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REGULARITIES IN THE SECOND SPECTRUM OF XENON

By C. J. Humphreys, T. L. deBruin, and W. F. Meggers

ABSTRACT

The ground doublet (
2P!h,h) in the spectrum of ionized xenon (Xen ) has

been identified among lines observed in the Schumann region by Abbink and
Dorgelo. The levels are separated by 10,540 wave numbers. 'This spectral
term has been connected with others which combine so as to give lines in the
visible Xen spectrum, and the absolute values of the terms have been fixed by
extrapolating series forming terms to their limits. The ionization potential of
Xe+ is found from these spectroscopic data to be approximately 21.1 volts.
A partial list of identified terms and their combinations is given.

The^ neutral atoms of any of the rare gases, Ne, A, Kr, Xe, Ra,
have, in the imexcited state, the configuration of a closed shell with
two s and six p electrons, symbolized by s

2

p
6

, and, according to

Hund's theory, 1 the spectral term which characterizes the normal
state is a single level ^q. The simple ions of these gases are charac-
terized by the electron group s

2

p
5

,
giving rise to an inverted doublet

term 2P°1H ,^ in the spectrum. This doublet term is of great im-
portance in the structural analysis of rare gas spectra because the

terms representing the excited states of the neutral atoms arise from
the interaction of the series electron with the s

2

p
5 group. With

the exception of ^o, all of the spectral terms involved in the produc-

tion of the first spectrum of a rare gas result from the addition in

turn of ns, np, nd, and nf electrons to the 2P°1M , H term of the ion.

These two levels are the convergence limits of all the term series

thus obtained. The presence of two series limits in these spectra

was first indicated by Paschen, 2 who found in his analysis of the

Nej spectrum that certain groups of terms converged to one limit

while others converged to another one separated from the first by
about 780 cm-1

. This displacement constant, A, was first inter-

preted by Grotrian,3 who identified the two series limits as two dif-

ferent states of the neon ion. A strictly analogous state of affairs

has since been found to exist in the spectra of the succeeding rare

gases, A,4 Kr,5 and Xe.6

The results were collected 7 for comparison in our paper on the

first spectrum of xenon and is repeated here for convenience in

Table 1.

iHund, Linienspectren und periodisches System der Elemente, p. 144, Springer; Berlin, 1927.

2 Paschen, Ann. d. Phys., 60, p. 405; 1919; 63, p. 201; 1920.

3 Grotrian, Zeitschr f. Physik, 8, p. 116; 1921.

*Meissner, Zeitschr. f. Physik, 27, p. 238, 1926; 39, p. 172, 1926; 40, p.839. 1927.

« Meggers, de Bruin, and Humphreys, B. S. Jour. Research, 3 (KP89), p. 129 m.
6 Meggers, de Bruin, and Humphreys, B. S. Jour, ^s6aich,Z(RPUp), P'JK.sXq
' Meggers, de Bruin, and Humphreys, B. S, Jour. Researcn 3 (KPU^;, i>. fWi iy~>.
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Table I.—Displacement constants and level separations in rare gas spectra

Neon Argon Krypton Xenon

A= displacement constant
2pjH_2pH — 780.0

782
776. 90
788

1, 423. 20
1,431
1, 409. 92
1,451

5, 330±
5,371
5, 219. 90
5,353

Vide infra.

IS5— ls3__ (9621)?

Centers of gravity 3p5 ...io— 3pi~~.4-
9,129.24.
Vide infra.

Two years ago a preliminary note on the lowest doublet (
2PV „)of the first spark spectrum of xenon was published by two of us »

Extrapolating the separation of the lowest doublet of the sparkspectra of the preceding rare gases an estimation of this separation in
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satisfactory data for testing these with related lines in the visible

spectrum were available to him.

The systematic examination of the "constant differences" occurring

in our data has led to the definite establishment of a large number of

energy levels. The most probable identification of several of the

terms on the basis of combination intensities and comparison with

the similarly constituted spectrum of Kr+ is suggested. The terms

which may be theoretically expected are as follows:

Table 2.

—

Electron configurations and spectral terms for Xen

Electron configu-
ration

Term limit 3 P terms Term limit 1 D terms
Term limit » S

terms

S2p5

s2p4 .6s

s2p
4.6p

s2p
A.5d

s2pKQd
s2p

4.7s

2Po

2P, *P
2S

,

2P°,2D <VSVPVD
2P,2D,2F,*P,4D,4F
2P,2D,2F,4P, 4D, 4F

2P, 4P

2D
2po 2J)° 2]7°

2S,2P,2D,2F,2G
2S,2P,2D,2F,2G

2D

2S
2po

2D
2D
2S

Our complete hst of indentified terms is reserved for a later publi-

cation; a few of the most important ones are given in Table 3 where

the electron configuration, term symbol, and absolute term value

appear in successive columns. The highest term, 2F°VA = 171,067 is

obtained as the approximate Rydberg limit of the s-electron series;

it corresponds to an ionization potential of approximately 21.1 volts

for the Xe+ion.
Combinations of the terms in Table 3 are represented m Table 4

by wave lengths and estimated intensities (in parenthesis) of the

resulting spectral lines, and by their corresponding wave nmnbers in

vacuo. The calculated wave lengths and wave numbers of permitted

combinations in the accessible region which have not been observed

are shown in brackets. Among 45 such calculated lines 35 are com-

binations between terms of the doublet and quartet systems and such

intersystem combinations are, in general, much weaker than the

intrasystem ones.

In our investigation of the first spectrum of xenon the data ot

Abbink and Dorgelo in the Schumann region were examined in the

hope of classifying the lines given by these authors as arc lines. Several

of these lines, however, remained unclassified and it seemed very

doubtful if they could be attributed to Xei. Several of these lines

are coincident with combinations of Xen terms and it seems logical

to conclude that they are Xen lines. We have, therefore, included

them in the table of term combinations.

i= Meggers, de Bruin, and Humphreys, B. S. Jour. Research 3, (RP115), p. 753; 1929.
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Table 3.

—

Partial list of terms in the Xe lz spectrum

iVol. 6

Electron
configuration

Series
limit

Term symbol Term value Level differences

s2p
5 sp 2P?H 171, 067

10, 540
S2p

5 2Pfo 160, 527
sp6 2S ^ 80, 194. 77
s2p

4 .6s sp 4P2* 78, 000. 00
1, 995. 83

s2
p

4 .6s
4Pih 76, 004. 17

1, 793. 78
s2p\Qs 4PoH 74, 210. 39

s2p
A .5d 3P 4Dsh 75, 630. 93

-41.00
s*p*.5d 4D2„ 75, 671. 93

636. 84
s2pK5d 4DiH 75, 035. 09

-380. 82
s2p4.5d 4D ^ 75, 415. 91
s2p4 .6s 3p 2Piu 68, 269. 62

1, 446. 44
,s
2p

4.6s 2Pom 66, 823. 18
s2p\5d Xi^ 67, 104. 71

1, 316. 40
s2p\5d Xo^ 65, 788. 31
s2p

4 .6s *D 2D2^ 64, 166. 28
3.68

s2p
4 .6s 2D^ 64, 162. 60

s2p*.Qp 3p 4SlK2 59, 276. 51
s2p4.6p sp 4P^ 59, 109. 67

1, 553. 38
s2
p

4.6p 4P1H 57, 556. 29
160. 55

s2p
4 .6p 4P5h 57, 395. 74

s2p
4.6p sp 4D§^ 57, 363. 42

s2p
4.6p 4D^ (?)

s2p*.6p 4D^ 54, 285. 52
3, 631. 85

s2p
4 .6p 4DS^ 50, 653. 67

s2p*.Qp sp 2D^ 49, 012. 37
-427. 50

s2p*.Qp 2DfH 49, 439. 87
.s-

2jA6p sp 2PUs 46, 783. 77
-1,697.54

.s
2
p

4 .6p 2Pfo 48, 481. 31
•s
2
p

4.6p sp 2Sqh 47, 847. 30
.s-//.7.s sp 2P* (?)

s2p
4
.7.s 2Pi* (?)

s2p
4
.7.s sp 4P2h 38, 549. 89 670. 67

s2p\7s 4Pi^ 37, 879. 22
1, 973. 95

S2p4.78 4
Po-., 35, 905. 27

s^pf.Ga JS 2S ^ 35, 997. 99
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The identification of the lines which belong to the Xen spectrum,
as distinguished from those arising from higher stages of ionization,

which appear along with the first spark lines in the discharge of a

Geissler tube placed in a circuit containing condensers and a spark
gap, was effected in two waj^s. The first was the comparison of

spectrograms made with and without inductance in the secondary
circuit. The introduction of inductance has the effect of weakening or
entirely suppressing lines arising from second and higher stages of

ionization. On the other hand, first spark lines remain unchanged or
m.a,j even be enhanced. The second source of information was the

investigation of the spark spectra of argon, krypton, and xenon by
L. Bloch, E. Bloch, and Dejardin. 13 From a study of the behavior of

the lines in the electrodeless discharge, these observers have assigned
each line appearing in their list either to the arc spectrum or to one
of the first three ionization stages. The ^identifications of all our
classified lines which appear in the description by Bloch, Bloch, and
Dejardin are in agreement with those which they have published.

Reference should be made to an analysis of the second spectrum of

xenon, included in a discussion of the spectra of monatomic gases,

published by Hicks 14 in 1919. There is no correspondence between
this analysis of Hicks and the one here proposed.

Washington, November 25, 1930.

n L. Bloch, E. Bloch, and Dejardin, Ann. de Phys. (10), 2, p. 461; 1924.
» Hicks, Phil. Trans., A 220, p. 335; 1919.
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