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Abstract Nanostructured membranes and films of cat-

ionic surfactant–chitosan with tannic acid as polyphenol

model were obtained by phase inversion method. The

membranes were investigated by Attenuated Total Reflec-

tance Fourier Transform InfraRred, X-Ray Diffraction,

Scanning Electron Microscopy and Thermogravimetry, and

the films topography was analysed by Atomic Force

Microscopy. The analysis reveals that the interactions at

the molecular level between cationic CTAB surfactant and

cationic chitosan polymer strive to weaken membrane

stability, whereas, the tannic acid is favoured to cluster

with CTAB and diminish the membrane thermodynamic

instability. The nanocapsules formed, with dimensions in

the range of 16.35–27.68 nm, are congregating in clusters

having dimensions in the domain of 50–300 nm. The layers

resulted from these nanostructures arrangement constitute a

surfactant–chitosan matrix with tannic acid suitable for

drug controlled release with zero order kinetics.

1 Introduction

The new tendency to design drug delivery systems consider

the obtaining of pharmaceutical products with a good bio-

degradable and biocompatible profile, a good efficacy/toxicity

ratio and adequate biopharmaceutical/pharmacokinetic

characteristics.

While the synthetic polymers are used as matrix for their

advantageous synthesis design properties and wide choice

availability, the natural polymers have been used for their

high biocompatibility and less immunogenicity.

The problem of polymer matrix design is considered also

from the point of view of the bioavailability of drugs. It was

demonstrated that opsonization, recognition and phagocy-

tosis by macrophages are strongly dependent on the muco-

adhesive polymer matrix properties and the dimension of the

active principle particles [1, 2]. It was found that particles

with a diameter smaller than 200 nm manifest a decreased

rate of clearance and thus an extended circulation time as

compared to those with a larger diameter [2, 3]. As a result,

there are increased interests to clarify the terminology in

correlation with the major features of each type and the

methods used for nanoparticulate structures obtaining, the

factors that influence the formation of particular nanopar-

ticulate formulations (nanocontainers, micelles, nanospheres,

nanocapsules and polymersomes) and to examine the factors

that influence the physicochemical properties of the formed

system.

In particular, chitosan seems to be an appropriate candidate

for nanoparticulate systems design. Oral delivery of salmon

calcitonin has recently been used as nanocapsules composed

of a copolymer of polyethylene glycol and chitosan [4].

In the first instance, chitosan appears economically

attractive since it can be obtained from deacetylation of

chitin, the second most abundant biopolymer in nature next

to cellulose. Chitosans present varied physicochemical

properties related to the molecular weight, the elongation at

break, the tensile strength and, also, biological properties,

including the biodegradation by lysozyme and the wound-

healing properties [5].
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Due to its high content of primary amines, chitosan

physically interacts with different ionic surfactants allow-

ing to be functionalised or to cross-link its backbone, thus

improving the chitosan mechanical properties.

Chitosan was chosen as matrix for the polyphenol

entrapment because of the unusual combination of its prop-

erties, namely an excellent ability of membrane forming,

high water permeability, high mechanical strength, good

adhesion and biocompatibility [6].

Recently, some coworkers obtained chitosan/alginate/

tannic acid microparticles by co-precipitation method [7].

The interest for using tannic acid in drug delivery systems

derives from tannic acid (TA) properties and abundance in

the bark and fruits of many plants. This hydrolysable pol-

yphenol has a structure consisting of a central carbohydrate

(glucose) and 10 galloyl groups [8, 9].

Several authors have demonstrated that tannic acid and

other polyphenols have antimutagenic and anticarcinogenic

activities [9–14]. The consumption of fruits, vegetables, and

beverages, such as tea and red wine, which contains poly-

phenols, has been associated with the inhibitory and pre-

ventive effect in multiple human cancers and cardiovascular

diseases [9, 11, 13–19], which may be correlated (at least in

part) with the antioxidant activity of polyphenols [14–17].

As was highlighted in [7] this active principle should not be

used in high quantities because inhibits the absorption of iron

in the body and the effectiveness of digestive enzymes [20].

In a previous study [21], we have prepared by dry phase

inversion freestanding cross-linked chitosan films from

solutions of chitosan in acetic acid, in the presence of a

moderate amount of cationic and anionic surfactant,

namely Cetyltrimethylammonium bromide (CTAB) and

Sodium dodecyl sulfate (SDS), respectively. The results

revealed that the films obtained have a high degree of order

at nanoscale level by formation of surfactant nanocrystals

networks, due to the hydrophilic/hydrophobic balance inter-

actions. These networks can be candidates as drug nano-

capsules host by associative trapping phenomena.

The aim of this study is the side effects removal by

making controlled drug delivery systems with zero order

kinetics, for per os administration, of TA–cationic surfac-

tant nanocapsules in chitosan-based matrix.

2 Experimental

2.1 Materials

The chitosan was provided by Vanson Chemicals Redmond

WA, USA. The N-deacetylation degree was 79.7%, the

average molecular weight was Mw = 310,000 g/mol and the

polydispersity index was 3.26. All chemicals are reagent

grade: tannic acid, Mw = 1701.20 g/mol, purchased from

Sigma–Aldrich; CTAB, from Chemapol; SDS from Sigma;

acetic acid 99.5% and ethyl alcohol 94%, from Chemical

Company; RBS 35 concentrate solution from Fluka.

2.2 Sample preparation

A. Freestanding cross-linked chitosan films from solutions

of chitosan in acetic acid, in the presence of a moderate

amount of CTAB and SDS, were prepared in the first stage.

The preparation protocol sketch, of precursor chitosan

based nanofilms and thick membranes containing CTAB or

SDS surfactants, is presented in Fig. 1. Respecting the

same protocol, chitosan based nanofilms and thick mem-

branes containing different amounts of tannic acid were

prepared to be used as blank tests.

Chitosan solutions (2 and 3% biopolymer concentration

in 1% acetic acid) with different surfactant concentrations

(2, 4, 6, 8 and 10 mm) were prepared. The mixtures were

stirred at room temperature for 24 h, and the solutions were

centrifuged at 4000 rpm/30 min for degassing.

For the preparation of the investigated chitosan mem-

branes the dry phase inversion method was used: initially,

the solutions were poured into Teflon moulds and left for

evaporation in a thermostat chamber at 50�C for 24 h.

The nanofilms were obtained by depositing on 25 9

25 mm2 area clean microscope glass slides by spin-coating

method using a WS-400B-6NPP/LITE spin-coater.

The microscope glass supports were cleaned with a dish

detergent, followed by a thorough rinsing with deionised

water and ethyl alcohol. After that, the microscope glass

supports were sonicated (Sonoplus, Bandelin, 20 kHz, at

15 W) for 10 min while submerged in a 2% RBS 35 con-

centrate solution, followed by a second rinse with ethanol

and deionised water. The summary of the prepared samples

is presented in Table 1.

As is motivated in Sect. 4.1, the precursor solutions of

the chitosan (2 or 3%)–CTAB (6 mm) membranes, are

suitable to favor the clustering and shelling nanoscale

process of tannic acid with CTAB.

B. Two matrices of 2 and 3% chitosan solutions were

prepared in a similar way as in subsection A, by mixing the

6 mm cationic surfactant (CTAB) with different concentra-

tions of tannic acid (1, 3, 5, 7 and 10 mm). The preparation

protocol sketch is similar with the one from Fig. 1 and the

summary of the prepared samples is presented in Table 2.

3 Results

3.1 Characterization analyses

The Attenuated Total Reflectance Fourier Transform In-

fraRred (ATR-FTIR) spectra were taken with a BOMEM
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MB-104 spectrometer, with a 4 cm-1 resolution in the

range of 4000–500 cm-1.

The microphase structure was investigated by X-Ray

diffraction (XRD), performed on a DRON-2 diffractometer,

employing nickel-filtered Cu Ka radiation (1.54182 Å) at

25 kV operational voltage.

The order degree was evaluated by computing the

interplanar distances, D, using the Bragg relation:

2D sin h ¼ nk ð1Þ

where n is an integer determined by the order given, h is

the angle between the incident ray and the scattering

planes, k is the wavelength of X-ray and D is the spacing

between the planes in the atomic lattice of sample (the

interplanar distance).

The crystallites size was determined from X-ray dif-

fractograms according to Scherrer relationship [22]:

L ¼ Kk
b cos h

ð2Þ

Fig. 1 Chitosan based

nanofilms and thick membranes,

containing CTAB and SDS

surfactants, preparation protocol

sketch

Table 1 Summary of the

prepared samples of chitosan

based nanofilms and thick

membranes, containing CTAB

and SDS surfactants

Sample code Type Concentration

Chitosan (%) CTAB SDS

M2CH Membrane 2 – –

F2CH Film

M2CHXC Membrane 2 X = 2; 4; 6; 8; 10 mm –

F2CHXC Film

M2CHXS Membrane 2 – X = 2; 4; 6; 8; 10 mm

F2CHXS Film

M3CHXC Membrane 3 X = 2; 4; 6; 8; 10 mm –

F3CHXC Film

M3CHXS Membrane 3 – X = 2; 4; 6; 8; 10 mm

F3CHXS Film

Table 2 Summary of the prepared samples of 2 and 3% chitosan

based nanofilms and thick membranes, containing 6 mm CTAB with

different concentrations of tannic acid (1, 3, 5, 7 and 10 mm)

Sample code Type Concentration

Chitosan (%) Tannic acid

M2CH6CYTA Membrane 2 Y = 1; 3; 5; 7; 10 mm

F2CH6CYTA Film

M3CH6CYTA Membrane 3 Y = 1; 3; 5; 7; 10 mm

F3CH6CYTA Film
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where L is the diameter (thickness) of crystallite, K is a

constant dependent on crystallite shape (0.89) and b is the

full line width at half max.

The films topographies were analyzed by Atomic Force

Microscopy (AFM) using a Solver Pro 7 M apparatus. The

analysis was made in tapping mode.

The morphology of membranes was studied by Scanning

Electron Microscopy (SEM) on a VEGA TESCAN apparatus.

Thermogravimetric analysis (TGA) was performed

under nitrogen flow (20 mL/min) at a 10�C/min heating rate

from 25 to 900�C with a Mettler Toledo model TGA/SDTA

851e. The initial mass of the samples was between 2 and

5 mg. For a good evaluation of the percentage mass loss,

W%, and the residue, the Tendset of the final stage of mem-

branes thermograms was extrapolated to 900�C.

The drug release kinetic studies were made using a

NanoDrop-1000 spectrophotometer, for which the sample

quantity required is of microlitres order. This device is very

convenient for this kind of studies because the analysis

time is extremely short and the used quantities are small, so

that the process and the eluent concentration can be con-

sidered unchanged.

The drug release kinetic studies from membranes were

performed in three liquid models having different pH val-

ues: hydrochloric acid (pH = 2.0––gastric liquid), phos-

phate buffer solution (pH = 5.2––moderate pH) and urea

(pH = 9.3––intestinal medium).

The drug release kinetic studies were made by sub-

merging 20 mg of membrane in 50 mL eluent, taking

samples at different times and measuring the drug absor-

bance. The samples were kept at the constant temperature

of 37�C. The measurements were carried out in the UV

range, at the wavelength of 277 nm where the tannic acid

spectrum presents a maximum. At this wavelength, neither

the solvent nor the polymer absorbs UV light.

To calculate the concentration of the released drug from the

samples it was drawn the calibration curve in water for tannic

acid (the calibration curves in phosphate buffer solution and

hydrochloric acid do not differ from that in water). For this

purpose, it was introduced 0.02 g of each sample in 50 mL of

0.5 N hydrochloric acid and maintained in this solution for

30 h, during which the release is total. The absorbance of each

solution has been measured and based on the calibration

curve, the concentration, respective the drug quantity, was

calculated. The equation and the mean square deviation (R2)

for this curve are: A = 0.043 9 c, R2 = 0.999.

3.2 CTAB and SDS chitosan based nanofilms and thick

membranes analysis

The AFM images of F2CH, F2CH6C and F2CH2TA as

blank tests are presented in Fig. 2.

The SEM micrographs for chitosan membranes with a

2% concentration, in the presence of different CTAB

amounts are shown in Fig. 3. Similar SEM micrographs

were obtained for 3% chitosan membranes with different

CTAB amounts.

The corresponding X-ray diffractograms of chitosan

membranes with 2 and 3% concentration, in the presence

of CTAB are presented in Fig. 4.

The FTIR spectra for M2CH, M2CH2C, M2CH6C and

M2CH10C are shown in Fig. 5; no major differences are

obtained in the case of 3% chitosan membranes with

CTAB.

3.3 Chitosan based nanofilms and thick membranes

containing tannic acid in the presence of CTAB

analysis

The AFM images of 2% chitosan based films with 6 mm

CTAB and different concentration of tannic acid are pre-

sented in Fig. 6. Similar results were obtained for 3%

chitosan membranes with 6 mm CTAB and different con-

centration of tannic acid.

The FTIR spectra of M2CH6C3TA, M2CH6C7TA and

M2CH6C10TA are shown in Fig. 7; no major differences

are obtained in the case of 3% chitosan membranes.

The corresponding X-ray diffractograms of 2% and 3%

chitosan concentration membranes with 6 mm CTAB and

3, 7, 10 mm tannic acid are presented in Fig. 8.

The SEM images of M2CH6C3TA, M2CH6C7TA and

M2CH6C10TA are presented in Fig. 9; similar micro-

graphs were obtained for matrices containing 3% chitosan.

The thermogravimetry (TG) and differential thermo-

gravimetry (DTG) curves recorded for M2CH6C and

M2CH6C7TA representative samples membranes are

shown in Fig. 10.

The drug release curves of the 2 and 3% chitosan

matrices with 6 mm CTAB and relevant tannic acid con-

centrations are shown in Figs. 11, 12, 13.

4 Discussions

4.1 CTAB and SDS chitosan based nanofilms and thick

membranes

In the absence of a cross-linker molecule the chitosan

membranes obtained are semitransparent, quite hard and

breakable. Also, a large drying time before gellating step

determines a dense membrane formation in which the

internal tensions increase with the membrane thickness [5,

23]. In the case of surfactant addition, the tensions become

locally distributed and this determines a high degree of

order at the nanoscale level. The surface energy analysis
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Fig. 2 2D (a) and 3D (b) topographies, and phase contrast (c) of F2CH (top), F2CH2TA (middle) and F2CH6C (bottom); the scale of square area

is 3 9 3 lm2

Fig. 3 SEM micrographs of

air-facing surfaces for M2CH6C

(a) and M2CH10C (b)
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revealed that the CTAB–chitosan membranes are more

hydrophilic than the SDS–chitosan membranes [21].

Although the chitosan–SDS membranes, being more

hydrophobic, are better aspirants for controlled drug release

matrices, only those with chitosan and CTAB were chosen

due to the low toxicity of CTAB surfactant compared with

SDS [24, 25].

4.1.1 Nanophase materials analysis

For a better understanding of the molecular assembling

processes, AFM topographies of different combinations of

film constituents were performed (Fig. 2). It can be

observed that the chitosan and tannic acid–chitosan system

films are homogeneous while the CTAB–chitosan system

film have a heterogeneous morphology (the two, chitosan

and CTAB, have cationic behavior) with a good regularity

at the nanophasic level.

As can be seen from SEM picture (Fig. 3) and from

X-Ray diffractograms (Fig. 4), the membranes are dense

and have a uniform nanocrystals distribution.

4.1.2 Structural analysis

The X-ray diffractogram of pure chitosan shows an almost

amorphous structure while, as expected, the membranes

with CTAB show an apparent increase in crystallinity with

the increase of CTAB concentration. The fact that the

intensity of diffraction peaks increases with the increase of

CTAB concentration, without any modification of the

position of those peaks, shows that these diffractograms are

the result of interference patterns composition from the two

structures, the chitosan matrix and CTAB clusters.

To evaluate the ordering degree and nanometric domains

dimension, the interplanar distances, D, were calculated

using Bragg relation (1) and the nanodomains dimensions,

L, using Scherrer relation (2). The obtained results are

synthetically presented in Table 3.

From this table it can be concluded that chitosan pre-

sents a certain crystallinity degree, known from literature,

the most intense maximum being at 2h = 27.25, for which

D = 0.32 nm and the nanometric domains have a dimen-

sion of L = 17.96 nm.

In the presence of CTAB surfactant, membranes with a

high crystallinity degree and a complex interplanar struc-

ture are obtained, having a nanometric domains distribution

of dimensions that ranged within 60–180 nm (determined

from SEM micrographs) and within 8.38–20.36 nm (from

X-ray diffractograms), respectively.

Comparing these values with those of pure CTAB

nanocrystals and with those of chitosan it can be concluded

that surfactant in association with chitosan dictates a cer-

tain ordering degree of the domains which determines the

complex nano- meso-phasic structure.

Chitosan FTIR spectrum from Fig. 5 exhibits charac-

teristic absorption bands of amide I at 1650 cm-1 (C=O

stretching), amide II at 1550 cm-1 (N–H in plane defor-

mation coupled with C–N stretching), amide III (C–N

stretching coupled with NH in plane deformation) and

CH2 wagging coupled with OH in plane deformation at

1317 cm-1. In the functional group region, the broad peak

observed at 3450–3200 cm-1 is the result of the different

specific vibrations: the hydrogen-bonded OH stretching at

3429 cm-1, the NH2 asymmetric stretching at 3360 cm-1
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 chitosan + CTAB 2 mm
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 chitosan + CTAB 10 mm

Fig. 4 X-Ray diagrams for chitosan membranes with 2% (grey) and

3% (black) concentration, in the presence of CTAB
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Fig. 5 FTIR spectra for 2% pure chitosan membrane and chitosan

membranes in the presence of different concentrations of CTAB
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and the NH stretching in interchain NH���O=C bonding at

3270 cm-1.

The other peaks at 2910 and 1397 cm-1 were assigned to

CH stretching and CH3 symmetric deformation, respec-

tively. Anti-symmetric stretching of C–O–C gives a narrow

band at 1157 cm-1. The skeletal vibrations involving the

C–O stretching at 1070 and 1020 cm-1 are characteristics

bands of the chitosan saccharide structure [5, 26, 27]. The

absence of the sharp absorption peak around 3500 cm-1

indicates that there are no free OH groups.

Comparing the spectrum of 2% pure chitosan membrane

with those of chitosan membranes with CTAB, from Fig. 5,

despite the fact that both molecules (chitosan and CTAB)

present cationic character, it can be observed that interac-

tions occur, and this is evidenced by the modification of the

groups absorption bands. While in the fingerprint region the

absorption bands intensities are proportional attenuated

with the CTAB concentration increasing, in respect of

position and profile of absorption bands, the functional

group region is drastically affected by the presence of

CTAB at whatever concentration; peaks being observed

beyond 3500 cm-1.

The bands within 3500–3000 cm-1 shifted to high fre-

quencies indicate an increase in the ordered structure

[28]. The region 1500–1200 cm-1 is related to the local

symmetry.

Resuming, the fact that chitosan membranes are flexible

when the surfactant is added (based on the results obtained

from FTIR, XRD and AFM analysis) entitle us to affirm

that the internal tensions, arising from chitosan membrane

solidification, become locally distributed at the interface

with CTAB nanometer domains. It is possible that the

repulsion interactions occurring between the two types of

molecules (chitosan and CTAB), due to their cationic

Fig. 6 2D (a) and 3D (b) topographies, and phase contrast (c) of F2CH6C3TA (top), F2CH6C7TA (middle) and F2CH6C10TA (bottom); the

scale of square area is 3 9 3 lm2
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behaviour in aqueous solution, to reduce the internal ten-

sions. In addition, the solidification process of the mem-

brane, held at constant temperature, is completed with a

mixture of two solid phases in equilibrium (there is no

phase separation). Thus, we can consider that the system in

liquid phase passes through several quasiequilibrium states

until an appreciable amount of solvent (water) is lost and

the system becomes a solid membrane. It is important to

discuss at least two antagonistic processes competing to

achieve system stability: the migration process due to

mutual repulsions between the two types of cationic mol-

ecules and the process due to CTAB molecules diffusion.

The measure of kinetic forces associated with the above

mentioned processes highly determines the nanocapsules

size and their uniform distribution in the horizontal planes.

From the structural point of view, FTIR analysis shows that

there are interactions between the two types of molecules.

Any disturbance of a molecule from the in vacuum state

alters the symmetry of the isolated molecule. The interac-

tions between these two types of molecules lead to a local

order at nanometer level of CTAB domains, in detriment to

molecular symmetry, without a major influence on crys-

talline degree of chitosan matrix.

The analysis from this section reveals that the optimum

concentrations, for ordering degree, were obtained for

2–3% chitosan and CTAB concentration in the range

6–10 mm. Practically, a minimum concentration of 6 mm

CTAB was chosen to minimize the effects due to this

surfactant, although it is considered as having a low tox-

icity [24, 25].

4.2 Chitosan based nanofilms and thick membranes

containing tannic acid in the presence of CTAB

4.2.1 Nanophase materials analysis by AFM

From the AFM images (Fig. 6) it can be observed that there

is a tendency for the tannic acid–CTAB nanocapsules to

agglomerate in clusters both in the case of 2 and 3%

chitosan based films. Also, the net structures of those types

that can be seen from the bottom of Fig. 1 for CTAB do not

appear and the fact that these structures have a geometrical

form approximately of the same type and increase in

ponderosity with the increase of the tannic acid concen-

tration, entitle us to believe that they contain a tannic acid–

CTAB mixture (they are capsules). These clusters are well

defined by the chitosan matrix and for that reason we

suppose that they will have different solubility behavior

unlike the chitosan matrices.

4.2.2 Structural analysis

The wide range of nanoclusters dimensions hide/destroy

the mesophasic ordering, in spite of the regularity in the

horizontal plane. These are reflected in ATR–FTIR spectra

(Fig. 7) and X-ray diffractograms (Fig. 8). The absorbance

and the areas of the peaks in the 1500–1700 cm-1 region

decreased in the presence of tannic acid, while the skeletal

vibrations involving the C–O stretching at 1070 and

1020 cm-1 are not major affected.

The local symmetry is drastically changed by the

modifications produced in the peaks ponderosity within the
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Fig. 7 FTIR spectra of 2% chitosan and 6 mm CTAB membranes in

combination with different tannic acid concentrations
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Fig. 8 X-Ray diagrams for 2% (grey) and 3% (black) chitosan

membranes with CTAB 6 mm and different concentration of tannic

acid
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1500–1200 cm-1 region. The functional group region is

drastically affected by the presence of tannic acid, what-

ever the concentration, with no shifting to high frequencies.

The X-ray diffractograms reveal a crystallinity increas-

ing with the tannic acid concentration increase and a

mesophasic ordering decreasing due to the wide range of

cluster dimensions. The nanodomains dimensions, L, com-

puted by Scherrer relation (2) are 3–5 times bigger than in

the case of CTAB clusters varying from 16.35 to 27.68 nm,

while interplanar distances, D, are not sensible diminished

(Table 4).

4.2.3 Nanophase materials analysis by SEM

From the SEM images (Fig. 9) it can be observed that the

membranes are dense, homogenous, without pore struc-

tures, except for a few accidental craters that do not have

any spatial regularity.

The SEM images demonstrate an ordering of the tannic

acid–CTAB capsules in horizontal planes, which means

that these nanocapsules will controlled release the active

substance (tannic acid, in this case) as the chitosan matrix

is subject of the swelling–erosion process.

Fig. 9 SEM micrographs of transversal section (a), transversal section details (b) and air-facing surface (c) of M2CH6C3TA (top),

M2CH6C7TA (middle) and M2CH6C10TA (bottom)
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The air-facing surface SEM images indicate that at low

tannic acid concentration the nanocapsules are distributed

as islands and with the concentration increase, these planes

become better distributed.

Moreover, it seems that with the increase of tannic acid

concentration there is a tendency of the capsules to

homogenize (dissolute) in chitosan matrix. This is in good

concordance with the AFM images from Fig. 1 of tannic

acid–chitosan system films. This fact means that over a

concentration of 10 mm tannic acid the capsules formation

is diminished.

By visual analysis of the SEM micrographs it can be

observed that the nanocapsules have dimensions in the

range of 50–300 nm for tannic acid.
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Fig. 12 Kinetic curves for tannic acid release from M2CH6C7TA

(open symbols) and M3CH6C7TA (filled symbols)
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Fig. 13 Kinetic curves for tannic acid release from M2CH6C10TA

(a) and M3CH6C10TA (b)

Table 3 Crystalline characteristics of surfactant–chitosan mem-

branes obtained from the X-ray diffractograms (for the most intense

maximum of chitosan)

Sample 2h(8) Intensity(a.u.) D(nm) L(nm)

Chitosan 27.25 56.77 0.32 17.96

CTAB 27.47 41.44 0.32 27.96

M2CH2C 27.15 41.09 0.21 –

M2CH6C 27.36 30.29 0.32 12.39

M2CH10C 27.42 56.10 0.32 8.38

M3CH2C 27.48 51.02 0.32 13.91

M3CH6C 27.37 53.51 0.32 20.36

M3CH10C 27.18 35.84 0.32 13.57

1220 J Mater Sci: Mater Med (2010) 21:1211–1223

123



4.2.4 Thermogravimetric structural analysis

The thermogravimetric characteristics of TG and DTG

analysis from Fig. 10 are presented in Table 5.

Thermal degradation of membranes is best analyzed

with reference to the corresponding chitosan films ther-

mograms [5, 29, 30] that exhibits two distinct stages. The

endothermal one, in the range of about 40–180�C peaking

at 75�C, is associated with evaporation of the acetic acid

and water solvent traces used for chitosan films prepara-

tion. The presence of two peaks, one at 110�C and the other

at 160�C indicates that there are different degrees of

association of water with the membrane components [5].

The other one, in the range of 224–418�C with maximum

decomposition rate at 306�C, has been ascribed to a com-

plex process including dehydration of the saccharide rings,

depolymerization and decomposition of the acetylated and

deacetylated units of the polymer. A possible decomposi-

tion thermo-oxidative process stage starts above 540�C up

to 820�C [5].

In the range of interest (40–700�C) the presence of

CTAB in chitosan membrane is viewed by the water

amount enhancement (stage I) and by the decomposition

stage (stage III) because of the weaken membrane stability

due to the chitosan chain fragmentation by the CTAB

surfactant and to the repulsions between these two cationic

compounds.

In the case of M2CH6C7TA, the DTG shows two-stage

decomposition within 190–300�C in contrast to M2CH6C.

The stage II corresponds to the melting process of tannic

acid nanocrystals (tannic acid crystal melting point:

Tm = 210�C). The stage III correspond to the stage II of

pristine chitosan and chitosan–CTAB membranes––the

complex processes of dehydration of the saccharide rings,

depolymerization and decomposition of the acetylated and

deacetylated units of the polymer.

The presence of tannic acid, as can be expected, enhances

the water retention in membrane (stage I), but the destabi-

lization membrane process owing to CTAB is diminished,

the stage IV being practically irrelevant comparing the

chitosan–CTAB stage III.

Corroborating the thermogravimetric analysis with data

from AFM, SEM and FTIR one can conclude that there are

interactions at the molecular level between cationic CTAB

surfactant and cationic chitosan polymer that strive to

weaken membrane stability whereas, respecting the local

conditions of equilibrium, the tannic acid is favored to

cluster with CTAB. This diminishes the membrane ther-

modynamic instability by engaging in interactions the

CTAB functional groups. The result is a tannic acid na-

noencapsulation in chitosan matrix.

4.2.5 The drug release kinetic studies

The precise quantities of membranes submerged in the

three different eluents, where they were kept for 32 h,

release the tannic acid in a different way. The membrane

partial degradation in hydrochloric acid (pH = 2.0) took

place in more than 32 h, while the membranes from the

eluents with pH = 5.2 and pH = 9.3 remained practically

nondegradated during this time. An erosion and diffusion

complex process was observed, the diffusion process being

faster in the acid medium than in the others.

It can be said that in hydrochloric acid (pH = 2.0), after

a relatively short time, the kinetic is of zero order, while in

pH 5.2 and 9.3 the kinetic becomes of zero order after

approximately 7 h. We can affirm that this kind of nano-

structured matrix is pH-sensitive being suitable for releas-

ing both in stomach and intestine, the diurnal cycle allowing

the required time for releasing.

The percentage of tannic acid released from

M2CH6C10TA was: 90% in pH 2.0, 20% in pH 5.2 and

25% in pH 9.3. In the case of M3CH6C10TA the per-

centage released was: 90% in pH 2.0, 25% in pH 5.2 and

31% in pH 9.3. It can be observed that the tannic acid

minimum amount release is produces in all cases at mod-

erate pH. This is determined by the fact that the zero order

kinetic is governed by the erosion and diffusion complex

Table 4 Crystalline characteristics of chitosan with tannic acid-

CTAB membranes obtained from the X-ray diffractograms (for the

most intense maximum of chitosan)

Sample 2h(�) Intensity(a.u.) D(nm) L(nm)

M2CH6C3TA 27.33 29.93 0.32 26.96

M2CH6C7TA 27.26 32.83 0.32 24.88

M2CH6C10TA 27.26 22.62 0.32 26.99

M3CH6C3TA 27.22 26.56 0.32 21.17

M3CH6C7TA 27.29 17.97 0.32 27.68

M3CH6C10TA 27.08 12.43 0.32 16.35

Table 5 Thermogravimetric characteristics

Sample Stage Tonset Tpeak Tendset W(%) Residue(%)

M2CH6C I 46.7 64.6 137.9 10.30 27.43

II 228.2 278.9 310.4 42.95

III 439.8 446.5 463.0 19.32

M2CH6C7TA I 58.9 91.4 190.2 10.95 36.8

II 195.1 209.9 228.0 15.36

III 255.5 269.9 282.0 36.89

IV 388.0 431.5 484.0

Tonset temperature at which the degradation begins in each stage, Tpeak

temperature at which the degradation rate is maximum, Tendset tem-

perature at which degradation is finished in each given stage, W%

percentage mass loss and the residue ash that is left after heating the

sample to 900�C
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process, being known that the erosion process is rate

restrictive and is favored by the extreme pH.

5 Conclusions

Membranes with a high degree of order at nanoscale level

were obtained by dry phase inversion preparation from

solutions of chitosan in acetic acid, in the presence of a

moderate amount of CTAB cationic surfactant.

The addition of tannic acid increases the crystallinity of

membrane and decreases the mesophasic order due to the

wide range of cluster dimensions.

From the corroboration of the TG, DTG, AFM, SEM

and FTIR analyses we conclude that, there are interactions

at molecular level between cationic CTAB surfactant and

cationic chitosan polymer that strive to weaken membrane

stability. However, respecting the local conditions of

equilibrium, the tannic acid is favored to cluster with

CTAB and diminish the membrane thermodynamic insta-

bility by engaging in interactions the CTAB functional

groups. The result is a chitosan matrix with nanocapsules.

By SEM micrographs it can be observed that the

nanocapsules formed have dimensions in the range of

50–300 nm for tannic acid.

Matrices with tannic acid–CTAB capsules were obtained

at an optimum concentration of 5–9 mm tannic acid.

The kinetic studies showed a zero order kinetics process

of drug release, the drug amount being controlled by pH of

the fluid biological medium.

The zero order kinetics is determined by the processes

taking place at molecular level: the chitosan is swelled and

the surface is subject to erosion and diffusion, the drug––

CTAB capsules are dissolved and will release the active

substance (tannic acid) in a zero order kinetic controlled

manner diffusion process.

In conclusion, we consider that the tannic acid–CTAB–

chitosan matrices are suitable for controlled drug delivery

systems.
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