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Herein a rapid and sensitive fluorometric bioanalysis platform for mercury(II) (Hg2+) detection was innova-

tively developed using ultrathin two-dimensional MXenes (Ti3C2) as fluorescence quencher and Hg2+-

induced exonuclease III (Exo III)-assisted target recycling strategy for efficient signal amplification. Initially,

fluorophore-labeled single-stranded DNA (FAM-labeled probe) can be easily adsorbed onto the surface

of ultrathin Ti3C2 nanosheets by hydrogen bonding and metal chelating interaction, and the fluorescence

signal emitted by the FAM-labeled probe is quenched strongly owing to the fluorescence resonance

energy transfer between the FAM and ultrathin Ti3C2 nanosheets. Upon sensing the target Hg2+, the pro-

truding DNA fragment at the 3’ end of hairpin will hybridize with primer (hairpin-Hg2+-primer), and then

further digested by Exo III to produce a probe (nicker). The released target Hg2+ and primer continue to

participate in the next recycling, resulting in more hairpin probes becoming nickers. The combination of a

large number of nickers and FAM-probe resulted in a significant increase in the fluorescence signal of the

system, which was attributed to the fact that the double helix DNA was more rigid and separated from the

surface of the ultrathin Ti3C2 nanosheets. The obvious fluorescence signal change of the Ti3C2-based Exo

III-assisted target recycling can be accurately monitored by fluorescence spectrometry, which is also pro-

portional to the concentration of Hg2+. Under optimum operating conditions, the peak intensity (520 nm

wavelength) of fluorescence increased with increasing Hg2+ within a wide dynamic working range from

0.05 nM to 50 nM (R2 = 0.9913) with a limit of detection down to 42.5 pM. The proposed strategy uses

ultrathin MXenes as a platform for binding nucleic acids, which contributes to its potential in nucleic acid

hybridization-based biosensing and/or nucleic acid signal amplification bio-applications.

Introduction

MXenes represent a new family of two-dimensional materials
consisting of transition metal carbides and carbonitrides,
which have attracted tremendous attention in the wider scien-
tific community and industry due to their unique layered mor-
phology, high conductivities, high surface area, excellent
hydrophilicity, and environment-friendly properties.1–3

Because of the excellent performance of this series, MXenes
have been widely used in various fields, including but not
limited to energy storage, photothermal, photo-/electrocataly-
sis, electromagnetic shielding, biosensors, and antibacterial
agents.4–8 MXenes have started to be considered as promising
candidates for bio-applications and biosensor construction

mainly due to their metallic conductivity, super-hydrophilic
property (hydroxyl-terminated or oxygen surface) and oper-
ational biocompatibility (interact with biomolecules by hydro-
gen bonding, van der Waals force, electrostatic interaction,
coordination bonds).9–11 Recently, diverse protocols and strat-
egies involving MXene materials have been reported in the
field of analytical nanoscience/biosensing as well as biological
nucleic acid nanopores. For instance, Zhang et al. reported an
effective and universal self-standard ratiometric fluorescence
resonance energy transfer (FRET) biosensing platform based
on the fluorophore (Cy3)-labeled CD63 aptamer (high-affinity
binding exosome nucleic acid sequence)/Ti3C2 MXenes for
quantitative detection of exosomes.9 In their work, Cy3-labeled
single-stranded DNA (ssDNA) could be adsorbed on the
surface of Ti3C2 MXenes through hydrogen bonding and che-
lating interactions between phosphate groups and Ti ions,
causing intense fluorescence quenching. The combination of
Cy3-labeled ssDNA and target exosomes caused a confor-
mational change that dissociated on the surface of Ti3C2

MXenes, which resulted in a great recovery of Cy3 fluorescence.
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Inspiringly, Pumera et al. elucidated the interaction of MXenes
with fluorophore (FAM)-tagged ssDNA and double-stranded
DNA (dsDNA), by means of fluorescence measurements and
molecular dynamics simulations.12 Therefore, MXenes exhibit
high fluorescence quenching ability for fluorophore-labeled
ssDNA and different affinities for ssDNA (strong adsorption)
and dsDNA (weak adsorption), which make them play a huge
role in nucleic acid-related biological fields.13,14

Enzyme-mediated target recycling and multiple-signal ampli-
fication strategies have been widely used in the field of nucleic
acid-related nanoanalysis science to improve sensing sensitivity.
Due to the powerful catalysis and high-efficiency digestion capa-
bilities of enzymes, different kinds of enzyme-mediated biosen-
sing of different signal transductions are widely used, including
rolling circle amplification, strand-displacement amplification,
isothermal exponential amplification reaction, polymerase
chain reaction, etc.15–18 These enzyme-driven strategies can con-
tinuously catalyze nucleic acid cleavage and/or polymerization
reactions and are accompanied by multiple recoveries of target
molecules, generating a large number of nucleic acid fragments
to steadily improve the sensitivity of the system. However, the
employment of primer and/or specific enzymatic recognition
sequence requires very tight control of the bio-recognition and
signal amplification in order to attain reproducible signal
readout. In contrast, exonuclease III (Exo III) can stimulate its
enzymatic activity without the need to recognize specific nucleic
acid sequences and primer extensions.19–21 It can continuously
cut from the blunt end or 3′-recessed end of the DNA duplex in
a short period to achieve the purpose of gradually removing
single nucleotides. Therefore, Exo III can maintain its inherent
sensitivity and high efficiency under simple and universal
nuclease digestion, making it an indispensable presence in
nucleic acid biosensing post-amplification.

Mercury (Hg2+) environmental pollution causes serious toxi-
cological damage to the human body (e.g., nervous system
damage, kidney damage, liver damage, brain damage, and
various cognitive effects) due to its high toxicity and bioaccu-
mulation/non-biodegradability through the ecological food
chain.22–24 Taking into account the high toxicity and huge
health hazards of Hg2+, the US Environmental Protection
Agency and World Health Organization have set the maximum
allowable concentration (threshold levels) of Hg2+ in drinking
water as 10 nM and 30 nM, respectively. Consequently, accu-
rate/reliable quantification, robustness, and instant detection
of Hg2+ levels in common water quality is of great significance
and urgently desired for global public safety and environ-
mental pollution control. Toward this goal, herein we elabo-
rately construct a powerful fluorometric platform for the quan-
titative screening of Hg2+ by using ultrathin two-dimensional
MXenes (Ti3C2) as fluorescence quencher and Hg2+-induced
Exo III-assisted target recycling strategy for efficient signal
amplification. In general, the method of analysis is achieved
by the high fluorescence quenching ability and the different
affinities for ssDNA (strong adsorption) and dsDNA (weak
adsorption) by ultra-thin Ti3C2 MXenes (Scheme 1). Through
the coordination chemistry interaction of thymine-Hg2+-

thymine (T-Hg2+-T), the hairpin was partially hybridized with
the primer to form a stable hairpin-Hg2+-primer. Then, part of
the hairpin (blue part) of the hairpin-Hg2+-primer was continu-
ously cut from the 3′-termini owing to the specific and excel-
lent enzyme cleavage activity of Exo III, simultaneously releas-
ing the primer, Hg2+, and nicker (red part of hairpin). The free
primers and Hg2+ digestion from the previous cycle are further
combined with the remaining hairpins and the next round of
signal amplification restarted to generate a large number of
nickers. The resulting nicker and FAM-probe hybridize in a
complementary manner to form a FAM-probe-nicker DNA
duplex structure, which is far away from the MXene surface
due to the rigid structure. In this case, the fluorescence signal
is restored because the fluorophore is far away from the
MXene surface, and the intensity of the restored fluorescence
is positively correlated with the concentration of mercury ions.

Experimental section
Chemicals and reagents

Aluminum titanium carbide powder (Ti2AlC3, 98%, 200 mesh)
was purchased from Forsman Technology Co. Ltd.
Hydrofluoric acid (HF, 40%, AR), Hg2+ standard sample,
sodium phosphate monobasic dihydrate (NaH2PO4·2H2O, AR),
sodium phosphate dibasic dodecahydrate (Na2HPO4·12H2O,
AR, 99%), sodium chloride (NaCl, AR, 99.5%) and dimethyl
sulfoxide (DMSO, AR, ≥99%) were obtained from Aladdin. All
aqueous solutions in this experiment were prepared using de-
ionized water (18.2 MΩ cm). All the HPLC-purified oligo-
nucleotide sequences and Exo III (order no. B300061) were
obtained from Sangon Biotech Co. Ltd. These sequences are
listed as follows:

Primer: 5′-CTTTCTTCTTTGGCCCGG-3′
Hairpin: 5′-GTTTGTATGTTGGCCCGGACATACAAACTTTGT-

TGTTTG-3′
FAM-probe: 5′-FAM-CCGGGCCAACATACAAAC-3′

Scheme 1 Schematic illustration of the fluorometric biosensor for the
detection of Hg2+ by using ultrathin two-dimensional MXenes (Ti3C2) as
fluorescence quencher and Hg2+-induced exonuclease III (Exo III)-
assisted target recycling strategy for efficient signal amplification.
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Preparation of Ti3C2 MXene nanosheets

As reported previously, Ti3C2 MXene nanosheets were syn-
thesized by chemically etching Ti3AlC2 with HF aqueous solu-
tion.9 Briefly, Ti3AlC2 powder (1.0 g) was slowly immersed in
an HF aqueous solution (20 mL, 40%) at 45 °C along with mag-
netic stirring for 24 h to obtain a stable black suspension. To
remove residual HF, the resulting black suspension was centri-
fuged (4000 rpm, 20 min) and washed with deionized water
repeatedly until the pH value was greater than or equal to 6.
Subsequently, HF-etched multilayered Ti3C2 powder (0.5 g) was
mixed with DMSO (10 mL) and magnetically stirred for 24 h,
followed by multiple centrifugations (3500 rpm, 5 min) and
washing to collect the sediment. The collected precipitate was
again mixed with deionized water (60 mL) and then sonicated
in an ice water bath (temperature not exceeding 5 °C) for 1 h,
accompanied by nitrogen bubbling to remove dissolved oxygen
and prevent oxidation. After the ultrasonic treatment, the solu-
tion was centrifuged (3500 rpm, 1 h) and the dark supernatant
(Ti3C2 colloidal solution) was collected and sealed for further
characterization and experiment.

Fabrication of fluorometric biosensor platform and
measurement

In a typical assay, FAM-probe (10 μM, 1 μL) and Ti3C2 MXene
nanosheets (0.1 mg mL−1, 49 μL) were mixed in phosphate-
buffered saline (PBS; 10 mM, pH 7.4, 150 μL) to obtain FAM-
probe/Ti3C2 biological probe. After incubating the above
mixture for 10 min, the fluorescence emission spectrum was
collected in the range of 500 to 650 nm at an excitation wave-
length of 480 nm, and the fluorescence intensity peak (520 nm
wavelength) was measured. For the Hg2+-triggered Exo III-
assisted recycling amplification process, primers (0.5 μM,
4 μL), hairpin (10 μM, 2 μL), Exo III (5 U), and Hg2+ standard
sample (2 μL, final concentration range from 0 to 50 nM) were
added in PBS (12 μL, 10 mM, pH 7.4, containing 1× Exo III
buffer) and incubated at 37 °C for 100 min to perform the
enzymatic reaction. Finally, the solution after the enzymatic
reaction was heated at 70 °C for 20 min to completely inacti-
vate Exo III, and then added to FAM-probe/Ti3C2 solution
(180 μL) for fluorescence detection.

Results and discussion
Detailed characterization of Ti3C2 MXene nanosheets

In this work, ultrathin Ti3C2 nanosheets have high-efficiency
fluorescence quenching capabilities and different affinities for
ssDNA/dsDNA. For this reason, the successful synthesis of HF-
etched and DMSO-intercalated Ti3C2 nanosheets is the core of
the whole fluorometric biosensing system. The intrinsic micro-
structures and morphological evolution from Ti3AlC2 to Ti3C2

were investigated with scanning electron microscopy (SEM;
JEOL JSM-7001F). Evident from the SEM image (Fig. 1A), the
raw Ti3AlC2 exhibited a complete bulk structure with a smooth
surface. The corresponding energy-dispersive X-ray spec-
troscopy (STEM-EDS) elemental mapping analysis of the raw

Ti3AlC2 demonstrated the coexistence and nonlocalized distri-
bution of C, Al, and Ti elements in the entire composite
(Fig. 1B and C). After 24 h of etching of the aluminum layer by
HF, the Ti3C2 layer showed a classic loosely stacked “accor-
dion” structure (Fig. 1D). As expected, the elemental mapping
images demonstrated the homogeneous distributions of O, C,
F, and Ti elements over the entire architecture of Ti3C2 (Fig. 1E
and F). Compared with the EDS spectrum before and after HF
etching of Ti3AlC2 (Fig. 1C vs. Fig. 1F), the synergistic appear-
ance of O and F element content and the sharp decrease of Al
element content indicated that Ti3C2 was successfully obtained
by HF etching. After DMSO intercalation and ultrasonic
mechanical delamination treatment, it is easy to obtain ultra-
thin single-layer/few-layer monodisperse Ti3C2 nanosheet with
a flat surface because of the weakened interlayer interactions
(Fig. 1G). Beyond that, the thickness information of the Ti3C2

nanosheet was further verified by atomic force microscopy
(AFM; Nanoscope, Bruker). The image in Fig. 1H illustrated
that the Ti3C2 nanosheet is well distributed on the mica
surface and presents a typical two-dimensional morphology
with a size of several hundred nanometers. Along the red line
in Fig. 1H, it can be seen that the Ti3C2 nanosheet has a
height distribution of between 0.92 and 1.31 nm (Fig. 1I),
which is very close to the theoretical value of a single layer
(0.98 nm), indicating that the synthesized Ti3C2 nanosheet is a
single layer.

To get an insight into the chemical valence states of surface
atoms, X-ray photoelectron spectroscopy (XPS; ESCALAB 250)
was further carried out. As shown in the XPS spectra of Fig. 2,
the corresponding element valence states (Ti 2p, O 1s, F 1s
and C 1s) can be observed in Ti3C2. Three individual peaks are
situated at 684.71 eV, 685.34 eV and 453.0 eV (Fig. 2A), corres-
ponding to C–Ti–Fx, TiO2−xFx and byproducts (AlFx) in Ti3C2,
respectively. Similarly, the peaks situated at 454.8 eV (460.5

Fig. 1 (A) SEM image, (B and C) HAADF-STEM image and EDS element
mapping/analysis of Ti2AlC3. (D) SEM image, (E and F) EDS element
mapping/analysis of HF-treated Ti3C2. (G) SEM image and (H) AFM image
of DMSO-intercalated and delaminated Ti3C2 (single layer and few
layers). (I) Height distribution along the red line in (H).
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eV), 455.48 eV (461.06 eV), 456.39 eV (461.75 eV), 457.16 eV
(462.82 eV), and 458.19 eV (Fig. 2B), correspond to Ti–C, Ti2+,
Ti3+, Ti–O and Ti–F, respectively. The binding energies of TiO2,
C–Ti–Ox, C–Ti–(OH)x, and Al2O3 are 529.73 eV, 530.72 eV,
531.79 eV, and 532.64 eV (Fig. 2C). Besides, the C 1s spectrum
of Ti3C2 was reasonably fitted with three peaks located at
281.86 eV, 284.25 eV and 285.5 eV (Fig. 2D), corresponding to
C–Ti–Tx, C–C and C–Hx/C–O, respectively.25 Based on the
aforementioned results from SEM, AFM and XPS, we might
conclude that ultrathin Ti3C2 nanosheets could be successfully
synthesized via HF etching–DMSO intercalation–ultrasonic
delamination.

Feasibility of Ti3C2-based Hg2+-induced Exo III-assisted target
recycling fluorometric system

In this work, the nickers released from the Hg2+-induced Exo
III-assisted target recycling system hybridized with FAM-probe
to cause fluorescence recovery. To clarify this point, native
polyacrylamide gel electrophoresis (PAGE, 8%, Fig. 3A) was
used to verify whether the above strategy can be performed via
the expected pathway. Two clear and bright bands (lanes A and
B) corresponding to the hairpin and primer can be observed.
After the hairpin reacted with Hg2+ and primer, a relatively
low-mobility and well-defined band (lane C) appeared, mainly
due to the production of hairpin-Hg2+-primer with a larger
molecular weight. After incubating Exo III with the system of
lane C, the brightness of the band corresponding to lane C is
significantly reduced due to enzyme digesting (lane D). More
importantly, a new and high-mobility band appeared corres-
ponding to a mixture of nicker and primer (note: nicker and
primer were of the same number of bases). The PAGE analysis
result clearly and powerfully illustrates that the Hg2+-induced
Exo III-assisted target recycling strategy can be executed in
accordance with the proposed protocol process. Certainly,
another inevitable question is whether the Hg2+-induced Exo
III-assisted target recycling system can be further employed for

fluorescence sensing and detection. In this regard, fluo-
rescence emission spectra were applied to monitor the state of
different control experiments (Fig. 3B). After simply mixing
FAM-probe and Ti3C2, almost no fluorescence is observed
(curve a). The above phenomenon can be attributed to the
fluorescence quenching caused by FRET when FAM-probe is
adsorbed on the Ti3C2 surface. After reacting FAM-probe/Ti3C2

with hairpin, primer, Exo III and Hg2+ (50 nM), significant
fluorescence enhancement is observed (curve b), attributed to
the weak affinity of Ti3C2 to FAM-probe-nicker rigid DNA
duplex. For comparison, the fluorescence behavior in the
absence of Hg2+ is not significantly different from that of FAM-
probe/Ti3C2 (curve c). These results revealed that the Ti3C2-
based Hg2+-induced Exo III-assisted target recycling system is
triggered in the presence of Hg2+ and can be used for the
determination of target Hg2+ via fluorescence.

Optimization of experimental conditions

To obtain better measurement performance, the concentration
of Exo III and the reaction time of the whole system (including
hairpin-Hg2+-primer formation, Exo III digestion time and
FAM-probe-nicker formation) were carefully optimized through
variable control methods. This involved performing multiple
rounds of experiments at a constant Hg2+concentration (50
nM), and recording the changes in peak fluorescence intensity
(520 nm wavelength) for comparison. Generally, the cleavage
efficiency of hairpin-Hg2+-primer depends on the amount of
Exo III, which further affects the number of nickers produced.
In this regard, the concentration of Exo III is the key to restrict
the entire biosensing system. The peak fluorescence intensity
increases rapidly with the concentration of Exo III, and
reaches a plateau at 5 U (Fig. 4A). The introduction of a high
concentration of Exo III did not significantly increase the peak
fluorescence intensity of the system. Therefore, 5 U Exo III was
used as an optimized parameter in subsequent experiments.
By the same token, we further optimized the reaction time of
the sensing platform, including Hg2+-induced Exo III-assisted
target recycling and fluorescence recovery. Similarly, the fluo-
rescence intensity of the system continues to increase with the

Fig. 2 High-resolution XPS spectra of (A) F 1s; (B) Ti 2p; (C) O 1s; and
(D) C 1s.

Fig. 3 (A) PAGE (8% gel) for different samples (lane A: hairpin; lane B:
primer; lane C: hairpin + primer + Hg2+; lane D: hairpin + primer + Hg2+

+ Exo III). (B) Fluorescence spectra of (a) Ti3C2 + FAM-probe, (b) Ti3C2 +
FAM-probe + hairpin + primer + Hg2+ + Exo III, and (c) Ti3C2 + FAM-
probe + hairpin + primer + Exo III.
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reaction time and the optimal reaction time was obtained
within 100 min for subsequent experiments (Fig. 4B).

Dose responses of the fluorometric system toward target Hg2+

By coupling Hg2+-induced Exo III-assisted target recycling with
the FAM-probe/Ti3C2 biological probe, different levels of Hg2+

(0 to 50 nM) were systematically detected under the optimized
conditions. As the concentration of Hg2+ increased succes-
sively, the fluorescence intensities obviously recovered until
reaching a plateau, indicating more FAM-probe-nicker away
from the Ti3C2 surface. A good linear dependence of fluo-
rescence intensity-Hg2+ concentration curves was obtained
(Fig. 5A) with the correlation equation expressed as y (fluo-
rescence intensities at 520 nm) = 221.1 × log C[Hg2+] + 352.81
(nM) (correlation coefficient R2 = 0.9913, n = 6) (Fig. 5B). The
limit of detection (LOD) value of the fluorometric biosensor

was estimated to be 42.5 pM in terms of the 3δ-rule (note: δ
represents the standard deviation for 11-blank fluorescence
response), which was significantly lower than that of existing
Hg2+ detection strategies (Table 1). The relative standard devi-
ation (n = 3) values were 1.25%, 2.83% and 3.42% for intra-
assays and 5.81%, 6.53% and 6.11% for inter-assays toward
high-middle-low Hg2+ concentrations (0.05, 5.0 and 50 nM),
respectively, undoubtedly demonstrating good reproducibility
and ideal accuracy.

The specificity of the Ti3C2-based Hg2+-induced Exo III-
assisted target recycling fluorometric system was further sys-
tematically investigated with the intervention of seven coexist-
ing interfering metal ions (500 nM), namely Ni2+, Cu2+, Pb2+,
Cd2+, Co2

+, Mn2+, and Cr3+, under the same experimental con-
ditions. These high-concentration (10 times that of the
analyte) non-target metal ions showed no obvious variation of
fluorescence intensity responses in comparison with the blank
sample (deionized water), while the fluorescence intensities of
Hg2+ and mixtures containing Hg2+ increased apparently
(Fig. 5C), showing the satisfactory discrimination ability for
the analyte Hg2+.

Detection of Hg2+ from real environment samples

To demonstrate the possibility of the manufactured Ti3C2-
based Hg2+-induced Exo III-assisted target recycling fluoro-
metric strategy for practical applications, we performed Hg2+

concentration analysis and recovery experiments by testing
environmental samples (tap water and river water). Hg2+ stan-
dards with different concentrations (0.2, 5.0, 20 nM) were first
spiked in blank water samples. The obtained spiked samples
were determined by the proposed fluorometric strategy and
the Hg2+ concentration was obtained through the regression
equation (Fig. 5B). The acceptable recovery rates (95.0%–

Fig. 4 Influence of (A) Exo III concentration and (B) incubation time of
Ti3C2-based Hg2+-induced Exo III-assisted target recycling on peak flu-
orescence intensity (520 nm wavelength) of the fluorometric aptasen-
sing platform by using 50 nM Hg2+ as an example.

Fig. 5 (A) The fluorescence intensity responses of Ti3C2-based Hg2+-
induced Exo III-assisted target recycling fluorometric strategy toward
various concentrations of Hg2+ (0, 0.05, 0.2, 1.0, 5.0, 20, and 50 nM). (B)
Calibration plots corresponding to peak fluorescence intensity (at
520 nm) as a function of Hg2+ concentration (nM). (C) The anti-inter-
ference ability against Hg2+ (50 nM) and seven coexisting metal ions
(500 nM), namely Ni2+, Cu2+, Pb2+, Cd2+, Co2

+, Mn2+, Cr3+ (note: all
these metal ions are included in the mixture). The blank sample indicates
the use of deionized water instead of the sample containing metal ions.

Table 2 Detection of Hg2+ in different water samples using the fluoro-
metric biosensor

Sample
Added Hg2+

(nM)
Measured (mean ± SD,
ng mL−1, n = 3) Recovery (%)

Tap water 0.2 0.19 ± 0.05 95.0
5.0 5.09 ± 0.09 101.8
20 20.62 ± 0.18 103.1

River water 0.2 0.22 ± 0.09 110
5.0 4.91 ± 0.11 98.2
20 19.8 ± 0.22 96.9

Table 1 Comparison of analytical properties of different Hg2+-based schemes

Transduced signal Dynamic range (nM) LOD (nM) Ref.

Polyethylenimine/glutathione fluorometric biosensor 100–100 000 32 26
Nitrogen-doped graphene quantum dots fluorometric assay 2–200 0.32 27
Carbon dots/cadmium telluride fluorometric assay 10–1400 4600 28
L-Cysteine-modified gold nanoparticles fluorometric assay 2–30 000 1.3 29
AuNP@β-CD aggregation-based photothermometric 400–8000 60 30
Covalent organic framework/gold nanoparticles colorimetric 5–300 0.75 31
Exo III-assisted recycling Ti3C2 fluorometric biosensor 0.05–50 0.0425 This work
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103.1%; Table 2) indicated that the proposed fluorometric bio-
sensor provided a promising potential for the analysis of
complex environmental water samples with great accuracy and
reliability.

Conclusions

This contribution describes a facile fluorometric bioanalysis
platform for the rapid determination of Hg2+ by using ultra-
thin two-dimensional MXenes (Ti3C2) as fluorescence
quencher and Hg2+-induced Exo III-assisted recycling for
efficient signal amplification. On the one hand, Ti3C2 is a
strong fluorescence quencher for fluorescent dyes; on the
other hand, it has obvious distinguishability for ssDNA and
dsDNA. Such versatility and promising properties mean that
Ti3C2 can act as sensing material in molecular diagnostics and
fluorescence sensing. Coupling Ti3C2 nanosheets with Exo III-
assisted multiple recycling strategy, this fluorometric platform
showed improved sensitivity with a LOD of 42.5 pM.
Furthermore, the anti-interference of the constructed fluoro-
metric strategy was ensured by the specific T-Hg2+-T inter-
action, which can distinguish Hg2+ from other possible back-
ground metal ions. Additionally, the detection process is a
homogeneous mix-and-detect one with simplified operation,
which makes it possible to develop simple, robust and sensi-
tive molecular diagnostic tools. This contribution not only
expands the distinct application of Ti3C2 in a fluorometric
DNA biosensor, but also paves the way for other two-dimen-
sional materials to design advanced biosensing/biomedical
systems (controlled delivery of nucleic acids or nanopore-
based biomolecule detection).
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