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Abstract: In our study, a selective and sensitive determination method was developed for Cu(II) ions by
spectrofluorimetry.  For this purpose, a polymeric membrane was prepared to determine Cu(II)  ions by
curing  crosslinkers,  functional  monomers,  and  photoinitiators  under  UV  light.  The  membrane  was
characterized, and the optimum conditions for determining Cu(II) ions were systematically investigated.
The detection was performed at pH 5.0 in as little as 20 seconds at excitation and emission wavelengths of
376 nm and 455 nm,  respectively.  The  linear  range was  7.86.10-9-1.57.10-7 mol/L,  and  the  method's
detection limit was 2.24.10-9 mol/L. In addition, the sensor's repeatability, stability, and life were examined,
and recovery studies were conducted. As a result, the developed method has been successfully applied to
wastewater samples as a real sample. In addition, determining Cu(II) ions at low concentrations can be
done quickly, reliably, and with high selectivity and sensitivity.
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1. INTRODUCTION

With the development of industry and the increase
in population, environmental pollution has become
an  enormous  problem.  Although  some metal  ions
are essential nutrients required for various biological
and physiological functions, they become toxic even
at very low concentrations (1-3). Even metals such
as  iron,  zinc,  copper,  and  manganese  may  have
adverse health effects when they exceed threshold
concentrations (4,5).  Heavy metals are considered
significant  environmental  pollutants  that  enter  the
surroundings naturally and through human activities
(6). Mainly, water and soil pollution by heavy metals
is seen because of human activities such as mining,
agriculture, transportation, and industrial production
(7-9). When heavy metals are released into the air,
water,  and  food,  they  are  taken  into  the  body
directly or indirectly through inhalation, ingestion, or
skin absorption (10,11).

Copper, a bio-element, is one of the most abundant
heavy metals. It plays a vital role in iron absorption
from the intestine, tissue maturation, formation of
red  blood  cells,  cellular  respiration,  electron
transfer, and biological systems. It is also a cofactor
in at least 30 essential enzymes (12-16). Copper is
found in the oxidized Cu(II) and reduced Cu(I) states
in  biological  systems,  and  their  fundamental
functions are dictated by their redox chemistry (17).
The human body's primary sources of copper intake
are  seeds,  grains,  nuts,  beans,  salmon,  spinach,
shellfish,  and  beef  liver  (18).  The  Recommended
Dietary Allowance (RDA) for adults over 19 years of
age is  900 μg per day,  while the Tolerable Upper
Intake Level (UL) is 10 mg per day (19). The average
copper intake from dietary sources is about 1.0 to
1.6 mg daily for adults.
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The copper level in the body is maintained through
the absorption of copper from the intestine and the
release of  copper from the liver.  Therefore,  as its
critical side effect is cytotoxic, high copper ion levels
in the body can cause liver damage (18-20). High
levels  of  copper  in  the  body  can  result  in
gastrointestinal symptoms such as abdominal pain,
cramps,  vomiting,  dizziness,  and  diarrhea.  In
addition, they can lead to genetic disorders such as
Menkes and Wilson's diseases (21-24). Even though
the copper intake mostly depends on food, drinking
water  also  becomes  a  potential  source  of  excess
exposure. The widespread use of copper, especially
in  agriculture,  industry,  and  chemistry,  causes
contamination  of  the  community  water  sources.
Besides,  old,  corroded  household  pipes,  plumbing
fixtures,  and  faucets  cause  copper  leaks  and
increase copper levels in tap water. The maximum
copper contaminant level in drinking water has been
recommended  by  the  World  Health  Organization
(WHO) as 20 μM (25). Even though the risk of excess
intake of copper from food, water, and supplements
seems to be low for adults, it is possible for children,
especially those aged 1 through 8 years. Conside-
rably  high  intakes,  the  long-term effect  of  excess
copper  intake,  and  the  toxicity  of  copper  are  not
well studied in humans.

For these reasons, it  is essential to determine the
copper  content  in  environmental  systems such as
soil,  air,  water,  and  humans.  Up  to  now,  many
methods  have  been  established  for  determining
Cu(II) ions. These include ion chromatography (26),
surface plasmon resonance spectroscopy (SPR) (27),
voltammetry  (28),  atomic  absorption  spectropho-
tometry  (AAS)  (29),  inductively  coupled  plasma-
mass  spectrometry  (ICP-MS)  (30),  UV-vis  spectro-
photometry  (31),  laser-induced  fragmentation
spectroscopy  (LIBS)  (32)  and  inductively  coupled
plasma-optical  emission  spectroscopy  (ICP-OES)
(33).  Although  most  of  the  abovementioned
methods  provide  precision,  high  accuracy,
sensitivity,  and  low  detection  limits,  they  require
sophisticated  and  expensive  equipment,  highly
qualified  personnel,  and  rigorous  sample
preparation.

Studies and significant efforts have been made to
determine  Cu(II)  ions  with  short  analysis  time,
accuracy,  reliability,  and  low  instrument  costs  in
recent  years.  Many  fluorescent  sensors  such  as
coumarin  and  derivatives  (34),  rhodamine  (35),
fluorescein  (36),  truxene  (37),  and  quinoline  (38)
were  reported  and  have  been  reported  in  some
applications.  Whether  their  properties  (selectivity,
sensitivity, response time) were improved, they all
interacted with copper and formed Cu(II) complexes
that resulted in distinct fluorescence responses.

In this study, we aimed to develop a new UV-curable
polymeric fluorescent sensor to detect Cu(II) ions in
aqueous  medium.  UV  curing  is  a  fast,  easy,  and
environmentally  friendly  method  for  synthesizing
polymeric  membranes. These  types  of  one-step
synthesized membranes that can detect Cu(II) ions
can attract attention due to their stable structure,

high  efficiency  and  accuracy,  low  cost,  low  time
consumption, and operational simplicity.

2. EXPERIMENTAL SECTION

2.1. Materials
Poly(ethylene  glycol)  diacrylate  (PEGDA)  (Mn=575)
that  contains  400-600 ppm MEHQ as an inhibitor,
technical  grade  trimethylolpropane  triacrylate
(TMPTA)  that  contains  monomethyl  ether  hydro-
quinone  as  an  inhibitor,  triphenylphosphine  (TPP)
(>99.0% (GC)),  technical  grade  glycidyl  trimethyl-
ammonium  chloride  (GTAC)  that  contains  2-4%
chlorohydrin  (>90.0%  (GC)),   2-hydroxyethyl
methacrylate  (HEMA)  (>99.0%)  that  contains  <50
ppm monomethyl  ether  hydroquinone as  inhibitor,
N-Isopropylacrylamide  (NIPAM)  (>99.0%,),  and  all
other chemicals were purchased from Sigma-Aldrich
and used without purification. The photoinitiator 1-
hydroxy  cyclohexyl-phenyl-ketone  (Irgacure  184)
(>99.0%)  was  obtained  from  Ciba  Specialty
Chemicals.  In  preparing  the  aqueous  solutions,
ultrapure water with a specific resistance of 18.2MΩ
obtained  from  the  Merck-Millipore  Direct-Q®  3UV
water purification system was used.

2.2. Instrumentations
Perkin Elmer Spectrum 100 spectrometer and Philips
XL30  Environmental  Scanning  Electron  Microscope
with  Field  Emission  Gun  (Equipped  with  EDAX-
Energy  Dispersive  X-ray  Analysis  Unit)  scanning
electron microscope were used to obtaining Fourier
Transform Infrared  (FT-IR)  spectrum and  scanning
electron microscope (SEM) images of the prepared
polymeric  membranes,  respectively.  The  FTIR
spectrum  of  the  solid  polymeric  membrane  was
recorded on  Perkin  Elmer  Spectrum 100 ATR-FTIR
spectrometer in the range of 4000–400 cm-1 at room
temperature  with  4  cm-1 resolution  mode.  Before
SEM imaging, the membrane surfaces were coated
with an approximately  300 Å thick platinum layer
with  Edwards  S  150 B  sputter  coater.  The  Varian
Cary  Eclipse  Fluorescence  Spectrophotometer
containing a 1 cm path-length quartz cuvette was
used  for  fluorescence  measurements.  All  pH
measurements were performed using the Hanna pH-
213 model pH meter.

2.3. Preparation of Polymeric Sensor
Several compositions were studied to find optimum
membrane  composition  without  fractures,  cracks,
and  non-dispersion  in  the  aqueous  environment.
First,  a  polymeric  sensor  containing  aGTAC  was
prepared by mixing aGTAC (30% wt.), HEMA (15%
wt.),  TMPTA  (15%  wt.),  PEGDA  (30%  wt.),  NIPAM
(10%  wt.)  and  photoinitiator  Irgacure184  (3%  of
total  weight)  in  a  beaker.  PEGDA  was  used  as  a
binder,  which  provides  physical  and  mechanical
properties,  and  TMPTA  was  used  as  a  reactive
diluent,  which  controls  the  cross-linking  density
during polymerization. NIPAM and HEMA were used
to  render  the  membrane  with  environmental-
sensitive properties such as swelling.

378



Çubuk S et al. JOTCSA. 2024; 11(1): 377-390. RESEARCH ARTICLE

As  in  our  previous  study,  the  aGTAC  was
synthesized  by  reacting  its  oxirane  groups  with
acrylic  acid  in  the  presence  of  TPP  (39).  The  UV
curing  process  was  conducted  and  covered  under
ambient  conditions. The  mixture,  homogenized  by
mixing, was poured into a Teflon® mold (12x40x 3;
WxLxD, mm), covered with transparent Teflon® film
to prevent the inhibiting effect of oxygen and cured

under a high-pressure UV lamp (OSRAM 300 W, λmax:
365  nm)  for  3  minutes.  Then,  the  polymeric
membrane was removed from the mold. To remove
unreacted  monomers,  obtained  membranes  were
soaked  overnight  in  distilled  water,  frozen  in  a
freezer, and dried with a lyophilizer. The preparation
of the membrane is shown in Scheme 1.

Scheme 1. The preparation of the membrane.

3. RESULTS AND DISCUSSION

3.1. Characterization

3.1.1. FTIR Analysis
The  ATR-FTIR  spectrum of  the  solid  membrane  is
demonstrated  in  Figure  1.  The  spectrum shows  a
broad peak at 3352 cm−1, indicating the presence of
–OH  groups  in  aGTAC  and  HEMA.  Another  peak

observed  at  1707  cm−1 is  associated  with  the
vibration band of the –C=O group. Additionally, the
spectrum shows a stretching vibration band of the
C–N  bond  at  1449  cm−1 in  NIPAM.  Finally,  the
absence of a vibrational band at approximately 1634
cm-1 showing acrylates in the FT-IR spectrum of the
membrane  indicates  that  the  cross-linked
membrane was prepared successfully (39,40).
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Figure 1: FTIR spectra of the membrane.

3.1.2. Surface Morphology Analysis Results
Functional  groups  that  react  with  ions  must  be
distributed uniformly throughout the polymer sensor
membrane.  In  addition,  surface  homogeneity  is
critical  for  improving  the  polymeric  membranes'
sensing  properties  as  fluorescence  sensors.  The

10000x  magnified  image  of  the  SEM  analysis
performed  for  this  purpose  of  the  polymeric
membrane is given in Figure 2. The texture shown in
the SEM image in Figure 2 reveals a uniform, crack-
free, and nonporous structure as desired.

Figure 2: SEM image of the polymeric membrane at 10000X magnification.

3.1.3. Spectral characterization studies
Using fluorescent spectroscopy, the excitation and
emission spectra of the polymeric membrane were
recorded  in  the  presence  and  absence  of  Cu(II)
solution at a concentration of 1.57x10-8 mol/L. The
excitation  wavelength,  emission  wavelength,
photomultiplier tube (PMT) voltage, and slit widths

were  376  nm,  455  nm,  600  V,  and  10  nm,
respectively.  The  obtained  spectrum  is  given  in
Figure  3.  The  fluorescence  intensity  decreased  in
the presence of Cu(II)  ion. It  was thought to be a
concurrency of static quenching in the presence of
Cu(II) ions as Cu(II)– aGTAC interaction was started.
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Figure 3: Excitation and fluorescence spectra of the polymeric membrane in the (a) absence (line) and the
(b) presence of 1.57×10-8 mol/L Cu(II)  (dot line); (λex=376 nm, λem=455 nm, slit widths=10 nm,

photomultiplier tube voltage= 600 V).

3.1.4. Optimization of the experimental conditions
In  this  study,  the  key  factor  in  the  design  of
fluorescent polymeric sensors is Cu(II) recognition.

Since  Cu(II)–aGTAC  interaction  depended  on  pH,
fluorescence  intensity  could  be  altered  between
different pH ranges. Because of that, pH should be
controlled to be the optimum value. To determine
the pH effect on the polymeric sensor, fluorescence
intensity measurements were made in the presence
of 1.57×10-8 mol/L Cu(II) ions using buffer solutions
between pH 1.0-8.0 values. The pH change trends of
the fluorescence intensity of  the polymeric  sensor
are  shown in  Figure  4.  The  fluorescence  intensity
slightly decreases in the range of pH 1.0-3.0, sharply
increases in  the range of  pH 3.0-5.0,  and sharply
decreases after reaching the maximum level at pH
5.0.  The  decrease  at  a  lower  pH  range  can  be
attributed  to  two  different  mechanisms.  First,  the
protonation  of  hydroxonium  ions  of  the  nitrogen
atom penetrates the polymeric membrane because
of  its  greater  affinity  for  protons  and  reduced
mobility of electrons of the conjugated bonds. At a
higher  pH  range,  copper  hydroxide  precipitation
competed  with  Cu(II)-aGTAC  interaction,   and  the
polymeric  membrane  was  slightly  swelled  to
decrease the fluorescence intensity. The second one
is  Cu(II)-NIPAM  complex  formation.  All  the
acrylic/methacrylic groups of the components react

with each other under UV light with the presence of
a  photoinitiator,  thereby resulting  in  an efficiently
aGTAC  grafted  cationized  membrane  along  with
amine  and  hydroxyl  groups.  Especially  with  the
reaction  of  NIPAM  and  aGTMAC,  the  polymeric
membrane results in an anionic exchanger forming
both  amine  and  quaternary  amine  groups.  It  is
known that Cu(II) ions can interact with -OH groups
of both aGTAC and HEMA and the amine group of
NIPAM. The cross-linked structure of the polymeric
membrane inhibits the interaction of the quaternary
ammonium  groups  from  aGTMAC  with  the  amine
groups  of  NIPAM.  Since  NIPAM  molecules  have  a
hydrophobic group on the backbone, they tend to
swell  when  the  NIPAM-attached  membrane  is
treated with water. This increases chain mobility and
surface area, allowing functional groups and Cu(II)
attachment to interact easily.

Nevertheless,  amine  groups  of  NIPAM  lead  to  a
cationic moiety at low pH degrees. Tertiary amine
groups of  NIPAM protonated at a pH below 2 and
positively charged NIPAM would repel Cu(II) ions like
aGTMAC.  Cu(II)  ions  induce  deprotonation  of  -NH
groups in amide bonds and lead to the formation of
Cu(II)  complexes  (41). Considering  the  obtained
results,  pH  5.0  was  chosen  to  conduct  further
experiments.
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Figure 4: pH effect on fluorescence intensity (C=1.57×10-8 mol/L Cu(II).

3.1.5. Determination of the Response Time
To determine the change in fluorescence intensity of
the sensor with time, measurements were made in
the  presence  of  1.57×10-8 mol/L  Cu(II)  ions  at  5-
second intervals for 200 seconds. As shown in Figure
5, the fluorescence intensity of the polymeric sensor
increased  with  the  increase  of  time,  reached

equilibrium within 20 seconds, and did not change
until 200 seconds. Since the fluorescence intensity
remained  constant  within  20-200  seconds,  the
polymeric sensor could serve as a rapid and reliable
probe for Cu(II)  ions with the minimum 20-second
waiting requirement.

Figure 5: Effect of time on fluorescence intensity (C=1.57×10-8 mol/L Cu(II), pH=5).

3.1.6. Linear Range and Limit of Detection (LOD)
A  calibration  curve  was  established  with  the
fluorescence intensities against the concentration of
6 samples containing Cu(II) ions within the 7.86×10-

9 - 1.57×10-7 mol/L (0.5 - 10 ppb) to determine the
calibration  range.  All  samples  were  prepared  in
optimum conditions according to the experimental
procedure,  and  fluorescence  intensities  were
measured  at  455  nm  emission  and  376  nm
excitation  wavelengths.  The  results  indicated  that
increased Cu(II) ion concentration in the given range
decreases the fluorescence intensity significantly. As
a result, a linear plot with good linearity (R2=0.9954)

was obtained to determine the slope, as shown in
Figure 6.

Solutions  (n=7)  containing  7.86×10-9 mol/L  Cu(II)
were  used  to  calculate  the  proposed  method's
detection limit. The detection limit (LOD:3xSD / m)
was  calculated  according  to  the  IUPAC  recomm-
endations (42). It was found to be 2.24×10-9 mol/L.
In this equation, SD indicates the standard deviation
of  7  replicate  measurements  of  7.86×10-9 mol/L
Cu(II)  solution,  and  m  shows  the  slope  of  the
calibration line.
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Figure 6: The calibration curve of the polymeric membrane (λexλem: 376 nm/455 nm; pH:5.0; t= 20 s); (Io-I)
where I0 and I are the fluorescence intensities in 7.86×10-9 and 1.57×10-7 mol L−1 Cu(II), respectively.

3.1.7. Sensor Regeneration and Reusability Studies
The regeneration of  the polymeric membrane was
performed  by  a  1-minute  distilled  water  washing
followed  by  30  seconds  of  pH  5.0  buffer  solution
washing.  It  was  observed  that  the  fluorescence
intensity was found to almost fully recover after the
washing  process,  even  after  250  washing  cycles.

This  can  be  attributed  to  the  non-affinity  of  the
buffer solution with the polymeric membrane. One
can see 30 regeneration results obtained from the
regeneration  process  in  Figure  7.  The  standard
deviation  (SD)  of  fluorescence  intensities  was
calculated as ±3.7.

Figure 7: The effect of regeneration on fluorescence intensity of the sensor with distilled water and pH:5.0
buffer after 1.57×10-7 mol/L  Cu(II) ion contact.

3.1.8. Reliability, Stability, and Repeatability
Reliability,  stability,  and repeatability are essential
factors in evaluating the sensors' performance, and
they play a  crucial  role  in  sensor  applications.  To
investigate  the  reliability  and  stability  of  the
prepared polymeric membrane sensor, it was stored
in  a  desiccator,  which  was  kept  in  the  dark.  The
fluorescence  intensity  was  recorded  at  regular
intervals over six months; the results are shown in
Figure  8.  In  line  with  the  results  in  Figure  8,  the
change  between  the  initial  and  final  fluorescence
intensities was only within a range of ±5% at the
end of 6 months, which means the lifetime of the
polymeric  membrane  is  acceptable  for  analytical
applications. To determine the short-term stability of

the  polymeric  membrane,  it  was  exposed  to  a
1.57×10-8 mol/L  Cu(II)  solution  for  ten  hours,  and
fluorescence intensity measurements were recorded
at  intervals  of  10  min.  The  standard  deviation  of
±3.4% was achieved,  and based on this  result,  it
can  be  said  that  the  short-term  stability  of  the
polymeric  membrane  is  reasonable.  The  stability
results  can  be  ascribed  to  effective  Cu(II)-

aGTAC interaction.  The repeatability of  the
results was also determined by using five polymeric
membranes  with  the  same  formulation,  and  the
fluorescence  intensity  measurements  were  carried
out  under  optimum  conditions  according  to  the
above-mentioned  experimental  procedure.  A
standard deviation of ±2.3% was achieved. 
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Figure 8: The fluorescence intensity changes at regular intervals during six months membrane These
results indicate satisfactory repeatability of the polymeric membrane. (λex/λem: 376 nm/455 nm; pH 5.0; t=

20 s).

3.1.9. Selectivity of Cu(II) ions toward metal ions
Selectivity is a crucial factor for a new sensor in real
analytical  applications.  Since  the  interference  of
different ions can have a negative or positive effect
on Cu(II) detection, the selectivity of the polymeric
membrane  to  Cu(II)  against  other  ions,  including
using Zn2+,  Fe3+,  Ni2+,  Cd2+,  Au3+,  Ag+,  Mn2+,  and
Hg2+ were  investigated.  To  investigate  the  selec-
tivity of the prepared polymeric sensor membrane
against  Cu(II)  ions,  the  fluorescence  intensities  of
1.57×10-8 mol/L  Cu(II)  solution  were  measured  in

the presence of 10 equivalents of each of the eight
metal ion solutions. Measurements were completed
by increasing the amount of coexisting ions up to
the concentration where the change in fluorescence
intensity was a maximum of ±5%. The upper limit
concentration  values  of  coexisting  species  results
are given in Table 1. As a result, it was found that
the  detection  of  Cu(II)  ions  could  be  made
selectively in the presence of ions above with mole
amounts that vary from 950 to 1172.

Table 1: The effect of common metal ions on determining Cu(II) under optimum conditions.

Species
x-fold higher than
Cu(II) mol number

Concentration of the
foreign ions (mol/L)

(mol L-1)

Fe(III) 1133 1.78×10-5

Hg(II) 950 1.49×10-5

Zn(II) 968 1.52×10-5

Cd(II) 1127 1.77×10-5

Mn(II) 1153 1.81×10-5

Ag(I) 1172 1.84×10-5

Au(III) 962 1.51×10-5

Ni(II) 1083 1.70×10-5

3.1.10. Analytical applications of the sensor
SPS-WW1  and  SPS-WW2  certified  wastewater
reference (CRM) solutions diluted with pH:5 buffer
solution  were  used  to  evaluate  the  analytical
application of the polymeric membrane. The Cu(II)

ion  concentrations  were  6.49×10-6 and  3.25×10-5

mol/L  for  SPS-WW-1  and  SPS-WW-2,  respectively.
The relative error values were calculated as 2.78%
and  3.07%.  The  obtained  results  were  by  the
certificate value (Table 2).
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Table 2: Real sample analysis results with our method (n = 6).

Sample
Our Method 

(mol/L)
Certificate Value

(mol/L)
Relative Error

(%)

SPSWW-1 (6.49±0.08) ×10-6 (6.30±0.01) ×10-6 2.78

SPSWW-2 (3.25±0.11) ×10-5 (3.15±0.04) ×10-5 3.07

To  evaluate  the  recovery  performance  of  the
polymeric  membrane,  tap  water  samples  were
spiked with three different concentrations of Cu(II)
(1.57×10-8,  4.71×10-8,  and  7.85×10-8 mol/L,
respectively) were tested. No treatment was applied
to  it  before  the  tap  water  analysis.  As  shown  in
Table 3, the recovery values of tap water samples

spiked  with  Cu(II)  were  102.5%,  103.3%,  and
104.1%, respectively.

Considering  all  the  results  obtained,  one  can  see
that  the  proposed  method  has  the  potential  for  
Cu(II)  determination  in  water  samples  with  high
accuracy.

Table 3: The application of polymeric membrane for Cu(II) detection in tap water samples (n=6).

Sample
Spiked Cu(II)

(mol/L)
Our study

(mol/L)
Recovery

(%)

Tap water

1.57×10-8 (1.61±0.10) ×10-8 102.5

4.71×10-8 (4.87±0.06) ×10-8 103.3

7.85×10-8 (8.17±0.08) ×10-8 104.1

3.1.11.  Comparison  of  the  proposed  method  with
other techniques for Cu(II)  determination
In Table 4, the selected methods used to determine
Cu(II)  and  our  proposed  method  were  compared
briefly, and some performance characteristics were
given  (43-51).  As  we  mentioned  before,  atomic
absorption  spectroscopy  (AAS),  atomic  emission
spectrometry (AES), and inductively coupled plasma

mass spectrometry (ICP-MS) are mainly used for the
determination of Cu(II)  (52-54). Although the detec-
tion limits of these methods are sufficient, there are
disadvantages,  such  as  expensive  and  large
instrumentation and extended analysis time. Never-
theless, its 20-second response time, relatively low
LOD value, and high recovery rate are superior to
those reported for copper ion detection.
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Table 4: Comparison of selected Cu(II) detection methods.

Reference Method pH LOD Linear range Time Medium Recovery

43 Voltammetric pH:4.6 2.10-8 mol/L
(1.29 ppb)

5.10-8 – 3.54.10-6 mol/L
(3 - 225 ppb) 15 min. River water, human hair %95.97-98.22

44 Colorimetric pH:7 3.4.10-6 mol/L
(0.22 ppm)

3.93.10-6 – 9.4.10-5 mol/L
(0.25 - 6 ppm) 5 min. Wastewater %93.48- 114.04

45 Spectrophotometric pH:6 2.5.10-7 mol/L
(0.015 ppm)

7.0.10-7 – 1.0.10-4 mol/L
(0.04 – 6.35 ppm) 2 min.

Tap water, river water,
lake water

%98.5-102.1

46 Spectrofluorimetric pH:7 3.7.10-8 mol/L
(2.35 ppb)

0.5.10-8 - 8.10-8 mol/L
(0.31 - 5 ppb) 20 min. Tap water, pool water, %95-106

47 Flame Atomic Absorption
Spectrophotometric (FAAS) - 1.10-5 mol/L

(635 ppb)
7.9.10-7 – 7.9.10-5 mol/L

(0.05 - 5 ppm) 10 min. Oil seed samples %95.5-102.7

48 Modified Screen Printed (MSPE;
electrode VI) Potentiometric pH:3-7 8.8.10-8 mol/L

(55.9 ppb)
8.8.10-8 – 1.0.10-2 mol/L

(5.59 -6.35.106 ppb) 3 s.
Tap water, river water,

well water
%98.67-100.61

48
Modified Gold nanoparticle Screen
Printed (GNP's,SPE; electrode X)

Potentiometric
pH:2-8.5 5.3.10-10 mol/L

(0.03 ppb)
5.3.10-10 – 1.0.10-2 mol/L

(0.03 -6.35.105ppb) 7 h. Tap water, river water,
well water

%99.78-100.2

49 Cloud Point Extraction /
Spectrophotometric pH:7 2.2.10-9 mol/L

(0.140 ppb)
3.10-8 – 7.9.10-7 mol/L

(2 - 50 ppb) 10 min. Lake water, fish muscle %97-98.2

50 Cloud Point Extraction /
Spectrophotometric pH:6 8.9.10-9 mol/L

(0.57 ppb)
2.10-8 – 5.5.10-7 mol/L

(1 - 35 ppb) 15 min.

Mineral water, sea water,
lettuce, cabbage, spinach,

nuts, white bread,
tomatoes

%95.6-104.3

51 Inductively coupled plasma– atomic
emission (ICP-AES) pH:5-7 2.10-8 mol/L

(1 ppb)
3.93.10-9 - 3.10-8 mol/L

(0.25 - 2 ppb) 300 min. Wastewater %98

This study Spectrofluorimetric pH:5 2.24.10-9 mol/L
(0.142 ppb)

7.86.10-9 – 1.57.10-7 mol/L
(0.5-10 ppb) 20 s. Wastewater %102.4-104.1
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4. CONCLUSION

Even  though  aGTAC  and  Cu(II)   were  used  to
prepare  antimicrobial  systems,  aGTAC  for  Cu(II)
detection  is  a  new  approach.  A  new  fluorescent
polymeric  sensor  for  selective  and  sensitive
detection  of  Cu(II)  ions  in  aqueous  media  was
successfully prepared by UV curing by introducing
aGTAC and NIPAM into the commercially available
acrylic  oligomers.  UV  light  induces  the  polyme-
rization and leads its preparation with high yields,
stable  structures,  low  energy  consumption,  low
reaction  times,  lower  volume  of  unreacted
components,  no  need  for  further  purification
methods,  and  zero  volatile  organic  components.
This method allows the production of an easy and
efficient  polymeric  sensor.  Our  new  UV-curable
polymeric  fluorescent  sensor  with  hydrophilic
positively  charged  glycidyl  trimethylammonium
functionalities  showed  selective  fluorescent
quenching against Cu(II) ions with a detection limit
of  2.24.10-9 mol/L  and  a  response  time  of  20
seconds.

Furthermore,  the  method  was  applied  with
excellent recovery results for Cu(II) ions added to
real  water  samples.  Again,  selective detection of
Cu(II) ions in the presence of coexisting ions with
mole  amounts  ranging  from  950  to  1172  was
achieved.  As  a  result,  our  method  can  be  an
alternative to existing methods as an eco-friendly
approach  in  terms  of  large-scale  production,
practical  use as a sensor,  not containing organic
solvents for the extraction step and analysis, and
minimizing waste generation.
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