
Supplementary information

Zeolitic imidazolate framework decorated bacterial cellulose coating for enhancing 

particulate filtration and adsorption from liquid and vapour phases of woven fabric

Joanne Lia, Armando Garciab, Anett Kondorb, Corinne Stonec, Martin Smithc, Mike Dennisc 

and Koon-Yang Lee *a,d

a. Department of Aeronautics, Imperial College London, South Kensington campus, London, 

SW7 2AZ, United Kingdom

b. Surface Measurement Systems Ltd., Allentown, PA 18103, United States of America

c. Defence Science and Technology Laboratory, Porton Down, Salisbury, Wiltshire, SP4 0JQ, 

United Kingdom

d. Institute for Molecular Science and Engineering (IMSE), Imperial College London, SW7 

2AZ, United Kingdom

Table of Contents

1. AMOUNT OF ZIF-67 DECORATED ON BC................................................................................2

2. XRD PATTERNS OF ZIF-67, BC AND ZIF-DECORATED BC.................................................3

3.  ATR-FTIR SPECTRA OF ZIF-67, BC AND ZIF-DECORATED BC........................................4

4. CONGO RED ADSORPTION – LINEARISED FREUNDLICH FITTING...............................6

REFERENCES.......................................................................................................................................7

1

Supplementary Information (SI) for Materials Advances.
This journal is © The Royal Society of Chemistry 2025



1. Amount of ZIF-67 decorated on BC

TGA was used to quantify the weight fraction of ZIF-67 in ZIF-BC. The thermal degradation 

behaviour of neat BC, ZIF-67 and ZIF-BC in N2 atmosphere is shown in Figure S1. Both BC 

and ZIF-67 underwent a single step thermal degradation. The onset thermal degradation 

temperature of BC was found to be 250°C. Beyond this temperature, the cleavage of glycosidic 

bonds in BC occurred, followed by the partial cross-linking of cellulose molecules leading to 

the formation of char, as well as the decomposition of cellulose into tar.5 The onset thermal 

degradation temperature of ZIF-67 was found to be 500°C. Above this temperature, the 2-MIM 

ligands decomposed, leading to the collapse of the overall framework structure.6 A two-step 

degradation can be seen for ZIF-BC, which corresponded to the thermal degradation of ZIF-67 

and BC independently. The residual weight fraction of ZIF-67, neat BC and ZIF-BC at 700°C 

was found to be 56%, 1% and 35%, respectively. From these values, the ZIF-67 loading on 

ZIF-BC was estimated to be 62 ± 4 wt.-%. 

Figure S1. Thermal degradation behavior of BC, ZIF-67 and ZIF-BC. 
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2. XRD patterns of ZIF-67, BC and ZIF-decorated BC

XRD technique was used to confirm the composition and crystallographic structure of BC, 

ZIF-67 and ZIF-BC. As shown in Figure S2, the main diffraction peaks observed for BC agree 

with those reported in literature and are centred around 2θ = 14.5°, 16.5° and 22.5°. The 

diffraction peak at 2θ = 14.5° corresponds to the diffraction of cellulose I⍺(1 0 0) and Iβ(1  0) 1̅

reflection planes and the peaks at 2θ = 22.5° corresponds to the diffraction of cellulose I⍺(1 1 0) 

and Iβ(2 0 0) reflection planes.7 The XRD pattern of the synthesised ZIF-67 matched with the 

simulated result, with diffraction peaks observed at 2θ = 7.4°, 10.4°, 12.7°, 14.8° and 18.0°. 

These diffraction peaks correspond to the (0 1 1), (0 0 2), (1 1 2), (0 2 2) and (2 2 2) crystal 

planes of ZIF-67 respectively 8, 9. It can also be seen from Figure S2 that ZIF-BC has diffraction 

peaks originated from both BC and ZIF-67, suggesting that ZIF-67 particles were anchored on 

the surface of BC nanofibrils while maintaining its high crystallinity. 

Figure S2. XRD patterns of BC, ZIF-67, ZIF-BC and simulated ZIF-67.  
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3.  ATR-FTIR spectra of ZIF-67, BC and ZIF-decorated BC

To confirm the successful synthesis of ZIF-67 and to elucidate whether ZIF-67 was covalently 

bonded to BC, ATR-FTIR was conducted (see Figure S3). The ATR-FTIR spectrum of ZIF-

67 agrees with those reported in literature. The characteristic absorbance peaks observed for 

ZIF-67 around ~1570 cm-1, ~1420 cm-1, ~1140 cm-1, ~990 cm-1 and 756 cm-1 correspond to 

N-H,10  the stretching of the imidazole ring,11 C-N,11, 12 C-N12 and the out-of-plane bending 𝜈 𝜈 𝛿

of the imidazole ring,13 respectively. The characteristic absorbance peaks observed for BC at 

~3340 cm-1, ~2890 cm-1, ~1420 cm-1, ~1315 cm-1, ~1160 cm-1, ~1110 cm-1 and ~1050 cm-1 

correspond to OH,14 CH,15 CH2,16 ωCH2,17 C-O-C,16 OH18 and C-O-C,18 respectively. 𝜈 𝜈 𝛿𝑠 𝜐𝑎𝑠 𝛿 𝛿

It can also be seen from Figure 4 that the ATR-FTIR spectrum of ZIF-BC contained the 

characteristic peaks of both ZIF-67 and BC, corroborating with the fact that the presence of BC 

nanofibrils did not affect the synthesis of ZIF-67 particles from solution. 

Figure S3. ATR-FTIR spectra of BC, ZIF-67 and ZIF-BC.
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4. Congo red adsorption – Linearised Langmuir and Freundlich 
fitting

Linearised Langmuir model: 

𝐶𝑒
𝑞𝑒
=

1
𝐾𝐿𝑄𝑚𝑎𝑥

+
𝐶𝑒
𝑄𝑚𝑎𝑥

Linearised Freundlich model: 
log 𝑞𝑒=

1
𝑛
log 𝐶𝑒+ log𝐾𝐹

Figure S4 Linearised Langmuir and Freundlich fitting of (a) BC, (b) ZIF-67 and (c) ZIF-BC.

5



Figure S5 Linearised Langmuir and Freundlich fitting of (a) uncoated woven fabric, (b) ZIF-
cotton, (c) 0.25 g m-2, (d) 0.5 g m-2 and (e) 1 g m-2 ZIF-BC coated woven fabric. 
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