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Band strength factors have been calculated by asymptotic expansion technique for Ni (B? =F-X? X})
and Ny(C*m,~B*m,) and the rotational dependences have been studied for J up to 100. A comparison
between the band strengths has been made using experimentally derived electronic transition moment
function for the N,(C*m B 3""3) system. The present method of calculation does not use the usual r-
centroid approximation.

In previous studies'™ the asymptotic expansion meth- z=K,exp[-alr - ry)],

od was used to calculate band strength factors when the

. rs rYo=71+a
electronic transition moment could be expressed as 0=7 )

@=4AB,/w?,
A=B,J(J+1),
a=0.243559(nw, x,)" /2,
7,=1/[0.243559(uB,)"/?],
Ky=2[(Dg - C3)/w,x,]"?
K,=2(2Dy - C)/(w, x, K1),

R, (7)=A exp(— Br).

Here we report an extension of the method which en-
ables us to calculate band strength factors when the
transition moment is expressed as

R (r)= Za,,r".

The band strength factor is used in the derivation of

transition intensities of diatomic molecules and in order
to account for the thermal conditions of the source, one
needs to consider the vibration-rotation interaction as
well. Therefore, the present equations also include
the J dependence in the Morse—Pekeris model with

D1= wiE/(4wexe) ’
DZ:(ng)a/(4wex¢) 1
E =exp(-ar,a),

b=K2"'2‘U—1,

slight modifications. ®

C.= [A/a7’0(1 + a)z][4 - (6/07’0)] ’
One interesting point to note is that, due to the par- _ 2
ticular type of variable transformation involved, we do Co=[a/ary(1+ @)l - (3/ary)],
not need to use the usual »-centroid method® in the cal- N oo ab
culations, v IT(K, ~ )’

Within the used model, the radial wavefunction for L}.y(2) = L2 (2)

a diatomic molecule is given by

v=n

v _ 1y 2
Bs(r) =N, e/ 222 2 F (- v;b + 152), R Z: A (T

In where w,, w,x, and B, are the usual spectroscopic

where ;F| is the confluent hypergeometric function.
constants.

the case considered here, of the diatomic molecule of
reduced mass u, this can be written’

Ypsl) =N, e/ 2281210, (2), (1)

where v and J are the vibrational and rotational quantum
numbers and

The band strength factor is defined as

SIA = | P @

J ¥ R e

Substituting Eq. (1) into (2), we get
]

I N ’ :N I u - vl + - 1
0| PRI g REDIES S (AP, o, BB, 0", WIE, 7,0 3
A= e
f
h b+v

where " ’ ” 1A% 4 LN 1t B(b,'U, a)= ('( )a)"

v=a"/a', &=K{/(K]) expla"rq -va'ny), al(v-a)!

B+v)g=(B+v)b+v-1)--(b+tv-a+]l),
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TABLE I, Band strengths for the N;(B?Z;-X ?5}) first negative
band system.

Band
v'v'! J From Ref. 5 This work
0 0 0 0 5415 0.5496
(3914 A)2 100 0.5483 0.5553
01 0 0.1978 0.2006
(4278 A) 100 0.1924 0.1950
10 0 0.2302 0.2325
(3582 &) 100 0.2293 0.2308
0 2 0 0.0494 0. 0500
(4709 A) 100 0.0494 0.0501
aBand heads.

D&, v,p)= j;n z? exp[— %(Z + Ez")] R (z)dz,

p=(Ky+vK})/2~(1+y)/2=1=-x=yu,

In the above integral we keep the symbol R, for the
transition moment, in order to clarify its contribution,
although the functional dependence is different from the
previous one. This dependence can be easily found by
the simple variable transformation » to z,

Now, by transforming the variable z =pt, the integral
can be rewritten as

P&, v, p) =p*" fo explpg() IR, (p1)dt (4)
with
gB)==(+Ep™ ) /2+1nt,

The integral in Eq. (4) can be evaluated by Laplace’s
method of asymptotic expansion,B since p is a large pa-

rameter. Then, assuming for the transition moment
the form
R () =ag+ayr+ari+agi+..., (5)

we have, up to the second term in the expansion,

g,y p)=p"*"z( 1\)1/2
o H 2 _ba

xexp(pgo)Ry(po)[1+(Eq+E,)/p], (6)
Eq=3b,/4b%+ 15b5/16b3,
Ey=[3a1b4/bs - az/2+(6azb/ba)po)/[b:R (0] ,
go=g(td),
ba=g *At0)/2!,
bs=gXty)/3!,
by=g“Atg)/4!,

po=7o+In[K{/(pte)l/a’, (M

where g ®(¢g), g ®t,), and g “(t,) are the second,
third, and fourth derivative of g(¢) evaluated for £ =4,
t, being the point where the first derivative of g(t) is
equal to zero.

Using these equations, a double precision ALGOLpro-
gram has been developed for the B-6700 computer.
This program has as input variables p, R (r) and w,,
w,%,, B, for both upper and lower states, and gives as
output the band strengths and, optionally, a least-
squares analysis up to the fourth degree when the J de-
pendence study is selected. The orthogonality of the
wavefunctions was checked setting R () =1 and equating
upper and lower spectroscopic constants: the diagonal
matrix elements differ from unity by less than 10* and
the off-diagonal elements are in the 10-%° range.

In Table I we compare the band strengths for the
hypothetical @ branch of the N; first negative system
calculated by Shumaker® and by the present method,
The R (7) expression and the needed spectroscopic con-
stants were taken from Ref. 5. Band strengths calcu-
lated by the present method agree well with previous
work as can be seen from Table I. We also calculated
band strength for the 0-0 band of the N, second positive
system. Our values (for J=0, 0.0235 and for J =100,
0.0218) agree quite well with values (0.0233, 0. 0199) in
Ref, 5. These last values are presented for compari-
son purpose only since we noted that the expression for
R,(r) was corrected,’® a fact which Shumaker did not take
into account.

Next we calculated relative band strengths for the N,
second positive system using several R (v) expressions
obtained experimentally but based on the »-centroid ap-
proximation. In Table II, which is based on Table I
from Ref. 10, we summarize the used relative R (7)
functions. The spectroscopic constants for the N; sec-
ond positive system are those given by Benesch ef al. u
The calculated relative band strengths for the @ branch
of this band system are presented in Table III for some
bands. The values are quite different from each other.
However, if the calculated band strength factors using
the relative R (7) functions are scaled by taking the
strength of the 0-0 band equal to one, a better agree-
ment can be obtained but not being enough. This can be
attributed to the ways by which all these R (7) functions
are obtained. Particularly, values in column (d) and (e)
of Table III which differ by a factor of about 5, when
scaled, are within 10%—which agree well with the fact
that the R,(r) function of Becker, Engels, and Tatarczyk'®
agrees with that of Jain'® by + 5% within the definition

TABLE 0. The relative R, functions used.

Relative R (7) Reference
(a) —1+2.3257 —1,10272 12,13
b) 1-(0.53+0.09)7 14
{c) —1+1.9669% ~ 0,86367 15
(d —1+2,10477 = 0, 93577 16
(e) 1-(0.51+0,03)7 10
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TABLE IIl. Relative band strengths for the N,(C37,—B3r.) second positive band system. *

Band
vyt d (a) ©%® b) (bh? (c) @ (ehr {e) (el)®
00 0 0.0201 0.0325 0.0641 0.1065 0,0058 0,0141 0.0601 0.0726 0.0864
100 0.0187 0.0257 0.0557 0,0971 0.0055 0.0136 0.0518 0.0639 00,0773
0 1 0 0.0147 0.0267 0.0494 0.0789 0,0041 0.0100 0.0465 0.0554 0.0649
100 0.0134 0.0213 0.0423 0.0705 0,0039 0.0095 0.0397 0.0480 0.0571
10 0 0,0159 0.0219 0.0474 0,0828 0.0048 0.0117 0.0441 0.0544 0.0659
100 0,0152 10,0173 0.0423 0.0782 0.0046 0.0114 0.0390 0.0493 0.0609
11 0 0.0014 0.0022 0.0045 0.0077 0.0004 0.0010 0.0042 0.0051 0.0061
100 0.0014 0.0016 0.0039 0.0071 0.0004 0.0010 0.0036 0.0045 0.0056
3 2 0 0.0101 0,0126 0.0292 0.0526 0.0030 0.0074 0.0270 0.0338 0.0413
100 0.0115 0.0111 0.0298 0.0574 0.0034 0.0086 0.0273 0.0352 0.0440
4 2 [} 0.0104 0.0104 0.0279 0.0538 0,0032 0.0080 00,0256 0.0329 0.0413
100 0.0096 0.0066 0.0221 0,0466 0.0028 0,0073 0.0199 0.0267 0.0346
5 4 0 0.0038 0.0038 0.0101 0.0192 0,0011 0.0028 0.0092 0.0118 0.0148
100 0.0069 0.0047 0.0150 0.0311 0,0019 0.0049 0.0135 0.0180 0.0232
6 6 0 0.0048 0.0075 0.0153 0.0258 0,0015 0,0035 0.0143 0.0174 0.0208
* 100 0.0030 0.0057 0.0113 0,0189 0,0010 0.0024 0.0106 0.0128 0.0153

3For notation see Table II,

"The superscript 0 and 1 refers to the error limit in the relative R, (7) expression, i.e., for

(6%, R, 7 =1-0.627; for (b'), R,(F)=1-0.447; etc.

range. It is understood that the R (7) functions are al-
ways derived with a convenient scaling factor. There-
fore, it is felt that a more precise way of defining the
transition moment is needed in order to obtain more
reliable relative band strength factors.

We would also like to mention that the present method
of calculation can well be used to calculate Franck-
Condon factors, » centroids, and related integrals along
with band strength factors by simply changing the con-
stants of Eq. (5).

We have calculated relative band strength factors
for the Nj first negative and the N, second positive band
system for v, v” =8 and for J up to 100 with an incre-
ment of 10. For the majority of these bands the rota-
tional dependence could only be well reproduced through
a second degree least-squares fit in the variable J(J
+1). In view of the great number of data generated they
are not published here, but are available from the
authors on request.
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