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　　AlthoughMoisotopeshavebeenincreasingly

usedasapaleoredoxproxyinthestudyofpaleo-oce-

anographiccondition changes(Barlingetal.,

2001;Siebertetal., 2003, 2005, 2006;Arnoldet

al., 2004;Poulsonetal., 2006), someverybasic

knowledgeaboutMoisotopesgeochemistryhavenot

beenfullyestablishedyet.First, althoughthereare

severalpreviousstudiesontheequilibriumMoiso-

topefractionationfactors, theaccuratefractionation

factorsconsideringsolvationeffectshavenotbeen

determined.Ourrecentresultsshowthatthesolva-

tioneffectscandramaticallychangethefractionation

numbersfromtheonesingas-phase.Forexample,

theMoO4
2-
- Mo(OH)6 fractionationat25 ℃ is

0.8‰ forgas-phasebutitischangedto2.0‰ in

solution.Inanotherwords, thefractionationfactors

providedonvacuumconditionarenotaccuratee-

nough.Second, exceptthedominantdissolvedMo

speciesin seawaterknown as molybdate ion

(MoO4
2-
), thepossibleotherminorspeciesareelu-

sive.Third, theMoremovalmechanismsfromsea-

waterareonlyknownforattheanoxiaandeuxinic

conditions(e.g.Helzetal., 1996;Zhengetal.,

2000), thedetailsofMoremovalmechanismatoxic

conditionarestillarguing.Suchashowtoexplain

the1.7‰ ～ 2.0‰(intermsof
97
Mo/

95
Mo)Moiso-

topiccompositionoffsetbetweentheseawaterandthe

oxicsediments.Fourth, theadsorptioneffectsonMo

isotopefractionationarealmostcompletelyunknown.

Withouttheaboveknowledge, itisdifficulttoun-

derstandmanydistinctMoisotopefractionations

foundinanumberofgeologicsystemsanditisdiffi-

culttoexplaintheexceptionallylongresidencetime

ofMoinseawater.

ThisstudyprovidesaccurateequilibriumMoi-

sotopefractionationfactorsbetweenpossibledis-

solvedMospeciesandtheadsorbedMospecieson

thesurfaceof(Fe, Mn)-oxyhydroxides.Wechecked

thesalteffect, temperatureeffect, variousadsorption

surfacestructuresontheMoisotopefractionations.

UreymodelorBigeleisen-Mayerequationbasedthe-

oreticalmethodandthesuper-moleculeclustersare

usedtopreciselyevaluatethesolvationeffects.The

B3LYP/(6-311 +G(2df, p), LANL2DZ)level

methodisusedforfrequenciescalculation.Twenty-

fourwatermoleculesareusedtoform thesuper-

molecuessurroundingtheMospecies.Atleast4dif-

ferentconformersforeachsupermoleculeareusedto

preventtheerrorsfromthediversityofconfigurations

insolution.Ourresultsshowthatthefractionation

betweenthedominantaqueousMospeciesandthe

adsorbedonescanonlyproducelessthan1 ‰ iso-

topicfractionation.ThepolymerizedMoO4
2-
forms

(e.g.Mo3O9)alsohavequitesimilarfractionation

relativetoaqueousMoO4
2-
.Inanotherword, the

1.7‰ ～ 2‰ Moisotopeoffsetfoundbetweenthe

seawaterandtheFe, Mn-oxides, isunlikelycaused

bytheabsorptionofMoO4
2-
intosuchoxicsedi-

ments.ItmustbecausedbyothermechanismsThis

studyprovidesabasefordiscussingthemechanism

ofMoremovalfromtheseawater.
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