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Introduction

H2 Economy

Fuel Cells: 

Efficiency and Safety; Zero Emissions

Fossil fuels → Clean energy AEMFC:
alkaline anion-exchange membrane fuel cells

PEMFC: 
proton-exchange membrane fuel cell

electrocatalyst: Pt/Ir electrocatalyst: Fe/Ni

?Nafion

gas crossover 

[1] P. A. Szilágyi et al., Mat. Adv., 2022, 3, 8815-8829, DOI: 10.1039/D2MA00880G



Main Idea

D. W. Kang et al., Adv. Funct. Mater., 2021, 31, 2100083, DOI: 10.1002/adfm.202100083.

Key Questions

1. Highly alkaline-stable MOFs

2. Enhanced OH⁻ ionic conductivity

3. MOF–polymer composite membranes



MOF Framework
BMMIm+

BMMIm+

Structure of CoTBT

CoTBT Ionic Liquid: [BMMIm]Cl

Ionothermal synthesis route:

Green octahedral single crystals with average 

size 20–25 μm

Space Group: P 21/n

Unit Cells:

a 17.23 Å

b 16.35 Å

c 17.54 Å

α 90° β 117.16° γ 90°

➢ Solvent Matrix: high viscosity of the IL (promoting a 

slower reaction rate, thus contributing to crystallization)

CoTBT

Co(NO3)2·6H2O; H2TBT,

[BMMIm]Cl;

DMF; isopropanol; H2O and 

AEP
Sonicate

30 min

100℃  7days
Filtering

and

Drying

➢ Charge Balancer: [M(TBT)2]2−

2D  [M(TBT)2]n
2n− anionic layer

(BET surface area ~12 m²/g) 
[2] Q. Hou et al., Chem. Commun., 2023, 59, 7072-7075, DOI: 10.1039/d3cc00778b

[2] 



Performance of CoTBT

Alkali Resistance

➢ Strong alkali stability

➢ Slight unit-cell expansion → 

Ion penetration and framework 

relaxation

– CoTBT-NaOH: +0.169%

– CoTBT-KOH: +0.373%

– Largest change along c-axis

XRD

DFT

[1 −2 1] 

➢ DFT-simulated: agrees with 

XRD; Ion insertion favored 

along [1–2 1]

11.2°/11.6° → (111)/ (21–1)

➢ 11.2°/11.6° (111)/(21–1) 

relative intensity change → 

Electron density 

redistribution

20M NaOH/KOH, 5 days



Performance of CoTBT

Internal space accessibility for ion transport 

➢TGA: Na⁺/K⁺ remain after heating →Co3O4 (+Na2CO3 and K2CO3 ) Low BET surface area, 

but ions can still access the internal space.
➢ SEM-EDS: Na⁺/K⁺ (0.1–0.5 at%)

➢Weak OH- signal (~3620 and 3750 cm⁻¹)



Performance of CoTBT

➢ Single semicircle → Ionic volume conduction (no grain-boundary resistance)

Impedance spectroscopy

Temperature & Humidity Dependence

➢ Surface protonic conduction dominates (H+/OH-/H3O
+)

➢ Conductivity increases with humidity → Water-enhanced ion/proton mobility

➢ CoTBT shows highest ionic conductivity at low T （0.013 mS / cm at 30℃ and 60%RH）



[3] J. H. Cavka et al., J. Am. Chem. Soc., 2008, 130, 13850-13851, DOI: 10.1021/ja8057953. 

[4] X. Yang et al., Molecules, 2022, 27, 8370, DOI: 10.3390/molecules27238370

UiO-66

[3] 

ZiF-67（Co）

[4] 

Comparison with other MOFs

➢ CoTBT≫ ZIF-67(Co), UiO-66 in ionic conductivity, not structural damage

➢ Porosity alone ≠ good ion transport

➢ Framework chemistry + BMMIm⁺ charge carriers + hydrophilicity → Intrinsic high σ (CoTBT)



Comparison with other MOFs

Sample

Crystallit

e/Particle 

Size(μm)

BET 

Surface 

Area 

(m2/g)

Pellet 

Mass 

(g)

Pellet 

Diamete

r (mm)

Pellet 

Thickness 

(mm)

Geometri

c Volume 

Vgeom

(cm3)

Geometri

c Density 

ρgeom

(g/cm3)

Theoretica

l Density 

ρth (g/cm3)

Relative 

Density 

(ρgeom/ρth)

σ (30℃, 

p(H2O)=0.025 

atm) (S/cm)

Specific surface 

conductance Gs

(S) (30℃, 

p(H2O)=0.025 

atm) 

CoTBT 20-25 12 0.30 10.01 3.02 0.24 1.26 1.35 0.94 1.4 × 10-5 ~ 10-7

UiO-66 0.2-0.5
1180-

1240
0.29 10.06 2.59 0.21 1.41 1.47 0.96 1.8 × 10-8 ~ 10-11

ZIF-67(Co) 0.5-1 1349 0.19 10.07 2.49 0.20 0.96 1.23 0.78 1.4 × 10-9 ~ 10-13

surface brick layer model (SBLM) 

Specific surface protonic conductance: GS 

[5] 

σM：Effective macroscopic 

conductivity

dg：Grain size

ρr：Relative density

「5] T. Norby et al., Solid State Ionics, 2023, 398, 116269, DOI: 10.1016/j.ssi.2023.116269.



CONCLUSION

➢CoTBT shows strong alkali stability.

➢ Internal space remains accessible to small ions despite low BET area.

➢CoTBT has relatively high ionic conductivity and strong humidity response.

➢ Ionic conductivity arises from framework chemistry + BMMIm⁺ ions + hydrophilicity.

➢Porosity alone ≠ effective ion transport; chemistry dominates.



FUTURE WORK

➢ Improve ion transport by tuning framework chemistry and IL cations

➢ Test CoTBT in composite membranes for next generation AEMs

➢ Better understand the conduction mechanism



Thank you!

Questions?



Figure S7. Total density of states (TDOS) CoTBT (a) pristine , (b) Na-

ion intercalation and (c) K-ion intercalation obtained by DFT calculations. 

Dashed vertical lines mark the valence band (left) and conduction band 

(right), confirming its insulating nature.

4.71×10-10 S cm-1 at 50 °C
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