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Abstract
Herein, reversible addition-fragmentation chain transfer (RAFT) agent salts containing water-soluble, antibacterial macro 
xanthate polyethylene glycol (PEG) were synthesized. Macro xanthate RAFT agent salts were featured by proton nuclear 
magnetic resonance (1H-NMR) spectroscopy and Fourier transform infrared (FT-IR) spectroscopy. PEG1500 Macro Xanthate 
RAFT agent pure water and PEG400 Macro Xanthate RAFT pure water solutions were applied to surgical masks by spraying. 
Moreover, these polymers were used to determine the minimum inhibitory concentration (MIC) on standard bacterial strains 
of Gram-positive bacteria and Gram-negative bacteria in the modified Broth MicroDilution method. It was determined that 
the synthesized polymers prevented the growth of bacteria. Mus musculus mouse fibroblast cells (L-929) were used in the 
cytotoxicity test of the materials performed by the direct method. It was determined by the Cytotoxicity 3-4,5-dimethyl-
thiazolyl-2,5-diphenyltetrazolium bromide (MTT) test that these polymers were not harmful to human health. The biocom-
patibility of Macro xanthate RAFT agent salts was above 80%.
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1  Introduction

The basic principle of occupational health and safety (OHS) 
is to protect employees from risks in the workplace and 
to carry out the work in the safest way [1]. Risks should 
be reduced or reduced at source using appropriate engi-
neering methods. If the risks cannot be eliminated at the 
source, personal protective equipment (PPE) is given to the 
employees. [2, 3] All personal protective equipment must 
be designed and designed safely and maintained cleanly 
and reliably. It should fit comfortably in a way that encour-
ages the worker to use it. On the other hand, biodegradable 
functional polymers are encountered in engineering applica-
tions and included in the applications of personal protective 
equipment. [4, 5] They are known for the structural and 
molecular features of polymers, such as the material's tran-
sition temperature, melting temperature, density, Young's 
modulus, tensile strength, crystallinity, chain length, and 
degree of polymerization, and even their biodegradability 
[6]. Masks are an essential part of PPE. Masks represent the 
physical respiratory barrier against droplets likely to enter 
the mouth and nose [7]. There are many types of respirators 
and surgical masks created to provide users with varying 
levels of protection. All masks aim to protect against air 
pollutants such as pollen, pathogens, and chemical fumes. 
The filtration capacity, and therefore the level of protection 
against pollutants and pathogens, depends on the materials 
used and the engineering design. The World Health Organi-
zation (WHO) has communicated that wearing a mask is 
significant for caregivers caring for someone who is sick 
and is suspected of having severe acute respiratory syn-
drome infection. Surgical masks were used as a precaution 
for Covid-19 [8]. Therefore, several mask trials have been 
conducted to assess the vital importance of wearing a sur-
gical mask to minimize the contagion of the virus. These 
masks, which are claimed to be the most ineffective of the 
cloth masks, have some limitations. They include poor fil-
tration efficiency, poor breathability, washability, and reus-
ability. To increase the applicability of these masks, their 
limitations can be further studied and overcome [9].

In the Bacterial Filtration Efficiency (BFE) test, the threat 
is provided by Staphylococcus aureus aerosol as specified in 
the ASTM F2101 standard, and the filtering performance of 
the mask material is measured with the aid of bacteria [10]. 
The highest BFE result of 99.9% can be obtained when using 
the ASTM F2101 standard. As is known, masks require 
approximately 95% BFE. The ASTM F2101 method is a 
repeatable test procedure. This test can strongly control the 
expected bacterial aerosol particle size. Comparing various 
filter materials, evaluated over time, a harmonious set of 
standards was provided and remained the same for a long 
time [11].

Surgical masks can provide some form of protection 
against air and droplets entering the respiratory tract. Dur-
ing the donning and removal of the mask, germs are likely 
to be transmitted to the limbs that will be in contact with 
the outside of the mask [11]. The disinfection of reusable 
masks is quite vital. Cloth masks can be disinfected by wash-
ing with detergent, but surgical and N95 masks can only be 
disinfected with UV. Even if disinfected, the reuse masks 
will easily become contaminated with pathogenic microbes. 
Therefore, new masks with antimicrobial activity that can 
neutralize or destroy infectious microbes can decrease the 
risk of transmission [12]. Due to increased awareness of 
outbreaks, reviews have focused on adding antimicrobial 
activity to masks. That is, masks can be coated or treated 
with antimicrobial materials. In research, all classes of anti-
microbial agents, organic compounds, and metal nanoparti-
cles have provided antimicrobial activity in masks [13, 14].

Polymers with well-defined architectures, predetermined 
molecular weights, and narrow molecular weight distribu-
tions can be produced by the reversible addition-fragmen-
tation chain transfer (RAFT) technique. Well-defined block 
[15] and graft copolymers [16], periodic or gradient copoly-
mers [17], star and network structured functional end group 
polymers [18–20], and many other materials have been 
obtained by a controlled radical mechanism. The controlled 
radical polymerization (CRP) technique [21, 22] has some 
advantages in the choice of monomer, the functionality and 
purity of the resulting polymer, and even the price of the 
final product. Using RAFT methodology, various polymers 
with controlled molecular weight and low dispersion have 
been synthesized with potential applications in different 
fields such as biotechnology and advanced technologies in 
biomedical and pharmaceutical fields [23, 24]. RAFT meth-
odology has become more practical due to the research work 
done by scientists working in the field of polymerization for 
different vinyl monomers [25].

Herein, Reversible Addition-Fragmentation chain Trans-
fer (RAFT) agent salts containing Macro Xanthate Poly-
ethylene glycol (PEG) were obtained from the reaction of 
PEG with carbon disulfide (CS2) and Potassium Hydroxide 
(KOH). Macro xanthate RAFT agent salts were charac-
terized by proton nuclear magnetic resonance (1H-NMR) 
spectroscopy and Fourier transform infrared (FT-IR) spec-
troscopy. Cytotoxicity 3-4,5-dimethyl-thiazolyl-2,5-diphe-
nyltetrazolium bromide (MTT) assay was performed on 
these salts. Besides, pure water solubility tests were per-
formed and the contact angle of PEG400 on the mask layer 
was determined. The effects of the synthesized substances 
on some determined bacteria were investigated. Mus mus-
culus mouse fibroblast cells (L-929) were used in the cyto-
toxicity test of the materials performed by the direct method. 
PEG1500 and PEG400 macro xanthate RAFT agent salt pure 
water solutions were sprayed and applied to the inner layer 
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of the mask with a needle tip between two types of mask 
layers with an injector.

2 � Materials and Methods

2.1 � Materials

Ethylene glycol (EG, HOCH2CH2OH) (Sigma Aldrich), 
polyvinyl alcohol 6000 (PVA6000) (Acros Organics), poly-
saccharide (PSC) (Sigma Aldrich), polyethylene glycol 
400, 600, 1000, 1500 ve 3000 (PEG400, PEG600, PEG1000, 
PEG1500 ve PEG3000) (Sigma Aldrich), potassium hydrox-
ide (KOH) (85%, Sigma Aldrich), carbon disulfide (CS2) 
(99% Merck), benzoyl chloride (C6H5COCI)) (99%, Sigma 
Aldrich), p-toluoyl chloride (C7H8COCI) (98%, Sigma 
Aldrich), 4-chlorobenzoyl chloride (C6H5COCI2) (99%, 
Sigma Aldrich), dimethyl sulfoxide (DMSO) (99.5%, Sigma 
Aldrich), 2,2′-azobisisobutyronitrile (AIBN) (99%, Sigma 
Aldrich) was purchased. Styrene (St) (99%) Sigma Aldrich 
product was used after distillation. Argon gas was used 
without purification. Diethyl ether (99.5%, Merck), petro-
leum ether (99%, Sigma Aldrich), sodium carbonate (99.5%, 
Sigma Aldrich), methanol (CH3OH) (99%, Emboy), DMEM 
High Glucose (Capricorn Scientific), Fetal Bovine Serum 
(Capricon Scientific), Penicillin- Streptomycin (Capricorn 
Scientific), MTT (BLDpharm) were purchased.

2.2 � Characterizations

Alpha-p Br uker  model  was  used for  FT-IR 
spectrophotometer characterization of the synthesized 
polymers. 1H-NMR Bruker Avance III HD 600.134 MHz 
model was used in the NMR spectrophotometer structure 
illuminations of organic compounds.

2.3 � Synthesis of Difunctional Macro Xanthate RAFT 
Agent Salts

In general, the synthesis of RAFT agents is obtained from 
the reaction of the xanthate salt with alkyl halides. RAFT 
agents, Macro xanthate RAFT agent salts containing PEG 
are obtained from the reaction of PEG with carbon disulfide 
(CS2) and Potassium Hydroxide (KOH) (Fig. 1b, Table 1).

2.4 � Synthesis of EG, PEG400, PEG600, PEG1000, PEG1500 
ve PEG3000, PVA6000, and PSC Macro Xanthate 
RAFT Agent Salts

EG, PEG400, PEG600, PEG1000, PEG1500 ve PEG3000, 
PVA6000, and PSC and potassium hydroxide (KOH) were 
taken into a 250 mL glass flask separately, mixed in 20 mL 
benzene (DMSO for just PVA6000) and left to heat. After 
the system heated under reflux was allowed to cool to room 
temperature, carbon disulfide (CS2) was added slowly. After 

Fig. 1   a macro xanthate RAFT agent salt synthesis scheme containing EG, b general synthesis scheme of macro xanthate RAFT agent salt con-
taining PEG, c macro xanthate RAFT agent salt synthesis scheme containing PVA
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the system was stirred for about 20 h, the Macro Xanthate 
RAFT agent salts containing EG, PEG400, PEG600, PEG1000, 
PEG1500, and PEG3000, PVA6000, and PSC were formed 
respectively. The resulting Macro Xanthate RAFT agent 
salt was filtered through filter paper and allowed to precipi-
tate in another beaker prepared by volume (1:1) mL-mL 
petroleum ether-diethyl ether. After this mixture was kept 
in the refrigerator for about 1 day, the prepared (1:1) mL-mL 
petroleum ether-diethyl ether portion prepared by volume 
was decanted. EG, PEG400, PEG600, PEG1000, PEG1500 ve 
PEG3000, PVA6000, and PSC macro xanthate RAFT agent 
salts were dried in a vacuum oven at a temperature of 
45–50 °C and a pressure of 200 mbar until constant weight 
(Fig. 1a, b, and c). Yields 80.4%, 50%, 52.36%, 62.57%, 
68.22%, 74.62%, 59%, and 81% respectively. If the values 
offered by the MestreNova application are given:

For EG, 1H-NMR (400 MHz, D2O) δ: 3.92 (s, 0H), 3.69 
(s, 2H), 3.66–3.55 (m, 12H), 3.54–3.47 (m, 1H).

For PEG400, 1H-NMR (400  MHz, D2O) δ: 4.72 (dd, 
J = 3.1, 1.7 Hz, 27H), 4.65 (s, 1H), 3.74–3.65 (m, 4H), 
3.69–3.54 (m, 8H), 3.58–3.46 (m, 19H), 3.53 (s, 90H), 
3.50–3.45 (m, 1H), 3.42–3.34 (m, 1H), 3.38 (s, 3H), 
3.32–3.22 (m, 5H), 3.02 (s, 0H), 2.79–2.66 (m, 3H), 
2.66–2.61 (m, 1H), 2.64–2.55 (m, 3H), 2.59 (s, 12H), 
1.81–1.76 (m, 0H), 1.78 (s, 4H), 1.22 (d, J = 5.4 Hz, 0H).

For PEG600, 1H NMR (400 MHz, DMSO-d6) δ: 4.61 (s, 
2H), 4.34–4.27 (m, 1H), 3.79 (s, 4H), 3.64–3.57 (m, 1H), 
3.53 (s, 4H), 3.47 (d, J = 5.0 Hz, 1H), 3.45–3.31 (m, 5H), 
3.35 (s, 6H). For PEG1000, 1H NMR (400 MHz, DMSO-d6) 
δ: 7.37 (s, 1H), 4.31 (d, J = 5.2 Hz, 1H), 3.64–3.59 (m, 2H), 
3.57 (s, 2H), 3.47 (s, 3H), 3.35 (s, 1H), 3.34 (s, 1H).

For PEG1500, 1H NMR (400 MHz, DMSO-d6) δ: 4.31 
(t, J = 5.0 Hz, 1H), 3.55 (d, J = 15.9 Hz, 11H), 3.47 (d, 
J = 2.8 Hz, 2H), 3.41 (s, 0H), 3.36 (s, 6H).

For PEG3000, 1H NMR (400 MHz, DMSO-d6) δ: 3.84 (s, 
7H), 2.74 (s, 2H), 2.63–2.57 (m, 3H), 2.54–2.47 (m, 2H), 
1.74 (s, 2H), 1.43 (s, 5H), 1.34 (d, J = 17.0 Hz, 2H).

For PVA6000, 1H NMR (400 MHz, CDCl3-d) δ: 7.33–7.18 
(m, 7H), 7.26 (s, 6H), 7.10 (d, J = 8.3 Hz, 5H), 6.51 (s, 2H), 
4.01 (d, J = 13.1 Hz, 2H), 3.89 (s, 2H), 3.76 (d, J = 1.0 Hz, 
5H), 3.55 (t, J = 11.2 Hz, 1H), 3.14 (d, J = 13.9 Hz, 1H), 2.88 
(s, 1H), 2.25 (d, J = 17.6 Hz, 2H), 2.17 (d, J = 1.1 Hz, 1H), 
1.25 (s, 17H), 0.87 (d, J = 7.0 Hz, 1H), 0.07 (s, 6H), 0.07 (s, 
1H), 0.11–0.03 (m, 1H).

2.5 � Cytotoxicity 3‑4,5‑Dimethyl‑Thiazolyl‑2,5‑ 
Diphenyltetrazolium Bromide (MTT) 
Experiment

High Dulbecco's Modified Eagle's Medium (DMEM) 
medium with glucose, which contains 10% FBS and 1% 
Pen-Strep, was used. In the flask, L929 (Mouse Fibroblast) 
cells were grown at 37 °C and 5% CO2 atmosphere in an 
incubator. It was seeded into one plate with 96 wells as to 
be 10.000 L929 cells in each well. For adhesion and spread-
ing of the L929 cells in the wells, the plate waited in the 
CO2 incubator until the next day. Before the addition of each 
material, a solution was prepared with DMSO at 1 mg ml−1 
concentration. Then, different concentrations of the solution 
were prepared by diluting at rations of 12.5, 25, 50, 100, and 
200 µg ml−1 with the medium.

The waiting medium in the well plate was removed and 
replaced with 100 µL of the medium containing different 
compounds. After that, it was incubated for 24 h at 37 °C in 
a 5% CO2 incubator until the next day. 5 mg ml−1 of MTT 
dye was dissolved in PBS (Phosphate Buffer, pH: 7.4). After 
24 h, the waiting medium was removed from all wells of 
plates. Hundred µL of the mixture containing 90% DMEM 
and 10% MTT (5 mg ml−1) was added into each well and 
incubated for 4 h at the same conditions in the incubator. 
After incubation, the medium with MTT in the wells was 
discarded. 100 µL of DMSO was added to each well of the 
well plates. The plate was read via a spectrophotometer at 
540 nm wavelengths immediately after DMSO was added 
[26].

Table 1   Materials used in 
macroRAFT agent xanthate salt 
synthesis

For precipitation, a solvent (1:1) mL-mL petroleum ether-diethyl ether was used
PEG Polyethylene glycol; PVA Polyvinyl alcohol

Materials used during the reaction Solvent

KOH CS2

EG 3.1 g (0.05 mol) 5.6 g (0.1 mol) 6 mL (0.1 mol) Benzene
PEG400 10 g (0.025 mol) 2.8 g (0.05 mol) 12 mL (0.2 mol) Benzene
PEG600 15 g (0.025 mol) 2.8 g (0.05 mol) 12 mL (0.2 mol) Benzene
PEG1000 10 g (0.01 mol) 1.12 g (0.02 mol) 2.4 mL (0.02 mol) Benzene
PEG1500 15 g (0.01 mol) 1.12 g (0.02 mol) 2.4 mL (0.02 mol) Benzene
PEG3000 15 g (0.005 mol) 1.12 g (0.02 mol) 2.4 mL (0.02 mol) Benzene
PVA6000 5 g (8.33 × 10–4 mol) 3.73 g (0.066 mol) 4 mL (0.066 mol) DMSO
PSC 10 g (5 × 10–3 mol) 2.24 g (0.04 mol) 2.5 mL (0.04 mol) Benzene
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3 � Results and Discussion

3.1 � 1H‑NMR Spectra of Macro Xanthate RAFT Agent 
Salts

1H-NMR (Proton nuclear magnetic resonance) spectrum 
analysis is used to illuminate the structure of compounds 
and to measure the number of protons they have [27–30]. For 
EG Macro Xanthate RAFT Agent Salt: Protons of methylene 
at four signals of 3.51–3.92 ppm have been seen. Since the 
polymer is multiple units, various –CH2 signals appeared. 
For PEG400 Macro Xanthate RAFT Agent Salt: It can be 
seen that the protons in -CH2 of the units have a wide band 
in the range of 3.70–3.27 ppm. For PEG600 Macro Xanthate 
RAFT Agent Salt: The formation of protons of methylene 
in various signals can be clearly expressed. Low-intensity 
shifts are observed, singlet at 4.61 ppm and multiplet at 
4.31 ppm. Again, broadband is reflected, including singlet 
and multiplet, in the range of 3.79–3.53 ppm. In addition, it 
was observed that there were intense singlet, doublet, and 
multiple signals in the range of 3.47–3.35 ppm. For PEG1000 
Macro Xanthate RAFT Agent Salt: The –CH2 protons of 
the PEG unit show a sharp singlet signal at 7.37 ppm, and a 
low-intensity doublet signal at 4.31 ppm. In addition, while 
a multiplet broad signal is reflected at 3.62 ppm, intense 
intensity methylene protons are observed between 3.57 
and 3.34 ppm. For PEG1500 Macro Xanthate RAFT Agent 
Salt: A triplet low intensity –CH2 proton shift is observed 
at 4.31 ppm. Again, a doublet –CH2 protons are reflected at 
3.55 ppm and 3.47 ppm. In addition, intense singlet signals 
between 3.41 and 3.36 ppm are seen. For PEG3000 Macro 
Xanthate for RAFT Agent Salt: The most prominent signals 
are the singlet shift at the 2.74 ppm signal is two separate 
multiplet signals at 2.50 ppm. In addition, the low-intensity 
signals of 1.74 ppm singlet and 1.34–1.43 ppm overlapped 
singlet and doublet represent the –CH2 protons of PEG 
units. Finally, It was seen that in the 1H-NMR spectrum of 
PVA6000 Macro Xanthate RAFT Agent salt: –OH exhibited 
a doublet distinct signal at 4.01 ppm. Doublet signals have 
low intensity in the range of 2.17–2.25 ppm, belonging to 
the -CH proton attached to the vinyl alcohol unit. The –CH 
proton bound to the other unit presented a singlet signal 
at 1.25 ppm. For –CH2 protons attached to the vinyl alco-
hol unit, doublet signals at 0.87 ppm and singlet signals at 
0.07 ppm were reflected. –CH2 protons bound to the other 
unit present a singlet signal at 0.07 ppm, while the multiplet 
signal is at low intensity at 0.06 ppm (Figs. S1–S7).

3.2 � FT‑IR Analysis of Macro Xanthate RAFT Agent 
Salts

Similar absorption in the FT-IR spectra of EG, PEG400, 
PEG600, PEG1000, PEG1500, PEG3000, and PVA6000 Macro 
Xanthate RAFT Agent Salts with the typical FT-IR spectra 
of PEG and PVA-containing Macro Xanthate RAFT Agent 
Salts previously reported in the literature [31–33] bands were 
observed. A strong C–O stretch band appeared at 1646 cm−1 
at the Fig. S8 ester bond of EG Macro Xanthate RAFT Agent 
Salt. The bands showing characteristic S=C stretching vibra-
tions are 1568 cm−1, 1350 cm−1, 1350 cm−1, 1348 cm−1, 
1342 cm−1, 1340 cm−1, 1340 cm−1. The bands illuminat-
ing C-S vibrations are 1354 cm−1, 1247 cm−1, 1247 cm−1, 
1246 cm−1, 1241 cm−1, 1239 cm−1, 1317 cm−1, respectively. 
At the same time, the absorption bands due to the character-
istic C–O–C stretching vibrations of the –OCH2CH2– unit 
are 1044 cm−1 and 1085 cm−1, respectively. Figs. S8–S14 
presents the FT-IR spectra of the PEG400, PEG600, PEG1000, 
PEG1500, and PEG3000 Macro Xanthate RAFT Agent Salts. 
Strong C-O stretch absorption bands appeared at 1616 cm−1, 
1643 cm−1, 1644 cm−1, 1645 cm−1, and 1464 cm−1, respec-
tively, to the formed ester bond. Absorption bands show-
ing characteristic C–O–C stretching vibrations of repeated 
–OCH2CH2– units 948 cm−1, 946 cm−1, 949 cm−1, 951 cm−1 
and 952 cm−1, 1070 cm−1, 1068 cm−1, 1092 cm−1, respec-
tively is 1142 cm−1 and 1099 cm−1. Significant bands con-
firmed that syntheses had taken place. Finally, Fig. S12 
presents the FT-IR spectra of PVA6000 Macro Xanthate 
RAFT Agent Salt. It can be seen that the O–H structure 
is illuminated with a broad band of 3365 cm−1. A strong 
C–O stretch absorption band appeared at 1652 cm−1 to the 
formed ester bond. The absorption bands showing repeated 
–OCH2CH2– units and characteristic C–O–C stretching 
vibrations are 950 cm−1 and 1015 cm−1, respectively.

3.3 � Test of Solubility in Water

When determining the solubility in water experimentally, 
the method determines the solubility by balancing between 
a certain amount of test chemicals and their dissolved form 
in pure water. Among the significant factors to ensure high-
quality resolution determinations are high purity of the test 
chemical, high purity of water, stability of the test chemical 
during equilibrium, experiment temperature control, enough 
shaking, and enough time for the water to reach saturation 
and full separation to take place [34]. In this study, the solu-
bility of Macro Xanthate RAFT Agent Salts in pure water 
was tested by mixing technique at room temperature. 0.02 g 
of EG, PEG400, PEG600, PEG1000, PEG1500, PEG3000, and 
PVA6000 macroxanthate RAFT agent salts were added to 
5 ml of distilled water in 8 separate test tubes. It was stirred 
at 24 °C for 10 min and the colors formed during dissolution 
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were observed (Table 2). Except for the PVA6000 macroxan-
thate RAFT agent salt, all macroxanthate RAFT agent salts 
were dissolved in pure water.

3.4 � Contact Angle

Static contact angle [35] can be measured because it is deter-
mined to adhere to the surface during applied spraying and 
exhibits hydrophobic features against the second layer of the 
mask. PEG400 Macro Xanthate RAFT Agent Salt-Pure Water 
solution and the second layer surface of the mask were used 
as an example here (Fig. 2). For the measurement of the con-
tact angle (θ), the sample was dropped onto the surface with 
a syringe. The contact angle presented here is the contact 
angle measured after 139° (θ > 90°, cohesion > adhesion) 
liquid-surface contact. The contact angle was measured at 
25° C and the average value was reported.

3.5 � Effects of Macro Xanthate RAFT Agent Salts 
on Bacteria

A known opaque polymer containing cationic and hydro-
phobic groups and its components have a specific task. In 
the presence of cationic groups, polymers become easier 
to adhere to the anionic cell membrane of bacteria. Thus, 
the transport of molecules across the cell membrane takes 

place. This will disrupt the integrity of the bacterial cell 
membrane. Moreover, the interaction between the cell mem-
brane and cationic groups is effective in the amphipathic 
structure of polymers. That is, this property improves bio-
active performance. The presence of significant functions 
mentioned in cationic groups has prompted scientists to 
investigate the effects on the overall bioactivity of Antimi-
crobial peptides (AMPs) of cationic groups. Monomers and 
sulfonium bases functionalized with amino groups have been 
extensively investigated as cationic options. Palermo et al. 
[36] reported that amphiphilic copolymers containing pri-
mary amine showed higher activity against Gram-negative 
bacteria and mycobacteria (Mycobacterium smegmatis) of 
polymers containing quaternary ammonium groups. Hiray-
ama et  al. found that sulfonium compounds were more 
effective against Gram-positive bacteria (S. aureus) than 
against Gram-negative strains [37]. Especially for the first 
time, Hu et al. offered polymers in an AB-variable range 
to the market. It also offered unique antibacterial features 
against a wide range of clinically known bacterial strains 
[38]. Ragogna and Gillies proposed phosphonium groups 
as potential options for enhancing the function of cationic 
monomers [39]. Kamaruzzaman et al. presented cationic 
side chain spacers as a new strategy to modulate the molec-
ular structure and antibacterial activity of random AMPs 
[40]. In the polymer samples, the four-carbon sequestrant in 

Table 2   Solubility of macro xanthate RAFT agent salts in pure water

EG macro xanthate RAFT agent salt-
pure water

PEG400 macro xanthate RAFT agent 
salt-pure water

PEG600 macro xanthate RAFT agent 
salt-pure water

PEG1000 macro xanthate 
RAFT agent salt-pure 
water

 +   +   +   + 

PEG1500 macro xanthate RAFT agent 
salt-pure water

PEG3000 macro xanthate RAFT agent 
salt-pure water

PVA6000 macro xanthate RAFT agent 
salt-pure water

Polysaccharide macro 
xanthate RAFT agent salt 
-pure water

 +   +   −  + 
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4-amino-butyl methacrylate gave the highest antimicrobial 
activity at minimal hemolytic activity efficiency [41]. Since 
the other active hydrophobic monomer directly enters the 
cell and causes membrane disruption, polymers have been 
prepared with various types of hydrophobic monomers. 
The polymers were screened to elucidate their effect on the 
overall selectivity of AMPs [42]. Pu et al. investigated the 
antibacterial effect of inorganic core sulfobetaine/quaternary 
ammonium-modified star-shaped poly[2-(dimethylamino)
ethyl methacrylate]-based copolymers [43]. Recently, an 
effective study was carried out on the hemolytic activity of 
hydrophobic groups of ternary antimicrobial polymers and 
their effect on antimicrobials. The monomer ratio, degree of 

polymerization (DPn), hydrophobic monomer carbon length, 
and chain type of hydrophobic monomer were evaluated on 
hemolytic activity and antibacterial [44]. Following this 
study, the most suitable polymers were selected for further 
cytotoxicity testing. They have high hemocompatibility, but 
these polymers are toxic to mouse embryonic fibroblasts. 
This inspired the topic of improving the selectivity of anti-
microbial polymers by replacing the hydrophilic groups. 
Besides the antimicrobial activity of the polymers, hydro-
philic groups can reduce unwanted protein complexation 
[44].

Herein, the effects of the synthesized substances on some 
determined bacteria were investigated. The modified Broth 

Fig. 2   a Contact angle formed by PEG400 Macro Xanthate RAFT Agent Salt-Pure Water solution on the 2nd layer of the mask, b Close and clear 
view of the contact formed
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MicroDilution method reported by Ericsson and Sherris [45], 
and Wiegand et al. [46] was used to determine the minimal 
inhibitory concentration (MIC) of the synthesized substances. 
Mueller–Hinton Broth (Becton Dickinson, 211,443) was used 
to prepare the dilutions and as the medium. For this purpose, 
1/2, 1/4, 1/8, and 1/16 dilutions were created on U-bottom 
sterile microplates with the help of Mueller–Hinton Broth 

by taking 100 μl of the stock solutions of the substances 
(Table 3). Standard bacterial strains of Gram-positive bac-
teria Bacillus subtilis (laboratory isolate), Staphylococcus 
aureus (ATCC 6538) and Gram-negative bacteria Escheri-
chia coli (ATCC 25922), Pasteurella multocida (ATCC 
12945) and Pseudomonas aeruginosa (ATCC 9027) were 
used. Then, 20 μl of 1/100 dilution of the bacterial suspen-
sion prepared from fresh cultures of bacteria and adjusted to 
0.5 McFarland turbidity was added to the wells and incubated 
at 37 °C for 24 h. The tests were run in duplicate and positive 
and negative controls were also prepared for each substance.

The MIC values of the tested substances were evaluated 
by measuring the densities of the wells before and after incu-
bation at a wavelength of 450 nm in a spectrophotometer. 
Considering the results, it can be said that the synthesized 
substances inhibited the growth of some tested bacteria at 
different dilutions. None of the substances showed a selec-
tive effect on Gram-positive or Gram-negative bacteria. 
While the substance mentioned as ethylene glycol caused 
the inhibition of 3 bacterial species tested in different dilu-
tions, PEG3000 Macro Xanthate RAFT Agent Salt was not 
effective on the growth of any of the tested bacteria.

Table 3   Dilution values of macro xanthate RAFT agent salts on bac-
teria

Staphylococ-
cus Aureus

Bacillus 
subtilis

Escheri-
chia coli

Pasteurella 
multocida

Pseudomonas 
aeruginosa

EG 1/8 – – 1/16 1/8
PEG400 1/8 – – – 1/2
PEG600 1/4 – – – –
PEG1000 1/2 – – – –
PEG1500 1/2 – – – –
PEG3000 – – – – –
PVA6000 – – – 1/2 –
PSC 1/8 – – 1/2 –

Table 4   The % viability of cells against materials containing different concentrations

% EG PEG400 PEG600 PEG1000 PEG1500 PEG3000 PVA6000 PSC

12,5 µg ml−1 96,79,247 100,239 96,76,864 105,478 97,08322 106,1472 102,2028 85,11,857
25 µg ml−1 98,86,393 100,0526 92,05067 99,8321 94,66,355 102,9437 94,34,101 86,9878
50 µg ml−1 98,69,054 99,16,348 91,97,897 103,2723 95,71,701 98,95,022 92,44,429 85,94,323
100 µg ml−1 96,22,605 100,153 96,32,409 99,46,998 101,6592 99,93,506 87,01528 89,43,428
200 µg ml−1 82,03327 87,66,252 95,23,423 97,11,614 102,0213 96,58,009 89,00821 85,86,076

Fig. 3   Graph of cell viability versus materials with different concentrations
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3.6 � Cytotoxicity Test on Mouse Fibroblast (L929) 
Cells and Cytotoxicity MTT Result

Mus musculus mouse fibroblast cells (L-929) were used in 
the cytotoxicity test of the materials performed by the direct 
method [47]. Cell viability result is given in Table 4 and 
Fig. 3. No toxicity was observed in the concentration range 
used. The biocompatibility of materials is above 80%. The 
reduction of cell viability by more than 30% is considered a 
cytotoxic effect for biomaterials according to ISO-10993-5 
(ISO Standard No. 10993-5:2009). The materials were found 
to be biocompatible.

As can be seen in Fig. 4, the known morphological struc-
tures of L929 cells are shown. When the images at 25 µg/
milliliter concentrations were compared with the average 
control image, it was seen that there was no change in the 
morphology of the cells. (However, the positive control of 
PEG3000 material was compared to PEG3000.) The spherical 
form in cells can be explained in two ways. These are dead 
cells or cells that have not yet adhered. However, since the 
non-adherent cells were removed with the medium in our 
study, the spherical cells we saw were dead cells. The high-
est globalization is also seen in PSC.

3.7 � Application of PEG1500 Macro Xanthate RAFT 
Agent Salt‑Pure Water and PEG400 Macro 
Xanthate RAFT Agent Salt‑Pure Water Solutions 
to Masks

Surgical masks are generally made of degradation-resistant 
polymeric materials. The masks in question consist of three 
or four layers of protective polypropylene. It aimed to use 
surgical masks effectively and safely but also opened the 
door to pioneering new technologies. Relevant chemical 
reactions of the main polymers can cause the decomposition 
of some polymeric parts in surgical masks. Thus, the 
sequential evolution of CxHy fragments (i), by oxidation 
of visible radical sites (ii), intramolecular H transfer (iii), 
β fission of carbon–carbon bonds (iv), and water/CO/CO2 
elimination reactions (v), begins as pathways for degradation 
[48].

In this study, the mask was cut into layers to increase its 
protection. PEG1500 macro xanthate RAFT agent salt-pure 
water and PEG400 macro xanthate RAFT agent salt-pure 
water solutions were sprayed and applied to the inner layers 
of the mask with a needle tip between the two types of ready 
mask layers with an injector. The solution was dropped onto 

Fig. 4   Images of the effects of the materials on L929 cells at 25 µg/milliliter concentrations after 24 h with an inverted microscope at × 200 times 
magnification
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the mask by injecting with the syringe tip. Step-by-step pho-
tos are presented (Figs. 5 and 6).

4 � Conclusion

Herein, several significant alternative approaches are 
reviewed to improve the fabrication of surgical masks 
in membrane technology. In membrane-based technol-
ogy, it exhibits a high degree of filtration associated with 
the separation of viruses and micro-aerosol droplets. 

Appropriate technologies are available for the goal of 
further increasing the filtration degree of surgical mask 
basic materials on the market. It is also worth investigat-
ing to improve virus adsorption, filtration efficiency, and 
virus ineffectiveness on the polymeric materials of the 
surgical mask. Although cost-effectiveness needs to be 
calculated, approaches may become an option to over-
come the shortage of surgical masks. As a result of the 
tests, the biocompatibility of these polymers was over 
80%. As a result, antibacterial features have been gained 
by spraying surgical masks.

Fig. 5   a The original image of the mask, b layers of the mask, c 
spraying on the inside of the 2nd layer of the mask, d dispersing the 
sprayed PEG1500 macro xanthate RAFT agent salt-pure water solution 
sprayed on the inside of the 2nd layer of the mask, e dispersing the 

PEG1500 macro xanthate RAFT agent salt-pure water solution sprayed 
on the outside of the 2nd layer of the mask, f the 1st layer of the mask 
is closed on the 2nd layer
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