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ELECTROCHEMISTRY
HCN ELECTRODES ON NOBLE METALS (%)

(A paper by Ernestina Paglia Dubini and Enrico Padula, presented
(#**) by Livio Cambi, Member)

/Following is a translation of an article in the Italian-
Tenguage periodical Rendiconti dell' Accademia Nazionale
dei Lincei (Class de Sclenze fisiche, matematiche, e
naturali) (Reports of the Accademia Nazionale dei Lincei,
Classes in the Physical, Mathematical and Fatural Sciences),
Series VIII, Vol XXVIII, Fagc. 1, Jan 1960, pages 63-68.7

1. The research on which we are reporting, as advised by
Professor L. Cambi, is an outgrowth of published inquiries into the
reactions between HCN and certain noble metals in the presence of
oxygen, concentrating chiefly on Au and Hh.(1)

We have alresdy referred to the Au/HCN electrodes that were
establiehed in buffered hydrocyanic solutions of a given pH.

We were led to extend our experiments by the relative ease
of reproducing these electrodes, and the specificity of th~ poten.
+ials, which differ from metal to metal.

The procedures we shall describe have to do with the follow-
ing metals: Hg, Au, Ag, Pt, and P4.

Accurate interpretation of the processes for the electrodes in
juegtion involves considerable difficulty. In this paper we shall ex.
plain the experimental data which, so far as we know, have not yet
been published by other authors. The hypothesis requires further -
experiment

2. The hydrocyanic electrodes we examined were constituted cf
the matal under consideration, immersed in the buffered solutiomns &t
a giver pH, and containing HCN in the concentrations indicated.

t*, Resear:h performed at the Metallurgical Chemlsiry Center of the
Nw-lonal Remearch Council, Milan University.

(«¢; A: tae mession of 16 Jamuszy 1960.

(1. L. Cambi, these "Reports," XXIV, 129 (1958); L. Cambi ard

E. Paglia, idem, XXVIT, 428 (1959)



Host of the tests were performed with TCH af 0.5 w014/l

hir veay ex~inded. We worked fu an Ar atmoapbere; even the bulfer
sabarasion vas perforwed by means of slov ourvents of HOH in Ar. N

Tas hydrozvanis elsctrofes were, lun &imost every okuse, placed
osppopite to the chinidrone elsotvodes, in the gaee bufifer, and we peas-
el the ol of the pairs.
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o values we resord were the rewmult of sdivacting the chini-
érmpmt frem the enf of the eouple. m&gishwathes poken~
#ials of the eisetrodes, in each of the weinls considered, as a S ranetion
. of the pH.

I% i3 generally known that eldminstion of oxypen from ax electro.-
lyte 1s very d4iificult to ashieve, oven with the Linest experdimentsl
eguipmest. Therefors; in our work, tec, it is probubly traces of axygen
thal ssused the relatively fast establisiment of the elsgirodes, hy means
af prosestes thet might be diapgremmed &5 follows:

ae b ozemt (0) —  omeon+ mp.

¥e chaerved that the sccidental intervention of #dr, even in wminute
apounts, oan rkedly siter the pobtentiale. Gold proved to be most sensio
Hive to oxygen, sven in 4race amcwmrbe; particudisrly in the buffers with
lower P8, the potaptials ossillsmte Lwobwesn exivemes s the order of 0.03
to 0.04Y, a8 we shall show lster.

L wma potentials usually vere established within 3 houra, and
1 resched soffisiently stekle levels. Over long p&xiﬁg . of tiwe, thay 0

shanged.

The dlagraws iﬁ?ﬁ.gam I show falrly sceurately that the hyiroey.
aris slastrodes behave Like hydrogen electrodes: +they are in practical-
iy direct proporiion 4o the pH involved.

e proportiomality fsstor, however, 4iffers with the Sifferent
wrbais, and we muet introdgce & apesisl soeffisient for every singls
wetal, wiich we Indisate with T .

on am sapivieal basis, the first proesss cousidered was:

oL
Y ms,o%— E < e-—) Mo HN.

waich gives ua I, ” = E-vf- :m.a_im“‘* B,




with & as a solubility constast for metallic cysnife. The eguation is
not satisfactory, because it wvould imply & directly proporticnsl rels-
tionsnip with the pH at & constant concentraticn of BON. The straight
- lines!mtheﬁmafﬂwers:amml,

Therefore we took the expreseion:

I} By 2B, 4 R&rmﬁ ~ € RIPh
which can be simplified <o

1) B, 5B, - X-TRWR
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JIn conslusion, we find that the pobenbinle st as if they corres
ponded to a process of type (A) sbove, but vith activity coeffielent for
the [B*] aifferent from T and specific for eamch metal.

From the angle of the straight lines in the dlagrans on Figure I,
we £ind the following velues:
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It 4s yi'o'habh Ltaat verious processes are involved in polsrizatien,
- and bave s cumulative effect on 1t. We are not able %o dafine theame Prow
cesses st presendk. :
We slso congidered the effect of the formation of CYAnO-CoMplex
negative fomas
: HeCN + ECN “"‘“‘*"” [m{cx)g "4t
But here again, the process as such would imply the identity of the
é proportlonality ceeffielemt o pH for such complex anioms, and this does
. nob oGTuy, &2 oun be seem from the Au and Ag electrodes.
g Even leaving aside the guestion of complex sniom formaticnm, the
7 © feient 48 aot dn relation, at lesst ddirecily, with the valence the

mebal bakes on as a cyanide. The straight lines for Hg and P& in the
Pigure I disgrams are not psrellel, although we way assame that both wet-
&ly beaome bivalient.
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pependence on g H geegtration war studded pertisuiarly feor
+he Hg s:mi Au ehﬁraées mmzm m conducted at 150C and constent
pH. Toe results sre showm in the graphs on Pigore 2. We find that the
potentials tend towards a Jisit value, beyond whick there is practicelly
58 vsriatioe in respompe Lo incressed consembtration of HON.

This behavicr 1s 1in line with the relstively low sensitivity o
the potentisls 4o the ¥O¥ coposnbration.

ﬂwmmﬁ heve 2o far been limdbed to mercury and
guid, we believe that grcbably the sstarstion factor In reiation to the
potantials is general Tor a0l the wetsls we have examined thus far.
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k. In the cage of merowry, we also iuvestigated the infiunence of
toe consentration of Hg(C¥),, as shown iz Fligore 3. We worked st o pH of
5.75, ad oz EON eemmtﬂ%im wig 0.5 mlifl conatant .

Yoi uote an inverss influense, with reference 0 the potential
#igne, of vhat we cbserved for EON (Figure 2), but even in the case of
aysnides we Pind & similar pheacmenos of almost total insensitivity to
the iveresse in thai conesstraticn, sfter shout 0.03 meli/l.

fas SRR piion we worked out (los. oit.), whien
shows a gﬂmtit&tive Wﬂi@n vﬁ.th Tespeet to B0 1o an mixwﬁ:
of & given pH with Au snd Ag, and with & pures hydrocysaic solution with
He, thms far shows no visible relstionshly with the potentials menticned
shove. Auto-oxifation according to the patiern

2 {Me® - oM} 4 0 2 BieON - 0,

winild seem to depend on specific foter-reacticns between the swtal snd the

mw@mem;mthmtm:hMa&iﬁwwm

irouyanis hydrogen which we found with the elsctrodes we tested.

The pabterns of the o diagrims for Au and Hg sre quite diverw
geat; while sate-oxidetlon by E.On 18 typleal for beth.

5. meamtsm-tmnﬁmw-&m, with the usual
wyphratas,; with closed electrodes in an srgon wtacspbere.

The bhufferiag solutions weed were the uspsl fandlisr onsa:
BAPEABAIAES Of POLASSINR +..seveveen.. DL MPH 8 &
Tytromiiate of Wsme”.”..s..“ 0.0L MpH « 2, 15
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The results are summaris din the following table;

st umens wiliiiovesnanall z’—*' =

Electrode p

potential -

in veits oo 4 475 : " SR I 2
= i + 0, 0,12 0,17 0,2 0,0 G, 2,44 -~ 0,6
= & Yoo, G, 14 RPN @43
i Au . TR G435 ;
E RNy 1
= . . i
,5:;— [ | .
% i) e 0,02 o,i7 L 0,30 ~= 0,43
i tay . P s : M

i 0,04 - 0,08 -0,44
i i i

& B I R l 0,0} ‘ UREY
E EHg . .. {Tc.s:, : Qg I o-0,28
E ! " | Ly '
i ‘ { j f {
z Epd 3' + .28 | - 0,03 i -—0.17] 0,38
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