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Effect of plasma power on degradation of chitosan
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Abstract—The depolymerization of chitosan by plasma in the presence of oxygen (O,) and nitrogen (N,) was investigated
with various PECVD power. The degree of the depolymerization was determined by measuring the viscosity. With
100 W of PECVD, the average molecular weight (M,) decreased from 93,000 of raw chitosan to about 41,000 with
plasma-treating time of 5 min in N,, and 45,000 in O,. The depolymerization of chitosan increased with increasing
PECVD power from 100 W to 400 W, and with increasing PECVD treating time from 1min to 5 min. FT-IR showed
the absorption band peaks of the amine (-NH) band at 1,541-1,549 cm™ and the carbonyl (C=0) band at 1,654 cm™'
and 3,422-3,488 cm™ substantially decreased. The decrease in band peaks means that the chain of chitosan macromole-
cules was broken into smaller unit which results in decreasing viscosity. Therefore, plasma treatment in the presence
of O, or N, is a potentially applicable technique for the production of low molecular chitosan.
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INTRODUCTION

Chitosan is one of the most abundant natural biopolymers. The
reaction of chitosan is more versatile than cellulose due to the pres-
ence of NH, groups. It has been studied extensively for various ap-
plications such as food additives, artificial skins, wastewater treat-
ment where the removal of heavy metal ions by chitosan through
chelation [1-3]. Studies on chitosan composites have also focused
on its strong antimicrobial activity and biocompatibility. Nylon-6/
chitosan composites were shown as candidate for antibacterial agents
[4]. The association of chitosan and bioactive glass matrix pro-
motes a highly significant bioactivity, demonstrating surface bone
formation and satisfactory behavior in biological environment [5].

Recently it was reported that the bacterial cellulose/chitosan com-
posites significantly improved physico-chemical and mechanical
properties compared to pure bacterial cellulose and would be suit-
able for wound dressing and other biomedical applications [6].

Chitosan is only soluble in aqueous solution of some acids, and
some selective N-alkylidinations [1,7]. Although several water-sol-
uble derivatives are obtained [8], it is difficult to develop solubility
in common organic solvents by these methods. Modification of the
chemical structure of chitosan to improve the solubility has been
attempted, but only few of the derivatives of chitosan are found to
dissolve in conventional organic solvents [9-12]. Due to its physi-
cal and chemical propetties, chitosan is being used in widely differ-
ent products and applications. Different applications require different
properties of chitosan. These properties change with degree of acety-
lation of chitin and molecular weight as well. The molecular weight
control of chitosan has been attempted as well as the modification
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of the chemical structure of chitosan. The various applications were
very strongly dependent on the molecular weight of chitosan. For
proper applications, an appropriate molecular weight control of chito-
san is necessary. There have been two ways for depolymerizing the
chitosan [13,14]: chemical and enzymatic methods. The chemical
methods involve hydrolysis of chitosan using acids. The others are
enzymatic methods. The chemical methods have inherent draw-
backs, which are unsuitable for products toward human uptake, and
the enzymatic methods have a relatively low productivity.

To avoid the problems of the chemical hydrolysis and the enzy-
matic methods, the plasma generated by PECVD was employed in
this study to cut the molecular weight of chitosan for obtaining the
less molecular weight one.

EXPERIMENTAL

1. Chemicals and Equipment

For plasma generation, PECVD (Plasma-enhanced chemical vapor
deposition) device was manufactured by SNTEK (Korea); the fre-
quency of its RF-Generator was 13.56 MHz. RF power range was
10-600 W. RF impedance was 50 ohm nominal. O, and N, gases
were used as the processing gas of the device. Acetic acid (1% w/w)
for dissolving chitosan flake was purchased from Junsei, toluidine
blue powder from Sigma-Aldrich, PVSK solution (N/400 Potassium
Polyvinyl Sulfate Titration Solution, C,H;OSK) from Wako (Osaka,
Japan), Chitosan flake of 60 mesh from Youngchipharm (Korea).
2. Method

Plasma treatment: Chitosan flake of 3 g was plasma-treated in
PECVD chamber filled with N, and O, gases for 1, 2, 3, 4, 5 minutes
with increasing the power by 100 W in the range of 100 W-400 W.

Viscosity measurement: The plasma-treated chitosan of 0.2 g was
solved in the aqueous acetic acid solution of 1.0 w/w%. The relative
viscosity of the solution was measured using Brookfield viscome-
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ter (DV-1 prime) with spindle SC4-18 at 25 °C in the range of 30-
60 rpm.

FT-IR spectrum: KBr pellet was fabricated with the mixture of
plasma-treated chitosan and KBr powder and FT-IR (BIO-RAD,
Excalibur, USA) was used to identify the decrease in absorption
band peaks.

RESULTS AND DISCUSSION

1. The Color Change

The color of the chitosan powder treated with plasma was ob-
served with the naked eye. The color of the chitosan powder was
changed from white to brown with increasing PECVD power and
time treated with plasma. Both the processing gases of O, and N,
showed similar trend of color change. However, the color change
in case of the processing gas of O, was more drastic and observable
than in case of N,; the color changed under the power of 300 W in
processing gas of O,, however under the power of 400 W in N.,.
Chitosan was more vulnerable in color change with the processing
gas of O, than N,

2. Degree of Deacetylation (DD)

DD was calculated using the equation described in Eq. (1) [15].
To obtain DD by the colloid titration method, 5 g of chitosan which
was dried in drying oven for 3 hr at 105-110 °C was solved in 300
mL of 1.0 wt% acetic acid aqueous solution. After passing through
filter paper (Whatman No. 4), 1.0 g of the filtered chitosan solution
was titrated with the PVSK solution. Aqueous solution of 0.1 wt%
toluidine blue was used as indicator. The color changed from blue
to red-purple at the end-point of titration

X/161

DD = g1 v7203 < 10 )

Table 1. Viscosity, DD(%) and Mw of plasma-treated chitosan in N,

1 1

X= 2001000

xfx161xV )

1
Y=0.5x755-X )
where V : the amount of 1/400 N (2.5 mN) PVSK consumed in
titration (mL)
f : normal concentration coefficient of 1/400 N (2.5 mN)
161 : molecular weight of chitosan unit
203 : molecular weight of chitin unit

The calculated DD based on the viscosity measured at various
powers of PECVD and plasma-treating time is shown in Tables 1
and 2; DD was above about 96% in the processing gas of both O,
and N,.

3. The Viscosity of the Chitosan Flake Treated with Plasma

The viscosity and molecular weight of chitosan are affected by
the size of chitosan molecule. The viscosity of the plasma-treated
chitosan solution was measured to obtain the molecular weight of
chitosan. The chitosan powder treated with plasma at various PECVD
power and the processing gases (O,, N,) was solubilized with aque-
ous acetic acid as described above and the viscosity of the solution
was measured at 20 °C using a Brookfield viscometer (DV-II). As
shown in Tables 1 and 2; at 100 W, the viscosity was decreased with
plasma-treating time from 115.2 cp of raw chitosan to about 73 cp.
The decrease in viscosity means that the chains of chitosan mole-
cules were broken by the plasma. Above 200 W, however, the viscos-
ity did not depend on plasma-treating time, which means that the
plasma-treating time above a certain energy did not affect the molecu-
lar structure.

4. Molecular Weight of the Chitosan Treated with Plasma

The molecular weight (M,,) of the plasma-treated chitosan was

Power Plasma treating time Viscosity [77] Degree of deacetylation (DD%) The molecular weight (Mw)
Gas .

(W) (min) (exp.) (cal) (cal))

N, 100 1 96.01 95.89 59,000

2 88.94 96.68 52,000

3 86.27 94.42 51,000

4 83.21 96.62 49,000

5 73.9 97.14 41,000

200 1 67.87 97.41 37,000

2 66.80 97.47 36,000

3 66.24 97.47 36,000

4 66.47 97.47 36,000

5 65.87 97.54 36,000

300 1 63.21 97.65 38,000

2 60.27 97.73 35,000

3 65.61 97.54 39,000

4 63.80 97.66 38,000

5 63.09 97.80 37,000

400 1 59.20 97.86 30,000

2 57.95 97.92 30,000

3 66.02 97.47 35,000

4 66.21 97.86 36,000

5 62.43 97.73 33,000
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Table 2. Viscosity, DD(%) and Mw of plasma-treated chitosan in O,

Power Plasma treating time Viscosity [77] Degree of deacetylation (DD%) The molecular weight (Mw)
Gas .
(W) (min) (exp.) (cal)) (cal)
0O, 100 1 110.2 95.43 74,000
2 86.65 96.62 54,000
3 84.24 96.62 52,000
4 84.65 96.55 51,000
5 73.72 97.14 45,000
200 1 72.28 96.83 42,000
2 71.51 97.34 39,000
3 71.50 97.34 39,000
4 74.47 97.14 42,000
5 73.78 97.47 40,000
300 1 75.50 97.01 43,000
2 75.50 97.01 43,000
3 77.46 96.94 44,000
4 70.84 97.01 39,000
5 73.84 97.08 42,000
400 1 81.58 96.68 51,000
2 73.35 97.01 45,000
3 74.95 97.01 42,000
4 60.17 97.79 35,000
5 62.43 98.05 36,000
obtained using the Mark-Houwink equation (Eg. (4)) [16]. The reduc- -
. . . . . . . . 0;, 400 W, 5 min
tion in molecular weight is evident from the change in viscosity. B N, 300 W. 5 min
For the calculation of M,,, the viscosity of the plasma-treated chitosan 2- m wyon
solution was measured with a Brookfield viscometer (DV-1 prime) 0.0+ Raw material
with spindle SC4-18 at 25 °C in the range of 30-60 rpm. b
[7]=K-Mw* Q) g o2-
Where, Mw : average molecular weight g 0
7 : viscosity (cp) iz
K=1.64x10"x(%DD)" 6) 054
a=[-1.02x10"x(%DD)]+1.82 (©) ey

As shown in Tables 1 and 2, at 100 W the average molecular weight
(M,,) decreased from 93,000 of raw chitosan to about 41,000 with
plasma-treating time of 5 min in N,, and 45,000 in O, as shown in
Table 2; the average molecular weights treated with 300 W and 400
W of PECVD in O, were higher than those treated with 100 W and
200 W. This experimental data might mean that too high energy of
PECVD rather oxidized the chitosan polymer molecules than break-
ing the polymer chain.

5. FT-IR Spectrum

In FT-IR analysis [17], the amine (-NH) band was shown at 1,541-
1,549 cm™, the carbonyl (C=0) band at 1,654 cm™ and 3,422-3,488
cm™'. With increase in the power of PECVD from 100 W to 400 W
and with increase in plasma-treating time from 1 min to 5 min, the
absorption band peaks substantially decreased. The decrease in band
peaks means that the chain of chitosan macromolecules was bro-
ken into smaller units, and the size of chitosan molecule became
smaller. This FT-IR analysis well agreed with the decrease in viscos-
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Fig. 1. FT-IR spectrum of the plasma-treated chitosan.

ity as shown above.
CONCLUSIONS

The high molecular weight chitosan shows poor solubility in aque-
ous solutions, and high viscosity of its solution limits its applica-
tions. To improve its solubility and biological, chemical and physical
properties, plasma treatment was investigated to prepare low molec-
ular chitosan. The plasma treatment used in this study efficiently
depolymerized chitosan in the presence of N, and O,. The molecu-
lar weight of chitosan decreased with the increase of the treatment
time and with the increase of the PECVD power. The plasma treat-
ment might be a promising technique for the preparation of low
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molecular chitosan.
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