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Abstract The kinetics of the oxidation of formaldehyde by octacyanomolyb-

date(V) ions has been studied in aqueous alkaline medium. A formaldehyde-

dependent and -independent reaction has been observed. The HCHO-dependent

reaction displays first order kinetics in [Mo(CN)8
3-], [HCHO], [OH-] and alkali

metal ion catalysis was observed. The rate law is consistent with:
�d½Mo CNð Þ3�8 �

dt
¼

2KhK1K2k3 Mo CNð Þ3�8
h i

HCHO½ � OH�½ � Aþ½ �: Activation parameters for both the

formaldehyde-dependent and -independent reaction have been obtained. The acti-

vation parameters for the HCHO-independent reaction provide evidence for the

identification of the reaction. A reaction mechanism is proposed.

Keywords Kinetics � Redox � Aqueous medium � Activation parameters

Introduction

The carbonyl group, –C=O, is a structural characteristic of a wide range of

compounds. The reactivity of this functional group is mainly due to the difference in

the electronegativity between the carbon and oxygen atoms. Formaldehyde belongs

to this group of compounds. Hydration of formaldehyde is a spontaneous process.

H2C ¼ O þ H2O�
Kh

H2C OHð Þ2
In aqueous medium, formaldehyde exists more than 99% in the hydrated form

[1, 2] with a Kh value of 2 9 103.
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Ferricyanide (E� = 0.36 V [3]) and potassium permanganate (E� = 0.57 V [3]) are

the most common reagents used as oxidants for organic functional groups in alkaline

medium. Speakman and Waters [4] reported the oxidation of aldehydes, ketones and

nitroparaffins with ferricyanide while Holluta and Mutshin [5] reported the oxidation

of formaldehyde by neutral permanganate and found the reaction to be base catalyzed.

W(CN)8
3- (E� = 0.54 V [6]) and Mo(CN)8

3- (E� = 0.8 V [6]) exhibit approx-

imately similar redox potentials as the above mentioned oxidants. Furthermore,

these M(CN)8
3- (M=W, Mo) complexes are relatively substitution inert. This

prompted the kinetic study of these complexes with some organic compounds.

Kinetic studies of the oxidation of formaldehyde (HCHO) with ferricyanide

(Fe(CN)6
3-) [7] and octacyanotungstate(V) (W(CN)8

3-) [8] have been reported. In

both studies, the reactions are first order with respect to the metal cyanide complex,

formaldehyde and the hydroxide ion and correspond to the rate law:

R ¼ Khk

½H2O� Mo CNð Þ3�n
h i

HCHO½ � OH�½ � ð1Þ

Experimental

Cesium octacyanomolybdate(V)dihydrate, Cs3Mo(CN)8�2H2O, was prepared as

described by Leipoldt et al. [9–11] and was used as primary standard [12] after

recrystallization. A stock solution of formaldehyde was prepared from Merck ‘‘Pro

Analisi’’ 35% formaldehyde solution and was standardized by the method of

Kolthoff and Belcher [13]. A stock solution of carbonate free sodium hydroxide was

also prepared and standardized with potassium phthalate [14, 15]. All other reagents

used were analytical grade and redistilled water was used throughout.

Kinetic measurements were made at constant ionic strength using sodium

chloride as an electrolyte. Experiments were carried out in diffuse laboratory light

because Mo(CN)8
3- is sensitive to light [16], although in the dark at a pH between

1 and 12 the radiation effect is insignificant [17]. Rate data have been obtained

by monitoring the absorbance decrease of Mo(CN)8
3- on a Pye Unicam SP 1700

double beam spectrophotometer at 390 nm (Fig. 1). The temperature of reaction

mixtures was controlled within 0.1 �C.

The extinction coefficients of Mo(CN)8
3- and Mo(CN)8

4- at 390 nm are

1,400 M-1cm-1 and 140 M-1cm-1, respectively [18]. Both the reagent, Mo(CN)8
3-,

and the product, Mo(CN)8
4-, absorbed light at this wavelength. Beer’s law thus cannot

be used directly to determine the concentration of Mo(CN)8
3- at a time t. If the initial

concentration of the Mo(CN)8
3- equals ‘‘a’’ mol dm-3 then the total absorbance at a

time t is given by:

At ¼ eMoðCNÞ3�8
� xþ eMo CNð Þ4�8

� a� xð Þ

and

Mo CNð Þ3�8
h i

¼ x ¼
At � eMo CNð Þ4�8

� a

eMo CNð Þ3�8
� eMo CNð Þ4�8

This equation was used throughout to calculate [Mo(CN)8
3-] at a time t.
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Results and discussion

Pseudo-first order plots of ln[Mo(CN)8
3-] versus time were linear for more than two

half-lives of the reaction. This as well as the results in Table 1 indicate that the

reaction is first order with respect to [Mo(CN)8
3-], [HCHO], and [OH-]. The plot of

kobsd verus [HCHO] (Fig. 2) for the variation of the formaldehyde concentration in

the reaction mixture yields a non-zero intercept. This is indicative of a second

reaction independent of the [HCHO] taking place. The hydroxide ion concentration

range for this study could have the consequence that the Mo(CN)8
3- oxidation of

the hydroxide ion [19] become significant.

Alkali metal ion catalysis was significant in previous redox studies [20, 21] of the

Mo(CN)8
3- complex ion. The influence of added alkali metal ions on the reaction

rate has also been studied by varying the alkali metal ion concentration with the

addition of the alkali metal chloride to the reaction mixture and the ionic strength of

the reaction mixture was kept constant with tetramethylammonium chloride. The

plot of the first order rate constant versus alkali metal ion concentration is linear

(Fig. 3) and indicates a very strong alkali metal ion catalysis and also that the

reaction is first order in alkali metal ion concentration ([A?]). The effectivity of the

A? ion on the reaction rate is in the order Na?\K?\Rb?\Cs?.

The observed first order dependence of kobsd in [Mo(CN)8
3-], [HCHO], [OH-]

and [A?] show the rate law to be of the form:

�d½Mo CNð Þ3�8 �
dt

¼ k Mo CNð Þ3�8
h i

HCHO½ � OH�½ � Aþ½ � ð2Þ

Fig. 1 Reaction trace of absorbance versus time. [Mo(CN)8
3-] = 4.0 9 10-4 mol dm-3; [HCHO] =

0.100 mol dm-3 [OH-] = 0.050 mol dm-3; T = 25 ± 0.1 �C; l = 0.1 mol dm-3
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Table 1 Observed rate constants for the oxidation of formaldehyde by Mo(CN)8
3-. T = 25.0 ± 0.1 �C,

l = 0.10 mol dm-3

[Mo(CN)8
3-]

9 104 (M)

[Mo(CN)8
4-]

9 104 (M)

[HCHO] (M) [OH-] (M) kobsd 9 104 s-1

2.50 0.100 0.050 6.37 ± 0.04

3.00 0.100 0.050 6.57 ± 0.03

3.50 0.100 0.050 6.50 ± 0.04

4.00 0.100 0.050 6.59 ± 0.03

4.50 0.100 0.050 6.53 ± 0.03

5.00 0.100 0.050 6.25 ± 0.03

5.00 2.50 0.100 0.050 6.22 ± 0.03

5.00 3.50 0.100 0.050 6.53 ± 0.04

5.00 3.00 0.100 0.050 6.66 ± 0.04

5.00 5.00 0.100 0.050 6.38 ± 0.03

5.00 0.100 0.050 6.20 ± 0.03

5.00 0.080 0.050 5.28 ± 0.01

5.00 0.060 0.050 4.43 ± 0.02

5.00 0.040 0.050 3.48 ± 0.03

5.00 0.020 0.050 2.55 ± 0.04

5.00 0.100 0.100 12.4 ± 0.2

5.00 0.100 0.080 9.74 ± 0.06

5.00 0.100 0.060 7.45 ± 0.05

5.00 0.100 0.040 4.87 ± 0.03

5.00 0.100 0.020 2.48 ± 0.04

5.00 0.100 0.010 1.23 ± 0.02

Fig. 2 kobsd versus the variation in [HCHO]. [Mo(CN)8
3-] = 5.0 9 10-4 mol dm-3; [OH-] =

0.050 mol dm-3; T = 25 ± 0.1 �C; l = 0.1 mol dm-3
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The experimental results may be explained by the reaction mechanism:

HCHO þ H2O�
Kh

H2C OHð Þ2 ð3Þ

H2C OHð Þ2þ OH� �
K1

H2CO� OHð Þ þ H2O ð4Þ

Mo CNð Þ3�8 þ Aþ �
K2

AMo CNð Þ2�8 ð5Þ

AMo CNð Þ2�8 þH2CO� OHð Þ�!k3
CNð Þ7MoCN : A : OC OHð ÞH2

� �3� ð6Þ

CNð Þ7MoCN : A : OC OHð ÞH2

� �3��!k4
HCOOH þ Mo CNð Þ4�8 þ Aþ þ Hþ ð7Þ

The equillibria, Eqs. 3 [1, 2] and 5 [21] exist in solution and equilibrium 4

explains the OH- dependence. The results of the variation of the alkali metal ion

in the reaction mixture (Fig. 3) show a strong alkali metal ion catalysis and that

the cation (A?) should be a constituent of the activated complex. The formation

of the activated complex (Eq. 6) is the rate determining step followed by a fast

decomposition for the formation of the products. Tests to establish the formation

of a free radical intermediate using vinyl acetate were negative. This is in

agreement with previous ferricyanide oxidations of similar functional groups,

where it is concluded that the free radical had no independent existence [7].

With Eq. 6 proposed as the rate determining step the rate of decrease of the

Mo(CN)8
3- is given by:

Fig. 3 First order rate constant, kobsd, versus [Alkali metal ion]. [Mo(CN)8
3-] = 5.0 9 10-4 mol dm-3;

[HCHO] = 0.10 mol dm-3; [OH-] = 0.050 mol dm-3; T = 25 ± 0.1 �C; l = 0.6 mol dm-3. The
intercept value is the first order rate constant without added alkali metal ions plus the first order rate
constant of the formaldehyde independent reaction under the reaction conditions
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�d½Mo CNð Þ3�8 �
dt

¼ k3 AMo CNð Þ2�8
h i

H2CO� OHð Þ½ �

þ k4 CNð Þ7MoCN : A : OC OHð ÞH2

� �3� ð8Þ
Steady state treatment to H2C(OH)2, H2CO-(OH), AMo(CN)8

2- and

[(CN)7MoCN:A:OC(OH)H2]3- yield the rate law:

�d½Mo CNð Þ3�8 �
dt

¼ 2KhK1K2k3 Mo CNð Þ3�8
h i

HCHO½ � OH�½ � Aþ½ � ð9Þ

The total rate law under experimental conditions, as a HCHO-dependent reaction

and a HCHO-independent reaction was observed (Fig. 2), is thus given by:

�d½Mo CNð Þ3�8 �
dt

¼ 2KhK1K2k3 Mo CNð Þ3�8
h i

HCHO½ � OH�½ � Aþ½ �

þ k
0

Mo CNð Þ3�8
h i

OH�½ �

The rate constant for the HCHO-dependent reaction has been determined as.

R = 0.91 ± 0.02 M-3s-1 and for the HCHO-independent reaction R
0

= 3.32 ±

0.06 9 10-3 M-1s-1.

The activation parameters for both the HCHO-dependent and -independent

reactions were obtained by variation of [HCHO] at various temperatures between 22

and 35 �C (Table 2). The parameters DH# and DS* were obtained from the Eyring

equation:

k ¼ kBT

h
e

DS�
R
� DH#

RT

� �
ð10Þ

The equation converted to the logarithmic form yield a linearized form, [22]

ln
k

T

� �
¼ � DH#

RT

� �
þ DS�

R

� �
þ ln

kB

h

� �
ð11Þ

where DH# can be obtained from the slope, �DH#

R , and DS* from the intercept

DS�
R
þ ln

kB

h

� �

Non-linear least-squares fits of the results in Table 2 to Eqs. 10 and 11 yield

an activation enthalpy, DH# = 54 ± 3 kJ mol-1, and an activation entropy,

Table 2 Observed rate constants for the reduction of Mo(CN)8
3- by formaldehyde at various temper-

atures. [Mo(CN)8
3-] = 5.0 9 10-4 mol dm-3; [OH-] = 0.050 mol dm-3; l = 0.10 mol dm-3

Temperature (�C) Gradient Kobsd 9 103 M-1 s-1 Intercept kobsd 9 104 s-1

22.6 3.6 ± 0.3 1.4 ± 0.2

25.1 4.6 ± 0.3 1.7 ± 0.3

27.5 5.4 ± 0.2 1.9 ± 0.2

30.3 6.3 ± 0.3 2.0 ± 0.3

35.0 9.3 ± 0.4 2.2 ± 0.3

6 C. Robert Dennis et al.
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DS* = -110 ± 9 J K-1 mol-1, for the HCHO-dependent reaction and an activa-

tion enthalpy, DH# = 21 ± 4 kJ mol-1, and an activation entropy, DS* = -245 ±

15 J K-1 mol-1, for the HCHO-independent reaction. All the obtained values have

been validated by using: [22]

rDS� ¼ 1

Tav
rDH#

The activation parameters for the HCHO-independent reaction is similar to that

of the Mo(CN)8
3- oxidation of the hydroxide ion [19]. This is a means of

identification for the HCHO-independent reaction.

References

1. Sutton AC, Downes TM (1972) Chem Comm 1:1

2. Bell RP (1966) Advan Phys Org Chem 1:4

3. Dobos D (1975) Electrochemical data. Elsevier, New York

4. Speakman PT, Waters WA (1955) J Chem Soc, Part 1, 40

5. Holluta J, Mutshin A (1930) Z Phys Chem 150:381

6. Campion RJ, Purdie N, Sutin N (1964) Inorg Chem 3:1091

7. Singh VN, Gangwar MC, Saxena BBL, Singh MP (1969) Can J Chem 47:1051

8. Basson SS, Bok LDC, Leipoldt JG, Grobler SR (1977) J Inorg Nucl Chem 39:376

9. Leipoldt JG, Bok LDC, Cilliers PJ (1974) Z Anorg Allg Chem 409:343

10. Bok LDC, Leipoldt JG, Basson SS (1975) Z Anorg Allg Chem 415:81

11. Dennis CR, van Wyk AJ, Basson SS, Leipoldt JG (1992) Trans Met Chem 17:471

12. Basson SS, Bok LDC, Grobler SR (1974) Z Anal Chem 268:287

13. Kolthoff IM, Belcher R (1957) Volumetric analysis, vol 3. Interscience Inc, New York

14. Meitz L (1963) Handbook of analytical chemistry, 1st edn. McGraw-Hill, New York

15. Vogel AI (1972) A textbook of quantitative inorganic analysis, 3rd edn. Longman, London

16. Gray GW, Spence JT (1971) Inorg Chem 10:2751

17. Adamson AW, Walker JP, Volpe M (1959) J Am Chem Soc 17:4030

18. Dennis CR (1975) A kinetic study of the octacyanomolybdate(V) ion oxidation of thiourea and

arsenic(lll). MSc Dissertation. University of the Orange Free State, Bloemfontein

19. Dennis CR, Potgieter IM, Basson SS (2010) React Kinet Mech Cat 99:63

20. Leipoldt JG, Bok LDC, Dennis CR (1976) J Inorg Nucl Chem 38:1655

21. Dennis CR, Basson SS, Leipoldt JG (1983) Polyhedron 2:1357

22. Lente G, Fabian I, Poe J (2005) New J Chem 29:759

A kinetic study of the oxidation octacyanomolybdate(V) ion 7

123


	A kinetic study of the oxidation of formaldehyde by the octacyanomolybdate(V) ion in aqueous alkaline medium
	Abstract
	Introduction
	Experimental
	Results and discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


