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ABSTRACT: Surface coating is essential and critical to endow fiber
materials with various functions for broad applications. However, it is
still a great challenge to achieve a fast, fully covered, and robust surface
coating on multiple fibers. In this work, a nanoscale surface coating with
superior stability was rapidly and integrally formed on various fiber
materials (such as Nylon mesh, nonwoven fabrics, and stainless-steel
mesh) by highly reactive interfacial polymerization (IP) between
polyethylenimine (PEI) and trimesoyl chloride (TMC). The resulting
polyamide (PA) layer with an ultrathin thickness of tens of nanometers
wholly and uniformly covered the surface of each fiber of the
constituent material. Due to the synergistic effect of the PA layer
with inherent robustness and the fully covered structure between the outer PA layer and the inner fiber, the nanosurface-coating
exhibited outstanding mechanical stability, good acid resistance, and excellent organic solvent resistance. The functional modification
of the nanosurface-coating can be easily carried out by using the abundant carboxyl groups in the PA layer. By introducing
sulfobetaine zwitterionic copolymers via either “grafting from” or “grafting to” methods, the surfaces presented prominent
underwater antioil-adhesion property and exceptional protein adhesion resistance. The surface coating based on IP process opens up
an avenue in the field of surface modification. It is expected to offer a generally feasible strategy for the fabrication of fiber materials
with robust and multifunctional coatings.

In the past decades, fiber materials have attracted increasing
focus in the fields of membrane separation,1−3 biomedical

engineering,4−6 sensors and actuators,7−9 energy storage and
conversion,10,11 and wearable electronics12−14 due to the
merits of large specific surface area, tunable pore size, high
porosity, high mechanical strength, good flexibility and
connectivity, and so on.15−18 However, the surface of raw
fiber materials, whether from natural fibers such as cotton or
synthetic fibers such as polyester, must be functionally
modified in order to achieve more diversified functions and
better properties.15,19,20 Through blending functional materials
with matrix in the process of fiber spinning, composite fiber
materials can be endowed with specific properties.21 However,
these functional materials are prone to unevenly distribute in
the matrix owing to poor compatibility.22,23 Besides, the
blending method is not suitable for the modification of the
fibers composed of metal, glass, and most natural fibers.
Generally, post-treatment strategies, including chemical
modification and physical coating, are widely used.24−26

Chemical modification is an effective strategy to endow fibers
with various functions by introducing a chemical reaction
between the modifier and the fiber.27−30 However, it usually
requires abundant reaction sites on the surface of fiber
materials. Insufficient reaction sites will result in incomplete
coverage of the modified layer and reduce the modification
effect. Grafting polymerization is an effective method to

increase the content of functional components in case of
relatively few reaction sites. However, grafting polymerization
usually needs harsh operating condition, tedious operation
processes, and long preparation time.22,31,32

As a simple and convenient strategy, fibers with various
functions through a series of physical coating processes,
including dip coating,33−35 spin coating,36−38 layer-by-layer
assembly,39,40 and chemical vapor deposition,41,42 have been
well developed. However, as a matter of fact, it is still a
challenge to obtain a uniform and complete coating with
thickness at the nanoscale on a fiber material. In the process of
physical coating, the concentration, viscosity, preparation time,
operation speed, and/or equipment parameters must be
accurately adjusted and strictly controlled. In some physical
coating, the fiber materials are required to have specific surface
groups or charges.43 In addition, due to the weak noncovalent
interactions with the fibers, the physical coating is easy to fall
off and be damaged.44,45 Recently, mussel-inspired coating has
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attracted great attention and been extensively studied.46−49

Although the mussel-inspired coatings can easily adhere on
various substrates based on multiple interactions, they are
highly likely to be formed by the accumulation of nanoparticles
and difficult to form a uniform and complete coating on the
nanoscale.50,51 Developing a facile and universal strategy for
constructing a nanoscale, uniform and robust surface coating is
thus highly desired and of great significance to further promote
the development and application of fiber materials.

In this work, we report a new surface coating strategy on
various fibers by utilizing liquid/liquid interfacial polymer-
ization (IP). The IP process is a general and industrialized
strategy widely used in the preparation of reverse osmosis
membrane and nanofiltration membrane, where a homoge-
neous and continuous ultrathin polyamide (PA) layer with a
thickness of tens of nanometers can be rapidly formed on a
porous support by the cross-linking reaction between amine in
aqueous solution and acyl chloride in hexane.52−56 Herein, the

Figure 1. Schematic showing the fast and integral formation of the PA coating on a fiber material via the IP reaction of PEI in aqueous solution and
TMC in hexane.

Figure 2. (a) Schematic showing the evaporation process to remove the excess PEI aqueous solution and form the thin solution layer on
hydrophilic and hydrophobic fiber surfaces. Water CAs of the (b) plasma-treated Nylon mesh and (c) untreated Nylon mesh, as well as SEM
images of PA coatings fabricated on these Nylon meshes when evaporating the PEI solution for different time.
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IP process was first used to modify fiber materials. Through the
IP reaction of polyethylenimine (PEI) and trimesoyl chloride
(TMC), we successfully constructed a surface coating that can
be tightly wrapped on the surface of fibers composed of various
materials and with a diameter of microns or even coarser. Due
to the inherent self-limitation property of the IP process, the
obtained surface coating could be well controlled in tens of
nanometers and is extremely uniform with 100% coverage. The
surface coating shows excellent mechanical stability and plays
the role of physical isolation, which can effectively protect the
internal fibers from the damage of the external environment.
The PA coating contains a large number of residual amine and
carboxyl groups derived from the hydrolysis of unreacted
acryloyl chloride groups.57−59 These groups can be used as
reaction sites for further functional modification of fibers. We
grafted zwitterions onto the coating surface to endow the fiber
material with superhydrophilic and excellent antifouling
properties. Our work opens up a new avenue in the field of
surface modification and is expected to offer a generally
feasible strategy for the fabrication of fiber materials with
robust and multifunctional coatings.

To construct the IP-based surface coating, a fiber material
pretreated to be hydrophilic was alternatively soaked in an
aqueous solution containing PEI and a hexane solution
containing TMC, as schematically illustrated in Figure 1 (see
detail in the Experimental Section, SI). In this work, a Nylon
mesh was pretreated by plasma and showed a water contact
angle (CA) of 18° (Figure S1a). A polyethylene terephthalate
(PET) nonwoven fabric was pretreated by alkali and showed a
water CA of 58°. A stainless-steel mesh (SSM) was precleaned
and showed a water CA of 89°. The pretreated fiber material
was completely immersed in the PEI aqueous solution for 3
min and then placed under an ambient condition to allow the
excess PEI aqueous solution to evaporate. By controlling the
ambient temperature and humidity as well as accurately
adjusting the evaporation time, a thin and uniform PEI
aqueous solution layer wrapped the fibers was achieved. When
the TMC hexane solution was introduced onto the fiber

material, IP reaction occurred rapidly at the interface of the
two solutions, forming a PA layer coating each fiber. As a direct
evidence for the formation of PA coatings, the water CA on
Nylon, PET, and SSM mesh exhibited obvious change after the
reaction (Figure S1).

It is well-known that the PA layer grows along the interface
between the aqueous solution and organic solution during the
IP reaction, and the geometric shape of the interface primarily
determines the one of PA layer. Therefore, the key of
fabricating the integral and uniform PA coatings on the fibers
lies in the formation of a thin and continuous PEI aqueous
solution layer on the fiber surfaces. As illustrated in Figure 2a,
when fabricating the PA coating on a hydrophilic fiber
material, we can gradually remove the excess PEI solution
via evaporation to form the required PEI solution layer to
obtain the uniform PA coating surrounding the fibers after the
IP process. However, for hydrophobic fiber material, the PEI
solution cannot form the required PEI solution layer after the
same evaporation, but will shrink to aqueous droplets on the
fibers. As a consequence, the randomly distributed PA flecks
will be obtained after the same IP process. As shown in Figure
2b,c, a series of PA coatings are fabricated on the hydrophilic
and hydrophobic Nylon meshes with evaporating the PEI
solution for different time. For a plasma-treated hydrophilic
Nylon mesh (water CA: 18°), when the IP process is
implemented on the mesh without evaporating the PEI
solution, the excess PEI solution reacts with the TMC solution
and generates an incomplete PA layer on the upper surface of
the whole mesh (Figure 2b). When evaporating the PEI
solution for 4 or 8 min, the excess PEI solution on the mesh is
partly removed. The PA layer trends to be generated on the
fiber surfaces after the IP process, but several PA slices are also
generated on the fiber edges. When evaporating the PEI
solution for 12 min, the excess PEI solution is totally removed,
a thin and continuous PEI aqueous solution layer is formed on
the fiber surface. Eventually, a uniform PA coating is generated
surrounding the fibers. For an untreated hydrophobic Nylon
mesh (water CA: 125°), when evaporating the PEI solution for

Figure 3. Optical, SEM, and TEM images of the (a) PA@Nylon, (b) PA@PET, and (c) PA@SSM. Cross-sectional TEM images in the red frames
show the structures and thicknesses of the corresponding PA coatings.

ACS Macro Letters pubs.acs.org/macroletters Letter

https://doi.org/10.1021/acsmacrolett.2c00631
ACS Macro Lett. 2023, 12, 93−100

95

https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.2c00631?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.2c00631?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.2c00631?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.2c00631?fig=fig3&ref=pdf
pubs.acs.org/macroletters?ref=pdf
https://doi.org/10.1021/acsmacrolett.2c00631?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


0, 4, and 8 min, similar PA layers to those generated on the
hydrophilic Nylon mesh are successively obtained (Figure 2c).
When evaporating the PEI solution for 12 min, some PA flecks
rather than a uniform PA coating are generated on the fibers
after the same IP process (Figures 2c and S2). This is because
some PEI solution droplets rather than a solution layer are left
on the hydrophobic Nylon fibers after the evaporation. For
other hydrophilic fiber materials like alkali-treated PET
nonwoven fabric (water CA: 58°) and precleaned SSM mesh
(water CA: 89°), we get the consistent result, as shown in
Figure S3, and obtain the uniform PA coating with an
evaporation time of 16 min. Therefore, the construction of the
uniform PA coating is dependent on both the hydrophilicity of
the fiber materials and the appropriate evaporation time to
remove the excess PEI solution.

Figure 3 shows the structures of the PA-layer coated fiber
materials, including the Nylon mesh, PET nonwoven fabric,
and stainless-steel mesh, which are denoted as PA@Nylon,
PA@PET, and PA@SSM, respectively. The square PA@
Nylon, PA@PET, and PA@SSM with side lengths of around
20 cm was successfully fabricated and exhibited homogeneous
surface morphologies. From the scanning electron microscope
(SEM) images and high-resolution cross-sectional transmission
electron microscope (TEM) images of the PA@Nylon, PA@
PET, and PA@SSM, the obtained PA coating layers are all
integrally coated on the surfaces of the fibers with no visible
defects even on the junctions of two neighboring fibers. The
PA coatings are all very uniform and dense. The thicknesses of
the PA coatings are 49 ± 7, 49 ± 15, and 4−10 nm

corresponding to PA@Nylon, PA@PET, and PA@SSM,
respectively. In addition, the TEM images of the cross section
of a single fiber in the PA@PET were also observed at a small
magnifica-tion (Figure S4), further confirming the existence of
uniform and integral PA coating. These results demonstrate
that our surface coating strategy is generally feasible to
construct ultrathin and uniform PA coatings on various fiber
materials, regardless of material type, fiber diameter, and pore
structure.

Surface morphology and chemical composition of the PA
coatings constructed on different fiber materials were
investigated in detail. As shown in the high-resolution SEM
images (Figure S5), the PA coatings on the PA@Nylon, PA@
PET and PA@SSM are all continuous and defect-free, with
nearly 100% coverage on the fiber surfaces. The N 1s peaks in
the X-ray photoelectron spectroscopy (XPS) spectra prove the
formation of the PA coatings on these fiber materials (Figure
S6a). On the other hand, the percentages of C, N, and O
elements are almost the same for the PA@Nylon, PA@PET,
and PA@SSM (Figure S6b), indicating that the PA coatings
have covered ∼100% of the fiber surfaces with nearly no fiber
surfaces exposure. The chemical composition of the PA
coatings was analyzed based on the binding energy of C- and
O-related groups (Figure S7). The C 1s peak can be split into
three peaks which are attributed to C−H/C-C bond at 284.5
eV, C−N bond at 285.8 eV and N−C�O/O−C�O bond at
287.8 eV, respectively. The O 1s peak can be split into two
peaks which are attributed to N−C�O bond at 531.0 eV and
O−C�O at 532.7 eV, respectively. By calculating the integral

Figure 4. (a) Water CA variation of the PA@Nylon along with the ultrasonication time and the corresponding SEM images of the PA@Nylon
before and after the ultrasonication for 60 min. (b) Water CA variation of the PA@Nylon along with the enfoldment cycles and the corresponding
SEM images of the PA@Nylon before and after the enfoldment for 30 cycles. (c) Optical image and SEM images showing the uncoated Al mesh
and PA@Al mesh in a 0.5 M HCl solution for 2 h.

ACS Macro Letters pubs.acs.org/macroletters Letter

https://doi.org/10.1021/acsmacrolett.2c00631
ACS Macro Lett. 2023, 12, 93−100

96

https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.2c00631/suppl_file/mz2c00631_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.2c00631?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.2c00631?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.2c00631?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.2c00631?fig=fig4&ref=pdf
pubs.acs.org/macroletters?ref=pdf
https://doi.org/10.1021/acsmacrolett.2c00631?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


areas of the split peaks, the percentages of corresponding
chemical groups are summarized in Table S1. Among them,
the percentages of O−C�O groups are 4.3%, 5.5%, and 3.8%
for PA@Nylon, PA@PET, and PA@SSM, respectively. The
carboxyl groups are derived from the hydrolysis of unreacted
acryloyl chloride groups in TMC, and can provide reaction
sites for further functionalization on the PA coating. The
spatial distribution of elements in PA@PET and PA@SSM was
also measured by the energy dispersive X-ray (EDX) imaging
(Figure S8). Comparing the nearly same EDX maps of C and
N in the PA@PET, it can be inferred that N is uniformly
distributed on the PET fibers surfaces (Figure S8a). This result
further demonstrates that the PA coating is perfectly covered
the fibers of the PA@PET. Similarly spatial distribution of N
element was also detected for the PA@SSM, suggesting the
existence of perfect PA coatings as well (Figure S8b).

Stability is of great significance as for a surface coating. To
investigate the mechanical stability of the PA coating, the tests
of ultrasonication and enfoldment were carried out on a PA@
Nylon (Figure 4). During the ultrasonication test with a power
of 90 W for 60 min, the PA@Nylon shows stable water CAs of
92 ± 7° (Figure 4a). Meanwhile, the morphology of the PA@
Nylon before and after the ultrasonication is unchanged,
indicating that the PA coating is stably modified on the fibers
without damage. During the enfoldment test in which the
PA@Nylon is folded in half and then unfolded for 30 cycles,
the PA@Nylon also exhibits stable with water CAs of 90 ± 4°
(Figure 4b). No exfoliation phenomena of the PA coating
occur after 30 enfoldment cycles. These results demonstrate

the excellent mechanical stability of the PA coating on the fiber
materials. The chemical stability of the PA coating was also
evaluated by immersing the PA@Nylon in an acid solution
(pH = 2), an alkali solution (pH = 12), acetone, and N,N-
dimethylformamide (DMF), respectively, for 12 h. During the
treatments of acid, acetone and DMF, the PA@Nylon
maintains stable water CAs of 87 ± 6° (Figure S9a,c,d), as
well as barely changed morphologies (Figure S10). It
demonstrates the good stability and resistance of the PA
coating to acid and organic solvents. During the treatment of
alkali, the water CA of the PA@Nylon gradually decreases
from 89° to 63° (Figure S9b), and some cracks appear on the
PA coating (Figure S10). The weak stability of the PA coating
in alkali is ascribed to the hydrolysis of the amide bond. To
investigate the protective function of the PA coating, a PA
layer coated aluminum (PA@Al) mesh and an uncoated Al
mesh were both immersed in a 0.5 M HCl solution for 2 h. As
shown in Figure 4c, plenty of H2 bubbles are generated from
the uncoated Al mesh, and the mesh surface is seriously
corroded due to the reaction of Al and HCl. Whereas, no H2
bubbles are generated from the PA@Al mesh, and the surface
morphology of the PA@Al mesh is well maintained. It further
demonstrates the 100% coverage and outstanding acid
resistance of the PA coating.

The abundant carboxyl groups on the PA coating provide
the reaction sites for further modification and construction of
other functional surface coatings as shematically shown in
(Figure 5a). Here we give two examples. One is the
construction of the surface with underwater antioil-adhesion

Figure 5. (a) Schematical illustrations of functional modifcation on the nanosurface-coating via either “grafting to” or “grafting from” methods. (b)
Underwater anticrude-oil-adhesion property of PDMAPS-AMA@PET and its separation performance in the 10-cycle separation process for crude
oil/water mixture. (c) A schematic showing antiprotein-adhesion process as well as confocal fluorescence microscopy images of the pristine PET,
PA@PET, and PDMAPS@PET after being immersed in a FITC-BSA solution for 3 h.
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property by grafting a sulfobetaine zwitterionic copolymer on
the PA coating via a “grafting to” method (Figure 5b). Figure
S11 reveals the chemical structure of the zwitterionic
copolymer, poly(3-((2-(methacryloyloxy)ethyl) (dimethyl)-
ammonio)-1-propanesulfonate)-co-poly(2-aminoethyl metha-
crylate hydrochloride) (PDMAPS-AMA), which was synthe-
sized via a free radical copolymerization. Under the catalysis of
N-(3(dimethylamino)propyl)-N′-ethylcarbodiimide hydro-
chloride (EDC) and N-hydroxysuccinimide (NHS), the
amino groups in the PDMAPS-AMA form covalent bonds
with the carboxyl groups in the PA coating. The PDMAPS-
AMA is thus grafted to the PA coating. The PA@Nylon, PA@
PET, and PA@SSM modified by the PDMAPS-AMA are
denoted as PDMAPS-AMA@Nylon, PDMAPS-AMA@PET,
and PDMAPS-AMA@SSM, respectively. As shown in the XPS
spectra of the three PDMAPS-AMA-modified fiber materials
(Figure S12), S 1s and S 2p peaks are both detected,
demonstrating the successful grafting of PDMAPS-AMA onto
PA layer. The percentages of S element in the PDMAPS-
AMA@Nylon, PDMAPS-AMA@PET, and PDMAPS-AMA@
SSM were 2.8%, 2.3%, and 3.1%, respectively (Table S2).

These PDMAPS-AMA-modified fiber materials all behave
hydrophilic with water CAs of 16−24° and underwater
superoleophobic with oil CAs of 152−154° (Figure S13).
When the PDMAPS-AMA@PET is fouled by highly viscous
crude oil and then immersed in water, crude oil levitates off
from its surface spontaneously without leaving any trace, and
the PDMAPS-AMA@PET is self-cleaned (Figure 5b). In
comparison, both the pristine PET and the PA@ PET cannot
be self-cleaned with some oil residues adhered on their surfaces
under the same operation (Figure S14). These results
demonstrate the excellent antioil-adhesion property of the
PDMAPS-AMA@PET and the successful functionalization of
the PA coating. Benefiting from the antioil-adhesion property,
the PDMAPS-AMA@PET is capable to separate crude oil/
water mixture driven only by gravity. When the crude oil/water
mixture (Voil/Vwater = 1:4) is poured on the PDMAPS-AMA@
PET, clear water filtrates through, but crude oil is rejected
above the PDMAPS-AMA@PET. After one-step separation, oil
content in the filtrate is 7.4 ppm, and the separation efficiency
is as high as 99.997%. Simultaneously, the PDMAPS-AMA@
PET exhibits an ultrahigh water flux of 54000 L m−2 h−1.
During 10 separation cycles of the crude oil/water mixture, the
water flux fluctuates in the range of 54000 ± 9000 L m−2 h−1,
and the oil content in the filtrate is always lower than 20 ppm
(Figure 5b), indicating the good cycling ability of the
PDMAPS-AMA@PET.

Another example is to endow the surface antiprotein-
adhesion property by grafting the sulfobetaine zwitterionic
polymer, PDMAPS, on the PA layer via a “grafting from”
method (Figure 5c). First, 2-aminoethyl methacrylate hydro-
chloride with vinyl bonds and amino groups is pregrafted onto
the PA coating under the catalysis of EDC/NHS. Sub-
sequently, sulfobetaine zwitterionic monomers are initiated to
grow on the PA coating via the surface-initiated free radical
polymerization. The PDMAPS-modified PA@Nylon, PA@
PET, and PA@SSM are denoted as PDMAPS@Nylon,
PDMAPS@PET, and PDMAPS@SSM, respectively. The S
1s and S 2p peaks are both detected in the XPS spectra of the
three PDMAPS modified fiber materials (Figure S15),
revealing the successful grafting of the sulfobetaine zwitterionic
maromolecules. The percentages of S element in the
PDMAPS@Nylon, PDMAPS@PET, and PDMAPS@SSM

are 5.0%, 4.8%, and 5.1%, respectively (Table S3). To evaluate
the antiprotein-adhesion property, the PDMAPS@PET was
immersed in a fluorescent labeled bovine serum albumin
(FITC-BSA) solution for 3 h and then characterized via the
confocal fluorescence microscopy. The same operations were
performed on the PET and the PA@PET as comparisons. As
shown in Figure 5c, the pristine PET is seriously adhered by a
large quantity of FITC-BSA proteins. The PA@PET exhibits a
slightly improved antiprotein-adhesion property, but is still
adhered by some FITC-BSA proteins. In contrast, the
PDMAPS@PET exhibits an outstanding antiprotein-adhesion
property with nearly no FITC-BSA proteins adhered on it.

In summary, we proposed a strategy for constructing an
ultrathin and uniform PA coating with a thickness of tens of
nanometers and a coverage of ∼100% on various fiber
materials via the IP process. The PA coating exhibited
outstanding mechanical stability and good resistance to acid
and organic solvents. Benefiting from the full coverage feature
and inherent robustness, the PA coating can play the role of
physical isolation and protect internal fibers from external
damage, like acid corrosion. Further functional modification of
the PA coating was also successfully achieved by grafting
zwitterions onto its carboxyl groups. On this basis, a series of
fiber materials with antioil-adhesion and antiprotein-adhesion
properties were constructed, simultaneously realizing effective
separation of crude oil/water with both ultrahigh efficiency of
99.997% and ultrahigh water flux of 54000 L m−2 h−1. Our
work utilizes the liquid/liquid IP process to construct surface
coatings on fibers for the first time, and offers a generally
feasible strategy for generating fiber materials with robust and
multifunctional coatings.
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