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Metal nanoparticles are known as extremely hydrophilic substances due to their high surface energy. 

Hydrophobic property on the metal nanoparticles can be realized only if the nanoparticles were pretreated 

with low-surface-energy chemicals. In this paper, two adjacent transition metals, i.e. Fe and Co, were 

selected and coated on a commercial available fabric via a facile chemical in situ growth method. Then, 

n-octadecyl thiol, which possesses a low surface energy, was selected as the modifier to obtain 10 

superhydrophobic-superhydrophilic hybrid fabric depending on thiol’s selective modification to Fe and 

Co nanoparticles on fabric. The surface Co nanoparticles can be modified by n-octadecyl thiol and 

transform into hydrophobic nanoparticles. However, the surface Fe nanoparticles cannot be modified n-

octadecyl thiol in our experimental condition and thus still retain the hydrophilic property. An as-prepared 

fabric with these two kinds of nanoparticles even distributed on the surface is termed as 15 

superhydrophobic-superhydrophilic hybrid fabric since the fabric shows integral superhydrophobic 

property however possesses many superhydrophilic spots on the fabric. This material is hopeful to realize 

water harvesting like desert beetle collect water micro-droplet from the morning fog without exhausting 

external energy. 

Introduction 20 

In nature, various species have developed elegant schemes to 

adjust to their surroundings and win survival. Lotus leaves repel 

water and fouling very much so that they can ingeniously show 

themselves from sludge.1 Water striders stand and skate upon a 

water freely due to the oriented patterned microsetae with fine 25 

nanogrooves on their legs.2 Galapagos sharks move nimbly and 

quickly despite its awkward body because the close-packed 

dermal denticles (aligned parallel to the local flow direction of 

the water) all over their skin that can help reducing water drags.3 

Cactaceae species are known for their extremely drought-tolerant 30 

property which is ascribed to the special structure with well-

distributed clusters of conical spines and trichomes on the cactus 

stem.4 Desert beetles that reside in the areas of limited water 

collect water droplets from morning fog via their back which is 

covered with an alternating pattern of hydrophobic and 35 

hydrophilic microstructures.5-7 The understanding of these 

functions offered by plants and animals gifted  in nature can 

efficiently guide us to mimic and yield functional materials and 

devices.8-10  

Learning from natural biological surfaces, various bio-40 

inspired materials were reported aiming at gifting the surfaces 

with multifunctional properties (such as water-repellent, self-

cleaning, and drag reduction property) and thus applying them to 

the fields of anti-fouling window glasses11,12, micro-channels13, 

oil/water separation14,15 and water harvesting16,25. We have 45 

reported the multifunctional superhydrophobic surfaces such as 

transparent superhydrophobic glasses17 and oil/water separation 

materials15,18-22. As the pure superhydrophobic surfaces were 

broadly investigated in the past decades23-25, hybrid surfaces 

composed with both hydrophobic and hydrophilic ingredients 50 

have recently been studied and achieved by ornamenting 

hydrophilic spots on the superhydrophobic surface16,26. The 

hybrid surfaces show opposite wettability to the major water 

droplets and the minor water droplets. This kind of material is 

hopeful applying in the field of water harvesting and thus solving 55 

the global shortage of fresh water, especially for the remote areas 

with limited water (e.g. South Africa, North-west of China). Zhai 

et al. reported a patterned superhydrophobic-superoleophilic 

hybrid surface came from selective deposition of 

superhydrophobic multilayer films onto a hydrophilic patterns16. 60 

Ishii et al. prepared the biomimetic hybrid surface by electroless 

plating of self-organized honeycomb-patterned polymer films 

composed of metal-dome and polymer-spike superhydrophobic 

surfaces26. Chen et al. synthesized the perfectly hydrophobic 

nanfibers and selectively deposited polyelectrolytes onto the as-65 

prepared hydrophobic surface27. Thickett et al. applied a spin-

coating method to fabricate polymer bilayers with a hydrophilic 

polymer layer (equilibrium water contact angle (CA) 36.0°) on 

top of a hydrophobic polymer underlayer (equilibrium CA 91.3°) 

for atmospheric water capture28. However, these approaches often 70 
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either involve complicated synthetic procedures to introduce 

functional groups to the patterned areas or are limited by tedious 

manipulation to fabricate the hybrid surface, and the as-prepared 

hydrophobic-hydrophilic hybrid surface shows a small difference 

in the intrinsic wettability between hydrophobic spots and 5 

hydrophilic spots. Herein, an efficient in situ growth process was 

used to create superhydrophobic-superhydrophilic hybrid (SSH) 

fabrics, providing a simple and environment friendly method to 

acquire water harvesting property which previously required 

more complicated synthesis routes. The transition metal 10 

nanoparticles (NPs), Fe and Co, are served as the 

superhydrophilic ingredient and the superhydrophobic ingredient 

on fabrics, respectively. The two kinds of metal nanoparticles, 

under our controlled condition, can be selectively modified by 

low-surface-energy thiol (Co nanoparticles were modified 15 

whereas Fe nanoparticles were not). The modified Co 

nanoparticles show hydrophobic property whereas the 

unmodified Fe nanoparticles show hydrophilic property. To the 

best of our knowledge, such a selective modification strategy to 

fabricate superhydrophobic-superhydrophilic hybrid fabric has 20 

not been reported before. The coating amount of the NPs can be 

random controlled artificially and separately in a wide range via 

altering the concentrations and proportion of Fe(II) and Co(II) 

ions in the precursor solution. Meanwhile, the size of the SSH 

fabric required can be obtained in arbitrary scales via expanding 25 

the reaction apparatuses and thus make people convenient 

acquiring appropriate catchments capacity of the water within an 

optimal area of SSH. It is made from the costless fabric that can 

be randomly chosen from various textiles. 

Materials and methods 30 

Materials 

The fabrics (containing 65% polyester and 35% cotton) were 

purchased from a local store in Lanzhou, China. The original 

fabrics were sequentially cleaned by distilled water, anhydrous 

ethanol and distilled water in an ultrasonic cleaner to remove 35 

possible impurities. n-Octadecyl thiol (96%) was obtained from 

Acros organics. All other chemicals were analytical-grade 

reagents and used as received. 

Preparation of superhydrophobic-superhydrophilic hybrid 
fabrics 40 

The as-cleaned fabric was immersed into a mixture of Co(NO3)2 

and FeSO4 solutions (3:1, totally 0.04 M) that provided the Fe 

and Co sources at room temperature under normal atmospheric 

conditions for 1-3 min. Next, an aqueous solution of sodium 

borohydride solution (0.03 M, 50 mL) was added dropwise into 45 

the precursor solution at room temperature under constant 

magnetic stirring. 30 min later, the fabric with Fe and Co 

nanoparticles grown on it was drawn from the solution and 

sequentially washed with distilled water and ethanol at least three 

times to eliminate the residual solution. The fabric then was dried 50 

in a drying oven for 10 min and immersed in 50 mL of 4 mM n-

octadecyl thiol anhydrous ethanol for 24 h at room temperature. 

Finally, the fabric was thoroughly washed with copious amounts 

of anhydrous ethanol to remove any residual thiol and dried in a 

drying oven. 55 

Characterization 

The water contact angle was measured with a 5 µL distilled water 

droplet at ambient temperature with a DSA100 contact angle 

meter (Kruss Company, Germany). The average CA value was 

obtained by measuring the sample at five different positions, and 60 

the images were captured with a traditional digital camera. 

Scanning electron microscopy (SEM) images were obtained on 

JEOL JSM-5600LV and JEOL JSM-7100F scanning electron 

microscopes with Au-sputtered and Pt-sputtered specimens. X-

ray energy dispersive spectrometer (EDS) attached to the 65 

scanning electron microscopes was used for the examination of 

the chemical composition of the as-prepared fabric. The amounts 

of Fe and Co nanoparticles present on the fabrics were 

determined by atomic absorption spectroscopy (AAS) (Analytik, 

Jena, contrAA700). The surface chemical composition and 70 

surface element content analysis of the as-prepared surfaces were 

investigated using X-ray photoelectron spectroscopy (XPS), 

which was conducted on a Thermo Scientific ESCALAB 250Xi 

electron spectrometer using the Al Kα line as the excitation 

source. The binding energy of C 1s (284.6 eV) was used as the 75 

reference. The air humidity was produced controlled by S20U-S 

ultrasonic humidifier (Midea, China). 

Results and discussion 

As-selected metal NPs (Fe and Co) can smoothly coated on the 

fabrics via an in situ growth process (Figure 1) because of the 80 

presence of different oxygen groups on fabrics that can easily 

bond with the metal NPs. The weights before and after the in situ 

growth process were measured and recorded to demonstrate that 

the NPs had been successfully coated on the fabrics (Table S1) 

and the increased weight is commonly about 2%~5% of the 85 

original fabric. After the thiol treatment, the Co NPs on the fabric 

were well modified whereas the Fe NPs on the fabric were unable 

to be modified with thiol. In order to demonstrate the inverse 

wettability of Fe and Co NPs after the thiol modification, we 

separately made the Fe NPs and Co NPs in situ growth on two 90 

vacant fabrics and followed by the thiol modification as 

schematically shown in Figure 2. The result clearly shows that 

the fabric coated with Co NPs showed superhydrophobicity 

whereas the fabric coated with Fe NPs still showed 

superhydrophilicity. It can be concluded that the Co NPs are 95 

readily to bond with thiol ligand whereas the Fe NPs on the 

fabrics are hardly coordinating with thiol-ligand without 

specialized treatment (such as prolonged drying in a drying oven 

and rinsed with sodium borohydride aqueous solution) as 

demonstrated by our previous reports.15,18 The mechanism was 100 

illustrated as followed: The reduced single metal NPs on the 

fabric can be oxidized to the oxides more or less. Fe element 

generally exists by virtue of elemental Fe and Fe(III), Fe(II) in 

FeO and Fe(OH)2 is quite oxidizable in the air so that it is hard to 

have the elementary Fe NPs to be oxidized to Fe(II). For Fe 105 

element, we can only find the pKsp values of FeS (Fe(II)) from 

Lange’s Chemistry Handbook, 15th Edition (pKsp=17.20); both 

elemental Fe and Fe(III) are vacant. For Co element, the stable 

valence state is Co(II). As the outer surface of the Co NPs were 

oxidized to the Co(II), the Co(II) is readily coordinated with thiol 110 

(the pKsp of CoS was 24.7). According to this difference between 
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Fe and Co, we successfully fabricated SSH fabrics from 

simultaneously in situ growth of Fe and Co NPs with thiol 

modification. 

 
Fig. 1 Schematic illustration of the preparation procedure of the SSH 5 

fabric from in situ growth of Fe and Co NPs with thiol modification. 

 
Fig. 2 The procedures of separately in situ growth of Fe and Co NPs. The 

final wettabilities were absolutely opposite. 

Transition-metal NPs in the air quite likely form an oxidation 10 

layer at the outer surface. The oxidation layer is prone to 

coordinate with thiol and thus invert its wettability. 

Unfortunately, it is notable that the Fe is exceptive that cannot 

coordinated with thiol because the Fe(II) (willing to bond with 

thiol) is unstable in the air. The outer oxidation layer are mainly 15 

composed of Fe(III) that cannot interact with S ligand. The 

reason is that Fe(III) can oxidize S ions, Fe(III) would oxidize 

RSH to RS-SR and the RS-Fe(III) was thus not formed. Thus, the 

introduction of Fe NPs on the fabric is regarded as the 

superhydrophilic ingredient since the hydrophobic group (thiol 20 

ligand) cannot be smoothly fixed on the Fe NPs in the fabricating 

process. As for the other transition metal, Co, is a adjacent 

element of Fe in the periodic table of elements (Figure 3a). The 

redox potentials of them (φ(Co(II)/Co)=-0.277, φ(Fe(II)/Fe)=-

0.44) are so closed that the in situ growth of Fe and Co occurred 25 

near-simultaneously, forming the homogenous hybrid surface. If 

the as-selected transition element possesses an oversize 

difference of the redox potential with φ(Fe(II)/Fe), the priority of 

the in situ growth process will dominate the fabricating procedure 

and lead the inhomogeneity of the in situ growth process layer by 30 

layer. As illustrated in Figure 3b-d, when we use the mixture 

composed with the equal concentrations of Co(NO3)2 (0.04 M) 

and FeSO4 (0.04 M) as the precursor, the obtained fabric would 

have both of the two elements in situ growth on and peak 

intensities are approximate (Figure 3c and d). In contrast, as we 35 

use the mixture composed with the equal concentrations of 

CuSO4 (0.04 M) and FeSO4 (0.04 M) as the precursor which have 

a relatively larger redox potential between φ(Fe(II)/Fe) and 

φ(Cu(II)/Cu) (=0.340), the obtained fabric from the in situ growth 

method would mainly coated with Cu NPs. The peak intensity of 40 

Fe element in Figure 3g is quite weak compared to the peak 

intensity of Cu element in Figure 3f. Also, both the coating of Co 

and Fe NPs and Cu and Fe NPs were quantified by AAS analysis. 

The results showed a ratio of 0.82:1 for the coating of Co and Fe 

NPs and a ratio of 22.48:1 for the coating of Cu and Fe NPs, 45 

respectively. The results reflected that the competitive nucleation 

between Co and Fe NPs is fair whereas the competitive 

nucleation between Cu and Fe is violent. The metallic Fe can 

hardly be reduced before the metallic Cu have been completely 

reduced since the as-reduced Fe will immediately reduce the 50 

Cu(II) in the solution which possesses a higher redox potential 

(φ(Cu(II)/Cu)) even if the Fe(II) was supposed to be reduced. 

Here, as-selected Co element which is adjacent to Fe element can 

maximumly eliminate the inhomogeneity of the in situ growth 

process brought by the difference of the redox potentials as far as 55 

possible.  

 
Fig. 3 (a) Graph showing a portion of periodic table of elements (b-d) XPS 

spectrum of as-prepared fabric from in situ growth of Co and Fe NPs with 

a equal concentrations Co(II) and Fe(II) ions in the precursor 60 

(c(Co(II))=c(Fe(II))=0.04 M). (e-g) XPS spectrum of the contrast 

experimental fabric from in situ growth of Cu and Fe NPs with a equal 

concentrations Cu(II) and Fe(II) ions in the precursor 

(c(Cu(II))=c(Fe(II))=0.04 M). Spectra in the far left column are integral 

spectra of the fabrics. The others are the high-resolution spectra 65 

corresponding to specific elements as labeled in the spectra. The insets 

in the left corner of (b) and (e) are the optical images of the as-prepared 

superhydrophobic fabrics. 

The coating amount of Fe and Co NPs on fabric can be 

flexibly controlled via adjustment of the corresponding 70 

precursors. The former paragraph has depicted that the in situ 

growth of Fe and Co NPs did not have obvious priority from each 

other compared to the others since they have a less difference in 

the redox potentials. The random growth of the Fe NPs 

(hydrophilic ingredient), Co NPs (hydrophobic ingredient) and 75 

Fe-Co composite NPs on the fabric can be hardly recognized 

intuitively but demonstrated experimentally using the component 

analysis (AAS in Figure 4a, EDS and XPS in Figure S1). 

Meanwhile, we can artificially alter the amounts of Fe and Co 

NPs, as well as the size of the NPs via adjusting the concentration 80 

of precursors. Thus, precursors composed of Fe(II) and Co(II) 

ions with different concentration ratios were investigated in the 
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premise of maintaining the total concentration constant (0.04 M), 

aiming at revealing the wettability variance and guiding the 

designs the water harvesting fabric. The proportions of Fe and Co 

NPs coated on the fabric with different concentration ratios 

(c(Co(II))/c(Fe(II))) were determined by AAS (Figure 4a and 5 

Table S2 in the SI) and it was found that the proportions of as-

reduced Fe and Co NPs n(Co)/n(Fe) on fabrics showed linear 

growth with respect to the ratio of c(Co(II))/c(Fe(II)) in the 

precursors. The coating ratio of n(Co)/n(Fe) on the fabrics shows 

nearly equal value to the ratio of c(Co(II))/c(Fe(II)). Meanwhile, 10 

the hydrophobic property gradually increases from the totally 

superhydrophilic to superhydrophobic with the increase of the 

ratio of c(Co(II))/c(Fe(II)) in the precursor. As shown by the 

optical images below the curve in Figure 4a, the wettabilities of 

the water droplet corresponding to different concentration ratio of 15 

Co(II) and Fe(II) (total concentration remains constant 

(c(Co(II))+c(Fe(II))=0.04 M)) are presented, which possess an 

increasing trend of contact angle as the increase of the 

concentration ratio c(Co(II))/c(Fe(II)). When the concentration 

ratio is quite low, which can induce a low coating capability of 20 

Co and a high coating capacity of Fe, the fabric is initially 

slightly hydrophobic but unstable (water spreads on the film and 

permeates through the film within about 96 s at the concentration 

ratio 1:4 and about 320 s at the concentration ratio 1:3), 

indicating that superfluous superhydrophilic ingredient and 25 

insufficient superhydrophobic ingredient are on fabric. As the 

concentration ratio increases to 1(coating ratio is about 0.86), the 

stable superhydrophobic fabric is obtained after the modification 

of n-octadecyl thiol. As the concentration continues to increase, 

the contact angle of water droplet on fabric will be slightly 30 

changed and remains at >150°. The surface morphologies of the 

SSH fabrics with the gradual increases of the concentration ratio 

were illustrated by the SEM images in Figure 4b and c, Figure 4d 

and e, Figure 4f and g, which correspond to the dot 2, 3 and 4 of 

the curve in turns (SEM images of original fabric, dot 1 and 5 are 35 

showed in Figure S2). Moreover, the geometric morphology 

variation from the Fe(II) ion dominant precursor to the Co(II) ion 

dominant precursor was specially illustrated in Figure S3. While 

the Fe(II) ion is dominant in precursor, the NPs coated on the 

fabric are mainly made of micro-scale flower-liked sphere with 40 

many nano-sheet in it. While the Co(II) ion is dominant, the NPs 

coated on the fabric are mainly made of micro-scale sheet. The 

amounts of the two kinds of structures are fair when we control 

the concentration ratio of the precursor equal to 1. It is believable 

that the difference between these surface morphologies is related 45 

with the respective nucleation property of the selected metals (Fe 

and Co). However, the surface morphologies of these as-prepared 

fabrics are not responsible for final hydrophobic or hydrophilic 

properties but served as a magnified factor to the wettability. 

Since the unmodified metal nanoparticles are generally 50 

superhydrophilic due to their native high surface free energy, the 

surface wettabilities of the fabric coated with metal nanoparticles 

are thus integral superhydrophilic before thiol modification. Only 

if the resultant fabrics are covered with sufficient amount of Co 

nanoparticles, the hydrophobic property of the resultant fabric 55 

can be realized after thiol modification. Therefore, the 

morphology, as well as the superhydrophobic and 

superhydrophilic properties can be artificially altered via 

changing the concentration ratio in the precursor. The increase of 

Co(II) is favor of the superhydrophobic property whereas the 60 

increase of Fe(II) is favorable for the superhydrophilic property. 

Unfortunately, oversized concentration ratio of Co(II) and Fe(II) 

ions is harmful to the application of water harvesting resulting in 

a poor efficiency of collecting water droplets, which will be 

theoretically analyzed in the latter theoretical section. Moreover, 65 

the relationship between the coating ratios of Fe and Co NPs and 

the ratio of Fe(II) and Co(II) in the precursor was also 

investigated by EDS and XPS measurements, as the assistant 

evidence shown in Figure S1 that show good agreement with the 

AAS measurement. The EDS spectrums of as-prepared hybrid 70 

fabrics with thiol modification are sequentially showed in Figure 

S4 and the intensity of the peak values can successively and 

intuitively reflect the amount of the corresponding NPs. As the 

integral (AAS) and partial (EDS and XPS) component analysis 

have the approximately accordant trend, it can be concluded that 75 

distributions of Fe and Co NPs are uniformly coated, forming the 

homogenous SSH fabrics. 
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Fig. 4 (a) Relationship between the coating amount ratio of Co and Fe 

NPs (detected by AAS) and the concentration ratio of Co(II) and Fe(II) ions 

in the precursor. The optical images of contact angle at different 

concentration ratios after modification with n-octadecyl thiol are 

presented beside the curve (5 μL). The contact behaviors of water 5 

droplet at lower concentrations were proposed underneath. Panels (b-g) 

are SEM images corresponding to different concentration ratios of Co(II) 

and Fe(II) ions in the precursors as labeled with dots 1-5 in panel (a): (b, c) 

dot 2 (concentration ratio 1:3), (d, e) dot 3 (concentration ratio 1:1), (f, g) 

dot 4 (concentration ratio 3:1). SEM images in the left column are large-10 

area view of the hybrid fabrics whereas images in the right column are 

high-resolution SEM images. 

Inspired by the desert beetles that can adhere, handle and 

collect water microdroplets without using an external energy 

source, the SSH fabrics was fabricated aiming at collecting 15 

freshwater from the morning fog. The superhydrophilic 

ingredients (Fe NPs) on the as-prepared fabric can adhere and fix 

the microdroplets, the microdroplets will gradually grow up and 

eventually stop spread outward as the water droplet arrived at the 

boundary of the superhydrophilic ingredient and the 20 

superhydrophobic ingredient. Then the microdroplets will be 

pinned on the superhydrophilic spot and finally get rid of the 

superhydrophilic spot (rolling off) due to the integral 

superhydrophobicity of the fabric. It is inferred that the SSH 

fabric will began to harvest water droplet while the pinning 25 

velocity of water droplet is larger than the evaporating velocity. 

The water harvesting process is essentially the competition 

between condensation and evaporation and thus can be realized in 

a sufficient humid environment. Here, the water harvesting test 

was proposed by using the ultrasonic humidifier (Figure S5) to 30 

produce water mist environment in a 50×30×30 cm3 sealed box 

(Temperature was 19 ± 1 °C and humidity was 72%). The 

pinning and condensation process of fogs on the SSH fabric with 

a concentration ratio of 3:1 was captured by a digital camera with 

discrete times ranging from 3 min to 90 min as shown in Figure 5. 35 

To the theory suggested by Chen et al.29, three stages exist on a 

superhydrophobic surface without any external forces, namely 

initial growth without coalescence, immobile coalescence and 

mobile coalescence. At first the water drops on fabric nucleated 

and grew without significant interactions and the initial coverage 40 

of droplets can be negligible (Figure 5a and b). Then, the surface 

coverage of droplets is large enough and thus the droplets merged 

with the neighbor droplets frequently without external forces but 

remaining the center of mass of the merging droplets unchanged 

as schematically shown in Figure 5c and d. Finally, the self-45 

propelled coalescence will lead to the mobilization and removal 

of the as-merged droplets from fabric as the average droplet 

diameter arrives at a threshold value (Figure 5e and g). The 

average diameter of droplets (d) on the fabric gradually increases 

with the time (t) and the relationship can be expressed as30 50 

<d> ~ tα 

where α is the growth law exponent depending on the stage of 

condensation. As the time consumed, droplets will reach the 

threshold diameter and get rid of the surface. Henceforth, the 

water initial growth, coalescence and condensation will reach a 55 

dynamic equilibrium and the integral weight of the fabric will 

remain unaltered which is considered as the last and main stage 

for the water harvesting process. Another test was proposed to 

quantitatively study the water harvesting ability of the fabrics and 

optimize the concentration ratio.  60 

 
Fig. 5 Optical images of harvested droplets with different times (a) 3 min 

(b) 7 min, (c) 15 min, (d) 30 min, (e) 60 min and (f) 90 min.  

As the water harvesting property was commonly suggested 

for a integral superhydrophobic surface, we applied the as-65 

prepared superhydrophobic fabrics (Upper surface area=3×3 cm2) 

with concentration ratio of 1:1 and 3:1 to collected water in a 

50×30×30 cm3 semi-sealed box. In the whole water harvesting 

process, the environmental temperature was maintained at 19 ± 1 

°C and the resultant SSH fabrics were exposed to 72% humidity. 70 

As schematically shown in Figure 6, the net weight of water 

collected by as-prepared fabric was an increasing function of 

time. The net weight of water is approximate to zero during the 

initial period of time, indicating the stage of initial growth 

without coalescence. However, the net weight of water will get an 75 

increase while the time surpasses one certain value and then 

increase steadily with time, indicating the advent of mobile 

coalescence. It is considered that the superhydrophilic ingredients 

play an important role in a water harvesting process. Surprisingly, 

as for the variation trend showed in Figure 6, it can be observed 80 

that the net weight of water collected by as-prepared fabrics with 

difference amounts of superhydrophilic ingredients show actually 

little difference while it meets its steady increase stage (about 120 

min later). This might because that the superhydrophilic 

ingredients play little role while they were wholly covered by the 85 

growing droplets. The later absorption of water fog is completely 

dependent on the growing droplets on fabrics since only the outer 

surface of the as-condensed droplet can get in touched with the 

fogs in air (Figure 5d). The superhydrophilic ingredients on the 

fabric cannot contact the external fogs due to the block effect of 90 

the as-condensed droplet on the fabric. While the droplet on the 

fabric expanded to an ample size, the droplet will sliding off the 

surface and the bared superhydrophilic nanoparticles can resume 

the second generation of water harvesting procedure. From the 

first half of the curve, it was observed that the superhydrophilic 95 

ingredient can affect the initial starting time of the collection of 

as-prepared fabric. The SSH fabric with a concentration ratio of 

3:1 started to harvest water at 60 min whereas as the SSH fabric 

with a concentration ratio of 1:1 started to harvest water at 90 min 

(Figure 6). The fabric with a concentration ratio of 3:1 shows an 100 

earlier time to collect the first drop of water than that of the fabric 

with a concentration ratio of 1:1 that was reflected by the starting 

time of the water net weight increasement. The well sliding 

ability of the SSH fabric with the higher concentration ratio 

makes the collection of water easy-proceeding at a lower sliding 105 

angle. Contrarily, the increase of the amount of hydrophilic 

ingredients on fabric will delay the initial starting time of the 

water collection. As the amount of superhydrophilic ingredients 
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is not conclusive for the water harvesting process and the 

overmuch superhydrophilic ingredient will contrarily hamper the 

collection of water due to the competition behavior between 

hydrophobic ingredients and hydrophilic ingredients, the fabrics 

with a bigger concentration ratio will be more proper. However, 5 

the water harvesting cannot proceed without the hydrophilic 

ingredients. As for the as-prepared fabric with a concentration 

ratio of 3:1, the average collecting rate, i.e. the average net weight 

of water per unit area and per unit time, after the water harvesting 

reaches the steady increase stage is calculated of about 520 g·m-
10 

2·h-1. As the water consumption of the ultrasonic humidifier per 

hour is about 290 g, the water collection efficiency, i.e. the net 

water collected by the 3.0×3.0 cm2 fabric per hour in a box of 

50×30×30 cm3 at 19 ± 1 °C divided by the total water consumed 

by the ultrasonic humidifier, is calculated of about 0.16%. The 15 

water collection efficiency is not satisfied. However this brand-

new strategy for constructing superhydrophobic-superhydrophilic 

hybrid fabric is quite easily to be scaled up than the ever-reported 

methods.  

 20 

Fig. 6 Line graph showing the relationship between the net weight of 

water and the time at a concentration ratio of 3:1 and 1:1. The net 

weight of water shows an obviously increase while the time surpass 30 

min. 

The micro-scale morphology is obtained by SEM as showed 25 

in Figure 4f and g, and the composition was determined by EDS 

and XPS spectra as graphically shown in Figure 7. The EDS 

maps of Fe, Co and S elements are presented in Figure 7d. The Fe, 

Co and S elements are all uniformly distributed on the surface of 

fabric, which further demonstrated the superhydrophilic and 30 

superhydrophobic nanoparticles are randomly and evenly existed 

all over the fabric surface. In addition, the cycle experiment was 

proposed to study the recyclability of as-prepared fabric in the 

application of water harvesting. Specifically, the integral CA for 

a 5 µL droplet after every one-hour water harvesting test was 35 

used to evaluate the recyclability of as-prepared fabric at the 

precursor concentration ratio c(Co(II))/c(Fe(II))=3. As shown in 

Figure S6, the resultant SSH fabrics still exhibited good 

superhydrophobic property after 12 times repetitions, though the 

color of the SSH fabric got lighter than the unused one (Figure 40 

7a). Moreover, the EDS spectrum and EDS maps of Fe, Co and S 

elements revealed that the SSH fabric still possessed even 

distribution of the superhydrophobic and superhydrophilic 

ingredients on the fabric surface after repeatedly use for water 

harvesting. In addition, the water contact angles of the as-45 

prepared SSH fabric were recorded within the 12-times recycling 

as shown in Figure S7, which illustrated the good recyclability 

and reusability of the SSH fabric. 

 

 50 

Fig. 7 (a) Optical images of macroscale water droplets on the as-prepared 

fabric with the precursor concentration ratio of 3:1. The inset shows the 

water CA of the fabric. (b) EDS spectrum of the resultant SSH fabric. (c) 

XPS spectra of the resultant SSH fabric. (d) The EDS maps of Fe, Co and S 

elements on the resultant SSH fabric. 55 

The Fe NPs have good affinity for water and, therefore, affect 

the adhesion properties of water microdroplets on the hybrid 

surface. Since the roll-off of water droplet from the fabric implies 

its collection, the roll-off angle (α, 0≤α≤90°) can be investigated 

to elucidate the water harvesting ability. With the accumulation 60 

of the droplet, it will eventually slide down the inclined fabric. As 

for the second of the droplet’s sliding, the adhesion force of the 

fabric exerted to the droplet can be calculated as31 

F=mgsinα=1/6πD3
ρgsinα      (1) 

where F is the adhesive force, m represents the mass of the water 65 

droplet, ρ represents the density of water and D represents the 

diameter of the water droplet. In addition, for the surface micro-

structure, the adhesive force can be also expressed as31 

F=NSF0         (2) 

where N represents the areal number density of the 70 

superhydrophilic Fe NPs. S represents the apparent contact area 

with the water droplet with a given mass m, and F0 is the 

adhesive force of a single superhydrophilic Fe nanoparticle in the 

premise of supposing uniform and equal-sized NPs were formed 

on the fabric. By combining eqns (1) and (2), we obtained 75 

 sinα = 6NSF0/(πD3
ρg)  (3) 

sinα is the monotonous increasing function of α in the range 

0≤α≤90°. From this equation, we can see that the roll-off angle 

(α) is the increasing function of NS which represent the intrinsic 

property of fabric whereas the decreasing function of D which 80 

represents the physical property of water droplet (Figure S8). 

Generally, on the one hand, as the superhydrophilic ingredient on 

the fabric, Fe NPs can collect and fix the microdroplets in the 

morning fog that is crucial for the water harvesting; on the other 

hand, the increasing proportion of Fe NPs on the fabric will 85 

increase the adhesive force between water droplet and the fabric 
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and thus increase the roll-off angle of water droplets (Figure 

S8a). It is disadvantageous for the water harvesting. Therefore, 

the applicable fabrics must contain appropriate Fe NPs coated on 

them and macroscopically show superhydrophobic property. 

Moreover, the size of the water droplet itself can affect the water 5 

harvesting process (Figure S8b). The oversized droplets are favor 

of rolling off the fabric whereas the undersized droplets are so 

difficult to overcome the surface adhesive force unless they wait 

their expansion. 

Conclusion 10 

In conclusion, we have successfully fabricated the 

superhydrophobic-superhydrophilic hybrid fabrics by utilizing 

the selective modification of n-octadecyl thiol to the coated Fe 

and Co NPs on fabrics that can be used as a potential water 

harvesting material with very low-cost, pollution-free agents and 15 

facile approach. Fe and Co NPs coated on the fabrics are 

randomly distributed and the coating amount of them is easy-to-

controlled just by altering the concentrations and the proportion 

of Fe(II) and Co(II) ions in the precursor solution. Due to the 

selective modification between thiol and the NPs, the wettability 20 

of the fabrics is linearly dependent of the concentration ratio of 

Co(II) and Fe(II) ions in the precursor and varies in a wide range 

from superhydrophilic (totally use the Fe(II) ions as the 

precursor) to superhydrophobic (concentration ratio about 1:1). In 

order to obtain a water harvesting fabric, the concentration ratio 25 

must be appropriate since neither too small (Fe nanoparticle is 

dominant) nor too large ratio values (Co nanoparticle is 

dominant) are unbeneficial for the water harvesting process. This 

kind of material might motivate people to solve the global 

shortage of fresh water via an energy-saving strategy. However, 30 

how to improve the efficiency of the water harvesting process and 

minimize the critical volume value for the water to roll-off is still 

a challenge that need for further researches. 
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Abstract Graphic 

 

By utilizing the selective modification of n-octadecyl thiol to the 

Fe and Co nanoparticles, we fabricated superhydrophobic-

superhydrophilic hybrid fabrics by simple in situ growth process.  5 
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