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Supplementary Figure 1. Raman spectra of LMO-S, LMO-E and La3Mn2O7.

Supplementary Figure 2. FT-IR spectra of LMO-S, LMO-E and La3Mn2O7.



3

Supplementary Figure 3. X-ray diffraction patterns of (A) LaCoO3 and (B) LaFeO3

prepared by the herein proposed “top-down” method.

Supplementary Figure 4. SEM images of (A) LMO-S and (D) La3Mn2O7; TEM

images of (B and C) LMO-S and (E and F) La3Mn2O7.
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Supplementary Figure 5. SEM images of LMO-E.

Supplementary Figure 6. XPS survey spectrum of (A) La3Mn2O7, (B) LMO-S and

(C) LMO-E.
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Supplementary Figure 7. La 3d XPS spectra of LMO-S, LMO-E and La3Mn2O7.

Supplementary Figure 8. N2 physisorption isotherms of LMO-S, LMO-E and

La3Mn2O7.
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Supplementary Figure 9. FT-EXAFS spectra and fits of Mn K-edges of LMO-S and

LMO-E samples.

Supplementary Figure 10. Correlations between the catalytic activity and the ratios

of the surface species recorded for the LMO-S, La3Mn2O7 and LMO-E catalyst.
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Supplementary Figure 11. Catalytic performances of LMO-E for EA oxidation

under (A) different EA concentrations and (B) different GHSV.

Supplementary Figure 12. EA conversions obtained from LMO-S, La3Mn2O7 and

LMO-E, with and without introducing water vapor.
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Supplementary Figure 13. Effects of 5.0 vol % water vapor on the catalytic activity

of (A) LMO-S, (B) La3Mn2O7, (C) LMO-E for EA oxidation, conducted at 185 °C.

Supplementary Figure 14. XRD patterns of LMO-E before and after the long-term

stability experiment for EA oxidation at 185 °C.
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Supplementary Figure 15. TGA profiles of LMO-E before and after the long-term

stability experiment for EA oxidation at 185 °C.

Supplementary Figure 16. HRTEM and EDS mapping images of LMO-E after the

long-term stability experiment for EA oxidation at 185 °C.
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Supplementary Figure 17. EPR spectra of LMO-E after the long-term stability

experiment for EA oxidation at 185 °C.

Supplementary Figure 18. Conversion of (A) toluene and (B) chlorobenzene

obtained from LMO-S, LMO-E and La3Mn2O7.
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Supplementary Figure 19. Catalytic performances of LMO-S and LMO-E for

aerobic selective oxidation of benzyl alcohol to benzaldehyde.

Supplementary Figure 20. Temperature-dependent in situ DRIFTS profiles of EA

oxidation conducted over LMO-E.
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Supplementary Table 1. Textural properties of LMO-E, LMO-S and La3Mn2O7

Samples Crystal sizes (nm) La/Mn ratio H2 consumption (mmol g-1)

LMO-S 16.1 1.01 2.43

LMO-E 11.7 0.75 9.31

La3Mn2O7 14.2 1.49 2.92

Supplementary Table 2. Surface compositions of LMO-E, LMO-S and

La3Mn2O7, data obtained from XPS spectra

Sample La (%) Mn

(%)

O (%) Mn 2p3/2 O 1s

Mn4+/Mn3+ Ov

LMO-S 14.41 15.64 69.96 1.06 17.67

La3Mn2O7 17.29 6.73 75.97 1.13 23.93

LMO-E 6.81 20.94 72.25 1.31 36.86

Supplementary Table 3. Fitting results of O1s XPS spectra for LMO-E, LMO-S

and La3Mn2O7

Sample Oadv Osurf Ov OL

LMO-S 2.76 13.18 17.67 66.39

La3Mn2O7 0.49 7.37 23.93 68.21

LMO-E 3.21 2.33 36.86 57.6
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Supplementary Table 4. EXAFS fitting parameters at the Mn K-edge for Mn-foil,

MnO2, LMO-E and LMO-S

Sample Shell CNa R(Å)b σ2(Å2)c ΔE0(eV)d R factor

Mn-foil
Mn-Mn 4* 2.406±0.001 0.0258

0.7 0.0084
Mn-Mn 3* 2.628±0.001 0.0089

MnO2

Mn-O 6.0±0.2 1.881±0.003 0.0025 0.5

0.0066Mn-Mn 3.3±0.3 2.842±0.006 0.0053 -8.8

Mn-Mn 5.9±0.3 3.439±0.004 0.0024 0.1

LMO-E

Mn-O 3.2±0.3 1.900±0.002 0.0041 -0.8

0.0026Mn-Mn 2.2±0.3 3.082±0.003 0.0115 9.4

Mn-La 4.8±0.7 3.210±0.006 0.0082 -4.3

LMO-S

Mn-O 4.6±0.2 1.946±0.004 0.0070 -3.7

0.0077Mn-Mn 6.3±0.6 3.500±0.008 0.0213 3.8

Mn-La 2.8±0.2 3.680±0.004 0.0027 -1.4
aCN, coordination number; bR, the distance to the neighboring atom; cσ2, the Mean

Square Relative Displacement (MSRD); dΔE0, inner potential correction; R factor

indicates the goodness of the fit. S02 was fixed to 0.761, according to the experimental

EXAFS fit of Mn foil by fixing CN as the known crystallographic value. * This value

was fixed during EXAFS fitting, based on the known structure of Fe. Fitting range:

3.0 ≤ k (/Å) ≤ 11.0 and 1.5 ≤ R (Å) ≤ 2.8 (Mn foil); 3.0 ≤ k (/Å) ≤ 12.0 and 1.0 ≤ R (Å)

≤ 3.5 (MnO2); 3.0 ≤ k (/Å) ≤ 11.0 and 1.0 ≤ R (Å) ≤ 3.5 (HLS-259-1-Mn); 3.0 ≤ k (/Å)

≤ 10.5 and 1.0 ≤ R (Å) ≤ 4.0 (HLS-259-2-Mn). A reasonable range of EXAFS fitting

parameters: 0.700 < Ѕ02 < 1.000; CN > 0; σ2> 0 Å2; |ΔE0| < 15 eV; R factor < 0.02.
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Supplementary Table 5. Comparisons in the activities of LMO-E for EA

oxidation with the materials reported in literature

Catalysts EA Concen.

(ppm)

GHSV (h-1) T90 (°C) Reference

LMO-E 1000 50,000 184 This work

5% Mn−CeO2 NBs 1000 30,000 189 [5]

0.26 Pd/3.2 N-TiO2 200 20,000 212 [6]

5-MI-500 1000 60,000 192 [7]

MnOx-CeO2-s 500 60,000 200 [8]

Ce0.5Mn0.5 1000 30,000 200 [9]

CoCe0.75Zr0.25-NF 1000 60,000 227 [10]

Pd/Al2O3 1000 50,000 277 [11]

Co3O4@MnOx 1000 17,000 210 [12]
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Supplementary Table 6. Assignment of the IR bands

Bands

position (cm-

1)

Position

Assignment

Characteristic of Reference

1242 ν(C - O) ethyl acetate [13]

1780-1720 ν(C = O) ethyl acetate [14]

1379 ν(CH3) primary alcohols or esters [15]

1056 ν(C - O) primary alcohols or esters [16]

1560-1540 νas(COO–) surface alcoholates or acetate [13]

1454 νs(COO–) surface alcoholates or acetate [7, 10]

1770 ν(C = O) acetic acid [17]

1305 νas(COO–) primary alcohols or esters [6]

1115 ν(C - O) primary alcohols or esters [5]

ν: stretching; δ: bending; s: symmetric; as: asymmetric
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