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ABSTRACT

The resonance lines of Cs II have been photographed in the ultraviolet region
with the vacuum spectrograph. The mode of excitation was the hollow cathode dis-
charge in helium. The values of the wave-lengths of the ultraviolet lines for Cs IT were
obtained from second order measurements. With the separations of the resonance
lines as guides, it was possible to assign electron configurations to the energy levels
given by Sommer and to extend his scheme somewhat. The coupling is that of approx-
imate (jj) type. The characteristic feature of the Cs II spectrum was the decom-
position of the levels arising from the various configurations into two distinct groups
due to the large separation of the 5% 2P of Cs III. Five of the eight resonance lines
found in the ultraviolet region fitted into Sommer’s scheme. One new level with J=0
has been found in this investigation, thus completing the group of the six 5p56p levels
built upon the 2Pyy 2 limit. The classification, assignment of inner quantum numbers,
and the identification of levels agreed with the theoretical considerations as well as
with the predictions from the Xe I classification. The remaining three resonance lines
appeared to be due to transitions from the 5% 1S, ground level to new 5p%(s, d) levels
built upon the 2P/ limit. It was possible to separate the 3P, and 2P; levels due to 5p°
(2P1 172) (6s and 7s) from the 5p5(2P; 1/5) (5d and 6d) levels. The ionization potential of
Cs II was computed to be approximately 23.4 volts.

I. INTRODUCTION

IN A recent publication the authors have presented a classification of the
Rb II spectrum! which was made possible by the identification of the
resonance lines of the spectrum in spectrograms taken with a vacuum spec-
trograph of a hollow cathode discharge of rubidium in helium.? The present
paper gives the result of a similar undertaking for caesium. The procedure
was the same as for rubidium. The caesium metal was placed in a molyb-
denum hollow cathode and the spectrum excited by a discharge in an atmos-
phere of helium. It was photographed with a 1 meter vacuum spectrograph
and the wave-lengths of the resonance lines determined by measurements in
the second order against carbon and helium standards. As reported in a pre-
liminary communication,? eight lines were measured between 962A and 612A.
These data were made use of to interpret the material of Sommer,* who photo-
graphed the caesium spark spectrum in the region A3268—7280 and arranged
a number of the lines in a scheme showing recurring frequency differences.

t O. Laporte, G. R. Miller, R. A. Sawyer, Phys. Rev. 38, 843 (1931).

2 Through a remarkable oversight the potassium arc resonance lines, A\\7664 and 7698,
were classified in the Rb II spectrum. These two lines and the term by which they were clas-
sified should be striken out of that paper.

3 0. Laporte, G. R. Miller, R. A, Sawyer, Phys. Rev. 37, 845 (1931).

¢ Sommer, Ann. d. Physik 75, 163 (1924).
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FIRST SPARK SPECTRUM OF Cs 459

The Cs II spectrum is, like that of Rb II, of rare gas type. The lowest
term is 5p® LSy and the higher terms with which we are concerned arise from
the excitation of one of the p-electrons to an s, p, d, or f level of higher quan-
tum number. A tabulation of the number and location of the levels to be ex-
pected from each of these configurations on both the Russell-Saunders and
the (jj) coupling is given in Table I which is repeated here for convenience

TaBLE 1. Electron configurations and theoretical terms of the Cs I spectrum.

Electron .. Number of
configuration Russell-Saunders 0] levels

45 2p | Py Py

1S, 0 (1)

4p555

ipi?s 1p, Py 12 01 )

p s

4p55p

4p°6p 1Sy Py D, 35 3P0 3Dgay 12 01 (10)

4?%} - 0123 12

4poad |

41>55d} 1Py Dy 1F; 3Py, Dgyy  SFam 0123 12 (12)

4p56d 1234 23

4p54f ] v

4psSf 1Dy 1Fy 1G4 3Dy *Fagz 3Goss 1234 23 12)

4p°of 2345 34

from the rubidium paper. However, whereas in the Rb II spectrum the coup-
ling was of a type intermediate between the Russell-Saunders and (jj) cases,
it is to be expected that in Cs I, as found in Xe I¥, the coupling will be nearly
of the (jj) type and that the two groups of terms having as limits 2Py, and
2Py 12 of the Cs III spectrum will be completely separated. This indeed is
found to be the case and in fact all of the levels found by Sommer are built
upon the 5% 2Py 1 term of Cs III.

The scheme given by Sommer consists of transitions between a middle
set of terms and a higher and a lower set. Our knowledge of the similar Rb II
and Xe I spectra would identify the middle set of terms as belonging to 54°
6p and the upper and lower sets respectively to a blend of 5p° 5d and 6s and
of 5p° 6d and 7s respectively. The ultraviolet lines must be transitions be-
tween the lowest term in the spectrﬁm, 5p% LSy and the terms of the configura-
tions 5p° (6s, 7s, 5d, 6d) having j=1. Five of the ultraviolet lines in fact may
be fitted into Sommer’s scheme on this assumption. Table II gives the classi-
fied lines of Cs II and relative term values based on 1S,=0. The first and
second columns contain the spectroscopic notations® of the levels arising from
the 5p% 5d, 5p° 6d, and 5p6s, 5p°7s configurations respectively, while the
third column contains the J values of these levels. The fourth column con-

& Meggers, de Bruin and Humphreys, B. S. Jour. Research 3, 731 (1929).
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FIRST SPARK SPECTRUM OF Cs 461

tains the relative term values of the levels of these configurations and are re-
ferred to the 5p° LS, level. The headings of the remaining columns give the
spectroscopic notations® and relative term values (referred to 5p°% 1S,) of the
levels due to the 5p% and 5p°(*Py;) 6p configurations. In the body of the table
are the wave numbers of the spectral lines, followed in parenthesis by their
intensities. Below each wave number is the discrepancy (observed value
minus calculated value) between the observed wave number and the wave
number calculated from the positions assigned to the levels. The scheme is
essentially that of Sommer with the addition of terms of relative value
122872, 123645, 133153 and 163180 and the lines arising from them.

Table III contains a list of Cs II lines classified in this investigation. In
the first two columns are the intensities obtained in the two investigations;
in the third column are the \'s and the wave numbers in vacuum; the last col-
umn contains the classification. (5p°) is omitted in the classification since it

TaBLE I11. Wave-lengih list of Cs II lines.

Int.
Nair LA, v vac. Classification
M S
7 612.82 (vac.) '163180 S5p8 1S —(2P36d, 75)1,°
12 639.42 « 156392 548 LS0—(2P136d)6,°
5 657.15 ¢ 152172 5p8 1S —(2P136d)1,°
12 668.43 ¢ 149604 548 155 — (2P1375) P °
20 808.77 « 123645 5p8 1S —(2P15d, 65)2,°
20 813.85 « 122872 5p8 1So—(2P35d, 65)1,°
20 901.34 « 110946 Sp8 LSo—(2P135d)1,°
20 926.75 ¢ 107905 545 15y — (2P365)3P,°
0 3531.376 28309.51 (2P1365)22— (*P136d)6,°
2 3732.539 26783.83 (P136)1; — (2P136d)32°
5 3785.424 2640965 (P116)4; — (2P1,64)6,°
0 3804.66 26276.13
6 3805.096 26273 .12 (P136p)1, — (P136d)2:°
0 3805.42 26270.85
0 3896.52 25656.65
7 3896.978 25653 .67 (Py6p) 11— (2P136d)1,°
0 3897.340 25651.31
0 3900.00 25633.22 (P1365)52— (*P136d)6,°
4 3906.933 25588.30 (Py5p)2s— (P136d)5:°
0 3925.12 25469.74
6 3925.583 25466.74 (2P136$)2,— (2P136d)45°
0 3925.94 25464 .41
5 3959.495 25248.63 (2P1365)3P,° — (2P136)60
0 3959.870 25246.25
6 3965.187 25212.38 (Py6p) 22— (2P 136d)35°
0 3965.54 25210.13
4 4047184 24701.59 (2P136$)2;— (P116d)2,°
6 4068.773 24570.52 (P165)35— (2P116d)55°
0 4069.19 24568.21
2 4132.003 24194 .54 (P136)35— (Py36d)35°
4 4151.267 24082.27 (P136p)2:— (2P136d)1,°
0 4220.571 23686.83
3 4221.119 23683.75 (P136)35— (P136d)25°
0 4276.56 23376.73 (2P1365)3P,° — (2P 1365)55
9 4277.100 23373 .78}

5 Since it is impossible to assign L and S values to the levels, the levels were numbered
according to their order, and the inner quantum number was given as lower index to this
number. The odd configurations are indicated with a small zero as upper index.
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TasLe II1. (Continued).

Int.
Nair LA, v vac. Classification
M S

0 4287.80 23315.43

7 4288.350 23312.46 (2P136p)4; — (2P136d)3:°
1 4288.755 23310.26

6 4300.636 23245.86 (P1365)60— (2P116d)6,°
4 4330.239 23086.95 (2P136p) 11— (2P 75)3P,°
0 4362.70 22915.17

9 4363.275 22912.15 (3P 136p)52— (2P136d)55°
0 4363.69 22909.97

6 4373.018 22861.10 (3P 1165)3P1° — (2P136)52
0 4373.43 22858.91/

5 4384.428 22801 .61 (P136p)4, — (2P136d)2,°
0 4386.566 22790.50 (3P136p)52— (2P116d)45°
7 4405.253 22693 .82} (BP16p) 11— (BP1175)3P,°
0 4405.69 22691.56

2 4424.046 22597 .42 (2P1365)*P2° — (2P136p)4,

0 4436.06 22536.21 (2P136p)52— (2P136d)3°
7 4501.525 22208.49

0 4501.98 22206.24 (*P135d)1,° — (2P 136$)6,
0 4502.56 22203.36

2 4506.834 22182.32 (3P,,6p)41 — (2P 136d)1,°
0 4526.12 22087.79

7 4526.725 22084 .85 (2P1365)3P1° — (2P136p) 41
0 4527.19 22082.55

6 4538.942 22025.41 (2P1369)5: — (2P136d)2,°
0 4539 .40 22023.17

0 4603.11 21718.37
10 4603.755 21715.33 (3P1365)%P,° — (2P 136p)33
0 4604 .24 21713.04

5 4646.508 21515.53 (3P136p) 22— (2P1375)P:°
4 4670.280 21406.02 (2P1360)5; — (2P136d)1,°
4 4732.975 21122 .47 (2P16p) 2, — (2P 375)3P4°
6 4830.161 20697 .48 (2P1365)3P° — (2P136p) 2,
6 4952.835 2018484 (2P1365)3P,° — (2P136) 22

5 4972.593 20104.64 (3P136p)33— (2P1175)°Py°
6 5043.800 19820.81 (P35d)1,° — (2P136)5»
4 5096604 19615 .46 (2P 136p)4, — (2P1375)P;°
8 5227.002 19126.12 (2P1365)%P3° — (2P136p)1,
6 5249.373 1904461 (P15d)1,°— (2P116p)4,

3 5306.609 18839.20 (2P1369)52— (2P1375)3P,°
6 5370.979 18613 .42 (2P1365)3P1° — (2P136p) 11
5 5419.687 18446.14 (P 136p)5— (P11 75)*Py°
7 5563.019 17970.87 (P135d)25° — (2P1,65)5:
0 5563.73 17968.59

3 5814.181 17194.57 (2P135d)2,° — (2P136p)44
5 5831.159 17144 .51 (*P135d)1,°— (2P136p)2,

1 5863.701 17049.36 (2P145d)35° — (2P 116p) 5
2 6076.738 16451.65 (2P136p)60— (2P1175)3P;°
4 6128.619 16312.38 (2P135d)25° — (2P 136$)3;5
2 6419541 15573.14 (P 135d)1,° — (2Pyy6p)1,
3 6495 .528 14390.96 (2P115d)3:° — (2P136)35
3 6536.440 15294.63 (2P135d)25° — (2P136p) 2,
4 6955.519 14373 .12 (2P 115d)33° — (2P136p) 22

is common to all configurations lying above the 5p% LSy ground state. The
odd configurations are indicated by an upper index.
II. INDENTIFICATION OF LEVELS AND CONFIGURATIONS IN Cs II

At first inspection, the energy level diagram presented in Table II and
schematically in Fig. 1 exhibits a marked difference from the corresponding
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diagram for rubidium.” The most characteristic dissimilarity is the smaller
number of levels which were found by Sommer, e.g., while in all rare-gas-like
spectra, the number of the middle group of p terms is ten, Sommer found only
five, to which this present investigation added a sixth level. The explanation
of this difference is that due to the large separation of 5p° 2P term, which is
the limit of these p terms, the ten p levels are split into two groups of 644,

IR " 5p°(?Py) (bd, Ts]
I~ S
3N
INE=——t— 2
27 = P 1od,7s]
217 >[‘53F;'5( lz)
|2J' uapz
7 5(2p,
TP Crpoe
) |
33—+_*—:“> 5105(21’1'—2)(')()
1
| 22 II5§>5p°(*RY15d,0s]
o} T —
R
- $0°*Py) 194,601
) d
STy o
[l
Segh’ &8 S
AN AN 3 >
g4 954 gt 8
Ss9Rg =8 ~
iEe en S 56 s
FTT I Yy vy _Sp 0

Fig. 1. Energy diagram for Cs II.

the inner quantum numbers of which are found under heading (j) coupling
in Table I. Comparing this table with the energy diagram for Cs I, it is seen
that the six 5p%p levels which are built upon the lower series limit 2P; 1/, are
now all located. Likewise, only that part of the other configurations has been
found which is built upon 2P; 1/0; this is indicated in our notation by including
the symbol 2P; y; in the spectroscopic notation.

From this point of view, the explanation of the additional resonance lines
v =122872, »=123645, and » = 163180 is obvious (Fig. 1): they have as initial
levels, those of the 5p%(5d, 6s) etc., configurations which are built upon 2Py.
In Fig. 1 all levels which belong to the limit 2Py, are drawn as dashed lines
and are shifted slightly to the right.

7 See Fig. 2 in reference 1.
8 See Fig. 3 under reference 1.



464 LAPORTE, MILLER AND SAWYER

The group of six middle levels must be assigned to 5p°(*P; 12)6p. In the
following diagram, (Fig. 2) we compare the separation of these levels with
the corresponding group in Xe I, reducing, however, the Cs II separations by
multiplication with 9120/14270, the ratio of the relativistic doublets in the
two cases. There is no crossing over of the levels as in the case of Kr. I, Rb
I18. In the limit of very high ionization, the six levels will form a group of
two having the inner quantum numbers 12 and 0123.

The lower group of levels must be then those due to adding a 54 and a 6s
electron. 6s can contribute only two levels. They will have j=2 and 1 re-
spectively, lie close together and the one with j =2 will be the deeper. As there
is no other alternative, we choose the lowest two levels, namely »107392.28,
v107904.93 as 3P, and 3P;.

133154
80119

130766
79213
8951 129990
C.of Glof 5p°(2Piy) 5p configs,
78603 7129108
7812032 126090
7727061

126518

Xel CsII

Fig. 2. The 3$°(2P11/2)6p configurations of Xe I and Cs II referred to the center of
gravity and reduced to the same magnitude of the relativistic doublet 5p5.

As far as the identification of the 5p%(2P; 1,5)5d levels is concerned, the re-
sult is rather incomplete. As Fig. 1 shows, only three more levels with J=1,
2, 3 are definitely established, while the J values 0,1,1,2,2,3,3,4, are expected.
It seems however that the present experimental data are too scant to locate
additional levels. It will be remembered that in the present spectrum, only
Sommer’s data for the visible are available, while in Rb II, Reinheimmer’s
wave-lengths were supplemented by Otsuka’s measurements in the near ul-
traviolet.!

As a glance at the energy diagram (Fig. 1) shows, there is but little am-
biguity in identifying the two lowest levels of the upper group »14912.24,
v149605.31 as 5p5(2Py 1/2)7s 3P, and 3P;. The fact that they lie well separated
from the rest of the levels of that group speaks in favour of this assignment.

The result for the 5p%(2P; 1/5)6d levels is much more complete than for the
previous series member. We have two levels each with inner quantum numbers
1,2, 3, which is indeed what should be expected. Only one level with J=0
and another with J=4 remain to be discovered. It should be remembered
however that as the latter one gives only one combination, with the J=3
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level of 5p%p there is no way to establish its existence conclusively, until ad-
ditional configurations with which it might combine are known.

TaBLe IV. Classification of levels built upon 5p° 2Py,

5p515,—5p5(2Py)5d, 65| 545 (2Py)5d, 65—5p5(2Py)6p
122872 (20) 18689.34 (3)  1838.72  20528.06(6) 1129.12  21657.19 (3)
773 770.05 770.18 770.32
123645 (20) 17919.29 (0) 1838.61 19757.88(3) 1129.09  20886.87 (3)
55180 —5p5(2Py)6d, 7s | 5p°(2P3)6p —5p5(2Py)6d, Ts
163180 (7) 21624.51 (4) 1838.60 19785.91(3) 1129.26  18656.65 (0)

It will be remembered that in the spectrum of Rb II!, the separation of
the p% from the p% levels was essentially helped by the consideration of the
hyperfine structure. The hypothesis was used that levels due to an s electron
show wider hyperfine separations than those due to p or d electrons. In cae-
sium however, a similar consideration failed to give any help; because not on-
ly is it to be expected that due to the much higher atomic number of caesium
even the p electrons will split up into hyperfine structure levels, but also do
the experimentally recorded hyperfine structure patterns occur in such an ap-
parently haphazard fashion, that it proved to be impossible to correlate them
in any way to the levels. The hyperfine structure data in Cs I1 seem much less
complete than those in Rb II.

From Table IT the separations between the first and second series num-
bers of 3P, and 3P; are found to be equal to 41820 cm™! and 41700 cm™! re-
spectively. With the aid of the Rydberg term tables for spark spectra,® these
differences were each fitted into a Rydberg sequence thus giving two inde-
pendent determinations of the absolute term values:—

55(2Py3)3Py — 65(2P1y)3P; = 41820; 5s(2Py)3P, — 65(2Py)*P; = 41700
3Py, = 81685 3Py = 81505

55(2Pyy)3Py — 3Py = 512

3Py = 82017

The agreement is fair. If we take the average value of 2P, =81851, and sub-
tract from it the AP(3P,—3P;=>512), we obtain the *P; absolute value as
81339 cm™!. By adding the frequency of the resonance line X926.75, »107905
(1Sy—3Py) to the 3P, term value we obtain.

1Sy = 189244 cm™!

as the calculated term of the normal caesium ion which corresponds to an
ionizing potential of 23.4 volts. Mohler gives 21.5 + 0.5 volts. It is however to
be expected the limit determined from only the first s- terms will be somewhat
low. The estimate is tentatively included as it seems to be well-founded.

? F. Paschen, J.0.S.A. and R.S.I. 16, 231 (1928).
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It was pointed out above that the additional resonance lines 122872,
v123645 (Av=1773) have as initial levels, those of the 5p5(5d, 6s), while
»163180 has that of 5p%(6d, 7s); all three combinations are built upon 2Pys,.
Sommer’s data have been gone over thoroughly for the difference 773, but so
far except for a few differences given in Table IV, we have been unable to
find a satisfactory system of levels. An attempt is now being made in this
iaporatory to extend the experimental data on the spark spectrum of caesium
and it is hoped that it will be possible to locate the terms built on the 2Py,
limit. .

At this time the authors wish to express their appreciation to Mr. John F.
Wagner who assisted in making the photographic exposures.



