
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
M

ar
ch

 2
02

1.
 D

ow
nl

oa
de

d 
on

 3
/6

/2
02

6 
8:

14
:3

3 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
A novel nano-lan
aInorganic Chemistry Department, Nationa

Dokki, Giza, 12622, Egypt. E-mail: dr.sheta

Tel: +20 1009697356
bNanomaterials and Nanotechnology Dep

Institute, Cairo, 11421, Egypt

† Electronic supplementary informa
10.1039/d0ra10116h

Cite this: RSC Adv., 2021, 11, 9675

Received 30th November 2020
Accepted 16th February 2021

DOI: 10.1039/d0ra10116h

rsc.li/rsc-advances

© 2021 The Author(s). Published by
thanum complex: synthesis,
characterization and application as a macrofuran
chemosensor in pharmaceutical, biological and
environmental samples†

Sheta M. Sheta, *a Mohkles M. Abd-Elzahera and Said M. El-Sheikh b

Macrofuran is widely used as an antibiotic for the treatment of urinary tract infections. Nevertheless, it is

prohibited due to toxicity and environmental concerns. The development of a fast, simple, and cost-

effective approach for the determination of macrofuran antibiotic (MFA) is still a challenge. Herein, we

report a chemosensor based on a nano-lanthanum complex derived from phenylenediamine. The

physicochemical properties and structure of the prepared complex were confirmed using different

spectroscopic tools such as X-ray diffraction (XRD), scanning electron microscopy equipped with EDX,

elemental analysis, Fourier transform-infrared (FT-IR) spectroscopy, UV-vis spectroscopy, mass

spectroscopy and photoluminescence (PL). The nano-lanthanum complex was found to be chemically

stable, highly sensitive and selective to MFA, without interference from other common antibiotics. The

limit of detection for MFA was 0.025 ng mL�1, over a linear concentration range of 0.02–30.0 ng mL�1,

with a correlation coefficient of 0.994. The nano-lanthanum complex can be used successfully as

a promising chemosensor for MFA determination in pharmaceutical formulation and different biological

samples (whole blood–serum–plasma). In addition, this approach will protect human beings from the

environmental hazards of antibiotics through the detection of the low limit of MFA. Meanwhile, the

mechanism of interaction between the nano-lanthanum complex and MFA was studied and investigated.
Introduction

Macrofuran (MFA), a trade name for nitrofurantoin (NFT)
antibiotic, is the most commonly used antibiotic in our country.
The chemical structure is shown in Fig. S1.† It is a synthetic
antimicrobial broad-spectrum antibiotic (nitrofuran family),
used for treating the cases of urinary tract infections due to its
sensitivity toward various Gram (+/�) bacteria (strains of E. coli,
Enterococci, S. aureus and certain species of Klebsiella, Enter-
obacter and Proteus bacteria).1,2 It is used not only locally, but
also worldwide for humans and animals. For example, it is used
as a treatment for antibacterial and anti-protozoan infections,
and preventing their growth promotion in the additive feed for
aquaculture and livestock.3,4

Unfortunately, some of the metabolites of the nitrofuran
family antibiotics exhibit potential teratogenicity, cytotoxicity
and environmental hazards. In addition, some of these
l Research Centre, 33, El-Behouth St.,

.nrc@gmail.com; Fax: +20-02-33370931;

artment, Central Metallurgical R & D

tion (ESI) available. See DOI:

the Royal Society of Chemistry
antibiotics have a lot of side effects on pregnant women and
cause some hepatic issues aer short/long treatment courses.1

Therefore, the European Union (EU), USA and few other coun-
tries have prohibited the use and administration of any nitro-
furan products like furazolidone in 1995 (ref. 3 and 5).

Due to the broad applications of NFT antibiotics as well as
their vital disadvantages, many research studies desired for NFT
and metabolization. Moreover, a large number of researchers
are interested in the innovation and development of fast,
simple, specic and sensitive analytical techniques and
approaches for the detection of traces of these types of antibi-
otics. There are many analytical techniques for NFT detection
such as electrochemical sensors,1,3,6 voltammetric method,5

spectrouorimetric method,7,8 ow injection-spectrophotom-
etry,9 chemiluminescence approach,10 surface enhanced Raman
spectroscopy,11 and UHPLC-DAD assay.12 Nevertheless, most of
the reported methods have many advantages and limitations.

On the other hand, the metal complexes especially at the
nanoscale and nanomaterials generally have a lot of properties
and advantages.13–18 They have a relatively large surface area
with respect to particle size.19 In addition, numerous nano-
materials are highly magnetic, semi-conductive, excellent
adsorbent materials, and have promising physicochemical
properties. These make the nanomaterials very selective and
RSC Adv., 2021, 11, 9675–9681 | 9675
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Fig. 1 (a–c) The field-emission scanning electron microscopy images
at different magnification, (d) energy-dispersive X-ray analysis with
a single point EDX mapping analysis of the nano-lanthanum complex.
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sensitive tools for the detection of organic molecules and can be
easily interacted with a biological target more efficiently than
bulk materials.20 Lanthanum complexes and MOFs vital exam-
ples for metal complexes, incubated in a considerable analytical
application. For example, it is used for the detection of ascorbic
acid in pharmaceutical preparations,21 as chemosensors for
nitrofurans,22 iron(III),23 and for anthelmintic drugs.24

In the present work, a novel nano-lanthanum complex was
prepared via a simple reaction of lanthanum chloride with 1,2-
phenylenediamine. The complex produced was characterized
using many analytical techniques and then used as a chemo-
sensor for pharmaceutical, biological and environmental
applications. The results revealed that the photoluminescence
(PL) emission spectrum of the nano-lanthanum complex was
adeptly enhanced as the concentration of macrofuran antibiotic
(MFA) increased. Therefore, the nano-lanthanum complex
could be used protably as a promising chemosensor for the
determination of MFA concentration. No interference from
some biological molecules and commonly administered drugs
and even nitro-antibiotics with similar structures to MFA was
observed. Additionally, a comparison between the previously
published works with the present approach is performed. The
comparison revealed that the detection of MFA based on the
nano-lanthanum complex is faster, simpler, inexpensive, highly
sensitive, more selective, portable, and has a wide linear range
and lower detection limit than previous reports (at 0.025 ng
mL�1 to 0.10 nMMFA) and is easier to operate. Additionally, the
present approach is applicable in different real samples such as
biological samples (serum, plasma and urine samples) and
pharmaceutical formulation. The analytical and statistical
reproducibility, repeatability, accuracy and precision of the
developed chemosensor are investigated as well as the mecha-
nism of enhancement. The chemical stability of the prepared
nano-lanthanum complex was also investigated.

Results and discussion
Nano-lanthanum complex characterization

The nano-lanthanum complex was prepared via a simple reac-
tion of lanthanum chloride with 1,2-phenylenediamine
according to Scheme S1.† The obtained orange-red precipitate
was ltered, washed and nally dried. The structure was eluci-
dated based on the obtained analytical data and discussed as
follows:

FE-SEM/EDX spectroscopy. The nano-lanthanum complex
FE-SEM images and EDX results are shown in Fig. 1. The
morphology based on FE-SEM images at different magnication
(Fig. 1a–c) appeared to be uniform rods, as shown in Fig. 1a.
However, Fig. 1b and c shows the external surface of the rods,
which appeared similar to the rods of the palm tree. The
external surface consists of nano-rods with an average size of
108 nm. Moreover, the EDXmapping analysis (Fig. 1d and Table
S1†) of the nano-lanthanum complex shows the presence of
lanthanum, carbon, nitrogen, and oxygen as elemental building
blocks in each single particle. The good distribution of the
above elements along the cross-section shown by EDX analysis
(Fig. 1d) conrmed the nano-lanthanum complex structure
9676 | RSC Adv., 2021, 11, 9675–9681
formation. Furthermore, from Table S1† the stated EDX table
results were in good conformity with that theoretically calcu-
lated: theoretically; C, 43.57; La, 22.90; N, 13.86; O, 13.19; found:
C, 43.85; La, 22.91; N, 13.15; and O, 13.09.

Mass spectroscopy. The mass spectrum of the prepared
nano-lanthanum complex and suggested scheme of fragmen-
tation are presented in Fig. S2 and Scheme S3,† respectively.
From Fig. S2,† it can be seen that the m/z peak completely
agreed with the proposed empirical formula gained by
elemental analysis. The theoretical molecular ion peak was
calculated at 606.50 m/z. The subsequent mass fragmentations,
as represented in Scheme S3,† were in good agreement with the
suggested molecular structure C22H39LaN6O5. The ion of m/z ¼
606.50 underwent fragmentation to exhibit peaks at m/z ¼ 560,
514, 496, 478, and 460 by losing two ethanol and three water
molecules. Then, the further decomposition of the compound
leads to the fragments withm/z¼ 325, 138, 108, 107, 91, 80, and
64. Generally, the successive fragmentation of the nano-
lanthanum complex were in complete agreement with the
theoretically calculated values and with the obtained molecular
structure.25

FT-IR spectroscopy. The nano-lanthanum complex spectrum
is shown in Fig. S3.† The peaks at 3400, 3310, 2973, and
1131 cm�1 are due to NH2, O–H, C–H and C–O stretching of
ethanol molecules.26,27 The peak at 3210 cm�1 is assigned to the
stretching of N–H. The sharp bands between 1525 and
1485 cm�1 are due to the stretching of C]C.28,29 The bands
between 1129 and 1055 cm�1 are attributed to C–H. The band at
584 cm�1 is assigned to a mixture of the covalent and ionic
bonding of lanthanum ion with nitrogen n(La–N).30–33

UV-vis spectroscopy. The electronic absorption spectrum of
the nano-lanthanum complex is presented in Fig. S4.† From
Fig. S4† it can be observed that the nano-lanthanum complex
displays absorption bands at 266, 315, 397, 473, 588 and
642 nm. These bands can be attributed to intra-ligand p–p*, n–
p*, and LMCT interactions.30–33

XRD analysis. The powder XRD spectrum of the nano-
lanthanum complex is shown in Fig. S5.† The XRD spectrum
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 The chemical stability study of the nano-lanthanum complex.
(a) The FT-IR spectrum of nano-lanthanum complex after storing it in
a fit test tube for 2months and 4months, (b) the XRD patterns of nano-
lanthanum complex after storing it in a fit test tube for 2 months and 4
months, (c) the PL spectrum of nano-lanthanum complex after dis-
solving in different solvents and leaving for one day, and (d) the ther-
mogravimetric analysis of the nano-lanthanum complex.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
M

ar
ch

 2
02

1.
 D

ow
nl

oa
de

d 
on

 3
/6

/2
02

6 
8:

14
:3

3 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
shows no sharp peaks, which indicates that the complex is
almost amorphous. Moreover, the lattice parameters were in
good agreement with JCPDS card no. 04-0856 of nanoparticles
of lanthanum oxide. The observed peaks at 23�, 28�, and 32�

correspond to the (hkl) values (101), (222), and (300), respec-
tively. The details of the XRD data, lattice parameter values,
Miller indices, interplanar distances and crystallite size of the
nano-lanthanum complex were estimated via the Scherrer
equation and are presented in Tables S2 and S3.† It can be
noted from the table data that the crystallite size was between
71 and 113 nm (ref. 34).

Thermal analysis. The thermal behavior of nano-lanthanum
complex (TGA/DTGA) plots (Fig. S6†) suggested that the nano-
lanthanum complex underwent three breakdown stages. A
weight loss of 24.1% was observed due to the loss of ethyl
alcohol and water molecules in the temperature range of 59.84
to 122.0 �C (calculated weight loss: 24.03%). The nano-
lanthanum complex followed a second decomposition stage
with a weight loss of 53.71% due to the exclusion of organic
phenyl rings between 306.0 and 385.0 �C. The remaining
residue and last stage is (22.18%) due to La and La2O3. The
obtained data was in agreement with that obtained from XRD
data.

Based on the above discussed physical, analytical and spec-
tral data, we can deduce the 3D structure of the nano-
lanthanum complex and the advanced molecular surface as
represented in Fig. 2a and b, respectively.

Chemical stability of the nano-lanthanum complex. The
chemical stability of the nano-lanthanum complex was accom-
plished via investigating the thermogravimetric behavior of the
complex in addition to other parameters, such as the solvents,
temperature, and time effect. Herein, the FT-IR spectrum and P-
XRD patterns of the nano-lanthanum complex (Fig. 3a and b,
respectively) were investigated three times (initial analysis then
aer 2 and 4 months) at room temperature. From Fig. 3a and b,
the FT-IR spectrum and P-XRD patterns were quite similar to
those obtained for the original sample. This indicates that the
lanthanum complex is stable chemically under storage condi-
tions. Furthermore, the chemical stability of the nano-
lanthanum complex in different solvents was evaluated, as
shown in Fig. 3c. From Fig. 3c, it can be seen that there is an
emission band at 573 nm aer excitation at 365 nm in the PL
spectrum of the nano-lanthanum complex in various solvents,
which proves the stability of the lanthanum complex in various
solvents. Finally, from the thermal behavior of the prepared
Fig. 2 (a) 3D structural representation, (b) advancedmolecular surface
representation of the nano-lanthanum complex.

© 2021 The Author(s). Published by the Royal Society of Chemistry
nano-lanthanum complex (Fig. 3d) it shows two stages of
decomposition due to the loss of free solvent molecules at
89.96 �C and then the lanthanum complex starts to decompose
at a temperature of 306.09 �C. The obtained results indicate the
stability of the lanthanum complex at high temperature.

Photoluminescence (PL) studies and applications. The PL
spectrum at different excitation wavelengths of the nano-
Fig. 4 (a) The photoluminescence emission spectrum at different
excitation wavelength for the nano-lanthanum complex, (b) excitation
(blue line) and emission (black line) spectra for the nano-lanthanum
complex, (c) the photoluminescence emission spectra for investi-
gating the behaviour of the nano-lanthanum complex towards
different concentrations of MFA, (d) a linear relationship (calibration
graph) between the photoluminescence intensity of the nano-
lanthanum complex and the logarithm MFA concentration (log[MFA]).

RSC Adv., 2021, 11, 9675–9681 | 9677
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lanthanum complex was recorded at RT as presented in Fig. 4a.
From this gure, the nano-lanthanum complex exhibits an
emission band at 573 nm aer excitation at 365 nm under ideal
conditions. The excitation and emission spectra are presented
in Fig. 4b. The uorescence behavior of the nano-lanthanum
complex can be attributed to intra-ligand p–p* and n–p*
interactions, and due to the molecular orbital transitions in the
ligand–metal charge transfer (LMCT).

The nano-lanthanum complex was used as a spectro-
uorimetric chemosensor for MFA. The PL spectrum
(at lex ¼ 365 nm) of the nano-lanthanum complex (10 mM) was
investigated against different concentrations of MFA and the
data is presented in Fig. 4c. As shown in Fig. 4c, the PL intensity
spectrum of the nano-lanthanum complex was remarkably
enhanced as the MFA concentration increased from 1 pg mL�1

to 60 ng mL�1. These results prove that the nano-lanthanum
complex could be considered as a spectrouorimetric chemo-
sensor for MFA detection.

Calibration curve, limit of detection and limit of quanti-
cation. The calibration curve (standard curve) between the PL
intensity of nano-lanthanum complex at lem ¼ 573 nm and the
concentration of MFA in a range between 1.0 pg mL�1 and 60.0
ng mL�1 are presented in Fig. S7.† Under the optimum PL
conditions, the linear dynamic graph for the nano-lanthanum
PL chemosensor (Fig. 4d) was investigated. From Fig. 4d, the
spectral PL was highly dependent on the concentration of MFA;
the PL l573 increased and saturates at a MFA concentration of
1.0 pg mL�1.

The calibration plot shows a linear relationship over a range
of 0.02–30.0 ng mL�1. The tting equations can be expressed as:

Nano-lanthanum PL intensity ¼ 580.617 + 133.787 log[MFA]

with r2 ¼ 0.994.

The LOD for the nano-lanthanum spectrouorimetric che-
mosensor was found to be 0.025 ng mL�1, whereas the LOQ was
Table 1 Comparison between the nano-lanthanum complex chemosen

Method Linear detection

Electrochemical sensor based on lanthanum
molybdate nanospheres

0.01–144.0 mM

Electrochemical sensor based on reduced graphene
oxide/Fe3O4

0.005–100.0 mM

Voltammetric method 1.0–1000 nM
Electrochemical sensor based on molecularly
imprinted copolymer

0.001–0.05 mM;
0.100–1.0 mM

Spectrouorimetric method 0.085–1.01 mM
Label-free photoluminescence assay 0.05–4.00 mM
Flow injection-spectrophotometry 0.021–1.27 nM

Electrogenerated chemiluminescence 10.0–100.0 mM
Surface enhanced Raman spectroscopy 2.11–42.25 mM
UHPLC-DAD assay 0.211–5.28 nM;

0.017–0.85 nM
Nano-lanthanum complex chemosensor 0.02–30.0 ng mL�

9678 | RSC Adv., 2021, 11, 9675–9681
0.033 ng mL�1. A summary of the regression data analysis of PL
is presented in Table S4.† From the above discussion and table
data, the lower values of LOD and LOQ and wide linear range for
the proposed chemosensor conrm its extreme sensitivity.
Furthermore, the LOD and LOQ values are better and lower than
the other previously published articles and the data are
summarized in Table 1.

Selectivity. We next conrmed the specic detection ability
of the nano-lanthanum complex towards MFA based on the
suggested photoluminescence approach. The PL spectra of the
nano-lanthanum complex (10 mM) were studied against
different interfering analytes (acetylsalicylic acid (ACS), furose-
mide (FUR), ibuprofen (IBP) as examples for co-administered
drugs; chloramphenicol (CHL), sulfafurazole (SUL), nitroben-
zene (NB), furazolidone (FUZ) as examples for nitro-compounds
with similar structure with MAF; glucose (GLU), uric acid (UA),
sucrose (SUC) as biological molecules), at the analyte concen-
tration 20 ng mL�1. Each compound was tested out in a sepa-
rate single test against the nano-lanthanum complex. The
results of the PL study are presented in Fig. 5a and b, which
shows the PL spectrum and the histogram of enhancement
efficiency, respectively. From Fig. 5a and b, the nano-lanthanum
complex exhibited a remarkably enhanced response with an
observed increase in the PL intensity in the case of MFA. At the
same time, it did not give any noticeable response to the other
interfering analytes. Therefore, we can deduce that the nano-
lanthanum complex is extremely selective and specic for
MFA throughout the exceptional enhancement phenomenon.

Accuracy, precision, reducibility and repeatability. In this
study, statistical evaluations for the applicability and effective-
ness of the proposed methodology were performed based on the
nano-lanthanum complex to quantify the MFA concentration.
Three levels of MFA concentrations 50 pg mL�1, 2 ng mL�1, and
10 ng mL�1 were used and each reading was repeated three
times per day (to check the repeatability) and on different days
(to check the reproducibility). The PL spectra of the nano-
lanthanum complex towards different concentrations of MFA
sor and some existing methods for the determination of MFA

range LOD Ref.

72.00 nM 1

1.14 nM 3

0.15 nM 5
0.30 nM 6

8.00 nM 7
30.00 nM 8
8.03 nM; 9
20.28 nM
0.60 mM 10
0.211 mM 11
0.114 nM; 12
0.19 nM

1 to (0.08–126.8 nM) 0.025 ng mL�1 to (0.10 nM) The present
work

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 (a) The photoluminescence intensity of the nano-lanthanum
complex toward the MFA against different types of interfering analytes,
(b) the photoluminescence enhancement efficiency histogram of
nano-lanthanum complex toward the MFA against different types of
interfering analytes, (c) the photoluminescence intensity of the nano-
lanthanum complex for evaluating the inter-day accuracy and preci-
sion, (d) the photoluminescence intensity of the nano-lanthanum
complex for evaluating the intra-day accuracy and precision. [Mac-
rofurans (MFA), acetylsalicylic acid (ACS), furosemide (FUR), ibuprofen
(IBP), chloramphenicol (CHL), sulfafurazole (SUL), nitrobenzene (NB),
furazolidone (FUZ), glucose (GLU), uric acid (UA), sucrose (SUC)].
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are shown in Fig. 5c and d, respectively. In addition, the
summarized results are presented in Table S5.†

The analysis of the output table data shows that the calcu-
lated relative error percent (RE%) values were between 1.0 and
1.003%; intra-day; and 0.943 and 1.004%; inter-day, which
implies excessive accuracy, repeatability and reducibility of the
Table 2 Determination of MFA in different real samples using nano-lan

Sample Spiked MFAa (ng mL�1) Fou

Serum 0.01 0.0
1.00 0.9
30.00 30.

Plasma 0.01 0.0
1.00 0.9
30.00 29.

Urine 0.01 0.0
1.00 0.9
30.00 30.

a Each reading was repeated three times; RSD, relative standard deviation

Table 3 Determination of MFA in pharmaceutical formulation using nan

Sample Concentration of MFAa (ng mL�1

Pharmaceutical formulation 0.01
1.00
30.00

a Each reading was repeated three times; RSD, relative standard deviation

© 2021 The Author(s). Published by the Royal Society of Chemistry
proposed methodology. Moreover, the evaluated values of mean
(X) were in target, the standard deviation (SD) were between 1.77
and 2.16%; intra-day; and 1.54 and 3.14%; inter-day, the coef-
cient of variation (CV) values are between 0.003 and 3.12%;
intra-day; and 1.16 and 4.07%; inter-day. The extra-low values of
SD as well CV imply the excellent precision, reducibility and
repeatability of suggested methodology.

Analytical applications in real samples and recovery study.
The currently proposed methodology was investigated to
quantify the MFA concentration content in several types of real
samples; biological samples (serum, plasma and urine samples)
and in pharmaceutical formulation. The MFA standard was
spiked in biological samples at three levels of concentrations
10.0 pg mL�1, 1.0 ng mL�1 and 30.0 ng mL; each test was
repeated three times. The pharmaceutical formulation (mac-
rofuran capsules, 100 mg) was tested at the same concentration
levels. The obtained results are presented in Tables 2 and 3.

The statistical evaluations for pharmaceutical formulation
samples were carried out by the calculation of the percent
recoveries (RC%) and relative standard deviation (RSD%).
These data demonstrate that the average RC � RSD% are 100.4
� 2.66% for serum samples, 95.3 � 3.01% for plasma samples,
101.4 � 1.75% for urine samples, 95.44 � 2.25%. The data ob-
tained above demonstrate that the proposed methodology is
applicable and effective for the quantication of MFA in
different biological samples and pharmaceutical formulation.
Moreover, this approach will be a potential critical analytical
tool in the future, which will help, address and monitor a vital
environmental issue and human health issue related to MFA
quantication.

The mechanism of uorescence. The uorescence
enhancement mechanism of the sensing platform (nano-
thanum complex chemosensor

nda (ng mL�1) RSD% Recovery%

1 3.25 100.00
99 1.47 99.90
40 3.25 101.30
09 3.57 90.00
72 2.57 97.20
63 2.89 98.77
11 2.12 105.00
7 0.998 97.30
56 2.14 101.90

.

o-lanthanum complex chemosensor

) Founda (ng mL�1) RSD% Recovery%

0.0089 3.47 89.00
0.982 2.14 98.20
29.74 1.15 99.13

.
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lanthanum complex) can be investigated as follows: as repre-
sented in Fig. 4c, it can be seen that with an increase in the MFA
concentration the emission intensity of the nano-lanthanum
complex increases, and this is evidence of an interaction
between the nano-lanthanum complex and MFA. The noted
sensing platform behaviour of the nano-lanthanum complex
towards MFA may be ascribed to intra-ligand p–p* and n–p*
interactions, and due to the molecular orbital transitions in the
ligand–metal charge transfer (LMCT).18,35,36 Moreover, the lipo-
philic properties of the nano-lanthanum complex are enhanced
due to the delocalization of p electrons in the aromatic ring,
and according to the chelation theory, the polarity of the metal
ion decreases.37,38 In addition, due to the decrease in the
polarity, the probability of chelating with the ligand (MFA) is
increased and the interactions of the nano-lanthanum complex
with MFA are normally due to covalent and ionic bonding.37–39
Experimental
Materials & instruments

See the (ESI le†) for details.
Procedure

Synthesis of the nano-lanthanum complex. The nano-
lanthanum complex was prepared according to Scheme S1†
via a reaction of lanthanum chloride (1.0 mmol, 0.3714 g) in
10 mL distilled water with 1,2-phenylenediamine (3.0 mmol,
0.3245 g) dissolved in 10 mL ethanol; the system was stirred at
room temperature (RT) for 24 hours. An orange-red precipitate
was obtained. This precipitate was ltered, washed, and dried.
The elemental analysis of the prepared nano-lanthanum
complex was in great conformity with the theoretically calcu-
lated chemical formula; anal. calc. (%): C22H39LaN6O5, (606.50 g
mol�1), C, 43.57; H, 6.48; N, 13.86; found C, 43.14; H, 6.46; N,
13.15; and the yield was 47.5%.

General procedure for PL measurement. The photo-
luminescence (PL) measurements were performed with a spec-
tro-uorophotometer instrument at RT in a quartz cuvette
with 1 cm path length, and scan time of 30 s according to
Scheme S2.† The prepared samples for the present study were
used for subsequent PL measurements. First, at RT, 1 mM stock
solution of the nano-lanthanum complex was prepared by dis-
solving a suitable weight in DMF. The working solution (10mM)
was afforded from the stock solution by dilution with distilled
water. The nano-lanthanum complex solution (10 mM) was
exhausted for consequent PL measurements at different exci-
tation wavelengths for select the optimal excitation wavelength
upon the maximum emission wavelength. Second, upon the
optimization of the PL measurement conditions and selection
of the lem and lex, the nano-lanthanum complex was used for
the determination of MFA according to the protocol in the
following section. Third, a statistical study of the analytical
performance of the current chemosensor and comparison with
other published methods for MFA determination was
performed.
9680 | RSC Adv., 2021, 11, 9675–9681
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and application in real samples. The PL spectrum of the nano-
lanthanum complex (10 mM) against freshly prepared MFA at
different concentrations was investigated. Upon the optimization
of the PL measurement conditions, a linear relationship was
found between the PL intensity of the nano-lanthanum complex
at lem ¼ 573 nm aer lex ¼ 365 nm, in the concentration range
between 0.02 and 30 ng mL�1 MFA. According to the least-
squares method, the equation parameters and correlation coef-
cient (r2) were calculated. The regression equation was: Y ¼ a +
bX where Y is the PL intensity of the nano-lanthanum complex at
lem ¼ 573 nm; a is the intercept; b is the slope; and X is the MFA
concentration. Furthermore, the limit of detection (LOD) and the
limit of quantication (LOQ) were computed by the equations:
LOD ¼ 3.3(S/b) & LOQ ¼ 10(S/b)40,41 where S is the standard error
value of PL intensity; b is the slope of the relationship graph. The
PL spectrum of the nano-lanthanum complex was also investi-
gated against different interfering analytes and against different
real samples spiked with different concentrations of MFA.

The pharmaceutical formulation (macrofuran capsules,
100 mg) i.e. ve capsules from macrofuran were opened and
carefully weighed under an inert atmosphere. A precise equiv-
alent weight to 100 mg of macrofuran was transferred to
a 50mL beaker and dissolved efficiently in distilled water. Then,
the solution was ltered and transferred to a volumetric ask
(100 mL). The ask was lled to the mark with distilled water to
obtain the stock solution from which the working solutions
were prepared.

Conclusions

This work presents a spectrouorimetric approach based on
a novel promising nano-lanthanum complex, which was
prepared and well characterized. The morphology of the
prepared complex appeared to be uniform rods like those of the
palm tree with an external surface consisting of nano-rods with
an average size of 108 nm. Moreover, the chemical stability
results showed signicant stability of the nano-lanthanum
complex. Therefore, the nano-lanthanum complex could be
used protably as a promising chemosensor for the determina-
tion of MFA concentration in pharmaceutical formulation and
different biological samples (serum, plasma, and whole blood).
The statistical evaluation of the proposed approach, in general,
was t for the purpose. The LOD forMFAwas 0.025 ngmL�1, over
a linear concentration range 0.02–30.0 ng mL�1, with r2 of 0.994.
Comparison of the current work with the other published reports
revealed this approach to be fast, simple, inexpensive, more
sensitive, extremely selective, not time-consuming, with lower
LOQ/LOD, wider dynamic linear ranges and applicability for
different types of biological samples and pharmaceutical
formulation. The results revealed a promising crucial tool for
monitoring and quantication of MFA, which is a vital environ-
mental and public human health issue.
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