VIII. | Appendix

An analysis of variance for the top sieve takes the following form (for terminology, see any standard text on the analysis of

variance, for exampie [18]):

Analysis of variance including all four knockers

[The value of F for significance at the & nt level is about 10 and at the
1-pereent level about 30.]

|
Degrees a £ i
douree of varlation of W 00| Varianee | F value
freedom | 8duares |
Knoekers __.ooeoooono.- 3 3.255 1. 085 9.0
Machines 1 0.0A25 0. DE26 5.36
harg 1 131.1 131.1 11, 230
ehars .- 1 018 .16 137
Machines and knockers______ 3 2. 0425 . 6875 58.9
Chars and kngekers .. 3 0. D525 L0175 1.5
Tripla interaction (error)_____ 3 L5 b ooner | Lo
b 7 15 136. 73 ] ________________

Binece it is noted that the absence of & knocker {condition
knocker 4) is the greatest eause of the variation, the above
analysis of variance is repeated omifting K,:

Analysis of varignce omitting K4 (no knocker)

[The value of F for signifieance at the 5-percent level Is about 20 and at the
1-percent level abaut 100.]

Top sieve Becond sieve | Third sieve Pan
Bource of variation Vark Vart Vak Vari
Bri- ari- arl- ari-
anee F ance F lance| ¥ |ance 7
Knogkers. ______________ D, 025% 1,49(0.01 3 10.2580) 1.2 0.0 _
Machines._._____.___..__ . B533 49 Q208 6. 2{ .1633 5.3 48| __.
Chars.________...._._. 08.06 |5600 |6.02 |1,800 |6.45 | 209 03f...-
Interactions:

Machings and chars___| 0,120 6,8 |0.0208 6.2)0.0533| 1.8 .19...-
Machines aud knockers | 0308 1.%| .0133 4 |.0108 2.8 .0I__..
Chars and knoeleera_____ . 0583 1.5 | .0133. 4 |.0a58 L2 0 (..
Triple interaction {er-

TOYy L 075 i 1= ] . L0308 ______ 1] -
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First Spectrum of Arsenic
By William F. Meggers, Allen G. Shensione,! and Charlotte E, Moore

The spectrum emitied by neutral arsenic atoms was observed photographically in the
infrared, visible, and ultraviolet, and new lines were discovered in eaech spectral region.
Measured wavelengths and estimated relative intensities are given for 330 lines, ranging

from 1407.34 to 11679.9 A in wavelength and from 1 to 2000 in intensity.

More than 74

percent of the total number and 97 percent of the total intensity of observed lines have been
explained as combinations of 30 odd energy levels arising from 4s? 4p? and 4s2 47% ap electron

configurations and 58 even levels from 4s 4pt, 43% 4p? ns, and 4s? 4p* nd, The average differ-
ence between observed and computed wave numbers iz 0.14 em-1.

Most of the observed

levels have been assigned to doublet and quartet terms, and spectral series of the type

45?4

p? —4s? 4p® ns have been identified. Calculations based on these series yield an absolute

value of 79165 em~! for the ground state 4s? 4p® *Bp; of neutral arsenic atoms, that is, an
ionization potential of 9.81 £0.01 electron volts.

1. Introduction

In 1929 Meggers and deBruin [1]2 published a
paper on the arc spectrum of arsenic, based on
measurements of 54 ultraviolet lines (1889.85 to
8119.60 A) and 23 infrared lines (7410.07 to 10023.98
A). Ai that time this speetrum had not been
observed in the region of shorter waves, and the
assumption that the Blochs [2] had observed Asz
lines in spark spectra in the extreme ultraviolet
could not be verified. Although it was not possible
then to determine absolute term values from spectral
serieg, the ground state was recognized as S°, and
by comparison with analogous terms in the spectra
of neighboring elements the absolute value of this
ground state was tentatively cstimated as 80693
cm !, which corresponded to an lonization potential
of about 10 ¢v. This was 13 percent lower than
the value 11.54 £0.5 ev derived in 1922 by Ruark,

1 Depertment of Physics, Prineeton University, Prineeton, N. I,
2 Fignres in hrackets indigate the literature refercnces st tha end of thiz paper.
L]

ot al. [3] from experiments on low-voltage arcs in
arsenic vapor. |

A paper on spectra of arsenic in the extremeo ultra-
violet, 2500 to 710 A, by Queney {4] reported about
300 arsenic lines from electrodeless discharges but
added nothing to the As 1 spectrum. |

The shorter waves of this spectrum were first
investigated by K. R. Rao [5], who burned metallic
arsenic in an arc between carbon poles and photo-
graphed the spectrum with an cvacuated spectro-
graph containing a 1 m-radius grating, giving a
gcale of 8.6 A/mm. He measured 64 lines between
1995.45 and 1563.08 A with estimated probable
errors of +0.03 A, Because no spectral series could
be found, Rao adepted the abselute value *8°=93500
cm™! from the ionization potential 11.54 ev reported
by Ruark, et al. [3].

In 1932 further investigations of the are spectrum
of arsenic were reported by A. 8. Rao [6], who meas-
ured 160 ultraviolet As 1 lines (1995.45 to 1319.48 A)
on a hollow-cathode spectrogram having a scale of
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17 A/mm. He quoted infrared data frgm Meggers
and deBruin [1}, ultraviolet data (3119.576 to 1563.08
A) from K. K. Rao [5], and classified 200 lines with
66 levels. Earlier interpretations of the As1 spec-
trum were revised and extended, and an estimate of
the ionization potential as 10.5 ev was derived from
two members of several assumed series terms. In
the light of present data, many of Rao’s designa-
tions of spectral terms appear to be incorrect, the
reality of some of his levels 13 doubtful, and his value
of the ionization potential for arsenic is certainly
too large,

In 1933 Hicks [7] attempted to obtain an absolute
value of the spectral terms of arsenic by “the appli-
cation of the oun-multiple law to the separations”.
Mysterious caleulations led him to a value of 87945
em ! for the ionization limit, and he stated that “this
is equivalent to 10.85 volts, and closer to the value
11.562 4.5 referred to by Rao than his 85000 with
10.5 volts”. It now appears that this correction was
wrong in both direction and magnitude.

The only other investigation of the first spectrum
of arsenic published during the past 20 ycars deals
with the Zeeman effect. rgreen and Barrows [8], in
1935, published Zceman patterns for 11 lines (2288.2
to 3033.0 A), derived g-values for 13 levels, and con-
cluded that “the levels of As1 are so close to LS
coupling that the g-values are almost normal’’.

The lack of a reliable ionization potential was
inspiration and justification for another investiga-
tion of the first spectrum of arsenic. Such an inves«
tigation has been made at the National Burcau of
Standards from time to time during the past 20
years, and as a result, the As 1 spectrum has been
exhaustively explored photographically from 12500 A
in the infrared to 1200 A 1n the ultraviolet. This
spectrum has been found to consist of three separated
groups of lines, 71 infrared, 46 visible, and 210 ultra-
violet. More than 74 percent of the total number
and 97 percent of the total intensity of observed As 1
lines have been explained as combinations of 88
atomic-energy levels, and a principal ionization po-
tential of 9.81 ev has been ealeulated with confidence.
Because further investigation of this speetrum is
neither likely nor profitable, this final report is now
presented. :

II. Wavelength Measurements

The infrared As 1 lines reported hy Meggers and
deBruin [1] were observed with photographic plates
gensitized in the laboratory by b&tﬁing them in
dilute solutions of neoecyanine, and the greatest
wavelength that could be recorded was 10024 A.
In 1934 “Xenocyanine Plates’” prepared by the
Eastman Kodak Co. permitted an extension of the
infrared recording of As1 lines to 10888 A, and in
1940 Eastman I-Z plates were used to explore this
spectrum to 12500 A. No As1 lines were recorded
beyond 11680 A, but this wavelength is more than
1000 A greater than the limit observed radiometrically
by Randall [9] in 1911,

The light sources, spectrographs, and standard

wavelengths employed in observing the infrared,
visible, and air-transparent ultraviclet As 1 spectrum
were described in detail by Meggars and deBruin {1].

A number of visible lines not previously noted in
the arc spectrum of arsenic and not identifiable with
impuritiss were observed in 1929 [1], but few details
were given because no structural connection was
found between the visible lines and the invisible
ones. Such a connection was first found in 1932 by
deBruin, who saw that some of the visible Jines
exhibited the same wave-number differences as some
infrared ones. At that time it was not possible to
classify and interpret all the visible lines, but this was
facilitated by the more recont extensions of the
infrared data.

The most important improvements of As1 data
were made in the extreme ultraviolet, from are
spectrograms cxposed at Princeton University end
measured at the National Bureau of Standards.
The spectrograms were made with 2 normal inei-
dence vacuum spectrograph having a 2 m-radius
glass grating ruled 30,000 lines per inch. The dis-
persion is 4.2 A/mm and the definition and resolving
power are excellent, but Rowland ghosts are prom-
inent on strong exposures. All the identified ghosts
contributed to determinations of the wavelengths of
their respective parent lines.

Our first attempt to observe the short waves of the
As 1 spectrum was made in 1940 with electrodes of 25

crcent As and 75 percent Cu prepared in the Metal-
urgy Division of this Burean. Four spectrograms
were measured relative to copper standards, but only
100 As 1lines wers found bet'ween 1995.43 and 1472.38
A. Beeause the arsenic speetrum could not be fully
developed with this alloy without greatly over-
exposing the copper spectra, additional spectrograms
were made in 1949 with metallic arsenic in a cupped
carbon electrode opposite a copper electrode. These
were highly satisfactory for tﬁe final description of
the As 1 spectrum to its ultraviolet limit near 1400 A;
after elimin&tin% lines due to As 11, impurities, and
ghosts, they yielded 168 As 1 lines between 1995.43
and 1407.34 A. These wavelengths were measured
relative to Cu 1 and Cu 11 lines given in Shenstone’s
papers [10] supplemented by carbon, nitrogen, and
oxygen “impurity” lines recommended as tentative
standards by Boyce and Robinson [11}. Al except
the weak lines were measured on six or seven speetro-
grams, and the agreement between determinations,
as well as the agreement between values observed
and calculated from atomic-energy levels, prove that
the probable error rarely exceeds £0.01 A. The
complete list of observod lines was compared with the

‘Table of Principal Lines of all Eloments {12] for the

purpose of identifying possible impurities, and the
ultraviolet portion was also compared with a de-
scription by Rao [13] of the first spark spectrum of
arsenic for the purpose of eliminating about 10 As 11
lines that appeared in the arc spectrum,

Measured wavelengths and estimated intensities
of 330 lines characteristic of neutral arserfic atoms are

wqﬂggommunicatcd by T. L. deBruln to W. F. Meggers in a note dated Feb, 27,
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presented in the first and second eolumns, respec-
tively, of table 1. The wavelengths greater than
2000 A are valid for standard air; those smaller than
2000 A are vacuum values. The intensity numbers
are assigned from visual comparisons of the black-
ness and width of slit images on the most strongly
exposed spectrograms; they are comparable only for

lines in limited regions of spectra and obviously de-
cline rapidly beyond 11000A as photographic
sensitivity decreases for increasing wavelength., In

“addition to intensity, the character of certain lines

is indicated by symbols: R=wide self-reversal, r=
narrow self-reversal, A=hazy, e=observed at elec-
trode.

TaABLE 1. First spectrum af arsenic (As 1)
Wave No. | Cater A WaveNo. | Ol
nir Intensity, a:;,c o Wasé Term combination A'h Intensity, a\‘::c‘ o WaSé Term ¢combination
A character em-1 No. charscter em No.
0.1 em- 0.1 ¢m!

1 2 3 4 b 1 2 3 4 I I
16799 |- 3 8559, 37 7863, 43 4 12713. #1 0 5s 1Py —5p '3
11520 9 10 EBET7. 54 0 58 'P 15— 5p 4P% 7829, §2 2 12768, 17 +1 5P AT — 4" 1D
11377.1 4 8787, 18 +1 5 {Pa—5p Dy 7648, 15 b 13071, 46
11244, 5 10 8890, 78 +1 58 Py —5p 1Py 7410.02 5 13491, 63 +1 5p 4Dl —TELTH
10888, 82 o 918122 -1 b 4Py --5p 1Dy 7384, 97 10 18537, 29
10808, 11 50 9240, TR 0 55 {Pys—5p D 7284. 62 10 13537 04
1079%. 37 & 9263, 42 ] 58 *Pge—5p +Phg 6338, 44 40 1577116 -1 B 1Py —5p’ TN
10750. 38 5 9273, 84 0 5% "Dns—5p’'Diw?||  6176.88 1 16185, 46
10614, 07 200 8418, 87 +1 58 1Pug—50 fDhyg 6044, 45 5k 16525. 7% 41 58 2P —6p D34
10575, 02 100 9453, 65 o 65 ¥P 35— 5 g 5215, 40 2h 17100, 97 +1 &2 2P —6p° 2Phg
10490, 20 on 530, 02 5751, B A 17380, 90 -1 58 1Py —6p 1Dy
10477, 30 4 541, 83 0 58 Thyg—5p" D 5730, 54 2h 17418.18
10455. 84 @0 8561 60 0 B4 MMpg—Bp"tDg 5534. &7 3 18063. 57 +1 58 2Py —6p 38l
10453. 09 100 UGBS, 93 0 57 2P —5p Iy 5467, 10 4 18156, 37

5404, 40 5 18185, 31 0 58 2Pyy;—8p Py
10445, 6 k1) 0570, 84 +2 Bp Dl —4d” 1 Pryg
10325, 74 10 5681, 88 +1 5 Diyg—6p D 5451. 32 150 18239. 10 0 58 1P pg—Gp 2D
10304, 82 b 0701, b4 -1 58’ *Daig—8n 1Di; 5432, 66 2 18486, 02
10226, 85 50 9718. 49 i} 58 {Pp3s—5p 1Pl 5408, 13 100 18485, 56 —2 52 2Py —6p D
10024, 04 400 0573, 30 0 Bg 1Py —5p 1D 5363. 54 60 18630, 23 -3 53 2Py—8p 2Py
5361. 12 18 18647. 65
100t0. 83 100 G086, 65 0 5¢ YD yg—5p 2K g
0900.87 | . 5 10006, 40 a 58" Dy §p’ 0Fh || 535742 14 18840, 53 —1 58 2Py —5p* TP
9923, 05 400 10074, 76 q 58 ‘Pm—S‘p Dy 5318, 7 b 18746, 18 +1 5¢ 1Py —bp’ 2Py
0915, 71 200 10082, 24 -1 53 "Pyy—5p ?Plyg 5212, 14 5 10180, 85
9900, 55 180 10097. 68 0 53 {Pyg—5p D 5210. 23 n 19187. 68 0 53 1Py5—~6p 1P
5203, 84 4 10211, 24 0 55 tPyy5--Bp’ TFiyg
9888, 05 100 10113, 49 0 bs* {Dng—5p 1Pz
1868, b 2 10129, 5 5196. 20 50 19235, 49 0 5y AP —6p +Plyg
9850, 4 1 10149, 1 5141, 83 100 19443, 68 ] 55 1Ppg—6p Dl
0R33. 76 200 10166. 26 +1 58 1Py —5p DY 5130, 7% 80 19484, 80 +1 53 1Pay—8p 1853
9781, 32 30 10220, 77 5121. 34 1 19520, 72 -1 5g 4P y—6p 1D
5105. 55 a0 Cu? 19581, 09 o 5 1Py —6p 1Dy
9772, 08 7 10030, 43 5103. 53 19588, 84 -1 58 4P 60 186y
WA 1 10283, 3
714,64 10 10290. 82 5099, 59 60 10603, 97 0 58 4Py —6p 1Ph;
9690, 53 10 10316, 20 +2 58 Dne—6p 4D 50R3. 76 10 19665. 02 a 58 2Py5—6p 2P
9854, 54 10 10334, 98 5065, 0B 100 19722. 35 I 52 tPoy—6p 48Ty
5043, 31 50 19822, T4 -1 5 4Py —6p sDjy
9848, 06 20 10361, 04 4005, 83 8 20011. 13 -1 58 ¢P1—6p 1D
9615, 8 3 10364, 4 +1 55’ *Ding—6p 'Sy :
4629, 70 100 10384, 02 o 58 iPpe—5p ‘Phy 4087, 02 6A 20046. 48 0 B tPy—Bp 1Dy
9507, 95 300 10416, (4 —1 5§ 4Pug—5D Py 4052, 56 10 20185, 96 0 53 1P yy5—ip’ 1Py
9510.9 3 10511, 4 o 5e tPy—bp 480 491, 49 2 20321, 85 +1 5# iPys—5p" 2Pl
4810, 23 10k 20350. 98
1300, 61 250 10748. 04 -1 58 1]1;;%—511 1%?;5 4873, 78 2 20512, 24
— 55 4 Ps—6p 1P
9267, 28 150 10787. 70 { +11 (58 Dy —6p IDGyg)| | 478527 35 20891, 64 -1 x 4Py —~6p 10
9165, B 3 Cu? 10007, 4 4777.02 1h 20027 72 +1 58 {Pyg—p 1D
9134, 78 50 10044.17 o 58 1P 33— 5p 'Di, 4758, 3% 5h 21010, 14 a 55 {Pug—6p Sty
0120, 32 10 10061, 52 +1 5% Dby’ 1Phy || 4622 82 8h 21625. 78
4621, 27 i 21633, 03
9027. 8 2 11073.9
SO08, 45 2 12097, 02 +1 55 1n—5p’ ' || 4356.39 10k 229553, 63
8903. 05 2 11116, 85 -1 58 My —5p’ tPL || 4842.05 105 23024, 15
8350, 13 5 1113264 -3 5p t D40 Ppyg 4338, 15 3h 23055 47
8935, 56 50 11188, 17 0 B *Pyg—§p Piyg 4320, 12 3h 23141, 02
. 4313. 18 s 23178. 36
8874.8 2 112648 —2 ip tDTg— 42" Pg
8360.66 | 100 1127130 0 55 4Pus—5pDhg || 430156 5 28240.87 op .
982173 [ 150 11332, 41 -1 5 Pog—5p +Flii 3118. 60 5o 32046.1 -2 A i L
885414 | 100 11551, 98 0 58 WWoi—5p 2Py 3075. 32 20 32507, -2 4p3 Pl —521Pas
46, 03 3 11563 83 $032 85 40 32062, 7 i} 453 P —ba 1P
2090. 99 20 33424 0 -1 4p3 tPfis—Bs 1Py
. L]
8564, 71 100 11672, 62 0 B3 {Pns—6p 1Pl 2018, 82 2 34250, 4 0 4p% TPy —be P
8541, 60 50 11704, 20 0 58 Poy—5D Ping || 808 7 oor 34488, 0 -1 A Yol 5
8464. 1 8 11823.9 ., 2860, 44 100r 34940, 4 -1 4p® IPjig—b5s 1Py
428,91 100 11880, 66 +1 5 {Fyse—5p 1D e, 22 g a5RET. R o 4p 2Py — 5s TP 134
§2n4. 34 i0 11905, 82 1] 5a' 1Dy —0p PR 2745, 00 501 26410, 1 -1 4% 1P§ys— B8 1Py
£305.61 50 12036, 75 ] b2 1Pys—5p i8] 2402, 01 50 40101, 7 +4 4p? IDfs— 82 SPoy
5243, 15 20 12129, 43 o 58’ *Dys—6D Dhag 2458. 53 2007 .5 -1 4p? Dy s 4Py
BOS45. 72 sh 12410, 13 +1 58" tDh—6p tPlg || 2437.23 50 41017. 7 o 4p? IDh— 51 4Py
B042. 95 8 12429, 83 0 5¢' YDy —Bp 1Py 238118 150¢ 41983. 2 -1 497 1D G —Be +Pyg
7960, 27 30 12568, B4 -1 58 1l15—5p Dl 2370, 77 100r 42167. 5 0 4t 2Py =52 tng
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Tanre 1.

First spectrum of arsenic (As )—Continued

Obs.— Obs.—
) . Wave No. | Cale. - Wave No. Cale.
b air Intensity, vae Wave Term combination Avae Tntensity, ae Wave | Term combination
A character em-1 Na. A character em 0
1.0 et ¢.1 om—t
1 2 3 4 5 1 2 k) 4 5
2869, 67 80r 421871 -2 4pY TPhg—bs" 2Dy 1844, 57 40 54213.2 -1 497 PG — 58" 3y
2363. 05 10 42305, 2 —2 412 1D5,— 58 tPg 1844, 36 40 54219.3 +3 473 1Dy~ 4pé IPpg
2345, 84 300R 42543, 0 -1 4p1 3D — 81 2Py 1840. 48 19 54333. 6 +3 4p? PR — 72618
2344.03 50 42648, 5 —2 AP IPY 5 ATy 1831. 74 30 545020 0 4% 1P —T2778
228812 HOR 43600. 5 -2 4p% 1D —Ba 2P g 1531. 30 50 54606. 0 +7 4p? 4B 3;—58 Py
2271. 36 50 44012.8 0 4pY 1D M—bs TPy 1821.32 2 54908, 2 +3 47 B0y —dph TP
2366. 70 25 44103.3 —3 dpd IP5—dd Ppg 1818, 59 &k 54087, 7 42 4pY 1Py, —T3635
2298, 66 o) 44856, 0 -1 4p! 1P —4d 1Py 1818.72 10 56044, 3
2205, 57 15 45317. 4 —1 4 PG —d4d 1Py 1806, 15 200 55380, 4 [H 4p% Bhe—4pt Py
2208, 16 10 45334, 0 -2 4p? 2Pi—4d 1T0g :
. 1803, 46 16k 55440.0 +1 47 IP5 73635
2198. 34 5 45474. 6 +1 4t 1P —4d 2Py 1801. 42 3 55496, 4 +1 4% 1P —T74143
2187. 76 5 45604, 7 -2 4p3 Pfig—4d "Dy 1799. 51 2 55570 7 +1 4713 2D —4d 3Py
2182, 94 20 457855 -1 452 IP%;—4d 1Py, 1768, 61 [ 55508, 5
2176. 26 5 46925, 0 0 4p? P —4d !Pm 1791, 77 40 55810, 7 -1 4p% 214 —dd 1Dy
2165, 52 150 46163. 8 —2 4p2 2P — 44 P4
1768.B5 50 56870.6 & 4p? TDhe—d4d ¥
2144. 08 100 46625, 3 -1 492 PRy —4pr 2Py 176914 15 55892, B +1 4358 D —dd 1P g
2142, 80 2 165663, 2 1787.07 8 SRYUET. 5 —2 dp? 2Phi;—T4143
2133, B0 50 46840, B il 493 IP Y —dpt 2P 17RE. 84 3 55096, 1 +3 2p8 D Te— 41 W8y
2112, 99 100 473113 0 4pt 1P — 474 2Py 1781.48 50 56133, 1 +2 47 2D —dd 2Dy
2080, 74 [ 47R37.6 -1 402 1P —4d 1Py :
1780, 53 50 56163, 4 +4 4pt 1Py —4d" 3 Dinyg
2085, 25 30 47040. 6 —2 4p3 TPy —dpt Mg 1775.12 2 58324, 2
2079, 390 7 8077, 7 -2 4p? 2Pjs—4d IDag 1772. 64 g 564186, 2 [/ 4p1 2T — b8 1Payg
2049, 78 30 48298. 8 —3 4p? IPR 4l IP g 177184 2 56438, 5 [ 4p? 1P} — 75086
2067, 11 20 48381. 2 ] 4p* PR —68 P g 1768, 97 5 56530, 1 +12 4pt tPYy—7H1T6?
2045, 36 50 48402.2 0 4P EPT—4pd 28y
1767.97 62,42 565820
2061, 61 3 48490.2 1758, 60 100 56863, 6 4 43 130 —4p $P iy
2A)47. 57 ) 48822, 6 ] 4P TP5— B8 4Py 1757.47 4 L0 +1 43 2P, —T50R6
2025, B 2 40272.8 +1 4p? 2P —68 1Py 1756, 51 2Zh 56081, 1 —1 4p2 1P — 75578
224,34 5 49382, 8 1754.21 10 57005, 7 +1 492 D588 4Py
2013, 32 100 0653, 1 0 4p° 1P —4p Dy
1750, 37 2 57130.8
2012. 76 i 49666, 9 -1 4pt 1Pl —65 Py || 1740.72 Le,h 57152, 0 +1 4pt 7P Yy — 75708
2014, 04 2) 407340 -1 4p? 1P —Bs 4P g 1745, 80 1 57286. B
2009, 19 100r 209785, 1 -1 4p8 2P —dpt 2Dy 1742, 59 10 57385, 8 -2 497 IDh —4pd 1Dy
2003. 34 3008 40000. 4 0 492 2D~ 58 2 Dayg 1741.28 10 57420.0 +3 497 1PT—TROTE
002, 54 20 29920, 3 +1 4ph ADG— bs’ Dy
109543 | 100 50114. 5 0 4pt 1P, —4pA 1D 1740. 98 * bradh.§ 0 43,0 D)3 41 2D
r - By — 1% g2 1Dy —d g 2Dy
1094 BD 20 FOL28. 3 -1 I 1739. 40 60 57488, 1 { ht 4ph ARi —474 {Pyq
199113 100r 50222. 7 +2 4p* D3 — 58’ *Dmg 1735. 70 3 57613.6 +3 4p? 1Ph.—T5798
1000, 35 2001 0242, 4 “+1 4pY tDig— 58" 1Dy 1732. 86 30 577081 4 4p* 20Ny —4pt 2Dy
1973. 65 3 50867. 5 +2 4 IP{is— B¢ {Pgy; 1782, 44 30 577221 +1 43 1D ;— 88 1Py
1072.62 | 1000R 50804. 0 +2 43 487, — 58 4Py 1729.80 3 57810, 2 Q 4p2 Dy —4pA TDug
1960. 59 2 0907, 2 -1 4p% P he—BBG44 1727.38 ! 57801 1 +10 4p7 1P {s— 760767
1958. 91 407 51048. 8 +1 4p? 2P —6r IP g 1724.77 7 5TH7E. T
1968, 82 20 51051.1 +3 4t 2P {1s— 88608 178, 37 4¢ 58050 5
1950. 38 2 512721 1718. 55 1 58188, 6 +5 4pt 2P Yy5— 76885
1843, 30 28 51458.0 +32 43 TP b — (044 1712.42 10 58400. 3 +1 4p8 2Dy~ 68 $Pny
1941, 36 5 515103 +2 4pi 'PEc—68 1P pg 1710.16 7h 5B474.1 -1 4% 2P~ 77121
1937.50 | 1600R 51610. 4 +2 47 4R5i;—53 4Py 1700. 26 2% 58504.8
1929, 14 3 51838, 6 +1 498 DG —4d 1P pg 1709. 03 2 58512, 7
1922, 30 1 51964, 2 1705. 74 4 53625, 6 +8 43 1P — 7722
1919. 72 1 62090 9 1702, 94 3 58722.0 -3 43 200 — Ba 4Payg
1018. 39 3 52127.0 1701. 22 30 56781, 3 -2 4pt DG — B 1P,
1817. 21 ) 52159. 1 +5 41 D i— 42 1Py 1701.18 15 5R7RI. ¢ -3 41 212, — 60898
1908. 13 1 52407. 3 —4 4p3 1P §3; — 71055 1691, 87 7 59106, 2 44 497 1 DYs—EB60R
1802, 51 3 52567, 7 1687.12 3¢ 59272.6
190L. 54 H 52589, 0 0 43 2D 5 —dd $Pag 16854, 63 2¢ 50360, 2
1801. 47 5 52868, 0 -2 4p* *Ph; —71056 1681. 47 1 59471, 8
1800.42 | 2000R 52808, 2 +3 41 48;3.— 58 4Py 1679. 14 2 50554, 3
1890, 05 5 52011 4 +3 4p? D — 4 WPy 1674. 50 3 59716, 1
1581, 98 10 53136. L +5 4% 4875 — 58 1Pgg 1671. 88 2 50812, 9
1878, 08 2 532771 +2 437 P4 —4d* Py 1670, 70 4 59851,
1873. 02 40 52380, B +4 47 25— 4d 1Pag 1670. 12 2 50876, 0 ..
1871. 68 30 £3427. 0 +1 4p? 1 D4ty 1682.78 3 60141. D) +4 497 2y — TI055
187114 2 53443.4 1658, 92 4 B0462. ¢ -3 498 D1 — 71055
1865, 04 15 53477.8 +1 4pt tPh—4d’ PPy 1640, 55 2 60622, 8
1865. 10 8 52616, 6 1644, 83 5 60R15.0 [ 433 185— 58" 1D
1860. 87 5 53738.3 0 4p3 2Pg —4d* 2Py 1643. 70 2 60836. 0 +2 dp i85 —5s’ g
1860, 46 80 58750, 1 +2 41 * D5 —4d 2ng 1633. 71 5 61210. 4 0 £pt D55~ dd’ 2Py
1860, 40 80 53751.9 [ 4pd 1P, — 58" 18, 1630. 48 4 61331. 6 -3 4p? tTHys—dd" 2Ppg
1866, 24 3 53872, 8 +4 §p 2Pl — 72519 162617 1 61532.0 -5 4pi 2Ds— 4’ 2P
1865, 39 10 53907.0 +1 43 IDG—dpd =P.,§ 1823, 26 2 61604, 4 —4 43 P33 —T72519
1863. 05 3 5303%.9 [} 43 Pl —4d’ P 1620. §4 5 61602 6
1853. 21 i) 53080, 4 1416. 44 8 61864. b +1 4p? ID3— 72770
1860, 24 40 54047.0 10 4pt AT —4dd 2Py 1614, §2 5 61926. 5 —4 477 1Dy — 72519
1847, 32 10 54132, 5 +0 4 TP — 7279 1812, 57 4 62012. 8




TaBLE 1.  First speclrum of arsenic {As 1)—Continued
Wave No, | Calo, WavaNo. | Cmier
Ao Intensity, ave 0. B.C. L Intensity, ave No. o inati
hd charsctar c‘;:?lii “l?l;ie Term comhbination A character ::15.1 “;\_Is::o Term combination
0.1 em-? 0.1 erm!
hi 2 3 4 5 1 2 ] 4 5
1808, 07 3 62188, 3 —2 4p7 Iy —T72770 1516.97 le £5020.9 -1 4p? ADR;— 76835
1597, 48 2 62508, 6 1515, 48 204 GRYBE, T
1596, 13 2 623651, 6 +1 4pt 1T —T73566 15614 70 6 66104, 5
1584, 30 le 6271%. 9 —5 4p? 105, — 73635 1510, 41 6k 68207. 2 +1 497 10377121
1593. 60 0GR 62761.0 -1 4p¥ 180 —4d 1Pug 1500. 70 i 66298.3
1587.97 20 62073, 5 0 4p! "D —TA56 1509, 60 3 66242 7 —14 458 3Ty —THRIS
1583, 90 2 63135. 3 +3 43,8 2Dsg— 74049 1506. 99 2 66357, & -5 4p3 1D — 77272
1575. B 20 B3487.0 -2 4p iD= 74048 1504, 08 2 65485, 4 +2 43 43 g —4d P4
1574, 72 30r B3503. 4 -2 4p2 181 4d 1Py 1508. 47 12,h 86512, &
1573. 85 f0 63538, 5 0 4p% 1D —ad" 2Dy 1462, 81 1¢ B66YST. 8
1572.10 leh 83605, 5 1402, 34 4 GT0OE. 9 +2 4p7 BT —6r 4Py
1566. 39 15 63841, 1 1484. 36 5h 67360, 1 .
1565. 05 7 #3805, 7 -2 4p* *Ddi—4d" 1Dl | 147232 It 67926. 0 -3 47 197,65 Py
1562. 95 10 63061, 6 -1 4p% 35— 4d Poy 1470. 09 3¢ .0
1650, 53 4 64121. 9 -1 4p1 4355—4d 2Pgg 1468 42 2 GR100. 4
1559, 48 1 84124.1 1464. 10 2¢ 68301. 1 +5 4pt I8 apt iy
| 155828 4d4+-Cu? | 641733 14651, 92 3e,¢? 68403, O +3 43 48Tc—apd 1Dy -
To1587.20 84217. 8 -1 4P Dy —4d” *Dpgl| 144288 5 60315, 0 +2 4p3 18058 1P
1556. 14 40 42616 —2 40t M5 —THI7G 143477 3 BO6S7. 6 -7 43 135, — 80698
155419 1 64342, 2 -2 47 4874 —4d Sy 1434, 66 e,k 80702 9
1547, 50 3 B4616. 6 1422, 04 2.k 70376, 5
1546, 45 2 64664, 2 +1 4p¥ 21 M1 — 75578 1412. 05 2¢.,h 70773.9
1542, 94 4 64811, 3 -2 4p* 480 —4pd 1Py 1407. 34 2¢ 71056. 0
1538, 79 20 64086, 1 -1 4p3 2115 — 75578
1534, 65 4 651681, 4 -2 45 D5 — 76076
1533. 67 2 £5203. 1
i | 3 eama | T | Eeal i
3 . — 4 o5 — [/

152181 le 65711, 2 o "
1518. 10 1e 85871. 8

II. Analysis of the First Spectrum of Arsenic

The above-described efforts to obtain a better
description of the As1 spectrum were made pri-
marily for the purpose of establishing atomic energy
levels characteristic of neutral arsenic atoms and to
-determine the spectroscopic ionization potential,

1. Observed Ast Lines

The first two columns of table 1 contain the ob-
servational material upon which a new analysis is
based, but as atomic energy levels are directly pro-
portional to frequencies or wave numbers, the wave-
lengths in column 1 were converted to vacuum wave
numbers in column 3. Wave lengths shorter than
2000 A, being vacuum values, were converted to
vacuum wave numbers by calculating the reciprocals
[14] of the observed wavelengths, Vacuum wave
numbers for lines between 2000 and 10000 A were
taken directly from Kayser’s Table of Wave Num-
bers [15], but for lines of greater wavelength the
values were obtained by computing the reciprocals
-of the wavelengths after correcting them to vacuum
‘with the aid of the atmospheric dispersion formula of
Meggers and Peters [16],

The first regularities among arsenic lines were
discovered in 1894 by Kayser and Runge [17], who
found 20 ultraviolet lines to be connected by wave-
number differences of 461 and 8058. Thirty years
later, another significant wave-number difference was
found by Ruark, et al. [3], and in 1927 Me¢Lennan

and McLay [18] interpreted these constant differ-
ences as intervals between five low-energy odd levels,
namely *Siy, Dy, Dsy, *Phy, ZPh, arising from
the electron configuration 4s*4p®.  Naturally, the
separations of these five levels were exploited in each
subsequent attempt to extend the analysis of the
As1 spectrum; they have accounted for most of the
observed ultraviolet lines and coineidentally dis-
closed a considerable number of high-energy even
levels, the lowest of which are important for the
classification of visible and infrared lines, thus reveal-
ing other high-energy odd levels. In the present
instance, the separations of the five lowest odd levels
(0.0, 10592.5, 10914.6, 18186.1, 18647.5 cm™), when
applied to the wave numbers of ultraviolet As 1 lines,
yielded about 50 even levels (50683.8 to 77272.5
em™), and the separations of seven lowest even
levels (50693.8, 51610.2, 52807.9, 53135.6, 54605.3,
60815.0, 60834.8 cm™!), when applied to the wave
numbers of visible and infrared lines, led to some 25
high-energy odd levels (60791.5 to 73244.8 em™),
It is seen that the latter set of odd levels is completely
interlaced and surrounded by the even levels with
which they combine, Consequently, only fringe
combinations of these odd and even levels have heen
observed, and a considerable number of permiited
combinations must exist in the unexplored infrared.

The inner quantum number (J-valus) assigned to
each level was originally based on the assumption
that the first five odd levels have J-values 1%,
1%, 2%, 0%, 14, respectively. These and the values
for four even levels were verified i 1934 by
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Zeeman patterns observed by Green and Barrows
[8]. Becanse all As 1 levels of unlike parity are
permitted to combine if their J-values differ by 0
or by +1, the J-values of new levels are ususlly
fixed unambiguously by the observed combinations,
but there are still a few high levels whose J-values
are uncertain by one unit.

After establishing a large number of atomic energy
levels, mostly with definite J-values, the next ambi-
tion was to group and interpret these as spectral
terms characteristic of various configurations of the
valence electrons. Aside from eight levels identified
by Zeeman effect, the remainder could be grouped
and named only by applying interval and intensity
rules and by comparison with analogous spectra of
other elements, In particular with the N1 [19],
P1[19], and Senr [20] spectra, which were not well
known 20 years ago. This procedure consumed all
the established Asr1 levels except a few wvery high
ones, which are retained as “miscellaneous levels”
because they may represent fragments of terms ap-
proaching the ionization limit. At this stage it
was possible to discard some false levels involving

doubly classified lines, and also to add some levels
resting on a single combination, as for example those
with J-value 3%. For fixing the latter, strong
lines, otherwise unclassified, were usually found in
their expected places.

2. As 1 Multiplets

As a check on the consistency and plausibility of
gpeectral term designations, the square arrays of con-
secutive level combinations were rewritten to display.
As1 multiplets and electron configurations so that
level separations and line intensities could be easily
seen, These combinations, grouped into multiplets,
are presented in table 2 (ultravioi]et) and table 3 (in-
frared and visible). All of the observed combinations
are included in these tables except three that account
for five lines due to transitions from 5p *D° to higher
levels. From tables 2 and 3 stem the “Term com-
bination” entered in column 5 of table 1 for each
classified As 1 line, and also the difference between
observed and calculated wave number shown in
column 4 of table 1.

TasLe 2. As1 combinaiion of odd and even lerms

N Desie. At 185 4pt 1D} ApH 113 4pATPh . 4ptap

Desig. Level .o fﬂmf:s* i a6l s woibs % wmialy
4péiPus | 53386.4 || 55308, 4 (200)
iptePy; | 568636 || 568638 EIOD)
4ppiPyg | BT488.1 || *B74sE. 1 (60)
4pttDug | 684027 || 6BA03.0 (3eg™ *57488. 1 (60) 57810. 2 (30) 49755, 1 {1005)
4ptsDy, | 68300.6 || 683011 (22 57385, 8 (10) 57708, 1 (30) 49853.1{100) 80114, 5 {100r)
4pttPye | 88115 || 648113 (&) 53897, 0 (10) $4219.3 (40) 46163.8 (150)  46625.3 (100)
dptiPy; | B5407.4 || 654973 (2) 54905, 2 (2) 16840, 9 (50) 47311, 3 (100)
4p' 8y | 665883 55986, 1 (3) £7940. 6 (30) 48402, 2 (50)
B8 1P 52807.0 || 52898 2 (2000R) |  41083.2 (150r)  42305.% (10 34350, 4 (2)
58 tPs 51610.2 || 51610.4 ElﬁDDR) 0605, 5 (200r)  41017.7 (80 32082, 7 Edm 33424,0 gm}
58 1Pay 506038 || 50604 0 (1000E) 40101, 7 (50) 39048, 1 {50) 32607, 5 {20)
53 Py 54805.3 || 548060 (50; 43600, 5 (S00F)  44012.8 (50) 35987, 8 Em) 86419, 1 Eﬁﬂr)
50 1Py - 58138.6 53186, 1 {40 42543, 0 (500F) 34488, 0 (50r) 34048, 4 (100}
5 *Dn; | G0815.G || 608160 (5 49900, 4 saour) 50222.7 (100) | 42187. 5 (100r)
5¢ Dy | oi834.8 || 608350 (2) 49920, 3 {20) 50242, 4 (200r) | 421871 (B0r)  42648.5 (60)
B 1By | 723904 53751, 9 (80) §4213. 2 (46)
82 4Pasg 80314.8 || 603150 (5) 58400. 3 (10) 5R722.0 (3) 50667, 5 Es)
B8 4P 67920.2 || 67920.0 54} 57005 7 (10) 487728 (2) 45734. 0 (20)
Be 4Poig 67008, 7 || 670089 {4) 56416. 2 (8) 48361, 2 (20) 488727, 6 (50)
B2 P 80408, 2 58781, 3 (30) 51048.8 (40r)  1510.3 Ea)
[ 88314, 5 577221 (30) 49666, 9 {15) 50128, 3 {30}
44 1Py 627551 || 8276L. 0 (L00R) 51838, 8 (3) 52158, 1 520) 44103, 3 (28) :
44 1Pyg 63503.6 | B3KG3. 4 (30r) 52689, 0 (5) 52911, 4 (5) 44856, 0 (20) 45317 4 (15)
41 1P B308L.7 || 830816 (10) 53389, 6 (40) 48334, 0 (10) 45798, 5 (20)
44 1F; 66786, 2 55870. 6 (50)
4 a4 84639, 5 FAMT. O (40)
4d 1Dayg 60725, 4 55810. 7 (40; 56133, 1 (50) 45077.7 ()
441Dy B4 || e4Mz. 2 (@ 83427, 9 (30 B3750.1 (80) 458547 {5)
44 2Pysg 664852 || 064854 (D) 56570.7 (2) 65892.8 (15) 47R37. 8 (6) 48208 & (30)
4d tPyg #1220 || 41219 (4) 15474, 6 (5) 45605, 9 (5)
4Py | T72025.0 61210, 4 (5) 61532.0 (1) 53477.6 {15) 53896.9 (3)
ad' 2P | 7102404 61331, 6 () BAT.1 (2 537383 (6)
41Dy | TAAELL 53538, 5 (60)
447Dy | 748105 63886. 7 (1) 64217. 8 (30) 56163, 4 (50)

901428507 3561



TaBLE 2. As I combination of odd and even lerms—Continued
. Tresig. 4p 18 Apt 1D, 4p? iy 403 1Py 4p% ST
Desig. Level 0.0 10914 € 10592, 5 186475 18188,
60644, 9 50007. 2 E 81458, 9 (2¢)
69608, 3 608U7. 6 (30) 58783 4 {15) 50106, 2 (7} 51051. 1 (20}
71055, 2 80141, 0 (3 00462.4Ei) 52407.3 (1) 52868, B (5)
73510, 4 81604 4 {2) 61426, 5 5; 53872, 3 (2 54333, 6 m;
72779.0 81364. 5 (6 62186.3 (3 54132. 5 (10) 54502, 9 (30
73586, 0 62651, 5 (2) 82973. 5 (20)
73635, 0 §2710.9 Ele) 54987, 7 (Bk) 55449, 0 (10h)
74045, 7 63135.3 (2) 63457. 0 (20)
74143.8 55496, 4 Em 55057, 5 (6}
75086, 0 56438, 5 (2) 56900, 0 (4)
75176, 4 64281 6 {40 156630, 17 (5)
75578, 7 54664, 2 (2) 84986, 1 (20) 56091, 1 (2h)
757990, 4 65208, 0 (3) 57162. 0 {1eh) 57613, 6 (3)
76078, 2 65161 4 (4) 57420, 0 (10 57801, 1 (4)°
TBRYE. b 65920, 9 {1¢) 56242, 7 (3) 58188, 6 (1)
FTI2L 7 86207, 2 (6h) 58474. 1 Em)
TN BO35T. 4 (2) 58625. 6 (4)
*Blend

{Blend with As u?.

TaBLE 3. As 1 Combinalions of even and odd lerms
Desi Desig - Bg ¢Pgy; 52 1Py 53 4P 5 1P 5a 3P By’ 2D 85’ 1Dy
Cslg Level 528979 51610. 2 50693, 8 B4606. 53135, BOG15. 0 80834, 8

SpiDig | 628712 9073, 30 (400)
spDig | 6IRB5.0 §787.19 {4) 10074. 78 (400}
EpiDhg | B0860.0 0240. 78 Ew) 10168, 28 E:m)
5p 1D 60781, & 9181, 22 {20 10097. 68 (150
5p Pk 68282, 2 ) 10364, 03 (400) 1167262 (100) B677. 54 (10)
59 *Piy 62398.0 10787.70 {180 11704, 30 (80) . 9262, 42 (8)
5p 4Pl 42086, 3 10416, 04 (3000 11332, 41 (150) £300. 78 (10)
5p 48ty 43647.0 |} 1074004 (250)  12036.75 (0 10511. 4 (3)
5piDhe | A4ASr || 11270.30 (100) 12856, 54 (30} 9563, 63 (100}
5p :Dhi 82554, 4 10844, 17 (50) 11860, 86 (100) 9418. 87 (200
5p 1Ph 44682.8 10082. 24 (200) 1155160 (100}
5p 1Pl £48¢3.8 12713.81 (£ 9718, 40 (50) 11188, 17 (50
5p 284 650590 9453, B8 (100}
5p iFyg | Tooer.s 10112, 48 (100)
5p’ IFhg | TOSEL.4 10211, 24 (4) 10004, 40 (5) 9086. 65 (100}
5priDgg | MET0.6 15771, 16 {40} 9561, 60 (20) B541. 83 (4)
ap’ DGy | TOI08. 4 9273. 50 (8
5p Py | TS8R 20321, 65 (2) 18706, 16 (8} 11118, 65 (20) 13007.02 (2)
sp Pl | Tives.s 20185. 06 (10} 17190, 97 (2k) 18660, 53 (1A% 10061, 52 (10)
GpiDhg | 785416 || 18443,68 (100)
&p D | 7118310 19520, 72 (100) 16525. 78 {5k} 103186, 20 (10)
6p Dy 708166 10622, 74 Ew) 17380, 80 (5k) 9701, 54 (5) D6R1. 85 {10)
ip 4Dl TORTL. 9 19581. 09 (30) Cu?
Gp *Thy 78501.9 || 19603. 97 (B0) 20891, 84 Eak)
Gp+Phg | TORD.Y 19239, 49 (50)
6p Pl £988L. 5 19187, 68 (20)
Gp 185 vaee0.8 || 19722385 (100} 21010 14 (5k) : 19484, B) (B
8p D | 709444 || 20046.48 (BA) 18339, 10 {150} 12129, 43 (20)
Bp DL | Tregl 20011, 15 (%) 20027.72 (1h) 18485. 56 (100} (10786. ) §
6p Pk 7800l 8 18630, 23 {60) 12420, 83 (B} 12410. 13 (5h)
8 Pk 72800.6 18195, 31 (5) 10665, 02 (10) 11068, 82 (10}
&p 180 71169, 1 10588, 84 (20) 18063, 57 (3) 10364. 4 (3

4 Calenlated wave numbers line masked,
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TasLe 4,—AsI predicted and observed lerms

.corﬁggumt?on lfs“;jlt Predicted Ohserved :
J
1
43t 4ps 137 2(P® D°) 47 18°, 497 2P°, 4p2 1D°
48 4pd iPHEPD) 4P AP, 4pt 38, 4pA P, 4p4ID
ip ip®
a2 dpiny i ip P 58 1P, B2 4P, 59 7P, 82 1P
i Hi) e AT
18 2R Re’ 28
152 asO, 1p0_ G |P°, 'D°, el
'D | 3{P° D°F) 59 1P°, bp’ 1D°, 6p’ °F
18 pe
490 dp2 nd 1P «P I}F) (P DF) 4d 4P, 4d *P, 44 'D, 44 :F
1D ’;)E PDFG) d" 1P
18 ¥ 4t 1D

3. As1 8pectral Terms

Arsenic has atomic number 33, and the neutral
atoms have electronie structure as follows: 1s* 2¢% 2p°
3¢ 3p° 3d' 4s* 4p°. The first spectrum of arsenic
arises from changes in atomic energy resulting from
alterations of the principal quantum numbers and
total momenta of the last-named five valence elec-
trons. The theoretical spectral terms associated
with various cenfigurations of electrons [21] are
listed in table 4,

It was stated above that the empirically estab-
lished atomic energy levels derived from analysis of
the As 1 spectrum occur in three groups (1) five odd
levels of low energy content (including zero, the
normal state), (2) about 50 even levels of higher
energy, and (3) some 25 odd levels intermingled
with group (2). That group 1 is identified with the
normal configuration 4s* 4p° is verified by many
experimental faets including line intensities, self-
reversals, and Zeeman paiterns. Group 2 arises in
part from the configuration 4s 4p!, which yields
eight levels, ‘Pay, *Pug, ‘Pog, Bey, Py, Pug, "Dy,
*Da, ell of which have been selected with the aid of
analogous spectra as guides. The remainder of
group 2 must be ascribed to 4s* 4p® ns and 4s? 4p® nd,
whereas group 3 can originate only in 4s® 4p% ap.
There s, naturally, no difficulty about distinguishing
even and odd levels, but the proper cheiece of even
levels for terms due to ns and #d electrons added to
4¢* 4p* 1s complicated by overlapping of energies of
the different electron configurations. These con-
figurations give rise respectively to 8 and 28 levels,
which converge toward five limits (P, °P,, 'P,, ',
18,) in the As 11 spectrum when the running electron
is removed by ionization. According to Rae [13],
these levels in the As 11 spectrum have the following
values in em™: ?P,=0; *P,=1063, *P,=2540, 'D,—
10095, '5,=22599. Guided by these intervals in

convergence limits, we have provisionally interpreted
the observed As1 even levels as shown in table 4,
Although the configuration 4s4p® yields only five
levels, including the ground term of As 1, if the total
quantum number is altered for one of the p electrons
so that they are not all equivalent, the configuration
produces no less than 21(ievels, which converge also
to the above mentioned five limits in As 1. Terms
associated with 5p and 6p electrons have been
identified, as indicated in table 4. Ten hazy lines
from 4910.23 to 4301.56 A could not be classified;
they may represent some leading combinations of
terms arising from 7p electrons with those from 5s.

Full particulars (except ¢ values) regarding the
now known terms of the As 1 spectrum are presented
in table 5, where columns 1 to 5 contain (1) electron
configuration (and convergence limit), (2) term
designation, (3} level value (relative to 4p% 18;,,=0.0,
(4) intervals between levals of terms, and {5) combi-
nations observed for each term.

4. First Ionization Potential of Arsenic

In 1942, before the ultraviolet portion of the As 1
spectrum had been satisfactorily observed, an at-
tempt was made to obtain a value of the effective
quantum number of the 5s electron for As by com-
paring the values of neighboring elements and thus
arrive at an estimate of the ionization potential,
The result was not published, but it will be given
here because it adds credence to the value recently
derived from spectral sefics. The effective quantum
numbers, n*=+R/T, corresponding to 5s in spectra
of elements flanking As are shown in table 6.

By interpolation, the 55 value of »* for Asi is
found to be about 1.960. The corresponding term,
T=R/n** has a numerical value of 109737/(1.960)*=
28565, and if this is added to the wave number 50694
of the resonance line (1972.62 A), a value of 79259




TasrLe 5. Termsz of the As1 spectrum
Electron Term Leval Interval :
configuration { designation et em-—1 Combinations
1 2 3 4 3
. 4pl 1P, 55 4P, B3 1P, 44 1P, 4pt 2P, 58P, 4d 1P, 4p1 1D
48t dpt 458 481y 0.0 5D 44 100, B8, :
55 AP, 62 4P, 44 P, dpt 18, 4p! 7P, 51 1P, 63 TF, 4d 1P,
452 408 4t 2THy 10682, 5 399.1 4 3P 4pd T}, 5of 4" in, i ’D,dsd tF, GHON8,
4p? 1Dy 109146 - 71065, 72519 79779, 73566, 73635, 74049, 75176, TE6TS,
757‘99, 76076 76835, 77131, TIAT2,
5r 1P, 63*]3 4¢|P 41)'35 By’ i, 4pt 2P, B8 2P, 65 1P,
48 4p8 4pi P - | 18188, ( 461 4 44 Ip, 14" *P, 4p4 1D, Bs* 1D, 4d 1D, 43" 1), 69644,
4p% 2Py 18847.8 ) 50698, 71055, 72 18, 72??9. 73835 ?4143 ?5086. 751?6.
75678, 75799, 78076, T6835, 77121, TI2TL,
; o -1
e | gl | S| e[S o e e D 0 00
ipH - 1287. 7 p Sty fp L D L
58 1Pgy 52897, 9 69 23°, 5p’ BFS,
1p3 48°, 6p 18°, Gp 48°, 5p +P°, 6p 1D°, §p B, 6p 28O,
g 5¢ P 53135.6
LHPORSe | 2 | Siens | ueeT { ég‘siﬁ 5153?;1“ g 2B, 53/ 77, 4praDe, 3 1D,
45 431 4pt Puy; 55366, 4 —t40%
4ptiPus | Soasss | TIORT Mg,
40t iPgg 57488, 1 .
M . ",
op DL G185 0 1?23'2 }5341’ 4d’ 9P, 44" ®D, 75176,
Sp 4D FE8TL 8 )
457 4 p2(18) 5 58" kg B0815. 0 _10.8 {41;3 187, 6p4D°, 6p 287, m“P*’ 6piP°, 5p’ 1P7, 473 21)°,
58 1Dy 60834, 8 - ), 5p' 1D°, 5pf 1F°
487 1P (WP} & 5p PR 62026, 3
VORISR | 3D bt | fesoe.o iy |jo e, 5P,
5p 1Py 62882 8 :
48t AP (SP)5p 5p D0y 68554 4 ‘ te
D Giioh s 1614.8 | 83 ¢P, 58 2P, 4d" P,
AR 4pPId | 4d 1P 62751, 1
PO ad Pus B3503.6 | oz d |l4pies, 4ptipe, 4piaDe,
44 Pmyg a3981. 7 -
1 4pGRSp | 5D 181k 63647.0 58 1P, 52 2P.
487 4230 5p Ap 2B R4059.0 a3 P.
4% dpt{3P)4d ad 1Py 64122.0 " I3 a o
¥ 4d P 64435, 2 Z63.2 | 4787, 4p? IPS, 4pT D,
482 4p2('P)6p bp Pl 4328, 8
sty fonsteps 363.8 | 58 1P, 58 9P.
481 40P dd 44 1Dy 51342, 4 ige PY, 47 200°
P 4d tDyg | ee724 | D8R0 | APUISTApRIPT 4pTaDS
497 4pP(SP)4d | 44 IFay 4639, 5 o
3 o s o 21457 | 4p72D)%,
45 4pt 4pHIP g 811 5 igs 139 4oy 2P®. dpd 1[I°
4p'?Pog | G074 B85.9 | 4p7 87, 4pTIPS, 4pi D,
45 4pt 4p4 280y 6588, 3 4pi2e, 4piiD°.
45% 4237 )6a as 11 ATO08. 7
6 1Py 67020. 2 13.},'4'3 }m* 1%, 4p7 7P°, 4p 21,
68 4P 69314 8 ’
4z 1pl 42l 62300, 6 8 g, s e
1D prh 102.1 | 4p348°, 4p3 2P, 4pa:D°,
48% 4p2(AP) 68 68 fPoyg 68314, 5 P 441 210°
» o e 1381.7 | 4p3aP°, 4p 2007,
015, 118 8544, & 4p? Tp°,
114, 215 fOASE. 3 4753 48°, 4p3 2P 4pe 2DV,
4t 4p2(iP)ap | Bp Pl 69882, &
8p Ths | 0897 | el [lsew,
8p 1Py 74501, %
4 4p?(D¥5p | 5p DIy 70108. § P 2
WDy | el 268.2 | 5s 2P, 5o 2D
44 4p2(3P}Ep 6p 1Diyg 708749
6p 1D | J0BIE.A el Nsewp. ss2p, 0D
6p 1Dy THSIO 1310.6 : ’ .
6p 1Dy 78841.8 -
482 42V D)5 5 iFag 0821 4 '
4 Pl aneEas ek 106.1 | 55 4P, 5¢' D,
ile 71055, 2 4pi TF°, dpiaDe,
482 4p2(7P 6D 6 2885 Ti199. 1 5z 1P, 5g 2P, 5¢" D).
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TasLe 5. Terms of the As 1 specirum-—Continued
Electron Term Lewel Interval P
configuration | designation mm-i em—! Combinations
1 2 a 1 5
e 4pCRIp | bp [Dhs | T4 1523.0 | b8 1P, 54 7P, 5 11D,
462 4p*(' D)bp g;;: :;g; Tires.t 135.5 | 6o 4P, 517P, 5e' *D).
Wap(iid | Ad R | s 20.6 | 5p D%, 4p3 7P7, 4p3 1D, 5p D,
4 4pr08)he | eS8 72390, 4 457 2P,
134 | 72510.4 4% P°, 4p71D°,
) 4pIGPYBp | Gp iy 70620.8 5 1P, 5 P,
1% | 7zrme.0 4p3 TP, 441D,
a aptePYp | 6p 1Py, 70800,
Ry 7ee1t 8 414.2 | 5 1P, 802D,
13, 2% | 735680 497 1D°,
1% | rseas.0 97 1P°, 401D,
14,2 | 74040.7 4p? 1D°,
034,134 | 74143.8 p? 1P°,
AR dpiCBMa | ol :Bm piss | —367.4 | 5p 4D°, 4pt2P°, dph DO,
0%, 134 | 75086.0 4pt 1P°,
1%, 24 | 75176.4 5p 11°, 4pt 1P, 4pH 1D°.
144, 24 TESTE.T 4pd 2P, 4pl 11T,
0%, 1% | 75T00.4 4ph 1P, 4pt 1D,
15 | 760762 4pH IP°, 4p1 13°,
184,215 | vesss. 6 43 1P°, 4ptiDe.
14,24 | ma? 4p? 1P, 42 10",
114,24 | 772025 4pi 2P, 4R 13,
As 11{2Pq) Limit 79165
em™! is obtained for the limit (°P, of As1r). This nevertheless arrived at an erroneous value of the

corresponds to a value of 79259 1.2395X1074=9.82
ev for the principal ionization potential of arsenic.
In January 1950, after our ultraviclet As lines had
been assembled and classified, it was observed that
three high even levels (67009, 67920, 69315 em™')
had the same J-values and nearly the same separa-
tions as the three lowest even levels (50694, 51610,
52898 em™!). Since the latter group had already
been identified as 58 *Poy, 13, 21, 1t Was natural to
regard the higher group as 6siPyy, 4,2, While
writing this paragraph, we observed that Rao [12]
interpreted these levels in exactly this way but

TarLe 6. Effective guanium numbers n* for 5s

Hpeetrnm Term T RiT 0= A RIT
2 Cur 5¢ ¥Bpg 10180 5. 724 2.3920
W ZEZn 1 5g 28,y 22004 4 067 2,229
31 Gar Ga 33, Z3H92 4, 651 2,157
WGt By 3P W 4.193 2 (48
33 Az 52 4Py 28565 3.842 1. 960
34 Be 1 by 83y WATE 3.508 1. 868
35 Br1 B 1P anan 1. 416 1. 848
36 Kr1 55 3P4 32643 3331 1.825
37 Rb1 be gy 33691 3. 257 1. %06

lonization potential. Because the line intensities
corresponding to transitions from these terms to the
ground state are in the ratio of several hundred to
one, it seems hopeless to detect similar levels of 7s,
and we must be content with two terms of a spectral
series. With the aid of a Rydberg interpolation
table, the effective quantum numbers and limits were
caleulated as shown in table 7.

The last column of table 7 contains three values of
As 1 series limits corrected to the first level Py} of
As 11, The average of these values is 79527 cm™,
which 'corresponds to 9.85 ev. Experience shows
that the Rydberg formula generally yields too large

TasrLe 7. Asi effective qguanium numbers and series

Eleg- | Lines | Rydberg = JBIP Limlts in Lowest
tron em! terms n ‘{R’r T As I limit
5e SDGH 28048 1. M7 -
o oA | B f: bi7 | Pi=gossl | 7asse
55 | 52398 | zoowd : -
gs | esai¥ | 12877 Lo | Pemsowm | osz




a limit, and a more reliable value will result from the
use of a Ritz formula of the type,

v=L—Ri(n+ut+al)>

An examination of s-series represented by the Rita
formula in Zn 1, Ga 1, and Ge 1 spectra indicates that
a=25X10"% for As1i. On this assumption, the
lowest limits in the final column of table 7 are
calculated to be 79185, 79033, and 78995, respec-
tively. The average of these values is 79071 em™!;
it corresponds to 9.80 ev and is .in good agreement
with 9.82 ev calculated with the interpolated effective
quantum number for the 5s electron. We beliove
that the average of these two fi
corresponding to 9.81 +0.01 ev, gives a reliable value
for the prinecipal ionization potential of arsenic.
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