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Abstract

The infrared and Raman spectra of the Cu(ll) complex of picolinic acid (Hpic), of
stoichiometry [Cu(pic),].2H,O were recorded and discussed by comparison with those of the
free acid on the basis of Cu(its known structural data. The electrochemical properties of the
complex wereinvestigated in dimethyl formamide sol utions by cyclic voltammetry. Theresults
show that its reduction occurs through a quasi-reversible one electron process, generating
a Cu(l) species.

Resumen

Seregistraron los espectros deinfrarrojo y Raman del complejo queforma el Cu(ll) con
el acido picolinico (Hpic), de estequiometria [Cu(pic),].2H,O y se los discutio por
comparacion con los del &cido librey en base a sus datos estructural es, que son conocidos.
Las propiedades electroquimicas del complejo se investigaron en soluciones de
dimetilformamida, utilizando voltametria ciclica. Losresultados muestran que su reduccién
ocurreatravésde un proceso cuasi reversible, involucrando un tnico electrén, y generando
una especie de Cu(l).

Introduction
Picolinic acid (2-carboxypyridine, Figure 1), anisomer of nicotinic acid, isone of themost
important chelating agents present in the human body.
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Figure 1. Schematic structure of picolinic acid.
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Itisgenerated in liver and kidneys during the catabolism of the essential amino acid
tryptophan and, subsequently, transported to the pancreas. During digestionit issecreted to the
intestineand isused asacomplexing agent in the absorption of essential metals[1,2].

In recent years metallic complexesof picolinic acid havereceived increasing attention
from the pharmacol ogical point of view, asuseful systemsto trace €l ement supplementation or
for the design of new metallopharmaceuticals [3]. For example, at present the tris-
picolinatochromium(l11) complex congtitutes one of the most important and popular nutritional
supplements, which worldwide commercialization generatesannual ly more than one hundred
milliondollars[4]. Alsointhesearch for new drugswith insulinomimetic activity, oxovanadium
(1V) and oxovanadium (V) complexesof picolinic acid and of someof itsderivativesappear as
very promising compounds[5-8].

Inorder to contributeto abetter characterization of thistype of metallopharmaceuticals,
we haverecently investigated the spectroscopic and electrochemical behavior of someCr(l11)
picolinate complexes[9]. Asacontinuation of these studies, we have now performed asimilar
investigation of the Cu(I1) complex of picolinic acid of stoichiometry [Cu(pic),].2H,0.

Experimental

Synthesis of the complex

Thecompound wasobtained by interaction of hot diluted aqueous solutionsof copper(11)
acetateand potassum picolinateinal: 2 molar ratio. After mixing the sol utions, the color changed
from greenish-blueto deep blue and an abundant solid precipitateis produced. After cooling to
room temperature, thesolid wasfiltered off, washed with small portionsof cold water, andfinaly
driedinan ovenat 50 °C[10]. Itspurity was confirmed by elemental analysisand the crystal
structure confirmed by an analysis of the x-ray powder diagram with the aid of the program
POWDERCELL [11].

Spectroscopic studies

TheIR spectrawererecorded with aBruker IFS66 FTIR instrument, using the KBr
pellet technique. Raman spectrawere obtained with the sameinstrument, using the FRA 106
Raman accessory and the 1064 nm line of aNd: YAG solid statelaser for excitation.

Electrochemical measurements
Cyclic voltammogramswere obtained with a PAR potentiost/gal vanostat model 263A

controlled by the 270/250 Sofware (EG& G Princeton Applied Research). A printer and astandard
electrochemical three el ectrode cell completed the system. A glassy carbon disc wasemployed as
working electrode. A platinum wirewas used as counter electrode, whilean Ag/(10° M) AgNO,
inCH,CN/10™ M (TBA)PF,, wasused asareferenceelectrode. Thisreference electrodewas
calibrated against the[Fe(C_H,),|/[F&(C.H,),] * redox couple, for which apotential of + 0.4V vs
NHE wasassumed [12,13]. All potentialsreported herearereferred totheNHE involts.
Ohmic drop in the solution was minimized by positivefeedback [14].

Themeasurementswere performed in dimethylformamide (DMF) solutionscontaining 0.1
M tetrabutylammonium hexafluorophosphate, (TBA)PF,, asthe supporting el ectrolyte. The
concentration of the complex was 10 M. High purity DMF (Baker, spectroscopic grade) was
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dried over 4 A molecular sieves (Merck) and used without further purification. (TBA)PF,was
purchased from Fluka (el ectrochemical grade) and used asreceived.

Before each experiment, acyclic voltammogram of the solution containing only the
supporting e ectrolytewas measured. Oxygen wasremoved by purging thesolutionswith extra-
purenitrogen and acontinuous gas stream was passed over the sol utionsduring the measurements.

Results And Discussion

Structure of the complex

Thecomplex crystalizesin thetriclinic spacegroup Pl withZ = 1. The Cu(ll) cationis
located at the center of adistorted N,O, octahedron, axialy el ongated by Jahn-Teller distortion.
Theequatorial positionsare occupied by thetwo ligands coordinated through the nitrogen atom
and one of the carboxylate O-atoms, in transgeometry. Oxygen atomsfrom adjacent complex
units, and not involvedinthe primary coordination, occupy theaxid positions. Thecrystd isbuilt up
of polymeric chainsof complex molecules, joined by weak coordination bondsinthecdirection
and H-bonded zig-zag chainsof intercalated H,O moleculesforming amolecular layer extended
paralel tothe (100) planeinvolving H-bonds between acarbonyl O-atomand aH,O molecule

[15].

Vibrational spectra

Inorder tofacilitate the analysisof the IR and Raman spectraof the complex, we have
also recorded the corresponding spectraof thefreeligand. These spectrahave been recently
investigated in detail including someinteresting theoretica sudies[16,17]. Therefore, these spectra
arenot reproduced here, but we have assigned our measured spectraon thebasisof thisanalysis
complemented with theinformation provided by some standard references[18,19].
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Figure 2. Vibrational spectra of [Cu(pic),].2H,O in the spectral range between 2000 cm
and 200 cm* @ infrared (top); Raman (bottom).
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ThelR and Raman spectraof [Cu(pic),].2H,0O, inthe most interesting region between
2000 and 200 cm* are shown in Figure 2. The proposed assignment, together with that of the
freeligand, ispresentedin Table 1, and isbriefly commented asfollows:

TABLE 1. Assignment of the vibrational spectra of picolinic acid and of the
[Cu(pic),] .2H,0O complex. vs: very strong; s: strong; m: medium;
w: weak; vw: very weak; sh: shoulder; br: broad

Picolinic acid [Cu(pic),].2H.,O Assignments

Infrared / cm Raman / cm? Infrared / cm® Raman /cm*

3464 w,br v(O-H) acid
3450 w,br v(O-H) water
3170w

3118m/3056w 311353091w 30745/3036m v(CH)
1719s 1692 m v(C=0)
1642 vs 1641 vw v_(COO)
1612vs/1600vs 1614m/1600s 160351569w 1612m/1588s

1575m 1570 m 1569 w v(ring)

1459vs/1443m 1443 w 1475m/1448m 1424 vw

1347 s 1358 m v(C-0)

1389sh/1348vs  1375w/1350s v(COO)
1309 s
1294 vs 1300 w 1285 s 1284 w
1266 m
1251m/1203m 1235w 1243 w 1248 w

1168 m S5(CH)
1158m/1088s 1163m/1086w 11525/1096 m 1122 m
1048m/1009m 1037m/1011vs 104791031m 1044sh/1023vs

995 m 993 sh 1015w/982w

966 m d(O-H) acid

890w 914 w 926 w 911w Y(CH)

837 m/825m 840 s 849 s 846 w

801s 800 w 826 m 830 w scis.(CO0)

767 s 776 W Y(CH)

753vs/705s 7125/693s 708s o(CC)

676 vs 680 w 660 m 660 w wagg.(COO)

6335616m 628w/621vw o(CC)
547 m 536 vw o(CC)
458 vs 450 m p(H,0)

5395/499s

420vs/405s 414w 418 s 405 vw
376 w v(Cu-O)
338s v(Cu-N)

266 vs 271w 257 s

227m/186m
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Inthe spectraof thefreeacid some characteristic bands could be clearly identified:

a) theO-H dtretching vibration, seen only asare atively weak and somewhat broadened
featureinthel R spectrum; b) Thetwo stretching bandsrelated to the carboxylate moiety, v(C=0)
and v(C-0); ¢) Theout-of-plane OH-bending motion, observableasamean intensity IR band.
The corresponding in plane deformation apparently attainsnot enough intensity in our spectra; it
has been recently reported asavery weak IR featureat 1370 cm™ [16]. Besides, also two
deformation modesof thefull carboxylate group have been tentatively assignedin Table 1.

Asexpected, after complex formation all the bandsthat involve OH motions disappear
andthetwo original carboxylate bandsare transformed into the symmetric and antisymmetric
sretching vibrationsof the carboxylate anion. Thedifference between thesetwo vibrationsisequa
to 294 cn?, confirming theessentidly unidentate character of thisgroupinbonding [20,21] shown
by thestructural analysis[15]. However, interestingly, therespectivev (COQ) vibration shows
some splitting evidence probably originated from the participation of oneof the carboxylate O-
atomsin the secondary bonding to another complex unit. Thetwo deformationa vibrationsof the
COO -group show dight frequency shiftsafter complex formation ascanalsobeseenin Table 1.

Thewater molecules, which arenot involved in metal bonding, giveriseto aweak and
broad IR band centered at about 3450 cm*, which can be assigned to the O-H stretching
vibrationsof thismolecule. Theposition of thisband suggeststhe formation of hydrogen bondsof
medium length [22]. The corresponding deformational modeis probably overlapped by the
strong v (COO) IR band. Inthelower spectral range, one deformational mode, of the hydrogen
bonded water molecules, smilar to arocking motion could a so beidentified.

Regarding thering vibrationa modesthey canroughly beassgnedinthefollowing soectra
ranges[16-19]: v(CH) vibrationsin the highest frequency region (3500-3000 cn?); skeletal ring
vibrationinthe region between 1650-1350 cm'?; in plane §(CH) deformational modes between
1300 and 1000 cm?; out of planey(CH) vibrations between 1000 and 700 cnand out of plane
0(CC) ring deformation inthe 700-550 cm range.

Comparing the spectraof thefree acid and of the complex inthelower frequency range,
it wasalso possibleto identify the stretching vibrations of the ligand-to-metal bonds, with the
v(Cu-O) modeat dightly higher energy than the corresponding v(Cu-N) mode, inasimilar way
asfoundinother picolinate complexes[9, 17, 23]. Besides, the v(Cu-N) modeisfoundinthe
samerangeasin Cu(ll) complexesof nicotinic acid and nicotinamide[24].

Electrochemical behavior

Theeectrochemical propertiesof thecomplex wereinvestigated by cyclic voltammetry
inDMF solutionscontaining 0.1 M of TBAPF, assupporting electrolyte. Cyclic voltammograms
wererecorded at different scan rates (v) between 1.5V and—2.2V vsNHE. Inthispotential
range only oneredox couplewas observed whereasat more positive or negative potentia values
only the solvent decomposition current was evident. The effect of the scan rate on the
€l ectrochemical responsewasinvestigated from 0.05V/sto 5 V/sinthe potential rangewhere
the complex iselectroactive, (+0.35V to—1.3 V). Selected voltammograms are shown in
Figures3and 4. Ascan be seen on the negative-going scan, at v =0.1V/s, areduction peak is
located at —0.69 V. Upon reversing the potential at -1.3V the oxidative counterpart of this peak
isobserved at —0.59V.
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I nspection of the voltammetric datashowsthat at increasing scan rates, the reduction(Epc)
and oxidation (Epa) peaksare shifted to more negative and positive
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Figure 3. Cyclic voltammogram of [Cu(pic),] .2H,O in DMF solution, at scan rates
v <05V/s

valuesrespectively. The separation between them, AEp, exceedsthe Nernstian requirement of
59 mV expected for areversible one-electron process. Thisvalueincreasesfrom AEp=0.11V
at 0.05V/sto AEp=0.33V at 5 V/sindicating akinetic inhibition of the electron transfer
process [14, 25-27]. This behavior cannot be attributed to some uncompensated solution
resstance, astheinterna standard Fc/F¢* couple, that showsrapid heterogeneousd ectron transfer
in most of the solvents, gave a AEp value of 73 mV (measured at v = 0.2 V/s). Thus, any
possible uncompensated resistanceis sufficiently small so that the resulting voltage dropsare
negligible compared to the AEp va uesttributabl eto kinetic effects.
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Figure 4. Cyclic voltammogram of [Cu(pic),].2H,0 in DMF solution, at scan rates v > 0.5 V/s.
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Ontheother hand, and for diagnostic purposes, theratio of anodic and cathodic current
(ipalipc) was determined using the well-known empirical relation derived by Nicholson 14,27].
Thisratio remains closeto unity independent of the sweep rate used, giving, for thisquasi-
reversible process, avalue of 0.5 for the charge transfer coefficient, o.. The cathodic peak
increaseswith the squareroot of the scan rate (v¥?) but isnot proportional toit (cf. Figure5).
Theratioipc/ v¥2 diminishesdightly from 68to 61 uA s'2V-12[25-27].
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Figure 5. Dependence of the cathodic current peak on the square root of the scan rate (V?).

Moreover, comparison of the cyclic voltagrammsof the complex with the corresponding
ligand response, under identical experimental conditions, indicatesthat theredox processinvolves
only themetd ion. Thecyclic voltagramm of picolinicacidat v = 0.1 V/sexhibitsonereduction
peak at —1.1V and two oxidation peakslocated at —0.75 and 0.2 V.

Important differenceswere al so detected when the redox behavior of the complex was
compared with those obtained in the presence of Cu(ClO,),. Thecyclic voltagramm of this
compound, at v > 0.2 V/s exhibits one reduction and one oxidation peak, situated at more
positive potentia sthan those obtai ned with the picolinate complex, and the processisfollowed
by adisproportionation and the adsorption of metallic copper ontheée ectrode (cf. aso[28]). In
contrast, in the case of the complex, and for al investigated scan rates, neither disproportionation
nor Cu® adsorption on the el ectrode surface coul d be detected. Therefore, the reduction peak
observed in this case can only be attributed to aone electron charge transfer from Cu(l1) to
Cu(l).

To conclude, theexperimental resultsprovethat thereduction of [Cu(pic),].2H,0 proceed
through aquasi-reversible one electron process, generating the Cu(l) species, which hasalife
timelong enough to be detected by cyclic voltammetry. Theredox processcan beformulated as
follows

[Cu'(pic);====[Cu!(pic),] E, =-062V
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Thequasi-reversibility associated with the reduction process probably arisesasaconsequence
of ageometry changefromtheoriginally distorted octahedral towardsadistorted tetrahedral
environment around the Cu(l) species.

Conclusions

The infrared and Raman spectra of the Cu(l1) of picolinic acid of stoichiometry
[Cu(pic),].2H,0 wereanalyzed onthe basisof itsknown crystal structure and by comparison
with the spectroscopic behavior of thefreeligand. Thevibrationd characteristicsof the metal-to-
ligand linkage could befully interpreted. The electrochemical behavior of the complex was
investigated by cyclic voltammetry in dimethylformamide sol utions, showing that itsreduction
occursthroughaquas-reversible one-electron process. A vaueof about—0.62 V wasdetermined
for theredox couple. No evidenceof disproportionation of thegenerated Cu(l) or for theadsorption
of metallic copper onthe el ectrode surface could befound.

Besides, acomparisonwiththeprevioudy investigated Cr(I11) picolinate, of stoichiometry
Cr(pic),.H,O, showsthat the reduction of this speciesismore difficult and occur at amore
negative potentia (-1.23V) [9].
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