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Fig. 1 Structures of the planar tetracoordinate and tetrahedral molecular models C20H1sY4X (ptX-Y) and
Ci6Hi6YaX (ttX-Y), where X=C, Si, Ge; Y=B, N.
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Fig. 2 Optimized structures (the bond length in pm and the angle in degree) of planar and tetraherdal
tetracoordinate molecules
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Fig. 3 Localized molecular orbitals of ptC-B (isovalue: 0.03)
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Fig. 4 Selected molecular orbitals of ptSi-N (a), ptGe-N (b) and ptGe-B (c) (isovalue: 0.03)
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Fig. 5 Electronic absorption spectra of four planer tetracoordinate molecules
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Tab.1 Electron absorption wavelength (1), electronic state, transition energy, oscillator strength (f), assignment,
and electron-transition characteristics of planer tetracoordinated molecules

WEY  Anm HTFE BUKEEEV f TTHRE 53 LT R AR AE
ptC-B 314 So-S16 3.95 0.20 H-4—L (62.8%) n—n*

So-S17 3.95 0.20 H-4—L+1 (62.8%) T—T*



252 So-S26 491 0.21 H-5—L+2 (63.3%) o—n*

So-Sa7 491 0.20 H-6—L+2 (63.3%) c—1*
ptSi-N 350 So-So 3.54 0.20 H-6—L (54.7%), H-5—L (43.9%) n—-T*, T-T*
So-S10 3.54 0.20 H-6—L (43.9 %), H-5—L (54.7%) T—T*, T—oT*
228 So-Sz0 5.43 0.03 H—L+6(54.9%) ¥
So-Sa1 5.43 0.03 H-5—L+7 (54.9%) ¥
ptGe-N 374  So-Swo 3.31 0.21 H-5—L (70.1%) P
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236 So-Sus 5.25 0.03 H-1L+5 (47.206), H>L+5 (48.7%)  mom*, mom*
So-Sa4 5.25 0.03  H-1oL+5 (47.1%), H-1-L+4 (48.8%)  mom*, nor*
ptGe-B 515 So-So 241 0.21 H-3—L (66.2%) ¥
So-S10 241 0.21 H-3—L+1 (66.2%) T—T*
329 SoSw 3.77 002  H-60L+1 (21.9%), H-1-L+4 (66.8%)  mom*, mon*
S0-Sas 3.77 002  H-5-L+2 (22.3%), H-2—L+4 (66.3%)  mom*mon*
s s . gy FHBOL(B24%) HEoL3 (448%)  oontont
H-5—L+4 (32.0%) n—1*
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Structures and bonding properties of one new type of
compounds with the planar tetracoordinate carbon,
silicon and germanium

ZHANG Caiyun, FANG Lei, ZHANG Yuwei, CAO Zexing”

( Fujian Provincial Key Laboratory of Theoretical and Computational Chemistry, College of
Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract: Extensive density functional theory calculations have been used to explore structures,
bonding features, stabilities and spectroscopic properties of a new type of molecules with the
planar tetracoordinate carbon (ptC), ptSi, and ptGe. These compounds with the planar CB4, SiNa,
GeN., and GeB4 moieties are predicted to be stable, both structurally and electronically, according
to the structure optimizations and frequency analysis. There is generally a delocalized © bond
between the central atom and its surrounding four atoms in such stable planar tetracoordinate
compounds, in which C and Si behave as the © donor and acceptor, respectively, while Ge bears
the characteristics of both 7 donor and acceptor. In the compounds of CooH1sN4X (X=Si and Ge),
ptSi and ptGe adopt sp?d hybridization to form ¢ bonds with the N atoms. Since there is relatively
small s-p energy splitting for C without the d orbital, an approximate sp? hybridization is
responsible for its 6 bonding with surrounding B atoms.

Keywords: planar tetracoordinated compounds; density functional theory calculations; chemical

bond; electronic spectrum





