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Summary 

The e1ectrochemux.l o\ldatlon of trlphenyiarsme in wet acetonltrlle at 
platinum electrodes IS suggested as a procedure for preparing some trlphenyl- 
arsine oxide denvatwes and the anodic behavlour of Ph3As m presence of sultable 
substrates (perchlorates, chlorideb and tetrafluoborates) 1s described 

Hy~o~ytrlpheng~larson~um chloride IS formed In a chemical reaction in- 
volvmg triphenyiarstne and chlorme radicals plodwed anodlcall> while in the 
other cases Ph,As IS dLrectly okldlzed at the platmum surface In all processes 
an hqdrolysls reactlon due to the wetness of the solvent is also Involved. 

To account for Ph,AsOBF, formation, ehmlnatlon of hydrogen fluonde 
from hydro~ytr~phenylarson~um tetrafluoborate IS suggested. (Ph,AsO),HClO, 
IS obtalned by a part1a.I reduction of Ph,AsOHCIO, formed m the anodtc process 
mvolvlng Ph,Xs when perchlorates are used as supportmg electrolytes. 

Introduction 

Trlphenylarsme oxide detwatwes are usually prepared both by the reactlon 
of the appropriate acid with the arslne oxide or dihydro\ide and by partial 
hydrolysis of the dlhalldes and subsequent reaction wth the appropnate silver 
salt [l] . Both cases requu-e a prellmlnary oxidation of trlphenylarslne (Ph,As), 
either by hydrogen peroxide or potassium permanganate to obtain the oxide 
(Ph,AsO), or by halogens to obtam the dlhalldes (Ph3AsS1). In this report we 
descrtbe a simpler procedure, namely the electrochemical o\ldatlon of Ph, As m 
wet acetomtrlle In presence of swtable reagents. 
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The catlon (Ph, AsO), H+, contammg a very short hydrogen bond, has been 
recently identified [Z] and in a prewous paper [3] me have show-I its participa- 
tron LO an acid-base equ~hbnum together with the hydroxytnphenylarsonium 
cation (Ph&OH’), the acid dissociation of which takes piace in two steps. 

It has been reported [4] that the chlonde of Ph,AsOH’ 1s a weak electro- 
Iyte m acetonitnle solution while the perchlorate, m the same solvent, 1s an iomc 
compound, although m the solid state its ioruc character IS almost lost, as in- 
dicated by the observed Iowering of the perchlorate ion symmetry. 

PhJAsOBF, has been obtamed in unsuccessful attempts to prepare Ph,.4s- 
OHBF, (41; a loss of hydrogen fluonde IS clamed to account for its formatlon. 

The electrochemical behaviour of the compounds cited 1s also lnvestlgated 
both to provide an Identifwation tool and to elucidate some aspects of the acid- 
base equtibna mvolvmg triphenylarsme oxide. 

Resultsand discussion 

Perchlorate as supportmg dectrol3lte 
Flgure 1 shows a typical cychc voltammehic curve exhlbited from asolut;lon of 

Ph&, In wet(lO-‘ilZH1O) acetomtnie. Only asmgleanodlc peak (1)at +1.25 Vcan 
be observed while on the reverse scan three cathodic peaks (2,3,4), at -0.30 V, 
-0.95 V and -1.29 V respectwely, appeared when only peak 1 IS traversed. The 
tidefIned anode pezks 5, 6 and 7 may be attnbuted to the o\ldatlon of the 
products of peaks 4, 3 and 2 respectwely. The height of peak 1 was linearly con- 
centration-dependent 

By comparison with solutions of H’ and Hz m acetonltnle [5], peaks 2 and 7’ 
were ldentlfled as correspondmg to the reduction of H’ and the oxldatlon of Hz 
respect Ively. 

E- E’ 

Rg 1 CYCIJC rolWmmeLrrc curbes wltb plalmum electrode m 3 2 3 X 10-J JI Ph3 4s. 0 1 31 NsCI04. 

CH3CN solurion Scm rate 0 2 ‘iI 5-I 
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Nso m peaks 3 and 4 hydrogen IS involved as a product of the reduction 
processes. This was checked by carrying out cychc voltammetric tests on an acid 
solution of Ph,AsO. Furthermore, peaks 5 and 6 were e\hIblted when these tests 
were performed on PI>,_&0 solutions contamnlng hydrogen gas. 

Controlled potent-la! coulometrlc experiments, carried out on solutions of 
Ph,.& L‘I the concentration range 10m3 111 to 5 X lo-’ Al at a potential value of 
+1.3 V, showed that 2 moles of electrons are released from each mole of arsine. 

Voltammograms performed by a Pt electrode with perlodlc renewal of the 
dl ffusion layer [ 6 ] on the electrolyzed solutions showed three cathodic waves 
located at about the same potentrals as peaks 2, 3 and 4 of FIN. 1. The height of 
the fmst cathodic wave, previously attnbuted to the reduction of !-I’, was double 
that of the second and the thud ones. 

When some exhaustively electrolyzed solutions were potentlometrlcally 
titrated by a standard solution of tetrabutylammonlum hydroxide, three mfIec- 
tlons were observed lndlcatmg that three acids of different strength were produce1.l 
m the anod.~ leactlon. The amounts of base corresponclmg to the three equlva!enc:e 
points were U-I the same ratlo (2/1/l) as the heights of the three cathodic waves. 
Furthermore, the total amount of acid species agreed strictly \mth the moles of 
the electrons (2) transferred m the anodlc process. 

After completion of the plectrolyses a product was recovered, as described 
m the experimental section. It was ldentlfled as hydroxytrlphenyiarsonlum per- 
chlorate (Ph,AsOI-!CIO~) by melting point (163”), e!ementaI analysrs and IR 
spectra [ 4 1. 

Voltammetrlc tests carried cut m acetonltrrle solutions of ihis product 
allowed gave two cathodic waves located at potential values corresponding to 
peaks 3 and 4 of Fig. 1. This fmcllng agrees we!! M’lth the electrochemlca! beha- 
v~our of the Ph,AsOH’ prepared fo!!o\\lng Harris and Inglis’s procedure [J] . 

On the basis of these results we can formulate reaction 1 for the anodic 
process This accounts for the first two mflectlons observed in the potenho- 

Ph,As + H,O --f Phx&OH’ + H- + 2e- (1) 

metric titratlop alone. The third lnffectlon in the tltratlon curve can be esplzuned 
If the hydrosytnphenylarsonlum cation undergoes two subsequent acid dlssocia 
tlons according to the equihbria 2 and 3. This behavlour wan checked m our 

2Ph 3 AsOH’ = Ph3 AsO---H---OAsPh; i- H + (2) 
Ph,AsO---H--0AsPh; = 2Ph3&0 + H’ (3) 

electrochemlca.! study m which the values of the two acid dlssoclatlon constants 
were also given 131. 

The triphenylarsine oxide derivative contammg a very short hydrogen bond 
lnvoived U-I these acid-base equthbrla evidently origmates from the neutrallzatlon 
reactlon 4. The Ph3 AsO, obtaned when Pha AsOH’ 1s neutralized, reacts with 

PhJAsO + Ph,AsOH+ -+ (Ph,AsO),H’ (4) 

the escess of this catlon present in the titrated solution. 
In a siml!ar way two cathodic waves are observed in the voltammetrlc 

esperlments carried out on Ph,AsOH’ solutions; the hydrogen Jons released m 
the first acid dwociation of the hydrovytriphenylarsomum catlon are reduced 
at less negative potentials than the H’ released m the second dissoclatlon reactIon. 



In order to confum this view some Ph, Xs solutions were e&austlvely 
electrollzed at +1.3 V (anodic process 1 In Fig. 1) and subsequently electrolyzed 
at -1.0 V (cathodic process 3 II-I Fig. 1). While In the anodlc process 2 moles of 
electrons per mole of Ph,As were mvolved, as mentloned above (reactlon l), in 
the cathodic process only 1.5 moles of electrons were spent, correspondmg to the 
reactions shown m eqn. 5. 

2H’ + 2e- - H, (peak 2) (5) 
2Ph,AsOH’ + ie- + (Ph,AsO),H+ f ‘/:H2 (peak 3) 

2Ph3AsOH’ + 2H’ + 3e- - (Ph3AsO)-,H+ + 3/2HI, 

Flxthermore, acid-base tltratlons can-led out on these electrolyzed solu- 
tlons show that only 0.5 hydrogen Ions per mole of lnltlal Ph,As \\eere present, as 
would be espected from the neutra!lzatlon reaction 6. 

(Ph3As0)2H’ + OH- - 2Ph3.\s0 + H,O (6) 

The product obtamed after completion of these two subsequent electrolyses, 
recovered as described In the esperlmental sectlon, was ldentlfled as (Ph,AsO)2 
HClO, by meltrng pomt [7] (210” ), elemental analysts, and IR spectra [Z]. 
Cychc voltammograms recorded on acetonltnie solutions of this recovered product 
show the cathodic peak --1 alone. Moreover, controlled-potenhal coulometnc 
esperiments performed at -1.4 V mdlcated tbat 1 mole of electrons per mole of 
(P~~XSO)~HC!O~ (mol. nt. ‘745) was mvolced m the cathodic reaction and 
simultaneously evolution of hydrogen gas was observed. After completion of 
these electrolyses tnphen*Jlarsme o\lde WE the only product recovered UI the 
solubons. 

Perch Lorate a~ srrpportmg electrolyte m pre;ence of chloride Ions 

When cycle voltamnletrrc tests were carried out on 0.1 111 TBN?/aceto- 
nltnle solutions, m which the concentration of chloride ions was varied from 
10m3 M to lo-’ M, an anodlc peak located at +0.72 V was observed in accord 
iy1 th a previous study [ 8 ] . 

Although the osidatlon of tnphenylarsule occurs at a more posltlve poten- 
t1a.l value (EP = +1.25 V), an anodlc process (peak 1) preceding the osldatlon 
of the chlonde ions (peak 2) was observed when Ph, As was added to these solu- 
hons. Thus peak (see Fig. 2) was located at +0.42 V and 1t.s height linearly mcreased 
with Ph,As concentration 

The voltammetnc picture reported m Fig. 2 was obtamed by employing a 
freshly-cleaned Pt electrode, when the electrode was allowed to stand II-I the 
solubon all the osldatlon peaks shlfted toward more anodlc potential, probably 
owing to the poisonmg effect of either the chlonde ions or of the arsenic com- 
pounds on the electrode surface. 

Peaks 4 and 6 in Fig. 2 were Identified as due to the HCI ovidatlon and reduc- 
tlon respectively, by comparison ivlth the pure compound. !Moreover, peaks 3 and 
7 coulEl be attributed to Ph,AsOHCl oxidation and reduction respectively by 
carrying out cychc voltammetnc tests on solution of a sample of this compound 
prepared accordmg to ref. 4. Finally, the anodic peaks 9 and 8 are due to the 
ovidatlon of H, m presence of chlonde ions and m presence of Ph3As0 together 
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CH3CN aoluLlon Scan raw 0 2 V 5-l 

with Cl- respectively; a check was also made m this case by voltammetnc tests. 
The cathodic peak 5 1s associated xvvlth the o\ldatlon of Cl- eons (peak 2) In a 
catho-anodlc process. 

The appearance of peaks 6 and 7 after peak 1 LS travelsed (Ileavy solld ltne 
m Fig 2) Indicates that hydrogen chlortde and hydro\ytrtphenylarsontum 
chloride are formed in the first oxtdatlon step 

Controlled-potenbal coulomrtnc evpenments can-led out at +0.45 V showed 
that two moles of electrons per mole of Ph3As were involved In this anodlc process 
On the basis of these findings reaction scheme 7 can be suggested. 

2c1- - 2Ci’ + 2e- 
2C1’ + Ph3As + H,O -+ Ph3AsOHCI + HCl (7) 

This view 1s supported by the results obtained by carrymg out preparative 
electrolyses m Ph,As./acetomtrde solution m whtch LICI~~ was employed as 
supporting electrolyte and LiCl as substratum. (In these esperunents the hthlum 
salts were preferred to facilitate recovery of the anodlc product). In fact a 
product, recovered as described in the evperunental sectlon, was ldenttfled as 
Ph3AsOHCI by m-p. (170”) and IR spectra 141. In addition its polarographlc 
behaviour (two cathodic wave lvlth Et1 values of -1.5 V and -2.70 V respechve- 
ly) was the same as that exhibited by the compound when chemically prepared 
[4]. 

To account for the &tit towards less positive potentials of the chlonde OXI- 
dation in presence of Ph,As it must be admitted that the chemical reaction 
followmg the charge transfer in reaction ‘7 is faster than the radical dimerizatlon 
to produce chlorine. 
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It can be remarked that m the reductlc#n of h~d~oxytnphenylarson~um 
chloride a single wave is observed unlike thz behaviour of corresponding perchlor- 
ate This can be euplamed by tahng mto account the lowermg of the lonlc char- 
acter of these salts by replxmng the perch!orate Ion \mth the stronger base chlortde 
Consequently the lower proton actlwty, dut to lesser amounts of free Ph,AsOH’, 
prevents the formation of (Ph,AsOL H’ 

Tetraftuoroborate as suppm-tltg electrolyte 
Voltammetric tests performed on Ph,As in wet (10-l 111 H7_0) acetonltllle 

solutions with Et,NBF, as supporting electrolyte showed an anodic wave (see 
Fig 3) located at the same potential value (ES1 = +l 05 V) as when the supportlng 
electrolyte was NaCIO, . No inforrnatlon could be gained by cychc voltammerry 
because all cathodic peaks associated with the anodlc one were Ill-defined and 
poorly-reproducible. However, controlled-potential coulometnc espenments at 

+1.3 V indwated that two moles of eiectrons per mole of Ph,As are released. 
The oxidation product recovered from the exhaustively-electrolyzed solution, 
a~ described in the experunental sectIon, was ldentdied as Ph3AsOBF3 by elemen- 
tal anaIyses, m-p. (230” ) and IR spectra [4]. 

Furthermore, the polarographic picture obtained UI an acetonitrJe solution 

of the recovered product (see Fig. 4) agreed exactly nrlth that etilbited by a 
solution of a pure sample of Ph,AsOBF, prepared accordmg to ref. 4. 

To account for these findings reaction mechanism 8 IS suggested. Clearly, 
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FE 4 Polwogram oblamed ,"a 6 X lo- 3 Jr Ph3 4sOBF3. 0 1 IV EtqNBF4. Cc13C~ solution ~hlE rvllh 
mecharucal conlrol of the drop tune 

Ph,As -+ Ph,As- + + e- 
Ph3 As- * + Hz0 + 2BF; + Ph3AsOHBF, + HBF, + e- 

PhxA.sOHBFa --f Ph3AsOBF3 + HF 

(8) 

Ph,As + Hz0 + 2BF; + Ph,AsOBF3 + HF + HBF4 c 2e- 

hydrogen fluoride is ehmmated from the tetrafluoroborate compound which IS 
presumably formed as an mtermecllate. The ill-defmed and poorly-reproducible 
peaks obtamed in the cyclic voltammetrlc tests can be explaned by the fact that 
the HF formed in the electrochemical pathway produces a polsonmg effect on 
the platinum surface. 

Experimental 

Chernlcals arrd reagerrts 
All chemicals were reagent grade (C. Erba and Schuchardt). Reagent grade 

acetonltrde was purlfled by dlstilllng repeatedly from phosphorus pentokrde [9] 
In order to obtain a solvent contamlng water in a concentration level of about 
10-l AI, small weighed amounts of water were added to the distilled acetonltrlle 
and the mlvture stored under nitrogen. The content of water was tested by Karl 
Fxcher titration_ 

Et,NBFs was prepared by neutrahzmg HBF? wth Et$NOH. All supportIng 
electrolytes (NaC104, TBAP, Et4 NBFq , n-Bu4NCI, LiCIOJ and LiCI) were re- 
crystallized and dried m a vacuum oven. 

Triphenylarsme was used wthout further purlflcatlon because thin layer 
chromatographic tests and the meltmg pomt had proved Its purity. Tnphenyl- 
amine owde was crystallnzed from benzene [lo]. 
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Stock solutions of anhydrous perchlonc acid in acetonlkle were prepared 
by osidizing hydrogen gas dissolved in TBAP/acetonltrJe solutions [ 51. 

-4pparatus and procedure 
All experunents were carried out at 25 2 0.1” m H-shaped cells wth cathodic 

and anodic compartments separated by smtered glass d&s. All potentials are 
referred to a s11kel--0.1 111 sliver nitrate electrode In acetonltrlle medium. In the 
voltammetrw measurements the workmg electrodes were either platmum spheres 
with perlodlc renewal of the dlffuslon layer [6] or stationary platinum sphere 
rnwroelectrodes. Polarograms were performed by a DhIE wth mechanlca! control 
of the drop time. Coulometnc and preparatwe electrolyses were carried out by 
employing platinum foils as working electrodes and a large mercu1> pool as 
counters 

Further experimental details and al! electrochemlca! and spectlophotometnc 
instrumentahon have been described m a previous paper [ 111 

kid-base tltratlons were performed wth standard solutions of n-Bu, NOH 
m acetonltnle and the end point detectlon was made potentlometrxally bJ 
using a general purpose Beckmann glass electrode. 

Elech-ochemcal preparations 
P/23_4SOHCiOa. 100 ml of 5 X lo-’ 111 Ph,As, 0.1 111 H20, 1111 NaCIC!, 

acetonitrlle solution were electrolyzed under nitrogen atmosphere at +i.3 V vs. 
Ag/O.l 111 Ag’ acetonltrlle electrode in a two-compartment cell. With a platuium 
working electrode (approximate area 40 cm’ ) the electrolysis time was about 
3 h. After completion of the electrolysis the solvent was evaporated under 
vacuum at low temperatme and the resldua! sohd was sllaken wth CHC!, to 
separate the insoluble NaC'IO, . By adding ether to the ftitrate white crystals 
were obtamed. They were recrysta!llzed from chloroform-ether. Analytlca! and 

physical data were consistxnt with previous results [4] 
iPhlAsO), HCIO, . 100 ml of 5 X lo-’ III Ph,As, 0.1 111 H20, 1 Al NaCIO, 

acetonitnle solution deaersted with nitrogen were electrol> zed fmt at +1.30 V 

and subsequently at -1.00 V vs. Ag/O.l 111 Ag’ acetonitrlie electrode in a two- 
compartment cell About J h was reyuwed to complete these electrolyses (area 
of Pt electrode about 40 cm’ ). At the end of the electrolyses the acetonltrile 
solution was evaporated under vacuum at low temperature. In order to separate 
the msoluble NaCIOJ, the okidatlon product \\as extracted wth CHC13, the 
resulting solution, treated with ether, gave a white preclpltate which was re- 
cry+!l..ized from ethanol--ether. All anal> tlcal and physlca! data were consistent 
with published results [2, 7]_ 

Ph,AsOHCI 100 ml of 5 X lo-” 111 Ph,As, 0.1 121 LIC!, 0.1 111 H20, 0.75 AI 
LlCIO, acetomtrlle solution were electrolyzed at +0.45 V vs. Ag/O.l AI &’ aceto- 
rub-lie electrode u1 a two-compartment ccl! under nitrogen. The electrolysis WZIS 

completed in about 3 h (electrode surface: about 40 cm’ ); the solvent was 
ebaponted under vacuum at low temperature and the product was estracted 
from the residual solid wth chloroform. White crystals were obtamed by adding 
ether to the chloroform solution. Recrystalhzation was made from chloroform- 
ether. Analytical and physlcal data agreed we!! with those reported previously 
141. 



Ph,AsOBF3. 100 ml of 5 X lo-’ iI1 Ph,As, 0 1 112 HzO, 1 III EtqNBFll 
acetonitrile solution were electrolyzed at +1.3 V vs. Ag/O.l ill Ag’ acetonitrile 
electrode in a two compartment cell under nitrogen atmosphere. (Electrolysis 
time: about 3 h urlth a 40 cm2 working electrode). The exhaustively electrolyzed 
solution was evaporated under vacuum at low temperature and the residual 
supportlng electrolyte was separated from the ovldatlon product by shakmg mth 
CHC13 _ 

When ether was added to the chloroform solutron, white crystals were ob- 
taned which were recrystalhzed from chloroform-ether. All analytrcal and 
phys1ca.l data were consistent with data given by Harris and Inglis [4]. 
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