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Adopted:
OECD GUIDELINE FOR TESTING OF CHEMICALS 12 May 1981

"Complex Formation Ability in Water"
(Polarographic Method)

1. INTRODUCTORY INFORMATION

e Prerequisites

— Suitableanalytical method
— Water solubility
— Dissociation costant

e Guidance information

— Structural formula

e Qualifying statement

— This nethod is applicable only the water solubility is higher than1®1.
— This nethod should bapplied to pure substances.
— This nethod is not applicable the deterination of mercury copiexes.

e Standard documents

This Test Guideline is based on the consengibad of polargraphy.

2. METHOD

A. INTRODUCTION, PURPOSE, SCOHRE, RELEVANCE, APPLICAT ION
AND LIMIT S OF TEST

The ability of a newchenical to form soluble metal complexes may increase the
availability to food chains of metals that might otherwise become inaccessipleyy
incorporation irsediments. This is of outstanding importance in the cassdafium, copper,
cobalt, chromium, lead and zinc. The ability of a substance to form complexes with the above
metalscan be assessed bgams of plarographic techniques which allow the detertion of
stability constants for some complexes.

The pdarographic nethodcan be applied to substancathva water solubility greater
than 1 M. Direct measurement of the shift in half-wave potentigt&n be made, provided
that reactions at the gnping-nercury electrode occueversibly. With suitable natifications,

Users of this Test Guideline should consult the Preface,
in particular paragraphs 3, 4, 7 and 8.
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irreversible cases can occamsitly bedealt with. Foexample, the Gelling'sethod (6)an be
applied to calculate k values for a reversible press from irreversible rechion data. For
quasi-reversible systems the method pseddy @abaric et al. (6) may bermeeniently used.

Two or more ions may be determined successivetheif half-wafe potentials differ
by at least 0.4V for univalent iorend 0.2 V forbivalent ions, provided thatheir
concentrations are approxtely equal.

When a shstance forms a series of complexes with a metal ion, the detgéam of
stability constants for intermediate specieal$® pasible, but generally notecessary for
environmental assessment. With strong chelating agents care must be takeveniosd the
system (i.e. that not all metal is in the pbew form).

e Definitions and units

The paential E of the dnaping-nercury electrode igiven by the ecation

E - go - Ry Md
nF [M]

Where B is the standarélectrode potential, R ithe gas constant, T thbsolute
temperature, n the nimer ofelectrons invived in theelectrode preess, F the &aday
constantand [M] and [M] the concentrations of simple metals in thealgam and at the
electrode stiace, respectively.

The eqgationgiven above implies that tliiffusion coefficients ofhe free metal ions
andthe complexed ones are equal.

The stability constant for the complexatiopaction
M™ + pX> < MX, (n-pb)+

is given by

x - MX, (@ - pb)-]
[M™] [X*]2

where p is the cordination nurber.

The complex formation castant depends on the fganature and diffusion coefficient.
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By combination ofhe above eqiions, the followingelation is dtained, which is valid
for the reversible redtion of a complex species at 25°C:

_ 00591
n

E, =E, log X [X]?

where E, is the half-wave potential of the compley,tBat ofthe netal ion inthe absence of
complexing agents, and [Xhe concentration of the test compound.
Sl unit of the half~ave ptential is volt [V].

 Reference substances

The following reference substanaased not be employedali cases wheimvestigating
a new substanc@hey are primarily provided so thealibration ofthe rathod may be
performed from time to timand to fier the chance to compare thesults vinen aniher
method isapplied.

— ethylenediaminetetraacetic acid (EDTA)
— nitrilotriaceticacid (NTA)

— thioglycoalic acid

— o-nitrgphenal

e Principle of the test method

This method is based on the fact that the c¢éido pdentials of metal ions are shifted,
usually to more negativealles, as aesult of complex formation. A paitive shiftcanalso
occur, but only if another metal ion is present in the solution that is capable of binding to
excess complex-forming agent. The potential at the ppthe pdaragraphic wave where the
current is equal to one half of tHéfusion current is termetthe "half-vave peential” (Ep).
This parameter is eharacteristic constant felach matal ion. In the presence of a complex-
forming substance the extent of thg &hift depends oiits concentration as well as on the
stability of the complex. Measurement gf Bs a function of substance concentratmmrsit
the calclation of boththe formdae and the stability constants of soneahconplexes. It is
assumed thdhe E, shift is entirely due to cqnlex formation, vith no contribution fronliquid
junction potential.
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* Quality criteria

Repeatability
Under normal caditions (particlarly when working with metal ions in the concentration
range 16 to 10* M the repeatability can be as good as + 2 per déw. temerature
coefficientis about 1.5 - 2@er °C. Precise easurements therefore require temperaturgao
to within + 0.2°C.
Sensitivity

This depends upon tharticular procedure apted. Generally, etal ion concentrations
down to 16 M can be determined.

Specificity

The nethodcan be applied to substances which are capable dhfpatable aqueous
solutions at concentrations greatiean 16 M.

Possibility of standardisatim yes
Possibility of attomation: not known

B. DESCRIPTION OF THE TEST PROCEDWRE

« Preparations

Suitable pltaragraphic apparatusas been fully described in tlikerature (1 - 8).

e Test conditions

The nercury wed in the droppinglectrode should be at least redistilled commercial
grade and should Hétered before se. Solutions to be testeded to be wll-buffered (4).
High-quality purenitrogen should be used de-oxygenate solutions for 10 to 15 minubefore
determining the auent-electrode potential oue.

A minimum of four known concentrations of tlvbenical being tested should be
investigated with a known concentration of metasi&olutions are most conveniently prepared
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directly within the plaragraphic cell by reans of @recision burettélhe cherital being tested
should normally be present inleast a 25-fold excess over thetal ion concentrations so that
its concentration ahe electrode sfiace vill be essentially the same as in the solution bulk.
The curent should be measd at applied pentials in therange - 0.2 V to -1.0 V.

In order to detect complexes which form slowly, ihéxessary tallow the solutions
to stand under a nitgen atmephere for a minimum period of 24 hoarsl, by re-examation
of a sufficient number of samples, to ensure thaptmaformation was complete at the time
of the original measurements.

The use of bifers andthe use of surface-active substances to supprizssgoaphic
maxima should bearefully considered, in order to avoid undesirable effects arhéracal
reaction-contriled current as well as on thel@graphic wave slope.

 Performance of the test

Theperformance of the parographic techniquleas been fully described in titerature
(1 - 8). Thetest should be run at 25°C (+ 0.2°C).

3. DATA AND REPORTING

e Treatment of results

The stability constant Kan be easily determined by ttiltg E, versus log [X]P and
extrapolating tfX] =1.0 M. If a straight line is obtained (whose sloptherefore 0.8911/n)
the formation of a I:| comlex isassured. Smooth curves may be causiter by reaction
irreversibility or by formation of two or more coplex species in edibrium with each other.
In this lastcase it is necessary apply the nethod by De Fordnd Hume (8) toalculate
stepwise forration cmstants.

e Test report

Thetest report should list f@ach retal ion investigated the halfawe ptential B,
co-ordination nutmer and eerall stability constant.
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In addition,the following shouldlso be reported:

— Type of polarisable iwro-electrale, the referencgectrodeand, in the case tffie drgping
mercury electrde, the flowate in mg/se@ndthe drop time

— IR correction (ifapplied)

— Maxima sppressors (if sed)

— Supporting electrolyte

— Buffer

— Temperature of measurement

— Total ionic strength

— Technique appliepilot ion, standardaddition, or other)

— Technicaldifficulties encouatered

— Estimate of aceacy

— Polargraphic technique employed (e.g. DC-, AQapagraphy single sveep pdarography,
radio freqency pdaragraphy or sgare-vave ptarography).

e |Interpretation and evaluation of results

Stability constants determined for a new substeaitbe comparedith literature values
for standard substances (see Reference substances,aaobusgedherefore to evaluate the
strength of its copiexing ability.

The system is physically meaningful if (a) the value of the stability constant is positive
and(b) the standardrror isless than the constant (th&est should besgd as ariterion).

If data are not significant, it imecessary to use etmodsbased ondifferent
physicaehenical principles, such as spectrophottiyn or nelear magneticresmance
spectroretry.
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