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INTRODUCTION

The proposal of this technical report is justified by the difficulties met by electrochemists,
electroanalysts, corrosionists, and biologists when electrode potentials measured in different
non-aqueous or aqueous-organic solvents with reference to the familiar, commercially
available, and very dependable, aqueous Saturated Calomel Electrode (SCE) are to be
physically inter-compared on some “inter-solvental scale” of electrode potentials. These
difficulties are caused by the occurrence of two basic extrathermodynamic factors, namely, the
primary medium effect [1]1 on electrode potentials and the liquid-junction potentials between
different solvent media. This report details the use of the half-wave potential of the
ferricinium/ferrocene redox couple or the decamethyl derivatized ferricinium/ferrocene redox
couple as the basis of a reference electrode system useful to compared measured electrode
potentials to the aqueous saturated calomel electrode when used in various solvent systems.

For an acceptable approach to the solution of the above problem, superseding earlier attempts
[2], Strehlow and co-workers [3], [4] proposed to use the redox couple ferricinium|ferrocene (in
terms of its “half-wave potentials”, or “formal redox potentials”, obtainable from voltametric
experiments in different solvents with the same supporting electrolyte and against the same
working reference electrodes), for which, based on an extended experimental evidence, they
assessed an “invariancy of potential” to within about +15 mV in a dozen different solvents,
assuming the above redox couple to be unaffected by solvent interactions. Principles and
reasons for this choice were expounded in detail [3], [4] and need not be repeated here.
Strehlow’s idea was later reassessed in nearly the same terms by Gritzner and Kata [5], but
various authors later demonstrated the existence of specific interactions of the ferricinium|
ferrocene couple with some of the solvent media considered, thus partially impairing the
intersolvental invariancy of the above redox potentials. However, recently [6], [7], [8], [9], and
[10], it was shown that such residual solvent effects could be drastically abated by
permethylation of the aromatic rings of the redox couple. For instance, the decamethyl-
derivatized ferricinium|ferrocene couple, being chemically and electrochemically reversible,
with half-wave potentials quite unaffected by the working solvent, lends itself as the best
reference-potential redox couple known so far (besides other advantages with respect to the
unmethylated parent couple, such as a more general chemical stability, and a more
advantageous potential window compared to the operating reference electrode SCE is more
advantageously placed). Therefore, what remains to be done by the user is to calibrate the
aqueous SCE electrode (which, in common practice, is the reference electrode blindly and
invariably used in contact with the non-aqueous solvents studied) versus the half-wave
potential of the decamethylferricinium|decamethylferrocene [Me,oFec*|Me,gFec] couple in the
solvent studied, along the lines explained below, and to apply the consequent corrections to the
measured potentials (see Table 1). The resulting corrected potentials will finally become
intersolventally comparable.

An additional bonus to the present methodology is provided by the parallel decamethyl-
derivatized cobalticinium|cobaltocene [Me;,Coc*|[Me,Coc] redox couple because it also was
shown to be chemically and electrochemically reversible and its half-wave potential E* differs
by a constant value from that of [Me,jFec*|Me yFec], in terms of E*[Me;y,Coc*|Me,Coc] =
E*[Me o Fec*|Me oFec] — 1,407 V, at 298,15 K.

1 Figures in square brackets refer to the Bibliography.
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AN ELECTROCHEMICAL REFERENCE
SYSTEM FOR USE IN DIFFERENT SOLVENT MEDIA -
THE DECAMETHYLATED FERRICINIUM/FERROCENE

REDOX COUPLE

1 Scope

The scope of this technical report is to present the background considerations which led to this
compilation of potentials of the aqueous saturated calomel electrode compared to the
cyclovoltametric data for a glassy carbon electrode in various solvent media. A tabulation of
working potentials of this electrode pair in various solvent media is presented. A comparison of
the cyclovoltametric scans for the ferricinium/ferrocene and deamethyl derivatized
ferricinium/ferrocene redox couple system is presented and important features are discussed.

2 Tabulation of working potentials

Clause 2 gives an explanation of the basis for the tabulation of working potentials of the
aqueous saturated calomel electrode compared to the ferricinium/ferrocene redox couple and
the decamethyl derivatized ferricinium/ferrocene redox couple in various solvent media, as well
as an identification of the voltametric range of these couples in various solvent media.

2.1 Working potentials of an SCE

Table 1 compiles the working potentials of the aqueous saturated calomel electrode compared
to the ferricinium/ferrocene redox couple and the deamethyl derivatized ferricinium/ferrocne
redox couple in various solvent media.

Table 1 — Working potentials of the aqueous SCE compared to the half-wave potential of
the decamethyl derivatized ferricinium/ferrocene redox couple in various solvent media

Solvent Egce/ V? References
Water 0,144 [7]
Methanol 0,124 [7]
Propylene carbonate 0,069 [7]
Methyl pyrrolidinone -0,055 [8] to [10]
Acetone 0,021 [8] to [10]
Acetonitrile 0,119 [8] to [10]
Methylene chloride 0,060 [8] to [10]
Dimethyl formamide 0,008 [8] to [10]

® Values to be added to the potentials measured in the solvent studied versus the aqueous SCE to get them
referred to the solvent-invariant half-wave potential of the [Me,yFec*|Me,oFec] redox couple.

NOTE Table 1 gives values for the aqueous SCE at 298K working potential (including insolvental liquid junction
potentials) when compared to the decamethyl derivatized ferricinium/ferrocene redox couple

Ferrocene [Fec] is the dicyclopentadienyl ferrous complex; oxidation to the corresponding ferric
complex (ferricinium, [Fec*]) is a simple, chemically and electrochemically reversible one-
electron process. The metal ion is buried at the centre of a nearly spherical, big complex;
hence, these substances undergo negligible chemical or steric changes when oxidation or
reduction occurs.
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The half-wave potentials of [Fec*|Fec] were first measured polarographically by Strehlow [3],
[4] in concentrated aqueous sulfuric acid solutions with respect to the Hg,SO, electrode in the
cell (1):

Pt|[Fec*|Fec] in aq.H,SO, }aq.H,SO,4|Hg,SO,4|Hg|Pt (1)

combined with cell (2):
Pt|H, (1 bar)|laq.H,SO,4|Hg,SO,|Hg|Pt (2)

It is readily shown that
E, - E4 = E°Hg,SO, - E°H, — E*Fec+|Fec + k pH (3)

Now, since in Equation (3) the constant term (E°hgo504 — E°H2 — E*Fect|Fec) IS determinable,
pH is here a true pH = —log(ay.) in superacid H,SO, solutions, a quantity not attainable by the
conventional IUPAC procedure, which is reliable only in the range 1 < pH < 13, due to the
increasing effect of residual liquid junction potentials at extreme pH. This interesting scheme
can also be applied to other ultra-concentrated acid solutions (HCI, HBr, HI).

However, definitely, the most interesting and important opportunity is to use the Fec*|Fec
couple in its improved decamethylated form [6], [7], [8], [9], and [10], Me,oFec*|Me,qFec, as
one tool of invariant potential across different solvents, i.e. entering into an “intersolvental”
scale of electrode potentials. In this context, to attain the solvent-invariant potential of the
[Me,oFec*|Me yFec] redox couple, the pertinent half-wave potential or formal redox potential
can be obtained in voltametric experiments on a stationary, solid working electrode (such as
glassy carbon or platinum, which can be reproducibly polished according to a severe protocol)
compared to the same operating aqueous SCE reference electrode in the same supporting
electrolyte, and with careful compensation of the residual ohmic drops. The half-wave potential
values sought can be obtained, either

a) as the average of the anodic and cathodic peak potentials in cyclic voltametry experiments
(typically resulting in symmetric peak signals); or

b) from the waves obtained in “stationary” experiments (i.e., performed at very low scan rates,
as in the case of polarography) or, more realistically, from the convolutive analysis of the
above-mentioned peak signals [6], [7], [8], [9], and [10].

Accumulation of data for completion of Table 1 is under way.

2.2 Cyclovoltametric characteristics

The cyclovoltametric behaviour of the ferricinium/ferrocene and decamethyl derivatized
ferricinium/ferrocene redox couples in various solvent media is shown in Figure 1.
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Figure 1 — Synopsis of cyclovoltametric characteristics obtained for redox couples
Fec*|Fec (thin curves) and Me,oFec*|Me4oFec (thick curves) at 298 K, and 0,2 V s~1 scan
rate, on a glassy carbon electrode, versus the operational reference aqueous SCE
electrode, in different solvents with constant 0,1 M TBAP (tetra butyl ammonium
perchlorate) supporting electrolyte



PD IEC/TR 62456:2007 -6-

(1]
(2]
(3]

(4]

(5]
(6]

(7]

(8]

)

[10]

Bibliography
OWEN, BB., J. Amer. Chem. Soc., 1932, vol 4., p.1758.
PLESKOV VA., Advan. Chem.,USSR, 1947, vol. 16, p. 254.
KOEPP HM., WENDT H., STREHLOW H., Elektrochem.,1960, vol. 64, p. 483.

STREHLOW H., “The Chemistry of Non-Aqueous Solvents”, J.J.Lagowski ed., New York:
Academic Press, 1966, Vol. |, p.157-160.

GROTZNER G. and KUTA J., Pure Appl. Chem., 1984, vol. 56, p. 461.
RUIZ J. and ASTRUC D.,, C.R. Acad. Sci. Paris, 1988, 1 Série llc, p. 21.

NOVIANDRI I., BROWN KN., FLEMING DS., GULYAS PT., LAY pa., MASTERS AF.,
PHILLIPS L., J. Phys. Chem. B, 1999 vol. 103, p. 6713.

BERZI G., Thesis, Cod. 630930, University of Milan, 2005

BERZI G., FALCIOLA L., MUSSINI PR., MUSSINI T., ROSSI M., “A study of model redox
couples for application to intersolvental comparisons of electrode potentials”, XIX
National Congress of Analytical Chemistry, September 2005, Pula (ltaly).

FALCIOLA L., LONGHI M., MUSSINI PR., MUSSINI T., “Solvent effect upon the
electrocatalytic reduction of organic bromides on silver, and the problem of the
intersolvental reference for the electrode potentials”, GEI 2005, Annual Congress of the
Italian Electrochemists, September 2005, Spoleto (Italy).



£10Z uonnysu| spJepuels ysiug ayl (9) ‘S1L0z/L0/E0 JO SE J931109 UOISIBA ‘ ISNMH ‘Ateiqi] 89y neys 997 :Adod pasusol

blank



PD IEC/TR
62456:2007

BSI

389 Chiswick High Road
London

W4 4AL

BSI — British Standards Institution

BSI is the independent national body responsible for preparing
British Standards. It presents the UK view on standards in Europe and at the
international level. It is incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of
British Standards should make sure that they possess the latest amendments or
editions.

It is the constant aim of BSI to improve the quality of our products and services.
We would be grateful if anyone finding an inaccuracy or ambiguity while using
this British Standard would inform the Secretary of the technical committee
responsible, the identity of which can be found on the inside front cover.

Tel: +44 (0)20 8996 9000. Fax: +44 (0)20 8996 7400.

BSI offers members an individual updating service called PLUS which ensures
that subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services. Tel: +44 (0)20 8996 9001.

Fax: +44 (0)20 8996 7001. Email: orders@bsi-global.com. Standards are also
available from the BSI website at http://www.bsi-global.com.

In response to orders for international standards, it is BSI policy to supply the
BSI implementation of those that have been published as British Standards,
unless otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and
international standards through its Library and its Technical Help to Exporters
Service. Various BSI electronic information services are also available which give
details on all its products and services. Contact the Information Centre.

Tel: +44 (0)20 8996 7111. Fax: +44 (0)20 8996 7048. Email: info@bsi-global.com.

Subscribing members of BSI are kept up to date with standards developments
and receive substantial discounts on the purchase price of standards. For details
of these and other benefits contact Membership Administration.

Tel: +44 (0)20 8996 7002. Fax: +44 (0)20 8996 7001.

Email: membership@bsi-global.com.

Information regarding online access to British Standards via British Standards
Online can be found at http://www.bsi-global.com/bsonline.

Further information about BSI is available on the BSI website at
http://www.bsi-global.com.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the
UK, of the publications of the international standardization bodies. Except as
permitted under the Copyright, Designs and Patents Act 1988 no extract may be
reproduced, stored in a retrieval system or transmitted in any form or by any
means — electronic, photocopying, recording or otherwise — without prior written
permission from BSI.

This does not preclude the free use, in the course of implementing the standard,
of necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

Details and advice can be obtained from the Copyright & Licensing Manager.
Tel: +44 (0)20 8996 7070. Fax: +44 (0)20 8996 7553.
Email: copyright@bsi-global.com.




	INTRODUCTION
	1 Scope
	2 Tabulation of working potentials
	2.1 Working potentials of an SCE
	2.2 Cyclovoltametric characteristics

	Bibliography
	Figure 1 – Synopsis of cyclovoltametric characteristics obtained for redox Fec+|Fec (thin curves) and Me10Fec+|Me10Fec (thick curves) at 298 K, and 0,2 V s–1 scan rate, on a glassy carbon electrode, versus the operational reference aqueous SCE electrode, in different solvents with constant 0,1 M TBAP (tetra butyl ammonium perchlorate) supporting electrolyte
	Table 1 – Working potentials of the aqueous SCE compared to the half-wave potential of the decamethyl derivatized ferricinium/ferrocene redox couple in various solvent media



