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Oxovanadium(IV) and oxovanadium(V) complexes of tropolone (Htrp, 2-hydroxy-2,4,6-
cycloheptatrien-1-one), of stoichiometry VO(trp)2 and VO(trp)2Cl, were characterized by
electronic, infrared, and Raman spectroscopies. Their electrochemical behavior was investi-
gated by cyclic voltamperommetry in dimethylsulfoxide solutions. The magnetic susceptibility
of VO(trp)2 was investigated between 2 and 300K. The vibrational spectra of the related
Co(trp)2, Cu(trp)2, and Zn(trp)2 complexes were also analyzed for comparative purposes.

Keywords: Tropolone; Oxovanadium complexes; Electronic spectra; IR and Raman spectra;
Cyclic voltamperommetry; Magnetic susceptibility

1. Introduction

A number of metal complexes of hydroxypyrones and hydroxypyridinones have been
prepared and characterized and their possible applications in the field of medicinal
inorganic chemistry have been explored [1]. Most of these �-hydroxyketones, derived
from six-membered rings, form relatively stable complexes with different divalent and
trivalent cations. In particular, oxovanadium(IV) complexes of 3,4-hydroxypyrones,
such as bis(maltolato)oxovanadium(IV), and other maltol derivatives, have been widely
explored as insulin-enhancing agents [1–3].

Tropolone (2-hydroxy-2,4,6-cycloheptatrien-1-one, Htrp, figure 1) is a very interest-
ing �-hydroxyketone, but derived from a seven-membered ring, which also forms stable
complexes with numerous metals [4–6]. On the other hand, tropolone itself has
antibacterial and insecticidal activity [7, 8], also acts as an inhibitor of metalloproteins
[9], and is a strong tyrosinase inhibitor [10, 11]. Some derivatives of tropolone have
antitumoral activity [12, 13], whereas some others, like �-thujaplicinol and manicol, are
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potent and selective inhibitors of ribonuclease H (RNase H) activity of human
immunodeficiency virus-type 1 reverse transcriptase (HIV-1RT) [14].

The crystal and molecular structure of tropolone [15] and some of its derivatives
[16, 17] as well as those of the bis(tropolonato) complexes of Cu(II) [18] and Zn(II) [19]
are known.

Extending previous studies on oxovanadium(IV) and oxovanadium(V) complexes
[20–25] we have now investigated the complexes of these two oxocations with
tropolone. The respective complexes of Co(II), Cu(II), and Zn(II) were also prepared
for comparative purposes.

2. Experimental

2.1. Materials

Tropolone, NaVO3, and VOCl3 were purchased from Aldrich, VOSO4 � 5H2O and the
acetates of Co(II), Cu(II), and Zn(II) as well as all the employed solvents were products
of Merck, and were used as supplied. For the electrochemical measurements high
purity dimethylsulfoxide (DMSO) from Aldrich was used and tetrabutylammonium
hexafluorophosphate (TBAPF6) from Fluka (electrochemical grade) was employed as
the supporting electrolyte.

2.2. Synthesis of the complexes

VO(trp)2 was obtained following the procedure described by Lee and Hwang [26],
as follows: 0.50 g (4mmol) of tropolone was dissolved in 100mL of a 50 : 50 mixture of
ethanol/water and added dropwise to a well-stirred solution containing 0.51 g (2mmol)
of VOSO4 � 5H2O in 50mL of the same solvent mixture. After mixing, the pH was raised
to 8.5 by the addition of 1N NaOH and the resulting solution was refluxed with stirring
for 2 h and then left at room temperature. The dark green powder was filtered off,
washed with small portions of cold ethanol, and finally dried in vacuum over H2SO4.
Analysis: Found (%): C: 54.33, H: 3.30 (calculated for VO(trp)2 (%): C: 54.38, H: 3.23).

VO(trp)2Cl was prepared by the addition of 10mmol of VOCl3 to a solution of
40mmol of tropolone in 100mL of CCl4. The reaction occurs immediately, but the
reaction mixture was stirred overnight to ensure completion [27]. The dark black-green
product was filtered off, washed repeatedly with CCl4, and finally dried in vacuum
over H2SO4. Analysis: Found (%): C: 48.20, H: 3.05 (calculated for VO(trp)2Cl (%):
C: 48.78, H: 2.90). The suggested use of triethylamine, to facilitate the formation of

OH

O

Figure 1. Schematic structure of tropolone (Htrp).
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tropolonate in solution [27], was avoided because the so generated complexes usually
remain contaminated with the base, as shown by infrared (IR) spectra.

We have also developed an alternative procedure for the synthesis of VO(trp)2Cl,
based on a known analytical methodology [28], as follows: 0.52 g (4.3mmol) of NaVO3

was dissolved in 20mL of distilled water and 5mL of concentrated HCl was added.
Eventually precipitated V2O5 was filtered off. Then, 1.10 g (9mmol) of tropolone was
dissolved in 20mL of CH3Cl and this solution was added dropwise to that containing
the vanadium under continuous stirring. The mixture is stirred for one more hour and
then the obtained VO(trp)2Cl was separated by filtration, washed with several portions
of CCl4, and finally dried in vacuum over H2SO4. Analytical data and FTIR spectra
confirmed the identity of the obtained complex.

The complexes Co(trp)2, Cu(trp)2, and Zn(trp)2 were obtained by slow mixing 50 : 50
methanol : water solutions of tropolone and the metal acetates in a 2 : 1 molar ratio and
refluxing the obtained mixtures, with stirring, for 2 h [6, 18]. The obtained crystals were
separated by filtration, washed several times with cold methanol, and finally dried in
vacuum over H2SO4.

2.3. Spectroscopic measurements

IR spectra in the spectral range between 4000 and 400 cm�1 were measured as KBr
pellets on a FTIR-Bruker-EQUINOX-55 instrument. Raman spectra were recorded
with the FRA 106 accessory of a Bruker IF 66 FTIR spectrophotometer. The 1064 nm
line of an Nd :YAG solid state laser was used for excitation.

Electronic absorption spectra were measured in the 200–800 nm spectral range with
a Hewlett-Packard 8452 diode-array spectrophotometer using 10mm quartz cells.

2.4. Magnetic susceptibility measurements

Magnetic susceptibility measurements were performed on polycrystalline samples
of VO(trp)2 using a SQUID magnetometer (Quantum Design, model MPMS-XL). The
temperature dependence of the magnetic susceptibility was measured in the temperature
range 2–300K at an applied magnetic field (H) of 0.5T upon heating the sample under
zero-field-cooled conditions from 2K (previously cooled at H¼ 0T). The paramagnetic
contribution �P to the experimental susceptibility was obtained on subtracting the
diamagnetic contribution (�102(1)� 10�6 emumol�1) which was calculated from
Pascal’s constants [29].

2.5. Electrochemical measurements

Cyclic voltammetry was carried out with a computer-controlled Princeton Applied
Research (PAR) Potentiostat/Galvanostat model 263A. A standard three-electrode cell
was used with a glassy carbon disc as the working electrode, a platinum wire as the
counter electrode, and Ag/10�2mol L�1 AgNO3 in CH3CN as the reference electrode.
This electrode was calibrated against the [Fe(C5H5)2]/[Fe(C5H5)2]

þ redox couple, for
which a potential of þ0.4V versus NHE was assumed [30, 31]. All potentials reported
here are referred to NHE in volts. Measurements were performed in oxygen-purged
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10�3mol L�1 DMSO solutions with 0.1mol L�1 TBAPF6 as the supporting electrolyte.
During the measurements a continuous N2 gas stream was passed over the solutions.

3. Results and discussion

3.1. Structural considerations

Although the crystal structures of the two investigated oxovanadium complexes are not
known, the spectroscopic information and all the other physicochemical properties
determined in this study clearly show the generation of two five-membered chelate rings
around the metal centers similar to those found for Cu(trp)2 [18]. Both complexes
are isolated as non-polymeric units with an oxo-ligand located perpendicular to the
approximately planar VO4 environment generated by binding two tropolonate ligands.
In the case of the V(V) complex a chloride is coordinated trans to the oxo group.
For VO(trp)2, the local symmetry of the complex may be C4v. It has been shown on the
basis of EPR studies, for this and other related oxovanadium(IV) complexes with
bidentate chelating ligands, that the symmetry is actually reduced to C2v [32].

3.2. Electronic spectra and solution behavior of VO(trp)2

The solutions of different five-membered ring chelate complexes like VO(trp)2 are
relatively unstable in the presence of oxygen, especially when water or ethanol is solvent
[32]. The originally green-colored solutions become rapidly orange-red on contact with
air, by the oxidation of V(IV) to V(V):

2VOðtrpÞ2 þ 2ROHþ½O2! 2VOðtrpÞ2ORþH2O:

We have investigated qualitatively this behavior in different organic solvents
(methanol, DMF, chloroform, THF, DMSO) and found relatively rapid color changes,
from green to orange-red, in all of them. This makes it difficult to attain electronic
absorption spectra with VO(trp)2 solutions. In all cases, using different solvents the
spectra of this complex were identical to those obtained with analogous VO(trp)2Cl
solutions, confirming relatively rapid oxidation of the oxovanadium(IV) solutions.

Figure 2 shows electronic spectra, in the spectral range between 260 and 500 nm,
obtained with DMSO solutions of free tropolone and the two oxovanadium complexes.
Measured band positions are presented in table 1. In all cases, another absorption band
was detected at 260 nm (with the following "-values: tropolone¼ 4.76� 103,
VO(trp)2¼ 20.82� 104, and VO(trp)2Cl¼ 20.47� 104). As these bands lie near the cut
off edge of the solvent they have to be carefully considered. No other bands could be
found, even working with more concentrated solutions. These results show clearly that
independent of the origin of the dissolved complexes the obtained spectra are practically
coincident, showing only minor intensity differences.

The main observed electronic transitions are ��* transitions of the aromatic ring [33]
and the shoulders observed at the lower energy side in all the spectra are probably
related to the characteristic vibronic structure of some of these transitions [34]. Intensity
differences between the spectra of free tropolone and the complexes can be essentially
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attributed to the presence of two tropolone rings in the complexes and, eventually, by
an additional enhancement of the main band by the contribution of a charge-transfer
transition [33].

3.3. Vibrational spectra

3.3.1. Vibrational spectra of VO(trp)2. The FTIR and FT-Raman spectra of VO(trp)2,
between 1700 and 400 cm�1, are shown in figure 3; the proposed assignment is presented
in table 2 and briefly discussed as follows:

– Assignment of the first two intense IR bands is based on arguments advanced
by Junge [35] from an IR investigation of tropolone and its Cu(II) complex using

Figure 2. Electronic absorption spectra in the spectral range between 260 and 500 nm of Htrp (—), VO(trp)2
(- - - -), and VO(trp)2Cl (–��–��).

Table 1. Electronic absorption spectra of free tropolone and the two oxovanadium complexes in DMSO
solutions.

Tropolone VO(trp)2 VO(trp)2Cl

Band (nm) " (Lmol�1 cm�1) Band (nm) " (Lmol�1 cm�1) Band (nm) " (Lmol�1 cm�1)

310 (sh)
325 7.85� 103 328 20.62� 104 327 18.93� 104

338 (sh) 332 (sh)
354 (sh) 372 (sh) 372 (sh)
372 (sh) 394 (sh) �388–390 (sh)
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18O-labeled tropolone. This study demonstrated that although �(C¼C) and �(C¼O)
vibrations are strongly coupled, the higher energy band has more �(C¼C) character.

– In free tropolone, these bands are at 1608 and 1548 cm�1 in the IR and at 1607 and
1543 cm�1 in the Raman spectra. After complex formation both bands are displaced
to lower energies and the second is absent in the Raman spectrum, or is eventually
more strongly displaced up to 1474 cm�1.

– There is another IR band at 1478 cm�1, with Raman counterpart at 1460 cm�1, in
spectra of free tropolone which has some �(C¼O) character [35, 36]. This band is also
displaced to lower energies in the complex and appears coupled to other vibrations
(cf. table 2).

– The �(C–OH) band is seen in free tropolone, partially coupled to �(C–C) and �(CH)
vibrations, as a very strong IR doublet at 1268/1236 cm�1, with Raman counterparts

Figure 3. FTIR (above) and FT-Raman (below) spectra of VO(trp)2 in the spectral range between 1700
and 400 cm�1.
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at 1272 and 1237 cm�1. The corresponding �(OH) vibration was identified as a
medium intensity IR band at 1310 cm�1 and is absent in the Raman spectrum.

– In VO(trp)2 the �(C–O) of the now deprotonated OH-group is also displaced to lower
frequencies in both the IR and Raman spectra and the �(OH) mode is, obviously,
absent.

– The strongest Raman line (973 cm�1) is assigned to the characteristic V¼O stretching
vibration of the oxo group. Its IR counterpart lies at somewhat higher energy. This
vibration lies in the usually expected range [37] but somewhat higher than in
oxovanadium(IV) carbohydrate complexes [38, 39], in which the cation also has
a similar VO4 planar coordination as in the present complex. On the other hand,
the position of this band clearly excludes the formation of bridging chain structures
of the type � � �V¼O � � �V¼O � � �V¼O � � � , for which much lower frequencies are
expected [40].

– Some typical ring vibrations were also assigned on the basis of previous studies of
other metal tropolonates [36, 41].

– In the low-frequency region, spectra of VO(trp)2 have some new bands that are
absent in spectra of the free ligand. Therefore, and also taking into account previous
results [35, 36, 41], these bands are assigned to vibrations involving V–O (metal-
to-ligand) bonds. Although in table 2 all these bands were identified as �(VO), it is
probable that some of them are originated in the deformational modes of the O¼VO4

skeleton.

3.3.2. Vibrational spectra of Co(trp)2, Cu(trp)2, and Zn(trp)2. For comparative
purposes, we have also measured and assigned vibrational spectra of Co(trp)2,
Cu(trp)2, and Zn(trp)2. Although IR spectra were reported earlier [40] the correspond-
ing Raman spectra are reported here for the first time. The results of these
measurements are presented in table 3. As it can be seen, the spectral patterns of
these complexes resemble closely to that of VO(trp)2.

Table 2. Assignment of FTIR and FT-Raman spectra of VO(trp)2 from 1800
to 400 cm�1.

IR (cm�1) Raman (cm�1) Assignment

1590 s 1591 s �(C¼C)þ �(C¼O)
1520 vs �(C¼O)þ �(C¼C)
1470 sh 1474 m �(CH)
1422 vs 1430/1420 m �(C¼O)þ �(C–C)þ �(CH)
1336 vs 1357/1318 vw �(C¼C)
1263 m 1272 vw �(C–C)þ �(CH)
1220 s 1217 s �(C–O)
1078 w �(C–C)þ �(CH)
986 s 973 vs �(V¼O)

950 vw �(C–C)
878 m 886/829 vw �(C–C)þ �(CH)
746/726 vs 740sh, 725 s �(CH)þ �(VO) (?)
690 sh �(C–C)
636 w 613 m �(VO)
581 vs, 550 sh 592 s �(VO)
445 m 418 w �(VO)

vs: very strong; s: strong; m: medium; w: weak; vw: very weak; sh: shoulder.
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One interesting aspect of the Raman spectra is that the counterpart of the second very
strong IR band, which is absent in the case of VO(trp)2, can be clearly seen in Co(trp)2
and Zn(trp)2 whereas for Cu(trp)2 it is present only as a very weak band.

A qualitative analysis of the last three Raman vibrations measured and assigned as
�(MO) vibrations in tables 2 and 3 shows that the first two increase in the order
Co�Zn5Cu5VO, whereas the third one does not show such a definite tendency.
Besides, the Raman band at about 725 cm�1, which is of complex origin but probably
involves a MO vibrational mode, does not show a definite mass-depending trend.

3.3.3. Vibrational spectra of VO(trp)2Cl. FTIR and FT-Raman spectra of this com-
plex also show spectral patterns which are similar to those discussed above. The
proposed spectral assignment is presented in table 4 and briefly commented as follows:

– In this case the higher energy band assigned to �(C¼C)þ �(C¼O) is seen as a Raman
doublet. Moreover, the second of these bands with the same origin, absent in the case
of VO(trp)2, is now present in the Raman spectrum as a medium intensity line at
1515 cm�1.

– The 1283 cm�1 band is the strongest one in the Raman spectrum whereas its IR
counterpart is seen as a medium intensity doublet.

– The characteristic �(V¼O) stretching is stronger in the IR spectrum, in which it also
has a weak shoulder on the lower energy side, than in the Raman spectrum in which
it appears somewhat broadened. The energy of this band is somewhat lower than that

Table 3. Assignment of FTIR and FT-Raman spectra of Co(trp)2, Cu(trp)2, and Zn(trp)2 from 1800
to 400 cm�1.

Co(trp)2 Cu(trp)2 Zn(trp)2

AssignmentIR Raman IR Raman IR Raman

1593 vs 1598 m 1590 s 1599s 1596 s 1598 s �(C¼C)þ �(C¼O)
1511 vs 1522 s 1515 vs 1510 w 1515 vs 1527 s �(C¼O)þ �(C¼C)
1471 vw 1492 vs 1470 sh 1472 vs 1473 vw 1474 vs �(CH)
1430 sh 1430 sh 1446 s 1435 m 1435 s �(C¼O)þ �(C–C)þ �(CH)
1414 vs 1415 s 1412 vs 1410 vs 1412 vs 1420 m �(C¼O)þ �(C–C)þ �(CH)

1369 m 1369 m 1389 s
1337 vs 1330 m 1343 vs 1333 m 1337 vs 1333m �(C¼C)
1248 s 1248 s 1252 m 1228 m 1252 s 1253 s �(C–C)þ �(CH)

1242 m 1242 m �(CH)
1220 vs 1225 m 1231 s 1231 s 1224 vs 1230 s �(C–O)

1220 m �(CH)
1073 m 1075 w 1075 w �(C–C)þ �(CH)
996 m 998 w 1004 w �(C–C)þ �(CH)
972 m 975 s 970 w 973 s 974 w 976 s �(C–C)
915 m 918 m 917 m �(C–C)
874 s 879 m 874 s 875 w 876 s 875 m �(C–C)þ �(CH)
758 w 753 w 765 m �(C–C)þ �(CH)
744 w �(CH)þ �(MO)
726 vs 732 vs 734 vs �(CH)þ �(MO)
698 m 706 vs 711 m 711 s 697 m 708 vs �(C–C)
595 m 586 m 635 m 606 m 582 w 586 m �(MO)
529 s 536 m 586 vs 582 s 532 m 538 m �(MO)
420 m 428 m 423 s 417 s 425 m 429 s �(MO)

vs: very strong; s: strong; m: medium; w: weak; vw: very weak; sh: shoulder.
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found in the VO(trp)2 complex, a consequence of the presence of Cl� in the axial
position, trans to the oxo group, which produces a weakening of the V¼O bond.

– It is not easy to determine the position of the V–Cl vibration, although such bands
related to terminal metal-chloride bonds are usually expected in the spectral range
between 200 and 400 cm�1 [42]. On the basis of comparison of the IR and Raman
spectra of the investigated complexes, we have tentatively assigned this vibration to
a medium intensity Raman band at 359 cm�1.

3.4. Magnetic susceptibility of VO(trp)2

The temperature dependence of the molar paramagnetic susceptibility (�p) of the
complex is shown in figure 4 and �p has a value of 1.493(3)� 10�3 emumol�1 at 298.5K
with corresponding effective magnetic moment (�eff ¼

ffiffiffiffiffiffiffiffiffiffiffi
8�pT

p
) found to be 1.89mB,

which is slightly higher than the meff-value expected for magnetically diluted VO2þ (d1)
cations, that is, the spin-only value 1.73mB or even less, if the orbital contribution is not
completely quenched. On the other hand, effective magnetic moments larger than the
spin-only value have been found for some oxovanadium(IV) complexes and explained
from ferromagnetic interactions between vanadyl units through the formation of
� � �V¼O � � �V¼O � � �V � � � chains [43]. However, this latter possibility can be discarded
for VO(trp)2 taking into account the vibrational-spectroscopic behavior and analysis of
the temperature dependence of the reciprocal molar paramagnetic susceptibility (��1p )
(figure 5). The plot of ��1p versus temperature follows a Curie law from 2K up to about
50K, but above this temperature there is a pronounced curvature which becomes more
noticeable as the temperature increases. Taking into account the coordination geometry
assumed for the complex, a distorted square pyramid with symmetry C2v, the magnetic
behavior may be explained considering a temperature-dependent susceptibility plus a
temperature-independent paramagnetism (TIP), because such a coordination geometry,

Table 4. Assignment of FTIR and FT-Raman spectra of VO(trp)2Cl
(1800–400 cm�1).

IR (cm�1) Raman (cm�1) Assignment

1588 s 1586 w/1571 s �(C¼C)þ �(C¼O)
1522 vs 1515 m �(C¼O)þ �(C¼C)
1460 w 1472 s �(CH)
1424 vs 1414 s �(C¼O)þ �(C–C)þ �(CH)
1349 vs/1325 w 1352 m/1330 vw �(C¼C)
1282 m/1263 m 1283 vs �(C–C)þ �(CH)
1214 m 1209 vs �(C–O)
1067 w 1064 w �(C–C)þ �(CH)
965 vs/941 sh 968 s �(V¼O)
877 m 876 w �(C–C)þ �(CH)
766 sh/731 vs 734 s �(CH)þ �(VO) (?)
619 m 619 s �(VO)
580 vs 578 s �(VO)
543 m 542 s �(VO)
497 w, 472 w 498 vw (?)
445 s/437 s 449 s/429 s �(VO)
416 m 402 vw (?)

vs: very strong; s: strong; m: medium; w: weak; vw: very weak; sh: shoulder.
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Figure 5. Temperature dependence of the reciprocal molar paramagnetic susceptibility (��1p ) of VO(trp)2.
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Figure 4. Temperature dependence of the molar paramagnetic susceptibility (�p) of VO(trp)2.
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intermediate between the square pyramid (symmetry C4v) and the trigonal bipyramid
(symmetry D3h), involves an orbitally non-degenerate ground state 2A2 (dxy) and the
well above kBT excited states 2B1 (dxz),

2B2 (dyz),
2A1 (dx2�y2 ), and

2A1 (dz2 ) [44, 45].
Therefore, ��1p data were fitted according to the equation �p ¼

C
T þ �TIP (figure 5),

yielding values of C¼ 0.3624(2) emuKmol�1 and �TIP¼ 2.787(7)� 10�4 emumol�1.
The effective magnetic moment calculated from C (�eff ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
8�CurieT
p

¼
ffiffiffiffiffiffi
8C
p

) is 1.70mB,
which is in excellent agreement with the value of 1.71 mB calculated via
�eff ¼ g

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SðSþ 1Þ

p
¼ 1

2 g
ffiffiffi
3
p

from the average g factor 1.972(5) determined previously
from EPR measurements [32]. The �TIP term originates from the second-order Zeeman
effect between the ground state and the excited states, and its value is inversely
proportional to the energy differences between the 2A2 (dxy) ground state and the
excited states, mainly 2B1 (dxz) and

2B2 (dyz). The obtained �TIP value is rather large
compared with those of spin-single states in vanadium oxides, but is similar to those
of the spin-singlet states of other VO2þ complexes [46].

3.5. Electrochemical behavior

The cyclic voltammogram of free tropolone, shown in figure 6 at �¼ 0.1V s�1, displays
one irreversible reduction peak (I) at �1.54V, which does not show any associated
oxidation process in the reverse scan, even at the highest scan rate. The linear
dependence of the cathodic peak potential Epc with log� confirms the irreversibility of
this peak [47]. On the reverse scan one small wave which shows anomalous behavior is
observed at ca �0.27V. The dependence of this wave on electrode pretreatment suggests

Figure 6. Comparative cyclic voltammograms of Htrp (—) and of VO(trp)2 (- - - -) at �¼ 0.1V s�1.
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the adsorption of the reduction product on the electrode surface. Furthermore,

at positive potential one oxidation peak (II) is observed at þ1.04V irrespective of the

initial scan direction. A small reduction wave related to it appears on the reverse scan.
Due to the behavior of VO(trp)2 solutions, section 3.2, the complex solutions

employed in the electrochemical measurements were prepared directly in the electro-

chemical cell using deoxygenated DMSO and working under a continuous N2-gas

stream.
The redox behavior of VO(trp)2, at v¼ 0.1V s�1, is illustrated in figure 6. Two

reductions and one oxidation are observed in the potential range investigated. The first

peak (A) at �1.40V gives no reverse signal on the subsequent anodic scan and shifts

toward more negative values as � increases. The second irreversible peak (I0) situated

at �1.60V lies at a similar potential to that obtained with free tropolone. The current

associated with this process was measured from decaying baseline of peak A. The

cathodic current ratio ipc(A)/ipc(I0) values are close to one, at all investigated scan

rates, indicating that the same number of electrons are involved in both processes.

Furthermore, the current peak of both reductions, ipc(A) and ipc(I0), increases with the

square root of the scan rate, v1/2, approaching a single straight-line plot in accord with

diffusion control [47]. According to the experimental data, the first cathodic peak (A)

can be assigned to the irreversible reduction of the metal center from V(IV) to V(III)

and the second one (I0) to a reduction of the coordinated ligand. On the forward anodic

scan, the oxidation peak (II0) at þ0.66V with the small shoulder around 1.05V

corresponds to oxidation processes centered on the coordinated ligand. As shown in

figure 6, the current intensity of this peak is smaller than that obtained with peak II

suggesting that the coordination of the ligand modifies the number of electrons involved

in this process.
Comparative voltammograms at �¼ 0.1V s�1 for freshly prepared deoxygenated

solutions of VO(trp)2Cl and VO(trp)2 are shown in figure 7.

Figure 7. Comparative cyclic voltammograms of VO(trp)2 (- - - -) and VO(trp)2Cl (—) at �¼ 0.1V s�1.
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During the first cathodic cycle, the current/potential curve displays one reduction
peak (B) at �1.30V. On the subsequent anodic half cycle two oxidation signals (B0, B00)
related to it appear at �1.20 and �1.10V, respectively. The redox behavior of these
peaks indicates that the cathodic process involves two sequential one-electron
reductions of the metal center, V(V)/V(IV) and V(IV)/V(III), at very close potential
values (EE mechanism) [47]. The two anodic peaks, on the reverse scan, correspond to
the respective independent one-electron oxidations. The cathodic peak associated with
reduction of the ligand is not clearly observed in the potential range investigated.
Notwithstanding, the small wave between 1.40 and 1.65V could correspond to this
process. Anodic peak (II0) observed at þ0.70V for VO(trp)2Cl lies at a similar potential
and shows similar redox behavior to that obtained with VO(trp)2 solutions. Thus, this
process can be attributed to the oxidation of the coordinated ligand, as discussed above.

Finally, it must be noted that at more positive potential (not shown in figure 7)
another irreversible process was observed at þ1.15V which could be attributed to the
oxidation of chloride to elemental chlorine.

4. Conclusion

IR and Raman spectra of VO(trp)2 and VO(trp)2Cl are rather similar. Interestingly, the
characteristic �(V¼O) stretching vibration lies at higher energy in the oxovanadium(IV)
complex. The spectral patterns of these complexes are also very similar to those of
bistropolonato complexes of Co(II), Cu(II), and Zn(II), investigated for comparative
purposes. VO(trp)2 solutions in different organic solvents are very unstable in air,
rapidly oxidized. Voltamperommetric studies allowed determination of the potential
at which V(IV)/V(III) reduction takes place in VO(trp)2 and also showed that in
VO(trp)2Cl reduction of V(V) to V(IV) and V(III) involve two sequential one-electron
processes at very close potential values. Magnetic susceptibility measurements of
VO(trp)2 were clearly compatible with the C2v-symmetry assumed for this complex and
showed that it has a relatively important TIP.
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