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ABSTRACT  
Countries around the world have sought efficient protective coverings, including masks, gowns, 

and fabrics, for air purification to protect people against infectious diseases. However, the 

demand for significant quantities of disposable protective textiles poses a global challenge, 

especially when the production of protective gear is suspended due to COVID–19 outbreaks in 

factories and along supply lines. Therefore, the development of reusable, self-decontaminating 

protective masks and coverings loaded with disinfectants, such as antibacterial peroxide species, 

presents an attractive strategy to fight against bacteria risks. In this work, we incorporated 

persulfate ions, which serve as stable active peroxide precursors, into two porous zirconium-

based metal–organic frameworks (Zr-MOFs), enabling these materials to act as regenerable 

reservoirs for the slow release of biocidal hydrogen peroxide upon hydrolysis by contact with 

humid air. Single-crystal X-ray diffraction studies reveal the two different coordination motifs for 

the persulfate ions, which can either bridge between two adjacent nodes or coordinate to a single 

node depending on both the node connectivity and the distances between open metal sites. The 

active peroxide precursors within the porous Zr-MOF carriers are stable during storage and easily 

regenerated once consumed. Importantly, these persulfate-loaded Zr-MOFs can be integrated 

onto textiles using a facile aqueous in-situ growth procedure, and these composites demonstrate 

potent and reusable biocidal activity against both Gram-negative bacteria and Gram-positive 

bacteria. Overall, this approach presents a viable strategy to develop robust protective textiles 

capable of rapidly deactivating pathogens. 
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 Introduction 

The global community is under threat from high-risk pathogenic bacteria.[1-4] Personal protective 

garments and textile air purification filters are imperative to combat these biological threats and 

protect both vulnerable healthcare personnel and the general public. However, most protective 

textiles and masks currently in use only act as physical barriers of the pathogens to protect the 

user from exposure. Unfortunately, pathogens are detectable on these contaminated textiles for 

several days following exposure, increasing the risks of cross-infection of disease.[5-8] One 

promising strategy to decrease infections from bacterial pathogens involves functionalizing the 

textile with a reusable and active protective layer that deactivates pathogens upon exposure.[9-18] 

In particular, loading disinfecting species, such as active halogens (e.g., chloramine or I2) and 

active peroxide species (e.g., peroxide), into a textile coated with a porous carrier layer may 

present access to self-cleaning biocidal protective textiles that could slowly release the active 

species and be repeatedly loaded for many cycles with no loss in performance.[19-25] 

Metal−organic frameworks (MOFs) are a class of nanoporous crystalline porous materials 

comprised of metal ion- or cluster-based nodes and organic linkers, and the large chemical 

diversity of available building blocks enables excellent control over physical properties that has 

established MOFs as high-performance materials in a variety of fields.[26-31] For example, their 

highly porous nature makes MOFs ideal candidates for host-guest applications for the loading 

and release of biologically active species.[32-39] Previously, researchers have developed MOF-

based carriers by loading active species (e.g., chloramine or I2) into MOF nanopores and 

observed good biocidal performance from these MOF-coated fiber composites towards 

pathogens.[38-39] However, the short shelf-lives caused by weak MOF-halogen bonding 

interactions, as well as the unwanted odor and color of halogen-based biocidal materials, has 

created difficulties in popularizing MOF-coated protective textiles and hindered their use in 

practical biocidal applications. 
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Scheme 1. The schematic representation of the persulfate loaded Zr-MOF/textile composite for 

antibacterial application. 

To address these limitations, we developed a new strategy in which we loaded zirconium-based 

MOFs (Zr-MOFs) with stable and regenerable hydrogen peroxide precursors, namely persulfate 

(PSO), which slowly releases user-friendly biocidal hydrogen peroxide upon hydrolysis by 

contact with humid air (Scheme 1). Specifically, we post-synthetically incorporated PSO into the 

Zr6 nodes of two nanoporous zirconium-based MOFs (Zr-MOFs), MOF-808 (with 6-connected 

Zr6 nodes) and DUT-67 (with 8-connected Zr6 nodes), by taking advantage of the accessible open 

metal sites on the Zr6 nodes. Single crystal X-ray diffraction (SCXRD) crystallographic studies 

verified the coordination modes of the PSO ions to the Zr6 nodes. Unlike the reported MOF-

based carriers in the literature that rely on the physical adsorption of the active species inside the 

cavities, the formation of coordinating bonds between Zr6 nodes and PSO ions prevents the 

leaching of the active component precursor to the environment. On the other hand, the 

coordination bonds formed are reversible enough in aqueous solution at room temperature to 

enable repeatable PSO loadings for several cycles by simply exchanging the inactive, discharged 

species with a fresh PSO solution in mild conditions. Moreover, we employed an aqueous in-situ 

growth method to coat these two Zr-MOFs onto a textile fiber, and PSO loading into the 

composites afforded durable and regenerable biocidal protective fabrics (Scheme 1). Cytotoxicity 

studies showcased favorable biocompatibility of the MOF/textile composites to mammalian cells, 
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which further demonstrates the potential practical values of these new composites as antibacterial 

textile materials. 

 

Figure 1. (a) SEM images of DUT-67 and MOF-808 before and after PSO loading. Scale bars: 5 

μm. (b) EDX mapping of MOF-808-PSO. (c) PXRD and (d) N2 sorption isotherms of the samples.  

Results and Discussion 

Structure Studies of Persulfate-loaded Zr-MOFs 

To begin our investigation, we selected two nanoporous zirconium-based MOFs (Zr-MOFs), 

DUT-67 and MOF-808, due to their structural robustness and accessible Zr6 nodes that are 

amenable to the post-synthetic immobilization of functional anions.[40-42] To load the active 
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peroxide precursor, PSO, into the frameworks, we incubated powdered DUT-67 or MOF-808  in 

a 5 wt% sodium persulfate solution at room temperature for 24 h. Scanning electron microscopy 

(SEM) images reveal that the resulting PSO-loaded MOFs, denoted as DUT-67-PSO and MOF-

808-PSO, exhibit the same morphology as those of the original materials (Figure 1a). Next, we 

verified the successful incorporation of PSO peroxide precursors into the Zr-MOFs through a 

series of experiments. First, energy dispersive X-ray (EDX) mapping studies confirmed the 

uniform distribution of sulfur throughout MOF-808-PSO particles (Figure 1b). Then, a potassium 

iodine oxidation test qualitatively confirmed the presence of oxidizing species in the PSO-loaded 

MOF materials (Figure S1).[23] For example, mixing MOF-808-PSO or DUT-67-PSO with a 

potassium iodide solution afforded an immediate color change from white to deep brown, which 

indicated the formation of iodine upon reaction with the oxidizing PSO; in contrast, addition of 

the same potassium iodide solution to the parent MOFs did not induce any color change (Figure 

S1). We then quantified the active peroxide loading, namely the weight percentage of the active 

peroxide, in the PSO-loaded MOFs through an iodometric/thiosulfate titration. The active 

peroxide loadings in MOF-808-PSO and DUT-67-PSO are 3.0 wt% and 2.7 wt%, respectively. 

The loading values correspond to about 1.7 and 1.4 PSO loaded onto each Zr6 node, respectively, 

and are similar to the PSO loadings of 1.9 and 1.5 per Zr6 node, respectively, determined from 

sulfur content analysis of inductively coupled plasma-optical emission spectroscopy (ICP-OES) 

experiments. X-ray photoelectron spectroscopy (XPS) experiments also verified the introduction 

of PSO by revealing the presence of the characteristic sulfur element from PSO in the MOFs 

(Figure S2-S4). The PSO loading based on XPS analysis is 1.7 and 1.3 per Zr6 node on MOF-

808-PSO and DUT-67-PSO respectively, further corroborating the successful immobilization of 

PSO onto Zr-MOFs. Importantly, these PSO loadings were achieved through treatment of Zr-

MOFs with aqueous solutions at room temperature without any pH adjustment, highlighting the 

practicality of this strategy to incorporate active peroxide precursors into the frameworks. The 

powder X-ray diffraction (PXRD) patterns of the PSO-loaded MOFs are comparable to those of 

the pristine MOFs, confirming the retention of the crystalline structure following PSO 

incorporation (Figure 1c).[40-42] Finally, we probed the nanoporosity of these MOFs using N2 

sorption isotherms at 77 K and observed a slightly reduced adsorption capacity for both MOFs 

following PSO loading (Figure 1d), e.g. 540 cc/g (25 mmol/g) to 460 cc/g (21 mmol/g) for MOF-

808 and 310 cc/g (14 mmol/g) to 230 cc/g (10 mmol/g) for DUT-67. The pore volume of MOF-
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808 was reduced from 0.9 cc/g to 0.7 cc/g and pore volume of DUT-67 was reduced from 0.4 

cc/g to 0.3 cc/g, after PSO loading. The reduced N2 sorption capacity and pore volume are due to 

the added weight of PSO ions within frameworks, which further proves the successful 

introduction of PSO into the MOF pores.   

 
 

Figure 2. Crystal structures of the persulfate (PSO)-modified MOFs (a) DUT-67-PSO and (b) 

MOF-808(Hf)-PSO obtained from single-crystal X-ray diffraction studies. Close-up view of the 

coordination modes of the PSO anions on the M6 node(s) for (c) DUT-67-PSO(Zr) (M = Zr) and 

(d) MOF-808(Hf)-PSO (M = Hf). Organic linkers and disordered parts are omitted for clarity. 

To fully understand the atomic structure of the PSO-loaded Zr-MOFs, we first collected single 

crystal X-ray diffraction (SCXRD) data of DUT-67-PSO(Zr) crystals.[43] The results show that 

the framework structure remains unchanged (Table S1), which corroborates the PXRD results 

(vide supra). The octahedral pores feature PSO ions that can be resolved with a positional 

disorder related to the 3-fold symmetry of the framework (Figure 2a and Figure S5a). In the 

crystal structure, one PSO ion bridges two adjacent Zr6 clusters in a monodentate fashion, with 

one O atom from PSO replacing one –OH group on the open metal sites that point towards the 

octahedral pore for each Zr6 node (Figure 2c). The O–O bond length in PSO is 1.80(14) Å, which 

is relatively long compared to reported values (1.4-1.6 Å) for comparable systems,[44-47] but is 
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still significantly shorter than the sum of Van der Waals radii of two oxygen atoms (3.0 Å). 

Interestingly, we did not find any evidence of PSO ions on the open metal sites pointing towards 

the larger, truncated cube-shaped pores, which results in a theoretical maximum loading rate of 

1.33 of persulfate ions for each 8-connected Zr6 node in DUT-67-PSO.  

In contrast to DUT-67-PSO(Zr), our attempts to synthesize large MOF-808-PSO(Zr) single 

crystals did not provide any with suitable diffraction intensity for analysis. Therefore, we loaded 

PSO into MOF-808(Hf), which is isoreticular to MOF-808(Zr) and features the same M6-based 

node, to improve the diffraction intensity of the crystals.[42] Analysis of the diffraction study 

revealed that rather than the monodentate coordination of one PSO to two adjacent nodes as in 

DUT-67-PSO(Zr), a single persulfate ion coordinates to two open metal sites in a bidentate 

fashion on one Hf6 node in MOF-808-PSO(Hf) (Figure 2b and d). Based on this coordination 

geometry, the theoretical maximum incorporation rate is 3 PSO for every Hf6 node in MOF-808-

PSO(Hf) (Figure S5c-d). The O–O bond length for PSO in MOF-808-PSO(Hf) is 1.76(12) Å, 

which is comparable to the bond length observed in DUT-67-PSO(Zr) and suggests a similar 

weakening of this bond upon PSO coordination to the node.  

To further elucidate the origin of the differences in PSO coordination for these two MOFs, we 

analyzed distances for key oxygen atoms coordinated to the M6 nodes (M = Zr, Hf). In DUT-67-

PSO(Zr), the distance between the two terminal oxygen atoms of aqua/hydroxo ligands capping 

the open metal sites of adjacent Zr6 nodes that are facing towards the truncated cube pore of is 

7.26 Å (Figure S6a). In comparison, the distance between the two analogous PSO-based oxygen 

atoms that are on the same nodes but facing towards the octahedral pore is 6.42 Å, suggesting 

distances beyond this might be unfavorable for PSO to bridge across two coordination sites. In 

contrast, the distance between the terminal PSO-based oxygen atoms that are capping the open 

metal of the Hf6 node in a bidentate fashion in MOF-808(Hf)-PSO is 5.31 Å (Figure S6b). 

Combined, these results illustrate that the successful incorporation of persulfate ions into MOFs 

with this hexanuclear M6 cluster (M = Zr, Hf) relies on suitable distances between open metal 

sites. 
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Figure 3. (a) Storage stability of active peroxide-loaded MOF-PSO powders in a sealed vial and 

in air. (b) Storage stability of active peroxide-loaded MOF-PSO powders in 0.90 wt% saline 

water. (c) Horseradish peroxidase (HRP)-catalyzed tetramethylbenzidine (TMB) oxidation 

reaction used to identify released active species. (d) UV-vis absorption spectra and photograph 
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images of the TMB solutions oxidized by different filtrates with or without HRP enzyme after 5 

min reaction. (e) Proposed biocidal hydrogen peroxide release and PSO regeneration mechanism.  

 

Stability of Hydrogen Peroxide in the MOF Carriers 

The stability of active peroxide precursor in the MOF carrier is critical for practical application as 

it dictates the shelf life of the products.[23-25] Quantification titration tests indicate that DUT-67-

PSO and MOF-808-PSO retained above 90% of the initial active peroxide loading after storage in 

a sealed vial in a desiccator for 40 days, which indicates that these PSO-loaded Zr-MOFs are very 

stable under proper storage conditions (Figure 3a). To achieve biocidal activity in practical and 

real-world conditions, the biocidal peroxide species needs to be released upon exposure to 

humidity. Therefore, we also tested the active peroxide precursor concentration after DUT-67-

PSO and MOF-808-PSO were exposed to 65% relative humidity (RH) for 40 days and found that 

they kept 60% and 75% active peroxide loading, respectively, indicating good stability of the 

PSO under humid air (Figure 3a and Figure S8). The accelerated release test in 0.9 wt% saline 

water showed a half-life of about two days of the active peroxide content in these two PSO 

loaded Zr-MOFs (Figure 3b). To demonstrate that the release of  the active species is hydrogen 

peroxide, we conducted a chromogenic catalysis of tetramethylbenzidine (TMB), which could be 

selectively oxidized into a blue complex of TMB and diimine by hydrogen peroxide in presence 

of horseradish peroxidase (HRP) as the catalyst (Figure 3c).[48-49] When a TMB solution (in 0.1 

M acetate buffer, pH 3.6) was mixed with filtrates from DUT-67-PSO and MOF-808-PSO, no 

obvious color changes were observed. However, after the addition of peroxidase, the color turned 

blue, with a characteristic absorption wavelength at 652 nm for the TMB diimine complex, 

indicating the presence of hydrogen peroxide as the oxidant in the catalytic reaction (Figure 3d). 

Interestingly, a bright yellow color was observed when the TMB solution was mixed with sodium 

persulfate dissolved in 0.9 wt% saline water (with the equivalent peroxide in the MOF-808-PSO 

filtrate), which could further rule out the presence of persulfate in the filtrates from the MOF-

PSO system (Figure S7). Moreover, ICP-OES analysis indicates that the relative atomic ratio of S 

to Zr on MOF-PSO remains unchanged after the treatment with saline water, suggesting that 

these MOFs release hydrogen peroxide upon in situ hydrolysis of the coordinated persulfates, 

rather than through the direct release of PSO from MOF nodes, which is consistent with the 

production of hydrogen peroxide with persulfates as the intermediates (Figure 3e and Figure 
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S8).[50] Importantly, the active peroxide lost during storage and saline water treatment could be 

fully recharged by another sodium persulfate solution treatment, which means this MOF-PSO 

system is regeneratable (Figure 3e). We also tested the ability of the PSO to be regenerated for 

multiple cycles in the Zr-MOF carrier following discharge of the peroxide species. To probe this, 

we quenched the active peroxide precursor through the addition of an excess aqueous sodium 

thiosulfate solution to PSO-loaded Zr-MOF, and we confirmed there was no active PSO 

remaining in the MOF after quenching using a KI test. The quenched Zr-MOF was then 

regenerated with an aqueous sodium persulfate solution (Figure S9). For both Zr-MOF carriers, 

the active peroxide loadings for freshly prepared samples were similar to those of samples 

subjected to five quench-regeneration cycles, indicating good renewability of the active peroxide 

precursors in these frameworks (Figure S9). Moreover, the PXRD patterns obtained following the 

5th quench-regeneration cycle are similar to the simulated patterns, indicating no loss in 

crystallinity after repeated regeneration cycles (Figure S10).  

MOF/fiber composite synthesis and antibacterial activity 
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Figure 4. (a) SEM images, (b) PXRD patterns and (c) N2 sorption isotherms of DUT-67-

PSO/PET and MOF-808-PSO/PET. Scale bars: 15 μm. 

The successful immobilization of regenerable active peroxide precursors into Zr-MOF carriers 

encouraged us to integrate these Zr-MOFs onto textiles to probe the utility of this approach for 

biocidal textiles that operate under practical conditions.[51-59] To begin, we coated a commercial 

polyethylene terephthalate (PET) cloth with DUT-67 and MOF-808, denoted as DUT-67/PET 

and MOF-808/PET, respectively, by using an eco-friendly aqueous growth method (Figure 

S11).[25,56] Briefly, we mixed polyester fabrics with the organic linker, zirconium salt, and an 

organic acid as a modulator in DI water, then heated the mixture in an oven at 100 °C for 6 h. 

Continuous intergrown polycrystalline coatings with thicknesses of about 2 μm formed on the 

fiber surfaces, as observed through SEM imaging (Figure S12-S15). PXRD studies verified the 
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crystalline nature of the desired MOF phase (Figure S11 and FigureS13), and ICP-OES studies 

indicated MOF mass loadings of 25 wt% and 26 wt% for DUT-67/PET and MOF-808/PET, 

respectively. In addition, N2 sorption isotherms confirmed that the MOFs remain porous in these 

composites (Figure S12 and Figure S15). 

After confirming the successful integration of Zr-MOFs onto the PET fabric, we then loaded PSO 

into the composites using an analogous procedure employed for powdered Zr-MOF samples. 

This sodium persulfate solution treatment afforded a 0.50 wt% and 0.72 wt% loading of the 

active peroxide into the MOF/PET composites, which we denoted as DUT-67-PSO/PET and 

MOF-808-PSO/PET. SEM images of these composites reveal no obvious changes to the 

morphology (Figure S12 and Figure S14 and Figure 4a), which is consistent with the results from 

the powdered PSO-loaded MOF samples. Similarly, PXRD analysis and N2 sorption isotherms 

confirm the crystalline and porous nature, respectively, of the DUT-67-PSO/PET and MOF-808-

PSO/PET composites (Figure 4b-c). Notably, the composite textile materials retained their 

original white color after PSO loading (Figure S11) and do not emit an unpleasant odor, 

highlighting the potential usefulness of this strategy in practical settings. 
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Figure 5. Antibacterial activities of control samples and Zr-MOF-PSO/PET composites against (a) E. coli 

and (b) S. aureus. Storage conditions: 65% RH for 30 days. (c) Representative agar plates with the 

colonies from control and PSO loaded sample. (d) Storage stability and (e) regenerability of active 

peroxide in the DUT-67-PSO/PET and MOF-808-PSO/PET composite. (f) Cell viability of HEKn cells 
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following 24 h treatment with samples: 1 uncoated PET, 2 DUT-67/PET, 3 MOF-808/PET, 4 DUT-67-

PSO/PET and 5 MOF-808-PSO/PET. All treatments normalized to uncoated PET. ns = not significant. 

Antibacterial Activity 

With the PSO-loaded composites in hand, we then evaluated their antimicrobial performance 

against Gram-negative Escherichia coli (E. coli) and Gram-positive Staphylococcus aureus (S. 

aureus) bacteria using a modified American Association of Textile Chemists and Colorists 

(AATCC) test protocol AATCC-100–2004.[23-25] The composite samples (1 cm × 1 cm) were 

challenged with 10 μL of a bacterial suspension (~107 colony-forming units (CFU)/mL) for 5 min 

to 20 min, after which the bacteria were extracted from the fiber composites. The antibacterial 

activity was determined based on the viable microbial colony counting method and summarized 

in Figure 5a, b.[23-25] The control sample, PSO-free DUT-67/PET and MOF-808/PET, exhibit no 

obvious biocidal effects (Figure 5a,b). In contrast, the freshly prepared DUT-67-PSO/PET and 

MOF-808-PSO/PET composites show fast and potent antimicrobial activities against both Gram-

negative and Gram-positive bacteria, demonstrating a 7-log (100%) reduction against E. coli and 

S. aureus after only 5 min contact (Figure 5a, b). In sharp contrast to the control samples, 

representative agar plates demonstrate the total killing of the two bacteria strains by the PSO-

loaded Zr-MOF coatings (Figure 5c and Figure S16). Moreover, we observed morphological 

changes by SEM in the bacteria after treatment with PSO-loaded samples. Specifically, S. 

aureus and E. coli retained spherical and corynebacterium morphologies, respectively, after 

exposure to the control samples, while the bacteria treated with the PSO-loaded coatings show 

obvious cellular deformation and membrane collapse (Figure S17).  

Since the loss of active peroxide precursors in the protective cloths during storage could degrade 

biocidal efficacy, we investigated the stability of active peroxide precursors in the DUT-67-

PSO/PET and MOF-808-PSO/PET cloths. To further demonstrate the practicality of this 

composite material in real-world applications, we exposed the composite to air at 65% RH for 30 

days and found that about 70% of the original active peroxide content remains in both samples 

(Figure 5d). After 30 days of storage, MOF-808-PSO/PET maintains 0.52 wt% active peroxide, 

which is similar to the active peroxide loading of fresh DUT-67-PSO/PET before storage (0.5 

wt%). Notably, after storing MOF-808-PSO/PET for 30 days, this composite achieved total 

killing of both strains after 5 min, indicating the same biocidal activity as the fresh sample. We 
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found that after storing DUT-67-PSO/PET for 30 days in humid air, this composite retained 0.35 

wt% active peroxide loading compared to 0.5 wt% for the fresh sample. This decrease in loading 

results in slightly reduced antimicrobial potency for this composite against Gram-positive and 

Gram-negative strains relative to that of the fresh sample. After 10 min contact, the aged DUT-

67-PSO/PET sample achieved a ~4-log (99.99%) reduction of E. coli and a ~6-log (99.9999%) 

reduction of S. aureus (Figure 5a-b). Gram-negative bacteria possess a protective cell wall with 

an outer lipopolysaccharide membrane, which could reduce the antimicrobial agent penetration 

into the cell and show more resistance to oxidative biocides.[60-61] 

Due to its relatively higher initial peroxide loading, MOF-808-PSO/PET can fully maintain its 

antibacterial performance after storage. Importantly, after re-treating aged DUT-67-PSO/PET 

with a sodium persulfate solution, the active peroxide precursor loading lost during storage was 

recovered, and the antibacterial activity was fully restored (Figure 5a-b). To further evaluate the 

renewability of active peroxide species in the two Zr-MOF-coated PET fabrics, we quenched the 

active peroxide precursors of fresh PSO-loaded samples using an aqueous sodium thiosulfate 

water solution and then regenerated the active peroxide precursors upon treatment with an 

aqueous sodium persulfate solution. After five quenching and regeneration cycles, the same 

active peroxide loading could be fully recovered (Figure 5e). Moreover, PXRD analysis, SEM 

imaging, and ICP-OES results confirm that the crystallinity, surface morphology, and mass 

loading, respectively, of the two Zr-MOFs coatings in these PET composites remains unchanged 

after five regeneration cycles, demonstrating the excellent renewability and durability of the 

PSO-loaded Zr-MOF/PET composite (Figure S18-S21). Importantly, we didn’t observe any 

dusting or detachment of the MOF coating during first PSO loading and regeneration sequence, 

which can likely be attributed to the improved stability that results from the morphology of the 

intergrown MOF coating on the PET fibers. To evaluate the biocompatibility of these Zr-MOF- 

and Zr-MOF-PSO-coated fibers, we next assessed their cytotoxicity with HEKn cells as a model 

mammalian cell line (Figure 5f).[62] Following overnight incubation of cells on fibers, we did not 

observe any significant differences in cell viability between the different groups (uncoated PET, 

DUT-67/PET, MOF-808/PET, DUT-67-PSO/PET and MOF-808-PSO/PET). Combined, these 

results indicate that the Zr-MOF coatings, both with and without PSO, do not noticeably impact 

cell performance, thereby demonstrating biocompatibility of this composite system with 

mammalian cells. In practical applications, a layer of barrier textile could be used to avoid direct 
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contact between skin and active antibacterial textile layer. At the same time, these antibacterial 

textiles could be used in wider application fields without direct contact with human skin, such as 

in filters for air purification and internal cloths (e.g., curtains). 

Conclusion 

We introduced a versatile strategy to access nanoporous Zr-MOFs loaded with persulfate ion 

carriers that act as active peroxide precursors and release biocidal hydrogen peroxide upon 

exposure to humidity, endowing these Zr-MOFs with antibacterial properties. Single crystal X-

ray diffraction studies revealed a distinct PSO coordination geometry for each Zr-MOF (e.g., one 

PSO bridges across two adjacent nodes in DUT-67, while one PSO coordinates in a bidentate 

fashion to a single node in MOF-808) that is dependent on node connectivity and distances 

between possible coordination sites. Despite these differences, both Zr-MOFs exhibit comparable 

PSO loadings that can be regenerated for at least five cycles with no apparent loss in PSO 

capacity. We leveraged these properties to develop biocidal textile composites by integrating 

MOF coatings onto commercial textile fibers and treating them with an aqueous sodium 

persulfate solution. These PSO-loaded MOF/fiber composites demonstrate excellent, broad-

spectrum biocidal performance against Gram-positive and Gram-negative bacteria and good 

biocompatibility. Importantly, storage of these composites for several weeks under ambient 

conditions does not significantly diminish the PSO loading or the biocidal activity of the 

composite. Moving forward, this strategy to develop regenerable biocidal composite textiles may 

potentially provide highly effective protective gear for use in high-risk settings, such as in 

hospitals or elderly care homes, while reducing the solid waste generated from traditional, single-

use protective masks and cloths currently used around the world today. 

Experimental Section 

General Procedure for Preparation of DUT-67-PSO and MOF-808-PSO 

 5% sodium persulfate solution was used to load the persulfate ion, namely the active hydrogen 

peroxide precursor, onto Zr-MOF powders. 0.2 g Zr-MOF (DUT-67 or MOF-808) was immersed 

in 500 mL sodium persulfate water solution at room temperature for 24 h. The powder was 

washed using DI water three times to remove unreacted species, and then washed using acetone 

three times and dried in a hood overnight to obtained DUT-67-PSO and MOF-808-PSO, 

respectively. All samples were and stored under vacuum at room temperature before use. 
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Synthesis of DUT-67-PSO/PET 

Four pieces of PET textile (4 cm x 4 cm), 2,5-thiophenedicarboxylic acid (26.6 mmol, 4.6 g), and 

ZrOCl2· 8H2O (40 mmol, 12.9 g) were mixed in DI water (100 mL) and acetic acid (AA) (100 

mL) and then sealed in a 500 mL Pyrex Schott bottle. After sonication for 0.5 h, the mixture was 

placed in an oven at 100 °C for 6 h. After cooling down, the composite samples were washed by 

deionized water (2 x 50 mL) and acetone (3 x 50 mL). Finally, the composite samples were dried 

at room temperature and stored under vacuum at room temperature. One piece of Zr-MOF coated 

fiber composite (5 cm x 5 cm) was immersed in 500 mL of 5% sodium persulfate water solution 

at room temperature for 24 h and washed using DI water three times to remove unreacted species, 

and then washed using acetone three times and dried in a hood overnight. All samples were and 

stored under vacuum at room temperature before use. 

Synthesis of MOF-808-PSO/PET 

Trimesic acid (4 mmol, 0.84 g) was added to a mixture of DI water (40 mL) and TFA (30 mL) in 

a sealed 200 mL flask and refluxed for 1 hour to totally dissolve the solid. The solution was 

transferred to a 250 mL Pyrex Schott bottle. ZrOCl2· 8H2O (9 mmol, 2.9 g) and four pieces of 

PET textile (4 cm x 4 cm) were added to above mixture. The sealed bottle was placed place in an 

oven at 100 °C for 6 h. After cooling down to room temperature, the obtained fabric samples 

washed by deionized water (2 x 100 mL), acetone (3 x 100 mL). Finally, the samples were dried 

at room temperature. One piece of Zr-MOF coated fiber composite (5 cm x 5 cm) was immersed 

in 500 mL of 5% sodium persulfate water solution at room temperature for 24 h and washed 

using DI water three times to remove unreacted species, and then washed using acetone three 

times and dried in a hood overnight. All samples were and stored under vacuum at room 

temperature before use. 

Supporting Information 

Additional materials synthesis, antibacterial method, and characterization data, including PXRD, SEM, 

sample photographs etc. are available in Supporting Information. 
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