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1. Characterizations of PVDF nanofiber and composite membranes 

 

X-ray photoelectron spectroscopy (XPS) tests were conducted using a Theta Probe XPS provided 

by Thermo Fisher Scientific (Singapore) to analyse the chemical composition on the membrane 

surfaces. The surface morphologies of the resultant membranes were observed and analysed by a 

field emission scanning electron microscope (FESEM) which was provided by JSM-7600F, 

JEOL Asia Pte Ltd. The water contact angles of the superhydrophobic composite membranes 

were measured by a goniometer (Contact Angle System OCA, from Data Physics Instruments 

GmbH in Singapore). One 5 μL water droplet was dropped onto a levelled membrane surface and 

the images of the water drop on the membrane surface were captured by an optical system to 

calculate the contact angle.  

 

The surface maximum and mean pore sizes of as-prepared membranes were determined by a 

capillary flow porometer (model CFP 1500A, from Porous Material. Inc. (PMI) in Singapore). 

The membrane porosity was determined by the gravimetric method 
1
. The mechanical property of 

the membranes was measured using a Zwick/Roell BT1-FR0.5TN.D14 testing machine at a 

constant elongation velocity of 50 mm min-1 under room temperature (26 C). Liquid entry 

pressure (LEPw) points of the membranes were measured using a dead-end cell with Milli-Q 

water. The pressure on the feed side was increased gradually while allowing it to stabilize for ten 

minutes after each 14 kPa (2 psi) increment. The pressure at which the first drop of permeate was 

obtained was the LEPw. 
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2. DCMD process 

 

Tf, Tfm, Tpm and Tp are the temperatures of the feed, on the membrane surface in feed side, on the 

membrane surface in the permeate side and the permeate, respectively. The water vapor 

transports through the membrane from the feed side to the permeation side because of the vapor 

pressure difference induced by temperature difference across the membrane.  

 

Figure S1. Schematic of DCMD process.  
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3. Mechanisms of modification reaction on silica nanoparticles 

 

The hydrolysis reaction of tetraethoxysilane (TEOS) is shown in Figure S2 A (1) and the addition 

of the silinol groups onto the silica surface is shown in A(2). Grafting occurred by an alcohol 

condensation reaction between the hydroxyl groups and Si-O-alkyl groups, as shown in Figure S2 

A(3). Other Si-O-alkyl groups on the other end of the FS10 molecular chains would either react 

on the same silica particle or graft onto another silica surface which may increase the particle 

diameter.  

 

Figure S2. Schematic diagram of the mechanism of modification reaction on SiO2 nanoparticle 

surface (A) and chemical structure of Fluorolink FS10 (B).  
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4. Surface elemental analysis of silica nanoparticles before and after modification 

 

As shown in Figure S3A and S3C, compared with the original silica particles which only have 

silica and oxygen elements on the surface, the FS10 grafted silica particles (FS10-SiO2) possess 

additional carbon, nitrogen and fluoride elements. According to the chemical structure of FS10 

shown in Figure S2, these additional elements are from the hydrophobic chemical FS10 reacted 

on the silica surface. The surface content of silica atoms was significantly lower than that of 

corresponding bulk concentration, indicating that a strong surface enrichment of organic phase 

such as carbon and fluoride elements was produced after the modification reaction. Furthermore, 

the high-resolution of XPS O1s core-level spectra of control silica (Figure S3B) and fluorinated 

silica (Figure S3D) were curve-resolved into peaks to derive more information on the fluorinated 

segments segregation at the surface. As shown in Figure S3b, the binding energy oxygen peak at 

531.8 eV corresponds to the chemical bonds in SiO2 
2
. Concerning the O1s core-level spectra of 

modified silica, a figure with double peaks is clearly observed in Figure S3c. While the oxygen 

components attributed to the PFPE segments (CF2-O-CF2) were centred at a higher binding 

energy around 536.3 eV, oxygen atoms linked to silica (Si-O-Si) which assisted the reaction 

between silica surface and FS10 are associated with the less pronounced peak at around 533.1 eV 

3
. The minor extent of oxygen double bonded to carbon present in FS10 also gives a small 

contribution to the second peak. By evaluating the chemical composition on silica surfaces before 

and after modification reaction, it is confirmed that the FS10 successfully covered the silica 

surface, which shifted the hydrophilic nanoparticles with OH groups on the surface to be 

fluorinated hydrophobic nanoparticles.  
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Figure S3. The XPS wide-scan and O 1s core-level spectra of (A and B) original SiO2 

nanoparticles and (C and D) modified SiO2 surface.  
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5. Water sliding angle measurement 

 

To prepare a superhydrophobic and water-repellent surface, it is necessary to have high water 

contact angle and, more importantly, the contact angle hysteresis should be as small as possible, 

which leads to a small water sliding angle (SA).  As shown in Figure S4, the water SA of the 

membrane was determined by placing a 10 µL water droplet on the horizontal membrane surface, 

which was then inclined to tilt gradually until the water droplet started to roll off from the surface. 

The SA was calculated by the equation: 

b

a
SA tan                                                (1) 

where a is the raised height of composite membrane and b is the corresponding horizontal length 

of the membrane when the droplet started moving downward. θSA is the water sliding angle of 

each sample. Each sample was tested at least 5 times. 

 

 

Figure S4. The sliding angle test configuration: (A) sliding angle calculation; (B) Image of 

sliding angle testing  
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6. Stability of superhydrophobic layers after ultrasonic treatment 

 

 

Figure S5. Behavior of the water droplets on the superhydrophobic surface of S-PVDF (A) and 

L-PVDF (B) after ultrasonic-treatment for different times.  



   

 S9 

7. Electrospinning conditions of PVDF nanofiber membrane and silica-PVDF composite membranes 

 

Table S1 Electrospinning conditions of PVDF nanofiber membrane and PVDF composite membranes  

Membrane ID 
PVDF 

(support layer) 

S-PVDF L-PVDF 

(selective layer) 

Dope composition (wt. %) 

PVDF HSV900/DMF:  

8/92  

(0.004% wt LiCl) 

PVDF HSV900/SiO2 

(small diameter) 

/DMF: 5/10/95 

     PVDF HSV900/SiO2 

     (large diameter) 

     /DMF: 5/10/95 

Dope flow rate  

(mL min
-1

) 
0.03                              0.02 

Travel Speed (mm sec
-1

)  0.1                                                                0.1 

Travel Distance (cm)  8                                                                   8 

Distance (cm) 15                              12 

Voltage (kV) 28                                                                  28 
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