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Abstract: Complexes of Mn(Il), Co(Il), Ni(Il) and Cu(Il) with 2-aminofuro[3,2-b]py-
ridine-3-carboxamide have been prepared. The stability constants of the formed complexes
were determined at 20, 30,40 and 50 °C at a fixed ionic strength, /=0.1 mol dm? (KCI). The
values of the thermodynamic functions associated with complex formation were calculated
and analyzed in terms of electrostatic and non-electrostatic components. The complexes
were characterized with the help of chemical and spectral data.
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INTRODUCTION

The coordination chemistry of nitrogen donor ligands is an activate area of re-
search. Organic compounds containing a pyridine ring play an important role in many
biological reactions.! The formation of different complexes of aminohydroxypyridine
with Co(1I), Ni(IT) and Cu(II) was tested using IR spectroscopy. The ligand is an N, N,
O donor in case of the Co and Ni complexes but N, N in the case of the Cu complex.
The ligand interacts also with Zn(II), Cd(II), Hg(II), As(III), Sb(IIT) and Bi(IIT) through
N, N donor sites.3 On other hand, ternary complexes of pyridine and quinoline were
characterized spectroscopically.4

In continuation of our work in the area of the physical properties of organic com-
plexes, -0 the present study deals with the potentiometric determination of the stability
constants and related thermodynamic parameters of 2-aminofuro[3,2-b]pyridine-3-car-
boxamide complexes with Mn(II), Co(II), Ni(Il) and Cu(II). The probable stoichiometric
ratio of the complexes was examined conductometrically and photometrically. The in-
frared spectra were used to illustrate the bonding sites of the ligand.

# In memory of the late Professor S. M. Metwally.
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EXPERIMENTAL

All the employed chemicals were of pure laboratory grade. The prepared ligand (m.p. 217 °C) was
provided by Dr. H. Saad.” A digital pH-meter, Cole Parmer 5800-05-solution analyzer, was used to deter-
mine the stability constants of the complexes at 20, 30, 40 and 50 °C at constant ionic strength (0.1 M
KCl). Three aqueous solutions (total volume 50 ml in each case) were titrated with 0.01 M KOH: i) 1 ml
HCI (0.0095 M), ii) 1 ml HCI (0.0095 M) + 2 ml ligand (0.01 M) and i) 1 ml HC1 (0.0095 M) + 2 ml
ligand (0.01 M) + 0.4 ml metal ion (0.01 M).

To illustrate the possible stoichiometric ratio of the complexes, conductometric titrations were car-
ried out at room temperature by titrating 30 ml metal ion solution (0.001 M) with the ligand solution
(0.01 M) as the titrant. A Cole Parmer 5800-05 digital conductivity-meter was employed. Photometric ti-
tration was also used to ascertain the possible composition of the complexes. A Milton Roy, Spectronic
1201 spectrophotometer was employed. The concentration of the metal ion was kept constant (0.001 M)
while that of ligand was varied between 0.1 x 0.001 M and 4.0 x 0.001 M to give a series of ligand/metal
ratios.

Solid complexes of mole ratio M : 2L were prepared by mixing an ethanolic aqueous solution of the
calculated amount of ligand with the respective metal chloride. The reaction mixture was refluxed on a
water bath for three hours. The precipitated manganese (pale rose), cobalt (pink), nickel (pale green) and
copper (greenish blue) complexes were filtered, washed several times with ethanol and finally dried over
anhydrous CaCl,. All the prepared complexes melted above 330 °C. The formed complexes were
identified from their FT-IR spectra recorded using a Perkin Elmer FT-IR 1650 instrument. The KBr disc
technique was employed.

RESULTS AND DISCUSSION

Information referring to the stability of the aminofuropyridine carboxamide com-
plexes was obtained from the titration data of the three solutions using the Irving-Ro-
ssotti formula>:
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where V1, V5 and V3 are the volumes of alkali in the three titration curves required to reach
the same pH value, V, is the total volume of titrating mixture, N° and E° are the concentra-
tion of the alkali and the initial concentration of free acid, respectively. Y is the number of
dissociable protons attached to the ligand, 71 and 7y are the total concentration of ligand
and metal, respectively. The metal-ligand constant was obtained by plotting 7, the average
number of ligands attached to each metal ion, against Py, the free ligand exponent and in-
terpolating at » = 0.5 and 1.5. The obtained stepwise stability constants, log Kj and log K>,
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are summarized in Table L. It is clear that the [rving-Williams order is obeyed, i.e., the sta-
bility of complexes follows the trend: Mn < Co <Ni < Cu. Also, increasing the temperature
leads to a reduction of the stability values. This means that the complexing process is an
exothermic reaction demonstrating that the formation of these complexes is favored at
lower temperatures.

TABLE . Stepwise stability constants of the complexes at different temperatures

Compounds  Stability constants 293 K 303 K 313K 323K
. pK; 4.70 4.83 5.00 5.30
Ligand K, 3.85 3.78 3.55 333
M complex log K, 5.95 5.55 5.10 4.80
P log K, 5.62 5.35 4.80 425
Co complex log K; 6.70 6.30 5.95 5.65
P log K» 6.43 6.10 5.70 5.50
Ni complex log K; 7.32 6.80 6.50 6.00
p log K, 7.00 6.60 6.20 5.80
Cu complex log K; 8.55 8.05 7.80 7.20
P log K» 7.87 7.45 7.10 6.80

From the knowledge of the stability constants at different temperatures, the
change in the free energy, enthalpy and entropy accompanying complex formation can
be calculated using the relations:

AG®=-2303 RT log K = AH® — TAS°®

and

log—L =—
K, 2303R\ TT,

2
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The so determined thermodynamic data are given in Table II. The negative values
of the three parameters mean that the process of complex formation is spontaneous,
exothermic, and the complexed molecules have a more ordered structure that the reac-
tants. In other words, the metal-ligand bonds are fairly strong and the complex forma-
tion is strongly driven by enthalpic forces.

In order to clarify the nature of the interaction between the ligand and the metal
ions, ie., ionic or covalent, the thermodynamic data were analyzed and evaluated into
electrostatic and non-electrostatic components using the equations8:

AGO = AG° + AGyon® = nRTIn M+ Re(a + e7'0)
AHP = AH° + AHpon® = Re(a + (1 — T10)eT'6)
AS° = ASi® + ASpon® =—#RTIn M—(Re / 0)eT0
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where 6 is the temperature characteristic of the solvent and M is its molality. Comparison of
the electrostatic and non-electrostatic components, as evaluated in Table II1, illustrates that
the AGpon° values are negative compared to those of AG[°, i.e., the non-electrostatic (co-
valent) forces are stronger than the electrostatic (ionic) ones for all the examined comp-
lexes. Also the AH,n° values are significantly more negative than those of AH°, re-
flecting the covalent nature of the complex molecules.

TABLE II. Thermodynamic data of the mono- and bis-complexes at 293 K

Compounds ~AG°/kJ mol™! ~AHC/kJ mol™! ~AS®/J mol K!
M comple 33.38 67.83 117.57
piex 31.53 65.10 114.60
Co complex 37.58 67.01 100.42
P 36.07 59.35 79.45
N comblex 41.06 78.50 127.78
compie 39.27 67.01 94.68
Cu complex 47.97 80.41 110.75
P 44.15 67.01 78.03

The ratio of the electrostatic to non-electrostatic values decreases from manga-
nese to copper complexes indicating that the ionic character of the complexes in-
creases in the order: Cu <Ni < Co < Mn, i.e., the ionic character of the complexes in-
creases with increasing number of unpaired electrons of the metals. On the other hand,
the thermodynamic data computed for the formation of 1:2 complexes illustrate a
marked decrease in the ionic character compared to those of 1:1 complexes. Therefore,
it can be concluded that the metal-ligand bonds in the bis-complexes are more covalent
in nature than those in the corresponding mono-complexes.

TABLE I1I. Electrostatic and non-electrostatic components of the thermodynamic functions

Compounds  AGy"/k] mol™" ~AG,,,°kJ mol™! —AH kI mol”! —AH, %K) mol”! —AS,%I mol' K!
Mn complex 17.82 51.21 6.82 61.00 84.18
P 10.13 41.63 3.59 61.21 47.82
Co complex 14.18 51.80 5.44 61.59 67.03
P 2.68 38.74 1.05 58.32 12.68
Ni comple 20.00 61.04 7.66 70.84 94.39
piex 5.90 45.19 2.26 64.77 2791
Cu complex 16.40 64.35 6.28 74.14 77.36
P 2.38 46.53 0.92 66.11 11.25

To obtain meaningful information about the composition of the prepared com-
plexes, conductometric and photometric titrations were performed. The two tech-
niques have in common the fact that the measured quantity is directly proportional to
the concentration of one or more of the ions of interest. If the reaction between the
metal ions and the complexing titrant (ligand) is essentially complete, a titration curve
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Fig. 1. Conductograms of aminofuropyridine carboxamide with the metal ions.

is obtained that consists of two or more straight, or nearly straight, line segments inter-
secting at the equivalence point (the stoichiometric ratio) of the complex formed.?

The conductograms of aminofuropyridine carboxamide are shown in Fig. 1. It is
clear that the conductance value of the metal ion solution increases steadily as the ligand
solution is added. The increasing continues until the equivalence point of the titration.
The behavior obtained is attributed to the replacement of some ions by complex mole-
cules with different mobility values. With the next drop of added titrant, the ligand re-
mains unreacted and a slight increase is sometimes observed due to the accumulation of
excess ligand solution. The conductograms exhibit two obvious slopes, suggesting that
the probable stoichiometric ratios of the complexes are M : L and M : 2L.

In the other technique, by measuring the characteristic absorbance at a suitable
wavelength (AL = 310 nm, Acomplex = 325 — 340 nm), the photometric titration curves
shown in Fig. 2 are obtained. The absorbance increases nearly linearly with added ligand
until the reaction is almost complete. Then, there is a sudden change of slope, and further
addition of ligand results in little further reaction and only a gentle dilution. The equiva-
lence point is that point at which the curvature or rate of charge of slope is at a maximum.
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Fig. 2. Photometric titration curves of aminofuropyridine carboxamide with the metal ions.

The data show that the ligand forms stable complexes with stoichiometric ratio M : 2L,

as obtained previously from the potentiometric and conductometric studies.
The conductometric and photometric titrations were not only used to elucidate the com-
position of the complexes but also to determine their stability constants using the relations:

_ 1 AeXp .Arlln
CE AI;\/IL - Aexp
A/A,

n

(i —AjA,)) e

where Aexp, AM, AML are the conductance values of the solution, uncomplexed and
complexed metal ions, respectively, 7 is the coordination number, A4 is the absorbance at a
ligand concentration ¢y and 4y, is the absorbance at full color development. The calculated
data are given in Table IV. It is clear that the conductometric data are smaller than those ob-
tained potentiometrically or photometrically. This may be attributed to the fact that the
conductometric method gives an accurate result for complexes of low stability constants.

Finally, aminofuropyridine carboxamide has four donor sites for bonding to metal
ions. These are the ring nitrogen atom, the nitrogen of the amine group and the nitrogen
and oxygen of the amide group. The infrared spectra are of great help in deciding the
ligational behavior of the ligand. Fig. 3 presents the spectra of the studied samples. In
the spectra of Co and Ni complexes, the bands due to NH-vibrations of the amine
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Fig. 3. The infrared spectra of aminofuropyridine carboxamide and its complexes.

group are shifted to higher frequencies, probably due to coordination of the nitrogen
atom of NHj group with the metal ion. Also, the bending band of the NH; group at
1581 cm! is shifted by 10 cm™! to lower frequencies. The bands due to v(NH) (3196
cm!) and v(C=0) (1660 cm!) of the amide group are shifted to higher and lower
wavenumbers, respectively, after complexation, suggesting that the oxygen atom of
carbonyl group is coordinated to the metal ion.19 In the spectrum of the Cu complex,
the vibrational band due to C=0 (1656 cm!) remains unchanged indicating that the
oxygen atom of carbonyl group does not participate in the coordination process. The
bands due to v(NH) are found at lower wavenumbers than in the free ligand, suggest-
ing that the nitrogen atoms of amino groups have formed bonds with the copper atoms.

In all spectra of the complexes, the characteristic band of the pyridine ring nitro-
gen at 1614 cm! is not appreciably affected showing its non-participation in the coor-
dination process. The appearance of bands around 1480 and 800 cm~! confirms the
presence of coordinated water molecules.
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TABLE IV. Stepwise stability constants at 300 K using the conductometric and photometric titration tech-
niques.

Mn complex Co complex Ni complex Cu complex
log K - 6.76 6.81 7.44
log K, - 542 5.57 5.68
log K 6.60 6.86 7.03 7.79
log K1K> 11.19 12.04 13.23 14.09

Based on the above observations, it can be concluded that aminofuropoyridine
carboxamide acts as a bidentate ligand forming stable complexes with a molar ratio M
: 2L. The ligand is an N,O donor in case of Co and Ni complexes, but in case of Cu
complex it is an N,N donor. The formation of the complexes is an exothermic process.

Nn3BOJN

TEPMOIMHAMMYKA U CTPYKTYPHA IIPOYYABAHA KOMITIIEKCA
MAHTAHA(II), KOBANTA(II), HUKJIA(I) U BAKPA(II) CA
AMUHO®YPOITMPUIMHKAPBOKCAMUIOM

M. G. ABD EL WAHED

Facylty of Science, Zagazig University, Zagazig, Egypt

[Mpumpemmsern cy kommneken Mn(Il), Co(Il), Ni(Il), m Cu(Il) ca 2-amunodpypo[3,2-b]mipu-
nuH-3-kab6okcamupom. Onpebene cy KoHcTanTe crabuiHocTi oBux Komiuiekca Ha 20, 30, 40 u 50 °C
Mp¥ KOHCTAHTHO] jOHCKOj Hauman / = 0,1 mol dm™ (KCI). M3padyHate cy TepMOIUHAMITIKE (hyHK-
yje 3a ofroBapajyhe nporece KOMIUIEKCHpamba U aHAIM3UPAHN YWIAHOBH 32 €NIEKTPOCTATUYKY U
HEEJIEKTPOCTATHIKY KOMIIOHEHTY. KOMIIIEKCH Cy KapaKTeprucaHu Ha OCHOBY XEMHJCKHX 1 CIIEKTPO-
CKOTICKVX TIOflaTaKa.

(ITpumsbeo 11. cenrem6pa 2002, peuupano 27. janyapa 2003)
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