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Kl 1 B(OH)s 731 IR 5 S g0 LA K e 4045
Fig. 1. Linear fitting of harmonic frequencies vs.
experimental fundamentals of B(OH)s.
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Table 1. Comparison between harmonic frequencies and
experimental fundamentals of B(OH)3

B3LYP/6-311+G(d,p)

TSN

@Theo VExp
1 3873 3705
2 1027 1020
3 873 866
4 699 675
5 441 436
6 3872 3706
7 3872 3706
8 1488 1429
9 1488 1429
10 1019 1017
11 1019 1017
12 427 432
13 427 432
14 533 520
15 533 520

TE: ommeo FTRIEIAR, v JSEYRIESL

XA B(OH)s A1 B(OH), 71, FAlIfifk
Mgk B-O #7024 0.1370 nm A1 0.1487
nm. TP 7S5 R ARARL, T R [RIA 25 S A )
A KR MM —J7, Frll B(OH); &8
B(OH), 5 & A % o BEE BA TR K5 F I3
P IEE, EEBER T, B-O B K
SWEAAEIN, FECEARM R R RS
SRS AR R R /)N (B(OH)3 A1 B(OH)4 £ 30 4
KT FIRGE RIS UL 2).

Kl 2 4i7krh B(OH); #l B(OH), T it # 1
Fig. 2. Optimized structures of B(OH); and B(OH), in pure water.
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Table 2. Predicted fractionation factor of B(OH); and B(OH), at 25 °C

25°C n=0 Fyl n=6 n=12 n=18 n=24 n=30 Exp
B(OH); + N0 A 1.2283 1.2263 1.2268
1.2321 B 1.2275 1.2268 1.2261 1.2270
c 1.2275 1.2278 1.2272 1.2278 1.2278
B(OH) + nH,0 A 1.1898 1.1894 1.1928
1.1884 B 1.1908 1.1887 1.1905 1.1901
c 1.1907 1.1906 1.1912 1.1903 1.1899
az4 1.0368 1.0314 1.0314 1.0296 1.0312 1.0318 1.0308+0.0023
& 3 40°C T B(OH)s fll B(OH), FEALAYE I A - B E 4
Table 3. Predicted fractionation factor of B(OH); and B(OH), at 40 °C
40°C n=0 (2R n=6 n=12 n=18 n=24 n=30 Exp
A 1.2110 1.2001 1.2096
B(OH); + nH,O 1.21458 B 1.2102 1.2095 1.2089 1.2098
c 1.2102 1.2105 1.2100 1.2105 1.2104
A 1.1747 1.1743 1.1774
B(OH), + nH,0 1.17343 B 1.1756 1.1736 1.1753 1.1750
c 1.1756 1.1754 1.1759 1.1751 1.1747
d34 1.03507 1.0299 1.0300 1.0283 1.0298 1.0304 1.0289+0.0048
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Theoretical Calculation of Boron Isotope Fractionation Between
B(OH); and B(OH), in Aqueous Solution

LIU Qi*, YIN Xin-ya®

(1. State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
2. Guizhou Minzu University, Guiyang 550025, China)

Abstract: Density functional calculation is used to estimate isotope fractionation factor between B(OH); and
B(OH)4 in aqueous solution. A “Water-droplet” configuration based on molecular cluster model was chosen for
simulating the aqueous environment where every “water-droplet” contains n-H,O molecules (n=6, 12, 18, 24, 30)
surrounding the molecule of interest. Our theoretical results show equilibrium isotope fractionation of boron
isotope exchange between B(OH); and B(OH), is equal to 1.031 in pure water at 25°C, which is in good
agreement with experimental observation. Comparison of several configurations containing different number of
H,O molecules shows that the 12-molecule water cluster is an economic and accurate model for predicting boron
isotope fractionation. Moreover, we discuss a defect in previous study of calculation of the boron isotope
fractionation factor and suggest a possibility of using the cluster model in future investigation of boron isotope
fractionation during carbonate formations.

Key words: boron isotope; equilibrium isotope fractionation; quantum chemical calculation; aqueous solution



