the presence of PPh3 (Table 1) is much
lower than it could be expected in the case of complete
ion binding to form a complex and displacement of
the solvent molecules from the coordination sphere by
the phosphine ligands. Thus, DMF interacts with the
cobalt(II) ions to form sufficiently stable complexes, and
the coordinating abilities of DMF and PPh3 are likely
comparable.

The polarogram of a solution of the CoII salt in MeCN
in the presence of PPh3 (1 : 4) exhibits three reduction
peaks with E1/2 = –1.20, –1.47, and –1.99 V (ilim = 3.3,
1.5, and 2.6 µA, respectively) (Fig. 1). The potentials of
ligand reduction are not achieved under the experimental
conditions.

A similar CV study was carried out on the Au and GC
electrodes in МеCN (Fig. 2). The CV curve measured on
the Au electrode contains four reduction peaks, and the
C4 peak corresponds to the reduction of the free PPh3
ligand. Similar results were obtained when the GC elec�
trode was used. The CV curve also exhibits four cathodic
peaks; however, the C1 and C3 peaks have pronounced
anodic components, i.e., they are quasireversible.

Table 1. Parameters of the peaks of electrochemical reduction of
CoII and its complexes with PРh3 in DMF on the Hg, GC, and
Au electrodes according to the CV data (supporting salt 0.1 М
Et4NBF4)

ССоII•103 Electrode –Ep/V ne

/mol L–1
CoII Complexa CoII Complexa

5 Hg 1.70 1.68 2.00 1.20
10 GC 1.72 1.72 2.03 1.60
10 Au 1.69 1.69 2.05 1.50

a Co : PPh3 = 1 : 4.
b ne is the number of electrons estimated by a comparison with
the height of the first wave of benzophenone reduction under
similar conditions (concentration, solvent, temperature).

Fig. 1. Polarograms of solutions of СоII (5•10–3 mol L–1) in
МеCN vs. Et4NBF4 (0.1 mol L–1) in the absence (1) and pres�
ence of Py (2•10–2 mol L–1) (2) and PPh3 (2•10–2 mol L–1) (3).

1.0 1.5 2.0 –E/V

C1

C2

C3
1

2 30.8 µA

I
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Some properties of stabilization of the reduced cobalt
forms in solution should be mentioned. For example,
cobalt(II) reduction becomes partially reversible, and the

oxidation peak of metallic cobalt is absent. It can be as�
sumed that the peaks observed in the voltammogram cor�
respond to the reduction of the cobalt complexes with
different numbers of the PPh3 ligands

Co2+(PPh3)n + e    Co+(PPh3)n,

and Eр = f(n).
Reduction of cobalt—pyridine complex. Pyridine is

known to be a weakly coordinating ligand but it can be
used in catalytic systems and considered as a potential
monodentate ligand for stabilization of low�valent Co
intermediates.

We found that the polarographic behavior of the
CoII—Py (1 : 4) system in DMF and MeCN is different.
In a solution of DMF, the addition of Py slightly de�
creases ilim (from 7.6 to 6.7 µA) at the unchanged poten�
tial E1/2 = –1.68 V, i.e., noticeable complex formation
involving Py is absent.

When МеCN is used as solvent, the addition of Py to a
solution of the cobalt salt results in the division of the
polarographic peak of СоII into two peaks. The first
(smaller) peak appears at E1/2 = –1.23 V (ilim

(1) = 1.8 µA),
the second peak lies at E1/2 = –1.56 V (ilim

(2) = 6.8 µA),
and the total current increases by the value equal to ilim

(1)

(see Fig. 1). It can be assumed that a fraction of the cobalt
ions binds to pyridine to form a new complex, which is
more easily reduced (∆E1/2 = 0.17 mV). However, the
influence of pyridine on the morphology of the curves is
not so great that its use for stabilization of cobalt in the
low oxidation state could be assumed.

Reduction of cobalt—2,2´�bipyridine complex. Polaro�
graphic study of the cobalt complex with 2,2´�bipyridine.
The character of the polarographic peak of reduction of
the bpy�containing СоII complex in DMF depends on
the bpy concentration (Table 2). The addition of bpy to a
solution of the СоII salt in DMF shifts the peak of СоII

towards less negative potentials (∆E1/2 = 0.38 V).
In the presence of bpy, the polarograms manifest a

significant decrease in the reduction potential of СоII (to

1.0 1.4 1.8 –E/V

2.5 µA

C1

C2
C3

C4
I a

1.0 1.4 1.8 2.0 –E/V

5 µA
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C3

C4
I

b

Fig. 2. Cyclic voltammogram of CoII (10–2 mol L–1) in the
presence of PРh3 (4•10–2 mol L–1) in МеCN on the Au elec�
trode (a) and GC electrode (b).

Table 2. Polarographic characteristics (currents and potentials) of the reduction waves of the cobalt(II)
ions in the absence and presence of bpy in DMF and МеСN vs. Et4NBF4 (0.1 mol L–1); Co(BF4)2•6H2O
concentration 5•10–3 mol L–1

Cbpy•103 –Е1/2
(1)/V ilim

(1)/µA –Е1/2
(2)/V ilim

(2)/µA
/mol L–1

DMF MeCN DMF MeCN DMF MeCN DMF MeCN

— 1.70 1.40 8.8 10.5 — — — —
5 1.70 1.37 8.4 4.4 — 1.91 — 3.8
10 1.37 1.33 4.5 3.9 1.88 1.91 9.6 8.7
15 1.35 1.29 4.4 3.6 1.84 1.83 11.8 10.8
20 1.32 1.28 4.4 3.6 1.86 1.85 11.8 10.4

Note. Е1/2
(1) and Е1/2

(2) are the first and second potentials of the half�wave; ilim
(1) and ilim

(2) is the limiting
current of the first and second waves.
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400 mV), although complex formation appears at the mo�
lar ratio L : Co > 2. In the absence of bpy, the СоII solvo
complex adds two electrons

Co2+
solv + 2 e    Co0↓,

whereas the complex with bpy adds one electron at the
potentials of the first step, and somewhat more than two
electrons are added in the second step

[Cobpy2]2+ + e    [Cobpy2]+,

[Cobpy2]+ + 2 e    [Cobpy2]–.

It is known that the cobalt(II)—bpy complexes are
characterized by reversible reduction waves,4—6 rever�
sibility being retained for all methods used because the
rate constant of electron transfer is sufficiently high. The
problem of the "apparent" increase in the number of elec�
trons over the expected value should be considered in
more detail. In our case, this increase is observed for the
CoIILn complexes with n = 3. The authors of the work7

considered in detail the difficulties and imperfection of
traditional methods for determination of the number of
electrons. These methods provide satisfactory results for
simple compounds like aromatic hydrocarbons and or�
ganic halides but they are poorly appropriate for more
complicated systems, for example, labile metal com�
plexes. Under other equivalent conditions, the currents of
[Nibpy]2+ and [Nibpy3]2+ reduction differ by ∼25%, al�
though each reduction process is two�electron.8,9 The
published data5 confirm the above scheme of reduction of
the cobalt complexes for n = 2, 3 in which the one�
electron step is followed by the two�electron step.

When bpy is added, the color of the solution changes
from saturated pink (for Со2+

solv) to bright yellow (for
[Соbpyn]2+).

An increase in the bpy concentration in a MeCN so�
lution changes the limiting current and E1/2 of cobalt(II)
(see Table 2). The height of the first peak is slightly lower
than the one�electron level (compared to benzophenone),
which is related, perhaps, to the differences in diffusion
coefficients.

Cyclic voltammetry of cobalt—2,2´�bipyridine complex.
The reduction of the СоIIbpyn complex (n = 1—3) on the
platinum electrode in a MeCN solution10 results in the
appearance of two groups of cathodic�anodic peaks in the
CV curve (Fig. 3). They correspond, most likely, to the
formation of the СоIbpyn complexes at potentials of the
first peak Eр

(1). At potentials of the second peak, the
number of transferred electrons is ne = 1 at n = 1 and
ne = 2 at n = 2, 3 (Eр

(2)). The currents of all peaks are
diffusionally controlled, which is confirmed by linear plots
of the peak currents vs. square root of the potential sweep
rate. These results agree with the polarographic data (see
Table 2).

Thus, the ip
(2) values depend on the number of ligands

bound to the metal. It can be assumed that the unstable
13�electron Со0bpyn (n = 1) or 18�electron [Соbpyn]•–

(n = 2, 3) complex is formed at Eр
(2).

The ESR study of the products of electrochemical
reduction of the Cobpy3(BF4)2 complexes in the acces�
sible potential region revealed no paramagnetic cobalt
species, i.e., unlike similar nickel complexes, which are
characterized by the formation of paramagnetic [Ni0L]•–

in the region of the second peak,11 Соbpym
– is likely an

anionic complex.
The presence of the pairs of redox peaks indicates a

relative stability of the reduced form of the complex.
Therefore, the Co—bpy system can be used in electro�
catalytic reactions, for example, for dehalogenation of
organic substrates.

Comparison of electrochemical reduction
of cobalt and nickel complexes
containing πππππ�acceptor ligands

Reduction of coordinatively saturated complexes. The
cobalt complexes with bpy, PPh3, and diphenyl(2�pyri�
dyl)phosphine (Ph2Ppy) were chosen for the study. The
latter ligand can form monodentate or chelate coordina�
tion through the N and P atoms, depending on the oxida�
tion state of the metallic center. However, the N atom is a
stronger σ�donor and a weaker π�acceptor than the P
atom, and Ph2Ppy is usually bound through the P atom in
a monodentate complex, while N�monodentate com�
plexes are unknown. The nature of binding also depends
on the metal oxidation state. For example, the ReI and
TcI complexes are characterized by coordination through
the P atom, and chelate complexes with bidentate bind�
ing are formed in the case of ReIV, ReV, and TcV.12,13

Cobalt is characterized by both monodentate com�
plexes with Ph2Ppy and homobinuclear bridged complexes
with simultaneous coordination to phosphorus and ni�
trogen.13

Fig. 3. Cyclic voltammogram of СоIIbpy3 (10–2 mol L–1) in
МеCN on the Рt electrode vs. Et4NBF4 (0.1 mol L–1).

1.0 1.4 –E/V

15 µA

I
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The characteristics of the cathodic peaks of the ligand�
saturated complexes are presented in Table 3. The data
for similar nickel complexes are considered for compari�
son.14—16 It follows from the data on the reversibility and
morphology of the curves that the chosen ligands are
always capable of stabilizing the reduced forms of both
metals because the reverse potential scan (CV method)
results in the corresponding peaks of anodic oxidation of
these forms. The bpy ligand is most efficient in this re�
spect because it allows one to attain the maximum ia/iс
value (see Table 3, Figs. 4—6).

When free ligands are absent, the reduction potentials
of these СоII complexes and СоII solvo ions in МеСN
differ remarkably (see Table 2). The redox process be�
comes reversible at the ratio M : L = 1 : 1.

The shift of the Eр
red potential toward more positive

values upon the addition of the ligand indicates that the
reduced metal forms a stronger complex than the oxi�
dized metal does. The value of this shift suggests the com�
plex�forming properties of the ligands. For example, the
greatest shift is observed in the case of the Ph2Ppy ligand
(∆Eр = 0.6 and 0.7 V for СоII and NiII, respectively) for
the first reduction wave (Fig. 7).

When low concentrations of the ligand are added to a
solution of МеCN (Со : L = 1 : 1), Ph2Ppy is likely
coordinated with СоII to the P atom (most popular type
of coordination12—17) because Eр of the complex coin�
cides with Eр of Ph3P (1.08 V), and the N atom is not
involved in coordination. For this coordination of the

Table 3. Parameters of the peaks of electrochemical saturation
(with respect to ligand) of the СоII and NiII complexes in МеСN
on the Au electrode according to the CV data

Compound –Ер
c/V –Ер

a/V ne ia/iс

NiIIbpy3 1.53 1.47 2.0 0.88
2.26 2.17 1.0 0.70

NiII(Ph2Ppy)6 0.71 0.41 1.0 0.53
1.10 0.97 1.0 0.70

NiII(PPh3)6 1.03 0.89 2.0 0.32
CoIIbpy3 1.22 1.16 1.0 0.90

1.86 1.79 2.5 0.65
CoII(Ph2Ppy)6 0.80 0.66 0.5 0.55

1.38 1.28 0.5 0.67
CoII(PPh3)6 1.23 — 1.0 —

1.83 1.76 0.3 0.67
2.04 — 0.2 —

0.4 0.8 1.2 –E/V

1 2

a

5 µA

I

1

2

b
5 µA

I

0.4 0.8 1.2 1.6 2.0 –E/V

Fig. 4. Cyclic voltammogram of NiII (10–2 mol L–1) in МеCN
on the Au electrode in the presence of РРh3 (a) and bpy (b) at
the ligand content 10–2 (1) and 6•10–2 mol L–1 (2).

1.0 1.4 1.8 –E/V

1

2

a
2.5 µA

I
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1
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Fig. 5. Cyclic voltammograms of CoII (10–2 mol L–1) in МеCN
on the Au electrode in the presence of PPh3 (a) and bpy (b) at
the ligand content 10–2 (1) and 6•10–2 mol L–1 (2).
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Ph2Ppy ligand, the complex should manifest the proper�
ties close to those of MPPh3.

However, at high concentrations of Ph2Ppy (Со : L =
1 : 6), new, more stable complexes (Eр = –0.8 V), prob�

ably, with bidentate СоII coordination involving both het�
eroatoms P and N are formed.

The stability of the complexes decreases in the series
Ph2Ppy > PPh3 > bpy. The anomalous behavior of Ph2Ppy
indicates a possible P,N�coordination of the ligand with
metal, which considerably shifts the electron density from
the metal to ligand and facilitates reduction. It is known
that coordination to the P atom is characteristic of
P,N�containing ligands in mononuclear complexes.18,19

However, in the case under question, coordination with
the heteroatom of only one type (P or N) exerts a much
smaller effect on Eр

red of МII.
The reduction of the metal solvo ions occurs as the

two�electron process М2+ + 2 е → М0 (polarography).
A comparison of the NiII and СоII complexes shows that
the NiII complexes with bpy and PPh3 are reduced via
two�electron mechanism in one step at the potential of
the first peak14 (see Table 3, Fig. 4), while similar cobalt(II)
complexes are reduced through one�electron transfer
(see Fig. 5).

The reduction of NiIILn (L = PPh3, n = 6, m = 4;
L = bpy, n = 3, m = 2) can be presented as three reversible
steps1

NiIILn + 2 e    Ni0Lm + (n – m) L,

Ni0Lm + e    [Ni0Lm]•–,

L + e    L•–.

The Ni0 complex with the electron configuration 3d10

is formed in the first step. The cobalt(II) complexes with
the bpy and PPh3 ligands are reduced to СоI with the
stable 16�electron configuration 3d84s0

CoIILn + e    CoILm + (n – m) L.

Unlike the 18�electron Ni0bpy2 complex (ia/iс = 0.9),
a similar 17�electron Co0bpy2 complex is unstable
(ia/iс = 0.35).10 In the presence of two and more bpy
ligands, CoI reduction is accompanied by the transfer of
two electrons to the more stable complex with the even
number of electrons, viz., [Cobpy2]– (ia/iс = 0.70). Here
the formal oxidation state of cobalt is –1; however, it
seems most probable that the charge is delocalized on the
π�acceptor ligands. In the case of electron delocalization
on the ligand bound to the metal, bpy•– would be de�
tected by ESR but no ESR signal was observed.10 The
formation of a product of three�electron CoIIbpy3 reduc�
tion has also been assumed previously.5

For example, for n = 3

CoIIbpy3 + e    CoIbpy3    CoIbpy2 + bpy,

CoIbpy2 + 2 e    [Cobpy2]•–,

bpy + e    bpy•–.

0.4 0.8 –E/V

1

2a
5 µA

I

0.8 1.2 –E/V

1

2

b
2.5 µA

I

Fig. 6. Cyclic voltammograms of solutions of NiII (a) and CoII (b)
(10–2 mol L–1) in МеCN on the Au electrode in the presence of
10–2 (1) and 6•10–2 mol L–1 (2) Ph2Ppy.

Fig. 7. Change in the potentials of the first steps of reduction of
the Ni and Co complexes with the π�acceptor complexes with
the ligand nature.
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The reduction of the metal complexes containing the
Ph2Ppy ligand is more complicated. The peak correspond�
ing to the NiII/Ni0 and СоII/СоI transitions is divided
into two peaks approximately equal in height, and their
total sum is equal to the height of one peak with the PPh3
ligand (see Fig. 6).

The division observed for the first peak is likely related
to the formation of complexes of two types. The peak at
more positive potentials should correspond to a more
stable complex with Р,N�coordination of the ligand, and
the second peak can be attributed to a less stable complex
with coordination to the P atom. This assumption is based
on a comparison of reduction potentials of complexes
with different ligands. For example, the complex with bpy
(coordination only to the N atom) is reduced at relatively
negative potentials in one step (for example, NiII/Ni0).
The complex with PPh3 coordinated to the P atom is
reduced at less negative potentials but also in one step.
The Ph2Ppy�containing complex with two coordinating
atoms is characterized by two peaks, and Eр of the first
peak is strongly shifted toward positive potentials. Since
the reduction potential can serve, to a certain extent, as a
characteristic of the lowest unoccupied molecular orbital
(LUMO) for reversible systems, the LUMO energy of the
complex with two heteroatoms in the ligand decreases
strongly. This suggests that both heteroatoms are involved
in bonding with metal, cleaving the energy levels. This is
indirectly confirmed by the fact that cathodic peaks are
absent from the region of reduction potentials of the com�
plexes with coordination to the N atom (that is, no bond�
ing with nitrogen only) and the second peak lies in the
region of reduction potentials of the complexes with co�
ordination to the P atom. Therefore, the new most posi�
tive peak can be assigned to a complex with simultaneous
binding to two heteroatoms.

The following conclusions are based on the results of
voltammetric studies of the cobalt(II) complexes with
π�acceptor ligands. Only in МеСN the formation of the
cobalt—ligand complexes results in the appearance of new
characteristic peaks. Dimethylformamide manifests a
higher coordinating ability toward cobalt ions and is inap�
propriate for studying complex formation processes.
Among the ligands studied (PPh3, Py, Ph2Ppy, and bpy),
2,2´�bipyridine forms a stable reversible redox pair

CoIIbpyn + e    CoIbpym + (n – m) bpy.

In this case, the most distinct, easily interpreted pat�
tern of reduction is observed and, hence, a more com�
plete information on the mechanism of the process can be
obtained.

The reduction potentials of the СоII complexes with
different ligands and CoII solvo ions (see Tables 1 and 2
and Ref. 10) differ noticeably, and Eр of the complex
depends on the ligand concentration, whose increase shifts

Eр toward the anodic direction. The influence of the ligand
on the reduction potential due to the different stabilities
of complexes of the oxidized and reduced metal species
can be considered only when two conditions are fulfilled:
reversibility of the redox process and mobility of the
complex formation equilibrium. In the systems under
study, these conditions are fulfilled already at the ratio
M : L = 1 : 1 because the redox process becomes revers�
ible. The shift of the Ep values toward positive potentials
upon ligand addition indicates that the reduced metal
forms a more stable complex than the oxidized metal
does. Under standard conditions, based on the shift of the
reduction potential of cobalt with ligand from the reduc�
tion potential of free cobalt ions ∆Eр (or ∆E1/2), the ligands
can be arranged in stability of the complexes in the fol�
lowing series: Ph2Ppy > Ph3P > bpy > Py (∆Ep = 0.61,
0.19, 0.18, and 0.17 V, respectively).

All ligands are characterized by the shift of the peak of
cobalt reduction toward less negative potentials. The shift
of the peak potential with an increase in the organic ligand
concentration in the anodic direction indicates that the
reduced СоI metal forms a more stable complex than the
oxidized СоII metal does.

Reduction of coordinatively unsaturated complexes. The
influence of the metal : ligand ratio on the voltammetric
behavior of the catalysts was studied to estimate the cata�
lytic properties of the chosen cobalt complexes in electro�
chemical dehalogenation reactions.

It is known that less coordinatively saturated com�
plexes are often more reactive than their more saturated
analogs.20,21 The characteristics of the complexes under
study are presented in Table 4 and Figs. 4—6.

It is seen that the coordinatively unsaturated cobalt
and nickel complexes form less reversible CoII/CoI,L and
NiII/Ni0,L redox pairs than saturated complexes do, and
the heights of the subsequent reduction peaks depend on
the M : L ratio. The potentials of the first peaks of the
more saturated complexes are shifted toward positive po�
tentials, which confirms the results of this work. The

Table 4. Parameters of the peaks of electrochemical reduction of
the coordinatively unsaturated NiII and CoII complexes con�
taining the π�acceptor ligands in МеСN on the Au electrode
according to the CV data

Complex –Ер
(1)/V ne

(1) –Ер
(2)/V ne

(2)

Ni(BF4)2bpy* 1.51 1.9 2.15 0.7
Ni(BF4)2Ph2PPy 0.71 0.5 1.01 1.2
Ni(BF4)2PPh3* 1.10 1.8 — —
Co(BF4)2bpy 1.33 1.0 1.90 0.9
Co(BF4)2Ph2PPy 1.05 0.5 1.40 0.5
Co(BF4)2PPh3** 1.21 0.7 1.41 0.1

* Eр
a (M0) = –0.38 V (ads.).

** Eр
(3) = –1.68 V, ne

(3) = 0.14; Ер
(4) = –2.05 V, ne

(4) = 0.2.
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Ph2Ppy and PPh3 ligands, most likely, attach the cobalt
ions insufficiently strongly at M(L) : M(CoII) = 1 because
the voltammogram contains the reduction peaks of free
ions. However, the number of peaks and currents of the
peaks are close, on the whole, to those characteristic of
the ligand�saturated complexes. Therefore, we may con�
clude that the nickel complexes with bpy and PPh3 are
reduced with simultaneous transfer of two electrons at the
potentials of the first peaks, the cobalt complexes with
bpy and PPh3 are reduced with one�electron transfer at
the potentials of the first peaks, while similar peaks of the
complexes with Ph2Ppy are divided into two peaks with
the total current in the peak corresponding to ∼2е/Ni
and 1е/Со.

Thus, the study of the electrochemical reduction of
the cobalt(II) complexes containing ligands with the π�
acceptor properties and stabilizing the low oxidation states
of the metal (bpy, Ph2Ppy, Ph3P) suggests the easiness of
reduction of the complexes, elucidates the redox proper�
ties of different forms of the complexes in solution, and
assumes the coordinating properties of the ligands and
stability of the complexes.
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