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ABSTRACT

In this paper, Syzygium samarangenses were utilized to prepare bio-carbon dots via a one-step
hydrothermal protocol. Based on the inner filter effect, this fluorescent nanomaterial enables
selective detection of Cr® with a linear range of 10-200 uM and a limit of detection of 7.8 uM
through variation in fluorescence. Meanwhile, it also displays that the carbon dots show excel-
lent reversibility and photostability in pH measurements. The intensity of photoluminescence is
linear against pH value from 6 to 12 in the buffer solution. In contrast to most of the reported
nanomaterials-based pH sensors that rely on the attachment of additional dyes, this carbon-dots-
based probe is low in toxicity, easy to synthesize, and free from labels. More importantly, due to a
significant fluorescence quenching by temperature-induced aggregation of carbon quantum dots
(CQDs), the resultant CQDs have commendable potential as an eminent luminescent thermome-
ter sensor, particularly, the fluorescence intensity (FL intensity) is responsive to temperature and
approximately linear in the physiological temperature range from 5°C to 44°C.

Keywords: Bio-carbon dots; Optical temperature sensing; Monitoring of pH; Chromium(VI);
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1. Introduction

pH plays a vital role in modulating many biological
reactions including calcium regulation [1], cell cycle con-
trol [2] and apoptosis [3], neurological disorders [4], mus-
cle contraction [5], and tumor growth [6]. Meanwhile, the
temperature is a fundamental thermodynamic variable
that strongly affects physiological actions and processes.
Temperature is also a key parameter to induce some changes
in cellular events. For instance, in the process, that con-
sumes ATP (Ca* ATPase, actinomyosin ATPase, and Na'/
K* ATPase) and in the mitochondrial respiratory chain,
those actions are exothermic in the forward direction [7]. To
date, several promising nanomaterials have been reported
for temperature determination/pH sensing, such as scan-
ning probe microscopy, Raman spectroscopy, and fluores-
cence-based measurements [8-10]. However, among these
distinctive methods, fluorescence-based strategies have
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attracted considerable attention due to their easy opera-
tions, simple instruments, and eminent sensitivity [11,12].
Indeed, several fluorescent nanomaterials have been devel-
oped for temperature/pH monitoring, such as semiconduc-
tor quantum dots, organic dyes, and fluorescent polymers
[13-15]. Furthermore, fluorescent nanomaterials have pro-
vided a sensor platform useful for temperature/pH sen-
sors in water or biological systems, and especially live cells
[16,17]. Even so, their cytotoxicity, poor photostability, and/
or tedious probe preparation procedures are problematic,
which limits their further application [18,19]. During recent
years, nanomaterials-based ratiometric fluorescence pH
sensors have been employed to measure pH in living cells,
while optical temperature sensing based on luminescent
materials is rarely reported [20].

To our knowledge, chromium (Cr) is a common environ-
mental pollutant and widely used in a range of industries,
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and exists in two stable oxidation states: Cr(IIl) and Cr(VI).
Among them, Cr(VI)[21,22], possessing greater mobility
and carcinogenic properties, is more hazardous to public
health compared to Cr(IIl). In view of the above situation,
the monitoring of Cr® in environmental samples has drawn
increasing attention, and the concentration of Cr® in drink-
ing water is strictly regulated to a lower micromolar level by
many nations. In the past few decades, several methods are
available for the determination of Cr® in different sample
matrices, including inductively coupled plasma-mass spec-
trometry (ICP-MS) [23], chromatography [24], voltammetry
[25], atomic absorption spectrometry [26], and fluorescence
[27,28]. Even though, the reported methods require expen-
sive equipment, complicated sample pretreatment, and
highly trained operators. Thus, it is still greatly desirable to
develop strategies that are facile and selective for monitor-
ing of Cr® ions, irrespective of the presence of Cr*". Due to
the distinct advantages of rapid response, facile operation,
and excellent sensitivity, the fluorescence-based nanomate-
rials for the monitoring of Cr®" is a good alternative.

In this work, bio-carbon dots were prepared by utiliz-
ing Syzygium samarangenses via a one-step hydrothermal
protocol. The resultant carbon quantum dots (CQDs) which
possessed distinctive optical properties were successfully
applied to selectively detect Cr(VI), irrespective of the pres-
ence of Cr(Ill). Meanwhile, the CQDs present an obvious
pH-sensitive feature and the intensity of photoluminescence
decreases linearly in the pH range from 6 to 12. What’s more,
as optical temperature sensor, its luminescence intensity
linearly decreased within the range from 5°C to 44°C with
distinctive sensitivity and marvelous reversibility.

2. Experimental section
2.1. Materials and reagents

Fresh S. samarangenses were purchased at a local fruit
shop. The phosphate buffer saline (PBS, 0.01 M) was pre-
pared by Beijing Dingguo Changsheng Biotechnology Co.,
Ltd.,, (Beijing, China). CaCl, Cr,SO,),6H,0, AlL(SO,),
K,Cr,0,, NH,Cl, Cu(NO,),, MgS0O,, Cd(NO,),, FeCl-6H,O,
Ni(NO,),, KI, Zn(NO,),, HgCl,, AgNO,, Pb(NO,),, NaOH,
and HCl were purchased from Sinopharm Chemical Reagent
Co., Ltd., (Shanghai, China). All reagents were analytical
reagent grade. Ultrapure water with a resistivity of 18.25 MQ
cm™ by a molecular water purification system was used
for the preparation of all aqueous solutions.

2.2. Apparatus

LS-55 spectrofluorometer (PerkinElmer, USA), SDC-6
intelligent energy saving thermostat (Ningbo SCIENTZ
Biotechnology Co., Ltd., Ningbo, China), pH meter (Mettler
Toledo Le438, Switzerland), SCIENTZ-20N vacuum freeze
dryer (Ningbo SCIENTZ Biotechnology Co., Ltd., Ningbo,
China), Jing Hong Oven, DHJF-8002 quick freezing machine
(Zheng Zhou Great Wall Co., Ltd., Zheng Zhou, China). Fluo
Time 100 (PicoQuant, Germany), UV-2600 UV-vis spectro-
photometer (Shimadzu, Japan), Bruker IFS 66v/S infrared
spectrophotometer (Bruker Optics Inc., Billerica, MA, USA),
HT7700 transmission electron microscopy (TEM, Hitachi,

Japan), PHI 5000C ESCA X-ray photoelectron spectroscopy
(XPS, PerkinElmer, USA), Malvern Zetasizer (ZEN 3600,
Worcestershire, UK).

2.3. Preparation of bio-carbon

In brief, 10 g of fresh S. samarangense and 15 mL of ultra-
pure water was mixed evenly in the beaker. Then, the mix-
ture was transferred into a 50 mL Teflon-lined autoclave and
treated at 180°C for 10 h. After finishing, wait for reactor
to cool naturally. The bright brown solution was collected
through a 0.22 pm filter membrane and then further puri-
fied by dialyzing against ultrapure water using a tubular
dialysis membrane (MWCO ~1 kDa) for 48 h. Finally, the
purified product solution was dried to a solid powder state
through a vacuum freeze dryer.

2.4. Cr(VI) ions sensing

The concentration of CQDs was adjusted to 50 pug mL™.
Aqueous solutions containing 15 different inorganic ions
(50 uM, Ca*, Cr*, Al*, Cr*, NH;, Cu*, Mg*, Cd*, Fe*, Ni*,
I, Zn*, Hg*, Ag’, and Pb*) were prepared respectively,
which were then subjected to fluorescence measurements.
To evaluate the detection performance for Cr(VI), in a typ-
ical assay, 300 uL of CQDs solution (50 pg mL™ in 0.01 M
PBS, pH 7.0) was added to 350 uL quartz cell, and then Cr®
aqueous solutions with different volumes were added to the
system. The solutions containing different concentrations of
Cr® (0, 5, 8, 10, 30, 50, 80, 100, 120, 150, 180, 200, 230, 250,
280, and 300 uM) were acquired by diluting with phosphate
buffer saline (PBS) (0.01 M, pH 7.0).

2.5. pH sensing

Considering that the FL intensity of quantum dots is
affected by temperature, the temperature of the air-condi-
tioned room is locked at 23°C when pH sensing is performed.
In detail, a series of fluorescent CQDs solutions with pH
ranging systematically from 2 to 12 were prepared with PBS
(0.01 M) buffer, and the FL intensity of fluorescent CQDs in
different pH values was monitored with a spectrofluorim-
eter. For the reversibility of the switching operation upon
variation of pH, 0.1 M HCl, and 0.1 M NaOH were used to
adjust the pH of the CQDs solution from acidic to alkaline
and then from alkaline to acidic.

2.6. Temperature sensing

In order to reduce the experimental error as much
as possible, the temperature of CQDs aqueous solution
is locked at 5°C, 12°C, 17°C, 22°C, 30°C, 38°C, 44°C, 50°C,
56°C, and 60°C by an intelligent energy saving thermostat.
Moreover, temperature cycling was carried out to evaluate
the reversibility with respect to thermal response of CQDs.

3. Results and discussion
3.1. Characterization of bio-carbon

The synthesis process of bio-carbon was simply described
by Fig. 1. The synthetic approach follows the controlling
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Fig. 1. Scheme for the synthesis of CQDs by Syzygium samarangense.

hydrothermal treatment (180°C) of S. samarangense for 10 h.
The quantum yield (QY) of the as-prepared CQDs in aque-
ous solution at room temperature is found to be 1.3% using
quinine sulfate (0.1 mol L™ H,SO, as solvent; QY = 0.54) as a
reference (Fig. S1).

The morphology and structure of the resultant CQDs
were investigated by TEM. TEM images (Fig. 2a) show that
the as-prepared CQDs appear as spherical particles with an
average diameter of 1.9 nm (Fig. 2b).

Fourier transform infrared (FT-IR) spectroscopy was
used to determine the surface functional groups of the
prepared CQDs. As shown in Fig. 2c, the existence of a
broad peak at 3,441.20 cm™ reveals the stretching vibra-
tions of O-H or N-H bond [29]. The peak at 1,635.83 cm™!
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is attributed to C=O stretching vibration [17]. The peaks at
1,456.02 and 1,199.53 cm™ correspond to the C-N and C=N
bonds, respectively [16,17]. Respectively, the 1,400.94 cm™!
could be ascribed to the C-H bond [30] and 653.76 cm™
could be assigned to the S-C bond. The absorption peak at
1,135.88 cm™ could be attributed to the stretching vibration
of C-O-C [31], and the peak at 1,094.00 cm™ could be iden-
tified as C-O group [12]. A highly negative apparent zeta
potential value (Fig. 2d) of —20.3 mV, further demonstrates
that the CQDs are negatively charged which is obvious for a
carboxyl-rich nanoparticle on its periphery [32].

XPS was also carried out to explore the surface com-
position and chemical state of the as-prepared CQDs. XPS
survey spectrum (Fig. 3a) indicated that the CQDs were
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Fig. 2. (a) TEM image of CQDs, (b) size distribution of CQDs, (c) FT-IR spectra of CQDs, and (d) zeta potential of CQDs.
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Fig. 3. (a) XPS spectrum of CQDs. High-resolution XPS spectra of C1 s (b), N1 s (c), and O1 s (d).

mainly composed of oxygen (Ols, 531.78 eV), nitrogen
(N1s, 399.38 eV), carbon (Cls, 284.68 eV), and sulfur (S2p,
168.78 eV) elements. In detail, the high-resolution XPS spec-
tra for C 1s are divided into three-unit moieties, with the
binding energy being 284.4, 285.8, and 288.4 eV (Fig. 3b).
They are ascribed as C=C/C-C, C-OH/C-O-C, and O-C=0,
respectively [33]. The N 1s spectrum (Fig. 3c) presents the
nitrogen signals of C=N at 398.7 eV, -NH at 399.4 eV and
C-N-C at 400.4 [30,34]. Two peaks showing at 531.4 and
532.3 eV are assigned to the C=O and C-O-C/C-OH func-
tional groups, respectively [30] (Fig. 3d). The binding
energy peaks at 167.5, 168.2, and 168.9 eV reveal that sulfur
exists mostly in the form of -C-SO_ - (x = 2, 3, and 4; Fig.
S2) [31]. The results of XPS further confirmed the previous
FT-IR data. From FT-IR spectrum, XPS, and zeta potential
value, it is very clear that the degree of carboxylic acid
functionalization is quite high in the as-prepared CQDs.

3.2. Analytical performance for Cr(VI) ions

The fluorescence responses of CQDs upon the addition
of different inorganic ions were studied. As shown in Fig. 4a,
the FL intensity was the feeblest when Cr® was introduced
to the CQDs composite solution, indicating that CQDs could
be utilized to selectively monitor Cr® in aqueous solution.
Fluorescence spectrum of CQDs in the presence of different

concentrations of Cr® under 357 nm excitation is shown
in Fig. 4b. The fluorescence intensity of CQDs at around
433 nm decreases gradually with the increase of Cr®" concen-
tration, implying that the addition of Cr®" could effectively
quench the fluorescence of CQDs. As shown in Fig. 4c, the
linear regression equation (y = -2.2021x + 757.2595) with a
correlation coefficient of 0.994 revealed good linearity over
the range of 10-200 uM. The limit of detection (LOD) was
calculated to be 7.8 uM (LOD = 30 S). Compared to the
reported technologies, the developed method showed a
wider linear range for the sensing of Cr® (ESM Table S1).

To evaluate the feasibility of the CQDs for Cr®" detection
in the obtained actual water samples, the developed method
was applied to detect three real water samples including
industrial wastewater, Xiangjiang river of Changsha, and
tap water of laboratory. Standard addition experiments
were performed with the above three actual water sam-
ples to validate this method, and the analytical results are
presented in Table 1. The recoveries ranged from 97.4% to
116.3% for the above three water samples, and a relative
standard deviation (RSD) of around 8.3% was obtained.
Importantly, the results were in good agreement with those
obtained from inductively coupled plasma optical emission
spectroscopy (ICP-OES).

To explore the sensing mechanism of Cr¢", UV-vis spectra
are implemented. As shown in Fig. 5a, the excitation spectrum
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Fig. 4. (a) Selectivity for various metal ions. All competing ion solutions were 50 uM, (b) representative fluorescence emission spec-
tra of CQDs in the presence of increasing Cr® concentrations (10-200 uM) in 0.01 M PBS at pH 7.0, and (c) relationship between
FL intensity and Cr® from 5 to 300 uM. Inset: a linear plot was obtained in the concentration range of Cr® from 10 to 200 uM.

Table 1
Cr® detection in diverse real samples

Sample No. Added (uM) Found* (uM) Recovery (%) RSD (%) n=3 ICP-OES (uM)
Industrial wastewater 1 0 0 N/A 7.3 0
2 50 49.12 98.24 5.3 46.01
3 100 112.8 112.8 6.1 91.68
4 150 159.0 106.0 3.7 129.7
Xiangjiang river of 1 0 0 N/A 2.9 0
Changsha 2 50 48.70 97.40 48 46.03
3 100 109.7 109.7 4.2 94.13
4 150 161.9 107.9 7.1 143.2
Tap water of laboratory 1 0 0 N/A 5.4 0
2 50 58.14 116.3 34 45.37
3 100 107.7 107.7 2.6 88.86
4 150 147.0 97.98 8.3 142.4

N/A: Not applicable.

“Average of three measurements

of CQDs has one band at 357 nm (A), and the emission band
of CQDs under the excitation of 357 nm is centered at 433 nm
(B); however, Cr® exhibits broad absorption at 257, 354, and
436 nm (C), respectively, showing a quite precise overlapping
with the excitation and emission bands of CQDs. As a con-
sequence, this indicated the quenching could happen by the
inner filter effect (IFE) or/and fluorescence resonance energy
transfer (FRET) process. Further, as shown in Fig. 5b, the

fluorescence decay time of the CQDs is 3.53 ns. The lifetime
increased to 3.88 ns with the addition of Cr® into the solu-
tion of CQDs. This small change in lifetime suggests that it is
reasonable to exclude FRET as a possible mechanism in Cr®
quenching. What’s more, the absorption spectra of the CQDs,
CQDs with Cr®, and Cr® were examined (Fig. 5c¢) and there
was little difference in the CQDs absorption spectra when
Cr® was added. This confirmed the absence of ground-state



K. Luo et al. / Desalination and Water Treatment 204 (2020) 306-316 311

complex formation. Hence, the IFE served as the primary range from 6 to 12. Fig. 6b reveals the fluorescence inten-

quenching mechanism for CQDs in the presence of Cr®". sity of CQDs with different pH values, in which the fluo-
rescence intensity of CQDs decreases gradually as the pH

. . ranging from 2 to 12. Obviously, a good linear correlation

3.3. Analytical performance for pH sensing (y = ~102.6793x + 1,326.6689) within pH 6-12 (Fig. 6b, inset)
The effect of pH on the fluorescence intensity of the  with a correlation coefficient square (R?) of 0.995 can be
CQDs was evaluated and the results are illustrated in  obtained. What's more, it is found that the pH-response of FL
Fig. 6. In contrast to the most pH-insensitive CQDs, the intensity is reversible. The FL intensity decreases when pH
as-prepared CQDs have a pH-sensitive feature. Fig. 6a is tuned from 6 to 12 by adding NaOH solution, and after-
records the gradual decrease of FL intensity in the pH  ward, it increases back to the initial value as pH is changed

10000
d (A)Excitation (CDs) (B) Emission (CDs) b —caps
_ 80001 — caps+cr®
=
=
2 2 6000
@ E
<o
596 4000
c
< 2000
o4
200 300 400 500 600 0 20 40 60 80 100
Wavelength (nm) Time (ns)
0715 —
0.6 — CDstC
o
8 05
8 041
8o
9 .31
0.2
0.1
0.0-
200 300 400 500 600
Wavelength (nm)

Fig. 5. (a) Fluorescence excitation (A) and emission (B) spectra of CQDs and UV-vis absorption spectrum of Cr® (C), (b) time-resolved
fluorescence decay of CQDs, and CQDs/Cr®, and (c) UV-vis adsorption for Cr®", CQDs, and CQDs with Cr®.
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Fig. 6. (a) FL spectra of the CQDs dispersion at different pH values (from 6 to 12) with excitation at 357 nm and (b) FL intensity of the
CQDs dispersion at different pH values (from 2 to 12). Inset in (b): plot of the FL intensity at 433 nm against the pH values from 6 to 12.
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from 12 to 6 by dropping HCI solution. This process can
be repeated several times (Fig. S3). Meanwhile, the color of
the CQDs aqueous solution is darkened from light red to
yellow (Fig. 54). The above results present that the CQDs
are potential as fluorescent and colorimetric sensors for pH
monitoring, especially in the physiological pH range. Such
a detection method was comparable or superior to other
methods in the linear range for the detection of pH (ESM
Table S2).

To gain more insight into the origin of the FL behavior,
and explain optical responses to change in pH, TEM, and
UV-vis spectra are implemented. As shown in Fig. 7a, the
resultant CQDs show little change in the UV-vis spectra
upon increasing the pH value from 6 to 12. However, the
observed change of the FL intensity can be attributed to
the formation of larger particles. It is found that the aver-
age diameter of CQDs under pH = 10 is 2.3 nm (Fig. 7a),
while the average diameter of CQDs under pH =7 is 1.9 nm
(Fig. 2b). Obviously, the increase in diameter of CQDs
between pH = 7 and 10 is detected. Correspondingly, the
color of the solution changed from light red to yellow as
the pH value increased from 6 to 12 (Fig. S4). It could be
concluded that the CQDs were dissolved as isolated species

in the aqueous under low pH values, on the contrary, the
aggregation CQDs appeared with increasing the pH value
due to noncovalent molecular interaction, such as hydrogen
bond between the carboxyl groups [35]. Thus, pH-induced
aggregation of the resultant CQDs gives rise to a distinct
fluorescence quenching at high pH values.

3.4. Analytical performance for temperature sensing

In temperature range from 5°C to 60°C, the fluores-
cence of CQDs was also investigated to study the influence
of temperature (Fig. 8). Fig. 8a shows the significant tem-
perature dependence of emission spectra of the resultant
CQDs. The FL intensity decreases by 36.8% upon raising
the temperature from 5°C to 60°C. As shown in Fig. 8b,
with increasing the temperature from 5°C to 44°C, the FL
intensity of the as-prepared CQDs changes close to lin-
early. A nice linear correlation (y = -5.6613x + 646.8131)
over the range from 5°C to 44°C with a correlation coef-
ficient square (R* of 0.989 can be obtained. Given this
temperature range is larger than the physiological tem-
perature, which suggests as-prepared CQDs have prom-
ising application in vivo temperature sensing. To verify
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Fig. 7. (a) TEM image of CQDs in an aqueous solution of pH = 10 at room temperature and the size increases up to 2.3 nm and (b)
UV-vis absorption spectra of CQDs in aqueous solution under pH =6 and 12.

550

500
Wavelength (nm)

400 450

600 0= .
- 550 x
=2
im .
g 35037
£ 3003
0 2502
L 200", }\\i

1 50 0 10 20 30 40 50

10 Temperature (°C)

U ZU SU 4U oU oU
Temperature (°C)

Fig. 8. (a) Fluorescence emission spectra (excitation 357 nm) for various temperatures in the range 5°C—44°C (top to bottom) and (b)

intensity at 433 nm is plotted vs. temperature.



K. Luo et al. / Desalination and Water Treatment 204 (2020) 306-316

313

Percentage (%)
8 8

—
?

08 09 10 11 12 13 14 15 16
Size (nm)

Fig. 9. (a) TEM image of CQDs in an aqueous solution of pH =7 at 5°C and (b) size distribution of CQDs at 5°C.

the reversibility and restorability of the CQDs fluores-
cence, the as-prepared CQDs were subjected to tempera-
ture cycling between 5°C and 60°C. According to Fig. S5,
it was obvious that the fluorescence intensity decreased
at a higher temperature and was recovered when the
temperature back to 5°C. As a consequence, the CQDs
showed noticeable reversibility and restorability when-
ever the temperature changed. In other words, the tem-
perature (5°C-60°C) cannot result in perpetual destruction
on the surface fluorescent structure of the resultant CQDs.
As showed in Fig. 9, TEM was used to study the
temperature-responsive FL behavior of CQDs. As shown in
Fig. 9a, the size of CQDs has been significantly reduced at
5°C compared with room temperature. It is found that the
average diameter of CQDs at 5°C decreased down to 1.1 nm
(Fig. 9b), while the average diameter of CQDs at room
temperature is 1.9 nm (Fig. 2b). Thus, increasing the tem-
perature, the aggregation of as-prepared CQDs occurred
which caused the significant fluorescence quenching.

4. Conclusions

In summary, the CQDs are synthetized by S. sama-
rangense via a one-step hydrothermal protocol. Further,
the chemical structure and PL mechanism are investigated
in detail. With this strategy, we have manifested a simple,
rapid, and low-cost on-off fluorescent approach for mon-
itoring of Cr® using CQDs as a fluorescent nanomaterial
based on the IFE. Besides, the fluorescence nanomaterial
shows a reversible and sensitive response to pH, especially
linear physiological pH dependence for monitoring pH
6-12. Remarkably, the obtained CQDs as a reliable tempera-
ture sensor display fascinating temperature-dependent fluo-
rescence with an excellent linear response from 5°C to 44°C.
As a consequence, the prepared CQDs have great potential
as a novel optical temperature sensor and pH sensor which
makes the as-prepared CQDs be a promising candidate in
cellular temperature/pH sensing.
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Fig. S1. Linear plots for quinine sulfate (a) and CQDs (b), respec-
tively. The gradient for each sample was proportional to its
fluorescence quantum yield.
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Fig. S2. XPS spectrum of CQDs with the high-resolution XPS
spectra of S2p.



K. Luo et al. / Desalination and Water Treatment 204 (2020) 306-316

315

800 650
—_ 7001 ¥ x x x fH=6 . 600 50C
% 600—- ;:’ 550_-
g 500- g 500-
-
2] H=12 . 60 °C
T3 T 5 4 5 6
Cycle Number Cycle Number

Fig. 53. Reversible pH-response of the FL behavior of the CQDs

Fig. S5. FL intensity upon the cyclic switching of CQDs under
measured by tuning pH from 6 to 12 and then from 12 to 6.

alternating conditions of 5°C and 60°C.

Fig. S4. Photographs of CQDs aqueous solution with the increase of pH value from 6 to 12 under room light.

Table S1
Comparison of detection performance of different fluorescent probes for Cr** detection
Detection probes Detection mechanism Detection limit Linear range Reference
GSH@CDs-Cu NCs Fluorescence quenching 0.9 uM 2-40 uM [1]
CdTe-CQDs Fluorescence quenching 0.06 uM 2.5-40 uM [2]
N-CQDs Fluorescence quenching 0.25 uM 2-40 uM [3]
MOF Fluorescence quenching 3.8 uM 4-40 pM [4]
N-CQDs Fluorescence quenching 1.3 uM 5-50 pM [5]
CQDs Fluorescence quenching 7.8 uM 10-200 uM This work
Table S2
Comparison of detection performance of different fluorescent probes for pH detection
Detection probes Linear range Reference
Graphene oxide nanosheets (GO) 4.0-8.0 [6]
FITC-modified silicon nanodots 5.4-7.7 [7]
CQDs 5.2-8.8 [8]
CQDs 5.0-8.0 [9]
CQDs 4.0-8.0 [10]
CQDs 6.0-12.0 This work
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