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In a recent paper,!'! Stengl and Henych reported the fabrication of monolayered MoS,
dots by refluxing MoS; nanosheets in ethylene glycol (EG) and the observation of
excitation-dependent blue photoluminescence (PL), which was attributed to the formed
MoS, dots. We repeated the same procedures with and without MoS,, and found that
refluxing MoS, in EG will form MoS; and carbon dots, and that refluxing pure EG will
also effectively produce carbon dots. Both products show similar blue PL to the reported in
reference 1. So, we suggest that carbon dots will be unavoidably formed when using the

method in reference 1 and should be with responsibility for the observed blue PL.

Experiments

In Stengl and Henych’s work, the final MoS, dots were prepared through refluxing
MoS, nanosheets in ethylene glycol (EG) at atmospheric pressure for 24 hours. In this
method, three key points are refluxing, MoS, and EG In order to check the real
composition of the products fabricated by the method used in reference 1, two sets of

preparation experiments were designed as sample A and sample B.

The first one applied the completely same procedures and same starting materials (MoS,
+ EQG) as reference 1, denoted as sample A. The second applied the same procedures, but
only EG but without MoS, was used in the starting materials, resulting in sample B. The
formed samples were characterized by X-ray diffraction (XRD, Bruker), Raman spectra
(JY HR800, 514 nm laser), UV-Vis absorption spectra (Shimadzu 2660), PL spectra
(Varian Cary Eclipse), TEM (FEI Tecnai F30S-TWIN).

This journal is © The Royal Society of Chemistry XXXX Nanoscale, XXXX, X, XX=XX | xxxx
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Results and discussion
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' Sample A: Same procedure, EG+MoS,

Products: MoS; dots + carbon dots

Figure 1. Characterizations of sample A, prepared by the same procedures and starting materials.
The observed fluorescence photograph (a) under UV lamp, PL spectra (b) under different excition, UV
absorption (c) and TEM image (d) all are very similar to the reported results in reference 1. But HRTEM
images (e and f) show both MoS, and carbon dots in comparable yields. These results primally
demonstrate that the MoS, dots have been contaminated by carbon dots and that the blue PL could come
from MoS; or carbon dots.

The structure and optical properties of sample A were characterized as shown in Figure 1.

The fluorescence photograph in Figure 1a shows that there is blue luminescence from this
sample under UV excitation, which is further confirmed by PL measurement as shown in
Figure 1b. Both the luminescence and absorption (Figure 1c) properties are the same as
reported in reference 1. Combining with the very similar TEM image in Figure 1d and
AFM image in Figure S1, these prove that we have successfully reproduced their

experiment and products.

However, HRTEM images in Figure le and 1f clearly show both MoS, and carbon dots,

and their numbers are comparable in HRTEM view range. These results primally

This journal is © The Royal Society of Chemistry XXXX Nanoscale, XXXX, X, XX=XX | xxxx
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demonstrate that the MoS, dots produced by the method used in reference 1 have been
contaminated by carbon dots and that the blue PL could come from MoS; or carbon dots. A
typical crystalline MpS; dots with hexagonal lattice structure is shown in Figure le,
exhibiting clear (100) inter-planar distance of 0.27 nm.”! Figure 1f presents two well
crystallined carbon dots with hexagonal graphite structure evidenced by (001) inter-planar
distance of 0.21 nm.! Considering the error of HRTEM observation from orientation of
crystals and local view range, other tools with more sensitive and larger measuring-range

were used, including EDS spectrum and Raman scattering spectrum.

The SEM image and corresponding EDS spectrum of sample A are shown in Figure 2.
Very obviously, elements of C, O, S, and Mo have been detected. What should be noticed
is that the ratio of carbon is highest, about 45.86% in weight, which is about 5 times of Mo.
Considering the difference in molecular weight of them, the mole ratio of carbon to Mo is
about 40:1. Although some detected carbon could be contributed to the environment or
substrate, the results still obviously show that both MoS, and carbon products were formed,
especially when considering the very high ratio of carbon to Mo. The detecting area of
SEM-EDS is much larger than HRTEM. So, this result gives strong evidence that the

product formed according to reference 1 is the mixture of MoS; and carbon, probably

mainly carbon dots, and hence the blue PL could come from carbon dots.

Element
C
o 35.20
9.60

Sample A: Same procedure, EG+MoS,

Products: MoS; dots + carbon dots

Figure 2. Composition checking of sample A. (a) SEM image and (b) corresponding EDS spectra of
filtered and dried sample on a Si substrate. Although some detected carbon could come from the
environment, the results still show that both MoS, and carbon products were formed, especially when
considering the very high ratio of carbon to Mo.

This journal is © The Royal Society of Chemistry XXXX Nanoscale, XXXX, X, XX=XX | xxxx
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Figure 3. Characterizations of sample B, prepared by the same procedure but only with EG. The
observed fluorescence photograph (a and b) under UV lamp, PL spectra (c) under different excition,
TEM image (d) and AFM image (f) all are very similar to the reported results in reference 1. HRTEM
images (e) show that all of the dot-like products are carbon dots with graphite structure, no any MoS,
dots can be found. This is very resonable because only EG is applied as carbon source without any
MosS,. These results give convincing proof that carbon dots will be ineluctabilly and effectively
produced during the refluxing of EG as used in reference 1 and that the observed blue PL should be
attributed to these carbon dots.

To avoid the misgiving that the observed carbon could come from the post-treatment or
from the prepration of SEM and TEM samples, no MoS; and only EG was used for the
same fluxing procedure as reported in reference 1, resulting in sample B. The
characterization of sample B is shown in Figure 3. Figure 3a, 3b, and 3c reveal that the
product has similar blue and excitation-dependent luminescence to the reported results in
reference 1. Furthermore, the TEM image in Figure 3d and AFM image in Figure 3f
exhibit smimilar dot-like products. However, HRTEM image (e) shows that all of the
dot-like products are actually carbon dots with clear graphite structure, no any MoS; dots
can be found. This is very resonable because only EG is applied as carbon source without

any MoS; in the starting material. These give convincing proof that carbon dots will be

This journal is © The Royal Society of Chemistry XXXX Nanoscale, XXXX, X, XX=XX | xxxx
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ineluctabilly and effectively produced during the refluxing of EG as used in reference 1
and that the observed blue PL should be attributed to these carbon dots. Actually, similar
method has been widely used to fabricate blue-luminescent carbon dots, there are many
related literatures. This result is strongly confirmed by EDS in a large measuring range, as

shown in Figure 4, where only carbon is detected without any MoS,.

Sample B: Same procedure, EG

Products: carbon dots

~ 1oopm
Figure 4. Composition checking of sample B. When only EG source was used, sample B were
formed by the same procedure as reported in ref. 1(a) SEM image and (b) EDS (SEM-EDS) spectrum
of the resulted sample, showing only carbon dots, besides oxygen from surface groups and Si from

substrate. This also proved carbon dots can be inescapability formed when applying the procedure and
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Figure 5. Raman checking of sample A and sample B. Sample A, using the same procedure and
starting materials as reported in reference 1, exhibits characteristic peaks of both MoS, and carbon.
However, sample B only shows contributions of carbon dots. This demonstrates that according to the
procedure applied in reference 1, MoS, and EG will results in MoS, and carbon dots, only EG can also
produce carbon dots. So, carbon dots cannot be avoided in reference 1.

In order to accurately identify the formed compound structure besides elements, above

This journal is © The Royal Society of Chemistry XXXX Nanoscale, XXXX, X, XX=XX | xxxx
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sample A and B were measured by Raman scattering spectrum as shown in Figure 5. The
Raman spectrum of sample A shows scattering peaks from both MoS; and carbon, but
sample B only exhibits carbon scattering peaks. Details of Raman peaks are listed as
following: 377.4 and 401.6 cm™ peaks are corresponding to Elzg and A, vibrational
modes of MoS,; 1590, 1320, and 2700 cm’ peaks are typical G-band (spz), D-band (sp3),
and 2D-band (double resonance) of carbon. The Raman checking reveals that the carbon
dots will be unavoidably formed by reference 1 method when EG was used, so the
products should be mixture, but not MoS; dots as claimed in reference 1. This
demonstrates that according to the procedure applied in reference 1, after fluxing, MoS,
and EG will results in MoS; and carbon dots, only EG can also effectively produce carbon
dots. So, carbon dots cannot be avoided in reference 1. Considering that bright blue
luminescence can be observed in both cases, we suggest that such observed blue PL comes
from carbon dots. Actually, blue luminescence and its excitation-dependence behaviors
have been very frequently reported recently from carbon dots fabricated by similar

process.

In order to confirm that the solvent has no effect on the results and avoid
cross-contamination during ultrasonic treatment, we tested the PL spectra of the solvent
without any treatment and only refluxing for 24 h at the boiling point without ultrasonic
treatment. There is no PL for the solvent and the Raman characteristic peaks vary from
different excitation wavelength in the spectra (Figure S3). On the other hand, the PL
results of the sample after the process of refluxing, which is the same as that of carbon
dots. Moreover, the TEM image is the same as figure 3d, revealing the formation of
carbon dots. This suggested that carbon dots were formed during the process of refluxing

(Figure S3).
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Conclusions

Aiming to the produced MoS; dots by refluxing MoS, nanosheets in ethylene glycol
(EG) and the corresponding blue PL, we repeated the same procedures with and without
MoS;. Our results demonstrated that fluxing MoS, in EG will form MoS, and carbon dots,
and that fluxing pure EG will also and very effectively produce carbon dots. Both cases
show similar blue PL to the reported in reference 1. So, we suggest that carbon dots will be
unavoidably formed when using the method in reference 1 and should be with

responsibility for the observed blue PL.
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