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ABSTRACT

In this research, polyelectrolyte multilayers (PEM) thin films are proposed to be used as a coating on the
surface of surgical suture. The PEM coating was loaded with curcumin drug. Modified MWCNTS and
silver nanoparticles were used as the drug template. The formation of prepared film was confirmed using
UV-visible spectrophotometer. Results showed that PEM had highest surface coverage on surgical suture
probably because of a good bonding candidate and insure strong film growth. The antimicrobial activity of
PEM were tested against gram positive pathogen Staphylocaccus aureus ( . aureus), Bacillus subtilis (B.
subtilis) and gram negative pathogen Escherichia coli (E. coli). The deposition of curcumin drug on

modified MWCNTS and silver nanoparticles resulted in high efficiency of bacteria removal.

Keywaords : Carbon nanotube, silver nanoparticles, antimicrobial
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Surgical sutures
diagram

Suture material Polyﬁlypollc acid  Catgut Catqut Polypropylene
Suture technology \S?/nt gtic Chromic Plain Monofilament
Suture color lolet Brown orgreen - Milk-white — Blue

Suture: code PGA ce cP PP

Surgical sutures 1

diagram
Suture material  Polyester Sk Nylon ssttggl]l/?nsﬁe
Suture technology  Braicled Braided Monofilament  Monofilament

Suture color White orgreen  Black orblue ~ Black orblue  silvered
Suture code PB S

12



Staphylococcus  aureus, Staphylocaccus —epidermidis,

Staphylococcus haemolyticus [1]
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4.1 Transmission electron microscopic image of MWCNTSs (baytubes C 150 p, outer diameter
distribution 5-20 nm and length - >10 um)

411
, Dispersion of Multiwall Carbon Nanotubes with Poly(diallydimethyl ammonium chloride,
PDADMAC)
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4.9 TEM micrograph of MWCMTs dispersed in PDADMAC (a) scale bar 50 nm, (b) scale bar 20
nm and (c) scale bar 7 nm,
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Abstract, Silver napoparticles was successfully. synthesized by the exposure of silver nitrate
solution to the hlg,h, Intensity ultraviolet source \ith an addition of polé/(acryllc acid, sodium sal),
(PAA) as the stabilizing a%ent. The silver nanoparticles were displayed a dark blue color which
maximum absorbance at 784 mil. The average size and surface charges of PAA stabilized silver
nanoPartches (?t EH? were 81.62 nm and -14:32 mV/, respe tlvelg. Upan the addition of iammonla
solutlon, the aark blue color of stlver nanc%partlcles were changéd to light green and yellow. The
detection of ammonia concentration using PAA stabilized silver nanoparticles has been responded
t(i 1-80 ppm. The PAA stabilized silver nanoparticles, blue. solution are. romlslng fo be an
alternative method for colorimetric detection of ammonia in environmental or industrial Section.

Introduction

One of the area in nanotechnology which has received a lot of interest concerns. the design of
sen?ors for detectlng biomalecules, ollutan#s, and other chemicals. Among the chemicals for which
anagsm IS needed, mmonlaresd %J S are o lwp?rtance due to thelrhlgh oxicity and tne risk they
present for the environment and for human nealth. The recent aavanced In fabrication ammonia
sensors technology have led to reduction in size of devices by incorporating nanomaterials such as
metal-oxide M and orgamc_conductm%gollymer Lz & the sensmﬁ layer to achieve the reco?muon
toward ammonia_concentration. Nanomaterial can be used as sensor based on different detection
principles [3]. The most commonly used takes advantage of the change in conductivity of
nanomaterials sensmg Ia%eru on adsorﬁtlon of atarget malecule. For the d(itectlon of ammonia In
solution, optical sensor based spectropnotrometric method have been developed. Although many
other options exist, th?, oept|cal method is ve%mterestlng because it can be easily miniaturized and
Interface with optical fiber for airect measurement. , 74

Silver nanoparticles have attracted Interest from the medical and chemical industry due to the
unique optical, electrical and antimicrobial properties, Silver nanoparticles are widely. used in
numerous products, contammP textiles, sensor, personal care products, food storaPe containers and
home appliances [4], Normally, there are several methods for the synthesis of silver nanoparticles
such as chemical reduction, gas condensation, laser irradiation and sonochemical deposition LS],
According to several methods, the chemical reduction method Is widely used, according to the
production of nanoparticles without aggre ation, high yield and low preparation cost [s]. Generally,
silver nanoparticles synthesis required reducing agents such as sodium horohyaride (7], h;{drazme
0r organic compouns [sl_WhICh can be correlated with environment toxicity and bio ogilca hazard
[9), However, an alterniative of green chemistry to the synthesis of silver nano?amc es become
more attractive due to the increasing demand for safe and eco-friendly use. Recently, more studied
have focused on the gireen synthesis of silver nanoparticles via UV irrddiation method, hi this work,

we have prepared silver nanoparticles using a low cost photo-reduction-green synthesis of silver

il i n;snreelse(rl\sedlﬁlimﬁ%rhgffﬁg}fg}ﬁgﬂ. hiscp‘la(;;irs)may be reproduced or transmittec  any form or by any means without the Written permission of TTP,
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nitrate solution in the dilute solution of polyelectrolyte, poly(acrylic acid), Characterizations of the
as-synthesis silver lianoparticles caj%Eed AA were achieved by various techniques such as
Transmission Electron Microscopy (TEM), UV-Visible absoiption microscopy, Fourier transform
infrared ,sPectroscop¥> (FTIR) and Zetapotential. The ammonia sensing properties of silver
nanoparticles capped PAA were investigated.

Experimental

Chemicals. Silver nitrate (AgNOia,_pon(ecryhc acid sodium_ salt |$PAA molecular weight =
5100) were purchased from Aldrich, " Thailand. Acetic acid (CH:COOH), sodium aCetate
gngs, OONa.3H Og and 30 % am_m?nla sglutlon were purchased from Carlo, ERBA. All of above
entigned reagents were analytical grade and uged as recelved without further purification,
Delonlzedtvlvater was generated by a Millipore Q water purification system and used in all
experimental.

pP,hoto reduction of silver nanoparticles capped poly(acrylic acid). Silver nanoparticles
stabilized by polyanjonic polymers, poly(acrylic “acid sodium- salt, PAA) was prepared by the
reduction of sijver nltrage in short wa elerf]gltp ultraviolet |8ht (280 - 10 nm} he iyn][hems of
silver nanopaticles can be summarized as follow:_5 ..M. of PAA was mixed with 25 mFof 10 mM
AFNOS In" UmM acetic acetate buffer pH 4.75. The mixture solutions were exposed.in UV light.
Allquots were taken at different time mter_vali to monitor the growth ofthe particles. The solutions
were kept at room temperatFre and stored in Closed conainey. =™

.Characterization of silver nanoparticles capped polyﬂacryhc acid). Genesys 10s Thermo
scientific UV-Vis, was used for the at%sog)tlon measurement of silver ngnogartlc sc?pﬁed with
AA"In the 300 - 900 nm wavelengtn range which Includes the absor ane;fea of tne silver
nanoparticles centered at 784 nm. Atransmission electron microscope model Jeol JEM 100SX was
used to analyze the gar icles size and morpholo 8f freshlx Rre ared silver nanoparticles. The
samgles were prepﬁrd gglacmg a drop of difttea silver hanoparticles on a copper grid. The
surface charges ofthe nanoparticles rvas measurea by Zetasizer NanoZS (Malvern).

Results and Discussion

Silver nanoparticles were prepared by mixing polyelectrolyte, poly(acrylic acid sodium salf, PAA
In silver nitrate solution b@ ?justt e pH 0? t%e %O|U’[I0_n>{t0_ f75¥85|n)(<;/acet|c-acetate bufrter. Thg
reduction of stlver 1gns was acriieved uncer exposure to h|%,h intensity UV-light. In orderto evaluate
ability of PAA-stabilized silver nanoparn%les formation, |m_e? of UV lam ev>\<}Josure were varied
from”5-70 min. As shown in Figure 1 the silver nanoparticles suspensiop were showed arastic
color change form colorless to Dlue according to the reaction time under UV exposure, The
stabilization, PAA is needed to é)revent the growth ofthe nanoparticles. This pr_OfESS oceurs during
the formation of the nanoparticles when a capping agent adsorbs atthe nanoparticles surface.

Interestingly, the PAA-stabilized silver nanof)artmles showed the maximum absorbance peak, at
784 mil with @ dark blue color suspension while the common silver nanoparticles synthesized by
chemical reduction were a XeAHOW s,u,spensl?n with an absorbance maximym at 400 nm [10], The
different characteristic of PAA-stahilizeq silver nanoparticles were due to mcomPIeteness of silver
lons reduction which disturb the dielectric surrounding medium of the nanoparticles. The excesses-
unreacted of the silver jon can_Interact with the carboxylic groups of PAA on the surface of
nanoparticles to form Ag#COQ‘, The complex formation displaces the water molecules and
modifies the dielectric constant of the medium that surrounds the surface of nanoparticles E 1]

The resultin suapensmn of PAA-stahilizeq silver nanoparticles were displayed a dark blug color
which less hydrated and less polar surrounding medium. Normally, the color of colloidal silver
nanoparticles” is attributable to the so-called |ocalized surface Plasmon resonance (LSPR) which
arises from the coupled oscillation of tire conduction electron in the silver nanoparticles induced by
the |Iﬂht electric field [12], ~ addition, the position, shape and intensity of the LSPR can indicate
morphology, dielectric”constant of the environmental and inter-particlé coupling. Gennerally, the
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stability of collpidal silver nanoparticles is determined by the sum of attractive-Van Der Waal
forces and repulsive-electrostatic forces which particles experience as they approach one another
&13],_ Theoretical, nanoparticles whose zeta potential of more than approximately + 30 mV are
0n3|derted tc[)13b]e stable due to electrostatic repulsion of the surface charge preventing particles
aggregation [13].

veleiillli ]

Fig. 1UV-Visible absorption spectra and the representative gigital images of silver nanoparticles
stabilized PAA at different uv exposure times (0-70 min).

0

Fig. 2 Zeta potential of silver nanoparticles stabilized PAA by varying the pH of from 3-10.

Acco_rdin? to results, zeta potential of PAA stahilized silver nanoparticles at different pH after
preparation 1week storage was shown in Figure 2 The zeta potential was found nearly -11 mV o -
17 mV when ﬁftj#st.the Jilp Lrom 3-10. Thf. zeAa ﬁotentlal was slightl mcreas%j to %ver Ilhan -30
mV, $0 It cou elmi)lledt at PAA-stabilized silver nanoparticles seemed to be stable. The zeta
Potentla,l of nanoparticles were indicated die surface charge of the nanoPartches which depends on
h&gartlcl,es, composition and the displace medium. The négative zeta go ential values are due to the
PAA stabilizer which confirm the silver nanoparticles synthesis. The lower zeta potential for pH
values of 3to 4 s the result of charges In die degree of ionization of carboxylic groups of PAA, On
the other hand, the zeta potential of pH 5-10 was found to stable due to complete Tonization of PAA.

41



228 Advanced Materials Research V
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Fig. 3 FTIR spectra of pure PAA (a) and silver nanoparticles stabilized PAA (b).

To further confirm PAA-stabilized silver nano?artlcles FTIR was used to anal%zed the organic
functlonaIA%(o%ps of silver nanaparticles after synthesis, These were compared to the FTIR spectra
ot pure PAA, Figure 3a. The FTIR spectrum of PAA shows a characteristic peak &t 1457 cm*Land
1267 cm"“Lfor thé symmetric and anti symmetric vibration of -COO" groups, respectively. The peak
at 1712 omf'"Land 3426 ¢m'L are attributed to stretchlnﬁ vibratjonof free carbonyl groups and
stretching vibration ofh droxgll groug, refpectlvelg. All (i aracteristic of gur,e PAA can be_observed
In the FTIR spectra of PAA-stabilized silver nanoparticles as can be seen in Figure 3b. The main
characteristic - absorption tpeak of -CO0" rouP are_visible at 1453 om'l and 1381 cm’l
demonstrating the complete capping of nanoparticles. The moiphology of PAA-stanilized silver
nanoparticles were observed by transmission electron microscopy (TEM) and pictures are shown in
Figure 4 The TEM pictures show that the elomﬂz%ted, shape“about 81.62 nm In diameter and
appeared rather spherical in shape are obtaineg. The size of PAA-stabilized silver nanoparticles
appear large when compared with data reported by other groups using chemical reduction fashion,
Lel  andteam [14], who reported the particles Size of about 85 nm when using, PAA-stabilized
silver nanaparticles. They also reported that the particles size increased with increasing Stlver nitrate
concentration by fixing PAA conCentration.

Fig. 4 TEMimages of silver nanoparticles stabilized PAA at different magnitude.

Since this work concern the preparation of silver nanoparticles for ammonia sensing gﬁglication,
changes in optical properties of silver nanoparticles were evaluated by mixing the hanoparticles
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solution with varjous ammonia concentration. Shown in Flgure 5 is the chan%e in absorhance of
PAA-stabylizeq silver nano(g)artlcles solution as the function fammonla],c nceritration. The picture
In cartouche displays the cdrresponding color change from dark blue to light green and yellow with
Increasing, ammonia concentration from 5 to 80 ppm. It can be seen that & the concentration in
ammonia increase, the peak located at 784 nm decreases and anew peak appears at 425 nm. This is
probably due to the association of ammaonia with excess silver ions to form Ag(N Hs%Z' coordination
complex [15!, The LSPR spectral shift is usually explained by a combination of changes in inter-
particles distance and dielectric constant of the su,rroundlng, medium. The Ag(NHs)2+ complex
Increases the surface charge of particles and lead to increase die repulsion between the particles as
well as increase the water content in the_surroundlnﬁ_of the particles. Therefore, this results is more
hydrophilic and isolated the particles which a blue shift spectrum [15].

SVavdMigfli, tun

Fig. 5 The changes in color and UV-Visible sgectra upon increasing concentrations of
ammonia, 0-80 ppm.

Conclusions

Inthis study, aone step UV-assisted sa/,nthems of silver nanoparticles was develo,Fe,d. The presented
results snow that poly(acrylic acid sodium salt) can be regarged as a goo,d, stabilizing agent for. the
preparation of silver hanoparticles. The dark blue color of PAA-stabilized silver” nanoparticles
display the char_?cterlsuc SPR located at 784 nm which is a new 5|?natur of the successful
preparation of silver nanoparticles. The particle size of silver nanoparticles ootaned from TEM
were 81.62 nm. The (iolor of the PAA-sga_ ilized silver nanoparticles were changed from dark blue
to light green and yellow when add the different concentration of ammonia from 5 to 80, pom. The
color and Wavelengfh shifts might arise from Ag(NH32* coordination complex I_eadm([] to the
apsence of excess ?+ In the syStem. PAA-stabilized silver nanoparticles are promising o be an
alternative method fof detection 0t ammonia in real samples.
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\  Fabrication of Multi-Walled Carbon Nanotubes/AIPinic acid Thin Films Using
\ Laver-by-Layer Deposition Technique For ‘Transdermal Drug Delivery
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Alistlact. The Lnycr-by-Layer (LbL) lieposition technique Mes, used lo prepare composite thill niins IIf cationic multi-walkd carbon nanotubes Sind

anionic alginic acid. C'sitioilic innlti-walk'd ctiromi nanntnhes

nonic. ! ! romi naf prepare
timniniiinni chlorldeR. The multilayer composite thill films were constructed

hﬁ/ dispersion of multiWilli mrhfin [Uinofnhes with poly(dially dimethyl
y alternate deposition of each anionic and cationic polyelectrnlytes.

Tills technique was found to be very interesting for the fahrication of thin carbon nanotubes films of controlled composition and architecture. The
composite assembly of polyelectrolyte capped CMT and alginic acid appear to be a promising method for the fabrication of composite film for

truiLsdeniial drug deliveryl

Introduction. Tissue or blood vessel that have been rill during surgery
or accident are usuaIIK reconnected using surgical sutures. Although the
procedme Is simple, the quallt_Y of the suture will influence the reeoveiy
time, and the appearance of tile scar left (tile skin. Often, within the
few days after sur%ery, the sutured wound tend to swell due to
inflammation and Dbartenal inferlion. The surgical suture itself is
responsible for the infection because it absorbs the extra-cellular liquid
and offer a very good bleeding ground for tile proliferation of bacteria.
The proposed treatment is often based on antibiotics taken orally as well
as anti inflammatory. The solution would be to fabricate surgical suture
coated with dings such as anil-microhial or anti inflammatory to
prevent infection and swelling of the wound. Although the conceEt is
simple, the challenge remains tile coating of the drug and their
immobilization on the surgical suture surface for delivery aonce
implanted. '

Carbon mmolufars (CNTs) are \_/erY prevalent in today's world of
medical research and are heing_highly ivsearched in the fields of
efficient drug delivery and biosensing methods for disease treatment and
health monitoring. c'arbon lianotube technology has shown to have the
potential to alter ding deliveiy suid bioseirsing methods for the better,
and thus, carhon nanotubes have recently garnered. interest in the field
of medicine. Tile use of CNTs in drug delivery and liioseusing trriuiolngy
has the potential to rcvoluticnializr medicine.

K\perillieufill. )
|~ Dispersion ~ of  multi-walled _carbon  nanotubes
poly(diallydimethyl amiiinniiun cldoiide), PDADMAC

with

According to the van del waals force hetween nanotubes surface,
curbrill nanotubes trend to agg_re%ate to each other M5 a bundle.
Therefore, Ibis major pmhleni lead carbon nanotubes bardlk/|
d|sEersed in-any kind of solvent and induced the next problem whic

huu to disperse carbon nanotubes before belng_ used in any
application. There are two main approaches for mo |fr|ng carbon
nanotubes surface which are noncovalent and covalent surface
modification. ~ these exFerimems. PDADMAC was used to disperse
MVVCNTs by noncovalent surface modification based on the
interaction ns w1din phobic.

Bundle MWCNTis with PDADMAC

2, Layer;bﬁ-la_yer self assembly of MWCNTs dispersed with
poly(diallyditnetin| anmmIlium cldoiide) i alginic arid.

MWCNTs dispersed ~ Alginlc add
wilh PDADMAC MWCNTs.FDADMAC)!

ALt L Sime e ain (lime

Results ami Discussion. _ .
Dispersion of Mnlthvall Carbon INanotuhes with Poly(diallydimethyl
aiimioniiun cldoiide)

Fig L Kited of PDADMAC unitMiItalian 0f0,0.01. 0.05.0.1_.Q‘2,0_3,1.%ami 30mM( the
dispersion of MWCNTS.  ») graph show the TFM" mterngiiph (it MWCY[Ts dispersed li
PDAIIMACscalebar 50 uni ‘nil 100 mil.

1alyer hi/-lav_er, (LIiL) self assembly of MWCTVTs dispersed with
polyldiatlydlinelliy lananonimit chloride) / alginic acid

15

QErzir4se? KV'ﬁ)atrln%%Irg H&P 1617 1H W 2021 22233425

WNFFIS%D%DW&I}&TE%EiIllclgbsorbance of Layer-by-layer sell assembly of

51‘?53 f&%l*(cl%ts((lg%h%m a)§é|';’SDADMAC if Alginic acid multilayer thin film,
CiinclusitilL MWCNTs poIKeledrolyte can be used tortile preparation
of composite thill films by the layer-by-layer self assemblﬁ technigue m
an aqueous media. This iS very general and powerful technique for the
fabrication of thill carbon liallntubes films ofarbltrarz composition and
architecture. Tile charge com?ensation,ill_these MWCNTs multilayer is
intrinsic, which shows that the cielirastatic interaction mainly
responsible for tile muIIiIagler buildup. The thill MWCNTS rouiliosite
films could be used as transdemial drug delivery template.
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