
Int J Thermophys (2008) 29:57–66
DOI 10.1007/s10765-007-0329-1

Progress Towards the Determination of the
Relationship of Triple-Point Temperature versus
Isotopic Composition of Neon

F. Pavese · B. Fellmuth · K. D. Hill · D. Head · Y. Hermier · L. Lipinski ·
T. Nakano · A. Peruzzi · H. Sakurai · A. Szmyrka-Grzebyk · A. G. Steele ·
P. P. M. Steur · O. Tamura · W. L. Tew · S. Valkiers · L. Wolber

Published online: 16 January 2008
© Springer Science+Business Media, LLC 2008

Abstract Following the finalization of the work performed to establish the triple-
point temperature versus isotopic composition relationship for protium (Metrologia
42, 171 (2005)) adopted into the ITS-90 definition by the International Committee for
Weights and Measures (CIPM) in 2005, and a preliminary exploration of the variability
in the triple-point temperature of neon gas samples arising from differences in isotopic
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composition (Anal. Chem. 77, 5076 (2005)), this article reports further progress toward
the determination of a similar comprehensive relationship for neon, to be included in
a future revision of the Technical Annexe to the ‘mise en pratique’ of the kelvin.
This progress article mainly concerns a set of gas samples used for the neon triple-
point measurements during CCT-K2, and subsequently, others for which the isotopic
compositions were recently measured. Recent high accuracy measurements of the
corresponding thermal data are now available for many of these samples, but not yet
for all of them.

Keywords Isotopes · ITS-90 · Kelvin mise en pratique · Neon · Triple-point
temperature

1 Introduction

As summarized in [1], terrestrial neon predominately originates from two different
sources: air, from which commercial neon is obtained, and mantle neon, from which
the crustal neon found in natural gas wells is derived. The internationally recognized
value for the isotopic composition of neon [2] is based on isotope measurements of
neon in air.

Since the neon isotopic composition affects some of the properties of neon relevant
to thermometry, namely, the temperature of the triple point, failure to specify its
isotopic composition leads to ambiguity in the realized temperature. Although this
fact has been recognized for a long time, the present definition of the International
Temperature Scale of 1990 (ITS-90) simply states that the neon must be of “natural”
isotopic composition. In fact, the isotopic variability of commercial gas limits the
accuracy of the realization of the neon fixed point.

Consequently, a worldwide study concerning the variability of the isotopic compo-
sition of commercially available neon has been underway since 2003, initially within
the framework of the European Research Project MULTICELLS [3], later within the
framework of a EUROMET Project [4], and now merged into a Joint Research Project
within the European Project iMERA [5]. The study is especially directed at the neon
samples used in international intercomparisons of temperature standards carried out
since 1978.

In 2005, the first results of isotope measurements performed in 2004 on six neon
samples were published [1]. These results show two main features: all six samples
probably originate from the distillation of neon derived from air, and there is an
isotopic fractionation effect whose extent was totally unexpected by the specialists in
the field. The sample-to-sample relative variability of the 22Ne isotope amount fraction
was ∼1.8% of the nominal value x(22Ne)=9.25%,1 corresponding to a variation in
the triple-point temperature (Ttp) of about 0.3 mK, significantly higher than the state-
of-the-art uncertainty of modern realizations of this fixed point [6]. The variability
of the 21Ne isotope, however, does not seem to be a problem for thermometry; since

1 We use the conventional notation for amount of substance n( j Ne), and the amount-of-substance fraction
x( j Ne) ≡ n( j Ne)/�n(i Ne).
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normally only a small 21Ne amount fraction, x(21Ne) = 0.27%, is present, its relative
influence is 1.5% that of 22Ne.

The next step, for which preliminary results are reported in this article, was aimed
at completing as far as possible the Ne isotopic analyses of the samples for which
thermal data are currently available, specifically in connection with intercomparison
exercises performed since 1978: the ‘International Intercomparison of Triple Points
in Sealed Cells’ (1978–85, IMGC pilot) [7], the CCT-K2 (NRC pilot) [8] and related
comparisons CCT K2.x [9], and the Euromet Star Intercomparison of sealed cells
(PTB pilot) [10]. The recent sealed cell comparison [10] is the most important among
these, because the thermal measurement uncertainty was substantially improved.

The final phase of these studies will be neon isotopic analyses and related thermal
measurements on a different set of commercial neon samples of recent worldwide2

production. The final goal is to verify the validity of the value of dT /dx for 22Ne that
today can only be obtained from published values of Ttp of the pure neon isotopes, and
to recommend to the Consultative Committee for Thermometry (CCT) an algorithm
for the isotopic correction of the ITS-90 triple-point temperature of neon, similarly to
that reported in 2005 for e-H2 [11].

2 Isotopic Composition of Neon

Eight neon gas samples from different commercial suppliers and from various batches
were supplied to the present (2006) studies, and used to realize the temperature stan-
dards at INRIM,3 LNE-INM,3 NIST, and NMIJ/AIST. They are listed in Table 1, with
additionally a ninth sample used by IRMM as an internal standard. All future measure-
ments of neon isotopes (of other samples) can be linked via this standard to previously
obtained results. None of the samples reported here were included in the earlier (2004)
study [1].

Prior to performing the isotope abundance ratio measurements, all the high-purity
gas samples were checked at IRMM for chemical purity. A full description of the
experimental method used by IRMM for the analytical assays can be found in [1].
The present isotopic data are given as ion current ratios—which are approximately
equivalent to isotope amount ratios. There are presently no corrections for (minor)
unknown systematic effects because no artificial isotope mixtures (primary measure-
ment standards) of Ne are available. These corrections are normally a maximum of
5 × 10−4 of the ion current ratios [1].

Figure 1 presents the results of the neon isotope measurements of the nine new
samples. In addition, the 2004 results (as published in 2005) [1] are reported together
with a selection of archival data that are of direct relevance. Other data are not reported
in the figure because their uncertainties are unknown or are much higher. The Compton
[15] values for n(22Ne)/n(20Ne) were relative to an arbitrarily chosen reference gas
bottle, and so are not useful for comparison to other Ne isotope data. Kemp and

2 Concerning absolute measurements of the isotopic composition via artificial mixtures of neon isotopes,
see Sect. 2.
3 INRIM: until 2005, IMGC; LNE-INM: before 2005, INM-BNM.
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Table 1 Samples measured in 2006 at IRMM (in chronological IRMM measurement order)

Manufacturer Nominal chemical Chemical puritya (%) Sample production Used by
purity (%) year

SIO 99.99 99.995 1976 INRIM
Carbagas >99.995 >99.995 2005 IRMMb

Matheson - A >99.995 >99.995 1977 INRIM
NBS-101 99.995 99.991 1954 NIST
Matheson - B >99.999 >99.995 1978 INRIM
Airgas/BOC 99.999 >99.995 2006 NIST
L’Air Liquide (Alphagaz) 99.999 99.992 1999 LNE-INM
Air Water >99.999 99.994 2006 NMIJ-AIST
Iceblick >99.999 >99.995 2003 NMIJ-AIST
a As measured at IRMM
b IRMM neon internal isotope standard
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Fig. 1 Neon isotope ratios: 2006 samples (black squares –lowest open square: NBS-101), compared with
previous data: 2004 samples [1] (black dots); Cameron and Walton [12] (1965) determination of IRM NBS-
101 (open diamond); Furukawa [19] (black triangle); Tiggelman [14] (open triangles); Eberhardt et al. [26]
(X, neon from purified air). IUPAC CAWIA currently recommended composition [2] (black circle). The
diagonal lines are predicted mass-fractionation trends associated with the 2004 and 2006 ratio distributions.
The central dotted line represents a line of constant relative atomic weight equal to 20.1797, the value
currently recommended by the CAWIA [2]. Upper and lower dashed lines are upper and lower limits of
atomic weight implied by the data: their range is 324 × 10−6 Ar , equivalent to �Ttp = 480 µK

Kemp [16,17] report isotopic determinations measured at two separate laboratories
for a single Matheson gas sample. The average ratios of the two data sets were:
n(21Ne)/n(20Ne)=0.00266(6) and n(22Ne)/n(20Ne)=0.10556(39). These ratios are
highly anomalous for any reported Ne from air separation, so unknown systematic
errors are likely.
A few specific issues regarding the data in Fig. 1 need to be pointed out.
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– One of the samples from Table 1 was the Isotope Reference Material (IRM)
NBS-101 [13]. This IRM gas was never certified at the National Bureau of Stan-
dards (NBS, now NIST); however, in 1965, a sample of NBS-101 was included
in a series of absolute isotopic determinations of commercial neon gases perfor-
med by Cameron and Walton [12] at the Oak Ridge National Laboratory. Within
the reported uncertainties, that determination is in agreement with the ion current
ratios given here, as measured by IRMM;

– IUPAC’s Commission for Atomic Weights and Isotopic Abundances (CAWIA)
recommended value of 0.00298 ± 0.00011 for the ratio n(21Ne)/n(20Ne) in air is
such that all IRMM present determinations, and those published in 2005 [1], are
within the stated uncertainty. The distribution of the measured ratios from IRMM
suggests, however, that the samples are slightly depleted in 21Ne with respect to
the CAWIA recommended value for air;

– The CAWIA recommended value for the ratio n(22Ne)/n(20Ne) = 0.10223 ±
0.00031 corresponds to a 22Ne amount fraction that is lower than present samples
and lower than all the values published in 2005 [1]. So, in contrast to the 21Ne
case, most of these samples appear enriched in 22Ne. Literature values from earlier
studies using commercial neon gases show some correspondence with the present
(2006) results. For example, in Fig. 1, one of two samples used by Tiggelman in
the 1970s for thermometric studies [14] had a composition comparable to some of
the present samples of high 22Ne content, while the second sample was entirely
below the 2006 distribution;

– The present values of the ion current ratios are on a straight line (‘mass fractionation
line’) nearly parallel to the line fitting the values published in 2005 [1] for the
isotope amount ratios, but shifted by about �{n(21Ne)/n(20Ne)} =+0.000037 if
the shift is totally attributed to n(21Ne) or �{n(22Ne)/n(20Ne)} =−0.0026 if the
shift is totally attributed to n(22Ne). If the IRMM internal neon isotope standard
is used as a reference, the ideal slope of the mass fractionation line would be
2[n(22Ne) /n(20Ne)]/[n(21Ne)/n(20Ne)] = 69.56. A linear regression of the data
concerning samples in Table 1 yields a slope of 72.37 ± 3.73, indicating that the
data are consistent with a mass fractionation process.

When the results of Fig. 1 are compared to CAWIA’s recommended isotope amount
ratios for atmospheric neon, it can be seen that most n(22Ne)/n(20Ne) ratios are clearly
higher—by up to 2.7%. The full range of all reported isotope ratios for commercial
neon implies relative variations in the molar mass of 324 × 10−6, more than 10 times
greater than the current CAWIA recommended uncertainty for the value of the relative
atomic weight Ar(Ne) = 20.1797 ± 0.0006 in air. Most of the contemporary samples
measured are significantly heavier than this recommended value. The shift in the mass
fractionation trends from the 2004 data [1] to the 2006 data (this work) remains to be
understood, partially because the two sets of data are presently unrelated. The direct
comparison of the IRMM internal reference gases will be performed at a later date
and will be presented in a subsequent publication.

The uncertainties of the isotope ratios presented here are considered nominally
equivalent to those presented in the 2004 study [1]. They were estimated from a
combined relative standard uncertainty of ∼5×10−4 for either ratio, which yields
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ratio uncertainties of u[n(22Ne)/n(20Ne)] ≈ 5 × 10−5 and u[n(21Ne)/n(20Ne)] ≈
1.5 × 10−6. These uncertainties are considered provisional until such time as a set of
calibrated artificial mixtures can be prepared.

To summarize, the CAWIA recommended isotopic composition for Ne in air seems
inconsistent with that of 11 of the 15 commercial gas samples taken from a
dozen different origins and measured thus far. In addition, in order to obtain absolute
determinations of the isotope amount ratios, artificial (i.e., gravimetrically prepared)
isotope mixtures are required in the future. At present, there are no certified or other-
wise traceable IRMs available to provide absolute neon isotope amount ratios. Such
traceability is necessary to the thermometric correction, which should be based on
physical states of known composition and/or molar mass.

3 Thermal Data for Neon Isotopic Mixtures

Only a few high-accuracy determinations of the triple-point temperature have been
published for pure neon isotopes. Since it is only the differences in temperature
between the various compositions that are relevant to this work, the problem of the
different temperature scales used by various authors is alleviated. Figure 2 reports the
data obtained from [18,19]; the older work of Clusius et al. [20] is not considered
here. The residuals of the linear fit do not exceed 1 mK, compared with the uncer-
tainty stated in the two articles of ±1.5 mK and ±1 mK, respectively. For the two
works, the corresponding slopes dTtp/dx(22Ne) are 0.147 µK · (µmol ·mol−1)−1 and
0.150 µK · (µmol ·mol−1)−1, respectively.
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Fig. 2 Linear models for observed triple-point temperature difference versus mole fraction of 22Ne. Iso-
topic data from [18] (dotted line and open squares: �T /mK = 150·x(22Ne) – 13) and [19] (solid line and
black diamonds: �T /mK = 147·x(22Ne) – 13): the zero of the vertical scale is the “natural” compositions
that are assumed to be equivalent. The effect of 21Ne is negligible
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Table 2 Neon samples generating data and their uncertainties (k = 1) considered in Fig. 3

Neon cell # Used in Provided by Measured by

Ne-12 Stara PTB PTB
1Ne 2-VI-77 CCTc, K2b, Star INRIM INRIM, KCDBd, PTB
3Ne 6-II-79 CCTc, K2b, Star INRIM INRIM, KCDBd, PTB
Ne02/1 Star, MULTICELLSe LNE-INM PTB, NMi-VSL
Ne-2 K2, Star NPL KCDB, PTB
Ne-F17 Star NRC PTB
7Ne 7-IV-86 Star INRIM INTiBS, PTB
11Ne 10-IV-86 Star INRIM PTB
12Ne 21-X-99 Star INRIM PTB
E1Ne-22-XII-99 Star INRIM PTB
Ne-7 K2, Star PTB KCDB, PTB
Cell 12 K2 NRC KCDB
BCMMT97-5 K2 LNE-INM KCDB
E3Ne 29-IX-00 MULTICELLS INRIM NMi-VSL
Eb1Ne 08-VI-01 MULTICELLS INRIM INTiBS
Ec2Ne 17-I-02 MULTICELLS INRIM INTiBS
a Euromet Star Comparison [10]: PTB uncertainty 45–61 µK
b CIPM CCT-K2 [8] uncertainty 140–220 µK (INM 520 µK)
c CCT Comparison [7]
d As published on the BIPM KCDB (kcdb.bipm.org)
e European Project MULTICELLS [3]: INTiBS uncertainty 59–71 µK; NMi-VSL uncertainty 150 µK

Many of the 2006 samples, and all the 2004 samples, have already been used in
thermal measurements aimed at determining Ttp. However, at present, not all of these
measurements can be directly related to one another. Several of them can presently only
be related indirectly to the others through measurements using different thermometers
of uncertain temporal stability, leading to much larger uncertainties that render the
data ineffective in determining the value of dT /dx .

Table 2 lists the fixed-point cells taken into consideration for Fig. 3 of this article,
which shows the corresponding results obtained thus far concerning the Ttp versus
22Ne amount fraction x(22Ne) relationship for commercial neon gases. In Fig. 3, no
fit of the present data has been attempted: a linear approximation is reported instead,
to show the extent of the compatibility with the present results, based on data from
[18,19] for pure isotopes.

4 Discussion and Conclusions

Currently, not all gas samples with an accurate isotopic analysis have corresponding
thermal data available of sufficient accuracy. Hence, some samples in Table 1 cannot
yet provide data points for Fig. 3. A few gas samples showed inconsistent thermal or
isotopic composition values and have been flagged for further analysis.

The impurities that might influence the triple-point temperature of neon, and contri-
bute to the dispersion of the thermal data, are helium, hydrogen, and nitrogen.
Helium, generally the major impurity in neon, was found to have negligible influence
(<0.1 mK) on Ttp [21]. Hydrogen was reported [21] to have negligible influence, but,
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Fig. 3 Temperature differences between cells—zero is arbitrary—for the full set of data as a function of
the 22Ne isotope amount fraction; their uncertainties are reported in Table 2. The linear approximation of
Fig. 2 is reported, using an average slope of 148 mK (vertical position arbitrarily chosen)

on the contrary, an initial slope of the liquidus line of −5 µK per µmol of H2 per mole
of Ne has been observed [22,23], though, as stated in [21], it is questionable if the
method used in the latter references applies to the condition of neon in a thermometric
cell. Nitrogen was reported in [21] to decrease the liquidus point temperature, TLP, by
−8 µK per µmol of N2 per mole of Ne for concentrations of nitrogen lower than about
50 µmol of N2 per mole of Ne; however, in neon purer than about 99.995%, nitrogen
rarely seems to be a significant chemical impurity, with its concentration unlikely to
be more than 2 µmol ·mol−1. Therefore, although the use of the cryoscopic constant
(kc = 0.0668 K−1) [24] would indicate a TLP depression of −15 µK per µmol of
chemical impurities per mole of neon, the depression itself and its related uncertainty
(k = 1) seem more likely to be limited to below 10–20 µK for all gas samples of
Table 2.

The dT /dx slope value, estimated thus far by using different sets of available data,
is at present much too dependent on the pivoting effect of some of the data values.
As a consequence, preliminary results are reported without a tentative slope value.
Instead, we only show in Fig. 3, the degree of compatibility of the present measure-
ments with a linear approximation, as obtained from [18,19], based on pure isotopes.
While this indicates our progress with respect to the work published in [1], it is not
yet a conclusive study of the best estimate of slope required to correct samples diffe-
ring in isotopic composition from a given reference composition. Given such a com-
position xs(

22Ne) with an assigned triple-point temperature T0, corrections may be
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applied via

Ttp = T0 + dTtp

dx
(

22Ne
)

(
x

(
22Ne

)
− xs

(
22Ne

))
.

Alternatively, corrections could also be applied in terms of the relative atomic weight
Ar(Ne) relative to that of a known standard, Nes, via

Ttp = T0 + dTtp

dAr (Ne)
(Ar (Ne) − Ar (Nes)) .

The work foreseen in the introduction of this article to finalize the analysis of the
T −x relationship for 22Ne will require more analytical assays of neon samples and
more thermal measurements of sufficiently low uncertainty before a proposal can be
forwarded to the CCT for addition to the ‘mise en pratique’ ITS-90 Technical Annexe.
For neon, the contents of this proposal are more complex than they were for hydrogen.

On the one hand, the lack of a correction would force metrologists to add an
uncertainty component for the unknown isotopic composition of neon to account for
the whole range of variability of the triple-point temperature due to sample-to-sample
isotopic composition variability. Based on the available data, this full range amounts
to 480 µK. Assuming a rectangular probability distribution, this would correspond to
an uncertainty uiso ≈ 140 µK, which is too high when compared to the state-of-the-art
total uncertainty for the remaining components that is normally less than 100 µK.

On the other hand, in order to perform this correction, each laboratory requires
an isotopic composition assay of their neon samples, unless a reference material
is used—a scheme not presently allowed by the ITS-90 [25]. Only one analytical
laboratory is presently known worldwide with proven ability to measure the isotope
amount ratio n(22Ne)/n(20Ne) with the accuracy needed by thermal metrology (the
variability of the isotope amount ratio n(21Ne)/n(20Ne) has negligible influence on
the triple-point temperature). Unless other opportunities to obtain an assay become
available, this would restrict the ability of any metrological laboratory to obtain the
lowest possible uncertainty for its realization of the triple point of neon by correcting
for the isotopic composition.

Similarly, the CIPM CCT-K2 data published on the KCDB could be updated to
account for the sample-to-sample variability in the isotopic composition of e-H2, but
more time is needed to be able to account for neon isotopic variations as well.

Acknowledgment Participation of INTiBS (Poland) in the work is partially financed by the Ministry of
Science and Higher Education under Grant No. DWM/42/EUROMET/2005.

References

1. F. Pavese, B. Fellmuth, D. Head, Y. Hermier, K.D. Hill, S. Valkiers, Anal. Chem. 77, 5076 (2005)
2. J.R. de Laeter, J.K. Böhlke, P. De Bièvre, H. Hidaka, H.S. Peiser, K.J.R. Rosman, P.D.P. Taylor, Pure

Appl. Chem. 75, 683 (2003)

123



66 Int J Thermophys (2008) 29:57–66

3. F. Pavese, B. Fellmuth, D. Head, Y. Hermier, A. Peruzzi, A. Szmyrka Grzebyk, L. Zanin, in Temperature,
its Measurement and Control in Science and Industry, vol. 7, Part 1, ed. by D. Ripple (AIP, New York,
2003), p. 161

4. Euromet Project 770, Determination of an accurate Ttp vs x(isotopic) relationship for neon,
Co-ordinator, F. Pavese, IMGC-CNR, Torino, Italy, www.euromet.org

5. EU Project iMERA: Joint Research Project, Determination of an accurate Ttp vs x(isotopic) relation-
ship for neon, Co-ordinator: F. Pavese, INRIM. Participants: LNE-INM/FR, INTiBS/PL, NPL/UK,
PTB/DE, NMi-VSL/NL, IRMM, NRC/CA, NMIJ-AIST/JP, Interested parties: NIST/USA (2005–
2007)

6. F. Pavese, D. Ferri, I. Peroni, A. Pugliese, P.P.M. Steur, B. Fellmuth, D. Head, L. Lipinski, A. Peruzzi,
A. Szmyrka Grzebyk, L. Wolber, in Temperature, Its Measurement and Control in Science and Industry,
vol. 7, Part 1, ed. by D. Ripple, (AIP, New York, 2003), p. 173

7. F. Pavese, J. Ancsin, D.N. Astrov, J. Bonhoure, G. Bonnier, G.T. Furukawa, R.C. Kemp, H. Maas,
R.L. Rusby, H. Sakurai, Ling Shankang, Metrologia 20, 127 (1984)

8. A.G. Steele, B. Fellmuth, D. Head, Y. Hermier, K.H. Kang, P.P.M. Steur, W. Tew, Metrologia 39, 551
(2002)

9. Key Comparisons CCT-K2.1 to CCT-K2.5, see http://kcdb.bipm.org/
10. B. Fellmuth, L. Wolber, D. Head, Y. Hermier, K.D. Hill, Y.Z. Mao, T. Nakano, F. Pavese, A. Peruzzi,

V. Shkraba, A.G. Steele, P.P.M. Steur, A. Szmyrka-Grzebyk, W.L. Tew, L. Wang, D.R. White, Metro-
logia (to be submitted)

11. B. Fellmuth, L. Wolber, Y. Hermier, F. Pavese, P.P.M. Steur, I. Peroni, A. Szmyrka-Grzebyk, L. Lipinski,
W.L. Tew, T. Nakano, H. Sakurai, O. Tamura, D. Head, K.D. Hill, A.G. Steele, Metrologia 42, 171
(2005)

12. A.E. Cameron, J.R. Walton, Z. Naturforsch. 21a, 115 (1966)
13. F.L. Mohler, NBS Technical Note 51 (U.S. Dept. of Commerce, Washington, May 1960)
14. J.L. Tiggelman, Low-temperature platinum thermometry and vapour pressures of neon and oxygen,

Doctoral Thesis, Leiden, 1973
15. J.P. Compton, Metrologia 6, 103 (1970)
16. W.R.G. Kemp, R.C. Kemp, Metrologia 14, 9 (1978)
17. W.R.G. Kemp, R.C. Kemp, Metrologia 14, 83 (1978)
18. J. Bigeleisen, E. Roth, J. Chem. Phys. 35, 68 (1961)
19. G.T. Furukawa, Metrologia 8, 11 (1972)
20. K. Clusius, Z. Physik Chem. B4, 1 (1929); Z. Physik Chem. B31, 459 (1936)
21. J. Ancsin, Metrologia 14, 1 (1978)
22. W.B. Streett, J. Chem. Thermodyn. 5, 313 (1973)
23. W.B. Streett, G.H. Jones, J. Chem. Phys. 42, 3989 (1965)
24. K.D. Hill, S. Rudtsch, Metrologia 42, L1 (2005)
25. F. Pavese, Metrologia 42, 194 (2005)
26. P. Eberhardt, O. Eugster, K. Marti, Z. Naturforsch. 20a, 623 (1965)

123

www.euromet.org
http://kcdb.bipm.org/

	Progress Towards the Determination of the Relationship of Triple-Point Temperature versus Isotopic Composition of Neon
	Abstract
	Introduction
	Isotopic Composition of Neon
	Thermal Data for Neon Isotopic Mixtures
	Discussion and Conclusions
	Acknowledgment
	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
  /SyntheticBoldness 1.00
  /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
  ]
  /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

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


