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Abstract 
The review briefly outlines some of the main areas of using 

supercritical carbon dioxide in the synthesis and modification of 

functional materials for electrochemical applications. The 

synthesis of supported metal nanoparticles as well as metal oxide 

nanoparticles/aerogels and modification of polymer electrolyte 

membranes are considered. This work attempts to highlight the 

key benefits associated with the supercritical state of the solvent 

specifically for every listed application. 
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Introduction 

The use of supercritical CO2 (sc CO2) for the synthesis and 

characterization of functional materials for various applications 

has been attracting the steady interest of researchers during the 

past few decades. Quite a distinctive combination of physical 

and chemical properties of sc CO2 can provide certain benefits 

in the polymer synthesis and modification, extraction, 

impregnation, and separation processes as well as in the 

synthesis of nanoparticles of various chemical nature. Carbon 

dioxide is relatively nontoxic, abundant, and inexpensive; it is a 

suitable solvent for a wide range of organic compounds and 

some classes of polymers. Perhaps the most important feature of 

sc CO2 as a medium is that, being a supercritical fluid, it does 

not form a phase boundary in a vessel and, thus, provides some 

unique opportunities for the modification of porous substrates. 

Indeed, the absence of any surface-tension-driven effects as well 

as the elimination of a residual solvent problem might be 

considered crucial benefits when working with fine porous 

structures. It is no coincidence, for example, that it was the 

implementation of supercritical fluids that allowed for the 

synthesis of one of the most marvelous porous materials that we 

have at hand—the aerogels. 

In the scope of possible uses of sc CO2 in research and 

development, of particular note are the functional materials for 

electrochemical applications. Electrochemical power sources 

(EPS), such as fuel cells, Li-ion batteries, or vanadium redox 

flow batteries, are the devices in which free energy change 

associated with a particular redox chemical reaction can be 

stored and potentially converted to useful energy output. 

Generally, the most important structural elements of any EPSs 

are electrodes and ion-conducting membrane. Selective ion 

conductivity of the membrane, efficient catalysis, electron, and 

mass transport throughout the electrodes, as well as the 

formation of an optimal boundary between the two main 

components need to be taken into consideration when designing 

a new EPS. Consequently, a membrane electrode assembly is 

usually a rather complex composite porous structure, which 

development and fabrication require the consideration of many 

factors. For example, the problems of residual solvent traces that 

can "poison" sensitive electrode reactions as well as capillary 

forces that can collapse the structures of electrodes or a 

membrane, leading to the decreased surface area or disrupted 

electron, ion or mass transport, are ever present. Hence, the use 

of sc CO2 for the synthesis and modification of functional 

materials for electrochemical applications is of paramount 

interest. 

The present review outlines two domains of the use of 

sc CO2 for electrochemical applications: the preparation of 

electrode materials and modification of ion-conducting 

membranes. In particular, metal and metal oxide nanoparticles, 

as well as aerogel-based composites are considered for the 

electrode materials. Regarding membrane modification, various 

approaches towards the modification of ion-conducting 

membranes with inorganic nanoparticles are described and 

compared. The aim of this study is not to yield a complete 

analysis of all the existing research on the matter but to highlight 

the key aspects that make sc CO2 a unique fit for the considered 

purposes. 

Metal nanoparticles for electrocatalysis 

Method basics 

Supercritical fluid deposition approach for the formation of 

supported metal nanoparticles (SFDm) was first presented in the 

pioneer work of J. J. Watkins and T J. McCarthy in 1995 [1]. 
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The work featured dimethyl(1,5-cyclooctadiene)platinum 

(PtMe2(COD)) as a platinum precursor and two types of 

substrates: polytetrafluoroethylene (PTFE) and poly(4-methyl-1-

pentene) (PMP). The general synthetic route is schematically 

described in Fig. 1. 

 

Figure 1. General synthetic approach to supported metal nanoparticles 

presented by J. J. Watkins and T. J. McCarthy in Ref. [1]. 

At the first step, a polymer support and a suitable precursor 

are placed in a high-pressure autoclave. The reactor is filled with 

CO2, after which the precursor goes into solution and the 

polymer swells. Further, the course of synthesis can be directed 

along several paths: either the conversion of the precursor can 

be carried out directly in the supercritical solution or, after 

reaching thermodynamic equilibrium in the solution, the 

isothermal expansion of CO2 can result in the formation of a 

polymer composite containing the metal precursor. In the latter 

case, a final step is necessary, during which the conversion of 

the precursor will be carried out in the said polymer composite. 

In turn, the conversion procedure itself can be achieved through 

both chemical (for PtMe2(COD), such a chemical conversion 

can be achieved via hydrogenolysis) and thermally induced 

transformation. However, below we will show that a 

combination of these approaches can also be effective. Apart 

from the general concept, the work [1] presented the first results: 

it turns out that the formed Pt nanoparticle clusters are smaller if 

the precursor is converted after the deposition rather than in the 

supercritical solution. Further, for the amorphous PMP, a 

uniform distribution of Pt nanoparticles was detected both on the 

surface and in the bulk of the material. For PTFE, the Pt 

concentration in the bulk was significantly smaller; however, the 

very presence of metal inside such a highly crystalline polymer, 

for which processing in any chemical solvent is a non-trivial 

task in itself, is an important result demonstrating the potential 

of using sc CO2 as a medium for the formation of metal-polymer 

composites. 

Possible combinations of the chemical nature of the metal 

and substrate (Pt@PMP and Pt@PTFE) proposed in the 

pioneering work were subsequently significantly expanded. 

Indeed, there are examples of using SFDm for the synthesis of 

nanoparticles of platinum [2–4], palladium [5, 6], silver [7], 

ruthenium [6], nickel [8], and bimetallic complexes [9]. Porous 

polymers [2, 7], conducting carbon substrates [5, 6], and 

aerogels of various chemical nature [2, 4] were used as possible 

supporting materials. The works of the first decade of the SFDm 

development were analytically reviewed by C. Erkey and 

colleagues [10]. The same scientific group has released one of 

the most relevant reviews on this topic to date [11]. In another 

extensive recent review on SFDm by Barim et al. [12], the 

authors state that, although the experimental data on 

supercritical deposition is vast, further investigation of the phase 

behavior of multicomponent systems consisting of CO2 and 

metal precursors along with computational and theoretical 

studies can greatly improve our understanding of the process. 

Supported Pt nanoparticles as cathode 

materials 

The main reason for the use of SFDm for the preparation of 

materials for electrochemical applications is the synthesis of 

electrocatalysts for fuel cell electrodes based on supported 

electrocatalytic nanoparticles. In particular, the use of Pt as a 

catalyst provides unique efficiency of an oxygen reduction 

reaction in an acidic environment, which is crucial for the 

cathode operation of hydrogen/oxygen fuel cells. Further, Pt-

containing cathode catalysts, which are expensive and subject to 

relatively rapid degradation, are an economic bottleneck that 

prevents widespread adoption of these devices [13]. For more 

efficient utilization of Pt nanoparticles (NPs) rather than 

individual nanoparticles, usually some composite material is 

used, in which metal NPs are deposited on a dispersed 

electrically conducting support carrier, most often based on 

carbon. Thus, the motivation for using the SFDm process in the 

synthesis of these dispersed systems is twofold. At the 

deposition stage, the use of a supercritical fluid enables uniform 

delivery of the precursor to pores of any diameter in the 

substrate material owing to the absence of capillary forces. In 

addition, at the stage of solvent removal, CO2 is converted to a 

gas phase, completely leaving the modified dispersed phase 

without a residue. In order to prevent the formation of a liquid 

phase at any stage of the process, the quasi-equilibrium 

isothermal expansion of CO2 at the temperature above the 

critical one is implemented. The uniformity of the modification 

should ensure both the formation of relatively monodisperse 

platinum particles as a result of the conversion and a uniform 

coating of the surface of the electron-conducting carrier by these 

monodisperse nanoparticles. 

The first works in which SFDm was used to obtain 

electrocatalysts for fuel cells were published in the mid-2000s 

[14–16]. For the composite materials obtained, not only the 

compositions, surface structures, and morphologies but also the 

electrocatalytic activities were explored. The electrocatalysts 

were studied both in model electrochemical half cells with a 

rotating disk electrode [17] and in operating fuel cells [18]. 
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Various types of carbons, including carbon black, carbon 

nanotubes, and carbon aerogels, were used as conductive 

substrates. Even though the problem of a residual solvent is 

eliminated when using SFD, the problem of ligand traces that 

can hinder the catalytic process still remains. Said-Galiev et al. 

noted [19] that the complete conversion of a precursor is the key 

to obtaining efficient electrocatalytic materials. Moreover, the 

analysis of the degree of conversion is in itself a methodological 

challenge since both gravimetric and spectroscopic methods 

bare certain experimental errors. In the case of gravimetric 

measurements, where a change in the mass during precursor 

decomposition is studied, there is a possibility of the mass 

change due to supercritical extraction of some organic traces or 

residual water from the substrate during the decompression 

stage. Concerning the spectroscopic methods, it is known that 

the interaction of organometallic compounds and electrons with 

energies as low as 50 eV can cause the decomposition of these 

compounds [20]. The latter is also a challenge for imaging 

techniques that use electron beams, such as transmission 

electron microscopy (TEM) and scanning electron microscopy 

(SEM). Our research group presented [21] a model experiment 

that utilized scanning force microscopy (SFM) to visualize 

different stages of the formation of Pt nanoparticles using highly 

oriented pyrolytic graphite (HOPG) as a substrate. SFM is a 

"non-destructive" visualization method for which the study of 

"soft" polymer, biopolymer or organic structures is considered 

to be the niche applications. 

The resulting SFM images are presented in Fig. 2. Image a 

is a PtMe2(COD) thin film (1.6–2.1 nm in height) deposited onto 

the HOPG surface. Note, that there are some characteristic 

features of the substrate itself: lines can be seen in the images, 

sometimes a change in the contrast of the image is observed near 

the lines. This is due to some topographic defects of the HOPG 

surface, the simplest example of which is just a "step", i.e., one 

or several layers of HOPG break off and the layers below appear 

on the surface. The greater the height of such a step, the stronger 

the contrast change in the image. It can be expected that, in the 

vicinity of such topographic features at the edges of graphite 

layers in HOPG, the concentration of functional groups, 

primarily carbonyl and carboxyl, will be relatively high. On the 

other hand, the regions of the substrate between the 

inhomogeneities are atomically smooth graphite, the surface of 

which is highly inert, similar to that of carbon nanotubes and 

graphene. One can see from Fig. 2a that the precursor thin film 

uniformly covers both topographic defects and the atomically 

smooth inert part of the substrate. Images b and c present the 

patterns of the Pt nanoparticles obtained on the surface after 

thermal decomposition of the precursor (image b) and 

subsequent treatment in a hydrogen flow (image с). One can see 

that the uniformity of the precursor distribution directly leads to 

the uniform distribution of Pt nanoparticles. Despite a certain 

tendency of the nanoparticles to decorate the graphite "steps", 

the atomically smooth parts of the substrate are modified quite 

uniformly. Further, the nanoparticles after hydrogen treatment 

demonstrate somewhat "sharper", more defined edges. This is 

due to the more complete conversion achieved under this set of 

conditions, which was also confirmed in the work by means of 

X-ray photoelectron spectroscopy. 

 

Figure 2. Typical AFM images of the structures on the HOPG surface. 

Image a refers to the precursor film after deposition; image b is the Pt 

nanoparticles formed after thermal destruction of the film; image c is the 

Pt nanoparticles formed after thermal destruction and subsequent post-

processing in a hydrogen flow. The scale bar is 500 nm, the height scale 

is 30 nm. Reprinted with permission from Ref. [21]. 
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Our further work [22] demonstrated that not only the model 

smooth inert surfaces but also dispersed ceramics, for example, 

titanium nitride, tin oxide, and silicon carbide can be decorated 

with Pt nanoparticles by means of SFDm. Such uniformity of 

deposition with respect to surfaces with very little or no 

"anchor" functional groups is achievable, arguably, precisely 

because of the absence of capillary forces and related effects at 

the stage of solvent removal. Indeed, it is known that in standard 

solvothermal approaches to the synthesis of Pt nanoparticles on 

the surface of carbon nanotubes or ceramics, the procedure of 

functionalization of these surfaces is routinely used. The 

problem here lays not so much in the difficulties with carrying 

out the functionalization process itself but in some ideological 

inconsistency that arises when functionalizing the surface of a 

material, one of the unique features of which is the high 

inertness of its surface. 

As a final remark to the section, a possible approach to 

creating patterned metal nanoparticles by means of SFDm is 

considered. It is known that if the distance between the 

nanoparticles of an electrocatalytic material can be controlled, it 

should slow the degradation of the material via the particle 

coalescence scenario [23]. And yet, the use of SFDm alone does 

not provide an opportunity for regular organization of 

nanoparticles on the surface, only for their uniform deposition. 

However, we have demonstrated [24] that, if an organometallic 

precursor is dissolved in hydrogen-enriched CO2 along with an 

amphiphilic copolymer forming micelles in sc CO2, the 

patterned metal nanoparticles are organized on the surface of a 

substrate after autoclave decompression. Apparently, while a 

precursor is being chemically transformed, it loses its solubility 

in sc CO2. The metal nanoparticles being formed in the process 

are still surrounded by some hydrocarbon ligand and, thus, have 

an affinity towards a hydrocarbon "core" of the micelle. As a 

result, the clusters of metal nanoparticles are encapsulated in the 

micelles and, after deposition on the surface, the minimal 

distance between the nanoparticle clusters is set. Any traces of 

the micelles can be removed through annealing that leaves a 

substrate with only patterning metal nanoparticles on its surface 

(see Fig. 3.). 

 

Figure 3. TEM images of the Pt nanoparticles with the controlled 

spacing between clusters deposited onto the model smooth surface using 

sc CO2. Reprinted with permission from Ref. [24]. 

Metal oxide nanoparticles and aerogels 

Finely dispersed porous transition metal oxides are of great 

interest as materials for use in catalysis, sorption processes, and 

electrochemistry [25, 26]. The "classical" SFDm approach can 

be applied for transition metal organometallic composites as 

precursors with an annealing procedure in the presence of 

oxygen that yields the corresponding oxides. Yang and 

colleagues demonstrated [27–29] that the method can be 

implemented to decorate vertically aligned carbon nanotubes 

(VACNT) with cobalt, iron and nickel oxides. The proposed 

application for the resulting materials is the electrodes of 

supercapacitors since the materials feature high specific 

capacitance values ranging from 248 F g–1 to 1088 F g–1. From 

the standpoint of this review, it is worth mentioning that the 

uniform deposition of metal oxide nanoparticles on VACNT 

seems to be a perfect example of the benefits to be gained from 

using a supercritical fluid. Indeed, the VACNT morphology can 

be described as a carbon nanotube "forest" with nanometer-sized 

cylindrical pores stretching throughout the substrate. Thus, the 

use of a liquid rather than a supercritical medium should cause 

particular difficulties with both wetting the surface at the 

deposition stage and the residual solvent present in the pores 

after the solvent removal stage. 

The modified SFDm method for supported metal oxides 

synthesis with both precursor and oxidant being dissolved in 

sc CO2 can also be applied [30, 31]. Gougousi et al. [30] 

reported  the formation of manganese, aluminum, zinc, 

ruthenium, hafnium and yttrium oxides using, among others, 

acetonitrile-, fluorinated acetylacetonate- and cyclopentadienyl-

based precursors. Hydrogen peroxide in water or a solution of 

tert-butyl peroxyacetate in alcohol was used as an oxidant. The 

work presents an interesting example of SFDm implementation 

for the formation of thin films rather than nanoparticles, which 

can be beneficial if a "delicate" substrate (that can be easily 

damaged by conventional methods of surface modification by 

chemical vapor deposition or etching) is used. Crowley et al. 

[31] explored the same benefits of sc CO2 in order to grow 

arrays of cobalt, copper and iron oxide nanowires and nanotubes 

inside mesoporous silica. This work presents an important 

example of organometallic precursors being decomposed to 

form metal oxide aerogels directly in sc CO2 without any 

additional oxidant in an autoclave. 

Our group demonstrated that, apart from using an additional 

annealing step or adding an oxidant that is liquid under normal 

conditions, the thermal decomposition of organometallic 

compounds in oxygen-enriched CO2 can be used to obtain finely 

dispersed metal oxide nanoparticles [32]. The SEM images of 

manganese oxide nanoparticles produced in the described 

process using manganese cyclopentadienyl tricarbonyl as a 

precursor are presented in Fig. 4. Apparently, a rather narrow 

size distribution can be achieved due to the stabilization of the 

growing nanoparticles with a hydrocarbon shell derived from 

the cyclopentadienyl ligand. The electron conductivity of the 

nanoparticles was rather low as expected; therefore, for the 

electrocatalytic measurements, the synthesized material was 

mixed with carbon black. The cyclic voltammograms obtained 

for the materials revealed relatively high electrocatalytic 

efficiency for the oxygen reduction reaction in an alkaline 

medium comparable to that of Pt-based materials. 

This work was followed by the study of the thermal 

decomposition of manganese carbonyl in oxygen-enriched 

sc CO2 [33]. In this case, a somewhat unexpected result was 

obtained: the process of thermal decomposition of the carbonyl 

leads to the formation of monolithic aerogel-like structures 

rather than dispersed nanoparticles in an autoclave (see Fig. 5). 
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Figure 4. SEM images of the manganese oxide nanoparticles produced 

via thermal decomposition of cyclopentadienylmanganese tricarbonyl: in 

pure oxygen (a), in oxygen-enriched CO2 (b, c), in oxygen-enriched CO2 

with subsequent annealing (d). Reprinted with permission from Ref. 

[32]. 

The X-ray diffraction (XRD) patterns indicated that the 

formed nanoparticles are amorphous. With the introduction of 

an additional annealing step, the nanoparticle sizes increase, 

while their specific surface area decreases from ≈170 m2 g-1 to 

≈70 m2 g-1. The XRD spectra suggest that an orthorhombic 

Mn2O3 phase is formed after the annealing. Both a decrease in 

the specific surface area and an increase in the particle sizes 

indicate that the initial morphology of the manganese oxide 

nanoparticles formed in the described process is similar to that 

of the "classical" silica aerogels with nanometer-scale grains 

interconnecting to form larger particles. 

Aerogels of various chemical nature are of great interest as 

the materials for electrochemical applications. The recent review 

by Alwin and Sahaya Shajan provides an extensive analysis of 

the literature on aerogels as materials for energy storage and 

conversion [34]: silica-, metal oxide-, metal- and bimetal-, 

organic- and carbon aerogels are considered. The most common 

general approach to aerogels synthesis consists of two main 

steps: the formation of a gel via a sol-gel procedure and 

removing liquid solvent from the gel without damaging the 

resulting 3D-structure. In particular, for the synthesis of metal 

oxide aerogels, including manganese oxide aerogels, the epoxy-

initiated gelation developed by Gash et al. is usually 

implemented at the first step [35–37]. The technique uses metal 

salts rather than alkoxides as precursors and epoxides as proton 

scavengers. It was a breakthrough in the synthesis of metal 

oxide aerogels that allowed the formation of robust, mechani- 

 

Figure 5. Photographs of the  manganese oxide aerogel formed in an 

autoclave during thermal decomposition of manganese carbonyl in 

oxygen-enriched sc CO2. Left image presents the aerogel after it was 

removed from the autoclave, right image demonstrates the aerogel in the 

autoclave. Reprinted with permission from Ref. [33]. 

cally stable materials with fine-tuned structures. However, this 

method involves a multicomponent process that requires a 

substantial amount of time: from several days up to several 

weeks. Therefore, a one-step process of metal oxide formation 

presented in Ref. [33] seems to be of certain importance. The 

process does not require any additives that are liquid under 

ambient conditions and takes only several hours. The 

preliminary experimental study performed by the group of 

Gallyamov et al. suggests that the tendency to form branched 

3D-agglomerates during thermal decomposition in oxygen-

enriched CO2 is a common feature for many transition metal 

carbonyls. However, further research is required to gain insight 

into this field. 

Modification of membranes 

Ion-conducting polymer membrane (ICPM) is an integral 

part of most of electrochemical energy conversion devices, such 

as some of the fuel cell types, vanadium redox flow batteries, 

and lithium-based batteries. Selective ion conductivity, thermal, 

mechanical, and chemical stability should be combined for an 

optimal ICPM. Sc CO2 can be used in both membrane 

preparation (usually as an anti-solvent [38]) and modification 

[39]. Our recent work [39] reviews the membrane modifications 

using sc CO2 specifically for electrochemical applications. The 

present review is focused on the preparation of composite ICPM 

that contain inorganic nanoparticles and include recent works 

that were not analyzed in Ref. [39]. 

There are two main motifs for the development of composite 

ICPM that contain inorganic nanoparticles. The first one is the 

implementation of the self-humidifying polymer electrolyte 

membrane concept proposed by Watanabe et al. [40]. Briefly, if 

catalytic metal nanoparticles, such as Pt or Pd, are added to a 

membrane based on fluorinated polymeric sulfuric acid, such as 

Nafion, gas crossover through the membrane in a 

hydrogen/oxygen fuel cell will lead to the formation of water 

molecules in the membrane bulk. Since the presence of water is 

essential for ion conductivity of Nafion, the use of the self-

humidifying composite membrane will allow such a fuel cell to 

operate without an external humidifying system. Further, for the 

direct methanol fuel cells, the addition of Pd particles suppresses 

methanol crossover as well. Erkey et al. suggested the SFDm 

approach for the modification of the Nafion membrane as an 

alternative to conventional chemical deposition methods [41]. 

Kim et al. suggested the use of Pd(II) acetylacetonate instead of 

Pd(II) hexafluoroacetylacetonate with a different reduction route 

[42]. Iwai et al. followed up with a thorough study on the effect 

of the precursor type and concentration in an autoclave [43] on 

the properties of the resulting Pd/Nafion composite membranes. 

The second approach is associated with incorporation of 

inorganic nanoparticles into a polymer membrane in order to 

increase its selectivity, electrolyte uptake, and mechanical 

properties. Here, the nanoparticles, such as silica, metal oxides 

or zeolites, act as a steric barrier for the undesired reactant 

crossover through membrane, while their hygroscopic properties 

allow for an increase in the electrolyte or water uptake. 

Conventionally, to prepare such a composite, the Nafion 

membrane is immersed in the water/alcohol solution of an 

organic SiO2 precursor and, then, the hydrolysis and 

condensation of the precursor inside the membrane is catalyzed 
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by SO3H groups of Nafion [44]. Su and colleagues suggested 

using sc CO2 as a medium that both swells the Nafion 

membrane and dissolves the SiO2 precursor [45, 46]. Su et al. 

demonstrated that the resulting composite membrane has the 

suppressed methanol crossover and higher selectivity for use in 

direct methanol fuel cells. Simonov et al. confirmed that the 

modification leads to an increase in the water uptake and tested 

the composite membranes as separators for vanadium redox 

flow batteries (VRFB) [47]. Sizov et al. suggested somewhat 

different modification with tungsten oxide nanoparticles formed 

inside the Nafion membrane via thermal decomposition of 

tungsten carbonyl [48]. The incorporation of WOX nanoparticles 

decreased the vanadyl ion crossover through the membrane with 

little effect on the proton conductivity. 

 

Figure 6. TEM images of the polyolefin–silica composite membranes 

prepared using sc CO2 as a medium. Row a: lower precursor 

concentration; row b: higher precursor concentration. Reprinted with 

permission from Ref. [49]. 

The described modifications of the Nafion membrane are 

aimed at tailoring its properties for the desired electrochemical 

application. However, a major problem of the high cost of 

perfluorinated polysulfonic acid membranes should also be 

addressed. Sizov et al. [49] proposed a novel polyolefin–silica 

composite membrane for use in VRFB. Here, the organic silica 

precursor is delivered inside the pores of the polyolefin 

membranes using sc CO2 as a solvent. The pores are pre-wetted 

with water, and the hydrolysis and condensation of the precursor 

are catalyzed by carbonic acid that results from the interaction of 

water with carbon dioxide under pressure. Alkoxysilanes were 

used as precursors, and, in that sense, the mentioned work [49] 

follows the methodology of alkoxysilane chemistry in biphase 

H2O/CO2 media developed by Kalinina et al. [50, 51]. Sizov et 

al. demonstrated that the sizes of silica particles can be 

controlled by the amount of an alkoxysilane precursor added to 

the autoclave (see Fig. 6). Although the proton conductivity of 

the modified membrane is significantly lower than that of 

Nafion, the selectivity is comparable. Considering the fact that 

the polyolefin membrane is several orders of magnitude cheaper 

than Nafion, the results obtained seem to be promising and this 

approach has much room for further development. 

Conclusions 

The synthesis and modification of functional materials for 

electrochemical applications is an important niche for use of 

sc CO2 as a medium. The absence of capillary effects, 

characteristic of a supercritical fluid, enables efficient 

modification of porous media of various chemical nature: from 

electron-conducting carbon-based substrates to polymer ion-

conducting membranes. More specifically, for the preparation of 

supported noble metal electrocatalytic nanoparticles, a thin film 

of an organometallic precursor can be uniformly deposited from 

solutions in sc CO2 onto dispersed supports, including those 

with highly inert surfaces, such as carbon nanotubes or 

ceramics. The subsequent conversion of the precursor leads to 

the uniform distribution of metal nanoparticles on the surface. 

This uniformity can decrease the degradation rate due to the 

suppressed coalescence mechanism. For the synthesis of metal 

oxide nanoparticles, the thermal decomposition of 

organometallic precursors can be performed directly in oxygen-

enriched sc CO2, yielding a rather monodisperse electrocatalyst 

for the oxygen reduction in an alkaline media. When manganese 

carbonyl is used as a precursor, a monolithic aerogel-like 

material is formed. Potentially, this can expand the use of 

sc CO2 for the preparation of metal oxide aerogels beyond a 

mere supercritical drying tool. Both perfluorinated polysulfonic 

acid and inert polyolefin membranes can be modified with 

metal, metal oxide and silica inorganic nanoparticles using 

sc CO2 as a solvent for the corresponding precursors. The high 

permeability of sc CO2 as well as its ability to swell certain 

polymers lead to a uniform distribution of inorganic 

nanoparticles throughout the membrane bulk. 
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