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Abstract

Advanced materials with special wettability hold promise in environmental remediation,
catalysis or superfluid, and have attracted a great deal of interest in the last years. Herein,
a composite material consisting of molybdenum sulfide/polyurethane sponge (MoS2/PU)
was fabricated through MoS:> nanosheets loading onto PU using high-intensity sonication
and subsequent chemical functionalization by in-situ generated diazonium salts. The MoS»
enhanced the hydrophobicity and roughness of the PU sponge and its surface could be
effectively modified with aryl and carbon-fluorine groups through diazonium chemistry.
The resulting F-MoS»/PU sample exhibited exceptional superhydrophobic/superoleophilic
wettability, which provides the potential to separate oil/water mixtures or eliminate
selectively oil from underwater or emulsions. Besides, due to the cavitation effect of high-
intensity ultrasound, the exfoliated MoS> sheets were strongly anchored onto the PU
sponge. Loading MoS; and/or diazonium molecules did not induce any adverse effect on
the adsorption capacity of the sponge with values ranging from 25 to 90 gg™! for different
organic solvents (hexane, diethyl ether, ethanol, toluene, rapeseed oil, acetonitrile,
dichloromethane and chloroform). Additionally, the hydrophobic groups covalently
bonded to the surface conferred excellent stability to the MoS»/PU material during repeated
cycles of oil/water separation, or upon exposure to harsh environments (-20 or +120 °C,
acid solution of pH=1 and base solution of pH=14, NaCl solution of 3.0%, natural seawater,

ethanol and chloroform).

Keywords: PU  sponge;  molybdenum  sulfide; in-situ  diazonium  salts;

superhydrophobic/superoleophilic; stability.
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1. Introduction

Functionalized materials with amazing properties bring out inspiration to promote
efficiency or overcome thorny issues encountered in the environment. The spill oil covers a
large proportion of water contamination, especially that is caused by the leakage of organic
reagents or unlawful discharging chemical wastes [1]. Their bio-toxicity brings disastrous
effect to the aqueous system and dramatically cuts down the disposing efficiency in normal
municipal treatment. For such cases, the efficient separation of oil from water by extracting the
organic phase represents a promising approach for environment remediation or recyclable uses
[2, 3]. For such applications, materials with distinctive water-repellency and oil-affinity hold

great potential [4].

Numerous reports described the preparation of efficient materials with desired wettability
for oil/water separation [5-7]. Theoretically, such materials normally exhibit an ideal surface
roughness as well as appropriate surface energy, which is just lower than that of water and still
higher than that of organics. Therefore, the water could be remarkably repelled, and meanwhile,
the surface could be wetted by the majority of organics. Thus, the separation of oil and water
phases can be easily achieved. For building such materials, several approaches including
chemical or physical vapor deposition, electrochemical growth, spray coating, hydrothermal,
solution immersion or sol-gel [8-11] have been proposed using different substrates such as
glass, polymers, metals, alloys as well as fibers and textiles [12, 13]. A suitable combination of
such method and substrate along with the modification of surface energy and morphology are

two key parameters for achieving superhydrophobicity [14, 15].

Molybdenum disulfide (MoS>), a family member of transition metal dichalcogenides, has
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similar layer structure as graphene and also exhibits good chemical stability, enhanced
electrical conductivity, rich surface chemistry, and hydrophobic properties. As such, it has been
widely applied in wear-resistant, lubricating, supercapacitors, catalysis, etc. [16-19]. In
addition, MoS; displays a hydrophobic character, which holds potential for developing MoS,-
based hydrophobic materials. Wan et al. [20] and Gao et al. [21] prepared hydrophobic MoS»-
coated melamine/formaldehyde sponge through a repeated dipping-drying process. Tang et al.
[22] fabricated PU/MoS> nanocomposite coatings via implantation of MoS>-PU/acetone on the
surface of stainless steel, glass, paper and fabric substrates, followed by modification with
perfluorooctyltrichlorosilane. However, these approaches usually require several
coating/drying cycles (3-6 times) to ensure an efficient loading of MoS», resulting in reduced
adsorption capacity. Furthermore, the deposited MoS> layers were not firmly attached to the
surface, resulting in low stability [23]. This problem of coating stability can be addressed by
using intensive sonication. Due to the cavitation effect of high-intensity ultrasonic irradiation,
MoS, powder could be exfoliated into sheets and deposited onto the substrate by the countless
micro-jets [24, 25]. Meanwhile, the local temperature of the micro-jet shocked area could be
extremely high, as a result, the surface would be possibly burned and even melted and the

delivered MoS: could be firmly embedded onto the substrate [26-28].

Moreover, for further improving the wettability of MoS»;-coated PU surface, the
diazonium chemistry modification could be an ideal candidate [29]. In fact, diazonium salts
have proven to be of high importance in organic synthesis and surface functionalization [30,
31]. Using diazonium salts, functional groups could be grafted onto the target surface via

covalent bonds, which confers superior stability and reliability, compared to physical
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adsorption or adhesive coating. A few reports revealed that MoS> could be modified by
diazonium salts. Benson et al. [32] tailored the electronic property of MoS, through diazonium
functionalization to achieve a balance between the catalytic property and stability. In their study
on MoS; functionalization with diazonium salts, Knirsch et al. [33] proposed covalent bonding
mechanism. Even though MoS> derivatization through diazonium chemistry has been
described, application of the modified MoS: for oil/water separation remains scarce. In addition,
the classic diazonium chemistry method, consisting in the preparation of diazonium salt and
then perform modification, exhibits some limitations such as low-efficiency, complicated
procedure, and the as-prepared salts are prone to decomposition. So, in-situ generated
diazonium modification is applied to overcome these drawbacks. Indeed, such an approach is

facile, effort-saving and promising for large scale.

Herein, a polyurethane (PU) sponge was selected as the substrate owing to its advantages
like low cost, availability, ideal porosity, mechanical strength and chemical inertness. MoS»-
coated PU sponge was prepared via high-intensity sonication and further modification with in-
situ generated aromatic diazonium salts. The optimum conditions were systematically
investigated through water contact angle (WCA) measurements. Several oil/water mixtures
were examined for testing its separation ability. Moreover, its reusability as well as stability in
harsh environments were also studied. The results indicated that the functionalized sample has
ideal superwettability as well as stability, which holds potential for separation. More
importantly, the proposed method combining ultrasonication and diazonium modification is
not only limited for MoS»-PU sponge, but can be easily extended to other materials for various

applications.



2. Experimental

2.1 Preparation of diazonium functionalized MoS: coated PU sponge (F-MoS:z-PU)

The F-MoS,-PU sponge was prepared by MoS> coating and further covalent modification by
in-situ generated diazonium salts. Initially, a PU sponge (~ 14 mg, 1x2 cm) was cleaned
sequentially with ethanol and water under continuous sonication for 1 h each to remove surface
contaminants. The clean sponge was annealed at 60 °C overnight to remove residual moisture.
MoS, powder was dispersed in ethanol under sonication (5 min) and a clean PU sponge was
added into the MoS> dispersion (2 mg/mL) and subjected to discontinuous high-intensity
sonication (BRANSON 450 Digital Sonifier, 400 W at 50% efficiency, 2 s sonication and 1 s
interval) for 30 min. The resulting MoS,-coated PU sponge was rinsed with ethanol and dried
at 60 °C for 1 h. Then the MoS»-loaded PU sponge was immersed into a 5 mM solution of
either aniline, 3,5-bis(trifluoromethyl) aniline or 4-(heptadecafluorooctyl) aniline in
acetonitrile and 15 mM fert-butyl nitrite for 24 h. The formed F-MoS»-PU sponge was cleaned

with a copious amount of water, and dried in air.

3. Results and discussion

3.1. Preparation of superhydrophobic/superoleophilic (F-MoS:z-PU) sponge

The superhydrophobic/superoleophilic functionalized MoS»-coated polyurethane (F-
MoS:-PU) sponge was prepared in a two-step process, as depicted in Figure 1. The first step
consisted in coating the PU sponge with MoS» through a simple immersion of the PU sponge

into an ethanolic solution of MoS; under high-intensity sonication to produce hydrophobic



MoS>-PU composite. To achieve superhydrophobicity, the MoS>-PU composite was

subsequently in-situ functionalized with diazonium salts.
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Figure 1: Schematic description of the preparation of a superhydrophobic/superoleophilic
(F-MoS»-PU) sponge using a two-step process: (i) coating PU sponge with MoS; to form
MoS»-PU followed by (ii) covalent modification with 4-(heptadecafluorooctyl) aniline
through in situ generated diazonium salt.
During this process, the powerful ultrasound irradiation induced MoS, exfoliation into sheets
and their subsequent coating onto the PU sponge via micro-jets, due to bubbles explosion
owing to the cavitation effect [25]. In addition, the exfoliated MoS; sheets displayed excellent
mechanical flexibility due to their effective interaction with the PU sponge through van der
Waals forces [20]. An indirect evidence of the integration of MoS> nanosheets was the color
change of the sponge from yellow to gray-black (Figure 1). The integration of hydrophobic
heptadecafluorooctyl functional groups was based on the spontaneous reduction of diazonium

salts in situ generated in acetonitrile in the presence of fert-butyl nitrite (--BuONO). The



diazotization reaction assisted by ~-BuONO produced diazonium moieties, which coupled
spontaneously to the sulfur atoms of the two-dimensional MoS> nanosheets. In contrast to
surface functionalization through physical coating, the covalent modification is reliable and

contributes to enhanced stability of the coating.

3.2. Wetting properties

To assess the effect of MoS, coating and diazonium functionalization on the wetting
properties of the PU sponge, static water contact angle (WCA) measurements were recorded.
Figure 2 indicates that the wettability of the bare PU sample exhibited an increasing trend upon
functionalization with diazonium salts of 3,5-bis(trifluoromethyl) and 4-(heptadecafluorooctyl)
anilines. In fact, the WCA of bare PU sponge increased from 95+1° to 115£1° and 125+1° upon
incorporation of 3,5-bis(trifluoromethyl) and 4-(heptadecafluorooctyl)benzene moieties,
respectively. Interestingly after MoS» coating, the WCA also increased from 95+1° (original
state) to ~122+1°. Subsequent in-situ modification with diazonium salts of aniline, 3,5-bis
(trifluoromethyl) aniline and 4-(heptadecafluorooctyl) aniline led to a steady increase of the
WCA to 133£1° 142+1° and 155+£1° respectively. The results indicate that
superhydrophobicity was only achieved when the MoS,-PU surface was functionalized with a
long fluorinated (4-heptadecafluorooctyl) chain, contributing in reducing the surface energy of

F-MoS,-PU sponge.

For comparison, blank experiments were performed to highlight the influence of covalent
modification vs. physical adsorption. In fact, when the MoS»-PU sponge was immersed in the
aniline precursor ethanolic solution in absence of fert-butyl nitrite, the MoS>-PU sponge failed

to reach superhydrophobicity. Although the WCA increased to 139+1° upon modification with
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4-(heptadecafluorooctyl) aniline, its surface still exhibited obvious hysteresis; the water droplet
remained stuck to the surface even when the sample was held perpendicularly. From the

comparison, it could be concluded that the diazonium modification was necessary to reach

superhydrophobicity.
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Figure 2: WCAs of bare PU and MoS».coated PU before and after functionalization with
aniline, 3,5-bis(trifluoromethyl) aniline (BTMA), 4-(heptadecafluorooctyl) aniline (HPFA)
diazonium salts. For comparison: MoS>-PU was modified with BTMA and HPFA in absence
of tert-butyl nitrite.

The results indicate that superhydrophobicity can be achieved upon functionalization with
an aniline precursor bearing the longest fluorine chain i.e. 4-(heptadecafluorooctyl) aniline,
which contributed in reducing the surface energy of the MoS>-PU sponge and resulted in
excellent wettability with a WCA over 150°. Therefore, the MoS> and in-situ generated
diazonium salts collectively contributed to the excellent wettability, and the sample modified

with 4-(heptadecafluorooctyl) aniline was used for the following study. Besides, the 4-

(heptadecafluorooctyl) aniline functionalized MoS»-PU (F-MoS»-PU) surface could effectively
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repel water; the droplets just roll down immediately once they contact the sample surface. This

remarkable water-repelling property of F-MoS2-PU was recorded in supplementary video 1.

The optical images of water droplets on bare PU, MoS>-PU and F-MoS,-PU sponges are
summarized in Figure 3, exhibiting the change from a semi-sphere (bare PU, Fig. 3a) to an
oval (MoS»-PU, Fig. 3b) and a quasi-sphere (F-MoS,-PU, Fig. 3c). A water droplet on F-MoS»-
PU stays above the twigs of the PU skeleton with a strong tendency to roll down. In fact, a
water droplet could roll down from horizontally placed F-MoS,-PU, indicating a low SWCA

(< 5°). The successive snapshots of this rolling process were recorded in Figure S1.

In addition, the effects of extrusion cycles as well as abrasion on WCA and SWCA of F-
MoS»-PU were assessed using a 200 g load (Figure S2). Interestingly, under our experimental
conditions, the WCA of the F-MoS>-PU sample remained basically stable over ~150° during
30 extrusion cycles with a negligible increase of the SWCA (Fig. S2a). Similarly, the WCA
angle of the F-MoS2-PU was not impacted by the abrasion test (Fig. S2b). In contrast, the
SWCA increased steadily and reached a final value of ~ 18° after 30 abrasion cycles (Fig.S2b).
This phenomenon could be attributed to the partial damage of the surface structures. The results
clearly revealed the good stability of F-MoS»-PU, supporting its value for research and
applications.

Actually, a water droplet dyed with methylene B was completely repelled from the F-
MoS,-PU surface, while a chloroform droplet dyed with rhodamine B completely wets the F-
MoS»-PU surface instantly due to the superhydrophobic/superoleophilic character of the

sponge (Fig. 3d).
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chloroform drops
immersed in sponge

Figure 3: Optical images of water droplets on (a) bare PU sponge, (b) MoS»-PU, (c) 4-
(heptadecafluorooctyl) aniline functionalized MoS2-PU (F-MoS»-PU) and (d) illustration of
the superhydrophobic/superoleophilic wettability; the inset is an optical image of a
chloroform droplet on F-MoS»-PU; the water is dyed with methylene blue and the chloroform
droplet is dyed with rhodamine B for comparison. The dynamic process is available in

supplementary video 2.

The inset in Fig. 3d reveals that chloroform has a contact angle of about 0°. This dynamic
process is presented in supplementary video 2. The sample F-MoS;-PU with distinguished
wettability towards water and oil could be reckoned as a good separation membrane for

oil/water mixtures.

Figure 4 depicts the surface morphology of the PU sample before and after MoS: coating
and chemical functionalization with the diazonium salt of 4-(heptadecafluorooctyl) aniline.
While the bare PU sponge displayed a relatively smooth surface morphology before and after
high-intensity sonication, obvious changes can be evidenced after coating with MoS:, as shown

in Figure S3. Indeed, the MoS»-PU sponge was covered by densely packed interconnected
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MoS: nanoplatelets of irregular dimensions with an overall increase in surface roughness (Fig.
4c-d). This morphology most likely arises from the exfoliated MoS> sheets, immobilized on
the PU sponge by the powerful micro-jets; some of the MoS, sheets are held together through
van der Waals forces. As a result, these intertwined slices significantly switched the surface
morphology, imparting the necessary roughness to enhance the hydrophobicity of the surface.
These special blade-like structures maintained well during the in-situ generated diazonium salt
modification step. The sample surface was still covered by countless flakes, stacking together
by random layers (Fig. 4e-f, Figure S4). Nevertheless, the wettability of the resulting surface

was altered upon diazonium modification with a significant increase of the WCA.
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Figure 4: SEM images of (a) bare PU at x500, (b-d) MoS»-PU at different magnifications
(x500, x3k, x10k) and (e-f) F-MoS,-PU at x3k and x10k magnifications.

Additional characterizations were carried out for investigating the difference of chemical
environment on F-MoS>-PU surface. To get a clear picture on the chemical composition of F-
MoS»-PU sponge, XPS analysis was performed. Figure S depicts the XPS spectra of the bare
PU sponge (spectrum A) and F-MoS>-PU sample (spectrum B). Accordingly, in Fig. 5a, the
full survey spectrum of bare PU sponge comprises bands due to C 1s (~ 284 eV), N 1Is (~ 398
eV), and O 1s (~ 530 eV). This is in full accordance with the elemental composition of the PU
sponge. After coating with MoS> and subsequent functionalization with 4-
(heptadecafluorooctyl) aniline, new peaks due to Mo 3d (~ 230 eV), S 2p (~ 162 eV), and F 1s
(~ 688 eV) were detected on the spectrum B, originating from MoS> sheets and grafted

diazonium molecules.

Figure S5a depicts the XPS high resolution spectrum of F 1s, comprising a strong fluorine
signal at 688 eV from the carbon-fluorine groups in 4-(heptadecafluorooctyl) aniline moieties.
Moreover, the change could be observed in the high-resolution spectrum of C 1s (Fig.SSb).
There are obvious peaks at 284.4 and 288.1 eV, ascribed to C=C/C-C and C=0O bonds,
respectively. Notably, after chemical modification, additional contributions at higher binding
energy attributed to -CF, (291.4 eV) and -CF; (293.3 eV) groups were observed on the
spectrum B (Fig.Sb) [31, 34]. Therefore, it could be concluded that the PU surface was
successfully modified by the in-situ generated diazonium salts. In addition, as illustrated in
Figure S5c, the peaks located at 228.6 eV (Mo 3d5/2) and 231.8 eV (Mo 3d3/2) with a

separation of 3.2 eV agrees well with the value of 3.14 eV of MoS, [18].
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14



sponge (spectrum B), (b) fitted curves of spectrum B of C 1s and (c¢) S 2p.

Meanwhile, the XPS high resolution spectrum of S 2p could be deconvoluted into two peaks
centered at 161.4 eV (S 2p32) and 162.6 eV (S 2pi2) with a separation of 1.2 eV, as expected
for MoS: (Fig. 5¢). Moreover, an additional feature at ~163.7 eV (Fig.5c¢) is consistent with
the binding energy of S-C bond, which provides the evidence that the modification of MoS»
layer by diazonium chemistry via covalent bonds. Therefore, these results indicate that the PU

sponge was coated by MoS: and 4-(heptadecafluorooctyl) aniline moieties.

Figure 6 illustrates the ATR-FITR spectra of PU and F-MoS»-PU sponge samples in the
600 to 1800 cm™! frequency range. For the bare PU sponge (spectrum A), the peaks located at
3296 and 2961 cm! are ascribed to the stretching vibrations of N-H and C-H, respectively
(Figure S6). Additionally, the peaks at 1730 and 1641 cm™ are respectively assigned to C=0
stretching in ester and urea groups, and the peak at 1536 cm™ is due to the amide II band
stretching [35]. Additional bands at 1222 and 1182 cm’! are associated with O-C-O stretching
in ester and at 1130 cm™ is attributed to C-O stretching in ether group. For the F-MoS>-PU
(spectrum B), there are new peaks at 1147 and 1203 cm’!, corresponding to the C-F bonds,
which are attributed to CF> and CF3 groups in the diazonium layer. Although there are some
interferences from other peaks in this area, the new C-F peaks still could be distinguished apart,
as illustrated in the inset. Also, a medium intensity but obvious peak at 705 cm™! offers a
substantial evidence for the formation of S-C bond [33] and consistent with the XPS results, as

the result of successful diazonium modification.

15



Intensity / a.u.

1800 1600 1400 1200 1000 800 600
Wavenumbers / cm™
Figure 6: ATR-FTIR spectra of bare PU sponge (spectrum A, black) and F-MoS»-PU sponge

(spectrum B, red).
In addition, it is worthy to mention that after the ATR-FTIR characterization, the sample was
pressed into a quite thin slice by the detecting pole. However, it could gradually restore the

original shape and maintain the same wettability, which indicates ideal mechanical durability.
3.2 Stability

Figure 7 summarizes the results of the stability studies of the F-MoS>-PU in harsh
environments including pH (1 and 14), corrosive 3% NaCl aqueous solution as well as different
temperatures (-20 or +120 °C). No apparent change of the WCA was observed upon exposure
of the F-MoS»-PU to these conditions. Similarly, the wettability of the F-MoS2-PU sample was
not altered upon immersion in natural seawater for 3 days. In addition, the sample was also
immersed in ethanol and chloroform for 24 h, for testing the resistance towards the dissolution
in organic solvents. It turned out that the sample still holds desired wettability in general with
an apparent WCA of ~150°. However, for the sample immersed in chloroform, its roll-down

property faded and a few particles detachment could be observed when the sample was washed
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with ethanol. This was ascribed to the presence of loosely attached MoS» layers by van der
Waals forces and the swelling-shrinking transformation of PU skeleton. Even though partial
MoS:; loss was unfavorable for water rolling down, it did not affect the surface apparent
wettability so much and the WCA remained as high as ~ 150°. In addition, when the F-MoS,-
PU was placed at -20 or +120°C, its wettability barely changed and also maintained excellent
roll-down ability. For the sample placed in air atmosphere, the surface wettability was stable
over 3 months. In general, owing to the chemical inertness of MoS> (immune to normal acid
or base) and the covalent bonds built via diazonium modification, the F-MoS»-PU holds ideal

stability in such harsh conditions.

165
150
135 |
120

Figure 7: WCA of F-MoS,-PU sponge placed in various conditions: immersed in pH=1,
pH=14, 3.0% NaCl aqueous solution, tap water, ethanol and chloroform for 24 h, seawater for

72 h, air atmosphere for 3 months, at -20 °C and +120 °C for 1 h.

3.3 Oil adsorption

The oil adsorption capacity of F-MoS,-PU was determined using equation (1):
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C (gg™") = (m; —my)/m, (1)

where m; is the weight of the sponge after oil adsorption (g) and m, is the weight of the

original dry PU sponge (g).

From the results in Figure 8a, the adsorption capacity ranged from 25 to 90 gg! and followed
an ascendant tendency with the increase of density in general. F-MoS»-PU basically displayed
a comparable adsorption capacity with that of bare PU sponge towards such organics.
Additionally, for high density or viscosity organic solvents such as toluene, rapeseed oil,

dichloromethane and chloroform, it exhibited even a better adsorption capacity.

Table 1. Adsorption capacity of different absorbents reported in the literature.

Material Absorbed organics Adsorption Ref.
Capacity ¥
F-MoS»-PU sponge hexane, diethyl ether, ethanol, toluene, rapeseed oil, 25-90 Present
acetonitrile, dichloromethane and chloroform work
MoS,-MF sponge Chloroform, silicone oil, isopropanol, 56-104 [23]
methylbenzene, edible oil, cyclohexane, gasoline
OTS-MF sponge toluene, light petroleum, and methylsilicone 42-68 [36]
oil
Spongy Graphene Toluene, hexane, chloroform, pump oil, soybean oil, 20-86 [37]
ethanol, DMSO, ethylbenzene,
NDs-PDA-PFDT-PU Chloroform, diesel, pump oil, gasoline, ethanol, 4-60 [7]
sponge toluene, hexadecane, hexane
Fe;0,@GO@OTS Lubricating oil, peanut oil, hexadecane, octane, 9-27 [38]
PU sponge hexane, heptane
CNT/PDMS-PU Soybean oil, used motor oil, diesel oil, n-hexadecane, 15-25 [39]
sponge gasoline, n-hexane

k refers to the times of the weight of adsorbed substances vs. the weight of adsorbent. PU: polyurethane; MF:
melamine formaldehyde; OTS: octadecyltrichlorosilane; CNT: carbon nanotubes; NDs: nanodiamonds;
PDA: polydopamine; PFDT: [H,1H,2H,2H-perfluorodecanethiol; GO: graphene oxide; PDMS:
polydimethylsiloxane
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Figure 8: Oil adsorption capacity (a) and cycling stability (b) of F-MoS»-PU towards
different organic solvents (hexane: 0.69 g/mL, diethyl ether: 0.72 g/mL, ethanol: 0.79 g/mL,
toluene: 0.87 g/mL, rapeseed oil: ~ 0.90 g/mL, acetonitrile: 0.79 g/mL, dichloromethane:
1.33 g/mL and chloroform: 1.48 g/mL).

Moreover, the F-MoS»-PU revealed high stability in the adsorption/cleaning/drying/re-
adsorption process. The results in Figure 8b and Figure S7 indicated that the adsorption
process was barely affected after 10 repeated cycles, indicating the high stability of F-MoS»-
PU. In addition, the adsorption capacity of F-MoS>-PU was comparable to or better than that

of the absorbing materials reported in the recent literature (Table 1).

3.4 Oil/water separation and elimination of local stained oil in water

To study the oil/water separation ability of F-MoS>-PU, the separation of a
chloroform/water mixture (7/3 volume ratio) where the organic phase was dyed with
rhodamine B, is illustrated in Figure 9. When the chloroform (dyed with rhodamine B)/water
mixture was poured into the funnel, the water phase accumulated above F-MoS,-PU, while the

pink chloroform crossed the F-MoS>-PU membrane and dropped down to the bottle below the
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funnel. The final collected chloroform volume was comparable to the initial one, indicating
high separation efficiency (the whole separation process is available in supplementary video
3). The filtration was effective and facile, and F-MoS»-PU was reused over 10 times without

showing obvious deterioration of its separation efficiency (Figure S8a).

Additionally, the filtration flux was calculated using the following equation: Flux=V/At,

where V (L) is the permeation volume, A (m?) is the effective permeation area, and t (h) is the
effective permeation time.
For the separation experiment, the F-MoS>-PU sponge was compressed and fixed into the
tunnel of a funnel. So the effective permeation area corresponds to the cross-sectional area of
the funnel (@=5 mm). Consequently, the flux could be determined as ~5.35 x10° Lm~h™!. This
value remained stable during the cyclic separation processes (Figure S8b).

Moreover, for simulating partial oil contamination, a rhodamine B dyed chloroform
droplet (~ 200 uL) was placed at the bottom of a beaker, which was filled with water. As
depicted in Figure 10, the whole surface of F-MoS2-PU was covered by an intact air layer with

a silver-like color, demonstrating excellent superhydrophobic property.
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Figure 9: Qil water separation using F-MoS2-PU: Photographs of the separation process of

a chloroform/water (7/3 volume ratio) mixture using a home-made device; the chloroform is
dyed with rhodamine B.
As the sample approaching the pink droplet, a mirror effect appeared, reflecting the pink color
on the F-MoS-PU. Subsequently, once the sample contacted the droplet, the chloroform was
absorbed by the F-MoS,-PU sponge immediately. Meanwhile, the oil-loaded part became dark
and an air bubble occurred at the bottom of F-MoS>-PU, stemming from the absorbed
chloroform pushing the air out of the F-MoS>-PU skeleton. The rest part of the F-MoS,-PU
sponge was still occupied by air and displayed a silver-like color, indicating that the sample
has potential of quenching larger amount of oil. At the end, when the sample was withdrawn
from the beaker, the water restored its transparency with no pink trace (the whole separation

process is available in supplementary video 4).
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Figure 10: Snapshots of quenching of a chloroform droplet (~ 200 pL) underwater; the

chloroform was dyed with rhodamine B.

3.5 Demulsification

A surfactant-stabilized toluene/water emulsion was prepared by adding Pluronic F-127
(0.1 mg/mL). The resulting emulsion was stable for 5 h, which was long enough for the
demulsification process and characterization. The as-prepared F-MoS>-PU was immersed into
the emulsion and the color of the emulsion changed from milky to transparent, due to
demulsification (Figure 11a-b, the whole process is available in supplementary video 5). The
demulsified colorless solution was characterized by optical images and UV-vis
spectrophotometry for determining the toluene content [40]. Owing to the
superhydrophobic/superoleophilic property of F-MoS,-PU, it was able to quench the
emulsified oil in water even when the oil droplets size was around 5-20 pm (Fig. 11c-d).
According to the calibration curve (see SI, Fig. S9), the content of remaining toluene was

determined as ~0.16%, indicating a ~96.80% clearance. Moreover, the applied F-MoS;-PU
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holds repeated ability in demulsification as well. Accordingly, the F-MoS,-PU was effective

over 6 times with an average toluene removal over 96%.

Figure 11: Snapshots of Pluronic F-127 stabilized toluene/water emulsion (5/95 volume
ratio) before (a) and after (b) separation; Optical photographs of Pluronic F-127 stabilized

toluene/water emulsion before (c) and after (d) separation.

4. Conclusion

An efficient MoSz-coated polyurethane (PU) sponge was fabricated using an easy and
simple approach, consisting of an extensive sonication coating followed by in-situ
functionalization with diazonium salts. As a result, the exfoliated MoS; sheets adhered
perfectly onto the PU sponge and were covalently modified with perfluoro groups. The
resulting functionalized MoS;-coated PU sponge (F-MoS»-PU) displayed excellent wettability

and was successfully applied for oil-water separation as well as selective elimination of oil
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from underwater or demulsification of toluene/water mixtures. For the oil/water separation, the
sample could be re-applied over 10 times without any apparent degradation of the separation
efficiency. The work described in the present study provides an efficient, mild and promising
method to fabricate functional super-wetting materials with remarkable stability using a facile
process. It is worthy to notice that the proposed method could be applied for other applications
such as corrosion resistance, bacterial elimination, catalysis or sensors, via applying different
particles or substrates and diazonium salts for imparting desired groups. Actually, a work on
functional bacterial killing materials is under investigation, and some promising results are

obtained.

Supplementary files

The supplementary figures and videos are available in the supplementary information.
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