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a b s t r a c t

The assessment of Chromium ion in the field of leather tanning industry; either in leathers or waste
forms, using fluorescent sensor method, has not been thoroughly explored. Herein, a simple and sen-
sitive fluorescent sensor based on x mol Eu3þ:BaZrO3 Nano-phosphor (EBZO) (x¼ 0.00150, 0.0150,
0.0300, 0.0500mol) has been prepared and characterized for Cr3þ ion detection in tanning leathers or
waste. Eu3þ:BaZrO3 Nano-sensor has strong and pure red emission with long lifetime upon UVC exci-
tation; either in solid state or aqueous solutions. The sensing results reveal that EBZO Nano-sensor is
quite selective and sensitive towards chromium ion over other metal ions. The assessment of chromium
ion has been done using Stern-Volmer quenching method on the red fluorescence emitted from the
sensor upon the addition of chromium in aqueous solution. Calibration plot has been achieved over the
concentration 1.0e10� 10�9 molL�1 with a correlation coefficient of 0.978 and a detection limit of
3.8� 10�9 mol L�1. Optical fluorescence and lifetime measurements confirm that EBZO sensor is statically
quenched via columbic interaction mechanism with chromium ions. Optimized EBZO Nano-sensor is
successfully applied for Chromium detection in real tanning of leather or other waste samples with high
recovery values.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Chromium plays an important role in leather tanning industry.
Tanning based on Chromium is widely considered a faster and
cheaper method of producing highly-resistant and durable leathers
[1]. Cr(OH)SO4 is the main compound used in the leather tanning
process. During the tanning process, Cr is not used completely; but
huge amounts outflow, as liquid and solid wastes [2]. Conse-
quently; the wastes loaded with Chromium have a negative impact
on different environmental sectors. The main hazardous impact of
Cr3þ is that it can be oxidized to Cr6þ especially in acidic medium.
Cr (VI) is stable, water soluble, highly toxic, and carcinogenic even
at very low concentrations. It causes a chronic damage to the
aquatic environment [3].

Therefore; production of sensitive and low-cost fluorescent
sensor for measuring chromium ion in tannery wastewater before
it outflows to domestic waste, remains an active area of research.
Also, the determination of Cr3þ ion percentage in tannery leather
samples is also important in leather tanning industry. Different
fluorescent sensors have been reported for Chromium ion in water
[4e10]. These sensors are based on using fluorescent organic
compounds or molecules such as Rhodamine and Coumarin de-
rivatives [4e6]. Organic-based fluorescent sensors are limited by
their photo-bleaching, broad emission band, short lifetime and low
sensitivity [11]. To avoid these disadvantages, recently, inorganic
fluorescent sensors, such as quantum dots, attractedmuch research
attention to avoid the above-mentioned disadvantages [7e10]. The
inorganic sensors have more advantages which include simplicity,
high-selectivity and relative cheapness for the determination of
Chromium in different industrial sectors [12e16]. Lanthanide, as
other fluorescent materials, is characterized with pure emission
color and long lifetime. Nano-inorganic sensors based on lantha-
nide ions as fluorescent centers havemore advantages over present
inorganic fluorescent sensors in bulk scale. They show unique
chemical, optical and surface properties, such as bright fluores-
cence, color tenability, signal stability, high sensitivity, high
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surface-to-volume ratio and high biocompatibility [17]. The high
stability of Nano-inorganic sensors based on lanthanide ions is due
to their constant fluorescent signal response for long time. The
constant fluorescence signals of lanthanides are attributed to
shielding the lanthanide centers from the surrounding environ-
ment by inorganic host. It is where the lanthanide ion can enter the
inorganic hosts via substitution or interstitial modes [17,18]. This
leads to decreasing errors and standard deviation [17].

However, the use of pure inorganic sensors doped with
lanthanide elements for the detection of Chromium from aqueous
solution is limited. In this research, Nano-fluorescent sensor (Eu3þ:
BaZrO3 [EBZO]) has been prepared by sonochemical-sol gel method
for the detection of Chromium ion in tannery leather and real
wastewater samples.

2. Experimental

2.1. Materials

Zirconiumoxy nitrate ZrO(NO3)2$2H2O, europium nitrate
(Eu(NO3)3$6H2O), barium nitrate (Ba(NO3)2), aluminum nitrate
(Al(NO3)3$9H2O), cobalt nitrate (Co(NO3)2$4H2O), cadmium nitrate
(Cd(NO3)2$4H2O), chromium nitrate (Cr(NO3)3$9H2O), iron nitrate
(Fe(NO3)3$9H2O), magnesium nitrate (Mg(NO3)2$6H2O), manga-
nese nitrate (Mn(NO3)2$4H2O), nickel nitrate (Ni(NO3)2$6H2O), lead
nitrate (Pb(NO3)2), and copper nitrate (Cu(NO3)2$6H2O)e all have
been purchased from Sigma- Aldrich. Nitric acid (HNO3), ammonia
(NH4$OH), ethylene glycol (C₂H₄(OH)₂) and citric acid (C6H8O7)
(Sigma) have been used as received. Deionized water and pure
grade solvents (Aldrich) have been used for the preparation of
solutions.

2.2. Synthesis of Eu3þ: BaZrO3 [EBZO]

Nano-fluorescent sensor based on Eu3þ: BaZrO3 [EBZO] has
been fabricated via sonochemical sol-gel method. An appropriate
amount of barium nitrate (Ba(NO3)2) and Zirconiumoxy nitrate
(ZrO(NO3)2$2H2O) (1:1M ratio) have been dissolved in acidified
ethanol/distilled water mixture. The mixture has been stirred for
1 h to get a homogeneous solution. Then different molar ratios of
europium nitrate (Eu(NO3)3$6H2O) have been added to the above
solution; (0.0015, 0.0150, 0.0300 and 0.0500mol) as dopant
under stirring for another 1 h at room temperature. Citric acid
(C6H8O7) has been added slowly to the above-mentioned solu-
tion under vigorous stirring to form a clear and a transparent
solution. The ratio of C6H8O7 to Ba(NO3)2 has been maintained at
1:2. pH value of the result solution has been adjusted to 7e8 by
adding drops of ammonia (NH4$OH). Finally, ethylene glycol
(C₂H₄(OH)₂) has been added, and then the solution has been ul-
trasonically irradiated for 30min with ultrasonic probe (80 kHz)
at room temperature. The obtained solution has been heated at
80 �C until gel formation. The gel has been heated at 300 �C for
4 h. The dried powder has been grounded and calcined at 1000 �C
for 2 h.

2.3. Characterization

Transmission electron microscopy (TEM) pattern has been per-
formed on a JEM-2100 (JEOL). The Powder X-ray diffraction (XRD)
analysis has been recorded using ‘PHILIPS’ diffractometer with
CuKa1 radiation (ka¼ 1.54056 Å). The UVeVis diffuse reflectance
(DR) spectra have been recorded on ‘JASCO V-530’ spectrometer
(Japan). Photoluminescence emission and lifetime data of the pre-
pared samples have been measured using a ‘PerkinElmer LS55’
Luminescence Spectrometer (USA).
2.4. Sensitivity of nanoflorescent sensor

Stock solutions of -[barium nitrate (Ba(NO3)2), aluminum nitrate
(Al(NO3)3$9H2O), cobalt nitrate (Co(NO3)2$4H2O), cadmium nitrate
(Cd(NO3)2$4H2O), chromium nitrate (Cr(NO3)3$9H2O), iron nitrate
(Fe(NO3)3$9H2O), magnesium nitrate (Mg(NO3)2$6H2O), manga-
nese nitrate (Mn(NO3)2$4H2O), nickel nitrate (Ni(NO3)2$6H2O), lead
nitrate (Pb(NO3)2), and copper nitrate (Cu(NO3)2$6H2O)]e have
been prepared in distilled water. All dilute solutions have been
prepared from standard stock aqueous solutions of concentration
0.1M of their respective metal ions. Briefly, an aqueous solution of
metal salt has been mixed with 0.05 g of EBZO Nano-sensor and
stirred for 30min. The fluorescence spectra of which have been
recorded at lex¼ 350 nm. The fluorescence of EBZO Nano-sensor
has been measured without addition of metal salts as a blank
experiment. Stern-Volmer relationship has been then applied [19].

2.5. Analytical application

The fluorescent Nano-sensor has been immediately mixed with
diluted 10ml real tannery leather and wastewater samples ob-
tained from Al-Robeky city for leather tanneries in Egypt. Fluores-
cence intensity of the solution has been measured at 610 nm and
the total Chromium concentration has been determined from the
Stern-Volmer plot.

The obtained results have been compared to data obtained by
standard method using atomic absorption spectrophotometer in
case of tannery wastewater sample [20]. In order to determine Cr in
waste samples using ICP; samples have been first treated with acid
digestion process. Sample solutions, after reaching room temper-
ature, have been filled up to 100ml with pure water. The obtained
solution has been, then, measured by ICP.

The obtained results for tannery leather sample have been,
moreover, compared to data determined according to ASTM Stan-
dard methods for chromic oxide in wet blue ash [21]. Briefly; 3 gm
of leather sample have been burned in Platinum crucible to obtain
ash. The obtained ash has been mixed with the same quantities
from Sodium Carbonate, Potassium Carbonate and Borax Melton.
This mixture has been putted in oven at 800 �C for 30min to
convert Chromium (III) salts to chromate molten with orange-red
color. The cooled molten is soluble in 500ml hot distilled water.
25ml of this solution has been mixed with 75ml water, 10ml conc.
HCl and 10ml (10%) KI (drops from starch). Then, this solution has
been titrated with sodium thiosulphate (1M). Then the Cr2O3 has
been calculated according to the following equation.

Volume of (Na2S2O3) x 2.5337/1000 x Wt (leather) x (100- %
humidity and fats in the sample).

3. Results and discussion

3.1. Characterization

XRD patterns of x mol EBZO (x mol of Eu3þ ¼ 0.0015, 0.0150,
0.0300 and 0.0500) are shown in Fig. 1. All fluorescent Nano-
sensors show several sharp diffraction peaks at 2q¼ 30.1�, 43.1�,
53.5�, 62.6 and 71.4� corresponding to BaZrO3 (BZO) phase (JCPDS
No. 06e0399) [22]. The diffraction peak of BaZrO3 at 2q¼ 30.1� is
shifted toward low diffraction angle as Eu3þ doping concentration
increased (Table 1 and Fig. 1). No characteristic peaks of europium
oxide can be observed, indicating that Eu2O3 molecules have
effectively soluble into BZO host grain boundary. The crystal lattice
parameters of the fluorescent Nano-sensors are calculated ac-
cording to the following relation a ¼ dðh2 þ k2 þ l2Þ1=2; where
d corresponds to the inter-plane spacing of the main diffraction
peak of BZO having h k l (110). The calculated unit cell values showa



Fig. 1. XRD patterns of x mol EBZO nano-sensors.

Fig. 2. TEM image for x mol EBZO nano-sensors.

Fig. 3. Reflectance spectra of x mol EBZO nano-sensors.
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remarkable increase as the function of Eu3þ concentration (Table 1).
This behavior is likely due to unit cell expansion when Zr4þ ions
(r¼ 0.72 Å) are replaced with bigger Eu3þ ion (r¼ 0.95 Å)
[18,22,23]. These results have been also confirmed by increasing
the crystal size values as the doping concentration increased
(Table 1). The EBZO have quasi-cubic sheet morphology with
average length and widths are equal 23 and 18 nm, respectively
(Fig. 2).

UVevisible reflectance spectra reveal a typical absorption edge
for crystalline BZO in UVC region (220 nm and 260 nm) and
reflectance band in UVA region (327 nm), suggesting large non-
uniform distribution of defect states created during preparation
within the semiconductor band gap (Fig. 3) [24]. After Eu3þ sub-
stitution into the BZO lattice, UV edge turns slightly red (Table 1). In
the visible region of the spectrum, the entire Nano-fluorescent
sensor has transparency window of BZO. The calculated band gap
of the prepared fluorescent Nano-sensors (Eg) has been estimated
by extrapolation of the linear portion of (ahn)2 versus photon en-
ergy (hn) plots using the relation, ahn¼ A (hn - Eg)1/2; where a¼ ln
(Io/I)/t, here ln (Io/I), absorbance and t, thickness of the thin film
[18]. A is a constant for a direct transition and hn is photon energy
of the incident radiation (Supplement 1 and Table 1). The optical
gap values for all doped Nano-sensors are ranged from 4.63 to
4.83 eV, which are smaller than the reported gap of highly struc-
tural (5.3 eV) [25].

An intense broad excitation band around 250 nm is observed in
all excitation spectra of x mol EBZO Nano-sensors (x mol of
Eu3þ ¼ 0.0015, 0.0150, 0.0300 and 0.0500) (lem¼ 612 nm) (Fig. 4a).
These bands are attributed to Eu�O charge transfer (CT) [18].
Moreover, intensity of CT band increases with increasing doping
concentration. This indicates that the down conversion probability
increases as a function of Eu3þ ion concentration. The fluorescence
spectra for all x mol EBZO Nano-sensors (x mol of Eu3þ ¼ 0.0015,
0.0150, 0.0300 and 0.0500) (lex¼ 250 nm) are measured and pre-
sented in Fig. 4b. Characteristic emission bands of Eu3þ located at
Table 1
The crystal and optical parameters of x mol EBZO nano-sensors.

X mol EBZO Position 2qo Lattice parameter (a

0.0000 30.10 4.190
0.0015 30.10 4.188
0.0150 30.08 4.191
0.0300 30.08 4.195
0.0500 30.06 4.196
581, 597, 612, 655 and 705 nm are obtained, which correspond to
the 5D0e

7FJ(0-4) transitions.
Fig. 4b shows that Eu3þ magnetic dipole transition (5D0/

7F1) is
more predominant at low concentration from dopant. By increasing
Eu3þ dopant concentrations, 5D0/

7F2 electric dipole transition
(red) increases (Table 1). Consequently, the asymmetry ratios
(I5D0/7F2/I5D0/7F1) are remarkably enhanced by increasing doping
concentration (Table 1). The fluorescence results corroborate to the
results obtained by XRD analysis in terms of cell lattice parameter.
) (Å) Crystallite size [nm] Band gap (eV)

33 4.77
24 4.73
26 4.69
34 4.63
46 4.83



Fig. 4. The excitation (a) and emission b) spectra for x mol EBZO nano-sensors.
(lem¼ 612 nm and lex¼ 250 nm).

Fig. 5. The PL decay curves for x mol EBZO nano-sensors at different Eu3þ concen-
trations (lex¼ 250 nm).
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The cell parameter increases due to ionic radii difference when
Eu3þ ion is substituted into the Zr4þ sites. This leads to electric
charge unbalance surrounding Eu3þ ion as well as a reduction in the
degree of order and symmetry around Eu3þ sites [22].

The luminescence lifetime values of 5D0 of EBZO as a function of
Eu3þ ion concentrations are measured (Fig. 5 and Table 2). The
decay curves can be described as a single exponential; where
I(t)¼ I0e(�t/i), I0 is initial PL intensity and i is the luminescence
lifetime [26]. It is observed that the lifetime values are almost
constant up to 0.0300mol of Eu3þ ion then decrease at higher
doping concentration (0.0500mol) due to the concentration
quenching (Table 2).
3.2. Analytical method for sensing of metal ions

Highly luminescence lifetime sample (0.0300mol EBZO) is
applied for metal ion sensing. First, the fluorescence stability of
0.0300mol EBZO Nano-sensor has been measured in aqueous so-
lution (pH¼ 7) as blank experiment (Supplement 2). An excellent,
stable and pure red fluorescence has been obtained from Nano-
sensor in aqueous solution, which can be observed by the naked
eye.

Sensing sensitivity of 0.0300mol EBZO sensor towards different
metal cations has been studied by mixing of different metal cations
with 0.0300mol EBZO in aqueous medium (pH¼ 7). Changes in the
fluorescence intensity of 0.0300mol EBZO upon addition of
different metal ions (Cr3þ, Mn2þ, Fe3þ, Co2þ, Ni2þ, Cu2þ, Pb2þ, Cd2þ
and Al3þ) at 1� 10�4M have been shown in Fig. 6. The red fluo-
rescence of 0.0300mol EBZO sensor is almost completely quenched
in case of Cr3þ ionmore than any other metal ion (1� 10�4 molL�1),
which can be observed by the naked-eye under UV light.

The 0.0300mol EBZO sensor responses for Cr3þ ion at
1� 10�4M has been tested as function of time (Fig. 7). This reveals
that the adsorption reaction between Cr3þ and 0.0300mol EBZO
sensor is quite rapid at first, which leads to a decrease in the
sensor emission by more than 85% within 10min. The sensor
fluorescence stability has been established after 15min of mixing
in case of low (1� 10�8 molL�1) and high (1� 10�4 molL�1) Cr3þ

concentrations.
The influence of Cr3þ ion concentration on the emission in-

tensity of 0.0300mol EBZO sensor has been studied under the
optimum experimental conditions. The luminescence intensity of
0.0300mol EBZO sensor has been quenched by increasing the
concentration of Cr3þ ion up to 1� 10�4 molL�1 (Fig. 8a). The Stern-
V€olmer equation has been applied for the relation between the Cr3þ

ion concentrations and the fluorescence intensity of the 0.0300mol
EBZO sensor, F0/F ¼ 1 þ KSV [Q] (Fig. 8b) [27]. Where, F and F0 are
the fluorescence intensities of the sensor in the absence and
presence of Chromium ion, respectively; [Q] is the chromium
concentration, and KSV is called SterneVolmer constant. From the
plot of [(F0/F) �1] against [Cr3þ] the Eu3þ hypersensitive band in-
tensity (610 nm) has been decreased linearly with the Cr3þ ion
concentration (Fig. 8b). The high Ksv value has been obtained
(Ksv¼ 7.05327� 107M�1L; Standard deviation SD¼ 0.05561;
R¼ 0.978). The linear range is from 1� 10�9 to 9� 10�9 molL�1.
The detection limit (LOD) and quantification detection limits have
been calculated according to ICH guidelines [28]. The value of LOD
is calculated using the formula LOD¼ 3 s/b; where s is the standard
deviation and b is the slope of the calibration plot. LOD of Cr3þ using
the prepared nano-sensor is 3.8� 10�9mol L�1. The value of
quantification detection limits (LOQ)¼ 10 s/b has been found equal
to 7.9� 10�9mol L�1.

The half quenching concentration (Cl/2) has been obtained from
1/ksv¼ 1.418� 10�8 molL�1. The critical energy transfer distance
between donor Eu3þ and acceptor (Cr3þ) (R0) has been also calcu-
lated from the following relationship; R0¼ 7.35/(C1/2)1/3. Ro equals
54.7Å [26]. Moreover, the luminescence decays of 0.0300mol
EBZO sensor in the absence and presence of Cr3þ (1� 10�8 molL�1)
have been measured after excitation at a wavelength of 250 nm for
better understanding of quenching type. No change in the PL



Table 2
The fluorescence parameters of x mol EBZO nano-sensors.

Phosphor Intensity Asymmetry factor (h) (lex¼ 250 nm) t (ms)± error (lex¼ 250 nm)

596 nm 612 nm

x mol EBZO
0.0015 108.5 64.50 0.59 1.12± 0.03
0.0150 269.7 353.9 0.92 1.11± 0.03
0.0300 404.7 411.7 1.01 1.19± 0.04
0.0500 358.2 556.1 1.55 1.04± 0.03

Fig. 6. Effect of metal ions on intensity of 0.0300mol EBZO nano-sensor. Concentra-
tion of metal ions 10�4M.

Fig. 7. Emission intensity of 0.0300mol EBZO nano-sensor undergoing different times
from 0min to 20min after adding 1� 10�8M and 1� 10�4M from Cr3þ ion.

Fig. 8. a) Effect of increasing concentrations of Cr3þ on the intensity of 0.0300mol
EBZO nano-sensor. b) The SterneVolmer plot of the Cr3þ concentration dependence of
the intensity of 0.0300mol EBZO nano-sensor.
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lifetime values of 0.0300mol EBZO sensor before (ibefore¼1.19ms)
and after addition of Cr3þ (iafter¼1.05ms) has been detected. The
luminescence lifetime and critical distance results demonstrated
that the fluorescent sensor has been statically quenched via
columbic interaction mechanism between the donor and acceptor
[27].

In columbic interaction mechanism, the spectral overlap be-
tween the emission of the donor (sensor) and the absorption of the
acceptor (Cr3þ) should be occur to obtain an efficient quenching
energy transfer process. Supplement 3 exhibits the absorption
spectra of different metal ions and fluorescence spectrum of the
sensor. It has been observed that there is a significant overlap be-
tween the absorption spectrum of Cr3þ ions with the emission
spectra of 0.0300mol EBZO sensor over than other studied metal
ions. These results directly associated with an efficient quenching
process in the presence of Cr3þ ions. In which, the red light emitted
by sensor can be absorbed surface adsorbed Cr3þ ions [29].
3.3. Chromium determination in real tannery leather and
wastewater samples

The fluorescent Nano-sensor has been applied for chromium
sensing from tannery leather and wastewater samples obtained
from Al-Robeky city for leather tanneries in Egypt. The wastewater
samples have been diluted several times with distilled water before
use. In case of tannery leather sample, Chromium has been first
extracted according to the standard method mentioned in the
experimental part. Then, the extract sample has been diluted
several times before use. The fluorescence spectra of the tannery
leather and wastewater samples at 610 nm (Fig. 8a) have been
measured and Chromium concentration has been determined from



Table 3
The obtained chromium concentration in leather and wastewater samples using EBZO and standard method.

EBZO sensor Standard method Recovery %

Wt % of Cr2O3 in Leather sample 3.55 gm% 3.50 gm% 101.4%
Concentration of chromium Wastewater sample 25.3 ppm 26.0 ppm 97.30%
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the Stern-Volmer plot. The obtained results have been collected in
Table 3. Good agreement between the average values obtained by
the developed procedure and the standard method in both samples
has been obtained (Table 3). It is recommended that chrome tanned
leathers should include a minimum of 2.5% Chromium oxide. The
obtained data shows that the % Cr2O3 in leather sample is 3.4 which
is acceptable sample. Also the obtained Chromium concentration in
waste sample is higher than the stated limits in the Egyptian
Environmental Standards (not more than 0.5mg/L) [30]. This
means that this sample needs more treatment. The recovery
(average proposed/standard� 100) for the tested samples has been
determined (Table 3). The recovery results for the proposedmethod
confirm the sensitivity of the Nano-sensor for Chromium detection.

Moreover, the luminescence decay of 0.0300mol EBZO sensor
in the absence and presence of two different chromium samples
have been measured under UV excitation (Supplement 4). No
change in the PL lifetime values of 0.0300mol EBZO sensor in
extracted leather sample (ibefore¼1.12ms) and wastewater sample
(ibefore¼1.08ms) which confirms a static quenching mechanism.

4. Conclusions

Pure red and long lifetime EBZO fluorescent sensor has been
prepared and characterized with high selectivity for Chromium
ions over other studiedmetal ions with LOD 3.8� 10�9mol L�1. The
sensing mechanism is discussed in detail. The optimized EBZO
Nano-sensor has been successfully applied for the detection of
Chromium in real tanning of leathers or waste samples with high
recovery values.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jallcom.2019.06.336.

References

[1] B. Basaran, M. Ulas, B.O. Bitlisli, A. Aslan, Distribution of Cr (III) and Cr (VI) in
chrome tanned leather, Indian J. Chem. Technol. 15 (2008) 511e514.

[2] H. Nigam, M. Das, S. Chauhan, P. Pandey, P. Swati, M. Yadav, A. Tiwari, Effect of
chromium generated by solid waste of tannery and microbial degradation of
chromium to reduce its toxicity: a review, Adv. Appl. Sci. Res. 6 (2015)
129e136.

[3] T. Srinath, T. Verma, P.W. Ramteke, S.K. Garg, Chemosphere 48 (2002)
427e435.

[4] Y. Wan, Q. Guo, X. Wang, A. Xia, Photophysical properties of rhodamine iso-
mers: a two-photon excited fluorescent sensor for trivalent chromium cation
(Cr3þ), Anal. Chim. Acta 665 (2010), 2015-2220.

[5] S. Guha, S. Lohar, A. Banerjee, A. Sahana, I. Hauli, S.K. Mukherjee,
J.S. Matalobos, Thiophene anchored coumarin derivative as a turn-on fluo-
rescent probe for Cr3þ: cell imaging and speciation studies, Talanta 91 (2012)
18e25.

[6] D. Karak, A. Banerjee, A. Sahana, S. Guha, D. Das, 9-Acridone-4-carboxylic acid
as an efficient Cr(III) fluorescent sensor: trace level detection, estimation and
speciation studies, J. Hazard Mater. 188 (2011) 274e280.

[7] C. Peng, Y. Zhang, Z. Qian, Z. Xie, Fluorescent sensor based on glutathione
capped CdTe QDs for detection of Cr3þ ions in vitamins, Food Sci. Human
Wellness 7 (2018) 71e76.
[8] H. Yang, L. He, Y. Long, H. Li, X. Hu, Fluorescent carbon dots synthesized by

microwave-assisted pyrolysis for chromium(VI) and ascorbic acid sensing and
logic gate operation, Spectrochim. Acta Mol. Biomol. Spectrosc. 205 (2018)
12e20.

[9] S. Kaviya, S. Kabila, K.V. Jayasre, Room temperature biosynthesis of greatly
stable fluorescent ZnO quantum dots for the selective detection of Cr3þ ions,
Mater. Res. Bull. 95 (2017) 163e168.

[10] Y. Zhang, X. Fang, H. Zhao, Z. Li, A highly sensitive and selective detection of
Cr(VI) and ascorbic acid based on nitrogen-doped carbon dots, Talanta 181
(2018) 318e325.

[11] G.A. El-Inany, H.S. Seleem, R. Helmy, M.O. Abdel-Salam, M. Saif, Synthesis and
characterization of Sm3:Bi4Si3O12 and dispersed into silica nanophosphor for
sensing application, J. Mol. Struct. 1173 (2018) 111e119.

[12] S. Rc, M.G. Bawendi, D.G. Nocera, CdSe nanocrystal based chembiosensors,
Chem. Soc. Rev. 36 (2007) 579e591.

[13] M.J. Ruedas-Rama, E.A.H. Hall, Azamacrocycle activated quantum dot for zinc
ion detection, Anal. Chem. 80 (2008) 8260e8268.

[14] M.J. Ruedas-Rama, E.A. Hall, l. Ana, Analytical nanosphere sensors using
quantum Dot�Enzyme conjugates for urea and creatinine, Anal. Chem. 82
(2010) 9043e9049.

[15] M.J. Ruedas-Rama, E.A.H. Hall, Multiplexed energy transfer mechanism in a
dual function quantum dot for zinc and manganese, Analyst 134 (2009)
159e169.

[16] M.J. Ruedas-Rama, J.D. Walters, A. Ortea, E.A.H. Hall, Fluorescent nanoparticles
for intracellular sensing: a review, Anal. Chim. Acta 751 (2012) 1e23.

[17] M.S. Attia, Nano optical probe samarium tetracycline complex for early
diagnosis of histidinemia in new born children, Biosens. Bioelectron. 94
(2017) 81e86.

[18] M. Saif, Magdy Shebl, A.I. Nabeel, R. Shokry, H. Hafez, A. Mbarek, K. Damak,
R. Maalej, M.S.A. Abdel-Mottaleb, Novel non-toxic and red luminescent sensor
based onEu3þ:Y2Ti2O7/SiO2 nano-powder for latent fingerprint detection,
Sensor. Actuator. B 220 (2015) 162e170.

[19] G.A. El-Inany, H.S. Seleem, R. Helmy, M.O. Abdel-Salam, M. Saif, Synthesis and
characterization of Sm3þ:Bi4Si3O12 and dispersed into silica nanophosphor for
sensing application, J. Mol. Struct. 1173 (2018) 111e119.

[20] ASTM, Standard Methods for the Examination of Water and Wastewater-
Hexavalent Chromium (Total Cr by ICPOES, D1976 Method), 1996.

[21] ASTM, Standard Test Method for Chromic Oxide in Ash Wet Blue D6714-01,
2015.

[22] R. Borja-Urby, L.A. Diaz-Torres, P. Salas, C. Angeles-Chavez, O. Meza, Strong
broad green UV-excited photoluminescence in rare earth (RE ¼ Ce, Eu, Dy, Er,
Yb) doped barium zirconate, Mater. Sci. Eng. B 176 (2011) 1388e1392.

[23] S.H. Butt, M.S. Rafique, S. Bashir, U. Ilyas, K. Siraj, M.S. Awan, K. Mehmood,
M. Rafique, A. Afzal, Influence of Er doping on the structural, optical and
luminescence properties of pulsed laser deposited Er: BaZrO3 thin films,
Ceram. Int. 43 (2017) 12162e12166.

[24] M. Venugopal, H. Padma Kumar, Inter. J. Adv. Res. Sci. Eng. 6 (2017) 13e15.
[25] M.L. Moreira, J. Andres, J.A. Varela, E. Longo, Synthesis of fine micro-sized

BaZrO3 powders based on a decaoctahedron shape by the microwave-
assisted hydrothermal method, crys, Growth Desig. 9 (2009) 833e838.

[26] M. Saif, N. Alsayed, A. Mbarek, M. El-Kemary, M.S.A. Abdel-Mottaleb, Prepa-
ration and characterization of new photoluminescent nanopowder based on
Eu3þ:La2Ti2O7 and dispersed into silica matrix for latent fingerprint detection,
J. Mol. Struct. 1125 (2016) 763e771.

[27] M. Saif, M.S.A. Abdel-Mottaleb, Titanium dioxide nanomaterial doped with
trivalent lanthanide ions of Tb, Eu and Sm: preparation, characterization and
potential applications, Inorg. Chim. Acta 360 (2007) 2863e2874.

[28] M.S. Attia, A.O. Youssef, Ziya A. Khan, M.N. Abou-Omar, Alpha fetoprotein
assessment by using a nano optical sensor thin film binuclear Pt-2-
aminobenzimidazole-Bipyridine for early diagnosis of liver cancer, Talanta
186 (2018) 36e43.

[29] Y. Liang, H.M. Noh, S.H. Park, B.C. Choi, J.H. Jeong, GdVO4 Colloidal, Eu3þ@SiO2
nanocrystals for highly selective and sensitive detection of Cu2þ ions, Appl.
Sur. Sci. 433 (2018) 381e387.

[30] Egyptian Environmental 93/62 (Amended by Executive Regulations No. 44/
2000).

https://doi.org/10.1016/j.jallcom.2019.06.336
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref1
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref1
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref1
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref2
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref2
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref2
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref2
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref2
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref3
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref3
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref3
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref4
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref4
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref4
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref4
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref5
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref5
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref5
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref5
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref5
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref5
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref6
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref6
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref6
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref6
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref7
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref7
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref7
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref7
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref7
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref8
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref8
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref8
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref8
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref8
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref9
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref9
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref9
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref9
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref9
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref10
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref10
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref10
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref10
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref11
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref11
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref11
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref11
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref11
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref12
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref12
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref12
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref13
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref13
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref13
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref14
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref14
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref14
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref14
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref14
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref15
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref15
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref15
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref15
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref16
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref16
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref16
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref17
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref17
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref17
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref17
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref18
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref18
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref18
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref18
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref18
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref18
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref18
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref18
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref18
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref18
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref19
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref19
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref19
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref19
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref19
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref19
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref19
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref19
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref20
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref20
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref21
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref21
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref22
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref22
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref22
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref22
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref22
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref23
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref23
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref23
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref23
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref23
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref23
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref24
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref24
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref25
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref25
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref25
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref25
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref25
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref26
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref26
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref26
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref26
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref26
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref26
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref26
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref26
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref26
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref27
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref27
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref27
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref27
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref28
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref28
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref28
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref28
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref28
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref29
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref29
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref29
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref29
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref29
http://refhub.elsevier.com/S0925-8388(19)32433-8/sref29

	BaZrO3:Eu3+ nanophosphor: A potential fluorescent sensor for highly selective and sensitive detection of chromium ions from ...
	1. Introduction
	2. Experimental
	2.1. Materials
	2.2. Synthesis of Eu3+: BaZrO3 [EBZO]
	2.3. Characterization
	2.4. Sensitivity of nanoflorescent sensor
	2.5. Analytical application

	3. Results and discussion
	3.1. Characterization
	3.2. Analytical method for sensing of metal ions
	3.3. Chromium determination in real tannery leather and wastewater samples

	4. Conclusions
	Appendix A. Supplementary data
	References


