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Abstract

The occurrence of potassium dichromate in food poses serious health risks, including cancer and skin-
related  issues.  Conventional  sensing  methods,  known  for  their  poor  sensitivity,  low  selectivity,  and
high  costs,  highlight  the  need  for  improved  detection  methods.  This  study  addresses  this  gap  by
exploring  the  use  of  carbon  quantum  dots  (CQDs)  synthesized  from  Tamarindus  indica  leaves
through an eco-friendly hydrothermal approach for the detection of potassium dichromate. Briefly, the
synthesized CQDs underwent spectroscopic characterizations. Following this, the CQDs-based sensor
was assessed for key analytical parameters such as sensitivity, selectivity, and the analysis of spiked
milk samples to detect potassium dichromate. As a result, analyses of particle size and zeta potential
confirmed the formation of stable, nanosized CQDs. The introduction of potassium dichromate led to
the quenching of CQDs’ fluorescence,  likely attributed to mechanisms such as the inner filter effect
(IFE) and fluorescence resonance energy transfer (FRET). The established linearity range and limit of
detection were determined to be 50–500 and 148 μmol/L, respectively. Confirmation of the sensor’s
practicality  was  obtained  through  the  analysis  of  spiked  samples,  suggesting  that  CQDs  could
potentially  serve  as  a  viable  alternative  for  detecting  potassium  dichromate  in  milk  samples  in  the
future.
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 Introduction

From its inception, harmful practices have often been
employed  in  milk  preparation,  dilution,  and  other
purposes.  Among  these  practices,  the  addition  of
water  to  increase  the  quantity  or  volume  is  the  most
common scenario  in  the  milk  industry.  According  to

existing literature, milk adulteration is considered one
of the most  intricate  forms of  fraud within the entire
industry.  Specifically,  the  addition  of  melamine  to
milk,  following  water  dilution,  substantially  elevates
nitrogen  levels  [1].  To  extend  the  shelf  life  of
products,  additional  ingredients,  such  as
formaldehyde,  hydrogen  peroxide,  hypochlorite,
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dichromate, and salicylic acid, have been reported to
be  used.  Additionally,  the  fat  content  is  adulterated
using  vegetable  oils  or  surfactants, while  the  protein
content  is  manipulated  through  the  use  of  cheese
whey  and  urea  [2,  3].  Despite  these  various  foreign
materials,  one  notable  milk  stabilizer  is  potassium
dichromate. However, potassium dichromate can lead
to adverse effects such as skin irritation, rhinitis, and
allergic contact dermatitis. Furthermore, it serves as a
potent biocide that can contribute to sewage problems
and  increased  levels  of  chromium  in  drinking  water
[4].  In  addition,  studies  have  shown  that  potassium
dichromate is a known carcinogen, capable of causing
cancer in humans [5]. A literature survey has reported
that  when  mothers  consume  significant  amounts  of
chocolate  and  cocoa,  which  are  rich  sources  of
chromium,  it  can  lead  to  hypersensitivity  in  their
infants  [6].  To  date,  different  sensors  have  been
documented  for  the  detection  of  potassium
dichromate.  In  brief,  the  nanomaterials-based
fluorescent sensor [7, 8], colorimetric sensor [9], etc.
,  have  been  documented.  Despite  this  development,
the  detection  with  improved  sensitivity  is  a  major
challenge.  Overall,  there  is  an  urgent  need  for  the
development of effective methods to detect potassium
dichromate in milk samples.

For  the  detection  of  milk  adulterants,  several
spectroscopical  and  advanced  analytical  techniques
have  been  accounted.  Particularly,  it  includes
differential  scanning  calorimetry  (DSC),  reversed-
phase-high-performance  liquid  chromatography
(RP-HPLC),  high-performance  thin  layer
chromatography  (HPTLC),  Fourier-transform
infrared  spectroscopy  (FTIR),  capillary
electrophoresis  (CE),  the  fluorescence  of  advanced
Maillard products and soluble tryptophan (FAMPST),
enzyme-linked  immunosorbent  assay  (ELISA),  near-
infrared (NIR) spectroscopy, sodium dodecyl sulfate-
polyacrylamide  gel  electrophoresis  (SDS-PAGE)
based approaches, etc. [10]. Despite several merits of
the  mentioned  methods,  there  are  major  limitations
including  a  tedious  process,  high  cost,  poor
sensitivity,  low  selectivity,  etc.  that  restrict  their
application  in  the  detection  of  adulterants  in  milk
samples.  Hence,  there  is  a  need  to  search  for
sensitive,  selective,  cost-effective,  rapid,  and
simplistic,  etc.  methods  that  can  overcome  the
limitations of the conventionally reported methods.

Since their inception, carbon dots (CDs) or carbon

quantum  dots  (CQDs)  have  been  among  the  most
extensively  studied  carbon-based  nanoparticles  [11].
Importantly,  CQDs  are  zero-dimensional  carbon-
based  nanomaterials  [12,  13].  According  to  the
literature,  CQDs  represent  a  fascinating  type  of
carbon nanostructure with an approximate diameter of
10 nm [14]. It can be synthesized using top-down and
bottom-up methods from different sources, natural or
synthetic  [15].  They  possess  exceptional  and
distinctive  properties.  The  reported  studies  have
confirmed  the  high  sensitivity,  selectivity,  good
stability,  and  practicality  of  the  method  [16].  It  has
been  widely  applied  in  various  biomedical  fields,
such as sensing [17] and drug delivery [18]. To date,
CQDs  and  their  modified  versions  have  been
documented  for  the  design  of  nanosystems  for
electrocatalytic  degradation  [19],  detection  of
biomarkers  [20],  pesticide  detection  [21],  etc.
Therefore,  the  application of  CQDs for  the  detection
of  potassium dichromate  promises  to  usher  in  a  new
era of food safety.

The  objective  of  this  study  is  to  detect  potassium
dichromate  in  milk  samples  using  CQDs  as  a
fluorescent  nanoprobe.  To  summarize,  CQDs  were
synthesized  from  Tamarindus  indica  through  the
hydrothermal  method  and  subjected  to  spectroscopic
characterizations.  Subsequently,  the  detection  of
potassium  dichromate  was  conducted  employing
these  CQDs.  Furthermore,  an  anti-interference  study
was carried out to confirm the high selectivity of the
proposed  CQDs  for  potassium  dichromate,  even  in
the  presence  of  various  interfering  molecules.
Moreover,  spiked sample  analysis  validated  the  real-
time  applicability  of  this  method  in  milk  samples.
Therefore,  looking  ahead,  the  utilization  of  green-
synthesized CQDs holds the potential to revolutionize
the  detection  of  potassium  dichromate  in  milk
samples.

 Materials and Methods

 Materials

Dry  tamarind  leaves  were  purchased  from  the  local
market  in  Shirpur  (Dhule),  India.  Potassium
dichromate  (K2Cr2O7,  purity:  99%)  was  purchased
from  Merck  Specialties  Pvt.  Ltd.,  Mumbai,  India.
Other  metal  salts  and  chemicals  used  in  this  work
including  ammonium  sulfate  (NH4)2SO4),  sucrose
(C12H22O11),  sodium  chloride  (NaCl),  mercuric
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chloride  (HgCl2),  boric  acid  (H3BO3),  sodium
hydroxide  (NaOH),  benzoic  acid  (C7H6O2),  salicylic
acid  (C7H6O3),  sodium  carbonate  (Na2CO3),  sodium
bicarbonate  (NaHCO3),  glucose  (C6H12O6),  urea
(NH2CONH2),  starch  (C6H10O5)n,  hydrochloric  acid
(HCl),  sulphuric  acid  (H2SO4),  quinine  sulphate
(C40H50N4O8S)  were  collected  from  Loba  Chemie
Pvt. Ltd., Mumbai, India. All chemicals of analytical
grade  used  in  the  experiment  were  analytical  grade
and  were  utilized  without  additional  processing.  The
double  distilled  water  (DDW)  of  HPLC  grade  (0.45
μm filtered) was used during experimentation.

 Green synthesis of CQDs

The  green  synthesis  of  CQD  was  performed  via
hydrothermal method with dry tamarind (Tamarindus
indica)  [22].  The  dried  leaves  of  tamarind  were
washed  with  DDW  several  times  and  scorched  at
70 °C in a hot air oven for 30 min, and then crushed
into  fine  powder.  5  g  of  the  powder  was mixed with
100 mL of DDW using a magnetic stirrer for 20 min.
Finally,  the  obtained  mixture  was  transferred  to  the
Teflon-lined stainless steel autoclave for the synthesis
of CQDs. During this process, the temperature of the
hot  air  oven  was  kept  at  160  °C  for  8  h.  After  the
reaction, the obtained brown solution was centrifuged
for  15  min  at  12  000  r/min  using  a  laboratory  cold
centrifuge.  Finally,  a  0.22  μm  membrane  filter  was
used  to  separate  the  undissolved  materials  from
CQDs.  The  supernatant  solution  of  CQDs  was
purified for 24 h using a dialysis bag (10K molecular-
weight  cutoffs  (MWCO)).  The  dialyzed  CQDs  were
kept  at  4  °C  for  further  characterizations  and
applications.

 Characterizations

Ultraviolet–visible  (UV–Vis)  spectroscopy  (UV
spectrophotometer  1800  Shimadzu,  Japan)  was  used
to  ensure  the  synthesis  of  CQDs  from  a  green
precursor.  FTIR  (IR-Affinity-1,  Shimadzu,  Japan)
was  used  to  confirm the  functionality  present  on  the
surface of CQDs. The X-ray Diffractogram (XRD) of
CQDs was validated using Versa  Probe III  (Physical
Electronics,  IIT  Roorkee,  India).  The  particle  size
analysis, poly-dispersity index, and zeta potentials of
CQDs  were  also  examined  utilizing  a  dynamic  light
scattering-based  particle  size  analyzer  (NanoPlus3
Particulate System, Micrometrics, USA). The particle
size  and  shape  analysis  and  pattern  of  CQDs  were
assured  using  high-resolution  transmission  electron
microscopy  (HR-TEM,  JEOL/JEM2100)  including  a

selected  area  electron  diffraction  (SAED)  facility
operating  at  200  kV.  The  surface  binding  energy  of
CQDs  was  confirmed  using  X-ray  photoelectron
spectroscopy  (XPS,  Versa  Probe  III,  Physical
Electronics).  The  fluorescence  analysis  was
performed  using  a  laboratory  UV  cabinet  (Southern
Scientific  Lab  Instrument,  Chennai,  India).  A
spectrofluorometer  (JASCO  International  Co.,  Ltd.,
Japan)  was  used  to  accomplish  the  sensing  of
potassium dichromate in the provided samples.

 Fluorescence study

At  first,  the  obtained  dispersion  of  CQDs  was
checked in a UV cabinet  for  fluorescence analysis  at
different  wavelengths,  such  as  254,  365  nm,  and
visible  light.  After  that,  the  CQDs  emission  spectra
were  recorded  at  various  excitation  wavelengths
(350–440 nm) to achieve the high emission peak with
proper  Gaussian  [23].  In  addition,  excitation  spectra
and  emission  spectra  of  the  CQDs  were  reported
using a spectrofluorometer for further study.

 pH stability of CQDs

The  effect  of  pH  on  fluorescence  stability  was
validated  using  different  pH  solutions.  Initially,  the
stock  solution  of  CQDs  (10  mg/100  mL)  in  double
distilled  water  (DDW)  was  produced.  After  that,  the
pH of the CQDs solution was adjusted and confirmed
using  a  laboratory  digital  pH  meter  (Equiptronics).
After  30  min,  the  effect  of  pH  on  the  fluorescence
behavior  of  CQDs  was  examined  with  pH  of  1–13
using a spectrofluorometer [22].

 Quantum yield (QY) measurement

A  QY  of  CQDs  was  calculated  utilizing  a
standardized procedure considering quinine sulfate in
0.1  mol/L  H2SO4  (literature  QY:  0.54  at  360  nm)  as
the  reference  substance  [24].  Absolute  values  are
determined  using  the  reference  standards  sample,
which  has  a  constant  and  well-known  fluorescence
QY  value.  To  minimize  the  impact  of  the  re-
absorption, the absorbencies in the 10 mm fluorescent
cuvette  have  been  kept  under  0.1  at  the  excitation
wavelength  of  360  nm.  Finally,  at  an  excitation
wavelength  of  360  nm,  the  QY  of  the  CQDs  was
calculated using the following equation:

Q = Qst
Ast

A
× I

Ist
× n2

n2
st

where  Q  stands  for  quantum  yield,  I  for  emission
intensity, n for solvent refractive index (RI), and A for
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absorbance.  The  subscript  “st”  stands  for  the
reference. The QY was found to be 15.4%.

 Sensitivity study

A sensitivity study of pure potassium dichromate with
known  concentration  was  performed  using  green
synthesized  CQDs  as  a  fluorescent  nanoprobe.  In
brief, the different CQD probes (10 mg/100 mL) were
prepared  in  separate  test  tubes  using  DDW  for  the
analysis  of  the  linearity  range  of  potassium
dichromate.  Here,  different  concentrations  of  10–
500  μmol/L  (10,  50,  100,  150,  200,  250,  300,  350,
400, 450, 500 μmol/L) of potassium dichromate were
prepared  using  DDW.  After  that,  the  first
concentration  of  potassium  dichromate  (10  μmol/L)
was  incorporated  into  the  CQDs  probe  (10  mg/100
mL).  After  15  min,  the  fluorescence  intensity  of  the
sample was measured using a spectrofluorometer at a
400  nm  excitation  wavelength.  Here,  the  quenching
of  CQDs  fluorescence  with  a  correlation  of
concentration of  potassium dichromate was observed
at  an  emission  wavelength  of  500  nm  using  a
spectrofluorometer.  Next,  the  same  procedure  was
repeated  for  the  remaining  samples  of  potassium
dichromate. Each analysis was repeated in triplicates.
The  linearity  range  and  calibration  curve  were
calculated  based  on  the  concentration  of  potassium
dichromate  and  quenched  fluorescence  of  CQDs.
Finally,  the  limit  of  detection  (LOD)  for  potassium
dichromate  was  calculated  using  a  slope  that  was
obtained  from  fluorescence  repose  against  a
concentration of potassium dichromate.

 Selectivity  study  and  pre-treatment  of  the
milk samples

In  this  step,  the  specificity  of  the  CQDs-based
fluorescent  probe  was  calculated.  In  short,  different
interfering agents such as ammonium sulfate, sucrose,
potassium  dichromate,  sodium  chloride,  mercuric
chloride, boric acid, sodium hydroxide, benzoic acid,
salicylic acid, sodium carbonate, sodium bicarbonate,
glucose,  sodium  saccharine,  urea,  and  starch  were
selected  for  the  selectivity  study.  At  first,  the
stocksolution of CQDs (10 mg/100 mL) was prepared
in DDW. After that, the 500 μmol/L concentration of
each interfering substance was prepared in a separate
test tube. Then 100 μL of this solution with different
interfering milk adulterant substances was added to 2
mL of CQDs stock solution. Finally, the solution was
diluted  up  to  3  mL  with  DDW.  The  change  in

fluorescence  intensity  was  recorded  under  the
excitation  wavelength  at  400  nm  using  the  above-
mentioned parameters. After that, the spiked samples
analysis  of  potassium  dichromate  was  performed  in
milk samples. In brief, to eliminate the proteins, milk
samples  were  processed  with  trichloroacetic  acid
which  was  purchased  from  nearby  supermarkets.
Here, a centrifuge tube was filled with milk samples,
and  1%  (v/v)  trichloroacetic  acid  solution  and  then
subjected  to  sonication  for  15  min.  After  this,  the
supernatant  was  filtered  through  a  0.22  μmol/L
membrane to remove particulates after being centrifuged at
12  000  r/mim  for  15  min.  Before  performing
fluorescence  tests,  the  pH  was  neutralized  with
NaOH,  and  the  filtrate  was  kept  at  4  oC  away  from
light.  Finally,  the  concentration  of  the  analyte  was
measured using quenched fluorescence of CQDs. The
percent  relative  standard  deviation  was  calculated  to
confirm  the  practical  applicability  of  the  anticipated
sensor.

 Results and Discussion

In this work, tamarind leaves were carbonized using a
simple  and  affordable  hydrothermal  procedure  to
create CQDs.

 Characterization of CQDs

 UV cabinet analysis and UV–Vis spectroscopy

The aqueous solution of the CQDs shows light brown
under  normal  light  while  it  emits  blue-colored
fluorescence under UV light, which can be seen with
an  naked  eye  (Fig.  1(a)).  In  the  case  of  254  nm,  it
shows  the  blue  color  fluorescence  for  GQDs
(Fig.  1(b)).  The  UV–Vis  spectra  of  CQDs  are
depicted in Fig. 1(c). Here, a peak of around 279 and
335  nm  is  attributed  to  the  π→π*  transition  of  C=C
and  the  n→π*  transition  of  the  C=O  bond,
respectively.  It  assured  the  successful  conversion  of
the  green  precursor  to  graphitic  nanomaterials  that
contain carboxylic functionality [25].

 Zeta potential and FTIR analysis

Zeta potential analysis provides information related to
the  surface  functionality  of  nanomaterials  and  their
stability  in  the  provided  medium.  In  this  work,  the
zeta  potential  for  the  CQDs’ aqueous dispersion was
obtained  to  be –11.93  mV (Fig.  2(a)),  indicating  the
presence  of  highly  concentrated  negatively  charged
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carboxylic  groups  on  their  surface.  Overall,  it
confirmed  that  the  green  synthesized  CQDs  were
stable  in  an  aqueous  system  [26].  To  assure  surface
functionality,  the  FTIR  analysis  was  performed.
Figure 2(b) demonstrates a very high absorption band

at  3  300  cm−1,  which  is  attributed  to  O–H  from
stretching  vibrations  of  the  hydroxyl  groups  [27].
Another  prominent  absorption  band  at  1  650  cm−1  is
caused  by  the  C=O stretching  vibration  [28].  Hence,
it  confirmed the  presence  of  carboxylic  functionality
on the surface of CQDs.

 XPS analysis

The  surface  functionality  of  CQDs  was  validated
using  XPS analysis  that  provides  the  binding  energy
for carboxylic functionality, and amine functionality.
In  brief,  the  XPS  survey  scan  spectrum  of  CQDs
(Fig.  3(a))  indicates  the  presence  of  three  peaks  at
282.10,  397.59,  and  530.07  eV  attributed  to
characteristic  peaks  of  carbon  (C1s),  nitrogen  (N1s),
and oxygen (O1s), accordingly. Figure 3(b) shows the
C1s  XPS  spectrum.  It  is  fitted  into  sp2  and  sp3

hybridized  carbon  atoms  in  C–C/C=C  at  282.12  eV,
C–N/C–O at 284.46 eV, C=O/C=N at 289.81 eV, and
O–C=O at 292.63 eV. Figure 3(c) shows the N1s XPS
spectrum  of  CQDs,  which  presents  the  peak
appearing at 394.12 eV corresponds to a C=N–C and
397.86  eV  at  C–N–C.  The  O1s  XPS  spectrum  (Fig.
3(d)) of CQDs displays that the characteristic peaks at
529.15  and  532.16  eV  correspond  to  the  C=O  bond

 

Fig. 1 (a) CQDs in normal light; (b) CQDs in UV light and (c)
UV–Vis absorption spectra of green synthesized CQDs.

 

Fig. 2 (a) Zeta potential and (b) FTIR analysis of green-made CQDs.
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and the C–O–C bond, respectively. Taken as a whole,
the  synthesis  of  GQDs  with  plentiful  carboxylic  and
amine functionality was found.

 XRD and HR-TEM analysis

Figure  4  shows  the  X-ray  diffractogram  of
synthesized  CQDs  from  the  green  precursor.  The
peaks  at  2θ  =  28.53°  and  40.33°  correspond  to  the
crystal  planes  of  graphite  carbon.  Hence,  it  assured
the  synthesis  of  CQDs  from  tamarind  leaves  [29].
Figs.  5(a)  and  5(b)  provide  insights  into  the  surface

morphology of CQDs, the particle size of CQDs, and
their  distribution.  In  brief,  the  resulting  CQDs  were
homogeneous  monodisperse  with  a  mean  range
diameter of 5.1 nm. The shape of CQDs was obtained
to  be  spherical  whereas  the  SAED pattern  (Fig.5(c))
reveals the polycrystalline nature of CQDs [30].

 Photoluminescence study and effect of pH

From  an  application  standpoint,  photoluminescence
(PL)  behavior  is  regarded  as  the  most  important
attribute  and  is  the  traditional  trademark  of  CQDs.
The  fluorescence  emission  spectrum  of  CQDs  was
examined  at  various  excitation  wavelengths  with  a
constant  10 nm range between 350 and 450 nm. The
tunable emissive character of CQDs is amply proven
by  their  emission  spectra,  which  are  shown  in
Figs. 6(a) and 6(b). It was discovered that there was a
red shift in emission wavelengths, which is known to
be  a  characteristic  of  graphitic  carbon  cores  [31].  In
this  study,  the  impact  of  pH  on  the  CQDs’
fluorescence intensity throughout a broad pH range of
3–13 was investigated.  In brief, at  a lower pH (3–5),
the  fluorescence  intensity  of  CQDs  was
comparatively  low,  suggesting  the  existence  of
certain  acidic  groups  on  their  surface.  In  contrast,
CQD fluorescence was nearly constant in the solution
with  a  pH  range  of  5–13  (Fig.  6(c)).  The  observed
quenching of CQDs fluorescence in different pH may

 

Fig. 3 (a) XPS spectrum of CQDs; (b) high-resolution spectrum of carbon (C1s); (c) high-resolution spectrum of nitrogen (N1s);
(d) high-resolution spectrum of oxygen (O1s).

 

Fig. 4 Diffractogram of green-made CQDs.
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be  influenced  by  the  protonation  state  of  CQDs
containing functional groups, highlighting the critical
role  of  this  factor  in  fluorescence  intensity  [32].
Impressively,  the  CQDs  exhibited  considerable
stability in the aqueous phase across a broad pH range
of  5–13.  This  noteworthy  stability  enhances  their
potential utility across various industries.

 Sensitivity,  selectivity,  and  spiked  sample
analysis  of  potassium  dichromate  using
CQDs

The  change  in  fluorescence  property  of  CQDs  was
checked  after  the  addition  of  potassium  dichromate.
At  first,  a  series  of  fluorescence  emission  spectra  at
an  excitation  wavelength  was  recorded  at  400  nm.
The  addition  of  potassium  dichromate  in
concentrations  ranging  from  50  to  500  μmol/L  into
CQDs shows a decrease in fluorescence.  As a result,
with a rise in the content of potassium dichromate, the
luminescence  of  the  CQDs  solution  is  steadily
reduced.  The  fluorescence  quenching  of  CQDs  may

occur  upon  the  addition  of  potassium  dichromate,
involving  various  theoretical  mechanisms,  including
energy  transfer  or  electron  transfer  mechanisms.  In
this  context,  potassium  dichromate  acts  as  a  potent
oxidizing  agent  capable  of  accepting  electrons  from
CQDs  containing  functional  groups.  This  electron
transfer can induce changes in the electronic structure
of the CQDs, ultimately affecting their ability to emit
fluorescence.  Consequently,  the  fluorescence  of
CQDs  may  be  quenched  following  the  addition  of
potassium  dichromate.  Additionally,  an  energy
transfer  process  from  the  excited  state  of  CQDs  to
dichromate  ions  may  contribute  to  fluorescence
quenching,  a  phenomenon  known  as  Förster
resonance energy transfer.  It’s  important  to  note  that
the alteration of the electronic structure of CQDs is a
key  factor  in  the  observed  fluorescence  quenching

 

Fig. 5 (a, b) HR-TEM images and (c) SAED pattern of CQDs.
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Fig. 6 (a)  CQDs  emission  spectra  at  various  excitation
wavelengths.  (b)  Excitation,  and  emission  spectra  of  CQDs.
(c)  The  effect  of  pH  from  3–13  on  photoluminescence
properties of CQDs.
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after the introduction of potassium dichromate. Based
on  this,  the  quenching  efficiency  with  potassium
dichromate  concentration  was  calculated,  which
shows  an  extraordinary  linear  relationship  between
them  (Fig.  7(a)).  The  y  = mx  +  c  was  found  to  be
–3.95x + 2 073 with R2 = 0.999. The calibration plot
of  fluorescence  intensity  change  of  CQDs  vs.
potassium  dichromate  concentration  is  shown  in
Fig.7(b).  Finally,  the  limit  of  detection  (LOD)  for
potassium  dichromate  was  found  to  be  148  μmol/L
whereas  limit  of  quantitation  (LOQ)  was  determined
to  be  450  μmol/L.  In  this  study,  the  possible
mechanism for the detection of potassium dichromate
was  due  to  spectral  overlap  between  the  CQDs  and
potassium dichromate.

In the case of common interference, the selectivity

of  the  present  sensors  to  potassium  dichromate  was
studied.  Remarkably,  a  significant  quenching  in
fluorescence intensity was observed due to potassium
dichromate  addition.  Possibly,  this  is  due  to  energy
transfer  between  the  potassium  dichromate  and
oxygen functional groups on the surface of the CQDs
to  form  chelate  complexes.  As  an  effect,  it  leads  to
strong  quenching  of  the  CQD  luminescence
(Fig.  7(c)).  The  amounts  of  potassium dichromate  in
various milk samples were also determined using the
provided  probe.  The  recoveries  of  potassium
dichromate  in  milk  samples  ranged  from  96.22%  ±
1.24%  to  98.92%  ±  1.29%,  as  shown  in  Table  1.
There  are  no  relative  standard  deviations  (RSD)
greater than 5% (n = 3). These outcomes showed that
the anticipated probe has acceptable repeatability and
good  precision.  As  a  result,  the  current  method  has
the  potential  to  be  used  in  real-world  situations  to
identify potassium dichromate in materials.
 
 

Table 1 Determination  of  potassium  dichromate  in  milk
samples

Milk Sample
(n = 3)

Spiked
concentration
(μmol/L)

Percent recovery (%) RSD (%)

1

300 97.24 ± 2.19 2.19 ± 0.89

400 98.92 ± 1.29 2.39 ± 2.11

500 97.22 ± 2.87 3.25 ± 1.18

2

300 98.22 ± 1.02 1.27 ± 0.99

400 97.88 ± 1.09 2.63 ± 0.65

500 97.69 ± 1.88 2.45 ± 0.11

3

300 96.22 ± 1.24 2.62 ± 1.28

400 97.22 ± 2.14 2.94 ± 1.49

500 96.25 ± 2.52 1.29 ± 1.87

 

 Conclusion

The  current  research  showcases  the  utilization  of
tamarind  leaves  as  a  carbon  source  for  the  facile
generation  of  CQDs  through  an  eco-friendly
hydrothermal process. These CQDs were successfully
employed for detecting potassium dichromate in milk
samples.  The  study  revealed  that  the  synthesized
CQDs  displayed  distinct  photoluminescence
dependent  on  the  excitation  wavelength.
Spectroscopic  analysis  confirmed  the  production  of
stable,  nanosized,  and  pure  CQDs  from  a  green
precursor, showcasing favorable binding energy. The

 

Fig. 7 (a)  PL  emission  spectra  of  CQDs  with  altered
concentrations of potassium dichromate (10–500 μmol/L). (b)
Calibration plot of fluorescence intensity change of CQDs vs.
potassium dichromate concentration. (c) Test  of selectivity of
CQDs  for  potassium  dichromate  in  the  presence  of  different
interfering agents.
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detection of potassium dichromate using these CQDs
achieved  a  LOD  at  levels  up  to  μmol/L
concentrations.  Furthermore,  the  sensor  exhibited  a
broad linear range for potassium dichromate detection
and  showcased  high  selectivity  even  in  the  presence
of  various  interfering  substances.  Consequently,  the
proposed  CQDs-mediated  fluorescent  sensor  ensures
both  high  sensitivity  and  selectivity.  The  potential
sensing mechanism underlying the detection involves
a fluorescent “turn-off”, attributed to spectral overlap
between the analyte and CQDs. Finally, the validation
of the proposed CQDs through the analysis of spiked
potassium  dichromate  samples  in  milk  underscores
the  practical  applicability  of  this  eco-friendly
approach.  In  summary,  CQDs  produced  using  green
methods  demonstrate  exceptional  capabilities  in
detecting potassium dichromate in milk samples.
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