
Chimia 31 (1977) Nr. 5 (Mai) 179

Kurze Mitteilungen
Maximalumfang: 6 Schreibmaschinenseiten (alles inbegriffen). Bis zum 10. des Monats bei der Redaktion eingehende Manuskripte 
können günstigenfalls am 15. des folgenden Monats veröffentlicht werden.

The acid dissociation constants of mellitic acid *

* Received March 24, 1977
** Institut für Anorganische Chemie der Universität Bern, 

Freiestiasse 3, CH-3012 Bern

Adrian Beutler**  and Anton Stebler**
Institute of Inorganic Chemistry, University of Bern

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 NaClO4. 
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 (H6B, 
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 ([H6B]tot = AM, [H+] = HM, [Na+] = 
3.000 M, [CIO”] = 3.000 + H) M) were titrated at 
25 ± 0.5°C with solutions S 2 ([OH“ = 5 M, [Na+] = 
3.000 M, [CIO”] = (3.000 ~B) M). The determination 
of Ka required high values for both A (0,85) and H 
(0.20) whereas low values for A (0.03) were necessary 
for the upper range of the titration curve to prevent

the precipitation of Na6B. After each addition of S 2, 
the prevailing equilibrium concentration h of hydrogen 
ions was mesured using the cell

glass electrode | test solution | ref. el.
(ref. el. : 3.000 M NaClO41 “J NaClO4 1 AgC1’Ag)

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

Z(6-«)[H5B(6-'')-] = ([Na+]+ [H+]- [ClO?]--fu)M

(Kw = IO"14-22, 3 M NaC104, 25 °C [1]).

Z and the stepwise acidity constants are related by the 
equation

Z = (1 - Z) K^ + (2 - zyK^K^h^ + ...

+ (6-Z)tfaiKa2...K.^-6.

On the basis of 53 data pairs (Z, h) 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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Figure 1: Titration of mellitic acid: Z as a function of log [H+]. 
The full drawn curve was calculated with the constants given in 
the table 1.

The results of the present work indicates that mellitic 
acid is considerably stronger than concluded by Max­
well and Partington [3]. The large difference between

Table 1: Acid dissociation constants of mellitic acid

Present work 
(Z=3M, T=25°C)

Maxwell and Partington [3] 
(7 = 0.03 M, I=25°O

log Kj = - 0.636 ± 0.02 * log Ki = — 1.40
log K3 = — 1.66 ± 0.03 log K,= - 2.19
log K3= - 2.25 ± 0.03 log K3= - 3.31
log Kt= - 3.32 ± 0.03 log Kt= - 4.78
log K, = - 4.07 ± 0.03 log K, = - 5.89
log K6 = - 5.03 ± 0.03 log K,= - 6.96

* 95 % confidence limit

* Received march 24, 1977
** Prof. Dr. A. von Zelewsky, Institut für anorganische und ana­

lytische Chemie der Universität Freiburg i.Ue., Pérolles, 
CH-1700 Fribourg, Switzerland

our results and the previous work may partially be 
attributed to the fact that solutions of high ionic 
strength favour the formation of charged species. The 
satisfactory precision of the obtained values seems to 
confirm the suitability of the chosen experimental 
approach.

Experimental:
Mellitic acid (Fluka, purity > 99%) was recrystallized three 
times from HNO3 (65 %).
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Abstract
(3CT)Ru(bipy)"+ generated by light irradiation, is quenched 
heterogeneously by a gold electrode, yielding Ru(bipy)J which 
can be reoxidized at the counter-electrode to Ru(bipy);+. The 
current-yield is decreased by O2 which acts as an energy transfer 
quencher, but it is strongly increased by Fe3+ which quenches 
(3CT)Ru(bipy)|+ by an electron transfer mechanism.

In the present communication we report on a photo- 
galvanic effect which is due to a direct electron transfer

process between an excited state transition metal 
complex and the metal electrode. The complex used is 
tris-(2,2'-bipyridine) ruthenium (II) which has as its 
lowest excited state a charge transfer triplet state 
(3CT) Ru(bipy)g+ emitting at 610 nm with an emission 
lifetime of ca. 650 ns. [1] The cell used for the exper­
iments is shown in fig. 1.
Light from an argon-ion laser or from a tungsten lamp 
is shone perpendicularly onto the surface of a bright 
gold foil electrode (1.4 cm x 4 cm) which is placed in 
a flat part of the apparatus (shown in side view in fig. 1). 
The wall to wall distance is approximately 0.5 mm and 
the thickness of the gold foil is 0.2 mm giving an aver­
age flow rate of the solution of ca. 50 cm/s between the
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electrode and the wall. The solution containing 10-3 
MRu(bipy)j+ in acid solution (e.g., HC1 0.5 M) is 
circulated by a peristaltic pump from the illuminated 
electrode downwards through a porous electrode made 
up of gold-powder with 0.01 mm particle size. The cell 
compartment temperature is maintained at 21 °C using 
a water jacket. The d.c. resistance between the two 
electrodes is ca. 7000 Q. The laser beam is defocussed 
to an area of about 1 cm2 on the surface of the electrode.

Fig. 2: Plot of photocurrent vs. wavenumber. The light absorp­
tion (---- ) for Ru(dipy)|+ is also given.

Illumination of the electrode results in an electrical 
current if the cell is short-circuited with a galvanometer 
between the two electrodes. A plot of current vs. wave­
length of incident radiation is shown in fig. 2 for suc­
cessive lines of the argon-ion laser at different power 
levels. Together with these curves, the absorption 
spectrum of Ru(bipy)2+ is also given in fig. 2. This 
suggests proportionality j (y) = c • p • e (?) where c is a 
proportionality constant, ? the wave number of incident 
radiation, p its power, and e(v) the molar absorption 
coefficient. Using 36 values for j(y), a coefficient of 
correlation for the proportionality relationship of r = 
0.94 is obtained. The general scheme in which the

observed phenomena can be interpreted is the follow­
ing (fig-3):

Fig. 3: General reaction schema.

The process yielding the electrical current through the 
cell is the heterogeneous quenching reaction

CCT)Ru(bipy)|+ + eQ-> Ru(bipy)3+ + Q

where the solid electrode (eQ) acts as a charge transfer 
quencher (donor). A deactivation by oxidative quench­
ing
CCTlRutbipyr + Q^ (3CT)Ru(bipy)r + eQ

can be excluded on grounds of the polarity of the cell. 
One can estimate that, in the present system, process II, 
which deactivates the excited complex through a radi­
ative or a thermal process, is about 105 times more 
probable than the electrode process I, and the current­
yield is therefore very low. Nevertheless, the electrode 
process can be easily detected.
The current of the cell depends on the concentration 
of dissolved molecular oxygen. If the solution is flushed 
with N2, the current-yield is higher than in air-sat­
urated solutions. An increase in osygen pressure to 
1 atm decreases the current to ~50% of the value
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obtained under the same experimental conditions ex­
cept that the cell is purged with pure N2. This change 
of the current is reversible. Molecular Oa is known to 
act as an energy transfer quencher towards (3CT) 
Ru(bipy)®+ forming (M)O2 [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).

(3CT)Ru(bipy)|+ + Fe3^^ Ruibipy)3' Fe2+ (I)

The electrode process is [4] Ru(bipy)®+ t e —> 
Ru(bipy)21 and the Fe2+ 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).

Fe2+ + Ru(bipy)3’ ^ Fe” + Ru(bipy)3+ (2)

This is a relatively slow process [3] and therefore not 
very effective in decreasing the concentration of 
Ru(dipy)3+. Addition of Fe2+ to the solution decreases 
the current because it increases the rate of reaction (2).

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.
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