Rovaikanal Observatory,

BULLETIN No. XCI.

ON THE SPARK SPECTRA OF LEAD
BY
A. 8. RAO, M.A. (mONS.)

The spectrum of Lead has been the object of many investigations. Yet until recently little progress has
b een made in the identification of series relationships in the arc and sparle gpectra of the element. Thig
element is the chemical analoguc of C, 8i, Ge and Sn ; and gince it has the same number and type of outer
electrons ity spectral structures may be expected, according to present-day theories, to resemble thoge of the
abovementioned clemenis. Such resemblances between homologous spectra are often very close, though
there arc occasionally .minor but significant differences, which may perhaps prove of importance in the
refinement of modern atomic theories. Recently through the work of Thorsen', Grotrian®, Sur® and McLennan®,
a distinct advance wag made in the analysis of the arc spectrum of Lead. The first spark spectrum of the
element was investigated by Geissler.t

The preliminary attempts at the classifications of the second and third spark spectra of Lead, from the
existing lists of published wavelengths was geriously handicapped by the lack of descriptive data. Descrip-
tions of arc and spark gpectra of the element in limited wavelength intervals have been published by various
obgervers. The mostreliable ones up to the year 1911 are quoted by Kayser in Volume VI of the Handbuch der
Spectroscopie. They are by Kayser and Runge® (are spectrum 2085 to 6002-A..U.), by Thalen? (spark spectrum
4058 to 6656 A.U.), by Exner and Haschok® (are spectrum 2237 to 6002 A.U., and spark spectram 2170 to 4572
A.U), and by Eder and Valenta® (are spectrum 5609 to 7229 A.U., and spark spectrum 4272 to 6793 and
2088 to 2733 A.U.). Since the appearance of this work in 1912 the spectrum of this element has been
reinvestigated by Klein'’, with grealer accuracy by using a 20 feet concave Grating Spectrograph. All the
abovementioned measures were based on Rowland’s system of standard wavelengths. In addition to these,
contributions tothe spectra of Lead have been made by Kimura and Nikumura, who, by photographing the
cathode gpectrum grouped gome of the important lines under successive stages. No attempts were made by
these authorg to measure the wavelengths accurately. Only after the present work was begun was the writer
able to procure a paper published by 8. Smith'?, who photographed by means of a two-metre concave grat-
ing, the vacuum spark between electrodes of the metal, in the region 2400 A to 4800 A. Tt is found however
that the hot spark does not give the highest members of spark lines, which I have been able to photograph
with the highest excitation in the condensed spark. This is clearly seen from an examination of the
writer’s spectrograms (plates II and IV),

The measurements till now available are not sufficient for a complete analysis of the spark spectrum of
Lead, since it is desirable to know the degrees of excitation at which the various lines appear and also to
know the character of the spectrum lines, i.e., their sharpness, diffugeness, etc. The experiments of the
writer were therefore aimed at photographing the whole region 2050 to 7000 A, with higher dispersion and
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under different degrees of excitation as a prehminary to the analysms of the higher spark spectra Tha
regults show that the procedure 18 Justified many additional lines having been digcovered in this work The
new observations of the spark spectrnm togsther with the Lines which have boen clagsified 1n the speotra of
Pb III snd Pb IV drd presented in thid papef In additioni to the acctirate measurement of wave-
lengths attempts have been made in thig investigation to improve upon the earlier ledoriptiong by
malking a careful selection of the lines characteriing Pb I Pb IT Pb ITI and Pb IV  This critacal differ
entistion of lines belonging to different stagesid generslly mede by photographing the spcctrum under
varying degrees of discharge

To provnide data hikely to be mseful in identify ng the spectra of higher stazes of 1omsation & gtudy
wag made of the spark spectitith of pure Ledd in air in vadde and in ab atmosphore of hydrogen &t varying
presgures and also of the arc 1 vacuum between electrodes of the pure metal The spark was produced by
a ¥ Inlo watt 20000 volt transformer 'The secondary contamned a battery of large plate condensers of capa
city 003 m £d (constructed for the purpose) 1 pirillsl with thé spaik gep 1n the expaimental chamber
To distingwish lines due to different stages of 1omisation the gpectrum was photographed under varying
degrees of discharge which 18 done by mecluding 1n the secondary ciremt a variable self inductance and
capacity

Description of apparaius

Sources of radiation —The apparatus uged for the study of the spark spectrum 18 shown in diagram t
It conssia of a pyrex bulb capacity about one litre with sde openmings BI thiough which the electrow
pass To the ends of these small pieces of metal can be fized A plane plat of quarlsig attached to thh
end of the long projecting tube and serves as a window through which the spectrum of the spark is pilo;l;ﬁ
graphed. The two mde tubulures (T'T) are mntended for filling the flagk with hydrogen Pure hydro
gas from a generator after passing through drymng agents 19 passed through the flask for nearly 30 min o
thereby driving the lagt traces of air from the flask By connecting the flask then to an eir pump the
could be exhausted to any desired pressure and the gpark spectrum photographed
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The spectrum of the vacunm arc of the metal was photographed, using a specially constructed arg Jamp
ag the source of radiation. A diagrammatic sketch of the yacuum arc is given to Figure II. It consists of a
dauble-walled cylindrical vessel fitted with a vacuum joint for one electrode and an apertnre oppogite for
light to emerge. The second electrode passes through a similar joint in the base of the lamp and the clip
for the specimen is arranged so thal the arc is struck as close as possible to the window, without arcing to the
wall taking place. The lid of the vacuum chamber is a bronze disc, which has been ground to make a tight
joint which can be sealed with suitable vacuum wax or grease. Connection to the vacuum pump is made
through the base of the lamp and nozzles are provided so that the eylindrical wall may be kept cool with
circulating water. Hach elcclrode consists of a brass tube passing through a gland and having an insulated
wire pagsing through it. Electrical conmnection is made to the terminal sitnated on the ebonite handle,
provided for the manipulation of the are. The glands have been filled with vacuum grease for maintain-
ing a vacuum. The lamp operates steadily with currents varying from 4 to 6 amps.
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Spectrographs employed.—~The gpectrograms were oblained in the first and second qrder of 3 4-inch
concave grating, of 10 fcet rading of curvature in eagle mounting. These were supplemented by several
plates taken with a Hilger T, Quartz spectrograph, which'is nsed not only to record the faint lines in the
ultra-violet, but also for wavelength meusupements in the region 2550 to 2050-A. In this region this spectro-
graph compares favourably in dispersion and resolving power with the concave grating spectrograph and at
the same time, hag a good light gathering power. Comparison spectra of the iron arc are impressed on the
plates after cach of the exposures. The spectrograms are obtained on photographic plates of thin glasg
which could be bent to the focal curves of the spectrographs. The region 3600 to 6500-A was also vigpally
examined, with a view to gludy the hehavipur of the lines under different conditions of excitation, by a
constant deviation spectrograph. For photographing the region below 2500-A, the plates were sensitized in
the manner described in Volume II of Baly's Spectroscopy, with comptometer oil. The exposure times
ranged, in the case of the concave grating spectrograph from 10 to 30 minutes, while in the cage of the
quartz spectrograph, up to 2500-A, the times ranged from 5 to 10 minutes and in the region 2500 tc 2050-A
exposures of 1§ to 30 minujes werce given,
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Method of wavelength determination —All plates were measured m two directions with a Hilger
comparator and the wave length measurements were made relative to International Secondary Standards 1n
the gpectrum of the won are  For the region below 3370 A the iron arec wavelengths published by Burus
wero used  In the cage of the prsm spectrograms the wavelengths were calculated by means of Hartman s
dispersion formula A=\ +—— where X ¢ andn are constants determined from the comparigson spectrum
and 1 the distance of the unknown lme from a fixed point of reference on the plate
with the grating are measured by using a linear gcale

Intengity estimates were made directly from the plates as viewed 1 the mesuring miciogcope on g scale
of 0to 10 The vacuum wave numbers corresponding to the observed wavelengths are takcn from Kayser s
Tahelle der Schwingungszahlen and are given in column 3 of TableI In column 1 are given the observed
wavelengths in I A In column 2 are given the intensity estimates 1n column 4 the stages of 1onisation
of the promunent lmes and 1 column 5 are given the lines clasgified 1n this 1nvestigation

Ypectrograms obtaimed

The symbols

accompanying the intensity values have the following meanings -
g=gharp d = diffuse bd=broad and diffuse and dd = very diffuse

TABLE I
Wa elength d lassfi @ W ol ogth gy nu\z%er n Stage nd lasafl sfion
Ay Int umml;le_{ Bt g and lass o (TA) -
152439 IV 6 D—Tp P 14392 1d 89478 IV 6 Dy—6p Xy

ﬁ%% S?] 3 131420 IV 6 D-Tp P 15681 20 64387 III 18 —1P
804 55 1 124298 IV 6 D-—Tp P 1597 8 0 62586 III 1P —1D,
884 98 8 112997 IV 6 Dy—Tp P 16101 1 62107 III 1P —1D
908 54 5 110067 IV 1 P-2 8 17111 4 58442  III 1P—1D,
929 B 4 108401 IV 1 P—1D 17499 1 57146 IV 6 Dsy—bp ¥
979 47 9 10209 IV 6 Dy—Tp Dy 1826 2 0 54759  XIII 1P —IB
995 8 2 100422 IIL 1 P14 Th wnt me 8b g1 her
10287 10 97210 IV 1S~1P 206043 3 48518 0
1030'6 3 97040 I 1P —1 D 208856 2 478648 I
10489 12 95338 III 1 8—1 P 210441  24d 475041
1059 3 1 94400 IV 6 sD—7p P 210773  5dd 474293
1089 2 2 9328 TII 1 P—1D 211076 8 47361 5
10747 3 93040 I 1 P—1D 211498  1dd 472668 I
1087 34 9 91968 IV 6 Dg-Tp* P 2182921 38 46884 8
1096 5 1d 91189 IV 6 D—7p D 214283  bs 46662 5
1103 6 0d 90613 IV 6 D—6p D 215264 4 46439 9
1104 8 0d 90610 IV 6 Dyfp F 216986 10bd 46071 4
11150 2 89686 ITI 1%P —1 § 217461  0dd 459708
11162 4 89590 IV 1P —1 D 2178 712 1s 45884 1
11186 3 89397 TII 1 P—1 D 218976 6 456628 I
1128 45 3 83012 IV 1 P28 219948 2 46697 2
T149:9 1 81497 II 1 P—-1P 220362  8ad 453857 II
11450 3 8783 IV 1 P—-1D 21821 3 450678 I
13661 4 85830 III 1P -1P 293748  8b 46792 I
1187 0 4 8690 III 1 P—1 8 9224267 5 44575 8
™91 3 { 81815 I t°P (P 224683  10bd 444933 I
19836 8 81068 IV 6 Dy—Tp D 225413  3dd 443492 I
12506 4 79062 I 1 Pe1D 225976  0ad 442388

1 78038 IIT 1 Pe—19D 926478 s 41417

) 7845 T 1P 1D 221668  3s 439119

3 78167 IV 6 D—gp F 228061  1s 43886 3

p) 441 IV 68 D —6pt D 208752  1bd 487020

9 B0 IV ism—g P 9209017  0dd 43651 4

6 73381 IV 6Dyt P 920302  1bd 485971

3 72897 UL 1Py~1P 29416 0 48575 5

g 71098 I 1PP-1ig§ 229665 2 48528 2

1a 69585 IV 6s* Dy—6p D 230035  4s 434582 1V 2P —38




Wavelength
(LA

2308 12
231270
2317-4b
2382-48
2843 72
236391
2360-19
236854
2870:27
2882-28
2386 01
2389-12
2393 88
239976
2402°16
2411-7¢
2416'13
241878
2424:21
2428 70
2433 66
244391
244630
2463:21
2476°38
247863
2404 07
2495 61
2497°16
2508 87
9527 06
253338
953481
256237
6848
257734
261878
261428
2628-37
963781
263853
264051
265083
295715
266323
269760
2712-81
271738
2719°97
273323
273468
9737-00
2740°87
274551
275215
2755'81
280200
289325
288312
986445

Int,

Obd
0d
2dd
8bd
1s
0ad
1dd
2d
Os
39

25

7dad
Js
7hd

6bad
()

b
28
10bd
fobd

24

3d

28

3dd

3dd

3ad
10

10

10

Wave
number
in cm,t

433127

432262

43137°6

428507

496541

424695

423565

422072

421764

419688

418082

418436

417605

416581

416498

414504

413759

4188006

{9880

411618

410784

400056

408657

405852

403693

408327

4008310

400583

400834

808466

89559+8

494611

3043688

390147

389219

ARTREL

38247 4

582400

380801

378990

378886

378602

877199

376231

375372
870590

3068512

36789°3

367542

365759

365579

365256

564740

304124

363245

362703
356783

354098

8hH286°4

349005

Stago and classification,

—

v

I

IL
v,
v

1iL

IV,
1T.

IT.

M=

I1.
IT.

QEP 22Dy,

2P, —38,,

2Py —2"1y,
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TABLE I—cont.

Wavelength
@A)

286819
2873:33
293755
294945
2977-98
3002:65
301019
301663
802555
302877
3031-68
304390
3056264
305684
3062-42
307154
308718
308917
310300
310927
311817
812962
313787
314570
317659
819149
3214:62
3221-00
822716
323131
324021
3242:95
324770
326241
327616
327930
328009
329804
830922
336040
336159
836593
343715
3452°17
345518
847627
348348
3505 37
353039
353406
3560775
856306
356526
366716
857279
358629
358981
8592'95
762110
363966

Int.

—

10s

Wave
number
in em,-t
348550
34792:6
34032 0
338947
335700
332942
332108
331330
330423
830071
329755
328481
327490
327040
32644'5
325475
823832
323618
322176
32152'6
320608
319435
31859'5
317808
314712
31324'3
310970
310878
300781
300383
308533
308273
307822
306434
30514°9
804856
304782
303183
302099
297498
297393
297010
290856
289500
289338
287583
28698
285195
283174
282880
280760
28057'8
280405
280255
279814
278760
278487
278244
276081
274673

Stage and clussification.

L
v
II.
L
I1.

II.

IV.

IIT
Iv.
Iv

IV.
TII

IIL.

IIL

Il

IIIL.

III
III

v
Iv.
TII

funi

IIT1.

Iv
II1

III,

11T,

I
IIT

III
111

III

28P;—22D,,

13D, —13F,.

12Dy—2Py.

12D;—13F,,

13D,—130,,

13Dy —19F,
1Dy 13F,,

228, —92P;,

22Dy - 281,

2P —28D,.

18Dg—93P,
8P, —22D,.

13F 3™ 13G‘4 .
13F—13Gs.

1 Dg—11F,
BF—~13G,.

1*D; -8.

III 13F—13G.

v
L

22Dy—-22Fg,
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TaBLE I—cont

avelen Wave Wave
W (X A)gt'll Int number m Stage and classification Wa&alzglgth Int pumber n  Htage and classifiaatitn
om * om—*
364861 1hd 274001 4534 54 8d 22046 8
8655 56 8d 278478 IIT 13Fy—13G, 4571 45 T8 218688 III 23P,--28,
3685 64 0 72126  III 4605 28 8sd 217081
8671 48 10d 272293 I 4630 38 bs 21680 8
3674'76 4 272060 III 13F.--13Gy 4761 00 8s 209981 IIT 138,—2'P,,
3688 57 10s 271399 4798 27 6s 208356 III 138,—-2°P,
8689-22 8 270982 IIT 138,—-2!P; 4802 18 6s 208181
3699 b2 Obd 270229 482716 0 207104 111 2'P,—2'8,
3706 22 8d 2069740 III 28P,-2 38, 4865 20 1 20690 7
3714 10 bdd 269168 1T 4885 71 1 20462 2
371930 2dd 26879 2 4941 12 1d 20232 7
872906 4 268088 IIT 2'P,—28, 5008 59 3s 199801 IIT 2'P;—=x
878698 7 26759 2 2006 68 68 19971 8
3714013 108 26729 5 5048 21 10 198231 IT
874922 1 266647 5062 91 88 197460 1III 1°Dp—2'P,
8786 20 8d 264042 II 5006 24 38 197390
3827 66 8d 261182 T1I 21P,—23D, 5117 31 2ad 19536 1
888294 10a 260823 III 2P —«x 5139 49 94 19452 0
884183 104 260219 ITI 2'P3—2°Dy 5163 75 6s 193604 IV
385411 108 269890 III 1B —2P, 518229 bs 192530 TIL 1°D,—2'P;
8873 22 18 268110 IV 5201 66 s 192198
8909 29 bd 266729 IV 13Dy—2P, 5207 17 6d 191990 IIT 10B,—2'P,
027U B 25462 8 5220 42 2dd 19150 2
804379  les 25349 2 _ 5202 33 8d 19038y III 125,—28P,.
896211 8d 262968 III 13p,—2%P, b274 b1 4 189038 IV
3062-56 88 25290 8 5372 65 10 186076 I
3994 98 18 25024 1 b471 80 1 18271086 1I
4004, 36 38 249656 8 5496 61 1s 141880
4019 65 8 248708 I 5523 50 b 180994 [I1 18Dg—2%R,
4031 48 34 247978 bb44 60 1 18080 6
4041 b1 1 24736 8 5645 11 10 180289 II
404088 e 246851 5609 18 10 178280 1I
406801  10dd 246868 I 5664 49 88 17649 0
4062 922 8s 246182 I B677 53 8 17608 4
407751 . %8b 246179 5678 89 8s 17604 2
4095 04 24 244129 5707 67 28 17516 4
41288 4 242180 III 577975 48 172970 III 1'Dg—2'P,
414166 . Bb 241387 III 12P,—2%P,. 5828 12 3sd 17158 4
4158 99 3db 240608 5 B8H7 B9 68 170671 III 1°Ds~—2%%.
4168 0b i 239853 I 5876 65 7d 170118 1II
4174 88 43 289489 TII 13D,—-1:F, 5390 33 88 169723
418240 8 239030 IV 28,--2:P, 5893 01 68 16964 b
4242 50 3dd 235644 IX 5930 81 2% 168579
4245 47 10 2354746 I 5941 05 28 16827 4
4297264 8s 258082 III 1*D—2'P, 8002 13 bs 16656 1
438689 10 227888 1T 6039 12 ba 16654 1
440095 6w 2T16H 1O 6081 81 3dd 164379 II
4447 10 $d 22486:3. 6379 98 1 15669 7
4495 12 3 202359 IIL 13D—-28P,, 6660 16 8g 1501056 IT
449978 9 22218 6792 94 88 147171 I

In adflifioh %o ‘the spé*éi;.rograms and wavelength measures obtamned by the author, the Wavmmﬁbﬁﬁf*

Oarxrol und Magk have been wsed for the region 2100 A

. Speobrum of Pb ITT
f‘rm&éﬁﬁ‘paﬁl’ﬁmn of Bh 1n the table of elements 1t must be expected that the second a)park )
conmpts-of pinglets and teififéty and ¥hat the siructure resembles generally thatof the chemseally
atom of 10 O LT, 8i TII, Ge IEI, and 8n 11X, A1 II Ga II, In IT and T1 II  All these, except B
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Pb IV, have already been analysed. The present work on Pb ITI, Pb IV, therefore completes our knowledge
of the series regularilies in the spark spectra of elements of the fourth group. According to the theory of
spectra developed by Paunli-Heisenberg, Russel and Hund, the characteristic terms arising out of any
electronic configuration can be predicted with certainty and it will be seen that the results of the analysis of
these spark spectra are in complete agreement with the theoretical predictions. The structure diagram of
doubly ionised Lead may be written in the following manner :—

TABLE II.

K
2
L] Lz
2 6
M1 MQ M8
2 6 10
Nl NS Ns N(
2 6 10 14
0, 0, 0, O,
2 610
P, P B
2
Q Qs

There are two electrons outside the complete spectroscopically neutral shells, which alone are effective 1n
producing the optical spectrum. The most stable structure is that in which the two valency electrons are in
the P, level. 'The speclroscopic term corresponding to this configuration is 'S,. Other less stable configura-
tions and their characterislic termsg are obtained by keeping one of the electrons in the P, orbit and allowing
the other to run through the orbits P,, Qi, Oy, ete. The terms that these different electron configuration give
rise to, may be predicted by the Hund Theory and arc shown in the following table :—

TaBLE III.

Electron

Torms Terms
coufigura- prodicted. observed.
2 Pl 1180 PS
1P, 1P, 1'p, 1'P 1'P, L'P
11)1 lQJ lasl’ 21So laS’ zls
1P; 10, a’F, o'l
1P, 1P, 1'D, 1'D 1°D, I'D
P, 1Q, 2'P, 2P 2°P, 2P
1P1 11{1 gnsls Q’lso 288’ 218
1P, 10, 1'F, I'F L'F, I'F
1P, 10, 1°G, 116 1e
1P 1Qs 2'D, 2'D 2'D, 2D
9 P, 1*P, 1'D, 'S 1p

The first clue to the identification of the triplet systems in Pb. III was the detection of the fundamental
group 1*°D—1*F, which should occur in the visible and quartz regions and which could be examined under
different experimental conditions. Observations have also been made in the vigible region with a prism

spectroscope to find the intense triplet 1°8i—2 * Py,  The result is the identification of the prominent triplet
given below ;—

TaBLm IV.

A Int. v Av
38?4.05 12 25939.4 4941
4761°00 6 20998'1 163
4798°27 4 208350

2-A
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The choice of this 18 further suppoited by the detection of the member L*Ds—2'P, 1n the calculated
regrion and by the identification of the triplet 2°P--28 of the sharp secondary series The 2P separation
(4941) 15 found to be 1n complete agreement with the value predicted from the relativistic doublet law

The first principal, sharp and diffuse series fall 1n the extreme ultraviolet which does not lend. itself to
caieful examination of the lines  Attempts were therefore made to fix by cxtrapolation and then to seek for
confirmation by correlating the corresponding members of the spectra of coiresponding clements A very
valuable clue to the detection of these members 18 afforded by the application of the r. )ativity laws to 1soelec-
tronic spectra of Hg-hike atoms

An approximate 1dea of the 1°P;; separation was obtained from the i1egular doublet sequence and from
the relation that in the spectra of the same vertical group of the periodic table !%;) 18 approximat: ly
constant Thege give for 1°P,, a value of about 14000 and for 2" Py, a value between 4000 and 5000

The following table shows the regular doublet sequence for 1°Py and 2°P, separations and the value of
(%—:) for elements of the same vertical group —

TABLE V—REGULAR DOUBLET SEQUENCE

1P, separation & Av 2*P,, separation Y Av
Heg I 46306 825 1545 b 6 27
Tl II 9339 983 2839 730
Pbh III 14595 1099 (4941) 840

TABLE VI —VARIATION OF Av/Z?*

At No Z Element 2P, Av/Z3 3P,z Av/Z3
6 C 111 128 356
14 81 11X 7316 373 263 1342
32 Ge III 459 448 1642 1603
30 Sn IIT 1222 8 491 4031 10613
32 Pb 111 (4941) 60 14595 2171

The apphcation of the irregular doublet law to Hg hike atoms immdicated that the probable position of
1*P;—1"8, 18 at v 70000 nearly In applying this sequence the method of Millikan and Bowen 18 adopted
ag shown below In the usual notation, the wrregular doublet law may be written as follows —

»__ (nf—n?) 2=~z (ng'e, n,0p)+ (nghe?—-n,dod)
- n,°ng?

When a line results from transition between orbits of two different total quantum numbers, (n; & mi) we

get from the above equation, by transpogition
M=y — R_(z._A)’ (1:9'_‘_“1')=CIZ +D?
0,0y

The expresgion on the left vares therefore linearly with the atomic number Z, for any given get of values
ny &7, In the case of 1"Pi—1°S, of Hg hke atoms n,=6, n,=7 and A=T79 The progresmve variation of

with'atomic numbers 18 shown in the followmg table —

TABLE VII
At No. Z Hlement v (13 Pp—vu38)) ¥ == y=8088 (Z A Drifference
80 Hg. I 20782 19974
81 Tl I 43501 40268 Pt
82 Pb I (71093) 63818

K ftermpts have also been made, by the application of the Moaley law to the apectra of Ge III & 8Sn III
+éndl, b the spestra of Hg-like atoms, to fix the approximate position of this triplet as a check on the irregulap
Y,
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doublet sequence. A careful search was then made for the possible triplet 1 *Pyy—1 *S, among Caroll’s *®
measures, below 1450 A, having in view the relative order and magnitude of intensities and the probable
ratio of intervalg between the lines, with the result that the following triplet was fixed.

TABLE VIII,

A Ini, v Combination.
1406°6 2 71093 1 %P1 *S, 14595
1167°0 4 85690 1P—18, 3994
1115°0 2 89686 1 Pe—1 8

Evidence for the posgibility of this being the triplet in question is sought by searching for the complste
gix-line multiplet (diffuse) 1 *P—1°D.
The triplet 2 *Py—2 *8, being fixed in the case of Pb III, attempts have been made by the application of

the irregular doublet sequence to locate the corresponding triplet in the case of Tl II, which has not been
identified. In this case 1. = 8, n, = 7T and 4 = 79,

R (mpf~,?)

nd g 584761.
The gequence is—
Z Element. v, vi=y =526 (Z-A)?,
30 Hg. I 2753’6 £229°0
31 T IT [9690]
32 Pb. 11T 2180688 171469

The interpolated value of v* for T1 IT is #* = 9690 ( 4 500).

Jov = 9690 + 2097 ( 4= 500) = 11787 (d4- 500), which is in the infra red, at ahout 8500-A.

A very interesting feature noticed in the gpark gpectrum of Lead is the partial inversion of the triplet ¥
term, 1 *Fa» being negative. The location and identification of the complste six-line multiplet 1 *F—1 *@,
in approximately the calculated position i a strong evidence ag to the correctness of the identification of the
*F terms.

The singlet system of lines is generally the most ditficult to work out. When this analysis was first
~qndertaken not much progress could be made at first in the identification of the singlet spectrum. The strong
line 1048°9 (12) was suggested ag 1 *Se—1 P, and 1553°1 (20) ag 1 'Se—1%P:.. 'While this work was in progress,
the author’s attention was drawn to a similar publication by Smith **.  Although there i3 good agreement

between the results of Smith and thoge of the author, there ig disagreement in one or two important points.
Smith hag the following as 1 ®P—1 *8 and 1 *P—1 °*P.

TaBLE IX.
1 3P, 13P,. 13P,.
'S, 76447 (15) 91047 (10) 95036 (7)
'p, 78157 (15)
P, 71095 (12) 85694 (15) 89687
P, 85833 (15) 100428 (10)

It was pointed out in a note communicated to Nature *® jthat evidently Smith had the author’s 1 °S: as
hig 1 *P, and that 1 *S, suggested by the writer was further supported by the location and identification of the
gecond geries 1 S —2 *P, 1 *D—2*P & 2 *P—2 *S. The 1 *P—1 *8 suggested by the author followed the
irregular doublet law for the isoelectronic spectra of Hg-like atoms more closely. The author therefore
suggested that an interchange of the two levels 1 *S; & 1 *P, of Smith would bring the whole scheme into

alignment. Attempts have also been made by the writer to identify the singlet spectrum, the results of which
3
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have been published 1n a paper  Smith hag since published another paper on the gecond spark spectrum of
lead, 1 which the suggested modification was adopted  There are still however two main points of dissgreer
ment between the clasmfication of the writer and that of Smuth The term »=101434, clasmfied by the
author as 6s 6d *D, 18 clagsified by Smith ag 68 78 ’Se  Smuth clasmfied 1768 67 (5b540) ag 1 *P,—1'D,, while
the writer clagmfied 1711 1 (58442) as this combination It will be seen from the wregular doublet sgequence
ghown below (Table X), that both 1 *P,— 1D, and 1*D,~2 P, 1dentzfied by the writer show a distinetly
better progression than those of Smith  Further the lme 1 *P,—1 *D, should be a strong hme It 18 found
that most of these strong lLines of the triplet and singlet systems are found in the wavclength measures of
McLennan, Young and Ireton, Bloch and Lang  But the lme 1768 67 1dentified by Smith as 1 'P—1'D is not
recorded by any of the previous investigators, while Oarrol includes 1t ag one of the lines Dbelonging to Al
These considerations mdicate that the writer’s classification and 1dentafication of 1 *D, 18 more probable

TaBLE X —IRREGULAR DOUBLET SEQUENCE

128,-1°F, 118,~11P, 11P,~11D,
Hg 1 39413 54065 17265
Tl II 52390 75656 39501
Pb III 64387 95338 58442 — 56540

From the beginning of this mmvestagation of the analysms of Pb III, 1t was felt that *P °P group should be
strong as 1n the case of the chemically analogous atoms o1 10n8 1 'D, and 2 'D, terms of Smith are probably
1°P,and 2 *P; On this supposttion *P P group and the resulting combinations have been 1dentified by the
author, thus supporting the validity of the wrter’s identification of 1 *D, term The term values have been
determined by assunung 1 *F.= 64 800, (g = 7200) The resonance and 1ompsation potentials are 795 and

315 volts respectively, the largest term 1 *8,=255216 The details of the triplet and mnglet systems
wentified 1 this imvestigation are given 1n the accompanying tables Table XV gives the configurations and
term values for T1 II and Pb IIT and Table XVI g1ves other unclassifisd members of *P,, differences

TABLE XI
139, (14585) PP, (3994 1P,
176234 190829 194828
1'8, 14066 (2) 11670 (4) 11150 (2)
105141 71093 85690 89680
1'D, 12746 (0) 10747 (3) 10305 (3)
78456 93049 97040
1*D, 12669 (1) 10692 (4)
78933 93528
1*Ds 12506 (4)
79962
1*P, 12313 (1)
109690 81215
1*P, 13718 (3) 1429 (1)
108332 72897 87497 (91491)
Y " 1
Bo 1631 @ 9958 (2)

85830 100422

-



TABLE XII.

o : —
23P, 1041 8P, L6 23P,
79202 84143 84307
1S, 3854°11 4761°0 4798'27
105141 25939  (10s) 20098  (8g) 20835  (6s)
28, 4571745 3729°06 3706°22
57334 218688 (71) 26808'8 (4) 26974  (3)
1*Dg 5857°59 (6)
96272 170671 obs.

17070  cal.
1°D, 55235 (5)

97304 130994 obs. Inf. red.

18102°0 cal.
13D, Inf. red. Inf. red.
97785
1*P, Ink. red. Inf. red.

90407
135 4141°56 5207°17 5252°33
103332 24139 (3) 19199  (6) 19034 «3)
1*P, (25570) 39521
109690 25296  (8)
2'D, 393977 320764 3279'91
53827 253750 30316 (4) 304799  (2)
2'D, 390717 3276719
53628 255737 (D) 3051475 (7)
2°Ds 384176
53179 260233 (7)
TABLE XIIL
(,F, 197, 13F,
(648) (-502)

(4800 65443 64941
1°Ds 317659 324295 3191°49
96272 314712 (10) 308273 (9) 313243 (L)
1*D, 313787 3089°17
97304 31859  (10) 323618 (7)
13D, 30439
97785 328431 (10)
13G, 3505°37
36280 285195 (3)
1%Gh 3563°06 348346
36742 280578 (4) 286989 (9)
13Gs 367475 3589°81 365556
37595 27205  (4) 278487 (7) 273478 (8)




(lassification.
1'8—13P,
llSq"—‘l‘P 1
1P—1%,
1tP1'_‘1sD’
llPl—"lsD 1
188—2'P,
21P1—"2881
2'p,—2°D,
13p,~—1'D,
1IP1—‘11D2
1'D,—2'P,
11D,—‘28P ]
1'D,—2%P,
1°D,—2'P,
18D5_21P 1
1'D—1'F,
1*D,—1'T,
2st_'°‘
21P1'_'“
1"D,—B

1'D’__ ye]
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TABLE XIV.~—SINGLET SYSTEMS.

A
15531
10489
182672
15978
161071
368922
48271
382766
11186
171111
4272'64
4496’12
5779'75
5192729
506290
356075
417438
3832'94
5003'59
4182'84
3567°16

Int,
20
12

GO DD e o Lo e D GO O3 o~ O O

v
Observed.

64387
95338
94759
62586
62107
27098°2
207104
26118°2
89397
58442
23398
22235
17297
19254
19746
28076
23949
26082
19980
23903
28020

c

»
aleulated.

54737
62577
62103

20709
89393
23393
29934
17294

19260
19741

The term & gbove is probably 2'D, term, while 8ig of the nature of an F term and is probably a'F.

TABLE XV.—CONFIGURATIONS AND TERM VALUES ¥omR Tl II & Pb. III.
Eleciron configuration. Term.

2 P
1P11P,

1P,1P,

1P,1Q,
1P.1R,
1P1Q,

1Pi1Q,

].PJ,].PA

IPtR,

'S,
A°Py
SPI
P,
1P
1*D,
s D,
D,
1 D,
1*8,
2'8,
2'Pp,
nPl
8P°
2'P,
2'D,
BD’
"Dy
2D,
1*F.
'F,
xF’
1'F

1'a, .

SG_‘
"'G:s

Term values for TL IT,

164227
102499
111887
114784
88565
47403
47197
48082
49064
59008
42199
44650
44866
38020
26023
26172
26300
27333
(28000)
28114
28014

ey

LXY]

255216
176234
190829
194823
159879
96272
97304
97785
101434
105141
57334
79202
84143
84307
78043
53179
53628
53827
58063
(64800)
65443
64941
73358
36280
36742
37595

Term values for Pb. IIT.
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TABLE XVI—OTHER UNCLASSIFIED MEMBERS OF Pbh. III.

13P; 18P, 18P,

1. 11651 (10) 9958 (2)

76447 91047
2. 10731 (1) 9277 (3) 8944 (4)

93188 107794 111807
3. 10287 (10) 894'4 (4)

97210 111807
4, 9085 (1) 802:07

110072 124677
5. 888D () 78648 (1)

112549 127149
6. 8606 (0 76457 (2)

116200 130792
1. 84099 (%) 74909 (3)

118908 133495
8. 802:03  (5) 71807 (2)

124684 139262

Triplet number 7 is identified by Smith, recently as 1*P-2*S; but the line 137491 classified by him as
1*P~2°8, ig not recorded either by Carroll or Mack,

Spectrum of Pb. IV,

The firgt successful attempt bo find gerics regularvities among the wavelengths of trebly —ionised spectrum

of lead, was that made by Carroll®, who identified the first members of the principal and diffuse series
occurring in the vacuum grating region. In a rccent communication'®, the present writer set forth the leading
members of the secondary series, which may be expected in the region of longer wavelengths.

The term structure of the spectrum of IPh. IV ig generally similar in character to that of any chemically
analogous atom or ion. Of these the speclra of Au I, Hg IT and T1. III and those of Ge IV and Sn IV have
already been analysed to some extent. We have in the atom of Pb. IV, a one electron system, which normally
gives the simplest type of alkali-like doublet spectrum. Asg the clectron rung successively throngh P,, P, Ps,
Q . . . shells, the terms 1, *S, 1°P, 17D, 2 *8, otc., arc oblained, the largest term being 1 28,. The
more complicated gcheme of doublets and quartols result, when one or move of the inmer group of 10 Os,
electrons is excited. The termg which different electron configurations give rise to may be calculated accord-
ing to the principles developed by Pauli, Heisenberg & Hund and are given in the following table. It will be
geen from. the table that corresponding to the addition of an clectron to the three different states ('S, *D, ‘D)
of the Pb V core, three distinet familics of terms arige.

TABLE XVII.
KLMXN 0 P Series limit
Ter ; eries limi
prgarél. Terms predicted. Pb V torm.
Livoeondy | By 5 by by by i Gz 63
60 2 6 | 10 a 68 ’3 }
60 2 | 6| 10 D @) 6p 2P 18
60 2 6 | 10 M| 6d ) J .
60 2 6 9 1(1) . 25‘1 :}Ig DF D
60 2 6 | 9 1 (1) P R D
SPDF G D
1 | ea 4
60 2| 6| 9 ¢) EbD B
'SPDF G D
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The analysis of Cul Zn II Au I & He IT has shown that i addition to the reguler doublet systams
bualt on the d ° 10n there 18 another 1mportant family of terms bu 1t on the d’s 10n characterized by doublet
and quartet torms  The deepest term of this system 18 & metastable D term which 18 inverted and very
low The separation of thig desp lymg D (d% ) term can be found approximately by the relativistie
doublet formule and by a knowledge of the D (d%) difference of the next higher 10n  As both thess
gources of nformation were available att mpts were made to ident fy this inverted D term Further in
Oul ZoXI Aul etc The metagtable D term 8 found to combine strongly with the regular P term
(d p) and with the quartet terms a 1sing from the d%p configuration The rccint analymis of the second
spark spect mm of Thalllum by the author has shown that these terms are tound in the spectrum of Tl nsid
After the publication of the above mentioned report by the writer Smith published a preliminary report of
a similar 1nv ghgation where he suggests an alternative classification which without adduecing any reagons
he mentions ag more p obabl  From the application of the 1elativistic doublet law to 180electronio specins
(Au I Hg II TIIII and PbIV) and from a study of the progressive vamation A Z 1n the homologous
spectra C IV 8 IV Ge IV &8nIV 1t was thought from the beginning of this investigation that (2'P,—2*P))
ghould be of the ord r of 7 000600 With the aid of the information available to the author regarding the
stages of 1onwation of the spectral 1 nes 1n the vimble a1d quartz regions a search wag made for the frequendy
recurrence among the Pb IV 1 nes and 1t was found that there were three alternative schemes ag congtituting
the probable doublet systems with (2 P—2 P) = 6838 7131 8063 respectively It 18 the pairsof the aws
lengths with the last mentioned frequency difference that wcre given by Smith as the more mq’b&ﬁﬁ

A
Relativaity doublet sequence and progression of 7 for the doublet sepamations are given in Tables X&JI
and XX The doublet systemsg classified by the write aie given 1n Table XXT

TABLR XVII] —PATRY WITH FREQUENCY DIFFLRENOCI S

528 us 063
24139 23903 2418
30979 31037 32749
26730 25573 95229
33567 32704 33294
32362 34032 31780
39200 41162 39847
33007 36325 32R48
39847 43458 400613
TABLE XIX -REGULAR DOUBLAT SEQUENCE
1Py YA 2 PuA YA
Aunl 3815 7859
Hg 11 91227 9773 3672 776
T III 14811 11 031 5682 8 60
Pb IV 21060 12 047 7130 917
TABLE XX —VARIATION OF DOUBLET SEPARATION WITH Z
AN Z Lleme t 9P —2P A 1P —1P AJZ
6 ¢ I 1074 2 983
14 8i IV 162 826 4600 2 847
32 Ge IV 942 92 2790 21726
50 IV 21774 871 6507 2 602

82 P P 7130 10 21060 3130
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TABLE XXI.—DoUBLET SYSTEMS OF Pb. IV.

A v
128,—1P, 13132 (9) 76150
—1°P, 10287 (10) 97210} 21060
1*P:—1°D, 11450  (3) 87336
—1'D, 1162 (4) 895 90%25865
1*P,—1°D, 0225 (4) 108401
1P—2%S 112345 (3) 60012} 210
13p,—218, 90854 (5) 110067
218,—22P, 418240  (8s) 23903}71 33
—27p, 322100 (10) 31037 °
1°D,—2%P, 390929 (54) 25578y
D— P, 328009 (9) 30478} Tk
D,— Py 3056:84 (4) 32704
2°P—2'D, 293755 (4) 34032y
— Ds 286445  (10) 34900}711"3’8
9p— D, 242870 (8hd) 41162
9P, 378, 275215 (1) 36325} 7133
P38 230035  (49) 43458
27D, —2°1, 348846  (9) 28699 } 875
Dy— T 859205 (Gs) 27824

In the firgt place it ghould he mentioned that 8,063 given by Smith ag 2 *Py, is found to be abnormally
high from the relativistic doublet sequence and from the progressive variation of AV[Z? in the homolagoug
gpectra, as shown in the preceding tables. Further, justification for the difference 7130, reported by the
author is afforded by the location and identification of the following triplet as 6s* *D-Tp "P.

TaBLw XXII.

dp/d? 2Dy 21019 D..
P, 80455 (1)
(7130) 124293
P, 655'82 (3) 760'90 (0)
152439 131420

There is no evidence of a similar combination with (ither of the romaining two separations. That the
difference 21019 em—* represents the differcnce *De— *Ds (1%?) of Pb. IV seems to be confirmed by the follow-
ing comparison with ®D,, (1%) of the next higher ion.

TanLE XXIII.

Cu. Ag. Zn. ca T, Ph.
2070 4574 2754 5764 18865 21300(?) a%
2043 4472 2719 5635 18618 21019 a’s?
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The combinations of this deep lying mverted D term with the quartet terms of the group (d°sp) dtfs

gven 1n the followng table —
TABLE XXIV
6p /6 D D
§ 14078 (1)
71033
F 17499 (1) 12795 (3)
57140 78167
F 14392 (2) 11048 (od)
63478 90510
D 13082 (2
76441
D 14371 (1a) 11036 (od)
69585 90613
D 12336 (3) 979 47 (2)
81068 102096
D 10965 (14)
91189
4p 136260 (0) 10893 (1)
73381 94400
P 108734 (2) 884 98 (6)
91968 112997
P
Summary and eanclusions |

The spark spectrum of Lead hag been photegraphed from AT000 to A2000 by usmng powerful ,mlmhlﬂﬁ, -
with a quartz spectrograph and p 30 feet concave grating uging iron arc ag the standard Many new 3
have been measured mostly produced by the higher stages of 10misation  The wave numbers waveléhd
imtensities together with the steges of ipnisation of the prominent ones have bee) tabulated s

A ontical dafferentiation of the lines helonging respectively 0 Pb I Pb II Pb III Pb IV resulted fig
2 carafnl sgrufany of the spestya obtained under varying degrees of exatstion *@

The poalysms of the gecond apd third ppark spectra of the element has heen discugged 1n nalation g
theoretical expectations and with the accurate and extensiye data af hand 1t has heen showp that Bha
structures of Pb III and Pb IV are in all detarls 1o complete agreement with Hund 8 correlation of
terms with electron onfigurations P

The pregent analymg 1llustrates in a very convinung manner the utihity of the study of the spectes g
element nnder varymg degrees of discharge :

In conclumon I wigh to express my gratitude }9 Dr T Rayds the Director of the Kodajkangl:
vatory and 4o Pr A. L, Narayan the Asmstant Diregior for their petive mterest gnd much helpful of
throughout the progress of the work My thanks are also due to the Syndicage of the Magras Und
for the award of a studentship whach has made this work possible
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