Colloid Polym Sci (2006) 284: 1387-1393
DOI 10.1007/500396-006-1507-6

ORIGINAL CONTRIBUTIONS

Kabir-ud-Din
Neelam Hazoor Zaidi
Mohd Akram
Zaheer Khan

Received: 8 October 2005
Accepted: 16 March 2006
Published online: 13 June 2006
© Springer-Verlag 2006

Kabir-ud-Din (D<) - N. H. Zaidi -
M. Akram

Department of Chemistry,
Aligarh Muslim University,
Aligarh 202002, India

e-mail: kabir7@rediffmail.com

Z. Khan

Department of Chemistry,
Jamia Millia Islamia,
Jamia Nagar,

New Delhi 110025, India

Mechanism of the oxidation of p-glucose
onto colloidal Mn0, surface in the absence
and presence of TX-100 micelles

Abstract Aqueous colloidal manga-
nese dioxide (MnO,) was prepared via
titration by using potassium perman-
ganate and sodium thiosulphate in
aqueous neutral medium. The kinetics
of oxidation of p-glucose onto the
surface of colloidal MnO, have been
studied spectrophotometrically. The
results show that the rate of initial
stage (nonautocatalytic path) increases
with increasing the [p-glucose], [H'],
and temperature and also upon addi-
tion of nonionic surfactant Triton X-
100 (TX-100), which indicates that the
surfactant enhances the concentration

of p-glucose at the surface of the
colloidal MnO,. Hydrogen bonding
interaction seemingly arises between —
OH groups of p-glucose and oxygen
of the ether linkages of polyoxyeth-
ylene chain of TX-100. A possible
mechanism of the oxidative degrada-
tion of p-glucose is discussed in terms
of p-glucose/TX-100 and colloidal
MnO, interaction.

Keywords Colloidal MnO, -
Oxidation - p-Glucose - TX-100

Introduction

Carbohydrates are the structural backbone of the DNA,
RNA, and nucleic acids and play major role in nutrition.
The biochemical importance of the carbohydrates lies in the
fact that they form the direct link between the radiant energy
emitted by the sun and the demand of living tissues, plant
and animal, for supplies of energy required for the purpose
of metabolism. They are further important due to their wide
occurrence and multihydroxy functionality that allows
coordination and chelation to many metal ions. Besides
acting simply as effective chelators [1], in many cases, they
are also reducing agents [2—5]. Oxidative degradation of
sugars by different oxidizing agents has been the subject of
numerous investigations [6—13].

Manganese dioxide has been used extensively as an
oxidizing agent [14—16] and catalytic agent [17] of both
inorganic and organic compounds. Moreover, the trans-
parent solutions of manganese dioxide are also of
importance because of their widespread participation as
intermediate or reaction products in most permanganate
oxidations [18], being actively involved in the mechanism
as auto-catalyst in many cases [19]. However, details of the

kinetics and mechanism of oxidation of sugars by colloidal
manganese dioxide are yet unknown. Therefore, the
kinetics and mechanism of the reaction between colloidal
MnO, and p-glucose both in the aqueous and aqueous-
micellar media are reported in this paper.

Experimental
Materials

Triton X-100 (TX-100, 99%, Fluka, Switzerland), potassium
permanganate (98.5%, Merck, India), sodium thiosulphate
(99%, s.d. fine, India), sulphuric acid (98%, Merck, India)
and p-glucose (99%, Merck, India) were used as received. All
other salts were of A R grade. Double-distilled and deionized
water (specific conductance 1-2x107° Q" ecm™") was used
throughout. Standard KMnO, (5.0><10_4 mol dm™ ) and
sodium thiosulphate (1.87x10 % mol dm™>) were used to
prepare the water-soluble colloidal MnO, solution [20—22;.
The required volume of KMnO, solution (4.10 cm’,
9.75x102 mol dm>) was added slowly to a standard
solution of Na,S,05 (1.38 cm?>, 10.81x10 2 mol dm73) and
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the reaction mlxture was then diluted by the required
volume in 1-dm’ standard flask. The resulting perfectly
transparent dark brown solution was stable for several
weeks. The stoichiometric equation is expressed as

8MnO ™, +35,0,> +2H" — 8Mn0,+650,> +H,0 (1)

The formation of colloidal MnO, was tested by adding a
minimum amount of different electrolytes necessary for
precipitation of MnO,.

Kinetic procedure

For each set of kinetic experiments, the requisite volumes of
colloidal MnO, and H,SO,4 were taken in a three-necked
reaction vessel fitted with a double-surface water condenser
to prevent evaporation. A solution of the p-glucose was
taken in a separate flask. Both of the solutions were kept
thermostated at the experimental temperature (£0.1). The
reaction was started by adding a thermally equilibrated
requisite volume of p-glucose solution to the reaction
mixture. The progress of the reaction was followed by
recording the decrease of concentration of colloidal MnO,
at 390 nm with a B&L Spectronic-20 spectrophotometer up
to 80% completion of the reaction. Excess reductant (more
than or equal to ten times) was used in all the kinetic runs to
maintain pseudo-first-order conditions.

Free radical detection

The presence of free radicals in the reaction mixture was tested
by using methylmethacrylate monomer. The addition of the
monomer solution (5.0 cm ) to a reaction mixture containing
[MnO,]=10. 0x10~> mol dm™ , [>-ghucose]= 10. 0x107% mol
dm>, and [H,S0,4]=3.72x10"* mol dm* virtually stopped
the reactlon and a white spongy mass appeared. The positive
response indicated in situ generation of free radicals in the
reaction mixture. Control experiments (with D-glucose or
MnO, only) did not show any precipitate formation.

Product identification and stoichiometry

Paper chromatography was used for the qualitative identi-
fication of the oxidation product of b-glucose [10a, 23]. The
D-1,4-gluconolactone was identified as the main product
[eluent, n-butanol/acetic acid/water (4:1:5)]. The paper
chromatograms were visualized by p-anisidine reagent [24].

Several reactlons mlxtures with [MnO,] < [D glucose]
([MnOz] 8. OXIO mol dm>; [p-glucose]= 20X10 to 12.0x
107% mol dm ) at fixed [HZSO4] (3.0x10* mol dm ) were
prepared and kept for 2 h at room temperature. The
unconsumed MnO, was determined spectrophotometri-

cally. The consumption ratio was found to be (MnO,:
D-glucose) 4:1. Due to the autoacceleration nature of the
reaction, the exact stoichiometry equation and products
formed are difficult to predict (vide-supra).

Results and discussion
Reaction in the absence of TX-100
Preliminary studies

As the plots of log (absorbance) vs time (Fig. 1) deviate from
linearity, it is clear that the oxidative degradation kinetics of
D-glucose consists of two separate pathways [25, 26]. In the
first phase, the reaction follows a nonautocatalytic reaction
pathway (oxidation of glucose only). The second phase of the
reaction is autocatalytic which may be due to the oxidation of
glucose and of its oxidation products. The observed pseudo-
first-order rate constants (ks OF de s~ 1) for the initial stages

of the reaction were calculated from the slopes of the plots of
log (absorbance) vs time. Reproducible results giving good
first-order plots (average correlation coefficient, » >0.998)
were obtained for each kinetic run.

Effect of [H,SO,] on the reaction rate

The colloidal MnO, solution was found to undergo acid
hydrolys1s or was unstable in aqueous solution of [H']
>5.0x10"* mol dm>. Therefore, the kinetic studies were
limited in the [H'] range of 1.0 to 5.0x10™* mol dm>. To
discover the effect of [H'] on the pseudo-first-order rate

fog(Absorbance)

1 1 | 1 1
0 20 40 60 80 100
Time(min.)

Fig. 1 Plots of log (absorbance) vs time for the oxidation of
Dglucose by collcndal MnO,. Reactlon condltlon [MnOz]
80><10 mol dm™> [D-glucose]20><10 mol dm > (a), 6.0x102 mol
dm™ (b), and4OX10 mol dm ° (c, d); temperature 30 °C (a, b), 35 °C
(c), and 40 °C (d)
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constant, several kinetic runs were carried out at constant
[D- glucose] (4.0x107% mol dm %), [MnO,] (8.0x10~> mol
dm ), and temperature (=30 °C). The reaction was accel-
erated by an increase in the acidity of the medium
(Table 1). kqps vs [H2SO4] plot showed a linear relationship
with positive intercept on the Y-axis (extrapolation until
zero concentration of H,SO,). It should, however, be zero
at [H,SO4]=0.0 mol dm . Thus, we can conclude that
redox reaction has acid-dependent as well as acid-inde-
pendent paths. It is to be noted that ionic strength of the
reaction mixtures could not be maintained constant.

Effect of varying [MnO,] on the reaction rate

The order with respect to [MnO,] was determined from the
reaction rate obtained at different [MnOz] and ﬁxed
[p- glucose] =4.0x10% mol dm™> and [H']=3.0x10"* mol
dm > at30 °C (Table 1). The plots of log (absorbance) vs time
(Fig. 1) were linear, indicating first-order dependence of the
rate on [MnQO,]. This was also confirmed by near-constant
values of ks obtained with varying [MnO,] (Table 1).

Effect of temperature on the reaction rate

To see the effect of temperature on the reaction rate, a series
of kinetic runs was carried out at different temperatures

Table 1 Values of pseudo-first-order rate constants (kops) and

activation parameters (E,, AH*, and AS*) for the oxidation of
[p-glucose] (4.0x10~% mol dm ) by colloidal MnO, at 30 °C

[MnO;], 10° [HSOy4], 10* Temperature  kqps, 10*
(mol dm™) (mol dm™)  (°C) O
1.6 3.0 30 1.5
3.2 1.5
4.8 1.8
6.4 2.2
8.0 2.5
8.0 1.0 30 1.2
2.0 1.7
2.5 2.1
3.0 2.5
4.0 29
4.5 3.2
5.0 3.8
8.0 3.0 25 1.4
30 2.5
35 3.6
40 4.9
Activation parameters
E, (kJ mol™") 65
AH7 (k] mol ) 62
AS” (JK ™' mol™) -109

Table 2 Values of pseudo-first-order rate constants for the oxida-
tion of D- glucose by [MnO,] (8.0x107> mol dm™) in [H,SO4]
(3.0x10™* mol dm ™) at 30 °C

[p-Glucose], 10% kobs, 10° kear, 10 Kobs—Kear!
(mol dm ) s s kops, 10%
2.0 1.2 12 0.0
4.0 2.5 22 +0.12
6.0 2.1 28 -0.33
8.0 3.3 3.3 0.0
10.0 3.6 3.7 -0.03
12.0 4.0 4.0 0.0

from 25 to 40 °C at fixed [p- 3glucose (4.0x10~% mol dm 3,
[MnOz] (8.0x107° mol dm ), and [H,SO4] (3.0x10™* mol
dm ) The values of k., were found to fit the Arrhenius
equation (Eq. 2) and the plot between log kyps vs 1/ T was
linear. The value of activation energy (E,) was calculated
from such plot.

E
log £, logd— ——— 2
08 Kops=108 2303RT ()
The Eyring equation was used to calculate other activa-
tion parameters. The nonlinear least-squares-calculated
values of different activation parameters are shown in

Table 1. The large negative value of AS# shows that the
transition state is well structured and highly solvated.

103/kob5 (s)

1 1 1
o] 20 40 60

1/C D-9lucose J(mol 'dm3)

Fig. 2 Plot of 1/k,,s vs 1/[D-glucose] for the oxidation of p- glucose
by colloidal MnO% Reactlon condition [MnO,]=8.0x10"> mol dm >
[H,S0,4]=3.0x10"% mol dm>, and temperature=30 °C
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Effect of [d-glucose] on the reaction rate

The effect of [p-glucose] was seen under experimental
conditions of [H,S04]=3.0x10"* mol dm™>, [MnO,]=
8.0x10 > mol dm >, and temperature=30 °C, which showed
rate increase with increase in [D-glucose] (Table 2). The plot
oflog ks vs log [D-glucose] was linear with slope=0.70 for

Scheme 1 [H']-independent
pathway (Egs. 3, 4, 5,

the H,SO, concentration used, indicating fractional-order
dependence of the rate on [p-glucose]. On the other hand,
the plot of kops ' VS [D—glucose]f1 was also linear at constant
[H'] with a positive intercept and positive slope (Fig. 2).
Such a plot is indicative of Michaelis—Menten/Langmuir
adsorption isotherm behavior (kinetic proof for complex
formation between colloidal MnO, and p-glucose).

(i) [H']-independent pathway

and 6) and [H']-dependent H,0H CH,OH
pathway (Eqgs. 7 and 8) (MnO,),+ K
< OH (MnO,)- OH (3)
H H
(B-D-glucopyranose) (c)
CH,OH
k QO
C| —_— (MnOzjn_, + O + ][Mﬂ()g (4)
H
(radical)
CH,OH

: O )
radical + HMnO, ﬂ, m -+ (Ml‘lOg}”J + Mn(II) (5)
(6]

(lactone)
CH,O0H
0]
OH = fast . .
+ HMnO, —— » radical + Mn(II) (6)
H
(B-D-glucopyranose)
(ii) [H'|-dependent pathway
CH,OH
. Q
Ci+H H'~(MnO,); m((m L
H
(C,
H,0OH
ky 9]
C, —— (MnO,y),, + o + HMnO, (8)

H

(reactions (5) and (6) then follow).
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Mechanism and rate law

It has been established that, in aqueous solution, p-glucose
exists in equilibrium between «- and (-pyranose forms
with free aldehyde form as the intermediate [27]. The
amount of open-chain form of b-glucose has been estimated
from polarographic studies [28] and has been found to be
0.024% at pH 7.0 at 25 °C. On the other hand, the ratio of
the «- and (-pyranose forms has been estimated from
nuclear magnetic resonance studies [29] at 30 °C to be
36:64.

CH,OH CH,OH
Q Q

H

OH

OH H

a-D-glucopyranose -D-glucopyranose

It has also been claimed that the pyranose form is involved
in the oxidation reaction. As far as the conformation is
concerned, the (3-anomer should be more reactive than the
«-anomer [30]. Furthermore, the rate of mutarotation is
many times greater than the rate of oxidation [27, 31].

On the basis of experimental results, Scheme 1 mech-
anism has been proposed.

In Scheme 1, Egs. 3 and 7 represent the adsorption of
D-glucose and hydrogen ion on the surface of the colloidal
MnO, and p-glucose-MnO, complex, respectively. Equa-
tions 4 and 8 are the respective rate-determining steps. In
the light of previous results, we assume that complexes C,
and C, decompose in a one-step, one-electron oxidation—
reduction mechanism to manganese(I1I), radical, and other
products. Manganese(I1I) is a strong oxidant and is unstable
with respect to disproportionation. However, we attempted
to monitor the formation of manganese(Ill) at 470 nm but
failed to detect any buildup during the course of the
reaction.

36% 64% .
Scheme 1 mechanism leads to the rate law
,_ —dIMnOy] _ (KK + kKK [(H")s]) [(D — glucose)] [MnOs] ©)
dt 1+ (K +KK[H")g])[(D - glucose)]

intercept and slope and found to be 7.14x107* s~ and
and 35.91x10° mol®> dm ®, respectively. On substituting the
values of ky, K| K, [H,SOy4], and [(p-glucose)s] in Eq. 11,
(kK + ki K\ K [(H )] [(D — glucose)] the calculated values of rate constants (k) are obtained for
obs (10)  each kinetic run (Table 2). These calculated values of rate

"1+ (K + KK [(H)g]) [(D — glucose)s]

Under our experimental condition ([H,SO4]=3.0%
107* mol dm™), the contribution of acid-independent
path can be neglected. Thus, Eq. 10 is reduced as
Eq. 11.

lelK[(H+)S] [(D — glucose)s]

obs = 11
T KiK[(H")s])[(D — glucose)] (b
On rearrangement, Eq. 11 can be written as:

1 1 1

+ - (12)

kops kKK [(H)g] [(D — glucose)g| ki

A plot of k. vs [p-glucose] " should accordingly be
linear with a positive intercept (1/k;) on the Y-axis and a
positive slope (1/ kK, K[(H")s]). This has been found to be

so (Fig. 2). Values of k; and KK were calculated from

constants are in close agreement with the observed pseudo-
first-order rate constants (kqps).

Reaction in the presence of TX-100

To see the role of nonionic surfactant, the effect of
varying [TX-100] upon the rate of colloidal MnO,
reduction by p-glucose was studied at constant [MnO,]
(8.0x10"° mol dm ), [p-glucose] (4.0x1072 mol dm ),
[H,S04] (3.0x10 % mol dm %), and temperature (30 °C)
(Fig. 3). The data so obtained are given in Table 3. The
observed effect is catalytic up to a certain [TX-100];
thereafter, an inhibitory effect follows. Tuncay et al. [32]
developed a mathematical model for such a catalytic
effect. The equation between rate constant (ki/) ) and [TX-

100] for the data given in Table 3 for the present reaction
is analogously

log ky, = 0.2577 log [TX — 100] — 2.9725(r = 0.988)
(13)
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o 3s L J
°
1

3.4 L - 1

1.9 2.0 2.2 2.4
—~log CTx-1003

Fig. 3 Plot of log [TX-100] vs log k,;, for the oxidation of p-glucose
by colloidal MnO,. Reaction condition [MnO,]=8.0x10> mol dm °,
[D-glucose]=4.0x102 mol dm >, [H,S04]=3.0x10"* mol dm °, and
temperature=30 °C

Michaelis—Menten kinetic equation can be used up to
catalytic part to explain the observed results. Therefore, the
following equation is similar to the Michaelis—Menten type

[TX — 100]
kyy = kobs +
W = o Y T 100] 1
or
[TX — 100]
ke — kg = — 14
¥ T T = 100] + b (14

Table 3 Effect of varying the [TX-100] on the k,;, for the oxidation
of [p-glucose] (4.0x107% mol dm ) by colloidal ' [MnO,] (8.0x10>
mol dm>) in [H,SO,] (3.0x10™* mol dm™) at 30 °C

[TX-100], 10° 10%ky,
(mol dm™) s
0.0 2.5
4.0 2.6
6.0 2.9
8.0 3.1
10.0 3.2
12.0 3.4
14.0 3.2
16.0 3.1
18.0 2.8

Equation (14) can be rearranged as Lineweaver—Burk
form

! —a—i-[ (15)

kyy = kops— [TX —100]

The fulfillment of the above relation can be seen in
Fig. 4. The values of a and b were calculated from the slope
and intercept of Fig. 4 (a=1.0x10% s, b=133.3 mol dm > s)
(r=0.986).

Probable role of TX-100

It is well known that gum arabic stabilizes colloidal MnO,
[33], whereas nonionic surfactants enhance the dispersion
stability [34]. The catalytic effect of TX-100 indicates that
adsorption is not the only factor responsible to explain the
effect observed with TX-100 on the oxidation of p-glucose
by MnO,. In addition, the role of other factors, e.g., hy-
drogen bonding, properties of interfacial water (known to
be less polar but more structured than bulk water), dif-
ferences in stabilization of the initial and transition states by
surfactant molecules, reaction rates in the bulk and micellar
pseudo-phases, etc., cannot be ruled out completely.
Hydrogen bonding between TX-100 and the reactants may
play an important role. p-Glucose possesses no hydrophobic
character and has five -OH groups. Hydrogen bonding may
occur between the five —OH groups of p-glucose and the
ether-oxygen of the polyoxyethylene chains of TX-100. Due
to the presence of a number of donor groups in one TX-100
molecule, multiple H-bonding may take place and the number
of bound p-glucose molecules increases. In this surfactant, the
lengths of the hydrophobic and hydrophilic parts are
comparable and have significant amount of water in the

10" Yk - kops)(5)
o o©
n (2]
T T

o
~
T

0 1 ] | L
0 SO 100 150 200

1/CTXx-100] (mot~tam3)

Fig. 4 Plot of (1 gk - k0b5>[) vs 1/[TX-100] for the oxidation of
D-glucose by colloidal MnO,. The reaction condition is the same as
in Fig. 3
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outer shell. The hydrogen bonding between MnO, sols and
hydrophilic part (polar ethylene oxide) of the TX-100
cannot be ruled out either (let us call it adsorption).
Therefore, the associated MnO, and p-glucose with TX-
100 (through hydrogen bonding) seems responsible of
facilitating the reaction; this might be the role of TX-100
towards the observed catalysis. This surfactant thus helps
in bringing the reactants closer, which may orient in a
manner suitable for the redox reaction followed by
rearrangement of TX-100 molecules. The decrease in
rate at higher [TX-100] (>12.0x10> mol dm ) could be
due to the ‘dilution effect’: continuous increase in [TX-
100] produces micelles and progressively more and more
substrate (D-glucose) gets associated to the micellar phase.
This segregation deactivates the substrate as D-glucose in
one micelle cannot react with MnO, (onto which TX-100 is

adsorbed). A point worth noting is that even at [TX-100]=
18.0x10* mol dm >, the rate constant is still higher than
the values observed in bulk water (Table 3); this proves
beyond doubt that TX-100 is still playing its role in
catalyzing the reaction.

Conclusion

The catalytic role of nonionic surfactant TX-100 for the
oxidation of p-glucose by colloidal MnO, has been
reported for the first time. The reaction proceeds through
the adsorption of p-glucose on the surface of the colloidal
particles. The catalytic effect of TX-100 may be due to
multiple H-bonding between the surfactant and the
reactants (MnO, and p-glucose).

References

1. Angyal S (1989) Adv Carbohydr Chem  11.
Biochem 47:1-43

2. Sala LF, Cirelli A, Lederkremer R
(1977) J Chem Soc Perkin Trans
2:685-688

3. Sala LF, Cirelli A, Lederkremer R
(1978) Anal Asoc Quim Arg 66:57-63

4. Gupta M, Saha S, Banerjee PJ (1988) 12.
J Chem Soc Perkin Trans 2:1781-1785

5. Barek J, Berka A, Pokorna-Hladikova 13.
(1982) Collect Czech Chem Comm

(a) Sala LF, Signorella SR, Rizzotto M,  23.
Frascaroli MI, Gandolfo F (1992) Can J

Chem 70:2046-2052, (b) Signorella

SR, Rizzotto M, Daier V, Frascaroli MI,  24.
Palopoli C, Martino D, Bousseksou A,

Sala LF (1996) J Chem Soc Dalton 25.
Trans, pp 1607-1611

Virtanen POI, Kurkisuo S (1985) 26.
Carbohydr Res 138:215-223

Kistayya T, Reddy MS, Kandlikar S 217.
(1986) Indian J Chem 25A:905-907

Sala LF, Signorella SR, Rizzotto M,
Frascaroli MI (1992) Can J Chem
70:2046-2052

Sala LF, Palopoli C, Signorella S
(1995) Polyhedron 14:1725-1730

Pare B, Pipada M, Choube A, Bhagwat
VW (2003) Oxid Commun 26:95-104
Khan Z, Raju, Akram M, Kabir-ud-Din
(2004) Int J Chem Kinet 36:359-366
Virtanen POI, Kurkisuo S, Nevala H,
Pohjola S (1986) Acta Chem Scand A

47:2446-2477 14. Sharma TC, Lal A, Saksena V (1976) Phys Inorg Chem 40:200-206

6. Singh SV, Saxena OC, Singh MP Bull Chem Soc Jpn 49:289-291 28. Cantor SM, Peniston QP (1940) J Am
(1970) J Am Chem Soc 92:537-541 15. Basak B, Malati MA (1977) J Inorg Chem Soc 62:2113-2121

7. Isbell HS, Frush HL (1973) Carbohydr Nucl Chem 39:1081-1084 29. Rudrum M, Shaw DF (1965) J Chem
Res 28:295-301 16. Taniguchi S (1984) Bull Chem Soc Jpn Soc, pp 52-57

8. Mehrotra RN, Amis ES (1974) J Org 57:2683-2684
Chem 39:1788-1791 17.

9. Kumar A, Mehrotra RN (1975) J Org Chem 95:139-146
Chem 40:1248-1252 18.

10. (a) Sen Gupta KK, Sen Gupta S, Basu
SN (1979) Carbohydr Res 71:75-84, 19.
(b) Sen Gupta KK, Basu SN (1980)
Carbohydr Res 80:223-232, (c) Sen 20.
Gupta KK, Basu SN (1980) Carbohydr
Res 86:7-16 21.

Abd El-Salaam KM (1975) Z Phys

Freeman F, Kappos JC (1985) ] Am

Chem Soc 107:6628-6633 32.
Perez-Benito JF, Lee DG (1985) Can

J Chem 63:1275-1279

Perez-Benito JF, Brillas E, Pouplana R 33.
(1989) Inorg Chem 28:390-392

Perez-Benito JF, Arias C (1992) 34,
J Colloid Interface Sci 149:92-97

30. Perlin AS (1964) Can J Chem
42:2365-2374

31. Mehrotra R, Kumar A (1976) J Org

Chem 40:1248-1252

Tuncay M, Yuce N, Arlkan B, Gokturk

S (1999) Colloids Surf A Physicochem

Eng Asp 149:279-284

Tompkins FC (1942) Trans Faraday

Soc 38:131-139

Cummins PG, Staples E, Penfold J

(1990s) J Phys Chem 94:3740-3745

22. Perez-Benito JF, Arias C, Amat E
(1996) J Colloid Interface Sci 177:

288-297



	Mechanism of the oxidation of d-glucose onto colloidal MnO2 surface in the absence and presence of TX-100 micelles
	Abstract
	Introduction
	Experimental
	Materials
	Kinetic procedure
	Free radical detection
	Product identification and stoichiometry

	Results and discussion
	Reaction in the absence of TX-100
	Preliminary studies
	Effect of [H2SO4] on the reaction rate
	Effect of varying [MnO2] on the reaction rate
	Effect of temperature on the reaction rate
	Effect of [d-glucose] on the reaction rate
	Mechanism and rate law

	Reaction in the presence of TX-100
	Probable role of TX-100


	Conclusion
	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


