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Abstract: Diarylpyrimidines (DAPYs) are one of the
most commonly compounds for anti- HIV-1 RT as non-
nucleoside reverse transcriptase inhibitors. Moreover,
the DAPYs derivatives show potential activity in wild
type and mutant types. To evaluate the binding
interactions of the DAPYs to the HIV-1 RT and the key
structural features relating to activities of DAPYs,
molecular docking calculations and QSAR approaches
based on 2D and 3D-QSAR using HQSAR, CoMFA and
CoMSIA, are convenient tools to establish correlations
between activities and various molecular properties. Our
results indicate that hydrogen bond, interaction and
hydrophobic interaction play a key role in the binding
and probably also in its biological activity. Moreover,
QSAR models using the data sets of wild type HIV-1RT
are satisfying based on statistical parameters and
predictive ability. Graphical contour interpretations in
CoMFA and CoMSIA models indicate the structure
requirement to improve the activities of the DAPYs
derivatives. The contribution maps obtained from
HQSAR model were used to explain the individual
atomic  contributions to the overall activity.
Consequently, the obtained results suggest a structural
guideline more efficiently in the rational design of novel
compounds which will display a better potency against
wild type HIV-1 RT.

1. Introduction

Multi-drug therapy against the human immune-
deficiency virus (HIV), known as highly active anti-
retroviral therapy (HAART) [1], has drastically
reduced the morbidity and mortality of HIV-infected
patients during the last decade and slowed down the
progression of acquired immunodeficiency syndrome
(AIDS). Diarylpyrimidine (DAPY) analogues repre-
sent a class of highly potent non-nucleoside reverse
transcriptase inhibitors (NNRTIs), endowed with
micromolar to nanomolar activity against wild-type
(WT) human immunodeficiency virus type 1 (HIV-1)
and clinically relevant mutant HIV-1 strains [2].

Highly effective drug against wild-type and drug-
resistance of HIV-1 remains essential are required.

Diarylpyrimidine derivatives (DAPY) have been
proven to be a next generation of NNRTIs that are
extremely potent against both wild-type (WT) and
mutant type HIV-1 RT. Naphthyl diarylpyrimidine
derivatives are the novel class of DAPY inhibitors.
The antiviral and cytotoxicity evaluation indicated that
these compounds displayed strong activity against
wild-type HIV-1 at nanomolar concentrations. Further-
more, inhibitors exhibited activity against the double
mutant (K103N+Y181C) strains [3-5].

To understand the molecular requirement of a
novel class of DAPY derivatives, the computer aided
molecular design approaches based on molecular
docking calculations, and the quantitative structure
activity relationship based on 3D-QSAR (Comparative
Molecular Field Analysis, COMFA and Comparative
Molecular Similarity Indices Analysis, CoMSIA), and
the 2D-QSAR (using Hologram Quantitative Structure
Activity Relationship, HQSAR) were performed on a
series of DAPY derivatives to achieve the insight into
the inhibitor-enzyme interactions and structure activity
relationship of DAPY in wild-type.

2. Materials and Methods

2.1 Structures and biological activity of DAPY
derivatives

The structures and biological activity of DAPY
derivatives were taken from literatures [6-8] as shown
in Table 1. Figure 1 shows the general structure of
DAPY derivatives in this study. The biological activity
was expressed as log(1/ECsy), where ECsy is the
effective concentration of a compound required to
achieve 50% protection of MT-4 cell infected with the
HIV-1 wild-type virus.
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Figure 1 General structure of DAPY derivatives

Tablel. Structure and biological activity of DAPY
derivatives
2.2 Computational details

Log
No R R, Rs Y (1/EC50)
1 H NO, H N 6.63
2 CHs NO, H N 7.64
3* CH.OH NO, H N 6.32
4 | NO, H N 7.21
5* CN NO, H N 7.66
6  C=CC(OH)(CHs); NO, H N 438
7 C=CH NO, H N 6.95
8* H NH, H N 8.40
9 CHs NH, H N 8.78
10* CH,OH NH, H N 7.96
11* | NH, H N 8.12
12 CN NH, H N 9.17
13 C=CC(OH)(CHs), NH, H N 6.62
14* C=CH NH, H N 8.17
15 CH=CHCOCH;  NH, CF; CH 5.07
16 CH,CH,COCH;  NH; CF; CH 4.95
17 CN NH, CF; CH 488
18* NH. NH, CF; CH 4.80
19* CH=CHCN NH, CF; CH 4.82
20* CH,CH,CN NH, CF; CH 5.15
21 CH=CHCN NH, SO,NH, CH 4.03
22 CH,CH,CN NH, SO,NH, CH 3.42
23 CH=CHCN NH, COOCH; CH 5.56
24* CH,CH,CN NH, COOCH; CH 5.36
25* CH=CHCN NH, COOH CH 3.64
26 CH, CH.CN NH, COOH CH 4.02
27 CH=CHCN NH, CONH, CH 6.06
28* CH, CH.CN NH, CONH, CH 5.86
29* CH=CHCN NH, CONHCH; CH 5.24
30 CH, CH.CN NH, CONHCH; CH 5.56
31 CH, CH.CN NH, CONHNH, CH 472
32* CH=CHCN NH, CH,OH CH 6.28
33* CH,CH,CN NH, CH,OH CH 6.41
34 CH,CH,CN NH, NH, CH 5.14
35 CH,OH NH, CH,OH CH 5.00
36 Br NO, H N 7.30
37 Br NH, H N 8.14
38 CH,CH=CH, NH, H N 8.16
39  C=CC(OH)(CH.); NO, H N 438
40  C=CC(OH)(CH,), NH, H N 6.62
41 C=CCH (CH,), NO, H N 432
42 C=CCH (CH,), NH, H N 7.04
43  CH(OH)CH,OH  NO, H N 6.51
44 CH(OH)CH,OH  NH, H N 8.00
45 CH=CHCOOH NO; H N 4.83
46*  CH=CHCOOH NH, H N 6.22
47 CH=CHCOCH;  NO, H N 7.61
48 CH,CH,COCH;  NH, H N 8.71
49 CH=CHCN NO, H N 8.10
50* CH=CHCN NH, H N 9.15
51 CH=CHCN NO, H CH 7.98
52 CH=CHCN NH, H CH 9.26
53 CH=CHCOCH;  NO, NO, CH 6.84
54 CH=CHCOCH;  NH, NO, CH 8.20
55 CH=CHCN NO, NO, CH 7.01
56 CH=CHCN NH, NO, CH 9.42
57 CH=CHCN NO, NH, CH 8.37
*Test set

2.2.1 Molecular docking calculations

All DAPY derivatives were constructed by
standard tools in Gaussview 3.07 program and then
fully optimized by HF/3-21G method using Gaussian
03 program. Molecular docking calculations were
applied to study the binding interactions and molecular
alignment for 3D-QSAR studies using Autodock 3.05
program. All DAPY compounds were docked into the
wild-type of HIV-1 RT binding pockets which
obtained structure of WT HIV-1 RT from X-ray
crystallographic data (PDB code: 2ZD1).

2.2.2 QSAR Studies

The binding modes of DAPY in the WT HIV-1 RT
binding pocket obtained from molecular docking
calculations were used for molecular alignment in
CoMFA and CoMSIA studies. SYBYL 8.0 software
was used to build the COMFA, CoMSIA and HQSAR
models. To study the relationship between molecular
descriptors and activities, the partial least square (PLS)
method was employed. To evaluate the predictive
ability of the COMFA, CoMSIA and HQSAR models,
the cross-validated correlation coefficient (g% and
non-cross-validated correlation coefficient (r?) values
were considered. The HQSAR module based on PLS
method was used to establish a correlation of the
molecular hologram descriptors with the biological
data of DAPY inhibitors.

3. Results and Discussion

3.1 The binding interactions of DAPY derivative in
WT HIV-1 RT binding pocket

To assess the reliability of the binding modes
obtained from molecular docking calculations,
compound in the InhA X-ray crystal structure was
extracted and docked back into the binding pocket.
The root mean-square deviation (rmsd) between the
docked and crystallographic conformation of DAPY
compound is less than 1 A, indicating that the
molecular docking calculations performed enable
highly reliable reproduction of the binding mode of
DAPY in the HIV-1 RT binding pocket. Therefore, the
molecular docking calculation parameters were
applied to all DAPY derivatives in the data set. The
binding mode of the highest active compound,
compound 56, in the WT HIV-1 RT binding pocket
derived by docking calculation is shown in Figure 2.
The crucial interactions of the highest active
compound can be summarized as following; at phenyl
A ring, two hydrogen bond interactions between H
atom and OH group of Tyr318, and between N atom
and NH backbone of His235 were formed with the
distance of 1.81 A and 3.43 A, respectively. The NH,
group attached to the phenyl B ring possibly formed
the hydrogen bond linker with NH backbone of
Lys101 and NH; group of Lys103. Moreover, NH
between phenyl A and B rings formed hydrogen bond
with O carbonyl group of Lys101 with 2.23 A. At the
R; subsitituent, the nitro group possibly formed
hydrogen bond interaction with NH backbone of
11e180. The phenyl C ring could form pi-pi interaction




with Tyr181, Phe227 and hydrogen pi interaction with
Tyel88 and Trp229, respectively. In addition,
hydrophobic and van der Waal’s interactions between
the DAPY scaffold and amino acid residuals
surrounding the binding pocket were found, effecting
to improve the binding affinities of DAPY derivatives.

Figure 2 The binding interactions of compound 56, the
highest active DAPY compound in HIV-1 RT binding
pocket.

3.2 QSAR models

The statistic results of the best COMFA, CoMSIA
and HQSAR models are satisfied based on the
predictive ability and statistical significance as shown
in Table 2. The CoMFA model composing the steric
and electrostatic  fields gives cross-validated
correlation coefficient (g%) of 0.61 and non- cross-
validated correlation coefficient (r’) of 0.97. The best
CoMSIA model including hydrophobic and hydrogen
acceptor fields and hydrogen donor fields give g° value
of 0.61 and r? value of 0.92. The best HQSAR model
with satisfied predictive ability value, (g° = 0.60) was
generated based on the combination of the different
fragment types, atom (A), bond (B), connection (C),
Hydrogen atom (H) and donor and acceptor (DA).

Table 2 Summary of statistical results of CoMFA,
CoMSIA and HQSAR models

Models Statistical parameters

and HQSAR, are depicted in Figure 3. These results
indicate that QSAR models show high predictive
ability for the training set, whereas the predicted
biological activities of the compounds in the test set
compounds are rather poor with r? value of 0.001,
0.001 and 0.7 for CoMFA, CoMSIA and HQSAR
models, respectively.

Figure 3 Plots between the experimental biological and
predicted biological activities from the best COMFA (a),
CoMSIA (b) and HQSAR (c) models, respectively.

3.4 Graphical interpretation of CoMFA and
CoMSIA contour maps of the derivatives

To gain insight into the relationship of structural
properties and biological activities of DAPY deriv-
atives, steric, electrostatic, hydrophobic and H-
acceptor contour maps for the best CoMFA and
CoMSIA models are presented in Figure 4. The
interpretation of the contour maps are following; the
green, red, magenta and orange contours located at the
R; substituent attached to the phenyl C ring indicate
that the bulky substituents with electron withdrawing
would be preferable. Moreover, hydrophobic and
hydrogen bond acceptor properties are favorable to
improve the biological of DAPY derivatives. This
trend is observed by DAPY derivatives, compounds
48-57, substituted at the R; positions with bulky,
electron withdrawing, hydrophobic and hydrogen bond
acceptor groups possessing promising biological
activities. These suggestions agree well to the
experimental data that highly active compounds

2 V] -
M5 StF P Frecton possessing log (1/ECs,) value > 9 have CH=CHCN
SIE 061 097 6 113 032 153 051048 group attached at the R; position. This evidence
g%yHS/LA 061 09 5 113 om0 81 8-%58%/ indicates that the R, substituent plays an important role
HOSAR ' ' ' ' T for enhancing the binding activities. The hydrophobic

A/C/B/DIA  0.60 0.91 6 117 0.55 - -

0%, leave-one-out (LOO) cross-validated correlation coefficient; r?,
non-cross-validated correlation coefficient; N, optimum number of
components; s, standard error of prediction; SEE, standard error of
estimate; F, F-test value; S, steric field; E, electrostatic field; H,
hydrophobic field; A, atom; B, bond; C, connection

3.3 Validation of QSAR models

High correlations between experimental and
predicted biological activities of DAPY training set
obtained from the best models of CoOMFA, CoMSIA

interactions, pi-pi interactions, hydrogen-pi
interactions between amino acid residues surrounding
the phenyl ring C, namely, Tyrl81, Tyr183, Tyrl88,
Leu228 and Trp229, and the substituent at R; position
are required to improve the binding affinity and the
biological activity. The structural requirement for the
R, substituent was explained by cyan contour
indicating that substituent with hydrogen bond donor
property is favorable to enhance the activity of DAPY
derivatives. This suggestion is in agreement to the




experimental data showing that for all of DAPY
derivatives, there are only two groups, namely NO,
and NH,, as the R, substituent. The hydrogen bond
donor group such as amino group is required for
interacting with Lys101 in the HIV-1 RT binding
pocket. Gray and orange contours located close to the
Rs; substituent indicate that the hydrophilic and
hydrogen bond acceptor properties are favorable to
increase the anti-HIV-1 RT activity. It can be clearly
seen that compounds 53 to 57 possessing the hydrogen
bond acceptor and hydrophilic group show high
biological activities. These importance of the contour
maps at the Rz position can be described by the
hydrogen bond interaction with Vall79 and 11e180
backbone of chain A of the R; substituent. Moreover,
the van der Wall's interaction and electrostatic
interaction can be firmed in the HIV-1 RT binding
pocket.

Figure 4 steric (a), electrostatic (b), hydrophobic (c), and H-
acceptor (d) contour maps.

3.5 HQSAR contributions

To investigate the individual atomic
contributions to the biological activities of DAPY
derivatives, HQSAR models were analyzed, as
depicted in Figure 5. The atomic contributions
corresponding to medium active compounds, as
exemplified by compound 42 and the highest active
compound, compound 56, show that NH linker
between phenyl A ring and B ring of compound 42 and
56 are in white and green color code, respectively.
These contributions indicated that the NH linker is
crucial rule for the biological activity. Moreover,
phenyl A ring of compound 42 and 56 shows different
contributions which can be described by the effect of
substituent on the DAPY derivatives. The yellow
contribution at the R; substituent of compound 24
indicated that C=CCH (CH,), group is unfavorable
substituent for compound 56. The HQSAR results are
highly consistent to the obtained molecular docking
and 3D QSAR results.

(a) (b)
Figure 5 Individual atomic contribution for the activity
of (a) medium active compound 42 and (b) highest
active compound 56

4. Conclusions

Molecular docking calculations and QSAR studies
were successfully applied to investigate the crucial
interaction and structural requirements of DAPY
derivatives. Based on structural requirement guideline
derived by our CoMFA, CoMSIA and HQSAR
studies, novel DAPY derivatives with the suitable
combination of substituents should display the better
profile against HIV-1 RT. Accordingly, the results
obtained from molecular docking and QSAR
approaches aid to rational design for new and more
NNRTIs inhibitors that might be next generation of
anti-HIV-1 RT.
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Abstract: The interaction energies between TMC278 and
allosteric binding site of HIV-1 reverse transcriptase
(RT) of single mutant K103N, and wild-type were
calculated at the MP2/6-31g(d,p) level. Leading to the
specific interactions between TMC278 and key residues
in the two complex structures, it was found that the
attractive interactions between TMC278 and residue
positions 101 and 103 of single mutant K103N were
slighly reduced by -1.93 kcal/mol and -1.92 kcal/mol
compared to wild-type RT. Moreover the results show
that all of 21 residues from single mutant K103N and
wild-type create attractive interactions with the inhibitor,
and confirmed that TMC278 shows higher inhibitory
affinities against wild-type and single mutant K103N,
which exhibits no significant difference between the
interactions energy from both enzymes when its
compared. Understanding the interaction energy of these
structural interactions can be useful for the design of new
inhibitors to HIV-1 RT.

1. Introduction

HIV-1 RT (reverse transcriptase) is a
multifunctional heterodimeric enzyme with RNA- and
DNA-dependent DNA polymerase and RNase H
activities, and is responsible for the conversion of the
viral genomic RNA into double-stranded pre-
integrative DNA [1]. The asymmetric heterodimers
consisting of a p66 subunit and p51 subunit. The two
subunits, p66 and p51, consisting of 560 and 440
residues, respectively [2].

HIV-1 reverse transcriptase (RT) is a major target
for the treatment of acquired immunodeficiency
syndrome (AIDS). Acquired Immunodeficiency
Syndrome (AIDS) occurs when infection with the
Human Immunodeficiency Virus (HIV) destroys the
body’s natural protection from illness. In the world,
more than 33 million people are currently infected
with HIV, which is retrovirus [3].

Nucleoside inhibitors (NRTIs) and non-nucleoside
inhibitors (NNRTIs) are two types of RT inhibitors,
and they are among the drugs most widely used for the
treatment of AIDS [4, 5, 6]. Non-nucleoside reverse
transcriptase  inhibitors (NNRTIs) have proven
efficacy against human immunodeficiency virus type 1
(HIV-1). Evafirenz (EFV) and nevirapine (NVP) are
called the first generation of NNRTIs is highly active
antiretroviral therapy for patients infected with HIV-1
RT [7]. TMC278 (rilpivirine) is second NNRTI of
diarylpyrimidine (DAPY), the first one is etravirine
(ETR) that show activity against wild-type enzyme.

TMC278 interacts directly with hydrophobic allosteric
binding site at the HIVV-1 RT and highly active against
wild-type and various single and double mutant strains
of HIV-1 RT conferring high resistence to NNRTIs
than efavirenz (EFV), nevirapine (NVP), and
etravirine (ETR) [8, 9, 10].
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Figure 1. Structural formula of TMC278

Recently, the quantum mechanical method such
as second-order Mgller—Plesset perturbation theory
(MP2) method with the 6-31G(d,p) basis set was
successfully used to calculate the interactions energies
of TMC278 to wild-type and double mutant
L1001/K103N. The result showed that the mutations in
the L100I/K103N enzyme leads to a reduction in the
stabilization energy of the complex and induces
destabilization in the cavity by reducing contact
between K101 and TMC278. TMC278 also shows
higher inhibitory affinities with the wild-type [11].
Another method such as ONIOM3(MP2/6-
31G(d):HF/3-21G:PM3) level has been successfully
reported [12] in the optimization of nevirapine and
TYR181 geometry in the pocket of 16 amino acid
residues at theoretical investigation of nevirapine and
HIV-1 RT binding site interaction.

The quantum mechanical method, second-order
Mgller—Plesset perturbation theory (MP2) with 6-
319g(d,p) basis set is applied on this study to calculate
the interaction energies of TMC278 with single mutant
K103N and wild-type of HIV-1 RT. Understanding of
these particular structural interactions can be useful for




the design of new inhibitors to HIV-1 RT, especially
on the single mutant.

2. Computational Methods

2.1 System Studied

The basic models for interaction energy
calculations were obtained from the X-ray structures
of TMC278 bound to HIV-1 RT for the wild-type and
single mutant K103N enzymes, listed in the Protein
Data Bank with PDB entry codes 2ZDl and 3MEG
respectively [13].The studied binding pocket included
residues surrounding the non-nucleoside inhibitor
binding pocket (NNIBP) with at least one atom
interacting with any of the atoms of the TMC278
inhibitor within the interatomic distance of 7.0 A.
These residues of the studied system are PRO95,
GLY99, LEU100, LYS101, LYS102, LYS/ASN103,
VAL106, VAL179, ILE180, TYR181, TYR188,
VAL189, GLY190, PRO225, PHE227, TRP229,
LEU234, HIS235, PRO236, TYR318 from the p66
domain of reverse transcriptase and GLU138 from the
p51 domain of reverse transcriptase (Figure 2). These
residues were added proton by GAUSSIAN 03
program. All of residues were assumed to be in their
neutral form. The N- and C- terminal ends of cut
residues were capped with hydrogen atoms [CH-
{NH,-CH(-R)-CH=0}]. All of 21 complete structures
and their positions were optimized by semi-empirical
PM3 method as available in the GAUSSIAN 03
program running in linux on a Pentium IV 3.2 GHz
PC. The optimization was carried out taking into
account the approximation of the heavy atom fixed.
This structure was used as the starting geometry for
interaction energy calculations.
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Figure 2. Model system used for TMC278 bound to
alosteric site of HIV-1 RT consisting of 21 residues
wild-type and single mutant K103N HIV-1 RT
NNRTIs.

2.2 Interaction Energy Calculation

The interaction energies, Ermcars+xi), between
TMC278 and individual residues, Xi, were calculated
at the MP2/6-31g(d,p) level. The total interaction
energy, INT, can be expressed as: [14]

INT (rmczrssxiy=Ermczrssxiy-Ermc2rs)-Exiy,

where Ermcars) and Exiy are electronic energies of
TMC278 and each individual residue, respectively.

3. Results and Discussion

Interaction energy of TMC278 with individual
residues of HIV-1 RT binding pocket

The interaction energies between TMC278 and the
individual residues (Xi) of HIV-1 RT binding pocket
for single mutant K103N, and wild-type enzymes were
calculated at MP2/6-31G(d,p) levels, and the result are
shown in Table 1. In the single mutant K103N and
wild-type, the main contributions to the interactions
with TMC278 come from LEU100, LYS101, LYS103,
TYR181, TYR188, PHE227, TRP229, and HIS235
which produce attractive interactions greater than
3kcal/mol. Strongest interaction, such as in LYS101 is
caused by hydrogen bond between a linker nitrogen
atom of TMC278 and the main chain carbonyl oxygen
of LYS101. All of 21 residues on both of enzymes are
produced with an attractive interactions to TMC278.
For the specific attractive interactions between
TMC278 and key residues in the two complexs
structure, LYS101 which has higher interaction energy
value with 13.21 kcal/mol than others 20 residue and
LYS103/ASN that is mutated residue, of the binding
pocket of single mutant K103N , the AEa is slighly
different with -1.93 and -1.92 kcal/mol, respectively
(Table 1). The total interaction energy from the single
mutant K103N is also close to the wild-type enzyme
with total -86.06, and -76.3 kcal/mol, respectively.

Figure 2. Orientation of TMC278 and residues with
largest interactions in the binding pocket of K103N
RT.

From the Table 1, we can see that the interaction
energies between TMC278 and each residue of both
the single mutant K103N RT and wild-type RT are




similar. Comparing the single mutant K103N RT and

wild-type RT at the MP2/6-31g(d,p) level, no

significant difference was observed between the

interactions is shown.

Table 1. The interactions energy of TMC278 with 21
residues of KI103N and wild-type at
MP2/6-31g(d,p) level.

Interaction Energy (kcal/mol)

Residue (Xi) K103N Wild- AEa
type

PRO95 -0.71 -0.44 -0.27
GLY99 -0.11 -0.15 0.04
LEU100 -7.54 -8.32 0.79
LYS101 -13.21 -11.3 -1.93
LYS102 -0.51 -0.41 -0.11
LYS103(ASN) -5.12 -3.20 -1.92
VAL106 -2.28 -2.50 0.21
VAL179 -2.92 -1.12 -1.80
ILE180 -1.12 -2.35 1.24
TYRI181 -7.10 -6.43 -0.67
TYR188 -8.24 -9.07 0.83
VAL189 -0.27 -0.76 0.50
GLY190 -0.84 -1.15 0.31
PRO225 -2.52 -1.23 -1.30
PHE227 -6.07 -3.14 -2.94
TRP229 -7.33 -8.35 1.02
LEU234 -2.80 -1.45 -1.35
HI1S235 -5.82 -5.99 0.18
PRO236 -4.18 -2.99 -1.19
TYR318 -2.77 -3.36 0.59
GLU138 -4.59 -2.57 -2.03
Total Energy -86.06 -76.3 -9.80

AEa = Exioan mutant— Ewild-type

K103N is one of drug-resistant mutations most
frequently observed in patients treated with NNRTIs,
and viruses carrying these mutations show high levels
of resistence to existing NNRTIs. On wild-type
RT/TMC278 structure, K103 is located on the other
side of the pyrimidine ring of TMC278 [11]. Because
of the position of cyanovinyl group which fits to the
hydrophobic tunnel formed by the side chains of
amino acid residues PHE227 and TRP229, it may
cause that TMC 278 is most potent from others
NNRTIs such as nevirapine (NVP), efavirenz (EFV),
and also others DAPPY compound. TMC278 can more
flexible to bind to HIV-1 RT and interacts with
aromatic side chains of TYR181, TYR188, PHE227,
TRP229, and also HIS235 via CH-TU interactions as
shown in figure 2. The total interaction energy from
both  studied enzymes, which shown that
TMC278/K103N HIV-1 RT complex (-86.06
kcal/mol) is slighly differencce with wild-type RT (-

76.3 kcal/mol). From these results, we can see that
there is no significantly difference about the
interaction energy between TMC278 to single mutant
K103N and wild-type. TMC278 shows a little higher
attractive interaction to K103N mutant RT than wild-
type RT, that means TMC278 gave a little bit higher
inhibitory affinity to K103N mutant RT than wild-type
RT. These results are consistent with experiments that
TMC278 shows high inhibitory affinities against for
both K103N and wild-type enzymes, and also good
agreement with the experimentally observed ECs, for
0.0003 pM K103N mutant RT and ECsy= 0.0004 uM
for wild-type RT [13].

4, Conclusions

The quantum mechanical method, Maller—Plesset
perturbation theory (MP2) with 6-31g(d,p) basis set
level has been applied on this study to calculate the
interaction energy between TMC278 to single mutant
K103N and wild-type. In the K103N RT, two specific
interactions, residue LYS101 and LYS/ASN103 was
slightly reduced by -1.93 and -1.92 kcal/mol compared
to wild-type RT. There is no residues that shows
repulsive interaction from both of studied enzymes.
The total calculated interactions for single mutant
K103RT (-86.06 kcal/mol) is close to the wild-type RT
(-76.3 kcal/mol). This is consistent to the experiment
that TMC278 is show high inhibitory affinities to
K103N mutant RT and also to the wild-type RT.
Which is TMC278 is shows a little bit higher
inhibitory affinities to the single mutan K103N
enzyme than wild-type enzyme. Understanding this
particular interactions, with theoretical investigation
may useful for the design of higher potency inhibitors
specific to the single mutant of HIV-1.
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Abstract: Excess ammonia nitrogen may lead to the
eutrophication of river, resulting in increase dissolved
oxygen depletion and fish toxicity. To remove ammonia
nitrogen from wastewater, the adsorption method using
low-cost adsorbents prepared from biomass is more
economically feasible and environmentally friendly. In
this work, we attempt to study the ammonia nitrogen
adsorption from latex waste water using the Betel nut
peel which was the general agricultural wastes. The Betel
nut peels were washed with water and were dried 24 h at
room temperature. The sample was then dried at 105 °C
for 24 h in air oven. The sample was ground to pass 50
mesh sieve for use as adsorbent. The adsorption
experiments were performed according to the batch
method. The concentration of ammonia in each material
was analyzed wusing the titrimetric method. The
maximum ammonia nitrogen removal was obtained with
following conditions: a system pH of 7, a contact time of
60 min, a particle size of ~50 mesh sieve and initial
nitrogen ammonia 100 ppm. The maximum adsorption
capacity of ammonia nitrogen from latex wastewater was
50%. The equilibrium data were found to fit well to both
the Langmuir model and Freundlich model. Therefore, it
can be conclude that it is possible to prepare the
absorbent from Betel nut peel..

1. Introduction

Ammonia is a widely used refrigerant in industrial
refrigeration systems found in the food, beverage,
petro-chemical and cold storage industries. It is also
used in the rubber industry for the stabilization of
natural and synthetic latex to prevent premature
coagulation. Excess ammonia nitrogen may lead to the
eutrophication of river, resulting in increasing
dissolved oxygen depletion and fish toxicity [1].
Therefore, it is important to find ways to efficiently
control the removal of ammonia from wastewater. To
remove ammonia nitrogen from wastewater, the
adsorption method using low-cost adsorbents prepared
from biomass is more economically feasible and
environmentally  friendly when compared with
biological nitrification-denitrification method [2].
Most studies on ammonium adsorption from agqueous
solution have been focused on mineral materials as
adsorbents, such as zeolites [3-4]. However, a little
information is available on the removal of ammonia
nitrogen by adsorbents prepared from biomass [1]
from aqueous solution. The present work attempted to
study the ammonia nitrogen adsorption from latex
waste water using the Betel nut peel which was the
general agricultural wastes.

2. Materials and Methods

2.1. Preparation of the adsorbent and adsorbate

The Betel nut peels were washed repeatedly with
water to remove dust and soluble impurities on the
surface and were dried 24 h at room temperature. The
sample was then dried at 105 °C for 24 h in air oven.
Then the sample was ground to pass a 50 mesh sieve
(Fig. 1). The fine Betel nut peel powder was preserved
in plastic bags for use as adsorbent.

Fig. 1 The adsorbent prepared from Betel nut peel.

The 1000 mg/L stock solution of ammonia
nitrogen was prepared by dissolving 3.819 g
ammonium chloride (NH,CI) in deionized water. The
experimental solutions were prepared by diluting the
stock solution with deionized water when necessary.

2.2 Experimental methods

The adsorption experiments were performed
according to the batch method. In this method, 1 g 2.5
g and 5 g of adsorbent were mixed with 100 mL
ammonia solution of certain concentration. The
mixtures were sealed and shaken at 250 rpm for 24 h
to reach equilibrium. The concentration of ammonia in
each material was analyzed using the titrimetric
method. Experiments were performed in triplicate and
the results were averaged. Controls were obtained by
mixing distilled water with each sample. The effect of
initial pH on ammonium adsorption was investigated
with pH range of 2-12, and the initial ammonia
concentration was 25, 50 100, 150, 200, 250 and 300
mg/L. The latex wastewater was pretreated before
investigate the adsorption capacity.




The removal efficiency (%) of ammonia by Betel
nut peel powder was calculated using the following
equations:

c,—C
———< X100
C

0

Removal efficiency (%) = =

The ammonia nitrogen adsorption capacity (q,
mg/g) were calculated by:

Co_Ce
M

q:

where Cy (mg/L) and C. (mg/L) is the initial and
equilibrium ammonia nitrogen concentrations in the
solution respectively, V (L) is the solution volume, and
M (g) is the mass of adsorbent.

3. Results and Discussion

3.1 lodine Number

lodine number is the most fundamental parameter
used to characterize adsorbent performance. It is a
measure of activity level, often reported in mg g™. It
is a measure of the micropore content of the adsorbent
by adsorption of iodine from solution. The lodine
number of the absorbent prepared from the Betel nut
peel was 191 mg g™,

3.2 Moisture content

This is the amount of water on the Betel nut peel
under normal condition. High moisture content
indicates poor quality and the moisture content of the
absorbent prepared from the Betel nut peel was
60.07%.

3.3 Calibration curve of ammonia nitrogen adsorption
by adsorbent prepared from Betel nut peel

From the calibration curve (Fig.2), it was found
that the concentration of ammonia in Latex wastewater
was 114 mg L™

Fig.2 Calibration curve of ammonia nitrogen
adsorption by absorbent prepared from Betel nut peel.

3.4 The effects of adsorbent dosage and contact time

The results of experiments to determine the effects
of adsorbent dosage on ammonia removal are shown in
Fig. 3. The removal efficiency of ammonia nitrogen at
2.5 g of adsorbent dosage was much higher than 1 g.
Thus, 1 g of adsorbent dosage was selected as the
optimum dosage for adsorption of ammonia nitrogen.
All active sites on the adsorbent surface are then
occupied and increase in adsorbent dosage do not
provide higher uptake of ammonia nitrogen.

The adsorption capacity of ammonia nitrogen
removed by Betel nut peel powder versus contact time
is also displayed in Fig. 3. It can be seen that the
removal efficiencies were initially a fast process of the
removal being achieved within the first 60 min.
Thereafter, with increase of contact time the rate of
removal slowed down considerably and after passage
of 90 min was almost negligible. Therefore, 60 min
was selected as optimum contact time for all further
experiments.

Fig. 3 Effect of adsorbent dosage on the removal of
ammonia.

3.5 The effect of pH

Ammonia nitrogen removal by adsorbent prepared
from Betel nut peel was observed at pH values ranging
between 5 and 9. The results are shown in Fig. 4. The
figure shows that as solution pH increases in the range
of 5-7, the removal efficiency of ammonia nitrogen
increases gradually and reaches a maximum value
(68%) when the pH value is 7. When the pH increases
to 8, the removal efficiency drops dramatically (64%).
This finding agrees with the observations reported by
H. Huang et al [2].

Fig. 4 Effect of pH on the removal of ammonia
(adsorbent dosage: 1 g/L; contact time: 60 min; initial
ammonium concentration: 100 mg/L).




3.6 Adsorption isotherms

The adsorption isotherms reveal the specific
relation between adsorption capacity and concentration
of the remaining adsorbate at constant temperature.
Freundlich and Langmuir models are the two most
frequent used models. In this work both models were
used to quantify the adsorption capacity of adsorbent
prepared from the Betel nut peel for the removal of
ammonia nitrogen from synthetic wastewater.

Freundlich isotherm describes the heterogeneous
surface energies by multilayer adsorption and is
expressed by the following equation:

1
logg = —logC + logk
e n e F

where Kg and n are constants of Freundlich
isotherm incorporating adsorption capacity (mg g™)
and intensity. The isotherm data fitted the Freundlich
model relatively with an R? of 0.9712. One of the
Freundlich constants Kg indicates the adsorption
capacity of the adsorbent and the values of Kg at
equilibrium of 0.1 mg g The other Freundlich
constant n is a measure of the deviation from linearity
of the adsorption and the numerical value of n = 0.64.

Langmuir isotherm is based on the monolayer
sorption and is represented by the following equation:

1 1 1 1

q K g C q
e L' m e m

where @, indicates the maximum monolayer
adsorption capacity (mg g') and K_ indicates
Langmuir constant or capacity factor. The plot of
isotherm shows that a straight line could be well
observed between 1/q,, and 1/C,. This implies that the
isotherm data fitted the Langmuir equation quite well
(R, = 0.9813). The values of g, and K, determined
from the Langmuir plot were 9.44 and 2.05 mg/g,
respectively.
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Fig. 5. Linear plot of Freundlich isotherm of ammonia
adsorption on Betel nut peel.
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Fig. 6 Linear plot of Langmuir isotherm of ammonia
adsorption on Betel nut peel.

4, Conclusions

The findings of this work indicated that basic
conditions such as solution pH, contact time, and
adsorbent dosage influence the removal of ammonia
from aqueous solutions and Latex wastewater by
adsorbent prepared from Betel nut peel.

The maximum ammonia nitrogen removal was
obtained with following conditions: a system pH of 7,
a contact time of 60 min, a particle size of < 50 mesh
sieve and initial nitrogen ammonia 100 ppm. The
maximum adsorption capacity of ammonia nitrogen
from latex wastewater was ~50%. The equilibrium
data were found to fit well to the Langmuir model and
quit well to the Freundlich model. Therefore, it can be
conclude that it is possible to prepare the adsorbent
from Betel nut peel.
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Abstract: The structural and energetic properties of
organic dye forming D-n-A system as photosensitizes in
dye-sensitized solar cells (DSCs) were investigated. The
ground-state structures of all molecules were fully
optimized using density functional theory (DFT) at
B3LYP/6-31G(d,p) level. The energy gap (Eg) and the
electronic absorption (A, of dye molecules were
computed using time-dependent density functional
theory (TDDFT) at CAM-B3LYP/6-31G(d,p) level. The
effect of different donor groups with shared linker and
anchoring groups was studied. The phenyl and thiophene
were acting as m-conjugated linker, the cyanoacrylic acid
was acting as anchoring groups. It was found that the
effect of different donor groups affected to the HOMO
and LUMO energy levels resulting in variable Eg4 values.
The frontier molecular orbital results indicated that the
intramolecular charge transfer (ICT) was occurred.
These results can provide useful information for
improving an efficiency of new organic dyes for DSCs
applications.

1. Introduction

Dye-sensitized solar cells (DSCs) are one of the
most promising alternatives to compete with the
traditional silicon solar cell because organic dye
molecules in DSCs show distinguished advantages
such as their high optical absorption extinction
coefficient, adjustable spectral wavelength response,
low cost materials, and their environmental friendly
[1-3]. In general the molecular structure of an organic
dye for DSCs has been designed and synthesized based
on following properties: (i) matching of oxidation
potentials of the ground and exited states for a dye,
which are usually replaced by the highest occupied
molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO), with the energy levels of
I'/13 redox potential and Ecg of the TiO, electrode,
respectively; (ii) a donor-linkage-acceptor (D-n-A)
system required for a wide range absorption extending
to the near-infrared [2]. Because the electron donor
part in organic dye plays a crucial role in determining
the overall conversion efficiency, a series of organic
sensitizers  containing identical linkers (phenyl-
thiophene) and electron acceptor (cyanoacrylic acid)
but different electron donor [4]. A general TDDFT
procedure has been set up that accurately evaluates the
UV/vis absorption spectra of organic dyes [5-7]. The
long-range-corrected CAM-B3LYP function, which

has been widely used to explain the intramolecular
charge transfer (ICT) transition of organic dye [8].
In order to disclose the relationship among the
performances, the structures and the properties, the
theoretical investigations of the physical properties of
organic dyes are indispensable. The calculated results
are also helpful to design and synthesis of novel dye
sensitizers with higher performance. In this work, we
interested in the effect of electron donating capability
of dye molecules as shown in Figure 1, to improve the
structural and optical properties of these dyes for using
in highly efficient DSCs.

2. Computational details

The ground-state structures were fully optimized
using DFT by means of the B3LYP functional [the
Becke3  (exchange) and the Lee-Yang-Parr
(correlation) hybrid functional] with 6-31G (d,p) basis
set. The electronic absorption wavelengths were
investigated using TDDFT at CAM-B3LYP/6-
31G(d,p). The optical spectral were plotted using the
Swizard program. All calculations were performed
using Gaussian 09 program package [9]. The
contribution of molecular orbitals in the electronic
transitions was calculated using the Gaussum program
version 2.2.1.

Figure 1. Molecular structure of target molecules




3. Results and discussion

3.1 Ground-state geometries

The optimized geometries obtained by density
functional theory (DFT) B3LYP/6-31G(d,p) level of
D1, D2, D3, and D4 are shown in Figure 2, and the
important inter-ring distance and dihedral angle
parameters are shown in Table 1 . It was found that
dihedral angles between donor group and Iin!<er group
(D-L) can be computed to be -51.55, -29.89 , -24.47 ,
and -21.01° respectively, dihedral angles between
linker group and linker group (L-L) can be computed
to be in rang 16.75 -22.47", dihedral angles between
linker group and acceptor group O(L—A) can be
computed to be in rang 0.73-1.37 . The dihedral
angles of L-L and L-A are slightly different, the effect
of different donor groups affect co-planarity molecule
between donor group and linker group. However the
electron can be delocalized from donor to linker by
lone pair of nitrogen atom.

Table 1 Selected important inter-ring distances (A) and
dihedral angles (") calculated by B3LYP/6-31G(d,p)
calculations

Inter-ring distances in angstrom
(Dihedral angles in degree)

D-L L-L L-A
o1 1.41 1.46 1.42
(-51.55) (22.47) (-0.80)
- 1.40 1.45 1.41
(-29.89) (16.75) (-1.37)
o3 1.40 1.45 1.42
(-24.47) (20.56) (0.42)
D4 1.40 1.45 1.42
(-21.01) (-17.38) (-0.73)

Note: D = donor, L = linker, A = acceptor

Figure 2. Optimized structure of target molecules by
DFT/B3LYP/6-31G(d,p)

3.2 Electronic structure

To gain insight into the electronic structures,
frontier molecular orbital were obtained to examine
the highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) due
to the relative ordering of the HOMO and LUMO
providing a reasonable qualitative indication of the
excitation properties. The molecular orbital surfaces of
D1, D2, D3, and D4 are shown in Figure 3 and the
density of state (DOS) are presented in Table 2. In all
molecules, the electron density on HOMO is
delocalized on donor group and the electron density on
LUMO is delocalized on acceptor group, the HOMO
to LUMO transition that corresponding mixed
transition between intramolecular charge transfer
(ICT) from donor group to acceptor group and = — =*
of linker group. Moreover, suitable energy level and
location of HOMO and LUMO orbitals of the dye are
required to match the I7/l3° redox potential and
conduction band level of the TiO, semiconductor. The
calculated molecular orbital energies of D1, D2, D3,
and D4 were computed by using B3LYP/6-31G(d,p)
the conduction band (CB) of TiO, as shown in Figure
3. The results were found that the HOMO energy
levels of D1, D2, D3, and D4 are -5.52, -5.17, -5.03,
and -5.01 eV respectively, the LUMO energy levels
are -2.80, -2.69, -2.72, and -2.64 eV, respectively. We
found that, for D4 the HOMO energy is lying above
the redox couple of the electrolyte which is the most
suitable for donation of electrons from the 1/1;" redox
couple in the electrolyte solution. Whereas the LUMO
is lying closer to the conduction band of TiO,
compared to that of others leading to the excited
electrons are then efficiently injected into
semiconductor electrode.

Figure 3. Energy diagram calculated by
DFT/B3LYP/6-31G(d,p) level using C-PCM
in dichloromethane




Table 2. Energies and percentage composition of
several frontier molecular orbital

Percentage composition

Molecular
orbitals .
Donor Linker  Acceptor

D1 LUMO 1 50 49

HOMO 78 19 3

LUMO 15 38 48
D2 HOMO 77 14 8

LUMO 1 50 49
D3 HOMO 61 36 3

LUMO 3 48 49
D4 HOMO 63 32 5

Figure 4. The electronic density differences maps
between the group state and the excited state (yellow
color indicate a decrease and blue color indicate
increase of charge density)

The electronic density differences between the ground
state and first excited state (shown in Figure 4) were
clearly assigned to the character of excited state
unambiguously. Obviously, the decreasing electron
density mainly localize on the electronic donor and
linker group, whereas the increasing electron density
mainly localizes on the linker and acceptor group,
which is indicative of an intramolecular charge
transfer when transition occurs, agreeing well with
electronic structure analysis discussed above

3.3 UV/Vis absorption spectra

The UV/Vis absorption spectra of these
molecules were studied by TD-DFT//CAM-B3LYP/6-
31G(d,p) level. The transition energies of electronic
spectra, oscillator strength, configurations of the
orbital, and the calculated values of the absorption
wavelength in the gas phase of D1, D2, D3, and D4 are
listed in table 3. The UV/vis absorption spectra of D1,
D2, D3, and D4 are shown in Figure 5. It was found
that, the Amax 0f D1, D2, D3, and D4 are 393, 440, 350,
and 443 nm, respectively. These results indicate that
D4 dye exhibits red-shifted compared to that of
organic dyes.

Table 3. Electronic transition, absorption wavelength

and oscillator strength (f) obtained by TD-DFT at the
CAM-B3LYP/6-31G(d,p)

Electronic Wavelength Main

Transitions  (nm) contribution Character
H—L
(56%) ICT,
D1 S-S 393 1.3938 ;
S H-2 > L T-TT
(39%)
H—-L
(82%) ICT,
D2 So—S 440  1.4631 N
e H-1— L Tt
(13%)
H-3 > L
(31%)
H->L ICT,
D3 Sy —S 350  0.9847 ;
P eos (23%)  men
H-1-L
(20%)
H—>L
(72%) ICT,
D4 So—S 443 15225 ;
A H-1 L Tt
(11%)

Figure 5. Calculated absorption spectra of D1, D2,
D3, and D4 by TD-CAM/B3LYP/6-31G(d,p)

4. Conclusions

In this paper, we have successfully designed four
metal-free organic dyes that contain donors with
carbazole, TPA, diarylamine-phenotiazine and
diarylamine-carbazole for D1, D2, D3 and D4,
respectively and cyanoacrylic acid acceptors bridged
by thiophene fragment. The results based on
computation show that extending the m-system of
donor part appropriately can systematically control the
spectral response of the dyes and further improve the
energy conversion efficiency of DSCs. We also found




that, optimized structure in the effects of different
electron donating groups does affect coplanarity of
linker to acceptor part of dye molecules and the
frontier molecular orbital and DOS results reveal that
our design D4 dyes are promising in the development
of DSCs.
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Abstract: The conformations and energies of two organic
chromophores have been investigated by means of
quantum mechanical calculations. Their structural
backbones consist of carbazole-fluorene as an electron
donor and pyran-4H-ylidenemalononitrile-thiophene as a
n-conjugation linker. Two different anchoring groups,
acrylic acid and cyanoacrylic acid, acting as an electron
acceptor were introduced to structural backbones
forming the TK1 and TK2 analogues, respectively. The
structural, electronic and optical properties of TK1 and
TK2 dyes were calculated by DFT/TDDFT method. The
ground state structures were optimized at the B3LYP/
6-31G(d,p) level of theory implemented in Gaussian 09
program. The excitation energies were evaluated by
single point energy calculation using time-dependent
density functional theory with the B3LYP method. Our
results show that organic sensitizer with cyanoacrylic
acid as the anchoring group induces red-shifted
spectrum. Furthermore, the calculation results show that
TK2 dye with strong electronic-withdrawing CN group
performed better in intramolecular charge transfer
(ICT) than TK1 dye without CN. These investigation
suggests that the structural and optical properties can be
gradually tuned, rendering possible the identification of
dyes with desirable, electronic and optical properties.

1. Introduction

Dye-sensitized solar cell has been investigated as
an alternative to the conventional solar cell because of
it high photoelectric conversion efficiency, simple
assemble technology and potential low cost [1]. The
ruthenium complexed photosensitizers such as the N3
and N719 compounds show a solar energy to
electricity conversion efficiency of 10% on average.
However, ruthenium is a rare and expensive metal,
which limits the potentially wide application of these
complexes. Due to this, metal free sensitizers are being
investigated as alternative sensitizers for DSCs
applications [2]. Because of the strong emission and
absorption properties, carbazole and their derivatives
have been exploited as electroluminescent, non-linear
optical (NLO) and photorefractive materials. The
hole-transporting capability has been explored in
OLEDs and, moreover, the wide band gap of carbazole
has been utilized in constructing photovoltaic devices.
Nagatoshi Koumura and co-workers designed and
sensitized organic sensitizer based-on carbazole, MK1,

MK2 and MK3, for application in dye-sensitized solar
cells. It was found that the maximum value of 7.7%
was obtained with the DSCs based-on MK-2 sensitizer
[3]. Moreover, Samuel G. Awuah and coworkers
report the synthesis, photophysical, electrochemical
and theoretical properties of novel pyran-based organic
dyes (D1, D2, and D3) as well as their applications in
DSCs for the first time. The designed dyes possess a
cyanoacrylic acid group as an acceptor and arylamine
group as a donor group in a D-m-A configuration.
The introduction of varying donor groups resulted in
correspondingly  different  photophysical ~ and
electrochemical properties. The DSCs fabricated
using dye D1 shown the highest photovoltaic
performance with the overall conversion efficiency is
2.17%. The synthesized dyes with a pyran
chromophore and arylamine donor groups showed
potentials for applications in DSCs [4].

In this study, theoretical calculations were
performed to study the ground-state structures and
optical properties of carbazole-fluorene derivatives.
The series of metal-free organic dyes containing
carbazole act as electron donor, fluorene, phenyl and
pyran act as linker. The influence of different acceptor,
acrylic acid and cyanoacrylic acid were investigated.

Figure 1. Molecular structure of target molecule

2. Materials and Methods

To gain insight into the factor responsible for the
absorption spectral, we perform DFT and TDDFT
calculations on the ground state of organic dyes [5].
The ground state structure of TK1 and TK2 were
optimized by the DFT method using the B3LYP
exchange—correlation function with 6-31G(d,p) basis
set. Electronic population of the HOMO and LUMO
were calculated to show the position of localization of




electron populations along with the calculated
molecular orbital energy diagram. The electronic
absorption spectra require calculations of the allowed
excitation and oscillator strengths, these calculations
were carried out using TDDFT with the same basis set
and exchange—correlation functional. The absorption
spectra of all organic dyes were calculated using the
Swizard program and the results were compared with
the experimental data. Effect of solvent polarity for
dichloromethane was included by means of the
conductor-like  polarizable  continuum  model
(C-PCM). This computational approach allows us to
provide a detailed assignment of the excited state
involved in the absorption process. All calculations
were carried out using the Gaussian 09 program
package [6].

3. Results and Discussion

In the investigation of D-m-A systems, the
molecular structure of the ICT states is an important
point of discussion. Herein, theoretical calculations
were performed to study the ground-state structures of
carbazole-fluorene dye.

3.1 Optimized structure

We optimized the geometries of TK1 and TK2 in
the gas phase obtaining the geometries shown in
Figure 2 and the selected bond distances and dihedral
angles are listed in Table 1.

Table 1 The selected bond distances and dihedral angles of
TK1 and TK2 by B3LYP/6-31G(d,p)

Dyes C-F F-P P-E E-Py
—_ Dihedral (@) -54.03 34.67 -0.62 2.93
Distance (r) 1.42 1.48 1.46 1.44
Dihedral (@) -54.72 3490 -1.46 -2.50
TK2

Distance (r) 1.42 1.48 1.46 1.44
Dye Py-E ET TT TA
Dihedral () -279 -0.79 190 -0.18
Distance(r) 1.45 1.43 1.43 1.44
TK2  Dihedral (@) 2.14 032 072 -0.01

Distance(r) 1.45 1.44 1.43 1.43

Note: C is Carbazole, F is Fluorene, P is phenyl, E is ethene,
Py is pyran, T is thiophene, A is accepter

TK1

Figure 2. The optimize structure of TK1 and TK2
calculated by B3LYP/6-31G (d,p) level

The dihedral angle of TK1 and TK2 dyes was
determined C-F dihedral angle were calculated to be
-54.03 degree and -54.72 degree, respectively. The T-

A dihedral angle are calculated to be -0.18 degree and
-0.01 degree. We found that the cyanoacrylic acid
group was located to be coplanar with the thiophene.
From the calculated results indicate that the linker and
acceptor moieties are fully conjugated as demonstrated
by the co-planarity of the linker and acceptor groups.

3.2 Electronic structure

To gain insight into the geometrical electronic
structures of the dyes, molecular orbital and density of
state were performed by using B3LYP/6-31G(d,p)
level of theory. The frontier molecular orbitals of the
TK1 and TK2 dyes are shown in Figure 3

Figure 3. (a) Frontier molecular orbital of TK1 and
frontier molecular orbital of TK2 calculated by
B3LYP/6-31G (d,p) level of theory

For the TK1, the HOMO is a delocalized = orbital
over the carbazole and fluorene unit while the LUMO
is * orbital that localized in pyran unit, thiophene unit
and cyanoacylic unit. The electron density distribution
of HOMO state for TK1, electron density of carbazole
and fluorene are calculated to be 80% and 19%. While
at the LUMO level, the electron density of pyran and
thiophene in TK1 are calculated to be 44% and 43%,
respectively. The percentage contributions of
cyanoacrylic acid are calculated to be 12%.

For the TK2, at HOMO level is a delocalized
n orbital over the donor and =-spacer, while the
LUMO level is ©* orbital that localized in & - spacer
and acceptor unit. The percentage contributions of
electron density of carbazole and fluorene are
calculated to be 80% and 19%. While at the LUMO
level the electron density of pyran and thiophene in
TK1 are calculated to be 28% and 47%, respectively.
The percentage contributions of cyanoacrylic acid are
calculated to be 25%. These results indicate that
electron density on cyanoacrylic acid unit of TK2 dye
more than electron density on acrylic acid of TK1 dye.
From the calculation results suggesting that TK2 dye
might be easier injecting electron from acceptor to the
conduction band of TiO, providing higher efficient
electron injection.




Table 2 Summarizes the Energies and Character of Forntier
Orbitals of TK1 and TK2 Calculated by B3LYP/6-31G(d, p)

percentage composition

Dves Molecular
y orbital
F-P Py T A
L+1 0 24 60 10 6
TK1 LUMO 0 2 44 43 12
HOMO 80 19 1 0
H-1 1 3 63 28 5
L+1 0 15 59 13 13
LUMO 0 0 28 a7 25
TK2
HOMO 80 19 1 0 0
H-1 100 0 0 0 0

Note: C is Carbazole, F is Fluorene, P is phenyl, Py is pyran,
T is thiophene, A is accepter

The energy gap of TK1 without CN was
calculated to be 2.10 eV. While the energy gap of TK2
with CN was calculated to be 1.77 eV. The HOMO-
LUMO gap of TK2 is smaller than those of TK1
indicated that difference of acceptors affect to the
HOMO-LUMO gap. The calculation results indicate
that the energy gabs of dye is decreased when CN was
introduced in to dye molecule. The one property which
indicates a good dye-sensitizer is that the LUMO of
dye should be located above and closed to the
conduction band of TiO,.

Figure 4. Molecular orbital energy diagram of TK1
and TK2

The energy level diagram of TK1 and TK2 are
shown in Figure 4 The LUMO level of TK2 with
cyanoacrylic acid as anchoring group are closer to the
conduction band of TiO, than TK1 which have acrylic
acid as anchoring group. These can be explained that
the strong withdrawing CN group has ability in
lowering LUMO level [7]. The results also imply that
TK2 would have suitable property for injection of
electron from excited dye to conduction band of
semiconductor TiO..

3.3 Absorption spectra

TDDFT calculations on a B3LYP/6-31G(d,p) level
of theory show transitions with large oscillator
strengths consistent with the absorption spectrum. The
UV-vis absorption spectra of all compounds are shown
in Figure 5 Their optical characteristics are listed in
Table 3.

Figure 5. Calculated absorption spectra of TK1 and
TK2 by TD-B3LYP/6-31G (d,p)

The main absorption peak of TK1 and TK2 is
463.0nm and 478.7 nm, respectively. The absorption
band could be attributed to the m—m* transition of
linker and acceptor and intramolecular charge transfer
(ICT) between the donor and the acceptor.

The absorption spectra show that the calculated
absorption spectra of TK2 with cyanoacrylic acid are
red-shifted with respect to absorption spectra of TK1
with acrylic acid. These results suggest that the dyes
containing cyanoacrylic acid group as acceptor
promise a better property since it is beneficial for
absorbing the longer-wavelength light than TK1 [8].

Table 3 The excitation energies, oscillator strengths
and molecular compositions for the lowest states by
the TD-B3LYP/6-31G (d,p) level

Excitation

Dye  State energy f Assignment g&i:
(eV, nm)

2.29 H-1 - L (73%), .

TKL So>S g 16468 —>_L)+1E7%)0) n-
248 H — L+1 (87%) *

S8 (5003 06230 4 ey T

H-3 - L (76%),
TK2 Sy S, (526%)16) 15163 H-2-L (37%), f :*
: H— L+1 (6%)
2.25 H-2 —> L (84%), CT,
Se—>Ss (551.2) 02780 % L (9%) o

4. Conclusions

For carbazole-fluorene derivatives, the influence of
different acceptor, acrylic acid and cyanoacrylic acid
were investigated. From the calculation results, we
found that the acrylic and cyanoacrylic acid group was
located to be coplanar with the linker. It is indicating
that the linker and acceptor moieties are fully
conjugated as demonstrated by the co-planarity of the
linker and acceptor. The absorption spectra of the dye




with difference acceptor show that the calculated
absorption spectra of TK2 with cyanoacrylic acid are
red-shifted with respect to absorption spectra of TK1
with acrylic acid. These results suggest that the dyes
containing cyanoacrylic acid group as acceptor
promise a better property since it is beneficial for
absorbing the longer-wavelength light than the dyes
containing cyanoacrylic acid group.
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Abstract: To combat the drug-resistance of isoniazid
(INH), the main drug for tuberculosis treatment, many
series of direct InhA inhibitors have been developed such
as arylamide, pyrrolidine carboxamide, diphenyl ether
and triclosan derivatives. However, these direct InhA
inhibitors have poor activities against whole cells of M.
tuberculosis, the causative agent of tuberculosis (TB).
Therefore, here we report the discovery of more potent
direct InhA inhibitors as anti-tuberculosis agents
through virtual screening approach. Initially, compounds
with the structure similar to the reference compound
were collected from ZINC database containing over 21
million purchasable compounds. Then, compounds which
did not follow the Lipiniski's rule were removed.
Further, the validated HQSAR model was used to select
the compounds on the basis of the better predicted
activity against whole cells of M. tuberculosis. Finally, 54
compounds possessing the better predicted activity
against M. tuberculosis were yielded in this work.
Therefore, these yielded compounds might be the good
starting point to develop novel direct InhA inhibitors as
anti-tuberculosis agents.

1. Introduction

Tuberculosis (TB) caused by Mycobacterium
tuberculosis (M. tuberculosis) remains as a major
world health problem, particularly in South-East Asia
region [1]. In particular, the standard regimens using
the existing drug to treat tuberculosis completely failed
due to drug resistance of M. tuberculosis [2]. Isoniazid
(INH) targeting at the enoyl-acyl ACP reductase
(InhA) of M. tuberculosis is one of the most effective
first-line anti-TB drugs [3]. However, the efficiency of
this drug is diminished by the drug resistance of M.
tuberculosis. To overcome the drug-resistance of
isoniazid (INH), many series of direct InhA inhibitors
have been developed such as arylamide, pyrrolidine
carboxamide, diphenyl ether and triclosan derivatives
[4-10]. A large number of these inhibitors have
impressive activity against the purified target enzyme
in vitro. However, they lack the activity against whole
cells of M. tuberculosis due to the nature of the M.
tuberculosis cell wall. Accordingly, the finding of new
drugs to treat TB is an urgent priority. Therefore, the
virtual screening approach was employed in this work
to identify direct InhA inhibitors with the better
activity against M. tuberculosis. These screened
compounds might be the good starting template to

develop novel direct InhA inhibitors as anti-
tuberculosis agents.

2. Materials and Methods

2.1 Virtual screening of the more potent direct InhA
inhibitors

Compound VHO7 (Figure 1) , one of direct InhA
inhibitors  containing the  minimal inhibitory
concentration (MIC) of 5.7 uM against M. tuberculosis
[11], was selected as the reference structure to identify
the potent anti-TB agents from the ZINC database
consisting over 21 million purchasable compounds
[12]. Initially, compounds with the identity greater
than 70% to the reference structure were collected
from ZINC database. Then, compounds which did not
follow the criteria of the Lipiniski’s rule (not more
than 5 hydrogen bond donors, not more than 10
hydrogen bond acceptors, a molecular mass less than
500 daltons and an octanol-water partition coefficient
log P not greater than 5) were removed. Finally, the
validated Hologram Quantitative Structure Activity
Relationship model (HQSAR model) [13] constructed
from the experimental MIC values of direct InhA
inhibitors was used as the filter to collect compounds
containing the better predicted MIC values. The g° and
r? of this HQSAR model are 0.6 and 0.97, respectively.
Therefore, this model is reliable to predict the MIC
values of screened compounds.

Figure 1. The chemical structure of compound VH07
3. Results and Discussion

In this work, the similarity search of an inhibitor
has been used in combination with HQSAR approach
for the virtual screening of direct InhA inhibitors as
anti-tuberculosis agents. Figure 2 shows the virtual
screening workflow used in this study.

In the first step, 4,274 compounds with the identity
greater than 70% to the reference compounds were




collected from the ZINC database. Then, 3,461 No. ZINC ID Predicted MIC

compounds were Yyielded after the removal of (uM)
compounds which did not follow the Lipiniski’s rule. 25 ZINC04722006 2.4
The selected compounds from this filter were 26 ZINC08907795 3.1
subjected to the HQSAR to select compounds 27 ZINC12782480 2.7
containing the predicted MIC values better than that of 28 ZINC64315742 51
compound VHO7. Finally, 54 hit compounds were 29 ZINC01097315 1.8
obtained as listed in Table 1. Among of these 30 ZINC03426341 2.6
compounds, compound 7 with ZINC ID of 31 ZINC22990368 4.2
ZINC33751550 (Figure 3) shows the best activity 32 ZINC32855789 5.0
against M. tuberculosis with the predicted MIC of 0.7 33 ZINC00850636 3.3
uM. 34 ZINC00968753 11
35 ZINC06538978 4.8
36 ZINC09544678 4.7
37 ZINC11651793 5.3
38 ZINC14794237 5.1
39 ZINC20969157 4.4
40 ZINC00028991 1.8
41 ZINC01097335 1.4
42 ZINC04084227 1.2
43 ZINC04743913 2.4
44 ZINCO07758331 5.4
45 ZINC09134896 3.7
46 ZINC10461671 2.0
47 ZINC11651462 3.8
48 ZINC19358091 5.6
49 ZINC25679958 5.6
50 ZINC00969354 1.4
51 ZINC01071839 1.7
52 ZINC15654171 3.6
53 ZINC19358253 4.6
Figure 2. The virtual screening workflow 54 ZINC16320121 2.6

. L _ ®The actual value
Table 1: The predicted activities of 54 hit compounds

(0]
Predicted MIC OH
No. ZINC ID (M) o H)‘/Q/ \@\”/H
Compound VHO7 5.7% I;
(0] (6]
HO
°<

1 ZINC01010611 1.4

2 ZINC01225242 1.4

3 ZINC02929282 2.1

4 ZINC03144051 2.0

5 ZINC03144062 4.2 Figure 3. The chemical structure of compound 7

6 ZINC20258831 1.1

7 ZINC33751550 0.7 4. Conclusions

8 ZINC36703911 3.5 Virtual screening approach using the combination
9 ZINC00827834 2.1 of the similarity search of an inhibitor and HQSAR
10 ZINC01161025 2.0 methods is successfully to identify the direct InhA
11 ZINC03196894 1.2 inhibitors as anti-tuberculosis agents. The predicted
12 ZINC07763927 4.9 MIC values of most of the final hit compounds show
13 ZINC14793456 4.0 significantly better than that of the reference
14 ZINC25579729 5.2 compound. Therefore, the yielded compounds might
15 ZINC00692454 2.1 be the good starting template to develop novel direct
16 ZINC00754579 3.6 InhA inhibitors as anti-tuberculosis agents.

17 ZINC00929332 5.0
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Abstract: Natural rubber has been used extensively in
many applications and products. Polyisoprene, mostly
cis-1,4-polyisoprene, is the main component in natural
rubber latex. Although the crystal structures of natural
rubber were previously studied, but no acceptable crystal
structure has been reported. Therefore, quantum
chemical calculations were performed on five systems of
monomer, dimer, trimer, tetramer and pentamer of 1,4-
isoprene as the representative of cis-1,4-polyisoprene
with the aim to elucidate the structural behaviours and
conformation analysis of cis-1,4-polyisoprene. The
optimized geometries of five molecular targets were
carried out using high level of M062X calculations with
6-31G(d) and cc-pVDZ basis sets. The vibrational
frequencies of the optimized structures were then
calculated. The trend of calculated spectroscopic
properties agrees well with the experimentally
vibrational frequency spectra derived from the
experimental ATR-IR. The results obtained from the
present study are fruitful for better understanding of the
structural and vibrational spectra of cis-1,4-polyisoprene
within molecular level.

1. Introduction

Natural rubber from the tropical tree Hevea
brasiliensis, has been used to provide about one-
quarter of rubber based products trading worldwide [1-
2]. Natural rubber is a mixture of polyisoprene and
small amounts of other organic compounds as well as
proteins, fatty acids, resins and inorganic materials
(salts). Natural polymer of cis-1,4-polyisoprene is a
major component in natural rubber [3-4]. The crystal
structure of natural rubber has been studied by many
researchers [5-7]. However, no acceptable crystal
structure has been reported.

To predict the structural and vibrational modes of
1,4-polyisoprene, the quantum chemical calculations
based on the density functional theory (DFT) had been
performed. Five models based on number of 1,4-
polyisoprene monomers were used in this study. The
obtained results aid to fruitful the information data of
1,4-polyisoprene structures and vibrational frequencies
for spectroscopic characteristics of natural rubber.

2. Materials and Methods

2.1 Structures of 1,4-polyisoprene and quantum
chemical calculations

The structural models of 1,4-polyisoprene (n =1-5)
were constructed using the standard tool in
Guassview3.07 program as shown in Figure 1.

C
HC=C
/
H4—CH, H,C—+H

n=1-5

Figure 1 General structure of 1,4-polyisoprene

Five models of 1,4-polyisoprene (n =1-5) were
calculated using Gaussian09 program. Fully geometry
optimizations and the related vibrational frequency
spectra calculations were performed using high level
density functional theory of the highly parametrized,
empirical exchange correlation functionals M062X
calculations with 6-31G(d) and cc-pVDZ basis sets.

3. Results and Discussion
3.1 The geometry optimizations of 1,4-polyisoprene

Five systems of the molecular structures of 1,4-
polyisoprene in the ground state (in vacuo) were
optimized using M062X calculations with 6-31G(d)
basis set. To validate the systems used in this study,
the distance from the backbone carbon to carbon atom
and the angles of 1,4-polyisoprene results obtained
from the calculations were compared with the
experimental data [5], as listed in Table 1. The results
show that two systems of 1,4-polyisoprene, trimer and
tetramer systems, are high correspondence to the
experimental data.




Table 1. The structural information of the optimized structures of 1,4-polyisoprene obtained from M062X/6-31G (d)

method
Calculated models
Expt. @ ) )

Mono Di Tri Tetra Penta

Bond length (Angstrom)
C1-C2 1.53 1.501 1.501 1.501 1.501 1.501
C2=C3 1.34 1.337 1.337 1.337 1.337 1.336
C3-C4 1.53 1.506 1.512 1.512 1.512 1.512
C4-C1 1.54 1.543 1.543 1.543 1.542

Bond angle (degree)

C1-C2=C3 121.2 128.2 126.8 126.9 126.8 126.8
C2=C3-C4 129.0 125.0 123.3 123.4 123.3 123.3
C3-C4-Cr 108.6 - 111.7 111.8 111.7 111.9
C4-C1'-Cc2 1114 - 112.1 112.2 112.3 112.0

@ the experimental data obtained from reference [5]

Table 2. The structural information of the optimized structures of the 1,4-polyisoprene tetramer derived from
different basis sets of calculations

@ M062X
EXpt. 6-31G(d) cc-pvDZ

Bond (A)

C1-C2 1.53 1.501 1.500
C2=C3 1.34 1.337 1.340
C3-C4 1.53 1.512 1.512
C4-Cr 1.54 1.543 1.541
Angle (degree)

C1-C2=C3 121.2 125.7 126.7
C2=C3-C4 129.0 123.0 123.0
C3-C4-Cl 108.6 112.1 111.9
Cc4-Ccr-c2 111.4 122.1 111.9

@ the experimental data obtained from reference [5]

Therefore, trimer and tetramer of 1,4-polyisoprene
systems can be accurately used as the representative
model of 1,4-polyisoprene for further study. To
validate the methods of calculations, the geometry
optimization using M062X with 6-31G (d) and cc-
pVDZ basis sets were performed. The bond lengths
and bond angles of 1,4-polyisoprene tetramer derived
from the calculations and experimental data were
compared as reported in Table 2. The results show that @) (b)
the structural information derived from cc-pVDZ basis
set is high correspondence to the experimental data
compared to those of the calculated results obtained
from the 6-31G(d) basis set. Therefore, M062X
calculations with cc-pVDZ basis set are chosen for
further study. The optimized structures of 1,4-
polyisoprene trimer and tetramer calculated using
MO062X/cc-pVDZ are illustrated in Figure 2.

Figure 2 The optimized structures of 1,4-polyisoprene
trimer (a) and tetramer (b) calculated using M062X/
cc-pVDZ method

3.2 IR spectra and vibrational frequency results

The IR spectra of 1,4-polyisoprene trimer,
tetramer, and pentamer models were calculated using
MO062X calculations with cc-pVDZ basis set as shown
in Figure 3. The calculated vibrational spectra show
similar within the range of 350-4000 cm™. Mainly, IR
spectra were found in three regions. First two regions




in range of 3000-3250 cm™ and 1600-1800 cm™, are
the functional group regions. The third region, in the
range of 350-1500 cm™, is the fingerprint region.

The analysis of vibrational frequencies and
intensities of 1,4-polyisoprene are summarized in
Table 3. As the experimental vibrational frequencies
obtained from the ATR spectroscopy are available [8 ],
the calculated vibrational frequencies were compared.
The vibrational frequencies obtained from MO062X/
cc-pVDZ calculations can be analyzed as follows;
Increasing unit numbers of 1,4-polyisoperne from n =
3to n =5 result in broader peaks of vibrational spectra
providing more details of vibrational modes. The
calculated spectra obtained show high correspondence
to the experimental data [8]. These results may be
explained by the occurred hydrophobic interaction
occurred between methyl group and isoprene backbone
of the larger models of 1,4-polyisoperne. The
vibrational frequency and intensity analysis of the 1,4-
polyisoprene  tetramer  show  the highest
correspondence to the experimental data [8].
Therefore, the results derived from the 1,4-
polyisoperne tetramer were selected for further
analysis regarding mode of vibration.

Figure 3 IR spectrum of 1,4-polyisoprene obtained
from M062X/cc-pVDZ

The modes of vibration information of 1,4-
polyisoprene can be predicted as following details; i)
The peak at 3,152.50 cm™ is dominated by linkage
asymmetric C-H stretch vibrations of methyl group of
1,4-polyisoprene; ii) the peak at 3,069.60 cm™ is
dominated by linkage asymmetric C-H stretch in -
CH.-; iii) the peak at 3,042.60 cm™ belongs to the
mode of symmetric C-H stretch in -CH3 and -CH,-; iv)
the peak at 1,735 cm™ belongs to the mode of C=C
stretch vibration; v) -CH,- deformation displays in a
range of 1,460-1,480 cm™; and vi) the peak at 884.00
cm® is dominated by linkage =CH out of plane
bending. The important modes of vibration results
obtained from MO062X/cc-pVDZ calculations show
good agreement with the experimental ATR
vibrational frequency [6].

Table 3. The vibrational frequencies and intensities of
1,4-polyisoprene

Tri Tetra Penta

cm? Int. cm? Int. cm* Int.

849.90 17.60 842.00 12.05 864.30 16.28
881.10 12.84 884.00 12.90 872.90 18.01

1,138.00 13.99 1,401.60 10.58 1139.10 21.83
1,410.90 13.05 1411.40 13.01
1,454.30 13.37 1445.70 10.16

1,460.40 19.75 1,462.80 14.05 1460.30 19.52
1,463.40 10.91 1464.70 13.40
1,480.70 12.93 1482.40 10.26

3,038.20 26.69 3034.60 24.05
3036.20 15.61
3036.80 30.80

3,040.20 26.70
3,043.30 32.11
3,045.20 35.80
3,047.90 22.89
3,048.60 20.99

3,042.60 39.73 3042.90 16.16
3,045.00 41.93 3043.60 34.01
3,045.50 17.10 3045.30 34.17
3,048.70 31.02 3046.10 34.30

3047.20 22.99

3057.20 77.19
3059.90 41.90

3,053.70 31.21 3,051.90 34.75

3,054.20 20.83

3,064.40 33.03 3061.40 11.74

3,068.80 22.30

3,066.30 25.75
3,069.60 39.42 3062.20 29.09

3,104.80 17.41
3,106.10 32.44

3,102.60 18.25 3101.10 18.44
3,104.60 15.12 3103.00 12.25
3,107.40 22.02 3104.10 32.00
3,109.40 60.10 3104.50 25.89

3108.00 29.32

3110.10 19.23
3110.70 13.44
3111.70 18.85
3112.90 16.04
3116.80 29.15
3117.90 10.76

3,111.90 20.86
3,116.20 12.50
3,116.50 34.76

3,111.20 17.37
3,114.50 13.77
3,115.50 24.08
3,118.10 25.60

3134.80 53.63
3143.60 14.72
3144.90 16.36
3148.60 26.87
3149.60 30.78

3,121.60 25.08
3,144.30 10.16

3,130.80 35.31
3,141.40 11.17
3,146.30 17.73

3151.70 28.32
3155.60 36.24

3,150.20 14.17
3,151.90 26.50
3,155.60 25.85

3,150.50 13.10
3,151.50 10.63
3,152.50 36.43
3,154.20 26.15

4, Conclusions

The structural and vibrational spectra of 1,4-
polyisoprene were successfully predicted using the
MO062X calculations with cc-pVDZ basis set. The 1,4-
polyisoperne tetramer have been chosen as a suitable
model providing the accurate results, regarding to the
structural and vibrational information. The calculated
structural and vibrational properties agree well with
the experimental data. In the present study, the results
provide better insight of the structural and normal
mode of vibration of 1,4-polyisprene at molecular
level.
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Abstract: The aim of this study is to modify surface
hydrophobicity of regenerated cellulose fibers prepared
from water hyacinth, a common weed found in canals.
The obtained cellulose was subjected to regenerate
procedure with sodium hydroxide and thiourea followed
by treatment with ammonium sulfate. Membrane surface
was then modified with sulfur hexafluoride (SF¢) plasma
for improvement of hydrophobic property. The
conditions used were power of 20 to 70 watts, 0.05 to 0.5
torr of pressure, and the treatment time is 1 to 20
minutes. Membrane surface was analyzed by Scanning
Electron Microscopic technique. It was found that the
cellulose membranes possess higher porosity than that of
the cellulose sheet, a normal sheet of paper made by
automatic sheet former. Moreover, higher roughness was
observed in the case of membranes modified with SFg
plasma than that of the non-modified counterpart. The
functional groups were investigated by Attenuated Total
Reflectance-Fourier Transform Infrared spectroscopy to
show most characteristics of cellulose. However,
absorbing frequencies corresponding to an incorporation
of fluorine was difficult to observe since characteristic
absorption bands of cellulose in the 1000-1400 cm™ are
overwhelming. Alternatively, an Electron Probe
Microanalysis technique was employed to monitor the
incorporation of fluorine. It was found that surface
modification with SFg plasma resulted in attachment of
fluorine content. Contact angle measurement has also
been used to detect the wettability of the surface.
Wettability cannot be measured on unmodified RCM
since water was absorbed instantly which reflects a
superhydrophilicity of the membrane while a contact
angle of the RCM modified with SFg plasma higher than
90 degrees.

1. Introduction

The most important skeletal component in plants
and the most abundant renewable material in nature
are cellulose[1, 2]. The cellulose structures are highly
crystalline because they have strongly inter-molecular
and intra-molecular hydrogen-bonded structure[2, 3].

Regenerated cellulose membranes (RCM) have
been actively studied over the last decade because of
wide range of application of RCM in the field of
membrane  separation  technologies such as
haemodialysis, ultrafiltration and particle removal
from solvents[4-6]. RCM prepared from cupric oxide
process usually comes high toxicity and high cost[7].
In this work, we used same regenerated process from

previous reseach groups, the cellulose obtained was
subjected to regenerating procedure with sodium
hydroxide and thiourea followed by treatment with
ammonium sulfate[4, 5, 8].

Cellulose fibers were prepared form water
hyacinth, a common weed found in canals[9]. It can
quickly grow to very high densities; thereby
completely clogging water bodies, which in turn may
have negative effects on the environment and
economic development[10]. Due to various socio-
economic problems that it causes, several attempts
have been made to seek for solutions to turn this waste
material into useful products[11].

Low temperature plasma processing have been
extensively used in research to improve the surface
properties of polymer materials and membranes by
various gasses[12, 13]. In this work, sulfur
hexafluoride (SFe) plasma was used as the fluorine
source to improve the hydrophobic property[12].

The purpose of this research was to design a
multifunctional cellulose membrane, which possesses
hydrophobic, antibacterial and cytotoxic property[14].
To achieve a multifunctional property, the cellulose
membrane surface was modified by SFg plasma
treatment.

2. Materials and Methods

2.1 Materials

The dry water hyacinth was supplied by the
Department of Botany, Faculty of Science,
Chulalongkorn university. All of the chemical reagents
used in this research were of analytical grade, and
were purchased from Loba Chemie (Bangkok,
Thailand) and Merck (Bangkok, Thailand).

2.2 Membrane preparation

Cellulose solutions in NaOH/thiourea solutions
were prepared according to previous reports[4, 5, 8].
Cellulose fibers were dispersed in a 1.5M
NaOH/0.65M thiourea aqueous solution and then
stirred for 18 hours to obtain a slurry. The cellulose
slurry was freezed at —6 °C for about 18 h and then
thawed with vigorously stirring at room temperature.
The slurry was centrifuged at 4900 rpm for 15 min to
obtain a transparent solution containing 1.8wt.%
cellulose.




Aqueous (NH,4),SO, solutions with 5wt.%
concentration (cNHSQ) was chosen as coagulants, and
the coagulation bath was kept at room temperature.
The cellulose solution was spread over a glass plate to
give a gel sheet with a thickness of 0.10 mm, and then
immediately immersed in coagulant for 5 minutes. The
resulting fresh membranes were washed with running
water about 20 min and then deionized water, finally
air-dried at ambient temperature.

2.3 Plasma treatment

Regenerated cellulose membrane made from
cellulose fibers, 1 cm x 5 cm in size was modified with
radio frequency (RF) SFg plasma[12]. RF magnetron
sputtering unit was used to produce SFq plasma. The
chamber and the electrodes were made of stainless
steel. The sample was placed on the lower electrode
which was grounded. The frequency of the RF system
was 13.56 MHz. The process parameters that were
varied during the plasma treatment were treatment
time, RF power, and SFg pressure[12, 15].

2.4 Properties characterization

The functional groups of unmodified RCM and
RCM modified with SFg plasma were investigated by
Attenuated Total Reflectance-Fourier Transform
Infrared spectroscopy to show most characteristics of
cellulose.

Membrane surface was analyzed by Scanning
Electron Microscopic technique. It was shown that the
cellulose membranes and the cellulose sheet porosities.
The cellulose sheet is a normal sheet of paper made by
automatic sheet former (hot pressing).

An Electron Probe Microanalysis technique was
employed to monitor the incorporation of fluorine. It
was shown that fluorine content on the membrane
surfaces.

Contact angle measurement has also been used to
detect the wettability of the surface. To minimize
experimental errors, all the contact angle data were an
average of three measurements at different locations of
cellulose  membrane surface. A hydrophicility,
hydrophobicity, absorption time and aging time were
measured by contact angle technique.

3. Results and Discussion

3.1 Structure of membranes

The IR spectroscopic analysis of unmodified RCM
and RCM maodified with SFg was analyzed. It is known
that a C—F bond should show a characteristic peak
between 1100 to 1360 cm * due to the —~C—F bond
stretching. However, absorbing frequencies
corresponding to an incorporation of fluorine was
difficult to observe since characteristic absorption
bands of cellulose in the 1000-1400 cm™ are
overwhelming.

3.2 Pore size and surface roughness by SEM

The porosity and pore sizes have been used to
classified between cellulose membrane and cellulose
sheet. Cellulose membrane must have porosity and
pore size over than cellulose sheet. Fig. 1. shows the

membrane surface of cellulose sheet, a normal sheet of
paper made by automatic sheet former (hot pressing)
and RCM. It was found that the cellulose membranes
(b) possess higher porosity than that of the cellulose
sheet (a) because cellulose fibers on cellulose sheet
were melted by the hot pressing. Then, cellulose sheet
must possess lower porosity than regenerated cellulose
membrane. RCM pore sized (c) were observed by
SEM micrographs. The pore sizes of RCM (c) have
less than 5 micrometer. But, SEM photograph could
not observed the cellulose sheet's porosity.

Fig. 1. SEM micrographs of the top views (a) cellulose
sheet, (b) regenerated cellulose membrane and (c) pore
sizes of RCM.

Moreover, Fig. 2. shows that higher roughness was
observed in the case of membranes modified with SFg
plasma than that of the non-modified counterpart.
Smooth surface was shown in unmodified RCM (0m)
micrograph. However, RCM modified with SFg
plasma 20 minutes (20m) had higher roughness than
RCM modified with SFg plasma 3 minutes (3m) and
10 minutes (10m). The key factor, treatment time, was
used to control the surface roughness of membranes.
The result of fluorine contents when increasing
treatment time have been explained by EPMA
mapping technique.

Fig. 2. SEM micrographs of surface roughness of the
unmodified RCM (0m), RCM modified with SFg
plasma 3 minutes (3m), 10 minutes (10m) and 20
minutes (20m).




3.3 Fluorine atoms and elemental contents

Fig. 3. shows the elemental analysis results by
EPMA technique. It was found that surface
modification with SFg plasma resulted in attachment
of fluorine content. Table 1. shows the EPMA cannot
detected fluorine atoms on (a) unmodified RCM
surface but (b) RCM modified with SFg plasma 35
watts ,0.5 torr and treatment time 5 min (35W5) had
1.027%F by atom value. Fluorine contents were
explained how RCM modified with SFg plasma
surface had higher roughness than unmodified RCM.
Fig. 2. when increasing treatment time, fluorine
contents must be higher than low treatment time. Then,
surface roughness of RCM modified with SFg plasma
20 minutes (20m) must higher than RCM modified
with SFg plasma 3 minutes (3m).

Sulfur atoms were not detected on both surfaces
and oxygen atoms value had not changed significantly.

F Level
25

I 21
18

Ave

F — 50 um

Fig. 3. fluorine contents on (a) unmodified RCM and
(b)) RCM modified with SFg plasma by EPMA

mapping.

Table 1. Elemental contents (% atom on surface) of
RCM (a) and (b) surface by EPMA mapping.

% Atoms F (0] S
Samples
unmodified 0 0.292 0
RCM
RCM modified with  1.027  0.299 0
SF¢ 35W5

3.4 Contact angle, absorption times and aging times

Contact angle measurement has also been used to
detect the wettability of the surface. Fig. 4. shows the
wettability cannot be measured on SFg-modified RCM
since water was absorbed instantly which reflects a
superhydrophilicity of the membrane while a contact
angle of the RCM modified with SF¢ plasma was

higher than 90°. Table 2. shows the contact angle of
RCM modified with SF¢ plasma. SFg plasma treatment
would decreased a surface energy of membrane. 35W1
(35 watts, 0.5 torr and 1 min) shows high contact angle
about 115° and 35W3 (35 watts, 0.5 torr and 3 min)
shows the highest contact angle of all. But, 35W5-
35W20 (35 watts, 0.5 torr and 5 to 20 min) show
lower contact angle than 35W1-35W3. Roughness has
been assumed in this study. High treatment time can
increased higher roughness. Then, the contact angle
must lower than low treatment time.

Fig. 4. Contact angle of unmodified RCM and RCM
modified with SFg plasma.

Table 2. Contact angle of RCMs were showed on
table.

Samples Conditions Power Pressure Time Contact
(watts)  (torr) (min) angle(®)
1 unmodified - - - a
2 35W1 35 0.5 1 115
3 35W3 35 0.5 3 120
4 35W5 35 0.5 5 100
5 35W10 35 0.5 10 100
6 35W20 35 0.5 20 100

# Fabric too hydrophilic, it absorbs drop in less than
300 ms, not allowing contact angle measurement.

It is known that plasma treatment tend to undergo
an aging process. Therefore, the hydrophobic property
of RCM maodified with SFq plasma and stored for 20
weeks tested, displaying a few lower hydrophobic
property as fresh samples, so it can be concluded that
the functional groups created on the surface of
cellulose membrane with this treatment do not undergo
fast ageing.

Fig. 5. Aging times of RCM maodified with SFg plasma
(35W3).




4, Conclusions

Regenerated cellulose membranes from water
hyacinth can be prepared from treatment of sodium
hydroxide/thiourea solutions with ammonium sulfate
as coagulant. A surface treatment technique to
chemically modified regenerated cellulose membranes
was used to create a highly hydrophobic surface
through an increase in surface roughness and
incorporation of fluorine atoms. Regenerated cellulose
membranes were modified with SFg plasma showed
the highest hydrophobicity of 120°.
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Abstract: In the present study, roles of butylchloride
(BuCl) inthe Ziegler-Natta catalyst synthesis were
investigated. BuCl was found to have two main functions;
(i) formation of magnesium chloride support, and
(ii) chlorinating agent. The main reaction for
description of the support followed the Grignard
reaction. The particle size of catalysts, which measured
by SEM, showed fine particles when the amount of BuCl
was increased. Moreover, it was found that the catalytic
activity linearly increased with BuCl content. This
phenomenon was hypothesized that chloride eliminated
an inactive group which contained in catalyst such as an
alkoxide group. The decrease of alkoxide group
was proven by FT-IR technique. The peak at 1070 cm™ of
FT-IR patterns, which impliesto an alkoxide group,
decreased consequently as the amount of BuCl was
increased. In addition, the titanium residue contained in
polymer measured by XRF also supported the activity
and FT-IR results. It decreased consequently as the
content of BuCl was increased.

1. Introduction

In present, Ziegler-Natta catalyst (ZN) has been
considered as the main catalyst for general
polyethylene and polypropylene production[1] because
of low production cost and high productivity.
However, there are many works that are still
developing the catalyst to achieve higher activity.

There are many factors affecting on the catalytic
activity such as, temperature, Al/Ti ratio[2], cocatalyst
type[3], and precursor. Alkyl chloride (RCI), such as
butylchloride (BuCl), is one of the precursors for ZN
synthesis. It was found that RCI can act as chlorinating
agent[4] and relate with the magnesium chloride
supported formation via the Grignard reaction route.
Thus, the addition of BuCl also directly affects on
catalytic activity.

Although the catalytic activity can improve by
adjusting the amount of BuCl, the polymer properties
such as particle size, molecular weight and
crystallinity must be also considered. For example, it
was found that fine particle of polymer is the cause of
fouling in production process.

In this work, the effect of BuCl as precursor of ZN
synthesis was investigated to achieve the requirement
of catalyst and polymer properties.

2. Materials and Methods

2.1 Materials

All reactions were performed under purified argon
atmospheres using a standard glove box and Schlenk
techniques. Polymerization grade ethylene and argon
were purchased from Linde Co., Ltd. Butylchloride
(BuCl), titanium(IV)chloride, titaniumisopropoxide
(Ti(OPr)4), and hexane were purchased from Sigma-
Aldrich Co. Ltd. Tri-n-octylaluminum (TnOA) was
donated by Thai Polyethylene Co.,Ltd.

2.2 Catalyst preparation
The catalyst was synthesized according to the
company’s procedure.

2.2 Polymerization

The ethylene polymerization was carried out with
2l autoclave reactor connected with the lines available
for argon, hydrogen and ethylene gases and also the
hexane feed line. The reactor and all connected feed
lines were free from humidity and oxygen by
evacuation, and then followed by purging with the
argon many times. First, 11 of hexane was filled and
heated to 80 °C. The desired amount of TnOA was
injected into the reactor subsequence by the injection
of desired amount of titanium. In the condition with
the presence of hydrogen, the reactor was pressurized
with 1 bar of argon followed by pressurizing with
hydrogen and finally pressurizing with ethylene gas.

3. Results and Discussion

3.1 Catalyst characterization

As seen in Figure 1, the XRD patterns of catalyst
were noticeably changed. The peaks at 20~32, 34, 36,
48, 58, 63, 68 and 70 assigned to magnesium
carbonate[5], were decreased with increasing of
BuCl:Mg ratios. Inversely, the peak at 26=51 referred
to 8-MgCl, was more obvious. These indicated that an
insufficient amount of BuCl affected on a formation of
8-MgCl, and crystallinity of MgCl, supported.
Moreover, BuCl also affected on MgCl,-supported via
Equation 1. The effect of BUCl could be seen in the
size of catalyst which decreased with an increasing of
BuCl. The size of catalyst can be seen in Table 1.

RMgX + BuCl—> MgCIX + R-Bu  Equation 1




Figure 1. XRD patterns of catalyst with various
BuCl:Mg ratios

Table 1: Average size of catalyst

BuCl:Mg Particle size (um)
0.5 59.52
15 52.14
2.0 29.86
25 <20

3.2 Catalytic activity

As seen in Table 2 and Figure 2, the activities of 2
units had the same trends. This is suggested that the
amount of BuCl did not affect on a quality of titanium
active species. The increasing of BuCl amount affected
on a formation of MgCl, support because BuCl played
a key role as a chlorinating agent for Grignard
reaction pathway, as seen in Equation 1.

Table 2: Amounts of titanium and magnesium in
catalysts and catalytic activity

BuCl:Mg (kpémglt%/i.h)
0.5 1,713
15 2546
2.0 3,103
25 3,792

Figure 2. Catalytic activity, KPE/molTi.h.

Which R and X referred to electron withdrawing group
and halogen atom, respectively. The FT-IR patterns as
seen in Figure 3, also informed another role of BuCl,
which is the elimination of alkoxide group. This can be

Figure 3 FT-IR spectra of catalyst with various
BuCl:Mg ratios

seen in Figure 3. The decrease of height of the peak at
1070 cm™ implies an existence of alkoxide group. The
increased amount of BuCl decreased the crystallinity
of MgCl, support, or increased the disorder of MgCl,
support, resulting in more smooth of the XRD
patterns, as seen in Figure 1. However, the disorder of
MgCl, affected on the catalytic activity. Although the
titanium content was decreased with increasing of
BuCl, the catalytic activity was increased.

3.3 Polymer properties

Table 3: Polymer properties

BuCl:Mg Ti residue Particle size
(ppm) (um)
0.5 63 205
LS 48 260
20 37 226
2.5 31 151

As seen in Equation 1, BuCl directly affects on
support formation. It was found that more amount
higher content of BuCl can generate more support and
resulting in finer catalyst particles. This can be
described by 2 possible ways. First, the decrease of
polymer particle size is the result of replication
phenomena, which occurs during the polymerization
reaction. Moreover, BuCl as a chlorinating agent
probably eliminates alkoxide group, which makes
catalyst more active. The highly active catalyst is the
cause of more fragmentation. Ti residue also supports
this description. It was decreaseed because the catalyst
contained less alkoxide species, which is an inactive
species for ethylene polymerization. Thus, the more
content of polymer can result in less Ti residue
contained in polymer.

4, Conclusions

Butylchloride (BuCl) has an effect on both of
catalyst properties and polymer properties. The
increase of BUCl results in more active of catalyst and
finer particles of catalyst. For polymer properties,




titanium residue and polymer particle size decrease
with an increase of BuCl. However, the optimum
amount of BuCl cannot be summarized yet because
there are many others factor to be also considered such
as molecular weight of polymer.
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Abstract: The coconut oil (c-oil) can be used to treat
the cancer since it contains lauric acid, capric acid and
mystistic acid. In addition, turmeric extract has
attracted the attention of researchers in the fields of
cancer. But their drawback is poor water solubility.
Therefore, the aim of this work was to prepare the
turmeric extract/ c-oil nanoparticle from modified
carboxylmethyl cellulose (MCMC) and sodium
alginate (MNaAlg). The c-oil nanoparticles were
obtained from Tween 80 and Pluronic F127 as a non-
ionic surfactant by using high pressure homogenizer
and coated with MCMC and MNaAlg. First, the CMC
and NaAlg were modified by microwave to reduce the
molecular weight and to obtain MCMC and MNaAlg.
The c-oil was added in distilled water in presence of
Tween 80 or pluronic F127 by high-shear
homogenization and sonication at room temperature.
In addition, the nanoemulsion was coated with MCMC
and MNaAlg. The viscosity of MCMC and MNaAlg
decreased as a function of H,O, observing from
MCMC and MNaAlg weight. All formulations of
prepared nanoparticle were found to have good
particle size stability. The particle size of the turmeric
extract/c-oil nanoemulsion decreased as a function of
Tween 80 and Pluronic F127 concentrations as well as
the pressure used in homogenizer. But the particle size
of the nanoemulsion increased with increasing c-oil
content. In addition, the influence of modified
MNaAlg and MCMC concentrations on the particle
size of the c-oil nanoemulsion was discussed. The
particles of coated turmeric extract/c-oil nanoemulsion
with MNaAlg and MCMC were about 300-500 nm.

1. Introduction

Coconut palm is a plant which is cultivated in most
tropical countries. A coconut fruit consists of 38.5%
shell, 51.7% kernel and 8.9% water [1]. The coconut
oil (c-oil) is widely used in milk and cream products.
In the case of turmeric (Curcuma longa), it is a plant
which is cultivated in most tropical countries.
Turmeric extract has attracted the attention of
researchers in the fields of Alzheimer's disease and
breast cancer. However, the widespread clinical
application of these efficient agents in cancer and other
applications have been limited by their poor aqueous
solubility and bioavailability [2-4]. Consequently, they
have low efficiency to inhibit the cancer. Therefore,
the emulsion technique has been used to solve this

problem [5-6]. In recent years, nanotechnology has
been explored due to its potential to revolutionize the
medical field [7-9]. Nanoemulsion system could be
another alternative for effective delivery of medical
actives [8]. Nanoemulsion is a non-equilibrium
colloidal system comprising of oil(s)/surfactant(s)/
water with particle size of diameter typically in the
region of 20-200 nm. It is optically translucent/
transparent and Kinetically stable and the process of
formation is non-spontaneous [10]. The uses of nano-
emulsions were reported in pharmaceutical drugs for
topical transport of hydrophilic compounds, cosmetic
formulations for a vehicle for skincare products,
polymerization industry for polymer nanospheres [9]
and food-related areas for food [11] as well as
engineering processing [6]. Moreover, nanocapsules
have great potential as a nanoreservoir system. With
nanoemulsions, they share a liquid core within which a
high loading capacity can be achieved. They also have
a rigid capsule shell which can be made from
biocompatible polymer. However, there is very limited
information on the development of nanoemulsion
system for c-oil and turmeric extract. In this work, the
development of nanoemulsions system for turmeric
extract/c-oil formulations was done. The objective of
this work was to prepare the turmeric extract/ c-oil
nanoparticle from modified carboxylmethyl cellulose
(MCMC) and sodium alginate (MNaAlg). The c-oil
nanoparticles were obtained by using Tween 80 and
Pluronic  F127 as non-ionic surfactants and a high
pressure homogenizer followed by coating with
MCMC and MNaAlg. The effect of modified MNaAlg
and MCMC concentrations on the particle size of the
c-oil nanoemulsion was discussed.

2. Materials and Methods

2.1 Materials

NaAlg and CMC were provided from Fluka company.
C-oil and turmeric extract were supplied by Crop
Protection (Thailand) and Osot company (Thailand),
respectively. White hydrogen peroxide was purchased
from Ajax Finechem Pty Ltd (Australia).

Non-ionic surfactant, Tween 80 was purchased from
Sigma company. Pluronic F 272 was provided by
Dow Corning (Singapore). Deionized water was
prepared using Milli-Q water system (Milipore, USA).




2.2 Preparation of the MNaAlg and MCMC

NaAlg was dissolved in distilled water to get the
NaAlg solution at 2%(w/w). The chemical
modification was performed at room temperature.
Initially, the effect of H,O, on the reduction of
viscosity was studied. The chemical modification of
NaAgl/MCMC was carried out by microwave method
for 1 min [12]. The NaAlg solution at different
concentrations (10.0 ml) was immediately transferred
into the tube of 20 ml plastic syringe. The record of the
viscometer output parameters was started 1 min after
the onset of experiment. The mass of unmodified and
modified NaAlg/ MCMC was recorded, in grams,
flowing in 2 min through a capillary of syringe with a
specific diameter and length by a pressure applied via
prescribed alternative gravimetric weights [14]. The
method is adaptation from melt flow index in the
similar standards ASTM D1238. The degree of
reduction in viscosity was estimated by equation 1.

Degree of reduction in viscosity = W/ Wym.. (1)

Where W, is mass of unmodified NaAlg or
CMC, in grams, flowing in 2 minutes through a
capillary of syringe and Wy, is mass of modified
NaAlg or CMC, in grams, flowing in 2 minutes
through a capillary of syringe.

2.3 Preparation and characterization of turmeric
extract/c-oil nanoemulsion

The 2.5 g of c-o0il was added in 50 g of distilled water
in presence of Tween 80 or Pluronic F127 under
stirring by magnetic stirrer. The c-oil liquid formed
was blended with 5 g turmeric extract under stirring by
high-shear homogenization (Pro Scientific Pro250,
Monroe, CT, USA) for 2 min and intensity sonicated
by a probe-type sonicator at a 35 W for 5 min at room
temperature. The effects of pressure, 5%w/w of Tween
80 and 5%w/w of Pluronic F127 with different
contents at 0.25, 0.50, 0.75 and 1.00 g, and c-oil
concentration on the particle size of nanoemulsion
were investigated. In addition, the nanoemulsion was
coated with MNaAgl/MCMC solution.

The particle sizes of nanoemulsion were measured by
using Zeta seizer (Malvern, United Kingdom). The
resulting nanoemulsion samples were loaded into 1
cm® cuvettes and then put into a thermostated
chamber. Dynamic light scattering was monitored at a
90° angle.

3. Results and Discussion

The objective of NaAlg/CMC viscosity reduction by
H,O, was to prepare the smallest particle size of
turmeric extract/c-oil nanoemulsion particle. Control
of particle size is important with regard to the
particular application of the resulting nanoemulsion. It

was found that the particle size decreased rapidly with
decreasing viscosity of NaAlg/CMC.

Effect of H,0, on viscosity of NaAlg /MCMC

Figure 1 shows the changes of viscosity observing
from W, /W,,. Then, the degradation of NaAlg
molecules was activated by using H,O, under
microwave. The formed hydroxyl radical and
hydrogen atoms are able to abstract hydrogen atoms
from the polymer under microwave [12]. Thus,
macroradicals are formed. Subsequent, lowering of
NaAlg molecular weight was achieved observing from
the reaction of viscosity. Degradation rate of NaAlg
increased with increasing of the H,O, concentration.
This was due to more population of OH free radical
formation leading to reduced viscosity (or increasing
Wio/Wum). The hydrogen peroxide was decomposed
into H,O and 0.50, under microwave [12].

Wmol WU m

1

0

0 0.5 1 15

Figure 1 Influence of H,O, on W,/W,, of NaAlg
solution

The effect of hydrogen peroxide on W,,,/W,, value of
CMC for 1 min of microwave time is presented in
Figure 2. It was clear that the Wo/W,, of sample
modified with H,0, was dramatically increased. This
indicated that the chain scission of CMC was achieved
by using H,O, as a catalyst. Since W,,,o/W,, value is
inversely with viscosity. The formed hydroxyl radical
and hydrogen atoms were able to abstract hydrogen
atoms from the polymer.

Preparation of turmuric/c-oil nanoemulsion
Effect of pressure
Figure 3 shows the influence of the pressure and types

of surfactant on the particle size of turmeric extract/c-
oil nanoemulsion.
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Figure 2 Effect of H,O, on W,o/W,, of CMC

It is clear that the particle size decreased with
increasing pressure. In order to create a c-oil in water
emulsion (one that remains stable for a long enough
time), work must be done to overcome the interfacial
tension between c-oil and water phases in presence of
non-ionic surfactant. This can be achieved by high
pressure homogenizer.
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Figure 3 Effect of pressure on particle size of
turmeric/c-oil nanoemulsion in the presence of (a)
Pluronic F127 and (b) Tween 80 observing Zeta sizer

The optimal pressure for preparing turmeric extract/c-
oil nanoemulsion was 30,000 psi. In addition, the
particle size obtained from Tween 80 was smaller than
that of the latex obtained from Pluronic F 127 as
shown in Figure 3. This result is due to difference in
hydrophilic-lipophilic ~ blance  (HLB) of two
surfactants. The HLB of Tween 80 and Pluronic F 127
was 15 and 22, respectively [13]. In addition, the
HLB value of Tween 80 was close to that required of
the oil phase. Thus, the smaller in nanoemulsion was
well achieved by using Tween 80 as a non-ionic

Particle size (nm)

Particle size

surfactant. The effect of Tween 80/Pluronic F127
concentration on the particle size of turmeric extract/
c-oil nanoemulsion observing by Zeta sizer is
presented in Figure 4. Results show that the particle
size of the turmeric extract/c-oil nanoemulsion
stabilized with Pluronic F 127 dramatically decreased
after addition of 0.5% w/w Pluronic F127
concentration.  The particle size of nanoemulsion
decreased when the amount of surfactant increased
thereby leading to critically stabilized turmeric
extract/c-oil nanoemulsion particles. In case of Tween
80, this result was similar with Pluronic F 127. But the
particle size of the turmeric extract/c-oil nanoemulsion
obtained from Tween 80 was lower than that of
Pluronic F127 due to its HLB value, as above
mentioned. The optimal surfactant concentrations for
preparing turmeric extract/c-oil nanoemulsion were
0.75 and 1 g for Pluronic F127 and Tween 80,
resnectivelv.
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Figure 4 Effect of (a) Pluronic F127 and (b)Tween 80
concentration on particle size of turmeric extract/c-oil
nanoemulsion observing Zeta sizer
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Figure 5 Effect of oil concentration on particle size of
turmeric extract/c-oil nanoemulsion observing Zeta
sizer

Figure 5 displays the influence of c-oil concentration
on the particle size of turmeric extract/c-oil
nanoemulsion. The particle size of nanoemulsion
stabilized prepared with Tween 80 decreased as a
function of c-oil concentration. This was due to the
stabilization of c-oil with Tween 80. The optimal
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concentration of c-oil for this purpose was 1.5 g. In
the case of Pluronic F127, the particle size of turmeric
extract/c-oil nanoemulsion increased with increasing
c-oil concentration. Since the HLB of Pluronic F127
was higher that of c-oil, thus adding more amount of
c-oil, the particle size increased. The effect of H,0,
concentration on the particle size of turmeric extract/c-
oil nanoemulsion coated with CMC (called “capsule”)
observing from Zeta sizer was presented in Figure 6.
Results show that the particle size of the capsule
dramatically decreased with increasing with H,0,. The
lowest particle size of nanoemulsion was found at 1 g
of H,0, due to the reduction of viscosity of CMC as
above mentioned.
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Figure 6 Effect of H,O, on particle size of coated
turmeric extract/c-oil nanoemulsion with MCMC
observing Zeta sizer

The effect of H,O, on particle size of turmeric
extract/c-oil nanoemulsion was coated with NaAlg
observing Zeta sizer is given in Figure 7.

Particle size

' H20, (9)

Figure 7 influence of H,O, on particle size of coated
turmeric extract/c-oil nanoemulsion with MNaAlg
observing Zeta sizer

These results show the same trend as reported with
MCMC. The particle size of capsule decreased as a
function of H,0, due to its low viscosity.

4. Conclusions

The successfully modified NaAlg and CMC with H,0,
under microwave method was achieved. Interestingly,
the turmeric extract/c-oil nanoemulsion formulations
were obtained with small particle sizes (<500 nm). All
formulations were found to have good particle size
stability. The particle size of the turmeric extract/c-oil
nanoemulsion decreased as a function of Tween 80
and Pluronic F127 concentrationa and high pressure
homogenizer. Tween 80 was a good surfactant for
preparing turmeric extract/c-oil nanoemulsion. The
particle of coated turmeric extract/c-oil nanoemulsion
with MCMC/MNaAlg was about 300-500 nm.
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Abstract: The main purpose of this study was to prepare
polymer composites for use as electrostatic dissipative
(ESD) coatings. Polyvinyl alcohol, PVA, was used as a
matrix and ferrofluid was used as a conductive filler.
Ferrofluid was prepared by co-precipitation method
between iron (I11) chloride hexahydrate and iron (I1)
chloride tetrahydrate, using tetramethyl ammonium
hydroxide as a surfactant. The obtained magnetic
particles (FesO,) were characterized by FT-IR. The effect
of ferrofluid content on the electrical and mechanical
properties of the composites was investigated. The
distribution of the conductive filler and the morphology
of the composites were also examined by SEM. The
experimental results provided useful information for
understanding the behaviour of electrical conductivity
and mechanical properties of the proposed ESD coating.
In addition, the adhesion strength and wettability of the
coatings on a glass substrate were analyzed by cross-cut
adhesion test and water contact angle measurement,
respectively.

1. Introduction

The estimated annual losses in products containing
sensitive electronics due to electrostatic discharge
(ESD) during manufacturing, assembling, storage and
shipping are in billions of dollars [1]. The occurrence
of these electrostatic charges is related to the surface
resistance of materials. One way to solved such
electrostatic problems is by using conductive polymer
composites (CPCs) as packaging or coating for such
sensitive products.

CPCs are important in technological applications
and constitute an ongoing topic of tremendous
commercial interest [2]. CPCs based on insulating
polymer matrices and formulated using electrically
conductive fillers. Conductive fillers may be
particulate or fibrous such as carbon black, graphite,
metal powder, aluminium flakes or conductive
polymers [3, 4]. These multifunctional materials are
routinely employed in various commercial applications
due to their good electrical conductivity, corrosion
resistance, light weight, enhanced mechanical
properties, and the ability to be readily adapted to the
needs of a specific application. Examples of
applications that use CPCs include electronics,
automotive and aerospace manufacture, antistatic
packaging and coatings [2, 5], as well as antistatic and
ESD materials. Whatever be the application used, one
main parameter determining CPCs properties is the

conductive pathways structure, depending on many
parameters such as filler content, filler dispersion,
filler distribution, filler conductivity, surface free
energy of the filler and the matrix, polymer matrix
crystallinity, reticulation and exclusion volume.
Polymer composites used for the ESD applications, the
optimum surface resistivity is in the range 10° — 10°
Q/sq [1, 4].

Polyvinyl alcohol (PVA) is one of the promising
representatives of polymeric materials and there are
numerous proposals for its application in electronics,
as well as packaging, textile and food products. This is
due to its easy preparation, high clarity, high gloss,
excellent durability, chemical resistance, physical
properties, lowest permittivity coefficient and
completely biodegradable [3]. Addition of conductive
fillers converts the non-conductive PVA for
formulation into an electrically conductive system.

Ferrofluid (FF) was colloidal dispersions of small
single-domain magnetic particles suspended in a
carrier fluid. Recently, FF has been the subject of
much interest because of their unusual optical,
electronic, and magnetic properties, which can be
changed by applying an external magnetic field. FF-
composite materials have potential for the EMI
shielding and ESD, due to the magnetic particles have
formed like a hillock and tending to form elongated in
the direction of the applied magnetic field in polymer
composites [6, 7].

In this study, CPC composites from PVA and FF
were prepared, using glutaraldehyde as a crosslinker.
The effect of FF content on the electrical conductivity
of the composites was investigated. The changes of the
effective parameters including FF distribution and the
composite morphology were also studied as well as the
adhesion strength, wettability, thermal and mechanical
properties of the composite films.

2. Materials and Methods

2.1 Materials

Polyvinyl alcohol (PVA, Mw 85,000-124,000
g/mol) was purchased from Sigma-Aldrich Company,
Germany. Iron (11) chloride tetrahydrate (FeCl,-4H,0)
and Iron (I11) chloride hexahydrate (FeCls;-6H,0) were
from QRé&c Company, New Zealand. Ammonium
hydroxide solution (25% NH,OH) was from Loba
chemie private limited Company, India. Tetramethyl




ammonium hydroxide (TMAOH, 10% in water), the
surfactant, was from J.T.Baker Company, Germany
and glutaraldehyde (GA, 1.2%, w/v), the crosslinking
agent, was from Fluka Company, Switzerland. The
other chemical reagents used (hydrochloric acid,
sulphuric acid, acetic acid and methanol) were from
QRéc Company, New Zealand.

2.2 Synthesis of magnetite particles

To synthesize Fe;O, particles, 2 g (1.0 M) of
FeCl,-4H,0 was dissolved in 5 mL 2.0M HCI solution
and 3.2 g (2.0 M) of FeCl;:6H,0 in 20 mL 2.0M HCI
solution. FeCl,-4H,0O and FeCl;6H,0 solution were
combined in a flask and stirred vigorously. In the mean
time, 50 mL of 1.0M NH,;OH was added slowly over a
period of 5 minutes into the flask by a dropper. Just
after mixing the solutions, the color of the solution
changed from light brown to black, indicating the
forming of Fe;O, particles and stirring was continued
for 15 min. Stirring was then stopped and a strong
magnet was used to settle the black precipitate (5-10
min). Most of the liquid was then decanted and
disposed of. The products (FesO, particles) were also
washed and re-dispersion three times with de-ionized
water. Then, the final products were dried in a vacuum
oven at room temperature for 24 h, and the Fe;O,
particles were finally obtained.

2.3 Preparation of ferrofluid (FF)

125 mL of 10 % TMAOH, Fe;O, particles
obtained from magnetic separation and de-ionized
water were mixed together. The mixture was gently
stirred with a glass rod for at least a minute to suspend
the solid in the liquid and pour into a plastic glass. A
strong magnet was used to attract the FF to the bottom
of the plastic glass, while the dark liquid was pour off
and discarded. Finally, FF was obtained.

2.4 Preparation of composites

A PVA solution with a concentration of 10 % (w/v)
was prepared by dissolving PVA powder in deionized
water at 90 °C under stirring for 2 h. To prepare the
composites, 10 mL of PVA solution was mixed with
FF (20, 30, 40, 50 and 60 wt%). Then 2.8 mL of
crosslink solution (50% w/v methanol (the quencher),
10% wi/v acetic acid (the pH controller) 1.20% (w/v)
of glutaraldehyde and 10% (w/v) sulfuric acid (the
catalyst), make up a 3:2:1:1 weight ratio solution) was
added into the mixture under constant stirring for 15
min, in order to obtain uniform distribution of filler.
The mixtures were poured into a Petri disk or coated,
using a bar-coater, on glass substrate and cured for 12
h at 50 °C in hot air oven and for 24 h at 40 °C in
vacuum oven. The thickness of the dry film were 0.10
and 0.05 mm, respectively.

2.5 Characterization

The functional groups of the Fe;O, particles were
analyzed by FT-IR spectrometer (model system 2000
FT-IR, Perkin Elmer) at wavenumbers 400 to 4000
cm™. The water contact angle (WCA) was measured
after a drop of DI water was set on the composite films

and the side view pictures of the droplet were taken.
The averaged WCA value was obtained by measuring
five randomly selected droplets. The tensile stress-
strain test of the composite films was achieved using a
tension mode of Testometric (Micro 350) at room
temperature. The size of the cured film was
5 cm x 0.5 cm and thickness was about 100 um
(sample number, n = 10). The gauge length was 3 cm
and the cross-head speed was 6 mm/min. Cross-cut
adhesion of the composite films was carried out
according to ASTM D3359-97. Square boxes of
1 mm* were made on a 1 cm x 1 cm square of the test
specimen. The boxes were covered by adhesion tape.
The adhesion tape was then peeled off and the number
of boxes removed from the glass surface was counted
to check the adhesion of the films. Surface
morphology and the conductive fillers distribution in
the composite films were carried out using scanning
electron microscope (model LEO-1450 VP) at 10 kV
accelerating voltage. Surface resistivity was measured
according to ASTM D257-90.

3. Results and Discussion

3.1 Structure analysis of ferrofluid (FF)

The co-precipitation method was used to
synthesize FF. The synthesis was based on reacting
iron(l1l) and iron(lll) ions in an agueous ammonia
solution to form magnetite, Fe;O4, as shown in eq 1.

2FeCl3+FeCl,+8NH;+4H,0 —=> Fe;0,+8NH,Cl (1)

FF was colloidal suspensions of FezO,4 particles,
with the viscosity of 11.2+0.1 cP. Due to the Fe3O,
particles exhibited superparamagnetic behavior, Fe;O,
particles were prone to aggregate. TMAOH, therefore,
was adding as a surfactant to the aqueous medium in
order to produce an electrostatic repulsion in an
aqueous medium [8].

Fig. 1 shows the FT-IR spectrum of Fe;O,. In this
spectrum, the peak at 3437 cm™ is attributed to the
stretching vibrations of the -OH, which is assigned to
OH~ absorbed by Fe;O, particles. The peak at 598 cm™
is attributed to the Fe-O bond vibration of Fe;O, [9].
Other peaks at 1590-1650 cm™ and 1351 cm™ are
assumed as the conjugated of COO—Fe and the C-O
stretching vibration, respectively, which are the result
of the reaction between remaining Fe**/Fe?* and CO,
in air [10].
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Figure 1. FT-IR spectrum of FesO,4 particles.




3.2 Electrical conductivity

The electrical conductivity of the composites
generally depends on the concentration of the FF. The
effect of FF content on the surface resistivity of FF
filled PVA composites are presented in Fig. 2. It can
be seen that the resistivity of the composites can be
reduced by addition of FF filler. With 20 wt% FF,
when a conductive FezO,4 particles network was not
formed in the PVA matrix, the resistivity of the
composites was slightly different from the PVA. The
electrical percolation threshold of the PVA-FF
composites was between 20 and 30 wt%, the resistivity
showed a sudden drop and reached 1.83 (x10) ohm
per square at 30 wt%. The sudden drop of resistivity in
the composites was ascribed to the enhanced
dispersion of FF in PVA as the Van der Waals force of
attraction among the particles decreases in presence of
PVA. Beyond a critical filler loading, a significant
increase in the conductivity of the composites
indicates the formation of filler networks above the
percolation threshold [11]. Above 30wt%, the
resitivity decreased slowly with the increase of FF
content, and reached 4.39 (x10°) ohm per square at
60wt%. Hence, within 20-60 wt% concentration of FF
the composites behaved like semiconducting materials
suitable for ESD applications.
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Figure 2. Electrical resistivity of PVA composites as a
function of FF content.

3.3 Water contact angle (WCA)

In our experiments, it was proved that the neat
PVA and crosslinked PVA films coated on the glass
substrate is hydrophilic, with the WCA of 53° and 58°,
respectively.

Figure 3. WCA on the glass substrates coated with
PVA composites filled FF.

WCA on the glass substrate coated with PVA-FF
composite films were also measured and the data are
shown in Fig. 3. Each value represents an average of 5
measurements with the standard deviation less than 1°.
As seen in the figure, the PVA-FF composite films
showed lower values of WCA when compared with
that of crosslinked PVVA films. The values of WCA for
the obtained PVA-FF composites were in the range
33-44°. The presence of Fes;O,4 particles in PVA
matrix, therefore, leads to the decrease of the WCA of
composites in the whole concentration range studied.

3.4 The morphology studies

SEM Microscopy studies were performed for the
PVA-FF composites. Fig. 4a displayed micrograph for
crosslinked film PVA, showing smooth and relatively
homogeneous appearance. Figure. 4b-2f displayed the
SEM micrographs for the PVA-FF composites. It can
be observed that at the lower filler concentration
(Figure. 4b), Fe3O, particles discretely distributed,
with relatively large inter-particle distances. At the
higher FF-filler concentrations (Figure 4c, d, e and f),
the SEM micrographs revealed large Fe3O,
agglomerates dispersed within the PVA matrix,
yielding a conductive composite. In both cases, the
FesO, particles displayed clear phase boundaries
within continuous PVA matrix.

Figure 4. SEM micrographs of PVA-FF composites
filled with (a) 0 wt% FF; (b) 20 wt% FF; (c) 30 wt%
FF; (d) 40 wt% FF; (e) 50 wt% FF ; (f) 60 wt% FF.

3.5 Mechanical properties

In order to investigate the effects of FF content, the
mechanical properties of the PVA-FF composites
films were measured and compared with the
crosslinked PVA film.
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Figure 5. Effect of FF content on Young's modulus coating film has poor adhesion on the glass substrate.
and elongation at break of the PVA-FF composite The microstructure showed that FesO, was well
films. dispersed in PVA matrix, but discontinuity of
conductive phase still existed in some segments of
The Young's modulus and elongation at break of composites.
the PVA-FF composites films are shown in Fig. 5. The electrical conductivity of composite coatings
Compared with the crosslinked PVA film, the on glass substrate was improved by addition of FF.
elongation at break decreased with increasing the FF Within the concentration range of FF used in this
content from 20-30 wt%, whereas the Young's study, the composites behaved like semiconducting
modulus of the PVA-FF composite films increased. It materials suitable for ESD applications and 30 wt% FF
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Abstract: Polyimides are widely used in microelectronic
applications because they have good mechanical,
electrical and thermal properties. However, most
polyimides colour are yellow-orange that limit the usage
in optical application. The colour in polyimide occurs
from electron charge transfer between amine groups and
benzene ring. To reduce it, the asymmetric diamine was
introduced to polymer backbone. The sample from
conversion of 22 Dinitrobiphenyl to 22
Diaminobiphenyl was successfully prepared by
hydrogenation reaction in hydrogen atmosphere. It was
then examined by Nuclear Magnetic Resonance (NMR)
and Fourier Transform Infrared (FTIR) spectroscopy to
confirm the structure. The transparent free-standing
film, made by thermal imidization, will be further
characterized by Thermogravimetric analysis (TGA),
Ultraviolet-Visible spectrophotometer (UV-vis) and
Universal Testing Machine (UTM) in the near future.
The target of cut off wavelength below 350 nm will be
tested and verified by changing the combination of the
dianhydride comonomer of polyimide.

1. Introduction

Polyimide is a high performance polymer that has
various applications in electronics industry for
application as substrate, cover-layer, dielectric barrier
etc. However, the simple polyimide such as Kapton
possessed a colour of yellow to orange that limits its
usage in the optical application such as transparent
circuit, cover layer of LED and LCD display and
substitution of glass cover layer in solar cell.

Recently, many methodologies to prepare the
transparent polyimide have been investigated and
developed. In 2010, Du Pont launched a new product
of transparent colorless Kapton that utilized the
asymmetric dianhydride and fluorinated diamine for
colorless application.[1] The transparent or color
property are obviously depends on Intermolecular
interactions such as charge-transfer complex,
electronic interaction, and intermolecular cohesive[2].

This work studied the reduction of Intermolecular
interactions by putting the unsymmetrical or twisty
units into the polymer backbone. Synthesize of
diamine monomer by using Hydrogenation on Pd/C
have been applied to converse 2,2 Dinitrobiphenyl to
2,2’ -Diaminobiphenyl.

2. Materials and Methods

2.1 Materials

2,2 Dinitrobiphenyl, 5% Pd/C, Hydrazine
monohydrate and  4,4'-(Hexafluoroisopropylidene)
dianiline (6F-Diamine) were purchased from the
Tokyo Chemical Industry Co., Ltd (TCI). 4,4-
(Hexafluoroiso-propylidene) bis(phthalic anhydride)
(6FDA) was purchased from the Sigma, Aldrich &
Supelco. S.M. Chemical Supplies Co.,Ltd. the solvent,
N-Methyl-2-pyrrolidone (NMP) was purchased from
Fisher Scientific Co. Leics, UK

2.2 Measurements

The structures of 2,2° Diaminobiphenyl have been
investigated using nuclear magnetic resonance (NMR)
(Bruker 400 UltraShield) at 300 MHz for 1H and 13C
using CDCL; as solvent. Then, Polyimide films have
been investigated using Fourier-transform infrared-
spectroscopy (FT-IR) (Nicolet 6700).

2.3 Synthesis of the monomer
2,2 Diaminobiphenyl (1)

2,2-Dinitrobiphenyl 2 g (0.0083 mole) was
dissolved in 10 ml of ethanol in Parr Bomb reactor
then 0.05 g of 5% Pd/C and 0.5 ml of NH,NH,.H,O
were added. The mixture was stirred at 60 °C in 4 bar
H, atmosphere for 4 h as can be shown in Scheme 1,
and then filtered. The filtrate was poured in to 100 ml
water, the small yellow-white crystalline was
precipitated out, which was collected and purified by
recrystallized in water/hexane. The structure of (1) was
characterized by *H-NMR with CDCL; solvent.

2.4 Polyimide synthesis and film preparation

The dried diamine monomer (1) was collaborated
with 6F-Diamine to reacted with commercially
available aromatic dianhydrides, 6FDA to give the
polyimides as shown in Scheme 2. The mole ratio and
solid content of (1):6F-Diamine:6FDA is 1:1:2 and 18
wit% respectively. 6F-Diamine and (1) was dissolved
in NMP and then 6FDA was added. The solution was
stirred at room temperature for 1 hour to forming the
poly(amic acid)(PAA) in NMP as a viscous solution
Then it was poured into 10 x 20 cm glass plate which




the solvent was removed partly in Vacuum Oven at 90
°C for 2 hours. Then, the haft-dried PAA was
continued to cure at 250 °C in Oven for 3 hour forming
polyimide film.
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3. Results and Discussion
3.1 Monomer synthesis

In this study, 2,2'Diaminobiphenyl (1) can be
obtained from 2,2 Dinitrobiphenyl by Hydrogenation
reaction under heat and high pressure of H, as shown
in Scheme 1. The white-yellow crystal of diamines
was stable in atmosphere at room temperature. The
structure of (1) was characterized by 1H and 13C
NMR compared with the reference papers [3,4]. The
results of NMR spectra are shown in Figure 1 and 2.
For 1H NMR spectra, signal in the range of 6.80-7.25
ppm were ascribed to the protons of the aromatic ring.
The signal of protons from amine groups was appeared
at 3.664 ppm. The peak intergrade ratio was matched
with a structure. In the 13C NMR spectra, the signal
of carbon which it contained the amine group was
occurred at 144 ppm.

\ Thermal imidization

Pl
Scheme 2. Synthesis of polyimides
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Figure 2. *C NMR spectra of diamine monomer (1),
(400 MHz, CDCL)

3.2 Polyimide synthesis and film properties

The sample of polyimide film was synthesized by
two-steps thermal condensation polymerization as
shown in Scheme 2. 2,2'diaminobiphenyl(1) and 6F-
diamine was polymerized with 6FDA to form
poly(amic acid)(PAA) and follow by thermal
imidiazation.
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Figure 3 FT-IR spectra of PI film

The film, characterized by FT-IR, showed
characteristic imide group absorptions around 1780
and 1725 cm™ (C=0 asymmetrical and symmetrical
stretch), 1380 (C—N stretch), and 1050 and 720 (imide
ring deformation).

Figure 4 Standard Pl Kapton Film (Left) and Sample
P1 Film (Right)

The Sample PI film was more colourless than
standard Pl Kapton film, which resulted form
monomer such as 6F-Diamine and 6FDA structure
containing CF3 bulky unit and asymmetric structure.
The CF; bulky unit was effective to reduce the
intermolecular and intramolecular charge-transfer
complex (CTC) by steric hindrance and decreasing the
electron-donating  property of diamines. The
asymmetric and bulky units in polymer backbone also
increased the intermolecular space that affected the
reduction of CTC too.

4. Conclusions

The synthesis of 2,2’ Diaminobiphenyl could be
synthesized successfully by hydrogenation reaction of
2,2 Dinitrobiphenyl with hydrazine monohydrate in H,
atmosphere using Pd/C as catalyst. The product was
purified purely enough to use in polyimide synthesis.

The polyimide film was prepared from
2,2'Diaminobiphenyl with 6Fdiamine and 6FDA by
two-step thermal imidization on glass substrate. The
obtained PI film was colorless comparing with Kapton
P1 standard film.
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Abstract: This work aimed to elucidate properties of
polypropylene/modified ground tire rubber powder
blends with respect to the effect of compatibilizers e.g.
maleic anhydride-grafted styrene-ethylene-butylene-
styrene (SEBS-g-MA) and styrene-ethylene-butylene-
styrene (SEBS). Ground tire rubber powder (GTR) of 80
mesh size was devulcanized by a mixture of diphenyl
disulfide:toluene in a ratio of 1:10 for 72 h at 50 °C to
obtain the modified GTR. The blend ratio of PP/GTR
was varied and investigated. To study the effect of
compatibilizers on the properties of thermoplastic
natural rubber blend, the blend ratio of 60/40/10
(PP/IGTR or modified GTR/compatibilizer) was used.
The result showed that increasing in GTR content ratio
revealed more rubber-like behavior showing in reduction
of mechanical properties; increasing the elongation at
break while reducing the tensile strength and modulus
properties. Moreover, incorporation of  the
compatibilizer SEBS exhibited the gradually increase in
the elongation at break as SEBS content increased.
Incorporation of modified GTR exhibited an increase in
the elongation at break and also an improvement in
swelling resistance of blends in both oil and toluene as
compared to those incorporated with the conventional
GTR. The presence of SEBS-g-MA could enhance the
rubber-like characteristic of blends.

1. Introduction

The management of the scrap tires worldwide is a
great environment challenge. An accumulation of the
end-life tires is continuously increased as long as high
requirement for the automobiles persists. Although
many applications of scrap tires have been available
e.g. pavement, playgrounds, footwear, barrier, energy
resources [1-3], more extensive research activities and
applications of scrap tires are still needed to reduce
their volume. The possibilities in recycling ground tire
rubber (GTR) powders were published in various
research articles and patents. Generally, high
compatibility and high entanglement content shows an
increasing in blend properties. The interfacial adhesion
between the GTR and the thermoplastic matrix is
normally very weak [4-6]. Therefore, one of the key
points has been focused on the compatibility of GTR, a
crossliked rubber thermoset material, and some of
thermoplastic materials such as PE, PP, PVC [7-11]. In
order to assist this target, the GTR should be
devulcanized or partially devulcanized to facilitate the
interfacial adhesion or the molecular entanglement
between the polymer matrix and the GTR [12-13].
Besides, for further improvement of the interfacial
adhesion, the compatibilizer should be added [14-15].

In the present study, attempts have been made to
investigate the effect of compatibilizers: maleic
anhydride-grafted  styrene-ethylene-butylene-styrene
(SEBS-g-MA) and styrene-ethylene-butylene-styrene
(SEBS) of various concentrations on the properties of
PP/modified GTR blends. The physico-mechanical
properties, thermal properties and swelling resistance
of the blends were analysed.

2. Materials and Methods

2.1 Materials

Polypropylene (PP 1100NK) was kindly provided
by IRPC Public Company Limited in Thailand. Maleic
anhydride-grafted  styrene-ethylene-butylene-styrene
(SEBS-g-MA) was obtained from Sigma-Aldrich Co.
Ltd. Styrene-ethylene-butylene-styrene (SEBS type
GS7033) was supplied by Singapore Polymer Co. Ltd.
Diphenyl disulphide was purchased from Merck
Schuchardt OHG Co. Ltd., Germany. Ground tire
rubber powder (GTR) was kindly supplied by S.L.
Rubber Industry (2000) Co. Ltd., Thailand. All
chemicals were use as received.

2.2 Modification of GTR

The GTR powder of 80 mesh size, was
devulcanized by being immersed in a mixture of
diphenyl disulfide:toluene in a ratio of 1:10 for 72 h at
50 °C. After filtering, the received GTR as called
modified GTR was put into a vacuum oven at 60 °C
for 5 h to completely evaporate the solvent. The
modified GTR was characterized by using FTIR-ATR
technique.

2.3 Preparation of blends

PP and unmodified GTR powder were melt
blended in an internal mixer at 50 rpm. PP was firstly
melted at 180 °C for 7 min and then the unmodified
GTR powder of 80 mesh size at various weight ratios
of PP/GTR e.g. 80/20, 60/40, 40/60 and 20/80 was
added. The blending process was continued for 2 min
or until the torque curve being constant. Finally, the
SEBS compatibilizer at the weight percentage of 0, 10,
20 and 30 wt% was charged into the mixer and mixing
was carried on for another 8 min. After melt blending,
the blends were removed and left to cool down at
ambient temperature. Before moulding by a hydraulic
hot press, the blends were granulated by a granulator.
The obtained granules were preheated at 80 °C and
fully placed into a preheated dumbbell mould. The




filled mould was heated at 190 °C under the pressure
of 160 kg/cm? for 10 min. After leaving to cool down
to room temperature for 10 min, five pieces of
dumbbell specimens, according to ASTM D638 (Type
V) were received.

To study the effect of compatibilizers, the blends of
PP/GTR 60/40 were compounded. Two types of the
compatibilizers: SEBS and SEBS-g-MA  were
incorporated into the blends with a constant amount of
10 wt% to elucidate their effects on the blend
properties both blended with unmodified GTR and
modified GTR powders.

2.4 Characterization of blends

Mechanical testing: The tensile properties of the
dumbbell specimens were measured using a universal
testing machine, Model LR50K, with a cross-head
speed of 10 mm/min, the gauge length kept at 25 mm
and a full load of 50 kN. The average values and the
standard deviation of tensile strength, elongation at
break and Young's modulus were calculated by using
at least three reading. Hardness test was determined by
using a Shore D Durometer according to ASTM
D2240. The average values of five readings for each
specimen were recorded.

Thermal testing: The thermal analysis was carried
out by using a thermal gravimetric analyser (TGA),
Model TGA/DSC1, within the temperature range of
40-800 °C at a heating rate of 20 °C/min under
nitrogen atmosphere.

Swelling testing: The specimens with dimensions
of 25 mm x 50 mm x 2 mm were conducted. The
specimens were initially weighed accurately to
determine their initial weight before being immersed
into toluene solvent and SAE15W40 oil. The
specimens were kept in the dark for 7 days at room
temperature. After that, the specimens were taken out
and the excess liquid on the specimen surface was
removed by using tissue. The specimen was reweighed
immediately to determine the swollen weight. The
percentage of the weight change was recorded.

3. Results and Discussion

3.1 Characterization of modification of GTR

The unmodified GTR and modified GTR powder
gave the same density value of 0.61 g/cm®. The latter
showed softer surface as compared to that of the
unmodified one. After being devulcanized, the particle
size of the modified GTR powder was still constant at
80 mesh. Diphenyl disulfide was found to be one of
the most effective devulcanizing reagents [16]. In
order to introduce diphenyl disulfide into the
vulcanizate rubber, the good organic solvent which
gives the high degree of swelling of the crossliked
isoprene rubber was needed [16]. Toluene was used as
the solvent for diphenyl disulfide in the study. FTIR-
ATR spectra of the unmodified GTR and modified
GTR powder are shown in Figure 1. Since diphenyl
disulfide broke the crosslinking sulphur bonds in the
rubber vulcanizater GTR  powder, thus, the

characteristic peak of C-S stretching at 684 cm™
appeared in the spectrum of the modified GRT powder
as seen in Figure 1. Besides, the peak at 1540 cm™
assigned as the stretching frequency of a methyl-
assited conjugated double bonds decreased after
modification, which showed that the diphenyl disulfide
caused a partly breakage of these conjugated double
bonds [17].

% Reflectance

Wavenumber (cm™)

Figure 1. FTIR spectra of a) unmodified GTR powder
b) modified GTR powder.

3.2 Effect of SEBS content on mechanical properties
of PP/GTR blends

Although both PP and rubber are non-polar
materials, but they exhibit an incompatible blend, thus,
many researchers try to find a suitable compatibilizer
for a particular application. The mechanical properties
such as tensile strength, Young's modulus and
elongation at break of PP/GTR blends with various
contents of SEBS compatibilizer have been studied
and shown in Figures 2-4. Without SEBS content, the
PP/GTR blends for all composition ratios revealed the
highest tensile strength and Young's modulus.
Increasing the SEBS content, exhibited a decrement in
both mechanical strength properties. The hardness
result of the blends also revealed the same trend (did
not show here). This might be caused of the
plasticizing effect of SEBS in the blends. While, an
increase in elongation at break was achieved for all
compositions ratios of the PP/GTR blends as
increasing the SEBS content. This is due to an
efficient stress transfer from the matrix to the
dispersed phase, resulting in an increase of the
elongation at break [18]. It is worth to note that at 10
wt% of SEBS content, it showed the great changes for
all mechanical properties.

BSERS 0 2wt
ESEES 1020wt

OSEBS 20 %owt

Tensile strength (MPa)

BSEBRS 30 %owt

8020 HO/40 40/60 20/80
PP/GTR (%owt)

Figure 2. Tensile strength of PP/GTR blends with
various SEBS contents.




Figure 3. Young's modulus of PP/GTR blends with
various SEBS contents.

50

B8 SEBS 0 ®owt
M SEBS 10 %awt
20

[ SEBS 20 %owt

Elongation at break (%)

SEBS 30 ®ewt

8020 60/40 40/60 20/80

PP/GTR (“owt)

Figure 4. Elongation at break of PP/GTR blends with
various SEBS contents.

3.3 Effect of type of compatibilizers on mechanical
properties of PP/GTR and PP/modified GTR blends

Generally, the mechanical properties of a
thermoplastic are often decreased by adding a rubber
phase because of an incompatibility of phases in
blends [16]. To improve the compatibility of phases,
the compatibilizer is needed. Figures 5-6 show the
tensile strength and elongation at break of the PP/GTR
blend and PP/modified GTR blends at the composition
ratio of 60/40 with 10 wt% of SEBS and SEBS-g-MA.
The stress-strain curves of those blends were also
revealed in Figure 7.

e[

[ PP/GTR 60/40

B PP/GTR/SEBS 60/40/10

4 PP/GTR/SEBS-g-MA

Tensile strength (MFPa)
)

R 60/40/10

Non- Modified Modified

Type of GTR

Figure 5. Tensile strength of 60/40 PP/GTR blends
with 10 wt% SEBS and SEBS-g-MA.

The addition of both compatibilizers into blends
exhibited a decrease in tensile strength, whereas, the
elongation at break were increased. This might be
caused of the increment of volume fraction of rubber

phase in the PP matrix, contributing to improve the
dispersion of the rubber phase. Besides, both
compatibilizers can be compatible with PP because of
the existence of their PEB segment [4]. Incorporation
of SEBS-g-MA appeared to improve the tensile
strength of blend as compared to that incorporated
with SEBS. This is be caused of the MA group in
SEBS-g-MA can react with the phenolic OH group in
the GTR phase, consequently improving the adhesion
between GTR and PP matrix [19-20]. The effect of
diphenyl disulfide showed an improvement in the
elongation at break as seen in Figure 6 while
comparing the properties of PP/GTR blends with
PP/modified GTR blends. Because of the
devulcanizing effect of diphenyl disulfide, the sulfur
crosslinks in GTR powder were broken, subsequently
the GTR became less crosslinked and more capable of
molecular entanglement, improving the interfacial
adhesion between the GTR and PP matrix.

40

[ PP/GTR 60/40

B PP/GTR/SEBS 60/40/10

PP/GTR/SEBS-g-MA

Elengation at break (%o)

60/40/10

Non-Modified Modified
Type of GTR

Figure 6. Elongation at break of 60/40 PP/GTR blends
with 10 wt% SEBS and SEBS-g-MA.
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Figure 7. Stress-strain curve of 60/40 PP/modified
GTR blends with 10 wt% SEBS and SEBS-g-MA.
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3.4 Effect of type of compatibilizers on thermal
properties of PP/GTR and PP/modified GTR blends
Thermal properties of PP/GTR and PP/modified
GTR blends were shown in Table 1. It can be seen that
the thermal stability of PP/GTR blends was decreased
as incorporated with the compatibilizers for the ones
incorporated with unmodified GTR. This might be
because of the high volume fraction of rubber phase in
blends. For PP/modified GTR blends, they showed
even lower thermal stability than PP/unmodified GTR
blends. This might be attributed to the devulcanization




effect of diphenyl disulfide as mentioned before.
Surprisingly, incorporation of SEBS showed a
marginal improvement of a maximum degradation
temperature of the rubber phase, Tnax 1, Of blends.

Table 1: Thermal properties of PP/GTR blends.

Specimen Trax, 1 Thax, 2
PP/GTR (60/40) 389 481
PP/GTR/SEBS (60/40/10) 389 481
PP/GTR/SEBS-g-MA

(60/40/10) 364 479
PP/GTR* (60/40) 250 482
PP/GTR*/SEBS (60/40/10) 259 479
PP/GTR*/SEBS-g-MA

(60/40/10) 253 478

Remark GTR* represents modified GTR.

3.5 Effect of type of compatibilizers on the swelling
resistance of PP/GTR and PP/modified GTR blends

Figures 8 and 9 illustrate the degree of swelling of
both PP/GTR and PP/modified GTR blends, in oil and
toluene, respectively. It is observed that the degree of
swelling of PP/modified GTR in both oil and toluene
were lower than those of PP/GTR blends, indicating
that the resistance to oil and organic solvent
penetration to the rubber phase in PP/modified GTR
blends was enhanced. Especially, PP/modified GTR
blends exhibited the excellent swelling oil resistance.
This might be caused forming copolymer at the
interface of the PP matrix and GTR in PP/modified
GTR blends inhibited oil and toluene penetration into
the blends. Surprisingly, PP/GTR blends incorporated
with SEBS showed higher swelling resistance as
compared to those incorporated with SEBS-g-MA for
both in oil and toluene. To describe this finding,
further study was needed.

PR ] PP/GTR 60/40
4 -

3s

B PP/GTR/SEBS 60/40/10

15
l PP/GTR/SEBS-g-MA
0.5 60/40/10

Non-Modified Modified
Type of GTR

Increasing in Weight (o)

Figure 8. Swelling resistance of PP/GTR and
PP/modified GTR blends in oil for 7 days.

S0
[ PP/GTR 60/40

10 1
30 B PP GTR/SEBS 60/40/10
20
PP/GTR/SEBS-g-MA
{0
: 604010
o

Non-Modified Modified

Tncreasing in Weight (%)

Type of GTR

Figure 9. Swelling resistance of PP/GTR and
PP/modified GTR blends in toluene for 7 days.

4, Conclusions

In this work, ground tire rubber was modified with
diphenyl disulfide in toluene. It is shown that the
presence of diphenyl disulfide can improve the
elongation at break and swelling resistance, expecially
in oil. This is due to the devulcanizing effects of
diphenyl disulfide. Moreover, the presence of
compatibilizers SEBS and SEBS-g-MA could increase
the elongation at break, enhancing the rubber-like
characteristic of blends. This originates from the
compatibilizing effect and better interfacial cohesion
of PP and GTR. Besides, the effect of compatibilizers
on thermal stability of PP/modified GTR blends
revealed a marginal increase in thermal stability of
PP/modified GTR blends.

References

[1] K.D.Jeong, S.J. Lee, S.N. Amirkhanian and K.W. Kim,
Construction and Building Materials 24 (2010) 824—
831.

[2] M. Sienkiewicz, J. Kucinska-Lipka, H. Janik and A.
Balas, Waste Management 32 (2012) 1742—1751.

[3] R. Giereaand K. Smith, Fuel 85 (2006) 2278-2285.

[4] S.L. Zhang, Z.X Xin, Z.X. Zhang and J.K. Kim, Waste
Management 29 (2009) 1480-1485.

[5] P.K. Pramanik and B. Dickson, Recycled Plastic
Compounds Containing Ground Rubber Tires as Filler,
Conference Proceedings Plastics Engineering: ANTEC
95, Conf. Proc., Boston, United State, (1995), pp. 3738—
3742.

[6] R. Scaffaro, N.T. Dintcheva, M.A. Nocilla and F.P. La
Mantia, Polym.Degrad. Stab. 90 (2005) 281-287.

[71 C. Radheshkumar and J.K. Kaocsis, Plast. Rubber
Compos. 31 (2002) 99-105.

[8] P. Rajalingam, J. Sharpe and W.E. Baker, Rubber Chem.
Technol. 66 (1993) 664—677.

[9] O.P. Grigoryeva, A.M. Fainleib, A.L. Tolstov, O.M.
Starostenko, E. Lievana and J.K. Karger, J. Appl.
Polym. Sci. 95 (2005) 659—671.

[10] M. Awang, H. Ismail and M.A. Hazizan, Polym. Test 26
(2007) 779-787.

[11] A.K. Naskar, D. Khastgir, A.K. Bhowmickkaat and
A.K. De, J. Appl. Polym. Sci. 84 (2002), 993-1000.

[12] J.K. Kim and J.W. Park, J. Appl. Polym. Sci. 16 (2006)
263-268.

[13] A. Radeshkumar and J. Karger-Kocsis, Plastics Rubber
and Composites 31 (2002) 99-105.

[14] B. Adhikari, D. De and S. Maiti, Prog. Polym. Sci. 25
(2000) 909-948.

[15] F. Cavalieri, F. Cadella and F. Cataldo, J. Appl. Polym.
Sci. 90 (2003) 1631-1638.

[16] M. Kojima, S. Kohjiya and Y. Ikeda, Polymer 46 (2005)
2016-2019.

[17] J.L.Koneing, M.M. Coleman and J.R. Shelton, Rubber
Chem. Technol. 44 (1971) 71-74.

[18] T. Laosee, P. Phinyocheep and F.H. Axtell, J. Sci.
Soc.Thailand 24 (1998) 251-264.

[19] S.H. Lee, B. Maridass and J.K. Kim, J. Appl. Polm.
Sci.106 (2007) 3209-3219.

[20] Z.X. Zhang, S.L. Zhang and J.K. Kim, E-Polymers 61
(2008) 1-8.




PHOTO-INDUCED SUSPENSION POLYMERIZATION OF METHYL
METHACRYLATE USING CAMPHORQUINONE/3°-AMINE
INITIATING SYSTEM

Sunisa Kaewsa-ard*, Panya Sunintaboon *%*

! Department of Chemistry, Faculty of Science, Mahidol University, Salaya, Nakhon Pathom 73170, Thailand.
2 Center of Excellence for Innovation in Chemistry (PERCH-CIC), Department of Chemistry,
Faculty of Science, Mahidol University, Bangkok 10400, Thailand.

* Author for correspondence; E-Mail: panya.sun@mahidol.ac.th, Tel. +66 840091330, Fax. +66 2 4410511

Abstract: Poly(methyl methacrylate) (PMMA) beads
were synthesized via a novel photo-induced suspension
polymerization. The photoinitiator composed of
camphorquinone (CQ)/ethyl 4-dimethylaminobenzoate
(4E), and poly(vinyl alcohol) (PVA) was used as a
stabilizer. The CQ/4E concentration at (1:1 weight ratio)
was varied from 0.1%wt. to 1.0%wt. It was found that
the optimum CQ/4E concentration was 0.5%wt with the
highest percent conversion up to 60%. From gel
permeation chromatography (GPC) results, the
molecular weights of PMMA increased with CQ/4E
concentration (0.1-1.0%wt.), ranging from 1.02 x 10° -
4.16 x 10° g/mol. The influence of PVA concentration
(0.1-1.0%wt.) was also investigated, which was found to
affect PMMA average bead size and size distribution,
during the course of polymerization. The spherical
morphology of PMMA beads was confirmed by scanning
electron microscopy (SEM). Their chemical functionality
was revealed by fourier transform infrared (FT-IR)
spectroscopy.

1. Introduction

Suspension polymerization generally produces
polymer particles with a bimodal or broad size
distribution, having diameters in a range of 5 — 1000
um. Also, unintended smaller particles are usually
accompanied [1]. Polymer particles were used in many
applications in a number of technologies, such as
moulding plastics and their largest application is in
chromatography separation media (e.g. as ion
exchange resins and as support for enzyme
immobilization) [2,3]. Suspension polymerization is a
process where two immiscible liquids, an aqueous and
an organic phases (i.e. initiator is soluble in the
monomer), are brought into contact and form a liquid-
liquid dispersion (i.e. an emulsion is formed) by the
use of continuous stirring and stabilizers. The volume
fraction of the monomer phase is usually within a
range of 0.1-0.5, since, at higher volume fraction, the
concentration of continuous phase may be inadequate
to fill the space between droplets [4]. The stabilizers in
suspension polymerization are of major importance, as
they determine the stability of monomer droplets
before and during the polymerization reaction.
Poly(vinyl alcohol) (PVA) was used to stabilize
droplets by grafted on monomer surface [5]. Since the
stabilizer is adsorbed at the oil/water interface it will

reduce the interfacial tension, which would itself lead
to smaller droplets on break-up. In conventional
suspension polymerization, initiating radicals are
normally generated by thermal decomposition,
especially at elevated temperatures. For some specific
purposes (when heat sensitive or thermodegradable
components involved), low temperature suspension
polymerization is desirable.

In this work, we concentrated on the synthesis
of PMMA particles via photo-induced suspension
polymerization at low temperature, and studied the
kinetics of this polymerization system.
Camphorquinone (CQ), which absorbs the light in
visible  region (469 nm) and ethyl 4-
dimethylaminobenzoate  (4E) were used as
photoinitiator and coinitiator, respectively. Poly(vinyl
alcohol) (PVA) was used as stabilizer for synthesizing
PMMA at 25°C under LED lamp 5 W.

2. Materials and Methods

2.1 Materials

Methyl methacrylate (MMA), camphorquinone
(CQ), 4-dimethylaminobenzoate (4E), poly(vinyl
alcohol), (PVA) (87-89% hydrolyzed, average My
85,000-124,000). MMA were purified by distillation
under reduced pressure after removing some inhibitors
by NaOH extraction. All other chemicals were
commercially available and of analytical grade.
Distilled water was used as a continuous phase.

2.2 Polymerization and characterizations

Figure 1. Synthetic scheme of MMA suspension
polymerization

The PMMA was synthesized by photo-
induced suspension polymerization as shown in Figure
1. The photo-initiator/co-initiator (CQ/4E) (1:1 weight
ratio) at certain concentrations pre-dissolved in methyl
methacrylate (MMA) monomer was added into a glass




vessel, containing the aqueous solution of PVA. The
mixture monomer and initiating couple then emulsified
at a stirring speed of 11,000 rpm with the homogenizer
apparatus (Ultra turrax) for 1 min. After this, the
emulsion was transferred to the reactor in which the
temperature was controlled at 25°C. A total reaction
volume of 50 ml was generally used. The stirring
speed was set at 400 rpm and then nitrogen purging
was carried out for 30 min before irradiation. The
polymerization occurred when irradiated by 5W LED
lamp and proceeded for 3 h. It should be careful that
all steps involving CQ before polymerization were
done by avoiding light exposure. A gravimetric
method was used to measure monomer conversion.
Withdrawn small amount of the dispersion by using
hypodermic syringe from the reactor at the desired
time and transferred into the small weighed aluminium
foil dishes to study the kinetic of the system from
monomer conversion. The samples, which contained in
the dishes were weighed and then quenched by adding
0.01M hydroquinone. The dishes were kept in the oven
at 70 C° for at least 24 h. After, the dishes were
weighed again to calculate the monomer conversion
using a simple mass balance, which was calculated
from the following equation:

%conversion
wt. of dried latex —wt. of PVA
= x 100
Initial wt. of MMA

Dynamic light scattering (DLS) (Mastersizer 2000),
was used for drop/particle size distribution (DSD/PSD)
measurements. The unreacted chemicals were removed
by centrifugation at 25,000 rpm (25°C) for 30 min, and
then washed by distilled water. Then, weight-averaged
MW (Mw) of PMMA particles was measured by gel
permeation chromatography (GPC). The spherical
morphology of PMMA beads was confirmed by
scanning electron microscopy (SEM). Their chemical
functional groups were revealed by fourier transform
infrared (FT-IR) spectroscopy.

3. Results and Discussion

3.1 Synthesis and characterization of PMMA
suspension
3.1.1. Effect of initiator concentration

In suspension polymerization, the
polymerization kinetics, which is affected by some
parameters (e.g. concentration of initiator), can play an
important role in the evolution of particle size and size
distribution, and Mw of resulting polymers. So, the
effect of CQ/4E concentration was studied. In this
experiment, the concentration of CQ/4E was varied
from 0.1% to 1.0%wt and PVA was fixed with 2.0g/I
in all conditions. Figure 2 shows that the slowest rate
of polymerization was obtained from 0.1%wt CQ/4E
led to the lowest final conversion (48.84%). The rate
of polymerization increased with increasing CQ/4E
concentration to 0.5%wt CQ/4E, and the highest
conversion (58.68%) was obtained. Surprisingly in this

system, further increased of CQ/4E concentration up to
1.0%wt CQ/4E, the conversion significantly decreased
(48.06%). This means that at high CQ/4E
concentration, recombination of free radicals occurred
and the conversion decreased. Although 0.5%wt
CQ/4AE provides the highest rate of polymerization and
final conversion, it gives a yellow suspension which
does not desire in final product. It can conclude that
the optimal concentration of CQ/4E for this system is
0.3%wt.

Figure 2. Conversion-time variations for MMA
suspension polymerization with different CQ/4E
concentrations under stirring speed 400 rpm for 3h.

Table 1: Molecular weights of PMMA particles with
different CQ/4E concentrations

E3

MMA  PVA  CQI4E M., M./M,
@) (Yowt)  (%wt)  (g/mol)
0.1 416,148 2.9
5 1.0 0.5 161,229 3.0

1.0 101,899 2.9

*Polydispersity index (PDI)

The molecular weights in particles initiated
with different CQ/4E concentrations were shown in
Table 2. The Mw of PMMA particles varied from 1.02
x 10° to 4.16 x 10°, depending upon the experimental
conditions. The Mw values decreased with increasing
initiator concentration. By increasing the CQ/4E
concentration, more free radicals were generated in
droplets. Thus, shorter chains were produced at the end
of reaction with low molecular weight. The PDI values
of all conditions were greater than 1, which indicated
that the produced chain lengths were not uniform and
had varied size.

3.1.2. Effect of stabilizer concentration

In suspension polymerization, the rate of drop
break up is a strong function of interfacial tension.
Thus, different concentrations of PVA influenced on
drops size. In case of particle size and particle
distribution, suspension polymerization reactions
generally produce particles with a broad size or
bimodal size distribution, as already mentioned. From
the results, all suspension samples are shown broad




peak with bimodal particle size distribution, as shown
in Figure 3.

Figure 3. Particle size distribution curve of PMMA
latex initiated by 0.3wt% CQ/4E with different PVA
concentrations under stirring speed 400 rpm for 3h.

Table 2: Particle sizes and particle size distribution of
synthesized PMMA suspension with different PVA
concentrations

EZ3

MMA  CQM4E  PVA Dy PDI
©) (%owt) @h  (um)
10 077 1.24
5 03 20 079 1.25
40  0.78 1.27

" Drop Sauter mean diameter, ~ Polydispersity index

Table 2 shows the particle sizes and particle
size distribution when using 1.0, 2.0 and 4.0g/l PVA.
From the results, all suspension samples would have
no significant difference in size because the systems
had sufficient PVA molecules covering on the surface
of droplets and stabilized particles during the
polymerization. Therefore, aggregated particles were
not observed during the polymerization.

Figure 4. Conversion-time variations for MMA
suspension  polymerization with different PVA
concentrations under stirring speed 400 rpm for 3h.

Figure 4 shows the conversion-time variation
for runs with different PVA concentrations. The results
showed that PVA concentration does not affect the rate

of polymerization. This also indicated that the PVA
concentration does not have a significant effect on the
kinetic of polymerization [5].

3.2. Particle morphology and composition

SEM images in Figure 5 show that PMMA
particles had spherical shape and had different sizes.
The larger particle size of larger particles was about 6
um (Figure 5 (a)), the smaller particles had the size
about 200 nm (Figure 5 (b)).

Figure 5. The SEM images of PMMA (centrifuged at
25,000 rpm, 25 °C); a) the larger particle size and b)
the smaller particle size.

To confirm the composition of the obtained
PMMA particles by photo-induced suspension
polymerization, the FTIR was used. The FTIR spectra
of the PMMA using difference initiator concentration
are shown in Figure 6. In all conditions, the peak
around 1440 cm™ the stretching vibration of C-O was
observed. The peaks at 1732 and 2955 cm™ were
attributed to the stretching vibration of C=0 and CH,,
CHj, respectively.

Figure 6. FTIR spectra of PMMA with difference
initiator concentration: (a) Initiated by 0.3%wt CQ/4E
and (b) initiated by 0.5%wt CQ/4E.




4. Conclusion

The PMMA beads were synthesized via the photo-
induced suspension polymerization, which was
induced by CQ/4E initiating system. The CQ/4E
concentrations had an effect on the overall rate
polymerization and conversion of the polymerization
systems. Moreover, the different PVA concentrations
had not significant an effect on the evolution of
PMMA particles formation and particle size. The
dynamic light scattering (DLS) (Mastersizer 2000),
was used for DSD/PSD measurements. The spherical
morphology of PMMA beads was confirmed by
scanning electron microscopy (SEM). Their chemical
functionality was revealed by fourier transform
infrared (FT-IR) spectroscopy.
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Abstract: In the present study, the nanoclay was used as
fillers for linear low-density polyethylene (LLDPE)
nanocomposites. The LLDPE/clay nanocomposites were
synthesized by in situ and ex situ polymerization of
ethylene/1-hexene with zirconocene/MAO catalyst. In this
study, two different impregnation methods (in situ- and
ex situ impregnation method) were compared. The
properties of LLDPE/clay nanocomposites were
characterized using X-ray Diffraction (XRD) and
scanning electron microscopy (SEM). It was found that
LLDPE/clay nanocomposites synthesized by in situ
polymerization exhibited higher activities compared with
the ex situ polymerization. Degree of dispersion of
nanoclay in polyethylene matrix was determined by X-
ray Diffraction (XRD). These results shown that PE/clay
nanocomposite  and  LLDPE/clay = nanocomposite
synthesized by in situ impregnation and ex situ
impregnation method show exfoliated degree dispersion
of nanoclay in polyethylene matrix.

1. Introduction

Polyolefins are the most important modern
commodity polymers. Especially, polyethylene and
polypropylene are mainly used as plastic materials
worldwide [1]. Because of low cost of production,
reduced environmental impact and wide range of
application, polyethylene is used as material to
produce a lot of product such as clothing, tooth
brushes, storage bottles, pipelines, bullet proof jackets,
aerospace application and biomedical implants [2].

Polymer nanocomposites (PNC) is the significant
development in the nanotechnologies in the recent
year, nano-inorganic materials such as SiO,, Al,Os3,
and clay have brought much attention to this research
field. There are probably three methods to prepare
polymer nanocomposite: (i) solution method (ii) melt
mixing method and (iii) in situ polymerization. For in
situ polymerization, the filler is add directly to system
along with monomer during the polymerization. In situ
polymerization method has three advantages: a one
step synthesis of the polymer nanocomposite, improve
compatibility between nanoclay and polymer and
enhance clay dispersity in the polymer matrix [3].

Zhao et al. [4] studied polyethylene/clay
composites that were prepared by melt compounding
polyethylene and montmorillonite clay organically
modified with different intercalating agents. The
mechanical properties of PE and PE/clay composites,
Table 1: Comparison of in situ and ex situ polymerization

with increasing clay loading affects on the strength and
modulus of PE/clay composites increase, but the
impact strength decreases. The thermal stability of the
PE/clay  nanocomposites was measured by
Thermogravimetric ~ analysis  (TGA).  PE/clay
nanocomposites are more stable than pure PE.

Zapata et al. [3] studied the preparation of clay/PE
nanocomposites by the in situ polymerization method
through two routes: Octadecylamine (ODA) has been
widely used as a clay-organomodifier agent in the
preparation of polyolefin nanocomposites. Routes 1,
homogeneous polymerization in the presence of clay
particles show the catalytic activity obtained using
clay particles as filler which higher than the pure
system. Routes 2, polymerization used clay-supported
metallocene catalyst. When Na-Clo was used as
support the catalytic activity decreased with respect to
the homogeneous system. When ODA-modified clay
was used as metallocene support, the polymerization
activity tended to increase with the zirconium content.
Transmission electron microscopy (TEM) and X-ray
diffraction analysis (XRD) show the layer clay
exfoliated into polymer matrix.

In this study, metallocene catalyst was used for
polyethylene synthesis with nanoclay as support.
Moreover, the comparison of the activity of
metallocene catalyst in ethylene polymerization by in
situ and ex situ was discussed. The properties of
polyethylene/clay nanocomposites were investigated
as well.

2. Materials and Methods

2.1 Materials

Ethylene gas (99.9%) was supplied from Linde
(Thailand) Co., Ltd. Methylaluminoxane (10% in
toluene) was donated from Aldrich Chemical
company. The rac-ethylenebis(indenyl)zirconium
dichloride was supplied from Aldrich Chemical
company. Nanoclay (Aluminum Pillared Clay) was
supplied from Aldrich Chemical company. Toluene
was devoted from SR lab. Ultra high purity argon gas
(99.999%) was purchased from Thai Industrial Gas
Co., Ltd. Hydrochloric acid (Fuming 36.7%) was
supplied from SR lab. Methanol (Commercial grade)
was purchased from SR lab. 1- Hexene (99+%) were
purchased from Alrich Chemical Company , Inc.




Activity

run Sample Reaction impregnation Polymer yield () (kg PE/mol Zr.h)
1 PE Homogeneous - 0.8375 15,931
2 PE/clay Heterogeneous in situ 0.7467 10,800
3 PE/clay Heterogeneous ex situ 0.7211 6,637
4 LLDPE Homogeneous - 0.1072 18,250
5 LLDPE/clay Heterogeneous in situ 0.8607 13,414
6 LLDPE/clay Heterogeneous ex situ 0.4599 7,828

2.2 Experimental

2.2.1 Preparation of stock catalyst solution

Et(Ind),ZrCl, 0.0083 g (1.98x10° moles) was
added in 20 mL of toluene solution, stirred at room
temperature giving yellow transparent solution.

2.2.2 Preparation and characterization of catalyst
precursor

The nanoclay was heated in vacuum at 150°C for 2
hr. Then, methylaluminoxane 10 mL and toluene
solution 20 mL were added to the nanoclay (1g). The
mixture was stirred for 30 min under Ar atmosphere.
After toluene was evaporated, the obtained powder
was further dried under vacuum, washed with toluene
(20 mL x 5) and finally dried under vacuum to give
catalyst precursor MAO/nanoclay as powder.

2.2.3 Ex situ polymerization

Ex situ polymerization was carried out in a 100 mL
semi-batch stainless steel autoclave reactor equipped
with a magnetic stirrer. At first, catalyst precursor and
stock catalyst solution were put into the reactor along
with toluene to make the total volume 30 mL. To start
the reaction, ethylene was fed into the reactor which
heated up to 70°C. After all ethylene was consumed,
the reaction was terminated by addition of acidic
methanol and stirred over night. After filtration, the
polymer was obtained.

2.2.4 In situ polymerization

In situ polymerization was carried out in a 100 mL
semi-batch stainless steel autoclave reactor equipped
with a magnetic stirrer. Nanoclay 0.0266 g as support,
methylaluminoxane 1.1 mL and 1.5 mL of stock
catalyst solution were put into the reactor along with
toluene to make the total volume 30 mL. Then, the
similar procedure as the ex situ polymerization was
conducted.

2.2.5 Characterization of polyethylene/clay
nanocomposite

The Characteristics of polymer are measured by
X-ray Diffraction (XRD) and scanning electron
microscopy (SEM).

3. Results and Discussion

There were 6 systems for PE and LLDPE in this
comparison. The first was the homogeneous system.
All materials such as catalyst, MAO and comonomer
were in liquid phase, but ethylene introduced in gas
phase. Nanoclay was used as support in heterogeneous
system.

Catalytic activities with a metallocene catalyst were
investigated during copolymerization of ethylene and
1-hexene as shown in Table 1. From this table, for the

metallocene catalytic system, the heterogeneous
system (in situ impregnation and ex situ impregnation
method) resulted in low activity compared to the
homogeneous system because of the lower generation
of active sites, affected from interfacial interaction
with support, leading to the lower propagation rate.
Generally, it is well known that the interactions of
catalyst or MAO on the support surface are strong [5].

When focusing on the comparison between both of
the heterogeneous systems with different impregnation
methods. For two impregnation methods, it was the in
situ impregnation method should have more active
species on the surface because this method was done
without washing and drying. Therefore, it reduced in
the loss of MAO during preparation. And then, in situ
impregnation method has higher amount of active site
on the support surface. The ex situ impregnation
method which first the support in the system was
contacted with MAO, was investigated by ICP-OES
technique. Ex situ impregnation methods result from
the amount of MAO on the surface of nanoclay
supports during copolymerization and interaction
between MAO and nanoclay surface.

The results the system with in situ impregnation
method exhibit slightly higher activity than ex situ
impregnation method because in situ impregnation
method has more active species on the surface, but ex
situ impregnation method loses active sites during
processes.

PE/clay (ex situ impregnation)

PE/clay (in situ impregnation)

Relative Intensity (a.u.)

PE
nanoclay
1 2 3 4 5 6 7 8 9 10

Degree 2-theta
Figure 1. XRD patterns of nanoclay, PE, PE/clay
nanocomposite (in situ impregnation) and PE/clay
nanocomposite (ex situ impregnation)




(a)

(c)

(b)

(d)

Figure 2. Morphologies of the polymer obtained from the different systems (a) PE/clay (in situ impregnation),
(b) PE/clay (ex situ impregnation), (c) LLDPE/clay (in situ impregnation), (d) LLDPE/clay (ex situ impregnation).

Degree of dispersion of nanoclay in polyethylene
matrix was determined by small angle X-ray
diffraction analysis (SAXRD). The SAXRD patterns
of clay, pure polyethylene, PE/clay nanocomposite
(in situ impregnation) and PE/clay nanocomposite (ex
situ impregnation) are shown in Figure 1. The SAXRD
pattern for nanoclay provides diffraction peaks at 20 =
4.9°, which are the peak of clay. This exfoliated
degree dispersion of nanoclay may be due to direct
mixing process. The methylaluminoxane (MAO) add
during the clay treatment step is expected to react with
hydroxyl group on clay surface. After that, the
zirconocene catalyst was reacted with MAO-treated
clay and modifier, creating covalent bond that helps to
avoid catalyst leaching during the polymerization.
Thus, it is the cause of well disperse of nanoclay in the
polyethylene matrix [6]. Exfoliation became possible
through a strong interaction between the polyethylene
chains and the clay surface both of in situ
impregnation and ex situ impregnation method.

Morphologies of polymer from scanning electron
microscopy (SEM) are shown in Figure 2. The
polymers obtained from homogeneous system (run 1 :
PE and run 2 LLDPE) look different from
heterogeneous system. However, the polymers
obtained from the heterogeneous system exhibited a
small difference in morphology because the different
interaction of the nanoclay and polymer inside the
polymer matrix.

4. Conclusions
The homogeneous reaction provides better activity

than heterogeneous reaction caused the generation of
active sites with lower propagation rate due to strong

interactions of catalyst or MAO on the support surface.
The heterogeneous reaction with in situ polymerization
gives the highest catalyst activity of polyethylene/clay
nanocomposite because this method resulted in more
the active sites on the support surface. PE/clay
nanocomposite and LLDPE/clay nanocomposite
synthesized by in situ impregnation and ex situ
impregnation method show exfoliated degree
dispersion of nanoclay in polyethylene matrix.
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Abstract: Andrographolide (AG) is a major compound
isolated from Androgaphispaniculata. This compound
was reported to exhibit a variety of pharmacological
effects, such as anti-inflammatory, anti-viral, anti-
platelet aggregation, and anti-cancer activities. In this
work, andrographolide-graft-N-succinyl chitosan (AG-g-
NSCS) was prepared by conjugating chitosan with
andrographolide-14a-O-succinate (AG-Suc). The 2,2-
dimethxypropane was used as a protecting group for two
hydroxyl groups at the C-9 and C-13 positions of AG
before reacting with succinic anhydride. A succinyl
moiety was linked at the C-14 position of AG and the
AG-Suc chain was further grafted onto chitosan
backbone. The degree of AG substitution on chitosan was
found to be 18% by 'H NMR analysis. Moreover, in
water, AG-g-NSCS could self-assemble into particles
with the size range of 50-200 nm.

1. Introduction

Androgaphis paniculata or Fa-Thalai-Joan is a
herbal plant used traditionally in Thailand, China and
India to treat various diseases [1]. Its major compound
is andrographolide (AG) (Figure 1la), a bicyclic
diterpenoid lactone with three hydroxyl groups at C-3,
C-19 and C-14 positions [2]. Andrographolide is
colorless crystal with bitter taste. It has been reported
to exhibit a wide spectrum of pharmacological
properties such as anti-inflammatory, anti-viral, anti-
platelet aggregation, and anti-cancer activities [3-4].

Chitosan (Figure 1b) is cationic
biopolyaminosaccharides which exhibits a lot of
superior  properties such as low toxicity,
biocompatibility, biodegradability, and mucoadhesion
resulting in the suitability for using in pharmaceutical
and biomedical fields. However, in order to solve its
limited solubility problem and to improve
physicochemical and biological properties, several
chemical modifications of chitosan have been reported
[5-6]. In this study, novel chitosan derivatives were
designed and synthesized by attaching natural active
compound, andrographolide, to amino groups of
chitosan. The chemical structures of the chitosan
derivatives were characterized by *H NMR and FT-IR
analysis. Self-assembling of the obtained chitosan
derivatives  into  nanoparticulates was  also
demonstrated and their potential use as drug carrier
was discussed.

(b)

Figure 1. Chemical structures of (d)
andrographolide, and (b) chitosan.

2. Materials and Methods

2.1. Chemicals

Andrographolide was isolated from the whole plant
of A. paniculata by the method described previously
[7]. Chitosan (90% deacetylated chitin, MW 25000
Da) was obtained from Taming Enterprises Co., Ltd
(Thailand). Succinic anhydride was purchased from
Acros organics (Geel, Belgium). All other chemicals
were commercial reagent grade.

2.2. Synthesis of andrographolide-graft-N-succinyl

chitosan

The andrographolide-graft-N-succinyl chitosan was
prepared in three steps as follows.

2.2.1. Synthesis of 3,19-isopropylidene-andrographolide
)

A mixture of AG (1, 1.05 g, 3 mmol) and 2,2
dimethoxypropane (1.5 ml, 12 mmol) in 30 mL of a
solvent mixture (benzene and DMSO = 7.5:1) with a
catalytic amount of pyridinum p-toluenesulphonate
was refluxed for 5 h. Subsequently, the mixture was
cooled to room temperature, then basified by
triethylamine, diluted with benzene and washed with
distilled water for three times. The organic layer was
dried with Na,SO, and concentrated to obtain 3,19-
isopropylidene-andrographolide (2, 0.92 g, 2.34 mmol,
78%) as a white solid precipitate.

'H NMR (CDCls, 400 MHz): 400 MHz): & = 0.95
(3H, s, H-20), 1.19 (3H, s, H-18), 1.36 (3H, s, methyl
protons of protecting group), 1.41 (3H, s, methyl
protons of protecting group), 2.60-1.24 (12H,
methylene and methine protons of AG moiety), 3.19
(1H, d, J = 11.6 Hz, H-19b), 3.48 (1H, dd, J = 8.8, 3.6
Hz, H-3), 3.97 (1H, d, J = 11.6 Hz, H-19a), 4.27 (1H,




dd, J = 10.4, 2.0 Hz, H-15b), 4.44 (1H, dd, J = 10.6,
6.2 Hz, H-15a), 4.61 (1H, s, H-17b), 4.90 (1H, s, H-
17a), 5.03 (1H, t, J = 6.2 Hz, H-14) and 6.95 (1H, t, J
= 6.8 Hz, H-12).

2.2.2. Synthesis of andrographolide-14-a-O-succinate
®)

Succinic anhydride (92.4 mg, 0.92 mmol) and
dimethylamino-pyridine (6.0 mg, 0.05 mmol) were
added to a solution of 2 (0.3 g, 0.77 mmol) in 12 mL
of dry dichloromethane. This mixture was stirred
under nitrogen atmosphere at room temperature
overnight. The solvent was removed under reduced
pressure and the residue was purified by a silica gel
column chromatography using a gradient system of
hexane and ethyl acetate as eluent to afford
andrographolide-14-a-O-succinate (3, 0.17 g, 0.4
mmol, 49%).

'H NMR (CD;0D, 400 MHz): & = 0.69 (3H, s, H-
20), 1.18 (3H, s, H-18), 2.55-1.25 (12H, methylene
and methine protons of AG moiety), 2.59 (4H, s,
methylene protons of succinyl moeity), 3.36-3.31 (2H,
m, H-3,19b), 4.09 (1H, d, J = 11.2 Hz, H-19a), 4.27
(1H, d, J = 11.2 Hz, H-15b), 4.56-4.53 (2H, m, H-15a,
17b), 5.99 (1H, d, J = 4.4 Hz, H-14) and 6.93 (1H,t,J
=6.2 Hz, H-12).

2.2.3. Synthesis of andrographolide-graft-N-succinyl
chitosan (AG-g-NSCS, 4)

N-hydroxy-succinimide (93 mg, 0.81 mmol) and 1-
ethyl-3-(3-dimethyl aminopropyl) carbodiimide (125
mg, 0.81 mmol) were added into a solution of chitosan
(130 mg, 0.81 mmol) dissolved in 13 mL of 0.1 %
hydrochloric acid. Subsequently, a solution of 3 (365
mg, 0.81 mmol) in 73 mL of dimethylfomamide
(DMF) was slowly dropwised into this mixture and
was stirred at room temperature for 48 h. The whole
solution was dialyzed (dialysis membrane  with
molecular weight cut-off = 12,000) against distilled
water for 3 days to remove excess DMF and other
reagents. The product solution was turned to be a
milky liquid. This colloidal solution was further
subjected to morphological analysis, particles size and
zeta potential analyses. The rest of the product solution
was further freeze-dried to obtain andrographolide-
graft-N-succinyl chitosan (AG-g-NSCS, 4) powders and
stores in desiccator until used for 'H NMR and FTIR
analysis.

Degree  of  andrographolide-14-a-O-succinate
substitution: 17.54%. 'H NMR (DMSO-d6, 400 MHz):
8 = 0.70 (H-20 of AG moiety), 1.22 (H-18 of AG
moiety), 2.40 (methylene protons of succinyl moiety),
2.90 (H-2 of glucosamine, GIcN), 3.50-3.83 (H-2'- of
N-acetylglucosamine, GIcNAcm G-3, H-4, H-5 and H-
6 of GIcNAc and GIcN) and 4.78 (H-1 of GIcNAc and
GlcN); ATR-FTIR (cm™): 3360 (O-H stretching of
hydroxy groups), 2930 (C-H stretching of methyl
groups), 1713 (C=0 stretching of ester) and 1642 (N-
H bending of amide).

Scheme 1. synthesis of andrographolide-graft-N-
succinyl chitosan.

2.3. Characterization of the andrographolide-graft-N-
succinyl chitosan

2.3.1™H Nuclear magnetic resonance (*H NMR)analysis

The 'H NMR spectra were performed on the
Varian Mercury 400 MHz NMR spectrometer at
ambient temperature using CD;OD, CDCI;, CD;OD
and DMSO-d6 as solvents for 1, 2, 3 and 4,
respectively.

2.3.2.Fourier-Transform infrared (FTIR) measurement
The Fourier-Transform infrared (FTIR) spectra
was recorded in the wavelength region 4000—400 cm™
on ATR mode using a Nicolet 6700 and Omnic
software was used to control the measurement.

2.4 Morphology, particle size and zeta potential

The shape and surface morphology of the particles
were examined by scanning electron micrograph
(SEM). The product solution from dialysis was diluted
with distilled water and ultrasonic treatment for 10
min. The sample was placed on a double-side sticking
tape, air-dried and gold spray-coated before examined
under transmission electron microscope (Philips,
XL30CP).

The mean hydrodynamic diameter, size distribution
and zeta potential of AG-g-NSCS micelles were
measured in water at 25 °C on a Malvern 3000HSA
Zetasizer (UK) based on the dynamic light scattering
(DLS) technique.

3. Results and Discussion

3.1 Synthesis and characterization of 3,19-
isopropylidene-andrographolide 2 and
andrographolide-14-a-O-succinate (3)

AG is a natural compound which has a wide
spectrum of pharmacological activites, especially anti-
cancer activity. The synthesis AG analogues had been
undertaken to improve bioactivities. Among these,
introduction of succinyl group to andrographolide at
C-14 significantly enhances cytotoxicity towards
human leukemic cell lines and normal cell lines [5]. To
synthesize andrographolide-14-a-O-succinate (2), two
hydroxyl groups at C-3 and C-19 were firstly protected
using 2,2-dimethoxypropane in benzene/DMSO.




Succinylation of (2) with succinic anhydride yielded
andrographolide-14-a-O-succinate 3) after
purification by column chromatography. The
structures of 2 and 3 were confirmed by 'H-NMR
analysis (Figure 2). The NMR data of 2 and 3 were in
agreement with those of previous report [1, 5]. Two
methyl groups at 6 1.36 and 1.41 ppm of the
isopropylidene and the separating signals (at & 3.36-
3.31 ppm) of H-3 and H-19 of AG moiety confirmed
successful protection of hydroxyl groups (see Figure
2b). The succinate moiety in 3 at C-14 was assured by
methylene signals at & 2.59 ppm together with the
downfiled signals of H-14 from & 5.03 to 5.99 ppm(see
Figure 2c). Moreover, the methyl proton signals of
isopropylidene were disappeared after reacting with
succinic anhydride which indicated the deprotection
from AG molecule.

3.2 Synthesis and characterization of AG-g-NSCS (4)

Andrographolide-14-a-O-succinate (3) was grafted
on amino groups of chitosan backbone via amide
bondind to produce AG-g-NSCS 4. Successful grafting
of 3 was confirmed through (i) *H NMR spectrum of 4
with the apperance of the resonance peak at & 2.40
ppm from methylene protons of the succinyl moiety
together with the signals of AG moiety (Figure 3c.)
[8], (ii) the FTIR spectrum of 4 (Figure 4b.) with the
absorption band at 1642 cm™ (amide 1) increased,
indicating that the succinyl moiety took place at the N-
position and —-NH-CO groups have been formed.
Another major change could be observed by the
increasing band at 2930 cm™ which assigned to
carbon-to-hydrogen stretching band (C-H stretching)
of methyl groups. Moreover, the absorption band at
1713 cm™ assigned to carbonyl group was increased
[9-10].

(@)
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Figure 2. 'H NMR spectra of: (a) AG, (b) 3,19-

isopropylidene-andrographolide 2) and (c)
andrographolide-14-a-O-succinate (3).

The degree of grafting was estimated from the *H-
NMR spectrum using the ratio between the integrated
area of the resonance peaks from hydrogen atoms at C-
2 in glucosamine units (6 2.90 ppm) and those at C-18
in AG (6 1.22 ppm). Taking into account, the degree
of deacetylation of 0.90 for the starting chitosan, the

degree of andrographolide-14-a-O-succinyl grafting
was approximated to be 0.18.[8]

Figure 3. *H NMR spectra of: (a) Chitosan,
(b) andrographolide-14-a-O-succinate (3) and (c) AG-
g-NSCS.

Wasenumbers (cm-1)

Figure 4. FTIR spectra of: (a) Chitosan and (b) AG-
g-NSCS (4).

3.3 Morphology study

The SEM image of the dried AG-g-NSCS
preparation confirmed their spherical morphology with
size of 120 + 2 nm (Figure 5). The hydrodymamic
diameter and zeta potential of the hydrated (aqueous
suspension) AG-g-NSCS were 152 nm (Polydispersity
index, PDI of 0.223) and +40 mV, respectively (Figure
6). When comparing the average size from both SEM
and DLS, it was found that the product gave different
values. This may be attributed to the fact that SEM
measurement was carried out on dry particles, while
DLS was carried out directly on aqueous dispersed
particles [11]. The high positive zeta potential implies
stable dispersion of the particles in water with minimal
aggregation [12].

Chitosan is only soluble in acidic aqueous medium
(pH < 6.5) but insoluble in water due to strong
intermolecular hydrogen bonding [13]. Introducing
andrographolide-14-o-O-succinate  onto  chitosan
backbone probably disrupts the intermolecular
hydrogen bonding. More importantly, the AG-g-NSCS
is amphiphilic and can automatically self-assemble
into stable nanoparticles with the hydrophobic




moieties. They can arrange themselves at the inner
cores of the particles, away from hydrophilic water,
while the hydroxyl groups of chitosan are at the outer
surface of the particles, with maximum contact with
water molecules (Figure 7).

it

Figure 5. SEM image of AG-g-NSCS spheres.
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Figure 6. Zeta potential distribution graph of AG-
g-NSCS nanoparticles.
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Figure 7. Self-assembled structure model of AG-g-
NSCS nanoparticles.

4. Conclusions

In  this study, novel chitosan derivative,
andrographolide-graft-N-succinyl chitosan (AG-g-NSCS),
was successfully synthesized. The chemical structures
were characterized by '"H NMR and FTIR analysis.
AG-g-NSCS can self-assemble into spherical
morphology in water. NSCS was non-toxic and
biocompatible [6]. By attaching the active compound,
the created andrographolide was bioactive polymer
that could form into spheres. Its biological activity and
ability to be used as drug carrier are being
investigated.

© - Andrographolide
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Abstract:  Resveratrol-loaded gelatin  films  were
prepared from gelatin powder (5% w/w in 70% v/v of
glacial acetic acid) containing 5% w/w of resveratrol
(based on the weight of gelatin powder) by solvent
casting technique. Various concentrations (0.10%,
0.15%, 0.20%, and 0.25% w/w) of glutaraldehyde (GTA)
were added into gelatin solutions to improve the stability
of the films. The neat gelatin films showed smooth
surface, while, those of the resveratrol-loaded ones
showed some aggregates on their smooth surface. The
swelling and the weight loss of both the neat and the
resveratrol-loaded gelatin  films decreased with
increasing the GTA concentration. Moreover, increasing
submersion time of both the neat and the resveratrol-
loaded gelatin films caused the swelling and the weight
loss of these films to increase. The release characteristics
of resveratrol from the resveratrol-loaded gelatin films
were investigated by total immersion method in
phosphate buffer solution at 37 °C. Increasing the GTA
concentration caused the total cumulative released
amount of the resveratrol to decrease. Lastly, the
antioxidant activity of the as-released resveratrol, based
on the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, was
still remained.

1. Introduction

A dressing is essential for the healing of a wound.
It should be non-toxic, non-allergenic, non-adherent
and easily removed without causing secondary trauma
[1]. Many biopolymers, such as cellulose, alginate,
chitin, chitosan, collagen, silk and gelatin [2-7], have
been fabricated into wound dressings. Among these,
gelatin is one of the most utilized biopolymers, owing
to its natural abundance. Gelatin is usually obtained
from denaturation of collagen from animal tissues [8].
Being derived from collagen, gelatin is biocompatible
and biodegradable [9]

Glutaraldehyde (GTA) is one of the most widely
utilized crosslinking agent of biocompatible materials,
including collagen [10]. Crosslinking of gelatin with
GTA is the reaction between free amino acid groups of
lysine and/or hydroxylysine amino acid residues of the
poly-peptide chains with the aldehyde groups of GTA
[11]. Chiou et al. [12] prepared the crosslinked gelatin
films using 5% w/w gelatin solution containing GTA
of varying concentrations (i.e., 0.25, 0.50 and 0.75%
w/w). Bigi et al. [13] studied the effect of GTA
concentrations (0.05 - 2.5% w/w) on the swelling
behavior of and the release of GTA from crosslinked
gelatin films in phosphate buffer solution. At the

lowest GTA concentration, gelatin films showed the
highest degree of swelling and cumulative amount of
GTA released.

In addition, Rattanaruengsrikul et al. [14] studied
the swelling and the weight loss behavior of and the
release characteristic of silver from the crosslinked
nanosilver-loaded gelatin hydrogel pads in three types
of medium (i.e., acetate buffer, distilled water, and
simulated body fluid buffer). The degrees of the
swelling and the weight loss of as well as the
cumulative amount of silver released from the
hydrogels were found to decrease with an increase the
amount of GTA used to crosslink the hydrogels.

Resveratrol (3,4’ ,5-trihydroxy-trans-stilbene) is a
polyphenol found in red grapes (including red wine),
groundnut, and blackberries [15, 16]. Resveratrol has
many biological activities, such as antioxidant, anti-
inflammatory, anti-platelet, antiviral and vasorelaxant
activities [16-18].

In this study, the resveratrol-loaded gelatin films
were prepared with an aim of being used as wound
dressings. The films were chemically crosslinked with
GTA to stabilize gelatin films. Morphology of these
films was characterized by scanning electron
microscope (SEM). Furthermore, these films were
characterized for the swelling and the weight loss
behavior. The release characteristics of resveratrol
from the resveratrol-loaded gelatin films were
investigated by the total immersion method in
phosphate buffer solution at 37 °C. Lastly, the
antioxidant activity of the as-released resveratrol from
the resveratrol-loaded gelatin films was also evaluated
based on the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assay.

2. Materials and Methods

2.1 Materials

Gelatin powder (M,, = 1,400,000 g-mol™) and
GTA were purchased from Fluka Analytical
(Germany). Resveratrol was purchased from Shanghai
Angoal Chemical (China). Sodium dihydrogen
orthophosphate, anhydrous disodium hydrogen
orthophosphate, sodium chloride (Ajax Chemicals,
Australia), glacial acetic acid (Carlo Erba, Italy) and
all other chemicals were of analytical reagent grades
and used without further purification.




2.2 Preparation of resveratrol-loaded gelatin films

Gelatin powder was dissolved in 70% glacial
acetic acid to prepare the base gelatin solution at a fix
concentration of 5% w/w. The base resveratrol-loaded
gelatin solution was prepared by adding 5% w/w of
resveratrol in solutions (based on the weight of gelatin
powder). GTA was added into the base resveratrol-
loaded gelatin solution at various concentrations
(0.10%, 0.15%, 0.20% and 0.25% w/w) under
mechanical stirring. The obtained solutions were
casted onto a polypropylene molding following by
evaporation at 55 °C for 28 h. The thicknesses of the
obtained films in their dry state measured by
micrometer were about 70 £ 10 pm

2.3 Characterization of neat and resveratrol-loaded
gelatin films

Morphological appearance of both the neat and the
resveratrol-loaded gelatin films was observed by a
LEO 1450 VP scanning electron microscope (SEM).
Each sample, prior to the observation under SEM, was
coated with a thin layer of gold using a Polaron SC-
7620 sputtering device.

The swelling and the weight loss behavior of both
the neat and the resveratrol-loaded gelatin films were
measured in a phosphate buffer solution at the
physiological temperature of 37 °C for 6, 12, 24 and
48 h according to the following equations:

. M-My
Swelling (%) = %100, 1)
Mg

M, -M
and  Weight loss (%) = 'deloo (2)

where M is the weight of each sample after
submersion in a buffer solution for a certain period of
time (6, 12, 24 and 48 h), My is the weight of the
sample after submersion in the buffer solution for a
certain period of time (6, 12, 24 and 48 h) in its dry
state, and M; is the initial weight of the sample in its
dry state.

2.4 Release of resveratrol from resveratrol-loaded
gelatin films
2.4.1 Actual resveratrol content

The actual amount of resveratrol in the resveratrol-
loaded gelatin film was determined. Each specimen
was dissolved in 20 ml of phosphate buffer. Then 1 ml
of solution was quantified the actual amount of the as-
loaded resveratrol by using the DPPH assay with a
Perkin-Elmer UV-Vis spectrophotometer at the
wavelength of 517 nm. The actual amount of
resveratrol in the resveratrol-loaded gelatin films was
back-calculated from the obtained data against a
predetermined calibration curve for resveratrol.
2.4.2 Resveratrol release assay

The release characteristics of resveratrol from the
resveratrol-loaded gelatin films in phosphate buffer
solution were investigated by total immersion method.

Each specimen was immersed in 20 ml of medium at
temperature of 37 °C. At a specified immersion period
ranging between 0 and 48 h (2880 min), 1 ml of a
sample solution was withdrawn and an equal amount
of the fresh medium was refilled. The amount of
resveratrol in the sample solutions was determined by
using the DPPH assay with a Perkin-Elmer UV-Vis
spectrophotometer at the wavelength of 517 nm. The
obtained data were calculated to determine the
cumulative amount of resveratrol released from the
specimens at each immersion time point. The
experiments were carried out in triplicate and the
results were reported as average values.

2.5 Antioxidant activity

The antioxidant activity of the as-released
resveratrol from the resveratrol-loaded gelatin film
was evaluated by the DPPH assay. Each specimen was
immersed in 10 ml of phosphate buffer solution for 6,
12, 24 and 48 h at 37 °C. Then, 1 ml of the solution
was treated with 1 ml of 100 uM DPPH solution for 30
min at room temperature in darkness. The absorbance
of the final solution was recorded
spectrophotometrically at the wavelength of 517 nm.

The antioxidant activity (%AA) of the as-released
resveratrol was indicated as the percentage of DPPH
that was decreased in comparison with that of the
control condition (i.e., the testing solution without the
presence of the as-released resveratrol), according to
the following equation:

Acontrol - Asample
Acontrol
where Aconiror and  Agample T€present the absorbance
values of the testing solution without and with the
presence of the as-released resveratrol, respectively.
The measurements were carried out in triplicate for
without as-released resveratrol and with the presence

of the as-released resveratrol.

%AA = x100, (3)

3. Results and Discussion

3.1 Morphology of both neat and resveratrol-loaded
gelatin films

The morphology of both the neat and the
resveratrol-loaded gelatin films is characterized as
shown in Figure 1. From Figure 1, the neat gelatin
films showed smooth surfaces without aggregates of
resveratrol on the surface. On the other hand, the
resveratrol-loaded gelatin  films showed smooth
surface with some aggregates of resveratrol on the
surface. Since some particles of resveratrol could not
be dissolved completely in gelatin solution after
adding the GTA as a crosslinking agent.




(a) (b)
Figure 1. Selected scanning micrographs of both (a)
neat and (b) resveratrol-loaded gelatin films.
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Figure 2. (a) Swelling and (b) weight loss behavior of
both neat and resveratrol-loaded gelatin films.

3.2 Swelling and weight loss behavior of neat and
resveratrol-loaded gelatin films

The swelling and the weight loss behavior of both
the neat and the resveratrol-loaded gelatin films were
examined in a phosphate buffer solution at 37 °C for 6,
12, 24 and 48 h (see Figure 2a). The swelling of the
neat and resveratrol-loaded gelatin films that had been
crosslinked with 0.10%, 0.15%, 0.20% and 0.25% w/w
of GTA after submersion for 6 to 48 h ranged between
~272% and ~844%. The swelling of the neat and the
resveratrol-loaded gelatin films decreased with an
increase the GTA concentration. Increasing the
submersion time, the swelling was found to increase.

While, the weight loss of the neat and resveratrol-
loaded gelatin films that had been crosslinked with
0.10%, 0.15%, 0.20%, and 0.25% w/w of GTA after
submersion for 6 to 48 h ranged between ~8% and
~29% (see Figure 2b). The weight loss of both the neat
and the resveratrol-loaded gelatin films decreased with
an increase the GTA concentration. Increasing the
submersion time, the weight loss was found to
increase. The results showed that increasing the GTA
concentration of both the neat and the resveratrol-

loaded gelatin films led to the ability of the water
molecules to slowly diffuse in samples resulting in the
lower percentage of swelling and weight loss. Since an
increase in the GTA content was obviously attributable
to the increase in the extent of crosslinking as GTA
molecules reacted with the amino groups of gelatin to
form a network structure.
3.3 Release of resveratrol from resveratrol-loaded
gelatin films

The release characteristics of resveratrol from the
resveratrol-loaded gelatin film were investigated. The
actual amount of resveratrol in the 5% resveratrol-
loaded gelatin film as determined by UV visible
spectrophotometer was 95.54 + 2.64%. Figure 3 shows
the cumulative release profiles of resveratrol from the
resveratrol-loaded gelatin  films that had been
crosslinked with varying amounts of GTA in
phosphate buffer solution as a function of the
submersion time. The release characteristics of
resveratrol from the gelatin films could be divided into
two stages. The amount of the resveratrol released
from the resveratrol-loaded gelatin films increased
very rapidly over the first 4 h, after which time it
increased gradually with further increase in the
diffusion time. The cumulative release of resveratrol
released from the resveratrol-loaded gelatin films that
had been crosslinked with 0.25% w/w GTA showed
the lowest released amount of resveratrol. While the
cumulative release of resveratrol released from the
resveratrol-loaded gelatin  films that had been
crosslinked with 0.10% GTA showed the highest of
released amount of resveratrol corresponding to results
of both the swelling and the weight loss of the
crosslinked gelatin films. Since an increase in the GTA
content was obviously attributable to the increase in
the extent of crosslinking of gelatin to form a network
structure.
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Figure 3. Cumulative release profiles of resveratrol
from resveratrol-loaded gelatin films in phosphate
buffer solution at 37 °C.

3.4 Antioxidant activity of as-released resveratrol from
resveratrol-loaded gelatin films

The antioxidant activity of the as-released
resveratrol from the resveratrol-loaded gelatin films
with various GTA concentrations (0.1, 0.15, 0.2 and
0.25% wi/w) was investigated by the DPPH assay
(Figure 4). The results showed that the antioxidant
activity of resveratrol that had been released from the
resveratrol-loaded gelatin  films that had been
crosslinked with 0.10%, 0.15%, 0.2% and 0.25% GTA




after submersion for 6 h ranged between ~24% and
~30%. The antioxidant activity of resveratrol that had
been released from the resveratrol-loaded gelatin films
that had been crosslinked with 0.10%, 0.15%, 0.2%
and 0.25% GTA after submersion for 12 h ranged
between ~36% and ~41%. While the antioxidant
activity of resveratrol that had been released from the
resveratrol-loaded gelatin  films that had been
crosslinked with 0.10%, 0.15%, 0.2% and 0.25% GTA
after submersion for 24 h ranged between ~73% and
~75% and for 48 h ranged between ~75% and ~78%.
The obtained results indicated that increasing the
submersion time led to increase percentage of
antioxidant activity.

100
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I 0.20%GTA + 5%Res.
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Antioxidant activity (%)

6 12 24 48
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Figure 4. Antioxidant of as-released resveratrol from
resveratrol-loaded gelatin films in phosphate buffer
solution for 6, 12, 24, and 48 h at 37 °C.

4. Conclusions

In the present contribution, the resveratrol-loaded
gelatin films were prepared from 5% w/w gelatin
solution containing 5% wi/w. resveratrol by solvent
casting technique. The morphology of the neat gelatin
films showed smooth surfaces without aggregates on
the surface. On the other hand, the resveratrol-loaded
gelatin films showed smooth surface with some
aggregates of resveratrol on the surface. The swelling
and the weight loss of the resveratrol-loaded gelatin
films were determined by submersion samples in a
phosphate buffer solution for 6, 12, 24 and 48 h at 37
°C. Both the swelling and the weight loss decreased
with an increase the GTA concentration. Increasing the
submersion time, the swelling and the weight loss
were found to increase. Increasing the GTA
concentration, the total cumulative amount of
resveratrol released from the resveratrol-loaded gelatin
films was found to decrease. Lastly, the antioxidant
activity of the as-released resveratrol from the
resveratrol-loaded gelatin films increased with an
increase the submersion time.
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Abstract: Photosensitive polyimide (PSPI) is one of
the great interesting engineering polymers,
especially for microelectronic industry. We
investigated and optimized the synthesis conditions
for a PSPI that can be used as lithography material.
Negative photosensitive polyimide have been
synthesized by reaction of 3,3,4,4'-
biphenyltetracarboxylic dianhydride (BPDA) with
hexamethylenediamine (HMDA) and 4,4'-
oxydianiline (ODA) at stoichiometric
dianhydride/diamine ratio of 100:30:70 in N-
methyl-2-pyrrolidinone (NMP) solutions by using
solution condensation polymerization at room
temperature and further imidization at 250°C. The
photoinitiator and photo precursor were bis(2,4,6-
trimethyl  benzoyl)  phenylphosphine  oxide
(Irgacure-819) and 2-hydroxyethyl methacrylate
(HEMA), respectively. In this study, we used
photosensitive polyimide as insulation layers that
created in the form of cover film with their
thickness approximately controlled at 12.5 micron.
Thus, the thickness of cover film was called as
“Ultra-thick”.  The negative  photosensitive
polyimides were characterized by Fourier
transform infrared spectroscopy (FTIR) while their
morphologies were evaluated by Optical and
Confocal Microscope. The thermal stability of the
polyimide films was analyzed by TGA.

1. Introduction

Polyimides (PIs) are outstanding polymers, which
used in many microelectronics and aerospace
industries such as high temperature insulators,
dielectrics, coatings, adhesives and advanced
composite matrices because of their excellent thermal
stability, chemical resistance, electrical and
mechanical properties. [1-10] In addition, polyimides
strongly absorb visible light with wavelength range
about 400-700 nm and have relatively high dielectric
constants over 3.0. [2,3]

Polyimides or non-photosensitive polyimides can
apply as total cover film only (cannot be directly
patterned) and require several process steps to be
patterning after the active device was totally covered.
Thus, photosensitive polyimides can be directly
patterned and processed similar to standard photo-
resists using photolithography techniques, so the eight-
steps conventional polyimide processes can be

consolidated into the three-steps processes using
photosensitive polyimide. [4] As the consequence, the
new process can save time and reduce cost of
production. So, photosensitive polyimides (PSPIs)
have attracted a great attention nowadays. Typically,
photosensitive polyimides usually apply for an
insulation layer film in semiconductor microelectronic
industry, which the thickness of the film is
approximately less than 5 micron. In this research, the
photosensitive polyimide was utilized as thick
insulation layer, cover film, and the thickness of cover
film should be in the range of 12.5 micron, so the
thickness of cover film can be considered “Ultra-
thick” and the opening size of cover film should be in
the range of 4 sg.mm. Photosensitive polyimide can
be divided into two categories as negative and positive
photosensitive polyimide. Positive photosensitive
polyimide cannot be used as the cover film because the
films produced usually are very thin and cannot
obtained as thick films. Negative photosensitive
polyimide can be available in a wide range of
viscosities and thickness. [5] Mainly negative
photosensitive polyimide is usually used for the cover
film applications.

In this study, the synthesis of negative
photosensitive polyimides were investigated in order
to create ultra-thick cover film, with the thickness
approximately controlled at 12.5 micron, and the
relation between the size of opening area of cover film
and mask size are determined.

2. Materials and Methods

2.1 Materials

3,3,4,4'-biphenyltetracarboxylic dianhydride
(BPDA, Aldrich), Hexamethylenediamine (HMDA,
Aldrich), 4,4-Oxydianiline (ODA, Aldrich), v —
butyrolactone (Aldrich), 2-hydroxyethyl methacrylate
(HEMA, Merck) and N-methyl-2-pyrrolidinone
(NMP, Merck) were used as received. The photo-
initiator,  bis  (2,4,6-trimethylbenzoyl)  phenyl
phosphine oxide (Irgacure-819) was grateful provided
by Ciba Specialty Chemical Thailand. Copper clad
(size= 5x5 cm) was grateful provided by Mektec
Manufacturing Corporation (Thailand) Ltd. All of
them were used as received.




2.2 Preparation of the negative photosensitive poly
(amic acid) (in Scheme 1)

Poly (amic acid) was synthesized by the 3,3',4,4-
biphenyltetracarboxylic dianhydride (BPDA) with
hexamethylenediamine (HMDA) and 4,4'-oxydianiline
(ODA) at stoichiometric dianhydride/diamine ratio of
100:30:70 in  N-methyl-2-pyrrolidinone  (NMP)
solutions. The thicknesses of cast films were
controlled by number of droplets on plate and
concentration of solution of poly (amic acid).

The mixture solutions were stirred by magnetic stirrer
for 30 min under Argon atmosphere in order to obtain
the poly (amic acid). After that, 2-hydroxyethyl
methacrylate (HEMA) photosensitive precursor and
Bis (2,4,6-trimethylbenzoyl) phenyl phosphine oxide
(Irgacure-819), photosensitive initiator, were added
into the mixture solutions to change normal poly (amic
acid) into negative photosensitive poly (amic acid).

n
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Negative photosensitive poly (amic acid).

Scheme 1 : Preparing negative photosensitive poly (amic acid)




2.3 Patterning of the negative photosensitive polyimide
(NPSPI)

The negative photosensitive poly (amic acid)
precursors from methods above were cast onto copper
substrate. The film was dried at 55 "C for 2 hours and
then exposed to the UV light through a transparent
mask for 200 seconds and washed by the y—
butyrolactone (50 ml) to develop patterns. Finally, the
developed patterns were cured at 250 "C for 30 min in
the oven, so the negative photosensitive polyimide
films were obtained.

2.4 Characterization

The FTIR were recorded by Nicolet 6700™
spectrometer in the range of 4000-400 cm™ at a
resolution of 1.0 cm™. The TGA were recorded by
SDT Q 600 at a heating rate of 10 'C/min from room
temperature to 800 "C under a continuous flow of air at
100 ml/min.

3. Results and Discussion

Table 1 shows the thickness of Pl and NPSPI films
after curing at 250 ‘C. When the amounts of droplets
of poly(amic acid) solution cast on substrates were
increased, the thickness of the Pl and NPSPI films
were increased accordingly. However, the thicknesses
of NPSPI films were thinner than PI film (at the same
conditions) due to the loss of Photo-cross-linking
agents, 2-hydroxyethyl methacrylate (HEMA) and
Igracure, after curing. At approximate, 0.4 ml of poly
(amic acid) solution could make 12 micron film’'s
thickness, as required.

Table 1: Thickness of Pl and NPSPI films

Film thickness after

No. Ps(m:?r:C ?r:g) cured at 250 'C (um)
Pl NPSPI
1 04 24.1 123
2 05 21.7 220
3 10 42.4 39.7
4 15 67.4 56.6
5 2.0 85.9 723

*Conc. of solution = 17.17% wt./vol.
**Negative photosensitive polyimide

Figure 1 shows the FTIR spectrum of polyimide
(PI) film after curing. The imide characteristic
absorption bands of the prepared materials can be
further evidenced by the following absorption bands;
1778 cm™ (C=0 sym. str.); 1726 cm™ (C=0 asym.
str.); and 1380 cm™ (C—N str.). The C-NH (1660 cm™)
as characteristic absorption bands of the polyamic acid
disappeared from the spectra, indicating that the
imidization reactions were completed.

Figure 2 shows the TGA curves of the NPSPI and
Pl after cured. The 5% weight loss temperature

appeared at 281 and 269 'C for NPSPI and PI,
respectively which suggests the enhancement of the
thermal stability of NPSPI film.

Figure 1. FTIR spectrum of Polyimide (PI) film.

Type NPSPI PI
T45% (C) 281 269

Figure 2. TGA curves of the NPSPI and Pl at the
heating rate of 10 C/min.

Figure 3 shows the photograph of the developed
pattern of NPSPI. The fade areas were unexposed to
UV light. To develop, the films were soaked in the
solvent that washed away the unexposed part. The
areas that exposed to the UV light were not dissolved
out by the solvent during developed processes, so the
films’ thickness remained, even after cure. The reasons
for the incomplete dissolution of the unexposed areas
might due to the too short developed time and the too
long exposed time (more diffusion of Irgacure
radicals).

Figure 4 shows the film thickness and the size of
opening areas of NPSPI films by Stylus profiler, which
confirmed the successful process of developing.

Figure 5 shows the morphology of the NPSPI film
from Confocal Microscope with magnification 5x. The
rectangular patterns, appeared as 3x3 sg.mm, were
rather clearly observed, but there were few
deformations at the end of the opening areas.




Figure 3. Photograph of NPSPI films

(@) (b)
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Figure 4. The film thickness and the opening size of
NPSPI films by Stylus profiler as the film thicknesses
of (a) 19.6, (b) 25.3 and (c) 21.6 um

Figure 5. Morphology of NPSPI films on copper foil.
4. Conclusions

The negative photosensitive polyimides with the
thickness approximately controlled at 12.5 micron
were successfully prepared. The ratio of the size of
opening area to mask size were in the range of 0.8 —
0.82 or 80 - 82 % which is acceptable. The prepared
negative photosensitive polyimide could have potential
applications for patterned electronic and optoelectronic
devices.
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Abstract: Poly(lactic acid) (PLA) was blended with
natural rubber grafted low molecular weight PLA (NR-
g-PLA). Firstly, grafting of maleated natural rubber
with low molecular weight poly(lactic acid) at weight
ratio of 1:1 was carried out in toluene solvent at 80°C.
MNRs prepared using maleic anhydride of 10 and 20
wt% was employed. IR spectrum of MNRs showed the
absorption band at 1778 and 1853 cm™ which
corresponded to the symmetric and asymmetric of C=0
vibrations and later the absorption band at 1853 cm*
disappeared from NR-g-PLA spectrum. Next, thus
obtained NR-g-PLA was blended with pristine PLA using
twin-screw extruder and followed by compression
according to ASTM standards to obtain specimens for
testings. Pristine PLA to NR-g-PLA weight ratios were as
follows: 90:10, 80:20, 70:30, 60:40. Impact strength
values according to D256 standard test of PLA/NR-g-
PLA blends were measured and compared to those of
NR-g-PLAs, and PLA/NR. As found, blending of NR-g-
PLA with PLA resulted in the material that exhibited a
significant increase in impact strength (ie 196 J/m for
recipe 80:20) compare to pure PLA (ie 3.0 J/m). On the
other hand, direct mixing NR into PLA produced the
material of which the impact strength (ie 182 J/m for
recipe 80:20) was inferior to PLA/NR-g-PLA. This
indicated that NR-g-PLA exhibited better compatibility
than NR. The compatibility, mechanical properties, and
thermal properties were be further proven by SEM,
universal testing machine, and DSC and TGA,
respectively.

1. Introduction

Nowadays, plastics have been consumed
extensively for many applications. As a result, the
plastic ~ waste  disposal causes considerable
environmental concern. This has led to an interest in
searching for biodegradable plastics.

Poly(lactic acid), PLA is one of promising
biodegradable polyesters. It is made from bacterial
fermentation of renewable carbohydrate sources such
as corn, sugar cane, potato etc. PLA is a trasparent,
good strength and easy processability[1]. However, the
important application restriction of PLA is brittleness.
Attempts to improve flexibility of PLA could be
divided into three routes: copolymerization,
plasticization and blending [2,6]. Blending of PLA
with  other biodegradable polymers such as
Polycaprolactone, Poly(butylene adipate-co-
terephthalate) and Poly(butylene succinate) is a simple

route at the expense of reduced strength as well as
reduced modulus [2].

Natural rubber (NR) is also an interesting natural
polymer for toughening PLA due to its elasticity
characteristic, biocompatibility and reactivity [5].
Rubber particles have been wused through the
incorporation of a second phase for toughened
polymer [3]. Rubbers exhibit a compatibilization but
they are immiscible with matrix polymer. In the
polymer blend, rubber phase acts as energy absorber
and crack inhibitor [4-5]. Therefore, NR is a good
candidate as an impact modifier to be incorporated into
brittle polymer like PLA as reported by Bitinis et al.
The resultant tensile indicated that elongation at break
was increased from 5% (neat PLA) to 200% by the
addition 10wt% NR [5]. Nakason et al. reported that
the shear viscosity of MNR/PMMA blends (MNR
containing MA content of 10 wt%, MNR-10)
increased with an increase in MNR-10 concentration
until reaching maximum at 60 wt% MNR-10. Above
this concentration, the shear viscosity decreased due to
changing phase. In addition, the Tg values of polymer
blends increased with an increase in MA content due
to chain mobility restriction as a result of chemical
interaction [6].

Moreover, there is still more room to improve
properties of poly(lactic acid) especially stiffness-
toughness  balance and  being  substantially
biodegradability. In this study, maleated natural rubber
as compatibilizing agent was synthesized to further
prepare  NR-g-PLA hybrid. Then, NR-g-PLA
copolymer was blended with pristine PLA. The
compatibility, mechanical and thermal properties were
investigated.

2. Materials and Methods

2.1 Materials

PLA (Mw=138700) was purchased from
NatureWorks®. Ribbed smoked sheet rubber (RSS)
was kindly supplied by local rubber factory, Thailand.
Toluene, acetone and methanol were obtained from
Sathaporn  group company, Thailand. Maleic
anhydride and Benzoyl peroxide initiator were
purchased from Sigma-Aldrich, Belgium.
Phenolphthalein and NaOH for determining the grafted
MA content by titration method was purchased from




Figure 1. The possible chemical reaction

Ajax Finechem, Pty, Ltd. The tetrahydrofuran (THF)
was bought from Burdick&Jackson, SK chemicals,
Korea.

2.2 Preparation of NR-g-PLA

2.2.1 Maleated Natural rubber

Maleic anhydride was grafted onto natural rubber
in toluene solution at temperature of 80°C for 2 hours.
Benzoyl peroxide (3 wt% of NR) was used as a free
radical initiator. MA content was varied at 10 and 20
wt% of natural rubber.

2.2.2 Low molecular weight poly(lactic acid) grafted
natural rubber

Low molecular weight PLA (Low-PLA) was
prepared by twice melt processing of pristine PLA
using twin-screw extruder with barrel zone
temperature setting of 180, 180, 170, 160, 135 °C.

Thus obtained low-PLA (Mw=42500) was added
bit by bit into maleated natural rubber solution at
weight ratio of 1:1 for 6 hours. NR-g-PLA was
precipitated by pouring the solution mixture into
methanol. The precipitate was washed and dried at
50°C for 24 hrs.

2.3 Characterization of MNRs and NR-G-PLAs

Low molecular weightn PLA grafted on natural
rubber was analysed by Fourier transformation
infrared spectroscopy (FTIR, Nicolet 6700). Maleated
natural rubber solution was coating on KBr disk and
dried in an oven. The dried NR-g-PLA was mixed with
KBr powder and compressed into disk. The record
range of IR spectras was 4000 cm™ to 400 cm™. The
glass transition temperature of MNRs and NR-g- PLAS
was identified by differential scanning calorimetry
(Perkin Elmer DSC, Diamond DSC). The degradation
temperature of MNRs and NR-g-PLAs was identified

by thermal gravimetric analysis (Mettler Toledo,
TGA/SDTAS851).

2.4 Preparation of PLA/NR-G-PLA blends

PLA was blended with NR-g-PLA using twin-
screw extruder at weight ratio as shown in Table 1.
Barrel zone temperatures were set at 135, 160, 170,
180 and 180 °C, for zone 1 to zone 5, respective. Then
Polymer extrudate was cut into pellet form and

Figure 2. FTIR spectras showed IR absorbance of
PLA, MNRs and NR-g-PLAs.

compressed into standard shapes according to ASTM
standard.

2.5 The thermal properties

The glass transition temperature and degradation
temperatue of PLA and PLA blends was investigated
by DSC and TGA technique, respectively.

2.6 Mechanical properties
The impact strength of samples was performed
according to ASTM D256 by Impact-charpy impact




Figure 3. Thermal properties of PLA, NR-g-PLA and PLA blends: (a) Tg of MNR and NR-g-PLA, (b) Tg of

PLA blends and (c) Td of PLA blends.
machine (Gotech, GT-7024-MD, Taiwan).

2.8 Morphology

The fracture of dumbbell-shaped specimens was
observed by scanning electron microscopy at an
acceleration voltage of 22.0 kV. The fracture surface
was coated with gold for electrical discharge
prevention.

Table 1: The component of PLA blended with NR-g-
PLA

PLA/NR-g-
MA  PLA:MNR
Component . PLA
(wt%)  wtratio
(phr)

90:10
80:20
70:30
60:40
90:10
80:20
70:30
60:40
Blank - - PLA80:NR20
PLA 100% - - 100

MNR1 10 1:1

MNR2 20 1:1

3. Results and Discussion

3.1 Characterization of MNRs and NR-g-PLAs

Natural rubber was grafted with maleic anhydride
using BPO (wt% of NR) as free radical initiator.
Maleated natural rubber was identified by Fourier
transformation infrared spectroscopy as shown in Fig
2. The IR spectra of MNR showed the absorbance
bands at 1778 and 1853 cm™ which correspond to
symmetric and asymmetric of maleic anhydride ring
C=0 vibration [7-8]. Thereafter, low-Mw PLA was
grafted onto MNR in toluene solvent at temperature of
80°C. The complete grafting was proved by FTIR. As
seen, the IR absorption band at 1853 cm™
corresponding to asymmetric C=0O vibration
disappeared [7]. The absorbance intensity of at 1778
cm™ also decreased with an increase in MA content
[9], confirming that MA grafted on NR. As the result
of the reaction, the possible chemical reaction was

proposed in Fig. 1 [7].

3.2 Thermal properties

The glass transition temperature (Tg) is indicative
of chain mobility as well as miscibility of polymer
blend [10]. Fig. 3(a) showed the glass transition
temperature of MNR and NR-g-PLA that Tg of MNR
did not appear at temperature program. It is found that
an increase in Tg of NR-g-PLA is related to an
increase in MA content due to the effect of MA side
group on the polymer chain mobility restriction [6-8].
Fig. 3(b) showed the effect of MA content on Tg of
PLA blends. The similar trend in increasing Tg with
MA side group content was observed. The Tg of
PLA/NR-g-PLA20 at weight ratio of 80: 20 was
higher than Tg of PLA/NR-g-PLA10 at same weight
ratio due to PLA chain mobility restriction arising
from higher amount of NR bonded PLA [10-11]. It is
noted that the Tg of PLA/NR-g-PLA decreased with
an increase in flexible NR content [10].

The thermo gravimetric analysis of PLA, NR-g-
PLA and PLA blends is shown in Fig. 3(c) The
thermal degradation of PLA at temperature range 25 —
950 °C showed 2 degradation steps. Td of PLA and
NR were 375°C. The 1% degradation step showed Td
of PLA blends decreased with the increasing of NR
content and Td of MNR having higher MA content
(MA20) was higher than Td of MNR having lower
MA content (MA10) due to interaction. The 2"
degradation steps were assumed to be char degradation
which is complete at temperature of 600 °C.

3.3 Morphology

Morphology of PLA and PLA blends was
observed by scanning electron microscopy. When
considering the blends at weight ratio of 80:20 were
observed the morphology in case of MNR having
higher anhydride content (MNR20), indicating the
more compatible than MNR having lower anhydride
content and absence anhydride content. As a result,
PLA is improved due to enhancing interfacial adhesion
[12]. For PLA/NR blend large NR particles with
various sizes and shapes are found due to the
agglomeration problem.

3.4 Mechanical properties

Improvement of interfacial adhesion between NR
and PLA could be achieved through modification of
NR with low Mw PLA by grafting technique. The




Figure 4. SEM photographs showed morphology of PLA and PLA blends at weight ratio 80:20: (a) PLA, (b)
PLA/NR, (c) PLA/NR-g-PLA (MA10), and (d) PLA/NR-g-PLA (MAZ20).

interfacial adhesion was derived through PLA segment
of NR-g-PLA. Interfacial adhesion between dispersed
phase and matrix plays an important role in improving
mechanical properties of PLA such as impact strength.
Prior to testing, PLA blends were compressed into
rectangular shape according to ASTM D256. Fig. 5
showed the impact strength. As found, the impact
strength of pristine PLA is very low which is derived
from the rigidity nature of PLA. The incorporation of
NR and NR-g-PLA results in significant improvement
of impact strength due to the role of NR in absorbing
energy. However, NR-g-PLA with higher anhydride
content (MNR20) tends to reduce the impact strength
of the blend due to the decrease in a number of double
bonds through MA grafting reaction. As a result,
MNR20 partially loosed its elasticity when compared
to MNR10, consequently loosing ability of energy
absorption performance. Despite the loss of elasticity
of MNR the impact strength of PLA/NR-g-PLA blends
is slightly higher than PLA/NR blend (MAO) due to
better interfacial adhesion and more finely rubber
particles distribution [12].

4. Conclusions

Low Mw NR-g-PLA was prepared by grafting low-
MW PLA with maleated NR (MNR). PLA/NR-g-PLA
blend was achieved by melt blending using twin screw
extruder. Thermal properties of PLA blends showed
the Tg of PLA in the blend containing high anhydride
content (MNR20) tended to be higher than that of
lower anhydride content (MNR10) due to PLA chain
mobility restriction arising from chemical interaction.
The incorporation of NR and NR-g-PLA results in
significant improvement of impact strength due to the
role of NR in absorbing energy. However, NR-g-PLA
with higher anhydride content (MNR20) tends to
reduce the impact strength of the blend due to the MA
grafting reaction. As a result, MNR20 partially loosed
its elasticity when compared to MNR10, consequently
loosing ability of energy absorption performance
decrease in a number of double bonds through MA
grafting reaction. As a result, MNR20 partially loosed
its elasticity when compared to MNR10, consequently

loosing ability of energy absorption performance.

Figure 5 Impact strength of PLA, PLA/NR-g-PLA
and PLA/NR
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Abstract: Tin(Il) alkoxides are commonly used as
initiators in the ring-opening polymerization (ROP) of
cyclic ester monomers to control the reaction kinetics and
the molecular weight of the polyesters formed. Examples
are poly(e-caprolactone) and poly(L-lactide) which are
used in various biomedical applications. This project has
been concerned with the synthesis and characterization
of a novel tin(11) poly(propylene glycol) initiator for use
in ROP of cyclic ester, namely: e-caprolactone. The
tin(11) poly(propylene glycol) was synthesized via the
reaction  between  anhydrous  tin(ll)  chloride,
poly(propylene glycol)400 (PPG400) and triethylamine
at 20-16°C under a nitrogen atmosphere. After
separation and purification, the product, Sn(PPG400),,
was obtained as fine white powders with approximately
93% vyield. The Sn(PPG400), was characterized by a
combination of analytical techniques such as Fourier-
transform infrared spectroscopy (FT-IR), proton nuclear
magnetic resonance spectroscopy (*H-NMR) and
differential scanning calorimetry (DSC). It was found
that polymers with controllable molecular weights could
be produced, when Sn(PPG400), was used as an initiator
(0.1, 05 and 1.0 mol%) in the bulk ROP of &-
caprolactone atl1 50 °C.

1. Introduction

Aliphatic polyesters are the most widely used
biodegradable polymers in biomedical applications.
These applications include absorbable sutures, nerve
guides, bone fixation devices, drug delivery systems
and 3-D scaffolds for tissue engineering [1]. The main
method used in the synthesis of biodegradable
polyesters is ring-opening polymerization (ROP) of the
corresponding cyclic ester monomers. The polyesters
formed are versatile polymers having good mechanical
properties, hydrolyzability and biocompatibility. The
synthesis of novel polymer structures through ROP has
been studied for a number of years [2]. The polyesters
which have so far found the most commercial
importance are those derived from cyclic ester
monomers such as glycolide, lactide (L, D and DL)
and e-caprolactone.

Poly(e-caprolactone), PCL, has attracted particular
attention because of its partial compatibility with a
number of commercial polymers such as PVC and
bisphenol A polycarbonate. It is of interest as a
packaging material and in biomedical applications
since it is degradable and its degradation products are
non-toxic to the human body [3]. PCL is a synthetic

biodegradable aliphatic polyester which has been
attracting increasing research attention in recent years,
notably in the specialist biomedical areas of
controlled-release drug delivery systems and 3-D
scaffolds for tissue engineering [4-6]. PCL is
manufactured commercially via the ROP in bulk of -
caprolactone, CL, as shown in Figure 1.

Tin(ll) 2-ethylhexanoate, commonly known as
tin(I) octoate or stannous octoate, Sn(Oct),, in
combination with an alcohol ROH is employed as the
initiating system at a temperature of, typically, 140-
150 °C [3].

(@) |
9] Sn(Oct),/ROH )OJ\/\/\/
140-150 °C \}O n

g-caprolactone poly(e-caprolactone)

Figure 1. Ring-opening polymerization of &-
caprolactone as employed in its manufacture

Stannous octoate, Sn(Oct),, is a frequently used
initiator in the ROP of lactones and lactides. In
combination with an alcohol, ROH, it is a very
effective and versatile initiator which is easy to handle
and is soluble in common organic solvents and
lactones. It also has the advantage, as far as its use in
the preparation of biomedical polymers is concerned,
that the American Food and Drug Administration
(FDA) has approved it as a food additive. However,
Sn(Oct), is also known to be an efficient
transesterification agent which makes it difficult to
synthesize controlled microstructures. Furthermore, it
has now been established that Sn(Oct), is not the true
initiating species in the polymerization reaction.
Instead, it has been shown that the Sn(Oct), initiator
and ROH coinitiator react together in situ to form the
corresponding tin(11) monoalkoxide, Sn(Oct)(OR), and
dialkoxide, Sn(OR),, which are the true initiators. The
sequence of reactions is:

Sn(Oct), + ROH = Sn(Oct)OR + OctH (la)

Sn(Oct)OR + ROH == Sn(OR), + OctH (1b)
where OctH is the octanoic acid by-product.

The generally accepted coordination-insertion
mechanism of the ROP of a cyclic ester monomer by a




tin(I1) alkoxide, Sn(OR)s,, initiator is shown below in
equations (2) and (3). This mechanism involves acyl-
oxygen (CO-O) bond cleavage in the monomer
followed by insertion into the tin-oxygen (Sn-O) bond
of the initiator.

R/O\SHO‘R
! R 0
. initiation
' e 2
QOL} RO)LR"O\sﬁOR ( )
< o
R/
O
R‘O);L R"O\SﬁO‘R . 0
o propagation R {JL O}_ o (3)
Lo o) R n+s1n R
n ( I

Since reactions (1la) and (1b) are interdependent
equilibrium reactions, the actual [Sn(Oct)(OR)] and
[Sn(OR),] initiator concentrations are unknown
throughout the polymerization. Thus, it is difficult to
produce polymers with predictable and reproducible
molecular weights and, in the case of copolymers, with
consistent chain microstructures. It has therefore been
in an attempt to overcome these uncertainties that this
work has been focusing its attention on the synthesis
of tin(Il) alkoxides, Sn(OR),, so that they can be used
directly in accurately known concentrations rather than
have to be generated in situ.

The synthesis of tin(ll) alkoxides, Sn(OR),, was
first reported about 40 years ago by Morrison and
Haendler [7]. It involves the reaction between
anhydrous SnCl, and the corresponding alcohol ROH
with triethylamine as HCI scavenger, as shown in
equation (4) below.

SnCl,+ 2ROH + 2(C,Hs)sN —  Sn(OR), +2(C,Hs);N -HCI  (4)
2. Materials and Methods

2.1 Initiator Synthesis

All chemicals used were purified by distillation.
Since tin(ll) alkoxides are both moisture and air-
sensitive, their synthesis needs to be carried out using
pure reagents in an inert atmosphere. Following the
method of Morrison and Haendler [7], anhydrous
tin(I) chloride was dissolved in poly(propylene
glycol)400 (PPG400) and triethylamine added to cause
a permanent precipitate. The reaction was stirred at 16-
20 °C under a dry nitrogen atmosphere. The precipitate
was filtered off, washed with methanol and dried
under vacuum. This crude product was a mixture of
the Sn(PPG400), and the (C,Hs)sN-HCI by-product, as
shown in reaction (5). They were separated by using
chloroform to dissolve the hydrochloride after which
the Sn(PPG400), was purified and characterized.

SNCl, + 2HOROH + 2(C;Hs):N — SN(OROH), + 2(C;Hs):N'HCI (5)

where HOROH = PPG400 = HO-[CH,(CHCH3)O-]-H
(average n = 9-10)

HOMO%Sn \AO )\%OH

Sn(PPG400),

The rationale behind the synthesis and use of the
novel tin(I1) alkoxide, Sn(PPG400), as a coordination-
insertion initiator in this work has been that, rather
than being generated in situ in an indeterminate
concentration, it could be synthesized separately and
added directly into the system in an accurately known
initial concentration. The main purpose of the long
PPG400 substituents is to help make the initiator more
soluble in cyclic ester monomers than conventional
Sn(OR), compounds synthesized from simple alcohols
ROH which tend to be difficult to dissolve due to their
tendency for molecular aggregation, [Sn(OR),],, as
shown below. This insolubility greatly reduces the
activity of the initiator since the Sn-O bonds, which
are the active sites for polymerization, are only
accessible on the surfaces of the initiator particles.

n Sn(OR), — [Sn(OR),],
non-aggregated aggregated

soluble (homogeneous) insoluble (heterogeneous)
active less active

2.2 Bulk ROP of ¢-Caprolactone

The bulk ROP of e-caprolactone (CL) was carried
out at 150 °C in a round-bottomed flask with magnetic
stirring. Sn(PPG400), initiator concentrations of 0.1,
0.5 and 1.0 mol % relative to the CL monomer were
weighed accurately into the reaction flask in a glove
box under dry nitrogen. After removing the flask from
the glove box, it was immersed in a silicone oil bath at
a constant temperature of 150 °C for 72 hrs. At the end
of this period, the polymer was allowed to cool to
room temperature. The crude PCL was purified by
dissolving in chloroform, precipitating in ice-cooled
methanol before finally drying in a vacuum oven at 45
°C to constant weight.

The purified polymers were characterized by a
combination of analytical techniques, namely: Fourier-
transform infrared spectroscopy (FT-IR) and proton
nuclear magnetic resonance spectroscopy (*H-NMR)
for structural confirmation, differential scanning
calorimetry (DSC) for melting point and %
crystallinity — determinations, and dilute-solution
viscometry for weight-average molecular weight, M,
determination.

3. Results and Discussion

3.1 Sn(PPG400), Initiator Characterization

The purified Sn(PPG400), initiator product was
obtained as a finely divided white powder in 93%
yield. Solubility testing in a range of organic solvents
showed that it was only partially soluble which
indicated that, despite its long PPG400 substituents, it
was still aggregated to a certain extent with only the
lower aggregates being able to dissolve.




In order to confirm its chemical structure, the
Sn(PPG400), initiator was characterized initially by
Fourier-transform infrared spectroscopy (FT-IR), as
shown in Figure 2 below.

Figure 2. FT-IR spectrum of the Sn(PPG400), initiator

The most prominent peaks in the FT-IR spectrum
of Sn(PPG400), are assigned to their respective bond
vibrations as listed in Table 1 below. The appearance
of these characteristic peaks is consistent with the
chemical structure of Sn(PPG400)s,.

Table 1: Vibrational assignments in the
spectrum of the Sn(PPG400), initiator.

FT-IR

WavenL_llmber Vibrational Assignment
(cm”)
3506 O-H (stretching)
2932 C-H (stretching)
1520 C-H (bending)
1027 C-O (stretching)
676 0-Sn-0O (stretching)
539 Sn-O (stretching)

The DSC thermogram of the Sn(PPG400), initiator
in Figure 3 shows a broad melting peak from 90-150
°C with a peak melting temperature (T,,) of 124.5°C.
The enthalpy of melting (AH,,), which is calculated
from the area under the melting peak and is
proportional to the % crystallinity, was 60.80 J/g.

The broad melting peak in Figure 3 is a further
indication of the Sn(PPG400), initiator's molecular
aggregation and also the distribution in the degree of
aggregation. Larger aggregates would be expected to
have a higher T, than smaller aggregates.

Figure 3. DSC thermogram of the Sn(PPG400),
initiator (Heating rate = 10 °C/min)

3.2 Polymerization of CL Monomer

In this work, bulk polymerization (CL monomer +
Sn(PPG400), initiator only) was the chosen method of
polymerization since (a) it eliminated any
complicating solvent effects and (b) biomedical
polyesters are invariably synthesized by bulk
polymerization in order to avoid potentially toxic trace
amounts of solvent impurities remaining in the final
product. The results obtained from the three
polymerization experiments carried out here are
summarized in Table 3 below.

The purified PCL was characterized by nuclear
magnetic resonance spectroscopy (*H-NMR) for
structural confirmation as shown in Figure 4 and Table
2 below.

a b ¢ d e W ¢
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Figure 4. 400 MHz 'H-NMR spectrum of PCL in
deuterated chloroform (CDClI5) as solvent.

Table 2: Chemical shifts of the peaks in the *H-NMR
spectrum of PCL in Figure 4.

Proton Assignment Chemical Shift
(8, ppm)
¢-CH, a 4.045
8§-CH, b 1.634
y-CH, ¢ 1.383
B-CH, d 1.634
a—-CH, e 2.290

Table 3: Comparison of PCL properties obtained
using various initiator concentrations.

[Initiator] ~ Yield Tn [~

%bymol %  °C  diig M
04 738 657 0629 2.82x10°
05 838 643 0378 153x10°
10 895 665 0336 132 x 10°

taken as the peak T,, from the DSC melting peak
intrinsic viscosity measured in chloroform as
solvent at 30 °C

Under the temperature/time conditions (150 °C / 72
hrs) employed, the various initiator concentrations
gave high yields (>70%) and reasonably high weight-
average molecular weights (M,, > 10%. As expected,
the M,, of the PCL decreased with increasing initiator
concentration, as shown in Table 3. These M,, values
were obtained from dilute-solution viscometry via the




Mark-Houwink Equation below for PCL in chloroform
as solvent at 30 °C [4].

[l = 1.298x10™* M,**% di/g

Table 4 shows the DSC melting parameters and %
crystallinities for the PCL samples. The values, which
are comparable with those of commercial samples, are
similar enough to suggest that, at a molecular weight
level of M, > 10% the thermal properties and semi-
crystalline morphology of PCL are fully developed.

Table 4: DSC melting points, heats of melting and %
crystallinities of the purified PCL products.

. Melting Melting Parameters
[Initiator] Point
% by mol T, CC) AHR, (3/9)™ % Crystallinity™
0.1 65.7 107.8 75.9
0.5 64.3 136.9 96.4
1.0 66.5 87.0 61.3

taken as the peak T, from the DSC melting peak
AH,, = heat of melting (oc area under T,, peak)
™ calculated from the equation:
% crystallinity = (AH./AH,") x 100%
where, for PCL, AH,," = 142 J/g [8]
AH,,~ = AH,, of a 100% crystalline sample

*k

Regarding initiator solubility, which has been one
of the main focal points of this work, it was observed
that, during the polymerization of the CL monomer at
150 °C, the Sn(PPG400), initiator gradually but only
partially dissolved. Dissolution continued until the
system became so viscous that magnetic stirring was
no longer possible. Thereafter, the polymerization had
to continue in the viscous melt state. However, it can
be said that the Sn(PPG400), initiator was certainly
more soluble than conventional Sn(OR), initiators
made from simple ROH alcohols.

4. Conclusions

The results presented here have shown that the
Sn(PPG400), initiator is effective in the bulk ROP of
CL monomer and, by varying its concentration, can
control the molecular weight of the PCL polymer
formed. Moreover, it is easy to prepare and stable on
storage in a desiccators. Since PPG alone is already
used in biomedical applications, it would be expected
to be non-cytotoxic.

However, the observation that the Sn(PPG400),
initiator did not completely dissolve in CL monomer
during polymerization indicates that, despite its long
PPG400 substituents, molecular aggregation in the
solid state still occurred to a limited extent.
Consequently, even though the initiator gave high
yields and reasonably high molecular weights, its
efficiency would have been slightly impaired by the
fact that it was not completely soluble.

In conclusion, the use of a low molecular weight
polymeric diol, PPG400, instead of a simple alcohol ,
ROH, in the synthesis of a tin(ll) alkoxide, Sn(OR),,
has succeeded in reducing, but not completely
eliminating the tendency for molecular aggregation.

n Sn(OR), —  [Sn(OR),],

Based on these results, it is reasonable to conclude
that initiators such as Sn(PPG400), have considerable
potential for the use as initiators in the controlled ROP
of cyclic esters, especially where the polymers are
designed to be used in biomedical applications.
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Abstract: Thermoplastic starch (TPS) was reinforced by
water hyacinth. Pure cellulose of water hyacinth was
obtained from the weed plant by mechanical and
chemical treatments (churning, alkaline and sodium
chlorite reactions). The treated celluloses were
characterized by Fourier  Transform Infrared
Spectroscopy (FTIR) to confirm the removal of lignin
and hemicelluloses from water hyacinth. The
morphologies of celluloses and composite materials were
investigated by scanning electron microscope (SEM).
Starch, glycerol and untreated or treated cellulose
(3%wt. and 5%wt.) were mixed in an internal mixer. The
TPS without cellulose displayed the modulus more than
the composite prepared with celluloses. The elongation at
break and tensile strength increased but the impact
strength decreased with increasing cellulose content. The
composites prepared with treated cellulose displayed
impact strength higher than untreated cellulose.

1. Introduction

Nowadays, polymers have been used in many
applications due to they have many advantages such as
light weight, durability, and ease of fabrication. The
typical polymer is produced from petroleum resource.
Synthetic polymer is suspected to be a part of
environmental pollution since it releases some toxic
substances during manufacturing and it takes relatively
long time to degrade. Therefore, the natural polymer
has been considered to be an interesting candidate as a
more environmentally friendly material [1].

Starch is one of the most interesting natural
polymers because it is abundant, low cost, and easy to
biodegrade. Thermoplastic starch (TPS) can be easily
prepared by mixing starch and plasticizer under
heating and shearing. However, TPS has a relatively
low mechanical properties and high water sensitivity.
Adding reinforcing filler is a popular method to
enhance the mechanical properties of TPS. Several
studies have been dealing with the preparation and
characterization of TPS composite with different type
of cellulose such as jute fiber [1], cellulose nanofiber
[2], bacterial cellulose [1], and vegetable fiber [3].
Cellulose-reinforced TPS is considered to be a bio-
based biodegradable composite.  The interaction
between cellulose reinforcing filler and starch matrix
is expected to be high, since both matrix and filler
have an identical repeating unit.

Water hyacinth is a weed water plant in a local
river in Nakorn Pathom. It is wide spread in the river
and grows up very fast. The water hyacinth contains
60% cellulose, 8% hemicelluloses and 17% lignin [4].

The water hyacinth-reinforced thermoplastic starch
has been prepared in the present study. The influence
of water hyacinth loading on the mechanical properties
of composite is investigated. The morphology of
biocomposite is also examined.

2. Experimental

2.1 Materials

Octenyl succinic anhydride (OSA) starch (Siam
modified starch, Thailand) and glycerol (Ajex
Finechem) were used to prepared thermoplastic starch.
Water hyacinth was obtained from a local river in
Thailand.  Sodium hydroxide (RCL Labscan) and
Sodium chlorite (Ajex Finechem) were used to treat
water hyacinth.

2.2 Preparation of water hyacinth cellulose

This was done according to the method of Sundari
and Ramesh [5] with some alterations. A chopped
water hyacinth was churned by a kitchen blender and
then dried at 80 °C for 24 h. The dried sample was
dewaxed with 2:1 (v/v) mixture of tolulene/ethanol.
The dewaxed fiber was bleached with 3 %wt sodium
chlorite solutions at pH 4. The suspension was
maintained at 80 °C for 3 h. and settled over night at
room temperature.  The bleaching process was
repeated again, and the resulting fiber was washed
with distilled water until free from acid. The product
was subsequently treated by 1 %wt of NaOH solution
for removing of hemicelluloses at 60 °C for 24 h. It
was washed with distilled water. Lignin was removed
by treatment with 1 %wt sodium chlorite solution at
pH 4. The reaction was done at temperature of 75°C
for 48 h. Sample was washed with distilled water.
Then, the remaining hemicellulose was removed by
treating with 5%wt of sodium hydroxide solution at 55
°C for 24 h. Finally, the obtained fiber was washed
with distilled water until neutral.

2.3 Composite preparation

Starch, glycerol (30% by weight of dried starch),
and untreated/treated cellulose (3 and 5% in dry basis)
were pre-mixed and dried at 80°C for 24 h. The
mixtures were mixed using an internal mixer
(Brabender, 50ETH) at160°C, 100 rpm for 12 min.
The testing samples were prepared by using a
compression molding machine (Labtech) at pressing
temperature of 160 °C. The samples were called




according to the constituents in the composite as
quoted in Table 1.

Table 1. Fomula of TPS composites

Untreated cellulose Treated cellulose
(Yowt) (Yowt)
TPS - -
3%U-TPS 3
5%U-TPS 5
3%T-TPS 3
5%T-TPS 5

2.4 Characterization and Testing

A Fourier transform infrared (FT-IR) spectrometer
(Bruker Optik GmbH, Vertex70) was used to examine
the functional group of untreated and treated water
hyacinth. The dried sample of untreated or treated
water hyacinth was grounded and mixed with
potassium bromide powder. Subsequently, the mixed
powder was compressed into a thin pellet. The FT-IR
spectrum was recorded in an absorption mode with a
resolution of 4 cm™ in the wave number range of
4000-400 cm™. The morphologies of water hyacinth
and the fracture surface of composite were studied by
using scanning electron microscope (Camscan, MX-
2000). Sample surfaces were coated with a thin layer
of gold.

Tensile properties of the composites were tested
according to ASTM D638 by using a universal testing
instrument (Instron, 5969) with a crosshead speed of 1
mm/min. A dimension of specimen was based on type
V of ASTM D638. The testing conditions were 23+2
°C and 50+5%RH. Impact tests were done according
to ASTM D256 and carried out using an impact tester
(Zwick, B5102.202).

One-way analysis of variance (ANOVA) followed
by Scheffe comparison tests with a 0.05 significance
level was used to analyze the results from mechanical
testing.

3. Results and Discussion

3.1 Water hyacinth cellulose

The FT-IR spectra of untreated and treated
cellulose were shown in Figure 1. The peaks at wave
number around 3400 and 2900 cm™ are due to —OH
stretching and —CH stretching of methyl and
methylene groups in cellulose, hemicelluloses and
lignin.[6] The peak at 1735 cm* assigned to acetyl
and uronic ester linkage of carboxylic group of the
ferulic and p- coumeric acids of lignin and/or
hemicelluloses and the peaks at 1521 and 1428 cm™
attributed to C=C stretching of aromatic ring of lignin
[7,8] are observed for FT-IR spectrum of untreated
sample. However, the decrease of intensities of these
peaks in the treated sample spectrum confirms the
successfulness of lignin and hemicelluloses removal in
the chemical-treated process.

3.2 Morphological investigation
SEM images of untreated and treated water
hyacinth are presented in Figure 2.

Figure 1. FT-IR spectra of untreated and treated water
hyacinth.

Figure 2. SEM images of (a) untreated, and (b) treated
water hyacinth.

It can be observed that lignin and hemicellulose are
on fiber surface as shown in Figure 2a. After chemical
treatment, some cellulose fibrils is found in the SEM
image (Figure 2b), which implies the removal of some
lignin and hemicellulose.[8,9] The treated fibers also
have a relatively rough surface. The rough surface is
expected to enhance the adhesion in a cellulose-TPS
matrix interface in the production of composites.




Figure 3. SEM images of (a) TPS, (b) 3%U-TPS, (c) 5%U-TPS, (d) cellulose-TPS interface of 3%U-TPS, (e) 3%T-
TPS, (f) 5%T-TPS, and (g) cellulose-TPS interface of 3%T-TPS.

The fracture surfaces of TPS and water
hyacinth/TPS composite are shown in Figure 3. A
good dispersion of water hyacinth in TPS matrix is
observed for all prepared composites. However, the
relatively better adhesion between filler and matrix at
interface is established for composite prepared by
using treated water hyacinth (see Figure 3g and 3d).
Cellulose and starch molecule, i.e. amylose and
amylopectin, have the identical repeating unit. The
lignin and hemicellulose are more hydrophobic than
cellulose. Thus, the remaining lignin and
hemicelluloses on untreated filler might be the cause
of poor adhesion at interfaces.

3.3 Mechanical properties

The results that obtained from the tensile testing
were summarized in Figure 4. The results of impact
testing are also presented in Figure 5. Although, the
mean value of tensile modulus of neat TPS is higher
than those of all TPS composites, the effect of water
hyacinth content on the tensile modulus is not
significant. Moreover, the tensile modulus of all
composites is comparable with the unfilled TPS as
tested with one-way ANOVA. The mean value of
tensile strength increases with increasing filler

contents and the composites prepared with treated
water hyacinth show the mean values of tensile
strength and strain at break better than the composite
prepared with untreated water hyacinth. The mean
values of impact strengths of all composites are lower
than that of unfilled TPS. The average value of
impact strength decreases with increasing cellulose
content. Cellulose fiber may reduce the molecular
mobility of starch molecules, which deteriorates the
energy dissipation of the sample. The composites
prepared with treated cellulose displayed the average
values of impact strength higher than those of the
composites prepared with untreated cellulose.

However, the difference among the impact
properties and tensile properties of all samples is not
significant based on one-way ANOVA analysis.
Therefore, the effect of water hyacinth content on the
mechanical properties of TPS/water hyacinth
biocomposite is not clearly established. This might
be a result of a quite low content of filler loading, i.e.
3%wit. and 5%wit., in the present study. Thus, a study
on the TPS/water hyacinth composite with higher
percent of filler content, i.e. 10 — 40%wt., may be
interesting.
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Figure 4. The effect of the water hyacinth contents on
the mechanical properties of TPS/water hyacinth

composites.
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Figure 5. The effect of the fiber contents on the
impact strength of studied samples.

4, Conclusions

The water hyacinth-reinforced thermoplastic
starch has been prepared in the present study. The
water hyacinth was treated with sodium hydroxide
and sodium chlorite solutions. From FT-IR and SEM
results, the removal of some hemicellulose and lignin
on the fiber surface of the treated filler is observed.
A good dispersion of water hyacinth into TPS matrix
and the good adhesion between treated filler and
matrix at interface is found because cellulose and
starch molecule have the identical repeating unit.
The effect of water hyacinth content on the
mechanical properties of TPS/water hyacinth
biocomposite is not clearly established based on one-
way ANOVA analysis with a 0.05 significance level.
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Abstract: N,N-bis(2-hydroxyethyl)acetamide (BHA)
is a new plasticizer for thermoplastic starch (TPS)
that can reduce moisture sensitivity of TPS.
However the tensile strain and impact strength of
BHA-plasticized TPS are typically lower than those of
conventional glycerol-plasticized TPS. In this study,
the epoxidized natural rubber (ENR) was used as a
toughening filler for TPS. ENR was prepared by in
situ epoxidation reaction by using hydrogen peroxide
and formic acid as reagents. The percent epoxidation
of 14.53% was obtained as determined from *H-NMR
spectrum. Tapioca starch, BHA, and ENR were
mixed in an internal mixer. The modulus of BHA-
plasticized TPS added with 5%w/w ENR was lower
than that of unfilled BHA-plasticized TPS, while the
elongation at break and impact strength of TPS
added with 5%w/w ENR were significantly higher
than those of unfilled TPS. The impact strength of
5%w/w-ENR added TPS was improved about 55%.

1. Introduction

Currently, thermoplastic starch (TPS) is one of
the most important bio-based polymers [1].
Plasticizer is an important substance used to
produce thermoplastic starch, since it can destroy
the strong intermolecular interactions between
amylose and/or amylopectin molecules. Type of
the plasticizer is one of the key factors, which
control the properties of thermoplastic starch.
Glycerol is the most common plasticizer for
thermoplastic  starch  nowadays. However,
glycerol-plasticized thermoplastic starch shows
some disadvantage, such as high moisture
sensitivity [2], and retrogradation tendency [3]. To
overcome these limitations, many efforts have been
done by using other plasticizers, such as sorbitol
[4], urea [5], formamide [6], ethanolamine [5], and
ethylenebisformamide [7].

N,N-bis(2-hydroxyethyl)acetamide (BHA) is a
new plasticizer for TPS that can be synthesized by
the reaction between diethanolamine and ethyl
acetate. Our previous work [8] reports that the
moisture sensitivity of BHA-plasticized TPS is
lower than that of glycerol-plasticized TPS.
However the tensile strain and impact strength of
BHA-plasticized TPS are typically lower than those
of conventional glycerol-plasticized TPS.

Natural rubber is one of the bio-based materials
that can be used as an impact modifier for polymer.

Epoxidized natural rubber (ENR) can be
synthesized by in situ epoxidation reaction of
natural rubber by using hydrogen peroxide and
organic acid as reagents [9]. ENR has the higher
polarity comparing with natural rubber, which is
theoretically more compatible with  starch
molecules.

To enhance the flexibility of BHA-plasticized
TPS, epoxidized natural rubber (ENR) has been
used as a filler in the present study. The
mechanical properties and the water adsorption
behaviour of the ENR-filled TPS plasticized with
BHA are investigated.

2. Materials and Methods

2.1 Materials

Tapioca starch was obtained from Siam
modified starch (Thailand). The natural rubber
latex (60% DRC), formic acid (90%, Merk), and
hydrogen peroxide (Ajex Finechem) were used to
prepare  ENR. The reagent grade of
Diethanolamine (Sigma-Aldrich) and ethyl acetate
(Merk) were used to prepare N,N-bis(2-
hydroxyethyl)acetamide.

2.2 Preparation of BHA

Diethanolamine (1 mol) was introduced into a
flask and then ethyl acetate (1 mol) was added.
The reaction mixture was stirred at 70°C for 12 hr.
and then the by product, ethanol, was evaporated
under reduced pressure. For increasing the product
yield, the residue was cooled, followed by addition
of 0.05 mol ethyl acetate and stirred at 70°C for 4
hr.  Subsequently, the by product was removed.
The vyield of BHA was about 91%. The
synthesized product was characterized by *H-NMR
and FT-IR.

2.3 Preparation of ENR

ENR was prepared by in situ epoxidation
reaction. The 60%DRC NR latex was diluted with
distilled water to obtain 30 %DRC. In order to
stabilize the NR latex, Igepal CO-890 as a non-
ionic surfactant was added. Formic acid (0.09
mole/mole of isoprene unit) and hydrogen peroxide
(0.9 mole/mole of isoprene unit) were slow droped
while the mixture was heated to 60°C for 12 hr. To




terminate the epoxidation reaction, the mixture was
cool down to room temperature. Subsequently, the
reaction mixture was added into an excess of methanol
to precipitate the ENR product. The ENR was washed
with water several times and dried in vacuum oven at
60°C for 12 hr. The dried ENR was characterized by
'H-NMR and FT-IR.

2.4 Preparation of TPS specimen

Dried starch was premixed with BHA and ENR.
The mixture was leaved at room temperature for at
least 24 hr. The weight percent of plasticizer to dried
starch was 30%. Then, the premixed powder was melt
blended in an internal mixer (Barbender, W50EHT) at
160 °C and 100 rpm. for 15 min. The product was
compressed at 170 °C to form the testing specimens.

2.5 Characterization and Testing

The chemical structures of the synthesizing BHA,
and ENR were verified by a Fourier-transform infrared
spectrometer, FT-IR (Bruker Optik GmbH, Vertex70)
and a proton nuclear magnetic resonance spectrometer,
'H-NMR  (Bruker, 300 Ultrasheild). To obtain the
NMR spectra, D,O and CDCI; were used as solvents
for BHA and ENR, respectively.

Tensile tests were measured according to ASTM D
638-03 and carried out using a universal testing
instrument (Instron, 5969) with a strain rate of 1
mm/min. Impact tests were measured according to
ASTM D256 and carried out using an impact testing
machine (Zwick, B5102.202) in izod mode.

In order to determine the water vapor adsorption,
the specimens were placed in a container at room
temperature with a 53%RH atmosphere in equilibrium
with a saturated solution of Mg(NQ3),.6H,O for 15
days. The moisture content (W) of the specimen was
calculated as follows:

Moisture content (W) = [(Wt-W0)/W0]x100 (1)

where, Wt is the weight of specimen at specified
time and Wo is the weight of the dried specimen.

3. Results and Discussion
3.1 Characterization of BHA
BHA was synthesized by using diethanolamine and

ethylacetate as reagents. Chemical reaction was shown
in Figure 1.
OH

~ i

H:)CCOOCZH5 + HN _h' chc—N + C2H50H
OH OH
Figure 1. Chemical reaction of synthesizing BHA. [8]

The IR spectra of ethyl acetate, diethanolamine, and
BHA are shown in Figure 2. FTIR results imply that

BHA was successfully prepared as confirmed by a
peak at 1620 cm™ ascribed to the 0=C of the amide
group. The characteristic peak of reagents at 3307 cm™
and 1749 cm™ that are attributed to N-H stretching and
C=0 stretching of ester group, respectively also
disappear in the synthesizing BHA spectrum.

The successful reaction is also supported by ‘H-
NMR technique. The NMR spectrum of BHA is
shown in Figure 3. The characteristic peak of the CH;
group is 2.6 ppm. The proton signal of the OH group
is 2.1 ppm and the methylene proton signals are in the
range of 3.4-3.7 ppm.

| 1749 cm! O-C=0 |
3307 em | N-H i

1620cm! O=C-N |
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)
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Figure 2. The FT-IR spectrum of ethyl acetate,
diethanolamine, and BHA.

Figure 3. The *H-NMR spectrum of BHA.

3.2 Characterization of ENR

The IR spectra of NR and ENR are shown in Figure
4. The characteristic peak of the asymmetric epoxide
ring stretching that confirms the successful epoxidation
reaction is 869 cm™[9]. In addition, the decrease in
peak intensity at 3036 cm™ and 836 cm™ that were
attributed to C=CH stretching and C=CH- bending,
respectively is also observed.

The *H-NMR spectrum of ENR is presented in
Figure 5. The ENR structure is confirmed by the new
proton signals of the CH3 group and CH group at 1.2
ppm. and 2.7 ppm, respectively[10]. The percent
epoxidation of ENR is 14.53% was obtained as




determined from *H-NMR spectrum using equation (2)

[9]:

A5.1+A2.7 (2)

%Epoxidation content =

where, A,; is peak integral at 2.7 ppm
representing CH group of epoxide ring and As 1 is peak
integral at 5.1 ppm representing CH group of
unreacted isoprene unit.
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Figure 4. The FT-IR spectrum of NR and ENR.

Figure 5. The "H-NMR spectrum of ENR.

3.3 Mechanical properties

The tensile modulus, tensile strength, % tensile
strain at break and impact strength of the TPS and the
ENR-filled TPS are shown in Figures 6 and 7. The
addition of small amounts of ENR to TPS induces their
softening as shown by the corresponding decrease in

modulus. The tensile strength and % tensile strain at
break of the blends tend to increase with increasing
ENR content. The impact strength of ENR added TPS
is also higher than that of unfilled TPS. This
phenomenon may due to the possibility of energy
dissipation within the ENR elastomeric domain. The
impact strength of 5%ENR-filled TPS is greater than
that of unfilled TPS about 55%.

Figure 6. The tensile modulus and tensile strength of
the TPS and the blends of TPS with ENR

Figure 7. The % tensile strain at break and impact
strength of the TPS and the blends of TPS with ENR.

3.5 Moisture adsorption

The percent moisture adsorptions at 53%RH of the
TPS and blends of TPS with ENR are tabulated in
Table 1. After 15 days of storage, the moisture
adsorptions of the blend were similar to those of
unfilled TPS. These results indicate that the addition
of small amounts of ENR to the TPS does not
significantly affect the moisture adsorption.

Table 1: Percent moisture adsorption at 53%RH of the
TPS and blends of TPS with ENR after 15 days of
storage.

Sample % Moisture adsorption
TPS 6.20 + 0.08
5%ENR-TPS 7.06 +0.10
10%ENR-TPS 6.44 + 0.02

4. Conclusions




Blends of BHA-plasticized TPS and ENR were
successful prepared in an internal mixer. The modulus
of the ENR-filled TPS is lower than that of unfilled
TPS, while the % tensile strain at break and impact
strength of TPS added with ENR are significantly
higher than those of unfilled. The impact strength of
5%ENR-filled TPS is improved about 55%. Therefore,
the toughness of BHA-plasticized TPS can be
improved by blending with ENR. The addition of
small amounts of ENR to the starch blends does not
significantly affect the moisture adsorption.
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Abstract: The color stability of roselle extract was
improved through the one step semi-purification process
coupled with cyclodextrin  (CD) complexation.
Complexation of B-CD with the two major anthocyanins
in the semi-purified roselle extract, delphinidin-3-
sambubioside and cyanidin-3-sambubioside,  were
verified through NMR spectroscopy. Semi-purification
process significantly reduced the amount of B-CD
required for the optimal color stabilization, comparing to
the optimal amount required in the crude extract. In
addition, uncomplexed semi-purified extract also showed
improved stability on its own when compared with the
crude extract.

1. Introduction

Cyclodextrins (CDs) are cyclic oligomers of
glucose and are synthesized from starch. It contains D-
glucopyranoside building blocks linked together with
0-1,4- and a-1,6-glycosidic bonds [1]. The most
common natural CDs consist of six, seven and eight
glucopyranose units which are a-CD, B-CD and y-CD
respectively [2]. The molecules of CDs shape like
conical cylinder or cones with secondary hydroxyl
groups extending from the wider edge and the primary
groups from the narrow edge [3]. This makes CDs
molecule hydrophilic at outer surface and hydrophobic
inside, thus allowing other non-polar molecules to
insert into its central cavity [4]. CDs can absorb
various molecules (guests) and formed into inclusion
complexes. This makes change to the chemical and
physical properties such as dissolution, evaporation
and chemically stability of the guest molecules. The
binding of CD with the guest molecules usually takes
place through space without a covalent bond [5]. CD
complexation can be applied to many industries such
as food, cosmetics, pharmaceutical, chemical analysis
and medicine [6].

Roselle (Hibiscus sabdariffa L.) is a tropical annual
shrub with red edible calyces. Because of its unique
brilliant red color and good flavor, its calyces are
commonly used to make jam and fruit juices in
Thailand [7]. Roselle is a good source of anthocyanins
and its two main anthocyanins are delphinidin-3-
sambubioside and cyanidin-3-sambubioside  [8].
Anthocyanins are a group of plant pigments that are
widely distributed in nature [9], responsible for the
attractive colors of many fruits, grains and flowers
[10,11]. Anthocyanins are water-soluble glycosides
and acylglycosides of anthocyanidins [12], and they
are found in the form of polyhydroxylated and or

methoxylated heterosides which derive from the
flavylium ion or 2-phenylbenzopyrilium in nature [13-
16]. Anthocyanins are valuable as important quality
indicators in foods and chemotaxonomic indicators in
plants. They show good antioxidant ability [11, 17].
Nevertheless, anthocyanins possess problems on low
stability, thus they are easily decomposed during
production process and storage. This can be witnessed
through the color change from red to brown or
colorless [18]. The color stability of anthocyanins
depends on a combination of various factors including:
structure of anthocyanin, pH, temperature, oxygen,
light and water activity [19]. Several papers have been
published on the complexation of roselle with different
materials such as moltodextrin, trehalose, gum arabic,
starch and cyclodextrins [20-22] for improved the
color stability of roselle anthocyanins.

The aim of the present study was to improve the
stability of roselle extract using either semi-
purification process or complexation with p-CD of
both.

2. Materials and Methods

2.1 Materials and chemicals

Crude roselle extract (CRE) with the moisture
content of 4-5 %, was obtained from Tipco foods
(Thailand) Public Co., Ltd. (Prachuap Khiri Khan,
Thailand). Its color was brilliant red.

B-CD was purchased from Thai Isekyi Co., Ltd.
(Bangkok, Thailand). Delphinidin-3-sambubioside and
cyanidin-3-sambubioside were purchased from Tokiwa
Phytochemical Co., Ltd. (Chiba, Japan).

2.2 Semi-Purification of CRE by
chromatography

Stationary phase (600 g, SP), Diaion HP-20 resin
(Mitsubishi Chemical), was dispersed in ethanol by
gently stirring for a few minutes, and let standing for
15 min. Then methanol was removed and water was
added. After stirring and let stand for 5-10 min, this
suspension was poured into the column (10 cm
diameter and 50 cm length). The CRE (20.0 g) was
dissolved in water, the undissolved residual was
filtered out (Whatman No.1 filter paper), successively.
The CRE solution was loaded on the column and
eluted with water (4,500 ml), ethanol (3,000 mL) and
acetone (1,000 ml), successively. The three fractions,
water fraction, ethanol fraction or semi-purified roselle
extract fraction (2.05 g, SPRE) and acetone fraction,

column




were collected and presence of anthocyanins were
identified using visual observation, ‘H-NMR
spectroscopy (400 MHz Varian mercury spectrometer,
Variance Inc.,, USA) and UV/Vis absorption
spectrometry (Shimadzu, Japan).

2.3 Total anthocyanin

The total anthocyanin content of CRE and SPRE
were determined using the pH-differential method
described by Qinxue Ni, et al. [23], using two buffer
systems: potassium chloride buffer, pH 1.0 (0.025 M),
and sodium acetate buffer, pH 4.5 (0.4 M), and the
UV/VIS spectrophotometer at 510 and 700 nm. The
percent weight by weight (%w/w) of total anthocyanin
in the sample was calculated using the following
equation:

v

A
Y%ow/w = a * MW x DF * Wi *100%
E

Where: A is the absorbance; ¢ is the extinction
coefficient (26,900 for cyaniding-3-glucoside, cy-3-
glc); MW is the molecular weight (449.2 g/mol for cy-
3-glc); DF is the dilution factor (1 ml sample was
diluted to 20 ml, DF = 20); V is the final volume (40
ml); Wt is the sample weight (0.002 g); L is the cell
path length (1 cm). For comparison, the same
extinction coefficient was used for other standards to
calculate the concentration of each anthocyanin and
thus reported results was expressed as Cy-3-glc
equivalents.

2.4 Ratio of inclusion complex

Inclusion complex prepared at the ratios of extract
to B-CD of 1:0 to 1:10 (by mol) were divided into two
parts, one was kept indoor at 50°C, the other was put
outdoor under sunlight. Aliquots were taken every 20
min and subjected to UV/Vis spectrophotometry
analysis at 520 nm. The experiments were carried out
in triplicate.

2.5 The color stability of roselle extract

CRE, SPRE and SPRE-B-CD complex were
dissolved in deionize water and adjusted the pH to 3.5
with sodium acetate buffer, pH 3.5. Color stability was
determined  using  UV/Vis  spectrophotometry.
Degradation of roselle anthocyanins in CRE, SPRE
and SPRE-B-CD complex were quantitatively
monitored through the decrease of absorbance at 520
nm after being exposed to sunlight for 5 h. The
experiments were carried out in triplicate.

3. Results and Discussion
3.1 Semi-purification of CRE by column
chromatography

CRE was partitioned on Diaion HP-20 using water,

ethanol and acetone as mobile phase. The ethanol
fraction was accounted for 10.05 £ 0.8 % of the CRE.

This fraction contained the highest amount of
anthocyanins comparing to other fractions as analyzed
by 'H-NMR and UV/VIS spectrophotometry.
Significant reduction of sugar could be achieved as
confirmed by smaller resonance signals at the
chemical shifts of 3-4 ppm in the *H-NMR (Figure
1B), comparing to that of the CRE (Figure 1A). Sugar
was retained in water eluted fraction (Figure 1C). The
UV/VIS absorption profile of SPRE comparing to that
of CRE (Figure 2) indicated that through this sugar
removal by chromatography, the major anthocyanins
and phenolics compounds with absorbance at 490-550
nm and 260-320 nm, were retained in the ethanol
fraction.

Figure 1. 'H-NMR spectra of CRE (A), SPRE (B) and
roselle water fraction (C).
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Figure 2. UV/VIS absorption profile of CRE and
SPRE.




Figure 3. Stability (depicted as absorption at 520 nm) of CRE-B-CD (A) and SPRE-B-CD (B) in aqueous
environment when kept indoor at 50°C, for varrious ratios of extract to p-CD.

Figure 4. Stability (depicted as absorption at 520 nm) of CRE-B-CD (A) and SPRE-B-CD (B) in aqueous
environment when put outdoor under sunlight, for varrious ratios of extract to p-CD.

3.2 Total anthocyanin

Amounts of anthocyanins in CRE and SPRE were
0.88 + 0.5 and 9.50 + 0.3 %w/w, respectively, as
determined using the pH-differential method. This
indicated that more than ten-fold increase in
anthocyanin enrichment.

3.3 Ratio of inclusion complex

Optimal ratio between B-CD and roselle extract
was determined from color stability of the mixture.
Ratios of CRE and SPRE to B-CD (1:0 to 1:10 (by
mol)) were investigated and the result indicated that
the best ratio of CRE to B-CD was 1:6 (by mol)
(Figure 3A and Figure 4A) while the best ratio of
SPRE was 1:4 (by mol) (Figure 3B and Figure 4B).
This implied less impurity from compounds that could
form inclusion complexation with B-CD in SPRE,
comparing to the CRE.
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Figure 5. Stability profile of CRE, SPRE and SPRE-p-
CD complex after put outdoor under sunlight for 5 h.




3.4 The color stability of roselle extract

Color stability of CRE, SPRE and SPRE-B-CD
complex, were monitored under 5 h sunlight exposure
(Figure 5). The decrease in absorption at 520 nm
(absorption band of anthocyanins) in the UV/VIS
absorption spectra of the extract directly corresponded
to the degradation of the anthocyanins and therefore
was used to monitor the degradation. The results
indicated that the SPRE was significantly more stable
than CRE. This indicated that removing of sugar could
improve the stability of anthocyanins in roselle extract.
Upon inclusion complexation with B-CD, the SPRE
stability was further improved.

4. Conclusions

In this work, color stabilization of CRE was carried
out by combining two strategies, semi-purification
impurities and B-CD inclusion complexation. Ridding
off some impurities from the CRE using simple
column chromatography could sinificantly improve the
color stability. Although 3-CD can also help improve
color stahility of CRE, the amount of 3-CD required
was higher than that required for SPRE. Here we also
proved inclusion complexation between the two main
anthocyanins, delphinidin-3-sambubioside and
cyanidin-3-sambubioside in the extract, and the 3-CD.
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ABTRACT: In this study linear low density polyethylene
(LLDPE)/styrene ethylene-butylene styrene copolymer
(SEBS) blend films were prepared for the packaging
films with improved ethylene transmission rate. An
internal mixer was employed to prepare the
LLDPE/SEBS blends at 100/0, 90/10, 80/20, 70/30, 65/35
ratios. In some samples, dioctyl phthalate (DOP)
plasticizer (5-10%wt) was added into the blend.
Thereafter, the film samples were prepared using
compression molding. The ethylene transmission rate of
the films was investigated together with morphological,
thermal and mechanical properties. From the
morphological study, SEBS was well-dispersed in
LLDPE phase. It can also be seen that increasing SEBS
content generally increased size of the dispersed sphere
and so ethylene transmission rate of the films. This is
because ethylene-butylene segment in SEBS is relatively
non-polar and possesses high free volume. Therefore, the
ethylene gas can readily permeate through the dispersed
SEBSin the film. However, Young's modulus, elongation
at break and stress at yield of the films were decreased
with increasing SEBS content. Nevertheless, ultimate
tensile strength of the film was increased. Addition of
plasticizer (5-10%wt) makes the materials become more
flexible as free volume of the blends is increased.
Therefore, the dispersed phase size was increased with
incorporation of the plasticizer, resulting in an
enhancement of the ethylene transmission rate. Although
the presence of the plasticizer decreased tensile
properties of films, the values are still in acceptable
ranges for the addition of 5%wt DOP.

1. Introduction

Preserving freshness and quality of fresh produces
can be efficiently carried out via proper postharvest
management [1]. This is because the ethylene gas from
the plant metabolism can cause the produces ripeness
and deterioration after harvest [2-3]. Several methods
such as perforation of packaging film and addition of
ethylene absorbent (zeolite) can be used to promptly
eliminate ethylene gas from the fresh produces
package [4]. In the previous work [5], it was found that
the zeolite-styrene ethylene-butylene styrene (SEBS)
composite/perforated polyolefins (LDPE and OPP)
double-layered  films  showed high ethylene
transmission rate. However, the films exhibit low
ultimate tensile strength and can be easily torn.
Moreover, the double-layered films cannot be readily
fabricated. Alternatively, polymer blend is an efficient
choice of materials with tailored properties, that helps
to extend the shelf-life of fresh produces. In this work,
linear low density polyethylene (LLDPE) was chosen

due to its good mechanical properties, high flexibility
and generally cost effective. However, LLDPE
exhibits low ethylene transmission rate (ETR) [6].
Hence, styrene ethylene-butylene styrene (SEBS) was
selected to be blended with LLDPE. This is because
SEBS is non-polar polymer, high flexible and
possesses relatively higher free volume as compared
with LLDPE.

2. Materials and Methods
2.1 Materials

Two polymers used in this study were linear low
density polyethylene (PE 1220G1, MFI of 2.0 g/10
min from Dow Chemical Thailand Co. Ltd,) and
styrene ethylene-butylene styrene block copolymer
(Kraton G1652 containing 30wt% styrene, MFI of 5.0
g/10 min from Kraton polymer Co. Ltd,). Dioctyl
phthalate (DOP) from South City Petrochem Co., Ltd.
was used as a plasticizer.

2.2 Film preparation

The LLDPE/SEBS blend ratios and the loading of
plasticizer in the film are shown in Table 1. All
compounds were mixed using an internal mixer at
190°C and a rotor speed of 60 rpm for 10 min. The
films were then prepared by compression molding
technique.

%wt %wt %wt DOP
Sample )
LLDPE SEBS inSEBS

LL100 100 - -
LL90S10 90 10 -
LL80S20 80 20 -
LL70S30 70 30 -
LL65S35 65 35 -
LL70S30+5%wt

70 30 5
DOP
LL70S30+10%wt

70 30 10
DOP

Table 1: The composition of LLDPE/SEBS films




2.3 Film characterization and testing

The film was cryogenic cracked in liquid nitrogen
and then was etched in hot xylene (50°C) for 6 hours in
order to extract SEBS phase. The etched cross-section
was gold coated prior to characterization by Scanning
Electron Microscope (SEM).

The crystalline melting temperature (T,,) and
degree of crystallinity of the LLDPE in the films were
determined by Differential Scanning Calorimeter
(DSC). Film samples were scanned from 25 to 160°C
with a heating/cooling rate of 10°C/min.

Tensile properties of all films were performed on a
Universal Testing Machine with a gauge length of 25
mm and a crosshead speed of 100 mm/min at room
temperature, according to ASTM D882.

Ethylene transmission rate (ETR) of the films were
measured by a home-made permeation cell equipped
with gas chromatograph-flame ionization detector
(GC-FID) at 1 atm and room temperature. The feed
gas (ethylene) and carrier gas (nitrogen) were
controlled by mass flow controllers at a flow rate of 30
ml/min.

3. Results and Discussion
3.1 Morphology

Figure 1 shows the SEM micrographs of the cross-
section of films after SEBS extraction. The holes in the
micrographs represent the extracted SEBS domains in
the film. All the blend films illustrate good dispersion
of SEBS phase in the LLDPE matrix. It exhibits that
an increment in SEBS content gives increased size of
the dispersed phase.

LL100 § LL90S10

-~

1SKU K3.500 + 'Sum oeoolg
= @ g
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Figure 1. SEM micrographs (3500X) of cross-section
of the films containing various SEBS contents.

Morphology of LLDPE/SEBS blend at the ratio of
70/30 with DOP loading (5-10%wt of SEBS) as shown
in Figure 2 indicates that addition of DOP increases
size of dispersed phase. This is because DOP
plasticizer diffuses into the SEBS and enlarges the free
volume of the dispersed SEBS.

¢ LL70S30+5%wt DOP

£ |L70S30

Figure 2. SEM micrographs (3500X) of cross-section
of the 70LLDPE/30SEBS films with and without DOP
plasticizer.

3.2 Thermal properties

The melting temperature (T,,) and crystallinity of
LLDPE in all samples are listed in Table 2. T,, of all
the blended films are mostly similar to that of LLDPE
film. It is suggested that adding of SEBS has no effect
to the crystallization growth of LLDPE phase.
However, the crystallinity of LLDPE is decreased
when the blends possess the amount of SEBS more
than 20%wt. Besides, DOP plasticizer also has no
significant effect on both T, and crystallinity of
LLDPE. This is because DOP diffuses into the SEBS
phase only as reviewed in Figure 2.

Table 2: Crystalline melting temperature (T,) and
crystallinity of LLDPE in film samples

Sample Tn(°C) Crys(toil’l)mlty
LL100 117 29.3
LL90S10 119 26.6
LL80S20 118 22.2
LL70S30 118 23.4
LL65S35 116 24.2
LL70S30+5%wt DOP 117 22.8
LL70S30+10%wt DOP 116 23.2




3.3 Ethylene transmission rate of films

In consistency with the morphological and thermal
properties, the ethylene transmission rate of the
LLDPE/SEBS films increases with increasing SEBS
content as shown in Figure 3. This is because SEBS
contains ethylene-butylene segments with relatively
non-polar, high free volume and flexible. Therefore,
the ethylene gas can soluble in the film and easily
permeate through the film. While, the crystalline
region in LLDPE acts as barrier for ethylene
permeation.
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Figure 3. Ethylene transmission rate of LLDPE/SEBS
films.

In the presence of 5-10%wt DOP plasticizer
(Figure 4), it can be noticed that the ethylene
transmission rate of the film is enhanced with
increasing amount of DOP plasticizer. This is because
DOP exists in SEBS phase leading to increase free
volume of SEBS and thus the bigger SEBS sizes can
be obtained as discussed earlier. As the result,
amorphous region of SEBS is increased and therefore
the ethylene transmission rate of the films is improved.
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Figure 4. Ethylene transmission rate of 70/30
LLDPE/SEBS films with and without DOP plasticizer.

3.4 Tensile properties

Although high ethylene transmission rate (ETR) is
observed from LLDPE/SEBS films, it is clearly seen

in Figure 5 that SEBS can easily be deformed as
shown by a lower stress at yield when compared with
parent LLDPE film. This is because amorphous SEBS
has only physical chain entanglement whereas LLDPE
is required a higher stress for deformation of the chain
in the crystalline region. In addition, Y oung’s modulus
and elongation at break of SEBS are lower than those
of LLDPE owing to ethylene-butylene segment in
SEBS providing soft and flexible nature. Therefore,
Young's modulus, elongation at break and stress at
yield are decreased with increasing SEBS content.
Nevertheless, ultimate tensile strength of film is
increased because of styrene segment in SEBS causing
an increase in chain rigidity.
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Figure 5. Tensile properties of LLDPE/SEBS films.




It is not surprise to find that, the addition of 5-
10%wt DOP plasticizer into the LL70S30 blend led to
a decrease in tensile properties. However, the values
are still in acceptable ranges for the 5%wt DOP
loading as shown in Figure 6.
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Figure 6. Tensile properties of 70/30 LLDPE/SEBS
films with and without DOP plasticizer.

4. Conclusions

In this study, it was found that the addition of
SEBS in the LLDPE/SEBS blends can improve
ethylene transmission rate of the films. This is because
SEBS is amorphous and possesses high free volume.
Therefore, the ethylene gas can easily permeate
through SEBS phase as compared with LLDPE phase.
Although, the tensile properties, i.e., Young's
modulus, elongation at break and stress at yield are
decreased with increasing SEBS content. Nevertheless,
ultimate tensile strength of the films are increased.
Furthermore, the ethylene transmission rate of the
films are enhanced with an incorporation of 5-10%wt
DOP plasticizer. This is clearly because dispersed
phase size of SEBS is larger owing to an increase in
free volume in SEBS moeties. Although addition of
the plasticizer decreased tensile properties of films, the
values are still in acceptable ranges for the loading of
5%wt DOP.
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Abstract: In this study, the various amounts of coconut
coir dust (0.05, 0.1 and 0.2 g) were used as a catalytic
methylaluminoxane supported filler in the in situ
polymerization of ethylene with metallocene catalyst to
produce environmental-friendly polymer composites.
The polymer composites were obtained from the in situ
polymerization with the metallocene catalyst and
MAO/supported filler,prepared from immobilizing MAO
onto the coconut coir dust by impregnation method. The
properties of composite products were investigated,
including morphology by scanning electron microscope
(SEM) and thermal properties by thermal gravimetric
analysis (TGA) and differential scanning calorimetry
(DSC). Moreover, it is because in the in situ
polymerization the fillers have to be introduced during
polymerization (generating of polymer), the catalytic
activities of the polymerization systems were influenced
by the filler that need to be concerned together. It was
found that the lower activity the higher amount of
coconut coir dust because of too steric hindrance of coir
dust particle preventing catalytic active sites from the
reaction with MAO in the activation step.

1. Introduction

Polyethylene is a type of thermoplastics which is
the most widely used as package, film, toys and cable
cover because it has a great deal of advantages, such as
easy processibility, appropriate for many applications
and low cost. Therefore, a large amount of
polyethylene waste is released into the environment
leading to severe environmental problems. Using
natural materials especially from plants as
reinforcement fillers in the polyethylene can induce
the polyethylene to be partial biodegradable,
consequently resolving the environmental problems to
some extent [1].

Since the natural materials are biodegradable, the
composites of natural fibers and synthetic polymers
(which are non-biodegradable) may offer a new class
of materials that can provide environmental protection
partially although not fully. By embedding natural
fibers e.g. kenaf, jute, coir, sisal etc. into a polymeric
matrix, new fiber reinforced materials called
“biocomposites’ can be produced. Coir is an abundant,
versatile, renewable, cheap, and biodegradable which

used for making a wide variety of products. Using coir
dust as a filler has also been investigated previously
with a variety of polymer materials [2]. However,
there are major drawbacks of using this coir dust as
reinforcements in such matrices including poor
interfacial adhesion between polar-hydrophilic coir
dust and nonpolar-hydrophobic matrix, and poor
dispersion of coir dust inside polymer matrix [3].
Hence, in present article the promising technique to
overcome the mentioned drawbacks that is the in situ
polymerization will be addressed here.

In this study, metallocene catalyst was used for
polyethylene synthesis with coir dust as filler. The
activity of metallocene catalyst in polymerization
systems and the properties of the obtained coir dust/PE
composites were investigated.

2. Materials and Methods

2.1 Materials

Ethylene gas (99.9%) was devoted from National
Petrochemical Co., Ltd. Thailand. Methylaluminoxane
(10% in toluene) was donated from Tosoh Akso,
Japan. The rac-Ethylenebis(indenyl)zirconium
dichloride (Et(Ind),ZrCl,) was supplied from Aldrich
Chemical company. Coir dust was supplied from local
area. Toluene was devoted from EXXON Chemical
Ltd., Thailand. Ultra high purity argon gas (99.999%)
was purchased from Thai Industrial Gas Co., Ltd.
Hydrochloric acid (Fuming 36.7%) was supplied from
Sigma. Methanol (Commercial grade) was purchased
from SR lab.

2.2 Preparation of coir dust
The coir dust was heated at 150 °C for 2 h under
argon atmosphere with a heating rate of 10 °C min™.

2.3 Preparation of stock catalyst solution

Et(Ind),ZrCl, 0.0083 g (1.98x10®° moles) was
added into 20 mL of toluene solution, stirred at room
temperature giving yellow transparent solution.

2.4 In situ polymerization
The ethylene polymerization reactions were
performed in a 100 ml semi-batch stainless steel




autoclave reactor equipped with a magnetic stirrer.
From the beginning, the desired amount of the
coir dust (0.05, 0.1 and 0.2 g) and methylaluminoxane
(MAO) 1.1 mL ([Allmao/[Zr]=1135) were mixed
together and stirred for 30 min aging at room
temperature. Then, Et(Ind),ZrCl, 1.5 mL (5x10° M)
along with toluene (to make total volume of 30 ml)
was put into the reactor that was frozen in liquid
nitrogen to stop reaction for 10 min. Next, the reactor
was evacuated to remove argon before it was heated
up to polymerization temperature (70°C) following by,
ethylene was fed into the reactor equipped with
pressure gauge to start polymerization. After all
ethylene was consumed (6 psi from pressure gauge),
the reaction was terminated by addition of acidic
methanol (0.1% HCI in methanol) and stirred over
night. Finally, filtered this suspension to obtain wet
polymer, was washed with methanol and dried at room
temperature to obtain dry polymer as white powder.

2.5 Characterization
2.5.1 Scanning electron microscopy (SEM):

SEM was used to examine the morphologies of
coir dust and polymer composites. The SEM of JEOL
mode JSM-6400 was applied.

2.5.2 Differential scanning calorimetry (DSC):

The melting temperature of polymer composites
were measured by mean of DSC at heating rate of
10 °C min® from 30 — 200 C. The heating/cooling
cycle was run twice to ensure that the previous thermal
history was erased and provided comparable
conditions for all samples. Approximately 10 mg of
sample was used for each measurement.

2.5.2 Thermo gravimetric analysis (TGA):

TGA was used to determine thermal stability in
term of percentage weight in sample as a function of
temperature. Sample preparation consists of weighing
a crucible, loading the sample about 2-3 mg into the
crucible, weighing the full crucible, and setting it on a
tray. The analysis was performed under nitrogen
atmosphere gas at gas flow rate of 100 mL min™. The
sample was heated from 25°C to 600°C at a constant
rate of 10 °C min™ and then cooled naturally.

3. Results and Discussion

3.1 Characterization of coir dust

The morphology of coir dust was characterized by
scanning electron microscopy (SEM) as shown in
Figure. 1. The isolated particles about 170 — 520 um
with a porous structure were observed.
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Figure. 1 SEM micrograph of coir dust

3.2 Effect of the amount of coir dust on catalytic
activity

After coir dust was covalently bonded with
methylaluminixane (MAO), it was introduced into the
polymerization system along with the metallocene
catalyst. Activities and vyields of coir dust/PE
composites are shown in Table 1. It is seen that
catalytic activity of pure polyethylene (homogenous
catalytic system, run 1) is the highest. For the systems
with the coir dust filler (heterogeneous system, run 2-
4), the catalytic activity was inversely proportional
with the coir dust content. In addition, the production
yield of the heterogeneous systems was substantially
lower than that of the homogenous systems. It may be
due to steric hindrance of coir dust particle preventing
catalytic active sites from the reaction with MAO in
the providing less space for monomer attack in the
propagation step[4].

3.3 Characterization of coir dust composites
3.3.1 Differential scanning calorimetry (DSC)

The melting temperature (T,,) of polymer evaluated
was by differential scanning calorimeter (DSC) was
also shown in Table 1. It can be observed that there
was no a significant change in the melting temperature
for all systems. This suggests that the coir dust filler
does not affect on the crystallization process of the
polymers. The results were consistent with those
obtained from Zapata et al. [5]. These high melting
temperatures of the polyethylene/coir dust composites
(131 —134°C) indicates the branchless structure of the
composites [6].

3.3.2 Scanning electron microscopy (SEM)

The morphologies of polymers obtained with
various coir dust loadings were observed by scanning
electron microscopy technique as shown in Figure. 2.
As observed, all coir dust/PE composites upon various
coir dust loadings exhibited the similar morphologies.
These results indicated that the amount of coir dust did
not affect on the morphology of polymer. Furthermore,
there was no obviously leaching of coir dust filler from
the polymer matrices, indicating good interaction
between two materials. In addition, the visual
inspection of these coir dust/PE composites looks like
powdery particles.




Run  Sample Filler Yield Time Activity T

(9) ) (s) (kg polymer/mol Zr.h) (C)
1 polyethylene - 0.9140 144 15233 132
2 coir dust/PE composites 0.05 0.5848 126 11139 131
3 coir dust/PE composites 0.1 0.6014 186 7760 134
4 coir dust/PE composites 0.2 0.5388 207 6246 132

Table 1: Activity and characteristics of coir dust/PE composites via in situ polymerization with metallocene catalyst.

Figure. 2. Morphologies of (a) polyethylene, (b) coir dust/PE composites (0.05 g of filler),
(c) coir dust/PE composites (0.1 g of filler) and (d) coir dust/PE composites (0.2 g of filler)

3.3.3 Thermo gravimetric analysis (TGA)

Table 2: The degradation onset temperature off
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Figure.4. DTA thermograms of pure PE, PE/coir dust
(0.1 g) and coir dust

Figures 3 and 4 show the TGA-thermograms and
the DTA-thermograms of pure coir dust, pure PE and
coir dust/PE composites. Temperatures for all thermal
events are summarized in Table 2. It can be seen that
the decomposition profiles of the coir dust are
characterized by two peaks. The initial weight loss
obtained in the region of 50-100 °C was mainly due to
moisture evaporation and water adsorbed to the coir
dust [7]. Thermal degradation of lignocellulosics starts
by hemicelluloses decomposition between 190 and 260
°C followed by cellulose decomposition between 210
and 260 °C followed by cellulose decomposition
between 240 and 360 °C. This result was similar to




that reported in literature for in natura coconut shell
endocarp as expected, since coir dust is a residue from
coconut shell process [8].

From the result of TGA, it was observed that in the
case of composites of polyethylene with coir dust. The
5% weight-loss temperature and 10% weight-loss
temperature of the coir dust/PE composites was lower
compared with pure PE. This behavior points out that
although the addition of coir dust content led to a
decrease in the thermal stability. Reduction of
degradation temperature for the coir dust composites
may imply that can be easier degraded under the
environmental condition than the pure polymer, thus
having lower environmental impact. Therefore, the use
of coir dust as filler material for polymer-based
composites can contribute to; both reduce the solid
waste and aggregate commercial value to the final
product, increasing the income of the community of
coconut producers.

4. Conclusions

In summary, the synthesis of coir dust/PE
composites can be achieved via the in situ
polymerization of ethylene using a metallocene
catalyst. The homogenous catalytic system gives the
highest activity. The maximum activity was found at
the specified condition with the certain amount of coir
dust (0.05 g). When the coconut coir dust was
increased (0.2 g), the activity decreased because of
increasing steric hindrance. No significant change in
the melting temperature of coir dust/PE composites
was observed by DSC. Based on SEM, it can be seen
that all coir dust/PE composites upon various coir dust
loadings exhibited the similar  morphologies.
Considering the 5% weight-loss temperature and 10%
weight-loss temperature  of the coir dust/PE
composites, these were lower compared with pure PE.

Acknowledgements

The authors would like to thank the financial
support from the Thailand Research Fund (TRF).

References

[1] J. Tong, B.Z. Moayad, L. Ren and B. Chen, Int. Agric.
Eng. J. 13 (2004) 71-86.

[2] J. Rout, M. Misra, S.S. Tripathy, S.K. Narak and A.K.
Mohanty, Polym. Compos. 22 (2001) 770-778.

[3] J.J. Maya and A.D. Rajesh, Polym. Compos. 29 (2008)
187-207.

[4] B. Jingsomjit, E. Chaichana, P. Praserthdam, J. Mater.
Sci. 40 (2005) 2043-2045.

[5] P. Zapata, R. Quijada, C. Covarrubias, E. Moncada and
J. Retuert, J. Appl. Polym. Sci. 4 (2009) 2368-2377.

[6] T. Nampitch, R. Thipmanee, R. Magaraphan, Agro-
Industry, Bangkok: Kasetsart University, Thailand,
(2010), pp. 34-41.

[71 R.F. Morsyleide, C. Bor-sen, M.S. Eliton, W.F. Delilah,
W.T. Tina, M.H.C. Williams, O.J. William, 1.H. Syed,
Bioresource. Technol. 100 (2009) 5196-5202.

[8] J.S. Macedo, M.F. Costa, M. Tavares, R. Thire, Polym.
Eng. Sci. 50 (2010) 1466-1475.




PROPERTIES OF THERMOPLASTIC ELASTOMER PREPARED FROM
POLYPROPYLENE AND NATURAL RUBBER LATEX BLENDS

Pichaya Tayong, Watcharaporn Ritjarern, Wunpen Chonkaew

! King Mongkut's University of Technology Thonburi, Department of Chemistry, Faculty of Science, Bangmod, Thongkru,
Bangkok, 10140, Thailand

* Author for correspondence; E-Mail: wunpen.cho@kmutt.ac.th, Tel. +66 2 4708843, Fax. +66 2 4708843

Abstract: The thermoplastic elastomers based on
polypropylene (PP) and natural rubber latex blends were
prepared. Two different kinds of natural rubber, i.e. the
experimental epoxidized natural rubber (ENR) with mole
percentage of epoxide of 24.7 and the unmodified natural
rubber (NR), ranged from 0 to 50 part per hundred
(pph) were used to blend with PP containing 10 %wt PP-
g-MAH compatibilizer at temperature of 190 °C in an
internal mixer. The influence of rubber content on
thermal and mechanical properties was investigated.
The TGA results revealed that PP/PP-g-MAH/ENR
blends showed a higher thermal resistance than PP/PP-g-
MAH/NR blends. The thermal stability of both blend
systems decreased with increasing rubber contents. The
melting temperature of the blends did not change
significantly, when the rubber was added, as compared to
the neat PP. By contrasts, the crystallinity was found to
reduce as the ratio of rubber phase increased. Impact
resistance and elongation at break of the both blend
systems were enhanced by adding more rubber whereas
Young's modulus and tensile strength decreased with the
rubber addition. However, the Young's modulus and the
strength of PP/PP-g-MAH/ENR blends were higher than
those of the PP/PP-g-MAH/NR blends.

1. Introduction

Thermoplastic elastomers (TPESs) belong to a class
of polymers that combine the processibility of
thermoplastic and the functional performance of
elastomer [1]. Generally, TPEs can be divided into 2
classes—TPEs based on blocked copolymer and the
TPEs based on thermoplastic-rubber blend. Attentions
play to the TPEs based on thermoplastic-rubber blend
over the year. The continuous plastic matrix allows
the melt processing of the blend whereas the dispersed
rubber particles help elastic recovery after mechanical
deformation [2]. In this work, TPEs based on
thermoplastic-rubber blend were prepared by blending
natural rubber and polypropylene in varying
proportions [3]. Polypropylene is selected for the
blends because it has an excellence in molding
processability and good mechanical properties. The
addition of rubber into PP was reported to enhance
toughness while maintaining stiffness, strength and
processability [4]. However, unvulcanized natural
rubber has a low thermal resistance due to the presence
of >C=C< in backbones. The modifying natural
rubber with more polar functional groups including
epoxidized natural rubber, natural rubber grafted
poly(methyl methacrylate), and maleated natural
rubber was reported to improve the thermal stability

[3]. Moreover, chemical modification of natural
rubber molecules enhanced blend compatibilization
and improved some useful properties of the blends [3].
Therefore in the work, epoxidized natural rubber was
synthesized and blended with polypropylene. The
polypropylene grafted with maleic anhydride (PP-g-
MAMH) was also used as compatibilizer to increase the
compatibility between rubber and plastic phases [2].
The purpose of this study was to compare the
mechanical and thermal properties of the TPEs
prepared from PP/NR and PP/ENR in the presence of
the PP-g-MAH compatibilizer without dynamic
vulcanization. The effects of blend ratio on the
melting behaviour and crystallization of the TPES were
also investigated.

2. Materials and Methods

2.1 Materials

Isotactic polypropylene grade P701J was supplied
by SCG Performance Chemicals, Thailand. PP-g-
MAH grade PO1020 was supplied by Exxon Mobil
Chemical, Thailand. The natural rubber latex (NRL)
used was medium ammonia NR latex, and was
supplied by Thai Rubber Latex, Thailand. The
percentage of dry rubber content (DRC) in the NR
latex was 62.13. Hydrogen peroxide, formic acid and
methanol used were analytical pure reagent.

To prepare the epoxidized natural rubber latex
(ENRL), the NR latex was diluted with deionized
water to obtain the 20 % DRC latex. 10 phr triton-X
was added to stabilize the NR latex. The mixtures
were then epoxidized by slowly adding 0.75 mole
formic acid and 0.75 mol hydrogen peroxide to a mole
of isoprene unit, magnetically stirred and refluxed at
55 °C for 4 hours. The modified latex was obtained
and used to prepare polymer blends.

To investigate the structure, molecular weight and
percentage of epoxidation, the latex was precipitated in
methanol and dried in air. The dried rubber was then
dissolved in toluene, casted on the ZnSe glass. ATR-
FTIR spectrum of the modified NR was characterized
compared to that of the neat NR. The characteristic
peaks for epoxidized ENR were observed for
symmetric and asymmetric epoxide stretching at 1248
and 870 cm™. The epoxidation level of ENRL was
examined by T, determination using DSC, and was
found to be 24.75% as compared to the ENR standard.
The average molecular weights determined by GPC




were found to be 1.23x10° for M, and 3.93x10° for
M.

2.3 Preparation of thermoplastic elastomers (TPES)

PP pellets (90 %) were premixed with a PP-g-
MAH compatibilizer (10 %) in a beaker. To obtain the
TPEs with PP/NR blend ratios of 95/5, 85/15, 70/30
and 50/50, the latex containing 5, 15, 30 and 50 pph
rubbers each was directly mixed with the mixed PP
(PP + 10 %wt PP-g-MAH) 95, 85, 70 and 50 pph,
respectively. The mixtures were dried in an oven at a
temperature of 80 °C, and then mixed thoroughly using
an internal mixer (Chareon Tut, Thailand) at
temperature of 180 °C with a rotor speed of 45 rpm,
and mixing time of 13 minutes. The TPEs obtained
were then cut into small pieces and dried in an oven at
temperature of 80 °C before molding at 135 °C into
sheets of 3 mm thickness in a laboratory press.

2.4 Mechanical testing

Tensile tests were performed using an Instron
tensile tester equipped with 50 kN load cell. Samples
were cut in dog-bone tensile specimens with the
approximate dimension of 25 mm (gauge length), 7
mm (gauge width) and 3 mm (thickness). The tests
were carried out at room temperature using a cross-
head speed of 10 mm/min, and at least five samples
were tested. The tensile modulus, tensile strength and
fracture strain were computed from the measured
stress-strain curves.

Izod impact tests were performed at room
temperature using pendulum impact tester (Yasuda
Seiki Seisakusho 9347, Intro Enterprise) according to
ASTM D256-10. At least five specimens were tested
and the average results were reported with standard
deviation.

2.5 Thermal properties

The melting behavior and crystallinity of the
blends were examined by differential scanning
calorimetry (DSC) using DSC7, PerkinElmer (USA).
Approximately 10 mg samples were placed in
aluminum pan, heated from 30 °C to 250 °C at a
heating rate of 10 °C/min in nitrogen atmoshere, then
held at 250 °C for 5 minutes, subsequently scanned
from 250 °C to 30 °C at cooling rate of 10 °C/min, held
at 30 °C for 2 minutes and then heated from 30 °C to
250 °C at heating rate of 10 °C/min. The melting
temperature (T,) was determined as the peak
temperature of the second heating scan, the
crystallization temperature (T.) was determined as
peak temperature of the cooling curve and
% crystallinity (%X;) was calculated according to
Equation (1) [5]:

% X = AHm/(1-X)AHgora (1)
where AH,, is the enthalpy of fusion determined from

the area of the DSC endotherm, AHyy, is the enthalpy
of fusion for 100% crystalline PP, which for 100%

crystalline PP was taken as 207.1 J/g [5] and X is the

weight fraction of NR latex in the sample.

Thermal stability of samples was determined using
TGA/DSC1, Mettler Toledo (Switzerland). The tests
were carried out in N, atmosphere at a heating rate of
20 °C/min from 40 to 800 °C, and then in air from 800
to 1000 °C at the same heating rate. The initial
degradation temperatures (Tig) and the peak
degradation temperatures (T,) were determined from
the thermograms (TGA curves) and the derivative
thermograms (DTG curve), respectively.

Table 1: Melting temperature (T,) and % crystallinity
of the neat component and TPEs

Blend Tm T,

ratio (°C) (°O)
PP 159.7 106.5 73.7 35.6
95/5 160.0 109.3 54.7 27.8

85/15 159.5 109.6 355 202
70/30 159.9 1101 323 223
50/50 159.2 109.3 23 22.2

95/5 158.9 108.3 60.6 309
PP/ENR 85/15 159.5 109.0 391 222
70/30 159.5 110.3 36.1 249
50/50 159.7 1111 255 246

Sample AH, % X,

PP/NR

3. Results and Discussion

3.1 Melting behaviour and crystallization

The melting temperature (T,,), peak crystallization
temperature (T.), heat of fusion (AH,) and percent
crystallinity of the TPEs are given in Table 1. The T,
did not change up on the addition of the NR and ENR.
This result implied that the lamellar size, the crystal
form and the perfection of a crystal unit [6] of PP did
not change with the rubber addition. However, the
increase of T, was observed. The T, of TPEs
increased from 106 °C for PP to about 110 for TPEs.
The crystallization of TPEs started faster than that of
the neat PP. The addition of NR and ENR to PP
resulted in the molecular interfering of NR molecules
with the PP crystallization [7]. The rubber molecules
possibly somewhat facilitated the mobility of PP
molecules, leading to an increase in cooling
crystallization rate. The heat of fusion (AH,,) of all
blend compositions was lower than that of the neat PP.
Moreover, AH,, decreased with decreasing PP
compositions. The decrease in heat needed to melt the
polymer crystal reflected the decrease in %
crystallinity. This confirmed that the crystallization of
PP was interfered by the presence of the NR phase. To
study the influence of a melt rubber phase on
crystallization of PP, % crystallinity of TPEs
recalculated for the PP mass (% X.) was determined
(see Equation (1)). % X, decreased with an increasing
NR content in the blends, reached a minimum at about
a composition of 15 pph in PP, then increased slightly
after 30 pph, and finally levelled off after further




addition. The slight increase in % X, after the addition
of 30 % NR indicated the increase in PP chain
mobility by the melt rubber phase. The similar
tendency as TPE containing PP/NR was found in TPE
containing PP/ENR. However, % X. of the blends
containing ENR was higher than those of the blends
containing NR.

3.2 Mechanical properties

The tensile properties of TPEs as a function of
rubber content are shown in Figures 1 to 3. It was
found from Figure 1 that the Young's moduli of TPEs,
prepared both from the blends of PP/NR and PP/ENR
decreased as compared to the neat PP.  The
dependence of modulus on rubber loadings was
observed. The higher NR loading, the lower the
modulus was observed. The TPEs prepared from the
blends of PP/ENR exhibited a higher modulus than
those prepared from PP/NR at all blend ratios. The
dependences of tensile strength on rubber loadings and
types of rubbers were similar to those found in
modulus. Tensile strength was observed to be less by
about 17 % and 24% in blends of PP/ENR and PP/NR,
respectively as compared to the neat PP. The
decreases in the Young's modulus and the tensile
strength were attributed to the decreases in %
crystallinity of the blends (See Table 1).

Figure 3 shows the changes in % elongation at
break as a function of blend ratios. It was found that
% elongation at break of the TPEs increased slightly
by about 5 % to 28 % up on the rubber addition. No
difference in % elongation at break was found between
the TPEs prepared from PP/NR and those from
PP/ENR, except at the highest loading. The PP/ENR
blend at composition of 50/50 has a lower value than
PP/NR.

Figure 4 shows the impact strength of TPEs as a
function of the blend ratios. The addition of the rubber
phases, both NR and ENR, promoted the impact
resistance of the materials. The impact resistance
increased with an increase in rubber loadings. The
TPEs prepared from the blend of PP/ENR has a lower
impact resistance than those prepared from PP/NR,
especially at the blend ratio of 50/50. This result was
attributed to the higher % crystallinity of PP/ENR
samples.
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Figure 1. Young's modulus of the TPEs at various

blend ratios.
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Figure 2. Tensile strength of the TPEs at various blend
ratios.
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3.4 Thermal degradation

The initial degradation temperatures determined
from TGA thermograms and the peak temperature
determined from DTG thermograms of the TPEs are
summarized in Table 2. Degradations of the neat PP
and NR were in one stage of weight loss, whereas
those of TPEs were in two stages. TPEs prepared
from the blends of PP/NR and PP/ENR only at blend
ratios of 95/5 and 50/50 were selected for this study.
PP started to degrade thermally at 452 °C whereas NR
started at 330 °C. The one stage of degradation of PP
arose from the random chain scission and
intermolecular transfer involving tertiary hydrogen
abstractions from polymer by the primary radicals [8],




whereas the one step of NR was due to the random
chain scission of isoprene units in NR. When a small
amount of NR (5 pph) was added in PP, the one stage
of degradation retained. The initial degradation
temperature (Tiq) of PP/NR at blend ratio of 95/5 was
at an intermediate value (440 °C). The peak
degradation temperature shifted to a higher value as
compared to the neat PP. This result indicated the
compatibility between NR and PP phases, and was
possibly due to the presence of a PP-g-MAH
compatibilizer. By further adding the NR phase, i.e.
50 pph NR, the thermal degradation of TPE became
two stages, corresponding to the degradation of NR
and PP parts, respectively. In case of TPEs prepared
from PP/ENR, similar situations were observed.
However, the incorporation of ENR, instead of NR,
improved the thermal stability of TPEs. The addition
of 5 pph ENR increased the T;q of TPEs from 440 to
443 °C and T, from 474 to 478 °C.  With further
addition of 50% pph ENR, Ti; and T, of the first and
the second stages shifted to much higher degradation
temperatures as compared to the neat PP. The thermal
degradation of polymer blend depended on
morphology and extent of interaction between phases
[8]. The improved thermal stability of the blends at
50/50 blend ratio was possibly due to the co-
continuous phase of rubber (NR or ENR) formed along
with PP.

Table 2: Thermal properties of TPEs at various blend
ratios.

- 1° stage (°C) 2° stage(°C)
composition
Tig Ty Tiq Tp
PP 452 472 -
NR 330 356 - -
PP/NR: 95/5 440 474 -

PP/ENR: 95/5 443 478 -
PP/NR: 50/50 367 392 459 477
PP/ENR:50/50 403 435 468 481

4, Conclusions

In this study, TPEs were successfully prepared
from the blends of PP/NR and from PP/ENR in the
presence of a PP-g-MAH compatibilizer without
dynamic vulcanization. The incorporation of rubber
phase in PP improved the toughness, but scarified with
the reduction in Young's modulus and tensile strength.
The modulus and tensile strength of TPEs prepared
from the PP/ENR blends were found to be higher than
those of TPEs prepared from the PP/NR, but an
opposite situation was found in case of the impact
resistance. The changes in mechanical properties
could be explained by the reduction in % crystallinity
as compared to the neat PP. The dependence of rubber
loadings on the decrease in % crystallinity was found
up to 15 pph of rubber contents, but then slightly
increased and remained with further additions. The

compatibility between PP and rubber was found the in
the blends of PP/NR and PP/ENR at small rubber
content (5 pph). Thermal stability of TPEs prepared
from PP/ENR blends was higher than that of TPEs
prepared from PP/NR.
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