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ABSTRACT The colloidal properties of the lyophilic dispersion system V2O5 · nH2O sol studied in this work
was obtained by the thermolysis of V2O5 powder with hydrogen peroxide. The dispersion phase exists in
the form of nanorods. The optimal mole ratio of V2O5 and H2O2 for synthesizing the sol is 1:30, and the
possible concentration of V2O5 in the entire colloidal system ranges between 0.3 to 1.6 mass percent. The
existence of nanoparticles in this colloidal system and the pH range that maintains the stability of the sol
conform to the phase diagram of vanadium (V) in an aqueous medium. The absolute value of the zeta potential
of the sol increases when the initial concentration of the sol during synthesis increases and the ionic strength
of the dispersion medium decreases. Potential curves of pair interaction between nanoparticles were also
constructed according to the DLVO theory.
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1. Introduction

In recent years, one can see rapid progress in the field of nanotechnology with a particular focus on the synthesis and
applications of nano-scale materials. Among these, vanadium (V) oxide (V2O5) sol has attracted significant attention due
to its unique properties and potential applications in such fields as catalysis, energy storage, sensors, and optics [1–3].
V2O5 is a widely studied transition-metal oxide with a layered crystal structure, featuring strong Vanadium-Oxygen
bonds [4, 5]. In the field of catalysis, V2O5 has demonstrated exceptional performance as a catalyst for oxidation, hy-
drogenation, and dehydrogenation reactions due to its high surface area and redox properties [6–11]. Moreover, V2O5

shows promise for use in energy storage devices, such as lithium-ion batteries and supercapacitors, owing to its electronic
conductivity and electrochemical stability [12,13]. Additionally, the potential use of V2O5 in gas sensing, electrochromic
devices, and optical coatings further highlights its significance in emerging technologies [14–16].

V2O5 sol, comprising nanoscale V2O5 particles suspended in a liquid medium, offers significant advantages such
as high surface area, tunable properties, and enhanced reactivity, thereby opening up new perspectives for its practical
utilization. The preparation of V2O5 sol involves the synthesis of nanoscale V2O5 particles, followed by their dispersion in
a suitable liquid medium. Over the years, various methods have been developed to prepare V2O5 sol, each offering distinct
advantages and disadvantages. The choice of synthesis method is critical in determining the particle size, morphology,
and surface properties of the resulting V2O5 sol, which in turn dictate its performance in different applications [17–26].

The sol-gel method has been used to create V2O5 thin films and nanopowders from V2O5 sols, which were prepared
by ion exchange [17,18], alkoxide hydrolysis [19,20], solidification melting [21–23] and hydrolysis/thermolysis of V2O5

using hydrogen peroxide [24–26]. Among these methods, the method of hydrolysis/thermolysis of V2O5 using hydrogen
peroxide is attractive due to its environmental safety, low cost, and simplicity of the process [27]. There are many
articles [24–30] on the process and application of the V2O5 · nH2O sol/gel obtained by this method. However, the
assessment of the colloidal stability of the sol obtained by these methods was not reported in the available literatures.

The colloidal chemical properties of V2O5 sols play a crucial role in determining their performance in diverse appli-
cations. Studying the colloidal stability of V2O5 sols can provide valuable insights into the underlying physicochemical
mechanisms, such as particle-particle interactions, surface properties, and the influence of various factors (pH, ionic
strength, concentration, etc.). This fundamental understanding is essential for the rational design and optimization of
V2O5-based materials and systems.

By gaining a deeper understanding of the colloidal properties of V2O5 sols, researchers can optimize their perfor-
mance and develop new applications with enhanced reactivity, stability, and sensitivity. For instance, improved colloidal
stability can lead to enhanced dispersibility, processability, and long-term performance of V2O5-based materials in various
fields, including catalysis, energy storage, and functional coatings. Therefore, the synthesis of V2O5 and a comprehensive
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investigation of its colloidal properties become important areas of study. This study can provide valuable insights for the
development of advanced V2O5-based materials and technologies.

2. Materials and methods

2.1. Materials

The following reagents were used in the work: vanadium (V) oxide, “analytical grade”; and hydrogen peroxide H2O2,
“special purity grade” are used as the sources of sol preparation.

2.2. Method for preparation of sol

Distilled water was added to the round bottom flask containing V2O5 powder and dispersed by stirring. Then the
calculated volume of hydrogen peroxide solution was added and stirred until a homogeneous yellow mass was formed.
Then the required amount of water was added and heated to a boil using a reverse refrigerator. After boiling for 5 minutes,
the color changes from yellow to orange, and then after 3 minutes, it turns into dark red resulting V2O5 · nH2O sol.

2.3. Method for determining the concentration of vanadium (V) in solutions and sols

To determine vanadium (V), titrated using Mohr’s salt (NH4)2Fe(SO4)2. Previously, 5 M sulfuric acid was added to
the analyzed solution in a volume ratio of 1:1. Phenylanthranilic acid was used as an indicator, based on the acidity of
the medium. The equivalence point was determined when the solution transitioned from violet to green. The permissible
absolute total error of the analysis is 0.7 %, with a confidence level of P = 0.95 [31].

The reaction occurred during titration is described in eq. (1).

2H3VO4 + 2(NH4)2Fe(SO4)2 + 2H2SO4 → V2O2(SO4)2 + Fe(SO4)3 + 2(NH4)2SO4 + 6H2O. (1)

The concentration of vanadium (V) content was calculated using formulas (2) and (3).

Vanadium(V) concentration, mole/liter =
Vavg ×N
Vanalyz × 2

, (2)

V2O5, g/l =
Vavg ×N × 91

Vanalyz
, (3)

where: N is the normality of Mohr’s salt solution (NH4)2Fe(SO4)2, mole/liter; Vavg is the average volumes of Mohr’s salt
used for titration, ml; Vanalyz is the volume of the analyzed solution (10 ml); 91 is the equivalent mass of vanadium oxide.

2.4. Characterization

The morphology and particle size of nanoparticles were analyzed by the Transmission Electron Microscope (TEM)
LIBRA 200 FE HR (Germany). Absorption spectra of sol were recorded on a brand spectrophotometer LEKI SS2110UV
in plastic cuvettes with an absorbing layer thickness of 10 mm in the wavelength range 500 – 800 nm. pH determination
was carried out on a pH-meter/milivoltmeter (pH-420) OOO device using a glass electrode, the measurement range of
which is from 0.5 to 14. The determination of zeta potential was carried out on a Compact-Z device using standard round
cuvettes measuring 15× 45 mm with a capacity of 4 ml, with a relative measurement error of ±1 %.

The content of particles in the resulting sol was determined by acidimetric titration according to the method in
Section 2.3. First, we analyzed the total vanadium (V) content and the vanadium (V) content in the filtrate, which was
obtained after ultrafiltration using an ultrafiltration cell with a UPM-450 polymer membrane. Based on these experimental
results of total concentration and the concentration of filtrate, the content of vanadium (V) particles was determined. The
ionic strength of the dispersion medium was calculated based on the obtained data on the concentration of dissolved V2O5

in the resulting filtrate.
The threshold for rapid coagulation is determined by the threshold volume of the electrolyte at which the optical

density of the sol reaches its maximum value, and does not change with further addition of electrolyte. Coagulation
threshold values Ccrit were calculated using eq. (4).

Ccrit =
Celect × Vcrit

V
, (4)

where: Celect is the concentration of electrolyte (mol/l), V is the volume of the system (ml).
The morphology of the thin layer was analyzed by Scanning Electron Microscope (SEM) JEOL 1610LV(JEOL,

Japan). The crystallographic structure of the sample was analyzed using powder X-ray diffraction DX-2700BH (XRD,
with CuKα radiation).
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2.5. Calculation method for potential energy of paired particle interactions using DLVO theory

At first, the value of the complex Hamaker constant was calculated. According to the DLVO theory, for the electrolyte
concentration equals to the rapid coagulation threshold, the potential curve of the dispersed system is in the region of
negative values. Only its maximum, corresponding to the zero potential barrier, lies on the abscissa axis. So, the value of
the complex Hamaker constant for the hydrosols was determined graphically, taking the ionic strength of the dispersion
medium equal to the sum of the ionic strength of a freshly prepared sol and the value of the rapid coagulation threshold in
the presence of an indifferent electrolyte of type 1–1 (NaNO3).

Assuming that the particles are in the form of cylinders, the molecular component of the potential energy of pair
interaction for two particles through a layer of dispersion medium was calculated using equation (5) [32]:

Um,cylinder = −
A131l

12
√
2h3/2

[
a1a2
a1 + a2

]1/2
, (5)

where: A131 is the complex Hamaker constant, characterizing the interaction of two particles of a certain nature through
a layer between them, Joule (1 indicates the nature of the interacting particles, 3 – the layer); h is the distance between
particles, m; a1 and a2 are the radii of the interacting particles, m; l is the length of the cylindrical particle, m.

The electrostatic component was calculated using eq. (6) [33, 34]:

Uele,cylinder =
√
πεε0

√
ka1a2
a1 + a2

·
[
2
√
2z1ζ1z2ζ2e−kh − (z21ζ

2
1 + z22ζ

2
2 )e

−2kh
]
, (6)

where ζ is the electrokinetic potential, mV; zi is the counterion charge; k is the inverse value of the thickness of the diffuse
part of the electric double layer, m−1; ε0 is the dielectric constant.

3. Results and discussion

3.1. Determination of the optimal mole ratio and range of the initial concentration of the sol

According to literature [28–30] dealt with studies based on 51 V NMR method, the reaction mechanism of
V2O5 · nH2O sol can be described as follows. First, V2O5 dissolves in the presence of excess H2O2, forming an or-
ange solution of diperoxoanions [VO(O2)2]−. These peroxo ions are unstable in solution and gradually decompose,
forming monoperoxo ions [VO(O2)]+ and then vanadate compounds. As a result, oxygen gas is released. Finally, VO+

2

and [H2V10O28]4− ions are obtained. Decavanadic acid [H2V10O28]4− then spontaneously dissociates, leading to the
polymerization of V2O5 · nH2O. The conversion path of peroxovanadate solutions during synthesis, according to the
literatures [26] can be described as below:

V2O5+2H++2H2O2 + 3H2O2 → 2VO(O)2(OH2)(OH2)
+
3 , (7)

2V(O2)(OH2)
+
3 +H2O2+H2O2 → VO(O2)2(OH2)

−
+2H++2H2O, (8)

2VO(O2)2(OH2)
−
+2H+ → [V(O2)2(OH2)]2O

•+H2O, (9)

[V(O2)2(OH2)]2O
•
+3H2O+ 2H→ 2VO(O2)(OH2)

+
3 +O2, (10)

2VO(O2)2(OH2)
+
3 → 2VO+

2 +O2+6H2O, (11)

10VO+
2 +8H2O→ H2V10O

4−
28 +14H+. (12)

Therefore, based on the above literature data [26, 28–30], the reaction steps can be briefly written as shown in Fig. 1.

FIG. 1. Reaction steps for preparing V2O5 · nH2O sol [26, 28–30]

To determine the optimal molar ratio for the preparation of the sol, the same mass percentage of 0.5 % was chosen
under the same synthesis condition (initial mass of 0.5 g of V2O5 in a total sol volume of 100 ml during synthesis)
according to the method of preparation shown in Section 2.2. It has been shown that at a molar ratio of [V2O5]:[H2O2]
less than [1]:[30], at the step of dissolving the V2O5 powder, which was the first stage of sol preparation, the powders
do not completely dissolve. So for further studies, to synthesize the sols, as the minimum and optimal mole ratio for
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vanadium pentoxide and hydrogen peroxide [1]:[30] was chosen. The range of sols concentrations obtained in this mole
ratio that keep the sol stable for about 6 months is from 0.3 to 1.6 wt.% V2O5. At a content of less than 0.3 wt.% the
system was in the form of a solution with precipitation, and above 1.6 % an extreme exothermic reaction occurred, and
both types of sol and gel were formed. The morphology of V2O5 · nH2O nanoparticles is shown in Fig. 2. According to
Fig. 2, the solid phase is in the form of nanorods (the thickness is approximately 2 nm, the width is 15 – 25 nm, the length
is 0.3 – 0.8 µm).

3.2. Determination of the actual concentration of particles and the zeta potential of the sol V2O5 · nH2O

To determine the actual content of V2O5 · nH2O nanoparticles in the sol and the loss of V2O5 into ionic form in
aqueous medium during the synthesis of the sol V2O5 · nH2O, the ultrafiltration was carried out, and the resulting filtrate
was analyzed according to the analysis procedure shown in Section 2.3. Fig. 3 shows the dependence of the percentage
of V2O5 · nH2O particles content on the amount of V2O5 during sol synthesis. The concentration of V2O5 · nH2O
nanoparticles increased with increasing total concentrations of vanadium (V) and it can be found that this relationship
follows correctly the phase diagram of vanadium (V) in aqueous medium [35]. In addition, with increasing concentrations
of vanadium (V) in the system during synthesis, the absolute value of the zeta potential of the nanoparticles increases.
This occurs due to a decrease in ionic strength, since the content of dissolved vanadium ions decreases with increasing
total vanadium (V) concentration of sol. The dependence of the zeta potential and ionic strength of sols on the initial
concentration of V2O5 during synthesis are shown in Fig. 4.

FIG. 2. TEM image of V2O5 · nH2O nanoparticles

3.3. Determination of optical properties and the pH regions that keep the stability of sol

The optical density of the sol was analyzed using a LEKI SS2110UV spectrophotometer. To find the absorption
spectrum, the sol (ω% V2O5 = 1) was diluted with the same pH value, and it was found that the maximum absorption
spectrum was observed at 378 nm (Fig. 5). The increase in optical density with increasing concentration clearly obeys
the Beer–Lambert–Bouguer law (Fig. 6).

To study the pH range that maintains the stability of the sol, it must be diluted due to the high concentration of the sol
and the high optical density. The sol having a total concentration of 1 wt% V2O5, was diluted with the same pH number
20 times to 0.05 wt%. The initial pH of the sol is 2.45. It was found that the pH range that keeps the stability of sols is from
2.35 to 3.6, since according to the diagram of vanadium (V) in an aqueous solution [35], the solid phase of vanadium (V)
exists only in a very narrow pH range in an acidic environment. As the pH decreased, the particles precipitated and then
dissolved. As the pH increases, the optical density first increases, which is associated with the strengthening of the formed
complex. With a further increase in pH, the optical density of the solution decreases because of the decomposition of the
complex, and with a further increase in pH, partial dissolution of yellow-colored nanoparticles occurs. Optical density of
the sol as a function of pH at a wavelength of 550 nm is described in Fig. 7(a).
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FIG. 3. Dependence of particle content and mass loss of V2O5 in dissolved form on the amount of
V2O5 during sol synthesis

FIG. 4. Dependence of zeta potential ζ (a) and ionic strength (b) on the initial mass percentage of V2O5

during synthesis

FIG. 5. Absorption spectra of sols with concentrations from 0.003 to 0.005 mass % (diluted from the
initial concentration of 1 % mass)
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FIG. 6. Optical density of samples with different sol concentrations (a) and with different concentra-
tions of particles at a wavelength of 378 nm (b) (diluted from the initial concentration of 1 % mass)

The dependence of the value of the zeta potential of nanoparticles on the pH of the dispersion medium was also
studied, and the results are shown in Fig. 7(b). The initial value of pH is 2.45, and the concentration of sol for this
experiment was taken 1 % mass V2O5. It was found that with increasing or decreasing the pH value from the initial
pH value within the pH value that keeps sol stability, the absolute value of zeta potential is decreased. Decreasing the
absolute value of zeta potential with decreasing the pH is due to the fact that point zero charge of V2O5 · nH2O lines
about at pH value 2 [36, 37]. Decreasing the absolute value of zeta potential with increasing pH is due to the dissolution
of nanoparticles.

FIG. 7. Optical density of the sol (wt.% = 0.05 %, diluted from the initial concentration of 1 % wt.,
initial pH = 2.45) as a function of pH at a wavelength of 550 nm (a) and the dependence of the value
of the zeta potential of nanoparticles on pH of the dispersion medium (concentration of sol – 1 % mass.
V2O5, pH – 2.45) (b)

3.4. Rheological properties of the sol V2O5 · nH2O

The changes in viscosity of sol on the dependence of concentration are shown in Fig. 8(a). The viscosity of sols
increases with increasing their concentration. Viscosity of sol sharply increased after the concentration of sol 1 % mass.
This is due to the inner structure formation of particles. Therefore, the viscosity of sol is not linearly dependent on
the concentration of sol; the system represents the lyophilic colloidal system [38]. To define the particle shape factor
according to Einstein’s formula [39], built the graph of the dependence of the relative viscosity of sol on the volume
fraction of sol from the concentration of 0.3 to 0.9 mass % (Fig. 8(b)) as during this region the liner dependence of
viscosity and concentration of sol was obtained. The particle shape factor was defined by the liner coordinate eq. (14),
and its value is approximately 9.608 with a relative error value of less than 0.5 %.

η = η0(1 + αϕ effective), (13)
η

η0
= 1 + αϕ effective. (14)
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FIG. 8. The changes of viscosity of the sol on the volume fraction of the sol ϕ from the concentration
of 0.3 to 1.6 mass % (a) and the dependence of the relative viscosity of sol η/η0 on the volume fraction
of sol ϕ from the concentration of 0.3 to 0.9 mass % (b)

3.5. The influence of the electrolyte on the stability of sol V2O5 · nH2O

The stability of the sol in the presence of other electrolytes in the colloidal system is one point to study the properties
of sol. To determine the threshold for rapid coagulation by the optical method, the sol (ωV2O5 – 1 %, pH = 2.45 ) was
diluted with the same pH value into 0.02, 0.0225, 0.025, 0.0275, 0.03, 0.04, and 0.05 mass % respectively. NaNO3, singly
charged counterions is used as an electrolyte. The value of the threshold for rapid coagulation is 0.03 mol/l NaNO3. The
dependence of the optical density of sol on the concentration of electrolyte (ωV2O5 – 0.03 %, pH = 2.45) is shown in
Fig. 9(a). The dependence of rapid threshold coagulation on the presence of NaNO3 at different pH was also studied. It
was found that at the pH around 2.45 – 2.75, the rapid threshold coagulation is maximum, with incresing and decresing
the pH, the value of threshold coagulation decreases as the stability of sol also decreases (Fig. 9(b)).

FIG. 9. The dependence of optical density of sol on the volume of electrolyte NaNO3 (ωV2O5 – 0.03 %,
pH = 2.45) (a) and the dependence of rapid threshold coagulation at the presence of NaNO3 at different
pH (b)

At high sol concentrations in the presence of electrolyte, the system tends to form a gel state. The dependence of the
viscosity of sol (1 % mass) on the concentration of the electrolye NaNO3 is shown in Fig. 10. The viscosity of lyophilic
colloid sols V2O5 · nH2O falls at small concentrations of added electrolyte NaNO3 to 0.013 mol/l, and then, when the
electrolyte concentration increases, it begins to increase sharply. This process can be explained by the fact that low
concentrations of electrolyte destroy the internal structure of the sol due to peptization, and then at high concentrations of
electrolyte, coagulation occurs and the viscosity begins to increase.

The influence of the concentration of electrolyte on the value of zeta potential of the sol was also studied (Fig. 11(a)).
The zeta potential of a sol decreases when the concentration of electrolytes is increased due to the phenomenon of elec-
trical double layer compression. When electrolytes are added to sol, they dissociate into ions, which can interact with the
charged particles in the sol, neutralizing their charges. This leads to a decrease in the electrical potential at the slipping
plane and thus, a decrease in the zeta potential. Additionally, the increased concentration of electrolytes can lead to the
formation of a more compact and thick electrical double layer around the particles, which further reduces the magnitude
of the zeta potential.

Based on the experimental results of the dependence of zeta potential on the concentration of electrolyte, the calcu-
lated value of ionic strength (I) and diffuse layer thickness (λ), and constructed natural logarithm of the zeta potential ln ζ
on the dependence of 1/λ according to liner coordinate equation Gouy–Chapman – eq. (16) [39] and the graphic is shown
in Fig. 11(b).
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FIG. 10. The dependence of the viscosity of sol (1 % mass) on the concentration of the electrolyte NaNO3

FIG. 11. The influence of the concentration of electrolyte on the value of zeta potential of the sol
(concentration of sol – 1 % mass.) (a) and the dependence of natural logarithm of zeta potential ln ζ on
the value of 1/λ (b)

Gouy–Chapman equation:

ζ = ϕδe
−l/λ, (15)

ln ζ = lnϕδ −
l

λ
, (16)

where: ζ is the value of the zeta potential (mV), ϕδ is the value of the diffuse layer potential (mV), l is the distance from
the Helmholtz layer to the slip plane, nm.

3.6. Calculation of potential energy of paired particle interactions using DLVO theory

Graphic of determining the value of the complex Hamaker constant for cylindrical particles of V2O5 sol is shown in
Fig. 12(a). The graphically calculated value of the complex Hamaker constant is 2.6× 10−20 J. As the sol V2O5 · nH2O
is very stable for about 6 months, the experimental results of potential energy of the paired particle interactions using the
DLVO theory is acceptable as the energy barrier is essentially higher than the secondary mimina (Fig. 12(b)).

3.7. Determination of the dispersion phase of sol

To confirm the phase composition of dispersion phase, the sol was dried at room temperature on the glass plate.
The forming thin layer was analyzed by XRD method. X-ray diffraction patterns and electron diffraction patterns of
xerogel obtained after drying the sol V2O5 · nH2O at room temperature and are shown in Fig. 13. Its X-ray diffraction
peaks in Fig. 13 were in good agreement with the standard X-ray diffraction patterns of V2O5 · 1.6H2O (JCPDS card
No. 40-1296) with orthorhombic crystal system. The crystallite size in the crystallographic direction [001] was calculated
using the Scherrer method and amounted to about 11 nm. The results of the interplanar distances calculated from electron
diffraction data are shown in Table 1. The formation of thin layer xerogel V2O5 · 1.6H2O on the surface of ceramic
membrane is shown in Fig. 14.
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FIG. 12. Potential curves of pair interaction of V2O5 ·nH2O nanoparticles for determining the complex
Hamaker constant (a) and potential curves of pair interaction of V2O5 · nH2O nanoparticles (b)

FIG. 13. X-ray diffraction patterns (a) and electron diffraction patterns (b) of xerogel obtained after
drying the sol V2O5 · nH2O at room temperature

TABLE 1. The results of comparing the interplanar distances calculated from electron diffraction data
with those for the V2O5 · 1.6H2O compound (PDF-2 No. 40-1296)

The point
in Fig. 13(b)

Interplanar distances (d)
according to the electron

diffraction data (Fig. 13(b)), Å

Miller indices hkl of
V2O5 · 1.6H2O

compound reflections

1 3.902 001

2 3.482 003

3 2.925 004

4 2.345 005

5 1.927 006

6 1.808 007

7 1.534 008
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FIG. 14. SEM image of the thin film layer V2O5 · 1.6H2O, which was obtained after drying on ceramic

4. Conclusion

This study explored the colloidal chemical properties of the lyophilic dispersion system V2O5 · nH2O sol. The key
findings are as follows.

1. Optimal synthesis conditions. The optimal mole ratio of V2O5 and H2O2 for the synthesis of the sol is 1:30. The
optimal concentration range that maintains the sol’s stability is 0.3 to 1.6 % by mass of V2O5.

2. Particles content in sols. The concentration of V2O5 · nH2O particles increased with increasing total concen-
trations of vanadium (V) and it can be found that this relationship follows correctly the phase diagram of vana-
dium (V) in aqueous medium.

3. Zeta potential. As the concentration of vanadium (V) in the system increases during synthesis, the absolute value
of the zeta potential of the nanoparticles also increases as the ionic strength of the dispersion medium decreases.

4. Optical properties. The maximum absorption spectrum of the prepared sols was observed at 378 nm. The increase
in optical density with increasing concentration clearly obeys the Beer-Lambert-Bouguer law.

5. pH range. The pH range that maintains the sol’s stability is between 2.35 and 3.6.
6. Viscosity. The viscosity of the sol sharply increases after the concentration reaches 1 % by mass.
7. Particle shape factor. The particle shape factor is approximately 9.608, with a correlation coefficient of 0.9885.
8. The influence of the electrolyte on the stability of sol V2O5 · nH2O. The rapid threshold coagulation in the

presence of NaNO3 (singly charged counterions) is maximum around pH 2.45 – 2.75. At high sol concentrations
in the presence of an electrolyte, the system tends to form a gel state. The zeta potential of the sol decreases when
the concentration of electrolytes is increased due to the phenomenon of electrical double layer compression.

9. DLVO theory. Calculations of the potential energy of paired particle interactions using DLVO (Derjaguin–
Landau–Verwey–Overbeek) theory were carried out. The experimental results of the potential energy of paired
particle interactions using the DLVO theory are acceptable, as the energy barrier is significantly higher than the
secondary minima.

Overall, this study provides valuable insights into the colloidal chemical properties of the V2O5 · nH2O sol, which
can be useful for various applications, such as in the development of functional materials and catalysts.
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