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Emission Spectra of Actinium 
William F. Meggers, Mark Fred,1 and Frank S. Tomkins 1 

Small samples of acti nium, produced by Lransmu tin g rad ium ha\'c been im'cs tiO"aLcd 
?pectroscopically by photographi ng Lhe spect'ra of light em.itted by thc samples when ex~ited 
III a hollow cathode or III ftrCS and spar ks between copper or sil ver electrodcs. The wave­
lengths were m easured, a nd intensit ies est im.ated, for some 500 lines eharaetc rist ic of aet inillm. 
in t he spectral range 2062 .00 to 7886.82 A. A compariso n of li ne characteristics in d ifferent 
sources permitted sorting in to five categories; a bout 140 lines belong to Ae I , more than 300 
were ascnbed to Ac II, 8 were dcfill itcly assigned to Ac nT, 5 may belong to Ae IV, and abouL 
80 represe nt ba nd heads character istic of AeO, the actinium-monoxide mol ecule. 

Anal.yses of t he first three spectra of actinium have revea led t he ir m.ost important 
featu res, In clud in g atom ic-energy levels, spectral te rms, a nd electron configu rations. The 
ground state of Ac I II is fou nd to be ( 7 8)280;>, t hat of Ac II is (7s2) 180, a nd that of Ac I is 
(6d7s2)2 D 1;> . Compari so ns of the a nalogous spectra of t he chemical homologs (scandium 
yt tl"l llm, ]'wtha nul11 , a nd actinium) sho\\' t hat ~eti ni um closel~' resembles ytt rium, except 
t hat additIOnal te rms of odd panty, first found 111 la nthanum spectra a nd att ributed to the 
4J electro n, arc also found in actinium spectra, w here Lhey pro\' ide evidence of the prcsenc(' 
of t he 5J c l~,etron.. The bindi np; forc(' on the 4f e l ecl ~'on i~l La II is much sLrong('[" than on 5J 
In .-'.c II. Ihe p nnCI])allOnlzatlOI1 potential of Ac+ Ions IS abont 12.0 electron volls. 

1. Introduction 

III 1899 Andre D ebieJ' ll e [1] ~ di sco vered a new 
chemical elem en t in pitchblende. After chemicalh' 
r en:oYillg Ul"fillium, polonium, and radium he found it 
reslClue ] 00,000 Li mes more radioactive than urallium 
in ioni zing (Sases, affecting photographic emulsions, 
31.1Cl prociucmg fluorescence in barium plaLino-cya­
IIld e; he called th e new element actinium [2] . 

After m any ~-ears of research in radioactivity i t 
has been establis hed that actinium occurs in nature 
OllJ~ ' as the daughter of pro tactinium , which in turn 
results from the spon tan eous decay (emission of 
alph a and beta p31tides) of the relaLively rare iso tope 
of uranium, with alomic numb er 92 and m ass 235, 
Th e atomic numher of actinium is 89, and its mass 
IS 227, Th e half life of actinium is only 22 years, 
Through a series of alph a and beta emissions, actin­
Ium forms a succession of highly unstable atoms of 
diminishing mass until it cleca\'s to a s table encl­
product, actinium-lead , with niass 207 aJld atomic 
number 82. 

Because of its low abundance, high raclioactivit~" 
and lack of commercial uses, actinium has n ever 
been concentrated in pure form , and consequently 
relativel~' little was known about its physical prop­
CIties. In particular, no thing was known about its 
optical spectra until 1937, when W. A. Lub [3] 
examin ed the spark sp ectra of lanthanum solu tions 
containing 0.05 mg of actinium and published the 
wavelengths of possibly 9 lin es of actinium appearing 
among 700 (lanthanum) lines . The wavelengths in 
angstroms (and intensities) of actinium lin es reported 
by Lub were as follows: 4061.58 (4), 4088. 37 (5), 
4168.40 (5), 4179.93 (4), 4359, 09 (3), 4386.37 (5), 
~4 1 3.17 (5), 4507 .20 (5) a nd 4812.25 (4), In the 
l igh t of om presen t knowledge these arc ind eed the 

I Argonne :\ational LahoratOi" )' , Lemon t, III. 
Figures in brackets indica te the literature references at the end of this pa per. 

strongest ac linium lin es ill lhis range of wavelellgth s, 
bu t we ]lOW know Lhat o nl~' 1 of lhese lines belongs 
~o .n eu tral aeLinium atoms, 7 belong Lo singly 
lOl1Jzed atoms, and 1 Lo doubly charged ions. No 
furLher informatioll about t he ' specLra of actin ium 
was available unli11948 , wben th e first specLrograms 
wer e made at the Argonne NaLional L aboratory 
(AKL) with a r t ifi cial samples of acLinium created by 
transmuting radium in a cha,in-1'eactillg" uranium pile. 

IJ~ the periodi c ch ar t of t he atoms, scandium , 
yttrHlm, lanthanum , and f)ctinium arc homologous 
tn valent cleme nts occ upyi ng the third place in t he 
fOllrth, fifth , s ixth , and seventh periods, r espectively. 
After the sp ectra of scandium [4], yttrium [5], and 
hntha num [61, h ad b een described a nd interpreted 
it seemed desirable to investigate tbe spec tra of th ~ 
only remainin g homolog, actinium, In particular, 
the analysis [6] of th e speetrum of s ingly ionized 
lanthanum (L a II) h ad revealed the presenee of elec­
tron s of t~'J)(' 4} in aclv f),nce of th eir firm binding in 
hea \Tiel' e]en1CIlts, and it appeared important to de­
termine wh eth er type 5} electrons arc present in ac­
tin ium in advance of their firm binding in succeed­
ing elem ents, especi allY as there was much in terest 
and speculation as to the first appearance and actual 
presence of type 5} electrons in the heavy elem ents 
[7]. For this purpose it ,,'ould be necessary to observe 
the speetra of actinium throughout a c011sidl'1'able 
range of wavelengths, Sf),r from 2000 to 9000 A, and 
to differentia te between the successive spectra, Ac I 
of neutral atoms, Ac II of singly io nized atom s, and 
Ae III of doubly ionized atoms. Despite a limited 
range of observation and expCl' imclltal diffi culties on 
account of small samples and m any impuri ties, ade­
quate data have b een obtained for the derivation of 
atomic-energy levels from t he analyses of the fLl' t 
t lu'ee spec tra of actinium. The purpose of this p ape r 
is to r eport the experimental results and the analyti­
cal interpretations of aetinium spectra, and to com­
p ar e them with the fac ts concerning the spectra of 
homologous clements. 
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2. Experimental Procedure 

Because the artifi cial samples of actinium werE' 
made at ANL and because facilities fo], safe handling 
of " hot" materials were there available, all work with 
highl.v radioactive actinium WitS confined to that lab­
oratory. The separation of actinium from radium, 
purification of the former , and loading of light sources 
were expertly performed b~" French Hagemann, 
whereas the excitation and photography of actinium 
spectra were carried out b~" Ylark Fred and Frank: 
Tomkins. The spectrograms were sent to the N a,­
tional Bureau of Sta,ndards, where wavelengths, rela­
tive intensities, spectral stages, and classifications of 
spectral lines were derived from them b:' W. F. 
:\1eggers. 

The first milligrams of actinium were made at ANL 
ill 1948 for chemical researches, and the first spectro­
gram was obtained ill Januar~' 1948 by the copper­
spark method [8], in which a few micrograms of ac­
tinium solution were evaporated Oil the ends of a 
pail' of flat-topped COppCl' clectrodes and then excited 
in a, high-voltage condensed spark. There were no 
standard wavelengths on this spectrogram, but the 
wa,velengths of about 70 Ac lines were measured 
(3683 .69 to 4337.15 A) n·lativC' to ('oppel' and im­
purity lilles. 

The next spectrograms of actinium were made in 
F ebruary 1951 with a Schuler-Gol1now type of 
hollow-cathode tube [9], modified b~- an additional 
ground joint between anode and cathode assemblies 
to avoid unwaxing. Thl' cathode was aluminum, 
the finode nickel , the carrier gfis fil'gon , and the cur­
rent was 100 rna. One milligram of actinium sample 
was put in t he bottom of the cathode in the form 
of a 0.03-ml nitrate solution , the hydroxide was pre­
cipitated by blowing ammonia gas over it, and the 
precipi tate was dried und er a heat lamp. The fiC­
tinium sample was separated from radium on F ebru­
ary 24, 1951; it was onl~' 2 da~'s old when placed in 
t he light source and relativl'ly little actinon was being 
evolved. 

The spectrograms wne made with a Jarrell-Ash 
vVadswor th spectrograph , holding a 6-in. grating 
with a radius of curvature of 21 ft and 15,000 rules 
per inch . This gr ati ng is blazed for 6000 A and gives 
yery weak spectr a ill thl' first-order ulLraviolet . The 
reciprocal dispersion is about 5 A/mm in the first 
order , b ut the stronger spectral lines were also ob­
servl'd simultaneously ill t he second- or third-order 
spectra by illuminating separated segments of the 
spectrograph slit , some of which were covered by 
filters to aid in recognizing the different orders. 
Other sections of the slit were l'xposed to a "blank" 
source, a similfir hollo\\'-cathode lamp without the 
actinium charge ; and finall: ', two portions of the slit 
were reserved for iron spectr a to supply wavelength 
standards. The fictinium spectrum lastl'd fibout 20 
hI' in t he hollow-cathode lamp, find 7 exposures were 
recorded on Eastman Kokak 103- F and I- N plfites, 
but no fictinium lines appeared on the last expOS1ll'e, 
probably because cathodic sputtering finally covered 
t he sample. B ecause tlwse grating spectrogr ams 
showed that mnn~' of the actinium lines had hyper-

fine structure , the same hollo\\'-cathode lamp was 
rechnrged with 0.89 mg of Ac, and 5 spectrograms 
were made with a FabrY-Pl'rot interferometer to 
resolve the hyperfine structures of the stronger Ac 
lines. Analysis of these interference spectrograms 
yielded the mechanicfil moment, or spin (I= ! h), of 
'the 89 AC227 nucleus [10], and preliminary values of I 

the magnetic (}J. = 1.1 nm) and electric quad~'upole 
moments (Q=-1.7 X 10- 24 em2) [11 ]. AdditIOnal 
grating spectrograms were then made aftl'l' kryp ton 
was substituted for argon as an exciting gas, to permit 
discovery of fictinium lines that had been masked by 
argon lInes. Unfortun ately the actinium spectrn 
were very weak in these spl'ctrograms, whereas the 
background was very s trong because it contained 
most of the strong lin es of argon nnd xenon, as well 
as krypton. In addition to the complete spectra of 
the exciting gases and intense spectra of aluminum, 
aluminum oxide, and aluminum hyclride, the spectra 
from the hollow-cathode charged with actinium 
showed strong lines of impurities, sLlch as sodium, 
potassium, b01'On, magnesium, calcium, and lead . 

The above-mention ed grating spectrograms of the 
hollow-cathode source containing actinium were 
supplemented by two made on Eastman Kodak 
103a- C plates exposed to copper sparks ch arged with 
4 ancl 25 }J.g of actinium, respectively. These gave 
a good description of actinium spectra between 2600 
and 6600 A. 

Two additional cOPPl'l'-spark spectra \\"ith 70 }J.g 
of actinium were photograpbed on Eastman Kodak 
103- C (UV) and I- N plates to record lines with 
shorter and longer wavelengths, respectively. The 
r esults were somewhat disappointing ; only 2 lines 
shor ter than 2600 A and 8 longer than 6600 A were 
captured. Typical portions of the spectra emitted 
by the hollow-cathode source and by the eopper-spark 
source are r eproduced in figure 1. 'iVhen the inten­
sities of actinium lines appea.ring in both sources, 
low-excitation hollow cathode and high-excitation 
copper spark, were compared it was efiSY to dis­
tinguish the suceessive spectra of neutral atoms 
Ac I , of singly ionized atoms Ac II , and of doubly 
ionized atoms Ac III . The intensities of Ac I lines 
were much greater in the hollow cathode than in the 
spark, the r everse was true of Ac II lines, and Ac III 
lines were tremendouslY enhanced in the spark. 
After t he spectra W21'e sorted wi th th e aid of esti­
mated intensities in the two sources, t he mean wave­
lengths were converted to vacuum waye numbers, 
:wd regular ities were sought among the lfitter. A 
constant diffcrence of 2231.4 K was immediately 
found between p airs of Ac I lines ; it was interpreted 
fiS the interval between low-energy 2D levels arising 
from t he valenee d ectrons 6d 782 tbus iden tified. 
Likewise, regularities among the wa.ve numbers of 
Ac II lines soon revealed low energy leyd s that co ul d 
be assigned to electron co nfigurations 6(12 , 6d 78, 
and 782, the last giving a ISO te rm that represents 
thp ground state of Ac+ ions. These results for Ac I 
and Ae II were orall~' presented [12] in Chicago at 
the 36th annual meeting of the Optic-al Society of 
America on October 23, 1951. 
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FIG U HE 1. Emission spectra of actini1tm. 

U pper, a lu min u m hoHow cathode contain in g l mg of Ac and a rgon gas; stron g lines of argon, calcium, and potassiulIl a re m arked. bu t allllllinUIIl 3944 a nd 3962 
are not. Lower, spark speclra of copper a nd 25 J,tg Ao. 

These analyses of Ac I and Ac II spectra were hand­
icapped by weak observations in the ultraviolet 
below 3000 A and by the lack of strong spark spectro-

, grams above 66 00 A. Moreover, a strong back­
ground of argon and aluminum in hollow-cathode 
spectra suggested tha t some actinium lines might be 
masked, and in the copper-spark spectra some 
actinium lines might be hiding behind copper lines. 
In order to eliminate obscm ation by this background 
it was suggested that arc and spark spectra of actin­
ium be made, first by loading silver electrodes wi th 
actinium, and second by loading copper electrodes 
with actinium. In each case, arc and spark spectra 
of unloaded electrodes should be jmtaposed so that 
silver and copper lines could be recognized, and then 
actinium lines masked by silver would be revealed 
in the copper spectrograms, and vice versa. Such 
spectrograms with silver and copper electrodes were 
made in February 1955 after a new sample of actin­
ium became available and a new grating was in-

> stalled in a P aschen-Runge mounting at ANL. 
The grating has a diameter of 8 in. and a radius of 
curvature of 30 ft.; i t is rulcd wi th 15,000 lines/in. 
and is blazed to give high in tensi ty at 4000 A. The 
reciprocal dispersion in spectra from this instr ument 
is a bout 1.8 A/mm in the firs t order. Overlapping 
spectral orders were differentiated by supporting ap­
propriate gelatine filters in front of the pho tographic 
plates to absorb pOltions of the sli t images. Because 
this instrument is not s t igmatic, sli t diaphragms 
could not be used, bu t a movable mask near the 
photographic plates occulted the lower half for arc 
exposures and the upper half for spark exposures. 
Unfortunately, pectra of unloaded electrodes could 

not be juxtaposed Lo those wiLh actinium-loaded 
electrodes; th e former wer e phoLographed on se parate 
plates and later compared with the laLter to "spot" 
the actinium lines. 

The actinium came parLly from the original prep­
aration and partly as a r eturn of a loan to another 
site; the total weight wa 2.7 mg . Fo r loading elec­
Lrodes, a solution method wi th porous elecLrodes, 
made by briquetLing 70 percent of Ag or C u powder 
with 30 percent of NH 4CJ, was developed. The 
N"H{Cl was sublimed off at abou t :300° C, leaving an 
electrode that soaked up solution l ike blotting paper. 
The electrodes were 1.5 mm in diameter and were 
porous for 0.5 mm from the end. I t was necessary 
to add soluti on to the electrode in incl'ements of 
0.001 ml, which was done with a jig llOlding the 
el ec trode and a capillary pipet conLrolled by a small 
plunger operated by a dial indicator. 'lIVe arc in­
debted to Ruth Sjoblom of the ANL for assistance 
in the chemical purification and handling of the 
sample. Because it was not considered feasible in 
this case to r emove the daughters, which supply the 
penetrating radiation, the electrodes were loaded by 
remote con trol from behind a 2-in. lead shield. 

Each of the 4 exposures, 2 a-c arc and 2 spark, 
consumed approximately ~~ mg of actinium, and 
lasted about 1 min. The range of wavelengths from 
2000 to 1] 000 A was covered wi th four varieties of 
E astman Kodak spectroscopic plates- 103a-F (UV) 
for ultrav iolet , 103a-F for neal' ultraviolet and 
vis ible, I- N for red and adjacent infrared, and I- Q 
for longer waves. Because the grating was blazed 
for 4000 A, the spectra were satisfactory between 
2000 and 7000 A, but only 5 actinium line (7290, 
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7567 , 7617 , 7866 , and 7886 A) of greater wavelength 
\\~ere weakly reco l'dE'd. The infrared spectrum was 
sacrificed in order to obtain maximum information 
in the region of mos t interest . Because the sample 
size was limitE'd, it was felt that t here would be a 
net gain over the usc of an unblazed grating in the 
number of weak linE's renaled. 

The actinium spectra were much s tronger on silver 
electrodes than on COPPE']" but most of the lines ap­
p E'ared on both , and it appears probabl e t hat actinium 

spectra are now well kno,,·n from 2500 to about 7000 
A. In particular, the comparison of arc and spark 
in te nsities removed all doubt about sorting the lines 
belonging to ACI, Ac II , and Ac III , as shown in table 
1. A few lines with short wavE' lengths ma:~ belong 
to Ac IV. Typical portions of t he arc and spark 
spectra emitted b~~ silver electrodes charged with 
actinium are reproduced in figures 2 and 3; t he 
"spotted lines" belo ng mostly to actinium. 

A major difficult~~ in anivillg at a definitiye lis t of 
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FIG U HE 2. E mission spectra of 0.5 mg of actinium of silver electrodes. 

U pper a-c arc spectru m; lower, high·voltage spa rk spectrum . 4397, 4462,4476 A belong to Ac I; 4359 . 4386,4452 A represen t Ac II; and 4413 A is characteristic of 
A C III . 
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F I GUHE 3. E mission spectra of 0.5 mg of actinium on silvel· electrodes. 

Upper, a·c a rc spectrum ; lower, high~vol tage spark spectrum. 5812 A belongs to Ac I; 2847, 2897, 5732, and 5759 A represent Ac II; but 5696, 5708, 5i18, 5729,5740 , 
5751, 5764, a nd 5779 A are band heads of AcO. 
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acLinium lines is to eliminaLe Lhe impmities. D espite 
cardul chemical separaL ion and handling, the 0 b­
served spectra of act inium on silver and copper' elec­
trodes showed tbe s tronger lin es of sodium, potas­
SIUm, calcium, strontium, barium , magnesium, ZIHC , 

aluminum, silicon, nOll , chromium, nickel , manga­
nese, palladium, platinum, Ian Lballum, radium, and 
l ead. The first six named mighL have been presen t 
in chemical reagents; iron, chromium, and nickel , 
or palladium and platinum, or aluminum and sili con, 
suggesL erosion of chemical ware, whereas radium 
and lead are expected as decay products of actinium. 
Th e greates t number of impuri ty lines were identifi ed 
with iron, and the nex t greatest wi th lanLhanum, the 
sou.l"ce of which is unknown. 

The final data on emission spectra, of actinium are 
presented in table 1, in which Lhe literal symbols ac­
companymg intensity numbers have t he following 
meani ngs: c, complex; el , double ; e, enhanced at elec­
trode; 11" haz~- ; II, very hazy ; l, shaded to longer 

\\'I;1,v(,s; 8, shaded to shorter waves; and B , molecular 
bal1(l. The wavele ngLhs ill column 1 of table 1 are 
(h e means of 2 to 13 measuremen ts on different sp ec­
trograms, except a few ca es where the line was classi­
fled, alLhou gll observed only once; other singly ob­
served lillCs were omitted because the,- lacked con­
firm a tion. The probable enor in an:\T wavelength 
is usually less t han 0.01 A ; th is is shown by consisten t 
agreement of different measurements and b~T the' 
close fi t of classified line'S. Some Ac lines have' 
h.\rperfll1e sLructure extending over 0.3 A, 01' more, 
but only mean wavelengths arc given for these be­
cause the hyperfi ne structures a re ignored in spectral­
term analyses, The anal~-ses a nd interpretations of 
Ac III , Ac II , and Ac I spectra will now be given 111 
succession, thus proceeding from the relatively 
simple case of Lhe 1-va.lence elecLron , producing 
double t terms, to the 2-electron spectrum of singlet 
anel triplet te1'lll s, and finall.'>" to the 3-electron pec­
tnllTI of dOllblet and quarLeL multiplicit ies. 

TXRL], 1. Emission spectra oJ actiniuII! 
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TABLE 1. Emission spectra oj actinium- Continued 
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T ABLE 1. Emission spectm of actinium- Cont inued 
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TABLE 1. Emission spectra of actini ulIl- Cont inued • 
-~~I 
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3 . Spectrum of Doubly Ionized Actinium 
(Ac III) 

Among hundreds of actinium lines there were 8 
that clearly comprised a distinc tive group ; they wer e 
weakly excited only a t 1 electrode of the are, and 
enormously enhanced and hazy in the sparlc These 
lines exhibited the same chal'acteristics as Y III [5] 
and La III [6] lines; they wer e naturally assigned to 
Ac III. 'Vhen the vacuum wave numbers of these 
Ac III lines were sub tracted from each other the 
differences, 801.0, 3402 .9, and 8597 .1 occurred twice. 
A clue to the correct interpretation of these differ­
ences was found in the hyp erfine structure of two of 
the lines. The two Ac III lines, wi t h wavelengths 
2626.44 and 3392.78 A, are narrow doublets with 
equal separation of 1.73 K . This suggested that the 
duplicity arises from interaction of a penetrating 
electron with the atomic nucleus, and that the num-

A 
6359.86 :300e 
6387.39 
6424.58 
6447.82 40e 
6469. 68 50el 

6477.35 
6477. 62 
6494.02 
6494.25 
6508.64 

6503.93 
6524.70 
6524.99 
6535.81 
6541. 17 

6541. 53 
6557.73 
6558.04 
6575. 03 
6575.40 

6618.19 
6660.08 
6660.44 
6691. 27 
6695.23 

6757.29 
6757.62 
6773.30 
6773.66 
6789.99 
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6800.55 
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AeO 
AeO 

ileO 
AeO 

If 

AeO 
AeO 
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bel' of observed components is limi ted by the J-value 
of the former rather than the I-value of the lat ter. 
In other words, these two lines must be interpreted 
as transitions from two excited levels, 7p 2p~~.1~' sep­
am ted 8597 .1 K , t o a common ground level, 7 8 2S0~' 
The constant difference, 801.0 K , is then seen to be 
the separation of 78 2S0Y2 and 6d 2D1Y2 , and the differ­
ence 3402.9 K is the in terval of the 6(PD IY2•2Y2 term. 

The a tomic-energy levels derived from this analy­
sis of the Ac III spectrum are displayed in table 2. 

The 1m own lines of Ac III are coll ected in ta ble 3. 
When this material on Ac III was being assembled 

for publication, a t tention was dll'ected to a 20-year­
old note by R. J. Lang [1 3], who es timated , from in­
forma tion available for R a II and Th I V spectra, that 
the separation of the 7p 2p O levels of Ac III cannot 
be very different from 8,3 00 cm-\ and tha t the two 
strong lines, 78 2Soy .. - 7p 2P~7>,17>' ~will occur in the 
neighborhood of 2650 and 3450 A. These estimates 
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T ABLE 2. T er ms in the Ac III spectrum 

Confi gu- D csign- J Level Intcl'Ya l 
rat ion al"ioll 

------

I~ 

6p6(I S)7s 7s 2f'l O ' ~ O. 0 

6 p6(' S )6d 6d 2D 1% 801. 0 
3402. 9 

6d' D 2,lf 4203.9 

6p6(' S) 5f 5f ' F o 2 ,I~ 28454. 5 

I 
262.5. 7 

5f 'Fo 3 /~ 26080. 2 

6 p6(1 S )7p 7 p ' p o O/~ 29465. 9 
8597. 1 

7p ' p o n~ 38063. 0 

T A 1H, E 3. Classified li nes of Ac 11l 

In te ns it.v 
\ra\'c­
le ngth 

Arc 

A 
2626. 44 2 
2682. 90 
2952 .. 55 3 
3392. 78 2 

3487.59 5 
441 3. 09 4 
4569.87 5 
5193. 21 

Ode 
3e 
Oe 
Ode 

Oe 
Oe 
Oe 
- - - -

Spar k 

5000hd 
400h 

5000h 
3000hd 

4000h 
3000h 
4000h 

30h 

\rave Term combin ations 
ll umber 

K I 
38063. 00 7s 'Sox - 7p'p ° l'> 
:31262. 03 6d ' D ,x - 7p , p o, ,> 
33859. 13 6d ' D ,x - 7p ' p o,x 
29465. 90 7s 2S0X - 7p 2p Oox 

28664. 89 6d ' D,x - 7 p 2p Oox 
226.53. 50 6d 2D ,x- .'\j' 2F o,x 
21 876. 33 6d 2D,x- 5f 2F 03X 
19250. 55 6d ' D 2X - 5f ' F o,x 

I 

I 

are indeed remarkably close to tlte truth. Lang also 
stated that the ionization potential will be close to 
20 v , but the presen t authors wcre unable to derive 
a value from spectral series. 

4. Spectrum of Singly Ionized Actinium 
(Ac II) 

The second spectrum of actinium, like that of 
lan thanum, is relatively complcx ; it has strong lines 
with nearly equal intensity on arc and spark spectro­
grams, and many weaker lines with increasing in­
tensity ratios of spark to arc, indicating higher ex­
cita tion poten tials. The firs t group includes tran­
sitions between low-energy even and odd levels, and 
lhe second represents transitions between high even 
and high odd levels, or between high odd and a 
second group of very high even levels. Because the 
Zeeman effec t has not been investigated in actinium 
pectra, there is no direct way to determine J-valu es 

(from Zeeman components) or term designations 
(from magnetic splitting) . This analysis of the Ac II 
spectrum is based on wave numbers and intensi­
t ies, on the J selec tion rule, and on interval and 
intensity rules for spectral terms. 

The 10\\'cs l Cl1 CJ'g," lcvels that can arisc [rom s·· and 
d- l.,'pe electro ns are identified wi t h cvcn spectral 
terms as follows: 

-

I 
E lectr on 

configumtion Spectral terms 

s' IS 

s d ID ,3D 

d2 18, ID , 1G, 3P , 3F -
All of these have been identified excep t (d2)IS, which 
is also unknown in the homologous spectra, Sc II , 
Y II, and La II . 'Which particular electron conflgura­
tion or spec tral term will have the lowest energy and 
represcnt the normal s tate of the a tom depcnds on 
the relative strength of binding of lhe indiv idual 
eleelrons. It is very remarka ble t hat each of the 
homologous ions Sc+, Y+, and La+, makes a diffe)'ell t 
choice: lhe normal s tate of Sc+ is (Sd)3D ; of Y+, 
(S2) IS ; and of La +, (d2)3F . I t was na tmally assll1nccl 
that Ac+ would closcly resemble its neares t ncighbo)" 
La+, bu t th e analys is of Ac 11 has shown C'onclusivel.,­
that the ground state of Ac+ is (82)IS, like that of 
Y+, and the l'emain iHg low even lerms occur also in 
the same relative order as for Y+. 

S ubstitution of a p-elec tJ'on for an s- or a d-elec lron 
produces th e following (odd) middle tcrms with 16 
level s: 
[='=-====;======= ---- -=-1 

E lectron 
configuration 

s ]J 

dp 

Spectral terms 

Transitions between these odd terms and the low 
even ones account for all the easily excited lines of 
Sc+ and Y+, but this was not true for La+. It was 
concluded that additional odd terms occur in La+ 
on account of the presence ofj-type elec trons. Thus, 
the substitution of j- for p- type elec trons would 
yield the following additional (odd) middle terms 
with 24 levels : 

Elect ron 
config- Spectral terms 
uration 

---_.-

sf IF O 3F O 

el f IP O, IDo, 1]<,0, 'Go, 'H o, 3P O, 3D O, 3F o, "GO. 3H O 

All of these t erms were found in the L a II spectrum, 
and, with the exception of two levels (J = 5, and 6), 
they have also been found in Ac II. The major 
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difference between these two spectra is that the 
4j-electron is much more tightly bound in La+ than 
the 5j-electron is in Ac+. This will be discussed in 
more detail near the end of this paper. In addition 
to the above terms, Ac II has revealed a dozen high 
enn levels that probably arise from the electron 
configuration jp , which, in LS notation, prod llces 
ID, IF, IG and 3D, 3F, 3G. 

The terms that have been identified from line 
intensities and level intervals in the Ac II spectrum 
are listed in table 4, in which successive columns 
contain electron configurations (and limits), term 
designations, J values, level values, and in tervals 
between levels of complex terms. The low even 
terms from S2, ds, and d2 arc complete excepting 
cl2 IS . The middle odd terms from sp and dp are 

TABLE 4. T erms in the A c II spec/n un 

Configuration Desig- J Level In terval Configura tion D esig- J I Level Interval 
nation nation 

-- ._---

782 a l8 0 0. 00 6rl(' D ) 5f z 3H o 4 39807. 14- 1109. 27 

I 6,l(ZD )7s a 3D 1 4739.63 5 40916. 41 
527. 53 

2 5267. 16 6(l(2 D )5f x 3Fo 
2159. 36 

2 41578. 57 1697. 28 I 
3 7426. 52 3 43275. 85 1764. 45 

6d (2 D )7s aiD 2 9087. 54 4 45040. 30 

6d' a 3F 2 13236. 46 
1712. 75 

6d e D ) 5f z IGO 4 41627. 79 

3 14949. 21 6d (2 D )7p y IFo 3 41937. 05 
1807. 69 

4 16756. 90 6d (2 D )7p ylPO 1 44199.94 

6d' a 3P 0 17737. 10 
1278. 22 

6d (2 D )5,f y IDo 2 44705. 33 

1 19015.32 6(l(2D ) ·V z 3G O 3 45807. 06 1620. 61 
3184. 13 

2 22199. 45 4 47427.67 1723. 87 

6(/2 biD 2 19203. 02 5 49151. 54 

6(/2 alG 4 20848. 23 6d (2D )5f y 3D o 1 48518. 41 960. 64 
I 78(28 )7p Z3 p O 0 20956. 40 2 49479. 05 580. 65 

1224. 12 
1 22180. 52 3 50059. 70 I 

9698. 35 
2 31878. 87 6d (2 D )5f x 3p O 0 49780. 60 455. 00 

6d (2D )7p z3Fo 2 26446. 96 1 50235. 60 1021. 91 
4727. 64 

3 31174. 60 2 51257.51 
7944. 42 

4 39119.02 6d (2 D )5f x IFo 3 53255. 30 

7s(28)5,f y3FO 2 28201. 11 6d (2 D )5f x lpO 1 56152. 2 I 1679. 98 
3 29881. 09 78('8 )8s e 38 1 51680. 55 

3084. 46 
4 32965. 55 78(28)88 e l8 0 53374. 01 

Gd (2 D )7p z 3D o 1 29250. 40 5f(2 F 5/2) 7 PY, e 3F 2 54633. 05 
4054. 56 e 3G 3 54644. 11 

2 33304. 96 
3667. 98 5f(, F7/2)7p I/2 e 3G 4 57683. 78 

3 36972. 94 e 3D 3 57944. 57 

78(28 )7p Zl p O 1 33388. 61 5f (2F ; /2) 7 P3/2 e 3F 3 59071. 9 
e 3D 2 59807. 51 

6d (2 D )7p z IDo 2 35397. 12 e lG 4 59889. 05 
e 3D 1 60063. 0 

78(28 ) 5f Z IFo 3 36141,-.35 
5f(2F7/J 7p3!2 e lF 3 62350. 68 

6d (' D )7p y3PO 0 36780. 01 e 3F 4 62869.81 
75. 49 e ID 2 63581. 56 

1 36855. 50 e 3G 5 65392. 46 
1516. 14 

2 38371. 64 Limi L ______ _ 97300 
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complete. The middle odd terms from sf and dj 
electrons are also complete , excepting dj IH~ and 
dj 3H~, for the following reasons: IH~ has only two 
possibili ties of combining wi th low even levels, so that 
if one is unobserved the level is lost, whereas 3H~ 
cannot combine with any known even levels for lack 
of any with J = 5. Fourteen high even levels have 
been found between 51680 and 65392; the first two 
are interpreted as 78 e D )8s 38 and 18, respectively; 
the remainder fall into four groups typical of fp in 
.i.i coupling. 

The levels 782 a 180 and 78 88 e ISO are the first two 
members of a series in which one of the 78 electrons 
acquires successively larger principal quantum num­
bers. This series may be represented by a Rydberg 
formula which leads to a limi t of 98800 Ie, or an 
ionization potential of 12.2 e\T. However , other 

peetra show LhaL t he Rydberg denominator n * 
changes by more than one unit between t he first 
and second members of this seri es. In Ra II, 
Rasmussen [14] found n * to be 1.055, and if we 
assume it is the same in Ac II, the series limit is at 
97300 Ie, and the principal ionization potential of 
Ac+ is about 12 .0 ev. This may be compared with 
11.5 ± 0.4 ev obtained by Finkelnburg and Humbach 
[15] by their method of triple extrapolation. 

Available data for the classified lines characLeristie 
of s illgl~- ionized actinium atoms are presented in 
Lable 5, successive columns of which contain meas­
ured wavelengths, estimated in tensiLies in the silver 
spark, va,euum wave numbers, and term combina­
tions. Although table 5 contains only 76 percen t of 
all Ac II lines in table 1, the classified lines aecount 
for 90 percen t of the total in trn si t~- ascribed to Ac II . 

TABLE 5. Classified lines of Ac II 

I---- __ ==~==================~========================~================================~ 

"VaVel e llg~ In tc nSil)'jw aVf' numberi T erm cOlll.bination II-w avelength In tens ity \Vave numberi Term combinat ion 

A I\, ./1 1\ 

2261. 75 ]0 44199. 9 a 'So - y 'p, ;3112. 83 -JOO :32115. 8 a 3D , - !J 3Pl 
2344. 87 3 I 42633. 2 a 3D s- Y 3D , ~118. 78 40 32054. 5 b 'D z- x 3PZ 
2501. 39 2 39965. 7 a 3D ,-y ID2 3120. 16 300 32040. 4 a 3D I- y3Po 
2534. 85 5 39438. 2 a 3D z-y ID 2 :n53.09 1000 31705. 7 It 3D 2 -z 3D , 
2630. 19 50 38008. 7 a 3D 2 - x 3F ; 3154. 15 4 31695. 1 z 3Fa-e 3V t 

2657. 81 JOOe 37613. 8 a 3D 3 - x 3F ; 3154. 41 JOOO 31692. 47 a 3D 3- z 3F 4 
2705. 61 5h 36949. 3 /1 'Dz-x IP, 3163. 01 5h 31606. 31 y3F,-e 3D" 
2712.50 40 36855. 4 a'So -y 3P , 3164. 81 500 es 31588. 33 a 3D 2 -y 31'1 
2713. 72 30 36838. 9 a 3D ,- x 3F z 3176. 83 30 31468.82 a 3F"- y ' D ~ 
2726.23 40 36669. 8 a 3D z- y IF ; 3202. 12 20 3J220. 29 a3P I- x3 P l 

2753. 15 10e 36311. 3 a 3D 2 - x 3F , 3204.87 .Je0 cs 3.Ll93. 50 z 31:'1-e ' tlll 
2758. 37 ;3 36242. 6 a 3F 2 - y 3D 2 3219.08 100 h 31055.81 a 3 P 2-X I ]~~ 

2788. 64 5 35849. 2 a 3D 3-x 3F ! 3221. 49 20 31032. 57 b ID 2 - x IP I 
2806. 76 50 35617. 8 a lD2-y lD ! 3228. 6, 7 30963. 57 a 3F2 -.If 1]>1 
2833. 47 20 35282. 0 a 3F2 - y 3D , 3230. 59 -100 C8 30945. 16 a 3D 3 - ,l/ 3P, 

2847. 16 300hl 35 112. 4 a ID 2-y 11:'1 3237. 70 ;300 es 30877. 21 a 3D z- z I F~ 

2895. 20 20 34529.8 a 3F3 - y3D , 3238. 39 5 h 30870. 63 y3F, - e 3F:1 

2896. 82 JOOe 34510. 5 a 3D 3- y lFl 3239.73 20 :30857. 86 (t3Fa- z 3Gl 
2923. 02 100 34201. 2 a 3D 3 - z IG , 3239.86 100 :30856. 63 b ID 2 - y 3D , 
2924. 12 20 34188.3 a ID2 - x 3F ; 3247. 79 20 30781. 29 a 31'0-.1/ 3D , 

2935. 80 5 34052. 3 b lD 2 - x 'FJ 3249. 48 10 ;30765.28 a 3P,-;r 3Po 
2944. 42 5 33952. 6 a 3PZ - ;r II' , 3253. 84 30 cl ;30724.06 z 31'0- (' 3S , 
2966. 45 5h :33700. 5 y 3F ! - e IDz 3259. 49 :30 30670. 80 a 3F. -z 3Gl 
2972. 49 10c 33632. 0 a 3D ,-y 3P 2 3260. 91 1000 30657. 45 a 3D I- z 'D , 
2994.17 400 :33388. 5 It ISO - z IP I 3281. 65 40 ;30463.70 a3PI-1I3D ~ 

2996. 68 10hl 33360. 5 z 3F , - e 3D z 3301. 93 ,I- 30276. 60 z 3D z-e ID 2 
3001. 88 40 33302.8 a 3F 4 -y 3D J 3318. OJ :300 ;30129. 88 a 3D 2 - z ID z 
:3019. 87 300e ;33 104. 4 a 3D 2 - y 3P, 3322. 29 40 ;30091. 06 a 3F:1-x 3F , 
3030. 46 7hZ 32988. 7 y 3F l -e 3F. 3328. 01 ;30 :30039. 35 a 3F 2-.r 3F , 
3043. 30 1000 32849. 5 a 'D z- .lIIFl 3331. 50 20 30007. 88 y 3F3-e 'G, 

:3064.25 -lOhl 3262-l. 9 z 3F , -e 3F3 3343. 04 10 h 29904. 29 y3F4-e 3F, 
;3069. 36 400 :3 2570. 6 a 3F2 - z 3G, 3359. 68 6 29756. 19 a 31"3-.1/ ID 2 
:3076. 17 10 :3 2498. 5 It 3PO - x 3P , 3383. 53 400 29546. 45 a 3D 3- z 3D l 
3076. 87 40 :32491. 1 a ID z- X 31", 3388. 51 6 29503. 02 a 3PI - y 3D l 
:3078.07 300 32478. 5 a 3F3 - z 3Gl 3388. 85 10 c 29500. 07 z 3Pl-e 3f', 

3080. 54 10h 324,52. 4 z 3P l - p 3F 2 3402. 11 5 hi 29385. 09 !J 3F,-e IF 3 
;3084.85 20 32407. 1 a 1G ,- x 1Fl 3413. 84 400 29284. 13 a ID 2 -y 3P , 
;3086. 04 300 32394. 6 a 3F4 - z 3G, 3417. 77 600 29250. 45 (t ISO- z 3D l 
;3087. 37 200 32380. 6 a 3D 3-z 3[-1 1 3440. 40 20 29058. 06 a 3P2 - x 3P, 
;31 00. 63 20 32242.2 rt 3P : -;r 3P , :3481. 16 1000 28717. 83 a 3D 3-z IFl 
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TABLE 5. Classified Zines of Ac II- Continued 

! \"""e,,g~ 1 In tensity 'Wave number Term com bination Iravelcngth Intc nsity vVave number Term combination '1 

"·1 I f( "1 K I 

:3481.50 10 2871 4. 54 z 3Fa- e 'G 4 4088. 44 3000e8 2+452. 30 a 3D 3 - z 3P, 
:34$3.25 20 28700. 61 a 3F2 - y 'Fa 4113.86 10 24301. 21 a 'D"-z 'PI 
:3489. 53 ,J.OO 28648. 95 a 3D ,- y ' P; 4132.42 20 24192.07 a ' G,, - x 3F. 
3-!9L 47 3 h 28633. 04 z 3Fa- e 3D2 4136. 22 5 24169. 85 a 3F3- z 3F :; 
:3-!99. 75 20 28565. 30 a 3D, -z 3D , 4137. 99 40hl 24J59.51 a 3F,, -z 3B o 

:352 7. 31 200 28342. 11 a 3F~-x 3F , 

I 

4144. 15 10 24123. 60 z 3D ;- e '80 
:3529. 2,J. 200 28326. 62 a 3F,-x 3Fa 4152. 88 I h 24072. 89 b 'D 2 - 1; 3Fa 
853 2. J 4 15 28303. 36 a 'G, - z 3Gl 4168.40 2000e8 23983. 26 a 3D "- z 3D I 
3534 63 250 28283. 42 a 3F, - x 3Fl 4169. 12 2 23979. 12 1/ 3P j_ e IP3 
3545. 4-1 10 28197. 18 z 3F, - e 3G3 4209. 69 300 23748. 0:3 a 3D3- z 3Fa 
:)546. 8:3 15 28186. 14 z3F, - e 3F2 4232. 67 20 23619. JO a 3F, - y3P I 
:3547.07 2h 28184. 23 z 3P,-e 3D , 4257. 82 50hl 23479. 59 11 3F 2- c 3S l 
:3 554.99 400 28121. 44 (( 3D z- Z lp ; 4259. 65 20 2:3469.50 z 3F a- e 3G3 
3562. 3:3 

I 

30 28063. 50 Y 3F j- e 3D3 4261. 10 20el 23461. 51 a 3D ,- y 3F, 
3565. 59 2000 28037. 84 a 3D , - z 3D , 4261. 67 10 23458. 38 z 3F j- e 3F2 

3579. 53 15hl 27928. 66 z 3P j - e 3D, 4268. 2J 40 23422. 40 a 3F3 - y 3p z 

I 
3583. 55 :30hl 27897. 33 2 3Fa- e 3F 3 4337. 13 30 23050.2,l a 3F4 - z 3H , 
3585. 09 40 27885. 34 a' D z- z 3D 'l 4359. 13 400 22933. 91 a 3D 2 - y 3F , 
:3588. 31 5 27860. 32 a 3Pz_ y 3D j 4364. 08 3 22907. 89 a 3Fz- z IF" 
3595. 75 20 27802. 68 Y 3F j-e 3G, 4386. 41 1500 22791. 28 a 'D 2 - z 3P" 

I 3600. 24 4 27768. 00 a 'D , - y 3P I ,J.391. 43 6 22765. 2:3 z 3p , _ e 3G3 

I 
3643. 62 8hl 27437.41 z ' F 'l- e 'D~ 4397. 45 5 22734.06 b ' D , - y 'F , 
3664. 69 10 27279. 67 a 3Pz_y 3D , 444.2. 05 20 22505. 81 a 3Pz_y ' D , 
3683. 66 30 27139. 19 a 3D , - 2 3p , 4452. 19 700 22454. 55 a 3D3- y 3F" 
3694. 88 150 27056. 78 a ' Dz- z 'Fa 4467. 90 10 22375. 60 b 'Dz- x 3F, 

I 
3704.32 9 26987. 83 a 3F3 - y 'F 'l 4,J.70. 59 .50 22362. 14 a 3F4 - z 3F, 
3709. 03 3 26953. 56 2 ' D , - e 'F3 4507. 20 2000cl 22180. 50 a '80 - z 3P , 
371 3. 17 6h 26923. 51 y3 F ' - e IG, 4511.23 15 22160. 69 a 3Fz- z' D , 
3734. 47 5h 26769. 95 z 3Fa- e 3D3 4526. 27 15e 22087. 05 a 'D, - z 3Fa 

I 
3740. 67 2 26725.58 2 ' Fa- e 3F, 4539. 29 3 22023. 70 a 3F3 - z 3D3 

37-!7. 25 5 26678. 65 a 3F3 - z 'G. 4544. 09 100 22000. 4,J. a 3Pz-y'PI 
3754. 18 15 26629. 41 a 3F3- .r 3F , 4585. 83 3h 21800. 19 2 'F'l- e 3D3 
3756. 67 500e 26611. 76 a 3D, - z 3p , 

I 
4605. 45 1000 21707.32 a 3D , - z 3F, 

3761. 24 20 26579. 42 a'G,, - z3 Gl 4684. 91 6h 21339. Hi z3D , - e 3G" 
3769. 82 20 26518. 93 a 3F, - :J; 3F a 4716. 74 20 21195. 15 a 3F3-z'Fj 

3771. 21 2h 26509. 16 z 3Fa- e 3G4 4720. 16 1000 21179. 80 a 3D 2 - z 3F, 

I 
3772. 14 7h 26502. 59 z 3D ,- e 3D 2 

I 
4740. 51 200 21088. 88 a 'G, - y 'Fa 

3777. 80 3 26462. 92 a 3Po- Y IPI 4807. 83 100 20793. 59 a ID2 - y 3Fa 
3799. 82 200 26309. 57 a ' D2 - z ID , 4811. 06 15 20779.63 a'G4 - z'Gl 

I 3805. 05 ,J.Ohl 

I 
26273. 40 z 3F, - e 3Gs 

I 

4812. 22 600 20774. 62 (t 3D 3 - y 3F , 

:3814. 78 5hl 26206. 39 z 'Fj - e IF3 4889. 10 80 20447. 9:3 a 3F3-z'D 2 I :3858.80 2 25907. 45 a 3D2- z 3Fa 4945. 18 200 20216. 07 a 3F4 - z 3Da 
:3863. 12 2000c 25878. 48 a 3D3- z 3D , 

I 

4958. 23 200 20162. 86 a 'Dz - z 3D I 
:38.79.82 2h 25767. 09 z 3D , - e 3F3 4960. 87 150 20152. 13 a 3F2 - z 'P I 
3907. 38 4h 25585. 35 z 3B l - e 3Gs 4981. 55 20 20068. 47 {a 3Fz- z 3D , 

a'G, -z3Hs I :31.)14.47 200 25539. 01 a 3D3 -- y 3F. 5065. 07 7 19737. 56 a 3P2 - y IFa 
3920. 10 50 25502. 33 Ii ' D2 - y ID , 

I 
5156. 53 60 J 9387. '18 a 3F4 - z 'Fa 

3938. 58 lOh 25382. 68 z 3D I- e 3Fz 5164. 83 6 19356.33 a 3P, _y 3P , 
3971. 36 100 25135. 19 a 3Fz- y 3P, 5215.40 30 19168. 65 b 'D 2 - y 3P , 
3999. 36 50hl 24996. 93 b 'D z- y 'P I 5229. 10 10 19118. 43 a 3Po- y 3P , 

4002. 23 10hZ 24979. 01 !I 3F, - e 3D3 5230. 43 60el 19113.57 a 'D z- y 3F 3 
4005. 47 

I 

10 24958. 80 a'G, - z3G§ 5256. 03 I e 19020. 47 a 3D 3 - z 3F , 
4019. 64 80 24870. 82 a 3F, - z 'G, 5273. 13 2 18958.79 a IG 4 - z 3H , 
4037. 15 4h 24762. 95 y 3Fa- e 3G, 5362. 61 60 18642. 45 a 3Fz- z 3P , 
40:38.93 2h 24752. 04 y3F3-e 3Fz 

I 
5446. 38 400 18355. 72 a 3F3 - z 3D , 

4044. 45 30hZ 24718. 26 !I 3F, - e 3G4 5-!71. 71 5 18270. 75 a 'G,- z 3F . 
4053. 06 25hl 24665. 75 z ' D z-e 3D , 55±8. 98 ge 18016. 3::\ a 3F3 - y 3F, 
-!057. 36 4h 24639. 61 z 3D z-e 3D3 5573. 16 3h 17938. 16 a 3Fz- z 3F 3 
4061. 60 500e 24613. 89 a 3D2- 1I3F l 5603. 77 25 17840. 18 a 3P, - y3P I 
4078. 70 200 24510. 70 (/ 3D!- z 3D l 5625. 92 3 17769. 94 b 'D z- z 3D 3 
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TABLE 5. Classifieclli nes oj r\ C II- Continued 

I " "1\yclc ngLh I ntcns iLy !w avc number) T erm combinalioll 

.1 [( 

5627. 57 20 17764. n f! 3[> ,_y' I:' 
5660. 93 4h 17660. 04- 2 3D"-e 3F 2 

5663. 34 20 17652. 5:3 b 'Dz-!I 3Pl 
57:32. 05 200cl ] 7440.9:3 a 3D ,-z 3]> 1 
5758. 97 400e 17359. 41 a ID 2 - z ~F 2 

590 1. 10 :3 1694 1. 80 b ' D z-z 'F; 
5905. 14 ~O 16929. 71 a 31"3-z 3P, 
5910. 85 lOOOe 169J 3.35 a 3D 2 -2 ' PI 
6006. 27 9 16644.60 a 31"2- y 31"; 
6101. 48 2 16225. :39 a 31"3 -z 3F; 

6104. ,5 600e J62 16.77 a 3D ,-z 3PO 
6167. 8:3 10(lcl 16208.67 a 3F,- y 31"; 
6173. :35 4 16194. ] 8 b JD z- z 3D l 
6181. 74 40 16J72.20 (( 31',,_ y 31> , 
6242.8:3 :300c 16013. 9~ a 3 F~ - 2' 3D , 

6:387. :3!J 2 15651. 52 a3 PIl - z 1Pr 
05:35.81 15 15296. LO a ' (: , - z '1"1 
6695. 2:3 200 149:3 1. 88 a 31":;-y 3F ; 
69:~3. 9!J 15e L4417. n a 31" ,-z3F ; 
69%. O!J 2 J4289. 76 a 31' , - z 3D , 

7567. 65 .J. 1:3210.50 (( 3J 1';! -Z 3F2 
76 ] 7. 42 2 1:3124. ] 9 (f 3F., - y 3p ; 
7880. 82 3 L2675.89 b JD2- Z 3P l 

5 .\ Spectrum of Neutral Actinium (Ac I) 

Lacking Zeeman data thaL idenlify alomi c-cnergy 
levels, the onl? wa~- to find such levels in the Ac J 

spectrum "ras to search wave numbers for constanL 
differences. Such a search among selecled stro ng 
lines promptly revealed a difference of 2231.43 K, 
which was inLerpreted as the inLerval bet ween 2D 
levels arising from ds2, and representing the ground 
term. This is in perfect agreement with the homol­
ogous spectra, Sc I , Y I , and La I , all of \\-hich have 
(dsZ) 2D as grou n d term . 

In each case, the next lowest energy belongs to a 
qua,rtet-F term arising from d2s, and the analogous 
4F term in Ac I was located between 9217 and 12078, 
much higher than in La I , but approximately in the 
same position as in Y 1. The same dZs configura tion 
also produces higher even terms, viz, 4P,,2S, zP, 2D, 
2F , zG, bu t these arc too h igh to be detected in Ac I 
without more red 01' infrared data. This analysis of 
Ac I was extended by using Y I as a guide. The low­
esl odd term in Y I is (s 2pFPO, which is even lower 
th an (({2s)4F. A similar case was found in Lu I , and 
Klinkenberg [16] was able to evalua te this 2p O term 
with the help of two infrared lines. Lacking infra­
rcd da ta for Ac I this 2p O lerm eannot be established, 
hu t man~" of the other odd terms arising from dsp 
and one from (f2J) eould be identified b~" comparison 
\,-ith Y 1. Th e kll Oll'n energy levels derived from this 
anal~"s i s of the Ae I spectrum are pres en ted in table 6 
with elecLron configurations (and limits), term desig­
nations, J -valucs, energ.v levels, and interv·als in suc­
C'essiye columns. ?\ 0 evidence for terms arising fr om 

T AHLB 6. T erms in the Ae I speeln l1n 

Config urali o ll 

6r1 7s2 

(jd' 7s 

7s'(a'S) 7p 

6r1 7s(a 3D ) 7)) 

Grl7s(a 3D ) 7p 

0r1 7 S((L 3D ) 7p 

Gd 7s(a 3D ) 7p 

D esig­
nation 

(L 2D 

Z2 p O 

0d 7s(a 'D ) 7p y 2D o 

Gd 7s(a 3D ) 7p 

6rl7s(a'D ) 7p y 21co 

Gd 7s(a 'D ) 7p .1' 2 p O 

6(f2 (a 3F ) 7p 

J 

l ~f 
2 11 

/2 

OI l 
/ 2 

J , ~ 

Leve l 

0.00 
2231. 43 

I nLernli 

223L. 43 

\12 17.28 I (j46.3 1 
986& 59 1 04~ 43 

10906.02 
12078. 07 11 72. 05 

13712.90 
14940. 72 
17683. 87 

? 

17736. 26 
179.50. 71 

17199. 71 
1.9012. 1, 6 
211 9.5.87 
2347.5. 94 

224 01 . .52 
22801. 10 
123898. 86 

1239 16.84 
24 969. 30 

26066. 01, 
26533. 16 

2.5729. 03 
27009. 84 

26836. 20 
28.568.40 

? 
30396.61 

31491, . 68 
32219. 62 
32867. 39 
33429. 76 

31800. 3.5 
3249.5. 67 
32918. 40 
33673. 66 
337.56. 43 
34360. 2.5 
346.58. 47 
34788. 12 
35870. 00 

1227. 82 
2743. 15 

2 14. 45 

J8 12. 75 
2183. -II 
2280. 07 

3!lH.58 
1097. 7G 

1052. ~0 

467. 12 

1280. 8 1 

1732. 20 

724.9,1 
647. {{ 
56 1. 37 

----- '------

configlll'ations including a 5.f electron , nor for high 
even (third seL) terms could be found in the avail­
able list of Ae I lines. Such LenDS were found in La I 

[6] because that spectrum was fully observed from 
2600 to 11000 A, whereas the observations of Ae I 
are confined to abou t half that l'ftnge. Because the 
firs t ioniza tion potential of Ac is no t obtainable from 
spectral series at this time, we must accept the value 
6.89 ± 0.6 v der ived b:v Finkelnburg and Humbach 
[15] b~r the ir method of triple extrapola tion . 
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The strength of Ac II lines in the hollo\\- cathode, 
and especially in the are, indicates that actinium has 
a relatively low ionization potential (probabl~~ be­
tween 6 and 7 v), and accounts for the reduced inten­
sity of Ac I in the sources. Barely 140 Ac I lines were 
observed between 2968 and 6691 A, and only two 
with greater wavelength (7290 and 7866 A). 

If another sample of actinium becomes available 
it will be possi ble to extend the observation of An 

with an electrodeless quartz lamp containing metal­
halide [17] because it is now known that such lamps, 
when excited by ultrahigh frequency, strongly favor 
the emission of the first spectra . It was possible to 
classif~T 85 ACI lines as shown in table 7. Although 
table 7 contains only 62 percent of the total number 
of ACI lines, it includes 88 (wrcent of the tot,al ob­
served intensity. 

TARLE 7. Classified lines of Ac I 

'Wave~ Intensity Wave T erm combination vVaye- Inte nsity Wave T erm co mbinatio n 
length number length number 

------
------.-~ 

A K A [( 

I 2968. 82 5 33673. 6 a 2D'K - 336,., 4396.71 400 22737.89 a2D2.Y.i-z 2F3Y2 
3036. 93 LO 32918. 4 a 2D'K- 329'K 4402. 11 100 22710.00 a 'F'K- 347,;, 
3076. 44 :30 32495. 66 a 2D ,;, - 3241;, 
3082.96 2 32427. 0 a 2 D 2;, - 346')1 4417.26 30 22632. 12 a 'F2;,- 3241;, 
3111. 57 50 32128. 80 a 2D2;, - 343314 4426. 85 15 22583. 08 a 'F,;, -3181;, 

4462. 73 400 22401. 52 a 2D,;,- z' Po;, 
3143.71 100 31800. 34 a 2D ,;,- 318,y, 4471. 81 80 22356.03 a 'F2;,- Z 'G3;, 

I 
3171. 17 150 31524. 98 a 2D 2;,- 3373!"i 4486. 63 20 22282.19 a 'F4y,- 3433y, 
3174.23 20 31494. 65 a 2D o1i - z 4G ZJ1 

I 3179.52 3 31442. 19 a 2D 2;, - 3361;, 4487. 60 40 22277. 38 a 'F,;,- z'G')1 
3257. 77 4 30687. 00 a 2D,y, - 3291 ~ 4552. 18 100 21961. 34 a 'F3y,- z 'G,y, 

4557. 28 
I 

15 21936.76 a 4F2;,- 3181;, 
I 3288. 90 15 30396. 55 a ' D ,;,- x 2 P l ~ 4610. 10 100 21685.43 a ' Dzy, - Z 2F,;, 

3303. 28 20 30264. 22 a 2D ';,- 324l;, 4611. 59 4 21678.42 a 'F4y,- 3373;, 
3380. 96 10 29568. 91 a'D,;,- 318h. 
3416. 29 15 29263. 29 a'D,y,- z'G,~ 

I 
4613. 93 :300 21667. 43 a ' Dzy,- Z ' P,y, 

3549. 47 5 28165.17 a ' D,y,- ." ' P ly, 4621. 69 60 21631. 05 a 'Fzy,- Z 'G zy, 
4682. 16 100 21351. 69 a 'F4y,-z 'GSy, 

3701. 30 80 27009. 85 a 'D,y,- y 'P,~ 

I 
4690. 52 60 21313.63 a 'F3y,- Z 'Gsy, 

3725.22 4 26836. 22 a 2 D,y,- y'F,~ 4705.78 
I 

200 21244. 51 a'D,y,-z ' D3;, 
3767. 80 30 26533. 15 a 2D ,y,- y' Dl;, 

I 3795.86 10 26337. 01 a 2D,;,- y ' F3v, 4716.58 

I 

.500 21195. 87 a 'D, y, - z , Dzy, 
3835. 32 ]00 26066. 05 a ' D,y, - y ' D Iy, 4808. 81 10 20789. 35 a 4F4y,- Z 'G,y, 

4855. 68 50 20588.68 a ' F3y,-z 'G,y, 
3885.56 400 25729. 03 a 2D ,y,- y ' P o;, 4860. 16 1.50 20569. 71 a ' D,y,- Z 'Pl)1 
:3929. 52 5 25441. 20 a 'F,u- 346,'1 4868. 87 20 20532. 91 a 'F,u-x 'Ply, 
4004. 64 20 24963. 98 a 'F3;,- 3462v, 
4031. 95 40 24794. 90 a 'F,y, - 3462y, 4963. 48 10 20141. 53 a 'F.,Yi - Z 4GS)1 

I 
4034. 63 200 24778. 42 a ' Dzy, - y ' P I;' .5258.24 :300 19012.48 a 'D,;, - Z 'Dl;, 

5271. 56 150 18964.44 a ' D, y, - z ' D ,;, 
4063. 10 200 24604. 80 a ' DZ)1- y ' F ,y, 

I 
5344. 74 100 18704. 78 a 'F,y,- y ' Fsy, 

4081. 04 i) 24496. 64 a 'F';,- 3433v, 5569. 26 200 17950.72 a ' D ,y,- Z 2Dzy, 
4087. 76 20 24456. 38 a 'F,;,- 3361y, 
411 3. 77 

I 

80 24301. 75 a ' D,y,-y 'D);, 5618. 77 40 L7792. 5.5 a 'F,y,-y2Ply, 
4179. 98 1000 23916. 82 a ' D ,y,- Z ' F,y, 5636.60 100 17736.27 a ' D ,y, - z ' D Iy, 

5660. 19 40 17662.35 a 'F3y,- y ' F3y, 

I 
4183. 12 500 23898. 87 a ' D ,y,- z 'P ly, .5674. 15 80 17618.90 a 'F,;,- y 2F,y, 
4184. 17 6 23892. 87 a 'F,y,- 3373v, 5812. 44 :30 17199. 71 a ' D,y,-z 'Doy, 
4186.05 1.5 23882. 14 a 'F3y,- 347,v, I 4194. 40 400 23834. 60 a, 2D2Yz - y 2D i.!1 5830. 55 10 17146.29 a ' F,y,-y ' Ply, , 4198. 72 30 23810. 07 a 4F,y,- 3361y, 59.57.47 ]0 16781. 00 a ' D 2;, - z' D Iy, 

6170. 18 .3 16202.50 a ' F,y,- y 2D ly, 
4201. 92 30 23791. 94 a 'F,y,- 358,y, 6275. 67 10 15930. 15 a 'F3y,- y 2F,y, 

I 4208. 91 50 23752. 43 a 'Fay,- 346,y, 6359. 86 :300 15719.27 a 2D 2Yz - z 2D 2L1 
4218. 02 50 23701. 13 a 'F,y,- 3291v, 
4262. 42 40 23454. 25 a 'F3y,- 3433y, 6447. 82 40 15504.83 a ' D ,>" - z ' D Iy, 
4294.62 10 23278. 40 a 'F,y,- 3241y, 6469. 68 .50 15452.44 a 2D z}f- Z 4F ;J?'2 

6618. 19 10 15105.70 a ' F,y,- Z ' F3y, 
4336. 27 20 23054. 81 a 'F,;,- 3291v, 6691. 27 200 14940.72 a ' D ,y,- z ' F ly, 
4375. 07 20 22850. 36 a 'Fay, - 3373v, 7290.40 :~OO 13712. 90 a 2D ,y,-z'Fl;, 
4384. 53 300 22801. 06 a ' D ,y, - z 'PI;' 7866. 10 200 12709. 28 a2 D 2Y2 - z 4F~h·'2 
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6 . A Comparison of Homologous Spectra of 

Sc, Y, La, a nd Ac 
Xow that the main features of the first three 

specLra of scandium, yttrium, lanthanum, and 
actinium arc known, a detailed compari son of Lite 
homologo us spectra may be of inlerest in connection 
wilh atomic structure and electron binding. SLlch a 
comparison is facilitatcd by tables and grapbs. 
Beginning with the one-electron spectra (Sc m , Y 
III, LallI, and ACIII) of doubly-ionized homologous 
atoms, the terms, levels and intervals arc given in 
table 8, and shown graphically in figure 4. The 
relative strength of binding of 8, p , and d electrons 
in these fOllI' ions is sC'C'n to hr qui tC' difl'C'l'C'nt ; thC' d 

eleclron is lighlly bOLlnd in the first three, but in thC' 
fow'Lh Lh e 8 elecl ron is prefel'l'ed. In Ac III the 5j 
decLl'on is more firmly bound than 7p ; in La III the 
4j term is probably eYen lower but has not been 
located . 

The levels and in tel'vals of 2-clecLron speclra (Sc 
II , Y II, La II , and Ac II) are collectC'd in table 9, 
but the data for high even levels (third se l) [l,j'(' 

omittcd for brevity. Figure 5 shows Lhe J'elali n 
positions of the low (even) levels of four homologous 
spectra ; it makes obvious the remarkable difl'erences 
in binding of 8 and d electrons and pl'oves Lhat foJ' 
these levels the similarity of ACII and Y II is greater 
than for any other pail'. The stability is greatest, 
for 8 2 , and dC'el'C'asrs progrt'ss i\,t'ly for 8d, and (P. 

T A n I .E 8. L evels and intervals in homologous spectTa 

Se I lf Y I I I Lalli D esignation Ae III 

O. 0 o. 0 
197. :j 

197 . . ~ 72-+. S 

2:'i.i3fi. 7 7-lfif).2 

fU J02.2 1, 1401.2 
473. 7 

fi2i;,/) . . 9 429.51,. 7 

+-7d 2D p , 112254. 2 88378. 8 
+.). 0 

112299.2 88577. 1 

11 +863.8 8(7)3.9 

Se m Ym Lorn Ae m 

7,,000 1------------------1 

..... 
,0,000 1--...:. ..... "'-...~-----------___1 

"" "CJ- ---- -D--_ 

---0 
2"OOO """I _~~ of lr" 

~~~ ---- ------- -----~ I 
O _ ______ _ ______ ~ --~--= 

ENERGY LEVELS IN HOMOLOGOUS SPECTRA 

Flca' Hle -I. Energy levels del'ived from the third spectra of 
scandium, yttrium, lanthanum, and act.illium, 

Ol'dinntcs in K. 

o. 0 
72+. 8 

1603.23 

13590. 76 

J,2014. 92 
1.).')3. :) 

45110 fi4-

82378. 7.5 
198.3 

82812. 51 

82345. 0 

Se II 

1603. 23 

309.'). 72 

+33. 76 

YII 

80 1.0 

+203.9 

O. 0 

23454. /) 
2625. 7 

26080. ,6 

294fi.5 . . 9 
8.')97. 

380fi8. 0 

La II 

ENERGY LEVELS IN HOMOLOGOUS SPECTRA 

Ae II 

FIC lJRI!: 5. Energy levels derived fTom the second spectra of 
scandium, yttl'imn, lanthanum, and actinium. 

Ordinates in K. 
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No plot of the odd levels from sp, dp, sf, and df is 
giYen, but a study of table 9 shows that the 4 levels 
identified with sp in Ac II average about SOOO K 
smaller than the corresponding levels in La II , 

whereas 10 levels associated with dp average about 
7000 K greater than the analogous levels in La II. 
The most spectacular difference between these spectra 
appears in the levels assigned to sf and df configura­
tions; in Ac II the 4 sf levels average about 17000 K 
higher than the analogous levels in La II, and the 
IS elf levels average nearly 26000 K higher. This is 
perhaps the most interesting result of these inyestiga­
tions of actinium spectra; it proves that the 5f 
electron is loosely bound in actinium compared with 
the binding of the 4f electron in lanthanum. It will 
be interesting to see how the 5f electron is bound in 
thorium and protactinium. In fact , the 5f electron 
has already been detected in several spectra of 
thorium; in Th IV it represents the ground state 
according to Klinkenberg and Lang [IS], in Th III 
configurations containing the 5.f electron give a level 
that is only S09.9 K above the ground state [19], in 
Th II the configurations including the 5f electron 
are 4490.3 K higher than those without L20], and in 
Th I the configurations with 5f electron are still 
unknown. 

The principal levels and intervals of 3-electron 
spectra (Sc I , Y I , La I, and Ae I ) are collected in 
table 10. Because the data for Ac I are defieient 

20,000 

10,000 

SCI Y I 

r----~----.::-..::-~ 
" " " 

I " 
~------ ----Q ,,~, 

La I 

ENERGY LEVELS IN HOMOLOGOUS SPECTRA 

Ac I 

FIG URE 6. Energy levels derived from the first spectra of 
scandium, yttrium, lanthanum, and actinium. 

Ordinates in K. 

compared with the others, table 10 is abbreviated to 
include primarily the identified terms of Ac I and 
show how the close resemblance of Ac I and Y I 

served as a guide for such identifications . 
In figure 6 some low even terms in four comparable 

spectra are plotted; it shows the impossibility of find­
ing the missing (d2sFF, 4p terms in Ac I without in­
frared data. 

TABLE 9. Levels and intervals in homologous spectm 

Elect ron s T erms 8c II I In te rval Yn Inter val La II 
\ 

Ill terval Ac II Intcfntl 
------

I 
8 2 180 11 736.35 O. 00 7394. ,') 7 O. 00 

d (' D )s 3D , O. 00 
1 

840. 18 1895. 15 4739. 63 
67.68 204.89 696. 45 527. 53 

3D , (\7. 68 1045. 07 2591. 60 5267. 16 
I 109. 95 404.68 658.75 2159. 36 

3D 3 177. 63 1449.75 3250. 35 7c126. 52 

I d (2 D )s ID 2 2.540. 97 3296. 20 1394. 46 9087. 5c1 

d' 3F , 4802.75 8003. 12 O. 00 13236. 46 
I 80. 67 324. 91 1016. 10 1712.75 

3F 3 4883. 42 8328. 03 1016. 10 14949. 21 
10-10. 22 415. 30 954.60 1807. 69 

3F. 4987. 64 8743. 33 
I 

1970. 70 16756. 90 

d' 3Po 12074. 00 13883. 44 5249. 70 17737. 10 

1 

27.45 134.86 , 468.42 
19015. 32 I 

1278. 22 
3P , 121Ol. 45 14018. 24 5718. 12 

52.89 79. 84 509. 30 3184. 13 

I 

3P , 12154. 34 14098. 08 6227. 42 

I 

22199. 45 

d2 ID , 10944. 51 14832. 89 I 10094. 86 19203. 02 
, 

d' IG, 1426l. .JoO 15682. 91 7-±73. 32 1 20848. 23 

s(28) p 
1 

3P ij 23445. 05 3118-5.82 I 20956. 40 
I 33l. 20 375. 17 1224. 12 , 

1 

3P l 23776. 25 32160.99 22180. 52 
870. 89 1043.42 

I 

9698. 35 
I 31'2 24647. 14 1 

33204.41 31878. 8, 

I d (2 D ) p 'D l 26081. 32 26147. 27 24462.66 I 35397. 12 

31 2 

L.._ 

I 

~ 

l 
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TABLE 9. L evels and intervals in homologous spectra- Cont inued 

Electron s T erms Sc II In terval Yll In te rval I La TI Interval ACII 

I 
In ter v,tl 

(l(2D ) p 3F2 27443.65 27227. 00 26414. 01 26446. 96 
158. 67 305. 34 423. 65 4727.6-10 

3F 3 2'7602 . .'12 27532. 34 26837. 66 311 74. 60 
238. 85 861. 83 1727. 74 794-1,. -1,2 

3F, 27841. 17 28394. 17 28565. 40 39119. 02 

(l(2 D )p 'P ; 80815. 65 27516. 70 30353. 33 I 44199.94 

d(2 D )p 3D ; 27917.69 28595. 27 259'73. 37 29250. 40 
103. 52 134. 75 1414. 74 

33304. 96 I 
4054. 56 

I 3D z 28021. 21 28730. 02 27388. 11 
139. 82 483. 93 927. 14 3667. 98 

3D" 28161.03 2921 .'1. 95 28315. 25 36972.94 I 

d(2D )p 3PO 29736. 22 32048. 76 2'1545. 85 36780. 01 
5. 90 75.31 60S. 70 75. 49 

3P; 29742.12 32124. O'l 28154. 55 36855. 50 
81. 80 

I 

159. 36 
29498.05 I 

1343. 50 l.'i16. 14 
3Pt 29828. 92 32283. 48 38371.64 

d (2 D )p ' F3 82349. 98 383.'36.74 32201.05 41987.05 1 I 
S(2S)]I 'P ; 

I 

55115.52 44568. 68 45692. 17 33388. 61 I 
s(28).f 3F t 14147.98 2820 1.11 I 

227. 19 1679. 98 
3F 3 14875. 17 29881. 09 

1323. 57 ~084. 46 I 3F, 15698.74 3296/;.5.:; I 
I 

S(2S).f 'F3 15773. 77 36144. 35 

d(2D ).f 'G; 16599. 17 41627. 1'9 I I 

d(2 D)J 3F t 17211.93 41578. 57 I 
1023. 63 1697. 28 

3F 3 18235. 56 482'75. 85 
978. 98 1764. 4.5 

3F , 19214· 54 45040. 30 

cl(2 D )f 3]-[ ; 17825. 62 39807. 14 
754. 79 1109. 27 

3Hs 18580. 41 40916. 41 
1169. 21 

3}] ti 19749.62 ? 

d (2 D )f ID z 18895. 41 44'705.83 

d(2D )f 3G" 20402. 82 4·:;80'l. 06 
928. 78 1620. 61 

3G, 21331. 60 47427.67 
951. 30 172:3.87 

3G:5 22282. 90 49151. 54 

de D )f 3D ; 21441. 73 48518·41 
664. 29 960. 6-10 

3D z 22106. 02 49479.05 
431. 28 580. 6.j 

3D 3 22537.30 50059. 70 

de D )f 3Po 22683. 70 49780. 60 
21. 45 455.00 

3p; 22/05. 15 50235. 60 
541. 78 1021. 91 

3pz 23246. 93 5125/. 51 

d(Z D)J IF 3 24522. 70 53255. 30 ~ 
I 

d(Z D )f lp; 2/423.91 56152. 2 

d(ZD)J l ]~ :5 28525. 71 
I 

? 

--
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El ectrons T erm s Rc J 

d s' 2D,» O. 00 

' De» 168. 34 

(J2 (3 F )s 'F,» 11520. 15 

4 F zl,:; 11557. 64 

'F3» 11610, 24 

'F.» 11677, 31 

(/2 (3F) 8 ' Fe» 14926. 24 

' F3» 15041. 98 

d' (3Pls ' Po» ]7918.85 

' PI» 17947.98 

' Pe» 18000. 2.5 

s' (1 ~) fl ' Po}> 

2Ph~ 

d s (3 D ) p 'FI» 15672, 55 

IF!» 1/; '156. 51 

' Fa» 1.5881. 76 

' F4» 

d s (3 D ) p I 2Di!ft.i 

16026. 62 

24866.18 1 

2D2~ 26014.1.'i 

d s(3 D ) p ' Do» 1600.9. 71 

' DI» 16021. '18 

-I D2Y./ 161 4 1. 01, 

' Da» 16210. 80 

d s (3 D )p ' Po» 18504. 05 

' PI» 18516. 77 

'P2» 18511. 40 

d s (3 D )p 2F2~ 25584· 64 

2F3¥.i 25724 '12 

d s (1 D )p 2 D j\ '2 16096. 86 

' D2» 16022. 72 

d s (3 D ) p ' Po» 24656. 80 

' PI» 24656. 80 

d s (1 D )p ' F2» 21032.78 

' Fh 21085. 84 

TABLE 10. Levels and 'intervals in homologous spectra. 

IntCl'nll 

168. 34 

37. 49 

52. 60 

67. 07 

]l.~. 74 

29. 13 

52.27 

83.96 

12.5. 2.5 

144. 76 

147.97 

12. 07 

119. 26 

60. 76 

11. 72 

5.5. 63 

140. 08 

- 74.14 

0 

53. 06 

Y 1 

0.00 

530. 36 

37.35 

78. 61 

77. 96 

109 

DO 

112 

ll. 532. 13 

153 26.8:3 

158 64.35 

152 21. 81 

153 29. 04 

1.54 76. 69 

100 ,' 29. 20 

'159. 70 

149 49. 00 

152 45. 80 

1·:; 

16 

16 

16 

16 

16 

16 

18 

19 

19 

21 

21 

24 

24 

712, 40 

2·~4 . 50 

146.10 

066. 00 

435. 80 

-59/ . 30 

8.16. 60 

116. 30 

9'l6. 30 

027. 50 

148. 00 

-5 28. 60 

915. 40 

781. 20 

746. 60 

698. 80 

480. 60 

I Ini'f' l' n d 

.530. 36 

141. 26 

109. 3.5 

2,54. 17 

537 .. ~2 

107. 23 

147. 6.5 

830 . . 50 

296. 80 

466. 60 

.522. 10 

- 80.10 

161. 50 

219, :30 

299, 70 

51. 20 

120 .. 50 

386. 80 

615.40 

- 218. 20 
24 

24 

24 

24 

518. 80 I 
80. 70 

89-9. 60 

314 
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La I I Intern1] 

0, 00 
105:'). 20 

1053, 20 

2668. 20 
341. 81 

3010. 01 
484. 57 

3494.58 

I 
627.0:3 

4121. 61 

I 
70lL 90 

1040.2.5 
8052. 15 

7231. 36 
259. ]0 

7490. 46 
189, 48 

7679. 94 

15219. 90 
1060. 30 

16280. 20 

13260. 36 
370. 72 

13631. 08 
1388. 47 

15019. 55 
1223.70 

16243. 25 

18172. 89 
1207. 05 

193'/'9. 44 

14095. 70 
613.26 

11,.'108.96 
794. 71 

15503. 67 
595.61 

16099. 28 

17567.56 
229. 74 

17791. SO 
359. 70 

1816 , . 00 

16856. 82 
1053.36 

17910. 18 

15031. 65 
- 227.55 

14804. 10 

2545.3. 92 
496. 47 

25950. 39 

I 

15196.80 
34l. 6-1-

16538. J,4 

• .\ c [ In tcl"Ya l I 

O. 00 
2231. 43 

2231. 43 

9217. 28 
646. 31 

9863. 59 
1042. 43 

10906. 02 
1172. 05 I 12078. 07 

18'71 2. 90 
1227. 82 I 

14940. 72 
2743. 15 

I 17688. 8'1 

? 

17'736. 26 
214. 45 

17950. 71 

17199. 71 
181 2. 75 

19012. 46 
I 

2183. 41 
21195.87 

2280. 07 
23475. 94 

22401. 52 I 
399. 58 

I 22801. 10 
1097,76 

23898. 86 

2,)916. 84 
1052. 46 

24 969. SO 

26066.04 
467.12 

26583. 16 

2.5729. OS 
1280, 81 

2 , 009. 84 

26836. 20 
1732.20 

28668. 40 



TABLE 10. Levels and intervals i ll homologou s speclm- Colltinucd 

Elcctrons Terms ::Ie L Illten'al Y I 

ri s (I D )p 2Pu~! 187 11 . 0.3 21821, . :;0 
14-1-.73 

2Pi~.l 188:;';;. 76 281.'W.60 

d2 (3 F ) p 4G2H 2.9022.8, 286.91, . 00 
73. :3:3 

4 G3~ 2.9096'. 20 28.988.90 
93. 63 

4 G4~ 29189. 8.; 29361, . 20 

2930.;. :;21 113. 69 
4G ~1.~ 29820. 1,0 

1-

7 . Molecular Spectrum of AcO 

The visible spectra of actinium include senral 
sequences of bands that may be attributed to 
actinium monoxide. These bands are usually double 
headed, and arc always shaded toward longer waves, 
like Lhose of LaO [21]. The AcO bands "'ere most 
intense in the arc spectrum of ilnr and actinium, 
but the stronger ones were firsL found in Lhe hollow 
cathode containing actinium. The obsernd sc­
quences of AcO bands begin at 4876, 5696, 5718, 
5997, 6477, and 6757 A; they probably exist also in 
the unobserved infrared. Because Lhe obselTaLion 
of AcO specLra is incomplete, and of no special inter­
est in this investigation of atomic spectra of actinium, 
no attempt has been made Lo analyze and interpreL 
the AcO spectrum. 

It is a pleasure Lo acknowledge helpful ad \'jce from 
C. E. Moore, G. Racah, and R. E. Trees on Qll es­
tions of interprctation and notation of l tltcf Ae II 

spectrum. 

VVASHINGTON, October 30, 1956. 

I 

I 

III (('I'\' ,t! La 1 .~c I 

---- ------, 

dO J.'Jt' . . ]8 
31 ;i. 10 - 178.38 

,200 J.9. 00 .j().J.96. 6'1 

2 NU,!. liD 311,94. li8 
294. 90 4:32. 74 72-1 94 

,2,' 1,6,7. ·J4 3,2,219. 6' ,2 
375. 30 633.84 

,28089. 18 3,286/ .. W 
456.20 6.~4. 03 

28,'43. 21 331,29. t6' 
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