
r 

VIII. Appendix 

An analysis of varia nce for the top sieve takes the following form (for terminology, see any standard text on the analysi s of 
variance, for example [18]): 

Analysis of variance including all four knockers Analysis of variance omitting K4 (no knocker ) 

[The value of P for s ignificance a t the 5-percent level is about 10 and at the [The value of F for significance a t t he 5-percent level is about 20 and at the \' 
I-percent level abou t 30.] l·percent level abou t 100.] 

Source of varia tion 
De~rees I i 

.of Sum of I Variance F value 
freedom squares 

1-------·----------- - --------
Knockers ____ __ ._. ____ _____ _ _ 
Machines ___ ___ _____ ___ _____ . 
Chars _________________ _____ _ _ 
Interactions: Machines and 

chars __ __ . ___ ________ ___ __ _ _ 
Machines and knockers __ .. __ _ 
Chars and knockers __ __ _____ _ 
'rriple interaction (error) ____ _ 
Total _ •. ____ _ . ____ __ _______ _ _ 

1 
3 
3 
3 

15 

3.205 
0.0625 

131.1 

0. 16 
2. 0625 
0. 0525 
. 035 

136. 73 

1. 085 
0. 0625 

131.1 

0. 16 
. 6875 
.0175 
. 01167 

93.0 
5.36 

11,230 

13. 7 
58. ~ 
1.5 

Since it is no ted t hat t he absence of a knocker (condi t ion 
knocker 4) is t he greatest cause of the variation , the above 
analysis of variance is repeated omit ting K, : 
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Source or variation 

Top sieve 

Vari
ance F 

Second sieve Third sieve 

Vari
ance F Vari

ance F 

P an 

---_·----- 1---------------
K nockers _____ . __ ___ . __ . 0.0258 1. 49 0. 01 3 0. 2580 1.2 0.01 ----Machines. __ . _. ____ __ • __ .8533 49 . 0208 6. 2 . 1633 5. 3 . 48 
C hars. ________ . __ .. _ . __ . 98.06 5, 600 6. 02 1,800 6. 45 209 . 03 ----
Interactions: 

Machines and chars ___ 0.120 6.8 0.0208 6.2 0.0533 1.8 . 12 - ---
Machines and knockers_ .0308 1. 8 . 0133 4 . 0108 2. 8 . 01 ----
Chars and knockers _____ . 0583 1.5 . 0133 4 . 0358 1.2 0 
Triple in teract ion (er-

ror) ___ _____ ___ _____ ___ . 0175 -- ------ . 0033 -- --- -- . 0308 -- - - -- 0 
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First Spectrum of Arsenic 
By William F. Meggers, Allen G . Shenstone,l and Charlotte E. Moore 

The spectrum emitted by neut ral arse nic atoms was observed photographically in the 
infrared, visible, and ultraviolet, and new lines were discovered in each 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 t he total number and 97 percent of the total intensity of observed lines have been 
explained as combinations of 30 odd energy levels a rising from 4s2 4p3 and 4s2 4p 2 np electron 
co nfigurations and 58 even levels from 48 4p" 482 4p2 ns, and 4s2 4p2 nd. The average differ
ence between observed and computed wave numbers is 0.14 cm- I. Most of t he observed 
levels have been assigned to doublet and quartet terms, and spectral series of t he type 
4S24p3 - 4s2 4p2 n8 have been identified. Calculations based on t hese series yield an absolute 
value of 79165 cm- 1 for t he ground s tate 482 4p3 4S~~ of n eutral 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 th e arc spectrum of arsenic, based on 
measurements of 54 ultraviolet lines (1889.85 to 
3119.60 A) and 23 infrared lines (7410.07 to 10023.98 
A ). At that time this spectrum had not b een 
observed in the region of shorter waves, and the 
assumption that the Blochs [2] had observed As I 
lines in spark spectra in the extreme ultraviolet 
could not b e verified. Although i t was not possible 
th en to determine absolute term values from sp ectral 
series, the ground state was recognized as 48°, and 
by comparison with analogous terms in th e sp ectra 
of neighboring elem ents the absolute value of this 
ground state was ten tatively estimated as 80693 
cm - 1, which correspond ed to an ioniza tion po ten tial 
of about 10 ev . This was 13 percent lower than 
th e value 11.54 ± 0.5 ev derivcd in 1922 by Ruark, 

1 D epart ment of Physics, Princeton U ni versity, Princeton, N . J . 
2 Figures in brackets ind icate the li terature references at tbe end of t h i, paper . • 

et aI.. [3] from experiments on low-voltage arcs m 
arsemc vapor. 

A paper on spectra of arsenic in the extreme ultra
violet, 2500 to 710 A, by Queney [4] reported about 
300 arsenic lines from electrodeless discharges but 
added nothing to the As I spectrum. . 

The shorter waves of this spectrum were first 
investigated by K. R. Rao [5], who burned m etallic 
arsenic in an arc b etween carbon poles and photo
graphed the spectrum with an evacua ted spectro
graph containing a Im-radius grating, giving a 
scale of 8.6 A/mm. He m easured 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 adopted th e absolute value 48°= 93500 
cm- I from the ionization potential 11.54 ev reported 
by Ruark, et al. [3]. 

In 1932 furthcr investigations of th e arc spectrum 
of arscnic were reported by A. 8 . Rao [6], who meas
urecl160 ultraviolet As I lines (1995.45 to 1319.48 A) 
on a hollow-cathode spectrogram having a scale of 
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17 A/mm. H e quo ted infrared data frgm M eggers 
and deBruin [1] , ultraviolet data (3119.516 to 1563.08 
A) from K .R. R ao [5], and classified 200 lines with 
66 levels. Earlier interpretations of the As I spec
trum were revised and extended, and an estimate of 
the ionization poten tial as 10.5 ev was derived from 
two members of several assumed series terms. In 
th e ligh t of present data , many of R ao's designa
tions of spectral te rms appear to be incorrect, the 
reality of som e of his levels is doubtful, and h is value 
of the ionization potential for arsenic is certainly 
too large. 

In 1933 Hicks [7] attempted to obtain an absolu te 
value of the spectral terms of arsenic by "the appli
cation of the oun-mul tiple law to the separations". 
M ysterious calculations led him to a value of 87945 
cm- 1 for the ionization limit, and he stated tha t "this 
is equivalent to 10.85 volts , and closer to the value 
1l.52 ::l=. 5 r cfel'l'ed to by Rao than his 85000 with 
10.5 volLs". It now appears that this cOlTection was 
wrong in bo th di rection and magnitude. 

T he only oth el' investigation of the first spectrum 
of a rsenic published during the past 20 years cleals 
with the Zeeman e[ ect. Green and Barrows [8], in 
1935, publish ed Zeeman patte rns for 11 lines (2288 .2 
to 3033.0 A), de rived g-values for 13 levels, and con
cluded that "the levels of As I are so elose to LS 
eoupling that the g-values are almost normal". 

The lack of a relia ble ionization potential was 
inspiration and justification for another investiga
tion of the first spectrum of arseni c. Such an inves
t igation has been made at tb e National Bureau of 
Standards from time to time dlll'ing the pas t 20 
years, and as a res ult, the As I spectrum has been 
exhaustively explored pho tographically from 12500 A 
in the infrared to 1200 A in the ultraviolet. This 
spectrum has been found to consist of three separated 
groups of lines, 71 infrared, 46 v isible. and 210 ultra
violet. :More than 74 percent of the total number 
and 97 percen t of the total intensi ty of obser ved As I 
lines have been explained as combinations of 88 
atomic-energy levels, and a principal ionization po
tential of 9.81 ev has been calculated with confidence. 
Because fur ther investigation of this spectrum is 
neither likely nor profitable, this final repor t is now 
presented . 

II . Wavelength Measurements 

The infrared As I lines reported by Meggers and 
deBruin [1] were observed with photographic plates 
sensi tized in th e laboratory by bathing them in 
dilute solu tions of neocyanine, and the greatest 
waveleng th that could be recorded was ] 0024 A. 
In 1934 "Xenoc,Yanine Plates" prepared by the 
Eastman Kodak Co. permitted an extension of the 
infrared recording of As I lines to 10888 A, and in 
1940 Eastman I-Z plates were used to explore this 
spectrum to 12500 A. No A I lines were recorded 
beyond 11680 A, but this \vavelenglh is more than 
1000 A greater th an the limit ob erved radiometrically 
by Randall [9] in 1911. 

The light ource , spectrographs, and st.andard 

- - - - - ----------~--------~ 

wavelengths employed in obser ving the infrared, 
visible, and air-transparent ul traviolet As I spectrum 
were described in detail by Meggers and deBruin [1] . 
. A number of visible lines not previously noted in 

the arc spectrum of arsenic and not identifiable wi th 
impurit.ies \vere observed in 1929 [1], but few details 
were given because no structural connection was 
found between the visible lines and th e invisible 
ones. Such a connection was first found in 1932 by 
deBruin,3 who saw that some of the visible hnes 
exhibited th e same wave-number differences as some 
infrared ones. At that time it was not possible to 
classify and interpret all th e visible lines, but this was 
facilitated by the more recent extensions of the 
infrared data. 

The most important improvemen ts of As I data 
were made in the extreme ul traviolet, from arc 
spectrograms exposed at Princeton University and 
measured at the National Bureau of Standards. 
The sp ectrograms were made ,vith a normal inci
dence vacuum spectrograph having a 2 m-radius 
glass gra ting ruled 30,000 lines pel' inch . The di -
persion is 4 .2 A/mm and the deflllition and resolving 
power arc excellent, but Rowland ghosts are prom
inen L on strong exposures. All the identified ghosts 
contributed to determinations of Lh e wavelengths of 
their respective pflI'ent lines. 

Our first attempt to observe th e shor t waves of the 
As I spectrum was made in ] 940 with eleCtrodes of 25 
percen t As and 75 percen t e u prepared in the Nlctal
lurg,\T Division of th is Bureau . Four pectrograms 
were measured relative to copper standards, but only 
100 As dines wercfo und between 1995.43 and 1472.38 
A. Because the arsenic spectrum could not be fully 
developed with this alloy without greatly over
exposing the copper spectra , additional spectrograms 
were made in 1949 with metallic arsonic in a cupped 
carbon electrode opposite a copper eleetrode. These 
were highly satisfactory for the final description of 
the Aa I spectrum to its ultraviolet limi t neal' 1400 A; 
after eliminating lines due to A II, impurities, and 
ghosts, they ,Yielded 168 As I lines between 1995 .43 
and 1407 .34 A. These wavelengths were measured 
relative to Cu I and Cu II lines given in Sh enstone's 
papers [10] supplemented by carbon, ni trogen, and 
oxygen "impurity" lines recommended as ten tative 
standards by Boyce and Robinson [ll] . . All except 
the weak lines were measured on six or seven spectro
grams, and the agreemen t between determinations, 
as well as the agreement between values observed 
and calculated from atomic-energy levels, prove that 
the probable onol' rarely exceeds ± 0.01 A. The 
complete list of observed lines was compared with the 
T able of Principal L~nes of all Elements [12] for the 
purpose of identifying possible im.purities, and the 
ultraviolet portion ",vas also compared ,with a de
sniption by Rao [J3] of the first spark , :;pectrum of 
arsenic for the purpose of eliminating abou t 10 As II 
lines that appeared in the arc apectrum. 

Measured wavelengths and estimated intensities 
of 330 lines ch aracteristic of neu tral arse~e atoms arc 

3 C'om mWlicalcd by '1' . L. deB ruin to W . F . Meggers in a note dated Feb. 27, 
1932. 
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presented in the first and second columns, respec
tively, of table 1. The \vavelengths 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 11 OOGA as photographic 
sensitivity decreases for increasing wavelength. In 
addition to intensity, the character of certain lines 
is indicated by symbols : R = wicle self-reversal , r= 
narro·,v self-reversal, h= hazy, e= observed at elec
trode. 

T ABLE 1. First spectrum of arsenic (As J) 

Obs.- Obs. -

A air Intensity. ' Yave No. Calc. A air Intensity. Wave No. Calc. 
vac. Wave 'ferm combination A vae. Wave Term combination 

A character cm-1 No. character cm- 1 No . 
0.1 cm-' 0.1 cm-' 

-----
1 2 3 4 5 1 2 3 4 5 _. 

11679.9 3 8559. 37 7863.43 4 1271 3.61 0 5s 'PI),-.Ip ' 1'0)1 
11520. 9 10 8677. 54 0 58 ' P,» -5p <P;lO 7829.82 2 12768.17 +1 5p 4 Dz~-4d" 2D 2!1 
11377. 1 4 8787. 19 + 1 58 ' P,»-5p 'DllO 7648.15 2 13071. 46 
11244.5 10 8890.79 + 1 5s 'Po;,-5p 'PolO 7410.02 8 13491. 53 + 1 5p'm)1-75176 
10888. 82 20 9181. 22 - I 5s ' P I).,-5p ' D o;, 7381.97 10 13.137. 29 

10808.11 50 9249.78 0 5s ' P')1-5p ' D iH 7384.62 10 13537.94 
10793.37 8 9262.42 0 58 zP OH- 5p 4 Ph~ 6338.94 40 15771. 16 -1 58 zP lx-5p' zDz.!1 
10780.36 5 9273.59 0 58' 2DH~-5p' 2Di~ '! 6176.68 1 16185.46 
10614. 07 200 9418.87 + 1 58 2P oJ.1- 5p 2D'!!1 6049.48 51t 16525. 78 + 1 58 2P01-6p .fD z~ 
10575. 02 100 9453.65 0 5s 'P';,-5p 'So)1 5815.40 2h 17190.97 + 1 58 2Pn,~ -5p' 2PO.\1 

10490.29 21t 9530.02 5751. 85 5h 17380.90 -1 5s ' Po).;-6p ' D i;, 
10477. 30 4 9541. 83 0 58' 2D H'!i-5pI2Dz~ 5739.54 2h 17418. 18 
10455.64 20 9.\61. 60 0 58' 2D 272-5p'2D 2..\1 5534.47 3 18063.57 H 5s zPo;,-6p '80)1 
10453.09 100 9563.93 0 58 zP '}2-5p 2Dz~ 5497. 10 4 18186.37 

5494.40 5 18195.31 0 5s 'P,).;-6p ' P o;, 
10445. 6 3h 9570.84 +2 5p 2Di~- 4d' 2P17o$ 
10325.74 10 9681. 88 + 1 58' 2"D l72 -6p 4Dh; 5451. 32 150 18339.10 0 5s ' P'lO-6p ' D ;lO 
10304.82 5 9701. 54 - 1 58' 2D n1-6p ~DiJ.1 5422.66 2 18436.02 
10286.85 50 9718. 49 0 58 ' P';,-5p ' Po).; 5408. 13 100 18485.56 -2 58 2Po~-6p 2D i% 
10024.04 400 9973.30 0 58 4P2~-5p 4D3~ 5363.54 60 18639. 23 -3 5s ' P'lO-6p ' P i" 

5361. 12 10 18647.65 
10010.63 100 9986. 65 0 5s' 2D H.~-5p' 2Fz~ 
9990.87 5 10006. 40 0 58' 2D z}1-5p' 2Fz~ 5357.42 Ih 18660.53 - I 58 ' Po,,-5p' 'P~" 
9923.05 400 10074. 78 0 5s 'P,,,-5p ' D !lO 5318. 76 5 18796. 16 + 1 58 ZP oY<.l-5p' 2PJ~ 
9915. 71 200 10082.24 - 1 5s 'P,lO- OP 'Pi;, 5212. 14 5 191 80.65 
9900.55 150 10097.68 0 58 4P ox-5p "D OH 5210. 23 20 19187.68 0 lIs 'PoH-6p IPoH 

5203.84 4 19211. 24 0 58 .fP IJ.~- 5p' 2F27S" 
9886.05 100 10112.49 0 58' 2D 2.l1-5p' 2Fs% 
9869.5 2 10129.5 5196. 20 50 19239.49 0 58 'P, ).; -6p 'PllO 
9850. 4 1 10149.1 5141. 63 100 19443.68 0 5s 'P';,-6p ' D llO 
9833.76 300 10166.26 + 1 5s 'Po,,-5p ' D ilO 5130. 78 80 19484.80 + 1 5s ' Po).;-6p '81H 
9781. 32 30 10220.77 5121. 34 100 19520.72 - 1 5s 'P,;, -6p 'D;;, 

5105.55 30 e u ? 19581. 09 0 5s 'PolO -6p 'Do;, 
9772.08 7 10230.43 5103.53 20 19588.84 - 1 5s 'P, ).; -6p 'SOlO 
9721.8 1 10283. 3 

. 9714. 64 10 10290.92 5099.59 60 19603.97 0 5s 'P'H-6p IP;lO 
9690.83 10 10316. 20 +2 5s' ' D 'lO-6p ' D ;lO 5083.76 10 19665.02 0 5s ' Po;,-61' ' P olO 
9654.54 10 10354.98 5068.98 100 19722.35 0 5s 'P,),-6p '81;, 

5043.31 50 19822.74 - 1 5s 'Po;, - 61' ID llO 
964S.06 20 10361. 94 4995.83 8 20011.13 -1 5s ' P 'lO-6p ' D llO 
9645.8 3 10364. 4 + 1 58' 2Dl~-6p 2S0.l1 
9626.70 400 10384. 93 0 58 'P';,-5p 'P!lO 4987. 02 6h 20046.48 0 5s 'P'lO-6p ' D ;lO 
9597. 95 300 10416.01 - 1 5s 'P'lO- 5p ' P olO 4952.56 10 20185.96 0 5s 'PI),-5p' ' P o;, 
9510. 9 3 10511.4 0 5s 'Po,,-5p 'SllO 4919.49 2 20321. 65 + 1 5s 'P';,-5p' 'Pl;, 

4910. 23 IOh 20359. 98 
9300.61 250 10749. 04 - 1 5s ' P';,-5p 'SilO 4873.78 2h 20512. 24 

9267.28 150 10787. 70 { +i~ 58 4P l}2-5p 4P iM 
(5s' ' D ,).;-6p ' D i;,) 4785. 27 3h 20891. 64 -1 I;s ' P,;,-61' ' P ;" 

9165. 6 3 Cn? 10907.4 4777. 02 Ih 20927.72 + 1 5sIP0;,-6p ' D ,» 
9134. 78 50 10944.17 0 58 ' P 'lO-5p ' D llO 4758.28 5h 21010. 14 0 5s ' P 'lO- 6p 'S,» 
9120. 32 10 10961. 52 +1 58' 2D l72 -5p' zP OJi 4622.82 6h 21625. 7S 

4621. 27 4h 21633.03 
9027. 8 2 H073.9 
9008.95 2 11097. 02 + 1 5s' 2D l~-5p' 2PiYi 4355.39 IOh 22953.63 
8993.05 20 11116.65 - 1 58' 2D 2J,~-.1p' 2 Pi7o$ 4342.05 IOIt 23024. 15 
8980. 13 5 11132.64 -3 5p ' Do;,- 4d' ' P o).; 4336. 15 5h 23055.47 
8935.56 50 1118S. 17 0 5s ' Po;,-5p 'Po).; 4320. 12 3h 23141. 02 

4313. 16 4h 23178.36 

8874. 8 2h 11264.8 -2 5p 'Dl;,-4d' ' P ,lO 
4301. 56 5hl 23240.87 8869.66 ]00 11271. 30 0 5s <P';,-5p ' D !).; 

8821. 73 150 !1332. 41 - I 5s ' Po;,-5p 'PB;, 3119.60 50 32046. 1 -2 4p3 zPix-5s 4PO}4 

8654. 14 100 11551. 99 0 5s ' Po,,-5p ' Pi;, 3075.32 20 32507. 5 -2 4p3 zP 0!-2- 5s 4P OY2 

8646. 03 3 11.162.83 3032.85 40 32962.7 0 4p3 2.PiYi- 5s (Pl72 
2990.99 20 33424.0 -1 4p' ' P o;, -58 'p,).; 

8564.71 100 1I6n 62 0 5s 'P'lO-.'P '1'!lO 2918.82 2 34250.4 0 41" ' P i;, -58 ' P 'lO 
8541. 60 50 11704. 20 0 5s 'PoH-5p 'PilO 2898. 71 50T 34488.0 - 1 4pz 2P iM- 58 zP ox 
84\5.1 8 11823. 9 2860. 44 lOOT 34949.4 - 1 4p3 2P(h.~-58 2P OX 
8428.91 100 11860. 66 + 1 5s ' P olO-5p 'DilO 2780.22 200T 35957.8 0 4p3 zP ix-5s 2Pni 
83!i4.84 ]0 11965.82 0 5s' 'D,).;-6p ' P o" 2745.00 50T 36419.1 -1 4p' 'Po;,-5s ' P,,, 

8305.61 50 12036. 7.1 0 5s ' P'lO- 51' 'SilO 2492.9! 50 40101. 7 + 4 4p' ' D 1H-5s IP olO 
8242. 15 20 12129.43 0 5s' 2D2X-6p 2D2~ 2456.53 200T 40695.5 - 1 4p" D !).; 5s'P ,;, 
8055.72 5h 12410. 13 +1 58' zD n,~- 6p zP ix 2437.23 50 41017.7 0 4pJ 2D h1 -58 i P I!1 
8042. 95 8 12429.83 0 5s' ' D ,).;-6p ' P i" 2381. 18 150T 41983.2 -1 4p3 2D zx-58 4F z}1 
7960.27 30 12558.94 - 1 58 (PH~-5p 2D 2Yi 2370. i7 lOOT 42167.5 0 4p3 zP ix-5s' 2D2~ 
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TABLE 1. First spectrum of a1'Senic (As I)-Continued 

Obs. - Obs.-

A air Intensity, 'Vave No. Calc. X vao. Intensity, 'Vave No. Calc. 
vac. Wave 'rerm combination vac. vVave 1.:'erm combination A character cm- 1 No. A character cm- 1 No. 

1.0 cm- I 0.1 cm-I 

----
I 2 3 4 5 1 2 3 4 5 

2369.67 80r 42187.1 -2 4p3 zPi~-58' 2D n.~ 1844. 57 40 54213.2 -1 4p3 2Po~-58" 2S0~ 
2363. 05 10 42305.2 -2 4p3 2 Dt~-58 4P 2}'2 1844.36 40 54219.3 +3 4p' ' D ';,-4pl'P,;, 
2319.84 500R 42543.0 - 1 4p' 2 D1;,-58 ' P o;, 1840. 48 10 54333.6 +3 4p' 2po;, -72.019 
2344 . 03 50 42648.5 -2 4p3 zPOK-5s' 2D 01 1831. 74 30 54592.9 0 4p3 2Pu;,- 72779 
2288.12 500R 43690.5 -2 4p' 2D!'i-58 ' P Hi 1831. 30 50 54606.0 +7 4p3 '8,;,-58 'P,;, 

2271. 36 50 44012.8 0 41'3 ' D 1;,-58 ' P I;' 1821. 32 2 54905.2 +3 41'3 ' D 1;,-4p' ' P o'l 
2266. 70 25 44103.3 -3 4p3 ZP i}2- 4d ''1:>2.1-<; 1818. 59 5h 54987. 7 + 2 41" 'P1;,-73635 
2228.66 20 44856.0 - [ 41'3 ' P1;,-4d IP ,;, 1816. 72 10 55044.3 
2205.97 15 45317.4 - 1 41'3 ' PO'i- 4d IP,;, 1806. 15 200 55366. 4 0 41'3 '81;, - 4p' ' p ,;, 
2205.16 10 45334.0 -2 4p3 ' P1;,-4d IP o;, 

1803.46 lOh 55449.0 + 1 41'3 ' P o,,-73635 
2198.34 5 45474.6 + 1 41" ' P1,,-4d 'Po;, 1801. 92 3 55496.4 + 1 41" ' P1;,-74143 
2187. 75 5 45694.7 - 2 4p3 'P1,, -4d ' D ,;, 1799. 51 2 55570. 7 +1 41 .3 ' D !;, - 4d ' P ,;, 
2182.94 20 45795.5 - 1 41" 'Po,,-4d IPo;, 1798. 61 9 55598.5 
2176. 26 5 45935.9 0 41'3 ' p o,,-4d ' P o;, 1791. 77 40 55810.7 - 1 4p' 'D!;, - 'Jd ' D ,;, 
2165.52 150 46163.8 - 2 4p' ' P1;,-4p' ' P,;, 

1789.85 50 55870.6 0 4p' 'D!;, -4d 'Fa;, 
2114.08 100 46625.3 -1 4p3 'Po;, -4p' 'P,» 1789.14 15 55892.8 + 1 41" ' D 1;,-4d ' P ,» 
2142.80 2 46653.2 1787. 07 6 55957.5 -2 41" ' 1'0,, -74143 
2133.80 50 46849.9 0 4p3 2 Piti-4p~ 2P OJ,AJ 1785.84 3 55996. 1 +3 41" 20 1;, - 41" '80;' 
2112.99 100 47311 .3 0 41" 2Pu;,-4p' ' P o» 1781. 48 50 56133. 1 +2 41" ' D 1;, - 4d ' D ,;, 
20R9. 74 6 47837.6 -1 41'3 ' P1;,-4d 2p ,\{ 

1780. 52 50 56163.4 + 4 4p3 2P iJ1-4d" 2D 1}S 
2085. 25 30 47940.6 - 2 41" ' P 1;, - 4p' 'So» 1775.12 2 56334. 2 
2079.30 7 4 077. 7 -2 41" ' P 1'i -4d ' D ,;, 1772.54 8 56416. 2 0 4p3 2Di~-6s 4PO~ 
2069. 78 30 48298.8 - 3 41" 2Po,,-4d 'P,,, 1771. 8'1 2 56438.5 0 41'3 ' P l;,- 75086 
2067.1 [ 20 48361. 2 0 4p3 ZPjl,-6s ~POI1 1768.97 5 56530.1 + 12 41" ' P 1;,-75176? 
2065.36 50 48402. 2 0 41" ' P o,,-4p' '80lO 

1767.97 6e,/!? 56562.0 
2061. 61 3 48490.2 !i5S.60 100 56863.6 0 411' '81;, - 4p' ' P ,;, 
2047. 57 50 48822.6 0 41" ' P ull -6s <Po" 1757. 47 4 56900.0 +1 4113 'Po,, -75086 
2028.86 2 49272.8 + 1 41)3 zPin-6s 4Po., 1756. 51 2h 56931. 1 -1 4p3 ' P1,,-75578 
2024.34 5 49382.8 1754.21 10 57005. 7 +1 41'3 ' .1),;,-68 'P ,;, 
2013. 32 100 49653.1 0 41" ' P1;,-4p' 'D,lO 

1750.37 2 57130.8 
2012.76 15 49666.9 -1 4])3 'Pl.., -6s ' P o" 1749.72 1e,h 57152.0 +1 4p' 'Pl;, -75799 
2010.04 20 49734.0 - 1 4])3 Zpot..) -6s 4P p., 1745. flO 1 57286.9 
2009.19 100r 49755.1 -1 4p' 2Pl,, - 41" , 0 ,;, 1742.59 10 57385.8 -2 41'3 ' D!;,-4p' ' D ,lO 
2003. 34 300T 49900.4 0 41" ' D!Ii-58' , 0 ,» 1741. 28 10 57429.0 +3 41'3 'P1;, -76076 
2002. 54 20 49920.3 +1 4p' ' D !\{-58' ' D ,» 

vac. 1740.93 3 57440.6 
1995.43 100r 50114.5 0 4p3 2Po~ -4p4 2 D I~ 

1739.49 60 57'188.1 
( 0 4),' , D1" - 4p' ' I) ,;, 

1994.89 20 50128.3 - 1 4])3 ZPol,,-6s ZP OJ.i \. 0 4p3 '81,, - 41" 'Po~ 
1991. 13 100r 50222. 7 +2 41'3 ' D ';,-58' ' D ,;, 1735. 70 3 57613.6 +3 41" 'Po,,-75799 
1990.35 200T 50242.4 +1 4p3 2Di\~ -5s' 2 Dl>i 1732.86 30 57708. 1 0 41'3 ' D1;,-4p' 'D,~ 
1973.65 3 50667.5 +2 41" 'Pl,, -68 IP ,,, 1732. 44 30 57722. 1 +1 41'32.1)1;,-68 ' P o;, 

1972.62 1000R 50694.0 +2 4p3 '81" -5,, ' P o" 1729.80 30 57810.2 0 4])' "D1li- 4p' 3D ,,, 
1960. 89 2 50997.2 - 1 41,3 2P1,,-69644 1727.3 <[ 57891. 1 + 10 41" ' P o;,-76076? 
1958.91 40T 51048.8 +1 41,3 3 Pill -68 ' P ," 1724. 77 7 57978. 7 
1958. 82 20 51051. 1 +3 41'3 'P1,,-69698 1722.37 4e 58059.5 
1950.38 2 51272. 1 1718.55 1 58188.6 +5 4p3 ' P1;,-76835 

1943.30 2e 514,08.9 +2 41'3 ' P o,,-69644 1712.32 10 58400.3 +1 41'3 ' D !;, -6s IP,,, 
1941. 36 5 515[0. 3 +2 4p3 ' P o,, -68 'P,,, 1710. 16 7" 58474.1 -1 41'3 'P1;, -77121 
1937.59 1500R 516[0.4 +2 41" 'Sl\i -58 '1' ,,, 1709. 26 2h 58504.8 
1929. J4 3 51836.6 + 1 4p3 2D 2H-4d 4PZM 1709.03 2 58512.7 
1928.30 1 51859. 2 1705.74 4 58625.6 +6 41,3 ' P l;,-77272 

1919.72 1 52090.9 1702.94 3 58722.0 -3 4p3 2D hi - 6s 4P 212 
19J8.39 3 52127.0 1701. 22 30 58781. 3 -3 4p3 2D2}i-6s zP 1.!-i 
19J7.21 20 52159.1 +5 41'3 ' D i,,-4d 'P ,;, 1701. 16 15 58783.4 -3 41" ' D !,,-69698 
1908.13 1 52407.3 -4 41'3 ' P1,, - 71055 1691. 87 7 59106.2 +4 41'3 '])1" -69698 
1902.31 6 52567. 7 1687.12 3e 59272.6 

1901. 54 5 52589.0 0 41'3 'D!,,-4d 'PI;' 1684.63 2e 59360.2 
1891. 47 5 52868.9 - 2 41'3 'Po,,-71055 1681. 47 1 59471. 8 
1890.42 2000R 52898.2 +3 4p3 4SI}, -5s 4P2>~ 1679.14 2 59554.3 
1889.95 5 52911.4 +3 4p3 2DiH-4 d 4P p,~ 1674.59 3 59716.1 
[881. 96 40 53136.1 +5 4p3 48i)1 -58 ZPOM 1671. 88 2 59812.9 

1876.98 2 53277. 1 + 2 41" ' P1,,-4d' ' P OlO 1670.79 4 59851. 9 
1873.02 '10 53389. 6 +4 41" 'Olll -4d 'Po;, 1670.12 2 59875.9 
l871. 68 30 53427.9 +1 41" 2D,,,-4d ' D ,;, 1662.76 2 60141. 0 +4 4p' ' :[)1,,-71055 
1871.14 2 53443.4 1653. 92 4 60462. 4 -3 41" 2D1;,-71055 
1869.94 15 53477. 6 + 1 41'3 ' P 1;, -4d' ' P'lO 1649.55 2 60622.6 

1865.10 8 53616.6 1644.33 5 60815.0 0 4~' '81;,-5s' ' D 'li 
1860.87 5 53738.3 0 4pl zP0)1-4d' 2PO~ J643. 79 2 60835.0 +2 4p3 'Si,,-58' ' D I" 
1860.46 80 53750. 1 + 2 41" ' D 1ll - 4d 'D", 1633. 71 5 6J21O.4 0 41" 'D!;,-4d' 'PI;' 
1860. 40 80 53751. 9 0 4])3 ZP 1H- 5s" ZSO.J,i 1630. 48 4 61331. 6 -3 41" ' D 1;,- 4d' 2PO;, 
1856.24 2 53872.3 + 4 41" ' P 1;, - 72519 1625. 17 1 61532. 0 -5 4p' 'D1;,-4d' 2P ,;, 

1855.39 10 53897.0 + 1 41'3 2D ,,,-4p' ' P,;, 1623.26 2 61604.4 - 4 4p3 'D';,- 72519 
1853 95 3 5393S.9 0 41" ' P o;,-4d' 'P,;, 1620.94 5 61692.6 
1853.21 20 53960.4 1616. 44 6 61864. 5 + 1 41" 'D!;, - 72779 
1850.24 40 54047. 0 10 41" 20 ,,, - 4d 'F,,, 1614. 82 5 61926. 5 - 4 4p3 ' ])1;, -72519 
1847.32 10 54132.5 +0 41'3 ' P l,,-72779 1612.57 4 62012.8 
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TABLE 1. First spectrum of arsenic (As I)- Continued 

Obs.-

X. . AC In tensity, W ave No. Calc. 
vac. W ave rrcrm comb ination A character cm- 1 No. 

0.1 em-I 

I 2 3 4 5 

lr,OS. 07 3 62186.3 -2 4p' 'Dis- 72779 
1597. 48 2 62598. 6 
1596. 13 2 62651. 5 +I 41" 'D!s-i3566 
1594.39 I e 62719.9 -5 4p' 'D!s-73635 
1593.60 l OOR 62751. 0 - 1 4p' ' Sis-4d 'P's 

1587. 97 20 62973. 5 0 4p' ' Dis-13566 
1583.90 2 63135.3 + 2 4j>" D!s -74049 
1575.87 20 634.\7.0 -2 4p' 'Dls -74049 
1574.72 30r 63503.4 - 2 4p' 'Sis-4d 'PM 
1573.85 60 63538.5 0 4p3 2D2~-4d" 2D 2.11 

1572. 19 l e,k 63605. 5 
J56r,. 39 15 63841. 1 
1565.05 7 6389.5. 7 - 2 4p3 2D!h.~ -4d" 2D IK 
J562.95 10 63981. 6 - 1 4p' ' Sis-4d 'Po» 
1559. 53 4 64121. 9 - 1 4p' 'Si»-4d ' P,» 

1559.48 4 641 24.1 
1558. 28 4d+ Cu? 64 173. 3 
1557. 20 30 64217.8 - 2 4p3 2D i}.-{ - 4d" 2D J}1 
1556. 14 40 64261.6 - 2 4p" D!s-75176 
1554.19 4 64342.2 - 2 4p' ' Si»-4d ' D ,» 

1547.59 3 64616. 6 
1546.45 2 64664.2 + 1 4p' ' D!H-75578 
] 542. 94 4 6481 \. 3 - 2 4p' ' Si»-4p' ' P, ); 
1538.79 20 64986. I - I 4p' 'Dis-75578 
1534.65 4 65161. 4 - 2 4p32 D l»-76076 

1533.67 3 65203. 1 
1533.60 3 65206. 0 - 9 4p' ' D i»-75799? 
1526. 78 2 65497.3 - 1 4p' 'Si»-4p' 'PoH 
1521.81 Ie 6.\711. 2 
1518. 10 Ie 65871. 8 

111. Analysis of the First Spectrum of Arsenic 

The above-described efforts to obtain a better 
·description of the As I 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 As I 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, beulg 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 lin es 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 
},J1eggers and P eters (16) . 

The first regulariLies among arsenic lines were 
discover ed in 1894 by Kayscr and Runge (17) , who 
found 20 ultraviolet lines to b e 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 McLennan 

Obs.-

A 'V IL e IntenRit y, \"'ave No . Calc . 
vac. ''''ave Term combination A cb aracter em - I No. 

0.1 em-I 

1 2 3 4 5 
---

1516.97 Ie 65920.9 - 1 4p' ' D!s-76835 
1515. 48 20h 65985.7 
1510.70 6" 66194.5 
1510.41 6k 66207. 2 + 1 4p' 'D!s-77121 
1509.70 3 66238. 3 

1509.60 3 66242. 7 - 4 4p' 'DiH-76835 
1506.99 2 66357.4 - 5 4p.3 ' D1 . ., - 77272 
1504.09 2 66485. 4 + 2 4p' ' SiH-4d ' P 'H 
1503.47 l e,h 66512.8 
1492.81 Ie 66987.8 

1492.34 4 67008. 9 +2 4pl 4Si}i -6s tPox 
1484. 36 5h 67369.1 
1472. 32 4 67920. 0 -2 4p' 'Sis-6s 'P'H 
1470.09 3e 68023. 0 
1468.42 2e 6RI00. 4 

1464. \0 2e 68301. 1 +5 4p' 'Sis-4p' 'D'H 
146\. 92 3e.g? 68403. 0 + 3 4p' 'Sis-4p' ' D 'H 
1442. 69 5 69315. 0 + 2 4p' 'Shi-6s 'P ,~ 
1434. 77 3e 69697.6 - 7 4p' 'Sis-69698 
1434. 66 I e," 69702.9 

1422.95 2e,h 70276.5 
1412.95 2e, h 70773.9 
1407.34 2e 71056. 0 

and McLay (18) interpreted these constant differ
enccs as intcrvals bctween five low-energy ocldlevels, 
namely 481%1 2D1%, 2D~%, 2P8Y2, 2P jY2' arising from 
the electron configuration 482 4p 3. Naturally, the 
separations of these five levels were exploited in each 
subsequent attempt to extend the analysis of the 
As! spectrum; they have accounted for most of the 
observed ultraviolet lines and coincidentally dis
closed a considerable number of high-energy even 
levels, the lowest of which are important for t he 
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- I ), when 
applied to th e wave numbers of ultraviolet As I lines, 
yielded about 50 even levels (50693 .8 to 77272 .5 
cm- I) I and the separations of seven lowest even 
levcls (50693 .8, 51610.2, 52897 .9, 53135.6 , 54605.3, 
60815 .0, 60834.8 cm- I ), when applied to the wave 
numbers of visible and infrared lines, led to some 25 
high-energy odd levels (6079l.5 to 73244 .8 em- I) . 
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 been 
observed, and a considerable number of permitted 
combinations must exist in the unexplored infrared. 

The inner quantum number (J-valu e) assigned to 
each level was originally based on the assumption 
that the first five odd levels have J-values l?~, 
1%, 2%, 0%, n~ , respectively. These and the values 
for four even levels were verified in 1934 by 
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Zeeman patterns observed by Green and Barrows 
[8] . Because all As I levels of unlike pari ty a rc 
permitted to combin e if their J-values differ by 0 
or by ± 1, the J-values of new levels are usually 
fixed unambiguously by the observed combinations, 
but there are still a few high levels whose J-values 
are un certain 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 
term s characteristic of various configurations of the 
valence electrons. Aside from eigh t levels identi fi ed 
by Zeeman effect, the remainder co uld be grouped 
and named only by applying inter val and intensi ty 
rules and by comparison with analogous spectra of 
other elements, in particular with the N I [19], 
PI [19], and Se II [20] spectra, which were not well 
known 20 years ago. This proced ure consumed all 
the established As I levels except a few very high 
ones, which are retained as " miscellaneous levels" 
because they may represen t fragments of terms ap
proaching th e ionization limi t. At this stage it 
was possible to discard some fal se levels involving 

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

2. As I Multiplets 

As a check on the consistency and plausibility of 
spectral term designations, the square arrays of con
secutive level combinations were rewritten to di splay 
As I mul tiplets and electron configurations so that 
level separations and line intensities could be easily 
seen. These combinations, grouped into multipl ets, 
arc presented in table 2 (ultraviolet) and table 3 (in
frared and visible). All of th e observed combinations 
are included in these tables excep t three that account 
for five lines due to transitions from 5p 4Do to higher 
levels. From tabJes 2 and 3 stem the "Term com
bination" entered in column 5 of table 1 for each 
class ified As I line, and also the difference between 
obser ved and calculated wave number shown in 
column 4 of table 1. 

A S I combination oj odd and even tenns 

I 
Desi~. 4p3 tS i"i 4plZ Dhli 4p3 2 Di~~ 41)3 zPi}i 41" 2P~» DC'sig. I Level 0.0 10914. Ii 10592.5 18647.5 18186. I 

I 55366.4 -

----- -------- - --------------------
41." 'P'» 55366. 4 (200) 
41" ' p ,» 56863.6 56863. 6 (100) 
4pt 4P O}i 57488. I *57488. I (60) 

41" ' D ')l 68402.7 68403. 0 (3eg?) *57488. I (60) 578 10.2(30) 49755. I (100,) 
41" ' D ,» 68300.6 68301. 1 (20) 57385. 8 (I 0) 57708. I (30) 49653. I (100) 50114.5(100,) 

4p' ' p ,» 61811. 5 64811. 3 (4) 53897.0 (10) 54219.3 (40) 46163.8 (150) 46625.3 (100) 
41" ' P o» 65497. 4 65497. 3 (2) 54905.2(2) 46849.9 (50) 47311. 3 (100) 

41" 'SOil 66588.3 55996. 1 (3) 47940.6 (30) 48402.2 (50) 

58'P ')l 52897.9 52898. 2 (2000R) 41983.2(150,) 42305. 2 ( 10) 34250. 4 (2) 
58'P')l 51610.2 51610.4 (1500R) 40695. 5 (2007) 41017.7 (50) 32962. 7 (40) 33424.0 (20) 
58'Po)l 50693.8 50694.0 (IOOOR ) 40101. 7 (50) 32046. 1 (50) 32507.5 (20) 

58 ' 1',» 54605.3 54606.0 (50) 43600. 5 (500R ) 44012.8 (50) 35957.8 (200,) 36419. I (50T) 
58 ' P o» 53 135.6 53 136.1(40) 42543.0 (500R) 34488. 0 (50T) 34949. 4 ( l OOT) 

58' 2D n·<J 608 15.0 608 15.0(5) 49900.4 (3007) 50222. 7 (100,) 42167.5 (lOOT) 
58' 2D n·<J 60834.8 60835.0(2) 49920. 3 (20) 50242.4 (200T) 42187. 1 (80,) 42648.5 (50) 

58" 2S0}i" 72399.4 5375 1. 9 (80) 54213. 2(40) 

6S4 P2~ 693 14.8 69315.0(5) 58400. 3 {I 0) 58722.0(3) 50667.5(3) 
68' P ,", 67920.2 67920.0 (4) 57005.7( 10) 49272.8 (2) 49734.0 (20) 
63 'Po» 67008.7 67008. 9(4) 56416. 2 (8) 48361. 2 (20) 48822.6 (50) 

6s2Pl~ 69696.2 5878 1. 3 (30) 51048.8(40,) 51510.3(5) 
68 'P,,~ 683 14.5 57722. I (30) 49666. 9 (J 5) 50128.3 (20) 

4tf'P')l 62751. I 62751. 0 ( IOOR) 51836.6(3) 52159. I (20) 44103.3 (25) 
4tf ' P 'li 63503.6 63503.4 (30T) 52589.0(5) 52911. 4 (5) 44856. 0 (20) 45317.4(15) 
4tf'Po", 6398 1. 7 63981. 6 (10) 53389. 6 (40) 45334. 0 (10) 45795. 5 (20) 

4d ' F 3)l 66785.2 55870.6 (50) 
4d ' F 'li 64639.5 54047.0 (40) 

4tf ' D')l 66725.4 55810.7(40) 56133. 1 (50) 48077. 7 (7) 
4d ' D,» 64.342.4 64342. 2 (4) 53427. 9(30) 53750. I (80) 45694.7 (5) 

4d ' P,» 66485. 2 66485. 4 (2) 55570. 7 (2) 55892.8 (15) 47837.6 (6) 48298. 8 (30) 
4d ' P o» 64122.0 64 121. 9 (4) 45474.6 (5) 45935.9 (5) 

4d' 2 P I~ 72125.0 61210.4(5) HI532.0 (I ) 53477. 6 (1 5) 53938.9 (3) 
4d' 2P OM 71924. 4 6 1 ~lJ1. 6 (4) 53277. 1 (2) 53738.3 (5) 

4d" 2 02~ 74453. I 63538. 5 (60) 
4d" ! Oni 74810.5 63895. 7 (7) 64217.8 (30) 56163. 4 (50) 
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TABLE 2. As I combination of odd and even terms-Con tin ued 

Desig. Desig. 4p·1'Sl)i 4p3 ' D ' )i 4p3 ' 01)i 4p3 'Ph, 4p3 ' PO)i 
Level 0.0 /091 4. 6 10592.5 18647.5 18186. 1 

69644.8 50997.2(2) 51458. 9 (2e) 
69698.3 69697. 6 (3") 58783. 4 (l5) 59lO6.2 (7) 51051. 1 (20) 
71055.2 60141. 0 (2) 60462.4 (4) 52407.3 (I ) 52868.9(5) 
72519.4 61604.4 (2) 61926.5 (5) 53872.3 (2) 54333.6 (10) 
72779.0 61864. 5(6) 62186.3 (3) 541 32. 5 (10) 54592. 9 (30) 

73566.0 6265 1. ~ (2) 62973. 5 (20) 

I 
73635.0 62719. 9 (Ie) 54987.7 (5h ) 55449.0 (lOh ) 
74049. 7 63135. 3 (2) 63457. 0 (20) 
74143.8 55496.4(3) 55957.5(6) 
75086. 0 56438.5(2) 56900. 0(4) 

75176.4 64261. 6 (40) t56530. I'! (5) 
75578. 7 64664. 2 (2) 64986. I (20) 5693 1. I (2h ) 
75799. 4 65206. 0(3) 571 52.0 (le h ) 57613. 6 (3) 
76076. ~ 65161. 4 (4) 57429. 0(10) 57891. I (4)? 
76835.6 65920.9 (l e) r.R242. 7 (3) 58 188. 6 (1) 

77121. 7 66207.2 (6h ) 58474. I (7h ) 

I 
77272. 5 66357. 4 (2) 58625.6 (4) 

' B lend . 
t Blend with As u ? 

TABLE 3 . As I Combinations of even and odd terms 

Desig Desig 58 'P,» 58 4Pl~ 58 ·Po» 58 ' PI» 58 ' P o» 58' !D2)i 58'2Dl~ 
Level 52897.9 51610. 2 50693. 8 54605.3 53135. 6 608 15.0 60834.8 

5p'DJ» 62871. 2 9973.30 (400) 
5p'D2)i 61685. 0 8787. 19 (4) 10074.78 (400) 
5p'0 1)i 00860.0 9249. 78 (50) 10166. 26 (300) 
5p '00» 60791. .5 9181. 22 (20) 10097. 68 (150) 

5p ' P ')i 63282.8 10384. 93 (400) 11672. 62 (100) 8677. 54 (10) 
5p 'P1» 62398.0 10787.70 (150) 11704.20 (50) 9262.42 (8) 
5p 'PO)i 62026.3 10416. 04 (300) 11332.41 (150) 8890.79 (10) 

5p'Sl» 63647.0 10749. 04 (250) 12036. 75 (50) 10511. 4 (3) 

5p'm» 64169.2 11271. 30 (100) 12558. 94 (30) 9563. 93 (100) 
5p'Dl» 62554· 4 10944. 17 (50) 11860.66 ( 100) 9418. 87 (200) 

5p'P1)i 64687. 6 10082.24 (200) 11551. 99 (100) 
5p ' Po» 64323.8 12713. 61 (4) 9718. 49 (50) 11188. 17 (50) 

5p'So)i 64059. 0 9453. 65 (100) 

5p' 2F'3H 70927. 5 10112.49 (100) 
5p' ' F ' )i 70821. 4 19211. 24 (4) 10006. 40 (5) 9986. 65 (100) 

5p" O ' )i 70376.6 15771.16 (40) 9561. 60 (20) 9541. 83 (4) 
5p' ' 0 1)i 70108.4 9273. 59 (5) 

5p'2Pi~ 71931. 7 20321. 65 (2) 18796. 16 (5) 11116. 65 (20) 11097.02 (2) 
!1 p' 2P O}i 71796.2 20185. 96 (10) 17190. 97 (2h) 18660. 53 ( l h? ) 10961. 52 (10) 

6p'01" 72341. 6 19443. 68 (100) 
6p'O')i 71iBI. 0 19520.72 (100) 16525. 78 (5h) 103 16. 20 (10) 
6p ' D1" 70.516.6 19822. 74 (50) 17380.90 (5h) 9701. 54 (5) 9681. 88 (10) 
6]) 'DO» 70274·9 19581. 09 (30) Cu? 

6p'P!)i 72501. 9 19603. 97 (60) 20891. 64 (3k) 
6p 'P1)i 70849.7 19239. 49 (50) 
6p 'Po» 69881. 5 19 187.68 (20) 

6p'S1» 72620 .. ' 19722.35 (100) 21010. 14 (5k) 19484. 80 (80) 

6p ' ])j)i 72944.4 20046.48 (6k ) 18339. 10 (150) 12129. 43 (20) 
6p'Dl" 71621.4 20011. 13 (8) 20927.72 (I k) 18485. 56 (lOO) (10786.6) § 

6p ' P 1)i 73244.8 18639.23 (50) 12429. 83 (8) 12410. 13 (5h) 
6p'Po)i 72800. 6 18195.31 (5) 19665. 02 ( 10) 11965.82 (10) 

6p 'So" 71199.1 19588. 84 (20) 18063. 57 (3) 10364. 4 (3) 

§ Calculated wave numbers line masked . 
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TABLE 4.- As l predicted and observed terms 

Electron Limit Predicted configuration A S H 

4.' 4p3 'So ' (PO D O) 

4. 4p' 'P ' (SP D) 

4p' zp o 

tt2 4p 2 ns 3p 'p 2p 
ID ' D 
IS 'S 

4.' 4p2 np 3p '(SO p o D O) 2(SO p o D O) 

'D 2(P O D O F O) 
IS , p o 

482 4p2n d . p '(P D F ) '(P D F ) 
' D 2(S PDF 0 ) 
IS 2D 

3 . As I Spectral Terms 

Arsenic has atomic number 33, and the neutral 
a toms have electronic stru cture as follows: 182 282 2p6 

382 3p6 3dlO 482 4p~ . The first spectrum of a rsenic 
arises from changes in atomic energy resul t ing from 
altera tions of the principal quan tum numbe["s and 
total momen ta of the last-named five valence elec
trons. The theoretical spectra l terms associated 
with various configurations of electrons (21) are 
listed in table 4. 

It was stated a bove that the empirically estab
lished atomic energy levels derived from analysis of 
the As I spectrum occur in three groups (1) five odd 
levels of low energy content (including zero, the 
normal state). (2) a bout 50 even levels of h igh er 
energy, and (3) some 2.') odd levels in termingled 
with group (2). That group l is iden t ified wi th the 
normal configura tion 482 4p3 is verified by man, 
experimen tal facts including line intensities, self
reversals, and Zeeman patterns. Gro up 2 arises in 
par t from the configuration 48 4p\ whi ch yields 
eigh t levels, 4P2~ ' 4PI ~ ' 4POI ~ , 2S0~ ' 2p o» , 2PI~' 2D 1).<" 

2D2~' all of which have been selected w1th the aid of 
analogous spectra as guides. The remainder of 
group 2 must be ascribed to 482 4p2 n8 and 482 4p2 nd, 
whereas group 3 can originate only in 482 4p2 np. 
There is, naturally, no difficulty a bout disting uishing 
even and odd levels, but the proper choice of even 
levels for terms due to n8 and nd electrons added to 
482 4p2 is complicated by overlapping of energies of 
the differen t electron config urations. These con
figurations give rise respectively to 8 and 28 levels, 
which co nverge to ward fi ve limi ts (SP o, 3P I, 3pz, ID 2, 
ISO) in the As II spectrum when the running electron 
is removed by ionization. Aceording to R ao [13], 
these levels in the As II spectrum have the follo wing 
values in cm- I; 3P O= 0 ; 3P 1= 1063, 3P 2= 2540, lD2= 
10095, ISo = 22599. Gui ded by th ese intervals in 

Ohservcd 

4p3 48°, 4p 3 zp o, 4p3 2Do 

4p' ' P , 41" 's, 4p' 2P , 4p' 2D 

58 4P, 68 4P , 58 zP, 6..~ 2p 
5,.'l'2D 
58" 28 

{ 5P 'So, 6p 'So, 5p ' p o, 6p 'po, 5p 'Do, 6p 'Do 
5p 28°, 6p 28°, 5p zp o, 6p zp o, 5p 2D o, 6p 2D o 
bp' zp o, 5p' 20 °, 5p' 2.F° 

4d 'P, 4d ' P , 4d 20, 4d ' F 
4d' ' P 
4d" 20 

con \Tcrgence limits, we have provisionally in terpreted 
the observed As I even levels as shown in tabl e 4. 
Although th e configuration 482 4p 3 yields only fi ve 
levels, including the gro und term of As I, if th e tolal 
quantum n umber is al tered for one of th e p electrons 
s~o that they are not all equivalenl, the configura tion 
produces no less than 21 levels, which converge also 
to the above mentioned five limits in As II . T erms 
associated with 5p and 6p electrons have been 
identified, as indicated in table 4. T en hazy lines 
from 49 10 .23 to 4301.56 A co uld not be clas ified ; 
they may represent some leading combinations of 
~e l'tns a ri s ing from 7p electrons WIth those fro m 58. 

Full part icula r (nxcep t,q valu es) regarding Lh e 
now kno\'1n terms of the As J spectrum are presented 
in table 5, \Th ere columns 1 to 5 con tain (1) electron 
configuration (and convergence limit) , (2) te rm 
designation, (3) level valu e (re l:1tive to 4p 3 4S~~= O , O, 
(4) intervals between levels of terms, and (5) combi
nations observed fo r en,ch term. 

4 . First Ionization Potential of Arsenic 

In 1942, befo re tbe ultmvioleL portion of the As I 

spectrum had been satisfactorily observed, an at
temp t was made to obtain a value of the effective 
quan tum number of the 58 electJ'on for As by com
paring the values of neighbo ring elements and thus 
arrive at an estimate of tbe ioni zation poten t ial. 
The resul t was not published , bu t it will be given 
here because it add s credcnce to tbe valu e recently 
derived from spectral series. The effective quant um 
number's, n*= .JR/T, co rresponding to 58 in spectra 
of elemen ts flanking As are shown in table 6. 

By in terpolation, the 58 value of n * for As I is 
found to be about 1.960 . The corresponding term, 
T= R/n *2, bas a numeri cal \Talue of 109737/ (1.960)2 = 
28565 , and if this is added to the wave n umber 50694 
of the resonance line (1972 .62 A), a value of 79259 
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T AB L E 5. Terms of the As 1 spectrum 

E lectron Term Level 

I 
Interva l Com binatiollS configuration designation cm- 1 cm- 1 

I 2 3 4 5 

482 4p3 4p3 'Si)1 0.0 ep' ' P , 58 ' P, 68 'P, 4d ' P , 4p' ' P, 58 'P, 4d ' P, 4p' ' D , 
58' ' D , 4d '0, 69698. {58 ' F, 6s ' P , 4d ' P, 4p' '8 , 4p' ' P, 5s ' P, 68 ' P , 4d ' P, 

48'2 4p3 4p3 ' Difj 10592.5 322. 1 4d' ' P , 4p' '0, 58' '0, 4d ' D , 4d" ' D , 4d ' F, 69698 , 
4p32Dz~ 10914 .6 71055, 72519, 72779,73566, 73635, 74049, 75176, 75578, 

75799, 76076, 76835, 77121, 77272. {58 ' P, 68 ' P , 4d ' P, 4p' 'S, 58" 'S, 4p' 'P, 58 'P, 6s ' P, 
48' 4])3 4p3 2 PO~ 18186.1 461. 4 4d 2P , 4d' 2P , 4p4 2.0 , 58' 2D, 4d 2D, 4d" 2D , 69644 , 

4p3 zPi}2 18647.5 69698, 71055. 72519, 72779. 73635, 74143, 75086, 75176, 
75578, 75799, 76076, 76835, 77121, 77272. 

48' 4p'(3F)58 58 'POM 50693.8 916. 4 t])3 'So, 5p 'So, 6p 'SO, 5p ' p o, 6p 'po, 5p ' D O, 6p 'DO, 
58 · P l}1 51610. 2 1287. 7 6p 28° , 4p3 zp o, 5p 21:1°, bp' zp o, 41)3 2D o, 5p 2D o, 
58 · p z,\1 52897. 9 6p 2.0 °, bp' 2F o. 

48' 4p'(3F )58 :;8 2 r)o~ 5.1135. 6 fP 3 'So, 5]) 'So, 6p 'So, 5p ' p o, 6p 'D°, 5p ' So, 6p 'So, 
5s 2P l.!1 54605. 3 1469. 7 4p3 zp o, op 2P O, 6p 2p O, 5p' 2p O, 4p3 2D o, 5p 2D o, 

6p 2D o , 5p' 2D o . 

4s 4p' 4p44 P Z.!1 5.')366. 4 - 1497.2 
}4p3 'So. 4p' 'P IM 56863. 6 - 624.5 

4p' ' P OM 57488. 1 

4s' 4])'(3F )5p 5p ' l)oM 00791. 5 (l8.5 
}58 ' P , 4d' ' P , 4d" '0, 75176. 

5]) 4Di}2 60860.0 825. 0 5p 4D zJi 61685.0 1186. 2 5]) '])jM 62871. 2 

48' 4p' (18) 5. 58' ' I) 'M 60815. 0 - 19.8 epa 48° , 6p 4 D ° , 6p 28° , 4p3 zpo, 6pzp o, 5p' zp o, 4p32l) O, 
58' 2DI~ 60834. 8 6p 'DO, 5p' 2.0° , 5p' 2F o. 

48' 4])'(3P )5p 5]) 4P OJi 62026 . 3 371. 7 }58 ' P , 58 ' P : 5p 4 P i~ 62898. 0 884.8 5p 'P;M 63~82 . 8 

4.8' 4p'(3 P )5p 5p 2Di.!4 li2554.4 1614.8 5s . p, 58 zP , 4(l' 2P . 
')/J 2 n~~ U41G9. 2 

48' 4])'(3P )4d 4(/ ' P,~ 02751. I - 752. 5 }4p3,ISO, 4pJ ap o, 4p3 2D o, 4d ' h fj (l3503. 6 - 478. 1 
4d 'Pofj 63981. 7 

48' 4p'(3 P)5 p 5p 4Si~ U3647.0 58 ' P . 58 ' P . 

48' 4p'(3 P).)]) :1/J '80fj 114059.0 58 ' P . 

48' 4p'(3 P)4d 4d 2 P O¥,l 64122. 0 
23~:J. 2 4pJ .So, 4])3 zp o, 4p3 aD O. 

4d ' Pl fj 60485.2 

48' 4p'(3P) 5/J 5p ' P oM 64823.8 36:3.8 58 . p, 58 2P . 
51' ' P iM 64687.6 

48' 4p'(3P)4d 4d ' D IM 64342. 4 2383.0 4p3 .8 °, 4])3 zp o, 4p3 2D o. 
4d ' I) 'M 66725.4 

48' 41'2(ap )4d 4<1 ' 1" M 6461 (1 . . ) 2145. 7 4p3' Do. 
4rt 2F 3.\1 66785.2 

48 4p' 4p42P l.\1 64811. 5 -(l85. 9 4p:l4S0, 4p3 21' 0, 4p3 2.0°. 
4p''POfj 65497. 4 

48 41" 41" 'SOM 66588.3 4p3 zp o, 4p3 21)0, 

482 41)'(3 P)6s 6·, <P'M 67008.7 (111. 5 } ~p3 4S o-, 4p:~ 2P O, 4/J3 21) ° . 6, 4P I.\1 67920.2 1:391. (i 
6s ' P 'M 693 14.8 

48 41)' 4 fJ" D'fj (l8100. (l 102. I 4p3 48°, 4p3 2PO, 4p3 2.0°. 
4p42 D Zl1 (l8402. 7 

48' 4p'(3 P )6s fl., 2PO.\1 081 14. 5 1381. 7 4p3 2P O, 4[13 2])°, 
68 ZP 1.\1 69696. 2 

O >~, 1 7~ 69644 .8 -tp3 zp o. 

1>", 2 \4 69698.3 4p3 4S0, 41)3 zp o, 4p:l 2 1)u . 

4s2 4p'(3p )6p 6]) 'P ~)1 69881. /j 968. 2 }5S <P . 6p <PiM 70849. 7 1652. 2 
6]) ' F ;fj 72501. 9 

48' 4p'(I D )5p 5p" D iM 70108.4 268.2 58 ZP, 581 2D . 
5p'2D2~ 70376.6 

48' 4p'(3P )6p 6p'D oM 70274.9 241. 7 }58 <P , 58 ' P , 58' ' D . 6p'D iM 70516.6 614.4 
6p ' D!M 71131. 0 1210.6 
01' 'D!h 72341·6 

48' 4p'(I D )5p 5])"F;M 70821. 4 106.1 5s.P, 5s' 2D , 
5p'2F!i.\1 709~7. 5 

1\4 71055.2 4p3 2P O, 4p3 2D o. 

4s' 4p'(3P)6p 6p'SOM 71199.1 58 4P , 58 zP , 58' 2D . 
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TAB I.I, 5. rr enns oj the A~ I. spectrUin- Co li t illued 

E lectron Term Level In terva l 
con figuration designation cm- 1 em-I 

1 2 3 4 

48' 4p'('P )6p 61' ' D rJO 7/r.21. • 1323. 0 6p ' DlJO 729.4. 4 

4.' 4p'(' D )5p 57J'2P~~ 7179r.. £ 135. 5 5p' 2Pi~ 71931. 7 

48' 4p'(' D )4d 4d' ' P 'JO 71924. 4 200.6 4d' ZPlji 72125.0 

48' 4p'(!S) 58 58" 2S0H 72399.4 

1 ~ 725 19.4 

4,,' 4p'(' P)6p 6p'SIJO 7$6£0.3 

l Y.! 72779.0 

48' 4p'(' P)6p 6p 'P'JO 7£800. 6 444 . 2 
6p 'P'JO 7S£44·8 

17\!,27\! 73566. 0 

17\! i3635. 0 

17\!,27\! 74049. 7 

07\!, I7\! 74 143. 8 

48' 4p'('S)4d 4d" ' D2Ji 74453. I -357. 4 4d" 2DI .J.i 74810.5 

O~, 17\! 75086. 0 

I7\!, 27\! 75176. 4 

I7\! , 27\! 75578. 7 

07\!.17\! 75799. 4 

I7\! 76076. 2 

17\!, 27\! 76835, 6 

17\!, 27\! 77 121. 7 

17\!,27\! 772i2. 5 

---------- -------

A s [[ (' 1'0) Limi t 79165 

em - I is obLained for Lh e limi t (3P o of As II) . This 
corresponds to a value of 79259 X 1.2395 X 10- 4 = 9.82 
ev for th e principal ionization potential of a rsenic. 

In January 1950, after OLU' ultraviolet As lines had 
been assembled and ChLSS i"fied , it was observed that 
three high even levels (67009, 67920, 693 15 em - I) 
had th e same J-values and n early the same separa
t ions as t be three lowest even levels (50694, 51610, 
52898 em - I) . Since the la tter group had already 
been iden t ifi ed as 58 4pO~ ' l ~, 2,5 , it was natural to 
regard the high er gro up as 68 4P OH, 1 ~, 2\.i ' Whil e 
writing thi s paragraph , we observed that R ao [12] 
in Lerpreted these levels in exactly this way but 

TARLE 6. EiJective quant'um numbers n* Jor 58 

S pectrum '-r cl' III T RI T ,,-I 7l *~ RI T 
-------

29 l'1I J .1~ 2 o~ 19180 S. 724 2,3920 
3G Zn J 58 's, 22094 1. 967 2,229 
31 Ou J ~!:~r 23,092 4. 651 2, 157 
32 (I e J 26173 4, 193 2. 048 
33 A s J 58 1Po;.s 28565 3,842 1. 960 
34 Se J 58 '8, 3C476 3.598 l.898 
35 Be J 5. 4P2~ 32120 3. 416 1.848 
36 Kr J 5,,'P ; 32943 3. 33[ 1. 825 
37 Rb J 5" 'SoJO 3369[ 3. 257 1.805 

Corn bination s 

5 

5$ 4P , 53 2P , 5s' 2 1) , 

58 4F\ 58 zP , 5s' 2 1) . 

5p 41) 0, 'l p3 21;)°, 4p3 21) ° , 5]) 21)°, 

4p' ,p o. 

4])3 2P O, 4p3 2D D , 

58 4P, 58 ' P , 

4p3 2P O, 4p3 '00, 

5s 2P, 58' ' d. 

41" ' 1) 0 . 

4p3 2[l 0, 4p3 2.0 °, 

4p32 D o, 

41)3' p O, 

5p 4 1) 0 , 4p3 , po, 4 p3 21) °, 

4p3' p O, 

5p 4[) O, 4p3 , po, 4p3 'DO. 

4])3 2P O, 4 1}3 21) ° , 

4p3 ' p o, 41)3 2 1)0, 

4p3 2P O, 4p3 ' DO, 

4p3 , po, 4p3 21)° , 

4 p 3 2P O, 4p3 2 1)0, 

4p3 , po, 4p3 3 1)0, 

n ever theless a rri ved at an erroneo us value 01 Lh e 
ionization potenti a l. B eca use the line intens it irs 
corresponding to trans i Lions f l'Om these terms to Lh e 
gro und tate a re in the ratio of several hundrecl to 
one, it seems hopeless to d etecL simila r levels of 78, 
and 'we must be content w ith two terms o f a spectral 
seri es. With the a id of a Rydberg in terpolat ioll 
table, the effecti ve quantum numbers and Ii mi ts were 
calculated as shown in table 7. 

The last column of tab le 7 contains three values of 
As I seri es limi ts corrected t:> Lh e first level (JP o) o f 
As II. The average of th ese values is 79527 em - I, 
which corresponds to 9.85 ev. Exp erience sh ows 
that the Rydberg formul a generally y ields too large 

T A BT," 7. As [ effective quant um numbel's and series 

Eire· L ines i1 yrlberg 
"*=,, RI T Lim its in Lowest 

t.ron em-I terms As II li m it 
---

58 50694 28948 1. 947 
} ' P o= 79642 79642 

6s 67009 12633 2, 9"1 
,';, 51610 28941 1. 947 } ' P ,=80551 79488 6, 67920 12631 2. 94 7 
58 52898 20094 J. 942 } 'P,~ 8 1 992 79452 
68 69315 [2677 2, 912 

355 



a limit, and a more reliable value will resul t from tile 
use of a Ritz formula of the type, 

An examination of 8-series represented by the Ritz 
formula in Zn I , Ga I , and Ge I spectra indicates that 
a = 2.5 X 10- 6 for As 1. On this assumption, the 
lowest limits in the final column of table 7 are 
calcula ted to be 79185, 79033 , and 78995, respec
tively. The average of these values is 79071 cm- L ; 

it corresponds to 9.80 ev and is in good agreement 
with 9.82 ev calculated with the interpolated effective 
quantum number for the 58 electron . We believe 
that the average of these two figures, 79165 em- I, 
corresponding to 9.81 ± 0.01 ev, gives a reliable value 
for the principal ionization potential of arsenic. 
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