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KINETIC STUDY OF CHITOSANE/GENIPIN SYSTEM USING DSC
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Knowledge of the the kinetic study of chitosan/genipin allow to know the different effects that time and temperature have on the

cure reaction of the material.

The total enthalpy of reaction, the glass transition temperature and the partial enthalpies have been determined using DSC in
dynamic mode. Two models, one based on chemical kinetics and the other accounting for diffusion were used. The incorporation of
the diffusion factor in the second model allowed for the cure kinetics to be predicted the whole range of conversion.
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Introduction

Chitosan is a biopolymer with low cytotoxicity and
good biocompatibility composed on units of
N-acetylil-D-glucosamine and D-glucosamine. It is ob-
tained by the alkaline deacetylation of chitin, a
homopolymer of N-acetyl-D-glucosamine. Chitosan is
a naturally occurring polymer soluble in acidic me-
dium or in water in its salt form [1]. In many studies
chitosan has been found to be a good candidate for di-
verse applications as in food industry, wound dressing,
and support material for drug delivery. In this field,
chitosan has been used specially in systems for con-
trolled release of drugs [2, 3], antigens [4], en-
zymes [5], or even for gene delivery [6]. Encapsulation
of drugs in polymeric drug devices based on this
polysaccharide is usually carried out by different tech-
niques (emulsion, coacervation, spray-drying, etc.) [7].

A drawback of microparticles obtained with pure
chitosan or gelified with polyanions is need to
cross-link them covalently to exclude premature dis-
solution or disintegration [8]. Various approaches
have been proposed to cross-link chitosan micro-
particles, the most usual compounds have been
glutaraldehyde, formaldehyde and other dialdehydes.
However, all kind of these compounds present certain
cytotoxicity when they were used in in vitro studies
using cell culture [9, 10].
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An alternative molecule to be used as cross-
linker with chitosan may be genipin. Genipin is a
glucone of geniposide which is isolated from gardenia
fruits (Gardenia jasminoides Ellis). Genipin has been
used in the past as cross-linker of molecules with pri-
mary amino residues as proteins or chitosan [9]. In in
vivo studies genipin has been shown a superior bio-
compatibility and slower degradation rate on chitosan
implants those glutaraldehyde-cross-linked micro-
spheres [10]. Polymerization reactions of chitosan-
genipin system are induced in the presence of oxygen
radicals, it is affected by temperature and it is inhib-
ited by the presence of H' [11]. Cross-linking mecha-
nism between polymers with primary amino groups
(as chitosan) and genipin takes place in two different
reactions which lead to the cross-linking between two
primary amines from N-acetylglucosamine of
chitosan [11]. The fastest is a nucleophilic attack of
one of aminogroups of chitosan to carbon 3 of genipin
which results in a heterocyclic compound of genipin
linked to glucosamine unit. The second reaction and
slowest is a nucleophilic substitution of the ester
group of genipin to form an amide and produce meth-
anol. Simultaneously, the polymerization of genipin
might be produced between genipin molecules al-
ready linked to amino groups of chitosan which could
lead to the cross-linking of amino groups by genipin
molecules or even by genipin copolymers [9].
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Because of the good properties of the chitosan
with several polymer blends recently have been used
for drug release and drug-excipient [12, 13].

The objective of this paper was to calculate the
total enthalpy of reaction AH, and the glass transition
temperature 7, using DSC in dynamic mode for the
system chitosan and genipin as curing agent. In the
second experimental step, the partial enthalpies AH"
have been determined using DSC in dynamic mode.
From these experimental data, the conversions o and
the reaction rates do/ds have been calculated. These
data allowed determining the kinetic coefficients of
the Sourour and Kamal model [14] and the global or-
der of the cure reaction. In addition, a diffusion factor
was added to model that predicts the behaviour of the
system for high values of conversion, where the ki-
netic no longer is the controller phenomenon. For it, a
semiempirical model proposed by Chern and
Polheim [15] based on free volumes considerations
has been used, and successfully applied by other
authors to several epoxy systems [16—19].

Experimental
Sample preparation

Chitosan dispersion (0.5 mass/mass%) was prepared
in distilled water and it was stirred during 12 h.
Genipin was incorporated at concentration of 1 mM
and the solution was incubated during 30 min
and 18 h. Chitosan microparticles were prepared by
spray dryer. The chitosan dispersion was sprayed
through the nozzle (0.5 mm diameter) of a spray dryer
(model Biichi 190, Biichi Labortechnik AG, Flawil,
Switzerland). The process parameters were set as: in-
let temperature=9015°C, outlet temperature=70£3°C,
aspirator setting: 100%, pump setting=3 mL min'
and air flow rate 600 L h™".

The obtained chitosan microspheres were col-
lected and dried in vacuum oven under reduced pres-
sure (20 mbar) for 24 h. The final product was stored
under dry conditions at room temperature.

Differential scanning calorimetry

A differential scanning calorimeter DSC Q100 V6.19
Build 227 of TA Instruments was used to obtain all
the experimental data. In order to determine the total
heat of reaction AH, a first scan was carried out in dy-
namic mode from —30 to 250°C at constant heating
rate of 10°C min'. A second scan from 15 to 250°C at
constant heating rate of 10°C min™' was carried out to
determine the glass transition temperature 7, of epoxy
system.
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In the second phase of the experimental investi-
gation, the partial enthalpies AH* have been deter-
mined using DSC in dynamic mode.

Results and discussion

In the first experimental step we realize calorimetric
scans in dynamic mode that allow observing endo-
thermic peaks that corresponds to the melting point of
water. Due to large area of the endothermic peaks can
not be seen the exothermic curve of the reticulation of
the system. So the endothermic peak of water was
eliminated to deduct graphically the reticulation
curve of the curves of chitosan and genipin.

In the second experimental step, the total heat of
reaction and the glass transition temperature of the
system were performed in quintuplicate for the fol-
lowing incubated times: 30 and 1080 min. Table 1
shows the average values and their standard errors
corresponding to different preparation times. It can
not been observed differences between the values of
AH, and the values of T, for the incubated times, so
for the microparticles formation already took place
before 30 min.

Table 1 Total heat of reaction and the glass transition tem-
perature at different incubated times

Ipcubat.ed AH/ ¢! s.d.* T,/°C s.d.”
time/min

30 161.96 2.46 61.29 1.28
1080 157.56 0.48 61.07 1.15

*s.d. — standard deviation

The values of partial enthalpies were determined
from calorimetric scans in dynamic mode at different
times. The total degree of conversion a of this system
can be calculated using the following expression:
t<ty
[dr/de
o _AH®

o= _
AH,

- (1
AH,

where AH* is the heat evolves up at a certain time.

Figure 1 shows the conversion vs. time at different
incubated times. It can be seen that the reticulation be-
gins at 17 min for the different incubated times.

From dynamic calorimetric scans also can be de-
termined the instantaneous heat flow dH/dr and the
correspondence reaction rate do/d¢

do._dH /d1

(2)
dr  AH,

The reaction rates do./d¢ allowed determining the
kinetic coefficients and the global order of the cured

J. Therm. Anal. Cal., 87, 2007



CHITOSANE/GENIPIN SYSTEM

0.8
0.6

1 + 30 min
0 1080 min
0.4 §
| ju}

0.24

Conversion

0'1- T T T T T
15.8 16.2 16.6 17.0
Time/min

Fig. 1 Degree of conversion vs. time at different incubated times

reaction from the Sourour and Kamal [14] kinetic
model assuming stoichiometric proportions and equal
reactivity for all amine hydrogens

4Ok, 0™ (1) 3)
dt

This model expresses the contribution of two
mechanisms: autocatalytic and n order. The constant
rates of two reactions are k, and k;, and m and » are
the parameters related to the two orders of reaction.

The used kinetic model does not fit to experi-
mental plots of reaction rate vs. conversion. The same
behaviour can be observed with the n order model. An
autocatalytic model was choosing to fit experimental
results.

Lo (-ay )
dt

Table 2 shows constant rate and reaction orders
for the autocatalytic model at different incubated
times. Values listed in this table suggest a value of 2
for the overall reaction order (m+n), in good agree-
ment with values reported by Nufiez et al. [18, 19]
and Zvetkov [20] for epoxy systems. In Figs 2a and b
are showed the reaction rate vs. conversion at differ-
ent incubated times where experimental results are
compared with those obtained to a chemical kinetic
model. At higher conversion the deviations between
theoretical and experimental data from a critical con-

Table 2 Constant rate and reaction orders for the
autocatalytic model at different incubated times

30 min 1080 min
ky/min™ 0.178+0.008 0.193+0.011
m 1.07140.023 1.130+0.027
n 0.850+0.045 0.943+0.057
R’ 0.9981 0.9977

J. Therm. Anal. Cal., 87, 2007

0.050 —
]
FH
0.040 dﬂjfp gol
| 4 2,
0.030 QU A
*
= E%

dov/dt

0.020 ﬁ
1 # experimental %0

0.010 ‘IIJZI

O Kamal model

0.000¢ T r T T
0.0 0.2 0.4 0.6 0.8 1.0
o

Fig. 2a Reaction rates vs. conversion at the incubated time of
30 min

0.050

§|Eﬂmmq‘;1
0.040 {

0.030 ] =) %

= *
= im] o
3 0.0204 0.
= <
® experimental ¢
0
0.0104 OKamal model ‘DD
¥
0.000 43’ : . . :
0.0 0.2 0.4 0.6 0.8 1.0

o

Fig. 2b Reaction rates vs. conversion at the incubated time of
1080 min

version (58% typically) [21] are due to a gradual de-
crease in the reaction and the curing kinetic becomes
diffusion controlled. A semiempirical model based on
free volume considerations proposed by Chern and
Polheim [15] and used by Cole et al. [16], Khanna
and Chanda [17] and by Nuiez et al. [18, 19, 22] was
used to study the diffusion-controlled reaction rate. In
this model a diffusion factor is defined as

1

1+e Aj(a-a)

F(a)= (%)
where o is the critical conversion, and A4, is an ad-
justable parameter.

Using the diffusion factor /(o) the reaction rate
can be expressed in the following form to account for
effects of diffusion:

((117“:(/(l thya™ )(1-a)" F () (6)
t

In Figs 3a and b are showed the reaction rate vs.
conversion where experimental results are compared
with those obtained to a chemical kinetic model and
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Fig. 3a Reaction rates vs. conversion for experimental data.
Data obtained to a chemical kinetic model and to the
kinetic model accounting for diffusion at the incu-
bated time of 30 min
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Fig. 3b Reaction rates vs. conversion for experimental data.
Data obtained to a chemical kinetic model and to the
kinetic model accounting for diffusion at the incubated
time of 1080 min

to the kinetic model accounting for diffusion. It can
be seen that the agreement is extremely good between
experimental results and kinetic model accounting for
diffusion.

Conclusions
The chemical kinetic model predicts properly the ex-
perimental results at low conversions. At high con-

version it is necessary to add a diffusion factor that
predicts properly the behaviour of the system.

236

References

10

11

12

13

14

15

16

18

19

20
21

22

S. A. Agnihotri, N. N. Mallikarjuna and

T. M. Aminabhavi, J. Control. Rel., 100 (2004) 5.
F.L.Mi, H. W. Sung and S. S. Shyu, J. Appl. Polym. Sci.,
81 (2001) 1700.

A. Ganza-Gonzilez, S. Anguiano-legea, F. J. Otero-Espinar
and J. Blanco-Méndez, Eur. J. Pharm. Biopharm.,

48 (1999) 149.

A. Luzardo-Alvarez, N. Blarer, K. Meter, J. F. Romero,
C. Reymond, G. Corradin and B. Gander, J. Control. Rel.,
109 (2005) 62.

M. L. Gonzélez-Siso, E. Lang, B. Carrefio-Gonzalez,

M. Becerra, F. Otero-Espinar and J. Blanco-Méndez,
Process Biochem., 32 (1997) 211.

P. Erbacher, S. Zou, T. Beuinger, A. M. Steffan and

J. S. Remy, Pharm. Res., 15 (1998) 1332.

S. A. Agnihotri, N. N. Mallikarjuna and

T. M. Aminabhavi, J. Control. Rel., 100 (2004) 5.
F.L.Mi, Y. C. Tan, H. F. Liang and H. W. Sung,
Biomaterials, 22 (2001) 687.

M. F. Butler, Y. F. Ng and D. A. Pudney,

J. Polym. Sci. Polym. Chem., 41 (2003) 3941.

F.L.Mi, Y. C. Tan, H. F. Liang and H. W. Sung,
Biomaterials, 23 (2002) 181.

F. L. Mi, H. W. Sung, S. S. Shyu, C. C. Su and

C. K. Peng, Polymer, 44 (2003) 6521.

E. Karavas, E. Georgarakis and D. Bikiaris,

J. Therm. Anal. Cal., 84 (2006) 125.

V. A. Drebushchak, T. P. Shakhtshneider, S. A. Apenina,
T. N. Drebushchak, A. S. Medvedeva, L. P. Safronova and
V. V. Boldyrev, J. Therm. Anal. Cal., 84 (2006) 643.

S. Sourour and M. R. Kamal, Thermochim. Acta,

14 (1976) 41.

C. S. Chern and G. W. Polhein, Polym. Eng. Sci.,

27 (1987) 782.

K. C. Cole, J. J. Hechler and D. Noel, Macromolecules,
24 (1991) 3098.

U. Khanna and M. Chanda, J. Appl. Polym. Sci.,

49 (1993) 319.

L. Nufez, F. Fraga, M. R. Nufiez and M. Villanueva,

J. Appl. Polym. Sci., 70 (1998) 1931.

L. Nufez, F. Fraga, M. R. Nufiez, A. Castro and L. Fraga,
J. Appl. Polym. Sci., 74 (1999) 2997.

V. L. Zvetkov, Polymer, 43 (2002) 1069.

P. J. Flory, ‘Principles of Polymer Chemistry’ Cornell
University Press, Ithaca, New York 1953 p. 348.

L. Nufez, F. Fraga, L. Fraga and A. Castro,

J. Appl. Polym. Sci., 63 (1997) 635.

DOI: 10.1007/s10973-006-7824-7

J. Therm. Anal. Cal., 87, 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
    /HUN ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


