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THE RELATIVE BAND STRENGTHS OF a,—X,, b,—X, SYSTEMS
AND THE DISSOCIATION ENERGY OF THE CeO MOLECULE
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The true potential energy curve of the X, state of the astrophysically important gaseous
CeO molecule was constructed using the R-K~R-V method. The dissociation energy of the
molecule was evaluated by curve fitting techniques. The relative band strengths of the a,-X3;
ba-X, systems of CeO were evaluated.

1. Introduction

An accurate knowledge of the disscciation energies of molecules is very important
in astrophysics and chemical physics. It has been pointed out [1] that an uncertainty of
0.3 eV in the dissociation energy leads to an uncertainty of a factor of 2 in the molecular
solar abundance and even a larger factor for cooler stars. A knowledge of the band strengths
is required in order to relate intensity data to relative vibrational level populations. Informa-
tion on population distributions is important to evaluate the temperature of the sources.

Increasing attention is now given to the electronic spectrum of CeO as more informa-
tion regarding its occurrences in low-temperature S type stars is accumulating [2-4]. In
view of its occurrence in S type stars, we studied the relative band. strengths of a,—~X,,
b,—X, systems and evaluated the dissociation energy of CeO molecule, using the vibrational
data of Watson [5] and Ames and Barrow’s [6] rotational data of a (0, 0) band of an
a,-X, system and a (1, 1) band of a b,~X, system of CeO.
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2. Computational procedure

The rotational constant, B,, is calculated using relation [7]
B, = B,— %, (v+7%). (1)
The constant, #,, is calculated by using the Pekeris relation [8]

6(w.x.BY)'*  6B;
Ly = —-—= (2)
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At the outset the B, value is substituted for B, in Eq. (2) and %, is estimated. Then
the values of B, and &, were determined from equations (1) and (2) using an iterative
technique [9].

The true potential energy curves were calculated from experimentally determined
vibrational energy levels, using the method of Rydberg, Klein and Rees, as modified by
Vande.slice et al. [10]. The true potential energy curves have been used to estimate the
dissociation energies of diatomic molecules [11-15]in a number of cases by fitting an empir-
ical potential energy curve. The potential energy curves are constructed using the empirical
potential function of Szdke and Baitz [16] by calculating the U values for each of the Ry,
and R,,, values obtained by the R-K-R-V method:"

nAar? b*n\! b*n\'?
oot (5 oo - (52) ] o

de/D/z, a =0.35 ¢* when ¢ = (elez) s 61 and e, are the electro-negatmtles
of the atoms d is obtamed from the force constant tormula K, = d(e,e,D,)"/r, and
b = 1.065.

In order to calculate the D,, the depth of the potential well, potential energy curves
are constructed with different D, values in steps of 0.01 eV ranging from 1 eV to 20 ¢V
and the curves thus obtained are correlated with the trus curve. The D, value which gives
the maximum correlation coefficient is the true depth of the potential well. The dissocia-
tIO‘Il energy, Do, is calculated usmg the relation: ~

D, = D0+1/2w —1/4x,w,. G

~ Assuming that the electronic transition moment (R, (¥, ,)) is a constant for .the
entire system, the relative band strengths can be calculated as follows:

el

. puv = Po’v”/PtT?” .‘ ' ) (5)
Dy = Rz(Fv’v”)QU'v”a : (6)
whe1e pm“ s the maximum band strength, g, is the Franck-Condon factot.

3. Results and discussion

__ The depth of the potential well (D, = 7.35¢V) of the X, state of CeO was estimated
by ﬁttlng the electro-negativity potentlal curve to the true curve. The Szoke and Baitz
curve for the correct: DY value and the true potential energy curve are given in Table T.
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It can be seen, from the Table I, that. the Széke and Baitz potential function. reprodiices
the true curve very accurately. The ground state dissociation energy (D2) value of 7.30:eV
obtained is in agreement with the approximate value of 7.7 eV. reported by .Herzberg
[7].and is only slightly lower than the value of 8.03+0.2 ¢V given by Gaydon: [17] based
on mass-spectrometric determinations. ‘

TABLE I
R-K-R-V and Szoke-Baltz potenual energy curves of the CeO Xz state
| Szoke-Baltz 8,4 o roan
R-K-R-V | D, = 7.35eV
U po— = - e i - i
U (et \ Roin@® | Rua®) | Unia (o) [ Vs (or-)
0 420.00 1.757 1.863 - 419.31 ‘ 420.25
1 1257.52° 1.722 1.906 1255.56 | 125717
2 2090.52 ‘ 1:699 | 1.937 2088.76 ' 2091.13
3 2918.65 | 1.681 . 1963 - 2918.15 - .2920.86 .
4 3741.53 i 1.665 il 1.986 '3744.68 ‘_‘;’3747 38

The Franck-Condon factors were evaluated usmg the analytlcal method of J'armaln
and Fraser [18] ‘with an r, -shift correction. The r-centrmds which are useful for studying
the electronic transition moment function (R,-function) were evaluated using the quadratic

" TABLE .1I

Franck-Condon factors, relatlve band strengths and- r-céntroids of the az Xz ‘and bz Xs systems
of CeO molecules i

a;— X, System : by—X; System- -,
]

, Franck- r-centroids |Relative band - Hranchs ‘r-centroids |Relative band
v, v ~Condon A strengths | VoV .} -Condon A * stréngths

I factors 2 ] . factors :

ol e L = —= L —

| 0.9147 |  1.829 1.00 0,0°  -0.9807 | 1819 “1.00
o 1 | 0.0802 1929 | 0.09 0,1* | 0.0189 2.0343 - 0.02
1,0 | 0.0826 1.696 0.09 | 1,0 0.0192 —_ | 0.02
1,1 0.7551 1839 | 083 1,1 09421 | 1.830 | 096
1,2% 0.1471 1.937 0.16 1,2* | 0.0377 2.040 | 0.04
2,1 | 0.1561 ‘ 1.717 0.17 2,1 | 0.0386 — 0.04
2,2 | 0.6106 1.849 0.67 2,2 0.9030 1.840 0.92
2,3* 0.2009 1.945 { 0.22 2,3* 0.0562 | 2.047 0.06
3,2 0.2195 1.734 ! 0.24 3,2 0.0583 - 0.06
3,3 0.4818 | 1.859 : 0.53 3,3 | 0.8635 1.850 0.88
3,4% ‘ 0.2420 | 1.953 0.27 | 3,4% ! 0.0745 2.054 0.08
4,3% 0.2721 1.750 0.30 4,3 0.0780 — 0.08
4,4% 0.3691 1.868 0.40 44 | 0.8238 1.860 0.84
45+ | 02708 1960 | 030 4,5% | 0.0924 2060 | 0.09

* Bands expected.
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method of Nicholls and Yarmain {19]. The values of relative band strengths of the a, — X,
and b,—X, systems are given in Table Il along with the Franck-Condon factors and
r-centroids. From the magnitude of the relative band strengths, it can be concluded that
the bands marked with asterisk are also expected to be found in the spectra of gaseous
CeO.
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