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Introduction

Transformation of abundant renewable lignocelluldst chemicals has attracted much
attention. Because of the robust crystalline stma;tthe selective transformation of cellulose
under mild conditions remains a challenge. Mangm¢studies have been contributed to the
hydrolysis or hydrogenation of cellulose to glucasepolyols over heterogeneous catalysts
[1,2]. However, there are few papers on the seleatixidation of cellulose. Recently, we
succeeded in oxidizing cellobiose, which is a Degke dimer connected Hfy1,4-glycosidic
bond and represents the simplest model moleculeebifilose, into gluconic acid over a
Au/CNT catalyst [3]. It is expected that the des@a bifunctional catalyst containing acid
support for cellobiose hydrolysis to glucose andnamoparticles for oxidation of glucose can
enhance the direct oxidation of cellobiose or d¢efla into gluconic acid. Polyoxometalates
may play key roles in cellulose conversions becaxigbeir unique acidity. Here, we report a
highly efficient polyoxometalate-supported gold adgét for the selective oxidation of
cellobiose and cellulose into gluconic acid. Thée@s of acidity and Au particle size on
activity and selectivity will be discussed in détai

Experimental

Keggin-type polyoxometalates, E&,PW;;0, (X = 1.0-3.0), were synthesized with a
procedure reported previously [4]. Supported Aalyats were prepared by impregnation or by
deposition-precipitation method [5], followed byyarg at 353 K and Hreduction at 573 K.
The catalysts were characterized by TEM, ;NI®D, XRD, IR and XPS techniques. The
reaction was performed with a batch-type reactud,the products were analyzed by HPLC.

Resultg/Discussion

Table 1 shows the catalytic performances of Aulgsits loaded on different supports for the
selective oxidation of cellobiose in,8 medium with Q. Among the catalysts investigated,
Au/Cs, -Hg P W0, exhibits the highest gluconic acid yield (86% a8l for 3 h reaction).

Particularly, the Au/GsHqPW;,04 catalyst provided significantly higher selectivi99%)
than other supported Au catalysts (including Au/GNWe also studied the performances of
CsoHo PWi0,0-supported various transition metal catalysts, fauthd that the supported Au
catalyst demonstrated the best gluconic acid selgcand yield.

Table 1. Selective oxidation of cellobiose by Aatadysts loading on various supports

Catalyst Conv. /% Selectivity /% Gluconic acid
Gluconic acid Glucose Others yield /%

Al,O3 92 48 0 50 44
TiO, 73 57 26 17 42
HZSM-5 20 70 20 10 14
CNT 83 84 0 14 70
Cs3.0PWi5049 70 89 0 11 62
Cs.6Ho.PW12040 85 97 0 3 82
Cs ,Ho dPWi,040 87 99 0 1 86
Cs./H1 PWi,040 92 71 0 29 65
Csi ,H1 PWi,040 86 72 6 22 61

Reaction conditions: Au loading, 1 wt%; cellobio868 mmol; HO, 25 ml; 418 K, 3 h. Others
include glycolic acid, acetylpropionic acid, gluoaic acid, glyceric acid and acetic acid.

Our characterizations using NHPD and TEM revealed that the concentration ofnBted
acid sites in the Au/GH.,PW,,0, decreased with increasing Cs content from 1.2Qp &d
meanwhile, the size of Au nanoparticles decreabightly from 4.2 to 2.5 nm. The catalytic
performances of the Au/G4,;.,PW;,0,owith different Cs contents (Table 1) are the inkeyp
of acidity and Au particle size. The decrease irc@stent promoted cellobiose conversions by
accelerating the hydrolysis, but too bigger Au ioles over the Au/GsH; PW;,0,0 decreased
the activity. It is of interest that gluconic acélectivity also arrives at a maximum at a
medium Cs content. A proper concentration of aitiesds proposed to enhance gluconic acid
desorption, but too high an acid-site concentratibght lead the formation of by-product. Our
studies using catalysts with similar acidity butiable Au particle sizes, which were prepared
by deposition-precipitation using urea under déferconditions, clarified that the smaller Au
nanoparticles favour the gluconic acid formatiohud, a better catalyst should contain medium
acidity and smaller Au particles. We further demuoated that the Gbl3,PW;,04-supported
Au nanopatrticles were efficient for the hydrolysidgtlation of cellulose into gluconic acid, and
a gluconic acid yield of 54% was attained at 41®K11 h.
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