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I. INTRODUCTION

sbasorption spectroscopy has found inereasingly wide ap-
plications In both theoretical and applied chemlstry with the
advent of Improved aqﬁigﬁa&% and tﬁﬁhﬂiﬁ&ﬁ% The more theo~
retical applications bhave been made in the determinstion of
energy levels, interstomic distances, forces between atoms in
the molecule, heats of dissoclation, specifie heats, and mag-
ﬂatié &aﬁesytibi1$%1$§# Empiriecal &g@lié&tie&s of sbsorption
gpeotra data have contributed to some of the advances made in
studies on complex molecules by making possible predictions
of structure and proof of synthesls with ecomparatively small
amounts of material a?'witk compounds which are too unstable
for conventional chemical methods. Rapid and accurate quanti.-
tative an&lg&as by spectrophotometyric methods have now become
standard procedures. ,

- The absorptien of radiastion 1s accompsnied by changes in
the absorbing molecule which depend on the fraqu@ﬁﬂy‘af‘th@
radistlon ianvelved. In general, absorption in the far 1ﬁfrae
red produces molecular rotation; the near infrared corresponds
to atomic cscillastions and absorption in the visible and
ultraviolet regions #@ﬁu&ts in elestronic sctivation of the
molecule. These changes are quantitized and invelve deflnlte

quantitles of energy which are of the order of from one



w2 -

thousand to several hundred thousand calories per mole.

The sppearance of the spectrs depends upon the nature of
the trensition; irf both the lower and the execited wmaﬁm%
levels are sharp, the transition will give rise to a sharp
&waameW$w.wﬁ&@g if the light has enough energy to expel an
slsotron, & broad sontinuum results from the unquantitized
transition. Combinations of electronle, vibrational, and ro-
aww»@ﬂww transitions produce close«lying bands which appesr
as continuous absorption except with instruments of the highe
est dispersion. Broad states are usually produced when the
valence slectron is exclted except in the cases of a double
bond or & vresonating bond where sharp states may exlst.

In some cases w w@@ﬂ@a%mﬁ wwvwwawﬁmw mwwwﬁwwaa by cooling
results in a sherpening of diffuse bands. The strength of the
@wwaﬁwmamw field produced by wﬁ%ﬁ@ﬁﬁ&wwm,wwagm determines the
degree of splitting of the mmmmwmwmw@ energy levels and this
Stark effect varies as the Interstomic distances fluctuate.
The diffuse Wﬁﬂ&m,QW&@waam at room temperature are s sumatlion
of msny sharp transitions of mw»mwwww,mwwwmmﬁﬁﬂ magnitude.

The changes in band intensities sccompanying the reductlion in
temperature are asn ald In interprebting the specira observed.
The bands arising from low-lying levels galn in Intensity as
the temperature 1z lowered whils those from higher levels
vanish with the disappearance of the population of these
levels.

The presence of a solvent inereases the diffuseness of
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the bands since it allows greater interatomic movement. Cor-
relations betwsen the spectra and the absorbing molecule are
frequently obsoured by chemical combinations betwsen the
solute end the polar solvent moleculss. It is necessary to
add only one or two drops of alecohol to a chloroform-iodine
solution te change the color {rom purple to br&ﬁn; the compli~
cating effects of the solvent may be minimized to some extent
%y the use of non-poler sclvents. |

Among the éharyﬁst bands observed In solids have been
those of the rare earth compounds which resemble the line
epectra of geses. The origin of the bands with the metal atom
is shown by a comparison of different salts having the same
metal ionj the Intense bands ave found In spproximately the
seme place in crystels of similar symmetry. The reason for
the unusual sherpness of the bands of the rare earths orligle
nates in their electronic configuration: 182, 282, 2p%, 3s2,
3p®, 3all, 4&2, 4p%, 2429, 4rX, 562, 5pB. The sharp spectra
arise from electronic transitlons within the incomplete 4f
shell and the completed 53 and 5p shells reduce the influence
of neighboring atoms on the energy levels, The incomplete
layer is not simllarly shielded in the case of other transi«
tion elements such as irbn and cobslt and their bands are more
diffuse than those of the rare earths at higher temperatures.

The action of the crystalline forces on the degenerate
levels of the free ilon changes the appearance of the specirs

from that of the geseous ion which is influenced only by the
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symmetrical flelds of the etom iteslf to one having = gﬁa&tey
nﬁmh&r~af components. In addition to the &ear&&&é in éég&n@r«
acy, vibratienal snd oseillational freguencies have been found
superimposed on the electronic frequencies. These lines
usually sre wesk and sre not found repesated from salt teo salt.
They oceur on the short-wave-length side of the main lines at
ﬁ;staaaaﬁ in sccord with the Reman frequencies for the anlong

itel frequencies of the crystel lattice are aslse found
repeated in a similar manner.

This resesrch was undertaken to study further some of the
forces existent in the solid state and to provide experimental
data for the checking of theoretlicel work such ss the predic-
tion of magnetle susceptibilities and aﬁaeifin heats from the
energy states of the molecule.

it is hoped to develop 8 wmore aceurate and raplid method
of determining the absorpbtlon spectra of solide to replsce
the inordinstely slow and limited photograrhie btechnigques.



I1. PHEVIOUS IRVESTIGATIONS

A+ Methods

Becent developments in the field of slectronlies and
optics have made possible the development of high-precision
gpectrophotometers which will sutomatlieally plot an abserption
spectra curve in as little as a few minutes with ean error of
‘less then 1% in the sbsolute values of absorptien aa&ffiaiﬁnta;
this 18 in merked contrast to the earller practice of report-
ing the approximate position of the band edges.

The introductlon of the schelette type of ruled grating

along with the development of high guality replics gratings

- has led to a more exbtenslve use of gratings ln spectrephotome-
tera. ﬁawrisanl bas pointed out that the advantages of s
grating lle in the greaster ﬁis@afﬁiva powsy avallable for a
given investmenit; this is particulearly true for replica grate
inge whiech are relatively inexpensive. (ne grating ls suffi-
¢isnt to cover the entire spectrum that can be phobopraphed
in sir, wheress a prism instrument must have interchangeable
- glass and guartz optles in ordsy %o provide a satisflaciory
dispersion over a wide rsnge. The low intensities commonly
assoclated with gratings have been ralsed to s level compars-
ble with prisms by the use of an echeletts type of ruling

which throws meost of the energy reflectsd from the face of
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the grating into one first order and by replacing the spec~
ulum metal ordinarily used with an aluminumeon~glass surface
of high refleetivity. One of HR. W. Woods 9&hﬁ1¢t£§ type
gratings tested by Harrison had 80% of its reflected light in
one first order. The &a%ttsraé,iight level for meny grating
inatruments was asﬁxma%éé by Harrison to be less than a
’hnnﬁreéth of that found in a prism instrument and the spectral
purity obtained might be favorably compared with that from a
double monochromator.

Cary and Beckman® compared eight different gratings in-
sluding both originals and replicas, wlth prisms in five
different types of monochrometors. They meassured the light
leaving the exit slit with and without the addition of & sec~
ondary filter whieh completely absorbed the monochromastic
1ight but trensmitted most of the s&g%ﬁar&& lights the differ-
ence in the readings after the absorption of seattered light
by the filter had been corrected for was taken as a measure
of the scattered light. The data obtalned indicated that the
quartz prism haes s marked advantapge over the grating wlth
respect to scattered light. The complete lasck of agreement
betwesen this conclusion and that resched by Harrison probably
avoge from the use of different guellty gratings or different
mountings.

Dieke® has made a comparison of the properties of various
mountings now in use; of these, the properties of the Eagle

and the Wedsworth mounts lend themselves to the requirements
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yhﬁtaalaaﬁria spectrophotometers along with a eritlicsl analysis
of the srrors of absorptlion measurements. 4 single beam of
monochromatic radlation from & constant deviatlon monochromaw
té? is slternately passed through the sclvent and the solution
by shif%ing the ebsorptlon cells in and out of the beam. The
photoelectrie current produced by the light resching the photo-
eall ls amplified 400,000 times by a Pliotron tube and is
wmeasured by & galvenomster. The range of the Instrument ex-
tends from 2200 to 78O0 angstroms and wave-lengths settings
may be made with an scouragy of -2 angstroms; the spectral
region iselated is 10 sngstroms or less. This arrangement ls
sapable of producing very accurate results since the use of
but 2 single lipght beam avolds such errorvs as differences in
paired photosells and in twin optical paths which are common
to spilit-beam instruments but the large amount of time re-
guired for the focussling of two collimating lensss, ths rota-
tilon of the prism, and the ghifting of the cells reduces lts
value.

Pats obtained on bengene by Hogness® 1llustrate the
necessity of securing sufficient sensitivity and dispersion
to isolete & neyrow speciral reglon. The spectral reglion
isclated is defined azs the width of the second slit of the
monochromator plus the width of the image of slit one on the
plane of slit two in terms of angstrom units; some confuslon
exists regarding this term since many instrument makers cal-
oulate this value by using & second slit of zero width. The

molescular absorptlion coefficlent of benzene at 25640 angstroms
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glven. The B-modification hes a much lower symmetry and was
described as pssudotrigonal and bilaxialy two forms of the B-
modification were observed but in only a few cases were they
able to prepare them in %ha‘gmra'stata, The C-modificetion
is cuble and the sbundance of lines in its Debye-Scherrer
disgram corresponds to the large unit cell which contains 16
'mﬂiaaulan of Rg0g+ The unit cell for the cuble sesquioxides
was found to be approximately 10 angstroms on an edgs.

The temperature stabllity of the verlous crystal modifi-
cations followed a general pattern: the hexsgonsl form is
stable at the highest temperature; ﬁh@ pseudotrigonal type is
stable at intermediate temperatures; and the cuble modifica-
tion 1s stable at the lowest temperatures. The polymorphie
rﬁiaiiéﬁ§ §f'th$raasguiaxi@ﬁs were shown by plotting the atomic
numbers of the aatiéﬁs against the temperatures at whieh the
- gorresponding erystal modifications were prepared, The dia~
gram showed that the stability of the individual lattice
depends upon the atomic number and the tempersture; and that
a given orystal muéifiaatiaa of the rare earth sesquioxides
4s stable at i&eyaaaiﬁgxy lower temperstures, the smaller the
atomic number ér the catlion. The dlagram predicts but two
oxide forms for individual rare earths; those with the lower
atomie nmumbers can exist in the hexagonsl or the pseudo-
trigonal modifications end the others are stable in the
@&ﬁaﬁ@%ﬁi@@ﬁﬁ& and ouble forms. The oxides were prepared by

heating the nitrate or the hydroxlde, and the sulfate mey
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also be employed at temperatures of 1100° ¢. and over. For

very high temperatures, a small pill was mede in a hydrsulie
press and held in an axgaaﬁetyiﬁng flame with & pair of metal
pincers..

?h@ihaxagenai medification of lanthanum sesguioxide was

® at 550°, 1100°, 1300° C., and at its

obtained by CGoldschmldt
msl%iag point; no other crystal form was observed, elthough
 the heating time at 550° C. was varied from 8% to 74 hours.
- Zintl and erataig‘gragarﬁﬁ hexsgonal lanthanum sesquioxide
bg'igﬁiting lanthenum nitrate in a platinum dish for 20 hours
at 12759 C.; they observed thet shorter heating times or the
spplication of lower temperatures gave oxide preparations with
diffuse lines. Lﬁhhargzz'was able to prepare a cubilc modifica~
| tion of X&ﬁﬁhﬁﬁﬂﬁkgxiﬁﬁ although the scheme presented by eold-
gehmidt does not yﬁé&iﬁt5a~§%331$ cubic form for lanthanum;

in sddition to the cublc and B modifications, two other uniden-
tifisble powder patierns were observed. Ignitlon of the ni-
trate for 3 hours at 500% C. geve s powder pattern that was
neither that of the oubic nor the hexagonal; a further igni-
tion at 450° C for 20 hours produced the cubic modification.
The addition of 1 per cent sodium nitrate to the lanthanum
nitrate resulted in the formation of another unknown modifica-
tien. Lines of the A-type oxide first appeared in the powder
patterns on samples ignited at 850° ¢,

A length of 11.4 angstroms was found by LBhberglt for the
unit cell of the eubie modification of lanthanum sesquioxide.
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with known lonic radii. The lons are nearly in cublic close-
packing and each cation is $&ﬁ?@uﬁﬁaﬁ by six Qxyg&m fonsg
placed at the corners of & highly distorted cctahedron; each
oxygen lz common to fﬂﬁ?’ﬂ%ﬁ&h@ﬁ?&wk The europium to exygen
distance caleculated by Pauling is 2.33 angstroms and ho states
thaﬁfyﬂﬁﬁiblé changes in the ﬂxyg@a parameters with changes
in the size of the unit cell might introduce arraba up to

0.1 ﬁ!&gﬁﬁr RS -

C. #bsorption Spectra and Magnetic Susceptibility

The preseodymium lon affords the best opportunity for
the checking of theoretical calouletions with experimental
values obtained from absorption spectra end hes been studied
extensively. FRearrangements within the iﬂéaﬁglatﬁ 5 éh&li
| of the rare earth lon result in sbsorption bands of unusual
sharpness beceuse of z&ﬁ shielding effect of the outsy shells.
The first rare sarth, a@ria@; containg but ons 4f eleciron
and 1ts absorption spectra beyond the one band falling in the
infrared consists of 3iffuse bands in the ultraviolet which
arise from transitions to levels outside the 4f shell. The
fg configuration of the praseodymium ion is the &axt‘aimp&egt
gasa‘aaﬁ its abswﬁgtian spectra consist of seven groups of
sharp h&gda; thres are in the infrared, onme in the red, and
thres in the blue ragian,‘

Spedding, Howe, and E@&l@r&g weasured the absorption



bands of hydrated praseodymium sulfate at 20°, 1059, 149°,
200°, and 300° K. Gobrecht 2° extended his investigations to
the infrared and has reported the absorption spectra of some

1 21

praseodymium compounds from 5000 to £20,000 emi”. Mers " in-

‘ waatig&taﬁ the sbsorption spectra of the following series of
- praseodymium salis of vérying er&éé&i symuetry: Hezagonal
ProMg,(N0s)q0*R4H0, ?wiﬁgﬂﬁﬁﬁ&}g*ﬁﬁgﬁ§ Pr(Brog)s"95,0;
Tetragonal Prp(NMeQglz; Rhombic ?r{@gﬁgﬁwgﬁﬁsjg*ﬁﬁgﬁg Mono-
clinile ngiﬁéé)%*ﬁﬁgﬁ; ﬁ%liw@g&gg‘aguﬁiaﬁ & gimilar series
of salts and resolved some of the diffuse bands into sharp
close~lying lines with the use of light polariged parallsl or
perpendicular te the optic axis; Lehman®3 anﬁ.&angaﬁé eontrib-
gtaé similar date on §ra$a§ﬁ$wiﬁﬁﬁ

The allowable states of X8, 1p, l¢, 11, 3p, 5F, ana %1
were caleculated by Glbbas, Wilber, and WhiteC for the two
equivalent 4f electroms of Pr IV. It ia generally accep~
tea=0221:22,26,27 40 the three bands observed in the blue
reglon srise from tranaitiéaa from the ground state of aﬁé to
levels of g?ﬁ, 3?1, and $§’* However, the red band has been
variously designated as & transition from the ground state to
a 'n, level vy 5111678, to a 11, by spedaing®’, and to a g,
vy Lange®®, Spedding®’ bas objected to the levels calculated
by Lange®*® on the grounds that the Russell-Saunders eoupling
assumed by Lange for all levels is far from being obeyed for
the upper levels and that the perturbations which he neglected
smount to as much es 1,000 §m§3* %yaﬁﬁinggﬁ caloulated the
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levels for Pr IV tasking the effect of the perturbations inte

seoount and seeured excellent sgreement with the observed

values. 411 of the theoretically predicted bands have been
found except ana‘fﬁw‘a'ﬁﬁé - §§$ transition which falls in a
,vagian of the infrared not yet observed and no band was ob-
served where none was prediected. His interpreotstion is con-
sistent with similar a&i&a&akﬁa&s\ﬁaﬁ@uatiag for the spectrum
for Tm IV which is the companion rare earth te Pr IV.

The @@ﬁ?l@ﬁit§ of the spectra is imﬁgaﬁaeﬁ by a Stark

effect produced by the crystal flelds. The megnitude of the

apliitiag of & level is governed by the intensity of the |
slectrical field and the ﬁmmﬁér of components 1s determined
hy §ha fileld symmebtry as well ag the J value of the term.
Bethe®® has aalaalataﬁ from group theory the numbey of levels
produced by the splitting of & term of glven J value in flelds
of various symmetry; the lower the symmetry about the absorb-
ing ion, the greater the number of components, and the maximum
number possible is agual to 287 + 1.

4 variety of wmethods have been used to provide informa~
tion as to the separation of the lower states and ultimately
to deduce the energy diagram for the absorbing lon. The
method used by ﬁgﬁééingig invelves & comparison of tha'ayﬁ@tra
at different temperatures and depends upon the fact that the
absorption corresponding to a given transition is proportlonal
to the number of atoms in the state from which the line

originated. As the sample is cooled, thoss lines arising from
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upper states will degrease 1n intensity while those from the
lower stetes becoms stronger; the population distribution
ratio between a given level and the baasle state nmay be calou~
lated from the Boltzman relatlonahip if the %@mg&rabﬁyﬁ and
the separation bebtween levels are known. If transitions from
the lower states terminate in a common ayp&r state, the sepa~
rations of these bands correspond to the aagafatian $£ the
lower states snd these intervels will be repeated at aaeh,sam~
mon tf&ﬁaiﬁiﬁﬁ*

Ewa1d®? observed the shifts in the spectra produced by
replacing %ha ﬁata?»@f erystallization with deuterium oxide and
by exchanging zine for ma
which wers markaﬁiy shifted to the red in sccordence with the

gnesium in double aalts. ﬁhﬁ lines

greater nmass wors &a%@ry?ﬁh&ﬁ a8 being sssociated with e
lattice vibration. Hellwege®® cbserved the spectra with light
polarized perpendlewlar to the crystal axls and found that
‘,mang‘af the lines bad disappeared; the combined spectira of the
_ perpendicular and @&?ﬂll@i radiation were the aama as those
‘abaewvaé fﬁg'aemygﬁiariﬁﬁé radistion. Fluorescence affords
informetlion fﬁﬁ‘ﬁ?&ﬁﬁrﬁlfiﬁﬁﬁ?@f&t&ﬁiﬁﬁﬁ which is complemen-
tary‘t@ that of sbsorption; emission linss are produced by
transitions from & higher-lying bterm to the ground tsrm. Un~
- fortunately, no yﬁratggaaaﬂﬁgmium sompoundsg have‘béaa observed
‘o fluoresce®Cr®%, | |

The types of lines observed have been éi?iﬁaﬁ into three

groups. The lines ecorresponding to pure electreonic transitions
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effocts to consist of several intense lines 5 to § emot
apart. It was assumed that some translitions were forbidden
~when the number of components found wes less than thabt calou~
lated by Bethe®® for the symmetry of the crystal fleld. The
energy levels of some prassodymium salts are given in Table 1.
If the extent of the separation and the natuve of the
“lower levels are known, the megnetic susceptibility and spe~
cific heat may be calenlated and these guantitiss checked with
experimental values. The theory of paramagnetic susceptibili~
ties developed for gases has been applled with conslderabls
success to similar caloulations farfthg paramagnetlc rare
earth lons; the metallic ion has been regarded as field free
because of the shielding effects of the Bs and Bp ahﬁlls~ﬂﬁ
the 40 elsotrons r&sg&&aib&& for the paramegnetism. Hany sub-
stances follow the Welss law over a considerables t&m@aratura
‘raﬁga in preference to the furie law. Van ?lsakgﬂ pointed out
that eonly the lowest energy level need be considered in the
caleulation of megnetic susceptibility if the energy differ-
ence between the two lowest states 1s large compared to kT
gince lops with higher J values will bs present In lnappreci~
able quantities. However, st ordinary temperatures kT 1s of
thwe same order as the energy separations produced by the
drystal fileld and Penney and Sehlap 81 congider ths‘failaﬁg
of both the Curile and the Veiss laws at very low temperstures
to result from the splitting of the levels produced by the

slectric fields of the surrounding ions.
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Table 1

Energy lLevels of Praseodymium Salts

" Prg(804) 5 BHg0

9Hy0
E1118%6

24Hg0
Hellwege®?

£1118%° spedaing®® Hellwege®®

0 o
5o

110
180 g,
230

500

Bo

16,686
16,798

ig,
17,184

20,720

21,158
21,258
21,359

i2
%ﬁé

16,708
ip, 16,858
" 16,955

%pq 20,685

21,275

Spy 21,289

22,410
%, 22,480

26

16, 16,897
16,922
16,936

Spy 20,800
20,8482

21,428
Sp, 21,461

22,621
3p, 22,654
22,687
22,713




III. EXPERIMENTAL

A. Design of Apparatus

& gr&tiag’ﬁyaatrsykaﬁemﬁtar ﬁ&b@ﬁ3&ﬁg~g satisfactory _
aﬂggraaia& between high dlspersion and speed was constructed
for use iﬁ the determination éf tha absorption speotra of
solids. The instrument may be converted intoc a stigmatic
grating sgaatrag&&gﬁ.ﬁavaring the range from 1850 to 12000 v
anésﬁ?awﬁ with an almost normeal &igg&rﬁiﬁa of 11 snpgstroms per
m&ilimﬁﬁer; the %&ﬁga of the sg@ctr@gﬁgt@mﬁﬁar is 1limited to
from 3000 to 10000 angstroms by the spectral semsitivity of
the photoelectric surface.

The schematlc arrangement of the instrument may be seen

in Plgure 1.

or & hydrogen araﬁa‘ia focused on the slit 54 by the quarts
condensing l&ﬁﬁ’ﬁi which is at the focal length of the concave
mirror ¥ and f11ls the grating ¢ with psrallel light. The
apeﬁtfakara brought to focus without appreciable asstigmatism
at the glit 8, and the collimating lens Lg collects the narrow
spectral region isclated. A practically parallel beam of
radiation passes through one of the oells and onte the cathode
of the photo-multipller. The amplified phatﬁﬁlaatriéAaarr@nt
is messured by observing the galvenometer deflectlion with a

telescope and an illuminated scale.



aegeuwcjoudoagoeds Jo wexSelg T *Id

dn® 2%
- fge"

N
~

~
///
©

y3saui0u00/09




aeaos syg4 Juruang Lg %@&&@@Wﬁﬁ g1 smIyoeds ouy pus Fupzwad ey

Jo oTppIw eyg ySnoauyg Puissed ¥IXe Te0l3deA B U0 PegzoATd 8T

YOTHM Weog Te83s ¥ U0 pojunow ole xeTTdiginm (rev-ogoyd pus
fxeproy WMwﬂ m»ﬁ@ﬂ BupgsemiTTon ‘4118 pucdes *Surgead euy

sguoagefue 008z AcTey mOT AJes seuWONeq NG STQTHTA Ul

puw peJeXJul SuY3 groyinoays udiy Gw &mmmw ﬁm 2908 aNE WNUTUNTR

Jo f3ratgoeryex ey £ ._m Teo13do ofeoryy euy Lq petrd

~dne gem pus e8] 9 wa,ﬁﬁpwmﬁ 1800 B £9Y SSBTI-uo~EnuiIMIe

JO JoJaTW SDVIINS 38ATJ UL *poon & *H £q your eus q¢

BOUTT 8PP PT UITA DOTNJ SBM DUB 8dngwAIND JO SNIpeX j00J-uely
8 #ey seeTd-uo~umuiunie Jo Burges? £Aw0uU0D YOUT-XIS UL

*pouwlerp 3178 03 Supgwad Furseexoul oyj welumdwooow

uoisaedelp uy ﬁmwéa@ﬁﬁ.ﬁﬁﬂwmaw ¥ pUB STOILI0 ¥ 30U §f eAans

o0y eyl *Burgeal eyj Jo sangwadns JO SNIPBL Y3 ST ¥ puw

1 _BOD - ]

reloum

Burgesd oyj wWoaJ p SOWERSIP ¥ W SNO0J U ¥ yITUST eave FTUYL
‘mmagoeds oyl Jo JePI0 U] ST U puw fsuesq pejovIIIID Duw Jusp
~joul usemioeq e1Buwv euy =y T ‘eowds Fupywad oyuy o1 q eIoUm

Tueq * 1

:dTyeusTIeTer SUg3 WOILJ
peutmaejop 87 uoigisod ueatd w 3@ 3IIE PUCLSE eyj YInoaug
Suissed *7 ‘ysBuer esem euy *ydeaBoagoeds Buyysald orjwuw
-3138 B a0F LBULNg pUB gxeBB3oy Aq peqiaomep 38U} 03 JULITWIE
81 pefordme Bupjunowm yjaomspey ouz Jo juemeBuwadw oy

-3 -



- % .

which swings the beam. The wave length at tha second slit or
the center of the photographic plate is indiested on the drum
by a spiral scale and a fractional disc which may be read to
the nearest 0.01 angstrom. The reducktion for the spiral acale
is accomplished wiﬁh‘a.g@ar'tyain and the fractional reading
is taken from & disc keyed directly to the shaft to avoid back-
lash errors. A single adjustment is sufficient to bring the
desired reglon into foocus sinece the follower on the slit cert
is pushed against & cam by s spring and keeps the slit in the
focal plane as it is moved amcross the spectrum. The colll-
mating lens behind the second slit 1s rendered an effective
‘achromat by another cam which keeps the lens placed at its
focal length from the slit.

The instrument may be converted to a spectrogrsph by re-
placing the sliﬁ end lens with s rack for the plate holder;
two bolts end a palr of alignment pins keep the plate or the
#8lit in the ssme position, and the cem used fer‘tha sllt
serves %o keep the photographie plate in focus. Flat plates
2 x § inches are used wlth an adapter and are in satiafactory
focus the length of the plate; considereble bending of the
glass plate is r@@u&r@évif 4 x 10 inch plates are used. The
moteor on the plate holder permits the dark slide to be opened
or closed without darkening the room.

Three concrete plers covered with steel bedplates fur-~
nish & support of high rigidlity for the opticsl parts. The
cabinet is of sheet metal bolted to a welded angle iron
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Fig. 2. View of cell holder showing &
diasassembled sbsorption cell
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Figs 3. Diagram of power supply for photo-multipller
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Figs 4« &i&gr@m of photo-multiplier connections
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and measuring the response to s standard Intensity source at
& given weve length. A varistion in the voltage from stage
- to stage of more than & per cent will markedly reduce the
sensltivity of the tube by destroying the electrostatic focus~
ing. ﬁgﬁrwximakalg 35 minutes of operstion 18 required for
the tubs to come to equilibrivm. The tube is mounted in a'
shest lron hax‘eﬁ the end of the roteting I-beam and the leads
are brought to the btube in flexible shilelded cables. Anhydrone
is kept in the box to reduce insulation leekage difficulties,
and leakage between the collector and stege terminals was pre-
vented by grounded metal guard rings. | Am

The full-wave rectifier cirecult shown in Figure 3 pro~
vides a 2000-volt potentisl across the 350,000-0hm veltage
ﬂiviéar% the blesder current af‘&ﬁ'miziiamgaraé is sufficiently
large bto prevent notlceable fluctuations in input voltage with
‘load variations. A two-stage filter is necessary to reduce
the ripple in the rectifled voltage to prevent a corresponding
fluctuation in the output. The elesctromagnetiec voltage regu~
lator reduces the disturbances caused by embient fluctuations
in the line wvoltage. The power supply and the gslvanometer
. shunt are mounted on a relay rack with sdequate shielding to
protect against sccidental contaet with high voltages. The
affect of stray currents has beén minimized by shielding and
grounding all lesds to a common ground.

The amplified photoelectric current is registered by a

Leeds and Northrup moving coll galvanometsr having a current
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in dispersion that ocours as the slit is moved away from the
grating. The intensitles of the lines were regulated with a
’éiagﬁragm to obtain a galvanometer deflection of one meter at
the maximmm; both siits were of agaai‘wiﬁth and the spectral
reglon isolated was two angstroms. One turn of the serew
corresponds to 19 ang@ﬁr@ﬁﬁ and & wave length setting may be
reproduced to within 0.1 angstrom if it is approached from the
same side each time. When ﬁ&ﬁ 81it iz replaced by the plate-
h@iﬁar‘aaﬁ agba@%a&nﬁlg'rﬁtﬁfnaﬁ in the conversion from &

spectregraph to s specirophotometer, the shift in the calibra-

tion curve emounts %o less than 5 angstroms. The shape and

position of the cam used to keep the slit and plateholder in
the fooal plane were adjusted by tightening or loosening the
forming bolts until satisfectory focus plates were obtained;
this adjustment ls sufficient for both slit and plateholder

since thelir distances from the cam are the same.

The spectral reglons isolated in the testing of the
spectrophotometer varled from ons to ten angstroms but the
lower limits of the spectral bend widths heve not been
reached. The minimum band width occurs at 8000 angstroms
near the peak of the tube sensitivity; ihe band width re~
guired st a given wave length is determined by the spectral
distribution of the energy of the souwrce and the spsctral
sensitivity of the cathode. The over-all sensitivity and
acouracy of the spectrophotometer are determined by the ata-

bility of the photo-multiplier and of the light source which
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in turn are governed by the constancy of the alternating cur-
rent voltage supply. The raﬂéﬁm £lae%uatien$ in line voltage
were so greal at certain periods of the day that the slectro~

- magnebie voltage regulator would not reduce them to & satis~

| factory level.

| The over-all linearity of response of the spectrophotome-
ter has ba@n'taﬁkﬁﬁ by determining the transmission at various
wave lengths of two calibrated filters furnished by the Suraaﬁ
of Standards. An indication of the amount of scattered light
was obtalined by determining the trensmisslon with end without
- supplementary filters using both a line source and an Iincan-
descent lamp. The values obbained are glven in Tables 2 and
S+ Transmigsion 1s defined as the ratio of the radlant energy
smerging from the filter to that incident upon the filter, the
dirsetions of both the incident and emergent beams being
affectively at right angles to the surface of the fiiter. The
wave lengths given are in angstrom units.

The values given are an sverage of five determinations
and the r&yraﬁﬁﬁibility varies with the mapnitude of the flue~
tuations in the supply volbtage. The line source with a sup-
plementary filter produced monechromatlc redlation and the
results obtained check the Bureau of Standards velues within
the 1imits of srrer. The results obtained with the line
source without a filter are much better than the corresponding
values with the incendescent lamp slnce the scattered 1lght

is appreciably less. The high red sensitivity of the cathode
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Table £
Transmission of Burean of Standards Fillter GBEBA ié

— Far ~ . Line  Incen. Incandescsnt
Wave of Line  gource  descent Source
length  stendards  SOUre® . pijter gSource - Filter

7500 0.808 2.008 0.880 0.800
T200 0.847 .01 0.848 0.830
7088 G728 2.02 C.742 0.747 0788 0719
6900 0.38 .01 0381 0.379
6800 0.16  £.01 0.1673 0.1724

8678  0.047 2.002 0.046° 0.47°  0.0471  0.489
6600  0.024 +.001 | 0.0303  0.0249
8400  0,0121 +.0003 0.0158  0.0118
5876 = 0.0138 $.0002 0.0142 0.01714 0.0168
$460.7 0.0477 £.0005 0.0490 0.0565  0.0539

4358 0.819 =£.003 0,818 0.821 0.840
4047 = 0.8856 2.008 0.891 0.887 0,200

Table 3

Transmisslon of Buresu of Standards Filter 043

“Burean o iine  Inean- Incandescent
Wave of Line Source descent Source
length  Stendards  Sourece . Filter Source - Filter

7500 0.812 #.008 ' 0,894 0.885
7200 0«818 %.,0086 Q.898 0.896
6900 0.912 2.008 ¢.892 0.8686
6600 0.911 %.008 0.915 0.918
8400 0.908 #.008 0.910 0.898

5876 0.172 =.0056 0.1506 0.1830 0.157¢
5460 040000 =.0000 0.0000 0.,0000 0.0088 ©,0000
4368 0.0000 2.0000 0.0000 0.0000 C.202 0.0000
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rapidly, & mixture of tetragonal and cublec forms was obtained;
an amorphous oxlde appeared at ignition temperatures below
6009 ¢. Only e small amount of the tetragonal form was con-
verted to the cuble modification by 187 hours of heating at
750° C. and an edditional 68 hours at 930° C. was required
to complete the transformation. If the furnace is rapldly
brought to s temperature of 740° C., a few hours ignition of
the hydroxide l1s suffielent te prepare a pure cuble oxide. A
mixture of the B and C forms wes obtained by lgniting the
hydroxide over a Meker buyner for 1l hours: further ignition
at the full heat of a Meker burney §r@§&§$& no change in the
relative smounts of the two forms. The influence of crysial
atrua%urﬁ on the blue multiplet of suropium oxlide shown in
Figure b afforded a rapid and easy method of identifying the
erystal modifications.

Lanthanum sesqulioxide was obtained in the hexagonal form
by lgniting the oxslate over a Meker burner for 77 hours at
050° C.3; the sample wes removed at intervals and pulverized
to insure an even heating. A Debye~Scherrer dlagram made on
this sample after 1l hours of heating showed some X form to
be present. A sampls prepared by igniting the hydroxide in
the elaectric furnace for 165 hours at 975° C. atill showed
traces of the X form. |

The X modlifieation of lanthanum seasquioxide was prepared
by igniting the hydroxide over a Meker burner at 950° C. for

3 hours; this sample contained 3 per cent prassodymium
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Filg. 8« Influence of Crystal Strusture on Blue
#ultiplet of Buropiuvm Oxide. (1) Te~
tragonal modifiecation; (2) tetragonal

‘plus small amount of cubic form; (3)
approximately equal amounts of tetrag~
onal and ocublec forms; (4) cubige modifi-
cation; (8) mixture of cubic and
psevdo~trigonal modiflcation.



sesquioxlde. Prolonged heating converted the X to the
hﬁ&&gﬁﬂﬁl‘fﬂfmg & mixture of a more complicated form and
the hexagonal modification was prepared by igniting the hy~
droxide over a ﬁ@kar purner at 950° C. for 10 hours; this

sample contalned 10 §sr'ssnt praseodymiwm saaquiﬂxiéa*

D+ ¥ethods of Procedure

Samples of the deslred thickness were made by squeezing
the oxlde paste %a%wagn two pyrex plates and sealing the eell
with Plycene cement. The paste was made by grinding the oxlde
together with a drop of mineral oil for a binder to & stiff
paste in an agsbte mortar; the thiclmesses of the samples varied
from 0,02 to 0.001 inch. The glass cell wss sttached to a
pisce of cardboard having a hole cut for the light beam snd
the assembled sample was mounted on a wooden dowel stick.

The low temperature spectrs at 78° K. were made by im-
mersing the samples in ligquid nitrogen contained in s large
Dewar flesk similar to those described by Spedding and Bear®?,
It is pecessary that the liquld nitrogen be comparatively fres
from ligquid oxygen to avold the wide absorption bands of the
oxygen that cceur in the red reglon. The Dewar was placed
between the light source and the slig ¢f»$ha spectrograph and
the light psased through by means of btwo windows left unsile
vered in the sides of the flask. The moat satisfactory light

gsource for the regions covered was a single fllament
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incandescent lamp operated with 7.5 amperes st 5O volis;
radliation from the lamp was concentrated on the sample with a
large condensing lens. An edditional susrtz lens was used to
foeus & sharp imaga‘ﬁf the sswmple on the glit of the speciro-
gréph. The three-meter grating speotrograph used had an
almost normul dispersion of 11 angstroms per mm. The exposure
time for the oxide samples varied from & few minutes in the
visible reglon to two days In the infrared region. Although
four more optical surfaces are intréﬁme@ﬁ in the optical path
when the Dewar isg ns&é, the sxposure times for the low tem-
perature plates remalined aboul the same as those made at room
tempereture beceuse of the decrease In the scattering power

- of the sample produced by the solidification of the minersl
oil. é reference ﬁp&@t?um,was photographed in juxtaposition
to the oxide spectra wlith the ald of s Hartmann dlaphragm; a
aﬁanﬁaré iron src was used in all reglons except from 5750 teo
8000 engstroms where the neon spectrum is more suitable.

The class of sensitization of the specbrographie plats
used for a glven region was ihat recommended by Eastman Kodak
Gamy&nyﬁﬁﬁ A 103 tf@@.ﬁmnlaiaﬁ was used to explore & reglon
and when the lines had been locabted the plates to be measured
were made on the slower but more contrasty type 111l emulsion.
The plates were sxamined on a viewing box with the ald of a
jewelerts lens and the emulsion was pricked st the edges of
the lines which were too faint to observe with the hizh-

power microscope on the measuring engine. The plate was then
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IV. RESULTS

A. Crystal Btructure of Europlum and
- Lenthanum Oxides ;

Europlum oxide was prepared in three crystal modifica~
tions, a low temperature form whiech has been satisfactorily
indexed on the tetragonal system and the cubic and pseudo-
trigonal fﬁrms which have bsen previously reported by other
investigators. The x-rey data for the tetragonal crystal are
given In Table 4. The dimensions for the unit cell are simi-
lsr to those observed for the hexegonal modification of the
rare earth oxides but the density has been decressed from
approximaetely 7 to 5.4 by the more loosely packsd arrangement.
The crystal data from the Debye-Scherrer dlagram of the cubie
modification are given in Table 5; the value cbtained for the
unit cube edge is éiighﬁly smaller than thet reported by
%&@b&ri&&ﬁ&lﬁ, The pseudotrignal modifiocation was not ob-
tained in the pure form end no attempt was mede to index the
crystal since 1t appsers ém be of low éymmet@y» He single
erystals were obtainable for these highly refr&atary oxides
and powder data alone iﬁ inadequate to definitely establish
the correct cell and space group for crystels of a symmetry
much lower than cubic.

The slow rate of converslon from one crystal form to

another makes the temperature at which the ovxide ls formed
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Table 4

X~Ray Data for Tetragonal Hodification @&;waaﬁw

101.59
103.36
107.88
111.68
114.78

125.69
130.47
133440
134.94
138.96

MM R DR Moo
)
©
o
&

s1n® 6

$in® 8 Indgl -

experimental ocaleulated s

0.01281
0.04808
0.07323
0.0881

0. 1265
0.1436
0.1596
0.1899
0.19€8 ~

0.2358
0.2440
0.2635
0.2803
0.2950

0.3455
0. 3697
0.3824
0.5692
0.4100

U«4198

0.0129 001
0.0497 011
0.0736 110
0.0884 012
0.1161 003

0. 1472 020
01601 021
0.1887 113
0.1969 121

C.B2356 122
O.2452 014
0,2633 023
0.2800 114
0.2044 220

0.3441 081
03693 015
0.3828 088
0.3904 124
0.,41086 283

0.4196 132

Mmenaions of unit cell:

Axial ratio
Experimental Density

8, = 4.04 A. U.

mw = Hﬁ@d«
- w.y«w ma\ﬂﬁi

caloulated Density (one moleecule per unit cell) w e 5.3 g./co.

| Cu K, radlation; Camera radius = 5 om.
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Table 5
X-Ray Data for Cubic Modification of Buroplum Oxide

81n® o

7 Indices

T Unik

Cube

Edge

55,27
50.33
58.27
81T
858.60

T5.086

'%w 44
. Pl.68
- 101.08

105.86

o

OO RGO

008075
0.06199
0.08242
0.08227
01131

0. 1843
C.1841
0.1958
0.2343

0.2482

211

222
400
114,330
233

150, 134
440
116,235
226

136

444

10477
16.75
10.78

C10.74

10.73
1073
10,75

10.79

10.76

Unit Cube Edge

Zachariase
10.84 A.U.

Cu K radiation; Camera redius = 5 om.

4

Experimental
10.75 A.U.
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the most Important fsctor in the preparation of a given
crystal modification rather than the final temperature to
which it is heated. If the preperation is carried out by
starting the ignition in 2 cold electric reaistance furnsce
end heating to the desired temperature, the tetragonal form
18 always obtained and prolonged heating 1s reguired to cone-
vert it to the cuble form. However, if the oxide is produced
by rapildly igniting the hydroxide for & short time at tempera-
tures over 750° ¢., & mixture of the cubic and pseudotrigonal
forms 1s obtained whose relstive amounts remsin unchanged
upon further heating. The transition temperature between the
tetragonal and the oubic modifications lies below 600° C.; no
tetragonal form was produced by the ignition of the oxalate
which decomposes at a higkgr temperature than the nitrate or
the hydroxide. The cublc form was heated for 885 hours at
1000° ¢. without undergoing any transition to the pseudo-
trigonal modifications A 48-hour ignition of the hydroxide at
5009 ¢. produced an amorphous oxide. The ahsaryti@n specira
of this oxlide conslsted of extremely diffuse bands and the
Debye~Scherrer diagram gﬁgaﬁaéeé no definlite pattern; further
heating at 800%° C. gave & mixture of the cubic and tetrsgonal
forms.

Lenthenum sesquioxide was prepared ia'tha hexagonal form
and in two unidentifleble ecrystal modifications which have
been designated by X and B. The x~ray data for the hexsgonal
form are given in Table 8; the dimensions caleuleted for th&
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unit cell are in clese sgreement with those obtalned by
zachariasen®, Attempts to index the X modificstion from the
‘xwﬁay'éata given In Table 7 were unsuccessful on the hesagonal
and teitrazonal systems. It 18 not certain whether the X form
‘18 the pseudotrigonal form predicted by Goldschmidt's tablet
since another m@éifiaatian‘waa cbeerved to be present in some
of the mixtures obtained. The appearance of the absorption
 spectra of the yraa&@dgmiﬁm oxide contained in solid sniﬁkiﬁﬁ
with the lanthenum oxide suggests the X form possesses & aym=-
‘;metry comparable to that of the hexagonal form and much higher
than that of the B form. Considersble trouble was experienced
in preparing a given crystal modification in & pure state;
the X form may-haksenVﬁrtaé into the hﬁ#&gﬂﬁal m&éifiaaﬁian
by prolenged heating. Methods for the preparation of the
various orystal modifications are dilscussed under the heading

EXPERIMENTAL.

B. Epectra

The absorption lines of praseodymium sesquioxide in 4if-
ferent types of orystal lattlces ere glven in the following
three tables. The values given are an sverage of at least
twufméasnremﬁnta from different spectrograms. The scocuracy
of the wave lengths listed depends upon the character of the
‘_1ine; in general, the eenter of the more Iintense lines c¢an be
depended on to two wave nu&barﬁ while some of the weak diffuse

lines may be in error from § to 10 em.™ The width of the
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Table 7

X~Ray Data for "X" Modification of LagOs

%&@%ﬁ&%gm‘

_in mm.

Intensity

Brags

Angle

;iﬁﬁﬁwwa

;:ﬁmjﬁn
expevimental

o

27.01
‘&?ﬁﬁﬁ
48.25
B54.76
62,486

68.23

7814
81.45

84.02

86.42

95.62

97 . 50

110.85

120.55

e I L ol I S N

?Q
13°
139
159
17°

19°
20°
23°
24°
24°

270
279
310
340

451
291
501
41°
541

BRe
55
20
5!

25"
B4t
a4
3@

001818
0.08437
Q.08717
0. 07307
009447

01120
- 0.1274
0.1569
0+1665
01755

0.2115
0.2190
0.2786
0.3214

Se71
SeB

S5.82
2.85
2.51

2230
2.16
1,94
1.8¢
1.84

1.87
1’65
1+46
1.368

Cu Ea radiationy Camers radius =

B ome
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lines depends upon the thickness of the sample and the optieal
density of the spectrogram. |

Lines designated by L are low temperaturs lines and are
‘believed to have originated from the lowest lying level; the
high temperature lines are &@&@ﬁ&m by H and are definitely
increased in Intensity et highsr tempermtures. The character
of the line 1z given under ths heading I the M@ww@% 8 was
used to &@Wm%@ﬁﬁ@ iines w&qwﬁ% sharp edges and @ indicates &
aiffuse iine. The intensities of the lines are from visual

comparisens with adjacent lines on & scale extending from 0

- to 10. ILines marked O were so weak they were W@mawm discern-

ible and those marked 10 ﬁ@%@.wmﬁwwwwmw% avsorbed in the thin
samples, The edges of the weaker lines were pin pricked in
the gelatine of the plate and amﬁm&%ﬁ&%&.ﬁ&@m%ﬁ@%m&&m were
made to these pointa. |

Table 11 mwmaa avidence for the existence of & level
wwwﬁm 99 wave numbers wwaﬁﬁ the lowest level. ,%Wmaﬁwmw pre~
dicts that the basic state of Pr IV which is a ®H, level will
ve split into 4 components by a fisld of cublc symmetry and
into & maximum of U components by fields of much lower sym-
metry. The small number aw iines @anﬁ%&mmm wﬁ,wwa oxide
 spectra milltated against the flndinmg of all levels and 1t is
possible that additional low-lying levels exist. ‘The two
low~lying states were established by the repetition of their
,a%mmwwm‘wg severel maltiplets and wﬁ;ww% ww&%ww&wm&a depend-

ence of these lines. Lines erising from the two states and



g1Bure ® sw seanjesedwe) woox 3¥ Jwedde Lem seulr dawsys Suply
~@ROTH *TOAST Buigengionyl B 04 sucijIsusay dasys Luem Jo UOTy
;&ﬁ&ﬁa B Sa% @&m&waﬁa soulY esnitip oug pus Lgiswequr Fuiplasa |
Jo eprets eonpoad sUCTIBIQTA Tewmzeus oz I{seangraedmey Xeyiiy
38 9ENJITD 9J0W SWOOLY 04 POAJOSQO SJI9s WOYUY JO oWes ‘Seulf
83 Jo suol3Isod eyl Ul 3JIUS oU3 o3 BOTFIDPR Ul *8plel uy
eBusyo 943 4g pOOUSNIIUT SJ¥ snUIuIe] pue uidiac JO STBAST UL
SJUNOWS VATIVISL OUF UITA SelamA JJIUS sangexeduwey ETUI JO
awﬂMﬂﬁmﬁﬁ oy fusfoagru pInbiy Jo sangeuasdusy oU3 3® SeULT wﬁw.
~pucdsedIod ey3 WOLJ SNTC SNF 03 SISQENU SAVA §W& Jnoqs pe3JIys
alw eanfwdeduel WOOL 3B LBUTT SUs ‘reaseue?d uy +Jupumes uo
pepuwdxe Twisfao sy #¥ FUCIRDETH SUYL UO BPIBTJ SATIVSJJe eUj
ur efumyv euys Lg peonpoad wswa ¥ oBL 3® ﬁzcﬁg 66 WOXJ 3JITUE
8TUL ¥ o008 Jo eunjuaedue] © 3% ETGAGY O3 oU3 JO uoijsamdes
wgew oy JOJ POUTBIUe ¥RR SIOQURU @ABA §OT JO enIvA Y |
| *BUOTRTPUOD STQBA0ABRY &wwﬁw egusquy Lxes 9q 04 SUIT
TBUOTSBIGTA PUB DTUCIIOGTE @ﬁﬂ%ﬁ@@,w aoJ ergieeed §7 47 eourw
uIF L0 OTUOIROSYS JO SBUTT UG 93BWOTPUT of Ajureides UITm
wodn wwww@&.wm gouues L3ieuequl eyl *ssanysiedwmaq Bulsweaous
| Y3TA seswesoul 1east oyl jJo uoismrndod oyy s® Kgpsusy
~UT Ul e§BOADUT PIUOHE TOAST JeyITy suy wWoxJ Fupetan eseyl
pus freasT ®81u3 Jo unijeindod eug UT 9EBEIDUT SUY JO S8NBOOY
POIOROT wm,mﬁwwg&a&ﬁw» 83 88 A3TSUS4Ul UL eS8LADUT DONIBW ¥
#oye pInoyE TOAOT 3EBMOT OU3 WOXJ FUTETL® SUOTITSUBI] SEOYUS
*ST0AST Jemol omg ey Pupgmamdes ey o9 Twube m@»ﬁwyﬁﬂ.ﬁa.

£q pegmasdes oq pInoys sysireT Jeddn wouwmsos Ul BUTIBUTILIGY

~ 6 -



diffuse line because of this thermal bdbroedening., The number
of lines observed ineressed with inereasing sample thiciness
aa thafwaagar linaa»wﬁfe brought out with the increasged path
length of the light.

In general, Intense lines may be treced from salt to salt
and lines appear in approximately the samefgia@é with salts of
'simiiar crystal symmetry. However, the spectra for the three
crystal modificetlions of praseodymium sesquloxide observed
are shifted several hundred wave numbers to the red from com-
‘pargbls multiplets of other praseodymium compoundaj this is
possibly & result @f‘tha'mﬂra intense crystal {lelds. The
spectra of the oxide consist of a red multiplet at 6000 ang-
3£ramﬁlaﬁﬁr@a§aaéing to the transition ﬁﬁg to lzg;zkhia mulii-
plet 1s moderately weak at room terperatures and strong at low
temperatures. The three very strong multiplets cccurring in
the blue region arise from transitions from & °H, to a 5Fﬂ,
'5F1, and ﬁygﬁ The strong lines observed overlle a general
sbasorption whilch becomes increasingly strong wlith shorter
wave lengths.

in Indication of the relative symmetry of the electrical
fields about the rare earth lon in the various crystal modle
Ffications was cbtained from a comparison of thelr spesgtra. It
hes been ehserv&é that the epectra become Increasingly complex
as the symmeiry about the ion decrcases. In general, the
symmetry about the ion will not be the same as the grystal
symmetry but will be closely related to it. The praseodymium
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multiplets in the tetragonsl modification of aar@yium’axiéa
are somswhat shifted in position from those in the hexagonal
and the X forms of lanthanum oxide but are comparable In
slmplicity to those of the hexagonal modification. The spec-
trun of the X form is very similar to that of the hexagonal
erystal but conteins an additional number of lines.

The influence of orystal structure on a particulasr
moltiplet of thﬁ‘aﬁﬁmryﬁiﬁn sﬁaa%ra of surcplium oxlde msy 8&
seen Iin Pigure 53 the Debye-~Scherrer dlagrams for these forms
,/h&w@~%aaa given in Figuré & for comparison. The origin of
the large number of ahérp lines cbserved in the sﬁaaﬁr& of
the B oxide is not clear; both the complex x=ray powder pat-
téru and the spectra indicate & crystal of low symmebry. It
is ?9&51&1@ that the grystal containsg non-squivalent europlum
lons in fields of auffiai&ﬁtzy different intensity and sym-
metry to ascount for the extra iines. A decresse in the de-
generacy of the lattice vibrations in crystals of lower
symmetry with s r@gﬁitaﬁz:iﬁﬁyﬁaaa in the number of coupled
vibratlionsl and electronic lines is an alternate possibility
to the postulate of non-equivalent rare sarth lons. If the
maltiplets containing an extrs nuwmber of sharp lines are
astablished by further work as electronie in origin, the
close~lying lines probably arise Irom non-eguivalent suroplum
ions: and if they are not electronie, ﬁha probablility favors
the postulate of the incressed number of allowed vibrations

with a lower crystal symweiry.



Table 8

Absorption Spectra of Proly in an
Hexagonal Lattlce of LapOy

;g@aaggﬁw@*‘*' " Room Temp.

6115.6 16349 ‘ : 6120.8 16337
6112.0 16354 84 L 6111.5 16388  0Od
6110.4 16361 : 8103, 16379

6107.4 16369 ‘ ~
6104.4 16377 8¢ L
6101.8 183584

5984,5 18708 5880.2 16717
5078.4 16722 od 587B8.1 16737 0d
5872.7 18738 5966.5 18756

5047.9 16808 5947.5 16809
5941.5 16826 104 L 5957, 16838 24
5935.1 16844 £920.0 16867

5911.3 16912 5908.1 16921
5906,7 16925 54 L 5900.8 16942 o4
5902.2 16938 5893.5 16963

5123.8 19511
5117.5 196356 04
5111.5 19558

4964.1 20139 4584.8 20136
4858.4 80158 6s 4959,.1 20159 8d
4956.0 20176 4953.7 20181

4937.8 20246 4854.7 20289
4935.0 20866 108 L 4930.8 20275 44
4928.1 20286 4926.6 20292

4828.8 BO703
4825.1 20719 - 04
4821.4 20735

4811.2 2077%
4B07.5 20788 0d
4804.0 20810
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Table &

{Continued)

' Liqaiﬁ Ho %&mﬁ*‘ A 'ﬁeam T&mﬁ, o

4° ﬁﬁg‘i;; I T A° om, ™1 I 7

4792.2 20861 | 4789.0 20875
4780,1 20892 104 L 4781,2 20909 24
4T718.3 20922 4773.7 20042

4604.2 21713
4592.8 21787 0d
4581.8 21819

4516.4 22135 4506,0 22166
4507.7 22178 6d L 4491.3 22259 1d
4498.9 22221 4471.8 22356

4493.1 22250
4489,8 22266 14
4486.6 22282
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Table 9

iba@rgﬁi@n Speotra of ?rgﬁﬁ in the
wxH L&ttigé of Lagls

Liquid Ny ?@ﬁg;'" o Room Temp.

ﬁﬂ‘,,, oma =t z{y T , | A° _am*“i' I T

6112.6 16355 6118.7 = 16336
| B107.4 1636 od 6111.1 16359 0d
€102.2 16383 6105.3 16380

6042.4 16545 6040.7 16525
6040.9 16549 58 L - 6042.8 16544 04
| 6039.1 16554 | 6036.2 16562

6036.,9 16560
6035.5 16564 58 1L

6000.7
5098.0  1686E
5997.1 18670

5946.8 16811 5941.8 16825
5938.,3 168386 104 L 5935.8 18842 Bd
B929.9 16859 5929.9 16859

B9O7.4 16923
5905.0 16930 0
5802.2 16938

0d

BB22.8 17169
6B21.8 17172 Qs
5B20.8 17178

5785.7 17879 5703.4 17256
B5784.0 17284 33 1L 57868,7 17276 04
B785.7 17289 | E780.0 17296

8776.7 17809
B774.7 17312 2s
E5774.0 17314

5748,1 17562
8747.5  17%94 oa
5746.5 17397
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Table 9
{Continued)

A° em .t 1T A® _om.~d i =z

5121.0 19528
5114.1 19548  0d
5107.5 19574

4960.6 20153 4962.6 20145
4958.6 20161 28 4957.9 20164 538 K
4956.9 20168 4083.5 20182

4934.7 20259 4934.2 20861
4938,0 20268 48 4881.0 20274 24
4931.2 20873 : 492%.8 20287

4902.7 20391
4901.3 20397  1s
4899.6 20404

4875.9 20803 4878.1 20494
4871.4 20822 108 L 48%5.1 20615 5d
48€6.9 205641 4867.9 20831

4849.2 20816 48B2.5 20602
4845.4 20638 0d 4847.1 20626 0d
4841.8 20650 4841.5 20849

4827.7 20708
4824.6 20721 Qd
4821.4 RO735

4810.8 20780
4806.8 20798 . 04
4802.6 20816

4790.1 20840
4795.0 20849 04
4793.2 20857

4789.7 20872 4785.1 20892
4784.7 20894 84 4788.4 20804 ad
4779.8 20918 ' 4779.6 20016

477357 20942
47712 20953 0a
4768.5 20965
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Table 9

{Continued)

e

A

o

d&@

Liquid Ng Temp.

em, L 3

T

foom Temp.

A®

E N

o S W

i

I T

4747 .4
4740.9
4734.4

4730.1
4729.2
4728.1

47214
£718.5
4715.2

4708.6
4659.2
4695.0

4672.6
4666.1
46859.1

4516.2
4513.0
4508.7

4492.9
4482.6

4478.8
44735.2
4467.8

21088

21087
21116

21135
21139
21144

21174
21187
21202

21254
21274
21293

215956
21425
214587

22136
22158
22168

22200

104

04

104

Ba

L

47463
4741.6
4787 .1

47205
4717.2
4715.8

210863
21084
21104

21178
21193

21208

54

1é




Table 10

Absorption Spectra of P§293 in a
Tetragonal Lattice of Euglg

Ligquid Np Temp.

a4° em. "1 1 T 4% em."t I T

6248.6 15999
6243.5 16012 04
8238.9 16024

6196.3 16134
6192.1 16145 0d
6187.9 16156

6151.0 16253 | 6146.8 16264
6145.7 16267 B4 L 6145.0 168274 18
6150.5 16281 | 6139.5 16284

6066.3 18507
60863.0 16416 24
6049.7 16828

6035.8 16563 6024.6 16524
6026,0 16590  5a 6018.8 16610 54
6016.2 16617 6013.0 16626

5937.8 16668
5901.3 16686 24
5084.9 168704 |

5016.9 19927 5023.7 19900
5012.8 19943 od 5012.8 19943 64 H
5008,8 19959 | . B001.8 19987

4062.8 20144 4959.4 20188
49565.,8 20172 10s L 45562.0 20188 6d
4949.6 20198 B 4944.9 20217 :

4924.9 202899
4917.7 20389 04
4910.4 20259

48958.7 204820
4882.8 20474 0d
4870.2 20827
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Table 10
{Continued)

Liquid Yg %&m}:ﬂ o

4839.8 20656 4839.6 20657 ,
4B34.4 20678 10s 4832.3 20688 84
4829.5 20700 4825.3 20718

4810.5 20782 4809.1 20805
4802,1 20818 10s 4798.1 20836 84
4794,3 20852 4791.1 20866

4747,0 21060
4745.8 21074 04
4740.9 21088

4725.6 21156 4620.7 21542
4720.7 21177  0d 4634,7 21870 14
4715.8 21199 4629.1 21506

4587.3 21793 4587.1 21794
4582.9 21814 88 L 4576.4 21845 24
4578.7 21834 4565.5 21897

4574.1 21856
4570.9 21871  7s
4567.4 21888

4547.0 21986 | 4540.8 22016
4538.6 22027 108 1L | 4582.8 22055 34
4E30.5 22087 | 4524.8 22094
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V. DISCUSSION OF RESULTS

The instrument constructed for the determination of the
‘absorption ag&&%ra of solids produced the most satisfactory
r&multa when used ag a spectrograph since the alectromagnetic
mﬁth@@ of vmlkage maﬁtrﬁl used proved inadequate for the
agaratian of the spectrophotometer at‘ths level of sensitliv-
ity required by ﬁh& high opticel denslty of the samples. If
a constant voltage supply is obtained for the source and the
photomultipllier, the spectrephotometer would provide more
acourate information on the releative intenslities of the lines.
It would be desirasble to convert the spectrophotometer to an
automatic recording imaﬁrumaﬂz to reduce the overall time
required for the determination of the absorption apectra.

Although theory predicts that the basle 5%@ level of
praaaaéymi&&,wi}l be split into four components by crystal
fields of ouble symmetry and inte nine components with fields
of low symmetry, definite svidence was obtalined for the ex~
istence of only two low-lylng levels. It is probable that
the other levels are higher since the flelds are straﬁgar and
the splitting of the levels ia greater. The population in

these higher levels would be negliglible at the temperaturses

of the measurements and no transitions arising from thess
levels would be expected. The use of fluorescent spectrs

data would provide informstlon as to the existence of these
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higher levels. If the absenge of awwm&wwwWﬁw from these
levels resulted from selection rules, it is possible that
they might be observed in the fluorescent speotra since the
selection rules are not the same a&s those for absorption
apectra. |

After a more thorough understanding has been gained of
the ﬂ&ﬂﬁﬁw@ﬁ&ﬁh%.ﬂ&ﬂﬁ@@m the spectra and the solid state,
Wﬁmmwa@ quantitative information will be available on the
strength of orystal fields and the positions of the units of
the oryastal lattice. Absorption spectra data would be comple~
- mentary te z-ray data end since the spectirum observed is par-
tieulsrly sensitive %o www,awaﬁmwww about the metal ion, it
should prove more satisfactory in the selsction of s space
group than the indireet method provided by x-ray data. This
application should be of especial value when no large crys-
tals sulitable for Laus patterns wwﬁ@@wﬂww%@wwm and powder
data alone are avaeilsble. Onee the msbsorption spectrum hss
been established for a particular crystal structure, it may be
used as & rapld and convenient mothod of determining the
erystal modificstions present; the relative ssse of identifi-~
cation by means of sbsorption spectra and by powder pattern
may be seen by comparing fipurss 5 end 8.

The position and nature of thess low-lylng levels influ-
ence optlecal %ﬁ@%@%ww@w such as index of refraction and optie
cal rotation; theoretical easloulations of specific heats and

magnsetic waam@@wwdmwwww@m may also be made with a knowledge
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VI. BUMMARY AND CCRNCLUBIONS

The abesorption spectrum of praseodymium sesguioxide con-
talned in the tetragonel lattice of europlum oxide as well as
in the hexagonal and X forms of lanthanum oxlde was obtalned
at 78° and 300° Kelvin. Klectronic levels at O and 99 wave
numbers were found for the praseocdymium oxlde in thess three
types of crystal structure.

Methods of preparation and x-ray date are given for the
following orystal modifications of the rare earth sesquioxides:
a tetragonal and a cuble form of suropium oxide, a hexagonal

and an X form of 1&ﬁtﬁﬁnﬁm oxide.

The design and performance are glven for & high dlsper-
slon gﬁaﬁiﬂgvayaszrﬁ§hat@m&tér'ﬁaﬂatruaﬁaé in the course of

this investigation.



1.

3.
4.

6.
8.

8.
B

10,
il.
13.

14.
15.

16,

17«

18.

e G -

VII., LITERATURE CITED

Harrison, "Proceedings of the Fifth Conference on Spec-
troscopy,” John Wiley and Sons, Hew York, 1937,
Pp. 3137, '

Cary and Beckmen, J. Opticel Soc. Am., 31, €82-680 (1941).

Dieke, “?rﬁaaadinga of the 8ixth Uonfersnce on Spectro-
s§a§§, Jobn Wiley and Sone, New York, 1838, pp.

Hogness, Zsghelle, and Sldwell, J. FPhys. Chem., 41, 379~

415 (1937},
Zworykin, ibid., 29, 84-91 (1938).

3&@@%&9&&, Bent, and Harrison, Hev. fei. Instruments, 11,
220-226 {1940). Tm——

Bheard and States, J. Optical Soc. Am., Z1, 64-89 {1941).

Goldschmidt, Ulrich, and Bart, Bkrifter Earsxa,Viésngkaksn
Aked. 1 Oslo ¥at. Hatur. Kias&&, Hr. 5, 5«18 :

Zintl and Croats, Z. gﬁﬂfﬁa Allgem. Chem., 242, 7986
{1939).

Lobberg, %. Physik. Chem., Abt. B., 28, 402-407 (1935).

. Zachariasen, i@&ﬁa, 123, 134~150 (1926).

?&ﬁiiﬁg, L &?is%a, 89, 415-421 (1828).
Zechariasen, Norsk Ceol. Tids., 9, 310-316 (1927).

Zachariasen, Skrifter Horske ?iéa&akgggpékaé* i Oslo ¥ak.
Hatur. Eiasaa, gﬁ, 2, {18 ' ' .

Zaoharlasen, Z. Krist., 67, 455-464 (1928).

s e 5 B

Zacharlasen, Skrifter Norske Viﬁam&k&;s»&k&é* i Oslo Mat.
Natur. Klsese, Nr. 2, (102E

A———

Pauling end Sheppell, 2. Krist., 75, 128-142 (1930).



w 66 -

19. Spedding, Howe, and Keller, J. Phys. Chem., 5, 4186-429
(1937).

20. Gobrecht, Ann. Physik., 28, 673-700 (1937).

21. Merz, ibid., 28, 569-602 (1937).

22, Hellwege, ibid., 37, 226-248 (1940).

25. Lehmann, ibid., 34, 389-302 (1939).

24. Lange, ibid., 31, 609-618 (1938).

25. Gibbs, Wilber, and White, Phys. Rev., £9, 790-793 (1927).

26. Ellis, ibid., 55, 1114 (1939).

27. Spedding, ibld., 58, 255-857 (1940).

28. Bethe, Ann. Physik., 3, 133-208 (1929).

29. Ewald, ibid., 34, 200-236 (1939)..

30. Ven Vlieck, "Theory of Eleectric and Magnetic Suscepti-
g%fﬁiaa,” Clarendon Press, Oxford, 1932, pp. 286~

&3l. Penney end Schlapp, Phys. Hev., 41, 194-207 {1932).

32. Allen and Prenklin, J. Optical Soe. Am., 20, 453-455 (1939).

83. Heggers and Burns, Sci. Papers, U. 5. Standards Bureau, 18
191-196 (1822)% ~ ‘ ’

35« Bastman Kodak Company, ”iﬁh@tagr&gms Platea for Use in
Spectroscopy end Astronomy,” 4th ed. Author, Hew

36. Penney and Kynch, Pro. Hoy. Soc. (Londonj}, Ser. 4, 170,
11288 (1539). - R

.Y ﬂﬁlﬁ'@ﬁé, g.m i*&» Ghﬁm* 3%t; §"§.; S161-3177 (1@&&}&



- &7 -

VIII. ACEKNOWLEDGMENTS

The author wishes %o express his gﬁaﬁimﬁa |
to Dr. Fe He Spedding for suggesting the topie
of thls investigation and for his many helpful
‘oriticlams.

He also wiﬁims to acknowledge his indebted-
ness to Dr. R. E. Bundle and Mr. Dexter French
for making the x-ray powder patterns used in this
thesis and to the College Instrument Shop for its
assistence In the design and constructlion of the
spm%mph@mamm



	1942
	The absorption spectra of solids
	Richard Conrad Waller
	Recommended Citation


	 

