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Fig.1 EDS spectra of (a)PdCr/XC-72,
(b) PAMn/XC-72, (¢) PdHg,./XC-72
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Fig.3 TEM images and particle size distributions for (a, b) PdCr/XC-72, (¢, d) PdMn/XC-72,
(e, ) PdHg, ./XC-72, (g, h) P/XC-72
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Table 1 Catalytic properties of different samples

Catalyst Pd loading/ % Conversion/ % TOF/(h™") TOF/(h™") for conversion is 32%
PdCr/XC-72 1.7% 91% 3924 10348
PdMn/XC-72 1.7% 53% 2285 2587

PdHg, ;/XC-72 1.6% 32% 1466 1448
Pd/XC-72 1.8% 37% 1507 1466

Reaction conditions: DL-sec - phenethylalcohol = 5 ml.,
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i591%, TOF {H >} 3924 h™'. PdHg, ./ XC-72 #EALFII)
AL RE R 22, HXF DL-sec- 2K ZBERIFEAL R Ty 32% ,
TOF {H{H 1466 h™" | BEAKT Pd/XC-72 ML FI
TOF fH. 1 PdMn/XC-72 f# AL X} DL-sec-4< £, B[
AN 53% , TOF {4 2285 h™'. FrHlJEY 4 Fi i
A F B 5540 R 4 R 329% I5F, PACr/XC-72 #EAL ] 1Y
TOF {HIRE] T 10 348 h™', dmie i T HAth 3 FhEfb 5.
X—45185 TEM FdE b () 25 A0 — 3K

catalyst = 20 mg, O, flow rate = 20 mL/min, T = 403 K
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fi 3 FpAEALF, X Cr IFEAEA BT PdCr/XC-
72 MEALFDR RIS Ry 9 ) 20 R A0 0 1 s, 4
JE RN 5 S 01, AR A S R AT T 6 Ry 4 Fil
AR 700 5 VR FE A2 FH A 0 B S 36 25 2R L AR el
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Table 2 The state density and d belt hole of Pd, Cr, Mn and Hg

Electron hole number of d band

Element Electron configuration
3d" 3d
Pd 4d" 0.4 0.4
Cr 3d°4s' 2.3 2.3
Mn 3d’4s” 1.8 1.8
Hg 5d"6s” 0 0

JE4d", Hod 2 F2H 0.4 IHRFLEs Bgti b, ik
TE d gy Lt B RGN 2= 03 i ) Cr

AN AR 3d4s', I d 7 25 78Uk 2.3.
Wik, X4 Pd 5 CrBG &N, Pd PR d BT
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Influence of Non-noble Transition Metals on Pd-based
Catalysts Based on Band Theory

WANG Fei-fei® , MA Xiao-ming, GUO Yu-ming, YANG Lin
(School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang 453007, China)

Abstract; Thre kinds of Pd-based catalysts: PdCr/XC-72, PdMn/XC-72 and PdHg, /XC-72 are synthesized by
the one-pot solvothermal method, with ethylene glycol as solvent and reductant, glutamate as chelating agent, non-
noble transition metals as additives and XC-72 as the carrier. The influence of Cr, Mn, Hg on the particle size and
dispersion of Pd nanoparticles in the process of the catalysts preparation are investigated by utilizing XRD, TEM
and EDS characterization methods. The results suggest that PdCr/XC-72 catalyst with small metal particle size and
uniform dispersion has the highest catalytic oxidation reactivity for the solvent-free oxidation of DL-sec-phenethylal-
cohol. The test results of solvent-free oxidation of DL-sec-phenethylalcohol over PdCr/XC-72 catalyst showed that
its alcohol conversion is 91% at 403 K, 3 h, which is much higher than that of PdMn/XC-72 (53%) and PdHg,,/
XC-72 (32%). Based on the band theory, the state density and d belt hole of PdCr, PdMn and PdHg were calcu-
lated by the first principles calculation based on density functional theory. The calculation results indicated the elec-
tronic state of Pd atom was optimized in the presence of Cr. Thus, the activity and selectivity of PdCr/XC-72 cata-
lyst were improved.

Key words: Pd-based catalysts; non-noble transition metals; alcohol catalysis; Theoretical calculation



