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d synthesis of carbon quantum
dots for spectrofluorometric quantitative analysis
of risperidone in spiked human plasma and
pharmaceutical dosage forms

Saleh I. Alaqel,a Omeima Abdullah,b Adnan Alharbi,c Yusuf S. Althobaiti, de

Mansour S. Alturki,f Sherif Ramzy *g and Atiah H. Almalkidh

Autism is one of the most pressing issues facing the international community in recent years, particularly in

Middle Eastern countries. Risperidone is a selective serotonin type 2 and dopamine type 2 receptor

antagonist. It is the most administered antipsychotic medication in children with autism-related

behavioral disorders. Therapeutic monitoring of risperidone may improve safety and efficacy in autistic

individuals. The main objective of this work was to develop a highly sensitive green fitted method for the

determination of risperidone in the plasma matrix and pharmaceutical dosage forms. Novel water-

soluble N–carbon quantum dots were synthesized from guava fruit, a natural green precursor, and used

for determination of risperidone based on quenching fluorescence spectroscopy phenomena. The

synthesized dots were characterized by transmission electron microscopy and Fourier transform infrared

spectroscopy. The synthesized N–carbon quantum dots exhibited aquantum yield of 26.12% and showed

a strong emission fluorescence peak at 475 nm when excited at 380 nm. The fluorescence intensity of

the N–carbon quantum dots decreased with increasing risperidone concentration, indicating that the

fluorescence quenching was concentration dependent. The presented method was carefully optimized

and validated according to the guidelines of ICH, and it demonstrated good linearity in a concentration

range of 5–150 ng mL−1. With a LOD of 1.379 ng mL−1 and a LOQ of 4.108 ng mL−1, the technique was

extremely sensitive. Due to the high sensitivity of the proposed method, it could be effectively used for

the determination of risperidone in the plasma matrix. The proposed method was compared with the

previously reported HPLC method in terms of sensitivity and green chemistry metrics. The proposed

method proved to be more sensitive and compatible with the principles of green analytical chemistry.
1. Introduction

Autism, commonly known as autism spectrum disorder (ASD),
is one of the most pressing issues facing the international
Faculty of Pharmacy, Northern Border

College of Pharmacy, Umm Al-Qura

f Pharmacy, Umm Al-Qura University,

qu.edu.sa

Health Science Campus, Taif University,

gy, Taif University, P.O. Box 11099, Taif

, College of Clinical Pharmacy, Imam

Dammam, Saudi Arabia

artment, Faculty of Pharmacy, Al-Azhar

-mail: ssherif14@azhar.edu.eg

ollege of Pharmacy, Taif University, P.O.

the Royal Society of Chemistry
community in recent years, particularly in Middle Eastern
countries where prevalence rates have skyrocketed.1–3 According
to WHO, one in 100 children worldwide has autism, and prev-
alence has increased by 178% since 2000. The increase could be
attributed more to increased awareness and screening than to
the fact that autism has become more common.3 Autism prev-
alence has increased signicantly in the Middle East in recent
years, owing to increased societal awareness campaigns, stigma
reduction, and the availability of qualied medical
specialists.4–8 Qatar, the United Arab Emirates, Oman, Bahrain,
and Saudi Arabia are now the ve countries with the highest
autism prevalence in the world, with rates over 100 per 10 000
people. Kuwait, Jordan, Syria, Palestine, Libya, Yemen, Sudan,
Lebanon, Egypt, and Iraq are among the top twenty countries.3

Autism is a neurodevelopmental disorder characterized by
difficulties in social communication and repetitive and restric-
tive interests. Reportedly, there is no single cause and no
specic medication to address the underlying symptoms.9–11

Evidence suggests that genetics, having older parents,
RSC Adv., 2023, 13, 17765–17774 | 17765
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Fig. 1 Structural formula of RPD.
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premature birth, and consanguineous marriages may increase
a child's risk for autism.11 Treatment approaches are oen
collaborative, tailored to the individual, and aim to alleviate
symptoms that interfere with daily functioning. These
approaches include behavioral, educational, social, psycholog-
ical, and pharmacological treatments.10,11 Risperidone and ari-
piprazole, atypical antipsychotics, are FDA-approved
medications for autism-related irritability.12

Risperidone (RPD), Fig. 1, is a selective serotonin type 2 and
dopamine type 2 receptor antagonist. It is the most commonly
administered antipsychotic medication in children and
adolescents for the treatment of schizophrenia symptoms as
well as to manage irritability, tantrums, aggression, and self-
injury in autistic patients.13,14 Its treatment has been associ-
ated with signicant adverse effects such as weight gain, seda-
tion, extrapyramidal symptoms, and prolactin increase. Clinical
studies have shown that higher RPD plasma concentrations are
associated with more side effects and increased efficacy in
autistic patients. It has been suggested that therapeutic moni-
toring of RPD can improve safety and efficacy in autistic indi-
viduals by assessing compliance and identifying the drug levels
that may be low, resulting in therapeutic failure, or high,
resulting in adverse effects.15

Analytical techniques for the detection of drugs in biological
samples require certain characteristics in terms of detection
limits of the equipment used and ease of use in small labora-
tories with limited facilities. Along with adhering to green
analytical chemistry concepts to aid the global trend in
achieving sustainable development goals and addressing
climate changes.

Several techniques for determining ARP in various matrices
have been published in the literature, including
chromatographic,16–30 electrochemical,31–38 and
spectroscopic39–44 methods. These techniques have signicant
drawbacks, such as being time-consuming, requiring sample
pretreatment before measurement, being costly and unavail-
able in small laboratories, providing poor sensitivity, and not
adhering to green analytical chemistry principles. The spectro-
uorimetric approach, on the other hand, offers the advantages
of being easy, time saving, very sensitive, and environmentally
friendly.

Carbon quantum dots (CQDs) are uorescent semiconductor
nanoparticles that have recently been used in pharmaceutical
and biomedical analysis by measuring the enhancement or
17766 | RSC Adv., 2023, 13, 17765–17774
quenching of the uorescent signal from the CQDs as a result of
an interaction of the CQDs with the compound of interest.45–50

Originally, CQDs were prepared from primary chemical
precursors such as citric acid, polyethyleneimine, zinc oxide,
phenolic resins, and ethylene glycol, which were incompatible
with concepts of green analytical chemistry.51–54 Therefore,
scientists have recently focused on nding environmentally
friendly precursors from nature as substitutes, such as biomass
wastes and plant-derived pharmaceuticals, because they are
environmentally friendly, widely available, biocompatible, and
rich in low-cost renewable raw materials (rich in C, H, N, and O
atoms) such as polysaccharides, proteins, nucleic acids, and
phospholipids.55–59

The main objective of this work is to develop simple green
tted method for the analysis of RPD in biological uids and
pharmaceutical dosage forms with higher sensitive detection
limits. To achieve this goal, novel water-soluble N-CQDs were
synthesized from guava fruit, a natural green precursor, and
used for RPD determination based on quenching uorescence
spectroscopy phenomena. The synthesized N-CQDs showed
a strong emission uorescence peak at 475 nm when excited at
380 nm. The uorescence intensity of the prepared dots was
decreased dynamically with increasing RPD concentration. The
proposed method was efficiently used for the estimation of RPD
up to nano-gram levels in the plasma matrix and the pharma-
ceutical dosage forms. The suitability of the method for the
analysis of RPD was veried using ICH guideline for validation
of analytical procedures Q2(R1).60 Linearity, limits of detection
(LOD) and quantitation (LOQ), accuracy, precision, robustness,
and specicity were all investigated as validation
characteristics.

Furthermore, the green tness of the described method was
measured using the analytical eco-scale and the analytical
greenness metric (AGREE). The described method exhibited an
agreement with the green analytical chemistry principles in
terms of the common green metric values.
2. Experimental
2.1. Materials and chemicals

RPD powder was supplied by Apex pharma (Egypt). Apexidone®
tablets (0.5 mg RPD per tablet) and Apexidone® syrup (1 mg
RPD per 1 mL) were obtained from a local pharmacy. All
chemicals used during the analysis were of high analytical
purity and were provided by El Nasr Company (Egypt). The water
used for the procedure was fresh double distilled. The guava
fruits were purchased from the Egyptian market. Several buffer
solutions with different pH values were prepared in accordance
with the US Pharmacopoeia.
2.2. Instrumentation

Fluorescence measurements were performed using a Jasco FP-
6200 spectrouorometer (Japan). UV-visible measurements
were performed using a Shimadzu UV-visible 1800 spectro-
photometer (Japan). Transmission electron microscopy (TEM)
images were acquired using a JEOL JEM-M2100 transmission
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Preparation of N-CQDs.
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electron microscope (USA). Fourier transform infrared (FTIR)
spectrum was acquired using a PerkinElmer FTIR spectropho-
tometer (USA).

2.3. Standard solutions

A standard stock solution (100 mgmL−1) of RPD was prepared by
transferring 10 mg of drug powder with 10 mL ethanol and
40 mL water into a 100 mL volumetric ask, shaking till dis-
solved, and then lling the asks to the mark with water. A
working solution (1 mg mL−1) was prepared from their stock
solution by further dilution with water.

2.4. Synthesis of N-CQDs

The guava fruit esh (pulp-and-seed-free) was cut into slices and
carbonized in an electric oven at 250 °C for 50 minutes. The
obtained product was allowed to cool before being ground into
a ne powder. A weight equivalent to 200 mg of the product
powder was dissolved in 60 mL double-distilled water and
boiled for 10 minutes before being centrifuged for 20 minutes.
The obtained yellow solution was then ltered into a 100 mL
volumetric ask, which was then lled with double-distilled
water to the desired volume (Fig. 2).

2.5. Procedures

2.5.1. Construction of calibration curve. Calibration
samples were prepared at the room temperature by transferring
aliquots equivalent to (50–1500 ng) of RPD into a series of 10mL
volumetric asks prelled with 0.5 mL of N-CQDs solution and
1 mL of borate buffer solution (pH 9), mixing well, and then
lling the asks to mark with water. A blank sample was
prepared under the same conditions. Aer 2 minutes, the
uorescence intensities of calibration samples (F) and a blank
sample (F0) were measured at 475 nm aer excitation at 380 nm.
The calibration curve was constructed by plotting (F0/F) against
the drug concentrations in ng mL−1.

2.5.2. Application to spiked human plasma. Five spiked
plasma samples were prepared by separately transferring
© 2023 The Author(s). Published by the Royal Society of Chemistry
aliquots equivalent to 100 ng, 200 ng, 400 ng, 800 ng, and 1200
ng from RPD working standard solution into a series of 10 mL
centrifugation tubes. The tubes were then lled with 0.1 mL of
human plasma and 5 mL of acetonitrile and vortexed for 1
minute before being centrifuged for 30 minutes. The superna-
tants were dried in a rotary evaporator, and the residues were
dissolved in the smallest amount of ethanol possible before
being transferred to 10 mL volumetric asks. The asks were
then lled with 0.5 mL of N-CQDs solution and 1 mL of borate
buffer solution (pH 9) and diluted to volume with water. A blank
was prepared under the same conditions and the procedure
described above was followed.

2.5.3. Application to different pharmaceutical dosage
forms

2.5.3.1. Apexidone® tablets. Ten Apexidone® tablets, each
containing 0.5 mg RPD, were weighed and ground nely. An
exact weight of powder corresponding to one tablet was added
to a 100 mL volumetric ask with 10 mL ethanol and 40 mL
water. The ask was vigorously shaken for 20 minutes, ltered,
and adjusted to 100 mL with water. Aer further dilution with
water, ve samples of varying concentrations were prepared,
and the procedure described above was followed.

2.5.3.2. Apexidone® syrup. 5 mL of Apexidone® syrup con-
taining 5 mg RPD were transferred into a 100 mL volumetric
ask and made to the volume with water. Aer further dilution
with water, ve samples of varying concentrations were
prepared, and the procedure described above was followed.

3. Results & discussion
3.1. Characterization of N-CQDs

The size diameter of N-CQDs was determined using TEM. The
particle size distribution was in the range 3.8 to 5.2 nm with an
average diameter of 4.5 (Fig. 3a).58,59

The functional groups on N-CQDs were studied using Four-
ier transformed infrared (FT-IR) spectroscopy. Peaks at
2919 cm−1, 1728 cm−1, 1630 cm−1, 1512 cm−1, 1378 cm−1,
1265 cm−1, and 1022 cm−1 were associated to C–H, C]O, C]C,
RSC Adv., 2023, 13, 17765–17774 | 17767
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Fig. 3 (a) TEM image of N-CQDs, and (b) FTIR spectra of N-CQDs.
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N–O, COO–, C–N, and C–O groups, whereas broad peak at
3376 cm−1 was related to O–H and N–H groups (Fig. 3b).59,61
3.2. Spectral properties of N-CQDs

UV-vis and uorescence spectroscopy were used to study the
spectral properties of N-CQDs. The UV-vis absorption spectra of
the N-CQDs showed a maximum peak at 283 nm and a tail that
extended into the visible region. This corresponds to the p–p*

electronic transition of the C]C band and the n–p* transition
of the C]O band (Fig. 4a).58 Moreover, N-CQDs emit a strong
emission uorescence peak at 475 nm when excited at 380 nm
(Fig. 4b). An excitation-dependent character of N-CQDs was also
investigated by shiing the excitation wavelength from 380 to
450 nm. Shiing the excitation to higher wavelengths resulted
in a red shi of the emission uorescence peak from 475 to
515 nm with a signicant decrease in uorescence intensity,
conrming the excitation-dependent emission of N-CQDs,
which is a characteristic property of CQDs (Fig. 4c).58,61

The quantum yield of N-CQDs was calculated using
a comparative single-point method with quinine sulfate as
a uorescence reference standard in 0.01 M H2SO4 at an excita-
tion wavelength of 380 nm according to the following equation62,63

4s ¼ 4r

�
Ar

As

� �
Es

Er

� �
hs

2

hr
2

�

where,F is uorescence quantum yield, h is a refractive index of
the solvent, A is absorbance of the solution, E is integrated
uorescence intensity (area) of the emitted light, and subscript
“r” and “s” refer to the reference and sample, respectively. The
17768 | RSC Adv., 2023, 13, 17765–17774
quantum yield of guava fruit N-CQDs was calculated to be
26.12%.
3.3. Reaction of RPD with N-CQDs

The uorescence intensity of N-CQDs gradually decreases with
increasing RPD concentration, as shown in Fig. 5a, indicating
that uorescence quenching is concentration dependent.

To determine whether the quenching mechanism of RPD-
NCQD interaction is dynamic or static, the calibration curve
was plotted (between F0/F and Q) at different temperatures (25 °
C, 30 °C, and 40 °C) using the Stern–Volmer equation64,65

F0

F
¼ 1þ KSV Q

where, F0 and F are the uorescence intensities of CQDs in the
absence and presence of RPD, KSV is the Stern–Volmer
quenching constant (slope), and Q is the RPD concentration.

In dynamic quenching, the slope (Stern–Volmer quenching
constant) increases with increasing temperature, whereas in
static quenching, the slope decreases with increasing temper-
ature. As shown in Fig. 5b, the slope value increased as
temperature increased, implying that the quenching mecha-
nism of RPD-NCQD interaction is dynamic.

Dynamic quenching of N-CQDs uorescence by RPD could
be developed through collisional interaction between the
excited state of the N-CQDs and the quencher RPD. The excited
state energy of the N-CQDs is transferred to RPD, leading to
a decrease in the uorescence intensity, which is typically gov-
erned by the Förster resonance energy transfer mechanism.
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 (a) UV-vis absorption spectra of N-CQDs, (b) fluorescence spectra of N-CQDs, and (c) excitation dependent emission spectra of N-CQDs.

Fig. 5 (a) Quenching reaction of N-CQDs with different concentrations of RPD, and (b) Stern–Volmer plot at different temperature.
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3.4. Method optimization

The factors affecting the stability of uorescence quenching of
N-CQDs by RPD were investigated and optimized. These vari-
ables include pH and volume of buffer, volume of N-CQDs, and
incubation time. Fluorescence quenching was studied with and
without the addition of buffer solutions with different pH values
(3–10). As shown in Fig. 6a, uniform quenching was achieved
© 2023 The Author(s). Published by the Royal Society of Chemistry
with a borate buffer solution with a pH of 9. The quenching
response decreased signicantly as the acidity of the solution
increased. Different volumes of the buffer solution were tested,
and it was found that 1 mL was the best solution (Fig. 6b).
Fluorescence quenching was also studied with different
volumes of N-CQDs solution. It was found that 0.5 mL of the N-
CQDs solution (containing 100 mg mL−1 N-CQDs) caused the
RSC Adv., 2023, 13, 17765–17774 | 17769
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Fig. 6 Optimization of experimental parameters influencing the stability of fluorescence quenching of N-CQDs by RPD including (a) buffer pH,
(b) buffer volume, (c) N-CQDs volume, and (d) incubation time.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

/2
4/

20
25

 5
:2

3:
42

 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
greatest uorescence quenching with RPD (Fig. 6c). At different
time intervals from 0 to 30 minutes, the efficacy of uorescence
quenching in the presence of RPD was investigated. Maximum
uorescence quenching of N-CQDs was achieved in 2 minutes,
and no additional quenching was observed when the reaction
time was prolonged (Fig. 6d).
Table 1 Regression and validation data for the determination of RPD
using N-CQDs

Parameters RPD

Excitation wavelength (nm) 380
Emission wavelength (nm) 475
Linearity range (ng mL−1) 5−150
LOD (ng mL−1) 1.379
LOQ (ng mL−1) 4.180
Slope 0.0149
Intercept 0.9997
Coefficient of determination (r2) 0.9991
Accuracy (% R)a 99.13
Repeatability precision (RSD)b 0.429
Intermediate precision (RSD)b 0.745

Robustness (% R � RSD)
Buffer pH (�0.5) 100.62 � 0.868
Buffer volume (�0.25 mL) 99.47 � 1.030
N-CQDs volume (�0.1 mL) 99.93 � 0.784
Incubation time (�1 min) 100.76 � 0.887

a Average of nine determinations (three concentrations repeated three
times). b RSD of nine determinations (three concentrations repeated
three times).
3.5. Method validation

The method was validated in accordance with ICH standards.60

The method demonstrated good linearity in a concentration
range of 5−150 ng mL−1, according to the Stern–Volmer equa-
tion, with a linear equation of y = 0.0149x + 0.997 and a corre-
lation coefficient of 0.9991. Table 1 shows the data for the
regression parameters. The limits of detection (LOD) and
quantitation (LOQ) were calculated using the standard devia-
tion of response and the slope of the calibration curve, as
follows: LOD = 3.3 SD/slope and LOQ = 10 SD/slope. The LOD
and LOQ values were determined to be 1.379 and 4.180 ng
mL−1, respectively (Table 1). The method's accuracy was calcu-
lated as mean percent recovery aer triplicate determination of
three concentration levels (10, 60, and 120 ng mL−1). The
method was found to be accurate, with a mean percent recovery
of 99.13%, as listed in Table 1. The method's precision, calcu-
lated as the relative standard deviation (RSD), was evaluated by
determining the same concentration levels three times in one
day for repeatability and three times in three days for inter-
mediate precision. The method was found to be precise, with
17770 | RSC Adv., 2023, 13, 17765–17774
a%RSD less than 2 (Table 1). The robustness of themethod was
ensured by its ability to withstand minor changes in the
parameters that could affect the results. No signicant effect
was observed when minor changes to the buffer pH (9 ± 0.5),
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Application of the proposed method for the determination of
RPD in spiked plasma samples

Added (ng mL−1) Found (ng mL−1) Recovery (%)

10 9.30 92.95
20 18.70 93.49
40 38.21 95.52
80 76.66 95.83
120 116.26 96.88
Mean � RSD 94.94 � 1.744

Table 5 Comparison and statistical assessment of the results obtained
by the proposed and the reported methods for the determination of
RPD in pharmaceutical tablets

Parameters Proposed method Reported method23

Linearity range 5−150 ng mL−1 10−60 mg mL−1

LOD 1.379 ng mL−1 1.79 mg mL−1

Mean recovery % �RSD 99.81 � 1.079 100.16 � 0.850
a
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buffer volume (1± 0.25 mL), N-CQD volume (0.5± 0.1 mL), and
incubation time (2 ± 1 min) were made, as shown in Table 1.
The specicity of the method was ensured by its capacity to
quantitatively determine RPD accurately and specically in
spiked plasma samples as well as pharmaceutical dosage forms
without interference from plasma endogenous components or
pharmaceutical excipients. Table 2 shows that the plasma
endogenous components had no effect, whereas Table 3 shows
that the pharmaceutical excipients had no effect, conrming
the excellent specicity of the applied approach. The specicity
was also ensured using the standard addition technique, which
involved adding known amounts of pure RPD (20, 40, and 80 ng
mL−1) to a pharmaceutical sample containing 10 ng mL−1 RPD
and then calculating the percent recovery of the pure added
concentrations. The results were displayed in Table 4.
N 5 5
t-test (2.306)b 0.572
F-test (6.388)b 1.598

a Number of experiments. b The values in parenthesis are tabulated
values of “t” and “F” at (P = 0.05).
3.6. Application to spiked plasma samples

Due to the high sensitivity of the proposed method, it could be
effectively used for the analysis of RPD in spiked human
Table 3 Application of the proposed method for the determination of R

Apexidone® tablets

Added (ng mL−1) Found (ng mL−1) Recovery (%)

10 9.97 99.66
20 20.04 100.20
40 40.22 100.55
80 78.41 98.01
120 120.76 100.63
Mean � RSD 99.81 � 1.079

Table 4 Recovery study of RPD by standard addition technique using th

Drug
Amount of drug
(ng mL−1)

Amo
adde

Apexidone® tablets 10 20
40
80

Mean � RSD
Apexidone® syrup 10 20

40
80

Mean � RSD

© 2023 The Author(s). Published by the Royal Society of Chemistry
plasma. The mean maximum plasma concentration for RPD
was 15.90 ngmL−1, is within the linearity range.66 Table 2 shows
that the method was successfully applied for the determination
of RPD in spiked plasma samples without the inuence of
endogenous plasma components.
3.7. Application to pharmaceutical dosage form

The described method was effectively utilized to determine
RPD in two different pharmaceutical dosage forms, tablet and
syrup, without inuence from excipients (Table 3), as evi-
denced by the standard addition technique results (Table 4).
Using the Student's t-test and F-test, the obtained results were
compared to the reported method.23 The results revealed no
statistically signicant difference between the two methods
(Table 5).
PD in pharmaceutical dosage forms

Apexidone® syrup

Added (ng mL−1) Found (ng mL−1) Recovery (%)

10 9.85 98.52
20 19.74 98.72
40 39.75 99.38
80 80.69 100.86
120 120.96 100.80
Mean � RSD 94.66 � 1.121

e proposed method

unt of pure
d (ng mL−1)

Found
(ng mL−1) Recovery (%)

20.29 101.44
39.62 99.04
80.02 100.03

100.17 � 1.204
19.89 99.43
40.42 101.06
80.76 100.95

100.48 � 0.905
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Table 6 Greeneess comparison between the proposed and the reported methods

The proposed method The reported method23

Parameters Penalty points Parameters Penalty points
Analytical eco-scale
Reagents Reagents
Water 0 Methanol 6
Borate buffer pH 9 2 Acetonitrile 4
Instrument spectrouorometer Instrument HPLC
Energy: <0.1 kW h per sample 0 Energy: #1.5 kW h per sample 1
Occupational hazards 0 Occupational hazards 3
Waste (1–10 mL) 3 Waste (1–10 mL) 3P

penalty points 5
P

penalty points 17
Total scores 100 − 5 = 95 Total scores 100 − 17 = 83

AGREE tool
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3.8. Comparison with the reported method

In terms of sensitivity and greenness, the suggested method was
compared to the reported HPLC method,23 which used methanol
and acetonitrile as mobile phases and UV detection of the RPD at
280 nm. The suggested method is more sensitive than the re-
ported method, with LOD and linearity ranges of 1.379 ng mL−1

and 5–150 ng mL−1, respectively, compared to 1.79 mg mL−1 and
10–60 mg mL−1 for the reported method, as illustrated in Table 5.
The analytical eco-scale67 and the analytical greenness metric
(AGREE)68 were used to assess and compare the suggested and
reported methods' adherence to green analytical chemistry
concepts. Using the analytical eco-scale metric, the suggested
method is greener than the reported HPLC method, with a total
score of 95 compared to 83 for the reported method, which is
based on adding up all penalty points for reagents and instru-
ments used in the analytical procedures and subtracting them
from a base of 100. The results were illustrated in Table 6.
Furthermore, the suggested method greenness was conrmed
over the reported HPLC using the analytical greenness metric
(AGREE), which is based on scoring the twelve-signicance prin-
ciple of green analytical chemistry as an input criterion from 0 to 1
and mirrored them on the intuitive red-yellow-green colour scale.
The outcome is a clock-like pictogram with the average score and
colour representation in the center. The excellent analysis is
highlighted by a dark green colour and has a score of one. The
AGREE pictograms illustrated in Table 6 demonstrate that the
suggested method is greener than the reported HPLC method,
17772 | RSC Adv., 2023, 13, 17765–17774
with a light green highlighted 0.77 score compared to a yellow
highlighted 0.51 score for the reported method.
4. Conclusion

In this work, N–carbon quantum dots based on guava fruit were
synthesized and used for the determination of risperidone
based on quenching uorescence spectroscopy phenomena.
The synthesized N–carbon quantum dots showed a strong
emission uorescence peak at 475 nm when excited at 380 nm,
and their uorescence intensity decreased dynamically with
increasing risperidone concentration. The described method
was effectively used for the determination of risperidone in
pharmaceutical dosage forms, tablets and syrup, as well as in
spiked human plasma. The described method was found to be
more sensitive, nanoscale determination, and more consistent
with the principles of green analytical chemistry compared with
previously reported HPLC methods.
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33 I. H. Taşdemir, O. Çakirer, N. Erk and E. Kiliç, Collect. Czech.
Chem. Commun., 2011, 76, 159–176, DOI: 10.1135/
cccc2010156.

34 D. Kul, Curr. Anal. Chem., 2019, 15, 240–248, DOI: 10.2174/
1573411014666180426170022.

35 O. Isildak and A. Birinci, Farmacia, 2018, 66, 977–983, DOI:
10.31925/FaARMACIA.2018.6.8.

36 H. Ahmadi and M. Rahimi-Nasrabadi, Anal. Bioanal.
Electrochem., 2018, 10, 1467–1478.

37 M. E. Hassouna, G. A. Zaki and E. Khaled, Int. J. Electrochem.
Sci., 2015, 10, 162–174.

38 N. I. Abdulla and H. M. Yaseen, Iraqi J. Pharm. Sci., 2015, 24,
30–40, DOI: 10.31351/vol24iss2pp30-40.

39 S. Kathirvel, G. D. Rao and S. V. Satyanarayana, Asian J. Res.
Chem., 2010, 3, 151–153.
RSC Adv., 2023, 13, 17765–17774 | 17773

https://doi.org/10.1002/aur.2696
https://doi.org/10.1002/aur.2739
https://worldpopulationreview.com/country-rankings/autism-rates-by-country
https://worldpopulationreview.com/country-rankings/autism-rates-by-country
https://doi.org/10.3389/feduc.2023.1150531
https://doi.org/10.1007/s40489-016-0073-1
https://doi.org/10.1007/978-1-4614-4788-7_98
https://doi.org/10.1038/nmiddleeast.2011.147
https://doi.org/10.1038/nmiddleeast.2011.147
https://doi.org/10.2741/4721
https://doi.org/10.1001/archpsyc.63.6.694
https://doi.org/10.1542/peds.2019-3447
https://www.cdc.gov/ncbddd/autism/facts.html#:%7E:text=Autism%20spectrum%20disorder%20(ASD)%20is,most%20common%20ways%20people%20develop
https://www.cdc.gov/ncbddd/autism/facts.html#:%7E:text=Autism%20spectrum%20disorder%20(ASD)%20is,most%20common%20ways%20people%20develop
https://www.cdc.gov/ncbddd/autism/facts.html#:%7E:text=Autism%20spectrum%20disorder%20(ASD)%20is,most%20common%20ways%20people%20develop
https://doi.org/10.3390/children8050318
https://doi.org/10.1016/j.cbi.2022.110296
https://doi.org/10.1345/aph.1G389
https://doi.org/10.1111/bcp.14465
https://doi.org/10.1111/bcp.14465
https://doi.org/10.1016/j.jchromb.2007.02.007
https://doi.org/10.1016/j.jchromb.2007.02.007
https://doi.org/10.1016/j.jchromb.2008.04.041
https://doi.org/10.1016/j.jchromb.2008.04.041
https://doi.org/10.1016/j.jchromb.2009.06.035
https://doi.org/10.1631/jzus.B0710439
https://doi.org/10.1631/jzus.B0710439
https://doi.org/10.1016/S0378-4347(00)00323-6
https://doi.org/10.1016/S0378-4347(97)00302-2
https://doi.org/10.1016/S0378-4347(97)00302-2
https://doi.org/10.1016/j.jchromb.2010.11.033
https://doi.org/10.1155/2011/124917
https://doi.org/10.1016/j.jpba.2009.06.013
https://doi.org/10.1055/s-2007-979308
https://doi.org/10.1055/s-2007-979308
https://doi.org/10.1055/s-2005-862617
https://doi.org/10.1055/s-2005-862617
https://doi.org/10.1016/j.jpba.2004.07.014
https://doi.org/10.1016/j.jpba.2004.07.014
https://doi.org/10.1556/achrom.22.2010.4.5
https://doi.org/10.1556/achrom.22.2010.4.5
https://doi.org/10.1365/s10337-008-0870-5
https://doi.org/10.1039/C2AY05688G
https://doi.org/10.1002/jccs.201200161
https://doi.org/10.1135/cccc2010156
https://doi.org/10.1135/cccc2010156
https://doi.org/10.2174/1573411014666180426170022
https://doi.org/10.2174/1573411014666180426170022
https://doi.org/10.31925/FaARMACIA.2018.6.8
https://doi.org/10.31351/vol24iss2pp30-40
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra02855k


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

/2
4/

20
25

 5
:2

3:
42

 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
40 B. K. Jayanna, T. D. Devaraj, K. P. Roopa, G. Nagendrappa,
H. A. Kumar and N. Gowda, Indian J. Pharm. Sci., 2014, 76,
452.

41 A. Y. Idris, M. A. Usman, A. Musa and R. B. Oloyede, Niger. J.
Sci. Res., 2015, 1, 41–46.

42 H. N. Deepakumari, S. M. Mallegowda, K. B. Vinay and
H. D. Revanasiddappa, Ind. Chem. Eng. Q., 2013, 19, 121–
128, DOI: 10.2298/CICEQ110824046D.

43 S. V. Kutty, S. Greeshma, P. M. Vidhya and D. K. Sunith, Res.
J. Pharm. Technol., 2013, 6, VIII.

44 K. A. M. Attia, A. A. Mohamad and M. S. Emara, Eur. J.
Biomed. Pharm. Sci., 2015, 2, 17–27.

45 S. Y. Lim, W. Shen and Z. Gao, Chem. Soc. Rev., 2015, 44, 362–
381, DOI: 10.1039/C4CS00269E.

46 A. U. Khan, N. Malik, B. Singh, N. H. Ansari, M. Rehman and
A. Yadav, J. Umm Al-Qura Univ. Appl. Sci., 2023, 9, 1–8, DOI:
10.1007/s43994-023-00038-5.

47 S. S. Iqubal, J. Umm Al-Qura Univ. Appl. Sci., 2022, 8, 33–36,
DOI: 10.1007/s43994-022-00007-4.

48 H. Zhang, S. Wu, Z. Xing and H. B. Wang, Analyst, 2021, 146,
7250–7256, DOI: 10.1039/D1AN01582F.

49 H. Zhang, S. Wu, Z. Xing, M. Gao, M. Sun, J. Wang and
H. B. Wang, Appl. Phys. A, 2022, 128, 356, DOI: 10.1007/
s00339-022-05485-1.

50 N. Dubey, S. Dhiman and A. L. Koner, ACS Appl. Nano Mater.,
2023, 6, 4078–4096, DOI: 10.1021/acsanm.2c05407.

51 L. Wang, J. Jana, J. S. Chung, W. M. Choi and S. H. Hur,
Spectrochim. Acta Part A, 2022, 268, 120657, DOI: 10.1016/
j.saa.2021.120657.

52 P. Nehra, P. S. Rana and S. Singh, Environ. Sci. Pollut. Res.,
2023, 1–15, DOI: 10.1007/s11356-023-27280-y.

53 N. A. Alarfaj, M. F. El-Tohamy and H. F. Oraby, Nanoscale
Res. Lett., 2020, 15, 1–14, DOI: 10.1186/s11671-020-3247-9.

54 R. S. Juang, C. C. Fu, C. T. Hsieh, S. Gu, Y. A. Gandomi and
S. H. Liu, J. Mater. Chem. C, 2020, 8, 16569–16576, DOI:
10.1039/D0TC04007J.

55 R. Das, R. Bandyopadhyay and P. Pramanik, Mater. Today
Chem., 2018, 8, 96–109, DOI: 10.1016/j.mtchem.2018.03.003.
17774 | RSC Adv., 2023, 13, 17765–17774
56 W. K. Luo, L. L. Zhang, Z. Y. Yang, X. H. Guo, Y. Wu,
W. Zhang, J. K. Luo, T. Tang and Y. Wang, J.
Nanobiotechnol., 2021, 19, 1–30, DOI: 10.1186/s12951-021-
01072-3.

57 C. Kang, Y. Huang, H. Yang, X. F. Yan and Z. P. Chen,
Nanomaterials, 2020, 10, 2316, DOI: 10.3390/nano10112316.

58 N. Dubey, S. Ramteke, N. K. Jain, T. Dutta and A. Lal Koner,
ChemistrySelect, 2022, 7, 202201604, DOI: 10.1002/
slct.202201604.

59 M. Xue, Z. Zhan, M. Zou, L. Zhang and S. Zhao, New J. Chem.,
2016, 40, 1698–1703, DOI: 10.1039/C5NJ02181B.

60 S. K. Branch, J. Pharm. Biomed. Anal., 2005, 38, 798–805, DOI:
10.1016/j.jpba.2005.02.037.

61 J. Wei, X. Zhang, Y. Sheng, J. Shen, P. Huang, S. Guo, J. Pan,
B. Liu and B. Feng, New J. Chem., 2014, 38, 906–909, DOI:
10.1039/C3NJ01325A.

62 M. Grabolle, M. Spieles, V. Lesnyak, N. Gaponik,
A. Eychmüller and U. Resch-Genger, Anal. Chem., 2009, 81,
6285–6294, DOI: 10.1021/ac900308v.

63 K. Rurack, Fluorescence quantum yields: methods of
determination and standards, in Standardization and
quality assurance in uorescence measurements I, Springer,
Berlin, Heidelberg, 2018, pp. 101–145, DOI: 10.1007/
4243_2008_019.

64 A. Sekar, R. Yadav and N. Basavaraj, New J. Chem., 2021, 45,
2326–2360, DOI: 10.1039/D0NJ04878J.

65 J. R. Albani, Structure and Dynamics of Macromolecules:
Absorption and Fluorescence Studies, Elsevier, 2011.

66 M. G. Aman, A. A. Vinks, B. Remmerie, E. Mannaert,
Y. Ramadan, J. Masty, R. L. Lindsay and K. Malone, Clin.
Ther., 2007, 29, 1476–1486, DOI: 10.1016/
j.clinthera.2007.07.026.

67 A. Gałuszka, Z. M. Migaszewski, P. Konieczka and
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