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Abstract

Nanotechnology has great potential to enhance disinfection and decontamination efficiency. It increases antibacterial characteris-
tics and guard against bacterial cross-infection by coating cotton fabrics and medical clothes and other hygiene’s with antibacterial
agents eg N-halamine glycinate siloxane with or without ZnO-NPs. This was achieved by Pad-dry-cur method through tethering the
surface of cotton or cotton/ZnO-NPs fibers with glycinate silane agent of formula (Me0),Si(CH,),NHCH,COOMe through covalent
ether linkages. Two different glycinate siloxane coated cotton materials: Gly-sil.@cotton or Gly-sil. @cotton/ZnO-NPs materials were
obtained (where Gly = glycinate and sil. = siloxane). Their corresponding N-halamine glycinate siloxane coated cotton materials Gly-
Cl-sil. @cotton or Gly-Cl-sil. @cotton/Zn0O-NPs were then obtained by exposure the parent glycinate siloxane coated materials with
dilute sodium hypochlorite solutions. The antibacterial activity of N-halamine glycinate siloxane coated cotton materials have 100%
sterilized fecal coliform bacteria, mostly Escherichia coli, and Pseudomonas aeruginosa. It has been concluded that these products
have experienced good stability and reproducibility after five times usability. The Gly-Cl-sil. @cotton/Zn0O-NPs material which bear-
ing two effective antimicrobial agents (ZnO-NPs along N-halamine glycinate) has very effective antimicrobial activity. In this study,

FTIR, TGA, XRD, and SEM techniques were used in this research to elucidate chemical structural properties of the coated materials.
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Introduction
Cotton’s great absorption ability allows it to easily absorb sweat,

metabolites, and sebum from the skin’s sweat/sebaceous glands
[1,2]. These secretions, on the other hand, could be harmful, pro-
vide appropriate environment for microorganisms like bacteria
and fungus to proliferate and growth [3]. As a result, under some
conditions, these microorganisms can grow quickly and consti-
tute a threat to the public’s health. Antibacterial modification of

material surfaces is one of the most commonly used strategies

for de-contamination control and remove treats. Therefore, the in-
troduction of an effective antimicrobial agent onto the cotton fab-
rics is of great importance for eradicating bacteria and avoiding
major infections [4]. Various antibacterial agents such as chitosan
[5], nanometals [6-8] nanometal oxides [9-12], quaternary ammo-
nium salts [13,14], guanidine polymers [15] and N-halamine [16-
22] have been used in antibacterial finishing for cotton fabrics. Al-
though, metals or metal oxides nanoparticles coated cotton systems

[10,11] are physically coated onto cotton fibers by different means
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e.g. ultrasound irradiation. Other antimicrobial silane agents func-
tionalized mesoporous silica are chemically introduced onto the
surface cotton fibers through Cur-Pad-Dry method [20]. Therefore,
polycondensation of biocidal functional silane groups or biocidal
functional mesoporous silica hydroxyl groups may involve both the
hydroxyl groups of cotton as well as crosslinked with other biocidal
silane or silica functional groups on surface to form crosslinked
polymeric silicon coating [20,23-26]. To solve the limitation of a
single functionality or to combine several different types of func-
tionalities is a method used to lessen the shortcomings of each one
separately. Recent research has demonstrated that an N-halamine
and cationic salt can work together to maximize their benefits and
create synergism/higher biocidal effectiveness [27-32]. Although
the cationic salt cannot kill bacteria efficiently, its highly water sol-
ubility increase the hydrophilicity and its positive center attracts
anionic bacteria to the vicinal N-halamine site. Therefore, the resul-
tant effect of the cationic salt in such a combination is to promote
the contact between N-halamine and bacteria, leading to the accel-
eration of the killing process. Also, QAS Kkills bacteria without deple-
tion so the combined structure still has certain biocidal ability even
after all N-halamine sites are consumed. Since the major antibacte-
rial contributor in this type of combined structures is N-halamine,
it is hypothesized that increasing the number of N-halamine can
achieve even higher biocidability than the basic combination of one
cationic center and one N-halamine. However, the research of this

area is still in progress.

Forinstance, ZnO-NPs as one antimicrobial functionality was coated
onto cotton fabrics [10,11]. N-halamines has complementary prop-
erties, its combination with ZnO-NPs is hypothesized to have good
synergism. Due to few numbers of silane coupling agents bearing
N-halamines are known, we have had constructed a new silane cou-
pling agent bearing amino acid functionality group by modification
of 3-(2-aminoethylaminopropyl) trimethoxysilane with monochlo-
romethylacetate, then immobilized it onto the surface of cotton or
cotton/ZnO substrate. This combined coated system contains two
different functionalities, one is glycinate N-halamine and the other
functionality is ZnO-NPs and each of them has effective antimicrobial
activity. The N-halamine glycinate coated cotton materials were ob-
tained through chlorination of the corresponding materials with di-
luted sodium hypochlorite solution. The presence of functionalized
N-halamine glycinate system onto the surface of cotton coated ZnO-
NPs would increase its antimicrobial effectiveness due to presence
of two different active centers (N- halamine glycinate and ZnO-NPs)

and also would further increasing of hydrophilicity of the system.

We further hypothesized that the combination of ZnO-NPs along
with N-halamine glycinate can achieve a higher antibacterial effi-

cacy than one counterpart of ZnO-NPs or N-halamine glycinate.

In our previous reports we have focused our research efforts on
employing cotton that has had concentrated onto metal oxides
coated cotton and using starched cotton to operate as antibacte-
rial systems [33,34], where effective antimicrobial activities have
been noted. In this research, we have used a combined-system of
the presence of metal oxides coated cotton along with N-halamine
glycinate silane functional group, where the glycinate silane was
coated onto the surface of cotton or cotton/ZnO fibers by Cur-Pad-
Dry method obtaining an organic-inorganic hybrid precursors.
For this purpose, we have prepared a system with glycinate coated
cotton and the other system is glycinate coated cotton/ZnO-NPs.
This new system was chlorinated using sodium hypochlorite be-
fore tested as antimicrobial activities. Variety of several techniques
such as Fourier transform infrared spectroscopy (FTIR), X-ray dif-
fraction (XRD), scanning electron microscopy X-Ray spectrometer
(SEM) were used for elucidation of chemical structures of the ma-

terials.

Experimental

Materials and reagents

Ethylmonochloroacetate (CICH,COOEt), (99%), 3-(aminopropyl)
triethoxysilane, (97%), zinc acetate dihydrate Zn(CH,C00),.2H,0,
(95.5%) and sodium hydroxide (NaOH) were purchased from
Merck and used without further purifications. Dehydrated nutri-
ent agar powder and nutrient broth powder were purchased from
Difco.

Methods

Infrared spectra for the materials were recorded on Shimadzu FTIR
Tracer 100 spectrophotometer using KBr in the range 4000-400
cm™. Thermogravimetric analysis (TGA) was carried out using Met-
tler Toledo TGA/SDTA 851e analyzer in the range of 25-6002C of
heat rate of 102 C/min. Series II/CHN-S 2400. Scanning electron
microscopy (SEM) were obtained using Carl Zeiss AG - EVO® 60).
X-ray diffraction (XRD) using EQ uniox 3000, INEL, France.

Preparation of 3-glycinatepropyltriethoxysilane

The functionalized 3-glycinatepropyltrimethoxysilane (Gly-S) was
prepared in a similar way as previously reported [35-37] by reflux-
ing 0.035 mol of (3-aminopropyl) triethoxysilane with 0.035 mol
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of ethylchloroacetate in 50 mL ethanol at 1002C for 12h. The func-
tionalized 3-glycinatepropyltrimethoxysilane (Gly-S) was obtained
under vacuum by evaporation of ethanol using rotary evaporator at
602C. The new silane agent (Gly-S) was identified using FTIR spec-
troscopy.

Preparation of coated-cotton/Zn0O-NPs.

As previously described [10, 11, 33, 34], ZnO-NPs coated cotton
was made by treating 1.00g of cotton with zinc (II) acetate dihy-
drate (0.01 mol) in the presence of NaOH (0.02 mol) as a base in
100 mL deionized water. To make sure that cotton fibers were uni-
formly coated with ZnO-NPs, the combination was irradiated using
an Ultrasnicator (Model US-150 Ti-horn, 20 kHz, output 10 Turning
7 for 60 minutes). At the same time, the cotton sample was rotated
at a speed of 250 rps. Following three separate washes with 20 mL
of distilled water to remove the unbound ZnO-NPs, the cotton ma-
terial coated with ZnO-NPs was dried at 80°C overnight. Cotton/
ZnO-NPs is the label on the coated material.

(a) Preparation of glycinate siloxane coated-cotton (Gly-sil. @
cotton) or glycinate siloxane coated-cotton/ZnO (Gly-sil. @cot-
ton/Zn0O-NPs).

3-glycinatepropyltrimethoxysilane (Gly-S) was firstly hydrolyzed
in ethanol/water mixture (10/1). The glycinate siloxane coated-
cotton (Gly-sil.@cotton) or glycinate siloxane coated-cotton/ZnO
(Gly-sil.@cotton/Zn0-NPs) was them obtained by immersed 0.20 g
of cotton or coated cotton/Zn0O-NPs samples into hydrolyzed glyci-
nate silane solution. The glycinate silane was coated onto the sur-
face of pristine cotton and cotton/ZnO-NPs by Cur-Pad-Dry method
[18,20]. Two glycinate siloxane coated-cotton (Gly-sil. @cotton) and
glycinate siloxane coated-cotton/ZnO (Gly-sil.@cotton/ZnO-NPs)
were obtained.

(b) Preparation of glycinate N-halamine coated cotton (Gly-Cl-
sil. @cotton) and coated cotton/ZnO-NPs (Gly-Cl-sil. @cotton/
ZnO-NPs)

The glycinate N-halamines coated cotton (G-Cl-sil.@cotton) and the
glycinate coated cotton-ZnO (G-Cl-sil.@cotton/Zn0-NPs) materials
were prepared by chlorination of glycinate coated cotton(G-sil.@
cotton) or glycinate coated cotton/ZnO-NPs materials by washing
them with dilute (10% NaClO, pH = 7) at room temperature for 1h,
while being constantly shaken the mixture in order to produce the
chlorinated (G-Cl-sil.@cotton) and (G-Cl-sil.@cotton/ZnO-NPs)
fabrics. The chlorinated materials were then separated, repeatedly

washed with deionized water to eliminate free chlorine from the

surface of cotton materials and dried at 50°C for 5h. The loaded
chlorine content (mmol Cl/g) was calculated by iodometric/thio-
sulfate titration [18,20].

Antibacterial Analysis.

The antibacterial analysis of fecal coliforms, where the major spe-
cies is Escherichia coli, in addition to Pseudomonas aeruginosa were
selected as indicator organisms for the effectiveness of the mate-
rials in this study to eliminate these types of bacteria from waste

water samples.

To ensure the quality of the results all materials had sterilized in
an autoclave and all benches had sterilized by ethyl alcohol 73%
before the experiments were carried out. The contaminated water
sample with the certain bacteria were prepared by mixing 2.5ml of
effluent wastewater with 500 ml sterilized distilled water. m-faekal
Coliform (mFC) agar and MacConkey agar were used to grow fe-
cal coliforms, including E. coli, and Pseudomonas aeruginosa, re-
spectively. A membrane filtration method was used to account of
fecal coliform colonies. The experiment was conducted by mixing
0.25g of each Gly-Cl-Sil.@cotton, Gly-Cl-Sil.@cotton/ZnO, or Gly-
Sil.@cotton only (control) with 50ml polluted sample. Each sample
was loaded on a syringe with a Nitrocellulose membrane with pore
size of 0.45 pm. The flow rate was adjusted to 6min/10ml and then
the membrane was transferred to agar plates to be incubated at
40-44°C for 24 hours. The inhibition rate (Y) in percentage was
calculated by the equation:
Y= W;V—ft x 100

where, Wt. is the number of bacterial colonies in the control sam-
ple; and Qt is the number of colonies of samples treated with Gly-
Cl-Sil.@cotton, Gly-Cl-Sil. @cotton/ZnO0, or Gly-Sil.@cotton only ma-

terials.

Oxidase test was used to check that some of the colonies which
grown on MacConkey medium are Pseudomonas aeruginosa colo-
nies. A random colony was picked up from the incubated MacCo-
nkey agar plate. Then, it placed on a filter paper disk infused with
oxidative reagent (1% N, N, N, N-tetramethyl-p-phenylenediamine
dihydrochloride). If blue color develops when checking the colony
with oxidase tablets that means it is a Pseudomonas colony.
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Results and Discussion

Preparation

The impregnation process for both cotton materials: the free cotton

and coated cotton/ZnO includes the following steps (Figure 1):

1. Functionalization of 3-(aminopropyl) triethoxysilane with
ethylmonochloroacetate in a 1:1 molar ratio results of the for-
mation of 3-glycinatepropyltriethoxysilane. That was evident
from the FTIR spectrum (Figure 1) [35].

2. Coating of cotton or cotton/Zn0O-NPs with hydrolyzed 3- glyci-
natepropyltriethoxysilane using Cur-Pad-Dry method [20].
Therefore, polycondensation of biocidal functional silane
groups with the hydroxyl groups of the surface of cotton fibers
to form crosslinked siloxane coating Gly-sil.@cotton or Gly-
sil.@cotton-ZnO-NPs materials [20] (Figure 1).

3. The N-halamines glycinate coated cotton (Gly-Cl-sil.@cotton)
or glycinate coated cotton/ZnO-NPs (G-Cl-sil.@cotton/ZnO-
NPs) were obtained by treatment the glycinate siloxane coated
cotton or coated cotton/ZnO-NPs with sodium hypochlorite
solution at PH 7(Figure 1).

a) Synthesis Step

(Et0),Si-(CH,),-NH, + CI-CH,CO,C,H, -
(Et0),Si-(CH,),-NH-CH,CO,C,H + HCI

b) Cur-Pad-Dry method

(Et0),Si-(CH,),-NH-CH,CO,C,H, + EtOH/H,0 + cotton or cotton-
Zn0O-NPs

!

Live bacteria

SiO2/N-halamine

Cotton/ZnO Dead

bacteria

Figure 1: Coating and chlorination of functionalized glycinate

siloxane coated cotton and cotton/ZnO-NPs.

FTIR Spectra

The FTIR spectra of free cotton, coated glycinate/cotton and coated
glycinate/cotton/ZnO-NPs are depicted in Figure 2 (a-c). The IR
spectra of these materials showed three regions of absorption.
The first region is at 3500-3000 cm™, the peaks in this region
were assigned due to v(0-H) and v(N-H). The second region is at
1750-1600 cm-1, the peak at 1750 cm is due to v(CO), whereas
the peak is due to 1670 cm™ due to o(N-H), which is slightly shifted
to lower frequency at ca. 1660 cm™ upon chlorination with sodium
hypochlorite, indicating the conversion of N-H to N-CI [18-20,35-
37]. The peak at 1620 cm™ is assigned due to o(0-H). The third
region of absorptions are assigned at 1200-800 cm™ are due to
v(Si-0) symmetrical and asymmetrical vibrations stretching and
bending vibrations, these assignments were based on published
literature data of similar systems [35-37]. The shoulder at 960 cm!
is due to single silanol vibration v(Si-OH). Peaks around 1489 cm
and 2928 cm™ ascribed to C-H was enhanced after modification of
cotton with glycinate silane. FTIR spectra showed two bands at ca.
1750 cm™ and 1670 cm which assigned to the carbonyl and amine
bands (C=0 & N-H) of the methyl glycinate structure moieties.

(c)

T T T | T T T T T T T T T

I |
4000 3500 3000 2500 2000 500

-1
cm

1500 1000

Figure 2: FT-IR spectra of (a) Gly-Sil. @cotton,
(b) Gly-Sil. @cotton/ZnO-NPs, (c) blank cotton.
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Thermal Analysis
Thermogravimetric analysis (TGA) for blank cotton, glycinate coat-
ed cotton (Gly-Sil.@cotton) and glycinate coated cotton-ZnO (Gly-
Sil.@cotton/Zn0O-NPs) were examined under nitrogen atmosphere °
at 20-600°C at a rate of 102C/minute. Thermogravimetric analysis
(TGA) for blank cotton, Gly-Sil.@cotton and Gly-Sil.@cotton/Zn0O-
NPs after 5 washing cycles are presented in (Figure 3(a-c)). The to-
tal weight loss was found 89%, 62% and 45%, respectively. This re-
veals that around 27% of glycinate functional group was adsorbed
onto cotton fabrics and that about 17% ZnO-NPs were coated onto
the cotton fiber (Figure 3 (a-c)) [10,33,35]. a
- = lank
100 4 = - ==coft.silan
- - e cott silanzno . . ; . . . . . . . . . ;
80 J 10 20 30 40 50 B0 TO 80
2(e)
= Figure 4: XRD analysis of (a) cotton/ZnO-NPs and
E 07 (b) Gly-Sil @cotton/ZnO-NPs.
g 40 Scanning electron microscopic (SEM).
The SEM analysis of Gly-Sil. @cotton and Gly-Sil.@cotton/Zn0O-NPs)
20 is presented in Figure 5 (images a,b). SEM image of glycinate silox-
ane coated cotton (Figure 5, image a) showed that a layer of glyci-
o nate siloxane material coated blank cotton fibers. The SEM image
1[I|[] 250 3['"; 41;0 5|'m &Em of glycinate siloxane coated cotton/ZnO-NPs (Figure 5, image b)
Temperature (°C) showed a layer of glycinate siloxane material coated cotton/ZnO-
NPs composite to form Gly-sil. @cotton/Zn0O-NPs, which is fully
Figure 3: Thermogravimetric analysis of blank cotton, ) .
covered all cotton surface fibers, The agglomerates of glycinate/
Gly-Sil. @cotton. and Gly-Sil./cotton@ZnO-NPs. siloxane-ZnO-NPs were dense and compact.
XRD Analysis

Figure 4 (a & b) displays XRD patterns for cotton/Zn0O-NPs and Gly-
Sil@cotton/Zn0-NPs, respectively. The diffraction patterns of ZnO-
NPs in the two materials revealed that ZnO-NPs are present in crys-
talline form. The major peaks at 2e =31.3%, 35.12, and 36.52, 47.29,
56.52, and 62.82 are indexed with presence of diffraction planes
(100), (002), (101), (102), (110) and (103), respectively. These
diffraction planes are well indexed with PDF file (JCPDS 5-664) of
hexagonal wurtzite structure [10,11]. The low intensity of diffrac-
tion pattern peaks in case of G-Sil/cotton/Zn0O-NPs is probably due
coating of cotton with G-Sil. These results were remarkably similar
to those that had previously been published [10,11]. The diffraction
peaks that were seen below 300 are typical of pristine cotton.

Chlorination Results

The Gly-Sil.-Cl@Cotton, and Gly-Sil.-Cl@cotton/ZnO materials were
obtained by treatment the corresponding materials Gly-Sil.@cot-
ton, and Gly-Sil.@cotton/Zn0O with sodium hypochlorite solution
(1.5% NacClO, pH = 10) at room temperature for 0.5h). The chlori-
nated materials were filtered and repeatedly washed with deion-
ized water and dried at 500C for 1h. The loaded chlorine contents
(mmol Cl/g) were measured by iodometric/thiosulfate titration
[18-20]. The results are listed in Table 1. The chlorination results
of Gly-Cl-Sil.@cotton is the same as that of the corresponding Gly-
Cl-Sil.@cotton/ZnO.
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Figure 5: SEM images of a) Gly-Sil. @cotton and
b) Gly-Sil. @cotton/ZnO-NPs.

N-halamines mmol Cl /g
Gly-Cl-Sil. @cotton 33
Gly-Cl-Sil. @cotton/Zn0O 3.2

Table 1: Chlorine content (mmole Cl/g) of G-CI-Sil.@
cotton and G-CI-Sil. @cotton/Zn0 ).

Stability and Reproducibility

To ensure stability of the materials GlyCl-Sil.@cotton and Gly-Cl-
Sil.@cotton/ZnO after being used for inhibition, the used material
was washed thoroughly with 50 mL distilled water for 5 min before
chlorination. Despite that the process was repeated 5 times, same
results of inhibition percentage (%) for Gly-Cl-Sil. @cotton and Gly-
Cl-Sil.@cotton/ZnO are almost unchanged Table 2. This indicates
that Gly-CI-Sil.@cotton and Gly-Cl-Sil. @cotton/Zn0O materials are

stable after used for 5 times.

Page 6 of 9
Times of The inhibition rate% for Gly-Cl-Sil.@cotton
chlorination or Gly-Cl-Sil. @cotton/Zn0O materials
1st 100
2nd 100
3rd 100
4t 100
5 97

Table 2: The stability tests of Gly-Sil-CL. @cotton
or Gly-Sil.-Cl@Cotton/Zn0O materials.

Antibacterial tests

The antibacterial tests of Gly-Cl-Sil.@cotton and Gly-CI-Sil.@cot-
ton/Zn0O materials for polluted water samples against fecal coli-
form, mostly E. coli, are given in Table 3 and Figure 6. The results
showed approximately 100% removal of fecal coliform and E. coli
from both water samples treated with Gly-CI-Sil.@cotton (Figure
6a) and treated with Gly-Cl-Sil.@cotton/ZnO (Figure 6b). The con-
trol sample of parent material Gly-Sil.@cotton (Figure 6¢) showed
that growth of fecal coliform (blue colonies) and they were not af-
fected by Gly-Sil. @cotton. The result indicates that both materials,
Gly-Cl-Sil.@cotton and Gly-Cl-Sil.@cotton/ZnO, have strong disin-

fection effect on fecal coliform and E. coli.

The antimicrobial effect of Gly-Cl-Sil.@cotton and Gly-Cl-Sil.@cot-
ton/Zn0O materials was also examined on Pseudomonas aeruginosa
by using McConkey agar (Figure 7). Samples treated by Gly-Cl-Sil. @
cotton (Figure 7a) and treated with Gly-Cl-Sil. @cotton/ZnO (Figure
7b) were shown complete elimination of Pseudomonas aeruginosa.
The sample in Figure 7c represents the control sample of contami-
nated water with only Gly-Sil.@cotton. The result shows growth of
bacteria colonies on the control plate.

Oxidase test was conducted to validate the presence of Pseudomo-
nas aeruginosa bacteria on the McConkey agar samples. The result
shows a development of blue color when colonies were checked by

oxidase test (Figure 8).

Synthesized Gly-Cl-Sil.@cotton and Gly-Cl-Sil.@cotton/Zn0O ma-
terials were shown the ability to inhibit growth of fecal coliform,
mostly E. coli, and Pseudomonas aeruginosa and have potential to

be used as antibacterial agents.
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N-halamine The inhibition rate %
Gly-Cl-Sil. @cotton 100
Gly-CI-Sil. @cotton/Zn0O 100

Table 3: Inhibition rate (%) of Gly-CI-Sil. @cotton
and Gly-CI-Sil. @cotton/Zn0O materials.

(b) . ©

Figure 6: Antimicrobial tests of, (a) Gly-CI-Sil. @cotton sample
(b) Gly-CI-Sil. @cotton/Zn0O sample (c) control sample only
Gly-Sil. @cotton.

Figure 7: Antimicrobial test of (a) Gly-CI-Sil. @cotton sample
(b) Gly-Cl-Sil. @cotton/ZnO sample (c) Control sample only
Gly-Sil. @cotton.

Figure 8: Oxidase test: Blue color developed when

checked the colonies by oxidase disks.

Conclusions

Two functionalities, the N-halamine glycinate and ZnO-NPs were
successfully impregnated onto the surface of cotton fibers. The func-
tionalized 3-glycinepropyltrimethoxysilane was prepared by reflux
of 3-(aminopropyl) triethoxysilane (APTES) with ethylmonochlo-
roacetate and subsequently coated onto cotton or cotton/ZnO-NPs
fibers via Cur-Pad-Dry method. N-halamine glycinate coated cotton
or coated cotton/Zn0O-NPs were obtained by treatment 3-glycinate-
functionalized silane coated cotton or cotton/ZnO-NPs with dilut-
ed sodium hypochlorite. TGA results functionalized materials com-
pared with that of free cotton, reveals that 14% weight percent of
glycinate and 11 % weight of ZnO-NPs were coated onto cotton fab-
rics. The antibacterial activity against fecal coliform, mostly E. coli,
and Pseudomonas aeruginosa for both coated cotton and cotton/
Zn0O-NPs samples were showing promising result as disinfection
materials. In this study, the cotton substrate was coated with two
different antibacterial coatings on its surface, N-halamine-glycinate
and ZnO-NPs cites. The presence of the two different centers could
increasing antibacterial activity could helped to prevent the prob-
lem of antibacterial activity failure. This is based on the presence
of a synergistic antibacterial strategy of using two antimicrobial

agents.
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