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A B S T R A C T

A facile strategy was applied to transfer chemically exfoliated molybdenum disulphide (MoS2) nanosheets from
aqueous medium to organic solvents. The MoS2 nanosheets were then modified by trisilanol-phenyl-POSS
(T7POSS) which was confirmed by Fourier transform infrared (FT-IR), X-ray photoelectron spectroscopy (XPS)
and Powder X-Ray Diffraction (PXRD). The modified MoS2 nanosheets were then incorporated into poly (methyl
methacrylate) (PMMA) via a simple solution blending method. The Scanning Electron Microscope (SEM) and
Transmission electron microscope (TEM) were employed to demonstrate the well-dispersion of nanosheets in
polymeric matrix. Compared to neat PMMA, the decomposition temperatures (Td) and the half weight decom-
position temperatures (Thalf) of POSS-MoS2/PMMA nanocomposites at nanosheets concentration of 0.2 wt%
were dramatically increased by 35.2 °C and 35.3 °C, respectively. Meanwhile, according to the measurements of
Dynamic Mechanical Analysis (DMA), the storage modulus at 30 °C is significantly improved by 5.2 times and
the glass transition temperature (Tg) is also enhanced by 6.2 °C. Remarkably, POSS-MoS2/PMMA nanocompo-
sites possess low optical limiting differential transmittance Tc (0.5%), low nonlinear optical absorption onset
threshold FON (0.02 J⋅cm−2), low optical limiting threshold FOL (0.4 J⋅cm−2) and high nonlinear coefficient β
(297⋅cmGW−1), highlighting their vast potential in the development of solid-state optical limiting materials.

1. Introduction

Inorganic analogues of graphene have gained ever-increasing at-
tention in recent years due to their low dimensional properties distinct
from their bulk counterparts. Among those emerging 2D materials,
molybdenum disulphide (MoS2) is one of the most fascinating materials
owing to its unique optoelectronic properties as well as widespread
applications including catalysts [1,2], batteries [3], field-effect tran-
sistors [4], supercapacitors [5], etc. Unlike graphene which is semi-
metallic, bulk MoS2 is an n-type semiconductor with indirect band gap
of 1.2 eV [6], while monolayer has direct band gap of 1.9 eV [7]. It has
been well documented that MoS2 nanosheets exhibit excellent third-
order nonlinear optics performance, making it being potential candi-
dates for optical limiting materials [8–10]. However, thin films fabri-
cated by monolayer MoS2 are usually brittle, opaque and unstable,
which severely restrains their further performance in optoelectronic
applications [9]. Long et al. have confirmed that MoS2 is much more

stable within PMMA for preserving nonlinear adsorption properties
under high laser density illumination [11]. To this end, incorporation of
the MoS2 nanosheets into transparent polymeric matrix such as poly
(methyl methacrylate) (PMMA) might pave an avenue for the fabrica-
tion of solid optical limiting material [9,11]. Moreover, a lot of re-
searchers have found that the incorporation of MoS2 nanosheets can
dramatically enhance the mechanical [12,13], thermal [13–15], fire
resistance [13–18] and tribological properties [19] of polymers. Their
results clearly show that MoS2 nanosheets are promising as reinforcing
fillers in polymeric nanocomposites.

Aiming to prepare polymeric nanocomposites with reinforced
properties, two main factors, that is, well dispersion and strong inter-
action between fillers and polymeric matrix, must be taken into account
[20]. Solution blending emerges as the simplest way to prepare nano-
composites with well dispersion of nanofillers, yet the effect of mixing
is limited by the solubility of polymers [21]. Chemically exfoliation
method based on lithium intercalation can produce a large amount of
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high-quality single-layer and few layers MoS2 nanosheets [22]. How-
ever, the as-formed monolayer MoS2 nanosheets are typically dispersed
in aqueous medium, which restricts the further modifications and ap-
plications of those nanosheets. Obviously, the solution blending method
is not applicable to fabricate nanocomposites by aqueous MoS2 na-
nosheets dispersion and hydrophobic polymers such as PMMA. Given
that MoS2 nanosheets tend to aggregate upon the removal of solvent,
various processing methods such as centrifugation [23] have been de-
veloped to exchange the solvent of chemically exfoliated MoS2 (ce-
MoS2) nanosheets dispersion. In this work, we have developed a simple
and efficient method to realize solvent exchange based on filtration
with microporous films, resulting in large-scale and stable MoS2 na-
nosheets suspension in various organic solvents.

On the other hand, surface modification of MoS2 nanosheets pro-
vides an effective way to achieve its functions since it not only en-
hanced the compatibility of MoS2 nanosheets and polymeric matrix in a
proper manner [20], but also improved its nonlinear optical responses
significantly [10]. As for ce-MoS2 nanosheets, the violent nature of
chemically exfoliation by lithium ions deforms the crystal structure
[24,25], which inevitably leads to the generation of sulphur vacancies
on the surface of the monolayer and few layers MoS2 [26]. Chou et al.
found that these vacancies could be grafted by thiol-containing com-
pounds to achieve chemical functionalization of MoS2 nanosheets [27].
In this study, polyhedral oligomer silsesquioxane (POSS) molecules
were selected as modification reagent for their unique physicochemical
properties [28]. Unlike the most silicones of fillers, POSS molecules
contain organic substituents on their outer surfaces, imparting high
solubility in various solvents and showing good miscibility with most
polymers [29], which have been widely applied in the modification of
polymers [30], nanoparticles [31], carbon nanotubes [32], and gra-
phene [28] etc. For MoS2 nanosheets, Jiang et al. utilized octa-vinyl
polyhedral oligomeric silsesquioxane (OvlPOSS) to functionalize MoS2
nanosheets and demonstrated that OvlPOSS-MoS2 acted as a useful
nanofiller to enhance thermal, flame-retardant and mechanical prop-
erties of polyvinyl alcohol [12]. However, the interaction between
hydrophobic POSS molecules and hydrophilic polymeric chains is
weak. Therefore, the study about the influences of POSS-modified MoS2
nanosheets into hydrophobic polymeric matrix is highly desired but still
challenging.

In this work, chemically exfoliated MoS2 nanosheets were trans-
ferred into organic solvent via a facile filtration method with micro-
porous film and then effectively modified by T7POSS with 3-(triethox-
ysilyl)-1-propanethiol (KH580) as linkage (Fig. 1). Since T7POSS has
only one reaction site (i.e., the unfilled site of Si atom) to react with
KH580 molecules [33], the new strategy can overcome the dis-
advantages of modifying by POSS molecules with multiple reaction
cites which may link layers of MoS2. The successful modification of
MoS2 nanosheets with POSS was confirmed by Fourier transform in-
frared (FT-IR), X-ray photoelectron spectroscopy (XPS) and Powder X-
Ray Diffraction (PXRD). Furthermore, MoS2 nanosheets were dispersed
homogeneously in PMMA matrix by a simple solvent blending method.
POSS-MoS2 nanosheets were demonstrated to be effective fillers in
PMMA matrix to enhance its thermal stability and mechanical proper-
ties, Meanwhile, the optical limiting properties of POSS-MoS2/PMMA
nanocomposites were investigated. To the best of our knowledge, this
work constitutes the first attempt to demonstrate a novel POSS-MoS2/
PMMA nanocomposite solid-state film holding immense potentials in
the development of solid optical limiting materials.

2. Results and discussion

2.1. Characterization of chemically exfoliation and POSS modification of
MoS2 nanosheets

Typically, chemically exfoliated MoS2 nanosheets disperses in
water, which is unsuitable for fabricating nanocomposites with

hydrophobic polymers. To overcome such obstacles, Tang et al. have
reported that aqueous dispersion of chemically exfoliated MoS2 na-
nosheets can be transferred to organic solvents by centrifugation [23].
However, the aforementioned procedure is time-consuming and causes
inevitable sample loss since the well-dispersed as-prepared MoS2 na-
nosheets requires relatively high centrifugation speed (greater than
10000 rpm practically) and long centrifugation time to precipitate.
Accordingly, we employed the facile filtration approach to transfer
MoS2 nanosheets from water to organic solvents (Fig. 2). Fig. 3 shows
the photograph of dispersion of raw MoS2 in DMF, exfoliated MoS2 in
water, exfoliated MoS2 and POSS-MoS2 in DMF at the concentration of
ca.1 mg/mL after sonication for several weeks. Raw MoS2 cannot be
exfoliated directly in DMF and precipitated immediately to the bottom
of the vial. Exfoliated MoS2 nanosheets dispersed in water irreversibly
precipitated due to restacking within few weeks, which was in line with
the previous reports [27,34]. In a sharp contrast, after being transferred
into DMF via filtration, MoS2 nanosheets exhibited remarkable dis-
persibility in DMF without obvious aggregation after sonication for
several weeks. Meanwhile, POSS functionalized MoS2 nanosheets also
show great dispersibility. Excellent stability in DMF is favourable for
applying solvent blending method to prepare nanocomposites with
homogeneous dispersion of fillers. More importantly, besides DMF, we
demonstrated that exfoliated MoS2 nanosheets were able to disperse
stably in a great variety of solvent including ethanol, acetone, DMAc
and methanol after storage for several weeks as well, featuring the great
generality of solvent in such filtration method (Fig. 4). The forgoing
results demonstrate that filtration method could serve as an efficient
and facile route to transfer MoS2 nanosheets to organic solvents with
well dispersion, which opens up intriguing opportunities for the sub-
sequent solution process and preparation of MoS2-based nanocompo-
sites.

Atomic Force Microscopy (AFM) technique was utilized to confirm
efficient exfoliation of MoS2. Fig. 5 shows the AFM images and height
profiles of raw MoS2 and the exfoliated nanosheets. Apparently the
lateral size of raw MoS2 changes from several micrometres to hundreds
of nanometres, and the thickness reduces to 0.6–1.5 nm, indicating the
MoS2 nanosheets of 1–2 layers thick [35].

The morphologies of the raw, exfoliated and POSS functionalized
MoS2 nanosheets were characterized by Transmission electron micro-
scope (TEM). The images of TEM(Fig. 6A and B) exhibit exfoliated MoS2
is typical structure of few-layer nanosheets while the raw MoS2 is
multilayer structure, further illustrating the successful exfoliation of
MoS2 with effective intercalation of Li+. For POSS-MoS2 nanosheets,
the few-layer structure is maintained without accumulation after
functionalization (Fig. 6C). However, a few fragmentations have been
found at the margin of nanosheets, ascribed to the long-time sonication
during the functionalization process. The inset selected area electron
diffraction (SAED) confirms that exfoliated and POSS-MoS2 nanosheets
possess similar polycrystal structures, differing from that of raw MoS2.
Considering that the nanofillers with larger aspect ratio is more effi-
cient in the property enhancement [36], the POSS-MoS2 with few-layer
structure is thus favourable as a reinforcement factor in polymeric
matrix.

Furthermore, FT-IR, XPS and PXRD analyses were used to further
confirm the successful modification in POSS-MoS2 nanosheets. The FT-
IR spectra of exfoliated MoS2 and POSS-MoS2 nanosheets are presented
in Fig. 7A. Compared to the unmodified MoS2, a strong peak at
ca.1100 cm−1 arising from FT-IR provides insight of the differences
between unmodified MoS2 and POSS-MoS2 nanosheets. As shown in
Fig. S3, Si2s and Si2p are detected from the survey of POSS-MoS2 na-
nosheets while there is no signal of Si atoms from the survey of un-
modified MoS2. High resolution XPS survey scans of Si2p peak of POSS-
MoS2 nanosheets is shown in Fig. 7B. The first peak at binding energy of
101.4 eV represents the signature from KH580 molecules [37]. The
second peak centred on 102.7 eV corresponds to RSiO1.5 in the POSS
cage [38,39]. These results clearly indicate that KH580 molecules are
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grafted successfully, and T7POSS molecules also appear on the surface
of MoS2 nanosheets linked by KH580. The result further confirms that
we manage to functionalize MoS2 nanosheets with T7POSS molecules.

The structural information of the raw MoS2, exfoliated MoS2, and
POSS-MoS2 nanosheets were characterized by PXRD (Fig. 7C). The
suspensions of exfoliated MoS2 and POSS-MoS2 nanosheets in DMF

were dropped onto Si wafer substrates and dried at 50 °C overnight
prior to PXRD measurement to prepare samples of PXRD, and the na-
nosheets would therefore restack [40]. The raw MoS2 exhibits an in-
tense peak at 14.41° assigned to the (002) plane whereas exfoliated
restacked MoS2 nanosheets exhibits a broad (002) peak and a new (001)
peak at 8.94°, presumably attributed to the randomly arrangement of

Fig. 1. Scheme for functionalization of MoS2 with T7POSS and preparation of POSS-MoS2/PMMA composites.

Fig. 2. Schematic illustration for transferring MoS2 nanosheets from water to organic solvents through filtration method.
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nanosheets during restacking, further indicating the exfoliation of raw
MoS2 [40]. Furthermore, the POSS-MoS2 nanosheets show similar
PXRD pattern to exfoliated MoS2 nanosheets while the (002) peak
shifted slightly to smaller 2θ value. We speculate that such expansion of
the interlayer could be attributed to the functionalization of MoS2 na-
nosheets with the T7POSS molecules [12]. No characteristic peak of
T7POSS is found in the PXRD pattern of POSS-MoS2 nanosheets, in-
dicating that T7POSS molecules are linked covalently with MoS2 na-
nosheets by KH580, and hence could not be crystallized after removing
of solvent.

2.2. Characterizations of POSS-MoS2/PMMA nanocomposites

Given that the obtained POSS-MoS2 nanosheets dispersed well in
DMF, a good solvent for various hydrophobic polymers such as PMMA,
we prepared POSS-MoS2/PMMA nanocomposites via a simple solution
blending method. Remarkably, a good and stable dispersion on of
POSS-MoS2 nanosheets in PMMA matrix were obtained. As visually
evident in Fig. 8, all the POSS- MoS2/PMMA nanocomposites are
smooth and homogenous without any macrophase separations. Scan-
ning Electron Microscope (SEM) was performed to further investigate
the distribution of MoS2 and POSS-MoS2 nanosheets in PMMA matrix.
The fracture surface of neat PMMA is relatively smooth (Fig. 9A), and
the surface roughness increases with the increasing content of POSS-
MoS2 nanosheets (Fig. 9B–D). Numerous strips found on the fractured
surface can be attributed to MoS2 or POSS-MoS2 nanosheets. The
homogenous distribution of the strips indicates that POSS-MoS2 na-
nosheets are well dispersed throughout the PMMA matrix. However,
when the content of POSS-MoS2 nanosheets reaches higher value, the
distribution of strips become non-homogenous to some extent and ag-
glomerates can be observed while scanning the fracture surface by SEM
(Fig. 9D). In the case of 0.2 wt% MoS2/PMMA nanocomposite (Fig. 9E),
large bright spots indicate that some MoS2 nanosheets stacked together
possibly caused by poor interface interaction between nanosheets and
PMMA matrix. The agglomerates are thought to weaken the efficiency
of nanofillers [41]. In addition, TEM images of ultrathin nanocompo-
sites (Fig. S5) also shows that POSS-MoS2 nanosheets disperse well in
PMMA matrix while MoS2 nanosheets aggregate to some extent.

2.3. Thermal stability of POSS-MoS2/PMMA nanocomposites

Thermogravimetric analysis (TGA) was carried out to determine the
thermal stability and intermolecular interactions for nanocomposites
(Fig. 10). The degradation of neat PMMA and nanocomposites occurs in
two steps. Essentially, the first step in the degradation is ascribed to
head to head linkages while the second step is the main step [42]. The
decomposition temperatures (Td) are calculated from the intersection of
the baseline and the tangent line in the TGA curves, and the half weight
decomposition temperature (Thalf) is defined as the temperature where
the weight loss reaches 50%. According to the TGA results (Table 1),
the incorporation of POSS-MoS2 nanosheets effectively enhances the
thermal stability of nanocomposites despite of the minor influence in
the first step. For neat PMMA, the Td of second step decomposition and
Thalf are 314.8 °C and 334.4 °C. With only 0.2 wt% of POSS-MoS2 na-
nosheets in the polymeric matrix, the nanocomposite decomposed at
350.0 °C and half decomposed at 369.7 °C, which are 35.2 °C and
35.3 °C higher than those of neat PMMA. With the increase of POSS-
MoS2 nanosheets content, the thermal stability slightly deceased which
might be due to the partial agglomeration of nanosheets shown by SEM
(Fig. 9). The comparison of MoS2 and POSS-MoS2 nanosheets are
summarized in Fig. 10 and Table 1. The POSS-MoS2 nanocomposites
show better thermal stability than that of MoS2 nanocomposite with
identical filler content. The heat and mass barrier effects arising from
layer structure of MoS2 nanosheets are the primary reasons for the
enhanced thermal stability, and the stronger intermolecular interac-
tions between MoS2 nanosheets and polymeric matrix caused by POSS
molecules lead to higher decomposition temperatures [12,43].

2.4. Mechanical properties of POSS-MoS2/PMMA nanocomposites

Dynamic mechanical analysis (DMA) was performed to evaluate the
mechanical properties of prepared solid-state films. The storage moduli
(E′) of PMMA, MoS2/PMMA and POSS-MoS2/PMMA nanocomposites
from room temperature to 130 °C are shown in Fig. 11A. The storage
moduli of POSS-MoS2 nanocomposites exhibit an obvious increase,
especially in the region of low temperature, in comparison to that of
neat PMMA. The POSS-MoS2/PMMA nanocomposites exhibit a sig-
nificant increase of E′ by 5.2 times at 30 °C with a low addition of 0.2 wt
% POSS-MoS2 and such significant enhancement of the storage modulus
could be contributed to well-formed nanosheets network [44]. Fig. 11B
shows the loss tangent (tanδ) of PMMA and nanocomposites. The ap-
parent glass transition temperature (Tg) is determined by the peak
maximum in the tanδ versus temperature dependence. As can be seen in
Fig. 11B, the apparent Tg of nanocomposites tend to increase with the
addition of POSS-MoS2 nanosheets. The Tg of 0.2 wt% POSS-MoS2/
PMMA nanocomposites shifts to 6.2 °C higher than that of neat PMMA,
owing to the strong interaction between fillers and polymeric chains
and the reduction of mobility of segments around the nanosheets.
Nevertheless, the values of E′ and Tg become smaller with higher filler
content (0.5 wt%), in agreement with the trend in TGA results. Un-
modified MoS2 nanosheets were also incorporated into PMMA matrix as
a comparison. As expected, MoS2/PMMA nanocomposite shows higher

Fig. 3. Photographs of raw MoS2 dispersed in DMF, exfoliated MoS2 dispersed
in water and DMF, POSS-MoS2 dispersed in DMF.

Fig. 4. Exfoliated MoS2 dispersed in various solvents after sonication for several week.

Q. Liao et al. Composites Science and Technology 165 (2018) 388–396

391



E′ value than that of neat PMMA, due to layer structure nature of MoS2
nanosheets, despite of the fact that it is slightly lower than that of na-
nocomposite with the identical filler content of POSS-MoS2 nanosheets.
In the aspect of Tg, the temperature at maximum of tanδ of MoS2/
PMMA nanocomposite is basically the same as that of neat PMMA,
while the Tg of POSS-MoS2 with the same filler content is 5.6 °C higher.
It further proves that the modification of POSS molecules on the surface
of nanosheets can enhance the interaction due to hydrophobic inter-
action between the POSS molecules and the polymeric chains [45],
while the interaction between the unmodified MoS2 nanosheets and the
chain of PMMA is relative weak.

2.5. Optical limiting properties of POSS-MoS2/PMMA nanocomposites

Encouraged by the enhanced thermal and mechanical properties of
POSS-MoS2/PMMA nanocomposites, we sought to evaluate its potential
in the development of optical limiting materials. The UV–vis absorption
spectra of PMMA and nanocomposites were measured (Fig. S6), and the
values of linear transmittance (T0) obtained from UV–vis spectra are
summarized in Table 2. The absorbance of POSS-MoS2/PMMA nano-
composites increases with increasing content of POSS-MoS2 nanosheets.
Fig. 12 shows the output fluence (F0) dependent on input fluence (Fi)
for PMMA and nanocomposites measured at 532 nm. The limiting dif-
ferential transmittance (Tc, defined as the slope of dFo/dFi at high flu-
ence, e.g. 3.5 J⋅cm2), the nonlinear optical absorption onset threshold
(FON) and the optical limiting threshold (FOL, defined as the input

Fig. 5. The AFM images and height profiles of the raw MoS2 and the exfoliated MoS2 nanosheets.

Fig. 6. TEM images of (A) raw MoS2, (B) exfoliated MoS2 and (C) POSS-MoS2 nanosheets.
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fluence point at which the normalized transmittance drops to 50%),
important parameters to evaluate the optical limiting property of a
given material [9], are calculated as shown in Table 2. The transmit-
tance of PMMA does not change with the increase of the input fluence,
revealing that has no contribution to the optical limiting properties of
nanocomposites. In contrast, the transmittance of POSS-MoS2/PMMA
nanocomposites decrease significantly with the increase of input flu-
ence, moreover, with the filler content increasing a more remarkable
phenomenon emerges. For 0.5 wt% POSS-MoS2/PMMA nanocomposite,
Tc decreases from 59.2% to 0.5%. The FON and FOL of 0.5 wt% POSS-
MoS2/PMMA nanocomposite are 0.02 J⋅cm−2 and 0.4⋅J cm−2,

respectively, which are comparable to the values of reported MoS2/
PMMA nanocomposites, while the T0 is much higher. These results in-
dicate that the POSS-MoS2/PMMA nanocomposites exhibit reverse sa-
turable absorption (RSA), hence the data could be fitted by the fol-
lowing equation [46,47]:

⎟

=
−

+ − − ⎞
⎠

( )
F

F exp αL

F exp αL

( )

1 (1 ( )
o

i

β
α i

Where α is the attenuation coefficient determined by linear absorption
and scattering, and β is the nonlinear absorption coefficient. The fitted β
values of POSS-MoS2/PMMA nanocomposites are given in Table 2. It
can be found that β values increased with the filler content increasing.
For 0.5 wt% POSS-MoS2/PMMA nanocomposite, β is 297 cm⋅GW−1，
which is much higher than that of MoS2/PMMA organic glass [9,10].

The optical limiting properties of 0.03 wt% MoS2/PMMA nano-
composite were also measured to compare with those of 0.05 wt%
POSS-MoS2/PMMA nanocomposite with similar T0 at 532 nm (89.0% vs
88.9%). Fig. 12 suggests that the transmittance of 0.05 wt% POSS-
MoS2/PMMA nanocomposite is greatly lower than that of 0.03 wt%
MoS2/PMMA nanocomposite at high input fluence. The β value of the
0.05 wt% POSS-MoS2/PMMA nanocomposite is approximately 10.3
times higher than that of 0.03 wt% MoS2/PMMA nanocomposite, while
the Tc, FON and FOL values are much lower. Thus, the POSS-MoS2/
PMMA nanocomposite exhibits enhanced optical limiting properties
compared to the MoS2/PMMA nanocomposite. Strong intermolecular
interactions between MoS2 nanosheets, which would reduce the non-
linear absorption due to an increase in relaxation pathways and
shortening of the excited-state life-time [10], are weakened by modified

Fig. 7. A) FT-IR spectra of unmodified MoS2 and POSS-MoS2 nanosheets; B) High resolution XPS survey scan of Si2p peak of POSS-MoS2 nanosheets; C) PXRD
patterns of raw MoS2, exfoliated MoS2, T7POSS and POSS-MoS2 nanosheets.

Fig. 8. Photographs of A) neat PMMA, B) 0.1 wt%, C) 0.2 wt% and D) 0.5 wt%
POSS-MoS2/PMMA nanocomposites.
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POSS molecules, which might contribute to the enhanced optical lim-
iting properties.

The optical limiting curves of POSS-MoS2/PMMA nanocomposites
before and after illumination at 532 nm with an energy density of
1.0 J⋅cm−2 for 30min were obtained to investigate the stability of the
nonlinear optical properties (Fig. S7). The POSS-MoS2/PMMA

nanocomposites shows only slightly reduction in nonlinear optical ab-
sorption after illumination, demonstrating that the optical limiting
properties of nanosheets can be well preserved when incorporated into
PMMA matrix. The nanosheets can be held into a fixed position and
protected against oxidation by PMMA matrix, resulting in good stability
of optical limiting properties [11]. All the results suggest that POSS-
MoS2/PMMA nanocomposites are potential optical limiting materials
with excellent optical limiting properties which can be tuned easily by a
simple alteration of the filler content.

3. Conclusion

In summary, we have successfully transferred the chemically ex-
foliated MoS2 nanosheets from aqueous medium to DMF via a general
and facile filtration method. The MoS2 nanosheets were subsequently
functionalized with T7POSS molecules linked by silane coupling agent
KH580. The obtained POSS-MoS2 nanosheets possess remarkable

Fig. 9. SEM images of A) neat PMMA, B) 0.1 wt%, C) 0.2 wt%, D) 0.5 wt% POSS-MoS2/PMMA and E) 0.2 wt% MoS2/PMMA nanocomposites.

Fig. 10. TGA curves for nanocomposites with different filler content.

Table 1
Decomposition temperatures of nanocomposites.

Samples Td/°C Thalf/°C

PMMA 314.8 334.4
0.1 wt% POSS-MoS2/PMMA 320.6 353.7
0.2 wt% POSS-MoS2/PMMA 350.0 369.7
0.5 wt% POSS-MoS2/PMMA 334.7 358.2
0.2 wt% MoS2/PMMA 334.1 356.4
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dispersibility in DMF and have been conveniently incorporated into
hydrophobic PMMA matrix via a simple solution blending method. As
expected, the thermal stability and mechanical properties of nano-
composites are dramatically improved with a relatively low addition of
POSS-MoS2. The homogeneous dispersion of POSS-MoS2 nanosheets
and strong interaction between the nanosheets and PMMA matrix
should be the primary reasons for such notable enhancement.
Remarkably, POSS-MoS2/PMMA nanocomposites possess low optical

limiting differential transmittance Tc, low nonlinear optical absorption
onset threshold FON, low optical limiting threshold FOL and high non-
linear coefficient β, highlighting their vast potential in the development
of optical limiting materials. This research paves a facile and efficient
route to the homogeneous dispersion of MoS2 nanosheets in organic
solvent and fabrication of POSS-MoS2/PMMA nanocomposites with
greatly improved thermal stability, mechanical properties and optical
limiting properties.
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