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1 B3LYP/aug-ccpVDZ Li( H,0), "(n=1~10)

Table 1 B3LYP/aug-ccpVDZ bond and energy parameters of Li( H,0) , "(n=1~10) clusters in gas and aqueous

phases
R, qui+ AE AE, AH AG AE,, AE 1 AH AG,,,
W1 184.4 0.98 -34.5 -32.5 -33.5 -26.7
w2 186.6 0.93 -64.9 -60.8 -62.2 -47.7
W3 190.2 0.84 -87.5 -81.5 -83.2 -60.5
W4 195.6 0.74 -103.6 -95.9 -97.7 -66.4 -159.8 -152.2 -154.0 -122.6
WS -4L 195.4 0.74 -117.7 -107.0 -109.9 -67.7 -170.6 -159.9 -162.7 -120.5
W5 -5L 206.6 0.70 -111.0 -101.7 -103.8 -63.3 -164.1 -154.7 -156.8 -116.4
W6 —4L 195.5 0.74 -131.0 -117.7 -121.3 -68.9 -181.1 -167.7 -171.4 -118.9
W6 -5L 206.6 0.69 -124.1 -112.1 -115.0 -64.5 -175.0 -163.0 -165.8 -115.3
W6 - 6L 214.8 0.65 -119.0 -106.9 -109.9 -57.8 -168.6 -156.5 -159.6 -107.4
W7 -4L 196.4 0.74 -140.5 -124.7 -129.0 -67.0 -189.7 -173.9 -178.1 -116.1
W7 -5L 206.0 0.69 -136.3 -122.1 -125.9 -64.8 -186.4 -172.2 -176.0 -114.9
W8 -4L 197.4 0.75 -150.4 -132.2 -137.0 -65.8 -198.1 -179.9 -184.7 -113.5
W8 - 5L 206.5 0.69 -146.4 -129.1 -133.4 -63.6 -194.6 -177.3 -181.6 -111.8
W9 -4L-A 197.0 0.74 -159.8 -139.6 -144.8 -64.6 -208.9 -188.6 -193.8 -113.7
W9 -4L-B 197.2 0.74 -160.5 -140.4 -145.5 -66.4 -207.3 -187.3 -192.3 -113.3
W9 -5L 205.8 0.68 -157.1 -137.8 -143.0 -62.1 -205.9 -186.6 -191.7 -110.9
W10 -4L-A 196.5 0.73 -169.1 -146.9 -152.4 -63.6 -219.0 -196.8 -202.3 -113.5
W10 -4L-B 196.5 0.73 -169.2 -146.9 -152.5 -63.8 -219.2 -196.9 -202.4 -113.8
W10 -4L-C 197.1 0.74 -170.3 -148.4 -153.7 -66.9 -216.6 -194.7 -199.9 -113.2
W10 -5L 209.9 0.69 -165.7 -143.7 -149.7 -59.3 -215.3 -193.3 -199.3 -109.0
Ry Li( H,0), * Li-0 i L L+ Li*
aule; AE\AE,WAH AG N N v AE  NAE o ~AH . AG,),
N N ; 298.15 K 101.33 kPa
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Hydrated Structure and Approximated Complete Hydration Shell

of Li": A Density Functional Theory Investigation
XIA Feidfei' > ZENG De<wen'® FANG Chun-hui'  YI Hai-bo'
(1. Qinghai Institute of Salt Lakes Chinese Academy of Sciences Xining 810008 China;
2. University of Chinese Academay of Sciences Beijing 100049  China;
3. College of Chemistry and Chemical Engineering Central South University Changsha
410083 China; 4. College of Chemisiry and Chemical Engineering
Hunan University Changsha 410082 China)

Abstract: The density functional theory with Becke’ s three-parameter exchange potential and Lee-Yang—
Parr correlation functional ( B3LYP) was used to study the structure of Li( H,0), “(n=1~10) hy-
drated clusters. Our calculations show that four-coordinated structure is more stable than its isomer five—
coordinated structure both in gas and aqueous phases. Namely the Li* tends to form four-coordinated
conformer in aqueous solution. The Li-O bond distance increases with the increasing water molecules
while the positive charge on Li* decreases. As n >4 the variation of Li-O bond distance and the positive
charge on Li* can be neglected. The binding energy of Li( H,0), * hydrated clusters presents that
seven water molecules can form an approximated complete hydration shell of Li*. In addition IR spectra
of Li( H,0), " hydrated clusters reveals that the O-H stretching vibration are blue-shift with the in—
creasing water molecules and the absorption bands at ~3 600 ¢cm 'and ~3 500 ¢cm ™' can be attributed
to the formation of hydrogen bonds between the second and first hydration shell water molecules and the
third and second hydration shell water molecules.

Key words Li( H,0) , * hydrated cluster; Hydrated ions; Coordination number; Approximated com—

plete hydration shell; IR spectra



