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A NOVEL ELECTROCHEMICAL SOLVENT PARAMETER AND ITS APPLICATIONS TO MICELLAR SYSTEMS
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The peak-to-peak potential of cyclic voltammogram of
(2-anthraquinonylmethyl)trimethylammonium bromide was linear in
Kosower's Z value over a wide range of DMF-water mixtures. Using this
relationship, the anthraquinone moiety of (2-anthraquinonylmethyl)-
dodecyldimethylammonium bromide solubilized in cationic micelles
was found to reside at the Stern layer.

Some spectroscopic solvent parameters, e.g. Kosower's Z value,1)

Nakajima's Py value,z) and the ET(30) value,3) are now widely used in
investigating the polarity of a number of solvents. However, there are no
solvent parameters based on the physicochemical properties measured by electro-
chemical method. The purpose of this paper is to present a new solvent parameter
obtained by cyclic voltammetry of an anthraquinone derivative and to apply it to
some micellar systems. The redox potential of anthraquinone (AQ) is reported to

4)

roles in biological membrane and in solar energy storage,

and AQ derivatives are supposed to play important
5-8)

be very solvent sensitive
so that it is
important to investigate quantitatively their redox potential dependence on the
polarity of their surroundings. In addition, the obtained microenvironment
features of the micellar interfacial region is of general importance for
colloidal and interfacial systems and membranes.

The AQ derivatives used are (2-anthraquinonylmethyl)trimethylammonium

bromide ( 1} )2)

0 +
i 2 +
0 ~

Spectroscopic and electrochemical measurements were carried out at 25 °C,

and (2-anthraquinonylmethyl)dodecyldimethylammonium bromide (2:).

by using the test solutions containing LiOH and tetraethylammonium perchrolate
as the supporting electrolytes. A gold disk or glassy carbon disk electrode from
BAS and a saturated calomel electrode (SCE) were used respectively as the
working and the reference electrodes.

Figure 1 shows representative cyclic voltammograms for 1f in DMF-alkaline
water systems with water contents of (A) 100 vol% and (B) 20 vol%. The addition
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of DMF has separated one wave on the voltammogram with 100% water into two
waves.1o) The difference between the most cathodic peak potential on the forward
scan (Epc) and the most anodic peak potential on the reversal scan (Epa),

AEp(lf), were determined to be 65 mV for (A) and 268 mV for (B), respectively.
pra

(A) (B) NG
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L
Epc
Fig. 1. Cyclic voltammograms for lf in DMF-alkaline water systems at Au disk
electrode at 25 °C: (A) 0.99 mM (mM = mmol dm'3) lf, water 100 vols;

(B) 0.47 mM‘lf, water 20 vol%. Scan rate: 50 mV s 1.
Working electrode area: 0.021 cmz.

o
Figure 2A shows a plot of AEp(L+) thus determined Vkﬂi&§/VOl/o
vs. the composition of water (vol%). The AEp(lf) value 29 T Gp 8p K}J

increases as the water content decreases, while the plot 30()

11)

of AEp(lf) against Kosower's Z value shows a good

linear dependence (Fig. 2B), indicating that the value

of AEp(,]:) also can be used as a solvent parameter. % 200
The average microenvironment of the anthraquinone \\\
moiety of A: 12) in normal micellar systems could be f:;
numerically expressed in terms of the Z value under the EEL
following assumption: the microenvironment of the 0y 100

anthraquinone moiety of 2; in the micelle has the same
polarity in the Z value as that of L+ in a mixed sol-

vent, when AEp(;:) is equal to AEp(Jf). 070 8b 9b 160
Figure 3 shows a cyclic voltammogram for 0.79 D

mM 2% in 0.1 M (M = mol dm™>) dodecyltrimethyl- Kosower's Z

ammonium bromide (DTAB) aqueous solution contain- Fig. 2. Plots of AEp(lf)

ing 0.2 M LiOH. The peak-to-peak potential AEp(gf), vs. (A) the composition

Epa - Epc’ determined was 140 mV and the corre- of water (vol%) and (B)

sponding 2 value is 89 from Fig. 2B. The AEp(gf) Kosower's 2 value.

measured and the corresponding 2 values of zf in

cetyltrimethylammonium bromide (CTAB) aqueous solution were 160 mV and 88,
respectively. These values of Z indicate that the anthraquinone moiety of‘gf
resides at the interfacial region of the micelle, i.e. "the Stern layer" where
the value of Z is 80-90.'3)
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As described above, the AEp values reflect the solvent polarity of the
environment as successfuly as the Z value. This is because the change in
solvation energy of the dianion of anthraquinone moiety, AQz‘, is more
sensitive to the change in solvent polarity than that of the monoanion radical,
AQ*¥; that is, the half-wave potential for the second wave, E1/2(2), shifts more
to a positive potential than that for the first wave, E1/2(1), as a result of
more stabilization of AQZ_ than AQ® with increasing solvent polarity.

AQ + e T AQ’;E1/2(1) (1) E

207+ e == 2% By ,(2) (2) L 5P
The relation of the concentration of AQ and

-10 -05

AQZ_ to AQ® at equilibrium is expressed by : ' {
the comproportionation constant K,14) E/V VSSCEO
2207 =L—> ag + aQ?" (3)
and accordingly, the AEp value corresponds 1 ]}M\
to a physicochemical parameter reflecting
the K value. The AEp measured was converted R~EFK
to (E1/2(1) - E1/2(2)) by using a working Fig. 3. Cyclic voltammogram for

curve for AE_ vs. (E (1) - E, (2)) given 0.79 mM 2% in 0.1 M DTAB aqueous
by Taube et al.
calculated from Eq. 4

and then the K value was solution containing 0.2 M LiOH at
.4'15) 25 °c. Scan rate: 50 mV s 1.
E1/2(1) - E1/2(2) = -(RT/F)ln K (4) Working electrode area: 0.071 cm2.

Table 1 summarizes AE (E1/2(1) - E1/2(2)), and K values for some anthraquinone

pl
derivatives in 0.2 M LiOH aqueous solution at 25 ©c. It can be seen from Table 1
that the equilibrium represented by Eq. 3 for gf solubilized in normal micelles
is shifted to the left-hand side compared with that for the anthraquinone

derivatives in non-micellar aqueous system.

Table 1. Peak-to-peak potential, AEp, half-wave potential difference,

E1/2(1) - E1/2(2), and the disproportionation constant, K, of some
o

AQ derivatives in 0.2 M LiOH aqueous solution at 25 -C
2
Substrate AEp/mV {E1/2(1) - E1/2(zg/mv 10°K
ags™ @) 60 40 21
1t 65 45 17
2% + DTAB 140 100 2.0
2* 4+ craB 160 120 0.94

a) AQS™ is sodium 9,10-anthraquinone-2-sulfonate.
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