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Abstract: Selective oxidation of low—carbon polyols (derived from petroleum, coal or biomass) is a key approach for
preparing high—value chemicals such as glycolic acid and glyceric acid. The development of efficient and green
catalytic processes using molecular oxygen as the oxidant is of great significance for achieving high—value
conversion of polyols and promoting the green upgrading of the high—end chemical industry chain. The core lies in
the development of high—performance supported catalysts. In this paper, recent advances regarding the nano—gold
catalysts with precise electronic effect modulation as the core for conversion of primary hydroxyl groups to
carboxylic acids, secondary hydroxyl groups to ketones, and C—C bond cleavage to short—chain acids. It focuses on
how support engineering and bimetallic synergistic strategies can address key issues such as selective activation of

hydroxyl groups and inhibition of excessive oxidation by modulating the electronic structure of gold. The structure—
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activity relationships between electronic properties and catalytic performance are discussed, along with associated

reaction mechanisms. Future directions for catalyst design and potential applications are also prospected, offering

theoretical and practical guidance for the development of sustainable catalytic processes.

Keywords: low carbon polyols; nano—Au catalysts; oxidation; catalyst supports; electronic effect
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Fig.1  Production process of low carbon polyols and uses of oxidation products
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Fig.2 Proposed reaction mechanism of primary, secondary hydroxyl and C—C bond cleavage oxidation of polyols
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Fig. 3 Researches on catalyst support engineering related to selective oxidation of primary hydroxyl groups of polyols to carboxylic

acids: (a) regulation of glycerol oxidation products by AuPt catalysts loaded on supports with different acid—base properties”;

(b) possible reaction mechanism of glycerol oxidation on Au,Pt,/Ce0, catalysts™; (c) relationship between acid/base properties of
supports and reaction rates””; (d) CO, temperature programmed desorption (CO,—TPD) spectra of SAu/HT, SAu/HAP, 5Au/Cu0, and
hydrotalcite (HT) catalysts™; (e) unique selectivity of Au catalysts supported on LaMnO, perovskite for glycerol oxidation to tartronic

acid™; (f) schematic diagram of CeMnO, perovskite and Au/CeMnO, catalyst preparation process and performance in catalytic

oxidation of glycerol to glyceric acid'™
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Table 1 Summary of catalytic performance of different support types for the selective oxidation of primary hydroxyl

groups in polyols

fEALF) WEEC BHE/A S /bar JEPI(mol/L)  BfA(mol/L) KeAb/% Ikt % TOF/h™ SCiik
5Au/HT 60 4 10 Hil:0.1 0.2 89.5 HihEz:61.2 — [58]
AuPyH-Si0, 80 4 3 Hh-0.3 0 30.0 HimEz:61.0 — [55]
Au-Py/HT 60 4 2 03 0 64.0 HihEz :69.0 — [57]
Au-Py/MgO 60 4 2 Hih:03 0 52.0 ez :48.0 — [57]
Au,P/NC 80 2 1 .03 0 83.7 HER : 60.5 0.26 [56]
Au-Pi/HB 100 3 3 Hh 0.3 0 68.0 Hih Az - 68.0 — [61]
Au-PUN-TiO, 100 6 3 Hilh:03 0 92.1 HIhmR:79.9 — [62]
Au/LaMnO, 100 24 3 Hih:03 1.2 92.0 B 1% :87.0 390 [59]
Au/CeMnO, 90 10 10 Hl-0.4 1.0 71.0 HAhmz:77.0 2004 [60]
Au/Mg(OH), 60 6 3 1,2-5 —F:0.68 1.36 94.4 FLIR:89.4 — [63]
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Fig. 4 Researches on bimetallic synergy in catalysts related to selective oxidation of primary hydroxyl groups of polyols: (a) schematic
diagram of glycol oxidation reaction mechanism and rate determination step on Au—Pd/C catalyst™™; (b) oxidation product distribution
over AuAg/ALO; catalysts prepared by sol immobilization (SOL) and solvated metal atom deposition (SMAD) methods™; (c) performance
comparison between AuAg—Zn0 and AuCu—ZnO catalysts'®"; (d) proposed reaction pathways of 1,2—propanediol over Au—Cu/HT and
Au/HT catalysts™; (e) performance comparison between 2.2AuPd/CeZrO, catalyst and its monometallic counterparts®”; (f) relationship
between Au/Ru ratio of Au,Ru,;CeZrO, catalyst and activity'"; (g) performance comparison between Pd—on—Au/C and monometallic
catalysts'®’; (h) conversion of 1,2—propanediol to lactic acid on Cu@Au core/shell nanoparticles”; (i) reaction performance comparison

between Au/Fe—Ce0, and Au/Cu—CeO, catalysts™
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Table 2 Summary of catalytic performance and synergistic effects of different bimetallic combinations for selective

oxidation of primary hydroxyl groups in polyols

AL WESC WA/ JE ) /bar JIE#)(mol/L) B/mol/L) HeAbF/%  FeYrEsEME/%e  TOFMT Uk
Au-Pd/C 60 5 10 W01 1 90.0 TR 100 600 [64]
0.1Au/Fe-CeO, 90 4 5 Him.0.3 0.5 68.0 HiEL:63.0 0.22 [28]
AuAg/ALO,-SMAD 50 6 3 il -0.3 12 66.7 Mz 52.0 0.28 [29]
AuAg/A10,~Sol 50 2 3 Hi:0.3 12 83.3 H-H % : 44.0 0.83 [29]
2.2AuPd/CeZrO, 60 3 3 Hil-0.3 0.6 93.6 HMAER :59.8 0.09 [67]
Pd-on-Au/C 60 3 - 0.1 0.4 99.4 HihEz 423 1.7 [69]
AuCu-Zn0O 60 5 6 1.0 2.0 10.0 HihEz:77.0 — [65]
AuAg-ZnO 60 5 6 Hid:1.0 2.0 95.0 HiEz :59.0 — [65]
AuPd/C 60 5 10 0.3 0.6 50.0 Mz :84.0 4.6 [71]
Au,Ru, /CeZr0 ~500 50 2 3 0.3 0.3 98.0 HMAR : 78.0 0.66 [68]
Cy o5AU 015 100 4 10 1,2-THZFF:0.28 0.56 89.3 FLRR:76.1 917 [70]
0.5Cu—Auw/HT 80 6 10 12-N 1.3 2.6 98.5 FLF2:88.5 — [66]
AuPvH-22500h 41 100 2 3 =03 0 70.0 HihEz :83.0 — [72]
Au,-Pt,/MgO 23 24 3 0.3 0 43.0 HAhmR - 85.0 — [73]
AuPv/H-SiO0, 80 4 3 Hih:03 0 30.0 HihEz:61.0 — [55]
Au-PUN-TiO, 100 6 3 il -0.3 0 92.1 Hz :79.9 — [62]
Au,Pt,/NC 80 2 1 Hil:0.3 0 83.7 Hh R : 60.5 — [56]
Au-P/HT 60 4 2 Hih:03 0 64.0 il :69.0 — [57]
Au-P/HB 100 3 3 Hih:03 0 68.0 TR : 68.0 — [61]
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Fig. 5 Researches on catalyst support engineering related to selective oxidation of secondary hydroxyl groups of polyols: (a) enhanced

acidity and reduced basicity of Au/MgO-Al,0, support to improve dihydroxyacetone selectivity”"; (b) adsorption model of O, on Au/ZnO
(001)P; (c) preparation of Au/CuZnO @bio—ZSM-5 catalyst and oxidation mechanism";

hydroxyl vacancies and Zn"-0-Au™sites during oxidation of glycerol to dihydroxyacetone™; (e) synthesis of Au/ZnO—flower catalyst

(d) additional synergistic effect between

and oxidation mechanism of glycerol™; (f) preparation for Au/ZnO-Z nanocatalysts with different morphologies and mechanism of

[811,

secondary alcohol oxidation™"; (g) reaction mechanism diagram of Au/CuO prepared from S3 clove leaf extract for oxidation of

glycerol™; (h) performance of glycerol selective oxidation to dihydroxyacetone over Au/ZnO—sphere, rod, and disk catalysts *
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Table 3 Summary of catalytic performance of different support types for selective oxidation of secondary hydroxyl

groups in polyols

HEALR IREEC WEE/L RS /bar R mol/L)  BlAmol/L)  HeAbA/%  FEHESErE/%  TOFA SCHk
Au/ALO, 80 3 10 0.1 0 11.9 DHA:81.7 43.0 [77]
Au/Mg0-AL0,(0.1) 80 0.5 10 0.1 0 16.4 DHA:74.1 358.0 [77]
Au/CuMgAl-HTs 60 4 3 Hi0.3 0 42.0 DHA:64.0 292.0 [83]
Au/Cu0 60 4 5 0.1 0 36.6 DHA:81.6 92.0 [84]
Au/Cu-NPC-15%-H 60 4 5 0.1 0 65.6 DHA:92.1 177.7 [84]
Au/CuygiZry O, s 50 4 2 0.1 0 72.8 DHA:96.2 32.1 [85]
Au/Cu0-Sn0,-3:1 80 2 10 0.1 0 100.0 DHA:94.7 874.8 [86]
0.98Au/Zn, Ga, ,~LDHs 60 4 5 0.1 0 73.1 DHA:63.6 267.3 [79]
0.98Au/Mg, ,,Al, ~LDHs 60 4 5 0.1 0 71.2 DHA:57.0 2453 [79]
$3-Au/Cu0 100 2 10 0.1 0 86.6 DHA:82.0 430.3 [76]
Aw/ZnO-NF 100 1 10 0.1 0 92.9 DHA:69.5 — [80]
Au/CuZnO @bio-ZSM-5 80 2 10 0.1 0 93.0 DHA:86.3 — [78]
Au/CuZnO, 80 2 10 0.1 0 88.0 DHA:83.0 — [78]
Au/ZnO-RF 100 1 1 0.1 0 91.1 DHA:76.2 — [81]
Au/Zn0O-D 60 4 10 0.1 0 58.0 DHA:68.5 521 (82]
Au/CuAlO-3 80 2 10 0.1 0 76.7 DHA:97.3 80.4 (87]
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Fig. 6 Researches on bimetallic synergy in catalysts related to selective oxidation of secondary hydroxyl groups of polyols: (a)

bismuth-modified AuPt/AC catalyst for glycerol oxidation to dihydroxyacetone™; (b) performance of glycerol oxidation over AuCu/ZnO

with different ratios™; (¢) catalytic performance and mechanism for glycerol oxidation to DHA over supported AuPd alloy, Au@Pd core—

shell, Au—Pd Janus particles, and differently configured Au+Pd mixed catalysts™; (d) performance and mechanism of glycerol

90]

secondary hydroxyl oxidation at AuPd/ZnO—CuO interface'
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Table 4 Summary of catalytic performance and synergistic effects of different bimetallic combinations for the selective

oxidation of secondary hydroxyl groups in polyols

HEALFH WEEIC WHEM Ry /bar JEEH) (mol/L) Bi/(mol/L) #&Ab2%/% PR % TOF/MW™  3Cik
AuCu/ZnO 60 5 10 i :0.105 0 90.6 DHA:83.4 4025 [18]
0.1Bi-AuP/AC 80 2 3 03 0 80.0 DHA:63.0 585.0  [88]
AuPd/Zn0 110 12 10 0.1 0 87.0 DHA:70.1 7548  [89]
AuPd/ZnO-Cu0 80 2 1 Hl:0.05 0 75.0 DHA:86.0 687.1  [90]
Auy —Pt, /MgO 40 4 3 1,2-TH . 0.6 0 40.0 a—FEHEN :65.0 4000  [91]
Aug Pt ,/C 100 24 10 1,2-18 —EE:0.6 0 67.0 a-FEFEN :52.0 1120 [91]
Auy P, /C 100 24 3 1,2-T ZEE:0.6 0 75.0 1-F83E-2-Tl:42.0 — [92]
Auy P, /C 100 24 3 1,3-T —F:0.6 0 67.0  4-¥FH-2-T:39.0 — [92]
Au,—Pt,/C 100 24 3 23-T 0.6 0 62.0 3-F2H-2-T Ml :84.0 — [92]
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Fig. 7 Researches on catalysts for C—C bond cleavage of polyols: (a) green synthesis of magnetically separable Au-Pt@TiO,

&7

nanocomposites for selective oxidation of glycerol and recycling performance[°3]; (b) noble metal M (M = Au, Pd or Pt) promoted silver—

based catalysts for liquid—phase oxidation of glycerol®"; (c) selective oxidation of glycerol to glycolic acid over hydrotalcite—supported

gold nanoparticles activated by high—temperature calcination'
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Table 5 Summary of catalytic performance of catalysts for C—C bond cleavage of polyols

e WESC WHEM R S/bar JRHImolL)  BlAmol/L) BiAbF/% MR/ TOFMT 3Gk
Au-P/C 50 0.5 3 =03 1.2 90.0 TR :54.2 1258 [97]
Au-Pt/C-NaBH, 50 0.5 3 HAl-0.3 1.2 75.8 LFEIR :59.9 758 (98]
Au-Py/C-H, 50 0.5 3 Hih:0.3 1.2 98.3 LR :46.9 878 [98]
Fe,0,@Ti0,-Au 60 4 4 0.3 1.2 16.5 LT :68.5 — (93]
Ag-Au/CeO, 60 5 4 0.3 1.2 43.8 LTER :46.2 115 [94]
Aw/HT 20 72 1 Hih:0.1 0 97.3 LR :73.8 — [96]
Au-Py/C 50 0.5 3 Hi:03 1.2 90.0 LR :54.2 1258 [97]
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