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Franck-Condon factors and r-centroids of D-A
and D-B band systems of AIO molecule
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Franck-Condon factors and r-centroids were computed for tHe'D- A%II; and 'St - B2X* band systems of the aluminum oxide

molecule for the)’ = 10; v” = 10 matrix using the method developed by Jarmain and McCallum. The latest Fourier-transform Spectrometer
molecular constants of the ground and excited state are used. The intensities of these bands are discussed, and the Franck-Condon factors
and r-centroids obey the established relationships.

Keywords: Franck-Condon factors; r-centroids; AlIO molecule.
PACS: 33.20.Tp; 33.60.+q; 33.70.Ca DOI: https://doi.org/10.31349/RevMexFis.66.568

1. Introduction role in finding out the variation of electronic transition mo-
ment with internuclear distance [5,6]. The principle based on
The Franck-Condon factor is an important entity in the di-the electronic jumps is faster compared to the nuclear mo-
atomic molecular spectra. These factors give an idea abotjon. This principle directs us to see that the bands are in-
the intensity of a band appearing in a particular band systense if the jump from a higher vibrational level to a lower
tem of a molecule. The Franck-Condon factor is an overlapevel takes place from either the,i, Or 7., POSition on
of the wave-functions of two vibrational states taking part inthe potential energy curves’ straight to lower level, because
a transition. In 1966, Krishnamachaati al., [1] observed a then there is a minimum or zero change in positioas,,
new band system of aluminum oxide (AIO) which wasSD Ar(Ar = ro — res) and in momentum is possible. In emis-
- X?%* falling into the region of 2200- 2808. They used  sion, for onev’ value, there are two values of. The lo-
the direct current (DC) arc at low pressure to excite this bandus of such points on the Deslandres table called the Condon
system. In the furtherance of these studies, Sietghl. [2]  parabola [5]. If the Condon parabola is wide open, then bands
reported the rotational constants of D' state by analyz-  of many progressions and sequences appear in a band system.
ing the 2-0, 1-0, 0-0 and 0-1 bands of théX)" - XX*  Onthe other hand, if the Condon parabola is narrow and tends
transition. The D-X system was reinvestigated again in 19730 degenerate in a diagonal line in the Deslandres table along
by Singh and Saxena [3], who gave the rotational analysishe main sequence, then only the bands of the 0-0 sequence
of 11 more bands. In 1985, Singh and Saxena [4] excite@r the 0-1 or 1-0 sequences will hardly appear. The inten-
AlO and photographed many bands ofD" - A?Iland CII ity depends on many other factors, such as the probability of
- Al intercombination systems of AlO, and the rotational transition, the population of the upper state from where the
constants of the All state were derived. Rotational pertur- transition is taking place, the line strength or band strength
bations have been observed in thélRstate. In the present (depending on the rotational line or vibrational band), and
study, the Franck-Condon factors of D-A and D-B band sys+the electronic transition moment.
tems will be calculated using the latest molecular constants. |n emission, the expression is given as:
These FCF and r-centroids will be added, and new informa-

. . . . 2
. ] 4 —
tion not reported earlier in the literature o <63> 1N, R, [/ \I!U/\Ilvudr] W
2. Method of computation where ¢ is the velocity of light, N, is the number of
molecules in the’t" level, v is the frequency of radiation,
2.1. Franck-Condon factors R. is the average value of Re (i.e., electronic transition mo-

_ ) ment), andl,, and¥, are the wave functions of thé and
The Franck-Condon factor is the square of the integral ovey, |evels, respectively.

the product of the vibrational eigenfunction of the two states | absorption, the expression is given by:
involved (the so-called overlap integral). It controls the in-
tensity distribution from band to the band across a system. _, . (87r3

2
Franck Condon factors and r-centroids play an important Labs 3;w> IoAgNyrvRe2 [/ \I’v’q’“"dr] , @
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TABLE T. Molecular Constants of ’Al'%0.

STATE Te Me eXe MeVe Be Te Oe
D2z 40266.7 819.6 5.8 - 0.5652 1.7234 0.0046
B2z 20685.04 870.369 3.651 0.00096 0.608976 1.618 0.00507
ATl 5282 728.52 4.888 0.0858/ 0.537169 1.7708 0.005002

0.00387

Note :All constants are in cm-! except re, which is in A and 1. is in amu

TABLE II. Franck-Condon Factors and r-centroids of D*E" - A IT; Band System of AlO molecule.

Vv 0 1 2 3 4 3 6 7 8 9 10

0.0002

1.3976
0.0013

1.4022
0.0086

1.4436
0.0412

1.5106
0.1155

1.5907
0.1275

1.6811
0.0037

1.9105
0.1456

23424 2137  2.046 1.9428 1.7963

* FC Factor T r-centroids
whereh is the Planck’s constanty is the initial intensity, RY" =R. [/ \Ilv’\:[lv”dri| : )
Az is the thickness of the m_edium, amld,» is the number The K Cond inciol hich hei .
of molecules in the” level. R, and R, are related to each i fetzh rf;ncd gn 03 pr":ﬁ'p €, whic t'govtehrntst';] N |nt¢nt§|-
other by the expression: ies of the bands based on the assumption that the variation
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TABLEII. Franck-Condon Factors and r-centroids of D*Y” - B*Z" Band System of AlO molecule.

VI'
Vv 0 1 2 3 4 ) 6 7 8 9 10
0
0.0011 0.0001 - - - -
1
2.0340 2.0703 - - - -
0.0312 0.0034 0.0003 - - -
2 1.9645 2.0350 2.0750 - - -
0.2384 0.0575 0.0082 0.0010 0.0001 -
3
1.9687 2.0372 2.0798 2.1192 -
0.2741 0.0905 0.0167 0.0024 0.0003
4 1.9737 2.0402 2.08459 2.1232
0.2817 0.1266 0.0299 0.0053
i
1.9795 2.044. 2.0904
0.2609 0.1907 0.0483
6
1.9860 2.0485
0.2165 0.1869
7
6213 1.7405 1.7662 1.8466 1. 1.9933
0.0534 0.1717 0.003 0.1575
8
- 1.3210 1.3964 1.4515 1.5028 1.5061 : 1.5850 1.7829 1.8490 1.9126
- - 0.0002 0.0025 0.0179 0.0153 0.1215 0.0285
9
- - 1.3238 1.4003 1.4565 1.7037 1.8001 1.8640
- - - 0.0005 0.0047 0.0527 0.0424 0.1130
10
- - - 1.3272  1.4047 831 16632 1.73838 18188
* FC Factor T r-centroids )

of Rg'»”” with r, i.e., internuclear separation is slow. The and jumps can occur from either turning points on PE curve.
Franck Condon principle also states that the electron jumps iDetails are given in Herzberg [5], and Straughan and Walker
a molecule take place so fast in comparison to the vibrationdb].

motion that immediately afterward the nuclei still have very ~ The quantity in the square bracket appearing in Eq. (1)
nearly the same relative position and velocity as before thand (2) is known as Franck Condon factor usually denoted
jump. In short, the bands obeying this principle are strongby q,,» and expressed as

If the minima of the potential energy curve of the upper elec-

tronic state and the lower electronic state lie above one an- 2

other orr’, ~ r! the 0-0 sequences may likely appear with Qoro = [/ \I'”'\I’””dr} )
strong intensities and other sequences ke = +1, etc.

may not be seen at all. ff, > r// or minima of the upper PE There are different methods of calculating Franck-

curve is displaced slightly with respect to minima of lower Condon factors. Expressions are not simple, as the expres-

PE curve then bands of the same intermediate sequence maipn for wave-functionsl,,, and¥,,» are very complex and

be stronger. If, > r/, then the maxima of intensity may sometimes may involve special functions. Chakraborty and

lie in the continuum. In the case of emission, there are usuPan [7] have surveyed these methods Sharp [8]. Eetlk.

ally two maxima inv” progressions because molecule in the[9] have also given the methods to calculate Franck-Condon

upper electronic state can be in any excited vibrational levelactors. The comparative study of the FCFs and r-centroids
carried out by Nadherat al.,[10,11] and Ramon S. da Silva
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et al.,[12]. In the present study, we used a program devel42 bands of this system and Redelyal. [25] reported the
oped by Jarmain and McCallum [13,14] to calculate thesd-ranck-Condon factors of 23 bands. In the present study, the
factors. In this program, the Klein-Dunham series is used-ranck-Condon factors and r-centroids of th&D) - A2II;

to represent the spectroscopic input data, namely, the vibrand LT - B2X T systems are computed using the constants
tional and rotational constants. The RKR potential curvegiven by Singhet al.,[17,18].

are then computed. The Séldinger wave equation is solved The locus of the strongest band is a parabola called the
numerically, and the resulting vibronic eigenfunctions areCondon parabola. The Franck-Condon factors give a mea-
used to calculate the Franck Condon factors and r-centroidsure of the relative band intensities for an electronic transi-

[10,11,15]. tion. The Franck-Condon factors of such bands are shown in
_ bold in Tables Il and Ill. The\r valuesj.e., r.,—r! (where re
2.2. r-centroids is the internuclear distance in a particular electronic state), of

Various methods of calculation of r-centroids are describe(¥arious transitions can be calculated from Table I. It is clear
. ) N N rom this table, the value oAr of D-B transitions is 0.1164
by Jarmain and Nicholls [14]. r-centroids is defined as

A0 so the Condon parabolas must be wider [5]. On the other
SO (WY oy dr hand, the value of\r of the D-A band system is 0.0474°A
Tw' o = [V (U (ydr () which is smaller than the previous values®f. Therefore,
152 ) the Condon parabola of the D-A band system is expected to
Where®}'(,, and 3", are the vibrational wave func- be narrow compared to earlier ones shown in Table II. Only
tions of the level’ andv”. If these are normalized, then a few bands of the-1 sequences appear with appreciable in-
the denominator of Eq. (5) is equal to unity. The methodsensity.
for the calculation of r-centroids are described by Jarmain
and Nicholls [14], which are (i) direct method, (ii) quadratic
equation method, and (iii) difference method. In the presendd. Conclusion
study the direct numerical method is used for the computation

of r-centroids. Franck-Condon factors and r-centroids were computed for
the D’St - A%II; and Xt - B2X* band systems of the
2.3. Molecular constants AlO molecule. The differenceXr) in the equilibrium inter-

o ) nuclear distances of the upper and lower states of the D-A
The vibrational and rotational constants of th&lR, B2x+ and D-B band systems are 0.0474 A0 and 0.1164 AO, respec-
and DXt states are summarized in Table | and are deriveqive|y_ Therefore, the Condon parabola of D-A must be nar-
from the experimental studies [16-20]. The Franck-Condongy in comparison to that of the D-B band system. The bands
factors and r-centroids of the D-A and D-B band systems ar@ the Ay = +1 sequences appear with maximum intensity.
computed and presented in Tables Il and IlI, respectively.
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