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Abstract—Metal/metal oxide nanostructures based reduced graphene oxide (LrGO-Ag, LrGO-Cu,0, LrGO-Ag-Cu,0)
nanocomposites were obtained via green method using Cetraria islandica (L.) Ach. lichen extract. Fourier transform
infrared (FTIR) spectroscopy, transmission electron microscopy (TEM), scanning electron microscope energy-dispersive
X-ray spectroscopy (SEM-EDX), ultraviolet-visible (UV-Vis) spectroscopy, X-ray diffraction (XRD) and X-ray photo-
electron spectroscopy (XPS) were performed to analyze the prepared nanostructures. The results indicated that the
nanocomposites were synthesized effectively and Ag-Cu,O nanoparticles with the mean diameter of 27 nm were well
dispersed on the LrGO. The conversion of methylene blue (MB) to Leuco Methylene Blue (LMB) and 4-Nitrophenol (4-
NP) to 4-Aminophenol (4-AP) was performed by biosynthesized catalysts in the presence of NaBH,. The reaction rate of
LrGO-Ag-Cu,0 nanocomposite during 4-NP and MB reduction was found as 0.0026 s * and 0.0497 s ', respectively. The
LrGO-Ag-Cu,0O nanocomposite showed superior catalytic performance for the reduction of both textile dyes.

Keywords: Metal/Metal Oxide Nanostructures, Reduced Graphene Oxide (rGO), Cetraria islandica (L.) Ach. Extract,

Green Synthesis, Catalytic Reduction

INTRODUCTION

Water pollution caused by textile dyes is an important problem
worldwide [1]. Several methods, such as biodegradation [2], chemi-
cal and electrochemical oxidation [3], chemical coagulation [4],
membrane filtration [5], and adsorption [6] can be used to remove
dyes from water. However, these methods have some drawbacks
like high cost, the phase change of pollution, and excess sludge. To
overcome these drawbacks, catalytic reduction of dyes with metal
nanoparticles (Ag, Cu, Ni, Au...) is suggested as an effective alter-
native method [7-9]. Metal nanoparticles (MNPs) exhibit superior
optic, electronic and magnetic properties different from their bulk
structures. On the other hand, metal-metal oxide nanoparticles have
favorable attributes by the reason of the synergistic effects of the
components [10,11]. Cu,O is a p-type semiconductor metal oxide
which has drawn considerable interest due to its catalytic, optical
and electronic properties. It has low toxicity, low-cost, and abun-
dance [12-14]. Especially, because of being inexpensive and suit-
able for large scale production, Cu,O is a promising alternative to
expensive rare metal nanoparticles (Pt, Au, Ag and Pd) towards
catalytic applications [15]. On the other hand, previous researches
have exhibited nanocomposites of Cu,O-noble metal nanoparticles
(Pd, Ag, Au and Pt) [12,16-18] and Cu,O-carbonaceous structures
reduced graphene oxide [13,15,19], amine-functionalized graphite
[20] and cubic ordered mesoporous carbon [21] which have excellent
catalytic properties. Sol-gel, chemical and electrochemical reduction,
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chemical precipitation, micro emulsion, pyrolysis and solvother-
mal methods for the synthesis of metal/metal oxide nanoparticles
are expensive and include toxic chemicals. Therefore, researchers
have focused on green synthesis methods that are non-toxic, low-
cost and environmentally friendly. Lichen extract mediated syn-
thesis is one of the green synthesis methods [22-26]. Lichens are a
symbiotic relationship of photobionts and mycobionts. Cetraria
islandica (L.) Ach. which is a widespread lichen type especially in
the Northern European countries and also Central Anatolia of
Turkey, including - isolichenan polysaccharides and lichesterinic
acid - protolichesterinic acid - roccellaric acid - fumarprotocetraric
acid - protocetraric acid secondary metabolites [27-30].

Metal nanostructures can be utilized as catalysts by synthesiz-
ing a nanocomposite with graphene or graphene based structures
like graphene oxide (GO) and reduced graphene oxide (rGO).

Graphene is a two-dimensional material composed of sp> hybrid-
ized carbon atoms with high specific surface area, high crystallinity
and electronic property. This superior material and its derivatives
possess wide application areas like batteries, supercapacitors, drug
delivery; antibacterial and catalysis. Because of having very high sur-
face area and inert structure, rGO is a useful platform to achieve
stable metal and metal oxide nanostructures especially to enhance
catalytic activity [31-33].

A heterocyclic aromatic dye Methylene Blue (MB) and an aro-
matic nitro compound 4-Nitrophenol (4-NP) are toxic and haz-
ardous materials for environment and human health. Due to the
negative properties of these textile dyes, catalytic reduction of MB
and 4-NP has been widely investigated. Leuco Methylene Blue
(LMB) and 4-Aminophenol (4-AP) are the reduction products of
MB and 4-NP, respectively. LMB is a colorless hydrogenated mole-
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cule used in holographic industries and data recording [34] and 4-
AP can be used as an active agent to prepare antipyretic and anal-
gesic drugs [35-37].

There are several studies related to reduction of the textile dyes
by rGO based metal/metal oxide nanostructures (Ag/rGO/TiO,,
[38]; Pd/rGO/Fe;0,, [39]; Au-Cu/rGO, [40]; Ag/CuFe,O,/rGO, [41]).

In the present study, a hybrid of Cu,0 (metal oxide nanoparti-
cles), Ag (noble metal nanoparticles), and rGO was attained with a
facile, a single-step approach. GO, AgNO;, and CuSO,-5H,0 were
reduced simultaneously with C. islandica extract, which also under-
takes the stabilizing agent role. Because of being an effective reduc-
ing agent, C. islandica extract provides one-pot and simultaneous
reduction of GO and metal/metal oxide precursors, for prepara-
tion of ternary LrGO-Ag-Cu,0 nanocomposite. In addition, as an
effective stabilizing agent, C. islandica extract improves dispersibil-
ity and processability to maintain the effective surface area of the
rGO nanosheets, and coating of the surface of rGO nanosheets
homogeneously with metal/metal oxide nanoparticles [42]. Addi-
tionally, although most of the phytoextracts used in chemical reduc-
tion of GO and metal salts are only available in certain locations,
C. islandica is a lichen type available in many parts of the world
[28,43]. LrGO-Ag, LrGO-Cu,0, LrGO-Ag-Cu,O nanostructures
were synthesized with a green method using C. islandica extract
acting as both reducing and stabilizing agent. This is the first study
on the synthesis and investigation of catalytic activity of LrGO-Cu,O
and LrGO-Ag-Cu,O nanostructures obtained by lichen extract to
the best of our knowledge so far.

MATERIALS AND METHODS
1. Materials

The Lichen C. islandica was gathered in the Yaprakli, Cankur
region from Turkey. Graphite oxide with 1.5 nm thickness, 50 pm

mean diameter was provided from Grafen Chemical Industries Co.,
Turkey. Silver nitrate (AgNO;, 299.5%, Sigma Aldrich), copper (II)
sulfate pentahydrate (CuSO,-5H,0, for analysis EMSURE" ACS,
ISO, Reag. Ph Eur, Merck), sodium hydroxide (NaOH, reagent
grade >98%, Sigma), sodium borohydride (NaBH,, fine granular for
synthesis, Merck), 4-Nitrophenol (4-NP, reagent grade >98% for
synthesis, Merck), methylene blue (MB, for Reag. Ph Eur, Merck)
were used for the synthesis of nanostructures and determination
of their catalytic activities.
2. Preparation of C. islandica Extract

C. islandica was used in the synthesis of LrGO-Ag, LrGO-Cu,0,
LrGO-Ag-Cu,O nanostructures. The lichen was cleaned under a
microscope and subjected to size reduction with liquid nitrogen
prior to extraction process with ethanol.
3. Preparation of LrGO-Ag-Cu,O Nanocomposites

LrGO based nanocomposites (LrGO-Ag, LrGO-Cu,0, LrGO-Ag-
Cu,0) were prepared with simultaneous reduction of GO, CuSO,
and AgNO;. 25 mg of graphite oxide was exfoliated in 50 ml of DI
water to obtain GO dispersion by sonication for 1 h (Elmasonic S
70H, 150 W, 47 kHz). AgNO; and CuSO,-5H,0 solutions were
added to obtained dispersion (1 : 1, n/n) and the mixtures were son-
icated for another 1h. 6 ml lichen extract and 1.5 ml NaOH solu-
tion (0.5 M) were added dropwise to the above mixture at 95°C
under constant stirring and reflux. At specific time intervals, sam-
ples were analyzed by UV-Vis, thus the reaction time was deter-
mined as 2h. The solutions of LrGO based Ag-Cu,0O nanocom-
posites were filtered, washed with DI water and ethanol several times
and dried under vacuum at 60 °C. Nanomaterials containing Cu,O
were synthesized under nitrogen atmosphere.
4. Characterization of Nanostructure

The synthesized nanostructures were analyzed with Fourier-
transform infrared spectroscopy (FTIR, 8400 S Shimadzu) with a
scan interval 400 cm™ to 4,000 cm™ using KBr pressed disks, trans-
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Fig. 1. FTIR spectra of (a) Cefraria islandica (L.) Ach. extract, (b) GO, (c) LrGO, (d) LrGO-Cu,0, () LrGO-Ag and (f) LrGO-Ag-Cu,O

nanostructures.
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mission electron microscopy (TEM, FEI Tecnai G2) operating at 120
kV, scanning electron microscopy (SEM-SEM/EDX, FEI QUANTA
400F). For SEM analysis the samples were drop coated onto an Al
foil covered stub, X-ray diffraction (XRD, Rigaku Ultima-IV) with
a scanning rate 2°/min and scan interval 20° to 80°, and X-ray pho-
toelectron spectroscopy (XPS, Specs-Flex Mode). The spectra of
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LrGO-Ag, LrGO-Cu,O, LrGO-Ag-Cu,0O nanocomposites were
observed by ultraviolet-visible spectroscopy (UV-Vis, Shimadzu-
UV 1601) with a scan interval 200 nm to 900 nm at room tem-
perature.
5. Catalytic Activity Studies

The reduction of 4-NP and MB was investigated using LrGO-
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Fig. 2. UV-Vis spectra of (a) GO, LrGO (b) LrGO-Ag, LrGO-Cu,O, LrGO-Ag-Cu,O nanostructures.
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Fig. 3. SEM images of (a) LrGO-Ag, (b) LrGO-Cu,O and (c) LrGO-Ag-Cu,0 nanocomposites (d) EDX spectrum of LrGO-Ag-Cu,O nano-

composite.
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Ag, LrGO-Cu,0O, LrGO-Ag-Cu,0 nanostructures as catalysts. 4-NP
and MB solutions were prepared freshly at 9.6x10~° mM and
48x10”° mM concentrations, respectively. Excess amount of
NaBH, (0.1 M and 048 ml) was added to the dye solutions. The
final solutions (2.7 ml) were placed in a quartz cuvette and the
reduction of 4-NP and MB was observed with the addition of
0.5mg catalyst. The catalytic activity of LrGO-Ag, LrGO-Cu,0,
LrGO-Ag-Cu,0 nanocomposites was observed by UV-Vis in the
range of 200 nm to 500 nm for reduction of 4-NP and 250 nm to
750 nm for reduction of MB at room temperature.

RESULTS AND DISCUSSION

1. Characterization of Synthesized Nanostructures

FTIR spectra of the C. islandica extract, GO, LrGO, LrGO-Cu,0,
LrGO-Ag, and LrGO-Ag-Cu,O nanostructures are given in Fig.
1(a)-(e). The characteristic peaks of the C. islandica extract were
observed at 3,387 cm ' (O-H stretching vibration), 2,924 cm™' and
2,854cm™' (C-H stretching vibrations of aliphatic acids), 1,743
cm™' (C=0 chain ester vibration), 1,697 cm™' (C=O phenyl ester
vibration), 1,651 cm™' (C=0 aldehyde vibration), 1,573 cm™* (C=C
vibration), 1,450 cm™ (CH,, CH, band), 1,273 cm™ and 1,072 cm™
(C-O methyl ester vibrations) (Fig. 1(a)). The absorption bands of
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O-H stretching vibration (3,402cm™), C=O carboxyl stretching
vibration (1,720 cm™), C-OH stretching vibration (1,383 cm™), C-
O epoxy stretching vibration (1,219 cm™) and C-O alkoxy stretch-
ing (1,041 cm™") were attributed to oxygenated functional groups
of GO. The peak at 1,620cm ™ indicated skeletal vibrations of
unoxidized graphite. Decreasing of the characteristic peak intensi-
ties of the oxide groups, proved the reduction of GO to LrGO
(Fig. 1(b) and 1(c)). The presence of a peak at 617 cm™* expressed
the Cu-O stretching vibration in the structure of the LrGO-Cu,0
and LrGO-Ag-Cu,O (Fig. 1(d) and 1(f)). The results are compati-
ble with the literature [44-48].

Fig. 2 shows UV-Vis spectra of the GO and the synthesized
nanostructures by C. islandica extract. The characteristic absorption
peaks of GO at 230 nm and about 300 nm demonstrate the 7-7*
transitions of the aromatic C-C bonds and n-7* transitions of the
C=0 bonds, respectively. After the reduction of GO (LrGO), the
maximum UV-Vis absorption band of 7-7* transition redshifted
from 230 nm to 275 nm (Fig. 2(a)). It was determined that the Ag
nanoparticles had a characteristic surface plasmon resonance (SPR)
band absorption at 418 nm. In the spectrum of the simultane-
ously reduced nanostructures included GO, AgNO; and CuSO,,
the SPR band of Ag nanoparticles, absorption band of Cu,O nano-
particles, and 7=7* transition band of LrGO were observed (Fig.
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Fig. 4. (a), (b) TEM images, (c) particle size distribution of LrGO-Ag-Cu,O nanocomposite.
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2(b)). Similar results were seen in the literature [49-51]. UV-vis results
indicate the successful preparation of Cu,O and Ag nanoparticles
on LrGO nanosheets.

SEM images of LrGO-Ag, LrGO-Cu,0 and LrGO-Ag-Cu,0
nanocomposites are shown in Fig. 3(a), 3(b), and 3(c), respectively.
Nanoparticles were well dispersed on the LrGO nanosheets by the
reducing and stabilizing effect of C. islandica. The result of EDX
analysis seen in Fig. 3(d) verified the presence of Ag, Cu,0 and
LrGO nanostructures due to the existance the peaks of Ag, Cu, O
and C elements. That confirmed the prepared nanoparticles con-
sisted of Ag and Cu,O.

TEM images and the particle size distribution of LrGO-Ag-Cu,0
nanocomposites are given in Fig. 4. Combined spherical Ag and
Cu,0 nanoparticles on the LrGO achieved by the simultaneous
reduction of GO, AgNO;, and CuSO, appear clearly in Fig. 4(a)
and 4(b). The mean particle size of Ag-Cu,O nanoparticles was
determined as 27 nm from the particle size histogram having two
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Fig. 5. XRD patterns of (a) LrGO-Cu,0, (b) LrGO-Ag and (c) LrGO-
Ag-Cu,O nanocomposites.
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fractional distribution (Fig. 4(c)). Stable nanoparticles which well
scattered on the LrGO nanosheets were obtained with a narrow
particle size distribution. SEM and TEM results proved that LrGO
nanosheets are effective platforms for the preparation of stable Ag
and Cu,O nanoparticles because of their very high surface area.

Fig. 5 represents the XRD results of LrGO-Ag, LrGO-Cu,O and
LrGO-Ag-Cu,0 nanocomposites. The characteristic diffraction peak
of LrGO was seen around 23° which is close to graphite in all
three patterns that exhibit, C. islandica is an efficient agent for the
reduction of GO. The characteristic peaks at 29.6°, 36.5°, 42.2°,
61.5°, 71.6° which belong to (110), (111), (200), (220) and (311)
planes confirmed the presence of Cu,O nanoparticles (Fig. 5(a)).
In addition, Ag nanoparticles had peaks at 38.1° 44.3°, 64.4°, 77.4°
belonging to (111), (200), (220) and (311) crystal planes (Fig. 5(b)).
The characteristic peaks of Ag, Cu,O and LrGO also existed in the
XRD pattern of LrGO-Ag-Cu,O (Fig. 5(c)) [52-55].

XPS analysis was performed to determine the surface chemical
composition of ternary LrGO-Ag-Cu,0O nanocomposite. Fig. 6(a)
shows the XPS survey spectra of LrGO-Ag-Cu,O sample. XPS sur-
vey spectra of LrGO-Ag-Cu,O revealed the presence of C, O, Ag,
and Cu atoms with photoelectron peaks of C 1s (284.2eV), O 1s
(532.6eV), Ag 3d (466.6eV), and Cu 2p (933.4eV), respectively.
The C 1s XPS spectrum of ternary nanocomposite consists of four
peaks that correspond to carbon C-C bond (283.2¢V), epoxy/
hydroxyl C-O (285.2 V), carbonyl C=0 (287.5 eV) and carboxyl-
ates O-C=0 (289.2¢eV), respectively (Fig. 6(b)) [56,57]. Despite
reduced by lichen extract, the ternary nanocomposite has high con-
tent of oxygenated functional groups because of the presence of
oxygen rich aromatic compounds of C. islandica extract, such as
cetraric acid, fumarprotocetraric acid, and usnic acid. Fig 6(c) shows
high-resolution Ag 3d XPS spectra of LrGO-Ag-Cu,O nanocom-
posite. The Ag 3d XPS spectra of ternary nanocomposite consist
of Ag 3d,, (372.8 €V) and Ag 3d;, (366.9 eV), which indicates the
presence of Ag in the zero-valance state [57]. Fig. 6(d) shows the
Cu 2p XPS spectra of ternary nanocomposite. The peaks at bind-
ing energy of 932.7 ¢V and 952.8 €V are ascribed to Cu 2p;, and
Cu 2ps, peaks of Cu’ bonds, respectively. Consistent with XRD
results, XPS results show the presence of Cu,0O nanoparticles on
LrGO nanosheets [58,59].

2. Catalytic Activity Studies

The catalytic activity of the synthesized nanostructures (LrGO-
Cu,0, LrGO-Ag, LrGO-Ag-Cu,O) was investigated by 4-NP and
MB reduction with NaBH,. Catalytic reduction of the dyes is an
electron transfer process. The large standard reduction potentials
among 4-NP/4-AP (~0.76 V), MB/LMB (~1.33V) and H,BO,/
BH; (-1.33V) inhibit the progression of the MB and 4-NP reduc-
tion reactions with NaBH,. To overcome this hindrance, MB and
4-NP reaction in the presence of NaBH, can be realized by addi-
tion of favorable catalyst to the reaction medium. After the ad-
sorption of reducing agent (BH,) and dye molecules (MB and 4-
NP) on catalyst particle surfaces, a catalyst which has a very high
surface area can supply electron transfer from the donor BH; to
the acceptors 4-NP/MB to catalyze the reaction [34,60-63].

UV-Vis characteristic absorption peaks of 4-NP and MB in the
presence of NaBH, were at 400 nm (Fig. 7), 616 nm and 662 nm
(Fig. 8), respectively. The decrease of the peak intensity indicated
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Fig. 6. (a) XPS survey spectra of LrGO-Ag-Cu,O nanocomposite, (b) Cls, (c) Ag 3d, (d) Cu 2p XPS spectra of LrGO-Ag-Cu,O nanocomposite.
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the catalytic reduction of the dyes. At the same time, new peaks
related to reduction appeared in the UV-Vis spectrum. UV-Vis

peaks at 298 nm and 292 nm were newly formed which belong to
reduction products 4-AP and LMB. Before the investigation of
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catalytic activity of nanoparticle decorated LrGO nanocomposites,
the effects of LrGO and C. islandica extract on the reduction of 4-
NP and MB were examined. The presence of neither LrGO nor C.
islandica extract caused a change on the absorption peaks of 4-NP
and MB even after hours, which verifies reduction of dyes is not
possible without the addition of nanoparticle catalyst. The cata-
lytic reduction of 4-NP and MB with LrGO-Ag, LrGO-Cu,O and
LrGO-Ag-Cu,0O nanostructures are given in Fig. 7 and Fig. 8,
respectively.

Reaction rate constants (k, s'') were calculated based on the
assumption of pseudo-first-order kinetics by the following equation:

In(A/Ag)=-kt @

A, and A, are the absorbances at time t and t=0, respectively.
The graphics of In(A/A,) versus time were plotted for the catalytic
reduction of 4-NP and MB. Fig. 9 shows the plot of In(A/A,) ver-
sus time for the catalytic reduction of 4-NP and MB with LrGO-

December, 2020

Table 1. Pseudo-first-order rate constants (k, s ') and the reduction
durations (s) with different catalysts

4-NP MB

k(s™) t (s) k(s t(s)

Ag 0.0015 720 0.0019 480
Cu,0 0.0013 825 0.0016 480
Ag-Cu,0 0.0016 700 0.0042 420
LrGO-Ag 0.0019 544 0.0020 249
LrGO-Cu,0 0.0019 420 0.0032 184
LrGO-Ag-Cu,0  0.0026 392 0.0497 38

Cu,O, LrGO-Ag, LrGO-Ag-Cu,0O. The pseudo-first-order rate
constants were calculated from slopes of the lines of In(A/A,) ver-
sus time plots [64-66]. All pseudo-first-order rate constants and the
reduction durations for LrGO-Ag, LrGO-Cu,0O, LrGO-Ag-Cu,0
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nanocomposites and Ag, Cu,0, Ag-Cu,O nanoparticles are given
in Table 1.

When the catalytic activity of the nanocomposites on 4-NP was
examined, the reaction rates were determined as 0.0019s™, 0.0019
s 'and 0.0026s™* for LrGO-Ag, LrGO-Cu,0 and LrGO-Ag-Cu,0
nanocomposites, respectively. Furthermore, the reaction durations
decreased from 544 s (LrGO-Ag) to 392 s (LrGO-Ag-Cu,0O). Sim-
ilarly, the catalytic reaction rates and reaction durations of MB
reduction were found as 0.0020s™, 0003257, 0.0497 s and 249,
184s and 38s for LrGO-Ag, LrGO-Cu,0 and LrGO-Ag-Cu,O,
respectively (Table 1). The better catalytic activity depends on higher
surface area and more active sites of the nanostructures for the
specific dyes. On the other hand, due to the low electron density
of pristine Cu,O, Cu,O nanostructures have very low catalytic activ-
ity towards the reduction of dye molecules. Combination of Cu,O
nanoparticles with LrGO nanosheets has high catalytic activity.
Effective loading of Cu,O nanoparticles having a small mean parti-
cle size with homogeneous coating of LrGO nanosheets results in
increased active surface area of the catalyst. Moreover, the reduc-
tion of Cu,O nanoparticles with excess amount of NaBH, during
catalytic experiments leads to formation of Cu(0) species, which is
highly active for the reduction of dye molecules. Because of this
synergistic effect, LrGO-Cu,0 nanocomposite has high catalytic
activity [21,67,68]. For LrGO-Ag binary nanocomposite, Ag nano-
particles with the small size and high surface area undertake the
role of nanoelectrode that provide electron transfer between BH;
to the electrophile 4-NP/MB [61]. In addition, Ag nanostructures
trigger further increase of electron density of Cu,O and presence
of Ag nanostructures with low particle size, facilitate formation of
larger potential difference between catalyst and electrophile 4-NP/
MB that provide occurrence of fast electron transfer. Having high
electron density and fast electron transfer, LrGO-Ag-Cu,O ternary
nanocomposite exhibited better catalytic activity compared to binary
LrGO-Ag and LrGO-Cu,O nanocomposites [69,70].

Ag-Cu,0O nanoparticles were exhibited better catalytic activity
compared to Ag and Cu,O nanoparticles, similarly with the sam-
ples prepared on LrGO nanosheets because of improved electron
density and fast electron transfer. As catalytic studies show, nano-
composite samples displayed improved catalytic performance com-
pared to Ag, Cu,0, Ag-Cu,O, which prepared without using LrGO
nanosheets as support material. Similarly with many studies in the
literature, our study indicates using rGO as a support material
provides high surface area for preparation of metal/metal oxide
nanoparticles with low particle size and narrow particle size distri-
bution, which increases the effective surface area of catalysts and
available active sites. As an effective support material rGO nano-
sheets prevent aggregation, sintering or leaching of nanoparticles.
The 77 interaction of rGO with 4-NP/MB increases the concen-
tration of 4-NP/MB around catalyst nanoparticles. In addition
LrGO nanosheets, reduce the amount of metal precursors that are
used for cost-effective production of catalysts [71-73].

Homogeneous decoration of LrGO nanosheet surfaces with
Cu,0 and Ag nanoparticles having the small mean particle sizes
and very high surface which were both effective catalytic compo-
nents for the reduction of 4-NP and MB further increased the cat-
alytic performance of LrGO-Ag-Cu,O nanocomposite. LrGO-Ag-

Cu,O exhibited the best catalytic activity (k=0.0497 s™", 38 ) in the
conversion of MB to LMB according to obtained reaction rates and
reaction durations. In this study; the catalytic activity results for 4-
NP were determined compatible with the literature and for MB
reduction superior results were obtained than the literature [69,74,75].

CONCLUSION

LrGO based nanostructures containing Ag and Cu,O were simul-
taneously reduced and stabilized by C. islandica extract success-
fully. The results indicated that the extract of C. islandica was a
superior reducing agent as well as a stabilizing agent to synthesize
LrGO-Cu,0O, LrGO-Ag and LrGO-Ag-Cu,O. Ag-Cu,0 nanopar-
ticles well dispersed on the LrGO were obtained by non-toxic,
low-cost and environmentally friendly method for the first time
using a lichen extract. The biosynthesized nanostructures were used
as catalyst during the reduction of 4-Nitrophenol (4-NP) and methy-
lene blue (MB) dyes. The reaction rates and reaction durations of
LrGO-Ag-Cu,O nanocomposites towards 4-NP and MB were found
as 0.0026s ™, 392s; 0.0497 s, 38 s, respectively. They exhibited effec-
tive catalytic activity for different types of textile dyes and can be
used to eliminate water pollution, which is one of the important
problems of the world.
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