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on Pt Hectrodes by SNIFTIRS
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Abstract : The oxidation of hypophosphite on a polycrystalline platinum eectrode was studied
by SNIFTIRS and cyclic voltammetry , the in-9tu IR gectra were analyzed as a function of Pt
eectrode potentialsin the solutionof 0.5 mol/L H,SO4 +0.1 mol/L NaH,PO,. It wasfound that
the disociative adorption of hypophogphite ions occurs on Pt surface, and the oxidation product
is H3PO, , rather than H,PO3;~ which was conddered to produce on Ni eectrodes, thereby a new
insght into mechanism of hypophosphite oxidation on Pt in acidic media was provided.

Key words: Hypophosphite, Hectro-oxidation, Hectoless plating, Patinum eectrode,
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Hypophosphite isone of the common reducing agents used in eectroless plating particularly
in Ni based alloy eectroless plating. For understanding the mechanism of autocatalytic depostion
of meta ions, the oxidation of hypophosphite has been investiged at different dectrodes® 1. The
mechani stic agects presented < far, however , have need of the envidaces in molecular leve ,
dnce the ectrooxidation was mosly studied with tranditional electrochemica methodes.
Abrantes'®! reported recently that the electrooxidation of hypophosphite ions on polycrystaline
nickel in dkadine solution using SNIFTIRS, (i.e. Subtractivedly Normalized Interfacid FTIR
Pectrosoopy) and gave a new indght into the oxidation process. In this work the same in-situ
IR technique was utilized for investigation of the hypophogphite oxidation on polycrystaline Pt
dectrodein acidic solution, and the results show that the dissociative adsomtion of hypophogphite
occurson Pt surface, and H3;PO,4 was detected as oxidation product rather than phosphite[G]. Ac
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cordingly , a new mechanism was proposed for the oxidation of hypophogphite.

1 Experimental

Cyclic voltammetry was carried out with a CHI 660 mode electrochemical syssem, the struc-
ture of electrochemical cell used, the pretreatment of Pt elctroces and of eectrolyiic wviutions were
the same as that in our previous work!™l. The eectrode potentia s were read with regect to a sat-
uated calome eectrode (SCE) .

The insitu 'R measuremants were performed usng Nicolet 730 gectrometer , a ectro-
electrochemical cell with a Cai- window and experimenta details regarding SNIFTIRS have been

given d sewhere!®!.

2 Results and Discusson A
Sweep rate; 0.05V/s

The cyclic voltammgram of a plat-
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inum electrodein 0.5 mol/L H,SO4 at 25
is depected in Fig. 1 as a dotted line, Sar B el :
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shown in the the literature!®. The two
pairs of symmetric current peaks Ic, la
and lic, lla, located at nearly - 0.2V~ ~02f o
and 0.0 V (SCE) , represent the adorp- 04 0.0 0.4 0.8 1.2
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tion and desorption of hydrogen (strongly
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adorbed and weakly adorbed states,rer Fg.1  Cydic voltammetric curves of a Pt eectrode in 0.5
ectively) , on the other hand, the mol/L H,S0, without (dotted ling) and with 0. 1
asymmetric current peaks Oa,Oc repre- mol/ L NaH, PO, (full ling)
sent the formation and reduction of ad
rbed oxygen on Pt. If the solution conr
tains 0.1 mol/L NaH;PO; , the cyclic voltammetric curve is shown as the lid linein Fg.1, as
reported by Podesta et al. 31 An irreversble current peak , A, occurs in the potentia sweep to-
wards the more pogtive value, and an irreversble current peak B , occursin the reverse sweep. It
isobviousthat the presence of NaH, PO, inhibites the adrption of hydrogen and oxygen. Podesta
et d. proposed that the mechanism for hypophosphite oxidation on Pt was asfollows: the equilib-
rium

H,PO; + H,O —H,PO; (ad) + 2H(ad) (D
isesablished on Pt in contact with a NaH, PO, soluson, where H,PO; (ad) and H(ad) are ad
rbed pecieson Pt. The reaction (1) can be shifted to the right if thefast desorption of H-atoms
can occur as molecular hydrogen. Podestaet a. assgned the peak B in Fig. 1 to an electrochemical
reaction taking place on a Pt surface convered mainly by adsorbed H,POs; ions, the product of the
reaction being adorbed Hz; PO, ,and the peak A to eectrooxidation of H3PO3;onfresh Pt snce the
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inhibition caused by H3;PO, decreasesin the potential range where the current peak located. These
conclusons, however , were based on cyclic voltammetric experiments.

Fig. 2 shows the SNIFTIRS ectra at
various sample potentia s, which are the dif-
ference pectra, R/ R= ([ R(Es) - R
(Er) 1/ R(ER) , where R( Eg) and R( Eg)
represent the the reflectances at a sample po-
tentiadl Es and at a reference potentia Eg.
For smal vauesof R/ R, this quantity is 5@ 3
proportional to absorbance. Both postive 3300 3600 1350 =560
(up-going) and negative ( down-going) w/em’!
bands are observed in Fig. 2, podtive bands

(ARRy=1x 102

Fg.2 SNIFTIRS gectra taken from a Pt eectrode at
various sample potentidsin 0.5 mol/L H, S0, +
0.1 mol/L NaH;PO,, Er= 0.2V

are due to absorbances from gecies present
at the reference potential Egr , while negative
bands are due to absorbances from ecies
present at the sample potentia Es. As seen
in Fig.2, where Eg =0.2 V and islessposdtive than Es, there are two negative bands at 1 020
cm” 'and 1 250 cm” * and two positive bands at 1 160 cm™ *and 2 100 cm™ !, besides a bipolar
band at 2 360 cm™!. The vibrationa modes and characteristic IR bandsfor hypophosphite and its
poss ble oxidation products have been discussed in the literature!® **!. Thefree hypophosphiteions
in agueous lution has a tetrahedra structure with a G, symmetry , hence exhibit 8 IR active
bands, but they must not been obrerved in SNIFTIRS gectra owing to the limitation of surface
slection rules. Smilar to the in-situ IR experimenta results of the hypophoghite eectrooxida
tionon Ni in akaine wolution'® | 2 360 cm™*and 1 160 cm™ * bands can be attributed to P—H
and P—O gretching in hypophophite, regpectively , suggested that the adsorption of hypophos
phite on Pt viatwo hydrogen atoms ,otherwise thev os(P—O) anaV ,s(P—H) mode bandsat 1 180
cm 'and 2 314 cm™ * would be present. When Eg = 0.2 V , the augmentation of the up-going
band at 1 160 cm™ ! with increasng postive potential of Es, indicates the more hypophosphite
ions were depleted at more podtive potential. Bewick et a. (191 have examined the hydrogen ad-
orption by in stu IR technique ,and found a 2 090 cm™ * band ascribed to M —H stresch of a hy-
drogen atom coordinated on top of the surface meta atom. It is reasonable to assgn the broad
band at 2 100 cm™ *in Fig. 2 to adsorbed hydrogen , the augmentation of this up-going band with
incread ng postive potentia of Es, indicatesthe less hydrogen atom on Pt at more postive poten-
tial , moreover , the absence of such a band on Ni dectroded ® means the difference in the adsorhil-
ity of hydrogenon Nifromon Pt. Inthe work of Abranted®! | a negative band at 1 020 cm™ * was
al 20 observed and consdered due to the formation of oxidation product HPO3 , but there did not
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exist the negative band at 1 250 cm™ ' asin Fig.2. We believe that the latter band should be at-
tributed to the presence of Hz;PO, in lution as asigned by Nart'** | who studied the IR re-
flectance goectraof Pt erctrodesin H3PO4 olution (pH 0.21t02.8) usng both s- andp - po-
larized light . It isworth notice that Fig. 2 illustrates the absence of adsorbed undisociated Hz PO4
on Pt, which exhibitesa strong band at 1 055 cm™ ', while adsorbed H,PO; ispresent from the
1120 cm™ * band in Fig. 2 according to Nart!*!!.

As to the mechanism for hypophosphite oxidation on Pt electrodesin acidic slution two fac
tors should be consdered : firstly the predominant gpeciesof hypophosphitein acidic media, pos
shly it must be H3PO, rather than H,PO; , secondly the influence of the surface statesof Pt on
the electrooxidation of hypophogphite. The peak potentia of peak A in Fig.1lisat about 1.0V
(SCE) where adsorbed oxygen layer isformed on Pt surface, and the peak potentia 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 olution. In the oxidation process the disociative adsorption of reactant
takes place on Pt

HzPO;— H,PO;(ad) + H(ad) (2)
the fast desorption of resulting H(ad) may occur by chemical recombination into molecular hydro-
gen or by electrochemical oxidation into proton ,then adsorbed H,PO, may undergothe reactions:

H,PO, (ad) + HoO — HzPOs(ad) + H* +e’ (3a)
HsPOs(ad) + HoO —— H3zPO, +2H" +e” (3b)
or H,PO, (ad) + OH(ad) — H3POs(ad) (4a)
HzPOs(ad) + OH(ad) —— HzPO, + H* (4b)
H,O — OH(ad) +H" +e’ (4c)

the reaction (3) occursin the potentia range where the oxygen-adsorbed layer can not beformed ,
and reaction (4) occursin the potentia range where the oxygen-adsorbed layer isformed , Trasat-
i (14 pointed out the poshility for the oxygenadsorbed layer to take part in hypophosphite oxida
tionon Pd . Hence thepeak A in Fig.1 may be assciated 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
dsmpligtic, for instance, the anodic oxidation may occur via severra dehydrogenation steps (such
as H3PO, -H,PO, -HPO,) , for more detailsof the mechanism new information is needed.
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