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Gaussian (14s13p10d816¢)/[6s6p5d4f3g] atomic natural orbital valence basis sets have

boen derived for reativisic enerayconssient smallcore lanthande and adinide » Small-core relativistic energy-consistent PP » Mean absolute errors for standard basis sets
pseudopotentials of the Stuttgart-Bonn variety. The existing set of lanthanide N o
has been by corresponding potentials for lanthanum and « Generalized contracded ANO basis sets (basis set limit): Ln IP, and IP,0.2 eV, IP;
lutetium in order to arrive at a set analogous to the one available for the actinides. . andIP,0.6¢eV (0.3eV): AnlIP,0.2eV.
e e s ek e Ln(An): (14513p10d8f6)/[6s6p504f3g] <006V (036v); AniPy
to fourth ionization potentials of all dements, both for the derived standard basis sets as « Extrapolation (1/1%) to besis set limit usin » The experimental IP, for Gd appearsto be
well as for large uncontracted basis sets containing up to i-functions. In the latter case . g too IOW by almos 1 eV md éﬂlould be
exrapotation teshniques are used to esimate the basis st limit. Molecular calibration uncontracted besis sts
studies using the CCSD(T) approach are reported for the monohydrides, monoxides and Ln: (16815)12d1()f898ha') remeasured.
monofluorides of lanthanum and lutetium as well as thorium monoxide. The electronic . Th d f L d L
. . e ground states for &, an u, are most
ground state configurations for lanthanum and lutetium dimers are also investigated An: (1451&)1(ﬁ8f6$h6|) . 15 + o4 as - 1ANE14 ~ 2 2
using the CCSD(T) and MRCI methods. |Ikdy Zg (Gg Ty, ) and Zg (4f Af 04°0y
T1,2), respectively.
first ionization potential La - Lu third ionization potential La - Lu
[mean absolute error La-Gd; Th-Lu in eV] [mean absolute error La-Gd; Th-Lu in eV]
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- OExXp.
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-8 ACPF+S0 [0.54,0.83] ;
g6 | mRACPFS0[025067 ] ACPF resultsfor thethird
®-®SCF[1.81;3.74] . . . . .
59| ] o5 [ +cosom ] ionization potentials (I1P5in eV)
Ln 1 ] h i extr. Exp.
24 L 4 La 1856 1869 1876 18.78 18.82 19.18
Ce 18.49 19.48 1976 19.88 20.05 20.20
— Pr 20.06 2099 2126 2138 2154 2162
S > 23 + 4 Nd 2058 21.46 2171 2183 2198 221:03
e)/ 54 L N \UJ/ Pm 2097 2180 2205 2215 22.30 22.3:04
~ 2 - Sm 2218 23.02 2325 23.36 2344 234:03
o n” 22 1 Eu 2342 2413 2434 24.45 2458 2492:0.10
®-OExp. - Gd 2036 2050 2058 20.60 2065 20.63+0.10
y L 4 Tb 19.96 20.85 2113 2126 2142 21.91:0.10
-8 ACPF+S0 [0.10;0.20] ).//! 21 Dy 2118 2199 225 2237 2253 81
-8 ACPF+SO0 [0.15;0.25] - \ Ho 2117 2191 215 221 2241 22.84+0.10
49 b - SCF [1.02;1.08] i 20 - — 1 Er 21.09 2177 2201 2213 228 2274:010
: %CCSD(T) /./' ™ 2212 2272 2294 2305 2318 23.68:0.10
/ _ 19 - 1 Yb 2343 2399 2416 2427 2437 2505:003
/ \.\ Lu 2071 20.79 2081 20.81 20.82 20.96
\ .ae LaGd 122 054 033 0.24 0.14 +0.15
18 b mae Tty 147 085 065 055 042 010
44 . . . . . . . 17 . . . . . . .
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nuclear charge nuclear charge
first ionization potential Ac - Lr
[mean absolute erroPAc—Cm' Bk-Lr in eV] Differential correlation contributions IP, Ln, An
; ; ; ; ; ; ; PP (small core, WB)+SO, CASSCF/ACPF, basis set extrapolation
6.5 F ]
Selected CCSD(T) resultsfor
60l ] [Pyand IP,(in eV)
55 F ] Ln f q h i er, Exp.
’>'\ — La 1P 1881 1898 19.06 1909 1914 1918
&) S La 1Py 49.68 4991 49.99 5002 5007 49.95:+0.06
~ 3 Ce 1P 34.93 36.11 36.42 3653 3674 36.76:0.01
Q_H 50 1 = Eu 1Py 2379 2455 24.78 2489 2502 24.92+0.10
- 8 - Gd 1P 4355 4434 4459 4471 4486 44.0:0.7
o Yb 1Ps 2395 2458 2476 2488 2500 2505:+0.03
| a Lu 1Ps 20.78 2087 20.89 2090 2092
45 | ®-® Exp. WA Lu _IP, 4426 4487 4507 4521 4533 4525:008
=8 ACPF+SO [0_17;0_32] ‘\“ mae* 0.84 031 017 0.10 0.06 +0.05
=-u ACPF [0.24;0.33] \ * except for Gd P,
a0l =8 SCF [1.05;1.17] L h
“kccsp(T)+so \
.
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nuclear charge La/Ac Gd/Cm Lu/Lr
Spectroscoplc constantsfor Spectroscoplc constantsfor Spectroscoplc constantsfor
LaX (X=H, O, F) LuX (X=H, O, F) ThO
method Ri(A) . (cm?) DD, V)
molecule method Re (A) D (6V) . (cm’) molecule method Re(A) De (eV) e (cm?) PRWB,30), SCF 18171817 956955 6.2606.24
LaH's" CCsD(T) 2027/2.028 2.88/2.89 1447/1447 LuH ™ CCsD(T) 1.914/1.916 3.35/3.37 1507/1502 AIMP(CG,12), SCF 1819 956 599
B3LYP 2006 291 1461 B3LYP 1.901 316 1515 AE. DFR 1874 937 761
Exp. 2032 Exp. 1912 =347 =150 RFCA, MRCI 1891 892 848
EC-PRWB,30), CCSD(T) 1.8391.845 898891 9.58/9.38
LaO %" CCsD(T) 1.841/1.843 8.13/8.12 807806 LuO*" CCsD(T) 1.795/1.795 6.90/6.91 840840 (9.16/8.96)
B3LYP 1827 8.32 824 B3LYP 1793 6.79 846 Exp. 1.840 896 9.00(+)0.09
Exp. 1.826 829 813 Exp. 1790 7.04 842 8.87(+)0.15
8.79+)0.13
LaF s ccsD(T) 20342035 683685 574574 LuFs® ccsn(T) 19231923  7.5U7.54 604605 PP, pseudopaential; AE: al dectron, AIMP. & initio modd wm(.;; RFCA:
B3LYP 2024 6.86 576 B3LYP 1922 7.28 605 reduced frozen-core approximation
Exp. 2,027 6.90 570 Exp. 1.917 =594 612
The notation .../... refers to resiits using a generalized/segmented The notation ../... refers to results using a generalized/segmented
contraction scheme. B3LY P resuilts correspondto the segmented contradion contraction scheme. B3LYP results correspord to the segmented
scheme. contraction scheme.
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