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Abstract :At Pt(111), Pt(100), Pt, and Rh interfaces, the Frumkin adsorption isotherm of under-

potentially deposited hydrogen (UPD H) and related electrode kinetic data are determined using

the standard Gibbs energy of adsorption. The Temkin adsorption isotherm of UPD H correlating

with the Frumkin adsorption isotherm of UPD H is readily determined using the correlation

constants between the Temkin and Frumkin or Langmuir adsorption isotherms. At the Pt(111),

Pt(100), Pt, and Rh interfaces, the lateral repulsive interaction between the UPD H species is

interpreted using the interaction parameter for the Frumkin adsorption isotherm. The lateral

repulsive interaction between the UPD H species at the Pt(111), Pt(100), Pt, and Rh interfaces

is significantly different from the lateral attractive interaction between the overpotentially depos-

ited hydrogen (OPD H) species at Pt, Ir, and Pt-Ir alloy interfaces. 

Key words :Underpotentially and overpotentially deposited hydrogen; Frumkin, Langmuir, and

Temkin adsorption isotherms; Pt group metal electrodes; Standard Gibbs energy of adsorption; Cor-

relation constants

1. Introduction

It is well known that underpotentially deposited

hydrogen (UPD H) and overpotentially deposited

hydrogen (OPD H) occupy different surface adsorp-

tion sites and act as two distinguishable electroad-

sorbed H species, and that only OPD H can

contribute to the cathodic H2 evolution reaction

(HER).1-5) Although the Frumkin and Langmuir

adsorption isotherms may be regarded as classical

models and theories, it is preferable to consider the

Frumkin and Langmuir adsorption isotherms for

UPD H and OPD H rather than equations of the

electrode kinetics and thermodynamics for UPD H

and OPD H because these adsorption isotherms are

associated more directly with the atomic mecha-

nisms of UPD H and OPD H.6) However, there is

not much reliable information on the Frumkin and

Temkin adsorption isotherms of UPD H and OPD

H and related electrode kinetic data, i.e., the frac-

tional surface coverage vs. potential (θ vs. E),

interaction parameter (g), and equilibrium constant

(K). A quantitative relationship between the Temkin

and Frumkin or Langmuir adsorption isotherms of

UPD H and OPD H has not been developed to

study the cathodic HER. Note that the Frumkin

adsorption isotherms of UPD H and OPD H and

related electrode kinetic data (θ vs. E, g, K) have

never been experimentally determined using conven-

tional methods.2,3) Therefore, the thermodynamic

data for UPD H, i.e., the standard Gibbs energy of

adsorption (∆Gθ
o) and rate of change (r) of ∆Gθ

o

with θ (0 ≤ θ ≤ 1), have been frequently investi-

gated and reported.1-5) *E-mail: jhchun@kw.ac.kr
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To determine the Frumkin, Langmuir, and Temkin

adsorption isotherms of UPD H and OPD H, the

phase-shift method and correlation constants have

been originally developed on the basis of relevant

experimental results and data.7) The theoretical and

experimental backgrounds and basic procedure of

the phase-shift method for determining the Frumkin,

Langmuir, and Temkin adsorption isotherms are

described elsewhere.8)

In this paper, we determined the electrode kinetic

data (g, K) for the Frumkin adsorption isotherms (θ

vs. E) of UPD H at Pt(111), Pt(100), Pt, and Rh/

aqueous solution interfaces using ∆Gθ
o with θ.2-5)

The Temkin adsorption isotherms of UPD H corre-

lating with the Frumkin adsorption isotherms of

UPD H were readily determined using the correla-

tion constants.7,8) The Frumkin and Temkin adsorp-

tion isotherms of UPD H and electrode kinetic data

(θ vs. E, g, K) have never been determined using

∆Gθ
o with θ (0 ≤ θ ≤ 1) and the correlation con-

stants. 

2. Determination of the Frumkin 

adsorption isotherm using the standard 

Gibbs energy of adsorption

Under the Frumkin adsorption conditions, the rela-

tionship between the equilibrium constant (K) and

the standard Gibbs energy of adsorption (∆Gθ
o) is9)

2.3RT log K = −∆Gθ
o (1)

K = Ko exp(−gθ) (2)

g = r/RT (3)

where R is the gas constant, T is the absolute

temperature, K is the equilibrium constant for the

Frumkin adsorption isotherm, ∆Gθ
o is the standard

Gibbs energy of adsorption with θ (0 ≤ θ ≤ 1), Ko is

the equilibrium constant for the Frumkin adsorp-

tion isotherm at g = 0, g is the interaction parame-

te r  f o r  the  Frumkin  adsorp t ion  i so the rm,

θ (0 ≤ θ ≤ 1) is the fractional surface coverage, and

r is the rate of change of ∆Gθ
o with θ (0 ≤ θ ≤ 1).

The dimension of K is described elsewhere.10) The

electrode kinetic and thermodynamic data (g, r,

∆Gθ
o) for the Frumkin adsorption isotherms of

UPD H at the Pt(111), Pt(100), Pt, and Rh inter-

faces are summarized in Table 1.2-5) 

The Frumkin adsorption isotherm assumes that

the lateral interaction effect is not negligible. It is

well known that the Langmuir adsorption isotherm

is a special case of the Frumkin adsorption iso-

therm. Note that when g = 0 in Eqs. 2 and 3, the

Langmuir adsorption isotherm is obtained. For the

Langmuir adsorption isotherm, the lateral interaction

effect is assumed to be negligible. The Frumkin

adsorption isotherm (θ vs. E) can be expressed as

follows9) 

(4)

where C+ is the concentration of ions (i.e., H+)

in the bulk solution, E is the negative potential,

and F is Faraday’s constant. 

The electrode kinetic data (g, Ko, K) for the

Frumkin adsorption isotherms of UPD H shown in

Table 2 are calculated using Eqs. 1 to 4 and the rel-

evant experimental data shown in Table 1. In Table

2, we assume that the adsorptions of UPD H shown

in Table 1 depend on θ (0 ≤ θ ≤ 1) and E regardless

of the temperature ranges. The ranges of θ given in

Table 1 (see Footnotes b to d) do not influence the

θ

1 θ–
------------ exp gθ( ) K

o
C
+

exp EF– RT⁄( )=

Table 1. Comparison of the interaction parameters (g),

rates of change (r) of ∆Gθ
o with θ, and standard Gibbs

energies of UPD H (∆Gθ
o) for the Frumkin adsorption

isotherms at the Pt group metal interfaces

Interface g r/kJ mol−1 ∆Gθ
o/kJ mol−1 Ref. 

Pt(111)/0.05 M 

H2SO4

11.0 27.3 −26 ≤ ∆Gθ
o
≤ −8b 2,3

Pt/0.5 M H2SO4 - - −25 ≤∆Gθ
o
≤ −12c 2,3

Pt/0.5 M HClO4 - - −21 ≤∆Gθ
o
≤ −7c 2,3

Rh/0.5 M H2SO4 - - −18 ≤∆Gθ
o
≤ −8c 2

Pt(111)/0.1 M 

HClO4

11.2 27.5 −27 ≤∆Gθ
o
≤ −8d 4

Pt(100)/0.1 M 

HClO4

4.0  9.9a −38 ≤∆Gθ
o
≤ −29d 4

Pt/0.5 M H2SO4 1.9 - - 5
a Adapted for this work. b ∆Gθ

o with θ (0 ≤ θ  ≤ 2/3). c ∆Gθ
o 

with θ (0 ≤ θ ≤ 1). d ∆Gθ
o with θ (0.05 ≤ θ ≤ 0.6). Note that 

the Frumkin adsorption isotherms are valid and effective at 
0 ≤ θ ≤ 1.



전기화학회지, 제 16권, 제 4 호, 2013 213

determination of the Frumkin adsorption isotherms of

UPD H. Because only one Frumkin adsorption iso-

therm of UPD H is determined regardless of the

ranges of θ over the same potential range.7) 

3. Determination of the Temkin 

adsorption isotherm using the correlation 

constants

At intermediate values of θ, i.e., 0.2 < θ < 0.8,

the pre-exponential term, [θ/(1−θ)], in Eq. 4 varies

little with θ in comparison with the variation of

the exponential term, exp(gθ). Under these approxi-

mate conditions, the Temkin adsorption isotherm

can be simply derived from the Frumkin adsorption

isotherm. The Temkin adsorption isotherm (θ vs.E)

can be expressed as follows9) 

exp(gθ) = KoC
+ exp(−EF/RT) (5)

The physical meaning of g for the Temkin

adsorption isotherm (Eq. 5) is clearly different from

that for the Frumkin adsorption isotherm (Eq. 4).

Note that g in Eq. 5 is practically determined by

the slope of experimental data for 0.2 < θ < 0.8 (see

Figs. 1 to 3). The evaluation of the applicability of

the Frumkin and Temkin adsorption isotherms over

the same potential range is described elsewhere.7) 

The cathodic HER at the Pt group metal interfaces

is one of the most extensively studied topics in elec-

trochemistry, electrode kinetics, hydrogen energy, and

fuel cells, etc.2-5) Figs 1, 2, and 3 show the determi-

nation of the Temkin adsorption isotherms of OPD

H corresponding to the Frumkin adsorption isotherms

of OPD H at Pt,11) Ir,11) and Pd12) interfaces, respec-

tively. The dashed lines in Figs. 1 to 3 show the

numerically calculated Temkin adsorption isotherms

Fig. 1. Comparison of the Frumkin and four fitted

Temkin adsorption isotherms at the Pt/0.5 M H2SO4

aqueous solution interface (adapted from Ref. 11). All

potentials (E) are given on the standard hydrogen

electrode (SHE) scale. Experimental data: ■ . The solid

curve shows the Frumkin adsorption isotherm, i.e.,

K = 3.5×10
−5 exp(2.5θ) mol

−1, calculated using Eq. 4.

Dashed lines show the Temkin adsorption isotherms

calculated using Eq. 5 and the correlation constants for

(a) g = −4, (b) g = 0, (c) g = 2.1, and (d) g = 8.5 with

Ko = 3.5×10
−4 mol

−1. Note that the Temkin adsorption

isotherm, i.e., K = 3.5×10
−4 exp(−2.1θ) mol

−1, is valid and

effective only at 0.2 < θ < 0.8.

Table 2. Determination of the interaction parameters (g) and equilibrium constants (K) of UPD H for the Frumkin and

Temkin adsorption isotherms at the Pt group metal interfaces using the standard Gibbs energies of UPD H (∆Gθ
o) and

the correlation constants

Interface
Frumkin Temkin

Ref. 
g K/mol−1 g K/mol−1

Pt(111)/0.05 M H2SO4 11.0 3.6 × 104 exp(−11θ)b 15.6 3.6 × 105 exp(−15.6θ) this work

Pt/0.5 M H2SO4 5.2a 2.4 × 104 exp(−5.2θ)b 9.8 2.4 × 105 exp(−9.8θ) this work

Pt/0.5 M HClO4 5.6a 4.8 × 103 exp(−5.6θ)b 10.2 4.8 × 104 exp(−10.2θ) this work

Rh/0.5 M H2SO4 4.0a 1.4 × 103 exp(−4θ)b 8.6 1.4 × 104 exp(−8.6θ) this work

Pt(111)/0.1 M HClO4 11.2 5.4 × 104 exp(−11.2θ)b 15.8 5.4 × 105 exp(−15.8θ) this work

Pt(100)/0.1 M HClO4 4.0 4.6 × 106 exp(−4θ)b 8.6 4.6 × 107 exp(−8.6θ) this work

Pt/0.5 M H2SO4 1.9 A exp(−1.9θ)c 6.5 10A exp(−6.5θ) this work
a Calculated using Eq. 3 and the relevant experimental data shown in Table 1. b Calculated using Eqs. 1 to 4 and the relevant 
experimental data shown in Table 1. c A is the equilibrium constant at g = 0, i.e. Ko. Note that the values of g and Ko for the 
Temkin adsorption isotherms are approximately 4.6 and 10 times greater than those for the correlated Frumkin adsorption 
isotherms, respectively. The Temkin adsorption isotherms are valid and effective only at 0.2 < θ  < 0.8.
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using Eq. 5. The Temkin adsorption isotherms corre-

sponding to the Frumkin adsorption isotherms are

labeled c. Note that the values of g and Ko for the

Temkin adsorption isotherms are approximately 4.6

and 10 times greater than those for the correlated

Frumkin adsorption isotherms, respectively. The

Temkin adsorption isotherms are valid and effective

only at 0.2 < θ < 0.8. 

As shown in Figs. 1 to 3, g for the Temkin

adsorption isotherm can be simply determined by

the slope of experimental data for 0.2 < θ < 0.8.

This implies that the two different adsorption iso-

therms, i.e., the Temkin and Frumkin or Langmuir

adsorption isotherms, appear to fit the same data

regardless of their adsorption conditions. Corre-

spondingly, the physical meaning of g for the

Temkin adsorption isotherm is clearly different from

that for the Frumkin adsorption isotherm regardless

of their mathematical approximations. In other

words, g for the Temkin adsorption isotherm (Eq.

5) does not imply the correct lateral interaction

between the UPD H or OPD H species. This is the

reason why the applicability and its limitations of

the Temkin adsorption isotherms for UPD H and

OPD H should be considered at the Pt group metal

interfaces. The g and K for the Temkin adsorption

isotherms of OPD H at noble metal interfaces are

summarized elsewhere.7)

As stated above, we have experimentally and

consistently found and confirmed that the equilib-

rium constants (Ko) for the Temkin adsorption iso-

therms are approximately 10 times greater than

those (Ko or K) for the correlated Frumkin or

Langmuir adsorption isotherms.7,8,11,12) These fac-

tors (ca. 4.6 and 10) can be taken as correlation

constants between the Temkin and Frumkin or

Langmuir adsorption isotherms. Finally, one can

conclude that the Temkin adsorption isotherm of

UPD H correlating with the Frumkin or Langmuir

adsorption isotherm of UPD H, and vice versa, is

readily determined using the correlation constants.

The electrode kinetic data (g, Ko, K) for the

Temkin adsorption isotherms (θ vs. E) of UPD H at

the Pt(111), Pt(100), Pt, and Rh interfaces are

readily determined using the correlation constants

and are summarized in Table 2. 

Fig. 3. Comparison of the Frumkin and four fitted

Temkin adsorption isotherms at the Pd/0.5 M H2SO4

aqueous solution interface (adapted from Ref. 12). All

potentials (E) are given on the standard hydrogen

electrode (SHE) scale. Experimental data: ■ .  The solid
curve shows the Frumkin adsorption isotherm, i.e.,

K=3.3×10
−5 exp(−1.6θ) mol

−1, calculated using Eq. 4.

Dashed lines show the Temkin adsorption isotherms

calculated using Eq. 5 and the correlation constants for

(a) g = −4, (b) g = 0, (c) g = 6.2, and (d) g = 15.2 with

Ko = 3.3×10
−4 mol

−1. Note that the Temkin adsorption

isotherm, i.e., K = 3.3×10
−4 exp(−6.2θ) mol

−1, is valid and

effective only at 0.2 <θ < 0.8.

Fig. 2. Comparison of the Frumkin and four fitted

Temkin adsorption isotherms at the Ir/0.5 M H2SO4

aqueous solution interface (adapted from Ref. 11). All

potentials (E) are given on the standard hydrogen

electrode (SHE) scale. Experimental data: ■ .  The solid
curve shows the Frumkin adsorption isotherm, i.e.,

K = 2.7×10
−5 exp(2.4θ) mol

−1, calculated using Eq. 4.

Dashed lines show the Temkin adsorption isotherms

calculated using Eq. 5 and the correlation constants for

(a) g = −4, (b) g = 0, (c) g = 2.2, and (d) g = 8.5 with

Ko = 2.7×10
−4 mol

−1. Note that the Temkin adsorption

isotherm, i.e., K = 2.7×10
−4 exp(−2.2θ) mol

−1, is valid and

effective only at 0.2 <θ < 0.8.
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4. Interaction parameter for the Frumkin 

adsorption isotherm

At the Pt(111), Pt(100), Pt, and Rh interfaces, the

positive values of g for the Frumkin adsorption iso-

therms shown in Table 2 imply the lateral repulsive

interaction between the UPD H species, which

leads to a decrease in the absolute value of the

standard Gibbs energy ( ) of UPD H with θ

(0 ≤ θ ≤ 1) (see Table 1). Note that ∆Gθ
o is a nega-

tive number, i.e. ∆Gθ
o < 0. 

At Pt, Ir, and Pt-Ir alloy interfaces,7) the negative

values of g for the Frumkin adsorption isotherms

imply the lateral attractive interaction between the

OPD H species, which leads to an increase in

 of OPD H with θ (0 ≤ θ ≤ 1).9,14) This is a

unique feature of OPD H species at the Pt group

metal interfaces.13) However, the lateral attractive

interaction (g < 0) between the OPD H species at

the Pt, Ir, and Pt-Ir alloy interfaces is significantly

different from the lateral repulsive interaction

(g > 0) between the OPD H species at a Pd inter-

face even though the Pd belongs to the Pt group

metals.7,11-13) This aspect is frequently overlooked

and confused in the Temkin adsorption isotherm of

OPD H at the Pt group metal interfaces. 

5. Conclusions

At the Pt(111), Pt(100), Pt, and Rh interfaces, the

electrode kinetic data (g, Ko, K) for the Frumkin

and Temkin adsorption isotherms (θ vs. E) of UPD

H are readily determined using the standard Gibbs

energy of adsorption (∆Gθ
o) and the correlation

constants. The lateral repulsive interaction (g > 0)

between the UPD H species at the Pt(111), Pt(100),

Pt, and Rh interfaces is significantly different from

the lateral attractive interaction (g < 0) between the

OPD H species at the Pt, Ir, and Pt-Ir alloy inter-

faces. The lateral attractive interaction (g < 0)

between the OPD H species is a unique feature of

the Pt, Ir, and Pt-Ir alloy interfaces. The lateral

repulsive interaction (g > 0) between the OPD H

species is a unique feature of the Pd interface. 

For 0.2 < θ < 0.8, the two different adsorption iso-

therms, i.e., the Temkin and Frumkin or Langmuir

adsorption isotherms, appear to fit the same data

regardless of their adsorption conditions. The physi-

cal meaning of g for the Temkin adsorption iso-

therm is clearly different from that for the Frumkin

adsorption isotherm. The applicability and its limita-

tions of the Temkin adsorption isotherms for UPD

H and OPD H should be considered at the Pt

group metal/aqueous solution interfaces. The Temkin

adsorption isotherm correlating with the Frumkin or

Langmuir adsorption isotherm, and vice versa, is

readily determined using the correlation constants. 

Acknowledgments

Figures 1 to 3 were reprinted and adapted with

permission from the International Journal of Hydro-

gen Energy 32, 1982 (2007) and 33, 4962 (2008).

The authors wish to thank the International Associ-

ation for Hydrogen Energy (IAHE). This work was

supported by the Research Grant of Kwangwoon

University in 2013. 

References

1. E. Gileadi, “Electrode kinetics”, VCH: New York, 1993. 

2. B. E. Conway and G. Jerkiewicz, Eds., “Electrochemistry

and materials science of cathodic hydrogen absorption

and adsorption,” Electrochemical Society Proceedings,

Vol. 94-21; The Electrochemical Society: Pennington,

NJ, 1995. 

3. G. Jerkiewicz, ‘Electrochemical hydrogen adsorption and

absorption. Part 1: Under-potential deposition of hydro-

gen,’ Electrocatal., 1, 179 (2010). 

4. R. Gomez, J. M. Orts, A. Bernabe, and J. M. Feliu,

‘Effect of temperature on hydrogen adsorption on

Pt(111), Pt(110), and Pt(100) Electrodes in 0.1 M

HClO4,’ J. Phys. Chem. B, 108, 228 (2004). 

5. K. Kunimatsu, T. Senzaki, G. Samjesk, M. Tsushima, and

M. Osawa, ‘Hydrogen adsorption and hydrogen evolu-

tion reaction on a polycrystalline Pt electrode studied by

surface-enhanced infrared absorption spectroscopy,’ Elec-

trochim. Acta, 52, 5715 (2007). 

6. E. Gileadi, In “Electrosorption”, E. Gileadi, ed. Plenum

Press, New York, 1967, pp. 1-18. 

7. J. Chun, J. H. Chun, In “Developments in electrochemis-

try”, J. H. Chun, ed. InTech, Rijeka, 2012, Ch. 1, pp. 3-

27 (http://www.intechopen.com/books/developments-in-

electrochemistry) 

8. J. Chun, N. Y. Kim, J. H. Chun, ‘Determination of the

adsorption isotherms of hydrogen and deuterium isotopes

on a Pt-Ir alloy in LiOH solutions using the phase-shift

method and correlation constants’, J. Chem. Eng. Data,

55, 5598 (2010). 

∆G
θ

o

∆G
θ

o



216 J. Korean Electrochem. Soc., Vol. 16, No. 4, 2013

9. E. Gileadi, “Electrode kinetics”, VCH: New York, 1993,

pp. 261-280. 

10. D. W. Oxtoby, H. P. Gillis, N. H. Nachtrieb, “Principles

of modern chemistry”, 5th ed. Thomson Learning Inc.:

New York, 2002, p. 446. 

11. J. Y. Chun, J. H. Chun, ‘Correction and supplement to the

determination of the optimum intermediate frequency for

the phase-shift method [Chun et al., Int. J. Hydrogen

Energy 30 (2005) 247-259, 1423-1436]’, Int. J. Hydro-

gen Energy, 33, 4962 (2008). 

12. J. H. Chun, S. K. Jeon, J. Y. Chun, ‘The phase-shift

method and correlation constants for determining adsorp-

tion isotherms of hydrogen at a palladium electrode inter-

face’, Int. J. Hydrogen Energy, 32, 1982 (2007). 

13. J. Y. Chun, J. H. Chun, ‘A negative value of the interac-

tion parameter for over-potentially deposited hydrogen at

Pt, Ir, and Pt-Ir alloy electrode interfaces’, Electrochem.

Commun., 11, 744 (2009). 

14. E. Gileadi, “Electrode kinetics”, VCH: New York, 1993,

pp. 303-305. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


