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Abstract: In this study, first principles calculations based on density functional theory ( DFT) were
used to accurately quantify the equilibrium Cd isotope fractionations produced during the formation of or-
ganic surface complexes (OSCs) and metal-organic frameworks ( MOFs). The results showed that the
equilibrium Cd isotope fractionations between OSCs and the aqueous solution at 25 °C were small and
insensitive, 1. e. , A“‘V“OCdOSCS_aq ==0. 34%o¢ to 0.02%o. In contrast, the formation of MOFs produced
significant Cd isotope fractionations, i. e. , Al'4/”0(](11\,[0“,&q =—=1.92%0 to—0. 29%0. Additionally, the
more N and S atoms appear in the first coordination layer of Cd, the greater the equilibrium fractionation
of Cd isotopes between MOFs and aqueous solutions. Our calculation results cover the experimental de-
termination of Cd isotope fractionation in surface soil, indicating that the different occurrence states of
Cd in soil organic matter control its isotopic composition. Finally, these fractionation data enrich the Cd
isotope database, making it easier for scholars to quantitatively use Cd isotope methods to limit the mi-
gration and transformation process of Cd.
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Tab. 1 Equilibrium isotopic fractionations between Cd-containing species and the aqueous solution

& Cd RIS 1000 InB Cd-0 A " Cd g opag
(%0,25 C) /A (%0,25 °C)
Cd(AC) (H,0),," 1. 191 2.33, 2,291 2 30181 5 26l -0.13, -0.15£0. 01"
Cd(BEN) (H,0),," 1.184 2.33 -0.16, -0.15£0. 01"
Cd(BHA) (H,0),," 1.262 2.32, 2.28% 0.02
Cd(Phenol) (H,0),,* 1.201 2.33 -0.12
Cd(Cat) (H,0),, 1.214 2.33 -0. 09
Cd(0x) (H,0) 4 1.207 2.33 -0.11
Cd(Cit) (H,0)3,” 1.148 2.33, 2,342 -0.24
Cd( Phthalic) (H,0) ,, 1.142 2.34 -0.25
CdH(Cit) (H,0) ,, 1.173 2.33, 2,330 -0.20
Cd(Gly),(H,0) 1.105 2.35 -0.34
Cd(C,H,0,),(H,0) 4 1.202 2.31 -0.11
Cd(C4H,0,),(H,0),, 1.147 2.35 -0.24
Cd( Cat) ;* 0.813 2. 40 -1.01
Cd(cit),* 0. 909 2.39 -0.79
Cd(C,H;0N),(C,HgS), 0. 960 2.20 (2.39%,2.87*) -0.67
Cd(C,H,ON),(C,H,N),* 1.125 2.26 (2.447) -0.29
CAEDTA™ 1.181 2.31, 2,402 2,28 2.46* 2.48"" 2. 46" -0.16, 0.08""’
Cd(thz) ™ 0. 950 2,437, 2.41™ -0.70
Cd(CyH, O4N,) > 1.116 2.44° -0.31
Cd(C, HgN,),(CNS),* 1.009 2.40", 2.39 -0.56
Cd(tten),> 0. 638 2.77% -1.42
Cd(i-MNT),* 0. 421 2.87" -1.92
Cd(tu),* 0. 495 2.82% -1.75

H.Cd-N#EK" Cd-S K™,
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Fig. 3 Effect of solvent effect on Cd isotope fractionations between aqueous OSCs and the solution
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