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ARTICLE INFO ABSTRACT

Keywords: There are numerous noxious bacteria, fungi and parasites in environment for human survival, so antibacterial
Antibacterial silicone modified materials materials are significant for medical devices, food packaging, and personal care. UV-curable silicone modified
Schiff base

antibacterial materials were prepared from Schiff base-containing silicone modified hyperbranched thiol and
castor oil based polyurethane acrylates (PUAs) by UV initiated thiol-ene click reaction. It exhibited that these
UV-curable materials show fairly good antimicrobial activity of Escherichia coli (E. coli) and Neurospora crassa. A
contact-kill antibacterial mechanism was proposed according to the antibacterial behavior of these UV-curable
materials. These materials also exhibit a fairly high transparency over 92 % and pencil hardness can reach 4H. It
need to be pointed out that the surface water contact angle of these materials is in the range of 84.1°-74.7°,
which means these materials exhibit a certain degree of hydrophilicity, which can overcome the shortcoming of
traditional polydimethylsiloxane(PDMS) to some content. These UV—curable materials show quite good me-
chanical performance because the tensile strength of them can reach 11.6 MPa. It denotes that the UV—curable
Schiff base-containing antibacterial silicone modified materials may be a good candidate of antibacterial
materials.

Transparent UV—curable materials
Hyperbranched silicone—containing polymers

polymers and nanoparticles may be a promising solution, whereas there
are some difficulties in making nanoparticles uniformly dispersed inside

1. Introduction

Antibacterial materials are extensively used in fields such as medical
devices, food packaging, and personal care due to numerous noxious
bacteria, fungi and parasites in environment for human survival [1-4].
The most commonly used antibacterial reagents are antibiotics [5],
however, the overuse of them is leading to worldwide antibiotics
resistance crisis. Though nanoparticles of silver and metal oxides have
drawn much attention for their good antibacterial performance [6], the
applications of them will cause to toxicity on organisms [5,7]. Fabri-
cation polymer composites with wonderful antibacterial capability by

polymer matrixs [6]. To overcome these shortcomings, many covalen-
tly-antibacterial polymers were designed because of their merits of
nonvolatile, stable chemical structure without losing their biological
activity, difficulty to migrate, flexibility and easy processing [3,4,8,9].

Silicone polymers, especially polydimethylsiloxane (PDMS), are
broadly used in biomedical field such as joint implants, catheters, kidney
dialysis machines and breast prostheses because of their exceptional
flexibility, biocompatibility, chemical and thermal stability, etc.
[10-12]. Nonetheless, their hydrophobicity usually causes to serious

Abbreviations: E. coli, Escherichia coli; PDMS, polydimethylsiloxane; S. aureus, Staphylococcus aureus; SBSiHP, Schiff base-containing silicone modified hyper-
branched thiol; PUAs, polyurethane acrylates; SBTSi, Schiff base—containing triethoxysilane; SHSi, (3-mercaptopropyl) trimethoxysilane; NPG,
2,2—-dimethyl-1,3-propanediol; IPDI, isophorone diisocyanate; TMS, tetramethylsilane; FT-IR, Fourier-transform infrared spectroscopy; NMR, nuclear magnetic
resonance; TGA, thermogravimetric analysis; PDA, Potato Dextrose Agar; LB, Luria—Bertani; SEC, size exclusion chromatography; DTG, derivative thermogravimetric
analysis; DSC, differential scanning calorimetry; Tg, glass transition temperature.
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Scheme 1. Procedure for preparation of SBSiHPs.

health and economic implications attributed to the protein adsorption,
bacterial contamination and biofilm formation [13,14]. To resolve these
problems, antibacterial polymers were grafted onto the PDMS surface.
Unfortunately, due to the good chemical stability, the surface of PDMS
needs a sophisticated physical pretreatment such as oxygen plasma
pretreatment to generate coupling sites [9,14]. As to the chemical
modification strategies for PDMS surface, the first one is the hydro-
silylation reaction between Si—H groups in the PDMS and C—C bonds in
bioactive species [4,9,15], and the second one is the photo-induced
‘grafting from’ process of bioactive ingredients [3,9,16]. Nasreddine
Kébir et al. [4] modified PDMS surface by grafting cationic polymers
containing vinyl and quaternary ammonium groups, and the modified
PDMS shows fairly good bactericidal effects against E. coli and staphy-
lococcus Epidermidis. Lou et al. developed highly quaternary ammonium
functionalized selfdisinfecting PDMS, which showed an efficient contact
killing of E. coli, Staphylococcus aureus (S. aureus) and Staphylococcus
epidermidis [3,11].They also introduced antibacterial polynorbornenes
bearing quaternary phosphonium or pyridinium groups onto PDMS

surfaces, which revealed an effective contact antibacterial effect against
E. coli and Staphylococcus epidermidis [9]. Generally speaking, new
strategies for developing silicone — containing polymer materials are
highly desired.

Much attention have been paid to UV-curable materials in applica-
tions of coatings [17-19], personal care and package materials of food
[20,21] due to the attractive advantages of UV-curing technology such
as high efficiency, environmental protection and energy saving. As re-
ported, Schiff base compounds have attracted more and more attention
for their special biological activities such as antibacterial, antiviral,
antitumor [18,19,22,23]. A Schiff base-containing coating with excel-
lent surface bactericidal performance was fabricated from poly-
oxyethylene-bis—amine and tobramycin, which may be used broadly in
bactericidal surfaces [24]. A cellulose-based Schiff base with good
antibacterial activity was prepared from dialdehyde cellulose and
L-lysine [25]. Inspired by these interesting works, it may be valuable to
develop Schiff base—containing antibacterial UV—curable materials.

Furthermore, due to more and more strict environmental regulations
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Fig. 2. 'H NMR spectrum of SBTSi.
Table 1
Feed ratios of raw materials for preparation of SBSiHPs.
Molar ratio SBTSi/  SHSi/ NPG/  Molar ratio Branch
of SBTSi to g g g of SBTSi to degree
SHSi SHSi of
calculated calculated SBSiHPs
by feed ratio by 'H NMR
SBSiHP- 1:9 3.25 17.67 15.62 1/8.7 0.69
1
SBSiHP- 3:7 9.76 13.74 15.62 3/6.9 0.68
2
SBSiHP- 5:5 16.27 9.82 15.62 5/4.4 0.64
3
SBSiHP- 7:3 22.78 5.89 15.62 7/3.0 0.61
4
SBSiHP- 8:2 15.71 3.93 15.62 8/2.3 0.65
5
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and world widely energy shortage crisis, as a kind of important renew-
able vegetable oils, castor oil has attracted growing attention to take the
place of petroleum based materials in UV—curable materials [26,27]. In
this paper, UV-curable silicone-modified antibacterial materials were
prepared from Schiff base-containing silicone modified hyperbranched
thiol (SBSiHP) and castor oil based polyurethane acrylates (PUAs) by UV
initiated thiol-ene click reaction. These UV—curable materials with a
fairly high transparency over 92 %, pencil hardness about 4H and tensile
strength of 11.6 MPa show fairly good antimicrobial activity of E. coli
and Neurospora crassa. A contact-kill antibacterial mechanism was
proposed according to the antibacterial behavior of these UV—curable
materials. Additionally, these materials can overcome the shortcoming
of traditional PDMS to some content because they exhibit a certain de-
gree of hydrophilicity for the surface water contact angle in the range of
84.1° to 74.7°.

2. Experimental section
2.1. Materials

2-Hydroxy—2-methyl-1-phenyl propanone (99.0 %, A. R.) was
supplied by Hanghua Toka Ink Co., Ltd. (Hangzhou, China). Salicy-
laldehyde (A. R., 98 %) was bought from Aladdin reagent (Shanghai)
Co., Ltd. (Shanghai, China). 3—-Aminopropyltriethoxysilane (A. R., 99 %)
was bought from Nanjing Capatue Chemical Co., Ltd. (Nanjing, China).
E. coli (ATCC 25922), Neurospora crassa, ethanol (A. R., 99 %),
(3-mercaptopropyl) trimethoxysilane (SHSi, A. R., 99 %) and
2,2-dimethyl-1,3-propanediol (NPG, A. R., 99 %) were from Shanghai
Macklin Biochemical Co., Ltd. (Shanghai, China). Castor oil based PUAs
were prepared according to reference [28] by the molar ratio of iso-
phorone diisocyanate (IPDI) to castor oil of 2:1.

2.2. Preparation of SBSiHPs

All the operations were performed under a Ny atmosphere. Accord-
ing to the Scheme 1, after 25.64 g (0.21 mol) salicylaldehyde was dis-
solved in 80 mL ethanol completely at 80 °C in a 250 mL three-necked
flask, 46.50 g (0.21 mol) 3—-aminopropyl triethoxysilane was added into
by dropping funnel for about 2 h. The reaction solution was filtered and
ethanol was removed with rotary evaporator after the reaction was
conducted at 80 °C for another 5 h, then a yellow liquid of Schiff
base—containing triethoxysilane (SBTSi) was produced.

The Fourier-transform infrared spectroscopy (FT-IR) analysis of
salicylaldehyde, 3-aminopropyl triethoxysilane and SBTSi was con-
ducted as shown in Fig. 1. It can be seen from the FT-IR spectra of sal-
icylaldehyde and 3-aminopropyl triethoxysilane, the absorptions at
about 2750 cm ™! and 2850 cm™! were ascribed to be characteristic
stretching vibration of —CHO in salicylaldehyde while the absorption at
about 1591 cm ™! was ascribed to be characteristic stretching vibration
of —NH; in 3-aminopropyl triethoxysilane. Obviously, there was ab-
sorption at about 1640 cm™! ascribed to be characteristic C=N
stretching band in SBTSi with the completely elimination of —CHO and
—NH,. The Y nuclear magnetic resonance (*H NMR) spectra of SBTSi
was also conducted and the assignment of the chemical shifts was shown
in Fig. 2. The 'H NMR of SBTSi with the integral ratios was shown in
Fig. S1. Therefore, a conclusion can be draw that SBTSi was successfully
prepared.

Later, according to the different feed molar ratios of SBTSi, SHSi and
NPG shown in Table 1, several SBSiHPs were prepared according to
reference [28,29]. To determine the chemical structure of SBSiHPs, H
NMR analysis with integral area was conducted as list in Fig. S2. Then,
H NMR, 13C NMR, 2°Si NMR and size exclusion chromatography (SEC)
analysis of SBSiHP-2 were exhibited in Figs. S3-6. The branch degree of
SBSiHPs was calculated with the equationof DB=(D +T) /(D + T+ L)
according to the reference [30]. Where D, T, and L represent the frac-
tions of the dendritic, terminal, and linear units, respectively, as shown
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Scheme 2. Procedure for preparation UV—curable Schiff base-containing antibacterial silicone modified materials.
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Table 2

Impact of UV curing time on the UV-curable materials.

Time/ The degree of curing content Water absorption/ Pencil
s /% % hardness
10 48.8 - -
20 57.1 - -
30 69.7 18.7 6B
40 77.8 9.9 4B
60 83.7 8.6 2B
80 88.3 6.9 H
90 96.3 0.71 4H
100 96.7 0.60 4H

Conditions: The SBSiHP is SBSiHP-2. The molar ratio of thiol groups to acrylate
is 1:2.5 and the amount of 2-Hydroxy-2-methyl-1-phenyl propanone is 5 % of
the total mass of SBSiHP-2 and castor oil based PUA.

by Fig. S7.

2.3. Preparation of UV—curable Schiff base—containing antibacterial
silicone modified materials

The procedure for fabrication of UV-curable Schiff base-containing
antibacterial silicone modified materials was exhibited by Scheme 2. A
certain amount of SBSiHPs, castor oil based PUAs and
2-hydroxy—2-methyl-1-phenyl propanone were mixed homogeneously
for about 5 min. To investigate the coating performance of UV—curable
material, about 0.4 g mixtures were deposited on half of glass slides.
After removal of bubbles completely for about 20 min by vacuum oven
at room temperature, they were cured by UV (ZB1000, Changzhou Zibo
Electron Technology Co., Ltd., Laser wavelength 365 nm, Radiation
intensity 10.6 mW-cm 2, the distance of the slides to the light is 20 cm)
to produce UV-curable Schiff base-containing antibacterial silicone
modified materials with thickness about 0.7 mm. Similarly, about 0.1 g
of the mixtures were deposited on the surface of 10 mm diameter circle
of medical nonwoven fabrics for antibacterial performance
investigation.

2.4. Characterization

'H NMR and '*C NMR were analyzed by a Bruker AVANCE AV400
(400 MHz) spectrometer and a Bruker AVANCE AV600 (600 MHz)

spectrometer in CDCl; without tetramethylsilane (TMS) as internal
reference, respectively. FT-IR with an ATR was conducted on a Nicolet
700 spectrometer (Nicolet Co., Ltd., American). Transparency of the
materials were measured on an UH5300 double-beam UV/Vis spectro-
photometer (Hitachi Instrument Co., Ltd., Japan) in the range of
400-800 nm. Degree of curing contents were calculated as a percentage
of the residual mass in the original mass of the cured coatings after the
cured samples were washed with toluene by Soxhlet extration at 150 °C
for 4 h. Adhesion property was analyzed by a BGD-502 paint film ac-
cording to ISO 2409-2007 with cross cut test. The water absorption was
analyzed according to “Determination of water absorption rate of
insullac films” HGT 3856-2006. Surface water contact angle was
measured according to “Measurement of water—contact angle of plastic
films”, GB/T 30693-2014 on a KRUSS DSA30 water contact angle meter
(KRUSS, Germany). Differential scanning calorimetry (DSC) of these
coatings were conducted on a DSC Q100 apparatus (TA Instruments,
New Castle, USA) under N» atmosphere. These samples were heated to
70 °C, held for 2 min to erase the thermal history, then cooled to —60 °C
at a rate of 10 °C min~}, and finally heated again to 70 °C at a heating
rate of 10 °C min~ . Thermogravimetric analysis (TGA) was measured
using a TG 209C apparatus (NETZSCH-Geratebau GmbH, Germany)
under Ny atmosphere from room temperature to 800 °C at a rate of 10 °C
min~". Tensile test of the films (60 mm x 8 mm x 0.7 mm strips) scraped
from the slides was carried out according to GB/T 528-2009/1SO
37:2005 on an UH6503D electronic tensile testing machine (Optimal
Hung Measurement & Control Technology (Shanghai) Co. Ltd.) with
load of 100 N at a loading rate of 60 mm/min. Neurospora crassa and
E. coli were selected to investigate the antifungus and antibacterial
performance, respectively. Potato Dextrose Agar (PDA) and Lur-
ia-Bertani (LB) were used as medium for the test of antifungus and
antibacterial after high pressure damp heat sterilization at 121 °C for 25
min, respectively. The bacteria/fungal species were placed on the solid
medium by twice-crossed method. The activated strains were added
into 50 mL corresponding liquid medium and kept in the shaking bed for
24 h to produce bacterial suspension at 37/28 °C under 180 r/min.
Subsequently, 5 pL corresponding bacterial suspensions were dropped
on the coating surface. After the bacterial suspensions were dried, the
coatings were sealed and kept in a shaking bed for 1-5 d at 37/28 °C
with the control samples to observe the plaque size and morphology.
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Fig. 3. FT-IR spectra of UV-curable materials produced by different UV curing
time.

a The total spectra.

b The enlarged spectra for thiol groups.

Table 3
Effect of different SBSiHPs on the coating performance.
Different Molar The degree ~ Water The Pencil
SBSiHPs ratio of of curing absorption/ surface hardness
SBTSi to content/% % water
SHSi contact
angle/®
SBSiHP-1 1:9 98.3 0.47 84.1 4H
SBSiHP-2 3:7 96.3 0.71 82.8 4H
SBSiHP-3 5:5 92.5 0.98 81.8 2H
SBSiHP-4 7:3 91.3 1.21 79.9 2H
SBSiHP-5 8:2 90.1 2.33 74.7 2B

Conditions: The molar ratio of thiol groups to acrylate is 1:2.5. The other con-
ditions are the same as Table 2.

Table 4
Effect of different molar ratio

Progress in Organic Coatings 174 (2023) 107313

of thiol group to acrylate group on the coating

performance of UV-curable materials.
The molar  The Water The Pencil Cross-linking
ratio of degree of  absorption/  surface hardness density/(g/
thiol curing % water mL)
group to content contact
acrylate /% angle/°
group
1:0.6 74.1 1.8 78.4 6B 0.73
1:0.8 82.3 1.0 78.8 6B 0.77
1:1 89.9 0.87 78.1 6B 0.80
1:1.2 90.1 0.75 79.4 4B 0.81
1:1.5 90.3 0.71 79.1 3B 0.84
1:2.5 91.3 1.21 79.9 2H 1.47
1:3.0 93.4 1.21 84.7 4H 1.59
Conditions: The SBSiHP is SBSiHP-4. The other conditions are the same as
Table 3.
100
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Fig. 4. Transparency of the UV-curable materials prepared with
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Fig. 5. TGA curves of the UV-curable materials prepared with

different SBSiHPs.
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different SBSiHPs.
3. Results and discussion

3.1. Fabrication of UV—curable Schiff base—containing antibacterial
silicone modified materials

3.1.1. Impact of different UV curing time

The impact of different UV curing time on the properties of UV—c-
urable Schiff base—containing antibacterial silicone modified materials
was exhibited in Table 2. When the UV curing time is 10-20 s, a quite
sticky soft coating with the degree of curing content in the range of 48.8
%-57.1 % can be produced. If the UV curing time propagated from 30 s
to 90 s, the degree of curing content and pencil hardness increased from
69.7 % to 96.3 % and 6 B to 4H, respectively. On the contrary, water
absorption decreased from 18.7 % to 5.7 % attributed to the increment
of the cross-linking density of the UV-curable materials [28,29]. A
further prolongation of UV curing time will have little effect on the
properties of the materials.

The optimum UV curing time was determined by FT-IR analysis of
UV-curable materials prepared by different UV curing time presented in
Fig. 3. The absorptions at about 2750-2720 cm ! and 1633 cm?
ascribed to be characteristic peaks of thiol groups in SBSiHP-2 and
acrylic groups in castor oil based PUA respectively, which were faded
when the UV curing time prolonged to 90 s. In brief, the FT-IR analysis

Progress in Organic Coatings 174 (2023) 107313
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Fig. 8. Tensile-strain curves of the UV—curable materials.

a UV-curable materials prepared with different SBSiHPs.

b UV-—curable materials prepared with different molar ratio of thiol group to
acrylate group.

SBSiHP-1 SBSiHP-2 SBSiHP-3 SBSi1HP-4

@COPUA @CO-PUA @CO-PUA  @CO-PUA
1-2 % 9-11 % 4547 % 50-33 %
Grade 1 Grade 2 Grade 4 Grade 4

Fig. 9. Adhesive property to the glass slide of the UV—curable materials pre-
pared with different SBSiHPs.
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can be an important evidence that the optimum UV curing time is 90 s.

3.1.2. Effect of different SBSiHPs

Different SBSiHPs were synthesized according to the feed ratios list
in Table 1 and the effect of them on the coating performance was
summarized in Table 3. Apparently, when the molar ratio of SBTSi to
SHSi increased from 1:9 to 8:2, the degree of curing content and pencil
hardness of the materials decreased from 98.3 % to 90.1 % and 4H to 2
B, respectively. It need to be pointed out that the surface water contact
angle of these materials decreased from 84.1° to 74.7°, which means
these materials exhibit a certain degree of hydrophilicity. As reported,
the hydrophobicity of PDMS limits its application for the serious health
and economic implications [13,14]. From this point, the UV-curable
Schiff base-containing antibacterial silicone modified materials can
overcome this shortcoming to some content.

3.1.3. Effect of different molar ratio of thiol group to acrylate group

As reported, the molar ratio of thiol group to acrylate group has a key
impact on the performance of cross-linking density of the UV-curable
materials, which will have an important impact on the performance of
the materials [28,29]. Table 4 collected the effect of different molar
ratio of thiol group to acrylate group on the coating performance of
these materials. A conclusion can be drawn that with the increment of
the molar ratio of thiol group to acrylate group from 1:0.6 to 1:1.5, the

SiHP

. _ Control SiHP

5. aureus

Fig. 11. Antibacterial performance of E. coli and S. aureus using inhibition zone method.

degree of curing content, water absorption and pencil hardness
increased incessantly from 74.1 % to 90.3 %, 1.8 % t0 0.71 and 6 B to 3
B, respectively, which attributed to the increment of the cross-linking
density from 0.73 g/mL to 0.84 g/mL [28,29]. The molar ratio of thiol
group to acrylate group has almost no impact on the surface water
contact angle of these materials(78.4-79.4°) and the hydrophilicity of
these UV-curable materials will benefit the antibacterial properties of
the UV-curable Schiff base-containing antibacterial silicone modified
materials [13,14].

3.2. Performance of UV—curable Schiff base—containing antibacterial
silicone modified materials

3.2.1. Transparency

The transparency of these materials was also studied as shown in
Fig. 4. Generally speaking, the transparency of these materials decreased
with the increment of the molar ratio of SBTSi to SHSi, which implies
that the increment of the content of SBTSi will sacrifice the compatibility
of SBSiHPs with castor oil based PUA. Nevertheless, these materials
exhibit a fairly high transparency over 92 %.

3.2.2. Thermal properties
Thermal stability of these materials was measured by TGA. It can be
seen from TGA curves shown in Fig. 5 that the initial thermal



X. Yang et al.

Control

SBSIHP-3

@
CO-PUA

SBSiHP-1

@
CO-PUA

Progress in Organic Coatings 174 (2023) 107313

SBSIHP-2

@
CO-PUA

SBSIHP-5

@
CO-PUA

Fig. 12. Antibacterial performance of E. coli deposited on the circular surface of the UV—curable materials.

decomposition (Tgs) is in the range of 219-251 °C and the char yield of
them increased with the increment of the molar ratio of SBTSi to SHSi.
As reported, the conventional PUs will undergo severe pyrolysis when
the temperature exceeds 200 °C [31-33]. Evidently, the UV-curable
materials show obvious superior thermal stability than that of conven-
tional PUs. The good thermal stability of these UV-curable materials is
contributed by the silicone-containing segments and rigid benzene ring
in SBSiHPs [33,34].

As can be seen from derivative thermogravimetric analysis (DTG)
curves shown in Fig. 6, there are three thermal decomposition stages.
The first thermal decomposition stage in the range of 104-253 °C may be
ascribed to the thermal decomposition of PUA segments and UV initiator
2-Hydroxy-2-methyl-1-phenyl propanone. The second thermal
decomposition stage in the range of 258-383 °C may be ascribed to the
thermal decomposition of the Schiff base segments because the
decomposition rate reduced with the increment of the molar ratio of
SBTSi to SHSi. The third thermal decomposition stage in the range of
385-490 °C may be ascribed to the thermal decomposition of silico-
ne-containing segments and rigid benzene ring introduced by SBTSi.

The results of DSC curves shown in Fig. 7 indicate that the Tg values
of these UV—curable materials decrease from 31.7 °C to 15.4 °C with the
molar ratio of SBTSi to SHSi increased from 1:9 to 8:2. It is due to the
increment of the cross-linking density of these UV-curable materials
attributed by a higher SHSi content in SBSiHPs, due to the motion of the
molecule is hindered, which leads to a high Tg [29,33,35,36].

3.2.3. Mechanical properties

High tensile strength UV-curable silicone modified materials are
highly desired [28,29]. As shown by Fig. 8a, the tensile strength of these
materials decreased from 11.6 MPa to 2.5 MPa when the molar ratio of
SBTSi to SHSi increased from 1:9 to 8:2. The elongation at break of these
materials is in the range of 87-120 %, which implies these materials
show fairly good flexibility. When the molar ratio of SBTSi to SHSi is 3:7,
the elongation at break is the highest (about 120 %).

Additionally, the effect of molar ratio of thiol group to acrylate group
on the tensile strength of these UV-curable materials prepared with
SBSiHP-4 also investigated as shown in Fig. 8b. The tensile strength

increased continuously from 0.9 MPa to 11.85 MPa with the decrement
of the molar ratio of thiol group to acrylate group from 1:0.6 to 1:3.0,
which also attributed to the increment of the cross-linking density of
these materials.

The tensile strength of unreinforced pure silicone materials is not
higher than 0.4 MPa [37-39] and that of commercial silicone elastomers
is still no more than 2.4 MPa [40,41]. Evidently, the UV-curable ma-
terials obtained show superior tensile strength than the pure silicone
materials and commercial silicone elastomer reported. Our group pre-
pared UV cured transparent silicone modified PUAs with fairly high
tensile strength of 3.40 MPa from hyperbranched silicon—containing
polymers and petroleum based PUAs [29] and castor oil based high
transparent UV cured silicone modified PUAs by silicon resins with
tensile strength as high as 10.20 MPa [28]. Compared with these
UV-curable materials, the UV—curable Schiff base-containing antibac-
terial silicone modified materials also exhibit fairly good tensile
strength.

3.2.4. Adhesive property

The good adhesive property is highly desired for coatings, optical
device packaging materials and antibacterial materials. It can be seen
from Fig. 9 that the adhesive property turn worst from grade 1 to grade 4
with the increasing molar ratio of SBTSi to SHSi from 1:9 to 7:3.
Earnestly, when the molar ratio of SBTSi to SHSi is 8:2, the adhesive
property of the UV—curable material is too bad to be measured.

3.2.5. The antibacterial property

Antibacterial materials are highly desired and the antibacterial
performance of SBSiHPs was examined firstly. As shown in Fig. 10, the
samples prepared with different concentration of SBSiHP-2 have
excellent surface antibacterial performance to both E. coli and Neuros-
pora crassa.

Subsequently, the surface antibacterial performance of UV-curable
materials prepared with different molar ratio of thiol group to acrylate
group was examined. The antimicrobial performance of these UV-c-
urable materials were assessed by observing the growth and develop-
ment of E. coli and S. aureus using inhibition zone method of
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Fig. 13. Antibacterial performance of Neurospora crassa deposited on the circular surface of the UV-curable materials.

Kirby-Bauer test (Fig. 11), however, it can be obviously seen that there
were almost no visible bacteriostatic zone around the samples on the
culture dishes. Simultaneously, the antimicrobial performance of them
were also assessed by observing the growth and development of E. coli
and Neurospora crassa deposited on the circular surface of the UV—c-
urable materials prepared from SBSiHP-2 choosing medical non-woven
fabric as control sample(Figs. 12 and 13). As exhibited by Figs. 12 and

13, both the E. coli and Neurospora crassa were growing normally in
control sample. In sharp contrast, these UV-curable materials showed a
fairly good antimicrobial effect on the growth of E. coli and Neurospora
crassa. In addition, the antimicrobial effect gradually turned better with
the increasing molar ratio of SBTSi to SHSi from 1:9 to 7:3 attributed to
the increment of Shiff base groups in the UV-curable materials. Ac-
cording to the result of inhibition zone test, it can be concluded that the
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UV-curable materials can be considered as a non-dissolution contact
type antibacterial type [42]. Therefore, combination the antibacterial
behavior observed in the growth and development of E. coli and
Neurospora crassa deposited on the circular surface of the UV—curable
materials, it can be proposed that the antibacterial behavior of these
UV-curable materials follow a contact-kill antibacterial mechanism
[42-44].

4. Conclusions

UV-curable silicone modified antibacterial materials were prepared
from SBSiHP and castor oil based PUAs by UV initiated thiol-ene click
reaction. It exhibited that these UV-curable materials show fairly good
antimicrobial activity of E. coli and Neurospora crassa. The antimicro-
bial activity increased with the increasing of molar ratio of SBTSi to
SHSi. A contact-kill antibacterial mechanism was proposed according to
the antibacterial behavior of these UV—curable materials. These mate-
rials exhibit a fairly high transparency over 92 % and pencil hardness
can reach 4H. These UV-curable materials show quite good mechanical
performance because the tensile strength of them can reach 11.6 MPa.
These UV—curable materials may be a good candidate of UV—curable
antibacterial materials and the practical applications of them in inhi-
bition of harmful bacteria and fungi in home and hospital environment
will be investigated.
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