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ABSTRACT: We report a facile inking strategy for visual information storage (e.g., writing, 

printing and beyond), via surface modification of substrates with polyphenols and subsequent 

in-situ formation of metal-phenolic networks (MPNs) on the substrates. The reported technique 

has several advantages compared with current printing techniques. Diverse substrates can be 

used to fulfill the requirements for different applications (e.g., printing, writing, painting, 

stamping). A range of colors (e.g., yellow, blue, green) can be realized using different 

polyphenols (e.g., tannic acid, gallic acid, pyrogallol) and metal ions (e.g., CuII, FeIII, TiIV). The 

disadvantages (e.g., ink precipitation, color fading) associated with writing or printing using 

traditional ink can be overcome. The obtained paintings can be easily removed by using acids 

enabling the recycling of substrates. The reported strategy provides a new avenue for the 

development of portable, non-toxic and green technologies for writing, printing and beyond, 

which expands the applications of MPN-based materials. 
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1. INTRODUCTION 

Writing and printing on papers have played a key role in visual information storage due to their 

convenience, stability, and simplicity. There are three basic elements determining the writing 

and printing outcomes: the ink, writing/printing techniques, and substrates (e.g., papers). Iron 

gall inks (IGIs), with plant tannins and iron(II) sulfate as main ingredients, have been 

extensively used since the Middle Ages in Europe.1,2 IGIs have been exploited for numerous 

important transcripts and drawings in the Western World3 and are still currently used for the 

preparation of important document archives. Ferrous ion (FeII) and tannins, as the two main 

components, can form a soluble and blue-black polyphenol–FeII complex within the ink mixture. 

The dark and indelible black of the ink is then achieved, upon writing on the paper, via the 

oxidation of FeII to ferric ion (FeIII) and subsequent reassembly of the polyphenol–FeIII 

complexes in the mixture.3 As the polyphenol–FeIII complexes can readily precipitate from 

aqueous solutions, the introduction of strong acids and additives is necessary to avoid 

flocculation and achieve a stable ink.1,3-5 Nevertheless, the long-term use of IGIs can cause pens 

to jam and the low pH of IGIs can result in corrosion of the writing tools. In addition, IGIs have 

been shown to accelerate the degradation of cellulose, thereby affecting the quality of the 

printed paper.1,4,5 Consequently, complicated and costly processes have been devised for the 

long-term preservation of documents written using IGIs.4-7 Traditional Chinese paintings 

(TCPs), using brush pens, rice papers/silk scrolls, and plant-based inks, has also been facing 

similar problems in terms of long-term storage.8 In addition to the degradation of the painted 

papers, color fading or color alteration is problematic in TCPs. 

As the development of modern printing techniques, a range of printing processes, including 

inkjet printing, screen printing, gravure printing, flexographic printing and photo-printing, have 

been developed to fulfill the requirement of applying functional inks with diverse properties.9,10 

Therefore, a series of functional 2D materials, besides paper-based prints for information 



4 
 

storage, can be printed, including conductive matrix, electronic or photonic devices, biosensors 

and detecting arrays.9-11 Although various soft matrix and substrates have been developed for 

printing processes, paper-based substrates still play an irreplaceable role in the improvement 

and exploitation of printing techniques.12 

Over the years, traditional paper-based writing and printing strategies have also led to various 

economic and environmental issues that have necessitated the development of alternative 

convenient and environment-friendly techniques for daily writing, printing, and painting 

applications.1,13-15 For temporary recording purposes, several types of rewritable papers have 

been developed. For instance, the rewritable photonic paper was developed through magnetic 

field-induced self-assembly and fixation of Fe3O4@SiO2 colloids within a poly(ethylene glycol) 

diacrylate matrix.16 Such a photonic paper system has potentials for outdoor applications such 

as posters or signage, but is not suitable for daily writing or printing of documents since ordinary 

writing paper is not a compatible substrate for fixation of the photonic paper. Alternatively, a 

rewritable paper based on the isomerization of spiropyrans in aqueous solution could serve as 

an environment-friendly printing substrate.14 Such rewritable papers developed with the 

ordinary printing paper as the basic substrate were suitable for daily water-jet printing using a 

commercial desktop printer. The advantage of this method is that the prints could be erased and 

rewritten easily. However, the prints had a lifetime of 22 h, thus limiting their usage in 

applications requiring long-term storage. The retaining time of the prints could be prolonged to 

over one month by incorporating polyvinyl alcohol into the rewritable paper.17 However, the 

issue of time-dependent color fading were still existing. This technique was then improved by 

Huang and co-workers who constructed a water-jet rewritable paper based on metal–ligand 

coordination to extend the print lifetime to over six months.15 However, the four-layer paper 

required several repeated painting and drying cycles, making it time and labor intensive. In 

addition, the recycling process of the rewritable paper required the usage of fluoride containing 
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toxic chemicals (e.g., tetrabutylammonium fluoride). Rewritable papers based on photochromic 

compounds usually required complicated synthesis process, special photo-printing tools, or 

decoloring processes with high energy consumption, limiting practical applications.18-20 

Metal–phenolic networks (MPNs) are an emerging class of materials that are based on metal-

ligand coordination.2,21 These materials have been exploited for the assembly of a vast library 

of functional materials.2,22-25 For instance, a range of self-healing hydrogels,24,26,27 protective 

surface coatings,28-30 and nanostructured cargo carriers2,31 have been designed based on MPN 

systems. Moreover, a series of colors, including grey, brown, yellow, orange, purple, and green, 

can be generated upon the formation of MPNs using different metal ions.26,31 The intrinsic color 

and high biocompatibility of MPNs, and their adhesion to a wide range of substrates make them 

potential candidates for diverse coloration applications. In addition, the pH-responsiveness of 

MPNs can be exploited to achieve deinking of the substrates. Herein, we develop a strategy 

taking advantage of the intrinsic color, versatility, and reversibility of MPN systems for a wide 

range of inking applications (e.g., writing, printing, TCP, stamping, and slogan spraying), as an 

alternative to traditional strategies. In general, owing to the adhesiveness of polyphenols to a 

wide range of substrates,32-34 polyphenol coatings can be easily formed on a substrate via simply 

spraying polyphenol solutions onto the substrate. The polyphenol-modified substrate (P-

substrate) with a colorless polyphenol coating can then be used for painting by using solutions 

containing metal ions as inks (M-inks) (Scheme 1) via a series of application methods. In 

addition, deinking can be easily achieved by subjecting the substrates to acidic solutions, 

thereby allowing recycling of substrates (Scheme 1). The present technique can overcome the 

disadvantages associated with the use of IGIs, including pens jamming/blocking, precipitation 

of inks after long-term storage, and corrosion of the writing tools after long-term usage. 
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Scheme 1. Schematic illustration of inking on substrates via the formation of MPNs. A P-

substrate is obtained by spraying polyphenol solutions onto the substrates. A thin layer of 

polyphenol coating is formed after solvent evaporation. Metal ion solutions used as M-inks are 

applied onto the P-substrate, and ink prints develop onto the substrate upon formation of MPNs. 

Deinking of the substrate can be achieved by washing the substrate with acidic solutions. 

2. EXPERIMENTAL SECTION 

2.1 Materials. Tannic acid (TA, ACS reagent) and titanium(IV) bis(ammonium 

lactato)dihydroxide solution (Ti-BALDH, 50 wt.% in H2O) were purchased from Sigma-

Aldrich (China). Gallic acid (GA, 99%, from Rhus chinensis Mill), ethyl gallate (EG, 98%), 

pyrogallol (PG, 99%), (+)-catechin hydrate (CC, 98%), 2-thenoyltrifluoroacetone (TTA, 99%), 

nickel(II) chloride hexahydrate (NiCl2∙6H2O), europium(III) chloride hexahydrate 

(EuCl3∙6H2O), manganese(II) chloride tetrahydrate (MnCl2·4H2O), terbium(III) chloride 

hexahydrate (TbCl3∙6H2O), and cerium(III) chloride (CeCl3, anhydrous) were purchased from 

J&K Scientific (China). Acetylacetone (AA, 99%), iron(III) chloride hexahydrate (FeCl3∙6H2O), 

calcium(II) chloride (CaCl2, anhydrous), and cobalt(II) chloride hexahydrate (CoCl2∙6H2O) 

were purchased from Aladdin (China). Copper(II) chloride dihydrate (CuCl2∙2H2O) and 

magnesium(II) sulfate (MgSO4, anhydrous) were purchased from Sinopharm Chemical 
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Reagent (China). All materials were used as received without further purification, unless 

otherwise stated.  

2.2 Preparation of Coordinated Rare Earth Metal Complexes. The Eu–TTA complex was 

synthesized according to published methods.35 First, 266 mg TTA was dissolved in 6 mL 

ethanol, followed by the addition of 1.2 mL of 1 M NaOH. Then, 146 mg EuCl3∙6H2O was 

dissolved in 42 mL water and mixed with the above solution. The mixture was heated at 60 °C 

for 1 h before cooling to room temperature, generating a yellow precipitate during the cooling 

process. The precipitate was recovered by filtration and washing with water. A yellow powder, 

Eu–TTA complex, was obtained via drying the precipitate under vacuum. 

The Tb–AA complex was synthesized in a 1.5 mL tube according to a published method.31 

TbCl3∙6H2O and AA were dissolved separately in ethanol to a final concentration of 240 mM. 

Then, 200 μL Tb solution was mixed with 400 μL AA solution, followed by the addition of 30 

μL of 1 M NaOH. The mixture was vortexed thoroughly and then heated at 45 °C under 

sonication for 4 h until the solution became transparent. The solution was allowed to cool to 

room temperature and used as prepared. The emission spectra of Eu-TTA and Tb-AA at 312 

nm were shown in Figure S1. 

2.3 Preparation of Polyphenol-Modified Substrates (P-substrates). Various polyphenol 

solutions (100 mg mL–1) were first prepared by dissolving different polyphenols in ethanol. For 

polyphenols with good water solubility (e.g., TA, EG, PG, and SA), water could be used to 

replace ethanol for the preparation of 100 mg mL-1 polyphenol solutions without influences on 

the results. The polyphenol solutions were then sprayed onto different substrates using a spray 

bottle. The substrates were allowed to air-dry at room temperature to obtain P-substrates with 

polyphenol coatings. 
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2.4 Printing. To prepare the Fe-ink (100 mg mL–1) for the printing experiment, 2 g FeCl3∙6H2O 

was dissolved in 20 mL ethanol. The Fe-ink (15 mL) was poured in an emptied HP 803 ink 

cartridge that had been washed with water and ethanol repeatedly. The cartridge was then 

placed in a HP DeskJet 1112 printer for printing on P-papers. 

2.5 Characterization. The microscopic structures of the paper surfaces with or without 

polyphenol or MPN coatings were observed via scanning electron microscopy (SEM) on a Zeiss 

G300 microscope. Prior to SEM characterization, the papers were cut into small pieces (5 mm 

× 3 mm), mounted on silicon wafers, and then sputter-coated with gold. Papers with or without 

polyphenol or MPN coatings were cut into pieces (4 cm × 4 cm). The reflection visible spectra 

and UV–vis absorption spectra of the papers were obtained on a UV–vis spectrophotometer 

(Shimadzu, UV-2600). 

2.6 Decoloration. The papers with MPN coatings were immersed in HCl solution at pH 2 for 

5 min, then transferred into water for 5 min washing to remove the MPN residues and excess 

acids. The papers were then immersed in NaOH solution at pH 9 for 5 min and transferred into 

water for another 5 min washing to remove the excess base solutions. The papers were allowed 

to air-dry at room temperature before re-utilization.  

3. RESULTS AND DISCUSSION 

The influence of polyphenol concentration on the polyphenol-modified papers (P-papers) was 

investigated via spraying tannic acid (TA) at different concentrations (10, 50, 100, 150, and 200 

mg mL–1) on the ordinary printing paper. A concentration of 100 mg mL–1 was determined as 

the most appropriate polyphenol concentration—a relatively deep black was obtained upon M-

ink application and the external features of the paper were unchanged (Figures S2 and S3). Iron 

chloride (FeCl3) solution was selected as the ink component for the formation of black ink (Fe-

ink). TA–FeIII networks result in dark black (Figures 1 and S3). The concentration of Fe-ink 
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was varied as the concentration of TA remained constant, and reflection visible spectrometry 

was used to determine the lowest concentration of Fe-ink (100 mg mL–1) required to achieve 

the deepest black (Figure S3). The black paintings developed on P-paper using Fe-ink was 

comparable to the black obtained using commercial ink (C-ink) (Figure 1A). Although there 

were negligible changes for the macroscopic features of P-papers compared with the untreated 

paper, microscopic feature changes of papers with or without TA treatment were observed from 

scanning electron microscopy (SEM) images (Figure 1B). The loosely interlaced cellulose 

fibers with heterogeneous porosity were covered by a layer of TA coating, resulting in a more 

homogeneous surface with no obvious pores (Figure 1B). Different treatments also led to the 

variation in hydrophobicity of the substrates. In particular, the application of Fe-ink on the 

untreated paper resulted in a more hydrophobic surface, while the application of TA on the 

untreated paper resulted in a more hydrophilic surface, which was even more hydrophilic upon 

the application of Fe-ink (Figure 1B). 

 

Figure 1. (A) Reflection visible spectra of the paper treated with TA solution (P-paper, blue 

line), and the P-papers that were subsequently treated with FeCl3 solution (Fe-ink, green line) 

or commercial ink (C-ink, red line). (B) (i) SEM images of untreated paper (blank) and papers 

treated with solutions of FeIII, TA, as well as both TA and FeIII. Scale bars are 50 μm. (ii) Images 
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of water droplets on papers subject to different treatments. Contact angle values of papers are 

54 ° (Blank), 80 ° (FeIII), 41 ° (TA), and 31 ° (TA-FeIII), respectively. A summarizing table with 

all contact angle values of papers with various treatments is shown in Table S1. 

In addition, the ink paints developed on P-paper using Fe-ink could be erased easily and 

conveniently using acidic solutions (hydrochloric acid at pH 2), which was induced by the 

disassembly of MPN complexes, thus enabling reuse of the P-paper (Figure 2A). This easy and 

convenient decoloring method could reduce the treatment cost of wasted prints. The in-situ 

formation and disassembly of MPN complexes on papers were monitored by ultra-violet–

visible (UV–vis) spectroscopy (Figure 2B). The ligand-to-metal charge transfer (LMCT) band 

characteristics of P-papers with Fe-ink prints (Figure 2B, blue line) indicated the formation of 

TA–FeIII coordination complexes (~565 nm, the dominant is bis-type complexation);24,36,37 

while, the disappearance of the LMCT band for papers with Fe-ink prints erased by acids 

(Figure 2B, green line) confirmed the disassembly of MPN complexes. Apart from coordinating 

to the polyphenol layer on P-papers, the FeIII could also interact with the cellulose in the 

substrate (Figure 2B, yellow line) which further increased the stability of MPN-based prints on 

the substrate. 



11 
 

 

Figure 2. (A) Plot of the reflectivity at 555 nm as a function of writing/erasing cycles of the P-

paper through Fe-ink spraying (writing) and HCl immersion (erasing). Insets are photographs 

of the papers (40 mm × 40 mm) examined. (B) UV–vis absorption spectra of papers with or 

without diverse treatment processes. The yellow and blue arrows indicate the FeIII LMCT band 

of papers with Fe-ink only (yellow) and with TA–FeIII prints (blue), respectively. 

Plant polyphenols, with TA as a typical example, belong to a large family of natural compounds. 

In the present study, six types of polyphenols, TA, gallic acid (GA), ethyl gallate (EG), 

pyrogallol (PG), catechin (CC), and methylsalicylic acid (SA), were examined to assess their 

potential in preparing P-papers for practical applications. All polyphenols were soluble in 

ethanol, resulting in transparent solutions ranging from colorless to light yellow, and formed 
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MPN coatings on papers upon interaction with Fe-ink applied via spraying (Figures 1B, 3A, 

and S4). Changes in surface microstructures of the P-papers without or with Fe-ink were imaged 

by SEM (Figure S5). There was no obvious difference between surface morphologies of blank 

papers before and after spraying of diverse polyphenol solutions. However, microscopic 

structures as well as hydrophobicity of paper surfaces with or without different polyphenol 

coatings were different (Figures 1B, S3, and S6), indicating that the hydrophobicity of 

substrates with various treatment was dependent on the physicochemical properties, including 

surface chemistry and the microscopic structure, of the substrate surfaces. While irrespective 

of the polyphenol (primary) coating applied, the coating on the surface of the P-paper became 

denser and thicker after spraying of Fe-ink, indicating the formation of MPNs (Figures 1B, S4). 
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Figure 3. (A) Polyphenol solutions (i) were sprayed on ordinary printing papers to generate P-

papers (ii), which were then sprayed with Fe-ink for visual paintings (iii). Molecular structures 

(iv) of various polyphenols were printed with a HP DeskJet 1112 printer with cartridges (HP 

803) refilled with Fe-ink on P-papers treated with different polyphenol solutions. (B) SEM 

images of prints obtained using a HP DeskJet 1112 printer with cartridges refilled with Fe-ink. 

The prints were generated on P-papers treated with different polyphenols as abbreviated in the 

insets. The yellow lines separate areas with and without Fe-ink coverage; the arrows indicate 

the area with Fe-ink coverage. Scale bars are 100 μm. The red squares in the insets indicate the 

regions that were analyzed for SEM analysis. 

Regardless of the M-ink application method (spraying or printing), distinct differences could 

be observed between surfaces of P-papers with and without Fe-ink prints (Figures 3B and S5). 

However, compared to the spraying method which introduced a large amount of FeIII onto the 

P-papers allowing the formation of a thick MPN coating on the papers (Figures 1B and S4), the 

printing method could only introduce a small amount of FeIII onto the P-papers which was 

enough for color development but not enough for the formation of thick MPN coatings covering 

the original cellulose fiber structures of the papers (Figures 3B and S5). Furthermore, SEM 

analysis revealed a much thinner layer of SA–Fe coating compared with the other polyphenol–

Fe coatings (Figure S4). Macroscopically, the in situ formation of SA–Fe complexes resulted 

in a dark brown color, whereas that of complexes comprising other polyphenols resulted in dark 

black (Figure 3A). These results indicate that the catechol or galloyl groups are required for 

generating the stable black paintings on substrates. As numerous plant polyphenols32,33 can 

fulfill this requirement, there exists a large library of potential candidates that can be used as 

substrate pre-treatment agents for this technique. 

Fe-ink could also be applied onto P-papers via ink-jet printing (Figures 3A and 4) using, for 

instance, a commercial HP DeskJet 1112 printer (Figure S7). The quality of the prints using Fe-
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ink was comparable to that of the prints obtained using C-ink prints (Figure 4A and 4B). In 

addition to generating high-quality prints, Fe-ink can be filled into a fountain pen for writing 

and drawing on P-papers without the risk of the pen jamming (Figure S8). Moreover, Fe-ink 

can be utilized as an alternative of the pad ink for stamping onto P-papers (Figure S9). 

 

Figure 4. (A, B) Ink-jet prints (210 mm × 297 mm) obtained on a HP DeskJet 1112 printer with 

cartridges (HP 803) filled with C-ink on untreated paper (A) or refilled with Fe-ink on TA-

treated paper (B). (C) Traditional Chinese ink painting using a Chinese brush and Fe-ink on 

TA-treated rice paper. 

Using traditional brush pens and Fe-inks at varying concentrations, different degrees of black, 

including typical dark black generated in TCPs,8 could be obtained (Figure S10). In addition to 

different hues of black, the present strategy produced a series of reddish-brown colors (Figure 
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S10), thus enabling further versatility, diversity, and creativity in TCPs. The treatment of rice 

paper using polyphenol solutions generated a layer of polyphenol coating on their surfaces. This 

type of paper is suitable for creating traditional ink paintings using brush pens (Figures 4C).  

Owing to the intrinsic adhesiveness of polyphenols to a wide range of substrates,32,33 the present 

painting technique could be applied to a series of diverse substrates, including paper, a 

polyvinyl chloride surface, a latex painted wall, leather, cotton or nylon cloth, and aluminum 

foil using different polyphenols (Figures 5A and S11). The MPN-based painting technology 

could further be extended to outdoor advertisement applications. For instance, advertising 

slogans or logos could be sprayed onto polyphenol-treated walls using M-inks, as demonstrated 

in Figure S12. The ink imprints generated on diverse P-substrates via different applying 

methods (including writing, ink-jet printing, painting, stamping and spraying) were stable for 

at least one year, with no obvious color changes. Notably, no additional treatment was required 

to achieve such stability. 

 

Figure 5. (A) Stampings on TA-treated cotton T-shirt, a polyvinyl chloride (PVC) surface, and 

a latex painted wall (LPW) using Fe-ink. (B) UV–vis absorption spectra (left) of papers with 
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different treatments. The green and yellow arrows indicate the CuII and TiIV LMCT band of P-

papers with Cu-ink and Ti-ink prints, respectively. Photographs (right) of TA-treated papers 

sprayed or stamped with Ti-ink or Cu-ink. (C) Photographs of TA-treated filter papers painted 

with Eu–TTA and Tb–AA solutions as inks under ambient light (left) and UV light (right), 

respectively. 

As can be seen from Figures 5B and S13, a range of metal ions can be applied as inks for the 

generation of diverse colors. UV–vis absorption spectra (Figure 5B) showing typical LMCT 

band characteristics of TiIV (Figure 5B, yellow line) and CuII (Figure 5B, green line) indicated 

the formation of TA–TiIV and TA–CuII coordination complexes on papers with Ti-Ink or Cu-

Ink prints.38-40 This confirmed that the development of diverse colors on P-papers was based on 

the in-situ formation of MPN complexes on the papers. These metal ion solutions, similar to 

Fe-ink, resulted in stable and colorful ink prints on P-papers, thus broadening the presented 

MPN-based painting technique to achieve multicolor paintings. Furthermore, different metal 

ions could be mixed to provide additional choices of colors (Figure S14). A screening test that 

involved stamping of different M-inks on P-papers revealed that a series of colors, including 

orange, brown, yellow, and pink, could be obtained (Figure S15). The mono- and mixed metal 

ion solutions examined are prototype M-inks that are useful for colorful printing applications 

for daily use. Moreover, using solutions of coordinated rare earth metal complexes (i.e., 

europium-2-thenoyltrifluoroacetone (Eu–TTA) and terbium-acetylacetone (Tb–AA) 

complexes) as inks, the visibility of the prints could be tailored depending on the light. For 

instance, paintings onto P-papers produced by brushing or stamping were invisible under 

ambient light but were fluorescent under UV light (Figures 5C and S16). Such a feature could 

be useful for anti-counterfeit applications. The present painting strategy could be also extended 

to an even broader range of practical applications, including room decoration and self-painted 

clothes. 
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Unlike the oily and sticky C-inks that contain different organic and inorganic additives,41-43 the 

M-inks developed herein dissolve in aqueous solutions and are non-toxic, odorless, non-sticky, 

and can be easily washed off upon skin contact, thereby representing more user-friendly inks 

(Table S2). The direct incorporation of polyphenols into paper pulp during papermaking 

process is currently under investigation. In addition, the introduction of polyphenols into P-

papers and other P-substrates would provide the substrates with anti-bacterial and anti-

oxidation properties, taking advantage of the intrinsic properties of the polyphenol coating.32 

Additionally, compared with the pre-mixed IGI, the dosage of Fe-inks, using the present 

strategy, can be more easily controlled with fewer free iron ions remaining on the paper. The 

presence of free iron ions using IGI has been reported to be a major cause of the damage of 

cellulose in papers.1 Therefore, in the present approach, the degradation rate of papers caused 

by free iron ions can be largely reduced. This indicates that MPN-based printing and painting 

techniques are suitable for paper-based documentation or artworks that require long-term 

storage.  

4. CONCLUSIONS 

In summary, we have introduced a green and facile strategy for diverse practical applications 

including writing, printing, painting, and stamping that can overcome the disadvantages of IGIs 

and TCP inks. The present technique involves the polyphenol coating of substrates (to obtain 

P-substrates) and subsequent visual paintings via formation of MPNs upon contact of metal ion 

solutions as inks with the P-substrates. A series of natural plant polyphenols were shown to 

produce surface coatings on papers, generating P-papers without obvious changes in their 

macroscopic properties. Fe-inks were introduced onto P-papers using different methods, 

including printing, writing, drawing, painting, stamping, and spraying via the formation of 

MPNs. The visual paintings developed via MPN assembly is stable (more than 16 months as 

the time tested) without any further treatment and can be removed easily through the use of 
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acidic solutions. Moreover, the black prints developed via this strategy are anticipated as 

permanent prints that are durable (e.g., last for years), as this strategy shares the same 

mechanism with the IGI, which has been widely accepted as a permanent ink for archiving. The 

high quality of the MPN-based prints and TCPs also demonstrates their potential for 

applications in daily print and artistic designs. Successful printing was also achieved on other 

substrates such as cotton, nylon, latex painted wall, polyvinyl chloride cupboard, and leather. 

MPN assembly additionally affords a broader variety of M-inks owing to its versatility in terms 

of the metals ions involved, allowing the development of diverse colors, expanding the prints 

from black and white to multicolor, as well as luminescence properties. The achievement of 

multicolor as well as multifunction via in situ formation of MPN structures on various substrates 

further expanded the application of this technique from daily writing, painting, and printing to 

room decoration, clothing design and dyeing, as well as outdoor advertisement.  

The present strategy is anticipated to be useful for long-term storage of archive files or artworks 

and the easy recycle of papers for temporary records. It also provides a new avenue for the 

development of portable, non-toxic and green technologies for visual information storage via 

writing, printing and beyond. Furthermore, taking advantages of the diversity and modifiability 

of MPNs, the MPN-based printing strategy will facilitate the development of printable 2D 

materials and further expand the applications of MPN-based materials. 
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