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Abstract Colloidal indigo is reduced to an aqueous
solution of leuco-indigo in a mediated two-electron process
converting the water-insoluble dye into the water-soluble
leuco form. The colloidal dye does not interact directly
with the electrode surface, and to employ an electrochem-
ical process for this reduction, the redox mediator 1,8-
dihydroxyanthraquinone (1,8-DHAQ) is used to transfer
electrons from the electrode to the dye. The mediated
reduction process is investigated at a (500-kHz ultrasound-
assisted) rotating disc electrode, and the quantitative
analysis of voltammetric data is attempted employing the
Digisim numerical simulation software package. At the
most effective temperature, 353 K, the diffusion coefficient
for 1,8-DHAQ is (0.84±0.08)×10−9 m2 s−1, and it is shown
that an apparently kinetically controlled reaction between
the reduced form of the mediator and the colloidal indigo
occurs within the diffusion layer at the electrode surface.
The apparent bimolecular rate constant kapp=3 mol m−3 s−1

for the rate law d leuco�indigo½ �
dt ¼ kapp � mediator½ � � indigo½ �

is determined and attributed to a mediator diffusion
controlled dissolution of the colloid particles. The average

particle size and the number of molecules per particles are
estimated from the apparent bimolecular rate constant and
confirmed by scanning electron microscopy.

Keywords Indigo . Colloid . Mediator . Reduction . Dye .
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Introduction

The reduction of indigo to leuco-indigo represents an
important type of industrial process which is operated
worldwide on a considerable scale [1]. To improve this
type of process by eliminating or minimizing the produc-
tion of inorganic waste from chemical reducing agents, the
biological [2] and the electrochemical reduction of indigo
have been proposed [3]. In recent years several novel
electrochemical processes have been developed. The direct
electrochemical reduction of indigo is hindered by a very
high activation barrier due to the insoluble particulate
(colloidal) nature of the dye in aqueous environments [4].
Only strong adsorption, for example, at mercury elec-
trodes, has been reported to overcome this problem [5]. The
extremely low solubility of indigo is due to extensive
hydrogen binding within the structure [6]. Only when
firmly immobilized onto a graphite electrode surface have
direct electrochemical processes for the solid indigo been
observed [7]. In a study exploring the solid-state electro-
chemical properties of indigo, the effects of pH, electrolyte,
and convection have been investigated [7]. Mediator-based
reactions with the Fe(III) triethanolamine (TEA) complex
[8] and with Fe3+-D-gluconate or Ca2+-Fe3+-D-gluconate
complexes [9] have been proposed. Anthraquinone deriv-
atives have been investigated as mediators in both the
bacterial [10] and the electrochemical [11] reduction of
indigo, although there is essentially no quantitative kinetic
and mechanistic information available. The direct reduc-
tion of indigo in fixed and fluidized beds [12], nickel [13],
or zinc contacts represent alternative mediator-free ap-
proaches. Pre-reduced indigo was introduced where the
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leuco-indigo is assisting reduction via a catalytic hydro-
genation process. The commercial leuco-indigo product is
sold as a 40 % solution to the dye houses [14].

In spite of the development of several types of processes,
very little is known about the mechanism and kinetics
associated with the reduction of colloidal indigo. Therefore,
this study aims at investigating and quantifying the medi-
ator-based electrochemical reduction of colloidal indigo.

In this report 1,8-dihydroxyanthraquinone (1,8-DHAQ;
see Scheme 1) is introduced as an effective redox mediator.
The reversible potential for the mediator reduction [in
0.1 M phosphate buffer (pH 12, 353 K)] Eo′=−0.78 V vs
saturated calomel electrode (SCE) is virtually identical to
the reversible potential for the direct reduction of solid
indigo (Eo′=−0.78 V vs SCE) and therefore highly
effective. It is shown that in spite of the low overpotential,
a very fast (essentially diffusion-controlled) reduction and
solubilisation of indigo occurs. The physicochemical
properties of this mediator system have been studied and
(ultrasound-assisted) rotating disc electrode experiments
performed to quantify the interaction between mediator and
dye particles. Elevated temperatures are shown to be
beneficial, and 500 kHz ultrasound is demonstrated to
provide stable conditions for colloidal electrochemistry
without significantly affecting the rate of the electrochem-
ical reduction process. Data analysis is demonstrated based
on a commercially available numerical simulation software
package (Digisim3, Cyclic voltammetric simulator for
Windows, version 3.03, BASi, USA [15]), and a quanti-
tative mechanistic model consistent with diffusion-con-
trolled interfacial kinetics is proposed.

Experimental

Reagents

Chemical reagents such as indigo (Fluka), phosphoric acid,
NaOH, and 1,8-DHAQ (Sigma-Aldrich) were obtained
commercially and used without further purification.
Demineralised water was taken from an Elga purification
system with at least 15 M Ω cm resistivity. Argon gas was
employed for de-aeration and obtained from BOC.

Instrumentation

For voltammetric studies a micro-Autolab II potentiostat
system (EcoChemie, Netherlands) was employed with a Pt
mesh counter electrode and a SCE reference electrode
(Radiometer, Copenhagen). A 7-mm-diameter rotating
gold disk electrode was used as the working electrode in
experiments with colloidal solutions. A 4.9-mm-diameter
basal plane pyrolytic graphite electrode was employed for
solid-state voltammetry experiments [16, 17]. The home-
build electrochemical cell was thermostated (with a Haake
B3 circulator) and equipped with an ultrasound transducer
(Undatim, 100 W, 500 kHz) to minimize sedimentation
effects (see Fig. 1). Control experiments in the presence
and in the absence of 500 kHz ultrasound were recorded to
avoid direct effects of ultrasound on the electrochemical
process. Only at a rate of electrode rotation lower than 1 Hz
were additional ultrasound mass transport effects observed.
Experiments were conducted under constant de-aeration
with high-purity argon. Indigo dispersions were prepared
by sonication (24 kHz, Hielscher UP200s glass horn probe)
for 5 min in aqueous buffer and injection into the bulk
buffer solution. Although stable for several hours, these
dispersions may not be regarded as stable colloidal
solutions due to the slow precipitation of indigo. To
avoid precipitation and non-homogeneous conditions,
500 kHz ultrasound was introduced. Scanning electron
microscopy (SEM) images were obtained with a JEOL
JSM6310 system. Unless stated otherwise, the temperature
was controlled at 80±2 °C (353 K).

Scheme 1 Diagrammatic representation of the 1,8-dihydroxyan-
thraquinone mediated reduction of indigo to leuco-indigo

Fig. 1 Schematic drawing of the thermostatted electrochemical cell
for rotating disc voltammetry experiments in the presence of
500 kHz ultrasound
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Simulation of voltammetric current responses

For quantitative data analysis, cathodic limiting currents
obtained at various electrode rotation rates and reagent
concentrations were employed. The Digisim software
package allows rotating disc voltammograms to be
simulated based on the appropriate temperature,
T=353 K, the viscosity, η=0.0035 cP, the diffusion
coefficient (for the redox mediator 1,8-DHAQ,
D=0.84×10−9 m2 s−1), the concentrations, and further
chemical parameters. For the mechanism a simple two-
electron transfer followed by a chemical reaction step (vide
infra) was chosen assuming that the colloid particles are
small enough to be approximately represented by a
homogeneous concentration parameter. The additional
effects of colloidal particles on the mass transport at
electrode surfaces described in the literature, for example,
for CaCO3 particles [18], is concentration dependent. Test
experiments with indigo solutions and inert redox couples
revealed no significant effect under conditions employed
here, and therefore, these effects are not further considered.

Results and discussion

Voltammetric characterisation of the reduction of solid
indigo immobilized at the surface of a graphite
electrode and immersed in aqueous buffer solution

It has been shown previously that solid indigo immobilized
at a graphite electrode can be studied directly by electro-
chemical methods [7]. The microcrystalline solid is
embedded in the electrode surface, and both reversible
reduction and oxidation processes are observed. At room
temperature two pH-dependent processes were observed
and attributed to the two-electron reduction of indigo to
leuco-indigo and the two-electron oxidation of indigo. It is
shown here that these two processes depend on the solution
temperature. Figure 2 shows cyclic voltammograms (dou-
ble cycle) obtained for the reduction of solid indigo
immobilized at a 4.9-mm-diameter graphite electrode and
immersed in phosphate buffer at pH 7 (Fig. 2a,b) and at
pH 12 (Fig. 2c). The two redox processes, P1 and P2, have
been proposed to be consistent with mechanisms given in
Eq. 1 [7].

At pH 7 the increase in temperature from 298 to 353 K
had no significant effect on the electrochemical behaviour
of the solid indigo. For the reduction process P1 a second

voltammetric peak has been attributed to a process
involving the Na+ cation [7]. At pH 12 the reduction
process P1 is associated with the deprotonation and
solubilisation of indigo (pKA≈12), and the removal of
indigo away from the electrode occurs. From the cathodic
and anodic peak potentials the approximate reversible
potential for the indigo/leuco-indigo systems at pH 12 and
at 353 K can be estimated as −0.78 V vs SCE, which
provides a rough guide to predict the reactivity of indigo
towards redox mediators. Next, the reduction process P1
was investigated in solution for colloidal indigo, and the
effects of a redox mediator, 1,8-DHAQ, on the indigo
reduction process are investigated.

Voltammetric characterisation of the 1,8-DHAQ
mediator in the absence and presence
of colloidal indigo

To investigate the redox properties of 1,8-DHAQ, first,
rotating disc voltammetry experiments were conducted in
the absence of indigo. Figure 3 shows a typical voltam-
metric response obtained at 80 °C (353 K) for a solution of
0.42 mM 1,8-DHAQ in 0.1 M phosphate buffer (pH 12). A
well-defined reduction response was observed with a

Fig. 2 Cyclic voltammograms (scan rate, 0.1 V s−1) for the
reduction and reoxidation of indigo microparticles immobilized at a
4.9-mm-diameter basal plane pyrolytic graphite electrode and
immersed into 0.1 M phosphate buffer (pH 7) at 298 (a), and at
353 K (b), and pH 12 at 353 K (c)
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reversible potential of −0.78 V vs SCE. This reversible
potential is very close to that observed for the reduction of
indigo (vide supra). The Tomeš criterion [19], which is
defined as the potential gap between the points where the
current reaches three fourths and one fourth of the limiting
current, E3=4 � E1=4 ¼ 0:035 V ¼ 2:197� RT

nF (R is the gas
constant, T the absolute temperature, F the Faraday
constant, and n is the number of electrons transferred per
molecule diffusing to the electrode surface), allows the

number of electrons transferred in this electrochemically
reversible reduction process to be confirmed as n≈2
consistent with the proposed mediator reaction in
Scheme 1. The oxidation peak at 0.2 V vs SCE is
consistent with a gold surface oxidation and not important
in this study.

Next, the diffusion coefficient for 1,8-DHAQ at 353 K
was determined. A plot of the limiting current observed
during reduction vs the square root of the rate of rotation
(see Fig. 3b) is linear, and therefore, the “Levich” equation
[20] can be employed to determine the diffusion coefficient
Eq. 2:

Ilim ¼ 0:62� n F A cD2=3v�1=6ω1=2: (2)

In this equation the mass-transport-controlled limiting
current for the reduction, Ilim, is related to the number of
electrons transferred per molecule diffusing to the electrode
surface, n, the Faraday constant, F, the electrode area, A, the
bulk concentration of 1,8-DHAQ, c, the diffusion coeffi-
cient, D, the viscosity at 353 K, 0.0035, and ω, the rate of
rotation. From data in Fig. 3b the diffusion coefficient in
0.1 M phosphate buffer (pH 12) and a temperature of 80 °C
(353 K) is D=(0.84±0.08)×10−9 m2 s−1. Consistent with
Eq. 1 the current was observed to scale linearly with the
concentration of the mediator 1,8-DHAQ. Alkaline solu-
tions of 1,8-DHAQ were observed to undergo aging over
several days, and therefore, fresh solutions have to be used
for experiments.

In the presence of only indigo in alkaline buffer solution,
no significant electrochemical reduction current is ob-
served in the absence of the redox mediator even at
elevated temperatures of 80 °C (353 K). This is consistent
with a repulsive or inhibited interaction between colloidal
indigo particles and the electrode surface. For other types
of redox-active colloids such hydrous iron oxide direct
interaction with suitable electrode surfaces and electron
transfer have been demonstrated [21]. However, the current
response observed for the redox mediator is substantially
increased by the presence of indigo (see Fig. 3b–d), which
is consistent with a mediated reduction of indigo particles.
Figure 3c shows that increasing the concentration of indigo
further increases the current for the mediated reduction
process.

From the plots of the limiting current vs the square root
of rotation rate, it can be seen that the current due to the
indigo reduction is characteristically dependent on the rate
of electrode rotation. To develop a better understanding of
the overall process a simplistic mechanistic model based on
a numerical simulation is developed next.

Analysis of rotating disc voltammetric data
for the 1,8-DHAQ mediated indigo reduction

To achieve a more quantitative parameterization and
understanding of the mediated indigo reduction process, a
commercial software package for the simulation of voltam-
metric data, Digisim [15], is employed. Only the limiting

Fig. 3 a Cyclic voltammogram (scan rate 10 mV s−1) for the
reduction of 0.42 mM 1,8-dihydroxyanthraquinone (1,8-DHAQ) in
0.1 M phosphate buffer pH 12 at a 7-mm-diameter rotating gold disc
electrode (5 Hz rate of rotation) at 353 K. b Plot of the limiting
currents for the reduction of 1,8-DHAQ vs the square root of the rate
of rotation for a solution of 0.42 mM 1,8-DHAQ without (i) and
with (ii) 2 mM colloidal indigo. c Plot of the limiting currents for the
reduction of 1,8-DHAQ vs the square root of the rate of rotation for
a solution of 0.3 mM 1,8-DHAQ without (i) and with 2 (ii), 4 (iii)
and 8 mM (iv) colloidal indigo. d Plot of the limiting currents for the
reduction of 1,8-DHAQ [curve (i) superimposed, curve (ii) 0.42 mM
and curve (iii) 0.042 mM 1,8-DHAQ] divided by the concentration
versus the square root of the rate of rotation for solutions of 1,8-
DHAQ (i) without and with (ii, iii) 2 mM colloidal indigo

868



currents for the reduction process are considered and
simulated. It is important to minimize the complexity of
the model, and therefore, the following assumptions are
introduced. The colloidal indigo is initially considered to be
homogeneously distributed and treated as a molecular
species. However, the diffusion coefficient for the indigo
species is set to an extremely low limit (here, 10−19 m2 s−1)
to reflect the low/insignificant mobility of colloidal
particles. The mobility of the colloid particle is therefore
entirely based on convective transport. The mechanism for
the mediated indigo reduction is proposed to follow the
following oversimplified (protonation equilibria are as-
sumed to be fast and ignored) reaction sequence Eqs. 3a−c:

1; 8� DHAQþ e�! 1; 8� DHAQ�; (3a)

1; 8� DHAQ� þ e�! 1; 8� DHAQ2�; (3b)

and

1; 8� DHAQ2� þ Indigo! 1; 8� DHAQ

þ leuco� Indigo:
(3c)

To further simplify the analysis, electron transfer in Eqs.
3a and 3b is assumed to be fast (reversible), the equilibrium
constant for the process in Eq. 3c is fixed, Keq=100 (it is
confirmed later that this parameter is not affecting the
simulated limiting currents), and the forward rate constant
for Eq. 3c, kapp, is introduced.

First, the current responses obtained in the absence of
indigo are considered. Figure 3c shows the characteristic
linear Levich behaviour of the current in relation to the
square root of the rate of electrode rotation, and this
behaviour is reproduced with the numerical simulation.
The diffusion coefficient, D=0.8×10−9 m2 s−1 at 353 K, is
employed for the 1,8-DHAQ mediator, and the simulated
currents confirm the above analysis. Figure 4b (curve i)
shows simulated limiting currents for the redox mediator
1,8-DHAQ in good agreement with experimental data
(Fig. 3c).

Next, the effect of indigo is considered. Indigo particles
are distributed within the solution phase, and transport of
these particles into the diffusion or reaction layer is
assumed to be entirely convection based (see Scheme 2). A
characteristic increase in current was observed experimen-
tally (see Fig. 3c) and is investigated here in two steps.

First, it is (erroneously) assumed that the reaction of 1,8-
DHAQ with indigo is essentially mass-transport-limited,
and the forwards rate constant for the chemical process in
Eq. 3c is chosen extremely high (kapp=10

6 mol m−3 s−1) and
thereby eliminated from the analysis. From the remaining
simulation parameters, only the apparent concentration of
indigo is taken to be free to allow the numerical current
responses to be matched with experimental results. This
approach apparently results in a reasonably good match
between numerical data and the experimental data shown

in Fig. 3c using an apparent concentrations of 0.4, 0.8 and
1.6 mM indigo (the actual total concentrations were 2, 4
and 8 mM indigo based on weight of indigo per volume of
solution, but initially, the apparent concentration was

Fig. 4 Simulated limiting currents for the reduction of 1,8-
dihydroxyanthraquinone (1,8-DHAQ) in the absence and presence
of indigo. a The effect of the indigo concentration on the limiting
current for 64 rad s−1 rate of rotation, k=3×104 mol m−3 s−1 (i),
k=30 mol m−3 s−1 (ii), k=3 mol m−3 s−1 (iii), k=0.3 mol m−3 s−1 (iv)
and 4 mM indigo. b The effect of indigo concentration [with 0 (i), 2
(ii), 4 (iii) and 8 mM (iv) indigo] on the limiting current for the
reduction of 0.3 mM 1,8-DHAQ. c Normalised limiting currents for
the reduction of 0.42 mM 1,8-DHAQ in the absence of indigo (i)
and 0.42 (ii) and 0.042 mM (iii) 1,8-DHAQ in the presence of 2 mM
indigo (k=3×103 mol dm−3 s−1)

Scheme 2 Flow of particles towards a rotating disc electrode and
the diffusion–reaction zone at the electrode surface/SCM
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introduced to parameterize the lower observed limiting
current). A good match of data was observed even for
different indigo concentrations. However, when data for a
low mediator concentration in Fig. 3d was simulated with
the same set of parameters, a considerable mismatch was
observed, and therefore, this approach was insufficient and
abandoned (numerical data not shown). The use of at least
two different mediator concentrations is important and has
been used to eliminate the wrong simulation approach.

Second, a much better overall match of numerical and
experimental data was observed when the forwards rate
constant for the bimolecular reaction see Eq. 3c was
allowed to control the limiting current. Figure 4a shows
typical simulation results demonstrating the effect of the
indigo concentration on the cathodic limiting current. In the
absence of indigo or for very low chemical rate constants,
kapp, a mediator-only current of −109 μA is determined.
For a very high bimolecular rate constant, k=3×104 mol
m−3 s−1, the expected diffusion-limited current is simu-
lated, which is higher than the experimental current.
Perhaps surprisingly, the diffusion-controlled current is not
proportional to the concentration of indigo due to the
second-order nature of the process. The higher the indigo
concentration, the more mediator is used up and the more
“compressed” the diffusion layer δ becomes (see
Scheme 2).

Next, to match experimental and simulation currents, the
value of the apparent bimolecular rate constant is reduced.
For an intermediate value of the apparent bimolecular rate
constant, kapp=3 mol m−3 s−1, the best agreement between
simulation and experimental data is obtained. Figure 4b,c
show simulation data in comparison to experimental data in
Fig. 3c,d. A remaining trend towards higher simulation
currents (compared to experimental currents) at lower rates
of electrode rotation can be attributed to the depletion of
smaller indigo particles, which leads to a change in the
apparent rate constant towards smaller values (vide infra).
However, overall, the match between experimental and
simulation data is good even at different mediator
concentrations.

Finally, the effect of the equilibrium constant for the
process given in Eq. 3c on the kinetic analysis is
considered. The reversible potential for both the reduction
of indigo and the reduction of the mediator 1,8-DHAQ at
353 K is virtually identical, and therefore the (simplifying)
choice of a very large equilibrium constant could be
criticized. However, voltammetric data simulated for the
process described by Eq. 3 are rather insensitive to the
magnitude of this equilibrium constant, and even when set
to unity, very similar currents are simulated. Therefore, the
apparent bimolecular rate constant determined in this
approach is reliable, and the physical meaning of the rate
constant remains to be explored.

Interpretation of the bimolecular rate constant
for the 1,8-DHAQ-mediated indigo reduction

It is interesting to consider the limits of the Digisim
simulation approach and the physical meaning of the rate
constant determined for the 1,8-DHAQ mediator. Indigo
particles create their own diffusion field, and the rate of
diffusion of the redox mediator towards the particle has to
be considered. The apparent bimolecular rate constant
determined experimentally has to be written as in Eq. 4:

d leuco� indigo½ �
dt

¼ kapp � indigo½ � � 1; 5; 8; 9� THAQ½ �: (4)

The rate of formation of leuco-indigo is related to an
apparent rate constant, kapp, the concentration of indigo and
the concentration of the reduced form of the redox
mediator. For the case of diffusion control this equation
may also be written as in Eq. 5 [22]:

d leuco� indigo½ �
dt

¼ 4πrD
NA

NP
� indigo½ � � 1; 5; 8; 9� THAQ½ �: (5)

In this equation the diffusion-controlled rate of forma-
tion of leuco-indigo is related toD, the diffusion coefficient
for the redox mediator, NA, Avogadro’s number, and NP, the
number of indigo molecules per particle. Comparison of
Eqs. 4 and 5 shows that the apparent rate constant for a
diffusion-controlled process at the surface of a spherical
particle of radius r is then given by Eq. 6.

kapp ¼ 4πrD
NA

NP
: (6)

Fig. 5 SEM image of indigo microparticles
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In this equation the parameters r (the particle radius) and
NP (the number of indigo molecules per particle) are related
(by NP

NA
� M

ρ ¼ 4πr3; with the molecular mass M and the
density ρ), and with kapp known, they can be determined
employing Eqs. 7 and 8:

r ¼
ffiffiffiffiffiffiffiffiffiffi

DM

kappρ

s

(7)

and

NP ¼ 4πNA

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

M

ρ
D

kapp

� �3
s

: (8)

Using parameters determined in this study (kapp=3 mol
m−3 s−1, D=0.84 10−9 m2 s−1, M=262 g mol−1, and ρ is
assumed 106 g m−3), the approximate particle radius
r=0.27 μm and NP=6×10

8 molecules are estimated.
Comparison with a typical scanning electron micrograph
(see Fig. 5) shows that these parameters are realistic, and
that in solution, the plate-shaped indigo particles may
indeed exhibit a radius between 0.1 and 0.5 μm. However,
the particles are clearly not spherical, which severely limits
the viability of the above analysis.

A consistent mechanistic picture is obtained based on a
diffusion-controlled reductive dissolution of colloidal
indigo particles. The magnitude of the limiting current at
a rotating disc electrode reflects the particle size of the
colloid rather than a true bimolecular chemical rate
constant. Treatments taking into account the distribution
of particle sizes and particle shapes have appeared in the
literature [23], but these parameters are beyond the scope of
this study.

Conclusions

The effectiveness of the redox mediator 1,8-DHAQ for the
reduction of colloidal indigo has been investigated by
rotating disc voltammetry. A detailed kinetic analysis
suggests that essentially, diffusion-controlled reduction
occurs, and that at a temperature of 353 K, 1,8-DHAQ is an
excellent mediator system for the reduction of colloidal
indigo. There are currently no comparable data for other
redox mediator systems or for 1,8-DHAQ under other

reaction conditions. However, in the future, this experi-
mentally simple approach based on rotating disc voltam-
metry and Digisim analysis will allow more detailed
mechanistic information to be obtained and slow surface
chemistry limited reactions to be identified.

Acknowledgements A.V. thanks MTTAgrifood Research Finland
and the Finnish Cultural Foundation for financial support.

References

1. Roessler A, Crettenand D (2004) Dyes Pigm 63:29
2. Compton RG, Perkin SJ, Gamblin DP, Davis J, Marken F,

Padden AN, John P (2000) New J Chem 24:179
3. Roessler A, Jin X (2003) Dyes Pigm 59:223
4. McKenzie KJ, Marken F (2001) Pure Appl Chem 73:1885
5. Komorsky-Lovric S (2000) J Electroanal Chem 482(2000):222
6. Vickerstaff T (1954) The physical chemistry of dying. Oliver

and Boyd, Edinburgh
7. Bond AM, Marken F, Hill E, Compton RG, Hügel H (1997)

J Chem Soc Perkin Trans II 9:1735
8. Bechtold T, Turcanu A (2002) J Electrochem Soc 149:D7
9. Bechtold T, Turcanu A (2004) J Appl Electrochem 34:1221
10. Nicholson SK, John P (2005) Appl Microbiol Biotechnol

68:117
11. Bechtold T, Burtscher E, Turcanu A (1999) J Electroanal Chem

465:80
12. Roessler A, Crettenand D, Dossenbach O, Rys P (2003) J Appl

Electrochem 33:901
13. Roessler A, Dossenbach O, Marte W, Rys P (2002) J Appl

Electrochem 32:647
14. Roessler A (2003) New electrochemical methods for the

reduction of vat dyes. Diss ETH Zürich No. 15120. Swiss
Federal Institute of Technology, Zurich

15. Rudolph M, Reddy DP, Feldberg SW (1994) Anal Chem 66:
A589

16. Scholz F, Schröder U, Gulaboski R (2005) Electrochemistry of
immobilized particles and droplets. Springer, Berlin Heidelberg,
New York

17. Komorsky-Lovric S, Mirceski V, Scholz F (1999) Mikrochim
Acta 132:67

18. Compton RG, Brown CA (1993) J Colloid Interface Sci
158:243

19. Oldham KB, Myland JC (1994) Fundamentals of electrochem-
ical science. Academic, London, p 291

20. Walsh F (1993) A first course in electrochemical engineering.
The Electrochemical Consultancy, London, pp 131–132 (see
for example)

21. McKenzie KJ, Marken F (2001) Pure Appl Chem 73:1885
22. Atkins PW (1998) Physical Chemistry. Oxford University

Press, Oxford, p 827
23. Forryan CL, Klymenko OV, Brennan CM, Compton RG (2005)

J Phys Chem B Condens Mater Surf Interfaces Biophys
109:8263

871


	A rotating disc voltammetry study of the 1,8-dihydroxyanthraquinone mediated reduction of colloidal indigo
	Abstract
	Introduction
	Experimental
	Reagents
	Simulation of voltammetric current responses

	Results and discussion
	Analysis of rotating disc voltammetric data for the 1,8-DHAQ mediated indigo reduction

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


