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ABSTRACT: Polymers of Intrinsic Microporosity (or PIMs) provide porous materials due to their highly contorted and rigid mac-
romolecular structures, which prevent space-efficient packing. PIMs are readily dissolved in solvents and can be cast into robust 
microporous coatings and membranes. With a typical micropore size range of around 1 nm and a typical surface area of 700-1000 
m2g-1, PIMs offer channels for ion/molecular transport and pores for gaseous species, solids, and liquids to coexist. Electrode surfaces 
are readily modified with coatings or composite films to provide interfaces for solid|solid|liquid or solid|liquid|liquid or solid|liq-
uid|gas multiphase electrode processes.   

The concept of intrinsic microporosity for polymers emerged 
from work by Budd, McKeown, and coworkers in the early 
2000s1,2 and has been used in the design of materials for gas 
adsorption and gas separation. Intrinsic microporosity in PIM 
materials is causes by a highly rigid molecular backbone in the 
polymer leading to good solubility and poor packing in the 
solid. This leads to nanopores and channels with distinct inter-
action with different gases. However, more recently, the bene-
ficial properties of polymers of intrinsic microporosity (PIMs) 
are finding a wider range of applications including in sensors, 
and as membranes for liquid phase separations and in electro-
chemistry.3,4 In particular, there is increasing interest in the use 
of PIM membranes in connection with electrochemical energy 
storage5,6 and redox flow cells.7,8 The properties of PIMs depend 
on molecular weight, functional groups (e.g. to provide acid-
ity/basicity), guest species, but also on the deposition method9 
and effects of aging10 or exposure to air and light.11 Molecular 
structures for prototypical types of PIMs considered in this ar-
ticle are shown in Figure 1. 
 
PIMs as materials for ionic diodes. The PIM derived from 
ethanoanthracene (EA) and Tröger’s base (TB) structural com-
ponents, termed PIM-EA-TB, combines microporosity with 
well-defined basicity.  

 
Figure 1. Molecular structures of some polymers of intrinsic mi-

croporosity (PIMs). 
 
When employed as free-standing membrane, PIM-EA-TB 

has been shown to act as ion-conducting material, at pH >4, es-
sentially conducting both cations and anions through its mi-
croporous structure. At low pH (< 4), protonation of the tertiary 
amines in the backbone (Figure 1) causes predominantly anion 
conductivity (protons remain immobile) inducing semi-perme-
ability.12 

The semi-permeability of PIM-EA-TB persists even for very 
thin films down to 300 nm thickness13 and gives rise to ionic 
diode or ion current rectification effects as observed in four-
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electrode membrane voltammetry experiments (see Figure 2). 
Due to the substrate, poly-(ethylene terephthalate) (PET) being 
asymmetrically coated with the PIM material14 (Figure 2A), ion 
transport becomes partially uni-directional. Measurements are 
performed with the free-standing membrane situated between 
two electrolyte filled cells (see Figure 2A). By combining the 
asymmetric PIM-EA-TB coating with a complementary Nafion 
cation conductor coating, an asymmetric “heterojunction” inter-
face is formed. The resulting cationic diode15 (dominated by 
cation conduction and the semi-permeability of Nafion at neu-
tral pH16) can be employed in the polymer|polymer interfacial 
precipitation of salts such as KClO4, which can be considered 
as a potassium sensitive electroanalytical probe.17 A sharp elec-
trochemical response provides a tell-tale sign of high K+ con-
centration at the interface (Figure 2C). 

 
Figure 2. (A) Illustration of a four-electrode electrochemical cell 

to measure membrane properties for polymer coatings on a micro-
hole in PET. (B) An ionic diode due to Nafion acting as cation 
semi-permeable film. (C) Inversion of the ionic diode due to K+ and 
ClO4- precipitating at the polymer|polymer interface. (D) Sche-
matic to explain the “open” and “closed” behaviour in (C) (Repro-
duced with permission from ref. 17. Copyright 2020 Publisher 
Elsevier). 

 
Immobilisation of redox-active reagents within PIMs. When 
coated directly onto electrode surfaces, protonated PIM-EA-TB 
allows immobilisation of anions such as PdCl42-, which can, in 
turn, be electrochemically reduced to Pd metal.18 Protons bound 

to PIM-EA-TB as a function of pH can be detected directly at a 
platinum electrode.19 This type of experiment confirmed that 
protonation of PIM-EA-TB occurs at ~pH 4. In addition, redox 
active anions, such as Fe(CN)63-/4-, are readily immobilised into 
PIM-EA-TB to give redox active films. Hydrogen bonding in-
teractions between Fe(CN)63-/4- and the protonated tertiary 
amine have been suggested to strongly contribute to the stability 
of these films, even when immersed in neutral aqueous environ-
ments.20  

In addition to the absorption of redox active species, co-dep-
osition of multi-component materials can also be employed to 
provide immobilisation, in particular for water-insoluble redox 
systems. For example, co-casting of tetraphenylporphyrinato-
iron(II) complexes with PIM-EA-TB21 gave microporous cata-
lytically active films for oxygen reduction. Similarly, electro-
catalytic saccharide22 and alcohol oxidation processes were re-
ported with 4-benzoyloxy-TEMPO as the water-insoluble mo-
lecular catalyst immobilised into PIM-EA-TB23 (Figure 3). A 
thin film of PIM-EA-TB with glassy carbon spheres allowed the 
active surface area to be increased and a range of substrates in-
cluding aliphatic alcohols, glucose, and benzylalcohol were in-
vestigated. More hydrophobic alcohols were shown to be asso-
ciated with higher catalytic currents, which led to the hypothesis 
of hydrophobicity promoting preferential alcohol partitioning 
into the PIM-EA-TB embedded catalyst film. 

 
Figure 3. (A) Schematic of the glassy carbon electrode with car-

bon spheres (to increase surface area) and PIM-EA-TB containing 
4-benzoyloxy-TEMPO. (B) Cyclic voltammograms (C) Plot of the 
current peak versus square root of substrate concentration (Repro-
duced with permission from ref. 23. Copyright 2020 Publisher 
Springer). 

 
PIMs at solid|solid|liquid interfaces. Composites of PIM 

materials with solid guest species are readily formed by solution 
casting. It was shown that graphene oxide can be embedded into 
a film of PIM-1.24 When embedding praseodymium nitrite into 
PIM-EA-TB followed by calcination, nanofibrous Pr6O11 was 
obtained as a solid product after removal of the polymer tem-
plate.25   

Solid catalyst nanoparticles can be embedded into the PIM 
materials without loss of catalyst activity. During the growth of 
platinum nanoparticles in solution, PIM-EA-TB can be em-
ployed as a non-surface-blocking capping agent, in which plat-
inum nanoparticles are protected from aggregation and precipi-
tation (the platinum-to-polymer binding is likely due to interfa-
cial Pt-N interactions26). The resulting stable colloidal solutions 
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can be deposited and converted into PIM-catalyst composite 
films. When coated onto electrode surfaces, these capped plati-
num nanoparticles (of diameter 3.1 to 4.2 nm) give catalytically 
active and electrically conducting films with lower polymer 
content and electrically insulating films for higher polymer con-
tent (i.e. beyond the percolation threshold). Beneficial effects 
due to platinum nanoparticle capping were also observed when 
PIM-EA-TB was coated directly over classic Vulcan-Pt(40%) 
fuel cell nanocatalysts.27,28 Accelerated corrosion testing by po-
tential cycling was shown to strongly affect bare Vulcan-
Pt(40%) but not the PIM-EA-TB coated catalyst. Catalytic per-
formance for methanol and ethanol oxidation in the presence of 
the PIM-EA-TB polymer coating was not impeded, but degra-
dation due to dislodged catalyst or carbon nanoparticles was in-
hibited. 

 
Figure 4. (A) Schematic showing gold nanoparticles electrode-

posited onto tin-doped indium oxide (ITO) and coated with PIM-
EA-TB. (B) Cyclic voltammograms (scan rate 5 mVs-1, start point 
0.0 V vs. SCE) for the oxidation of (i) 2, (ii) 4, (iii) 8, (iv) 14 mM 
glucose at gold nanoparticle on ITO, coated with 500 nm PIM-EA-
TB, and immersed in 0.1 M phosphate buffer pH 7. (C) Plot of the 
peak current for glucose oxidation versus glucose concentration. 
(D) Cyclic voltammograms (scan rate 5 mVs-1) for the oxidation of 
14 mM glucose at gold nanoparticle on ITO immersed in 0.1 M 
phosphate buffer pH 7 (i) without and (ii) with BSA (3 mg in 50 
cm-3 solution) and the same experiment with PIM-EA-TB coating 
(iii) without and (iv) with BSA (Reproduced with permission from 
ref. 30. Copyright 2020 Publisher John Wiley & Sons). 

 
In related work, silver microparticles coated with PIM-EA-

TB29 and gold nanoparticles coated with PIM-EA-TB30 were 
studied. Gold nanoparticles grown electrolytically in the pres-
ence of sulphate allow glucose oxidation in aqueous phosphate 
buffer media at pH 7 (see Figure 4). The PIM-EA-TB coating 
was shown to stop catalyst poisoning by bigger proteins such as 
bovine serum albumin. However, the PIM-EA-TB coating did 
not prevent the competition of glucose binding and phosphate 
binding and/or chloride catalyst poisoning. Figure 4B shows 
data for the oxidation of glucose in 0.1 M phosphate buffer at 

pH 7. Figure 4C shows a plot for the catalytic current peak (ob-
served in the presence of PIM-EA-TB coating) versus glucose 
concentration. Figure 4D demonstrates the effect of bovine se-
rum albumin (BSA) on electrodes that are not protected by the 
PIM-EA-TB coating. 

Due to their molecularly rigid backbone, PIM materials show 
interesting behaviour when heated up to thermolysis/carbonisa-
tion conditions. For PIM-EA-TB and for PIM-EA-TB-H231 it 
has been reported that the total volume and shape of the polymer 
remain constant. This could be due to the backbone/packing re-
maining intact and molecular fragmentation only resulting in 
some cross-linking. For the formation of an electrically con-
ducting heterocarbon, the observed Brunauer-Emmett-Teller 
(BET) surface area decreased from 1027 m2g-1 to 242 m2g-1, but 
the cumulative pore volume remained close to constant at 1.6 
cm3g-1. The resulting carbon materials contain nitrogen and 
show electrical conductivity and electrochemical capacitor 
properties.32 This method of carbonisation can be used also for 
PIMs with absorbed metal complexes, for example for absorbed 
PtCl62- to embed platinum nanoparticles into the microporous 
carbon product.33 In recent work by Jeon et al. with PIM-EA-
TB, it was shown that non-solvent precipitation methods can be 
employed to add hierarchical porosity for electrochemical su-
percapacitor applications.34 

 
PIMs at solid|liquid|liquid interfaces. Organogel systems 

are of interest in processes that require mechanically stable liq-
uid|liquid interfaces35 and for the immobilisation of liquid ma-
terials onto electrode surfaces.36 Microporous polymers can be 
employed to immobilise a water immiscible organic phase on 
the electrode surface.  

The formation of an organogel coating was demonstrated for 
PIM-EA-TB with (3-phenylpropyl)-pyridine.37 Two redox ac-
tive metal complexes, tetraphenyl-porphyrinato-Mn(III/II) 
(MnTPP) and phthalocyanato-Mn(III/II) (MnPc), were dis-
solved in the organic phase and investigated by cyclic voltam-
metry and in situ spectroelectrochemistry. Figure 5B shows 
UV/Vis spectroscopy data as a function of applied potential 
with prominent absorption bands for MnTPP switching as a 
function of redox state. Due to the need for anion exchange dur-
ing redox switching, the nature of the electrolyte anion contrib-
utes to the appearance of the voltammetric responses. More hy-
drophobic anions such as PF6- shift the midpoint potential for 
electron/ion transfer to more negative potentials. Figure 5D 
shows a plot of midpoint potential for both MnTPP and MnPc 
in the organogel for a range of anions. For highly hydrophilic 
anions such as fluoride and sulphate a change in mechanism oc-
curs probably due to preferential transfer of hydroxide. Cou-
pling of anion transfer with electron transfer and further chem-
ical reaction steps were observed. 
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Figure 5. (A) Molecular structures for a PIM-EA-TB, MnTPP, 

MnPc, and schematic drawing of an organogel deposit composed 
of 4-(3-phenylpropyl)-pyridine (PPP) with PIM-EA-TB and a re-
dox active Mn(II) complex in a coupled electron transfer with liq-
uid/liquid anion transfer. (B) Spectroelectrochemical data (at se-
lected applied potentials) for a MnTPP/PIM-EA-TB/PPP organo-
gel immobilized onto porous ITO and immersed into aqueous 0.1 
M NaClO4. (C) Cyclic voltammograms (scan rate 10, 20, 50, 100, 
200 mV s−1) for a deposit of MnTPP/PIM-EA-TB/PPP organogel 
on a 3 mm diameter glassy carbon electrode immersed into aqueous 
0.1 M NaClO4 electrolyte media. (D) Plot of midpoint potentials 
versus anion transfer potential for MnPc and MnTPP in 0.1 M elec-
trolyte media (Reproduced with permission from ref. 37. Copyright 
2020 Publisher Springer). 
 

PIMs at solid|liquid|gas interfaces. The solid|liquid|gas 
multi-phase electrode system is technically important for gas 
evolution reaction and gas consuming reactions. For example, 
recent reports on the formation of a microporous carbon mat 
from electrospun PIM-1 suggested that application in gas diffu-
sion electrodes are possible.38,39 

PIM materials have been shown to affect the way gases inter-
act with the electrode or catalyst surface.40 Both PIM-1 and 
PIM-PY (Figure 1) were observed to bind gaseous species such 
as hydrogen and oxygen when immersed in aqueous electro-
lyte.41 Figure 6 shows data from cyclic voltammetry with a plat-
inum disk electrode immersed in 0.01 M phosphate buffer pH 
7.7 solution. Trace (i) is for the base electrode and trace (ii) is 

for the electrode coated with PIM-1. In the presence of the pol-
ymer, the characteristic platinum current peaks are partially 
suppressed but still identifiable. The typical hydrogen adsorp-
tion peaks on platinum (denoted Process 1 and Process 2 asso-
ciated with different facets of crystalline platinum;42) occur at -
0.38 V vs. SCE and at -0.48 V vs. SCE.  

 
Process 1:  H+(aq)   +  e-(Pt)    Pt-H(strong)           
Process 2:  H+(aq)   +  e-(Pt)       Pt-H(weak)               
 
When scanning the applied potential into the more negative 

range (Figure 6B trace i), an additional reduction peak is de-
tected associated with hydrogen evolution and with consump-
tion of protons from the buffer system (consuming protons from 
H2PO4-(aq); Process 3). In the presence of the PIM-1 coating 
this current response also is suppressed (Figure 6B trace ii). 
However, during the re-oxidation of hydrogen more current is 
observed and a new current peak assigned to hydrogen trapped 
in the PIM-1 (Process 4). 

 
Process 3:        2 H+(aq)   +  2 e-      H2(g)       
Process 4: 2 H+(aq) + 2 e-  H2(aq)  H2(PIM)  
 
In consecutive potential cycles Process 4 can be seen to fur-

ther develop (Figure 6C). For PIM-1 coated onto glassy carbon, 
an effect on oxygen reduction is observed (Figure 6D). This 
process is known to be dominated by the two-electron reduction 
of oxygen to hydrogen peroxide (Process 5). Trace (i) shows a 
single peak for this oxygen reduction process at a bare elec-
trode. Trace (ii) and (iii) show data for PIM-1 and PIM-PY, re-
spectively, coated onto the glassy carbon. In both cases a cata-
lytic pre-peak is observed consistent with the binding of ambi-
ent oxygen into the PIM-1 or PIM-PY material to enhance the 
local oxygen activity (Figure 6, inset). 
 

Process 5:   O2(aq)  +  2 H+(aq)   +  2 e-       H2O2     
Process 6:   O2(PIM)  +  2 H+(aq)   +  2 e-      H2O2 
 
Mechanistic details for this shift in oxygen reduction poten-

tial and aspects of the molecular polymer structure controlling 
the oxygen reduction mechanism are not fully resolved, but ad-
ditional rotating ring-disk electrode experiments have been re-
ported confirming the observation and the presence of the en-
hanced oxygen reduction under hydrodynamic steady state con-
ditions. Therefore, both hydrogen binding and oxygen binding 
onto the microporous polymers occurs in a way that electrode 
processes are modified. Under these conditions gaseous, liquid, 
and solid phase co-exist in a triphasic system, but the nature and 
distribution of gaseous species in micropores will need further 
investigation. 
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Figure 6. (A) Cyclic voltammograms (scan rate 50 mVs-1; 3 mm 

diameter electrodes) for a Pt disk electrode immersed in 0.01 M 
phosphate buffer pH 7.7 for (i) the bare electrode and (ii) a 20 µg 
PIM-1 nanoparticle deposit. (B) As before for scan rate 50 mVs-1 
and (i) bare platinum and (ii) 20 µg PIM-1 nanoparticle deposit. (C) 
As before but for five consecutive potential cycles. (D) Cyclic volt-
ammograms for the reduction of ambient oxygen in aqueous 0.01 
M phosphate buffer solution at pH 7 for (i) a bare glassy carbon, 
(ii) 20 µg nanoparticulate PIM-1 on glassy carbon, (iii) 20 µg na-
noparticulate PIM-PY on glassy carbon (reproduced with permis-
sion). Inset shows an illustration of the multiphase coating (Repro-
duced with permission from ref. 41. Copyright 2020 Publisher John 
Wiley & Sons). 

 
In a related study, the effect of PIM-7 coatings on palladium 

electrocatalyst were investigated.43 Palladium nanoparticles 
were formed on a glassy carbon surface and the catalyst was 
coated with PIM-7. Processes such as hydroquinone oxidation 
or methanol oxidation were observed to remain unaffected or 
only slightly suppressed by the PIM-7 polymer coating. How-
ever, the oxidation of formic acid was enhanced, particularly for 
higher concentrations of formic acid. The oxidation of formic 
acid appeared to be associated with the spontaneous formation 
of hydrogen gas, which was “stored” in the PIM-7 coating and 
therefore more accessible in a multiphase film coating rather 
than gas bubbles partially blocking the catalyst surface. 

PIM-EA-TB when protonated can bind PdCl42- anions into 
micropores. Carbonisation under vacuum thermolysis condi-
tions has been shown to yield flakes of microporous carbon with 
embedded Pd nanoparticles that are 10 nm to 30 nm in diame-
ter.44 The microporous nature of this Pd-carbon composite al-
lows only small redox active molecules to access the catalyst, 
so that in a solution of aqueous formic acid and ambient oxygen 
only oxygen reduction occurs. This is in contrast to bare palla-
dium where formic acid is oxidised. When combined these two 
types of electrodes immersed in the same solution provide a 
membrane-less micro-power source: spontaneous formic acid 
oxidation occurs at palladium and spontaneous oxygen reduc-
tion occurs at Pd@cPIM. 

A similar effect was noted with a composite catalyst material 
derived from PIM-EA-TB-H2 (Figure 7). Protonation and ab-
sorption of PtCl62- followed by vacuum thermolysis gave a mi-
croporous carbon catalyst material with embedded platinum na-
noparticles of typically 1 to 3 nm diameter.45 This material 
could be employed in catalysis without any pre-activation due 
to some degree of microporosity being maintained. This cata-
lyst was tested for the production of H2O2 directly from a mix-
ture of hydrogen and oxygen gas. This reaction is suggested to 
be associated with rapid hydrogen diffusion into the composite 
catalyst where reaction on platinum provides electrons and pro-
tons. The electrons migrate out and oxygen reduction to hydro-
gen peroxide occurs on the outside of the catalyst particles (see 
illustration in Figure 7).  

 

 
Figure 7. Molecular structure of PIM-EA-TB-H2 and typical 

TEM micrograph for Pt nanoparticles formed in the resulting car-
bonised matrix. When employed in catalytic reactions of hydrogen 
and oxygen to hydrogen peroxide, the hydrogen is suggested to per-
meate into the micropores to react with platinum whereas oxygen 
only reacts externally on the carbon to form H2O2 (see illustration; 
Reproduced with permission from ref. 45. Copyright 2020 Pub-
lisher MDPI). 

 
Gaseous species and reaction intermediates are important 

also in photoelectrochemical multiphase processes. For exam-
ple, a composite film of PIM-1 and Pt@titanate nanosheets, 
when deposited onto either glassy carbon or platinum disk elec-
trodes, demonstrates ambient oxygen reduction in the dark. 
However, when illuminated with 385 nm LED light, the oxygen 
reduction signal was suppressed. Photo-current transients pro-
duced with pulsed LED light were shown to give a quantitative 
correlation to oxygen concentration. The mechanism has been 
discussed in terms of photoelectrochemical oxygen reduction 
being coupled to PIM-1 photooxidation.46 The role of PIM-1 in 
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this process was not fully resolved and may be more than that 
of a quencher or an innocent microporous scaffold, as recent 
work suggests that photoexcited PIM-1 is able to generate sin-
glet oxygen within its microporous structure.47 

 

 
Figure 8. (A) Illustration of Pt@g-C3N4 photocatalyst at a plati-

num electrode surface generating hydrogen. A PIM-1 coating is ap-
plied to provide mechanical stability, to capture hydrogen, and to 
provide triphasic reaction conditions. Photographic images of (B) 
PIM-1 solution in chloroform and (C) of the Pt@g-C3N4 suspen-
sion in isopropanol. (D) Characterisation of Pt@g-C3N4 with TEM. 
(E) Histogram of the platinum nanoparticle size distribution with a 
maximum at diameter 2.5 nm. (F) Chronoamperometry data (0.0 V 
vs. SCE; 10 s on and 10 s off, 385 nm LED) at a 3 mm diameter 
platinum disk electrode coated with Pt@g-C3N4 with 30 μg PIM-1 
and immersed in 0.1M NaOH with (i) 0.0, (ii) 10, (iii) 20, (iv) 50, 
(v) 100, and (vi) 500 mM glucose in ambient air with 75 μg Pt@g-
C3N4. (G) Plot of photocurrent versus glucose concentration with a 
line indicating the Langmuir model with binding constant 40 
mol−1dm3 (Reproduced with permission from ref. 49. Copyright 
2020 Publisher Elsevier). 

 
A coating of PIM-1 was employed on photocatalyst Pt@g-

C3N4, which is based on the organic photocatalyst graphitic car-
bon nitride48 (with platinum nanoparticles decorated onto the 
surface; see Figure 8), that is able to generate holes and elec-
trons during photo-excitation. Saccharides such as glucose can 
be used as hole quenchers to leave electrons to generate hydro-
gen gas from water.49 The effect of glucose concentration on 
photocurrents suggests a clear interfacial adsorption effect with 
a switch in behaviour from low concentration to high concen-
tration (Figure 8G). Films of Pt@g-C3N4 on a platinum disk 
electrode produce hydrogen, which is then transported to the 
platinum substrate to generate protons and electrons and a neg-
ative potential. PIM-1 coatings were found to mechanically sta-
bilise this particulate catalyst-electrode assembly and to help 
guide the hydrogen to the electrode surface. Similar results were 
reported in “indirect photoelectrochemical processes”50 in 
which Pt@g-C3N4 and PIM-1 were coated onto a thin palladium 

film. In this system, the production of hydrogen (in the presence 
of glucose, fructose, sucrose, or trehalose) occurs in a catalysis 
compartment independent of the electrochemical compartment. 
Photochemical hydrogen generation was linked to hydrogen 
permeating through the thin palladium film to then give elec-
tricity on the opposite side of the membrane in the electrochem-
ical compartment. The system provided an electroanalytical po-
tential reading that correlated approximately to the total carbo-
hydrate content for example in a commercial soft drink. 

 
Summary and Outlook. PIMs offer new opportunities for 

interfacial design for electrodes and sensor surfaces with free-
standing membranes, films, and coatings being readily pro-
duced from polymer solutions in organic solvents (e.g. in tetra-
hydrofuran or chloroform). Although only very few types of 
PIM have been studied so far (and without any optimisation of 
the molecular structures), there appear to be a wide range of 
potential applications emerging in electrochemistry and in elec-
troanalysis. In addition, for electrochemical energy storage in 
lithium batteries, PIM membranes offer alternatives to classic 
separator materials leading to suppression of metal den-
drites.51,52 For redox flow batteries PIMs provide high cation 
permeability and suppression of cross-over of redox active mol-
ecules.53,54,55 As shown in this article, for electroanalytical ap-
plications, PIMs offer size selectivity and partitioning effects 
for accumulation of analytes. When studied as film deposits on 
electrodes, PIM materials provide catalyst coatings as mechan-
ical support, as a way to suppress deterioration, and as a way to 
introduce size-selectivity for smaller redox species. When 
treated at high temperature, PIMs provide access to new mi-
croporous heterocarbon materials with/without embedded cata-
lysts formed in one step. Embedded catalysts remain active due 
to inability of the rigid PIM backbone to interact/block the sur-
face.  

For multiphase electrochemical systems, PIMs provide con-
trol over interfacial processes, such as reactions involving im-
mobilised solids or catalysts, processes in immobilised water-
immiscible liquids containing redox actives species, and reac-
tions involving gaseous redox species interacting with elec-
trodes and catalysts. Gas bubble formation on the surface of cat-
alysts can be suppressed and gaseous products/intermediates 
can be captured in hydrophobic microporous materials such as 
PIM-1 or PIM-7. In the future, a much greater structural diver-
sity of PIMs could provide a toolbox of materials to electro-
chemists and engineers to develop processes in electrochemical 
energy technology, electrosynthesis, and in electroanalysis. 
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