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ABSTRACT: Silanization processes with perfluoroalkyl silanes have been demonstrated to be 

effective in developing advanced materials with many functional properties, including 

hydrophobicity, water repellency and self-cleaning properties. However, practical industrial 

applications of perfluoroalkyl silanes are limited by their extremely high cost. On the basis of our 

recent work on photoredox catalysis for amidation with perfluoroalkyl iodides, its application for 

surface chemical modification on filter paper, as an illustrative example, has been developed and 

evaluated. Before photocatalytic amidation, the surface is functionalized with amine functional 

groups by silanization with 3-(trimethoxysilyl)propylamine. All chemically-modified surfaces 

have been fully characterized by ATR-IR, XPS, SEM-EDS, and 3D profiler to confirm the 

successful silanization and photocatalytic amidation. After surface modification of the filter papers 

with perfluoroalkanamide, they show high water repellency and hydrophobicity with contact 

angles over 120°. These filter papers possess high wetting selectivity, which can be used to 

effectively separate the organic and aqueous biphasic mixtures. The perfluoroalkanamide-

modified filter papers can be used for separating organic/aqueous biphasic mixtures over many 

cycles without lowering the separating efficiency, indicating its reusability and excellent 

durability. 

INTRODUCTION 

Surface chemical modifications for developing advanced materials with novel functional 

properties have been one of the most popular research fields over recent decades because these 

materials have found applications in many different areas.1- 5 Amongst various functional groups 

used in surface modifications, fluorinated hydrocarbons, which possess unique wettability arisen 

from their hydrophobicity, have attracted particular attention. Surface modifications with 

fluorinated hydrocarbons have wide-ranging applications such as self-cleaning,6- 8 antifogging,9 
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anti-icing,10- 12 anti-corrosion,13- 15 stain resistance,16,17 drag reduction,18,19 microfluidic devices,20 

atmospheric water capture,21 water-oil separation,22- 29 biomaterials,30,31 and smart windows,32 

etc. 

On the other hand, the studies of the interfacial science of natural lotus leaves and water striders 

have shown that low surface energy materials can be produced by functionalizing hydrophobic 

molecular moieties on the surface with hierarchical roughness. 33 , 34  This has become the 

fundamental design for advanced materials with low surface energy.35 Based on this fundamental 

understanding, various techniques, such as plasma deposition, 36  physical or chemical vapor 

deposition,37,38 atomic layer deposition,39 micro- or nano-particle deposition,40- 43 and the sol-gel 

method 44  and the photochemical method, 45  have been developed to modify the surface 

morphologies and introduce the superhydrophobic features of advanced materials. Despite many 

successful demonstrations of the above methodologies, practical applications of most of these 

approaches are limited as they are costly, complicated, time-consuming, or unsuitable with an 

industrial scale-up processes. 

Silanization processes with fluoroalkyl substituted silanes have been demonstrated to be useful 

for surface modification and the development of materials with advanced coatings.46- 51 However, 

the practical industrial applications of fluoroalkyl-substituted silanes in silanization processes are 

very limited due to its low reaction efficiencies in the silanization, the instability of these silanes 

for recovery/reuse, and the very high cost of fluoroalkyl-substituted silanes. With our recent work 

on photocatalytic fluoroalkylation using low-cost and readily accessible perfluoroalkyl iodides,52-

54 their successful applications for surface chemical functionalization would significantly reduce 

the cost of surface modification with fluoroalkyl functional moieties. Besides, photochemical 

surface modification together with a photomask enables the fabrication of patterned surfaces, 
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which have many important applications.55- 62 Although the photocatalytic processes for surface 

modification with organofluorine compounds have not been reported, the feasibility of 

photocatalytic reactions for successful surface functionalization has been demonstrated. In this 

work, surface functionalization by photocatalytic amidation with perfluoroalkyl iodides (Scheme 

1) have been evaluated. Photocatalytic amidation is chosen because surface functionalization with 

amine group by silanization with low-cost 3-(trimethoxysilyl)propylamine (APTMS) has been 

well-documented. Moreover, the wettability, hydrophobicity and applications of the materials with 

their surfaces chemically modified by this method will be studied. With this strategy for surface 

functionalization, it is foreseeable that it could also be applied to any surfaces with hydroxyl 

groups, including glass, paper, wood, natural fibers and textile materials, which could have 

significant impacts in both academia and industry. 

Scheme 1. Photocatalytic amidation of (a) APTMS and (b) APTMS-functionalized surface with 

perfluorooctyl iodide. 
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RESULTS AND DISCUSSION 

Photoredox Catalysis of Perfluorooctyl Iodide with Aminoalkylsilane 

To evaluate the applicability of our recently reported photocatalytic amidation52,53 for surface 

functionalization, the reaction between trimethoxylsilyl substituted amine (APTMS) and 

perfluorooctyl iodide (C8F17I) (Scheme 1a) was studied. The reaction gave the product of N-[3-

(trihydroxylsilyl)propyl] perfluorooctanamide (1), indicating the hydrolysis of the methoxy groups 

during the photocatalytic reaction. The product was purified by column chromatography with silica 

gel and characterized by IR, 1H NMR, 19F NMR, 13C{1H} NMR spectroscopy, mass spectrometry 

and elemental analysis. The isolated yield of 20.5%, which is much lower than reactions for other 

substituted amines,52,53 can be attributed to the silanization of the glassware and silica gel used in 

the reaction and purification. The purified product 1 shows a strong characteristic ν(C=O) at 1691 

cm–1 in the IR spectrum (Figure 1), similar to the related amide analogs reported in our previous 

research work.52,53 The N-[3-(trihydroxysilyl)propyl] group can be characterized by 1H NMR 

spectroscopy (Figure S2); whereas the perfluorooctamide moiety can be characterized by 19F NMR 

spectroscopy (Figure S3). With 13C{1H} NMR spectroscopy (Figure S4), the C signals of both N-

[3-(trihydroxylsily)propyl] and perfluorooctamide groups as well as the C=O in the peptide 

linkage, have been characterized. The linkage between N-[3-(trihydroxysilyl)propyl] and 

perfluorooctamide groups has also been further confirmed by mass spectrometry and element 

analysis (Supporting Information). 
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Figure 1. FT-IR spectrum of 1 in KBr disc. 

 

Photocatalytic Amidation for Surface Functionalization of Cellulose-Based Surface 

As the photocatalytic amidation works well with silyl functional groups, it is anticipated that this 

photoredox reaction could also be applicable for surface functionalization on solid supports with 

silanized amine functional group. To evaluate this application, filter paper as an illustrative 

example of cellulose-based solid-support materials with hydroxyl functional groups on their 

surfaces has been used. The surface of filter paper was first chemically modified with APTMS to 

introduce the amine groups prior to functionalization by photocatalytic amidation with 

perfluoroalkyl iodide (Scheme 1b).  

As shown in Scheme 1b, the filter paper surface was initially modified with −NH2 groups 

by treatment with APTMS according to a modified literature procedure (See Supporting 

Information).63 Optimization of the amine-functionalization has been performed with different 

concentrations of APTMS solutions. The efficiency of amine functionalization has been evaluated 

by the increase of weight, Si and N elemental compositions determined by SEM-EDS, and the 
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surface roughness detected by Zygo 3D optical profiler of the APTMS-modified filter papers 

(Table 1, Figures S5-S9). In general, the weight as well as the Si and N elemental compositions of 

the APTMS-modified filter paper increase with the concentration of APTMS solution (Table 1). 

This suggests the increase of APTMS surface modification with a higher concentration of APTMS 

solution. From the change of N compositions against the APTMS concentration, the percentage of 

amine functionalization reaches a plateau when 0.84 M of APTMS is used. Comparing the pristine 

filter paper, the surface roughness of the amine-functionalized surfaces increases from ~ 0.50 µm 

to ~ 0.70 µm after APTMS modification (Table 1).  

Table 1. Physical and surface characteristics of APTMS-modified filter papers S1–S5.a 

Filter 

Paper 

APTMS 

solutionb 

Increased 

weight (g) 

Si content 

(%) 

N content 

(%) 

Increased roughness 

(µm) 

S1 1 0.00357 4.86 4.18 0.498±0.033 

S2 2 0.00425 5.95 4.96 0.667±0.018 

S3 3 0.00683 6.53 5.58 0.661±0.038 

S4 4 0.01074 7.82 6.03 0.685±0.035 

S5 5 0.01121 8.26 6.13 0.694±0.027 
aThe data were calculated based on the average values of 12 pieces of filter papers. The filter 

papers were cut into small pieces (2 cm × 2 cm) for this experiment. bFor APTMS solutions 1–5: 
APTMS (150 mg, 750 mg, 1.50 g, 2.25 g and 3.00 g for solutions 1–5, respectively) dissolved in 
a 15-mL ethanol/water (v/v: 4/1) mixture. 

After surface modification with APTMS, the filter papers exhibit some degree of water 

repellency. This property is revealed from the wettability test, based on the contact angle (CA) 

measurements with a water droplet on APTMS-modified filter papers over different times after 

deposition (Figure 2). As shown in Figures 2a and 2b, the APTMS-modified filter papers S1 and 

S2 show water an initial CA of ca. 70–73°, but the water droplets would be readily absorbed by 

the filter papers within several seconds. Filter paper S3 shows a similar property as S1 and S2 but 
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with a much slower absorption rate as indicated by the decrease of the CA from initially 82.8° to 

74.2° after 1 min of deposition. After 10 minutes of deposition, the water droplet would be 

completely absorbed (Figure 2c). This shows that both the contact angle and water repellency 

increase with the degree of APTMS modification. Further increase of the water repellency and 

contact angle is observed in the filter papers S4 and S5 (Figures 2d and 2e). For these filter papers, 

the initial contact angles are about 100° and would only decrease to about 80° after 10-min of 

deposition, indicating the slow absorption rate. Although the silane-content increases from S4 to 

S5, the water contact angles of these filter paper are similar. This is likely attributed to the 

polymerization and aggregation of APTMS at high concentration, which result in different surface 

properties.64 These results show that the APTMS concentration used for S4 is optimal for amine 

functionalization of the filter paper with the highest water repellency. With APTMS-modified filter 

paper S4, its surface was further functionalized by photocatalytic amidation with perfluorooctyl 

iodide using fac-[Ir(ppy)3] as photocatalyst (Scheme 1b).   
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Figure 2. Contact angle measurements on APTMS-modified filter papers S1 – S5 at different 

times after deposition of the water droplet. 

The chemically-modified surfaces were characterized by ATR-IR spectroscopy (Figure 3b). 

Since there is a significant overlapping of the IR absorption bands in the regions 900 – 1500 cm–1 

and 2800 – 3500 cm–1 in pristine and chemically modified filter papers, the analysis of the variation 

of the IR absorption in these regions associated with the chemical modifications is difficult, even 

though notable changes of the absorption intensity for certain bands, such as 1202 and 1242 cm–1 

can be observed. The evolution of the new band at 1556 cm–1 in APTMS-treated filter paper, which 
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is a characteristic absorption of APTMS and absent in untreated filter paper, confirmed the 

successful silanization of filter paper by APTMS. After photocatalytic amidation of the APTMS-

modified filter paper with perfluorooctyl iodide after 60-minute photoirradiation, a new absorption 

shoulder at 1684 cm–1, attributable to the ν(C=O) of the amide group (Figure 3) was observed. 

Related amide ν(C=O) of perfluorooctanamide is observed at 1691 cm–1 (Figure 1). Moreover, 

there is significant enhancement of the absorption intensities of bands at 1242 and 1202 cm–1, 

which correspond to two strong characteristic absorption bands observed in the IR spectrum of 

perfluorooctanamide (Figure 3a). These IR absorption features substantiate the successful 

application of photocatalysis for the amide functionalization on the APTMS-modified filter paper 

with perfluorooctyl iodide. 
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Figure 3. (a) FTIR spectrum of 1 and (b) overlaid FTIR spectra of pristine filter paper, APTMS-

modified filter paper before and after photocatalytic amidation (60-minutes irradiation) recorded 

on an ATR mode. 
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The chemical compositions of the pristine, APTMS-modified and perfluorooctanamide-

functionalized filter paper were further examined by X-ray photoelectron spectroscopy (XPS). In 

the XPS spectrum of the pristine filter paper (Figure S10), it only shows peaks corresponding to C 

and O signals. Upon treatment with APTMS, signals of Si and N are characterized (Figure S11). 

This indicates the successful chemical modification of APTMS onto the filter paper. For 

perfluorooctanamide-functionalized filter paper, in addition to the expected C 1s (282 – 294 eV) 

and O 1s (528 – 535 eV) signals, signals corresponding to Si 2p (100 – 104 eV), N 1s (396 – 403 

eV) and F 1s (682 – 691 eV) are also observed in the survey XPS spectrum, which suggest the 

successful chemical modifications. Deconvolution analysis of the high resolution signals of C 1s, 

Si 2p, N 1s, O 1s and F 1s shows the existence peaks of C-Si (283.86 eV), C-C (285.16 eV), C=O 

(287.21 eV), C-O (290.85 eV), C-F (293.24 eV); Si-C (101.59 eV), Si-O (102.01 eV); NH-C 

(398.98 eV); N-C=O (400.95 eV); O-Si (530.06 eV); O=C (531.37 eV); O-C or H-O-C (531.38 

eV); F-C (688.17 eV); and inorganic fluoride (684.03 eV), respectively. These bonds provide 

another form of evidence confirming the successful silanization and photocatalytic amide 

formation in surface modifications. 
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Figure 4. (a) XPS survey spectrum of the perfluorooctanamide-functionalized filter paper and 

deconvoluted fittings of the high resolution (b) C 1s, (c) Si 2p, (d) N 1s, (e) O 1s and (f) F 1s 

signals. 

The surface characteristics of the filter papers before and after chemical modifications have 

also been studied using SEM, EDS and 3D optical profiler (Figure 5). The surface morphologies 

of pristine (Figure 5a), APTMS-modified (S4, Figure 5b), and perfluorooctanamide-functionalized 

(Figure 5c) filter papers are shown in the SEM images. These images reveal the high micro- and 

nanoscale surface roughness of the cellulose fibers on their surfaces. The differences in surface 

roughness and morphologies (Figure 5a2, b2, and c2) are supportive of successful chemical 

modifications by treatment of APTMS and photocatalytic amidation. The presence of elements 

silicon (Si) (7.82 wt.%) and nitrogen (N) (6.03 wt.%) in APTMS-modified filter paper (Figure 5e) 

as well as Si (6.98 wt. %), N (5.63 wt.%) and fluorine (F) (6.73 wt.%) in perfluorooctanamide-

functionalized filter paper (Figure 5f) further corroborate the successful surface modifications. The 
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distributions of different elements in perfluorooctanamide-functionalized filter paper based on 

scanning electron microscopy with energy-dispersive spectroscopy (SEM-EDS) mapping (Figure 

6) confirm the widespread functionalization of the fibers with APTMS and perfluorooctanamide. 

It is worth noting that more connections are present at the interfaces between cellulose fibers 

upon silanization with APTMS. This is likely due to the bridging ability of the silane anchoring 

groups. As a result, the microscale surface roughness increases (6.72 µm vs. 6.04 µm before 

treatment) with considerably different surface morphology as revealed in 3D optical profiler 

topography images (Figure 5h vs. Figure 5g). As further functionalization of amine groups on the 

APTMS-modified filter paper with the perfluorooctanamide functional moiety would only affect 

the surface on a nanoscale level, the overall roughness and surface morphology are not 

significantly altered, as revealed in Figure 5h and 5i.  
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Figure 5. SEM images (a-c), EDS analysis (d-f) and 3D optical profiler topography images (g-i) 

of (a, d, g) pristine filter paper, (b, e, h) APTMS-modified filter paper (S4) and (c, f, i) 

perfluorooctanamide-functionalized filter paper. 
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Figure 6. (a) SEM image and SEM-EDS mapping of (b) C, (c) O, (d) N, (e) Si and (f) F on the 

surface of the perfluorooctanamide-functionalized filter paper.  

Wettability of the Chemically-Modified Cellulose-Based Filter Paper 

The filter paper exhibits excellent water repellency and hydrophobicity after surface 

functionalization through chemical modifications with APTMS and perfluorooctanamide. This 

property was studied using wettability tests based on the contact angle measurements with a water 

droplet (Figure 7). As revealed in Figures 7a-c, water droplet is readily absorbed by pristine filter 

paper, and thus the CA is 0°; whereas the droplets can rest on the APTMS-modified and 

perfluorooctanamide-functionalized filter papers with initial CAs of 105.5° and 126.0°, 

respectively. This indicates the hydrophilic cellulose surface becomes hydrophobic after chemical 

modification with APTMS and perfluorooctanamide. The increase of CA from 105.5° to 126.0° 

after the functionalization of the perfluorooctanamide group is consistent with the increased 
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hydrophobicity and lower surface energy of the perfluoroalkyl group. However, 

superhydrophobicity with contact angle ≥ 150° cannot be achieved as the roughness of the 

micro/nano structure of the perfluorooctanamide-functionalized filter paper are not typical range 

for superhydrophoic surface.65  

 

 

Figure 7. Photographs showing the wettability tests on filter papers and contact angle 

measurements: (a), (b) and (c) pristine filter paper; (d), (e) and (f) APTMS-modified filter paper; 

(g), (h) and (i) perfluorooctanamide-functionalized filter paper. 

To determine water repellency in a semi-quantitative manner, contact angle measurements of 

water droplets on APTMS-modified (Figure 2d) and perfluorooctanamide-functionalized (Figure 

8) filter papers at different times after deposition have been performed. For APTMS-modified filter 

paper (S4), the CA initially after deposition reaches approximately 105° but it decreases to 93° 

and 84° upon standing for 5 and 10 minutes, respectively (Figure 2d). The considerable decrease 

of CA upon standing for 10 minutes is ascribed to the absorption of water as reflected from the 

noticeable decreased volume of the water droplet. In contrast, the CA of the water droplets on 
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perfluorooctanamide-functionalized filter papers only slightly decreases after standing on the filter 

papers for 5 and 10 minutes (Figure 8). This observation indicates a significant increase in the 

water repellency of the filter paper upon conversion of the amide group to perfluorooctanamide. 

Comparing perfluorooctanamide-functionalized filter papers prepared from different irradiation 

times (30-minutes, 60-minutes, and 120-minutes irradiation), a slight increase of initial CAs with 

irradiation time but with a similar extent of change in CAs upon standing are noted (Figures 8a, 

8b and 8c). This suggests that these perfluorooctanamide-functionalized filter papers have similar 

hydrophobicity and water repellency.  

 

Figure 8. Contact angles measurements on filter papers with surface functionalization by 

photocatalytic amidation with perfluorooctyl iodide upon irradiation for (a) 30, (b) 60, and (c) 120 

mins. 

In view of the high water-repellency and hydrophobicity of the perfluorooctanamide-modified 

filter papers, these surfaces might possess wetting selectivity between hydrophobic organic 
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solvents and water. Such selectivity would enable these materials for applications in separating 

oil/water mixtures.22-29,66- 71 To investigate the wetting selectivity of the perfluorooctanamide-

functionalized filter paper for hydrophobic organic solvents and water, it is initially assessed by 

studying the penetrating properties of the filter paper with an n-hexane/water mixture, which is 

prepared by adding a hexane droplet (20 µL) onto the blue-dyed water droplet (20 µL) rested on 

the perfluorooctanamide-modified filter paper (Figure 9). As discussed above, the water droplet 

would not be absorbed by the filter paper and remains stable resting on the filter paper. In contrast, 

the n-hexane droplet would be absorbed and penetrated through the perfluorooctanamide-

functionalized filter paper (Figures 9c and 9d). This indicates the hydrophobicity and oleophilicity 

of the modified surface. Similarly, droplets of other organic solvents such as n-pentane, chloroform, 

toluene, dichloromethane, petroleum ether and peanut oil would penetrate into this 

perfluorooctanamide-functionalized filter paper immediately after deposition.  

 

Figure 9. The preliminary wetting selectivity assessment of perfluorooctanamide-functionalized 

filter paper with n-hexane/water mixture, prepared by adding a n-hexane droplet (20 µL) onto the 

blue-dyed water droplet (20 µL) rested on the filter paper. 
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To study the applications of this surface-modified filter paper for aqueous-organic biphasic 

separation, perfluorooctanamide-functionalized filter paper with a diameter of 9 cm (Figure 10a) 

was prepared by treatment of APTMS similar to that for S4 and then functionalization by 

photocatalytic amidation with perfluorooctyl iodide upon 60-min irradiation. To evaluate the 

aqueous-organic biphasic separation efficiency, different organic solvent/water mixtures (10 mL, 

v/v, 1:1) have been used to test the separation by pouring into a filter funnel fitted with a quadrant-

folded perfluorooctanamide-functionalized filter paper. The solvent capable of penetrating through 

the filter paper was collected by the conical flask in the bottom. As demonstrated in the separation 

of n-hexane/water mixture (Figure 10b), only organic solvents could penetrate through the filter 

paper and be collected in the collecting flask, whereas the aqueous layer with blue-color dye 

remained resting on the filter paper. The collected organic solvents showed no observable mixing 

with water (Figure 10b; Videos in Supporting Information). After removal of the blue-dyed 

aqueous layer, the filter paper did not show any blue color. This suggested that no aqueous solution 

can penetrate through the filter paper in the separation processes. In contrast, both n-hexane and 

water can be pass through the pristine filter paper and collected in the collecting flask in a similar 

control experiment with pristine filter paper (Figure 10c; Videos in Supporting Information). The 

penetration and absorption of water in the pristine filter paper is also confirmed by the blue dye 

adsorbed on the filter paper. After ten separation cycles of n-hexane/water, the filter paper 

maintained its high separation efficiency (> 92%), and the average separation efficiency is about 

95% (Figure 10d) with the average separation flux of 1765 L m-2 h-1. After ten cycles of oil/water 

separation, no obvious change of the chemical composition nor morphology in the filter paper is 

noted from the ATR-IR (Figure S12) and SEM (Figure S13) characterization. Apart from the n-

hexane/water mixture, the separation efficiencies using the same filter paper for different solvent 
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mixtures, including n-pentane/water, dichloromethane/water, chloroform/water, toluene/water, 

petroleum ether/water, ethyl acetate/water, and peanut oil/water, have also determined based on 

five separation cycles (Figure 10e). Except for the peanut oil/water mixture, the separations of all 

these mixtures can be completed within 6 min with the averaged separation efficiencies larger than 

92%. The loss of the solvent or peanut oil by the filter paper due to absorption and evaporation 

during the separation are summarized in Table S2. Due to the high viscosity of peanut oil, it took 

about two hours for complete separation with a lower separation efficiency of 81%. The above 

organic/water separation tests were all conducted with the same perfluorooctanamide-

functionalized filter paper. This confirmed the reusability, durability of the water-repellent 

properties, and the stability of the perfluorooctanamide-functionalized filter paper. However, the 

filter paper is unable to separate organic solvents from emulsifier-free hexane-in-water (oil-in-

water) and octanol-water-ethanol (water-in-oil) emulsions. 
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Figure 10. (a) Photographs of the filtration setup with perfluorooctanamide-functionalized filter 

paper and the organic solvent/water mixtures (10 mL; v/v,1:1) for testing the separating solvent 

mixtures application. Photographs of n-hexane/water mixture separation test with (b) a 

perfluorooctanamide-functionalized filter paper, and (c) a pristine filter paper. (d) Separation 

efficiencies of n-hexane/water mixture over ten cycles. (e) Separation efficiencies for different 

organic solvent/water mixtures determined based on five separation cycles with the same filter 

paper. 
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CONCLUSIONS 

In summary, the photoredox catalysis for the amidation of amines with perfluoroalkyl 

halides not only tolerate a silane functional moiety under a homogeneous condition but could also 

work heterogeneously for surface chemical modification. Through two-step processes, silanization 

with amine functional group and the subsequent photocatalytic amidation with perfluoroalkyl 

iodide, surface chemical modification with perfluorooctanamide can be achieved with low-cost 

and readily available amine-containing silanization reagents and perfluoroalkyl iodide. The 

successful chemical modifications of these surfaces have been characterized by ATR-IR 

spectroscopy, XPS, SEM-EDS and 3D optical profiler. Further, our results also demonstrate that 

perfluorooctanamide-functionalized filter papers become hydrophobic with high water repellency, 

wetting selectivity, and oleophilicity. Importantly, these perfluorooctanamide-functionalized filter 

papers can be used to effectively separate organic and aqueous biphasic mixtures. With the 

photochemical method, it is anticipated that patterned surface modification, which can bring 

additional functional properties, can be achieved using a suitable photomask. The use of this 

surface functionalization strategy on different materials including fabrics and wood for developing 

other functional materials is in progress. Our preliminary experiments confirm its applicability for 

modification of wood and cement surfaces (Figure S14–S16 in Supporting Information). 
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For Table of Content 
 

The application of photoredox catalytic amidation for surface functionalization is developed and 

evaluated. After functionalization with perfluorooctanamide, the filter paper shows excellence 

water-repellency and hydrophobicity. Besides, it also possesses high wetting selectivity, which 

can be used to effectively separate the organic/aqueous biphasic mixtures over many cycles 

without lowering the separating efficiency. 
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