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ABSTRACT: The releasing behavior of essential oil from a polymer was investigated. Poly
(hydro: yethyl methacrylate) (P(HEMA)) hydrogel with varying crosslinking density was
synthes zed. Eugenol was incorporated into the polymer either by swelling the P(HEMA) gel
in the eugenol-dissolved ethanol solution or by adding eugenol during P(HEMA) gel
synthes s. After the sample had been dried, absorption of ethanol led the eugenol to release
from t} 2 swelling matrix to environmental ethanol. The releasing amount of eugenol and its
releasir g rate were determined using gas chromatography. The diffusion and releasing kinet-
ics of € hanol and eugenol were obtained by analyzing the simple exponent type of time de-
penden fractional mass release equation. The diffusion coefficient of eugenol was estimated
from tt e experimentally observed oil releasing behavior. The releasing mechanism was influ-
enced |y controllerable experimental variables, such as matrix crosslinking density and oil
loading method.
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Fig. 1. Chemical structure of eugenol.
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Table 1. Characte -istics of P(HEMA) Gels Swollen in Water at 22 C

Nominal Crost linking Equilibrium Polymer Polymer-Solvent Molecular Weight
Ratio, Volume Fraction Interaction Parameter between Crosslink
(wt EGDMA/w HEMA) v 1 M,
0.0012: 0.6508 0.908 720
0.0023: 0.6611 0.918 600
0.0047¢ 0.6687 0.925 530
M,& P(HEMA) 9| w2gyo] B2 (M, =130. 40 L B ,
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Fig. 2. Eugenol releasing content per unit content of
ethanol as a function of time for varying crosslinking
ratio of P(HEMA) gel. Filled circles, open circles, and
cross symbols indicate crosslinking ratio of 0.00123, 0.
00233, and 0.00476 wt EGDMA/wt HEMA,
respectively . (a) eugenol incorporated after polymer
synthesis and (b) eugenol incorporated before
synthesis.
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Fig. 3. Fractional mass release of eugenol as a func-
tion of time for varying crosslinking ratio of P
(HEMA) gel. Filled circles, open circles, and cross
symbols indicate crosslinking ratio of 0.00123, 0.
00233, and 0.00476 wt EGDMA/wt HEMA,
respectively : (a) samples dried after eugencl was in-
corporated into polymer, (b) samples not dried after
eugenol. was incorporated into polymer, and (c) sam-
ples synthesized with eugenol.
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Table 2. Kinetics Analysis of Eugenol Release from P(HEMA) Gels

Nomni;l ( ros)s(linking Diffusion Exponent, n Fitting Confidence

a‘lo,

(wt EGDM. ./wt HEMA) System 12 System 2b System 12 System 2°
0.0)123 0.41 0.41 0.985 0.964
0.0)233 0.45 0.48 0.986 0.982
0.0)478 0.43 0.43 0.987 0.988

2 : System 1 denotes he releasing system of P(HEMA) gel dried after eugenol incorporation.
b System 2 denotes he releasing system of P(HEMA) gel synthesized with eugenal.
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Fig. 4. Fractional mass release as a function of time
for varying eugenl incorporation methods. Filled cir-
cles, open circles, and cross symbols indicate samples
not dried after eug encl was incorporated into polymer,
samples synthesiz d with eugenol, and samples dried
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Table 3. Diffusion Coefficients of Eugenol Releasing
from P(HEMA) Gels at 22 C

Nominal Crosslinking Diffusion Coefficient, D(cm?/s)

Ratio, X

(wt EGDMA /wt HEMA) System 1 System 2°  System 3°
0.00123 70x107% 1.0x107% 2.0x107%
0.00233 50%x107% 65%x107% 85x107S
0.00476 4.0%107% 6.0x107% 8.0x107¢

. The same as in Table 2.
. The same as in Table 2.
¢ System 3 denotes the releasing system of P(HEMA) gel not dried

after eugenol incorporation.
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