
Spectroscopy 24 (2010) 269–275 269
DOI 10.3233/SPE-2010-0467
IOS Press

Fourier-Transform IR spectroscopic
investigations of Cobalt(II)–dextran
complexes by using D2O isotopic exchange

Žarko Mitić a,∗, Milorad Cakić b and Goran Nikolić b
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Abstract. Co(II) ion complexes with reduced low-molar dextran (RLMD) derivatives Mw = 5000 − 6000 g/mol, their FTIR
spectroscopic characterization, as well as the spectra-structure correlation was investigated in this work. The samples of Co(II)
ion complexes with RLMD were deuterated (D2O, Merck) for 2 h, at room temperature, in vacuum. FTIR spectra as an average
of 40 scans were recorded at room temperature in the range 4000–400 cm−1. FTIR investigation of Co(II)–RLMD complexes
by D2O isotopic exchange proved to be a very sensitive method for determining OH group coordination and is related to
the hydrogen bond strength. The results of our investigation point to the dextran and their complexes with Co(II) ion are
crystalline hydrate molecules. The correlation of physicochemical, spectrophotometric and spectroscopic investigations of these
complexes, coordination chemistry of Co(II) ion and the structure of an exopolysaccharide chain are proposed different model
structures of the synthesized Co(II) complexes.
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1. Introduction

In the field of biocoordination chemistry a lot of investigations are based on the synthesis and char-
acterizations of different metal complexes of ligands they present in biological systems, or synthetic
ligands which will serve like the model-molecules for complex biomolecular structures [8]. Bio- or syn-
thetic ligands are mainly natural chemical compounds of macromolecular type. In this group of products
of special importance are chemical compounds of polysaccharide dextran [21], pullulan [9] and inulin
[16] with cations of different d-biometals (Cu(II), Co(II), Zn(II) and Fe(III)). It is well known that raw
microbiological exopolysaccharides dextran and pullulan are glucose polymers with large molar mass
of a few millions g/mol and with own toxic and antigen characteristics so that they are not of phar-
maceutical importance [6]. For commercial reasons, raw polysaccharides were depolymerized to the
products with adequate molar masses with the aim of getting fractions with narrow molar mass dis-
tribution. Dextran is an extracellular, water-soluble neutral polysaccharide with a chain of α-(1 → 6)
linked D-glucopyranose units. Dextran elaborated by Leuconostoc mesenteroides B-512(F) consists of a
α-(1 → 6) linked glucan with side chains attached to the C3-positions of the backbone glucopyranose
units. Dextran is a well-known polysaccharide with numerous applications. Various biometal ions (Fe,
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Cu, Co, Zn, Ca, Mg, etc.) form complexes with dextran in alkaline solutions. Iron [11,17] and copper
[10,14] complexes with different polysaccharides have special importance and they have been described
in detail. The metal content and the solution composition depended on pH value [14,17]. In both human
and veterinary medicine commercial cobalt preparations based on carbohydrates and its derivatives are
used for such purpose [1,7].

Fourier-Transform Infrared (FTIR) spectroscopic methods (microspectroscopy, low nitrogen temper-
ature, attenuated total reflection and isotopic exchange) is now widely used for studying the composition
of the complex carbohydrate systems, the molecular interactions, the molecular orientation and polysac-
charide conformational transitions, and for testing sample homogeneities [5,19]. FTIR spectroscopic
characterization of Co(II) complexes with reduced low-molar dextran (RLMD Mw = 5000 g/mol−1) as
well as the spectra-structure correlation was done in this work.

2. Experimental

2.1. Complex synthesis

The Co(II)–RLMD complexes were synthesized in water solutions, at different pH values (7.5–13.5)
and room temperature (298–373 K), using CoCl2 × 6H2O and low-molar polysaccharide dextran (Mw =
5000 g/mol−1). The synthesis has been described in detail by Mitić et al. [13]. The complexes were
isolated in the solid state. The samples of Co(II)–RLMD were deuterated (D2O, Merck) for 2 h, at room
temperature, in vacuum.

2.2. IR spectroscopic characterization of synthesized complexes

FTIR spectroscopy. For a sample preparation the KBr pastille method was used. The FTIR spectra as
an average of 40 scans were recorded at room temperature on a BOMEM MB-100 FTIR spectrometer
(Hartmann & Braun, Canada) equipped with a standard DTGS/KBr detector in the range 4000–400 cm−1

with a resolution of 2 cm−1 by the Win-Bomem Easy software. In the region all spectra were baseline-
corrected and area-normalized. A Fourier self-deconvolution based on the Griffiths/Pariente method was
applied to enhance the resolution in a spectral region of 4000–400 cm−1.

ATR–FTIR microspectroscopy. ATR–FTIR microspectroscopy system Bruker Tensor-27 in conjunc-
tion with a FTIR Bruker Hyperion-1000/2000 microscopy attachment equipped with a 15× objective
and 250 µm liquid nitrogen cooled MCT detector (GMBH, Germany) with the range of 4000–400 cm−1,
was used in this work. The spectra were recorded with 4 cm−1 resolution and 320 scans co-addition.

3. Results and discussion

ATR–FTIR spectra of Co(II)–RLMD complexes with related FTIR microscopy images (Fig. 1) syn-
thesized at different pH values, FTIR spectra of deuterated RLMD (Fig. 2A) and FTIR spectra of deuter-
ated Co(II)–RLMD analog (Fig. 2B) are presented.

The spectroscopic analysis showed that IR spectra of RLMD and its complexes with Co(II) ions are
basically similar. Exactly let’s say we know that by the complexing Cu(II) ion with dextran [18,20], and
pullulan [15] in the dependence of the pH, form different types of the complexes, and the spectral picture
in this region is very similar. The similarity of the spectra indicate that during the reaction of the samples,
there is no change in the dextrans linearity γ(C–H) as well as no change in the C1 chair conformation of
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Fig. 1. ATR–FTIR spectra of Co(II)–RLMD complexes, with related FTIR microscopy images, synthesized at different pH
values: pH = 7.5 (1); pH = 8.5 (2); pH = 11.0 (3); pH = 12.0 (4); pH = 13.0 (5); pH = 13.5 (6).
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(A)

(B)

Fig. 2. (A) FTIR spectra of deuterated RLMD in the range of: (a) ν(O–H) and (b) δ(HOH) vibrations, and (B) deconvoluted
FTIR spectra of the Co(II)–RLMD complex was synthesized at pH 13.5 (b), and analog recrystallized from D2O (a).

glucopyranosyl units (910 and 840 cm−1). The spectroscopic study in a particular region of O–H (3400
and 1420 cm−1) and C–H (2900, 1460 and 1350 cm−1) vibrations indicates different binding between the
central metal Co(II) ion and ligand, depending on pH and metal contents. The reactivity of the dextran
depends primarily on the reactivity of the secondary, equatorially oriented hydroxyl groups (OH-2, OH-3
and OH-4). There is a possibility of gradual complexing where reforming starts at pH 8. In the 1200–
1000 cm−1 region, the spectra of the complexes comprise a number of highly fused bands [22]. The
band at about 1155 cm−1 has been assigned to stretching vibrations of the C–O–C bond and glycosides
bridge. The broad peak at 1110 cm−1 should most likely be ascribed to the vibration of the C–O bond
at the C4 position of the glucopyranose units. Complex vibrations involving the stretching of the C6–
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Fig. 3. Proposed structure models of Co(II)–RLMD complexes with: (a) two and (b) three glucopyranose units (six O-donor
atoms in tetragonal distorted Oh environment).

O6 bond with participation of deformational vibrations of the C4–C5 bond result in the appearance of
a band at 1077 cm−1. The band at about 1043 and 1015 cm−1 found for saccharide in the spectra of
the complexes were shown to relate to the crystalline and amorphous phases, respectively (Fig. 1). The
changes in intensity of these bands are strongly associated with the alterations in the macromolecular
order [15,18]. These bands in the spectra of the complexes can be responsible for more and less ordered
structures.

FTIR investigation of Co(II)–RLMD complexes by D2O isotopic exchange proved to be a very sen-
sitive method for determining OH group coordination and is related to the hydrogen bond strength [2].
In the range of ν(OD) vibrations of HDO molecules (Fig. 2A) one band appears at about 2495 cm−1

for polysaccharide dextran. Partners of these vibrations were expected on 3400 cm−1 in ν(OH) region
(in consideration of the experimental shift factor 1.35). In the IR spectra of deuterated analogues both
chemical compounds (Fig. 2A and B), intensive band on the 1646 cm−1 also is sensitive on the isotopic
exchange, and has needed attribute to the δ(HOH) vibrations of crystal water. D2O-FTIR results point
to the existence of crystal water molecules which is sensitive to deuteration [12]. Also, we applied an
isotopic exchange by D2O to determine spectral manifestation of the Co(II)–RLMD complex. In the
range of ν(OD) vibrations (Fig. 2B) one band appears at about 2483 cm−1 for Co(II)–RLMD complex
was synthesized at pH 13.5. Partners of these vibrations were expected in ν(OH) region on 3400 cm−1.
Band at 3636 cm−1, needs attribute to ν(OH) vibration of the free OH groups, which has not been in-
cluded in the formation of hydrogen bonds. On the basis of IR spectrum in the valent OD region of HDO
molecules and Falk [4] criteria, it can be concluded that both dextran and Co(II)–RLMD complex have
one crystallographic type of H2O molecule. According to correlation of Berglund [3]:

ν(OD) = 2727 − 8.97 × 106 × e−3.73×R(Ow ,...,O)

estimated Ow, . . . , O distances are 283.1 pm for dextran and 281.8 pm for Co(II)–RNMD complex.
H2O protons take part in the formation of relatively weak hydrogen bonds [4,12]. Probably, Co(II)–
RLMD complexes are formed by the displacement of H2O molecules from the first coordination sphere
of Co(II) ion by the OH groups. The correlation of FTIR spectroscopic investigations of these complexes
are proposed different model structures of the synthesized Co(II)–RLMD complexes (Fig. 3).

4. Conclusion

ATR–FTIR and D2O-FTIR spectra of dextran and their Co(II)-complexes were analyzed in order to
obtain the information about the structure and the conformation of these compounds. The spectroscopic
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data indicate that there is no difference in the conformation of the glucopyranose unit in the dextran and
the complex molecule, and they probably exhibit C1 chair conformation. The differences in the region
3600–3100 cm−1, indicate that complexes originate from the displacement of H2O molecules by ligand
O–H groups in the first coordination sphere of Co(II) ion. The results of D2O-FTIR investigations point
to dextran and their complexes with Co(II) ion being crystal hydrate molecules with one crystallographic
type of H2O.
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