
JULY, 1928 PHYSICAL REVIEW VOL USED 3Z

THE FIRST SPARK SPECTRUM OF PALLADIUM (Pd II)
BY A. G. SHENSTONE

ABSTRACT

An analysis of Pd II is given which differs completely from the previous one
made by McLennan and Smith. The terms found include 4d'D(4d'); 5s'@ F, @~P,
'D 'G(4d'Ss); all the related triads from the structure 4d'Sp; 6s'@'F 'P3 'G5(4d'6s);
and fragments of terms due to 4d'5d. Zeeman effects of the majority of the lines have
been measured and approximate g-values found for the low and middle sets of terms.
The g-values depart largely from Lande's values, as do also the term intervals. Evi-
dence is given that the term predicted by theory, 5s'S(4d'Ss), is present but it has not
been fixed with respect to the other terms. The lowest term 4d'D gives lines in the
vacuum region and was found by Mr. H. E.White, of Cornell University, from plates
taken there. The ionization potential is calculated from the s4F terms as 19.8 volts
from 4d' to 4d . As in other spectra of this type there is some indication in the limits
of the component series that the Hund theory of limits is incorrect.

-N ANALYSIS of the 6rst spark spectrum of palladium has been given
by McLennan and Smith. ' The great dissimilarity between that

analysis and the one found for the 'spark spectrum of nickel' led the author
to examine the previous analysis of Pd II in detail. The following paper
presents a new analysis which differs in every detail from that given by
McLennan and Smith.

The spectrum has been measured by a number of' observers, but the old
measurements of Exner and Haschek have been utilized in the present
analysis, because they are.in general very reliable and in addition are more
complete. The author has also had the advantage of the measurements and
intensity estimates made by Dr. Meggers of the Bureau of Standards, to
whom he is very grateful. In the region below ) 2250, new measures have been
made using an Hilger E. i quartz spectrograph, the standards being the
copper spark lines calculated by the author. ' In addition the whole spectrum
has been photographed in order to make observations of the relative in-
tensities in the spark and in long arc exposures. The lines may be divided
into a number of very distinct classes: (1) lines which are sharp and of com-
parable intensity in the arc and spark exposures; (2) lines which are diIIuse
in the spark and appear with lower intensity in the arc; and (3) lines which
are sharp in the spark and which appear faintly or not at all in the arc.
Class 1 contains the lines due to transitions to the low set of terms; Class 2,
lines due to transitions to the middle terms; and Class 3, lines due to higher
ionizations. The appearance of some lines of Class 3 in the arc is probably
due to the very unsteady nature of the arc which allows high potential differ-
ences to exist momentarily. The wave-lengths of the lines of Class 2 are of

' J. C. McLennan and H. G. Smith, Proc. Roy. Soc. A112, 110 (1926).
' A. G. Shenstone, Phys. Rev. 30, 255 (1927).
' A. G. Shenstone, Phys. Rev. 29, 380 (1927).
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SPARK SPECTRUM OP PALLADIUM

the order of 0.08 angstroms longer in the spark than in the arc. This is the
usual experience with diffuse spark lines.

The term structure of Pd II can be simply predicted from the Hund
theory. The low terms should be 'D from the structure 4d': 'F, 'F, 'P, 'P,
'D, 'G, 'S from the structure 4d'5s. The middle set of terms should be the
triads associated with each of these terms, excluding 'D(d') which, of course,
has no triad of its own but may combine with all the other triads. In par-
ticular, the strongest lines should be due to the transitions from the triad
'a'D, F, G(d'p) to 4a'F(d's). The leading lines of the three multiplets
can be assigned immediately as X2488.92, ) 2296.53, ) 2231.59, the only three
spark lines found by Meggers and Laporte' as reversals in the under-water
spark. The three corresponding diffuse lines ) 2539.44, X2776.85, X2878.01,
due to the combinations with the next series member 'F~(4d'6s), yield im-
mediately the approximate I.P. =16.7 volts, from 4d'Ss to 4d'. The remain-
ing terms were found by the usual method of frequency differences.

TABLE I. Terrrs Table for Pd II.

No. Term

1 —25081.
2 —21542.

3
4
5
6
7
8
9

10
11
12
13
14
1S
16
17

0.0
2013.3
3846.0
4864. 6
7196.9
9341.0

11200.5
12284.0
13421.4
14490. 1
16117.3
18566.8
18858.8
19424.7
19532.9

18 40166.0
19 42218.0
20 42881.2
21 43530.5
22 44529. 2
23 44797.4
24 45038.8
25 45988.5
26 46097.9
27 46163.7
28 47204. 0
29 47267.0
30 47651.6
31- 48031.4
32 48246. 5
33 49237.7
34 50017.0
35 50672.6

Desig.

4d2Ds I

4d2Ds ]
Ss4ps-
Ss4F4—
Sssps-
Ss4F2—
Ss2P4 —,
Ss2ps -l
5~4Ps-
SssP2—
524Pg-
Ss2D2-l
Ss2Ds -l
Ss2P2 -(
Ss2PI -l
Ss2Gs -t
Ss2G4 -l

ap4Ds-
ap'Gs
ap4Ds-
apsGs
ap'G4
apsps
ap4D2-
ap'Gs
apsDj;
ap4F4
ap2Gs-
ap4ps
ap'Ds

psps
aP2P4
ap2Gs-
ap2D2
aP2Ps

g
Obs. Landd

1.33 1.33
1.24 1.24
1.03 1.03
.40 .40

1.20 1.14
1.10 .86
1.36 1.60
1.47. 1.73
2.73 2.67
1.20 .80
1.30 1.20
1.25 1.33
.69 .67

1.11 1.11
.89 .89

1.43 1,43
1.17 1.17
1.37 1.37
1.27 1.27
.97 .97

1.33 1.33
1.20 1.20
.66 .57
.00 .00

1.18 1.24
1.11 1.11
.68 .40

1.05 1.20
1.04 1.03
1.14 1.14
.89 .89
.86 .80

1.16 .86

No. Term

36 51673.5
37 51686.4
38 51726.4
39 53684.3
40 54531.4
41 54627.0
42 55875. 1
43 56476.2
44 56724.0
45 56976.0
46 57252. 7
47 57369.0
48 57975.3
49 58708.7
50 58721.5
51 59291.8
52 59989.7
53 60070.0
54 60511.9
55 60962. 1
56 61198.6
57 62039.4
58 62957. 1
59 64601.5
60 64901.4

61 79532.8
62 80224. 6
63 83062.9
64 83064.3
65 84246. 5
66 84845.6
67 85122.2
68 85804.0
69 86007.5
70 87791.7
71 89856.5
72 97621.8

Desig.

bp4Ps
bp4Ps
bp4Pt
cp'Fs-
cp2P
cp2F4-
cp'Ps
cp'Ds-

, bp4Dt
cp2Ds-,
bp4D2
bp4Ds
bp4D4
kp2Hs-
ep2Ds
eP2D2
ep2St
ep2Ps
kp2Ils-
kp2F4-
bp4S,
kp2Fs-
eP2Pq
kp2G4f
kp2Gs J

6s4ps-
6ssps—
6s2ps
6s4ps-
6s4Ps—
6s2ps
5d4Ds-1
Sd4ps
Sd4ps
Sd4Gs-]
6s4Ps f
622Gs I

t

I

g
Obs. Lande

1.33 1.73
1.36 1.60
2.25 2. 67
1.10 .86
1.16 .67
1.26 1.14
1.16 1.33
1.26 .80
.07 .00

1.25 1 ' 20
1.22 1.20
1.30 1.37
1.29 1.43
.91 .91

1.20 1.20.80 .80
1:88 2.00
1.50 1.33
1.09 1.09
1.14 1.14
2.00 2.00
.86 .86
.70 .67
.89 .89

1.11 1.11

cp2P
2D
2P
ep2P
2D
kp'F
2G
2l'I

6ssp
2P

—1343.7—499.8—942.7
2887. 1
569.8

1077.3—299.9—1803.2

691.8; 2839.7; 1182.2
1782.7

Ionization Potential
4d2 to 4ds =19.8 Volts
4dsSs to 4ds =16.7 Volts

Intervals

4d2D 3539.
Ss4F 2013.3; 1832.7; 1018.6
2F 2144.1
4P 1083.5; 1137.4.
2D -1627.2
2P 292.0
'G 108.2
aPsD 2715.2; 2157.6; 1059.1
sp 1366.3; 1867.7; —764.4
4G —1312.5; 2311.2; 1459.3
'D 2365.4
2P 2426. 1
2G 2033.7

bp4P -12.9; 52.9
4D —606.3; -116.3; —528.7

Terms

Ss
j=4
j:-3j:2j=1

3.33
4.79
4.32
3.42

3.27
4.69
4.26
3.34

g-sulIls
Obs. Lande Terms

ap
j=4
j=3
j:-2j=i

5.61
5.28
2.74
.00

5.67
5.03
2.40
.00

g-sums
Obs. Lande Terms

bp, cp
ep, kpj='4
j:-3j=2j 1

4.58
7.07
9.27
6.01

4.60
7.09
9.19
6.06

g-sums
Obs. Landd

' W. F. Me@gers and Otto Laporte, Phys. Rev. 282 642 (1926).
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The main criterion used in determining the nature of the terms was in-
tensities, the large scale on which these were estimated by Dr. Meggers being
particularly useful. In addition, however, Zeeman effects of the majority of
the sharp lines were measured. They are discussed below.

In Table I are given the term values, taking the low term Ss4F5 as zero.
The lower term 4d'D& has not been taken as zero because of the fact that its

TABLE II. Intensities in principle rnultiplets.

5s4FS 4F 4F 4F2 2F

ap4D4
4D
4D
4D

4F~
4F
'F3
4F

4G
4G
4G4
4G

2D3
2D

'F4
2F

2G
'G.

300

100R
10

200R
75

10

15

150

30
40
20

250
50
10

50
15

50
7

20
100

50
30
10

100
60

25
10

20
3

30

10
75

10
40

100

30
30

30
8

150
150
80 '

200
10
30

100

100
20

200
20

25
50

30
40
70

30
20

1
60

100
75

150

value is based on the less accurately determined wave-lengths around X1300.
The intensities in the principal multiplets are shown in Table II. It will be
seen that the intensity rules are reasonably satisfied, with the exceptions (1.)
the entire absence of the line Ss F4—ap D4, theoretically of intensity at least
20, and (2.) the rather large intensity of Ss'Ji3 ap4Ji4. The term —which has been
taken as ap'F4 might have been interchanged with ap'F4 but for the fact
that the combinations with 6s4F settle the multiplicities unambiguously.

It will be noticed in Table I that the interval rule is not even approxi-
mately true in this spectrum. But it is very surprising that the term ap'F&
is lower than ap4F3. As far as intensities are concerned there is no choice
between ap'F2 and ap'D2, but the intervals would be more anomalous if
they were interchanged and in addition their Zeeman g's would be less in

agreement with the Lande values.

ZEEMAN EFFECTS

The Zeeman patterns of the great majority of the sharp lines have been
measured on plates taken with an Hilger E. 1 spectrograph. The magnetic
held was about 34000 gauss and the times of exposure always less than an
hour. Naturally, with such a spectrograph only wide patterns appear re-
solved, the remainder appearing as triplets, or as doublets in each polarization.
The resolved patterns are given in Table III together with a few essential
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unresolved triplets, but it has been considered unnecessary to reproduce the
very large number of unresolved effects measured. The resolved patterns
have made it possible to calculate some of the g-values with reasonable
accuracy and such values are in italics in the term table. The remainder
of the g-va1ues were determined from the unresolved patterns by choosing

TABLE III. Resolved Zeeman patterns of Pd II.

Z. E. Pattern
Approximate

R~ Ru Remarks

1. 2488.41 5s»F2 —ap»D2

2. 2424 .49 5s» F~—ap»Dj

3. 2336.43 Ss»F2 —ap'D3

4. 2315.87 Ss»F& —aP»F3

5. 2282 .11 5s»F3 —ap'D3

6, 2262. 52 Ss»Fa —ap»F3

7. 2534.37 5s»P2 —bp»Py

8. 2731.80 ss»P& —ap'D~

9. 2613,42 ss»Pi —bp»Pg

10. 2431.78 ss'Pg —cP'P&

11. 2354.76 Ss»P& —cp'P2

12. 232 1, .91 5s»Pj —cp'D~

13. 2308.60 5s»Pi —bP»Di

14. 2280. 79 ss»Pi —bp'D2

15, 2637.08 Ss'Pg —cp'Dg

16. 2602. 76 Ss'P~ —cp'D3

17. 2413.37 5s'P~ —ep'S~

18. 2430.53 Ss2Pq —ep~Sj,

19. 2425 .78 ss'P~ —ep'Pg

20. 2266.96 Ss'P& —ep'P&

21. 2433.11 Ss'Gg —kp'H6

22. 2218.15 5s'G» —kp'G»

2330 05 Ss Ss Px ~

0 (—1.ZO) 0 .86k 1.63
C (—1.20) 0 .80 1.60
0 (0) .56
c (.2o) .2o, .6o
0 (—.96)———Z. OO

C (—. 96)———z.oo
0 (—.93)———1.99
C (—. 93)———1.99
0 (0) 1.06
C (0) 1.06
0 (0) 1.03
C (0) 1.03
0 (.39) 1.07 1.86
C (.39) 1.0$ 1.86
0 (.93) 0
C (.93) .07 1.79
0 (.65) .68
C (.68) .68 2.04
0 (.80) 1.96
C (.80) 1.96
0 (.78) .39 1.97
C (.78) .3h' 1.94
0 (.7S) .50 2.O1
c (.7s) .si 2.oi
0 (1.34) 1.41
C (1.34) 1.41
0 (.74) .47 1.96
c (.74) .48 1,96
0 (0) 1-, 25
c (o) 12s
0 (0) 1.24
C (O) 1.24
0 (.3O) .95—
C (.30} .95 1.55
0 (.62) 1.28
C (.62) 1.28
0 (.39) 1.14 1.89
C (.39) 1.11 1.89
0 (o) .7o
C (0) .70
0 (0) 1.07
C (0) 1,05 (Blend)
0 (0) .93
C (0) .89
0 (.70) 1.36
C (.67} '1.33

.40 1.20 Resolved
completely

.40 0.0

.40 1.04

.44 1.06

1.06 1.06

1.03 1.03

1.47 2.25

Resolved
completely
Resolved
completely

.86

2.76 1.16

2.76 1.26

2.75 .07

2.70 1.22

1.2S 1.25

1.24 1.24

1.25 1.85

.66 1.90

.72 1.50

.70 .70 Very faint

1.11 1.09

.89 .89

2.00 .67 Unplaced
line

2.63 1.33 Very faint
pattern

2.76 1,16 Very faint
pattern

such values as would fit all the combinations of a given term most closely.
The resulting g's are, of course, inaccurate; but, in cases where a large
number of combinations occur they should not be in error by more than 5
percent. The pattern of every line measured is consistent with the G's

calculated.
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An examination of the g's given in the term table shows at once how far
from regular this spectrum is. Amongst the low terms, Ss'F3 and Ss'D~

have exceptionally high values, whereas Ss483 and Ss4I'2 have very low ones.
The outstanding features in the ap triad are the very high g-values for ap4F..and
cp'F~. Kith the term table there is also given a comparison af the sums of
the observed g's with the g-sums obtained from Lande's values. The agree-
ment is excellent except in two cases in the cp triad.

The triads associated with the low Ss4P, 'I', 'D, 'G are all overlapping in
the region of terms between 51000 and 65000. By considering the intensities
and the Zeeman effects for this group of terms, it is possible to assign desig-
nations to all of them with considerable certainty. They then fall naturally
into groups which, from the fact that they combine most strongly with one or
another of the low terms, evidently belong together. Table IV shows this
gfou ping.

TABLE IV. Origin of Terms of Pd II.
Pd III

Con fig. Term

All

Added
Electron Theoretical

Terms
Empirical

Ss
5p
6s
5d

6s

5s
Sp
6s

4@2F
4&2D, F, G
4R2F
4@'P, D, F, G., H.

4R2P
k2S, P, D.

2S
2P

2D
'P, D, F
2G
'F, G, H.
2G

Ss4@2F
gp4&2D, F, G
6s'&'F
Sci4D, F, G, (PartSOf)

Ss4@2P
bp4S, P, D.
ep2S, P, D.
6s4P 2

Possibly
present

5s'D
cp2P, D, F.

Ss'G.
kP2F, G, H.
6s2Ge

The extreme irregularity of the intervals and g's should be noted. bp I'
is very narrow and bp4D is completely inverted; the kp group contains both
positive and negative intervals.

THE Lour ~D TERM

The lowest term of Pd II should theoretically be the 'D arising from the
structure 4d'. Since this term is now known in Ni II' a prediction of its
position in Pd II can be made from the relative change in the equivalent
'5(d") between the spectra Cu II' and Ag II/ The prediction places the
'D term about 25500 below Ss'I'5, which would bring its strong combinations
with the ap triad about 'A1400. The term is actually found to have the
values —25081(j=3) and —21542(j=2) and gives 51 lines in combination

I A. G. Shenstone, Phys. Rev. 31, 317 (1928).
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with the terms of the structure 4d'5p. This 4d'D term was found by Mr. H. E.
White, of Cornell University, from his own measurements and the values
of the 5p-terms found by the author. The term combines indiscriminately
with quartet and doublet terms as is the case also in Rh I.' The strongest
lines are produced in combination with op'D, the ap'Jl lines being un-
expectedly weak.

In a recent letter to "Nature"' the author has pointed out that there are
three complete series members of the 'D'D(d's) series of Pd I. The third
member of this series includes McLennan and Smith's term u'G4 as 'D3,
the remainder being their 3'D k 'D with the 'D2 and 'D2 interchanged. The
series of 'D3 and 'Di terms have as limits the O'D3 8r O'D2 terms of Pd II.
As in all other series of this type, the separation 'D3 —'D& is practically con-
stant and equal to 'D3 —'02. The term differences in the present case are
as follows:

1st member ('D2 —'D&) = 3529.9
2nd member ('D, —'D, ) =3532.1
3rd member ('D2 —'D~) = 3538.7
Limit Pd II ('D3 —'Dg) =3539

MIssING TERMs

Table I includes all the terms predicted by the Hund theory for the
assumed structu'res, with the following exceptions: (1) a 'S~ from 4d'5s, and
(2) the 'P(4d'5P) which forms the whole triad connected with that 'S. There
are just five lines of Class 1 which remain unaccounted for by the terms of
Table I. Of these lines X2430.05 (2) has the Zeeman pattern characteristic
of 'S& 'Pq and X2322.5—9 (5) a pattern which could be that of 'S& 'I'&. All-
attempts to connect these lines with the rest of the spectrum have failed
because of th'e paucity of combinatiops. It should be noted that neither
the terms in question, nor the 'S(d') on which they are built, have been
identified in any spectrum, as far as the author is aware.

DIFFUSE LINES

The spectrum contains a very large number of diFfuse lines which must
be produced by combinations of the middle terms with high terms from
the structures Od'6s and Od'5d. All the most intense are accounted for by
the former structure which gives the terms 6s'@'F. Some search has been
made for other high terms and a few are given in the term table as identiFied.

Undoubtedly, a great many more could be found, but the inaccuracy of the
measurements of the diAuse lines is so great that it is frequently difFicult to
be sure of the reality of a term.

In Table V are given all the identified lines of the spectrum. The five
unidentified lines, mentioned above, have also been included.

6 L. A. Sommer, Zeits. f. Physik 45, 147 (1927).
' A. G, Shenstone, Nature 121, 619 (1928'l.
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TABLE V. Classaf/, ed lines of the palladzgm spark spectrz/m.

Auth. Int.

4156.95
3999.46
3982.25
3818.70
3778.83
3738.84
3735.36
3670.12
3598.72
3555.33
3507.95
3468.57
3451.37
3382.90
3353.36
3346.7?
3327.23
3272.56
3267.36
3243. 13
3210.43
3209.42
3178.77
3173.88
3170.26
3162.86

61.95
55.59
35.78
32.49
11.53
09.16

3105.33
3086.53

69.2

59.43
55, 3
52. 14
50.06
46.49
41,66
32.20
19.63
1S.47

E
E

P
E
P
K
p
K
E
K
P
E
E
E
K
E
K
E
E
p
p
E

E
F
E
E
S
P
p
E
E
S
p

E
P
E
E
E
E
P
p
P

1
1
1
1
1
6
1
1
1
1
7A
8A

20A
1
4A
2A

ioA
10A
3oA
25A
ioA

2A
SA
2A

2oA
4A

25A
15A
loua
10A
2A
7A
Sua
3u
3US

25A
ioua
20A
10A

2A
8A

30A
7A
SA

24049. 3
24996.3
25104.4
26179.5
26455. 7
26738.7
26763.6
27239.3
27779.8
28118.8
28498.6
28822. 1
28965.7
29552.0
29812.3
29871.0
30046.4
30548.3
30597.0
30825.5
31139,5
31149.3
31449.6
31498.1
31534.1
31607.8
31616.9
31680.7
31880.8
31914.3
32129.2
32153.6
32193.4
32389.5
32572.3

32676.3
32720. 5
32754.4
32776. 7
32815.1
32867.2
32969.8
33107.0
33119.8

15.06
3013.90
2999.$5

80.63

S
S

E

E
S
E
E
F
E
E
K
E
E
F
E
p
E
E
E
E
E
E
E
E
E
E
E
E
P
E
E
E
E
E
E

. E
P
P
E

2956.48
SS.S3
54. 37
53.78
49.09
35,01
27.25
25.41

2920.6
2893.09

78.01
71.37
70.4
59.29
S7.70
54.59
53.64
46. 74
41.02
39.89
37.64
29.2
23. 1
21.91
13.98
11,$9
0'l, 59
02.46
01.54

2800. 64
2796.62

87.92
79.69
76.85
71.88
:42.57

SA
2ua

15A
2A
3A

20ua
SA

10ua
Sua

10A
looua
looua

luce
SA

20A
200A

loua
10A
30A
20A
20ua
Sua

ioua
30ua
10A
3A

Soua
10A
8A

Soua
3A

iooua
SA

150ua
5A

25A

33814.2
33825.0
33838.3
33845. 1
33898.9
34061.5
34151.8
34173.3
34229. 5
34555.0
34736. 1
34816.4
34828. 2
34963.5
34982.9
35021.0
35032.7
35117.6
35188.3
35202.3
35230.2
35335.3
35411.7
35426. 6
35526.4
35556.6
35607.3
35672.4
35684.2
35695.6
35746.9
35858.5
35964.6
36001.4
36066.0
36451.4

Sua 33157.2
Sua 33170.0

40A 33328.7
SOA 33540.2

Combination

5sgDg —aPaDa
5s'Ga -apaGa
Ssggg —aPaGa
SsgPa —apaDg
5sgGa —apaGg
Ssgge —apaFa
5sgDg —apaDg
SsgPg —apaDg
Ssgga —apgga
5s'Ga —apgDg
SsgGa —aPaF g

Ssgga —apgFa
5saPg —apaDa
aPgFg —6saFa
5sgga —apgGa
5sgDg —apaGg
5sgDg —apaPa
5s'Dg —ap'Dg
SsaPg —aPaDg
SsgFg —apaDa
SsgGa-apgFg
5sgDg —apaFg
5sgPg —ap'Dg
5s'Dg —apagg
5 sgDg —apgDg
5s'Dg —apaDg
Ssapi -apaDg
5s'Pg —apaDg

bPa Da -6s'Pg
5sgDg —apaFg
5s'Dg —ap'Fa
5s'Ga —bpaPg
apaFg —6saFa
apgPg —6sgFa

faPgDg —6saFa
ibpapg —6saFg

5saPg —apaDa
kp'ga —6sgga
5saPg -aPaDg
5sgDg —aPaFg
Ss'Pg-bpaPg
Ssgpi —bPapi
5sgFa —aPaDa
5s'Pg —bp'Pg

(
SsgDg —apgga
SsgPg —bPaPg
bPaPg -6sgFg ?
bpaPg -6sgF g ?
SsaPg —aP'Ga

5s'Fg —apaDg
SsgDg -aPaFg
5sapg —aPaDi
apgGa —6sgFa
5saPg —aPaDg
5$4Pi —aPaFg
SsgDg —apgDg
apaFa —6saPa
5sgga —cpgFg
apgFg —6sgFg
ap'Dg —6saPg
$$2Dg apgPg
apaFg —6saFg
a p'Fa —6sgFa
apgDg —6sgFg
Ss'Pg —aPaFa
5saPg —apaFg
5sgFa —apaga

apaFg —6saFg
5s'Pg —cp'F g

5sgF g
—aP'Ga

Ssggs —cpgFa
cPgFa —6saPg
aPgFg —SdaFa
apgDg -6sgFa
aP4Fg -6saFa
SsgDg —apgDg
5sgDg —bPaPg
apgGa -6sgPg
Ssgpa —cpgpi
5sgFa —aPaDg

apaGa -6saFa
SsaPg-apaFg
apgga -6sgFa
5sgPg-cPgPa
apaGa-6saFg
5saPg-aPaFg
5saPg -aPgDg

2731.80
27.82
26.92
14.89

Auth

E
P
E
E

96.4
93.9
88.53
87.65
84.77
79.59
79.10
77.86
77.05
69.95
61.15
60.3
58.75
57.SS
49.48
42, 20
40. 18
37.08
35.92
32.45
30.30
29.00
28. 24
20.56
19.07
18.22
13.42
13.15
09, 85
09.49
06, 36
03.82

2602, 76
2595.98

94.3
93.24

84. 13
83.84
77.08
76.39
75.46
'/2. 7
69.56
65.51
61.02
51.84
51.01
50.64
44. 82
39.44
37.94
37.13
34.57
32.66
21.86
21.49
14.47
09.11

2505. 73
2498.81

96.72
89.61
88.92
88.41

/9. 11
77.02
72.S5
71.18
'70. 06
69 ~ 29
57.76
57.29
54. 75
48. 15
46.72
46.17
37.89

E
p
E

E

E
P
E
p
E
E
p

P
E
E

E
E
P
p
E
p
p
E
S
E
M
E

E
E
E
E

E
E
E
E
E
E
p
E
E
E
E
E
E
E
E
E
E

E
E
E
E
P
E
E
E
E

E
E
F

E
E

p

E
p
p
p
E

14.30 E
09. 1S E

2703.37
' E

2698.53 E

Int

15A
2oA
Sua

3oA
15A
15ua
Sua

25A
Sua

10ua
2oA
2oA

SA
12A
Sua

10A
Sua
1

10A
lu

150A
25A
20A
12A
SA

15A
70A

2U
20ua

Sua
50A

2uR
4ua
2UR

20A
4ua
8A
1
2UR
1A

35A
40A
loua
60A

lu
SA

40A
30A
15A
10A

1ua
100A
150A

20A
150A

SA
40A
2$A
Soua

8A
10A
SOA
1A
4ua
2U

SQA
ioua

150A
200A

4oA
75A

300A
10A

250A
20ua
15A
SQA

100A
SOA

150A
60A

iooA
30A
SOA
7SA

150A
ioua

36595. 1
36647.4
36660.6
36823.0
36831.0
36901.0
36979.8
37046.2
37075.S
37109.9
371S4.0
37196.2
37236. 1
37308. 1
37314.9
37332.2
37343.5
37442.8
37566. 6
37578.6
37600.5
37617.0
37732.0
37836.0
37865.0
379Q9.5
37926. 1
37976. 1
38007.2
38026.0
38037.0
38148.4
38170.1
38182.5
38252.6
38256.5
38305.0
38310.9
38356.2
38393.7
38409.3
38509.6
38534.3
38550.3
38602.9
38686.2
38690.5
38792.0
38802.4
38816.4
38858.0
38905.5
38966.9
39035.2
39175.7
39188.4
39194.1
39283.7
39367.0
3939Q.2
39403.8
39442.6
39472.3
39641.3
39647.2
39757.8
39842. 8
39896.5
40007.0
40040. 5
40154.8
40166.0
40174.2
40204. 7
40324.9
40358.9
40431.9
40454. 3
40472. 6
40485, 2
40675. 1
40682.9
40/25. 0
40834. 7
40858. 7
40867.8
41006,6

Combina, tion

5saPa —aP'Dg
5sgFg —aPaGg

kpgFa —6sgga
SsgFg -apaFa
5saPa —apaFg
apaFa —6saFg
apaFg -6saFg
Ssapg —aPgPa

.ap'Gg -6saFg
k pgHa —6sggg
5s'Dg —bpaPg
Ss'Dg-bPaPg
5sgDg -bpapi
5sgPg —cpgpg
apaga —6s'Fa.
SsgFa —aPaGa

aP4Dg —6saFa
5s'Ga —cP'Dg
S,gDg cpgFg
apaF g

—6sgF g

5$gFa aPaPg
5$2Pa —cpgD
5saPg —ap'Dg
5s'Ga —bPaDg
5sgPg —bpaDa
5s'Pg —cpgDg
5$2Fg aPaFg
apaFg —5daFa
aPaga —6saFa
apaDg-6saFg
5sapg —aPgGa
aPaDa —6saFg
bpaPg —6saPg
bpaPg —6saPg
5sap' —bP'Pg
aPaGg —6saFg
5saPg —bP4Pg
SsgFg —apgDs

apgDg —5d'Fa
Ssgpi —bpaDg
SsgPg —cpgDg
5sgDg —cpgFa
ap'Ga —6saFg
Ssgga -bpaDa
aPgga —5daPg
5sgPg —bpaDg
SsgFg-apaFg
5sgFa —apaGg
Ssgpg —bpaDg
SsaPg —ap'Dg
aPaGg —6sgFg
Ss'Fg —'apgFa
5sgFa —aPaFa
5saFg —apaDg
Ssgga —kpgHg
5s'Ga —ep'Dg
SsgDg —cpgFg
SsgGg —kpgHa

apaDa -6$4Pa
5saPg —bpaPg
SsaPg —bpaPg
5saPg-b papa
5saPg —apgF g

aPaFa —SdaFa
bpaDa-6sggg
SsgDg -cp'Pg
aP'Fa —5daFa
5$2Fg —apgga
5$2Pa apggg
SsgDg-cpgp&
Ss'Pg —ep'Dg
5saPg —aPaDa
5saFg —aP4Dg
SsaFa —aPaGg
aPaFa-SdaDa
5$gDg —cpgDg
5sgpg —epgDg.
SsgFa —apgDg
SsaPg-bp'Pg
5sapg —bpaPg
5sgFg —apgDg
5saFg —aPaGa
5sgPg -epgDg
5sgFa-aPaFg
SsgDg —cp'Dg
5saFa-apaDg

aPaFa —SdaFg
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TABLE V. (Continued)

Auth. Int. Combination Auth. Int. Combination

2435.32
33.11
31.78
30.94
30.53
30.27
30,05
26.87
25.78
24.49
23.42
22.09
18.72
16.67
15.62
14.73
13.37
10.15
08.71
06.75
01.47
88.29
81.99
81.02
77.90
72. 16
67.92
67.00
66.27
64.79
62.31
61.47
61.14
57.61
$4.76
52.99
51.8$
51.32
47.52
47.26
46.46
44.95
37.75
36.59
36.43
31.41
30.0
25.2

22, 59
21.91
18.07
15.87
08.60
0.2.35

2302.02
2299.58

99.43
96.53
93.71
93.35
82.98
82. 11
80.79
74.47
73.34
66.96
64.33
62. 52
62. 15
60. 13
54.45
52.04
51.51
49.52
47.00
37.72
36.84
31.59
29.22
23.75
23.06
18.15
17.53
17.32
14.03
12.15

E
E
E
E
E
E
K
K
E
K
E
F
E
E
E
E
F
K
E
E
E
K

100A
100A

3A
100A

10A
2A
2A

100A
10A
7sA

2A
2UR

7sA
6uR

1$A
60A
10A
SuR

20A
40A
30uR
SOA

S 1A Fe?
E 1A
E
E
K

E
E

E
E
E
E
E
K
E

E
E
E
E
K
E
F
E

20A
60A
75A

2A
2A
3UR

soA
4A
2A

40A
8A
1A

2$A
SOA

SA
8uR
7A
3A

15A
30A
30A
30A

3UR
3uR

41049.9
41087.2
41109.7
41123.9
41130.8
41135.2
41139.2
41192.8
41211,3
41233.3
41251.5
41274. 1
41331.6
41366.V

41384.7
41399.9
41423.2
414V8.6
41503.4
41537, 2
41628.5
41858.2
41968.9
41986.0
42041. 1
42142.8
42218. 2
42234. 7
42247. 7
42274. 1
42318.5
42333.6
42339.5
42402. 9
42454. 2
42487. 1
42506. 7
42516.3
42585, 2
42589. 8
42604. 3
42631.8
42763, 0
42784. 3
42787. 2
42879. 3
42905.3
42993.8

E
K
K
E
E
E
E
E
F
K
E
E
F
E
K
K
E
E
E
K
E
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

SA 43042. 1
8A 43054. 7
2uR 43126. 1

10A 43167.0
iOA 43302.9
10A 43420. 5
40A 43426. 7

5A 43472. 7
20A 434.75.6

200RA 43530.5
SuR 43584.0
8A 43590.9
3u 43788.9

25A 43805.$
15A 43830.9
8A 43952. 7

10A 43974, 5
8A 44098.3

40A 44149.5
30A 44184.8
15A 44192.0
SA 44231.5
3A 44343.0

20A 44390, 4
20A 44400. 8

3A 44440. 0
1A 44489. 9
SA . 44674. 5
3A 44692. 1

100RA 44797. 2
25A 44844. 8
2$uR 44955. 1

3A 44968.9
30A 45068.6
15A 45081.2
10A 45085.4
30A 45152.3
50A 45190.8

5saF4-a paF,
5saGs —kpgHe
5s4P4 —cp'Pr
Ss4Fa —ap'Gs
SS2P4 —epaS4
SsaDs —bp4Da
Ss'Sr —'Pr ?
Ss4Fa —ap'Dg
SS2P4—epgPa
SsaFa —ap'Dr
5saDs —bp4Ds
ap4G4 —sd4F4
SsaPg —apaFs

ap4Ds —6s&Fs ?
SsaDa-cpaPa
SsaPa-cp'Fs
SsaPg —eP2S)
aP4G4-SdaF4
5saPa -eP2Pa
SsaGs —kp'Fa
ap4F4 —SdaGs
5saDs —bpaD4

unidentified
5saDa —cpaD.
SsaF4 —apaG4
5S4Ps-aP4Gs
5s4Fs —aP4Gs
SsaDa —bpsD4
SsaPa-CP2P4
apgGs-Sd4Fs
ssaFs —aPaF4

. unidentified
SsaP4-b04Ss
5s4Fa —ap4F a

5saP4 —cpaPa
5sgDs-cpaDs
SsaG4 —kpaFs
Ss4F4 —apaG4
unidentified
ap'Pa —6s4Ps ?
5S2Dg —epaDs
5s2Pa —bp4Sa
SsaDs —bp'Da
SsaF4 —ap4Fs
ss4Fa —apaDs
5S2Da —b p4Ds
apgGs-Sd4D4

fapgF 4
—SdaG4

JCpaF4 -6S2Gs
unidentified
5s4P4 —cpaDa
ap'Ds —Sd4F4
5saFa -ap4F s
SsaPy-bp4D4
5s4Fs —ap4Fa
5s4Ps —cpaF4
5saPg —kP2F s
Ss'P4 —apaFs
SS4Fs —ap4Gs
apaG4

—Sd4Fs
5s4P.—cpaPa
ap4Gs —Sd4F4
5SaFs —aP2Ds
ss4P4-bp4Da
5saDs —epaPa
ss'F4 —aPaGs
SsaP4-epaP4
5s4F4-ap4F4
Ss4Fs —ap4Fs
5s4Pa —cp'Da
5saDa —epaDs
5s'Fs —cpgF s

5saPa —epaP4
Ss4Fs —apaP4
5s4Pa —bp4D4
5s'F4-bp4Ps
Ss'Ps —cpgPa
5s4Pa —cpaDs
SsaF 4—ap4F4
Ss'Ds —kpgP4

apaD4 5daD,
Ss4Pa —bp4Da
Ss'G4 —kpaG4 ?
Ss'Ds —bp4Sa
Ss4Pa-bp4Dg
ss4F 2 —apaDa
5S4F4 —apaGs

2207. 97
07.47
03.48

2202. 36
2198.24

97.14
94.56
93.27
90.53
82.35
80.80
79.41
76.91
72.38
70.76
65.50
65.30
65.20
62.27
52. 76
48.27
46.69
41.36
40.26
37.26
35.64
35.07
34.85
33.25
26.64
20.85
17.80
16.88
07.69
03.67

2102.43
2098.64

95.54
92.39
92.01
90.17
89.61
86.50
81.43
72.05
62.60
55.$1
54.46
45.62
43.79
08.21
) (VRC.)

2000.07
1971.27
1552.19
1532.81
1480.78

78.42
71.34
53.25
45.20
37.29
36.53
26. 10
07.06

1403.59
1397.46

84. '/9
82.23
74.92
67.76
65.80
65.58
64.81
63.76
15.57
41.61
?9.34
'?0.05
14.61
02.85

1302.66
1281.79

73.60
69.62
67, 27
$4.59

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

S
S
W
W
W
W
W

W

W

W

W
W
W
W
W
W

W
W
W
W
W
W

W
W
W

0
25A
10A
30A
3OA

2A
3u
3A

10uR
SOA

Ou
SA

ZSR
20A

1
10A
sA

10A.
50A
30A
1$A
3A
SA

zOA
20A

8A
10A
3A
0

10A
1A?
SA
7A
3A

10A
10A
sA
5A

15A
15A
8A

10A
12A
10A
10A
3A
1A

15A
10A
8A
8A

8A
0?
3
6?
1?
1
5

10
5

30
3
3?
5

25
15
3
3

50
25
25
15

1
20
2S

5
5

35
5
7

1
10
10
10
20

45276. 2
45286. 1
45368.5
45391.7
45476. 7
45499.5
45573. 7
45579. 7
45636. 7
45807. 8
45840. 3
45869.6
45922. 2
46018.0
46052. 3
46163.0
46168.4
46170.7
46233. 1
46437.3
46534.4
46568.3
46648. 6
46708. 4
46774. 6
46809.6
46822. 1
46826. 9
46862. 0
47007. 5
47135.9
47203.9
47224. 4
47430. 2
47520. 8
47548. 8
4'/634. 7
47705. 2
47776.9
47785. 7
47827. 7
47840. 6
47911.9
48028. 6
48245. 9
48467. 0
48634.0
48659.0
48869.2
48913.0
49779.4

49998.3
50728.8
64425
65240
67532
67640
67965
68811
69195
69575
69612
70121
71070
71246
71558
72213
72347
72732
73112
73217
73229
73270
73327
74318
75097
75225
75754
"/6068
76755
76766
78017
78518
78764
78910
79707

5S4Ps —CpaDa
5saFs —cpgF4
5s'G4 —kpaGr,
Ss4Fs —apaG4
SS2Gs —kpaGe
5saD„—epaS4
ap4Ga —Sd4Gs
5saD. —epaPa
ap4D4 —Sd4Fs
5s4Fa —apaFs

ap4D4 —Sd4P4
5s4Pg -epaDa
5saDs-kpaFs?
5s4F4 —ap4Fs
5s4Ps —bp4Da
Ss4F4-ap4F4
5s4Ps —bp" Ds
5s4Fs —ap'Da
Ss4F4 —aP'F4
5s4Pa —eP'Ds
ssaFs —cp'P:
Ss4P& —ep2S4
5S4P4 —epaPa
5saDa —bp4S a

5s4Ps —bp4D4
5s4Fa —bP4Pa
5s4Pa —bp4Ps
5s4Fs —apaFs
Ss4Fa —bp4Pr
5s4Pa —eP2D2
5s2Ps cp2Da
Ss4Ps —apaGs
5s4F4 —ap'G4
5saF4 —cp'F4
5S'Ps —epaDs
SsaDa —kpaFs
ssaFs —cpaDs
Ss4Pg -epaS4
Ss4Pr —bpaSa
5s4Pa —ep'Pa
5s4Fs —bp4Pa
5s4F s —bpaP s
SsaFs-bp4Da
5saPs —bp4Ds
Ss4Fe —apaF4
5S2Da —epaP4
SsaFs —bp4D4
Ss'F —apaFs
SsgPs —epaPa
5s4Pa -bp'Sa
5s2P4 —cpaDs

SsaPs —bp4Sa
SS2Ps-eP2Ps

4d'Da —ap4Ds
4daDs —ap4D4
4daDa —ap4Gg
4daDa —apaD4
4daDs —ap4Ds
4daDa —ap4Fa
4daDa —apaDs
4daDa —ap4Fs
4d'Ds —ap4G4
4d'Dg —ap4Da
4d 2Ds —aP4Gs
4d'Ds —ap4F4
4dgDa —apaDa
4dgDs —aP2F s

4d'Ds —ap'F a

4daDs —apaDs
4daDs —ap4Fs
4daDa-bp4P,
4d'Da —b p4Ps
4daDa —bp4P4
4daDs —apaP4
4daDs —ap'G4
4d'Ds —ap'Da
4dgD2 —cP2F s

4d'Ds —ap'P s
4d2Da —cpapr
4daDs —bp4Pa
4d'Ds —bp4Ps
4d'Ds —cP'Da
4daDa —CpgDs
4daDs-cpgFs
4d'Da —bp4Dg
4d 2D4 —cpaF &
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TABLE V. (Continued)

1245.92
37.12
35.23
26.54
26. 19
25.33
18.66
14.58
12.88

Auth. Int. v

W 5 80262
15 80833

W 15 80957
W 5 81530
W 1 81553
W 10 81611
W 15 82057
W 10 82333
W 3 82448

Combination

4d'Ds —ep'Ds
4d'Ds —epsDs
4d'Ds —cp'Ps
4d'Ds —epsSt
4dsDs —cPsDs
4dsDs —epsPs
4d'Ds —cPsDs
4dsDs —bP4Ds
4dsDs —bP4Ds

1208.68
04.00

1196.43
85.27
83.45
74. 37
62. 20
59.05

1115.16

Auth. Int. v

W Sd 82735
W 30 83057
W 10 83582
W 1 84369
W 20 84499
W 20 85152
W 15 86044

10 89278
W 1 89673

Combination

4d'Ds —bp4Ss
4d'Ds —bp4D4
4d'Ds —kpsI's
4dsDs —eP'Ds
4d Ds —ep Pr
4d2Ds epsps
4d~Ds —ppsp4
4d'Ds —bp4Ss
4dsDs-kp'G4 P

E. Exner and Haschek.
S. Author.
W. Communication from H. E.White.
M. Communication from W. F.Meggers.

R. Reversed.
u. Diffuse
A. Relatively strong in the arc.
a. Relatively weak in the arc, but present.

LIMITS AND IONIZATION POTENTIAL

The identification of the 6s4"'F terms allows an approximate calculation
of the series limits to be made. Theoretically, the limits should coincide in

pairs 'F5, 'F4, 'F4, 'FB, 'FB, 'F2. There is', however, no indication of such a
grouping in the calculated limits which are as follows:

Limit 4F5 135524 Limit 4F2 140185
4F4 135765 2F4 137713
4FB 139006 'FB 139329

It seems more probable that the 'Fs and 'F4, instead of 'F4, limits coincide.
This is another indication that the Hund theory of limits yields erroneous
results for spectra of which the nature is determined by nearly completed
electron groups. More definite evidence has been recently given by the
author in the letter to Nature before mentioned.

The limit for the 4F5 series can, however, be used to calculate an approxi-
mate ionization potential of 16.7 volts from 4d'5s to 4d' or 19.8 volts from
4d' to 4d'.

COMPARISON ~ITH SIMILAR SPECTRA

There are three analyzed spectra which should contain terms of the same
origin as those of Ph II, namely, Rh I, ' Co I,' and Ni II.' All four spectra
do, in fact, include equivalent terms, although the two arc spectra are com-
plicated by the additional presence of the structures built on seven d-elec-
trons. The 'D(d') of Co I has not been found but its position can be estimated
at about 30,000 on the scale used in the analysis just referred to. Although
the term intervals in Pd II are generally very large, the over-all separations
between the lowest and highest levels of the groups of terms are smaller
than in Ni II. For example, the 5s-group of levels occupies about 5000 wave-
numbers less in Pd II than in Ni II. It is particularly noteworthy that
5s4P and bp4I' occupy such relatively low positions.

The author thanks Dr. Meggers, of the Bureau of Standards, and Mr.
H. E. White, of Cornell University, for allowing him the full use of their
material. Mr. H. A. Blair, of this University, has materially aided the author
throughout the investigation.
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