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Electrochemical investigation of complexation of polymer ligands
containing 2,2 -biquinolyl fragments with Nill ions in solution
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Polyamic acids containing biquinolyl (biQ) fragments in the polymer backbone are capable
of coordinating with Ni!l ions to form two types of coordination units: with one or two biQ
ligands in the Ni coordination environment. The relative number of [Ni(biQ),]?* coordination
units in the polymer chain increases with an increase in the concentration of the biQ fragments
in solution and with a decrease in the conformational rigidity of the polymer. The synthesis of
the nickel complexes with the polymer ligands can be carried out using both Ni salts and the

electrochemical dissolution of the Ni anode.
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Among a variety of chemical reactions, catalytic pro-
cesses are often characterized by the highest efficiency.
However, requirements imposed on modern catalysts be-
come more and more rigorous. The catalysts should be
highly active, stereoselective, recyclable, correspond to
requirements of "green chemistry,” etc.1 Various types of
polymers can serve as a basis for the development of cata-
Iytic systems. Polymers are usually less expensive and more
technological than inorganic crystalline materials. They
represent a unique possibility to combine in one material
high thermomechanical and catalytic properties. Polymers
are very convenient for the preparation of hybrid materi-
als, because the polymer chain allows one to introduce
functional groups and active sites of diverse nature. The
variation of the polymer chain structure makes it possible
to perform "fine tuning" of the necessary parameters and
properties, thus creating prerequisites for the preparation
of materials of specified properties. The anomalously low
entropy of polymers make them susceptible to various ef-
fects, which allows one to manufacture "controlled"” poly-
mer-based systems. The specific features of polymers
listed above cause prospects and urgency of the problem of
design and synthesis of new efficient catalysts based on
polymers of various types.

Interest in the obtaining of nickel-containing polymer
systems is due to the wide use of the nickel complexes in
catalysis (see, e.g., Refs 2—6 and literature cited therein)
and electrocatalytic transformations.”’—? It seems very at-
tractive to change the expensive Pt- or Pd-containing cat-

alysts by the cheaper Ni complexes without substantial
loss of activity. In the most cases, the nickel complexes
with phosphine-containing or bipyridyl ligands are used.
The scope of the reactions is rather wide, but the carb-
oxylation reactions of various aryl halides!®—15 and the
reductive homo- and cross-coupling of aryl316—20 and
hetaryl halides or chlorophosphine21—26 are most studied.
The reactions are carried out under mild conditions in an
undivided electrochemical cell at the reduction potential
of the nickel complex. A soluble anode (Mg, Zn, or Fe)
is often used for the suppression of side processes. Elec-
trolysis is wusually carried out in dimethylform-
amide or N-methylpyrrolidone; however, there are works
using protonic solvents (alcohols?” or water?8) and ionic
liquids.29-30

At the same time, the phosphine-containing catalysts
are not optimal from the ecological point of view in spite
of their high efficiency, because the reactions products are
often contaminated with toxic phosphorus compounds.
In the case of other homogeneous catalysts, the problem
of their separation from the reaction products also ap-
pears. As was already mentioned above, the use of polymer
catalysts can be one of the routes to solve this problem.

We have synthesized recently new polymers of poly-
amic acid type (PA) containing biquinolyl (biQ) fragments
in the main chain capable of coordinating with transition
metal ions .31

The choice of polymers is caused by the striving for the
study the influence of various structural factors (confor-
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mational rigidity of the polymer chain, a number of coor-
dinating units, and their steric and electronic properties)
on the structure of the coordination units formed. We
have earlier shown32:33 that polymers PAI, PAI', and
PAIT can serve as convenient polydentate ligands for the
formation of the Cu! (see Ref. 32) and Pd! polymer com-
plexes. The study of the catalytic activity of the obtained
metallopolymer systems showed that the copper-contain-
ing complexes are efficient catalysts of the aerobic elec-
trocatalytic oxidation of aliphatic alcohols34 and amines33
to carbonyl compounds. Palladium complexes exhibit
a high catalytic activity in the cross-coupling reactions at
the palladium content lower than 0.05 mol.% and they are
capable of recycling.33:36.37

This work is a continuation and further development
of these studies. The task was to study the complexation of
the aforementioned polymers with Nill ions in solution by
cyclic voltammetry (CV) and MALDI-TOF mass spec-
troscopy aimed at developing new nickel-containing poly-
mer systems for the subsequent use in catalysis and elec-
trocatalysis. To determine the composition of the coordi-
nation units formed in the polymer, we also used the model
low-molecular-weight ligand, dihexyl 2,2 -biquinolyl-
4,4 -dicarboxylate (biQ(COOHex),), which made it pos-
sible to use the MALDI-TOF method. A comparison of
the properties of the polymer complexes and complex-
ation processes involving low-molecular-weight ligands
makes it possible to reveal the influence of the polymer
chain on the redox properties of the nickel-containing
coordination units.

R1:R2 Yield of PAIT (%)
90: 10 10
80:20 20
70:30 30

Experimental

N-Methylpyrrolidone (NMP) (Aldrich) was dehydrated over
calcium hydride and distilled, collecting the fraction with b.p.
80 °C (7 Torr).

Acetonitrile (pure grade) was stirred for 12 h over calcium
hydride, distilled, then refluxed for 2 h with P,Os, and again
distilled, collecting the fraction with b.p. 81—82 °C under atmo-
spheric pressure.

The electrochemical oxidation and reduction potentials were
measured using an [PC-Win digital potentiostat—galvanostat
connected to a personal computer. Voltammograms were de-
tected by the CV method at the stationary platinum electrode at
various potential sweep rates with 0.05 M n-BuyNBF, as a sup-
porting electrolyte in N-methylpyrrolidone at 20 °C in a 10-mL
electrochemical cell. Oxygen was removed from the cell by purging
it with dry argon. Electrolysis was carried out using a P-5827 M
potentiostat in a 10-mL electrochemical one-compartment cell.
The working electrode (anode) was a Ni wire of 1 cm in length
with a diameter of 2 mm containing at least 99.99% nickel.
A platinum wire served as an auxiliary electrode. The reference
electrode was a saturated silver chloride electrode (its potential
vs Fc/Fc™ is 0.48 V in NMP). The measured potential values
were recalculated taking into account ohmic losses.

The MALDI-TOF spectra were recorded on a Bruker Dal-
tonics Autoflex II instrument with a frequency of laser radiation
of 337 nm on the cryogenic 9-nitroanthracene matrix.

The mass spectra with sputtering ionization in the elec-
tric field were detected on a Finigan LCQ Advantage mass
spectrometer. The temperature of heating of the capillary was
150 °C, the electric potential was 4.5 kV, the feeding rate of
the mobile phase was 10 uL min~!, nitrogen was a sputter-
ing and drying gas, and acetonitrile (Merck) with an addi-
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tion of 1% water (Acros Organics) served as a solvent and
a mobile phase.

Electrochemical synthesis of [Ni'[(PA),][BF,], complexes.
The Ni wire was dissolved under the galvanostatic conditions
(I=1-10"3A)in 10 mL of a 103 M (as calculated respectively
to the biQ fragments) solution of PA in NMP in the presence of
0.05 M n-BuyNBF, and 10 uL (5.5-10* mol) of H,0O. The
process was stopped after passing electricity of 1.1 F per 1 mole
of the biQ fragments. Complexation was monitored by the ap-
pearance of peaks corresponding to the Ni2™/? reduction at the
potentials of —390 and —650 mV for PA! and —360 and —640 mV
for PAIl. Water (5 mL) was added to the obtained solution. The
precipitate that formed was filtered off, washed with CH;CN,
and dried at 90 °C. For PA! 4.8 mg of the precipitate were ob-
tained (80%), and 5.6 mg (76%) were obtained for PAIL Accord-
ing to the atomic absorption analysis data, the Ni content in the
precipitate is 4.85% for PA! and 0.75% for PAI (the calculated
Ni content for the formation of the [Ni(biQ),]*" coordination
units is 4.14% for PAl and 0.73% for PAIL),

Electrochemical and mass spectrometric studies of the Nil!
complexation with biQ(COOHex), in solution. Dihexyl biquino-
lyldicarboxylate biQ(COOHex), (5.1 mg, 0.01 mmol) was dis-
solved in CH3CN (10 mL), and galvanostatic electrolysis with
the nickel anode (/ = 1-10~3 A) was carried out. The process
was stopped after an electricity of 1.6 F per 1 mole of the biQ
fragments was passed. Complexation was monitored by the appear-
ance of peaks corresponding to the Ni2™/? reduction in the formed
complexes [(biQ(COOHex),),Ni]?* and [biQ(COOHex),Ni]?*
at the potentials of —300 and —620 mV, respectively. The ob-
tained solution was analyzed by the MALDI-TOF method, which
showed molecular ions with m/z 1082 (biQ(COOHex),),Ni)*
and 570 (biQ(COOHex),)Ni)*.

Results and Discussion

An important criterion of complexation in solution is
the change in the electrochemical potential of the Ni2*/0
redox transition compared to that of the initial nickel salt
and the shift of the reduction potential of the ligand in the
presence of the ion of the complexing agent. Therefore,
the first stage of investigations was the study of the electro-
chemical reduction of the polymer ligands and their low-
molecular-weight analog using cyclic voltammetry.

Investigation of the redox properties of the low-molecu-
lar-weight polymer ligands. The voltammogram (Fig. 1) of
a biQ(COOHex), solution in acetonitrile exhibits four re-
duction peaks, which are well consistent with the litera-
ture data for 2,2 -biquinolyl.3® The reduction proceeds as
a consecutive transfer of four electrons and is accompa-
nied by protonation.

The CV curves observed for polyamic acids (PAl,
PAIL and PAM) in solution are similar. The CV curve
obtained for PAMI js presented in Fig. 2 as an example.
The first reduction potentials of all polymers are close to the
reduction potentials of the low-molecular-weight analog
(Table 1); however, for PAT and PAI! they are somewhat
shifted to the anode region relative to PAl since the molec-
ular units in PATT and PA™M manifest the acceptor properties.
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Fig. 1. CV curve for a 1 mM solution of biQ(COOHex), (Pt,
0.05 M BuyNBF,, CH;CN, 100 mVs~!, vs Ag/AgCIl/KCl).

Electrochemical study of the complexation of the poly-
mer ligands and their low-molecular-weight analog with Nil!
ions. Salt NiCl, or the Ni anode were chosen as a source of
Ni'l ions. A one-compartment cell was used for the elec-
trochemical synthesis of the complexes. The dissolution
of the nickel anode was carried out in the galvanostat-
ic mode. In the both cases, a criterion for complex-
ation can be the shift of the Ni!'/? formal potential value
upon the addition of the nitrogen-containing ligand.
The peak potential of NiCl, reduction in NMPis —1.17V
(vs Ag/AgCl/KCl). The dissolution of the Ni anode
in the same solvent with 0.05 M Buy,NBF, results in
the appearance of an intense peak of the Ni!l ions re-
duction at the close potential value (—1.15 V). The ad-
dition of the low-molecular weight ligand biQ(COOHex),
to a solution containing the Ni!l ions results in the ap-
pearance of two new peaks at the potentials of —300 and
—620 mV.
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Fig. 2. Voltammogram for a solution of PA!M (10% of phenylene-
diamine fragments) with a biQ concentration of 2.8-10~% M
(0.05 M BuyNBF,, NMP, Pt, 100 mV s~!, vs Ag/AgCIl/KCI).
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Table 1. Reduction potentials of biQ(COOHex),, various poly-
amido acids, and their nickel complexes (NMP, 0.05 M Bu"yNBF,,
Pt, 100 mVs~1)

Redox- —E,/mV
active -
sites biQ(COOHex), PA! PAIl  pAlll
(10%)
biQ 910, 1360, 960, 900, 890,
1490, 1860 1300 1250 1250
[Ni(biQ),]2*/9; 300, 620 390, 360, 350,
[NibiQ]2*/0 650 640 640

The dynamics of changing the voltammetric pattern
upon the addition of NiCl, + 6H,O in various molar ratios
to biQ(COOHex), in acetonitrile is shown in Fig. 3. As
can be seen, the addition of an equimolar amount of nickel
chloride to a solution of biQ(COOHex), shifts the reduc-
tion peaks of the ligand to the anode side. This shift of the
reduction potentials of biQ(COOHex), possibly indicates
that the complexation with Nill decreases the electron
density on the ligand; i.e., the o-donor properties of
biQ(COOHex), are more strongly manifested than the
reciprocal d—n-binding Ni—Iligand. Along with this, the
addition of nickel chloride to the solution results in the
appearance of two new (compared to the curve for the free
ligand) peaks at the potentials of —300 and —620 mV. The
new peaks correspond, most likely, to the Ni2*/9 reduc-
tion in the formed complexes [Ni(biQ)n]2+ (n=1,2).
Unfortunately, it is difficult to estimate the amount
of Ni%?" ions remained uncomplexed from the voltam-
metric data, because the reduction potential of the Ni2*
ions lies in the same region as the first reduction peak of
the biQ ligand.
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Fig. 3. Voltammograms for solutions of 1 mM biQ(COOHex), (1),
1 mM biQ(COOHex), and 1 mM NiCl, (2), and 2 mM
biQ(COOHex), and 1 mM NiCl, (3) (CH;CN, 0.05 M BuyNBF,,
GC, 200 mVs~!, vs Ag/AgCI/KCI).

To elucidate the composition of the formed complexes
using the CV method, we studied solutions with various
Ni: biQ(COOHex), molar ratios (1:1 and 1:2) and
the 1 mM concentration of Nill. It turned out that the
addition of one more equivalent of biquinolyl
(Ni: biQ(COOHex), = 1: 2) to the initial solution (with
the ratio Ni: biQ(COOHex), = 1: 1) resulted in an in-
crease in the peak current at —300 mV from 28 to 30 uA,
which corresponds to an increase in the concentration of
the complex from 4.0+ 10~ to 4.3+ 10~* mol L~!. On the
contrary, the peak current at £=—620 mV decreases from
41to 36 uA, which corresponds to a change in the concen-
tration from 6.0+ 10~4 to 5.7-10~% mol L~!. The peak at
—620 mV disappears completely in a large excess of the
ligand. It should be mentioned that the voltammetric
curves were detected several times in each case of mixing
the reactants in order to achieve the stationary pattern.
Thus, the CV data suggest that the peak at a potential of
—300 mV corresponds to the reduction of the Ni!l com-
plex with two biquinolyl-containing ligands, whereas the
peak at —620 mV corresponds to [Ni(biQ)L,] (n = 2—4)
complex containing only one biquinolyl ligand, and the
remaining coordination sites are occupied by the solvent
molecules.

An analogous tendency is also observed for solutions of
the polymers in the presence of Nill jons. The addition of
more than twofold excess of PA! or PAM polymers (based
on the molar amount of the biQ fragments) to a solution
containing Nillions and the dissolution of the Ni anode in
the presence of these polymers in the solution result, in
both cases, in the appearance of a new redox pair at the
potential of —0.39/—0.23 (PAT) and —0.36/0.21 V (PAI)
in the voltammogram (Fig. 4).

The addition of water to the obtained solution leads to
the precipitation of slightly greenish polymer nickel com-
plexes. The yields and current efficiencies for the nickel
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Fig. 4. CV curves after PA! was added to a solution of Ni!l ob-
tained by the dissolution of the Ni anode: the initial solution of
Nill (1), the ratio Ni'l : biQ = 1 : 2 (2), NMP, Bu,NBF,0.05 M,
Pt, 100 mVs—!, vs Ag/AgCIl/KCI.
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Table 2. Preparative yields (%) and current efficiencies for the
polymer Ni complexes* and the elemental analysis data for these
complexes

Complex Preparative/Current ~ Content of Ni (%)
yield efficiency exp. theor.

[Ni(PAT),][BF,], 80 76 4.85 4.14

[Ni(PA™),][BF,], 76 72 0.75 0.73

* Conditions: Ni anode, 1.05 F per mole of biQ, NMP, 0.05 M
BuyNBF,, 5-10~* M polymer.

complexes obtained by the dissolution of the Ni anode in
the presence of polymer ligands PA! and PAI are listed in
Table 2 along with the atomic absorption analysis results
for the complexes. It is seen that the experimental and
theoretical values calculated for the [Ni(biQ)z]zJr coordi-
nation units are well consistent.

To reveal the possibility of formation in the polymer of
the Ni-containing coordination units with one biQ frag-
ment in the Ni!l ion coordination environment (other co-
ordination sites can be occupied by solvent molecules, for
example, NMP or CH;CN), we carried out the voltam-
metric study of solutions with various Ni : biQ molar ra-
tios. If the dissolution of the nickel anode is carried out in
the presence of polymer PAl two reduction peaks at the
potentials of —390 and —650 mV, which are close to those
observed earlier for the low-molecular-weight complexes
(see Table 1), appear in the CV curve (Fig. 5).

Upon the subsequent addition of PA! (to the Ni : biQ
ratio of 1 : 2), the peak at —390 mV increases and the peak
at —650 mV decreases as it was observed in the case of the
low-molecular-weight biquinolyl-containing ligand. The
Ni!l complexes containing PAI are reduced at the poten-
tials of —360 and —640 mV. A similar tendency of chang-
ing in the peak currents is observed upon the subsequent
addition of PA to a solution of Ni?*. The Ni!l complexes
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Fig. 5. Voltammogram for a solution containing 1 mM Nill (dis-
solution of the Ni anode) and 1.5 mM biQ (PAl) (0.05 M
Bu,NBE,, NMP, Pt, 100 mV s, vs Ag/AgCl/KCl).

with PAI! are formed much more slowly than those with
PAI and PA! due to the greater conformational rigidity of
the polymer PA! ligand. For instance, for PAII (20%)
the voltammetric curve reaches the stationary state only 1 h
after mixing of the reactants (ratio biQ : Ni = 2). In the
polymers with the greater conformational flexibility (PA!
and PAI!), the number of coordination units [Ni(biQ),]**
gradually increases and the number of [Ni(biQ)Lz]2+ de-
creases with an increase in the number of the biQ frag-
ments. In the case of PAII (10%), the coordination units
[Ni(biQ)L,]** remain even in an excess of the biQ frag-
ments, whereas the number of the [Ni(biQ)2]2+ sites is
low. Almost no complexation is observed for PAII (30%)
even 1 h after the end of electrolysis.

Since the Ni polymer complexes were synthesized for
their subsequent use in catalysis, it was of interest to study
the possibility of immobilization of these polymer systems
on the graphite electrode surface. Polymer PAM (10%)
was immobilized on the surface of the graphite tissue by
impregnation with a solution in NMP with the biQ con-
centration equal to 107% mol L~! and subsequent drying
under reduced pressure at 80 °C. Thus treated graphite
tissue was used as a cathode in electrosynthesis, and
a nickel wire served as an anode. Nickel was dissolved in
the galvanostatic mode at a current value of 1 mA, passing
the amount of electricity necessary for the generation of
a 1.5-fold excess of Ni!l ions over the biQ fragments. The
obtained solution was left for 30 min, after which the
graphite tissue was taken out, washed with acetonitrile,
dried, and studied using voltammetry (Fig. 6).

As can be seen from Fig. 6, the electrosynthesis on the
electrode surface results in the formation of [Ni(biQ)L,]%*
coordination units, which are stable upon multiple poten-
tial cycling. Therefore, we may hope that this graphite
surface can successfully be used in catalysis and electro-
catalytic transformations. We found that no [Ni(biQ),]**
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Fig. 6. CV curve for the Ni—PAl complex (10% phenylene-
diamine fragments) immobilized on the graphite electrode
(CH;CN, 0.05 M Bu,NBF,, 100 mVs~!, vs Ag/AgCIl/KCI).




1606  Russ.Chem.Bull., Int.Ed., Vol. 60, No. 8, August, 2011

Magdesieva et al.

ocC HOOC COOCH
A
CO—HN NH

coordination units were formed when the polymer was
immobilized on the graphite surface, which can also be
favorable for catalysis. This indicates that the immobiliza-
tion of the polymer restricts its conformational mobility,
thus favoring the formation of the [Ni(biQ)L,]?* coordi-
nation sites. A similar situation was observed earlier dur-
ing the study of Cu-containing polymers of analogous
structure.32.34

To be finally convinced in the complexation of Nill
ion precisely with the biQ fragments of the polymer chain
rather than with, e.g., carboxyl groups, we synthesized
polymer PAIY having the same functional groups (carb-
oxyl, amide, ester) in the main chain as other polymers,
but containing no biQ fragments. As it should be expected,
no complexation with Ni!l ions occurs in this case. This is
indicated by the absence of any new reduction peaks in the
curve of a solution containing Ni2*™ ions and PAIY poly-
mer, except for the reduction peak of the initial salt.

Investigation of the complexation of the low-molecular-
weight ligand biQ(COOHex), with Ni'l ions by the
MALDI-TOF method. Solutions of the low-molecular-
weight ligand with various Ni : biQ molar ratios were stud-
ied to determine the composition of the formed nickel
complexes by the MALDI-TOF method in the presence
of 9-nitroanthracene as a matrix. Mixtures of NiCl, and
biQ(COOHex), intheratios2:1,1:1,and 1:2inaceto-
nitrile were prepared. In all cases, the spectral study of the
obtained solutions showed three peaks:

m/z =513 (M* = [biQ(COOHex),|"),

m/z =605 (M** = [NibiQ(COOHex),]|Cl), and

m/z=1082 (M** = [Ni(biQ(COOHex),),].

The MALDI method is not quantitative; however, the
tendency for changing the ratio of the formed complexes
can qualitatively be monitored by the relative peak inten-
sities. The tendency agrees with the data obtained by the
CV method: with an increase in the amount of the ligand the
amount of [Ni(biQ(COOHex),)L, ] Cl, complex in a solution
decreases and the amount of [Ni(biQ(COOHex),),|Cl,
increases.

The ESI-MS study of solutions containing Ni!l and
biQ(COOHex), in the ratios 2 : 1 and 1 : 2 showed peaks
of molecular ions corresponding to the complexes with
one biQ ligand in the coordination sphere of nickel
([Ni(biQ(COOHex),)(CH;CN)CI|* (m/z =646)) and
with two ligands ([Ni(biQ(COOHex),),]" (m/z = 1082)).
In addition, the ion of complex Cl,(CH;CN)Ni—p-

biQ(COOHex),—Ni(CH;CN)CIl, was observed (m/z = 852),
in which bipyridyl acts as bridging ligand and is coordi-
nated with two Nill ions. However, this complex ion is
present in very small amounts.

Thus, the studies performed indicate that polyamic
acids containing biquinolyl fragments in the main chain
are capable of coordinating with Nill ions to form coordi-
nation units of two types: with one or two biQ ligands in
the coordination sphere of the Nill ion. The relative num-
ber of [Ni(biQ),]?* coordination units in the polymer chain
increases with an increase in the concentration of biQ
units in solution and with an increase in the conforma-
tional mobility of the polymer. The nickel complexes with
the polymer ligands can be synthesized both using Ni salts
and by the electrochemical method (by the dissolution of
the Ni anode).

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 11-03-00220).

References

1. R. Subramaniam, Coord. Chem. Rev., 2010, 254, 1843.
2. Organonickel Chemistry, Ed. Y. Tamaru, WILEY—VCH Ver-
lag GmbH & Co, 2005.
3. M. Tobisu, T. Shimasaki, N. Chatani, Angew. Chem., Int.
Ed., 2008, 47, 4866.
4.]. Terao, N. Kambe, Bull. Chem. Soc. Jpn., 2006, 79, 663.
5. M. A. Schade, A. Metzger, S. Hug, P. Knochel, Chem. Com-
mun., 2008, 3046.
6. S. B. Jhaveri, K. R. Carter, Chem. Eur. J., 2008, 14, 6845.
7. A. Jutand, Chem. Rev., 2008, 108, 2300.
8.J. Y. Nedelec, J. Perichon, M. Troupel, Top. Curr. Chem.,
1997, 185, 141.
9. A. Klein, Y. H. Budnikova, O. G. Sinyashin, J. Organomet.
Chem., 2007, 692, 3156.
10. M. Troupel, Y. Rollin, J. Perichon, J.-F. Fauvarque, Nouv.
J. Chim., 1981, 5, 621.
11.J.-F. Fauvarque, C. Chevrot, A. Jutand, M. Francois, J. J.
Perichon, Organomet. Chem., 1984, 264, 273.
12.J.-F. Fauvarque, A. Jutand, M. Francois, M. Petit, J. Appl.
Electrochem., 1988, 18, 116.
13.J.-F. Fauvarque, A. Jutand, M. Francois, J. Appl. Electro-
chem., 1988, 18, 109.
14.J.-F. Fauvarque, Y. De Zelicourt, C. Amatore, A. Jutand,
J. Appl. Electrochem., 1990, 20, 338.
15.J.-F. Fauvarque, Y. De Zelicourt, C. Amatore, A. Jutand,
Compagnie Generale d Electricite, CGE SA, French Patent
86/0571, 1986.



El

ectrochemical investigation of complexation

Russ.Chem.Bull., Int.Ed., Vol. 60, No. 8, August, 2011

1607

16
17

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. C. Amatore, A. Jutand, Organometallics, 1988, 7, 2203.

. C. Amatore, A. Jutand, L. Mottier, J. Electroanal. Chem.,
1991, 306, 125.

C. Amatore, A. Jutand, Acta Chem. Scand., 1990, 44, 755.
Y. Rollin, M. Troupel, D. G. Tuck, J. Perichon, J. Organo-
met. Chem., 1986, 303, 131.

G. Meyer, M. Troupel, J. Perichon, J. Organomet. Chem.,
1990, 393, 137.

K. W. R. de Franca, M. Navarro, E. Leonel, M. Durandetti,
J.-Y. Nedelec, J. Org. Chem., 2002, 67, 1838.

K. W. R. de Franca, J. de Lira Oliviera, T. Florencio, A. P.
da Silva, M. Navarro, E. Leonel, J.-Y. Nedelec, J. Org.
Chem., 2005, 70, 10778.

Y. H. Budnikova, Russ. Chem. Rev., 2002, 71, 111.

D. G. Yakhvarov, Y. H. Budnikova, O. G. Sinyashin, Russ.
J. Electrochem., 2003, 39, 1261.

Y. H. Budnikova, Y. M. Kargin, J.-Y. Nedelec, J. Perichon,
J. Organomet. Chem., 1999, 575, 63.

D. G. Yakhvarov, Y. H. Budnikova, O. G. Sinyashin, Mende-
leev Commun., 2002, 175.

V. Courtois, R. Barhdadi, M. Troupel, J. Perichon, Tetra-
hedron, 1997, 53, 11569.

F. Raynal, R. Barhdadi, J. Perichon, A. Savall, M. Troupel,
Adv. Synth. Catal., 2002, 344, 45.

R. Barhdadi, C. Courtinard, J.-Y. Nedelec, M. Troupel,
Chem. Commun., 2003, 1434.

M. Mellah, S. Gmouh, M. Vaultier, V. Jouikov, Electro-
chem. Commun., 2003, 5, 591.

31

32.

33.

34.

35.

36.

37.

38.

M. Ya. Goikhman, I. V. Gofman, I. V. Podeshvo, E. L.
Aleksandrova, A. O. Pozdnyakov, V. V. Kudryavtsev, Poly-
mer Sci., Ser. A, 2003, 45, 591.

T. V. Magdesieva, A. V. Dolganov, A. V. Yakimansky, M. Ya.
Goikhman, I. V. Podeshvo, V. V. Kudryavtsev, Elektro-
khimiya, 2007, 43, 1194 [Russ. J. Electrochem. (Engl. Transl.),
2007, 43].

T. V. Magdesieva, O. M. Nikitin, R. M. Abdullin, O. V.
Polyakova, A. V. Yakimansky, M. Ya. Goikhman, I. V. Po-
deshvo, Russ. Chem. Bull., Int. Ed., 2009, 58, 1423.

T. V. Magdesieva, A. V. Dolganov, A. V. Yakimansky, M. Ya.
Goikhman, I. V. Podeshvo, V. V. Kudryavtsev, Electrochim.
Acta, 2008, 53, 3960.

T. V. Magdesieva, A. V. Dolganov, A. V. Yakimansky, M. Ya.
Goikhman, 1. V. Podeshvo, Electrochim. Acta, 2009, 54, 1444.
T. V. Magdesieva, O. M. Nikitin, A. V. Yakimansky, M. Ya.
Goikhman, I. V. Podeshvo, Russ. Chem. Bull., Int. Ed., 2010,
59, 342.

T. V. Magdesieva, O. M. Nikitin, A. V. Yakimansky, M. Ya.
Goikhman, 1. V. Podeshvo, Electrochim. Acta, 2011, 56, 3666.
Organic Electrochemistry, Eds H. Lund, M. M. Baiser,
2-nd ed., Marcel Dekker, New York, 1983.

Received November 23, 2010;
in revised form March 31, 2011




	Electrochemical investigation of complexation of polymer ligandscontaining 2,2´�biquinolyl fragments with NiII ions in solution
	Abstract
	Experimental
	Results and Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


