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Structures and Properties of Metal Sulfide Fullerene Sc,S@C,,

Lei, Dan Zhao, Chong Gan, Lihua*
(School of Chemistry and Chemical Engineering, Southwest University, Chongqing 400715)

Abstract Metallic sulfide fullerene Sc,S@Cy, has been detected by mass spectra but not been isolated and structurally
characterized. It is impossible to perform extensive tests on Sc,S@Cy due to its low yield, quantum chemical calculations
thus become an important method to predict or identify its structure and properties. Here a systematic density functional the-
ory study are first performed on 15756 isomers of fullerene Cyy and their anions with 0~3 pairs of fused-pentagons, then 30
isomers of metallic sulfide fullerenes Sc,S@Csy, are constructed by putting Sc,S into the selected candidate cages with dif-
ferent orientations and geometrical optimizations are performed on these isomers with the density functional theory method.
The calculated results demonstrate that the two lowest-energy isomers are Sc,S@Cog0:99913 and Sc,S@Cq0:99915, respec-
tively. Both isomers satisfy the isolated-pentagon rule. To clarify the relative stabilities of the five lowest-energy isomers of
Sc,S@Cy at high temperatures, enthalpy-entropy interplay has been taken into consideration with respect to the temperature
range of up to 4000 K; the calculations demonstrate that the two lowest-energy isomers of Sc,S@Cq, may coexist in the soot
at high temperatures. Structural analysis demonstrated that the two isomers can transfer into each other by two Stone-Wales
rotations, further suggesting the possibility of interconversion between them. Molecular orbital analysis indicates that Sc,S
cluster transfers four electrons to the cage; however nature charge analysis demonstrates the charges transferred from the
encaged cluster to the parent cage is much smaller than that with the simple molecular orbital analysis. The quantum theory
of atoms in molecules is used to investigate the connectivity and interaction nature between the encaged cluster and parent
cage. The results show that there are strong interactions between the encaged cluster and parent cage. The simulated infrared
spectra of the two lowest-energy isomers are provided to assist future experimental identification and characterization of the
structure of Sc,S@Co.

Keywords endohedral fullerene; Sc,S@Cy; density functional theory; relative concentrations; QTAIM
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Table 1 The relative energy of Sc,;S@Cy at B3LYP/6-31G* and TPSSh/6-31G* level

Isomer Symm AE/(kcalemol ™) Gap/eV Sc—Sc/A Z£ScSSc/(°)

B3LYP/TPSSh B3LYP/TPSSh B3LYP/TPSSh B3LYP/TPSSh
ScaS@C9:99913 G 0.00/0.00 1.64/1.30 4.363/4.387 132.58/134.30
ScaS@Co:99915 G 1.07/0.24 1.32/0.97 4.452/4.427 136.82/136.63
ScaS@Co:99916 G 2.72/1.64 1.43/1.07 4.327/4.356 129.95/131.82
ScaS@Co0:99893 C 3.51/2.37 1.62/1.23 4.326/4.351 129.75/131.38
ScaS@C9:99918 (& 4.91/4.30 1.37/1.00 4.599/4.639 144.45/149.58
ScaS@C9:99912 (& 8.12/8.85 1.51/1.14 4.944/4.972 180.00/180.00
ScaS@Co:99914 G 8.62/8.24 1.33/0.98 4.205/4.227 124.19/125.37

1106  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2014, 72, 1105—1109



Sc,S@C,,199893 S¢,S@C,,:99918

Bl 1 B3LYP/6-31G* /K- AL ScoS@Cop REFR AR 5 A5 Fa 4
Figure 1 The most lowest five optimized structure of Sc,S@Coo
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Figure 2 The relative concentrations of Sc;S@Cy, isomers
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Figure 3 The geometrical relationship between Sc,S@Cqp:99913 and
Sc:S@C90:99915
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The molecular obrital interaction diagram of Sc,S@Cy:99913 and Sc,S@Cy9:99915
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Figure 5 Molecular graphs of Sc;S@Cy0:99913 and Sc,S@Cy:99915.
Bond path (line) and BCPs of C—C, Sc—C and Sc—S are shown above
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Figure 6 The simulated IR spectra of Sc,S@Cy:99913 and
SeS@Co0:99915
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Table 2 Density descriptors at the BCPs for the intracluster and Sc-carbon cage interactions

Isomer A—B dan/A Phep V2 bep e Ghey/Pocp Hueo/Procp \V/G

ScoS@C90:99913 Sc(1)—S 2.398 0.066 0.163 0.006 0.802 —0.182 1.227

Sc(2)—S 2.366 0.070 0.176 0.022 0.832 —0.203 1.244

Sc(1)—C(1) 2.278 0.059 0.198 1.719 0.944 —0.102 1.108

Sc(1)—C(2) 2.291 0.058 0.194 2.439 0.928 —0.091 1.099

Sc(1)—C(3) 2.387 0.047 0.163 1.879 0.895 —0.022 1.024

Sc(2)—C(4) 2.218 0.066 0.213 0.446 0.964 —0.160 1.166

ScoS@Co0:99915 Sc(1)—S 2.392 0.066 0.170 0.014 0.808 —0.185 1.229

Sc(2)—S 2.396 0.066 0.160 0.024 0.806 —0.184 1.228

Sc(1)—C(1) 2.273 0.060 0.200 1.225 0.929 —0.112 1.120

Sc(1)—C(2) 2.292 0.057 0.200 5.881 0.948 —0.080 1.085

Sc(2)—C(3) 2.441 0.041 0.150 0.633 0.892 0.010 0.989

Sc(2)—C(4) 2.255 0.062 0.200 2.434 0.929 —0.133 1.143
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