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Abstract
Graphene has been reduced from graphene oxide, and it has been used to prepare 
the Yb2O3–graphene nanocomposites. Nanocomposites have been prepared by add-
ing graphene with ytterbium oxide in 1, 3 and 5 weight percentage and named as 
Yb2O3G1, Yb2O3G3 and Yb2O3G5, respectively. Powder X-ray diffraction patterns 
have been obtained to study the structural identification. FTIR and laser Raman 
spectral analyses have been carried out to identify the functional groups and to con-
firm the formation of nanocomposites. The FESEM and HRTEM images have been 
obtained to study the morphology of the synthesized compounds. EPMA technique 
has been used to analyze the elemental composition by obtaining elemental map-
ping and energy-dispersive spectrum. The binding states of various elements present 
in the composites were analyzed and discussed using X-ray photoelectron spectra. 
The capacitance behavior and photocatalytic performance have been studied using 
electrochemical studies and optical absorption spectra. Significant enhancement of 
the capacitance behavior and the photocatalytic performance was observed as the 
presence of graphene increased in the composites.

Keywords  Graphene · Nanocomposite · Rare earth · Cyclic voltammetry · 
Photocatalytic

Introduction

In the past few decades, rare earths and their oxide nanomaterials were intensively 
investigated and identified as potential materials for optoelectronics, photolumi-
nescence and photocatalytic and in medical applications as well. Rare earth ele-
ments have played a vital role in the devices based on semiconductor compounds 
[1, 2]. Electroluminescent properties in III–V semiconductor compounds have been 
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studied by adding erbium as a dopant [3]. Blue, green and red fluorescence has been 
observed in fluoride glassed by doping europium [4]. Photoluminescence properties 
of europium nanowires doped with yttrium hydroxide and yttrium oxides have been 
studied and reported [5]. It has been reported that the increase in neodymium in 
tin oxide has enhanced the photoluminescence significantly [6]. The substitution of 
different rare earth elements for bismuth in bismuth–molybdenum oxide produced 
visible-light responsive compounds by gently red shifting the absorption edge to 
low-energy side [7].

On the other hand, carbon-based materials such as activated carbon, porous car-
bon and carbon nanotubes were broadly investigated for their suitability of this kind. 
The most advanced one-atom-thick planar sheet of sp2-bonded carbon atoms, gra-
phene has created revolution in recent years in materials science and technology [8, 
9]. Three-dimensional graphene-based materials have attracted great attention due 
to the specific surface area, low density, good electrical conductivity and excellent 
mechanical property [10]. Metal oxide- and graphene-based composite materials 
have recently attracted the attention, because of their extended storage, cyclic stabil-
ity and photocatalytic properties [11, 12]. A wide range of nanostructured graphene-
based materials have been investigated for flexible energy storage [13]. It has been 
reviewed that the functionalization of graphene materials by heteroatom doping has 
enhanced the energy conversion and storage as well [14] and covalently functional-
ized graphene has emerged as a very good electrode material [15]. However, it is 
understood that the rare earth oxide-based graphene composites were rarely inves-
tigated for their electrochemical properties. Hence, recently, our group has investi-
gated the impact of graphene on the enhancement of electrochemical and photocata-
lytic performance of rare earth oxides [16–18].

In the present paper, Yb2O3–graphene nanocomposites were prepared with dif-
ferent weight ratios of graphene with Yb2O3. The composite materials were char-
acterized by various analytical techniques. In addition to increased electrochemical 
performance, the photocatalytic performance was also observed as the compos-
ite increased having the higher percentage of graphene. Therefore, in this work, 
Yb2O3G nanocomposite has been focused on energy storage and photocatalytic 
material.

Synthesis of graphene–Yb2O3 composite

To prepare the ytterbium oxide–graphene (Yb2O3G) composites, 99 mg of as-pur-
chased yttrium oxide (99.9%) was dispersed in 100 ml water by ultrasonication and 
1 mg of synthesized graphene was added to the dispersion. Then, the solution was 
maintained at room temperature with constant stirring for 2  h. The final product 
Yb2O3G1 was collected and dried in a vacuum at 60ο C for 24 h. By the same pro-
cedure, Yb2O3G3 and Yb2O3G5 composites were also prepared by adding 97  mg 
Yb2O3 with 3  mg graphene and 95  mg Yb2O3 with 5  mg graphene, respectively. 
The influence of graphene on the structural, electrochemical and photocatalytic 
properties of ytterbium oxide has been studied by various techniques. The functional 
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properties such as cyclic voltammetric behavior and photocatalytic performance 
were analyzed by suitable methods.

Characterization techniques

The prepared nanocomposites were characterized by various analytical techniques. 
A Rigaku Mini FlexII-C X-ray diffractometer with CuKα (λ = 1.540 nm) radiation 
at a scanning rate of 1  deg/min was used to collect the powder X-ray diffraction 
data to identify the material. Raman and FTIR spectra were recorded to confirm 
the formation of composites JASCO Raman spectrophotometer (NRS-7100) and 
NICOLET infrared spectrophotometer, respectively. The morphology of the com-
posites was analyzed using FESEM and HRTEM images obtained by JEOL 7001F 
and JEOL-JEM 2100F electron microscopes, respectively. The elemental composi-
tion was analyzed by elemental mapping and EDS spectra obtained by a JEOL JXA-
8530F model field emission electron probe microanalyzer (FE-EPMA) instrument. 
The electron binding energies of various elements in the composites were analyzed 
by an ESCA 3400 SHIMADZU X-ray photoelectron spectrometer. The electrochem-
ical performance of the composites was investigated by a three-electrode system 
using BioLogic electrochemical workstation. Glassy carbon, Ag/AgCl and platinum 
wire have been used as working, reference and counter electrodes, respectively. The 
cyclic voltammetric curves were recorded in the range from − 0.1 to 0.4 at scan rates 
of 3, 10, 20, 30, 50, 60, 80 and 100 mV/s using 1 M H2SO4 as electrolyte. Pho-
tocatalytic performance of the nanocomposites was analyzed recording absorption 
changes in dye molecules using a CARY 500 Scan UV–Vis–NIR spectrophotometer.

Results and discussion

Powder X‑ray diffraction studies

Powder X-ray diffraction patterns were recorded for the pure ytterbium oxide, 
Yb2O3G nanocomposites and synthesized graphene as shown in Fig. 1a–e. The dif-
fraction pattern of graphene contains only two peaks corresponding to 002 and 100 
diffraction planes as shown in Fig. 1e. On the other hand, the diffraction patterns 
of ytterbium oxide and the composites have the large number of high-intense peak 
which ensures good crystalline nature as shown in Fig. 1a–d. The diffraction pat-
terns have been compared with the standard JCPDS #65-3173 for cubic ytterbium 
oxide, and the peaks were indexed accordingly. From the powder diffraction pat-
terns, it is inferred that the influence of graphene is not significant as the quantity 
of ytterbium oxide is high. On the careful examination of the enlarged peaks at 
various two-theta values, it was observed that the presence of graphene has shifted 
the peaks meagerly toward the lower diffraction angle and reduced the intensity of 
peaks (Fig. 2a, b). The observed peak shift is due to the lattice strain present in the 
Yb2O3G composites.



3894	 Polymer Bulletin (2020) 77:3891–3906

1 3

Laser Raman spectral studies

Laser Raman spectra have been recorded for the graphene, Yb2O3, Yb2O3G1 and 
Yb2O3G5 composites between the wavenumber regions 100 and 2000  cm−1. The 
spectrum of pure graphene does not have any peaks from 100 to 800 cm−1 (Fig. 3a), 
and the characteristic peaks are called D and G bands at 1343 and 1580  cm−1, 
respectively, as shown in Fig.  3b. The intensity ratio of D and G band, ID/IG, for 
graphene has been measured as greater than 1 (1.11). Hence, the graphene reduced 
from GO is in ordered nature and has reasonably good quality and ensured the 
sp2-bonded carbon. On the other hand, the Yb2O3G1 and Yb2O3G5 composites are 

Fig. 1   Powder X-ray diffraction pattern of a pure Yb2O3, b Yb2O3G1, c Yb2O3G3, d Yb2O3G5 compos-
ites and e synthesized graphene

Fig. 2   Powder X-ray diffraction plane of a (222) and b (211) shows the mild peak shift toward lower 
angle
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having more number of peaks in the region between 100 and 800 cm−1 in addition 
to the D and G bands of graphene in the region of 800–2000 cm−1. These bands 
have not been shifted significantly; however, the intensity ratio between D and G 
bands has been reduced from 1.11 to 1.016 as the amount of graphene increased. 
The reduced intensity ratio and more number of peaks are the evidence for the for-
mation of Yb2O3G5 composite. The additional peak at 455 cm−1 with higher inten-
sity is due to the composite.

FTIR spectral studies

The presence of functional groups of Yb2O3G composites has been identified by 
FTIR spectral analyses. The spectra have been recorded in the wavenumber range 
between 400 and 4000  cm−1 as shown in Fig.  4. From the spectra, it has been 
observed that the band around 3500  cm−1 is due to the absorbed water from the 
atmosphere, which is much weaker in the composites compared to pure Yb2O3. Gen-
erally, the stretching vibrations of CO2 lie in the region between 3000 and 1000 cm−1 
which have appeared in the pure Yb2O3 FTIR spectrum due to the presence of 
atmospheric CO2. These bands were suppressed in the composites, and the absorp-
tion peak at 584 cm−1 is due to the stretching vibrations of Yb–O and this absorption 
weakened in Yb2O3G5 sample. The weak vibrations related to carbon and oxygen 
observed in the composites confirm the formation of Yb2O3G composites.

Morphological analysis

Figures 5 and 6 are the FESEM images which show the morphology of pure Yb2O3 
and composites, respectively. It can be observed from Fig. 5a that the pure Yb2O3 
contains microcrystals with irregular shape. The magnified image shown in Fig. 5b 
ensured that Yb2O3 contains nano- and microcrystals. As shown in Fig. 6a, graphene 

Fig. 3   Raman spectra of graphene and Yb2O3G nanocomposites at region between a 100 and 800 cm−1, 
b 800 and 2000 cm−1
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sheets mixed in the midst of Yb2O3 crystals have been observed in the composite 
Yb2O3G1. The magnified image (Fig.  6b) ensured that the Yb2O3 crystals were 
covered by graphene and thereby the composites formed. The FESEM images of 
Yb2O3G5 composite (Fig. 6c, d) inferred that large amount of ytterbium oxide crys-
tals were involved in the formation of composite and the magnified image ensured 
the flake-like morphology of composite has been formed. The increase in graphene 
weight percent has caused the aggregation of Yb2O3 with graphene, and hence, gra-
phene structure has become irregular flake-like structure as shown in Fig. 6d. Fur-
ther, it is observed from the quality of the images that the graphene sheets have been 
effectively reduced from GO [16].

Figure  7a–d shows the HRTEM images of Yb2O3G5 at different magnifications. 
From the marked region of Fig. 7a, it is inferred that the Yb2O3 crystals are stacked in 
between graphene sheets. The magnified image infers that the size of the crystals is less 
than 100 nm as shown in Fig. 7b. The high-magnification images of marked region in 

Fig. 4   FTIR spectra of a pure Yb2O3, b Yb2O3G1, c Yb2O3G3 and d Yb2O3G5 nanocomposites

Fig. 5   FESEM images of pure Yb2O3 at different magnifications
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Fig. 7b are shown in Fig. 7c, d. A few layers of graphene sheets as a portion of com-
posite have been observed clearly (Fig. 7c). The Yb2O3 (Fig. 7d) crystal observed in the 
nanocomposite possesses the lattice fringes which are clearly seen in the image which 
ensured the crystalline nature, and the FFT pattern corresponding to Fig. 7d is shown 
in the inset.

Elemental analysis

Pure Yb2O3, graphene and the prepared composites were subjected to electron probe 
microanalysis, and the elemental mapping was recorded. The FE-EPMA mapping 
ensures that the presence of ytterbium and carbon is significantly higher than that 
of oxygen as shown in Fig.  8. The corresponding energy-dispersive spectrum for 
Yb2O3G5 composite is shown in Fig. 9. The elemental composition of carbon, oxygen 
and ytterbium elements was estimated for Yb2O3, Yb2O3G1 and Yb2O3G5 composites 
and is listed in Table 1. It is observed that the atomic percentage of ytterbium in the 
selected region of the composite has been decreased well as the carbon level increased.

X‑ray photoelectron spectral analysis

The survey spectrum of Yb2O3G5 composite has been recorded by an X-ray pho-
toelectron spectrometer as shown in Fig. 10a. It has sound signals for oxygen and 

Fig. 6   FESEM images of a, b Yb2O3G1 and c, d Yb2O3G5 at different magnifications
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carbon 1s electron; but the signal for ytterbium 4d electron could not be identified 
in the survey spectrum. Hence, the core-level XPS spectra of various elements for 
Yb2O3G5 composite have been obtained. The core-level spectrum of 4d of ytter-
bium in the region of 170–210 eV with a peak at 186.3 eV is shown in Fig. 10b. The 
core-level XPS spectrum of C 1s is shown in Fig. 10c, which contains two peaks at 
285.1 and 288.9 eV due to sp2-bonded carbon (C–C) and carboxyls (C–O), respec-
tively. This indicates carbon has a reasonable amount of oxygen containing func-
tional groups capable of enhancing the photocatalysis by trapping the photoinduced 
holes [12], which increases the formation of highly oxidizing OH radicals [19]. Two 
different oxygen species could be distinguished clearly by observing O1s spectrum 
in the range between 525 and 540 eV as shown in Fig. 10d. The binding energies 
of 530.8 and 532.6 eV have been assigned to lattice oxygen and hydroxyl groups, 
respectively [12].

Cyclic voltammetric behavior

Cyclic voltammetric measurements of Yb2O3G nanocomposites were taken in 
an aqueous solution of 1  M H2SO4 with the potential range of − 0.1 to 0.4  V. 
The redox behavior of metal oxides and composites was observed for different 

Fig. 7   HRTEM images of Yb2O3G5 nanocomposite from lower to higher magnification
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scanning rates from 3 to 100 mV/s. The recorded voltammogram of pure Yb2O3, 
Yb2O3G1 and Yb2O3G5 for different scanning rates is shown in Fig.  11a–c. 
Nearly rectangular smooth CV loops were observed with a mild redox behav-
ior, which ensures the pseudocapacitance behavior of the materials. It is found 
that the current and integral area of the CV loop have increased when the scan 
rate was increased, which indicates the good capacitance behavior of nanocom-
posites. The CV measurements for pure Yb2O3 and Yb2O3G composites for the 
lowest scanning rate (3 mV/s) in the present study have been compared and the 

Fig. 8   FE-EPMA images of Yb2O3G5

Fig. 9   Energy-dispersive spectrum of Yb2O3G5
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voltammograms are shown in Fig.  11d. It is found that the current density has 
increased as the graphene content in the composite increased. From the results, 
it is obvious that the increase in the current density as influenced by graphene 
reveals the amount of graphene added in the present investigation has enhanced 

Table 1   Measured elemental 
composition of reduced 
graphene and Yb2O3G 
composites

Sample Element Atomic % Error

Graphene C K 85.67 0.12
O K 14.33 1.23

Yb2O3 Yb L 36.97 0.79
O K 63.03 0.29

Yb2O3G1 Yb L 7.92 0.58
C K 69.79 0.09
O K 22.30 0.28

Yb2O3G5 Yb L 4.90 0.56
C K 75.88 0.08
O K 19.22 0.30
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Fig. 10   a X-ray photoelectron survey spectrum of Yb2O3G5, core-level X-ray photoelectron spectra of b 
ytterbium 4d electron, c carbon 1s electron and d oxygen 1s electron in the Yb2O3G5 composite
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the double-layer capacitance behavior [18]. The specific capacitance values of 
Pure Yb2O3 and Yb2O3G composites for different scanning rates also have been 
calculated under the area of CV curves using the equation [16] 

where I is the response current, V is the potential, v is the potential scan rate and m 
is the mass of the active material on the electrode. The calculated specific capac-
itance values are listed in Table  2. For all the materials, the specific capacitance 
value has decreased as the scan rate increased. Maximum specific capacitance 
value of 550 F/g for Yb2O3G5 sample has been observed at a scan rate of 3 mV/s. 
The decrease in specific capacitance values in response to the increase in scan rate 
indicates that the electrochemical capacitive process has been controlled by con-
centration polarization or diffusion electrochemistry [18]. On the other hand, the 
charge–discharge curves of pure Yb2O3, Yb2O3G1, Yb2O3G3 and Yb2O3G5 have 
also been recorded for different current densities and are shown in Fig.  12a–c. It 
has been observed that the discharge time has been increased as the current density 
has been decreased. The discharge time has also been noted from the comparison as 

(1)C
s
= ∫ IdV∕vmV
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Fig. 11   Cyclic voltammograms for a pure Yb2O3, b Yb2O3G1, c Yb2O3G5 nanocomposites at different 
scan rates and d comparison of CV loop of pure Yb2O3, Yb2O3G1, Yb2O3G3 and Yb2O3G5 for the scan-
ning rate of 3 mV/s
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shown in Fig. 12d as significantly increased due to the increase in graphene content 
in the composite.

Table 2   Calculated specific capacitance values of pure Yb2O3, Yb2O3G1, Yb2O3G3 and Yb2O3G5 com-
posites for different scan rates

Scan rate 
(mV/s)

Specific capacitance of 
pure Yb2O3 (F/g)

Specific capacitance 
of Yb2O3G1 (F/g)

Specific capacitance 
of Yb2O3G3 (F/g)

Specific capaci-
tance of Yb2O3G5 
(F/g)

3 303 326 352.24 550
10 202 199 222 273.2
20 195 191 206 268
30 178 173 189.33 232.6
50 157.2 151.6 163.2 184.4
60 150 144 155.33 174.33
80 138 131.7 139.25 131
100 129.8 122.6 128.2 129.2
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Fig. 12   Galvanostatic charge–discharge curves for a pure Yb2O3, b Yb2O3G3, c Yb2O3G5 nanocompos-
ites at different current densities and d comparison of CD curves of pure Yb2O3, Yb2O3G1, Yb2O3G3 
and Yb2O3G5 for the current density of 0.2 A/g
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Photocatalytic property

The photocatalytic activity of the prepared composites for dye degradation was 
tested on MB dye under UV irradiation, and the results are shown in Fig. 13. The 
dye degradation experiment was performed for pure Yb2O3 and Yb2O3G composites 
at the same period of UV light irradiation. The aqueous solutions of MB dye with 
pure Yb2O3 and Yb2O3G nanocomposites were irradiated by UV light for 30 min, 
and the variation of the characteristic absorption peaks of MB dye at 662 nm and 
a shoulder peak at 610 nm was observed. As shown in the figure, the percentage of 
graphene in the composite influenced significantly on the dye degradation activity 
and found that Yb2O3G5 has better catalytic activity than that of other Yb2O3G com-
posites and pure Yb2O3. It is observed that 40% of dye has been degraded in 30-min 
duration of UV radiation in the dye solution containing Yb2O3G5 composite. How-
ever, the same has been observed as 25, 17 and 3% for the dye solutions containing 
Yb2O3G3, Yb2O3G1 and Yb2O3 composites, respectively.

The photodegradation process is mainly depending on the generation of photoin-
duced charge carriers (electron–hole pair), charge separation and its migration to 
the surface. In the surfaces, surface hydroxyl traps the electrons and holes to form 
the hydroxyl radicals [18]. Yb2O3 is a good photocatalytic material due to its high 
valance band (VB) potential, which results in the formation of holes with high oxi-
dative ability and thus can oxidize OH− into OH radicals. On the other hand, the 
dye adsorption would be higher in the nanocomposites than that in the pure Yb2O3 
due to high surface area of graphene [18]. Moreover, the oxygen content is low in 
the prepared reduced graphene as confirmed in EPMA analysis (Table 1) and thus 
the oxygen reaction sites like C–O groups are limited in the nanocomposite with 
low graphene content (Yb2O3G1 and Yb2O3G3). The high dye adsorption and the 
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Fig. 13   Absorption spectra of MB dye, MB dye with Yb2O3 and MB dye with Yb2O3G nanocomposites 
after the solution is irradiated by UV light for 30 min
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low oxygen content cause low photocatalytic activity in the samples Yb2O3G1 and 
Yb2O3G3. At the higher mole percent of graphene (Yb2O3G5), the oxygen reaction 
sites are increased due to the large amount of graphene in the composite. Moreover, 
the oxide and hydroxyl radicals were increased in the samples, which resulted in 
better photocatalytic performance. In addition, the Yb2O3–graphene nanocomposite 
retards the recombination of excitons, which leads to efficient charge separation. As 
discussed in the XPS analysis, the presence of hydroxyl group and surface oxygen 
in the nanocomposite increases the OH and oxygen radical formations. Formation of 
such radicals is responsible for the decomposition of dye molecules [20, 21].

Conclusion

Graphene reduced from graphene oxide was used to prepare the Yb2O3–graphene 
nanocomposites. Nanocomposites were prepared by adding graphene with ytterbium 
oxide in different weight percentages. Structural studies were carried out by powder 
X-ray diffraction method. FTIR and laser Raman spectral analyses were carried out 
to identify the functional groups and to confirm the formation of nanocomposites. 
The morphology of the synthesized compounds has been studied by FESEM and 
HRTEM images. Elemental mapping and energy-dispersive spectrum were analyzed 
by EPMA technique. X-ray photoelectron spectra were analyzed, and the binding 
states of various elements present in the composites were discussed. The electro-
chemical studies show that the Yb2O3–graphene nanocomposites exhibit good 
capacitance behavior, and large specific capacitance value of 550 F/g for Yb2O3G5 
composite at the scanning rate of 3  mV/s has been observed. The discharge time 
has increased seven times greater for Yb2O3G5 composite when compared to pure 
Yb2O3. In addition, the photocatalytic performance has been observed to be signifi-
cantly increased as the presence of graphene increased in the composites.
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