
Volume 191, number 6 CHEMICAL PHYSICS LETTERS 17 April 1992 

Radial functions of the diatomic metal hydrides 
AgH, Gall, InH and TIH from vibration-rotational spectra 

J.F. Ogilvie 
Institute of  Atomic and Molecular Sciences, Academia Sinica, P.O. Box 23-166, Taipei 10764, Taiwan, ROC 

Received 17 December 1991 

The coefficients c j, 0 ~<j~< 6 or 8, defining the potential energy V(z) and coefficients of other radial functions related to adiabatic 
and nonadiabatic effects have been determined for the diatomic metal hydrides AgH, Gall, InH and TIH in their electronic 
ground states X ty. by a direct fit to the published wavenumbers of vibration-rotational transitions. The functions which are valid 
in specified ranges of internuclear distance depending on the molecule serve to reproduce the reported wavenumbers of the tran- 
sitions within the uncertainty of the measurements. Comparisons are made with the fits of parameters reported by Urban, Birk, 
Polomsky and Jones. 

1. Introduction 

To determine directly from the measured wave- 
numbers of the pure rotational and vibration-rota- 
tional transitions the functions of  the internuclear 
distance that represent not only the potential energy 
but also the adiabatic and nonadiabatic effects of di- 
atomic molecules, we have developed a procedure 
that is based on analytic relationships between the 
coefficients of these functions in the convenient form 
of truncated polynomials and the energies of the vi- 
bration-rotational states within a particular elec- 
tronic state. We have applied this procedure to a few 
molecular species not only as instances of  how the 
applicable functions serve to represent the spectral 
data in both the most compact and the most phys- 
ically meaningful form [ 1 ], but also to demonstrate 
that these functions are useful to predict unmea- 
sured transitions within, and even somewhat be- 
yond, the range of energy of the measured transi- 
tions, but particularly for isotopic variants for which 
experimental data are lacking. 

In the case of the relatively light hydride species 
LiH, frequencies or wavenumbers of  both pure ro- 
tational and vibration-rotational transitions, 584 in 
total for four isotopic variants, were known, from 
which five different radial functions were signifi- 
cantly determined [2 ]. For the nonhydride species 

SiS, again both pure rotational and vibration-rota- 
tional transitions, 3025 in total for five isotopic var- 
iants, had been reported, but in this case no func- 
tions to describe the rotational nonadiabatic effects 
could be determined [ 3 ]; moreover the coefficients 
of  the other two functions to take into account the 
partial breakdown of the Born-Oppenheimer ap- 
proximation were determined by primarily the 33 
pure rotational transitions. For the other nonhydride 
species LiC1 and LiBr, in each case both pure rota- 
tional and vibration-rotational transitions had been 
measured in the microwave and mid-infrared spec- 
tral regions respectively. For LiC1 four coefficients 
belonging to the radial function describing the vari- 
ation of collectively the adiabatic and vibrational 
nonadiabatic effects associated with the motion of 
the Li nucleus were determined, but only one coef- 
ficient of  each of two other functions, one for the 
corresponding effects associated with the C1 nucleus 
and another for the rotational nonadiabatic effects 
of the Li nucleus [ 4 ]; for all these six coefficients the 
68 pure rotational transitions of  the four isotopic 
variants weighed heavily in their significant deter- 
mination, whereas the 2602 vibration-rotational 
transitions determined essentially the nine coeffi- 
cients of the potential energy function. For LiBr, al- 
though 14 microwave lines and 1004 infrared lines 
up to v=9  and J = 9 0  of four isotopic variants were 
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available for analysis, only seven coefficients of the 
potential energy function could be determined [ 4 ]. 
In each case of the four metal-hydride compounds 
AgH [ 5 ], Gal l  [ 6 ], InH [ 7 ] and T1H [ 8 ] and the 
corresponding deuterides [9 ], vibration-rotational 
transitions of four isotopic variants have been re- 
ported, but in no case have pure rotational lines been 
measured. Therefore the question arises whether only 
the vibration-rotational transitions suffice for the 
determination of the radial functions for the adi- 
abatic and nonadiabatic effects. Because the latter 
are relatively much smaller than the dominant ef- 
fects in the vibration-rotational spectra attributed to 
the potential energy function, the significant deter- 
mination of the functions depends on both the rel- 
atively high resolution of the spectra and the great 
precision of the wavenumber measurements. As the 
spectra of these four metal hydrides were measured 
with tunable diode lasers [ 5-9 ], these conditions of 
high resolution and precision prevailed; despite the 
relatively few lines (one or two hundred, compared 
with the several hundreds or thousands in the pre- 
vious cases [ 2-4 ] ), we have succeeded to define ac- 
curately several coefficients of the applicable func- 
tions for each molecular species. We present here 
these results. 

2. Summary of the method 

We recall here the salient features of the procedure 
as a basis to understand these results of the metal hy- 
dride molecules. The effective potential energy gov- 
erning the internuclear vibration and rotation (about 
the centre of molecular mass) of a diatomic mole- 
cule within a particular electronic state of type ~Z 
contains five radial functions and is expressed [ 1 O] 

Veff=c°z2( 1+ j=,~, cjzJ)+ j~=l 

+ ~, m~h~zJ/Mb + B j ( J +  l) 
j = l  

X(l+ ~meg~zJ/M~+ ~, megbzJ/Mb)R2/R 2 , 
j = o  j = o  

(1) 

in which me is the electronic rest mass, Ma and Mb 
are the masses of the separate atoms of types a and 
b distinguished by their atomic numbers, and the re- 
duced variable z for displacement of internuclear 
separation R from the equilibrium distance Re is de- 
fined [11,12] 

z-2(R-Re)/(R+Re) . (2) 

The functions involving the coefficients h~ 'b take 
empirically into account collectively mostly the adi- 
abatic effects, that the potential energy depends on 
not only the relative separation of the nuclei but also 
their momenta, and the nonadiabatic effects related 
to the vibrational inertia of the electrons, because 
other effects have different dependences on atomic 
mass which makes them currently negligible with 
respect to the experimental error of frequency mea- 
surements [10]. The functions involving the coef- 
ficients g~.b take empirically into account predomi- 
nantly the nonadiabatic effects of the rotational 
inertia of the electrons [ 10 ]. The two nonadiabatic 
effects may be considered to arise from interactions 
between electronic states induced by the vibrational 
and rotational motions of the nuclei respectively. Al- 
though the fact that the centre of mass of the mol- 
ecule fails to coincide with the centre of mass of the 
nuclei tends to blur and to mix the physical nature 
of the effects corresponding to the latter radial func- 
tions, the approximate description of these functions 
as rotational nonadiabatic or collectively vibrational 
nonadiabatic and adiabatic remains qualitatively 
useful. Defined according to eq. ( 1 ), all coefficients 
c, g~,b and hi 'b are formally independent of mass, and 
dimensionless (except Co and h~'b). As a conse- 
quence of the various contributions to the effective 
potential energy, the vibration-rotational terms con- 
sist also of several contributions; the expression for 
these terms is an extension of Dunham's form [ 13 ]: 

E~= Z Z (Y~,+z~:+z~?+z~:+zff) 
k = 0  I = 0  

X (v+ ½ )k(j2+j)t, (3) 

in this equation in which the explicit isotopic de- 
pendence of E~ and the coefficients Ykl and Zk~ has 
been suppressed to simplify the notation, the coef- 
ficients Ykl are supposed to result from purely the in- 
ternuclear potential energy V(z) and the centrifugal 
motion of the nuclei and associated electrons; the re- 
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maining coefficients, the four components of Zkt, re- 
flect respectively the obviously corresponding terms 
considered as perturbations separately additive in the 
effective potential energy according to eq. ( 1 ). An- 
alytic expressions of the coefficients Ykt as functions 
of the harmonic vibrational coefficient ke (implicitly 
contained within Ul,o or toe), the equilibrium sep- 
aration Re (implicitly contained within Uo, or Be), 
the reduced mass/t and the potential-energy coeffi- 
cients ej have been published in machine-readable 
form complete up to j =  10 [ 14 ]; further expressions 
containing coefficients up to j = 2 0  have been gen- 
erated according to hypervirial perturbation theory 
[ 15 ]. The coefficient Co in eq. ( 1 ) is defined in terms 
either of UL0 and Uo, j, Co= U2o/4Uoa, or equiva- 
lently of ke and Re, Co= k~R 2 ~2oh; the fundamental 
physical constants c and h enter these relationships 
because Evs, Yk~ and Zkt are all expressed in wave- 
number units for spectral applications. Hence of the 
five parameters U~,o, Uo, t, Co, ke and Re, all formally 
independent of mass, only two are independent; in 
the actual analysis ULo and Uo,~ are determined di- 
rectly and the others are subsequently derived there- 
from. Each term coefficient Ykt and Zk~ consists of 
contributions in series, 

y,, = y~o) + y~2) + y~4) +. . . ,  (4) 

z~,= z~ °) + z ~ )  + .... (5) 

independently of the method of generation of the ac- 
tual expressions of the coefficients (or of the nota- 
tion used to distinguish the contributions). Because 
the leading contributions y~o) are expressed as a 
product with the reduced (atomic) mass lt=M~Mb/ 
(Ma+mb),  

y~o ) = Uktlt ( k / 2  + l )  , (6) 

the coefficients Ukt become formally independent of 
mass. Although we have generated some expressions 
of the contributions y~6) and Y~) containing coef- 
ficients G up to j =  18, only the leading term y~o) and 
the first two corrections Y~) and Y~) are required 
because the effects of experimental error of wave- 
number measurement greatly exceed the magnitudes 
of further corrections. Analogously, for each of the 
four components of Zkt even the first correction 
Z~ 2) is negligible for the present data; furthermore 
we cannot include consistently additional terms 

without taking into account the interaction of the 
various effects. Each auxiliary set of coefficients Zk/ 
is a function of both the potential-energy coefficients 
cj and the respective coefficients either ~ or hj for 
nuclei of types a or b. The coefficients Ykl depend on 
the parameters cj in a highly nonlinear manner, 
whereas the coefficients Zkt depend on the parame- 
ters gj or hj linearly but G nonlinearly. A few expres- 
sions of Z2t in terms of c i and hj have been already 
published in a different but equivalent form [ 16 ], 
which arc however readily converted to be consis- 
tent with the present definition according to eq. ( 1 ); 
a larger collection of expressions containing the coef- 
ficients hj up to j =  10 will be published with the ex- 
tended set of expressions of Ykl. Likewise a few 
expressions for Z~,t in terms of cj and gj have been 
reported [ 10 ]; a larger collection containing gj up to 
j = 1 0  will also be published in machine-readable 
form. 

We apply the method of estimation of nonlinear 
parameters to determine the applicable coefficients 
G, g~.b and h~ 'b directly from the wavenumbers ~ of 
only the vibration-rotational transitions because for 
these metal hydride species no pure rotational tran- 
sitions have been measured. The wavenumbers 17 of 
the transitions are the difference of the two terms Evj 
of the combining states; the criterion of convergence 
of a fit to a particular model is that the sum of the 
squares of the residuals between the measured and 
calculated values, robs- tTcatc, is a minimum, hope- 
fully the global minimum (apart from possibly the 
united atom). The algorithm of the fitting process 
employs the analytic expressions of not only the term 
coefficients Ykl and the various components of Zkt 
but also the first (partial) derivatives of Ykt and the 
Zkt with respect to the parameters, for instance 0 Ykt/ 
OG, OYkt/OUl,o and OZkl/Ogj. The analytic expressions 
of the former derivatives up to j =  10 have been al- 
ready published in machine-readable form [14]; 
expressions of further derivatives of Ykl and of the 
derivatives OZ~t/Ogj and OZ~# Ohj will form part of 
the large collection to be published subsequently. The 
various dependences of the residuals on the masses 
Ma, Mb and J make possible the determination of the 
coefficients g~, g~, h~ and h~. Among various models 
tested during the fitting procedure, involving varied 
numbers of coefficients in the prospective five func- 
tions, we employ the F value as the criterion of se- 
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lection; this statistic takes into account both the 
number  o f  degrees o f  freedom (number  o f  data mi- 
nus the number  of  fitting parameters) and the stan- 
dard deviation o f  the fit. All uncertainties in the ta- 
bles represent one estimated standard error, and the 
uncertainties in ke and Re take into account also the 
error in the pertinent fundamental  constants [ 17 ]. 
The atomic masses are f rom the latest consistent set 
[181. 

3. Results 

3.1. AgH 

The 102 spectral transitions available number  41 
for AgH [ 5 ] and 61 for AgD [ 9 ] within the ranges 
0 ~  v~< 3 and 0~J~< 24, in either case almost evenly 
divided between species containing 1°7Ag and 1°9Ag. 
The best fit, characterized by a standard deviation 
0.078 m-1,  yielded the values o f  15 independent pa- 
rameters that were determined significantly, pre- 
sented in table 1. Only three residuals exceeded two 
standard deviations, and then only marginally. The 
standard deviation o f  the alleged 104 transitions [ 9 ] 
was 0.08 m -  1, and the parameters Ukl and `4kt o f  that 
fit numbered 16. Urban et al. [ 9 ] found two of  the 
latter parameters, namely A~2,o and d~,o, to assume 
magnitudes much greater than unity, specifically 
l -12 .921  +0.16  and 1-20651 +37,  respectively. 

3.2. Gall 

The 208 spectral transitions available number  113 
for Ga l l  [6] and 95 for GaD [9] within the ranges 
0 ~  v~ 5 and 9 ~<J~< 29, in either case almost evenly 
divided between species containing 69Ga and 71Ga. 
The best fit, characterized by a standard deviation 
0.075 m - i ,  yielded the values o f  16 independent pa- 
rameters that were determined significantly, pre- 
sented in table 2. Only one line had a residual greater 
than three standard deviations, and then only slightly 
greater; for this reason all lines were given equal 
weighting in the fitting process. The standard devia- 
tion o f  the fit o f  2 l0 transitions [ 9 ] to parameters 
of  type Ukl and `4kl was 0.14 m -  1, almost twice as large 
as of  our fit, even though their parameters numbered 
18. All the reported values [ 9 ] o f  the parameters `4kl 
were of  order unity, except `40H2 which was 
-- 14.55 + 0.52; as one expects the value 4̀0H2 ~ -- 1 1.9 
according to the approximate relation [ 19 ] 

,40,2 ~ 3`4o,1 - 2Ai,o, (7) 

the agreement is reasonable. 

3.3. InH 

The 162 spectral transitions available numbered 
82 for InH [7] and 80 for InD [9] within the ranges 
0~< v~< 5 and 0~<J~ 34, in this case with about twice 
as many lines for i 15in species than for 113In species 
because o f  the relative natural abundance. The prod- 

Table 1 
Coefficients of the radial functions and other molecular properties of AgI-I X ~Z, all independent of mass 

j cj g~  g~ hj ~ (106m - ' )  h~ (106m - '  ) 

0 12011979.4-+92 m -j 
1 - 1.425439 _+ 0.000091 
2 0.92809 _+ 0.00046 
3 -0.6107_+0.0033 
4 0.4 ! 78 _+ 0.022 
5 - 1.462 _+ 0.050 
6 4.074_+0.160 

Ul.o= 175913.62_+0.22 m -1U 1/2 

Uo.i =644.0571 __.0.0066 m -1 u 
kc= 182.32636-+ 0.00048 N m -I 
Re= (1.6178420-+0.0000083) X 10 -1° m 
range: 1.33<R/10 -j° m<2.11 

678.3__ + 128 -8.49_+ 1.76 - - 1.36_+0.35 
- 5.79_+ 1.91 - -8.42+ 1.13 

62.9_+ 10.6 
- 183.8-+43 
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Table 2 
Coefficients of the radial functions and other molecular properties of Gall X lZ, all independent of mass 

17 April 1992 

j c/ g~" g~ h~ ~ ( l O ' m - ' )  h~ (106m - ' )  

0 10463438.13+ 1.18 m -1 
1 -- 1.347538 + 0.000026 
2 1.038443 + 0.000154 
3 --0.52152 +-0.00079 
4 0.0544 + 0.0046 
5 --0.1829+0.0190 
6 0.330+0.042 
7 0.33+-0.23 
8 --3.33+0.78 

Ul.o= 159996.425_+0.135 m - l  u 1/2 
Uo.l =611.62630+-0.00110 m- i  u 
ke= 150.82422+-0.00027 N m -1 
Re= 1.6601801 +0.0000021 ) × 10-~o m 
range: 1.31 <R/10-1°m<2.36 

4.361 +0.047 -43.920+0.051 
-9.88+0.23 100.136+0.149 

- 126.64+ 1.03 
112.1+4.5 

uc t  o f  the  best  fit, cha rac te r i zed  by a s t andard  de-  

v i a t i on  0.177 m -  1, was the  va lues  o f  15 i n d e p e n d e n t  

pa ramete r s  tha t  were  d e t e r m i n e d  signif icant ly,  pre- 

sented in table 3. Only  f ive lines had  residuals  greater  

- but  all m u c h  greater  - than  two  s t anda rd  dev ia -  

t ions,  all for  In lH  and  o f  those  only  one  for  115in 1H; 

all these l ines were  ass igned a weight  one  pe rcen t  o f  

tha t  o f  the  r e m a i n i n g  l ines so tha t  the i r  p resence  

scarcely af fec ted  the o u t c o m e  o f  the  fit. As the  re- 

s idual  o f  at least one  o f  the  la t te r  f ive  lines, n a m e l y  

P0 ( 2 7 )  o f  113in 1H n o m i n a l l y  at 107980.08 m -  1, ex- 

ceeded  seven  s t anda rd  dev ia t ions ,  one  m u s t  con-  

s ider  at least  tha t  l ine  an  out l ie r  in a s tat is t ical  sense, 

due  to a typograph ica l  o r  t r ansc r ip t ion  er ror  i f  no t  

an  e r ror  o f  a s s ignmen t  o r  m e a s u r e m e n t ,  a l though the  

res idual  f rom the  r epo r t ed  fit  to the  coeff ic ients  Yk~ 
was no t  anoma lous ly  large [ 7 ]. The  o the r  four  sus- 

pec t  l ines are  R 1 ( 6 )  o f  ~15InlH at 148655.70 m -1 

and  o f  113InlH P~(14)  at 122102.46,  R 2 ( 4 )  at 

137277.54 and  R 3 ( 1 9 )  at 140267.14 m - 1 .  We found  

all l ines o f  In2H to fit  w i th in  1.5 s t anda rd  dev ia -  

t ions.  T h e  s t andard  d e v i a t i o n  o f  the  weigh ted  fit  de- 

c reased  to 0.125 m - i .  T h e  s t andard  d e v i a t i o n  o f  the  

r epor t ed  fit  [ 9 ] o f  the  same  162 spectral  l ines to 16 

pa rame te r s  o f  type  Ukt and  Akt was 0.17 m -  1. 

Table 3 
Coefficients of the radial functions and other molecular properties of InH X t~, all independent of mass 

j cj gjn g~ hJ n (106m - l  ) h~ (106m - '  ) 

0 10888491.6+-76 m -l  
1 - 1.429671 +-0.000055 
2 1.13147+-0.00026 
3 -0,58012+0.00099 
4 - 0,0285 + 0.0056 
5 -0.2329_+0.0159 
6 1.788 + 0.041 

Ul.o= 147585.944+_0.121 m -l  1.11/2 
Uo.t = 500.1063+0.0043 m -t u 
ke= 128.33364+0.00022 N m -t 
Re = ( 1.8359766 +_ 0.0000081 ) × 10- lo m 
range: 1.47<R/10-~° m<2.56 

3.829+0.170 - -38.432+0.198 
- 8.73 + 0.88 - 91.70 + 0.62 

-117.6+3.8 
92.7+ 16.6 
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3.4. TIH 

The 140 spectral transitions available number 94 
for TIH [5] and 46 for T1D [9] within the ranges 
0~< v~< 3 and 0 ~<J~< 33, in either case almost evenly 
divided between species containing 2°3T1 and 2°4T1. 
The best fit, characterized by a standard deviation 
0.185 m -  m, yielded values of 16 independent param- 
eters significantly determined, presented in table 4. 
For two lines, Ro(22) of each of 2°STIIH at 
147696.00 m -I  and of  2°3T11H at 147699.40 m -1, 
the residuals exceeded six standard deviations 
whereas for only one other line the residual exceeded 
(marginally) 1.5 standard deviations; for this reason 
the two lines assigned [8] as Ro(22) are considered 
outliers, and their assignments or measurements sus- 
pect. When these two lines were accorded weights 
four percent of the remaining lines the standard de- 
viation of the fit decreased to 0.14 m-1. The stan- 
dard deviation of 141 transitions [ 9 ] was 0.15 m -  1, 
and the parameters Ukt and Akt of that fit numbered 
16. Urban et al. [ 9 ] found two of the latter param- 
eters, namely A2,no and A H 3.0, to assume magnitudes 
much greater than unity, specifically I - 16.41 + 0.36 
and I - 6001 + 17 respectively. 

4. Discussion 

For each of these four metal hydride species, the 
standard deviation of the weighted fit was smaller, 

and generally fewer independent parameters were re- 
quired, than in the corresponding fits to sets of  dif- 
ferent parameters by Urban et al. [ 9 ]. Therefore on 
the basis of the content of the four tables and this 
comparison with the results of Urban et al. [ 9 ], the 
representation of the data in the form of  the radial 
functions is clearly more precise in terms of the re- 
production of the measured wavenumbers and more 
economical in terms of  the number of independent 
parameters [ 1 ]. In agreement with Urban et al. who 
determined no values of the spectral parameters 
A~ for the metal atoms, we failed to determine any 
values of the corresponding radial coefficients h~.  
For only one molecular species, AgH, we determined 
one value of the rotational nonadiabatic coefficient 
g~ of the metal atom; in that case the relatively large 
magnitude reflects its quotient with the mass of the 
silver atom, so that the relative contribution to the 
term values according to eq. (3) remains small. In 
each case four values of the radial coefficients h~ 
were determined significantly, and the magnitudes 
were invariably in the expected range, 1 0 6 - - 1 0 9 ;  the 
latter value is comparable with Co, as would be ex- 
pected on the basis of the function for the effective 
potential energy in eq. (1) and as compared with 
values for other molecules [ 2-4 ]. In contrast some 
magnitudes of Ztk~ determined by Urban et al. [9] 
were anomalously large, as mentioned in the specific 
cases. The inability to determine values of either 
h~ or Ak~ from the data in only the mid-infrared 
spectral region indicates that the greater relative ac- 

Table 4 
Coefficient of  the radial functions and other molecular properties of  TIH X ~E, all independent of  mass  

j cj g ~  g~ h ~  (106m -~) h} ~ ( 1 0 6 m  - '  ) 

0 10095913.9+23.3 m - t  
1 - 1.427153 + 0.000148 
2 1.23777 + 0.00086 
3 - 0.9948 + 0.0025 
4 0.1818_+0.027 
5 0.0498+-0.112 
6 0.689+0.26 

U~,O= 139460.66 +0.32 m - t  ul/2 
Uo, l =481.6126 + 0.0033 m -I  u 
ke= 114.59192+-0.00053 N m - l  
Re= (1.8708948+0.0000066) × 10-~° m 
range: 1 .55<R/10  -~° m < 2 . 4 2  

0.352+0.25 -33 .171  +0.162 
75.9 + 2.9 76.46 + 0.50 

- 2 0 0 . 5 + 9 . 1  - 3 5 8 . 5 + 7 . 8  
588.4+__37 1291.7+37 
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curacy of  measurement  of  frequency or  wavenumber  
of  pure rotat ional  t ransi t ions  in the mil l imeter-wave 

range would be required for this purpose,  as has been 
previously demons t ra ted  [3,4].  The correlat ion 

coefficients o f  the parameters  of  each molecule (not  
presented here) ,  der ived from the va r iance-covar i -  
ance matrix,  included only a few values having mag- 
ni tudes exceeding 0.95; typical ly such values were 

found connecting the parameters  hi  a and  h2 n and 
connecting h~ and h H, but  not  consistently else- 

where. Both the tolerable values o f  the correlat ion 
coefficients and the relat ively small  s tandard  errors 
of  the parameters ,  presented in the tables, indicate 

the goodness o f  the fits. 
Compar ison  o f  the potent ial-energy coefficients 

among the four species indicates  the existence o f  

possible trends, such as the values of  - c 1 ~ 1 . 4 ,  
c2~ 1.05, - c 3 ~  0.6 etc. The apparen t  constancy of  
- c~ ~ 1.427 + 0.002 for the three hydrides  other  than 
InH is remarkable.  In all cases the magni tudes  o f  the 

coefficients remain  about  uni ty or less, except pos- 
sibly that  of  the last coefficient which is larger. Al- 
though t ransi t ions to vibra t ional  states up to v = 5  

were measured for both  G a l l  and InH, for only the 
former molecule was it pract icable to de te rmine  po- 

tential  energy coefficients beyond c6. The potent ia l  
energy and other  radial  funct ions are def ined within 

a range of  internuclear  dis tance corresponding to ap- 
proximate ly  the classical turning points  o f  the high- 

est v ibra t ional  state for which spectral da ta  were in- 
cluded in the fit; this range of  each molecule is 

specified in the corresponding table o f  results. I f  one, 
taking advantage o f  the well behaved  nature  o f  the 
argument  z as R - - , ~  [ 11 ], applies the condi t ions  
[ 20 ] to take account of  the l imit ing dependence  of  

the potent ia l  energy at large separat ions  R, one can 
accordingly extend the range o f  val idi ty  of  the po- 
tential-energy functions; by this means  one would be 
able to predict ,  at least approximate ly ,  the wave- 

numbers  of  spectral t ransi t ions well beyond the mea- 
sured ranges used for the generat ion o f  the param-  
eters in the four tables. The equi l ibr ium internuclear  
distance o f  each molecule has been part icular ly well 
defined,  having a relat ive precis ion o f  a few parts  per  

mill ion.  
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