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　　Somenon-labileoxyanions, suchassulfate

(SO4
2-
)ornitrate(NO3

-
), donotexchangeOat-

omsreadilywithOinwateratambienttemperatures.

Theyoftenbehavelikeasingleatomduringmineral

precipitation, dissolution, adsorption, andevenmi-

crobialtransport.Consideringthemanydifferentiso-

topologuestheseoxyanionsusuallypossess, forex-

ample, SO4
2-
has32-16-16-16-16, 34-16-16-16-16,

32-18-16-16-16, 34-18-16-16-16, etc., thebehav-

iourofisotopefractionationfordifferentelementsin

theoxyanions(e.g., OandS)mayleadtocertain

degreesofcouplingduringdifferentphysical, chemi-

cal, andbiologicalprocesses.Here, weuseana-

queoussulfate-solidgypsum(CaSO4· 2H2O)sys-

temtoillustrateafirst-principleapproachtocalcu-

latingtheisotopefractionationfactorsandtheircou-

plingforOandSinsulfateduringgypsumprecipita-

tion.

UsingUreymodelorBigeleisen-Mayerequation

incombinationwithquantumchemistrycalculations

(atB3LYP/6-311+G(2df, p)level), wehavecal-

culatedequilibriumisotopefractionationfactorsα
18

andα
34
fortensofisotopologuesofSO4

2-
.Weusea

time-consumingyetexplicitsolventmodel(i.e.

“ water-droplet”) topreciselyevaluatesolvation

effectsforaqueoussulfatespecies.Alargeandpar-

tiallyfixedclustermodelisusedforsimulatinggyp-

summineralsurface.Ourresultsshowthattheequi-

libriumfractionationsat25℃ betweensolidgypsum

andaqueoussulfateare～ 2.5 and1.6 permilfor

theΔδ
18
OandΔδ

34
S, respectively.Withoutconsid-

eringion-paireffectonsulfateanioninsolution,

however, thecorrespondingΔδ
18
OandΔδ

34
Sbe-

come～ 4.4 and2.8 permil, respectively.Our

workpresentsanewapproachtopredictingisotope

fractionationbehaviourforno-labilespeciesatequi-

libriumandlaysthegroundforevaluatingkinetic

effects.Theresultsalsoshedlightsonthemecha-

nismandmodelforgypsumcrystalgrowthatmolecu-

larlevel.
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