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Rearly all of the physical and ﬁh&iaﬂi properties of an atom except
those properties depending upon mses are determined by the energy states.
| é! the eutermost or valence electrons and how they bLehave in various
fields. Yor example, iactopes differ t":mu’em snother only in masa, hav-
ing ldentical other propertles since thelr eleatron shells are exactly
alike. On the other hand isobars, althongh their internal strustures and
massen are identical, differ radically due to different valency shells.
If for the atoms of a substance all the emergy states wers known and
thelr various behaviours o slectric and magnetic fields, caused by the
" approach of nelghboring atoms, were understood, it would be possible o pre~
dlet the chemicsl and physical properties of the substance. This state of
gffaiﬂ is far from being attained as yet but much progress hae been made in
that direction. In the case of gaszes gwé correlations have heen made
between ‘welupawm and properiies such a@n% specific heat, magnetic suscepti-
bility, dielectric constant, electrical conductivity, refractive index,
egﬁim wtivity; heats of formation, entropy, free snergy, fugacity, ete.
Sa the ense of solids, liquids, and sélmim: unfortunately, the ab-
sorption specira at room temperature consist of very bread diffuse dands.
Eewwer, ir Mﬁeimﬁ;v low temperatures are cbtained some of these bands
become sharp and resemble the &a:,,mc metn while othere are not apprec-
$ably changed. FHapplly, theory definitely predicts which bands will show &

temperature sharpening and which will net.
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gramt the mrﬁmm data on the mwm of gases are very txt«n&iw;
;whi;iu those on aali&a are sxtremsly nm.gar, M&ar&iag—iy good data are
m&mﬁr needed fﬁ!‘ m eorrelation ﬁf mzm )mé physical properties
in the case of mxm ‘and m&&ﬁa&s.

| &i& m“mk was undertaken la mﬁr te nake available a gmsm

| mﬁ of good amﬁmm aata t@ eimsk fﬁtﬁss theorstical work. m

Mzu of present mar:r win be ahmko& hwns.a to ghow how the éﬁa
~ean be uteﬁ..

S It is also hem mt ramma af thu sert wﬁi furnish m&rimm
m},ues from which fmu acting within a sali& and their verisnce fx‘w ’
_ poimt to point ean be caleulated.



" A. Spectroscopic

Spectroscopic imaati.gaﬁmﬁ of the rare earths date from Bumma*#
%ﬂ:“ {1) on the sbsorption speetrs of solutlons and erystals of galts
of "didymivm®, a mixture of neodymfium and praseodymium. About forty years
later, Jean Becquerel and co-workers at %ﬁ&w undertook the study of the
absorptien spectra of certain minerals which contained mixtures mr rare
earth salts. In the course of their investigations they found that by
iawrm the temperature of the sample the mbsorption lines became sharper
{2). ﬁmmwrw@a low as that of selid hydrogen (12% x.) vere used.
These investigators also studied the sffect of a strong magnetic fleld on
the absorption bands of "didymium”, ete. These workers did mot confine

themselves to any one s@ﬁaﬁﬂé fon and their messurements were limited on

m shory wave 1.mth side by the glase vessels which surrounded thei»
samples.

Preed and Spedding, in a commmication (3) to Nature of April 6, 1929,
sunounced ﬁu beginning of s systematic Investigation of the absorption
s;sacm of aﬁif&ésy which has been continued up to the present time by thesa
and other workers. JFor the initial investigations the Wuiﬁn&n& ion was
chogen since its tyw‘%‘r& wonld presumably be the simplest becsause its dasic
| electronic level 81 is single. The spectrum, which lay mw entimlar
in the nltraviolet tsgiam except for a few falnt 4iffuse lines in the v‘;uiblc.
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-7 -
This low-temperature splitting was atiribuled to elther actusl removal of
degensyacy or to development of two types of gatt {om, caused by n orys-
talline modification snd differing in mﬂ&i envirenments. In contraat
to the less symmetrical (ﬁmwii&:a) chloride, the hexngonal bromate showed
less ex%mi»n and complexity of upper multiplets and had the excited lower
levels closer %o the basic level.

Continning this work, tho same authors foumd the following levels
for other salts of samsrium:

(a) ethyl sulfate: O, 55 and 65 em.™}

(b) todide: O, 90 and 107 om.™t

(e) pereblorate: 0, 104 and 160 em.”}

(4) sulfates O, 160, 185 end 225 em.”}
It was suggested that erystal splitiing of the basic 539 /2 Yevel comld
not account for all the levels, sinece only tzwu new levels (4 » 1/2) ean
be expected when elestric perturbations remeve the degenerasy of such a
siate. |

Spedding and Futting, extending the work om salts of gadolinium (9),
made mmmts on the spectra of the bromate, ethyl sulfate, nitrate
apd sulfate. In these spectra a very marked change was noticed in going

from the mopoclinic symmetry of the chloride, bromide and sulfate %o the

haxagonal symmstry of the bromate and ethyl sulfate. The higher the degree
of symmetyy, the smaller the separation of levels. The abscrption spectra
of the gadolinium iom conafsts of lines which arise from electronic trans-
itions from a single baste level (ifl, 58,/5) %o excited levels which sre
less-degenerate through the influence of 3he electric fielde of neighboring

atomu.
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~ all the rare earth ioms from a few simple postulates on the gquantum nusbers
of the basic slectronic orbits. Bxpsrimentslly determined values of
fabrera (26) and 8t. Mayer (15) were in sgreement with his work. The facts
are prodably best presented by the following table t&kéa from Bund's paper:

Pable I. Comparison of theoretlcal and experimental
. magnetlie data

136 0 D diamagnetic
2,5,3 12.5 11.4% 13.8
3& 17.8 17.8 17.3
1&;9 /2 17.8 18.0 17.5

: 1 L nh e o e

7.0
) 17.9 18.0
s,,;, /2 ;9.h %0.0 ho.2
hg.3 7.1 hi.g
2.6  s2.2 53.0
52,8 52.0 51.9
hy.y k7.0 46.7
W 12 g 76 356 31.5
e A3 2 Tlﬁ: 22.§ 21.9 22.5
s 14 14, o dlanagnetic diamagnetic

W A W F W N MO
&
-]
¥
~
»
L]

g B
i
£ 5
3

S
A

;’l
i

In general the agreement is good, and omly in the case of 58" ana

B are there any serious disagrements.
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Bollowing the method of laperte: (27), Van Vieck and Frank (28) tock
the walus of 34 for the sereening constant of eurcpium and by imcluding the
second-order Zeeman terms obtained a value for the apparent Bohr magneton
nuwber (at room temperature) of abdout 3.5. This is equivalent to about
17.5 Welse magnetons and agrees well with the experisental valves of
Cabrers and St. Meyer (loc. cit.). |

Freed, in 1930, measured the susceptidility of Swe(SO4)3.8H.0 from TH®
to 291° X. (29), snd has shown that the samarium iom both in sclids sad im
solntions comsists of a mixture of electronic isomers, which appear o be
in thermel equilibriwm. The wariation of the magnetic susceptibility sug-
gesta that the stable Lsomer at the lowest Semperature has the configare-
tion: | |

8% shellr 1w (28 to Bd) £ 5s5p

¥o. of electrons: 2 {full) 5 {fall)
The configuration predicted by Bund (U5, OHs/s) holds for low temperatures.
At higher temperatures, hewsver, due i the Boltzmenn distriltutien factor,
many of $the atoms are iz exclied slates vhose energy values are btud slightly
greator than that of the CHg/, term. A further predictiom of Freed vas
that the relative intensities of the lines wounld vary with temperature, and
such & variation vas actually found in the cass of SuCl,.GH,0 (30).

Amelin Praxk, in extending the work of Van Vlieck, mads some intersating
caleulations on temperature dependence of the susceptidilities (31). 1If,
for some salts, Curie's law does mot hold, the Curle constant is net in-
dependant of temperature. Therefore previcus work was in reality s comparison
of susceptibilities ot a glven temperature. Deviations from Curle's law
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19.594 -20.95u

X = (2gdfNA) (014838 + 0.23966"" ~ 03879 )

fo.som -20.934% ):I

+ 4(6.085¢”™ +4.0316™ +1.680¢"

: 94 -20.9%
- V[Ze"”’ﬂ- zesw + ezog,«]

vhere g » §/11 for R, # = A/x¥, # 1= the Bohr magneton and ¥ is Avogadro's
Bumber, A is found by Mﬂag the emergy level esuations. This sguntion

fe wvory sonsitive %o the shape of the musceptibility curve versus tempera-
tare but iz met semsitive to the ebsolute value of the smeceptidility simes
the arbitrery parametor A in the eguation is determined from the shaclute
velue. If, on the oiher hand, the absslute wvalues of Selwood (49), Zernicke
and Junes (16) and Cobrers
whioh 1% in egreement with A ohisined from spectira.

" Recent work of Cadrera {32) as shown that the diserepsncies Detveen
the magnetic constants derived from the wave-Aheory of magnetism and those
obiained by experiment ave lavgely due to the presence of foreign materials,
primarily water, In the substances used Tor the experismental work. The
relevant facts may be conclssly presented by the curves shown in Figure 2t

{26) are used s 2iffevent walue of A is obtained




dsiﬁﬁ

IO} 1l

300 BOO K
Fig. 2. Effect of water-occlusion om the variation of
susgeptibilisy with temperaturs.
Curve I = gample of %ﬁj from Rolls
Curve II = sample of &;233 from Pramdtl {A)
Curve II1 = sample of Smy0, from Prandtl (B)
Ourve I¥ = sample of %&3 from Urbain

Gurve I was found to be due %o ihe presence of about 1% of waliam.
When & correction was applied for this lmpurity, the curve coimcided with
I11. Parther, when gurves II, ;SI and IV wers corrected for the water con~
tent of the sample congerned, %they all %Sook up the position shewn by the
curve V. |

Therefore it cen be saglly seen that it is very important that purs
materials be used, tbat snalysis be made and reported and thet methods of prepara-
tion of sample e sccurately reported.
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C. Speecific Heat

Some wery interesiing work on t;& relationships of specifiec heat to
slectronic activation in rare earth mﬂaﬁ.s has been done, during the last
few years by Ahlberg and co-werkers a% Berkeley and Johns Hopkins.

In a letter to the editor of Physical Review, Ahlberg and Freed (33)
disoussed the magnetic {34) and optical (35) behavioer of the samerium lon
in crystals. These preperties show clearly that 88" possesses an electronic
level little removed in energy from its basic level and that a considersdle
change in the relative populations of the two siates is occcurring near the
temperature of liguld nitrogen. The determination of the specific heat of
8a"** a5 & function of temperature would then yield a check on the elsetronmic
trensitions in 2 crystal as ascertained from the spectrs.

An expression relating change in specific heat at constant volume with
transitions between guantum states has been given by Schottky (36):

MR (hd /KT ¥
(e¥® - m)

‘where m 1s the ratio of the statistical weights in the activated and in the

AC, =

basic state and ¥ 1s value of the emergy difference between the basic and
sctivated state.

The vontribution to the specific heat due $o translations), vibrational
and erystal frequencies should be the same for samarium sulfate and molinim.
sulfate, since they have exacily the same orystal structure and the masses of
the atoms con be taken as the same with vory small error. Spectra (37) and
sagnetic susceptidbility (38) data have estabdlished the fact that all the
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between the heat capacities of 1/2 [ Su,(80y)5.80,0 7 and 1/2 [0a5(80y)5
.8H;0 J. Since these are large qumtities relative $o thelr difference, the
possible error in the &iﬁarmmw bs considerable. However, Miss Fraamk has
used only three of Spedding's levels in her caloulations since simple theory
only permits this musber. The other levels she attridutes to crystal vibra-
tions. Ahlberg using all of the levels as reported by Spediing, and assign-
ing to each a statistical weight of twe, calculsted a curve which fitted the
experimental very closely. In using this method of ealculation it must be
borne in mind that the position of the pesk of the curve gives a check of the
levels, while the statistical welght determines the height.

N
Q
Q

cal,/mole

Pig. 3. Variation of electronic heat capacity of Sx’'' with temperature.
S011d limes show theoretical values of JFrank using levels at {(a)
187 and 225 om."%, (b) 160 snd 187 cm ~! Circles designate ex-
perimsntal values of Ahlberg and Freed.
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When 1%t beocame possible %o extend the measursments %o cover the range
3% %o 40% X. (45), the neodymium sulfate ootahydrate was mem and gave
an intereating check with spectroscopic data. The abmorption spectra of the
sulfate of neodymivm were measured by Spedding, Famlin and Wusting (46) snd
two excited levels vere found at 77 em.~t and 260 cm.”! from the lumié
state. The 260 cw."l level does mot enter the question becauss ity popula-
tion is megligible at temperatures below %0 K., but the heat capacity
galeulated from the 77 em.’”z level, using statistical welght for the level
twice that of the basic level as predicted by theory, mgrees closely with
that found by direct experiment.



A. ﬁwﬂ&mpﬂ

The neodymium used in this research was a sample of hydrated necdymium
magnesium double nitrate, ﬁm&&mﬁ@wwﬁm 2% Hy0, from the private laboratory
of E. N. Moloy im Los Angeles, Uslifornia. |

In the present instance the neodymivum was obtained as one of the YWy~
products of the ifsclation of thorium exide from monszite. The praseodymium
and neodymium were separated by means of repsated fractionmal erystallizstions
of the msgnesium douvble nitrates. In spite of the fact that extreme care was
oxercised and a wwnaa mmber of recrystallizations were performed in the
preparation of thie sample of neodymiuvm, it 2%ill contained » small amount of
prasecdymiom. This wes evidenoed by the definite appearance of the very
strong absorption band of prasecodymium in the 5900 A region of the spectra.

(1) Neodymium bromate, Ba{Br0,),.9H.0.

The neodymium magnesium nitrate was dlssolved iz colo conductivity water |
and the neodymivm was then precipitated as the oxalate by adding & slight
sxcess of a saturated solution of oxalic acid, sgagwgcne the equation:

gmmmwﬁ@wuww + 3{C00H), - Wy (000); ;5 + Mig(Mog), + 6HNO,.

At this point it might be mentioned that conductivity water was used
throughout this Investigation since the distilled waser in the chemicel
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laboratoriss was found to contain appreciable amounis of iron and dissolved
earbon diloxids. |

After digesting for s short time, om 2 hot plate ad low heat, the
precipitate was allowed to settls for an hour and then &se recoversi gn
Pashlesa® filter paper, dried, and ignited to constant welght in a large
yhtim dish. |

Bép (000); ¢ = Bag0y + 300, + 300

The ﬂmlﬁm neciymine oxlde was a light blue powder. This was added
to a large volume of cold water containing a slight exceus of sulfuric acld
required for the following resction: N |

Bag0y + oSy = Bap(S0y); + 0.

From the resulting clear solutlion the necdymium was sgaln precipitated
as the oxalate, filtersd, m;a and ignited to the oxide in ér&af to obtain
& very pure material %o be used as the source of neodymium for subsequent
praparations. | ‘ | |

A weighed portion of the purified oxide was added to a large volume of
water containing the theoretical amount of sulfurle acid for meutralizatien.
Upon standing overnight a elear solution resulted.

T this solution of necdymivn sulfate a solution of barium dromate was
sdded which contained & slight excess of the barium salt se required by the
equation: 4 | ,

Nap(sty)y + 3BalBrog); = 2Wa(BrOg); + 3BasOy.

The resulting solution after digestion overaight at a Semperature slightly
below 100° C. was filtered to remove the precipitated barium sulfate.

The solution of neodymium bromates thue obtained was concentyated to the
saturation point on a steam-bath. The first crystals to come out of
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solution were i‘ii%m& out and discarded in order to remove any of the
less soluble barium bromate which might k&ﬂ renained in selution.

A second bateh of crystsls was ohtained by slew concentration of the
mother liguor at roos temperature by means of a vacuum desicestor contain-
ing fine mesh anyhdrous caleium chloride. A moderate vacuum was ia.tnc-»
tained in the deslcentor by mesns of a water uyim&ax_.

The zrysials obtalned from the vacnum evaporation wers filtarsd out
of the mother ﬁmr into a sintered glass filtering erucidle, washed and
redissolved in eold water. This resulting solution was vacuum evaporated
to obiain corystals of a high degres of purity.

Thie method gave large quantities of small well-formed crystals in a
pericod of seversl daye. However, to obiain large clear crystals suitable
for single crysial measurements it was necessary %o resort to a slightly
different procedure. To a solutlon of the bromate which had started to
orystallize a few drops of water were added and the resulting solution
gaxamly ﬁitsm, by means of vacuum, through a sintered glass crucible of
medius poresity. 4 single well-formed crystal of the bromate was care~
fully pleced in the filtrate and the resul$ing solutioh contalned in &
small besker wae set in a deslcentor containing anhydrons aa&a;u chlo-
ride. The desiceator was kep$ in the spectrograph roos vhere the tempers-
ture rémained practically constant im order to insure symnetrical growih
of the erystal. 3By this procedure single orystals having the dimenaions
15 mm. by 10 mm. by 4 mm. vere obtained.

Since there was always the possibility that the salt obtained was not,
as asgumed, the nonshydrate, or even the $rivalent bromate, an analysis
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3. Apparatus

) Seurce of 1ight

A 500 watt tungsten fllament projection lamp housed in a metal box
having a large condensing lens in one end was found satisfactory for all

the ranges covered.

(2) Absorption cells

Thess varied with the type of sample in use, and aleo with the tempera-
ture range in whioch one wished to operate. Two primary types of samples
were employed:

(a) Single crystals (1-6 mm. thick).

() Conglomerates (0.1-5 mm. thick).

In case (a), the crystal chosen was simply attiached to a pisce of card-
board with a suitable hols out through which the light could be passed.
This type of sample could be used at yoom temperature and at the tempera-
tore of ligquid uttregm.x In msking room tempersture expesures it was
necessary to pase the light from the lamp house first through a large
beaker full of water, im order %o absord the great heat carried by the

In case (b), two metheds were employed: (1) Salts obtained in mod-
erate sized crysisls were placed in(m&i £lass flasks having plane
parallel sides. These flasks were made by blowing out tubing of saitable

1. Liquid pitrogen was used im preference to ligquid air sincs the OXyZen
in the latter gives wide absorption bands.
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dismeter into aarm moulding blocks. {2) In the cese of the oxide i
was impossible %o make glass cells with wmliai sides thin enough.
Pherefore, a thin 'Isyafr of the material was placed hetween two pleces of
glass which wers held together by adheeive tape. The whole affétr was
then fastened to a plsce of cardboard im mah the same manner as a single

erystal would be mounbed.
(3) Sooling Jackets

Liquid nitrogen, boiling st -195.8% €., and liquid ethylene, boiling
at -103.9° C., were used For the production of low temperatures. The
liguids were contained in a large Dewar flask, in which the samples were
supported by long wooden dowel sticke. The Dewar was similar to thome
descrided by Spedding and Bear (48), the light passing through the flask
by mesns of twe triangular windows left in the silvering of the sides.

This Dewar flask had sn iaternal a;imm: of 4.5 inches and a depth
of about 2.5 fesl. 3By having such a large Jacket, 1t was pessidle %o
make a long exposure, or several shorter ones, without the necessity of
refilling with zi@m aitrogen.

For the carbon dlexide in acetone temperatures f-?E.E“ C.) an un~

silvered Dewar flask of one liter capacity was used.

() Cooling mediums

Phe solid carbon dioxide was the ordinary commercial grade.
The liquid nitrogen was cbtained from the Alr Heduction Sales Company

and was of 8 purity greater thaan 95 percent.
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Iiguid ethylene was prepared as needed by allowing ethylene, in the
gas form, to flow into a bBrass pipe which was surrounded by liguid nitro-
gen, the condenzed gas flowed through the pipe into the large Dewar flask
previously described. As the ethylene vaporized 1% was recondensed and re-
turned to the bottom of the flask.

This was obtained, superimposed upon the absorption spectrum, by re-
placing the cell containing the sample with an iron arc using s direct

current of from 3 to 5 amperes acroas & gap of 5 to T mm.

(6) Recording instrument

In thie investigation three different instruments were used:

{a) A Hilger 1 Littrow type quartz spectrograph, giving s dispersion
of 36A. per mm. in the 6300 A, region, and 7 A. per mm. in the 3500 &.
region.

(b) A three meter grating spectrograph using a grating ruled by Wood
having 14, 448 lines per inch and mounted in a modified Wadsworth mounting
which gave a linesr dispersion of about 11 A. per mm.

{e) A 21 foot grating speotrograph using & grating alsoc haviag 14, Lug
lines per inch but in this instance ntilizing the Faschen mounting which

gave & linear dlspereion of about 2.5 4. per mm. in the first order.

(7) Photo;

aphic plates

A1l plates used were mapufsctured by Enstman Kodsk and wers of the

following types:
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Fig. 4. Optical line-up for the twenty—oné foot grating spectrograph.
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(a) From 8500 A. to 7500 A., 1hh-R,
(b) From 8000 A. to 6500 A., 1-N.
{c) ¥rom 7000 A. to 5000 A., IS, 103-F.
{d) Prom 6500 A. to 4000 A., Super Panchro Press., 103-B.
(e) From 5000 A. %o 3800 A., I-0, 103-0, Ia-0.

This was a comparator mamufactured by the Soclete Genevolsse of
Geneva, Switgzerland. It had a 2 mm. pitch sprew and gave readings %o
.00 mik.

C. Method of Procedure
(1) Exposures

Por each salt, plates were ﬁk&swﬂh conglomerates and single
erystals, except in the case of the oxide where only thin conglomerates |
were used. In order %o obtain the best sexposure for every sbsorption
11;1;& observed, the seme region had to be photographed a number of times,
since an exposure giving good results in one range would elther over-
expose the limes in the next range or fall te record them, owing to the
variation of the intensity of the source and the sensitivity and type of
the plates in the different regions of the spectrum.

In the visidble, exposure times wvaried from five minutes to forty-
eight hours, while in the near infra-red exposures of two to forty-eight

hours were made. IExposure times slsc varied inversely as the dispersiom
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of the instrument. ‘

The final result was a set of plates which included at lemst ftwo in-
dependent recordings of every neodymium line observed at both room tempera-~
ture snd ligquid nitrogen temperature for each of the types of sample em-
ploysble for the salt under consideration. For intermediete temperatures
one complete set of conglomerate plates only was obtained. In the case
of the polarized spectrs, one complete set of plates for each of two dif-
JLorent thin crystals and one eet for a thick crystal were made.

The polarized spectrs were cbiained by placing & Wollaston prism in
front of spectrograph elit. It wes possible to so line up the priem that
the parallel and perpendieular spectra fell one above the other on the
slit and were thus recorded side by slde for easy comparison (Pig. 5).

The sbeolute intensiiy betwsen the two spectra can not be relied on, since
their intensity depends on the line-up of the prism and polarizibility of

the instroment .

Befors attempling %0 measure the exact position of any of the absorp-
$ion lines, the plates were placed in twrn on & ground-glasgs vieving box
and carefully examined with a low-power jeweler's lens.

At this stage the degree of sharpness or diffuseness of the lines, and
also the relative intensities ecould be noted. Also at this point certain
very falnt lines which, though clearly visible or the viewing box or with
the jeweler's lems, were cowpletely inwvisible through the high-power micro-
seope of the comparater, could be marked by moking s faint dot in the



- 31 -

Fig. 5. Polarization spectra of a single crystal of neodymium bromate at
liquid nitrogen temperature. (a) 5200A multiplet. (b) 6300 A multiplet.
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relation between wave lengths and millimeters, the flgures im the fourth
column were obtalned on a ten bank sleetrie ealeulator.

From the extrapolated wave length, each iron line could be identified
either on the Hilger charts or in Kayser and Konen: "Handbuch der Spectro-
seopie”, and the ecorrect wave length resad off and recorded im column three.

By gsubtracting the exirapolated wave lengths of the iron lines from
the accurate values in the third columm, the corrections in columm five
were obtained.

The next step was Yo graph the millimeters of the irom lines againat
the eorrections in wave length units. This should give s smooth curve with
its peak at the mid-point of the ex’kr&yeiﬁ%imi. If such was not the case,
one of the "anchor” lines was probably wromgly identified, and the extra-
polation had to bhe repeated ueing snother nvaa 1line.

Hext, the wrr@ﬁam which applied to the extrapolated wéra lengths
of the neodymium lines were read off from the curve and added to the values
in column four to glve the values in column six.

Finally, the wave number values recorded in column seven wvere ob-
tained by the ume of Xayser's conversion tsbles applied to the values in

eolumn six which alse corrected %o repressnt messurensnts in n wvacoum,.

Contact prints vere made from the grating plates. In doing this, it
wae found that in some gases only & portion of s plate could be properly
printed with a given exposure time. Complete spscirograms covering the

range from 8500 A. %o 3800 A. wvere mads by cutting various sxposures from



Tadle 1I. Specimen calculation for one multiplet

¥ 1&1 %ags 62}*&.63 6276.7  159271.%
u 162.796 6273.52 6273.6  15935.%
1] 165.796 6266. 36 6266.%  15953.7
166.676 6264.25 6264.3  15959.1

Ye 126 <311 g&g.zkg 6265. g +.0l

- Pe 168.995 53; £.32  +.0%

Fe 170.866 625k, 6esh.22  +.05
K 170.560 6254.97 6255.0  15982.8
171.030 6253. 85 6253.9  15985.6
¥e 171.420 6282,92 6253.0  15987.9
171.770 6252,08 6252.1  15990.2

Fe 3-?3»058’5 6252»§§? 82 3052 *.Qs

Yo 174,185 hE. b 52 é. 31 +.03
¥ 179.120 623.5  16035.4
179.630 5233 gg 6233.3  16038.4

Ye 179.900 6232.667 .02
EN¥.  180.620 ézz;se.ss 6231.0  1604h. k4
181.600 . 6230.03 6230.1  160h6.7

Fe 180. ?19 6230.734  6230.71  +.02
¥a 185.000 : 6220.47 6220.5  1607i.%
185.410 6219.49 6219.5  1607h.0

Fe  165.493 6219.290
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different plates at suitable points and joining together in the correct
position. This was done for the various temperatures and the complete
spectrograms wers mounted side by side.

These pﬂnﬁn gave a ready means of exaxining the warlous speetra in
their entirety and of comparing the one with the other. |

In the esse of the plates from the prism imetrument enlavged prints
were made to facilitate examination of the spectra.

(6) Chart of lines

To :upuxy the interpretation of the results and the search for re-
garring frequency intervals, a plot was made of the positions of all the
sbsorption lines ss measured in wave sumdber units. This was done on a
sheet of graph paper measuring 1 1/2 by 8 ,fa&. The sheet was éiﬂde& in-
te ten major strips lengthwlae, and each 5 em. in‘ depth. Theme strips

were graduated consecutively aliewing & 300 m."’1

overlap on & scale of
one wave number walt per mm., giving a range from 11,000 em. "} to
20,000 "t The absorption lines were represented by = horizontal line
whoze lengih corresponded %o the width of the absorbed line. The warious
temperaturs measurements were distinguished from one another by the use of
different colored ums;
In the first plot, all measurements made were put down, and from these
the welghted-mean values giwa in the following tables were taken.
Finslly, a second plot was made glving only the mear walues for the
various temperatures. On this chart the values for the several salss were
recorded szo the effect of s change of a negative group counld aleo be



gtudied.
This finsl chard was used to make deduchiones from the resulds which

will be dlascussed later.
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In the columne marked "p" of the bromate are given the deseriptive
intensities of the gingle crystal 1lines as they appear in polarized
speetra. The first of the two values is for perpendicular polarization,
the second for parallel.
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Table 111.(Continued)

T703.9

wz.iquiﬁ Ho temp. Room temp. ‘
— gonglomerate single crystal conglomerate . cryetal
A em~l 1 7 m.*lﬁz P; A m-»l 1 T em~l 1
T843.6 127461 g
7837.0 127561 k4 104
N 7830.7 12767  8va
7929.6 12769 Tvd
: 7812.0 12797
7810.6 12800
7808.9 128021
78047 128091 24 8
780%.5 12611 8a | '
7802.% - |112813 64
7796.3 12823
7793.4 12828
7788.6 12836 &4 : ls 3s
1787.5 12838 34
7779.2 12851
7772.9 12862 1wd
7763.3 12878
7157.2 12888 1wvd 7756.9 12888
T746.7 12905
7738.3 12919 3vd
1ms.3 p292u
7725.6 12680 3w
7722.1 Imghﬁ
7713.6 12961 3Ivd
7710.% 12966
‘ 7709.% 12968  1vd



Table II1I. {Continued)

Mq&i& ﬂﬁ ‘bm

N pongl.on orate o 7- @ ‘
em. 1 % ememd 1 B
?635 g o |3R990 :
7688.2 13003  2vd
7674.5 13027
7658.8 13052 1wd
TEUL, T 13077
763k.3 13095 2vd |
| 7630.3 13102
7628.5 13105 \
7623.8 13113 64 ; &
7619.1 13121 54 he
?6% g 13139 7609.8 13137 '
7606.4 1583 8 | |
760k4.6 15146 9
1593.9 13165 7593.8  ||13165
7591.6 13169 68 j
- 1581.7 1116 54
7565.7 13179 |
7585.0 13180
- 7582.2 13185 hwd
. 7578.8 13191 2vd
. ot 7557.9 13228
T547.8 13245
T542.9 13254 1va
| 7539.9 13259  5vd
7526.7 13282 |
v o 7523.6 13288
7520.7 13293 Svd
7%17.0 13300 8w



Pable ITI. (Continued)

 ligquid ¥p temp. o . Hoom temp.
. gonglomerate _ single crystal . , wgglmsmw _erystal -
A emt 1 2 em-l 1 P A en.l 1 T  om-t I
751k.1 13305
7513.3 13306 1 |
1512.7 13307¢ ,
7508.3 ~ 1335 6a 2 4
7506.8 13318 94 , ; |
. » 7500.8 13326 8vd H
T473.3 13377 |133??* ‘ ' .
%ﬁ.a . 133831 64 24
! , Tu66.2 13390
‘rh 1.6 13416
19.5 l}. 201
1&39 8 13k 14 104
Tuzg.k 13440 9vd HL
T420.8 13472
7416.5 134801
Thil.2 13489 . 104 14
T406.2 134981
Th03.4 1304  1lovd M
7ho02.8 1350851 104 10s 7402.9 13505 10vda H
7390.1 13528
?336 g 13534 ; _
7384.8 13538"
T378.7 138491 104 10s
7373.4 13%60 10va L ,
13712.2 13%61  10vd
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Table IIX. (Conmtinued)

Room tm
o __conglomerate
4 A .-l I
6823.1 14652 6822.7 14653
6823 2 ‘ ; : 1465% o3
6818.0 14663 ®4
6817.1 14665 54 2 34 14
6814.7 14670  6va
6798.5 Iﬁwcﬁ 14705 6797.6 1707
6794.8 14713 104 14713 94 3s S
6790.7 ,11;792 ihy2e |
6787.0 14730 104 4730 104 (104 54 6785.6 14733 10vd |
f782.8 14739 14739
é181.0 1w7h3 g4 w7k 8a | 2a Ma
6766.8 1477h 47T 6769.5 lm&s‘
6763.1 k782 14 L lihyg2 74 Ba 28 6762.7 14783 Yed |
6745.3 14821 gz
6742.6 14827 6s I likgey  6s laa
6738.0 1hg3y 14837
6736.7 g 64 L lwusho 64
6735.3 1Lgh3 1kgyy 6734.0 1kgh6
6733.5 1487 63 L likshy 64
6731.7 14851 lmssl '
6728.1 14859 104 L l1hgsg 104  10s 10s  6729.h 11856 6d
671L.5 |1&339 Iﬁsssq 6714.5 14889
6710.9 14297 10a L 114897 104 5 10s
6709.1 14901 6a
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Table III. Cﬁ@nﬁmsﬁ

Tiguid Nz Yenp. Hoom temp.
conglomerate 1@ m , e:o%lemmtg ___erystal
A cn.- I T  em.- 1’R A om. 1 I T em~1 1

81048 1955& 1958k T
. 5103.0 19591 84 2a Ts

5101.7 19596 104

5099.8 19603 19603

5098.5 19608 84 34 Ts

%090.0 1961 5089.5 I}.%n Iw&x

5083.2 19667 10vd 84 104 5083.5 19666 &4 19666  5a

50722 19710

5067.8 19727 6vd 82 ha

5062.9 197461

5060.4 19756 94 34 5058.6 , 19763

| 5057.3 19768 l

50572 19768! 50l4g.1 l 19800  1vd

50lg. 3 o 19203' 10va 74 94 §0U6.8 19809  3vd

5oLL,2 19831  10vd .

5038.7 119841  3vd

5011.4 19949

5001.9 l 19987

4998.1 20002 5w 20002 ivd

4987.6 |geohk

4971.0 20111 1lvd

Lg73.8 laegaa

4867.9 20537 1lvd

4858.9 lmm

Lg52.8 20601  1lvd

Lgig.8 20618

kg3g.2 lacss,} 1vd

k332, 20689

4830.3 20697 7
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Table IV. Absorption limes of Xd363

" o

nip

quid 2 temp. Room temp.

g R A% om T 1T
ok P
shsﬁ.s Insse
guok,1 11867 54 B
8407.1 11891
8395.0 11909 k4 31
8350.7 |11972 _
8326.0 12007 Svd H

£323.2 12011
8314,0 12025 1vd
8287.8 12063
8279.0 12075
8270.7 12088 9vd
8267.1 12093 :
| ‘ 8260.4 12103 10va  HL
8259.3 12104  Svd
8235.8 12139 82136.1 12138
8228.8 12149 104 ‘
8225.5 12154
§216.9 12167 104 :
8213.0 12172 10vda  HL
8212.1 1217
8205.6 12183 104
8192.5 12203
8188.5 12209 9s
8179.8 12222
8178.8 12223
8163.7 12246 10wd
8155.4 12258
g1k1.8 12279 10vd
8119.2 12283  10va
£130.2 12296
g121.7 12309  6vd
8112.3 1232k
8107.4 w}}ﬁ 10s
8098.8 12
8032.1 123548 104 :
o 8090.8 12356
8085.6 12364
807k, 2 12382 104
8065.5 12395 |

: 80%59.7 12hoh  lowd

£0%59.1 12405 94 ‘
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Table IV. (Continued)

Tiquid Wy temp. | - “Room bemp.
" 1° w1 1 g x® emt 1
8045.0 121;27
8042.0 12431 24
8036.2 12hho
8030.7 12449 58
8020.1 12465
go1h. 4 12474 58
800%.3 12491 24
79944 12505
7993.2 12507
7989.2 12513  10s
T981.2 12526
7970.0 1284k oa
7959.% 12560
7950.0 12575  10vd
7949.0 12578 94
7935.7 12598
7928.2 12610  3vd |
7920.0 12623 7920.3 12622
7907.7 12652  3vd
7905.8 126k5 64
7864.8 12711
7861.8 12716 8s
78364 12157
1821.5 12772
7822.7 12780  1wd
| 7812.4 12797 64
7786.1 12840
- 7785.1 12842
7783.2  l1284s5 2s
‘ 7715.7 12857 &4
7766.2 12873
7750.9 12898 84
7741.0 12915 ~
71315 12931 2wd
7690.2 13000
7671.3 13032 ,
7661.2 13049  Yvd
7660.6 13050 84
| 7637.7 13089
7635.1 13094 _
7628.0 13106 94 L
7622.4 13116 _
7608.5 13140 104 L 71608.9 13139 10vd




Table I¥. {(Continued)

Tigquid xa temp. —_ Hoom temp.
3’,@ “}s i P AB m..*l 1
75803 13171
7582.5 13185 ga ,
: 7563.4% 13218
7560.9 13222 ,
7547.2 132h6 104
7541.0 13257 |
7530.5 13276 104 L |
7529.8 13277 10w
7519.3 13297 4
7511.8 13309  10s
1507.2 13317 ,
750h4.1 13322  10s
7501.8 13326
7500.0 13330
7498.8 13332 10s
T496.1 13337
T189.6 13348 104
Ths1.u 13363
™75.7 13373 B4
ThTh.1 13376 ‘ _
7465.7 13351 10vd
7865.0 13392 4]
Thh2. 2 1%33
74381 1 9s
7431.8 13452
T427.3 13460  2vd
7813.4 13485
7406. 7 13&98 0 L
7388.5 |13§
7379.8 Svd
Y 1987 7358.0 13587
7352. 3
7350.3 13601 10ve % 7380.8 13600 2va
7348.3 13605
7346.1 13609 5s L
7342.0 13617
7339. 13621
1333. 13632 1vd ,
7327.3 136484 1va
7313.4 13670
7309.0 13678
7301.4 13692 lvd 7301.0 13693 1vd
7296.5 13701 v
7287.0 13719 ivd




Pable IV. (Continued)

Tiquid Np temp. | Hoom temp.
A0 e 20 w1 1
736& 3 Il}‘]ﬁﬁ
7261.5 13767 1vd ,
7166.5 13950
7153.3 159 1vd
7085.2 1110
7068.1 1Mk 3vd
T082.7 14195
70h0.4 14200
7034 .2 14212 0
7026.3 1k2eg  Hvd
6997.2 14287
5995 7 llﬁa’?l
6989.4 14303 ha ,
’ 6985.0 W32 3va
~ 6969.8 1h3by
6964.1 14355
: 6961 .4 14361 54
6960.3 14363 9 ‘
‘ 6955.4 14373
6952.5 14379
6947.5 k390 104
6945.6 1398 104
2929'!% 123:27
6925.7 144135 24
£922.6 1hkh2
6918.2 1hhsy
691k.0 159 104
6911.0 1huhb6
6907.0 1hu7h ka 6907.5 14h73 9d
. 6B9N.1 14501
6559 9 14510  2va
?5 7 vd
6868.2 msgﬁ
6867.3 14558 hwd
- 6863.2 14566 Es
6853.1 14588
| 6850.7 14593
6849.0 14597
684%1.4 14613 o
, : 6839.2 14618  1lvd
6836,7 14623 54



Pable IV. (Continued)
}aiqnid ﬂg temp. ‘ Room temp
A° e I3 A0 em. "% 1T
6826.8 1h6hk |
6 465 6825.6 1he4y
822.5 14653  1vd
£818.2 14663
6812.7 14678 1va
6807.9 14685
6807.2 14686 1wvd
68045 14692  lvd ,
: 6500.6 15379
61489.0 15406  Ivd H
6483, 2 15420
6u72.9 15448 1vd |
6469.7 154652
6460, 3 15475 lvd 24
6438.7 15527
6h28.1 15552 Ivd B
Bu14.7 15585
6409. 3 15598  1vd
6401.3 15613 6403,2 15613
6400.0 15621 3d 6399.8 15621 3d
619k 1 15634
6393.0 15638
6390.6 15644  gs 'L
6390.0 15645 94 L
6387.1 15652
6386.4 15654
6383.5 18661 24 6383.9 15660  Swd
6376.0 15679
63747 15683
6371.5 15691  9s L 6371.8 16650 Ts L
6367.0 15702
6365.5 15705
6364.0 15709  2vd L
6362.5 15713 N4 L
6343.9 15759
6341.9 15764
6340.3 15768  5s
6339.1 15171 14
6333.3 15785
6332.7 15781
6329.6 15794 108 L
6327.8 15799 104 L



Table 1IV. (Continued)

Liquid No temp. o Room temp.

K om. 1 1 T A9 cm, =4 1

_ 6324.1 15808
6323.9 15809
6319.1 15821 Bed
6318.3 15823 104
6305.8 15854

6300.5 15867 g

6303.2 15861

6299.5 15870 gd

6294.4 15883

6293%.3 15886
6291 .4 15890 1d

629C.0 15894

6286.9 15902 104
2276 .7 15928 ¢
273. 8 15935

£6269.4 15946 1vd

6287.8 15899 104

5536.7 18056
5531, a 18074 54

5521, 7 18105

5516.6 18122 5d
96.0 18190

5&33.2 18213 5d
5463.8 18297

5262.8 18303 . ks

BLSE. 0 18317 Bd 1.5 18318 84
Bhlig, 2 18346

5446.0 18357

silip 6 18369 5d L 54li2, 6 1§gﬁs 8d
Bhok L 18430

5420.7 18kl

5416.2 18458 3 L 5416.9 18456 8d

Buil,1 18465
5413.4 18468 ,

5409.6 18481 104
5uog.h 184g5 84
5401.7 18508

5400.5 Ilggze

" 5396.9 1852k 104
5394.6 1a§aa
5391.6 ; 108 5392.1 18541 104

5387.9 18555
5785.6 llﬁﬁé} 108
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Pakle IV. {Continued)

o S:S.c_mi& §§ temp. ‘ - | mwn t;ap. ‘
A% cm.” 1 T A° em.”™ 1
, 5383.7 18569
53814 18577 »
| 5378.6 18587 g4
53717.0 18593 104
5373.2 Lt 5376.2 18595
Au Bie
5267.9 18624 104 , gggg.% iggig 104
5356.5  |1866k | '
53524 18678 104 s35h.2 ’
35k.2 18672 B4
5351.3 18682
’ 5343.7 18708 104
5348.5 18692
5337-7 18729 104 55310 1875
5331. 153
5325.7 18772 »
5321.6 18786 bvd
5317.1 18802 3vd
5305.2 . 5306.9 18838
ggg; g %gigg Yvd - 5297.1 18873 Hvd
5asg.g 118901: 14 .
5282 18925 5282.9 1892
pris e ’
E271.4 llﬁ?@ﬁ 74 s262.9 157 p
K. ; vi
5268.0 189717
526k, 2 18991 bs . ¢
5262.7 1899
5261.7 15000
5258, 3 19013 bs s25.1 6
5296 . 19020 i
52hg.k 190L8 : ?
§§§?‘§ i§§§§ e 52420 19071
gggg.g 1909 108 5236.5 13000  8a
52300 |ous 2a |

5224.0 |19137 ‘
5213.1 19177 10vd
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 Pable IV. {(Continuved)

Liquid Ny temp. , Room temp.
B emt 1w A oamT 1

5219.4 19154
5210.4 19187 94

5206.2 19203

5202.6 19216 - 9vad 5202.7 19215

5199.5 19227  10va ‘ . B197.8 19234 74

5194.8 19245 5191.2 19258

5190.4 19261 '
5186.2 19277 74

5185.3 19280 104
5150.5 1y o
5120.3 19525

5123.%  [19513
5113.8 195%0 Bvd l

i 5113.1 19552 1vd
5075 .4 19697
5068.5 19724 Ivd 4985.5 ,
E 4980.0 Ia%% ba
L9b8.h 20122
' L967.4 20126
4965.7 20133 e ; \ ;
‘ 4963.3 20142 ha
4938.3 2024k V31T 2007
~ 2
4935.9 20254 ) iiggg g Izaz';g 1vd
' s osm
%899.0 Iea 7 | iva
4g87.2 -aehsé

488%.7 20k62

4ga2.3 20476 5d N8 6 y
Lg16.3 20502 s 4
hE™.0 20511

Lkgr3.1 20515 La L
4867.7 20538 94
4870.0 20528
Lge7. b 20539  10s
hgoh .k Iaagsa
hgoz.2 20561 38
42860.6 20568

4g5e.6 20576 4g



Table I¥. {Continusd}
Liquid ¥y temp. ‘ Hoom temp.
Vo S A% e T T
4857.7 20580
4855.4 20590 |
| Lg53.8 20597 104
hasy.7 20606 104 bg51.3 20607
kgoh .0 20617
, hgh7.6 20623 3d
hghs.7 20631 84 ‘
ue 206 hg36.6 20670
35.9 20673
Lg3.7 I:eaési 6d
: 4830.8 20695 g4
4820.8 20738 .
4818.6 20747 3s ug1g. 20748
ugh.7 20764
Lg13.h 20770 g
4g12.7 207713 108 V
4809.3 20787 4809.0 20789
1g02.9 20815 54 hgoz.7 20816 64
Lrgh.2 20853
: ' h192.7 129859
L7843 20896 94
ﬁzs:«z.g 20902 10vd
775.3 20935 ’
74,3 lzsgke
; 4768.3 20966 24
u766.1 20976 8vd
hres.k ‘amhg
h7285.2 21157 24
Y : k719.1 21185
715.9 21199
%709.9 I 21226 8vd %109.6 21227 bva
4705.4 21246
6 Y Lok 21261
1699, 3 2127k Bvd
h692.4 21305 bvd
h685.9 21335 hégb.2 21333
u682.7 21349 lig
heg2.1 21352 Bs
%680.0 21362 k680.0 211362
1677.4 21373 108
L676.6 213717 s
L673.8 21390 ‘
4671.1 21h0¢ 39
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Table IV. (Continued) |

Tiqdd By vem. __ Woom temp,

A° om. "2 I T 8°  em,t Iz
h668.9 212

4668.1 Im&;&

4665.9 21426 Le

; heb2.9 21480 2vd
4660.7 21480 0
4521.6 22110
4501 .4 22209 ivd
ukr7.0 22330
k72,1 ‘223555
L46g.8 223N 8s B

uuek.3 22394 1vd

‘ Rhak,7 22594
khaz.h | 22606

uh1g.1 22623 5d L Lh19.6 22620 104 L
%390.9 la;z?éz %390.7 22769
L388.0 22783 s

4387.4 22786 Ts
L33, 22819
4379.5 | 228271

- §378.2 22854 10
h376.3 228k 108

4375.1 22850

437h.1 22855
3 4371.8 22867  10s

4370.7 223;& 108

4166.7 228
L36h.6 ‘2?96‘5 38
hyea.:; 22018
| 4361.5 22921
2359 5 ggggg‘ 3s
h“;’g%.a lzzgéﬁ 3s 435k.9 22956 2vd
h33h4.8 I»?B%Zs gggg -2 (gggg; 0
4326.1 23109 lvd °
4311.9 23185
I %310.3 23194
gzog .7 23202 3s
306.0 :zjsm'z
23% ; |§§§ 3 3s 4303.6 23230 1vd
h2gg.1 '33:—369 58 \ok6. 8 "
N7 | 23552 |
k238.8 | 23588 ivd

23585 24 4238.3 ‘
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The thicker the sample used, whether conglomerate or single crystal,
the greater the mumber of lines observed due %o the increased length of
path which the light mast travel. Also, at the temperature of liguid
nitrogen the lines were much sharper and better resolved. A% this tempera-
ture the lines of both salts undervent s slight shift, which in the case
of the bromnte was on the order of 10 em.”! to the red, while in the oxide
& slight shift to the violet was noted.

ﬁgk:.ng ugse of the chart described on page 35 adove, it was found that
certain wave mhar intervals, showing the temperature dependence as des~
cribed in section 114 sbove, cgourred a number of times indicating the
exlstence of energy levels at these intervals sbove the basie siate.

In certain cases the long wave lemgilh limes banded Sogether and were
not resclved at room temperatures. Vhere these lines were used in select-
ing intervals the high frequency line is primed indieating that it falls
inside o band snvelope. Owing %o thermsl brosdening and variation in se-

lection rules, some of the lines may be "washed out" at high temperatures.

Several of the reasons for thermel brosdening are: (a) as the Semperature
increases the atoms begin to oscillate, caunsing the atoms to be subjected
to various fielde and therefore shifting the positions of the lines, and
since on a photographic plate an integrated effect of & large number of
transitions is observed the result is a broadened line; (b) the effective
width of the basic state inerenses due to the ﬁmuaml and ogeillational
levels of the basic state coming into impertance ae the temperature is in-
creased;  f{c) the upper states of many absorption lines may lie sbove brosd

*metallic" type states. At low temperatures there will be very little
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resonance between these states szo that the upper states will have a long
life-time and have & very tharp energy breadth. As oscillation of the
atomse takes place with inersasing temperature the wave funetions of these
states will seramble dus to the perturbations. The life-time of the
states will accordingly become mmch shorter and thelr emergy lese well de-
fined. Transitionsz terminating in these levels will accordingly appear
broad. In some ¢mses 1% was necessary Yo measure from the high temperature
position of the line to the lov temperature pesition of the other line.
These cases are marked with an asterisk (*). Beveral of the 380 om.”}
levels had to be measursd from lov temperature position to low temperature
§musé of the above sffect and in these instances the lines are marked
with a double asterisk (**).

A c¢roas check on the value of an Interval may be found by observing
the temperature at which a line appears and then ecaleulating the interval
by means of the Boltzmann relation.

Al) intervals chosen w&ra well within the estimated experimental error
for the reglen in which they were located.

The estimmted accurscy for the various lines are as follows: "s" lines
1 cﬂ-"’;‘; BA® lines 2 aﬂ.‘la fyd" lines 5 %o 10 m."‘l; lines of inﬁmnity
T %0 101 m.""ig intensitics of 3 t0 6, 3 %0 5 m."’lg intensities of O %o

2, 5 %o 10 em.~1,



Pable ¥. Evidence for 116 cm.”l interval of

12388 - 12274 = 114
12502 - 12388 = 114
12573 - 12457 = 116
12971 - 12856 = 115
12996 - 12883 = 113%
13086 ~ 12971 = 115
13109 - 12996 = 113
13528 < 13312 = 116
13547 - 13428 = 119
13606 - 13488 = 118
13871 - 13753 = 118
13804 ~ 13773 = 121
13960 - 13841 = 119
14778 - 1U6K8 ¥ 120
14824 - 14709 = 115
14837 - 14722 115
185 < 14730% 115
14855 - 14741 = 11

14893 - 14778 = 115
15921 -~ 15800 = 121
15985 ~ 15870'= 115
15989 - 15874'= 115
16037 - 15921 = 116
16045 - 15930 = 115

necdymium bromate

16073 - 15956 = 117
18898 - 18780 = 118
18948 ~ 18829 = 119
19017 - 1899¢ = 119
19097 - 18979 = 116
19132 ~ 19017 = 115
19163 - 19047 = 116
19564 - 1949 = 118
19587 - 19468 = 119
19623 - 19491 = 11k
1965k « 19540 = 114
19718 - 19605 = 113
20705 - 20588 = 117
21152 - 21038 = 114
21170 - 21055 = 115
£1190 - 21075 = 11§
212}6 - 21860 = 116
LB By
23760 - 23644 = 116
23919 - 23799 = 120
23946 - 23831 = 115

- 23981 - 23867 = 11

Hean Interval :

26332 - 26216 = 116
116
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Table VI. Evidence for s 380 en.”l interval in neodynium bromate

14851 - 144735 = 378
14895 ~ 14515 = 380
15989 ~ 15614 = 375
16037 - 15657% = 380°
16045 - 15665 = 380%
16056 ~ 15676' = 380%
16074 - 15694' = 380*
19134 - 18753 = 381**
19163 - 18780 = 3g3I%*
21170 - 20790' = 380%
21189 - 20809' = 360%

Mean Interval: 380
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Table YII. Evidence for a 2U5 om."l level 4n neodymiun oxide

12018 - 11770 =
12099 - 11858 = 2h1*
12184 « 11900 = 24i*
12234 - 11989 = 2u5*
12327 - 120837 = 2hhe
12400 - 12158 = 2hse
13100 - 12850 = 250
13128 - W2885 = 243
13267 -~ 13024 = 24
% - 1y suae
13599 - 13354 = 245"
13607 - 13362' = 2us5e
14206 - 13963 = 243
14359 - 1b1hy = 245
gy -~ Ihi3g = 24
1455 - 14211 = 2hh
15639 - 15393 = 2h6
15684 -~ 15 3g = 251
15709 - 1546k = 25
15790 - 15540 = 2
15698 -~ 15656 = 2
18308 - 18065 = e&g
18357 - 18113 = 2
1843 - 18201 = 2hoe
20508 -~ 20261 = 2u7
2062k - = 2ho*




"8391dYS IR YOOH9 PUR VOORY

U3 U wnmiulm © 3% puw sjerdyjrum esey) U ummIXum ¥ 3@ 9q 0} siweddw

WINUTIUCT IO SEUTY ,POIPIV0ERV, eseyy JO Qmmﬁ»&ﬁ eAfyeTex oYz geTdIy TR

ojucyoeTe oyy Fuplriepun uopsdiosge jo edoresus uw oajd 03 puey TIIM Jesed

Juratosnx MO Zepun puw segngezedues Joyfy §® HOTYM Baydeds aﬁ.@ XeTnas 1o

Heoa w y3 e sjepdiyom Ofuoxoels ouy Jo Pupdderzesc uw 0% ﬁwﬂk,wﬁﬁﬂ Tt

8745 seousubesy eOT4VT PUW swoyw Juiroquiteu ayy Jo seyFrews ﬁﬁuw

-STII080 PU¥ [WHOTRIqTA oYY YA etdnod mﬁvﬁgn pInoys Aeyy seljredoxd
WIULI00 SAWY S0494S DJUOILORTS OUS T 3¥S s§oypead Aroey; waguwwd

‘safues emayy uy poudijsne .mmemgﬁa« 8q uwd

STUALOIU] JUUISUOD AGZ SUONESL 9UOYY JOF COINFFIP DUY PUOI SIPA BOUTY

syy jo fuBm BIoUY URAP PUR ‘DPRAIesqe seuyy dieys [vex Luw eIom 9yWWOIY

ayy Jo wayoeds pezypaeyed auyj o eswd ey uy Ltup -sedfpe eyy Fuoy® £z203

A1ewexyxe 939 seswd TP LTIveu uy seuyr eyz -uwoysdrosyw Jo punvaPiowq

SNONATIU0s ¥ U0 pesodmpiedns ogq 0F swees e47es YIoq Jo watoeds ony

*syerdyTom

Aq ueald sy du»gﬁn sk Jo uvoyzdyaosep » sydeaPexed wﬁgwﬂﬁn oYy ug
*SUOT Y304 X0J JINODC PINOYS [PAST TWHOTIVIQIA ® tgw.u ‘2930uXVYS WY TRUOTY .
-BIQTA X0 DIUOIZVOTS WA [SAST ¥ ISYISYA 0f BW NPSYD ¢ PaJIpuURd 08w puw
SPIOIJ OpIXe puv #jewmolq wnimfposu oYy o WOl g%uﬁkm eq3 WO 398330
ous Lpuas 03 En Peaollw 41 esumosq mnjmfpoeu Jo erdwws eand @ Fujupeiqoe
UWEE JOYIBI DPOSH BEA 4TUS O oydwes STUL ‘9eFULUBAPESI) DUw veFusuuwap®
933 pey peen mntulpoeu yo oypduwes eyl uy swesexd smymlpossuwxd ey
-8l -



These sultiplets are the cleanest cut of the entire spectrs, the
lines for the most part are well defined. Constant intervale are easily
obtained from these regions. Also the pelarization spectra in these
w_amwmg are very clear cut. These two smltiplets were the most fraitful
of the entire spectra. (%See Pigs. 6 and 7). |

%200 A gw \#Mﬁ.mu

Due to the intense shsorption of the salts in this regleon 1% was
necessary to use very thia samples in order to obiain the structure of
the multiplets. The polarization spectrs wers of great help in establish-
ing the aagﬁﬁ.w of the bands in this region in the cage of the bromate.

k900 A. and 4300 4. multiplets

As 8 resull of the presance of prasecdymium in the sample the lines
in thess regions can not be too definitely assigned to necdymium. 41l
lines found in these reglons are reported unless they have been definitely
assigned %0 prasecdymium. These were not necessery for the thesis ut
might be useful sometime and are therefore given.

It was noted that the intensitles of the bande waried greatly from
miltipiet to multiplet. This was to be expected. ALl the shayp lines are
forbidden in the gas spectra unless extremely thick wmm,%,u are used. I4
mist be borne in mind that there sre as many abesorbers of light in s
millimeter of a solid as there are in several meters of a gas. Tharefore



-0 -
these 8o enlled forbidden lines, having low prodability of transitien,
show up in the solids. Some of these multiplets are much more "highly®
forbidden than others and as a remult much mﬁwnwﬁ. layers are reguired to
bring them out. |
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800 K

2000 K

3000 K

Fig. 6. Temperature effect in the 6800 A multiplet of neodymium oxide.
Enlargements from three meter grating plates, Lines fade out

as the population of upper states decresses with lowered
temperatures.
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809 K

200° K

3000 K

Fig. 7. Temperature effect in the 6300 A multiplet of neodymium bromate.
Contact prints from twenty-one foot grating plates. Lines fade

out as the population of upper states decreases with lowered
temperatures. '
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However, these fregquencies should suffer slight modification in so far as
the various energy states influence the foree constants. Therefore ihese
intervals should not be exactly constant but should fluctuate arcund
eartain values. , ,

The number of lines in a multiplet, in general, seems to depend on
the thickness of the sbsorbing layer; the thicker the sample the more
lines are observed. This agrees with the conception that many of the lines
sre due to vibrationsl and auq.aaww, frequencies and &.u« to crystal splitting
slone.

In Figore B, a tentative mﬁagw diagrem is drawn up for the 16,000
em.~1 multiplet of the bromate incorporating the results cbtained. From
the tempsrature dependence of the lines auﬂa.ugam throughout the various
spectra, the levels at O, 116 and 380 em.~L wua,an».uwwﬂw&, to electronie
transitions.

In general, lines which are atiributed to transitions between elec-
tronic stetes are wach more intense than vibrational limes. Vibrational
levels show some correlation from salt to salt if the anions in the salts
are the same. Electronlc transitions in their fine structure differ
markedly from salt to salt since these levels depend to a great extent on
the flelds present in the crystal. In spite of these gemeral rules great
care must be exercised ip attribduting = line to a wﬁ& sleotronic transi-
tion. Occasionally a vibrational line will aw_wavu as stromg as Aan
elscironic line but this may be ascribed to some peculiar circumstance or
resonance. From theory the symmetry of the neighboring ions sbout a

given lon can be determined from the mumdber of lines and their relative
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Fig. 8. Partial energy level diagram for the trivelent Nd ion.
in neodymium bromate nonahydrate.
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Fig. 9. Calculated magnetic susceptibility of neodymium
oxide compared with experimental values.
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Fig. 10. Electronic specific heat of neodymium oxide.
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Fig. 11. Electronic specific heat of neodymium br9méte.



¥i. SUMMARY AND CONCLUSIONS

Pure samples of Nd(Br03);.9Hp0 and Ndp0y were prepared and thelr ab-
sorption spectra examined at various temperatures.

It was found that the absorpiion lines bém& sharper and more finely
resolved as the temperature was lowered. The bromate suffered a shifs of
the order of 10 cm.”} to the red at nitrogen temperatures.

Electronic levels were found at O, 116 and 359 en.”} for the bromate
and O and 245 em.~} for the oxide. Bvidence for vibrational levels located

“1 jntervals ves noticed.

at about 20, 30 and 40 om.
Caleulation of the magnetic susceptibility from the levels obtained
yielded good asgreement with experimental data.
Theoretical predictions on electronic specific heat have been made and

ean be checked when experimenial resulis are asvailsble.
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