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A B S T R A C T

Selective oxidation of biomass-derived polyols into value-added chemicals is a promising strategy for sustainable 
chemical production. Among these, ethylene glycol (EG) serves as a versatile platform molecule due to its simple 
structure and dual hydroxyl functionality. In this study, a series of perovskite-type oxides with the general 
formular of La0.8A0.2FeO3 (A = Mg, Ca, Sr, Ba) was synthesized and impregnated with 1 wt% Pt to investigate 
structure–activity relationships in the aerobic oxidation of EG to glycolic acid (GA). Physicochemical charac
terizations using XPS, H2-TPR, O2-TPO, and ethanol chemisorption revealed that A-site substitution significantly 
affected Pt dispersion, oxidation state, and oxygen vacancy concentration. Notably, Sr-substituted catalysts 
exhibited high EG conversion and GA selectivity under both pressurized and ambient conditions, which was 
attributed to the presence of metallic Pt0, abundant oxygen vacancies, facile oxygen activation, and enhanced 
interaction with –OH containing reactants. These findings propose the critical role of A-site engineering in 
tailoring perovskite-supported Pt catalysts and provide valuable insights into the rational design of heteroge
neous oxidation catalysts for polyol upgrading.

1. Introduction

The global push toward the carbon neutrality has intensified the 
search for sustainable alternatives to fossil-based resources [1,2]. As 
awareness of climate change and environmental degradation continues 
to grow, renewable feedstocks such as biomass have garnered significant 
attention for their potential to replace conventional petrochemicals in 
both energy production [3] and chemical manufacturing [4,5]. Biomass 
is not only carbon-neutral but also rich in structurally diverse com
pounds that can be upgraded into valuable fuels and chemicals through 
catalytic processes [6,7]. Polyols, which are polyhydric alcohols con
taining multiple hydroxyl groups, have emerged as versatile platform 
molecules among biomass-derived compounds [8,9], with examples 
such as glycerol, sorbitol, and ethylene glycol (EG) typically obtained 
through the hydrolysis or hydrogenolysis of lignocellulosic biomass 
[10− 12]. Owing to their multifunctionality, these compounds offer 
various opportunities for catalytic valorization into fine chemicals, sol
vents, and monomers [13− 18].

In particular, EG has attracted substantial industrial and academic 
interest due to its wide availability, chemical simplicity, and broad 

applicability [18− 20]. Compared to other polyols, relatively simple 
structure of EG—with two hydroxyl groups—facilitates mechanistic 
investigations and selective catalytic control. Catalytic upgrading of EG 
can proceed through several pathways, including reforming [18,21,22], 
dehydrogenation [23,24], and oxidation [25− 33]. Among these, selec
tive oxidation is especially promising, as it enables direct transformation 
of hydroxyl groups into carboxylic acids or aldehydes, which are key 
intermediates in the production of biodegradable polymers, cosmetics, 
and pharmaceuticals [26− 33]. Depending on the reaction conditions 
and catalyst design, EG oxidation can yield a range of products such as 
oxalic acid (OA), formic acid (FA), glycolaldehyde, and glycolic acid 
(GA), the latter of which is a high-value C2 compound with widespread 
commercial utility [29− 33]. Therefore, developing efficient catalytic 
systems for the selective oxidation of EG to GA is of significant 
importance.

Noble metal-based heterogeneous catalysts have been widely uti
lized for the oxidation of EG, owing to their high activity and tunable 
selectivity under relatively mild conditions [26− 33]. Numerous studies 
have demonstrated that both the oxidation state and dispersion of noble 
metal particles significantly influence catalytic performance, with the 

* Corresponding author.
E-mail address: kyungsu_na@chonnam.ac.kr (K. Na). 

Contents lists available at ScienceDirect

Catalysis Today

journal homepage: www.elsevier.com/locate/cattod

https://doi.org/10.1016/j.cattod.2025.115548
Received 15 July 2025; Received in revised form 26 August 2025; Accepted 2 September 2025  

Catalysis Today 462 (2026) 115548 

Available online 8 September 2025 
0920-5861/© 2025 Elsevier B.V. All rights are reserved, including those for text and data mining, AI training, and similar technologies. 

mailto:kyungsu_na@chonnam.ac.kr
www.sciencedirect.com/science/journal/09205861
https://www.elsevier.com/locate/cattod
https://doi.org/10.1016/j.cattod.2025.115548
https://doi.org/10.1016/j.cattod.2025.115548
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cattod.2025.115548&domain=pdf


metallic state often identified as the active site for oxidative dehydro
genation [31− 34]. Among these systems, Pt-based catalysts have 
recently received particular attention, as Pt offers a superior balance 
between activity, selectivity, and stability in aqueous phase oxidation, 
making it especially effective for EG-to-GA transformation (Table 1) 
[31− 33]. Beyond the intrinsic properties of noble metal, the choice of 
support material has also emerged as a crucial design parameter. 
Traditional oxide supports like TiO2, CeO2, Al2O3, and carbon have been 
used to stabilize noble metal nanoparticles, control their dispersion, and 
modulate the metal–support interface [26− 30]. However, recent 
research has highlighted that the inherent redox property and the oxy
gen activation capability of the support can also directly contribute to 
catalytic turnover, especially in oxidation reactions where lattice oxygen 
or oxygen vacancies play an active role in the reaction mechanism [14, 
15,28,31]. For instance, Pt/Mn2O3 and Pt/NaY systems have demon
strated enhanced activity for EG oxidation through electronic and 
structural synergies at the Pt–support interface [31− 33]. In the 
Pt–Mn2O3 system, strong metal–oxide interactions not only promote 
high Pt dispersion but also facilitate surface oxygen exchange, leading to 
improved selectivity to GA [31]. Similarly, Pt/NaY catalysts with 
tailored (Si–OH)n–Pt interfacial motifs stabilize isolated Pt0 atoms, 
which are proposed to enhance C–H and O–H bond activation through 
σ-complex formation [32]. Moreover, single-atom Pt catalysts coordi
nated with PO4

3− species have been reported to exhibit outstanding 
selectivity in EG oxidation by restricting over-oxidation and stabilizing 
key intermediates [33]. These examples highlight that optimizing EG 
oxidation requires more than achieving high Pt dispersion: rational 
control of the Pt–support interface, including the ability of supporting 
materials for activating molecular oxygen and generating oxygen va
cancies, are essential for maximizing catalytic performance. Conse
quently, integrating active noble metal sites with redox-active supports 
emerges as a promising strategy for the selective and efficient valori
zation of biomass-derived polyols such as ethylene glycol.

In this regard, perovskite oxides (ABO3-type structures) can be 
attractive choices for support because of their structural flexibility, 
adjustable redox property, and strong metal–support interaction 
[34− 47]. In these materials, A-site cations primarily stabilize the lattice, 
while B-site transition metals provide redox activity. Among them, 
La-based perovskites with transition metal B sites have received 
considerable attention due to their robustness and versatile catalytic 
properties. An additional advantage of perovskites is their compositional 
tunability at both the A- and B-sites, allowing for fine control over their 
electronic structure, oxygen mobility, and surface properties—factors 
that are highly relevant to oxidation catalysis [38− 43,46,47]. Substi
tution of the A-site with divalent alkaline-earth metal ions can further 
generate oxygen vacancies through charge compensation, thereby 
enhancing lattice oxygen dynamics. These characteristics make perov
skites particularly promising support for noble metals such as Pt, where 
synergistic interactions between the metal nanoparticle and the 
redox-active lattice can be exploited to enhance both activity and 
selectivity. Despite this potential, the effect of A- and B-site modifica
tions on catalytic performance of Pt/perovskite systems—and the asso
ciated structure–activity relationships—remain largely unexplored in 
the selective oxidation of EG to GA.

In this study, we investigate a series of Pt-loaded perovskite catalysts 

based on LaBO3 (B = Cr, Mn, Fe, and Co) and La0.8A0.2BO3 (A = Mg, Ca, 
Sr, and Ba), focusing on their structural, redox, and surface chemical 
properties in relation to their activity and selectivity for EG oxidation to 
GA. Lanthanum was selected as the A-site cation for its structural sta
bility and compatibility with various B-site transition metals, while Cr, 
Mn, Fe, and Co were chosen to represent diverse redox properties. 
Partial substitution of La with alkaline earth metals was introduced to 
modulate lattice strain and oxygen vacancy concentration via charge 
compensation. The La:A ratio of 0.8:0.2 was selected to ensure sufficient 
incorporation of the substituent cations while avoiding phase instability 
or solubility-limit issues, thereby enabling a fair comparison among 
different A-site cations. By combining catalytic testing with X-ray 
photoelectron spectroscopy, temperature-programmed oxidation, and 
ethanol chemisorption, we elucidate how perovskite composition gov
erns Pt dispersion, oxygen vacancy, and oxygen activation capability. 
Our findings highlight A-site substitution as an effective strategy for 
optimizing metal–support interactions and enhancing catalytic perfor
mance in base-assisted ethylene glycol oxidation.

2. Experimental

2.1. Materials preparation

2.1.1. Chemicals
All chemicals used in this work were commercially available and 

used without further purification. The chemicals used in this work are 
platinum chloride (PtCl4, 99.5 %, DAEJUNG, 6767–4150), lanthanum 
nitrate hexahydrate (La(NO3)3⋅6 H2O, 99.9 %, DAEJUNG, 5062–8805), 
chromium nitrate nonahydrate (Cr(NO3)3⋅9 H2O, 98 %, DAEJUNG, 
2555–4405), manganese nitrate hexahydrate (Mn(NO3)2⋅6 H2O, 97 %, 
Junsei Chemical, 37585S1201), iron nitrate nonahydrate (Fe 
(NO3)3⋅9 H2O, 98 %, DAEJUNG, 5023–4405), cobalt nitrate hexahy
drate (Co(NO3)2⋅6 H2O, 98 %, Sigma-Aldrich, 230375), magnesium ni
trate hexahydrate (Mg(NO3)2⋅6 H2O, 98 %, DAEJUNG, 5508–4405), 
calcium nitrate tetrahydrate (Ca(NO3)2⋅4 H2O, 98 %, Junsei Chemical, 
37405S1201), strontium nitrate (Sr(NO3)2, 98 %, DAEJUNG, 
7669–4405), barium nitrate (Ba(NO3)2, 99 %, Sigma-Aldrich, 217581), 
citric acid monohydrate (C6H8O7⋅H2O, 99.5 %, Junsei Chemical, 
26040S0301), and ethyl alcohol (C2H5OH, 95 %, DAEJUNG, 
4119–4410).

2.1.2. Preparation of Pt supported La-based perovskite (Pt/LaBO3 or Pt/ 
La0.8A0.2BO3)

A typical synthesis involved dissolving 0.01 mol each of La 
(NO3)3⋅6 H2O and B(NO3)x⋅yH2O, (B= Cr, Mn, Fe, Co; x = 2, 3, y = 6, 9), 
along with 8.4 g (0.04 mol) of citric acid, in 100 mL of ethanol. The 
resulting solution was stirred under reflux for 1 h and then evaporated 
overnight in an oven at 90 ◦C. The obtained residue was ground into a 
fine powder and calcined at 700 ◦C for 5 h under air flow to yield the 
LaBO3 perovskite materials. La0.8A0.2BO3 were synthesized in the same 
manner, except that 0.008 mol of La precursor and 0.002 mol of A-site 
nitrate (A = Mg, Ca, Sr, and Ba) were used instead.

The conventional wet impregnation method was employed to pre
pare 1 wt% Pt supported catalysts. An aqueous solution of PtCl4 
(5.177 × 10− 4 M) was prepared and added to the perovskite support 

Table 1 
Summary of the performances of the catalysts developed in this study and those of representative reported catalysts for EG oxidation.

Entry Catalyst Condition EG Conversion 
(%)

Selectivity (%) Ref.

GA GAL GO GOA OA FA

1 1Pt/La0.8Sr0.2FeO3 60 ◦C, 1 MPa O2, 4 h, NaOH 95.8 82.2 - - - 7.1 10.7 This work
2 1Pt/La0.8Sr0.2FeO3 60 ◦C, 0.1 MPa O2, 8 h, NaOH 56.6 80.0 - - - 0.9 19.1 This work
3 Pt-Fe/CeO2 70 ◦C, 1 MPa O2, 12 h, NaOH 100 62 - - - 9 8 [28]
4 PtMn/MCM− 41 60 ◦C, 1 MPa O2, 8 h 92.1 93.8 2.5 - - - 0.1 [31]
5 Pt/NaY 70 ◦C, 1 MPa O2, 10 h 97.7 77.6 ​ ​ ​ ​ [32]
6 Pt1/HAP 50 ◦C, 1 MPa O2, 16 h, NaOH 79.1 98.3 - - - - 0.2 [33]
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under vigorous stirring at room temperature. The mixture was stirred for 
2 h, followed by evaporation and drying overnight at 100 ◦C. The ob
tained residue was ground into a fine powder and calcined at 550 ◦C for 
3 h under air flow.

2.2. Materials characterization

X-ray diffraction (XRD) patterns were collected using a Rigaku 
MiniFlex 600 instrument with a Cu Kα radiation (λ = 0.1541 nm) 
operated at 600 W (40 kV, 15 mA). The measurements were performed 
under ambient conditions with a step size of 0.02 ◦, scanning rate of 3 ◦
min− 1, and a 2θ range of 20–70◦. N2 adsorption/desorption analysis was 
conducted using a BELSORP MAX II volumetric analyzer. Prior to 
analysis, sample was degassed at 400 ◦C under vacuum for 3 h. The 
analysis was then performed at a liquid nitrogen temperature (77 K). 
The specific surface area and pore size were calculated according to the 
Brunauer–Emmett–Teller (BET) theory and Barrett–Joyner–Halenda 
(BJH) method, respectively. The crystal morphologies were examined 
using transmission electron microscopy (TEM) imaging. TEM images 
were acquired using a JEM–2100 F (JEOL Ltd.) with a spherical aber
ration corrector operated at 200 kV. The content of Pt in the catalysts 
was determined via inductively coupled plasma-optical emission spec
troscopy (ICP-OES; Avio 500, PerkinElmer, Waltham, MA, USA). H2 
temperature-programmed reduction (TPR) and O2 temperature pro
grammed oxidation (TPO) measurements were conducted using a 
BEL–CAT II (BEL JAPAN INC) equipped with mass (MS) detector. Prior 
to the H2-TPR measurements, perovskite samples were pre-treated 
under an Ar stream for 1 h at 400 ◦C in a quartz cell to degas the 
adsorbed species. The samples were then cooled to 50 ◦C. The samples 
were treated with 10 % H2/Ar flows with increasing cell temperatures 
from 50 to 950 ◦C at a ramping rate of 10 ◦C min− 1 and then maintaining 
the temperature at 950 ◦C for 30 min, while the exhaust gas was 
analyzed using thermal conductivity detector (TCD) and MS. Prior to O2- 
TPO measurement, 1Pt/La0.8A0.2BO3 perovskite samples were pre- 
treated under 5 % H2/He stream for 1 h at 400 ◦C in a quartz cell to 
degas the adsorbed species and reduced the Pt species. The samples were 
then cooled to 50 ◦C and purged with He for 30 min. The samples were 
treated with 5 % O2/He flows with increasing cell temperatures from 50 
to 650 ◦C at a ramping rate of 10 ◦C min− 1 and then maintaining the 
temperature at 650 ◦C for 30 min, while the exhaust gas was analyzed 
using TCD and MS. XPS was performed using a K–ALPHA+ instrument 
(Thermo Fisher Scientific, Waltham, MA, USA) equipped with a mono
chromatic Al Kα source connected to a 128–channel detector. Prior to 
the measurements, all investigated catalysts were reduced under H2/Ar 
flows of 50 mL min− 1 at 400 ◦C for 3 h using a ramping rate of 5 ◦C 
min− 1. The peak binding energy was calibrated by the C 1 s peak posi
tion (284.8 eV), corresponding to the surface hydrocarbon-like deposits. 
The XPS spectra were analyzed by fitting Gaussian–Lorentzian curves 
after baseline correction. For the ethanol pulse adsorption, 0.05 g of 
catalyst was pretreated under 5 % H2/He flows of 30 mL min− 1 for 1 h at 
400 ◦C. When the temperature was cooled to 50 ◦C with He purge for 
30 min, ethanol molecule was pulsed into the quartz tube. The flask and 
reflux temperatures of ethanol steam generator were 50 and 40 ◦C. 
Three consecutive peaks show the same peak area, indicating that the 
sample test is completed. An ethanol/Pt stoichiometry of 2.5 obtained 
from the molecule size ratios was used to calculate the adsorptive ratios 
[31].

2.3. Reaction studies

2.3.1. Pressurized batch reaction
The reactor setup is shown in Fig. S1a. Catalytic performance was 

evaluated using a 110 mL Teflon-lined stainless-steel autoclave reactor. 
Prior to the reaction, the Pt supported catalyst was pretreated with H2 
under a flow of Ar and H2 at 400 ◦C for 3 h. For the reaction, 0.1 g 
catalyst was added to 30 mL of 0.3 M EG solution containing 1.5 g of 

NaOH for basic environment. The reactor was purged with O2 to remove 
residual air and then pressurized to 10 bars with O2. The reactor was 
heated to 60 ◦C and stirred at 600 rpm for 4 h. After the reaction, the 
reactor was rapidly cooled in an ice bath, and the catalyst was separated 
from the solution using a syringe filter. A 2 mL of liquid of the reaction 
solution was immediately mixed with 2 mL of 1 M H2SO4 solution for 
neutralization before analysis.

2.3.2. Atmospheric pressure reaction
The atmospheric-pressure reaction setup is illustrated in Fig. S1b. In 

a 100 mL three-neck flask, 0.1 g of catalyst was added to 30 mL of 3 M 
EG aqueous solution containing 1.5 g of NaOH. The mixture was stirred 
and heated to 60 ◦C using a heating mantle, and the system was 
equipped with an overhead condenser for temperature stability. Mo
lecular O2 was bubbled into the aqueous solution at a flow rate of 60 
standard mL/min. At specific intervals, 1 mL of the reaction mixture was 
taken, neutralized with H2SO4, and analyzed by high-performance 
liquid chromatography to obtain concentration-time profiles.

2.3.3. Product analysis and quantification
High-performance liquid chromatography (HPLC, Perkin-Elmer UC/ 

200) was employed to analyze the liquid-phase products. Ethanol was 
used as an internal standard. A refractive index detector and a Bio-Rad 
Aminex HPX-87H column were used, with 0.005 M H2SO4 as the mo
bile phase. The conversion of EG and the selectivity of products were 
calculated using the following equations:

Conversion (%) = 100 −
EG0 − EGt

EG0
× 100 

Product selectivity (%) =
Productt

∑
Productt

× 100 

Here, EG0 and EGt represent the concentrations of EG at the initial 
stage and after reaction time t, respectively, while Productt is the con
centration (mol/L) of a specific product formed after time t.

3. Results and discussion

3.1. Physicochemical properties of perovskite materials

X-ray diffraction (XRD) patterns of the synthesized LaBO3 (B = Cr, 
Mn, Fe, Co) samples are shown in Fig. S2 and their structural property 
including surface areas, measured by N2 adsorption/desorption analysis 
(Fig. S3), are shown in Table S1. All samples exhibit distinct and sharp 
diffraction peaks, which are characteristic of well-crystallized perov
skite-type structures. The observed peak positions match well with those 
reported for orthorhombic or rhombohedral perovskite phases [38− 45], 
depending on the B-site cation, indicating successful formation of the 
intended ABO3 framework without detectable secondary phases. 
Notably, the diffraction peak positions and relative intensities vary 
slightly among the samples, which can be attributed to differences in 
ionic radius and electronic configurations of the transition metals 
occupying the B-site of ABO3 structure [38− 40]. For instance, LaCoO3 
displays features consistent with rhombohedral symmetry [38,41,42], 
while LaCrO3, LaMnO3 and LaFeO3 show patterns typically associated 
with orthorhombic distortions [38,39,43,44,45]. This structural adapt
ability of the perovskite framework enables it to incorporate various 
B-site cations while maintaining its crystallographic phase stability. To 
evaluate their applicability as oxidation catalysts, 1 wt% of Pt was 
impregnated onto each perovskite. The corresponding XRD patterns of 
the Pt-loaded samples are presented in Fig. 1a and 1b. The diffraction 
patterns of the perovskite phase remained unchanged after Pt incorpo
ration. Furthermore, no distinct diffraction peaks corresponding to 
metallic Pt or PtOx phases were observed, which suggests that Pt species 
were highly dispersed across the perovskite surface.
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The morphological characteristics of the 1 wt% Pt-impregnated 
perovskite catalysts were examined by TEM, as shown in Fig. 2. The 
images show Pt nanoparticles uniformly dispersed across the perovskite 
surface, with no visible agglomeration. The average particle sizes were 
1.12 ± 0.23 nm (1Pt/LaCrO3), 1.28 ± 0.16 nm (1Pt/LaMnO3), 2.47 ±

0.73 nm (1Pt/LaFeO3), and 1.35 ± 0.30 nm (1Pt/LaCoO3) (inset histo
grams in the magnified TEM images in Fig. 2). These results indicate a 

clear variation in Pt dispersion depending on the B-site composition of 
the perovskite, with 1Pt/LaFeO3 showing relatively larger and more 
broadly distributed Pt particles. In contrast, 1Pt/LaCrO3 and 1Pt/ 
LaMnO3 exhibited smaller and more narrowly distributed nanoparticles. 
The TEM images are consistent with the XRD results (Fig. 1a), which 
showed no distinguishable diffraction peaks corresponding to bulk Pt 
crystals. These observations collectively indicate that Pt is well 
dispersed in the form of small nanoparticles, as supported by the absence 
of distinct Pt peaks in XRD and the nanoscale distribution observed in 
TEM. ICP-OES analysis confirmed that the actual Pt loading was within 
0.96–1.07 wt% (Table S2).

The impregnation of Pt did not significantly alter the perovskite 
crystal structure; however, its electronic characteristics, particularly 
reducibility, were markedly affected, as evidenced by the H2-TPR pro
files of the LaBO3 series (Fig. 3). The reduction behavior of the pristine 
perovskites varied significantly depending on the B-site cation, reflect
ing intrinsic differences in their redox properties. For LaCrO3, a small 
reduction peak around 420 ◦C can be attributed to the reduction of Cr 
(VI) to Cr(III), likely associated with a minor La2CrO6 phase [34]. In case 
of LaMnO3, two peaks at 377 and 472 ◦C were observed, corresponding 
to the removal of the non-stoichiometric excess lattice oxygen and 
partial reduction of Mn(IV) to Mn(III). A broader peak at around 800 ◦C 
is attributed to the reduction of Mn(III) to Mn(II) [35]. For LaFeO3, a 
low-temperature peak at 340 ◦C could be assigned to the reduction of 
adsorbed oxygen species, while the second peak at 492 ◦C was attributed 
to the reduction of surface Fe(IV) to Fe(III) and Fe(III) to Fe(II) [36]. In 
case of LaCoO3, reduction peaks appeared in two areas around 400–500 
◦C and 550–650 ◦C. The former could be associated with Co(III) to Co(II) 
while the latter could be related to Co(II) to metallic Co [36]. Upon Pt 
loading, notable changes appeared in the reduction profiles, including 
shifts in peak positions and the emergence of new low-temperature 
peaks. These newly formed low-temperature peaks are primarily 
attributed to the reduction of initially oxidized platinum species (PtOx) 
to metallic Pt, which typically occurs below 200 ◦C [31− 33]. 
1Pt/LaMnO3 and 1Pt/LaCoO3 show prominent peaks at 191 ◦C and 
188 ◦C, respectively, indicating a substantial presence of oxidized Pt 
species. In contrast, 1Pt/LaCrO3 and 1Pt/LaFeO3 exhibited compara
tively smaller peaks at 176 ◦C and 166 ◦C, respectively. This suggests 

Fig. 1. (a) XRD patterns and (b) their magnified view in the 2θ region of 
31–35◦ of 1Pt/LaCrO3 (red), 1Pt/LaMnO3 (yellow), 1Pt/LaFeO3 (green), and 
1Pt/LaCoO3 (blue) with vertical (hkl) lines indicating peaks corresponding to 
each perovskite from the JCPDS database.

Fig. 2. TEM image of (a) 1Pt/LaCrO3, (b) 1Pt/LaMnO3, (c) 1Pt/LaFeO3, and (d) 1Pt/LaCoO3 with magnified view (bottom row) and the corresponding histograms of 
Pt nanoparticle size distribution.
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that a greater proportion of Pt exists in a metallic state even before the 
H2 treatment, resulting in a smaller amount of reducible PtOx. This 
interpretation was further supported by XPS analysis conducted on the 
catalysts before the H2 treatment (Fig. S4 and Table S3), which 
confirmed a relatively higher proportion of metallic Pt in 1Pt/LaCrO3 
and 1Pt/LaFeO3 compared to the other samples. Furthermore, the lower 
reduction temperatures imply that electron transfer to PtOx is more 
facile in these perovskites. As observed in the H2-TPR profiles in Fig. 3, 
the pristine perovskites exhibited markedly different hydrogen con
sumption behaviors depending on the B-site composition. In particular, 
1Pt/LaFeO3 and 1Pt/LaCrO3 showed significantly lower reduction in
tensities than 1Pt/LaMnO3 and 1Pt/LaCoO3 (Fig. 3), which can be 
attributed to their ability to stabilize metallic Pt species on the surface, 
as supported by the pre-reduction XPS results (Fig. S4). Given that 

metallic Pt is generally regarded as the active phase for EG oxidation, 
LaFeO3 and LaCrO3 were selected as the base compositions for subse
quent A-site substitution experiments to further optimize the catalytic 
performance.

Building upon the compositional flexibility of the perovskite frame
work, further structural tuning was achieved by partially substituting 
the A-site cation. While lanthanum ion (La3+) was initially fixed as the 
A-site ion to maintain a consistent perovskite structure, subsequent 
modifications involved aliovalent substitution of La with alkaline earth 
metals such as Mg2+, Ca2+, Sr2+, and Ba2+, resulting in La0.8A0.2BO3- 
type compositions. This strategy enables more precise control over lat
tice strain and unit cell symmetry, which in turn can influence redox 
properties and potentially the concentration of oxygen vacancies via 
charge compensation mechanisms [40− 43,46,47]. Figs. 4a and S6 
shows the XRD patterns of the synthesized La0.8A0.2BO3 (A = Mg, Ca, Sr, 
Ba and B = Cr, Fe) samples. Despite A-site substitution, no significant 
structural changes were observed, suggesting that the overall perovskite 
framework was preserved. Nonetheless, slight shifts in diffraction peak 
positions were detected, likely due to local structural distortions arising 
from the ionic radius mismatch between La3+ and the substituted A-site 
cations. These subtle variations suggest that the physicochemical 
properties of each perovskite material were modulated by the A-site 
substitution.

The H2-TPR spectra of the 1Pt/La0.8A0.2FeO3 series reveal distinct 
variations in redox behavior depending on the A-site cations, as shown 
in Fig. 4c. Compared to 1Pt/LaFeO3, the Mg-substituted sample shows a 
slightly diminished low-temperature reduction peak, while the higher- 
temperature peak becomes more pronounced and shifts toward a 
higher temperature range. In the Ca-substituted sample, the PtOx-related 
low-temperature peak appears more intense and slightly upshifted, 
accompanied by a strong reduction peak in the higher-temperature re
gion. In contrast, the Sr- and Ba-substituted samples display no notice
able low-temperature peaks associated with PtOx reduction, suggesting 
a lower fraction of oxidized Pt species [32]. Instead, these samples show 
broad reduction features at higher temperatures, shifted toward lower 
temperature ranges compared to Mg and Ca analogues. These changes in 
the reduction profiles indicate that both the oxidation state of Pt and the 
interaction strength between lattice oxygen and the perovskite frame
work are significantly affected by A-site substitution. The absence of a 
distinct PtOx peak in 1Pt/LaSrFeO3 and 1Pt/LaBaFeO3 samples implies a 
higher proportion of metallic Pt in the as-prepared state (Fig. 4c). 
Furthermore, the low-temperature-shifted reduction behavior of the 
perovskite samples suggests weaker metal–oxygen bonding, possibly 
accompanied by an increased concentration of oxygen vacancies. It 
should be noted that Pt appears to be well dispersed as a small 

Fig. 3. H2-TPR profiles of LaBO3 (B = Cr, Mn, Fe, and Co) series and 1Pt/ 
LaBO3 series.

Fig. 4. (a) XRD patterns and (b) their magnified view in the 2θ region of 31–33◦ of 1Pt/La0.8A0.2FeO3 (A = Mg, Ca, Sr, and Ba) with 1Pt/LaFeO3 and vertical (hkl) 
lines indicating peaks corresponding to LaFeO3 perovskite from the JCPDS database. (c) H2-TPR profiles of 1Pt/La0.8A0.2FeO3 series with 1Pt/LaFeO3.
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nanoparticle over the perovskite surface. However, the Ca-substituted 
sample exhibits slight aggregation of Pt particles as shown in the TEM 
images of the 1 wt% Pt-impregnated La0.8A0.2FeO3 perovskites (Fig. 5).

3.2. Aerobic oxidation of ethylene glycol

It is generally known that various products could be formed via 
various reaction pathways during the aerobic oxidation of EG (Scheme 
1). The catalytic activity of the synthesized 1Pt/LaBO3 (B = Cr, Mn, Fe, 
and Co) series was evaluated for the selective oxidation of EG to GA, 
with the results presented in Fig. 6 and Table 2. A blank test conducted 
in the presence of NaOH but without a catalyst confirmed negligible EG 
conversion, emphasizing the necessity of catalytic activation. Among the 
1Pt/LaBO3 catalysts, 1Pt/LaCrO3 exhibited the highest EG conversion 
(52.5 %), followed by 1Pt/LaFeO3 (31.3 %) and 1Pt/LaMnO3 (23.7 %), 
while 1Pt/LaCoO3 showed the lowest conversion at only 5.9 %. 
Regardless of EG conversion levels, all tested catalysts—including the 
blank—exhibited over 80 % selectivity toward glycolic acid, accompa
nied by minor amounts of oxalic acid (OA) and formic acid (FA) as 
byproducts. These results indicate the essential contribution of the 
catalyst to the overall reaction efficiency, especially EG conversion.

To further explore and enhance structure-dependent reactivity, a 
series of A-site-substituted perovskites, 1Pt/La0.8A0.2BO3, were prepared 
and tested (Figs. 7 and S9). While the overall product distribution 
remained largely consistent—dominated by GA with minor amounts of 
OA and FA—the EG conversion showed notable variation depending on 
both A-site and the B-site cations. In the Cr-based series (Fig. S9), the Ba- 
substituted perovskite exhibited the greatest improvement in EG con
version, increasing from 52.5 % for the parent 1Pt/LaCrO3 to 67.3 %. 
The 1Pt/La0.8Mg0.2CrO3 catalyst also showed moderate enhancement, 
with a conversion of 58.4 %. In contrast, Ca- and Sr-substituted perov
skites exhibited decreased activity, with EG conversions of 33.6 % and 
49.3 %, respectively. The Fe-based series (Fig. 7), by comparison, 
exhibited a more pronounced dependence on A-site composition. 
Notably, 1Pt/La0.8Sr0.2FeO3 and 1Pt/La0.8Ba0.2FeO3 showed significant 
improvements in EG conversion, reaching 95.8 % and 86.2 %, respec
tively—substantially higher than that of the parent 1Pt/LaFeO3 catalyst 
(31.3 %). The Mg-substituted sample showed a marginal increase to 

39.1 %, whereas 1Pt/La0.8Ca0.2FeO3 exhibited even lowered activity 
with 27.6 % of EG conversion, falling below that of the unmodified 
counterpart.

To assess the practical applicability of the most active 1Pt/ 
La0.8A0.2FeO3 (A = Mg, Ca, Sr, and Ba) catalysts, EG oxidation was 
further evaluated under mild conditions using atmospheric pressure and 
continuous O2 bubbling, instead of the previously employed pressurized 
batch system, with the results shown in Fig. 8 and Fig. S10. As expected, 
overall conversion levels were lower than those under pressurized 
conditions, but the relative activity trend was maintained. The Sr- 
substituted catalyst (1Pt/La0.8Sr0.2FeO3) exhibited the highest perfor
mance, achieving over 50 % EG conversion within 8 h with continuous 
improvement over time. The Ba-substituted catalyst (1Pt/La0.8Ba0.2

FeO3) also showed notable activity, although slightly lower than 1Pt/ 
La0.8Sr0.2FeO3, and displayed a saturation trend after 4 h. In contrast, 
the parent 1Pt/LaFeO3 catalyst, along with the Mg- and Ca-substituted 
counterparts, exhibited limited activity, with EG conversions barely 
exceeding 10 % and reaching a plateau within the first 2 h. Notably, GA 
selectivity remained high across all samples, regardless of the A-site 
substitution, which is consistent with the previous findings under high- 
pressure conditions. Sr- and Ba-substituted catalysts not only perform 
well under optimized batch conditions but also retain considerable ac
tivity under milder, more practical environments. The enhanced per
formance of these catalysts highlights the potential of A-site engineering 
with alkaline earth metals as an effective strategy to tune catalytic 
behavior in EG oxidation. However, the exact reasons behind these 
improvements in performance still need to be explained. Given the 
remarkable activity improvements observed in the Fe-based series, these 
catalysts were selected for further investigation. The following section 
focuses on elucidating the structure–activity relationship through 
detailed physicochemical characterization.

3.3. Origin of catalytic performance

To understand the factors governing the catalytic performance of the 
1Pt/La0.8A0.2FeO3 (A = Mg, Ca, Sr, and Ba) series in EG oxidation, 
surface chemical states and redox properties were investigated using 
XPS, O2-TPO-MS, and ethanol chemisorption measurements. XPS was 

Fig. 5. TEM images of La0.8A0.2FeO3 (A = Mg, Ca, Sr, and Ba) with magnified view (bottom row) and the corresponding histograms of Pt nanoparticle size dis
tribution. (a) 1Pt/La0.8Mg0.2FeO3, (b) 1Pt/La0.8Ca0.2FeO3, (c) 1Pt/La0.8Sr0.2FeO3, and (d) 1Pt/La0.8Ba0.2FeO3.
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employed to analyze the surface states of platinum, lanthanum, the 
alkaline earth metals, iron, oxygen, and carbon under reduced condi
tion. The results are summarized in Fig. 9, Fig. S11, and Table S6.

XPS analysis of the Pt 4 f region confirmed the presence of both 
metallic Pt0 and oxidized Pt2+ species across all samples, but the relative 
proportions and binding energies of these components varied depending 
on the A-site substitution (Fig. 9a). A comparison of the Pt0/Pt2+ ratios 
reveals that the Sr- and Ba-substituted catalysts possess the highest 
fractions of metallic Pt, at 81.2 % and 82.0 %, respectively. In contrast, 
the Ca-substituted sample exhibited a moderate concentration with 
68.8 %, while the Mg-substituted and parent LaFeO3 catalysts showed 
significantly lower metallic Pt concentrations of 58.1 % and 56.0 %, 
respectively. Most samples displayed Pt0 4 f7/2 peaks centered at 
71.3–71.4 eV; however, the Mg-substituted sample exhibited a slightly 
lower binding energy at 71.1 eV, suggesting subtle differences in the 
local electronic environment of Pt.

Previous studies have demonstrated that metallic Pt0 is the intrinsic 

active species for the oxidation of EG [32]. For instance, Pt/NaY cata
lysts were shown to enhance EG oxidation activity via a unique 
(Si–OH)n–Pt interface that stabilizes Pt0 species and facilitates σ-bond 
activation pathways [32]. Similarly, Pt/HAP systems revealed that iso
lated metallic Pt sites, rather than aggregated Pt–Pt ensembles, serve as 
effective active sites for EG-to-GA conversion [33]. Consistent with these 
findings, our study also observed a strong correlation between the 
Pt0/Pt2+ (summarized in Table S6) and catalytic activity (Fig. 9c), 
suggesting that higher metallic Pt content is a key factor governing the 
enhanced conversion of EG. These results align with the established 
understanding that σ-bond activation of C–H and O–H bonds by metallic 
Pt0 plays a dominant role in the oxidative dehydrogenation step [34].

The O 1 s XPS spectra of the 1Pt/La0.8A0.2FeO3 series were analyzed 
to examine the surface oxygen species and their relation to catalytic 
behavior (Fig. 9b). All spectra were deconvoluted into three compo
nents: lattice oxygen (Olatt), oxygen vacancy-related species (Ovac), and 
surface hydroxyl or adsorbed oxygen species (OOH) [39,42− 44]. Among 
the catalysts, the Sr- and Ba-substituted samples exhibited the highest 
Ovac proportions, at 44.6 % and 42.7 %, respectively (Table S6), fol
lowed by Mg-substituted sample with 39.3 %, non-substituted LaFeO3 
sample with 38.9 %, and the Ca-substituted sample with the lowest 
value of 35.2 %. In contrast, the Olatt fractions were lower in the 
Sr-substituted (53.7 %) and Ba-substituted (55.2 %) samples than in 
Ca-substituted (62.4 %), non-substituted LaFeO3 (58.7 %), and 
Mg-substituted (56.1 %) samples, further indicating a relative increase 
in oxygen defect content. Additionally, the Sr- and Ba-substituted sam
ples displayed a slight shift in the overall O 1 s binding energy toward 

Scheme 1. Schematic representation showing the aerobic oxidation of EG to various products via various reaction pathways. The proposed corresponding chemical 
equations of aerobic oxidation of EG to each product were presented in Supplementary material.

Fig. 6. Ethylene glycol conversion reaction results showing EG conversion 
(black circle) and product selectivity (bar graph with different colors: glycolic 
acid (GA) in red, oxalic acid (OA) in yellow, and formic acid (FA) in green) of 
1Pt/LaBO3 (B = Cr, Mn, Fe, and Co) series with blank test. Detailed values 
obtained during the reaction were summarized in Table 2.

Table 2 
Catalytic performance of oxidation of EG using 1Pt/LaBO3 series.

Catalyst EG Conversion 
(%)

Product Selectivity (%) Carbon Balance 
(%)

GA OA FA

Blank 2.1 84.3 0 15.7 82.1
1Pt/LaCrO3 52.5 92.2 0 7.8 75.5
1Pt/LaMnO3 23.7 95.5 0 4.5 79.8
1Pt/LaFeO3 31.3 88.8 5.1 6.1 78.2
1Pt/LaCoO3 5.9 82.6 0 17.4 81.6

Fig. 7. Ethylene glycol conversion reaction results showing EG conversion 
(black circle) and product selectivity (bar graph with different colors: glycolic 
acid (GA) in red, oxalic acid (OA) in yellow, and formic acid (FA) in green) of 
1Pt/La0.8A0.2FeO3 series. Detailed values obtained during the reaction were 
summarized in Table 3.
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lower values (Fig. 9b), which may reflect weaker metal–oxygen in
teractions or an increase in electron-rich oxygen vacancy sites [47]. 
These features are indicative of enhanced oxygen mobility and surface 
reactivity. A plot of Ovac concentration (i.e., Ovac / (Olatt + Ovac + OOH)) 
versus EG conversion (Fig. 9d) reveals a positive correlation: catalysts 
with a greater concentration of surface oxygen vacancies exhibit higher 
catalytic activity. This trend supports the hypothesis that oxygen va
cancies facilitate O2 activation under reaction conditions, thereby 
accelerating key steps in the oxidation of EG. In addition to Pt and O, the 
XPS spectra of La 3 d, Fe 2p, and the respective alkaline earth metals 
(Mg, Ca, Sr, Ba) were analyzed (Fig. S11). All samples exhibited binding 

energies consistent with La3+, Fe ion, and the expected oxidation states 
of the A-site dopants, in agreement with those typically reported for 
well-defined perovskite structures [38,40,43,45]. No significant varia
tion was observed among the samples, indicating that A-site substitution 
had minimal impact on the electronic states of the framework cations.

To evaluate the actual oxygen activation ability of the catalysts 
under reaction-relevant conditions, O2-TPO-MS experiments were con
ducted (Fig. 10). The Sr-substituted sample exhibited a distinct oxygen 
consumption peak centered around 250 ◦C, indicating a high degree of 
reactivity with molecular oxygen. The Ba-substituted sample also 
showed a noticeable but slightly less intense peak in the same 

Table 3 
Catalytic performance of oxidation of EG using 1Pt/La0.8A0.2FeO3 series.

Catalyst EG Conversion 
(%)

Product Selectivity (%) Carbon Balance 
(%)

GA GO GOA OA FA

1Pt/LaFeO3 31.3 88.8 0 0 5.1 6.1 78.2
1Pt/La0.8Mg0.2FeO3 39.1 90.8 0 0 2.7 6.5 82.5
1Pt/La0.8Ca0.2FeO3 27.6 85.9 0 0 6.8 7.3 83.1
1Pt/La0.8Sr0.2FeO3 95.8 82.2 0 0 7.1 10.7 88.2
1Pt/La0.8Ba0.2FeO3 86.2 83.4 0 0 4.2 12.4 87.3

Fig. 8. Atmospheric-pressure EG conversion reaction results showing (a) EG conversion as a function of time on stream (h) and (b) product yield during the 8-hour 
reaction using the 1Pt/La0.8A0.2FeO3 (A = Mg, Ca, Sr, and Ba) series in comparison with 1Pt/LaFeO3. Detailed reaction profiles were presented in Fig. S10.

Fig. 9. XPS spectra in the binding energy regions of (a) Pt 4 f and (b) O 1 s of 1Pt/La0.8A0.2FeO3 series with 1Pt/LaFeO3. Relationships between EG conversion and 
values of (c) Pt0 / Pt2+ ratio and (d) Ovac / (Olatt + Ovac + OOH) (see Table S6).
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temperature range. In contrast, the Mg- and Ca-substituted samples 
displayed negligible O2 consumption throughout the temperature range, 
suggesting limited ability to activate gaseous oxygen. These results align 
well with the higher oxygen vacancy concentrations identified in XPS 
and the superior catalytic performance observed for the Sr- and Ba- 
substituted catalysts. The enhanced O2 uptake under thermal condi
tions further supports that A-site substitution with Sr or Ba enhances 
surface oxygen dynamics, thereby contributing to the superior perfor
mance in EG oxidation. It should be noted that the TPO-MS experiments 
were also conducted for the 1Pt/La0.8A0.2CrO3 series (Fig. S12); how
ever, no distinct peak was observed. We hypothesized that A-site sub
stitution induces lattice distortion in the perovskite structure, thereby 
modulating the electronic properties of the support. These changes 
likely influence the strength of Pt–support interactions and the mobility 
of surface oxygen species, as evidenced by XPS and O2-TPO results. 
However, we acknowledge that a fundamental understanding of why Sr 
substitution in LaFeO3 results in superior performance—while Sr sub
stitution in LaCrO3 or Ca substitution in LaFeO3 does not—remains 
unclear. This study primarily focused on catalyst screening and evalu
ation of reaction performance, and therefore does not fully elucidate the 
mechanistic origins of the observed differences. Further in-depth studies 
are planned to investigate the structural and electronic factors govern
ing these variations.

Ethanol chemisorption analysis revealed notable differences in Pt 
dispersion across the 1Pt/La0.8A0.2FeO3 (A = Mg, Ca, Sr, and Ba) catalyst 
series (Fig. S13 and Table 4). In fact, we carried out CO and H₂ chemi
sorption analyses, but strong interactions between the probe molecules 
and the perovskite supports interfered the accurate quantification of Pt 
dispersion. Instead, ethanol chemisorption could reliably be used for 
quantification of Pt dispersion in this case, as reported in literatures [31, 
48,49]. While the LaFeO3, and its corresponding Mg- and Ca-substituted 
samples exhibited similar Pt dispersion values ranging from 41.7 % to 

47.1 %, the Sr- and Ba-substituted catalysts showed slightly higher 
dispersions of 52.4 % and 50.2 %, respectively (Table 4). These rela
tively enhanced values suggest improved Pt surface accessibility in the 
Sr- and Ba-substituted systems, which may contribute to their superior 
catalytic activity. The corresponding average Pt particle sizes, calculated 
from the chemisorption data, support this trend. The Sr- and 
Ba-substituted samples featured the smallest Pt nanoparticles, with di
ameters of 2.16 nm and 2.25 nm, respectively, whereas larger particles 
were observed for LaFeO3 (2.50 nm), Mg (2.40 nm), and Ca (2.71 nm) 
counterparts (Table 4). These results imply that A-site substitution with 
Sr or Ba can effectively suppress Pt agglomeration, likely by modifying 
the metal–support interface in a way that favors the stabilization of 
finely dispersed Pt species.

Notably, beyond quantifying Pt dispersion, ethanol chemisorption 
offers additional insight into the surface reactivity of catalyst. Since both 
ethanol and ethylene glycol contain hydroxyl (–OH) groups, the extent 
of ethanol adsorption can serve as an indirect indicator of how readily 
the catalyst interacts with the actual reactant, EG. In this context, the 
enhanced ethanol uptake observed for the Sr- and Ba-substituted cata
lysts may also reflect a higher affinity for EG molecules, contributing to 
their superior oxidation performance. Thus, ethanol chemisorption not 
only reveals physical dispersion characteristics but also provides a 
qualitative basis for comparing surface–reactant interactions among 
different catalyst systems.

4. Conclusions

In this study, we systematically investigated the influence of struc
tural composition in La-based perovskite oxides (ABO3) on the catalytic 
performance of Pt-supported materials for the selective oxidation of EG 
to GA. We prepared A-metal and B-metal controlled perovskite series via 
the co-precipitation method, and 1 wt% Pt was impregnated to generate 
catalytically active sites. Through a B-site screening in 1Pt/LaBO3 pe
rovskites, LaCrO3 and LaFeO3 were identified as promising supports for 
EG oxidation. Furthermore, partial A-site substitution in LaFeO3 
confirmed that A-site modification induced subtle changes in the 
perovskite lattice without disrupting the overall framework, but it 
demonstrated that Sr-substituted 1Pt/La0.8Sr0.2FeO3 catalysts exhibited 
significantly enhanced EG conversion while maintaining high GA 
selectivity, even under mild atmospheric conditions. XPS analysis 
demonstrated that 1Pt/La0.8Sr0.2FeO3 perovskite possessed a higher 
proportion of metallic Pt0 species and greater surface oxygen vacancy 
concentrations. O2-TPO measurements supported this by showing 
distinct low-temperature O2 consumption, indicative of improved oxy
gen activation ability. Ethanol pulse adsorption experiments further 
confirmed superior Pt dispersion and smaller particle sizes in 1Pt/ 
La0.8Sr0.2FeO3 perovskite, which likely contributed to the enhanced 
performance. The observed ethanol uptake also suggested a higher af
finity for –OH functional groups, potentially promoting EG adsorption 
and facilitating reaction kinetics. These findings highlight the syner
gistic effects between perovskite composition and supported Pt species, 
where A- and B-site engineering plays a key role in modulating redox 
behavior and metal–support interaction. This work not only presents a 
viable strategy for optimizing noble metal-based catalysts in biomass- 
derived polyol oxidation but also offers valuable insights for the 
rational design of advanced materials in selective oxidation chemistry.

Fig. 10. Mass (m/z = 32) profiles of 1Pt/La0.8A0.2FeO3 (A = Mg, Ca, Sr, and 
Ba) series in comparison with 1Pt/LaFeO3 during O2-TPO-MS analysis.

Table 4 
Pt dispersion and particle size of 1Pt/La0.8A0.2FeO3 series determined through 
ethanol pulse adsorption.

Catalyst Dispersion (%) Particle Size (nm)

1Pt/LaFeO3 45.3 2.50
1Pt/La0.8Mg0.2FeO3 47.1 2.40
1Pt/La0.8Ca0.2FeO3 41.7 2.71
1Pt/La0.8Sr0.2FeO3 52.4 2.16
1Pt/La0.8Ba0.2FeO3 50.2 2.25
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