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The M(IN)2Ni(CN)4 [where M: Cu, Mn, Zn, IN: Isonicotinic acid, abbreviated to M-Ni-IN] tetra-
cyanonickelate and some metal halide complexes with the following stoichiometries: Cu(IN)Xy (X:Br,I),
Cd(IN)2X3, (X:Cl,Br), and Zn(IN)4X2 (X:Br,I) were synthesized for the first time. Their FT-IR spectra
were reported in the 4000-400 cm ™! region. Vibrational assignments were given for all the observed
bands. The analysis of the vibrational spectra indicates that there are some structure-spectrum correla-
tions. For a given series of isomorphous complexes, the sum of the difference between the values of the

vibrational modes of uncoordinated isonicotinic acid that were coordinated to the metal ion isonicotinic
acid was investigated and found to depend on the halogen for a given metal. The proposed structure of

tetracyanonickelate complexes consists of polymeric layers of [M-Ni (CN)4|o with the isonicotinic acid
molecules bound directly to the metal (M) atoms. Certain chemical formulae were determined using the

elemental analysis results.
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Introduction

Isonicotinic acid (IN) is a compound of considerable biological interest. A derivative of IN, the hydrazine
isoniazide, possesses tuberculostatic properties and can be administered to patients. Both IN and isoni-
cotinylglycine are found in urine because of their metabolism in the human body.! IN shows antibacterial
properties with different atomic groups.? It is also used for the determination of cyanide in water as an
effective substance with pyrazolone.? The metal complexes of biologically important ligands are sometimes

more effective than free ligands;* therefore, the metal halide complexes of IN were synthesized and their

spectroscopic features were investigated.

*Corresponding author
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The vibrational analysis of free IN was performed by Afifi.’> In that study, the spectroscopic features
of some pyridine derivatives, such as nicotinamide, nicotinic acid, and isonicotinic acid were evaluated for a
few bands. The synthesis, spectral, and thermal properties of various complexes [M (IN)nHyO] have been
reported.’ The structural properties of Cu (II) and Cu (I) chloride complexes of IN are described in the
literature.”= In a recent paper, the theoretical vibrational analysis of free IN was performed by Koczon for
a few bands.'® To the best of our knowledge, no complete vibrational studies have been reported for the
transition metal(IT) halide and tetracyanonickelate complexes of IN.

In our previous studies, the spectroscopic and structural properties of metal halide and tetracyanon-

H=13 picotinamide!*—16

ickelate complexes of isonicotinamide were investigated. In the present work, we
prepared and reported the IR spectra of some metal(Il) halide and tetracyanonickelate complexes of IN for
detecting any possible relationship between the ligand vibrational values and the metal, and presented their

IR spectral data.

Experimental

Synthesis

All the chemicals were reagent grade and were used without further purification. Metal chloride, bromide,
or iodide (1 mmol) was dissolved in hot (about 78 °C) absolute ethanol (10 mL). The appropriate quantity
of IN (1 mmol for Cu(IN)Xz, 2 mmol for Cd(IN)2Xs, and 4 mmol for Zn(IN),X5) was added to the solution.
The mixture was stirred magnetically at room temperature for 24 h. The precipitated complexes were
filtered, washed with ether, and dried. Potassium tetracyanonickelate was prepared by mixing stoichiometric
amounts of nickel(IT) chloride with potassium cyanide in water solution. M (IN)3Ni (CN), was prepared by
dissolving 1 mmol of KoNi (CN), in water. To this solution, 2 mmol of ligand (IN) and 1 mmol of the metal
halide dissolved in ethanol were added consecutively. The reaction mixture was stirred for 24 h at room

temperature. The product obtained was filtered and washed with ethanol and dried in vacuum desiccators.

Instrumental measurement

The prepared samples were analyzed for C, H, and N with a LECO CHN-932 analyzer and the results are
presented in Table 1. The IR spectra of discs (KBr) of fresh samples were recorded on a Mattson 1000

FT-IR instrument that was calibrated using polystyrene bands.

Table 1. Elemental analysis results related to complexes.

C (%) H (%) N (%)

Complex Found Calculated Found Calculated Found Calculated
Cu(IN)I 16.80 16.36 1.07 1.135 3.43 3.17
Cd(IN)2Brs 28.05 27.77 1.61 1.91 5.46 5.4
Zn(IN) 41 33.15 33.51 2.16 2.46 6.37 6.89
Mn(IN)gNi(CN)4 40.81 41.39 1.87 2.15 17.48 18.1
Cu(IN)3Ni(CN),  40.07 40.63 1.83 2.11 16.96 17.7
Zn(IN)3Ni(CN)y 39.75 40.48 1.98 2.11 17.15 17.71
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Results and Discussion

IN has substitution in the para-position of the pyridine. If we assumed that the carboxyl group (-COOH)
had a single mass point, all the molecules under consideration would belong to the Cs, point group. It has
27 normal vibrations, of which 19 are planar and 8 are non-planar. In addition to these 27 ring vibrations,
there are 9 vibrations due to the substitute carboxyl group.

The vibrational assignments for a few bands of free IN were made by Afifi> and compared with those
of some pyridine derivatives, such as nicotinamide and nicotinic acid. The spectroscopic features of free IN
were investigated theoretically by using ab initio calculation methods by means of the B3SPW91 level and
6-311++G** basis set by Koczon et al.1 In that study, some selected bands (3450-3050, 1717-1597, and
1455-1370 cm 1) were assigned and the influence of the nitrogen atom position with respect to the carboxyl
group on the vibrational structure of the molecule was investigated. They also interpreted the calculated
spectra in terms of potential energy distributions and made the assignment of selected experimental bands
from PED analysis results.'®

Although most metal halide pyridine complexes have been characterized crystallographically, there is
a distinct lack of structural data for the isonicotinic acid halide and tetracyanonickelate complexes studied
here. However, since isostructural complexes are known to exhibit similar band patterns in their vibrational
spectra!”"in the absence of structural data on a given complex, they have been classified based on their
spectroscopic features.

The FT-IR spectra of free IN, Cu(IN)Bry, Cd(IN)yBry, and Zn(IN)4I5 complexes are given in Figures
la-d, respectively. The vibrational assignments of free IN were made by comparison with the assignments of

20,21 11-13 and isonicotinic acid N-oxide.?2 The vibrational wavenumbers of IN for

pyridine,
the Cu(IN)Brz, Cu(IN)Iz, Cd(IN)3Cly, Cd(IN)2Bry, Zn(IN)4Bra, and Zn(IN)4Is complexes are listed along
with the results reported by Afifi and Koczon in Table 2.

IN has a different coordination form and it is coordinated not only through the carboxylate group

isonicotinamide,

but also through the nitrogen atom of the pyridine ring. This property leads to different constructions in
the metal complexes, such as tri-nuclear,® 3-dimensional supranuclear network??, and square pyramidal?*.
Similar structure variations were observed in the complexes studied here, for different transition metal atoms.

The most important vibrational modes implying the coordination of the metal atom to the IN ligand
molecule were v(C=0) and pyridine ring vibrations. Because it is known that if the coordination takes place
through ring nitrogen, the v(C=0) and pyridine ring vibrations shift to the higher region in the complexes of
pyridine and pyridine derivatives.!!:!? Nevertheless, an opposite situation was observed in the IR spectra of
these complexes studied here, and if the coordination takes place through carboxyl oxygen, it is expected that
the v(C=0) vibrations strongly shift to a lower region, as in isonicotinic acid N-oxide metal complexes.??:2>

The v(C=0) bands of pyridine derivatives containing the carboxyl group were expected at higher
than 1650 cm~'.2° A strong band appeared at 1711 cm™! in the IR spectrum of free IN and it was assigned
to v(C=0). This band was observed at 1661 and 1662 cm~' in the spectra of Zn (IN)4Bry and Zn (IN)4I;
complexes. This significant shift was a result of coordination that took place through the carboxyl oxygen
to the zinc atom. On the other hand, this band underwent a slight negative shift in the spectra of Cu(IN)Xy
and Cd(IN);Xs complexes, which explained the influence of the hydrogen bindings that led to the formation
of hydrogen-bonded frameworks and a polymeric network structure.26

Pyridine has 4 ring vibrations in the region of 1615-1410 cm~!.2° These bands were observed at 1616,
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Figure 1. The FT-IR spectra of free IN(a), Cu(IN)Brz(b), Cd(IN)2Bra(c), and Zn(IN)4I2(d) complexes.
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1563, 1472, and 1411 cm™! in the spectrum of free IN and assigned Py(CC + CN)strength, Py(CC +
CN)strength, CH bending, and CH bending, respectively. The bands observed at 1616 and 1563 cm~! in
the spectrum of free IN undergo a slight negative shift in the metal halide complexes studied here. These
variations clearly indicate that the other coordination of IN takes place via the pyridine ring nitrogen to the

metal atoms (Cu, Cd, and Zn). It is also known that the donor power of pyridine ring nitrogen is strong.?”

Figure 3. The hydrogen-bonded linear infinitive network of Cd(IN)2X, complexes.

Figure 4. The polynuclear network structure of Zn(IN)4X2 complexes.
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Similar bindings were also seen in different isonicotinic acid metal complexes.”23:26 Based on frequency
analysis, the coordination of IN takes place through the pyridine ring nitrogen to the metal atoms (Cd
and Cu), as illustrated in Figures 2 and 3, for the Cu(IN)Xy and Cd(IN)3X5 complexes. The coordination
of zinc atoms to ligand molecules formed both the carboxyl oxygen and pyridine ring nitrogen in the Zn
(IN)4X5 complexes illustrated in Figure 4. These geometric conformations were confirmed by shift values
and elemental analysis results. As shown in Figure 2, the Cu atom coordinated with a pair of halogens
and a pyridine ring nitrogen, and an interesting bonding took place between the carboxyl groups of ligand
molecules. A similar coordination was assumed for the Cd(IN)2Xs complexes because of the exhibition of a
similar band pattern in its IR spectrum; this structure has linear infinitive networks as seen in Figure 3. On
the other hand, the zinc atom surrounded by the 4 ligand molecules coordinated from the ring nitrogen and
a pair of halogens with a distorted octahedral environment at the first center of the polynuclear network
structure, which is surrounded by 4 carboxyl groups and the other pairs of halogens at the second center of

the structure in the Zn(IN)4X5 complexes, as shown in Figure 4.

The Ni(CN), group vibrations of the M(IN);Ni(CN), complexes

The wavenumbers of the Ni(CN)4 group vibrations of the compounds studied are given in Table 3. In
the IR spectrum of NaNi(CN)4, the CN stretching vibration mode was observed at 2132 cm~!,%® and,
for the corresponding modes of M(IN)2Ni(CN)4 complexes, an upward shift was observed. The spectra of
Cu(IN)3Ni(CN)4 and Mn(IN)2Ni(CN)y are given in Figure 5a and b. The v(CN) and §(NiCN) vibrational
frequencies were also found to be similar to the Hoffmann-type clatrates?® aniline and isonicotinamide
complexes,!3:39 indicating that the |[M-Ni(CN)4|o polymeric layers were preserved. If the cyanide group
around the nickel atoms has a local Dy, environment, only one v(CN)(E,) band is expected in the IR
spectrum. A strong band was observed at 2148, 2169, and 2159 cm ™! in the spectrum of Mn, Cu, and Zn
complexes, respectively, belonging to v (C-N)(E, ). The other 2 strong bands that were observed belonging to
v(NiCN) and §(Ni-CN) are given in Table 3. These frequency variations were found to be slightly dependent
upon the metal atoms (M) and it was probably due to changes in the strength of the M-NC bonds, since it

is known that there is a mechanical coupling between the M-N and C=N stretching modes.?!

Table 3. The IR wavenumbers of the Ni(CN)4 group vibrations of the M(IN)2Ni(CN)4 complexes.

Vibrational modes

Complexes 7 [CNJ(E) v Ni(CN) 3 Ni(CN)
Mn(IN)2Ni(CN)4 2148vs 532m 430s
Cu(IN)3Ni(CN)y 2169vs 576s 443s
Zn(IN)3Ni(CN)y 2156vs 535m 430vs
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Figure 5. The FT-IR spectra of Cu(IN)2Ni(CN)4 and Mn(IN)2Ni(CN)4 complexes.
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Conclusion

The analysis of the IR spectra of 3 new Hofmann-type complexes showed that they have structures consisting
of polymeric layers of M-Ni(CN) o, with the IN molecules bound directly to metal (M) and metal halide

complexes of IN, indicating that there were some structure-spectrum correlations. It is concluded that the
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ring nitrogen and carboxyl group of IN are involved in a complex formation. In addition, it is found that the

shift values depend on the halogen for a given metal and it decreases in the following order: Cl > Br > I.
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