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Abstract: Properties of Cp,An and COT,An (Cp=CsHs~, COT>*=CgH>, An=U(IlV), Pu(lV)) species both in gas phase
and tetrahydrofuran (THF) solution are systematically studied by DFT (density functional theory). The solvent effect
of THF is simulated by a conductor-like polarized continuum model (CPCM). Theoretical calculations show that the
binding energies of the complexes are in the order of COT,Pu>COT,U>Cp,Pu>Cp,U. Solvent effects decreased
binding energies of the structures. The optimized geometry structures and the IR spectra for the complexes in gas
and aqueous phase are in accordance to the available experimental data very well. Detail studies on MO energy
levels for Cp,An and COT,An with An=U(V), PulV) calculated with rsc ecp indicate that COT,U and CP,U favors
triplets f,> and f,? configuration respectively, meanwhile, COT,Pu and Cp,Pu favor quintets f,'f,'f,> and f,f'

configuration respectively.
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Table 1 Optimized geometry parameters (nm) and relative energies (kJ-mol™) of COT,An and Cp,An with
An=U(Y), Pu() for different spin states by BALYP/CRENBL ECP in gas phase

Spin state R st R Relative energy
Singlet-COT,U 0.201 6 0.141 8 0.274 2 296.7
Triplet-COT,U 0.206 0 0.141 8 0.277 2 0
COT,U Exp.B! 0.192 4 0.139 2 0.264 7 —
SingletCOT,Pu 0.202 9 0.141 6 0.275 0 396.2
Triplet-COT,Pu 0.209 9 0.141 7 0.280 2 198.0
QuintetCOT,Pu 0.209 3 0.141 8 0.279 4 0
Singlet-Cp,U 0.265 1 0.142 2 0.291 5 220.3
Triplet-Cp,U 0.270 4 0.142 4 0.298 5 0
CpUExp.® 0.253 8 0.138 6 0.280 7 —
Singlet-CpsPu 0.264 2 0.142 3 0.290 0 469.5
Triplet-CpsPu 0.267 8 0.142 4 0.295 1 149.1
Quintet-Cp,Pu 0.266 7 0.142 3 0.293 2 0
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Fig.1 Structures of cyclopentadienyl (Cp) and annulene(COT*) sandwiched uranium and plutonium

compounds (Cp,An and COT,An)
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Table 2 Optimized geometry parameters (nm) for ground states of COT,Anand Cp,An with
An=U(), Pu(V) by different ECPs in gas and THF solution phase

R pntind Rnc
Species ECP Typ
Gas THF Gas THF
COT,U CRENBL 0.206 0 02137 0.277 2 0.283 1
RLC 0.199 4 0.213 3 0272 4 0.282 7
RSC 0.194 3 0.203 5 0.270 6 0.2752
Exp.3) 0.192 4 0.264 7
COT,Pu CRENBL 0.209 3 0.215 8 0.279 4 0.284 4
Quintet RLC 0219 6 0.230 4 0.287 4 0.295 6
RSC 0.197 4 0.220 3 0.270 9 0.274 4
COT,Pu CRENBL 0.202 9 0.230 8 02750 0.275 3
Singlet RLC 0.207 9 0.214 4 0.278 6 0.283 5
RSC 0.193 4 0.193 2 0.267 9 0.267 8
Cp,U CRENBL 0.270 4 0.273 3 0.298 5 0.298 8
RLC 0.265 7 0.267 4 0.291 8 0.292 8
RSC 0.260 4 0.260 8 0.286 5 0.287 4
Exp.* 0.253 8 0.280 7
CpsPu CRENBL 0.266 7 0.267 5 0.293 2 0.294 9
Quintet RLC 0273 0 0.274 8 0.297 4 0.296 1
RSC 0.259 4 0.259 5 0.2859 0.286 1
CpsPu CRENBL 0.264 2 0.265 2 0.290 0 0.290 0
Singlet RLC 0.267 2 0.271 0 02925 0.296 1
RSC 0.258 0 0.257 8 0.283 8 0.284 3
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Table 3 Actinide-ring binding energies (eV) for Cp,An and COT,An with An=U(V), Pu(V) by different
ECPs in gas and THF solution phase

o CRENBL ECP RLC ECP RSC ECP

Species Eb-Gas Eb-THF Eb-Gas Eb-THF Eb-Gas Eb-THF
COT,U -93.8 -25.9 -922 —24.1 -90.7 -23.7
COT,Pu(Quintet) -95.0 -29.0 -94.5 -28.4 -95.9 -28.2
COT,Pu(Singlet) -975 -28.4 -96.6 -283 -96.3 -274
CpsU -86.2 -239 -86.1 -21.9 -84.2 -21.9
CpiPu(Quintet) -86.8 -26.7 -86.5 -26.2 -88.4 -26.6
CpiPu(Singlet) -88.5 -25.6 -87.8 -253 -87.7 -24.9
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COT,Pu>COTU>Cp,Pu>Cp,U W& H | & U
Pu 1 4 J& A3 HLEC A 4 32 8 2% 3 2o 17 58 1 B A7
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FEM  FCA s EZIEH 5F A HIE S COT 5L Cp F W
2p SARBUEAEIE AL, 3T BUIE RE SR AT A BT U
(COT), /&= f2 LA = FALEH 1T Pu(COT), W2
LA AR L A S5 K U (Cp), & = F AW 2 45
¥4, Pu(Cp), W Ry FLE S £ 4548,
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