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A B S T R A C T

Herein, we report the origin of inherent multicolor photoluminescence in functionalized and surface modified
ErFeO3 nanoparticles. Moreover, we have found unprecedented photocatalytic property of functionalized
ErFeO3 nanoparticles in the degradation of a model water-contaminant. Along with theoretical confirmation and
careful investigation through UV–visible absorption and fluorescence study says that the ligand-to-metal charge-
transfer from tartrate ligand to the lowest unoccupied energy levels of Fe3+ or Er3+ metal ions in the NPs and f-f
transitions (Er3+) play the key role in the emergence of multiple photoluminescence from the ligand functio-
nalized ErFeO3 NPs.

1. Introduction

Rare-earth Orthoferrites, RFeO3 (where R denoting rare-earth ions)
have attracted extensive research attention in the last few years, be-
cause of their unique optical, electronic, magnetic, electric and catalytic
properties. [1–4] The process of photocatalysis involves the absorption
of photons to produce dynamic electrons and holes to initiate the oxi-
dation/reduction of the molecules. [5] According to recent studies,
erbium ferrite (ErFeO3) is also an important visible-light responsive
photocatalyst for water splitting, air purification and degradation of
organic pollutants due to its suitable band gap and excellent chemical
stability. [6–11] This small bandgap also allows carrier excitation in
EFO with commercially available femtosecond laser pulses, hence en-
ables us to develop ferroelectric ultrafast optoelectronic devices as
widely demonstrated in semiconductors. [12]

In general transition metal oxide materials such as Fe3O4, [13]
MnFe2O4, [14] Mn3O4, [15] and MFe2O4, [16] etc, demonstrate ex-
cellent photocatalytic property and fluorescence imaging. Multiferroic
materials play a crucial role in digital electronics, such as spintronics
devices, sensors, magnetic data storage devices, transducers, actuators,
energy storage devices, memory, and logic devices etc. [17–22] The
remarkable photocatalytic and fluorescence properties of Er, Fe based
oxides have driven our interest to study their optical property. In recent
years, the multifunctional material development, we are surprised by
the recent findings about multiferroics, such as BiFeO3 nanoparticles,
[8] BiFeO3 microspheres, microcubes, submicrocubes, [23] BiFeO3

nanowires,° cation-doped BiFeO3 materials, [24] Ca, Mn Co-doped
BiFeO3 Nanofibres, [25] Bi7Fe3Ti3O21 Material, [26] nanoparticulate

ErFeO3, [27] nanosized Ni+2 doped ErFeO3 [28] as potential candi-
dates for photocatalysis. BiFeO3 nanoparticles [8] take more than 8 h to
degrade 100% of methyl orange. In case of BiFeO3 microspheres, the
degradation of congo red is negligible; BiFeO3 microcubes degrade
congo red 15% after 3 h, whereas it is 40% for BiFeO3 submicrocubes.
[23] Ca, Mn, Co-doped BiFeO3 Nanofibres [25] degrade congo red
about 60% in 2 h in presence of visible light. Nanoparticulate ErFeO3

[27] degrade methyl orange 100% within 180 min while nanosized
Ni+2 doped ErFeO3 [28] takes about 150 min to degrade 100% methyl
orange. But there are no reported multiferroic materials which show
photocatalytic property along with fluorescence behaviour.

Herein, we report the development of ErFeO3 NPs as a multifunctional
nanoprobe having intrinsic multicolor photoluminescence and excellent
photocatalytic activity, simultaneously. To study the effect of ligand to the
properties of ErFeO3 NPs, we solubilized the as-prepared ErFeO3 NPs into
water by functionalization with disodium tartrate ligand. For further sur-
face modification approach, we have observed the emergence of multi-
color fluorescence (starting from blue, cyan, green to red) from the water-
soluble tartrate-functionalized ErFeO3 NPs and tried to investigate the
mechanical origin of different fluorescence properties by using different
spectroscopic techniques. It has been found that the origin of multicolor
fluorescence is due to the ligand-to-metal charge-transfer (LMCT) transi-
tion from highest occupied molecular orbital (HOMO) of tartrate ligand to
the lowest unoccupied molecular orbital (LUMO) of Fe3+ or Er3+ metal
ions in the NPs and f-f transitions (Er3+). Also, ErFeO3 NPs exhibit ex-
cellent photocatalytic property in the degradation of methylene blue (MB)
which is commonly used organic dye in textile industries and a model
water-contaminant.

⁎ Corresponding author.
E-mail addresses: alammahebub@gmail.com, mahebubalam@bose.res.in (M. Alam).

http://www.sciencedirect.com/science/journal/00222313
https://www.elsevier.com/locate/jlumin
https://doi.org/10.1016/j.jlumin.2017.12.057
https://doi.org/10.1016/j.jlumin.2017.12.057
mailto:alammahebub@gmail.com
mailto:mahebubalam@bose.res.in
https://doi.org/10.1016/j.jlumin.2017.12.057
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jlumin.2017.12.057&domain=pdf


2. Experimental details

Erbium nitrate [Er(NO3)3, 5H2O], Iron nitrate [Fe(NO3)3, 9H2O]
and Sodium hydroxide [NaOH] are the chemical reagents used in the
present work. All the reagents are of analytical grade (99.99%) pur-
chased from Sigma Aldrich and used in the preparation without further
purification. Crystaline perovskite ErFeO3 nanoparticles (NPs) are

prepared by successive microwave processing and further high tem-
perature calcination. In a typical process, [Er(NO3)3, 5H2O] and [Fe
(NO3)3, 9H2O] are respectively dissolved in double distilled water ac-
cording to their stoichiometric ratios at room temperature. A 5 M so-
lution of NaOH is added drop by drop to the above solution until the pH
of the solution reaches to 12. Due to the addition of NaOH, Er(OH)3,
and Fe(OH)3 are precipitated and it is stirred for another 30 min. Then
the reaction solution is placed into a microwave oven and processed for
3 min until the combustion is completed under 800 W power. It is then
cooled naturally to room temperature. The product thus obtained is
washed successively by double distilled water followed by acetone and
ethanol and dried at 60 °C for 12 h. The resultant product is heated for
1 h at 1000 0C to get single phase ErFeO3 NPs.

Phase and structure of the samples are determined by X-ray dif-
fraction (XRD) using CuKα radiation (Panalytical, λ= 1.5418 Å).
Morphology of ErFeO3 NPs is investigated by field emission scanning
electron microscope (FESEM, FEIQUANTA FEG-250) operating at
5–10 kV. For transmission electron microscopy (TEM) study, samples
are prepared by drop casting prepared ErFeO3 NPs dispersed in EtOH,
on a 300 mesh carbon coated copper grid and dried overnight in va-
cuum. Particle size is determined from high resolution transmission
electron microscopy (HRTEM) micrograph and elemental analysis is
performed from (energy dispersive X-ray) EDX spectrum recorded by a
FEI Technai TF-20 field emission HRTEM operating at 200 kV. In order
to measure the UV−vis absorption of ErFeO3 NPs and the degradation
of MB with spectroscopic precision, the spectra are recorded with a
Shimadzu model UV−2600 spectrophotometer using a quartz cuvette
of 1 cm path length. The characteristic fluorescence excitation and

Fig. 1. XRD pattern of ErFeO3 nanoparticles. Inset exhibits the EDX spectrum indicating
the presence of Er, Fe, and O of ErFeO3 NPs.

Fig. 2. (a) FESEM micrograph, (b) Single particle
TEM image, (c) HRTEM micrograph and (d) SEAD
pattern of ErFeO3 nanoparticles.



emission spectra are recorded on a Jobin Yvon Model Fluoromax−3
fluorometer. UV–vis absorption spectra are measured on a UV–vis
spectrometer (we used an 8 W UV lamp as the UV light source and a
100 W incandescent bulb, its optical spectra exactly mimic sunlight
having a continuum throughout the visible region, as the visible light
source, from Philips). The initial concentration of MB is 0.1 mmol with
a catalyst (ErFeO3 nanoparticles) loading of 6 mmol L−1 are homo-
geneously mixed for 1 h in a quartz cuvette in the dark, maintaining the
pH of the solution at ∼3. Then the cuvette was placed ∼2 cm apart
from the light source and the absorbance of MB in the reaction mixture
is measured time to time by the UV−vis spectrophotometer and the
absorption peak at 663 nm is monitored to obtain the photocatalytic
degradation efficiency. We added the same amount of MB to the solu-
tion after every cycle without further addition of catalyst for the re-
cyclability test.

A JASCO Fourier transformed infrared (FTIR)−6300 spectrometer
is used to confirm the attachment of tartrate ligand with ErFeO3 NPs.
For FTIR measurement, powdered sample is mixed with KBr powder
and pelletized. The background correction is made by using a reference
of KBr pellet.

3. Results and discussion

The XRD pattern is shown in Fig. 1, confirms single phase, orthor-
hombic space group Pbnm (JCPDS file No. 72–1281) of ErFeO3 NPs.
Energy Dispersive X-ray (EDX) spectroscopic analysis as shown in inset
of Fig. 1 confirms the absence of elemental composition of the capping
agent, oleylamine, which may disturb the other properties and also the
presence of Er, Fe, O elements confirms the successful synthesis of
ErFeO3 NPs. Fig. 2(a) shows the FESEM image of ErFeO3 NPs. For op-
tical property studies, ErFeO3 NPs are used for further surface mod-
ification. To evaluate the morphology of ErFeO3 NPs, TEM study has
been carried out. Fig. 2(b) represents the single particle TEM image
with particle size about 200 nm. The corresponding HRTEM image
(Fig. 2(c)) confirms the crystallinity of ErFeO3 NPs. The calculated in-
terplaner distance between the two lattice fringes is about~ 0.27 nm,
which corresponds to the distance between (112) planes of the ErFeO3

crystal lattice. The selective area electron diffraction (SAED) pattern
taken from the area covered under the HRTEM is shown in Fig. 2(d).

ErFeO3 nanoparticles have been showed wonderful photo-catalytic
property towards the degradation of methylene blue (shown in
Fig. 3(a)), a commonly used dye in textile industries and a model water-
contaminant, upon UV irradiation at pH ~ 3. As a typical organic

Fig. 3. (a) UV−vis spectral changes of aqueous solution of methylene blue (MB) in the presence of ErFeO3 NPs with time, under UV irradiation. (Inset shows after 0 min and 90 min
irradiation), (b) Reusability of ErFeO3 NPs in the degradation of MB under UV light irradiation of wavelength 253 nm over five cycles (Inset shows comparative rate of degradation of MB
alone and in the presence of ErFeO3 NPs under UV irradiation) in UV–vis spectroscopy.

Fig. 4. FTIR spectra of as-prepared ErFeO3 NPs and T- ErFeO3 NPs along with Na-tartrate
alone.

Fig. 5. UV−vis absorption spectra of tartrate, ErFeO3 NPs, T−ErFeO3 NPs and fl.
Modified T−ErFeO3 NPs. Inset exhibits the photographs of aqueous T− ErFeO3 NPs
solution under visible (image I) and UV light (image II) respectively.



contaminant, MB is stable under UV irradiation after 90 min without
EFO NPs, the degradation of MB is less than 3% (Inset of Fig. 3(b)).
However, with EFO NPs as photocatalyst, 100% of MB is decolorizing
after 90 min (shown inset of Fig. 3(a)) under UV irradiation. Here, we
have also found that the photodegradation of MB in presence of EFO
NPs takes place almost exponentially with time following first order
rate equation with a kinetic rate constant (k) 8.7 × 10−3 min−1. We
have also verified the reusability of the catalyst, in the degradation of
MB by adding the same amount of MB into the reaction mixture every
90 min for up to 5 does, keeping the catalyst concentration fixed
(without addition of extra catalyst after the 1st cycle), and measured
the MB decomposition rate of the different cycles by tuning the de-
crease of MB absorbance at 663 nm using UV–visible spectroscopy.
Fig. 3(b) shows the relative concentration of MB versus time, up to 5
consecutive cycles, which ensure the reusability of EFO NPs catalyst
with almost compatible degradation rate.

On the basis of the above experimental results, a possible me-
chanism for the enhanced photocatalytic degradation of MB by the EFO
NPs photocatalyst was proposed as follows: The electron and the hole
are generated in the conduction and valance band of EFO under UV
light irradiation, respectively (Eq. (1)). The photo induced conduction
electron (eCB-) transfers from EFO NPs to the surface of the photo-
catalyst could capture the adsorbed O2 and reduced it to O2

.- superoxide
radical (Eq. (2)). Now, the superoxide radical reacts with the MB and
forms a colorless solution which signifies the complete degradation of
MB which is shown in Eq. (3). On the other hand, the formation of the
hole in valance band also takes part in the reaction to degrade MB. The
photogenerated holes (hVB+) can transfer to the photo catalyst surface
and also react with the H2O which is present in the reaction medium to

form hydroxyl free radical (OH.). Formation of hydroxyl free radical
leads the degradation of MB by reacting with this blue coloured dye and
forms the colorless solution, shown in Eq. (5). The proposed photo-
catalytic mechanism of EFO for MB degradation could be described as
follows:

ErFeO3 + hν → eCB- + hVB+ (1)

eCB- + O2 → O2
·- (2)

O2
·- + MB → Product (colour less) (3)

hVB+ + H2O → HO·+ H+
aq (4)

HO·+ MB → Product (colour less) (5)

To confirm the attachment of tartrate ligand to the nanoparticles
surface, we used a FTIR spectroscopy. The FTIR spectra of bare ErFeO3

NPs and T-ErFeO3 NPs along with Na tartrate alone is shown in Fig. 4.
The specific region shows the characteristic vibration of Fe-O stretching
bond and Er-O at 571 cm−1 and 481 cm−1 respectively. [29,30] These
two Metal–Oxygen peaks are not arise separately after surface mod-
ification, which proves that the effective surface modification of ErFeO3

NPs has taken place upon interaction with tartrate ligands. In case of
tartrate, two sharp peaks arising at 1066 and 1112 cm−1 are due to the
C–OH stretching modes, [31] and peaks at 1411 and 1622 cm−1 are
attributed to symmetric and asymmetric stretching modes of the car-
boxylate groups (COO-) of tartrate, respectively. [32] In case of func-
tionalized ErFeO3 NPs, all the characteristic bands are perturbed sig-
nificantly in the functionalization process.

To study the effect of ligand to the properties of ErFeO3, we

Fig. 6. (a) Normalized steady−state fluorescence emission spectra at three different excitation wavelengths of 312, 364, and 431, (b) Normalized steady−state fluorescence excitation
spectra at different emission wavelengths of 403, 491, and 556 nm of fl. Modified T− ErFeO3 NPs. Fluorescence microscopic images of the same NPs powder under (c) UV, (d) blue and
(e) green light irradiations. The scale bars in all the images are 500 µm.



solubilized the as-prepared ErFeO3 NPs into water by functionalization
with disodium tartrate ligand. Upon functionalization with tartrate li-
gand, ErFeO3 NPs exhibit a distinct broad absorption band ranging from
290 to 430 nm in UV–vis spectroscopy which is shown in Fig. 5. Since
tartrate does not show any absorption peak in UV–vis spectroscopy, the
broad band at pH~7 is clearly due to the ligand-to-metal charge
transfer (LMCT) transition from the tartrate to the metal surface of Er3+

and Fe3+ ions. [33] At pH~7, all tartrate ligand do not exhibit in its
anionic form. To get free anionic form of all tartrate ligands for better
LMCT transition, T-ErFeO3 NPs further modified by heat treatment at
~70 °C for 15 h after maintaining the pH~12 of the solution through
drop wise addition of NaOH solution. At this pH, the broad absorption
peak splits into distinguishable peaks in case of fl. modified T-ErFeO3

NPs, probably due to the enhancement of LMCT and f-f transition. The
fl. modified T-ErFeO3 NPs is found to exhibit absorption peaks at 312,
364 and 431 nm, indicate the significant changes in the surface of the
NPs after functionalization with tartrate ligand. After getting the ab-
sorption peaks of fl. modified T-ErFeO3 NPs, we carried out their ex-
citation and emission study in fluorescence spectroscopy.

Fig. 6(a) shows the normalized emission spectra of fl. modified T-
ErFeO3 NPs at 403, 491 and 556 nm upon exciting at 312, 364 and
431 nm respectively. The fluorescence peak at λem= 403 nm upon
exciting the sample at λex = 312 nm, is probably due to the charge
transfer transition from highest occupied energy level of the tartrate
ligand to the lowest unoccupied energy level of Er3+ and Fe3+ ions.
The origin of another two emission peaks at 491 and 556 nm is due to
the f-f transitions involving 4I15/2→4I13/2 and 4I15/2→4I11/2 transitions
respectively. [34] However, these transitions are purely for Er3+ (f11).
There is no possibility of d-d transition for Fe3+ (d5) due to spin and
Laporte forbidden according to the selection rules for electronic spectra
but the fundamental selection rules are not so longer valid for rare earth
elements since high atomic number of Er3+ induces a decrease in
electrostatic interactions. [35–37] Corresponding normalized different
excitation spectra at 312, 364 and 433 nm is shown in Fig. 6(b). Dif-
ferent excitations of T-ErFeO3 NPs arises multicolor fluorescence like
blue, green and red upon excitations in the range of 340–380, 450–490,
and 515–560 nm using different filters is evident from the Fig. 6 ((c)-
(e)).

4. Conclusions

Surface modified ErFeO3 NPs with disodium tartrate dihydrate li-
gand gives the opportunity for studying their surface electronic struc-
tures of 4 f metals. Using the spectroscopic technique, we have tried to
investigate the optical property of our modified NPs. We have also
explored the origin of multicolor fluorescence of 4 f metals through
LMCT transition from the tartrate ligand to the lowest unoccupied en-
ergy level of Er3+ ions and f-f transitions over Er present in the NPs. We
have also demonstrated the excellent catalytic activity of ErFeO3 NPs
for degradation of MB, a model water contaminant under UV light. We
hope that the explore of multifunctional T-ErFeO3 NPs will open up a
new door for bio-imaging, drug delivery and wastewater treatment.

Acknowledgment

Author Mahebub Alam is thankful to the Department of Science and
Technology (DST), Government of India, for providing the financial
support through the ‘INSPIRE Fellowship Award’ [IF150219].

References

[1] Y. Tokunaga, S. Iguchi, T. Arima, Y. Tokura, Phys. Rev. Lett. 101 (2008) 097205.
[2] C.Y. Kuo, Y. Drees, M.T. Fern_andez-D_ıaz, L. Zhao, L. Vasylechko, D. Sheptyakov,

A.M.T. Bell, T.W. Pi, H.J. Lin, M.K. Wu, E. Pellegrin, S.M. Valvidares, Z.W. Li,
P. Adler, A. Todorova, R. Kuchler, A. Steppke, L.H. Tjeng, Z. Hu, A.C. Komarek,
Phys. Rev. Lett. 113 (2014) 217203.

[3] K. Yamaguchi, T. Kurihara, Y. Minami, M. Nakajima, T. Suemoto, Phys. Rev. Lett.
110 (2013) 137204.

[4] R.V. Mikhaylovskiy, E. Hendry, V.V. Kruglyak, R.V. Pisarev, T. Rasing, A.V. Kimel,
Phys. Rev. B 90 (2014) 184405.

[5] K. Hashimoto, H. Irie, A. Fujishima, Jpn. J. Appl. Phys. 44 (2005) 8269.
[6] C. Tang, J. Ying, D. Ni, Q. Yang, L. Wu, P. Tang, Mater. Sci. Forum 809–810 (2015)

140–143.
[7] J. Lou, P.A. Maggard, Adv. Mater. 18 (2006) 514.
[8] F. Gao, X.Y. Chen, K.B. Yin, S. Dong, Z.F. Ren, F. Yuan, T. Yu, Z.G. Zou, J.M. Liu,

Adv. Mater. 19 (2007) 2889.
[9] S. Li, Y.H. Lin, B.P. Zhang, J.F. Li, C.W. Nan, J. Appl. Phys. 105 (2009) 054310.

[10] F. Gao, Y. Yuan, K.F. Wang, X.Y. Chen, F. Chen, J.M. Liu, Z.F. Ren, Appl. Phys. Lett.
89 (2006) 102506.

[11] U.A. Joshi, J.S. Jang, P.H. Borse, J.S. Lee, Appl. Phys. Lett. 92 (2008) 242106.
[12] K. Takahashi, N. Kida, M. Tonouchi, Phys. Rev. Lett. 96 (2006) 117 402.
[13] M.B. Gawande, P.S. Branco, R.S. Varma, Chem. Soc. Rev. 42 (8) (2013) 3371.
[14] P. Guo, G. Zhang, J. Yu, H. Li, X.S. Zhao, Colloids and Surfaces A: Physicochemical

and Engineering Aspects, 395, 168, 2012.
[15] P. Zhang, Y. Zhan, B. Cai, C. Hao, J. Wang, C. Liu, Z. Meng, Z. Yin, Q. Chen, Nano

Res. 3 (4) (2010) 235.
[16] S. Sun, H. Zeng, D.B. Robinson, S. Raoux, P.M. Rice, S.X. Wang, G. Li, J. Am. Chem.

Soc. 126 (1) (2003) 273.
[17] J. Wang, J.B. Neaton, H. Zheng, V. Nagarajan, S.B. Ogale, B. Liu, D. Viehland,

V. Vaithyanathan, D.G. Schlom, U.V. Waghmare, N.A. Spaldin, K.M. Rabe,
M. Wuttig, R. Ramesh, Science 299 (2003) 1719.

[18] M. Alam, K. Mandal, G.G. Khan, RSC Adv. 6 (2016) 62545.
[19] W. Eerenstein, N.D. Mathur, J.F. Scott, Nature 442 (2006) 759.
[20] M. Alam, K. Karmakar, M. Pal, K. Mandal, RSC Adv. 6 (2016) 114722.
[21] F.D. Martini, V. Buzek, F. Sciarrino, C. Sias, Nature 419 (2002) 815.
[22] M. Alam, S. Talukdar, K. Mandal, Mater. Lett. 210 (2018) 80–83.
[23] S. Li, Y.-H. Lin, B.-P. Zhang, Y. Wang, C.-W. Nan, J. Phys. Chem. C 114 (2010) 2903.
[24] C. Madhu, Manjunath B. Bellakki, V. Manivannan, Indian J. Eng. Mater. Sci. 17

(2010) 131.
[25] Y. Feng, H. Wang, Y. Shen, Y. Lin, C. Nan, Mod. Res. Catal. 2 (2013) 1.
[26] X. Li, Z. Zhu, F. Li, Y. Huang, X. Hu, H. Huang, R. Peng, X.F. Zhai, Z. Fu, Y. Lu, Sci.

Report. 5 (2015) 15511.
[27] C. Tang, J. Ying, D. Ni, Q. Yang, L. Wu, P. Tang, Mater. Sci. Forum 809–810 (2015)

140–143.
[28] L. Fang, Q. Yang, M. Xu, J. Cao, P. Tang, H. Chen, Eng. Mater. 748 (2017) 418–422.
[29] I.J. Bruce, J. Taylor, M. Todd, M.J. Davies, E. Borioni, C. Sangregorio, T. Sen, J.

Magn. Magn. Mater. 284 (2004) 145.
[30] F. Azad, A. Maqsood, Electron. Mater. Lett. 10 (2014) 557.
[31] N. Kaneko, M. Kaneko, H. Takahashi, Spectrochim. Acta 40 (1) (1984) 33.
[32] V. Ramakrishnan, J.M.T. Maroor, Infrared Phys. 28 (4) (1988) 201.
[33] M.E. Bodini, L.A. Willis, T.L. Riechel, D.T. Sawyer, Inorg. Chem. 15 (7) (1976)

1538.
[34] X. Zhou, Peter A. Tanner, Miche`le D. Faucher, J. Phys. Chem. C 111 (2007) 683.
[35] J.E. Huheey, E.A. Keiter, R.L. Keiter, Inorganic Chemistry, 4th ed., Pearson

Education, Singapore, 2006.
[36] P.C. de, S.F. Juliana, F. Lima, O.A. Serra, J. Braz. Chem. Soc. 26 (12) (2015) 2471.
[37] J. Vuojola, T. Soukka, Methods Appl. Fluoresc. 2 (2014) (012001) (28).

http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref1
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref2
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref2
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref2
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref2
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref3
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref3
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref4
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref4
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref5
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref6
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref6
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref7
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref8
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref8
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref9
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref10
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref10
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref11
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref12
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref13
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref14
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref14
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref15
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref15
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref16
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref16
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref16
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref17
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref18
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref19
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref20
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref21
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref22
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref23
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref23
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref24
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref25
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref25
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref26
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref26
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref27
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref28
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref28
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref29
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref30
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref31
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref32
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref32
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref33
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref34
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref34
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref35
http://refhub.elsevier.com/S0022-2313(17)31366-2/sbref36

	Microwave synthesis of surface functionalized ErFeO3 nanoparticles for photoluminescence and excellent photocatalytic activity
	Introduction
	Experimental details
	Results and discussion
	Conclusions
	Acknowledgment
	References




