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morphological evolution of
concave gold nanocubes for enhanced
colorimetric sensing of cobalt ions based on
Fenton-like reactions

Yi Yu,a Qin Zou,bc Xinghua Xiang,a Zhang Chenbc and Ling Lin *bcd

Cobalt is an essential trace element for human growth and development, but both its deficiency and excess

can cause adverse health effects. Herein, we develop a rapid, visual, and highly sensitive colorimetric sensor

for Co2+ detection using concave gold nanocubes (CGNs) as a novel probe based on a Fenton-like

reaction-mediated etching mechanism. In the presence of H2O2 and Co2+, a Fenton-like reaction occurs

and generates abundant superoxide radicals, which oxidize Au0 on CGNs surface to generate Au(SCN)2
−,

leading to a morphological transformation from concave to spherical shapes. This process causes

a significant reduction in the absorbance at 690 nm in the UV-vis spectrum of the sensor, while the

absorbance at 535 nm increases apparently. Under optimized conditions (2.0 mM KSCN, pH 9.0, and

a reaction time of 18 min), the sensor exhibits a good linear relationship between the absorbance ratio

(A535/A690) and Co2+ concentration over the range of 0.5–400 nM, with a linear regression equation of

A535/A690 = 0.00798CCo2+ + 0.6128 and R2 = 0.9906. Its limit of detection is 0.3 nM, surpassing that of

most reported sensors, because of the high chemical activity and morphology-dependent optical

properties of CGNs. This sensor shows excellent selectivity against common interfering ions (e.g., Mn2+

and Hg2+) and detects Co2+ in real water samples with good recoveries. This study proves that CGNs are

efficient probes for the development of sensitive assays, which hold great potential in food safety and

environmental monitoring applications.
1. Introduction

As a vital trace element, cobalt is the critical component of
vitamin B12 and plays an important role in hemoglobin
synthesis and hematopoiesis.1,2 The total amount of cobalt in
the human body is around 3 mg, and its daily intake by humans
from diet is 10–80 mg; its deciency can cause many health
problems such as pernicious anemia, growth retardation, and
cardiovascular diseases.3,4 Nevertheless, its excessive exposure,
probably through dietary intake, occupational contact, medical
settings, and environmental pollution, poses serious threats to
humans, including cardiomyopathy, allergic dermatitis, and
enzyme activity inhibition.5–7 On the another hand, industrial
activities such as mining, hard metal production, and cement
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manufacturing are sources of cobalt contamination, leading to
elevated cobalt levels in water, soil, and food.6 Therefore, the
development of rapid, sensitive, and low-cost assays for Co2+

detection is important not only for public health safety but also
for environmental protection. The widely applied conventional
methods for its detection include atomic absorption spectros-
copy (AAS),8 inductively coupled plasma atomic emission spec-
troscopy (ICP-AES),9 potentiometric titration,10 and uorescence
spectroscopy.11 While these methods have good practical value,
they still suffer from many inherent limitations such as time-
consuming sample processing, complex instrumental opera-
tion, and reliance on expensive instrumentation, which restrict
their on-site and routine applications.

Colorimetric sensors using gold nanomaterials possess
many advantages including simplicity, rapid response, and
visual readout capability, attributed to their specic localized
surface plasmon resonance (LSPR) properties.12–14 Their LSPR is
determined by their sizes, shapes, and surface states.15 Espe-
cially, concave gold nanocubes (CGNs), with six concave
surfaces and eight sharp tips, stand out due to their high
specic surface area, enhanced surface activity, and tunable
LSPR properties.16,17 Similar to gold nanostars, CGNs have
abundant active sites for chemical reactions, making them ideal
© 2026 The Author(s). Published by the Royal Society of Chemistry
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probes for assays.17 Previous studies have demonstrated that
gold nanoparticle-etching based colorimetric sensors have
attracted more attention than aggregation-induced ones
because of their strong anti-interference ability, outstanding
limit of detection (LOD), and improved accuracy and sensi-
tivity.18,19 For example, based on Pb2+-catalyzed etching of gold
nanostars by 2-mercaptoethanol and sodium thiosulfate,
a colorimetric assay for picomolar Pb2+ determination was
proposed, with the advantages of multicolor changes and
sensitivity comparable to inductively coupled plasma mass
spectrometry (ICP-MS).20 According to a similar mechanism,
spherical gold nanoparticles21 and gold nanorods22 were also
applied for Pb2+ detection at the nanomolar level. Based on
Co2+-triggered Fenton-like reactions generating reactive oxygen
species that etch gold nanorods and lead to a variation in LSPR,
Co2+ could be detected with an LOD of 1 nM and 40 nM by UV-
vis spectroscopy and the naked eyes, respectively.23 However,
the use of CGNs for colorimetric sensing applications is rela-
tively rare. An important possible reason is that their synthesis
is complicated and time-consuming. The typical seed-mediated
method for CGNs proposed by Mirkin required multiple
chemicals and an incubation time of 12 h.24

In this work, we proposed a sensitive colorimetric sensor for
Co2+ detection using CGNs as a probe based on Co2+ induced
Fenton-like reactions. The recently reported simple preparation
of CGNs in 10 min gives them great potential for application in
analytical elds.16,17 In the presence of H2O2, Co

2+ induces the
generation of abundant superoxide radicals (O2c

−) following
a Fenton-like reaction, which oxidizes the Au0 on the surface of
CGNs to form Au(SCN)2

− in the presence of SCN−, leading to the
morphological transformation of CGNs from a concave to
spherical shape. With an increase in the concentration of Co2+,
the solution color changes from blue to purple and red,
accompanied by a reduction in absorbance at the longitudinal
LSPR and an increase in absorbance at the transverse LSPR.
Based on the specic catalytic reaction of Co2+, this sensor
exhibited high selectivity over other metal ions. Finally, the
assay was validated for practical applicability in detecting real
water samples with good performances. This study proves that
CGNs are excellent probes for sensing due to their unique LSPR
properties, which will nd more applications in food and
environmental sample detection.

2. Experimental
2.1 Chemicals

Hydrogen tetrachloroaurate (HAuCl4$4H2O, $99.9%), cetyltri-
methylammonium bromide (CTAB, $99%), sodium bicar-
bonate (NaHCO3, $99%), potassium thiocyanate (KSCN,
$99%), hydrogen peroxide (H2O2, 33%), ascorbic acid (AA,
$99.5%), potassium chloride (KCl), calcium chloride (CaCl2),
sodium chloride (NaCl), magnesium chloride (MgCl2), zinc
chloride (ZnCl2), mercuric nitrate (HgNO3), stannous chloride
dihydrate (SnCl2$2H2O), cadmium chloride (CdCl2), manganese
sulphate (MnSO4), copper sulfate pentahydrate (CuSO4$5H2O),
nickel chloride hexahydrate (NiCl2$6H2O, $99%), iron(III)
chloride hexahydrate (FeCl3$6H2O, $99%) and cobalt sulfate
© 2026 The Author(s). Published by the Royal Society of Chemistry
heptahydrate (CoSO4$7H2O, $99%) were purchased from
Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). All
reagents were of analytical grade and used without further
purication. Standard stock solutions of Co2+ (1 mM) were
freshly prepared in ultrapure water and diluted to working
concentrations immediately prior to use. Deionized water (18.2
MU cm) was obtained from a Millipore Milli-Q purication
system and used throughout the experiments.
2.2 Apparatus

UV-vis absorption spectra were recorded using a UV-1800
spectrophotometer (Shimadzu, Kyoto, Japan). Transmission
electron microscopy (TEM) images were obtained with a FEI
Tecnai G220S-Twin microscope (FEI, Hillsboro, OR, USA)
operating at 200 kV. pH was measured using a PHS-3C pHmeter
(Shanghai Yidian Scientic Instruments Co., Ltd, Shanghai,
China). A H1650-W high-speed centrifuge (Hunan Xiangyi
Laboratory Instrument Development Co., Ltd, Changsha,
Hunan, China) and a DHG-9245A drying oven (Shanghai Baijiu
Industry Co., Ltd, Shanghai, China) were used for sample
preparation.
2.3 Synthesis of CGNs

CGNs were synthesized via a rapid seed-mediated growth
method using AA and H2O2.16,17 Briey, 10 mL of CTAB solution
(100 mM) was mixed with 206 mL of HAuCl4 (24.28 mM), fol-
lowed by the addition of 75 mL NaOH (1 M) to adjust the alka-
linity and 10 mL of H2O2 (33%). The solution was vigorously
stirred until it become transparent, indicating the trans-
formation of Au3+ to Au+, and then 300 mL of 100 mM AA was
introduced to initialize the growth of CGNs. The reaction
mixture was incubated at 30 °C for 10 min until its blue-
greenish coloration remained unchanged, indicating the
formation of CGNs with anisotropic facets. The resulting
colloidal suspension was centrifuged at 8000 rpm for 15 min,
washed three times with ultrapure water to remove excess
surfactant, and nally redispersed in deionized water. The
puried CGN suspension was stored at 4 °C for further use.
2.4 Sensitivity and selectivity for the detection of Co2+ using
CGNs

For the colorimetric sensing experiments, 800 mL of a CGN
dispersion was mixed with 30 mL CTAB (20 mM), 20 mL KSCN
(100 mM), 25 mL NaHCO3 (100 mM), and 40 mL H2O2 (33%) in
the presence of varying concentrations of Co2+ solution. The
total reaction volume was adjusted to 1.0 mL with deionized
water. The mixture was incubated in a thermostatic water bath
at 80 °C for 15 min to allow the Fenton-like reaction to etch
CGNs. The resulting color changes were recorded using
a mobile phone (Vivo S19, China) for visual analysis, and UV-vis
absorption spectra were collected over the range of 400–
1100 nm to quantitatively evaluate the variation in LSPR. The
selectivity of the sensor was evaluated by testing common
interfering ions, including Mn2+, Hg2+, Cu2+, Ca2+, Pb2+, Cd2+,
Zn2+, Sn2+, Li+, Na+, Ni2+ and Fe3+. The concentrations of these
RSC Adv., 2026, 16, 23280–23287 | 23281
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Fig. 2 TEM images (left) and particle diameter distributions (right) of
CGNs before (A) and after being etched in the presence of 100 nM
Co2+ (B) and 400 nM Co2+ (C). The concentrations of KSCN, NaHCO3,
and H2O2 for etching are 2 mM, 2.5 mM, and 370 mM, respectively.
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interfering ions were kept at 1000 nM, which is 10-fold that of
Co2+.

2.5 Real sample analysis

Two water samples were collected from the Xiang River and
a pond in Changsha, China. The samples were ltered through
a 0.2 mmmembrane to remove insoluble impurities. For spiking
experiments, the river water was spiked with 20 nM and 200 nM
of Co2+, respectively. The pond water was spiked with 30 nM and
300 nM of Co2+, respectively. Given that A535/A690 falls outside
the linear detection range, sample dilution by adding distilled
water is needed. The spiked samples were detected using the
proposed procedures, and the recoveries and relative standard
deviations (RSDs) were calculated.

3. Results and discussion
3.1 Feasibility of Co2+ detection using CGNs

CGNs have a specic morphology with 8 tips and 6 concave
surfaces, which were applied as a novel sensitive probe for Co2+

detection in this study. The feasibility was veried by recording
the photo and UV-vis spectra of a CGN solution (Fig. 1A). CGNs
were synthesized by following a mature method with the use of
AA and H2O2 as co-reducing agents.17 The as-obtained CGNs
have two typical adsorption peaks at 690 nm and 535 nm, cor-
responding to their longitudinal and transverse localized
surface plasmon, respectively, similar to gold nanostars.20 The
color of the CGN solution is blue. A small amount of CTAB (0.6
mM) was added to the solution in order to stabilize CGNs and
prevent their aggregation. With the addition of 0.2 mM SCN−,
0.02 mM HCO3

−, and 370 mM H2O2, the UV-vis curve of CGNs
exhibited no change. However, in the presence of 400 nM Co2+,
only one strong peak at 535 nm was observed and the solution
color obviously changed to red. Here, H2O2 was in excess, but it
did not etch CGNs because the oxidizing capacity of H2O2 is pH
dependent and the solution pH make it not a strong oxidant.
Thus, it is Co2+ that triggers the etching of CGNs, causing
a variation in their solution color and LSPR, which was
employed for constructing an assay for Co2+ detection.

The TEM images of CGNs before and aer being etched in
the presence of Co2+ are shown in Fig. 2. The as-synthesized
CGNs have a well-dened concave structure with six concave
Fig. 1 Detection of Co2+ using CGNs based on Co2+ induced Fenton-
like reactions. (A) UV-vis spectra (left) and photos (right) of CGNs (a),
CGNs + KSCN + NaHCO3 + H2O2 (b) and CGNs + KSCN + NaHCO3 +
H2O2 + Co2+ (c). The concentrations of KSCN, NaHCO3, H2O2 and
Co2+ are 2 mM, 2.5 mM, 370 mM, and 400 nM, respectively.

23282 | RSC Adv., 2026, 16, 23280–23287
faces and eight sharp corners (Fig. 2A), exhibiting good
dispersion, similar to that previously reported.17,24 The size of
CGNs (outer diameter) is 90.2 ± 3.5 nm. In the presence of
100 nM Co2+, CGNs underwent pronounced morphological
evolution. Their eight tips were notably shortened, and the
overall concavity of the particles drastically decreased. While
some nanoparticles still retained slight surface concavity,
a small fraction transformed into rounded cubic structures
(Fig. 2B). This is attributed to the higher reaction activity of the
eight corners on CGNs, which preferentially undergo dissolu-
tion, leading to tip blunting and reduction in concavity. The size
of CGNs was reduced to 74.2 ± 2.9 nm. With a higher Co2+

concentration (Fig. 2C), CGNs were etched into spherical gold
nanoparticles. Their corners and tips disappeared, with the size
of CGNs reduced to 48.1 ± 1.8 nm. Also, their surfaces were
attened. This etching behavior is attributed to the preferential
oxidation of Au atoms at the high-activity corners and edges.16 It
is reasonable that the specic morphology of CGNs results in
high-index faces, e.g., {730} and {720}, and the Au atoms at the
edge or corner of CGNs have less than 12 neighbors (Au atom in
a face-centered cubic structure has 12 neighbors), which have
high chemical activity and are readily etched. This is the key
reason why we used CGNs as a probe to enhance the sensitivity
for Co2+ detection.

Fenton-like reactions induced by Co2+ have already been
reported in previous studies.23,25,26 In detail, in the presence of
H2O2 under alkaline conditions, Co2+ catalyzes the decompo-
sition of H2O2 to generate cOH and HO�

2 radicals, which further
convert to superoxide radicals O2c

−.26 The resulting abundant
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Effect of KSCN concentration (A), solution pH (B) and incubation time (C) on Co2+ detection. The conditions are: (A) 2.5 mM NaHCO3,
400 nMCo2+, 370mMH2O2, and 20min; (B) 2.0 mM SCN−, 400 nMCo2+, 370mMH2O2, and 20min; and (C) 2mM SCN−, pH 9.0, 400 nMCo2+,
and 370 mM H2O2.

Scheme 1 Mechanism for Co2+ sensing by the Fenton-like reaction-
mediated etching of concave gold nanocubes to spherical gold
nanoparticles.

Fig. 4 UV-vis spectra of CGN solutions containing different chemicals
after incubation at 80 °C for 18 min. The blank solution contained
2 mM KSCN and 370 mM H2O2 at pH 9.0.
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O2c
− oxidizes Au0 on the surface of CGNs to Au+, which forms

a stable complex with SCN− (Au(SCN)2
−) with a spherical

morphology. Although OHc demonstrates strong oxidizing
capacity, it does not take part in the etching directly and is
probably transformed into HO�

2 quickly in the system27 because
the presence of its quencher, mannitol, did not stop the reac-
tion (Fig. 3). In contrast, the addition of a quencher for O2c

−,
1,4-benzoquinone, halted the etching efficiently.28 Due to the
high stability of the [Au(SCN)2]

− complex (log b2 z 26), SCN−
© 2026 The Author(s). Published by the Royal Society of Chemistry
facilitates a continuous and efficient etching process that
improves the detection sensitivity.29 Finally, this process leads
to the etching of CGNs into spherical gold nanoparticles,
resulting in a blue shi in their LSPR and an obvious color
change. The key reactions are as follows:

Co2+ + H2O2 / Co3+ + cOH + OH− (1)

cOH + H2O2 / H2O + HO2c
− (2)

H2O2 þ Co3þ/HO
�

2 þHþ þ Co2þ (3)

HO
�

2/O2
c�þHþ (4)

Au + O2c
− + 2SCN− + 2H2O / Au(SCN)2

− + H2O2 + 2OH−(5)

Therefore, the mechanism for Co2+ detection using CGNs is
that Co2+ catalyzes the decomposition of H2O2 to yield abun-
dant O2c

−, which etches CGNs and causes a transformation in
their shape as well as their corresponding LSPR properties
(Scheme 1).
3.2 Optimization of reaction parameters

To ensure the reliable detection of Co2+, the inuence of
different parameters, including SCN− concentration, pH, and
reaction time, was systematically investigated (Fig. 4). SCN−

plays a dual role in the etching system: it acts as a complexing
agent for Au+ and as a mediator that enhances the anisotropic
etching of CGNs.29 At low concentrations (<1.0 mM), only a weak
LSPR shi and negligible color change were observed, indi-
cating the insufficient etching of CGNs (Fig. 4A). Increasing the
concentration of KSCN to 2.0 mM resulted in a pronounced
variation in A535/A690 and an intense visual color transition,
demonstrating efficient chemical etching. In contrast, a further
increase in KSCN concentration to 3.0 mM did not cause
excessive etching. This is because excess SCN− would be
adsorbed on the positively charged CGNs, disrupting the
stability of the nanoparticles and leading to their partial
aggregation.30 Thus, 2.0 mM of SCN− was chosen as the optimal
concentration.
RSC Adv., 2026, 16, 23280–23287 | 23283
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Fig. 5 Photographs (A), UV-vis spectra (B) and A535/A690 (C) of CGNs after incubation with different concentrations of Co2+ at 80 °C for 18 min at
pH 9.0. The concentration of H2O2 and KSCN is 370 mM and 2 mM, respectively.

Table 1 Comparison of the colorimetric methods for Co2+ detection

Materials Working range (nM) LOD (nM) References

Ag–Au bimetallic nanoparticles 0–60 20 39
Gold nanoparticles 60–2200 113 40
Silver nanoparticles 1700–20000 680 41
Gold nanoparticle 50–1600 3.5 42
Core-satellite gold nanoparticle 100–10000 10 35
CGNs 0.5–100 0.3 This work
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The pH of the reactionmedium is another critical factor, as it
governs the catalytic activity of Co2+ and the stability of radicals.
At pH < 7, etching proceeded very slowly, with a minimal optical
response (Fig. 4B). The reason for this is that pH regulates the
generation, transformation and quenching of free radicals.31

Acidic conditions lead to the protonation of the radicals and
reduce the lifetime of radicals such as cOH, O2c

−, and HO�
2 from

the microsecond scale to the nanosecond scale, hindering the
etching of CGNs.32 Increasing pH would enhance the etching
effect and result in larger LSPR shis and a variation in A535/
A690. At pH 9.0, the system achieved the maximum sensitivity
and a stable performance, whereas excessively high alkalinity
(pH > 10) led to smaller changes. The reason for this is that the
nonspecic decomposition of H2O2 increases markedly with an
increasing solution pH over 9.5–12.33 Higher pH would reduce
the stability of the nanoparticle suspension and the catalytic
activity of Co2+ in generating O2c

− radicals because of the
formation of Co(OH)2.34 Therefore, pH 9.0 was selected as the
optimal condition. Under this condition, the NaHCO3 concen-
tration is 2.5 mM.

The reaction kinetics were evaluated by monitoring the
variation in A535/A690 at intervals of 3 min (Fig. 4C). During the
rst 15 min, the A535/A690 changes were pronounced, with an
upward trend. However, an extension of the incubation time
beyond 18 min did not produce further changes, suggesting
that the etching process reached equilibrium. Consequently,
the reaction time of 18 min was optimal. Collectively, these
results established the optimal sensing conditions as 2.0 mM
23284 | RSC Adv., 2026, 16, 23280–23287
KSCN at pH 9.0 with an incubation period of 18 min. Under
these conditions, the Fenton-like reaction-induced etching was
sufficiently rapid, reproducible, and sensitive for reliable Co2+

detection.
3.3 Sensitivity and selectivity

The analytical performance of the CGN probe for sensing Co2+

was systematically evaluated under the optimized conditions.
The UV-vis spectra with the introduction of increasing Co2+

concentration (0–2000 nM) are shown in Fig. 5. Obviously, with
an increasing Co2+ concentration, an obvious color change from
blue to red was observed and a gradual increase in A535/A690 was
evident, accompanied by a gradual blueshi in the longitudinal
LSPR peak position (Fig. 5A and B). A good linear relationship
between A535/A690 and Co2+ concentration was obtained over the
range of 0.5–400 nM, and the regression equation is A535/A690 =
0.00798C + 0.6128 (Fig. 5C). The correlation coefficient is R2 =
0.9906, highlighting the excellent linearity and reproducibility
of the assay. The LOD was calculated as 3s/slope, which is
0.3 nM, surpassing the sensitivity of most conventional colori-
metric sensors. For example, based on disrupting the structures
of core-satellite gold nanoparticles, Co2+ was determined with
an LOD of 10 nM.35 Because Co2+ can directly induce the
aggregation of citrate-stabilized gold nanoparticles, it could be
detected over the range of 0.1 mM to 15 mM, with an LOD of
1 nM.36 Furthermore, the visual color change from blue to red
was clearly discernible to the naked eye at concentrations above
© 2026 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ra00268d


Table 2 Cobalt ion detection in water samples (n = 3)

Sample Added (nM) Detected (nM) Recovery (%) RSD (%)

River water 0 Not detected — —
20 20.9 104.5 4.9

200 203.3 101.7 3.7
Pond water 0 Not detected — —

30 31.2 104.0 4.3
300 295.8 98.1 3.9
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30 nM, conrming the potential of this system for rapid and on-
site detection without specialized instrumentation. This high
sensitivity is attributed to three key reasons. (i) The detection
was based on the catalysis of Co2+ to form radicals and thus the
etching of Au0 could be enhanced by tens of thousands of times.
(ii) CGNs are an excellent probe for Co2+ detection because of
their specic morphology, where their tips and corners offer
a large number of active sites for Au0 to be etched.20 (iii) The
morphology-dependent LSPR of CGNs underwent strong varia-
tion aer their etching. Compared to other classical colori-
metric sensors, the present method exhibits overwhelming
advantages in terms of the high sensitivity and good stability of
the probe (Table 1).18 These results demonstrate that the
proposed assay is a promising platform for trace Co2+ detection.
With the rapid advancement of articial intelligence, tremen-
dous opportunities may emerge for this sensor including the
rational design and tuning of CGNs, intelligent and instrument-
free data reading via smartphone imaging, and automatic
signal denoising and interference correction for improved
detection accuracy.37,38

It should be pointed out that the synthesis of CGNs may vary
from batch to batch, even when performed by the same oper-
ator. Also, the LSPR of CGNs could undergo slight changes aer
long-term storage. To overcome these shortcomings, a working
curve should be established prior to each detection. Although
the slope may differ slightly, the accuracy of Co2+ detection
remains satisfactory using this strategy.

The selectivity of the sensing platform is critical for its real
applications and thus was investigated in the presence of
a variety of potentially interfering metal ions, including Mn2+,
Hg2+, Cu2+, Ca2+, Pb2+, Cd2+, Zn2+, Sn2+, Li+, Na+, Ni2+, and Fe3+

(Fig. 6). Their concentrations were 1000 nM, while the concen-
tration of Co2+ was 100 nM. Apparently, for these ions, negli-
gible changes in solution color and absorbance were observed,
even at 10-fold higher concentrations than that of Co2+. In
contrast, Co2+ induced a pronounced decrease in the intensity
at the longitudinal LSPR and a distinct color variation from blue
to red due to the etching-induced morphological trans-
formation of CGNs to spherical shapes. Notably, the Fe3+–H2O2

system is a classic Fenton-like oxidation process that generates
highly oxidative cOH as the main reactive oxygen species.
However, this system only operates efficiently under acidic
Fig. 6 Response of CGNs to other metal ions including Mn2+, Hg2+,
Cu2+, Ca2+, Pb2+, Cd2+, Zn2+, Sn2+, Li+, and Na+ with their concen-
tration at 1000 nM. 100 nM of Co2+ is the positive control.

© 2026 The Author(s). Published by the Royal Society of Chemistry
conditions (pH 2.0–4.0). In contrast, our system is maintained
at pH 9.0, which signicantly suppresses the Fenton-like reac-
tion and the formation of cOH. Furthermore, the addition of
SCN− promotes the formation of stable complexes with Fe3+,
reducing the concentration of free Fe3+ and further minimizing
oxidative interference caused by iron ions. Thus, this new
platform demonstrates excellent specicity toward Co2+. Its
superior selectivity can be attributed to the unique catalytic
activity of Co2+ in the Fenton-like system.23 Specically, Co2+

efficiently catalyzes the decomposition of H2O2 in the presence
of bicarbonate, generating O2c

− radicals that selectively etch
CGNs. Other tested cations lack this catalytic activity, while
other ions do not have this ability.
3.4 Real sample analysis

To further evaluate its practical applicability, the method was
veried for the detection of water samples collected from the
Xiang River and a pond in a hospital (Table 2). The samples
were treated rst by ltering them through a 0.22 mm
membrane to remove large suspended particulates and then
directly analyzed. The two water samples contained a Co2+

content below the LOD. Then, the samples were also spiked and
tested. It was found that the recoveries range from 98.1% to
104.5%, with RSDs below 5.0% (n = 3), conrming both the
accuracy and precision of our method in real water samples.
Importantly, the distinct colorimetric response could be
distinguished by naked eyes in the spiked samples, highlighting
the potential of this platform for rapid, on-site detection
without the need for sophisticated instrumentation. Compared
with conventional techniques such as AAS, ICP-AES, and ICP-
MS, the developed method offers the advantages of simplicity,
low cost, instrument-free operation, and portability, while still
achieving satisfactory accuracy for trace-level detection. These
results strongly demonstrate that the new sensing platform
using CGNS based on Fenton-like reactions is highly valuable
for environmental monitoring and food-safety analysis.
4. Conclusions

In summary, we developed a novel colorimetric sensing plat-
form for the highly sensitive and selective detection of Co2+

using CGNs as a novel probe based on Fenton-like reactions.
The shape-dependent optical properties of CGNs and the highly
reactive sites due to their abundant high-index facets are
responsible for their high sensitivity. In the presence of Co2+,
RSC Adv., 2026, 16, 23280–23287 | 23285
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bicarbonate, H2O2, and O2c
− were generated via a catalytic

reaction, which etched CGNs, leading to morphological
changes to spherical gold nanoparticles. Thus, obvious LSPR
optical properties and visually observable color changes were
observed. Under these conditions, the plot of A535/A690 vs. Co

2+

concentration for the sensor exhibited its excellent analytical
performance, including a linear response over 0.5–400 nM (R2=

0.9906), with an LOD of 0.3 nM and a naked-eye detection
threshold of ∼30 nM. This sensor also displayed remarkable
selectivity, with negligible interference from common coexist-
ing metal ions because these ions cannot induce Fenton-like
reactions. Its application for the analysis of real drinking
water samples yielded recoveries of 98.1–104.5% with RSDs
below 5.0%, conrming its accuracy, reliability, and practicality.
Compared with conventional analytical methods, the proposed
assay offers distinct advantages in simplicity and cost-
effectiveness, making it highly attractive for on-site moni-
toring. This method shows promise for applications in food
safety testing, biomedical diagnostics, and rapid screening of
heavy metal contamination. Furthermore, morphology-
dependent etching of anisotropic nanostructures provides
a versatile platform for the detection of other hazardous ions or
biomolecules through the rational design of the reaction
conditions.
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