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The Spectrum of Lead Hydride

W. W. WATSON

Sloane Physics Laboratory, Yale University, ¹mHaven, Connecticut

(Received September 29, 1938)

From a lead arc in a hydrogen atmosphere at four to five atmospheres pressure, a "many-
lined" spectrum in the region 5000-7000A due to PbH has been produced. Practically all of the
lines have been assigned to ten bands constituting a 'Z~Z transition between an upper state
of low stability and a stable ground state (co,= 1565.2, 8,=4.972). Strong interaction with other
states is evidenced by a very large spin-doubling (y =6.17) in the lower state and in the upper
state by an unorthodox variation of B„with v, irregular spin doubling, a prominent failure of
the Mecke rule and a sharp cut-oR' of levels at about -', volt above X'=0, v'=0.

HE source ordinarily used in obtaining the
emission spectra of metallic hydrides is an

arc between electrodes of the metal burning in a
hydrogen atmosphere at a pressure of but a few
centimeters of Hg. A lead arc under these con-
ditions, however, displays no characteristic hy-
dride spectrum. But since the elements Tl and
Bi which flank Pb in the periodic table both
have interesting hydride spectra, ' 2 it was
thought that with some different experimental
source a spectrum of PbH could be produced.
Grundstrom and Valberg found that .Tl too
showed no hydride spectra in low pressure
sources, but they were successful in producing
T1H bands either in thermal emission in an
electric furnace or in a high pressure arc pr
viding the hydrogen pressure was above 50 c
of Hg. Of these two sources the arc in hydroge
at four atmospheres pressure was much . mor
intense.

With a similar lead arc in hydrogen at four t
five atmospheres pressure, I have found a ban
spectrum of the many-lined, type in the regio
from 5000 to 7000A which from all indications i
to be assigned to the PbH molecule. The analys
of this spectrum shows that the upper of the tw
electronic states involved is of low stability an
has its equilibrium point at a considerably large
internuclear distance than that of the lowe
state. Now Farkas3 and Olsson4 have shown th
the emission from an arc at high gas pressure

'

principally thermal radiation. At low pressur

the excitation being by electron impacts, this
higher electronic state is not populated, since
during electron impact excitation the inter-
nuclear distance in the molecule cannot change.
But if at the high pressures approximate thermo-
dynamic equilibrium exists, with much inter-
change between this upper electronic state and
other repulsion states, the population of mole-
cules in this state is built up to such an extent
that the transitions to the lower ground state,
even though improbable according to the Franck-
Condon principle, give rise to a band system of
fai-r intensity.

ExpERIMENTAL

'TlH: B. Grundstrom and P. Valberg, Zeits. f. Physik
108, 326 (1938).' BiH: A. Heimer, Zeits. f. Physik 95, 328 (1935).

3 L. Farkas, Zeits. f. Physik '70, 733 (1931).
4 E. Olsson, Zeits. f. Physik 104, 402 (1937).

A vertical arc was maintained between a fixed
water-cooled copper cathode and an adjustable
anode made of a thin-walled iron cup filled with
"test lead. " The source of potential was a 1000-
volt d.c. generator delivering a current of 0.8
ampere. At hydrogen pressures of four to five
atmospheres the PbH spectrum was emitted with
fair intensity and the band lines were not too
much pressure-broadened. Higher pressures were
not used because of the diminution of the
effective resolution on the spectrograms caused
by this broadening of the lines, as well as the
increased difficulty in making the arc run
steadily. The PbH spectrum extends from 5000A
on into the infra-red, but good spectrograms were
obtained only of the range 5000—6800A with
Eastman F-I plates. The second order of the
21-foot grating in a stigmatic mounting was
used; the average dispersion was 2.24A per mm.
Exposure times of about eight hours were
necessary.
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In the whole of the visible spectrum the only
atomic lines other than those of Pb I and Pb II
produced by this source are those of H, Na and
faintly the Tl resonance line at 5350A. Since
NaH and T1H may be ruled out, PbH is the
indicated emitter of this spectrum. Also the
quantum analysis given below yields very reason-
able lower state values of the constants 8, and
or, in comparison with those known for T1H and
BiH. About one thousand PbH band lines of
measurable intensity were recorded between
5000A and 6800A. The considerable overlapping
of the bands, the lack of band heads, and the
large spin doubling all contributed to make the
spectrum of the "many-lined" type. A very
large majority of these lines has been assigned to
the ten bands tabulated below; the whole con-
stitutes a single electronic transition of the
'Z —+'Z type. Since the line breadths decrease
somewhat the accuracy of measurement, wave
numbers are given to only one decimal place.

ANALYsIs QF THE SPEcTRUM

There are four branches in each band, strongly
degraded to the red and with large second
differences ( 5 cm ') between successive rota-
tional lines. This at once iridicates a multiplicity
of two, which is to be expected for the neutral
PbH molecule, and an upper electronic state with

a much lower vibrational frequency and much

larger ~oment of inertia than' for the lower

state. From the rough equality in intensity of
the four branches in some of the bands which

are free of any partial fusions of branches, from

the number of missing lines at the origin and the
lack of any apparent spin-orbit doubling, 'Z —+'5

would seem to be the best choice of electronic
transition involved. Quantum assignments based

on the usual combination differences are pre-
sented in Table I.

Although the four branches are of approxi-

mately equal intensity in those bands with
v"= 1 and 2, throughout the spectrum, and
especially in the bands of the v" =0 progression,
the R~ and P2 branches seem to be somewhat
more intense than the R2 and I'~ branches,
Transitions such as 'II (case a)~i'II (case b)
should have sub-bands with two strong and two
weaker satellite branches, but this spectrum

cannot be of this type since there is no evidence
for another set of sub-bands and no internal
combinations such as R2q(J —1)—Eq~(J+1)
=R&(j—1)—Pq(7+1) exist. I therefore assume
that the eye estimates of intensities are rather
inaccurate (for they are considerably influenced

by the many partial fusions of the pressure-
broadened lines which occur particularly in the
2,0 and 3,0 bands), and that the equality in

intensity of the branches for the higher X values
characteristic of 'Z~'Z bands is nearly enough
established.

From the combination differences the rota-
tional energy term constants have been computed
in the customary semi-graphical manner. These
constants are assembled in Table II. The value

8,"=4.972 is to be compared with the values
4.806 and 5.136 for T1H and BiH, respectively.
In the upper electronic state the 8,'s do not
decrease jn the usual manner regularly with

increasing v. The 9„' values first increase and
then decrease as v' increases, this despite the
fact that the values of AG(v'+ —,') decrease
steadily with increase in v' (cf. Table III). By
way of possible explanation of this abnormality
it should be pointed out that these experimental
8's are really 8*'s which may differ very-appreci-

ably from the true 8,, values' if there is strong
quantum mechanical interaction with near-lying
'll states. As further evidence for the existence of
other electronic states of PbH close to this

upper 'Z state there may be mentioned the large
and irregularly varying values of p in this state,
the existence of perturbations in several of its
rotational levels, the marked- failure of the
Mecke rule for this 'Z state, and the sharp cut-off

of all its energy levels at a height of about ~3 volt
above X'=0, v'=0. Each of these facts merits a
brief discussion.

In the lower electronic state the constant y of
the spin doubling relation 6»2(X) =y(X+—',) is

of record size, 6.17 for v"=0, but there is no

departure from the normal linear variation of the
doubling with X+—,'except for some decrease at
the highest X values. In the upper 'Z state,
however, the y's are smaller —3.05, 2.65, 2.28
and 1.49 for v'=0, 1,2 and 3, respectively, at
X'=14—vary irregularly at certain rotational

~ R. S. Mulliken and A. Christy, Phys. Rev. 38, 87
(&93&).
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TABr.H II. Constants of the energy terms for PbH. em ~ units. TABLE III. PbH band origins.

CONSTANT

g3
,

g3

g3

g3

g3

rp
Dp
07e

XG7

Ve

goal

2.660
2.766
2.770
2.646

2.5073—4.07 X 10-
455.6

4.0
18530.3

4.899
4.754
4.609

4.972
0.145
1.8482—2.01X10 4

1565.2
30.3

e" =0

17982.0
445.9

18427.9
439.8

18867.7
431.2

19298.9
(4OZj

19700

1505.3

1503.0

1505.8

16476.7 1444.3 15032.4
448.2 448.4

16924.9 1444.1 15480.8
437.0

17361.9

levels and tend to maximum values at inter-
mediate X values. For v'=2, for example, the
spin doubling drops to zero and reverses sign at
%=29. Peculiar variations in the spin doubling
such as these have been noted before for upper
'Z levels of CaH, CdH, and HgH, for each of
which interaction with near-lying II levels is
known to be responsible.

Perturbations occur in v'=0 at J=19~ for
the T~ terms and at J= 20-,' for the T2 terms, in
v'=1 at J=28~ and in v'=2 at J'=20~. The
perturbations are not large, but the fact that
there are several indicates the presence of one
or more Z or II states at about this same energy
interval above the ground state.

The array of band origins is given in Table III.
If the Mecke rule that the ratio of the ~ values in

the two electronic states should be about the
same as that of the 8 values held, one would

expect upper state vibrational intervals of about
800 cm—'. There are several arguments against
placing just alternate v' levels in any one elec-
tronic state or considering each v' level as a
diferent electronic state. This upper 'Z state
must then represent a strong violation of the
Mecke rule. A similar failure of this rule occurs
in the D 'Z state of CaH.

There is a rather sharp cut-off in the rotational
series in the 4,0 band at X' = 20 and no 5,0 band
seems to exist. This X'=20 level lies about
2700 cm ' above %=0 of the v'=0 level. In the
2, 1 and 3,0 bands the branches drop sharply to
zero intensity at X'=30 and 24, respectively,
These levels lie about 2850 to 2900 cm—' above
X=0, v' =0. There is thus an instability of the
levels of this state above about —', of a volt.

Apparently no tendency exists for the stabiliza-
tion by the high pressure of still higher levels as
happens in certain CaH and AlH states. There
is also evidence from the course of the 52F'(J)
difference at the higher J levels for the setting in
of a considerable centrifugal expansion of the
molecule, for these differences actually reach a
maximum and begin to decrease with increasing
X in the v'= 2 and 3 levels.

DISCUSSION

Probably both of these PbH states are formed
from a Pb atom in its lowest 6p2 configuration
plus the H electron promoted to a seven-
quantum orbit. They could, for example, be
6po'iso and 6po'7so. The lower of these two '2
states may well be the ground state of PbH.
Configuration theory would predict a number of
Z, II, 6 and C states, both doublets and quartets,
from these same electrons, and it would indeed
be surprising if the stable states investigated
here did not show signs of strong interaction with
other near-lying electronic states. The large size
of the spin doubling in the ground 'Z state would
indicate the possible existence of a low 'Il state
with the same configuration as for' this 'Z state
except that one 6po electron has become 6p~.
Search of the photographic infra-red might reveal
bands involving such a state as well as furnish
data on higher levels of the ground state which
has an unusually large anharmonic term in its
vibrational level scheme.

The arc in gases under high pressure would
seem to be a source that should be further
exploited. Data on a large number of new
molecular energy states perhaps may thus be
easily produced.


