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SUMMARY

Fog water harvesting offers a solution to water scarcity. Here, we
introduce a method to enhance fog water harvesting systems utiliz-
ing electrospun yarns featuring a wettability gradient. These yarns,
made from polyvinylidene fluoride (PVDF) and titanium dioxide
(TiO2), gain photoinduced hydrophilicity under UV light due to
TiO2 photocatalytic properties, allowing dynamic shifts from hydro-
phobic to hydrophilic states. Experiments show that an alternating
PVDF-TiO2 harp with a wettability gradient surpasses purely hydro-
phobic or hydrophilic versions in fog collection. The strategic mix of
hydrophobic and hydrophilic sections enhances droplet movement
and water capture, achieving a 16% increase in collection rate up
to 400 mg cm�2 h�1. This approach introduces a novel method for
creating wettability gradients in electrospun yarns via UV irradiation
and represents a significant advancement in adaptable fog water
harvesting systems.

INTRODUCTION

Water shortage worldwide is one of the most pressing challenges of our time. Global

water scarcity poses a significant threat to ecosystems and human societies, neces-

sitating innovative solutions for sustainable water resource management.1 In many

regions, conventional water sources are depleting rapidly, prompting a search for

alternative methods to harness fog water2 or other sustainable water sources.3

Fog water harvesting was inspired by the Namib desert beetle, which captures water

on its bumpy, hydrophilic-hydrophobic patterned back, demonstrating that wetta-

bility effects enhance fog capture.4 Fog water harvesting has emerged as a prom-

ising approach, exploiting the natural occurrence of water droplets suspended in

foggy air.5 The capture efficiency relies on surface characteristics, with hydrophobic

surfaces preventing premature coalescence and facilitating controlled droplet

movement.6 Conversely, hydrophilic surfaces promote droplet coalescence,

enhancing capture efficiency.7 Integrating a wettability gradient, encompassing

both hydrophobic and hydrophilic regions, presents a dynamic strategy for opti-

mizing fog water collection.8 This gradient improves the efficiency of the total sur-

face, allowing for selective and efficient droplet capture,9 which is commonly

observed in nature.10 Other groups have demonstrated hydrophobic/hydrophilic

Janus systems for fog capture; however, they did not employ yarns for increased

fog collection.11 Other forms of sustainable water sources include sorption-based

atmospheric water harvesting (AWH), which can capture and release water vapor

from the air.12 Unlike traditional fog water capture, which relies on the presence of

fog and requires specific climatic conditions, sorption-based AWH can operate

based on a high surface area and an affinity for water molecules. Li et al. demon-

strated a solar-driven AWH with bidirectionally aligned nanocomposites.13
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Polymer fiber meshes are one of the most effective ways to collect water from fog,

together with yarns produced from electrospun nanofibers.14 Electrospinning, a

widely adopted technique in which a voltage is applied between a nozzle and a col-

lector, produces nanofibrous structures with high surface area and tunable proper-

ties.15 In this study, we leverage electrospinning to fabricate yarns composed of

polyvinylidene fluoride (PVDF) and titanium dioxide (TiO2) nanoparticles. The incor-

poration of TiO2 for switchable wettability has been shown previously16; however,

this work incorporates TiO2 nanoparticles during electrospinning to create yarns.

The resulting electrospun yarns exhibit unique morphological characteristics,

making them ideal candidates for fog water harvesting applications. Electrospin-

ning yarns also provide flexibility for different applications like smart textiles,17

thermal management18 and coatings,19 and tissue scaffolds20 or skin patches.21

This responsive fog water harvester is easy to scale and can be integrated into ex-

isting technologies.

In fog water harvesting, traditional mesh structures have been widely utilized.22

Researchers have tried to improve the efficiency of conventional meshes by em-

ploying electrospinning methods for fog capture.23 Knapczyk-Korczak et al. stud-

ied the importance of hydrophobic properties of electrospun meshes,24 incorpo-

rating hydrophilic nanofibers,25,26 and improved the fog capture efficiency of

aligned electrospun fibers.27 However, harp-like structures present advantages

over meshes, especially in preventing clogging.28 A fog harp is a specialized

structure resembling a vertical array of strings or yarns designed to capture at-

mospheric water droplets from the fog by providing surfaces for droplet conden-

sation and subsequent collection.29 The unimpeded movement of droplets along

harp surfaces ensures continuous and efficient water collection, mitigating the

challenges associated with clogging observed in conventional mesh configura-

tions.30 Comparing electrospun yarns to conventional metal yarns reveals distinct

advantages. The lightweight and flexible nature of electrospun yarns offers prac-

tical benefits, making them more suitable for deployment in various environ-

ments. Additionally, the ability to control wettability adds a level of sophisticat-

ion, allowing for tunable performance in fog water harvesting.31 By investigating

the fog water collection of hydrophobic, hydrophilic, and alternating wetting

harps, we found that the wettability gradient of yarns possesses higher water

collection efficiency.

Additionally, integrating smart materials with switchable wettability can improve

fog water harvesting systems. Dynamic adjustment of the surface wetting states

is controlled by an external stimulus that changes its surface or chemical proper-

ties.32 Switchable wettability is commonly used in other applications, such as mi-

crofluidics,33 oil-water separation,34 self-cleaning,35 heat transfer,36 and smart win-

dows.37 In particular, we explore the use of TiO2 nanoparticles in PVDF yarns, which

are further constructed into harps, showcasing their photoinduced hydrophilicity

under UV irradiation.38 This switchable wettability allows for dynamic control

over the yarns’ hydrophobic and hydrophilic states, enabling adaptability to vary-

ing environmental conditions.39 The concept of a wettability gradient, where sur-

faces transition between hydrophobic and hydrophilic states, has gained traction

in water harvesting applications,40 optimizing droplet movement and capture

efficiency.41 While previous studies have explored the benefits of wettability gradi-

ents,42 our work introduces a novel method of achieving such gradients using

UV irradiation and electrospinning, offering a scalable, dynamic, and adaptable

approach to fog water collection.
2 Cell Reports Physical Science 5, 102176, September 18, 2024



Figure 1. Yarn production and device setup

(A) Electrospinning setup for yarn production consisting of two nozzles, vortex, and rotating mandrel.

(B) Water collection schematic with the inset of the produced electrospun PVDF-TiO2 yarns.

(C) SEM image of a single yarn. Scale bar, 100 mm.
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RESULTS AND DISCUSSION

Fiber morphology and composition

The PVDF-TiO2 yarns were produced via electrospinning, and a schematic of the

electrospinning process, with the finished yarn setup, is shown in Figure 1. The elec-

trospinning process creates fibers made from PVDF-TiO2. The fibers are collected on

a vortex, which twists the fibers into a yarn that is drawn toward the mandrel, whereit

is continuously collected. The yarns are then strung together in a vertical array to

create the fog-collecting harp. Fog water collectors constructed from electrospun

yarns excel in water collection and have the capability of adjusting surface wettability

for gradient functionality.

The surface morphology of the PVDF-TiO2 yarns that were created from individual

fibers during the electrospinning process as well as the electrospun fibers are shown

in Figures 2A and 2B, respectively. It is evident from scanning electron microscopy

(SEM) images that the PVDF-TiO2 fibers are free of beads and do not contain any

fiber entanglements. This result demonstrates that the morphology and spinnability

of the electrospun yarns are repeatable in different systems.19 It is also evident that

the fibers contain agglomerations of TiO2 scattered throughout the electrospun

yarn. The uniform dispersion of TiO2 within the polymer fibers shows that the nano-

particles are held within the polymer matrix, creating a strong mechanical bond

between the two. This process is advantageous over adding TiO2 nanoparticles after

electrospinning due to the fact that TiO2 is embedded in the fibers because it is elec-

trospun from a polymer/TiO2 blend solution.43 The addition of the TiO2 changes the

morphology of the fibers and the fiber diameter.

Furthermore, elemental mapping was employed to show the elemental makeup of

PVDF-TiO2 yarns in Figures 2C–2E. The Fourier transform infrared (FTIR) spectrum

for PVDF-TiO2 yarns can be found in Figure S1. The average fiber diameter of the

PVDF-TiO2 fibers is 1.5 G 0.5 mm. Histograms indicating yarn size distribution are

shown in Figure 2F. The PVDF-TiO2 yarn diameter is 193.4 G 8.4 mm, Figure 2G.

Additionally, energy-dispersive X-ray spectroscopy (EDX) analysis was conducted

to verify the elemental composition of the PVDF-TiO2 fibers. Figure 2H shows

that the PVDF-TiO2 yarns contain elements present in the polymer solution of

PVDF, C and F,44 as well as an additional Ti peak, confirming the addition of TiO2
Cell Reports Physical Science 5, 102176, September 18, 2024 3



Figure 2. Characterization of yarns

(A and B) SEM micrographs of PVDF-TiO2 yarn.

(C–E) EDX mapping of PVDF-TiO2 yarn.

(F) Fiber diameter distribution.

(G) Yarn diameter distribution.

(H) EDX spectra from PVDF-TiO2 yarn.
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nanoparticles. Au is present on the EDX spectra due to the Au coating applied for

SEM imaging.

Wettability

Wettability is a fundamental determinant in the efficacy of fog water harvesting

systems.45 The hydrophobicity of surfaces is essential for removing fog droplets

after they collect and coalesce on the surface. This property ensures the mainte-

nance of discrete droplets, a critical factor for optimizing the water harvesting ef-

ficiency. Hydrophobic surfaces, by minimizing surface adhesion, facilitate superior

droplet removal with increased water yield.46 Conversely, hydrophilic surfaces play

an equally vital role in fog harvesting, promoting the efficient utilization of fog by

facilitating the spread and adherence of water droplets.47 The inherent property of

hydrophilic surfaces to encourage droplet coalescence enhances the capture effi-

ciency of fog water harvesting systems when integrated with a hydrophobic

gradient. The integration of a wettability gradient, encompassing both hydropho-

bic and hydrophilic regions, emerges as a promising strategy for optimizing fog

water collection.48 This gradient strategically leverages the strengths of both sur-

face types, allowing for efficient droplet capture.45 The controlled transition

between hydrophobic and hydrophilic regions enhances the overall collection

efficiency, offering a dynamic and adaptable approach to fog harvesting. In this

study, the static contact angle of water on the PVDF harp is 149� G 3.1�, and
the static contact angle of water on the PVDF-TiO2 harp is 146� G 4.9�. These
values are comparable to those of our previous studies, in which a PVDF mesh con-

tact angle was 147� and the addition of TiO2 into the mesh resulted in a contact

angle of 145�.2 Although the intrinsic contact angle of TiO2 is very low (�30�),
this does not lower the contact angle of the blended PVDF-TiO2 yarns since the

majority of the surface is PVDF.49
4 Cell Reports Physical Science 5, 102176, September 18, 2024
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The flexibility of the harp construction allows the collector to be entirely hydrophobic,

fully hydrophilic, or patterned with alternating hydrophobic and hydrophilic sections

(Figure 3A). It is also feasible for future work to prepare a yarn with mixed wettability

in the same yarn with alternating directional wettability.50 This tunability ensures optimal

performance in various environmental conditions, making fog water collection systems

more efficient and adaptable, particularly in water-scarce regions. Figure 3B illustrates

UV irradiation on PVDF-TiO2 fibers for photoinduced hydrophilicity, a phenomenon

stemming from the photocatalytic properties of TiO2.
51 The resultant catalytic activity

generates hydroxyl radicals, transforming the surface from hydrophobic to hydrophilic.

Based on our previous studies, PVDF-TiO2 maintains hydrophilicity in air after several

days.2 The surface can resort back to hydrophobicity with the addition of heat. The

external stimulus can be used as a control to determine which yarns in a fog collector

are hydrophobic or hydrophilic. The yarns can be tailored and dynamically controlled

to exhibit diversewettability profiles. For the alternatingwettability gradient, every other

yarn contained TiO2, making the wettability switch simple under UV light. Figure 3C il-

lustrates the complete harp setup prior to fog harvesting experimentation. The yarns

were exposed to UV light for different durations to determine the change in wettability

(Figure 3D). After 4 h of UV irradiation, the fibers exhibit complete wetting. A non-wet-

ting surface can be restored by maintaining the yarns at 60�C for 2 h, highlighting the

potential for controlled and reversible wettability. This process is repeatable, with only

a 6% decrease from the first measurement to the last, demonstrated within a 10 cycle

wettability switch in Figure 3E.

Fog water collection

The chemical composition, surface geometry, harp construction, roughness, and wetta-

bility of electrospun yarns emerge as critical factors, highlighting their significance within

thewater collection experiment.52Althoughharp construction plays a critical role in opti-

mizing fog water collection, it was optimized based on the best practices from the exist-

ing literature.29 The yarn diameter influences the surface area available for droplet for-

mation and collection. Thinner yarns increase the surface area, which enhances the

collection rate. The length of the harp also increases the total surface area; however,

this can also lead to severe wire tangling.53 In our study, we decided on the constant

diameter of approximately 190 mm for PVDF-TiO2 combined with a constant length to

precisely monitor the water collection rate influenced by the changes in wettability.

Lastly, the pitch between the yarns determines how effectively the fog interacts with

the collection surface. Too much airflow, where fog in the airstreams flows through

the harp, will also result in fog going straight through the collector and no water collec-

tion.54 In this study, we select a 90� angle, as it is themost common in the literature, thus

providing the easiest platform to compare with other results. In the absence of UV irra-

diation, discrete droplets populate the harps. Notably, UV irradiation induces rapid

spreading ofwater droplets on the harp’s surface. The responsiveness of the electrospun

harps to UV irradiation introduces a dynamic element to fog water harvesting. The pho-

toresponsive harps undergo a change to become hydrophilic, enhancing their ability

to capture droplets, which has historically been difficult for hydrophobic surfaces.

Conversely, where droplet capture is less critical, the electrospun mesh can be manipu-

lated to revert to a hydrophobic state under heat, maximizing droplet shedding. Since

the harps can be set to have completely hydrophobic, hydrophilic, or alternating wetta-

bility, the water harvesting was run on all the surface options for comparison (see

Figure 4).

UV-irradiated PVDF-TiO2 or hydrophilic harps exhibit comparable water collection

rates with non-irradiated or hydrophobic harps, even though the droplet-surface

interaction is entirely different for the two surfaces (Figure 4A). When the air is highly
Cell Reports Physical Science 5, 102176, September 18, 2024 5



Figure 3. Wetting characteristics of yarns

(A) Schematic illustration of the three different wetting characteristics of PVDF-TiO2 yarns: fully hydrophobic, fully hydrophilic, and alternating.

(B) The mechanism of the conversion process of wettability of PVDF-TiO2 fibers. TiO2 agglomerates are indicated with red arrows.

(C) Image of completed harp prior to fog harvesting with 1 mm scale bar.

(D) Water contact angle under UV irradiation.

(E) Cycling between hydrophobic and hydrophilic with the addition of UV irradiation followed by heat.
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Figure 4. Water collection

(A) Results of water collection rate of all three wetting possibilities of harps: hydrophobic PVDF-TiO2, hydrophilic PVDF-TiO2, and alternating

hydrophobic and hydrophilic PVDF-TiO2.

(B) Comparison of total water collected after 3 h.
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saturated with fog, there is competition between the rapid formation of droplets and

shedding at high humidity levels, making the initial wettability difference negligible.

After 3h of fog water harvesting, the hydrophobic and hydrophilic PVDF-TiO2 harps

have a water collection rate of 346 G 4.8 mg and 345 G 1.8 mg cm�2 h�1, respec-

tively. The results shown here are similar to our previous results of PVDF harps in the

same fog conditions of 365 mg cm�2 h�1.14 This demonstrates that physical TiO2

nanoparticles have very little effect on the water collection rate of PVDF harps. On

the other hand, the alternating PVDF-TiO2 variant attains the highest water collec-

tion rate of 400 G 6.4 mg cm�2 h�1 (see Figure 4B). All water collection tests were

run in triplicate, showing small standard deviations between each experiment.

Even after 9 h of water collection testing, the collection rate did not decrease,

demonstrating that no structural damage was present that would affect the fog wa-

ter harvesting results. Table 1 illustrates several existing reports on fog water collec-

tion using commonly usedmaterials. Other groups have taken advantage of a wetta-

bility gradient or patterned wettability surface to improve droplet capture and

droplet shedding. Yin et al.31 added polytetrafluoroethylene (PTFE) nanoparticles

on a copper mesh to construct a hybrid superhydrophobic-hydrophilic surface

for water collection. By introducing wetting and non-wetting regions, Lee et al.42

were able to achieve a fog harvesting rate of 209 mg cm�2 h�1 when constructing

a cylindrical double structural system. Additionally, other researchers have shown

that adding patterned wettability with control of the surface topography can in-

crease water collection compared to non-optimized surfaces.55–57 By changing the

collection shape to wires, Yang et al.58 were able to construct a wettability gradient

to induce fog capture on the top of the wires and induce droplet shedding as the

droplets grow with size. Zhu et al. created a Janus fabric with a water collection

rate of 225 mg cm�2 h�1.48 Another research group used ultraslippery patterning

mixed with hydrophilic surfaces for efficient fog harvesting of 160 mg cm�2 h�1.59

Another example of patterned wettability for fog capture is demonstrated by Sun

et al., in which they used superhydrophobic sticky paper with holed, smooth

aluminum alloy as the hydrophilic region to obtain a fog capture rate of 363 mg

cm�2 h�1.60 Besides patterned wettability, groups have discovered multiple uses

of fog-harvester materials to improve capture efficiency while providing additional

functionalities. A bifunctional fog harvester was addressed to show an alternative

method of water collection while decontaminating the collected water.61
Cell Reports Physical Science 5, 102176, September 18, 2024 7



Table 1. Summary of fog water collection rate for various materials based on the listed

references

Material class Processing methodology

Water harvesting
performance
(mg cm�2 h�1) Reference

Copper mesh nanoparticle deposition
by femtosecond laser

203 Yin et al.31

Hydrogel dip immersion and
cylindrical structuring

209 Lee et al.42

Carbohydrate
polymer

spin coating 91 Shi et al.55

Glass-PFDS patterned wettability
with laser ablation

7 Wang et al.56

Titanium alloy laser grid texturing 416 Liu et al.57

Aluminum wires patterned immersion 46 Yang et al.58

PVDF-TiO2 yarns electrospinning 400 current work
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An alternating wettability gradient proves to be a highly efficient configuration for

fog water harvesting, primarily due to its ability to capitalize on the distinct advan-

tages of hydrophobic and hydrophilic surfaces. In this configuration, the hydropho-

bic regions are critical in preventing premature coalescence by repelling water drop-

lets and facilitating their faster movement. As droplets traverse the hydrophobic

sections, they eventually fall from the force of gravity and roll down the surface.

The strategically positioned wet hydrophilic regions then come into contact with

the rolling drop on the hydrophobic region, as shown in the supplemental informa-

tion (Figure S2). Since the wettability gradient is neighboring yarns, the interplay of

wettability comes during droplet shedding on the hydrophobic yarn and facilitates

water removal of the hydrophilic yarn. This interplay between the two regions is

shown in a high-speed video in Video S1, where the droplet can be seen rolling

down the hydrophobic yarn and coming into contact with the hydrophilic yarn,

increasing the total volume of removed water. The electrospun yarns are porous

and contain porous fibers; because of this, the hydrophilic yarns are swollen with wa-

ter during fog water capture and exhibit larger fiber diameters compared to the hy-

drophobic yarns, which do not retain water. This dynamic relationship ensures that

the droplets, once repelled by the hydrophobic regions, are efficiently captured

and consolidated by the adjacent hydrophilic segments, removing even more water.

Hence, although the total water collected from the hydrophobic and hydrophilic

harps are almost identical, the alternating PVDF-TiO2 harp collected 16% more wa-

ter after 3 h (Figure 4B). The alternating PVDF-TiO2 harp had a total fog water collec-

tion of 1,201 G 19.2 mg cm�2. By utilizing an alternating wettability gradient, the

described water harvester demonstrates increased water collection compared to

conventional wetting harps. This innovative approach enhances water harvesting ef-

ficiency and introduces a novel method for creating wettability gradients using UV

irradiation and electrospinning.

Overall, we advanced fog water harvesting using electrospun yarns with an alter-

nating wettability gradient. The integration of PVDF and TiO2, coupled with dynamic

control over wettability, presents a versatile and efficient approach to fog water cap-

ture. The water collection experiments highlight the improved water capture rate of

the alternating wettability gradient harps. While both hydrophobic and hydrophilic

harps exhibited similar water collection rates, the alternating PVDF-TiO2 harp out-

performed them, achieving a remarkable rate of 400G 6.4 mg cm�2 h�1, which rep-

resents a 16% increase in water collection compared to the harps without a wetta-

bility gradient. The alternating wettability gradient harps also introduces a tunable
8 Cell Reports Physical Science 5, 102176, September 18, 2024
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and responsive process. The scalability of the PVDF-TiO2 harp for practical applica-

tions is highly promising. The electrospinning process used to produce the PVDF-

TiO2 yarns is both stable and reliable, as demonstrated by the successful production

of several meters of yarn for experimental purposes. This is crucial in arid regions of

the world because there is an urgent need to provide alternative clean water glob-

ally.62 This stability indicates that the process can be extended to larger scales

without compromising the material’s quality. To engineer the harp at a meter scale,

the same experimental setup can be used to produce additional yarn. The main

requirement for scaling up is to increase the quantity of yarn produced, which can

be achieved by extending the duration of the electrospinning process. The design

of the harp itself is inherently flexible; it can be easily extended to accommodate

more yarn and cover larger areas. This scalability makes the PVDF-TiO2 harp a viable

option for large-scale water collection applications, providing an efficient solution

for practical, real-world deployment.62 Importantly, the here-presented methodol-

ogy is transferrable to various materials and technologies, making this approach

applicable beyond PVDF. This study demonstrates electrospun yarns with alter-

nating wettability gradients as a viable and efficient fog water collector that is

able to help in current water shortage challenges.

EXPERIMENTAL PROCEDURES

Materials and electrospinning

25 wt% TiO2 nanoparticles (Sigma-Aldrich, UK, particle size <100 nm) were added to

dimethylacetamide (Sigma-Aldrich, UK) and acetone (Sigma-Aldrich, UK) in a 1:1 ra-

tio. The solution was sonicated for 1 h in an ultrasonic bath (Bandelin, Sonorex, Ger-

many). Then, 24 wt % of PVDF (Sigma-Aldrich, UK, MW= 350,000 gmol�1) was added

to the above mixture for a final concentration of 24 wt %. The solution was stirred at

400 rpm for 4 h on a hot plate set to 50�C (IKA RCT basic, Staufen, Germany).

The electrospinning process was conducted using a TechNOVA (ESVY-100,

MicroNano Tools, Canada) electrospinner with a climate control system. The

PVDF fiber yarns were produced by applying a voltage of +8 kV to one 19G stainless

needle and a voltage of�9 kV to the other 19G stainless needle, which were both set

to a 12 cm distance from the collector. The chamber’s environmental conditions

were kept at T = 22�C and a relative humidity of 50%. The flow rate for both pumps

was set to 0.08 mL min�1. The collecting mandrel was held at a constant rotating

speed of 12 rpm, and the vortex speed was held constant at 400 rpm. The harps

were heated in an oven at 60�C (Pol-eko Aparatura, Poland) for 2 h.

Material characterization

A scanning electronmicroscope (Merlin Gemini II, ZEISS, Germany) was employed to

analyze the surface morphologies of the electrospun samples. Before observations,

the samples were coated with an 8 nm Au layer for SEM imaging using a rotary pump

sputter coater (Q150RS, Quorum Technologies, UK). The fiber and yarn diameters

were measured using the SEM micrographs with ImageJ software (1.53k, NIH,

USA). The average fiber diameter values were calculated from 100 measurements,

and the error was based on the standard deviation with OriginLab (2022, USA) soft-

ware. The chemical composition of the fibers was analyzed using FTIR spectroscopy

(Nicolet, iS-5, USA) and on Al substrates using EDX (Bruker Quantax 800). The wetta-

bility was measured by placing and imaging 3 mL volume droplets of deionized water

(Spring 5UV purification system, Hydrolab, Poland) on the electrospun yarns. Wetta-

bility tests were conducted using a digital camera interfaced with a macro-lens (EOS

700D, EF-s 60 mm, Canon, Japan) and repeated seven times. The contact angles

were measured on a vertically placed yarn and analyzed using a contact angle
Cell Reports Physical Science 5, 102176, September 18, 2024 9



ll
OPEN ACCESS Article
plug-in on ImageJ software. High-speed imaging was conducted during fog

water collection (Chronos CR14–1.0, Krontech, Canada, 3,381 fps and 400 3

1,000 pixels).
Water harvesting experimental setup

The water harvesting performance of the as-prepared samples was evaluated with a

lab-built experimental apparatus, including a commercial humidifier (Setii, AH900,

Poland) and a chamber (50 3 60 3 40 cm). The humidifier produced the fog at a

rate of 400 mL h�1 and a velocity of 2 m s�1. The harps (60 cm2) were fixed to two

steel stands and placed vertically 7 cm away from the humidifier. The harps were

attached to 3D-printed in-house holders consisting of 30 individual yarns. Two

holders were set 10 cm apart and finely tuned using adjustable nuts on a threaded

rod. The teeth on the 3D-printed holders were spaced 1.05 mm apart and had a total

length of 15 cm. A flowmeter (SOLE Uni-T, China) was used to measure the fog flow

rate, and the chamber was held above 95% relative humidity during experiments.

Fog water collection was conducted in a custom-built environmental chamber spe-

cifically designed for this study at an ambient air temperature of 26�C G 2�C. The
experiments were conducted thrice, and the collected fog water was measured at

15 min intervals for 3 h. The wettability switch of the harps from hydrophobic to hy-

drophilic was conducted in a UV chamber for 2 h. UV irradiation for the wettability

switch was performed in the air by 6 parallel UV lamps (9 W, 285 nm) at 4 cm from

the electrospun samples. To revert back to the initial hydrophobic state, the harp

samples were placed in an oven at 60�C for 2 h.
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