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The accurate estimation of mass dependent fractionation line of oxygen isotopes

CAO Xiao-bin, ZHANG Ji-xi, TANG Mao and LIU Yun*

(State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Science, Guiyang 550002, China)

Abstract: Oxygen isotope mass-independent fractionation (MIF) study is an important part of stable isotope

geochemistry. It plays a crucial role in studies of early solar nebular condensation process, the evolution of

atmosphere of early Earth and the global climate changes. Recently, along with the emerging field of so-called

small MIF study (O-17 anomaly study), the accurate positions of mass-dependent fractionation line (MDFL) of

various isotope exchange reactions have become a prerequisite condition for such kind of research. The small MIF

study is largely depended on the existing of precise MDFL. This study, beginning with the definition of the slope

of MDFL (i.e. 4 value), deduces out the theoretical method for precisely calculating A values. The process

dependence and the temperature dependence characteristics of A values are systematically studied via high level

quantum chemistry calculations. The cross-over temperature of A value is also discussed. This study will help the

development of the emerging field of small oxygen-17 anomaly studies.
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Table 1 The experimental and calculational frequencies (cmfl) of molecules
co 0, NO CO, N,O NO, H,0 S0, SO;
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673" 596" 757 1648 526 506
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Table 2 The S factor of different molecules
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Fig.1 The slope 4 of equilibrium process between water molecule and CO,, CO, NO and SO; under different temperature
(a) B3LYP/6-311+G(3df,2p) ; (b) 0.98

(a) The calculation results under B3LYP/6-311+G(3df,2p) theoretical level without Scaling Factor; (b) the resluts with 0.98 scaling under the same level.
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