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THE HOLFNCULAR BFECTRA OF CABSIUM AND RUBIDIUX.
I, IHTRODUCTION.

The molocular spectra of the slkeli metals have been known for a long
time. Rather complete information is already available with regerd %o the wibre-
tional strueture of the electronic bands of Li,, Ne, and K. The best vibrational
snalyses have been made by loomis and ﬁusbam,lﬂats’ who used the method of mage
netic rotation. Prom these data they have obtained acourate values for the heats
of disscciation of Lij, Na, and Kye Further information about these three mole-
cules has been obtained from observations of their absorption spectra.

The deta available on the molecular spectra of Rby, and Csy are much more
limited. Walter and Barratt® have reported the wave lengths of some bands in the
apestra of both of thess molecules buk no atbempt at analysis hes been made.
Rompe® has extended the data on C3g, but his dete are incomplete and the analysis
is inadequats. ﬁatuyama has observed the molecular spectrum of Csp in some de-
tail, but the data are insufficisent for the determination of the emsrgy of disso-~
eiation. Mahzym’f has further observed the moleculer spectrum of Hby, but here
again the work is ineomplete,

II. THE PURFOSE OF THIS INVESTIGATION.

This investigeation was underteken to extend our kmowledge of the spectra
and heats of disscoiation of the alkali wetal molecules to those members of the
series for which complete data are not already avalleble, Moreover it 12 to be
axpested that the heavy elemenbs, in whish the atomic speotra show strong spin-
orbit interactions, will show in their bsnd spectra en approsch to a new type of
eoupling, et least in the neighborhood of dissosiation. This transitlon may be
expected to coour for the last two members of the alksli metal series, and it is
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one purpose of this investigation to see if such a transition mey be detected.

III. BXPERINENTAL METHOD.

The molecular spectra of cacsium and of rubidium were observed in abe
sorption, in magnetic rotation and in fluoressence. Because of the faet that both
ceesium and rubidium are expensive, and because they are very diffioult to pre
pare,; it was not feagible to use a metal tube with wexed on windows as an absorp-
tion tube as Loomis and Nusbeun' did in their work on lithiun, sodium and potassi-
um. Sush e tube has the advantage of enabling ome to work at much higher tempers-
tures than are aveilable with glass tubes, but they require a large amount of the
substance to be investigated, and invelve a considerable vastage of the substense,
All of the present work wes therofore done in glass absorption tubes.

The caesium and rubidium were prepared in an identical manner from the
corresponding chloride., A few grams of the chloride were dried by heating in s
stream of HCl. The dry chleride wes then intimately mixed with an excess of fine-
1y powdered csleium. The saleium wes freshly ground from o lump of metallic calw
clum by means of a file, just before it wes to be used, The mixture wms placed
in a heavy pyrex combustion tube which hed been sealed off at one end. A plug of
calelum shavings was then placed in the csombustion tube to prevent dust from the
chloride mixture from blowing into the abscrphion tube., The combustion tube was
Placed in a horizontal position in a gas furnsce and sealed to a pumping system
and to the abserption tube. NHo rubbor or wex jJoints were used in any part of the
systom.

The ebsorption tube was heated to e temperature of about 250°C, while it
was being pumped to a high vaouum, This removed any traces of water as well as
oascluded pasos from the inside of the tubes At the same time the gombustion tube
was gently heated to drive the paewses from the mixture.

When e very high veouum had been obtained the temperature of the sombuse
tion tube was raised 441l the saesium or rubidium begen to 4istill off wvery slowly.
The metal ocondensed in the relatively sool wgim of the combustion tube just oute
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gide the furnace, From time to time this metal was driven into tho absorption
tube, whioh had teen allowed %o cool, by heating with a torch. This constituted,
essentially, a series of distillations, so that the metel in the tube was quite
free of impurities whoso wvepour pressures differed greatly from those of the metel,

The glass absorption tubes thus prepared could be kept at 300°C. for
long pericds of time, without apprecisble blackening. At temperatures above 325°C,
the immer surfase of the ftube blackened very quickly.

For the absorption measurements the absorvtion tubes were about 80
inches long and an inch snd e half in diemeber.

For the work in magnetic rotation, spseial sbsorpbion tubes were re-
quired, since it wns necessary that extingtion of n beam of light be obtained when
it was passed through the tube,plased betweon orossed nicol prisms. The windows
were sealed to short sections of glass tubing of the aame diumeter as the absorpw
tion tubs. These gections were then cerefully ammesled to relieva fhe straing ine
troduced in the windows by the prosess of fuslng the windows to the tuhas.. The
suscess of +the mathod seems to depend on a eareful anmealing, for the presencs of
strains in the windowse makes 1% impossible 4o obtain extinction when the tube is
placsed betmween orossed nicols. The small seotions éf the tube thus annealed were
Plnelly sealed to the oentral portion of the absorption tube.

The tube used in the fluorescence work consisted of a gle,s\s tube, aboutb
30 inches long, ous end of which was drawn ivto s horn shaped figure, snd to the
other end of which s plane glass window was sealed.

For the work in sbsorption the tube wes pleced in a long brass tube
sbout which a solenoid of Germen silver wire had besn wound. Scme extrs wire was
wound near the end of the furnmsos to keep the windows of the absorption tube
slightly hotter than the rest of the tube and thus prevent condensation of the
metal on the windows, The ends of the brass tube were closed with asbestos boards
on which windows had been mounted, These served to keep convestion surrents out
of the furnece, Temperatures wore messured by means of a Chromel-Alumel thermo-
couple.

The same epperatus was used for the observation of the magnetie rotation
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spectrun that Loomis and Nusbaum® used for thoir inwestigations of the other alkae
1i metals: Tho nickel tube whieh they used was replsced by the specisl glass
tube. Heating was accomplished by e heabing ooil wound dirsetly on the glass tube,
and, as before provision was made to keep the retel from coandensing on the windows
of the tube,

Attempts woerc also mede to £ind fluorcscense spestira of caesium. Unfore
tunately there is a dearth of strong limg » Sultsble for axcitation, in ths ro-
gions of the omosium absorpbion bands. Dmeitaticn by hydrogen, holium end mere
cury yielded no results, but e long U-shapsd neon tube placed parallel to a caosie-
um tube, and used with Viood's light furnace® tochnigue, ylolded a series of flu~
orescenve iines excived by He 8402 A,

The absorption spectra wers photoprephed with instrunents of various
dispersions, ineluding the first order of a 21 feot, 30,000 lins/inoh concave
grating in o Paschen mounting which gave o dispersion of 1.3 Afmm. in the first
order, This proved necessery to effoch satisfaslbory resclution of the vibrotional
structurc in many regions; in no region was it adoguate to resclve the rotational
strusture.,

The magnetic rotation spectira were observed on & Hilger B 1 spoctro-
graph vith glase parts.

The fluworescenns spectra werc observed on a Hilger I 63 spestrograph.
IV, RESULTS AWD ANALYSES,
1. Cassium.

All the foatures observed in the absorption spectrum of caesium in the
range 3880 .« 10,500 &4 are discussed below,

I. At the short weve length end of this region is the 3877, 3880 4,
82P ¢ 628 doublet of the primoipel series, in which, ot high temperatures, the
strupture reported bty Kuhn? and ezplaiced by hin in terms of polarization mole-
aulm, besomes apparont. :
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II. At 3920 A is » single faint sharp band, degraded to the blue,
appearing at 300°C,, previously reported by Kulm.

IITI. A band which Kulm has reported as a diffuse meximum with a long
wave~length edge at 3961 A appears at 270°¢, and at higher tempsratures san be
oclearly seen on 1y original plates to contein four hesds, degraded to short wave-
lengths, st 3941, 3947, 3953 end 39569 A and to be accompanied, on the long wave-
length side by faint diffuse mexims at approximately 5983, 4006, 4055 and 4065 A.
It was not certain that these diffuse maxims belong to the caesium band Systems.
They may be part of a band system due to Huls reported by Walter end Bam‘tt‘i'
which lies between 5931 and 4515 4, snd which faintly eprears on my plates.

IV. In the neighborhood of the 45565, 4593 A, 78P<— 68 doublet of the
prineipsl series appears the strupture reported by Euhn and attributed to polari-
gation molecules.

V. At about 300°C. a bend systom begins to dewelop in the blue-groen,
having its maximm inbensity st sbout 4800 A. With inereasing temperature this
system spreads out in both directions. On the short wave-length side, it ap-
prosches, end perhsps £inally erosses, the 4865, 4593 A doublet. On the long
wave~longth side it terminates rather abruptly at high temperatures in en edge at
5223 A which appears very similar to the infraved edge reported and explained by
Loomis snd FilelO in the red system of Rey and o other red edges which have sinse
been found in correspording systems. From these general fentures, which are very
mich like those of the 52 systems of Lig, Nay and Ep it appoars very likely
that this is g S5 systenm assoolated with.the sesond doublet of the principal
sories of esesium, The only previous mention of this system which I heve found is
by Walter and Barrett® who oall it o diffuse band with an edge, on the red end, at
5224 A. There can be no doubt that it actuslly belongs to 0sy, sinoe the faint-
ness of the 1ines of the other slkali atoms shows that they esmno$ be present in
important amounts, end sinee this band system does not eoincide with any of those
attributed by Walter and Barratt? to mized alkali molecules. This system does not,
on superfisisl inspection, eppear in any way unusual, but it has not been possible
%o make a satisfaotory analysis of it. The heads near the center of the system
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are rather diffuse. In the region of somewhat longer waveslengthes sone regulari-
ties are apparent and I have been able to assign vibrationsl qusntwn mebers to a
number of bsnds, except for unknovn edditive constants in both v! and v', The
.frequ@mies of these bands, bogether wﬁ-.f.h those I have boen unable to assign, are
given in Table I, The numbers n' and »" are, except for additive constents, equal
to v and v". The upper vibrationsl imterval is 31 om™' and the lower is 40 om™*
which latter approxzimately agrees with _tha;?a for the ground state of the 7667 A

gystoms
Table I,
Band heads in the system of caesium abt 4800 A.
v v Ll

observed 1"  n! observed  n"  n! observed n'  n!
2156840 2097142 BO22847

21344,1 2096042 2026840 3 o
21315.1 2092846 20028,2 6 0
2180544 2082742 20187.7 7 o
212878 20800.1 2016445

212749 2075844 2014843 3 0
2125542 2070445 20122,8

2125441 2056245 20108,2 9 0
2122144 2050042 0 1 20067.8 10 0
81158,9 2049141 1 2 20021,7

21168,7 2046141 1 1 1998245

B1159,5 20480, 7 2 2 1995540

21112,9 2042041 2 1 158871

21082,1 20410,1 3 2 19651.0

21056,9 20380.2 2 0 19807.1

2103049 20379:4 3 1 19758.3

21002.9 2033941 4 1 19806,.4

2096846 2050840 4 o 1966843
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Vi, At gbout 350° a very taint sysiem, not previously repertes, bozins
Yo appoar neor BECC A. It is deweloped fairly well by the admizture of 40 on of
argon.  As the temperaturs of o eossivtearpon mizbure is raised the 575t 0%
tonds only slightly towards the blue but broadens considerably toward the red and
eventually overlaps tho gysiom at 6250 A, Under low dispersion, in argon, the
systen appoars aluost completsly diffuse; but in o grating photozraph, talken
through caesium in vacuo, it is sesn to eonsist of a hopeloss confusion of very
fine and ineompletely resolved lines, witk no apparent heads or regularities of

any kind.

o

UELF T isi?gi':éiiib-‘i :il it o

Figs 1. The 6250 & band systom of caosium.

VII. At about 230°C, & prominent, but very somplex, band system ap-
pears near 6250 A. Under low dispersion it appears to terminate fairly sharply
on the short wave-length side, and to degrade townrd long wave-lengths, With
higher temperatures it has been followed as faor as 6550 A.' This system has been
reported by ﬁomyeﬁ and by Ma'%:uyamaa, who has given an amelysis for the system.

It eprears in Fig. 1, a ond b, which are from grating photographs, The bands show .

no 5ign of rotationnl structure, even under the highest dispersion. They vary
widely in appearance. Some degrade to the red, some to the blue; some appear as
almost sharp lines and some as narrow bands with heads on both sides. Some 258 of
them have been measured. A complete analysis or understending of this system, or
eystems, has not been attained but some regularities have been unsoversd,

The 6402 A line of neon excites n fluoreseence series of lines whose
frequencies and frequensy intervels are given in Table II, It follows that the
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lower state of this system has o vibrational interval of about 40 em™l, and this
agrecs with the pround interval of the system at 7667 A. With this as s basis,

the beads of 31 bands, all degraded bto the blue, have iwen assigned to & souare

vole X1

Fluoreseonce series in the 6250 A sysbem of caesium excited
by the 6402 A lince of noon.

v av
obssrved obsorved

We 15615.2

15687543 39',‘ 9

1558547 ZZ::

15484,0

1546645 »38'?‘?

15416,7 .

aprray. Thelr frequencies cen bo expresced by the formula

TV == 16066405 + 29.38(n' + &) ~ 0,0796(n* + 3)%
—[41.990 (v" + 1) - 0,080081(v" + %)2
- 0.000164266(¥" + %}3], (1)

in widch the jowor vibration interval agroes with that of the 7667 A systom.

Since the system could not be ‘wased Yo the origin, n' presumably differs {rom the
trus v' by some wnimown ocnstant. The observed fregusnsies, the intsnsities,
quantum numbers aund the differences betwsen the measured wvalues and those oalous
lated from fg. (1) are given in Table III., It is rethor surprising howsver that
bands with these uppor end lower intervels should be degraded to the blue.

It has boen possible (o Lind several progressions among the bends de~
graded to the red and ‘o assiga the quantum numbers of the lower state to the
bands in these progressions by refereiwe to the aceurately kuown ground of cassium,
These progressioms have boen fitted inte a square array., 46 was the case with the
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Table III.

Blue degroded band hends in the system of cacsium at 6250 A,

v Vovs.™ /4 Vovse™
obgerved I ¥' a' Vealo. observed I  v' n' TVeale.
1E5770,37 T 7 Q 0.02 15504.25 4 15 5 Qa0
15758,96 8 a8 1 007 15587,08 4 13 2 (05
15747.38 3 9 2 ~0a06 15583.43 4 is 8 010
15728, 77 & 8 0 010 15%76.17 4 14 3 =019
15696, 78 & 11 3 =~0e 05 15572.87 & 17 7 010
15684,.60 3 12 2] 0401 15661.41 4 18 8 (1923
15678,08 & 10 1 0u04 15564492 4 18 [ 001
15666.86 ] 11 2 «0u07 15544,37 <] i7 6 Cel?
156586,79 4 12 3 ~( a5 16833470 4] 18 7 0417
15644, 74 4 13 4& (a2 16622.87 & ER: 8 0.01
15633.75 4 14 5 006 1551588 6 17 5] 0ul0
15626.93 4 12 2 -(e 01 15508.41 4 18 6 0,18
15622,78 4 15 6 0.13 15485.10 3 19 7 Qe 35
15611.78 5 i6 7 Cu1b 15284.22 3 20 8 =006
15605.06 B 14 4 “0s06 15445.77 § 21 9 w(}s 08
15600,.38 b 17 8 e B0

bends in this system, degraded to the blue, it has been impossible to follow the
system Yo its origin and therefore to assign quantum murbers to the upper state.
Matuyans® reports an origin of the systom at 15,801 ex™) but this sssignment is
believed to be ineorrect. For, certain of Matuyamm's progressions mey be iden~
tified with mine, ut the guentum numbers of the ground stets which he assigns to
the bands in the progressions differ from the true quantum nurders as determined
from the known ground state. Furthermore, a large number of the bands assigned
by Matuyams oanmot be assigred into sush an array, while keeping the eombination
differences constant within experimentel error.

The bands, degraded %o the red, which have been assigned intoc a sguare
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array are speurabely represented by the formila

V= 16,175.80 + 27e34{n* + &) = 0.0733(n" + £)?
- [e2.900(+" + 2) = 0,080051(v" + )2
- 0.000164266(v" + 3)%] , (2)

v" is the true quantum number, and n' differs from the true v' by somo unknown
constant, The ground state is identical to that of the 7667 A system. The ob~
served band heads, thelr intensities, assign@abs and the differences between the
observed values and those given by Bq. (2) are given in Table IV,

Table IV,
Red degraded band heeds in the systemn of cassium at 6250 A.

Vovs ~ 4 Vovs ™

i obseryed n' v 7Vealo, i observed n' v" 7Zecale.
16068,06 5 6  =0.39 8 1597119 8§ 10 40,18
16020.17 1 4 0,18 6 1596065 O 5  «0s0
16027.87 4 & 40,0 37 0,81
16026,26 7 8  =Dedd 6 16946,98 1 6  =0.16
16015,43 2 . B +0.24 7 15946.35 4 8  +0,0L
16013,27 5 7  =0,33 4 16945.00 7 10  +0.16
16011,81 8 9 =046 9 15852,13 B 9 0,26
16001.78 0 4  «0436 4  16930.82 8 11 =0,02
15000.47 & 6  «0.61 1 16519.24 3 B =032
16998.05 26 8  «0.36 5 15018.38 6 10  =0.36
16938.30 1 5 40,16 0 15006,99 & 9§  +0.19
15986,82 4 7  ~0.18 4 15904.46 7 11 ~0.22
16986.01 7 9  ~0.18 4 1B892.00 & 10 =0.07
16974.75 2 6 40,58 §  15890.70 8 12 =0.1é
16972,66 6 8  =0.38 7 16678.1%8 6 11 =028

(Table IV, sontinued on psge 11)
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Table IV. (continued)

4 Lobs ~ /4 Vons ™

i observed n' " 7Poale. i observed n' v" Veala.
3 15877.35 9 13 +0.29 8 16  ~0.06
9  15864.49 7 12 «D.l8 & 1575896 6 14 40,08
§ 16851.60 5 11 =030 7 16758.5&4 9 16  =0,04
7  15860,82 & 13 «=0s20 8 1B745.48 7 1B w0429
8  16837.47 9 12 +0,08 10 17 +0.08
10 15824.70 7 13 0416 B  15732,42 8 16  =0.15
S 15824.06 10 15  +0.26 7 15719.46 9 17 0,08
4 16811,85 5 12  =0.05 6  15706.45 10 18  +0,04
6 15811,06 8 14 =030 4 15693.40 8 17  =0.06
5 16797.92 90 16  40e0L 6 16680.62 9 18  «0,01
4 15785.21 T 1&  40.01 5 15687.79 10 19  +0.15
4 15784.50 10 16 40402 4 16654,75 11 20  ~0.03
B 1677.83 5 13 =0.25 4 1564178 8 19 40.02
4  15620.31 10 20  +0e26

It is clear thet there is an important set of intervals begimning with
5440 amf'l and eonverging toward the red at the rate of about 0.8 en™t por quanium
number. This can be seen in Fig. 1, a and b which are two prints of the same
grating éhotcgmph‘ displased by an amount which, at the points indicated by the
arrow, corresponds to 54 ow™l, It will bo scen that the spectral regions which
are thus brought into sonjunetinn are slmost, but not quite, alike, even to the '
finer dstails.

VIII. At 7072, 7075 and TO78 A tlere are three sharp edges, degraded to
the blue, whioh appesr ag a single diffuss bend under low dispersion, and wore 8o
reporbed by Rompe. The frequemsies of their heads, with the intervals between
then in parentheses, eves 14,156,70 (6.41) 14,140.38 (6.66) 14,123,83 em™,
Thers are also two bands which may really be diffuse, at 7i28 and 7185 A.
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IX, The strongest system of the entire spectrum, with its origin at
7667 A, appears at sbout 170°C and with inoreasing temperature extends in both
divections, moving rather slowly toward the blue end rapidly toward the red. The
bands are sharp, and ascourately measurable on the grating plates, and are degraded
to the red. It is possible te see that they have rotational structure but it is
not sufficiontly resolved to be measured. I have measured 343 band heads in this
system and have assigned vibrational quantum mumbers %o 211 of them, ineluding 7
bands for which two alternative assigmments aro possible. Most of the unidentie
fied bands lie at the red end of the sysbtem where it orosses the diffuse bands (X)j ..
a few of them lie near the blue end where there iz muoh overlapping. Near the a
ordgin of ‘bhe system 21l bands are assigned.

The frequencies of all assigned bands can be reprosented with satisfag-
tory securacy by the eguabion

V= 13,045.87 + 34.250(v' + %)
- 0,077936(v* + 4)% « 0.000288120(v* + £)°
- [41.980(+" + ) = 0.080051({v" + £)?
~04000164266(v" + %)% 1. (3)

The guantum numbers, the measured freguencics, and the differences bebwoen the
mpasured frequensies end those ecaloulated from Eqe {3) are given in Table V. The
mnidentifisd bands are also included, and in the aase of many such bands near the
red end of the system their arrangement inte apparent sequenoes is indicated, the
sequenpes being designated by romen numerals and the ordinal mushers of the band
honds by arabie ones, Unfortunately, it has not been found possible to it these
sequences, unambigucusly, into the quantum number scheme.

The upper and lower wibrational terms of all assigned band heads are
Plotted in Pig. 2, which is an imprmd‘ Franck-Condon disgram for the 7667 A
systen, It will be noted that this disgram for this system is e little umsual in
that the right asrm of the loous is much more extensive, and even oxtends to higher
wvalues of v', then the left arm, 7This is beesuse the left srm surves o the right
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13178.31
13176.97
13178.43
13176.43
13173.03
13167.28
13163,26
18161.11
13169.02
13142.66
13133,.88
1313%.88
15131.70
13125.79
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Teble 7.

.
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Veale.

Oudd
DedS

DeS0
Do &4

0u15
0e20
0236
0439
0413

G.10

«0213
0e42
010
0u04

0,15
048
04186
008
=0y T2
0«24

sbaorved
13128.79
13108.17
13100.18

- 15091.95

13074.14
15060.64
13053.73
13061,7¢
13080.76
13048.30
13089.99
13024 .66
13014..88
12998.29
12693.74
12876.62
12966.52
12649.07
13920.12
12918.13
12907.81
12066.57
12864.76
12863.08
12661.46
12059.77

(continued on page 15)
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031
0.07
0.04
«0,.11
0401
0.65

(3418
0,21

0,02
0,08

0u11
«0409
0,06
0401
»0405

0411
0.038
(03
0.15

0.21
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12857.32
12852.45
12850.38
12836 38
12825.67
12518.83
12811.84
12805.08
12798.18
12777.99
12771,23
12764.72
12757.97
12751.34
18744.65
12736.11
12731.25
12724.40
12724.40
12717.89
i2711.54
12705.18
12698.17
12691,.88
12685.54
12677.96
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Table ¥.
Tobs.~
Zcale,

-0 0B
«0s07
Dell
Oe4l
0.08
0.12
020
210
0408
(a4
=0:10
0.08
Cs01
0.06
Cu04
Celb
=008
0407
~0e27
=0e07
0,07
022
~0a Bk
-Jul3
Q00
=417

ebég;vmd
12671.80
12665.60
12659.14

12652,95

12646.68
12640.00
12834.08
12627.78
12621.56
12614.91
12608.83
12595.85
12586.66
12683.41
12577.38
12571.28
12565.31
125659.61
12565.20
i12645.62
12559.80
12635.84
12528,08
12822.17
12616.19
12610.38

(sontinued on page 16)
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i7
18
13
20
21
22
23
24
23
22
23
24
25
26
a7
28
24
25
26
27
28

G;)s}mi

w

1o
11
i2
13
14
15

16

12
13
14

18
17
18
15
1s
15

15

17
i8
19

Obg -
oalc.

0.00

Cel2
~0e 04

007

009
Qe 32
~0e03
=008
=0u 03
~0edd
«(e Bl

000

0.06
~0ald
~0s12
«0,18
=0,12
0s10
Do 20
«0a07
~(e02
~0sl2
«0s 0
=0.12
=028
=034



observed
12504.68
12498.70
12492.86
1249090
12487.18
12485.17
12481.36
12479.57
12475.83
12468.14
12462.51
12456.95
12481.42
12445.69
12440.29
12435.74
12436.01
12432.20
12420,17
12423.65
12415.86
12414.32
12413.80
12410.40
12408,12
12399,62

1
31
32
33
28

38

3l

32

33

35

37

42
a7
38
39

21
22

17
24
18
25
19
20
21
22
23
24
25
26

27
21
28
29
24

31
26
26
27

Table V.
L5084
ealo.
=520
0 ad0
Qe
=010
w0 e 58
=0e19
~0e48
«0.16
(3429
(e 38
=0ed2
=040
~04 36
(o 64
0439

0,13
=0elB
(o
~Qsd4
~(s32

=04 58
“0st4
0436
0452

z/
chserved

12396.09
12854.32
12390.53
12388.728
12383.52
12378.34
123735.08
12387.63
12364.89
12362.37
12369.76
12387.29
12354.57
12351.87
12349.42
12346.65
12344.21
12341.45
12339.13
12386.38
12334.07
12331.23
12328.97
12325,99
12325.94
12818.96

{oontinued on page 17}
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42
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& 8

41
47
42
48
43
49

45

8

g2

53

49

41
1]

86

Vca’bs -

”ealeg

(628
=049
=068
~0s 77
=0e 66
(e 54
w0 52
=0 70
0839
«0eT1
«Ou4b
0o 54
0452
-0 T2
=04 56
0o T2
=0468
=~0a71
=068
-0 58
«0s88
=04 54
073
»0a 860
=0aT2
(0«68
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observed

12314.12
12308.99

12304.08 -

12300, 70
12299.00
12295.70
12294.05
12280.95
12289.21
12286.14
12284,29
12281.44
12279.66
12276.59
12274.80
12271,.92
12270.02
12287.17
12265.24
12262,61
12260,685
12287,98
1228656.80
122535.28
12251.30
12248.64

o

Bl
62
47

Table V.

Zobgew

Vgales

«0a 50
=0e63
(e b6
=0e&7
=065
0683
«(+63
«0e 75
~Qa 51
=0 T4
«0448
0o 64
«0e28
0w 70
=0.11
=04 B9
0603
067
0418
~0s48
037
»0e 31
Os82

“DaB3

0.89
“Delh

obagmd
12246 .48
12244.13
12239.54
12235,12
12230.65
12229.71
12226.21
12226.18
12221.92
12220.79
12216.48
12213.88
12213.15
12211.96
12209.54
12209.00
12207.61
12205.88
12204 .69
12204.10
12203.31
12201.15
12200.51
12199.,01
12197.02
12196426

{sontinued on pageis)
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81
1

74
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vobs [ S
Z4 tale.

0e24

0.50

04186
0643
Ou64

0.87

1.22

0,38

Qe B6

0,86

1,09

1.41
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obsarved
12195.48
12194.71
12192.91
12192,11
12191.37
12190.53
12188.87
12188,02
12187,12
12188.36
12184.85
12183.86
12183.14
12182,22
12180.89
12179.87
12179.04
12178.11
12176.88
12175.83
12175.00
12174.12
12173.10
12170.99
12169.58
12169.24
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Pablo V.
Zobse- v 4
cala. observed
12167.15
12163.20
1.7 12159.82
12157.86
12157.19
12155.46
12164.79
12164.04
12151,71
12151.71
12150.98
12148.87
12147.93
12147,93
12146.40
12144.20
12142.74
12140.41
1213%9.18
12136.69
121835.04
12129.48
12126,05
12124.21
12122,57
12122.03

(eontinued on page 19)
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I1x
x

v1

i5

16

17

18

19

20
21

22

obg -
eale.

i8.



observed
12195.48
12194.71
12192.91
12192.11
12191.37
12190.53
12188,87
12188.02
12187.12
12188.36
12184.85
12183.86
12183.14
12182,22
12180.89
12179.87
12179.04
12178.11
12176.88
12175.83
12175.00
12174.12
12173.10
12170.99
12169.58
12169.24
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I1I
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Table V..
Zobs- z
calo. observed
12167.13
12163.20
L1a75 - 12159.32
12167.86
12157.19
12155.46
12184.79
12164.04
12161.71
12151.7
12150.98
12148.87
12147.93
12147,93
12146.40
12144.20
12142.74
12140.41
12139.18
12136.69
121335.04
12129.48
12136«05
12124.21
12122,57
12132.03

(oontinued on page 19)
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I
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observed
12120,60
12119,12
12118.42
12117.02
12118.77
12114.,83
12113.81
12112.34
12109,00
1210?;55
12105.63
12102.23
12101.30
12100.23
12088.87
12098.04
12096.73
12095.48
12082.06
. 32088,.86
12086.92

viiz
11
k34
VIl
Il

VIII
Iy
III

11
I1T
X
Xl
i1

£l
111
I
Ii1
111

!

2

Table V.

Vabﬁ P S
z’aalc‘

y 44
ohsopved

12082.80
12079.56
12078.67
12077.29
12075.32
12073.97
12071.95
12070.39
l2068.54
12066.18
12062.29
12061.73
12061.07
12064,98
12081,57
12049.69
12048.30
12046.61
12043.73
12042.87
12040.88

I1I
111
XII
XIII
XII
XIIT
X1I
XIXX
AEX
X1x

X1

v
IV

X1v

=

X

VVabSa"
v! cale,

g ®

D3
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so mueh that the weaker bands, with high v'e overlap the stronger ones ond eannot
be distinguished. Another contributing factor is that the btransition probabilities
on the left arm are much smaller than on tho right . arme This has been found to be
the case with the other alkali moleoules, notably in Vivod's fluorescence experi-
ments with Naa, end ic to be expected theoretioally since the left arm corresponds
to transitions to comparatively steep parts of the upper potontial energy surve.
Bosause of the limited extent of the left arm, reliable combination differences
for checking the essignmeuts 4o the right zrm are lasking, and it ic for this rea-
son that the assignment of sequences mear the red end of the system becomes ambig-

UGS e

28
15250} 00

0 o
0080 o i
135001 83930 RITH Atomic

3780

T

142500 0

1#500)y.5

Fig. 2. Improved Franck-Condon diasgram for the 7667 A system of eaesiup.

In Figes 3 and 4 the vibrational intervals, AT, are plotted ageinst the
vibrational terms, for the lower and upper siotes a£ +this system, respectively.
The cireles represent the experimental values; the full curves correspond to the
intervals and terms celoulated from Bg. (3). It will be noted that, as is usual
in sugh ouwses, the last obssrwed points begin to drop below the ourves, so that
the values of T' and T" at which these ourves strike the axes ocan be taken as maxe
imum welues for the emergies of the respeotive products of dissoaiation. That is,
To'< 15,800 on~l and 7,"< 4020 om*l. On the other hand 7' and T" have slready
been followed as far as 14,570 om™! and 2330 on™ snd are still fer from conver-
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gonoe. It seems fairly safe to conolude that minirmm velues of the ensrgies of
the respective atomic products of dissoeistion anre given by the extrapolations a-
long the deshed eurves in Iigs. B end 4, vhieh yield I!% 15,050 ex™t, "

5300 or™l. Yow the sonvergences have been followed far encugh to leave no doubt

that, as with the other slkalis, the produsts of discociation of the ground siate

36} T
30} o

em™)
8r

'
\
.

(i %00 1200 1800 2400 3000 3600
T (cm™

Pig. 8a AT" vs, T for 7667 A system of cnesium.

Il
\
\

i
1
i

1 L L 1
%5000 13600 14200 14800 15400
' em™!

Figs 4e AT vs. T* for 7667 A system of caesivm,

of the molecule are two normal (623} Cs atoms cud that those of the upper stabe

aro & normal atom snd one in the 8°P state; but they ere not sufficient to allow

ons to distinguish whether the excited atomic state is 6°F, or 67Pg/y. Hemse in
Y :
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dedueing meximum and windmum values for T;' = D" from the above maximum and mini-
mam velues of Ta' ong must in the first cmse use the high frequency component,
11,732 om"l, and in the second case the low frequency component, 11,178 csm”l, of

the resonance doublet of cassiume. These yield

D" < 15,800 — 11,178 = 4622 ou’L,
Dg" > 15,080 = 11,752 = 3318 en™L,

Since the direot extrapolation of the ground state of the moleeule yields
4020 ex™1) D" > 2900 el one may eonclude that

4020 om™1> p_" > 3318 en™?
or

00496 volt > De“> 0.410 volt,

and one may well take Da“ = Co4h volt as the best walue and feel confident that 1t

is not in error by more than 0.04 wolt.

This value ie a not unreasonable exbrapolation of the heats of disscoia~ .

tion of the other alkalis, as can be seen from Fig. § in whish the values of D"

3

De'
(volts)
2

Fige Ge Curve showing the snergies of dissociation
of the slements in the alkali group,.

are plottad for Ha, Lia, Haz, Ka and 138,2;- The smooth curve fits all poinbts within
their 1limits of error, Interpolation according to the ourve gives 0447 volt as o
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fairly relieble wvalue for the energzy of dissecistion, D", of Rbg.

Severel values of DG” hagve been published, all of which are smaller 4han
the minimun walue Q.41 wolt, compstible with my messurements. However, the conly
reliable one, by Freuaenbwg,n agrocs with mirze within his limits of error. The
minimum velve depends on the dotted extrapolation in Tige 4 and an inspootion of
this ourve will show that it can herdly be subjest to the goneral suspision that
all band spectrum extrapclations are too high. It scems worth while, however, to
disouss the accurasy and validity of the results of provious observerss

Yinkowski and Mihlenbruch, ? on ths basis of measurements of the varie-
+ion of pressure needed to anml the effect of variation of temperatuyre on the
overall intensity of the 6230 A bands, ooncluded that 0424 volt D D" > 0404 wolt.
This 1s in sonflict with ay result and carmmot be correct sinee the vibrational
levels of the ground state have already been followed as far as 2330 em™> = 0,29
volt and are still far from convergence. Their conelusions are, however, subject
to the serious error that they are based on measurcments of total ebserption, ine
stoad of tho integrel of absorption eceffieionts, and that thé offert of introase
of btempersturc, even when compeunsated by pressure variation, will %e, in part, €o
shift the sbsorption from lines where it is neorly total, to higher lines where it
is smeller and more nearly proportional to the absorption coefficient.

Boeokmer and Mohler'd measured the variation with temperature of the
ratic beitweon the lonization predused by atomis absorpbion of light of shorter
wave~length than the series limit, and that produced by the assumed molecular abw
sorption batwean tho serles lines, and consluded that n;’ £2 0,26 volt. Thelr
deductions are however subjsct to the same souroe of error as Minkowski and
Mlihlenbruch's,

Rompe publishes values of the energy of dissoeiation of the ground
state; but these are based on unsupportsd and unjustifiable interpretstions as to
the nature of certain bands and band systams, and need not be fwrther considered.

?rwdanbergll consludes, on indirest evidense, that 0465 wvolt ) 9@" >
0416 volt, and my value also lies botween these limits but is considersbly more
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precise. Freudenberg's value depends on his doterminetion of the energy of activ~

ation, E, of the reaction
03'('?2?5/2} + 63(623) + B = Csy* + oloctron

a8 E = 0,125 F 0,025 volt, resulting from & study of the temperature dependense of
photo-icnization by the 4565 A, 72?3 o 6% 1ine of Cs. It also depends on his
interpretation of the phenomenon observed by Bosckmer and Hohlert® that photowlon- .
ization of cnesium vapor can be caused by light not coineiding with atomic lines
if its wave~length does not exseed 3800 A. This effect is interpreted, both by
Bogclmer and Mohler and bty Freudenberg, as belng due 4o sbsorption of light by the
neutral molecule, which is thus brought inte an excited stabe with enough energy
to auto-ionige immediately. Freudenberg soncludes that J,, the ionigation poten
tial of the caesium molecule is 3.17 F 0.20 volts, corresponding o 5880‘1&. The
evidense for this interpretation, while plausible, is somewhat indirest and not
absolutely conclusive. If asccepted, it follows that

3, =D," + hv(46654) + 0,125 volt (a)

or D" = 8417 = 2,71 = 0,125 = 0.35F 0.2 volt, as stated by Freudenberg, This
agreement with the directly determined value of D" may serve as confirmatory evi-
dence for the above interpretation, but & more reliables and accurate velue for Jm,l
the lonizaetion pobtential of the molecule may be dedused by reversing the wmnt
and putting my value of D" into Bq. (4), retaining Freudenberg's 0.125 F 0,025
volt as the heat of eotivation., This ylelds

Iy = (046 F 0s04) * 2,71 + (0.125 F 0.025) = 3,28F 0,07 volts.

Singe this system lies on the high frequensy side of the resonance lines
and since the differense of energy of the products of dissooiation of the two
states ooncerned is approximately equal to the energy of the resonance level of
the atam, it 1s very likely that it is a 11+ transition as the sorresponding
systems in 1i,, Nap, and Ky are knowm %o be.
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Xe At 8170, 8262, 8346 end 8733 A, appear four diffuse bands, degraded
to the red, the last lying between the members of the resonance doublet. These
may be similer to the structure around the second and third doublets of the prin-
¢ipal series which has been reported hy Kuhn? oOn plates of higher dispersion a
finer structure coan be seen, c¢loser $o the resonmnee lines.

XI. From between the resonsnse lines to ab least 10,500 4, the limit
of effective sensitivity of Eastmen @ type plates, lies a strong system of numer-
ous bands with sharp heads, degraded to the red. It seems very probable that this
correspoinds to the ‘T3 systems which have been found on the long wave-length
side of the resonsnce doublets in the noleoules Liy, Nap and Xze The origin of
this system appears to lie beyond ths region we were able to photograph, so that
a complete analysis was not possible. However 44 bands hawe been messured and 38
hawve besn essigned to throe v? progressions, Their frequenciss ¢an be represenited
by the equation

L/m 9596,5 + 41.66n' — 0,046420'2 = 34,7n", (5)

in whiech n' and " presumably differ by constants from the true v' and v"., The
observed frequencies, the assigned n' and n" end the differenses between the
neasured frequencies and those osaleulated from Eq. (4) are given in Table VI,

The v' levels of this system conwerge very slowly, so that their extra-
polation to convergence, which aseording to Eq. (&) occurs at 19,000@112"‘1, is ex-
 tremely unsafe, but sinse such long extrapolations almost always give vslues which
are too high, it is entirely reasonable to assume that the produots of disscoia-
tion of the upper state of this systom are, by asnslogy with similarly located
bands of Lig, Na.g; and X,, 8 normal Cs atom and one in the resonance state, in
which case the true convergense point would be 15,500 on*dor less.

An attempt was made to find a mognetic rotation spestrum of Csy, ‘o aid
in the analysis. Long exposures were taken in all regions of the visible and
photographis infrared spesctrum, without susocess. It cennot bo consluded, however,
thatls, does no*ﬁ posseas any magnetic rotation spectrum, for it may well be that



Table VI.

Bend heeds in the systom to the long wmveelengbh side of the resonance doublet,

Vobs.- Y24 Tobs,-
obrerved n*  n'  Zhales cbserved 2"  an* Pesle.
10843.1 10086.8 0 12 2.9
10858,7 1005347 1 12 <13
108324.8 10047.9 0 11 342
d07686.6 2 29 Oal J0018.7 1 i1 =04e7
10731.9 1 25 1.1 10012,5
10688.4 1 2B w2a® 9873.2 1 10 «(a 8
10652,3 1 ar Jud F9TL.8
lo6i2,2 1 26 wled 9067.3 4] g «0sd
10574,9 i 28 Ou7 9931,3 1 9 wleT
10835.8 1 24 Da8 992647 G 8 ~Ja1
10488,0 1 23 246 8891.3 1 8 w(e8
10456.3 1 22 Deb 9886,.3 C 7 0.8
10417.3 1 81 1,2 9861.0 X 7 »0el
10378.1 1 20 - 1.7 984543 ¢ a Qb
10838,1 1 19 1.8 9809, 7 1 6 »Oed
10297.0 1 18 Qe 976850 1 5 (a8
10257.2 1 17 0.6 9788.2 1 4 0.5
10218.8 1 16 0.2 96898.0 1 & 2.6
W0176.5 1 15 0. 9644.8 1 2 «0s
10154.3 1 14 =141 860345 1 1 Osl
lciz27.2 ¢} 13 «30 9B67.5 2 1 =13
10094.5 1 13 =140 956244 1 0 Oub

thers is one in the infrared, as is to be expested by analogy with Li,, Nay and
K,, but that it ecannot bs photographed in o vessonable time with the plates avail-
able in that region.
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2» HRubidium.

The magnetic rotetlion speetram and the sbsorpbion spestrum of Rbg in
the region 6800-7100 A have been observed and measured; the two spsctra have been
correlated and a vibrational analysis made, in the usual way. The magnetic rota-
tion spectrun extends further than the absorption spsctrum, and is more ocompletely
developed. This is in accord with the usuel expeprience with magnetic robation
spoectra, which have » for this reason, been found to be ideal for extending a band
systom to the high quantum mmbors necessary for the determinabion of an ascurate
enorgy of dissociation. The date ara, however, in this osse, s%ill not exteonsive
enough to yleld a relieble value of tho energy of dissosistion.

Rubidium has two isctopes, RuSP and RLB7 which cecur in shout the retie
3 s+ 1. The throec molecules Rbasﬂbas, Rba%bs? and ruBTRy87 should therefore have
the rolative concentrations 9 ¢ 6 ¢ 1. The bands due to ZbS5RLS and RLOORLET may
be expesoted to be of somparable intensity. Wow in these magnetlie rotation szpestra
the most prominent features are the strong lines just to the viclet of each head,
the rest of the spestrum being obscured by reabsorption. Hense presumably the
heeds measured belong to the molecule 1b85p085 o Rbgsﬁha" asoording +t¢ whioh has
the shorter wewveelength., In the easce of rubidium, then, the observed lines in
magnetic rotation should eorrespond to the band heads due to the moleoule RBOSRL85
at the short wave~length side of the origin, end to the bend heads due to RbSoRp37
at the long wave-length side of the origin.

Bquations to represent the frequencies of the assigned bands have been
found by a method of least squares. The eguation

Vwm 14,662.6 + 48.,06(v" + §) = 0.,191(v* + %)3
~ [57.500x" + 3) = oad05(v" + %)2] ()

has been found to represent adequately the frequencies of the bands atiributed to
the moleoule RWCORLES, he equation
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b

V= 14,6626 + 47,78(v! + &) — 0.188(v' + £)°
~ [56498(s" + %) = 0.203(v" + 7] (7)

then applies to bands ettributed to the molecule RbEORB®7 and has been obtained
from the first equation by multiplying the constants by suitable powers of @
{P=0.9943). The quantum nunbers, the measured freguencies, estimated inten-
sities and the differences between the observed walues and those calculated from
Egs. (6) and (7) are given in Teble VII. Due +to a slightly misplaced comparison
speetrum the values given in Table VII may be in error by e small constant amount,
but these srrors probably lie well within the error of measurement. A great meny . .
of the observed band heads have also been measured in absorption on g 2l«ft, grote
ing. The positions of these band heads agree essentially with those observed in
magnetlc rotation and are not recorded exeept in the fewr vases where a band heed

T lem)
500

t ]
Pig. 6, Franock-Uondon diagrem for the 1<~ X system of Rbge

was observed in mbsorption only. Intensities are given both for megnetic rotation
and absorption, and where an intensity is given for pbsorption only, the freguency
is that obaserwed in absorption,

4 FranokeCondon diagram for this system is given in Fig. 6. Since the
system studled lies on the vioclet side of the resonence doublet of the Hb atom,
and since the magnetic rotation lines correlate immediately with the absorption
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heads, one may conelude, by analogy with Lip and Nap, that the transition '\S'TR—‘Z,

BExtrapolation to disscoiation of the upper state of the system mccording
to Eq. (6) yields 17,685 om™! as the emergy of dissociation of the upper state.
The upper state dissocietes into a normal 28 atom and one in the 2P state, but it
is not kmown whether this atom is in the 2&’{% or 2?;5 /2 elate. The ground state
dissociates into two normal atoms. If the produst of disscciation of the uprer
gtate ig a ai’; aton The euergy of dissociatbion of tha lower stals becomes 5100
er™l, end if it is a 31?35/2 atom the ensrgy of dissccistion beoomes 4870 om™»,
Direot extrapolation to dissociation of the lower stete yields 7820 e:m"& as its
energy of dissoeiation., Sinee the upper state could be followed nsarer 4o dissow
clation extrapolation of the upper state probably yiclds a better value. The ene
ergy of dissociation of rubidium has been scaloulated to be 0,47 volt (3800 om™%)
by interpolation between the known ensrgies of dissosiation of potassium and cae-
sium. ZIxperience with the other alkali metals has shown that the energy of dissoe
clation obtained by direct extrapolation is usually too high, so that the walue,
5100 am"l, is probably an upper limit 4o the energy of dissociation of Rbps Since
the energies of dissoolation of K and (s, are lmown to a high degree of accuracy
the value, 0.47 volt, obtained by interpolation between the known energies of dise
sociation of K, and Cs, 1s still the most relieble value of the emrgykaf disso~
clation of Rbgy.

3, Other Alkeli Hetel Moleoules,

Due to the method of preparing rubldium which was used, sodium was pres-
ent as a rather important impurity. Consequently, the new band system in the
region 5990-8336 A which oscured on the plates of the magnetic rotation spectrum
of Bbg, is attributed to NeRb. It is true that three bands of this system st
16,513 om™l, 18,671 om™! and 16,684 ex™} were reported by Valter and Barratt® and
atiributed to Bb,, but the vibrational intervals in this system c‘oni‘%m Yy conslue
sion, for firétly, the ground interval, 107 on3}, agrees well eﬁough'with the
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ground interval of a systen in the blue green, atbtriluted to Hald by ¥alter and
Barratt, and enalysed by Velszel end Eiulpm'; and secondly the vibrationnl interwals
are approximetely those whiech are obtained by interpolation between tho known joe
torvels of Mam and Rby. Horeover since the now band system wes observed in nagnet-
ie robtation it is dus to 8 IW‘“‘ > transition. By comparing the vibrational fre-
quencies of 107 ex™t and 61 om™l in the T and 1) states of this molocule with the
corresponding vibrational frequensies of the allali metal molecules given in Table
¥III, it is evident that the new bend system iz not due to any of the alleld metal
molecules composed of similsr abtoms. All of the possible intermetallic oompounds
may be excluded which do not have one etom of rubidium. Then since the vibratione
el frequencies of a molecule compeosed of e rubidium atom and an atom of some other .
alkali, mey be expeoted to lie betwwen the wibrational frequeneies of Rb, and
those of the molecule composed of two atoms of the other alkeli, the mew band sys-
tem could b dus only to Halb and LiRb. But sinco Li was mot observed me an impus
rity in any of the observations, the molecule is almost ceortainly Halb.

Table VIII.

[]
Vibrationsl intervals in the 2 and || states for the

‘alkali metals.
‘Z_ |TT
Lip 551.6 26947
Nag 159.2 128,8
Ep 92.6 7640
Rbg 56743 48,1
3&2 4300 %Qg
The formle

V= 16,421.8 + 61.,49(v" + 1) = 0,945(v" + 3)?
~[106.64(v" + &) = 0.455(v" + £)%] (8)
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s found to represent aceurately the froquencies of the observed band hoads. The
observed frequencies, intensitic:, essisned quantum mmbers and the differsnces
betweon the observed frequencies and these ealeulated from Eq. (3) are given in

Table IX, A4 FranokeCondon diegram is given in Pige 7 and is seen to be normal.

.0
let00
16500
T
(em™)

16600

6700 |

16800

fig. 7. Pranck-Condon diagram for the MeXx system of HaRb,

Table I,

Bend heads of NaRb observed in magnetie rotation.

i GBS%KR’W:D vt " 7: azim i OB'SEQ?EE} v? " Z°c§im

3 16678,3 B 0 +0,} 5 16248.1 1 2 040

3 16626,4 4 0 0.8 2 16189,7 0 2 41,2

3 16572,2 B 0 040 4 16143,6 1 3 ~0.7

3  16517.4 2 0 41,0 4 180831 0 8 =148
B 16466, 8 1 +0.¢ 4 15982,3 O &  +0.8

5 164106 2 1  «0.1 3 18879.7 O 5  +0.2

B 1635L,7 1 1 1.8 3 18T 0 6 w043

2 18305.8 2 2 0.0

A system between 72807400 & ocours both on the oassium and on the ru-
_ e A
bidive absorption plates. This sysism has been found by Matuyams and attributed
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to Cass However, the vibrational intervals do noh correspond 4o any koowm intere
vals in Osy. Nelthor do they correspond %o any imown intervals in fhoe  But the
observed intervals of 49.2 om™% and 36,7 on™) do £1t nicely with inbervels for
abts estimated by Interpolaticn between imown intervals for Kby aad og. Sinoe
Cs is Imown to bo present as en impurity in the Bb, end vice versa, it seoms safe
o abiribute this systen to Rbls,

The band heads in this systom may be mpréeanted by the fommla

= 15,747.21 + 38.46{v" + %) ~ 40.41(v" + &), {9)

The measured frequencies of the bands, together with the differences bee
twoon the observed frequencies and those oaleulated from Bq. (5) are given in
Table X.

Table X.

Dandl heads in the syvstem of RbLCs at 7200 A,

7

ahs’eyrmd 2" n Vg’g«: observed a®  at ngé:
13818.20 0 2 ~0¢37 13681,57 2 1 =0401
18780.25 0 1 0405 13642.86 2 0 «0u06
13758,80 2 3 0450 13693.00 3 0 =051
13730.81 1 1 0402 13544,04 4 0 =005
13692,50 3 0 0,17 15494.90 g8 0 0.21



V. SUMMARY OF RESULTS.

Heasurements of four distinet bemd systems of Csg have beern mede, in
absorption with high and low dispersiocn; in megretic retetion and in Fluoressconce.
A complets wibretional analysis of the system ot 7867 4 has becn made. An extra-
pelation yields 0445 wolt as the energy of dis&ociamon of the ground state. The
other gystems heve not been sompletely analyzed, théugh many regularitiss have
been found.

The TT<Z systen of Kby has been ohserved in magnstic rotation emd in
sbsorption, A wibrational snalysis has been made, but haz not baen extended far
enough to obtain z relisble velue of the energy of dissociation by extrapolation.
A fairly relisble walue of the energy of dissooiation is, however, cbitained by
interpolation betwesn the known emergies of dizeocistion of the othsr alkeli metal
molecules.

A system at 7200 A, previcusly atiributed by some authors to Usg, hes
been observed and attributed to RbCs.

A new system between 5890-6336 A has been observed in magnetic rotation
and attributed to NaRb.
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