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Electrochemical behaviour of tricarbonylbis[methylenebis(diphenylphosphine)] tungsten has
been studied by convolution–deconvolution voltammetry and chronopotentiometry with
glassy carbon electrode in dichloromethane solution. Electrochemical parameters of the in-
vestigated system have been determined and confirmed by theoretical treatment and by the
proposed electrode mechanism.
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Electrochemical behaviour of some group VI metal dicarbonyl complexes
containing two didentate ligands has been thoroughly investigated1–3. The
general formula for these complexes is M(CO)2(L–L)2, where M = Cr, Mo,
W, and L–L is methylenebis(diphenylphosphine) (dppm) or ethylenebis-
(diphenylphosphine) (dppe). These complexes form cis and trans isomers.
Upon oxidation of the cis isomer, isomerization to the trans cation occurs.

It was shown4–7 that the chemical and electrochemical oxidation of
(OC-6-22)-Mn(CO)3dppmX (X = Cl, Br) at room temperature gave meridial
cation which could be readily reduced to otherwise inaccessible facial form.
If the oxidation state of the metal can vary, the situation can be de-
scribed8–11 by using the square scheme first proposed by Jacq12.

For a simple electron transfer, convolution of the current is obtained
from Eq. (1), where t is the total elapsed time. However, this does not sim-
plify the treatment of data for an electron transfer followed by a chemical
reaction13–18 (EC mechanism).
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Hence, in this study we will use a more general convolution for the EC
mechanism (irreversible) case14. The reaction scheme

A B + ne P (2)

(A is reduced species, B oxidized species, and P is the product of the chemi-
cal step) yields relationships (3) and (4) for the concentrations of A and B at
the electrode14
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where n is the number of electrons and S is the electrode area. The diffusion
coeffcients D of species A and B are assumed to be equal for the sake of sim-
plification of the equations. Introducing potential from the Butler–Volmer
relation gives Eq. (5), where I1 and I2 are the convolutions from Eqs (3) and
(4), respectively, Ilim is the limit of I1 as E approaches infinity, ζ = (E –
E0)nF/RT, i0 is the exchange current density for the electron transfer process
at E = E0, i = nFSkf

0CA
(init) and kf

0 is the standard forward heterogeneous rate
constant.
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Ferrocene is used as an internal standard19 for electrochemical measure-
ments, in organic solvents at temperatures up to 275 °C. The values of ks =
2.2·10–3 m/s (25 °C) and D = 2.6·10–10 m/s for Fc were estimated by Crooks
and Bard20. Up to scan rates of 0.3 V/s the ∆Ep values for ferrocene in DMF
are about 60 mV, suggesting reversible one-electron charge transfer21. For
higher scan rates, the process becomes a quasireversible. In ethanolic solu-
tions21 Diggle and Parker22 suggested quasireversible charge transfer (ks =
1.6·10–4 m/s).
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Cabon et al.23 observed an 88 mV difference between the anodic and
cathodic peak potentials for the FeCp2/FeCp2

+ couple in ethylene carbonate
at 40 °C, while Courtot-Coupez and L’Her24 reported ∆Ep = 100 mV. The ob-
served behaviour was attributed to an uncompensated ohmic drop or, alter-
natively, to a deviation from reversibility.

An interest has been focused on electrochemistry of group VI metal car-
bonyl complexes25,26.

This work represents the electrochemical study of fac-W(CO)3(dppm)2
complex providing further development in organometallic electrochemis-
try. The electrochemical parameters ks, E0, D, α, and kc were determined
and the proposed electrode mechanism was discussed.

EXPERIMENTAL

Instrumentation

Voltammograms and chronopotentiograms were measured in 0.1 M Bu4N+ClO4
− in dichloro-

methane using a potentiostat/galvanostat (PAR model 362, EG&G Princeton Applied Re-
search) and a conventional three-electrode cell. Scan rates up to 100 V/s were used in cyclic
voltammetry. Background data were subtracted from the experimental data set to minimize
double-layer charging currents. Electrochemical measurements were performed with glassy
carbon electrode as a working electrode, Ag/AgCl reference electrode in saturated
LiCl–CH2Cl2 and 1 cm2 platinum-sheet counter-electrode. All solutions were degassed with
nitrogen and maintained under nitrogen atmosphere throughout the measurements. Data
processing and simulations were performed using the Condecon and Condesim software
packages (EG&G). The temperature during measurements was kept at 22 ± 2 °C.

Materials

The investigated complex (OC-6-22)-W(CO)3 (dppm)2 provided by Prof. B. Shaw at School of
Chemistry, Leeds University, U.K., has the following structure27.

Tetrabutylammonium perchlorate (analytical grade) was used as supplied (Fluka, AG). A
fresh solution of the investigated complex (1·10–3 mol l–1) was prepared in 0.1 M TBAP–
CH2Cl2.

Collect. Czech. Chem. Commun. (Vol. 64) (1999)

Studies of (OC-6-22)-W(CO)3(dppm)2 1955

W

P

CO

CO

CO

P

P

P
Ph Ph

Ph Ph

Ph

Ph

Ph

Ph

(OC-6-22)-W(CO)3(dppm)2



RESULTS AND DISCUSSION

Cyclic voltammogram of 2.5·10–4 M (OC-6-22)-W(CO)3(dppm)2 (Fig. 1) ex-
hibits two anodic peaks (1 and 2) at +0.235 and +0.488 V, associated with a
cathodic peak (3) at –0.34 V. When the potential is extended in the nega-
tive direction, a reduction peak (4) appears at –0.975 V with a coupled oxi-
dative peak (5) at –0.745 V on the reverse scan (Fig. 1). Further extension of
potential range to +1.8 and –1.43 V does not bring any additional changes.
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TABLE I
Electrochemical parameters for the electrode processes of the complex fac-W(CO)3(dppm)2 at
glassy carbon electrode, in CH2Cl2, at 294 K using cyclic voltammetry (CV), convolution
(conv), deconvolution (deconv) voltammetry and chronopotentiometry (CP) techniques

Parameter

Techniques

CV conv deconv CP

ks · 104, m s–1 3.00 – – –

3.10a – – –

E0, V – – 0.285b –

– – 0.432c –

– – 0.164d –

D · 1010, m2 s–1 6.50 5.9 – 6.2

α 0.61 – – –

kc, s–1 10e – – –

a Determined theoretically work; b fac/fac+; c fac+/fac2+; d mer+/mer; e estimated theoretically
for fac+/mer+ conversion.

FIG. 1
Cyclic voltammogram for fac-W(CO)3(dppm)2
at the glassy carbon electrode (sweep rate 0.2 V/s).
1, 2 Anodic peaks (at +0.235 and +0.488 V), 3
cathodic peak (at –0.34 V), 4 reduction peak
(at –0.975 V) and 5 oxidative peak (at –0.745 V)–1.13 –0.67 –0.21 0.25 0.70

i, µA

E, V

3

1
2

4

167

97

27

–43

–113

5



Oxidation Process

The current–voltage curve for peaks 1 and 2 (Fig. 1) indicates a fast chemical
reaction following a quasireversible electron transfer. At sweep rates higher
than 0.2 V/s, the reduction peaks coupled with oxidation peaks 1 and 2 do
not appear. According to Nicholson and Shain28 the values of Ep – Ep/2 and
Ep – E0 were used for calculation of the standard heterogeneous rate con-
stant, ks, given in Table I as well as for the determination of the transfer co-
efficient α = 0.61 ± 0.02 (Eq. (6)).

Ep – Ep/2 = 48/(αna) (6)

ip = (2.99·105)n(αna)1/2SCbulkDv1/2 (7)

After background subtraction and correction for the uncompensated re-
sistance, the diffusion coefficient D = (6.5 ± 0.1)·10–10 m2/s was determined
from Eq. (7) and from the I1 convolution, using relation14

Ilim = nFSD1/2Cbulk , (8)

where Ilim is the limiting convoluted current for I1 and the potential driven
past the wave. Other terms have their usual meaning. The value of the dif-
fusion coefficient was found to be (5.9 ± 0.1)·10–10 m2/s.
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FIG. 2
The I1 convolution in the oxidation process for
the fac-W(CO)3(dppm)2 (sweep rate 0.2 V/s)

–0.5 –0.2 0.1 0.4 0.7

I1, µA s1/2

E, V

85.0
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16.3

–6.6



Figure 2 gives an example of the I1 convolution of peaks 1 and 2 associ-
ated with reduction peak 3 illustrating quasireversibility of the electron
transfer.

As shown in Fig. 3 different peak heights in forward and backward sweeps
of “deconvoluted” current (dI1/dt) give a strong evidence for a chemical re-
action following the quasireversible electron transfer. The mean values of
the anodic and cathodic peak potentials were taken as the redox potentials
(E0) of the system under consideration. The estimated values of E0 are given
in Table I. The anodic half-peak width (Wp) was taken as assertion for the
nature of electron transfer29. The values found in the range 94–102 mV at
v = 0.2 V/s (Table II), confirm the quasireversibility of the system.

Figure 4 shows a chronopotentiogram used for determination of diffusion
coefficient of the investigated complex as a support for the value estimated
from cyclic and convolution voltammetry. The diffusion coefficient calculated
from a chronopotentiometric experiment29 (Eq. (9)). D = (6.2 ± 0.1)·10–10

m2/s resembled well the values obtained from CV and convoluted Ilim (Table I).
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FIG. 3
Differentiated current of the oxidation process
of fac-W(CO)3(dppm)2 (sweep rate 0.2 V/s)

–0.50 –0.05 –0.20 0.45 0.70

dI1/dt

E, V

90.50

54.43

18.35

–17.73

–53.80

TABLE II
Wave characteristics of the fac-W(CO)3(dppm)2 complex extracted from cyclic and convolu-
tion–deconvolution voltammetry by digital simulation techniques at 0.2 V/s

Parameter fac/fac+ fac+/fac++ mer+/mer

Ep – Ep/2, mV 50.0 75.8 70.7

Ep – E0, mV 30.4 25.3 50.5

Wp, mV 100.0 94.0 102.0

∆Epdeconv, mV 10.0 10.2 30.4

( )
( )
d d
d d

f

b

I t
I t

1

1

4.99 2.52 5.36



Ilim = 2 ic(ts/π)1/2 (9)

Here ic is the current and ts is the transition time.
Simulated cyclic voltammograms of the first anodic and associated peaks

were used for testing the experimentally evaluated kinetic parameters. Fig-
ure 5 shows a good agreement between experimental and simulated data
for the (OC-6-22)-W(CO)3(dppm)2, confirming the accuracy of experimen-
tal electrochemical parameters.

The course of the I1 convolution shown in Fig. 2 suggests that the elec-
trode process involves the isomerization mechanism. In the forward sweep
only ECirr reaction (10) takes place assuming that meridial species is absent
initially. The time spent in potential regions of the non zero I1 implies the
formation of the facial cationic species (fac+), and, consequently, of the iso-
meric meridial (mer+) form.

fac fac+ mer+ (10)

In the reverse sweep, an important diagnostic point is given by the I1 con-
volution return to zero which indicates complete conservation of material
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FIG. 4
Chronopotentiogram for the oxidation of
fac-W(CO)3(dppm)2 at the glassy carbon
electrode

FIG. 5
Cyclic voltammograms showing the first an-
odic peak (1) with the associated peak (3) for
fac-W(CO)3(dppm)2 at the glassy carbon elec-
trode: – – – experimental, · · · theoretical
(sweep rate 0.1 V/s)

0.0 0.5 1.0 1.5 2.0 –0.500 –0.275 –0.050 0.175 0.400
t, s

E, V
1.20
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0.26

–0.05
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within the proposed scheme. Side reactions to nonelectroactive species are
evidenced by means of failure to return I1 to zero at the end of the experi-
ment.

Due to the absence of reduction peaks coupled to peaks 1 and 2 in the re-
verse sweep up to the rate of 5 V/s, the homogeneous rate constant (kc) of
the isomerization reaction is not determined by kinetic convolution (I2).
The value of kc, yielding a good agreement between the experimental and
formulated voltammograms, was taken instead.

On the basis of the above discussion we have to invoke the following
scheme.

Reduction Process

A typical cyclic voltammogram for the reduction of (OC-6-22)-
W(CO)3(dppm)2 in CH2Cl2 in 0.1 M TBAP at a GC-electrode and sweep rate
0.2 V/s is shown in Fig. 6. The reduction wave observed in this process in-
volves quasireversible one electron reduction followed by a chemical step
(EC mechanism). The reverse scan shows a wave corresponding to one-
electron oxidation. The cathodic peak potential (Epc) of the reduction wave
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fac fac+ fac2+

mer mer+ mer2+

k–3 k3 k–1 k1 k–2 k2

–e –e

–e –e

FIG. 6
Voltammogram for the reduction process of the
investigated complex at the glassy carbon elec-
trode (sweep rate 0.2 V/s)–1.13 –0.92 –0.72 –0.51 –0.30

i, µA

E, V

63.10

30.23

–2.65

–35.53

–68.40



is located at –0.975 V, while the anodic peak potential (Epa) of oxidation
wave is located at –0.745 V. In the selected range of scan rates, the differ-
ence in the peak potentials (∆Ep = Epa – Epc) is 230.0 ± 5 mV, larger than ex-
pected 58 mV for one-electron Nernstian process28. This can be attributed
to the slow rate of electron transfer in addition to some uncompensated so-
lution resistance in the CH2Cl2 solution30.

The values of ks, D, α, and E0, determined experimentally from cyclic
voltammetric data are shown in Table III.
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FIG. 7
The I1 convolution of the reduction process for
fac-W(CO)3(dppm)2 (sweep rate 0.2 V/s) –1.13 –0.92 –0.72 –0.51 –0.30

I1, µA s1/2

E, V

0.00

11.25

22.50

33.75

45.00

TABLE III
Values of kinetic parameters obtained from the reduction process of the investigated com-
plex at glassy carbon electrode using cyclic (CV), convolution (conv), deconvolution
(deconv) voltammetry and chronopotentiometry (CP) techniques

Parameter

Techniques

CV conv deconv CP

ks · 105, m s–1 1.72 – – –

E0, V –0.850 –0.852a –0.851 –

D · 1010, m2 s–1 7.20 7.30 – 7.15

α 0.35 – – –

kc, s–1 – 1.5 – –

a Determined from combination of the Ilim – I1 with I2 convolution.



The EC mechanism for reduction process was evidenced from the I1 con-
volution where I1 does not return to its initial value at the end of scan
(Fig. 7). Also, the missing coincidence of backward and forward sweeps in-
dicates deviation from the Nernstian behaviour. The diffusion coefficient
((7.3 ± 0.1)·10–10 m2/s) (Eq. (8)) was in accord with the value calculated
from CV.

Figure 8 shows the “kinetic” convolution (I2) of the investigated complex
at v = 0.2 V/s, representing the evaluation of the homogeneous rate con-
stant of chemical reaction (kc) in nonaqueous medium at GC-electrode. The
true value of kc was calculated by iteration performed until I2 returned to
zero14 yielding kc = 1.5 s–1.

The E0 of the complex W(CO)3(dppm)2 at GC-electrode in CH2Cl2–0.1 M

Bu4NClO4 was determined from Ilim – I1 and I2 vs E (applied potential) plot
at v = 0.2 V/s (Fig. 9). Crossing points in this diagram give the true value of
E0. The slight displacement of the crossing points from the true E0 value
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TABLE IV
Wave characteristics of the (OC-6-22)-W(CO)3(dppm)2 complex extracted from cyclic and
convolution–deconvolution voltammetry

v, V s–1 ∆Ep, mV I1(end), µA s1/2 ∆Epdeconv, mV Wp, mV
( )
( )
d d
d d

f

b

I t
I t

1

1

0.1 172.3 –5.197E-5 58.6 132.0 1.85

0.2 230.3 –4.560E-5 91.3 149.0 1.80

0.5 253.3 –3.951E-5 115.8 153.0 1.78

1.0 294.2 –3.415E-5 148.9 181.2 1.75

2.0 326.9 –3.033E-5 177.1 198.7 1.67

FIG. 8
Kinetic convolution (I2) of the cathodic
peak for fac-W(CO)3(dppm)2 (sweep rate
0.2 V/s)–1.10 –0.92 –0.70 –0.51 –0.30

E, V

0.00

–17.85

–35.70

–53.55

–71.40

I2, µA s1/2



can be explained by the uncompensated resistance. This method provides a
new way of evaluation of E0 in agreement with that obtained from cyclic
voltammetry and differentiation voltammetry.

Digital simulations of the voltammograms were used to test the validity
of the EC model. The E0 values, the standard heterogeneous rate constant
(ks), chemical rate constant (kc), diffusion coefficients (D), and the transfer
coefficient (α) were taken for generation of simulated cyclic voltammo-
grams. Figure 10 shows an agreement between simulation and experiment
at v = 0.2 V/s. It confirms the suggested electrode mechanism as well as the
accuracy of determined electrochemical parameters listed in Table IV.

Accordingly, the reduction process corresponds to the following scheme.

CONCLUSION

It can be concluded that, the electrochemical oxidation of complex
fac-W(CO)3(dppm)2 in CH2Cl2–0.1 M TBAP at GC-electrode takes place in
two anodic peaks associated with a cathodic process. Scanning in the nega-
tive direction reveals a reduction peak coupled with oxidation peak. The
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FIG. 9
Combination of Ilim – I1 with I2 for the
cathodic peak of fac-W(CO)3(dppm)2 vs ap-
plied potential E (sweep rate 0.2 V/s)

FIG. 10
Voltammograms of the reduction wave for
fac-W(CO)3(dppm)2 at the glassy carbon elec-
trode: – – – experimental, · · · theoretical
(sweep rate 0.2 V/s)
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electrochemical parameters and the electrode mechanism of above pro-
cesses were determined and discussed.

The I1 convolution of oxidation process indicated that the isomerization
process is involved while the reduction consists of quasireversible charge
transfer followed by fast chemical step indicating EC reaction scheme. The
redox potential E0 for the reduction process was obtained using new
method from I1 and I2 convolution versus the applied potential, while for
the oxidation process E0 was determined from deconvolution voltammetry.
From the variation of ∆Ep with v, the mean value of ks = (1.72 ± 0.2)·10–5

m/s for the reduction process was determined. The diffussion coefficient
D = (6.6 ± 0.2)·10–10 m2/s of the complex evaluated from the limiting con-
voluted current is in a good agreement with values obtained from other
methods.

The authors are grateful to Prof. B. Shaw, School of Chemistry, University of Leeds, U.K., for pre-
paring and providing the investigated complex.
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