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Table 1. Dissociation relationship of €2 states of GeO.

JiFA (Get+0) QO

ﬁﬁﬁ/cmfl

AEER S gk g [25]

3Po+3P2 2,1,07F 0 0

3Po+3P1 1,0~ 150 158
3Po+3Pg ot 225 227
3P1+3Py 3,2,2,1,1,1,07,07, 0~ 439 557
3P1+3P 2,1,1,0T, 0%, 0" 589 715
3P14+3Pg 1,0~ 664 784
3Py+3Pg 4,3,3,2,2,2,1,1,1,1,0T, 0%, 0%, 0, 0~ 1316 1410
3Py+3P 3,2,2,1,1,1,0%,07, 0~ 1466 1568
3Py+3Pg 2,1, 0t 1541 1637
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Fig. 1. Potential energy curves of A-S states of the

lowest dissociation limit.
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F 52 K H T 435 8029021002435t 14
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FETHEOR. AT E R 225 00080 5 55 s
B4 W Bl fF S 19y, Hoh T, A B AU AR B
(15250 45 AL 827 e = F10.0057 em ™5 w, we o
MR, R 9256 5 24.88 cm™!, 0.4435 cm ™! Al
0.0148 A.

HoA AR T R S d3A, X, 1187, D'A

HH -WAESBPESTEAGMEAEANEERE A
A 8029021002435t 1 7y A A g &= R
MM RESANMIOEEHTFRENHETFE
802902100 4m 5t MK, XF R F 100 —5m 1) 5L H
Tk, @EEX R 2P EANE TSNP AR
PLE B & AN T AT R AR i 2k, v LUKk
AT 3T S HP TR B /N T a8t d3A,
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Table 2. Theoretical and experimental spectroscopic constants of GeO.

A-S & T./ecm™!  w./ecm™! w.zy/em™' B,/em™! R,/A R=165AL%MKETHLS (%)
MRCI4+Q+DK+CV 0 971.27 4.4619 0.4822 1.6320 8029021002414 (72)
MRCI4Q 0 1239.54 4.6864 0.4994  1.6042
- MRCI+Q +DK 0 964.09 4.4792 0.4769  1.6412
MRCI+Q +CV 0 1229.69 4.1328 0.5037  1.5971
MRCI+Q +SOC 0 1239.51 4.6850 0.4994  1.6042
Sz [35) 0 985.55 4.29 0.4856 1.6246
. MRCI+Q+DK+CV 26906 658.18 3.1435 0.3833 1.8298 85295210024m3 51! (96)
sy (35] 27733 633.3 2.7 0.389 1.815
MRCI+Q+DK+CV 29879 638.56 2.9494 0.3798  1.8381 85290210024135m! (97)
A g (8] 30492(41)  597(4) 3.1(1) 0.3622(3)  1.881
MRCI4+Q+DK+CV 32135 778.49 5.9538 0.4359 1.7189 802902100 4mt5m! (83)
a3Tl S [35] 32132 734.9 5.3 0.438 1.711
S (8] 32132(2)  734.9(3.6) 5.3(8)
. MRCI4+Q+DK+CV 31757 619.28 2.7152 0.3763 1.8471 80290210024m35m 1t (95)
i (8] 32214(25)  600(4) 3.1(1) 0.3622(3)  1.881
MRCI+Q+DK+CV 36888 642.34 4.1067 04115  1.7673 2222228;1:2:1%;
MRCI+Q 39392 1054.41 7.0176 0.4619  1.6674
ALl MRCI4+Q +DK 37197 648.69 2.8083 0.4048  1.7817
MRCI+Q +CV 39475 1057.86 5.4325 0.4659  1.6607
MRCI+Q +SOC 39422 1054.92 7.0177 0.4620  1.6673
S8 [35] 37767 650.4 4.21 0.4133 1.761
i (8] 37763.1(2)  648.8(1) 4.02(1) 0.41432(5)  1.7590
. MRCI4+Q+DK+CV 32033 613.14 2.8055 0.3747 1.8516 80290210024m35m! (96)
i 18] 32475(28)  591(4) 3.1(1) 0.3622(3)  1.881
DIA MRCI+Q+DK+CV 32157 606.25 2.7181 0.3737 1.8545 852905210024m35m! (96)
S (8] 32715(26)  591(4) 3.1(1) 0.3622(3)  1.881
iy MROHQ#DKFCV 49402 508.58 5.2513 0.3643  1.8872 88:2299:2211(?;2;1:;1547:4(ffz))
Sy [35] 49637 504.3 4.8
211 MRCI+Q+DK+CV 53960 427.03 10.4276 03120 20276 50 90 100%4mi5mi(47)
8529021001 4m35m2 (33)
2T MRCI+Q+DK+CV 58085 407.76 11.1315 0.3355 1.9588 8029021002110 473 (79)
235+ MRCI+Q+DK+CV 56887 425.84 7.2293 0.3639 1.8706 8529521001 1101474 (79)
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Fig. 2. Dipole moments for A-S states versus the bond

length.
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Fig. 3. Absolute values of spin-orbit matrix elements:
(a) absolute values of spin-orbit matrix elements in-
cluding AT as a function of bond length; (b) absolute
values of spin-orbit matrix elements including a®II as

a function of bond length.
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Table 3. Radiative lifetimes of the six low-lying vibrational levels of Al and A’1X+ states.
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Fig. 4. The transition dipole moments for AN TI-X1x+

and A’12tT-X13* transitions as a function of bond

length.
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Abstract

GeO molecule, which plays an important role in fabricating integrated optics and semiconductor components, has
received much attention. However, the electronic state density of the molecule is very large, and the electric structures
and transitional properties of the molecule have not been well investigated. In this work, the 18 A-S states correlated to
the lowest dissociation limit (Ge(*Pg)+O(*Py)) are calculated by a complete active space self-consistent field (CASSCF)
method, through using the previous Hatree-Fock molecular orbitals as the starting orbitals. Furthermore, we take all
configurations in the configuration interaction expansions of the CASSCF wave functions as a reference configuration,
and calculate the energies of the 18A-S states by a high-level multireference configuration interaction method. The core-
valence correlation effect of the 3d orbit of Ge atom, the scalar relativistic effect, and the Davidson correction are taken
into consideration in the calculations. On the basis of the calculated potential energy curves of the bound and quasibound
electronic states, the spectroscopic constants (Re, Te, We, WoX e, and B,), vibrational energy levels, vibrational wave
functions, and Franck-Condon factors (FCFs) are obtained by solving the radical Schrodinger equation. The computed
spectroscopic constants of these electronic states are well consistent with previously available experimental results. We
calculate the electric dipole moments of electronic states with different bound lengths, and analyze the influences of
the variation of electron configuration on the electric dipole moment. The calculated potential energy curves indicate
that the adiabatic transition energies of A'II, 1'27, DA, a3TI, a”®SF, d®A, and e®X " sates are located in a range of
26000-37000 cm ™!, and the spin-orbit coupling of the states can obviously affect the corresponding vibrational wave
functions. With the help of calculated spin-orbit coupling matrix elements, the perturbations of the nearby states to a*II
and A'II are discussed in detail. Our calculation results indicate that the spin-orbit coupling between A'Il and e*¥~
states has an evident perturbation on the v'> 4 vibrational levels of A'II, and the v’ >0 vibrational levels of a®II state
are perturbed by the crossing states a7, d®A, €227, 1'E7, and D*A. On the basis of computed transition dipole
moments and FCFs of A'TI- XY and AT -X'S+ transitions, the radiative lifetimes of the six lowest vibrational levels

of the two singlet excited states are computed.

Keywords: GeO, multireference configuration interaction method, excited states, spectroscopic constant
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