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Table S1 Blend composition of SPEEK and SPEEK/MOF, SPEEK/COF and SPEEK/CM 

hybrid membranes 

Membrane 

code 

  

Blend composition (10 wt. %) 
NMP 

(Solvent 

wt. %) 

  

 

Phosphoric 

acid 

(PA) 

(%) 

(Polymer, 

wt. %) 

SPEEK 

 (Additive, wt. %) 

MOF COF 

Core 

shell 

‘CM’ 

SPEEK 100 - - - 90  

 

 

85 

PASPMOF-0.5 99.5  - - 90 

PASPMOF-0.75 99.25  - - 90 

PASPCOF-0.5 99.5 - 0.5 - 90 

PASPCOF-0.75 99.25 - 0.75 - 90 

PASPCM-0.5 99.5 - - 0.5 90 

PASPCM-0.75 99.25 - - 0.75 90 

 

 

Fig.S1 Polymer and filler dispersing into NMP solution in the following combination 

(a)NMP+0.75% UiO-67 (Milky white), (b) NMP+ 0.75 wt.%COF (dark yellow), (c) 

NMP+SPEEK+0.75wt.% UiO-67 (White) (d) NMP+SPEEK+ 0.75 wt.% COF (e)after PA 

doping Film of PASPMOF-0.75 (no cracks on the film), (f) PASPCOF-0.75 (high degree of 
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swollen with uneven film) (g)Polymer and filler dispersing into NMP solution in the following 

combination SPEEK+NMP (pale yellow), NMP+ 0.75 wt.%CM (yellow), 

NMP+SPEEK+0.75wt. CM (Red) (h) after PA doping Film of PASPCM-0.75. 

 

 

Fig.S2 FT-IR spectrum of UiO-67, COF and CM 

Table S2 BET specific surface area, pore volume and pore size distribution 

 

 

 

Materials BET Surface 

area (m2 g-1) 

Pore volume  

(cm3 g-1) 

Pore size 

(nm) 

UiO-67 1080 0.32 1.8 

TAPB/DMTP COF 592 0.6 3.2 

CM 872 0.04 1.8 and 3.9 
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Fig.S3 Elemental mapping of CM core shell MOF 

 

 

Fig.S4 (a, b) XRD pattern of PASPEEK, PASPMOF, PASPCOF and PASPCM hybrid 

membranes (c-d) FT-IR spectrum of PASPCM hybrid membranes 
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Fig.S5 SEM images of (a) PASPEEK, (b) PASPMOF-0.75, (c) PASPCOF-0.75 and (d) 

PASPCM-0.75 hybrid membrane 

 

Fig.S6 (a) Phosphoric Acid doping in membrane increase swelling thickness, area and doping 
level 
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Table S3 Physicochemical properties such as PA uptake, swelling thickness, swelling area, of 

PASPEEK, PASPCM and PA PBI membranes 

 

 

 

 

 

 

 

Fig.S6 AC impedance spectra (full spectrum represented as (a-d) and its relative extended 

graph denoted as (a´-d´)) (a, a´) PASPMOF-0.5, (b b´) PASPMOF-0.75, (c, c´) PASPCOF-0.5 

and (d, d´) PASPCOF-0.75. Conductivity test performed at different temperature from 30- 

130 °C 

 

 

 

Membranes 
PA uptake Swelling 

thickness 
(%) 

Swelling area (%) 
(%) 

PASPEEK 62±2 46±2.5 23±0.6 

PASPMOF-0.5 50±3 30±2 15±1 

PASPMOF-0.75 34±1 25±2 12±2 

PASPCOF-0.5 90±2 41±3 20±1 

PASPCOF-0.75 140±3 60±2 25±3 

PASPCM-0.5 78±3 57±0.9 26±0.35 

PASPCM-0.75 208±2 62±1.5 29±0.5 

PA-PBI 132±4 100±2 33±0.4 



7 
 

 

Fig.S7 AC impedance spectra (full spectrum represented as (a-d) and its relative extended 

graph denoted as (a´-d´)) (a, a´) PASPEEK, (b b´) PASPCM-0.5, (c, c´) PASPCM-0.75 and 

(d, d´) PA PBI membranes. Conductivity test performed at different temperature from 30- 

130 °C 

Table S4 Anhydrous proton conductivity (different temperatures from 30-130°C) of 

PASPEEK, PASPCM and PA PBI membranes 

Membranes 
Anhydrous Proton conductivity (S cm-1) 

30 °C 50 °C 80 °C 100 °C 130 °C 

PASPEEK 0.5±0.2 0.9±0.4 1.7±0.2 1.9±0.2 3.2±0.4 

PASPMOF-0.5 0.4±0.1 0.6±0.2 0.7±0.3 1.1±0.1 1.3±0.2 

PASPMOF-0.75 0.1±0.1 0.3 ±0.1 0.4±0.1 0.6±0.3 0.6±0.2 

PASPCOF-0.5 0.7±0.1 0.9±0.2 1.1±0.2 1.6±0.1 2.1±0.2 

PASPCOF-0.75 0.9±0.1 1.2±0.3 1.4±0.1 1.9±0.2 3.5±0.3 

PASPCM-0.5 1.4±0.3 2.3±0.3 2.7±0.1 3.0±0.1 4.3±0.3 

PASPCM-0.75 4.0±0.2 4.5±0.1 5.8±0.4 6.6±0.4 7.7±0.4 

PA-PBI 3.6±0.4 3.9±0.4 4.0±0.5 4.2±0.5 5.2±0.2 
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Fig.S8 (a) Tensile strength of pristine and hybrid SPEEK higher than Commercial PBI (b, c) 

Oxidative stability in Fenton reagent (Digital photograph of PASPEEK, PASPCM-0.5, 

PASPCM-0.75 and PA PBI membranes) (d) Thermal stability of PASPEEK and hybrid 

membranes. 

Table S5 comparative mechanical stability of prepared PASPEEK, PASPCM and PA PBI 

membranes with other literature reported composite membranes 

 

 

 

 

 

 

 

 

Membranes Mechanical 
stability 
(MPa )

References 

PA SPEEK 24.0 In this work 
PASPCM-0.75 27.3 In this work 
PA PBI 11.8 In this work 
MIL-101(Cr)@OBPI 15 [1]
SPES/MOF  11.26 [2]
CBOPBI@MOF 30% 10.2 [3]
 OPBI-Py@8 % 8.42 [4]
3 wt% Cu-TMA/sABPBI 7.70 [5]
PFSA@PTNF/TpPa-(SO3H-Py) 23.3 [6]
40%UIO-66@OPBI 27.02 [7]
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