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The organic electrosynthessisof advantage in many agects, such as high selectivity and no
pollution to environment. In recent years, with more cia attention focused on the environment
and energy problems, the organic eectrosynthes s has become an important part in the industry of
green syntheds. The synthessof glyoxylic acid by means of eectro-reduction of oxaic acid has
played an important role not only in fine chemica industry , ice synthess and pharmaceutical
chemigtry , but d9 in the fundamenta studiesof eectocatalyds. Lead, carbon and other materi-
as are often used as cathodesfor this synthess. However , the problem of high overvoltage is en-
countered with these materials. For example, the reduction of oxalic acid on lead cathode takes
place at potentials bdlow-1.2 V (SCE) [*! | which leads to alarge consumption of energy. In addi-
tion , the generation of by-products (mainly glycolic acid!®') and the corrosion of lead cathode unr
der conditionsof high current dens'ty[3] cause d 0 many difficultiesin purifying the products. As
a consequence, to develop new eectrocatalystsof high selectivity and activity become a key step in
advancing the industrial process of electrosynthessof glyoxylic acid. In the present paper , three
kinds of eectrode of surface adloy (Pb-Pt/ GC, So-Pt/ GC and Pb-So-Pt/ GC) were prepared and
tested for the reduction of oxalic acid , which has thrown a new light into desgn and preparation
of electrocatalyst of high performance for glyoxylic acid synthess.

1 Experimental

Two typesof dectrochemica cell , an Htype cell and an undivided cdll , were used in experi-
ments. The compartmentsof H-type cell are ssparated by a glassfrit. A satured caome eectrode
(SCE) and aplatinum foil were used in both cells as reference and auxiliary electrode, reective-
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ly. To diminate theinterferenceof K™ and O~ from SCE reference eectrode, the electrochemical
cell was separated from the compartment of reference electrode by a slution bridge. The dec
trodes of surface dloy were prepared through the following steps: 1) polishing glassy carbon
(GC: @=8.0 mm) at first with 4 6 #Jing Xiang sand paper and then witi: Ai,O3 polishing
powder of §ze 1 0.34U . The surface of GC was cleaned aterwards through an ultrasonic bath;
2) deposting galvanosaticaly platinum layer of different thickness by controlling the charge
passed; 3) tranderring this platinized glassy carbon into the slution containing different metal
ions(Pb** ,Sb** jor both) , and by setting windowsof potentia cycling to get surface aloy of dif-
ferent composgtion and structure. All lutions were prepared from A. R reagents and Millipore
water supplied from a Milli-Q Lab system. The data were acquired and processed by a micro-conr
puter interfaced with a XHD- 11 potentiostat. The potentids reported in this paper were referred
to SCE scale and the potential sweep rate wasat 50 mV - s” *for al experiments. The experiments
were carried out at room temperature.

2 Resultsand discussion

2.1 Preparation and characterization of surface alloy eectrodes
The voltammograms of deposition of Pb?* or Sb**

ions on a platinized glassy carbon (Pt/ GC) are shownin a

Fig. 1. From Fig. 1la a reduction peak isobserved at -0. 2

V and an oxidation peak gppears at around -0. 45 V ,

which may be attributed regectively to the reduction of
Pb** and the oxidation of deposted Pb. We observe d o
apair of redox peaks near-0.08 V and 0.22 V from this

voltammogram. In order to ascertain the origin of this

I mA = c¢m
—_
o

pair of peaks, the electrode of Pt/ GC ater depostion of
Pb,i.e, the surface dloy dectrode of PPt/ GC was

rinsed with Millipore water and tranderred to apure 0.1 _ 56— 7T == o0 07 o4
2%

mol- L~ *HCO, olution. In the voltammogram recorded

the peaks near -0.52 and -0. 45 V disgppeared , and the Fg.1 Cydic voltammogram curve of Pt/ GC

redox pair of peaks at -0.08 and 0.22 V remained. In a. 10 mol-L" ' Po?* +0.1 mol-
comparion with a cyclic voltammogram of Pt/ GC eec L ' HAO,
trodein 0. 1mol- L~ HClO4 no peaks appeared at -0. 08 b.10 ® mol-L ' S** +0.1 mol-
and 0.22 V , it isevident that the pair of peaks at -0.08 L™ HOO,
and 0.22 V is due to the reduction and oxidation of sur- c.10® mol-L"* Po?* +10° 3 mol-

face aloy of Pb-Pt. Inthecaseof Sb°* (Fig. 1b) the de- L 's** +0.1 mol-L "' HOO,
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podtion and dislution current peak are located around -0. 25 and -0. 05 V. When the slution
contains both Pb?* and Sb** ions, the voltammogram(Fig. 1c) displayed clearly two pairsof cur-
rent peak. One located near -0. 18 and-0.06 V , due to the reduction of Sb®>* and the oxidation of
Sb, and the other at around-0.52 and-0. 45 V corregponds to the reduction of Pb?* and the oxi-
dation of Pb. It may be noted that from al voltammogramsin Fig. 1 that the charge integrated in
the negative going potentia sweep (N GPS) isawayslarger than the charge caculated in the pos-
tive going potentia sweep (PGPS) , implying that in each potentia cycling, a small quantity of
metal (Pb,Sb) was deposted onto the surface of Pt/ GC eectrode. S, by controlling the number
of potentia cycling we may control the quantity of Pb and Sb deposted on Pt/ GC surface. The
electrodes of different surface adloy (Pb-Pt/ GC,Sh-Pt/ GC and Pb-Sb-Pt/ GC) prepared in thisex-
periment were rinsed by pure water and tranderred to another cell for further study.

2.2 Hectrocatalytic effects of different surface alloy electrodes for synthesis of

gyoxylic acid via the reduction of oxalic acid
The voltammograms recorded with three kinds of
surface aloy electrode prepared in 2.1 in a lution con
taining 0. 2mol- L ~* C,H,0, are diplayed in Fig. 2. We
measured that , at potentid of -0. 5 V, the reduction
current of oxdic acid on Pb-Pt/ GC, Sb-Pt/ GC and Pb-
Sb-Pt/ GCis repectively at -0.5,-2.5and-3. 6 mA -
cm? ,which are much larger than the current of hydrogen

e cm” 2.

1 mA

evolution in pure HCIO4 lution on the same electrode.
From these voltammograms we can measure d < the on-

st potentia of reduction of oxdic acid, whichisrepec _F—5 7 —0.7 0.0 0.2 0.4
tively at -0.52 -0.45 and-0.4 V for Pb-Pt/ GC, Sb-Pt/ Erv
GC and Pb-Sb-Pt/ GC electrodes. To compare the vaue Fg. 2 cydic voltammogram curveof surface

of -1.1 V for the reduction of oxalic acid on a Pb cath- dloydectrode in 0. 1 mol - L'
ode'™ | the electrocatalytic effect of these three kinds of HOO, +0.2 mol-L ™ * C,H,04
surface alloy electrode is evident. The reduced products a. Po/ Pt/ GC

can be oxided at potentias above 0.0 V and yielded a b. So/ Pt/ GC

peak at about 0.25 V as shown in the figure. For the c. Po/ Sol Pt/ GC

same lower limit of potential sweep , theintendty of cur-

rent of the anodic peak due to the oxidation of reduced oxalic acid on PPt/ GC, Sb-Pt/ GC and
Pb-Sb- Pt/ GC electrodesis 0.4 0.6 and 1.0 mA-cm?, regectively. These results demonstrate
that the Pb-Sb-Pt/ GC electrode isthe most active one among the three electrodes prepared , Snce
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it givesthe highest onset potential for C,H,O,4 reduction and the largest current dendty for the ox-
idation of the reduced products. The eectrocatalytic activicty of these three typesof surface dloy
eectrode may be thus arranged in an order of Pb-Sb-Pt/ GC> Sh-Pt/ GC > Pb-Pt/ GC.

2.3 The identification of reduced products of oxalic acid by infrared spectr oscopy
The IR ectrum of dectrolytic lution ater 12

hours reduction of oxalic acid on a Plb-Sb-Pt/ GC dec 40

trode( Fig. 3b) diplayed mainly four peaks of absorp- &

tion:1 700 cm ' 1315 cm™* 1 233 cm™ ' and 1 108

cm . In comparion with the ectra of oxaic acid-

20

e(¥)

ransmittanc

(Fig.3a) and that of glyoxylic acid (Fig. 3c) , thesefour

1

peaks can be assigned as follows:V -, of CH,O4 or = ~49F
CoH,03(1 700 cm™ ) ; Ve of CH03(1 315 em™ ) ;  —60 .

2500 2000 1500
Vecof CpH204(1 233 cm™ 1) ; the aboorption of HCOIO, Fem™

-1 .
(1108 cm™ %) . These resultsproved that the eectrolytic Fo.3  Infrared peetra of dectolytic ot
lution of reduction of oxalic acid may contain a mixture
of oxalic acid (C,H,0,4) and glyoxylic acid (CH»03) ,

and illustrated that the main product specie of CH,04

tion of oxdic acid.

a. 0.6 mol-L ! CH,0O4 + 0. 1mol-

-1
reduction on Pb-Sb-Pt/ GC electrode is glyoxylic acid. :' :)i::n dter 12 hrsof ectroly-
3 Conclusions sson PSPt/ Ge dlectrode
In the present studies, we have prepared three c. 0.1 mol-L " GH,0s + mol -
types of surface dloy electrode, and demonstrated that L™ ' HOO,

these electrodes possess a high activity towards the elec

trosythedsof glyoxylic acid via the reduction of oxalic acid. The order of activity of these surface
alloy ecectrode has been arranged as Pb-Sb-Pt/ GC > Sb-Pt/ GC > Pb-Pt/ GC. Further work will
be emphasized on studiesof the structure of these surface dloy dectrocataysts and on the mechar
nism of the reduction of oxalic acid.
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