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Introduction MORBID calculations

The present work is part of a detailed ab initio
study of all of the Group 2 (alkaline earth)
hypermetallic M,O oxides. We have previously s used:

studied BeOBe and MgOMg and have now
arrived at CaOCa. _
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emergence of crystalline properties from molecular properties. SoIelIEIees

»Elucidation of the stability and structure of metal-rich
clusters impacts on the development of new catalytic

materials. where the H,(j’) and the “jk, are expansion coefficients.
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gze ,J =1 or 3 is the instantaneous internuclear distance displacements;
ri is the equilibrium value of the distance 7, between the “outer” calcium nucleus

MOtivation j =1 or 3 and the “center” oxygen nucleus 2; the Gj, are expansion coeffcients;
p =180° - Z(CaOCa) is the instantaneous value of the CaOCa bond angle supplement.

_ For ab initio dipole moment components along the p and g axes, Hp = (Weiecltp | Waiec)
» Study of molecular clusters as a way of understanding the and [1q = (Weiec| L ql¥yesder , We use the following analytical functions of the vibrational

Uo(Aryp; Anp; p ) =sinp Z H,k/ Arf LArg, (1 = cos o)

Ho(Arg; Arp; p ) = ZM/,’Q Ar12 Ar (1-cosp)

V(Arizi Arsz; ) = 24 Gy vhyh (1= cos )

In this approach the following analytical expansion for the potential energy function
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Term values and spectral simulations

We have used the MORBID program system to calculate the rovibrational term
values for the X and a electronic states of “°CaJl®0. The rovibrational term values
G.ir and effective rotational constants Bz were obtained by applying the expression

Guib + Bef [NIN  +1) = £o(f2+1)]

to the two lowest MORBID-calculated term values in each vibrational state. \We have
further used the MORBID program system to simulate the absorption spectra of X 125

yi=1 - exp(-a, [ - r3)): and a 32; CaOCa in the wavenumber region 0-1500 cm™". The simulations were

given by

el

e =

Jkl

83Ny Vit exp(— ) [1 - exp(-

obtained separately for each electronic state for an absolute temperature of T = 300 K
and we included all states withJ = 20. The integrated absorption coeffcient for
an electric dipole transition from an initial state / (with energy E; and rovibronic
wavefunction @) to a final state f (with energy £ and rovibronic wavefunction yy) is

hC~\/|f )]

T2 x SF « )
3th

Q =ZW gw exp (- Ew/kT )

is the partition function with the summation running over all rovibronic states

SE « )= gns 2 2 Kwelua lwi)?

mi,ms A=X)Y,Z

is the line strength of an electric dipole transition.
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Potential energy parameters
and B constants

The potential energy parameters of the X '=; and 3 °%;

states of CaOCa obtained by fitting the analytical by MORBID
expansion for the potential energy function through the

Vibrational term values

Vibrational energies and B values for “’Ca*O*’Ca calculated

calculated ab initio energies.’ in Cm-1
X %} asst X1z§ a’s}

r12/A 1.99521(16)° 1.99883(14) (v1, V£, v3) Npmin Gib  Bes Gib  Best

a/ A 2.0° 20 (0,0(1’, 0) O 0.00° 0.0534  0.00° 0.0530
=

Gooo’/E,  -1435.039145(12) -1435.0373860(98) quﬁi 8; 1 gjgj 88228 23;] ggggg
Goos =iy 2590(34) 0,20,°0) 0 106.74 0.0545 163.73 0.0537
Gooz 409(346) 1424(136) (022¢f0) 2 11006 00545 166.39 0.0536
Goos -711(950) 5599(130) (0.3%, 0) 1 15830 0.0549 244.22 0.0539
Goos 1439(792) 0,3, 0) 1 158.30 0.0552 244.22 0.0540
Gio 85(123) -230(57) (0,33¢ 0) 3 16552 0.0550 250.96 0.0540
Gioz 3496(553) -4624(91) (04° 0) 0  207.87 0.0557 324.59 0.0542
G -6918(608) (0,42¢f 0) 2  210.74 0.0556 327.01 0.0543
Gaoo 15778(66) 15807(58) gg,gge’f ,8; g 54211;8 8'8522 322.42 8'8538

i _ 00, 5. .05 54 0.05
Gaor ;8511 (246) 2633(306) (1,1, 0) 1 41029 0.0536 43559 0.0531
Gio e G2 (117 0) 1 41029 0.0537 43559 0.0532
Gris ~3236(824) -664(363) (12°, 0) 0 468.85 00543 52038 00535
Gz 12378(1907) (1,227 0) 2 474.08 00542 52573 0.0535
Gsoo 4710(135) 4699(119) (0,0 1) 0 75458 00531 75592 0.0527
G0 498(173) 502(143) ©,1', 1) 1  804.45 0.0536 834.68 0.0530
Gaoo 2751(647) 2905(578) 0,177 1) 1 804.45 00537 834.68 0.0530
(0,20, 1) 0 852.91 0.0543 914.71 0.0534
(0,22¢f 1) 2 85549 0.0543 915.89 0.0533
aUnits are cm™ unless otherwise indicated. For CaOCa, r, = rf, a, = a, (2,00, 0) 0 685.76 0.0537 681.76 0.0531
and Gy = G . (21%, 0) 1  763.36 0.0535 788.34 0.0532
2,1, 0) 1  763.36 0.0536 788.34 0.0533
bQuantities in parentheses are standard errors in units of the last digit given. (2.2°, 0) 0 828.76 0.0541 875.90 0.0535
(22227 0) 2 83503 00539 884.43 0.0535

°Parameters, for which no standard error is given, were held fixed in the
least squares fitting.
aZero point energy is 606.1 cm™.

9Gooo is the potential energy value at equilibrium. - . — 1
ero point energy is 6cm.

- /Conclusion and outlook

> The present calculations show that the strongest

CaOCa absorptions occur in the v, bands between
750 and 760 cm™.

>Strong absorptions in Andrews and Ault spectra above

700 cm™ are apparently due to the fundamental band of
CaO.

» We conclude that the spectra observed by
Andrews and Ault are not due to CaOCa.

> The hypermetallic molecules
~ 3t -1

Molecule T.(a’z!)/cm BeOBe, MgOMg, CaOCa,

and SrOSr studied ab initio

seoBe 293 by us thus far all have an
X 'y electronic ground state

MgOM 71 ¢ : ~ s

gOoMg ° and a low-lying a °%, state.

CaOCa 386 We have.optalned the singlet-
triplet splittings for the four
molecules.

SrOSr 327 QISCHIES

> We hope that our calculations will assist in the
eventual spectroscopic characterization of CaOCa.
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Maybe another column of the periodic table?
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