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Abstract

Although the physical properties of polymers already have been modified by changing different synthetic parameters, the
effect of the crystallization by the doping is still rarely explored. In this work, a facile synthesis of composite chitosan film with
copper L-valinate crystal (CHLVCu) was investigate. Composite films were prepared by the addition of copper Il L-valine
crystals (LVCu) in concentrations of 0.05, and 0.1 in 0.2% chitosan solution. The composite film of LVCu crystal dispersed in
CH solution has been successfully obtained by the technique of solvent slow evaporation at low temperature. CHLVCu
composite films are crystalline stabilizing the trans-LVCu phase. Homogeneity and low thermal stability have been proven by
thermal measurements. The crystal growth takes place in the polymer surface. In addition, it is noteworthy that to the best of
our knowledge, crystals complex of the LVCu has not been used as incorporate chitosan film and study has reported changes
in physical properties composite film. The future this film can be application in area biomedical and technological.
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Introduction

Tissue engineering is an area that searches for new biocompatible materials that contribute to tissue reconstruction and
replacement. The discovery of new products originated from natural sources will change the world market once they are
accessible and are renewable, being strong market game-changers.'~

Among the different materials available in nature, polymers have an increasing scientific interest, especially in the study of
biopolymers, since they have special characteristics such as biodegradability and low toxicity.”** These materials have big
molecules (macromolecules) consisting of small units (monomers) that repeat themselves throughout the structure. The
presence of polymers is evident in everyday life since their applicability involves several essential sectors, such as in the
technological area.>

Chitin is the second most abundant biopolymer after cellulose in the world, being found in natural sources such as the
exoskeleton of arthropods, and fungal cell walls.” Chitosan (CH) is obtained employing the alkaline deacetylation of chitin.
Chitosan is a carbohydrate biopolymer classified as a semi-crystalline cationic copolymer composed of two monomeric 3
(1—4) linked units of N-acetyl-D-glucosamine and D-glucosamine.® The application of this polymer is wide, such as in
agriculture,” biomedicine,'® chemistry'' and food products'? among others. The capacity of this biopolymer is most evident
associated with other materials, such as in polymer blends and metal ions, to promote synergistic properties.' ¢

Copper is an essential mineral for living organisms where it performs important metabolic functions as in cell respiration,
besides being essential to a variety of enzymatic processes. Many studies related to copper crystals complexes with amino
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acids are reported in the literature. The formation of the complex often stabilizes the reactivity of the metallic ion with other
molecules. The stability of the complex contributes to increasing its use application wise, especially in the crystallization of
these materials.' "'

In this wide range of complexes formed by copper and amino acids, there is the copper L-valinate crystal. This crystal has
good stability; however, few properties have been explored yet.?” Also, to our knowledge, its interaction with polymeric films
is not known, and it is a potential product for many biomedical applications.

Crystallization from a solution involves two processes, the formation of the crystalline nucleus and the growth
of the nucleus forming a stable solid crystalline lattice. The formation of single crystal allows to obtain a material
with high purity, due to the crystalline arrangement making it difficult to insert impurities in the crystal
structure.?:??

Currently, the growth of complex crystals on polymeric surfaces is still poorly discussed in the literature. Therefore, this
study aims to synthesize a composite film formed by chitosan and copper L-valinate (CHLVCu) crystal as well as to study
structural, vibrational and thermal properties for possible applications in bactericide and curative agents.

Materials and methods

Materials

L-Valine (98% purity), Chitosan (medium molecular weight) and CuCl,.2H,0 (99% purity) starting materials were obtained
from the supplier (Sigma-Aldrich).

Crystal growth

The crystal was synthesized by the slow solvent evaporation method, which consists of the formation of crystals by increasing
the concentration of the reactants due to solvent evaporation. The ratios were calculated by simply taking 2 mols of L-Valine to
1 mol of copper chloride. The materials were initially solubilized in 20 mL of deionized water in distinct beakers under
constant agitation, with a molar concentration of 0.2 mol/L of L-Valine and 0.1 mol/L of copper chloride. The copper solution
was slowly added to the amino acid solution. Soon afterwards, the solution was adjusted to pH 8 using 1M NaOH standard
solution. The solution was stirred for 24 h. After the stirring period, the solution was filtered and stored in a room at constant
temperature (25°C) until the formation of the single crystal.

Film production

The polysaccharide (2% w/w) was solubilized in acetic acid solution (10% w/v). CHLVCu films were obtained from the
solubilization of copper L-Valinate crystal powder in chitosan solution containing equivalent concentrations of 0.05%
(CHLVCu005) and 0.1% (CHLVCu01) of the crystal. The technique of solvent slow evaporation at low temperature has been
used for moulding of the film when kept at 15°C.

Characterizations

X-ray diffraction. To characterize the powdered samples, X-ray diffraction (XRD) data were collected with an Empyrean
powder diffractometer Cu Ka (A = 1.5418 A) operating at 40 kV/40 mA. The diffractograms were obtained in the angular
range of 5-40° (20) with a step size of 0.02° and with a counting time of 2 s/step. The Rietveld refinement was used for
structural characterization of cis-LVCu crystal via GSAS software.”

The crystallinity degree (Equation (1)) of the composite films was calculated based on the diffractograms by following
mathematical relation

% Crystallinity — e of crystallinity peaks

1 1
Area of all peaks 00 )

Fourier transform infrared analysis. To obtain the transmission spectrum, ATR technique was used using the Smarti-Omni
Sampler Nicolet iS10 spectrophotometer from Thermo Scientific brand. The spectra obtaining range was 4000—700 cm ™
using 64 scans with a spectral resolution of 2 cm ™.

Thermogravimetric—differential thermal analysis. Thermogravimetric—Differential Thermal Analysis (TG/DTA) measure-
ment was performed together on a Shimadzu DTG-60 thermogravimetric analyser. The thermal measurements
followed the analysis standard in a nitrogen atmosphere of 100 mL/min, in a range from 293 to 950 K and heating rate
10 °C/min.
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Scanning electron microscopy

Surfaces were observed using a Shimadzu SS 550 Superscan scanning electron microscopy. The samples were coated with
gold powder and observed under a magnification of 1000 times.

Results and discussion
X-ray diffraction

X-ray diffraction measurements were carried out to analyse the crystallinity of each film sample (Figure 1). The diffraction graphic
was cropped for better data analysis. In the graphic, it is possible to observe the differences in the diffraction pattern of samples
doped with a crystal of copper. LVCu powder exhibited crystalline character, where major characteristic crystalline peaks (at 8.8°,
15.3°,17.7°, 18.7° and 20,8°). From the refinement of the data of cis-LVCu crystal, we have obtained R-Factor R, = 5.90%, R, =
4.56% and S = 1.78 for the goodness of fit (Figure 1(b)). The samples crystallize in a monoclinic structure with a C2 space group
containing four molecules (Z=4) per unit cell. The lattice parameters obtained were a = 21.371 (4), b =9.565 (2), ¢ = 7.423 (1) A,
and degree f=108.752 (3)°.>* The XRD pattern of CH film showed two peaks at 20=8.6° and 26=11.8° which were attributed to its
hydrated semi-crystalline structure, whereas the broad peak around 26=18.5° shows an amorphous structure of chitosan.*>°

As the crystal mix occurs in the composition of the CH film, the material tends to increase the crystallinity (Figure 1(c)), this
behaviour is perceived from all the samples with the formation of the peaks at 20 = 7.5° and 29.9°. The formation of these
peaks are related to the trans-LVCu crystalline phase,?’ such behaviour suggests that the trans-LVCu phase is more stable in
the polymeric matrix. It suggests that the preference for the trans-LVCu phase is related to the disruption of the chitosan-
derived amino group as it interferes with the insertion of water molecules into the LVCu crystal structure. Amino groups have
a greater affinity for metal centres such as copper and are strong field binders when compared to water molecules.

Fourier transform infrared spectroscopy

In Figure 2, we can observe the Fourier Transform Infrared (FT-IR) spectra for the crystalline films in the 700-4000 cm ™'

region. The bands were classified according to their vibrations. A strong vibration is perceived between 3600-3000 cm™
relative to the OH group stretch of water. Such a band loses intensity with increasing LVCu concentration. This can be justified
by the predisposition of the trans phase, as observed in the XRD graph (Figure 1). Two bands observed at 2924 cm ™' and
2847 cm ™! are related to the deformation of the CHs group.”® The absorption band located at 1738 cm ™' may be associated
with the formation of carboxylic dimers through intermolecular interactions. The band located at 1644 cm ™" refers to the C=0
stretch, while the vibration at 1600 cm ™' is related to the N-H stretching, both belonging to chitosan.***

With the addition of the copper ion, the main amine II-related changes are seen at 1600 cm™' and 1644 cm™'. This
variation may indicate that these groups have coordinated with the copper atom. Also, the bands found at 1069 cm ™' and
1031 cm ™" belong to the chitosan glycosidic vibrations. The variation of the band at 1069 cm ' suggests the occurrence of a
coordinated Cu cross-linking between different chitosan chains, in which the Cu ion acts as a bridge between amino groups of
two separate polysaccharide chains.*®
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Figure |. (a) X-ray diffraction pattern of CH, CHLVCu005, and CHLVCuOl. (b) Rietveld refinement of XRD pattern of cis-LVCu crystal.

(c) Crystalline percentage of films.
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Thermal analysis

Aiming to observe thermal properties of the synthesized materials, TG/DTA measurements were obtained. In Figure 3, we can
observe the thermal characteristics of each film. All thermal processes are summarized in Table 1. For film, CH (Figure 3(a))
the observed mass loss equivalent to 15.13% is related to the endothermic event with a maximum point at 310 K. Such
behaviour is related to the characteristic loss of water present in its structure. Subsequently, the material suffers several mass
losses (83.81%) accompanied by three exothermic events. The degradation of the chitosan film starts at approximately 407 K,
where the observed events are related to the degradation of organic compounds present in its structure. All films showed mass
losses between 400 and 850 K representing the thermal decomposition of CH.** All other films showed three events of mass
losses (Figures 3(b) and (c)).
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Figure 2. FT-IR spectrum of the CH, CHLVCu005 and CHLVCuOIl composite films.
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Figure 3. Thermograms of the (a) CH, (b) CHLVCu005 and (c) CHLVCuOI| composite films.
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The first is related to the loss of the water molecule between 295 and 480 K, which on average corresponds to 26% of the
mass percentage, and could also be related to the volatilization of acetic acid trapped on the surface of the film.*® The other two
events between 490 and 880 K can be related to the break-up of chitosan chains, as well as the formation of secondary organic
compounds such as amines, ketones and carbon dioxide. The degradation of chitosan and of amino acid is accompanied by
exothermic peaks verified by DTA curves.

The incorporation of the LVCu crystal in the polymeric matrix structure does not significantly alter the thermal behaviour of
the composite. As the degree of crystallinity of the material increases, as observed in the XRD graph (Figure 1), thermal curves
tend to have more defined events. Thus, it can be proposed that the crystal was well dissolved in the structure of the CH matrix.

Table I. Information regarding the thermal analyses of TG-DTA for CH, CHLVCu005 and CHLVCuO| composite films.

TG/DTG
CH(LVCu) film (%) Ts (K) Te (K) Mass (%) DTA (K) Fragment
0 297 406 15.13 310(endo) H,O
407 526 16.14 401 (exo)) Organic compounds
528 705 34.95 567 (exo0)
706 853 32.72 788 (exo0.)
005 295 496 27.52 319 endoy H,O
41 6(exo.)
497 696 36.78 552(exo0) Organic compounds
697 882 34.15 795; 848 o,
0l 296 490 25.94 309 endo) H,O
41 3(exo.)
491 654 34.65 552 (exo0) Organic compounds
654 871 37.39 723; 805(cxo0)

DTA: Differential Thermal Analysis; end: Endothermic; exo: Exothermic; TG/DTG: Thermogravimetric/Derivative Thermogravimetric.

Figure 4. SEM image showing the surface of (a) CH, (b) CHLVCu005 and (c) CHLVCuOl composite films.
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Scanning electron microscopy

The surface morphology of chitosan-based films was investigated using scanning electron microscopy (SEM). Figure 4 shows
the SEM images of CH and chitosan-based composite with loading three crystal LVCu concentrations (0.05 and 0.1% w/w).
As shown in Figure 4 (a), the surface of pure CH film is rather smooth, compact and homogenous. In composite films (Figures
4(b) and (c)), crystal incorporation modified the CH surface, where the presence of small crystallites can be observed.
Increasing the concentration of LVCu in the polymer matrix is expected to cause more crystals to appear on its surfaces.

Conclusion

The composite film of LVCu crystal dispersed in CH solution has been successfully obtained by the technique of solvent slow
evaporation at low temperature. It was observed that the composite film increases the crystallinity and homogeneity, with the
trans-LVCu phase stabilized. These properties will contribute to the understanding of these composite films, in addition to
enabling a future application in the biomedical and technological areas.
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