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Abstract

The acid dissociation constants of mellitic acid were evaluated at
25°C from potentiometric titrations in aqueous solutions of the
constant Na* molarity 3 M consisting preponderantly of NaClO,.
The obtained values are summarized in the table.

Current work on the protolytic behaviour and the
ligand properties of fulvic acids lead us to test the
chosen experimental method using mellitic acid (H¢B,
benzenehexacarbonic acid) as a model substance. The
obvious difficulties encountered in studies with poly-
protic acids of medium strength are:

a) the control of the activity coefficients of the result-
ing anionic species,

b) the elimination of the liquid junction potential in
solutions of high acidity.

It was thus decided to perform a series of potentio-
metric titrations in solutions of the constant Na*
molarity 3 M.

Solutions S 1 ([H¢B],,. = 4 M, [H*] = HM, [Na*] =
3.000 M, [CIO,] = 3.000 + H) M) were titrated at
25+ 0.5°C with solutions S 2 ([OH™ = B M, [Na*] =
3.000 M, [CIO,] = (3.000 — B) M). The determination
of K, required high values for both 4 (0,85) and H
(0.20) whereas low values for 4 (0.03) were necessary
for the upper range of the titration curve to prevent
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the precipitation of Na,B. After each addition of S 2,
the prevailing equilibrium concentration h of hydrogen
ions was mesured using the cell

glass electrode | test solution

0.010M NaCl
(ref.el.:3.000M NaClO, | 5 990 11 NaCl0, | A2CHAR)

| ref.el.

The e.m.f. was found to follow the equation
E = E%+59.157 log [H*] —3.69 [H"].

The average number Z of dissociated protons is ob-
tained from the charge condition

2 (6-n) [H,BER"]
A

(K, = 101422, 3 M NaClO,, 25°C [1]).

K,
= (INa']1+ [H*]- [CIO7] - 75)/ 4

H]

=

Z and the stepwise acidity constants are related by the
equation

Z=Q0-2D)K, h"'+ Q- 2)K, K, h2+ ...

+ (6= 2)K, Ky, Ky 70
On the basis of 53 data pairs (Z, 4) the acidity constants
were computed using a general non linear least square
program [2].
The results are presented in table 1. The observed and
calculated titration curves are shown in the figure 1.
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obtained under the same experimental conditions ex-
cept that the cell is purged with pure N,. This change
of the current is reversible. Molecular O, is known to
act as an energy transfer quencher towards (®*CT)
Ru (bipy)?* forming (14)O, [2]. This homogeneous
quenching reaction therefore competes with the het-
erogeneous quenching at the electrode surface, re-
ducing thereby the current-yield of the cell. Contrary
to molecular oxygen, Fe3* acts as a very efficient
charge-transfer-quencher [3], according to (1).

(*)CT)Ru(bipy)?* + Fe?*-> Ru(bipy)?~ Fe?* (1)
3 3

The electrode process is [4] Ru(bipy)?* ~ e —
Ru (bipy)2" and the Fe?* is reoxidized at the counter
electrode to Fe3*. The polarity of the cell is not changed
but the current yield is strongly increased by adding
Fe3*, since the charge transfer process is now a homo-
geneous one. Competing with the electrode process
which now takes place with a ground state species is
reaction (2).

Fe?* + Ru(bipy)}” — Fe?* + Ru(bipy);* ?)

This is a relatively slow process [3] and therefore not
very effective in decreasing the concentration of
Ru (dipy)2*. Addition of Fe** to the solution decreases
the current because it increases the rate of reaction (2).
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Experiments with other Ru-complexes are prom-
ising in that they indicate the possibility of increasing
further the quantum yield of the process.

Information about mechanisms of the electrode pro-
cesses, including electrode kinetics, can be obtained
when a chopped beam is used. With this technique, the
sensitivity can be strongly increased using a phase
sensitive amplifier. Preliminary experiments with this
apparatus corroborate all the conclusions drawn from
the d.c. measurements and have given already a wealth
of kinetic information. The sensitivity of the cell has
reached the stage, where the effect of illuminating the
electrode with the light of one ordinary candle can be
detected.

Support by the Swiss National Science Foundation is gratefully
acknowledged.

Literature

1 R.Bensasson, C.Salet and V. Balzani: J. Amer. Chem. Soc., 98
(1976) 3722.

2 J.N.Demas, D.Diemente and E.W.Harris: J.Amer.Chem.
Soc., 95 (1973) 6864.

3 C.-T.Lin, W.Béottcher, M.Chan, C.Creutz and N.Sutin: J.
Amer.Chem.Soc., 98 (1976) 6536.

4 C.-T.Lin and N.Sutin: J.Phys. Chem., 80 (1976) 97.





