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for the branches of the (1,0), (1,1) and (2, 1)
bands of the 2Z —+~X system. These assignments
have been made with the aid of the usual com-
bination differences between the several bands
of this and the 'II—&'Z system in the visible red,
the lower '2 state being common to both. The
constants of the rotational energy terms are
evaluated from the averages of the 62Ti and

A&T& differences by the semigraphical method in

every case. We list these constants for the two
'2 states in Table II. Our values J30 ——3.3496 and

TABLE II. Constants from the cluantum analysi s of the
infrared 'Z~'Z system of BaII (cm ' units).

NORMAL 2Z STATE

Bp =3.3496
Bt =3.2839
D = —1 10 X10 4

lX =0.066
= +0.186

UPPER 2Z STATE

Bp =3.232 pp = —4.88 for IC (12
Bt =3.1609 yt = —4.78
B» =3.0915 y2 = —4.66
D = —1.11 )& 10 4

n =0 070

BI——3.2839 for the normal state agree exactly
with the values 80——3.3495 and BI ——3.284 given
by Funke. '

The most interesting feature of these bands is
the large size of the spin doubling in the upper
'2 state. This, the largest doubling recorded for
any 'Z state, is due to the strong "pure pre-
cession" interaction with the 'II state but
1460 cm ' below it. The magnitude of the A-

doubling in the II&, component of this 'II state

is also evidence for this interaction. '" Kith in-

creasing rotational energy the constant y of the
spin doubling relation AP, 2(X) =y(X+-', ) de-
creases for all vibrational states, the values for
the highest E levels being —4.61, —4.52 and
—4.39 for v=0, 1 and 2, respectively. Similar
change of the rate of variation of Av12 with X has
been noted in the corresponding 'Z states of CaH
and SrH. Probably the perturbing influence of

neighboring energy levels is responsible for this
' departure from the usual linear relation.

Our partial analysis of the 'II;—&'Z sub-band at
10,600A- reveals the following facts. The R1 and

Q~ branch heads occur at 10,603.33A and

10,746.37A, respectively. In the RI branch a
perturbation centering at R~(102) is evident.
In the discussion of another perturbation in the
'II1,. levels at J=20-', the nature of the possible
perturbing levels has been considered. ' Upper
state combination differences between' the Ri
lines and the few I'I lines observed for low E
levels yield the value 3.1,2 for 80~, ~. The
position of the Q~ branch head would locate the
'II; origin at about 9285 cm '. Since the 'III~
origin comes at about 9910 cm ', . the coupling
constant A for this state must be then about
625 cm '. This agrees fairly well with the value
A =640 assumed in our previous discussion of
this 'II state.

' W. W'. Watson, Phys. Rev. 4'7, 213 (1935).
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Analysis of the Spectrum of Se II
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An analysis of the spectrum of Se II is given with
additions and corrections to that by Krishnamurty and
Rao. The spectrum of selenium in this investigation was
excited in .a hollow cathode discharge with a helium
atmosphere. Wave-length measurements were made in

the region 500 to 2600A with a 1.5-meter grating vacuum
spectrograph. New terms belonging to the 4s'4p'5p con-

figuration have been found and identified. Several other
terms, probably associated with the 4s'4p'4d and 4s'4p'5d

configurations, have been found and J values assigned,
but it has been found impossible at present to assign I.
and S values to them. Tables of all term values and line

classifications known at present are listed.

INTRQDUcTIQN

HE first extensive investigation of Se II was
made by Bloch and Bloch' who published

quite an accurate and complete list of wave-
'Leon and Eugene Bloch, Comptes rendus 185, 761

{1927);Ann. de physique 13, 233 (1930).

lengths in the visible and ultraviolet regions of
the spectrum from 6679—2197A. Lacroute' ex-

tended their earlier measurements into the
vacuum region to 1235A. Recently two articles

' M. P. Lacroute, J. de phys. et rad. 9, 180 (1928).
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TABLE I. Terna values of Se II.

CONFIGURATION

4s24p~

4s4p4

4s24p~(~P) Ss

4s24p2(3P) 5s

4s24p2(sP) 5s

4s4p4
4s~4p2(3P) Ss

4s24p2(ID) 5s

4s24p2(aP) 5 p

TERM
SYMBOL

4S
2D
2D
2P
2P
4p
4P
4P
4P

1
2

4P
3

4P
2P

2P
2P

5
6
7
8
9

2D
10
11
12
4P
4D
4D
4D
4P

2D
4D
4P
«S
13

J VALUE

1-'
1-'
2-'s

1
2

f 1

2-,'-

1 1

1
2
1
s
1
2

2-'
1-

s1-
1—2
1-'-

1-
1-

1

2-';

fr

fg
1
2
1
2

1 1

2-'
2

1-
2

12
31
2-'
1 1

s
1
2

RELATIVE
TERM VALUE

0
13168.2 (K 8z R)
13784.4 (K k R)
23038.3 (K Bz R)
23894.8 (K 8z R)
83876.7 (KR R)
85579.5 (K Bc R)
86437.7 (KBz R)
95270.0 (K Bz R)
965 17.4
96655.3
96753.3 (K BL R)
98118.2
98674.4 (K Bz R)
98896.1 (K BI: R)
99368.5

100295.1 (K 8z R)
101356.0 (K Bz R)
101631.5
104694.4
104873.7
105258.0
105973.8
108355.7 (K Bz R)
108449.8 (K Bl; R)
108833.9
110297.4
112403.4
113048.7 (K k R)
114299.0 (K Bz R)
114711.7 (KBt: R)
116068.1 (K Bz R)
116776.6 (K 8: R)
117406.0
117739.6 (K 8. R)
117798.7 (K k R)
118398.0 (K Bz R)
119308.5 (K 8." R)
119343

CONFIGURATION

4s24p2(3P) 5p

4s'-4p" (3P)5p

4s24p~(iD) 5p

4s~4p~(iD) 5p

4s24p'('D) 5p

4s24 p2(3P) 6s

4s~4p'(3P) 6s
Sd
6s

4s~4p2('P) 5d

4s~4p~(~P) 6s

4s24p~('P) 5d

TERM
SYMBOL

2D
14o
2P

15
16
17
18o
19
2D

- 20
2D
2l'
22
23+ ..2F(i&)
2P
24
4p
4p
25
4P
4F
2P
26
27
4p
4F
28
29.
30
2P
31
4p
32
33
34
35
36

J VALUE

2-'

12
1
2

1,

2k
1-'

2
2~
1 1

s1-
2-
1-
2-
1—s2-

1-
1-
22
1-2

1
2

2-'s
f 1

2s

1-'
2 'j
1-'

41
2

2%
1-
1-
2-
2-'

2

RELATIVE
TERM VALUING:

120387.1 (K Bz R)
12 105 1.5
1 2 1273.2
12 1381.9
121730
122720
123323
126329.7
126464.7
127415.7
127867.5
127921.4
127984.3
129010.4
131165,4
132189.6
133867.1
134042.9 (K Bz R)
135635.6 (K BI; R)
1361.88,2
137669.1 (K Bz R)
138365.7 (KR R)
138525.7
138535.9
138711.0
138923.1 (K BI. R)
140011.8 (K k. R)
140131.3
140745.8
140930.1
140939 9
140946.0
141710.1 (K BI, R)
142 17 1.0
142302,2
142374.1
143341.7
143919.5 .

have been published giving an analysis of Se II,
one by Bartelt' and the other by Krishnamurty
and Rao. 4 Bartelt' has identified several of the
same terms as Krishnamurty and Rao4 although
his assignment of L, and 5 values differs some-
what from theirs. He also has given term values
for several higher terms, but it is .doubtful
whether his values are correct as he has used
several lines of Se II which have been preferably
otherwise assigned in the present investigation,
and some of the other lines used by him have been
identified as belonging to Se I and Se III.
Many of the errors in Bartelt's work arose from
his lack of ultraviolet data to correlate the values
of the terms assigned from visible data. The
analysis by Krishnamurty and Rao4 seems to be
the more accurate. In this paper, some correc-
tions and additions are made to their analysis.

EXPERIMENTAL

gas to maintain the discharge, was used to
produce the spectrum of Se II in the ultraviolet
region. The discharge tube was connected to a
1.5-meter grating vacuum spectrograph, the
grating of which was ruled with 15,000 lines to
the inch, giving a dispersion of 11.2A per mm.
The region photographed was from 500 to
2600A. Helium and aluminum lines were used
as standards of measurement.

In the visible region, Bloch and Bloch's'
wave-length measurements were found to be
very accurate and were used chiefly in calculating
term values. Their method of excitation was the
electrodeless discharge. Dr. J. E. Ruedy had
taken some electrodeless discharge photographs
of selenium in this laboratory, and measurements
from his plates were used to check the measure-
ments by Bloch and Bloch. Several important
lines were also found on his plates which were
not given at all by Bloch and Bloch.

A hollow cathode discharge tube with a
water-cooled aluminum cathode, and with helium

' O. Bartelt, Zeits. f. Physik 91, 444 (1934).' S, G. Krishnamurty and K. R. Rao, Proc. Roy. Soc.
A149, 56 (1935).

DISCUSSION OF THE ANALYSIS

In this analysis, it was found that the assign-
ments of a majority of term values agreed
with the classification of Krishnamurty and
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Rao. In addition, the 4s'4p2('P) 5p 'S; and
4s 4p2( D)Sp Dq; and Pq; terms have been found
and identified. Also the terms a and c in the nota-
tion of Krishnamurty and Rao have been identi-
fied as 4s'4p'('P)Sp 'P and 4s'4p'('D)Sp 'DJ$p

respectively, and their 4s'4p'('P)5p 'Pq term has
been changed to 4s'4p'('P) Sp 'P&;.

A few changes have also been made in
the assignment of higher term values. The
4s'4p2('P)Sd 4Pq, and 4Fu terms have been re-
classified as 4s'4p'('P)6s'P&; and 'Pq, respec-
tively. This change has been made because
certain transitions indicate that the latter term
has a J value of —,

' and because this assignment
gives the expected value for the doublet interval
mentioned. The other assignments of Krishna-
murty and Rao with respect to the 4s'4p'5d
terms are questionable although the assignments
of the F terms with the above correction noted
seem to be justified. However it is thought that
their assignment of the 4s'4p'4d 4 Ji terms is
incorrect as most of the lines used by them in
determining those terms have been found both
reasonable and necessary for other important
transitions. It is also doubtful whether the a, b,

and 4s'4p'5d 'D» terms given by Krishnamurty
and Rao are real as some of the lines used in

their assignment are regarded as representing
essentially other transitions as here reported,
and at least one line, ) 1259.5, probably belongs
to sulphur instead of selenium.

Several new terms have been found in the
course of this research which probably are
associated with the 4s'4p'4d 4s'4p'5d, and
4s'4p'Sp configurations. These terms have only
been assigned Jvalues and numbers for notation
purposes as it is impossible at present, and of
somewhat questionable significance, to assign
definite L and S values to them.

The analysis of Se II is rendered very difficult,
because for the higher states, the multiplets
from different configurations overlap consider-
ably. The multiplets as a whole come closer
together and the intervals within each multiplet
become larger than those for the corresponding
spectra of 0 II and S II. This is due to a break-
down in the Russell-Saunders coupling. As
Bacher and Goudsmit' point out, when the

'Bacher and Goudsmit, Atomic Energy States (1933),
p. 11.

Russell-Saunders coupling breaks down, it be-
comes impossible to distinguish between the
different multiplets of the same configuration
without ambiguity, and the use of symbols,
except for the J value, is meaningless and
oftentimes misleading.

The series limits were approximately deter-
mined by the Rydberg formula from the various
members of the multiplets 4s'4p'5s 4P and 'P
and 4s'4p'6s 4P and 'P. From these limits, an
average value of 173,557 cm ' was calculated
as the interval between the ground states,
4s'4p' 'S~~, of Se II and, 4s'4p' 'Po of Se III,
which corresponds to an ionization potential of
21.3 volts. This is slightly lower than the value
given by Krishnamurty and Rao4 which is
evidently based on an average of series limits
calculated from the 4s'4p'Ss and 4s'4p'6s 'P
terms and the 4s24p24d and 4s~4p'Sd 4F terms.
Their value would be expected to be somewhat
in error due to the fact that the assignment of
the 4s'4p'4d 'F term is probably incorrect.

TERMS AND CLASSIFIED LINES

All of the terms thus far established are listed
in Table I with the notations indicated as
determined by the author. As the series limits
are not very accurately known, all values are
given relative to the ground state 4s'4p' 'SIq.
The electron configuration, where known, is
given in the first column, the term symbol, or a
number, in the second column, the J value in
column 3, and the relative term value in the
last column. A (K k R) is placed after the terms
which are here found to be in complete agreement
with those given by Krishnamurty and Rao. '

All of the classified lines are collected in Table
II. Relative intensities, based on a scale of 10
for a maximum, are given in column 1. Column
2 contains the wave-length measurements, and
the wave numbers, all corrected to vacuum, are
given in column 3. The last column contains the
line classifications.
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