Electrochemical Studies of Viologens

22. C.-T. Lin, D. B. Rorabacher, G. A. Cayley, D. W. Marge-
rum, fnorg. Chem., 14, 919 (1975).

23. D. H. Busch, Acc. Chein. Res, 11, 392 (1978).

24, R. W. Hay and D. P. Piplani, /. Chem, Soc. Dalton Trans.,
1956 (1977).

25. F. Wagner, M. T. D. Aniello, A. H. Wang, and E. K. Bare-
field, . Am. Chem. Soc, 96, 2625 (1974).

26. M. S. Haltman and S. C. Cumming, Inorg. Chem., 18,
660 (1976).

Bull. Koreann Chem. Soc., Vol 13, No. 3 1992 259

27. F. V. Lovecchio, E. G. Gore, and D. H. Busch, / Am.
Chem. Soc, 96, 3109 (1974).

28. B. Bosnich, C. K. Poon, and M. L. Tobe, Inorg. Chem.,
4, 1102 (1965).

29. R. W. Hay, R. Bembi, and D. A. House, J Chem. Soc
Dalton Trans., 1921 (1984).

30. L. Fabbrizzi and A. Poggi, J. Chem. Soc. Dalton Trans,
2191 (1983).

Electrochemical Studies of Viologens in Homogeneous Aqueous
and Sodium Dodecyl Sulfate Micellar Solutions

Joon Woo Park®, Seung Hyeon Ko, and Jong-Yoon Park'

Department of Chemistyy and 'Department of Science Education, Ewha Womans University, Seoul 120-750
Received December 11, 1991

Cyclic voltammetric behavior of symmetric (dimethyl, diheptyl, dioctyl, dibenzyl) and asymmetric (methyloctyl, methyl-
dodecyl, methylbenzyl) viologens was investigated in homogeneous aqueous solution and sodium dodecy] sulfate (SDS}
micellar media. In SDS-free 0.1 M NaCl solutions, the reduction potential is less negative as the chain length of
alkyl substituent is longer. This is due to the stabilization of the reduced cationic radical and neutral form of viologen
by adsorption on electrode surface. The adsorbed species show the “aging-effect”. With the exceptions of methyidodecyl
viologen and methylbenzyl viologen, the viclogens show strong tendency of conproportionation reaction between violo-
gen dications and neutral forms. In cases of methyldodecyl vioclogen and methylbenzyl viologen, the conproportionation
reaction is Kinetically disfavored, though it is thermodynamically favorable. SDS micelles dissolve the adsorbed species
and the viologens exhibit two reversible redox processes in SDS micellar solutions. The reduction potentials of violo-
gens in SDS micellar solutions depend little on the length of alkyl chain. Benzyl-substituted viologens are more
easily reduced than the alkyl substituted viologens, presumably due to electron-withdrawing character of benzyl group.

{ntroduction

1,1"-Disubstituted-4,4'-bipyridinium salts . (viologens) are
important class of compounds which show reversible redox
character and have been used as herbicides,' as electron
mediators in experimental schemes aimed at photochemical
conversion of solar energy into hydrogen® * and in reduction
of organic substrates by variety of means,®® and as materials
for electrochromic displays.”® Viologens undergo two succe-
ssive one-electron reduction as shown below:®
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The viologen monocation radical (V- *) is deeply blue colored
with Auu~600 nm, whereas V** shows its absorption maxi-
mum near 260 nm and that of V° is about 400 nm. In solu-
tion and at the surface of an electrode, dimerization of V**,
dispropor tionation reaction of V**, and conproportionation
reaction between V° and V?* can také place?

Since the reactions of reduced forms of viologen markedly
influences the deposition and the color of the reduction pro-
ducts of viologens, understanding of the relative extent of
the reactions is important for the use of viologens as active
materials of electrochromic display. Also it must be recog-

nized that the reactions can strongly affect the course of
reactions in which viologens take part as electron mediators.

Cyclic voltammetry is a major mean for investigation of
redox properties and reactivity of the electrogenerated spe-
cies of viologens.® Symmetric dimethyl viologen (C,C,\V**)
and diheptyl viologen (C;C;V**) were widely studied. How-
ever, a few scattered reports which deal with asymmetric
viologens have appeared. Barna and Fish™ reported an imp-
roved electrochromic display using 1-benzyl-1"-heptyl violo~
gen, instead of C;C;V?*. Lu et al' showed that the chain
length of alkyl substituent of viologens has a large effect
on the cyclic voltammetric behavior of the compounds. From
a resonance Raman study, they also demonstrated that the
extents of dimerization and disproportionation reaction of
reduced asymmetric viologens are different from those of
symmetric viologens and depend on chain length of the alkyl
substituent."

Oxidative quenching reactions of photoexcited tris(2,2'-
diimine)ruthenium(Il) complexes with viologens in both ho-
mogeneous and microheterogeneous media have been stu-
died intensively in relation to solar energy conversion into
hydrogen.?~* Anionic surfactants such as sodium dodecyl sul-
fate (SDS),'>"" polyelectrolytes,”® and vesicle!®* media were
found to give large effects on the electrochemical behavior
of viologens, presumably due to hydrophebic and electrostatic
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Table 1. Cathodic Peak Potentials (Volt vs SCE) of Viologens
in 0.1 M NaCl and (0.1 M NaCl+20 mM SDS) Solutions at 25C2¢

0.1 M NaCi 01 M NaCi+20 mM SDS
Viologen

E, E» E, E,
C,Cver -0.71 -1.03 —0.67 -1.04
c.Cve* —0.62 —-0.75 —0.65 —0.96°
CoCsV?* -0.56 -0.74 —0.65 —0.95
BBV** -058 —-0.76 —{.5% —0.97
CiCV2* -0.72 —-084 —0.66 -094
CiCpV?* —-0.59 -0.78 -0.65 -107
C,BVv** —-0.66 ~091 —0.60 -1.00

“At scan rate of 260 mV/s. ® Adsorption of viologens and their
reduction products on electrode surface prevented the calculation
of thermodynamic redox potentials, but they are estimated to
be 30 mV positive to the corresponding cathodic peak potentials.
‘Measured at 40°C.

interactions of viologens and/or their reduced species with
the microparticles. The strong dependence of the quenching
rate on the alkyl chain of viologens was attributed to the
difference in the degree of embedment of viologens in the
SDS micelle.*'"® However, there is paucity of data for reduc-
tinn potentials of viologens with different alkyl chain in the
micellar solution to correlate the kinctic data with thermody-
nanmic properties of the quenchers.

In this paper, we compare the cyclic voltammetric behavior
of various symmetric and asymmetric viologens in homo-
geneous aqueous and SDS micellar solutions. The reduction
peak potentials of the viologens in the media are presented.

Experimental

Materlals. The viclogens and their abbreviations used
in this investigation are the following: symmetric viologens
are dimethyl viologen (C,C,V?"), dihepty] viologen (C,C,V**),
dioctyl viologen (C¢CsV?*), and dibenzyl viologen (BBV?*);
asymmetric viologens are 1-methyl-1'-octyl viologen (C,CqV?),
1-methyl-1'-dodecyl viologen (C,Ci;V%™), and 1-methyl-1"-be-
nzyl viologen (C;BV?"). The counter ion of these compounds
was chloride. Except BBV?* (Aldrich), the viologen chlorides
were made in this laboratory by a procedure described else-
where.* SDS (Fluka) was recrystallized three times from ab-
solute ethanol after washing with diethyl ether. Water was
deionized and then distilled in glass from acidic KMnQ,.

Electrochemistry. The cyclic voltammetric measure-
ments were carried out with a Tacussel PRG 5 potentiostat
and GSTP3 function generator. Voltammograms were record-
ed on a Rikadenki Model 21 T X-Y recorder. A glassy carbon
electrode (Metrohm, A=0.0608 cm? was used as a working
electrode. The electrode was polished with a 0.1 ym alu-
mina/water slurry before use. A platinum electrode was used
as a counter electrode. Potential was recorded against a sa-
turated calomel electrode (SCE). All the experiments were
performed with the solution containing 0.1 M NaCl under
the purified nitrogen atmosphere. Unless otherwise specified
solution temperature was 25°C.

Results and Discussion
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Figure 1. Cyclic voltammograms of 1.0X10°* M C,C,V**
in 0.1 M NaCl solutions. Scan rates are (4), 65 mV/s; (B)-
(D), 130 mV/s; (E), 260 mV/s. (C) is the voltammogram taken
after electrolysis at —1.20 V for 90 s. Solution temperature
for (D) was at 40C and others were at 25C. All voltammo-
grams are in the same current scale.

Redox potentials of viologen in homogeneous aqueous and
20 mM SDS micellar media are summarized in Table 1. We
describe here electrochemical behavior of individual classes
of viologns.

Symmetric Viologens in Homogeneous Aqueous
Media. Cyclic voltammetric behavior of viologens was
highly dependent on the chain length of the alkyl substi-
tuent. Figure 1 shows cyclic voltammograms of 1.0X107*
M C,C,\V?* containing 0.1 M NaCl taken at various scan ra-
tes. The cathodic scan exhibits two successive reduction wa-
ves at =071 and —1.03 V »s SCE. Also two anodic peaks
are shown in backward scan. The peak-to-peak potential dif-
ferences of the cathodic and anodic peaks are about 0.06
V for the first redox step and about 0.03 V for the second
step.

It has been accepted that the redox peak near —0.70 V
corresponds to the first redox reaction Eq. (2) of C,C;V?*,
The peak near —1.0 V was generally considered to be the
reduction of C;C,V-* as represented in Eq. (3).5°1¢

CCV* +e =CC\V+* 2
GGV "+ =C LV 3

The methy] viologen cationic radical (C,CiV**) is known
to form a dimer in aqueous media.®"~# Heyrovsky claimed
that the actual reduction potential of C,C,V** is —135 V
and the voltammetric peak of C,C,V** observed at —1.0 V
is due to the reduction of dication dimer, (C,C,V- *)..** Koso-
wer and Cotter™ estimated the equilibrium constant for the
dimerization reaction of diethyl viologen cation radicals as
380 M- in 1 M KCl. Considering hydrophobic and electro-
static effects on the dimerization reaction, the equilibrium
constant for C,C,V-* in 0.1 M NaCi should be much smailer
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than 380 M. Quintela ¢ al ' reported extensive dimeriza-
tion of electrogenerated C,CyV** in SDS media of the conce-
ntration slightly above the critical micelle concentration (cmc:
1.0 mM) of the surfactant. In 0.1 mM SDS solution, they
estimated the ratio of dimer to monomer (D/M) is 0.21. Con-
sidering premicellar association of C,C,V** with dodecyl su-
lfate anion,” the D/M ratio in the absence of SDS should
be much less than 0.21.-Thus we assign the voltammetric
peak at —1.0 V to the second reduction of the viologen Eq.
(3

The oxidation peak near —1.0 V, which corresponds to
the oxidation of C,C,V°, is sharper than the other peaks.
This is a typical pattern of a cyclic voltammogram where
the reduction product is adsorbed. As the scan rate is getting
faster, the desorption peak becomes less sharp, indicating
that the adsorption process is slow. Raising the solution tem-
perature from 25C to 40C (Figure 1D) resuits in little change
in reduction peaks, but the peak corresponding to the first
oxidation of C,C,V° shows slight anodic shift exhibiting the
peak-to-peak potential difference of the second redox peaks
as 0.06 V. Also, the sharp desorption peak is not observed
at 40C. These observations indicate that no significant elect-
rode adsorption of C,C,V® occurs at 40, presumably due
to small enthalpy of adsorption.

The cyclic voltammogram of the first anodic scan after
electrolysis of C,C,V** at —1.20 V vs SCE for 90 s is shown
in Figure 1C. The oxidation peak of C,C,V* is virtually un-
detected. Instead, a large oxidation peak of C,C,V** is seen
at the same potential observed in normal cyclic voltammo-
grams. This implies that most of C,C,V°® electrogenerated
during electrolysis undergo conproportionation reaction with

CCi\V*, Eq. (4).
C,CV-+CCiVe=2C,C,V-+ 4)

Thermodynamically, the equilibrium constant of the reaction
(4) is related to the two redox potentials by Eq. (5):

Komp=expl —(E,— E)F/RT] ®

Taking E, and E, for the reduction of C,C,V** as —0.68
and —1.00 V, respectively, K. is calculated to be 58X 10°
which agrees well with the reported value of 3.8X10°."

There has been some controversy whether C,C,- " is ad-
sorbed on the electrode or not. Kobayashi et al? from a
polarographic work and Datta and his coworkers® from a
spectro-electrochemical ' study using a carbon electrode clai-
med that the radical cation of the dimethyl viologen is adsor-
bed on the surface of electrodes. On the other hand, our
previous works'? and the works of Kaifer and Bard® did
not reveal any evidence for the adsorption of C,C,V-" in
homogeneous aqueous media. In the presence of SDS below
cme, the cation radical is co-adsorbed with dodecyl sulfate
anion .(vide infra). The observations of 006 V for peak-to-
peak potential difference in cyclic voltammogram or the first
redox step and the same potential for oxidation of C,C,V+*
in both cyclic voitammograms taken normally and taken after
interruption at —1.20 V seem to indicate that C,C;V+" is
not adsorbed.

It has been reported that cyclic voltammetric behavior of
C;C;V?* is strongly influenced by the solution composition,
electrode materials, and the scan rate.%#~% Figure 2 shows
cyclic voltammograms of C;C;V?* taken with a glassy carbon
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Figure 2. Cyclic voltammograms of 1.0X10™* M C,C;V*~
in 0.1 M NaCl solutions. Scan rates are (A), 65 mV/s; (B),
130 mV/s; (C), 260 mV/s; (D) and (E), 130 mV/s. (E) is
the voltammogram taken after electrolysis at —1.20 V for
90 s. Solution temperature for (D) was at 40T and others
were at 25C, Bar (I) denotes 40 pA and all voltammograms
are in the same current scale.

electrode (GCE) at various scan rates and different tempera-
tures. Cathodic scan exhibits two reduction peaks {(a, ¢) at
—062 and —0.75 V when the scan rate is relatively low,
while two shoulders (g &) at —0.62 and —0.67 V and a
peak (¢) at —0.75 V are seen at fast scan (for designation
of peaks, refer to Figures 2B and 2C), The peaks 2 and
¢ correspond to two one-electron reduction reactions. Accord-
ing to Brunink et al. the shoulder b is attributed to the redu-
ction of charge-transfer complex between viologen dication
and cation radical.”™ Oxidation peaks are more dependent
on scan rate: for example, at scan rate of 65 mV/s, three
peaks (d, ¢ f) appear at —037, —050 and —064 V: by
increasing the scan rate, the peak at —0.64 V is replaced
by another peak g near —0.69 V. Raising the solution tem-
perature to 40C from 25T reduces the oxidation peak d and
enhances the peak g.

It is well known that diheptyl viologen radical (C,C,;V+*)
salt and neutral viologen {C;C;V®) form insoluble films on
the electrode surface” The peaks ¢-f are sharper than the
peak a as the redox reactions take place from the deposited
films. The dependence of the adsorption-related peaks on
the scan rate is ascribed to so-called ‘aging-effect’ which
states reorientation or phase transition of the viologen film
after initial formation by electrochemical reaction.”**~% The
oxidation peaks 4 and f might be ascribable to the two one-
electron redox reactions of aged film, as they are observed
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Figure 3. Cyclic voltammograms of 1.0X107° M CeCeV?*
(A, C, B) and 1.0X10™* M BBV?* (B, D, F). Scan rates are
65 mV/s (A, B), 260 mV/s (C, D). (E) and (F) and taken
with scan rate of 130 mV/s after interruption at —120 V
for 90 s. Bars (I) denote 40 pA.
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only when the scan rate is low. The peak g is related to
the reduction peak ¢ and could be assigned to the oxidation
of neutral viologen which did not undergo phase transition.
From the dependence of temperature and scan rate, the peak
d is assigned to the oxidation of dimer (C;C;V* *). Like C,Cy
V?*, strong tendency of conproportionation reaction between
C.CV° and C,CV** is observed.

Joon Woo Park et ol

Cyclic voltammogram of CsC:V** (Figure 3) is similar to
that of C.C,V**. However, a few noticeable differences are
observed (Figures 34, 3C,3E). One is that the potential cor-
responding to reduction of CsCaV?* to CsCeV*'™* (ca. —056 V)
is less negative than the corresponding value for C.CV?*,
—062 V. The other is that the oxidation peak f, which is
assigned to the oxidation of aged CyCeV® film, persists while
the peak g appears as a shoulder at scan rate of 260 mV/s.
These results imply that the rate of phase transition of the
reduced viologen film is much faster for dioctyl viologen
than for diheptyl viologen.

Cyclic voltammograms of BBV?* (Figure 3B, 3D and 3F)
shows two one-electron reduction peaks at —0.58 and —0.75
V. The oxidation peaks are strongily influenced by scan rate.
At relatively low scan rate, three anodic peaks are observed
at ca. —0.49, —0.54 and —0.52 V. As the scan rate increases,
the —0.59 V peak becomes more important and the —049
V peak becomes less significant. An additional small peak
at ca. —0.76 V appears when scan rate is 260 mV/s, which
can be assigned to the oxidation of BBV® to BBV‘*. Cyclic
voltammogram taken at 40 with the scan rate of 130 mV/s
showed sharp spikes at —0.54 (large) and —0.61 V (small),
but other oxidation peaks were not found (voltammogram
is not shown). The first anodic scan after interruption at
—1.20 V for 90 s revealed a shoulder at ca. —0.60 V, and
a large peak at ca. —048 V (Figure 3F). Potentials and as-
signments of the voltammetric peaks of BBV?* as well as
those of C;C;V?* and CyCaV?* are summarized in Table 2.

The first reduction peak potentials of C,C,V*~ and BBV?**
are in good agreement with previous reports.®~# However,
the potentials of second reduction obtained in this study are
about 0.1 V positive to the reported values. This is presum-
ably due to different solvent systems: other workers used
high concentration of KBr, typically 0.3 M, whereas we used
0.1 M NaCl; viologen cation radicals form stable precipitates
with Br~ stabilizing the cation radical salt against further
reduction. '

Asymmetric Viologens in Homogeneous Aqueous
Solutions. Figure 4 compares cyclic voltammograms of
CiCsV?t, CCi,V** and C;BV**. The voltammogram of
C,CsV?* exhibits three reduction peaks at —0.72, —0.84 and

Table 2. Peak Potentials of Cyclic Voltammograms for Symmetric Dialkyl Viologens on a Glassy Carbon Electrode in Aqueous

0.1 M NaCl Solutions

Potentials (V vs. SCE)

Scan Rate=65 mV/s

Scan Rate=260 mV/s

Pk T o iV BBV** cov: iV ppvee | oenment
Cathodic

a 062 056 ~058 ~062(5) -056 058 VEoVe* )

b 065 ~067() —087 ~075 Redn of CT*

¢ ~075 ~074 ~075 05 ~074 ~076  Ve*(ed)>Voad)
Anodic

i@ —03 038 ~037 036 (V- )V

e —0.50 —0.46 —049*, —054 —047 —0.46 —0.53 Ve *ad)— Ve

f —os 067 059 - 067 —058  Vo(agVGad)

g —0.69 —0.71(s) -0.76 Ve{ad)—>V- *(ad)

*QOxidation of reoriented (aged) BBV:* to BBV?*, **(ad) and (ag) denote electrode adsorbed and aged films, respectively.
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Figure 4. Cyclic voltammograms of 2.0X10°3 M C,C,V?**
(A, B), 0.72X107* M CCuV** (C, D), and 0.72X107° M
CBV** (E, F). Left (A, C, E) voltammograms are normal
voltammograms, and Right (B, D, F) are those taken after
interruption at — 12 V for 90 s. Scan rates were 130 mV/s.
Bars (I) indicate 40 pA.
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—0.99 V. In anodic scan of C/CsV** solution at high scan rate,
three corresponding oxidation peaks are seen at —0.66, —0.
81 and —0.96 V. The two pairs of redox peaks near —0.70
and —~0.82 V agree well with a report by Lu o &% and
might be ascribed to the two successive one-electron redox
processes of C,CsV2* involving electrode-adsorbed C,CsV**
salt. The reduction peak at —0.99 V and the corresponding
oxidation peak at —0.96 V were not noticed by Lu ef al'
and could be due to the reduction of C,CsV'* which did
not adsorb on electrode. However, additional experiments
are clearly needed for less speculative explanation. When
the scan rate is low, an additional small oxidation peak is
observed at —0.73 V. This seems to be the oxidation peaks
of C,CsV® film after reorientation or phase transition. As
other symmetric viologens, the current for oxidation of C,Cs
V-* is much greater than that of C,C,V° indicating strong
tendency of conproportionation reaction between C,CoV**
and C1Cavo.

In agreement with previous reports,'®? cyclic voltam-
mogram of C;C;;V** displays two well-separated redox
peaks: the cathodic peak potentials are —0.59 and —0.78
V, whereas the anodic peak potentials are —0.52 and —0.77
V. At slow scan rate, the another oxidation peak from ‘aged’
CiC2V° appears in the vicinity of second redox step. Inter-
estingly, the peak currents of two oxidation steps for this
viologen are similar in magnitude. This implies that the con-
proportionation reaction (4) does not occur in significant ex-
tent for this viologen, though the reaction is thermodynami-
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Figure 5. Cyclic voltammograms of 1.0X1072* M C,C,V**
(A, B), 1LO0X107* M C,C;V?** (C. D) and 0.72X107° M C,BV?*
(E, F) in the presence of SDS. Scan rates are 130 mV/s.
Bars (I} represent 20 pA. The concentrations of SDS are
shown. (D) was taken at 40C and others were at 25C.

cally favorable: K., is calculated to be 42 from reduction
peak potentials.

The cathodic peaks for C,BV?* are observed at —0.66 and
—0.91 V, while the corresponding anodic peaks are observed
at —0.60 and —0.85 V. As other viologens investigated in
this study, the second oxidation peak appears as a sharp
spike, indicative of adsorption of C,BV°. In the range of scan
rate of 32.5-260 mV/s, no significant change in peak poten-
tials is observed with variation of scan rate. Contrary to this,
the first anodic scan after interruption for 90 s at ~12 V
shows a broad oxidation peak at —0.56 V, a 0.04 V positive
shift from the corresponding value in normal cyclic voltam-
mogram, and a sharp spike at —0.79 V. The second oxidation
peak observed in normal cyclic voltammogram at —0.85 V
appears only as a shoulder. This indicates that the C,BV®
adsorbed on electrode surface slowly undergoes phase tran-
sition and C,BV** generated from oxidation of the aged
C,BV° may have proper orientation to adhere one electrode
surface. Similar to C,C2V?*, the conproportionation reaction
between dication and neutral species is not significant for
this viologen.

Cyclic Voltammetric Behavior in SDS Solutions
and Effect of Alkyl Substituent on the Reduction Po-
tentials. At concentration of SDS near cmc of the surfac-
tant, the cyclic voltammogram of C,C,V?* exhibits sharp
peaks for the second reduction and the first oxidation (Fi-
gure 5A). This is in agreement with the results of Kaifer
and Bard® and is due to adsorption of premicellar aggregate
of C;C\V**/dodecyl sulfate anion.? At higher concentration
of SDS (Figure 5B), the two pairs of the redox peaks show
the normal shape expected for those controlled by diffusion.
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However, the potentials of the peaks are significantly differ-
ent from the corresponding values measured in SDS-free
solution: the first redox peaks show anodic shift of ¢a. 0.04
V and the second redox peaks exhibit cathodic shift of about
0.10 V. These behaviors agree well with our earlier findings
from polarographic studies' and results of Kaifer and Bard,
and indicate that C,C,V** is more stabilized in SDS micellar
phase than C,C;V** or C,C,V°. Several studies have shown
strong association of C,C,V** with SDS micelle,'%13%23 The
reported binding constant, varies from 900 to 70,000 M~12%%
Whatever the binding constant it is clear that the binding
with SDS micelle is stronger for C,C,V** than for the di-
cationic or neutral form of the viologen.

C.C, V¥, CyCaV?*, and BBV?* form precipitates with SDS
at low SDS concentration, For solutions of these viologens,
we raised temperature to 40T to dissolve the precipitates.
When the SDS concentration is about 20 mM in 1.0 mM
viologen solutions, the solutions were still cloudy but the
adsorption related peaks were disappeared and two reversi-
ble redox processes were shown in cyclic voltammograms.
Figure 5C and 5D show cyclic voltammograms of 1.0X10?
M C;C;V?* in the presence of 2.3 and 20.0 mM SDS, respec-
tively. In contrast to the behavior of C,C,V?*, redox poten-
tials of C,C;V?* and CgCeV?* shift to more negative direction
by the presence of SDS, and little difference between these
two viologens is found. This indicates that the less negative
redox potentials in homogeneous aqueous media for the
symmetric viologen with long alkyl chains, with respect to
C.C,\V**, mainly arise from stabilization of radical cation salt
and neutral viologen by adsorption on the electrode.

The second reduction potential of BBV?* shows similar
large negtive shift upon addition of SDS. However, the first
reduction potential of the viologen is little affected by the
presence of SDS and is lowest among the viologens studied.
This strongly suggests that the BBV?* is intrinsically more
easily reduced, presumably due to electron-withdrawing cha-
racter of benzyl group, than the viologens with alkyl groups.
it is also likely that the first reduction potential of BBV?*
in SDS-free medium is not significantly influenced by preci-
pitation of BBV * salt. This is supported by absence of noti-
ceable counter ion effect on the first reduction potential of
BBV?*,?" which is in marked contrast to the behavior of
C7C?V2+_24

Unlike symmetric viologens, asymmetric viologens do not
precipitate with SDS. This can be attributed to the formation
of cation/anion mixed micelle® between SDS and the amphi-
philic viologens, which behave as typical surfactant molecu-
les:®2 the reported cme of C,Cp,V?* is 20X1072 M. For
these viologens, the adsorption-related peaks in cyclic vol-
tammograms are not observed even at concentration of SDS
far below cmc of the surfactant as shown in Figure 5E for
C,BV?*. This can be taken as an evidence of mixed micelli-
zation between the viologens and SDS (Details on the forma-
tion of viologen/SDS mixed micelle will be reported else-
where.)

In SDS micellar solutions, the values of reduction poten-
tials of asymmetric viologens are similar to the values of
symmetric viologens. Again, the viologen with benzyl substi-
tuent shows less negative first reduction potential than those
with alkyl chains. It is also apparent that the stabilization
of C,CpV+* salt by electrode adsorption is the main cause

Joon Woo Park et al

for the observation of the first reduction potential of C,C;,V¢*
in SDS-free solution at positive potential with respect to that
in SDS solution. It is interesting to note from Table 1 that
the first reduction potentials of symmetric and asymmetric
alkyl viologens are similar in SDS solution. This supports
the idea that only the alkyl chains of the viologens are inser-
ted into SDS micelle and the bipyridinium moiety is exposed
to bulk aqueous phase'®

In SDS micellar solutions, the order of easiness for the
first reduction of asymmetric viologens in C,BV?* <C,C,,V?*
<C,CsV?*, which is the reverse order of the rate of elec-
tron-transfer quenching of Ru(bpy);** by the viologens.* This
strongly implies that the difference in rate of the quenching
reaction mainly arises from the difference in reducibility of
the electron acceptors, viologens.

In conclusion, the reduction potentials of viologens in
homogeneous agueous solutions depend strongly on the
chain length of alkyl substituent. This is mainly due to stabi-
lization of the reduced viologen cation radical salt and neut-
ral form by deposition on the electrode surface. The deposi-
ted species undergo phase transition. With the exceptions
of C,C,2V** and C,BV?*, the conproportionation reaction bet-
ween dications and neutrl forms of viologens is favored kine-
tically as well as thermodynamically. The corresponding rea-
ctions for C,Ci;V** and C,BV?* are thermodynamically favo-
rable but kinetically disfavored. The electrode-adsorbed spe-
cies dissolve in SDS micelles and cyclic voltammograms of
viologens exhibit two reversible redox processes in SDS mi-
cellar media. The reduciton potentials of viologen in the mi-
cellar solutions depend little on the alkyl substituent, The
first reduction potential of benzyl-substituted viologens is
less negative than the corresponding values for alkyl-substi-
tuted viclogens, due to electron-withdrawing character of be-
nzyl group.
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Ruthenium{Il) unsymmetrical Schiff base complexes, [Ru(CHBPH-TP)Cl.] and K[Ru(CHBPH-HB)Cl,] were synthesi-
zed, where CHBPH-TP and CHBPH-HB are 5-chloro-2-hydroxybenzophenonethiophencarba aldehydephenylenediimine
and 5-chloro:2-hydroxybenzophenonehydroxybenzophenonephenylenediimine. These Schiff bases were obtained from
the reactions of 5-chloro-2-hydroxybenzophenone (CHB) and 2-Thiophenecarbaldebyde (TP} or hyroxybenzophenone
(HB) and 1,2-diaminobenzene. Elemental analysis, conductivity and infrared studies of the complexes suggest an octa-
hedral geometry around ruthenium. Magnetic moments of the complexes indicate a single unpaired electron in a
low spin d° configuration. The complexes are capable of catalyzing the oxidation of styrene with sodium hypochlorite
in the presence of phase transfer agent. Oxidative cleavage of C=C bond is the major reaction pathway to form

benzaldehyde for styrene oxidation.

Introduction

Symmetric tetradentate Schiff base complexes have been

used extensively as macrocycle models,! while unsymmetric

This paper was supported {in part) by NON DIRECTED RESEA-
RCH FUND, Korea Research Foundation, 1991

complexes are required to model the irregular binding of
peptides. Unsymmetric complexes are very important in bio-
logical systems as well as in industrial catalysis and are in-
teresting also from theoretical point of view?

Kusta ef al. obtained several metal complexes with unsym-
metrical Schiff bases by reacting Cu(ID, Ni(Il), Pd{l} salt



