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Abstract : The oxidation of hypophosphite on a polycrystalline platinum electrode was studied

by SN IFTIRS and cyclic voltammetry , the in- situ IR spectra were analyzed as a function of Pt

electrode potentials in the solution of 0. 5 mol/ L H2 SO4 + 0. 1 mol/ L NaH2 PO2 . It was found that

the dissociative adsorption of hypophosphite ions occurs on Pt surface , and the oxidation product

is H3 PO4 , rather than H2 PO3
- which was considered to produce on Ni electrodes , thereby a new

insight into mechanism of hypophosphite oxidation on Pt in acidic media was provided.
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Hypophosphite is one of the common reducing agents used in electroless plating particularly

in Ni based alloy electroless plating. For understanding the mechanism of autocatalytic deposition

of metal ions , the oxidation of hypophosphite has been investiged at different electrodes[1～7 ] . The

mechanistic aspects presented so far , however , have need of the envidaces in molecular level ,

since the elct rooxidation was mostly studied with tranditional electrochemical methodes.

Abrantes[6 ] reported recently that the electrooxidation of hypophosphite ions on polycrystalline

nickel in alkaline solution using SN IFTIRS , ( i. e. Subtractively Normalized Interfacial FTIR

Spectroscopy) and gave a new insight into the oxidation process. In this work the same i n-sit u

IR technique was utilized for investigation of the hypophosphite oxidation on polycrystalline Pt

electrode in acidic solution , and the results show that the dissociative adsorption of hypophosphite

occurs on Pt surface , and H3 PO4 was detected as oxidation product rather than phosphite[6 ] . Ac-
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cordingly , a new mechanism was proposed for the oxidation of hypophosphite.

1　Experimental
Cyclic voltammetry was carried out with a CHI 660 model electrochemical system , the struc2

ture of electrochemical cell used , the pretreatment of Pt elct rodes and of electrolytic solutions were

the same as that in our previous work[7 ] . The electrode potentials were read with respect to a sat2
uated calomel electrode (SCE) .

The i n-sit u IR measurements were performed using Nicolet 730 spectrometer , a spectro-

electrochemical cell with a CaF2 window and experimental details regarding SN IFTIRS have been

given elsewhere[8 ] .

　Fig. 1 　Cyclic voltammetric curves of a Pt electrode in 0. 5

mol/ L H2 SO4 without ( dotted line) and with 0. 1

mol/ L NaH2 PO2 (full line)

2　Results and Discussion
The cyclic voltammgram of a plat2

inum electrode in 0. 5 mol/ L H2 SO4 at 25

℃is depected in Fig. 1 as a dotted line ,

which is quite in agreement with that

shown in the the literature[9 ] . The two

pairs of symmetric current peaks Ic , Ia

and IIc , IIa , located at nearly - 0. 2 V

and 0. 0 V (SCE) , represent the adsorp2
tion and desorption of hydrogen (st rongly

adsorbed and weakly adsorbed states , re2
spectively ) , on the other hand , the

asymmetric current peaks Oa , Oc repre2
sent the formation and reduction of ad2
sorbed oxygen on Pt . If the solution con2
tains 0. 1 mol/ L NaH2 PO2 , the cyclic voltammetric curve is shown as the solid line in Fig. 1 , as

reported by Podesta et al. [3 ] An irreversible current peak , A , occurs in the potential sweep to2
wards the more positive value , and an irreversible current peak ,B , occurs in the reverse sweep . It

is obvious that the presence of NaH2 PO2 inhibites the adsorption of hydrogen and oxygen. Podesta

et al. proposed that the mechanism for hypophosphite oxidation on Pt was as follows : the equilib2
rium

　　　H2 PO -
2 + H2O→H2 PO -

3 (ad) + 2H(ad) (1)

is established on Pt in contact with a NaH2 PO2 solusion , where H2 PO -
3 (ad) and H (ad) are ad2

sorbed species on Pt . The reaction (1) can be shifted to the right if the fast desorption of H-atoms

can occur as molecular hydrogen. Podesta et al. assigned the peak B in Fig. 1 to an electrochemical

reaction taking place on a Pt surface convered mainly by adsorbed H2 PO -
3 ions , the product of the

reaction being adsorbed H3 PO4 ,and the peak A to electrooxidation of H3 PO3 on fresh Pt since the
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inhibition caused by H3 PO4 decreases in the potential range where the current peak located. These

conclusions , however , were based on cyclic voltammetric experiments.

　Fig. 2 　SN IFTIRS spectra taken from a Pt electrode at

various sample potentials in 0. 5 mol/ L H2 SO4 +

0. 1 mol/ L NaH2 PO2 , ER = 0. 2 V

Fig. 2 shows the SN IFTIRS spectra at

various sample potentials , which are the dif2
ference spectra , △R / R ≡ ( [ R ( ES ) - R

( ER) ]/ R ( ER) , where R ( ES) and R ( ER)

represent the the reflectances at a sample po2
tential ES and at a reference potential ER.

For small values of △R/ R , this quantity is

proportional to absorbance. Both positive

( up-going ) and negative ( down-going )

bands are observed in Fig. 2 , positive bands

are due to absorbances from species present

at the reference potential ER , while negative

bands are due to absorbances from species

present at the sample potential ES. As seen

in Fig. 2 , where ER = 0. 2 V and is less positive than ES , there are two negative bands at 1 020

cm - 1and 1 250 cm - 1 and two positive bands at 1 160 cm - 1 and 2 100 cm - 1 , besides a bipolar

band at 2 360 cm - 1 . The vibrational modes and characteristic IR bands for hypophosphite and its

possible oxidation products have been discussed in the literature[6 ,11 ] . The free hypophosphite ions

in aqueous solution has a tet rahedral st ructure with a C2 v symmetry , hence exhibit 8 IR active

bands , but they must not been obrerved in SN IFTIRS spectra owing to the limitation of surface

selection rules. Similar to the i n-sit u IR experimental results of the hypophosphite electrooxida2
tion on Ni in alkaline solution[6 ] , 2 360 cm - 1and 1 160 cm - 1 bands can be att ributed to P—H

and P—O stretching in hypophosphite , respectively , suggested that the adsorption of hypophos2
phite on Pt via two hydrogen atoms ,otherwise theνas ( P—O) andνas ( P—H) mode bands at 1 180

cm - 1and 2 314 cm - 1 would be present . When ER = 0. 2 V , the augmentation of the up-going

band at 1 160 cm - 1 with increasing positive potential of ES , indicates the more hypophosphite

ions were depleted at more positive potential. Bewick et al. [10 ] have examined the hydrogen ad2
sorption by in situ IR technique ,and found a 2 090 cm - 1 band ascribed to M—H stresch of a hy2
drogen atom coordinated on top of the surface metal atom. It is reasonable to assign the broad

band at 2 100 cm - 1 in Fig. 2 to adsorbed hydrogen , the augmentation of this up-going band with

increasing positive potential of ES , indicates the less hydrogen atom on Pt at more positive poten2

tial , moreover , the absence of such a band on Ni electrodes[6 ] means the difference in the adsorbil2
ity of hydrogen on Ni from on Pt . In the work of Abrantes[6 ] , a negative band at 1 020 cm - 1 was

also observed and considered due to the formation of oxidation product HPO -
3 , but there did not
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exist the negative band at 1 250 cm - 1 as in Fig. 2. We believe that the latter band should be at2
t ributed to the presence of H3 PO4 in solution as assigned by Nart [11 ] , who studied the IR re2
flectance spectra of Pt elrct rodes in H3 PO4 solution ( p H 0. 2 to 2. 8 ) using both s - and p - po2
larized light . It is worth notice that Fig. 2 illust rates the absence of adsorbed undissociated H3 PO4

on Pt , which exhibites a st rong band at 1 055 cm - 1 , while adsorbed H2 PO -
4 is present f rom the

1 120 cm - 1 band in Fig. 2 according to Nart [11 ] .

As to the mechanism for hypophosphite oxidation on Pt electrodes in acidic solution two fac2
tors should be considered : firstly the predominant species of hypophosphite in acidic media , pos2
sibly it must be H3 PO2 rather than H2 PO -

2 , secondly the influence of the surface states of Pt on

the electrooxidation of hypophosphite. The peak potential of peak A in Fig. 1 is at about 1. 0 V

(SCE) where adsorbed oxygen layer is formed on Pt surface , and the peak potential of B is at

about 0. 5 V (SCE) located at the boundary between the double layer region and oxygen -adsorbed

region. With these in mind the following mechanism is proposed for hypophosphite oxidation on

Pt electrodes in acidic solution. In the oxidation process the dissociative adsorption of reactant

takes place on Pt

　　　H3 PO2 H2 PO2 (ad) + H(ad) (2)

the fast desorption of resulting H(ad) may occur by chemical recombination into molecular hydro2
gen or by electrochemical oxidation into proton ,then adsorbed H2 PO2 may undergothe reactions :

　　　H2 PO2 (ad) + H2O H3 PO3 (ad) + H + + e - (3a)

　　　H3 PO3 (ad) + H2O H3 PO4 + 2H + + e - (3b)

or　　H2 PO2 (ad) + OH(ad) H3 PO3 (ad) (4a)

　　　H3 PO3 (ad) + OH(ad) H3 PO4 + H + (4b)

　　　H2O OH(ad) + H + + e - (4c)

the reaction (3) occurs in the potential range where the oxygen-adsorbed layer can not be formed ,

and reaction (4) occurs in the potential range where the oxygen-adsorbed layer is formed , Trasat2
ti [14 ] pointed out the posibility for the oxygen-adsorbed layer to take part in hypophosphite oxida2
tion on Pd . Hence the peak A in Fig. 1 may be associated with the reaction (4) , and the peak B

with the reaction (3) . It must be admitted that the mechanism shown in reaction (2) to (4) is

simplistic , for instance , the anodic oxidation may occur via severral dehydrogenation steps (such

as H3 PO2→H2 PO2→HPO2) , for more details of the mechanism new information is needed.
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次亚磷酸根离子在铂电极上氧化的机理研究

蒋太祥 ,吴辉煌
(厦门大学化学化工学院 ,固体表面物理化学国家重点实验室 ,福建 厦门 361005)

摘要 :　用 SN IFTIRS和循环伏安法研究次亚磷酸根离子在多晶铂电极上的电氧化机理.分析了

0. 5 mol/ L H2 SO4 + 0. 1 mol/ L NaH2 PO2 溶液中原位红外反射谱图与 Pt 电极电位的关系 ,发现次

亚磷酸根离子在 Pt上发生解离吸附 ,其氧化产物是 H3 PO4 ,不同于在 Ni上的氧化产物 H2 PO -
3 ,据

此提出了酸性溶液中次亚磷酸根离子在 Pt上氧化机理的新看法.

关键词 :　次亚磷酸根 ,电氧化 ,化学镀 ,铂电极 ,SN IFTIRS
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