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Summarxo The extensive use of separan as & maximum
suppressor in Polarography is described. Like the very popu
lar geletin, separan can suppress the maxima of various me-
tal ions over a wide range of potential, and it can be used
in acid, alkaline (or ammoniacal) as well as in neutral me-
dia, having the additional advantage that the reagent is sta
ble for a long time and does not decrease the diffusion cur-
rent when applied in concentrations up to 1.0%. Measurements
of U-VI in U=-IV, of Zn, Pb, Cu and Te have been accomplished
in the presence of separan.

‘ Resumo. Neste trabalho descreve=se © uso de separan

como um eficiente supressor de mdxima e, polarografia. Assim
como a gelatina, muito usada neste campo, o separan pode su-~
prlmir ou eliminar o inconveniente fenomeno de mdxima  para
varlos ions metdlicos num grande intervalo de potencial. Es
te suppressor pode ser usado em meio acldo, neutro ou alcali=
no, tendo a vantagem adicional de ser estavel por muito tem-
po e nao diminuir a corrente de difusao (como o faz a gelati
na) quando aplicado em concentragoes até 1 40%, Foram feitas
‘medidas de UcVI em U-IV, de Zn, Pb, Cu e Te na presenga de
'separan.‘

Resumé. Le but de ce travail est de décrire l'emploi
du separan en polarographie, comme suppresseur de maxima. Le
separan, ainsi bien que la gélatine, peut &tre employé pour
éliminer le phénomeme des maxime dans le ces de plusieurs
ions metalliques, dans un large intervalle de potentiel. Ce
suppresseur peut etre employé dans des milieux acides, neu-
tres ou alcalins avec l'avantage d'etre stable pendant un
‘temps assez long et de ne pas diminuer le courant de diffu-
sion (comme c'est le cas de la gelatine), losrqutil est en
des concentrations jusqu'a 1, 0% Determlnatlons de U=VI dans
U-1V, de Zn, Pb, Cu et Te on été faites en présence de sepa
ran.
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One of the general charscterigbtics.of; the currentmvel
tage curves (cv) with the dropplmg mercury electrode (d. eo)
is the more or less prancgnced maximui’ phenonsnon, 'which is
often observed unless’ special ‘messures aretaken to-* ‘prevent
its ‘ocurrence.’ fre’ ‘maxima observed with' 'the d.e. ‘are per-
f§€ti§’fe§ioﬁdbibl§"éﬁdithé"EhépeS’Sf”maﬁiMafvaff*ffbm“fvéry*
acute peacks to rounded humpsg ‘depending onthe compositi@n
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. i ~The . helght of the meximum . Qf a. given electroredu@lble

a rule, 'there.is no: simple relatlon between the helght of 8

maximum and ithe concentration of .the .reducible substance.The

magnitudesxofqmaxima:depend;gnkﬁne;timemybgcoming“gma;;ggwwﬂ
the slower the drop time (1).

s viHeyroveky;(1) distinguishes between fYpositive  end
"negative" maxima, .according.to whether. a giyenqﬁggjmg@wocf_
curs, ‘being the maximum in the electrocapillary curve abqg@
-0.6 volts against normal,calomel . in the;abéenceﬁoﬁhq@pgglany
active substances. For instance lead and thallous-ion shows
p081t1ve‘ﬁéxlma(at ‘about 2 0.4"and - 0.5 volts, ‘respectively)
and nickel shows's negative 'faxitd (&t aboutilll.’volt).
Maiimé ‘can’be surpressed or’ ellminated, by addlng to

the solution traces of certain capillary-active electrolytes
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2,
and nonelectrolytes, and various non-capillary-active ions ,
and charged colloids.

Heyrovsky‘(z) states that acid dyes suppress the posi
tive maximum, whereas basic dyes cause a suppression of nega
tive maximum. For instance the positive maximum of thallium
is suppressed by acid fuchsine (anion) dut that of nickel is
unaffected and on the other hand, basic fuchsine (cation)sqg
presses the negative'nickel maximum.

‘The occurrence of maxime is & nuisance in practical
analytical work, but they can be eliminated by the addition
of suitable cepillary-active ions. For example, positive ma
xima of thallium and lead in neutral solution are completely
suppresséd by traces of the sodium salt of the indicator me-
thyl red. However, the positive lead maximum is not suppress
‘ed by the cation form of methylfrsg,in acid medium, which is
in accordance with Heyrovsky's rule (2). On the other hand,
the negative maximum of nickel in neutral medium was found
to be unaffected by the anion form of methyl red, but in acid
medium the maximum was completely eliminated by the cation
form of the dye, which is also in accord with Heyrovsky's ru
le.

Methyl red is itself reduced at the d.e., but the con
centrations of the dye used to suppress maxima are so small
(1ess than 0.001%) that they have no appreciable effect on
the diffusion current of the substance to be determined.

In the absence of maxima suppressors no definite mea-
sure of the diffusion current can be obtained.

Capillary-active nonelectrolytes can also be very
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efféctive in suppressing and eliminating maxima, dbut in géng'
ral it is not to be expected that a certain cappillary=-acti-
ve substance will be able to suppress maxima over the entire
’voltage rangeo Gelatin, for instance, even in very small
concentration, is able to suppress the maxima of various ions
ové: a wide range of potential (6). A concentration of gela
tin of 0,02% is sufficient to suppress completely the lead
maximum (3), but when its concentration is greater than about
0.01% it decreases the diffusion currents. Gelatin has beén
used to suppress maxima in acid, alkaline (or ammoniacal) as
well as in neutral media. In practical work the suppressive
effect of gelatin on the diffusion current, when it is pre-
sent et concentrations greater than 0001%, must be taken in=-
to account. R ‘ o

The use of‘separan.~

In our laboratory we have extanaively used separan as
a suppressor of maxima. Separan NP-10 is a commercialy avai<
lable reagent manufactured by;the Dow Chemical Company, Mid-
land, Michigan, U. ,Soho

Like the very popular gelatin, separan can suppress
the maxima of various metal ions over a wide range of poten-
tial, it can be used in acid, alkaline (or ammoniacai), as
well as in neutral media, having the addicional advantage
that the reagent is stable for a long time and does not de=
crease the diffusion current when applied in concentration
about 0.8% in many examples ﬁhich were studied in this pa-
per, like U-IV and U-VI, Zn, Pb, Cu, and Te.
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Experimental

Apparatus.

During the work a Recording Polarograph, Model XXI,E.
H. Sargent & Co., Chicago, U.S.A., was used. The original
cell was substituted by one with adaptation for the saturat-
ed calomel electrode (SCE). The nitrogen gas was purified W
bubbling in a Cr-II chloride solution mantained over a 5%’11
quid zinc amalgam, followed by a water waehingo The'm2 3&0%
constant is 1.69, this constant being determined at a constamt
applied potential of-0.5 volts x SCE in a 0.1 M KC1l solution.

Reagents.,

1. SeparanNP-10, The Dow Chemical Co., Midland, Michigan,USA.

A 1% aqueous solution was prepared by slow
mechanical stirring of the powder added in small portions to
100 ml of deionized water. The solution was stored in a
glass bottle and used fhroughdnt the work.

2, Uranium. Pellets of uranium dioxide were dissolved in a

mixture of sulfuric-phosphoric acids to be ana-
lysed in respect to the U-VI contamination. U02 pellets we-
re manufactured by Divisao de Metalurgia Nuclear, Instituto
de Energia Atomica, with nuclear grade amhonium diuranéte ,
(ADU) purified by the Pilot Plant of the Divisdo de Radioqui
mica, Instituto de Energia Atomica, Sao Paulo.

Deionized water was used throughout this work and all
reagents used were analytical C.P. grade.

I. Uranium Maxima.
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For the determinafion of U-VI (uranyl ion)in highly

pure uranium oxides, mainly in U02 pellets, the oxide, sal=

.ples are dissolved in hot, concentrated phosphoric acid, and
the uranium-V} is determined polarographically in a sulfuric-

phosphoric acid medium with the dropping electrode. In our

laboratdry we have made use of the procedure of Burd'and GOW=

ard (7) after introducing some modificstion.

To meésure the diffusion current of U=VI in a pﬁoaphg,
ric-sulfuric acid supporting eleqtrolyte, the solution V was
purgéd~ﬁith nitrogen and the polarogram recorded in the pre=
sénce.of methyl red as maximum suppressor; unexpectedly, a

very proncunced maximum was registered.

Rodden (e)vﬁehtibnsrthe’use of various maxima suppresg
sors, including gelatin, methyl red, methyl cellulose, caf=-
feine and thymol for the4polarographic determination of u-
renium. As advised by the work of Burd and Goward (7), we
started making use of methyl red as suppressor of maxima amd
at least, working with the uranium dioxide samples prepared
in this Instituto, this suppressor was found to function un-
satisfactorilly.

Figure 1 shows typical polarograms of uraniumaVI with
methyl red (MR) and separan added as maximum suppressor,. in
20 ml of a solution containing 0.25 g of UO2 and phosphorica
sulfuric acid as supporting electrolyte. Curve (1)‘corres-
ponds to 0.0004% MR and no separay curve (2) to 0.0004% MR
plus 0.0004% seperan, curve (3) 0.0004% MR plus 0.001% sepa-
ran and curve (4) to 0.0004% MR and 0,0016% separan. On the
last polarogram the maximum was completely suppressed and
the current is diffusion controlled.
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Figure 2, curves (1), (2) and (3) are the polarograms
recorded with a 20 g'/l'UO2 solution in a phosphoric-sulfuric
acid supporting electrolyte, having 0.0004% MR, 0.002% MR

and 0.001% of separan, respectively.

The same experiments were performed substituting me-
thyl red by methyl orange, the latter being also unsatisfac-
tory as a maximum suppressor for uranyl ion in sulfurlc-phos

phoric media.

II. Copper maxima.

The uncontrolled diffusion current of cupric ions can
be seen on figure 3, where the polarogram (1) was recorded
without a maximum suppressor while polarograms (2) and (3) ,
were recorded with 0.001% and 0.003% of separan, réépectively.
‘ 4OF plus 1 NH,C1 snd the
concentration was 0.160 g/l in copper.

" The supporting electrolyte was 1M NH

III. Z2inc maxima.

The effect of separan as a maximum suppressor is shown
. on figure 4, where the polarograms of zinc ions in a 1M NEZOH
plus 1M NH401 media were recorded without suppressor (1),witn
0.008% of separan (2), with 0.01% of methyl orange (3) and
with 0.01% methyl red (4), respectively. The metal concentra
tion in the four solutions was 0.272 g/l in zinc.

IV. Lead maxima,

- It is well known that gelatin in concentration of about
0.02% suppresses completely the lead maximum, but by increas-
ing its concentration it decreases the diffusion current. So,
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C.160 g/1 of copper in 1M NH40H + 1M NH401

élg without suppressor
2) 0.001% of separan
(3) 0.003% of separan
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in practical work the suppressive effect of gelatin on the

diffusion current when present at concentrations greater than
0.01% must be taken into account. This situation is made ve

ry clear (3) with lead nitrate solutions in 0.1M potassium
chloride and various concentrations of gelatin. For instan-
ce, 1% gelatin is enough to lower the diffusion current to
‘about half of its height. At the sanme coneentratioh separan
suppresses the lead meximum without lowering the diffusion
_currént,?Figgréy5§showsftheiuncontfolled‘diffusion current
when the poléfogram of lead (0.400 g/l in Pb) in e potassium
chloride supporting electrolyte is recorded without a maxi-
mum suppressor (1), cohpared with the polarogram recorded
after the addition of 0.02% of separan (2).

By increaslng successively the concentration of sepa-

ran we recorded a series of polarograms of lead nitrate(o 400

g/1 in Pb) in 0.1M potassium chloride and conclude that se-
paran does not lower the lead diffusion current (Table 1).

.Pable 1

T E——————

Diffusion currents of lead in 0.1M KCl and
Separan as maximum _Suppressor s

Separan Diffusion Current
(microampéres)
0,01 10.8
0.02 10.9
0.09 10.8
0.50 10.8
0.80 . 10.8
1.00 10.8

Figure 6 is the lead polarogram recorded without a ng
ximum suppressor (A) and curve (B) is the seme solution with
0.01% of separan. Both solutions were 1.93 x 10 3M in lead
and slightly acidified with nitric acid.
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A seriesof lead polarograms #as recorded in thevpreu
sence of sepafan &8 & maximum suppressor and with the same
solutions were recorded new polarograms one month later. -
This experiment allows to conclude that there was no alte=-
ration (Table 2) of the composition of the solutions and
that separan is stable at lest.during one ménth in such =&

mediun,

Table 2

Diffusion currents of lead nitrate in slightly ni-
tric acid medium, with separan as a maximum suppres
80T,

Solution Separan Diffusion Current.(microampéres)

ne % 19% polarogram ond polarogran
one month later -

1l 0.001 11.0 10,9

2 0.02 11.3 11.6

5 0.10 11.3 11.2

4 0.80 1102 1009

V. Tellurium.

Polarograms of tellurous acid (Te~-IV) were recorded
using separan as maximum suppressor. Tellurous acid and
its ions undergo reduction at the d.e. showing a typical lar
ge maximum (4)s The polarograms were recorded using solu-
tions of 1.107 M tellurous acid in a 1M NH4Cl containing
NH4OH (pH 8.80) and separan a&s suppressor. There is no va-
riation of diffusion current at high percentages of separan,
as ocurring with gelatin (5). It ie reported that the very
large maximum of 7t is unusual and exceptionally (5) indif
ferent to the usual maximum suppressors. Here again sepa-
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1.93 x 107°M of Pb in HNO
(4) without suppressor
(B) 0.01% of separan
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- 1.107%4 Tellurous ion in 1u NHyCLe NH,OH, DH 8.i0

(1) without suppressor
(2) 0.005% separan

(3)0.01% separan
(4) 0.02% separan
(5) 0.005% gelatin
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‘ran is effective in suppressing this maximum.
Figure 7, curves (1) to (5) show polarograms of
1.10 3M tellurous ion in 1M ammonium chloride and ammonium

hydroxide, at pH 8.80, having o,o, 0.005, 0.01 and o.,»oz% of
separan and 0.005% of gelatin, respectively. -

Conclusion.

It is shown that separan is an efficient maximum
suppressor and can be applied in analytical polarographiec
work with many advantages: '

1. it is used satisfactorily over a wide range of poten~
.&1&15 ' ,

2. it can be used in acld, alkallne (or ammoniacal) as
well as in neutral media;

3, it is stable for a long tlme;

4, it does not decreaae the diffusion current when appluﬂ
in relatively large concentration (until 1.0%) as de-
monstraﬁd in the!case of lead and tellurous aCido;

Specially for the uranium dioxide samples analysed in
our laboratory for the U=VI (uranyl ion) content, in a sulfu
ric-phosphoric ‘acid media, separan proved to be anefficient
maximum suppressor. In this case methyl red, as‘suggested
by the work of Burd and Goward (7) was completely unsatis=-
factory. Like in'the case of the lead polarograms (2) where
its positive maximum was suppressed by methyl red in neutral
solutions but not suppressed in acid medium, the same dye
 does not suppress the positive maximum of uranyl ion in sul-
furic-phosphoric acid medium.
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