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ABSTRACT

Synthesized PbS sensor functionalized with gelatin quantum dots glotaraldehyde has been
recognized as a unique medicament sensor thanks to its ultra-fine size, photo-stability, and
distinguished fluorescent properties. The fluorescence of the PbS quantum dots sensor
functionalized with gelatin synthesis is selectively and sensitively enhanced by addition of the
Phenylpropanolamine (PPA) drug-induced aggregation of sensor PbS with gelatin. This
finding was further used to design a fluorometric method for the determination of (PPA) drug,
The reaction is followed fluorometrically by measuring the absorbance at 335 nm. 2.5x107
molL™ PbS with gelatin sensor, calibration graph in the range of 0.05 - 10.0 pg L™ (PPA)
drug. The absorbance is linear from 0.05 up to 100.0 pg L in aqueous solution with
repeatability (RSD) of 3.5% at a concentration of 10.0 pg L™ and a detection limit of 2.2 pg
L* by the fixed-time method of 60 sec. The relative standard deviation for 10.0 pg L™ (PPA)
drug is %95. The applicability of the method was demonstrated by the determination of the
(PPA) drug in urine and blood samples.

Keywords: Phenylpropanolamine (PPA) Drug; Fluorescence; Sensor PbS with Gelatin
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1. INTRODUCTION

Phenylpropanolamine hydrochloride may explain differences in misuse and side

(PPA) is a nasal decongestant mainly used
in combinations for relief of cold
symptoms as it has indirect
sympathomimetic activity [1,2]. PPA is
also known as B-hydroxy amphetamine,
and is a member of the phenethylamine
and amphetamine chemical classes [3].
Pharmaceutical drug preparations of PPA
have varied in their stereoisomer
composition in different countries, which
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effect profiles [4]. Analogues of PPA
include  ephedrine,  pseudoephedrine,
amphetamine, methamphetamine, and
cathinone [5]. Its chemical name is (1RS,
2SR) -2-amino -1-phenyl propanol. Te BP
described non aqueous potentiometric
titration for PPA [2]. Te USP suggested

non-aqueous titration method using glacial
acetic acid for PPA pure form and HPLC
method for its capsules, extended released
capsules, tablets, extended released tablets
and oral solutions [6].
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In this connection, several analytical

techniques such as capillary
electrophoresis  [7], Voltammetry [8],
nanocomposites electrodes-based
voltammetry [9]. capillary gas
chromatography HPLC [10,11,12],
HPTLC [13], liquid chromatography

coupled with mass spectrometry (LC-MS)
[14] and spectrophotometry[15]. There are
different methods wused for PPA
determination spectrophotometry [16] and
flow injection [17]. Recently, noble metal
nanoparticles-based UV-visible
spectrometric and fluorometrically
methods have drawn special attention for
selective and sensitive reorganization of
target species (inorganic, organic and
biomolecules) in various complex matrices
[18].

In recent years, fluorescent sensors have
attracted much attention in the detection of
drugs due to their excellent properties of
easy operation, high sensitivity, selectivity,
and real-time monitoring [19, 20]. In the
past few decades, a great variety of
fluorescence probes have been reported for
the determination of drugs including
organic dyes [21] and quantum dots (QDs)
[22]. However, those QDs are limited by
the potential leakage of heavy metal
elements [23]. Consequently, developing
alternative and environmentally friendly
materials is of great significance [24].
Owing to their ultrafine size (usually less
than 2 nm) [25], which is equivalent to the
electronic Fermi wavelength, fluorescent
sensors the nature of molecules, including
discrete energy level, strong light
luminescence, good light stability,
biocompatibility and other unique physical
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and chemical properties, thus exhibiting
great potential in the field of sensing and
imaging [26,27]. However, Owing to low
chemical and thermal resistance as well as
difficulties in separation and recovery
associated with the low-molecular-weight
chemosensors, a physical immobilization
support is often needed for their
application [28, 29]. A physical support
does not only improve the mechanical
properties, but also minimizes the tendency
of the sensing molecules to migrate. To
avoid complications associated  with
synthesizing probes and immobilizing
them on a physical support, polymers with
host binding sites as part of their backbone
or as part of their pendant group were
found to be better alternatives.

In the present article, an uncomplicated
facile strategy was employed in preparing
water-soluble, stable PbS with gelatin by
utilizing glotaraldehyde as a stabilizer. As
it is shown in (Fig. 1), the existence of
(PPA) provokes the aggregation of
nanoclusters ~ with  improvement  of
fluorescence intensity. In  addition,
successful application of nanoprobes in
detecting (PPA) medicament in different
real samples along with their significant
efficiency and perfect recovery prove their
great potentialities in practical application.
In the current article, a fluorometric
method was designed for determining
(PPA). The extreme sensitivity, electivity
and simplicity of the proposed method led
to the absolute superiority of this method
over other aforementioned ones. The
method was effectively applied in

determining (PPA) in blood and urine
samples.

Fig. 1. Schematic illustration of the PbS quantum dots sensor functionalized with gelatin synthesis.
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2. EXPERIMENTAL

2-1. Apparatuses

A Shimadzu 1601 PC UV-Vis
spectrophotometer with a lcm cell was
used for recording all spectra and
absorbance  measurements  (Shimadzu,
Japan) at room temperature. Fluorescence
spectra were performed on a Hitachi F-
7000 fluorescence spectrometer (Tokyo,
Japan). X-ray photoelectron spectroscopy
(XPS) measurements were carried out
using an ESCALAB 205 X; spectrometer
(Thermo Fisher Scientific, Waltham, MA,
USA). Fourier transform infrared (FT-IR)
spectra were recorded on a PerkinElmer
(FT-IR spectrum BX, Germany). Time-
resolved luminescence intensity decay was
recorded on a Horiba JY Fluorolog-3
molecule fluorometer (Paris, France), and
samples were excited by a 375 nm laser
light source. A Jenway 3510 pH-meter
which calibrated against two standard
buffer solutions at pH 4.0 and 10.0 was
used to measure the pH of the solutions. A
Hamilton syringe (10 pl) was used to
deliver small volumes of reagent into the
cell. The reference cell was contained a
membrane without any indicator. All
measurements were made in the
absorbance mode.

2.2. Reagents and materials

All chemicals, lead sulfide (PbS), gelatin,
glotaraldehyde, from Merck Company.
Phenylpropanolamine (PPA) drug (98.0
%), purchased from India Company.
Hydrochloric acid and methanol were
purchased from Merck Company, solution
(Merck, Darmstadt, Germany).

Universal  buffer  solutions  were
prepared from boric acid / acetic acid /
phosphoric acid (0.04 M each). The final
pH was adjusted by the addition of 0.2M
sodium hydroxide. Stock solutions of 10.0
ug L of interfering drugs. Were prepared
by dissolving appropriate amounts of
suitable salts in double distilled water.
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2.3. Pretreatment of real samples Urine
samples

A 10 mL portion of a urine sample (or a
spiked urine sample) was treated with 10
mL of concentrated HNO3; (63%) and an
HCIO, (70%) mixture of 2:1 in a 50 mL
beaker covered with a watch glass. The
content of the beaker was heated on a hot
plate (100 C, 15 min, 150 'C 10 min). The
watch glass was removed and the acid
evaporated to dryness at 150 ‘C HCIO, (3
mL) was added to the resulting white
residue and the mixture was heated at
160 'C to dryness. All heating was carried
out under a hood while taking the
necessary precautions. Five milliliters of 1
M H,SO, was added, the mixture heated at
150 °C for 1 min, and the volume made up
to the mark in a 50 mL volumetric flask.
Aliquots (7 mL) of the resulting clear
solution were analyzed according to the
described procedure [30].

Blood sample

Homogenized blood sample 20 mL was
weighed accurately and in a 200 mL
beaker was digested in the presence of an
oxidizing agent with addition of 10 mL
concentrated HNO3; and 2 mL HCIO, 70 %
was added and heated for 1 h. The content
of beaker was filtered through a Whatman
No. 42 filter paper into a 250 mL
calibrated flask and its pH was adjusted to
desired value and diluted to mark with de-
ionized water. In all of real and synthetic
sample amount of (PPA) was found by
standard addition method [31].

2-4. Synthesis of PbS Quantum Dot—
Gelatin Nanocomposites Sensor

The nanoparticle PbS was synthesized in
reactive solution prepared using lead
nitrate (Pb(NOs3),) and sulfide sodium
(NayS) with concentration of (0.1 M and
0.1 M). The Gelatin pellets were used as a
base medium and its concentration was set
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to (0.1 M). 20 mL of all the above
solutions were prepared separately, using
distilled water as a solvent and mixed
together in a beaker. 2 ml of
glotaraldehyde (25%) was added into the
solution as a complexing agent, which can
easily bind the metal ions. The reactive
vessel with solution was immersed into 20
ml acetone maintained at 40°C and
pressure of 10° mbar. A thermometer was
placed in the vessel to measure the
temperature of the bath solution and also a
temperature sensor and dimer with
temperature controller were attached to
maintain the constant temperature. The
solution was stirred well with the help of

magnetic  stirrer to  maintain  the
homogeneous mixture. The prepared
solution was colorless and turned

yellowish after (30 min) and suddenly
changed into gray color, these indicate the
chemical reactions and also confirm the
formation of PbS. The reactive solution
was continuously stirred for (2 h). The
powder was collected and dried in a hot air
oven at (57°C) [32].

2.5. Procedure Fluorescent Detection
measurements

The ensuing steps were followed for a
typical fluorescence emission intensity
method experiment: first, a 10 ml
volumetric flask was picked and 1ml of
PPA (10.0pg L™) was added to it. Second,
Iml PbS Quantum Dot-Gelatin Nano
composites (2.5x102 mol L™) and then 2
ml of glotaraldehyde (25%) were put into
the volumetric flask. The reaction time
start point was recorded. After (10 sec), the
solution was mixed for another 10 sec and
then by adding DW (distilled water) it was
volumed. The difference between the
guantities of the absorption in a
wavelength equal to (335 nm) in a time
interval equal to (40- 60 sec), was
estimated. By adding (PPA) to the
solution, it was observed that fluorescence
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emission intensity of the acetonitrile
solution of PbS quantum dot—gelatin
nanocomposites at wavelength of (335 nm)
dropped. At the same time, with the help of
fluorometric and UV-visible spectrum (Al
b), the apparent spectral evolution
including the formation of a well-defined
isobestic point at around (335 nm) was
estimated. All reaction steps were repeated
by increasing the concentration (0.2pg L)
of the (PPA) drug every (10 sec).
Moreover, all the steps were repeated for a
reaction. In the fluorometric of (PPA) drug
(AI b) and ultimately (AI) lp blank-I
sample. There was a sharp change in the
fluorescence emission of the sensor in the
(335 nm) region, a continuous increase of
(PPA) drug at intervals of (10 sec) in
solution and changes in the fluorescence
emission intensity of the sensor, peak
fluorescence emission during (335 nm),
with an increase in fluorescence emission
intensity, can be seen in (fig. 3A). UV-
visible spectrum (AADb). All these steps
would be repeated for a reaction without
the presence of (PPA) drug (AADb), finally
(AA) AAblank-AAsample is calculated.
The spectrum changes are due to the
addition of (PPA) drug in the range of
(0.0pg L™t at 1.1ug L™) and the formation
of a complex. As can be seen, the complex
((PPA) drug-sensor) has absorption peaks
at a wavelength of 385 nm (Fig. 3B) [33].

3. RESULTS AND DISCUSSION

3.1. Characterization of PbS Quantum
Dot-Gelatin Nanocomposites Synthesis
3.1.1. FTIR analysis

FTIR spectra for PbS Quantum Dot-
Gelatin Nanocomposites Synthesis are
shown in (Fig. 4). The vibrational
frequencies for stretching bonds in PbS
molecule cannot be detected by FTIR
analysis. This confirms that PbS doesn’t
show any definite absorption peaks in the
range 400 - 4000 cm™ The vibration modes
located at 3423 cm™ can be assigned to the
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O-H broad absorption mode due to the
hydroxyl group in the compound. The
absorption band at 2928 cm™ corresponds
to the C-H stretching vibration mode. The
broad absorption near 1300 - 1000 cm™
confirms the presence of the C-O bond.
The absorption band at 1637 cm™ is due to
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the O—H bending vibration from the water
molecules adsorbed into the surface. There
is a furthermore subtle point that no
significant difference between the FTIR
spectra of PbS quantum dots with gelatin
Synthesis nanoparticles is observed [34].
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Fig. 2. The Fluorescent Detection of product PbS Quantum Dot-Gelatin Nanocomposites.
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Fig. 3A. The Fluorescent Detection of product PbS quantum dots—gelatin hanocomposites and (PPA)
medicament (10 sec), and increasing concentration of the (PPA) medicament solution (0.2pg L™).

0.5, PPA (M)
0.4
£ 0.3
< i
2 0.2 —
o< — 0.7 BgL*
E — 0.5 PgL7
0.14 E 0.3 pgh?
0 0_ / s ; %Ila;xb:
” 1 T T T 1
250 300 350 400 450 500 550

Wavelength (nm)

Fig. 3B. The absorption spectra of product PbS quantum dots—gelatin nanocomposites and (PPA) medicament
(10 sec), and increasing concentration of the (PPA) medicament solution (0.2pug L™).
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3.1.2. XRD analysis

The XRD pattern of the PbS Quantum
Dot-Gelatin Nanocomposites is shown in
(Fig.5). The synthesized nanopowders are
found to be polycrystalline in nature. All
detectable peaks corresponding to (111),
(420), (331), (400), (222), (311), (220),
(200) and (422) planes belong to the pure
cubic phase of PbS (JCPDS no. 78-1901)
[35].

3.1.3. Surface morphology

The graph in (Fig. 6) shows the
morphological features and particle size
distribution of the PbS Quantum Dot—
Gelatin  Nanocomposites using SEM
micrograph. It has been seen that the
particles were mostly spherical with a
various size distribution as they form
agglomerates. From the particle size
distribution, we obtain the average particle
size in the range of 37-44 nm very close to
those determined by XRD analysis [36].
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Fig. 4. The FT-IR transmittance spectrum of the prepared of synthesized PbS Quantum Dot-Gelatin
Nanocomposites.
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Fig. 5. The XRD image of the prepared of synthesized PbS Quantum Dot—Gelatin Nanocomposites.
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Fig. 6. The (SEM) image of synthesized PbS Quantum Dot—Gelatin Nanocomposites.

3.2. Optimization of Sensing Conditions

It is interesting that the fluorescence
intensity of the as-prepared PbS Quantum
Dot-Gelatin Nanocomposites was
significantly enhanced in the presence of
(PPA) drugs. In order to obtain a highly
sensitive response for the detection of (PPA)
drugs the optimization of pH values, PbS
Quantum Dot—Gelatin Nanocomposites and
incubation  time was carried out
systematically.

The pH value of the reaction solution
could greatly influence the interaction
between PbS Quantum Dot-Gelatin
Nanocomposites and (PPA) drugs. To
inspecting The effect of PbS Quantum
Dot-Gelatin  Nanocomposites, on the
reaction rate, 1 ml (PPA) drugs 10.0 ug L™
solution, PbS Quantum Dot-Gelatin
Nanocomposites, 2.0x10” mol L™ and 2
ml of glotaraldehyde (25%) are added to
the volumetric flask 10 ml and by adding
distilled water. fluorescence intensity of
solution was measured. The fluctuating pH
values in the range of 2-9 of the (PPA)
drugs-PbS  Quantum  Dot-Gelatin
Nanocomposites complex at 385 nm were
investigated. As displayed in (Figure 7 A),
the fluorescence intensity increased
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significantly with the increasing solution
pH, and reached its maximum when pH
reached 4.0. A possible explanation for this
is that the pH influences the (PPA) drug
speciation in solution [37, 38]. Therefore,
pH 4.0 was selected as the optimum pH
value for (PPA) drug detection. Meanwhile,
To inspecting The effect of PbS Quantum
Dot-Gelatin  Nanocomposites, on the
reaction rate, 1 ml Phenylpropanolamine
(PPA) drugs 10.0 ug L™ solution, 2 ml of
glotaraldehyde (25%) and 1 ml, PbS
Quantum Dot-Gelatin  Nanocomposites,
0.5x107 to 4.0x102 mol L™ are added to
the volumetric flask 10 ml and by adding
distilled water. fluorescence intensity of
solution was measured. The above
mentioned operation was repeated for
blank solution (the solution without (PPA)
drugs). The results are shown in and
(Figure 7 B), based on those results
2.5x10% mol L' was selected as the
desired concentration. In addition, the
effect of reaction time on the fluorescence
intensity was also studied. It can be seen
from (Figure 7 C) that the fluorescence
intensity increased rapidly, and reached its
maximum at around 60 sec, after which it
remained relatively stable. Therefore, a
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reaction time of 60 sec was chosen in this experiment.
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Fig. 7 A. The effect of pH on the rate of reaction.
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Fig. 7 B. The effect of PbS Quantum Dot-Gelatin Nanocomposites on the reaction rate.
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Fig. 7 C. The effect of time on the reaction rate.
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3.3. Response time

As is known, the response time (195 %) of
a sensor, the time required for the response
of the sensor towards a certain
concentration of the measured ion to reach
(95%) of its final value (steady state).
Controlling the response time of the
membrane is attainable via checking the
needed time for the analyte to disperse
from the volume of the solution to the PbS
Quantum Dot—Gelatin Nano composites
interface and to connect with the (PPA)
medicament solution. [39]. The response
time of the present membrane was tested
by recording the fluorescence intensity
change at 335 nm from a (pH=4) to a
buffered (PPA) drug solution of 10.0 ug L
! The PbS Quantum Dot—Gelatin
Nanocomposites was found to reach 95%
of the final signal at 5-120 sec depending
on the concentration (Figure 8). In general,
the response time is lower in concentrated
solutions than dilute solutions.

3.4. Calibration graph and reproducibility
These parameters of the The PbS Quantum
Dot-Gelatin Nanocomposites was found to

600.00

reach 95% of the final signal at 5-120 sec
in the determination of (PPA) drug was
evaluated by repeatedly exposing the
sensing phase membrane to a 0.05 ug L™
(PPA) drug solution and a 10.0 ug L™. The
repeatability was evaluated by performing
seven determinations with the same
standard solution of (PPA) drug. The
relative standard deviation (R.S.D) for the
response of The PbS Quantum Dot—
Gelatin Nanocomposites was found to
reach 95% of the final signal at 60 sec
towards a 10.0 pg L' of (PPA) drug
solution was 3.5% (n=7).

The reproducibility of the response of
different The PbS Quantum Dot—Gelatin
Nanocomposites was found to reach 95%
of the final signal at 5 -120 sec was also
studied. Seven different membranes were
prepared from the same batch and they
were evaluated by performing the
determination of 10.0 ug L™ (PPA) drug.
The relative standard deviation for the
response of between membranes was a
detection limit of 2.2 pug L™ by the fixed-
time method of 60 sec in 335 nm [40].
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Fig. 8. The typical response curve of the PbS Quantum Dot—Gelatin Nanocomposites was found to reach (95%)
of the final signal at (50 — 120 sec at 355 nm) as a function of time when the film was exposed to (PPA) drug
(10.0 pug L™).
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Fig. 9. Calibration graph for (PPA) drug.

3.5. Optimum values of parameters

The optimum values of parameters are
demonstrated in Table.1. The method can
be used as an alternative method for (PPA)

medicament measurement owing to
advantages like excellent selectivity and
sensitivity, low cost, simplicity, low

detection limit and no need in utilizing
organic harmful solvent.

Table 1. Investigation of method repeatability at
conditions

Optimum Value for

Parameter Phenylpropanolamine
(PPA) drug
Phenylpropanolamine 1
(PPA) drug (pg L) (100ug L)
PbS quantum dot—
gelatin (2.5x1072 M)
nanocomposites (M)
pH 4.0
Equilibration time (60.0 sec)
(sec)
Linear range (mol L)  0.05—-10.0 (pgL ™)
Detection limit 1
Accgrgcy and High
precision
High repeatability,
sensitivity,
Advantages selectivity, wide linear

range and no need to
organic solvent

3.6. Interference Studies
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After establishing the measurement
method, to evaluate the selectivity of the
prepared. The PbS quantum dot—gelatin
nanocomposites sensor for determining the
(PPA) drug the effect of various substances
on the determination of (PPA) drug (10.0
Hg L) for method respectively was tested
under optimum  conditions.  Several
representative potential interferences such
as inorganic cations, anions, molecular
species and dyes were investigated
individually for their effect on (PPA) drug
recovery. Tolerance Limits were defined
by the concentration of interferents which
caused on <5% error in the determination
of (PPA) drug [41,42]. The obtained mean
recoveries and standard devi-ation ranged
between 102.0% - 98.0% respectively are
shown in (Table 2).

The results showed that most of the
other medications studied did not have
much effect on the measurement of (PPA)
drug and among them, compounds with a
more similar structure or with more
functional groups are more disturbing,
which It may be related to their hydrogen
interactions or the molecule of the (PPA)
drug and thus reduce the measurement of
the (PPA) drug in the analyte sample. As
exhibited in (Table.2), the tolerance limit
was determined as the max concentration
of the interfering substance which resulted



Sh. Bouroumand et al. /J. Phys. Theor. Chem. IAU Iran, 17 (3, 4) 61-74: Fall 2020 & Winter 2021

in an error less than (x5%) for
determination of (PPA) drug. The So
selectivity of the recommended method
was proven.

Table 2. Effects of the matrix drugs on the
recoveries of the examined (PPA) drug (N=6)

Foreign species Tolerance
gnsp limit (ng/mL)
Amoxicillin, Ampicilline,
Acetominophene, Cortisone, 1000
Cyclosporine
Tramadol, Metadone 750
NH,", Mg®, F, K, Cu™, Fe**,
ca*,ClI, I 500
Naratriptan, Rizatriptan, 100

Sumatriptan and Zolmitriptan

3.7. Real Sample Analysis

To evaluate whether the fluorescent the PbS
Quantum Dot-Gelatin Nanocomposites was
found to reach 95% of the final signal at 5-
120 sec probe is applicable to natural
systems; in urine and blood samples were
investigated. Analytical results showed
that the fluorescence tests were affected in
the real samples due to the complex matrix.
However, the fluorescence The PbS
Quantum Dot-Gelatin Nanocomposites was
found to reach 95% of the final signal at 5-
120 sec probe exhibited excellent
performance [43]. The average recoveries
of two spiked samples ranged from 98.0%
to 102.0%, with RSDs of 2.8-3.8% (n=3)
at three spiked levels (Table 3), which
indicated the practicality and reliability of
the PbS Quantum  Dot-Gelatin
Nanocomposites was found to reach 95%
of the final signal at 60 sec probe for the
detection of (PPA) drug in various
samples. Table 3. Analytical results for

(PPA) drug sensing in real samples [44].

4. CONCLUSION

Drugs fluorescence assay techniques are
highly specific and sensitive, but their use
is restricted due to (PPA) drug instability
and assay complexity. In this study,
ratiometric  fluorescent biosensors for
(PPA) drug detection were successfully
fabricated. The high recovery percentage
of two sensing membranes in urine and
blood samples highlights their potential
application for the determination of (PPA)
drug concentrations in clinical chemistry.
In addition, the successful development of
the ratiometric fluorescent biosensors
would be of a great significance in high-
throughput  screening  techniques in
analytical biochemistry.

The reaction is followed fluorometrically
by measuring the absorbance at 335.0 nm.
2.5x102 molL™ PbS with gelatin sensor,
calibration graph in the range of 0.05 -
10.0 pg L™ (PPA) drug. The absorbance is
linear from 0.05 up to 100.0 pug L™ in
aqueous solution with repeatability (RSD)
of 3.5% at a concentration of 10.0 ug L™
and a detection limit of 2.2 ug L™* by the
fixed-time method of 60 sec. The relative
standard deviation for 10.0 ug L™ (PPA)
drug is %95. The method due advantages
such as high selectivity and sensitivity, low
detection limit, simplicity, low cost and no
need to extraction and using organic
harmful solvent with respect to previously
reported methods is an alternative method
for (PPA) drug determination. Also, it was
applied propitiously for measuring (PPA)
medicament in urine and blood samples.

Table 3. Recovery of trace (PPA) drug from urine and blood sample after application of presented procedure

(n=3)
Added Founded
Samples (ug mL™Y) (ug mL™Y) RSD % Recovery %
Urine 0/0 2/94 317
0/5 8/03 2/8 102/0
Blood 0/0 14/85 3/8
0/5 19/75 3/0 98/0
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