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INTRODUCTION

Dextran is a polysaccharide consisting of α�D�glu�
copyranose units coupled into long branched chains,
mainly through the α�(1  6) and partly through the
α�(1  3)�glycosidic linkages (Fig. 1). This unique
linkage pattern gives dextran with distinctive physical
properties. Due to these properties, dextran has been
extensively used as a drug carrier system, including for
antidiabetics, antibiotics, anticancer drugs, peptides
and enzymes [1, 2]. Dextran is derivatized easily to
control its solubility or provide reactive groups. Con�
sequently, dextran and its derivatives have numerous
potential food, pharmaceutical, and industrial appli�
cations [3, 4].

The aim of this work is to use attenuated total
reflectance—Fourier transform infrared (ATR–
FTIR) spectroscopy, and FTIR imaging microscopy
as the main tools to verify the conformation and
structure of this type of ligand around the copper(II)
ions.

Many types of polysaccharides such as chitin [5],
chitosan [6], heparin [7], alginate [8], inulin [9], dex�
tran [10], and pullulan [11, 12] have been derivatized
for biomedical applications. The numerous investiga�
tions have indicated that the polysaccharide dextran

and its derivatives have the extraordinary power to
forming the water–soluble complexes with various
biometals [13, 14]. It has been established that the
degree of Cu(II) ion binding within the complex
depends primarily on the pH of the solution, as well as
on the participation both of the OH groups and the
H2O molecules in the first coordination sphere of
Cu(II) ion. Reduced low–molar dextran (RLMD),
was chosen as a material for complexing, and the sub�
sequent interactions with Cu(II) ions were investi�
gated in this study. Copper(II) complexes were pre�
pared from sodium salts, and investigated in the solid
state. ATR–FTIR microspectroscopic data of synthe�
sized complexes are rare in literature. The emergence
of modern structural chemical methods such as ATR–
FTIR spectroscopy and FTIR microscopy made it
possible to assign the binding OH or other groups, and
also to characterize the metal ion coordination of
polysaccharides, monitoring the ligand conformation
or/and configuration changes forced by the complex�
ation processes [15–18]. The major goal of this work is
to use of ATR–FTIR microspectroscopy and FTIR
imaging as the main tools to verify the conformation
and structure of this type of ligand around the cop�
per(II) ions.
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EXPERIMENTAL

Copper(II) ion complex synthesis with RLMD

have been described in detail by Miti  et al. [16].
FTIR microspectroscopy system, ATR–FTIR spec�
trometer Bruker Tensor�27 in conjunction with a
FTIR Bruker Hyperion�1000/2000 microscopy attach�
ment equipped with a 15× objective and a 250 μm liquid
nitrogen cooled, narrow�band mercury–cadmium–
telluride (MCT) detector (ATR objective GMBH,
Germany) with the range of the IR spectrum from
4000 to 400 cm–1 was used in this work. The spectra
were measured with 4 cm–1 resolution and 320 scans
co�addition. The measurements were conducted in
the reflection mode. In the region from 4000–400 cm–1

all spectra were Interactive polynomials baseline�cor�
rected and area�normalized. A Kubelka–Munk arith�
metic method was applied to enhance the resolution in
this spectral region. Deconvoluted spectra were
smoothed by the 40�point Fourier filter method.

Thus, various tests can be performed by the Bruker
Hyperion microscope, such as transmission, reflec�
tion, polarized, and ATR–FTIR measurements, the
linear scan and mapping techniques in terms of soft�
ware, and optic video technology for true video analy�
sis. In addition, spatial�resolution FTIR spectra and
functional group imaging can also be acquired and
analyzed. For measuring IR spectra by FTIR micros�
copy accurately, several primary parameters in the
operation need to be selected and set first, which
include aperture sizes, number of scans, resolution,
velocity of motional mirror, and sampling back�
ground.

RESULTS AND DISCUSSION

Recently, FTIR spectroscopy was coupled with a
microscope and a computer system, capable of

c'

microanalysis of minute samples by using a dedicated
MCT detector. The resultant FTIR vibrational
microspectroscopy can provide molecular informa�
tion of samples with a high spatial resolution at micro�
scopic level. Samples with microscopic size can be
nondestructively analyzed by both vibrational
microspectroscopies, particularly in the application of
biomedical sciences [19–22]. Thus, the use of vibra�
tional microspectroscopy has extensively become a
great potential over other spectroscopic techniques for
noninvasive investigation of chemical components of
ultrastructual samples (carbohydrates, lipids, pro�
teins, nucleotides) [23, 24]. More recently, FTIR
and/or Raman microspectroscopic imaging systems
have also been developed for applying to biosciences
[25, 26]. ATR–FTIR spectra may be simultaneously
collected at a time in a stepwise manner from different
areas of a sample. We had to restrict ourselves to a few
examples of wide potentialities of the method of FTIR
spectroscopy in investigating the relationships
between the structure and the properties of extracellu�
lar polysaccharide dextran and its complexes with
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Fig. 1. Molecular structure of a dextran: (a) 2D model, (b) 3D model stick and ball.

Characteristic bands in ATR–FTIR spectra of polysaccha�
ride dextran and synthesized Cu(II)–RLMD complexes

, cm–1 Assignation Comment

3600–3400 ν(O–H) CH–OH glucopyra�
nose units, H–O–H

~2950 ν(C–H) C–H

~1640 δ(HOH) H–O–H

1450–1345 δ(C–H) C–H

~1420 δ(O–H) O–H

1150–1010 νas(C–O), νas(C–C) glucopyranose units

1000–700 γ(C–H) configuration

ν
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Fig. 2. Typical ATR–FTIR spectra of Cu(II)–RLMD complexes synthesized at boiling point and pH (a) 7.5, (b) 8.0, (c) 10.0,
and (d) 12.0.
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Fig. 3. FTIR microscopy images (250 µm × 300 µm) of (a) RLMD, Mw = 5000 g mol–1 and Cu(II)–RLMD complexes synthe�
sized at boiling point and pH (b) 7.5, (c) 8.0, (d) 10.0, and (e) 12.0. 
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Cu(II) ion. The FTIR spectra of the RLMD and syn�
thesized Cu(II) ion complexes contains following
characteristic bands are given in table. The absorbance
ATR–FTIR spectra of Cu(II)–RLMD complexes
which were synthesized at pH 7.5, 8.0, 10.0, and 12.0
are shown in Fig. 2.

Spectroscopic ATR–FTIR 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 ion and ligand,
depending on pH and copper(II) ion contents
[15, 16].

The difference of the number, frequencies,
intensity and shape of the bands (3600–3100 cm–1)
implies that in the complexes there is displacement
of H2O molecules by the hydroxyl groups. Cu(II)–
RLMD complexes are formed by the displacement
of H2O molecules from the first coordination sphere
of copper(II) ion by the OH groups. Copper(II)
ion with RLMD unit (Glc) forms three different
types of complex (pH 7–8: Cu(II)(Glc)2(H2O)2,
pH 8⎯10: Cu(II)(Glc)2(H2O)(OH), pH 10–12:
Cu(II)(Glc)2(OH)2) [15–17].

These results agree with a structural studies of the
investigated complexes have been based on other spec�
troscopic techniques [27–32]. The changes in number,
frequencies, intensity, and width of the IR bands in the
particular region of ν(O–H) vibrations (3400 cm–1),
δ(C–H) vibrations (1500–1300 cm–1) and ν(C–O)
vibrations (1200–1000 cm–1) were related to changes

in the conformation and short�range interactions of
the polysaccharide dextran. Very important changes
can be observed in the range 1500–1300 cm–1 by
detailed empirical analysis. Otherwise, the IR range is
specific of bending vibrations of CH–OH groups.
Namely, exchange position and intensity of complex
bands can be registered in this range, where C–H and
O–H bending vibrations from the CH–OH groups
take part. An approximate effect exists in the stretch�
ing of the IR range of C–H vibrations (3000–
2800 cm–1). The appearance of bands at about
1460 cm–1 and 1370 cm–1 from δ(C–H) vibrations and
the band at about 1420 cm–1 from δ(O–H) vibrations
are characteristic for one of more possible positions of
the CH–OH group, rotating around the C2–C3 and
C3–C4 bond of the glucopyranose unit. The Cu(II)
ions in solution have a possible influence on the rota�
tion of CH–OH groups in the complexes.

RLMD and its complexes with the Cu(II) ion have
one crystallographic type of the water molecule
(1640 cm–1) [15–17]. The band at 1079 cm–1 in the
spectra of RLMD is attributed to the antisymmetric
stretching vibration of C6–O–C1 glycosidic bridge
with participation of the deformational vibrations of
the C4–C5 bond. The band at 1079 cm–1 in the spec�
tra of Cu(II) complex with RLMD is more pro�
nounced than in the spectra of RLMD.

It is known that [33–35] the glucopyranose units
exist in six different conformations (1C, C1, 1B, B1,
3B, and B3). The similarities of the γ(C–H) range
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indicate that there is no difference in the conforma�
tion of the glucopyranose unit in the RLMD and
Cu(II)–RLMD complex molecules and they probably
exhibit C1 chair conformation (916 and 850 cm–1).

The absorbance of a band corresponding to a spe�
cific chemical component may be plotted as a map.
ATR–FTIR spectra were presented in Fig. 2 from dif�
ferent areas of Cu(II)–RLMD complex (Fig. 3) and
show high homogeneity of the sample. A new imaging
capability has been established not only to image het�
erogeneous regions of the samples and simultaneously
provide spectroscopic and spatial information, but
also to show visually the concentrations of compo�
nents and to highlight their effect from the three
dimensional plot. The application of microscopic
FTIR imaging system to the ligand RLMD and
Cu(II)–RLMD complexes, were synthesized at pH
7.5–12, is shown in Fig. 3.

FTIR microscopy images of ligand RLMD, as well
as images of the synthesized Cu(II)–RLMD com�
plexes differ which also indicates that the complex�
ation process and the creation of coordination com�
pounds took place. FTIR microscopy images con�
firmed that the changes in the intensity of the analyzed
bands are strongly associated with the alterations in
the macromolecular order. These bands in the spectra
of the complexes can be responsible for more and less
ordered structures, respectively (Fig. 2). The changes
in color contour may show the content and distribu�
tion of copper, and polysaccharides in Cu(II)–RLMD
samples (Fig. 3). ATR–FTIR microspectroscopic
data shows homogeneity and green color of the
Cu(II)–RLMD samples confirm existence of Cu(II)
ions (results from other spectroscopic techniques [13–
17]).

CONCLUSIONS

Spectroscopic IR 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 ion and ligand, depending
on pH and metal contents. The changes of the inten�
sity on some bands were registered in RLMD com�
plexes (in the ranges of a stretching vibration at about
2930 cm–1 and a bending vibration at about 1400 cm–1).
The IR band δ(HOH) at the frequency of 1640 cm–1

indicated the existence of water molecules in a com�
plex structure. A part of IR spectra, in the range on
1000–700 cm–1 of Cu(II) ion complexes with RLMD,
indicates no influence of complexing process on the
conformation change of C1 glucopyranose units.
ATR–FTIR microspectroscopic data shows homoge�
neity and green color of the Cu(II)–RLMD samples
confirm existence of Cu(II) ions.

REFERENCES

1. Cortesi, E. Esposito, M. Osti, G. Squarzoni, E. Mene�
gatti, S. Davis, and C. Nastruzzi, Eur. J. Ph. Bioph. 47,
153 (1999).

2. K. Ichinose, N. Tomiyama, M. Nakashima, Y. Ohya,
M. Ichikawa, T. Ouchi, and T. Kanematsu, Anticancer
Drugs 11, 33 (2000).

3. A. Virnik and K. Homyakov, Usp. Khim. 44 (7), 1280
(1975).

4. A. N. de Belder, Dextran (Pharmacia AB, Uppsala,
Sweden, 1985).

5. S. Tanodekaew, M. Prasitsilp, S. Swasdison, B. Thavor�
nyutikarn, T. Pothsree, and R. Pateepasen, Biomateri�
als 25, 1453 (2004).

6. J. Li, J. Pan, L. Zhang, X. Guo, and Y. Yu, J. Biomed.
Mater. Res. A 67, 938 (2003).

7. D. K. Kweon, S. B. Song, and Y. Y. Park, Biomaterials
24, 1595 (2003).

8. A. Perets, Y. Baruch, F. Weisbuch, G. Shoshany,
G. Neufeld, and S. Cohen, J. Biomed. Mater. Res. A
65, 489 (2003).

9. G. Nikoli  and M. Caki , Colloid J. 69 (4), 464
(2007).

10. E. London, J. Pharm. Sci. 93 (7), 1838 (2004).

11. Lj. Ili , S. Risti , M. Caki , G. Nikoli , and S. Stank�

ovi , Polynuclear Complex Fe(III) with Pullulan Oligo�
mers, Process of its Obtaining, and Pharmaceutical Prep�
arations on the Basis of the Complex, PCT WO 02/46241
A2 (June 2002), IP Cl. C08B 37/00.

12. G. Nikoli , M. Caki , Lj. Ili , S. Risti , and
. Caki , Die Pharmazie 57, 155 (2002).

13. G. Nikoli , M. Caki , . Miti , R. Nikoli , and
Lj. Ili , Hemijska Industrija 59, 9 (2005).

14. . Miti , M. Caki , G. Nikoli , R. Nikoli , and
Lj. Ili , Hemijska Industrija 61, 257 (2007).

15. G. S. Nikoli , M. Caki , . Miti , and Lj. Ili , Russ.
J. Coord. Chem. 34, 322 (2008).

16. . Miti , G. S. Nikoli , M. Caki , R. Nikoli , and
Lj. Ili , Russ. J. Phys. Chem. 81, 1433 (2007).

17. M. Caki , . Miti , G. S. Nikoli , Lj. Ili , and
G. M. Nikoli , Spectroscopy 22, 177 (2008).

18. . Miti , G. Nikoli , M. Caki , R. Nikoli , and
Lj. Ili , in Proc. of the XII Eur. Conf. on the Spectrosc. of
Biol. Molecules (ECSBM'07) (Paris France, 2007),
p. 319.

19. M. Ka urakova and R. H. Wilson, Carbohydr. Polym.
44, 291 (2001).

20. S.�Y. Lin, M.�J. Li, and W.�T. Cheng, Spectroscopy 21,
1 (2007).

21. H.�C. Chiu, T. Hsiue, and W.�Y. Chen, Polymer 45,
1627 (2004).

22. G. S. Nikoli , M. Caki , . Miti , B. Ili , and P. Pre�
movi , in Proc. of the 9th Intern. Conf. on Fundamental
and Applied Aspects of Physical Chemistry (Belgrade
Serbia, 2008), p. 117.

23. Z. Mousia, I. A. Farhat, M. Pearson, M. A. Chesters,
and J. R. Mitchell, Biopolymers (Biospectroscopy) 62,
208 (2001).

c � c �

c � c � c � c �
c �

c � c � c � c �
Z

ˆ

c �
c � c � Z

ˆ

c � c �
c �

Z

ˆ

c � c � c � c �
c �

c � c � Z

ˆ

c � c �

Z

ˆ

c � c � c � c �
c �

c � Z

ˆ

c � c � c �
c �

Z

ˆ

c � c � c � c �
c �

c

ˆ

c � c � Z

ˆ

c � c �
c �



RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vol. 83  No. 9  2009

ATTENUATED TOTAL REFLECTANCE–FOURIER TRANSFORM INFRARED 1525

24. W. Yu and L. Xiong, J. Appl. Polym. Sci. 96, 1003
(2005).

25. N. Gierlinger and M. Schwanninger, Spectroscopy 21,
69 (2007).

26. D. Chenery and H. Bowring, Spectrosc. Europe 15 (4),
8 (2003).

27. . Miti , G.S. Nikoli , M. Caki , P. Premovi , and
Lj. Ili , J. Mol. Struct. 924–926, 264 (2009).

28. . Miti , M. Caki , R. Nikoli , Lj. Ili , and
G. S. Nikoli , World. Polym. 7, 225 (2004).

29. G. M. Nikoli , Lj. Ili , M. Caki , G. S. Nikoli ,
R. S. Nikoli , and . Miti , in Proc. of the 7th Intern.
Conf. on Fundamental and Applied Aspects of Physical
Chemistry (Belgrade, Serbia, 2004), p. 775.

30. G. Nikoli , M. Caki , . Miti , and Lj. Ili , in Proc.
of the 8th Intern. Conf. on Fundamental and Applied

Aspects of Physical Chemistry (Belgrade Serbia, 2006),
p. 719.

31. M. Caki , G. Nikoli , . Miti , and Lj. Ili , in Proc.
of the 4th Intern. Conf. of the Chemical Societies of the
South–Eastern European Countries (Belgrade Serbia,
2004), p. 72.

32. G. Nikoli , M. Caki , . Miti , and Lj. Ili , in Proc.
of the 8th Intern. Conf. on Fundamental and Applied
Aspects of Physical Chemistry (Belgrade Serbia, 2006),
p. 722.

33. R. G. Zhbankov, Infrared Spectra and Structure of Car�
bohydrates (Nauka i Tekhnika, Minsk, 1972).

34. V. P. Panov and R. G. Zhbankov, Conformations of Sug�
ars (Nauka i Tekhnika, Minsk, 1976).

35. V. P. Panov and R. G. Zhbankov, Intra� and Intermolec�
ular Interactions in Carbohydrates (Nauka i Tekhnika,
Minsk, 1988).

Z

ˆ

c � c � c � c �
c �

Z

ˆ

c � c � c � c �
c �

c � c � c � c �
c � Z

ˆ

c �

c � c � Z

ˆ

c � c �

c � c � Z

ˆ

c � c �

c � c � Z

ˆ

c � c �


