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The integrated intensities of the bands of AlO (42X X2X) have been deter-
mined by photographic photometty, using a step-slit and a standard lamp.
The variation of the electronic transition moment R. with internuclear
distance r has been evaluated for the system with the use of r-centroids and
Franck-Condon factors, The relation evolved assumes the form

Re(r) = C(1-1-093 r).

Taking into account this relation, the smooth set of transition probabilities
for the bands of the system has been presented.

1. INTRODUCTION

In recent years, much interest is being focused on the theoretical aspects
of the spectra of molecular radicals of astrophysical origin. On account of
the difficulty of getting direct spectral information of such sources owing to
feeble character of the radiation reaching us, the approach is made to the
study by investigating these molecular radicals in laboratory sources.

The bands of AlO (Aluminium monoxide) are known to occur in stellar
sources (Richardson 1931, Davis 1947, Swings 1951). This system can easily
be produced in the laboratory. As such its intensity distribution could be
subjected to accurate measurement. Besides leading to the estimation of
the temperature of the source, such data is possible to be utilized for the
study of the variation of electronic transition moment R, with internuclear
distance r, through the various theoretical concepts that have so far been
given and tested in some of the band systems. Since the AlO (422* —X2X™)
system has not yet received due attention both experimentally and theo-
retically, accurate integrated intensity measurements of the bands of the
system have been undertaken, as the peak intensities which are available
from the earlier literature are of limited consequence for astrophysical pur-
poses. The integrated intensity data thus obtained is proposed to be uti-
lized in one of the directions indicated above, viz. for evolving the relation
of R, with r.

2. EXPERIMENTAL MEASUREMENT

The AlO (42X— X2X) system has been excited in a steady arc (220 volts,
D.C.; current 2 amps.) at atmospheric pressure, with pure aluminium rods

VOL. 29, A, No, 3.



326 N. R. TAWDE & V. M. KORWAR

for electrodes. The system lies effectively in the visible region and has been
photographed on a Hilger, C.D. glass prism spectrograph with a dispersion
varying from 18 A/mm at A 4,000 A to 76 A/mm at A 6,000 A. The inten-
sities of the bands have been determined by the method of photographic
photometry (Tawde and Patankar 1943, Tawde and Murthy 1960), employing
a standard lamp of known energy distribution and a step-slit for calibration
marks. The areas under the intensity contours of bands have been com-
puted and taken to be proportional to the intensities of the bands after
necessary corrections. The overlap of neighbouring bands has been elim-
inated by careful extrapolation. The resulting measurements of integrated
intensities of the bands are expressed on a relative scale with 100 units as
the intensity of the most intense (0,0) band. They are recorded in Table I.

TaBLE I
Relative Integrated Intensity Values
AlO (A — X) system

Band Band N
o, Intensity, I o o Intensity, /
0,0 1000 3,1 7-4
0,1 13-7 3,2 40-9
3,4 550
1,0 209 4,2 85
1,1 30-56 4,3 189
1,2 28-8 4,5 15-1
2,1 30-7 5,3 9-5
2,2 15-2 5,4 10-9
2,3 410 6,4 81
7,6 61
8,6 46

3. TrrEORETICAL COMPUTATIONS AND COMPARISON WITH EXPERIMENT

(@) Under constancy of R,

The intensity of an emission band is given by the expression

Iy = N B [ep] .. )
where
A = a constant,
v = vibrational frequency,
N, = the population of the level v,
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R, is considered as constant and is represented by the average value R,.
The integral in the brackets on the R.H.S. of (1) is the overlap integral, the
square of which is the so-called Franck-Condon factor.

(i) Stmple harmonic wave functions.—Assuming a simple harmonic oscil-
lator model for the diatomic molecule, Hutchisson (1930) and Manneback
(1951) have given analytical methods to evaluate the overlap integral.
We have used both the methods to calculate the transition probabilities of
the system and the values come out to be identical, as is to be expected
according to the findings of Tawde, Patil and Savadatti (1959) from the study
of these two mathematical treatments.

(il) Anharmonic wave functions.—Bates (1949) has sought to introduce
anharmonicity corrections by employing experimentally justified Morse
function for the potential energy of the molecule. The Franck-Condon
factors for AlQ system by this method have been computed on the lines
similar to the ones described by Tawde and Murthy (1959). As only the
results of these computations are pertinent to the present problems, the
details of computations are not given here. These results are published
elsewhere (Tawde and Korwar 1962). The molecular constants of the system
necessary for computation are taken from Herzberg (1950).

We may modify the expression (1) to the form

D7V = ANBP,. .. .. .. .. @
where

P, =|[vsa]

is the theoretical transition probability. Thus we have on the L.H.S. of (2),
the quantity I/v¢ involving the experimentally determined value of I and on
the R.H.S., the measure P,, of the theoretically computed quantity.
Now I/»* would be proportional to P, if N, is a constant, and these
N, populations are constant for each v"-progression. We can make the
lowest quantum number band of each v”-progression to take the value unity
for experimental I[v¢, ie. Ifv*t =1, and similarly theoretical P,, = 1.
This would mean that other bands, too, in the progression should give this
ratio unity if the proportionality drawn above really holds. To see if this

is so, the ratio
experimental (I/v),,.

theoretical Pv,”.

is computed for each band in a v"-progression under the above conditions.
If the theoretical predictions were to approximate to experimental data, we
should expect the ratio B to be either unity or in the close neighbourhood of
unity. For obtaining I/v* values, v has been computed by using the band
head data. The study of the comparison can be made by referring to Table IT.
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TasLe 1T

Compuarison of experimental I[v* values with computed transition probabilities

” I /IA Pytye Pyry B B
(Hutchisson) (Morse) (Hutchisson) (Morse)

v =0
0 1-00 1-00 1-00 1-00 1-00
1 0-17 0-31 0-33 0-53 0-51
v = 1
0 1-00 1-00 1-00 _ 1-00 1-00
1 1-75 1-27 1-59 1-37 1-10
2-00 1-15 1-53 1-74 1-31
. v = 2 ’
1 1-00 1-00 1-00 1-00 1:00
2 0-59 0:29 0-53 2-01 1-12
3 1-93 0-71 1-26 2:71 1-54
v = .
1 1:00 1-00 1-00 1-00 1-00
2 6-58 5-08 3-45 1-29 1:90
4 12-74 2-58 4-23 4-94 3:01
v =
2 1-00 1-00 1-00 1-00 1-00
3 2-63 278 212 0-93 1-24
o= 3J
3 100 100 1:00 1-00 1-00
d 1:36 1-67 1-21 0-81 1-12

It is clear from Table II that there is hardly any agreement between
experimental values and results predicted theoretically on the simple har-
monic oscillator model, whereas there is a tendency for improvement in agree-
ment when mechanical anharmonicity is taken into account, as is clear from
the fact that the ratio f approaches towards unity (vide column 6, Table II).

It is possible to seek further refinement in theory by taking into account
the variation of R, with . This is indicated in the following section.

(b) Variation of R, with r

(i) Shuler’s method.—A method of arriving at a relation between R, and

r by employing experimentally determined intensities for a pair of bands

arising at the same initial level has been suggested by Shuler (1950). Taking

the pairs of bands (1,1) and (1,2) arising at level 1, bands (2,1) and (2,3)

arising at level 2 and bands (4,2) and (4,3) arising at level 4 in AlO system,
we get the relation

R, = Constant (1—1-226 r) .. .. o3
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(ii) r-Centroid method—The r-centroid #,.. of a band is defined by
Nicholls and Jarmain (1956) by the following expression :
o et
T [t
They have given various methods of evaluating the r-centroids for a band
system. Out of these, the direct method involving expression (4) and the
graphical method are employed here for the computation of r-centroids for
the AlO system. These computations of r-centroids for the system have been
published elsewhere (Tawde and Korwar 1962).
The use of r-centroids for evolving the relation of R with r is due to
Nicholls and Jarmain (1956). They have given the relation :

(IW; ) = @Yoy )

qu Vo

(4)

where
gv» = Franck-Condon factor,

K = a constant.
From this equation it is evident that

1v ‘u” ]
" )
U I

is a function of 7,,.. If we plot the L.H.S. of equation (6) against 7, . the
exact functional relation between R, and » can be determined. The final
exact relation arrived at by the application of least square technique of fitting
the straight line graph of AlO band system from the data obtained by us is
Ry(r) = Constant (1—1-093 ») .. . ()]
Using this relation the transition probabilities have been further
smoothed under anharmonic oscillator conditions. The results of these
smoothed transition probabilities (P,..[Pqo) are entered in Table 111,

Tasre 111
Band Smoothed Band Smoothed
v’y " Py Pyg v, 0" Pyry*[Pog
0,0 1-00 3,1 0077
0,1 0-403 3,2 0-351
3,4 0-690
1,0 0-249
1,1 0-503 4,2 0-120
1,2 0-598 4,3 0-321
2,1 0-334 5,3 0-167
2,2 0-233 5,4 0-242

2,3 0-680
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As before, these have been compared with experimental I/v¢ values and
tested for agreement by calculating the ratio 8 in the manner of Table II,
and the results entered in Table IV.

Di1scussion

We have found that the two sets of smoothed transition probability
values computed by the application of (1) Shuler’s method and by (2) #-
centroid method come out almost identical with each other. Hence either
of these two sets could be taken to examine the agreement of theoretical
predictions with experimental data. Here we have adopted the set emerging
from the method of r-centroids for comparative study. Such smoothed
transition probability values are better representative of the results, as any
inaccuracy owing to feebleness of the bands are taken well account of in the
process of smoothening.

TaBLE IV

Smoothed Py'v*|Pog and their comparison with experimental I[vt values

Band Exptl fn';:o/ti:?l g = Ijvt Band Exptl. sllj::go/tig?l B — I
v, v” I/vé N Pyr[Pgy -0, 0" IhA Py |Pyy
.p. t.p.

0,0 1-00 1-00 1-00 3,1 1-00 1-00 1-00
0,1 0-17 0-40 041 3,2 658 4-53 1-49
1,0 1-00 1-00 1-00 3,4 12-74 890 1-47
L1 1-75 2-02 0-86 4,2 1-00 1-00 1-00
1,2 2-00 2-40 0-83 4,3 2-63 2-67 098
2,1 1-00 1-00 1-00 5,3 1-00 1-00 1-00
2,2 0-59 0-70 0-85 5,4 1-36 ‘1-45 0-93
2,3 1-93 2-03 0-95

Tt is clear from a comparison of column 6, Table II, and columns 4 and
8 of Table I11 that correction of theoretical results of anharmonic oscillator
by the factor of equation (3), i.e. the exact quantitative variation of R, with r,
brings the results in much better agreement with experiment than those
taking R, as an average effect over the entire range of vibrations. The
present results on AlO system, therefore, show that not only mechanical
anharmonicity, but electronic transition moment variation also should be
considered in the theories of vibrational transition probabilities.
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