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In total 1094 lines of vibration-rotational transitions of 69Ga’H, “Ga’H, 69Ga2H and “Ga2H were analyzed to yield the 
coeffkients of radial functions to represent the internuclear potential energy and the adiabatic and nonadiabatic rotational and 
vibrational effects of the nuclei. From the parameters t y that refleci purely the nonadiabatic rotational effects, we show how 
to estimate the molecular rotational g factor and the electric dipole moment from spectra of samples without the application of 
electric and magnetic fields; we apply this method to deduce g ,= - 3.22 f 0.1 for ‘j9Ga’H and elicit information about the mag- 
netic susceptibility of GaH. The maximum range of validity of radial functions of GaH X ‘Z+ is 1.3 1 d R/ lo-r0 m d 2.36. 

1. Introduction 

Current measurements of infrared spectra are so 
precise as to present a challenge to development of 
quantitative theoretical bases of their treatment. For 
instance, for spectra of GaH measured in emission 
[ 11, both absolute accuracy and precision are claimed 
to attain x0.01 m-l for many lines that extend into 
the region near 160000 m-l; even though this rela- 
tive precision is w 6 X 1 0v8, it proved practicable, by 
means of 29-70 parameters (in various sets), to re- 
produce these lines, among others in a collection 
numbering more than a thousand [ 11. The parame- 
ters in these sets were empirically based but a theo- 
retical basis exists according to which we applied a 
model that conveys both physical and chemical sig- 
nificance [ 2 1. Our theory originated in Van Vleck’s 
delineation of adiabatic effects, whereby internuclear 
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potential energy depends on not only the distance be- 
tween the nuclei but also their relative momenta, and 
nonadiabatic rotational and vibrational effects, 
whereby the electrons fail to follow perfectly the as- 
sociated nuclei in their respective rotational and vi- 
brational motions [ 3 1. The imposition of the classi- 
cal notion of molecular structure onto a formally 
quantum-mechanical (quantal) system allows us to 
treat the various effects in terms of radial functions, 
i.e. functions of internuclear distance R. Although 
these functions are not quantal observables, they are 
well defined according to known methods of quan- 
tum-chemical calculations; hence by separation of 
electronic and nuclear motions according to the pro- 
cedure of Born and Oppenheimer [4], one can di- 
rectly or indirectly calculate these radial functions. 
The evaluation of segments of these functions from 
experimental data, mainly from precise spectral mea- 
surements, involves a process of inversion that has 
never been proved unique [ 51. Despite this hin- 
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drance to interpretation associated classically with 
rotational and vibrational motions of the nuclei and 
associated electrons, there is convenience in being 
able to reduce numerous spectral measurements, spe- 
cifically the wavenumbers of transitions in the in- 
frared spectrum, to relatively few parameters by 
means of which one can reproduce accurately the 
measurements and which one can relate to the results 
of quanta1 computations. Moreover the radial func- 
tions appear to convey physical and chemical signif- 
icance within a classical context, despite their being 
artifacts supetfluous to a truly quanta1 formalism [ 61. 

Here we present an analysis of all available in- 
frared spectra of GaH in its several isotopic variants 
to evaluate the parameters in pertinent radial func- 
tions. Although during the spectral measurements the 
gaseous samples were confined to a region essentially 
free of electric and magnetic fields, we derived infor- 
mation about magnetic properties of this species from 
only the wavenumbers of spectral lines and atomic 
masses. Even if we claim this information to be eval- 
uated not highly accurately, because of finite accu- 
racy of spectral measurements, in the absence of other, 
more direct, experimental measurement of this mag- 
netic property we proffer this result as the first indi- 
cation of such a value from experiment. 

2. Treatment of experimental data and results 

Our procedure is based on a theoretical formalism 
[ 21 and its implementation in a tested algorithm [ 71. 
We review here the salient features of the procedure 
to extract the molecular properties of interest. 

In an effective Hamiltonian for nuclear motion of 
the form [2] 

.#&=B[ 1 +j?(i?)]~/2~+ V(R) + V’(R) 

+/z&J 1 +cY(R)]J(J+ 1)R:/R2, (1) 

R, is the equilibrium internuclear separation and Jj 
the operator for the linear momentum of the nuclei; 
other quantities are defined below. To apply these 
functions we transform to the reduced displacement 
variable 

z=2(R-R,)/(R+R,) (2) 

that possesses the property of remaining finite 

throughout the range of molecular existence: for 
O<R<co, -2~2~2 [8,9]. With SI units of wave- 
number [lo] the potential energy V(R) indepen- 
dent of nuclear mass we represent in the form 

V(ZJ=C,ii(l+z,CjZj). (3) 

For a diatomic molecule AB having nuclei of unlike 
protonic numbers and reduced mass p, the remaining 
functions dependent on individual nuclear masses il4, 
and Mb we represent by means of separate expan- 
sions for the nucleus of each type A and B; we have 
for the nonadiabatic vibrational effects, 

WI-me 

for the nonadiabatic rotational effects, 

a(R)+m, 

(4) 

(5) 

and for the adiabatic effects (combined with any re- 
sidual nonadiabatic vibrational effects [ 2 ] ) , 

(6) 

Then the molecular energies within a particular elec- 
tronic state, or vibration-rotational terms, we ex- 
press in the form [ 7 ] 

x (v+f )qJZ+J) (7) 

in which the dependence of the various term coeffi- 
cients Y, and Z, on the radial coefficients is ex- 
plained elsewhere [ 7 1. 

The available infrared spectral data of GaH of us- 
able quality result from absorption by 69Ga*H and 
“Ga’H together [ 111, and of 69Ga2H and “Ga2H to- 
gether [ 121, and from emission of these species [ 11. 
Because characteristics of the laser [ 11,121 pre- 
cluded continuous tuning over the broad ranges, many 
lines in each band were immeasurable; for this rea- 
son only 113 lines of GaH, almost evenly divided be- 
tween species 69Ga1H and “Ga’H, and analogously 
95 lines of GaD, for Av= 1 up to v’=5 and J<29 in 
P and R branches were reported. Spectra trans- 
formed from interferograms included 147 lines of 
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69Ga1H, 143 lines of “Ga’H, in both cases up to v’=4 
and J’=29, 393 lines of 69Ga2H and 362 lines of 
“Ga’H, in both cases up to v’=7 and J’=48, 1045 
transitions in total. Because all later measurements 
[ 1 ] on GaD and some on GaH duplicated previous 
measurements [ 11,121 but at generally greater pre- 
cision, we added only 49 lines [ 111 of GaH to 1045 
lines [ 1 ] to comprise our input data set. Before add- 
ing these lines we verified by means of duplicated lines 
that no discernible systematic shift of wavenumbers 
exists between measurements made with the diode 
laser [ 11,12 ] and the interferometer [ 11. 

Of various models (sets of parameters) tested dur- 
ing the fitting process according to the criterion of 
the maximum F statistic [ 7 1, the results of the best 
fit in Table 1 constitute the parameters, each with its 
estimated (single) standard error, in the set evalu- 
ated from specified spectral data of all isotopic var- 
iants of GaH. For comparison with results from other 
sources our programme generates secondarily values 
of U, and dbb in a commonly applied empirical re- 
lation [ 13 ] 

Ed = Jo /z& *k# - (fk+‘)(v+j)qJ(J+ l)]’ 

x [l+%(d&/Ma+d&/Mb)l (8) 

for which our work [ 2 ] provides a systematic theo- 
retical justification. Our values of A& are derived di- 
rectly from the sum of term coefficients Za* + Zy , 
and analogously for Ab,, whereas all purely mechani- 
cal effects are taken into account in the principal term 
coefftcients Y, in Eq. (7) that include all pertinent 
contributions of whatever order. In contrast, values 
of A$’ generally reported (e.g. in Ref. [ 1 ] or Ref. 
[ 12 ] ) include implicitly contributions to YM of order 
greater than that of U,= Yfi),~(i~+‘); hence values 
of Abb from other sources reflect not only adiabatic 
and nonadiabatic effects but also mechanical effects 
in Yg). Because of their secondary generation in the 
programme Radiatom based on various nonlinear 
combinations of the primary parameters that are 
coefftcients in the radial functions, most values of U, 
and A2H in Table 2 lack associated standard errors, 
in common with most values of U, previously re- 
ported [ 11. 

3. Discussion 

By means of 23 independently adjustable parame- 
ters in Table 1 we reproduced the wavenumbers of 
1094 transitions of four isotopic variants of GaH 
within the best estimates of uncertainties of their 
measurements. When we used the parameter set of 

Table 1 
Coefftcients of the radial functions and other molecular properties of GaH X ‘Z+, all independent of mass ’ 

i ci 17 u,* (lO”m-*) uj” ( 106m-‘) 

(10463044.4k 22.0) m-’ - 3.17061+0.00064 
-1.34751214f0.0000124 7.3734+0.0191 IO1 - 10.80911+0.00105 

1.038606 f 0.000054 -15.131+0.27 5.515kO.83 101 
-0.522339f0.000164 16.294f0.42 38.89+ 13.8 30.812f0.91 

0.045332f0.00059 -71.31 f4.0 
-0.11843f0.0026 141.6+ 11.5 

0.25625 + 0.007 1 -256.8f28.4 
- 0.0462 + 0.032 
-1.632+0.106 

tp=-3.72f0.34 
tp=3.545*0.71 

U,,O,lm-’ u”‘= 159996.295f0.052 
U&m-‘u=611.64833?0.00169 
IcJN m-l= 150.823976+0.000133 
RJ10-‘0m=1.6601502+0.0000027 
rangeofvalidityis 1.31<R/10-‘“m<2.36 

* Each stated uncertainty represents one estimated standard error; the normalised standard deviation of the tit of 1094 data was 0.92; the 
Fvalue was 3.3 x 1015. Values of parameters enclosed by brackets and all s,*” were constrained to zero during fitting. 
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Auxiliary parameters iJ, Ap and Aa of GaH ’ 

kl This work (JJm-l uI/zk+l 

Ref. [I] Ref. [ll] 

1 0 159996.295 f 0.052 159996.201 kO.060 
2 0 -2824.5709 -2824.5050*0.0183 
3 0 31.8640 31.8364f0.0084 
40 -0.60282 -0.59808+0.00170 
5 0 -0.004211 -0.004574~0.000124 
0 1 611.648325f0.00169 611.63629+0.00139 
1 1 - 18.905044 - 18.904727 +0.000046 
2 1 0.271677 0.271818f0.000028 
3 1 /lO-’ -4.3784 -4.4162+0.0085 
4 1 /lo-’ - 1.3379 - 1.2901 k 0.0099 
0 2/10-z - 3.5756 -3.5754 
1 2/10-3 0.8482 0.8483 
2 2/10-s -0.7570 -0.7747 
3 2/10-J -0.1154 -0.1101 
4 2/10-s 0.5682 -0.0563 
0 3110-5 0.13638 0.13636 
I 3/10-7 -0.1268 -0.1263 
2 3110-s -0.2986 -0.2976 
3 3 /lO-‘0 0.6107 0.4976 
0 4/10-‘0 -0.5643 -0.5641 
1 4/10-” -0.1385 -0.1446 
2 4/10-‘3 -0.8607 -0.5534 
3 4/10-‘3 -0.2152 -0.2420 

0 5 /lO-‘4 0.3353 0.3353 
1 5/10-‘5 -0.2377 -0.2279 
2 5/10-‘6 0.2483 0.1464 
0 6/10-‘s -0.2489 -0.2507 
1 6/10-20 0.5120 0.7527 
2 6/10-20 - 1.0055 -0.8987 
0 l/10-22 0.1017 0.1046 
1 7/10-23 0.1170 0.0115 
0 8 /lo-” -0.7849 -0.7632 
1 8 /lo-” -0.7171 -0.5574 
0 9 /lo-” 0.6795 0.5509 
0 10 /10-y -0.1106 0.0905 

kl This work A:: 

159998.32kO.17 
-2826.1691LO.079 

33.397f0.019 
-0.6825+0.0016 

611.6337 f 0.0045 
- 18.99 1805 + 0.00078 

0.28141 fiO.00018 
6.404kO.17 

-3.5725_+0.0010 
0.8676+0.019 

-1.798f0.015 

0.12414~0.00042 
-0.234f0.015 

Ref. [l] Ref. [ll] 

10 0.264 0.238 f0.046 

0 1 -3.721 - 1.08 I!Z 0.26 

1 1 -3.549 
02 -11.515 

0 3 5.73 
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Table 2 
Continued 

kl This work AH kl 

1 0 - 1.56060 

20 -2.1198 
3 0 -1.355 

0 1 -4.20368 

1 1 -3.2939 
2 1 -0.847 

0 2 - 13.692 
1 2 -7.825 
2 2 8.95 

0 3 - 50.89 
1 3 -71.89 
04 - 132.41 

1 4 146.16 

0 5 30.66 
0 6 54.06 

Ref. [l] 

- 1.62023 f 0.00026 
-1.9838+0.0076 
-1.216f0.105 
-4.21839kO.00077 
-3.1193fro.0055 
-0.629kO.085 

- 13.297f0.020 
-6.671 f0.81 

-36.93f0.27 

Ref. [ll] 

-1.6168zkO.0017 
-1.913f0.018 

-4.251 f0.016 
-2.901 kO.045 

- 14.55f0.52 

a The notation - signifies that this parameter was not evaluated. 

Campbell et al. [ 11, we discovered small but system- 
atic discrepancies in the reproduction of the 4-3 
bands of 69Ga1H and “Ga’H; predictions of lines of 
bands 5-4 indicated larger negative deviations of the 
calculated wavenumbers of the same isotopic spe- 
cies, even though the energy of the vibrational state 
u= 5 of GaH is comparable with those of Y= 6 and 7 
of GaD. Inclusion of lines of 5-4 bands [ 111 into our 
data set yielded a fit of satisfactory quality with nei- 
ther discernible systematic discrepancies nor trends. 
According to this criterion our parameters of radial 
functions in Table 1 have satisfactory statistical sig- 
nificance. Values of parameters not stated to have ti- 
nite magnitudes in Table 1 were constrained to zero 
during the fitting process; such parameters include all 
s,G%* because available data are insufficient to allow 
their separate evaluation, as explained elsewhere [ 71. 
Specifically, the values of parameters u,%* with+ 1 
or tJ” with i> 0 incorporate not only their nominal 
adiabatic or nonadiabatic rotational effects, respec- 
tively, but also the nonadiabatic vibrational effects of 
the inestimable parameters s,@.* that are included 
within the same term coefficients Zx1G” and Zb*, or 
ZhG* and ZsH respectively [2,7]. Values of poten- 
tial-energy coefficients c., 0 <i< 8, in Table 1 are sim- 
ilar to those in our previous analysis [ 141 of 208 
transitions of GaH and GaD [ 11,121, but the im- 
proved precision of our present results reflects the 

more extensive and more precise data in our input 
set of transitions; the maximum range of validity, 
1.31 <R/10-” mG2.36, of the present radial func- 
tions is the same as previously [ 141 because the spec- 
tral data [ 1 ] lie within the range of previous data 
[ 11,121. 

In preliminary fits of the data, we discovered that 
correlation coefficients linking tp and up and link- 
ing tf and u$’ had large magnitudes; furthermore the 
value of up had a relatively small magnitude and 
large error, whereas the value of tp was zero within 
moderate error. When in further fits with varied sets 
of parameters tested with the F statistic [ 71 we con- 
strained both ~7 and @ to zero, the values of both 
tp and tF decreased to less than -3 and the stan- 
dard errors of not only both these and several other 
parameters but also the number of entries in the pa- 
rameter correlation matrix with magnitudes greater 
than 0.9 decreased markedly. For instance the rela- 
tive error of tt is 0.002 and that of u? is 0.0001. All 
these conditions indicate a statistically acceptable fit 
of 1094 data to 23 independently adjustable and 
meaningful parameters. 

Comparison in Table 2 of the values of coefficients 
U, and A2* between the present indirect fits to these 
parameters and the previous direct tits [ 1,121 ex- 
hibits strong similarities between values belonging to 
these two sets, although generally the differences be- 
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tween corresponding coefficients exceed a few stan- 
dard errors (where specified ) . Apart from the varied 
number of parameters in each set, one reason for this 
variation is that our values of A$qH contain no purely 
mechanical contribution, only the adiabatic and non- 
adiabatic effects; moreover the data sets were dis- 
tinct and our coefficients produce no systematic de- 
viations. Although for ‘H3’Cl [ 71 the magnitudes of 
contributions to vibration-rotational energies from 
some Yg) were comparable with those of 23, for 
6gGa’H or “Ga’H generally the contributions are 
relatively less important. 

We list in Table 2 values (for comparison with the 
35 values reported [ 1 ] ) of coefficients U,; the exis- 
tence with significant magnitudes of values of R, and 
c, O<j< 8, implies the existence of precisely these 35 
non-zero values of VU with 2k+ I< 10. Clearly the re- 
duction of numerous spectral data to R, and these 
nine coefficients Cjy 0 <j< 8, of the potential-energy 
function is more economical than the alternative rep- 
resentation in terms of the constrained values of the 
term coefficients U,, and also more economical than 
the 19 unconstrained values of U, [ 11; such fitting 
of spectral data by means of unconstrained values 
lacks theoretical justification [ 15,161. The parame- 
ters in sets toa*H and u,o’,” that number 13 in Table 
1 likewise Geld a more compact representation of 
adiabatic and nonadiabatic effects than the corre- 
sponding sets of 20 values (Table 2 ) of ApH implied 
by the former parameters in the same way that ten 
values of R, and cj, 0 &j< 8, imply 35 values of term 
coefficients Vu according to Eq. (8). Only eleven 
freely fitted values of AgqH were employed in the 
previous fit of 1045 spectral lines [ 11, and only five 
values in the fit of 208 other lines [ 111, but values in 
those sets proved inadequate to reproduce all spec- 
tral data without systematic discrepancies, as ex- 
plained above. In our comparison of values from var- 
ious sources in Table 2, some values of corresponding 
parameters are similar, such as Ul,o, agreeing within 
two estimated standard errors. Whether values of 
AghH would so agree if other sets of parameters rep- 
resented more satisfactorily all available spectral data 
would depend on the tendency of mechanical contri- 
butions to A2H to be relatively small or to cancel. 
Our parameters in Table 2 used (with applicable val- 
ues of Ycz) and Yc4) implied [ 171 by coefficients Cj 

in Table 1) as a set of consistent with respect to Eq. 

(8) reproduce the data better than previously re- 
ported parameters [ 1,121. 

Our results feature values of tFH; from the free fit 
tp = - 3.72 ? 0.34 and ty = - 3.1706 f 0.00064. If 
these standard errors reflect accurately the true un- 
certainties of these parameters, both tp and tf are 
well defined. Tests on simulated spectral data [ 71, 
which lacked the equivalent of measurement error 
other than rounding of values at 0.000 1 m-‘, proved 
these parameters to be reproduced satisfactorily, 
without significant correlation, under those condi- 
tions [ 7 1. In less than ideal conditions inevitably en- 
countered in measurements, accurate evaluation of 
these parameters is problematic. For lack of other re- 
sults we made use of these values of both t8” and tf , 
as explained below. Of the radial coefficients only c7 
appears poorly significant, but in this case the fortui- 
tously small magnitude of c7 makes the ratio 8c7/ 1 c7 1 
with the estimated standard error anomalously large. 
The value of cS is absolutely required to fit data of 
GaH up to U= 5 and GaD up to V= 7, and the nonlin- 
ear relationship between term coefficients Y, and 
these potential-energy parameters makes it imprac- 
ticable to include c8 without c7. 

As there exist radial functions of three kinds apart 
from potential energy, namely (Y(R), /3(R) and 
V’(R), to be defined but information from only two 
sources, namely the variation of isotopic masses of 
nuclei of each type A or B and the extra rotational 
dependence, it is in general impracticable to evaluate 
separately adiabatic and nonadiabatic rotational and 
vibrational effects from only spectral data of samples 
without applied external fields, as previously dis- 
cussed [ 71. Because of the way that term coefficients 
Zfl and ZY, depend on parameters in these three ra- 
dial functions, apart from potential energy that is 
separately evaluated from the term coefficients Ykl, 
coefficients uf” and U? formally represent purely 
adiabatic effects and coefficients t? and t? formally 
represent purely nonadiabatic rotational effects. The 
remaining coefficients of each type include within 
them not only nominal adiabatic effects in Uj, j> 1, 
and nonadiabatic rotational effects in tj, j> 0, but also 
in both cases nonadiabatic vibrational effects nomi- 
nally taken into account in Sj, j>O; these effects are 
inextricably intertwined under present conditions. 
Hence we interpret u p having a negligible magni- 
tude to signify that adiabatic effects are small for the 
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relatively massive nuclei 69Ga and “Ga consistent 
with the negligible values for both Si and’s in SiS for 
which values of t$S were imposed on the basis of 
other spectral information (gJ and pL,, vide infra) 
[ 18 1. For u$’ also to be negligible there is no obvious 
explanation, but one can readily see that both uy and 
u$’ have relatively large magnitudes but opposite 
signs; the shape of the effective radial function C 
urzj evidently requires a value of uH near zero. 

Although all these adiabatic and nonadiabatic ef- 
fects are formally artifacts arising from separate 
treatment of electronic and nuclear motions [4], 
nonadiabatic rotational effects in particular are re- 
lated to a property directly measurable in an experi- 
ment, namely the rotational g factor; the product of 
this quantity gJ and the nuclear magneton &, is the 
magnetogyric ratio, the ratio of magnetic dipole mo- 
ment to rotational angular momentum. As a useful 
approximation, measuring by means of the Zeeman 
effect the expectation value (dlgJl ti) in states of 
small values of v and J, commonly ( IO, 1 IgJl 0, 1 ), 

yields go, the constant term in a polynomial expan- 
sion of the operator gJ in an appropriate representa- 
tion; the leading rotational and vibrational depen- 
dences of (vJlgJl vJ) would yield coefficients of 
respectively linear and quadratic terms in such a se- 
ries [ 191. According to relations [ 201 for a dipolar 
molecule AB of relative polarity +AB-, the quantity 
go we apportion to separate nuclei as 

tBxCL[go/m,+2~/(eR,Mb)ly (9) 

t~x~[golm,-2~~l(eR,Ma)l, (10) 

in which fl is the reduced mass of a particular isotopic 
variant, mp is the protonic rest mass, e is the protonic 
charge, and pe is the electric dipole moment at equi- 
librium separation R,. In terms of unknown quan- 
tities go and ,u~, Eqs. (9) and ( 10) become 

A = fe&(tiY -1:) , (11) 

go~~,(ww%+~~lMY) * (12) 

Applying these relations to our estimates in Table 1 
of t?” of assumed polarity +GaH-, we estimated 
the unknown quantities go and A, hence go= 
- 3.223 f 0.011 for 69Ga’H that we identify with the 
rotationalgfactor, and l~,I=(7.3+4.7)X10-30C 
m to signify the electric dipole moment of GaH. The 
value of go has a large magnitude, relative to HF, HCl, 

DBr and DI that are in the range [ 0.10,0.45] [ 2 11, 
but a negative sign. An even larger magnitude - 8.3 
and negative sign of gJ for the isovalent molecule BH 
[ 221 are associated with the predicted net paramag- 
netic susceptibility of this species [ 23 1. The same 
term [ 211 that with a positive sign contributes to 
paramagnetic susceptibility occurs with a negative 
sign in the expression for the rotational g factor. We 
lack a method to deduce information about the dia- 
magnetic contribution to the total susceptibility from 
spectral data of GaH. As neither measurement nor 
calculation of either gJ or rIXignf?tiC susceptibility of 
GaH is published for comparison, we present the es- 
timate gJ % - 3.2 f 0.1 of 69Ga’H as a prediction; the 
increased uncertainty takes into account potential 
ambiguities resulting from the nature of the parame- 
ter set. 

For the electric dipole moment of GaH, our mag- 
nitude (7.3 * 4.7) x 10m30 C m much exceeds results 
of two calculations [ 24,251, both about 1.2 x 1O-3o 
C m and lacking any estimate of error, but the large 
error associated with our estimate of ,u= obviously 
limits its validity. According to Eq. ( 1 1 ), in order to 
produce such a relatively small value as the latter, 
values of ta and t! must have the same sign and sim- 
ilar magnitudes; the value tp = - 3.08 necessary to 
produce such a small magnitude of the dipole mo- 
ment differs from the calculated value by less than 
two estimated standard errors. Because tp is poorly 
defined, Eq. ( 11) for k that implies a small differ- 
ence between two relatively large values is less relia- 
ble than Eq. (12); the reason is that, because the 
atomic mass of Ga exceeds so much that of H, the 
Value of gJ from Eq. ( 12) is insensitive to the value 
of t8” unless either the magnitudes of tf and tp are 
comparable as in the present case, or the magnitude 
of t$“’ is much less than that of tr . Because of the 
relatively small fractional alteration of mass between 
‘j9Ga and “Ga, tp is more difficult to evaluate from 
data than tf . The finite accuracy of experimental data 
ultimately limits the accuracy of tp and tr , because 
tests on simulated spectral data proved that under 
nearly ideal conditions comparable values of tfj and 
tg are accurately reproduced [ 7 1. Precise measure- 
ments of pure rotational transitions of all four iso- 
topic species of GaH in the sub-millimetre region, for 
instance by interferometric methods in connection 
with which Stark and Zeeman techniques are diffi- 
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cult to apply, would likely improve the precision and 
reliability of electric and magnetic properties esti- 
mated according to our new approach. 

4. Conclusion 

Numerous spectral data of isotopic variants of 
GaH, namely all known wavenumbers of their vibra- 
tion-rotational transitions, we reduced to parame- 
ters of radial functions that are relatively few (only 
23, compared with 29 [ 1 ] ), which we demonstrate 
to provide both a compact and a physically and 
chemically meaningful representation of these data. 
We deduced information about magnetic properties 
of a molecule from only wavenumbers of vibration- 
rotational transitions measured in the absence of ex- 
ternal electric and magnetic fields. We explain how 
to estimate both the rotational g factor and the elec- 
tric dipole moment of a diatomic molecule from such 
spectral data; hence we predicted the value gJx - 3.2 
of ‘jgGa’H. 
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