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Abstract
In this study, we synthesized a novel ceramic material  Bi0.5Na0.5Ti0.95 
 (Ni0.2Fe0.2Sb0.6)0.05O3 named BNT-NFS via the solid-state route and assessed its 
efficacy as a photocatalyst for removing methylene blue dye from wastewater. The 
synthesized samples underwent thorough characterization using thermogravimetric 
analysis combined differential thermal analysis TGA-TDA, X-ray diffraction (XRD), 
Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy 
(SEM), Brunauer-Emmett-Teller (BET) analysis, and UV–Visible measurements. 
TGA-DTA and XRD analyses confirmed the successful formation of BNT-NFS 
material at 1150 °C, exhibiting a hexagonal phase structure. FTIR analysis revealed 
an intense band at 421  cm−1, corresponding to metal-oxide vibrations in the BNT-
NFS spectrum. SEM observations unveiled a distinct microstructure of BNT-NFS 
composed of grains of varying sizes. BET analysis indicated that the prepared BNT-
NFS powder possessed a significant specific surface area of 261.36   m2/g. Optical 
and photocatalytic assessments demonstrated that BNF-NFS perovskite is a semi-
conductor material with a band gap of 2.73  eV, exhibiting satisfactory photocata-
lytic activity for methylene blue MB dye removal. Notably, the removal efficiency 
reached 60% after 210 min of exposure to sunlight irradiation. This result is better 
than that registered for the pristine BNT.

Keywords BNT-NFS · Solid-state route · Photocatalytic · MB · Dye · Sunlight 
irradiation
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Introduction

Dyes have various applications in our daily life, ranging from coloring textiles, 
foods, cosmetics, and pharmaceuticals to being used in the printing industry and 
in various art and craft projects [1]. However, while dyes serve important pur-
poses, there are also potential harms associated with their use including skin irri-
tation, respiratory problems, and even toxicity upon exposure through ingestion, 
inhalation, or skin absorption [2]. Environmental impacts include water pollution 
from untreated dye effluents, soil contamination due to improper waste disposal, 
and air pollution from dyeing processes. Additionally, the production of synthetic 
dyes contributes to resource depletion and ecosystem disturbance, as dyes dis-
charged into water bodies can disrupt aquatic ecosystems and accumulate in soil, 
affecting microbial communities and nutrient cycles [3]. These concerns under-
score the imperative for adopting sustainable practices in dye production, usage, 
and disposal to mitigate adverse health and environmental effects.

Treating dyes from wastewater involves a combination of biological and chemi-
cal methods to efficiently eliminate dye contaminants. Biological treatment meth-
ods, including the activated sludge process, constructed wetlands, and bioremedi-
ation, utilize microorganisms or natural ecosystems to degrade organic pollutants, 
breaking down dye molecules into simpler compounds [4]. Chemical treatment 
techniques like coagulation and flocculation, adsorption [5], and advanced oxida-
tion processes target dye removal by destabilizing dye molecules, attaching them 
to solid surfaces, or oxidizing them into harmless byproducts using reactive radi-
cals. These methods offer diverse approaches for addressing dye wastewater, con-
sidering factors like dye type, concentration, and environmental impact [6].

Photocatalysis stands out as a highly promising and environmentally friendly 
approach for treating dye-contaminated wastewater owing to its inherent simplic-
ity, cost-effectiveness, and the absence of secondary metabolites that could poten-
tially pose risks to the environment or human health [7].

In greater detail, photocatalysis involves the utilization of semiconductor mate-
rials which serve as the photocatalysts in the treatment system. Upon absorption 
of photons from the incident light, the semiconductor photocatalyst undergoes 
electronic excitation, generating electron–hole pairs within its structure. These 
photoinduced charge carriers then interact with dissolved oxygen or water mol-
ecules present in the surrounding medium, leading to the formation of highly 
reactive oxygen species such as hydroxyl radicals (•OH) and superoxide radicals 
 (O2•−) act as potent oxidizing agents, initiating a cascade of chemical reactions 
wherein they attack and degrade the targeted dye molecules present in the waste-
water into smaller, harmless, non-toxic byproducts such as carbon dioxide  (CO2) 
and water  (H2O), thereby mitigating the environmental and health risks associ-
ated with dye pollution [8].

Both pure and doped semiconductors are valuable in photocatalysis for their 
ability to harness light energy to drive chemical reactions. While pure semicon-
ductors like serve as efficient photocatalysts, doping strategies enhance their pho-
tocatalytic performance by modifying their electronic and optical properties, thus 
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expanding their applicability in environmental remediation and sustainable tech-
nology development [9].

Perovskite materials have a specific crystal structure characterized by the general 
formula  ABO3 have emerged as promising candidates for photocatalysis due to their 
unique properties, including excellent light absorption, charge carrier mobility, and 
catalytic activity [10]. Bismuth sodium titanate based perovskite BNT photocata-
lysts have garnered significant attention in recent years due to their unique proper-
ties and potential applications in photocatalysis [11, 12]. Researchers are actively 
exploring strategies to enhance the photocatalytic activity of BNT-based perovskite 
photocatalysts. This includes doping with various elements to modify the electronic 
band structure, surface properties, and charge carrier dynamics of BNT, thereby 
improving its efficiency in photocatalytic reactions [13].

As far as current research indicates, there has yet to be a dedicated scientific 
investigation into the impact of multiple doping involving nickel (Ni), iron (Fe), and 
antimony (Sb) chemical elements on the properties of BNT ceramic material, par-
ticularly focusing on its photocatalytic properties. This unexplored area represents 
a significant gap in the existing body of knowledge regarding the potential enhance-
ments or alterations that such multi-element doping could impart to the unique char-
acteristics and functionalities of BNT-based materials, especially in the realm of 
photocatalysis.

This scientific contribution aims to develop a novel photocatalyst utilizing BNT 
ceramic powder doped with nickel (Ni), iron (Fe), and antimony (Sb) oxides, 
denoted by the chemical formula  Bi0.5Na0.5Ti0.95(Ni0.2Fe0.2Sb0.6)0.05O3, through the 
solid-state reaction method. The study begins with the analysis of the prepared pre-
cursor using TGA/DTA and XRD techniques to determine the optimal calcination 
temperature. Subsequently, the structural, morphological, and surface properties of 
the prepared photocatalyst powder are investigated through X-rays diffraction XRD, 
Fourier transform infrared spectroscopy FTIR, scanning electron microscopy SEM, 
and Raman analyzes. Furthermore, UV–Visible spectroscopy measurements are 
conducted to evaluate the band gap energy and the photocatalytic efficacy of the 
photocatalyst in terms of degrading blue methylene, a representative water contami-
nant used in the study. This comprehensive approach allows for a thorough under-
standing of the newly developed photocatalyst characteristics and its potential for 
environmental remediation applications.

Experimental part

Photocatalyst synthesis

The synthesis of  Bi0.5Na0.5Ti0.95(Ni0.2Fe0.2Sb0.6)0.05O3 ceramic powder, referred to 
as BNT-NFS, was achieved through the solid-state method, employing highly pure 
 Bi2O3 (99% purity, BIOCHEM),  Na2CO3 (99% purity, BIOCHEM),  TiO2 (99% 
purity, BIOCHEM), NiO (99% purity, BIOCHEM),  Fe2O3 (99% purity, BIOCHEM), 
and  Sb2O3 (99% purity, BIOCHEM) as the primary starting materials. To initiate the 
synthesis, stoichiometric amounts of these oxides were dissolved in ethanol solvent 
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and meticulously mixed under magnetic stirring at 80 °C for duration of 4 h. Follow-
ing this, the mixture underwent a drying process at 100 °C for 24 h to eliminate any 
remaining traces of the solvent. Subsequently, the resulting mixture was subjected to 
grinding for 4 h using an agate mortar, followed by a meticulous calcination process 
at 1150 °C for 6 h in a laboratory oven, employing a controlled heating rate of 2 °C/
min. Prior to various analyses, the calcined powder was further milled to obtain a 
fine powder consistency, ensuring optimal conditions for subsequent characteriza-
tion and evaluation.

Characterizations

The precursor sample underwent DTA-TGA analysis to explore the mechanism 
underlying the formation of the BNT-FNS phase. A sample weighing 18.03  mg 
underwent heating from 40 to 1200 °C at a rate of 5 °C/min under a nitrogen atmos-
phere using the SETARAM Labsys Evo-gas option machine. For phase identifica-
tion, X-ray diffraction (XRD) testing was conducted on powder samples, registering 
data across Bragg angles ranging from 10 to 90° using the EMPYREAN instrument. 
Structural properties of the prepared BNT-FNS photocatalyst powder were exam-
ined via FTIR analysis, where a 40 mg sample was pressed into a thin pellet suit-
able for measurement. FTIR scans were recorded over wavenumbers ranging from 
400 to 4000  cm−1 using the Shimadzu spectrometer model 8400. Surface properties, 
including surface area and pore volume, were determined using the BET method 
with a ASIQWIN Quantachrome device operating with nitrogen (N2). Morpho-
logical assessment of the BNT-FNS powder was conducted using scanning elec-
tron microscopy (SEM) with a TESCAN VEGA3 operating at a voltage of 20 kV 
under low vacuum conditions. Structural properties of the BNT-NFS were further 
investigated using Raman spectroscopy employing a micro-Raman spectrometer, 
specifically the Horiba LabRAM HRT 4600 HR800. Lastly, the optical and photo-
catalytic properties of the BNT-NFS powder were evaluated using The Perkin Elmer 
Lambda 35 UV/VIS spectrophotometer. The photocatalytic activity of the samples 
was assessed by measuring the degradation of methylene blue (MB), chosen as a 
model pollutant due to its widespread presence in various industrial effluents. In 
a 100 ml flask photoreactor, 20 mg of the prepared BNT-NFS powder was added 
as the photocatalyst to a solution containing 10 mg/l of MB. Following a 60 min 
stirring period in darkness to achieve adsorption–desorption equilibrium, sunlight 
was utilized as the irradiation source. At 30 min intervals, samples were taken from 
the mixture, centrifuged, and filtered to eliminate particle residue, with the filtrate’s 
concentration analyzed by measuring absorbance at λmax = 664 nm.

UV–Vis spectra were recorded periodically to monitor changes in the concen-
tration of the organic dye under analysis. The absorbance (Ai) measured after 1 h 
of stirring in darkness served as the initial concentration (Ci) of the solution, while 
the absorbance (Af) determined after various illumination periods represented the 
residual concentration (Cf). The degradation efficiency (DE) of the organic dye was 
calculated using the following equation [14]:
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Results and discussion

DTA‑TGA results

The resulting precursor has subjected to DTA-TGA analysis in order to explore 
its decomposition under nitrogen and with the aim of establishing the most ade-
quate calcination conditions. Fig. 1 presents the DTA-TGA curves illustrating the 
thermal behavior of the tested sample. The TGA curve depicts a series of weight 
losses corresponding to three respective thermal regions. Initially, a weight loss 
of 7.357% occurs in the temperature range of 31.35–441.95 °C, attributed to the 
vaporization of water from the samples. Subsequently, a weight loss of 1.297% is 
observed between 441.12 and 599.24  °C, associated with the decomposition of 
the precursors. A further weight loss of 3.298% occurs in the range of 599.88 °C 
to 836.95  °C during the decarbonization process. Concomitant with decarbon-
ization, the final solid–solid synthesis reaction takes place. While this reaction 
does not result in mass loss, it is characterized by a distinct endothermic peak at 
836.95 °C. The clarity of this endothermic peak renders it a reliable indicator of 
the complete synthesis reaction of BNT-NFS, facilitating precise monitoring of 
the synthesis process [15].

(1)DE(%) =
Ci − Cf

CI

× 100

Fig. 1  DTA and TGA curves of the precursor used to elaborate BNT-NFS material under  N2 flushing 
over the temperature range from 40 to 1200 °C, with a heating rate of 5 °C/min
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XRD outcomes

XRD analysis was conducted to ascertain phase identification in the studied sam-
ples, which were subjected to calcination ranging from 500 to 1150 °C to explore 
the mechanism behind BNT-NFS ceramic phase formation. The resulting XRD pat-
terns were directly compared with those in the JCPDS database using the X’Pert 
High Score program package as exhibited in Fig. 2. The examination of the diffrac-
tograms from the sample calcined at 500 °C revealed distinct patters indicating the 
presence of sodium carbonate  Na2CO3 (00-037-0451), bismuth oxide  Bi2O3 (01-
072-0398), and titanium oxide  TiO2 varieties including anatase (98-004-4882) and 
rutile (98-005-1941).

Upon analyzing the XRD pattern of the sample calcined at 600 °C, the forma-
tion of the sillenite phase  Bi12TiO20 (00-034-0097) mixed with the residue of the 

Fig. 2  XRD patterns of the precursor material at room temperature and following calcination in the 500–
1150 °C range
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compounds detected at 500 °C, consistent with findings by Zhou et al. [16]. Further 
examination of the XRD pattern of the sample calcined at 700 °C showed the forma-
tion of a powder composition comprising various phases, including  Bi0.5Na0.5TiO3 
(00-046-0001), bismuth titanate pyrochlore  Bi2Ti2O7 (98-009-9436), sillenite 
 Bi12TiO20 (00-034-0097), and bismuth oxide  Bi2O3 (01-072-0398), aligning with 
previous studies on BNT ceramics [17]. The formation of bismuth titanate pyro-
chlore  Bi2Ti2O7 (98-009-9436) is described as by the following equation:

Analysis of XRD patterns from samples calcined at 800 °C and 900 °C showed 
the disappearance of  Bi12TiO20, leading to the formation of a ternary system con-
taining  Bi0.5Na0.5TiO3,  Bi2Ti2O7, and  Bi2O3 phases.

Upon examining the XRD pattern of the sample calcined at 950 °C, the absence 
of  Bi2O3 from the previous ternary system was noted. Peaks from the XRD pattern 
of the sample calcined at 1150 °C aligned well with those of  Bi0.5Na0.5TiO3, indicat-
ing the total diffusion of Ni, Fe, Sb elements in the hosting BNT matrix to success-
fully form BNT-NFS ceramic phase.

The integration of DTA-TGA and XRD results allowed us to track intermediate 
reactions leading to BNT-NFS formation, revealing these discernible phases:

• A water evaporation-related endothermic peak around 81.42 °C.
• An endothermic peak at approximately 582  °C signifying  Bi12TiO20 develop-

ment.
• An endothermic peak associated with monoclinic BNT formation at about 

721 °C, coinciding with  Bi2O3 structural alteration due to decarbonization.
• An endothermic peak at around 836 °C indicating hexagonal BNT generation.
• Hexagonal BNT formation commences at 900 °C and reaches 1150 °C to achieve 

a single-phase structure.

Phase identification was performed using the X’Pert HighScore software, com-
paring the X-ray diffraction (XRD) pattern of the studied sample with entries from 
the Inorganic Crystal Structure Database (ICSD). The XRD pattern was found to 
closely match that of ICSD card number 98-028-0983, confirming the presence of a 
pure perovskite structure crystallized in a rhombohedral lattice with the space group 
R3c.

To conduct detailed structural characterization, Rietveld refinement was 
employed, utilizing the advanced FullProf software package for X-ray diffraction 
(XRD) pattern analysis. The refinement process incorporated the pseudo-Voigt 
function to model peak shapes. Several parameters underwent adjustment during 
refinement, including the scale factor, detector zero-point, cell parameters, atomic 
positions, isotropic displacement parameter, occupancy rate, half-width parameters, 
profile shape factor parameter, preferred orientation, and background points.

The Rietveld refinement of the XRD pattern for the BNT-NFS sample as 
given in Fig. 3a reveals a remarkable alignment between observed and computed 
profiles, demonstrating an exceptional degree of concordance. This agreement is 

Bi
2
O

3
+ 2TiO

2
→ Bi

2
Ti

2
O

7
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highlighted by significantly low χ2 values and minimal Rp and RWp parameters, 
emphasizing the robust alignment achieved between observed and calculated 
datasets. The refined lattice parameters, as summarized in Table 1, validate the 
presence of a pristine perovskite structure within the sample, thereby affirming 
the credibility and accuracy of the experimental outcomes. This precision under-
scores the reliability of the fitting procedure in capturing the intricacies of the 
experimental findings.

Fig. 3  a Rietveld refinement analysis of XRD pattern of BNT-NFS powder. b Crystal structures of the 
 Bi0.5Na0.5Ti0.95  (Ni0.2Fe0.2Sb0.6)0.05O3 ceramic (hexagonal phase)
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FTIR results

Fig.  4 displays the Fourier Transform Infrared (FTIR) spectrum of the BNT-NFS 
sample. The spectrum exhibits prominent band peaks at 421, 672, and 815   cm−1. 
Specifically, the band at 421  cm−1 corresponds to the metal-oxide vibrations within 

Table 1  Refined parameters of BNT-NFS obtained through Rietveld refinement

Bi0.5Na0.5Ti0.95(Ni0.2Fe0.2Sb0.6)0.05O3

Crystal system Hexagonal
Space group R 3 c
Crystallographic parameters (Å) a = b = 5.5349, c = 13.5949, alpha = beta = 90°, gamma = 120°
V (volume) (Å3) 360.6890
Atom position Atom X Y Z

O4 O 0.15121 0.35133 0.05827
Ti3 Ti 0.00000 0.00000 0.00690
Ni Ni 0.00000 0.00000 0.00690
Fe Fe 0.00000 0.00000 0.00690
Sb Sb 0.00000 0.00000 0.00690
Bi2 Bi 0.00000 0.00000 0.24580
Na1 Na 0.00000 0.00000 0.24580

Rietveld factors Rp = 3.35, Rwp = 4.28, Rexp = 4.11, χ2 = 1.09
Theoretical density ρth (g/cm3) 5.852
Experimental density ρm (g/cm3) 5.86
Crystallite size (nm) 46.37

Fig. 4  FTIR spectrum of the prepared BNT-NFS sample, sample includes three distinct peaks at 
421  cm−1, 672  cm−1, and 815 cm.−1
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the perovskite structure [18]. On the other hand, the bands observed at 672 and 
815  cm−1 are attributed to the  TiO6 octahedra vibrations.

Raman results

Raman spectroscopy serves as a powerful tool for investigating structural changes 
at a microscale and within a limited timeframe. It complements XRD data and pro-
vides a more comprehensive understanding of structural transformations across dif-
ferent compositions [19]. Raman spectrum presented in Fig. 5 showcases six distinct 
vibrational modes of BNT-NFS, occurring at 78, 137, 287, 553, 824, and 854  cm−1. 
These findings are consistent with previously published research [20–25]. Notably, 
Bi-O (78  cm−1) and Na–O (137  cm−1) exhibit A-site cation bonding in region I, typ-
ically around 200  cm−1 (low wavenumber) [26, 27]. This peak splitting suggests the 
presence of two distinct forms of A-BO6 interactions within the NBT system. The 
200–400   cm−1 mid-wavenumber range is presumed to correspond to Ti–O vibra-
tions, while the 400–800  cm−1 high wavenumber range likely involves rotations and 
vibrations of oxygen octahedrals [28]. Two bands overlapping at approximately 800 
 cm−1 are linked to the longitudinal optical modes A1 and E in the high-frequency 
range [29, 30].

BET results

In Fig. 6, the adsorption–desorption isotherms of  N2 for the BNT-NFS sample 
under study are depicted. The BET studies conducted on the BNT-NFS particles 
revealed a type II + IV isotherm, indicative of their mesoporous and macropo-
rous mixed nature. The specific surface area of the BNT-NFS powder was 

Fig. 5  Raman spectrum of BNT-NFS ceramic material, sample includes six distinct peaks at 78   cm−1, 
137  cm−1, 287 cm −1, 553  cm−1, 824  cm−1, and 854  cm−1
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determined to be 261,36   m2/g indicating its considerable potential for various 
catalytic applications, particularly in photocatalysis.

SEM outcomes

The microstructure of a material is pivotal in defining a wide range of its prop-
erties, encompassing strength, toughness, hardness, wear resistance, ductility, 
formability, corrosion resistance, thermal and electrical conductivity, as well as 
optical and catalytic properties. Specifically regarding photocatalytic behavior, 
the microstructure assumes a critical role by influencing factors such as sur-
face area, porosity, dopants, and morphology, including size, shape, and surface 
features. Materials with highly porous structures offer significant surface area, 
enhancing their photocatalytic potential. Consequently, Understanding and con-
trolling the microstructure of photocatalysts are therefore essential for designing 
and optimizing materials with enhanced photocatalytic activity for various envi-
ronmental and energy applications.

Fig. 7 showcases a scanning electron microscope (SEM) image capturing the 
microstructure of the BNT-NFS sample post-sintering at 1150 °C. The morphol-
ogy exhibited by the sample is characterized by a notably high level of density. 
An intriguing observation lies in the significant diversity in grain size, evident 
from the coexistence of both larger and smaller grains throughout the sample. 
Moreover, utilizing “Image J software” for analysis revealed an average particle 
size of 4.59 µm, further underscoring the intricate characteristics of the sample’s 
microstructure.

Fig. 6  N2 adsorption–desorption isotherms of BNT-NFS sample with surface area equal to 261.36  m2/g
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Optical properties

The band gap energy (Eg) of the tested BNT-NFS material was determined using 
the Tauc equation, represented by Eq. 2 [31]:

In this equation, h, α, ν, and A correspond to Planck’s constant, the absorption 
coefficient, the frequency of light, and a constant, respectively. The parameter n 
represents the Tauc exponent, which varies based on the type of electronic transi-
tion. For instance, n = 1/2 is typical for direct allowed transitions, n = 2 for indirect 
allowed transitions, and other values may apply to different transition types.

Fig. 8 illustrates the relationship between (αhν)1/2 and hν energy. Extrapolating 
this plot provides an estimated Eg value of 2.73 eV, indicating the band gap energy 
of the BNT-NFS material under investigation. This result unequivocally signifies the 
semiconductor characteristics of the material under examination, albeit lower than 
that of the pure BNT [32]. Such findings underscore the substantial potential of this 
system as a photoactive material.

Photocatalytic study of the prepared BNT‑NFS material

The photocatalytic activity of BNT-NFS powder was evaluated using methylene 
blue (MB) dye as a model contaminant. A solution containing 10 mg of BNT-NFS 
in distilled water as a solvent was subjected to sunlight irradiation. In Fig.  9, the 
variation in MB absorbance over time under sunlight irradiation is illustrated. It was 
observed that the main absorbance peak associated with MB decreased from 1.1 to 

(2)(�h�)n = A
(

h� − Eg

)

Fig. 7  Photon energy hν dependent (ahν) 2 of BNT-NFS with bandgap energy of approximately 2.73 eV
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0.44 after 210 min of sunlight exposure, indicating photodegradation of the dye in 
the presence of BNT-NFS as a photocatalyst. This was corroborated by the gradual 
disappearance of the typical blue color of the MB dye over different time intervals 
of sunlight exposure.

Fig. 10 depicts the progression of photocatalytic degradation of MB dye in the 
presence of BNT-NFS particles under sunlight irradiation as a function of time. The 
results show that the removal efficiency of MB increased with prolonged exposure to 
sunlight. Specifically, the removal efficiency reached 60% after 210 min of sunlight 

Fig. 8  SEM image of the 
obtained BNT-NFS material 
prepared by solid-state (SS) 
method at a temperature of 
1150 °C

Fig. 9  UV–Visible spectra of photodegraded MB in the presence of BNT-NFS under sunlight irradiation 
 (C0 = 10 mg/l, m (BNT-NFS) = 0.1 g, T = 25 °C)
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irradiation. This result is better than that reported for the pure BNT having a degra-
dation efficiency of 26%.

Conclusion

We have synthesized a novel perovskite system namely BNT-NFS as a photocatalyst 
to eliminate MB contaminant from wastewater. In the light of the above discussions, 
we can conclude that:

TGA-DTA and XRD results demonstrated that BNT-NFS solution has been suc-
cessfully elaborated at 1150  °C. This material crystallized in hexagonal phase 
structure with R3c space group.
SEM images revealed that the microstructure of BNT-NFS material is compact 
and formed by grains of different sizes.
BET method demonstrated that BNT-NFS particles have an interesting surface 
area.
UV–visible analysis and absorbance measurements results confirmed that the 
prepared samples can be used as a good photocatalyst for MB degradation under 
sunlight irradiation with removal effectiveness reached 60%.
BNT-NFS exhibited higher photocatalytic activity compared to the pristine BNT 
material.

Supplementary Information The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s11144- 024- 02635-9.

Data availability The datasets analyzed during the current study are available from the corresponding 
author RAHAL Rahima on reasonable request.

Fig. 10  The evolution of MB degradation as a function of time exposure to sunlight irradiation in the 
presence of BNT-NFS material  (C0 = 10 mg/l, m (BNT-NFS) = 0.1 g, T = 25 °C)
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