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Abstract
Photonic structures constructed from colloidal nanospheres present an attractive prospect for structural
coloration in an ecological manner. However, the application of structural color in the �eld of textile
coloration is usually blocked by their uncorrelated scattered light and feeble mechanical properties. Here,
a non-iridescent structural color coating with high color saturation and mechanical stability is developed
by assembling PS@TA-Fe(III) core-shell nanospheres. The rough surface and low surface charge are
favorable for forming amorphous colloid arrays (ACAs) by restricting the crystalline alignment during the
assembly process, resulting in non-iridescent structural colors. In addition, the as-prepared structurally
colored cotton fabric possess high color saturation and mechanical stability thanks to the intense light
absorption and interface adhesion of the TA-Fe(III) shell. The preparation approach of this structural color
coating is facile, low-cost, and environment-friendly, showing promising applications in textile coloration
and smart display.

Introduction
Structural coloration, which is a bio-inspired phenomenon that produces brilliant colors from the light-
matter interaction between visible light and submicrometer dielectric structures. The well-orderly arranged
photonic crystal structures(PCs) using colloidal nanoparticles as the building blocks is one of the most
studied structural color materials recently, due to its saturated and bright colors (Chen et al. 2019).
However, the ordered periodic structure of photonic crystals usually causes optical anisotropy resulting in
an angle-dependent structural color, which will signi�cantly restrict their application in some �elds, such
as displays and sensors (Shen et al. 2020). Compared with the high ordering of PCS, amorphous colloid
arrays (ACAs) possess a short-range order but long-range disorder periodicity, which is a particular defect
state structure (Ge et al. 2014). Due to the low lattice arrangement ordering of ACAs, natural light scatters
multiple times when passing through the defects in the medium, forming an isotropic photon pseudo-
bandgap with the action of interference (Ge et al. 2014; Takeoka 2012). The wavelength position and
intensity of this photon pseudo-bandgap basically do not change with the angle of incident light (Iwata et
al. 2017; Liu et al. 2018; Takeoka et al. 2013), causing isotropic coherent scattering, then producing non-
iridescent structural colors (Liu et al. 2020; Okada et al. 2021; Shi et al. 2020; Yang et al. 2020).

The coherent scatting by the ACAs is usually diluted by the incoherently scattered light from the
individual nanoparticles, resulting in a pale and faded color (Kohri et al. 2015; Li et al. 2019; Yuan et al.
2015). The incoherent light scatting can be eliminated by introducing black elements with broadband
light absorption, such as carbon black (Li et al. 2021), graphene (Zhang et al. 2018), polypyrrole (Yang et
al. 2016), and melanin (Kohri et al. 2020), into the photonic systems, resulting in an increase in brightness
and saturation of the resultant structural colors. Polydopamine(PDA), inspired by mussels, is one of the
most widely studied synthetic melanin and has attracted much attention due to its versatility and
simplicity (Xiao et al. 2015, 2020). Moreover, similar to the adhesion mechanism of natural mussel
protein, a large amount of catechol and amino groups on PDA can also facilitate it adheres to almost all
substrate surfaces, regardless of its physical and chemical properties (Xiao et al. 2017). Accordingly, as a
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black substance with excellent adhesion properties, PDA has been recognized as an ideal material to
modify the surface of colloidal nanoparticles for constructing photonic nanostructures. Shi et al. coated
poly(styrene-methyl methacrylate-acrylic acid) latex nanospheres with a thin PDA shell and assembled
the as-prepared core-shell nanospheres on cotton fabric to obtain structurally colored fabric with high
color saturation and excellent color fastness (Shi et al. 2019). Furthermore, Zhu et al. proposed a rapid
strategy to prepare melanin-like nanoparticles by copper ion-promoted polymerization of DA to coat PS
nanospheres for fascinating structural coloration (Zhu et al. 2021). Such melanin-like particles can not
only be used as the building blocks of the photonic nanostructure but also as light-absorbing elements to
enhance the saturation of the resultant structural colors (Kohri et al. 2020), which has become a research
hotspot in the �elds of structural coloration.

Although the incorporation of PDA into the PC system can signi�cantly improve the structural stability
and color saturation, the high cost of DA has been considered an obstacle to its industrial application.
Due to the similarity in molecular structure with DA and DOPA, plant-derived polyphenols, which are the
secondary metabolites of plants, also possess vigorous solid-liquid interfacial activity and can �rmly
adhere to various substrates through covalent and non-covalent interactions (Rahim et al. 2014). Sileika
et al. have reported the spontaneous formation of thin polyphenol coatings on various chemically inert
surfaces when exposed to polyphenol-rich beverages (Sileika et al. 2013). Consequently, it is of great
signi�cance to use the excellent properties of plant polyphenols to develop intriguing structural color
materials. Tannic acid (TA), the third-largest plant component (tannin substance) in nature, belongs to the
group of high molecular weight phenolic compounds and contains �ve digalloylester groups covalently
attached to a central glucose core (Guo et al. 2014; Perron et al. 2009; Wang et al. 2020). Metal chelation
is a salient feature of TA (like many other polyphenols), upon which it acts as a polydentate ligand for
metal ion coordination.

Herein, inspired by the high catechol content of mussel adhesion proteins and the involvement of
catechol in melanin biosynthesis, a cheap and environmentally friendly coating strategy was
demonstrated to prepare PS@TA-Fe(III) core-shell nanospheres, which can create non-iridescent bright
structural colors. Natural polyphenol-TA and Fe(III) were used as organic ligands and inorganic
crosslinking agents. The metal-polyphenol network membrane was formed on the surface of PS
nanospheres by utilizing the chelation of TA and Fe(III) and the adhesion of TA to the template at the
moment of mixing. Notably, the preparation process is green, and environmentally friendly, and the
wastewater generated during the preparation process can be directly discharged without pollution to the
environment. Although the cotton fabric background was white, the structurally colored coating can
exhibit excellent color saturation and did not change with the angle. The tests, including simulated
washing tests, folding tests, and sandpaper abrasion, further demonstrated the high color fastness of the
PS@TA-Fe(III) coating. This facile and novel strategy can fabricate bright and non-iridescent structural
colored material, which can also be applied in the color display �eld and may boost the prospect of ACAs.

Materials And Methods
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Materials

Cotton fabric (twill fabric, 103 g/m2, warp density: 40 threads per cm; weft density: 22 threads per cm)
was provided by Jiangsu Shazhou Printing and Dyeing group (China) and used after being washed with
lye soap. Styrene (St, 99%), sodium dodecyl sulfate (SDS, 99%), and potassium persulfate (KPS, 99%)
were purchased from Aladdin Co. Ltd. Ferric chloride anhydrous (FeCl3) were supplied by Sinopharm
Chemical Reagent Co., Ltd. Tannic acid (TA, AR) was obtained from Shanghai Lingfeng Chemical
Reagent Co.; Ltd. All the chemicals were of analytical reagent grade and used without further puri�cation.

Synthesis of monodisperse PS nanospheres

The monodisperse PS nanospheres were synthesized by an emulsion polymerization method. For a
typical synthesis of PS nanospheres with an average size of 225 nm, 10 g St was added into a four-
necked and round-bottomed �ask of 250 mL volume, with 85 mL H2O containing 0.06 g SDS, and stirred
vigorously at 350 rpm for 10 min under nitrogen atmosphere. Subsequently, after the temperature was
raised to 85°C, 5 mL of an aqueous solution containing 0.07 g KPS was added quickly into the �ask to
initiate the polymerization reaction of St. After 8 h of reaction, monodisperse PS nanospheres were
obtained. Remarkably, the size of PS nanospheres could be easily manipulated by adjusting the amounts
of SDS and KPS.

Synthesis of PS@TA-Fe(III) core-shell nanospheres

In a typical procedure, 1 mL PS dispersion (10 wt%) was dissolved in 50 mL deionized water and
ultrasonically dispersed for 10 minutes to form a uniform colloidal dispersion. After that, the diluted PS
dispersion was stirred magnetically at 60 ℃ for 1 min with a stirring speed of 1400 r/min. Subsequently,
TA (0.06 mmol) and FeCl3 (0.06 mmol) were added to the PS nanoparticles dispersion to react for 20 s.
Then, the resultant PS@TA-Fe(III) nanoparticles with a TA-Fe(III) shell coated on a PS core were
centrifuged and washed three times with DI water for puri�cation. Finally, the PS@TA-Fe(III) nanospheres
were redispersed in DI water to form a colloidal suspension with a concentration of 5 wt % for later usage.

Fabrication of non-iridescent structural colors on white cotton fabric

The PS@TA-Fe(III) nanospheres were used to fabricate ACAs on cotton fabric surface by gravity
deposition self-assembly. Firstly, 5 mL of PS@TA-Fe(III) nanoparticles dispersion was dropped into a Petri
dish (6 cm in diameter) with a piece of white cotton fabric. The sample was placed in an oven with a
temperature of 60°C until the fabric was dried entirely, and then increased the temperature to 80°C for 2
hours to ensure the ACAs coating �rmly adhered to the surface of the fabric substrate. As a reference,
bare PS nanospheres were assembled on the surface of cotton fabric by the same method.

Characterization

The element content of the sample surface was analyzed by X-ray photoelectron spectroscopy (XPS,
Thermo ESCALAB 250XI, USA) with Al Ka excitation radiation (1484.6 eV). The morphology of the ACAs
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was observed by a �eld emission scanning electron microscopy (FESEM, Hitachi S-4800, Japan). The
morphology of the nanospheres was obtained using transmission electron microscopy (TEM, HT7700,
Japan). The total re�ection spectrum was measured by an ARM-type micro-angle-resolving spectrometer
(Shanghai Fuxiang Instrument Equipment Co., Ltd.). The color fastness and washing resistance of the
structurally colored fabric were examined by a sandpaper abrasion test and simulated washing test,
respectively (Meng et al. 2017; Zhou et al. 2016). The BOD5 value of wastewater was measured
according to the Water Quality Five-Day Biochemical Oxygen Demand (BOD5) Determination of Dilution
and Inoculation Method. The COD value of wastewater was measured according to Water Quality
Chemical Oxygen Demand Determination Dichromate Method (HJ 828–2017). The chromaticity of
wastewater was measured according to the international standard ISO 7887 − 1985 (Inspection and
Determination of Color).

Results And Discussion
Formation mechanism of TA-Fe(III) shell

Typically, the two adjacent hydroxyl groups on catechol or galloyl groups of phenolic compounds can
provide binding sites for metal ions to chelate (Ejima et al. 2013). Consequently, TA can form highly
stable complexes with Fe(III), ranging from mono-type to tris-type complexes (Perron et al. 2009). When
the pH of the reaction system is less than 2, TA and Fe(III) form colorless mono-complex; then, with the
pH increases to between 3 to 6, TA and Fe(III) form blue bis-complex; further, when the pH of suspension
is higher than 7, TA and Fe(III) form red tris-complex(Fig. 1a and Fig. S1). A reasonable interpretation is
that the deprotonated hydroxy groups can lead to a stronger chelating ability with Fe(III). With a natural
pH condition of 3.5 of the reaction system, TA and Fe(III) chelate form bis-complex. Furthermore, all three
galloyl groups on the TA can form highly stable complexes with Fe(III), allowing the formation of a cross-
linked TA-Fe(III) shell on PS nanospheres(Fig. 1b) (Rahim et al. 2014). To further investigate the
formation mechanism of the TA-Fe(III) shell, we also coated TA on the surface of PS nanospheres without
Fe(III) cross-linking. The surface of PS@TA nanospheres is rough, which means TA also can coat the
surface of PS nanospheres to form a TA shell(Fig. 1c-e). It is owing to catechol-functionalized molecules
and their derivatives have a high a�nity for a wide variety of substrates with different surface charges
(Wang et al. 2020). We also determined the zeta potential after incubating the bare PS particles with
either TA or FeCl3. The adsorption of TA reduced the zeta potential from − 11.0 ± 1.0 mV to − 31.8 ± 0.2
mV, whereas the value was sharply increased after incubation with FeCl3 (–0.7 ± 0.3 mV). Thus, the
formation of TA-Fe(III) shell can be explained by that the free TA or small TA-Fe(III) complexes initially
adsorb onto the PS nanospheres surface and are subsequently cross-linked by further Fe(III)
complexation. Film growth is completed when free Fe(III) in the bulk solution is consumed.

After adding TA and Fe(III) to the system, the color of the PS dispersion immediately changed from milky
white to dark (Fig. 2a-b and Fig S2). The monodispersity of the colloidal building blocks has an essential
in�uence on the assembled photonic structures and the resultant optical properties. As shown in Fig. 2c-l,
it is noted that the synthesized PS@Fe(III)-TA nanospheres with a better monodispersity at a higher
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temperature of 60°C. This may be due to the more intense Brownian motion at high temperatures, making
it different for the nanospheres to agglomerate during the coating process. At the same temperature, the
stirring time (20 s and 1 h) has no apparent effect on the color or the �lm thickness, which means that the
�lm formation process is completed instantly. After ultrasonic treatment for 1 hour, it can be found that
the surface of PS@Fe(III)-TA nanospheres prepared by stirring at 60°C for 20 s is still rough (Fig. S3),
indicating that the Fe(III)-TA shell is relatively stable.

Chemical components analysis

XPS was used to compare and analyze the chemical compositions and surface structures of the fabric
before and after treatment. As shown in Fig. 3a, the XPS spectra indicate that the original cotton
fabric(CF) and PS@CF contain C and O elements. While the appearance of Fe2p peaks in the CF coated
with PS@TA-Fe(III) nanoparticles indicated the integration of Fe onto the structurally colored fabric
surface. Figure 3b-d shows the Cls spectrum on the surface of CF, PS@CF, and PS@TA-Fe(III)@CF,
respectively. The C1s peak of original CF in Fig. 3b originates from three different peaks: C-C bond, C-O
bond, and O-C = O bond. The O-C = O bond detected in the original CF may be derived from impurities on
the �ber surface itself or residues from the soaping and washing process of cotton fabric before use. The
peaks at 284.6, 285.5, 286.5, 289, and 291.3 eV in Fig. 3c correspond to C-C, C = C, C-OH, COOR, and
π→π* species, respectively (Zhou et al. 2018). The existence of C = C in PS@CF can be attributed to the
introduction of methacrylic acid in preparing PS nanospheres. Compared with CF (C-OH), the content of
hydrophilic groups (-COOH) in PS nanospheres is less, so the peak intensity and peak area of C-OH are
reduced, which is consistent with previous reports. In addition, due to the dehydration and condensation
of carboxylated PS nanoparticles with hydroxyl groups on the surface of cotton �bers, the peak
corresponding to the formed COOR bond is 289 eV. Because TA is rich in phenolic hydroxyl groups,
PS@TA-Fe(III)@CF contains more C − O (13%) than PS@CF (2.7%). Besides, the new peak at 289.5 eV is
attributed to the C = O of aromatic carboxylate in TA. The �tted high-resolution O1s spectrum from
PS@TA-Fe(III)@CF (Fig. 3e) provides evidence for components corresponding to Fe-O at 531.7 eV, C = O at
532.2 eV, Fe-OH at 533.4 eV, C-O at 533.5 eV (Rahim et al. 2014; Qian et al. 2020). For the valence of iron
in PS@TA-Fe(III)@CF, the Fe 2p spectrum was analyzed using the method described by Mark C. Biesinger
(Biesinger et al. 2011), and the presence of Fe(II) and Fe(III) was analyzed by spectral reconstruction.
There are obvious peaks at about 710.3 eV (Fe(II) Fe 2p3/2), 723.9 eV (Fe(II) Fe 2p1/2) and 712.0 eV
(Fe(III) Fe 2p3/2), 725.6 ev (Fe(III) Fe 2p1/2), indicating that iron exists in two valence states at the same
time (Fig. 3f). The above results indicate that TA can reduce Fe(III) to Fe(II), both of which can be
complexed with TA to form metal chelates, which are coated on the surface of PS nanoparticles to
prepare the structurally colored fabric.

Optical properties of the structurally colored cotton fabric

The ACAs with saturated, non-iridescent, and high fastness structural color on cotton fabric were
fabricated by gravity deposition self-assembly using PS@TA-Fe(III) nanospheres as the building blocks.
As shown in Fig. 4a, various color fabric ranging from blue to magenta and purple could be obtained with
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different sized PS. The top-view SEM image reveals that the fabricated ACAs assembled in a random
close-packed structure with uneven surface and certain roughness(Fig. 4b). Moreover, the corresponding
two-dimensional fast Fourier transform (2D FFT) image shown in the inset of Fig. 4b presents a discrete
donut pattern, which �rmly evidence the isotropic and short-range order of the resultant ACAs (Yi et al.
2017), and agreeing with the amorphous structure presented in SEM images. The amorphous
arrangement of the resultant ACAs coating is probably due to the reduced surface charge of the PS@TA-
Fe(III) nanospheres, which will interrupt their self-assembly process. For comparison, we employed PS
nanospheres to obtain the long-range ordered PCs coatings on cotton fabric. Because of their highly
charged surfaces, PS nanospheres could assemble into highly ordered 3D lattice (Fig. S4) by balancing
the repulsive and attractive interactions between PS nanospheres during the solvent evaporation process.
In comparison, the surface charge of the PS@TA-Fe(III) nanospheres is almost zero (–0.7 ± 0.3 mV),
which suggests that the PS@TA-Fe(III) nanospheres were not su�ciently stable and may partially
aggregate during the self-assembly process. In the initial stage of the colloid assembly process, the
concentration of dispersion is relatively low, the distances between the PS@TA-Fe(III) nanospheres are
relatively large, resulting the particles randomly move in the solution. As the solvent was gradually
evaporated, the neighboring particles become closer to each other, which results in the enhanced
repulsion and Van der Waals forces between colloidal particles (Li et al. 2019, 2021). However, as the
surface charge of PS nanopheres was almost completely inhibited by the coating of TA-Fe(III) shell, the
attractive interactions will take up dominant position. Therefore, the PS@TA-Fe(III) nanospheres tend to
aggregate in a short distance in the solution, that contributed to the short-range ordered structures of
ACAs. Besides, the bumpy surfaces of the PS@TA-Fe(III) nanospheres may also contribute to the
formation of short-range ordered structures, rather than long-range ordered structures (Kawamura et al.
2016; Kohri 2019).

Generally, the colloidal PCs with a �at surface can increase specular re�ectivity and show dazzling
metallic luster (Michinari et al. 2015). However, the bumpiness and roughness of the prepared ACAs
signi�cantly reduced the specular re�ection but increased the diffuse re�ection of the re�ected light,
producing gentle and bright structural colors(Fig. 4c). The corresponding re�ection spectra are shown in
Fig. 4d, all prepared structurally colored fabric possesses two characteristic peaks that contribute to their
structural colors. We suspect that the structural colors of PS@TA-Fe(III) coating can be attributed to two
mechanisms: photonic pseudo bandgap formed by coherent scattering of ACAs with long-range disorder
and short-range order, and Mie scattering resonance of nanospheres. The peaks derived from Mie
scattering resonance of nanospheres are located in the ultraviolet and near-ultraviolet region, and the
peaks derived from coherent scattering peaks of the structure are located in the visible region. With the
increase of PS core, both of the peaks are red-shifted. When the PS cores are 180, 190 and 210 nm, Mie
scattering peak of nanospheres located in ultraviolet region. According to Bragg's theory, they appear
blue, cyan, and green, respectively. When the PS cores are 245nm and 280nm, the peaks derived from Mie
scattering resonance red-shift to the near-ultraviolet region, and the re�ection in the purple region
increases, so the prepared structurally colored fabric exhibits color mixing due to the dual visible
re�ections.
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The short-range arrangement of the ACAs provide a distinct separation between the adjacent scatterers,
resulting in the formation of an isotropic photonic pseudo-band gap. From the optical images, it can be
observed that the color of the structurally colored fabric (Fig. 5a) display virtually identical structural
colors at different viewing angles under ambient illumination. The angle-resolved re�ection spectra were
measured to quantify the optical properties of the as-prepared structurally colored fabric. When the
detection angle was varied from 0° to 50° relative to the light source (see the detection mode in Fig. 5b),
the re�ection peak position appeared at almost the same position(Fig. 5c). This indicates that the colors
of the fabricated ACAs are nearly angle-independent, i.e., non-iridescent. The angle-independency might
be attributed to the isotropic nature of ACAs, which has veri�ed that the PS@TA-Fe nanospheres are
arranged as ACAs on the surface of cotton fabric as discussed before.

Robustness of PS@TA-Fe(III) coatings on �exible cotton fabric and wastewater generated in the
prepartion process

The robustness of the structural color coating on the fabric is crucial for its practical application. Owing
to the high a�nity for almost all material surfaces of TA, the force between PS@TA-Fe(III) nanospheres
and between PS@TA-Fe(III) nanospheres and fabric substrate is greatly enhanced, so the structural
stability of PS@TA-Fe(III) coatings can be effectively improved. To con�rm the high color fastness of the
coating, we investigated the damage resistance performance of PS@TA-Fe(III) coating and that of PS
coating. A folding test of cotton fabric with PS@TA-Fe(III) coating is demonstrated in Fig. 6a. After 50
cycles of folding test, the structural color coating of fabric had slight cracks and abscission. Figure 6b
shows the optical image of PS coating on black cotton fabric and PS@TA-Fe(III) coating on white cotton
fabric before and after rubbing and simulated washing tests. After 10 cycles of sandpaper abrasion test
and the 6 cycles of simulated washing test, the PS coating was worn off, and the color of the coating
faded. By contrast, the cotton fabric with PS@TA-Fe(III) coating remained intact, and the color was
almost retained. As shown in the corresponding SEM image, much peeling along the abrasion direction
was observed on the surface of the fabric with PS coating. Moreover, after washing, the cotton surface
�ber was exposed because the PS nanoparticles on the surface of the cotton massively decreased
(Fig. 6c). As a result, compared to the PS coating, the PS@TA-Fe(III) coating exhibited increased
resistance to bending, abrasion, and washing treatment, indicating PS@TA-Fe(III) coating has robust
mechanical properties and structural stability.

The traditional dying process causes severe water pollution due to contamination from residual colorants
and dying assistant, which are impossible to be naturally degraded. The recent global interest in
ecological textiles and sustainable development has spurred research into the biomimetic structural
coloration of textiles. In this work, we compared the wastewater produced in the dyeing process of cotton
fabric with traditional reactive dyes and that produced in the preparation of PS@TA-Fe(III) nanospheres.
As shown in Table 1, the wastewater from reactive dyeing is higher in BOD5, COD, chroma, and pH, and
poorer in biodegradability than that from the preparation of structural dyed fabric, which does not meet
the class I discharge standard(GB 4278 − 2012). However, the BOD5, COD, BOD5/COD value, chromaticity
and pH value of the wastewater generated during the preparation of PS@TA-Fe(III) nanospheres all meet
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the discharge standard, which proves that the preparation process of this method is environmentally
friendly and the prepared structural colored cotton fabric is green and healthful.

Conclusions
In conclusion, monodispersed PS@TA-Fe(III) nanospheres with intense light absorption and interface
adhesion were synthesized for non-iridescent structural coloration of textiles. Through the self-assembly
process, PS@TA-Fe(III) ACAs with short-range ordered structures were created because of the scattering
light absorbing ability of TA-Fe(III) shell and the weak repulsion interactions between PS@TA-Fe(III)
nanospheres. The ACAs show non-iridescent property with high color contrast, and their re�ection color
could be adjusted by varying the size of the PS core material. Besides, prepared structurally colored
cotton fabric shows strong structural stability after folding, sandpaper abrasion, and simulated washing
tests. This facile and inexpensive fabrication strategy can provide a novel method to design and fabricate
bright and non-iridescent structural colored materials, which may have promising applications in the
future.
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Figures

Figure 1
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(a) pH-dependent formation of dominant TA-Fe(III) complexation state, R represents the remainder of the
TA molecule; (b) Schematic of the fabrication of PS@TA-Fe(III); the TEM images of (c) PS
nanospheres(NPs),(d) PS@TA NPs

Figure 2

Photograph of (a) PS and (b) PS@Fe(III)-TA NPs dispersion (≈0.2wt%); (c-l) TEM images of PS NPs after
Fe(III)-TA coating with different reaction conditions (the reaction time from left to right is 20s, 5min,
10min, 30min, 1h; the reaction temperature in the upper row is 25°C, the lower row is 60°C)
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Figure 3

(a) XPS survey spectra of the untreated CF, PS180@CF, and PS180@TA-Fe(III)@CF; high resolution XPS
spectrum of C1s of (b) untreated CF, (c) PS180@CF, (d) PS180@TA-Fe(III)@CF; high resolution XPS
spectrum of (e) O1s and (f) Fe 2p of P PS180@TA-Fe(III)@CF



Page 16/18

Figure 4

(a) Photographs of the structurally colored cotton fabric coated with PS@TA-Fe(III) NPs; (b) SEM images
of the structurally colored cotton fabric formed by PS@TA-Fe(III) NPs (the diameters of PS cores are 180
nm) and the inset is corresponding 2D FFT of (b); (c) the schematic of light re�ection on amorphous
colloidal arrays surface and (d) Re�ection spectra of various structurally colored cotton fabric fabricated
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by PS@TA-Fe(III) NPS; the diameters of PS cores are 180 nm (blue), 190 nm (cyan), 210 nm (green), 245
nm (magenta) and 280 nm (purple)

 

Figure 5

(a) Digital photo images of structurally colored cotton fabric at different viewing angles; (b) Re�ection
spectra of the blue structurally colored cotton fabric with different incident angles; (c) Plots of peak



Page 18/18

wavelengths for the re�ection spectra as a function of incident angle

 

Figure 6

(a) Folding test of the cotton fabric of PS@TA-Fe(III) coatings; (b) optical images of PS and PS@TA-Fe(III)
coating on cotton fabric before and after rubbing and simulated washing tests and (c) the corresponding
SEM images under different magni�cation.
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