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• Oleic acid-modified Fe2O3, TiO2 and 
CeO2 NPs are synthesized in supercriti
cal CO2.

• Synthesized Fe2O3, TiO2 and CeO2 NPs 
show densely modified surface.

• Phase observation reveals complete 
dissolution of Fe, Ti, and Ce precursors.

• Formation of Fe, Ti, and Ce oleate 
complexes are validated by FT-IR 
analysis.

• Formation mechanism is discussed by 
phase observation and metal oleate 
analysis.
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A B S T R A C T

Supercritical CO2 (scCO2) is an appealing medium for the green synthesis of surface-modified metal oxide 
nanoparticles (MONPs) owing to its nontoxicity, low cost, and recyclability. However, the synthesis of MONPs 
using scCO2 is currently limited to iron oxide systems, and their application to other metal oxide systems has not 
been sufficiently explored. In this study, we aim to demonstrate the universality of scCO2 synthesis method for 
various surface-modified MONPs. The synthesis and phase analysis were performed at 30.0 ± 0.5 MPa of CO2 and 
100 ◦C for 18 h, utilizing metal acetylacetonate, water, oleic acid, and ethanol as reactants. As a result, α-Fe₂O₃, 
TiO₂, and CeO₂ nanocrystals were successfully synthesized from Fe(acac)3, TiO(acac)2, and Ce(acac)3, respec
tively. Notably, incorporating oleic acid into scCO₂ effectively inhibited the aggregation of α-Fe₂O₃, TiO₂, and 
CeO₂ nanocrystals through chemical modification of their surfaces. Additionally, phase and metal oleate analyses 
suggested that the successful formation of metal oleate intermediates and their subsequent hydrolysis in the 
homogeneous scCO2 phase are key to the synthesis of densely modified MONPs. These results demonstrate that 
scCO2 is a promising medium for the efficient synthesis of diverse surface-modified MONPs with minimal solvent 
usage and zero pollution.
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1. Introduction

Metal oxide nanoparticles (MONPs) have garnered significant 
research interest across diverse scientific disciplines and industrial ap
plications owing to their unique physicochemical properties [1]. How
ever, the inherently high surface energy of MONPs causes them to 
aggregate spontaneously, limiting their practicality in advanced appli
cations [2–4]. Surface-modified MONPs, in which organic surfactants 
chemically attach to the surface via covalent bonding, are attractive 
alternatives because surface modification significantly decreases their 
inherent surface energy, suppressing interparticle aggregation and 
enhancing solvent compatibility via tailored surface hydrophilicity and 
hydrophobicity [5,6]. These optimized physicochemical properties 
enable the application of MONPs in diverse fields, including biomedi
cine [7], engineering [8], catalysis [9,10], optoelectronics [11,12], and 
food technology [13,14].

In recent years, considerable attention has been paid to the solution- 
based synthesis of surface-modified MONPs using various strategies, 
including sol–gel [15], hot injection [16], template‑assisted [17], 
heat‑up [18], and hydrothermal methods [19]. Although recent 
research has focused on the design and fabrication of 
nanoparticle-containing composites and hybrid materials, the develop
ment of uniform surface-modified MONPs as fundamental building 
blocks remains crucial [20,21]. Uniform NPs with controlled surfaces 
offer excellent dispersibility and functionality and serve as fundamental 
building blocks for constructing advanced nanocomposites with prac
tical applicability [22,23]. Despite the superior morphological and 
surface functional control achieved via liquid-phase routes, their sus
tainability remains a challenge, mainly owing to the use of large 
amounts of toxic solvents for production and cleaning and the treatment 
and recycling of subsequent waste liquids [24–27]. Owing to the 
avoidance of liquid waste and post-treatment, gas-phase synthesis 
techniques, including chemical vapor deposition [28], pulsed laser 
ablation [29], and thermal evaporation [30,31], have attracted signifi
cant attention for the preparation of MONPs. Nevertheless, 
high-temperature conditions are required for the evaporation of the 
precursors and pyrolytic/oxidative reactions during gas-phase synthesis, 
causing difficulties in surface modification and resulting in NP aggre
gation and low production efficiency [32,33].

Owing to its nontoxicity, low cost, and recyclability, supercritical 
carbon dioxide (scCO2) is an environmentally friendly medium that has 
been applied in various synthesis and extraction systems [34–37]. In 
addition, scCO2 possesses both liquid-like solubility and gas-like diffu
sion characteristics, exhibiting particularly high solubility in metal 
precursors, which facilitates the formation of a uniform field [34,38]. 
These properties make scCO2 an appealing medium for synthesizing 
surface-modified MONPs of controlled sizes [39,40]. Furthermore, 
scCO₂ enables pressure-driven separation from MONPs, eliminating 
additional purification/drying steps and reducing toxic solvent usage 
[41]. Taking these advantages into consideration, our group has 
developed a method to synthesize surface-modified NPs using scCO₂ as a 
reaction field [40,42]. Additionally, our group clarified the formation 
mechanisms of surface-modified Fe2O3 NPs based on the hydrolysis of 
metal modifier complexes and demonstrated highly concentrated syn
thesis by enhancing the solubility of the starting materials using an 
ethanol entrainer [43,44]. These findings not only pioneer the applica
tion of scCO₂ technology in the preparation of surface-modified MONPs 
but also lay a foundation for the preparation of other diverse MONPs. 
However, scCO2 synthesis of surface-modified MONPs has been limited 
to iron oxide, and their applicability to other metal oxide systems (e.g., 
transition metal oxides and rare earth compounds) remains underex
plored. Therefore, the universality of the scCO2 synthesis method must 
be investigated to realize diverse applications of MONPs.

In this study, we aimed to demonstrate the universality of the scCO₂ 
synthesis for various surface-modified MONPs. Transition metal (Fe₂O₃, 
TiO₂, Co₃O₄, Cr₂O₃, NiO) and rare earth (CeO₂) oxides were selected as 

target metal oxide systems owing to their importance in applications 
such as drug delivery [7], catalysis [9,10], and electronics [11]. Metal 
acetylacetonate (precursor), oleic acid (surface modifier), water (oxygen 
donor), and ethanol (entrainer) were selected as starting materials. 
Metal acetylacetonates are highly stable and commercially available 
reagents, making them suitable metal precursors. The carboxyl group of 
oleic acid is suitable for the surface modification of MONPs owing to the 
strong covalent bonds between the carboxylate anion and metal cation 
[45,46]. The hydrolysis or thermolysis of metal precursors is a common 
reaction to synthesize MONPs using conventional hydrothermal [27]
and solvothermal methods [47]. The hydrolysis of metal precursors 
typically proceeds at lower temperatures than thermolysis and yields 
metal oxide crystals relatively easily. Therefore, in this study, a small 
amount of water was used as the starting material to utilize the hydro
lysis reaction for the synthesis of MONPs. Additionally, an ethanol 
entrainer was used because the addition of medium-polar solvents to 
scCO2 can drastically enhance the solubility of medium-polar metal 
acetyl acetonate, polar water, and amphiphilic oleic acid with a polar 
carboxyl group [48], improving the uniformity of the reaction field.

2. Experimental

2.1. Materials

Fe(acac)3 (>99.0%) and ethanol (>99.5%) were purchased from 
Wako Pure Chemicals in Japan. TiO(acac)2 (>92.0%), Co(acac)3 
(>98.0%), Cr(acac)3 (>98.0%) and oleic acid (>99.0%) were purchased 
from Tokyo Chemical Industry in Japan. Ni(acac)2 (>95.0%) and Ce 
(acac)3 were purchased from Sigma-Aldrich (MO in USA). CO2 
(>99.9%) and nitrogen (N2, >99.95%) were supplied by Fujii Bussan in 
Japan. Ultrapure water was prepared using a Direct-Q UV3 Water Pu
rification System supplied by EMD Millipore, and its resistivity was 
confirmed to be 18.2 MΩ cm.

2.2. Synthesis and phase observation

A high-pressure system was used to synthesize surface-modified 
MONPs in scCO2 as previously described [43]. Initially, 1.5 mmol of 
metal acetylacetonate, 25 mmol of water, 7.5 mmol of oleic acid, and 
54.3 mmol of ethanol were transferred to a 76 mL reaction vessel 
(TSC-CO2− 008; Taiatsu Glass). The molality of metal acetylacetonate, 
water, oleic acid, and ethanol corresponded to 0.03 mol kg− 1, 
0.50 mol kg− 1, 0.15 mol kg− 1, and 1.09 mol kg− 1, respectively, where 
the molality was calculated using the volume of the vessel and CO2 
density at the reaction condition. The reaction vessel was then sealed 
and stirred at 500 rpm for 30 s. In the next step, the reactor was purged 
with CO₂ at 0.1 MPa for 1 min to remove residual gases. Liquid CO₂ was 
introduced using a high-performance liquid chromatography pump 
(PU− 4386; JASCO). After pressurization to 6.0–7.0 MPa, the reactor 
was immersed in an oil bath and maintained under stirring at 100 ◦C and 
30.0 ± 0.5 MPa for 18 h.

The system was depressurized at ~0.5 MPa min− 1 through a meter
ing valve (1315G2Y; HOKE) while cooling the vessel to ambient tem
perature. The products obtained from each experiment were mixed with 
a hexane/acetone (1:4, v/v), sonicated, centrifuged (3000 rpm for 
10 min), and decanted. After repeating these washing procedure four 
times, the solid products obtained were dispersed in 10 mL of cyclo
hexane by sonication and freeze-dried to obtain the final dried powder.

To understand the reaction environment, the phase state of the re
action field was observed using a high-pressure system with a visible 
vessel (2.36 mL, Taiatsu Techno). Although this system, as previously 
described [43], differs from the synthesis equipment, the reaction con
ditions (100 ◦C, 30 MPa), concentration, and procedures were the same 
as those used for MONP synthesis.
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2.3. Characterization

The products were observed using a transmission electron micro
scope (TEM) (H− 7650; Hitachi) operated at 100 kV. The mean sizes and 
standard deviations of the particles were determined by visually esti
mating the boundaries of ~200 primary particles in the TEM images. 
High-resolution transmission electron microscopy (HR-TEM) images 
and TEM electron diffraction (TEM-ED) patterns of the particle colonies 
were obtained using a JEOL JEM− 2010 F electron microscope operating 
at 200 kV. The solid products for TEM, HR-TEM, and TEM-ED analyses 
were dispersed in cyclohexane and transferred onto a copper grid with 
an organic membrane. Thermogravimetric analysis (TG) was performed 
under an N2 atmosphere using a thermogravimetric analyzer (DTG− 60; 
Shimadzu); the temperature was maintained at 100 ◦C for 20 min and 
increased to 600 ◦C at a ramp rate of 10 ◦C min− 1. A Fourier-transform 
infrared (FT-IR) spectrometer (FT/IR− 4X; JASCO) was used to charac
terize the state of the surfactant attached to the particle surface.

3. Results and discussion

3.1. Supercritical CO2 treatment for Fe(acac)₃, TiO(acac)₂, and Ce 
(acac)₃

Surface-modified NPs of Fe2O3, TiO2, and CeO2 were synthesized 
from the precursors Fe(acac)3, TiO(acac)2, and Ce(acac)3, respectively. 
Fig. 1 shows typical TEM images of the products synthesized with and 
without a surface modifier. The products synthesized without the 
modifier showed severe aggregation (Fig. 1a), whereas those synthe
sized with the modifier showed less aggregation (Fig. 1b). The Fe case 
gave spherical or irregularly shaped NPs, with a mean size of 
5.3 ± 0.8 nm. The Ti case gave rod or ellipse-shaped NPs, with a long 
axis of 10.8 ± 1.8 nm and short axis of 1.6 ± 0.6 nm, where the 
morphology was also confirmed from the enlarged TEM images in 
Fig. S1. Ce case gave spherical nanoclusters with sizes of less than 5 nm 
and vague boundaries, making accurate determination of the mean size 
challenging. These results conclusively show that the addition of a 
surface modifier, oleic acid, was effective in inhibiting NP aggregation, 
allowing the synthesis of well-dispersed NPs.

Fig. 2 shows HR-TEM images and TEM-ED patterns of the product 
synthesized with the surface modifier. Fe, Ti, and Ce cases gave solid 
powders with colors similar to α-Fe2O3 (brown), TiO2 (off-white), and 
CeO2 (off-white), respectively. The HR-TEM images (Fig. 2b) showed 
multiple lattice fringes in all cases, indicating that the synthesized NPs 
had good crystallinity. The magnified HR-TEM images (Fig. 2c) of the 

Fe, Ti, and Ce cases revealed lattice spacings assignable to α-Fe2O3 of the 
hexagonal hematite structure (ICSD: 22505), TiO2 of the tetragonal 
anatase structure (ICSD: 142916), and CeO2 of the cubic fluorite struc
ture (ICSD: 72155), respectively. In particular, HR-TEM analysis of the 
Ti sample revealed that the favored growth direction of anatase TiO2 
was along the c-axis of the tetragonal structure. The assigned crystal 
structures of the three products were also validated by the TEM-ED 
patterns (Fig. 2d), and each face spacing along with the assigned 
structure is listed in Table S1. The diffraction spots of Fe correspond to 
the face spacings of 0.383 nm, 0.289 nm, 0.263 nm, 0.233 nm, 
0.179 nm, 0.161 nm, 0.154 nm, and 0.134 nm, which are assigned to 
α-Fe2O3. The diffraction spots of Ti correspond to face spacings of 
0.359 nm, 0.243 nm, 0.194 nm, 0.171 nm, and 0.151 nm, which are 
assigned to TiO2, while those of Ce correspond to face spacings of 
0.280 nm and 0.196 nm, attributed to CeO2. Therefore, scCO2 media 
with oleic acid allows aggregation-free synthesis of α-Fe2O3, TiO2, and 
CeO2 NPs.

To analyze the surface structure, TG and FT-IR analyses applied to 
synthesized MONPs (α-Fe2O3, TiO2, and CeO2), as shown in Fig. 3. In the 
TG curve, the weight loss acceleration from 300 ◦C to 450 ◦C corre
sponded to the thermal decomposition of oleic acid [46]. This suggests 
that oleic acid is chemically attached to the surface of the NPs because 
the weight loss increase should cease near the boiling point of oleic acid 
(i.e., 285 ◦C) for physical adsorption [49,50]. The FT-IR spectra of the 
three products showed characteristic bands at 2900 cm− 1 and 
2850 cm− 1, which were assigned to the asymmetric and symmetric 
stretching modes of –CH2– in the alkyl chains of oleic acid [51]. The 
band of the free carboxyl group (–COOH) of oleic acid (usually detected 
at ~1700 cm− 1) was not confirmed in all products [51]. Instead, bands 
at approximately 1550 cm− 1 and 1400 cm− 1 emerged, which were 
assigned to the asymmetric and symmetric stretching vibrations of the 
carboxylate anion (–COO⁻) in oleic acid, respectively [51]. These results 
evidentially show that oleic acid molecules are not physically adsorbed 
on the surface of these NPs, but rather chemically bonded to the surface 
[46]. Additionally, the separation of the asymmetric and symmetric 
stretching modes for –COO⁻, Δ, was used to analyze the chemical 
bonding state of oleic acid in detail. The unidentate, bridging, and 
bidentate ligands are expected for Δ > 200 cm− 1, 200 cm− 1 > Δ 
> 140 cm− 1 and 110 cm− 1 > Δ, respectively [52]. As shown in Fig. 3c, 
Fe shows two characteristic peaks at 1524 cm− 1 and 1428 cm− 1, with a 
difference of 96 cm− 1, corresponding to the bidentate mode [53,54]. Ti 
gives rise to bands at 1526 cm− 1, 1436 cm− 1, and 1378 cm− 1, in which 
the difference between the band at 1526 cm− 1 and other bands corre
spond to the bidentate (Δ = 90 cm− 1) and bridging (Δ = 148 cm− 1) 

Fig. 1. TEM images of products synthesized (a) without surface modifier and (b) with surface modifier for Fe(acac)₃, TiO(acac)₂, and Ce(acac)₃ precursors.
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modes, respectively. Ce also shows bands at 1525 cm− 1, 1459 cm− 1, and 
1378 cm− 1, in which the difference between the band at 1525 cm− 1 and 
other bands corresponds to the bidentate (Δ = 66 cm− 1) and bridging (Δ 
= 147 cm− 1) modes, respectively. These results indicate that oleic acid is 
chemically bonded to the surface of α-Fe2O3, TiO2, and CeO2 NPs as a 
bidentate, bidentate/bridging, and bidentate/bridging ligand, respec
tively, as shown in Fig. 3d. Thus, it can be concluded that oleic acid in 
scCO2 successfully modifies the surface of α-Fe2O3, TiO2, and CeO2 NPs, 
allowing the synthesis of well-dispersed nanocrystals below 10 nm.

3.2. Phase state observation for Fe(acac)3, TiO(acac)2, and Ce(acac)3

The phase state is important for the synthesis of surface-modified 
NPs because phase separation causes not only a low yield of the target 
product owing to the diffusion limit of the reactants but also induces the 
formation of undesirable byproducts in the separated phase [40,43]. In 
this work, the phase state during synthesis was analyzed for Fe(acac)3, 
TiO(acac)2 and Ce(acac)3, as shown in Figs. 4a and 4b. The reactor 
contained solid M(acac)x, liquid components (oleic acid, water, and 
ethanol), and a magnetic stirrer. Herein, whether the solid precursor is 
soluble in scCO2 is important, as our previous research revealed the 
complete dissolution of liquid components in the same amounts under 
the same reaction conditions (30.0 MPa and 100 ◦C) [43]. In all three 
cases, the solid precursors completely dissolved into the scCO2 phase at 
30.0 MPa and 100 ◦C. Specifically, Fe(acac)3 in the red powder, TiO 
(acac)2 in the off-white powder, and Ce(acac)3 in the yellow powder led 
to the formation of almost uniform reaction phases appearing orange, 
colorless, and light yellow in color. These phase behaviors indicate that 
scCO₂ combined with ethanol as an entrainer can sufficiently dissolve all 
three M(acac)ₓ precursors, providing the homogeneous scCO2 reaction 
field necessary for the successful synthesis of surface-modified NPs.

3.3. Proposed formation mechanism of surface-modified α-Fe2O3, TiO2, 
and CeO2 NPs

To clarify the role of water and validate the formation of metal oleate 
complexes for the synthesis of surface-modified α-Fe2O3, TiO2, and CeO2 
NPs, syntheses were performed in scCO2 (30.0 MPa and 100 ◦C) without 
water addition. Fig. 4c shows the FT-IR spectra of the product before 
post-treatment (washing and drying). All products showed the charac
teristic bands of –CH2– (2900 cm− 1 and 2850 cm− 1) and COO⁻ 
(1550 cm− 1 and 1400 cm− 1) in oleic acid [51]. In addition, no solids 
(including metal oxide particles) were collected after washing with a 
hexane/acetone mixture. This result indicates that metal oxides were 
not formed in scCO2 without water addition, which means that the 
thermolysis of metal precursors barely proceeds under our reaction 
conditions (100 ◦C, 18.0 h). Therefore, the –COO⁻ bands detected in the 
water-free system plausibly correspond to metal oleate complexes 
(formed via ligand exchange between M(acac)ₓ and oleic acid), indi
cating that water is essential for the formation of metal oxide through 
the hydrolysis of metal oleate complexes.

Based on the above results, the formation mechanism of surface- 
modified NPs is proposed as follows (Fig. 4d): (1) Dissolution: Under 
elevated temperature and pressure, the reactants are gradually dissolved 
in scCO₂ to form a homogeneous reaction phase. Ethanol acts as an 
entrainer to enhance the solubility of the reactants, which is important 
because phase separation readily causes a low yield of the target product 
owing to the diffusion limit of the reactants and induces the formation of 
undesirable byproducts [40,43]. (2) Ligand exchange: Metal oleate 
complexes are formed via ligand exchange between M(acac)ₓ and oleic 
acid. This step is critical because direct hydrolysis of M(acac)ₓ would 
yield MONPs with hydrophilic surfaces, which are incompatible with 
the nonpolar scCO₂, resulting in severe aggregation [44]. (3) Formation: 
Hydrolysis of metal oleate complexes leads to the nucleation of 

Fig. 2. Characterization results of products synthesized with surface modifiers for Fe(acac)₃, TiO(acac)₂, and Ce(acac)₃ precursors. (a) Photographs, (b) HR-TEM 
images, (c) magnified HR-TEM images, and (d) TEM-ED patterns.

W. Hu et al.                                                                                                                                                                                                                                      The Journal of Supercritical Fluids 237 (2026) 107065 

4 



surface-modified MONPs; oleic acid is chemically bonded to the MONP 
surfaces (as confirmed in Section 3.1). These NPs induce strong steric 
hindrance and have a hydrophobic surface compatible with scCO2, 
which inhibits their aggregation.

3.4. Supercritical CO2 treatment for Co(acac)3, Cr(acac)3, and Ni 
(acac)2

To extract the key factor for the synthesis of surface modified NPs, 
same scCO2 treatment with oleic acid was applied to Co(acac)3, Cr 
(acac)3, and Ni(acac)2. Unlike Fe(acac)3, TiO(acac)2, and Ce(acac)3, 
metal oxide crystals were not formed from these precursors. Fig. S2
summarizes the characterization results of the Co, Cr, and Ni products. 
TEM images (Fig. S2b) show the major products as irregularly shaped 
structures with vague boundaries in all cases. In addition, TEM-ED 
(Fig. S2c), and TEM-EDS (Fig. S2d) revealed that the products were 
amorphous structures composed of the corresponding metals (Co, Cr, or 
Ni), oxygen, and carbon. Furthermore, the TG curves (Fig. S2e) show 
weight losses of 72–81% between 100 ◦C and 600 ◦C, which is too high 
if metal oxides are the main products. Therefore, the major products are 
amorphous metal–organic complexes rather than metal oxide crystals. 
To investigate these complexes in detail, they were characterized by FT- 
IR spectroscopy (Fig. S2f). The FT-IR spectra showed characteristic 
bands (2900 cm− 1 and 2850 cm− 1) derived from –CH2– of oleic acid and 
characteristic bands (1550 cm− 1 and 1400 cm− 1) derived from the 
carboxylate anion (–COO⁻) in oleic acid [51]. In the absence of metal 
oxide, these –COO⁻ bands are suggested to originate from metal oleate 
complexes. Thus, the detection of –COO⁻ indicates that the metal oleate 
is formed via ligand exchange between M(acac)ₓ and oleic acid; how
ever, the metal oleate does not hydrolyze to form metal oxides. The fact 
that no metal oxide NPs were formed for Co, Cr, and Ni is primarily 
attributed to the low hydrolytic activity of their respective metal oleate 
complexes in the scCO₂ system, which is in sharp contrast to the high 
hydrolytic activity of the Fe, Ti, and Ce precursors and complexes 
(Section 3.1).

3.5. Key factors for the synthesis of surface-modified NPs in scCO2

The different reaction outcomes for the various metal precursors can 
be explained by the following mechanism: Fe, Ti, and Ce precursors can 
form metal oleate complexes with high hydrolytic activity, thus suc
cessfully yielding surface-modified MONPs. By contrast, Co, Cr, and Ni 
precursors form metal oleate complexes with low hydrolytic activity, 
leading to the absence of metal oxides (Section 3.4). Collectively, the 
formation and hydrolytic activity of metal oleate complexes are the key 
factors determining the success of surface-modified MONP synthesis in 
the scCO₂ system. If these conditions are satisfied, this method, which 
utilizes the hydrolysis of metal oleates in a homogenous scCO2 field, is 
promising option for the green and efficient synthesis of well-dispersed 
MONPs.

4. Conclusion

In this study, we explored the universality of scCO2 for the synthesis 
of various surface-modified MONPs. The syntheses were performed at 
30.0 ± 0.5 MPa of CO2 and 100 ◦C for 18.0 h using metal acetylaceto
nates (i.e., Fe(acac)3, TiO(acac)2, Ce(acac)3, Co(acac)3, Cr(acac)3, and 
Ni(acac)2), water, oleic acid, and ethanol as reactants. As a result, metal 
oxide crystals were not formed for Co, Cr, and Ni, while α-Fe2O3, TiO2, 
and CeO2 nanocrystals were successfully synthesized for Fe, Ti, and Ce. 
The addition of oleic acid to scCO2 drastically inhibited the aggregation 
of α-Fe2O3, TiO2, and CeO2 nanocrystals by densely modifying their 
surfaces. Furthermore, according to the phase observations and metal 
oleate analysis, the formation of metal oleate and its hydrolytic activity 
are suggested to be key conditions for the successful synthesis of densely 
modified MONPs. These findings provide useful guidelines for exploring 

Fig. 3. Characterization results and estimated surface illustration of α-Fe2O3, 
TiO2, and CeO2 NPs synthesized with surface modifier. (a) TG curves, (b) FT-IR 
spectra, (c) magnified FT-IR spectra, and (d) estimated surface states.
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the universality of the scCO2 process for various surface-modified 
MONPs and contribute to the development of green chemistry ap
proaches using water and CO2.
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