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a b s t r a c t

The synthesis of zinc oxide (ZnO), with the support of silver (Ag) and Graphene Oxide (GO),

was carried out in several stages as a potential photocatalytic material. First, the GO was

synthesized from commercial graphite using the Hummers’ method, and ZnO and Ag pre-

cursors were prepared. The second stage was the electrospinning process, followed by

calcination. The solution in the electrospinning process, to produce the nanofibers, was a

mixture of polymer (polyvinyl alcohol), zinc acetate, AgNO3, and GO. The fibres produced

were thermally treated at 500 C for 2 h. XRD and FTIR analyses confirmed that GO was

successfully synthesized from commercial graphite. ZnO and Ag had wurtzite and cubic

hexagonal structures based on XRD and TEM characterization. The nanocomposites devel-

oped had increased photocatalyst characteristics: low band gap energy, such as 2.98 (ZnO),

2.76 (ZnOeAg), 2.93 (ZnO-GO), and 2.75 (ZnOeAg-GO). Furthermore, the nanocomposites had

absorption characteristics in the visible light region. Using UVeVisible spectrophotometer,

Diffuse Reflectance Spectroscopy, and Photoluminescence, it was explained that the Surface

Plasmon Resonance effect possessed by Ag and GO nanoparticles had semiconductor

properties that acted as electron trapping, thereby reducing or preventing the occurrence of

electronehole recombination. In conclusion, the ZnO nanocomposites with the addition of

Ag and GO could improve the photocatalytic characteristics of ZnO with the potential for

direct application in photodegradation of organic and textile waste in water.
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1. Introduction

Water pollution has severe adverse effect onwater quality, and

a strong negative impact on the aquatic ecosystem [1]. Organic

dyes, used in textile, printing, food, and pharmaceutical in-

dustries [2] are among the substances that pollute water and

therefore affect human life, plants and organisms living in

water [3]. These dyes can remain in the environment due to

their low biodegradability, and their by-products, present on

water, are more toxic even though they are naturally degraded

[4]. To overcome this issue, one of the available methods,

especially forwastewater containing various contaminants like

organic solvents, pharmaceutical waste, pesticides, and other

hazardous chemicals [4], is photodegradation based on photo-

catalysts and ultraviolet (UV) or visible lights. During the pho-

todegradation, advanced oxidation processes (AOPs) occur that

are commonly found in semiconductors, so heterogeneous

photocatalysts-based semiconductors are widely used in UV/

Visible light or artificial lighting [5]. However, the use of metals

oxides in semiconductors, in heterogeneous photocatalysts, is

not attractive due to high costs and low availability.

Several semiconductor materials are suitable photo-

catalysts for water treatment such as TiO2, ZnO, Fe2O3, ZrO2,

V2O5, Nb2O5, and WO3 [6] due to AOPs characteristics. Among

these, ZnO, an n-type semiconductor with a gap energy of

~3.37 eV, has been widely used in water decontamination

photocatalysis because of its attractive photocatalytic prop-

erties e.g., strong oxidizing ability, chemically and physically

stable structure, biocompatibility, non-toxicity, high photo-

sensitivity, low affordability, and high availability [7]. How-

ever, the large energy gap in ZnO has led to nonoptimal

photocatalytic activity (pollutant oxidation and reduction) due

to electronehole recombination e.g., reduced active species

on photocatalyst surface [7]. Therefore, it is important to

prevent, throughmodifications, electronehole recombination

in order to increase ZnO photocatalytic activity.

Chemical deposition of precious metals and support ma-

terials on the ZnO surface could overcome the limitations of

ZnO characteristics, as well as provide unique properties such

as high chemical stability and bio-affinity. Several studies

have been conducted to increase ZnO photocatalytic activity,

including the addition of dopant [8], metal deposition on the

surface of ZnO photocatalyst [9], the use of materials with

heterojunctions between ZnO and TiO2 [10], as well as ZnO

and Bi2WO6 [11]. The deposition of silver on the ZnO surface

could increase the visible light absorption, thereby increasing

the photocatalytic activity in Methylene Blue (MB) photo-

degradation under visible light irradiation [12]. On the other

hand, the use of support materials, such as a) carbon-

containing materials like activated carbon, graphene oxide,

graphene, carbon nanotubes (CNT), and b) carbon quantum

dots (CQD), graphene oxide (GO) [3] as dispersants and ad-

sorbents, could increase the surface areas in photocatalysts

[4]. Ramos et., al have synthesized a photocatalyst material

based ZnO by adding reduced graphene oxide (rGO) as a sup-

port material with an improved photodegradation activity of

methyl orange [13]. Thus, modification of photocatalyst ma-

terials with the addition of sensitizer such as silver and sup-

port material can increase the photocatalytic activity.
There is a direct correlation between the structure, shape,

and surface area of nanomaterials and their physical/chemi-

cal properties, and therefore it is crucial to control these pa-

rameters. A study on nanometre-sized photocatalysts,

focused on the morphology and sizes of photocatalyst mate-

rials, has resulted in decreasing the band gap from 3.24 eV to

3.16 eV [14]. The synthesis of ZnO photocatalyst materials

could produce different structures like nanoparticles, nano-

rods, nanosheets, nanotubes, and nanofibers [15]. In recent

years, one-dimensional (1D) ZnO nanofibers have become

attractive because of their unique morphological and opto-

electronic properties due to large surface areas, making this

shape preferred for synthesizing photocatalytic materials [16].

Among the nanofabrication techniques, electrospinning has

become one of the most promising techniques for large-scale

nanofibers production, where the fibre diameter can be

adjusted. Moreover, the produced fibres have large specific

surface area and high porosity which both lead to improved

photoreduction activities [17]. Pascariu et al., also have syn-

thesized ZnOeSnO2 nanofibers, by electrospinning, in which

the diameter of these fibres was affected by the calcination

process, subsequently; the emission properties under UV/

Visible-light radiation, changed [18].

In this study, the synthesis of ZnO-GO nanocomposites is

proposed via electrospinning method with the deposition of

silver nanoparticles, followed by calcination process. The

addition of GO is expected to increase the photocatalyst sur-

face area and inhibit the electronehole recombination pro-

cess. The addition of GO could also facilitate reactions in

water and polar solvents due to the large number of hydro-

philic groups in the form of hydroxyl and epoxy [19]. Modi-

fying ZnO, by depositing silver species, is expected to

accumulate the active groups of electrons and holes on the

surface and react with the adsorbed organic pollutant com-

pounds. In the present work, the effect of silver nanoparticles

and the GO addition to the photocatalyst material is studied.

The manufacturing of nanofibers via electrospinning method

is expected to produce the supporting structure for the calci-

nation process. The calcined nanocomposites are character-

ized to determine their potential as photocatalytic material.
2. Experimental

2.1. Materials

Zinc acetate dihydrate (Zn OAc)2.2H2O), silver nitrate (AgNO3),

polyvinyl alcohol (PVA), H2SO4(p), KMnO4, H2O2, HCl, and

deionized water (DI) were purchased from SigmaeAldrich.

Graphitewas supplied by a local supplier inMedan, Indonesia.

All the materials were analytical grade and used without

further purification.

2.2. Synthesis of graphene oxide

The synthesis of graphene oxide (GO) was carried out by using

a slightly modified Hummers’ method [20]. In brief, first 25 mL

of H2SO4(p) were added into a flask that contained 1 g of

graphite, and themixture was stirred at 10�C for 30min. Then,

3 g of KMnO4(s) were slowly added to themixture. Themixture
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was stirred for 2 h at 35�C. Next, 50 mL of DI were slowly

added, and the mixture was stirred at 80�C for 30 min. After-

wards, 175ml of DI were added to stop the reaction, and 10mL

of 30% H2O2 were finally added to reduce the permanganate

residue. The precipitate was collected, and then centrifuged,

and washed six times using HCl 1M and water, followed by

ultrasonication for 4 h. The produced solid was then dried and

stored for further use.

2.3. Synthesis of ZnO, ZnOeAg, ZnO-GO, and ZnOeAg-GO

The synthesis route of the nanocomposites consisted of three

steps: a) Polymer-based precursor solution preparation for the

electrospinning process, b) electrospinning process, and c)

calcination process, and the following Fig. 1 illustrates the

synthesis steps.

First, PVA was used as the polymer-based precursor solu-

tion in the electrospinning process. A 14% of PVA solution was

prepared by dissolving 14 g of PVA powder in 100mL deionized

water (DI). Then, this solution was sonicated using an ultra-

sonic bath (Elmasonic E�15H) for 2 h at 90�C. The sonication

was repeated for 24 h at 90�C. A viscous polymeric solution of

PVAwas obtained for further use, and in this solution, various

compositions of Zn(OAc)2 were added. The preparation of the

precursor solution was carried out by mixing 10 mL of PVA

with 1 g of Zn(OAc)2.2H2O, and it was stirred to obtain ZnO in a

homogeneous state. Meanwhile, ZnOeAg solution was pre-

pared by adding 3 mL of AgNO3(aq) to PVA-Zn(OAc)2 mixture,
Fig. 1 e Schematic diagram
and thismixture was stirred until it became homogeneous. As

for the ZnO-GO, it was prepared by adding 3mL of GO solution

(2 mg/mL) to PVA-Zn(OAc)2. Finally, the ZnOeAg-GO was

prepared by adding 3 mL of each AgNO3(s) and GO solution

(2 mg/mL) to PVA-Zn(OAC)2 mixture.

Secondly, the electrospinning was performed for each

precursor solution. The electrospinning setup was consisted

of a 10 mL capacity syringe pump, a needle ground collector,

and a voltage supply (Fig. S1). Each of the homogenous mix-

tures, ZnO, ZnOeAg, ZnO-GO, and ZnOeAg-GO solution, was

loaded into the syringe with 17.5 kV voltage applied at the tip

of the needle to form the Taylor cone that would deposit the

nanocomposite on the aluminium foil substrate. The distance

between the needle and the collector was 10 cm and the feed

ratewas 1mL/h. The spun nanofiberswere peeled off from the

aluminium foil, and stored under vacuum for further use.

Finally, all the nanofibers were calcinated in a furnace in

order to obtain nanocomposites as photocatalyst materials.

The calcination was performed at 500� for 2 h in open air

conditions, and the temperature was selected via the TGA

measurement.

2.4. Characterisations

The morphology of nanofibers was analysed by scanning

electron microscopy, SEM (JEOL 6060 equipped with EDS in-

strument), and transmission electron microscopy, TEM. The

infrared spectra of the precursors after electrospinning and
of synthesis routes.

https://doi.org/10.1016/j.jmrt.2022.05.184
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calcination were studied by FTIR (Shimadzu 8201-FC, Kyoto,

Japan). The spectra measurements were carried out in the

500-4000 cm�1 range. XRD measurements were performed to

determine the crystal structure of all nanocomposites (after

calcination), and carried out at 40 kV and 40 mA with 1.54 Cu-

Ka radiation. The XRD spectra were taken at 2q in the range of

5e80� with a scanning rate of 0.003�s�1. TGA analysis was

performed to examine the thermal properties of the electro-

spun fibres and it was used to determine the temperature for

the calcination process. One of the electrospun fibres was

analysed by using DTA/TG Extar II 7300 (Hitachi Medical Sys-

tem, Tokyo, Japan), and then TGA, performed at 30e600�C
within inert conditions, was used to determine the decom-

position temperature to obtain fine ZnO-GO-Ag. Due to the use

of silver, which has similar refractive index to gold, UVeVis

with Diffuse Reflectance Spectron (DRS) was carried out to

determine the absorption properties, whereas photo-

luminescence measurements were performed to investigate

the emission characteristics. Finally, the specific surface area

of the nanocomposites was measured by Brunaeur-Emmett-

Teller (BET) N2 adsorptionedesorption at 77.350 K (Quan-

tachrome QuadraWin ©2000-160).
3. Results and discussion

The oxidation reaction of graphite took place under acidic

conditions with the addition of sulfuric acid and potassium

permanganate which resulted in a colour change of the

mixture from dark green to dark brown (Fig. S2). This was

assumed as the oxidation step of graphite sheet which

resulted in the formation of functional groups such as alco-

hols, ketones, carboxylates, and carbonyls. Subsequently, the

sheet formed into a graphene oxide sheet with various func-

tional groups. The determination of these groups is shown in

Fig. 2.

The FT-IR spectra of GO showed absorption peaks at

wavenumbers 3220 cm�1 (OeH stretching vibration),

2929 cm�1 (CeH stretching vibration), 1883 cm�1 (CeHbending

vibration), 1699 cm�1 (C]O stretching vibration),
Fig. 2 e FTIR spectra of synthesized graphene oxide (GO).
1580 cm�1 (C]C stretching vibration), 1170 cm�1 (CeO

stretching vibration), and 1028 cm�1 (CeOeC stretching vi-

bration) [19]. The determination of successful synthesis of GO

sheets was confirmed via XRD analysis, in which the phase,

structure, and crystalline sizeweremeasured. Fig. 3 shows the

results of XRD analysis of GO samples.

The graphene oxide diffraction pattern indicated the

presence of GO as it is shown in Fig. 2, with a strong and wide

diffraction peak around 10.4�, a reflection plane (002) and a d-

spacing of 8.49 �A. The widened peak and reduced crystallinity

compared to graphite could indicate that the GO surface has

been intercalated by several oxygen functional groups during

the oxidation process [21,22]. Then, the GO sheet is expected

to be electron acceptor as additive material.

In performing electrospinning, two preparation steps

contributed equally important: (a) the polymer-solution to

bind both the Ag and GO, and (b) to initiate the metal ion

reduction reactions. The selection of PVA was based on its

characteristics that contained polyol groups to bind Zn2þ and

Ag þ ions. Moreover, the polyol also acted as complexing and

capping agent that prevented aggregation during the nano-

particle growth process even though the nanoparticles had

weak stabilizing properties which could be easily removed by

high temperature heating [23]. Our previous study has

concluded the presence of silver nanoparticle through

DielseAlder reaction, which showed a reduction of OH and

CeO-within the PVA [24]. The second step is the operating set-

up of electrospinning, including the feed rate, the distance

between collector and syringe pump, and the electrical

voltage. As the study employed the 17.5 kV, the nanofibers

were expected to be formed, by which the addition of Ag and

GO may increase the fibre diameter. Fig. 3 displays a SEM

micrograph of electrospun nanofibers of samples ZnO and

ZnOeAg-GO.

Based on Fig. 4, it is confirmed that one-dimensional

nanofibers were produced. The nanofibers are connected to

each other, forming a porous structure. The average PVA/

ZnO and PVA/ZnOeAg-GO fibre diameter was 62.5 nm and

89.5 nm respectively, which indicated an increase of the

diameter due to the presence of Ag and GO. The micrograph

of ZnOeAg-GO (Fig. 4b) displayed much more bead-shapes
Fig. 3 e X-Ray diffractogram of graphene oxide (GO).

https://doi.org/10.1016/j.jmrt.2022.05.184
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on the fibres compared to the PVA/ZnO (Fig. 4a); similar in-

crease in diameter was observed in our previous result for

PVA/AgNO3 [24]. These micrographs also confirm that the

PVA solution acted as the supporting material to bind the

fibres. To investigate materials with photocatalytic proper-

ties, the ZnOeAg-GO nanofibers was selected for TGA mea-

surements due to the presence of Ag and GO as supporting

materials. The decomposition temperature that is deter-

mined would be used for calcination temperature and the

results are given in Fig. 5.

According to Fig. 5, the PVA/ZnOeAg-GO nanofiber expe-

rienced 3 degradation stages. The initial mass reduction by

14% occurred at 100e150�C due to the evaporation of volatile

compounds such aswater and hydrates from the Zn precursor

[14]. The second mass reduction occurred at 300�C by 36%, in

whichmost organic compounds from PVA such as the acetate

and nitrate groups in Zn2þ and Ag þ precursors decomposed.

The last stage of mass reduction, which was at 500�C by 25%,

could be assumed as a result of further PVA chain degradation

[23,24]. There was no further decrease inmass, indicating that

only ZnO, Ag, and GO were present. The temperature of

calcination process in this study was 500�C for 2 h.
Fig. 5 e TGA thermogam of the PVA/ZnOeAg-GO nanofiber.
The FT-IR spectra of electrospun and calcined fibres are

shown in Fig. 6. All electrospun fibers (ZnO, ZnOeAg, ZnO-GO,

ZnOeAg-GO had absorption peak characteristics around 3324,

2907, 1707, 1401, 1334, 1088, 916, 842, and 670 cm�1 each

indicating the presence of OeH (stretching vibration), CeH,

C]O, C]C, C]H (stretching vibration), OeH (bending vibra-

tion), CeOeC, C]C and ZneO (bending vibration) respectively

[25]. The presence of OeH, CeH(CH2), and CeO functional

groups may occur due to crosslinking between PVA and GO,

which can be observed by the presence of absorption peaks at

1100-1000 cm�1; subsequently, this wavenumber also indi-

cated the presence of CeOeC bonding [26]. After the calcina-

tion process, most of the absorption peaks showed that PVA

characteristics had disappeared and turned into C]C,

CeOeC, and ZneO bonds [27]. In the calcination process the

Zn2þ and Ag þ ions were reduced and ZnO and Agwere formed

(Fig. S3). Meanwhile, most of the OeH groups were oxidized to

C]C and C]O.

To confirm the XRD diffractogram of the samples, data

from the Joint Committee on Powder Diffraction Standards

(JCPDS) No. 36e1451 for the hexagonal wurtzite crystal struc-

ture for the ZnO, and JCPDS No. 04e0783 for the FCC crystal

structure of Ag were used. The XRD patterns of the synthe-

sized nanocomposites are shown in Fig. 7. The results show

that ZnO had 2q of diffraction peaks at 31.8�, 34.4�, 36.2�, 47.5�,
56.5�, 62.9�, 66.4�, 67.9�, 69.1�, 72.6� and 76.9� which have

planes of (100), (002), (101), (102), (110), (103), (200), (112), (201),

and (004) respectively. This could indicate that the crystal

structure of ZnO was hexagonal wurtzite according to JCPDS

No.36-1451 [28]. The diffraction pattern of ZnOeAg-GO nano-

composite showed the presence of 2q peaks at 38.1�, 44.3�, and
64.4� with (111), (200), and (220) planes respectively and indi-

cated the diffraction pattern of Ag crystal which is an FCC

structure according to JCPDS No. 04e0783 [29]. Hence, the re-

sults indicate that Ag (symbolised as #) was deposited on the

surfaces of both ZnO (symbolised as *) and GO.

Meanwhile, the presence of Ag crystals in ZnOeAg nano-

composites could not be observed due to the small amount of

Ag in the composite and/or the diffraction peak was lower

compared to the composition of ZnO. A similar result was also

reported by Ravichandran et al., as an example, that the

absence of Ag diffraction may be caused by the Ag crystals

https://doi.org/10.1016/j.jmrt.2022.05.184
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entering the ZnO crystal lattice [30]. Another study has sug-

gested that the reason was due to the strain effect of Ag and

Zn crystal lattices as the introduction of silver may lead to

distortion of the crystalline structure [31]. Moreover, GO peaks

were also not detected in the diffraction pattern of nano-

composites, indicating the insertion of ZnO and Ag nano-

particles. It has been reported that the ZnO and Ag

nanoparticles diffuse between adjacent graphene sheets and

disturb the distances of the GO layers [30,32]. Another possi-

bility is that the amount of GO in the composites is relatively

small. Overall, the diffraction patterns of the nanocomposites

showed a co-existence of ZnO, Ag, and GO [33,34]. However,

this co-existence has no effects on the ZnO hexagonal wurt-

zite crystal as it is shown in Figs. 8 and 9.

Based on Fig. 8, the SEM-EDXmicrographs of calcined fibres

at 500� illustrate that calcination at atmospheric conditions to

produce nanocomposite where the surfaces of ZnO and ZnO-

eAg-GO were uneven. Based on the EDS spectrum, shown in

Fig. 8c, the ZnOeAg-GO nanocomposite was only composed of

ZN, O, Ag, and C. The peak of aluminium appearing in the EDS

spectrum, may be originated from the collector wrapped in

aluminium foil during the electrospinning process. Neverthe-

less, this indicated that the synthesis of nanocomposite was

performed successfully as it can be observed via the TEM mi-

crographs (Insert in Fig. 9a) and the EDS spectra in Fig. 8c. The

TEM micrograph of ZnOeAg-GO (Fig. 10) showed that the ZnO

hadahexagonalwurtzite crystal structure,whileAghad a cubic

crystal structure (both of themwere also confirmed in the XRD

plane system inFig. 7).Ourfindingswere inaccordancewith the

results reported in previous studies [28,29]. Furthermore, the

ZnO crystals had a diameter of 20e30 nm. It could be observed

also that Agnanoparticleswere deposited on the surface of ZnO

(Fig. 9a), and it appears that GO layers covered the ZnO and Ag

nanoparticles (Fig. 9b). Moreover, the GO TEM micrograph

showed broad in size with noticeable edges (Fig. 9c).
It has been shown that the photocatalyst characteristics

are controlled to great extent by the reduction in electron

recombination and the band gap [31]. ZnO, which has an ox-

ygen phase, employs a high probability to perform electron

recombination, thus; it is expected to have high electron

recombination as well as in GO due the hydroxyl groups.

Nevertheless, as it is displayed in Fig. 9, absorption charac-

teristics in interval of 200e430 nm imply the presence of a

transition of electrons from valence to conduction bands (O2p

/ Zn3d). Then, the addition of silver nanoparticles in ZnOeAg

improved the absorption characteristics in the wider visible

areas, from 430 to 480 nm [35].

Since the nanocomposites synthesis was carried out by

using Ag, it is well known that silver has different refractive

index, implying higher reflectance particularly above 400 nm

due to surface plasmon resonance (SPR). However, based on

Fig. 10, the reflectance decreased in ZnOeAg as well as in

ZnOeAg-GO compared to those in ZnO or ZnO-GO. It can be

therefore assumed that the SPR effect from Ag nanoparticles

can increase the absorption characteristics in the visible re-

gion [35]. The UVeVis absorbance spectra of all nano-

composites showed that 90% of the nanocomposites had a

reflectance in the visible region. Thus, the determination of

absorption properties which correlate to band gap energy (Eg)

was carried out on the calcined samples by using the

KubelkaeMunk equations [31], and the results are plotted in

Fig. S4.

The Eg value of pure ZnO based on a previous study is

~3.37 eV [31]. Table 1 show that the Eg value decreased to 2.75

for ZnOeAg-GO nanocomposites. This decrease in Eg could

be caused by the influence of GO and Ag doping on ZnO lat-

tices, therefore; the gap among the lattices of ZnO is lower,

indicating a high electronic level [32]. In this study, however,

the Eg value of ZnOeAg-GO value is slightly smaller than

ZnOeAg with higher wavelength, which indicates a smaller

https://doi.org/10.1016/j.jmrt.2022.05.184
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Fig. 7 e XRD patterns of calcined nanocomposites and their comparison to JCPDS standards [28,29].
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amount of energy to be used in the activation of photo-

catalytic species within the ZnOeAg or ZnOeAg-GO. In the

absence of Ag, the highest Eg value among the samples were

calculated with the lowest adsorption wavelength, in

contrast; significant wider wavelengthwas obtained by using

silver nanoparticles. Based on the calculation results, the

wavelength emitted by the nanocomposite ranged from 417

to 452 nm, indicating the energy activation can be performed

in visible light region.

On the other hand, the photocatalytic properties strongly

relate to the fluorescent characteristic. The addition of Ag

nanoparticles and GO to ZnO nanocomposites resulted in a

decrease in PL spectra intensity as can be seen in Fig. 11. The

order of effectiveness electronehole separation for all

nanocomposites is as follow: ZnOeAg-GO > ZnOeAg > ZnO-

GO > ZnO. The addition of Ag and GO contributed impor-

tantly in the process of preventing the recombination of
electronehole by acting as an electron trapping site. However,

another study implies that the GO does not only act as trap-

ping material, but also as a regulator to manage the electron

transfer. Based on TEM micrograph and UVeVis spectra, a

beam of light may arrive on the GO sheets first which have

triplet state, allowing the electron to be trapped temporarily

[7]. Thus, the electron then is transferred to Ag which has

lower Fermi energy compared to ZnO. Subsequently, the

electrons from covalence band from ZnO wouldmove quicker

to silver nanoparticles. Therefore, this phenomenon indicates

an efficient interaction among ZnO, Ag, and GO where

electronehole pairs separate.

The fluorescence characteristics in Fig. 11 showed strong

fluorescence emission in 451 nm, 550 nm (green emission),

600 nm, and 750 nm (near infrared range). The peak at 451 nm

could be ascribed to the emission of ZnO gap energy as it is

determined with the results of Eg by using the Kubelka-Munk
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Fig. 8 e SEM-EDX micrographs of (a) ZnO, (b) ZnOeAg-GO nanocomposites, and (c) EDS spectrum of ZnOeAg-GO

nanocomposite.

Fig. 9 e TEM micrographs of ZnOeAg-GO nanocomposites with (a) Hexagonal structure of ZnO attached to Ag in 200 nm, (b)

GO layers with Ag in 100 nm, and (c) GO with the absence of ZnO and Ag.
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equation [31]. Whilst, the sharp and wide emission peak at

550 nm was due to the chemical defects in ZnO and Oxygen

Vacancy (Vo) [29]. The wide emission peak at 600 nm could

also be attributed to the oxygen vacancy in ZnO lattices. The

defects on the surface of ZnO may act as the centres of
electron acceptors or electron traps, the emission peak at

750 nm was considered to be the second order of ZnO gap

energy [13].

An illustration of the separation mechanism in ZnO, Ag,

and GO nanocomposites is shown in Fig. S5. When the
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Fig. 10 e UVeVis spectra of nanocomposites (a) absorbance, and (b) reflectance.
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nanocomposite was irradiated by UV/Vis light with a photon

energy equal to or greater than the Eg value of ZnO, a charge

separation occurred from valence band to conduction band,

where the conduction band was e-, while the valence band

was hþ. Electrons in the conduction band of ZnO migrated to

Ag and GO sheets where electrons from Ag reacted with O2 to

form �O2
�. Electrons from Ag migrated also to the GO surface

and oxidize oxygen to produce �O2
�. The valence band of ZnO

holes reacted with H2O or -OH- to produce a hydroxyl radical,

OH� [20].
Table 1 e Summary of band gaps and BET (Brunaeur-
Emmett-Teller) surface areas of the synthesized
nanocomposites.

Materials Band
gaps (eV)

l (nm) BET surface
area (m2/g)

ZnO 2.98 417 10.134

ZnOeAg 2.76 450 5.894

ZnOeGO 2.93 424 7.337

ZnOeAg-GO 2.75 452 8.942

Fig. 11 e Photoluminescence characteristics of ZnO,

ZnOeAg, ZnO-GO, and ZnOeAg-GO nanocomposites.
Other characteristics that have strong influence in photo-

catalytic performance are the surface area and pore sizes. This

is due to the adsoprtion and desorption mechanisms in the

material during isothermic conditions. Fig. 12 shows the N2

adsorption desorption of the synthesized nanocomposites.

The N2 adsorptionedesorption is a characteristic of mes-

oporous materials. As the adsorptionedesorption measure-

ment carried-out in isothermal conditions, the ratio between

before and after being given with pressure or relative pres-

sure (P/P0) contributes in adsorptionedesorption mecha-

nism. According to IUPAC classification, the results of Fig. 12

indicate that all nanocomposites had type IV isotherm with

H-1 hysteresis loop. Based on Table 1, the BET surface area

showed that the ZnO had 10.134 m2/g, while the ZnOeAg-GO

had 8.942 m2/g. This behaviour may be caused due to the

addition of GO that has higher porous sizes compared to the

Ag nanoparticles. The use of PVA as supporting polymer in

Zn(OAc)2 solution reduces Zn2þ to Zn0 as well as Ag þ to Ag0

during the electrospinning seems to contribute significantly

in the formation of Ag0. The nanofibers ZnOeAg-GO that

have been calcined in atmospheric condition may oxidize to

Zn0 to form ZnO due its reactivity [36,37]. As the polyols

within the PVA have the ability to also reduce the Agþ, the
same reaction may be applied which decomposes the Ag into

Ag0 as well as removing them during high temperature of

calcination [23].

On the other hand, the electrospinning process formed

nanofibers network with highly porous morphological struc-

ture. The beads that are shown in Fig. 3 suggest that the Ag,

GO, and Zn were bound together due to PVA. This indicates

that both the electrospinning technique and the PVA solution

as supporting technique and material respectively, acted as

the supporting material. These mechanisms have significant

impact to the surface area, which implies to the mesoporous

characteristics with diameters of 2e50 nm and had hysteresis

loop in the P/P0 range at 0.3e9.5 with high degree of pore

estimator consistency [38]. Thus, a decrease in BET surface

area as well as band gap energy implies to the potential

characteristics of ZneAg-GO as a photocatalytic material with

enhanced visible light region.
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Fig. 12 e N2 adsorptionedesorption isotherm of the synthesized ZnO, ZnOeAg, ZnO-GO and ZnOeAg-GO nanocomposites.

The internal outline is a BET change-graph of 1/[W(P0/P)-1[1/g] and P/P0.
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4. Conclusion

Nanocomposites of ZnO, ZnOeAg, ZnO-GO and ZnOeAg-GO

have been successfully synthesized by electrospinning fol-

lowed by calcination process. SEM analysis showed that the

spun fibres had a one-dimensional (1D) structure with di-

ameters ranging from 60 to 90 nm. Nanocomposites, produced

after calcination process, showed that ZnO, Ag and graphene

oxide respectively had hexagonal wurtzite, cubic, and sheet

structures. The structures were confirmed by XRD and TEM

analysis. Modification of ZnOmaterial with the addition of Ag

and GO improved photocatalytic characteristics of ZnO nano-

composites by decreasing electronehole recombination pro-

cess, which also could be seen from the reduced value in ZnO

band gaps. The results of PL and UVeVis DRS analysis also

showed that the synthesizednanocomposites could be applied

in the visible light region. Thus, this study showedan impact of

electrospinning technique in enhancing the photocatalytic

material particularly in reducing the bandgapwith certainBET

surfaceareas andwiderwavelength region tonear visible light.
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