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Abstract: A new thiophene benzimidazole based polymer (TBIP) was synthesized and then the TBIP-Br, TBIP-BF, and
TBIP-CIO, polymer salts were obtained in water. All polymer salts can be dissolved in environmentally friendly solvents
such as water or ethanol. Electrochemical and optical properties of the polymers were elucidated with cyclic voltammetry
(CV) and ultraviolet-visible absorption (UV-Vis) spectroscopy. By using CV, the highest occupied molecular orbital
(HOMO) values were found as approximately 1.70 eV. According to the atomic force microscopy (AFM) images of the
thin film of TBIP, there are homogeneously distributed and smaller particles on the film surface, while the surface of
TBIP-Br and TBIP-CIO, thin films is rougher due to -Br and -ClO, counter ions being bigger than -BF,. Additionally,
the antimicrobial activity of TBIP polymers was also investigated. All TBIP and its salts were showed antimicrobial activ-
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ity against S. aureus ATCC 6538 and no antimicrobial activity against E. coli ATCC 1301 and ATCC 25922.
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Introduction

Benzimidazole, a heteroaromatic compound, is formed by
the fusion of benzene and imidazole rings and shows weak
basic properties. Therefore it usually dissolves in dilute acids.
The pK value of benzimidazole is known as pK,;=5.30 and
pK,,=12.3."! Benzimidazole compounds generally show acidic
properties in aqueous basic solutions. The fact that benzim-
idazoles have acidic properties, such as imidazoles, is due to
the stabilization of the ion by resonance.? Benzimidazole com-
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pounds (i.e. imide nitrogen) containing a hydrogen atom in the
1-position are generally readily soluble in hot water as they are
soluble in polar solvents. However, it does not dissolve in ben-
zene and ligroin, which are apolar solvents. Therefore, the sol-
ubility in non-polar solvents is increased by adding non-polar
substituents at various locations of the benzimidazole core.®

When polar substituents are added to the benzimidazole
core, the solubility in polar solvents is increased; for example,
2-aminobenzimidazole is soluble in water.* In addition, due to
the high stability of the benzimidazole ring, oxidation sep-
arates the benzene ring of benzimidazole only under strong
conditions. The benzimidazole ring is highly resistant to the
reduction so it cannot be reduced except for a small number of
catalytic reduction methods. The benzimidazole compounds
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mainly react via 1 and 3-position nitrogens. In addition, they
can form salt by interacting with acids such as monopicrate,
mononitrate, monohydrochloride, monoacetate.™

N-containing heteroaromatic compounds are important
structural motifs found in many natural and synthetic com-
pounds. Among them, benzimidazole and its derivatives are
decisive nucleus structures used in drugs and materials.” In
1962 benzimidazole was first discovered as tiabendazole and
was found to show an anthelmintic property. In this hetero-
cyclic scaffold, the formic acid carbon between the two nitro-
gen atoms is the most reactive region for possible sub-
stitution(s).® As a result of intensive research, it has been found
that the main structure of benzimidazole has a number of phar-
macological properties.” First, researchers suggested that ben-
zimidazole exhibited physiological effects similar to purines.'
A benzimidazole derivative with similar activity to vitamin
B12 was synthesized by examining the degradation products
of vitamin B12." Combining synthetic versatility and biodi-
versity, these unique compounds have many applications and
significant potential. Combining synthetic versatility and bio-
diversity, these unique compounds have many applications and
significant potential. Benzimidazole derivatives have recently
been used medicinally to cure many diseases.

The ability of microbial agents to operate on surfaces in the
work environment and to be included in the environment
through surfaces that are permeable to the external environ-
ment poses a great threat to employees. Since biological risk
factors cause different infections in terms of employee health,
the control of these factors is vital for occupational hygiene.

Especially after 2000, research activities related to the devel-
opment of antimicrobials from benzimidazole seeds have
increased. By combining 2-alkylthiobenzimidazole with the-
lactam ring, molecules with strong antibacterial and antifungal
activities were produced."” Giiven ef al. showed that 1-sub-
stituted benzimidazole compounds showed weak antimicrobial
properties.” It has been reported by Halloway et al. that the 2-
iminobenzimidazole compound has a high antibacterial poten-
tial by inhibition of trypanothione reductase.' By binding het-
erocyclic compounds such as chroman, -lactam, thiadiazole
and oxadiazole to a benzimidazole core, potent antibacterial
and/or antifungal new compounds were obtained."”

In this study, thiophene benzimidazole based polymer
(TBIP) was synthesized by using Suzuki reaction between 2,5-
thiophene bisboronic acid and 4,7-dibromo-1-methyl-2-octyl-
1H-benzimidazole with the reaction yield of 65%. Then, the
TBIP polymer salts were prepared by the reaction of excess

ZaH, Al454 A6=, 2021d

ethyl bromide in acetonitrile (ACN). Finally, the -Br" ion on
TBIP was also easily replaced with the -BF, and -ClO,” by ion
exchange reaction in water. The polymer salts can be soluble
in ethanol and water as environmentally friendly solvents.
Remarkable changes were observed in the Fourier-transform
infrared spectroscopy (FTIR) spectrum of TBIP polymer and
its salts. The molecular weight of the polymer salts determined
by Gel permeation chromatography (GPC) was found as about
3-4 K corresponding to 5-6 repeating units. In the cathodic
scan of cyclic voltammograms (CV), the reduction peak was
observed at TBIP salts arising from the cationic form of the
benzimidazole unit. According to the UV-Vis spectrum in the
methanol solution and thin film on the glass surface, TBIP and
its salts can absorb until 400 nm corresponding to the bandgap
of 3, 10 eV. Atomic force microscopy (AFM) measurements of
thin film revealed that porous film can be obtained from the
TBIP salts. We determined that the 10% solutions of the TBIP
polymer (prepared in 96% alcohol) were showed antimicrobial
activity against Staphylococcus aureus (Gram positive), but no
antimicrobial activity was showed against Esherichia coli
(Gram negative). In addition, only TBIP-BF, was showed anti-
microbial activity against Candida albicans (yeast).

Experimental

Intrumentation. All chemicals were supplied from Aldrich
Chemical and used without further purification. 4,7-dibromo-
1-methyl-2-octyl-1H-benzimidazole was synthesized accord-
ing to previously published procedures.'® FTIR spectra were
obtained using Perkin Elmer Spectrum One device (with ATR
system) (4000-650 cm™). "H-NMR spectra of TBIP and its
salts were used by Bruker Avance DPX-400. Measurements
were recorded at 25 °C using deuterated CHCI; (for TBIP),
deuterated dimethylsulfoxide (DMSO, for TBIP salts) and
tetramethylsilane. GPC analyses of the TBIP polymer and salts
were conducted with an Agilent 1260 HPLC instrument. Elec-
trochemical characterizations of TBIP salts were carried out
with CH Instruments 617D electrochemical workstation out
under argon atmosphere. All electrochemical measurements
were carried out in a cell containing a support electrolyte and
a triple electrode system (1- Working electrode-platinum disk,
2- Reference electrode-Ag wire and 3- Counter electrode- Pt
wire). All electrochemical measurement was performed con-
taining 0.1 M TBAPFs ACN solution was used as the sup-
porting electrolyte. The potentials were calibrated according to
the ferrocene redox couple E°(Fc/Fc’) = +0.41 V vs. Ag/Ag'.
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Analytic Jena Speedcord S-600 diode-array spectrophotometer
was used for UV-Vis absorption spectra of the TBIP solutions
and films. The TBIP polymer and its derivatives morphologies
were investigated by the AFM technique (Nanosurf Naio).

Synthesis of TBIP and lIts Salts. In a two-necked 100 mL
balloon, 2,5-Thiophenediylbisboronic acid (1) (0.855 g, 5
mmol) and 4,7-dibromo-1-methyl-2-octyl-1H-benzimidazole
(2) (2.01 g, 1 mmol) were dissolved in 20 mL of Toluene and
5 mL of 2.0 M K,COs, and the solution was purged with argon
for 15 min. Pd(PPh;), (0.231 g, 0.2 mmol) was added to the
reaction mixture at room temperature under an argon atmo-
sphere. The mixture was stirred at 110 °C under argon for 24
h. The colorless solution turned to brown after an hour. After
24 h, bromo benzene (0, 15 g, 1.0 mmol) was added to the
mixture. After that 2 h, benzene boronic acid (0.12 g, 1.0
mmol) was added, and the mixture was further stirred for
another 2 h to complete the end-capping reaction. The polymer
was precipitated in hexane and filtered and finally dried under
vacuum at 60 °C overnight to afford TBIP polymer (TBIP:
1.062 g; yield 64%). In the second step, The TBIP polymer

(800 mg, 2.4 mmol) was dissolved in the 50 mL of Ace-
tonitrile. An excess amount of bromoethane (2.592 g, 24
mmol) was added to the solution. The mixture was stirred at 80
°C for 18 h. After the cooling of the reaction mixture, the sol-
vent was evaporated to obtain the TPIB-Br salt. Finally, TPIB-
Br (0.22 g, 0.5 mol) was dissolved in the 20 mL of ethanol.
The mixture poured in to 0.025 M 20 mL NaClO, or NaBF,
solution. The precipitated TBIP-CIO, or TBIP-BF, polymer
salts were filtered and finally dried under vacuum at 60 °C
overnight (TBIP-Br: 0.920 g; yield 94%, TBIP-CIO,: 0.21 g;
yield 82%, TBIP-BF,: 0.22 g; yield 93%) (Scheme 1).

Thiophene-Benzimidazole Polymer (TBIP): (Yield, 64%),
'H NMR (CHCl;-d, 400 MHz): §, ppm = 8.18-7.14 (4H, m, C-
H aromatic), 3.74 (2H, t, -CH, aliphatic), 3.61 (2H, m, -CH,
aliphatic), 2.92 (2H, m, -CH, aliphatic), 1.94 (2H, m, -CH, ali-
phatic), 1.62 (s, 3H, N-CH; aliphatic); 1.25 (6H, m, -CH, ali-
phatic), 0.89 (t, 3H, -CHj aliphatic). FTIR (ATR) v [cm™'] 3072
(C-H aromatic); 2914, 2844 and 2786 (C-H aliphatic); 1450
(C-N).

Thiophene-Benzimidazole Polymer-Br Salt (TBIP-Br):

H,C

H,C
HO OH N7 ON-CHs
HO \ OH + , B
r " 110 C, 24h, TEAH, K,CO,
1 2 Toluene/Water
H3C

Br/\

CH;

Acetonitrile, 80 °C, 18h

Scheme 1. Synthetic route to TBIP polymer and its salts.

H3C

TBIP-CIO,
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(Yield, 94%), '"H-NMR (DMSO-d,, 400 MHz): §, ppm = 8.15-
7.13 (4H, m, C-H aromatic), 3.54 (2H, m, N-CHy,), 3.21 (3H,
t, N-CH,-CHj;), 2.87 (2H, m, -CH, aliphatic), 2.68 (2H, m, -CH,
aliphatic); 2.33 (2H, m, -CH, aliphatic), 1.77 (2H, m, -CH, ali-
phatic); 1.28-1.06 (2H, m, -CH, aliphatic); 1.16 (3H, s, -CH;
aliphatic); 0.89 (t, 3H, -CH; aliphatic). FTIR (ATR) v [cm™]
3071 (C-H aromatic); 2915, 2844 and 2787 (C-H aliphatic);
1451 (C-N); 1225 and 1100 (salt counter ion peaks).
Thiophene-Benzimidazole Polymer-BF, Salt (TBIP- BF,):
(Yield, 93%), '"H-NMR (DMSO-d,, 400 MHz): §, ppm = 8.15-
7.01 (4H, m, C-H aromatic), 3.54 (2H, m, N-CHy,), 3.21 (3H,
t, N-CH,-CH3), 2.87 (2H, m, -CH,), 2.66 (2H, m, -CHj ali-
phatic); 2.33 (2H, m, -CH, aliphatic), 1.77 (2H, m, -CH, ali-
phatic); 1.28-1.06 (2H, m, -CH, aliphatic); 1.16 (3H, s, N-CH;
aliphatic); 0.87 (t, 3H, -CH; aliphatic). FTIR (ATR) v [cm™]
3071 (C-H aromatic); 2915, 2844 and 2787 (C-H aliphatic);
1449 (C-N); 1120 and 1080 (salt counter ion peaks).
Thiophene-Benzimidazole Polymer-ClO, Salt (TBIP-
ClO,): (Yield, 82%), 'H-NMR (DMSO-d, 400 MHz): &, ppm
=7.97-7.37 (4H, m, C-H aromatic), 3.54 (2H, m, N-CH,), 3.21
(3H, t, N-CH,-CH3,), 2.86 (2H, m, -CH,), 2.67 (2H, m, -CH,);
2.33 (2H, m, -CH, aliphatic), 1.77 (2H, m, -CH, aliphatic);
1.29-1.06 (2H, m, -CH, aliphatic); 1.16 (3H, s, N-CH; ali-
phatic); 0.87 (t, 3H, -CH; aliphatic). FTIR (ATR) v [cm™] 3071
(C-H aromatic); 2915, 2844 and 2787 (C-H aliphatic); 1449
(C-N); 1121 and 1050 (salt counter ion peaks).
Determination of Antimicrobial Activity. Antimicrobial
activity was determined using Kirby Bauer agar disc diffusion
method. Antimicrobial activity was investigated against micro-
organisms (Esherichia coli ATCC 1301 and ATCC 25922
(Gram-negative bacteria), Staphyloccoccus aureus ATCC 6538
(Gram-positive bacteria), and Candida albicans ATCC 10231
(yeast)). 10% alcohol solutions of chemical substances were
prepared. Initially, cultures were revived with 5 mL of Tryptic
Soybean Broth (TSB) overnight at 37 °C. After incubation, in
5 mL TSB medium at 37 °C, E. coli, S. Aureus, and C. albi-
cans were re-incubated for 90, 180, and 180 min, respectively.
After incubation, the cultures were spread over Muller Hinton
Agar (MHA) to be at the level 6 log cfu/mL. 6 mm discs con-
taining 15 pL of solution were placed on MHA. Then, petri
dishes incubated in 24 h at 37 °C. Inhibition zone diameters
were measured in mm at the end of incubation. Cycloheximide
(0.1%) and gentamicin (10 ug) were used as positive controls
for yeast and bacteria, respectively. 96% alcohol was used as
a negative control. The analysis repeated 3 periods. Inhibition

zones were expressed as mean + standard deviation.'”'®
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Results and Discussion

Synthesis and Characterization. TBIP polymer was syn-
thesized in three steps. 4,7-dibromo-2-octyl-1H-benzimidazole
was prepared according to the published procedure."” Then the
N-H group on the benzimidazole unit was alkylated by using
iodomethane in presence of KOH in Toluene. Finally, the
Suzuki type polymerization process was applied to obtain
TBIP polymer. In the further process, TBIP polymer salts were
obtained from the TBIP polymer. The obtained bromine salt of
TBIP was converted to -BF, and -ClO, via ion exchange pro-
cess on the polymer subunit. After completing the synthetic
works, the chemical structures of TBIP polymer and its salts
were identified by FTIR and 'H NMR spectroscopy (Figure
S1-S5 in the supporting information). FTIR and '"H-NMR tech-
niques were used in the structural characterization of the prod-
ucts. The triple signals at 2786, 2844, and 2914 cm™ attributed
to, aliphatic C-H group were observed in the FTIR spectrum of
TBIP and its polymer salts. However, the main difference in
the FTIR spectra of TBIP and its salts was observed in the
800-1200 cm™' region. The broad peaks in this region were due
to vibrations of counter ions on the TBIP. On the other hand,
'H-NMR spectrum of TBIP (Figure S1), the aromatic peaks
were detected between 8.18 and 7.14 ppm. While the CH, pro-
tons on the octyl side chain was observed at 3.74 ppm, -N-CH;
protons on the benzimidazole unit were observed at 1.62 ppm.
The other aliphatic protons were detected from 1.25 to 0.89
ppm. In the "H-NMR spectra of TBIP polymer salts (Figure
S2, S3, and S4), the protons attributed to the ethyl group added
to the TBIP structure were observed at 1.77 and 1.16 ppm. The
obtained results clearly indicated that the TBIP polymer and its
salts have been synthesized successfully.

GPC was used to determine both the molecular weight and
polydispersity index (PDI) of TBIP polymers and salts (Table
1) and the curves obtained are given in the supporting infor-
mation (Figures S6-S9). While the PDI values of the polymers
ranged from 1.54 to 3.61, the number average molecular
weight (M,) values were found to be 1431 (TBIP), 2179

Table 1. GPC Data of TBIP and Its Salts

Polymer M, (g/mol) M, (g/mol) PDI
TBIP 1431 5168 3.61
TBIP-Br 2179 5138 2.47
TBIP-BF, 4319 6800 1.57
TBIP-CIO, 4272 6588 1.54
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Figure 1. CV voltammograms of TBIP and its polymer salts.

(TBIP-Br), 4319 (TBIP-BF,) and 4272 (TBIP-CIO,) g/mol,
respectively.

Electrochemical redox behaviors of TBIP polymer and its
salts were investigated by using the cyclic voltammetry (CV)
technique (Figure 1). Multiple oxidations starting from the
0.75 V (vs. Ag wire) was observed at the anodic scan of all
samples. These multiple oxidations are attributed to methyl
benzimidazole subunit and thiophene based conjugated main
chain, respectively. The first oxidation peak at about 0.82 V
slightly shifted to higher potential upon occurred benzimid-
azolium salt of TPIB polymer (TBIP-Br, TPIB-BF,, TPIB-
ClO,). This positive shift is due to less electron nature of the
benzimidazole subunit when it was converted positively
charged form. On the other hand, there are no reduction waves
at the cathodic scan of TBIP. After converting the TBIP to ben-
zimidazolium salts, the reduction peaks were observed
between -0.75 and -0.9 V attributed to form the cationic form
on the benzimidazolium unit. Due to the higher electroneg-
ativity of -ClO, counter ion, TBIP-CIO, needed a less negative
potential for the reduction of the polymer system when com-
pared to TBIP-Br and TBIP-BF,. The oxidation and reduction
potential initials obtained from DPV results were used to cal-
culate the highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) levels of TBIP

Table 2. HOMO and LUMO Energy Levels, Electrochemical
and Optical Band Gaps (E,) Values of TBIP and Its Salts

Electrochemical Optical band

HOMO LUMO

Compounds @V) (@V) band(eg\zgj, E, g?E{])Eg
TBIP -5.07 eV - - 330 eV
TBIP-Br -532eV -3.62eV 1.7 eV 322 eV
TBIP-BF, -527 eV -3.52eV 1.75 eV 3.26 eV
TBIP-CIO, -530eV -3.55eV 1.75 eV 3.10 eV

UV-Vis

Absorbance (a.u)

0.0

T T
350 400 450

Wavelength (nm)

T
250 300

Figure 2. UV-Vis Absorption spectra of TBIP and its polymer salts.

and its salts (Table 2). Since TBIP salts are in active salt form,
electrochemical and optical band gap values are not com-
patible with each other.

UV-Vis absorption spectra of TBIP and its polymer salts
were recorded in 2x10™ M solution of methanol (Figure 2).
The absorption band of TBIP centered at about 280 nm was
slightly shifted to a higher wavelength due to converted to a
charged form of benzimidazolium unit. A more positive shift
was observed at TBIP-CIO, when compared to the other poly-
mer salts. This positive shift can be due to higher electro-
negativity of the -ClO, salt as a counter anion than the others.
Finally, optical band gaps were calculated from the absorption
band edges.

Surface Morphologies. The thin films of TBIP and its salts
were prepared by spray coating technique on the glass surface.
The sample solution was prepared by using a 50 mg polymer
sample in 20 mL methanol. After the polymer solution was put
into the spray gun, polymer thin films were prepared by spray-
ing vertically on the ITO/glass surface. In order to determine
the surface characterization of TBIP and its salts, the particle
size and surface roughness (RMS) of polymeric thin films
were examined in non-contact mode by using AFM. AFM
images of TBIP exhibited that homogeneously dispersed and
smaller particles were observed on the film surface. When the
roughness parameters of TBIP and its salts on the film surface
were investigated, TBIP-Br and TBIP-CIO, have more rough
surface than the other polymer films (Figure 3). This can be
due to the -Br and -ClO, counter ions are bigger than that of
-BF,. Because of this reason, TBIP-BF, exhibits a low average
particle diameter when compared to other polymer salts on the
film surface. Finally, roughness and thickness parameters of all
TBIP derivatives can be seen in Table 3.

Polym. Korea, Vol. 45, No. 6, 2021
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TBIP

TBIP-BF« TBIP-Br

TBIP-CIlO«

Figure 3. AFM images of TBIP, TBIP-Br, TBIP-C1O,, TBIP-BF,
films coated on the glass substrate (all area is 10 mmx10 mm).

Antimicrobial Activity. The Kirby Bauer agar disc diffusion
method in Mueller Hinton Agar was used to assess the anti-
microbial activity of compounds. All TBIP and derivates were
screened against four bacterial and one yeast strains. Gen-
tamycin and Cycloheximide were used as positive controls,
96% alcohol was used as a negative control. The results of
antimicrobial activity presented in Table 4.

TBIP and its salts were showed antimicrobial activity
against S. aureus ATCC 6538 and no antimicrobial activity
against E. coli ATCC 1301 and ATCC 25922. Interestingly,
TBIP- ClO, was showed better antimicrobial activity compare
to the positive control against S. aureus ATCC 6538. Only

Table 3. Roughness and Thickness Parameters of all TBIP
Derivatives

Thickness Average roughness, S, Roughness, S,

Compounds (nm) (nm) (nm)
TBIP 930 8.8 11.4
TBIP-Br 2200 63.7 84
TBIP-BF, 1600 19.6 23.7
TBIP-CIO, 2200 97.6 123.9

TBIP-BF, was showed antimicrobial activity against C. albi-
cans ATCC 10231.

Benzimidazoles are highly effective compounds due to their
inhibitory activities and high selectivity. There are various
studies in the literature on the biochemical and pharmaco-
logical properties of benzimidazoles."?' It has been deter-
mined that benzimidazole molecules are especially effective on
different types of microorganisms. Benzimidazoles are con-
sidered bioactive heterocyclic compounds (a component of
vitamin B12), and their biological activities are important.It
was determined that the heterocyclic ring system showed anti-
oxidant, antiparasitic, anthelmintic, antiproliferative, anti-HIV,
anticonvulsant, anti-inflammatory, antihypertensive, antineo-
plastic and antitrichinellosis activities. Because of the different
biological activities and importance of benzimidazoles, studies
by adding new side groups are very important."” In our study,
it is thought that the side groups affected the antimicrobial
activity of the heterocyclic ring, therefore, the antimicrobial
activity could not be determined against all microorganisms
tested. There is a need for further research using very different
microorganisms and different methods on the subject.

Conclusions

In this work, a new thiophene benzimidazole based polymer
(TBIP) was synthesized by using Suzuki reaction between 2,5-
thiophene bisboronic acid and 4,7-dibromo-1-methyl-2-octyl-
1H-benzimidazole. Then, the TBIP polymer salts TBIP-Br,
TBIP-BF, and TBIP-CIO, were obtained, respectively. Accord-

Table 4. In vitro Antimcrobial Activity of all TBIP and Its Salts Against Gram Positive, Gram Negative and Yeast Strains

Pozitive control Negatifve control

TBIP TBIP-Br TBIP-BF,  TBIP-CIOs (o joheximide, 0.1%)  (96% alcohol)
E. coli ATCC 1301 <6.00:001  <6.00:001  <6.00:0.01  <6.000.01 23.75£0.50 <6.00£0.01
E. coli ATCC 25922 <6.00:001  <6.00£0.01  <6.00:0.01  <6.000.01 2450+3.11 <6.00£0.01
S. aureus ATCC 6538 7.8341.27 7834072 1275¢1.86 23754354 21.5040.58 <6.00£0.01
C. albicans ATCC 10231 <6.00£0.01  <6.00£0.01  2033£0.65  <6.00:0.01 45.00£0.77 <6.00£0.01

ZaH, Al454 A6=, 2021d
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ing to UV-Vis spectra, the absorption band of TBIP centered at
about 280 nm was slightly shifted to a higher wavelength due
to converting a charged form of benzimidazolium unit. Thus,
multiple oxidation peaks starting from the 0.75 V (vs. Ag wire)
are attributed to methyl benzimidazole subunit and thiophene
based conjugated the main chain, respectively, slightly shifted
to higher potential upon occurred benzimidazolium salt of
TPIB polymer. While the AFM images of TBIP exhibited that
homogeneously dispersed and smaller particles were observed
on the film surface, TBIP-Br and TBIP-CIO, have rougher sur-
face. In addition, TBIP and its salts were showed antimicrobial
activity against S. aureus ATCC 6538 and no antimicrobial
activity against E. coli ATCC 1301 and ATCC 25922. The
increase in antimicrobial activities against S. aureus ATCC
6538, is an important dataset for the control of biological risk
factors and occupational hygiene. “S. aureus” bacteria can
reach colonization sites in the human body through respiration
or surface contact, causing negative consequences, especially
food poisoning. In addition, the antimicrobial effect on “C.
albicans” type yeasts is of great importance, especially for
female worker health.

Supporting Information: Information is available regarding
the synthesized TBIP polymer and its salts’ structural char-
acterization. The materials are available via the Internet at
http://journal.polymer-korea.or.kr.
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