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Nowadays, the use of oligomers such as chitosan, gelatin, and epoxidized
Abstract : . . . ..
soybean oil (ESO) and their (meth)acrylated derivatives is expanding in

medical and food industry applications. This study aims to investigate the change in solubility
behavior of chitosan, gelatin, and ESO before and after (meth)acrylation, as this will affect the
selection of solvents and other system components. Besides, the proper method to analyze the
changes in solubility behavior will be illustrated. In this regard, chitosan methacrylate (ChMA)
and gelatin methacrylate (GeIMA), and acrylated ESO (AESO) were obtained by methacryla-
tion of chitosan and gelatin, as well as acrylation of ESO, respectively. Then, Hillebrand (6Hild)
and Hansen (6Hans) solubility parameters of these materials were calculated using molecular
dynamics simulation and Hansen solubility spheres, respectively. The results signified that the
OHild values of gelatin, ESO, and chitosan increased from 22.71, 13.52, and 29.54 MPa0.5
to 25.80, 18.75, and 33.06 MPa0.5, respectively (increment: 38.68%, 13.60% and 11.91%).
In contrast, their 6Hans values did not change due to (meth)acrylation. Consequently, the
conventional method for calculating dHans is not highly sensitive to changes such as (meth)
acrylation, but molecular dynamics simulation can observe the changes and has the necessary
sensitivity for calculating 0Hild, and can be considered as a powerful method for optimizing
intermolecular interactions and calculating 6.
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Figure 1. chemical structure of gelatin, soybean oil, and chitosan.
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1-Biocompatible hydrogels
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12-Molecular dynamics simulation
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Table 1. Properties of Chitosan and Methacrylated chitosan.

Substance

Methacrylated chitosan

Chitosan

Supplier

Zharf andishan fanavar zist

baspar Co.

Bismoot

Physical state

Yellowish white powder

Yellowish white powder

Chemical properties

Purity: > 744
Deacetylation degree: > /A

Purity: > 7Z4°
Molecular weight: YV« kDa
Deacetylation degree: > 74+
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Figure 2.. Mechanism of nucleophilic reaction of amine groups of

getatin with eposide groups of GMA.
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10-Primary amine groups

11-Freeze-drying

12-3-amino-2 hydroxy) propyl methacrylate group
13-Triphenyl phosphine oxide (TPP)
14-Monomethyl ether hydroquinone (MEHQ)
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2-Sigma-Aldrich

3-Glycidyl methacrylate
4-Hydroquinone monomethyl ether
5-Oxirane oxygen content (OOC%)
6-Glycidyl neodecanoate (GN)
7-Hexion chemical company (USA)
8-Irradiation of microwave (MW)
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Figure 3. Molecular structure (left) and amourph cell (right). (A, B: Gelatin), (C, D: GeIMA), (E, F: ESO), (G, H: AESO), (I, J: chitosan),

(K, 1: ChMA).
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Table 2. CED, CEDVdW, CEDelec, Hild, 8VdW, and delec for Gelatin, GeIMA, ESO, AESO, Chitosan, and ChMA derived by MDS.

delec SVdW oHild CEDelec CEDVdW CED Component
(MPa)"s (MPa)"s (MPa)"s (MPa) (MPa) (MPa)

3.88 12.95 13.52 15.05 167.70 182.75 ESO
4.21 18.27 18.75 17.72 333.79 351.29 AESO
11.01 19.85 22.71 121.22 394.02 515.24 Gelatin
12.08 22.80 25.80 145.92 519.84 665.76 GelMA
17.08 24.10 29.54 291.72 580.81 872.53 Chitosan
18.89 27.13 33.06 356.83 736.07 1092.86 ChMA

HSPIP JJj3ls 5 bawsi CAMA (o Lugis GelMA ESO AESO (5Y5 culMls siall w055 sl o3lizal 3,90 sla M colMs 2ol o b Y Joaon

Table 3. Name and solubility parameter of solvents used for estimation of solubility parameter of Gelatin, GeIMA, ESO, AESO, Chitosan,

and ChMA by HSPiP software.

Ch | Chi- | Gel |Gela-| AE | ESO od op oh ) Solvents
MA | tosan | MA tin | SO (MPa)?® | (MPa)?® | (MPa)?s | (MPa)*®
0 0 0 0 1 1 18 1.4 2 18.16 Toluene
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15.3 7.5 6.8 18.34 Ethylene
glycol butyl
ether acetate

15.6 6.3 11.6 20.43 Propyl-

ene glycol
monomethyl
ether

14.5 0 0 14.5 Pentane

19.8 4.2 0 20.24 Ozone

15.5 10.4 7 19.93 Acetone

15.7 6.5 10.5 19.97 Propyl-

ene glycol
monoethyl
ether
16 6 10 19.79 | Diethylene
glycol hexyl
ether
20 14.4 4.1 24.98 Phthalic
anhydride

19.3 7.9 6.1 21.72 Tolylene
diisocyanate

18.6 1 4.1 19.07 Styrene

13.1 0 0 13.1 Propane

15.5 0 0 15.5 Octane

18.4 0 2 18.50 Benzene

154 5.4 5.2 17.12 Ethylene

glycol di-
ethyl ether
19 8.8 5.9 21.75 Pyridine
19 9 13.7 25.09 Salicylic
acid
16.1 9.2 12.2 22.19 Diethyl-
ene glycol
monoethyl
ether

15.7 9.4 5.8 19.19 Pentanal

17.8 1 3.1 18.09 o-Xylene
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0 0 0 1 1 15.9 5.1 9.3 19.11 Ethylene
glycol mono
ethyl ether
acrylate
0 0 0 1 1 16 5 11.2 20.16 1-Octanol
0 0 0 1 1 16 2.8 6.2 17.38 Oleic acid
0 0 0 1 1 14.9 0 0 14.9 Hexane
0 0 0 1 1 16.3 4.2 11.5 20.38 Hexanoic
acid
0 0 0 1 1 15.8 3.7 6.3 17.40 n-Butyl
acetate
0 0 0 1 1 15.9 5.5 10.6 19.88 3-Butoxy
butanol
0 0 0 1 1 15.8 8.2 10.8 20.82 Diacetone
alcohol
0 0 0 1 1 17.8 3.1 5.7 18.94 | Chloroform
0 0 0 1 1 15.3 0 0 15.3 Heptane
0 0 0 1 1 16 9 5.1 19.05 Methyl
ethyl ketone
(MEK)
0 0 0 1 1 15.6 6.2 4.9 17.48 n-Butyl
acrylate
0 0 0 1 1 16.3 33 5.5 17.51 | Stearic acid
0 0 0 1 1 15 3.7 6 16.57 t-Butyl
acetate
0 0 0 1 1 16 5.7 15.8 23.19 1-Butanol
0 0 0 1 1 17.8 1 3.1 18.09 p-Xylene
0 0 0 1 1 15.7 33 8.2 18.01 Octanoic
acid
0 0 0 1 1 15.9 4.6 12 20.44 Castor oil
0 0 0 1 1 16.2 4.7 9.8 19.50 Ethylene
glycol di-
acetate
0 0 0 1 1 15.8 53 7.2 18.15 Ethyl ac-
etate
0 0 0 1 1 16 8.2 15 23.41 Ethylene
glycol
monomethyl
ether
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0 0 0 0 1 1 14.7 4.1 8.2 17.32 Ethylene
glycol Di-T-
butyl ether

0 0 0 0 1 1 17.1 7.1 11.7 21.90 | Sebacic acid

0 0 1 1 1 1 15.8 8.8 19.4 26.52 Ethanol

1 1 1 1 0 0 17.4 11.3 27.2 34.20 Glycerol

1 1 1 1 0 0 14.5 8 13.5 21.36 | Acetic Acid

1 1 1 1 0 0 15.5 16 423 47.80 Water

0 0 1 1 0 0 17.2 26.2 19 36.65 | Formamide

0 0 1 1 0 0 15.4 8.3 16.4 23.97 |2,2,2 -Triflu-
oro Ethanol
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Figure 5. 3D diagram of Hansen spheres drawn by HSPiP software: (A: AESO and ESO), (B: Gelatin and GeIMA) (C: Chitosan and

ChMA), Teas graph of (D: AESO and ESO), (E: Gelatin and GeIMA), (F: Chitosan and ChMA).

HSPiP I3l 5 jl solizul L ChMA o LssS (GelMA [ESO AESO . 55Y; (¢l oiiasloes SHans £ Joudo

Table 4. dHans calculated for Gelatin, GeIMA, ESO, AESO, Chitosan, and ChMA by HSPiP software.

RO (MPa)0/5 | o&h (MPa)0/5 | dp (MPa)0/5 | 6d (MPa)0/5 | 6Hans (MPa)0/5 Component
10.30 7.37 431 16.14 18.26 ESO
10.30 7.37 431 16.14 18.26 AESO
17.90 20.05 11.08 21.18 31.19 Gelatin
17.90 20.05 11.08 21.18 31.19 GelMA
14.80 2431 18.99 16.10 33.80 Chitosan
14.80 24.31 18.99 16.10 33.80 ChMA
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