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Sane non kbile oxyanions
(4)*) ornitae (N() ) do not exchange () at
ams readilyw ith O 1 water at anhient tanp eratures

such as sulfate

They often hehave ke a sing€le atan Jurmg€m inera]
precjpi‘Latiog d 850 1ut‘pp adsorpt‘pp and evenm i
cmohia] transport (Considerng themany diffrent isa
topojogues these oxyanions usually possess pr ex
anPle S)* has32-1616-16-16 34-16-16-16-16
3218-16-1616 34-18-16-16-16 €€, hebchav
our of sotoPe fractonaton for different elanents n
O and Sy may Jead 1o ceran
degrees of coup|ing dJurmg different thS'pa’] chan 1
Ca,l and hiojogica] processes Here we use an a
queous sulfate. 0]id gYPsum (Cag), - 2H O) s¥s
tm o {llustrate a {rstPrinciPle appmoach to calcw
latng the 1sotope {ractionation facors and their cow
pPlng for() and S n sulfate Jurng &psun precPita
tion

UsngUryYmade] or Bigele sen M ayer equaton
n canpiation w1 quantun cham stry calculations

the oxYanions< e g,

. 550002

( B LYP/6311+ G(2df P) leveh, we have cal
culated equilibrium jsooPe fractionation factors '

and o** for tens of isoopo pgues ofg)f' We use a
tine.consumng Yet exPlicit solvent mode] ( i e

« water dopkt )
effecs for aqueous sulfae species A hige and par
tally fixed clustermaode] s used for sinujatng gyp

sun mmner] surface Qur results show that the equy

10 Precgel]y evajuate solvatpn

librium fractpnatpns atpg °C bheween ©]id YPsum
and aqueous sulfite are —~ 9 5 and | ¢ Permj for
theA 8% O andA §* §  respectively W ithout consid-
ermg on_pajr effct on sulfate anion mn soptiop

however the comesponding A & O and A§* S be
cane ~ 4 4 aadp. § permﬂ respectjvey (ur
work Presents a new appmach 1o Predictng iotope
frac tionation hehav pur {or no_ Jahile species at equi
librium and Jays e Sround Pr evauating kinetc
effects The resuls ako shed 1i8ht on the mecha
nign andmode] for psum crysta| grovth atmolecuw

lar leve]



