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HALF-WAVE POTENTIALS OF METAL IONS IN ORGANIC 
HYDROXYACID SUPPORTING ELECTROLYTES. I 

Syktematic information concerning the polarographic half-wave potentialsof metal 
ions in various supporting electrolytes can be used in many ways. With its help, 
the practical analyst can often devise greatly simplified procedures for analysing 
coml~lex solutions. It provides an immediate insight into the rcdox chemistry of the 
metal ions, and serves to indicate ways in which unfamiliar oxidation states c8n be 
preparccl rtncl stabilized, l3y identifying complexes which arc reversibly reduced, 
it points the way to mow clctniled stuclics of the stoichiometry and thermodynamics 
of their formation. 

Studies of this kind have been carried out recently by LINGANE”, by WEST, DEAN 

AND IJIUZDA~~, by P~~UIL iind co-workcrs14*1b~~0, b y DESESA, k~U&IE, thAMM AND 

~EFortu2, and by MEXTES ANY> MEI’IIZ~~. The data presented in this paper were 
secured during the course of an investigation of the effect of the structure of an 
organic hydroxyacid on its ability to coordinate metal ions. 

EXl’ERIMENTAL 

‘I’hc cinta in TabIc V were secured at the Louisiana State University with a p~~otogra~llically 
Ic’col ding ~?olarlJgr:i~~h (If. II. Snrgcnt ancl Co,, Model Sl) ~qu~ppccl wltll IL d’Ar~onva1 galvano- 
nrctcr. Some polorograms wcrc ubtaincd with a l-loyrovsky-type ccli, t&sing a microcnlomel 
rcfurcncc clcctrottolT as the anotlc; others ware obtainccl with a conventional ii-cello. The con- 
centration of the mctnl ion WilS varied from 0.01 to 10 tnM, anct the malonatc concentration 
from 0.23 to 0.3ofP1, while the concentration of g&tin was kept conbtnnt at o.ol%,. 

Tltc remaining clata wcrc ecctrrcci at Yale University with a. pen-and-mk rccorcling ~301arograpl~i‘1 
whose initial and span c.m.f. vnllnlctcrs hut\ \wun carefully calibrated with a liulxcon precision 
potcntiomctcr. ‘The mcasurctl half-wave pc)tcntinis wcrc corrcctcci for the rK clrops through 
both tlic polnrograph and the tnodiflctl l4-c0ll~~ usccl. ‘i’hc opcrntlon of the apparatus was chcckcd 
by frcqucntly rccorrltng p4nrograms of ci~~ltnlu~n( 11) m o. roM potassium nitmtc. When the 
corrcctcd valrlc of 191, tliffcrcrl by more than two or three millivolts from the literature viiluc1*4,7, 
the saturated calomcl cicctrodc and saturated potassium chlortclc agar bridge were rcpiaccd. 

In thusc cxpcr~mcnts the concentration of metal ion was always very nearly I .o m&f, excepting 
that of tlmllous ion, which was always 0.2 RIM. Wnlcss othcrwisc notctf in the Tables, no masimum 
suppressor was acklecl+ 

(a) $a:; )Chcmical Laboratories of Louisi;m;L Stntc University, Baton Rouge 3, Louisiana 

(b) Stkrl~n~ Chemistry Laboratory of Sale University. New Haven II, Connecticut (U.S.A.) 
(c) To whom corrcspondcnce ancl rcqucsts for reprints should bc address4 at the Dcpartmcnt 

of Chcmlstry, Polytechnic Xnstitutc of Brooklyn, +)CJ Livingston St., Brooklyn I, New York 
(V*S.A.) 
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Reagent grade chemicals were used for tha preparation of all solutions in both laboratorlcs. 
The stock metal ion solutions cmployccl at the Louisiana State University for the measurement 
of diffusion current constants were standardized by gravimctric or elcctrogravimctric methods. 
All solutions were dcaernted with tank nitrogen or hydrogen, and Beckman Model G pH meters 
were used for all p11 mcnsurcmcnts. The drop times were always between 2.5 and 6 seconds. 

‘I’hc following symbols arc usccl in the Tables. “ >O” denotes a wave which begins at a potential 
so posltivc that it mcrgcs with the anodlc wave due to dissolution of the electrode mercury, and 
carrics no implication as to whcthcr El/, would actually bc positive or ncgativc if it could bc 
rneasurctl. A value of El/, cncloccd in parcnthescs denotes an anodic wave. “NR” slgnifics that 
no wave 1s obtainecl. “W.-d.” and “i.-d.” mean well- ancl ill-defined. respectively, the critorlon 
hcing the clcgrce of accuracy with which, in our opinion, the height of the wave could bc measured. 
:\ wave described as ‘*very w.-tl.“, for example, is suited for the prccisc polarographlc dcter- 
mlnation of the substance responsible for it. a “very i.-d.” wave, on the other hand, merely 
scrvcs to intcrfcrc with other waves, and IS usclcss for any quantitative purpose whatever. 
Descriptions intermcdiatc bctwccn these arc necessarily matters of persona1 judgment. 

The lntcrprctatlon of thcsc ant1 other similar data tlcrivccl from continuing work will bc deferred 
until a later paper in this sericb. 

rWI) 
:\s( I I I) 

As(V) 
I%(11 I) 
Ctl(I1) 
Cc(1 I I) 
CC(LV) 
COjI I) 
Cr(Il1) 
Cr(VI) 

c’u(I1) 
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;Mn( I I) 
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Pb( II) 
Sb(lII) 
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‘I-l(I) 
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V( IV) 
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-0.78 

>o 
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-0.540 
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-1_ 0.038 
-0,437 
-o.gH 

-0.358 
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NR 

( --0.05) 
-0.40 
NR 
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-0.442 
-0.122 

-0.cl7 
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NR 
-0.930 

‘l’Al3I.E I 

t’OTtSNTIAL.5 IN SATUHATtr.1~ CITRIC ACID 

/.‘ormu/a 0, 

oxufalion alale 
01 produci 

o(fllmY(3.9)) 
0 
-III 

0 

0 

II 
III 

0 

II 
0 

v 
111 
0 
0 
0 

IV 
0 

0 

IV(?) 
? 
II 
I\’ 
11 

0 

_... - _ ._ 

Notes 

Rounded max., very w.-d. 
Very 1.-d. 
1 .-cl. 
I.-d.. max. not suppressed by 0.002~/~ 

Triton X-zoo 

W.-d., slightly irrcvcrsiblc 
Very w.-cl., reversible 

Rapidly reduced to Cc(IIl), ‘1.u. 

1 .-cl.. revcrsiblc 
I.;rrgc rounded max., w.-cl., no indication 
of wave at -o.78 V 
Small max., very w.-rl., slightly irrovcrsiblc 

W.-d., reversible 
W.-d., lrrcvcrsible 

Very w.-d., rcvcrsiblc 
Very W.-cl.. irrcvcrsiblc 
I.-d., irreversible 
W.-d.. rcvcrsible 
Very W.-d.. irrcvcrsiblc 

Fairly w.-cl.. rcvcrslblc 
Very w.-d., rcvcrsiblc 

Very W.-d., rcvcrsiblc 
\rcry W.-d.; E~J,-&I, = -63 mV 
Small i.-d. urc-wave 
I.-d., irrcv&sible 
Very w.-cl., reversible 
Fairly i.-cl., irrcver.+iblc 

Fairly I.-d., rcversiblc 
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. --_..-.-_-_ _ .- _... -_. 
Element ad 

midaria 
stall? 

. ._ 

AY(II1) 

As(V) 
Bi(II1) 

Cd(IJ) 
Cc(II1) 
Cc(W) 
Co(I1) 
Cr(lI1) 
O(W) 

Cu(I1) 
Fc(II) 
Fc(IIT) 
Pc(I1 I)n 
In(II1) 

Mn(I1) 
Mo(V1) 

N1(11) 
I’b(Il) 

%Y’ 
Sn(I1) 

Sn(IV) 
Te(V1) 

Tl(I) 
U(VI) 

V(IV 

VW) 

WW) 

.- 
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TABLE II 
IIALP-WAVE POTENTIALS IN SATURATED MALONIC ACID 

^ . . - _.._ -__----. . _ 
Ells vs. S.C.E. 

Volt3 

-0.70 

NR 
+0.0x0 

-0.5rg 
NR 

NR 
-0.8, 
>o 

+0.08 I 

NR 
>o 
+0.202 
-0.50,) 
-o.GI 

NI2 
+o.o73 
-0.228 

-0 97 
NR 

-0.118 
NI2 

(+o.o15) 
-0.397 
NR 
NR(?) 

-0.+$0 

-O.TZ 

--I.r(?) 

-0.64 
- I *OH 
>o 
-o&7 
NR(?) 

I;ormula or 
oridatwn Sld6 

01 pmdYCI 
.-_ . 

of?) 

. .._. - - - _ ._ _ __ 

-. _- -._ .^_..._ -.- ..___ . - __.. ________.. 
Prrirly I.-d., irreversible; may actually bc 
poorly rcsolvcd double wave 

0 

0 

II(?) 
III 

0 

II 

IT 

o 

V 
III 
0 

0 

IV 
o 

0 

1V 

II 

:;q 

0 

Lnrgc max. nearly unaffected by o.oo2o/o 
Triton X-100, very WA. 
Reversible, very w.-d. 

Rapidly reduced to Ce(ETI), q.u. 

Very small, very i.-d. 
J-Iu6c max., very w.-d.; hclght IS only 
about 2/3 the prcclictcd vnluc for n = 3 
Very WA., slightly irreversible 

Very w.-d. 
Very W.-d., revcrslble 
Vcr; i.-cl. 
PlaLzau has abnormally large positive slope. 
Waves arc due to two specks in el1166ish 
equilibrium, 

Fairly w.-d., nearly revcrhiblc 
Very xv.-d., rcvcrsible 

.- - _ -_--_. _ ._ _. _- .__ ._ . ._ _. _ - ._ 

Very w.-cl., lrrcvcrsible 
Very WA., slightly irrcverxiblc 
I.-d., irrcvcrslble 
Complctc pptri.; L;rj, = -0.375 V for very 
W.-Cl. rcvcrsible wave in half-saturatccl 
malonic acid 
Very w.-d , nearly rcvcrsiblc 

Final current rise starts abnormally early, 
at -0.g5 v 
Reversible 
Very WA.; EII~-EII, = -57 mV 
Some inclicntion of an i.-d. irreversible 
wave 
We-wave 
Very i.-d., very irrcvcrsiblc 
Fairly w.-tl. 

Zn(I1) -0.9, 
-.- - -._ -.. _ . - __ . . 

a: with o.ooz”/o l’riton S-100 

Final current rise starts at -0.8 V. but 
no plateau is found : catalytic - reduction 
of HC? 
Very i.-d. 

TABLE IIE 
HALF-WAVE POTENTIALS IN SATURATED TARTARIC ACID 

_. _ _ _ ._. _ _ 

Elemcnr and &I, vz;,$.C.E. Formula or 
ox8dalion oxidarllm SldS 

stats ol imdud 
rvotrs 

-.---.-. -. - - -_-__. - -.- .._--- ____- . . .- -. - 

A6(I) 
As(III) 

>o 0 Small rounclcd max., w.-cl. 
-0.37 Pairlv w.-cl. 
-0.45 Routkled max., i.-cl. 
-0.62 -111 Fairly w.-d. 
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. -._..__ _ ______ -.- __ 
Element and 

otufation 
state? 

As(V) 
Bi(II1) 
Cd’(H)’ 
Cc( IV) 
Co(I1) 
Cr(IIl) 
Cr(VI) 
Cu(l1) 

Fe(ll) 
Fc(II1) 
Tn(III) 

hfn(Il) 
Mo(V1) 

NI( II) 
I%( I I) 
Sb(lI1) 
sIJ(v) 

Sll(I1) 

%(I\-) 
Tc(VI) 
I’l( I) 
CJ(VI) 
V(l\‘) 

V(V) 

W( 1’ 1) 

%n(ll) 

-1.0 

-o.oG, 
- 0.564 
+o.;s 
NR 
-0.91 

- 

>O 
-0.08 

-0.34 
NR 
>O 
-0.527 

NR 
- 0.08, 
-0.391 
- I.05 
-0.40 
-0 41 
NR 

( - 0.08) 
-0 44 
S R 
-0.83 
-0.473 
-O.Ilg 

d-0.0.3 

-0 .)O 

-0.75 

+0.35 
--0.75 
-0.9 

-1.03 

ABLE I II (contlnucd 

0 

0 

Ill 

LI 

II 
0 

v 
t11 
0 

0 

0 

I v 
‘J 

? 
0 

IV(?) 

Ll 
IV 
II 

0 

NOra 

- _ __ _ _. _. .._-- _ .__.. - -.--- -- _ - 

Very i.-d. 
W.-d , slightly wrcvcrsilk 
\‘cry xv.-d., rcvcrslblc 

\‘erv 1.-d., Irrcvcrsiblc 
Rnlhdly rccluccd to Cr(Il1). y.v. 
I.-d 
I.-d. 
Very xv.-d. 

\V.-d. 
Revcrsiblc ; plateau II;L.S al~nc~rnx~lly large 
positlvc slop 

Fairly w.-tl.. Irrcvcrsible 
Very xv.-cl., lrrcvcrslblc 
l;nlrly 1.-d. 
\‘Cry w.-cl., rcVCrsiiJk! 

Very xv.-cl., slqhtly irrcverslblc 

I\‘.-tl , rcvrrs~l~lc 
\‘ery xv.-tl , rcvcrsll>lc 

:\hcwma lly small 
\‘cry w.-cl., rcvcrslblc 
W.-d.. rcnindctl mas.; f3/a-Iil/r ; -_51 lllv 

> 
‘I’wu hmall I.-tl Irrcverhlblc w.Lvch 

1 .-d.. very Irrcvcrslblc: 
Fan-ly w.-tl. 
I.-d , very irrevwulblc 
Some Indlcutton of a wry lrrcverslblc WLVC; 

cf. Table II 
Fairly w.-cl 

As(lX1) 
As(V) 
Bi( 111) 

Ctl(ll) 

Cc(lV) 

Co(l1) 
Cr(lI1) 
Cr(VI) 

Cu(I I) 

-:.oo 
NH 
-0.195 
-1.20 
-0.648 
-1.17 
>O 
- 1.16 
NR 
-1.0 
>O 
- l.lG 

-0.170 
--l.lG 

? 

0 

0 

111 

Very I.-d. 

\‘cry w.-d., sl~~litly rrrcvcrhlble 
~\nomalous~“~‘a 
Very w.-d , rcvers~blc: 
Anomalous~ 
\-cry w.-d. 
AnomalousP 

II 
III 

cl 

Small, I.-d.. very Irrcvcrsiblcs 
I.argc max., wry w.-tl 
Anomalousa 
Very w.-cl., rcversiblc 
.4nomalouso 
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Vc(I I) 
Ikfll1) 

hI.n(I I) 
;Clo(VI) 

Nl(Il) 

l’iJ(f1) 

Sb(111) 

St>(V) 
!in(ll) 

Sn(i\‘) 
‘I’c(V I) 
‘Sl( I) 

iJ{Vl) 

\‘( IV) 
\F(\‘) 

W(V 1) 
M’(V r)t* 
2;n(l I) 

--_ . 

t.. MEITES cl ((I. VOL. 14 (1956) 

TABLE 1V (cotinucd) 
_ ..---._I___- ..__. - 

( --o.zJjo) 
-0.255 
- I , I 0 
-0.2.50 
-0,rC) 
-0,72 
Nli 
- 0.07 
- 1.21 

-I*13 
- I .28 

- r,go 

-0,4Xx 
- r.1G 
-o*47n 

N R 
-0.293) 
--o.~og 
N Ii 
- 1.17 
--0*4?1 
- I.lG 
-0.437 
- i.r?, 
- ’ *34 
> 0 
- ’ -33 
- I .3x 

I \’ 
111 

0 

0 

IV 
0 

NOICS 

Very w.-tl , rcvcrhlble 
Very xv.-cl., rcvcrriblc 
Anomrlous:~ 

> 

Very W.-CL, rcvcrstblc 
ITott very i.-cl. anti almost completely 
cllmin,rtctl by 0.004~A, Triton X-r00 

l;airlv I.-t1 ., very trrcver~tt~ie 
Fnlrl> i.-cl., irrcvcrslblc 

1 
1 

I.-tl. trlplc WRVC~ 

Very IV.-t1 , rcvcrslblc 

Anornalaus~~ 

Small acute snmc. 0s~ rlhing portion of 

wave hilll~lliltCi double wave; very W.-cl., 
sliglitly irrcvcrsiblc 

Very w.-cl., rcvcrsiblc 
Very WA., rcvcrsiblc 

I;;urly I.-cl., lrrcvcrsiblc 
Very W.-C\.. rcvcrsible 
AllOIllilIUllh” 

Very xv.-cf.; Ey,-Ey, = -_51 rnV 
Very i.-cl., very irrevcrsiblc 
Very i.-cl., irroversiblc 
Very =*.-cl. 
I .-<I., Irrcvorslblc 
I .:rrgc :tcuCc max., i.-cl. 

“_ . __ _. . 

‘\g( 1) 
Al(rrr) 
All(LI I) 

(Au~‘l,-) 
Hi( 1 I I) 

13i(lll) 
13i(LlI) 
Cdfll) 

Cu(ll) 
Cr(Ill) 
C’u(ll) 

N It 
- O.OH.\ 

- 0.1~6 
- 0.r.p 
-o*G~,~o,ol~ 

NH 
K H 
-oo,oo6:~o.ooz 

0 

0 
0 

o 

\“I r.18. W.-d,, irrcvcrsiblc. I = 3*71. 
Unsatisfactory at pa< 2 
1’” 4.54, w.-cl., irrcvcrsibla. 1 = 3.7” 
pII 5.09, W.-d.. n-rcversiblc, 1 = 3.72 
p11 4.k6, w.-cl., revcrsiblc. 1 = 2.93 
Unsatisfactory at pi < 4.5 

0 p11 0. L- 1.5, very W.-CL, rovcrsiblu. 
r = 3.55, Unsatisfactory with < 0.1 mM 
c:ll(Il) 
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TABLE V (contmucd) 
- I. ..-.-. ..-..__. _ . - - ____._-_ _ _. -_._- - 

E;z::h%d &;I* Vs&C.E. Fcwmufo w . . 
0xJatton slate! JVOfW 

stale of pEdUCf 
_-_ ____ -_-- __-. __-._-.--__“_- _-- - __-_----_I _ _ _.“._ . _.__._ .^_ 

I(V) 
(I%‘) 

f(V) 
(1 o,-) 

I 
(LQl-1 

Ir(IV) 
hln(f1) 
Ni(I1) 
Os(Vll1) 
Pb(Il) 

I’t(rV) 
Sb(iiIj 

SC(IV) 

SC(IV) 

%(I t’) 

SC(V I) 

%(X1) 

Sn( LV) 
‘L’c(V1) 

‘J’C(V1 

‘I’e(V1) 

Tc(V1) 
W(I) 

-0.77 --I 

-0.77 
-‘*I4 -1 
-1.14 --T 

NII 
N R 
NIX 
N R 
-0.4~5fo.ooz 0 

NH 
not snttshctorily 
mciwllrnt>lC 
-0.742 d?) 

-0.X02 o(3) 

-0 74 o(Z) 
- r.41 ‘J 

( -0.at15) I\ 
-0.6~4 0 
Nfi 
- ’ -57 d?) 

- I.33 o(I) 

- J .30 a(?) 

-0.492f0.006 0 

pHc4.0, W.-d., wrcversibto. I = 9,94 

4.o<ptI 460. Itotrl = 9.94 

pti>6.0. t = 9.94 

pff 5~7-6~0, f m&f k%(il). W.-d., rCVCrsi~Jk!. 
I = 3.20 

Poorly rcsolvCrl cloublc wave (sccontl WiLVC 
twgins nt CN. -0.3 V) 
pts $2-5.8, t m&f 5C(lV), fairly xv.-tl., 
trrcvcrxiblc. I = 5.06 
1”” 5.2~5.8, 5 !nfV Sc(lV), f;ttrly w.-tl., 

~rrcvors~l~lc 
p,i >p 
.Er/, intiqxxdcnt of SC cc~~cn. 
Vtrtudiy dcnticd with ScflV) ln cvcr\ 
rcqwct 

pw 5.7-8.7, 0.06 III&I ‘Tc(VI), w.-cl., irrcvcr- 
siblo. 5i$,/Alog ri’e(Vl)+j = -o.oGo %’ 
pi3 5.Q 0.06 mM ‘I’c(VLf, w.-cl., irrcvw 
silk, ,/JfT*/J Alog [Tc(VI)1 = -o.oGo t’ 
pH 4.95, 0.06 mkI TC(VI), w.-cl., irrcvw 
silk, A&J Lt\lcq ~l+c(VI~~ = --o.oGo t 
l>w 4.07, o.oG m&Z TC(V1). very I.-d. 
1~11 z.z-5.0, 0 of niM 1’1(1). wry w.-cl., rcver. 
siblc. I - z..tO 

Cd(ll)J~ 

Ck([V) 

CO(l1) 
Cr(Ilf). 
Cr(V1) 

Cu(lff 

(-O.OL) 
h’ I2 
- o*gr, 
- I *;?9 
- o.Ggz 
- I.28 
- o,og!S 
- 1025 
- I.59 
NI2 
- 0*40 

-0.220 
- 1.3r 

Very i.-cl., slightly irrcvcrs~blc 

Very WPcl., sltglttlp irrCvcrutldc 
Anomalousb 
Very wdl., rcvcrsiblc 
A nomniousb 
W.-d., reversible 
~\nomdwbc 
Parrly w.-d., very irrovcrsibic 

I.-d.; &ape greatly tmprcwccl by O.CoZqf;, 
‘l’ri ton X- I00 
Very w.-cl., rcvcrsiblc 
Anomalotrsb 
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.I : lktcnslvc precipitation Iroiil il I m&/l solution 
b: Sliiftccl Lo - i.6d-~o.o2 V and ccmsirlcra\~ly dccrc*;rscd in hciglit by 0.002(%, ‘I’riton X-100 

c: 1~~llTllll~tCd b,’ 0.0020;, ‘~‘lYtOll s- IOU 
d : With o 002:){, ‘L’riton S-i 00 

Fc!(ll) 

Fc( I I I) 

IlI(L I I) 

Irl(lll)~~ 

3111(1 I) 
1\Lo( \’ I) 
Ni(L1) 

I’b(ll)lk 

Sl,( I1 I) 

Sl,(V) 

Sn(ll) 

Sn(IV) 
Sn(l\‘)cl 

‘I’c( I’ I) 
‘J’I( I) 

II(V I) 

V(l\.) 

V(V) 

W(VI) 
%11(1 I) 

- O.fjlt( 
-_ I .G.j 
- I.32 

- 1.30 
- 1.61 
N li 
K I< 
- 1.1.) 
- 1.30 
--o.GlO 
- 1.28 

(- 0. I 2.J 
- o.H6q 
--o.i,, 
--0.4I.l 
- 0.8, 
-I._+ 

( .- 0.638) 
--o.H17 
-- I.LH 
- I .2f=j 
-I..?.! 
- I .c,‘1 

- I .jx 
--O4H3 
- I.30 
- O.C.0 

- 1.3cJ 

( --o.jthJ) 
- 1.17 
- 1.S) 
- 1 18 
- I .S’J 
N I< 
- I .2X6 

‘1’AUI .E Vl (contmued: 
_ ._ . . . _ . _ - 

Formula 01 

oxulalion SlalC Noccr 
01 fJToduc1 

_. -- . 

111 
0 
II 
0 
0 

00) 

0 

\’ 
0 

I \’ 
0 

4?) 
I I(?) 
(J(p) 

__.__ _ . ._.. . _ . _. _ _._ _.__. _ .- _ --__ -.- 

Very w.-d., revarblblc 
Jkrly W.-CL, lrrcvcrnible 
W.-d., reversible 
I.-d., trreversiblc 
Very w--d., lrrcvcrsiblc, probably includes 
anomalous wave 
Very i.-d., very irreverslblc 
I’robably anomalous 

Very i--d., irrcversiblc 
Fairly i.-d., irrcversiblc 
Very W.-d., reversible 
Anomalousc 
W.-cl., irreversible 
WA., nearly reversible 

I 

Four very small, fairly w.-(I., 
irrcvcrsible waves 

Very w.-d., lrreverslble 
Very w.-d., revcrsiblc 
Anomalous 
1 .-d., very irrevcr!iiblc 
Very k-d.. irrcvcrsible 
J’robably not anomalous ; total W~LVC height 

IS unatfectcd by Triton 
lhrly I.-CL 
Very w--cl., rovcrsrblc 
Anomaloua~ 
Fairly i.-cl., irreversible 
Anomalousb 
Very w.-d., shyhtly Irrcvcrhilh 
Very irrcvorsible prc-wave 
l?.urly i.-d., irrcvcrsiblc 
Very i.-d., lrrcvcrsiblc 
Ikirly w.-cl., irrcvcrsihlc 

W.-cl., irrcvcmiblc 

Ehln1f ad 
oxdnliot~ 

SlalS 

i\\s(Ll 1) 
/h(Y) 
13i(lll) 

C’ll( 1l)U 

‘1’:\131,15 \’ I I 

J&I, KS. SC. Ii. 
voll.9 

_- .- 

I’or,,lulu 01 
oriclation slut6 

ot p?odltcr 

( -o.r73) \’ W.-cl., reversible 
-l.I,, Very small, i.4. 
--0.68, 0 IV.-d., slifqhtly irrcversilh 
- I.23 Anomalous 
--0.94 Ihcrcascs on standing 
-1.10 l’robably anc~nialous \ 

I 
all I -cl. 

- 1.55 lncrcascs on stancling 
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TADLE \‘I I (continued) 

E,/, vs. S.C.E. Fomwh ov 

volts ot(dotsotr St& AfOldS 
s&t4 OI Qrodsut 

______.__ _____ ____-_--_--._-- ._-_ - .-- ----- ------ -. _ 

Ctl( II)%b 

Ce(lll)a 
Cc(IV) 
Co(II) 
Cr(II1) 
Cr(\‘l) 

Cr(Vl)b 
Cll(I I) 

- 0.86 

- ’ -59 
N I< 

\‘cry small. i--d.. u-rcversiblc 
I.-d., probably anomalous 

Ch(II)~ 

Fe(Il)n 

I:c(III) 

I;c(ill)b 

In(Ill) 
nln(II)a 

nlo(vI) 
Ni(I1) 
f’b(ll) 

I’b(Il)b 
Sb(111) 

Sb(V) 
Sn(I1) 

Sn(ll)b 

Sn(lV) 
Te(V1) 
X(1) 

U(VI) 

U(Vl)b 

V(IV) 

V(V) 
W(VI) 

W(Vl)b 
Zn(ll) 

- 

- I .gr 
- 0.92 

-0 75 
- I.10 
--0*77lJ 
-0.357 
-0.447 
- I .2G 

- 0.36, 
- 0.448 
- ‘*55 

(X) 
- 0.90 
- I.19 
- ‘ .57 
- 0.89 
- I .61 
-1.12 

( - 0.43) 
- 1.72 
- 0.90 
NH 

-0.754 
-1.29 

-o*757 
(- 0*47*) 
--',x3, 
-1.41 
NH 

(-0.952) 
-1.13, 

-1.39 
(-0.934) 
--'.lqR 
-l.GO 
Nli 
-1.52 

-0.477 
-1.29 
-0.go8 
-1.24 
-1.63 
-0.906 
-L.GO 

(-0.440) 
- 1.08 
- 1.674 
-0.90 
--I.22 
-0.90 

--I .482 

0 

I1 
111 

111 

o 

o 

111 
0 

II 

0 
11 

h 
111(?) 
0 

? 

0 

0 

\ 

0 

1V 
0 

1v 
0 

0 

V(?) 

V(?) 
lV(?) 
V 
11 
11 
? 

? 
0 

liapdly rcduccd to Ce(lII), 4.v. 
Small, very 1.-d., Irrcvcrslblc 
Small, w.-d., rcvcrslbla 
Fairly w.-cl., Irrcvcrslblc 
lJrobably anomalous 
W.-d., irrcversiblc 
Very i.-cl. 

1 
both rcvcrslble; two ~on~l~lcx~~ 

Very w.-cl. in sluggisll cqulllbrlum 
Anomalous 
I.-d. 
Very W.-CL 

VldC Sup~tl 

Anomalous 

Very s~w.~ll; fairly w.-cl. 
Fnirl y i.-d., lrrcvcrsiblc 
Anomalous 
Fairly 1.-d., slightly irrcverslblc 
Fairly W.-d., n-rcvcrslble 
1 .-cl. I irreversible, includes anomalous wave 
W.-d., irrcvcrsltlc, includes anomalous wave 
Very small, I.-d., irrcvcrslblc 
Very I.-cl., slightly Irrcvcrsiblc 
Very small, lrrcversiblc 

\‘cry w.-cl., rcvcrslblc 
Anomalous 
t’cry w.-tl.. rcvcrslblc 
\‘ery w--d., slightly Irrcvcrslblc 
I;alrly 1.-d., irrcvcrsible 
I’osslbly anomalous 

Large acute max., very w.-tl. 
Large acute max., i.-d 
Anomalous 
Very w.-d.. slightly Irrcvcrsil~lu 
W.-d., slightly irreversible 
Anomalous 

lcairly 1.-d., n-rcversiblc 
Very w.-cl., rcvcrsiblc 
Anomalous 
Fairly w.-d., reversible (?) 

> 
Two 1.-d. very irrcvcrsiblc waves of approxt- 
matcly equal liclgh& 
Very w.-d.. revcrsiblc ( ?) 
I.-d., very irrcvcrsible 
Very W.-CL, lrrevcrsiblc 
Very i.-cl., irrevcrslblc 
Very i.-cl., irreversible 
Small, fairly w.-d. 
l’robably anomalous 
Small, W.-d. 
Very w--d.. irreversible 

a: ICxtcnsivc precipitation from a I mM solution 
b: With o.oozo/~ Triton X-100 

Heferences 9. 399 
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TA113IX VII1 

tlAL.P-WAVlS I’O’TIfN’ClALS IN IM SODIUM LACTATIS - I Iv SOl>fUM HY0H0Xi0E 
._ I. 

Formula ov 
oxrdalion slate 

01 pvoduc1 
LVOlSS 

Ag( I)” 
As(lll) 
As(V) 
I3i(Ili) 

Ccl(I 1) 

Cc(Il1) 
Cu(lV) 
Co(l1) 
Cr(lI1) 
Cr(V1) 
C11(II) 

i;c(ll) 

l~c(lIl) 

&Mn( II) 

Mo(VI) 
Ni(Il)n 
l’b(i 1) 

I’l~(l1)~ 

Stt(lii) 

Sh(V) 
Sn(ll) 

Sn( LV) 

Sn(iV)b 

TC(V 1) 
-U(l) 

Tl(Ip 

UPIt 

U(Vl)b 

VflV) 

V(V) 
W(V I) 

Zn(ll) 
. . _ 

>O 

(-0.27) 
NIX 
-0.735 
- i.10 
-0.83 
- I.12 
NH 
- 
- I .G2 

NR 
-0.80 
_0.51& 
- I.13 

F;.Cg’ 

- 1.00 
- 1.07 

i-0.46) 
- 1.76 
NIZ 
NR 
-0.772 
--l.iI 
-0.771 
- 1.41 

(--0.4G) 
-1.17 
Nl2 

( --o.c)s) 
-x*r5 

>o 
- ! *OQ 
--I.48 
>O 
-1.G 

- * *54 
-0.485 
- I .og 
- I .3‘) 
-0.485 
-1.40 
-x.66 
--0.95 
-1.7 
-0XJ3 
--t.G7 

(-0.51) 
--x*70 
- 1.71 
-1.1 

-1.50 

. . 

0 

Very w.-d., nearly rcversiblc 
Very W.-CL, nearly revcrsiblc, iuclucles 
anomnlous wave (iC>in) 

1 

Three small waves of approxiinatcly cclunl 
hcq$ts. No ZV:LVCS observed with 5 mM 
Sll(iV) 

Very small 
1.-d., very irrevcrsiblc. Total wave lrclght 
1s greatly clccrcnsed by ‘Sriton 
Pi\irIy W.-d., ~rrcvcrsiblc 
hlrly W.-d., rcvcrsiblc 

> 
Two very irrcvcrsiblc waves 

Very w.-cl., rcvcrsiblc 

> 
Fairly w.-cl., lrrcvcrsible 

I.-cl. 
Very 1.4. 
Fnlrly w.-d., rovcrsible 
t:nlrly i.-cl., irrcvcrsiblc 
W.-d., rcvcrsibte 
Very i.4, irrevcrsibic 
Very id., very irrcvcrsiblc 
Abnormally smdl, irrcvcrsiblc, ulm~matcd 
by o.ooz”~, Triton S-r00 
W.-d., sltghtly irrcvorsiblc 

a: Extensive yrcclpitation from a I rtdd solution 
b: \\‘ith o.ooz~/~, Triton S-too 

0 

0 

0 

III 
0 

l.11 
0 
11 
0 
1110) 
0 

0 

0 

V 
0 

1V 
0 

+?I 
0 

0 

V(?) 
IV(?) 
V 
lV(?) 
V 
11 
ym 

Vuirly w.-cl., nearly rcvcrhihlc 

l%irly I.-&, slightly irrcvcrsiblc 
Anom;rlous 
Small, fnlrly w.-cl. 
Anomalous 

f<.apdly recluccci to Ce(l IL), q.v. 
Very i.-cl., irrcvcrslble 

Vary W.-d. 
W.-d., slightly irrcverstblc 
Anomalous 
W.-d., rcvorsible 
Fairty w.-d., slightly irrcvcrsiltlc 
1 rreverslblc 
Slightly Irrcvcraiblc 
Abnurmolly small, irrevcrslblc 
Farriy W.-d., nesrly rcvcrslblc 

I .-it., rcversibfc 
Anomalous 
Very w.-d., rcvcrslblc 
Anomalous 
Very W.-Cl,, shghtly irrcvcrsiblc 
W.-d., lrrcvcrstblc 
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SU>fXIARY 

‘i?fight new me&a contaming organic h!?droxyaclds and their anions have been invcstlgatcd as 
supporting clectrolytcs for polarographic anaiysls. For over 25 metal ions in each of these media 
there arc tabulated the half-wave potentials, rcversibilities and probable products of the clcctrode 
reactions, descriptions of the wave forms, and other data of polarographic importance. 

)_lult nouvcaux milicux, rcnfcrmant tics hytlroxyacides ct lours sels, ont 6tc’ dtudids commc 
blectrolytes de base clans l’analyse polarographiquc, pour plus de 25 cations. Les potcntiels de 
demi-ondc, Its rdvcrsibilitds et Its produits dc rbaction aux &lcctrocles, les descriptions dcs formcs 
dcs ondcs ct d’autrcs rcnscrgncmcnts polarographqucs sont don&s dans des tableaux. 

ZUSAIMIMENFASSUNG 

Es wurdcu acht ncue Mcdlcn, wclcl~c Hydroxysilurcn und ihrc Salzc enthaltcn, als Basisclektro- 
lyte in polarographischcn Analysen fur mchr nls 25 Kationcn untcrsucht. DIG Halbwcrtspotcn- 
tiale, die Rcvcrslbrlitht und cluz Renktlonsprodukte an den Elektroden. die Bcschrcrbung dcr 
Form der Wellcn und nndcrc polnrographlsche Einzclhciton werden In ‘I’abcllcn angegcbcn. 
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