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PVC panel

Notwithstanding the indefatigable endeavor to explore antibacterial drugs and
agents, achieving improved antibacterial properties and minimizing hazardous
matters has always been challenging. Garlic extract was utilized to reduce and dope
graphene oxide simultaneously, considering the astonishing antibacterial
characteristics of garlic extract instead of using dangerous reducing agents. A
hydrothermal method was used to reduce/ dope graphene oxide. Copper cations were
also loaded on the graphene oxide nanosheets doped with garlic extract. The
successful synthesis of the products was confirmed by Fourier transform infrared
spectroscopy. X-ray photoelectron spectroscopy was used to affirm the doping of
graphene oxide using garlic extract. Furthermore, according to the results obtained
from X-ray photoelectron spectroscopy, the atomic percentage of S and N elements
was 1.4 % and 1 %, respectively. The result revealed that double-doped graphene
oxide in water base acrylic coating on PVC panels showed a 100 percent decrease in
the growth of bacteria after 6 hours.
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6- Akhavan

7- Gurunathan

8- Dithiothreitol

9- Cell viability

10- Reactive oxygen species (ROS)
11- Hydrothermal
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1- Implants

2- Antibacterial agent release

3- Contact-killing

4- Anti-adhesion/bacteria-repelling
5- Biofilm
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Figure 1: The prepared garlic powder (left), aqueous extract of garlic (middle) and garlic extract powder (right).
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1- Fourier transform infrared spectroscopy (FTIR)

2- X-ray photoelectron spectroscopy (XPS)

3- Field emission scanning electron microscope (FESEM)
4- Energy Dispersive X-Ray Spectroscopy (EDX)

5- Thermogravimetric analysis (TGA)

6- Bioactive
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Figure 2: Chemical structures of some organosulfur compounds in garlic.

\WWY-AAE Y(\EN) V7 /55) 609U 9 pgle (ole &g uiss



=S oo YKL 9 yuw o pbac b acliao owkﬁgNTcél)fWI}Ih»/ Ued 9 3 J5 0 )85 19315 45T 0 3uaww

\ fﬁ " fﬁ f W~V VA J \ [ ‘”&m ii’ﬂﬁ‘ixﬂﬁ
Y f " / i
v \ / M}
- “.J
X N/
| P — - e
A \ o0 Ty e ) —cu@GGo
= ' ’ - . == GGO
’; A} ’ ~
: Y e [ eeseses (lﬁ
= N it = =GO
= " N %
= " Fa ’
@ g i
Z e ol
- ot . :
= O
) i
&g | e 4
oo om ey S - NN I.- \_\'/
\ o (R
\ Pl
\ 7
\./
T T T T T * T
4000 3500 3000 2500 1500 1000 500

Wavenumber (cm™)
Cu@GGO 5 GGO Ge GO sladises FTIR slacal :¥ &
Figure 3: FTIR spectra of GO. Ge, GGO and Cu@GGO.

55 2P cisls dasign 385 b)) skate 4 immen 5 coliiul
ol S XPS il ceslons a5 F S 45 55 d5ges ol N 1S
Jdow Gan b caslonss 0 (F JS2) S 2p cals 1o )0 diges
GlacSy wloads (5l Y SSw b slacieb o Sy e
= Ol Stz A A Sy e sSUIVFALY 9 VRO, o Ay
s ~C-S0X-C (X=F-Y) 5 5925 5,555 S 2p12 ey Jliss 5!
Loyl sgs o ool

Slacasdse o0l iln Sy N 1s b )5 izes
Comd (8,5 5 (Sl 3oy & S5 gy FHLE 5 TAAA
dib jl g P polic jl plaS e (ol asys YY) Wgs o sols
Cewloals &1V Jga> 0 XPS

S5 0 odalin sna> sl Sy CU@GGO diges ol 4o
Aga 4 45 0,5 o)Ll BOAYA Sy jeam 4 lg o alex 5l aS
o899 ;0 o ,mlls slacSy [YV] 55 o ools cos CU-O
oizmen [YA] Ctl CU-O-H lasign g2y cde @y Foemtene
o by pe aiges ;3 C-0 g (2t 4 b o Sy bl
obee S e a0 VL (2o lasas Cows 4, CU@GGO
Lval 05 oo 00ls s o 2enSTL o Lisl (31,5 0S|

oSl ¢y 03975 98  awiinb 9031 gl Y)Y
et 3 (GBO) (olo 3 a3 50 00t ags Jpamo b3l sl
Sl 09785558 (miminls Ggajl I Cilie olic duoys

GGO wigei ;0 35250 polie oil a0 ) Jgo
Tabel 1: Atomic percentage of the elements available in GGO sample.

Atom percentage (at %)

\WWY-AAE XY(E) V7 /55) 609U 9 pgle (ole ag yuiss

1 YA



A

w8l oo SLRYINL 9 yuw o plac b acbido owkﬁqNToél)fWI}iim/ O 9 335 0 )85 19315451 0 3w

b = 165.1eV 12000 e = 3998 eV
— e [66.2eV 10000 = = 4014eV
o= 168.2 ¢V 3 Cumulative fit peak
Cumulative fitpeak £ 8000 Nls spectra
S 2p spectra é 6000 "
2 E 4000 ; l\
= : <
g 7 Ta 1 L2000 s g \
Z WYY = [
w '1 0 ¢ . - - T n | *
5 / o 0 200 400 o600 800 1000 | / \ \
- . \ Binding Energy (eV) = ' i
= . 0 a / AN
o' ‘){} e --——‘4 - . ‘\\“b--—n
-tl-r-/— —“-—-—- - (.- : -.*'-
[ E N B B I R R E— 7 T % T T -7 T F
163 164 165 166 167 168 169 170 171 172 386 388 390 392 394 396 398 400 402 40

Binding Energy (eV) Binding Energy (eV)

el 00 7,0 82p b &y bgy o S JS s j0 IS 1050 (GGO diges N1 5 S2p loges :F JSC&
Figure 4: S2p and N1s high-resolution spectra of GGO sample, XPS survey is inserted in S2p spectra

loaiges EDX LT molis ¥ Jguo
Table 2: The results of EDX analysis of the samples.

W% Elt W% Elt W% Elt
13.98 Carbon 49.17 Carbon
4211 Carbon

36.00 Oxygen 35.10 Oxygen
571 Nitrogen 5.32 Nitrogen
17.87 Sulfur 57.89 Oxygen

10.41 Sulfur
26.43 Copper

S35 2 e pais (55 ,L a3 Bk 5l ogh oo saalie GGO
Cwlodds Slto Sleoss JuSis 4 e GGO diges

39 )5 43 y9e3l s ~Fo)Y
al> o ol oo eols lis £ USE [0 Sisle,S 4 (g0 @l
e e a0l F il az 0 Ve e sles U GO digad (59 LialS
SalS a8 ke ail o Hlsle 5o 0olidl plo 4 Ol slo J5SUse
Ol S polie cde 4 GO aiges b auslie ;0 GGO diges 39
dged pgd ad>po (359 AL aBl ge wige (nl JBSLe 10 392
ayaS a8l o slasl ol F il 4z s YYo=V - v oogase 0 GO
5ol [YF] sgi oo 0ls cns oy ST ole slaog 8 i
oo‘o;').{_.m}u_.}.g; sl )Jj).u AJGGO Agod Pgw ¢\l>).o 09

Sy s

FomnS Sinagy (59 S rgSamg ySo (3903 gl Y)Y
ol 9y $5 51 G (bl (Slae
emmad g 99z g0 polic dadigel mlhaw wlilisy ) ow)p lp

0 ool wl FESEM/ EDX/ map g5l 51 yolic 595 (s0g920
;5 4 CU@GGO 4 GGO GO (slwaises FESEM / map gl
EDX gl .cwloabools liic gb @ cwoud O IS5 jo
odplice pgai ;o aS AeSlen .Cuwl ool 1,1 Y Jauz jo laaiged
JCE RO U NE A NI JC WK JCT RS PN
diged y By, Olyds Glisle I G3eST 295 5 ole)S a2
bl Jdo a3,k 5 IVF] el sgpie (0 cand) GGO
Gl S5y 5 Slko (KA (8,5 5o glojen
918 oMol 5150 imen [¥O] 095 o canlice 15T )10 aVou>
gl )3 (e 9 9595 polie 5l (el BB @i s ojlac b

\WWY-AAE Y(\EN) V7 /55) 609U 9 pgle (ole &g uiss



=S oo YKL 9 yuw o pbac b acliao o..\a“»,_)igNTOél)féﬁqu}Ih»/ Ued 9 3 J5 0 )85 19315 45T 0 3uaww 1A

Sulfur _

.CU@GGO (¢ § GGO (b GO (a :laaiges Map ;LT gulis 9 FESEM yqlas 10 JSio
Figure 5: FESEM micrographs and the correspoding results of map analysis of the samples: a) GO, b) GGO and ¢) Cu@GGO.
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Figure 6: The diagram of thermogravimetric analysis of GO, GGO and Cu@GGO.
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Table 3: Visual evaluation of the samples’ antibacterial test.

Viable Cell Count
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Tabel 4: The results extracted from antibacterial test

Strain: S. aureus

. . Logarithmic Viable - Logarithmic Viable . Logarithmic
2 Viable Count Reduction - Reduction ; Reduction -
= Reduction Count Reduction Count Reduction
= CFU/mI Percentage Percentage Percentage
= ( ) 9 (Log)  (CFUImI) g (Log)  (CFU/mI) 9 (Logro)
1hr 1x10° - - 5x10* 50 0.301 2x10* 80 0.699
6 hr 1x10° - - 1x10* 90 1 <10 >99.9 >4
24 hr 1x10° - - <20 >99.9 >3.699 <10 >99.9 >4
Strain: E. Coli
Blank GGO Cu@GGO
@ 8 8 Logarithmic Viable 8 Logarithmic Viable . Logarithmic
E V;fébFltEJ/Cn(:IL;nt Eeer?:gg?aoré Reductio Count Eei?:gg?aone Reduction Count F?eiigg?aor:a Reduction
= 9 (Logy) (CFU/ml) 9 (Log)  (CFU/mI) g (Logso)
1hr 1x10° - - 9x10* 10 0.046 9x10* 10 0.046
6 hr 1x10° - - 2x10% 80 0.699 <10 >99.9 >4
24 hr 1x10° - - <50 >99.9 >3.301 <10 >99.9 >4
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Figure 7: Schematic illustration of the bacteria general structure and the distinction between Gram positive and Gram-negative bacteria.
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1- Reactive sulfur species (RSS)
2- Membrane stress

3- Oxidative stress

4- Photothermal reaction

5- Coverage and isolation
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