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Arc Spectra of Gallium, Indium, and Thallium
Williom F. Meggers and Robert I. Murphy

The arc spectra of galllum, indium, sod thallium have been systematically investigated

photographically in the cetave GXM to 13000 Angstroms.

The spectra wero excited i

direct-ourrent arca and recerded oo infrared sensitive photographic emulsions with & concave

diffraction grating 22 fest in radiue.

photegraphed in

In the desi tard spoctral yanpga, 37 new linex were
& i, 358 linesin In 1, and 28 lines in %I I .

All the obeerved lines ere explained

a5 combinations of deublet torme ansing from the axial and orbital moments of v single-

valapse slectron.

The new dats led to & revision of Ga 1 1erms, std extenshon fromn nwef

1o 12 for ne 3, from n=" to0 11 for nd 10, and to the discovery of nf2F* terme from n=4

to 7. Desides confirmin

terma were Tound for of thess Fpentra.

1. Intraduction

This ressarch was inspired hy the compilation of
“Atomic energy levels as derived from the analyses
of optical spectra’” [1].} While compiling the data on
gallum specira, C. E. Moore noted that the first
spectrum of allivm {Ga 1) was very incom lebalgei‘:;
vestigated. gln particular, no Gar lines :
obgerved with wavelengths greater than 6414 4 in
the red, althouph two infrared lines {11994 nnd
12096 A) were predicted in 1914 from E.gectm'lvse.riea
formulag [2]. Thesa predicted infrared lines hawve
now been recorded photographically, and, in additicn,
37 new (3a 1 lines Emra been discovered. Thess ob-
servations have led to revision and extension of the
known atomicenergy lovels as devived from the
poalyms of the Ga 1 apectrum.

Inspection of the published papers cn In 1and Tl:
fanalogues of Ga i) mdicated that these spectrs alao
hed not been adequately investigated photographi-
cally 1o the region of longer waves, In 1938 F n
i3] photographed the arc spectrum of indium to
ﬂl?l}‘ A, but the wre spectrum of ium bhad never
been photographed beyond 6900 A, alihough Paschen
4} in 190910 observed Tl lines from 8376.5 to 71170

with p bolometer. Excepting Paschen’s work on
indium, the arc spectra of gallium, indium, and thal-
liur: have not been investigated photographically for
30 yenrs, during which pericd infrared-acnsitive pimul-
sions itting observations to 13000 A have be-
come avaleble, Observations on these apectra in
the octave G500 to 13000 A wre rc]i:;rtqd in the present,
paper; in each case they led to the dizcovery of new
spectral lines and terms so that the atommo-en
levels of Ga1, Int, and Tl1 are now essentially

complete.
2. Experimental Details

A conventional direct-current are between copper
elactrodes was used for most of these experiments,
but it was found necessary to empley also an arc at
reduced pressure. The arc was operated with an
applied potential of 220 v, and the arc corrent was
rlpmustat. regulnted at & to 10 amp. The anode con-
eisted of n cupped copper rod, ¥ In. in diamater, and

1 Figures in bosckeds modicata the Titamibor e referineos ot fbe énd of thir paper,

many terma already known for Ini and Tli, two new nf #F°

the cathode wee & copper rod % in, in diameter. To
phgerve the spectrum of gallivm, indiem, or thallivia
the anodic cup was filled with a semple to be inves-
tigated. Liguid galiiom was transferred from a viel
to the eup with & platingm spoon, wherens pellets of
indium or thalliym wers placed in the eup with
tweogera. ‘The arc in air was struck by drawing s
graphite rod between the slectrodes.

ecauee the emuoleions availabla for infrared pho-
tography are rather insensitive compsred with their
response to violet light, success in recording spectra
beyond 8000 A requires a bright source, ample sam-
ple, and long exposure, in addition to wn efficient
spectrogtaph, For axample, to record the Tl1 line
at 13013 A required about 20 g of sample in & 10-amp
arc exposed for 5§ hours, whereas the iron comparison
gpectrum was recorded in the thivd order of the same
grating in 1 second! IUlnfortunately, these source
conditicns produce spactral line images that ara more
ot less hazy and asymmetrical, sspecially for red and
infrared linee of Ga 1, In1, and Tl:. Thet this is
duo to collision brundeniut.gh;a.pher than Toppier
offect is shown by the fact that it is just as marked
for Tl 1 as for Ga 1, although T! stome are thres times
a5 maessive as Ga atoms. Furthermore, snalysis
ghows that the lines in question inva.ria.b{y involra
highly excited states of type-d or type-f alectrons:
tha transitions from type-p to type-g electrons always
yield eharper lines.

Attempts to sharpen the newly observed linea by
axcitiog them io an arc at reduced pressure were not
whaolly successful becauss ness and iniensty are
muitually exelosive in most hght sources, Experi-
ments were made with an enclosed erc [5] attached
3 & pump and pressure . When the residual air
in tha chamber was reduced to a few millimaters {Hg)
the Iines of Ga 1, In 1, and T1 1 were sharp but faint,
and musl;g obzcured by a strong background of N,
(), and N} spectra. e sought lines are somewhat
stronger when the pressure of residual airis ¥ to 10 cm
{Hg}, bu even then this source iz too wesk to photo-
gmpﬁ its lines bayond 8000 A with reasonable expo-
sure time. This source, providing & compromise
between intensity and sharpness of spectral lines,
could ke used in thi= investigation only in the ranug]a
6400 to 8900 A, for which region photographic emul-
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sions ara a hundredfold more sensitive than those
used for longer waves. Without doubt, sharper lines
could be obtained from di=c ot very low pres-
sure in » Paschen hollow cathode, but the present
obagrvations were restricted to the classical direct-
current are at atmospheric pressure or partinl pres-
sura.

Spectrograms wera made with the stigmatic con-
cve atﬁg previously described [i‘}], except that
both the grating and mirror were aluminized some
yeara agn. In its first-order spectrum this spectro-
graph has 8 reciprocal dispersion of 10 ;;.I/]mm, g
it 13 now used almost exclusively to photograph
infrared spectra on 2- by 10-in. plates amhracing
wavelength rangea of 2600 A.  The range from 10500
to 13000 A was }:hﬂtug'r&phﬁd with Eastman I-Z
plates, the range from 8500 to 11000 A with East-
man I-{} plates, and the ra from 6400 to 8000 A
with Eastman I-N plates. 1-Z and 1-Q plates
wera hypersensiti by bathing for 2 minutes in
2- to T-percent aolutions of ammonia in water; they
werc then dried rapidly before loading in the spactro-
gra-g)hic plate holder,

dark-red-gless filier placed in front of the ige—a—
trograph alit absorbed overlapping spectesl orders
when the firsi-ordet spectrum was being photo-
ﬁ:phed, Short portions of the slit were expoaed to

iron are to provide siandards for wavelenpth
mepsurement.  For the spectral ranges covered by
1Q and [-Z plates, iron standerds were taken from
the second-, third-, or fourth-order spectra, but for
the range obeerved with I-N plates the iron com-
porison spectrum was recorded in the same first
order 83 the other specira, a deap-yellow-glass filter
being employed to absorb the overlapping spectral

orders.
3. Results

The wavelengths belonging to lines ohsarved in
the aro spectra of gallium, indiom, and thalliuwm wers
esleulated from linear meazurements of the positions
of these lines relative to standard lines in the iron
apectrum, and then converted to first-order values
if the iron standards appeared in higher spectral
orders. DBecnuze most of these lines wera naturally
bazy () and shaded to longer (I} weves, it was
usually impossible to epecify the wavelength closer
than +¢.1 A, and =ms]]l corrections due to slight
departures from standerd-nir density were therefore
nnﬂected.

elative imiensitiea of the observed lines were
eatimated from the spectrograms mnd adjusted
somewhat to correct for obvicusly excessive esti-
maies when lines happened to be on or near the peak
of sensitivity of w particular photographic cmulsion,
These estimates have physical mesning for proximate
lines but may ba ihg when comparing the
intensities of widely separated lines. An example
of the latter is discussed under thallivm.

The results of this investigation are presented in
two tables for emch spectrum, the first gives the
experimental data on wavelenpth, reletive intensi-
ties end hne character, and spectral-term combine-
tion, whereaa the second table containa & complats

liest of the stomicenergy levels derived from the
analyses of the 0ptiuaf}'sp-eutm. In genersl, the
Ga 1, In 1, and TI 1 specirs sre structurslly similar
each line reprasents a transition of a single eleciron,
which, by virtus of ite axial and orbital moments,
ives the atomic-energy levels uped to form

aublet sg:etml terms. The only exception ia a
P term observed in each of these spectra,
3.1. Gallium
The early history of gsllium specira e given in
Eaysei's buch der Spectroscopie ['?£ riefly,
14 lines {2450 to fi4l4 A) reporte xner and

Haschek [8] in 1911 were arranged in three spectral
seried by Paschen and Meissner [2] in 1914, Uhler
and Tanch [9] published for 23 arc lines of Gin wave-
len ranging from 2171.9 to 4172.048 A; Sawyar
and Lanpg [10] added five lines {2607.47 to 280120
A}, which fix a 'F term, and thiz is all that was known
a&bout the Ga 1 spectrum to the present time. The
present investipation more than doubles the totsl
pumber of lines previously asecribed to (a1, and
becausa the final list hes rejected zome lines and
auhetituted others it is given complete in takle 2.
This list of Ga 1 lines gives the best agreement with
values caleulated from established atomic energy
levels dizplayed in takle 2. We are indehted to
C. E. Moore [or salecting and adjusting these values
of warelengths shd atomic-energy levels.

Besides revising some earlier term values, the
presant oheervations of Gars lines have sxtonded the
seried 5p*P°—ns*8 from n=9 to 12, the series
5p fP°—nd *D from n=7 to 11, and revealed the
seriea 4d *D—nf *F? from n=4 to 7, inclusive, The
limit, 48380 ¢em~', corresponds to an ionization po-
tential of 5.097 ev, the energy required to remove
a valence electron from s neutrsl gallium atom.

3.2, Indlum

The arc spectrum of indium was first investifnted
systematically by Kay=zer and Runge [13]), who in
15063 mesaored the wavelengths (2180 to 4511 A) of
34 lines and arvanped them in two subordinate spec-
tral series. About 22 years later Paschen and Meiss-
ner (2] ohserved nine indivm lines (4479 to G900 A)
wnd placed them in a l1pﬁ'il:n::l[:ml peries of doublsta.
In 1822 Uhbler and Tanch [9] published wavelengths
(2171 to 4511 A) for 34 indium lines, almost, but
not quite, identical with the earlier liat by Kayser
and ci%unga [(13]. An important contribution was
mede in 1838 by Paschen Eﬂ, who measured the In ¢
spectrum emitted by Geissler tubea and by furpaces,
and published wavelengtha {2179.%0 to B170.2 A)
and term combinations for 107 lines, 27 of which lis
in the far red and near mmfrared. Unfortunetely,
Paschen neglected to give any intensitiea to these
new lines, 21 of which are guoted by Kayser and
Ritschl [14] in their table of principal ]{.‘nea , although
they are mostly very weak compared with other In 1
lines. We have tried to supply estimates of the
relalive intensities of theze In 1 hines, but a few were
too weak and hazy to messure on the spactrograms.

235




TanLe 1.  The first spectrum of goetlium, Ga 1 -
|t =Tezy; A=7ery hncy; fm3yhaded b Inavger wweed]
Wave number
Intensit,
Referencn Wave and i’ Term rombination
length chareter | Observed | GHlou-
lated |
A cm! el

This worle__________ 12104, 93 200 5253, 13 9. 48 B By — b Ly
Do_ | 1148 24 L 2166, 45 6. 45 B8 By — 8p P,
Do- ... 11103, B0 20 0003 8% | A 4L | EptPry—T7s S
Do 1088, 64 10 5114, 41 4, 38 ig‘l’h——?sﬂm
Do.-—._____°7| 10005 98 100! V1GH TR | 679 g — 4f Fing
Do __________ 10808, 53 (i1 F7 1 H173. 0% 3 04 3D —4f TF
Do, . __.... 2503, 08 b 118 104X). 36 Q.35 5o P —0d 10
1 DeED. 1R F00% 10425, 55 a3, a6 &p WPe—6d 1Dy
Do___________. 492, EE 2004 10531, 42 L 32 5p DRy —0d Dy
Do ... Bt 6 0k 111789 [ Sp 1Py — Br 18y
Do ... __.. BR5, 6 b 11} 11287. & 7.3 z,tn P, — s
Da_ . ____ BRIE T 305 11342, 8 2.8 Iy — BF T
Duo__ .. BBOE. © 20H! 11340 0 LR 4d 3Dy — 03,
Doo. .o ..., B420. 2 10H; 11872 8 24 4d 3D gy = Bf Y,
Do_ o ___ 2415 8 THI 11879, 1 9.1 A 30— B 2FE
Do Ay, 2 105 11014. 8 7.0 o *P e —Td .
Do 8386, 2 2005 11821 1 1.1 5p TP, —Td 1Dk,
Do.ciea . £311. 5 1004 120243, 1 T4 H’Plu—'?d’nm
Do____________ 8171 6 5Hi 12234, 1 41 Ty — TF 2FEy
| I /167, § aH] 12240 3 03 4d 3D — T ¥y,
Do 8074 25 204 12341. 85 1. 63 Sp 1PT, — e Mg
| 1, AO0T. 55 15h 1249%, B2 2. 80 Bp 1P — O 18y,
Do Thk. 6 1Y 12814 2 42 Sp 1P —Bd *Ih ),
Do TEOO. 01 1004 12316 97 507 5p Py - 84 2Dy
Do .. 7744 77 10t 1 12925, 05 L | By TPy, —Bd 1D,
| I 762, b 10M 13118 9 89 bp P —10a?
Do .. 7506, 6 oh 1328268 8 o8 S PR — 10w Mg
Do_ ... T464. 0 angl 12303 9 RN Bp PPy, =T 105,
Do, .. 7403 0 205 13504, 3 4 2 ap 3Py — 04 1D
D .. 7349, 3 aRl 14960& O 3.z Bp P —11sF
Do_ ... T280, 9 3h{ 13714 4 4.1 59 P — 118 3y,
Do . 7251 4 10H] 13756. § [N i By ®Py = 10d Iy,
Do . T8, 8 5H1 13897, 4 .5 S TPgp— 104 9D,
Do o 7172 9 20 18037. b T h op P — 180 ¥y,
| B T114. 9 14 14045 4 &3 b TPy — 12 Y8y,

Because tha eources employed by Paschen emitted
sharper lines, we have guoted his wavelength and
wave number values in table 3 in addition to the
messired wavelenpths, estimated intensitiea, vacu-
um wave numbets, and term combinalions for 40
Inz lines ranging in wavelength from 6R47.44 to
529126 A, &%e remaindar of the In r apactrum ia
fully presented {excepting intensities) in Paschen’s

per [3].  An extenmion of the D and *5 series has

een reported by Glarion [15], but no details of

measurement are available at present.

The complete liat of atomic energy levelz of Ina
ie found in tabla 4, where Paschen’z term welues
appear {relative to 5t zEFiP 1P, =0.00), snd two new
termos (5 2F° and £fF?) have been interpolaied
from our infrared observations. o

From the limit, 46668.% cin—!, sn ionizatlion poten-
tinl of 5.785 ev ie derived for indinm atoms.

3.3. Thallium

The last complete compilation of literature on the

gpectra of thellium was published 40 years apgv by
year (16]. As in the case of indium, the first
careful invaatigation of the are spectrum of thellivm
was made in 1893 by Kayser and Ruange [13], who
megsured the wavelengths (2129 to Eﬁgg A) of 49
lines and assignad nearly all of them to & prncipsl
and to two subordinate series. Foyr addisionsl
visible lines were Ehut.ogmphed in 1910 by Eder
and ld?"a]eg;u. (171, but mhthj'lﬂ'ldaf nobody b n:::i
porte aphi the 1 epactrum be
6714 A LII:;I t.l:gg:\ej}.hlefhn infrared mI:liaaion EPEG{I"HI[[
of thallium was first axplored by Paschen [4], who
empioyad & bolometer and palvanometer to detect
about three dozen lLines with wavelengths ranging
from 3376.5 to 71170 A. The most prominent pair
of these infrared lines (11512 and 13014 AY was
accountad for by the esiahlished series terms, and
most of the remainder wers interpreted as in apres-
ment with valeee caloulated from the Rita combina-
tion principle applied to known Tl1 terms, Some
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TavLs 1.

The firal specirum of gaitium, Ga —Continued

h=Emey: H=vory bacy: I=shaded b Wogtr whvea]

Wave number
’ Intensit;
Referenca EI”&E and ¥ al Term comblnation
charactar o=
} Obegerved lated
i A oL el
Thia work ____._.... T103. f2 5kl 14067, 1% 707 5p P~ 11420y,
Do _____ 70461, 34 JAL 14178, 4 B D -'.’rsp iPL— 116D
Do, _______| 6413 47 PLLLI) 15587, 88 7. BB a Ry, —fp 1Py,
Da_____ . .....| 04358 58 | LI 15899, nd o 0d Be B — Ap TP
1 53508 | _____ 15652 2 22 Fig 30 — T TPE,
) __.._... &5%53 81 2 18673, 1 a1 B W — T P
.. | 4172 048 10 23962, 31 2 34 4p Pty — 58 'Eu:
‘B]__ - 4032 975 10 24785 61 8 5% dp PP -=Ba 28,
(=2 R 2044, 175 8 EB965. 47 5. 43 dp 2PTy—dd Ty
M- . 2843, 63D 17 B, 66 1. % 4p TPty —4d Ty
1L 2BTL 240 8 34781, 63 1. &7 4p 1B, — 44 Dy
] 2710, 654 3 6758, 39 A 38 dp TPy~ B 18y
111 ] 2091, 70 CHY 37146 8 4 TP —dph 4 Py
1) I 2065, 05 {103 37511 2 £p 1P — 495 1Py
L)oo 26568 8Y3 3 7554, 42 4, 62 4p 1P — bz By
W ..o fe0 68 {m; 77 b dp P —dpt 1Py
. {8 35087 T 4p PR —4p ‘Tay
(59 35330 - dp *Piy;, — 4p? 1Py
3 30076 B3 6. 428 4p 1P~ 5d 1D,
7 JI08L, O 4. 56 4 2PTye— 5ef W
8 A080%. 67 2 72 dp 3Py, — 543D,
4] 41332 1 5 2.2 4p IPLy— Vi Wy
(3] 42158, 25 B 44 4p AP ~= Tx 1B,
1 42747, 57 9 14 4y TP —6d 2D
(3} 42751, 08 4. 35 4 TPy — G 1Dy
1 43505, 15 58 4p 3Pty — S 30
............ (2} 1357401 | 5. 38 | 4p tPhi—6d tD
___________ 1 44240, 1% 9, BT 4 *Phy— Td 3Dy
1 44331, 46 1.5 4 TPh,— B8 Wy
L) 1 45074, &0 ; 20 dp 4P —Td tDy,;
L — e

of Paschen's infrared T! lines remain unexplained,
slthough all thegretically possible Tl i terms of any
importance are now lknown., Because some of the
Empuaed combinations are discordant and are for-
idden by rigid quantum rules, they must be re-
garded with suspicion. Additional doubt js cast
upon qome of Paschen’s lines by the fact that in the
range observed both holometrically abd photo-
praphically there are serious diksgreements, Paschen
reported some lines that we could not phetograph
and we photographed soma that he did not detect.
These differences are shown in table 5, which pre-
sents the reported lines in the rangn of wavelengths,
654984 to 130132 A, 22 lines with greater wave-
lenrfths, aceording to Paschen, being omitted,
he Tl1 line at 130132 A i= the greatest wave-
langth that has heen racorded by direct photography
of metallic are spectra, and it could be recorded only
becausa it 13 intrinsically intense. By comparing the
photographic density of this line with that of its
companion at 11512.% A, one can eonclude that the
gensitivity of the I-Z emulsion for 13000 A is of the

order of one one-thoussndth its maximum aenaitivity
opear 11000 A. " Ii would be 2 t boon to spectro-
sceapy if the proper dyes could ba synthesized and
incorporsted in emulsions to preduce photographic
senditivity ab still groater wavelenptha.

The Tl duata svailable in 1922 were eollested by
Fowler [11] in his rﬂ)ort on “Series in line spectra,”
and the relative values of his stomic energy level
referred to the ground state (6s® 6p Ph—04) are
prescoted below o table 6, together with the appro-
priata quantum notation, snd with the inclusion of
two new terme (7f 'F° and 8 °F7) derived from the
mfrared aheervations.

Lo goriea have been traced in the Tl spec-
trum in analz other specirum excepting hydrogen
and alkeli metala, Thus in Tl 1 the principal quan-
tum number, or shall, for # electrons has been traced
to 20, for » elestrone w16, for & electrons to 23,
and for f I:{Jl:ut.mna to 8. The extrapolated limit of
these series is 49264.2 em™! from the ground state,
and the eorresponding ionization potential of Tl is
6.1063 ov.
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Tawrs 2.  Alomic energy lemels of Ga @

mfg;flt::&ﬂn Term symbol S Level value Interval
aml
3 ip 45 1P ?ﬁ . ﬂg: gg 426, 24
4{13) 58 54 0y 247TEB. 58
40('8) 5p Gp P 'i';g 83044 00 110, 97
108 4 e 3 34787 9% 6. 25
4e3{1E) Ge fa 38 0 37584 52
dn 4y 45t P 0 aroTe 24
14 BRE3H 7
b4 33013
4et(15] Gp o ;J}}é igi;fg: gg 41 15
det (18} Gd 54 3T 14 20802, 72 S, 4B
aig 0R11. 30
4xt(18) Tr Tr 04 42158. 44
Jat(E) Tp Fi- R I]]ﬁ ﬁjﬂg 20, 9
#H5) 6d 6d :D 1% 43575, 38 = o1
aig 43530, 59
457 (i8) 4f 4f tFe Z2H, 3% 480864, 71
42418 Bs 8 (1321 #331. ¢
4e*(18) Td 7d D 14 45072, 0 41
3 45076, 1
4840181 95 9 0% 45536, 66
463(13) 84 847D L 45960, 7 98
24 45972, 0
(18} bF 5 1F* 2%, 34 SRL80. T
491 (1R8] 108 10s 8 04 46273 9
£7(15) 9d 8 4D 1% 46548, § 0.6
o 26548 9
48013 6f e oG, A L0060, &
4R} 1 1e 1le 48 0N 46758, 2
45 (18} 104 104 1D 14, 2% 46941, 6
44 (13) ¥f ) 24, 8% SYORE o
48 (151124 125 8 034 4TIRE 52
449(19) 114 114 tD 1%, 2% 47222, 10
Ua ar {8y Limft 48380
15 4y 4y 13 1574 B2100
4o 4p° 49 P lllﬁ g&mrgg 26




TABLE 8. Firsl sapectrum of dndium, Int .
[=haxy, H=cyary hacy, F=haded 1o Boger wors]

Intengit . Wave number
Weve length and ¥ E:;;;"[ 41; Term combipation
; character Obeerved | Calculated
A A b =1 em—1
12012, @ 11 [ 7442 2 1. 92 Bgi— Ep Py
11781 5 208 . 8521, 7 1. 92 fp Py — 2
11484 9 R i} 8E19. B 20, 10 6y P — 3=
10744 5 10057 . 9304, 54 4 6 Fal 4000, — 5F
0TI & 114 N R 0327, 98 I8 Bd ADw— &F ¥y
10283, 9 BH | _._._.._. 972127 144 Gip 1P — Td "Dy
102567, & 2005 R OT46, 45 6 78 bp 3P — T4 ID
977, b 1004 .l 104114, & 5. 62 tip P, — Td Dy
428 2 20k e 10604 & 3. 78 fip Pfy — G Ty
BT 4 a0l 10E69, 0 9.4 — &f Ty
) 10H! e 10692, 3 23 B 2B — Bf 3Fis
$170. & 104 Mg, 2 101, 9 1. 94 G TPay — Br 2y
809, B b 8909, 53 11220 26 {. 54 fp 1P — Bd Dy,
S804 7 40k} BBU4, 45 11289, BS 9. B3 8z 1Py — Bd #Day
8700, 4 5Oh A700, 19 11490, 85 0 B4 B WDy~ fF VFjy
8662, 7 Sl 8862, 64 11514 08 4, OF Ed 3T~ ¥F TFhy
®E7D. 2 306 8678, 95 11510, 00 9 0 PR — Sd 2D
E406 A 15k 8406, 70 117686, 05 & 04 6 2Pl — 108 g
8315. 0 16H A314 01 AR BT | 328 Fd — Bf M
B299, 1 10! K208, 22 L2044, 60 G 5 Bd 1Dy — & Fig
H286. 7 104 K286, 63 12084, 27 4, 82 ﬁp Py — 108 IBuig
22401 24 B248. 03 L2116 46 o 47 8y Py — M 2D
8238 8 JOFA AZA8, G4 12134 5 4 58 Bp 3P, — W =D.;;
BOT0. 2 aH BOT0. 18 12387, 00 1. 8% B 1D — 9F 3F4y
805G, O of BO54, UF 12411 27 1.27 Bd 1D — 9 =Fg,,
sa0, 0 A0 HT BOSO. £1 12417, 70 7. 65 6p 1Ph, — Od 3Dy,
%010, 0 T* A, 0 12481 0F 1,407 Bp TPy — 11n Py,
________________ 7903, 92 12648 47 8 47 Gid ¥Dh— 10F 2P,
________ 7EED, 28 12671 04 1. 92 Si T — 107 13y
7871 8§ 257 TRTL T1 12700 23 0 27 Bp 2P, - 10 1Dy
TRGL 5 105 764, 27 1271% 24 i | &p *P1, — 106 "Dy
7824 Q 5h 7829, 08 12770 17 . 25 Bp IPY — Hlr 88,
________ ————— TG, 33 12841, 14 1 14 5 T0n— 11F *Fag
! [ 7771 26 13844 3y 4 38 EJ*D.-,-.—IU’ L™
................ T6OT. & 12587, 5 7. 50 5d #Dhy— 12F ’F;H
7601, 2 651 7601 041 §200% 57 g 45 ﬂp WPy == 10 £ Dy
7608 1] Fyi 'ea7, 23 13006, 25 8. 20 £ 2Py — 114 Dy,
7464, 2H 7463 4§ 13504 B 4, M) ﬁp *Pa;i —117 Ly
A0, 14 1000 6300, 13 144488, 49 4 48 s By, — Tp P,
A247 45 2000 A%4T. 44 14504, 67 07 65 Rey — TPy
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TADLE 4. . Atomie energy letele of 1n 1

Elactron

configuration Term synmbel S Lavel value Interval
m-l
GA(B) 5p Spapr ) 0. 00
? 1 2212, 5¢ 2212. 56
5218 s ba 18 04 24372 87
5#08) bp Bp *P° 0 51814, 81
1 88111 78 298, 18
5A08) 5d 54 :D 1% 32802, 12
24 32915, 42 23. 30
5z 5pt 5p3 1P 08 34977. 66 1043, 12
134 36020 B0
a3 37451, 90 1431 10
S8(15) Ta 74 38 oY 36301 69
b6s('B) 7p 7p 1B° 0 SBBAI. 35
B 1 Sp97e. 74 111, 49
58019 64 8d 1D 1% 30043 48
21 20008, 37 19. B2
5 5p° 5D 1% 39707, 20 0, b7
2% 54707, 96 il
5603} S¢ B4 18 01 106386, 71
5418} 8p gp 1P 0l £1837. 10
13 YT, 5434
5(18) T4 7d D 13 11336, 23
2t 41861, 57 5. 34
5aR(S) B 57 F° 21y 8K Lead. o
5e2(15) D¢ 01 18 0% 42718, 58
5:208) 8d %D 1% 43335 63
2 43I54 B2 18. 02
B8] 9p gp :P° 0% 43368, 49
11 L3200, 58 30. 4
5eE ("5 6 &f 9F Ria, Xla 48584 4
5A02)10s 10 78 oK 43530, B3
BA0IS) 04 od *D 1% 44234 26 (5 11
24 44249, 37 -
5e(5) 105 10p =P° 0 44875, 17
1% s 18, 96
Ger(3E) T 7§ aF° 2 44408, 80
i 33408, 26 0. 06
HO0H) 172 115 43 0% 44505, 86
5a08) 104 104 7D 1 44815, 06 11. %8
2 44827, 02 :
5 11 11p P i [44852. 28]
14 44385, 79 (12 58]
5a208) &f gf aFe 3 44898, Y0 a0
H 44938 71 -
52(18)1%: 127 3 0l 45067, 19




TrbLE 4. Alomid snergy levels of In 1—Continued

cufmﬁm Term ayimbol S Level value Interval
oL
5at(18) 11d 114 D 1 15211 51 o 57
) 15221 08 -
Bat(iS) 8 1R 3 45808 a1 _
i / 2 15303, 39 o 03
B8] 132 132 3 0% 45304 13
5e"(15) 124 134 3D ) 15193, 98 R 06
o 450502 04 '
5a2(13) 10 16f IF* 3% 45583, 89 _
4 o ol LEER L O 215
Ba*(18) 142 145 13 ol 45630, 44
5e¥(13) 134 134 3D t 45702, 08
J 8 45706, 02 6. %4
Set(18)11F 11f 9F° 2 45758, 50
5ig 15756, 56 0. 06
- it (18] 1 5 155 73 kg 45808, 83
5at (13} 14d 144 3D 1 45858, 30
4 3 158865, 32 6 02
Sat(E12f 12f aF* L
i 15508, 98
5a(12) 154 154 3D 14, 2% 45086. 63
Truar [V8g) Limit 46660, 93
ba fipt P 0k G50
v 4 144 60660 1010

34l




Tanre 5. Firsl specirum of thalfium, Tl
[h=heay, FF=uvery hary, —amnded to kioger wayes]

|

Wave nember

Intemsit; Totensity]
Wawvelength and v }?;‘;ﬁmﬁ Pﬂ,!lr:h»zlr:rr Term combination
charecter (4] I Observed 1}151!:3-
b
A A em—! el
13013, 2 2 15013 & Yoo THRZ, 4 21 Ta By — Tp Phg
______________ 12738 4 150 ';349_ 4 FL S Ty 3P — Td 3Dy,
______________ 12728, 2 0 S54. 4 e memmmcmmmnamrma.
________ e 12401 5 15 S00% 1 52 To TP — D TByy
________ R 11690. 7 10 || &551. 5 e
11592 9 bl 11594 5 a0 8623 § a.a 6d Dy — 6 2Fly
11512, §2 1000 11518, 22 1000 8583, 59 3 2 76 Wy — 70 Ply
L1t 41 | 2ol 0 S | Rb | T g she
Bl | BRA | aeae---a I | ' r — us
______________ 10486, 4 | w2es | .8 | 7 1Pty — 8d iDyy
1 = Hl i a
o | v ms | BT 4| BB g
10011, 8 LY S cer. D035 4 54 B 21— T F1
93T 4 - T —— 10650, 2 59.0 T P — ﬂf’ 1P
0930, 4 oA | ——— 10067 8 3 6 2D — TF "Fhy
9363 4 oh | ... ——— - MOLBG. Y &0 Te AP —10= 28y,
9500, 4 40K §h1% 8 i 105180 3.1 7o 1P — B *Dhay
sk A 2H | ... R 108, B 1.7 Bd 10y, — &F TPy
018% 1 e | .. ——- | 10584, & g8 6d 1Dy — B #Fhy
______________ ATl 1 J 10500, 5 e e
9120. 5 20M | ... eoo. b o1onan 3 05 Tp 1Pp; — 94 Dy
$I3E 4 3| oo ———_ | 11060, 9 0 2 TP Phy — 61 Py
2076, 75 YO TID ise s 72 T 1P — 102 5y,
B850, 4 4 | .. 11235 8 54 Tr 3P —1le By,
&4v4 2V WM | . R 1var. 2 7.4 Tp TPy — 104 [y
B373. 5 LTS 8876, 5 10 11934, 0 N Tp Pgs — 9 2Dy,
3130.0 BA | .. 12209, 7 8 6 Tp iPg — 118 %8,
7815, 80 1WRE | _oo_... - 12791 1 a4 Tp Pl — L0 *Dhy,
TET7E. D3 | . - 13014, 1 9.2 Ve P — 128 Sy
T493. 4 B | ... —— 13341, 1 1% Tr iP§ —11d =D
4713 30 00 I N 14300, 52 0.5 T3 8y — Bp Py
649, 84 oo | o __ 15383, 34 35 Tt ey — 8p TPy




TaBLE 6.  Abomie enerpy lérels of Tl

mEfﬁfxg o | Tetm symhbol 5 Level value Interval
” pe em-l
G6708) 6 Bp 0 oo
) r 1% 77987 77927
GE(E) Ta s B ¥ 26477, 5
BRE) Tp Tp pe 034 $4150.8 -
1% T5160, B 1001. 2
8R08) 64 8d 1} 13 86115 9
3% 26199, 9 BL 9
8P18) S 2 78 oL 85745, 0
84(15) Sp fp 1P° 0% 41385, 3
18 11741 0 LT
6615} Td 74 2D 14 12011, 4
21 42049, 0 ar. 6
68(18) Bf 5f *F° 234, B3 42818, 5
G (IE} Dn G 8 Qs 431448, 2
Bat{13) g iP= 4 LI3RG. 1
G ? 14 iiEas. 5 131. 6
Bat{15) 8d &d 1D 14 44872, 7 20.0
2i4 54602, 7 -
Bat(IS) 6f &f *T" 2%, 3% 44828, 5
ﬁ# “F’ 'ﬂ-p’ 'P ﬂH 45214, 8 ‘lﬁm
13 49820,
Pt 53048, 3726
649 (15 104 106 18 0y 45296, &
6t (19}1 10p °P° 03 45839, 3
o 14 #6043, 8 104.3
6505} 94 o *D 14 10098, 5
24 46110, 3 1.8
88A08) TS 71 1F* 214, 3% 48185, 5
Bt (19} 112 134 '8 0 48454, 2
Gt (33111 11p tP° 0% 48858 &
? ? 14 16017, 1 83. 3
Bat(15) 10 Hid D 1% 48950, 0 T8
14 46057, 8 :
6ot (W) B & *F" 2%, A 4TS &
56 (15) 124 125 5 0l 47178, 8
(1B} 12 12y 2P° 0% i7458. 8
f 4 p i piore 34.8
63 (15111 114 1D S U 2% 47501 4
B (15} 138 134 5 0% 47654, 7
fe202) 130 13p #P° 0%, 1% E T
6e%(15) 124 124 D 1%, 2% £7876. 0
6#(1B) 148 148 W 0% 47983, 2
8e2(15) 14p 14p tP° 0%, 14 48129, 6

343




Tanre 6, Alomic energy lepsit of T11—Contlnued

mr?ﬂiﬁt::t!ilon Term aymbol J Level value Interval
Gt (18) 124 134 *I» 1), 24 45?:_2' ]
st (131154 16e 78 0lg 48223 2
687 ("3) 16 Ihp P o4, 14 48881, £
G {13} 14d 144 D 114, 24 48339 2
s (15} 1 Ge loa 2H 0k 45300, 5
68 (13516 1ép spe 04, 14 484559, &5
6o {13 1 15d Dy 115, 244 4B4588, &
G21(13}1 7, 17s 4 0l 48534 &
- RIS 1 6d 164 1D 14, 24 48064, 9
4 | 667 (15} 1 Re 18 3 L1154 48639, 0
‘ G ('8} 17d 17d D 1%, 24 4RE08, &
i G318 184 35 L 4H728. 3
&4 (13} 1R 184 10 14, 24 48774, 5
Gt {15) 204 20 B L1 48795, 2
a2 131584 1% 1D 13, 2 4BE2E, §
Qat (153204 204 1D 1}, 2% 48878 2
G (55) 214 214 D 14, 24 48920, 6
647 {183 224 224 1D 1k, 24 48957, 7
47 {18) 284 234 D 14, 24 4R05R, 3
Tl {23} Ermat 49904.%
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