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Abstract; The geometrical structure, electronic structure, and vibrational spectra of NpO,
were studied by means of 5 types including 23 kinds of density functional methods using
relativistic effective potential together with double zeta basis sets for Np and 6-311+ G(d)
for O. Various DFT methods data show that: (1) the BLYP, G96LYP and B1B95 methods
cannot be suited for the ion bond length, the other methods including the BHandHLYP and
B3LYP are in good agreement with experimental values; (2) the vibrational frequencies
calculated by the BLYP, G96LYP and MPWPW91 methods are much lower than plausible
values, the others are consistent with reported values, especially the VSXC and B98 values;
(3) to the population analysis data, the NBO population data are more intuitive compared
with the Mulliken population data, furthermore, the frontier orbitals energy difference
obtained by the BHandH and BHandHLYP methods are higher than others’ values.
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Table 1

HEBEE T NpO;

MPWPWO1 [ 4b, H i 22 fx K. GGA 7 BLYP
1 GIGLYP iF fi 2= %8 K » meta-GGA F1 Hybrid-
meta-GGA JFiE#B & w2,

Fig. 1

B 1

NpO; 8 F 25 m B

Schematic structure of NpO,

BAEE (a. u ) VE RSN EE (keal/moD) (B K (nm) FIE S (em ™) 1545 5

Various density functional method calculated total energies(E, in a. u. ), zero-point vibrational

energies(ZPE, in kcal/mol), bond length( R, in nm), and vibrational frequencies(in cm™ ') for NpO,

% it (Quantity) SVWN SVWN5 BLYP OLYP OPBE HCTH93 HCTHI147
E/a. u. —210.6752971 —210.0936553 —211.1747308 —211.2723048 —211.3660704 —211.4520156 —211.4334384
ZPE/ (kcal » mol™1) 3.5 3.4 2.9 3.0 3.6 3.4 3.4
R/nm 0.1710 0.1713 0.1785 0.1758 0.170 4 0.1714 0.1717
mo/cm ! 275 274 182 184 291 280 280
oy 915 906 761 804 917 866 866
ou 1000 994 900 937 1005 971 967
% # (Quantity) HCTH407 GI6LYP G96PWI1 BILYP B3LYP B971 B972
E/a. u. —211.4520216 —211.1954015 —211.3441311 —210.9174011 —211.0874957 —211.0133143 —211.076 0666
ZPE/ (kcal » mol™1) 3.4 2.9 3.5 3.3 3.3 3.4 3.4
R/nm 0.1712 0.178 1 0.1725 0.173 8 0.174 3 0.1737 0.172 4
mu/em ! 279 185 282 213 209 218 216
oy 871 771 888 891 876 910 915
ou 976 908 977 996 985 1007 1015
%4 (Quantity) B98 B3P86 B3PW91 BHandH BHandHLYP MPWPW91 PBE1PBE
E/a. u. —211.011 9615 —211.6927345 —211.0781151 —209.6871739 —210.6819544 —211.2936857 —210.8915042
ZPE/ (kcal » mol™1) 3.4 3.3 3.3 3.6 3.6 3.0 3.4
R/nm 0.1735 0.173 2 0.173 4 0.169 8 0.1709 0.176 9 0.1726
7u/em ! 221 213 212 223 230 183 215
og 911 903 896 1004 976 792 920
ou 1009 1006 1001 1082 1059 923 1019
% # (Quantity) VSXC B1B95 B3LYP! Mp2L+] CCSDH! B3LYPLI7] Exp
E/a. u. —211.156 804 8  —211.094 184
7ZPE/(kcal * mol™ 1) 3.4 3.7
R/nm 0.1713 0.1689 0.1707 0.1732 0.1709 0.181 0. 1830181
me/cm™! 245 288
. 910 979 954 896 977 794 767019
ou 984 1041 1035 985 1047 904 824[20]
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Fig. 2 Deviation (d in nm) of bond length of NpOJ for the 23 kinds
of DFT methods compared with SOCI method in reference [ 1]
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Fig. 3

IR(a) and Raman(b) spectra of NpO; calculated at the B3LYP/6-311+G(d) (RLC ECP) level
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Fig. 4 Deviation (d) of frequency of NpO; for the 23 kinds of DFT methods

compared with MP2 method in reference [ 4]
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Table 2 Mulliken atomic charges(q, ,e), natural charge(q, .e), atomic spin densities(ASD,e) ,

energy level of frontier molecular orbitals energy(E,a. u. ) and energy difference(Ae,eV)

7 (Method) SVWN SVWN5 BLYP OLYP OPBE HCTH93 HCTH147
a1 (Np) /e 1. 049 1. 048 1.198 1.095 0.961 1. 089 1. 081
(O /e —0.025 —0.024 —0.099 —0.047 0.019 —0. 045 —0. 040
q2(Np) /e 2. 398 2. 398 2.434 2.383 2. 386 2.425 2.421
@ (O /e —0.699 —0.699 —0.717 —0.692 —0.693 —0.712 —0.711

ASD(Np) /e 2.372 2.399 2.569 2.595 2.452 2.551 2.535
ASD(CO) /e —0. 186 —0. 200 —0. 285 —0.298 —0. 226 —0. 275 —0. 268
Enomo/a. u. —0.4756 —0.459 6 —0.4459 —0.436 1 —0.4615 —0.4718 —0.4775
Erumo/a. u. —0.460 8 —0.444 4 —0.416 3 —0.4229 —0.426 2 —0.4322 —0.4396
Ae/eV 0. 40 0.41 0. 81 0. 36 0.96 1. 08 1. 03

J5 % (Method) HCTH407 GI96LYP G96PWI1 BILYP B3LYP BI71 BI72
q1 (Np) /e 1. 087 1. 215 1. 107 1. 218 1. 204 1. 176 1.103
g () /e —0. 044 —0.107 —0.054 —0.109 —0.102 —0.088 —0.052
q2(Np) /e 2.401 2.442 2. 468 2.570 2. 541 2. 540 2.513
@ (O) /e —0.701 —0.721 —0.734 —0. 785 —0.771 —0.770 —0.757

ASD(Np) /e 2.546 2.584 2. 367 2. 399 2.416 2.400 2.372
ASDCO) /e —0.273 —0.292 —0.183 —0. 200 —0. 208 —0. 200 —0. 186
Enomo/a. u. —0.473 3 —0.444 8 —0.4799 —0.500 2 —0.4934 —0.486 6 —0.480 7
ErLumo/a. u. —0.4416 —0.4145 —0.4254 —0.3386 —0.3610 —0.349 8 —0.3581
Ne/eV 0. 86 0. 82 1. 48 4. 40 3. 60 3.72 3.34

J5 ¥ (Method) BI98 B3P86 B3PW91 BHandH BHandHLYP MPWPWOI1 PBE1PBE
q1 (Np) /e 1. 183 1.134 1.125 1. 168 1. 243 1. 099 1.118
() /e —0.092 —0.067 —0.062 —0.084 —0.121 —0. 049 —0.059
q2(Np) /e 2.551 2.525 2.525 2.633 2.683 2.411 2.535
@ (O) /e —0.776 —0.762 —0.762 —0. 816 —0. 842 —0. 706 —0.768

ASD(Np) /e 2.411 2. 430 2.459 2.298 2. 301 2. 600 2.441
ASD(CO) /e —0. 205 —0. 215 —0.229 —0. 149 —0.151 —0. 300 —0.221
Enomo/a. u. —0.492 4 —0.507 2 —0.487 8 —0.5335 —0.5514 —0.444 5 —0.494 5
Erumo/a. u. —0.3489 —0.3839 —0.3640 —0.2608 —0.2599 —0.426 9 —0.346 7
Ne/eV 3. 90 3.35 3.37 7.42 7.93 0. 48 4.02

J5 % (Method) VSXC B1B95 B3LYP!! MP2! CCSDH
q1 (Np) /e 1. 092 1. 055 1.52 1. 82 1. 56
g1 (O0) /e —0. 046 —0.027 —0. 26 —0.41 —0.28
q2(Np) /e 2. 487 2.474
(O /e —0.743 —0.737

ASD(Np) /e 1. 872 2.322
ASDCO) /e 0. 064 —0.161
Enomo/a. u. —0.4574 —0.5089
Erumo/a. u. —0.3634 —0.348 2
Ae/eV 2.56 4.37

7 (Note) : q1 #1 ¢z & Mulliken #1 NBO i & 23 #7 (¢1 and ¢» are Mulliken and NBO population)
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Fig. 5 The iso-contour graphs of frontier orbitals of NpO, at the B3LYP/6-311+G(d) (RLC ECP) level
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