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Abstract—In this work, lanthanum orthochromite (LaCrO3; LCO) and lanthanum 

orthochromite doped with zinc in the B site ((LaCr1-xZnxO3: x=0.1, 0.2, 0.3;  LCZO) 

were synthesized by the sol-gel citrate route and investigated with respect to their 

crystal structure, surface morphology and optical band gap energy by means of x-ray 

diffraction, scanning electron microscopy and UV-Vis spectrophotometry, 

respectively. Moreover, the band structure, density of states (DOS) and electronic 

density were calculated for LCO using the DFT-FP-LAPW method. The XRD 

analysis showed that LCO sintered at 1000 °C and LCZO sintered at 1100 °C 

crystallize in a perovskite-type orthorhombic structure. The computed band gap 

energy was about 2.93 eV for pure LCO oxide. On the other hand, the experimental 

results showed a remarkable decrease in the LCO optical band gap from 3.0 eV down 

to 2.7 eV with increased Zn content. The prepared systems were also tested with 

respect to their catalytic activity in the oxidative dehydrogenation of 1-butene, where 

doping with Zn was found to improve the catalytic behaviour of LCZO catalysts, 

leading to a maximum selectivity to 1,3-butadiene of 35% at a zinc doping level of x 

= 0.2.  

 

Keywords: LaCr1-xZnxO3, optical band gap, ab initio calculations, butene, oxidative 

dehydrogenation. 

 

 

 

 

 

 

 

  



2 

 

1. INTRODUCTION 

1,3-Butadiene is a bulk chemical in the petrochemical industry and is mainly used to produce 

widely applied synthetic rubbers (polybutadiene and styrene-butadiene rubber) and polymer 

resins (acrylonitrile-styrene-butadiene resin). It is also used to produce a series of important 

chemical intermediates, such as adiponitrile, used to manufacture polyamides, and 1,4-

hexadiene, used to prepare ethylene-propylene-diene terpolymers [1]. In 2024, the global 

production capacity of 1,3-butadiene exceeded 21 million tons and is expected to reach 27 million 

tons by 2028 [2]. Nowadays, butadiene is primarily produced via the steam cracking of naphtha, 

which is probably the most energy-demanding process in the chemical industry. Moreover, the 

main purpose of the process is to make ethylene, where switching the feed to lighter alkanes 

(ethane and propane) is becoming a trend, resulting in lower amounts of butadiene for the same 

amount of ethylene [3]. Hence, alternative technologies come into play, including the 

dehydrogenation of n-butane and the oxidative dehydrogenation (ODH) of butene [4]. Through 

coupling to oxidation, the ODH reaction results in higher yields than the strongly endothermic 

dehydrogenation reaction. The ODH is, however, accompanied by the undesired deep oxidation 

reaction into CO2 (Scheme 1), and the real challenge is to find a catalyst with high selectivity to 

1,3-butadiene.  

C4H8 + ½ O2 → C4H6 + H2O 

C4H8 + 6O2 → 4CO2 + 4H2O 

Scheme 1: Oxidative dehydrogenation of butene into 1,3-butadiene 

accompanied by the deep oxidation into CO2. 

The ODH of hydrocarbons is efficiently catalyzed by transition-metal oxide catalysts [5]. For 

example, with MoO3-Fe2O3, 90% selectivity to propene could be achieved in the ODH of propane 

[6]. Veselov et al. reported applying a two-component catalytic system, Ni-Mg-O/V-Mg-O, for 

the ODH of ethane [7]. The ODH of ethane was also studied on CrOx/SiO2 catalysts [8], as well 

as on vanadium-phosphorus oxide catalysts, where 90% selectivity to ethylene could be reached 

[9]. Moreover, CrOx/SiO2 catalysts showed a rather good propylene yield in the dehydrogenation 

reaction of propane in the presence of CO2 [10]. For the ODH of butenes, ferrites [11], VOx 

catalysts [12] and modified Bi molybdate [13] have been investigated. 

Perovskites (mixed metal oxides with the chemical formula ABO3) have been tested with respect 

to their catalytic behaviour in various oxidation processes. They were found to be one of the most 

promising active phases when it comes to environmental applications [14]. The catalytic 

properties of perovskite-type oxides depend essentially on the nature of the ions A and B and 

their valence state. Several studies have attempted to use perovskites as depollution catalysts 

instead of noble metals. For example, Wang et al. reviewed the application of perovskite catalysts 

in the combustion of volatile organic compounds [15].  Moreover, perovskites containing Co and 

Mn were reported to be highly active in the combustion of methane [16]. La1-xCaxCoO3-d was 

also tested as a catalyst in the deep oxidation of methane [17]. Most recently, the activity of 

Ba0.5Sr0.5FeO3 perovskite catalysts was tested in the oxidative coupling of ethanol and methanol 

for sustainable acrolein production [18].  

Another important application of perovskites as redox catalysts was in the oxidative 

dehydrogenation of short alkanes to produce the corresponding alkenes at a much lower cost than 

through the conventional steam cracking process. For example, CaMnO3 has gained much 

attention as a catalyst with promising olefin selectivity in the ODH processes [19]. Also, AMnO3 



3 

 

(A = La, Sm) catalysts have been reported to show improved propylene selectivity during the 

oxidative dehydrogenation of propane [20]. The ability of perovskite oxides to act as oxidation 

catalysts comes essentially from their ionic conductivity associated with the mobility of oxygen 

within their lattice [21], their reducibility and their oxygen sorption properties [22].  

Lanthanum orthochromite (LaCrO3; LCO)  is an ABO3 perovskite and p-type conductor with 

low electrical conductivity [23]; the A-site could be easily substituted with an alkaline earth 

metal (Mg, Ca, Sr...) and in B-site by a transition metal (Cr, Ni, Cu ...). This capacity offers 

interesting properties for the desired applications through the elimination of transition phases 

[24], improvement of the electrical conductivity [25] and adjustment of the thermal expansion 

coefficient [26]. The substitution of a trivalent ion (Cr3+) with a divalent ion (Zn2+ in this work) 

promotes either electronic compensation (at high oxygen pressure) by the formation of higher 

oxidation-state ions (Cr4+) or by ionic compensation (at low oxygen pressure) by the formation 

of oxygen vacancies [27]. As a perovskite structure, this compound holds high stability in both 

oxidizing and reducing media [28]. Modified lanthanum orthochromite (LaCrO3; LCO) has 

been used as an interconnect material in Solid Oxide Fuel Cells (SOFC) and has been classified 

for a long time as a cathode [29] or even an anode [30] material. 

The application of LCO as a catalyst remains largely unexplored. This work investigated the 

catalytic behaviour of LCO in the ODH of 1-butene to 1,3-butadiene.  Modification of the 

catalytic properties was attempted by the partial substitution of trivalent Cr3+ ions with divalent 

Zn2+ ions, which results in lattice oxygen vacancies and higher oxidation states of Cr and is thus 

expected to affect the catalytic behaviour of the system (The new Zn-doped solid solutions were 

designated as LaCr1-xZnxO3 (LCZO) with 0 ≤ x ≤  0.3).  

Moreover, LCO is also known to act as a visible-active photocatalyst [31]. The photoactivity 

of the hetero-junction rare earth titanates with LCO (LTO/LCO) in the visible wavelength 

region is attributed to LCO [32]. With this respect, doping LCO with Zn is reported here for the 

first time and it was therefore important to address the effect of Zn doping on the photoactivity 

and optical properties of LCO. 

 

2. METHODS AND MATERIALS 

Samples preparation 

LCO and LCZO powders were synthesized through the citrate sol-gel route. The starting 

materials were in nitrate form (La(NO3)3.6H2O, Cr (NO3)3.9H2O, and Zn(NO3)2.6H2O with 

99.9% purity). The calculated amounts of metal nitrates were dissolved in normal ethanol 

(96%). Then, the appropriate amount of pre-dissolved citric acid (molar ratio citric acid : La : 

Cr = 4 : 1 : 1) was added. The mixture was stirred at 75 °C followed by drying at 75 °C for 24 

hours to acquire a xerogel. Grinding the latter resulted in a fine amorphous powder which was 

subjected to sintering for 6 hours at 1000 °C for LCO and at 1100 °C for LCZO (x = 0.1, 0.2, 

and 0.3). 

Characterization and Evaluation 

The X-ray diffraction patterns were recorded using an X-ray diffractometer (BRUKER-D8) 

equipped with Cu Kα radiation source (λ= 1.5418 Å) in the 2θ-range of 10° ≤ 2θ ≤ 85°. 
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Morphological analysis was performed using a Tescan Vega3 scanning electron microscope 

(SEM). Optical band gaps of LCZO powders were measured via UV-Vis diffuse reflectance 

spectroscopy (Shimadzu UV-Vis / Japan spectrometer) of 0.5 g-pellets of the powdered samples 

in the range of 200-800 nm. The specific surface area was measured using a Quantachrome 

Nova 2200 analyzer.  

The oxidation of butene over LCO and LCZO was conducted in a continuous flow reactor with 

0.1 g of the catalyst placed on the catalyst bed of the reactor. The catalyst was activated by 

increasing its temperature under a flowing atmosphere of oxygen (10 mL/min) and He (60 

mL/min) from room temperature up to 600 oC at a heating rate of 10 oC/min. The catalyst was 

kept then at 600 oC for one hour in order to ensure surface cleaning before cooling down to 300 

°C, where the butene gas (5 mL/min) was then introduced. In order to study the effect of 

temperature on the catalytic activity, the reactor temperature was gradually increased to 600 °C 

at a rate of 3°C/min. 

Computational approach 

The electronic properties of LCO were computed by ab initio DFT calculations [33, 34] using 

the Full Potential Linear Augmented Plane Wave (FP-LAPW) method [35] as implemented in 

Wien2k code [36] in GGA+TB-mBJ approximation [37]. The muffin-tin radii RMT were set to 

2.2, 1.8, and 1.6 Bohr for the La, Cr and O atoms, respectively. The cutoff parameter RMTKmax 

was set to be 7, where the number of k-points used in the irreducible part of the Brillouin zone 

is (11 × 11 × 7), so 144 k-points to obtain a good convergence in the results. The self-consistent 

integrations are considered to be converged when the energy is stable within 10−6 Ryd. The 

wave function expansion within the atomic spheres is characterized by a maximum value of the 

angular momentum, denoted as lmax = 8, and the charge density is expanded up to Gmax = 12. 

 

RESULTS AND DISCUSSION 

Effect of Zn on the LCO powders structure 

The x-ray diffraction patterns of LCO (Figure 1a) presents sharp diffraction lines corresponding 

to the (020), (121), (220), (040), (321), (400) and (402) planes of the orthorhombic system 

assigned to the single-phase formation of a perovskite oxide. All diffraction peaks agree with 

those of the LCO reference pattern (JCPDS card 98-008-9098), as well as with those reported 

by Zarrine et al. [38] for LCO obtained by the sol–gel auto-combustion process. In addition, 

structure refinement using the CelRef 3 software validates the existence of a pure orthorhombic 

system (Pnma(62) space group) in all compositions and that all samples (LCO and LCZO) 

exhibit a perovskite-type structure. 

Zinc insertion led to a small increase in the diffraction line intensities compared to those 

obtained for the LCO powder (Figure 1b). Moreover, the diffraction lines of the (121) plane 

shifted slightly to larger angles with increased Zn content, as observed in Figure 1b, 

corresponding, according to Bragg’s law, to the shortening of the (121) interplanar spacings by 

~0.25%, induced apparently by the difference between Zn2+ and Cr3+ ions in valency as well as 
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in ionic size. Although the effective ionic radius of Zn2+ (0.74 Å) in an octahedral environment 

in crystal (coordination number CN = 6) is slightly larger than that of Cr3+ (0.62 Å) [4], it must 

be taken into consideration that doping with Zn2+ leads to the rise of the much smaller Cr4+ ions 

(0.55 Å) [39] and oxygen vacancies, resulting in crystal deformation which will certainly affect 

the interplanar distance.  On the other hand, the (402)-diffraction line undergoes a slight shift 

to smaller angles, indicating a slight elongation of the corresponding interplanar spacing. An 

exact interpretation of the observed shifts in the position of the diffraction line is thus very 

difficult. Structure refinement analysis using the (Celref 3) software gave the lattice parameters 

and unit cell volumes listed in Table 1.  Obviously, the unit cell volume experiences overall, at 

a doping level of x = 0.3, an expansion of only 0.7%. In addition, the average crystallite size 

(D) of all samples was determined from the corresponding XRD patterns using the Debye-

Scherrer formula (1) [40], where an increase in the crystallite size is being observed with 

increased Zn content (Table 1). 

𝐷 =
𝑘𝜆

𝐵𝑐𝑜𝑠𝜃
                                                   (1) 

Zn effect on the morphology of LCO powders 

Figure 2 illustrates the morphology of the examined samples using SEM. These powders 

experience some agglomeration due to the nature of the solvents used in the sol-gel process. 

The image series (Figure 2A-D) of the various samples shows that the particles have almost 

identical morphology with a uniform particle distribution.  

Zn effect on the optical properties of LCO 

Figure 3 shows the UV-Vis absorbance spectra of LaCr1-xZnxO3 for x = 0, 0.1, 0.2, and 0.3. The 

absorption spectra of the Zn-doped LCO are red-shifted extending over a big range of 

absorption. This is supported by the change in color of the lanthanum chromite powders LCO 

from green to dark brown after the addition of zinc. 

Tauc's relation was used to calculate the corresponding optical band gaps [41, 42]. The relation 

is given by the following equation (2): 

(α h ν) = C(h ν − Eg)
1/n            (2) 

Where α, h, ν, and Eg are the optical absorption coefficient, Planck’s constant, photon 

frequency, and the band gap of the sample, respectively. C is a constant, and n characterizes the 

type of transition process; for an indirect transition, n = 1/2, and for a direct transition, n = 2. 

The results are shown in Figure 4. The optical band gap was determined from the intersection 

of the line drawn tangential to the rising branch of the curve with the x-axis. The estimated band 

gap of LCO is about 3 eV (Figure 4a), a little bit lower than the value reported for LCO (3.4-

3.5 eV) being a p-type wide-bandgap semiconductor [43, 44].  As for LaCr0.9Zn0.1O3, the gap 

energy was ~ 2.9 eV (Figure 4b), then it decreased to 2.8 eV and 2.7 eV for LaCr0.8Zn0.2O3 and 

LaCr0.7Zn0.3O3, respectively. To boost the absorption of solar energy, the LCO band gap must 

be reduced [44]. Obviously, this has been accomplished through doping LCO with Zn2+, where 
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for the Zn-doping level of x = 0.3, a band gap energy of 2.7 eV was reached, corresponding to 

a wavelength of 459 nm, which lies in the visible region of electromagnetic radiation. 

 

 

Electronic properties of non-doped LCO 

The band structure, DOS and the electronic density of non-doped LCO was calculated using the 

GGA+TB-mBJ approximation (Figure 5). For the band structure, the k-paths used in the band 

structure analysis were from their reducible part of the first Brillouin zone. A symmetry line 

belonging to the edges of the irreducible part of the first Brillouin zone was also integrated into 

the path just in case it carries one or more new point symmetry operations taking into account 

its extremes. For the orthorhombic system, the k-paths used in the band structure have been 

reported previously [45]. The calculated band structure indicates that the top of the valence 

band (VB) and the bottom of the conduction band (CB) were situated at Γ point, indicating that 

LCO had a direct band gap of Eg = 2.93 eV. This value was very close to that observed 

experimentally [43, 44]. This good result can be attributed to the use of the TB-mBJ 

approximation, which is known to provide good estimates of the band gap in solids [37]. 

The approximated partial and total density of states for the three atoms are presented in Figure 

6. First, it was noticeable that the magnetic behavior made a clear appearance in the total DOS 

of LCO. Indeed, the states of spin up and spin down were not symmetrical, which revealed a 

non-zero magnetic moment for LCO. As evident from the density of states, the valence band 

(VB), which extends from -7.0 eV to 0.0 eV, was mainly constituted of (Cr d) states with a 

good contribution of (O p) states, such interaction between cation and anion orbitals results in 

mixed ionic-covalent bonding between Cr and O atoms. The (La 4f) states were located only in 

the conduction band with an intense peak between 3.0 and 5.0 eV, indicating a charge transfer 

from the 4f states of lanthanum to the 2p states of oxygen, which reflected the ionic character 

of the La-O bond. 

The charge distribution was also examined using electronic density calculations. The total 

charge density was calculated in a plane which contained a La atom, Cr atom and O atom, as 

shown in Figure 7. A distinguished charge sharing between the two atoms Cr and O indicated 

a directional bonding with double character (covalent-ionic). On the other hand, for the atoms 

La and O, we notice that the charge distribution has a circular shape around the two atoms, 

which indicates the ionic character of the La-O bond. It was reported that a less negative partial 

charge on the oxygen ion in La1−xSrxFeO3−δ (x = 0 and 0.2) promotes the formation of oxygen 

vacancies and oxygen mobility [46], suggesting higher reactivity in the redox process.  

Zn effect on the surface area catalytic activity of LCZO powders 

The LaCr1-xZnxO3 specific surface area is presented in Table 2. The specific surface area of the 

LaCr1-xZnxO3 (x= 0.0, 0.1, 0.2 and 0.3) had decreased from 1.83 to 0.62 m2/g. These values are 

very low due to the high sintering temperature (1000-1100 °C) applied in preparation. 

The catalytic behavior of LCO and LCZO in the oxidative dehydrogenation of butene-1 is 

shown in Figure 8 as a function of reaction temperature. The total oxidation to CO2 is the 
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undesired reaction. The production of 1,3-butadiene is the desired reaction as it leads to the 

production of an industrially very valuable substance. Hence, the selectivity to 1,3-butadiene, 

SBD%, defined as the percentage of 1,3-butadiene in the reaction products, has been plotted. 

Moreover, the isomerization of 1-butene to both cis- and trans-2-butene and that of 1-butene 

into i-butene were found to take place, however, to a limited extent.  

From Figure 8, it can be recognized that the partial substitution of Cr3+ with Zn2+ has a positive 

effect on the catalytic behavior of LCO. Best performance is observed at a Zn-doping level of 

x = 0.2, where both conversion and selectivity to 1,3-butadiene were significantly enhanced, 

achieving 55% and 35%, respectively, compared to 40% and 7% for the undoped system. 

It has been reported that the ODH reaction follows a Mars-van Krevelen mechanism [47]: The 

first step in the reaction is hydrocarbon adsorption through H-abstraction; the activated 

intermediate reacts then with lattice oxygen to produce the desired product; the active site and 

the metal cation are re-oxidized by lattice oxygen which migrates to the surface from the 

catalyst bulk; reacted catalyst oxide is recovered through oxidation of the catalyst surface by 

gas phase oxygen [48]. The highly reactive chemisorbed oxygen (in particular, the electrophilic 

species O-, O2
- and O2

2-) is held responsible for the undesired deep oxidation into CO2 [49].  

Hence, the higher the mobility of lattice oxygen, the higher the selectivity to the desired partial 

oxidation product [50]. Indeed, in their investigation of the catalytic performance of various 

phases of Fe2O3 (, ,  and ), Kiyokawa and Ikenaga found that -Fe2O3 showed the highest 

conversion and highest selectivity to butadiene in the ODH of 1-butene at 450 oC and could 

correlate the observed catalytic behaviour with the redox properties of lattice oxygen which 

was more effectively used for the ODH in -Fe2O3 than in the other phases [51]. In agreement 

with these reports, Figure 8 shows that the selectivity to 1,3-butadiene increases with increased 

temperature, accompanied by a total increase in conversion. This increase in conversion and 

selectivity is attributed to the increased mobility of lattice oxygen with increased temperature 

(higher temperature corresponds to higher kinetic energy of the oxide species and, thus, higher 

ability to escape the interaction with surrounding species and move more easily). This leads to 

increased rates of the partial oxidation path to 1,3-butadiene and thus increased activity 

(conversion) as well as selectivity to 1,3-butadiene. In fact, most partial oxidation processes are 

conducted under temperatures at which the mobility of lattice oxygen is high (350-550 oC), [49] 

where the abstraction of the α-hydrogen from the hydrocarbon reactant becomes the rate-

determining step [52].  

Figure 8 also shows that all Zn-doped systems have a higher activity (conversion) and 

selectivity at reaction temperatures above 400 oC than the undoped one. The enhanced catalytic 

behavior (both activity and selectivity) associated with the partial substitution of trivalent Cr3+ 

ions with divalent Zn2+ ions can be attributed to the increased concentration of lattice oxygen 

vacancies, as dictated by the electroneutrality condition, which results in a higher lattice oxygen 

mobility.  However, the best catalytic performance is observed at a Zn-doping level of x = 0.2 

(conversion 55% and selectivity 35%), beyond which both the conversion and the selectivity 

decrease but remain still higher than that of the undoped system. This decrease in the catalytic 

performance at the highest Zn-doping level investigated in this work (x = 0.3; LaCr0.7Zn0.3O3) 

is explained by the increased acidic strength of active sites at the surface associated with the 
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presence of higher fractions of Cr4+ at this doping level (indeed, the presence of Cr4+ could be 

identified in the related perovskite system La1-xSrxCrZnO3 [53]. The presence of acidic sites at 

the catalyst surface is expected to enhance the adsorption of butene through the interaction of 

its -electronic system with the acidic site, thus increasing its availability for the reaction. 

However, strong interactions retard the desorption of the reaction product, deactivating the 

selective reaction pathway and increasing the probability of deep oxidation. In their 

investigation of the ODH of propane and butane over acidic VOx/CeO2/SiO2 catalysts, 

Sanchez-Garcia et al. pointed out that the high selectivity to propylene and butadiene is 

attributed to the presence of acid sites at the surface of this catalyst in combination with the 

redox properties of the vanadium species, whereas the lack of such acidity led to very low 

selectivity [54]. The authors found, however, that stronger acid sites led to the formation of the 

deep oxidation products, CO and CO2, in agreement with reports of other research groups [55]. 

Since Cr4+ is expected to act as a stronger acid than Cr3+ due to its higher charge density, the 

presence of high amounts of Cr4+ will be expected to enhance the deep oxidation route and 

decrease the selectivity to butadiene, explaining thus the poorer catalytic performance of 

LaCr0.7Zn0.3O3 (x = 0.3) compared to that of LaCr0.8Zn0.2O3 (x = 0.2). Figure 9 emphasizes the 

significant enhancement in conversion and selectivity as a function of the Zn fraction (x). The 

maximum conversion achieved is thereby plotted against the Zn fraction in the catalyst, 

accompanied by the related selectivity to butadiene, where the best performance is obtained by 

LaCr0.8Zn0.2O3 (x = 0.2). Figure 10 reflects the mechanistic insights presented above.  

 

3. CONCLUSIONS 

Doped LaCr1-xZnxO3 perovskite oxide powders (0.0 ≤ x ≤ 0.3) were synthesized through a 

citrate sol-gel route and crystallized in the orthorhombic system (Pbnm space group). The 

calculated band structure, DOS and the electronic density using the DFT-FP-LAPW method 

indicated that the band gap is about 2.93 eV for the undoped oxide LCO, which is close to that 

obtained by UV measurement. This value decreases to 2.7 eV by increasing the zinc 

concentration in LCZO up to x = 0.3. In the oxidative dehydrogenation of C4H8, the partial 

substitution of Cr3+ by Zn2+ was found to improve the catalytic activity of the LCO oxide as 

both conversion and selectivity to butadiene were significantly increased. The best performance 

was observed for LaCr0.8Zn0.2O3 with a maximum conversion of 57.21% at T = 500°C and a 

selectivity to 1,3-butadiene of 35%. Nevertheless, the high sintering temperatures (1000°C –

1100°C) led to a very low surface area, suggesting that lower sintering temperatures may result 

in more active catalysts and will be considered in future work. The measure band gap energies 

(2.7-3.0 eV) of the prepared systems suggest also that they may be applied as photocatalysts in 

the visible range.  
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Figures 

 
Figure 1a. Powder XRD pattern of LCZO perovskite oxide powders  

with different Zn content. 

 

             Figure 1b. Powder XRD pattern of main (121) peak of LCZO perovskite oxide powders with 

different Zinc content. 
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           Figure 2. SEM micrographs of: LaCr1-xZnxO3 

(A) x = 0.0, (B) x = 0.1, (C) x = 0.2, and (D) x = 0.3 

 

 
Figure 3. Absorbance spectra (A) of LCO and LCZO perovskite oxide powders with 

Different Zn content. 
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Figure 4.  Tauc Plot for band gap calculation of LaCr1-xZnxO3 perovskite oxide powders with different Zn 

content: (a) x=0.0, (b) x=10%, (c) x=20%, (d) x=30% 
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Figure 5.  Band structures of LCO (FM) calculated using the GGA+TB-mBJ approximation. 
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Figure 6. Calculated DOS and PDOS of LCO 
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Figure 7. Calculated electronic charge density of LCO 
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Figure 8. Catalytic behavior of LCO and LCZO in the ODH of 1-butene as a function of reaction 

temperature: conversion% (left) and selectivity to 1,3-butadiene, SBD% (right). 
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Figure 9. Maximum conversion% of 1-butene as a function of the fraction of zinc  

 in LaCryZnxO3 catalysts. 

 

 

Figure 10: Mechanistic insights into the ODH of butene on LaCr1-xZnxO3 catalysts. 
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Tables 

 

Table 1:  Structural parameters and crystallite size of LaCr1-xZnxO3 

Composition    a (Å) b (Å) c (Å) V (Å)3 D(nm) 

x = 0.0 5.4844 5.5021 7.7538 233.976 32.85 

x = 0.1 5.4881 5.4982 7.7627 234.235 38.32 

x = 0.2 5.4982 5.5016 7.7675 234.960 38.31 

x = 0.3 5.5044 5.5091 7.7712 235.654 45.99 

 

 

Table 2: Characteristics of LaCr1-xZnxO3: Band gap and BET surface area SBET. 

Catalysts SBET[m2/g] Band Gap [eV] 

x = 0.0 1.83 3.0 

x = 0.1 0.65 2.9 

x = 0.2 0.87 2.8 

x = 0.3 0.62 2.7 

 


