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Abstract : Erbium loaded CuO nanoparticles (ECO NPs) were synthesized by a simple
precipitation - thermal decomposition method and the catalyst was characterized by X-ray
diffraction (XRD), field emission scanning electron microscopy (FE-SEM), energy dispersive
spectrum (EDS), diffuse reflectance spectra (DRS), photoluminescence (PL), X-ray
photoelectron spectroscopy (XPS) and BET surface area measurements. The XRD patterns
proved that the ECO NPs exhibited monoclinic feature type as that of pure CuO. The ECO
absorbed much more light in the UV region and lesser percentage of reflectance was noticed
from PL spectra than CuO. The photo catalytic activity of CuO has been tested by the
degradation of Methyl Orange (MO) and Trypan Blue (TB) under UV light irradiation was
considerably enhanced their activity with Er loading. The Chemical Oxygen Demand (COD)
measurement was used to confirm the mineralization of MO and TB. This catalyst was
reusable and stable under UV light illuminations.
Key words : Er loaded CuO, Photocatalysis, UV light, Methyl Orange, Trypan Blue and
Reusability

1. Introduction

CuO is a p-type semiconductor with a narrow band gap and has plentiful characteristics in nature,
namely inexpensive, non-toxic, readily stored, low cost and easily produced. CuO has outstanding mesmerizing
performance and hence it is expansively used for numerous applications such as heterogeneous photocatalysis,
optical coating, solar cells, gas sensors and biosensors1-4. In addition to the catalytic reaction, the hasty
recombination of electrons from the vacant conduction band with the positive holes of the valance band
happened, which confines the effective degradation as well as decolourization of modern pollutants.  A number
of CuO (nanoparticles) NPs were used as a catalyst for the degradation of dyes with reasonable photocatalytic
efficiencies5,  6. Although, for improving the photocatalytic activity of CuO, doping or loading with transition
metal or rare earth metal and inner transition metals into CuO is a well-organized technique for diminishing the
recombination rate of the photogenerated electron-hole pairs in the semiconductor oxide, the incorporation of
RE3+ metal ions in CuO has the specialism of co-existence of semiconducting, optical and electrochemical
properties7, 8.  Unlike Lanthanides, Erbium is the metal that cover all the application such as dielectric constant,
excellent chemical resistivity and also have high electron captures, higher activity in heterogenous catalytic
activity in both organic transformation and environmental remediation's9-11. The adaptability, simplicity and
easy operation conditions without chemical additives build the degradation as a promising method to eradicate
textile dyes. There are many reports to be had formerly for doping of La3+, Ce3+, Gd3+ and Er3+ loaded metal
oxides to improve their structural, electrical, optical and magnetic properties12-16.
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Superior catalytic activity of metal oxides using Er loaded CuO is not found in the literature. For that
reason,  we have selected two modern dyes such as  Trypan Blue (TB) and Methyl  Orange (MO).  TB is  an o-
toludine based diazo dye, well known for its capability to selectively color the dead cells blue. MO which is
commonly used in laboratory as indicator, especially MO used as an indicator in determination alkalinity of
water. These dyes are used in extensive applications in textiles, paper, leather industries and research
laboratories17. The most of the waste water from these industries is then overloaded with these type dyes. The
presence of TB can cause considerable damage to the retina18, carcinogenic and teratogenic effects in animals
and probably humans19, 20. Where as MO also causes mutagenic and carcinogenic effects21. The photocatalytic
degradation of TB and MO are available in the earlier reports22-24, but there is no significant amount of work is
carried out on the degradation process. Our present work is mainly focused on the preparation, characterization
of Erbium loaded CuO NPs, and also about the photo catalytic activity of Tryphan Blue (TB) and Methyl
Orange (MO) under UV light irradiation.  The detoxifications of both dye molecules was also confirmed by
chemical oxygen demand (COD) measurement.

2. Experimental

2.1.  Materials

The commercial azo dyes, Trypan Blue, Methyl Orange (MB) from SD Fine, Oxalic acid dihydrate (99%)
and copper nitrate pentahydrate (99%) were obtained from Himedia chemicals. Erbium (III) chloride
hexahydrate (99.9%) were obtained from Spectrochem, commercial CuO (Himedia), K2Cr2O7 (SD fine),
Ag2SO4 (SD fine), HgSO4 and FeSO4.7H2O (Qualigens) were used as received.  The double distilled water was
used to prepare experimental solutions.  The pH of the solutions before irradiation was adjusted using H2SO4 or
NaOH.

2.2. Preparation of Er loaded CuO NPs

Er-loaded CuO was synthesized by simple precipitation-decomposition method.  Aqueous solutions of
Copper nitrate pentahydrate and oxalic acid were brought to their boiling points separately. The oxalic acid
solution was mixed to the solution of copper nitrate; copper oxalate was formed. Then, 5 mL of 0.081 g ErCl3.
6H2O was added with the solution of copper oxalate suspension and this mixture was stirred for 1h at 70 °C.
Then the mixture was cooled to room temperature, the Er containing copper oxalate (1 wt % Er related to CuO)
was washed several times with distilled water, air-dried overnight and dried at 100°C for 5 hr.  Calcinations of
the mixed pricipitate  at  450 °C for  5 hr  resulted in the formation of  ECO NPs.  The Er loaded CuO NPs was
collected and used for further analysis.  This catalyst contained 1 wt% of Er. Using the same procedure 0.5, 1.5,
and 2.0 wt% of Er loaded CuO were prepared.  The bare CuO was prepared without addition of ErCl3 by the
same procedure with respective precursors.

2.3. Analytical methods

Powder X-ray diffraction patterns were obtained using an X’Per PRO diffractometer equipped with a
CuKa radiation (wavelength 1.5406 Å) at 2.2 kW Max.  Peak positions were compared with the standard files to
identity the crystalline phase.  The morphology of catalyst was examined using a JEOL JSM-6701F cold field
emission scanning electron microscope (FE-SEM) equipped with OXFORD energy dispersive X-ray spectrum
(EDS).  Before FE-SEM measurements, the samples were mounted on a gold platform placed in the scanning
electron microscope for subsequent analysis at various magnifications. Diffuse reflectance spectra were recorded
using Shimadzu UV-2450. Photoluminescence (PL) spectra at room temperature were recorded using a Perkin
Elmer LS 55 fluorescence spectrometer.  The nanoparticles were dispersed in carbon tetrachloride and excited
using light of wavelength 300 nm.  The specific surface areas of the samples were determined through nitrogen
adsorption at 77 K on the basis of BET equation using a Micromeritics ASAP 2020 V3.00 H.  UV spectral
measurements were done using Hitachi-U-2001 spectrometer. Chemical oxygen demand (COD) measurements
were carried out by a reported procedure25.

2.4. Photocatalytic experiments

For the degradation by UV-A light (365 nm), a Heber Multilamp-photoreactor HML MP 88 was employed
[26].  This form consists of 8W medium pressure Hg vapour lamps set in similar and emitting 365 nm wavelength.  It
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has a reaction chamber with specially purposeful reflector made of polished aluminum and construct in cooling fan.
It is offered a magnetic stirrer and 50 mL capacity reaction glass tubes.  The light coverage length is 330 mm.  The
irradiation was carried out by means of four parallel 8W medium pressure Hg lamps.  The solution with photo
catalyst as well as dye solution was persistently aerated by a pump to supply oxygen and for absolute mixing of
reaction solution and catalyst.

25 ml of dye solution (TB / MO) with the suitable concentration as well as the amount of catalyst was stirred
for 30 min in the absence of light to prior to illumination in order to achieve maximum adsorption of dye on to the
surface of the catalyst.  It was observed that during the illumination time, there was no volatility of the solvent.  At
specific time intervals, 2-3 mL of sample was withdrawn and catalyst was detached by centrifugation.  The changes
in the concentration of dyes were observed from their characteristic absorption at UV and visible region using UV-
Visible spectrophotometer.  The absorbance at 200-400 nm correspond to the aromatic part of the dyes and the
absence of absorbance indicates the degradation of dye molecule.

2.5. Chemical oxygen demand (COD) measurements

To verify the complete mineralization process, COD was determined using the following procedure. Sample
was refluxed with HgSO4, known volume of standard K2Cr2O7, Ag2SO4 and H2SO4 for two hours and titrated with
standard ferrous ammonium sulfate (FAS) using ferroin as indicator. A blank titration was carried out with distilled
water instead of dye sample.  COD was determined using the following equation.

   COD =
sampleofVolume

10008FASofnormality value) titresampledye- valuere(Blank tit ´´´
….. (1)

3. Results and Discussion

3.1. Characterization of catalyst

Primary analysis of photocatalytic degradations of TB and MO with different wt% Er on CuO catalysts was
carried out.  As reported earlier, this heterogeneous photocatalysis follows pseudo-first order kinetics27. Pseudo-first
order rate constants determined for 0.5, 1.0, 1.5 and 2.0 wt% Er loaded CuO were 0.071, 0.091, 0.079 and 0.060 min-

1 for TB, 0.052, 0.075, 0.0580 and 0.053 min-1 for MO.  From this results 1 wt% of Er loaded CuO catalyst was
found be most efficient for both TB and MO dyes. Hence, this catalyst was characterized by XRD, FE-SEM, EDS,
DRS, PL, XPS and BET surface area measurements.

XRD patterns of pure and Er-loaded CuO (1 wt%) nanoparticles are given in Fig. 1. The reflections at 2θ of
35.45°, 38.73°, 42.50°, 48.92°, 61.99° and 66.49° are attributed to monoclinic phase of CuO28 (JCPDS Card 048-
1548)  (Fig.1a).  The  characteristic  reflections  relating  to  the  Erbium in  the  XRD pattern  of  Er-loded  CuO NPs  is
absent (Fig.1b). This can be due to the very small amount of catalyst and an appropriate incorporation of erbium ions
in the CuO lattice29.   The inset of Fig. 1 shows that the peak corresponding to ECO NPs was slightly shifted to a
lower angle side, which revealed that the Er was loaded on the surface of CuO material29.

The average crystallite size of pure and Er-loaded CuO samples calculated from the Scherrer’s equation.

Where D is the crystal size of the catalyst, K is a dimensionless constant, λ is the wavelength of the X-rays, β
is the full width at half-maximum (FWHM) of the diffraction peak and θ is the diffraction angle.  Since this equation,
the crystallite size of bare CuO and Er-loaded CuO was calculated using the sharpest reflection are 25 nm and 16
nm, respectively.

q b
l

=
cos

D K
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Fig.  2.  XRD  patterns  of  a)  bare  CuO  and  b)  ECO  NPs  (The  inset  figure  shows  Magnification  of  XRD
patterns of (a) bare CuO and (b) ECO NPs)

Structure and morphology of the catalyst were the most imperative factors that manipulate the catalytic
activity.    Fig.  2  shows  the  FE-SEM  images  of  both  CuO  (Fig.  2a  &  2b)  and  ECO  (Fig.  2c  &  2d)  at  different
magnifications with different locations.  The ECO in Figs. 2c & 2d exhibits particles with spherical as well as flake
like structures, uniform distribution and slight agglomeration also appeared in ECO. The composition of ECO was
analyzed with EDS and shown in Fig. 3.  The results from EDS spectra states that the ECO contains Cu, Er and O.

Fig. 2. FE-SEM images of bare CuO and ECO NPs a) bare CuO (1 µm), b) bare CuO (3 µm)c) ECO (1
µm) d) ECO (3 µm).
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Fig. 3. EDS of ECO NPs

The  UV–vis  diffuse  reflectance  spectra  of  bare  CuO  and  ECO  samples  are  shown  in  Fig.  4.     It  is
conspicuous that the diffuse reflectance spectra of ECO exhibit a higher absorption in the region of 200-800 nm
when compared to bare CuO. Photoluminescence (PL) spectra are repeatedly used to monitor the efficiency of
charge carrier trapping, reposition, as well as to be aware of the fate of photogenerated e-/h+ pairs in semiconductor
oxide.   The emission spectra of bare CuO and ECO (Fig. 5a & 5b) shows evidence of faintly typical green emission
in the range of 330–480 nm.    It is acknowledged that the luminescence spectrum of a semiconductor could be
proficient to the radiative recombination process of generated e– - h+ pairs.   In view of that, the PL intensity of ECO
is reduced which might signify a low recombination rate of the e-/h+ pairs and high photon efficiency of the catalyst.
These factors are attributed for the enhancement of catalytic activity in ECO NPs.

Fig. 4. DRS of a) bare CuO and b) ECO NPs
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Fig. 5. Photoluminescence spectra of a) bare CuO and b) ECO NPs

The presence of Er 4d in the ECO NPs is established using XPS spectra. Fig. 6 demonstrate the XPS survey
spectra of the 1 wt% erbium loaded CuO NPs. Fig. 6(a) shows the whole spectrum, where the elements Cu, O, C and
Er are labelled to subsequent binding energies. In the XPS spectra the binding energies are calibrated by taking C 1s
peak as reference.

Fig. 6(b)–(d) shows the magnified spectra of Cu 2p, O 1s and Er 4d peaks respectively.
In Fig. 6(b), the binding energies of 934.7 eV and 954.7 eV are on behalf of Cu 2p3/2 and
Cu 2p1/2 respectively.   These values match well with the data reported for the Cu 2p in CuO30.  Additionally, the
shake-up satellite peaks situated at 944.2 eV and 963.0 eV are characteristic of materials having a d9 configuration31.
The strong shake-up satellites recorded in the ECO NPs confirm the Cu2+ oxidation state and rule out the probability
of the survival of a Cu2O phase30. In Fig. 6(c), the peak corresponding to O 1s level is fitted in to two peaks at 530.2
eV and 532.0 eV.  The first one with lower energy (530.2 eV) designate the presence of intrinsic oxygen in CuO and
the other at 532.0 eV is accredited to chemisorbed oxygen of the surface hydroxyl, carbonates, adsorbed water or
chiefly due to surface contamination32. The peak at 169.8 eV in Fig. 6(a) and (d) indicates the presence of Er in the
catalyst.  The binding energy 169.8 eV corresponds to the Er 4d level and thus the trivalent oxidation state of erbium
in the sample is confirmed29.
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Fig. 6.  XPS spectrum of ECO NPs: (a) Survey spectrum, (b) O 1s peak, (c) Cu 2p peak, and (d) Er 4d peak.

Generally, the surface area of the catalyst is the most important factor influencing the catalytic activity.  The
BET surface area of CuO and ECO was determined using the nitrogen gas adsorption method.   Beginning of the
adsorption–desorption data analyses, the textural properties of the synthesized photocatalyst CuO and ECO were
obtained (Table 1).  The BET surface area of ECO (6.86 m2g-1) was higher when compared to CuO (1.82 (m2 g-1).
From these results, it clearly indicates higher surface area of the catalyst enhances its catalytic activity.

Table 1.  Surface properties of the catalysts.

3.2. Photo detoxification TB and stability of the catalyst

For the photocatalysis reaction to occur, both catalyst and a light source are more essential.  A control
experiment was carried out on the irradiation of TB under only UV light, in the presence of ECO with and without
light irradiation, as shown in Fig. 7.  Here there was no degradation observed in the subsistence of UV light (curve
d).  Since the above results shows that there was insignificant degradation (0.2 %) when the reaction was permissible
to occur in the presence of UV light without any ECO catalyst.   Besides to that about less than 1% decrease in dye
concentration occurred due to adsorption for the same experiment execute with ECO in the absence of UV light
(curve e).  Almost complete degradation was accomplished (100 %) in presence ECO with UV light (5 hr) (curve a).
While the photocatalysts bare CuO, and commercial CuO were used under similar conditions only 82.9 (curve b) and
77.9 (curve c) percentages of degradation occurred, respectively.  From above the results clearly shows that ECO is
more proficient in TB dye degradation than other prepared and commercial catalysts.

Usually, semiconductor photocatalyst life span is an important constraint of the catalytic process because of
its use for a longer period of time show the way to a huge cost reduction of the treatment.  For this incentive, catalyst
life time was tested again and again by carrying out the degradation with the used catalyst.  The results for three

Properties bare CuO NPs ECO NPs
BET surface area 1.82 (m2 g-1) 6.86 (m2 g-1)
Total pore volume (single point) 0.01 (cm3 g-1) 0.04 (cm3 g-1)
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cycles of the catalyst are shown in Fig. 8.  Degradation efficiencies at first, second, and third cycles are 100, 99.6 and
97.3% respectively.  ECO exhibited outstanding photostability without any noticeable loss of photocatalytic activity
even at third cycles.  These results indicate that ECO catalyst remains effective and reusable under UV light.

Fig. 7. Photodegradability of TB; [TB] = 2 ´ 10-4 M, catalyst suspended = 1 g L-1, pH = 7, airflow rate =
8.1 mL s-1, IUV = 1.381 ´ 10-6 einstein L-1 s-1

Fig. 8. Catalyst reusability, [TB] = 2×10-4 M, 1 wt% ECO suspended = 1 g L-1, pH = 7, airflow rate = 8.1
mL s-1, IUV = 1.381 ´ 10-6 einstein L-1 s-1

3.3. Photo detoxification of MO and stability of the catalyst

After getting equilibrium in dark, according to the desorption test from the adsorbed sample, approximately
1 % of MO (curve b) was adsorbed this may be due to adsorption of the dye on the surface of the catalyst (Fig. 9).
There was insignificant degradation (0.2 %) when the reaction was allowed to take place in the presence of UV light
without any catalyst (curve c).  It was found that the appearance of the catalyst before and after use was the same (not
shown here).  It reveals that adsorbed MO has been degraded completely (curve a).  From these interpretations
clearly reveal that UV light and photocatalyst are crucial for effective devastation of MO dye.  When the
photocatalyst of bare CuO and commercial CuO were used under same conditions only 80.9 (curve d) and 80.6
(curve e) percentages of degradations occurred, respectively.  This shows that UV/ ECO process is more efficient in
MO dye degradation than other processes.
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In order to determine the firmness of photocatalyst during the photo catalytic detoxification of MO, ECO
catalyst was used repeatedly for three runs.  The results are shown in Fig. 10.  There was no considerable loss of
photocatalytic activity up to third run (91.3%).  The recovered photocatalyst gives us an idea about the same color as
the newly prepared catalyst.  This indicates the stability of the photocatalyst during the photocatalytic reaction.

Fig. 9. Photodegradability of MO; [MO] = 5 ´ 10-4 M, catalyst suspended = 1 g L-1, pH = 7, airflow rate
= 8.1 mL s-1, IUV = 1.381 ´ 10-6 einstein L-1 s-1

Fig. 10. Catalyst reusability, [MO] = 5×10-4 M, 1 wt% ECO suspended = 1 g L-1, pH =    7, airflow rate
= 8.1 mL s-1, IUV = 1.381 ´ 10-6 einstein L-1 s-1

3.4. UV-visible spectra of the dyes at different time of irradiation

Fig. 11 and 12 showed the perceptible changes in the absorbance spectra of two azo (TB & MO) dyes
with ECO photocatalyst at different time intervals under UV light illumination.  The absorbance at the utmost
absorption peak (above 400 nm) is due to n→π* transition of the -N=N- and hydrazone forms, which is reason
for the colour of azo dyes.  The absorbance at 200–400 nm was allowed to π→π* transition of benzene rings, it
is representing the aromatic part of azo dyes, and its disappearance due to the degradation of aromatic part of
the dye33.  After the reaction time was prolonged, all the peaks in dye molecules decreased progressively. New
peaks are not showed during irradiation in the analyzed wavelength range. It designated that the main
chromophores and aromatic part in the original dye solution were overwhelmed in the presence of ECO under
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UV light illumination.  In addition, these spectra also reveal that intermediates do not absorb the analytical
wavelengths.

3.5. COD analysis TB & MO dyes

Chemical Oxygen Demand (COD) is an important factor for evaluating the concentration of untreated
contaminants in water resources.  Because the degradation of organic compounds requires oxygen, their
concentrations can be unsurprising by the amount of oxygen required for the degradation of water resources34.  The
mineralization of these dyes (TB and MO) was reported by measuring the COD values by different time interval of
illuminated solution under appropriate UV light conditions.  The percentages of COD reduction at different times of
irradiation are presented in Table 2.  About 100 % (TB) and 93.4 % (MO) of COD reduction were observed for
these dyes at respective time of irradiation.  It clearly indicates the complete mineralization of dye molecules.

Fig. 11. The changes in UV-vis spectra of TB on irradiation with UV light in the presence ECO: [TB] =
2× 10–4 M; pH = 7; catalyst suspended = 1 g L–1; airflow rate = 8.1 mL s–1;

Fig. 12. The changes in UV-vis spectra of MO on irradiation with UV light in the presence ECO: [MO]
= 5× 10–4 M; pH = 7; catalyst suspended = 1 g L–1; airflow rate = 8.1 mL s–1
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Table 2.   COD measurements

a [TB] = 2 ´ 10–4 M; 1 wt% ECO suspended = 1 g L–1; pH = 7; airflow rate = 8.1 mL s-1;
IUV = 1.381 × 10-6 einstein L-1 s-1.

b [MO] = 5 ´ 10–4 M; 1 wt% ECO suspended = 1 g L–1; pH = 7; airflow rate = 8.1 mL s-1; IUV = 1.381 × 10-6

einstein L-1 s-1.

3.6.  Mechanism of dye degradation

When semiconductor is illuminated by light radiation, a valence band electron (VB) goes to conductance
band (CB) leaving a hole in valence band (Scheme. 1).  On the whole these electron-holes are recombined to
diminish the photocatalytic activity of the semiconductor.  But the presence of ‘Er’ catches the electron from CB of
CuO, which represses the e– -  h+ recombination. It shows, the photocatalytic activity of ECO photocatalyst was
greater to that of bare CuO and commercial CuO photocatalyst.  In addition to that the O2 adsorbed on the surface of
photocatalyst can trap the photogenerated electron35, 36.   Moreover,  the trapping nature of  Er  sites  molecules  are
subsequently transferred to the surrounding adsorbed O2 to produce more number of superoxide radical anion
(O2

•−)  and  at  the  same  time  VB  holes  of  CuO  react  with  water  to  produce  highly  reactive  hydroxyl  (•OH)
radical.  The highly reactive O2

•− and •OH are used for the degradation of both the dye molecules.

Scheme 1. Mechanism of degradation of dyes by ECO NPs

4. Conclusion

A new Er loaded CuO was synthesized by simple precipitation- decomposition method and characterized by
XRD, FE-SEM, EDS, DRS, PL and BET surface area measurements.  ECO has higher absorption than bare CuO in
entire visible region.  The PL spectra reveal the suppression of recombination of the photogenerated electron-hole
pairs by the Er loading on CuO.  ECO was found to be highly efficient than both bare and commercial CuO for
degradation of dyes under UV light illumination. This catalyst was found to be more stable.  COD measurements
authenticate that the almost complete mineralization of all the dye molecules.  A mechanism is proposed for the

Time
(hr)

COD removal
 (TB)a

COD removal (MO)b

0 0 0
1 17.9 13.5
3 60.0 56.0
5 98.1 93.4
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superior photocatalytic activity of the ECO.  This process using ECO photocatalytic material would be more useful
for industrialized waste water treatment as well as some organic transformation due to the advantages of its
effortlessness, economical and recyclability.
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