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Abstract Isotope fractionation during the evaporation of
silicate melt and condensation of vapor has been widely
used to explain various isotope signals observed in lunar
soils, cosmic spherules, calcium—aluminum-rich inclu-
sions, and bulk compositions of planetary materials. During
evaporation and condensation, the equilibrium isotope
fractionation factor (x) between high-temperature silicate
melt and vapor is a fundamental parameter that can con-
strain the melt’s isotopic compositions. However, equilib-
rium o is difficult to calibrate experimentally. Here we used
Mg as an example and calculated equilibrium Mg isotope
fractionation in MgSiO5; and Mg,SiO,4 melt—vapor systems
based on first-principles molecular dynamics and the high-
temperature approximation of the Bigeleisen—-Mayer
equation. We found that, at 2500 K, 525Mg values in the
MgSiO; and Mg,SiO4 melts were 0.141 4+ 0.004 and
0.143 &£ 0.003%0 more positive than in their respective
vapors. The corresponding §*°Mg  values were
0.270 +£ 0.008 and 0.274 % 0.006%o more positive than in
vapors, respectively. The general o« — T equations
describing the equilibrium Mg o in MgSiO; and Mg,SiOy4
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Mg (1)-Me(g)
(=) and orgmg(e) = 1+ 3241 (1 — 1) respec-
tively, where m is the mass of light isotope **Mg and m’ is
the mass of the heavier isotope, >Mg or “°Mg. These
results offer a necessary parameter for mechanistic under-
standing of Mg isotope fractionation during evaporation
and condensation that commonly occurs during the early

stages of planetary formation and evolution.
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1 Introduction

Evaporation and condensation are two of the most common
events that occur during the evolution of planetary mate-
rials because, according to the nebular hypothesis, all of the
materials started as a cloud of molecular vapor and dust,
followed by coagulation, impact, and thermal events.
Materials evaporate and condense during these processes.

An important fingerprint left behind by evaporation and
condensation processes is isotopic compositions of ele-
ments. For instance, enrichment of heavy Mg and Si iso-
topes in Type B calcium—aluminum-rich inclusions (CAIs)
can be up to several per mil/amu (Clayton et al. 1988).
Several evaporation experiments have been performed
under different temperatures, pressures, and compositions
of melts to measure Mg and Si isotope fractionation. Sig-
nificant fractionation was observed only when Type B
CAIs were partially molten (Davis et al. 1990; Richter et al.
2002, 2007). To interpret their experimental data, Richter
et al. (2002, 2007) proposed a theoretical model based on
the Hertz—Knudsen equation and Rayleigh distillation
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model. The experimentally observed apparent Mg isotope
fractionation factor (o524 ~ 0.991) indicates a much
smaller fractionation than the theoretical calculation

(02524 = /23.98504/24.98584 = 0.97977) (Richter et al.
2007). Recently, Mendybaev et al. (2017) did similar
evaporation experiments on CMS-1 precursor material at
1900 °C and also found a large discrepancy, with o524 ~
0.98383 from their experiment and o5 24 = 0.97980 from a
theoretical calculation.

Several possible explanations have been proposed to
account for the discrepancy, including diffusion in the
melt, sample size, evaporating species, evaporation coef-
ficient of isotopes, recondensation, and the equilibrium
isotope fractionation factor (o). The first three possible
causes have been excluded by corresponding experiments
and thermodynamic calculations (Richter et al.
2002, 2007), while the last three factors are not well
investigated. Among them, equilibrium isotope fractiona-
tion is a parameter determined by the ratio of the rate
constant of evaporation to that of condensation. Currently,
few experiments have been conducted to calibrate equi-
librium isotope fractionation between melt and vapor. Two
experiments, in which vapor was supposed to be in equi-
librium with melt, were done by Richter et al. (2002). They
found an equilibrium Mg ocg(q between CaO-MgO-Al,O5—
SiO, (CMAS) melt and vapor at 1400 °C of
0.99989 + 0.00060(2¢). This calibrated value allows that
the fractionation factor could be greater or less than 1.000.

One of the difficulties in getting an accurate experi-
mental result is the design of evaporation experiments at
high temperatures, e.g., > 2000 °C Although o at high
temperatures is expected to be small, it should not be
ignored. Hin et al. (2017) reported that Earth and differ-
entiated planetary bodies are enriched in *>Mg by 0.02%o
compared to primitive chondrites, and suggested that
equilibrium Mg isotope fractionation between melt and
vapor over 2500 K is responsible. This is because predicted
potassium isotope fractionation constrained by kinetic Mg
isotope fractionation is inconsistent with observed potas-
sium isotope fractionation. In their computation of equi-
librium  otyjg(1)—mg(g), the reduced partition function (f)

value (Schauble 2011) is based on crystal structure even
though crystal structure may not be a good approximation
for melt structure when calculating f§ values, especially at
high temperatures.

Equilibrium o between melt and vapor has not been
theoretically calculated for Mg or for any other element.
Considering that the structure and bond environment of the
melt are different from those of the vapor in which an
element resides, we expect a small but observable equi-
librium isotope fractionation at high temperatures. In this
paper, we used Mg as an example to calculate equilibrium
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isotope fractionation in MgSiO5; and Mg,SiO,4 melt—vapor
systems based on first-principles molecular dynamics
(FPMD) and high-temperature approximation of the
Bigeleisen—-Mayer equation. This is a necessary step to
understanding evaporation and condensation processes
during planetary formation and evolution.

2 Methodology

Simulating the structure of MgSiO3 and Mg,SiO, melts
based on FPMD has proven viable (Stixrude and Karki
2005; de Koker et al. 2008). We first used the Vienna Ab
initio Simulation Package (VASP) code (Kresse and
Furthmiiller 1996) to perform FPMD simulations of the
MgSiO; and Mg,SiO,4 melts within the local density
approximation (LDA) (Kresse and Hafner 1994) and the
generalized gradient approximation (GGA) (Kresse and
Joubert 1999). Both ultra-soft pseudopotentials in LDA and
the projector-augmented wave method in GGA were used
with a cutoff energy of 400 eV and gamma point sampling.
A canonical ensemble (e.g. NVT) with periodic boundary
conditions was used in the simulation. Our cubic supercells
of MgSiO; and Mg,SiO,4 contained 80 atoms (16 formula
units) and 112 atoms (16 formula units), respectively. The
corresponding volumes were 38.9 and 52.36 cm’/mol. The
initial structure was melted at 6000 K and then isochori-
cally quenched to 4000 and 2500 K. We ran FPMD sim-
ulation at each temperature for 3 ps. After obtaining the
steady structure of the MgSiO; and Mg,SiO4 melts at
2500 K, we captured snapshots at ionic steps = 2100,
2200, 2300, 2400, 2500, 2600, 2700, 2800, 2900, and 3000.
Then, we calculated force constants for each Mg atom in
the ten configurations in three situations: all-atom opti-
mization, single-atom optimization, and non-optimization.
All-atom optimization means structure optimization is
performed for all atoms in the cell, while only the structure
of the single atom of interest is optimized in single-atom
optimization. Non-optimization means that no structure
optimization is conducted. Force convergence criteria
EDIFFG in structure optimization is equal to — 0.001. A
cutoff energy of 600 eV is used in structure optimization
and calculating force constants with EDIFF = 10E—8. The
average values of force constants for all Mg atoms in the
ten configurations were taken as the approximate force
constant for Mg in the melt. Then, we used a high-tem-
perature approximation of the Bigeleisen—Mayer equation
(Bigeleisen and Mayer 1947; Wolfsberg et al. 2010) to
calculate the reduced partition function ratio (RPFR) of Mg
in the melt:

1 /h\%1 11
RPFR = 1 4+ — (— | — (fux +fon S
+24 (KT) 47r2(f iy ) ( )

m m
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<«Fig. 1 a MgSiO;_LDA is the snapshot of the MgSiO3 melt at the
2100th step in FPMD within LDA at 2500 K; b MgSiO;_LDA_Allopt
is the all-atom optimized structure of (a); ¢ MgSiO;_PBE is the
snapshot of the MgSiO; melt at the 2100th step in FPMD within
Perdew—Burke—Ernzerhof (PBE) at 2500 K; d MgSiO;_PBE_Allopt
is the all-atom optimized structure of (c); e Mg,SiO4_LDA is the
snapshot of the Mg,SiO4 melt at the 2100th step in FPMD within
LDA at 2500 K; f Mg,SiO4_LDA_Allopt is the all-atom optimized
structure of (e); g Mg,SiO,_PBE is the snapshot of the Mg,SiO4 melt
at the 2100th step in FPMD within PBE at 2500 K; h Mg,SiO,_
PBE_Allopt is the all-atom optimized structure of (g)

where fiy, fyy, and f. are the diagonal elements of the force
constant matrix; m the mass of the light isotope; m’ the
mass of the heavier isotope; T temperature; K the Boltz-
mann constant; and 4 Planck’s constant.

To calculate equilibrium Mg isotope fractionation
between melt and vapor, we also needed the RPFR of Mg
in the vapor. One key factor in determining the RPFR of
Mg in vapor is the gaseous species of Mg. It has been
determined by both experiments and thermodynamic cal-
culations that the dominant gaseous species of Mg over
silicate melt is Mg atoms, whose concentration is at least
two orders of magnitude higher than the secondary gaseous
species, MgO (Richter et al. 2002, 2007). Mg in vapor can
be regarded as atomic Mg in form and its RPFR should be
1 given negligible intermolecular bonding in gas. There-

fore, the equilibrium o) —mg(e) = If:gﬁ(g) = RPFR(1).

3 Results
3.1 Structural optimization

We performed all-atom structural optimization based on
the extracted configurations to check whether we could
obtain metastable structures of the MgSiO3 and Mg,SiO4
melts that represent ideal structures of the melts. As shown
in Fig. 1, we used the configuration at ionic step = 2100 as
an example and found that all-atom optimized structures
maintained the same structural features as non-optimized
configurations. One difference was that more silicon—oxy-

(g) Mg,SiO, PBE_Nonopt (h) Mg,SiO,_PBE_Allopt gen tetrahedrons were observed in the all-atom optimized
structures.
°0 ® Si © Mg We also analyzed the Si—O and Mg-O radial distribution

function (RDF) for the all-atom optimized structure and
non-optimized structure of the 2100th configuration. The
Si—O and Mg—O RDFs of the melt within the last 1 ps were
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used as references. As shown in Fig. 2, the basic shape of
the RDFs looks similar, but the first peak for the all-atom
optimized structure is much higher than for the non-opti-
mized structure.

3.2 Force constants

We calculated force constants for all Mg atoms in the ten
configurations we extracted. Therefore, for MgSiO; and
Mg,Si0,4 melts, force constants for 160 and 320 Mg atoms
were calculated, respectively. Then, we took the average of
the force constants under each condition and computed the
corresponding standard errors (Table 1).

As shown, both the force constants and their corre-
sponding standard errors in LDA were smaller than in PBE.
Force constants were consistently larger and their corre-
sponding standard errors smaller under all-atom optimiza-
tion than under single-atom optimization. In addition, the
force constant of the Mg,Si0,4 melt was larger than that of
the MgSiO5; melt under single-atom optimization, but the
opposite was the case under all-atom optimization.

3.3 RPFR and fractionation factor

We used the above force constants (fi + fyy + f2;) to cal-
culate the RPFR value of Mg atoms in the MgSiO; and
Mg,SiO, melts. Table 2 shows the computed results of
1000 1In 0625Mg724Mg (%0) and 1000 In 0626Mg,24Mg (%0) and their
corresponding standard errors at 2500 K.

A plot of 1000Inotyg)—mg(g) VETSUS 10%/T? is shown in
Fig. 3.

As we can see, equilibrium Mg isotope fractionation in
LDA was smaller than in PBE. Meanwhile, equilibrium Mg
isotope fractionation was consistently larger under all-atom
optimization than under single-atom optimization.

4 Discussion

Structural comparison and RDF analysis confirmed that
ideal metastable structures of the MgSiO; and Mg2SiO,
melts were obtained after all-atom optimization. More
silicon—oxygen tetrahedrons were expected in all-atom
optimized structures than in non-optimized structures
because atoms in the all-atom optimized structure were in
equilibrium positions and distributed more symmetrically.
This also explains why RDF for all-atom optimized
structures had a much higher peak.

We report two sets of data here. One is based on LDA
using ultrasoft pseudopotentials (USPP), the other on GGA
using PBE. LDA tends to underestimate computed prop-
erties, while GGA tends to overestimate these properties.
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Fig. 2 RDFs for MgSiO3 and Mg,SiO4 melts at 2500 K within the p
last 1 ps (red line), RDFs for the non-optimized structure of the
2100th configuration (black line), and RDFs for the all-atom
optimized structure of the 2100th configuration (orange)

Here both isotope fractionation factors and their corre-
sponding standard error in LDA were much smaller than in
PBE. The results based on LDA are recommended because
FPMD of elasticity, pressure, and volume of silicates has
been based on LDA and the results match well with
experimental data (Karki 2010). Future experimental data
can help validate this recommendation.

The question of which of the three different optimization
conditions—non-optimization, single-atom optimization,
and all-atom optimization—gives a more accurate equi-
librium Mg isotope fractionation factor is determined by a
balance between inaccuracy of computation and the devi-
ation from real structures. Although the configurations
under the non-optimization condition represented the real
structures of a melt, force constants calculated under non-
optimized structure were not as credible. The inaccuracy of
the computation itself was caused by a failure of harmonic
approximation since almost all Mg atoms in the non-opti-
mization situation were not in their equilibrium positions.
When the computed force constants for part of the Mg
atoms are overlarge, the outcome is an erroneously large
isotope fractionation for the non-optimized force constant
of the Mg,Si04 melt in PBE. For the metastable structures
that we obtained under all-atom optimization, computa-
tional inaccuracy was minimized, but the ideal structures
may have deviated far from the real melt. The differences
in isotope fractionation and the corresponding standard
error between all-atom optimization and single-atom opti-
mization were predictable because all-atom optimized
structures tend to reach global equilibrium, while single-
atom optimization will only reach local equilibrium. Sin-
gle-atom optimization does not change the position of Si
and O atoms around Mg atoms, which means that they
inherit part of the non-equilibrium information from the
initial snapshot. Thus, it is reasonable to conclude that
single-atom optimization closely approximates the real
structures and minimizes the computational inaccuracy
given those structures.

The values calculated under the single-atom optimized
structure in LDA can be regarded as a good estimation of
equilibrium Mg isotope fractionation between silicate melt
and vapor, whereas the values calculated under the all-
atom optimized structure in LDA set the upper limit of
equilibrium Mg isotope fractionation in this case. As a
result, at 2500 K, 8*’Mg in MgSiO; melt should be more
enriched by 0.141 £ 0.004%o compared to Mg atoms in the
vapor. And the 8”Mg in the Mg,SiO, melt was
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Table 1 Computed force constants under different conditions

MgSiO5; melt

LDA

PBE

Non- Single-atom All-atom

optimization optimization

optimization

All-atom
optimization

Non- Single-atom
optimization optimization

Soo Fhy 0 22911 £0.529  22.443 £ 0.654 26.074 £+ 0.164 29.466 + 0.914 27.706 % 0.736 31.849 £ 0.311
Mg,SiO4 melt
LDA PBE
Non-optimization ~ Single-atom All-atom optimization =~ Non-optimization  Single-atom All-atom optimization
optimization optimization
fo +fy ez 23303 £ 0.373 22769 4+ 0458 24.633 £ 0.112 31.888 £ 0.497 29.164 £ 0.780  30.320 £ 0.357

Table 2 Computed 1000 1In 025, 24, (%0) and 1000 In 026, —24,,, (%0) at 2500 K

MgSiO; melt—vapor

LDA PBE
Non- Single-atom All-atom Non- Single-atom All-atom
optimization optimization optimization optimization optimization optimization
1000 In 695, 24y, (%0) 0.144 £ 0.003 0.141 £ 0.004 0.163 £ 0.001 0.185 £+ 0.006 0.174 £ 0.005 0.200 £ 0.002
1000 In 06y, 24y, (%0) 0.276 £ 0.006 0.270 £ 0.008 0.314 £ 0.002 0.354 £ 0.011 0.333 £ 0.009 0.383 £ 0.004
Mg,SiO4 melt—vapor
LDA PBE
Non-optimization Single-atom All-atom Non-optimization Single-atom All-atom
optimization optimization optimization optimization
1000 1n 025y, 24y, (%0) 0.146 £ 0.002 0.143 £ 0.003 0.154 £ 0.001 0.200 £ 0.003 0.183 £ 0.005 0.190 £ 0.002
1000 In 66y, 24y, (%0) 0.280 £ 0.004 0.274 £+ 0.006 0.296 £ 0.001 0.384 £+ 0.006 0.351 £ 0.009 0.365 £ 0.004

0.143 £ 0.003%0 higher than that of the gaseous Mg
atoms. Meanwhile, calculated $*°Mg values in the MgSiO;
and Mg,SiO;, melts were 0.270 + 0.008 and
0.274 £ 0.006%0 heavier than that of vapor Mg, respec-
tively. The general equations we suggest using to obtain
the equilibrium Mg o in the MgSiO; melt—vapor and

Mg,Si0, melt-vapor systems are: Og(1)-Mmg(e) = |+
5.264x10° (1 1 _ 5.340x10° (1 1
A (G — o) and avg) M) = 1+ 20 (0 - 50),

respectively, where m is the mass of the light isotope and
m’ the mass of the heavier isotope. As we predicted, we
indeed saw small but observable equilibrium Mg isotope
fractionation at high temperatures.

According to these general equations, the equilibrium
oclzvfg(g)ng(l) = 0.99969 at 1400 °C, which lies in the range

of experimental data, o5 = 0.99989 + 0.00060(207)
(Richter et al. 2002). The causes for deviation may have
originated from different melt compositions and approxi-
mation of RPFR(g) = 1. The latter factor will slightly

@ Springer

overestimate equilibrium isotope fractionation. For differ-
ent bulk compositions of planetary materials (Hin et al.
2017), the general equation can be used to estimate the loss
of initial material provided that the dominant fractionation
mechanism for the Rayleigh process is equilibrium melt—
vapor isotope fractionation. With this parameter on hand,
we are now equipped to calibrate the kinetic isotope effects
involving evaporation and condensation so that we can
eventually understand Mg isotope behavior during the
early stage of planetary formation and evolution.

5 Conclusions

By performing FPMD, calculating force constants based on
VASP, and applying the high-temperature approximation
of the Bigeleisen—Mayer equation, we obtained equilibrium
Mg isotope fractionation between melt and vapor. To get a
reliable result, we examined two approximate functions
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Fig. 3 a Computed 1000 In os,,, 24, versus 10%/T? between the MgSiO; melt and gaseous Mg atoms; b computed 1000 In s, -24,,, versus 10%/
T? between the Mg,SiO, melt and gaseous Mg atoms; ¢ computed 1000 In 06y, 24y, VETSUS 10%/T? between the MgSiO; melt and gaseous Mg
atoms; d computed 1000 In 026y, 24, versus 10%/T? between the Mg,SiO, melt and gaseous Mg atoms

based on electron density—LDA and GGA; and three
structural optimization methods. Equilibrium Mg isotope
fractionation based on single-atom optimized structure and
LDA was the most reliable. In addition, values based on
all-atom optimized structure represent the upper limit of
equilibrium Mg isotope fractionation. Our simulation
focused on the structure of MgSiO3; and Mg,SiO, melts
only. Multicomponent melts will need more complex
computation schemes and are necessary for real-world
materials.

Acknowledgements Financial support for this work is provided by
the strategic priority research program (B) of CAS (XDB18010104)
and China NSFC Grant No. 41490635 to Professor Huiming Bao.

Compliance with ethical standards

Conflict of interest On behalf of all authors, the corresponding
author states that there is no conflict of interest.

References

Bigeleisen J, Mayer MG (1947) Calculation of equilibrium constants
for isotopic exchange reactions. J Chem Phys 15:261-267.
https://doi.org/10.1063/1.1746492

Clayton RN, Hinton RW, Davis AM (1988) Isotopic variations in the
rock-forming elements in meteorites. Philos Trans R Soc A Math
Phys Eng Sci 325:483-501. https://doi.org/10.1098/rsta.1988.
0062

@ Springer



662

Acta Geochim (2018) 37(5):655-662

Davis AM, Hashimoto A, Clayton RN, Mayeda TK (1990) Isotope
mass fractionation during evaporation of Mg,SiO,. Nature
347:655. https://doi.org/10.1038/347655a0

de Koker NP, Stixrude L, Karki BB (2008) Thermodynamics,
structure, dynamics, and freezing of Mg,SiO,4 liquid at high
pressure. Geochim Cosmochim Acta 72:1427-1441. https://doi.
org/10.1016/j.gca.2007.12.019

Hin RC et al (2017) Magnesium isotope evidence that accretional
vapour loss shapes planetary compositions. Nature 549:511.
https://doi.org/10.1038/nature23899

Karki BB (2010) First-principles molecular dynamics simulations of
silicate melts: structural and dynamical properties. Rev Mineral
Geochem 71:355-389. https://doi.org/10.2138/rmg.2010.71.17

Kresse G, Furthmiiller J (1996) Efficiency of ab initio total energy
calculations for metals and semiconductors using a plane-wave
basis set. Comput Mater Sci 6:15-50. https://doi.org/10.1016/
0927-0256(96)00008-0

Kresse G, Hafner J (1994) Norm-conserving and ultrasoft pseudopo-
tentials for first-row and transition elements. J Phys Condens
Matter 6:8245

Kresse G, Joubert D (1999) From ultrasoft pseudopotentials to the
projector augmented-wave method. Phys Rev B 59:1758-1775

Mendybaev RA, Williams CD, Spicuzza MJ, Richter FM, Valley JW,
Fedkin AV, Wadhwa M (2017) Thermal and chemical evolution

@ Springer

in the early Solar System as recorded by FUN CAls: part II—
laboratory evaporation of potential CMS-1 precursor material.
Geochim Cosmochim Acta 201:49-64. https://doi.org/10.1016/j.
£ca.2016.08.034

Richter FM, Davis AM, Ebel DS, Hashimoto A (2002) Elemental and
isotopic fractionation of Type B calcium-, aluminum-rich
inclusions: experiments, theoretical considerations, and con-
straints on their thermal evolution. Geochim Cosmochim Acta
66:521-540. https://doi.org/10.1016/s0016-7037(01)00782-7

Richter FM, Janney PE, Mendybaev RA, Davis AM, Wadhwa M
(2007) Elemental and isotopic fractionation of Type B CAl-like
liquids by evaporation. Geochim Cosmochim  Acta
71:5544-5564. https://doi.org/10.1016/j.gca.2007.09.005

Schauble EA (2011) First-principles estimates of equilibrium mag-
nesium isotope fractionation in silicate, oxide, carbonate and
hexaaquamagnesium(2+) crystals. Geochim Cosmochim Acta
75:844-869. https://doi.org/10.1016/j.gca.2010.09.044

Stixrude L, Karki B (2005) Structure and freezing of MgSiO; liquid
in Earth’s lower mantle. Science 310:297

Wolfsberg M, VanHook WA, Paneth P, Rebelo LPN (2010) Isotope
effects in the chemical, geological, and bio sciences [electronic
resource]. Springer, Dordrecht




<<
  /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 false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2018-08-27T08:49:40+0530
	Preflight Ticket Signature




